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Abstract. Evaluation of air quality involves both chemical and physical parameters, however, the importance of
the physical ones is often undervalued. A specific integral parameter of the physical state of ambient air is the air
ion concentration. Air pollution correlates with air ion concentration. Cluster ions and aerosol ions have the most
significant impact on human health. Negative cluster ions are considered to be necessary for human well-being.
Previous studies in Rezekne city (Latvia) have highlighted the decrease of positive and especially negative air
ion concentrations near the most polluted areas, i.e. the main street junctions and the railway station. Air
pollution in Rezekne mainly comes from automotive transport. The aim of this study is to determine the
concentration of cluster ions emitted directly from the automobile exhaust pipe. Firstly, the air ion concentration
near busy traffic was measured. Secondly, the experiment was carried out using two motor vehicles running on
three different types of fuel: gasoline, liquified petroleum gas, and diesel. The portable bipolar light ion counter
Sapfir-3M was used in the experiments. The results show that the concentration of air ions in direct exhaust
gases can be up to ten times higher than the ambient background concentration. In most cases the experiment
revealed the predominance of positive ions over the negative ones, and only in some cases the situation was
opposite. It was concluded that only the later chemical and physical processes can lead to decrease of air ion
concentration due to pollution. In the article several related circumstances are discussed and proposals on further
research are defined.
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Introduction

The term air ion in atmospheric physics is generally understood as all particles in the air which
are electrically charged and ensure electrical conductivity of the air [1; 2]. Air ions are often divided
into small or light, medium and large or heavy air ions. Nowadays, the classification of air ions is
more based on their physical structure: cluster ions, which diameter is up to 1.6 nm and mobility
below 0.5 cm>V™.s™" and aerosol ions, which diameter is larger and mobility lower. Cluster ions
consist only of ionized and polarized gas molecules that form clusters, while aerosol ions are also
formed by atmospheric aerosols as the nuclei of ion condensation [3]. Air ions in the atmosphere are
mainly created by ionizing radiation and they disappear due to mutual recombination of ions with
opposite charge marks or when ions settle on surfaces or on larger aerosol particles.

The impact of air ions on wildlife and human health has been studied since the 1940ies. Positive
effects are attributed to cluster ions, while heavier ions can also cause damage, because they contain
aerosols of various substances, which, due to the charge, can become even more dangerous [4; 5].
Negative air ions also have bactericidal properties, e.g. [6; 7]. Therapy with negative cluster ions
improves people’s breathing, heart rate, concentration and overall well-being [8-10]. In some
countries, such as Russia and Belarus, the concentration of positive and negative air ions in enclosed
areas is regulated by law [11]. From this point of view, it is important to control the concentration of
air ions and the unipolarity coefficient and to ensure that the concentration of positive ions is not
higher than the concentration of the negative ones, since it is considered that negative ions have
beneficial effects on human body.

K=—, (1)

where K — unipolarity coefficient;
. .. . 3
n " — concentration of positive cluster ions per 1 cm’;
n'— concentration of negative cluster ions per 1 cm’.

The study of air ion concentrations in various parts of Rezekne showed that the unipolarity
coefficient K often exceeds 1 at sites with higher pollution, i.e. industrial zones and street intersections
with intense traffic [12; 13]. Microscopic analysis of the dust collected at these sites showed the
presence of soot particles, e.g. at a busy intersection and near a railway junction [14]. A study of the
concentration of air ions in different places in Latvia and Finland also revealed that the value of the

DOI:10.22616/ERDev.2020.19.TF456 1743




ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020.

coefficient K outside populated areas is typically less than 1, while in urban territories it is usually
higher than 1 [15]. Thus, it can be concluded that exhaust emissions from road transport affect the
concentration of air ions in urban air and that there is a need to investigate the source of these effects
in more detail.

The purpose of this article is to find how car exhaust gases affect the concentration of air ions,
which ions are emitted from the tailpipe, and whether it is influenced by the type of fuel that is used to
power the car. Nowadays, diesel powered cars are becoming more popular in Latvia. As of January
2020, 65.5 % of passenger cars in Latvia were equipped with diesel engines and only 34 % with petrol
engines.

In Latvia, only 6.63 % of passenger cars are equipped with liquefied petroleum gas equipment.
Electric vehicles, on the other hand, still do not constitute even 1 % of the total number of cars
(statistics provided by the Road Traffic Safety Directorate) [16], therefore, the problems related to
engine exhaust emissions in Latvia are topical.

Materials and methods

To measure the concentration of air ions, a portable bipolar air ion counter Sapfir-3M was used in
all the experiments described. It performed simultaneous measurements of positive and negative air
ion concentrations with a minimum resolution of ten ions per 1 cm’. The mobility of detectable air
ions was k> 0.4 cm”>V™'-s". This mobility interval approximately corresponds to the class of cluster
ions. During the measurements, the air flow through the aspiration chamber was 230 + 23 I-m™' and the
aspiration chamber has a capacity of 13 + 1 pF. Automatic calibration and zero drift checks were
performed before each measurement session [17].

In order to determine the concentration of air ions closer to the pollution source, measurements
were made in Rezekne, at the intersection of Latgale and Darzu streets that have high traffic intensity.
Measurements were made three times a day: 8 - 9 a.m., 1 - 2 p.m. and 5 - 6 p.m. Air ion mean values
of 16 seconds were recorded for all measurement periods. The measuring device was placed on a
wooden base approximately 60 cm above the ground. At the same time, the number of vehicles
crossing the intersections, the ambient air temperature and relative air humidity were also recorded.

In order to find out the charge and concentration of air ions emitted by vehicles in general,
measurements of car exhaust gas were also performed, regardless of the type of fuel. For the
Experiment 1 a car Ford Escort with a 1.4-liter petrol engine was used. The air ion counter Sapfir-3M
was placed on the ground, on a wooden pallet, at a distance of 8 cm from the tailpipe, perpendicularly
to the flow of the exhaust gas, so as to optimally allow the exhaust gas to enter the counter. At the
beginning of the experiment, the background concentration was measured for ten minutes, then the
engine was started at idle speed for 10 minutes at 1000 rpm. For the last ten minutes of the
experiment, the engine was turned off and the background concentration of light air ions was
measured again. The experiment was carried out in a remote rural area, far from roads and industrial
emission sources, so the effect of anthropogenic emissions on background concentrations can be
excluded. Such measurements were repeated two times, and then additional measurements were made
with the engine running at different speeds. The ambient air temperature was 16-17 °C, relative
humidity 65-75 %.

To find out the possible difference in air ion emissions of cars with different fuel types,
Experiment 2 was conducted. Light air ions in exhaust gases were measured in cars using petrol,
liquefied petroleum gas or diesel as fuel. For this purpose, a VW Passat (1.8 1), which runs on both
petrol and LPG, and a Renault Espace (2.1 1), which runs on diesel, were used. For each fuel type the
mean light air ion values of 16 seconds were recorded for at least five minutes. The experiment was
repeated three times, changing the fuel types in different order. The background concentrations of light
air ions before and after the experiment were recorded, too. The temperature of the exhaust gas was
also measured at the same time. The experiment was performed in Rezekne, in an empty parking area
with minimal possible effect on air ion background concentrations. The ambient air temperature was
15 °C, relative humidity 70 %. All the cars involved in the experiments ran without catalysator.
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Results and discussion
Impact of exhaust gases on air ions under intense traffic conditions

During the experiment, due to street repairs in the city, there was a permanent traffic jam at the
intersection of Latgale and Darzu streets, which increased the accumulation of exhaust gas in the area.
The results of the measurements are summarized in the following Table 1.

No significant dependence of the number of vehicles on the time of day was found. In this case, it
did not have city-specific traffic volume fluctuations with pronounced morning and evening peaks. At
noon the transport intensity did not decrease significantly, but in the evening it increased slightly.
These circumstances suggest that during the daylight hours, when there was an active transport
movement, there was an approximately constant amount of exhaust gas accumulating in the area
surrounding the intersection.

Table 1
Mean values of air ion concentration, traffic intensity and meteorological conditions
Measyrement 'Negatlvg .P0s1t1ve§3 . Total B K Numper of t,°C W, %
time ions, cm™ | ions, cm™ | ions, cm vehicles
Morning 202 150 352 0.74 1145 2 58
Noon 196 343 539 1.75 1127 6 41
Evening 117 206 323 1.77 1265 8 26

The total air ion concentration in the evening, irrespective of the charge type, is approximately
comparable to the total level in the morning, but the unipolarity coefficient has increased significantly,
because the concentration of negative air ions has decreased sharply to 58 % of the morning
concentration and the positive ion concentration has increased by 37 %. At noon, compared to
morning measurements, the total concentration of air ions has increased by 53 %, and the
concentration of positive ions has increased by 129 %, while the concentration of negative ions has
slightly decreased. This means that the increase in the total ionization level is mainly due to the
increase of positive ions.
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Fig. 1. Air ion concentration at an intersection with intense traffic, noon measurements:
Abscissa — time after beginning the measurement, s; ordinate — air ion concentration, cm”

Let us look at some sharp but transient peaks of positive ion concentration in Fig. 1 of noon
measurements. A rapid peak of concentration was observed, for example, when two trucks stopped at
the intersection and emitted diesel engine exhaust gas with soot particles near the air ion counter. A
similar, but less pronounced peak was also observed near a diesel car. Many gasoline vehicles with
internal combustion engine also periodically stopped near the measuring device, but they did not
create any pronounced peaks in ion concentrations. Peaks of positive air ion concentrations in the
presence of diesel engine exhaust gas are probably related to the fact that these engines have higher
opacity than gasoline engines, especially when the engines are worn out and are not in good technical
condition. Diesel exhaust gases are known to contain various aerosols, partially unburned hydrocarbon
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particles and some specific chemicals in elevated concentrations. Temporary peaks can sometimes be
also caused by external factors, such as sudden wind gusts, which mix air layers and bring in fine
aerosol particles, dust or even fine sand particles. It should be noted that the aforementioned peak
concentrations of positive air ions caused by exhaust gas are simultaneously associated with minimum
concentrations of negative air ions, which, in other situations, is not always typical for all peak
concentrations of positive air ions.

Apparently, in real-world urban conditions, there is no direct correlation between instantaneous
air ion concentration and vehicle emissions. An important factor is the time when the pollution is
accumulating, as well as complex chemical reactions not only in the gaseous phase, but also in the
solid and liquid phase of the polluting aerosols. Unhealthy air ion concentrations are usually a
secondary effect of these chemical-physical transformations [18]. The concentration and type of air
ions can significantly vary with the distance from emission source, e.g. busy roads [19].

Air ions in exhaust gases of different internal combustion engines

The data from Experiment 1 were analysed by dividing the entire set of measurements into three
series: engine off, engine on, and engine off again. The significance of the difference of arithmetic
means was then examined using the Fisher criterion in each two series. Such processing of data
obtained in Experiment 1 showed a quite pronounced difference in ion concentration between the time
when the engine was turned off and the time when it was turned on, but there was no significant
difference between the beginning and the end of the eexperiment when the engine was turned off
again. This was the case for both positive and negative ions (Fig.2).

When the Experiment 1 was repeated, it showed significant differences in arithmetic means of the
sets in situation when the engine was off at the beginning of the experiment and when it was running
at 1000 rpm. A significant difference of arithmetic means when the engine was on and when it was
stopped again was limited to positive ions; it is was no longer relevant in the area of negative ions. The
repetition of Experiment 1 also showed a significant difference of arithmetic means in both cases
when the engine was off, i.e. the background air ion concentration after the engine was stopped was
significantly different from the concentration before the engine was started (Table 2).
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Fig. 2. Measurements of air ion concentrations in vehicle exhaust gas, Experiment 1

The measurements made during the repetition of the Experiment 1, with engine running at various
speeds, do not clearly show the differences between the different series (Table 3). Significant
differences in arithmetic mean concentrations are only evident in some cases, such as between a
turned-off engine and 1000 rpm and between engine operating modes of 1000 rpm and 2000 rpm, and
only in the area of negative ions. It is possible that the concentration of the air ions emitted and their
charge does not significantly depend on the engine operating mode, in this case on the rpm. On the
other hand, as the engine speed increases, the speed of the exhaust gas flow from the tailpipe also
increases significantly. Without changing the position of the ion counter relative to the tailpipe, a
proportionally higher flow may bypass the ion counter and mix with the ambient air at a greater
distance from the vehicle. As a result, there is a larger number of emitted air ions that cannot be caught
by the measuring device.
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Although the difference in arithmetic means of air ion concentrations between different data
series is not always significant, different engine operating modes are almost always associated with
transient fluctuations in air ion concentration. Speaking about starting the engine, Experiment 1
showed a decrease in the concentration of ions of both polarities, but the repetition of the experiment
demonstrated an increase, mainly in the area of positive air ions, so in both cases there was an obvious
change. The reason for the completely opposite tendencies of changes in the concentration of air ions
after starting the engine in two seemingly identical attempts may be the varying degrees of engine
warm-up. At the beginning of Experiment 1, the engine was warmed up to the allowable operating
temperature above 40 °C, whereas during the repetition of the experiment it reached its maximum
operating temperature above 90 °C at which the cooler automatically starts. The decrease in the
concentration of air ions of both polarities during engine operation can be explained by the increased
concentration of unburned hydrocarbon aerosols (including soot) in the exhaust gas. During
Experiment 1, after stopping the engine air ion concentrations rapidly reached their previous levels,
but, during the repetition of the experiment, there was no dramatic change in air ion concentrations
after engine stopping, however significant differences between the levels of both background
concentrations occurred. This suggests that in this case the engine exhaust gas has had a longer lasting
effect on the air ion concentration in the ambient air.

Table 2
Results of Experiment 1 and its repetition

Experiment 1 Repetition of Experiment 1
rpm .Negativg .Positiveis . Total LK . Negatiw;e _ .Positiveis Total i_g)ns, K
ions, cm™ | ions, cm™ | ions, cm ions, cm™n’ | ions, cm cm
0 626 961 1587 1.5 348 633 981 1.8
1000 201 639 840 32 406 701 1107 1.7
0 587 990 1577 1.7 390 593 983 1.5
Table 3
Concentration of air ions, engine running at various rpm
Stage | rpm | Negative ions,cm™ | Positive ions, cm™ Total ions, cm™ K
1 0 411 513 924 1.2
2 1000 481 585 1065 1.2
3 2000 322 498 820 1.5
4 1000 351 534 885 1.5
5 3000 334 512 847 1.5
6 1000 230 470 700 2.0
7 0 335 512 847 1.5

In almost all cases, at least a short-term increase in air ion concentration is observed when the
engine is started or its speed is increased, but as the engine operating mode stabilizes, the air ion
concentration stabilizes too. When the engine operating modes change, as is the case when the engine
is started or its speed is increased, the engine briefly runs in non-optimal mode and the fuel mixture is
richer than is normally required in stationary mode. Typically, such changes of engine operating
modes are also related to incomplete combustion of the fuel mixture resulting in elevated
concentrations of CO and unburned hydrocarbons in the exhaust gas. It can be seen that transient
fluctuations in the concentrations of pollutants in the exhaust gas also result in transient fluctuations in
the concentration of air ions. Unfortunately, rapid changes in engine operating modes cannot be
avoided in city traffic.

Exhaust gases from the combustion of LPG are frequently considered to be ecologically
cleaner than those from petrol and diesel [20]. LPG-fueled internal combustion engines have showed
the highest concentration of negative air ions in the exhaust gas, with the unipolarity coefficient
K =1.19 being the lowest of all fuels (Table 4). The highest proportion of positive air ions was found
in the exhaust gas of the diesel engine, K = 1.52. The cars used in the experiment were not equipped
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with a catalyst or soot filter, so the exhaust gas was not purified in any way. The relatively high
concentration of positive air ions in the exhaust gas is thought to be related to the presence of soot
particles, which presence is most expressed in the diesel exhaust gas, and the least expressed in LPG
combustion products. The content of negative air ions can be explained by the water vapour emitted
by the burning of hydrocarbons. For example, the concentration of negative air ions in hot air vapour
can range from 2000 to 2500 ions per cm’, whereas the concentration of positive air ions is usually
below 2000. The engine operating temperature during the experiment was 90 °C for petrol and gas
engines and 80 °C for diesel engines.

Table 4
Average concentration of air ions in the exhaust gas of different fuels
Parameter l:lz:zl;)gerg(;:lll:l;lnzt LPG Petrol Diesel Baci(l,;g:(;llgd at
Negative ions, cm? 610 1262 910 1073 395
Positive ions, cm™ 355 1508 1120 1630 351
K 0.58 1.19 1.23 1.52 0.89

It is possible that the harmful effects of exhaust gases and the predominance of positive ions over
the negative ones are most pronounced in the range of heavier air ions, as, for example, most of the
soot particles are usually positively charged and correspond to the class of heavy air ions. The
attention should rather be paid to the change in background concentrations of light air ions in the area
where the experiment was conducted. From the data obtained it can be seen that after the experiment
in which the car engine was running on different fuels for about an hour, the concentration of negative
cluster ions in the area decreased drastically, whereas the concentration of positive air ions almost did
not change. Thus, the value of the unipolarity coefficient K approached 1. The result of the experiment
shows that some time is needed for the heavier charged particles to react with the light negative air
ions and to reduce their total concentration, thus making the ambient air less favourable to human
health.

However, it must be acknowledged that the results obtained by measuring the concentration of
cluster ions in various exhaust gases require further discussion and investigation of the problem. In an
attempt to repeat the above mentioned measurements, no significant differences were observed in air
ion concentration depending on the type of fuel. Car engines were warmed to normal operating
temperature, but it was impossible to find similar ambient conditions with an average air temperature
of 7 °C and a relative humidity of approximately 95 %. As exhaust gases mix with the ambient air, this
may be a significant factor influencing the measurement results. The relative humidity of the air is also
the maximum at which Sapfir-3M can be used.

Conclusions

Atmospheric pollution caused by transport affects the concentration of air ions in urban
environment, generally reducing the concentration of mainly negative cluster ions, which increases the
unipolarity coefficient K from about 0.7 to 1.7. The experiments described in this article prove that the
vehicle exhaust gases are an additional source of positive cluster ions, as it is well illustrated in some
cases. However, the car engine emits both positive and negative cluster ions in relatively large
quantities, typically above 1000 ions per cm™ and there is a wide range of concentration fluctuations.
Of the most common types of internal combustion engine fuels, the lowest K value in the experiment
was found for liquefied petroleum gas (K = 1.19), whereas the diesel had K=1.52 and petrol
K =1.23. In addition, the petrol car demonstrated a lower total emission of cluster ions than gas and
diesel engines. This circumstance, as well as the significant fluctuations of the concentration, point to
the large influence of side effects in the experiments. In order to better and more clearly investigate
this problem, in future experiments it is necessary to make measurements prior to the mixing of the
exhaust gas with atmospheric air and to measure the full range of air ions, not just cluster ions, while
analyzing the chemical composition of the exhaust gas and the water vapor concentration in it. The
experiments show that exhaust gases have a long-term effect on air quality. In almost all cases, the
total concentration of cluster ions decreased after the experiment and the prevalence of positive air
ions over the negative ones increased.
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