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The variations of ozone and aerosol particles as possible pollutants in the vicinity of high-voltage transmission lines are
presented and discussed. The ozone, aerosol particle (D > 0.4 pm) number concentrations and meteorological parameters near
two high-voltage 330 kV transmission lines and at the “background” site at the 220 m distance from the lines were investigated.
During the investigation period the average ozone concentration close to high-voltage lines was higher than the “background”
concentration and the instantaneous ozone concentration level was higher by 38% in separate cases, especially during the night-
time. The influence of meteorological parameters on the ozone concentration variation is discussed and it is determined that
the relative humidity, wind speed and direction were the most important parameters causing the ozone concentration increase
in the surroundings of transmission lines in nonurbanized areas. The analysis of aerosol particle number concentration data
showed that the high-voltage lines were not the source of aerosol particles in the area of the experiment.
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1. Introduction

Industrialization, the population growth, and the
rapid development in technology have all resulted in
enormous human impact on the environment. Most of
the pollutants are emitted from densely populated ur-
ban medium into the atmosphere and the exposure pos-
sibility to urban air pollutants is relatively high [1, 2].
However, contaminants can also form in locations with
lower population density if the anthropogenic sources
of their emission exist there.

Ozone, through its respiratory irritation, is well rec-
ognized as a significant problem in urban areas of Eu-
rope, where the EPA standard for ambient ozone con-
centration is often exceeded. Ozone in polluted ar-
eas mostly forms as a result of reactions between pho-
tochemically reactive hydrocarbons and oxides of ni-
trogen under the influence of sunlight [3,4]. Ozone
is naturally existing admixture of the atmosphere in
the boundary layer, but technogenic sources also exist,
which influence the increase of the ozone level. A large
amount of ozone can be produced during the corona
discharge. Such a natural source of ozone is lightning
and the corona discharge during thunderstorm events.
One of the anthropogenic sources of various pollutants
is high-voltage transmission lines (HVLs). Intensive
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electric and magnetic fields form in the vicinity of high-
voltage lines. The effect of such lines exceeding 300 kV
is detected at a distance of approximately 200 m from
them [5]. The noise level near the high-voltage lines
reaches 50-55 dBA, i.e. it considerably exceeds the
normal background (30-40 dBA) in surrounding rural
areas. High-voltage lines can emit dangerous electro-
magnetic waves over a distance up to 400 m. The re-
search carried out in UK and Europe has shown that
all power lines were surrounded by a corona of elec-
trically charged ions. The greater corona was found
near the older lines. Ions from the corona were car-
ried downwind of the lines, attaching themselves to up
to 15000 particles/m? floating past in the air [6].

It was shown [7] that the high-voltage lines can also
be a significant source of ozone. The corona discharge
near HVLs leads to the atomic oxygen formation. Oxy-
gen atoms are highly reactive, and they quickly react
with oxygen molecules to form ozone:

OCP)+ 0, +M — O3 + M. )

Moreover, the HVLs can generate active radicals,
such as OH, and thus can promote oxidation of volatile
organic compounds (VOCs) and change the air compo-
sition in their vicinity.
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In Lithuania the hourly ozone concentration in ambi-
ent air varies in a wide range, from 2 to 110 ppb. Long-
term investigation showed that during 9% of measure-
ment time it exceeded 50 ppb [8].

Meteorological conditions affect the formation,
transport, deposition, and seasonal behaviour of ozone
[9]. The factors favouring the formation of ozone are
the intensive solar radiation, low wind speed, high tem-
perature, and restricted boundary layer depth. Radia-
tion and temperature drive the chemical reaction pro-
ducing ozone, while boundary layer characteristics and
the absence of wind are the factors which lead to the
build-up of precursors and limit dispersion [10, 11].

Enhanced ozone concentrations, as a rule, affect ad-
versely the biota and human health, destroy the lacquer
coating and other materials [12-14]. Ozone disturbs
breathing, reduces resistance of an organism to infec-
tious diseases, causes poisonings, headaches, and gen-
eral lassitude [15]. The toxicity of ozone is especially
increased in the presence of nitrogen oxides, sulphur
dioxide, and some other substances. The mutagenic
effect is also possible because ozone evokes the same
changes in live organisms as the ionizing radiation. It
is established that the effect of ozone and aerosol parti-
cles on human nostrils, throat, and eyes is much stronger
compared to the effect of each contaminant separately
[16].

The aim of the work was to investigate the peculiar-
ities of the change in pollutant concentration, to deter-
mine the ozone distribution near high-voltage transmis-
sion lines, and to ascertain the influence of meteorolog-
ical parameters on the ozone concentration variation.

2. Location of the experiment and methodology

The experiment was carried out near Utena in the
Juskeénai village (55°33’ N, 25°39’ E) in Auk3taitija re-
gion in the eastern part of Lithuania on 22-27 Septem-
ber 2007. Field investigations were carried out near two
high-voltage transmission lines of 330 kV (Fig. 1) and
at the 220 m distance from the lines. The ozone concen-
tration measured at this distance was regarded as the
“background” concentration. The high-voltage trans-
mission lines run from east to west. The ozone concen-
tration data from the Ragsteliskis environmental mon-
itoring station were also used for comparison with data
obtained at the experiment site. The Ragsteliskis sta-
tion (55°26’ N, 26°04’ E) is situated about 25 km north-
eastward from JuSkénai village. Ozone concentration
near high-voltage lines was measured with the RS1003
ozone analyzer and the “background” ozone concentra-
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Fig. 1. High-voltage transmission lines with devices for measure-
ment of meteorological parameters.

tion was measured with the ML 9811 analyzer. Op-
eration of these analyzers is based on the principle of
UV absorption. The ozone measurement range was 0—
500 ppb. The sensitivity of these instruments is 0.5 ppb,
the noise level is less than 0.05 ppb, and the zero drift is
less than 1ppb/7days. Both analyzers were calibrated
before the experiment and after calibration they oper-
ated simultaneously for some days by sucking air from
the same tube. The obtained results showed very good
agreement between measurement values; the linear cor-
relation coefficient was 0.997 at the 99% confidence
level. Ozone concentrations were measured continu-
ously and the averaged values were recorded every 10
seconds. The aerosol particle counter AZ-5 was used
for the continuous measurement of the number concen-
tration of aerosol particles (D > 0.4 pym).

The main meteorological parameters were measured
during the experiment. The air temperature, relative hu-
midity, wind speed and direction were measured with
the PC Radio Weather Station, and the data were stored
into the computer automatically. The meteorological
parameters were measured at the 1.5 m height. The de-
vice measures the air temperature (—30 to +70 °C) with
the accuracy of £1 °C. The wind speed in the interval
of 0-60 m/s is measured with the accuracy of £0.3 m/s
and the wind direction resolution is 5 degrees. The en-
tire wind direction data set was 3 minute averages and it
was divided into eight sectors: north-west (NW), north
(N), north-east (NE), east (E), south-east (SE), south
(S), south-west (SW), and west (W), which represent
the angles 292.5°-337.5°, 337.5°-22.5°, 22.5°-67.5°,
67.5°-112.5°, 112.5°-157.5°, 157.5°-202.5°, 202.5°-
247.5°, and 247.5°-292.5°, respectively.

Ozone concentration measurements across the high-
voltage transmission lines were performed by using a
moving platform with the ozone analyzer and computer
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on it. The carriage moved with steady speed across the
lines 60 m to one side and 140 m to the other side and the
ozone concentration was fixed every 10 metres. Teflon
tubes were used for the air sample sucking at the 1.5 m
height above the ground surface.

The air mass transport backward trajectory analysis
was applied to the identification of the air mass origin.
The data were taken from the National Oceanic and At-
mospheric Administration webpage www.arl.noaa.gov/
ready.html .

3. Results

The changes of the ozone and other pollutant concen-
trations are closely related to the meteorological condi-
tions in the investigation region and the origin of air
masses that are moving over this area. During the ex-
periment the air mass transport changed their direc-
tion several times. The air mass transport from south-
western direction was observed on 22 September. The
transport direction changed to western at 5 a.m. of 23
September and at 1 p.m. it turned to north-western.
From 4 p.m. of 24 September air masses were trans-
ported from south-east till the end of the experiment.
Thus, the air mass transport from the south-east pre-
dominated during the whole experiment.

The variations of main measured parameters dur-
ing the experiment are provided in Fig. 2: the ozone
concentration near the high-voltage lines and a “back-
ground” concentration, the difference between these
concentrations, number concentration of aerosol parti-
cles, the wind speed and direction.

The concentration of ozone near the high-voltage
transmission lines was mostly higher compared to the
“background” concentration at a distance of 220 m
(near a residential house) during the experiment. The
difference between these ozone concentrations varied
from minus 17 ppb to plus 13 ppb. The obtained ozone
data were compared to the data from the Rugsteliskis
station (Fig. 3) to estimate whether the ozone concen-
tration is higher at the site of the experiment. Unfor-
tunately, the ozone data for 22-24 September at the
Rugsteliskis station were not available, therefore only
the comparison of 3-day data was made. The average
ozone concentration during this period near the high-
voltage transmission lines was 32 ppb and at the moni-
toring station it was only 17 ppb. The results show that
the ozone concentration close to the high-voltage lines
was constantly higher. The comparable results were
obtained [7] near 220 and 500 kV HVLs: the ozone
concentration was higher than the “background” ozone

level by 6.2 and 8.45%, respectively. It proves that
high-voltage transmission lines can affect the level of
ozone in their close vicinity. It should be noted that
the ozone changes and levels during the daytime were
similar at both sites near the high-voltage transmission
lines and at the background monitoring station. The
maximum difference between half-hour ozone concen-
trations was up to 23%. This difference was higher, up
to 72%, during the night-time when the ozone level due
to very weak wind (Fig. 2) was caused by other local
conditions, and one of them can be an additional ozone
source. Furthermore, it indicates the influence of high-
voltage lines at the 220 m distance from 330 kV lines,
i. e. the increase of the ozone concentration is recorded.

The number concentration of aerosol particles (D >
0.4 pm) close to the high-voltage transmission lines var-
ied in the range of (10-100)x 105 particles/m? (Fig. 2)
during the field investigation. Data analysis showed
that the high-voltage transmission lines were not the
local source of these aerosol particles or it was a very
small one, and it was impossible to assess its influence
during this experiment. Variation of the aerosol particle
concentration was influenced by the change of air mass
transport, the direction of which mostly coincided with
the wind direction [17]. As mentioned above, the di-
rection of air mass transport changed several times dur-
ing the experiment. In case of the stable transport of air
masses from south-eastern regions, the number concen-
tration of aerosol particles changed insignificantly and
no diurnal variation was observed. The number concen-
tration of aerosol particles changed together with the
change of the air mass transport direction. The com-
parative analysis was carried out according to the as-
sumption that the number and mass concentrations of
aerosol particles correlate [18]. Using the predicted
data of hourly PM10 (particulate matter with diameter
<10 pm) [19], it was obvious that the mass concentra-
tion of aerosol particles at the site of the experiment on
22 September should increase and reach 100 ug/m?,
and it should decrease to 35-50 g/m3 from 2 p.m. on
23 September. The mass concentration of PM10 fluctu-
ated in the range of 20-50 g /m? on 24 September. The
PM10 mass concentration dropped to 25-50 pg/m?
from 11 p.m. on 25 of September and it was only
10-20 pg/m? during the night-time. The steady mass
concentration of PM10 of 1020 jg/m? was recorded
on 26-27 September. Comparison of aerosol num-
ber concentration data obtained during the experiment
with the PM10 mass concentration has shown that the
linear correlation coefficient is 0.85, o« = 0.95. This
confirms that the number concentration of aerosol par-
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Fig. 2. Variation of the main parameters during the experiment on 22-27 September 2007.

ticles changes together with the change of the PM10
mass concentration during the experiment. Therefore,
the correlation of the aerosol particle number concen-
tration with the PM10 mass concentration and with the
air mass transport direction allow us to state that the
main source of aerosol particles (D > 0.4 pm) was not
the high-voltage transmission lines.

As the difference between ozone concentrations at
different measurement sites (close to the high-voltage
transmission lines and near the residential house) was
not constant during the experiment (Fig. 2), the rela-
tionship between this difference and meteorological pa-
rameters was investigated.

The corona effect occurs when electricity discharges

into the ambient atmosphere from a high-voltage source.

Its intensity increases under conditions of heavy rain
and high humidity (in general >80%) [20]. Under wet
and humid conditions, water drops accumulate on the
conductors of transmission lines and thereby increase

the corona activity. The natural production rate of
ozone is inversely proportional to humidity. There-
fore, humidity is the same factor increasing corona dis-
charges from transmission lines and blocking the pro-
duction of ozone. Under high relative humidity condi-
tions, mostly at night-time, two counteractions are ob-
served: the production and destruction of ozone.

Relative humidity varied from 43 to 100% during the
experiment period. The highest humidity was observed
during the first two nights, when its value was 100%
for a long time. The most noticeable differences be-
tween the ozone level (from —17 up to +13 ppb) were
recorded just at this time. The interval of relative hu-
midity was narrow from 25 September when it varied
from 43 to 76% and the difference between ozone val-
ues was only between —6 and +7 ppb.

Air temperature and relative humidity variations in
the atmosphere are very closely related. Air tempera-
ture varied in the range of 2-23 °C during the experi-
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ment. The lowest temperature was detected during the
night-time from 23 to 24 September when relative hu-
midity was 100%. Long-lasting calm conditions were
recorded and air temperature dropped to +2 °C on this
night and the measured difference between the ozone
concentrations was most substantial for the whole re-
search period. The narrow interval of air temperature
change was recorded on 25-27 September when tem-
perature did not drop below 9 °C at night and did not ex-
ceed 21 °C in the daytime. The weather without rainfall
dominated during the experiment: not intensive rain-
falls were detected only at 1 p.m. on 22 September
(max. intensity 2.6 mm/h) and at 1 p.m. on 26 Septem-
ber (max. intensity 0.5 mm/h).

The wind speed and direction were not stable dur-
ing the experiment, especially during the first days of
measurement (Fig. 2). Weak winds dominated during
the experiment, and the speed of 5 m/s was recorded
only during 3% of the measurement time. Not only
long-lasting calm conditions prevailed during the ex-
periment (marked as calm in ellipse in Fig. 2), but the
wind speed was also near 0 m/s during a lot of short
episodes. Calm conditions covered about 38% of the
time. South-eastern wind dominated during the remain-
ing time (61%) of measurement. The wind direction
along the lines was recorded relatively rarely: the east-
ern direction was observed during 9% and the western
direction during 5% of the measurement time, respec-
tively.

If high-voltage lines are the additional source of
ozone, the difference between ozone concentrations
should depend on the direction of wind; therefore, the
relationship between the wind direction and ozone con-
centration difference was analysed.

Analysis revealed (Fig. 4) that almost during all the
time the average difference was positive, i. e. the ozone
concentration near the lines was higher. The higher
ozone concentration near the house was detected when
north-eastern and eastern winds dominated. The cases
of the NE-N-NW direction wind were few, therefore
data were insufficient for the reliable analysis. Lower
concentrations close to the lines were also obtained
when the wind direction was from the east. It should be
noted that wind of this direction was recorded mostly
in the evenings or early mornings. It was impossible to
find the cause of this phenomenon, probably due to a
short duration of the experiment. The highest average
difference between ozone concentrations was detected
when the wind blew from the SW direction. The max-
imum ozone concentration of 34 ppb near the HVLs
was detected at the wind of the SE direction; how-
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ever, the difference between ozone concentrations was
minimal. The wind of the south-eastern direction was
recorded at any time of the day during the experiment.
It was observed that the wind was stronger when it
was blowing from the south-eastern direction (average
speed 2.4 m/s), whereas the obtained experiment re-
sults showed that higher ozone concentrations were ob-
served when a stronger wind was blowing.

Because the relationship between the ozone concen-
tration and wind direction was determined, the fur-
ther analysis was performed to find out how the ozone
concentration changes when wind is blowing across
and along transmission lines. The winds blowing
along the high-voltage transmission lines dominated
only between 9 a.m. and 6 p.m. during the experiment
and were not observed at any other time. The instan-
taneous difference between ozone concentrations at the
wind blowing along lines varied from —8 to +8 ppb.
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The concentration was practically always higher near
the lines when such wind direction was dominant.

When the wind direction was across the HVLs,
the difference between ozone concentrations was vari-
able: sometimes higher short-term ozone concentra-
tions were observed near the lines, sometimes at a
“background” site. The average difference varied be-
tween —2 and +3 ppb (Fig. 5). The wind blowing
across lines was not detected only at 8 p.m.

The ozone concentration field is distributed not equally
between lines and in their vicinity. The data obtained
by measuring the ozone concentration across HVLs
showed that depending on the wind speed and direction
a few mini fields with the maximal ozone concentration
can be observed. The ozone concentration increase near
HVLs was up to 38% in comparison with the concen-
tration at a “background” site during separate measure-
ments. By using the Kriging interpolation method of
Surfer software, the typical ozone concentration field is
presented in Fig. 6, when the SE wind direction prevail-
ing during the experiment with speed lower than 2 m/s
has been observed. The data revealed that under such
meteorological conditions the ozone concentration near
the HVLs increased up to 44 ppb. The ozone “back-
ground” concentration varied in the interval of 30.1-
1.9 ppb.

4. Conclusions

1. The experiment results have shown that high-voltage
transmission lines are the additional significant
ozone sources in nonurbanized territories. Their
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Fig. 6. Ozone concentration change in the vicinity of high-voltage
transmission lines.

influence on the ozone level increase at the dis-
tance of 220 m can be observed under conditions
favourable for the ozone production near high-
voltage lines and its transport to a “background”
site.

2. The average ozone concentration close to the high
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voltage lines was on average by 2% higher than the
“background” ozone concentration, and the instan-
taneous ozone concentration could be higher by up
to 38% in separate cases.

. The investigation data have shown that meteoro-

logical parameters such as the wind speed and di-
rection, relative humidity have the largest influence
on the difference between the ozone concentration
close to the high-voltage transmission lines and a
“background” concentration.

The high-voltage transmission lines are not a sub-
stantial local source of aerosol particles (D >
0.4 pum) in nonurbanized territories. The change
of the air mass transport has the main influence on
the aerosol particle concentration variation.
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AUKSTOS ITAMPOS ELEKTROS PERDAVIMO LINIJU ITAKA TERSALU KONCENTRACIJAI
NEURBANIZUOTOSE VIETOVESE

V. Valuntaité, R. GirgZdiené

Vilniaus Gedimino technikos universitetas, Vilnius, Lietuva

Santrauka

Aptariamas potencialus vietinis oro tarSos Saltinis — aukStos
itampos elektros perdavimo linijos. Pateikti ozono ir aerozolio
daleliy, kaip galimy terSaly prie aukStos jtampos linijuy, koncent-
racijos tyrimo rezultatai. Ozono ir aerozolio daleliy (D > 0,4 pm)
skaitinés koncentracijos bei meteorologiniy parametry matavimai
atlikti 2007 m. rugséjo mén. Utenos rajone prie dviejy 330 kV
aukstos jtampos elektros perdavimo linijy. Tuo paciu metu ozono
koncentracija matuota ir 220 m atstumu nuo linijy, ir ji darbe trak-
tuojama kaip ,,foniné*. Vidutiné ozono koncentracija eksperimento
metu prie aukstos jtampos linijy buvo didesné nei foniné. Parodyta,

kad prie aukStos jtampos elektros perdavimo linijy tam tikrais atve-
jais (pvz., nakties metu) stebimas ozono koncentracijos padidéji-
mas iki 38% palyginus su ,fonine”. Aptariama meteorologiniy
parametry jtaka ozono koncentracijos pokyciams. Nustatyta, kad
oro drégnis, véjo greitis ir kryptis yra svarbiausi parametrai, saly-
gojantys ozono padidéjima aukstos jtampos linijy aplinkoje neurba-
nizuotose vietovése. Aerozolio daleliy (D > 0,4 pm) skaitinés kon-
centracijos duomeny analizé parodé, kad aukstos itampos linijos
arba néra lokalus §iy daleliy Saltinis, arba jo nebuvo galima jver-
tinti naudotu metodu. Aerozolio daleliy koncentracijos pokycius
eksperimento metu 1émé oro masiy pernasy kaita.



