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Abstract. Preliminary analysis of the data of ultraviolet (UV) radiation and ground-level ozone concentration measurements from Rugðteliðkës Monitoring Station over the years 20022003 is presented. Observations showed that an average UV radiation value in January and July of 2002 differed about 10 times. Maximum intensity of UVA radiation was
observed in July (about 2,4 W/m2), and minimal one  in December (0,1 W/m2), the highest UVB radiation intensity
was in May (0,09 W/m2), while a minimal UVB radiation value as well as that of UVA was registered in December
(0,07 W/m2). Relationship between the highest ozone concentration and UVB radiation values during the summer of the
investigation period was found to be linear.
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1. Introduction
There are many different types of energy that come
from the Sun. All of the types of energy are part of the
electromagnetic spectrum. Electromagnetic rays of wavelengths between 2 and 400 nm (photon energy between
3 and 620 eV) are known as ultraviolet rays. Ultraviolet
(UV) radiation that reaches the Earths surface is of
wavelengths between 290 and 400 nm. Visible light is
between 400 and 700 nm (Fig 1). UV radiation is responsible for adverse health effects. The radiation (200
and 300 nm) is absorbed by atmospheric ozone (O3).
However, the highest amount of ozone can be found at
altitudes between 19 and 30 km above the Earths surface. Ozone is a combination of three oxygen atoms. It
is gas produced naturally in the stratosphere. UV radiation is classified into three types or bands  UVA, UVB,
and UVC. The stratospheric ozone layer absorbs some,
but not all, of these types of UV radiation: UVA is not
absorbed, UVB is most absorbed, but some part of it
reaches the Earths surface, and UVC is completely
absorbed by the ozone layer and oxygen. UVA and UVB
that reach the Earths surface contribute to serious human health damages. UVA (320400 nm) plays an essential role in formation of vitamin D by the skin, but

can also evoke harmful sunburn on the human skin and
cataracts in our eyes. UVB (290320 nm) causes damage at the molecular level to the fundamental building
block of life-deoxyribonucleic acid (DNA). UVB radiation harmful to living organisms is a small part of the
spectrum, from 290 to 320 nanometer wavelengths, and
represents about 1 % of the total radiation reaching the
Earths surface (Table 1) [1].

Fig 1. Spectrum of solar radiation
Table 1. Distribution of solar radiation energy
Spectral region

Wavelength

% of total energy

Infrared

>700 nm

4 9 ,4

Visib le

400700 n m

4 2 ,3

UVA

400320 n m

6 ,3

UVB

320290 n m

1 ,5

UVC

< 290 n m

0 ,5
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Fig 2. Vertical distribution of UV radiation and atmospheric ozone

The curve in Fig 2 [2] shows a typical vertical profile of ozone at the middle latitudes of the northern hemisphere. As mentioned above, UVC is absorbed completely in the stratosphere. 94 % of UVA and 6 % of
UVB radiation reach the Earths surface. Fig 2 shows
that about 99 % of the total UV solar radiation (all UVC
and the most part of UVB range) is absorbed by atmospheric ozone [2]. It is natural origin function, protecting us from harmful influence of UV rays.
In Lithuania 49 % of the total annual solar energy
reaches the surface during three months: May, June and
July, and only 6 % during wintertime [3].
Relationship between UV radiation measured at the
surface, the total ozone, aerosol properties, clouds and
surface albedo are discussed in literature [4].
The amount of energy received from the Sun at the
top of the atmosphere per time unit and per unit area is
known as Solar constant. Its value is approximately
1370 W/m2. The amount of UV radiation reaching the
Earths surface varies widely. The level of UV radiation
that reaches the Earths surface can vary depending on
a variety of factors. Each of the following factors can
increase UV radiation over exposure and its harmful
health effects [5]. Besides the above-mentioned stratospheric ozone, such factors as time of the day and year,
geographical location, weather conditions and surface reflection are very significant. The Sun is at the highest
point in the sky at noon. At that time the Suns rays
have the least distance to travel through the atmosphere,
and the UVB radiation level is the highest. In the early
morning and late afternoon the Suns rays pass through
the atmosphere at an angle, and their intensity is greatly
reduced. A cloud cover plays a highly influential role
for the level of both UVA and UVB radiation reaching
the ground. Each water droplet in a cloud scatters some
incoming UV radiation back into space, so a thick cover
of clouds protects organisms and materials from UV rays.
However, a thin or scattered cloud cover can be deceiving to people who are sunbathing, and the result can be
an unexpected and severe sunburn.

Decrease of the ozone layer allows penetration of
more UV radiation through the atmosphere, and exposure at the Earths surface increases. Exposure to shorter
wavelengths increases by a larger percentage than exposure to longer wavelengths. At middle latitudes a decrease of one percent in the ozone layer may result in
an increase of one (310 nm) to three (305 nm) percent
of potentially harmful UVB at the surface during midsummer when UVB is the highest.
Ozone depletion is greater at higher latitudes, (toward the North and South Poles) and negligible at lower
latitudes (between 30 oN and 30 oS).
Cities at lower latitudes generally receive more sunlight because they are nearer the equator, so UV radiation levels are higher even in the absence of ozone depletion. If ozone were to decrease at lower latitudes, southern cities would experience a greater absolute increase
in UVB than cities in the north for the same amount of
ozone depletion.
The purpose of the work is to perform a preliminary analysis of UV radiation variations in Lithuania and
to find relationship between UV radiation and ozone
concentration.
2. Site description and methods
Measurements of solar radiation and ozone concentration were carried out at Rugðteliðkës Monitoring Station. The Station (55o26N and 26o04E, about 170 m
above the sea level) is situated in the eastern part of
Lithuania and surrounded mainly with natural pine and
spruce forests. The nearest local source of pollution is
Utena town, about 25 km in the western direction.
Ozone concentration was measured using a commercial UV absorption ozone analyser ML9811. The
lowest detection limit of this instrument was 1 ppb. The
ozone measurement cycle was several seconds. The obtained data were averaged over a 1-hour period.
Solar detectors are based on the top of a meteorological tower, at 26 m height above the Earths surface.
UVB radiation (280315 nm) was measured using
a pyranometer SKU 430. The sensor sensitivity is
150 mV/W/m2. The sensor characteristics are shown in
Fig 3.

Fig 3. Characteristics of UV sensor SKU 430
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Fig 4. Characteristics of UV sensor SKS 1110

A pyranometer SKS 1110 was used to measure the
total solar radiation, within 05000 W/m2 working range
and spectral response 5001000 nm. The sensor sensitivity is 1 mV/100W/m2 (Fig 4).

Fig 5. Average values of UV radiation in several months
of 2002

3. Measurement results
The data of global and UV radiation, ozone concentration obtained at Rugðteliskës Monitoring Station
during 20022003 are analysed.
The data analysis (Fig 5) shows that an average
UV radiation value in January and July of 2002 differed
about 10 times. An average value of January was
110 mW/m2 with the minimum (37 mW/m2) on 6 January and maximum on 31 January (273 mW/m2).
The July values varied from maximum on 3 July
(2819 mW/m2) to minimum on 20 July (860 mW/m2).
An average value of July was about 2136 mW/m2, and
about 19 times it was higher than an average value of
UV radiation in January.
Comparison of the course of UV and global radiation was performed. Fig 6 shows the UV and global
radiation course of five days in January 2003 that is
characteristic of the whole period. The UV and global
radiation course was mostly similar; just in several cases
it had marked differences, for example, on 3 January.
On 4 January the UV and global radiation course varied
insignificantly, but on 2 and 3 January their course differed by about 20 %. It was observed that UV radiation
made up about one hundredth part of global radiation.
The annual course of ground-level ozone depends
on the measurement site location, pollution level of the
region, etc. Mostly the following seasonal course variations are observed: the ozone level increases in spring
and decreases in summer, the total ozone level increases
in spring  summer [6].
In 20022003 an average ground-level ozone concentration (Fig 7) increase was observed in April 
March, and the second one  in August. Increase in
ozone concentration was found only in the spring of
2003. The least monthly average concentration in both
years was in November. It should be noted that such
late-autumn minimum values were observed at this sta-

Fig 6. Course of global and UV radiation in January 2002
Avg,
µ g/m3

Max,
µ g/m3

Fig 7. Monthly average and maximum values of ozone
concentration in 20022003
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Fig 8. Average values of UVA and UVB radiation in 2002

(UVB radiation values multiplied by 10)

tion practically every year. Maximum concentrations
were registered in different months. As the data of Fig 7
show, the highest ground-level ozone concentration was
in August (165 µg/m3) and in April (142 µg/m3) during
2002 and 2003.
The maximum of the monthly average intensity of
UVA radiation was observed in July (2,4 W/m2), and
the minimum  in December (0,1W/m2) (Fig 8).
The lowest value of UVB radiation intensity, like
that of UVA radiation, was measured in December and
reached only 0,007 W/m2. UVB radiation was the most
intensive in May (0,09 W/m2).
UVB radiation plays an important role in tropospheric photochemistry, since it determines the rate of
ozone photolysis J(O1D) and subsequent formation of
OH radicals. Consequently, changes of UVB radiation,
e g due to changes of the stratospheric ozone amount,
could alter the concentration of reactive tropospheric
gases, including ozone. Preliminary investigation of relationship between maximum daily ozone concentrations
and UVB radiation maximum values were accomplished
(Fig 9). The data in the summer (JuneAugust) of 2003
were investigated. The results showed that in the case
of higher UVB radiation values higher ozone concentraTable 2. Correlation coefficients between UVA, UVB
radiation and ozone, and between UVA and UVB radiation
Year

2002

2003

UVA and
o zo n e

UVB and
o zo n e

UVA and
UVB

W ho le year

0 ,4 6

0 ,4 8

0 ,9 7

May-July

0 ,4 7

0 ,5 1

0 ,9 7

Decemb erFeb ruary

0 ,2 1

0 ,1 9

0 ,9 8

W ho le year

0 ,3 2

0 ,2 9

0 ,9 9

May-July

0 ,4 7

0 ,5 0

0 ,9 8

Decemb erFeb ruary

0 ,3 0

0 ,2 9

0 ,9 9

Fig 9. Scatter chart of ozone and UVB radiation data

tions were simultaneously observed. It should be noted
that in estimating this dependence the presence of clouds
or precipitation was not taken into account. It can be
stated that relationship between UVB radiation and ozone
concentration should be stronger including data only
during sunny days.
The correlation describes the strength or degree of
linear relationship [7] between two variables. Correlation coefficients between average daily ozone concentration and UVA radiation, average daily ozone concentration and UVB radiation, and between UVA and UVB
radiation during separate periods in 20022003 are shown
in Table 2. Larger correlation coefficients between ozone
and UV radiation were established during summer
months. It is evident that during summer months, when
more sunny days are observed and weather temperature
is rather high, conditions for photochemical ozone formation are favourable. Therefore, the correlation coefficient is larger than that calculated for the whole year.
Correlation between these parameters during winter
months is smaller about 22,5 times compared with that
of the whole year and summer season.
The correlation coefficient between UVA and UVB
radiation values is practically 1,0 (Table 2), and it means
that UVA and UVB radiation data are strongly correlative.
The scatter chart (Fig 9) shows relationship between
two variables. According to relationship between ozone
and maximum UVB values, a regression equation can
be written:
CO3 [µg/m3] = C0O3[µg/m3] + A[µg/m × mW] ×
IUVB[mW/m2],
where CO3 is ozone concentration at IUVB, C0O3 is ozone
concentration at IUVB = 0, IUVB is UVB radiation and A
coefficient (slope of the regression line).

R. Chadyðienë et al / Journal of Environmental Engineering and Landscape Management  2005, Vol XIII, No 1, 3136

In the summer of 2003 the value C0O3 is 20 µg/m3,
and the value A is 220 µg/m×mW.
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4. Conclusions
1. Preliminary analysis of the data on UV radiation
and ground-level ozone concentration from Rugðteliðkës
Monitoring Station was performed. It is confirmed that
the course of UV and global radiation is similar; therefore, it is often possible to calculate the UV radiation
intensity from global radiation data. The UV radiation
value made up about one hundredth part of global radiation. It was determined that average values of UV
radiation in January and July during 20022003 differed
about 10 times.
2. The course of seasonal ozone concentration and
UVB radiation can be different in unpolluted areas where
Rugðteliðkës Station is located. This difference points
out that not only a photochemical process determines a
high ozone concentration in summertime. However, it
was determined that the highest ozone concentration was
related to the highest UVB radiation values during the
investigation period.
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ULTRAVIOLETINËS SPINDULIUOTËS IR PAÞEMIO OZONO POKYÈIAI LIETUVOJE
R. Chadyðienë, R. Girgþdienë, A. Girgþdys
Santrauka
Darbe nagrinëjami 20022003 m. Aukðtaitijos ekologinio monitoringo stotyje gauti UV spinduliuotës ir paþemio ozono
koncentracijø duomenys. Nustatyta, kad didþiausias UVA spinduliuotës intensyvumas yra liepos mënesá  apie 2,4 W/m2, o
maþiausias  gruodá  0,1W/m2. UVB spinduliuotë intensyviausia geguþës mënesá  0,09 W/m2, o maþiausia jos vertë, kaip ir
UVA, uþregistruota gruodá  0,007 W/m2. Paþemio ozono koncentracijos metiniai duomenys rodo du ryðkius koncentracijos
padidëjimus  geguþës ir rugpjûèio mënesiais. Palyginus su bendràja spinduliuote, nustatyta, kad UV spinduliuotë sudaro apie
vienà ðimtàjà jos dalá. Vasaros mënesiais, kai daugiau giedrø dienø, koreliacija yra didesnë nei per visus metus.
Raktaþodþiai: ultravioletinë spinduliuotë, spinduliuotës intensyvumas, ozono koncentracija, koreliacijos koeficientas.
ÈÇÌÅÍÅÍÈß ÊÎÍÖÅÍÒÐÀÖÈÈ ÓËÜÒÐÀÔÈÎËÅÒÎÂÎÃÎ ÈÇËÓ×ÅÍÈß È ÎÊÎËÎÇÅÌÍÎÃÎ ÎÇÎÍÀ Â
ËÈÒÂÅ
Ð. Õàäèøåíå, Ð. Ãèðãæäåíå, À. Ãèðãæäèñ
Ðåçþìå
Àíàëèçèðóþòñÿ çàðåãèñòðèðîâàííûå â 20022003 ãã. äàííûå îá èçìåíåíèè óëüòðàôèîëåòîâîãî (ÓÔ) èçëó÷åíèÿ è
îêîëîçåìíîãî îçîíà íà ýêîëîãè÷åñêîé èñïûòàòåëüíîé ñòàíöèè â Àóêøòàéòèè. Óñòàíîâëåíî, ÷òî íàèáîëüøàÿ èíòåíñèâíîñòü
ÓÔÀ èçëó÷åíèÿ íàáëþäàåòñÿ â èþëå  îêîëî 2,4 W/ì2, à íàèìåíüøàÿ â äåêàáðå  0,1 W/ì2. Íàèáîëüøàÿ èíòåíñèâíîñòü
ÓÔÁ èçëó÷åíèÿ çàðåãèñòðèðîâàíà â ìàå  0,09 W/ì2, à íàèìåíüøàÿ, êàê è äëÿ ÓÔÀ, â äåêàáðå è ñîñòàâèëà 0,007 W/ì2. Â
òå÷åíèå ðàññìàòðèâàåìîãî ãîäà íàáëþäàëîñü äâà çíà÷èòåëüíûõ óâåëè÷åíèÿ êîíöåíòðàöèé îêîëîçåìíîãî îçîíà  â ìàå è
àâãóñòå. Ñðàâíåíèåì îáùåãî è ÓÔ èçëó÷åíèÿ óñòàíîâëåíî, ÷òî ÓÔ èçëó÷åíèå ñîñòàâëÿåò îêîëî îäíîé ñîòîé ÷àñòè îáùåãî
èçëó÷åíèÿ. Â ëåòíèå ìåñÿöû, êîãäà áîëüøå áåçîáëà÷íûõ äíåé, êîððåëÿöèÿ áîëüøå, ÷åì â òå÷åíèå ãîäà.
Êëþ÷åâûå ñëîâà: óëüòðàôèîëåòîâîå èçëó÷åíèå, èíòåíñèâíîñòü èçëó÷åíèÿ, îçîí, êîíöåíòðàöèÿ, êîýôôèöèåíò êîððåëÿöèè.
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