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Ckypcka E., Bimuak M. BniuB 30UIb1IeCHHS] BUIIPOMiHIOBAHHS yJIbTpPa-

¢iosiery-B Ha nesiki pocJMHHI BUIH
OrnucaHo TONOBHI 111 1 MexaHi13M adekty ynbrpadionety-B (280-320 um) Ha pociu-
HU. PociMHHI BUIM MOKA3ylOTh AU(EPEHIIIOBaHHS B CIIPUUHATIMBOCTI 10 LHOTO BIUIUBO-
BOT'O CTPECOBOI'0 YMHHHUKA JOBKULISA, IO MATBEPKEHO Oararbma eKcriepumeHTamu. Poc-
JIMHA MOXKYTh 3aXHINATHCS BiJ IIKIJUIMBOTO BIUIMBY yIbTpadioneTy-B pisHUMHU HUIIXaMHu,
30KpeMa 301LIbIIeHHIM CUHTE3Y (IaBOHOIAIB 1 (EHMIONPONaHOiAiB, oTOpenapyBaHHIM 1
BupizyBanHsM JIHK.

Ckypcka E., Bumuax M. Biusinue yBeJIM4eHUs] M3JIyYeHUs1 yJIbTpadu-

oJjieTa-B Ha HEKOTOPbIC PACTUTEC/IBHBIC BUAbI
OmnwucaHbl TIIaBHBIE LEMH U MexaHu3M addekra yiabrpaduonera-B (280-320 am) Ha
pacteHus. PacturenbHble BUABI MTOKA3bIBAIOT AU HEPESHINPOBAHNE B BOCIIPUUMUYUBOCTH K
ATOMY BIIHSIOIIEMY CTPECCOBOMY (DaKTOPY OKPYIKAIOILIEH CPEebl, YTO MOATBEPKICHO MHO-
I'MMHU SKCIIEpUMEHTaMu. PacTeHus MOTyT 3alUINaThCsl OT BPEIHOTO BIUSHUS YIbTpadu-
ojnera-B pa3znuyHBIMU MyTSIMHU, B YaCTHOCTH YBEJIMYECHHEM CHHTE3a (JIaBOHOUIOB M (eHU-
JIOTIPOTIAHOUIOB, hoTOpenapupoBanueM u Beipe3anuem JJHK.
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MONITORING OF ULTRAVIOLET-B RADIATION IN POLAND

Two independent networks of UV-B radiation monitoring in Poland are described.
One of them, Geophysical Observatory at Belsk of the Institute of Geophysics of the Polish
Academy of Sciences, from over 30 years has performed monitoring of sun ultraviolet ra-
diation. The second UV-B network of the Institute of Meteorology and Water Management
has carried out continuously sun ultraviolet measurements in the erythemal range in three
stations (Leba, Legionowo, Zakopane) since 1994. In last years studies on forecast for agri-
culture and forestry are continued.

Keywords: Diffey, dose, erythema action, measurement, spectrum, sun, UV index

Analysis of changes of stratospheric ozone in atmosphere under Poland is a
part of the coordinated international action for protection of ozone layer. Signifi-
cant decrease of ozone concentration in the stratosphere under Poland observed
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earlier only in period of winter and spring appeared during all year. Increase of
ultraviolet radiation flux at Earth surface observed in Central Europe requires UV-
B monitoring.

In Poland there are two independent networks which continuously measure
intensity of ultraviolet B radiation. They are supported by Chief Inspectorate for
Environmental Protection; National Fund for Environmental Protection and Water
Management and Ministry of The Environment in Poland.

One of them, Geophysical Observatory at Belsk (51°50'N, 20°47'E) of the
Institute of Geophysics of the Polish Academy of Sciences, from over 30 years has
performed monitoring of sun ultraviolet radiation (Fig. 1 a). Their interests in UV
radiation reaching the ground level at Belsk focused on the daily erythemal dose,
1.e., daily integral of the dose rate. It should be noted that the Belsk series of daily
dose, which began in 1976, is one of the longest in Europe and he triggered many
statistical analyses, e.g. Borkowski (1998), Krzy$cin et al. (2004).
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Fig. 1. Geophysical Observatory at Belsk (a), UV Biometer (b) spectral sensitivity curve
of the detector and Diffey erythema action spectrum (c) Morys & Berger 1993

Observatory in Belsk has three UV monitoring instruments in operation,
two Robertson-Berger 501 meter and one Brewer UV-biometer Model 501A (Fig.
1 b). Systematic measurements of ground level ultraviolet solar radiation (UV-B)
with the Robertson-Berger meter have been carried out since 1975. The Brewer be-
gan operation in February of 1991. Both measure spectral irradiance in the region
between 290 and 325 nm by monitoring the photon count rate at wavelengths
every 0.5 nm. The irradiance at each wavelength is integrated to produce a dama-
ging ultraviolet radiation value on human skin using Diffey erythemal weighting
curve (Fig. 1 ¢).

Results of measurements UV-B as mean year doses, from 1996 to
2001 showed increased trend, in 2005 was apogee, what resulted in low cloud and
low concentration of stratospheric ozone, but since that year — rather decrease is
denoted (Fig. 2).

Month oscillations have been recorded in the measurement values, the hig-
hest of them, above two times higher than mean 1996-2007, have achieved in sum-
mer between June and July (Fig. 3).

Moreover, according to recommendation of WMO, special parameter, UV
index 1s measured. The UV index is an international standard measurement of how
strong the ultraviolet radiation from the sun is at a particular place on a particular

210 30ipHUK HAYKOBO-TEXHIYHUX Npalb



Haxlconm‘i Bicnuk HJITY YKEa'l'Hn. —2009. — Bun. 19.15

day. It is a scale primarily used in daily forecasts aimed at the general public. The
UV index is a number linearly related to the intensity of UV radiation reaching the
surface of the earth at a given point, calculated as a multiplication by 40 m* W'
(Madronich et al. 1998). The internationally agreed UV Index scale is defined in
terms of the erythemally weighted UV irradiance, i.e. 'skin-reddening' or 'sunbur-
ning' irradiance (McKenzie et al. 2003). Maximal value of UV index in equatorial
area can achieve to 16 units, while maximal value observed actually in Belsk —
8 units (www.igf.edu.pl). On Figure 4 are presented regression line between UV
index and daily integral UV-B dose according to published numerical data (Piet-
ruczuk et al. 2008).
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Fig. 2. Mean year dose of UV-B in Belsk from 1996 to 2007 measured with Brewer
instrument No. 64 on the basis of data of Jarostawski & Rajewska-Wigch (1998, 1999,
2000, 2001, 2003, 2004, 2006, 2008)
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Fig. 3. Mean month dose of UV-B in 1996, Fig. 4. Correlation between UV index
2005, 2007; horizontal line — mean from 1996- and daily dose of UV-B in 2007; graph
2007; graph on the basis of data of Jarostawski on the basis of data of Pietruczuk et al.

& Rajewska-Wiech (1998, 2006, 2008) (2008)

The second UV-B network in Poland belongs to the Institute of Meteoro-
logy and Water Management, Centre of Aerology in Legionowo about 30 km from
Warsaw (Finne 2000). In 1993 three broadband UV Biometers model SL 501 have
been installed at three stations in Poland (Fig. 5), in northern (Leba, 54.75°N,
17.53°E, Baltic Coast), central (Legionowo, 52.40°N, 20.97°E, Centre of Poland)
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and southern (Zakopane, Tatra Mountains, 857 m, 49.30°N, 19.97°E). Since
1994 they conduct sun ultraviolet measurements in the erythemal range, i.e. active
affecting on a human skin. Measured radiation doses generally arrange increasing
along with decreasing latitude of the station (Litynska 1995). In May 2007 the hig-
hest month dose appeared in Legionowo, and in July — in Leba. 24 of May 2007 in
Leba and Legionowo was recorded the highest daily dose of UV-B radiation in the
history of measurements (from 1994), due to low clouds and low stratospheric ozo-

ne concentration (Biszczuk et al. 2008).
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Fig. 5. Three main measurement stations  Fig. 6. Mean value of UV index in July
of UV-B of the Institute of Meteorology 2009 (htp://www.pogodynka.pl
and Water Management /polskauv.php#BEGIN)

Earlier the results were expressed in MED/h, where MED — minimal
erythemal dose (Bais & Lubin 2007). Actually they are presented as index UV and
available on the website, where we can find actual and archival numerical data for
eight important places in Poland, a colourful map of all country on a scale adjus-
ting to the range of values variability and a forecast for the foreseeable future (Fig.
6). The forecast are compiled for two cases: blue sky and cloudy sky. Moreover, on
this website there are also some information about UV index and protection against
ultraviolet radiation. Centre of Aerology in Legionowo has participated in Europe-
an programs, among other things COST Action 713 "UVB Forecasting" and COST
Action 726 "Long term changes and climatology of UV radiation over Europe".
The effect of the first program was popularization of UV index among European
people. All public data are concerned on erythemal doses, i.e. connected with af-
fect of this harmful radiation on human skin, caused burning in the form of erythe-
ma. The UV reconstruction model in the COST-726 on the base of the daily global
solar radiation and ancillary data from the period of 1991-2001, for summer, allo-
wed calculations for other biological action. First maps made allowing for selected
biological action spectra, including DNA, vitamine D synthesis or plant damage,
were presented on 12" Congress of European Society For Photobiology in Bath
(Litynska et al. 2007). On the basis of measured spectra data of UV-B intensity and
different biological action spectra of ultraviolet radiation, studies on forecast for
agriculture and forestry are continued (Lapeta et al. 2009).
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Cxypcka E. KouTpoab yabTpagioseTroBoro B-BunpomiHiOBaHHSI B

Honbui
Omnwucano /1B He3anexHi Mepexi BunpomiHioBaHHs UV-B moniTopunry B Ilonbmi.
OpnHa 3 Hux — ['eodiznyna O6C€pBaT0pi}I B benbcrky [HeTUTYTY Teodizuku [loapchkoi aka-
nemii Hayk, moHaa 30 poKiB BUKOHYE KOHTPOJIb COHSIYHOTO yanpa(bloneTOBoro BI/IHp0M1-
HIOBAaHHSL. I[pyra UV-B-mepexa [HCTUTYTY MeTeopoIIorii i BOJHOTO yIpaBIliHHS 3IiHCHIOE
TPUBAJIi AOCHIHKEHHS! COHAYHOTO YIbTPadioleTOBOTO BUMIPOMIHIOBAaHHS HA TPHOX CTAHIII-
ax (JIeba, JlerionoBo 1 3akomane), nmounHawouu 3 1994 p. JlocniKeHHS] MUHYJIUX POKIB
IPOJOBXKYIOTh 1 BUKOPUCTOBYIOTh y MPOTHO3YBaHHI JUIsl CUIBCHKOI'O 1 JIICOBOTIO T'OCIO-
JapCTB.
Knrwouosi cnosa: nosa, nis epuTeMu, BUMIpIOBaHHs, criekTp, CoHIle, 1HIEKC yIbTpa-
dionery.

Ckypcka E. KoHTpoJIb yiabTpaguoaeroBoro B-usiayyenus B [losbuie

Onucansbl 1Be HE3aBUCUMBIX ceTH n3nydeHusi UV-B monutopunra B [Toneme. Ogna
u3 HuX — ['eodusnueckas odbceparopust B benbcke MuctutyTa reodusuku [lonbckoitl aka-
JNEeMHUH HayK, cBbliie 30 JIeT BHIIOIHSAET KOHTPOJIb COTHEYHOTO YIbTPadrOIETOBOTO U3y~
yeHus. Bropags UV-B-cerb MHcTuTyTa METEOPOIOTMH M BOJHOIO YIPaBJICHUSA OCY-
HIECTBIISICT JUIUTEIbHBIC HCCIEIOBAHUS COJIHEYHOTO YJIbTPadUOIETOBOrO M3IYUYCHHs Ha
Tpex craniusax (JIeba, JlermonoBo u 3akomand), HauuHas ¢ 1994. MccnenoBanus mpoii-
JBIX JIET IPOAOJKAIOT U UCHOJB3YIOT B IPOTHO3UPOBAHUY JJISl CENBCKOIO U JIECHOIO XO-
3SIUCTB.

Knrwoueevle cnoea: no3a, n1eicTBue 3pUTEMBI, U3MepeHus, crektp, CoHile, HHACKC
yJIbTpaduoseTa.

VK 632.931.2: 630* 111 Ilpogh. C.M. Cmoiixo, 0-p dion. Hayk, npos. HayK.
cniepodimnuk — Incmumym Exonocii Kapnam HAH Ykpainu, m. J/lveie

NOTEHIUMHI EKOJIOT'TYHI HACJIIJIKA I'JTIOBAJIBHOT'O
HNOTEIITHHS KJIIMATY B JIICOBUX ®OPMAIISIX
YKPATHCBKUX KAPIIAT

Po3ristHyTO METOM0NIOTIUHI TIAX0aU 0 JAOCTIHKEHHS BIUIMBY TJ100aJbHOTO MOTEI-
JHHA KJIIMaTy Ha JWHAMIYHI TeHIEHIi JicoBux ¢opmaiii Kapmar: GionoriyHui, omiHo-
BaHHsI TEHEPATUBHOTO TIOHOBJICHHS, apeaJIOT1YHHUM, IIEHOXOPOJIOTIYHUN, (ITOIEHOTHIHHH,
diToictopuuHuii, TonoHiMiyHUi. BcranoBieHo 10 BUCOTHUX MOSCIB POCIMHHOCTI, B SKHX
PEKOMEHIOBAaHO BHMBYATH CYKIIECIiHI MpoOIecH, 3yMOBIIEHI 3MiHOKO KiiMaTy. BusnaueHo
IMO3UTHUBH1 Ta HCTATUBH1 C€KOJIOI'TYH1 HACIAKW BIUIMBY HNOTCIUIIHHA KJIIMATy Ha JUHAMIKY
JicoBuX (hopMmariiii.

Knwuoei cnoea: 6iocdepa, cykiecii, MOHITOPUHT, BereTalliiHi CTyIeHi.

Beryn. Axcenepariisi IpOTsATOM OCTaHHBOTO CTOPIYYS XIMIYHOTO, (PI3UYHO-
ro, paJlloaKTUBHOIO Ta 1HIIMX BUAIB 3a0pyAHEHHS JTOBKULIS CTBOPIOE 3arpo3y AJis
¢yHkuionyBaHHs Oiochepu, K TI00aTbHOI €KOCHCTEMH. 3a JAHUMHU aMEPUKAHCh-
kux exojioriB E.J[. Earepa ta b.®. Cmita (Enger, Smith,1998), y nositpsiHomy 6a-
celtHl mpoMuciioBl BUKUIU 3pociu Bij 500 tuc. Ty 1901-1910 pp. mo 4500000 T y
1971-1980 pp., 1110 BIUIMHYJIO HA KJIIMAaTUYHUIA PEXUM Ta paialiiiHuil 6anaHc 3eM-
mi. ITpotsarom 1960-1995 pp. y npuzemuomy ropu3onti 6iocdepu oocsr CO, 3pic Ha
14 %, 1m0 3yMOBMJIO NMApHUKOBHM €(EKT, 1 sIK HACIIJOK — IJ00ajibHe MOTEeIUIIHHS
kiaimaty. Bracnifgok 30iutbmenHs y 6iocdepi (peoHiB Ta IHIIKUX TPOMHUCIOBUX Ta3iB
pyHHY€ETbCS HEOC3TMEUHUM 711 OPTaHIYHOTO CBITY TOHKUM 030HOBHUH II1ap.
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