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ZAKLJUCNO POROCILO ZA LETO 1995

1. Cilji projekta:

1. V celoti so bili doseZeni cilji projekta, ki so obsegali naslednja podrodja:
izokineticni odvzem trdnih suspendiranih delcev z ‘njihovo porazdelitvijo po
aerodinamsxih premerih na izviru emisije (dimnik TES) pred pricetkom obratovanja

. odZveplevalne naprave in njihova vecelementna analiza,

kontinuirno zbiranje in analiza trdnih suspendiranih delcev v zraku na dveh postajah
Ekoloskega Informacijskega Sistema TES,
zbiranje in cnaliza celokupnega depozita na istih postajah, v obdobju enega leta,
zgoScen popis propadanja gozdov na obmacju GG Nazarje in Slovenj Gradec,
Ugotavljanje vpliva polutantov na gozdni ekosistem na 0sﬁov_i raziskav, opravijenih na
profilu: Smrekovec - Zavodnje - Veliki vrh - Graska gora - Slovenjgrasko sedlo.

2. Cilji projekta se med raziskavo niso spremenili.
11 Porocilo o realizaciji predloienega programa dela

Projekt je nastal z zdruZitvijo predlaganih projekicv z naslovoma: “Raziskava onesnaZenosti
okolja v Saleski dolini pred pricetkom obratovanja odsveplevalne naprave v Termoelekirarni
Sostanj” in “Raziskava stanja gozdnega ekosistema na vplivnem obmocju Termoelektrarne
Sostanj pred obratovanjem odzveplevalne naprave v Termoelektrarni Sostanj . Glede na mocno
zmanjsan obseg Sinanciranja projekta s strani MZT (od predlaganih 8286 ur letno na 2300 ur
letno in proporcionalno zniZan delez sofinanciranja), je bil obseg dela pri novem (zdruzenem)
projekiu temu ustrezro spremenjen. To pa pomeni, da vsi cilji, kot so bili zastavijeni v predlogih
samostojnih projektov, niso doseZeni.

Vsebinsko raziskovaino porocilo je v prilogi.
111 Izkoris¢anje dobljenih rezultatov:

1. Rezultati projekta so potencialno pomembni za naslednja podrocja:
a-b) Projekt je bil aplikativne narave. Spozmanja s SirSega podrocja bivindikacije
onesnaZenosti okolja, predvsem gozdnih ekosistemov smo preiskusili v nasih razmerah.
¢) Izpopolnitev oziroma razsiritev metodoloskega instrumentarija. Vpeljani in preizkuseni
so bili mednarodno primerljivi nacini vzorcenja emisije pepela z dimnimi plini in
suspendirar.ih trdnih delcev v zraku (aerosolov), padavin, tal in bioloskega materiala
ler preverjeaa zanesljivost ustreznih analitskih metod za ugotavljanje onesnazenosti z



mikroelementi, kakor tudi biometricne metcde za ugotavljanje prizadetosti kopenskih
ekosistemov in za ugotavljanje skodijivih vplivov na okolje in ljudi.

d) Razvoj svojega temeljnega raziskovanja. Rezultati raziskav prispevajo k boljsemu
poznavanju vpliva razlicnih pelutantov na ekosisteme. Na iej osnovi smo poskusali
ugoltoviti emisijsko obmocje TES in ugotoviti mehanizme, ki vodijo v propadanje gozdov
zaradi vplivov onesnaZenega zrake. Raziskovalni rezultati, izhajajoci iz projekta, so
tema vec doktorskih in magistrskih del.

) Razvoj aplikativnega raziskovanja. TES je eden najvecjih nadzorovanih onesnazevalcev
zraka v Sloveniji, ki vpliva na okoliski kopenski ekosistem. Kljub izboljsanju tehnologije

- bo v naslednjih letih potrebno podrobneje spremljati nadaljnje vplive dimnih plinov in
pepela v njih na okolico, pri cemer bodo rezuliati tega projekta predstavijali referenco
tako glede na zateceno stanje kot tudi glede na metodoloski instrumentarij za
proucevanje polutantov in njihov vpliv na ekosisteme. Izsledki raziskave bodo
neposredno osnova za postavitev in dlo&itev obratovalnega monitoringa TES po
izgraditvi in namestitvi Cistiinih naprav. Rezultati te raziskave bodo pomembna
referencna baza za druge tovrstne raziskave v Sloveniji, ki Ze potekajo ali pa so v
planu. Zaradi velikega Stevila interdisciplinarnih raziskav, povezanih v tem projektu bo
raziskovalna ploskev v Zavodnjah s postavljeno infrastrukturo sluZila kot ena izmed
raziskovalnih ploskev integralnega monitoringa ekosistemov v Sloveniji, kot primer
onesnaZenega gozdnega ekosistema na obcuvtljivih tleh.

2. S katerimi razvojnimi cilji Slovenije korelirajo rezultati vasega raziskovalnega projekta ?

d) Napredek gospodarske infrastrukture:
- Smotrna raba energije;
e) Vursivo okolju:
o Preprecevanje onesnaZenosti,
- Oblikovanje in odstranjevanje onesnaZenosti okolja;
1) Preprecevanje in zdravljenje bolezni;
J) Splosno sirjenje znanja:
- Napredek znanosti:

3. Kateri so neposredni rezultati vasega projekta glzde na zgoraj oznacen potencialni pomen
in razvojne cilje ? '

Neposredni rezultat je ocena stanja okolja kot posiedice onesnazevanja TES. Poglobljeno je
poznavanje stanja v ekosistemu in kroZenje posameznih polutantov v njem. S tem je podana
osnova za nadaljnja raziskovanja onesnazenosti .okolja na tem geografskem podrocju.
Predlugana je metodologija tovrstnih raziskav.Ker so bili izmerjeni kvantitativni podatki, jih
bodo lahko uporabili nacrtovalci ukrepov za sanacijo onesnazenega okolja in izboljSanja
tehnologije, rezultati pa so uporabni tudi za epidemioloske Studije v zdravstvu. Nadalje so
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neposredni rezultati naSega projekta osnove za izdelavo obratovalnega monitoringa TES.
Izsledki te raziskave bodo dobra referencna osnova za podobne raziskave drugod v Sloveniji,
predvsem za ugotavljanje vplivov razlicnih onesnaZevalcev in drugih stresorjev na gozdne
ckosisteme. V tem projektu pridobljeni rezuliati in izsledki Stevilnih drugih raziskav,
opravljenih v gozdnih ekosistemih tega obmodja bodo osnova za postavitev ploskve
integralnega monitoringa gozdnih ekosistemov. '

. Kaksni so lahko dolgoroéni rezultati vasega raziskovalnega projekia glede na zgoraj oznacen
potencialni pomen in razvojne cilje ?

Dolgorocni rezultati projekta so predvsem v tem, da smo posneli tako imenovano niicelno
stanje okolja, pred zacetkom obratovanj odiveplevalnih naprav na TES. S tem bomo v
prihodnosti lahko spremljali izboljSevanje sianja v gozdnih ekositemih ob ponavljanju istih
analiz. Posredno bomo lahko ovrednotili tudi smoiernost investicije vraziveplevalne naprave
glede na stanje okolja. Raziskave okolja v Saleski dolini pred, med in po pricetku obratovanja
razzveplevalnih Cistilnih naprav v TES bodo pokazale dejanski prispevek TES k onesnazenosti
lokalnega okolja. Rezultati raziskave nakazujejo nadaljnji prioritetni vrstni red ukrepov za
izboljSanje stanja v urbanem in ruralner okolju. So tudi koristna osnova pri pojasnjevanju
vzrokov za propadanje gozdov ter za ustrezen pristop k gosodarjenju z gozdovi na emisijsko
ogroZenih obmocjih. Novi raziskovalci, ki so se izobraZevali in formirali v okviru dela na
projektu, so sedaj usposobljeni za samostojno delo pri temeljnem in aplikativaem raziskovanju
na podrocju proucevanja vplivov velikih energetskih objektov na okolje.

. Kako boste izkoristili doseZena znanstvena spoznanja.

Tovrstnih podatkov v nasem prostoru doslej ni bilo. Dobljeni rezultati so osnova za
obratovalni monitoring TES. Z nadaljnjim spremljanjem stanja onesnaZenosti in ekosistema
v celoti bomo lahko ugatavijali dejanske spremembe v okolju ob dograjevanju razzveplevalnih
naprav na posameznih blokih TES. Poleg osnov za obratovalni inbnitoring bomo analize
opravijene na emisijskem obmocju TES primerjali s podobnimi analizami na drugih obmocjih,
kjer potekajo nase raziskave, konkretno na obmofju Triglavskega narodnega parka. S tem
bomo veliko laZje inter pr etirali dolocene cnalizirane parametre v dr ugem okolju na podobnih
objektih, isti analizni in vzorcevalni rehniki.

. Kaksna je verjetnost, da bodo vasa znanstvena spoznanja delezna tudi najvedjega odziva ?

a)  Vdomacih znanstvenih krogih:
Na vpliviem obmocju TES smo Ze v pretekiih letih opravili veliko razlicnih
interdisciplinarnih raziskav. Zaradi velikega pomena, ki ga ima onesnaZenje na gozdne
ekosisteme smo tako ‘naprimer zastavili vecje Stevilo raz zskav ki so se ukvarjale s



propadanjem gozdov. Del tega projekta je smiselno nadaljevanje' temeljnega
raziskovalnega projekta "Ohranjanje in varovanje gozdov", v katerem smo zastavili tri
osnovne modelne raziskave gozdrih ekosistemov v povezavi z vplivi izpuhov TES in
sicer:

-preucevanje “plivov na gozdna tla in motnje v mineralni prehrani '

- preucevanje vplivov na mikorizo in s tem vplivi na mineralno prehrano in hormonsko
regulacijo ‘ )

- preucevanje vplivov na biokemicne in fizioioSke pokazatelje stresa v listih in iglicah
Omenjene in Gruge raziskave so vkljucevale $tevilne diplomske, magistrske in doktorske
naloge na pocrocju gozdarstva, biologije, kemije in varstva okolja.

b)  V mednarodnih znanstvenih krogin: ,
V poglavju 1V so nasteta mednarodna sodelovanja, kar nedvomno potrjuje odzivnost v
mednarodnem merilu. Ker je okolje TES zanimiv delovni poligon za razlicne raziskave,

so se nekateri tuji dodiplomski in pediplomski Studentie tudi neposredno vkljucevali v
delo.

¢)  Priuporabnikih:

TES vkljucuje dobljene podatke in ugotovitve v svoj informacijski sistem in v porocila.

7. Kdo Ze izraZa interes po vasih znanstvenih spoznaajih ? »
Spoznanja dobljena v tem projektu poleg finanserjev (ministrsiva - MOP, MKGP in MZT -,
TES, Premogovnik Velenje) zanimajo lokalne skupnosti v Saleskem bazenu in Mislinjski dolini,
obmocne enote Zavoda za gozdove Republike Slovenije in nekatere kroge v Republiki Avstriji
(gozdarje, okoljevarstvenike, univerze).

8. Stevilo diplomantov, magistrov in doktorjev, ki so zakljucili Studij z vkljucenosijo v
raziskovalni projekt ? :
diplome:
a) v Sloveniji : 2 opravijeni, 1 v teku;
b) v Avstriji : 1 opravijena, 1 v izdelavi;
magisteriji:
- 1 opravijen, 2 v pripravi;
doktorati:

- 3 opravijeni, 2 v pripravi.

1V. Sodelovanje 7 inozemskimi partner;ji:

1. Stevilo in oblika Jorrmalnega raziskovainega sodelovanja s tujimi raziskovalnimi institucijami.
- TEMPUS JEP 4667 "Bioindication of forest site pollution. Development of methodology
and training ",
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- IAEA 7261 “Trace element air pollution motm'toring studies in Slovenia using nuclear
analytical techniques”

- PECO CHGE-CT93-0037 “Access fo the neutron irradiation devices and to
laboratories for NAA and radiochemistry at the HMI Berlin for research in life sciences,
earth science and material development”. .

- Copernicus ERB-CIPA-CT94-0218 “An impulse to exploit NAA as a manageable and
competitive analytical tool in industry and %znvironmental sanitation in Hungary, the
Czech Reputlic and Slovenia”. '

- Internationa’es Biiro des F orschunoszenn ums Jilich, 1FIA24 “Development,
Validation and Application of NAA and Specranon Methods in Biological Materials”.

- NIST 95-356 “Improvements in NAA procedures jor the certification of reference
materials”.

- Poleg teh formalnih sodelovanj v mednarodnih projektih sodeluje skupzna Se pri vecjem Stevilu
bilateralnih projektov in neformalno z vec¢ univerzami in raziskovalnimi instituti v tujini.

2. Kaksni so rezultati tovrstnega sodelovanja ? |

Rezultati tovrstnega sodelovanja so delo na skupnih raziskovalnih projektih, izmenjava
raziskovalcev in zranstvenih spoznanj ter skupne publikacije.

Y. Bibliografija in drugi raziskovalni rezultati:
Bibliografija je podana za vsakega raziskovalca na projektu posebej. S krzzcem 50 oznadena

dela, ki so relevantaa za projekt. V rekapitulaciji 17 v dokezilih so navedena samo dela, ki se
nanasajo na projekt. l

Institut JoZef Siefan

Direktor : ‘ : Odgovorni nosilec

doc. Dr. Darilo Zavrtanik ‘ | dr. Borut Smodi§




VSEBINSKO RAZISKOVALNO POROC’ILO

Vsebinski del projekta sestavljajo naslednja porocila:

I Raziskava emisij elementov z dimnimi plini TES in njihove koncentracye na Velikem
vrhu in v Zavodnjah |

II.  Raziskava onesnaZenosti suhega in riokrega depozlta v Saleski dolini pred pricethom
obratovanja odiveplevalne naprave v Termoelektrarni Sostanj

III.  Ugotavijanje vpliva polutantov na gozdni ekosistem:
1. Popis poSkodovanosti gozdov
2. Raziskave prelzranskih razmer za smreko in bukev v vplivnem obmocju TES

3. Proucevanje onesnaienosti gozdnih tal v imisiiskem obmoqu TES s parno
primerjalnimi raziskovalnimi objekti

4. Raziskave mikorize

5. Ugotavljanje stresa na osnovi analize zasCitnih substanc in reparaturnih mehanizmov
v listih/iglicah gozdnega drevja in analize epifitskih lisajev

Za vsakega od nastetih poglavij so predstavijeni: raziskovalna hipoteza, metodolosko-teoreticen
opis raziskovanja in rezultaii, ugotovitve ter zakljucki novih spoznanj.

Kljucni deskriptorji: aerosoli / efekti / emisije / gozdna vegetacija / gozdni ekosistemi /

onesnaZevanje / padavine / suspendirani delci / termoelektrarna / tezke
kovine/ tla / vode / zrak /
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IZVLECEK

V poroéilu je raziskana koncentracija elementov v trdnih suspendiranih delcih v
dimnih plinih v dimniku Termoelektrarne Sostanj (TES), ki je edini avtomatsko
~ nadzorovani onesnazevalec v Saleski dolini. Prikazan je izvletek rezultatov enoletnih
meritev koncentracij elementov v aerosolih na dveh mestih v vplivnem podro&ju TES
za leto 1994. Uporabili smo vzorcevalnik, i lo¢eno zbira inhalabilne in respirabilne
aerosole. Vzorce smo analizirali z EDXRF, z izctopi za vzbvujanje vzorcev. Analize
smo opravili z EDXRF k,-INNA in ETAAS. Rezultate smo predsvtavili na slikah in v
preglednicah in sicer kot letne povpreéne vrednost, dobljene rezultate smo primerjali
z mejnimi dopustnimi vrednostmi, ki veljajo v Republiki Sloveniji in s priporo¢enimi
po WHO. Izratunali smo emisijo elementov z dimnimi plini pri kurjenju premoga v -

TES.

Koncentracije aerosolov in elementov v aerosolih v zraku, ki ga dihajo ljudje so nizje
kot v ZDA v urbanih okoljih in tudi nizje od koncentracij, ki jih dovoljuje veljavna

zakonodaja oz. jih priporoéa WHO.
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1 Uvod

V atmosfero prehaja ogromna koli¢ina anorganskih in organskih snovi v obliki
trdnih, tekocih ali plinastih onesnazevalcev, v atmosferi pa pride do katalizirane
kondenzacije plinastih komporent in adsorpcije na trdnih delcih. Na povrsini delcev »
se odvijajo katalizirane in fotokemijsko inducirane kemijske reakcije. Veé¢ kot 50 %
vseh onesnazevalcev v zraku je v obliki trdnih delcev. Antropogeni elementi Cu, Zn,

As, Se, Cd, Sb in I pa prihajajo v jezera in morja predvsem po zraku [1].

Najvet suspendiranih delcev v zraku je, glede na premer, manjsih od 10 um. Znotraj
tega je koncentracija bimodalna; veéja je koncentracija aerosolov s premerom med
0,1 do 1 pm in med 3 in 10 gm. Delci v zraku, ki imajo premer veéji od 2 pm,
1zvirajo iz naravnih materialov in so alkalni, manjsi od 2 ym pa po navadi izvirajo

iz Elovekove dejavnosti (sulfatni aerosol) in so kisli 2] [3].

Na zdravje ljudi najbolj vplivajo majhni suspendirani delci v vdihanem zraku -
zerosoli [4] i5]. Clovek potrebuje za dihanje okoli 20 000 litrov zraka na dan, to
pomeni, da glede na tezo vdikanega zraka in zauzite hrane uporabi 15 do 20-krat

vet zraka. Tako lahko onesnazeni zrak ogroza zdravje ljudi [6].

V Saleski dolini je dodaten vir primarnih aerosolov pepel v izpustu dimnih
plinov TES. Emisija zveplovega dioksida pri ugodnih meteoroloskih pogojih
povecuje vsebnost sekundarnih aerosolov. Pri usmerjenem giBanju zraka (v izrednih
'vremenskih razmerah) iz dimnika na tla dobimo neposreden vpliv slabo razredéenih

dimnih plinov na del bliznje okolice [8].

1.1 Opis Termoelektrarne Sostanj

Termoelektrarna Sostanj ima stiri ‘proizvodne enote s skupno instalirano moé&jo
745 MW. V letu 1994 je porabila okoli 3,5 milijona t lignita, od tega je ostalo
okoli 665 400 t pepela. Pepel, ki ga izlotijo elektrostatski filtri iz dimnih piinov,
transportirajo hidravliéno po cevovodu na odlagelis¢e ob Velenjskem jezeru. V
atmosfero je bilo leta 1994 z dimnimi plini spuséeno 4 917 t pepela [7]. Ta se

v atmosferi razredé¢i, vpliva na spremembe v atmosferi in se prenasa na tla s



padavinami.

Elementno sestavo pepela v dimniku med obratovanjem termoelektrarn so v svetu
raziskovali Ze v zaCetku sedemdesetih let. V vetini studij je bila elementna
- sestava analizirana glede na velikost delcev. Analiziran je bil pepel pred in za
elektrostatskimi filtri oziroma v dimniku. V veiini primerov so pri vzoréenju
uporabili kaskadne impaktorje, kar pomeni, da so bili delci Ze pri vzoréenju razdeljni

na skupine, ki so se razlikovale po aerodinamskih premerih [9] [10] [11] [12].

V tem delu smo analizirali elementno sestavo pepela v dimnih plinih za
elektrostatskimi filtri, razdeljenega v osem frakcij po aerodinamskih premerih z

izokineti¢énim vzoréenjem v dimniku.

1.2 Mesta vzoréenja aerosolov

Za izvedbo natrtovanega programa nadzora koncentracij aeroslov in koncentracij
elementov v aerosolih v okolici TES smo izbrali 2 znagilni mesti, ki so glede na
meteoroloske pogoje razliéni in stz bili predvidena za ugotavljanje vpliva TES na

okolico ze v predhodnih obdobjih. To sta Eili Veliki vrh in Zavodnje.

1.3 Cas in metode vzorcéenja aerosolov

Vsak vzorec aerosolov predstavlja popreéno koncentracijo za dneve, ko je bil
izpostavljen. To je 3 do 14 dni, popreéno en teden, kar je bilo pogojeno s pretckom

zraka skozi filter.

Vzoréevanje smo izvedli s preverjenim vzoréevalnikom domace izdelave, ki zbira
suspendirane delce v zraku z aerodinamskim premerom manjsim od 15 pm. V
vzortevalniku se aerosoli na posebri $obi razdelijo n1a dve frakeiji - respirabilne in
inhalabilne aerosole. Mejni aerodinamski premer pri katerem se aerosoli lo¢ujejo
je 2,5 pm. Frakciji se nato zbirata lo¢eno na dveh polikarbonatnih membranskih

filtrih, ki so primerne za ve¢ razli¢nih analiznih tehrik [13].



1.3.1 Prednosti izbranega vzoréenja aerosslov

Z izbrano mezodo vzorcenja sem zajel tiste trdne cnesnaZevalce v zraku, ki [25):

e izpolnjujejo zahteve veljavne zakonodaje in priporo¢il WHO,

o predstavljajo najveéji masni delez suspendiranih delcev in zajemajo vse trdne

onesnazz=valce zraka,
e vkljuCujejo onesnazevanje zraka z dimnimi plini iz termoelektrarn,
o vsebujejo elemente v sledovih, ki neposredno vplivajo na zdravje ljudi,

o se adsorbirajo na vegetacijc in posredno preko hrane in krme vplivajo na

zdravje zivali in ljudi,
o spreminjajo karvo atmosfere,
o vkljucujejo kondenzacijska jedra za onesnazevalce v zraku,

o imajo zelo veliko specificno povriino in p-i ugodnih- pogojih adsorbirajo

onesnazevalce v zraku,

o katalizirajo p-ocese pretvorbe plinastih komponent v trdne delce.

1.4 Vzorcenje in analize pepela v dimnih plinih TES

Pepel v dimnih plinih smo vzorgevali izokineti¢nc na izstopu iz posameznih polj
elektrostatskih filtrov na Bloku § in v dimniku B.oka 4 na visini okoli 50 m nad

tlemi, kjer so namescene merilne raprave za avtomatski nadzor emisije CO,, SO,,

NO; in pfahu

Koncentracije elemzntov v dimnih plinih so bile dolocene v stirih reprezentativnih

skupinah vzorcev od skupaj odvzetih devetih.

1. vzorec z Bloka & je bil odvzet na izstopu 1z elektrofiltra, polje A, odvzet 1994-
10-18 med 13 uro 40 minut in 14 uro, koncentrac:ja kisika v suhih dimnih plinih

8,2, kolicina suhih dimnih plinov za vzorec 0,769 m3. V tocki vzoréenja, zajeto z
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vzorcevalnikom, je bila koncentracija pepela 56,4 mg/m3. Povpre¢na koncentracija
pepela v suhih dimnih plinih v ¢asu vzoréenja pri normalnih pogojih in vsebnosti

kisika 7 % je bila 244 mg/m?.

2. vzorec z Bloka 5 je bil odvzet na izstopu iz elektrofiltra, polje B, odvzet 1994-10-
19 med 9 uro 10 minut in 9 uro 30 minut, koncentracija kisika v suhih dimnih plinih
8,0, koli¢ina suhih dimnih plinov za vzorec 0,714 m3. V tocki vzorcenja, zajeto z '
vzorcevalnikom, je bila koncentracija pepela 103,6 mg/m?. Povpretna koncentracija
pepela v suhih dimnih plinih v ¢asu vzor&enja pri normalnih pogojih in vsebnosti

kisika 7 % je bila 327 mg/m?.

1. vzorec z Bloka 4 je bil odvzet v dimniku 50 m nad tlemi, vzporedno z
avtomatskimi merilnimi napravami, odvzet 1994-10-20 med 14 uro 35 minut in 15 uro

10 minut. V toZki vzorienja, zajeto z vzoréevalnikom, je bila koncentracija pepela

53,8 mg/m3.

2. vzorec z Bloka 4 je bil odvzet v dimniku 50 m nad tlemi, vzporedno z
avtomatskimi merilnimi napravami, odvzet 1994-10-21 med 8 uro 30 minut in 9 uro

00 minut. V to€ki vzorienja, zajeto z vzoréevalnikom, je bila koncentracija pepela

33,2 mg/m®.

V izraéunu povpreine koncentracije elementov v prostorninskem metru dimnih
plinov med vzoréenjem smo upostevali povpreino koncentracijo pepela v suhih

dimnih plinih pri normalnih pogojih in vsebnosti kisika 7 %.

Med izokineticnim zajetjem so dimni plini potovali skozi posebno vzoréevalno
napravo - kaskadni imbaktor ANDERSEN STACK SAMPLER MARK II (Multi-
stage, multi-jet particle size analyzer) z osmimi stopnjami na katerih se med
vzorcenjem ujamejo razli¢no veliki delci glede na rjihov aerodinamski premer. %
upoéfevanjem temperature in pre:oka dimnih plinov ter gostote delcev (pepela)
v dimnih plinih smo dolo¢ili mejni aerodinamski premer delcev na posameznih

stopnjah.

Pri vzoréevanju na Bloku 5 je bil aerodinamski premer delcev na stopnji 0 vedji od
6,7 pm, na stopnji 1 med 6,7 in 4,2 um, na st. 2 med 4,2 in 2,8 pm, na st. 3 med

2,81n 2,9 ym, na st. 4 med 1,9 in 1,3 pm. na st. 5 med 1,3 in 0,6 um, na st. 6



med 0,6 in 0,38 pm, na st. 7 med 0,38 in 0,23 pum, na st. 8 so bili delci manjii od
0,23 pm.

Pri vzor¢evanju na Bloku 4 je bil aerodinamski premer delcev na stopnji 0 veéji od
10 pm, na stopnji 1 med 10 in 6 gm, na st. 2 med 6 in 4,2 um, na st. 3 med 4,2 in
2,9 pm, na st. 4 med 2,9 in 1,8 prc. na st. 5 med 1,8 in 1,0 pgm, na st. 6 med 1,0
in 0,56 pm, na st. 7 med 0,56 in 0,38 pm, na st. 8 so bili delci manjsi od 0,38 um.

Impaktor smo za odvzem vzrocev po kontarem vzoréenju odnesli v laboratorij, kjer

smo pepel s pozameznih stopenj lo¢eno zbrali na Nuclepore filtre in jih oznaéili.

2 ANALIZE

Opravil smo gravimetri¢ne in kemijske analize.

2.1 Gravimetri¢éne analize

Maso aerosolov smo dolocali s tehtanjem filtrov pred vzoréenjem in po njem
na tehtnici Mettler AE 163, z natanénostjo 10 ug (Mettler instruments AG,
Switzerland). Vsak filter sem pred tehtanjerr razelektril na Nuclepore odstranjevalcu

stati¢énega naboja (£ sevalec).

Na enak nacin smo dolotili maso posmaeznih frakcij pepela iz dimnih plinov zajetega
na posameznih stopnjah vzorcevalnika. To je s tehtanjem filtrov pred in po dodatku

pepela iz ene od stopenj vzoréevalnika.

2.2  Kemijske analize aerosolov

Za analize vzorcev aerosolov smo uporabili EDXRF. Pred konéno odlo¢itvijo o izbiri

glavne analizne metode smo preveril primernost EDXRF z analizo aerosolov na filtrih

iz krozne analize JAEA [14] [15].



2.2.1 Eksperimentalna oprema in meritve

Za vzbujanje fluorescence v vzorcu smo uporabljal radioaktivne vire, izdelane v

obrocasti obliki, ki omogocajo izredno efzktivno vzbujanje vzorca.

Pri delu smo uporabljali nasiednje radioaktivne vire: -

o '®Cd (aktivnost okoli 0,7 GBq) razpada z zajetjem “K” elektrona in oddaja
v glavnem Ag karakteristicne zarke K-serije s popreéno energijo 22 keV.
Razpclovni ¢as vira je 460 dni in ga lahko upofab]jamo.3 do 5 let. Vir je
prakti¢no monokromaticen. kar je izredna prednost pri rentgenski fluorescenéni
analizi, saj zagotdvlja, razmeroma majhno ozadje zaradi sipanja primarnega
zarkovja na vzorcu. S tem virom lahke dobro vzbujamo atome (globalno)
oziroma elektrone elementov od K do Tc v K-seriji in seveda teZje elemente

od Ba pa do U v L-seriji.

o ®Fe  (aktivnost priblizno 0,7 GBq) tudi razpada z zajetjem K elektrona,
nastare jedro *Mn, ki ootem oddaja karakteristicne zarke K serije s
poprecno energijo 6 keV. Vir ima razpolovni ¢as 2,7 let in je tudi prakti¢no
monckromati¢en. Uporablja se predvsem za vzbujanje rentgenske fluorescence
v lahkih elementih, in sicer od Na pa tja do Cr v K seriji. Tudi ta vir je
mogoce uporabljati vsaj § let za razmeroma obéutljivo vzbujanje atomov pri

fluorescenéni analizi.

Za analizo rentgenskih spektrov smo pri delu uporabljal raéunalniski program AXIL.
Kratica programé, pomeni analizo rentgenskega‘spektra s ponavljajoco se nelinearno
metodo najmanjsih kvadratov; program prilagaja merjenemu ‘spektru teoreticno
izraCunan spekter, ki kot spektralne ¢rte uporablja Gaussove krivulje, kot ozadje

pa linearne ali eksponentne polinome.

Ponovljivost in pravilnost kvantitativne analize smo preverili z nasledjimi materiali:

e NIST SRM 3087, Metals on filter media (Cr, Fe, Mg, Ni, Pb, Se, Zn).

o BCR CRM No. 128, Fly Ash Artificial Filter



e National Institute of Occupatibnal Health, Sweden, Reference Material for

Measurement of Elements in Filter Media, Series A-1
Zanesljivost EDXRF smo preveriii z:

o JAEA kroZno analizo
o k,-INAA

o ETAAS za Ca in Pb na izbranih vzorcih aerosolov

2.3 Kemijske analize pepela v dimnih plinih l'

Za analizo vzorcev pepela iz dimnih plinov smo kot najbolj primerno uporabili
vetelementno k,-instrumentalno nevironsko aktivacijsko analizo (k,-INAA) [14] [16]
[17] [18] [19], za elementa Ni, Pb in Cd pa e elektrotermalno atomsko absorpcijsko
spektroskopijo (ETAAS).

2.4 Obdelava podatkov za interpretacijo
2.4.1 Koncentracija aerosolov

Razlika v tezi filtrov po vzoréenju ‘n pred r.jim, deljena s koli¢ino pre¢rpanega zraka

p J p Jjim, detj )
je pokazala, kakéna je masna koncentracija posameznih frakcij aerosolov v zraku,
popreno za Cas vzorcenja. Pri tem je upoStevana razdelitev zraka v separatorju.

Podatki so bili vneseni za obdelavo na osebnem racunalniku.

2.4.2 Koncentracija elementov v zraku
Rezultate meritev spektrov na obeh sistemih ED XRF smo sproti shranjevali v treh
kopijah. Posneti spektri so bili preneseni v program AXIL.

Najprej smo analizirali spekire kvalitat:vno in nato kvantitativno z uporabo

podatkov o pretokih zraka, premerﬁ filtra in netto tezi aerosolov s posebej prirejenim
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programom “AXIL KAVO?”. Popreéna brutto poraba ¢asa - vzpostavitev, umerjanje,
preverjanje, ponavljanje, izpad meritev - je bila pet ur za vsak vzorec. Pri tem smo

upostevali veckratno ponavljanje meritev zaradi preverjanja sistema.

2.4.3 Emisija elementov z dimnimi plini iz TES

Povpreéne koncentracije dolocenil. elementov v pepelu iz dimnih plinov smo z
uporabo podatkov o celoletni masi emitiranega pepela preracunali na celoletno

emisijo elemertov.

3 REZULTATI IN RAZPRAVA

3.1 Vzorci aerosolov iz okolice TES

Rezultati analiz vzorcev so pokazali, da so izmerjene koncentracije elementov S,
K, Ca, Ti, Fe. Cu, Zn, Pb in Br nekajkrat visje od izratunane meje detekcije za
EDXRF. Koncentracije S, K, Ca, Ti, Fe, Cu, Zn, Pb in Br v vzorcih iz okolice
TES so bile visje od tistih iz porocila IAEA. Elementi Si, V, Cr, Mn, Ni in Zr
pa so bili na meji detekcije EDXRF, kar pomeni, da so rezultati za del vzorcev
man]j zanesljivi. Podrobnejsa opredelitev meje detekcije za vsak vzorec je odvisna
od koli¢ine preérpanega zraka skozi filter. Zaradi tega veljajo navedeni zakljucki le

splosno.

3.2 Koncentracije aerosolov v Zavodnjah in na Velikem

vrhu

Visoke koncentracije aerosolov so prvo merilo onesnazenosti zraka. Na podro&ju
ugotavljanja onesnaZenosti zraka s trdnimi delci je najbolj razsirjeno ter

avtomatizirano merjenje masnik koncentracij aerosolov v zraku.

Masne koncent-acije in dinamika spreminjanja respirabilnih in inhalabilnih aerosolov

so prikazane s slikami na straneh 20 in 11. Slika oznaéena z naslovom Lokovica

/A
{/a




je avtomatsxa postaja na Velikem vrhu (domacini to podro¢je imenujejo tudi
.Lokovica). Sprememba oznaké je zaradi kratice uporabljene v banki podatkov.
Na slikah so posebej prikazane povpreine masne koncentracije inhalabilnih in
respirabilnih aerosolov ter skupna koncentracija obeh frakcij v obdobju vzoréenja
(nekaj dni - vodoravne értice na slikah). Popre¢na letna koncentracija aerosolov
Je oznacena z vodoravno ¢rto &ez celo sliko in je predmet primerjave z mejnimi
koncentracijami po veljavni zakonodaji [20]. Mesti vzoréenja sta imeli razli¢no
povpreéno letno koncentracijo aerosolov v zraku. V Zavodnjah je bila 14 ug/m?,
na Velikem vr_hu pa je bila 32 pug/m3. Veliki vrh je bil sode¢ po koncentracijah
aerosolov za faktor 2 bolj obremenjen. Dovoljena masna koncentracija po slovenski
zakonodaji ni prekoracena. Prav tako ne presega priporoéil Svetovne zdravstvene

organizacije 121].

Poprecne koncéntracije aerosolov v Saleki dolini so niZje od izmerjenih v ZDA
v urbanih okeljih. Tako lahkc ocenimo, da ima TES z izpustom primarnih
aerosolov manjsi vpliv na svojo okolico, kot ga imajo razprseni antropbgeni virl
v urbaniziranem okolju ZDA. Zelo majhen vpliv TES na koncentracije aerosolov

v okolici lahko gotovo pripisemo dobremu uéinku éistilnih naprav - elektrostatskih

filtrov.
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3.3 Koncentracije elementov W zraku

 Koncentracije elementov v inhalabilnih in re?pir@bilnih vzorcih zraka so se med letom
spreminjale in so bile razli¢ne gled= na mesti vzoréenja. Spremembe v respirabilnih
in ihalabilnih aerosolih so v istem obdob ju?vzoréenja na razli¢nih mestih podobne.
Pri inhalabilnih so razlike vegje, kot pri respirabilnih aerosolih. Elementi v
sekundarnih aerosolih so bolj enakomerno piorazdeljeni po vseh vzoréevalnih mestih,

ker potrebujejo ustrezne pogoje za svoj n::xstanek. Eden od pogojev je tudi ¢as,

_ |

dimnih plinov je razli¢na glede na meteoroloske pogoje. V tedenskih povpreénih
|

kar je pomembno za sekundarne aerosole, ki izvirajo iz TES. Pot zraka oziroma

koncentracijah je opaziti veéii vpliv'TEs na povecanje zZvepla v respirabilnih
aerosolih. ' |

Najpomembnejsa je interpretacija rezultatov na naéin, ki je primerljiv z veljavno

zakonodajo v Sloveniji in s priporcéili WHO [21]. Zato moramo poznati povpreéne

letne koncentracije elementov v aerosolih v zraku.

* Popreéne letne koncentracije elementov v respirabilni in inhalabilni frakciji (loceno)
za leto 1994 so prikazane v tabeli na strani 13. V tfetjem in petem stolpcu tabele
je odstotek rezultaﬁov, ki so upostevani pri iizraéunu poprecnih vrednosti v drugem
in Cetrtem stolpcu istih tabel. Prikazani so‘podatki, kot smo jih dobil pri analizah

EDXRF brez upostevanja napak, ki so bile {lgotovljene pri preverjanju zanesljivosti
_ i

EDXRF. I

Na straneh 14 in 15 so na slikah sprememb? koncentracij Zvepla v teku vzoréenja.

Na straneh 16 in 17 so podane koncentracij? cinka tekom leta za obe mesti.

Na straneh 18 in 19 so slike o L:oncentracijah svinca in

na straneh 20 in 21 koncentracije titana.
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PovpreCne koncentracije elementov v aerosolih.

Zavodnje Vel. Vrh Zavodnje Vel. Vrh
ele. | respira. | % | respira. | % | inhalad. | % | inhalab. | %
(ng/m3) (ng/m3) (ng/m3) (ng/m3)
Al | 65 13 | 53 4 0.3 3 -
Si 45 780 63 34| 53 | 72| 57 |79
S| 803 |100| 1334 [100| 174 [100| 146 |100
K| 30 [65] 49 |8 | 15 |94 | 16 | 9
Caf| 31 100} 26 |91| 104 [100| 75 |100
V * * : * X
Ti 2 91 3 68 4 100 8 100
Cr| 116 |56 | 256 |72 6 34| 17 |38
Mn| .95 6 | 218 | 4 11 22 11 6
Fe| 255 |97 | 461 |100] 109 [100| 187 |100
Ni| 39 78| 78 |70 2 19 8 15
Cu| 41 |31 74 36 3 47 8 30
Zn| 34 750 79 |79 7 75 | 11 89
Pb| 52 94 | 99 | 94 11 |100| 9 83
Sr| 15 |41 37 |43 3 44 7 53
Zr| 15 30 | 40 3- |38 6 34

* pod mejo detekcije

50
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3.4 Primerjava iz merjenih koncentracij elementov s

priporocili WHO

Zdravniki oz. Svetovna zdravstvena organizacija, ki so pristojni za ocenjevanje
vpliva onesnazenega zraka na zdravje ljudi, menijo, da vsaka, tudi komaj opazno

povisana koncentracija $kodljivih snovi v zraku &koduje zdravju ljudi.

Vir [21] pa je na osnovi zanesljivo ugotovljenih vplivov skodljivih snovi v okolju
postavil mejne priporotene koncentracije skodljivih snovi. Mejne vrednosti so
postavljene na osnovi primerov iz p;rakse, poleg tega pa so tudi ocenjene s faktorjem
tveganja, dobljenim z raziskavami (izkusnje) v bolj obremenjenih okoljih. Za oceno
ogrozenosti ljudi v okolici TES smo izmerjene vrednosti v tem delu primerjal z
vrednostmi, ki so veljavne v nai zakonodaj:, in s priporo¢ili WHO. Nasa zakonodaja

kot nevarne navaja stiri elemente, priporoéila WHO pa 8 elementov.

Tabela 1: Mejne in priporocene koncentracije potencialno nevarnih elementov v

zraku (WHO)

Element Koncehtracija, Cas 1zpostav. ; Faktor tveganja Opombe
As 1 ug m=3 - 3 x 1073 rakotvoren
Cd 1 pg m™3 1 leto 1,8 x 1073
0,20 pg m™3 1 leto . varnostni faktor 10
Cr 1 pg m3 vet let 4 x 1072 rakotvoren
- Pb 0,5-1 pg m™3 1 leto E - varnostni faktor 2
Mn "1 pugm™3 - 1lsto - -
Hg 1 pgm™3 1 lzto - -
Ni 1 pg m™3 1 leto 4 x 1074 rakotvoren
\% 1 pg m™3 24 ur - -

Veljavna zakonodaja v Sloveniji [2C] predpisuje mejne koncentracije Pb (1 pg/m?),

Cd (0,02 pg/m?), Mn (1 pg/m®) za naravno zunanje okolje kot mejne vrednosti za
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letno popreéje in kot 24 urno koncentracijo V (1 ug/m?) [20].

Glavni zakljuZki iz ugotovljenih kencentracij preko leta so:

e Koncensracija zZvepla je 10-krat visja v respirabilnih aeroslih v primerjavi
z inhalebilnimi. V inhalabilnih aerosolih, aerodinamski premer med 2,5 in
15 pm, je zveplo v podobnih koncentracijah na obeh mestih. V respirabilnih
aerosolih, aerodinamski orerer manjsi od 2,5 um, je bilo Zveplo na Velikem
vrhu povisano za faktor 1,6. Razmerje med koncentracijo zvepla v respirabilni
in inhalabilni frakciji je podobno koncentracijam v urbanem okolju v razvitem
svetu. Nastanek sekundarnia aerosolov (sulfatni aerosol) iz SO,, ki izvira iz
TES, ni dovolj hiter, da bi v prizemni plasti zraka opazili bistveno spremenjeno
koncentracijo S v aerosolih v zraku. Poleti, ko pod vplivom sonénega sevanja
proces transformacije poteka hitreje, je gibanje zraka bolj intenzivno. Pozimi,
ko je aimosfera stabilnejSa (inverzije), je proc‘es tré.nsformacije v sulfatni
aerosol pocasen. Zato sklepam, da gre za vpliv globalnega onesnazenja

atmosfere, ki mu na Velikem vrhu prispeva TES.

o Koncentracija cinka je nizka v Zavodnjah. Na Velikem vrhu je visja za faktor
2 v respirabilnih aerosolih. V inhalabilnih aerosolih je podobna. Poveéano
koncent-acijo lahko priprisemo lokalnemu viru, ki je v tem primeru zelo

verjetno TES.

e Nizja kencentracij svinca je v Zavodnjah. Na Velikem vrhu, kjer je tudi zelo
malo prometa in gre v obeh primerih predvsem za transport onesnazevalcev na
velike razdalje, je koncetracija svinca vi3ja za faktor 2 v respirabilnih aerosolih.

Sklepam, da je to prispevek TES.

o Podobno povecanje v respirabilnih aerosolih je opazno tudi za krom, mangan,

zelezo, kar lahko pripisujemo TES in prevladujoéim smerem gibanja zraka.

o Titan se pojavlja v visji koncentraciji v inhalabilnih aerosolih in to na Velikem
vrhu. V inhalabilnih aerosolih na Velikem vrhu je‘ visja koncentracija kroma,

zeleza, riklja, bakra, cinka, svinca, stroncija in cirkonija.
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3.5 EMISIJA ELEMENTOV Z DIMNIMI PLINI “TES”

Pri kurjenju premoga v termoelektrarnah na mleti premog potujejo elementi
iz premoga od mlinov skozi kuris¢e do izpusta dimnih plinov v atmosfero.
Koncentracije elementov v pepelu so odvisne od temperature v kuricu,
zadrZevalnega casa za pepel v podro¢u izgorevanja in od ucinka delovanja
elektrostatskih filtrov za izlotanje pepela iz dimnih plinov. Visje temperature
in daljsi zadrzevalni ¢as pepela noveajc izparevanje bolj hlapnih komponent iz
kurjenega premoga oziroma pepe.a. V velikih kuris¢ih z izgorevanjem premoga v
lebdeti plasti (temperatura v kuzis¢u okoli 1 973 K, zadrzevalni ¢as 1 - 2 h) se
najmansi delci pepela bolj obogatijo z uparjenimi elementi in del teh najmanjsih
delcev potuje skozi filtre v dimnik. V kuris¢ih, kjer zmleti premogov prah hitro
zgori v toku dimnih plinov (temperatura v kuris¢u okoli 1 625 K, zadrzevalni as

2 - 5 5), je obogatitev delcev z uparjenimi komponentami manjza [25].

V TES zmleti premog zgori v toku dimnih plinov, zadrzevalni cas pa je zelo kratek
(kurisge v kotlu BABCOCK). Med segrevanjem in izgorevanjem premoga se poveca

koncentracija uparjenih komponent v dimnih plinih.

Do dimnika se dimni plini ohlajajo v izmenjevalcu toplotne energije, ki ogreva
vstopni zrak, ki gre v kuri§¢e pomeSan s premogovim prahom. Pred vstopom v
elektrostatske filtre in nato v dimrik so dimni pliniohlajeni do 450 K. Pri ohlajanju
dimnih plinov prihaja do procesa adsorbcijz uparjenih komponent na trdnih delcih -
" pepelu. Koli¢ina adsorbirane komponente je odvisna od spéciﬁéne povrsine delcev,
ki je najvecja pri najmanjsih delcih. Tako so manjsi delci, ki uhajajo mimo filtrov,
obogateni od vecjih delcev pepela, ki jih izlogijo filiri. Koncentracije elementov za
vsako od stopenj vzorcevalnika so podane v za Blok 5, polje A, v tabeli na strani
25; za Blok 5, polje B, v tabeli na strani 26; za Blok 4, dimnik, prvi vzorec, v tabeli
na strani 27, za Blok 4, dimnik, drugi vzorec, v tabeli na strani 28. V tabelah so
dolo¢ena polja oznacena z znakom, ki poméni, da-so bili rezultati pod mejo detekcije

ali pa, da vzorci niso bili analizirani.
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Koncentracije elementov po aerodinamskih premerih delcev v dimnih plinih za

BLOK 5, polje A.

(Koncentracije so v mg/kg)

Ele- STOPNJE
ment 0 1 2 3 4 5 6 7 8
Al | 92736 | 95636 | 91¢39 | 98924 | 92544 | 82030 | 89847 | 89647 | 40314
As 204 200 212 219 231 214 239 282 142
Au 0.13 | 016 | 0.14 | 0.066 | 0.031 { 020 | 0.035 | 0.19 1.57
Ba 615 599 525 535 468 373 452 538 *
Ca | 70590 | 66150 | 63110 | 75060 | 53910 | 41420 | 43230 | 46750 *
cd 294 | 022 | 264 | 249 | 362 | 378 | 548 | 4.68 *
Ce 89.5 | 8.2 | 819 | 895 | 89.4 | 747 | 856 | 928 *
Cl 188 206 463 * * * * * 19844
Co * 0.18 * 9.93 17.3 15.9 16.2 * *
Cr * 664 * 107 186 167 144 * 7228
Cs 16.1 16.9 16.8 17.3 16.1 14.3 16.4 166 | 1.77
Dy 569 | 5.91 526 | 522 | 474 | 400 | 434 | 5.21 *
Eu * * * 1.79 * 1.13 * * *
Fe | 74270 | 77050 | 71640 | 76460 | 84920 | 73658 | 68600 | 60870 | 88980
Ga 55.1 568 | 612 | 588 | 646 | 655 91.3 109 *
Hf 300 | 309 | 270 | 285 | 240 1.87 | 2.13 1.93 *
Hg * * * * * . o* * * *
I » * * * 1818 * * * *
In * 022 | 018 | 026 | 028 | 022 | 0.29 * *
K 21426 | 21456 | 21800 | 21789 | 24130 | 21565 | 25210 | 22585 | 15190
La 368 | 346 | 336 | 357 | 392 | 326 | 393 39.6 *
Mg | 57420 | 64480 | 60170 | 66820 | 58620 | 57310 | 57570 | 53690 | 32770
Mn 996 1011 837 941 772 636 689 778 1346
Mo 49.7 162 147 144 149 135 155 168 1201
Na | 11212 | 11610 | 11890 | 12093 | 13393 | 12114 | 13925 | 13313 | 8961
Nd 385 | 366 | 4332 | 43.05 | 399 | 344 | 364 | 224 *
Ni 121 596 | 229 | 303 | 436 | 403 30.0 * *
Pb 713 | 669 | 247 | 320 | 313 | 239 | 284 * *
Rb 165 186 182 181 175 161 182 | 170 *
Sb 21.9 19.7 178 | 203 18.3 14.3 14.9 177 | 272
Sc 175 | 177 16.5 18.3 17.6 14.2 15.4 159 | 7.19
Se 384 | 228 | 209 122 | 9.19 | 898 125 | 415 | 476
Sm 5.85 584 | 520 | 558 | 562 | 4.53 545 | 570 | 2.85
Sﬂ % * * * * * * ] *
Sr 320 433 413 407 365 298 446 751 *
_Ta * 1.15 105 | 099 | 097 | 073 0.81 *
Tb 1.18 | 0.91 0.81 | 0.81 067 | 060 | 078 | 066 *
Th 13.2 13.8 12.7 14.1 12.4 10.5 11.9 12.5 *
Ti * * 3132 | 6009 | 3999 | 3974 | 4600 * *
Tm | 131 * 1.11 1.14 * * * *
U 237 | 243 247 | 272 | 234 | 205 | 266 | 297 *
\' 217 220 246 259 251 248 346 437 189
w 21.7 147 | 854 | 886 | 9.17 | 981 12.0 11.0 *
Yb 291 | 304 | 276 | 3.01 2.43 196 | 2.16 | 2.41 *
Zn 1432 | 1269 | 1132 | 1102 | 1134 | 1016 | 1149 | 1209 | 1679
Zr * * * 381 301 282 307 * *

* - pod mejo detekcije
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Koncentracije elementov po aerodinamskih premerih delcev v dimnih plinih za
BLOK 5, polje B.

(Koncentracije so v mg/kg)

Ele- STOPNJE

ment 0 1 2 3 4 5 6 7 8
Al 107034 | 107133 | 104209 | 106389 | 102237 } 101155 | 99585 | 98502 | 31694
As 236 205 206 241 263 265 274 266 90.3
Au 0.51 0.11 0.13 0.037 | 0.024 | 0.027 | 0.054 1.76 1.46
Ba 712 544 523 492 498 476 510 565 1345
Ca 52310 | 49490 | 42660 | 40640 | 35990 | 30100 | 31970 | 37680 *
Cd 5.43 1.72 2.29 3.05 3.51 8.56 12.37 16.19 *
Ce 994 92.0 92.3 94.1 95.0 90.8 101 95.5 *
Cl * * * * ) * * . * * 25865
Co - * 4.26 2.72 17.0 19.3 19.0 18.7 * 57.4
Cr * 405 212 213 232 232 220 * 14638
Cs 194 18.1 17.7 18.6 19.5 18.5 19.7 18.1 *
Dy 6.02 4.92 5.33 501 428 3.90 3.76 4.75 *
Eu * * * 1.71 1.63 1.62 2.06 * -k
Fe 83784 | 74290 | 70260 | 77099 | 89560 | 85228 | 73367 | 61557 | 89130
Ga 64.7 553 54.9 618 714 80.9 97.6 84.1 *
Hf 2.83 2.98 2.66 2.78 2.56 2.48 2.52 2.57 *
Hg 2316 * | ] * . * * % *
I x * * * * * * sk 1397
In * 0.16 * 0.31 0.32 0.35 0.35 * *
K 28004 | 24298 | 24402 | 26212 | 28094 | 26904 | 29160 | 24780 7324
La 45.6 40.5 38.8 41.6 443 421 47.1 43.6 *
Mg 75410 | 62930 | 66150 | 64910 | 58330 | 60001 | 61770 | 65480 | 23130
Mn 996 971 928 832 743 681 680 675 1248
Mo 169 140 177 152 163 160 175 165 1021
Na 11203 9784 9639 10092 | 11055 | 10954 | 11744 | 10117 4141
Nd 53.1 39.4 60.0 437 44.5 42.6 47.2 47.5 *
Ni 50.1 21.5 68.3 39.1 349 n.a. n.a. n.a. n.a
Pb 152 23.9 63.6 333 31.8 n.a. n.a. n.a. n.a.
Rb 204 193 185 194 207 198 213 188 - *
Sb 16.1 | 142 15.2 15.3 14.8 13.4 13.5 15.0 22.2
Sc 19.9 19.0 18.9 18.6 17.8 157 16.1 15.1 4.58
Se 36.9 30.7 29.2 15.6 148 15.6 17.3 69.7 118
Sm 6.70 591 | 592 6.27 6.23 5.99 6.42 5.95 2.28
Sn * * * * * * * % *
Sr * 333 374 332 361 363 379 370 *
Ta 1.23 1.13 0.83 0.94 0.97 0.90 0.85 1.05 *
Tb 0.86 0.93 0.98 0.80 0.73 0.65 0.67 0.94 *
Th 14.2 134 '} 135 12.8 13.6 12.7 14.0 13.4 4.90
Ti 4950 * * 4316 4310 3371 4384 * *
Tm 1.67 - * * 0.46 0.55 1.17 * * *
U 25.8 23.9 25.0 25.0 25.6 242 27.6 27.6 *
A"/ 248 217 221 249 250 268 308 325 125
w 13.6 9.23 7.37 8.40 9.60 8.72 125 1 974 29.5
Yb 3.18 2.62 2.60 2.64 2.49 2.19 2.28 2.33

Zn 2221 1741 1749 1943 2146 2097 2162 2009 1533
Zr * * * 363 315 339 386 * *

* - pod mejo detckceije

n.a. - ni analizirano
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Koncentracije elementov po aerodinamskih premerih delcev v dimnih plinih za

BLOK 4, dimnik, prvi vzorec.

(Koncentracije so v mg/kg)

Ele- STOPNJA

ment 0 1 2 3 4 5 6 7 8
Al 58506 | 54924 | 77387 | 105859 | 9822 96271 | 89189 | 98565 | 71430
As 135 124 149 189 187 183 173 210 154
Au 1.07 1.55 1.19 0.26 0.20 0.23 0.12 4.68 2.98
Ba 931 505 718 696 494 406 458 582 411
Ca * 39970 | 67040 | 47380 | 33720 | 30630 | 33350 | 45950 *
Cd * 7.56 n.a. 11.6 n.a. n.a. n.a. n.a. n.a.
Ce 71.3 53.3 78.7 93.1 86.7 81.5 90.3 -{ 105 92.9
Cl1 10202 5748 2170 * * * * * 4834
Co * * * 7.78 15.3 16.0 14.8 * *
Cr * * * 243 158 153 136 * *
Cs 11.2 9.86 12.3 16.8 16.8 16.6 17.4 19.2 21.8
Dy 4.28 4.90 5.01 5.84 5.16 4.65 4.16 5.07 2.73
Eu * * * * 1.65 1.43 * 1.61 *
Fe 60570 | 56290 | 64890 | 78100 | 79607 | 79840 | 68650 | 65400 | 82070
Ga * * 38.8 48.4 56.5 57.0 63.5 75.3 80.5
Hf * 2.58 2.65 2.52 2.16 1.91 2.13 2.34 *
Hg 455 20.4 112 2.43 1.1& 0.94 1.53 2.87 *

I »* *® * * L * * * *
In ¥ * * 0.21 0.23 0.33 0.29 0.27 *
K 15920 | 14810 | 19356 | 24242 | 25445 | 25556 | 25522 | 26610 | 20240
La | 274 20.3 33.3 39.2 39.8 39.2 39.7 442 28.2
Mg 46600 | 40260 | 55710 | 71190 | 63532 | 63560 | 58490 | 62400 | 43300
Mn 686 559 863 869 725 662 600 702 838
Mo 178 449 182 143 121 113 126 150 159
Na 7851 7219 10382 | ‘10440 | 10761 | 10787 | 10682 | 11108 9853
Nd *. * * 41.0 36.7 39.2 42.6 44.6 *
Ni * 934 n.a n.a n.a. n.a. n.a. n.a. n.a
Pb * 186 n.a. " n.a. n.a. n.a. n.a. n.a. n.a.

"Rb * 98.5 111 178 184 180 190 196 197
Sb * 10.3 13.3 14.1 12.9 12.0 11.0 14.2 154
Sc 10.9 10.9 14.8 18.6 17.4 15.8 15.0 16.8 16.6
Se 155 184 170 27.5 13.0 13.7 16.2 38.0 96.6
Sm 3.38 3.29 4.39 5.81 541 5.09 5.14 5.56 4.42
Sn * * * * * * * * *

Sr * * * 370 321 286 352 533 *
Ta . * * * 1.2¢ 0.92 0.81 0.78 1.00 *
Tb * * * 0.7 0.72 0.63 0.62 0.85 *
Th 5.30 7.89 10.2 12.6 12.1 11.5 12.2 14.0 104
Ti 5510 * 5159 6250 4379- | 5198 3748 * 6610
Tm * * * * * 0.52 0.75 * *
U * 14.1 17.2 20.8 19.9 18.8 20.3 23.4 18.5
\% 175 111 182 240 231 258 249 342 239
\'Y 10.8 20.5 5.70 8.27 8.25 8.05 7.22 7.20 *

"Yb * * 2.26 2.55 2.43 1.99 2.15 2.49 *
Zn 1679 | 1626 1158 1197 1202 1159 1212 1391 1719
Zr * * * * 397 251 279 * *

* - pod mejo detckcije

n.a. - ni analizirano




Koncentracije elementov po aerodinamskih premerih delcev v dimnih plinih za
BLOK 4, dimnik, drugi vzorec.
(Koncentracije so v mg/kg)

Ele- STOPNJA
ment 0 1 2 3 4 5 6 7 8
Al 64299 | 88697 | 88285 | 197647 | 85539 | 103225 | 102544 | 94882 | 73526
As 184 - 222 167 213 174 255 252 273 213
Au 7.24 |. 0.57 2.37 0.98 0.28 0.29 0.24 1.59 4.70
Ba * 546 646 496 355 491 423 506 *
Ca * 69030 | 62840 | 44940 | 29740 | 33720 | 44860 | 47160 | 63900
Cd na. | na. n.a. n.a. na. n.a. n.a. n.a. n.a.
Ce 3520 | 83.85 | 76.09 | 88.79 | 65.84 | 91.97 | 99.41 103 95.13
Cl 7812 1658 1974 * * * * 713 4633
Co * ok * * 821 | 175 15.7 * *
Cr 10809 * * * 53.6 164 106 * *
Cs 9.40 15.9 14.7 17.9 12.9 18.3 19.0 19.2 16.6
Dy * 5.45 5.07 5.54 3.72 4.24 4.54 5.50 4.12
Eu * * * 1.75 1.23 1.51 1.04 * *
Fe 139900 | 78830 | 63250 | 73690 | 60388 | 87690 | 76860 | 64940 | 73630
Ga * 264 34.1 51.9 421 | 633 69.0 81.0 65.8
Hf * 2.00 | 2.38 2.50 181 | 242 2.54 2.38 *
Hg * 4.54 7.88 1.99 0.62 0.77 2.54 *
I * % * % * * * * *
In * * * ¢.21 0.23 0.32 0.30 0.30 *
K 18780 | 22875 | 18595 | 22916 | 18008 | 27041 j 28295 | 26992 | 25210
La * 33.04 | 31.77 | 40.79 | 29.84 | 43.35 | 4481 | 44.09 | 34.60
Mg 44810 {-63440 | 58940 | 65020 | 51440 | 61730 | 70810 | 63550 | 47190
Mn 1683 898 859 927 624 695 658 670 620
Mo 437 188 139 123 102 147 136 160 238
Na 10047 | 12131 | 8926 11026 | 8534 | 12928 | 13541 | 12703 | 11121
Nd * 68.0 * 44,7 30.1 44.5 476 | 36.6 *
Ni n.a n.a. na na. | na. n.a. n.a. n.a. n.a
Pb n.a. n.a. n.a. n.a. na. n.a. na. ‘| na. n.a.
Rb * 168 156 180 140 198 213 209 235
Sb 46.4 194 11.5 13.1 10.3 13.6 14.1 152 16.0
Sc 10.7 17.0 15.9 18.6 13.0 17.1 17.0 | 16.9 16.8
Se 280 84.8 193 395 15.6 21.0 255 49.0 91.4
Sm 4.00 4,71 5.51 6.10 4.30 6.04 5.66 5.40 473
Sﬂ * * * * * * 114 * *
Sr * * * 350 270 380 424 517 *
Ta * * * €.93 0.68 0.90 -0.98 1.27 *
Tb * 0.93 * 6.99 0.55 0.71 0.75 0.81 *
Th 12.1 11.8. 11.2 13.5 9.50 13.1 13.8 14.4 13.5
Ti 6404 6860 4590 * 3361 4505 4777 3802 5110
Tm * * * 0.63 0.44 0.62 0.74 * *
U 16.5 26.4 20.3 228 16.0 22.8 25.9 28.6 18.3
\'% 199 239 187 237 197 250 286 339 235
w 373 8.88 5.14 8.04 5.53 8.21 8.17 9.76 *
Yb * 2.32 2.81 2.66 1.78 2.47 2.31 2.48 3.49
Zn 2349 1360 1343 1252 978 1414 1520 1543 1618
Zr * * * * 264 347 193 * *

* - pod mejo detekceije

n.a. - ni analizirano
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Popre¢no koncentracijo elementov za pepel v dimniku smo izracunali kot vsoto
prispevkov posameznih frakcij glede na raaso posamezne frakcije po posameznem
vzoréevanju (4 vzorlenja). Koncentracije, ki so bile pod mejo detekcije analizne
metode nismo upostevali. Tako smo s seitevanjem prispevka vsebnosti elementov
posameznih frakcij pepela v dimaih plinih dobili najvisjo koncentracijo v dimnih
plinih (oznateno z nagnjeno pisavo). Pomeni, da je bila dejanska koncentracija

manjsa od izrafunane. Podatki sc v tabeli na strani 30.

Povprecni koncentraciji elementov v dimnih plinih za Blok 5 v €asu vzoréenja so
izratunane za izstop iz elektrostatskih filtrov, polje A in polje B (skupno dva vzorca).

Povre¢ni koncentraciji za Blok 4 so izra¢inane za dva vzorca odvzeta iz dimnika

Bloka 4.

Iz povpredij vseh Stirih vzorcev je izratunana povpreéna emisija elementov s pepelom
v dimnih plin‘h TES, brez upostevanja razl'k masi emitiranih delcev skozi posamezne
dimnike. Emisijo elementov s pepelom v dimnih plinih za eno leto smo izracunali
z upoitevanjem skupne letne mase emitiranega pepela iz TES [7] izmerjeno z
avtomatskimi meritvami. Rezultzti so v tabeli na strani 30, na desni v zadnjem

stolpcu. Vsebnost hlapnih komponent elerientov v dimnih plinih ni upostevana.

Za primerjavc z veljavnimi predpisi smo koncentracije elementov v pepelu iz ‘dimnih
plinov na izstopu iz elektrostatskih filtrov cz. dimnikov preracunali na koncentracije
v enem prostorninskem metru dimnih plinov. Za masno koncentracijo pepela v
dimnih plinih smo upostevali povpreéno koncentracijo pepela na Bloku 5 v ¢asu
odvzema vzorcev, ki je znasala 285 mg/m?® pri normalnih pogojih in 7 % vsebnosti
kisika v dimnih plinih. Rezultati so v tabeli na strani 31. V isti tabeli so na desni
podane predpisane vrednosti. Vidimo, da koncentracije elementov v dimnih plinih ne

dosegajo predpisanih najvisjih koncentracij, ki veljajo za Termoelektrarno Sostanj.
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Povprecna koncentracija elementov v vzorcih in emisija iz TES v

letu 1994~
(Koncentracije so v mg/kg)
Ele- Blok § Blok 4 Povprefne| Emisija
ment | Polje A | Polje B Vz. 1 Vz. 2 konc. :
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (kg/leto)
Al 88505 102085 95268 98265 96031 472183
As 224 256 182 231 224 1102
Au 0.11 0.06 0.35 0.45 0.24 1
Ba 443 498 . 476 443 465 - | 2287
Ca 49325 34798 34375 38302 39200 | 192747
Cd 3.96 6.76 11.47 * - 7.40 36
Ce 82.9 94.6 87.0 87.6 88.0 433
Cl 668 5865 672 1634 7210 - 35450
Co 15.3 18.0 14.7 14.3 15.6 77
Cr - 188 257 158 154 189 929
Cs 15.7 19.¢ 16.9 17.2 17.2- 84
Dy 4.48 4.24 475 4.38 4.46 22
Eu 1.25 1.73 1.53 1.32 1.46 7
Fe 75393 82305 75767 76012 77369 380425
Ga 70.5 77.1 58.6 58.8 66.3 326
Hf 2.21 2.58 2.11 2.31 2.30 11
Hg * 2.32 3.1i 1.10 2.18 11
I 18.2 140 * * 78.9 388
In 0.25 0.33 0.28 0.29 0.29 1
K 23033 27380 25339 24754 25126 123546
La 36.2 43.5 39.6 40.1 39.8 - 196
Mg 58657 60977 62521 62025 61045 300158
Mn 729 . 746 681 693 712 3502
Mo 145 154 124 139 143 704
Na 12806 10916 10709 11837 11567 56874
Nd 37.1 44.6 39.9 42.0 40.9 201
Ni 39.1 37.3 934 * 337 1655
Pb 29.3 35.2 186 * 83.4 410
Rb 172 202 184 187 186 916
Sb 16.3 142 12.2 13.2 14.0 69
Sc 15.8 17.0 16.21 16.2 16.3 80
Se 11.6 17.5 18.12 27.5 18.7 92
Sm 517 6.17 5.25 5.47 5.51 27
Sn * * * 114 114 6l
Sr 369 360 330 369 357 1754
Ta 0.83 18.0 . 0.87 0.89 5.40 27
Tb 0.70 0.72 0.67 0.71 0.70 3
Th 11.8 13.4 12.0 12.5 12.4 61
Ti 4270 4027 4662 4317 4319 21237
Tm 114 0.79 0.63 -0.61 0.79 4
U 23.5 25.4 19.8 22.3 22.8 112
A% 272 266 249 249 259 1273
w 10.4 9.69 7.89 7.69 8.91 44
Yb 2.27 2.39 2.21 2.28 2.29 11
Zn 1101 2032 1200 1335 1429 7028
Zr 302 345 303 274 306 1504

* - pod mejo detekcije
nnn - ocenjena vrednost
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Koncentracije elementov v prostorninskem metru dimnih plinov pri
normalnih pogojih in vsebnosti pepela 285 mg/m’.

(Koncentracije so v mg/m*

Ele- Blok § Blok 4 Povpretne| Mejne
ment | Polje A | Polje B Vz. 1 Vz. 2 konc. konc.
~ | (mg/m3) | (mg/m3) { (mg/m3) | (mg/m3) | (mg/m3) | (mg/m3)
Al [3.28E+01 | 4.09E+01] 3.82E+01| 3.85E+01{ 3.76E+01
As | 831E-02 | 1.04E-01] 7.31E-02| 9.03E-02} 8.76E-02 | 1.50E+00
Au | 4.11E-05 | 2.56E-05| 1.42E-04| 1.76E-04} 9.62E-05
Ba 1.64E-01 | 2.00E-01| 1.91E-01| 1.74E-01} 1.82E-0i
Ca |1.83E+01| 1.39E+01| 1.38E+01| 1.50E+01| 1.53E+01
Cd 1.47E-03 | 2.71E-03 4.60E-03 * 2.19E-03 | 1.50E+00
Ce | 3.07E-02 | 3.79E-023 3.49E-02| 3.43E-02| 3.44E-02
Cl 2.47E-01 | 1.04E+01 2.70E-01| 6.40E-01|2.88E+00|
Co 5.68E-03 | 7.23E-03 5.91E-03]| 5.62E-03{ 6.11E-05 | 1.50E+00
Cr 6.95E-02 | 1.03E-0] 6.33E-02| 6.02E-02| 7.40E-02 | 1.50E+00
Cs 5.80E-03 | 7.61E-03 6.80E-03]| 6.71E-03| 6.73E-03
Dy | 1.66E-03} 1.70E-03 1.91E-03| 1.72E-03| 1.75E-03
Eu 4.62E-04 | 6.92E-041 6.15E-04| 3.17E-04| 5.71E-04
Fe |[2.79E+01 | 3.30E+01! 3.04E+01| 2.98E+01| 3.03E+01
Ga | 261E-02 | 3.09E-02| 2.35E-02| 2.30F-02| 2.39E-02
Hf | 8.19E-04 | 1.03E-03| 8.47E-04| 9.03E-04} 9.00E-04
Hg * 9.28E-04| 1.25E-03| 4.31E-04] 6.52E-04
I 6.74E-03 | 5.60E-02 * * 1.57E-02
In 9.45E-05 { 1.32E-04f 1.13E-04} i.14E-04| 1.13E-04
K 8.54E+00 | 1.10E+01] 1.02E+01| 9.69E+00]| 9.84E+00
" La 1.34E-02 | 1.74E-02{ 1.59E-02| i.57E-02| 1.56E-02
- Mg | 2.17E+01 | 2.44E+01 E2.51E+01 2.43E+01]2.39E+01
Mn | 2.70E-01 | 2.99E-01( 2.73E-01| 2.71E-01] 2.78E-01
Mo | 5.39E-02 | 6.57E-02| 4.99E-02| 5.45E-02| 5.60E-02
Na 4.75E+00 | 4.37E+00| 4.30E+00| 4.63E+00| 4.51E+00
Nd 1.38E-02 | 1.79E-02] 1.60E-02| 1.64E-02} 1.G0E-02
Ni 1.45E-02 | 1.49E-02| 3.75E-01 * 1.01E-01 | 1.50E+00
Pb 1.09E-02 | 1.41E-02| 7.45E-02 * 2.49F-02 | 1.50E+00
Rb 0.39E-02 | 8.10E-02| 7.37E-02{ 7.31E-02| 7.29E-02
Sb 6.05E-03 | 5.70E-03| 4.89E-03] 5.1GE-03| 5.45E-03
Sc 5.86E-03 | 6.80E-03| 6.51E-03| 6.35E-03} 6.38E-03
Se | 4.31E-03 | 6.99E-03| 7.27E-03| 1.08E-02| 7.33E-03
Sm | 1.92E-03 | 2.47E-03| 2.11E-03| 2.14E-03| 2.16E-03
Sn * * o 4.46E-02| 1.12E-02
Sr 1.37E-01 | 1.44E-011 1.32E-01| 1.44E-01) 1.39E-01
Ta | 3.09E-04 | 7.61E-03| 3.49E-04| 3.47E-04| 2.15E-03
Tb 2.58E-04 | 2.88E-04| 2.69E-04| 2.79E-04) 2.74E-04
Th | 4.36E-03 | 5.37E-03| 4.83E-03| 4.88E-03| 4.86E-03
Ti |1.58E+00] 1.61E+00] 1.87E+00} 1.69E+00| 1.69E+00
Tm | 424E-04 { 3.17E-G4] 2.52E-04] 2.40E-04| 3.08E-04
U 8.70E-03 | 1.02E-02] 7.96E-03]| 8.72E-03| 8.89E-03
\Y% 1.01E-01 | 1.0GE-01| 9.99E-02| 9.74E-02] 1.01E-01
W 3.84E-03 | 3.88E-03| 3.17E-03| 3.0/E-03| 3.47E-03
Yb | 843E-04 | 9.57E-04| 8.89E-04| 8.94E-04]| 8.96E-04
Zn 4.08E-01 | 8.24E-01} 4.82E-01] 5.23E-01] 5.62E-01
Zr 1.12E-01 | 1.28E-01} 1.22E-01| 1.07E-01] 1.20E-01
* - pod mejo detekcije
nnn - ocenjena vrednost :
Mejne koncentracije - Uradni list Republike Slovenije ¥t. 73/1994
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3.6 Primerjava rezultatov

V letu 1993, je bila emisija doloéena z enim vzoréenjem. Sedaj, ko imamo
Stiri nove vzorce se lahko emisija elementov skozi dimnik bolj zanesljivo oceni.
Z posnetek stanja pred obratovanjem naprave za razzveplanje dimnih plinov je

smiselno upostevati podatke o izierjeni emisiji leta 1993 in 1994, ker se dopolnjujejo.

V letu 1993 je po TES skozi vse dimnike skupno izpustila v okolico (ocena na osnovi
enega \;zorca), kot pepel v dimniku okoli 874 kg As, 4 650 kg Pb, 59 kg Cd, (Cr ni
bil pravilno dolo¢en), 315 kg Co, (Ni ni bil dologen).

V letu 1994 je TES skozi vse dimnike skupno izpustila v okolico (ocena na osnovi
enega vzorca), kot pepel v dimniku okoli 1 100 kg As, 410 kg Pb, 36 kg Cd, 929 kg Cr,
77 kg Co in 1 660 kg Ni.

Razlike med oceno iz leta 1993 in 1994 so pri svincu, kromu in kobaltu. Zaradi
ponovljivosti rezultatov pri vzorcih iz leta 1994 je ccena emisije elementov z dimnimi

plini za leto 1994 veliko bolj zanesljiva.

Geokemijska masna bilanca nakazuje relativnc veliko emisijo Hg v atmosfero iz
termoelektrarn na fosilna goriva [22]. TES letno emitira z dimnimi plini okoli 0,6 t
Hg. V dimnih plinih je okoli 95 % od vsega Hg, kar je primerljivo z rezultati raziskav
v svetu. Za primerjavo v nasem okolju sem vzel rudnik in proizvodnjo Hg v Idriji
(sedaj v zapiranjil), kjer je bila ugotovljena letna emisija okoli 20 kg na dan ali 7 t

na leto.

Eden od pomembnih elementov v pepelu je tudi uran in njegovi potomci -
radionuklidi **°Ra, #'°Pb in “’°Po, kot je razvidno iz Tabel. EFP vsebuje okoli
360 Bq kg™! (okoli 30 mg kg™!) 2°*U in prav tako ??°Ra, kar pomeni, da je relativno
velik 'vir radona in izluzljivega 2*®Ra. Zaradi tega sta odlagaliste pepela in emisija
- pepela skozi dimnike pomembna tudi z radioloskega vidika. Iz Tabele je razvidno,
da sta ?8U in ??*Ra podobno razporejena v vzorcih premoga,- in pepela in da je
z analizo vzorca pepela dobljena koncentracija zelo blizu 340 Bq kg™, ki je bila
prej ze veckrat izmerjena v vzorcih iz odlagalisca pepela TES [23]. V zadnjem
porocilu UNSCEAR [24], v katerem ugotavljajo, da termoelektrarne na premog

emitirajo radioaktivne snovi v okolje, so v dimniku faktorji obogatitve za neuparjene
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radionuklide °*U in njegove razpadno vrsto (**®¥U, ?*Ra) med 3 in 5 za 2!°Pb in
21%0. Glede na realativino visoko zaée:no vsebnost 23U in ??Ra v premogu in
pepelu iz TES pricakujem tudi relativno veliko emisijo 21°Pb in 2'°Po skozi dimnik

(v programu raziskav).

4 SKLEPI

Uporabljene tehnike vzorenja aerosolov v okolici TES so bile primerljive z
tehnikami, ki jih uporabljajo v svetu. Mesta opazovanja imisijskih koncentracij
aerosolov, Zavodnje in Veliki vrh, so enaka, kot jih zajema obstoje¢i avtomatski

ekolo3ki nadzorni sistem.

Za ugotavljanje neposrednega vpliva TES na koncentracije elementov v zraku njene
okolice smo izvedli izokinetitno vzoréenje delcev v dimnih plinih s kaskadnim
impaktorjem MARK II, postavljenem v samem dimniku za Blok 4 in na izstopu
iz elektrostatskih filtrov Bloka 5. Pepel, ki ga elektrarna spuséa v atmosfero, smo

glede na aerodinamski premer delcev razdelili na devet stopenj.

Z velelementno analizno tehniko ko-INAA (46 elementov) smo analizirali vsako
frakcijo pepela iz dimnih plinov sosebej. Kadmij, svinec in nikelj smo dolo¢ili z

ETAAS.

Kot vecelementno, nedestruktivno analizno tehniko za aerosole smo izbrali EDXRF
z izotopi za vzbujanje vzorcev in s programrom AXIL za kvalitativno in kvantitavino
analizo spektrov. Metoda je dovolj obcutljiva glede na izbrano metodologijo
Vzor(':énja, in zahteve veljavne zakonodaje ter priporocene mejne koncentracije WHO.
Metoda EDXRF je pri koncentracijah elementov v zraku okolice TES in pri uporabi
izvedénega vzorCenja najbolj zanesljiva za dologitev S, K, Ca, Ti, V, Cu in Pb.
Zanesljivost rezultatov, dobljenih z EDXRF, smo preverili z analizo ustreznih

refererlénih'materiaiov, BCR, NIST in s krozno analizo IAEA;

Pomemtna prednost uporabe EDXRF pred k,-INAA za analize aerosolov v okolici
- TES je dovolj dobra zanesljivost za S in Pb. Dolocanje S pa je tudi velika prednost

pred upcrabo AAS za aerosole v oxolici termoelektrarn, ki izpuséajo v zrak znatne
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koli¢ine SO, in pri raziskavah o onesnazerosti zraka, kjer so podatki o S pomembni.

Primerjava r=zultatov kaze, da je okolje v 3aleski dolini manj onesnazeno kot urbano
okolje v razvitih drzavah, kjer izvajajo podobne raziskave Ze vrsto let. Masne
konceniracije aeroslov niso bile presezene. Na Velikem vrhu je bila koncentracija

aeroslov za faktor 2 vi§ja od tiste v Zavodnjah.

Z upostevanjem podatkov o izpustu pépela v atmosfero preko dimnikov smo
izracunali - ocenili celoletne koli¢ine izpuséenih elementov v atmosfero. Rezultati so
primerljivi s podatki iz raziskav v svetu. Najmanjsi delci pepela v dimnih plinih so
bili najbolj obogateni z zdravju skodljivimi elementi, Cr, Zn, As, Cd, Mo, Co, Se in
Pb. Radioaksivna elementa U in TH se koncentrirata v pepelu, ne glede na velikost
delcev. Gled= na relativno visoko poveéano naravno koncentracijo 28U in 226Ra v

premogu ocenjujem, da je povecana tudi emisija 2!°Pb in 2!°Po skozi dimnik.

Najvetje dovoljene koncentracije elementov As, Pb, Cd, Cr, Co in Ni v dimnih plinih

niso bile presezene.

Veljavna zakonodaja v nasi drzavi [20] predpisuje najveéje dopustne letne popreéne
koncentracije trdnih delcev, kadmija, svinca, rhanga,na in vanadija v zraku. Izmerjeni
podatki, prera¢unani na letne popreéne vrednosti, so pokazali, da v letu 1994
zrak, ki ga ljudje dihajo v okolici. TES, ni bil prekomerno.bnesnaéen glede na
veljavno zakonodajo [20]. Koncentracije elementov v zraku, so bile nekajkrat nizje
od najveéjih dovoljenih. Za vanadij je kilo upostevano letno povpreéje. Zaradi
poznavanja emisje ostalih elementov iz TES je prakti¢no nemogoce, da bi lahko v

24 urzh zabelezili preseganje 24-urne mejene vrednosti.

Sklepam, da zaradi koncentracij aerosolov in kencentracij potencialno nevarnih
kemijskih elementov v okolici TES ni pricakovati opaznih negativnih vplivov na

zdrax}je ljudi. Izvzeti so ljudje z obolenji dihalnih organov.

- Naprava za razzveplanje dimnih plinov vpliva pozitivno na emisijo elementov z
dimnimi plini. Emisija je zmanj3ana zaradi izboljsanega delovanja elektrostatskih
filtrov in pranja dimnih plinov v procesu raziveplanja, ko se temperatura plinov
zniza. Po pri¢akovanjih je sprememba tako “ahko zelo opazna, kar je poleg Zveplovega,

dioksida za okolico TES zelo pomembno.
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Potrebna je potrditev oz. preverjanje rezultatov o emisiji iz dimnikov TES. V ta
namen je nujno vetkrat ponoviti vzoréénje v dimnikih iz dveh najvecjih enot (Blok
4 in Blek 5) TES tako, da bodo zajeti razli¢ni rezimi obra.tofzanja. Se posebej
pomembno je ugotoviti razlike med Bloka 4 prec in po 6bratovanju razzveplevalne

naprave.

Za identifikacijo virov in raziskavo neposrednega vpliva dimnih plindv in drugih
onesnazevalcev na oZje omejeno podroéje v vplivnem obmo&ju TES bi morali uvesti
zelo kratek vzorcevalni ¢as in uporabiti bolj obéutljive analizne tehnike v kombinaciji
z registracijo smeri in hitrosti vetra. Najbdljéi pogoji za tovrstne meritve so na
obstojetih postajah (Soéténj), kjer so na vcljo podatki o smeri in hitrosti vetra, kar
je obitajno pri usmerjenem opazovanji glede na veter. Po razpolozljivih podatkih
pa bi bilo smiselno zacetek in konec vzoréen a zraka, ki prihaja iz smeri dimnika,

vezati na izmerjeno koncentracijo SO, v obstojecih avtomatskih merilnih postajah.
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1. NAMEN IN CILJ RAZISKAV

Glavni namen raziskav je, s $iroko zastavljenim fnomtormgom okolja oceniti stanje v
_ekosistemu in napcvedati njegove spremembe glede na vpliv zraénega onesnaZenja.

V ekoloSkera smisla je bil namen raziskave lo¢iti naravne ekoloSke variacije od
antropoger :ih vplivov na ekosistem kot posledice delovanja zracnih onesnaZevalcev.

Cilji naloge pa so: - i
|

|

» Ugotoviti stanjs ekosistema in razloziti spremembe v njem glede na vpliv TESins
tem izoblikovati znanstveno podlago za bodo¢o kontrolo (monitoring) vpliva
polutantov na ckolje. _

» Primerjat: dobl eno stanje z Ze obstoj=¢imi podatki iz svetovne literature.

* S pomoc&jo meritzv na referenéni tocki posebe; identificirati onesnaZevalce, ki so
posledica daljirskega transporta.




2. PODROBEN OPIS ZNANiSTVENIH METOD |

!
|
|
|

Glede na podobne raziskave v svetu [1,2] in na 'mednarodna navodila za integralni
monitoring okolja [3] smo se odlo¢ili za vzorc,evanJe suhega in mokrega depozita skupaj.

Vzordevali smo na dveh imisijsko najbolj obremenjemh lokacijah v Velenjski ob¢ini
{(Zavodnje in Veliki vrh) in na referen¢ni lokaciji v Podvolovljeku Lokacija Veliki vrh je
v blizini TES, le 2m zratne razdalje, lokacija Zavodnje 8 km in primerjalna lokacija
Podvolovljek 35 km zraéne razdalje od elektrarne. ‘Na teh lokacijah stojijo tudi postaje

Analiti¢no nadzornega alarmnega sistema (ANAS) kjer se opravljajo e druge ekoloske
meritve.

Vzorce suhega in mokrega depozita smo lcvili v|posebne vzoréevalnike, izdelane po
mednarodnih hidrometeoroloskih merilih [4]. Vzorec prestreze lijak v posebno
vzorCevalno posodo. Zbiralna posoda je shranjena v posebej za to izdelanem

termostetiranem ohiSjiu. Vzorce padavin smo poblrall enkrat mesecno, od junija 1992 do
konca leta 1994. |

S kq-bazi¢no metodo nevtronske aktivacijs<e analize (INAA) smo v vzorcih filtrata,
filtrov in tal dolo¢ili priblizno 45 elementov. |

Vzorci so bili obsevani skupaj s kosorm Au-Al (0,1 % Au) Zice in Zr folijo, ki sta sluzila
kot komparator in monitor spektra nevtronov [5]. Vzorc1 so bili obsevani do dvajset ur v
vrtiljaku reaktorja TRIGA Mark II Institata "Jozef Stefan" v Podgorici. Meritve
induciranih aktivncsti so bile opravljene na polprévodmsklh germanijevih detektorjih.

Vsak vzorec je bil izmerjen dvakrat: prvi¢ tri dm} po obsevanju eno uro in drugi¢ po
sedmih dneh 20-25 ar. Na ta na¢in lahko dolo¢imo, odvisno od vrste vzorca, priblizno 30-
40 elementcv. Za dolocitev elementov, katerih radionuklidi nastali po (n, gama) reakciji
imajo relativno kratek razpolovni ¢as (Al, CI, Dy,I In, Mn, Mg, V in Ti), so bili vzorci
obsevani samo 2-5 minut. Takoj po kon¢anem obsevanju je bil vsak vzorec merjen po 60
in 300 sekund, po eni uri 1200 sekund in po dveh L!lrah 3600 sekund. Posamezni spektri
gama so bili po konZani meritvi preneseni z veckanalnega analizatorja Canberra Series 90
na osebni raCunaln:k in obdelani s programom ROMOS. Detajlnejsi opis metode je v
disertaciji Smodisa [6]. - : |

Meje zaznavnosti INAA za posamezne vrste vzorcev so prikazane v preglednici 1.

Zanesljivost rezultatov, debljenih s k- standardlzacusko metodo nevtronske aktivacijske
analize na Odseku za jecrsko kemljc Instituta "Jozef Stefan", smo preverili z analizo
referen¢nih materialov podobne sestave kot vzorci. Dobljenl rezu]tatl so predstavljeni za
vzorce vod v preglednici 2. {

|

|
|
|
|
|
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Preglednica I. Meje zazravnosti INAA (TRIGA mark Il reaktor 1JS, =2x1 01‘2 n/cmzs).

Elemznt Vzorec vode Neraztopljeni delci Vzorec tal
lug] Ing/gl - ug/gl
Ag _ 0.3 0.4
Al 4 -
As | 0.2 0.4
Au E 0.0005 0.0006
Ba 11 5 5
Br . : 0.3 ' 0.7
Ca 570 180 180
Ce 2 0.1 0.1
Ccl _ 20 ' g
Ce 0.03 0.05 0.03
Cr 0.5 0.1 0.02
Cs 0.08 0.06 0.04
Dy 0.05 —
Eu 0.1 ' 0.05
Fe 50 74 17
Ga 1.4 ' 4
Hf —_— 0.03 ©0.03
Hg 2 0.09 -—-
K 40 123 460
La 0.1 : 0.3 - 0.04
Mg 130 '
Mr 0.07
Mc 0.2 0.3
Na 0.7 1.6 5
Nd 0.05 1.3 1.3
Rb 1.6 0.8 0.7
Re — 0.01
Sb 0.05 0.07 10.03
Sc 0.006 0.005 0.004
Se - : 0.2 -
Sm 0.01 0.04 0.05
Sn -- - 3
Sr _ 18 14 ' 12
Ta 0.03 - 001
Tb : 0.03 0.02
Th ‘ ' 0.02 0.02
Tm ' . 0.04 0.03
U 0.1 0.04 ' 0.1
Y 0.3
W : 0.7
Yb 0.02 0.03
Zn 2.6 1.4 1.
Zr 20 14




|
I

Preglednica 2. Koncentracije elementov v standardu NIST SRM 1643c¢ "Trace Elements

in Water"; n - Stevilo vzorcev, LoD - spodnja meja zaznavnosti.

|
|

Element Enota n Ugotovljeno: Certificirano:
Ag vl 9 2447036 221203
Al ug/l 2 124 %38 114.65.]
As ug/l 9 88.6:+3.3 821412
Ba ug/l 3 53976 49.6+3.1
Be ug/l < LoD 232422
Br gl 6 4.53%0.62
Ca " mg/l 9 382+ 1.09 36.8+ 1.4
cd ugll 8 144+1.9 122+1.0
Cl mg/l 3 4.49f¢ 0.05
Co g/l 9 244544 235408
Cr ug/l 9 209+ 0.6 19.0£0.6
Fe gl 8 124+ 28 106.9 3.0
Heg g/l 5 051 0.13
K mg/| 10 243%0.16 - 230
Mg mg/] 3 10.0/£ 0.4 9.45+0.27
Mn ug/! 3 35.01 0.5 35.1£22
Mo ug/! 10 104£5 104319
Na mg/l 9 12.4}= 0.2 12.19 £ 0.36
Ni ug/l < LoD 606.0 % 7.3
Pb ug/l < LoD 353.0% 0.9
Rb ug/l 10 12114 11.4£02
Sb g/l 6 0.223 % 0.049
Se - ug/l 10 142} 0.5 12.7+0.7
Sm g/l 7 0.0275 + 0.0057
St ug/l 1 2781i 14 264.0+2.6
Ta g/l 2 0.061 % 0.017 0.079
Tb g/l 2 0,066+ 0.001
Tm g/l 4 0.012 +0.004
U g/l 2 0.139 % 0.028
v gl 3 31.1£3.1 314£28
Zn v/l 8 83925 73.9+09




3. UGOTOVITVE

3.1. Rezultati»

v preglednicah 3,4 in 5 so predstavljene povpreéne letnz koncentracije elementov v
padavinah na Velikem vrhu, ki je v néposredni blizini TES, v Zavodnjah, ki so prav tako

v vplivnem obmoéju TES (7 km zratne razdalje), in na primerjalni lokaciji Podvolovljek.

Letne povpregne viednosti za leto 1992/93 so dobljene kot aritmeti¢na sredina mese¢nih
koncentracij. Standardni odmik od povpre¢nih vrednosti je precejden, kar je posledica
spremenljivih meteoroloskih pogojev in majhnega $tevila vzorcev. V nekaterih primerih

odstopanja niso navedena, ker smo analizirali le en vzorec.

Zaleto 1994 smo zaradi zmanj3anja finan¢nih sredstev za raziskave mese¢ne vzorce sproti
zamrzovali, nato pa smo iz njih naredili skupni letni vzorec za vsako lokacijo posebej in
ga analizirali. Na ta na¢in smo naredili le eno analizo vsakega vzorca, v tabeli je navedena

kot plus-minus vrednost napaka meritve.

V preglednicah so za posamezne clemente navedene tudi tipiéne koncentracije v
padavinah na neurbanih podro¢jih. Za mncgo elementov teh vrednosti nismo uspeli dobiti.
Vrednosti smo povzeli iz podobnih $tudij v Neméiii [1,7], v Kanadi $8}, na Bermudskih
otokih [9] in drugje po svetu [10].
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Preglednica 3. 2ovpre¢ne letne koncentracije elementov v padavinah, dolotene z INAA, na lokacijah

Zavodnje, Veliki vrh in Podvolovljek; LoD - spodnja meja zaznavnosti.

Lokacija  Leto Ca K Mg Cl Na
' [mg/i] (mg/t) [mg/l} [mg/1] (mg/]
Veliki vrh 1992/93 4826 0.754 £0.73 1.83 0.618 0.99 +0.76
1994 S L1£03 0.691 + 0.017 0.432+0.03 0303£0033  0.15+0.02
Zavodnje 1992/93 244093 0.644 %+ 022 0.668 0455 035%0.19
1994 0.148 & 0.025 - 0.188 + 0.002
Podvolovljek 1992/93 49£35 25£27 1.92 1.16 0.81 £0.95
1994 13703 0455+ 0.3 0.392 +£0.025 0.627 +0.023 0.315+0.002
Podatki iz literature 0.20-4.54 041 0.12-1.87 0.09-1.6 0.07 - 0.76
Lokacija  Leto Al Fe Mn Zn Ba
{mg/1] (mg/1] Lug/l] [ug/} eeM
Veliki vrh 1992/93 0.12+0.08 0.92 £0.35 405 - 85 + 87 31.8+19.1
1994 03990004 032003 829 + 0.2 19.1£24 <LoD
Zavodnje 1992/93 0.084 £ 0.057 0.50 + 0.43 C 1701 S1+12 15.5+4.7
' 1994 — — - 204419 <LoD
Podvolovljek 1992/93 0.033 £ 0.015 0.46£0.19 129 789+ 34.1 25.0%21.3
1994 0.237+0.04 0.256 + 0.035 98 + 02 20.8+20 <ioD
Podatki iz literature 0.044 - 0.081 0.03-02° 3-41 18 - 54 2-12
Lokacija  Leto Cu Br Rb Pb Mo
(ug/ (ug/) [ug] lugN] [ug/)
Veliki vrh - 1992/93 252+ 143 134+18" 62+2.6 9.84+ 6.92 35£32
| , 1994 <LoD 9.0+ 0.1 <LoD <LoD
Zavodnje 1992/93 18.5£3.7 52419 3111 11368 0.83 £ 0.37
1994 <LoD 8.86+02 <LoD <LoD
Podvolovljek  1992/93 1762115 1342246 9.0£59 7.98 2 2.06 6.4+82
' 1994 <LoD 9.82+0.1¢ <LoD - <LoD
Podatki iz literature 18-220 6-9 5-28 7




Preglednica 4. Povpretne letne koncentracije elementov v padavinah, dolotene z INAA, na lokacijah

‘Zavodnje, Veliki vrh in Podvolovljek; LoD - spcdnja meja zaznavnosti.

Lokacija Leto Co - \'% Cr Zr Sr
: fue/] [ug/t) lug) [ue/1] [ug/]
Veliki vrh 1992/53 2.61£0.56 7.33 3.56+1.10 2011 1.03+0.78
) 1994 <LoD 1.66 +0.99 152 121 <LoD <LoD
Zavodnje 1992/93 0.060 + 0.046 2.36 2.15£0.65 20%1.1 0.78 + 0.86
' 1994 <LoD — 0.83 £ 0.59 <LoD <LoD
Podvolovljek 1992/93 43£42 22 2611 2,18+ 1.69 1.06 £ 0.95
1994 <LoD 0.95 +0.667 0.736 + 0.465 <LoD <LoD
Podatki iz literature 0.01 -0.56 0.1-12 0.07-0.70
Lokacija  Leto As Se Cd Ce La
[ug/ll {ug/] [ug/i} (e (g
Veliki vrh 1992/93 36£25 1.26 +1.20 16.2+253 139+ 0.64 0.69+0.15
1994 0.754 £ 0.044 <LoD — <LoD 0.222 + 0.043
Zavodnje 1992/93 1.16 £ 0.67 0.55+0.19° 0.46+0.15 0.62 £ 0.25 0.36+0.11
1994 0.391 + 0.054 <LoD <LoD <LoD
Podvelovljek 1992/93 0.953 £ 0.460 0.542 % 0.083 0.48 £ 0.24 0.82+0.37 0.54+0.26
1994 0.284 + 0.04 <LoD 0.428 £ 021 0.2+ 0.04
Podatki iz literature 0.29 03-2.1 -
Lokacija  Leto Hg Sb Hf Re Nd
{ug/l] [ng/] [ug/ [ug/l] lug/]
Veliki vrh 1992/93 031023 0.46 0.28 (.046 + 0.030 0.074 £ 0.05 0.22+0.14
1994 <LoD 0.091 £ 0.0: 4 <LoD <LoD <LoD
Zavodnje 1992/93 0.31£0.18 0.252£0.076 0.032 £ 0.032 0.003 + 0.004 0.158 +0.147
1994 < LoD 0.015% +0.025 <LoD < LoD <LoD
Podvolovljek 1992/93 0.36+ 0.51 0.34 0.2z 0.044 + 0.048 0.197 0.23+0.18
1994 <LoD 0.1250.015 <LoD . <LoD < LoD
Podatki iz literature 0.04 0.3




Pregledmca 5. Povpreéne letne koncentracije slementov v padavinah, doloene z INAA na lokacijah

Zavodnje, Veliki vrh in Podvolovljek; LoD - spodnja meja zaznavnosti.

Lokacija  Leto Au Ga U Dy Tm
lug] (ue/l] L] Lee/t] v/l
Veliki vrh 1992/93 0.025 £ 0.070 1.73£0.65 12+ 1.7 0.15 0252+ 0.03
1994 <LoD < LoD 0.11+0.021 <LoD <LloD
Zavodnje 1992/93 ©0.002%0.001 0.184£0.142 0.148 + 0.030 < LoD 0.071 % 0.006
1994 <LoD <LoD < LoD <LoD <LoD
Podvolovljek 1992/93 0.001  0.001 025+0.13 0.142 £ 0.043 0.114 0.099 0,042
1994 0.0015 % 0.00C6 <LoD 0.138+ 0.024 <LoD <LoD
Podatki iz literature - — -
Lokacija  Leto Cs Ag Th Sm Yb
[ug/1) {ug/] [«g/1) [1e/1] [ug/]
Veliki vrh 1992/93 0.26+0.21 0.072 + 0.0€3 0.41 +£0.39 0.22+0.33 0.191+0.178
1994 <LoD <LoD < LoD 0.031 £ 0.004 <LoD
Zavodnje 1992/93 0.154 % 0,055 0.025 + 0.024 0.1!0.09 0.062 + 0.031 0.034 £ 0.015
1994 < LoD ‘<LoD <LoD 0.018 % 0.002 <LoD
Podvolovljek 1992/93 0.132 £0.068 0.030 + 0.035 0.125 + 0.095 0.062 % 0.027 0.052 =0.019
1994 <LoD <LoD <LoD 0,039+ 6.0048 <LoD
Podatki iz literature
Lokacija  Leto \%4 Tb Sc Sn Ta
[eeA] [u2/1] {2/ e/l {ug/l]
Veliki vrh 1992/93 0.045 £ 0.028 2.093 +0.067 0.35 + 0.44 <LoD 0.013 % 0.010
" 1994 . <LoD <LoD 0.04 +0.006 < LoD < LoD
Zavodnje 1992/93 0.034 + 0.033 ©.034 £ 0.003 0.14%0.13 ' 6.0024 0.009 + 0.009
1994 <LoD <LoD 0.038+ 0.0037 < .LoD <1.0D
Podvolovijek 1992/93 0.039 +0.026 0.038 £ 0.004 0.12:+ 0.11 0.0058 -0.010 £ 0.009
1994 <LoD <LoD 0.041 +0.005 <LoD <LoD

Podatki 1z literature




3.2. Diskusija

S padavinami se iz ozradja 6dstranjujej0 sovi, Ki jih &lovek spudéa v zrak. Z dezjem

padejo te snovi na tla in onesnazujejo tla, vodo iq rastline. S kemijsko analizo padavin
lahko dobimo zelo dobro sliko onesnaZenosti atmos}fere inr, Jenega vplxva natla. Kemljska
sestava deZja je odvisna od atmosferskih in khmatsklh pogojev, ki se spreminjajo iz kraja

v kraj in iz leta v leto, zato se temu ustreznu spremmja tudi sestava padavin [11].

Izgorevanje premoga v termoelektrarnah je eden izmed glavnih virov elementov v
| .

sledovih v atmosferi. Iz dimnikov termoelektrarn ilzvira vecji del Be, Co, Hg, Mo, Sb in

Se v ozradju, poleg teh elementov pa predstavljajo t;ermoelektrame tudi precejSen vir As,

Cr, Cu, Mn, Ni, Pb, V, Zn in Zr v zraku [12]. ‘

Okoli leta 1970 so na Aljaski v padavinah odkrili nelzpriéakovano visoke koncentracije Pb,
"V, Mn, Cd, Ni in drugih elementov, ki sc produkti| ¢lovekove aktivnosti [12]. Ugotovili
S0, da se visoke koncentracije antropogenih elemen}tov v oddaljenih pokrajinah pojavljajo
obcasno in kazejo mo¢na sezonska nihanja. Prav Zato so pcjav teh polutantov na Aljaski
pripisali daljinskemu zraénemu prenosu. V Skandinavi’i so opravili vrsto obsirnih
raziskav, s katerimi so dologili polutante, ki s= prena';éajo z daljinskim irac':nim prenosom..
Ugotovili so, da padavine iz zraénih mas, k: pridejo iz Evrope, vsebujejo desetkrat ved
elementov v sledovih v primerjavi s padavinami, ki f)ridejo s podrocja severnega Atlantika
[12]. Poleg mzteorcloskih pogojevje pomemben faktor,’ ki vpliva na prenos elementov z
zrakom, tudi hitrost usedanja. Najpodasneje se usleda selen, pribliinq enako pocasi Se
arzen, svinec in cink, nate sledita vanadij in krom; n|ajveéji razpon hitrosti.u'sedanja imata
baker in nikelj, ki se lahko usedata zelo pocasi ali p‘é tudi precej hitro [12]. Zanimivo je,
da se vecina elementov usede z mokrim in ne s s‘luhim depozitom; tudi temu je vzrok
daljinski zracni prenos. Cawse [13] je ugotcvil, da: moker depozit lahko prispeva 80 do
100 % od skupnnega useda svinca, cinka, bakra in kiobalta ter 60 do 80 % za nikelj, arzen,
antimon, krom in selen. Visoke koncentracije antr:opogenih elementov v padavinah so

ponavadi zdruZene s povecano koncentracijo sulfatﬁega iona, posebno na delcih pod 1.0

um premera [12].




Zanimivo je, da so v padavinah na primerjalni lokaciji v Podvolovljeku vi§je koncentracije
makroelementov (kalcija, kalija, magnezija in natrija) kot v Sale§k_i dolini. To lahko

pripiSemo predvsem prahu, ki ga'dviga veter iz okcliskih neporaslih hribov.

Iz rezultatov je razvidno, da so v padavinah na Velikem vrhu koncentracije elementov v
sledovih najvigje.
Ce primerjamo koncentracije elementov v padevinah s tipi¢nimi koncentracijami

elementov v padavinah na neurbanih podrogjih v svetu, lahko ugotovimo:
* v padavinaa na Velikem vrhu so povecane koncentracije Al, Fe, Cu, Cd in Sb.

e v padavinah na vseh lokaéijah so povetane koncentracije As, Ba, Br, Co, Cr, Hg, V

b

in Zn.

“Ker je lokacija Veliki vrh le 2 km zraéne razdalje od TES, lahko poviSane koncentracije
aluminija in Zeleza v padavinah na Velikem vrhu razloZimo kot posledico usedanja vegjih

delcev, v katerih sta ta dva elementa (>2 um premera).

Ker veljajo termoelektrarne za glavni antropogeni vir Zivega srebra, kobalta in antimona,

ne preseneca povecana koncentracija teh elementov v padavinah.

Povecano koncentracijo bakra in kadmija v padavinah v bliZini TES (na Velikem vrhu)
lahko pripisemo precej veliki hitrosti usedar;ja teh elementov, ki po Pacynu [12] znasa do

1.5 cm/s.

Arzen, brom in Zivo srebro prihajajo iz dimnika v atmosfero pretezno kot plini, kjer se
adsorbirajo na zelo majhne delce in zato lahko potujejo z zraénimi masami zelo dale¢

[14]. To je verjetno vzrok za njihovo povisano koncentracijo v padavinah na vseh treh

lokacijah.

Elementi cink, vanadij in krom imajo zelo nizko hitrost usedanja (okoli 0.4 cm/s), zato
veljajo za polutante, ki se z zranimi masami prena3ajo na dalj$e razdalje [12]. Zato so

njihove koncentracije pribliZzno enako povecane na vseh treh lokacijah.

Elementna analiza padavin kaZe na povetane koncentracije v padavinah v neposredni
bliZzini Termoelektrarne Sostanj. Lokalni polutanti v padavinah, ki se usedajo na tla v
neposredni bliZini vira, so arzen, Zelezo, kadmij, beker in antimon. V padavinah so ne

glede na oddaljenost od Termoelektrarne Sostanj povecane koncentracije arzena, barija,
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broma, kobalta, kroma, Zivega srebra, vanadija in cinka. Ti elementi torej potujejo z

daljinskim zraénirm prenosom.

4. LITERATURA

[1] Brechtel, H.M. 1989, Bulk precipitation deposition of inorganic chemicals in forest

areas and its influence on water quality in the Federal Republic of Germany.- IASH

Publ. No. 179, 221-228, Baltimore.

[2] Brechtel, H.M. 1991, Acidic precipitation deposition of air pollutants and its
influences on the chemical quality of forest soring water in the Hessian highlands.-

Mitteilungsbla:t des Hydrographischzn Dienstes in Osterreich, Nr. 65/66, 178 p.p.,

Wein.

[3] Kleemola, S. & Séderman, G. 1993, Manual for integrated monitoring - Programme

Phase 1993-1996.- Environmental Report 5, 38 p.p., Helsinki.

[4] World Meteorology Organisation, 1976, Sampling and analysis of precipitation.- In:
Operations handbook for measurement of background atmospheric pdllution, 22-52,

Washington.

[5] Jeran, Z., Smodis3, B. & Je¢imovié, R. 1993, Multielemental analysis of transplanted |
lichens (Hypogymnia physodes, L. Nyl.) by instrumental neutron activation analysis.-
Acta Chimica Slovenica 40/4, 289-299, Ljubljana.

[6] Smodis, B. 1991, Stijdij in razvoj ko-standardizacijske metode za nevtronsko
aktivacijsko anclizo bioloskih in ekoloskih vzorcev.- 102-125, Ljubljana. (Disertacija.

Fakulteta za naravoslovje in tehnologijo, Oddelek za kemijo in kemijsko tehhologijo.}

[7] Brechtel, H.M. 1989, Monitoring wet depbsition in forest - Quantitative and”
qualitative aspects.- Alir Pollution Report Series, Report No 21,'39-63, Brussels.

11



[8] Landsberger, S., Vermette, S.J. & Drake, J.J. 1987, Sulfur, Halogens, and Heavy
Metals ir. Urban Summer Rainfall.- ACS Symposium Series 349, 215-218, Boston.

[9] Barrie, L A. & Schemenauer, R.S. 1989, Wet deposition of heavy metals.- In; Control
and Fate of Atmospheric Trace Metals, NATO ASI Series, Series C: Mathematical and
Physical Sciences - Vol. 268, 203-231, Boston.

[10] Kabata-Pendias, A. & Pendias, H. 1986, Trace elements in soils and plants.- CRC
Press, Inc., 1-256, Boca Raton, Florida.

[11] Howells, G. 1989, Acid rain and acid waters.- Ellis Horwood Series in

Environmental Science, 30 p.p., London.

[12] Pacyna, J.M. 1989, Source-Receptor Relationships for Atmospheric Trace
Elements in Europe.- In: Acidic Precipitation, Volume 3: Sources, Deposition and

Canopy Iateractions, Springer-Verlag, 49-71, New York.

[13] Cawse, P.A. 1980, Inorganic Pollution and Agriculture.- Ministry of Agriculture,
Fisheries and Food, 326 p.p., London.

[14] Norton, S.A,, Dillan, P.J., Evans, R.D., Mierle, G. & Kahl, J.S. 1989, The History
of Atmospheric Deposition of Cd, Hg, and Pb in North America.- In: Acidic
Precipitation, Volume 3: Sources, Deposition and Conopy Interactions, Springer-

Verlag, 73-101, New York.
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. RAZISKAVE PREHRANSKIH RAZMER ZA SMREKO IN BUKEV V VPLI VNEM
OBMOCJ Ur ES

. PROUCEVANJE ONESNAZENOSTI GOZDNIH TAL V IMISIJSKEM OBMOCJU TES
S PARNO PRIMERJALNIMI RAZISKOVALNIMI OBLEKTI
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. UGOTAVLJIANJE STRESA NA OSNOVI ANALIZE ZASCITNIH SUBSTANC IN
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Projekt: ONESNAZENJE ZRAKA, PADAVIN IN VODNIH VIROV V SALESKI
~DOLINI , |
| -
Podprojekt: a) Zgoslen popis propadanja gozdov na obmoéju GGO Nazarje in
Slovenj Gradec |
b) Pedoloske raziskave

|

|

Sodelavci podprojekta: mag. DuSan Jurc, dipl ﬂlOl. vodja na GIS
Nevenka Bogataj, dipl. 1inz gozd., MR (do 1. 12. 1995)
Lado Elersek, dipl. inz. gozd.
Polona Kalan, dipl. inz. kem., MR (do 1. 12. 1995)
dr. Hojka Kraigher, d1p1i b101 dipl. inZ. gozd., MR (do 1.
6.1994
mag. Primoz Simon¢ic, dlpl inz. les., MR (do 1. 6..1995)
Ivan Smole, dipl. inz. ngd
mag. Igor Smclej, dipl. inz. gozd.
dr. Marjan Zupanéié, dipl. inz. gozd

|
\
|
II. Porocilo o realizaciji predloZenega programa dela: |

Osnovno izhodis¢e raziskave je temeljilo na s Stevilnimi raziskavami dokazano Skodljivo
ucinkovanje onesnazenega zraka na gozdni ekosmten:ll vendar v obravnavanem obmocju do
zacCetka raziskave nismo razpolagali s podatki o koli¢inskem vnosu polutantov ter njihovimi
uCinki na tla in vegetacijo. Z ozirom na visoke koncentracue polutantov v zraku smo imeli
namen ugotoviti spremembe v tleh in jih bkrati prlmerjatl s koli€inami polutantov v rastlinah.
Zeleli smo ugotoviti razlike med mo&no onzsnazenimi predeli in bolj &istimi, ne le v okviru
kemijsko merljivih parametrov ampak tudi na nivoju qdzwa rastlin (bioindikatorjev - rastlin in
gliv). Poleg tega smo imeli namen pridobiti podatke ne le za stanje v vplivnem obmocju TES
ampak tudi za predele, ki bi jih v Sloverij lahkoi obravnavali kot malo obremenjene z
onesnazenim zrakom (Pokljuka).

Delovna hlpoteza ki smo jo z nacrtovano raziskavo zeleh preveriti ]e bila: Onesnazem zrak,
katerega vir je TES, povzroda merljive poskodbe vegetacije (bioindikatorjev - drevja), merljive
_spremembe kemijskih lastnosti tal (kar bi pokazala| pama pnmeljava med bolj in manj
onesnazenimi predeli) in spremembe v talni mikoflori (predvsem izginjanje mikoriznih gliv).
Delo sodelavcev GIS je v celotnem trajanju projekta potekalo v tesnem sodelovanju z delom na
Agronomskem oddelku BF. .

Delo prikazujemo po tematskih enotah: : ’i

1) Popis poskodovanost gozdov (Dusan Jurc) '

2) Raziskave prehranskih razmer za smreko in bukev v vplivniem obmo&ju TES (Primoz
Simon¢ic)

3) Proucevanje onesnazeuostl gozdnih tal v imisijskem obmog&ju TES s parno primerjalnimi
raziskovalnimi objekti (Mihej Urbancic) |

4) Raziskave mikorize (Hojka Kraigher)



1. POPIS POSKODOVANOSTI GOZDOV



1) Popis poskodovanost gozdov

Metode dela l
Za ugotavljanje poSkodb drevja smo uporabili metodo popisa poskodb gozdov, ki je predpisana
v okviru Mednarodnega programa sodelovanja Ugotavljanje in monitoring vplivov
onesnaZenega zraka na gozd UN/ECE Konvencije o daljinskem transpotu onesnazenega zraka
preko mej (UN/ECE CLRTAP) (opisana je v: Manu'al on methods and criteria for harmonized
- sampling, assessment, monitoring and analysis of the effects of air pollutlon on forests. 3rd ed.
1994, 177 str.) |
Popis je bil opravljen dvakrat: leta 1993 in leta 1995 (prvi posebej za potrebe tega
‘raziskovalnega projekta, ker v Sloveniji nismo izvedli popisa na 4X4km mrez, drugi¢ pa v
okviru rednega Stiriletnega rednega popisa poskodb gozdov v Sloveniji). Popis je bil opravljen
-na mrezi popisnih ploskev na 4X4 km mrez v Gozdnogospodalsklh obmo¢jih Nazarje in
Slovenj Gradec. l

Rezultati

Na preglednici 1 in 2 so prikazani rezultati popisa poskodovanostl gozdov v letu 1993 in 1995,
na sliki 1 pa primerjava poskodovanost obeh popisov!

Pr egledmca 1:

STOPNJE POSKODOVANOSTI DREVES ZA OE NAZARJE IN SLOVENJ GRADEC V LETU 1993

0 1 2 3 4 2-4 1-4 0-4
Drevesna vrsta | N % N % N % N % | N Y% N % N % N %
smreka 207| 17.6] 549| 46.6] 111| 9.4 310| 263 0 0| 421| 35.8] 970] 82.4{ 1177| 100
jelka 4/ 49 17( 20.7 19{ 23.2 421 51.2 0 0 61| 74.4 78] 95.1 821 100
bor 11} 159 37| 53.6 71 10.1 14] 20.3 0 0 21} 304 58] 84.1 69} 100
0. igl. 16| 59.3] © 11| 40.7 0 0 0 0 0 0 0 0 11| 40.7( 27| 100
bukev 164| 74.9] 48| 21.9 4 1.8 31 1.4 0 0 71 3.2] 55| 25.11 219 100
hrast 9] 40.9 9] 40.9 11 45 31 13.6 0 0 4] 18.2 13] 59.1 22y 100
o. list. 92 82.1| 12} 107 2] 1.8 6] 5.4 0 0 8 7.1 20 17.9( 112{ 100
iglavei 238| 17.6| 614{ 453 137| 10.1] 366 27 0f 503| 37.1} 1117| 82.4| 1355} 100
listavei, 265) 751 69 19.5 7 2 12| 34 0 0 19] 5.4 88] 249 353} 100
skupaj 503| 29.4) 683| 40,0) 144| 84| 378 22.1 0 0| 522 30.6] 1205| 70.6{ 1708 100
|
Preglednica 2: !
STOPNJE POSKODOVANOSTI DREVES ZA OE NAZARJE IN SLOVENJ GRADEC V LETU 1995
0 1 2 3 4 2-4 -4 0-4
Drevesna vrsta | N % N % N % N % N % N % N % N %
smreka 721 73| 620| 62,50 2541 25,6] 22{ 22| 24| 2,4 300 30,2 920 92,7} 992] 100
jelka 0 0 18 22,7 48} 60,8 10 12,7 31 3,8 611 77,2 791 100 79} 100
bor 14 16,3 41| 47,7} 26{ 30,2 21 2,3 31 3,5 31| 36,1 45] 52,3 86| 100
o. igl 12] 52,2 8| 3438 2l 8,6 1| 44 31 13,0 11| 47,8 23| 100|
bukev 136 67,7| 49) 243 10| 5,0 31 1,5 3 L5 16 8,00 65{ 32,3 201] 100
hrast 5{ 45,5 6] 54,5 0 0 6] 54,5 11 100
o. list. 96| 80,0 16| 13,4 4 373 If 0,8 31 25 8| 6,7 . 24| 20,0} 120] 100
- A

iglavci 98| 8,3 687 58,2 330{ 28,0 34| 2,9 31| 2,6 395 33.4; 1082] 91,7( 1180 100
listavei 2371 714 71| 21,4 141 4,2 4 1,2 6 1,8 24 7,2 93| 28,0f 332| 100
skupaj 335 22.2] 758 s0.1] 344 22.8] 38] 2,5| 37] 2,4 419 27,7 1177] 77,8 1512] 100




Slika 1: Primerjava poskodovanosti gozdov iz popisov leta 1993 in 1994:

POSKODOVANOST GOZDOV OE NAZARJE IN SLOVENJ GRADEC
1993, 1995 - vse drevesne vrste

%

1993

0 1 2 3 4 2do 4’

razred poskodovanosti

B 1995
0 1 2 3 4 2do 4
razred poskodovanosti
POSKODOVANOST GOZDOV OE NAZARJE IN SLOVENJ
GRADEC 1993, 1995 - iglavci
1903
|1995
razred pcskodovanost
POSKODOVANOST GOZDOV OE NAZARJE IN SLOVENJ GRADEC
1993, 1995 - listavci
31993
B’ 1995




V letu 1993 je bil popis opravljen na 63. ploskvah (na vsaki ploskvi je popisanih 24 dreves), leta
1995 na 71. ploskvah. Iglavci so v vzorcu udelezemi v skoraj 80%, kar kaze na veliko
spremenjenost naravnih meSanth gozdov na tem obmocju. Najpomembnejsi pokazatelj
celokupne spremembe poSkodovanosti vseh drevesnih vist je aglomeracija razredov
poskodovanosti 2-4 (nedvoumno poskodovana drevesa, osutost 25%-99%), ki se je od leta
1993 do leta 1995 zmanjSala za 3% (od 30,6% na 27,7%). Sprememba poskodovanosti ni
velika in ne moremo ocenjevati, da gre za dolgcroéni trend izbolj$evanja stanja gozdov.
Izjemno zanimivi pa so rezultati poSkodovanosti po posameznih razredih poskodovanosti.
Opazimo lahko, da je prislo do velikih premikov med posameznimi razredi: izredno se je v letu
1995 zmanjSalo Stevilo dreves v razredu poskodovanosti 3 (od 22,1% na 2,5%), povecalo pa se
je Stevilo dreves v rezredu poskodovanost 2 (od 8,4% na 22,8%). Celotno spremembo je
povzrodila izkljuCno sprememba stanja iglavcev. Do veljih premikov je prislo tudi med
razredoma 0 (neposkodovana drevesa) in 1 (rahlo poskodovana drevesa, osutost do 25%), saj
se je Stevilo neposkodovanih dreves zmanjsSalo za 7% (od 29, 4% na 22,2%) Stevilo rahlo
poskodovanih pa povecalo za 10% (od 40% na 50,1%). Doslej pri popisih poskodovanosti
gozdov mismo zabelezili tako velikih premikov med razredi poskodovanosti v tako kratkem
razdobju. Ali je ta rezultat e posledica reduciranih emisij TES (ne le zaradi priSetka
obratovanja razzveplsvalne naprave, ampak tud: zaradi zmanjSevanja obratovanja pri
previsokem onesnaZerju zraka) ne moremo z gotovestjo potrditi, je pa mogoce. Verjetno so k
temu rezultatu prispevale tudi ugodne vremenske razmere za vegetacijo v letu 1995, ko pred
popisom poskodovancsti ni bilo ekstremnih, stresnil vremenskih razmer (niti neobicajen zimski
mraz, niti susa) in relativno neugodne razmere za vegetacijo v letu 1993. ZmanjSanje Stevila
popolnoma neposkodaovanih dreves je mogo&e prav tako razlagati izredno nezanesljivo. Morda
gre za zakasnele uinke akumuliranega onesnaZenja tal, kar nakazujejo ostale raziskave tega
projekta.

Na sliki 2 prikazujemo prostorsko razporeditev paskodovanostl v letu 1995 na obmocju
raziskave. (naslednja stran)

Opazimo lahko, da poékodovanost gozdov ni enostavano odvisna od oddaljenosti od najvecjega
vira onesnazevanja zraka. Odvisna je ne le od izpostavljenost direktnemu vpliva onesnazenosti
zraka in nparavnim stresnim dejavnikom, ampak tudi od kakovosti rastiSéa in od
"spremenjenosti” sestave gozda (od velikosti odmika od stabilnzga naravnega gozda).

Zakljucek

Popis poskodovanosti gozdov v letih 1993 in 1995 je nepri¢akovano zasledil izredno velike
skoke med delezi dreves v posameznih razredih poskodovanosti. Ali ti skoki pomenijo tudi
dolgoro¢ni trend izbcljSav zdravstvenega stanja gozdov na vplivnem obmocju TES bodo
pokazali popisi poskodovanost v naslednjih letih.
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2. RAZISKAVE PREHRANSKIH RAZMER ZA SMREKO IN BUKEV V VPLI VNEM
OBMOCJU TES



2) Raziskave prehranskih razmer za smreko in bukzv v vplivhem obmo&ju TE So$tanj

Namen 1n cilj raziskave:

Na osnovi nalogz “Raziskave mineralne prehrane za smreko na distri¢nih rjavih tleh na tonalitu
v vplivnem obmodju TE Sostan;” (S[MONCIC 1992) ter ze opravljeno in tekoce raziskovalno
delo Stevilnih raziskovalcev o vplivu TE Sostanj na tla -n vegetacijo, smo na GIS Zeleli oceniti
vpliv odpadnih plinov iz TE Sostanj na gozdna tla in prehranske razmere za smreko ter bukev.

V Sloveniji v preteldosti nismo posvetali dovoli pozornosti raziskavam vsebnostim in
preskrbljenosti gozdnega drevja z mineralnimi hraniii. Tako je bilo doslej izvedenih le nekaj -
foliarnih analiz v zvezi s proucevanjem prehranskih razmer sadik gozdnega drevja v gozdnih
drevesnicah in nekaj studij mineralne sestave smrekovih iglic v odraslih sestojih (KALAN,
1980, KRAIGHER, 1991). -

Razliéni abiotski in biotski dejavniki (geolo$ko - petrografske, podnebne razmere, bioloska
aktivnost tal, itn) in antropogeni dejavniki (gospodarjenje z gozdom, imisije onesnaZenega
zraka) vplivajo na motaje glede preskrbljenosti gozdnzga drevja s hranili. Med moznimi vzroki

poSkodb gozdnega crevja so razliéne fizioloske motuje, nezadostne in neharmoni¢ne '

prebranske razmere ter spremembe v kroZenju snovi v gozdu.
Cilji naloge raziskave mineralne prehrane v vplivaem obmodju TE Sostanj so:

e proucevati letni hod hranil (predvsem Zveplo) za smreko v bolj (Prednji vrh pri Zavodnjah)
in manj onesnazenem okolju (Pokljuka),

o spremljati prehranske razmere za smreko in bukev na poskusnih objektih v vplivnem
obmo&ju TE Sostanj (Prednji vih) in na drugih ploskvah (stalne raziskovalne ploskve) ter
ugotoviti morebitne povezave s talnimi lastnostmi, or.okrim depozitom,itn.,

~ o spremljati vnos kislega depozita na raziskovalni ploskvi na Prednjem whu ter ugotavljati

razlike v sestavi kapljevine pod kroSnjami razliznih drevesnih vrst (bukev - smreka) in na

prostem (ob imisijski merilni postaji Zavodnje).

Opis dela

V letu 1995 smo kontali z delom terenskih raziskav na Prednjem vrhu (onesnaZeno okolje -
TE Sostanj), na Osankarici (manj onesnazeno okolje) in na Pokljuki (Cisto okolje):

e vzorenje talnih vzorcev na Prednjem vrhu (smrekceva ploskev) in na Osankarici (smreka,
manj onesnazeno okolje), vzoréenje je bilo izvedeno 1989 in 1994 leta,

o vzorenje smrekovih iglic za spremljanje letnega hoda (Prednji' vih < Pokljuka) ter
vzorCenje listja in iglic za ugotavljanje prehranskih razmer v bolj in manj onesnaZenem
okolju (Prednji vrh <> Osankarica < Pokljuka),

o vzorcenje sestojnih padavin (kapljevine in debelne occedne vode) ter padavin na prostem.



METODE DELA

Tla smo vzor¢ili 1989 in 1994 leta kvantitativno s pomod&jo kvadrata (25 cm x 25 cm) z
lesenim okvirjem (Ol, Ofh sloj) in z valjastim svedrom (sloje 0-5 ¢cm, 5 cm - 10 cm in 10 cm -
20 cm). V tleh smo po pripravi vzorcev dolodili pH (H20), pH (CaCl2) vrednosti, celokupni C,
N, S, P, K, Ca, Mg, izmenljive ione (Ca®*, Mg, K*, AI**, Fe**, Mn®", H").

Iglice smrek in listje smo vzoréili po metodologljl vzorcenja smrekovih in borovih na 16 km x
16 km bioindikacijski mrezi Slovenije (KALAN 1990) in po mednarodni metodologiji, ki jo
priporo¢a strokovna skupina za mineralno prehrano (Foliar Analysis Expert Pannel ICP -
Forests). V obdobju rasti smo foliarne vzorce nabirali vsakih $tirinajst dni, v jeseni in pozimi pa
na stiri tedne. Vzorce vod (padavmskl vzorci in vzorci talne raztopine) pa smo vzoréili vsakih
Stirmajst dni od maja 1994 do junija 1995. Padavine smo zbirali po "throughfall" metodi, ki je
“opisana, tako kot tudi metoda vzordenja talne raztopine, v navodilh za izvedbo monitoringa
depozita na raziskovalnih ploskvah ICP-ECE in ECZ-IM projektov (Intemational Co-operative
Programme on Assessment and Monitoring of Air Pollution Effects on Forests 1994).
Smrekove iglice in listie bukve smo v laboratoriju GIS posusili, zmleli in homogenizrali. V
vseh vzorcih smo v letu 1995 doloéili dolo¢ili celokupno vsebnost Zvepla z elementno analizo,
v vzorcih enoletnih smrekovih poganjkov pa e dusik po Kjeldahl-ovi metodi in makroelemente
(P, K, Ca in Mg) po kislinskem razkroju vzorcev z meSanico HNO; in HCI1O, v razmerju 5:1.
V padavinskih vzorcih in vzorcih talne raztopine smo doloéili pH vrednost, elektroprevodnost
(Ep), vsebnost sulfatnih, nitratnith in kloridnih ionov (ionska kromatografija), bazi¢ne katione
K" s plamenskim fotometrom ter Mg® in Ca* z AAS spektrometrom, A’ pa smo
dolocevali le v talni raztopini z AAS spektrometrom. '

-REZULTATI

Gozdna tla

Na preglednici 1 in 2 so prikazane lastnosti talnih vzorcev iz Prednjega vrha (smreka) in
Osankarice (smreka), ki smo jih vzoréili v letu 1989, analizirali pa leta -1995. Na obeh objektih
so distri¢na rajava tla na tonalitu. Kemijski rezultati so podani kot povprecne vrednosti za pet
podploskev iz vsakega raziskovalnega objekta (n = 5).

kraj sloj pH pH C N C/N | K Ca Mg S
(cm) H,O |CaCl| gkg g/kg mg/kg mg/kg mg/kg | mykg | mg/ke
Prednji vih ol 40| 3.6 509 16.0| 31.8 627 676 4023 392 1630
1989 of 371 32| 446| 158 282 598 540 3523 | 1045 1680
0-5 40| 3.6 174 6.9 | 25.2 429 1069 2181 | 5831| 1010
5-10 44| 40| 82 44] 186 371 1169 2667 | 7804 770
1020 | 48| 43 54 32| 169 373 1250 3148 | 8612 800
Prednji vih | Ol 40| 35 469 1365 650 6154 389 938
1994 Ofh 36| 3.0 434 13.0| 33.5] 2061 177 3495 526 1842
0-5 39| 35 179 65| 269 1780 | 1109 2200 | 6494 1062
5-10 47| 44 74 35| 209 1428 1105 2181 | 8755 638
10-20 46| 43 54 22| 241 1276 1080 3144 | 9657 644

Preglednica 1 : Kemyske lastnosti (pH vrednosti v vodui raztopini in raztopmi CaCl,, skupne
vsebnosti C, N, P, K, Ca, Mg in S ter racunsko C/N) slojev tal s 25 cm x 25 cm ploskev s
Prednjega vrba (povprecne vrednosti, n = 5} vzorCenih leta 1989 m 1994.



kraj sloj [(pHH,0| pH C N C/N P K Ca Mg S

(cm) CaCl | g/ke g/ke mg/kg | mgkg | mg/kg | mg/kg | mg/ke |

Osankarica ol 4.0 3.6 522 162 322 533 792 | 3329 213 1290
1989 of 3.6 3.1 380 1291 29.5 515 796 | 2272 520 1350
0-5 3.7 3.1 158 7.6 208 393 531 506 771 780

5-10 3.8 32 92 57 161 324 553 963 | 633 550

10-20 4.2 3.6 72 42 17.1 300 495 386 | 1056 440

Osankarica | Ol 4.2 38 455 11.0| 43.C 1851 779 | 3993 491 1234
1994 Of,h 3.8 33 297 12.6 23.¢ 2235 765 | 2036 880 1413
0-5 3.8 33 130 55| 203 1655 502 865 862 756

5-10 4.2 35 79 39| 207 1093 517 962 | 1043 624

10-20 4.1 | 3.9 69 32 21.6 923 503 1046 | 1404 558

Preglednica 2 : Kem:jske lastnosti (pH vrednosti v vodni raztopini in raztopini CaCl,, skupne
vsebnosti C, N, P.K. Ca, Mg, S in racunsko C/N) slojev tal s 25 cm x 25 cm ploskev na
Osankarici (povprecne vrednosti, n = 5) vzorcenih leta 1994 in 1995.

Na preglednicah 1 in 2 vidimo, da ni vedjih razlike med analiznimi rezultati posameznih slojev
tal na Prednjem vrhu glede na leto vzoréenja. Opazne razlike so predvsem v vsebnosti
skupnega kalcija in Zvepla v opadu (Ol) ter skupnega foforja (vi§je vsebnosti v vzorcih iz L
1994). Na Osankarici pa so razlike glede vsebnosti ogljika (nizje vsebnosti so v vzorcih tal iz
1994 1.), C/N razmerja (v letu 1994 so visja razmerja), vsebnosti skupnega fosforja (tudi vi§je
vsebnosti v letu 1994) in vsebnosti kalcija ter magnezija v opadu (vecje vrednosti v letu 1994).

Mineralna prehrana

Analizni rezultati vsebnosti skupnega Zvepla v eno in dvoletnih iglicah (preglednica 3) so
pokazali razlike v obremenjenosti ploskev z emisijami Zvepla in s tem smiselnost njihove
postavitve (Prednji via v-vplivnem obmocju TE Sostanj, Osankarica, Pokljuka).

vsebnost zvepla (%)

nad. | vzorCenje - 19891 vzorcenje 1994 1.
mesto vzorcenja viS. | dvoletneig. enoletneig. | dvoletneig. enoletne ig.

(m) 1988 1989 1993 1994
Zavoduje-Prednji vrh 830 2.93 2.14 2.55 2.39
Osankarica - kont. pl. 1200 1.39 1.22 0.98 0.99
16kmx16kmBIM* 1.32 1.21 / /
Pokljuka - kont .pl. 1200 / / 1.06 0.78

* BIM - bioindikacijska rareza Slovenije, povprecje

Preglednica 3: Vsebnosti skupnega Zvepla (%) v eno in dvoletnih iglicah smrek vzorcenih
19891. n 19941



Ploskev na Prednjem vrhu se nahaja v obmoclju povecane emisije, v katerem lahko
pri¢akujemo poskodbe drevja zaradi Zvepla. Ploskvi na Pokljuki in na Osankarict pa sta je manj
obremenjeni, vsebnosti so ob&asno nekoliko povedane in viSje od naravne vsebnosti Zvepla v
smrekovih iglicah. '

Na shiki 1, kjer so prikazani letni hodi vsebnosti Zvepla v eno, dvo in triletnih (krajSe obdobje)
smrekovih iglicah na Pokljuki (ploskev v bliZini barja Sijc) in na Prednjem vrhu (april 1993 -
julij 1994), se vidijo iako razlike v vsebnostih Zvepla med vzorci dveh z Zveplom razli¢no
obremenjenih okolij, kot tudi sezonski vpliv - vpliv zime (vedje imisije) na akumulacijo zvepla v
iglicah smrek na Prednjem vrhu. Med rezultati letnega hoda vsebnosti Zvepla v iglicah smrek na
Pokljuki ni ve¢jih razl:k med eno in dvoletnimi iglicami (slika 1), medtem ko so na Prednjem
vihu te razlike opazne. V obremenjenera okolju je ta razlika celo leto vec ali manj stalna. V
maju (Prednji vrh) in juniju (Pokljuka), ko poteka intezivna rast mladih iglic, se visoka zacetna
koncentracija zvepla v iglicah hitro zniza (podobno kot tudi vsebnosti dusika), nato pa se v z
zveplovim dicksidom obremenjenem okolju (Prednji vrh) poveCuje vse do mirovanja
vegetacije v jeseni. ' ’

Vsebnost skupnega 2vepla (Sy) v eno, dvo i triletnih smrekovih iglicah (mg/g suhe snovi)
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Slika 1: Letni hod vsednosti ﬁepla v priblizno dvajset let starih smrekah na Pokljuki (Sposs,
Spo92, Spoz3 and Spo94) in na Prednjem vrhu (Szao1, Szasz, Sza93 and Szav4), maj 1993 - julij 1994.

Padavine

"Na preglednici 4 pa so prikazane vrednosti letnega vrosa zvepla (v obliki sulfata) in dusika (v
. obliki nitrata) na Prednjem vrhu (ploskev v gozdu) in na ploskvi na prostem. Zaradi primerjave
so dodani Se rezultati meritev vnosa ‘sulfatnih in nitratnih ionov v sestojuih padavinah in v

padavinah na prostem na Bavarskem (KENNEL 1994). ' ‘ '



kraj mesto NO; -N SO, - S
vzorcenja kg/ha leto kg/ha leto
Predunji vrh na prostem 32 13.0
sestoj - smreka 1.1 32.7
sesto] - bukev 5.2 20.1
Fichtelgebirge | na prostem 5-7 11-15
sestoj - smreka 10-13] - 43 - 60
Bayerischer w. | na prostem 5-9 10 - 20
sestoj - smreka 7-16 24 -41
sestoj - bukev 6-9 11-19

Preglednica 4: Vnos Zvepla v sulfatni obliki in dusika v nitratni na raziskovalnih ploskvah na
Prednjem (maj 1994 - junij 1995) vrhu in na Bavarskem (1988 - 19921, KENNEL 1994).

Na preglednici 2 se jasno se razlodi razlika glede vsebnosti nitratnih in sulfatnih ionov v sestavi
kapljevine (padavine pod kro$njami smrek oz. bukev) in padavin vzorcenih na prostem tako na
Prednjem vrhu kot tudi v literaturnih vrednostih iz Bavarske. Na sestavo sestojnih padavin
vpliva vrsta vegetacije, pod katero vzoréimo padavine. Iz preglednice se vidi, da so razlike med
depozitom Zvepla in duSika (nitratna oblika) veCje v primeru vzorfenja pod smrekovimi
kro$njami kot pod bukovimi kro$njami.

Na osnovi zbranih meritev in literaturnih podatkov vidimo, da deluje smreka kot nekaksni
"zradni" filter. Krodnje smrek, bukev prestreZejo poleg mokrega depozita (dez, sneg) tudi del
suhega depozita (delci, plini, aerosoli). Del prestrezenih padavin se v kro$nji zadrZ in izhlapeva
v ozragje. Drug del padavin pa se steka po iglicah in kapa na tla pa steCe po deblu do tal
Sestava padavin se spremeni na poti od vrha kroSenj do gozdnih tal.

Kriti¢ne obremenitve za Zveplo se gibljejo med nekaj kilogrami do trideset in ve¢ kilogramov
zvepla na hektar na leto in so odvisne od padavin, vegetacije, nagiba terena, ekspozicije
teksture, drenaze in globine gozdnih tal, sposobnost tal da veze sulfatne ione in da sprosca
bazitne katione (KOMLENOVIC 1989). Na Prednjem vrhu smo za obdobje od maja 1994 do
junija 1995 ugotovili, da je bil vnos Zvepla v sulfatni obliki na smrekovi ploskvi vi§ji od 30 kg
Zvepla na ha, kar Ze presega zgoraj omenjene kritiéne vrednosti za gozd. TakSni vnosi pa ze
lahko povzrocijo spremembe kemizma gozdnih tal.

Viri :

1. Anon., 1994. Manual on methods and criteria for harmonised sampling, assessment,
monitoring and analysis of the effects of air pollution on forest. PCC WEST, BFH,
Hamburg, PCCe East, Jiloviste-Smady, 177 s.

2. Kalan, J., 1980. Foliarna vsebnost hranil smreke na nekaterih najbolj razsirjenih rastiscih v
Slovemjl na razliénih geoloko-petrografskih podlagah. Ljubljana, IGLG, 38 s.

3. Kalan, J., 1990. Obremenjenost gozdov z Zveplom leta 1989. Univerza E. Kardelja v
Ljubljani, BF, Zbomik gozdarstva in lesarstva 36, s. 183--198.

4. Kennel, M., 1994. Stoffeintracge in Waldgebiete Bayerns. AFZ, vol. 49, no. 2,’s. 69 - 72.

5. Komlenovié, N., Graéan J., 1989. Kriti¢ne vrijednosti optereCenja sumporom i duSikom.
Sum list, 6-8, s. 363 371.

6. Kraigher, H., 1991. Mineralna prehrana mikoriznih smrek na Pohoqu Magistrsko delo,
Biotehniska fakulteta, Oddelek za biologijo, Ljubljana 1991, 126 s.

7. Simonéi¢, P. 1992. Razmere mineralne prehrane za smreko na districnih javih tleh na
tonalitu v vplivniem obmocju TE Sostanj. Magistrsko delo. Ljubljana, BiotehniSka
fakulteta, Oddelek za agronomijo, 134 s.
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3. PROUCEVANJE ONESNAZENOSTI GOZDNIH TAL V IMISIJSKEM OBMOCJU TES
S PARNO PRIMERJALNIMI RAZISKOVALNIMI OBLEKTI



3) Proudevanje onesnaZenosti gozdnih tal v imisijskem obmo&ju SoStanjske
termoelektrarne s parno-primerjalnimi raziskovalnimi objekti :

1 UVOD

Termoelektrara Sotanj spada med najvedje onesnazevalce okolja v Sloveniji. Tako je npr.
leta 1990 oddala v zrak 92964 ton zveplovega dvokisa, 12389 t dusikovih oksidov in 5731 t
prasnih delcev (po viru RAJH-ALATIC Z. in sod., 1991). Odpadni plini iz njenih dimnikov
Skodljivo vplivajo tudi na gozdove v njenem imisijskem obmodju in mestoma povzro¢ajo
njihovo propadanje. Skodljivi vplivi Zveplovega dioksida in drugih onesnazevalcev zraka na
rastlinstvo v vplivnem obmo&ju TE Soitanj so Ze razmeroma dobro poznani (BATIC F. in
sod:, 1994; DRUSKOVIC B., 1990; FERLIN F., 1990; KALAN J. in sod., 1989; KOLAR I,
- 1989; KRAIGHER H., 1990; RIBARIC-LASNIK C., 1991; SMOLE I in sod., 1995,
idr.).Cedalje ve¢ je tudi $tudij, ki obravravajo vplive odloZin iz zarad: TES onesnazenega zraka
na gozdna tla (SIMONCIC P., 1992; SVETINA-GROS M., 1994, idr.) ter raziskav
onesnazenosti zraka, nadavin, voda, radioloske mentve ipd..

Na gozdarskem mstitutu smo prvo pilotsko raziskavo vplivov Skedljivih snovi 1z zraka na
gozdna tla in rastlinstvo na osnovi primerjanja lastnosti objektov s podobnimi rastiS¢nimi
razmerami a z razicno onesnazenostjo gozdov zastavili leta 1988 z veljim Stevilom
raziskovalnih ploskev na razliénih koncih Slovenijz (KALAN J., 1989; SMOLE L, 1990;
URBANCIC M., 1989 in 1992). Na osnovi the izkuenj so bili leta 1990 v imisijskem obmogju
TES (v gozdovih, ki nora§iajo rastii¢a na re¢nih usedlinah, na andezitskem tufu in na tonalitu-
te kamnine so med najbolj razsirjenimi na obmod&ju Saleske doline) osnovani trije pari stalnih
raziskovalnih objektcv za nadzor stanja gozdov, za spremljanje dogajanj v njih in Se posebej za
. ugotavljanje imisijskih vplivov TE Sostanj na gozdna tla in rastlinstvo. Na njih proucujemo tudi
stanje tal in zasledujemo morebitne spremembe v talnih lastnostih s ciljem, da ugotovimo
ucinke odlozin Zvepla in drugih odpadnih snovi iz onesnazenega zraka na gozdna tla
posledice teh vplivov na stanje, stabilnost in razvoj gozdonih ekosistemov.

V tem prispevku prikazujemo nacin izbora raziskovalnth objektov, metode pedoloskih raziskav
in vaznejSe izsledke o talnih lastnostih in onesnaZenosti tal na teh treh parih objektov.

Slika 1: Nahajalis¢a pamo-primexjalnih'razjskovalnjh objektov (naslednja stran)

11



1EY A uid e Boe 2y A

i

n.n..h- Enu-ﬂ\..... - )f\\eu.\.. /-n!u.ot:\ —~ : - Lo ' ’ .o
OZp ﬂ/,_nl,mmn T AN Zanga : eouBjUeSQ - O eolgalid - d eolsjodo] - 1

e e A WD) |

J..&.T\I.kliulu N sy

\n \..?.onz.:.“n.h ..Hm.m
e o ~., e\
pl‘ﬂ.“; ch ilmu:.uE
L\\.v..mn__L STy e SRS
- € fﬂ.u:-oo h.v..{n
=

~ ‘ 2 B . E= Topua b-tnono.‘
v _ RS TN RPN DR S P e T e L g T

yeluponez 1id Yia llupaid - Z UIA HIIBA - A oMolig - §
:nopiaqo yiujenoysized In1zeN

epjaiqo ebaujenoysizes elloeyo) D

=ana. o2 “Laiad

%(.:LZO.”F\} s T e fue— = uv-:\f\\.\-i Sbaitn .,.\.l.'-vu.-.o‘Run_Iﬂm

” IR S _W\II.. oue XTI V\\ ouwaue: it :..y__Zhw.
-1

~ . 22004

= Knrf.aw....g_.\. ni.u.s.o.H&wuﬁ,.%,M < (6861 ""pos Ul Nv1vM od eazaod af fipowgo yiuayda epey)
\5. M..:.”... A P Aopjalqo yiujeaoysized yiujelsawiid-oused egsijeleyeN :| eyis
(. .-._. >ﬂ Mﬂ”ﬂ:uﬂmm.:MMm.-ﬂ-.NML./ '\..l.h\fl.ﬂt\.u.lt..\.l\.ﬂln.hun SR .
:_.J”/ ﬁo; : Sng G pvee o =5 1 \u..m..#%\.m.wsw\ N e . : . .
Q . : ey q ..! A ) %.U:.Ox:oﬂ .\FN\ e 2 o .ﬁnaﬂ:e-gbrlvb.u’ \:mv\..nn.nw*—.ﬁ e 2t e S Jﬂ'nm,n\gkll\ \;R\..t..r\\\\.\.t R // .

P
BT 218 I AN e

=) Ty uauna g ray -h.n-
7™ ‘el : ._ x.:.:‘tn«ru\vq: T~ Tieme w.. ‘._W.U Eu S T \ S aadimewep |~ - u::.nu».b-hl ~ouuEw D2, !c.i.\llﬂl.n. .- 2haouer
. AL TR B i 7.-.\: ] T = 4 . ~21100
I 3 R .: : Ik 1 [ 21 . andor
:BW f J FIPIRE \__ y.w.n.h PysuIIC g TEDL ieiares R b....«SOh.:m-! ! s o 1_ TLEL) ; Ny e
=00 . : - BN = n//.;’o:.

oA e 5ia 594 =veizdoxng o A SO | Py PG LY’ Y0 w40 v : : m b \ 5 '
sivii1a 1349114 |L(:D..(u- ! ~77 el Foa Lot A SEEI) o — / N . 2 K . % Y /I/"/\
”Ismﬂh’}la.wm w lmll.\\ﬁf\ o Jn"h;b&on.n“.ﬂn“u\/_u..;ow. Gt~ wauﬁ . st o . & ) ok .| . - = ,'WNZ;wI o 2" g u.h\ ==

T Y IR e V-~ g G T Ty Ly~ S . T . e == .. SO .” : 4nJIN3
yn\ M iaroFD AT e e, nﬂ)/:: iTen d N 5 10 ,ELM/ . 3114432
rwantioy 67 LB, o NPT RUIEGN o siau 2019 @ utoo ; " e A N Y ang2i34 fro1 62
= ﬁ.||n.\| s\ﬂﬂuu:us/ﬂwﬂor:ﬂ_o__»v G I ) A, V \ :....:__a\w-Tw.ln.vl..n\-Ei!lvatb:-;
Wm 21 Eaite) /S e==veprpy ¥ 1] xE:- & A Of T = N.w,urll
- d = Py 4 D \ X b - eIy - gty | At S
1872 kion A. AN it S AT nyﬁ.m.ﬁ
o Wl P! :33 0] {u e 99955257
G oA , 7 Satindny
: i it S
=77 oy R AT e AP AR 2 ”
=0 “_nf:.rfs 7 N e Pt N
Po uus wv.n 13830050 INSHIAO TS g L
DTN 87 = £ui oot - /ﬂlhl!%t%.o,, — [ aspT ™ d . R 8
: auH\Vd 1T ./._”‘. L] :f._ ’ N \lU\ s, Uu\“-l, .i.:;: W N, - . gt
- m q y Fnr—— x T —r : @
<¥\) \M/A Sk -(1&::-.&7:5. ._cn:nll N\ nal - 2542 QLY - 8 R Ve ;T
S ~ p 3235705 Py e i Ly e L . % \I,Jgn.@ P
- 2ti0v, oy .Y.\(&‘.v =R =1 T P kil A X K
du;:,.m_ 37 i) ros (ielrA. :uox.\_ ki 327D Towridc Sy Y =3
- N - b, X, N .
ASN i = \ == k(2 04 Sebee
1IN ; (.:E\FSFW PARROLY : .JJ AMM...! S 1 - 20 . ) o.:.:?nms S
4 1 :o.Jv Iu(A:wb / T NS ?rI7 [ ‘ - D W n«WsuNu?oN. N =
. w0y :::2 Whomoy . g - -

\
RN
\\
L/
Ld

'3 IV I "3 iA

Soiil @_. TR X5 2
> U(-.::: “A: =T “nwvm... Z
V] [ 0 1%¢ L >
/J.“W/.//))w. Ao ujm“”,h PETAN s 11,1
SRR // a4 O A e 3 -(l\....n.n.ﬂ”ull...
¢ e lrsem ety ) & Tl L e R RS 626
\L«uvo_._ ' !.L.n ﬁnr.r ll\.) 2 l\Mu...lW\ = uﬂ. .i.l e
- et A-f:nou ] W S
Savss 12! sy, s T ) 7R
> g y fr el AT S o o .ME._.H —. pal
[ - ligiontt i~ N b S o
RN = 2.:..\.&.........““ 3 ilien; LA o efgomo euatTda euferoualod - ///// / >
=T W ) PIiT] N e i ™
- \n .- nh-:.m\t.h..m.:l\u)t(gs.h_ (I\I..\ \34 ﬁk uoxl. e ... \ 'L \\\ \H
_u.y :1.|\nu\nm“_ L«»&EZEM% N \.ﬁ\. oSl o ef00mq0 (PUATTAAOS) BUDUIJ3JIIIUT - \\\\\\ g
)m_hN.A\ TM%I wJ.\mMN - ..n Hu‘\yl\ﬂun..!::urlll.a ln:Nun.uu..\-e :: :—_
e meen e (M..::. .};m.m....h:qh. T < SV Ts5sac (y : ef20mq0 PUATTAA BUTBUODRUISHD - -
v..::\t.Ld _:h\“\JA\ \&G [ t>0u|/\ou.n ) o~ Hl.lhin\: - n.u. ;\xm. et LI T.lo-a-)/ )
.H.ﬁnsv(.\\:pv\o\:b.ﬁn : = R it - \\l.r\ S ,n-/\. 20 \/, lw o030 200q0 ouatTTda (3(upauso) ousfuuis - ¥ L
/Al: .l\.l”\“\.\ S :.k@ ann\_thutu ! H\s.:.:.i.lu// .v-vnw_.:n:nmt/J ..:w:(nv. 2iised =
o E . il
TSy Py P 1
R : Rz - )u ~T )3 .
) ﬂ.l\ I\IJ(\ A... |uh*“ﬂh\_\u~\ l \'A\.\l. i Y aQN3IO03 Lo
$ o/ Y= N\ e 1 .. '
- .UJP U\o\c. . . ..Iab;ur:\. #uoq,, Z¥ ~!
= G Py e fe
et Y-v/ ..l\.\.fchl\ —~ pes ~{ v s . i
D{ASVEoASE TR ARy X R = 4 S I = y ’ . --
. o e T > ejo TR et~ =t - CNVIQOS 4l WOAT1dA Z YOOGHO0 —
N nUo.;u 24 . = e - B " N\ . = ~ - S rew.
i . B : y :
.lA.l : e T~ - st LR S S .‘.\ ad . -. L. A . S PP




2 RAZISKOVALNI OBJEKTI IN METODE DELA
2.1 Opis nahajaliS¢ raziskovalnih objektov

Na stalnih raziskovalnih objektih se navadno prouduje vplive onesnazevalcev na tla tako, da se
na istem mestu ugotavlja spremembe talunih lastnostih v dolo¢enih ¢asovnih presledkih, n.pr. na
vsakih 5 let. V obravnavanem primeru pa je zaenkrat uporabljena metoda parnih primerjav.

Leta 1990 smo pod vodstvom pedologa Janka Kalana v osrednjem imisijskem vplivnem
obmod&ju termoelektrame Sostanj, ki ga imenujemo tudi Salesko imisijsko obmodje, izbrali 5
stalnih raziskovalnih objektov, enega pa smo poiskali vzhodno od tega obmodja, na
visokogorski planoti Pohorja. Objekte smo izbirali na gozdnih rastis¢ih, ki so med najbolj
razdirjenimi v Saleskem imisijskem obmo&ju in sicer tako, da sta si bila po dva raziskovalna
objekta razli¢na v stopnji onesnaZenosti, v ostalih ekoloskih razmerah pa &imbolj podobna.
Priakovali smo, da bomo s primerjanjem talnih razmer med objektoma v paru dobili Zeljene
podatke o spremembabh, ki jih v tleh povzro€ajo odloZine iz onesnazenega zraka ter o udinkih
teh sprememb na stanje obravnavanih gozdov. Kako mo¢no so objekti onesnazeni, smo sklepali
na osnovi njihovega polozaja v prostoru glede na TES, iz ocene poskodovanosti drevja zaradi
umisyy po ECE-metodi, iz stanja liSajev ter vsebnosti skupnega zvepla v vzorcih smrekovih iglic,
ki so bile na objektih odvzete za foliarne analize (FERLIN F., 1990; KALAN J. in sod., 1989;
KOLAR I, 1989; KRAIGHER H., 1990; RIBARIC-LASNIK C., 1991; SMOLE L., 1990
idr.). Rastis¢a gozdnih zdruzb je na osnovi svojih popisov vegetacije opredelil fitocenolog Ivan
Smole.

Dva objekta sta bila izbrana na rastis¢ih gozdne zdruzbe jelke z vilicastim mahom (Bazzanio
Abietetum WRABER (1953) 1958), v kmeckih gozdovih smreke s pretezno posamezno
primesjo gradna, domacega kostanja, rdeCega bora, jelke in bukve, v kateri prevladuje
skupinskoprebiralno gospodarjenje. Sestoji porascajo pobocne psevdogleje, ki so se razvili na
pliokvartamih fluviativnih sedimentih iz ilovice, peSCene gline in glinastega proda. Objekt na
Sirokem pri Lajsah je dvainpol kilometra oddaljen od TES, lezi severno od termoelektrarne in
Jje po nasih ugotovitvah bolj izpostavljen njenimi imisijskim vplivom od primerjalnega objekta
pri Topolsici, ki je po zraéni ¢érti od TES v smeri severseverozahod oddaljen Stiriinpol
kilometra.

Drugi par primerjaluih objektov je bil osnovan v raznodobnih kmeckih gozdovih na rastiséih
kisloljubnega gozda bukve, belkaste bekice in hrastov (Querco-Luzulo-Fagetum MARINCEK,
ZUPANCIC 1979), ki poraséajo rankerje, distri¢na rjava tla in sprana tla na andezitnih tufih,
- tufitth in vuolkanskih breah. Objekt na Velikem vrhu je trimpol kilometra (v smeri
jugjugozahod) oddaljen od TES, lezi v meSanem kmelkem gozdu bukve, kostanja, gradna,
rdeCega bora in smreke. Je pod mocnim vplivom njenih emisij. Blizu objekta je ANAS
(Analiticni Nadzomi Alarmni Sistem) postaja, ki meri onesnazenost zraka in druge
meteoroloske pojave. Objekt nad PireSico lez priblizno 10 km vzhodno od TES, na samem
~ robu imisijskega obmocja, v malo onesnazenem, raznodobnem meSanem sestoju gradna,
rdecega bora, bukve in kostanja, v katerem se je tudi steljarilo.

Peti objekt je postavljen v kmecki raznodobni bukov gozd s primesjo smleke rdecega bora in
macesna, ki lezi na Prednjem vrhu pri Zavodnjah, blizn druge ANAS postaje, severozahodno
od TES. Ceprav je od termoelektrarne oddaljen priblizno 8 km (po zraéni &rti), je objekt
mocno izpostavljen njenim imisijskim vplivom. Ta gorski kisloljubni bukov gozd z belkasto
bekico (Luzulo albidae-Fagetum s. lat.) porasca distri¢na rjava tla na tonalitu.

Sesti stalni raziskovalni objekt smo osnovali na Pohorju blizu Osankarice. LeZi priblizno 30 km
severovzhodno od TES, izven njenega osrednjega vplivnega imisijskega obmogja. Osnovan je v
enodobnem smrekovem debeljaku s posamezno primesjo bukve, jelke in gorskega javorja.
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Sestoj porasCa distriCra rjava tla na tonalitu, Potencialna gozdna zdruzba tega zasmrefenega
rastiSCa je uvrsCena v cbuboZano obliko visokogorskega pohorskega bukovega gozda (Saversi-
Fegetum, geogr. var. pohoricum KOSIR 1965, forma depauperata).

Raziskovalni objekti so bili osnovani na poloZznem terenu, kjer razvoj tal ni bil moten ali
prekinjen zaradi erozijskih procesov, vlak, poti, starih kopisé, ognjis¢, izvalov ter podobnih
vplivov in na mestih, ki so bili rastiS¢no in sestojno ustrezno homogeni na povrsini, veliki
najmanj en hektar .VaznejSe rastiS¢ne znacilnosti, ki so bile ugotovljene na objektih ob
fitocenoloskih popisih in opisih reprezentancnih taluih profilov, so prikazane v Preglednici 1.

2.2 Opis terenskih in laboratorijskih del

V letu 1990 smo izvedli tudi prva terenska pedoloska dela. Na vsakem izbranem raziskovalnem
objektu smo izkopali po en reprezentancni talni profil, ki prikazuje tla, znacilna za tisto rastisce,
ga opisali in iz njegovil genztskih horizontov in podhorizontcv odvzeli talne vzorce. V blizini
talnega profila smo iz treh kvadratnih ploskev, vsaka je bila velika 25 cm x 25 cm, odvzeli
kvantitativne vzorce tal iz sledeCih plasti: opada (Oy), fermentacijske plasti (Of), organskega
podhorizonta z Ze humificirano organsko snovjo (Op) ter iz sledecih globin tal: 0-5 cm, 5-10
cm, 10-20 cm, tako da za te plasti poznamo prostorninsko maso tal, kar nam je omogocilo
izvesti kvantitativne laboratorijske analize tal. Tako nabrani vzorci tal so bili analizirani po
standardnih metodah (opisane so v SIMONCIC P. 1992, URBANCIC M. 1989 in 1992 ter v
drugih na$ih pedoloskih prispevkih) v pedoloskih laboratorijih gozdarskih institutov v Ljubljani-
(IGLG oz. sedaj GIS) in na Dunaju (FBVA), deloma pa so arhivirani za bodoce primerjalne in
dopolnilne analize. Vzorcem so bile doloCene sledece lastnosti: tekstura; reakcija (pH v CaCly);
koli¢ina organskega cgljika (C) in skupnega duSika (N), ogljik-dusikovo razmerje (C/N),
rastlinam lahko dostopen kalij (K,0), fosfor (PyOs) in magnezij (Mg); izmenljivi kovinski
bazi¢ni kationi (K™, Ca™, Mgt™, Na™); izmenljiv vodik (H'); vsota izmenljivih baz (SB),
kationska izmenjalna kapaciteta (KIK), stopnja nasiCenosti z bazami (V).

Kvantitativimim vzorcem, odvzetim iz plasti z vnaprej dolo¢enimi globinami so bile poleg teh
parametrov na FBVA (Forstlichen Bundesversulisanstalt, Dunaj) dolocene z atomsko
absorbcijsko spektrofotometrijo (ekstrakcija z zlatotopko) celokupne vsebnosti sledecih tezkih
kovin: kroma (Cr), bakra (Cu), Zeleza (Fe), mangana (Mn), niklja (Ni), svinca (Pb) in cinka
(Zn). Na gozdarskem mstitutu so bile tem vzorcem z aparaturo Sulmhomat 12-ADG (suhi
sezig) doloCene Se koliZine skupnega Zvepla.
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3 IZIDI TALNIH PREISKAV IN UGOTOVITVE RAZISKAVE
3.1 Znadilnosti tal reprezentan¢nih profilov

Na objektu TopolSica so se na pliokvartamih reénih usedlinah iz pe3cene gline in glinastegd
proda razvila zelo globoka tla. Prevladuje globok, cistri¢ni, po¢ni psevdoglej s precej debelim
organskim hoizontom. Tudi na objektu Siroko so na pliokvartarnih sedimentih nastala zelo -
globoka tla. Tu prevladuje srednje globok (ker se psevdoglejni g horizont pojavlja v globini
pod 45 cm), distrini, pobo¢ni psevdoglej z razmeroma tankim organsklm horizontom.
Psevdoglejna tla reprezentanénega profila Siroko imajo v primerjavi s tlemi profila Topolswa
tanj$i organski horizont, so moénsje oglejena, v g horizontu vsebujejo veé gline, so manj kisla
(za okoli 1/2 stopnje vsebnosti pH (CaCl2)), vsebujejo nekoliko ved skupnega dusika (N),
imajo manjSo kationsko izmenjalno kapaciteto. V zgomjem delu so manj zasiene z
izmenljivimi bazami, v spodnjem g- horizoniu pa bol. '

Na objektu Veliki vih so se na andezitskih tufih in tufitih razvila zelo globoka tla. Prevladuje
podtip ilimeriziranega districnega kambisola. Tudi na objektu PireSica so na enaki kamnini
nastala zelo globoka tla. Tu prevladuje sreduje globox, distri¢ni, pobocni psevdogle;.

V primerjavi s tlemi iz velikoviskega reprezentanéneza profila so tla profila iz Piresic bolj kisla,
vsebujejo nekoliko ve¢ organske snovi in skupnega dusika, imajo oza ogljik-dusikova (C/N)
razmerja, z rastlinam dostopnim kalijem so bolie preskibljena, imajo pa niZje stopnje
nasi¢enosti z izmenljivimi bazami. Pri njih ;e illimerizacija slabe izraZena, imajo bolj glinasto
teksturo in slabso propustnost za vodo. Za razliko od velikovskega profila so srednje mocno
psevdooglejena.

Na objektu Prednji vrh pri Zavodnjah in na objektu Osankarica na Pohorju prevladujejo
globoka, tipicna, districna rjava tla na tonalitu. Distr-¢ni kambisol, predstavljen z zavodenjskim
reprezentanénim profilom, ima zelo podobne lastnosti kot tla pohorskega profila. Vzorci
pohorskih tal iz primerljivih globin praviloma vsebujejo manj organske snovi, so bolje
preskrbljeni z dostopnim fosforjem in magnezijem in imajo niZje stopnje nasienosti z
1zmenljivimi bazami od zavodenjskih.

Rezultati laboratorijskih analiz kvalitativnih talnib vzorcev iz . genetskih (pod)horizontov
reprezentanCnih profilov so prikazani v preglednicah 2, 3 in 4. -

3.2 Lastnosti kvantitativnih vzorcev

Kvantitativnim vzorcem, odvzetim iz ploskev, velikih po 25 cm x 25 cm, so bili doloGeni isti
parametri kot talnim vzorcem iz profilov, poleg teza pa s kislinskim razklopom in AAS Se
- celokupne vsebnosti nekaterih elementov, ki so za rastline in druge talne organizme pomembni
kot hranila ali (in) nevarni kot moZni zastrupljevalci. Zanimivejsi izidi laboxatonjsklh analiz
kvantitativnih vzorcev so prikazani v preglednicah 5 in 6.

- Na vseh objektih so imeli kvantitativni vzorci iz vnaprej doloCenih plasti v primerjavi s talnimi
vzorcl iz ustreznih (ekstrapoliranili) glotin reprezentznénega profila dovol; podobne lastnosti in
zato v tem prispevku niso podrobneje prikazani.
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Preglednica 2: Kemicne lastnosti vzorcev iz reprezentanénih talnih profilov

Kraj Horizont | Glcbina pH . Org.snov C/IN Skupni N Dostopni | Avezilable Dost./Avail
Location Horizon Depth (CaCly) Humus Total N P,O¢ K,O Mg
- (ar) plkp /e mp/kg me/ke mg/ky
TopolSica Ol 7-6 - - - - - - -
of 6-3 3,18 672 42 9.4 130 600 130
Oh 3-0 3,02 567 36 9.2 60 380 60
Ahl 0-1 337 133 24 32 sledovi 120 sl
Ah2 1-12 3.63 41 2 1,1 sl 100 sl
(B)v 12-44 3.65 17 7 0,6 sl 100 sl
B)vig 44-53 3.86 12 14 0,5 sl 80 C
gl 63-30 3.82 9 17 03 sl 80 o]
g2 80-10C 3,88 7 20 02 sl 80 o]
83 10¢+120 4,02 5 15 0,2 sl 40 c
Siroko ol 5-4 - - -1 - - - -
ot 4-1 . 4,11 521 20 17.8 10 230 sl
Oh 1-0 4,45 552 27 11.7 130 850 130
Ahl 0-4 394 175 24 43 20 200 st
Ah2 4-11 4,03 43 17 1.5 20 100 sl
(Bvl 11-25 4.11 22 16 0.8 sl 80 sl
Byv2 25-45 4,09 1% 13y 0.6 s 60 sl
gl 45-50 4,10 13 12 0.5 sl 50 0
g2 60-30 4,16 12 12 0.5 s 50 0
g3 80-100 4,22 1a 12 0.5 sl 70 0
g 100+120 4,25 E) 1¢ 0,5 sl 80 0
Veliki vih 0l 7-5 - - - - - - -
or 5-2 4,49 58 32 10.5 90 780 90
Oh 2-0 4,05 394 37 63 sl 300 0
Ah 0-19 422 73 35 13 s 130 0
L 10-26 426 2% 27 0.6 sl 100 0
(ByWE 26-41 4,20 14 20 04 sl 70 0
(B)v/Bt 41-61 4,15 S 13 04 sl 70 0
(Byvi 61-80 4.24 7 13 03 sl 70 0
(B2 80-.00 435 7 20 0.2 sl 60 0
(B3 100+120 4,35 7 20 0.2 st 60 0
Pircsica Ol 7-4 - - - - - - -
' of 4-3 4,46 741 33 132 180 970 180
‘Oh 3-0 3,16 483 22 12.5 130 880 130
Ah 0-6 3.21 169 31 32 sl 340 sl
E 6-16 3.83 40 23 1.0 sl 130 st
BBt 16-47 391 2% 24 0.5 sl 100 sl
sl 47-60 3.61 16 13 0.7 sl 200 0
g2 60-80 3,84 12 14 0.5 sl 250 0
g3 80-:00 3,84 10 12 0.5 sl 280 0
g4 100-120 3,85 9 10 0,5 sl 290 0
Prednji v. pri 0Ol 2-1 ) - - - - - - -
Zavodnjah or 1-0 ©3,93 655 26 14.8 90 410 sl
Ah 0-5 . 329 466 29 9.3 50 230 sl
Ah/(Byv 5-10 3,94 195 22 | 53 sl 110 sl
(Byv 10-21 391 112 22 30 sl 50 0
(B)viC1 21-<0 3.84 66 21 1.8 s 40 0
(BviC2 40-60 4,28 43 21 1.2 sl - 30 0
C/AB)vl 64-80 4,77 29 19 0.9 sl - 30 0
C/(B)yV2 | 80-100 5,24 28 23 2.7 sl 30 0
C/(B)v3 100-116 ‘5,36 24 23 2,6 sl - 30 0
Osankarica 0] 3-1 - - - - - -
Of/Oa 1-0 4,77 552 24 13.1 130 400 sl
Ah 0-5 3,66 207 16 7.6 40 140 st
Ah(E)v 5-1% 3.88 112 18 3.7 10 50 sl
(B)vl 15-27 4,66 66 21 18 10 40 10
(Byv2 37-¢4 4,51 34 25 0.8 10 30 10
C/Bvi | 64-80 4,28 17 17 2,6 20 30 20
Ci(Bwv2 80-100 4,04 14 16 0,5 20 30 20
C(B) 100-112 - - - o - - - -
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Preglednica 3: Izmenljive sposobnosti tal (v mmol IE/kg tal) reprezentanénih profilov

Kraj Horizont .
Location Horizon Ca++ Mg++ K+ Na+ SB H+ KIK A\
%
‘FopolSica Ahi 14,7 9,3 2,6 0,9 27,5
Ah2 73 9,2 13 0,4 182 195 2132 8,5
B)v 6.6 4,5 20 0,4 13,5 165 178,5 7,6
B)vig 73 2.5 18 0,4 20 145 1570 7,6
gl 38 4 1,5 2,2 11,6 160 1716 6,8
g2 2.8 19 23 2,2 92 175 184,2 5,0
@3 2.1 0,5 3,8 35 99 175 184,9 5.4
Siroko Ah1 9.7 42 51 0,4 19,4 _
Ah2 35 1,3 2,0 1,3 8,1 170 178,1 45
(Byvl 22 0 1,8 0,4 53 145 1503 3,5
B2 23 0.8 1,0 0,4 45 135 139,5 32
gl 7.3 4,1 1,0 13 13,7 135 148,7 9,2
g2 114 14,6 1,0 1,7 28,7 155 183,7 15,6
. g3 10,1 6.2 1,8 1,7 19,8 145 164,8 12,0
g4 33 6,2 18 1,7 13,0 140 153,0 8,5
Veliki vrh Ah 34. 2,4 38 0,4 10,0 175 185,0 54
’ E 113 24 28 0,8 17. 150 1673 10,3
(B)V/E 1.1 25 23 1,7 18.0 135 1530 11,8
(Byv/Bt 74 2,1 1,8 1,7 13.0 125 1380 9,4
(Byv1 16.7 5,3 26 22 26,8 120 146,8 183.
(B)v2 308 23,1 31 2,6 59.6 100 159.6 373
(B)v3 438 28,8 3.6 35 79,7 115 194,7 40,9
Pircliza Ah 73 4,1 79 1,7 21,0
E 1.1 1.6 33 09 63 145 151.3 42
BB 12 14 31 0,4 6,1 120 126,1 483
gl 27 13,¢ 5.4 04 223 130 1523 14,5
2 48 27,5 6.9 0,4 39,6 155- 1946 20,3
g3 6.1 305 74 0,4 44,8 155 199,8 22,4
g4 9.6 38,7 77 0,4 56,4 150 206,4 273
Zavodnje Ahi(B)v 88 1,5 2.8 1,7 14,8 260 2748 54
(B)v 22 05 13 13 57 200 205,7 2,3
BIC1 3 08 0,38 1,7 6.4 185 191.4 3,3
(BvIC2 6.1 1,7 1,0 48 13,6 163} 178,6 7,6
C/(Byv1 79 2,1 0,8 22 130 155 168,0 77
CIB)V2 10,2 30 1,6 22 16,4 145 161,4 10,2
C(B)v3 15.1 37 1.6 2,2 22,0
Osunkarica . | Ah 60 2.8 03 0,4 9.5 285 2945 32
Ah(B)v 1,0 0,7 2.6 0,9 4.6 240 244.6 1,9
Bl 0.7 03 0,3 0,4 1.7 195 196.7 0,9
(Byv2 0.5 0.1 0.3 1.3 22 145 1472 1.5
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- Preglednica 4: Teksturz tal reprezentanénih profilov

Kraj Horizont Pesek Grob melj Drober. melj Glina Teksturni razred
Location Horizon Sand Coarse silt Fine silt Clay Texture class
% % Yo %
Topolsica Ah2 34,0 33,8 18,0 14.2 meljasta tlovica
’ Silty loam
(Byv 25,8 41,2 . 22,0 10,2 mecljasta ilovica
Silty loam
(B)yvig 45,8 12,0 12,0 30,2 glinadta ilovica
Clay loam
gl 25,0 15,8 35,5 237 meljasta tlovica
. Silty loam
g2 26,1 12,7 33,5 27.7 meljasta ilovica
Silty loam
g3 16,3 23,8 29,7 30.2 meljastoglinasta ilovica
Silty clay loam:
Siroko A2 26,3 23,5 27,9 223 meljasta ilovica
Silty loam
B)v1 21,1 203 34,6 240 meljadta ilovica
: Silty loam
(B)v2 26,8 14,9 33,9 244 ilovica
© Loam
gl 17,9 13,2 338 35.1 meljastoglinasta ilovica
. Silty clay loan:
g2 23,1 93 27,5 40.1 glinadta ilovica
. Clay loam
g3 26,0 10,5 19,5 440 glina
Clay
g4 273 12,4 173 430 ghna
Clay
Veliki vth Ah 72,3 17,3 52 47 pescena ilovica
Sandy loam
E 48,4 11,2 244 16,0 ilovica
Loam
(BWV/E 46,2 11,7 28,0 14,1 ilovica
Loam
(Byv/Bt 36,6 19,5 232 203 ilovica
Loam
Byvl 40,7 17,4 214 20,5 ilovica
Loam
! (B)v2 40,6 14,2 22,4 22,0 ilovica
Loam
®B)v3 45,1 15,1 19,8 20,0 tlovica
’ Loam
PireSica E 11,0 18,8 423 279 meljastoglinasta ilovica
Silty clay loam
(B)v/Bt 123 18,4 384 30,9 meljastoglinasta llovica
Silty clay loam
gl 14,7 174 35,6 323 meljastoglinasta ilovica
Silty clay loam
B2 73 9,7 289 54,1 glina
Clay
&3 103 0,3 32,1 57,1 glina
’ : Clay
g4 2,7 6,3 31,5 58,9 glina
Clay
Prednji v. pri | (B)v/C1 68,7 11,3 11,4 8,6 pesicana ilovica
Zavodnjah ) Sandy loam
(ByviC2 68,5 10,2 14,5 6,1 pescena lovica
Sandy loam -
CiB)vl 66,6 12,8 12,8 7.8 pescéena ilovica
Sandy loam
Ci(B)vVz 84,5 6,3 8,0 1,2 ilovnat pesek
Loamy sand
C(Byv3 68,4 14,2 12,6 4.8 pesicena ilovica
Sandy loam
Osunkarica B)vl 62,5 9,5 8,2 19,8 pescena ilovica
Sandy loam
(Byv2 63.4 126 15,8 82 pescena tloviea

Sandv loam
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Preglednica 5: Analizri podatki kvantitativnih vzorcev o reakcijah (pH vrednostih), koli¢inah
organske snovi (v g/kg tal in v kg/ha povréine), vsebunostih celokupnega dusika, razmerjih med
organskim ogljikom in celokupnim dugikom, vsebnostih celokupnega Zvepla in razmerjih med
organskim ogljikom in celokupnim Zveplom. Prikazana so popre¢ja treh podvzorcev, nabranih
na povrsinah 25 ¢m x 25 cm.

Kraj Plast Globina pH Org. shov Org. snov N CIN S Cis
Location Layer Depth (CaCl2) Org. matter Org. mutter mg/kg tal
cm gk kgha kgha me/kg of soil
TopolSica 0l 327 891 2170 Z4 52 1290 393
of 330 724 19375 3C8 37 1510 245
M5 0-5 328 195 30873 8C8 22 640 127
M10 5-10 3.63 64 24698 813 18 430 75
) M20 10-20 3,93 31 30109 10€8 16 400 36
Siroko Ol 3.63 781 4111 &7 27 1090 416
) ) of 4.17 707 17074 353 28 1970 208
M5 0-5 447 348 48518 1158 23 1280 158
MI10 5-10 4.1C 98 30598 8C9 22 540 106
- M20 10-20 3.6C 40 34643 1047 19 440 52
V. vrh 0l 4,53 914 10417 121 50 1220 434
) Of 4.45 650 775 141 32 1540 245
MS 0-5 3.82 128 38053 8CS 27 470 157
Mi0 5-10 3.85 71 28095 517 32 330 124
M20 16-20 398 45 35673 717 29 310 84
Pirciica Ol 4.10 798 4919 A 35 1150 403
Or (-5 3.73 609 5866 130 26 1420 249
M5 5-10 337 150 39562 923 25 540 161
Mio 1G-20 3.70 67 34163 763 26 360 108
M20 3.9C 38 35858 852 24 300 73
Prednji v. pri 0l 3.76 845 <574 & 39 1760 278
Zavodnjah Of/OE. 3.94 776 21751 383 36 1880 239
M5 0-5 3.60 466 66898 1337 29 1200 225
MI10 5-10 3.7 221 58114 1356 24 750 171
M20 10-20 393 148 76629 17C5 26 560 154
Osankarica Ol 4,58 914 6295 76 48 1040 510
Of/OL 4,69 586 17155 351 28 1400 243
M5 0-5 4.44 205 52844 1761 18 890 134
M10 5-10 332 117 36204 12G5 17 560 121
M20 10-20 3.65 86 52439 1643 18 360 139
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Preglednica 6: Vsebnosti tezkih kovin (kobalta, kroma, bakra, niklja, svinca, cinka, v mg/kg
tal) v kvantitativnih vzorcik.

Kraj Plast Co Cr Cu Ni Pb Zn
Location Laver
TopolSica Ol 2 3 9 5 63 44
| Of 4 8 11 10 144 56
M5 - 10 18 10 13 107 62
MI1G - 19 20 9 15 36 66
M2( 20 21 9 15 20 77
Siroko ol 2 3 8 4 42 53
of 4 12 15 13| 136 80
MSs 9 23 16 19 137 62
M1G 14 35 15 24 47 66
M2C 24 37 18 28 42 84
Veliki vrh Ol 6 4 12 4 36 70
of 8 17 18 18 150 118
M35 11 8 10 9 84. 79
MI1C 7 6 8 11 40 76
M2G 11 6 8 11 36 76
PireSica Ol 6 3 10 7 33 67
’ Of 7 9 12 8 76 87
MS5 12 16 8 121 64 46
MI1C - 13 21 6 16 44 45
M2C 11 21 7 20 29 51
Prednji vrh pri | Ol 3 3 12 4 56 68
Zavodnjah Of/Oh 4 9 12 9 221 89
’ MS5 9 10 9 8 149 77
MI1C 17 11 8 10 63 79
M2C 16 12 8 13 59 76
Osankarica Ol 2 2 9 4 31 61
Of/Oh 8 10 12 1 95 51
M5 5 10 8 10 76 36
MI1( 7 11 ) 10 56 32
M2G 10 12 ) 3 44 42
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Preglednica 7: Interpretacijske koncentracije tezkih kovin v tleh (izrazene v mg/kg tal)
' : |

Kovma Normalna Literaturna \Zeljetno Mejne vrednosti Se
vsebnost (pogosta) onesnazena  dopustune onesnazenosti
(BLUMelat. (KLOKE tla (ONORM) (Ur.L SRS 1990)
1989) 1980) - !

Kobalt (Co) 1440 1-10 20 50

Krom (Cr) 2-50 . 2-50 ‘ 50 100

Baker (Cu) - 2-40 1-20 .50 100

Nikelj (Ni) 5-50 2-50 : l 40 60

Svinec (Pb) 2-20 0.1-20 | 50 100

Cink  (Zn) 10-80 3-50 ! 150 300

|
!
1
!
!

Ob pamih primerjavah izsledkov laboratorijskih analiz popreénih kvantitativnih talnih vzorcev
iz objektov (Siroko:Topolitica, Veliki vrh:Piregica, | Prednji vrth pri Zavodnjah:Osankarica)
ugotavljamo, da so imela tla iz objektov z vegjo onesnazenost_]o gozda v organskih horizontih
praviloma vecje koncentracije skupnega zvepla od tal objektov v manj onesnazenih gozdovih.
Enaka ugotovitev velja tudi za vsebnosti celokupnega svinca v gomjih plasteh tal. Vedina
analiziranih talnih vzorcev je vsebovala nenormalno velahko svinca (nad 20 mg Pb na kg tal). Na
stirih objektih (Siroko,Topolitica, Veliki vrh, Prednjl vrh pri Zavodnjah) pa so bila tla v
zgornjih plasteh mestoma onesnaZzena s svincem! preko mejne vrednosti Se dopustne
onesnazenosti (100 mg Pb na kg tal), ki jo navaja slov:enski Uradni list iz leta 1990.

Koli¢ine ostalih tezkih kovin (celokupnega kobalta, kroma, bakra, niklja, cinka), doloCene v
talnih vzorcih, so se gibale v okvirih normalnih vsebnost1 ali vsaj pod mejaml ki veljajo po

aVStI‘l_]Sklh predplslh (ONORM) za verjetno onesnazenmt

|
|
|
|
l
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Slika 2: Poprecne vsebnosti celokupnega Zvepla (v mg/kg tal) v organskih podhorizontih (OL -
Of)h) in talnih plasteh iz globine 0 do 5cm (MS5) na raziskovalnih objektih

g

E @ol

Y BOf,h
oms

Siroko TopolSica Vel. vih Pi-esica Zavodnje Osankar.

Raziskovalni objekti

Slika 3: Poprecne vsebnosti celokupnega svinca (v gm/kg tal) v organskih podhorizontih (Ol
Ofh) in talnih plasteh iz globine 0 do Scm (M5) na raziskovalnih objektih

250

200

150

BOl
B Of,h
aoms

Pb (mm/kg)

100

S0

Siroko TopolSica Vel. vth Piresica Zavodnje :Osankar.

Raziskovalni objekti

4  POVZETEK

Gozdarski institut izvaja tudi posebne in irterdiscipliname raziskave propadanja gozdov in
vplivov onesnazenega zraka na slovenske gozdove. V sklopu teh raziskav celotnega gozdnega
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‘prostora so uvr¢ena tudi proulevanja vplivov imisij termoelektrame Sostanj (TES) na
gozdove. V ta namen so bili leta 1990 v imisijskem obmogju TES (v gozdovih, ki porascajo
rastiféa na re¢nih usedlinah, na andezitskem tufu in na tonalitu) osnovani trije pan stalnih
raziskovalnih objektov za nadzor stanja gozdov, za spremljanje dogajanj v njih in Se posebej za
u&otavljanje imisijskih vplivov TE SoStanj na gozdna tla in rastlinstvo. Objckta v paru se
razlikujeta v imisijski obremenjenosti gozda, v ostalih ekoloskih dejavnikih sta si podobna.

Na vsakem raziskovalnem objektu so bili odvzeti iz genetskih (pod)horizontov
reprezentativnega profila kvalitativni talni vzorci, iz vnaprej doloCenih plasti treh ploskev
velikosti 25cmx25c¢m (do globine 20cm) pa kvantitatinvni vzorci tal. Kvalitativnim vzorcem so
bile z laboratorijskimi analizami doloene onovne lastnosti (tekstura, reakcija, vsebnosti
celokupnega duSika, ogljika, humusa, rastlinam dostopnih glavnih hranil, izmenjalne
sposobnosti tal). Kvantitativnim talnim vzorcem pa so bili poleg teh parametrov dolocene Se
- vsebnosti celokupnega zvepla in tezkih kovin (Co, Cr, Cu, Ni, Pb, Zn).

Ob pamem primerjanju izidov pedoloskih laboratorijskih preiskav se je izkazalo, da so vzorci iz
gomjih plasti tal objektov iz bolj onesnaZenih gozdov praviloma vsebovali veé celokupnega
zvepla in svinca od primetljivih vzorcev tal objektov iz z odlozinami iz zraka manj
obremenjenih obmocij. Na stirih objektih pa so bila tla v zgomijih plasteh mestoma onesnazena
s svincem preko mejne vrednosti Se dopustre onesnazenosti {100 mg Pb na kg tal).

5 VIRI

BATIC, F./ JURC, D./ KALAN, J./ KOVAC, M./ KRALJ, T./ MIKULIC, V., 1993. Impact
of Pollution Gasses from Thermal Power Plant in $pstanj, Slovenija, on Forest Environment: A
Brief Expertisa on Cause-consequence Relationship in Forest Decline Studies Carried out on
Slovenian Forestry Institute. Gozdarski ingtitut Slovenije, Ljubljana, e-423, 36 s.
DRUSKOVIC, B., 1990. Ocena poskodovanosti rastlinskega genetskega materiala v Saleski
dolini z obrobjem. Raz:iskovalna naloga. Institut za biologijo Univerze v Ljubljani.

FERLIN, F., 1990. Vpliv onesnazevanja ozradja na rastno obnaSanje in rastno zmogljivost
odraslih smrekovih sestojev. Magistisko delo. Ljubljana, Univerza Edvarda Kardelja v
Ljubljani, Biotehniska fakulteta, VTOZD za gozdarstvo, 142 s.

KALAN, J., 1989. Pedoloska proucevanja. Poro¢ilo o raziskovalnem delu v letu 1989 In3titut
za gozdno i lesno gospodarstvo, Ljubljana

KALAN, J/ BATIC, F./ HRCEK, D./ KRALJ, A./ SMOLE, I/SOLAR, M., 1989. Vpliv
termoelektrarne Sostanj na‘tla in vegetacijo. 1. faza. Inititut za gozduo in lesno gospodarstvo
Ljubljana, p-225, 57 s.

KRAIGHER, H., 1990. Raziskave mikorize pri smreki v razlicno onesnazemh okoljih.
Raziskovalna naloga Institut za gozdno in lesno gospodarstvo, Ljubljana. 56 s.; Ref. 60
KOLAR, 1., 1989. Umiranje smreke v gozdovih Saleske doline. Magistlsko delo. Ljubljana,
Univerza Edvalda Kardelja v Ljubljani, Biotehniska fakulteta, VTOZD za gozdarstvo.
LESNJAK, M./ HRCEK, D./ BATIC, F./ SOLAR, M./ KOLAR, I/ FERLIN, F., 1989. Air
pollution and damage on vegetation near TE Sostanj thermal power plant in Slovenija, g
World Clean Air Congress, Haag »

RAJH-ALATIC, Z./ SUSTERSIC, A., 1991. OnesnaZevanje zraka iz TES, letno porocilo.
Elektromstitut Milan Vidmar, oddelek za elektrame, Ljubljana

RIBARIC-LASNIK, C., 1991. Ekofizioloske lastnosti smreke (Picea abies 1. KARSTEN) na

vplivnem obmogju termoelektrarne Sostanj. Magistrsko delo. Ljubljana, Univerza v Ljubljani,
BiotehniSka fakulteta, VTOZD za biologijo

24



1
|
|
[
i
!
i

SIMONCIC, P., 1992, Razmere mineralne prehrane| za smreko na districnih rjavih tleh na
tonalitu v vplivinem obmodju termoelektrame Sostanj.| Magistrsko delo. Ljubljana, Univerza v
Ljubljaui, Biotehniska fakulteta, oddelek za agrononujo, 134 s, -
SMOLE, 1./ KUTNAR, L., 1995. Sprememibe gOZ(lI:]C vegetacyje kot posledica uéinkovanja
onesnazenega zraka. Zbormik gozdarstva in lesarstva, 47. Ljubljana, s. 171-180

SMOLE, L, 1999. Spremembe gozdue vegetacije kot posledica u€inkovanja oncsnazenega
zraka. Fazno porodilo raziskovalue naloge (pp-243). lujétilut za gozduo in lesuo gospodarstvo,
Ljubljana. 23 str.; Ref, 11 |

SVETINA-GROS, M., 1994. Vpliv padavin ua tla in vodue izvire na obmocju termoelektrame
,So§tauj.’ Magistrsko delo. Ljubljana, Univerza v Ljubljaiui, ENT, oddelek za geologijo, 102 s.
SKORIC, A./ FILIPOVSKI, G./ CIRIC, M., 1985. Klasifikacija zemljiéta Jugoslavije.
Akademija nauka I umjetnosti Bil, Sarajevo :

URBANCIC, M.,1989. Lastnosti gozduih tal na tonalitu in andezitskem tufu v imisijskem
obmodju - termoelektrame  Sostan;. Ekspertiza, (p-!233). lustitut  za gozdno 'in lesno
gospodarstvo, Ljubljana. 82 str.; Ref, 44 _

URBANCIC, M., 1992. Uvajanje mouitoringa gozduih tal na stalnih raziskovalnih objektih v
Sloveniji. Gozdarski vestnik, Vol. 50, &. 5-6. Ljubljauu.i Str. 258-266; Ref. 5 '
URADNI LIST SR SLOVENUE, #.6, 1990. Uredba o ugotavljauju onesnaZenosti kinetijskih
zemljiSS in gozda. Ljubljana, s. 355-357 |

|

}

| 25



4. RAZISKAVE MIKORIZE



4) Raziskave mikorize:
V okviru projekta je bil zakljuCena doktorska disertacija, katere povzetek podajamo:

KRAIGHER, Hojka, 1994:CITOKININI IN TIPI EKTOMIKORIZE PRI SADIKAIL
SMREKE (Picea abies (L) Karst) KOT KAZALCI ONLESNAZENOSTL GOZDNILL
RASTISC. Doktorska disertacija, Univerza v Ljubljani, Biotchnidka lukulteta, Oddelek za’
agrounomijo, 156s., 13 tabel, 37 slik, 3 prioge, 299 referenc.

Vsebina naloge zajema Studij citokininov in tipov ektomikorize pri sadikah smreke kot kazalcev
onesnazenosti gozduil rastis€. Na kratko je opisanili dvajset morZotipov ektomikorize v vzorcil
tal z dvel razliCno onesnazenil: gozduih raziskovaluih pioskev v imisijski con1 Termoelektrame
‘Soétanj. Ploskev v Zavocnjah je predstavljala moéno onesnazeno rastise, ploskev v Mislinji pa
relativuo neounesnaZeno. Dva tipa ektomikorize, Lactarius lignyotus x Picea abies in Hydnun
rufescens x Picea abies, sta natancno opisana z anatomskini in molekularnimi metodami.
Hydnum rufescens x Picea abies je predlagan za kazalca neonesnazewmih rastiSC, Paxillus
involutus x Picea abies pa za kazalca onesnazenih gozduih rastiS¢ v Sloveniji. Z metodami
HPLC-RIA (visokotlatna tekoéinska kromatografija-radioimunolodki test) in HPLC-ELISA
{encimsko-vezan imunolo$ki test) so bili v filuatih rastnih medijev ektomikorizne glive
Laccaria bicolor zabeeZeni citokinini izopenteniladenin-tipa (izopeiteniladenozin (iPA),
izopenteniladenin (i) in izopeuteniladenozin-5-menofosfat (PMP)), v fltratih glive
Thelephora terrestris pa citokinini iP, iPA, iPMP, zeatin (Z) in zeatin ribozid (ZR). iPA i iP
sta bila identificirana tud: z metodo GC-MS (pinska kromatografija - masna spektrometrija). V
-iglical seménk smreke sta bila zabeleZena citokouina iPMP in iPA. Posamezne viste in sevi gliv
so razlicno wplivali nz vsebnost citokininev inokuliranih semenk smreke. Torej lahko
" spremembe v vrstui sestevi in abundanci tipov ektomikorize poc vplivi onesnazevanja vpliva na
- spremenjeno hormonalno ravnovesje vi§je rastline. V igliceh dvotedeuskih semenk smreke,
vzgojemih na taluem substratu iz Zavodznj ali iz Mislije v kontroliranih pogojih, je bilo
~zabeleZeno poviSanje vsebnosti iP-tipa citokininov v igiicah smrek, ki so rastle na substratih iz -
Zavodenj. Vsebnosti citokininov v iglicah smurek, ki so rastle na nesterilnih substratih, so bie 2
- do 3-krat vi§je kot v iglicah semenk smrek, vzgojenih na steriliziranih substratih. MoZzna razlaga
" je, da lahko onesnaZen'e tal vpliva na presuovo in yast korenin, ki se odraza v manjSem
* transportu asimilatov v Korenine, zato prihaja do akumulacije iP-tipa citokininov v iglicah.
Prediagana je moZmost uporabe modela s szmenkami smrcke kot ‘testuimi organizmi’ za
bioindikacijo onesnaZenosti gozduih tal. Za moznost kvantiliciranja vscbnosti hormonov za
- bioindikacijo bi bilo pctrebno testni model preizkusti na nizu razli€no onesnazenib taluih
substratov.
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UGOTAVLJANJE VPLIVA POLUTANTOV NA GOZDNI
| EKOSISTEM NA OSNOVI RAZISKAV, OPRAVLJENIH NA
PROFILU: SMREKOVC-ZAVODNJE-VELIKI VRH-GRASKA GORA-
SLOVENJEGRASKO SEDLO

UGOTAVLJANJE STRESA NA OSNOVI ANALIZE ZASCITNIH SUBSTANC IN
REPARATURNIH MEHANIZMOYV V LISTIH/IGLICAH GOZDNEGA DREVJA IN
ANALIZE EPIFITSKIH LISAJEV

Raziskovalna skupina: ~ Prof. dr. Franc BATIC, BF, Odd. za agronomijo
' Mag. Cvetka RIBARIC-LASNIK, ERICO, Velenje
Mag. Tomaz SINKOVIC, BF, Odd. za agronomijo
Samar AL-SAYEGH-PETKOVSEK, ERICO, Velenje
Julija VRBOVSEK, ERICO, Velenje

1. Uvod

Termoelektrarna Sostanj je najvedji onesnaZevalec zraka v Sloveniji. Izpudni plini njenih
dimnikov 8kodljivo vplivajo na okoliske gozdove in druge ekosisteme in so eden izmed glavnih
povzroditelj propadanja gozdov v okolici. Med necisto¢ami v izpugnih plinih prevladuje Zveplov
dioksid, katerega Skodljivi vplivi na razne vrste vegetacij so dobro poznani. Z namenom ugotoviti
obseg in stopnjo ogroZenosti gozdnega ekosistema v vplivnem obmo¢ju TE Sostanj, smo izvedli
naslédnje meritve in opazovanja:

- Zgo3Cen popis propadanja gozdov na zgoi&eni 8 x 8 km mreZi na obmogju GG Slovenj Gradec
in na 4 x 4 km mrezi na oZjem vplivnem obmocju- GG Nazarje v 1. 1993 in ponovitev popisa
v]. 1995 » _

V okviru popisa propadanja gozdov je bila ocenjena tudi epifitska lisajska vegetacija in izraunan

indeks Cisto¢e zraka na mestih popisa kot rezultat opazovanja prisotnosti, $tevilénosti in

pokrovnosti epifitskih li§ajev..

Za ugotavljanje vzrokov prdpadanja gozdaega drevja, predvsem smreke, so bile na profilih
Smrekove-Veliki vrh, Veliki vrh - Brmesko sedlo na Pohorju- Kobansko in Vi¢ pri Dravogradu-
Goriski vrh (KoSenjak) v jeseni 1994 pobrane iglice za foliarne analize. Na profilih Smrekove-
Veliki vrh in Veliki vrh- Bmesko (Slovenjegrasko)sedlo se iglice za iste namene vzoréijo redno



Ze nekaj let v okviru magisterske in doktorske naloge mlade raziskovalke mag. Cvetke-Ribaric¢-
Lasnik, iz ERICO, Velenje.V iglicah je bila analizirana vsebnost makrohranil (N, P, S, P, K, Ca),
fotosintetskih pigmentov, tiolov, askorbinske kisline in aktivnosti encima peroksidaze. Vsebnost
zvepla kaze predvsem onesnaZenje z Zveplovimi spojinami, medtemko ostali parametri dopuséajo
tudi sklepanje na vpliv fotoiksidantov in splo3nih stresnih situacij (susa, mraz, napadi gliv,
insektov). Ob upostevanju pedoloskih analiz in stanja mikorize je mogode sklepati na procese,
ki potekajo zaradi vpliva polutantov v tleh in rastlinah.

Poleg analize biokemi¢nih pokazateljev stresa, ki nastaja v gozdnem drevju zaradi onesnaZenja
zraka, je bila na istih mestih, kot je bil narej popis propadanja gozdov in kjer so bili analizirani
vzorci tal in iglic, je bila na vseh mestih analizirana e epifitska liSajska vegetacija, ki je dober
indikator onesnazZenja zraka z Zveplovimi spojinami. Ta v veliko veji meri odraza le onesnaZenje
zraka in manj druge stresne dejavnike, ki vplivajo na uspevanje gozdov. Na izbranih ploskvah,
domnevno Cistih in bolj onesnaZenih, je bila analizirana tudi mikoriza kot bioindikator stanja
gozdnih tal. Kot kazalec eventuelnih vplivov onesnaZenja na razmnoZevanje gozdnega drevja,
je bila na istih mestih kot so bile odvzete iglice za biokemiéne analize analizirana Se kalivost
semena smreke.

Pri izboru metod in nacina vzorcenja je bila osnova delovna hipoteza, po kateri izpu$ni plini iz
termoelektrarne Sotanj vnasajo v gozdne ekosisteme snovi, ki nepo‘sredno vplivajo na gozdno
drevje (analize iglic, analize liSajske vegetacije) ali pa so njihovi vplivi posredni preko sprememb
v gozdnih tleh (spremembe v mineralni prehrani, mikorizi) ali preko povezav z drugimi
okoljskimi parametri (klima, biotski agensi) vplivajo na destabilizacijo gozdnih ekosistemov
(popisi propadanja gozdov).

2. Analiza biokemijskih parametrov v iglicah smreke (Picea abies /L./ Karst.)

Navadna smreka je bila izbrana kot glavna analizirana drevesna vrsta glede na zgoraj omenjeno

hipotezo iz ve€ razlogov:

1. Na celotnem emisijskem obmo¢ju TES je smreka v obstoje€i gozdni vegetaciji glavna
drevesna vrsta. Ne vzdrZi kritika enega izmed recenzetov osnovnega predloga projekta nase
raziskovalne skupine, da je izbira smreke napacna, ker smreka ni klimatozonalna drevesna
drevesna vrsta na ve¢jem delu analiziranih rastis¢. Tega dejstva smo se dobro zavedali, vendar
Je bilo iz vidika izbora primerne drevesne vrste na celotnem obravnavanem obmogju
nemogoce najti drugo drevesno vrsto na primerljivih rasti§¢ih, s tem mislimo predvsem bukev
(Fagus sylvatica L. ) in hraste (Quercus petraea /Matusch./Leibl., Q. robur L.).

2. Kot vednozelena drevesna vrsta je smreka izredno primerna za tovrstna raziskovanja.
Kopicenje polutantov in spremembe v fizioloskih procesih in biokemiéni zgradbi kot odziv
na delovanje zratnih onesnaZevalcev po posredni in neposredni poti dopus¢ajo analizo stanja
v Casu. V povezavi s primermo izbranimi vzorénimi mesti glede na rasti§¢ne dejavnike, stopnjo
onesnaZenja in stanje gozdnih sestoiev so podane osnove za vzroéno-posledi¢no analizo
dogajan) v gozdnem ekosistemu v veliko ve¢ji meri kot pri listavcih, katerih listi so na drevju



le eno rastno sezono. ,

3. Zaradi primerljivosti naSih raziskav s podobnimi v tujini, predvsem s tistimi v sosednjem
alpskem svetu, je izbor smreke tudi upravigen, saj je bilo na njej narejenih ve¢ina podobnih
raziskav. VzorCenje jelke (Abies alba Mill.) in borov (Pinus sylvestris L., Pinus nigra Am.,
etc.) ni bilo mogoge, ker se na vplivnem podro&ju TES ne pojavljajo enakomerno, ali pa jih
sploh ni, in tako ni izpolnjen eden izmed osnovnih pogojev za uvedbo dolo¢ene rastlinske
vrste kot bioindikatorja onesnazenosti ozradja. '

4. Na onesnaZenje zraka z Zveplovimi spojinami, kar je sluéaj pri izpuhih TES, je smreka
dokazano bolj obcutljiv indikator kot druge, na vplivnem obmoé&ju TES prisotne gozdne
drevesne vrste. Ne glede na to, da na celotnem vplivnem obmod¢ju ni klimatozonalno drevo,
smo prepri¢ani, da b tudi v bodode, ob upoitevanju sonaravnega gospodarjenja z gozdovi $e
vedno med najvaZnjeSimi gradniki gozdnih sestojev na obravnavanem obmodju.

Pri vzor€enju iglic smreke za analizo stresa in mineralne prehrane smo se zgledovali po izkugnjah

raziskovalnih skupin v Avstriji, Nem&iji in Ceski in po priporo¢ilih IUFRO. Vzorcenje za analizo

pigmentov in drugih biokemi¢nih pokazateljev stresa je potekalo v obdobju od konca avgusta do
srede septembra. To je Cas, ko se rast iglic in njihova diferenciacija ustavita, in se obdobje
prilagajanja na zimske razmere 3e ni pricelo. Da je to obdobje najprimernejse za vzoréenje za
tovrstne raziskave so ne osnovi vedletnih izkuSenj ugotovili Stevilni raziskovalci v nam bliznjem

alpskem prostoru. Mi smo metodo vzoréenja iglic na terenu, njihove priprave in obdelave v

laboratoriju kot tudi analiti¢ne postopke v veliki meri privzeli od skupine prof. D. Grilla, z

InStituta za fiziologijo rastlin Karl-Francove Univerze v Gradcu /Avstrija/, ki se Ze vrsto let

ukvarja s to problematiko v Avstriji in ki je vsklajena s priporo¢ili IUFRO. ,

Izbor vzorénih mest v zgoraj omenjenih profilih (SL.1) je bil opravljen glede na rezultate popisa

propadanja gozdov, gl=de na meritve polutantov v zraku in klimatoloske 3tudije, z ozirom na

rastiS¢ne dejavnike in naCin gospodarjenje z gozdovi. Nagin vzoréenja in potek postopkov pri
obdelavi in shranjevan u vzorcev za razliZne analize je shemati¢no prikazan na S1.2.

| Fotosintetske pigmente (klorofile: klorofil a, kiorofil b, karotene: karoten, karoten in ksantofile:

lutein, zeaksantin, violeksantin, neoksantin in anteraksantin) smo analizirali z visokologljivostno

tekocinsko kromatografijo (HPLC) po metodi, ki jo je opisal Pfeifhofer (1989).

Vsebnost askorbinske kisline smo dolog¢ili enako po HPLC metodi, opisani po Bui-Nguyen (1980)

in Wimanbasiri-Wills (1983).- Vodotopne ticle in aktivnost encima peroksidaze smo dologali

spektrofotometri¢no, tiole po metodi, ki sta jo opisala Grill & Esterbauer (1973), aktivnost

peroksidaze po metodi, ki sta jo uvedla Keller & Schwager (1971).

Fotosintetske pigmente smo analizirali v §tirih letnikih iglic. SluZili so nam kot splo$ni pokazatelj

vitalnosti smreke na rastid¢u, tako njihova absolutna koncentracija kot ¢asovni potek nara$éanja

oz. upadanja koncentracije. Gléde na rezultate drugih avtorjev je bila osnovna predpostavka, da
imajo drevesa v ¢istem neonesnaZenem okolju vedjo koncentracijo vseh pigmentov in da
koncentracija pigmentcv narai¢a s starostjo iglic do tretjega oz. Cetrtega leta. Glede na okcljske
dejavnike, ki vplivajo na koncentracijo pigmentov in razmerje med njimi, je bila osnovna
predpostavka, da koncentracija klorofilo z nadmorsko vi§ino normalno upada in se vzporedno
veta koncentracija kzrotenoidov, pri ¢emer se z nadmorsko vidine manjSa koncentracija



karotenov napram ksantofilom. To je v povezavi s prilagoditvijo na svetlobni reZim rasti3¢a in
je posledica delovanja fotooksidantov. Analiza fotosintetskih pigmentov dopuita do neke mere
tudi lo¢evanje vpliva kislih onesnaZevalcev zraka (SO,, HF), ki prizadanejo predvsem klorofile
od vpliva fotooksidantov (O3, PAN, drugi orzanski oksidanti), ki vplivajo predvsem na razmerje
med klorofili in karotenoidi in na sprembo v sestavi karotenoidov.

Vodotopni tioli in askorbinska kislina so splo3ne stresae snovi v vseh celicah. V rastlinski celici
delujejo kot antioksidanti.Njihova koncentracija se v normalnih razmerah, ko ni zracnega
bnesnaienja, ve€a z nadmorsko viSino rasti¢a, hkrati z ve¢anjem celokupnega stresa (vedja
intenziteta sevanja in predvsem UV sevanja, tvorba fotooksidantov, su§a, mraz, veter). Pri
onesnazevanju ozracja z zveplovim dioksidom pa koncentracija askorbinske kisline v iglicah
smreke pri daljSem in mocnej$em onesnaZevanju upade, medtemko koncentracija tiolov naraste.
Aktivnost encima peroksidaze velja za najtolj sploinega, nespecifi¢nega kazalca stresa, tudi
vplivov onesnaZenega zraka. '
Vzporedno z analizami biokemi¢nih parametrov smrekovih iglic je potekala $e analiza kalitve
- semen smreke z istih rasti3¢. S tem smo hotel: ugotoviti vpliv onesnazenja iz TES na sposobnost
razmnozZevanja te drevesne vrste. .

Nasteta izhodi3¢a so bila osnova za izbor analiziranih parametrov v iglicah smreke. Ob podatkih
o mineralni prehranjenosti drevja, stanju gozdnih tal, analizi mikorize in epifitov, in upostevaje,
kadar so na voljo, meritve onesnazevalcev in podnebnih dejavnikov, bi lahko razlozili rezultate
popisa propadanja gozdov ha doloCenem rasti$¢u in posrednodolo¢ili tudi emisijsko obmogje
TES.

V porotilu predstavljamo rezultate analiz zgoraj omenjenih parametrov iz vzoréenja v letu 1993,
zdruZeno za profila Smrekove-Zavodnje- Veliki vrh in Veliki Vrh- Graska gora- Kope- Brnegko
sedlo na Pohorju. Za 1. 1994 podajamo le rezultate analize fotosintetskih pigmentov posebej za
v uvodu omenjene tri profile. Za lazjo interp-etacijo podatkov analize fotosintetskih pigmentov,
- askorbinske kisline in drugih parametrov je predstavljna $e analiza Zvepla v iglicah za profil
Smrekove- Veliki vrh-Pohorje za leto 1993 (S1.3) in za nekatera izbrana vzoréna mesta SirSega
emisijskega obmog&ja TES 3¢ za 1. 1994 (SI. 4). Kot je razvidno iz obeh prikazov so mo¢no
onesnaZena mesta, z veliko akumulacijc Zvepla v iglicah v blizini TES, to so vzoréna mesta
Veliki vrh in Zavodnje (postaja ANAS, gozdni rob; Prendji vrh, cca 2 km zra¢ne linije, v
sestoju). Vsa bolj oddaljena vzoréna mesta, ki 30 hkrati tudi na ve&jih nadmorskih visinah so manj
onesnazena, vendar je vsebnost Zvepla tudi na teh mestih povisana. Iz prikazov je $e razvidno,
da vsebnost Zvepla iz leta v leto precej niha, kar ni odvisno le od stopnje onesnazenosti zraka
ampak tudi od drugih okoljskih parametrov v doti¢ni rastni sezoni in in od tega pogojenega
fizioliSkega stanja smreke ob vzorgenju iglic. Za profil KoSenjak in Kobansko vzorci $e niso
analizirani. Vzoréna mesta z najve&jo vsebnostjo zvepla imajo praviloma tudi najmanj$o
vsebnost fotosintetskih pigmentov; moten starostni potek pigmentov in poruseno razmerje med
njimi. ZmanjSa se vsebnost karotenov in pove&a vsebnost ksantofilov. Rezultati analiz
fotosintetskih pigmentov v iglicah smreke, vzor&enih na profilih Smrekove-Veliki vrh in Veliki
vrh-Pohorje v jeseni l. 1993 so prikazani na slikah 5-7. Vsebnosti vseh pigmentov (S1.5) kor vsota
klorofilov (S1.6) in vsota vseh karotenoidov (S1.7) se ujemajo. Najbolj onesnaZena mesta, ki so



blizje TES, ali pa so zaradi klimatskih prilik (inverzije, smer vetra v povezavi z lego rastis¢a) bolj
na udaru izpusnih plinov imajo manj$o vsebnost pigmentov. Izstopajo prevsem vzoréna mesta
Zavodnje, Veliki vrh, LajSe in Graska gera (vsi pigmenti, Sl. 5), ki imajo poleg majhne vsebnosti
pigmentov Se izrazito moten starostni potek koncentracij. Vsebnosti za¢no upadati ponekod Ze
v drugem letu, ali pa je stagnacija vrednosti na nivoju triletnih iglic, oziroma znaten upad v
Stiriletnih iglicah.. Do neke mere izkazujeta podobno obnaSanje pigmentov (celokupnih (S1.5 )
in klorofilov; Sl. 6) tudi vzor¢ni mesti Kope in Brnesko sedlo, ki sta ogitno v dolodenih
vremenskih situacijah izpostavljeni vplivom visokih koncentracij onésnazevalcev iz TES.
Vzor¢ni mesti Kramarice in Smrekovec, ki sta na zavetrni strani, in nad inverzijsko plastjo,
izkazujeta veje koncentracije pigmzntov in normalen starostni potek rasti
' kohcentracij.Koncentracije klorofilov so vegje v iglicah smrek z vegjih nadmorskih vigin, kar je
v nasprotju z normalnimi trendi in kaZe na moéno onesnaZenje zraka s kislimi odlozinami
(Zveplov dioksid !) v dolini.Vsebnosti celokupnih karotenoidov (S1.7) odraZajo splosni
oksidacijski stres. Zato njihova vsebnost bolj upada s starostjo iglic na vegjih nadmorskih
viSinah, kjer je vet fotooksidantov, eprav je njihova absolutna vsebnost na teh mestih vegja
zaradi prilagoditve na to okolje. Vendar ne gre prezreti dejstva, da tudi Zveplov dioksid deluje
kot oksidant, zato tudi upad karotenoidov na najbolj onesnaZenih mestih. -

Vsebnost askorbinske kisline kot sploSnega antioksidanta je z izjemo vzorénih mest Kramarice
in Smrekovec na vseh ostalih zelo majhna (SL.8). To se je ujema z ugotovitvami avstrijskih in
nem3kih-raziskav. V njih so ugotovili, da vsebujejo iglice smrek, ki so rastle v z Zveplovim
dioksidom zelo onesnaZenem zraku vedno majhno vsebnost askorbinske kisline. Vsebnost tega
antioksidanta v iglicah smreke, ki rastejo v ¢istem 'okolju nara$¢a z nadmorsko visino, podobno
kot vsebnost vodotopnih tiolov. To potrjujejo tudi nasi rezultati (S1. 8 in Sl. 9), pri emer naj bo
se do dolocenih stopenj onesnaZenja vsebnost tiolov povecevala tudi z nara$¢anjem Zveplovega
dioksida v zraku. Z ozirom na te ugotov:tve tujih raziskovalcev so nasi rezultati pogosto
kontradiktorni in tezko razlozljivi. Tudi aktivnost encima peroksidaze (S1. 10) se na vedini mo¢no
onesnazenih mest mo¢no poveca v enoletnih iglicah, kar lahko povezujemo z akumulacijo vpliva
zveplovih spojin in drugih polutantov iz TES, vendar smo pogosto na najbblj onesnaZenih mestih
izmerili tudi najniZje vrednosti aktivnosti peroksidaze, n.p. vzoréno mesto Zavodnje. Ali gre v
tem primeru za prekoraCeno obrambno sposobnost iglic in za zacetek propada je tezko zakljuéiti,
vendar je taksna razlaga logi¢na. Da bi ugotovili $ire emisijsko obmogje TES smo v letu 1994
vzor&ili smrekove iglice ponovno na izbranih mestih profilov Smrekovec- Veliki vrh in Veliki
vrh-Pohorje (S1.11) in na $e bolj proti severu-vzhodu oddaljenem profilu KoSenjak pri
Dravogradu (S1.12) in na profilu Pohorje - Kobansko (S1. 13). Rezultati analiz vseh fotosintetskih
pigmentov so podobni kot v prej$njih letih. Iz Sl. 11 je razvidno, da so najmanj3e vsebnosti
pigmentov v iglicah iz mo¢no onesnaZenih rasti3¢, ki so so v blizini TES, ali sicer pod direktnim
vplivom onesnaZenega zraka. Izstopata predvsem vzoréni mesti Zavodnje in Veliki vrh. Analiza
fotosintetskih barvil iglic vzoréenih na $tirih mestih na profilu Kosenjaka ob avstrijski meji kaze
(S1. 12), da se pojavljajo motnje na celem profil, a najbolj tik nad dolino Drave in na viini ckrog
1000m. V tem pasu smo opazili tudi znatno poslabsanje lisajske cbrasti in rezultati kaZejo na
vpliv TES, e posebej ob anticiklonskih vremenskih prilikah, ko 50 izpudni plini yjeti v plast pod



subsidencno inverzijo. Podobno stanje nakazuje tudi profil Pohorje-Kobansko, na katerem so
severna pobo¢ja Pohorja v niijih legah (vzor¢ni mesti Sv. PrimozZ in Pluznikar) manj prizadeta
kot bélj izpostavljeni vrhovi Kobanskega (SI. 13). Tudi ti rezultati se ujemajo s kartiranji epifitske
lisajske flore in vegetacije. Primerjava rezultatov analize vsebnosti fdtosintetskih pigmentov,
tiolov, askorbinske kisline in aktivnosti encima peroksidaze z analizami vsebnosti célokupnega
Zvepla pokaZe, da so izhodi3¢a nase delovne hipoteze potrjena. Metode se smiselno dopolnjujejo.
Analiza vsebnosti Zvepla v iglicah kaze predvsem akumulacijo Zveplovih spojin v iglicah na
doloCenem rastiS¢u, ne moremo pa na osnovi teh podatkov 3e sklepati o stresu, ki mu je
izpostavljeno gozdno drevje. Vsebnost posameznih fotosintetskih pigmentov, njihove vsote in
razmerja dobro odrazajo splo$no vitalnost in s tem stopnjo prizadetosti. Vsélj v dolo¢eni meri
lahko sklepamo na vpliv kislih polutantov in delez fotcoksidantov. Vsebnost askorbinske kisline
in tiolov kaZe stopnjo reakcijske,0z. obrambne sposobr.ost in s tem tudi ogroZenosti, povzrocene
od "naravnega stresa" na ve¢jih nadmorskih visinah,0ziroma od Zveplovih spojin na onesnaZenih
mestih. V kombinaciji z analizami tal, epifitske liSajske vegetacije in stanja mikorize lahko z
natetimi biokemi&nimi analizami interpretiramo stanie gozdov na dolodenem rastidéu in dokaj
dobro ocenimo delez vpliva iz TES. Ce bi uporabili $e specifi¢ne indikatorje suse (ABA, etilen,
nekatere amino kisline, poliamini) in z njo esto povezanega temperaturnega stresa, bi delez
~ motenj, ki jih povzro&e onesnaZevalci $e bolj natan&nc opredelili. Kot Ze re¢eno nam dodeljena

sredstva v projektu tega niso dovoljevala in velik del Jredstavijenih rezultatov izvira iz drugih
virov finansiranja. ' '

Analiza kalivosti semena smreke, nabranega v §irSem in oZjem emisijskem obmogju je pokazala,
da onesnaZenje zniZuje kalivost, vendar je le ta v vegji negativni korelaciji z nadmorsko vigino
rasti$¢a kot s stopnjo onesnaZenosti zraka na njem.(St. 14).

3. Analiza epifitske liSajske vegetacije

Epifitsko liSajsko vegetacijo smo v $irSem emisijskem obmogju TES uporabili kot indikator
onesnazenosti zraka z Zveplovimi spojinami. Na osnovi $tevilnih opazovanj in laboratorijskih
poskusov je dokazano, da epifitski li$aji izredno dobrc odraZajo delovanje onesnazenega zraka.
V onesnazenem zraku propadejo prej ket vedina vi§jih rasilin. Vzrok je v njihovi zgradbi in
naCinu aktivnosti. So stelj¢nice, brez tkiv in sposobnosti uravnavanja izmenjave plinov. To
pomeni, da so zraku, tudi onesnaZenemu stalno izpostavljeni. Aktivni so vedno, &e je le dovolj
vlage. Ker vsebnosti vode ne morejo uravnavati, saj so poikilohidri organizmi, so aktivni
predvsem takrat ko je dovolj.\/laZno, torej tudi pozimi, ko je zrak zelo onesnaZen. Kot epifiti so
se prilagedili na sprejem snovi iz zraka, torej tudi onesnaZevalcev. So simbiontski organizmi,
v katerih po masi celi¢ja prevladujejo heterotrofne glive nad avtotrofnimi algami. V onesnaZenem
okolju se to krhko ravnovesje hitro porusi. Zaradi vseh nastetih razlogov so epifitski lisaji izredno
-dobri kazalci kvalitete zraka, tako v urbanem kot v naravnem okolju. S svojo prisotnostjo, vrstno
sestavo, pokrovnostjo in pogostnostjo vrst in tipov stelik izredno dobro odraZajo predvsem tako
imenovano "klasi¢no onesnazenje zraka", tj. cnesnaZenje z industrijskimi in drugimi izpuhi, v



katerih prevladujejo kisli onesnaZevalci kor sta zveplov dioksid in flourovodik. Manj kot akutne,
trenutne visoke koncentracije odraza stanje epifitske _i3ajske vegetacije dolgotrajno celokupno
onesnaZenje. Po Stevilnih tujih raziskavah, pa tudi po opazovanjih v Sloveniji lahko trdimo, da
stanje epifitske liSajske vegetacije dobro odraza povpre¢no onesnazenost zraka v zimski sezoni,
ko so razmere najbolj drastiéne. Zaradi vsega naStetega jih uporabljamo kot splone kazalce
kvalitete zraka, Se posebej tam, kjer ni meritev zraénih onesnaZevalcev. Pri preuéevanju vplivov
oneshaicnega zraka na ekosisteme je spremljanje stanja liajev pomembno 3e iz razloga, da so
li$aji retativno neodvisni od dogajanj v tleh, da nanje ne vplivajo v toliki meri kot na vi§je rastline
biotski agensi in da so temperaturno relativno indiferentni. Iz vseh na3tetih razlogov smo pri
analizi stanja gozdnih ekosistemov v vpiivnem obmcéju TES vkljugili tudi opazovanje stanja
lifajev. V ta namen smo uporabili dve metodi. Prvo smo uporabili pri popisu propadanja gozdov,
v keterem smo na izbrani skupini Sestik: dreves popisali obrast gozdnega drevia z lidaji po
metodi, ki jo stalno uporabljamo pri popisu propadan’a gozdov Ze od leta 1985. Druga metoda
je bila vrstno kartiranje v SirSem obmog&ju TES, ki temelji na vrstnem kartiranju liSajev na
izbranih mestih. Prva metoda je enostavna, hitro in lahko izvedljiva in da vpogled v splosno
'stanje zraka na 3irSem obmogju. Pri drugi metodi g-e za popis vrst v odvisnosti od stopnje
onesnazenja, kjer pa je potrebno v veliko vééji meri upoStevati rasti§¢ne dejavnike (podlago-
drevo, podnebne dejavnike, starost podlage, itd.). Metoda je veliko belj natanéna, a ¢asovno zelo
zahtevna. Kot Ze omenjeno smo prvo metodo kartiranja izvedli ob vsakokratnem popisu -
propadanja gozdov, medtemko smo z drugo kartirali sistemati¢no izbrana obmodéja. Najprej oZje
emisijsko obmogje, Saleski bazen, nato Sirée, domnevna emisijsko obmodje, Ur§ljo goro, Pohorje,
kjer so in nam 3e izdatno pomagajo sodelavci iz Univerze v Gradcu /Avstrija/ preko diplomskih
nalog njihovih in nasih $tudentov.

a) Popisi liSajev ob popisih propadanja gozdov

Analiza stanja epifitske lidajske vegetacije, ki odraza predvsem kvaliteto zraka kaZe, da je zrak
v oZjem SaleSkem bazenu zelo moc¢no cnesnaZen, sa- je epifitska lisajska vegetacija na smreki
in bukvi skoraj popolnoma uni¢ena. Motno je razsirjena skorjasta vrsta Scoliciosporum
chlorococcum , ki povsod indicira onesnaZenje z Zveplovim dioksidom, oziroma eutrofikacijo.
Vrednosti indeksa atmosferske istode, izraGunaneza na osnovi stanjé lisajev so v velini v
Cetrtem razredu in naras¢ajo v smeri proti zahodu. T.udi na obmo¢ju GG Slovenj Gradec so Se

vrednosti indeksa dokaj nizke, prevladuje 3 razred, kar pomeni Ze delno onesnaZen zraka.

Rezultati kartiranja epifitske liSajske vegetacije ob papisih propadanja gozdov 1. 1993 in 1995
so prikazani na Sl. 15 (1993) in Sl. 16 (1995). Vsako popisno mesto je na karti obmo¢ja
opredeljeno z indeksi atmosferske ¢istoce, ki so izradunani posebe] za vsako bcenjeno drevo.
Vrednosti indeksa so izraZzene v razredih. Razred 1 pomeni bujno lisajsko obrast in &ist zrak,
razred 4 pa onesnaZeno ozralje in revno lisajsko vegetacijo.. Vrednost 0 pomeni, da na
opazovanem drevesu ni epifitskih lisajev in da je zrak zelo mo&no onesnaZen.. Glede na
razrede IAP je za vsako popisno mesto izracuna odstotek poskodovanosti lisajev. Vegji kot je



odstotek poSkodovanosti lisajev, bolj je onesnaZen zrak. Iz pregledne karte je razvidno, da je
na vecini popisnih mest propadanja gozdov zrak Ze tako mo&no onesnazen. da je unieno veé
kot 59% liSajske obrasti. Bolj &ista mesta so omejena na zatisne lege (Doli¢, severna pobo¢ja.
Pohorja, vrh KoSenjaka, zati$ne doline v zgornji Meziski dolini, vrh Smrekovca. Na vseh -
ostalih mestih je liajska obrast revna, kar jasno odraZa vpliv onesnazenja iz TES, kot to
potrjujejo tudi druge raziskave (kartiranja vrst, analize biokemignih indikatorjev vplivov
onesnaZenja v iglicah smreke, analiza ceiokupnega Zvepla). Vrednosti IAP kaZejo, podobno
kot tudi ostali analizirani parametri. jasen vpliv meteoroloskih dejavnikov (smer vetra, pojav

-inverzij) na uspevanje lidajev in s tem na stopnjo onesnaZenosti ozragja. Primerjava stanja
med letoma 1993 in 1995 kaze rahlo izbolianje stanja, saj so se na precej$nem $tevilu
popisnih mest vrednosti IAP poviale, oz. se je zmanj3alodstotek poékodovanosti celotne
ploskve. Na ombmo¢ju obmocne enote Slovenj Gradec je opravil popis isti popisovalec, ki
ze vrsto let sodeluje pri popisu propadanja gozdov. V tem primeru v ve€ji meri odpade
“subjektivna napaka" popisovalca in izbolj$anje stanja liSajev sovpada z manjsimi imisijami,
kar nakazuje delno tudi vsebnost Zvepla v iglicah in do do neke meri tudi izbolj$anje stanja
gozdov. Mesta v okolici neposrdni okolici TES izpadejo $e vedno zelo onesnaZena, pravtako
tudi emisijam iz TES bolj izpostavljena masta v $irSem emisijske obmog&ju, kjer so pomemben
dejavnik tudi vremenske prilike. Za podrobnej3o preverbo stanja bo potrebno ponovno vrstno
kartiranje liSajev, v katerem bomo lahko dokazali poveganje pogostnosti in izbolj3anje stanja
pasameznih razli¢no obCutljivih vrst. Zaradi tega bi bilo tudi to opazovanje smiselno vkljugiti
v obratovalni minitorin, éaj epifitski liSaji dosti bolj3e reagirajo le na kvaliteto zraka in manj
na druge dejavnike okolja. '

b) Kartiranje liSajev na osnovi kartiranja liSajskih vrst

Vrstna kartiranja lisajev, izvedena v 0 oZjem emisijskem obmodju, t.j. v Saleskem bazenu,
kaZejo podobno stanje kot analize vsebnostu Zvepla v iglicah smreke. Stanje je najslabse na
Velikem vrau in okolici in na pobogjih v 8irsi okolici Zavodenj. Na bukvi, belem gabru in na
iglavcih je normalna vrstna sestava epifitskih lifajev povsem uniena. V vedini primerov
drevje , ponekod celo iglice! popolnoma prerai€ajo zelens kokalne alge in na onesnaZenje
odporna vrsta liSaja s skorjasto steljko Scoliciosporum chiorococcum Na dniséih debel teh
drevesnih vrst in na deblih dreves, ki bolj nevtralizirajo vplive kislih odloZin iz zraka (javorji,
lipe, jeseni, topoli, vrbe, sadno drevje) pa se pojavljajo na oZjem emisijskem obmoéju tudi
mocno poSkodovane steljke lisajskih vrst, ki so ostanek za ta drevesa znacilne lisajske flore.
To so predvsem vrste iz rodov Hypogymnia, Parmelia, Physcia, Lecanora, Lecidea,
Pertusaria in Candelariella. Vendar se tudi med temi pojavljajo le na onesnaZenje zraka
najbolj odporne vrste (Hypogymnia physodes, Parmelia sulcata, P. saxatilis, P. glabratula,
Physicia ascendens, Lecanora expalens, L. symicta, L. conizaeoides, Lecidea elaeochroma,
Pertusaria amara, Candelariella reflexa), ki se veckrat in v boljSem stanju pojavljajo na
dnisCih debel ali na zavetrni strani debel, oziroma na zgornji strani debelejsih vej v kro3nji.
Z oddaljevanjem od TES se veca vrsina pestrost kot pogostnost in pokrovnost posameznih



vrst. V tem obmogju, ki sega vse do Slemzna, Kramaric, Paskega Kozjaka, celotno obmocje
proti Polzeli in Dobmi je opazno tudi prevladovanjz ene same vrste, pogosto ¢esto masovno,
kar je pravtako znak onesnazenja. To stanje smo opazili tudi na izpostavljenih legah Pohorja
(Tolsti vrh, pcbogja pod Crnim vrthom, Crni vrh, Kope in pobogja pod Kopami) in celo vegji
del pobocja KoSenjaka pri Dravogradu, od doline do priblizno 1000m nadmorske viSine. V
nekaterih zati$nih Iegah': in ponekod na starejSem drevju z mineralno bogato podlago se
pojavljajo tako imenovani "refugiji”, to so nahajali¥¢a ob&utljivejsih vrst, ketrih steljke so
redno moc¢no poSkodovane. Tak$na podroéja so nekatere soteske na obrhoéju Belih Vod,
podro¢je Dobrne, Doli¢a, Mislinjskega grabna. Zal, razen na profilih za vzdréenje smrekovih
- iglic, zaradi zmanj3enja obsega projekta podrobnejie kartiranje v okviru tega projekta ni bilo
mogode. Zato pri  komentarju uporabljamo tudi izsledke nekaterih starejSih
opazovanj,opravljenih v okviru drugih projektov gozdarskega instituta. Kot Ze omenjeno, smo
v sodelovanju z Univerzo v Gradcu kartirali 3ir§e podrogje severne strani zahodnega Pohorja
in UrSlje gore. Ti dve podrogji smo se odlo¢ili pocrobneje Kartirati, da bi ugotovili daljinski -
transport izpuhov iz TES, na Pohorju pa imamo mozZnost primerjave s stanjem pred cca 100
leti, ko je na tem podrocju, predvsem okrog Ribnice na Pohorju, popisoval lisaje avstrijski
botanik Kernstock, katerega herbarij in dela imajo v Gradcu. Ti popisi $e niso v celoti konéani
in so zaenkra: Se neobjavljeni. Ugotovili smo, da so nekatera podro¢ja Pohorja, predvsem
severna in zati$ne lege (Pesek, predeli okrog Sumika) 3e relativno &ista, medtemko so proti
Jugu in zahodu izpostavljene lege kot tudi vi§ji vrhovi Ze mo¢no prizadeti. Pri kartiranju Urslje
gore smo na severni strani naleteli na boljse stanje kot smo pric¢akovali, vendar je vpliv TES
na epifitske liSaje jasen in moc¢no izrazer:.. Opazili pa smo izboljsanje povezano z sanacijo
~ emisij iz Raven na Koro$kem.Da bi dobili popolno sliko o irjenju onesnaZevalcev iz TES na
osnovi kartiranja lisajev bi bilo pctrebno 3e podrobno kartiranje naslednjih obmo¢ij:
Smrekovc-Golte-Sleme- Javorje; Gora Oljka z okolico; ,
Pa3ki Kozjak, Stenica in morda %e Konjiska gora {primerjava svernih in juznih pobotij).
Dosedanja kartiranje na Lopatniku, Paskem Kozjaku, pa tudi na Bo¢u so namre¢ pokazala, da
obstaja nad 800 m aadmorske visine "brisan pas”, ko ob ciklonskih vremenskih razmerah
odna3ajo vetrovi izpusne pline iz TES da.e& na vzhed in pride do zlitja vplivov. s celjskim
emisijskim bazenom.
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SLIKA 2: Pregled postopkov raziskovalnih metod.
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Vsebnost Zvepla v iglicah smreke,
vzoréenje 1993
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Slika 3: Celokupna vsebnost Zvepla v dveh letnikih iglic smreke, vzoréenih na profilih
Smrekovec - Veliki vrh in Veliki vrh - Pohorje, jeseni 1993.

Vsebnost Zvepla v iglicah smreke,
vzoréenje 1994
04
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Slika 4: Celokupna vsebnost Zvepla v dveh letnikih iglic smreke, vzorenih na oZjem
in SirSem imisijskem obmocju TES, jeseni 1994.



Vsebnost pigmentov v 3tirih letnik:h Vscbunost pigmentov v 3tirih letnikih
smrekovih iglic smrekovih iglic

Profil Larze - Smrekovec Profil Veliki vih - Pohorje

1070 1030

Nadmorska vitipa vzoréuega mesta (m)

Nadmorska vilina vzorinega mesta (m)
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lika 5: Vsebnost fotosinteznih pigmentov v 3tirih zaporednih letnikih smrekovih iglic,
vzoréenih na profilkh Laze - Smrekovec in Veliki vrh - Pohorje, jeseni 1993.

Vsebnost klorofila a in b Vsebnost korcfita a in b
v smrkovib iglicah v smrkovih iglicah

Profil Laze - Smrekovec Profil Veliki vrh - Pohorje
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slika 6: Vsebnost klorofila a in b v dveh letnikih smrekovih iglic, vzoréenih na profilih
Laze - Smrekovec in Veliki vrh - Pohorje, jeseni 1993.



Vsebnost karotenaidov Vsebnost karotenoidov
v iglicah smrexe

v iglicah smreke
Profil Laze - Smrekevec Profil Veliki vrh - Poborje
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Slika 7: Vsebnost karotenoidov v dveh letnikih smrekovih iglic, vzoréenih na profilu
Laze - Smrekovec in Veliki vrh - Pohorje, jeseni 1993.

Vsebnost askorbinske kisline Vsebnost askorbinske kisline
v iglicah smreke v iglicah smreke

Profil Laze - Smrekwex Profil Veliki vrh - Pobocje
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lika 8: Vsebnost askorbinske kisline v dveh letnikih smrekovih iglic, vzor¢enih na profilu
Laze - Smrekovec in Veliki vrh - Pohorje, jeseni 1993.



Vsebnost vodo:zopnih tiolov Vsebnost vodotopnih tiolov
v iglicah smreke .

v iglicah smreke

Profil Laze - 3mrekovec Profil Veliki vih - Pohotje
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Slika 9: Vsebnost vodotopnih tiolov v dveh letnikih smrekovih iglic, vzoréenih na profilu
Laze - Smrekovec in Veliki vrh - Pohorje, jeseni 1993.

Aktivaost encima peroksidaze Akuvnos:' encima peroksidaze
v iglicah smreke v iglicah smreke
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Slika 10: Aktivnost encima peroksidaze v dveh letnikih smrekovih iglic, vzoréenih na profilu
Laze - Smrekovec in Veliki vrh - Pohorje, jeseni 1993.



Vsebpost klorofilov .in karotenoldoy
v iglicah smreke
Profil Kodenjak, vzorenje 1994
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Slika 12: Celokupna vsebnost fotosinteznih pigmentov v §tirih letnikih iglic |
vzorcenih na profilih Kosenjak pri Dravogradu, leta 1994.

Vsebnost klorfilov in karotenoidov
v iglicah smreke
Profil Pohorfe-Kobansko, vzorenje 1994
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Slika 13: Celokupna vsebnost fotosinteznih pigmentov v stirih letnikih iglic
vzoréenih na profilih Pohorje-Kobansko, leta 1994.




Kalivost semen smreke,
leto semenenja 1994
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Slika 14a: Kalivost scmen smrcke na SirSem in oZjem imisijskem obmod&ju TES,
obrod 1994.

Vsota pigmentov v iglicah smreke,
vsi letniki fglic, vzordenje 1994
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Slika 11: Vsebnost vseh fotosinteznih pigmentov v Stirih letnikih iglic smreke,
vzoréenih na SirSem in oZjem imisijskem obmocju TES, leta 1994.



Linearna korelacija med vzorénimi mesti po nadmorski vidini in kalivosti
KALIVOST = 69,917 - 0,0202 * NAD.VIS
Korelacijski koeficient: r = -0,5614

8

Odstotek kalivosti (%)

: : ; o Regresijska premica
o ; . ; . gresijska p
200 400 600 800 1000 1200 ‘400 1600 1800 95% zaupanje

Nadmorska viSina vzorénega mesta (m)

Slika 14b: Linearna korelacija med kalivostjo semen in nadmorsko
viSino vzorénih mest.

S = (,15087 + 0,00023 * KALI94
Korelacijski koeficient: r = 0,07309
0.26 T

024 f— o Tl - -

L e T (-

02 el SN R
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Slika 14c: Linearna korelacija med vsebnostjo Zvepla v tekocem letniku
iglic in kalivostjo semen smreke.
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narodni park. (L2-6241-436-16/94), Fakulteta za kemijo in kemijsko tehnologiio, Ljubljana, 47 str.

Bati&, F., Kraigher, H., Smodi§, B., Stropnik,- B. 1995. Fazno poroéilo. OnesraZenost zraka, padavin,

tal in vodnih virov v Saleski dolini pred pricetkom obratovanja odZveplevalne naprave v
Termoelektrami Sostanj (L2-6255~0486-94), Institut JoZef Stefan, Ljubljana, 5 s.

3. Izvedena in druga (V knjiZnicah) nedostopna dela



3.07 Recenzije raziskovalnih naleg

Batit, F. 1995: Recenzija projekta aplikativnega raziskovanja (L4-7402-0404-95; Raziskave gozdnih
tal in rizosfere ter njihov vpliv na nekatere fizioloske parametre gozdnega drevja v izbranih
ckosistemih, sestojnih tipih in razvojnih stadijih gozda. Ministrstvo za znanost in tehnologijo
Republike Slovenije.

Bati, F. 1995: Recenzija predloga slovensko-ameriskega raziskovalnega projékta (The establishment |
of a molecular marker laboratory). Ministrstvo za znanost in tehnologijo Republike Slovenije.

3.06 Elaborat, predStudija, $tudija

Jurc, M., Bati&, F., Jurc, D, Kraigher, H.Sirk, 1. & Kralj, T. 1994. Mikoteka in herbarij

Gozdarskega instituta Slovenije. Elaborat. Gozdarski ingtiti Slovenije, Ljubljana, s. 32

Batit, F. & Smole , 1. 1994. Katalog vi§jih rastlin herbarija Gozdarskega instituta Slovenije. Porocilo.
Gozdarski institut Slovenije. ‘ ' .

Bati¢, F., Jurc, M., Koch, M,, Kralj, T., Kruhar, B. & Grube, M. 1994. Katalog lifajev mikoteke in
herbarija Gozdarskega initituta Slovenije. Poro¢ilo, Gozdarski indtitut Slovenije, 220 s. '

3.07.1 Recenzije knjig (uEbenikov)
Ravnik, V. 1993. SploSna botanika za Studente sivilske tehnologije. Skripta. Samozalozba, Ljubljana.

Dermastia, M. 1995. Botanika. Skripta. Oddelek za biologijo, Biotehhﬁka fakulteta, Univerza',v o
Ljubljani. '

3.13 Organizacija znanstvenih in strokovnih sestankov

International Colloquium on Bioindications of Forest Site Pollution: Development of Methodology and
Training BIOFOSP, TEMPUS M-JEP 04667, August 22-31, 1995, 336p. Slovenian Forestry
Institute, Vecna pot 2, 61000 Ljubljana and Agronomy Department, Biotechnical Faculty, University
of Ljubljana, Jamnikarjeva 101, 61000 Ljubljana, Slovenia; &lan programskega in organizacijskega = .
odbora. : ‘

Varstvo zraka. Stanje in ukrepi za izboljSanje stanja v Sloveniji, Bled 28. - 30. 3. 1994, Zavod za
~ tehnicno izobraZevanje Ljubljana, 1994; ¢lan programskega odbora '

3.14. Predavanje-gostovanje na tuji univerzi

4. SEKUNDARNO AVTORSTVO
4.1. UredniStvo

Gozdarski vestnik; ¢lan
i

Hojka Kraigher, Franc Batig, David Hanke, Reinhard Agé}er and Dicter Grill (cds.) 1995.
Proceedings of the Intemational Colloquium on Bioindications of Forest Site Pollution: Development



of Methodology and Training BIOFOSP, TEMPUS M-JEP 04667, August 22-31, 1995, 336p. Issued
by Slovenian Forestry Institute, Veéna pot 2, 61000 Ljubljana and Agronomy Department,
Biotechnical Faculty, University of Ljubljana. Jamnikarjeva 101, 61000 Ljubljana, Slovenia.

4.2 Mentorstvo

'4.2.1 Mentorstvo pri diplomskih nalogah

Leben-Fon, N. 1994. Spremembe anatomske zgradbe smrekovih iglic (Picea abies /L./ Kars.) zaradi
vplivov onesnaZenega zraka. Diplomska naloga, Oddelek za biologijo, Biotehnigka fakulteta, Univerza
v Ljubljani. ‘ , '

‘Kruhar, B. 1994. Pregled epifitske liSajske flore na nekaterih bioindikacijskih tockah v odvisnosti od
od podlage. Diplomska naloga, Oddelek za biologijo, Biotehnigka fakulteta, Univerza v Ljubljani.

Podgomnik, H. 1995. Primerjava med neto fotosintezo lostov in pridelkom nekaterih sort jablan (Malus
domestica Borkh,) v odvisnosti od sistemov sajenja. Diplomska naloga, Oddelek za agronomijo,
Biotehniska fakulteta, Univerza v Ljubljani. ' :

StrniSa, A. 1995. Vplivvemis.ij na gozdove v Zasavju. Diplomska naloga, Cddelek za gozdarstvo, . -
Biotehniska fakulteta, Univerza v Ljubljani A

4.2.2 Mentorstvo pri magisterijih

Belec, Z. 1992. Vrednotenje metode popisa propadanja gozdov na nekaterih rastis€ih mariborskega
gozdnogospodarskega obmocja, Magistrsko delo. Oddelek za agroncmijo, Biotehniska fakulteta,
Univerza v Ljubljani. :

Simonéi&, P. 1992. Razmere minzralne prehrane 2za smreko na distri¢nih rjavih tleh na tonalitu v
vplivnem obmogju Termoelektrarne Sostanj. Magistersko delo. Oddelek za agronomijo, BiotehniSka
fakulteta, Univerza v Ljubljani. v

4.2.3 Mentorstvo/somentorstvo pri doktoratih.
Virant-Klun, 1. 1993. Odpornost koruze (Zea mays L.) kultivarjev "Dea" in "Zarla" na pomankanje
vode. Doktorska disertacija. Oddelek za biologijo, Biotehniska fakulteta, Univerza v Ljubljani.

Kraigher, H. 1994. Citokinini in tipi ektomikorize pri sadikah smreke (Picec abies /L./ Ké;st.) kot
kazalci onesnaZenosti gozdnih rastis¢. Doktorska disertacija, Oddelek za agronomijo, Biotehniska
~ fakulteta, Univerza v Ljubljani. '

4.2.4 Recenzije magisterija in doktorata
4.2.4.1. Magisteriji

Ribarié-Lasnik, C. 1991. Ekofizioloske lastnosti smreke (Picea abies /L./ Karsten ) na vplivnem
obmo&ju Termoelektrarne Sostanj. Magistersko delo. Oddelek za biologijo, Biotehniska fakulteta, '
Univerza v Ljubljani. . o o

Silan, D. 1992. Stomatarna difuzijska prevodnost trsta (Phragmiles australis (Cav.)Trin.ex Steudel )
na Cerkniskem jezeru. Magistrsko delo. Oddelek za biologijo, Biotehniska fakulteta, Univerza v
" Ljubljani. ' : o - : .
Munda, A. 1992. Rod Storovke Armillaria (Fr.:Fr.) Staude. Vrstna sestava in razirjenost v Sloveniji.



ter poskusi kriZanja. Magistersko delo. Oddelek za zgronomijo, Biotehniska fakulteta, Univerza v
Ljubljani.

Oven, P. 1993. Anatomija skorje in njen odziv na mehanska poskodovanja pri zdravih in prizadetih
jelkah (Abies alba Mill.). Magistersko delo. Oddelek za lesarstvo., Biotehniska fakulteta, Univerza v
Ljubljani.

Stopar, M. 1993. Vpliv zastajanja asimilatov na rast, rodnost in prehrano jablane (Malus domestica
Borkh.). Magistersko delo. Oddelek za agronomijo, Bictehniska fakulteta, Univerza v Ljubljani.
Hudina, M. 1995. Identifikacija kultivarjev pri hruski (Pyrus communis L.) glede na variabilnost
izoencimov v razliénih tkivih. Magistersko delo. Oddelek za agronomijo, BiotehniSka fakulteta,
Univerza v Ljubljani.

Kump, B. 1995. Izvrednotenje genetske variabilnosti populacij in kultivarjev ajde (Fagopyrum
esculentum Moench.) z uporabo DNA markerjev. Magistersko delo. Oddelek za agronomijo,
Biotehnigka fakulteta, Univerza v Ljubljani.

Brus, R. 1995. Vpliv onesnazevanja ozra&ja na genetsko strukturo bukovih populacij v Sloveniji.
Magistrsko delo. Oddelek za gozdarstvo, Biotehniska fakulteta, Univerza v Ljubljani.

4.2.4.2 Doktorati

Jeran, Z. 1995. Epifitski lifaji- bioloski indikatorji onesnaZrnosti zraka s kovinami in radionuklidi.
Doktorska disertacija. Oddelek za biologijo, Biotehnigka fakulteta, Univerza v Ljubljani.

Prof. dr. Franc BATIC
/y'/ K
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1 CLANKI IN SESTAVKI

1.01. Izvirni znanstveni clanek

1. L. Benedik, A. R. Byrne: Determination of uranium and thorium at ultra trace levels
by RNAA, Acta Chimica Slovenica, 41, 1-1¢ (1994).

2. L. Benedik, A. R. Byrne: Simultaneous determination of trace uranium and thorium
by radiochemical neutron activation analysis, J. Radloanal Nucl. Chem. Articles,
_ 189, 325-331 (1995). '

3. M. Krizman, A. R. Byrne, L. Benedlk Distribution of 230Th in milling wastes from
the Zirovski vrh Uranium Mine (Slovenia), and its radioecological implications, J.
Environ. Radioactivity, 26, 223-235 (1995). '

4. A. R. Byrn, L. Benedik: Urinary excretior. of uranium and dietary znZake Health
Phys., 68, 732-733 (1995).

1.08. Objavljeno predavanje na nanstveni konferenci

1. B. Smodi§, L. Benedik, A. R. Byrne, M. Dermelj, A. Fajgelj,l Falnoga R.
Jaéimovi¢, Z. Jeran, P. Stegnar, V. Stibilj, B. Stropnik, Z. Slejkovec: Status of NAA
in Slovenia: Achievements and applications, 13t European TRIGA Users Conference,

~ Bled, 1994, Zbornik referatov str. 2-20 - 2-23.

2. M. Dermelj, L. Benedik, A. R. Byrne, R. Ja¢imovi¢, B. Smodi$, V. Stibilj, Z.
Slejkovec: A review of analytical activities at "JoZef Stefan" Institute in the field of
trace element determination in food articles using NAA, FAO Meeting on Food

Composition Activities in Eastern Europe Modra, Slovaska 1995, Zbornik referatov
str. 91-95. :

1.12. Objavljenz povzetek p:edavanja na znanstveni konferenci - .

‘1. M. Dermelj, V. Stibilj, A. R. Byme, L. Benedik, Z. SlC_]kOVCC R. Ja¢imovi¢, B.
Smodis: Neutron activation analysis of essential and toxic trace elements in food
articles, 1 Symposium on Food and 2™ Conference on Practical Application of -
European Legislation on Foodstuffs, Bled, 1995, Zbornik povzetkov str. 158.

1.14. Objavljeni poster ali povzetek posterja na znanstveni konferenci
1. L. Benedik, A. R. Byrne: Determination of uranium and thorium by radiochemical
neutron activation analysis, Annual Meeting of the NSS ’94, Rogaska Slatina, 1994,
Zbornik referatov str. 359-367.
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2.08.

2.13.

MONOGRAFIJE IN DRUGA ZAI(LJ_U&ENA DELA

Doktorska disertacija :
Ljudmila Benedik: Razvoj postopkov za dolocanje sledov urana in IOII_](I F4
radikemicno nevtronsko aktivacijsko analizo, Disertacija, 1994.

Elaborat, predstudija, Studija

D. Abrami¢, K. Al-Sabti, 1. Aréon, M. Bele, L. Benedik, A. Blinc, R. Blmc B.
Borstnik, M. Brecl, M. Budnar, N. Bukovec, P. Bukovez, A. Cvelbar, 1. Cadez, M.
Copi¢, U. Delalut, A. Demsar, F. Dimc, M. DobrSek, M. Drab, 1. Falnoga, M.

'Fele-Baureman, R. Gabroviek, L. Goli¢, J. Grdadolnik, M. Hribar, A. Jamnik, H.

Janzekovi¢, A. Jesih, V. Kauci¢, 1. Kobal, S. Kobe, A. Kodre, M. Kosec, M.
Kova¢, M. Krajnc, S. Kralj, P. Kump, V. Kveder, G. Lahajnar, K. Lutar, T.
Malavasi¢, B. Mali¢, T. Marcac-Grahek, V. Ma_rinkOvit’:, T. Meden, S. Miliéev, 1.
Milogev, M. Mozeti¢, A. Muehleisen, B. Navinsek, M. Necemer, B. Orel, P.
Panjan, A. Paulin, S. Pejovnik, P. Pelicon, M. Petri¢, S. Petricek, M. Plesko, B.
Pracek, A. Prodan, N. RamSak, M. Remskar, B. S'IJC A. Sever-Skapin, J. Slunetko,
B. Smodis, S. Spruk, P. Segedin, 7. Smit, M. Stuhec, J. Stupar, E. Tratar-Pirc, 1.
Turel, B. Udovic, V. Vlachy, F. Vodopivec, N. Zabukovec-Logar, B. Zalar, D.
Zavrtanik, A. Zidansek, B. Zemva, M. Zitnik: A multipurpose x-ray beamline at

ELETTRA : the scientific case and the conceptual design, 1JS, DP-7083 (1994).

M. Krizman, L. Benedik: Porocilo o vplivih rudnika urana Zirovski vrh na okolje.
Obstojece stanje (1993-94) pred pricetkom izvajanja del trajnega prenehanja
izkori§canja uranove rude in prepreevanja posledic rudarjenja RUZV, 1IS DP-7172
(1995).

B. Smodis, L. Benedik, M. Krmmn Ugotavljanje obremenjenosti !al Z naravmml ,
in umetnimi radionuklidi, 1JS DP-7314 (1995).
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dept., Biotechnical faculty, University of Ljubljana, Ljubljana, s. 287-92.

1.09 Objavljeno predavanje na strokovni konferenci ,
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za tehni€no izobraZevanje, Ljubljana o :

. BOGATAJ, N., SIMONCIZ, P., 1994: Vpliv imisijskih poskodb na vodne funkcijo gozda, zbornik
referatov na seminarju “Gozd in voda™, 215-225, Oddelek za gozdarstvo BF, Univerza Ljubljana
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Brussels, Geneve, p. 78, Annexes I1-1-3;

. BOGATAJ, N. , 1995. Slovenia. V: Forest condition in Europe, Results of the 1994 Survey. Rgport,

UN/ECE, Forests 1s., Brussels, Geneve, p. 78, Annexes

. BOGATAJ, N. 1994, Porotilo o poskodovanosti gozdov za leto 1993, Predavanja o mednarodnem

raziskovalnem programu ucinka onesnaZenega zraka na gozdove. GIS, Ljubljana, 7. april 1994

.. BOGATAJ, N. 1994. Searching for the connection between landscape ecology and forest decline,
Mednarodna delavnica “Metode krajinskoekoloske analize”, Planinsko polje, 13.-16. september.

. BOGATAJ, N, 1995: Ogrozenost gozdov, poglavje za Poro€ilo o stanju okolja, MVO, 10 s.
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| 4.2 Mentorstvo

4.3 Prevod

4.4 llustr'acije:
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¢ GIS 1994. Seminar za popisovalce propadanja gezdov 1994. Ljubljana, 3 dni.



GIS 1995. Seminar za popisovalce propadanja gozdov 1995. Ljubljana, 3 dni.
GIS 1995. Propadanje gozdov in monitoring gozdnih ekosistemov. Prirocnik za terensko snemanje
podatkov. Ljubljana, GIS, 78 s. : : ,
GIS 1995. Porotilo o propadanju gozdov 1995. Gradivo za novinarsko konfereaco v okviru “Festivala
znanosti 19957, Ljubljana, GIS in ZGS, 6. S
GIS 1995: Monitoring gozdnih ekosistemov in propadanja gozdov, prirocnik za terensko snemanje
podatkov, Gozdarski intitut Stovenije. : _
_ Priprava gradiva za razstave, 1995: GIS, Festival znanosti, sainteresirane posameznike.



Mojca Bole

Bibliografija in drugi raziskovalni rezultati: '

1. CLANKI IN SESTAVKI

: 1 05 Poljudni ¢lanek -

Sterbenk E., Beri¢nik Vrbovsek J., Bole M., Roser Drev A., Ram$ak R., (1995).
SALESKA UGREZNINSKA JEZERA - ' JEZERA, KI JIH NE BI BILO, CE NE Bl BILO
PREMOGOVNIKA Delo, 13. september 1995. Znanstvena priloga. '

1.1'4 Objavljeni poster ali povzetek posterja na znanstveni Kkonferenci

Ramsak R., Rejic M., Roser Drev A., Bole M. (1992). CHARACTERISTICS OF THE
VALENJE LAKE IN THE SALEK VALLEY WICH HAS BEEN PRODUCED BY ASH
DRIFTING AWAY FROM THE THERMO PCWER PLANT SOSTANJ. Enviromental
Contamination - 5th International Conference. Morges, Switzerland.

Roger Drev A., Bole M., Rejic M., Ramsak R.I, (1994). THE GUALITATIVE STATE OF -
THE RIVER PAKA IN THE SALEK VALLEY - BIOLOGICAL AND CHEMICAL
ANALYSIS. Environmental Contamination 6th Interational Conference. Delpni,
Greece. " - '

Svetina M., Bole M, (1 995) DOLOCANJE SULFATA V VZORCIH PADAVIN Zbomik
9. mednarodnega simpozija Spektroskopija v teOI'Ijl in praksi, Bled. 10. - 13. april 1995.

2. MONOGRAFIJE IN DRUGA ZAKLJUCENA DELA

3. 1ZVEDBENA IN DRUGA NEDOSTOPNA DELA

3.05 Porogilo o raziskovalni ali razvojni nalogi

Bole M., Roser Drev A. (1994). VODOTOKI SALESKE DOLINE. Forocito za leto 1 993.
ERICo Velenje Zavod za ekoloske raziskave. Marec, 1994.

Roser Drev A Bole M., (1995). PROGRAM IZBOLJSANJA KAKOVOSTI
POVRSINSKIH VODA v SALESKI DOLINI - PAKA IN PRITOKI. Porogilo za leto 1994.
ERICo Velenje, Zavod za ekoloske raZIskave Marec, 1995.

Stropnlk B, Bole M., Mijac¢ L (1995) VPLIV ODPADNEGA EMAJLA V PODZEMNIH




PROSTORIH RUDNIKA LIGNITA VELENJE NA OKOLJE, ERICo Velenje, Zavod za
- ekologke raziskave, september 1995

3.06 Elaborat, predstudija, $tudija

Stropnik B., Roser Drev A., RamSak R., Bole M. (1 992). STROKOYNO MNENJE NA
PREDLOG ODLOKA O UREDITVENEM NACRTU JEZERO, ERICo Velenje, Zavod za
ekoloske raziskave. Februar, 1992. : :

Stropnik B., Mija¢ L., Svetina Gros M., Ram$ak R., Bole M., Cuhalev I., Rejic M.,
Smodi§ B., Rajh Alati¢ Z., Jeran Z., Krizman M., Jajimovi} R. (1993). OCENA
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marec 1994, (1994)

1.

Tichy), 22-28 May 1995, Ceske Budéjovice, Czech Republic, p. 46.

B. Smodis, R. Jaéimovié, F. De Corte: Evaluation of the accuracy and
precision of neutron fluence rate characterisation for use in NAA.
International Workshop on Neutron Research and Applications, Budimpesta,
R. Jaéimovié, A. Trkov, B. Smodis: Nuclear constants for activation analysis
of some nuclides and comparisons with experimentally measured values,
2nd Regional Meeting: Nuclear Energy in Central Europe, Portoroz, 1995,
Abstracts, (1995), str. 17. . , . ' "
B. Smodis, M. Dermelj, R. Jaéimcvié, B. Stropnik: Ugotavijanje stanja
onesnaZenosti sedimentov v vodah Saleske doline z uporabo instrumentaine
nevtronske aktivacijske analize. Zbornik povzetkov: 9. simpozij
spektroskopija v teoriji in praksi, Bled, 10.-13. april, 1995, (1995), str. 98.
M. Dermelj, V. Stibilj, A.R. Byrne, L. Benedik, Z. Slejkovec, R. Jaéimovié,
B. Smodis: Applicability of neutron activation analysis (NAA) in quantitative

 determination of some essential and toxic trace elements in food articles, -

gth Conference on Food Chemistry (Euro Food Chem VIII) - Current Status

" and Future Trends in Analytical Food Chemistry, Sept. 18.-20., 1995,

Vienna, Austria, str. 738.

MONOGRAFIJE IN DRUGA ZAKLJUCENA DELA
Poroéilo o znanstveno-raziskovalni nalogi

Zaklju¢no porocilo o opfavljehem delu na znanstveno-raziskovalni nalogi J2-
2240: Uporaba lisajev kot bioloskih indikatorjev pri Studiju onesnaZevanja -
zraka v Sloveniji s tezkimi kovinami, toksi¢nimi elementi in radionuklidi
(1994).

Elaborat, predstudifa, studija
B. Smodis, R. Jaéimovié, B. Stropnik, M. Svetina Gros: Trace element

air pollution monitoring studies in Slovenia using nuclear analytical
techniques, 1JS DP-7181 (19€5). : -

2. R. Jaéimovié, B. Smodis: Homogeneity testing of IRMM A/—Co alloy '

samples for certification analysis, |JS DP-7186 (1 995).

3. A. R. Byrne, M. Dermelj, ‘B. Smodig, Z. Slejkovec, V. Stibilj, R.

Jaéimovié: Improvements in neutron activation analysis procedures for
the certification of reference materials, 1JS DP-7302 (1995).

4, B. Smodis, R. Jaéimovié: An impulse to exploit NAA as a manageable

and competitive analytical tool in industry and en vironmental sanitation
in Hungary, The Czech Republic and Slovenia, 2nd Progress Report,
1JS DP-7303 (1995). ' : '
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BIBLIOGRAFIJA 1994 | 1995:
Mag. Dusan Jurc, dipl. biol.
1. CLANKI IN SESTAVKI

1.01 1zvirni znanstveni &lanek _
e JURC, M./ JURC, D. 1995. Endophytic fungi in the needles of healty-lookiag Austrian pine (Pinus
nigra Am.). Acta Pharmaceutica, 2, suppl. 1/95, Zagreb, s. 341-345. - )

1.02 Pregledni znanstveni &lanek
1.03 Predhodna objava |

'1.04 Strokovni__élanekv

1.05 Poljudni ¢lanek

1.06 Objavljenc vabljeno predavanje na znanstveni konferenci
1.07 Objavljenc vabljeno predavanje na strokovni konferenci

1.08 Objavljenc predavanje na znanstveni konferenci _ :

« JURC, M./ JURC, D./ GOGALA, N. / SIMONC:C, P. 1995. Endophytes o Austrian pine needles as
indicators of pollution. In: Proceedings of the BIOFOSP (Eds. Kraigher H. ef al), 22.-31.08.1995, GIS
in Odd. za agronomijo BF, Ljubljana, s. 165 - 172.

1.09 Objavljeno predavanije na strokovni konferenci -

e JURC, D, BOGATAIJ, N., 1994: Prou¢zvanje propadanja gozdov in sprememb v ekosistemih v
Sloveniji. V: Zbornik referatov: Varstvo zraka - stanje in ukrepi za izbolj$anje stanja v Sloveniji, Bled,
28.-30.3.1994, ZTI, Ljubljana, 8 str. , .

1.10 Objavljeni razSirjeni povzetek predavanja na znanstveni konferenci.
1.11 Objavljeni razsirjeni povzetek predavanja na strokovni konferenci

~1.12 Objavljeni povzetek predavanja na znanstveni konferenci
1.13 Objavljeni povzetek predavanja na strokovni konferenci

1.14 Objavljeni poster ali povzetek posterja na znanstveni konferenci

e JURC, M., JURC, D., GOGALA, N, SIEBER, T.N,, 1995. Fungal Endophytes in the Needles of
Austrian pine (Pinus nigra Am.) in Slcvenia. [IUFRO XX World Congress, 6-12 Avgust 1995,
Tampere, Finland, Poster Abstracts, s. 76-77. ’

1.15 Objavljeni poster ali povzetek posterja na strokovni konferenci

1.16 Poglavje ali Samdstojni sestavek v znanstveni knjigi

1.17 Poglavje ali samostojni sestavek v strokovni knjigi

« SOLAR, M. JURC, D., DRUSKOVIC, B., 1994: Kako ohraniti gozdove. V Okolje v Sloveniji,
zbornik, Tehnigka zalozba Slovenije, Ljubljana, s. 466-474 '

1.18 Sestavek v enciklopediji - .

1.19 Objévljena recenzija, prikaz knjige, kritika -

1.20 Predgovor, spremna beseda '



1.21 Polemika, diskusijski prispei'ek
1.22 Objavljeni intervju
1.23 Umetniski sestavki (notni zapisi, pesmi, novele...)

1.25 Drugi &lanki ali sestavki

' 2. MONOGRAFIJE IN DRUGA ZAKLJUCENA DELA
2.01 Znanstvené monografija |
2.02 Strokovna monografija
2.03 Univerzitetni ucbrnik
2.04 Drugi uébeniko z recenzijo (srédnje_ in niijeéoléki...)
2.05 Ostalro uéno gradivo (zapiski predavanj, zbirka val...)

2.06 Priro¢niki, slovarji, leksikoni ’ ) v

« KOVAC, M., SIMONCIC, P., BOGATAJ, N. BATIC, F., JURC, D., HOCEVAR, M. 1995:
Monitoring gozdnih ekosistemov in propadanja gozdov, priroénik za terens<o snemanje podatkov,
Gozdarski institut Slovenije. 64 str. \

2.07 Bibliografija

2.08 Doktorska disertécija

2.09 Magistrsko delo

2.10 Specialisticno delo

2.11 Porocilo ° Znanstveno - raz_iskovalni nalogi
212 Porc;éilo o razvojno - raziskovalni nalogi

2.13 Elaborat, predstudija, Studija

e JURC, D, KRALJ, T., 1993: Inventory of forest decline 1987 and the emission area of Sostanj power -

~ plant, V porogilu za Svetovno banko: Impact of polluted gasses from thermal power-plant Sostanj,
Slovenia, on forest environment: a brief expertise on cause - consequence r2lationship in forest decline
studies carried out in ths Institute for forest and wood economy. IGLG, Ljubljana, s. 25-27.

+ JURC, D., 1993: Public opinion and forest dieback in Slovenia. V porogilu za Svetovno banko: Impact
of polluted gasses from thermal power-plant Sostanj, Slovenia, on forest er.vironment: a brief expertise
on cause -.consequence relationship in forest decline studies carried out in the Institute for forest and -
wood economy. IGLG, Ljubljana, s. 25-27.

" e« ZGAJNAR, L., JURC, D, KRALJ, T., MEDVED, M,, MIKULIC, V., 1994: Stanje in perspektive

' oskrbe s kostanjevim lesom iz domagih virov v tovarni “Tanin” Sevnica. Gis, Ljubljana, 34 str.

(elaborat). ' : o ' - . _

e JURC, M., BATIC, F., JURC, D., KRAIGHER, H,, SIRK, I, KRALJ, T., 1994. Mikoteka in herbarij

- Gozdarskega instituta Slovenije. GIS, Ljubljana, 150 str. . » : ,
¢ JURC, M., JURC, D.,, MUNDA, A, TORTIC, M., HOCEVAR, S, PILTAVER, A, 1994: Katalog gliv
Mikoteke in herbarija Gozdarskega instituta Slovenije,GIS Ljubljana, 181 str. ' ‘




e MUNDA, A/JURC, M./ JURC, D./ PILTAVER, A/ TORTIC, M./ HOCEVAR, S./ KRAIGHER, H./
BEAUHEN, L./ DIMINIC, D 1995. Katalog Mikoteke in herbarija Gozdarskega intituta Slovenije,
GIS Ljubljana, 100 s.

2.14 Projektna dokumentacija (idejni projekt, izvedbeni projekt)

2.15 Posnetek glazbenega dela |

2.16 Umetniska dela

2.17 Katalog razstave

2.20 Druge monografije

3. 1ZVEDENA IN DRUGA (V KNJIZNICAH) NEDOSTOPNA DELA
3.01 Patentna prijava

3.02 Patent

3.03 Tehniska izbolj§ava (nova tehnologija)

3.04 Programska oprema

3.05 Porogilo o raziskovalni ali razvojni naldgi

3.06 Elaborat; pred§tudija §tud‘ija>

3.07 Izvedemsko mnenje, arbitrazna odlocba, recenzija
o JURC, D., 1994: Podkodbe navadnih gabrov (Carpinus betulus L.) na Zalah. GIS, Ljubljana, 4 str.
s JURC, D. 1995. Poskodbe duglazije v revirju Svetina, KE Celje. Ekspertiza, GIS, Ljubljana, 1 str.
» JURC, D. 1995. Bolezen lovorikovca, ognjenega trna in puSpana. Ekspertiza. GIS, Ljubljana, 3 str.
o JURC, D./JURC, M. 1995. Poskodbe ¢ Crnega bora (Pmuv mgra Am.) na Crnem Kalu. Ekspertiza,
GIS, Ljubljana, 3 str.
e JURC, D./JURC, M./ JAKSA, J. 1995. Bukov rak v GGE Brezova reber. Ek:pertlza, GIS,Ljubljana, 3
Str.
e. JURC,D./ MUNDA, A./ JURC M. 1995 Zdravstveno stanje sadik v gozdnih drevesmcah v
Sloveniji.Poroéilo, GIS.
e JURC, D./PAVLIN, R. 1995. Sudenje tnega bora pri blejskem gradu. Ekspertiza, GIS, Ljubljana 3
- str.
" e JURC,D./ TITOVSEK, J. 1995. Suenje zelenega bora. Ekspertiza, GIS, Ljubljana, 4 str.

3.08 Porotilo o meritvah, preizkusih ipd.

3.09 Projektna dokumentacija (idejvni projekt, izvedbeni prpjekt)
3.10 Umetnigke stvaritve iﬁ boustvaritve

3.11 kadijski inTV prispevki

3.12 Razstave |

3.13 Organiziranje znanstvenih in strokovnih sestankov




3.14 Predavanja - gostovanja na tuﬁ univerzi

3.20 Druga dela

JURC, M., JURC, D., 1995. Research on Cenangium ferruginosum Fr. on Austrian pine (Pinus nigra
Arn.) in Slovenia. Referat predstavljen na IUFRO S2.06-00 Pathology, Hyytiéld Forestry Field Station,
Finland, 4-6 Avgust 1995, 8 str. . o

JURC, D. 1995. Hipovirulenca kostanjevega raka. Posvetovanje o pravem kostanju, Zavod za ,
gozdove Slovenije, Sevnica, 12. 10. 1995 : :

JURC, D. 1995. Kako resiti pravi kostanj? Predavanje za Drutvo za varstvo rastlin, Kmetijski institut
Slovenije, Ljubljana, 5. 6. 1995 ' '

4. SEKUNDARNO AVTORSTVO (se uposteva pri izpisu)

4.1 Uredn.iétvo

4.2 Mentorstvo

4.3 Prevod

4.4 llustracije

4.5 Drugo



BIBLIOGRAFLJA 1994 , 1995:
Ime in Priimek : Polona KALAN
1. CLANKI IN SESTAVKI

1.01 Izvirni znanstveni €lanek

KALAN, J., KALAN, P,, SIMONCIC, P. 1995. Bioindikacija onesnaZenosti gozdov z Zveplom na osnovi
vsebnosti Zvepla v asimilacijskoi delih gozdnega drevja. Zbornik gozdarstva in lesarstva, 47, s. 85-116

KALAN, J., KALAN, P., SIMONCIC, P. 1995. Prougevanje gozdnih tal na stalnih raziskovalnih
ploskvah. Zbornik gozdarstva in lesarstva, 5. 57-84 :

BATIC, F., GRILL, D,, Kf\LAN, P, RIBARIC - LASNIK, C. 1995: Impact of emission gases from the

thermal power plantn in SoStanj on the biochemical structure of Norway spruce needles (Picea abies
/L./Karst.). Acta Pharmaceutica, 45. p. 191 - 197

1.02 Pregledni znanstveni €lanek

1.03 Predhodﬁa' objava

1.04 Strokovni &lanek

1.05 Pojudni dlanek

1.06 Objavljeno vabljeno predavanje na znanstveni konferenci
1.07 Objavljeno vabljeno predavanje na strokovni konferenci
1.68 Objavljeno predavanje n:; znanstveni konferenci

KALAN, P., HUDNIK, V, SIMONCIC, P. 1995 Evaluation of forest soil sampling methodology,
Proceedings of BIOFOSP, Ljubljana p. 135 - 138.

SIMONCIC, P., KALAN, P. 1995 Comparison of the anual cycle of sulphu}. content in sprucé needles
from heavily polluted and less poliuted areas, Proceedings of BIOFOSP, Ljubljana p. 131 - 134.

1.09 Objévljeno predavanje na strokovni konferenci

KALAN P., KALAN, J. 19%4. Integriranor merjenje imisije zveplovega dioksida. vaornik_ 5 posvetovanja
Varstvo zraka. Stanje in ukrepi za izboljSanje stanja v Sloveniji. Bled, 28. - 30. 3. 1994 ZTI - Zavod za
tehni¢no izobraZevanje Ljubljana. s. 15 - 18. : ,

ROBEK, R., KUTNAR, L.. KALAN, P. 1994. Varovanje vodne vloge gozdov pri transportu lesa. Zbornik: |
“XV1. Gozdarski Studijski dnevi. Biotehniska fakulteta, Oddelek za gozdarstvo, Ljubljana, s. 203 - 214.

1.10 Objavljeni razsirjeni povzetek predavanja na znanstveni konferenci
£.11 Objavljeni razsirjeni povzetek predavanja na stroxovni konferenci



_1.12 Objavljeni povzetek predavanja na znanéﬁreni konferenci
KALAN, P., HUDNIK, V., SIMONCIC, P. 1995 Evaluation of forest soil sampling methodology after

determination of some elements ty AAS. In: Spestroscopy in theory and Practice, 9th Symposium, Bled
11. - 13. 04. 1995 5. 40. _ o

1.13 Objavljeni povzetek predavanja na strokovni konferenci

1.14 Objavljeni poster ali povzetek posterja na znanstveni konferenci

KALAN P., KALAN, J. 1994. Integrirano merjenje imisije ivepIOQega dioksida. Posvetovanije: Varstvo -
zraka. Stanje in ukrepi za izbolj§anje stanja v Sloveniji. Bled, 28. - 30. 3. 1994 .

1.15 Objavljeni poster ali povzetek posterja na strokovni konferenci

1.16 Poglavje ali samostojni sestavek v znanstveni knjigi
1.17 Poglavje ali samostojni sestavek v strokovni knjigi

l: 18 Sestavek v enciklopediji

1.19 Objavljena recenzija, prikaz knjige, kritika _

1.20 Predgovor, spremna beseda .

1.21 Polemika, diskusijski prispevek:

1.22 Objavljeni intervju

1.23 Umetnigki sestavki (notni zapisi, pesmi, novele...}

1.25 Drugi ¢lanki ali sestavki

2. MONOGRAEIJE IN DRUGA ZAKLJUCENA DELA
2.01 Znanstvena monografija

2.02 Strokoyna monografija

2.03 Univerzitetni ﬁébrnik

2.04 Drugi ugbeniko z recenzijo (srednje in niijeﬁolﬁki...)
2.05 Ostalo uéno gr-édi.vo (iaﬁiski preda.vanj, zbirka vaj...)

2.06 Prirogniki, slovarji, ]eksikdni




2.07 Bibliografija
2.08 Doktorska disertacija
2.09 Magistrsko delo
2.10 Specialistiéno delo
- 2.11 Porocilo o znanstveno - raziskovalni nalogi
2.12 Porogilo o razvojno - raziskovalni nalcgi
2.13 Elaborat, predstudija, Studija :
2.14 Projektna dokumentacija (idejui projel-:t; izvedbeni projeki)
2.; 15 Posnetek glazbene_ga dela
2.16 Umetniska dela |
2.17 Katalog razstave

2.20 Druge monbgraﬂje

3. IZVEDENA IN DRUGA (V KNJIZNICAH) NEDOSTOPNA DELA
_3.01 Patentna prijava | , »
3.02 Patent 7 7

| ' 3.03 Tehniska izboljsava (nova tehnologija)

3.04 Progrémska o'prel_né |
~3.05 'Poroéilb o»razis'kovalni ali rai}ojhi nélogi » .

' 3.06 Elaborat, preditudija Studija -



3.07 Izvedenisko mnenje, arbitrazna odlocba, recenzija _

3.08 Porocilo o meritvah, preizkusih ipd.

3.09 Projektné dokuméntacija (idejni projekt, izvedbeni p;rojekt)-
3. lb Umetnigke stvaritve in poustvaritvé

3.11 Radijski in TV prispevki

3.112 Razstave

3.13 Organiziranje znaﬁstvenih in strokovnih sestankov

3.14 Predavanja - gostovanja na tuji uniyerzi

~ 3.20 Druga defa -

4. SEKUNDARNO AVTORSTVO (se uposteva pri izpisi)
4.1 UredniStvo

47.2 Mentorstvo

4.3 Prevod

4.4 Tlustracije

4.5 Drugo




BIBLIOGRAFIJA 1994, 1995: |

Imein Priimek  HOMA L2 Gai-]/E\lL

1. CLANKI IN SESTAVKI

1.01 Izvirni znanstveni lanek _

o Kraigher H, Hanke DE (1995) Cytokinins in Norway Spruce Seedlings, grown on different Soil

" Substrates. Acta Pharmaceutica 45 (No.2, suppl. I) 325-328. (za deleZ avtorstva (90%) glej prilogo)

e Al Sayegh - Petkovek S, Kraigher H, Batié F, Gogala N, Agerer R (1995) Mycorrhizal Potential of
two Forest Research Plots in Zavodnje and in Mislinja. Acta Pharmaceutica, 45 (No.2, suppl. I) 333-
338. (delez avtorstva je ca 10%) ,

e Kraigher H, Agerer R, Javornik B (1995) Ectomycorrhizae of Lactarius lignyotus on Norway spruce, -

- characterized by anatomical and molecular tools. Mycorrhiza 5 175-180. (za d=leZ avtorstva (50%)

glej prilogo)
1.02 Pregledni znanstveni Clanek
1.03 Predhodna objava

1.04 Strokovni €lanek

1.05 Poljudni clanek

1.06 Objavijeno vabljeno predavanje na znanstveni korferenci

e Kraigher H (1994) Molecular ecology in forestry: Taxonomy of ectomycorrhizae by anatomical
characteristics and molecular markers. In: Proc. of [PBA (Eds. B.Javornik, B.Bohanec, 1.Kreft),
Rogla, December, 5. - 7., 1994: 189 - 200

1.07 Objavljeno vabljeno predavanje na strokovni konferenci '
e Kraigher, H. (1995) Mikoriza nekaterih drevesnih in grmovnih vrst v Sloven:ji. V: Prezrte drevesne
vrste. XVII. gozdarski §tudijski dnevi (Ed. M. Kotar), Dolenjske Toplice, 9.-10.11.1995: 127-138.

1.08 Objavljeno predavanje na znanstveni konferenci v

e Kraigher, H., Bati¢, F., Agerer, R. (1995) The diversity of types of ectomycorrhizae on Norway spruce
on two forest research plots in Slovenia. Proceedings of International Biodiversity seminar ECCO
XIV. Meeting, June 30-July 4, 1995, Gozd Martuligk, Slovenia, p. 107-108

e Kraigher, H, Hanke, DE (1995) Cytokinins in Norway spruce seedlings as tester organisms of forest
soil pollution. In: Proceedings of the BIOFOSP (Eds. Kraigher H et al), 22.-31.08.1995, GIS in Odd.
za agronomijo BF, Ljubljana, 195-200. :

e Kraigher, H, Bati¢, F, Agerer, R (1995) Mycobioirdication of forest site pollution. In: Proceedings of
the BIOFOSP (Eds. Kraigher H et al), 22.-31.08.1 995, GIS in Odd. za agronomijo BF, Ljubljana, 95-
100. . :

o Kraigher, H, Batic, F, Urbangi€, M (1995) The Forest Research Plot on Pokliuka. In: Proceedings of
the BIOFOSP (Eds. Kraigher H ef al), 22.-31.08.1995, GIS in Odd. za agroromijo BF, Ljubljana, 333-
334, ' : : :

1.09 Objavljeno predavanje na strokovni konferehci
1.10 Objavljeni razSirjeni povzeiek predavanja na znanstveni konferenci -
'1.11 Objavljeni razsirjeni iaovzetek predavanja na strokpvni konferenci

1.12 Objavljeni povzetek predairanja na znanstveni konferenci




1.13 Objavljeni povzetek predavanja na strokavni konferenci

1.14 Objavljeni poster ali povzetek posterja na znanstveni konferenci

e Al Sayegh - Petkovsek, S., Kraigher, H., Bati¢, F., Gogala, N., Agerer, R. (1994) Ectomycorrhizal
potential of two forest soil substrates - a pot experiment. [n: Mycorrhizas in integrated systems - From
genes to plant development, 4 ESM. Abstracts. Granada, 11.-14.07.1994.

o Kraigher, H., Bati¢, F., Agerer, R. (1994) Bioindication of pollution by types of ectomycorrhizae on
Norway spruce from two differently polluted forest research plots in Slovenia. In: Air pollution and
multiple stresses, 16th International meeting for specialists in air pollution effects on forest
ecosystems, Abstracts. Fredericton, New Brunswick, Canada, 7.-9.09. 1994. .

e Kraigher, H. (1995) Identifikacija tipov ektomikorize po anatomskih karakteristikah in z
molekularnimi metodami. V: Flora in vegetacija Slovenije 1995, Zbornik povzetkov referatov,
Ljubljana, 21.-23.04.1995, Odd. za biol. BF in Drustvo biologov Slovenije, s. 16.

e Batig, F., Kalan, P., Kralj, T., Kraigher, H., Gomisgek, B., Simonci¢, P., Sinkovig, T., Solar, M.
(1995) Bioindication of Air Pollution and Natural Stresses on Forests of :I‘riglav_National Park in
Slovenia.8th International Bioindicators Symposium, 22-28 May 1995, Ceske Budejovice, Czech

- Republic, Abstracts p. 5. - :

1.15 Objavljeni poster ali povzetek posterja na strokovni konferenci

1.16 Poglavje ali samostojni sestavek v znanstveni knjigi

1.17 Poglairje ali samostojni sestavek v strokovni knjigi

1.18 Sestavek v enciklopediji

1.19 Objavljena récenzija, prikaz knjige, kritika

1.20 Predgovor, spremna beseda - ‘ - :

e Kraigher, H.: Preface. In: Proceedings of the BIOFOSP (Eds. Kraigher H et af), 22.-31.08. 1995, GIS
in Odd. za agronomijo BF, Ljubljana, 2pp. : .

1.21 Polemika, diskusijski prispevek

i.22 Objavijeni intervju

1.23 _Umetniéki sestavki (notni zapisi, pesmi, novele...)

1.25 Drugi €lanki ali sestavki 7 |

2. MONOGRAFIJE IN DRU'GA.ZAKLIU('ZI;ZNA DELA

2.01 Znanstvena ménograﬁja

2.02 Strokovna monograﬁja

2.03 Uni;{erz.itetni u(':behik

2.04 Dmgi ucbeniko z recenzijo (srednje in nizjeSolski...)

2.05 Ostalo uéno gradivo (zapiski predavanj, zbirka vaj...)‘

2.06 Prirogniki, slovarj, leksikoni




* 2.07 Bibliografija

2.08 Doktorska disertacija

e Kraigher, H. (1994) Citokinini in tipi ektomikorize pri sadikah smreke (Picea abies (L.) Karst.) kot
kazalci onesnazenosti gozdnih rastis€. Doktorska diszriacija, Oddelek za agronomijo, Biotehniska
Fakulteta, Univerza v Ljubljani, 156 s.

2.09 Magistrsko delo

2.10 Specialisti¢no delo

2.11 Porodilo o znanstveno - raziskovalni nalogi

2.12 Poroéilo o razvojno - raziskovalni nalogi

2.13 Elaborat, predstudija, studija S ' ' . .

e Jurc, M., Bati¢, F., Jurc, D,, Kraigher, H., Sirk, 1., Kralj, T. (1994) Mikoteka in herbarij Gozdarskega
instituta Slovenije.- Elaborat, GIS, Ljubljana, 150 pp. '

e Jurc, M, Kraigher, H,, Munda, A. (1994) Katalog Zvih glivnih kultur mikoteke in herbarija
Gozdarskega instituta Slovenie.- Porogilo, GIS, Ljutljana, 72 pp. :

2.14 Projektna dokumentaciia (idejni projekt, izvedbent projekt)

2.15 Posnetek glazbenega dela '

2.16 Umetniska dela

2.17 Katalog razstave

2.20 Druge monograﬁje

3. IZVEDENA IN DRUGA (V KNJIZNICAH) NEDOSTOPNA DELA

3.01 Patentna prijava - ' |

3.02 Patent

3.03 Tehniska izboljSava (nova tehnologija)

3.04 Progfamska oprema

3.05 Porotilo o raziskovalni ali razvojni nalogi : ’

e Gomis&ek, S., Gomiséek, B., Bati¢, F., Kraigher, H. & Brancelj, T. (1995) Fazno porotilo 1994.
OnesnaZenost zraka v Triglavskem narodnem parku in njen vpliv na gozd in vode- Atmosfera in
narodni park. (L2-6241-486-16/94),_Fak. za kemijo in kemijsko tehnologijo, Ljubljana, 47 str.

3.06 Elaborat, preditudija, tudija

3.07 Izvedenisko mnenje, arbitrazna odlocba, recenzija - . i . : .

¢ Kraigher, H. (1995) Recenzija ¢lanka “Kalan,J., Kalan, P., Simon¢i¢, P. (1995) Bioindikacija
onesnazenosti gozdov z Zveplom na osnovi vsebnosti Zvepla v asimilacijskih dzlih gozdnega drevja.

Zbornik gozd.in les. 47 pp.85-116.” .

3.08 Porogilo o meritvah, preizkusili ipd.



3.09 Projektna dokumentacija (idejni projekt, tzvedbeni projekt)

3.10 Umetniske stvaritve in poustvaritve

3.11 Radijski in TV prispevki

3.12 Razstave

3.13 Organiziranje znanstvenih in strokovnih sestankov-

ALIS LINK PROJECT NO. 250: Cytokinin production by mycorrhizal fungi and spruce seedlings
(British Council), Prof.dr.David E. Hanke, Deparment of Plant Sciences, University of Cambridge,
U.K., april 1991 - september 1994 - izmenjava po treh dvostranskih delovnih sbiskov s predavanji
fetno. :

TEMPUS M_JEP 4667 - 92-95: Bioindication of Forest Site Pollution - Deve opment of Methodology
and Training, Univerze v Ljubljani, Cambridgeu, Miinchnu in Grazu, september 1992 - avgust 1995,
organizatorka sodelovanja z GIS. , ‘

TEMPUS M_JEP 4667 - 92-95: organizacija mednarodnega srecanja z naslovom International
Colloquium on Bioindication of Forest Site Pollution - Development of Methodology and Training -
BIOFOSP, TEMPUS M_JEP 4667, Gozdarski institut Slovenije, Ljubljana, 22. - 31. August 1995,
sofinancirano s strani Ministrstva za znanost in tehnologijo RS. : '
TEMPUS M_JEP 4667 - 92-95: ¢lanica programskega in organizacijskega odbora ter so-predsedujoca
na znanstveni sekciji 'Mineral Nutrition and Hormonal Regulation in the Systzm Mycorrhizosphere -
Higher Plant and Stress’, dne 24.08. 1995, GIS, Ljubljana.

TEMPUS M_JEP 4667 - 92-95: organizacija delavnice z naslovom: Forest Research Plot on Pokljuka.
BIOFOSP, 30.08.1995.

3.14 Predavanja - gostovanja na tuji univerzi

3.20 Druga dela

Kraigher, H., Agerer, R. (1994) Types of ectomycorrhizae on Norway spruce from two differently
polluted forest research plots in Slovenia. In: Fungi and environmental chang2, BMS 11th General
Meeting, Silsoe College, Cranfield University, 28.-31.03.1994, Poster no. 8. '

Kraigher, H. (1995) Predstavitev dosevkov raziskovalne skupine za gozdno biologijo in ekologijo ter
predlogov projektov temeljnega (1, vodja HK.) in aplikativnega (1, vodja H.X.) raziskovanja na
podro&ju biotehnike v letu 1996. Javna predstavitev dne 27.09.1995, MZT, GIS, Ljubljana.
Kraigher, H., BoZi€, G. 1995. Presentation of the groject on Influences of polluted air on the Triglav

_National Park, part Forest, and of the principles in 2stablishing the forest research plot on Pokljuka.

International Colloguium on Bioindication of Forest Site Pollution - BIOFOS>, Workshop 3,
Pokljuka, 30.08.1995, Ljubljana, TEMPUS M-JEP 04667.
Kraigher, H. (1995) Botanika s fiziologijo (vaje): Csnove mikroskopije. GIS in BF, Ljubljana, 1 p.

4. SEKUNDARNO AVTORSTVO (se uposteva pri izpisu)

4.1 Urednistvo

Clanica Komisije za tisk GIS (izdaje monografij, Strokovnih in znanstvenih cel ipd.).

Zbornik gozdarstva in lesarstva, GIS in Odd. za gozdarstvo BF (od leta 1994 dalje).

Hojka Kraigher, Franc Bati¢, David Hanke, Reinhard Agerer and Dieter Grill (Eds.) (1995)
Proceedings of the International Colloquium on Bioindications of Forest Site Pollution: Development
of Methodology and Training - BIOFOSP, TEMPUS M-JEP 04667, August 22-31, 1995, 336p. Issued
by Slovenian Forestry Institute, Veéna pot 2, 61000 Ljubljana and Agronomy Department,
Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, 61000 Ljubljana, Slovenia.

4.2 Mentorstvo »
Delovna mentorica mladim raziskovalcem:



Gregor Bozi¢ (vitalizacija, magistrant, 1994 dalje)

Samar Al-Sayegh-Petkoviek (magistrantka, uradno od 1994-1996)
Polona Kalan (magistrantka, 1994-1995)

Mirko Medved (doktorant, 1996)

Neformalna mentorica diplomantki:

o Barbara Bohinc (1995-1996)

4.3 Prevod : _ » o
e EARTH, QUIZMASTER A+ (1994) Dorling Kindersley Limited, UK. (v pripravi za tisk , Mladinska
Knjiga, Ljubljana) » _ ' :

4.4 lustracije

4.5 Drugo ) . e

e Znanstveno sodelovanje - izpopolnjevanje v tujini: ALIS LINK PROJECT NO. 250: Cytokinin
production by mycorrhizal fungi and spruce seedlings (British Council), Prof.dr.David E. Hanke,
Deparment of Plant Sciences, University of Cambridge, UK., april 1991 - szptember 1994, delovni

. obiski v Cambridgeu: 1991 (3 mes.), 1992 (3 mes.), 1993 (3 mes.), 1994 3 mes.).

e Znanstveno sodelovanje - izpopolnjevanje v tujini: TEMPUS JEP 4667 - 92-95: Bioindication of
forest site pollution - Development of Methodology and training, Univerze v Ljubljani, Cambridgeu,
Miinchnu in Grazu, delovni obiski: 1992 - Miinchen (dvakrat), 1993 - Miinchen (dvakrat), 1994 -
Miinchen (dvakrat), Cambridge (enkrat) o :
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N. Drndarskl M. Krizman, Radioisotopes in periphyton and sedlments from the
Kolubara river and its tributaries, Water Research, 28(1994), str.1471- 1474.
FAKTOR VPLIVA PO SCI: 1.450

J. Vaupoti¢, M. KriZman, J. Planini¢, I. Kobal, Radon level reduction in two
kindergartens in Slovenia, Health Physics. 66(1994), str.568-572.
FAKTOR VPLIVA PO SCI: 0.629

J. Vaupoti¢, M. Krizman, J. Planini¢, J. Pezdi¢, K. Adami¢, P. Stegnar, [. Kobal,

~ Systematic indoor radon and gamma measurements in kindergartens and play schools in

Slovenia, Health Physics, 66(1994), str.550-556.
FAKTOR VPLIVA PO SCI: 0.629

M. Krizman, A R. Byme, L. Benedik, Distribution of *°Th in milling wastes from the

Firovski vrh uranium mine (Slovenia), and its radnoecologlcal 1mpllcat10ns J. Environ.
Radioact. 3(1995) str. 223-235.

M.J. Krizman, Radioactivity in the viccinity of former uranium mine, Quark'95
Ljubljana (1995), str. 81-82.

V. Miklav¢ig, M. Krizman, B. Poljansek, M. Cebokelj, Radidaktivnost v Zavratcu,
Idrijski razgledi XXXIX 1994, izd. Mestni muzej Idrija, (1995).

J. Peter, M. Krizman, Langzeit-umweltuberwachung von radon und seinen
zerfallsprodukten durch kontinuerliche alfa-spektrometrie, Fachverband fuer
Strahlenschutz: Phy51k und Messtechmk Karlsruhe, 1994, (1994) str.792-797.

M. Krizman, Environmental radioactivity at the former "Zirovski vrh" uranium mine
and dose assessmient, 2" Symposium of Croatian Radiation Protection Association,

_ Zagreb 1994, Proceedings,(1994), str.125-130.

M. Krizman, Radon v delovnem in blvalnem okolju Nelomzlma in 1omzlma sevanja

Bled, 1994, Zbornik referatov, (1994), str.1- 19
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L. Mlja¢, M. Krizman, Radon in sevanje gama v zgradbah iz elektrolitske opeke v

* Velenju, 2" Symposium of Croatian Radiation Protection Associztion, Zagreb, 1994,
. Proceedings, (1994), str.299-304.

R. Ili¢, M. Krizman, J. Skvar€, Z. Jeran, A national survey of indoor radon
concentrations in dwellings in Slovenia, Symposium on Radiation in Neighbouring
Countries in Central Europe, PortoroZ, 1995, Book of Abstracts, (1995), str.28.

‘M. Krizman, Planning on environmental restoration in Slovenia, 2 IAEA Workshop

on Environmental Restoration of Contaminated Sites in Central and Eastern Europe,
Piestany, 1994, (1994).

M. Krizman, Z. Logar, Technologies for and implementatioa of environmental

- restoration projects in Slovenia, 3' Workshop on Environmental Restoration in Central

and Eastern Europe, Praha, 1994, (1994).

Z. Logar, M.J. KriZman, Planning envircnmental restoration in Slovenia: Progress
report, 2™ IAEA Workshop on Regional Technical Co-operation Project on
Environmental Restoration of Contaminated Sites in Central and Eastern Europe (1995-
96), Sofia, (1995).

M. Krizman, Kontinuirna spektrometrija alfa radonovih kr'atkoii\;ih potomcev v okolju
Rudnika urana, 9" Symposium Spectroscopy in Theory and Practice, Zbornik povzetkov,
Bled 1995, str. P-29 :

A. Fajgelj, M. KriZzman, J. krk, P. Stegnar, Living with radiation, Radiation Protection
in Neighbouring Countries in Central Europe, Obergurgl, 1993, Proceedings, (1994),
str.483-486. ' -

M. Krizman, P. Stegnar, Atmospheric radon concentrations ir. the environment of

“uranium mill tailings in Slovenia, Radiation Protection in Neighbouring Countries in

Central Europe, Obergurgl, 1993, Proceedings, (1994), str.422-4Z6.

J. Vaupoti¢, M. Krizman, J. Pezdi¢, P. Stegnar, . Kobal; Examples of high indoor radon
concentrations in kindergartens and play schools in Slovenia, Radiation Protection in
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10.

11.

12.

13.

14,

Neighbouring countries in Central Europe, Obergurgl, 1993, Proceedings, Vol. 3, (1994),
str.418-421.

'M. Krizman, Koncentracije radona v bivalnem prostoru Slovenije; predlog

intervencijskih nivojev, 1JS delovno porogilo, DP-7102, (1994).

M. Krizman, D. Konda, Meritve radioaktivnosti za ugotavljanje nielnega stanja na

‘podrocju ugreznine nad Brmico, 1JS delovno poroéilo, DP-6960, (1994).

M. Krizman, D. Konda, Posebne strokovne podlage za pripravo ureditvenih nartov za
sanacijo povrsin po konanem rudarjenju 1JS delovno porotilo, DP-6951, (1994).

M. Krizman, L. Mlja¢, Koncentracije radona v bivalnem okolju Slovenije, metodologija
ocenjevanja prejetih doz, 1JS delovno poroéilo, DP-7074, (1994).

M. Krizman, P. Stegnar, Meritve radioaktivnosti v okolju rudnika urana Zirovski vrh in
ocena vplivov na okolje, 1JS delovno porogilo, DP-7046, (1994).

M. Krizman, P. Stegnar, Poro¢ilo o meritvah radioaktivnosti v okolju rudnika urana

“irovski vrh za leto 1993, 1JS delovno porotilo, DP-7073, (1994).

M. Krizman, P. Stegnar, D. Konda, Dolo€itev parametrov za ureditev odlagalii¢a

. jamske jalovine na Jazbecu, IJS delovno poroéilo, DP-6986, (1994).

L. Mljaé P. Stegnar, M. KriZman, Radiologki vpliv odlagalis¢a pe:)ela na okollco Letno
poroéilo za leto 1993, ERICO DP-14/94, (1994) '

~ B. Smodi§, M. KriZman, K. Al-Sabti, Z. Jeran, Ekolosk1 momtorng odlagalisca pepela,
~ Zlindre in produktox odzveplanja, Projekt EKO-MON, ERICO DP-14/94, (1994).

M. Zupan, M. Krizman, F. Knez, Problem radona in sanacija otro$kega vrtca v Idrm

'Skupno delovno poro¢ilo ZRMK in 1JS, 5/520-25/94, (1994).

M. Lesjak, U. Miklavzi¢, M. Krizman, Standardi varstva okolia pred 1omzlra_|oélm1
sevanji, AMES delovno porotilo, AMES DP-101, (1994), str.1-39.

.M. Humar, J. Skvar¢, R. 1lié, M. Krizman, Z. Jeran, R. gajn, Koncentracije radona v
bivalnem okolju Slovenije 1JS delovno porogilo, DP-7164, (1995).

M. Krizman, L. Benedik, Poroéllo o vplivih rudmka urana erovskl vrh na okolje AN
delovno poroéllo DP-7172, (1995).

- ML Krliman Radon in njegovi razpadni produkti v okolju Rudrika urana Zirovski vrh

- Evaluac1_|a kontinuirnih meritev radonovih kratkoZivih potomcev v atmosferi, 1JS



15,
16.

17.

delovno porotilo DP-7322, (1995).

M. Krizman, Porogilo o meritvah radioaktivnosti v okolju Rudnika urana Zirovski vrh
za leto 1993, 1JS delovno poro¢ilo DP-7247/95, (1995). ' '

L. Mlja¢, M. Krizman, Radioaktivndst povriinskih voda in sedimentov kot posledica
odlaganja elektrofiltrskega pepela TES, Delovno poro&ilo ERICo DP-63/95, (1995).

M. .Kriiman,' L. Benedik, Porotilo o vplivih rudnika urana Zirovski vrh - Obstojece

stanje pred pricetkom izvajanja del trajnega prenehanja izkorid¢anja uranove rude in
prepredevanja posledic rudarjenja, 1JS delovno porogilo, DP-7102/95, (1995).




V. Bibliografija in drugi fa;z_s" kovalni rez,ult‘ati:‘,

1. CLANKI IN SESTAVKI
1.01 Izvirni znanstveni &lanek

Bati¢ F., Grill D., Kalan J., Ribarié Lasnik C., (1995). IMPACT OF EMISSION
GASES FROM THE THERMAL POWER PLANT IN $OSTANJ ON THE
BIOCHEMICAL STRUCTURE OF NORWAY SPRUCE NEEDLES (Picea abies (L)
Karst.). Acta Pharmaceutica, 2, Supplement I, 1995.

1.08: Objavijeno predavanje na znanstveni konferenci

Ribaric Lasnik C., Batié F., Grill D, (1995). ANTIOXIDANTS AS INDICATOR OF
STRESS IN NORWAY SPRUCE. Proc. of BIOFOSP, Ljubljana, August, 22-31.
1995:51-54. . - .

Ribari¢ Lasnik C., Stropnik B., (1995). THE THEMAL POWER PLANT IN SOSTANJ
AND ITS EFECTS ' ON FORESTS - THE FOREST RESEARCH PLOT IN
ZAVODNIE. Proc. of BIOFOSP, Ljubljana, August, 22-31. 1995:319-322. '

1.14 Objavljeni poster ali povzetek posterja na znanstveni konferenci

Bati¢ F., Macarol B., Ribari¢ Lasnik C., Stmnifa A, Vidergar-Gorjup N., Klemenéi¢ S.,
Medvestek M., (1994). POSKUS UGOTAVLJANJA OZONA V ZRAKU Z
OBCUTLIIVIM KULTIVARJEM TOBAKA (Nicotiana tabacum (L) cv. BEL W).
Zbornik posvetovanja: Varstvo zraka za izboljsanje stanja v Sloveniji. Bled, 28-30 marec
1994, str. 37-50. '

Ribari¢ Lasnik C., Bati¢ F., Grill D., (1994). VPLIV ONESNAZENEGA ZRAKA NA
BIOKEMIJSKO ZGRADBO SMREKOVIH IGLIC NA VPLIVNEM OBMOCIU
TERMOELEKTRARNE SOSTANJ. Zbornik svetovanja: Varstvo zraka za izboljSanje
stanja v Sloveniji. Bled, 28-30 marec 1994, str. 51-54. .

" Ribari¢ Lasnik C., Bati¢ F., Virant Kiun I, Grill D., (1994). DETERMINATION OF
MULTIPLE STRESS IN NORWAY SPRUCE FROM TWO FOREST SITES IN
SLOVNIA BY BIOCHEMICAL ANALYSIS OF NEEDLES. Abstracts "Air Pollution &
Multiple Stresses”, p. 61, .16th International Meeting for Specialists in Air Pollutior:
Effects on Forest Ecosystems (IUFRO). 7-9 september 1994. Fredericton, New .
Brunswick, Canada. , ,

3. IZVEDBENA IN DRUGA (V KNJIZNICAH) NEDOSTOPNA DELA
3.06 Elaborat, preditudija, Studija
Ribari¢ Lasnik C., (1995). PREGLED RAZISKAV IN PREDLOG IMISIJSKEGA )

MONITORINGA GOZDNEGA EKOSISTEMA. Sintezna §tudija za Mestno obcino
~ Velenje. ERICo Velenje. '

Mag. Cvetka Ribari¢ Lasnik, d'ipl.- b'iologinja
Velenje,  17. jan. 1996 . '
2 Aveae jw%uj(\



V. Bibliografija_in_drugi_raziskovalni_rezultati:

1. CLANKI IN SESTAVKI |

1.01 Izvirni znanstveni &lanki

Al Sayegh Petkoviek S., Kraigher H., Bati¢ F, Gogaia N., Agerer R. (1995).

MYCORRHIZAL POTENTIAL OF TWO. FOREST RESEARCH PLOTS IN
ZAVODNIJE IN MISLINJA. Acta Pharm. 45 (1995) 333-336.

1.14 Objavljeni poster ali povzetek posterja na znansveni konferenci

Al S'ayegh Petkoviek S., Kraigher H., Bati¢ F, ‘Gogal»a N., Agerer R. (1994).

ECTOMYCORRHIZAL POTENTIAL OF TWO SOIL SUBSTRATES- A POT

EXPERIMENT. Fourth European Symposium on Mycorrhizas. "Granada, 11-14 July,
Spain. : : '

3. IZVEDBENA IN DRUGA NEDOSTOPNA DELA

3.05 Porodilo o raziskovalni ali razvojni nalogi

Al Sayegh Petkoviek S. (1994). MIKORIZNI POTENCIAL TAL GOZDNIH
PLOSKEV V IMISIJSKEM OBMOCJU TERMOELEKTRARNE. SOSTANI. Porotilo
za leto 1993. ERICo Velenje, Zavod za ekolodke raziskave Velenje. Marec 1994.

r \—"
& O(ém el o4 onel
Samar Al Say/ §x Pktkov&ek, dipl. biologinja -
Velenje, 17. 1. 1996 ‘ _



BIBLIOGRAFILJA 1994, 1995:

Ime in Priimek: Primoz SlMONCl('TF
1. CLANKI IN SESTAVKI

1.01 Izvirni znanstveni ¢lanek

SIMONCIC, P., 1995. The influence of acid rain on conditions for mineral nutrition of Norway spruce (Picea |
abies (L.) Karst.) seedlings. Acta Pharm,, 45, 2, suppl. 1,s.369-373.

SIMONCIC, P. 1995. Pfeskrbljenost gozdnega drevja z mineralnimi hranili na 16 km x 16km bioindikacijski
mre%i. Ljubljana, Zbornik gozdarstva in lesarstva 47, s. 117 -130. '

KALAN, J., KALAN, P, SIMONCIé, P. 1995, Bioindikacija onesnaZenosti gozdov z Zveplom na osnovi
vsebnosti Zvepla v asimilacijskoi delih gozdnega drevja. Zbornik gozdarstva in lesarstva, 47, s. 85-116

KALAN, J., KALAN, P., SIMONCIC, P. 1995. Proudevanje gozdnih tal na stalnit: raziskovalnih ploskvah.
Zbornik gozdarstva in lesarstva, s. 57-84

1.02 Pregledni znanstveni ¢lanek

1.03 Predhodna objava
1.04 Strokovni ¢lanek
1.05 Poljudni clanek

1.06 Objavljeno vabljeno predavanje na znanstveni konferenci
1.07 Objavijeno vabljeno predavanje na strokovni konfersnci
1.08 Objavljeno predavanje na znanstveni konferenci

1.09 Objavljeno predavanje na strokovni konferenci

KALAN J., SIMONCIC P. 1993. Belastung von Waldoekosystemen durch Schwefel- Stickstoff- und
Fluordepositionen. Programm und Kurzfassungen der Votraege und Poster, Internationales Symposium
"Stoffeintraege  aus der Atmosphaere und Waldbodenbelastung  in den Laendern von ARGE ALP und
ALPEN-ADRIA, Berchtesgaden, Bayerisches Staatministerium fuer Landesentwicklung und Umweltfragen,
Muenchen; s. 237-247. - s C

KALAN, J., SIMONCIC, P. 1994. Vpliv onesnaZenega zraka na gozdna tla. Zbornik s posvetovanja Varstvo
zraka. Stanje in ukrepi za izbolj§anje stanja v Sloveniji. Bled, 28. - 30. 3. 1994 ZTI - Zavod za tehni€no
- izobraZevanje Ljubljana. s. 14/1 - 14/13. : :

SIMONCIC, P., KALAN, P., BOGATAJ, N. 1994. Vpliv imisijskih poskodb na vodno funkcijo gozda. Zbornik:
X V1. Gozdarski Studijski dnevi. Biotehniska fakulteta, Oddelek za gozdarstvo, Ljubljana, s. 215 - 226

KALAN, P., HUDNIK, V., SIMONCIC, P. 1995. Evaluation of forest soil sampling rethodology. Proceedings
of the International Colloquium on “Bioindication of forest site pollution - development of methodology and
training”. Ljubljana, TEMPUS M-JEP 04667, 22. 8. - 30. §. 1995, s. 131-134. '

1.10 Objavljeni razsirjeni povzetek predavanja na znanstveni konferenci -

KALAN, P., HUDNIK, V., SIMONCIC, P. 1995 Evaluation of forest soil sampling methodology after
determination of some elements by AAS. In: Spestroscopy in theory and Practice, Sth Symposium, Bled 11. -~
13. 04, 1995 s. 40. ' N . o



JURC, M., JURC, D., GOGALA, N., SIMONCIC, P. 1995. Endophytes of Austrian pine needles as indicators
of pollution. Proceedings of the International Colloquium on “Bioindication of forest size pollution -
development of methodology and training”. Ljubljana, TEMPUS M-JEP 04667, 22. 8.-30. 8. 1995, s. 165 -
172. : '

KALAN, P., HUDNIK, V,, SIMONCIC, P. 1995 Evaluation of forest soil sampling methodology, Proceedings
of BIOFOSP, Ljubljana p. 135 - 138. : .

SIMONCIC, P, KALAN, P. 1995 Comparison of the anual cycle of sulphur conten in spruce needles from
heavily polluted and less polluted areas, Proceedings of BIOFOSP, Ljubljana p. 131 - 134.

1.11 Objavljeni razdirjeni povzetek predavanja na strokovni konferenci -
1.12 Objavljeni povzetek predavanja na znanstveni konferenci
1.13 Objavljeni povzetek predavanja na strokovni konferenci

.1.14 Objavljeni poster ali povzetek posterja na znanstveni konferenci
1.15 Objavljeni poster ali povzetek posterja na strokovni konferenci

1.16 Pogla\}je ali samostojni sestavek v znanstveni knjigi
1.17 Poglavje ali samostojni sestavek v strokovni knjigi

' 1.18 Sestavek v enciklopediji
1.19 dbjavljena recenzija, prikaz knjige, kritika
1.20 Predgovor, spremna beseda
1.21 Polemika, diskusijski prisp;vek -
1.22 Objavljeni interVJ"u'
1.23 Umetniski sestévki (notni zapisi, pesmi, novele...)
1.25 Drugi ¢lanki ali sestavki 7

SIMONCIC, P. 1995. Foliar analysis. In: Oak decline in Slovenia, Endbericht uber die Arbeiten 1994,
_ Ljubljana, Wien, GIS, Institut fur Waldoekologie BOKU; s. 72- 84 H

KOVAC, M, SIMONCIC, P., BOGATAJ, N. BATIC, F., JURC, D., HOCEVAR, M. 1995: Monitoring
gozdnih ekosistemov in propadanja gozdov, prirotnik za terensko snemanje padatkov, Gozdarski inStitut
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Contributions to the Lichen Flora of Slovenial.
Epiphytic Lichens of the Sneznik Area.

Martin GRUBE, Franc BATi¢ & Helmut MAYRHOFER

Zusammenfassung: GRUBE, M., BATi¢, F. & MAYRHOFER, H. 1995. Beitrige zur Flechtenflora von
Slowenien I. - Epiphytische Flechten des SneZnik Gebietes. - Herzogia /1: 189 - 196.

Eine erste Untersuchung der Flechtenflorades SneZnik (,,K-ainer Schneeberg™) wird vorgelegt. 160
Taxa (einschlieBlich acht lichenicoler Pilze und zwei nicht lich=nisierter Arten) werden nachgewiesen,
darunter einige seltene ozeanische Arten. Die Geographie, die Geologie, dasKlimaund die Vegetation
des Untersuchungsgebietes werden beschrieben. Die Verbreitung ausgewshiter Flechten, die Rolle
schonender forstlicher Eingriffe durch Einzelstammnutzung fiir das Vorkommen und die Erhaltung von
seltenen Arten werden diskutiert.

Abstract: GRUBE, M., BATIE, F. & MAYRHOFER, H. 1995. Coniribut ons to the lichen flora of
Slovenia I. - Epiphytic lichens of the SneZnik area. - Herzogia //: 189 - 196.

The lichen flora of the Sneznik (,,Krainer Schneeberg™) is investigated for the first time. 160 taxa
(with eight lichenicolous fungi and two non lichenized species) including several rare oceanic species
are reported. Geography, geology, climate and vegetation of the region are described. The local
distribution of selected lichens, and the effect of forest exploitation by single tree cutting on the
occurrance and conservation of rare species are discussed. h

Key words: Flora of Slovenia, SneZnik, epiphytic lichens, distribution, Sioindication.

Introduction

A joint program between Slovenia and Austria entitied ,,Bioindikation in belasteten und
unbelasteten Gebieten” started in 1991. The research was focuszd on envircnmental and
air pollution studies, which are important for the Slcvenian agricultural economy, since
more than 50% of the country is covered by forests. Pzrts of the ongoing research program
are therefore dedicated to passive biomonitoring with lichens, which are well-known
bioindicators. Various monitoring methods using lichens have been worked out in different
European countries (e.g. BESCHEL 1958, HAWKSWORTH & Rose 1970, HERZIG & URECH
1991). However, it is often necessary to adapt monito-ing techniques to new areas and the
first step towards bioindication studies is clearly a better knowledge of the lichen flora
occurring in the region under study.

The history of lichen studies in Slovenia dates back to the seccnd part of the last century,
when GLOWACK! & ARNOLD (1870), GLOWACKI (1871)and GLOWACKI (1874) reported on
lichens of the southern regions of former Austria, and when KERNSTOCK (1893) published
a contribution to the lichen flora of Styria. All of these regions are nowadays included in
parts of Slovenia. The number of known lichens in Slovenia inc-eased to 269 when Kusan
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Measurements of some physiological parameters as a
productivity index in poplar clones:
P. trichocarpa Torr. et. Gary, P. deltoides March. cv. »Luxe,
"~ P. x euramericana (Dode) Guinier cv. ragenerata,
P. x euramericana (Dode) Guinier cv. »Panonia«
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2Agronomy department, Biolechuical Faculiy,
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Production of poplar wood is based on growing selected crossbreeds and clones and
is an impertant source in the wood economy. Investigations of different poplar cross-

breeds involve biological, ecological and cultivation methocs. Our work is based es-.

pecially on measurements of certain physiological parameters. We tried with net

photosynthesis, stomatal conductivity, transpiration, mesorhyll carbon-dioxide con- -
centration, photosynthetic pigment contents in leaves and water use efficiency meas- .

" urements to estimate the maximal potential productivity of peplar clones in the juvenile
phase. ' ;

Chosen poplar clones are of great economic interest, because of the useful timber,

the productivity and the vege'ative propagation of plants. ~

MATERIALS AND METHODS

Investigated materials were supplied from a poplar forest plantation on the
- Ljubljana marshes. Measurements were made in summer 1991. For the above mentioned
measurements, we chose leaves from one year old long sprouts of different poplar

clones: P. trichocarpa Torr. et Gary, P. dcltoides Marsh. cv. »Lux«, P. x enramericana (Dode; . .

‘cv. regenerata, P. x euramcricona cv. »Panonia«. In the clone P. x curamcricana cv. »Pan-
onia« leaves from plants with twc years roots were collected (1/2), in other clones with-
four years. Physiological parameters were measured every.:wo weeks in July, Augus®
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Mycorrhizal potential of two forest research plots
in Zavodnje and Mislinja

" SAMAR AL SAYEGH-PETKOV3EK'
HOJKA KRAIGHER** .
FRANC BATIC?

NADA GOGALA® .

REINHARD AGERER*

TERICo Velenje, Korodka 64,
63320 Velenje, Slovenia

2¢lovenian Ferestry Inslilute, Vedna pot 2,
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University of Ljubljana, Askeréeva 12,
61000 Ljubljana, Slovenia

4Institule for Systematic Botany,
University of Munich,
Menzingersirasse 67,

D-800 Miincien 19, Germany

The main direct polluters in the Salegka valley are the Thermoenergetic Power Flant
Sostanj and the Coal Mine in Velenje. Our study was included among studies of the im-
pact of air pollution on the changing of mycoflora and mycorrhizas. Air pollutants can
influence mycorrhiza directly by influencing the soil charateristics and indirectly by ef-
" fects on the host plant (1). The number of species and species diversity of fungi is low-
ered (2). Pollution stress is higher, the development of the root system and the ability
to form mycorrhizae are poorer (3).

METHODS

Two differently polluted forest research plots were chosen, with the plot in Mislinja
being relatively less polluted plot than the plot in Zavodnije. The plots were monitored
by modified mycorrhizal potential method (3). Soil samples (OhAh horizont) were
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GDK 176.1 Quercus robur (L.) : 181.6/.7 : 165.3 : (497.12)

MORPHOLOGICAL AND GENETIC VARIABILITY OF PEDUNCULATE
OAK (QUERCUS ROBUR L.) POPULATIONS IN SLOVENIA

Franc BATIC *, Tomaz SINKOVIC ™, Branka JAVORNIK ™

Abstract

The article presents a taxonomic study carried out in three pedunculate ozk populations in Slovenia
ty leaf morphometry and by DNA analysis with RAPD markers. About one hundred leaves were
sampled from five trees from three seminatural pedunculate oak stands in the Sub-pannonian
vegetation region of Slovenia. Samples were collected from the w.ell lit upper part of the tree crowns,
and only leaves from short twigs were analysed. Leaf samples were herbarised, and measured and
assessed in the laboratory. Leaf dimension (lamina length and width, peticle length, number of lobe
pairs) were measured and characters like type of leaf pubescence and leaf lamina base type were
assessed. Analyse of leaf morphometry showed that all sampled trees belonged to the Quercus
rabur L. species. Nevertheless, on some trees, leaves also showed characters typical of sessile cak
(Quercus petraea IMatt/ Leibl), especially the leaf lamina base type and number of lobe pairs.
Other parameters analysed were within the variation of pedunculate oak. More populations of both
oak species should be analysed, especially when growing fogether, in order to obtain reliable data
for taxonomic studies of oak hybrids and population genetic diversity by means of classic leaf and
a=orn morphometry and molecular markers.

key words: pedunculate osk, morphology. mullivariate aralysis, FAPD markers, genetic
polymorphism, natural hybridisation

MORFOLOSKA IN GENETSKA VARIABILNOST POPULACI) DOBA
(QUERCUS ROBUR L.) V SLOVENUI

Izviecek

Celo predstavija taksonomske raziskave pri treh poputacijah doba in vkljjucuie morfometrijske meritve listov ’

in DNK analizo z uporabo RAPD markerjev. Analizirali smo do 100 fistov iz peth oznagenih dreves v
subpanonskem vegetacijskem obmogju. Nabrali smo jih dobro osvetjene zgornje tretjine krosnje samo s
kiatkih poganjkov. Liste smo herbarizirali, merili in ovrednotili v laboratoriju. Qvrednoteni parametri listov so
obsegali dol?ino in §irino listne ploskve, dolZino listnega peclja, Stevilo listnih krp, tip listnega dna in gostoto
ter tip dladic na listh. Raziskave morfometrijskih podatkov listov so pokazale, da raziskovana drevesa
pripadajo dobu (Quercus robur L.). Posameznz drevesa na razlicnih ploskvah kaZejo nekatere morfoloske
lastnosti gradna (Quercus petraea /Matt. iebl), posebej tip listnega dna in Stevilo listnih krp. Ostali
rrorfolodki parametri so v okviru variacijske $irine doba Analizirati bi morali vedjo populacijo dreves
piedvsem v medanih sestojin, kjer omenjeni vrsti rasteta skupaj. Podatki iz vedje poputacije bi bolj
zanesljivo prikazali taksonomske problere hibridov pri hrasth s primerjavo klasitnih morfologkih
parametrov in molekutarnih markerjev.

Kjuéne besede: dob, morfologyja, multivanantnia anahza, RAPD markerji, genetska vanabilnost, naravna
hibndizacya

: 3rof., dr., dipl. biol., Argonomy dept., Biotennical facLity, University in Ljubljana, Jamnikarjeva 101,
6. 000 Ljubljana, Slovenia
Assist., mag., dipl biol. Argonomy dept., Biotehnical faculty, University in Ljubljana, Jamnikarjeva 101,
6000 Ljubljana, Slovenia
Prof., dr., dipl. ing., food tech.l., Argoncmy dept . B otehnicat faculty, Univers ty in Ljubljana,
Jemnikarjeva 101, 61000 Ljubljana, Slovenia
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BIOINDIKACIJA OZONA V  TROPOSFERI 2 OBCUTLJIVIM
KULTIVARJEM TOBAKA (Nicotiana tabacum L. cv. BelW3)

Franc BATIC *, Sabina KLEMENCIC **, Metka JENCIC- MEDVESEK ™,
Bogdan MACAROL ***, Andrej STRNISA """, Cvetka RIBARIC -

whd e dedk Aok Aok

LASNIK ******  Natalija VIDERGAR

Izviedek:

V okviru raziskav umiranja gozdov in opazovanja kskovosti zraka v okolici virov
onesnaZenja, smo za bioinidikacijo ozona kot enega izmed zraénih onesnaZevalcev
uporabljali ob&utljivi kultivar Nicotiana tabacum L. cv. ‘BelW3'. V letih 1988-1992 smo
med junijem in oktobrom na izbrana mesta izpostavili po tri do pet rastlin kultivarjev
'BelW3' in ‘BelB'. Mesta izpostavitev so bila izbrana glede na podnebje, nadmorsko visino
in stopnjo onesnaZenosti zraka. Za izpostavitev tobaka in prikaz nastalih poskodb rastlin
smo uporabili metodo, ki jo je opisal Askmore (ASHMORE, BELL 1980). Na vseh
izpostavitvenih mestih smo potrdili prisotnost ozona. Tobaéni listi so bili najbolj
poskodovani v okolici obeh slovenskih termoelektrarn.

Kijuéne besede: onesnaZenost zraka, ozon, bioindikacija

BIOINDICATION OF TROPOSPHERIC OZONE BY SENSITIVE
CULTIVARS OF TOBACCO (Nicotiana tabacum L. cv. BelW3)

Abstract

In the scope of folest die-back studies and monitoring of air quality in the surroundings
of air poilution sources a bioindication of ozone as air pollutant was carried out by the
use of sensitive tobacco cultivar Nicotiana tabacum L. cv. '‘BelW3'. The monitoring was
carried out in the period between 1988 and 1992. Tobacco plants were transplanted each
year between June and October, three to five plants of cultivars ‘BelW3' and 'BeiB' per
chosen site of exposure. Sites were chosen according to a climate type, altitude, and air
pollution level in Slovenia. The method described by ASHMORE (Ashmore Bell 1980}
was used for transplantation of tobacco plants and ozone damage assessment. The
presence of ozone was proved on all sites of exposure, but the most severe damage
occurred in the jeaves of tobacco transplanted near the greatest thermal power plant.

Keywords: air pollution, ozone, bioindication
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BIOINDIKACIJA ONESNAZENOST! OZRAGJA V GOZDOVIH Z EPIFITSKIMI Lisad

Franc BATIC * , Anton KRALJ ™"

Izvietek

Prispevek podaja pregled uporabe razlignih melod bicindikacije onesna2encsti gozdov v Sloveniji s poudarkom na
spremijanju onesnaZenosti zraka v gozdu z epifilskimi li&ajl. Podrobneje so prikazani rezultati popisa epifitskih fitajev pri
popisu propadanja gozdov 1991 in deino primerjava popisov v letih 1993 in 1934, Popis propadanija iz leta 1991 je
zadnji, obseZnejsi popis propadanja na mrei 4 x 4 km, medtem ko so vsakoletni popisi, tudi|. 1993 in 1934 le na mred
16 x 16 km. Metoda popisa epifitskih lisajev temelji na popisu pokrovnosti in pogestnosti stefjk skorjastih, listastih in
grmikastih 18ajev na Sestih najbolj primemih drevesih na mestu popisa propadanja gozdov. Na podlagi ocene
¥ovilZnosti in pokrovnosti lisajskih steljk je izragunan indeks atmosfersie Zistole, posebej za dniSca debel, debla v prsni
vidini in kro¥nje. IzraZuni indeksa so prikazani 2a popisne ploskve kot celoto in posebaj za smreko, bukev, hrast in jelko.
Visoke vrednosti indeksa (razpon 0-54 za celo crevo, 0-18 za opazovanjz pe stratum h) kaZejo bogato liajsko obrast in
&ist zrak, medtem ko majhne vrednosti indeksa pomeniic revno lidajsko obrast in domnevno onesnaen zrak. Viednosti
indeksa atmosferske &istoe kaZejo na ve'ixo onesnaenje ziaka, e posebej v okolici vedjih znanih emisijskih virov, pa
tudi ponekod, koder ni lokalnih onesnadevalcev zraka, Vrednosti indeksa so po préakovanju najni3je v krodnjah, pri
drevesnih vrstah, pa je fiajska vegetacija najrevnejia na bukvi. To kaZe na vpliv kisth odloZin v padavinah, ki pa se ne
pojavija le v z &veplovimi spojinami moé&nc onesnaseni ostednji in severovzhodni Sloveniji, ampak tudi v s padavinami
bogatih predelih zahodne Slovenije, kjer takinega stanja glede na domate vire onesnaenja ozradja ne bi pricakoval.
Rezultati popisov lifajev so pokazali, da sc epifitski li8aji tudi v gozdovih dobr kazalzi onesnaZenja z-aka. Ta preprosta
metoda kartiranja fisajev daje dobre rezuftate in je primema za veliopovrSinska <artiranja, kadar ni dovolj &asa in
sredstev 2a kartiranje 3ajskih vrst.

Kljuéne besede: propadanje gozdov, onesriaZerije 2raka. bioindikacija. epifitski li8aji
BIOINDICATION OF AIR POLLUTION iN FORESTS BY EPIPHYTIC LICHENS
Abstract

The article deals with an overview of bioindication methods of air pollation used at Slovenian forest decline inventories,
and more detaily with the bicindication of air pollutior vy epiphytic lichen vegetation. Tre results of epiphytic licher
vegetation assessment in forest die-back inventory carried out in 1991 are presented completly, and partly also the
comparison of the results of the inventories carried out in 1993 and 1994. The inventory of forest decline in 1991 was
canied out on a 4 x 4 km grid, while each years’ inventaries, e.g. those in 1993 and 1994 were limited only to a 16 x 1€
km grid. The method of epiphytic lichen vegetation mapping in forest decline inventories is based on the assessmenf o’
cover and hequency of fructicose, foliose and crustose lichen thalli in a group of six of the most convenient trees fo-
epiphytic lichen observation of the 24 liees included into fotest decline inventory at a plot. On the basis of the
assessment of the cover and frequency of all three lichens thalli types, the index of atmospheric purity was calculated for
each assessed tree and together for the piot. Index values wete determined separately for tree crowns, trunks at the
breast height and for the base of the trunks. Index dzta are presented separately for observations on Norway spruce,
common beech and hombeam, sitver fr and oaks and also computed together regardiess trees species on which
lichens were observed. High values of index (C-54 for a whole tree, 0-13 for separale tree strata) indicate rich epiphytic
lichen vegetation and clean air, low values indicate peor epiphytic lichen vegetation and presumably poliuted air. Inde«
values show that air pollution in Slovenian forest is rather high, especially in the vicinity of the major known air poliution
sources but also in some areas withaut known local emmisions of air politants. As expected, index values cf
atmospheric purity are the lowest when calculated for tiee crowns, yet among the values calculated for tree species th2
common bech with hormbeam show the lowest data d e to the type of crown and kark quality of these two tree species.
This can irdicate the influence of acid precipitation. not only in the sourroundings o” the sources of high sulphur dioxid2
pollution in central and north-east parts of Slovenia but also in higher elevations in west and south-west parts which are
rich in rainfall but without major local emmisions. The results ottained by this simple method of epiphytic lichen
mapping proved lichens as good air pollution indicators also in forests. The methed is suitable for large scale mapping
where species mapping is not possible due to limited time and funds.

Key words: forest decline, air poliution, bicindication methods, epiphytic lichens.
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IDENTIFICATION OF 1BL/1RS WHEAT-RYE TRANSLOCATION BY N-
BANDING

Bojka KUMP', Tomaz SINKOVIC™, Branka JAVORNIK™™

ABSTRACT

'~en biead wheat cultivars having donors of 1BU/1RS ftranslocation in their pedigree were
sen for cytological analysis by the N-banding technique to confirm the presence of
slocation. All of the analysed cultivars showed an unbanded terminal short arm of the

8 chromosome and, in addition, seven cuitivars had an extra paracentrcmeric N-band

Aicating differences in the size of translocation.

r worcs: wheat, chromosomes, N-bands

IDENTIFIKACIJA 1BL/1RS PSENICNO-RZENE TRANSLOKACIJE Z N-BANDINGOM

) 1ZVLECEK
p_btrditev zastopanosti transiokacije smo 2z N-banding tehniko citolosko enalizirall enajst
rar)_lh kultivarjev navadne p3enice, ki imajo v rodovniku donorja 18L/IRS translokacije. Vsi

'r}aliuranl kultivarji imajo neobarvan terminalni del kratkega kraka 1B kromosoma, sedem

~Hivarjes pa Ima $e dodatno paracentromerno N-progo, kar kafe na razlike v dolZini
slokacije.

F § esede: pdenica, kromosomi, N-proge

e

_ITRODUCTION

" “ethods of differential staining are very useful in cytological research of wheat and other
gher plants for chromosome identification and detecting the presence of foreign
--fomosomal segments. Banding techniques enable precise studies of the karyotype of

-* M. Sc. Agr., SLO-61111 Ljubljana, Jamnikarjeva 101, P. O. Box 95
* M. Sc. Agr,, ibid.

" '* Assaciated Prof, Ph. D. Agr., ibid.
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Detection of Interspecies Hjbrids in Plants by Fluorescence in situ Hybridization,
Using Total Genomic DNA as a Probe

By

Toma? Sinkovi¢!, Franc Bati¢', Branka Javornik', Helmut Guttenberger® , Dieter Grill*
Key words cytology, eadwheat, fluorescence in situ DNA hybridization, genomic probe

Summary
Total genomrc DNA probe preparation and the non-isctopic biotin probe labelling technique are described.
The use of an excess of unlabelled competitor DNA from a related plant spectec gives more constant results
in determmg whole plant genomes with in srtu experiments on plant hybnds Results of fluorescence in situ .
hybridization for detecting alien rye chromatin and lomhsatlon on metaphase chromosomes and mterphase
nuclei in the bread wheat cultivar ‘Yugoslavia', whiv:h carries a lBL.lRS translocation are shown. The
| advantage of the use of total genomrc biotin labeled probes for in situ hybridizations is that it requrres less
| eﬁ'ort than preparing, species specific probes and the ease of interpretation of results. The extraction of a
high quantity of species specific DNA of high quality, probe preparation and labelling are the most
important steps. o
Introduction ,
In situ hybridization has become a powerful diagnostic tool, it is nowadays possible to detect single and low _
copy DNA sequences, perform physrwl mapping of genes (Mukal et al. 1991), detect chromosomal
aberratrons like deletions, translocations, substitutions etc. Repetitive sequenm (Cnadrado and Jouve
1994), whole chromosome (Schondelmaier et al. 1993) and whole genome detecuons (Bennet and Thomas B
1991) are also possible WIth specially prepared and labelled probes. The results of in situ hybndrzatron
contributed a new understandmg of plant genome orgamsatron to phylogenetlc plant studies (Lextch et al.
1991). Advantage of fluorescence in sifu hybridization include the use of s1multaneously doubly or triply
labelled probes (Mukai et al. 1993), multieolour'detection_s of DNA sequences in interphase nuclei
(Rawlins & Shaw 1990), and its less time consuming nature. The plant cell wall can effect the accessibility
_ofa labelled probe toa chromosome and the plant protoplasm can cause a relatively high background in the

, commonly used squash preparatlons Ambros et al. (1986) attempted to overcome the problem by the use of

"Agronomy Department, Biotechnical Faculty. Umverslty of LJuleana, Jammkar_]eva lOl 61000 Ljubl]ana,
SLOVENIA _
2 Institut fiir Planzenphysiologie, Karl-Franzens Umversntat Graz, Schubertstrasse 51, 8010 Graz,
AUSTRIA ' , ’ L
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BIOINDIKACIJA ONESNAZENOSTI ZRAKA IN NJEN POMEN PRI
VZPOSTAVITVI INTEGRALNEGA MONITORINGA

Franc BATIC*

ABSTRACT

'BIOINDICATION OF AIR POLLUTION AND ITS SIGNIFICANCE IN ESTABLISEMENT OF

INTEGRAL BIOMONITORING

The article deals with basic principles of using plénts as
bioindicators of air pollution. Types of plant bioindicators such as

_ indicators, testers and monitors are presented and ‘rules of

bioindication are briefly described. Bioindication of different
levels, from biochemistry of plant cells to ecosystem, are commented
and short history of bioindicators’ use 1is described. The
significance of pioindication of air pollution is discussed in
comparison with chemical measurements of air pollutants. At the end

'gome conclusions about the use of bioindication methods in

forthcomming ecological monitoring are drawn and the present state of
bioindication in Slovenia is discussed. ’

uvoD

e od prazgodovine je &lovek uporabljal rastline in %ivali za
spoznavanje kvalitete svojega okolja. zgodnji kmetovalei so po
rastlinskih zdruZbah ocenjevali kvaliteto tal in njihovo
primernost 2a kmetovanje. Kasneje Je bila na iskusnjah
kmetovalcev, gozdarjev in botanikov Vv fitocenologiji in
ekologiji izdelana bioindikacijska vrednost posameznih
rastlinskih vrst, ki odraZajo lastnosti rastis&a (vlaZnost,
su3nost, osvetljenost, zbitost, kislost, itd..)(1l). Se kasneje
so organizme, rastline, 3ivali, glive . in. mikrobe zadeli
uporabljati za ocenjevanje vplivov dejavnosti &loveka na okolje
(2,3,4,5), najprej v vodnih ekosistemih in nato Ze v kopenskih.

OnesnaZevanje ozra&ja Jje star pojav, ki spremlja razvoj
&lovestva. Kemijska narava snovi, ki jih je ¢&lovek sproscal v
ozra&je se je motno spremenila od prvih, preteZno poljedelskih
in #ivinorejskih skupnosti do danasnje industrijske in
postindustrijske druzbe razvitega sveta. Negativne posledice
udinkov ne&isto&-polutantov v zraku na 3ivi svet so postale
hitro oditne. V skrbi za zdravje ljudi, uspevanje kmetijskih
kultur in gozdov in varovanje narave SO kmalu priéeli meriti
koli&ine #&kodljivih snovi v zraku. To je vodilo k postavljanju
normativov za Se dovoljene koncentracije polutantov v zraku in k
izboljsavi tehnolodkih postopkov, vse V skrbi za &istejsi zrak.
Namen tega prispevka je predstaviti pomen biondikacije in njeno
mesto v integralnem monitoringu onesnaZenosti zraka in okolja.

* prof. dr. Franc Batié&, Oddelek 2za agronomijo,
Biotehniska fakulteta, Jamnikarjeva 101, 61000 Ljubljana
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UGOTAVLJANJE ONESNAZENOSTI ZRAKA S
KOVINAMI IN RADIONUKLIDI Z UPORABO
VBIOMONITORJEV - LISAJEV

2. Jeranl, R. Jaéimo#iéz, V;>Lup§ina-niklav6163, B. Smodiél,
- | F. Bati¥’ _

, 1,2341ngtitut "Jofef Stefan", Jamova 39, Ljubljana
5pjotehniska fakulteta, Oddelek za agronomijo, Jamr.ikarjeva 101,
T _ Ljubljana ’ - '

ABSRACT
puring recent years epiphytic lichens were introduced to monitor heavy metal ard
radionuclide air pollution in Slovenia. Some indicative results of our studies

on air pollution around the Uranium mine and mercury speciation in air around
the Hg-mine, using Hypogymnia physodes are presented. Also the results of

‘multielemntal analysis of transplanted lichers exposed in three different regions

of Slovenia (urban-industrialized, rural-nonindustrialized and near a coal fired
power plant) are discussed.

uvoD

Okolje, predvsem pa zrak, je vse bolj onesna’eno. Zaradi
industrijske dejavnasti, prometa, kmetijstva, pridobivanja energije
(toplarne, termoelektrarne, individualna kuris&a) Vv okolju

naras§ajo koncentracije kovin in nekovin, med katerimi so nekateri
elementi lahko tudi toksi&ni (Pb, cd, Hg,...). :

Za ugotavljanje onesnaZenosti okclja se v svetu Ze ved kot 25
let poleg direktnih metod vzor&evanja uporabljajo tudi Zivi
organizmi bioindikatorji / biomonitorji, ki so bodisi rastline
(1igaji, wmahovi, borove ali smrekove iglice, trave, ...) ali
¥ivali. Organizmi se namre& izredno hitro odzivajo na spremembe V
okolju. Reakcije organizmov, ki so biokemi&ne, fizioloske,
morfolos$ke, pa lahko opazujemo ali merimo. O bioindikaciji govorimo
takrat, ko organizem ali del organizma, daje informacijo. o
kvaliteti okolja. Biomonitoring pa imenujemo dolgorc&no spremljanje
okolja s _pomo&jo bioidikatorjev -/ biomonitorjav. Martin in
Coughtrey )" sta postavila nekaj kriterijev, ki Jjih mora

! mag.Z\'lonka Jeran, dipl.biol,, In;lil\.x| “Josel Stefan”, Jamova 39, 61000 Ljubljana

2 R_#doj-ké Jaé _imovi& P dipl.ing.ﬁz..‘ Institut 'Ji;icfStcfan', Jamova 39, 61000 Ljubljana
?vmag.Vesna Luééiné-Hikla\'é i&, dipl.ing.ﬁem.. Tnstitut *JoJef Stefan”, J.nmov; 39; 61000 Ljubljana
4 drtBbrut Smodié ,” dipling.kem., Institut ‘lloiefSlefan', Jamova 39, 61000 Ljubljana
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ONESNAZEVANJE OZRACJA IN KOPENSKI EKOSISTEMI: I.PREUCEVANJZ

[ R

ONESNAZENOSTI OZRACJA S KARTIRANJEM EPIFITSKIH LIgﬂJBV

AIR POLLUTION AND TERRESTRIC ECOSYSTEMMES: I. INVESTIGATION OF
AIR POLLUTION BY MAPPING OF EPIPHYTIC LICHENS - '

Franc BATIC | . |

prirodoslovno drustvo Slovenije, _zavod Republike Slovenije za
solstvo in 3port, Osnovne in srednje 3ole '

Slovenije

' ABSTRACT

\

The article presents the youth research action in which air pollution in
Slovenia is assessed by mapping of epiphytic lichens. Pupils from secondary
and middle schools take part of the action, guided by their teachers under
the supervision of Natural History Society of Slovenia. A very simple
bioindication method for air guality is used, namely the mapping of epiphytic
lichens’ thalli types (crustose; foliose and fruticose). An index of
atmospheric purity is calculated from the mapping data for each observed site
‘which has been chosen according to air pollution level, topography and
avajlability of suitable trees. The main goal od the action is environmental
education of youth and their teachers by observation of organisms in nature
with modest means and simple methods. '

UvobD

prirodoslovno drudtvo Slovenije nekaj ve¢ kot po desetih letih
ponovno organizira mladinsko raziskovalno ‘akcijo, v kateri
udenci in dijaki in njihovi mentorji - uditelji - preudujejo in
zasledujejo stanje in stopnjo onesnazenosti okolja v svojem
kraju. Podobno kot leta 1977 - smo.zadeli s preudevanjem
onesnazenosti ozra&éja. V ta namen Smo uporabili za uéence in
dijake primerno metodo bioindikacije ugotavljanja onesnazenosti
‘zraka s pomo&jo epifitskih liSajev (1). _ .
Epifitski 1isaji = so ~zaradi svoje zgradbe in prilagoditev
‘na epifitski nacin ivljenja izredno obGutljivi na onesnaZen
zrak in v njem propadejo prej kot visje rastlire. Se posebe]
- 80 ob&utljivi na tako imenovano vklasiéno onesnaZenje zraka",
to je na onesnaZenje z sveplovimi spojinami in dimom, ki so v
Sloveniji Se vedno vodilni onesnaZevalci zraka. Pojavljanje in
izginotje posamezne liSajske vrste ali vrst z dolodenim steljke
je v tesni povezavi s stopnjo onesnaZenosti zraka na

Prirodoslovno drudtvo Slovenije,
Novi trg 2, 61000 Ljubljana '
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Bioindikacija ozona v troposferi z obcutljivim kultivarjem
" tobaka Nicotiana tabacum L. Bel W3

BIOINDiCATION OF TROPOSPHERIC OZONE BY SENSITIVE CULTIVARS
OF TOBACCO (Nicotiana tabacum L. Bel W3)

lpranc BATIC, 2Sabina KLEMENCIC, 3Metka JENCIC-MEDVESEK, 4Bogdan
MACAROL, OJAndrej STRNISA, 6Cvetka RIBARIE-LASNIK, /Natalija
VIDERGAR-GORJUP. ‘

ABSTRACT

In the scope of forest die-back studies and monitorirg of air quality in
surroundings of air pollution sources a bioindication of ozone as air
pollutant was carried out by use of sensitive tobacco cultivar Nicotiana
tabacum L. cv. Bel W3. The monitoring was carried out in the period between
1987 and 1992, "and some data for the year 1991 are presented in the article.
Tobacco plants were transplanted each year between June and October, . three to
five plants of cultivars Bel W3 and Bel b per chosen site of exposure. Sites
were chosen according to climate type, altitude, and air pollution level in
Slovenia. The method described by ASHMORE (30) was used for transplantation
of tobacco plants and ozone damage assessment. The p-esence of ozone was
proved on all sites of exposure, but the most severe damages occurred on the
leaves of tobacco transplanted nearby the greates thermal power plant.

uvoD o

Troposferski ozon predstavlja pribliZno 10 % od vsega ozona Vv
zemeljski atmosferi in vzdrZuje ravnovesje med nekaterimi sesta-
vinami 2zraka. Ozon v troposfero vdira iz stratosfere ali pa
nastaja v sami troposferi pri fotolizi duSikovega dioksida in v
prisotnosti ogljikovodikov. Prav hitremu nara&&anju antropogenih
virov ogljikovodikov, dusikovih oksidov in ogljikovega monoksida

lprof. dr. Franc BATI{, Oddelek za agronomijo,
Biotehniska fakulteta, Jamnikarjeva 101, Ljubljana
2sabina KLEMENCIC, dipl. biol.,
Skup3&ina ob¢ine Hrastnik
3Metka JENCIC - MEDVESEK, prof. biol., .
Bolnica Trbovlje o
4pogdan MACAROL, ABSOLVENT BIOLOGIJE,
Skupni¢ina mesta Ljubljane
5Andre3 STRNIEA, absolvent gozdarstva,
Radece
6Mag. Cvetka RIBARIC - LASNIK,
ERICo, Velenje
TNatalija VIDERGAR GORJUP, b1pl blol.,
SO Zagorje ob Savi
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VPLIV ONESNAZENEGA ZRAKA NA BIOKEMIJSKQ
ZGRADBO SMREKOVIH IGLIC NA VPLIVNEM OBMOCJU
- TERMOELEKTRARNE SOSTAN]J.

'RIBARIC LASNIK C. *BATIC F., *GRILL D.,

'ERICo Velenje, Koroéka 64, 63320 Velenje, Slovenija

?Univerza v Ljubljani, Blotehmbka fakulteta, Oddelek za aglonoml_]o, Ja.mml\arjeva,

101, 61000 Ljubljana, Slovenija

3nstitut fir Pﬂanzenphysmlogne, der Karl-Franzes, Universitit Graz, Schubertstrasse
51, A-8010 Graz, Austria

ABSTRACT

At the area infhienced by stack gases from thermal power plant in So3tan] (North
Central Slovenla) the biochemical paraineters of Norway spruce needles were analysed
in several growing seasons. Sampling sites were selected according to the degree of
damage forests, and measured or predicted air pollution. Apart from forest die-back
inventory, the following biochemical parameters of Norway spruce (Picea abies (I..)
Karsten) were analysed in four classes of necdles: content of macronutrients, age
and seasonal pattern of photosynthetic pigment content, content of water soluble
thiols and ascorbic acid, and activity of enzyme peroxidase. A very strong impact of
pollution on spruce was determined, and the area of affected forest was proved to be
much larger than suspected by earlier meteorological investigations.

UvOD

Termoelektrarna Sostanj (TES) je najveéji onesnazevalec zraka v Slovenji. Letno
emitira v ozratju okoli 90.000 ton CQ,, 11.000 ton NOy, 8.000 ton prasnih delcev,
fluoride in druge zraéne onesnazevalce. Terinoelcktrarna lezi na dnu Saleske doline na
300m nadmorske visine. Zahodna poboc¢ja doline so dokaj visoka in dosezejo 1550m,
medtem ko so vzhodno niZja, dosezejo 900m nadmorske visine. Dolina je dobro

prezralena, razen v ¢asu stabilnega vremena, ko se pojavi temperaturna inverzija,
ostane zrak nepremesan. Pojavljata se dve temperaturni inverziji. Prva se pojavlia

do 100 m nad dnom doline, (llug,a pa na nadmorski visini llOO do 1200 m nadmorske
1) v
visine

mag Cvctka RIBARIC LASNII\ EIU( ‘o Velenje, l\0|o<;l\a 64, ()3520 \/olenje, Slovenija

prof (lr._ Franc BATIC, Unncna v ]Jlll)lenl Biotehnigka fakulteta, Oddelek za
agronomijo, .lamml\al__;e\a. 101, 61000 ]Jul)l_]and 9|owmj| ' :

3 prof. dr. Dieter GRILL, lnemut fiir Pilanzenphysiologic, (ler Karl- ]lanzes, Unners:tat :

bGraz Schubertstrasse 51, A-8010 Graz, Austria
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Evaluation of pedunculate oak (Quercns robur L. ) populations in
Slovenia

F. BATIC, T. SINKOVIC and B. JAVORNIK

Agronomy Department, Blo(echmcal Tacully, University of Ljubljana Jammkar;e»a 101, 61000 Ljubljana,
Slovenia

Kc\ “ords pedunculate oak, morphologv multivariate analysis, molecular markers, genetic polymorphism, = .
natural hybridization

Abst_ract

The article presents a taxonomic study carried out in three peduculate oak populations
in Slovenia by leal morphometry and DNA analysis. About one hundred leaves were
sampled from five trees from three seminatural pedunculate oak stands in the Sub-
pannonian vegetation region of Slovenia. Samples were collected from the well lit
upper part of the tree crowns, and only leaves from short twigs were analysed. Leaf
samples were herbalised, and measured and assessed in the laboratory. Leaf
dimension (lamina length and width, petiole length, number of lobe pairs) were
measured and characters like type of leaf pubescence and leaf lamina base type were
assessed. RAPD markers were used for genomic DNA analysis.

Analysis of leaf morphometry showed that all sampled trees belong 1to. the Quercus
robur L. species. Nevertheless, on some trees, leaves also showed characiers typical

~of sessile oak (Quercus petraca /Matt./ Leibl.), especially the leaf lamina base type

and number of lobe pairs. Other parameters anzlysed were within the variation of
peduculate oak. The hybrid status of these trees was not confirmed by DNA analysis.
More populations of both oak species should be analysed, especially when growing
together, in order to obtain reliable data for taxonomic studies of oak hybrids and
population genetic diversity by means of classic leaf and acorn morphometry and

“modern DNA analysis.

Introduction

Lowtand forests of oaks are the most changed forest ecosystems in Slovenia, as
elsewhere in Europe. Due 1o agricultural actvity and wurbanisation, they have been
transformed into cultural steppes and urban areas. Only a few remnants of them
remain, and even they suffer from various disturbances like a changed water table,
input of ferilisers, air pollution impact, cuttings etc. A new kind of forest decline has

. also seriously affected oak forests throughout Europe. The situation is not improving
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: | . Bioindication in forest decline studies:

concepts and practice

Dieter GRILL!, Franc BATIC2, Michael TAUSZ:

! Institut fuer Pflanzenphysiologie, Karl-Franzens-Universitaet Graz, Schubertstrasse 51, 8010 Graz, AUSTRIA

2 Department of Agronomy, Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, 61000 Ljubljana, SLOVENIA

Key words:  bioindication, forest déclinc studies, air and soil pollution, plant response,

TEMPUS, Slovenia. '

f o Abstract _ _
7 This article deals with use of several bioindication methads in forest decline_studies within an international
{ TEMPUS project carried out in Slovenia. The aim of the project was to introduce and connect different
 bioindication methods in order to improve methods and qualify the research staff working in this field of research
l in Slovenia. The following bioindication methods were irtroduced or adapted for forest decline research in
Slovenia: biochemical and physiological markers of air pollution / stress impacts orl‘liforest trees (University of
‘ Graz: photosynthetic pigments, thiols. as'corbirc acid, protective enzyme systems; Univ;:rsity of Cambridge: plant
| - honnones; University of Munich: mineral nutrition of forest trees); epiphyiic lichens as indicators of air quality
| on forest sites (University of Graz, University of Ljubljana); determination of types of ectomycorrhizae as
! indicators of forest soil condition (University of Munich, University of Ljubljana). The significance and practical

use of bioindication methods in environmental studies is also discussed.

Introduction _

Three years ago a TEMPUS project, entitled "Bioindication. of forest site po"uti_on: Development of
methodology and training” (TEMPUS JEP 4667), was initiated. According to the idea of TEMPUS pr:()jgcts'lhere
were two ECE countries, The United Kingdom (Depanmenz of Plant Sciences, University ovaambridgé) and
Génnany (Institut fuer Systelilatfsche'Botanik, Ludwig Maximilian Univefsitaet, Muenchén), Austria (lhs(itpt
fuer ’Pﬂanzenphysiblogie and Institut fuer Botanik, Karl-Franzens-Universitaet Graz) as non ECE counfry and
Slovenia (Departmem’vof Agronomy, Biotechnical Faculty, Universi(y'of 'Ljub'ljana and Slovenian Forestry

Institute, Ljubljana) as an eligible, east/middle Européan country to which such co-operation was primarily
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Bioindicatibn of air 'pollutioh by epiphytic lichens in

* forest decline studies in Slovenia

 Franc Bati¢!, Helmut Mayrhofer?

! Agronomy Department, Blotechmcal Faculty, Umversxty of Ljubljana, Jamnikarjeva 101, 61000 Ljubljana, Slovenia
2 nstitut fir Botanik, Karl-Franzens Universitaet Graz, Holteigasse 6. 8010 Graz. Austria '

Key words: bioindication, air pollution, epiphytic lichens, forest decline, Siovenia.

Abstract

.The amcle deals with use of epiphytic lichen as blomdxcators of air polution at forest decliné studies in
Slovenia. Flrst studies of this kind were base on mapping of cover and frequency of crustose, foliose and
fructicose epiphytic lichens on trees which were assessed also-for the decline symptoms. Since 1985 epiphytic
lichen vvergetation has been assessed by this methods and results, expresed as a lich’eﬁ map of Slovenia were
.used as én air quality indicator for plots of forest die-back inventory. In case studies of forest decline,.in :
collaboration with lichenologist from Graz university, Austria, all epiphytic lichen species were mappéd in
order to obtain better measure of air quality in the area studied. Very polluted and stil clean and well preserved
forest were investigated. From the material collected and detgrmmed a lichen herbarium has been established
on thek Sfovenian Forestry Institute. Possibilities of further _rgsea:ch and use of epiphytic lichens as air quality

indicators are discussed.
Introduction

Bioindica(ors are organisms or their ccmmunities which respond to environmental factors through their life

functions (Arndt et al. 1987). The same hoids for bioindicators of air pollution. Epiphytic lichens are among,

| the best known and extensively used bioindicators of air pollullon (Skye 1968, Ferfy et al. 1973, Hawksworth &

Rose 1976, Deriille 1978 Nash 11 & Wmh 1988, Rlchardsm 1988 etc.). They have been used as passive and

- -active blomdlcators of air pollutlon m many urban and mdusmal reglons of Euroae, North America and. .
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Fluorescence in situ hybridization — a tool for

detecting interspecies hybrids in plants

Tomaz Sinkovi€, Franc Bati¢, Branka Javornik

. Agronomy Department, Biotechnical Faculty, University of Ljubljana, Jaxnnlkarjeva 101, 61000 Ljubljana, Slovenia

Key words: cytology, oak hybrids, fluorescence in sifu DNA hybridization, genomic probe.

ABSTACT
Preliminary results and methodology related to the use of the ﬂuorescence in situ hybridization techmque for
detection of plant hybrids are presented Total genomic DNA probe preparation and the non-tsotoptc biotin
probe labelling technique is presented. The use of an excess of unlabelled competitor DNA from a related
plant species gives more constant results in determing whole plant genomes with in situ experiments on plant
hybrids. Preliminary results of fluorescence in sifu hybridization for detecting alien rye chromatm and
localisation on metaphase chromosomes and interphase nuclei in the bread wheat cultivar Yugoslavia are
“described. The methodology for detection of interspecies hybrids of common and sessile oak with fluorescence
in sifu hvbndtmtlon is given. The advantage of the use of total genomic biotin labelled probes for in situ
hybridization is that it requtres less effort than preparing spec1 es specific probes and the ease of interpretation
of the results. The technique of ﬂuorescence in sxtu hybridization is less spec1es specific than other cytological
techmques for higher plants and almost the same methodology can be used for detection of oak hybnds The
extraction of a high quantity of species specrﬁc DNA of h1gh quality and probe preparatton and labelling are

the most 1mponant step.

lNTRODUCl" ION . _

In situ h_\,bndlzatton has become a powerful dlagnost:c tool since its first descnptlon (Gall and Pardue 1969).
'lt is nowadays possible to detect single and low copy DNA sequences, perform physical mapping of genes
(Mukai et al., lv99l), detect chromosomal aberrations like deletions, translocations, substitutions etc. Repetitive

‘sequences {Cuadrado and Jouve, 1994; Masahiro et al. 1992), whole chromosome (Schéndelmaier et al., 1993)

to
e
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The use of lichens in atmosphéric trace element

deposition studies in Slovenia

7Zvonka Jeran!, Radojko Jaéimovi¢!, Boris Smodis!, Franc Bati¢?

1 Jozef Stefan Institute, Jamova 39, S1-61111 Ljubljana, Slovenia -
2 Department of Agronomy, Biotechnical Faculty, University of Liubljana, Jamnikarjeva 101. S1-61000 Ljubljana,

Slovenia '

Key words: lichens, index of atmospheric purity, trace elements. factor anaiysis.

Abstract

"In 1992, a monitoring survey on a nahonal scale was carried out usmg H)pogymnih phzsodes (L.) Nyl. as a
.biomonitor for trace element air pollutlon The primary aim was to analyse eplphyhc lichens collected at 86
sampling locations of the 16 x 16 km blomdlcatlon grid using ky-based instrumental neutron activation analysis

(kg-INAA), and X-ray fluorescence spectrometry (XRF) for sulphur and lead, to obtain information about the

levels of elementé in the atmosphere and to identify significant poliution sources. The geographical concentration
patterns of the trace elements obtained from the lichen data were mapped and compared with the index of

atmospherié purity (IAP) calculated on the basis of data from lichen thalli type mapping, obtained on & more

dense bioindication grid in 1991. '

The results obtained showed good agreement between the mapping of sulphur and trace elements with

the status of lichen vegetation. The most exposed regions with elevated trace element levels and lower values

_ of IAP were in the'north;westem Alpine part of Slovenia which coincides with high precrplratron, and in the east

of Slovenia, where many local pollution sources are situated.

Introduction

Determination of a(moépheric pollution generally requires a wide network of sampling sites and the use of

_ technical equipment to measure air particulate matter and depoqmon Usually such monitoring programmes over
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Mycobioindication of forest site pollution |

Hojka Kraigher!, Franc Bati¢2, Reinhard Agerer?
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Key words: mycobioindication, types of ectomycorrhizae, forest site pollution.

Abstract _ _

Types of ectomycorrhizae on Norway spruce were determined in soil cores from two diﬂ'eremly polluted forest
" research plots from the emmission zone of the Soitanj Thermal Power Plant (TPP). The two plots are
comparable regarding site characteristics, but polluted differently by the emmissions from the TPP. During the
vegetation season 1993, 21 soil cores were taken from each plot. In these all fine root & ectomycorrhizal root
tips were counted.and the percentages of different types were calculated. Additionaly, soil & mycorrhizae from
underneath fungal fruit bodies were taken in order to characterize new types of ;u_:tomycorrhizae. Classical
anatomical methods and molecular tools were applied for identification. 17 types.vof ectomycorrhizae were
determined on 28443 root tips in soil cores from the heavily polluted plot (Zavodnje). The predominant 'types
were Paxillus involutus, Xerocomus badius, Picerhiza parcllela & Piceirhiza inflata. On the less polluted plot
(Mislinja) 24 different types were determined on 38502 root tips in equal volume and number of soil cores. The
most frequent types were Hydnum rufescens. Amphinema byssoides, Piceirhiza oleiferans, Cenococcum
- .geophilum & Lactarius lignyotus. Mycobioindication of forest site péllution through selective sensitive (here
Hydnum rufescens), in coniparison to unsensitiye (here Pa;illus involutus), fungal species in ectomycorrhizae
is discussed. | C | ' ‘ ‘
Introduction

Mycorrhlme represent the main spatial and temporal linkage between dnﬂ'erent consmuents in a forest
ecosystem (Dighton, Boddy, 1991). Their functional compatibility, physiology and tolerance to different stress .
factors is species specific (Harley, Smith, 1983; Glanmazzn Pearson, 1984, Gogala, l99l) Therefore
knowledge on the ectomycorrhizal types - species composition and their abundance is necessary in order to

understand the functioning of a forest ecosystem (Wollmer, Kottke, 1990).
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'Ahtioxidants as indicators of stress in

Norway spruce needles
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peroxidase activity.

Abstract

Among a variety of stress indicators for early identification of Norway spruce (Picea abies
(L.) Karsten) decline the sulphur content, photosynthetic pigment content, activity of the
enzyme peroxidase, watersoluble thiols and ascorbic acid in four age classes of five spruce
needles were analysed. The ten sampling sites were selected according to the degree of
forest decline, sea level, distances from the Thermal Power Plant Sostanj and air pollution.

Introduction

One of the theories about the causes of forest decline is the theory about multiple stress
(. Cowling, 1989). The vegetation of Salegka valley and its suorroundings is also exposed
to stress conditions such as cold, drought, lack of mineral nutrients i1 the soil, and the
pollution of air and soil. Gas air pollutants (SO, photooxidants, HF, etc.) are one of the
reasons for forest decline (Osswald, Senger, Elstner 1977). In chloroplast sulphur dioxide
becomes toxic because of photooxidation of sulphite to sulphate. Results are sulphite
radicals SO;* and reactive Q7" which peroxidate lipids and proteins (Preiser, Liada, Yang
1982). Toxic effect of SOz is also the inhibition of ribulose-1,5 biphcsphate-carboxilase
(Ziegler 1975). Ozone also includes the catalysis of free radicals (Lee, Halliwell 1986.
Mehlhorn et al 1986) or the molecules of ozone, which is a strong oxidant, cause the
peroxidation of lipides and the oxidation of pigment proteins (Sakaki, Kondo, Sugahara
1983). Inside the stroma of chloroplast is detoxification system which reduces various
oxygen sorts by using NADPH over ascorbic acid and ghutation (Foyer, Halliwell 1967).
Coniferous as well as decidous trees increase the content of antioxidants after SOz or
ozone fumigation; the content also increases hecause of extreme climatic conditions
(drought, cold) (Bermandinger, Guttenberger, Grill 1990; Pfeifhofer 1939; Olszyk, Tingley
1984). Numcrous biochemical paramecters such as thicls, ascorbic acid. enzyme peroxidase
and some photosynthetic pigments are protective or detoxification mechanisms which
protect lipides and proteins (photosynthetic pigments, ‘chiloroplast membranes) from
oxidants and maintain balance in plants. Xantophylls (ncoxanthin, zeaxantin, lutein,
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Razmerje razvojnih “az v oddelku

O mladovja
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B sestoj v obnovi

B malodonosni gozd/grmisce
O raznodobno

Razmerje modelnih razvojnih faz za GR

Omladovja

B drogovnjak

M debeljak

B sestoj v obnovi

Kot je videti iz grafikona, se realno stanje oz. razmerje razvojnih faz priblizuje
modelnemu: Mladovja Ze preras€ajo v drogovnjak, delez sestojev v obnovi pa se bo
po predvidenih ukrepih tudi nekoliko povegal — delno sicer na ra¢un debeljaka in
delno na radun malodonosnega gozda. Grmi§€e oz. malodonosni gozd ob potoku na
vzhodnem delu oddelka predstavlja ekocelico in bogati oddelek ter s tem prispeva k
vecnamenskosti in sonaravnosti.

Tudi trajnost donosov z njegovo prisotnostjo ni prizadeta. V tem oddelku ni
priakovati tezav z doseganjem trajnosti oz. stabilnosti (zaradi samega obsega in
ugodnega razmerja razvojnih faz).

TRAJNOST

SONARAVNOST VECNAMENSKOST (FUNKCIJE)

Oddelek je precej pester tako po drevesni sestavi (bogata rasti$¢a) kot tudi po
razmerju razvojnih faz in je zanimiv primer ravnotezja med lesno proizvodnjo in
drugimi (predvsem ekoloskimi) funkcijami.
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Although kg factors and related nuclear data
for 122 radionuclides of interest in (n,y)
reactor neutron activation analysis have
been tabulated, there are still some reac-
tions attracting interest with respect to
the accuracy of the literature data. The
?resent pa er deals with the reaction

30Ba(n,y)'31Ba, for which a more accurate
half-life is proposed, together with re-
~evaluated Qg and ko factors. The new values
are 11.53 days for T, 21.3 for Qqp, and for
the kg's 3.90x1075, 2.75x1075, 1.92x107°
and 6.48x10”° for the y-rays at 123.8 keVv,
216.1 kev, 373.2 kev and 496.3 keV, re-
spectively. :

INTRODUCTION

During therdevelopment of the ko— standardization
method, much effort has been put into the experimental

determination of the nuclear constants for (n,y) reac-
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Sc1ent1flc Research

183  Akadémiai Kiods, Budapest
Elscvier Sequoia S. A., Lausanne’
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DETERMINATION OF TRACE ELEMENTS IN TOBACCO USING
DIFFERENT TECHNIQUES OF NEUTRON ACTIVATION ANALYSIS

B. SMODIS, M. DERMELY, R. JAGIMOVIC

Jozef Stefan Institute, University of Ljubljana,
Jamova 39, P.O.Box 100, SL-61111 Ljubljana (Slovenia)

(Received October 21, 1994)

Quantitative data on trace elements in two tobacco lcaf (candidate) reference materials OTL~1 and
VTL~2 preparcd by the Polish Academy of Sciences and the Institute of Nuclear Chemistry and
Technology, Warsaw, Poland, are presented and compard to recommended values, where available. By
instrumental neutron activation analysis (INAA), as well as by radiochemical technique (RNAA) 30
clements were quantitatively determined and fair agreement was found between the results and
recommended values for the first material. '

Trace elements have an important role in physiological processes in all living
organisms.! Besides the cssential clements, necessarily required for their existence and
appropriate growth, plants can also take up a number of toxic clements from the soil.
The compositioh of the soil and its pH value, its ion exchange capacity, the use of
various fertilizers and agricultural sprays, climatic conditions and the charactcristic
absorptive propertics of the plant can all influence the concentration levels and different
chemical forms of essential or toxic inorganic constituents in different parts of plant.
materials. Among them, tobacco holds a leading position as cn- article of human
consumption and is onc of thc most frequently used plants in l’l;lc'sludy of mincral
composition and nutrition. , - '

During smoking volatile elcqicnls, including essential or toxic ones such as As, Hg,
I, Sb and Se, can pass from cigarctte smoke irto the human body and can be accumulated
in different chemical forms in blood, lungs. liver and cspecially in kidneys. From the
view point of hecalth studies connected with smoking, and further from the aspect of the
uptake of these elements by plants, and for timely prevention of their excessive uplake
into tobacco, a knowledge of the reliable concentration levels of the above mentioned
elements in soil, tobacco lcaves and not lcast, in cigarette smoke, arc very interesting
and important. Investigations of some of these elements in tobacco have a long history
(e.g. arsenic). but for some (c.g. antimony), data arc very scarce. Until recently both
clements were considered solely as toxic ones, but new litcrature data show cvidence
for the cssentiality of As, while for Sb its beneficial or toxic effects for living organisms -
are still in the phase of extensive investigation.? Selenium for instance, is an essential

Elsevier Science S. A, Lausanne
Akadémiai Kiadd, Budapest
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Embryo-larval tolerance of Mytilus galloprovincialis,
exposed to elevated seawater metal |
concentrations—II. Stage-specific fluctuations in
sensitivity toward Zn and Cd and their
bioaccumulation into veliger larvae

J. Pavi¢i¢,* B. Smodis,i M. Skreblin,t 1. Kregarf and P. Stegnart

*Center for Marine Research—Zagreb, Institute “Rudjer Bogkovié”, Zagreb, Croatia; and
TDepartments of Biochemistry and of Nuclear Chemistry, Institute “Jozel Stefan". Ljubljana,
Slovenia .

Acute intoxication of selected embryo—larval stages of M. galloprovincialis within successive
8-hr exposure intervals by elevated zinc and cadmium seawater concentrations, indicated
stage- and metal-specific variations appearing in different proportions in normally developed
straight-hinge veliger larvae. Zinc was found to be markedly more toxic than cadmium,
particularly within the period of carly cleavage and blastula stages. Embryos undergoing
tissue differentiation and formation of the trochophora stage were substantially more
sensitive regarding both metals tested in comparison with later veliger stages. Combined
cadmium-zinc toxicity within each exposure interval tested appears to be less than additive,
possibly associated with a markedly higher level of induced MT. The ability of developing
_embryos to concentrate seawater zinc (CF*Zn = 399) was approximately 2.5 times higher

“than for cadmium (CF'Cd = 160), which may also contribute to the observed difference in
their tolerance levels.

Key words: Myrilus  galloprovincialis: Veliger larvae; Cd; Zn; Metal toxicity:
.Metallothionein; Developmental toxicity; Metal bioaccumulation. ;

Comp. Biochem. Physiol. 109C, 37—46, 1994,

Introduction

Some of the previously published toxicity Pavigi¢ arnd Jarvenpda, 1974; Lehnberg
studies have indicated that different life " and Theede, 1979; Ringwood, 1993). Early
history stages of marine bivalve molluscs embryo-larval development up to the
display substantial fluctuations in tolerance  straight-hinge veliger stage, achieved 48 hr .
toward various toxic substances, including post-fertilization, was the most frequently
trace metals (Calabrese and David, 1970; used phase for toxicological testing. Ac-

' cording to previously reported resulits,
cadmium, as a typical pollutant, was recog-
nized to be markedly less toxic than. zinc

Correspondence to: J. Paviti¢, Center for Marine
- Research—Zagreb, Institute ""Rudjer Bodkovi¢™,”

" Zagreb, Croatia, and copper which were considered essential
eceived 11 January 1994; revised 20 June 1994; microelements (Calabrese et al, 1973:

accepted 28 June 1994. L Martin er al., 1981; Pavicic. 1981: Pavici¢
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Use of Nuclear and Nuclear-related Analytical
Techniques in Studies of Trace and Minor
Elements in Air Pollution

Borut Smodis

Jozef Stefan Institute, University of Ljubljana, Jamova 39, P.O. Box 100,

SLO-61111 Ljubljana, Slovenia
Boris Stropnik
ERICo Vélerzje, Koroska 64, SLO-63320 Velenje, Slovenia

Among nuclear and nuclear-related analytical techniques,
neutron activation and X-ray fluorescence analysis are
particularly useful for environmental studies owing to their
non-destructive character and multi-element capability. In
this work, procedures for ky-standardized instrumental
neutron activation analysis (INAA) and energy-dispersive X-
ray fluorescence (EDXRF) spectrometry for trace and minor
elements in air pollution studies were investigated. The
methods applied were validated by the analysis of suitable
reference materials: NIST (National Institute for Standards
and Technology) SRM 1633a Coal Fly Ash, NIST SRM 1570
Spinach, NIST SRM 3087 Metals on Filter Media and BCR
{Community Bureau of Reference) CRM No. 128 Fly Ash on
Artificial Filter. Using INAA, 20 experimentally obtained
elemental values out of 21 certified and all 29 experimentally
obtained values compared with ‘consensus’ values (for the
elements where no certified numbers are available) in twe
SRMs were statistically indistinguishable. Also, the contents
of 28 elements in candidate NIST SRM 1573a Tomato
Leaves are reported. The EDXRF results were statistically
indistinguishable from certified values for eight out of nine
elements in NIST SRM 3087. The detection limit for this
method is around at 0.1 pg cm~2 per element, so in BCR
CRM No. 128, which is intended for ambient air pollution
data, only Fe and Zn out of 14 elements reported in the
certificate were detected with acceptable precision (i.e.,
10%) owing to the very low air particulate matter loading,
lying in the region of only 250 pg cm~2.

Keywords: Instrumental neutron activation analysis: energy-
dispersive X-ray fluorescence spectrometry; air pollution;
standard reference material

Introduction

In various countries in Europe and throughout the world,
much effort is being devoted to air pollution studics of various.

contaminants. Among them, toxic and heavy metals represent

“an important group of air pollutants to be censidered. As far
as sampling is concerned, two general approaches exist: the
collection of air particulate matter (APM)! by impaction,
precipitation, centrifugation or fitration and the use of
suitable air pollution biomonitors.2 Whereas the first
approach is mostly suitable for detailed quantitative studies of
local, short-range, medium-range or global transport of
pollutants, including health-related studies when collecting
different fractions of APM, the second approach aims at a
clieap but still reliable means of air quality status determi-
nation in a country or a region.

The analysis of samples for their bulk minor and trace
clement contents is governed y the sample type, the clements
of interest, the sensitivity, precision and accuracy needed and
the availability of (or access to) the technique. The choice of
multi-element methods available includes inductively coupled
plasma mass spectrometry (1CP-MS), X-ray fluorescence
(XRF) spectrometry, ion beam analysis (IBA) [i.e., particle-
induced X-ray emission (PIXE) and proton-induced gamma-
ray emission (PIGE)] and nuclear activation analysis {instru-
mental ncutron activation aralysis (INAA), prompt gamma
ncutron activation analysis (PGNAA), charged particle acti-
vation analysis (CPAA)]. For handling solid samples, nuclcar
activation analysis, XRF and PIXE are the most appropriate
as they are non-destructive methods.

Apart from total reflection X-ray spectrometry3 or synchro-
tron radiation X-ray fluorescence,? which require expensive
ard sophisticated equipment and/or analytical procedures, it
hes been shownSé that relatively simple EDXRF using
radionuclide excitation sources can also be efficiently used in
air pollution rescarch. In adcition, the filters analysed by this
technique can subscquently be submitted to analysis by othar
techniques, which is not the case when using other methods.

Activation analysis has als been extensively used for such
studies™® and numerous revisws comparing various analytical
methods can be also found in the literature.!0-1t Extensive
refcrences may also be found in the biennial reviews appearing
in Analytical Chemistry, e.g., ref. 12. However, no papers
reporting the use of the kq standardization method of INAAin
air pollution rescarch have been published, to our knowledge.
This technique!? combines tFe advantage of absolute standar-
dization (offering the possibility of determining all the
radionuclides appearing in the accumulated gamma spectra, in
contrast to relative standardization, where only the elements

- for which standards have kcen co-irradiated can be dcter-

mined), and overcomes the drawback of strict rigidity to local

* irradiation and counting conditions, as in single-comparator

standardization. The accuraey of the ko method is better than
that of absolute NAA, owing to thc use of experimentally
determined nuclear constants instead of the literature valucs.

The aim of this work was the development of procedures

_and protocols for the two methods available in our laboratory,

INAA and EDXREF, for the analysis of APM and air pollution

biomonitors, mainly by testing the performance of both

techniques by analysis of suitable standard reference materials
(SRMs). For INAA the kg standardization technique!4 was
applicd and for EDXREF racionuclide excitation sources wcere
used. :

In this paper the results for SRMs are presented, showing
the accuracy and possibilitics of each of the two methods of
analysing materials for following minor and trace-clament air
pollution, together with a discussion of their drawbacks.
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AIR POLLUTION MONITORING IN THE SALEK VALLEY

PART 2: ELEMENTAL COMPOSITION OF SIZE- FRLACTIONATED
LIGNITE COAL- COMBUSTION PARTICLES DURING SOSTANJ
TPP OPERATION

B. Stropnik*™, A. R. Byrne®, B. Smodis®, R. Jadimovi¢®

* “JO/(,f Stefan”™ Institute, Unncmty of Ljubljana, Jamova 3%, ()llll Ljubljana,
Slovenia

+ ERICo Velenje, Koroska 61, 63320 Velenje, Slovenia

ABSTRACT

In order to study the influence of the coal-fired Soétanj tIncrninl power plant
(TPP) on the envirdnment, the elemental composition of lignite, e]cctrdétatically
~ precipitated (ESP) fly ash (t.\\'o' stages) and size fractionatcd cs‘éhpilng fly ash
particles (four fractions), sa.mpled in mid-stack, was determined l'or 39 elements
by ko metrumcntal activation analysis (lN A), and for Cd and l’b l)y Ll/\/\S The

mass weighted mean (un((ntl.ltl(ms for coal, Il ash and escaping stack {ly ash were
4

used to obtain (,nn(.hmunl, ratios, and to cstimate the mass balance for these ckmcnts' '

durmg TPP operation, mclu(llng estimates of the total annual stacl\ emissions.
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' FOLLOWING THE WATER CYCLE IN THE SALEK VALLEY BY THE
INAA METHOD

M Svetina Gros 1, B. Smodi§ 2, S. Pirc 3
1 ERICo Velenje, Ecological Research & Industrial Cooperation,
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3 Department of Geology, Umverslty of Ljubljana, ASkréeva 12,
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Abstract. In order to define the content and concentration range of
inorganic substanceé dissolved in bulk precipitation and their impact
on the chemical quality of forest water, ‘investigations in forest areas
were initiated in the Salek valley in Slovenia. Podvolovljek, which is
located 30 km from the SoStanj Thermal Power Plant, was chosen as
a control area. The programme includes research on three watersheds
_‘where samplmg of bulk precipitation deposition in the open, leachate

- .water at 50 cm soil depth and spring water are performed. The
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watersheds provide an ideal field laboratory in which deposition and
cycling of airborne trace contaminants can be examined (1,2). Due to
its multiclement character, instrumental neutron activation analysis
(INAA) was chosen as a suitable analytical method to determine
trace elements in water samples (3). The preliminary results showed
that the average arsenic, chromium and zinc concentrations in the
forest areas are under the maximum permitted limit for spring water,
but evidence for the influence of the So$tanj Thermal Power Plant

on arsenic and chromium concentrations was found.

Introduction

The Sostanj Thermal Power Plant is a large regional SO, NOx and dust
emission source. Its measured emission for 1990 was 93000 tons of SO,
12400 tons of NOy and 5700 tons of dust (4).

In order to identify the causal relationships between forest damage,
anthropogenic emissions and the consequences in runoff and soil water,
investigations on the deposition of inorganic substances in forest areas have
been initiated in the Salek valley in Slovenia (5). The present investigation
includes two watershed experiments in calibrated catchments (Zavodnje and
Veliki vrh), located within a 10 km radius around the coal-fired power
plant and one reference area in the Savinian Alps (Podvolovljek). Due to
the characteristics of the watersheds these sites offer an ideal field
laboratory in which deposition and cycling of airborne trace contaminants

derived from atmospheric emission related to energy technology can be

examined (6). The initial focus of the investigation was centred on the
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Zbornik 1994/ 95 razvoj in ckologija

ja doline v . mnogo tesnejsi povezavi z rudnikom kot z ostalimi
dejavniki, ki imajo tudi vpliv na gospodarski razvoj doline. Zato
naj ta prispevek izzveni predvsem kot razmisljanje o posledicah
odkopavanja lignita, 0 odpravljanju negativnih posledic, 0 dobrih
in slabih straneh rudarjenja in o vplivu nadaljnjega delovanja
rudnika na perspektivo razvoja doline, saj je v tem podjetju
zaposleno veliko stevilo delavcev, posredno pa je nanj vezano
najvecje Stevilo zaposlenih v Saleski dolini. Zato je perspektiva
razvoja Saleske doline bolj kot z ostalimi industrijskimi pano-
gami povezana s strategijo razvoja premogovnistva in encrgetike v
Republiki Sloveniji ter je od nje v veliki meri odvisna.

Gledano z o¢mi delavca Rudnika lignita Velenje
perspektiva razvoja Saleske doline sploh ni ¢rna, temvec naspro-
tno: bolj kot “dolina smrti” nas plasi usoda te doline v primeru
“neugodne” driavne energetske strategije. Problem onesnazenosti
doline bo mogoce resiti v naslednjih nekaj letih in prepricani smo,
da bomo po letu 2000 lahko govorili o0 Saleski dolini kot
energetskem gigantu, ki pokriva 30 % potreb driave po energiji
brez ekolosko spornih dejavnikov. _

Nenazadnje moramo omeniti dejavnosti s podrocja re-
kultivacij prizadetih zemljisC. Te so pri razvoju doline Se kako

pomembne in imajo eno od odloéilnih vleg vzporedno z°

reSevanjem ekoloske problematike, saj je potrebno vsa unicena
zemlji§éa povrniti v stanje, ki omogoca revitalizacijo unicenega
prostora..
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Marta Svetina-Gros
ERICo - Zavod za ckoloske raziskave Velenje

VPLIV PADAVIN NA TLA IN VODNE IZVIRE NA
OBMOCJU TERMOELEKTRARNE SOSTANJ1
(Razprava je skréena predstavitev magistrske naloge, ki jo je avtorica
zagovarjala leta 1994 na Odseku za geologijo na FNT v Ljubljani pod
mentorstvom prof. Simona Pirca in somentorstvom dr. Boruta Smodi3a)

. ‘Ali ima deZ oceta
in kdo plodi dezne kapljice?
(Jobova knjiga, 38, 28)

V Saleski dolini so bile na dveh gozdnih lokacijah
m.vnm<:.o=o ekoloske raziskave, katerih namen je bil pridobiti
&im veé podatkov o vsebnosti in o koncentracijskih obmogjih
wao.nmmzm_a: komponent, raztopljenih v padavinah, talni razto-
pini in vodnih izvirih. Z nalogo smo v Sloveniji prvi¢ uvedli
metodo malega povodja, v kateri uporabljamo povirje kot nara-
ven FcoBSE., kjer sledimo delu vodnega cikla v gozdnem
ekosistemu. Kot glavna analitska metoda je bila :ﬁ,ogc:.n:m k -
standardizacijska metoda INAA, s katero so bili v vzorcih voda
aowon.moi sledni elementi in tezke kovine. Rezultati analize
kaZzejo na povedane vsebnosti in koncentracijska obmocja
elementov v tleh, padavinah, talni raztopini in vodnih izvirih v
blizini Termocicktrarne Sostanj. V padavinah so §e posebej
.vo<omw=o koncentracije Al, As, Ba, Br, Fe, Cd, Co, Cr, Cu, Sb
in Zn. Narejena je bila tudi ocena letne masne bilance elemen-
tov v povirju, s katero je bila ugotovljena velika akumulacija
Cd, Cr, Fe, Mn, NH,+, Pb, Rb, Sb, Se in Zn v gozdnem
ekosistemu. :

UvoD

. Z vedno veé&jo uporabo fosilnih goriv in razsiritvijo kemi-
w:o in druge industrije je atmosfera vse bolj obremenjena s
mﬁos_c:i snovmi, ki so ¢loveku in rastlinam $kodljive, kot so:
B.\nv_o,\ .EO_GE (SO,), dusikov dioksid (NO,); Skodljive snovi,
ki awmﬂm_&.o pri fotokemiénih procesih v atmosferi: dulikovi
oksidi (NO,), ozon (O,) in peroksiacetilnitrat (PAN); vodikov
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fluorid (HF), vodikov klorid (HCI), fluorirani in klorirani
ogljikovodiki; aluminijeve, kadmijeve in Zivosrebrove spojine;
razni odpadki, ki vsebujejo radioaktivne snovi in §tevilne druge
spojine, ki jih Se zelo slabo poznamo. v

Raziskave po svetu kaZejo, da je umiranje gozdov v veliki
meri odvisno od onesnaZenja atmosfere. V zadnjih letih so
postavili nekaj hipotez, ki razlagajo vlogo onesnazevalcev pri
propadanju gozdov v Evropi. Glavne kemijske snovi, ki
prispevajo k propadanju gozdov, SO 0zon in drugi fotokemijski
oksidanti, zveplov dioksid, dusikove spojine, kisle usedline,
tezke kovine in organske snovi (Hinrichsen, 1986).

K zakisanju padavin prispevajo najved zveplov dioksid in
dusikovi oksidi, nekoliko $e vodikov klorid, fluorid in druge
snovi, ki raztopljene v zralni vlagi tvorijo moc¢ne mineralne
kisline. Te snovi padajo na zemljo kot kisli deZ, sneg, megla ali
kot kisli trdni delci. Raziskave so pokazale (Krug & Frink,
1983), da lahko kisle usedlinc iz listov in iglic izpirajo kalij,
kalcij in magnezij. Rastline sku$ajo nadomestiti primanjkljaj v
listih z intenzivnejsim érpanjem teh elementov iz tal. Ce teh
hranilnih snovi v tleh primanjkuje, postanejo zaradi poman-
jkanja hranil rastline bolj obcutljive na klimatske pogoje. Poleg
tega kisle usedline spreminjajo tudi sestavo tal; pomembne
hranljive snovi se spirajo, hkrati pa se mobilizira aluminij, ki
uniéuje fine koreninice rastlin. Vpliv kislega deZja na spre-
membe v sestavi tal je odvisen od njihove puferske zmo-
gljivosti. Tla, ki vsebujejo veliko kalija ali kalcija, npr. na ap-
nencu in pedenjaku, niso tako obéutljiva kot tla na Kkislih
magmatskih kamninah, npr. tonalitu in andezitnem tufu. To je
tudi razlog, zakaj znanstveniki pripisujejo kislemu deZju pri
umiranju gozdov vegjo vlogo v Evropi kot v ZDA.

Tezke kovine se usedajo na zemljo bodisi s padavinami
ali pa kot suhi trdni delci. Igli¢asti gozdovi imajo pri tem viogo
ogromnih filtrov, ki prestrezajo suhe in mokre usedline.

Z iglic se tezke kovine izpirajo v zgornjo plast tal, kjer
ovirajo biolosko aktivnost encimov in s tem mikroorganizmov,
predvsem gliv in bakterij. Te zato podasneje razgrajujejo
visokomolekularne organske spojine (celulozo, $krob in lignin)
na sestavine, ki predstavljajo za rastline osnovne hranljive
snovi. Na ta nadin se zmanjsata bioloSka aktivnost in lutiost
1= ~=liz~~¥~ v or ~~~~Zer:® *i=h, < tem pa se porusi normalen

M.S.-Gros: Vpliv padavin na tla in vodue izvire na obmodju TES

biokemijski krog. Studije so pokazale (Puckett, 1988), da tezke

- kovine prizadenejo tudi neposredno rastline, predvsem mahove

in li¥aje, ki nimajo zunanje povrhnjice, ki bi jih varovala. Druge
rastline pa sprejemajo tezke kovine v glavnem skozi korenine,
posebno v kislih tleh. Tla, onesnazena s tezkimi kovinami, zavi-
rajo normalen razvoj korenin, kar rastline oslabi. V kombinaciji
z drugimi onesnaZevalci lahko kopicenje tezkih kovin v tieh
resno ogrozi delovanje gozdnega ekosistema.

- Znano je katastrofalno stanje slovenskih gozdov. Popis iz
leta 1985 je pokazal, da je prizadetih Ze ve¢ kot polovica
slovenskih gozdov (Hrcek, 1987).

Najvegji vir emisije $kodljivih snovi v zrak so pri nas
termoelektrarne na premog. Med njimi je na prvem mestu
Termoelektrarna Sotanj, ki onesnaZuje zrak bolj kot oba druga
najpomembnejia termoenergetska objekta skupaj (Termoelek-
trarna Trbovlje in Toplarna Ljubljana). Zaradi njene emisije
dimnih plinov je najbolj prizadeto ozemlje obCine Velenje.
Onesnazenje $koduje gozdovom, posebno tistim, ki rastejo v
predgorskem in gorskem svetu na nekarbonatnih kamninah. Na
emisijskem obmocju TES je zastavljeno Ze precej raziskav, ki iz
razliénih vidikov ugtavljajo vplive TES na okolje. Merijo
onesnaZenost zraka, padavin in vodnih tokov; ugotavljajo sto-
pnjo poskodovanosti gozdov, stanje epifitske lisajske vegetacije,
ocenili so obremenjenost gozdov z Zveplom na osnovi kemijske
analize smrekovih iglic in gozdnih tal v vplivnem obmocju TES.

Kljub zelo $iroko zastavljenemu programu ekoloSkih
raziskav na vplivnem obmodju TES pa je zelo malo znanega o
lastnostih padavin, kako le-te vplivajo na tla in na talno
raztopino in s tem na prehranjevanje rastlin, posredno pa preko
prehranjevalne verige in vodnih izvirov tudi na zdravje Zivali in
¢loveka. Zelo malo ali skoraj nié ni znanega o elementih v
sledovih, ki jih izpus¢a v zrak TES. Ker gre za mikroelemente,
e minimalno pove&anje koncentracij v naravi lahko privede do
porusitve ravnovesja. Glede na to, da kisle usedline in tezke
kovine igrajo zelo pomembno vlogo pri propadanju gozdov,
poleg tega pa lahko njihovo povecanje ogrozi tudi zdravje Zivali
in &loveka, smo s to raziskovalno nalogo Zeleli pridobiti &im vce
uporabnih podatkov o anorganskih polutantih v padavinah,
talni vodi in vodnih izvi-rih. Pri tem smo v Slovenijo vpeljali
novo metodo raziskovanja, ki se imenuje metoda malega

s



\Sdrw S
:Sm._m ¢ .._memwo.;_

Aja1aouls suno A

\omma ‘e o.z ‘HOZ*TOA UT/ -g/qissod se -
uoos se Jeadde [/Im 1 tonwuqqaq 104 E&Qmoom usaq sey .

(70ek _*oa Box)

=y SUTSN ‘eTUSAOTS ‘AeTTep JoTes

VoUa e

oUg IO L ...t Tojeis oUj UL SJUOWOTSO S0BIJ

2duasnuens noA EE noA :t&S 0} Ezmmm\Q \Sum% Auw st
Jﬁ.ﬂobm 183(

C66T ‘T SQEOOOQ

¥569-LEL (1-9€) *XVd
ZELYTT X2PL

"EEPS-LLL (1-9€) PUoyd

isadepng
oavii IVINIAYIV -

- pue

auuesne
V'S YIOND3S HIIAISTI

Aq paysiaqnd

|eUINO[ {BUOREBUIAIU| UY

unesg ‘1 5880._."_ jJalyn-ui-101p3 8y thn_

AYLSINIHO HV3TONN ANV

IVOLLATVNVOIavH
jo jewnor



Acta Chimica Slovenica 41/1/1994, pp. 1-i3

DETERMINATION OF URANIUM AND THORIUM AT ULTEA TRACE
LEVELS BY RADIOCHEMICAL NEUTRON ACTIVATION ANALYSIS

L. Benedik, A. R. Byrne

"J. Stefan" Institute, Nuclear Chemistry Department, University of Ljubljana,

Jamova 39, P.O. Box 100 SLC-61111 Ljubljana, Sloven'a

Nanogram and picogrem quantities of uranium and thorium were determined in ifferent biological
materials and reference materials. Regarding the favourably sensitive nuclear characteristics of
uranium and of thorium but the very different kalf lives of their induced nuclides 391 and 233Pa,

" two approaches were used. In the first approach uranium and thorium were dete ‘mined separately, -
and in the second these elements were determined simultanecusly in a single sample. This latter
method is based on the double irradiation LICSIR techniqus (1). Radiocheriical separation of
uranium was based on TBP extraction and of protactinium with TOPO. As an original solution to
the problem of recoveries, the chemical yields of 2391 and 233pa were measured in each sample
aliquot using added 2353 and 23'Pa radioisotcpic tracers. The limits of detection were about 1
pe.g! for U, and for a 200 h irradiation abou: 20 pg.g! for Th. ‘

INTRODUCTION

There are several very sensitive analytical methods for determination of uranium
and thorium. Alpha speclrométry following radiochemiéal separation (2,3), isotope
dilution mass spectrometry (4,5,6), inductively coupled plasma mass spectrometry

(7,8,9), and neutron activationvanalysis are all used. However radiometric methods are

time consuming, nced large samples due to the low specific aclivity of U and Th and-
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SIMULTANEOUS DETERMINATION OF TRACE URANIUM
AND THORIUM BY RADIOCHEMICAL NEUTRON ACTIVATION
ANALYSIS

L. BENEDIK, A.R. BYRNE
“Jo¥ef Stcfan” Instirate, University of Ljubliana, Jamcva 39, P.0. 100, SLO-61111 Ljubljana (Slovenia)
(Received Ociober 21, 1994)

A method for the simultaneous, radiochzmical neutron activation analysis of urznium and thorium
attrace levels in biological materials is described, based on a technique known as LICSIR, in which a
double nculron irradiation is employed. In tke first, long irvadiation 233p, (27.0d)is induced by neutron
ca tre on 232Th and then the samplc is cocled for several weeks. A sccond short irradiation to induce

B (23.5m)is followed by a rapid sequential radiochemical sc {nrallon by solvent extraction of 23%U
with TBP and 233Pa with TOPO. Chemical yizlds of 237U and 233Pa were measured for each sample
aliquot using added 2354 and 23'Pa tracers from the ¥spectra of the separated fractions. The technique
was validated by quality control analyses.

Data on the low levels of uranium and especially thorum present in diffcrent
biological- samples arc scarce and variable. Radiometric methcds based on
a-spectrometry arc very time-consuming, need large samples and are limited by reagent
blanks. Radiochemical ncutron activation analysis (RNAA) is an cxcellnt method for
determining low concentrations of U and Th duc to its high sensitivity and virtual
freedom from blank problems.

Thorium is almost always determined in NAA from 23Pa (27.0 d) produced on

-ncutron irradiation by #32Th(n, $2¥Th—233Pa, since 23Th (223 m) offers lower

scnsitivity and a short half-life. Uranium, and aranium with thorium, is often determined
via 2Np (2.35 d) via the reaction 22U(n, $2°U (23.5 m)—2Np. However, difficultics
in determining the chemical yiclds of 2*Np and 233Pa remain duc to-lack of suitable
yemilting radioisotopes of Np and Pa. Thus they are usually mcasurcd‘ in prior-tracer’
experiments and assumed to remain constan:, which can lead to errors. On the other
hand, for dclermination of uranium, 2¥U cffers increased sensitivity under normal
irradiation conditions, espccially if a well-type detector is used for the 74.7 keV grays
of U, as well as being more rapid. For cxample, using 29U, n'mogmm2 - and
picogram>$ (L.0.D. 1-2 pg - g-!) quantitics ccn be determined.

In the present work, this 22U approach using sclective TBP cxtraction (F- is used as
a masking reagent) and determination of the chemical yield from the 185.7 keV peak of
25U from the added uranium carrier,>¢ was combined with a determination of Th via
a long prior irradiation to induce 233Pa. Aftcr cooling for 2-3 weeks, a second short’

Elsevier Scicree 8. A., Lausanne
Akadémiai Kiadd, Budapest
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DETERMINATION OF LEAD, CADMIUM AND THALLIUM BY
NEUTRON ACTIVATION ANALYSIS IN ENVIRONMENTAL SAMPLES

A.FAJGELJ, A.R. BYRNE
Joief Stefan Institute, University of Ljubljana, Jamova 37, P.O. Box IOb, SLO-61111 Ljubljana (Slovenia)
* (Received October 21, 1994)

A radiochemical procedure for simultancous determination of lead (203|’b). thallium (202'11) and
cadmium (l 15¢d—! 5'“ln) after fast neutron activation, based on ion-cxchange separation from
bramide medium and additional purification steps for Pb and T1is described. Radioactive tracers 2i0py,
and 199Cd were used for determination of the chemical yields of Pb and Cd; for Tl it was determined

- gravimetrically. Two standard reference materials, BCR CRM No. 146 Scwage Sludge and NIST SRM
1633a Coal Fly Ash were analyzed and satisfactory agreement with centificd valucs was oblained.

The dctermination of lead by ncutron activation analysis (NAA) is widcly regarded
as virtually impossible at the concentrations found in environmental samples. Whereas
NAA is a very powerful iechnique for ric:trly all other heavy and trace metal or
metalloids, its inability to determinc Pb is a weakness in environmental rescarch. A very

‘similar conclusion can be made for thallium {unless B-counting of *™TI is considered).
‘Additionally, only few standard or certified reference materials (SRMs/CRMs) with

cerified or even conscnsus values exist for T1,12 which reflects the lack of input from
NAA, the major method employed in RM certification,

Lead, thallium and cadmium are all interzsting trace elements and nlso important
pollutants, which can nonnally be found together in environmental samples, and often
require joint determination. The possibilities of cadmium determinalion by ncutron
activation analysis are very well known, while lead and thallium are usually not
considered at all by the activation analyst, particularly if counting is (o be the method
of quantitation. However, with fast ncutron activation some nuclides offer analytical
possibilitics. To clarify the theoretical aspects of simultancous determination of Pb, Tl
and Cd. Table 1 scts out ncutron induced reactions of possible analytical interest for
these three clements. The reactions 222Pb(n, Zn) or 207Pb(n, n)20Ph (0.8 s) have been
uscd by a few rescarch workers possessing rapid transfer facilitics with precisc timing
for irradiation and counting of 27™Pb in the cyclic mode, i.e., short irradiation — rapid
transfer — short count, and repeating this cycle until sufficient counts have accumulated
in the yray pcak measured (569.7 keV). However, the technique is of limited
sensitivity, has not producced many rcal results, and is expensive o set up and operate.
As a non-destructive technique, it also suffers from high count rates in some matrices,

Elsevier Science S. A., Lausanne
Akadémiai Kiadd, Budapest
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Distribution of 2"Th in Milling Wastes from the Zirovski
vrh Uranium Mine (Slovenia), and its Radioecological
Implications

Milko Krizman, Anthony R. Byrne & Ljudmila Benedik
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{Received 2 March 1994; aceepted I2‘.|unc 1994)

ABSTRACT

Thorium-230, 1ogether with B wird P2 Ra, was deterntined (mainly oy y-
spectrometry) in samples from the waste piles at Borst and Jazhee in the
vicinity of the former wranivm mine at Zirovski ver, Slovenia. Activity {and
in the case of wranium, also mass) balances for these nuclides ivere
constructed for the overall operation of the mine and yellow cake plant,
using experimental data and known data on ore aml uraninm production,
and nuclide emissions to the environment.

All the 226 Ra resulting from ore exploitativn is presently contained ia the
Borst tailings pile. However, because of the very high content of B0 in
red mud deposited ar Jazhee, wheve 60% of this nuclide is found - the
majority of 22 Ra will be found at the Jazbee pile in the future, (lué tO its
ingrowth from ' Th over the next few thousand years.

The long-term radioccological consequences of this untypical /un//n Jor

rehabilitation of the site, and -its safe management are discussed in this
puper. ’ '

INTRODUCTION

During the milling process most of the radionuclides present.in uranium . -
‘orc—up to 70% — arc discharged to the environment with the tailings.

Naturally, this waste material is highly depleted in uranium, so the major

223
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Urinary Excretion of Uranium and Dietary Intake

Dear Editors:

Tne parcr “Diurnal urinary volume and uranium oulput in
uranium workers and unexposed controls” by D. W. Medley et
al. (1994) provides interesting data on urinary cxcretion and
gut uptake of uranium, particularly for non-cxposed controls

where good valucs are lacking, and especially since the’

analytical results were obtained by a new phosphorescence
technique. However, we feel that some points made in the
paper necd comment and critical discussion.

1) In the Materials and Methods section the authors state that
“The LLD using this method is lower than that oblained by
other methods. . .” This is incorrect. The limit of detection
of the isotope dilution-thermal ionization MS method
(Kelly ct al. 1987) is evidently lower: fuller details of this
method were reported (Kelly ct al. 1983) in a paper
describing its use for certification of uranium in reference
materials, including urine, at NIST, Washington. Also, the
limit of detection reported for RNAA (Byrne and Benedik
1991) of 1-2 pg g~ ' is well below that of Medley et al.
(1994). Unfortunatcly nonc ol thesc papers are ciled by
Medley et al., which is a pity since they arc concerned with
wranium determination at trace level in urine (and other
biological materials). :

2) As concerns the experimental design used by Medley ct al.
(1994), in the footnotc to Table 6 it is stated that the
drinking water consumption of the subjects was assumed to
be 2,000 mL d™*, of which half was considzred to be drunk
at work and half at home. In view of the c[fort involved in
urine collection and analysis, it scems a lost opportunity not
to have at lcast measured this intake, and better, to have
quantified its uranium content. It would have been a simple
matter to ask the subjects to use a graduated drinking cup
and record their conswmption: further, duplicalc portions
could have easily been collected and thus actual uranium
intakcs determined.

Morcover, since other fluid intake is not mentioned, presum-
ably consumption of other drinks was ignored. However, it is
known that milk, cola and similar saft drinks, [ruit juices, beer,
coffee, and tea contribute a significant proportion of ftuid
intake in U.S. malcs.

In view of all thesc uncertaintics over actual uranium intake
with fluids, it secms unrcasonable to give cstimated uranium
intakes (Table 6) to five significant figures accuracy! (There is
also a printing error in this column; intake of subject 1A should
presumably be 20,448 ng). .

3) The authors state that intake of uranium {rom food can b:¢
ignored in comparison to intake from drinking waler and
this assumplion is the basis for their calculated gut uplake
factors. We question if this a totally valid assumption. The
total dictary intake of uranium has been estimated in a
number of studics, and both early- works (e.g., Hamilton
1972) and later ones (e.g., Singh and Wrenn 1989), agree
well on a value of around 1 or perhaps 1-2 pg d=h
Recently we reported (Benedik and Byrne 1991) uranivm
levels in U.S. total dicts prepared at NIST by G. V. Iyengar
in cooperation with USDA-FDA, bascd on their nationwide
market basket surveys involvirg blending of hundreds of
dietary components. Five regional U.S. dicts were found to
contain from 1.5 10 5.3 pg ke ™' uranivm (dry weight basis),
with a mecan of 2.5 * 2.0. (Similar values were found for
total dicts from six other countrics.)

May 1995, Volume 68, Numbur 5

In the above mentioned dicts (Hamilton 1972) drinking| water
was not included, while the U.S. dicts contained only 500 mL.
Thus, given a consumption of about 0.5 kg dry dict d7 Y, daily
uranium intake would be in the range of 750 to 2,650 ngj(mean
1,250 ng). This is not ncgligible in relation to the estimated
uranium intake from drinking water of workers t and 2,/and of
controls 2A and 3A, described by Medley et al. (1994). This
may account for some of the variability in the gut uptake
factors they calculated on the basis of estimated drinking waler
intake alone. It might also cast doubt on their statement in the
Abstract that the GI uptake factor was inverscly proporli'onal to
the total intake via drinking water.

4) The authors did not comment on the urinary uranium
concentrations they report for six unexposed controls (range
4-58, mean 22.5, median 17 ng L7'). Many literature
values are higher than these, but they are in geod agr:ecmenl
with values we reported (Byrne and Benedik 1991) for 10
noncxposed controls of 3—49, mean 13 and median 9 ng
L™ It is of interest thal, as pointed out many ye'ars ago
(Welford and Baird 1967), given an accepted dit‘.laryI intake
of 1 ug d™' and a 1% Gl uptake factor, the callculalcd
urinary level for a Reference Man (1.4 L urine excreted per
day) should be about 7 ng L™'. The fact that many: values
in the litcrature (including those in Welford and Baird) are
much higher, is probably mainly duc, as we discussed
before (Byrne and Benedik 1991), to inadegquate limits of
detection in other methods, which are greater than 20 ng
L™', as well as lo possible contamination and insufficicnt
control of blanks and other quality control procedures. The
same point was later made (Wrenn ct al. 1992) in a'revicw
of literature data on the uranium content of urine.

5) Finally, we would end on a positive note and suggest that
analysis of wholc blood by the phosphorescence lc;chniquc
would be rewarding (if matrix effects can be eliminated).
Current models, based on a range of literature values for
human blood of 0.1-1.4 ng mL™' (ignoring some even
higher vatues) (Singh and Wrenn 1989; Wrenn et al. 1985;
Fisenne and Perry 1985) suggesting a mean of around 0.5
ng mL™', postulate a circulating blood pool of urdnium of
2500 ng, supposcdly maintained by a G.I uptakcl of only
about 10 ng d™" (i.c., urinary excretion); as pointed out
elscwhere (Wrenn ct al. 1985) this scems unlikely. Hence it
would be of value if Mcdley ct at. (1994) could confirm the
uranium values of only some pg mL™" (about two orders of
magnitude lower) we found (Byme and Benedik 1991) in
‘whote blood. Indecd, in some recent samples prepared using
state-of-the-art contamination-free blood sampling Izmd han-
dling tcchniques by Jacques Versicck in Gent, Belgium, we
found levels of uranium in whole blood, scrum, and red
blood cells 1o be at our limit of detection of 1-2 pg mL"!
(unpublished).

Arniony [R. Bynwe

Liuomiea Benioik

Department of Nuclear Chemistry, J. Stefan Instinue
61111 Ljubljana, Slovenia
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Arsenobetaine and Other Arsenic Species in

Mushrooms

A. R. Byrne,*1 Z. Slejkovec,t T. Stijve, ¥ L. Fay,t W. Gossler,§ J. Gailers and

K. J. Irgolic8

+ Jozef Stefan Institute, Ljubljana, Slovenia, t Nestlé Rescarch Centre, Lausanne, Switzerland, and

§ Karl-Franzens University, Graz, Austria

Arsenic species in arsenic-accumulating mush-
rooms (Sarcosphaera coronaria, Laccaria ametlys-
tina, Sarcodon imbricatum, Entoloma lividum,
Agaricus haemorrhoidarius, Agaricus placomyces,
Lycoperdon  perlatum) were  determined.
HPLC/ICP MS and ion-exchange chromatogra-
phy—instrumental  ncutron activation analysis
(NAA) combinations were used. The remarkable
accumulator Sarcosphaera coronaria {up to
2000 mg As kg™ dry wt} contained only methylar-
sonic acid, Entoloma lividum only arsenite and
arsenate. In Laccaria amethystina dimethylarsinic
acid was the major arsenic compound. Sarcodon
imbricatum and the two Agaricus sp. were found to
contain arsenobetaine as the major arsenic spe-
cics, a form which had previously been found only
in marine biota. Its identilication was confirmed
by electron impact MS.

Keywords: arscnic species; mushrooms; methy-
larsonic acid; dimethylarsinic acid; tetramethyl-
arsonium ion; arsenobetaine; arsenite; arsenate;
HPLC/ICP MS; IC/INAA

1 INTRODUCTION

In contrast to a wealth of data on arsenic com-
pounds in marine systems, hardly any information
is available on terrestrial biota. Total arsenic
concentrations are generally low in terrestrial
plants, but certain higher fungi can accumulate
this etement. Known accumulators include
Laccaria amethystina'® and Laccaria [fraterna’ (ca
100 mg kg~ dry weight), Agaricus sp.,*’ Ramaria
pallida and Macrolepiota procera,™” Lycoperdon
perlatum >*"  and  especially Surcothaera
coronaria,' where up to 2000mgkg™ (dry
weight) were found. Recently we showed'" that

* Author to whom correspondence should be addressed.

CCC 0268-2605/95/040305-09
© 1995 by John Wilcy & Sons, Ltd.

the a-senic accumulated in the edible mushroom
Laccaria amethystina is almost all in the form of
scarcely toxic dimethylarsinic acid (DMA).

Quite apart from its scicntific interest in rela-
tion to the cycling of arsenic in the environment,
the arsenic compounds present in cdible mush-
rooms arc obviously of concern to the consumer
(and the regulating authoritics), because arsenic
compounds vary considerably with respect 1o
their toxicity. Inorganic compounds of arsenic are
morc. toxic than organic derivatives. Certain
organic arscnic compounds such as arsenobcetaine
(AB) and arsenocholine appear to be not toxic at
all.

The aim of the work reported in this paper was
the identification of arsenic compounds in
arsenic-accumulating mycorrhizal and saprophy-
tic mushrooms. Because the identification of arse-
nic compounds is to a certain extent methodologi-
cally dependent, the results should be confirmed
by more than onc technigue. lence, high-
perfsrmance  liquid chromatography (HPLC)
coupled to an inductively coupled plasma-mass
spectrometer (ICP-MS)'* and ion-cxchange chro-
matography with detection of arsenic by instru-
mental neutron activation were used."

2 EXPERIMENTAL

2.1 Reagents and standards

Na“ﬂ’o,, ‘ 2[“'_;0, l'l_\PO_., NaASOI i\nd
Na,HAsO, - 7TH,0 of p.a. quality were purchased
from Merck. Methylarsonic acid (MA, m.p.
156°C) and dimethylarsinic acid (DMA, m.p.
190°C) were gifts from Vineland Chemical Co.
(Vineland, NJ, USA). Arsenobetaine bromide
(AB, m.p. 228 °C) was prepared from trimethyl-
arsine and bromoacetic acid."* Trimethylarsine

Received 15 July 1994
Accepted 30 November 1994
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MERCURY AND SELENTUM: PERSPECTIVES FROM IDRIJA®

A.R.Byrnel, M.Skeeblin!*", I.Falnoga', K.Al-Sabti!, P. Stegnarl'z, M.Horvat!? -
1. I.Stefan Institute, 61000 Ljubljana, Slovenia
2. International Atomic Energy Agency (IAEA), Vienna, Austria

3. Marine Environment Laboratory, IAEA, Monaco

ABSTRACT

In view of revived interest in the toxic effects of mercury vapour, particularly
from dental amalgam, some studies on exposed humans and animals and the interaction
of mercury with selenium are reviewed.

Results on the co-accumulation of mercury and selenium in the thyroid,
pituitary, brain ard kidney of mercury miners from Idrija are collated and updated, and
compared to similar data from other taboratories. )

Some other local studies relevant to the toxicity of mercury vapour and its
interrelation with selenium are describec. These include research on rats exposed in the
mercury mine, where the kinetics of absorption and excretion of mercury, its modelling,
and the behaviour of endogenous selenium and copper were followec.

Another study describes work on speciation in blood compartments, cord blood
and placenta of mothers in groups of fish eaters and non-fish eaters, and the absence in

the latter group-of a correlation between mercury levels and the number of amalgam

*Presented in part as an invited lecture at the International Sympbsium “Status Quo of
Dental Amalgam”, European Academy, Otzerhausen, Germany, April 29 - May 1, 1994.

**Present address: "PLIVA” Pharmaceutizal Cu., Zagreb, Croatia
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Production of hair intercomparison materials
for use in population monitoring programmes
for mercury and methylmercury exposure
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Abstract. Ten kilograms of hair obtained from India were
used as the basis for two intercomparison maltcrials, onc
with natural low levels of mercury and methylmercury,
and one with an clevated level of mcthylmercury. The
latter was produced by Libeling the hair with a sclution
containing methylmercury. To convert the hair into ho-
mogeneous powders, cryogenic milling was utilized. 70%
of the final material passed throtigh a 0.075 mm sieve.
Subsequent studics werc carried out to establish the
homogencity of the maltcrials and the stability cf the
mcthylmercury label. The materials will be distributed in
an international intercomparison, the results from which
will be used to obtain recommended values for total
mercury and methylmercury.

Introduction

The monitoring of population exposure to forms of mer-
- cury, especially organic forms, such as methylmercury,
has gained importance because of the toxicological effects
of mercury compounds on the nervous system [ 1]. Popu-
lation monitoring using hair analysis has been proven to
be an effective method, due to bioconcentration and rela-
tive ease ol sample collection as compared 1o blood sam-
ples. To validate the measurements from such studies,
proper quality assurance materials at varying levels are
required. Several hair reference materials have been avail-
able in the past, but have not been certified for their
methylmercury content. In addition, some of these mater-
lals are no longer available, or contain predominantly
inorganic mercury. In order to at Icast partially meet the
need for such studics, it was decided to develop twe hair

Correspondence to: S.F. Stone

intercomparison materials; one characteristic of a low
natural level of methylmercury, and the other represent-
ing an cxposed population with a higher level of methyl-
mercury. The production of these proposed refercnce ma-
terials was achieved through international co-operation
of personnel and taboratorics.

Materials and methods ) o
Sample collection

A large quantity of human hair (35kg and 25 kg) 'was
obtained in two_lots.from Thirumala Tirupati Devas-
thanam, Tirupati, India. Preliminary processing of each
batch (physical cleaning, washing with acetone, water,
and (inally with acctonc) was done at Tirupati, yielding
a total of 10 kg of hair of acceptable quality for further
processing. The lots were then mixed together at; the
Bhabha Atomic Resecarch Centre (BARC). The material
was cul into uniflorm (5-10 mm) lengths, using clean
stainless steel scissors, and cleaned with acclore and de-
:onized water following the procedure approved by the
World Health Organization (WHO) and used in a pre-
vious International Atomic Energy Agency (1AEA) re-
scarch program [2]}. All washing and mixing operations
were carricd out using acid-cleaned polycthylenc con-
-ainers. The material was then split into two portions,
each approximately 5 kg, sealed in polyelhylene bags and
was radiation sterilized at 50 kGy using the facility at
[SOMLED of the Board of Radiation and Isotope Techno-
:0gy (Bombay, India). Following radiation sterilization,
:he two portions were sent to the IAEA in Vienna, Austria.

Labeling with methylmercury .

One portion of the hair {5 kg) was labeled with methyl-
mercury at the Czech Techanical University in Prague to
. . ]
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TRANSPLANTED EPIPHYTIC LICHENS AS
BIOMONITORS OF AIR-CONTAMINATION BY
NATURAL RADIONUCLIDES AROUND THE
- ZIROVSKI VRH URANIUM MINE, SLOVENIA

Z. JERAN*, A. R. BYRNE* and F. BATIC}

Abstract: Samples of Hypogynutia physodes were transplanted to the environment
of the former uranium mine at Zirovski vrh, Slovenia for two exposure experi-
ments. The levels of the long-lived radionuclides, 2>*U, #*°Ra and 210pp, in lichen
material were measured after 4 and 7 months in the first experiment, and 4, 8
and 12 montls in the second, and compared with the levels in lichens growing
in-site from the same sampling locations. ‘They were also compared with the
nuclide levels found in air particulates by gamma spectrometry obtained at the
regular site monitoring stations. The results s1owed that each of the radio-
nuclides had its own distribution patzern in this environment. The highest **°Ra
levels ‘were found in lichens in the ncar vicinity of the dry-tailings pile, while U
concentrations were high in the valley of the confluence of the Todrastica and
Brebovicica streams closé to the former yeliow-cake production plant in Todraz,
and then decreased downstream. 219D was :he most uniformly distribuzed
radionuclide and exhibited the highest level. The results also confirm that acuve
biomonitoring with transplanted lickens can ke a useful and cheap supplement to
instrumental air pollution monitoring. @ 1995 ‘T'he British Lichen Socicty

Intreduction

Lichens, especially epiphytic ones, are widely used as indicators and/or
monitors of air contamination (Ferry et al. 1973; Hawksworth & Rose 1976;
Martin & Coughtrey 1982; Puckett 1988). They are eflicient accumulators of
many elements, particularly heavy metals and radionuclides that arg released
into the atmosphere because of natural and human activities. Their remark-
able accumulative capacity for pollutants is based on their highly spzcialized
nutrition strategy, as they filter practically all their nutrients from the air, rain
and fog. Not only vital nutrients and trace clements, but also a variety of
pollutants are taken up with the same efficiency. Investigations using lichens
_ to monitor air quality have been carried out not only arcund known pollution
sources such as coal-fired power plants, steel works, or other industrial and
urban centres, but also to identify such possible sources (Puckett 1988; Sloof
& Wolterbeek 1991; Herzig et al. 1989). Although there are many papers
dealing with heavy-metal air pollution using lichens, only a few of them deal
- with enhanced levels of uranium (U) scries radionuclides as a conscquence of

U mining/milling and yellow-cake production (Boileau et al. 1982; Beckett
et al. 1982; Pettersson et al. 1988; Sheard 1385¢,b). _
*Jozef Stefan’ Institute, Jamova 39, SLO-61111 Ljubljana, Slovenia.

$Department of Agronomy, Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101,
SLO-61111 Ljubljana, Slovenia.

0024-2829/95/050375+11 812.00/0 © 1995 The British Lichen Socicty
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Determination of trace amounts of selenium in poultry
feedstuffs by gas chromatography

Vekoslava Stibilj**, Marjan Dermel;j®, Anthonﬁy R. Byrne®, Tatjana Simenc’,
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®Biotechnical Faculty, Zootechnical Department, University of Ljubljana, Ljubljcna, Slovenia

Abstract

In view of the importance of establishing reliable selenium concentration levels in different kinds of feedstuffs,
the purpose of this work was to develop optimum experimerital conditions for the isolazion and GC determination
of selenium as its chelate with 4-nitro-1,2-diaminobenzene. 1t was shown that ignition of the sample in an oxygen
flask followed by reduction of Se(V1) to Se(IV) and the formation of 5-nitro-2,1,3-beazosclenadiazole chelate in
HCI medium is a relatively rapid procedure giving a low blank value and allowing the determination of selenium in
commercial feedstuffs and similar biological samples. The method was validated by the analysis of suitable certified

or standard reference materials.

v 1. Introduction

Until 1957, selenium was known onl‘y as one of
the most toxic elements. In-that year, Schwarz
and Foltz [1] identified selenium as a constituent
of cellular glutathione peroxidase (GSH-Px} and
since then its presence in enzymes such as

{.Vplasma GSH-Px, phospholipid hydroperoxide

GSH-Px, I iodothyronine-5'-diiodinase = and
selenoprotein P has- been established, thus
providing evidence for the involvement of
selenium in numerous metabolic processes [2—4].

Symptoms of Se deficiency in poultry are
manifested as exudative diathesis, fibrosis of the
pancreas, fibrosis of the skeletal musculature and
muscular dystrophy, whereas permanent exces-
sive doses of selenium in poultry feed can cause
blind -staggers, alkali discasc and acute toxicity,

* Corresponding author.

which are manifested in a decrease in egg laying
and flying capability, in different anomalies of
the embryo, incidence of paralysis and limping,
liver cirrhosis, loss of feathers, etc. [5-7].
According to the Enviromental Health
Criteria [8], the daily réquirement of selenium in
poultry is 30-50 ug kg~', provided that the
amount of vitamin E in the daily ration is

“adequate. The major pzrt is provided by grains,

which are the main component of their feedstuffs
and can contain, accord:ng to literature data [9],
very variable amounts cf selenium.

The legal regulation for the quality of different

“feeds in Slovenia specifies a minimum content of

150 pg kg™' of Se fer dry poultry feedstuffs
when added in the form of sodium selenite or
selenate. The corresponding regulation for the
maximum allowed anmounts of harmful con-
stituents in dry poultry feedstuffs permits a
limiting value of 500 ug kg™' of Se. In spite of

0021-9673/94/307.00 © 1994 Elsevier Science B.V. All rights reserved
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DETERMINATION OF QRGANOARSENIC COMPOUNDS IN URINE
AND BLOOD AFTER SEAFOOD CONSUMPTION AND EXPOSURE TO
' INORGANIC ARSENIC '

Z. Slejkovec, A.R. Byrne, M. Dermelj

"Jozef Stefan” Institute, Jamova 39, Ljubljana, Slovenia

Inorganic arsenic, MA, DMA, Asl} and TMA-ion were determined in urine samples using an ion
exchange method combined with instrumental neutron activation analysis. The excretion of arsenic
species in urine following seafood consumption was studied and simultaneously biood arsenic
concentrations were determined. The arsenic species present in the urine of some workers
occupationally expesed to inorganic arsenic were also determined. The method was checked by
the analysis of the standard reference material DORM 1.

INTRODUCTION

Most arsenic in the marine environment is present as the non-toxic organic compound
(CH,);As*CH,COO (arsenobetaine, Asf) known since 1977%. Other forms of arsenic
in the sea are inorganic arsenic (inorg.As), methylarsonic (MA) and dimethylarsinic

acid (DMA), which are mostly present in water. The tetramethy! arsonium ion (TMA-

ion), trimethylarsine oxide (TMAO) and arsenolipids were found in some marine

animals (mussels, shrimp, crab, fish) and arsenosugars in some algae®?. Consumption

of seafood leads to an intake of Asf and other arsenic compounds.

On the other hand man. can be exposed to inorganic arsenic, which is very toxic

compared to less toxic organoarsenic compounds. Smelter workers, glass producers,
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?"“Se TRACER FOR DETERMINATION
OF THE CHEMICAL YIELD IN RADIOCHEMICAL NEUTRON
ACTIVATION ANALYSIS OF SELENIUM

V. ST.BILI, M. DERMELJ, A.R. BYRNE
“Jozef Stefan” lastitute, Janvmva 39, 61900 Ljubljana (Slovenia)
(Received December 13, 1993)

A radiotracer methiod is deszribed for measurement of the chemical yield in radiochemical neutron
activation analysis of selenium using the 755e (120 d) induced nuclide. It is based on 8T™Se (57 min)
radioisotopic tracer, prepared immediately before its use in the radiochemical scparation procedure, by
neutron irradiation of highly erriched 80Se. The recovery of selenium is calculated fror the 103 keV
y-peak of 8Img. i, the separaced selenium fraction used for quantitation of 5S¢, The technique is
illustrated by results for biolog cal reference materials of good accuracy and reproducibility.

It is well recognized (hat determination of individual chemical yields in
radiochemical neutron activction analysis (RNAA) improves the qua’ity of the

'procedurc and the reliability of the resulting data by climinating one cf the more

important sources of error, tFe uncontrolled ncnconstant recovery. HEYDORN! has

given a dctailed treatment of the yicld correction and its influcnce on precision and
accuracy.

In RNAA determination cf sclenium via the reaction 74Se(n;y)*Se (120 d), after
sample destruction and radiochemical separation of selenium, it is our experience that

the recovery of selcnium carrier is never quantitative and usually varies cver 10% or

even 15%, irrespective of the details of the sample destruction and isolation.procedures.
This probably reflects the volatility of sclenium and its multivalent character
(incomplete conversion of fosms). Hence a yield mcasurement is desiratle to obtain
high quality data. L

Of the various methods available for recovery measurcment, the radioisotopic tracer
lechniqué has several advantzges (some of the desirable propertics of such traccrs and
newer examples of their use were given by SCHELHORN et al.2 and by BYRNE).3
When the radiotracer is measured simultancously with the induced (indicator) nuclide,

the yield measurement procedure is not only simplificd by one stage and zfficient, but

also increased in accuracy by compensating for factors affecting the count such as
geometry. pile-up or dead time losscs, the vield becoming an overall yield. Zor selenium
when 7Se is the indicator nuclide, the only practicable radioisotopic trcer is 8imSe
(57 min), with a desirable low cncrgy v-ray of 103 keV. (Sce Table 1). This isotope has

FElsevier Science &. A., Lausanne
Akadémiai Kiadd, Budapest
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Spectrophotometric Determination of the Chemical Yield in
Radiochemical Neutron Activation Analysis of Selenium

Vekoslava StiBiLl, Marjan DErMELS, Mladen FrANKO and Anthony R. BYRNE

Jozef Stefan Institute, P.O.B. 100, 61111 Ljubljana, Slovenia

A spectrophotometric method for measuring the chemical yield in radiochemical neutron zctivation analysis of selenium

in feedstuffs and biological materials is described. The methad is based on measuring the absorbance at 350 nm, which
is due to the 5-nitro-2,1,3-benzoselenadiazole complex formed between sclenium and 4-nitzo-1,2-diaminobenzene. The
technique was checked against radiotracer techniques using *3Se or 8/™Se, and was illustrated by results for different

botanical samples and certified reference materials.

Keywords Selenium, spectrophotometry, radiochemical neutron activation analysis, chemical yicld, biological material

Although selenium is known to be an essential element
for humans and animals'™?, excessive quantities of this
‘element can result in toxic effects or other anomalies.*?
The range of recommended selenium concentrations is
relatively low (100 pg kg™') and narrow.® Sensitive and
accurate analytical methods are therefore required for
determining selenium in feedstuffs and biological tissucs.

Several analytical methods, such as fluorometry,
hydride-generation atomic absorption spectrometry

(HGAAS), radiochemical and instrumental neutron

activation analysis (RNAA, INAA) and gas chroma-
tography (GC-ECD)'*'2, are currently available for
determining selenium in the pg kg™, and even sub pg
kg-!, concentration range. -Each of these methods has
both advantages and disadvantages. RNAA, for
example, provides excellent sensitivity and minimum
possibilities of sample contamination.”"?  However, it
is time consuming and too expensive for routine work.
For this reason RNAA is mostly used as a refcrence
method in intercomparison analyses and in the
certification of reference materials.

One of the crucial steps during the analysis of sclenium
‘n biological materials is sample decomposition. In this
step selenium can be either lost due to the relatively high
volatility of the element and its compounds and/or
because of precipitation. In the case of RNAAW9,
additional losses of selenium, which reflect its muiti-
valent character, might occur during the decomposition
because of an incomplete conversion of different Se
forms. All such losses affect the chemical yield, which
may vary over 10 or even 15%. Hence, determining the
chemical yield for each sample is necessary to obtain
high-quality data.

Various methods based on gravimetry, electrochemi-
cal techniques, spectrophctometry, reactivation or the
use of radictracers were demonstrated to e useful for a
recovery measurement in RNAA.20  Particularly radio-

traczr techniques have been widely used for this purpose,
owing to their relative simplicity.

Two selenium isotopes appear to be suitable as
radiotracers: 75Se (11,,=120 d. E,=136, 264, 400 keV) and
8ImSe (1,,=57 min, E,=103 keV). While *Se seems to
be more favorable, due to its longer half-life, it obvious-
ly cannot be used for a simultancous chemical-yield
measurement during the RMAA of Se, because *Se is
also the nuclide induced by ncutron activation. 75Se
radiotracer can, therefore, only be used preliminary
measurements to estimate thie average chemical yield of
the RNAA procedure. :

From this point of view, the ?'™Se radiotracer
teck:nique?' offers several advantages which result from a
simultaneous measurement of the induced nuclide and

‘the radiotracer. This simplifies the yield measurement

by one step, and makes it more efficient and more
accurate by compensating for factors which affect the
count, such as the geometry, pile-up or dead-time losses.
However, this technique requires the use of highly
isotopically enriched ®Se in order to avoid any
significant co-production of **Se in the #!™Se tracer upon
neuiron irradiation. Besides, due to the relatively short
half-life, the #m™Se radiotracer cannot be used in
radiochemical procedures which require longer times for
their completion. '

Among other techniques for a chemical-yield measure-
ment in the RNAA of selenium, which were studied in
this laboratory, reactivation to induce '™Se from added
carrier selenium may be employed.’* However, this

technique requires the re-irradiation of an aliquot of the |
. separated Se {raction and a second count. Such effects

as the evaporation of organic solvents during neutron

-irradiation should be considered.

Spectrophotometric determination of the chemical
yield in the case of RNAA based on the extraction of Se'¥
as the carbamate'® was also attempted, but without
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Some Improvements in the Qualit_y

of NAA Procedures and the
Reliability of the Results

A. R. BYRHE

Department of Nuclear Chemistry,
“J. Stefan” Institute, 61000 Ljubljana, Slovenia

ABSTRACT

After considering the need for quality control in NAA, the con-
cept of quality in NAA procedures themselves is discussed, and some
important factors identified. Two approaches to improve quality are
then described in more detail. The first concerns the unique ability of
NAA using different isotopic reactions and different modes (INAA/
RNAA) to provide independent data sets in the same laboratory, thus
allowing internal validation or crosschecking. The second discusses - -
the need for chemical yield measurements in RNAA and the advan-
tages of the radioisotopic tracer technique. Some recent advances and
further possibilities for this use of tracers are listed.

Index Entries: Neutron activation analysis; radiocﬁen”\ical
- NAA; quality control; independent data; crosschecking; chemical
yields; radioisotopic tracers. '

INTRODUCTION

An important practical point to be considered in relation to the qual-
ity of results from neutron activation ana’ysis (NAA) is any a priori deci-
sion taken before analysis on the degree of quality required or affordable
for reasons of cost. Because of advances in the sensitivity, accuracy, and
multielement character of competing techniques, there is increasing com-
mercial pressure on NAA laboratories to provide determinations in a
suboptimum manner as concerns the quality of the procedure and the
quality-assurance (QA) measures. Are we justified in cutting ccrners, e.g.

_,Bio/og/‘ca/ Trace Element Research Editor: G. N. Schrauzer © 1994 by Humara Press Inc.
Vol 43-45 (1994) 529-537 : , ' ;
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Comprehensive RNAA of Cadmium,

Cobalt, Nickel, and Copper Using
109Cd, 57Co, and Reactor-Produced
67Cu as Radioisotopic Yield Monitors

A. R. BYRNE* AND M. DERMELJ

Department of Nuclear Chemistry, “J. Slefan” Institute, 61000
_ : : Ljubljana, Slovenia

ABSTRACT

An existing radiochemical NAA procedure for Cd, Co, and Cu
was improved to allow determination of individual radiochemical
yields by the radioisotopic tracer technique, thus elimirating errors
owing to variable recovery. 199Cd was used as tracer for Cd determi-
nation via 115Cd/115min, 57Co for Co via 60Co, and potentially for Ni
via 58Co, whereas as a novelty 67Cu, produced by reactor irradiation
of ZnO of natural isotopic composition (by the ¢7Zn [n,p] 67Cu reac-
tion) was used for Cu via the indicator nuclide 64Cu. The simple pro-
duction and purification of 67Cu by anion exchange is described.
Results for biological RMs are given and discussed.

Index Entries: Radiochemical NAA; copper; cobalt; cadmium;
67Cu; radiochemical yield. S L

INTRODUCTION

One of the major potential errors in radiochemical neutron activation
analysis (RNAA) is variation of the chemical yield of the separation. The
advantages of individual yield measurements have been discussed thor-
oughly by Heydorn (1), who also coined the term “comprehensive NAA”
for a procedure in which the yield of the separation is measured. Apart
from yield measurements based on chemical analysis of carrier recovery
and the reactivation technique, the use of a suitable radioisotopic tracer

*Author to whom all correspondence and reprint requests should bz addressed.
Biological Trace Element Research Editor: G. N. Schrauzer © 1994 by Humana Press Inc.

- 87



' ' . \
@7-JAM-1934 ©3:26 JOSTIN LIB Sl ‘ ‘ 336 61 273677 s.81 - ‘

01/05/19%4° 12:2¢ 513-53d5743 G M SCHRAUZER

UNIVERSITY OF CALIFORNIA, SAN DIEGO

A CRUZ

HERKELEY + DAVIS - RVINE « LOS ANGELES + RIVERSIDE - ﬁ DIECR N1 Brdssco ’
. g&' e L :
c;’ Qe

0. N. SCHRAUZER 9500 GILMAN DRIVE

DEPARTMENT OF CHEMISTRY \ Pl v > - LAJOLLA, CALIFORNIA 9209%.0214

. . : ©(619) 534.5499
?7 ‘\b\( FAX: (619) 5345743 '
T 4o A Two

Drl.Koot ' K X /Vl K\'\

Medical Fsculty

University of Ljubljana

Ljubljana | , ' ,

Slovenia ' , January 5, 1994

Dear Dr. Kosta:

From April 29 to May 1, the European Academy wlill be holding a

contference on physlologlcal effects of mercury derived from dental

~ amalgam, which wlll also tocus on natural detoxitication niechanlsms by
way of mechanlsma such as the formation of mercury-selenium
complexes. As a co-organizer of this confarsnce, | would Ilke to Invite
you to deliver a lecture on your pionesring work on the mercury miners of

, ldrija. Should you be unabie to participate personaily, we would ~—

“appreciate It very much If you could send ens of your colisagues. We wili
pay your travel and lodging expensea, The confersnce will be held at the
European Academy Center of Otzenhausen, which I8 near Worms, In
Germany. | would be happy It you could let me know as soon as

posalble, preferably by FAX (number see bslow) whether you can accept
this Invitation. , .

Sincerely,
]

G.N.Schrauzer '
Professor of Chemistry
FAX (UBA) 619 534 5743

GESANMT S.01
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RASTISC

CITOKININI IN TIPI
(Picea abies (L.) Karst) KOT

" DOKTORSKA DISERTACUA

" CYTOKININS AND TYPES OF ECTOMY CORRHIZAE ON NORWAY
SPRUCE SEEDLINGS (Picea abies (L) Karst) AS INDICATORS OF FOREST
SITE POLLUTION -

DOCTORAL DISSERTATION

Ljubljana, 1994
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Dr.Anthony R. Byrne ’
University of Ljubljana.
Jozef Stefan Institute
Huclear Chemistry Department
Ljubjana _ ' : '

3lovenia - January 15, 1994

Dear Dr.Byrne: ‘
Thank you so much for responding to my letter to (the late)

Dr.Kosta. I am sorry that I was unaware of his death; the more

I now wish to see that the work he and you were doing is

receiving international attention. As you may not yet know,

there is & lot of turmoil now in Germany bscause Degussa, the
largest producer of dental amalgans, suddenly anncunced they

were stopping to make it. Other companies have followed suit,

and thers 1s now somewhat of a hysteria developing in Germany ;
concerning the safefy, or lack thereof, of dental amalgan . 5
fi1llings. Some persons already wish to promulgate &
sero—tolerance limit for mercury, causing many people with
amalgam fillinge to be greatly concerned. The forthcoming
conference will address the issue of amalgam toxicity and discuss
protective meapures. Selenium is a major factor here, because

as you well know, it detoxifies selenium gquite efficiently.

Because of yours and Dr.Kosta's work your lecture will be

of utmost importance. The title which you suggest,: "Mercury

and Selenium: Recent Developments in Slovenia® sounds fine,
although you can leave off Slovenia in the title, if you wiegh,

as your findings no doutt have universsl significance.

Within the next few days you will receive a communication
rrom Dr.H.Porcher, Director of Rbiosynposia®, the organizer
of the conference, with further details.

I am looking forward to meeting you at the conference. As -
you probably know, I am the Fditor of the Journal Biological .. f
Trace Element Research. We have published a paper by Dr.I.Falnoga ‘
on mercury recently, and perhaps we could publish a version’
of your talk in this journal as well, '

Sincerely yours and best regards,

Profemssor of Chemistry
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Disertacija
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PASSIVE BIOMONITORING WITH EPIPHYTIC LICHENS
FOR ASSESSING TRACE ELEMENT
AIR POLLUTION IN SLOVENIA

Zvonka JERAN', Franz BATIC?, Radojko JACIMOVIC'
1 JoZef Stefan" Institute, Jamova 39, SLO-61111 Ljubljana, Slovenia

* University of Ljubljana, Biotechnical faculty, Department of Agronomy,
Jamnikarjeva 101, SLO-61111 Ljubljana, Slovenia

In 1992, a monitoring survey on a naticnal scale was carried out using Hypogymnia
physodes (L.) Nyl. as a biomonitor for trace element air pollution. Lichen samples were
collected from 86 sampling points of a regular 16 x 16 km bioindication grid. The ko—
method of instrumental neutron activation analysis (INAA) was used for trace element
determination, and X-ray fiuorescence spectrometry for sulphur analysis. The geographical
concentration patterns of the trace elements obtained from the lichen data were mapped
using the Surfer programme and compared with the index of atmospheric purity (l#P)
calculated on the basis of data from lichen thalli types mapping, obtained on a more dense
bioindication grid in 1991.

The results obtained showed good agreement between the mapping of sulphur and
trace elements with the status of lichen vegetation. The most exposed region with elevated
trace element levels and lower values of IAP were in the north-western Alpine part of
Slovenia which coincides with high precipitation, and in the east of Slovenia, where many
local pollution sources are situated.
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ATMOSPIERIC IIEAVY METAL POLLUTION IN SLOVENIA DERIVED FROM
RESULTS FOR EPIPHIYTIC LICHENS

Z. Jeran, R. Jaéimovié, B. Smodi3, F. Baliél, 1.Th. Wolterbeek?

7j.Stefan" Institute, Jamova 39, 61111 Ljubljana, Slovenia
Ipepartinent of Agronomy, Biotechnical Faculty, University of Ijubljana, Jamnikarjeva
101, 61111 Ljubljana, Silovenia
2Delft University of Technology, Interfaculty Reactor Institute, Mekelweg 15, 2629 JB
Delft, The Netherlands

In 1992, a monitoring survey was started on the national scale in Slovenia using the epiphytic

lichen Hypogymnia physodes (L.) Nyl The primary aim was to analyse lichens to obta.n

information about the levels of clements in the atmosphere and to identify significant poltution

sources.

H. physodes was collected in the period from September to November 1992 from atmost all 36

sampling points of the 16x16 km bioindication grid of Slovenia. More than 30 elements were

determined in each of the samples using the ko- _method of instrumental ncutron activation

analysis.

Monte Carlo-Assisted Factor Analysis was applied to a data set of the 28 elements As, Ag, Ba,

. Br, Ce, Cd, Co, Cr, Cs, Fe, Ga, Hf, Hg, K, La, Mo, Na, Rb, Sb, S¢, Se, Sr, Sm, Tb, Th, U,
W and Zn, which were selected from the elements determined as the most important ones for

identification of pollution sources. A Monte Carlo approach was used to give more insight into

the uncertainties and significance levels of the factor analysis results. It was found :hat

" concentration patterns in lichens yiclded 9 factors (source lypes), which are presented and

discussed in detail in the work. The geographical patierns of the contributions of all factors are

also shown.
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UGOTAVLJANJE STANJA ONESNAZENOSTI SEDIMENTOV V
VODAH SALESKE DOLINE Z UPORABO INSTRUMENTALNE
NEVTRONSKE AKTIVACIJSKE ANALIZE ‘

POLLUTION STATUS OF SEDIMENTS IN WATER BODIES IN
TIIE SALEK VALLEY BY INSTRUMENTAL NEUTRON
ACTIVATION ANALYSIS

Borut Smodiy, Mar]an Dermelj, Radojko Ja¢imovié, Boris Stropmkl
Institut Jozef Stefan, SI-61111 Ljubljana, Jariova 39, Slovenija
1ERICo $1-62320 Velenje, Koroska 64, Slovenija

Rast industrializacije in z njo poveéana naseljenost povzrotata, da se tudi v na$,

slovenski prostor, steka vse vet tujih primesi.

Med dokaj onesnazena in morda Ze kritiéna podro&ja v Sloveniji priltevamo tudl
Saletko dolino, kjer se zaradi rudarjenja hgmta in obratovanja TE Soltanj spremmJa
njena konfiguracija ter onesnazujejo zrak in vodotoki. '
Za ugolavljanje slanja in ¢asovnih sprememb v stopnji onzsnaZenja voda so, poleg vode
same in Zivih grganizmov v njej, zelo pomemben medij tudi usedline.

Na osnovi predhodnih preiskav smo odvzeli usedline na 15 vzoréevalnih mestih in th
po ustreznih predpisih pripravili za analizo. Numeri¢ne vrednosti za 40 elementov v
vsakem vzorcu (pretezno tezkih kovin), ki so vi§je od ricje detekeije, smo doloCili z
instrumentalno nevtronsko aktivacijsko analizo (INAA); osnovano na k, -faktorjih.
Zanesljivost rezultatov smo preverili s pomoCjo analiz ustreznih certificiranih
referenénih’ materialov. Rezuliati, ki so predstavljeri grafitno in z ustreznimi
komentarji, nakazujejo predvsem lokalno onesnaZenje z nekaterimi tezkimi kovinami
kot posledico vpliva delovanja TES

Abstract

The growth of industrialization and the associated increase in population have also led
‘in Slovenia to the great part of pollution. Among polluted and possibly critical areas in

Slovenia the Salek valley should be included, where due to the lignite mining industry
and the Soltanj thermal power plant changes the configuration of the terrain and
contamination of air and waters have occured.

Next to water itself and aqueous organisms, sediments are very imporiant medla for
evaluation of the status of water pollution.

On the basis of previous work the sediments were sample. from 15 different places and
prepared for analysis using an appropriate protocol. Concentrations for 40 elements in
each sample (mainly metals), which were higher than the limits of detection, were
determined by the use of the kg -based instrumental neutron activation analysis (INAA).

“The reliability of the results ottained was checked by :he use of certified reference |

materials. The results, which are presented graphically together with comments, show
mainly local pollution with hecvy metals as a consequence of the operation of the
So¥lanj power plant.
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MIKROELEMENTI V VODNEM KROGOTOKU SAi ESKE
DOLlNl« '

TRACE ELEMENTS IN THE WATER CYCLE OF THE SALEK
VALLEY

Marta Svetina', Borut Smodi¥’, Zvonka Jeran’ in Radojko Ja¢imovi¢®
'ERICo Velenje, Zavod za ekoloske raziskave, Koroska 64, 63320 Velexje, Slovenija
*Institut "J. Stefan” Ljubljana, Jamova 39, 61000 Ljubljana, Slevenija

Z nalogo smo v Sloveniji prvit uvedli metodo mzlega povodja, v kateri uporabljamo povirje
kot naraven laboratorij, kjer sledimo delu vodncga cikla v gozdnem ckosistemu. Program
zajema rauskavc na trch zlivnih obmogjih, na katcrih vzoréujemo padavine na odpriem
prostoru, talno vodo v globini 50 cm in vodne izvire. Kot glavna analitska metoda je bila
uporabljena instrumentalna nevtronska aktivacijska analiza na faktorjih k, (INAA), s katero so
bili v vzorcih voda dologeni sledni elemnenti in tezke kovine. Rc7u|(a|| analize kalcjo na
povedane vsebnosti in koncentracijska obmotja elementov v tich, padavinah, talni raztopini in
vodnih izvirih v blizini Termoclcktrarne Sostanj. V padavinah so $e¢ poscbej povetane
koncentracije As, Au, Ba, Co, Cr, Cu, Sb, Sc in Zn. Primerjava koncentracij mikrociementov v
padavinah s tistimi v vodnih izvirih, kaZe, da sc v tich akumulirajo Au, As, Cr, Sb, Se¢ in Zn. Z

raziskavo smo prikazali uporabost INAA 7a dolocanje nckaterih toksi¢nib nukmclcmcmov v
okolju.

Abstract:

The small watershed technique was introduced for the first time ir Slovenia: this
provides an ideal ficld laboratory where the water cycle in forested ecosystems can be
followed. The programme includes rescarch on three watcrsheds where sampling bulk
precipitation deposition in the open, seepage water at 50 cm soil depth end spring water
is performed. As the main analytical method for determination of trace clements and
heavy meltals in water samples the k- bascd mcthod of INAA was uscd. The analytical
results showed an increascd content and concentration range of trace clements in soil,
precipitation, soil water and spring water in the vicinity of the So¥tanj Thermal Power
Plant. As, Au, Ba, Co, Cr, Cu, Sb, Sc, and Zn arc incrcased in precipitation. The
~ comparison of tracc clement concentrations in precipitation samiples with those in
spring walters revealed the fact that Au, As, Cr, Sb, Se, and Zn arc accumulated in soil.
We demonstrated that the k,- based method of INAA as a multiclement nondestructive
technique is a hlghlv suitable approach to dc(crmmmg some toxic trace clements in the
envnronmcnl :
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Status of Neutron Activation Analysis in Slovenia: Achicvements
and _Applications

Borut Smodis, Ljudmila Benedik, Anthony R. Byrne, Marjan Dermelj, Radojko Jaéimovié,
Zvonka Jeran, Vekoslava Stibilj, Zdenka Slejkovec
J. Stefan Institute, Ljubljana, Slovenia

During the past decades the determination cf trace elements in biological and
~ environmental samples has been a subject of continual interest in the biomedical
and environmental sciences for assessing nutritional status, ‘diagnosis of disease,
identifying systemic intoxication and/or monitoring of environmental exposures, and
following pathways. S

Such assessments are firmly based on the use and on the continuous development
of reliable analytical methods for determination of very low concentration levels of
essential or toxic elements. Among them neutron activation analysis (NAA) in both
its radiochemical (RNAA) and instrumental (INAA) forms is very useful.

In using the Institute’s 250 kW TRIGA Mark 1I reactor for determination of ultra
trace quantities of elements As, Cd, Co, Cu, Hg, I, Mn, Mo, Ni, Sb, Se, Sn, Th,

U and V, different radiochemical methods, mostly based on solvent extraction

separations, have been developed.

Apart from RNAA, instrumental NAA is also much used in the Department of
Nuclear Chemistry of the J. Stefan Institute, where the ko - based technique has
been implemented, allowing determination of 53 elements in samples with various
‘matrices.

These methods allow measurement of the total concentration o‘f.! elements, and in
refined forms also studies of their speciation and binding to proteins. '

According to the nature of NAA (high sensitivity for several elements, negligible
matrix influence on analytical results, small probability for sample contamination),
the Department of Nuclear Chemistry acted several times as a reference laboratory
for Hg determinations in the United Nations Environment Program (UNEP) and
in International Atomic Energy Agency (IAEA) programs, Or as an external
cooperating analyst for the National Institute of Standards and Technology (NIST),
as well as in many IAEA reference materials certification exercises. The results of
these analyses are quoted in many of their certificates of analysis. ’

Together with measurements of the content and distribution of radionuclides, both -

man-made and natural, these methods form the foundation for a wide program of
studies mainly concerned with environmental pollution, radio ecology and life
sciences. Some typical results will be outlined. '

13" EUROPEAN TRIGA CONFERENCE, BLED, SLOVENIA, September 26-28, 1994
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~ Status of NAA in Slovenia: Achievements and Applications

B. Smodi§ L. Benedik, A.R. Byrne, M. Dermelj, A. Fajgelj, L Falnoga, R.
Jaéimovié, Z. Jeran, P. Stegnar, V. Stibilj, B. Stropnik, Z. Slejkovcc
J.Stefan Institute, Ljubljana, Slovenia

!

" Abstract o .
During past decades the accurate determination of trace element concentrations
has been a subject of enormous interest for many fields such as nutrition, clinical

chemistry and biochemistry, veterinary science, agriculture, environmental sciences,
etc. - :

Among reliable analytical methods for determination of very low concentration
levels of essential and toxic elen:ents NAA in both its forms, RNAA and INAA,
is very useful, and is also well-known as a reference method /1/.

When using INAA the matrix ustally has a negative influence on the ratio between
the signal and background. This results in poorer accuracy and higher limits of
detection. Such difficulties may de avoided in most cases through application of
RNAA methods which, on the basis of carefully chosen experimental conditions,

offer selective isolation of the desired radionuclide(s). Further, the addition of

carriers and/or radiotracers enables the dctermination of the chemical yield for
each analyzed sample.

In using the Institute’s 250 kW TRIGA MARK II Reactor for »_dctermi‘nation of
ultra trace quantities of - differeat clements various radiochemical methods have

been developed which are briefly presented in the text below, and have been used

to study their levels in human znd biological samples, environmental samples and
SRMs. '

1. Determination of U and Th , :
For simultancous determination of uranium and thorium via 2°U (23.5 min) and

23Py(27 d) radionuclides, the so-called LICSIR technique (Long Irradiation, Cooling,
,' Short Irradiation, Radiochemistry) was used. The separation of the induced

~ radionuclides ‘is based on solvent extraction with TBP and TOPO and the_chemjcal,

yield for the two elements is dztermined using the radioisotopic tracers 25U and

- - Bipa [2,3/, respectively.

2. Determination of I and Se ) . . , =

Quantitative determination of both clements in the same sample aliquot via 1]
and 5Se after double irradiation (LICSIR technique) of the sample is based on
“ combustion in oxygen [ollowed by solvent extraction (redox cycle for extraction and

stripping of jodine, and extraction of the Se chelate 5-nitro-3,1,2-benzoselenadiazcle '

. /4. The chemical yield for 1 was determined spectropliotometrically and for Se
either spectrophotometrically /5/ or by using the radioactive tracer 8mSe /6/.

2-20
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Estimating Errors in the Ixperimental Dctermination of
Neutron Fluence Specira

Borut Smodis, Radojko Jacimovic
J. Stefan Institute, Ljubljana, Slovenia

Abstract

For characterisation of the neutron fluence shape in a reactor two parameters are
relevant: (1) the thermal-to-cpithermal fluence rate ratio (f = @/ ¢c), and (2)
the parameter o in the 1/E!*® epithermal spectrum representation. Both parameters
are determined experimentally, thus introducing errors in the results. The influence
and propagation of these errors can be also calculated. These characteristics were
experimentally determined for some irradiation channels in the TRIGA Mark 1I
reactor of the JoZef Stefan Institutc, and the experimental errors introduced
compared to calculated oncs. A comparison belween the experimentally obtained
uncertainties and the calculated ones is outlined and the influence of particular
parameters on error propagation when determining o and f are elucidated.

Introduction

Reactor neutron activation analysis (NAA) is mostly based on (n,y) reactions with
thermal and epithermal neutrons. The thermal neutron spectrum shepe is usually
described by a Maxwell-Boltzman distribution, and .the epithermal part can be
approximated by a 1/E!*® dependence.

When characterising the neutron fluence rate for absolute or ko - tased neutron
activation analysis (NAA), two quantities describing the contribution of epithermal
activalion, namely a (accounting for the nonideality of the cpithermal part of the
neutron spectrum) and f [subcadmium (thermal)-tc-epithermal neutron fluence rate
ratio], should be introduced into the equations for concentration calculation. They
have to be experimentally determined for each particular irradiation channel, thus
introducing uncertainties in the results. When calculating the values of o and f
from the experlmcnlal measurements, some other paramelers enter the relevant
equations, such as Qo (resonance integral to 2209 m s cross-section ratio), Fcd
(correction factor for transmission of epithermal neutrons through Cd), and E;
(effective resonance encrgy), so that unccrlamtlcs in these parameters should also
be considered.

The errors and their propagation depend on the mclhod of delcrmnung o and f
and on the monitors used.

For experimental determination of these.(lwo perameters, various methods have
been proposed by De Corte and coworkers /1/. Methods for a-determination can
be classified into three groups, based on Cd-ratio ("Cd-ratio for multi-monitor"-
method), Cd-covered ("Cd- covcrcd multi-monitor"-method) and bare irradiation

2-31
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Nuclear constants for activation analysis of some nuclides and

" comparisons with experimentally measured values

- R. Jac¢imovi¢, A Trkov, B. Smodisl

" Jozef Stefan” Institute, Ljubljana, Jamova 39, Slovenija

Abstract

Neutron actlvatron analysis requires a knowledge of the values for the Westcott g
factors the resonance integral Iy and 2200 m-s’ -1 cross section oy for the (n,7)
reaction. Sometimes the quantity QO is used instead, defined as th2 ratio IO/UO The
concept of the corrected resonance rntegral Igfa) is |ntroduced to take into accont

- of the devratron of the epithermal flux from the "1/E" distribution where «a is

defined to describe the spectrum in the form nypltoan, Ig(e) can be approximately

expres,sed in terms of a, the effective resonance energy Er and I, defined for a

. ‘pure 1/E spectrum.

The required constants can be calculated from data in evaluated nuclear data 7

libraries. For this purpose neutron data for all the nuclides of rnterest were retrieved
from the JEF 2.2 evaluated nuclear data files [1]. The 1994 version of the ENDF/B
pre procesing codes [2] was used for data processing. A methodology for
calculating E was developed which does not depend on the availability of the

srngle level Brert Wrgner resolved resonance parameters.

A sensrtrvrty study was carried out to |nvest|gate the rnfluence of the parameter ¢
on E The range of « from -0.08 to +0.08 was considered, which covers the span
of values most commonly rncountered in practical applications. The sensmvrty of

Iy to temperature due to Doppler broadening was also investigated.

The resuits obtained have been compared to those reported in [3,4]. Furthermore., -

17
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NATURAL AND ARTIFICIAL RADIVONUCLIDES IN LICHENS
AS AIR IfOLLUTION MONITORS

Z. Jeran', R. Ja¢imovié', Franc Bati¢?, A. Prosenc'

! Jozef Stefan Institute, Jamova 39, 61111 Ljubljana, Slovenia ,
? Biotechnical Faculty, Department of Agronomy, Jamnikarjeva 101, 61111 Ljubljana, Slovenia

Epiphytic lichens, symbiotic organisms composed of an algae and fungus, are efficient accumulators
of many elements, particularly heavy metals and radicnuclides that are released into the atmosphere
because of natural or human activities. In 1992 a national biomonitoring programme was initiated
covering the whole territory of Slovenia to measure the levels of some natural ('°Pb, “K, U, Th) and

artificial (”’Cs, *Cs) radionuclides in the epiphytic lichen Hypogymnia physodes L. (Nyl.) as to obtain
information on their levels in our environment.

The epiphytic lichen Hypogymnia physodes L. (Nyl.) was collected at 86 sampling points of the 16 x
16 km bioindication grid of Slovenia and the levels of 2'°Pb, K, "**"*’Cs were determined by direct
counting of dry samples using gamma spectrometry. U and Th levels were determined by the kg-
standardisation method of Instrumental neutron activation analysis.

The results are presented as geographical isocentours cf radionuclide activity on a national scale. The
geographical distribution of radionuclides obtained from lichen data were divided into 7 classes
according to percentile values (10, 30, 50, 70, 90 and 95 %) and were mapped using the Surfer
programmie. , .

Each-of the radionuclides analysed has its own geographical distribution pattern as a consequence of
its origin. 2'°Pb is the long lived radionuclide produced in the atmosphere by radioactive decay of its
gaseous parent 2R, “K, U and Th are natural radionuclides contained in the lithosphere, but BR14Cs
were released to the atmosphere during the Chernobyl accident and in atmospheric nuclear tests. .

The mean value of 2°Pb was about 600 mBq g, with the highest activity levels up to 1900 mBq g in
lichens collected in the southern - Dinaric region of Slovenia.

9K levels were in the range between 65 - 290 mBq g”. Elevated levels were found in NW and W parts

and at some locations in the east of Slovenia. Also the U and Th levels in lichens were low as expected, - .

with mean value of 0.12 and 0.29 pg g”, respectively. The highest activity of both Cs-isotopes was
found in samples from the north and north-west parts of Slovenia, which are known to have received
the highest amounts of precipitation during the period following the Chernoby! accident.

#

PORTOROZ 95 o : 99

BOOK OF ABSTRACTS |




! jsimpozi] Zivilske kemije in 2. posvelovanie © prakticni uporabi
evropskih predpisov zd sivila z mednarodno udelezbo

-y

and 2nd Conference on

Food Chemistry
Legislation on Foodsiuffs

1 ]st Symposium on

practical Application of European

Bled
23., 24., 25. mai 1995



NEUTRON ACTIVATION ANALYSIS OF ESSENTIAL AND TOXIC TRACE
ELEMENTS IN FOOD ARTICLES |

M.Dermelj, V.Stibilj, A.R.Byrne, L.Benedik, Z. Slclkovec, R.Jaéunovi( B.SmodE 7
*J. Stefan” Insutute, Laboratory for Radiochemistry, 61000 Ljubbana, Slovema

The major route for eatry of essential and toxic elements into living organisms is via
" the food-chain. This fact and the recommendations of WHO and other bodies on dally

allowances of maximum tolerable intakes of trace elements entering man via foodstuffs

" together create the need for accurate and rehable determination of microgram and nanogram

quantities of essential and toxic elements in various food arucles This is a subject of
enormous interest for many fields and rescarch disciplines. o
Desplte the availability of numerous modern analytical lechmques, reliable data on
mlcrooonsutuents in food articles are sull scarce, unsatisfactory and doubtful for a number
of trace elements. Among reliable methods for determination of very low concentration levels
of essential and toxic elements neutron activation analysis (NAA) in both its forms, RNAA
* (radiochemical) and INAA (mstrumcntal), is very useful and is also well-known as a
reference method. :
Accordmgly, for determination of trace quantities of the elements As, Cd, Co, Cu,
Hg, I, Mo, Ni, Sb, Se, Sn, Th, U, V esc. various radiochemical methods have been
deve10pcd in our laboratory and used to study the levels in human and biological samples.
The best way to validate the analytical procedures developed and of monitoring the
_ rchabnhty of the results obtained, 1s by the analysis of composmonally similar certified
SRMs. The good agreement of our data with certified values shows the reliability of the

radiochemical procedures developed.
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APPLICABILITY OF NEUTRON ACTIVATION ANALYSIS (NAA) IN
QUANTITATIVE DETERMINATION OF SOME ESSENTIAL AND TOXIC
TRACE ELEMENTS IN FOOD ARTICLES

Marjan Dermclj, Vekoslava Stibilj, Antheny R. Byrne, Ljudmila Benedilk,
Zdenka Slejkovee, Radojko Jacimovié, Borut Smodis

ny. Stefan" Institute, 61000 Ljubljana, Slovenia

The major route for entry of essential and toxic clements into living organisms is via

the food-chain. This fact and the recommendations of WHO and other bodics on daily

allowances or maximum tolerabie intakes of trace e.cments entering man via foodstuffs

together create the need for accurate and reliable determination of microgram and nanogram

quantitics of essential and toxic elements in various food articles. This is a subject of

enormous interest for many ficlds and rescarch disciplines.

Despite the availability of numerous modern analytical techniques, reliable data on

microconstituents in food articles are still scarce, unsatisfactory and doubtful for a number

of trace elements. Among reliable methods for determination of very Jow concentration levels

of essential and toxic elements neutron activation analysis (NAA) in both its forms, RNAA

(radiochemical) and INAA (iilslrumcnlal), is very uscful, and is also wcll-known as a
reference method.

Accordingly, for determination of trace qual
Hg, 1, Mo, Ni, Sb, Se, Sn, Th, U, V etc. vario
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‘Odredivanje aktivnosti YSr -
mjerenjem Cerenkovog zracenja u aerogelu

D. Brajnik®?, S. Korpar® R. Jaéimovi¢® G. Medind* M. Stari¢® A. Stanovnik®®
o Institut "Jozef Stefan”, Ljubljana, Slovenija
b Elektrotehnicki fakultet, Ljubljana, Slovenija
¢ Tehnicki fakultet, Maribor, Slovenija
d Prirodno - matematicki fakulte:, Podgorica, Jugoslavije

ABSTRACT

The high radiotozicity of the fission product 906y requires quick and accurate assessement of its
presence in the environment. The work describes a method of determination of Y (EF** =
2.27 MeV, Ty, = 64 k), the daughter of 995r (Ege® = 0.546 MeV, Ty, = 28.5 y), on the basis
of Cherenkov radiation of the particles in a silica aerogel. The relatively high end-point energy
of the 3°Y B spectrum, togelher with a suitably chosen aerogel refractive indez and thus electron

_ threshold energy, permits eliminalion or at least a considerable reduction of the interference of

other B emitters with lower end-point energies. The interference of v emitiers is reduced by using
a thin, transmission multiwire proportional chamber in coincidence with the aerogel Cherenkov
detector. Any possible contribulion of other radionuclides to the count rate may be monitored
by the shape of the Cherenkov pulse height spectrum, which depends sensitively on the electron

~ energy. With an aerogel refractive indez of 1.055, which corresponds lo an electron threshold

energy of 1.1 MeV, we have obtained an efficiency of 5.3 - 1073 for %°Sr/Y. The background
counting rate of 151073 571 is stable (¢ = 0.9 10~3 s71) and allows the determination of I
Bq of 2°Sr/Y activity in a few hours of measurement of a thin sample.

IZVOD

Visoka radiotoksiénost fisijskoga produkta 905r zghtjeva brzu i tacnu ocjeru njegove prisutnosti u
okolini. Rad opisuje metodu 2a odredivanje Ny (E3°* = 2.27 Me V, Ty/2 = 64 b}, potomka %°Sr
(E** = 0.546 MeV, Tyj, = 28.5 godina}, na osnovu Cerenkovog zracenja (3 Eestica u silici-
jevom aerogelu. Srazmjerno visoka maksimalna energija § spektra°°Y i primjerno izabran indeks
prelamanja aerogela omoguéavaju eliminisanje ili 2nacajno s_mahjivar_zje prinosa emilera s niZim
maksimalnim energiyjama spektara §. Koriscenje mulliziéne komore u koincidenciji sa detek-
torom Cerenkovog zraéenja znaino smanjuje pozadinu zraka . Mogude prinose od drugth emil-
era mozZemo pratiti na osnovu promjene oblika raspodjele Cerenkovih signala po visini, s obzirom
na izrazajnu zavisnost od energije elekirona. Pomodu aerogela éiji je indeks prelamanja 1.955,
$to odgovara energiji praga 1.1 MeV za emilovanje Cerenkove sujetlosti, postigli smo efikasnost
5.3-1073 za 90S5r/Y. Brojacka gustoca pozadine 15 - 1073 57! je stabilna (¢ = 0.9- 1073 s71)
i omoguéava odredivanje 905+ /20Y aktivnosti priblizno 1 Bq za nekoliko casove mjerenja tankog

yzorka. ]
* Odgovornt autor
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Heavy metal content in hen's eggs

Holcman, A., B. Smodis
University of Lubljana, Zootechnical Department, Biotechnical Faculty, 61230 Domzale and Jozel-

Stelan-Institute, 61111 Ljubljana, Slovenia

INTRODUCTION

A hen’s cgg represents an important item of fond in human nutriticn. When an cpg is
studicd the question of its content of heavy metals appcars. It is known that hecavy mctals
are present in cggs if hens arc fed a dict containing heavy metalsg1). Therefore, the
question is if the concentration of heavy metals in cgps reflects the pollution of the
environment. In the present research the contents of arsenic, cadmium, mercury and lead

in eggs [rom intensive and free-range systems of licn rearing were studicd.

MATERIAL AND METHODS ‘

Three intensive and three free-range systems of rcaring of hens were chosen. In the free-
range system cggs were sampled from hens which pastured and were fed on home-
produced fodder. These farms arc situated in the vicinity of bigger citics, a motor-way
and a generating plant, i.c..in areas where pollution with heavy metals can be cxpected. In
the intensive systcm of rcaring the hens were fed with complete feeding mixtures for
laying hens. From each samipling site nine eggs were taken, grouped into three Sanll)lcs of
three cggs, from which three samples of yolk and three samples of white were prepared.
Concentrations of Pb and Cd were determined by atomic absoption: spectroscopy (AAS)
(2,3), of Hg by cold vapour atomic absorption spectroscopy (CVAAS) (4) and of As by
neutron activation analysis (NAA) (5,6).

RESULTS _ _ ,
Concentrations of As, Cd, Hg, expressed in ng.g-1 of Iyophilised samplc showed that
more of these heavy metals was accumulated in the whitc, while Pb was accumulated in
- the yolk. But the total fresh yolk contained more hczjvy metals (except Hg) than the fresh
“white. In the studicd samples the mean values of the concentratiors of heavy metals -
tended to a higher content of heavy metals in frec-range cggs in conpanson wnlh cggs
from commercially kept hens (table 1 and 2). '

SUMMARY ,

Hcavy metal contents in egg yolks and whites from intensive and fres range systcms of
rearing were studicd. Tabulated results expressed in lyophiliscd matter showed that
heavy metals accumulated more in white than in yolk except for Pb. The mecan valucs
showed a trend to higher contents of heavy mctals in free range cggs than in cu,s from

commcrcially kcpt hens.
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TRACE ELEMENT AIR POLLUTION MONITORING STUDIES IN SLOVENIA
USING NUCLEAR ANALYTICAL TECHNIQUES

S.B. SMODIS', R. JAGIMOVIC', Z. JERAN', B. STROPNIKZ, V. MIKLAVCIE',
P. STEGNAR'

" Jozef Stefan" Institute, Uniyersity of Ljubljana, Jamova 39, P.0.Box 100,
SLO-61111 Ljubljana, Slovenia
2ERICo, Koroska 64, SLO-63320 Velenje, Slovenia

Abstract

In the past, only a few investigations have been performed in Slovenia concerning trace elements,
toxic elements, heavy metals and radionuclides in the ztmosphere. During recent years, several projects
were initiated, involving health-related studies connected to air pollution in highly exposed areas, mapping
the status of air poliution in the whole country using biomonitors, as well as some specific research, i.e.
involving studies of mercury speciation in the atmosphere around a mercury mine or concentration levels
of radionuclides in biomonitors around a uranium mine. Since all these projects were or are of a preliminary
nature, in this report, the emphasis is mainly on the mrethodology and analytical development (neutron
activation analysis and X-ray spectrometry), and to a iesser extent on the results obtained up to now.
Efforts are being put into co-ordination of all the presently running projects in order to complement the
results and to make an unified database for their later evaluation and statistical interpretation.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

In various countries in the world much effort is devoted to the air pollution studies
connected with environmental impact and human health-related studies. In this respect,
an important part of such research is devoted to the appllcatlon of natural materials
(mosses, lichens, grasses, ferns, tree rings, feathers, hair, etc.) as indicators/monitcrs of
trace-element air pollution. Many studies are concerned with changes in species
abundance, morphology and/or the physiology of the relevant organisms, all, however,

without the ability to apportion these changes to any particular atmospherlc pollution
component. : :

In other studies the elemental content of the organism/material are measured,
mostly aimed at the determination of relative *hanges observed with respect to variations
in distances to a priori known pollution sources (highways, industrial complexes, etc.),
without obtaining any quantitative information about the actual levels of the pollutants in
the atmosphere. Much attenticn is paid to interspecies and intersubstratum calibrations,
all resulting from problems arising from gaps in the abundance of the organisms/materials,
due to their degree of sensitivity to total air pollution and/or other effects.

So far insight into the uptake mechanisms of atm'osph'eric poliution components in

natural materials is still lacking, and consequently little is known of the quantitative
relationships between element concentrations in the monitor and those in the atmosphere.
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_ A REVIEW OF ANALYTICAL ACTIVITIES
AT "JOZEF STEFAN" INSTITUTE IN THE FIELD OF TRACE ELE.
MENT DETERMINATION IN FOOD ARTICLES USING NAA

M.Dermelj, L.Benedik, A.R.Byrne, R.Jacimovi¢, B.Smodis, V.Stibilj, Z.Slejkovec
"Jozef Stetan” Institute, Laboratory for Radiochemistry, 61000 Ljubljana, Slovenia

The major route of essential and toxic clements into living organisms is via the food-chain. This fact
and the recommendations of WHO and other bodies on daily allowances or maximum tolerable intakes
of trace clements ullcrmg man via foodstufls together create the need for accurate and reliable
determination of microgram and nanogram quantitics of essential and toxic elements in various food
articles. This is a subject of cnormous interest for many ficlds and rescarch disciplines (1).

Despite the availability ol numerous modern analytical techniques, reliable data on microconsti-
tuents in food articles are still scarce, unsatisfactory and doubtful for a number of trace elements.
Among reliable methods for determination of very low concentration levels of essential and toxic
trace clements neutron activation analysis (NAA) in both its forms, RNAA (radiochcmical) and
INAA (instrumental), is very usclul, and is also well-known as a relerence method (2).

Utilizing the possibilities offerd by our 25¢ kW TRIGA MARK I Reactor for determination of
trace quantities of essential and toxic clements, and to study the levels of these elements in human,
biological and food samples, various radiochemical methods have been developed in our laboratory
and were published in more detail clsewhere, for example: for U and Th (3), T and Se (4-6), Cd, Co
and Cu (7),V (8), Ni and Co (9), for total As und its species (10-12), Fg and Se (13), Sn (14) etc.

The best way to validate the analytical procedures developed and of monitoring the reliability
of the results obtained, is by the analysis of compaositionally similar certified SRMs. The good
agreement of our data with certified values demonstrated the reliability of the radiochemical
procedures dcvclopcd (Tabic 1).

| - The total concentration of the clement alone gives little information about its possible elfects on
living organisms, such as toxicily or bioavailability; for this, determination of the chemical forms,

i.e. speciation analysis, is requircd. From this point of view ion exchange methods for separation of
arsenic species (inorganic arsenic, monomethylarsonic and dimethylarsinec acid, arsenobetaine,
tetramethylarsonium ion) in various biological samples and the determination of total arsenic in
the separated fractions using INAA were developed (11,12) involving As-speciation in urine,
sea-food, mushrooms ctc., following preliminary extraction into methanol (Table 2).

~Apart from RNAA, INAA is also much uscd in our Laboratory for Radiochemistry, where

the ko-based technique has been implemented for multiclemental analysis of environmental and

“other samles, which allows determination from 30-50 elements (rdhlb 3) in one sample aliquot
(15,16).

According to the nature of NAA (high sensitivity for many clements, negligible influence of
the matrix on analytical results, small probability of simple contamination) which with care allows

“accurate and reliable results, and on the basis of experience in investigation and determination of

trace elements in man and his environment, the IAEA invited our l‘thor.llory to take an active part
as a reference laboratory tor determination of the elements As, I, Sn and V in two coordinated
WHO-IAEA projects aimed at producing delinitive data for about 20 trace elements in total diet
samples and in human milk samples collected from different countries (Table 4).

! In addition, for many ycars our'lubornlory has cooperated with NBS (now NIST), Gaithesburg,

USA, as an external cooperating laboratory in the certilication of new biological and other reference

FAO MEETING ON FOOD COMPOSITION ACTIVITIES IN EASTERN EUROPE - MODRA 1995
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The use of lichens in atmospheric trace element

deposition studies in Slovenia

Zvonka Jeran',.Radojko Jaé¢imovi¢!, Boris Smodis!, Franc Batic?

V' Jozef Stefan lnstllute Jamova 39 Sl-611t1 Ljubljana, Slovema
2 pepartment of Agronomy, Blotcchmcal Faculty, University of Ljubljana, Jammkarjeva IOI S1-61000 Ljubljana,

Slovenia

Key words: lichens, index of atmospheric purity, trace elements, factor analysis.

Abstract

In 1992, a monitoring survey on a national scale was carried out using Hypogynmirr physodes (L.) Nyl. as a

biomonitor for trace element air pollution. The primary aim was to analyse epiphytic lichéns collected at 86 .

samplmg locations of the 16 x 16 km bioindication grid using kg- -based mstrumental neutron activation analysis

~ (kg-INAA), and X-ray fluorescence spectrometry (XRF) for sulphur and lead, to ‘obtain information about the

levels of elements in the atmosphere and to identify si ignificant pollution sources. The geographical concentration
patterns of the trace elements obtained from the lichen data were mapped and compared with the index of
atmospheric purity (IAP) calculated on the basis of data from lichen thalh type mappmg, obtained on a more
dense bioindication grid in 1591.

The results obtarned showed good agreement between the mapping of sulphur and trace elements with
the status of lichen vegetation. The most exposed regions with elevate(.t trace element levels and loWer values
of IAP were in the north-western Alpine part of Slovenia which coincides with high precipitation, and in the east

of Slovenia, where many local pollution sources are situated.
Introduction

Determination of atmospheric pollution genérally requires a wide network ot’ sampling sites and the use of

technical equipment to measure air particulate matter and deposition. Usualty such monitoring programmés over
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B. Smodis, Z. Planinsek, P. Stegnar ~ J.Stefan Report

. Sediments: _ - ‘ : ' !

. Fruit and vegétables:

Department of Nuclear Chemistry - . DP £101/88

DETERMINATION OF Sr-89/90

89+90

SAMPLE PREPARATION PRIOR TO THE ANALYSIS OF Sr

Dry in drying oven at 105%C overnight and sieve throuch a 250 um
sieve. 100-200 g of dried and sieved sediment is needed for
analysis. : o :

Clean Snd chop 1-2 kg of samples, weigh and dry in an oven overnight

at 105°C. Weigh dried sample and calculate the % of dry matter.
Ignite the sample in a muffle owen (see ignition orF samples -
procedures). The temperature should be rajsed carefully to 550°C

_ (the sample can burn at approximately 200-300°C if the temperature is

raised too rapidly). Weigh the ash.

3. Milk
Fresh milk could be used for analysis if a high activity of Sr-90 is
expected. Otherwise freege dry 2-3 1 of milk. Calculate the X of
dry weight. Ignite at 550°C. Again, the temperature shoud be raised
carefully. Weigh the ash. ' . _ - ‘
4. Meat |
Cut 1-20kg fatless meat-(reject -sihews) into small pieces andbdry it | :
at 0105 C. Calculate the % of dry weight. Ignite the sample at 0
550°C.The temperature shguld be raised carefully, particurally in the j
range from 200 to 350°C in order not to loose sample due to
- spattering. Weigh the ash. : ) -
. Fish: |
a) Small fish: : . o
Take 1-2 kq of sample, gutted and well washed, cut into pieces and ‘
dry at 105°C in oven. Calculate the X of dry weight. Ignite at
550°C.  Raise the tempersture successively, being extremely careful
in the range from 150-350°C. Weigh the ash. ' 3
b) Large fish: - | l

Analyse separately muscle and bone. vRemove ingernal orgzns and skin.
Wrap the sample in aluminium foil, heat at 105°C in a drying oven for

186 |
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-Speciation of Arsenic and Mercury in Mussels from
the German Environmental Spetimen Bank

- B. Smodis!, Z. Siejkovec!, A.R. Byme!, M. Rossbach?
Iyo3cr Stefan” Institute, Ljubljana, Slovenia
- 2KFA Jilich, Gemmany

As is now well known, the total concentration of an clement gives no
information on its toxic cffects; these depend on the chemical form of the element and
its compounds. Hence speciation znalysis is a basic condition for meaningful
environmiental and other studies. Elements of particular concern in this calegory
include mercury, arsenic, tin and selerjuri. ' o

However, speciation analysis is still in its infancy and major problems related
to mecthodology and quality control exist, many results are methodologically
dependent, and questions telating to the quantitative or reproducible extraction of
specics in unchanged form, especially from solid samples, are unsolved. ,

Hence, there exists an urgent need for speciation reference and study
materials, and improved, standardized, verificd speciation methods. As a responsce to
this demand, the newer malerials collected in national cnvironmental sample or -
specimen banks (ESB} could form the basis for the required improvements, since they
are natural matrix materials of well. defined origin, collctled according lo strict
handling and storage protocels. The fresh, homogenized cnvironmental matcrials
stored over liquid nitrogen in the German ESB at Jitlich represent samples with many
of the idcal characteristics of potential or candidate speciation relerence materials, or
so-called 3" generation CRMs. This concept also allows the long-term stability of
specics in samples to be investigated. S '

In the present work the speciaiion of arsenic (and mercury) in two musscls

(Mytilus edulis and Mytilus galloprovincialis) collected from the Baltjc and Adnaltic

Scas, respectively, and stored in the ESB at Julich was undertaken as a first step
towards realization of the above -mentioned goals. Arsenic was speciated by open

" column cation and anion exchange chromatography, followed by instrumental

ncutron activation analysis of the individual fractions as an clement - specific
detection method™. The major specics found was arsenobetaine (AsB), as expected.
Mecrcury was determined as total and mcthyl mercury by CV - AAS with or without
prior scparation of organic Ilg by anion cxchange™,
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ELEMENT ENRICHMENTS IN SOIL NEAR THE SOSTANJ THERMAL POWER
PLANT, SLOVENIA '

M. Svetina Gros*, S. Pirc**, B. Smodié***, B. Stropnik*

*ERICo Velenje, Ecological Research & Irdustrial Cooperation, KorosSka 64,

63320 Velenje, SLCVENIA ' :
**Department of Geology, University of Ljubljana, Agkerceva 20, 61000 Ljubljana, SLOVENIA
xx%*J Stefan” Institute, University of Ljubljana, Jamova 39, 61111 Ljubljana, SLOVENIA

Abstract

The state of an environment is determined by the geological setting (the element
concentrations of natural origin in rocks and soils) and the additional poliution by
human activity. The original concentrations of elements in rocks and soil are sometimes
much higher than guideline values in regulations on soil contaminants. The present
study is the first systemnatic research project ori the distribution of element contents in
rocks and soils in the Salek valley, Slovenia.

Elemental concentrations in soil were analysed by energy dispersive X-ray fluorescence
spectroscopy (ED XRF). The results are discussed in terms of the geologica! structure
of the underlying rocks and anthropogenic activities.

Introduction -

The Salek valley is one of the most polluted areas in Siovenia. The coal-fired Sostanj
Thermal Power Plant is a large regional SOa. NO, and dust emission source, and the
main reason for the pollution. its measured emissions for 1690 were 93,000 tons of

SO, 12,400 tons of NOx and 5700 tons of fly ash and unknown quantities of other

poltutants (7). , :
in the Salek valley several environmental pollution studies have been made in which
generally the effects of industrial aclivities were investigated. But the Salek valley
consists of a number of geological formations and their overlying soils have different
chemical composition. Before evaluating the man-made poliution patterns, the original
element content of rocks has to be determined (3). For this reason the distribution of
environmentally important elements in the Salek valley was studied with the aim of
estimating the element contents in soil on different rocks. The mean _geclogical
formations outcropping in the Salek valley are the following: v

- gravel, sand, clay, coal (Pliocene and Villafranchian)

- conglomerate, sandstone, merl (Helvetian)

. sandstone, marl and dacitic tutf (Eggenburgian)

- marl, sandy marl, sandstone. andesitic luff, andesite (Egerian)

. tonalite {Oligo-Miocene) ,

- mostly dolomite and limestone (Triassic)

- granite (Permian) '

- gray and black limestone, gray dolomite (Upoer Permian)

- biack shele, quartz sandstone and conglomerate (Carboniferous)

Methods

Soil samples were taken from 26 siles in a ,gener'al axdkm grid {Gauss-Krager
coordinates), and in a 2 X 2 km grid in agricultural and industrial areas (5). The
samples were taken from four different depths: 0-5 cm, 5-10 cm, 10-20 cm and 40-50

cm (2). The average soii sample from each point in the grid was prepared as a.

composite of 3 subsamples. The samples were taken with a plastic shovel. The quantity
of each sample was approximatety 1 kg. In the laboratory the samples were
homogenised, dried at 30°C and passed through a 2 mm plastic sieve. The dried soil
samples were ground in an agate mill. S
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VZORCEVANJE IN VECELEMENTNA ANALIZA
MIKROELEMENTOV KOT ONESNAZEVALCEV
ZRAKA

Borut smodis!

- ABSTRACT

Collection procedures for atmospheric particulaﬁe matter for multielement
analysis are briefly described. Six suitable analytical teckniques for measuring
trace elements in-air particulate matter are presented. These techniques are
neutron activation analysis, X-ray fluorescence, particle-induced X-ray emission
analysis, atomic absorption spectrometry, inductively coupled plasma atomic
emission spectrometry, and inductively coupled plasma maes spectrometry. The
relative advantages and disadvantages of the various texhniques are discussed
to some extent.

uvobD

‘Raziskave suspendiranih delcev v zraku (APM-"air particulate
matter") predstavljajo pomemben del proufevanja atmosfere in
procesov v njej. Razlogi za vzor&evanje in analizo APM so zelo
‘razlini; tako lahko vzor&ujemo celokupni APM 2z namenom izdelavé
ocene tveganja zaradi izpostavljenosti populacije, vzor&evanje je
lahko namenjeno ugotavljanju koncentracij APM glede na zakone o
xakovosti zraka, ali pa &tudijam transporta, pretvorb ~in
“depozicijskih procesov v atmosferi. Ti raznoliki nameni pogojujejd
razli®ne pristope k vzor&evanju in analizi. Pri tem ne obstaja sam#
en protokol, ki bi dal zadovoljive rezultate pri vseh razli&nih
&tudijah. Predvsem fizikalne in kemijske lastnosti. vzorca namred
pogojujejo izbiro vzorZevalnika, zbiralnega medija in analizni
protokol. Tako npr. zahteva vzor&evanje na oddaljenih mestih daljsi
gas zbiranja kot vzorZevanje v urbaniziranih predelih, kar je
seveda povezano s. povelanimi stroski in rabo bolj ob&utljivih
analitskih metod, saj so elementne koncentracije v atmosferi tudi
za en red velikosti niZje kot v mestih. , ,
Vv zadnjih letih se neprestano poveluje &tevilo izpopolnjenih tehnik
za,elementno analizo. Raziskovalci, ki prouZujejo sledne elemente
in te¥ke kovine v zraku, imajo teZavno nalogo izbrati
najustreznejso. Pri ~izbiri je  pomembno- - vel faktorjev; -
najpomembnejSi so namen raziskave, obZ¥utljivost, zanesljivost in
natan&nost uporabljene metode, pa tudi cena instrumenta, dostopnost
tehnike, zahtevnost dela z njo, hitrost analiz in cena analiz. V
tem prispevku smo pripravili kratek pregled nekaterih primernih
metod za elementno analizo APM. '

, lcln:. Borut Smodis, dipl. in%. kem., Institut "JoZef Stefan", \iamova 39,
61000 Ljubljana L : ) .
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UGOTAVLJANJE ONESNAZENOSTI ZRAKA S
 KOVINAMI IN RADIONUKLIDI Z UPORABO 3
5 BIOMONITORJEV - LISAJEV o

2. Jeranl, R. Jaéimovié?, v. Lupéina-uiklav5i63; B.-Smodi§4,
F. Bati¥®’

PR O S

’

12341 nstitut "JoZfef Stefan'", Jamova 39, Ljubljana
5piotehniska fakulteta, Oddelek za agronomijo, Jamnikarjeva 101,
Ljubljana ' ' it

ABSRACT ' : S ¢

During recent years epiphytic lichens were introduced to monitor neavy metal and 3!
radionuclide air pollution in Slovenia. Some indicative results of our studies e
on air pollution around the Uranium mine and mercury speciatior in air around "
the Hg-mine, using Hypogymnia physodes are presented. Also the results of
muitielemntal analysis of transplanted lichens exposed in three different regions
of Slovenia (urban-industrialized, rural-nonindustrialized and near a coal fired
power plant) are discussed.

uvoD -

Okolje, predvsem pa zrak, Jje vVse bolj onesnafeno. Zaradi
industrijske dejavnosti, prometa, kmetijstva, pridobivanja energije
(toplarne, termoelektrarne, individualna kuris&a) v okolju
naras&ajo koncentracije kovin in nekovin, med katerimi so nekateri
elementi lahko tudi toksi&ni (Pb, Cd, Hg,...). :

za ugotavljanje onesna’enosti okolja se v svetu Ze ve& kot 25
let poleg direktnih metod vzor&evanja uporabljajo tudi Zivi
organizmi bioindikatorji / biomonitorji, ki so bodisi rastline
(1i%aji, mahovi, borove ali smrekove iglice, trave, ...) ali
¥ivali. Organizmi se namre& izredno hitro odzivajo na spremembe VvV
okolju. Reakcije organizmov, ki so Dbiokemine, fizioloske,
morfoloske, pa lahko opazujemo ali merimo. O bioindikaciji govorimo -
takrat, ko organizem ali del organizma, daje informacijo. o
kvaliteti okolja. Biomonitoring pa imenujemo dolgoro&no spremljanje
okolja s pomoZjo bioidikatorjev / biomonitorjev. Martin in
Coughtrey )" sta postavila nekaj kriterijev, ki Jjih mora

1 ;nag.Z\ronka Jeran, dipl.biol., Institut "JoZef Stefan®, Jamova 39, 61000 Ljubljana

2 Radojko Jaéimovié&, dipling.fiz., Instiwt “Jokel Stefan®, Jamova 39, 61000 Ljubljana
3 mag.Vesna LupBina-Miklav¥i&, dipling.kem., Institut *Jadef Stefan®, Jamcva 39, €1000 Ljubljana
4 4r.Borut SmodiB, dipling.kem., Institut “Jo%[ Stefan”, Jamova 39, 61000 Ljubljana }

5 prof.dr. Franc Bat 1%, dipl.biol., Biotchni3ka fokulteta, Oddelck 7a agronomijo, Jamnikarjeva 101, 61000 Ljubljana
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THE INFLUENCE OF BULK PVRECIPITAT[ON.ON SOIL AND SPRING WATER NEAR
THE SOSTANJ THERMAL POWER PLANT |

Marta Svetina Gros', Simon Pircz, Borut Smodis3

. . . ' o

, ERICo Velenje - Ecological Researzh & Industrial Cooperation, P. O. Box 22, Velenje, Slovenia

; Department of Geology, University of Ljubljana, Askeréeva 20, Ljubljana, Slovenia
Department of Nuclear Chemistry, “J. Stefan" Institute, Jamova 39, Ljubljana, Slovenia

Abstract

In order to obtain more data on the content and concentration range of dissolved inorganic substances in bulk
precipitation, soil water and spring water, investigations in two forest areas were performed in the Salek
valley. The small watershed technique was introduced for the first time in Slovenia: this provides an ideal
field laboratory where the water cvcle in forested ecosystems can be followed. As the main analytical
method for determination of trace elements and heavy metals in water samples, the ko- standardisation
method of INAA was used. The analytical results showed an increased content and concentration of elements

in soil, precipitation, soil water and spring water in the vicinity of the Sostanj Thermal Power Plant. Al; As,
Ba, Br, Fe, Cd, Co, Cr, Cu, Sb zmd Zn are increased in precipitation. '

, : ' : i
Introduction _ .

The Salek valley is one of the most polluted areas in Slovenia. The coal-fired Sostanj Thermal Power Plant
(TPP) is a large regional SO,, NO, and dust emission sourcc, and the imain reason for the pollution. Its

measured emissions for 1990 were 93 000 tons of SO,, 12 400 tons of NO, and 5 700 tons of fly ash and
unknown quantities of other pollutants. '

Among source categories, coal combustion in cleciric power plants is one of the major sources of
atmospheric trace elements and as such the subject of emission inventories [1]). On the basis of their
geogenic occurrence in coal it was concluded that As, Cd, Hg, Pb, and TI have the highest emission rates as a
-result of coal combustion. Comparative studies have shown that As, Cd, Hg, Pb, Sb, Sc, Te, and T1 are
emitted to 50 % and more in the gascous state while the other metals were found chicfly in the ash'[2].
"Recently Stropnik et al. measured tl e emission of trace elements from the TPP.(3]. ‘

The biogeochemical cycles of meta.s are considerably less well known. In n‘\any cases it is difficult to decide
whether a metal or its compound has been anthropogenically channelled into a natural cycle or whether a
_ novel route has been started. It was estimated [2] that in many cases the contribution of anthropogenic
cmissions are considerably larger than of the natural ones. Metals may be divided into non-critical ones,
highly toxic and relatively accessible ones, and toxic but hardly soluble or rare ones. Members of the first
" group are Na, K, Mg, Ca, Fe, Li, Rb, Sr, Al Si, while the second group comprises: Be, Co, Ni, Cu, Zn, Sn,
" As, Se, Te, Pd, Ag, Cd, Pt, Au, Hg, Te, Pb, Sb, and Bi. Toxic but of very low solubility or very rare are: Ti,
Hf, Zr, W, Nb, Ta, Re, Ga, La, Os, Rh, Ir, Ru, and Ba. Metals can be transported in the atmospherc in '
~gascous form or as aerosols, so tha: volatilily is a characteristic of prime importance. According to Garrels et

al. (4], the following volatility secuence of elements can be defined: Hg > As > Cd>Zn, Sb> Bi>Tl>Mn
> Ag, Sn, Cu> In, Ga.

It should be noted, that irrespective of the manifold possibilities of atmospheric transport, -the main
environmental route of metals is via aquatic systems.

In order to identify the causal relationships between forest damage, anthropogenic emissions and the
consequences in runoff and soil weter, investigations on the deposition of inorganic substances in forest arcas
have been initiated in the Salek valley in Slovenia.

The present investigation includes two watershed experiments in calibrated catchments (Zavodnje and: Veliki
vrh), located within a 10 ki radius around the coal-fired power plant and one reference area in the Savinian
Alps (Podvolovljek), 30 km SW from the TPP. Due to the characteristics of the watersheds these sites offer
an ideal ficld laboratory in which deposition and cycling ol airborne trace contaminants derived from
atmospheric emission related to erergy technology can be examined. '
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TRACE ELEMENT AIR POLLUTION MONITORING STUDIES IN SLOVENIA USING ‘
NUCLEAR ANALYTICAL TECHNIQUES

. B. Smodis?!, R. Jacimovié!, B. Stropnikz, M. Svetina Gros? ‘ |

1 Jozef Stefan Inst:tute, Jamova 39, P.0.Box 100, SI61111 Ljubljana, Slovenia
ER/Co, Koroska 64, S/-63320 Velenje, Sloven/a

Up to now, only a few investigations have been performed in
Slovenia involving comprehensive studies of trace elements, toxic
elements, heavy metals and radioriuclides in the atmosphere. The aim of
the projectis development and application of nuclear and nuclear-related
analytical techniques for air pollution studies, leading to formation of a .
database concerning the trace element air pollution of Slovenia. In this
report, the emphasis is on the methodology and analytical development !
(neutron activation analysis and X-ray spectrometry}, and to a lesser ‘
extent on the results obtained up to now. Analytical results for several 1
certified reference materials of similar matrix as the real samples !
investigated are presented and discussed. !

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT | ‘

The general scope of the project is a better knowledge of the state of alrl
pollution in Slovenia by performing environmental studies involving determmatlon‘
of trace element air pollution from industrial emissions by analysing airborne|
particulate matter, bulk precipitate and biomonitors. On successful completion of.
the project, an improvement in development and application of nuclear and nuclear-
related analytical techniques will ' be achiaved, and a database concerning trace
element air pollution of Slovenia will be obtained, possibly leading to appropriate;
decisions in env:ronmental control. Particular research objectives are: i

1. To improve and further develop analytlcal techniques for multielement

characterization of the materials analysed, including speciation of some

particular pollutants (e.g. Hg). ' _ ‘

. - . {
2. To study in more detail some highly polluted areas (e.g. surroundings of
‘ a coal-fired power plant) by applying a more dense monitoring netWork}
and possibly studying health effects caused by the plant on the
population living nearby. ' |

3. The application of epiphytic lichens as indicators of toxic heavy metal air
' pollution in Slovenia in order to get mformatlon about the geographlcal
gradients for parttcular pollutants. , ;

Close collaboration has been established with the Biotechnical Faculty
(Department of Agronomy) of the University of Ljubljana, and the Slovenian
Institute of Forestry in Ljubljana concerning identification of lichen species and

15-1 | o
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Log No. 187

SIMULTANEOUS RADIOCHEMICAL NEUTRON ACTIVATION
ANALYSIS OF URANIUM AND IODINE IN BIOLOGICAL
AND ENVIROMMENTAL SAMPLES

M. Derme j and A.R. Byrne

"[. Stefin" Inslitute, Jamove 39, 61111 Ljubljana, Slovenia

The determination of medium- and long-lived nuclides can be combined
with short-lived ones if a second, brief irradiation is made before
processing, in the so-called LICSIR technique (Long Irradiation, Cooling,
Short Irradiation, Radiochamistry). Thus a radiochemical neutron activation
method for determinatior of uranium was first developed based on the
U fission product "I (b2 = 20.8 h) released from the irradiated sampie
by oxygen flask ignition, and separated by solvent extraction with an
iodine-iodide redox cycle. Then by reactivating the cooled sample before
ignition for a few minutes one or two days after the first irradiation, with
an iodine standard, the I(n,y) product 1 (2 = 25 min) can also be
quantified in the iodine spectrum  with ", Non-combustible inorganic
materials (e.g. sediment, soil, etc) can be successfully ignited after mixing
with excess cellulose powder. Chemical yields fer iodine were determined
spectrophotometrically in the organic phase, while homogencously spiked
Whatman cellulose powd2r was used as uranium standard. Possibilities for
the simultaneous analysis of additional volatile elements such as Hg and Se

also exist. Results for some suitzble SRMs are presented, and the general
features of the LICSIR technique discussed.
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DETERMINATION OF URANIUM AND THORIUM BY

RADIOCIHEMICAL NEUTRON ACTIVATION
ANALYSIS

L. Benedik, A. R. Byrne
"J. Stefan” Institure, Nuclear Chemistry Department,
Jamova 39, P.O. Box 100 sLO-6111 Ljubljara, Slovenia

INTRODUCTION

Data on the low levels of uranium and especially
present in different tiological samples, are scarce and
pite of the fact that there are several very sensitive

ds for their determinat-on. Alpha spectrometry
isotope dilution mass

thorium,
variable, in 8
analytical metho

following radiochemical separation!*!,

spectron1etry(3'4'5), inductively  coupled ~ plasma  mass
y(6'7'8), and neutron activation analysis (NAA) are

spectrometr
tric methods are time consuming,

all used. However, radiome
ow specific activity of U and Th

anks. As well as jsobaric

so affected by blanks at

need large samples due to the 1
and are thus limited by reagent bl

interferences, MS methods are al

ultratrace levels. Radiochemical neatron aclivation analysis

(RNAA) is an excellent method for de
its high sensitivity, its virtual freedom from blanks and
matrix problems, and thus offers unique

insensitivity to
ve radiochemical

possibilities for ultratrace analysis using selecti

separations.
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RADIOISOTOPES IN PERIPHYTON AND SEDIMENTS
FROM THE KOLUBARA RIVER AND ITS TRIBUTARIES

N. DrNDARsK!' and M. KRIZMAN*

Unstitute of Nuclear Sciences—Vinga, 11 001 Beograd, P.0. Box 522, Serbia and Joiéf Stefan Institute,
61111 Ljubljana, P.O. Box 100, Slovenia

(First received December 1991; accepted in revised form September 1993)

Abstract—The site-specific concentrations of the fission radionuclide 'YCs, an activation radionuclide '*Cs
and the naturally occurring radionuclides “K, #*U, ?*Ra and **Th were determined by y-spectroscopy

in periphyton and sediment samples collected from the Kolubara River and its tributaries. Various
concentration ratios were calculated in order to explain the bioaccumulation and distribution of
radioisotopes in the Kolubara River ecosystem. The total y activities of river sediments collected at the
selected locations were also calculated. The concentratiors of radiocesium per square meter of sediments
were compared to the concentrations of '’’Cs for the rzgional soil after the Chernobyl accident. The
presence of radioactive isotopes, such as *'Cs and 134Cs, in the Kolubara River environment from the

Chernobyl fallout was evident.

Key words—radionuclides, fissior, activation, naturally occurring, concentration ratio, periphyton,

sediment

INTRODUCTION

A radioecological study of the Kolubara River was -

initiated in 1990, 4 years after the Chernobyl acci-
dent. This river rises from two rivulets, the Obnica
and the Jablanica, and together with its tributaries
drains 3650 km? before entering the Sava River. It is
117 km long, with a maximum water flow of 28 m’s™!
and minimum water flow of 1 m*s~'. Its main tribu-
taries, which are shallow and fast flowing, are the
Gradac, the Tamnava and the Pe§tan. The extent of

the Kolubara River and its tributaries is shown in -

Fig. 1.
- Gamma-ray spectroscopy has been applied to de-
termine the activities of 2°U, %Ra, 2*Th, “K, *'Cs
and 'Cs in sediments and periphyton collected from
-the Kolubara River and its tributaries. The results of
‘the analyses are used to estimate the background
activity level, accumulation and long-term retention
patterns of these fission radionuclides in the Kol--
ubara River environment. Furthermore, the results
- provide useful data for evaluation of the principal
routes of exposure and dose to man 2nd other living
beings.

) .EXPERIMENTAL
Sample collection

The periphyton and sediment sambles' were collected from

the sampling sites indicated in Fig. 1. Sampling was carried.

out on two occasions in May and Octobzr 1990 when the
“water levels were low. The sediments were collected by a

*Author to whom all correspondence should be addressed.

greb sampler or shovel from 2 to 10cm depth and the
periphylon was sampled manually by hand. :

Sample pretreatment

The periphyton and scdiment samples were dried at 105°C
1o a constant weight. The caked samples were then finely
ground and- 3 g subsamples of periphyton and 150g of
sediment were taken for y- spectroscopic analysis. The
sample collection and pretreatment procedures have been

0 10" 20 .30 40
|

Fig. 1. Sketch of the Kolubara River and its tributaries. 1,

Jablanica (at Jovanje); 2, Gradac (downstream of Deguria);,

3, Kolubara (at Brewery); 4, Kolubara (at Divci); 5, Kol-

ubara (at Slovac); 6, Tamnava (300 m before the mouth); 7,

Feitan (300 m before the mouth); &, Kolubara (at Obreno-
vac).
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RADON LEVEL REDUCTION IN TWO KINDERGARTENS
IN SLOVENIA

J. Vaupoti¢,* M. Krizman,* J. Planini¢,' and I. Kobal*

Abstract—Remedial actions were carried out in two kinder-
gartens with average heating season radon concentrations of
about 2,000 Bq m™>, The first kindergarten is built on sedi-
-mentary gravel and the second one on fly ash and cinder fill.
In both cases, radon accumulated in a sub-floor channel
(service tunnel). The channels were opened at both ends.
Natural ventilation of the tunnels did not produce a sufficient
reduction in radon concentration. A fan was mounted in one
kindergarten to ventilate the channel for 20 min three times
each day, thus reducing radon levels to an acceptable value.
Health Phys. 66(5):568-572;1994

Key words: radon, indoor; children; spectroscopy, alpha;
ventilation

INTRODUCTION

IN A SURVEY of indoor radon in kindergartens and play
schools in Slovenia, instantaneous air concentrations
were obtained under closed conditions bty alpha scintil-
lation cells (Vaupotic et al. 1992). In 72% of cases, the
concentration was below 100 Bq m™, while in sixteen
cases it exceeded 800 Bq m™ (Vaupoti¢ 1994). In two
cases it exceeded 2,000 Bq m~>, and mitigation actions
were taken.

METHODS AND RESULTS

The Medvode and Zelena jama kindergartens were
identified by the initial survey as the two with the
highest concentrations. Additional measurements were
made with alpha scintillation cells, and CR-39 track
etch detectorst were exposed for 3 mo in order to obtain
average radon concentrations. Concentrations were
found to be high in all the rooms of both buildings as
seen in Figs. 1 and 2. In both cases, the ground was
suspected to be the main radon source: the first building
is built on sedimentary gravel, while the second is on
fly ash and cinder. Both are one-story buildings of the
slab-on-grade type, partly built over a basement. The

* ] Srefan” Institute, Ljubljana, Jamova 39, P. O. Box 100,
Slovenia; 'Department of Education, Strossmayer University, Osijck,
P. O. Box 44, Croatia.

# CR-39, TASTRAK, Solid State Nuclear Track Detector, Bris-
tol, United Kingdom.

(Manuscript received 27 July 1993; revised manuscript received
13 September 1993, accepted 8 October 1993)
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first one has a total surface area of 500 m? in 8 rooms
with about 180 children, and the second one 600 m?in
|4 rooms with about 200 children.

In order to see daily variations, the 2'®Po concen-
tration was followed by an EDA WLM-300° instrument
over a period of 1 wk. As seen from Figs. 3 and 4, the
high early morning concentration in one of the rooms
-n the kindergarten with the highest radon concentra-
tion (room 1 in Figs. 1 and 2) dropped substantially
during the working regime in the morning, but did not
reach acceptably low values. Thus, the Ministry of
Health decided to close both kindergartens and required
remedial actions.

REMEDIATION

As is usual practice (Leovic et al. 1988; Dixon and
Gregory 1992), the architectural drawings of both build-
ings were first inspected to estimate the main radon
entry route and to plan appropriate mitigation meas-
ures, keeping costs as low as possible. As depicted in
Figs. 1 and 2, in both buildings a sub-floor channel
runs beneath the building near the front main wall,
containing the tap and hot water and central heating
pipes. The floor slab is made of poured concrete and
the channel is covered with pre-cast concreie panels.
The total floor surface is covered with wood parquet.
When the parquet was removed and the channel was
uncovered in the rooms with the highest radon concen-
tration, we realized that the concrete slab itself was
properly made but the sub-floor channel was not iso-
lated from the ground. Soil gas and radon could enter
the channel and then move into the room, because
neither the joints between the floor slab and the cover
panels nor the space between the panels themselves was
sealed. This resulted in high radon concentrations in
the rooms when the floor was uncovered.

It was believed that appropriate sealing of the cover
panel joints would reduce radon concentrations sub-
stantially. In order to verify this, in each building the
cover panel joints in the room with the highest radon
concentration (room 1 in Figs. 1 and 2) were sealed by
cement mortar. As a result, the concentration was
reduced, but only by a factor of 2 to 3. It was decreased
down to the building average concentration.

$ EDA WLM-30 Working Level Monitor, EDA Instruments Inc.,
4 Throncliffe Park Drive, Toronto, Canada M4H 1H1.
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SYSTEMATIC INDOOR RADON AND GAMMA
MEASUREMENTS IN KINDERGARTENS AND PLAY
SCHOOLS IN SLOVENIA

J. Vaupoti¢,* M. Krizman,* J. Planini¢,' J. Pezdi¢,* K. Adamig,* P. Stegnar,* and
I. Kobal*

Abstract—Systematic measurements of indoor radon concen-
trations and gamma dose rates were carried out in the 730
Kindergartens and play schools in Slovenia that, together, care
for 65,600 children. The main method for indoor radon meas-
urement was direct sampling in alpha scintillation cells, but
in cases with an increased instantaneous radon concentration,
the additional methods of track-etch detectors and alpha
" spectroscopy were applied. In 528 kindergartens and play
schools (72%), radon concentrations were below 100 Bqm™3,
with a geometric mean of 58 Bq m=2. In 16 kindergarters and
play schools (2.2%), radon concentrations exceeded 800 Bg
- m™. In all cases, the main reason for a high indoor radon
concentration was the geological structure of the soil. Gamma
dose rates were measured with a portable scintillation counter,
" but in the Ljubljana region thermoluminescence dosimeters
were also exposed. The results ranged from 30 to 295 nGy
h~', with a geometric mean of 88 nGy h~*,
Health Phys. 66(5):550-556; 1994

Key words: radon, indoor; children; detector; etched-track;
dosimetry, thermoluminescent

INTRODUCTION

. INDOOR radon concentrations depend strongly on rad-

ium sources in the soil and on the geological character-

istics of the soil. Other contributions are more or less

_ influenced by human activities. Slovenia is a very het-

. erogeneous country, geologically, and thus is an inter-
esting site for radon investigations.

The first indoor radon (**Rn) measurements in
Slovenia were carried out in 1986 in about 150 apart-
ments at several geologically interesting locations. They
were in the urban center of Ljubljana, the granite rock

area of Pohorje, the Gorenjska region with buildings

built of volcanic material, the town of Velenje with
buildings of fly ash brick, the Zasavje area with a coal-

**“J. Stefan™ Institute, Ljubljana. Jamova 39, P.O. Box 100,
Slovenia; * Department of Education, Strossmayer University, Osijek,
P.D. Box 44, Croatia. :

(Manuscript received 19 February 1993; revised manuscript re-
ceived 28 July 1993, accepted 8 October 1993)

0017-9078/94/$3.00/0
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fired thermal plant, a fiy ash pile and a phosphate ore
processing plant, and around the uranium mine
at Zirovski vrh (Kobal et al. 1988a and b). In 1990,

~ determination of indoo- radon concentrations in about

150 apartments tuilt of fly ash bricks followed, but the
number of these preliminary measurements was 100
low for estimatioa of radon exposure. ' :

It was thus decided that indoor radon concentra-
tions would be systematically screened, first in all the
kindergartens and play schools, then in schools, and
finally in selected apartments and homes in Slovenia.

Various factors, such as the geological characteris-
tics of the soil, building materials, dwelling type, indoor
air radon characteristics. microclimatic parameters, and
life style in the dwelling (ventilation) all influence the
indoor radon concentration. So far, there has been no
mathematical model able to predict with satisfactory
reliability the radon concentration in the indoor envi-
ronment from all these data. This was the reason (and
the small size of the country enables it) why indoor
radon rates in all the kindergartens and play schools
were surveyed in our study.

In this study, the gamma dose rate, although not
of primary interest, was also recorded in all the sam-
pling places. ' ;

MATERIALS AND METHODS

The kindergartens and play schools in Slovenia
vary in their construction, age, heating system, venti-
lation, and occupancy Eabits. Most of them are single
story buildings, about 20 y old, but there are also older

- buildings. The majority of the kindergartens and play

550

schools are in urban centers. Hours of operation are
from 5:30 a.m. to 4:30 p.m. Children usually arrive at
the kindergartens and play schools between 7 and 8
a.m. and spend 6-8 h thzre. The age of children ranges
from -7y, -~ - = '

- In 1989, the EPA (Environmental Protection.
Agency) issued two publications (U.S. EPA 1989a and
b) on radon measurements in schools. Here, the EPA
recommended screening measurements under closed
conditions, the results of which are used to forecast
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EKOLOGIJA

VESNA MIKLAVEIE, MILKO KRIZMAN,
BLAZ POLJIANSEK, MATEJ CEBOKELJ

RADIOAKTIVNOST V ZAVRATCU

Radioaktivnost in ¢lovek
Fizikalne koliine v zvezi z radioaktivnim sevanjem
Razpolovni &as (t,,)

Sas, v kaleremn razpade polovica vseh atomov oziroma njihovih jeder, imenujeino
razpolovni &as. Razpada dolo¢enega posameznega atoma se ne ca natancno
napovedati, lahko pa se to¢no dolo¢i razpslovn: &as skupin2 istovrs:nih jeder. Po
spnem razpolovnem ¢asu nam ostane 3e 1/2 zacetnih jader, po dveh 1/4, po treh
1/3..... Razpolowni &as je od elem=2nta do slementa zelo razlicen lehko je to le
nekaj del¢kov sekunde ali pa ve¢ milijard let.

Aktivnost (A)

Aktivnost radioaktivnega vira je Stevilo razpadov v ¢asovni enoti. Enota za ak-
tivnost je becjuerel. Enota enega becquerela nam pove, da v eni sekundi raz-
pade eno jedro.

Absorbirna doza (D)

Absorbirna doza je koli¢ina, ki pove, kolikéna energija se je absorb rala v snovi
na enoto mase. Enola je gray (Gy). Definirana je za vs2 vrs:e ionizirajoCih sevan
in za vse snovi z izvorom. Hitrost absorbirane doze je definirana z razmerjeir.
med absorbirano dozo in ¢asom, merimo jo z Gy/h.

Ekvivalentna doza (H)

Absorbirana doza ne opisuje dovclj dobro bioloskih poslecic v Elovekovem tele-
su, zato so v radiolo$ko za¢ito uvedli novo kolicino, ki ob absorbirani energiji v
enoli mase ¢lovedkega organizma uposteva tudi znacilnost posamezrih vrst se-
vanja. To koli¢ino imenujemo ekvivalentra doza, ki je definirana s produktom
med absorbirano dozo in faktorjern kvalitete sevanja. Ekvivalentno dozo merimo
v sieverthih (Sv). Hilrost doze je delinirar.a kot razmerje med ekvivelentno dczo
in ¢asom. Merimo jo v Sv/h.

Nekaj o sevanju in radioaktivnosti

Vsako sevanje je tok delcev ali pa oddana energija v obliki elek-
tromagnetnega valovanja. Prisoino je povsod v ¢lovekovem
okolju in ¢lovek ga uspesno izkori$¢a in uporablja. V glavnem
sevanja delimo na ionizirajo¢a in neioniz:rajo¢a. Ta delitev je
predvsem posledica uc¢inkov, ki ji1 razliéna sevanja povzroajo

na Zivo snov. Tako so neionizirajoca sevanja: svetloba, toplotno
sevanje, radijski valovi, ultravijoliéno sevanje, ultrazvok in
mikrovalovi. Ionizirajo¢a sevanja pa so: radicaktivno sevanje,
rentgensko sevanje in tudi sevanje TV zaslonov. Osnovna znacil-
nost ionizirajotega sevanja je nastanek ionov ali ionizacija pri
prehodu skozi snov. Vir kateregakoli sevanja je lahko naraven ali
pa ga je ustvaril ¢lovek.

Eno od ionizirajo¢ih sevanj predstavlja tudi radioaklivnost. Ra-
dicaktivnost je lastnost nekaterih elementov, dz z razpadom je-
dra preha’ajo v energetsko stabilnej$e stanje; pri tem prehodu
pride do izsevanja razli¢nih vrst Zarkov. Radioaktivnost kot pojav
je leta 1896 odkril francoski fizik Henri Becquerel pri proucevan-
ju fluoreszence. Zanimalo ga je predvsem, katera od fluo-
rescenénih snovi oddaja Zarke X. Pred svetlobo za&citene fo-
togralske plo3c¢e je skupaj s kristalom fluorescenéne snovi
nameraval izpostaviti soncni svetlobi. Ker se je takrat zaelo ob-
dobje slabega vremena, ni mogel nadaljevati s poskusi, zato je
e pripravijene fotografske plos¢e spravil za nekaj dni v predal.
Ko je plos¢o razvil, je ugotovil, da je plos¢a vseeno mocno
potemnela. Sevanje, ki ga je snov oddajala, o¢itno ni bilo odvis-
no od zunanje svetlobe. Pojav je Marie Curie prvi¢ poimenovala
radioaktivnost.

Sevanja, ki jih oddajajo restabilna ali radioaklivna jedra, niso
med seboj enaka; Ze kmalu po odkritju so ugotovili, da oddaja
radijev preparat razli¢ne vrste sevanj, ki so jih poimenovali pc
njinovem vedenju v mocnem elektri¢nem ali magnetnem polju.
Taxo je poznanih ved vrst ionizirajocih sevanj in jedrskih raz-
padov. Znano je sevanje afa, ki je zelo neprodorno in prodre le v
povr$ino koZe ter ga popolnoma ustavi Ze list Dapirja. Sevanje
beta je prodornejSe od sevanja alfa, vendar ga zaustavi Ze
plos¢a iz aluminija debeline nekaj milimetrov. Sevanje gama
oziroma gama zarki so eleklromagnetno valovanje, ki ga emitira-
jo nestabilna jedra. To elektromagnetno valovanje je lahko zelo
prodorno. saj Zarki gama prodrejo skozi papir, plastiko, tkivo,
Ze.ezo, beton. Lahko gredo skozi ves Clovekov organizem in se
pri tem le malo absorbirajo. Skozi zrak lahko prepotujejo nekaj
sto metrov. Popolnoma jih absorbira en meter betona ali pa
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' WLIVING WITH RADIATION" IN SLOVENIA
- (1988 - 1992) |

A. Fajgeljt, M. Krizman!, P. Stegnar! and J. Skrrk2

1. *J. Stefan” Institute, Jamova 39, P.0.Box 100, 61111 Ljubljana, SLOVENIA
2. Institute of Oncology, Zaloska 2, 61105 Ljubljana, SLOVENIA

In this work the efforts which research workers have made in Slovenia in the last
five years towards public information and education in the field of radioactivity and
radiation are reviewed in condensed form. The most important examples of books,
booklets, articles and TV-series are presented.

INTRODUCTION

In Slovenia, although a relatively small country, with an area of 20251 km? and 2
million inhabitants, maﬁy different sources of ionizing radiation exist. There is a nuclear
~ power plant (Kriko - 632 MW,), a low power research reactor (Ljubljana - 250 kW) and a
urani\im mine (iirovski' vrh - mining and milling ceased in 1990). Beside nuclear facilities,
there are many sources of technologically enhanced natural radioactivity e.g. large fly ash
deposits, building materials made of fly ash, waste deposits from non-uranium mining and
phosphate rock processing , etc. In some Slovenian regions relatively high indoor radon
concentrations wefe found, originating from geological and other-sources, and radioactive
deposits. | _ o
" ‘Public interest in radiation greatly increased after the Chernobyl accident in 1986. At

the same time, intensive political changes in Slovenia and the formation of a "green
movement" influenced public relations and reactions to exposure to ionizing radiation.
However, in this case the need for correct, objective and understandable information to be
available about the general facts on radiation and radiation protection became evident.
The topic of radiation is not an easy one at all; a relatively large background
‘knowledge is needed for good qnderstandihg of radiation protection problems and also for -
critical evaluation of measurement results., etc. Here the contribution of scientists and
research workers from this field plays an important role.
~ Surprisingly, the first book about radiation written in the Slovenian language "The
- Secret of Radioactivity"'1 was issued only twelve years after Becquerel’s discovery.
‘However, numerous subsequent publications oriented to public awareness have been
- prepared. But, as well as some other activities e.g. the annual "Open day" at the "J. Stefan
Institute”, short contributions on TV and radio, small advertising pamphlets, newspaper
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ATMOSPHERIC RADON CONCENTRATIONS IN THE
ENVIRONMENT OF URANIUM MILL TAILINGS IN SLOVENIA

M.KrizZman, P.Stegnar . _
"Josef Stefan" Institute, University of Ljubljana, Jamova 39
SLO-61111 Ljubljana, Slovenia : '

Abstract - The levels of radon and its short-lived daughters in air were measured in the pearby surroundings
of the dry tailings pile at the "Zirovski Vrh" uranium mine, situated on the slope of a hill. Different techniques
were used, mainly charcoal adsorbers and continuous radon daughter monitors. Maximal radon concentrations
were found at the (northern) lower part of the tailings pile, at the same height where a temperature inversion
layer exists. Typical daily averages were about 50-80 Bq/m’, and can temporarily exceed 250 Bg/m’. In a valley .
below, concentrations were essentially lower, and upwards of the tailings pile concentrations dropped to levels
of about 15 Bq/m’. Continuous measurements of radon daughters showed that the main impact occurs only for
a short period of each day, namely in the late afternoon when cold air moves over the tailings down to the
valley of the Todraftica stream. The radon flux from the bare tailings was measured using the charcoal
adsorption technique and a field experiment with different cover layers was prepared.

INTRODUCTION

Radon concentrations in the vicinity of uranium mill tailing piles were already measured
in different environments (1-4). The very common conclusion based on these studies is that
levels of radon, originating from the U mine and mill tailings, sharply decrease to.
environmental values at distances of some hundreds of metres. For the "Zirovski Vrh"
Uranium Mine the authors (5) reported that an enhancement of radon levels was observed
even at large distances of a few kilometres; due to the meteorological and topographical
characteristics of the mine environment air masses, rich in radon, are obviously channeled
along the narrow valley far away, without a significant decrease in Rn_-22_2 concentrations.

Outdoor radon concentrations were measured as a part of the radioactivity surveillance
programme of the uranium mine. In the middle of 1990 the "Zirovski Vrh" uranium mine
ceased operation because of its low uranium content (0.08 % U,0;) and production of yellow
cake stopped after five years of operation. Besides other U-ore deposits, over 600.000 tons
of uranium mill tailings were transported during the operation to a dry deposit on the slope
of the surrounding hill. The tailings pile is almost 40.000 m? in area, located at an elevated
position, half a kilometre distant from and 100-150 metres above the valley. It is
approximately 2 km from the mine and mill facilities (Fig 1). Since this area lies well above
the average local temperature inversion layer, an efficient dispersion of exhaled radon should
be expected. The impact of radon emission on environmental concentrations is estimated in
‘relation to the decommissioning requirements.

. MATERIALS AND METHODS

Based on prospective measurements of gamma dose-rate, different samples of tailings
were taken in order to determine an average content of the main radionuclides U-238,
Ra-226, Th-230 and Pb-210 by gamma spectrometric analysis. A germanium detector was
calibrated with U and Ra-226 standards (IAEA and NIST). About 0.15 kg of dried sample
was sealed in cylindrical plastic containers and stored almost a year before being analyzed,
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, EXAMPLES OF HIGH INDOOR RADON
CONCENTRATIONS IN KINDERGARTENS AND PLAY
SCHOOLS IN SLOVENIA '

J. Vaupotié, M. Kniman,*J. Pezdu’:, P. Stegnar, 1. Kobal
”J. Stefan” Institute, Jamova 39,"P.0.B0x 100, Ljubljana, Slovenia

ABSTRACT

Systematic measurements of indoor radon concentrations in all the 730
kindergartens and play schools in Slovenia were carried out. The basic
method was direct sampling of air into alpha scintillation cells, but in cases
with 1ncreased indoor radon concentrations track-etch detectors and alpha
spectroscopy were also applied. In 72% of kindergartens and play schools
mstantaneous indoor radon concentrations were below 100 Bq m~3, with a

geometric mean of 58 Bq m~3. In 16 cases it exceeded 800 Bq m™2, with the
highest value of 5750 Bq m~3. - ‘

'INTRODUCTION

After several preliminary indoor and outdoor radon studies in the last ten
years in Slovenia (Kobal et al. 1988), in the 1990 winter period a new indoor
radon project started. The programme was planned to cover all the 730
kindergartens and play schools in the first stage, about 800 selected schools
and some public buildings in the second stage, and ﬁn'all'y, selected houses
and flats. The first step was finished in 1991. In 16 cases (2.2%) indoor
radon concentrations (instantaneous values obtained by alpha scintillation
cells) exceeded 800 Bq m~3 and in six cases they were above 1500 Bq m~3, and
hence the Ministry for Health and Welfare of the Republic of Slovenia required
remedial actions for two of them. Now the second step of the programme is
being performed and up till now indoor radon concentrations in about 550
primary and secondary schools have been measured. The results of this radon

survey study will also be useful in preparing action levels for indoor radon
" for Slovenia. At the present time the recommendations of World Health
Organization are being used '

SAMPLING AND MEASUREMENTS

The kmdergartens and pla) schools vary in theu‘ age, construction, ventilation

- and occupancy habits. Most of them are single storey bulldmgs, about twenty |
, years old. The working tlme is from 5.30 a.m. to 4.30 p.m. Children usually

come between 7 and 8 a.m. and spend six to elght hour there The age of the
_ children is from 1to 7 years ‘
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'LANGZEIT-UMWELTUBERWACHUNG VON RADON UND SEINEN ZERFALLS-

PRODUKTEN DURCH KONTINUIERLICIHE a-SPEKTROMETRIE 1
LONG TERM ENVIRONMENTAL MONITORING OF RADON AND ITS DECAY

~PRODUCTS WITH CONTINOUS a-SPECTROMETRY

J. E. Peter
GSF- Forschungszentrum filr Umwelt und Gesundheit. Neuherberg, 85764 OberschleiBheim

M. Krizman
Institut "JoZef Stefan”, Jamova 39, SLO-61111 Ljubljuna, Slowenien

Zusammenfassung

Fiir die kontinuierliche Messung der Luftkonzentration von Radon und seinen Zerfallsproduk-
ten wurden automatische MeBstationen entwickelt. Jede Station besteht aus einem Sampler mit
PIPS-Detektor und Multichannel-Analyser, ciner Pumpe und einer Steuerungs- und Registrier-
einheit, die die Speicherung der stiindlick erfaBten Spektren auf Diskette erlaubt. Die Erfas-
sung von Spektren und die hohe Zeitauflosung sind erforderlich, um den EinfluB moglicher
Radonquellen zu bestimmen. Meteorologische Parameter kénnen mit der gleichen Zeitaufls-
sung simultan registriert werden. Die Stationen arbeiten vollautomatisch und erfordern nur
etwa alle 14 Tage einen Wechsel des Filters und der Datendiskette. Eine wichtige Anforderung
war die Robustheit der Stationen gegen extreme Witterungsbedingungen.

Ein Netzwerk dieser Stationen ist seit etwa vier Jahren in der Umgebung eines Uranerzberg-
werks in Slowenien im Betrieb und hat dort seine Brauchbarkeit bewiesen, Die Ergebnisse zei-
gen wie erwartet einen starken Zusammenhang der Zerfallsproduktkonzentrationen mit den
meteorologischen Parametern. Obwohl Radon in der Atmosphiire {iber groBe Distanzen trans-
portiert wird, konnen unter bestimmten Bedingungen lokale Einfliisse identifiziert werden. Die
Ergebnisse der Messungen dienen zur Bewertung der zusitzlichen Exposition der Bevolkerung
in der Umgebung des Bergwerks bzw. der Halden. :

Summary

Automatic instruments have been developed for the continuous measurcment of the concentra-
tion of radon and its progeny in air. Each instrument consists of a sampler including a PIPS-de-
tector and a Multi-Channel-Analyser, # pump and an unit for control and storage of the hourly
recorded spectra on floppy disk. The use of spectrometry and the high time resolution are nec-
essary for the identification of possible radon scurces. Meteorologic conditions are recorded at
the same time intervals. The devices operate unattended with the exception of the replacement
of filters and diskettes every 14 days. An important feature of the instruments is their robust-

_ness in respect to severe meteorological conditions.

A network of these devices was installed around an uranium mine in Slovenia and has proved
its usefulness in about four years of operation. The resuits show a strong dependency of air
concentrations on metecrologic parameters. Although radon can be transported over great dis-
tances in air, local influences can be separated under certain conditions. The results have been
used to assess the additional exposure of the population in the vicinity of the mine or the tail-
ings pile, respectively.

TDas Vorhaben wurde im Auftrag des Baycrischen Staalsministeriums filr Landescatwicklung und Umweltfragen
durchgefiihrt
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RADON IN SEVANJE GAMA V ZGRADBAH
IZ ELEKTROFILTRSKE OPEKE V VELENJU

Ljiljana Mlja¢
ERICo Velenje - Zavod za ekoloske raziskave
Velenje, SLOVEN!IJA

Milko J. Krizman
Institut "Jozef Stefan"
61000 Ljubljana, SLOVENIJA

UVOD Zaradi uporabe pepela v gradbenistvu so lahko prebivalci, ki Zivijo v zgradbah
iz elektrofiltrske opeke, dodatno izpostavijeni ionizirajocim sevanjem. Elektrofiltrska
opeka (v nadaljevanju EFE opeka) vsebuje vel kot 75 % pepela s povecanimi
koncentracijami naravnih radionuklidov U-Ra razpadne vrste. Stanovalci so tako
izpostavljeni povianim koncentracijam radona ter poveéanemu sevanju gama zaradi
radioaktivnosti gradbenega materiala (1)

V Velenjski tovarni gradbenega materiala so v letth od 1960 do 1986 med drugim
izdelovali gradbene elemente iz elektrofiltrskega pepela (2). Ocenjujejo, da je samo
na podrodju Stajerske iz EFE opeke zgrajeno neka; deset tisoé stancvanj, od tega je
veliko $tevilo individualnih hi§ in stanovenjskih blokov zgrajeno prav v Velenju, kjer
2ivi priblizno 30.000 prebivalcev. :

Namen nase raziskave je bil, da ugotovimo, kolikéna je izpostavljenost stanovalcev
sevanju v razli¢nih bivalnih okoljih, to je v zgradbah iz materiala s povidano
radioaktivnostjo (EFE opeka), v zgradbah z obi¢ajnc radioaktivnostjo (navadna opeka)
in v z2gradbah z nizko radioaktivnostjo (beton).

METODE DELA

Meritve radioaktivhega sevanja smo opravili predvsem v zgradbah iz EFE materiala,
za primerjavo pa smo meriliradon in sevanje gama tudi v zgradbah iz navadne opeke
in iz betona. Iz primerjave rezultatov smo lahko ugotovili, kolik§en prispevek ima na
koncentracije radona in na sevanje gama gradbeni material. Oba parametra smo
merili tudi na prostem. V bivalnem okolju smo opravljali meritve v prostorih, kjer se
ljudje zadrzujejo najvel ¢asa, to so dnevni prostori in spalnice. V EFE zgradbah smo
izbrali 16 merilnih mest, v zgradbah iz navadne opeke 5 merilnih mest in 5 meritnin
mest v zgradbah iz betona. Na prostem smo izbrali 5 merilnih mest.

Pri meritvah radioaktivhega sevanja smo uporabili razlitne metode merjenja. Za
merjenje koncentracij radona preko daljSega obdobja smo uporabili detektorje
jedrskih sledi CR-39. S to metodo dobimo povpreéne vrednosti za dalj3e ¢asovno
obdobje vkljuéno z dnevnimi in sezonskimi nihanji koncentracij radona. Za
ugotavljanje koncentracij radona v krajdih intervalih (48-urno povpredje) smo
uporabili metodo adsorpcije radona na aktivnem oglju. Koncentracije radonovih

Il. simpozij 299




-a

.

1

{

OVA

=
B
e
)
-
=
==
n
Z
-
==
BN

IE.

OF T

DRUG

GA -SECOND .

6O,
071

¥

S

T

-SIMP

IPOSIU

'
L4

A

-

HRVATSKOGA T

i

U PROT

TAS

N K
g |

h

CIA

.

I

I

I

AV

ON

ASS

X

A

l

N

.

1y
R

e

o

e
e

- P

Ed

Uredn

it

1
’

litors;
Franic =

Dragan. Kubelk

i

Zdenko.

]




cedure
natural

1 Suitable
nn with
f%Sr
vcedure.
1 that it is
lifferent
od this

ENVIRONMENTAL RADIOACTIVITY AT THE
FORMER "ZIROVSKI VRH" URANIUM MINE
AND DOSE ASSESSMENT

Milko J. Krizman
JoiZef Stefan Institute
61000 Ljubljana, SLCVENIA

INTRODUCTION The former uratium mine at Zircvski vrh s situated in the small
v.I'age of TodraZ, in northwest Slovenia, 35 km distant fror the Austrian and Iltalian
ociders and 30 km from Ljubliana, the capital. The mining area lies in a subalpine
region of the country, in a deep valley with frequent ter.perat ure inversions | ebout
5C % of the year). Some hundreds of people live .n the arca within a radius of 2 km

rem the mine. Relatively low grade ore (less than 0.1% L303) was excavatec and .

'reated in the period 1985-199C. Radioactive wastes, such as chemical taif’ngs of
atout 600,000 tons were deposited on *he s!ope of a hili, about 100-150 m above the
sraall and narrow valley. The waste rock deposit (1.5 mil'ons tons of spoil, with a
ccatent of 70 ppm UaOsg) and & t2mporary deposit of some *housand tor.s of uranium
crz are located near the bottor o the main valley. These iwo sites are now plaaned
to be restored. The aim of this paper is to pressnt the raciological impact to the
ervironment in terms of enhancad radioactivity and the related public exposure
rawnadays, in close-out period

MATERIALS AND METHODS

The regular environmental monitoring programme, based mainly on US Regulatory
Guide No. 4.14, started in 1685 and has coverad a'l tre critical pathways. After
eessation of mining and milling during still lasting clos ire period, the surveillance
program has been further runring continuously, togethe- with dose assessment.
Measurements of environmentz! radioactivty waie performed at numerous places
nthe nearby vicinity and also at points distant from the mine. Results obtained were
compared with those measurec simultanecusly =t referenze point(s), lying beyond
‘te influence of the mine scurces. On this basis the cortribution of the mine
‘edioactivity to the environment was estimated.

3averal sampling and measuring techriques were used. A r particles were ccllected
o filters and counted by a high resolutior gamma spectrometry. Radon
dstermination was performed with nuclear track detectors and charcoal canisters,
ad for radon daughters determination we mairlv used continuous measurements
by alpha spectrometry. Uranium in water was determinec by neutron ac:ivation

- analysis and chemical sepa-etion, and radium-226 bv th2 sorption-emanation

method. Radioactivity ir soils and sediments was measured by
camma-spectrometry, and low levels of radionuzlices in food and crops were

§: cetermined using a well-type germanium detactor. We vse thermcluminescent
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INTERNATIONAL ATOMIC ENERGY AGENCY
AGENCE INTERNATIONALE DE L'ENERGIE ATOMIQUE
 MEXJIYHAPO/IHOE ATEHTCTBO 110 ATOMHOW DHEPI"U
ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA

WAGRAMERSTRASSE 5, P.O. BOX 100, A-1400 VIENNA, AUSTRIA
TELEX: 1-12645, CABLE: INATOM VIENNA, FACSIMILE: 43 1 234564, TELEPHONE: 43 1 2360

WL
T(.(z_

IN REPLY PLEASE REFER TO: DIAL DIRECTLY TO EXTENSION:

PRIERE DE RAPPELER LA REFERENCE: COMPOSER .DIRECTEMENT LE NUMERO DE POSTE:
File Ref. 534-C2-RER/9/022 : | U 1994-10-13

Dear Mr. Krizman,

' SUBJECT: RER/9/022 IAEA TC Regional Project on Environmental Restoration in Central and
Eastern Europe, Third Workshop, Rez, Czech Republic, 12-16 December 1994

A Regional Project on Environmental Restoration in Central and Eastern Europe has been
in operation since 1992 to address the very serious issue of environmantal contamination,
resulting primarily from mining and_milling.of..uranium-ore and to a lesser extent from other
‘nuclear activities in the region. Two workshops have been held so far; the first one in Budapest, -
Hungary, in October 1993, which dealt with the subject of identification and characterization.of
radioactivity contaminated sites in the region and the second workshop at Prestany, Slovak
Republic, in April 1994, which focused on the planning and preparation for environmental
restoration. :

It is now planned to hold the projects third Workshop at Rez, Czech Republic, from
December 12-16, 1994. This Workshop will build upon the technical information presented at
the previous two workshops and deal more specifically with the subject relating to technologies
available for environmental restoration in the countries of the region. A visit 1o a uranium mining

site has also been planned in order to get a closer view of the real problems associated with such
activities. :

| am pleased to invile you to this Workshop and kindly request you to prepare a lecture
and written paper on the lines detailed in the enclosed job description. _Presentation of
comprehensive _information on_the_state-of-art_aclivities_in_ your country would help in the

_———"’/ . . . ogs .
assessment of problem and consequently in the planning of future Agency supported activities in
this area. ' '

In accordance with |IAEA rules and prgc@ces, daily subsistence allowance (DSA) and
international travel from your home country to Rez and return will be paid for eligible members of
the workshop. Please confirm your participation as soon as possible but no later than
7 November 1994.

Yours sincerely,

PV NS
M. Samiei o
Head, Middle East & Euvrope Section

" Division of Technical Co-operation
Programmes '

Attachments:

Mr. M. Krizman .
Institute Joseph Stefan
Jamova 39 ' ”
61111 Ljubljana
Slovenia '
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Chairperson Mr. P. Sandru (Romania)

08:30-12:30 . 18..  PERinthe Russian Federation, presentationand discussion (Speaker
: A. Nechaev) _
19.  PER in Ukraine, presentation and discussion (Speaker C. Rudy)
20. PER in Belarus, presentation and discussion (Speaker G.
Sharovarov) . .
' 21. PER in Khazakhastan, presentation and discussion (Speaker M.A.
Akbmetov) - ' ' e :

Chairperson Mr. B. Sunblad {Sweden)
. 14:00 - 17:30 22. PERin Poland, presentation and discussior (Speaker A. Piestrzynski)
'- @_ﬁﬂiﬂ_&lﬂegia‘ presentation and discussion {Speaker M. Krizman).
4. PER in Croatia, presentation and discussion (Speaker A. Saler)
25. USA second presentation (Speaker G. Westerbeck) |
 Thursday, 14 April

ChairpersoﬁMr. E. Ettenhuber (Germany)

08:30 - 11:30 26. PER in France, second presentation (Speaker H. Camus) - »
- ~ 27.  PER in Bulgaria, presentation and discussion (Speakar A. Dimitrov)

©12:30 - 17:30 28.  In-field visit to a contaminated site, Slovak Republic
Friday. 15 April -
~ Chairperson Mr. A, Slavik (Slovak Republic)
, 09:00 - 12:00 2g. Summary review of the workshop (Ch:\a_ir-berson)
i : 20. Instructions for authors of papers ;
31. Consideration and approval of the work plan for future project

~ activities
32. . Closing of the meeting

Notes - - -

1 Coffes breaks will normally be from 10:00 - 10:30 and 15:00 - 15:30.
Lunch breaks will normally be from 12:30 - 14:00 (Thursdey 11:30-12:30) .

2. The time allowed for each presentatioh will be 30-40 minutes, followed by 2 15 minute
~ discussion. - T ' o f

MLaraia/jd/ssendesto
1994-03-29
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KONTINUIRNA SPEKTROMETRIJA ALFA RADONOVIH
KRATKOZIVIII POTOMCEV V OKOLJU RUDNIKA URANA
CONTINUOUS ALPHA SPECTROMETRY OF RADON SHORT-
LIVED DECAY PRODUCTS IN THE U-MINE ENVIRONMENT

Milko KriZman
Instinut JoZef Stefan, Jamova 39, 61111 Ljubljana

Merilnik za kontinuirno spektrometrijo alfa radonovih kratkoZivih potomcev na zra&nih filtrih
so razvili na GSF ISS (Neuherterg); sestoji iz procesorsko vodenega meriinega dela skupaj
s silicijevim planarnim detektorjem (PIPS) in glavne kontrolne enote z disketnim zapisom
podatkov. V okviru mednarodnega sodelovanja Bavarska-Slovenijan na skupnem projektu je
bila postavijena mreza teh merilnikov na obmotju rudnika urana Zirovski vrh, tako na
odlagali¥ih kot v neposredni okolici z narnenom, da bi bolje spoznali razdirjanje in obnalanje
sprodéenega radona, njegove ravni v okolju, &asovna obdobja s povitanimi koncentracijami
in tasovne intervale z ekstremnc nizkim ravnoteZjem med radonom in njegovimi kratkoZivimi
‘potomci. - ' '

Iz analize spektrov alfa Rn-potomcev (**Po, 2*Po) in iz razmesja vrhov je mogote sklepati
na starost radona: vi§je vrednosti razmerja ?'*Po/*'*Po (vet kot 0.4) pomenijo nizek faktor
ravnoteija in oznatujejo "mladi” radon, ki izhaja iz bliZnjih emissijskih virov. Razmerje pod
vrednostjo 0.1 pomeni, da je radon "star”, to je blizu ravnoteZja s svojimi potomci in bolj
oddaljen od lokacije svojega izvora. Alfa spektrometrija radonovih potomcev je pomebna
metoda za razumevarje mehanizmov onzsnaZevanja zraka zaradi emisije radonovih virov,
istotasno pa sluzi kot koristno orodje pri oceni izpostavijenosti prebivalstva sevanju, Namen

predsiavitve tega dela je tudi pokazati nekaj znatilnih in posebnih primerov obna%anja radona

_ v bliZini jalovi3¢ nekdanjega rudarjenja in predelave uranove rude na Zirovskem vrhu.

Abstract

Special instrumentation for continuous alpha-spectrometric measurements of short-lived radon
decay products on air filters was developed at GSF ISS (Neuherberg), it consists of a
processor controlled measuring unit with a passivated implanted planar silicon detector and

a main control unit. In the framework of a Bavarian-Slovenian cooperative project, a network -

of several instruments was irstalled around the "Zirovski vrh" uranium mine area, on
disposal sites and in their nearby surroundings in order to study the dispersion and behaviour
of released radon, its environmental levels, time intervals with elevated concentrations and
time intervals with extremely low equilibrium between radon and its short-lived progeny.
Alpha spectra of radon decay products (*'*Po, ?'*Po) were analyzed and from the ratio of the
two peaks the age of radon in air was estimated. Higher values of the ***Po/*'* (more than
0.4) mean a low equilibrium factor and irdicate "young" radon, which released from adjacent
sources. Ratio values below 0.1 mean that radon is "old", i.e. nearly in equilibrium wizh its
daghters and more distant from location of its origin. Alpha-spectrometry of radon
daughters is an important aid for understanding the mechanism of ambiental air contamination
from radon emission sources and is at the same time a useful tool for estimation of
corresponding public exposure. The aim of this presentation is also to show some special
~ and typical cases of radon behaviour in the vicinity of uranium mining and milling disposal
sttes. - ' v :
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. GOZID IN VOoDA
Oddelek za gordarstve Biotehnitke fakultete, Univerza v Ljubljani, str. 215 — 996

GDK 116.11 : 116.91

VPLIV IMISIJSKIH POSKODB NA YODNO
FUNKCUO GOZDA |

N. Bogataj, P. Simong¢i¢

Izviedek

Skodljive snovi se iz onesnaZenega zraka prenadajo v gozdne ekosisteme .z
atmosferskim depozitom v tla, vegetacijo in vode z mokrim (padavine) in suhim
depozitom. Na Gozdarskem institutu Slovenije (GIS) zbiramo padavine v gozdu po
"troughfall” metodi. V zatetku avgusta 1993 smo zateli tedensko vzoréiti padavine na
witu GIS na prostem, na gozdni meji pod kro¥njo javora in pod kro¥njami smrek ter

padavinskih vzorcih smo doloili pH vrednost, elektroprevodnost, vsebnosti Ca, Mg,
K, NHs , Pb, SO4 in’ NO:s. Rezultati analiz so pokazali, da je vnos Skodljivih snovi
najmanj3i na prostem in najvisji pod smrekovo kro3njo. '

Kljutne besede: imisija, depoziﬁ, gozd, vode

EFFECTS OF EMISSION—IND;_UCED DECLINE OF
THE FOREST ON ITS HYDROLOGICAL FUNCT ION

Abstract

Noxious substances of air pollution are transmitted to the forest ecosystem through
atmospheric depositions, both wet and dry depositions, affecting the forest floor, vege-
tation and water. Throughfall ‘method was used by the Forestry Institute of Slovenia,
Ljubljana, to collect data on precipitation in the forest. From early August 1993 to
early September 1994, weekly sampling of precipitation ‘was conducted in different
places of the garden of the institute: in the open, under the crown of a Norway maple
and under Norway spruce crowns on the edge of a forest, and with Norway maple

- stemflow. Precipitation samples were analyzed as to pH value, electrical conductivity,

and the Ca, Mg, K, NH , Pb, SO4, and NO; content. Results of the analysis show that

the input of noxious substanc was the lowest in the open and the highest under a
Norway spruce crown. '

Key words: emissions, deposition, forest, water -

Nevenka BOGATA, dipl. ing. gozd., mag. Primos SIMONCIC, dipl. ing. les.,

215
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GOZID IN vODA
Oddelek za gozdarstyo Biotehnitke fakultete, Univerzs v Ljubljani, str. 203 — 214

UDK 114.12: 116.91 181 . 48 :37

VAROVANJE VODNE VLOGE GOZDOV PRI
TRANSPORTU LESA v SLOVENIJI

R. Robek, P. Kalan, L. Kutnar

lzviedek

ZmanjSevanje nastalih motenj je mogote dosedi s selektivnimi raziskavami, z ukrepi
gozdarske politike ter izobraZevanjem v vodozbirnih obmojih,

Kilju&ne besede: transport lesa, vodna vloga gozda, indikatorske vfednosti rastlin,
poroznost tal, svinec

PROTECTING THE HYDROLOGICAL ROLE OF THE
FOREST FROM THE IMPACT OF WOOD
TRANSPORT IN SLOVENIA

Abstract

Changes in the water conditions when transporting wood are the result of altered
physical properties of the soil, which also alters the exterior morphology of the soil
and the quantity and structure of pores. Besides changes in the runoff dynamics, wood
transport also gives rise to changes in water quality,‘-'although the concentration of

reduced with the help of selective studies and measures introduced in the forestry
policy and through the education of administrators in catchment areas.

Key words: wood transport, hydrologic role of the forest, indicator values of
vegetation, ground porosity, lead

Mag. Robert ROBEK, dipl. ing. gozd., Polona KALAN, dipl. ing. kem., Lado KUTNAR,
dipl. ing. gozd., Gozdarski in3titut Slovenije, Ve¢na Pot 2, 61000 Ljubljana




GOZID IN VODA
Oddelek za gozdarstvo Biotehnitke fakultete, Univerza v Ljubljani, str. 77 - 90

‘GDK 114.447:116.3: 181.3: 182.9 - (497.12* 13Cdbg)

POMEN VODE ZA USPEVANJE IN VECNAMENSKO
RABO NIZINSKIH MOKRIH GOZDOV

I. Smolej

loskva, 165 p.

p.
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t forests for soil and water
» Communicatiopnes Instituti

i
éﬁ lzvieéek

Od ekolo3kih dejavnikov je za rast in razvoj gozda v poplavnih ravninah najpomem-
¥ bnejsi vodni rezim. V razvoju gozdnih zdruzb so odlo&ilne ze majhne razlike v glo-
4. bini, velikosti nihanja podtalnice in pogostnosti poplav. Spremembe vodnega reZima
¥ imajo zato lahko daljnoseZne posledice za uspevanje teh gozdov. Zaradi obilice vode
& prihaja med gozdnim in vodnim gospodarstvom do neskladja pri ve&namenski rabi
- gozdov. Prispevek opisuje Crni log pri Lendavi, kjer je vodno gospodarstvo uporabilo
%t poplavni gozd &rne jelde za zadrZevalnik visokih voda reke Ledave. K resitvi neskladij
@ bi lahko pripomoglo sodelovanje panog pri postavljanju optimalne ve&namenske
% rabe.

Kljuc‘.ne besede: vetnamenska raba gozda, niZinski mokri gozd, sukcesija,
dobrodejni pomen gozda, vodni rezim, zadrZevalnik, ¢rna jel3a
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e wwime B B SIGNIFICANCE OF WATER FOR GROWTH AND

" skva, 376 p. 1 § § MULTIPLE-PURPOSE USE OF FLOODPLAIN
8 o

ii lesnyh resursov. Lesovedm, 1 ;
" ‘Abstract

ffhe most important ecological factor for the growth and development of floodplain
& forests is the water regime. Small differences in the water table, the extent of the
Y groundwater oscillation and the frequency of floods are decisive to the development
f.of forest communities. The vast amount of water has led to discord between forest and
wa, T.1, pp.79-98 Water management in regard to the multi-purpose use of forests. The contribution de-
t. Leningrad, 286 p. A y cribes Crni log near Lendava where the water management authorities used the
:nen Sommer 1973. Forst und @t flooded Crnje forest as an embankment for holding back the high water of the Ledava
: ' ‘-; tiver. A solution to this discord might be found in cooperation between professional

A elds in determining optimum multi-purpose use.

39,2
odnye resursy. Nauka, Moskva,

ov. In Dold.sov. ulenyh n 'f

HiKey words: multiple-purpose use of forest, floodplain forests, succession,
beneficial functioning of forest, water regime, flood-control
reservoir, black alder

“'1‘38| Igor SMOLEJ, dipl. ing. gozd., Gozdarski inititut Slovemje, Ve&na pot 2, 61000
fitjubljana
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GDK: 160.24: 161.1 + 181.45 + 425.1

PRESKRBLJENOST GOZDNEGA DREVJA Z MINERALNIMI HRANILI
NA 16 x 16km BIOINDIKACIJSKI MREZI o

primoZ VSIMONCIC'

IZVleéek - :
Pri proutevanju propadanja gozdnega drevja na obmotju Slovenije so sodelavci Indtituta
za gozdno in lesno gospodarstvo zaZeli I.. 1985 nabirati vzorce iglic smreke, érnega in
rdetega bora na totkah 16 x 16km bicindikacijske mreZe. Arhivirani rastlinski material
~ smo uporabili za splodno oceno preskrbljenosti gozdnega drevja z minéraln_imi'hranlli na
{otkah mreZe za obdobje od 1987. do 1991. leta. V enoletnih iglicah smo poleg skupnih
vsebnosti Zvepla doloéili e vsebnosti glavnih rastlinskih hranil: dusika, magnezija,
fosforja, kalija in kalcija. Ocena je pokazala slabo preskrbljenost gozdrega drevja z
dusikom in s fosforjem. Vsebnosti magnezija so v petin letih nihale od dobre
(preskrbljenosti na vedini bioindikacijskih toZk) do slab3e preskrbljenosti, razmeroma
ugodne pa so prehranske razmere glede vsebnosti Ca in K. '
Kljutne besede: propadanje gozda, bioindikacija, bioindikacijska mreZa,

mineraino hranilo, vsebnost mineralnih hranil, Picea abies, smreka, Slovenija

THE PROCUREMENT OF FOREST TREES WITH MINERAL
NUTRIMENTS ON THE 16 X 16 KM BIOINDICATION NETWORK

Abstract ' : _

Within the study of the forest damage in Slovenia, in 1985 the collaborators of the Forest
and Wood Economy Institute started to collect samples of spruce, Austrian pine and
Scotch pine needles at the points of the 16 x 16 km bioindication network. The registered
biological material was used for a general assessment of the procurement of forest trees
with mineral nutrients at the points of the 16 x 16 km network in the period from 1987 to
1991. Beside the total sulphur content in current-year needles the. content of the main
plant nutrients have been determined: nitrogen, rﬁ'@gﬁesium, phosphorus, potassium and
calcium. The assessmert of the procurement of forest trees with mineral nutriments
showed a deficient procurement with nitrogen and phosphorus. The magnesium content
varied in the five years from a good procurement on the majority at the bioindication
points to worse procurement, while the nutrition conditions regarding the Foliar content of
calcium and potassium have been relatively favourable.

Key words: forest decline, bioindicaiion, bioindication net, mineral nutritian,
Spruce, Picea abies, Slovenia :

: ) .
Mag_, dipl. in2. les., Gozdaiski in8titut Slovenije, 61000 Ljubljana, Veéna pot 2, SLO -
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BIOINDIKACIJA ONESNAZENOSTI GOZDOV Z ZVEPLOM NA PODLAGI
VSEBNOSTI ZVEPLA V ASIMILACIJSKIH DELIH GOZDNEGA DREVJA

Janko KALAN * , Polona KALAN ** , Primoz SIMONCIC ***

Izviecek

Po izkudnjah raziskav, ki so bile izvedene v letih 1885-1993 na tolkah osnovne
bioindikacijske mre2e (16 x 16 km), sklepamo, da je bioindikacija onesnaZenosti zraka z
2veplovim dioksidom po metodi analize vsebnosti Zvepla v iglicah smreke, &rnega in
rdeZega bora zelo primerna in tudi dovolj zanesljiva za ugotavijanje ogroZenosti gozdov
zaradi veplovega dioksida. Gozdovi na obmoiju Alp, Trnovskega gozda, SneZnika,
Javornika, Sirsega ko&evsko-ribniskega obmotja in Gorjancev so najmanj obremenjeni
2veplom. Najbolj obremenjeni gozdovi pa so na obmotju Koro§ke, Celja, Ljubljane,
Zasavja, Maribora in Prekmurja. Vsebnost 3vepla se je v zadnjih letih povetala na
bmoé&jih ob meji z Italijo, Hrvasko in Mad2arsko ter v blizini mognih emisijskih virov v
notranjosti Slovenije. .

Kljuéne besede: bioindikacija, analiza, iglice, Zveplo, ovrednotenje, Slovenija -

BIOINDICATION OF FOREST POLLUTION WITH SULPHUR BASED ON
SULPHUR CONTENT IN ASSIMILATION PARTS OF FOREST TREES

1

Abstract Lo

Based on the research carried out in 1985-1993 on the points of the basic bioindication
network (16 x 16 km) it can be concluded that the bioindication of air poliution with
sulphur dioxide by the method of sulphur content analysis in the needles of the Norway
spruce, Scots pine, black pine Is highly convenient and reliable for the establishing of
forest endangerment due to sulphur. The forests in the region of the Alps, Trnovski gozd,
Sneznik, Javornik, the broader Kotevje - Ribnica region and the Gorjanci are the least
burdened by sulphur. The greatest burden was established in Koro&ko, in the region of
Celje, Ljubljana, the region along the Sava riverin the vicinity of Maribor and in the
Prekmurje. In the last five years the content of sulphur has increased in the zones along
the border with Italy, Croatia and Hungary and the vicinity of strong emission sources in
the central part of Slovenia.

Koy words: bicindication, analysis, needles, sulphur, evaluation, Slovenia

:.Dlpl. in2. gozd., Gozdarski InStitut Stovenile, 61000 Ljubljana, Vetna pot 2, SLO
< Dipt. in2. kem., Gozdarski In&titut Slovenije, 61000 Ljubljana, Ve¢na pot 2, SLO
Mag., dipl. in2. gozd., Gozdarski Institut Slovenije, 61000 Ljubljana, Veéna pot 2, SLO
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PROUCEVANJE GOZDNIH TAL NA STALNIH RAZISKOVALNIH
PLOSKVAH
Janko KALAN * , Polona KALAN ** ,__Pﬁm_oi SIMONCIC ***

Izvleéek . : N B ' .
V. Sloveniji postavijamo sustem razuskovalmh ploskev za trajno opazovanje

gozdmh ekoslstemov Oplsana so., menla za_ izbiro. ploskev, na katerih
proudujemo gozdna ta. Navedeni so,ltudu napotki za terenske in Iaboratorijske
prelskave tal ter pnkaz anahzmh rezultalov

Kiuéno besede: i, gozd, raziskovalna p:a;g(gm raziskava, meloda del, Slovenjia

-
.

THE STUDY OF FOREST SOIL IN PERMANENT RESEARCH PLOTS

_ Abstract

in Slovenia a system of research objebts for permanent monitoring of forest
ecosystems is being set up. The criteria regarding the selection of objects used
for the study of forest soil are described and the instructions for filed and
laboratory investigations as well as anélysis results are given. o

. N o v
Keywords: soil, forest, research plots, investigations, methods, Slovenia

 Dipl. in2, gozd., Gozdarski Indtitut Stovenije, 61000 Ljubljana, Ve&na pot 2, SLO
+ouDipl. In2. kem,, Gozdarsid In&titut Slovenije, 61000 Ljubljana, Vegna pot 2, SLO .
Mag., dip!. in2. gozd., Gozdarski InSlitut Slovenlje 61000 Ljubljana, Veéna potZ SLO
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Abstract

The Forest Research Plot was chosen on a typical ¢ slte for the Pokljuka plateau. It is covered by a supposedly
autochtonous oold Norway spruce stand with nejuvenauan centres. Data on the physiological parameters can be
used as representative values for a subalpine Norway spruce stand. The studies include: standard site and
dendrologxml parameters, physiological parameters (foliar analysis, antioxidants, hormones and amincacids in
spruce needles), genetical and biochemical analysis (isoenzymes and molecular markers), microbiological
activity (acid phosphatase, rate of decomposition, number and occurrence of fungal decomposers of wood and
litter) and studies of symbionts and pathogens of Norway spruce (mapping of fruitbodies of mycorrhizal fungi,
types of ectomycorrhizae, endophytes, epiphytes - lichens and phytopathologwal surveys). All physiological
and ecological studies are planned to be repeated at cerlam txme periods in order to understand better the
functlomng of the forest ecosystem on Pokljuka o .

Introduchon > - - . \

A few years ago an interdisciplinary project was initiated in the area of the Tnglav National Park (TNP),
entitled 'Air pollution in the Triglav National Park and its impacts on forests and water - Athmosphere and the
National Park’. The research team on bioindication, including the Forest Biology and Ecology Research Group
from the Slovenian Forestry Institute, the Applied Botany and Plant Physiology Research Group from the
Agronomy Department, and collaborators from the TNP headquarters, have been leading the studies within the

: subpro;ect ‘Forest'. The main objectives of the studies include i) momtonng of the physlologncal state of the

forests in the TNP in comparison to the state of forests elsewhere in Slovenia and in nenghbounng alpine
countries; ii) analysis of the forest ecosystems from different aspects and on different levels in order to
understand better the causes and mechanisms of decline due to several stress factors, from the climatic; edaphic

and biologic to anthropogenic ones, which are represented by environmental pollution, forest management and .
~ management of other natural resources; iii) protection of natural and cultural heritage within the area of the

Triglav National Park.

,- The studies were organized i) on the part of the Slovenian Forest Decline Monitoring Network (4x4 km), which

falls into the area of the TNP; ii) on three altitude profiles (Bled-Pokljuka, Kranjska gora-Kurji vrh, Vrsnik-
Planina v Plazeh), all starting at ca 900 m and ending at ca 1600 m high; iii) on the permanent Forest
Research Plot (FRP) on Pokljuka.
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Some aspects of interpretation of forest trees
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Summary

The evaluation of data on the forest tree condition is a weak point in forest declinz monitoring as it enables only a
very rough estimate of the state of forest health. The paper analyses the inzerpretation of - the forest tred
defoliation data in order to estimate their relevance and applicability. Quality control results of defoliation
assessment in Slovenia are presented and the state of defoliation with its changes in the years 1987 1991, 1993,

1994 on the 16 km gnd

1 INTRODUCTION

Forest damages in Slovenia are documented partly by regular forest management planning and primarily by
sampling on the systematic plot grid. The evaluation of forest tree data collected on this grid has been a weak
point of forest monitoring in Slovenia. The European model of forest damage evaluation is based on the
defoliation and discoloration of forest trees (ANONYMUS,I987). A practical mcdel of damage class calculation
on the basis of other forest tree properties was developed in Slovenia (SOLAR, 1989). The model can be
supplemented by using the subtraction method that enables the determination of the defoliation unexplained by
known damages (JURC,1988). Additional data for the evaluation of forest condition are: index of atmospheric

. purity calculated from the number and covering of lichens (BATIC, 1989), sulfur content in spruce (Picea abies)

and pine (Pinus nigra) needles (KALAN, 1987). However determination of forest health condition is mostly
based on the defoliation data.

2 METHODOLOGY
2.1 'Defoliation as a sign of tree disturbances

Defoliation is the most frequently used characteristic in determining the forest health condition in Europe. It
reflects the environment and development of a tree, therefore is not specific and can not be used as a diagnostic
tool unhesitatingly (INNES, 1993b). The followmg zlternative symptoms are used in detailed and research
oriented analyses: visual changes in shape, size, surface characteristics, color and number of leaves, changes of

~normal growth and development patterns, changes in normal flushing and senescence patterns, changes in
 physiologic processes (photosynthesis, respiration, transpiration, mineral nutrition, nutrient transportation,
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Abstract

Types of ectomycorrhizae on Norway spruce were determiﬁed in soil cores from two differently polluted forest
research plots from the emmission zone of the Sodtanj Thermal Power Plant (TPP). The two plots are
comparable regarding site characteristics, but polluted differently by the emmissions from the TPP. During the
vegetation season 1993, 21 soil cores were taken from each plot. In these all fine root & ectomycorrhizal root
tips were counted and the percentages of different types were calculated. Additionaly, soil & mycorrhizae from
underneath fungal fruit bodies were taken in order to characterize new tvpes of ectomycorrhizae. Classical
anatomical methods and molecular tools were applied for identification. 17 types of ectomycorrhizae were
determined on 28443 root tips in soil cores from the heavily polluted plot \(Zavodnje). The predominant types
were Paxillus involutus, Xerocomus badius, Picerhiza parallela & Piceirhiza inflata. On the less polluted plot
(Mislinja) 24 different types were determined on 38502 root tips in equal volume and number of soil cores. The
most frequent types were Hydnum rufescens, Amphinema byssoides, Piceirhiza oleiferans, Cenococcum
geophilum & Lactarius lignyotus. Mycobioindication of forest site pollution through selective sensitive (here
Hydnum rufescens), in comparison to unsensitive (here Paxillus involutus), fungal species in ectomycorrhizae
is discussed.

Introduction

Mycorrhizae represent the main spatial and temporal linkage between different constituents in a forest
ecosystem (Dighton, Boddy, 1991). Their functional compatibility, physiology and tolerance to different stress
factors is species specific (Harley, Smith, 1983; Gianinazzi-Pearson, 1984; Gogala, 1991). Therefore
knowledge on the ectomycorrhizal types - species composition and their abundance is necessary in order to
understand the functioning of a forest ecosystem (Wollmer, Kottke, 1990).
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Abstract

Endophy(ic fungi species composition in healthy needles of Austrian pine (Pinus nigra Am.) was investigated
at eight locations in Slovenia. Results from October 1994 and January 1995 isolations were compared with
analyses of macronutrients, sulphur and lead content of the needles. About 80 species of’ microfungi were
revealed. From the observations and measurements dzscribed it was not possible to dlscmmnate between the
effects of environmental factors and effects of air pollutants. The pollution load of all measured elements is low
and the environmental factors are very diverse. From the dendrogram of isolation frequencies' it scems that the
age of the tree affects the species composition and frequencies of endophytes to the greatest extent.
| |
Introduction - E g
\

The importance of fungi in forest ecosystems as decomposers, pathogens, endophytes and mycorrhizal partners
-makes them of vital interest in the research of mechanisms of forest life. Of these different fungal functions the
least known about is the ecological role of endophytes. These are fungi that in a certain phase of their life cycle
invade inner tissues of plants without causing visible symptoms of damage to their host. There is evidence that
. -some endophytic fungi may live in a mutualistic symbiosis with their host (Petrini 1986, Carrol 1988), either
‘acting directly as antagonists or inducing plant response against plant pathogens and herbivores. Fungal
_endophytes have been isolated in a wide range of plants; most conifers examined so far host endophytic fungi
(Carroll, Muller & Sutton 1977, Carroll & Carroll 1978, Sieber-Canavesi & Sieter 1987, Sieber 1989).

5 "There are indications that endophytic species composition and the frequency of colonisation are significantly
. dependent from the vitality of the host and from the degree of air pollution being negatively correlated with the
{ _degree of air pollution (Barklund & Rowe 1983). Simulated acid rain treatment reduced the number of isolated
; endophytes in birch leaves by approximately 25% (Helander et all. 1993). Sieber (1989) reports that air

potlutants are suspected as a possible cause of changes in endophyte populatior:s of Norway spruce and white
fir.
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Abstract

Forest soil was sampled on two different observation plots by following well described methodology. Sampling
sites had been chosen in places with typical soil conditions for the observed forest site. To make sampling easier
some natural forest site characteristics were considered.

Mg, Zn and Cd were determined by atomic absorption spectroscopy in all samples. Results were statistically
evaluated and different sources of variance were estimated. It was also estimated whether the number of
samples was sufficient for our requirement for accuracy of analytical results.

Introduction

The quality of the measurement results depends on the quality of sampling from observing matter, sample
preparation and pre-treatment. If we want to make thz sampling as good as i5 possible, we have to develop a
precise description of sampling methodology and make a good plan for feld work. By following the
methodology and the plan during sampling, it is possible to judge the sampling accuracy by using different
statistical techniques. (4, 5).

!fsampling is bad, the sample does not represent typical characteristics of the observing matter. In such cases it
Is not possible to correct or eliminate the uncertainty caused by sampling by performing the analysis as
carefully as possible.

Due to its importance, we have to pay particular attention to the sampling and the laboratory sample
preparation. It is not possible to control that part of analytical procedure by using standards and reference
malerials like we normally can do with measurements (2, 3). If we want to make the sampling as good as
possible, we have to develop a precise sampling methodology. By following such methodology during
sampling, it is possible 1o judge the sampling accuracy (4, 5).
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Comparision of the annual cycle of sulphur content in spruce needles

s

from heavily polluted and less polluted areas

i
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Abstract

Needles of twenty years old spruces from Prednji vrh, in the area affected by the Sostanj power station,
and from Pokljuka (Alps region, with a relatively unpolluted environment), were analysed for total
sulphur content (S,). Measurements were taken in a period between April and August twice monthly and
in the period from August to April every four weeks (May 1993 - June 1994). Sulphur content in one and
two years old spruce needles from Prednji vrh were much higher (one year old needles 2.06-2.50 mg/g
needle dry weight, 1993) than in needle samples from Pokljuka (one year old needles 1.05-1.25 mg/g
needle dry weight, 1993).

Introduction

Measurements of total sulphur content in spruce nzedles have been used as an indicator of the presence of
SO, in the air for many years. In 1883 they tried to find out if SO, affected plants (Schoeder und Reuss,
HUETTL, 1992). Sulphur is an essential nutrient but, if its content in plant material is too high it
accumulates in leaves and needles. Plants are accepting sulphur trough roots in form of SO, % ions or in
SO, gas form, which is taken up by leaves and nzedles via open stomata {FIEDLER, THAKUR 1985).
Total sulphur concentrations in the foliar part of plants have between 7 to 10% nitrogen concentrations
(SCHULZE, 1989). Literature cites many different levels of total sulphur content in one and two year old
needles, which are used as a criterion for an estimation of SO, impact on forest trees. Huettl (HUETTL,

1992) states critical values of total sulphur contents in one and two years old spruce needles from 1.1 mg
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Cytokinins in Norway spruce seedlings as tester organisms of
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Abstract

Cytokinins were analysed by a combined HPLC-ELISA method in needles of Norway spruce seedlings. The
seedlings were grown in vitro on sterilized or nonsterile soil substrates from two differently polluted forest
research plots. Differences were predominantly found in (he isopentenyladenine-type of cytokinins. These were
elevated in seedlings, grown on polluted soils in comparison to thése, grown on soils from the unpoiluted plot.
A possible explanation might be in the change of the metabolism in the roots due to pollution stress (when
grown on sterilized substrates) or in change of the mycorrhizosphere organisms (when grown on nonsterile soil
substrates). The model system using Norway spruce seedlings as tester organisms for soil pollution is discussed.

Introduction - : o L
Several forest decline symptoms can reflect disturbances in hormonal balances of forest trees. On this view
cytokinins can enhance the resistance of plants to various forms of stress, reduce the dominance of the apical
bud, delay scenescence of plants and stimulate the development of chloroplasts (Kaminek, 1992). The cytokinin
content in needles of mature spruce trees was shown to correlate with differert degrees of damage (Von
Schwartzenberg, Hahn, 1991). It can also be affected by different species and strains of mycorrhizal fungi
(Kraigher ef al, 1993), while the range of these can vary according to polluticn (Wollmer, Kottke, 1990,

Taylor, 1995, this issue). For this study cytokinin contents in needles of Norway spruce seedlings, grown in
. vitro on soil substrates from two differently polluted forest research plots, were analysed. In a separate study
(Kraigher ef al, 1995, this issue) a different community of ectomycorrhizal types - fungal species was found to
- occur on the two plots.

i Methods
) Two differently polluted forest research plots of the Slovenian Forestry Research Institute in the emmission area
of the §o§tanj Thermal Power Plant (TPP) (North Slovenia) were chosen for this study. The two plots (850
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Hojka Kraigher - Reinhard Agerer - Branka Javornik

Ectomycorrhizae of Lactarius lignyotus on Norway spruce,
characterized by anatomical and molecular tools

Abstract The ectomycorrhizae of Lactarius lignyotus
on Norway spruce are comprehensively described by
morphological and anatomical characteristics. Identifi-
cation of ectomycorrhizae was performed by tracing
mycelia to the fruitbodies and also by molecular tools,
 using polymerase chain reaction (PCR) amplification of
the fungal DNA. The newly described ectomycorrhiza
is compared to ectomycorrhiza of the related Lactarius
picinus. The amplified DNA products of the two fungi
and their ectomycorrhizae could be distinguished by
characteristic fragments after digestion with Hinfl.

- Key words Ectomycorrhizae - Characterization and
identification « Lactarius lignyotus < Polymerase chain
reaction (PCR) - Restriction digest

Introduction

Ectomycorrhizae of eight species of the genus Lactarius
occurring on Norway spruce are well described (Agerer
1987-1993). In our study we describe the ectomycorrhi-
zae of Lactarius lignyotus Fr. on Norway spruce, Picea
abies (L.) Karst., by morphological and anatomical pa-
rameters (Agerer 1991). The identification was possible

. Considered as part LV of the series
«Studies on ectomycorrhizae” of the Institute .
for Systematic Botany, Munich; part LIV: Agerer et al. (1994)
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by tracing mycelia from: the fruitbodies to mycorrhizae.
The descriptions are ccmpared to the ectomycorrhizae
of a closely related species, Lactarius picinus Fr. (Ager-
er 1986). Furthermore, we employed molecular |tools
for identification of ectomycorrhizae as suggested in
the review by Bruns et al. (1991). For molecular identif-
ication, we analysed fingal variability of the internal
transcribed spacer (IT3) region in the nuclear riboso-
mal units using two_taxon-specific: primers whichjhave
been shown to amplify the basidiomycete component in
ectomycorrhizae (Gardes and Bruns 1993). The |com-
parison of digested fregments of amplified DNA from
the two fungi and mycorrhizae of L. lignyotus was
shown to be fungus specific, fast and reproducibl

v
N

Materials and methods

: N T
Isolation and characterisa:ion of ectomycorrhizae

Natural mycorrhizae anc' attached rhizomorphs were isolated
from soil (On/Ay layer) in mixed pro-naturally managed Norway
spruce stands in north Slovenia (Mislinja, close to Velenje, be-
longing to the Pohorje mcuntain range, at 850 m above sea level).
Methods for isolation and characterisation of ectomycorrhizae
(morphological and anatcmical features) and the terms necessary
for exact descriptions are according to Agerer (1991) and| Agerer
(1987-1993). For extraction of DNA, polymerase chain reaction
(PCR) and digestion of tae amplified products, the methodclogy
of Gardes and Bruns (1993) was slightly adapted.

DNA extraction

DNA from frozen tissues (10-300 mg of sporophore tissue cr.ec-
tomycorrhizae) was thawed in 600 ul of 2xCTAB lysis buffer:
(100 mM Tris-HCI pH 80, 1.4M NaCl, 20 mM Na,-EDTA, 2%
CTAB, 0.2% mercaptoethanol) and incubated at 68° (,2 After
chloroform-isoamyl alcoaol (24:1) extraction, DNA was precipi-
tated in cold isopropanol for 30-60 min. The pellet was washed
with 70% ice-cold etharol, dried and resuspended in 150 =1 TE
buffer (1 mM Tris-HCI, 0.1 M Na,-EDTA pH 8.0). Prio:r to am-
plification, the quantity of DNA was measured fluorometrically
and diluted 10-, 100- and 500-fold in sterile double-distilled wa-
ter. : i
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The influence of acid rain on conditions for mineral nutrition
of Norway spruce (Picea abies (L.) Karst.) seedlings

PRIMOZ SIMONCIC

Slovenian Forestry Institute,
Velna pot 2, 61000 Ljubljana,
Slovenia

The effects of polluted air on the conditions of mineral nutrition of spruce were
studied in greenhouse experiments and in natural environment, namely the area within
the range of influence of the So3tanj coal-fired power station. We used controlled con-
ditions to monitor changas in mineral nutrition of the spruce, the effects of acid rain on
spruce seedlings and changes in the chemical comrposition of percolate (3). By adding
various acid solutions to the Ahr containers filled with the substrate of a mineéral layer
from Osankarica on Pohorje (distric brown soil on tonahte) we simulated the influx of
sulphate and nitrate ions into the forest ecosystem of the area of Zavodnje, which is lo-
cated ‘within the range of influence of the Sodtanj station.'The gteenhouse expenment
lasted nine and a half months (May 11989 to February 12 1990) :

MATERIALS AND METHODS

We placed spruce seedlings into ﬁomogenoué substrate in greenhouse containers
and watered them mth deionized water (control) and four acxd solutions. The acid so-
lutions used were:

1. concentration of 9.82 mg SO4*/L (in the fcrm of HySO,, pH 3.98);

2. concentration of 29.5 mg SO4* /L (in the form of Hz504, pH 3.58);

3. concentration of 2.88 mg NO3' and 9.82° mg 8042'/ L (in the form of H,S04 and

HNO,, pH 3.95) and |
4. concentration of 2.88 mg N03 /L (in the form of HNO;3, pH 4.53)

Before and after the experiment we analysed the soil substrate. The parameters and
methods used were as follows: pH in H,O solution (pH meter), organic carbon (C) -~
Carmhomat 8-ADG device (dry ashing), total N (Kjeldahl method), K, P and Mg acces-
sxble to plants (Al-method and Schachtschable mzthod), exchangeable bases (K*, Na*,
Ca?*, Mg?*) - after percolation of the sample with N ammonium acetate with flame pho-
tometer (K*, Na*) and with AAS (Ca?*, Mg?*), H* (extractant BaCl; and 0.55 N trietano-
lamin), CEC, base cations (S) and base saturation (V).
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Cytokinins in Norway spruce seedlings grown
on different soil substrates
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Univ. of Cambridge, Cambridge,
UK’

Several forest decline symptoms can reflect disturbances in hormonal balances of
forest trees. On this view cytokinins can enhance the resistance of plants to various
forms of stress, reduce the dominance of the apical bud, delay scenescence of plants and
stimulate the development of chloroplasts (1). The cytokirin contents in needles of ma-
ture spruce trees was shown to correlate with different degrees of damage (2). They can

also be affected by different species and strains of mycorrhizal fungi (3), while the range

of these can vary according to pollution (4). For this study the cytokinin contents in the
needles of Norway spruce seedlings, grown on two differently polluted soil substrates,
for which different abundance of ectomycorrhizal types was shown previously in soil
samples (results not shown), were analysed. o

METHODS

N

Two differently polluted forest research plots of the Siovenian Forestry Institute, on
district kambisols, at 850 m altitade, in the emmission area of the Thermal Power Plant
(TPP) Sotanj (North Slovenia) were chosen for this study. The plot in Zavodnje repre-
sented a heavily polluted plot, while the plot in Mislinja represented a comparatively
less polluted but in all other respects similar forest research plot as in Zavodnje. The pre-
dominant tree species on both plots is Norway spruce (Picea abies {L.) Karst). The sieved
and dryed soil samples were analysed according to standard procedures (after 5) in the
Soil Science Laboratory. PH in KCl was determined at 3.82 for Zavodnje and at 3.52 for

* Correspondence
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Mycorrhizal potential of two forest research plots
in Zavodnje and Mislinja
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61000 Ljubljana, Slovenia

#Institute for Systematic Boiany,
University of Munich,
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D-800 Mtinchen 19, Germany

The main direct polluters in the Salefka valley are the Thermoenergetic Power Plant
Sostanj and the Coal Mine in Velenje. Our study was included among studies of the im-
pact of air pollution or. the changing of mycoflora and mycorrhizas. Air pollutants can
influence mycorrhiza directly by influencing the soil charateristics and indirectly by ef-
fects on the host plant (1). The number of- species and species.diversity of fungi is low-
ered (2). Pollution stress is higher, the development of the root system and the ability
to form mycorrhizae are poorer (3). h

v

METHODS.

Two differently polluted forest research plots were chosen, with the plot in Mistinja
being relatively less polluted plot than the plot in Zavodnje. The plots were monitored
by modified mycorrhizal potential method,(3). Soil samples (OhAh horizont) were

* Correspondence
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Imgact of emmission gases from the thermal power plant/in -
oitanj on the biochemical structure of Norway spruce
' needles (Picea abies (L.) Karst.)
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4ERICo Velenje, Korodka 64,
63320 Velenje, Slovenia

The article presents data from the biochemical analysis of
Norway spruce needles sampled in a profile over a
highly polluted Alpine valley in central north Slovenia.
The investigation was carried out in order to determine
the emission area of the thermal power plant, situated in
the valley bottom and representing the greatest air pollu-
tion source in Slovenia. Nine sampling sites were chesen
in the surroundings, differing in distance to the thermal

' power plant, orography, forest health status and air pol-

lution level. Needles were sampled in early September
1992 using a prescribed JTUFRO sampling methodology.
Analysis of chlorophyll, ascorbic acid, water soluble
thiols, and total sulphur content and analysis of peroxi-
dase activity were chosen as biochemical markers of the
air pollution impact on Norway spruce. Low values of
chlorophyll and ascorbic acid content and high total sul-
phur content in needles confirmed a high sulphﬁr diox-
ide impact on the forests, especially on the more ﬂvoljuted
sites nearest to the thermal power plant. Thiol an.‘alysis of
needles and measurements of the activity of the :enzyme
peroxidase did not give the expected results. The ana-
lysed biochemical parameters of Norway spruce needles
were found to be suitable tools for screening sulphur di-
oxide air pollution impact on forests, expecially Iin early
diagnosis and in cause-consequence relationship studies
of forest die-back.

Keywords: air pollution, forest decline, Picea nlbia L)
Karst, bioindication, biochemical needle analysis.

X

)
Y

The thermal power plant in Sodtanj is the largest air pollution source in Slovenia.
Annually it emits approximately 90,000 t of SO,, 11,000 t of NO,, 8,000 t of dust particles
and undetermined quantities of fluorides and other air pollutants. It is situated at an al-
titude of 300 m in an Alpine valley bottom in central North Slovenia. The western slopes
of the valley are fairly high, reaching 1550 m, while the eastern ones are lower, reaching

* Correspondence
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PREVERJANJE USTREZNOSTI METODOLOGIJE VZORCENJA
GOZDNIH TAL NA OSNOVI ANALIZE VSEBNOSTI
-ELEMENTOV ZAAS =

EVALUATION OF FOREST SOIL SAMPLING METHODOLOGY
AFTER DETERMINATION OF SOME ELEMENTS BY AAS

Polona Kalan!, Vida Hudnik2, PrimoZ Simontig!

1Gozdarski indtitut Slovenije, VeZna pot 2,61000 Ljubljana, Slovenija ¢ . -
2 Kemijski in3titut Slovenije, Hajdrihova 19, 61000 Ljubljana, Slovenija .., . ..

ut ber

Metodologiio vzortenja gozdnih tal ;'rqycujgmo_;ni_-,dvei:‘i}és@mm ploskvah_pod
hrastovim sestojem., . ' e . PR
Opravili smo poskusno vzi;réenje po métddoloﬁjL K jo uporabljamo za’ raziskavo
gozdnih tal na stalnih raziskovalnih ploskvah: Odviemna mesta smo izbirali tako, da sb

>

imela tla na teh mestih &im bolj matilne lastnosti qpnmvanega‘gozjdnegn rasti¥¢ar - .-

1o

e B T VU SR SR H R PP N Ve ek
'V vaeh odvzetih vzorcih smo dolotili sebnost nekaterih makro- in mikroelementoy
.AAS. Rezniltate meritey smo. '
vaoreev, i zagotavijajo reprezgatativacst astnosti opazovase paskusn ploslee,

Na osnovi dobljenih rezultatov smo ocenili ustreznost izbrane metodologije vzordenja.
: : B L MR R

: Abstract

Forest soil sampling methodology is studied 'pn two observation plots under the ok

canopy.

Test sampling had been made by following methodology that is used for forest soil
research on permanent observation plcts. Sampling sites had been chosen on places with

typical soils of the observed forest site.

Some macro- and microelements wee determined by the AAS in all samples. It was
estimated by statisticall calculation of the results whether the number of samples assures

representativity of the characteristics for observed plots.

Forest soil sampling methodology was finally evaluated by using calculated results.
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[[L4. OAK DECLINE ASSESSMENT IN THE YEAR 1993

Nevenka BOGATAJ

1. Intfoduction

In 1993 the first assessment of crown conditions was made by visual assessment
- of the trees on nine permanent research plots on different sites in Slovenia. The
aim of the assessment of the health status of these oak trees is, to get the first
insight on the temporal course and dynamics of oak decline, and by comparing it
with repeated future observations, to improve the knowledge aboutoak asa

: species. These goals should be achieved by assessment of individual tree health
- status. The assessment is done by a coded description of crown, bark and stump,
' and their respective damages and diseases. ' '

= 2. Method

The health of oaks was visually aséessed'witﬁ the method, which originates from
the method for assessment and monitoring of forest decline, as it of course
applies to oak species. o S E L

There were nine plots observed, on each plot 48 trees (2x24) were chosen for
observation. Starting point for the selection and assessment of oaks was the

B  central quadrant of the plot. If there were not enough trees, the observer moved
from the central quadrant to the next southwestern quadrant. In the case, that even
in those two quadrants, there were not enough trees for assessment, the observer

proceed to the next quadrant by the following scheme: SR

Plot - | -

~Quadrant

e B

The assessment form was generally identical with the form used for the overall
forest decline assessment in Slovenia. It was only altered by adding two
characteristics from the Austrian form for assessment of oak decline, these were
,other discoloration®, and ,,secondary sprouts on branches®. In total the form
contains two parts: : - '

- evidence of position of the tree and :

- coded assessment of signs and diseases: of bark, crown and roots (18

parameters).

85
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PROUCEVANJE PROPADANJA GOZDOV IN SPREMEMB V
| EKOSISTEMIH V SLOVENUI

Dusan JURC', Nevenka BOGATAJ'

Abstract

The article describes the tasks which are performed by the Forestry Institute of Slovenia in tae frame of International
Cooperative Programs (ICP) of the UNJ/ECE Convention on Long Range Transboundary Air Pollution, and the work
which is planned for future. Our engagement is traditional and wide in the ICP for assessmant and monitoring of air
pollution effects on forests and this year we ar¢ starting the two years introductory phase to conduct the programime
of the ICP on integrated rmonitoring of air pollution effects on ecosystems. The results of forest die-back inventory
1993 are presented. There is no major shift detected in the health condition of Slovene forests in comparison with
the year 1991, but the overall trend of slight improvements of “heaith condition of forests from previous years has

UvVOD

S propadanjém gozdov oznadujemo vzrotno nepojasnjeno po§kodovémost gozdov, ki je v 80.
letih zajela -prakticno celo severno zemeljsko poloblo. 7 ozirom na splodnost in
-.velikopovtﬁinskost,omenjenega pojava je le-ta za Slovenijo $¢ posebno pomemben. Gozd je tu

. zaradi svoje mozaitne razporeditve osnovni krajinski element, ki stabilizira tokove energije in_

materije v prostoru (filtracija zraka, umirjanje vetrov, protierozijska za3tita, blaZenje klimatskih
ekstremov, zadrrevanje vode), zagotavlja pestrost Yivalskih in rastlinskih vrst na celotnem

prostoru, ne le v gozdu. Velik je njegov gospodarski pomen. Pojav propadanja gozdov zmanjsuje -

- sposobnost gozda za opravljanje teh funkcij. V sploinem se pojav kafe v defoliaciji drevja,
odmiranju vej in delov kroSenj, v morfolokih in fiziolodkih spremembab. ki v kon¢ni fazi vodijo
do propada drevesa. Gledano dolgorotno in velikoprostorsko je pojavrzaskrbljujoé in zadeva
tako posameznika kot druzbo v celoti. ' ', _

AN

\ svetovm_:in merilu so bile postavljehe stevilne hipoteze © \lrzrokih propadanja gozdov. Danes

ima najvet zagovornikov teorija multiplega stresa, ki pojav razlaga kot posledico ¢asovne in
prostorske koncentracije _stresov za rastline (onesnaZeni - zrak, klimatski _ekstremi,
neuravnoteZenost hraniv v tleh, nadini gospodarjenja z gozdom, sproitanje toksiénih snovi v tleh

itd.), ki lokalno ali velikopovriinsko preidejo prag tolerance drevesnih vrst 10 povzrotajo najprej

- fiziolodke, nato vidne poskodbe in propadanje gozda. OnesnaZeni zrak je bistveni §ko<_lljivi

dejavnik, ki ga vkljutujejo stevilne hipoteze, viada pa velika neenotnost V oceni njegovega’

pomena: je to sproiilni dejavnik propadanja gozdov, le dodatni ali tisti, ki drevo predisponira za
vedjo oblutljivost na ostale strese? Ker se propadanj gozdcv kaZe predvsem kot

velikopovr¥inski pojav, ga je vzrotno nemogote povezovati Z Jokalnimi viri onesnaZevanja

- zraka. -Razumevanje pojava in njegovo sledenje zato ne more biti omejeno na geografsko

mag. D. J,, diﬁl. biol.; N. B., dipl. inZ. gozd., Gozdarski in3tut Sldvenije, Vetna pot 2. p-p- 523-X, . '
61001 LJUBLJANA ' :




GDK: 238:176.1 Quercus rubra L., Quercus palustris Muench.

Rast rdec¢ega hrasta (Quercus rubra L.) in moévirskega
hrasta (Quercus palustris Muench.) v nasadih -

Dobruska gmajna in Korita

The Growth of (Quercus rubra L.) and (Quercus palustris Muench.)
in the Dobruska gmajna and Korita Plantations

Lado ELERSEK*, Mihej URBANCIC**, Joze GRZIN***

lzvlecek

ElerSek, L., Urbanci¢, M., Grzin, J.: Rast rde-
¢ega hrasta - (Quercus rubra L.) in modvirskega
hrasta (Quercus palustris Muench.) v nasadih
Dobruska gmajna in Korita. Gozdarski vestnik, &t.
3/1994. V slovensCini s povzetkom v angle3&ini,
cit. lit. 15, o

Rast rdetega hrasta je bila ugotavijana v dveh
nasadih na potencialnih rastid¢ih zdruzb Pseudo-
slellario-Quercetum roboris in Querco-Fagetum,
rast modvirskega hrasta pa v nasadu na rasti3¢u
Pseudostellario-Quercetum. Na teh pred sadnjo
hrastov opuscenih kmetijskih zemljiScih so bili
ugotovljeni za obe vrsti dobri volumenski prirastki,
zaradi katerih ju lahko uvr§éamo med hitro ras-
toce drevesne vrsle. Tudi pri redki saditvi obeh
hrastov (1667 sadik na hektar) v nasadu Dobru-
8ka gmajna so se oblikovala po treh desetletjih
kvalitetna drevesa.

Kljuéne besede: rdeci hrast, mocvirski hrast,
nasad, eksota, hitrorastoc¢a drevesna vrsta

1 UVOD
1 INTRODUCTION

V danadnjem ¢asu tudi na svojih naravrih
rasti&&ih v velikem obsegu propadajo neka-
tere domace drevesne vrste, kot so jelka,
dob, domadi kostanj idr., za kar krivimo
onesnazeno ozracje in padavinsko vodo,
bolezni in 8kodljivce ter spremenjeno pcd-
nebje, ob tem pa ugotavljamo, da nekatere
tuje drevesne vrste te spremembe prena-

8ajo bolje. Zagovorniki tujih drevesnih vrst -

tudi navajajo, da so &tevilne eksote izgirile

* L. E, dipl. inz. gozd., ** M. U, dipl. inz.

gozd., *** J. G., teh. sod., Gozdarski inStitut '

Slovenije, 61000 Ljubljana, Vetna pot 2, SLO

136 GozdVv 52, 1994

7 Abstract

Elergek, L., Urbanéié, M., Grzin, J.: The Growth
of Quercus rubra L. and Quercus palustris
Muench. in the Dobruika gmajna and Korita
Plantations. Gozdarski vestnik, No. 3/1994. .In
Slovene with a summary in English, lit. quot. 15.

The growth of Quecus rubra L. was established
in two plantations in potential natural sites of the
Pseudostellario-Quercetum roboris and Querco-
Fagetum associations and the growth of Quercus
palustris Muench. in a plantation in the Pseudo-
stellario- Quercetu:n natural site. In these, before

~ the planting of oak trees abandoned agricultural

sites, high volume increments were established
for both tree specizs, because of which they can
be ranked among high growing tree species.
Even with thin planting of both oak species (1667
plants per hectare} in the Dobruska gmaijna plan-

“tation, high quality trees have developed after

three decades. . [

- Key words: Quercus rubra L., Quercus palu-
stris Muench., plantation, exotic tree species, fast
growing tree species :

iz nadih gozdov v ¢asu ledenih dob in bi
lahkc danes, v spremenjenih pogojih, tu
spet nasle svoje mesto (Elerdek 1987).

Tujerodnih drevesnih vrst pa ne cenijo le
v nekaterih gospodarsko razvitih Evropskih
drzavah, ampak tudi drugje. O tem med
drugim poroc¢ajo nas8i Studentje gozdarstva
iz obiska mednarodnega sre¢anja Studen-
lov gozdarstva v Braziliji (Gartner 1992),
kjer so si v drzavi Sao Paulo ogledali
donosne plantaze evkaliptusa (Eucaliptus
grandis), ki so ga v juzno Ameriko prinesli
iz Avstralije. V novi domovini raste celo
hitreje, saj dosegajo drevesa sedemietlne
plantaZe ze dedelino 20 do 30cm in vidino
20 co 25m.

Domovina rdetega hrasta je severna
Amerika, od kcder je bil prinesen v Evropo

¢
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GDK: 238 Picea abtes (497.12)

Rast smrekowh nasadov osnovanih na opuscemh

kmetijskih zemljiscih

The Growth of Norway Sprucé Plantatlons founded on Abandoned

Agricultural Land

Lado ELERSEP‘(', Mihej URBANCIC**

1
lzviecek E
ElerSek, L., Urbanmc M.: Rast smrekovih nasa-
dov, osnovamh na opuséenih kmetijskih zemljis-
¢ih. Gozdarski vestnik §t. 4/1994. V slovens¢ini
s povzetkom v angle3¢ini, cit. lit. 9.
Prikazani so rezultati dendrometriénih analiz
rasti smrekovih nasadov iz 50 objektov, ki so bili

“od leta 1957 do 1974 posajeni na opuscenih

kmetijskih zemljlécm v razliénih gozdnogospodar-
skih obmogjih Slovenije. Na objekiih so se pri
starosti nasadov od 16 do 33 let lesne zaloge
gibale med 128 in 582 m3/ha, povpreém volumen-
ski prirastki -pa med 7,1 in 20,6 m¥ha.

Kljuéne besede: s‘mreka, drevesni nasad, opus-

¢eno kmetijsko zerrljiéée

1 UVOD
1 INTRODUCTION

Gozdnega drevija pri nas ne sekamo
samo v gozdu, ampak tudi na kmetijskih in
drugih negozdnih povrsinah, kot so zara$-
¢eni pa$niki, drevoredi ob poteh, strnjeni
drevesni nasadi, zasajeni na opu3cCenih
kmetijskih zemljisc¢ih in drugje. Po podatxih
Splosnega zdruzenja gozdarstva Slovenije
so gozdariji odkupili v obdobju od leta 1974
do 1978 povpreéno 21.700m? lesa na leto,
posekanega zunaj gozda, od tega dcbri
dve tetjini iglavcev (ElerSek 1981). Seveda

-pa smo posekali na teh povrsinah $e veliko

vec.

Pri nas in v svetu se je v preteklih letih
na Stevilnih slabsih ali odro¢nejSih kmetij-
skih zemljiscih opustilo kmetovanje in sa-
dilo gozdno drevje, najveckrat smreka. To

* L. E., dipl. inz. gdzd ** M. U, dipl. inZ.
gozd., Gozdarsk| institut Slovenue lE51000 Ljublja-
na, Vec¢na pot 2, SLO

190 Gozdv 52, 1994

Synopsis

Eler3ek, L., Urbanéié, M.: The Growth of Nor-
way Spruce Plantations, founded on Abandoned
Agricultural Land. Gozdarski vestnik, No. 4/1994,
In Slovene with a summary in English, lit. quot. 9.

The article presents the results of dendrometsic
analyses, dealing with the growth of Nonwvay
spruce plantations consisting of 50 objects, which
were in the years from 1957 to 1974 founded on
abandoned agricultural land Iin various forest
management regions of Slovenia. The trees of
the plantations aged from 16 to 33 years eviden-
ced growing stock between 128 and 582m% ha
and the average volume increments briween 7.1
and 20.6 m*ha. .

Key words: Norway spruce, tree planlahon
abandoned agricultural land

se $e vedno dogaja, nekateri kmetijski eko-
nomisti pa predvidevajo zaradi viskov kme-
tijskih pridelkov 3e intenzivnejse opuécanje
slabsih kmetijskih zeml;ji3&.

Zunajgozdm strnjeni smrekovi nasadi so
sicer podobni gozdnim nasadom, a se od

- njih vendarle razlikujejo. Gozdni nasadi se

razvijajo v drugac¢nem, bolj naravhem oko-
lju in jih gojimo po nagelih gozdne proizvod-
nje. Gozd naj bi opravljal Stevilne funkcije,
med katerimi lesnopredelovalna vloga ni
vedno najpomembnejéa Za drevesne na-
sade zunaj gozda pa je pomembna pred-
vsem njihova proizvodna funkcija, to je
pridelovanije velike koli¢ine lesa v relativno
kratkem ¢asu (Bozi¢ 1990). Taki nasadi pa
so ve¢ ali manj zac¢asna izraba opu3cenih
kmetijskih zemlji§¢, ki bi ostala drugace
slabSe izkoriS¢éena ali neizkori3¢ena. Po
letu 1981 smo na in&titutu v okviru naloge
“Nasadne oblike in intenzivhostni nacini
pridelave lesa zunaj gozda"“ zaceli prouce-
vati tudi mlajSe smrekove nasade, zasajene
na opustenih kmetijskin zemiljidcih. '
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Poroéilo o udelezbi na FSCC pedolokem tedaju v Gentu

Podpisani Mihej Urbanéig, samostojni strokovni sodelavec gozdarskega instituta, sem se
udelezil izobraZevalnega tecaja o kiasifikaciji tal po FAO metodi (v izvimiku: EU/ICP
Forests Soil Classification Training Course (FAO system)). Potekal je od 16. do 20.

januarja 1995 na univerzi v Gentu (Belgija). Tecaj je v sodelovanju z Evropsko unijo
organiziralo Usklajevalno sredisce za gozdna tla (FSCC - Forest Soil Coordinating Centre)

za pedologe, ki so vkljueni v drzavne inventure stanja gozdnih tal v okviru programa

" mednarodnega sodelovanja pri ocenjevanju in spremijanju delovanja onesnaZenega zraka
na gozd. Tecaja se je udelezilo 29 strokovnjakov za tla iz 21-ih evropskih drzav. Vodil ga je
profesor pedologije dr. Roger Langohr, del predavanj (o interakcijah med tlemi in
mineralnimi onesnazevalci) je opravil tudi prof. dr. F. De Coninck, predsednik panela
gozdarskih pedologov pri ICP Forests. Obravnavali smo sledece teme:

Ponedeljek, 16. januar: Osnovni problemi klasifikacij tal. Zgodovina FAO sistema
razvri€anja tal. Problemi pri kartiranju tal. Znadilnosti FAO pedoloskih kart. Pregled
tlotvornih dejavnikov in lastnosti tal z vidika gozdne ekologije. _

Torek, 17. januar: Znagilnosti in nacin uporabe FAOC/ISRIC navodil za opis talnega profila iz
I. 1990 (vir: Guidelines for soil (profile) description. 3. (popravljena) izdaja. ISRIC in
FAO/ZN, Rim, 1990). Razlike v primerjavi z drugimi viri. Mikropedologija (mikroskopiranje
tankih talnih vzorcev). Znagilnosti FAO/Unesco legende k pedoloski karli sveta (vir. FAO-
Unesco Soil Map of the World. Revised legend. FAO, Rim in ISRIC, Wageningen, 1989).
Sreda, 18. januar: Povezava FAO sistema razvricanja tal z ameriSko USDA Soil
Taxonomy in drugimi pedoloSkimi klasifikacijami. Sestava in kemicne lastnosti tal, njihove
koloidne lastnosti in puferski sistemi, interakcije med tlemi in mineralhimi onesnazevalci.
Ogled FSCC radunalniSkega centra, kjer zbirajo in obdelujejo podatks iz monitoringov
zdravstvenega stanja gozdov drzav, Clanic ICP Forests.

Cetrtek, 19. januar: Pregled diagnostiénih horizontov in diagnosticnih lastnosti FAO
klasifikacije tal. Praviina uporaba kljuta za doloéanje talnih skupin in talnih enot (prakticne
vaje iz klasifikacije s terenskimi in laboratorijskimi podatki za konkretne taine profile).
Postopek v primeru, ¢e manjkajo nekateri podatki, potrebni za klasifikacijo (v&asih je mozno
na osnovi drugih podatkov z dolo€eno stopnjo verjetnosti skiepati, kaksen je manjkajoci
podatek, nekateri podatki pa so nujno potrebni). -

Petek, 20. januar: Ocena FAO klasifikacijskega sistema. Predstavitev (tudi z diapozitivi):

Edafski dejavniki v gozdni ekologiji Zonienskega gozda (bukovi sestoji na nikoli obdelanih
tleh, ki so se razvila na puhlici (Joess-u). Te gozdne povrsine, ki leZe jugovzhodno od
Bruslja, so od &loveka najmanj vplivane v tem delu Evrope) :

Na tecaju so bile obravnavane Stevilne teme in problemi teoretinega in prakticnega
znadaja s podrocja raziskav gozdnih tal.Glavni namen tecaja pa je bil nauéiti udelezence
pravilno uporabljati FAO sistem klasifikacije tal, ki naj bi se zaradi zahtev po kompatibilnosti
podatkov uporabljal v vseh drzavah, ki sodelujejo pri mednarodnem monitoringu gozdnih tal
z raziskavami najnizje in srednje stopnje zahtevnosti. To pedolosko klasifikacijo bomo
uporabljali tudi v Sloveniji pri zbiranju in vrednotenju podatkov o gozdnih tleh na ploskvah
16x16km nacionalne mreze in na stalnih ploskvah, namenjenih poglobljenim raziskavam.

V Ljubljani, 26. januar 1995 Sestavil:
Mihej URBANCIC
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BOLJ PREHRANJENE SMREKOVE ‘SADIKE SO MANJ.
PRIZADETE ZARADI SADITVENEGA SOKA - - .

Mihej URBANCIE", Lado ELERSEK'*

Izviecek | SR o B
Prikazan je vpliv spomladanskega gnojenja smrekovih presajenk {ki so bile
vzgojene 1z zakoreninjenih potaknjencev) v zadnjem letu pred ‘izkopom na
rast in  prehranjenost teh sadik v _dr_evesnlclrln nato na rpst-:y‘na.sadu. Bolj
pognojene - sadike so imele vetjo vidinsko in debelinsko rast Sele v

dvoletnem nasadu. |
. §

Iajuéne besede: smrekova. sadika, zakoreninjenec, presajenka, mineralno
gnojilo,  pozno gnojenje, pedolodka in foliarna analiza, prehranfenost sadlktr',
gozdnl nasad . : '

1

NORWAY SPRUCE SEEDLINGS, WHICH ARE BETTER PROVIDED
WITH NUTRIENTS, ARE LESS AFFECTED BECAUSE OF PLANTING -
SHOCK ' o S :
Abstract |
The influence of the spring fertilization in the year before the digging up on
the growth and the nutrition status of the Norway spruce seedlings (thley
were brought up from the rooted cuttings) ll:‘l‘r the nursery and on the
" growth of spruce plants after setting in plantation is shown. More fertilized
plants had in average better stem diameter and vertical growth not earlier
“than in a 2-year old plantation. ‘ :

" Key words: spruce plant, root cutting, seedling, mineral fertilizer, late
fertilization, soil and foliar analysis, nutrient status of a seedling, forest
plantation : : : ‘

N . b
* dipl. 1nZ. gozd.. Gozdarski inStitut Slovenije, 61000 Ljubljana, Vena pot 2, SLO !

** dipl. tnZ. gozd.. Gozdarski InStitut Slovenije, 61000 Ljubljana, Vetna pot 2, SLO




in klite k sodelovanju razli¢ne stroke, od
naravoslovnih in tehni¢nih, do druzboslov-
nih in humanistiénih.

Dr. Anton Prosen s Fakultete za arhitek- -

turo, gradbenitvo in geodezijo v svoji raz-
irjeni disertaciji nakazuje nekaj zanimivih
reditev.

V 3estih poglavjih, kolikor jih delo obse-
ga, nam najprej predstavi pomen in metode
planiranja pri urejanju prostora, nato nas
popelje na kratek sprehod po zgodovini

nastajanja slovenske agrarne krajine, temu

pa sledi prikaz zakonskih in strokovnih
reditev s poudarkom na bavarskih izku$-
njah, upo$tevajo¢ znatilnosti in posebnosti
slovenskega prostora. = . .

Teziste dela predstavija Celrto poglavje,
kier so podani temelji za sonaravno ureja-
nje kmetijskega prostora. Avtor.podaja eko-
lodki koncept varstva narave za razli¢ne
naravne sisteme, predstavi pa tudi me-ode
nege krajine in moZnost preverjanja pose-

GDK: 945.25

UEitel]i blologlje O3 Janka Ribiéa, VerZe] -

Uéna pot ob mrtvici reke Mure !

Oblikovno priviaéna knjizica prihaja iz
tistega dela Slovenije, ki ga Slovenci ne
poznamo prav dobro in jo zato 8¢ posebno
toplo pozdravijam. Enako naklonjeno spre-
jemam dejstvo, da so se avtorji v prvi vrsti
podpisali s skupnim nazivom, ki poleg po-
trebe po tovrstnem izdelku kaze in nas
opominja na doloteno pripadnost, za katero
v éasu modnega vzpona manageriev in
nvstopanja v Evropo« preradi pozabljamo.
Skoda je nameniti knjizico »le« uZitefiem
biologije. Ponudimo jo lahko predvsem in
tudi njim, prav gotovo pa bi na pot z
radovedno pozornostjo stopili posamezniki
razliénih citjnih s<upin, &e bi le vedeli zanjo.
Avitorji bi tako ob nekaterih razSiritvah vse-
bine predstavijali oporno tocko volje in zna-
nja o nekem prostoru in ¢asu ter tako
vzpostavili komunikacijo s Sirim interesnim
okoliem, kar je nedvomno eden od name-
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gov v prostor. Ob tem bi si gozd morda
zasluZil nekoliko ve& pozornosti, saj navse-
zadnje pokriva vet¢ kot polovico sloven-
skega prostora. V petem poglavju obrav-
nava vpraSanje prenove in razvoja vasi,
tako z gospodarskega kot tudi ekolodkega
stali§éa in zaokroZuje delo z vtisom per-
spekliv pri bodoem urejanju slovenskega
kmetijskega prostora. © - N

Delo dr. Prosena je tudi pomemben pri-
spevek k bogatenju slovenskega strokov-
nega jezika na tem podrogju, saj je-v njem
zbranih in prvi¢ poslovenjenih mnogo stro-
kovnih izrazov. Vsekakor si zasluZi; da ga
vzamejo v roke tudi pripadniki stroke, ki se
pona&a s pionirstvom na podrotju sonarav-
nosti. Tudi gozdar lahko izve marsikaj no-
vega-o urejanju prostora ob upo3tevanju
naravne in kulturne dedi&Zine, all, kot pravi
avior sam, »s spostovanjem do preteklosti
in z mislijo na prihodnje rodove«.

* Alenka Korehjak

V. BOGKTED

y

nov in funkcij izobraZenca, da ne reem
ucitelja.

Uéna pot je predstavijena v devetnajstih
fotografijah skupa] z naslovnico in s pre-
gledno karto (kateri manjka oznaka merila).
Opremijena je z znakom pofi in opisana na
dvaindvajsetih straneh na osnovi vsebin
udnega nadrta za 5. in 6. razred osnovne
Sole. V knjizici pogre3am razlago znaka in
formaino osebno izkaznico poti (dolZina,
nadmorska viina, smer, ...). Glede na to,
da poimenovanije poti navaja reko in enega
od redkej3ih biotopov, bi pri¢akovala geo-
grafsko opredelitev Mure In definicijo vs_a]
mrivice, & ne e nadtetja drugih redkil
biotopov, ki jih ob njej lahko najdemo (logh
gaji,...). Nekateri so bili nedavno '_1893
predstavijeni v Gei. Ne vem, ali je knjiZica
oziroma u&na pot strogo biologka. Sirite
vsebine bi bila sicer dobrodosla, ¢eprav ™
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Lillehammer, 25. maj-1. junii 1994

Norveika je organizirala 10. sredanj3
drzav, podpisnic LRTAP (Zenevske Kon-
vencije o daljinsken transportu onesnaze-
nega zraka prek meja), ki izvaja,0 monito-
ring zdravstvenega stanja gozdov v okviru
mednarodnega programa IC2-Forests. 61
udelefencev iz 31 d-Zavjev konferentnem
centru blizu Lillehammerja pozdravil pred-
stavnik norveikega Ministrstva za kmetj-
stvo g. Oluf Aalde. Zaporedje delovnih tock
Je tradicionaino, posebno pozomost so I3-
tos posvetili povezovanju mad skupinami,
ki delujejo znotraj k.onvencie.

Ker so v teku prizadevanja, da bi se
omogodila primerljivost podatkov raziigrih
programov, ugotoviiev jasnth povezav med
njimi (vsaj znotraj enega programa) ter s
kombinacijo indikatorjev prispevati k vzpo-
stavitvi trajnostnega razvoja, SO bila defini-
rana podrotja tesnejSega sndelovanja mad
razliénimi raziskavami. Neposredie
vzroéno-poslediéne povezave med one-
snaZenostjo zraka in poskodovanostjo go-
zdov, ki bi bila podlaga za mednarodne
protokole za zmanjSanje onesnaZevanja
zraka, monitoring namre¢ ni nedvoumnc
pokazal. Predvsem naj bi vzporedili po-
datke o onesnaZenosti zraka (npr. EMZ=P
podatke), meteoroloSke podatke in podatke
o osutosti gozdov. Predstavniki skand nav-

skih drav so opozorili na rapore, ki so jih
viagali v vzporejarije podalkov z meteoralo-
&kimi in niso dali uporabnih rezultatov.

Pomembna tema leto3njega sretanja ie
bil Mednarodni pcdatkovni ceriter (1DC), ki
ga Zele ustanoviti predvsem remki pred-
stavniki. Bliza se ramreé deset'etnica Zbira-
nja podatkov o propadanju gozdov. Avstriia
in Svica imata glede IDC dclocene zadrike,
ostale &lanice ES pa v principu sog asao

z ustanovitvijo centra. Darska udeleZenka

je poudarila, da je nemara potreba po

centru vedja med drzavami =S, ki imajo
financiranje zagotovljeno. Ostale ¢lanice in
tudi Slovenija pa j2 delno odvisna od vzhod-
nega centra. Razprava o proraéunu je p>-
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10. sestanek UN/ECE ICP-Forests

kazala, da se vetina denarja porabi za
polne strodke udelezencev razlidnih se-
stankov in seminarjev. Slovenija redno cbi-
skuje le redni letni sestanek podpisnic Kon-
vencije ter sestanke dveh delovnih podsku-
pin. Letos se zaradi fnantnih zadrZkov
nismo mogli udeleZiti evropskega referen-
&nega seminarja pred popisom propadanja
gozdov, ki je bil v sredinl junija v Luxembur-
gu. 1z EMEP lestvice préradunani minimaini
znesek, ki naj bi ga Slavenija prostovoijno
vplagala v skupni proratun, zna$a za leto
1594/95 150 USD (enako kot Luxemburg),
ker zna3a 0,1% skupnega zneska. Za ilu-
stracijo navajam deleZ2 sosednjih drZav:
Avstrija 1,59%, Hrvaska 0,15%, ltalija
6,89%, MadZarska 0,45%, ki so Jih za
leto3nje leto Ze vplatale. Skozi obe nave-
deni tematiki se je pckazala potreba po
preciznejsi opredelitvi vioge, nalog in odgo-
vomosti NFC-ja na nacionalni ravni, opre-
dalitev njegovega razmerja do drugih insti-
tucij znotraj drzave in med drzavami.

Ob predstavitvi tehniZnega in zbimega
porodila se je odprio vpradanje potrebnosti
vsakoletnega porotania v-isti obliki. Pred-
ctavnika Nizozemske in Danske sta predla_-
gala spremembo sherre tehniénega poroti-
la. Slednje naj bi vsako drugoftretje leto
pogloblieno obravnavalo le del celote, ki
nas Se posebno zanma. To bi bila npr.
zveza med stanjem kroden] in talnimi ana-
lizami, zveza med sterostnim razredom in
stanjem gozda, povezava slednjega Z
EMEP podatki. klimatskimi regijami ali fo-
liarnimi analizami, &asovne primerjave. itd.
Prvo izmed takih porodil naj bi izslo leta
1996 in naj bi vsebovalo ¢asovne prirer
jave za obdobje 1983-1994. Za obcelave

na mednarodni ravni bi skrbel PCC Wwest
in pri tem intenzivneje sodeloval Z EMEP, |

CCE, ICP in crugimi zainteresiranimt.
Pri éasovnih primerjavah je bila Slovenija
navedena le od leta 1991 dalje. Zato s3M
dopolnila podatke o Stevilu ploske
ves za pretekla leta in poudarila potrebo po
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11. redno letno sreéanje predstavnikov drzav,
ki sodelujejo v programu UN/ECE ICP Forests

Sretanje je bilo 28. 5. — 31. 5. 1995 v
Pragi na Ceskem. Vetino izmed 32 sodelu-
jotih drzav sta predstavijala po dva pred-
stavnika - eden s pristojnega ministrstva in
eden iz strokovne indtitucije, ki se ukvarja
s problematiko zdravstvenega stanja go-

-~ zdov.

Rezultati osnovnega programa dela (le-
vel 1) obsegajo popis osutosti gozdnega
drevja, analizo vsebnosti Zvepla in nekate-
rih hranil v iglicah smreke in &mega bora
ter ugotavijanje pH in vsebnosti nekaterih
ionov v gozdnih tieh. Rezultati se v obliki
datotek originainih podatkov zberejo v po-
sameznih centrih (Hamburg, Gent, Dunaj),
ki so za sumarmno obdelavo in prikaz podat-
kov posebej financirani. Podatki o osutosti
gozdnega drevja so bili tokrat prvi¢ analizi-
rani ob pomoéi geografskega informacij-
skega sistema Glavnega kmetijskega direk-
torata v Brusfju. Na kartah je prikazano
stanje od leta 1987 dalje in spremembe
med posameznimi leti, pri temer so podatki
za Slovenijo podani- od leta 1993 dale.

- Gradivo Je dostopno v knjiznjici Gozdar-

skega in3tituta.

Nekatere bistvene pomanjkljivosti pro-
grama kljub desetletju dela Se vedno niso
odpravijene, npr. izenatitev kriterijev oce-
njevanja osutosti med drzavami. V letnih
porotilih o stanju gozdov v Evropi v obliki
tabel in kart so zato $e vedno opozorila na
previdno interpretacijo rezultatov. Porotilo
o stanju gozda obsega transnacionalno
porodilo in nacionalna porogila. Pomen
transnacionalnega porotila nara$ta, v njem
pa je stanje prikazano za vse sodelujote
drzave, vendar je vedno dodana tudi loena
informacija o stanju za ES. Namenjeno je
delovni skupini za u&inke (WGE), ki jo Je
letos predstavijal njen predsednik g. Keith
Bull iz britanskega ITE (Institute for Terre-
strial Ecology). Kljub naklonjenosti kontinui-
teti vseevropske inventure je vendarle oit-
no, da rezultatov osnovnega programa ni
mogode uporabiti za potrditev neposred-

nega udinka onesnaZenega zraka na go-
zdove, ki mu je program namenjen. Zato
se aktivnost drzav ES &iri na nova podrotja.
Nastajajo skupni kriterifi za prihodnje razi-
skave sprememb talne vegetacije, kiteriji
za opazovanje meteoroloskih spremenljivk
ter za analizo prirastka in depozitcv na
izbranih ploskvah. Nove raziskave naj bi
potekale na delu ploskev obstojete rree

popisa osutosti ali pa na novih subjektivno

izbranih ploskvah, ki so reprezentativne za
posamezne tipe gozdov v posamezni deZe-
li. 349 ploskev za intenzivne raziskave
vpliva onesnaZenega zraka na gozdove
(level 1) je v Evropi Ze vzpostavijenih,
naériovanih pa je skupno 555 ploskev.
Poleg popisa osutosti naj bi se na teh
ploskvah kemijsko analiziralo tla, foliarni
vzorci ter ugotovilo prirastek in depozite. Le
10% teh ploskev je vzpostavijenih v drza-
vah zunaj evropske skupnosti. Najnovejsi
in tudi najintenzivnejsi program raziskav na

posamiénih ploskvah v okviru ICP-ja (level

Ill) pa je Ze prehitel podoben program ES
(Integrirani monitoring). 3

ICP je sprito velikega 3tevila &lanic za
konkretne odlogitve, npr. o Siritvi programa
ali moznih interpretacijah rezultatov. rela-
tivno okoren birokratski sistem, zaradi Ce-
sar je bila oblikovana t.i. znanstveno sveto-
valna skupina (Scientific Advisory G-oup).

In ka| je bilo na sestanku pomembno za
nado drzavo?

Nemara predvsem ugotovitev, de kljub
postopnemu zaostajanju za aktivnostmi vo-
dilne drzave (Neméije) in drzav ES nobena
izmed sodelujodih niti ne razmidlja o odda-
ljsvanju od skupine, temved vsaj o vzdrZe-
vanju stikov z njo. Breme stroskov za razi-

" skave, ki omogo&ajo sodelovanje tadi na
_nivoju intenzivnih raziskav ali celo v ntegri-

ranem monitoringu, prevzemajo drzeve zu-
naj ES same, hkrati pa skrbijo za kcmpati-
bilnost z zahtevami ES. Konkretne informa-
cije se nanasajo na seminarje, sre¢anja in
roke za oddajo gradiv:

GozdV 53, 195 215
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from external radiation, do not play an im-
portant role.

Uranium ore contains much more ra-
dioactivity than uranium itself. There are
fourteen radioactive isotopes with the
same activily in the uranium-radiunt decay
chain. Eight of them are alpha emitters and
six of them emit beta radiation. Gamma
radiation originates mainly from two iso-
topes of the chain. The most impor:ant ra-
dionuclide in the U-chain is the radiocac-
tive noble gas radon - namely its isotope
222Rn, which escapes from vre grains and
reaches the atmosphere. It there decays to
its short lived radioactive daughters and, if
inhaled with air, they remain in the lungs
and irradiate sensitive lung cells. Epidemi-
ologists estimated that aboul one tenth of
all cases of lung cancer in the general pub-
lic are caused by radon. .

The general approach in mine impact
assessment is to cover radioactive contam-
ination in all the media of the living envi-
ronment. A comparison of results is then
made with reference levels and/or preoper-
ational levels where extant. Even the rela-
tively small dimensions of the contaminat-
ed sites could cause an appreciable dose
contribution to the critical group.

Measurements of environmental radio-
activity were performed at numerous places
in the near vicinily and the results obtained
were compared with those measured simul-
taneously at reference points lying beyond
the influence of the mine sources. the con-
tribution of the mine radioactivity to the en-
vironment was estimated on this basis.

Several measuring techniques are
used. Air particulates are coblected on fil-
‘ters and counted with a high resolution
gamma spectrometer. Radon deterncina-
tion is performed with nuclear track detec-
tors and charcoal canisters, and for radon
daughters we mainly use continuous meas-
urements by alpha spectrometry. These

"measurements in particular were - for
some years - running in the framework of
" Slovenian-Bavarian scientific and technical
cooperation, partly sponsored by Bayer-
ische Staatsministerium fiir Landesentwick-
lung und Umweltfragen. Uranium in water

is determined by neutron activation analy-.

sis-with chemical separation, and radium
by the sorption-emanation method. Radio-

activity in soils and sediments is measured

by gamma-spectrometry, and the low level
of radionuclides in food and crops using a
weli-type germanium delector. We use
thermoluminescent dosemeters (TLD) and
portable instruments for measuring out-
door gamma radiation levels.

The general approach in dose calcula-

tion is a realistic assessment of dose, ac-

cording to the general recommendations of
international bodies such as the Interna-
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The averag> adkli-
tional exposure to ra-
don daughters was cal-
culated from actual
measured data and :he
corresponding ehav-
iour model; the calcu-
lated effective dose
equivalent for adult
members of the public
is about 0.30-0.35
mSv per year, wkile
children are consid-

2 ered 1o be the most ex-

ne posed segment of the

33 population  nearly

-, 0.44-0.50 m3v per
year).

Investigations of
natural backgrcund ra-
diation around :he
mine area showed that
radon concentrations
in the majority of old
houses were quite

Milko Krizman, M. Sc., specialist in natural radioactivity

tiona! Commission on Radiation Protection
(ICRP). All enhanced levels (the differences
between the levels in the mine sur-ound-
ings and at reference points) wete assumed
to arise from the contribution of t e mine.

high, even up to 1000-
2000 Bg/m3 in scme
cases. However, on
average, the annual exposure duz to in-
door radon progeny is nearly 4 m5v, and
thus the overall effective dose from natural
sources lies around the value of 5.5 mSv
per year.

Mercury in the Environment
and Human Exposure Studies

Ev Anthony R. Byrne

Mercury (Hg) has attracted human in-
terest from ancient times due to its extraor-
dinary physical and chemical pro :erties.
Apart from bromine, it is the on y ckemical
element found as a liquid at room temper-
ature. In nature it can be found in elemen-
tary form {Hg", but more frequertly it oc-
curs as purple or dark-red cinnabar, HgS.
The main user of Hp is the chlcr-alkali
industry. I addition, it is used for produc-
tion of thermometers, as a liquid co-tact in
various clectrical products, and alsc for the
production of dental amalgams. T e main
anthropogenic source of mercury emis-
sions are coal-fired power plants.

In the environment, inarganic mercury
can he transformed o organic compounds,
mainly methylmercury, whicl azcumu-
lates in fish.

Elemental mercury, as well s most of
its compounds, is hasmful 10 living organ-
isms. The toxic effects depend on the

chemical and physical form of Hg. Hg and
its compounds enter organisms through the
respiratory tract, by passage through the
skin, and from food consumption.

The Laboratory for Radiochemistry has
been concerned with various aspects of Hg
determination and its effects on the envi-
ronment and man for more than 25 y=ars.
This work has been stimulated particularly
by the vicinily of the warld’s second larg-
est mercury mine at Idrija. We prezent here
some topics and achievements.

Analytical methods

Two methods for total mercury deter-
mination have been developed: neutron
activation analysis (NAA) based 01 vo atili-
zation separation of mercury (thiz methed
also allows selenium to be determined si-
multaneously in the same sample aliquot),
and cold vapour atomic absomptioa spectro-
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stitutes and Uinlversities

Jozef Stefan Inslitule,
Nuclear and
ethods for Studying

By Borut Smodi3

\

Dr. Borut Smodis, Head of the Laboratory for Raciochamistry

he Laboratory for Radiochemistry

(LR) was constituted within the De-
partment of Environmental Science

(D=S) in 1995, and is the successor of the
Department of Nuclear Chemistry, operat-
ing since 1969. There are 14 researchers (3
of them are habilitated at Ljubtjana Uni-
versity) and 4 technicians. In 1994, 2
M Sc. and 5 Ph.D. theses were completed
in the. LR. The staff on average publishes
more than 20 publications per year in na-
tional and international scientific journals.
The activities of the LR are firmly
bzsed on the use and continuous develop-
mert of analytical methods, beth nuclear
and non-nuclear (mainly necutron activa-
tion analysis - NAA, energy dispersive X-
ray fluorescence - EDXRF, cold vapour
atomic absorption spectrometry - CVAAS,
chromatographic techniques), of radio-
chemical and radiometric procedures, the
use of radiotracers in chemical and biolog-
ical systems, and some other specific sepa-
ration methods (e.g. protein separations,
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metallothionein studies). These methods

.allow measurement of total concentrations

of a wide range of elements in a varicty of
different specimens, and in refined form,
speciation and binding studies. Together
with measurements of the content and dis-
tribution of radionuclices, both natural and
man-made, this is the foundation for a
wide programme of basic and applied
studies mainly concerned with environ-
mental pollution and the life sciences.

Rescarch projects are financially sup-
ported by the Ministry of Science and
Technology of the Republic of Slovenia;
applied research projects are also support-
ect by the Ministry of Environment and
some enterprises. Part of the financial sup-
port is derived from international sources
and co-operative projects.

Radioanalytical chemistry is one of the
main activitics of the LR. This is a scientific
field concerned with the use of radioactive
nuclides and nuclear radiation for analyti-
cal purposes. The main advantages of

Human

these methods stem from the extraordinary
energy of nuclear reactions and the ensa-
ing radiation, compared to that of commen
chemical reactions. As a result, extreme y
small amounts of substances can be detect-
ed and monitored in the course of the ana-
Iytical procedure with great specifcity.
This usually brings about high sensitivizy,
speed and simplicity, easy automaticn
and, in many cases, elimination of twe
chemical handling of the sample. Radioz -
alytical procedures are used for the so J-
tion of those problems for which they are
superior 10 other analytical approaches.

The simplest case of the use of radio-
nuclides in analytical chemistry is the de-
termination of naturally occurring radioac-
tive species. They can be determined Dy
measuring their alpha (m), beta () or gam-
ma (y) activity. These nuclides zither decay
to stable nuclides or give rise to radio-c-
tive decay chains, of which the two most
important are those from ***U and **Th.

The laboratory is well equipped w th
alpha: spectrometers (with surface-bar- er
delectors), beta counters and gamma spec-
tromelers (with several types of semicn-
ductor Ge detectors).

Radioecological studies, where the
fate and cycling of radionuclides in the
environment are followed, include those
associated with radon, monitoring of c-iti-
cal radionuclides around the former urani-
um mine at Zirovski vrh, and in the arez of -
the Kréko Nuclear Power P’lant. In coojzer-
ation with other groups at the Jozef Ste’an
Institute (1)S), a radon survey in Slovehia
was elaborated, based on 222Rn meast.re-
ments in more than 900 Slovenian hores.
Among other achievements in this (iz=ld,
radiochemical procedures for determina-
tion of 2%Th and 2*'Am using 2-spectrone-
try have been developed. The influence of
classical technologies such as mining,
power production and phosphate process-
ing on the environment (including chemi-
cal pollution, . particularly thal associzted
with air particulates) is also studict, nd






wer plant, measurements in-
srmination of selected heavy
.. radionuclides in isokinetically
stack emitted fly ash, electrofilter
coal. »
ss related to pangramic multi-
inalysis by NAA and EDXRF, cus-
~is (including speciation of some
sments) by radiochemical NAA,
1 GC, measurements of radionu-
icluding alpha, beta and gamma
1s well as expert opinions relat-
he above mentioned topics, are
offered to enterprises, and gov-
\| and non-governmental institu-

»f the traditions and continuing
‘he LR is its strong involvement in
1al co-operation based on basic
ed projects. Some of the major
_internationally co-ordinated and
collaborative projects are as fol-

rojects “Analytical control in
w environmental exposure to mer-
~4 “Trace element air pollution
g studies in Slovenia using nucle-
cal techniques” are supported by
rnational Atomic Energy Agency
m Vienna.

yroject “An impuise to exploit
.. manageable and competitive an-
tool in industry and in environ-
wnitation in Hungary, the Czech

and Slovenia” is supported by
opean Union (EU) by means of
arnicus programme.

ipation in COST 99 “Food con-
. and composition data” is also
ed by EU.

project “Improvements in NAA

es for the certification of refer-
.aterials” between 1JS (Dr. AR. "~

and the National Institute for Stand-
| Materials (Dr. D.A. Becker) is
d by the U.S.-Slovene joint board.
. project “Chemical forms of trace
- # between IJS (Dr. B. Smodi3) and
igszentrum Jiilich (Dr. H. Emons)
rted by “Internationales Bro, For-
szentrum Jiilich”.
> of the projects are based on bilat-
sements or on memoranda of un-
.Jing, where mutual interests and

research activities exist. The most

e ones are with the Universiteit
rof. F. De Corte), Karl-Franzens-

rsitiet Graz (Prof. K.l. lrgolic), the

-~y of Sciences of the Czech Repub-
J. Kutera), Technische Universiteit
. H.Th. Wolterbeek), Technische

rsitit Muanchen (Prof. F. Baumgdrt-
d Instituto Technolégico e Nuclear
n (Dr. M. do Carmo Freitas).

: . R
Toma? Vuk, undergraduate stud

ent and Dr. Vekostzava Stibilj working with the gas chromatograph.

Radioactivity in the Vicinity of

Former Uranium Mine
By M'lko }. KriZman

Comparcd to other countries, the
problem of radioactively contaminzted
sites is small scale in Slovenia. The man
focus of attention is on the former uranium
mining and milling operation at Zirovski
vrh, and planning of its environmenta’ re-
habilitation.

Zirovski vrh uranium mine anc its
processing plant is situated near the small
village of TodraZ, in the northwest of Slov-
enia, 35 km from the Austrian and lzlian
borders and 30 km from Ljubljana, the
capital. The mining area lies in the sub-
alpine region of the country, in a dezp
valley with frequent temperature irver-
sions. Relatively low-grade ore (less than
0.1% U®) was excavated and traated
between 1985 and 1990. Production of
so-called yellow cake (ammonium di-
uranate) provided for the needs of the
Krtko Nuclear Power Plant.

Some basic facts about the former ura-
nium mine at Zirovski vrh are as follows:

A closed cycle of industrial water was
used in the milling process, and radioaz-
live wastes, such as chemical tailin3s of
about 600,000 tonnes were deposited on
the slopes of a hill about 100-150 m above
the small and narrow valley. The mite ex-
haust vents (carrying radon) are also situat-
ed at the same elevated position, while the
sources of radioactive contamination frcm
the milling operation (the waste -ock or

spoil deposit of low radioactivity, cca.l.5
rrillicn tonnes) and from the.ore stockpile
(some thousand tonnes of uranium ore)
a-e located at the bottom of the valley,
i.e. under the average temperature in-
varsion layer. Total annual emission rate
of radon from all sources was estimated
to be about 20 TBqg. In the middle of
199C, the mining and milling of uranium .
cre ceased.

The regular monitoring programme
cperated by the Jozef Stefan Institute, with
te largest contribution from the Laborato-
ry for Radiochemistry, started simultane-
cusly with the mine complex operation
znd covered all the critical pathways in
1985. It has been running continuously
ever since. In normal practice, the most
important consequences of an uranium
mine and milling operation are generally
observed as contamination of surface wa-
ters and groundwaters with uranium,
226Ra, 230Th and 210Pb. The Ziravski vth
mine appears to represent quite an excep-

_tional case: the main radiological impact

-0 the critical group of the population ap-
sears to originate from inhalation of racon
and its daughters. An extensive data base
an radon is thus needed for dose assess-
ment for members of the public. Other
pathways, such as inhalation of dust parti-
cles with long-lived radionuclides, inges-
tion of food and water biota and exposure
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REKAPITULACIJA

raziskovalnih rezultatov vseh raziskovalcev na projektu

i e
SR TETN

e

VRSTA RAZISKOVALNEGA REZULTATA Skupno
Stevilo
I.  OBJAVLJENI CLANKI V: 31
1. Znanstveni reviji: 11
a) domaci;
b tuji; _
- s faktorjem vpliva SCI ali SSCI do 1 12
- s faktorjem vplzva SCI ali SSCI nad 1 - 1
2. Strokovni reviji: :
a) . domaci; 7
b))  tyji; :
II. IZDANE KNJIGE:
1. Znanstvena knjiga:
a)  samostojna knjiga pri domaci zalozbz
b)  sestavek v knjigi domace zalozbe;
c) samostojna knjiga pri mednarodno uveljavijeni tuji
zalozbi; .
d)  sestavek v knjigi mednarodno uveljavljene tuje zaloZbe;
2. Strokovna knjiga:
a)  samostajna knjiga pri domaci zalozbi,
b)  sestavek v knjigi domace zalozbe;
¢)  samostojna knjiga pri mednarodno uveljavljeni tuji
vzaloibi;
d)  sestavek v kmjigi mednarodno uveljavijene tuje zaloZbe;

III. OBJAVLJENI PRISPEVKI I1Z ZNANSTVENIH v
KONFERENC IN SESTANKOV, VABLJENA 26
PREDAVANJA:

I Referati - razprave iz zndnstvenih konferenc in sestankov: 7" :

a) v zborniku mednarodnih konferenc in sestankov; 15
b v zborniku domacih konferenc in sestankov; "

2. Uvodno vabljeno predavanje: L
a) _ na mednarodni konferenci; 4
b)  na domaci konferenci; . 7




IV. PRENOS RAZISKOVALNIH SPOZNANJ IN DOSEZKOV V
PRAKSO: ' | '

1. Patenti:
a)  podeljeni doma;
b)  podeljeni v tujini
c) prijavijeni doma;
d)  prijavijeni v tujini;

2. Drugi prenosi spoznanj in doseZkov (opisati):

3. Ostalo (opisati):

diplome 5
magistrska dela 3
doktorska dela 5

NAVEDENI NAJ BODO LE TISTI RAZISKOVALNI REZULTATI, KI Ilmx(\o
NEPOSREDNO IZ NAVEDENEGA ZNANSTVENO-RAZISKOVALNEGA P. )EK TA

_-‘ o i a3
\ =< Y

e




