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Radioaktivita hornin v okoli Pezinka ako kritérium moznosti
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Radioactivity of rocks at the town of Pezinok as criterium
for their use in building industry

The spatial radionuclides distribution in the main rock types: granodiorites, biotite-gneisses,
black shales and amphibolites at the investigated locality (Pezinok — Kolarsky vrch) was studied
in samples from two boreholes. Concentrations of 238U, 232Th and “°K in samples were analysed
by gamma-spectrometry (concentrations: 238U 0.091-37.800; 2%2Th 0.534-3.234; “°K 0.116 to
5.162 mg - kg™"). The highest average 238U concentrations were in black schists, highest average
2%2Th and “°K concentrations in granodiorite (granite). Activities of 23U were found in the range of
1.092-48.960 Bq - kg™ (with exception of anomalous value — 453.6 Bq - kg™), activities of 232Th

in range of 2.189-54.298 Bq - kg~' and activities of 4°K in range of 30.933—1 376.499.

The source of 238U and 232Th (and partially also of “°K) is in the granitoid intrusion. The U was
during the metamorphic process mobilized to the black schists.

The concentrations and consequently the total activities of 238U, 232Th and 4°K in investigated
rock samples exceed the permitted limit for building material. It is possible to recomend their

utilization only for external purposes.
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Uvod

Zlozky zivotného prostredia, ako pédy a horniny, va¢Sinou
obsahuju isté mnozstvo radioaktivneho materiélu, ktory
moze obsahovat 238U a 232Th a produkty ich radioaktivneho
rozpadu, ako aj radioaktivny izotop “°K (Luigi et al., 2000;
Ajayi, 2009). Absolutne a relativne koncentracie prirodnych
izotopov 238U, 232Th a “°K v horninach, ktoré sa pouzivaju
v stavitelstve, mézu vzhladom na horninovy typ varirovat
v Sirokom rozpéti hodnét (Croft a Hutchinson, 1999).

Merania prirodzenej radioaktivity v horninach su velmi
doblezité, aby bolo mozné stanovit jej prirodné pozadie
(lwaoka et al., 2009; Abel-Ghany, 2010). V sucasnosti
sa venuje znacna pozornost zdravotnému riziku, ktoré
pochadza z prirodnej radioaktivity stavebnych materialov
(Kovler et al., 2002; Petrescu a Bilal, 2006, 2007; Turhan et
al., 2008 a i.). Nase Studium je zamerané na problematiku
hornin z Malych Karpat v okoli Sb (Au) loZiska Pezinok.

Malé Karpaty patria do fatransko-tatranskej oblasti.
Predstavuju v ramci vrasovo-blokovej fatransko-tatranske;j
morfostruktury hrast jadrového pohoria, zdvihajuceho sa
medzi poklesavajucimi morfostrukturami Zahorskej niziny
a Podunajskej niziny (Mazur a Luknis, 1978; Gajdo$
a Skodova, 2009).

Geologicka Struktura Malych Karpat pozostava z pred-
alpinskeho fundamentu, mezozoického obalu a vy$Sich
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prikrovov alpinskeho veku. Vulkano-sedimentarna formacia
kry$talinika vznikla v obdobi sildru (443 — 416 Ma)
az devonu (416 — 359 Ma; Chovan et al., 1992). Tvoria
ju peliticko-psamitické a karbonatické sekvencie a Cierne
bridlice (PlaSienka et al., 1991).

Cely komplex bol podia Fingera et al. (2003) premeneny
v rdmci regionalnej devonskej metamorfézy (380 +20 Ma,
Rb-Sr datovanie). Nasledne ho postihla aj neskorovariska
periplutonicka kontaktna metamorféza (348 +4 Ma
alebo 320 +3 Ma, Cambel et al., 1980, Rb-Sr a U-Pb
geochronologické datovanie).

Na Strukturno-tektonickej stavbe sa podielaju granitoidy
(prevazne granodioritového zlozenia), krystalické bridlice,
amfibolity, vapence a kvartérne sedimenty. Bratislavsky
masiv je tu zastupeny strednozrnnymi dvojsliudovymi
granitmi az granodioritmi, ktoré su na styku s borinskou
jednotkou mylonitizované a sericitizované. Krystalické
bridlice su zastupené fylitmi, svormi, rulami a ¢iernymi
bridlicami, ktoré vystupuju v zdpadnej Casti Uzemia
vo forme ulomkov a brekcii stmelenych vapnitym tmelom
a sericiticko-chloritickymi fylitmi. Polohy fylitov sa striedaju
s karbonatmi (Mahel, 1961).

Antimonitové (Sb-Au) lozisko v Pezinku sa viaze na
tektonicku zénu smeru JV — SZ, nazyvanu aj produktivnou
(pyritovou) zdénou, ktora je priblizne 2 km dlha. Samotné
lozisko z nej zabera len 430 m dlhy Usek; Sirka tektonickej
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zény pri povrchu dosahuje sotva 25 — 50 m, avSak smerom
do hibky mozno pozorovat jej rozsirenie.

Ako uvadza Cambel (1959), lozisko je situované medzi
dvoma 50 az 250 m mocnymi amfibolitovymi komplexmi,
medzi ktorymi vystupuje rudonosna vulkanogénno-
-sedimentarna séria. Ta je zastupena predovSetkym
muskoviticko-ilovitymi a Ciernymi bridlicami, ktoré su
spravidla detailne zvrasnené. V mensej miere sa tu
nachadzaju aj rézne metamorfované pyroklastické horniny,
apofyzy granitoidnych hornin a drobné lozné telesa
amfibolitov.

Cambel a Vilinovi¢ (1987) zistili, ze obsahy U a Th
(X=XO0 ppm, t.j. 0,000X — 0,00X0 hm. %) st v Modranskom
masive v porovnani s analogickymi granitoidmi Brati-
slavského masivu nizSie. Ostatnym horninovym typom
nevenovali vy$Siu pozornost. Rovnako nestudovali vztah
obsahu uranu a téria voci rudnej mineralizacii. Zakladné
udaje o koncentraciach U a Th v horninach prinasa aj
Geochemicky atlas Slovenskej republiky 1 : 1 000 000
(Marsina, 1999).

Metodika prace

Studovana oblast (obr. 1) sa nachadza severne od
Pezinka, asi 400 m severne od rybnika pri kasarnach (asi
200 m od vinohradov).

V préci su pouzité vzorky z vrtov KV-44 a KV-46,
realizovanych v Pezinku v blizkosti Kolarskeho vrchu
v roku 1981 Geologickym prieskumom Bratislava, uloze-
nych v depozite Geologického ustavu SAV v Banskej
Bystrici (lokalizacia vrtov je uvedena na obr. 1). Vrty
riadil RNDr. Stanislav Polak za u¢elom vyhladavacieho
prieskumu Sb-mineralizacie.

Vzorky boli odobraté tak, aby reprezentovali vSetky
doblezité horninové typy krystalinika Malych Karpat
(granitoidy, amfibolity, biotitické ruly, ¢ierne bridlice).

Vo vzorkach s hmotnostou 1 — 5 kg bola potvrdena
zrnitost pod 0,05 mm. Chemicka analyza hlavnych zloziek
horniny (silikatova analyza) sa uskutoCnila zo vzoriek
rozotretych na analyticki jemnost rtg.-fluorescenénou
analyzou na pristroji Philips v laboratériach Geologického
ustavu SAV v Bratislave.

Atdmova absorpéna spektrometricka analyza vzoriek
na prvky Ba, Pb, Cu, Zr, Co, Ni, V, Ca, Cr, Sr, La a B sa
uskuto€nila z 0,5 g horninovej vzorky jemne rozomletej
a rozotretej na analyticki jemnost na jednoli¢ovom
atomovom absorpénom fotospektrometri Philips/Pye
Unicam, model PU — 9 000 s deutériovym korektorom
pozadia z prostredia HCI (Geologicky ustav SAV, Banska
Bystrica).

Vo vzorkach uréenych na analytické merania obsahu
238 a 232U bola podrvena zrnitost <50 mm v laboratériach
Geologického ustavu SAV v Banskej Bystrici (Ing. Dana
Troppova). Obsahy U, Th, K (a Ra) boli stanovené
gamaspektroskopicky na madarskom analyzatore 1024
NTA-512 B (RNDr. Vlastimil Katlovsky, CSc.). Tieto analyzy
boli pévodne pouzité v praci Andrasa (1983).

Korelacie medzi jednotlivymi prvkami boli vypocitané
podla Hudeca (2005):

X %) - nXy

T x - e Wy - )

Koncentracie U, Th a K sa na aktivity Bq - kg~' prepoditali
podla metodiky uvadzanej Yousefom et al. (2007):
238 mg - kg~' (ppm) =Bqg - kg~'- 80,33 - 1073
2%2Th mg - kg~' (ppm) = Bq - kg~'- 247 - 1073
4K mg - kg™' (ppm) =Bq - kg™'- 3,862 - 1072

300 m

Obr. 1. Okolie lozZiska Kolarsky vrch a lokalizacia vrtov KV-44 a KV-
-46. 1 — granitoidné horniny; 2 — bridli¢naté suvrstvie (fylity az ruly);
3 — amfibolit; 4 — ierne bridlice so zrudnenim (tzv. produktivhe
z6ny); 5 — karbonaty; 6 — bridlice s polohami &iernych bridlic;
7 — kvartérne sedimenty.

Fig. 1. Surroundings of the Kolarsky vrch deposit and localization
of KV-44 and KV-46 boreholes. 1 — granitic rocks; 2 — schists
strata (phyllites — gneiss); 3 — amphibolites; 4 — black schists
with mineralization (so-called productive zones); 5 — carbonates;
6 — Quaternary sediments; 7 — area of the boreholes KV-44 and
KV-46.
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Vysledky
Obsah 238U, 232Th a “°K v jednotlivych horninach

Obsahy 238U, 2%2Th a niektorych dalSich prvkov, ako aj
kompletné silikatové analyzy hornin su uvedené v tab. 1
a 2. Priemerné hodnoty 238U, 2%2Th a 4°K v jednotlivych
horninach prezentuje tab. 3.

Najvys$sie priemerné obsahy 238U boli zistené v Cier-
nej bridlici (14,43 mg - kg™") a najniz8ie v amfibolite
(1,78 mg - kg™'; obr. 2). V pripade 2*2Th mozno pozorovat
opacny trend: najniz8ie priemerné hodnoty sa namerali
v ¢iernej bridlici (3,52 mg - kg~') a najvyssie v granodiorite
a granite (7,75 mg - kg~'; obr. 3). Obsah 2%2Th v granitoidoch
je 2- az 3-nasobne vyssi ako obsah 238U (tab. 1 a 2).

Dal$ou radioaktivnou zlozkou &tudovanych hornin je
izotop “°K. Najvyssie hodnoty obsahov 4°K sa namerali
v granitoidoch (5,162 %) a v biotitickej rule (2,822 %).

U ppm 16+

14+
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Obr. 2. Priemerny obsah 238U v jednotlivych typoch hornin.
Vysvetlivky k obr. 2 — 4: a — granitoidy; b — amfibolit; ¢ — biotiticka
rula; d — €ierna bridlica.

Fig. 2. Average content of 238U in various rock types. Explanations
for Figs. 2—4: a — granitoids; b — amphibolite; ¢ — biotite gneiss;
d — black schists.

“*Th ppm 8-

a b . c d
Obr. 3. Priemerny obsah 2%2Th v jednotlivych typoch hornin.

Fig. 3. Average content of 232Th in various rock types.

Najniz8ie obsahy boli v €iernych bridliciach (0,116 — 2,146 %;
obr. 4).

Priemerné obsahy “°K klesaju v rade granodiorit
(2,319 %) — amfibolit (1,757 %) — biotiticka rula
(1,7082 %) — cierna bridlica (1,463 %). Tato zavislost je
dana mineralnym zlozenim jednotlivych hornin (hlavnymi
nositelmi 4°K su draselné Zivce a amfiboly).

Korelacia distribucie 238U, 232Th a 4K
s vybranymi rudnymi prvkami

Medzi obsahmi 238U/232Th (pokial vylic¢ime extrémne
hodnoty obsahov uranu a téria vo vzorke Ciernej bridlice
z vrtu KV-46: 37,8 238U vs. 1,524 2%2Th) existuje pozitivna
korelacia (korelacny koeficient r = 0,86; obr. 5). Na druhe;j
strane, korelacia 2%8U/Cu (r = —0,43582), ako aj 238U/Ni
(r=-0,13461) je negativna (obr. 6).

Podobne aj korelaéné vztahy 2%2Th/Ni (r = —0,21663)
a 2%Th/Cu (r = —0,54757) su negativne (obr. 7). Tieto
zistenia naznacuju, ze priamy pozitivny korela¢ny vztah
medzi 2%8U a 232Th na jednej strane a medzi kovovymi
prvkami (Ni, Cu), ktoré doprevadzaju hydrotermalnu
Sb-mineralizaciu, na druhej strane neexistuje.

Korelacia medzi obsahmi 238U/4°K (r = -0,258) je
negativna (obr. 8), naopak, medzi 4°K a 2%2Th sa zistila
pozitivna korelana zavislost (r = 0,4842; obr. 9). Medzi
obsahmi “°K vs. Ni a Cu nebol zisteny ziaden korelacny
vztah (obr. 10).

Prednostna véazba 2%2Th na granitoidy (granodiorit
a granit) svedéi o tom, ze zdroj 238U a 2%Th treba hladat
v intruzii granitoidov do krystalickych bridlic. 228U sa sice
vyskytuje v ¢iernych bridliciach spolu s Sb-mineralizaciou,
jeho obsahy v8ak nevykazuju pozitivhu korelaciu
s kovmi (Cu, Ni) hydrotermalnej mineralizacie. Tento jav
pravdepodobne suvisi s mobilizaciou 238U z granitoidov.
Kedze 2%2Th(IV) je podstatne menej mobilny ako 238U(VI)
(Polanski a Smulikowski, 1978; Rollinson, 1998), doslo
k néaslednej mobilizacii 2%8U(VI) a k jeho redukcii
a stabilizacii v geochemickej bariére, ktoru tvorili ierne
bridlice so syngenetickou pyrit-pyrotitovou mineralizaciou.

“K % 2,5

0_
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Obr. 4. Priemerny obsah “°K v jednotlivych typoch hornin.
Fig. 4. Average content of 4°K in various rock types.



uoiiubi Ag ssojjwiuey)z eyeis — "yiz A1s ‘Buikip Ag ssojjwjussns
EBlellS — '$Ns “Jis ‘aljoqiydwie — HoqyWY {ISIYOS YOB|g/eol|pliq BUIBI — "Uds oe|g/iq Bulel) ‘ssieub spjoig/eini exonolq — ssieub “ig/e|ni 'ig ‘epiolpouriBatioipoueib — 8jiolp “HALOIP D
2 pue | "sqe} 8y} 0} suoneue|dx3/g e | "qel 3 AAIpensAp

Lyk €92 882 a4 G'62 L. g

osy LG1 L. g6l Sve G's6 s

29 6'Gl v 18 68 8. 10

> L e> L'seg 0z 6'02 e)

Gel 622 161 G'S6 8/ G'S6 A

A4 8yl G'es L 9L G2 IN

—~ G‘GL oL> 1'Se 9'te L'GL ge 00D

5 282 [Ker 6l 0LS 00S 9le 1z

S vZL oL> 0S 65 oY v no

® 6V 9zt o> o> o> o> ad

© 0€9¢ o8y | 08L 1 068 0SS + OkL eg

m 0 620°0 0 0 0 €200 9zL‘0 €210 0G0‘0 0 0 0 SLLEO 70 (-0 - Bw) wdd ny
(@]

% 261 G9/‘t 108‘1 8eG‘} GzL'e GG L 4% 291's €182 €2L's 2GSt 9/t oL 2.0 % Moy

B Le2y cIGYy XA 1522 LEL'Y 80s‘c vELY 90z‘c 1S‘2 Ise‘c Lov'e 182‘c 2.5 1862 Negz/Ulzez

S K] ISL'S 20Ly 086'G veZ'CL  €16°0k 1080k erL's S0GZ 9656  6¥9'6 8.6 L6Y'8 S/22 Ulzez

W VLt 908‘t oL yee'e 8sL'e OLL'E 062'2 652 £56'2 080'¥ 1e8°2 8962 880°¢c ovb'e (-0 -Bw)wdd g

8v'l vEL 892 't ¥0'6 502 ¥8°0 ¥Se 88‘c ¥8‘c 11'€ ve'e Sy 16°C Yz ns

800 610 €e'0 610 62'0 020 0€0 810 910 220 120 S¥'0 80‘L 8Ll "$Ns “1is

6v'2 9/'e (WA €92 LE0 90‘c vy €0t 2eL 950 92 19°c 8.C ev'e O%N

6v'2 022 152 LY L'y 'S 982 o'l 69'c 9z'L 982 S8'g 182 22l OB

€661 68°ct 0€'Sk 90'SH ee'Lh 8G'Gt €961 €L/1 169k 69°Cl LL6E 5981 187} 2871 0%V

16'99 1969 Zr'v9 29'eS 8z'6Y £e'1S 6545 68'99 9/'6S 68'c.  /¥'sS 29'19 96'8S 9109 ollS

2L 802 (WA 6v'L 8g‘l 2et v.'e £8'S 28 ‘s 06t €z’ 6v'C 08z oM

6£'2 612 1£2 K2 €89 €64 PL'Y LEL 82l 12t 440 S50 690 0 oed

12O 690 9/‘0 8G'L ev'0 o'l 660 88'6 980 9z'0 96°0 580 260 880 °OIL

800 800 600 910 ZLo 120 100 €00 800 ¥0'0 500 800 900 020 OUn

S0‘9 LY vL9 S0'6 [RFAN SP'L 8%'9 052 ¥2'6 16°L 506 A /€8 108 % £0%4dx

60V — 80V 20V —86€ 89E‘€EE O0EE ‘628 Ol P¥62—€62 vbe—9c2 09+ —0SL 0SL—2vk 0.—-09 /[2—-92 G2 02 GL—0l (w) wdeq/exalH

‘logqiydwy  Cjoqiydwy 80P "D 8IOIP "D "UYIS XoB|g SIIOIP D) "YOS YoB|g  SlMoIp D eluoip D eluesn ssieubtlg ejioip ' ssieublg  ssieub g adA} Yooy

Hogqywy  HOquWY  JUOIPTH  JIOIP'D  CIEBUIBI) HOIPTH  CUQBUIBIY  WOIPTH  OPTH  HUBIDH  Ejnutlg JoIPTH  Eeniig eni g BUIUIOH

412

P-AM 810ya10q ‘sadA} 3001 pajos|as Ul SJuBWSIS PaddIas JO SYY PUB Mo, ‘Ulzez ‘Necz 40 Adoosou0ads ewweb ‘sisAjeue ayeol|is
P-AM HA ‘yoeululoy yoAueighn oa nosald yohuelgAn ezAleue Sy B Mg, ‘Ulzez ‘Nesz BZAIRUE BXOIdON SO edseweb ‘ezfjeue enoiey||IS

l'qeL



413

ich vyuZitia v stavebnictve

ti

érium mo2znosi

P Andras et al.: Radioaktivita hornin v okoli Pezinka ako Kritt

(514 o'Le G.'s 8'6 L v 12 Lz g
62 vee $02 0Ly 009 06% 9le 0ee IS

6. [To]8 8. v iZA! L1 96 002 10

Lyl YL Ge At 602 622 S've z'el €D
SS1 0Lk 0Lk 622 8cl (o]1 ! 562 882 A

6. /8 68 6¢ 9'gl L6 €6 Lk IN
9'gl ¥'2e ye> 1'se o'l o> 29 Sp 0D
G61 ¥22 882 €92 ove 1721 SSH or 8 V4
G716 Gt S've 8/t L1 Al 10} 1L no
6°Gl Sl or> or> 0L 2k oL> o> ad
0e8 068 068 062 | 062 | 0ez | 00¢> eq

0 0 0 0 0 0 0 0 8EL‘0 6120 8€0'0 Lov‘'o (- - Bw) wdd ny
1022 9L} 99t°2 2282 004k veL't Yoet Gset 295t 9LL'0 1950 €820 % Mov
869°C 6822 gzl'e vy Syv'e Stv'e 891'g 8/L'e av0‘e 0¥0°‘0 £8Y'8 ele'e Neez/Ulzez
802'8 1€97 88.'8 069°8 €9G°G £9G°S LS8 060'8 £Y5'9 vest 111°0 ¥€5°0 Ulzez
6L2'e Lve'e €182 1602 v/2c v/2e 9v9‘t S¥G'g VAN 008Z¢€ 1600 1e2'0 (-0 - Bw)wdd Mg,
8L'e vL'e 88t 0e‘e 6v°2 671 €z'e SL'L 160 62'8 62l 880 Yz ns
90 9e0 Ge‘0 670 820 820 se‘0 620 A0 0] 620 810 '$ns 118
et 9.2 682 95z 6E°C 6e‘c cL'e 6¥'c 6.C 652 /81 O%N
8e'e 8L'e I'e YAK> 6.C 6.2 16t 19'e 192 689 68'S OB\
818l 00'8t G8'sl 8571 2871 glLlL ¥'S1 ¥8'Sl 9671 10‘G 8¢'61 oY
¥6'65 LL'6S 0485 9Y'65 S0'6S G019 16'GS ¥52S £8°09 £5'6Y 9/'8y ‘oIS
8v'e 852 192 86'C 182 18t 0L} 98l €02 ¥€0 ¥2'o oM
LE°1 22t €9t 2Lt 18} /8% SgL SYZ S0‘S 1811 80'cl oed
260 080 GOt 00t 860 160 €Ll Sh'L 86°0 12t €0l ‘OlIL
2o L0 €L'o €10 0L'0 0L €L'0 0L'0 80°‘0 wewoo e84 yblH 810 €L'o OUn
6c'8 808 29's 59'8 S¥‘8 S¥‘s 86'9 0’ 02'S /o4 yesqo fAosAp  29'0L 168 % £0%4dx
00e 662 262 /82 002—-08l S6L—%6l 9/L—€LL OFlL—6EL LEL L =601 09 — 0§ 02 (w) ydaqyesiaH
ssioublg  ssieublg  ssieub g ssioub 19 ssioub 1g aIoIp "5 QlIoIP ')  BlIOIp D SBIOIPH  "Yos yoelg ssioub '1g  ssieub 1g adA) yooy
BNl 1g BN ig e|ni g e|ni 1g BN ig wop ' woip ' wop'H  wopn Iq eulal) e|ni 1g e|ni 1g BuUlUIOH

91-AM 9J0ya10q ‘sadA} 3001 Pa}os|as Ul SJUBWSIS Pa}IdI8s JO SV PUB Mo, ‘Ulzez ‘Necz 40 Ad0osou0ads ewweb ‘sisAjeue syeolis
9-AM HA ‘yoeululoy yoAueighn oa nosald yohuelgAn ezAleue SV B Mg, ‘Ulzez ‘Nesz BZAIRUE BXOIdON SO edseweb ‘ezfjeue enoiey|IS

¢ qeL



414 Mineralia Slovaca, 43 (2011)
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Obr. 5. Korelacia medzi 238U a 2%2Th (po vyligeni extrémnych
hodnét zo vzorky vo vrte KV-46).

Fig. 5. Correlation of 238U vs. 2%2Th (after exclusion of the couple
of extreme values from borehole KV-46).
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Obr. 7. Korelacia 2%Th vs. Ni a Cu v $tudovanych horninovych
vzorkach.

Fig. 7. Correlation of 2°2Th vs. Ni and Cu in studied rock samples.

1 “K/Th (r=0,4842) *

*
8.
Th
4 -
2.
0+ - - - T r n
0 1 2 3 4 5 [

K mg.kg'

Obr. 9. Koreldcia medzi 2%2Th a “°K v §tudovanych horninovych
vzorkach.

Fig. 9. Correlation of 232Th vs. 4°K in studied rock samples.
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Obr. 6. Korelacia 28U vs. Ni a Cu v $tudovanych horninovych
vzorkach.

Fig. 6. Correlation of 238U vs. Ni and Cu in studied rock samples.

UMK (r=-0,258)

K

mg.kg'

Uulg,kg '

Obr. 8. Korelacia medzi 23U a “°K v $tudovanych horninovych
vzorkach.

Fig. 8. Correlation of 238U vs. 4°K in studied rock samples.
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Fig. 10. Correlation of “°K vs. Ni and Cu in studied rock samples.
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Tab. 3
Priemerné hodnoty koncentracii uranu, téria a draslika v jednotlivych horninach
Average values of U, Th and “°K in individual rocks

Hornina/Rock type n x U (mg - kg™) xTh (mg - kg™") X 40K (%)
Amfibolit/Amphibolite 2 1,78 7,70 1,757
Biotiticka rula/Biotite gneiss 10 714 6,56 1,7082
Cierna bridlica/Black schist 3 14,43 3,52 1,463
Granitoidy/Granitoids 11 2,55 775 2,319

Diskusia platnych v EU (150 Bq - kg™"), podia vyhlagky &. 406/1992

Uran a térium patria v zmysle klasifikacie Télgyessyho
(1998) k velmi toxickym prvkom, a preto je Studium ich
distribucie v krajine mimoriadne délezité. Na vyskum boli
pouzité vzorky z vrtov, ktoré neboli alterované exogénnymi
procesmi, aby sa dosiahli ¢o najmenej deformované udaje
o0 obsahoch 238U a 2%2Th v jednotlivych typoch hornin. Tieto
udaje vSak nie su dostato¢né na to, aby sa dalo zaujat
stanovisko aj k intenzite radioaktivneho Zziarenia.

238 a 2%2Th migruju v désledku zvetravacich procesov
do pddy, vody a ostatnych krajinnych zloziek. Dosial sa
v danom regidne nezistil prejav ich negativneho pésobenia.
Je to dané predovSetkym velmi nizkymi obsahmi tychto
prvkov v horninach.

Vzorky s najvy$$im obsahom 238U — ¢ierne bridlice
— sa v stavitelstve nevyuzivaju, a preto postacuje, pokial
sa bude v dalSom vyskume uvazovat o obsahu 238U, ktory
je v ostatnych horninach (granitoidy, amfibolit, biotiticka
rula), t. j. maximalne do hodnoty 4,080 mg - kg™', zistenej
v granite z vrtu KV-44 v hibke 60 — 70 m (tab. 1). Aj najvyssi
obsah 23%2Th pochadza (po vylu¢eni hodnét nameranych
v Ciernych bridliciach) z granodioritu (10,913 mg - kg™";
tab. 1).

Obsahy 4°K kolisali v rozmedzi 0,116 — 5,162 %.
NajvySSie hodnoty boli namerané v horninach obsahu-
jucich draselné zivce a amfiboly.

Slovenska legislativa neumoznuje zaujat k problému
jednoznacné stanovisko. Jediny legislativny udaj pre
obsahy 238U je v nariadeni vlady 296/2005 pre kvalitu
povrchovych véd, kde je odporu¢ana hodnota obsahu
50 ug - I,

Aktivita A radionuklidu je veliCina, ktora charakterizuje
zdroj Ziarenia. Udava pocet rozpadov radioaktivnych jadier
na materidly za 1 sekundu. Jednotkou radioaktivity je
becquerel (Bq =s™).

Pol¢as rozpadu 238U je 4,5 miliardy rokov. Za sekundu
prebehne v grame uranu 25,381 rozpadov spojenych
svyziarenim ¢astic o. (Greenwood a Earnshaw, 1990; Yousef
et al., 2007). Pre porovnanie mozno uviest, ze plynosilikaty
s radiaCnym ucinkom pouzivané na obciansku vystavbu
pred rokom 1985 mali aktivitu vy$Siu ako 400 Bq - kg™
(Klicpera, 2003), kym norma pre stavebné materiadly
je dnes 150 Bq - kg~ (Philippe, 2007).

Ak prepocitame radia¢ny ucinok na najvyssie namerané
hodnoty v oblasti Pezinka (37,8 mg - kg~ v ¢iernej bridlici),
dostaneme intenzitu Ziarenia zodpovedajlicu 453,6 Bq - kg™
(tab. 4) voci najcastejSie sa uplatfujucemu limitu noriem

Zb., ako aj stavebného zakona ¢. 50/1976 Zb. (120 Bq - kg™).
Tento prepolet sa realizoval na ojedineld anomalnu
hodnotu obsahu U v hornine, ktora sa na stavebné ucely
nevyuziva a aj z kvantitativneho hladiska predstavuje len
nepatrné percento v zastupeni hornin. Pokial vylu¢ime tuto
extrémnu hodnotu, aktivita 238U kolie v rozmedzi 1,092 az
48,960 Bq - kg~

Podobnym prepoétom (Ramli et al., 2005; Yousef
et al., 2007) obsahov 2%2Th na aktivitu Bq - kg™' ziskame
pre skiumané horniny z pezinsko-perneckého krystalinika
rozpatie hodnoét 2,189 — 54,298 Bq - kg~'. Ak v§ak vylucime
obsahy 2%2Th v ¢iernych bridliciach, ktorych je mimoriadne
malo a nie su vyuZivané ani v stavebnictve, je aktivita 232Th
nizSia: 2,189 — 44,743 Bq - kg™".

Vysoka je len aktivita 4°K. Aj prepocet koncentracii 4°K
na aktivitu sa uskuto¢nil podla Yousefa et al. (2007). Jej
hodnoty koli$u v rozmedzi 30,933 — 1 376,499 Bq - kg™".

Prirodné stavebné materialy, ako napr. stavebny kameni,
kamenivo, §trk, piesok, ily, cement, vapno a popolcek,
obsahuju vzdy isté mnozstvo radioaktivnych nuklidov
(hlavne %K, 2%2Th a 226Ra), ktoré vznikaju radioaktivnym
rozpadom 238U. Hmotnostné aktivity 2%°Th a 2?°Ra
v stavebnych materialoch su obvykle na urovni desiatok
Bq - kg™'; v pripade nuklidu “°K az stoviek Bq - kg~'. Vyskyt
takychto radioaktivnych prvkov v stavebnych materialoch
zabudovanych v budovach spdsobuje oziarenie oséb
dvojakym spdsobom: a) vonkajSim oziarenim (y ziarenim),
ktoré vznika v désledku radioaktivheho rozpadu
prirodnych radionuklidov; b) vnutornym oziarenim pri
vdychnuti radioaktivnych nuklidov, ktoré vznikaju v ovzdusi
z radonu, vytvoreného v stavebnych materidloch z radia.
Aktivita stavebnych materialov a surovin na ich vyrobu je
preto limitovana. Kritérium vhodnosti pouzitia stavebnych
materialov z hladiska obsahu prirodnych radionuklidov
stanovuje Vyhlaska ¢. 406/1992 Zb., ako aj stavebny
zakon SR.

Vychadzajuc z vy$Sie uvedenej uvahy, mozno vyslovit
predpoklad, Zze obsahy 238U (a zrejme aj 2%2Th) su
v Studovanych horninach natolko nizke, ze nepredstavuju
ziadne vyznamnejSie environmentalne, resp. zdravotné
riziko. Uhrnnu radioaktivitu vyrazne ovplyviiuju aktivity
40K (30,933 — 1 376,499 Bq - kg™"), ktoré spdsobuju, ze
prevazna vacsina horninovych vzoriek podrobenych
vyskumu vyznamne prevySuje uhrnné povolené limity
aktivity pre stavebné materialy (120 Bq - kg™); kolisu
v rozmedzi hodnoét 80,426 — 1 454,402 Bq - kg~'. Toto
zistenie umoznuje vyslovit zaporné stanovisko k ich
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Tab. 4
Prepocet koncentracii 228U, 2%2Th a “°K na aktivitu Bq - kg~'
Calculation of 238U, 2%2Th and “°K concentrations to Bg/kg activity

Hornina/Rock type 238U mg - kg™’ Bq - kg™ 2%2Th mg - kg™* Bq - kg™’ 4K % Bq - kg™’ 2 Bq - kg™
Granodiorit (granit)/ 2,968 35,616 9,738 38,952 1,576 420,256 494,824
Granodiorite (granite) 4,080 48,960 9,596 39,343 5,123 1 366,099 1 454,402
2,953 35,436 7,505 30,771 2,813 750,115 816,349
2,539 30,468 8,143 33,386 5,162 1 376,499 1 440,353
3,110 37,320 10,913 44,743 1,545 411,990 494,053
2,324 27,880 5,980 24,518 1,538 410,123 462,521
1,463 17,556 4,702 19,278 1,801 480,255 517,089
2,147 25,764 6,543 26,826 1,562 416,523 469,113
2,545 30,540 8,090 33,169 1,355 361,324 425,033
1,646 19,752 8,511 34,895 1,304 347,725 402,372
2,274 27,288 5,563 22,808 1,734 462,388 512,484
Biotiticka rula/Biotite gneiss 2,440 29,280 7,275 29,828 2,072 552,519 611,627
3,088 37,056 8,497 34,838 1,144 305,059 376,953
2,831 33,972 9,649 39,561 1,557 415,190 488,723
0,231 2,772 0,534 2,189 0,283 75,465 80,426
0,091 1,092 0,777 3,186 0,561 149,596 153,874
2,274 27,288 5,563 22,808 1,700 453,322 503,418
2,097 25,164 8,690 35,629 2,822 752,514 813,307
2,813 33,756 8,788 36,031 2,466 657,584 727,371
3,341 40,092 7,637 31,311 1,776 473,588 544,992
2,219 26,628 8,208 33,653 2,701 720,249 780,53
Amfibolit/Amphibolite 1,806 21,672 8,151 33,419 1,765 470,665 525,756
1,746 20,952 7,251 29,729 1,752 467,199 517,880
Cierna bridlica/Black schist 2,290 27,480 10,801 44,284 2,146 566,853 638,617
3,188 38,256 13,234 54,259 2,125 566,665 659,180
37,800 453,600 1,524 6,248 0,116 30,933 490,781

eventualnemu pouzivaniu ako stavebného materialu
pre budovy. Na druhej strane, ich vyuZitie pre cestné
stavby a podobné exteriérové diela neznamena ziadne
environmentalne riziko.

V buducnosti je potrebné zistit aj hodnoty Ra a na za-
klade tychto hodndt vypoditat index radioaktivity (?*°Ra/300 +
282Th/200 + “°K/3000), ktory je jednym z akceptovanych
Standardov pre stanovenie vhodnosti vyuzitia hornin na
stavebné ucely, stanovenych Medzinarodnou komisiou
pre radiologicku ochranu (International Commission on
Radiological Protection).

Zavery

Najvyssi obsah U sa zistil v &iernych bridliciach
v Ciernych bridliciach a najvySsi v granodiorite.

Medzi obsahmi U a Th sa nezistila ziadna pozitivha
korelacia. Podobne sa nepotvrdila ani korelacia medzi
U a Th na jednej strane a vybranymi rudnymi prvkami
suUvisiacimi s hydrotermalnou Sb-mineralizaciou.

Zdroj Th aj U je v granitoidnej intruzii, U v8ak bol
z granodioritu a granitu mobilizovany v procese meta-
morfézy a akumuloval sa spolu so synsedimentarnym
pyrit-pyrotitovym a hydrotermalnym Sb-zrudnenim
v Ciernych bridliciach, tvoriacich geochemicku bariéru,
na ktorej doslo k precipitacii rud.

Obsahy U a Th s mimoriadne nizke (*¥U 0,091 az
37,800; 2%2Th 0,534 — 10,913 mg - kg™"). Intenzita ich
Ziarenia zodpoveda maximalne hodnotam 238U = 37,800
Bq - kg~' (spravidla véak <3,000 Bq - kg~") a2%°Th = 13,234
Bq - kg~'. Mozno predpokladat, Ze nepredstavuju pre krajinu
a ludské aktivity environmentalne riziko. NeprevySuju ani
povolené limity pre stavebné materidly (150 Bq - kg™';
120 Bq - kg™'). Riziko pre stavebné aktivity znamena az
Uhrnna aktivita 238U, 2%2Th a 40K (80,426 — 1 454,402 Bq - kg™").
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APVV-VVCE-0033-07 a APVV APVV-0663-10. Autori dakuju
za poskytnuty material Geologickej sluzbe SR, za analytické
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Radioactivity of rocks at the town of Pezinok as criterium
for their use in building industry

Components of natural environment such as soils
and rocks contain some naturally occurring radioactive
materials. These materials may contain 238U, 232Th, their
radioactive daughters and primordial radioactive istotope
40K (Luigi et al., 2000; Ajayi, 2009). The absolute and
relative concentrations of naturally occurring radioisotopes
238, 232Th and “°K in rocks used for civil engineering can
vary depending on rock-type and its source (Croft and
Hutchinson, 1999). Measurements of natural radioactivity
especially in rock raw materials are very important for
determination of natural background activity (lwaoka et al.,
2009; Abel-Ghany, 2010). Recently the calculations of the
risk caused by activity of natural radionuclides in rocks,
used for civil engineering, started to be intensively studied
(Kovler et al., 2002; Petrescu and Bilal, 2006, 2007; Turhan
et al., 2008; Rusko et al., 2008 and others). Our study was
focused on the Malé Karpaty Mts. region.

According to the geomorphological classification of
Slovakia, the Malé Karpaty Mts. represent a part of the
Fatra-Tatra region. They present, within the fold-block
Fatra-Tatra morphostructure, the horst of core mountain
range elevating between sinking morphostructures of the
Zahorska nizina Lowland and the Danube Lowland (Mazur
and Lukni$, 1978; Gajdos$ and Skodova, 2009).

The geological structure of the Malé Karpaty Mts.
consists of pre-Alpine fundament, Mesozoic mantle and
higher Alpine-age nappes. Volcanic-sedimentary formation
of the crystalline complex had originated during Silurian
(113—416 Ma) and Devonian (416-359 Ma). It consists of
pelite-psammite sequences, carbonates and black schists
(Plasienka et al., 1991).

According to Finger et al. (2003), the overall complex
was metamorphism during the regional Devonian
metamorphism (380 + 20 Ma; Rb-Sr dating). Subsequently,
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it was affected by the late Variscan periplutonic contact
metamorphism (348 + 4 Ma or 320 + 3 Ma; Cambel et al.,
1980; Rb-Sr and U-Pb geochronological dating).

The following rocks participate in the structural-
-tectonic structure: granitic rocks (mainly granodiorite
composition), crystalline schists, amphibolites, limestones
and Quaternary sediments. The medium-grained granites
— granodiorites are mylonized and sericitized. Crystalline
schists represented by phyllites, micaschists, gneisses
and black schists in the western part of the territory are
in the form of fragments and breccia consolidated by
calcareous cement and sericitic-chloritic phyllites. Phyllite
layers alternate with carbonates (Mahel, 1961).

There are known various ore deposits (mainly pyrite and
Sb) in the Malé Karpaty Mts. such as Pezinok and Pernek,
Kriznica, Kuchyna, Trojarova, etc. Sb mineralization occurs
locally along with Pb-Zn mineralization (e.g. at the Pod
Babou locality) and Cu-(Au-Ag) + Ni-Co mineralization at
the village of Casta (Chovan et al., 1992).

The distribution of natural radionuclides in the main
rock types: granodiorites, biotite-gneisses, black schists
and amphibolites from the Malé Karpaty Mts. complex was
studied in samples from two boreholes KV-44 and KV-46
(Fig. 1). The samples were analysed by means of gamma-
-ray spectrometry.

Concentrations of 238U, 2%2Th and “°K were found
to be within the range: 238U 0.091-37.800 mg/kg, 2%°Th
0.534-13.234 mg/kg, “°K 0.116-5.162 mg/kg, Figs. 2—4).
The highest average 228U concentration was in black
schist, highest average 2%2Th concentration in granodiorite
and highest average “°K concentration in granodiorite as
well. Activities of 238U were determined within the range
of 1.092-48.960 Bqg/kg (with exception of one anomalous
value — 453.6 Bg/kg), activities of 232Th within the range of
2.189-54.298 Bg/kg and activities of “°K within the range
of 30.933-1,376.499 Ba/kg.

The correlation between concentrations of 238U/2%2Th
(correlation coefficient —0.30705; Fig. 5), 2%¥U/Cu
(correlation coefficient —0.43582) and 238U/Ni (correlation
coefficient —0.13461; Fig. 6) is negative. Similarly, the
correlation relations of 232Th/Ni (correlation coefficient
—0.21663) and 2%2Th/Cu (correlation coefficient —0.54757)
are negative (Fig. 7).

The correlation between concentrations of 238U/K
(correlation coefficient is —0.258; Fig. 8) is negative but
between concentrations of 4°K and 232Th there was
determined correlation dependency (correlation coefficient
is 0.4842; Fig. 9). At the Fig. 10 there is presented the
correlation among 4°K vs. Ni and Cu.

These findings indicate that there does not exist direct
positive correlation relation between 238U and 232Th, and not
even between the metal elements (Ni, Cu) accompanying
hydrothermal Sb mineralization and radioactive elements
238 and 232Th.

Preferential binding of 2%2Th to granodiorite indicates
that the 22Th addition is in connection with the granodiorite
intrusion into the crystalline schist. 223U occurs in black
schist together with Sb mineralization but its concentrations
do not show any positive correlation to metals (Ni, Cu) of
hydrothermal mineralization. This phenomenon is probably
connected with 238U mobilization from granitic rocks. It is
highly presumable that the addition of 238U and 232Th is
connected with identical geological event (granodiorite
intrusion). Due to the lower mobility of Th(IV) in comparison
with U(VI) (Polanski and Smulikowski, 1978; Rollinson,
1998), the subsequent U(VI) mobilization and its reduction
and stabilization occurred in the geochemical barrier which
consisted of black shale with syngenetic pyrite-pyrrhotite
mineralization.

Even though 238U and ores of Sb mineralization do not
show any features of positive correlation of concentrations
of individual elements, it is obvious that the addition
of U and Th connected with granitic rocks was the
mobilization tool of hydrothermal solutions which brought
Sb mineralization, as well the mobilization tool of U(VI).
Therefore age of intrusion, U/Th mineralization and Sb
mineralization should be about equal.

There was not determined any positive correlation
between concentrations of 238U and 2%2Th. Similarly,
there was not verified correlation between 2%U and 232Th
concentrations and selected ore elements connected with
hydrothermal Sb mineralization.

238 and 2%2Th source is in granodiorite intrusion but
238 was mobilized from granodiorite during metamorphic
process and was accumulated together with synsedimen-
tary pyrite-pyrrhotite and hydrothermal Sb mineralization in
black schist presenting geochemical barrier where the ore
precipitation occurred.

Concentrations of 238U and 2%2Th were very low (238U
0.091 — 37.800 mg/kg, 2%2Th 0.534 — 13.234 mg/kg). Their
radiation intensity corresponds to maximum values of
238y = 37.800 Bg/kg (generally to <3.000 Bg/kg) and
2%2Th = 13.234 Bqg/kg. It is possible to assume that they
do not present any environmental risk to nature and
human activities. They do not exceed permitted limit values
for building materials (150 Bg/kg; 120 Bag/kg) as well.
The risk for civil engineering is the total activity of 238U,
232Th and “°K (80.426-1,454.402 Bg/kg).



