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TOXI CITA TnGKhCH K OEX st e
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TOXI Cl TA TnNnGKhCH KO gmoaau
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A Toxicita chromu - z § v mastipni oxidaceap S2 s t upSn g sattfoeem i, rostinyp Si j @réha j 2
A Toxicita kobaltu - inhibicea k t i wran3pbriui o nri dr, u § @ mi RNAY
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TNnNGKE KOVY ESENNCA C LI gmrm

6Og /SH
Y4] awotx i d o r e druekal kne2BacHR epeS e ¢ hCa(H)ywa Cu(l)
p S2 jako@u2t, dostupnostv Nt § h h p-WvBrbak o mp |l e x T
pohyblivost Cuvr o s tmailn8t ¢ ionkaa | i wkoovSennae ¢ h
3skupinyenzyam@sahumBN?2ch
V mo d pr@teinyi n e majx3 d § aktivito, ¥z] awptS e n e § o a plaStocyanin)
V nemo ¢grot@nyi per ox iok§ amnano-2a difenoly
V proteinyobsahwj @ae€éd mDdioxi d@eaypSkoohk § drehoal i f enol)oxi d§

NDkter® proteiny obsahuj 2 c?

A CusoD

A Askor b§gtiooxidack@zs&k orma8ebydroaskor b§t
A Di ami n oixdegra@laceputrescinu a spermidinu

A Fenol oixv@&rzlkn ®s Pntlgina
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TnGKE KOVY ESEANEKC L o s

Zinek v rostlinh
obsahvr o s tkblemm200 g /SH
deficience p ©bsahu m® nMe §5-20 O g /SH, nad 200-300 O g /SH toxicita
pSijp ™m&an gakotzn2®, p Yiy g ¢gH njpko ZnOH-
vbi ol ogd ywktl @ goeze fako Zn(lI)
d o b poByblivostvr o s t ilve fnlDo, &memenechvef or iyt 8t T
tvorba k o mp | seNx, O- a S- ligandy
strukkart aP funkcew &gymech (CuZnSOD,f osf o IRINAPDy )y malriRalbhiosk 8t § z
sou|BNAvazebpt ohiti man s kfaktorp | n 2
aktivace nebo modulace aktivitye n z y mT
V nappSyr of o sdtanbplagtia( p Se vWgBd &p e ndferma)m? z nvasny nt ®rzet ei r
V integritar i bosomT
V p Sleficienci akumulace AK
v 1 z nvammetabolismus achari dT
V kar boan hfjuktaze1z6db i sf osnelma §dal 8z a
udr g ointegnityplasmalemy
V komplexysf o s f § ta®h dkupinamif os f odmepmbdrTS nepvbtlkei nT
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TNGKE KOVY E S ENMBGIGANL IR g

50O g /SH
vr os tvloixn d a ktawéck lhalV( st abill{ neyst abi |l n2)
Y4l awsotx i d o r e druekal kne2BacHR epeS e ¢ hvm(dl)ya Mn(llI)
0o pS2sn@u | rBRKt earn zcyhmT
V SOD V. rostlinhD | eisgdemtSODNno nNkol i

; : FeSODidomi nantn2 <chloroplastov
2
v komplexvyv JkQJSQéZk CuznsODichl oropl astovg, cytopl a

A aktivacee nzy mT MnSODi v mi t oc h gerakisoméch h a
o speci:ficks
V mal 8tdehydrogeng8za
Visocitr8tdehydrogen8za
V PEPKkar bo x(pokhvycsezvang wadiz k T)
0 m®ndMNp e c i (Akiivack iBg?*)
A tvorbak o mp | MNATP

A S 2 jakoMn2+, dostupnosto v | i vphlBNad o xpa& cm2 n gohyimivost Mnvr o s tmail n8N

A
A
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INCHOENNKIONAEIEISIE N C | ¢ [N fpenira v

A stimulujev T vrosjlinak | a ¢ TR mdrAetabolismusc u k.r T

A intenzitap S 2 pdistribucevr o s tzl & vnira drudiu

A pogadab$ek e vmgstlimse symbiotickou f i xMicptojevuje se jako deficience N

A e s e n cpra8mikroérganismy (vit. B12 i kobalamin) i Co(ll)

A NDKt erot@ny o b s a h kgbalt:criethionin sy nt,Radonukl eot {oxidace dibokuklgtda na
deoxyribonukleotid), methylmalonyl-koenzym Amu t §(zsay n he®ma @abakterie)

Selen

vma | Tdcghv k Stimiduje r T modtlin,vev y s o kpl Tcshaokiéky.
v 1 gaemt?i o xkaphety rosfliny a schopnosti tolerovat UV stres
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TNGKE KOVY ESENMKLI C LI

Ni k| v rostlinhi
A Nijesoul SaghzyMINthalktaeri §l n2ch)
A urostinj edz m§ mizymiur e §z a
A h e x a menzym2k a ¢ po8jednotka 2 atomy Ni
A gt Dpneonl2ovi ny
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DEFICIENCE

E9e s

g

Vlivpfidavke 0,1 ug Co !l do viZivadho rozfoku na rist soji
v symbitze s Rhizobium japonicum.

Deficience kobaltu
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DEFICIENCE

Deficience Fe i -
br oskvoR Deficience Mo -k v Dt § k
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HYPERAKUMULACE
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TYPY ROSTLIN

Typy

A Exkludery - rostlinyu d r § kgvitve 8 v ®mo Sensw®m @oma d z e mn 8§ sjgt2®@m&t r an s
(pSedégwedgnm d osting MG pkSo st $dwdvkoubarevnl)

Al ndi kgabkuwmul-8bsahk p veTk vi v akobsahuk ® wp Td(h ap 8t gziennal d N | pokin
ipgenbveseskukuSi ce)

A HyperakumuloStinpk gncentvmajdZze?mh § s h ;mn b § skowa,2k t evysbce p Se vy
obsahk o wp T dalyn e a k u mu |ruojs2tcl beenh&cgha t ivivmrfafejchr Taw Tl v o]

Hyperakumulator

Akumulator

Prijem rostlinou

Exkluder
= '

Koncentrace v padé
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HYPERAKUMULCTORY

A Prvimyper ak ulbyunal&enovrroce 1948 Minguzzim and Vergnanem a jednalo se ohy peak ur
niklu

idr uAN®i Kk fostlnagbiila objevenar u s kvina ¢ Roksopulem v roce 1961.
AV roce 1977 Brooks a kolektivp o u ¢ploiplrtive® M#ynper ak uimul §t or
A Doroku2005byloz n §M80hyperakumuédsiPiddohdh

DT v o dyperakumulace (Boyd a Martens, 2007)

d 8 vn §h o duat&e

vV y gsgt2u gotemance rostlinv Tk N g kklomr T m
s n?z goesnrr#ot [ vck@dnungenz

obranav ThSi ronempiS@t el Tm
kompetice sj i n flogtinami

Definice hyperakumulace

O AW N

A Tak oresBina, k t eabghuje t a k cken@entrace t N § k hupk t ejso®o dva a gt Bi§ dvyy grge §
norm8§hrmsch dnoh@ét onanedklont ami pddgreihch

A Tak oros@na,uk t ejghb® o k o n c daktoroaykle NDtnge2havn Nk t ep S 2cphadbsalufe 50-100,
p 0 mRoancentrace kovuvn a d z elm1ki ki 0 S e T M tnge2d.
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5 20 400 2000 100001 50000
5 20 400 2000 100001 50000
0.03 0.1 3 20 1001 3000
0.01 0.1 5 100 10001 8000
0.2 1 10 100 10001 40000
0.05 0.2 5 50 10001 10000
0.05 0.2 5 50 10001 2500
1 5 25 100 100071 12500
0.01 0.1 1 10 100 - 6000
Vgechna | 2 $ny/mDW rsoosut |vi Inind tcTh
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HYPERAKUMUL CTORY NI Rpepyrvenve

Hyperakumulace

>1 000 O g /(Ogl %) Ni

200r ost |l dnohdh

Brassicaceae, Cunoniaceae, Euphorbiaceae, Violaceae, Flacourtiaceae

Psychotria douarreii 475000g DWW ( nej hgpg? akumul §t or

Endemif ¢ kz® a vkaledonie (okolo50d r u h T)

Sebertia acuminatai 17750 O g /DWW ( mo d r o datek absafiuje niklvmn o § s1220020 g /F)

PS2klady rost] i

To To To To T I
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Sebertia acuminata Psychotria douarrei Homalium austrocaledonicum
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Hyvperakumulace kobaltu

26r ost |l dnoh@h

Lamiaceae, Scrophulariaceae

Crotalaria cobalticolai 30100 g /DWW ( pr @orh2y per ak uymul 8t or

Haumaniastrum robertii i 10200 Og /DY ( n e j volpsghyKRobaltu, k t ebyll nalezen, A mn d Iknv8N t
p ougi prebioge@chemickou prospekci kobaltu)

Hyperakumulace mi d i

A 24rostl dnohdh

A Cyperaceae, Lamiacaeae, Poaceae, Scrophulariaceae

A Ipomoea alpinai 123000g DWW ( nej hgp§g? ak umid i)t or
A Aeollanthus biformifolius i 3920 0 gCu /g DW at a R820 O gCo /g DW

T T T T

=
TS X e
& < R
: 75N pre. 't
> - .

T

o3 %
o A %
Ry ks L2

Haumaniastrum robertii Celosia trigyna




HYPERAKUMUL CTORY G Usovoperipesin
ZINKU. KADMIA A OLOVA botaniky AV CR, v. v. 1.

Hyperakumulace zinku

A 16r ost | dn o{@Gz6 jsou rostliny rodu Thlaspi)

A Brassicaceae, Violaceae

A Thlaspi calaminare i 396000g /DWW ( nej hgpg?t akumul 8§t or
A Kr o m#fumaniastrum katangense jsouv g e ¢ h a § t Hruhg nE®ropy

Hyperakumulace kadmia

A 1r ost trihnnT

A Brassicaceae

A Thlaspi caerulescens i 3600 O g /DW
A Takn® per akuzimkul §t or

Hyperakumulace olova

A 4r ost Hruhg n ®

A Plumbaginaceae, Caryophyllaceae, Brassicaceae
A Thlaspi rotundifolium i 8200 O g /D@

A Thlaspi alpestre 7 2740 O g /DW

o <o - 2
3 o 5 0N 4P
- 2 < Cogat Loz WSS = Vi

k » g 3 Bl ‘;:7" :
e At A ) p b = / | ¥ e F P2
Thlaspi calaminare Thlaspi caerulescens - Thlaspi rotundifolium
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HYPERAKUMUL CTORY MAR @RANL

Hyperakumulace

A 1lrost!l dnohdh
A Vg e c drohyz N o vKaledonie
A Apocynaceae, Cunoniaceae, Proteaceae
i 518000g /DWW ( nej hgpgt akumul §t or

PS2klady rostlin

Garcinia amplexicaulis |
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HYPERAKUMUL CTORY CHR®ME

Hyperakumulace
10r ost |l dnohdh
Scrophulariaceae, Graminae, Poaceae, Fabaceae, Myrtaceae
Leptospermum scoparium i 20000 O g /Dy
48 000 O g /DW v Sutera fodina;
30 000 O g /DW v Dicoma niccolifera
Mo § rkdhtaminacev z o SIpT a pebmia h u ghfom 2 mi

PS2klady rost]i

A
A
A
A
A
A

| =
1 - \ Leptospermum scoparium
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A 8rostl dnohdh

A Polypodiaceae, Poaceae, Pinaceae, Campanulaceae, Ericaceae

A Pteris vitatai 7526 O g /DW ( n 2 kokc@ntracevk o Senec h)

A Pityrogramma calomelanosi 8350 O g /DW ( v y s kohcéntrace v listech, As ve f o r and@nitanu)
A F aswsS?2 v 2gou schopny akumulovat od 500 do 1500 O g /DW/

Hyperakumulace selenu

19r ostl dnohdh

Asteraceae

Nalezeny v S e v e Americe

Astragalus pattersonii 2696 Og DWW ( nej hgpg?t akumul 8§t or
Hy per ak u n$elbyl§|namzelyynap ast vkdeBylyhe mo&kmr®& vy
Rostliny v sp@&kci uranu karnotlt obsahuje selen

To To T To T I




HYPERAKUMUL CTORY G Usovoperipesin
THALIA A URANU botaniky AV CR, v. v. .

Hyperakumulace thalia

A 1r ost Hrihn n 1
A Brassicaceae

i 2132 O g DWW
A Rostenah | u gobch @l o vlGva 2

Hyperakumulace uranu

I pot e n typaakumilator uranu (dosud n e PaEtvrzeno)

PS2klady rostlin

rlalianids anmmns

/: . .
.z- ‘, R o <
Helianthus annuus 4
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HYPERAKUMUL CTORY RTHFprew

Biomanipulace rostlin

A transformacerostinb a k t e r geByl n 2 mi

U MerAi Hg®r edukt 8§z a

U MerBil y8za
A Yis p N g Ardbidopsis thaliana, Brassica, Nicotiana tabacum, Liriodendron tulipifera
A z k o sggulmo k S a drosdlinc( iypha, d i v p 82 b u I §5@artina)

PS2klady rostlin

Hg** R-CHy-Hg" ----merB---->R-CHj + Hg(II)

He(ll + NADPH ——-—-merA-——-=Hg(0) + NADP™ + H"

AL 20 .\ = .
%5 s 2
Nicotiana tabacum
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VYUGI Té HYPERAKUMUL®ETORE:

Prospekce rud

Zlato - Equisetum arvense & confusa

St $ 2 Briogwnum ovalifolium a Lonicera confusa

M) N Eschscholtzia mexicana a Hyptis suaveolens

Zinek - Viola calaminaria a Philadelphus sp.

Nikl - Alyssum bertolonii, Berkheya coddii a Thlaspi sp. (Ni & Zn)
Kobalt - Crotalaria cobalticola

Mangan - Fucus vesiculosus

Uran - Astragalus sp. a Aster venusta.

To To T T T T I I
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VYUGI Té HYPERAKUMUL®ETORE:

Fytoarcheologie

A Alyssum corsicum i endemit na Korsice, nalezenvz § p aAnhatéli,p Se n ess &k | ajakeptevelvz r n 2
A Haumaniastrum katangense i nalezenvb | 2 z& b &t ohutthk ®N N Zairu
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VYUGI Té HYPERAKUMUL®ETORE:

Fytomining

THE PHYTOEXTRACTION

OPERATION
Hypemacocumulator
grown on metal rich soil

So1l confaining elevated
conceTTations of one ar
meore heavy memls

Pozsible prod:

nCtion
of elecmcify
&
Plant material bummt

_-

Small wolume ufb'uu-T:-re - -a) -
ar dispose of in land-fll Berkheya coddii
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RECLNOST VYUGI Té FYHormmen

Hy per ak umulogasa (t/ha) Biomasa (t/ha)
(mgy/g) pro zisk 500%/ha

Au 1 37 1,46 (Equisetum palustre 12,2 ng/g)
Ag 100 27
Co 1000 10,4 4 (Haumaniastrum robertii 10200 ng/qg)
Tl 1000 33,3 8 (Iberis intermedia 2132 ny/qg)
Ni 1000 66,8 22 (Berkheya coddii 11600 ng/g)
Sn 1000 80,6
Cd 100 1330 4 (Thlaspi caerulescens 3600 ng/g)
Cu 1000 255 5 (Haumaniastrum katangense 8356 ng/g)
Mn 10000 29,3 30 (Macadamia neurophylla 51800 ng/g)
Zn 10000 49,6 4 (Thlaspi calaminare 39600 ng/qg)

Pb 1000 612 2,6 (Thlaspi rotundifolium 8200 ng/g)




RECLNOST VYUGI TE FYToOwmeN

Phytoextraction
(' Natural Hyperaccumulation ) ( Induced Hyperaccumulation )

—~ *

S WG T Biomass and
LT S
R sy

e Conditioning Fluids

Containing Chelators

Metals in of Metals
SoilWater |

o Increased Metal ¢
LSolubilhy in Soil Water :

Increased Metal
Transport in Soil Water
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KONTAMINACE




ROZGETF ENGE KONTAMI NA & Ea oo
T ,n G K .h M I K O V Y botaniky AV CR, v. v.i.

Cadmium Lead
-
’ LY N =1 low
E medium
gl

high

=
/{/ E very high
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AZNACOLLAR, GPANNLSKY™ ™

25. dubna 1998
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MANAR SKO botaniky AV CR, v. v.i.

Caw
b b
e ot 8, Fabig 4
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BENTO RODRIGUES, BRAZEL| £ =i

5. Listopadu 2015
A DThnagel e zudw u
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RADIONUKLIDY




Ustav experimentalni
L_g botaniky AV CR, v. v. i.

HISTORIERADI ONUKLI DS

ToToTo  ToToIo o Do Do Do

1896 - Henri Becquerel-ur anmwmda§ y z aBajy e diz € &k rRADIOAKTIVITA.

1900 - 1903 - E. Rutherford, F. Soddy a W. Ramsay - pr ok 8¢ e laid ez §®ezt iplSfa mov o
rozpadujaderat o m#@ di o a kptriviai28cdartao mT np ck T

1934 - Marie a Pierre Curieovi - objevj adermd @ HpcShij cvemjkal u mNIvip,$2 rsedBv y s k
r adi o azlktopi- radioizotop.

Kobjevugt Np miealkedlyp r §E. Eermiho. Gt Npjaderd r o v §wved lom B h k@rh o *enengie.

1939 - A. Einstein referoval prezidentu USAomo g n @ nvat ¢ mbomby.

1942 -u s t a prejekttt Manhattan

16.1 er velvbey zkongll Prr@miRe r v Ddndp o u White Sands p o b mP § tAlamogordo
v N o v @axiku

6.a9.srpnal945-s vr gatn@ambomBanaj ap o mdls Hia r o @ Nagasaki

2.12.1942 - E. Fermi spustil p r vant2o0 moeakiornac hi c awrsikw®@e r zi t N

1948 - F. Joliot-Curie postavilv P a Sp 1y Vj na2d ereaktdrvE v r o pg
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VLIV RADI ONUKLI D& NA==-pyrgy

Gt 2t n8 | &1 §izbeta+ gama

. 35
KTge S beta Larymx
a alfa Esophagus
233
Pl 2 ce U alfa Trachea
239p | alfa ) Lung
Spinal
!1;5 beta + gama cord \ Sternum
Slezina K _ | Heart
o Spinal
. R A
Ledviny | beta + gama column L Dapragm
J8tra 60Co | beta + gama +— Liver
FZR Kidney i
Svaly B7C beta + gama i Gallbladder
cats beta + gama —— stomach
T 8l
60Co beta + gama sscending ¢ 1 — Trallnsverse
esey | Deta+gama colon . Ve ;0 T” :
S — Coils o
106R gama L small intestine
Rect f
Vaj el nzky gama T
’ 6571 gama \
14085 gama
137Cs gama Cranium
239D, alfa
o —~a alfa — Phalanges
Zn -
g, | Peta+gama gﬂmg'ﬂt
90y beta Patella
147p beta
Kosti m beta Tibia ’;'r;";ff'a‘:;-‘g'
14084 beta + gama - Fibula joint "\
234Th beta s
32p beta T S— Oalessn
Ue beta Radius Ulna Sacral Cocoyx Head of femur Calcaneus
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yd

NEMOCI Z OZCfi ENC

A Oz8Semdést i gzenT scohbbuykleez t r &¢ il up e aeémt2r,étitipv S e dzgstupt N1 etepiot®
sel hgkrsem?rodbMWdlue,dviseolviR§ v 8d? pbp8lke[mtez | e rknT8g&P o § k o zrakn.
Nej ci tspuneDESdunRkpstBe N REY ShbweRk §r odeljhBbhb Rk g g Naopak
odo lpmot&z § Ssoub URREr veva) be®amaéj i.vov ®
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RADI OAKTI VNG 7 C‘f ENG¢ botaniky AV CR, v. v.i.

| Radioaktivita o. |

o 0 8
o = jadro ;He? (2p*, 2n0)
O Preména (rozxpad) '

Matei'ské jadro Dcefinné jadro S
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ROZPADOVE T ADY

Thoriova rozpadova fada Uranova fada 335U Uranova fada 23307
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Ustav experimentalni
botaniky AV CR, v. v. i.

P

JADERNA MATERI CL

Radioactive Properties of Key Uranium Isotopes and Associated Radionuclides

Natural Specific Radiation Energy (MeV)
Isotope Half-Life Al}lllz{/la]l(‘f' Acti.\/-'ity ];fggz Alpha | Beta e
i (Cirg) @ | B (9
U-232 T2 yr 0 22 o 53 0.017 0.0022
U-233 160,000 yr 0 0.0098 o] 48 0.0061 | 0.0013
U-234 240,000 yr 0.0055 0.0063 o] 48 0.013 0.0017
U-235 700 million yr 0.72 0.0000022 o] 44 0.049 0.16
Th-231 26 hr 340,000 Ji} - 0.17 0.026
U-236 23 million yr 0 0.000065 o 45 0.011 0.0016
U-238 4.5 billion yr >99 0.00000034 o 42 0.010 0.0014
Th-234 24 days 23,000 B - 0.060 0.0093
Pa-234m 1.2 min 690 million B - 0.82 0.012

Radioactive Properties of Key Thorium Isotopes and Associated Radionuclides

Natural Specific Radiation Energy (MeV’)
- HalfLife | Abundance | Activity | DY
ok Isotope Abund I Mode | Alpha | Beta | Gamma
. ) (Cig) (@ | B (»
g Th232 | 14 billion yr >99 0.00000011 | o 40 | 0012 | 00013
) -:m"%ié“’*-’{ Th-230 77.000 yr <<1 0.020 o 47 0.015 | 0.0016
Th-229 7.300 yr <=1 0.22 ol 4.9 0.12 0.096
Ra-225 15 days 40,000 B - 0.11 0.014
Radioactive Properties of Key Plutonium Isotopes Ac-225 10 days 39,000 o 3.8 0.022 0.018
.22 i AT i
Half. Specific ] Radiation Energy (MeV) Fr-221 4.8 min 180 million o 6.3 0.010 0.031
g vty ecay Ar-217 0.032 sec 1.6 trilli 7.1 < <
Isotope Life Activity | © 07 | Alpha | Beta | Gamma sec rithion @
vr) (Ci/g) (@) B 7 Bi-213 46 min 20 million o 0.13 0.44 0.13
Pu-238 88 17 o 55 | oo11 | 00018 Po-213 0.0000042 13,000 o 8.4 i i
(98%) sec trillion
Pu-239 24.000 0.063 o 5.1 0.0067 <
Pu 240 6.500 0.23 o 52 | 0011 | 0.0017 T ?;iff 2.2 min 410 million - 0.69 2.0
=70,
Pu-241 14 100 B < 0.0052 < i
Pu242 | 380000 | 0.0040 o 49 | 00087 | 0.0014 Pb-209 3.3 hr 4.7 million - 0.20 -
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129] produktj a d e r tRM EEELLE. (1 %)
n2zkoenebege § oikmMum gama)
nemé&o me rvlyru2nuktid?3 vl ®k agb etmioB i t o tyoxingveyt 2 InPz e
vi sky$2 rdeckie st Bird e rznd rcaho k azprécovenj a d e r pal®d o

velmi mo b iradiortuklid, snadnosed o st dop ® d z e mvod c h

p $2 ] e thsdkghnismem|j 2 d (owweem a zeleninou), p i taZdmhc h § n2 m
pSecdskzrzcev s h@ga Nuiglicu

30%u | oi‘\ei' ozi‘ InOé/o,'ierichIevil oul eno

Radioactive Properties of Key Iodine Isotopes

o o To To To T T I

Isotope Half-Life i{;:f‘lﬁf T Radiation Energy (Mel)
S Mode Alpha Beta Gamma
(i) @ | B (v
I-129 16 million yr 0.00018 B - 0.064 0.025
I-131 8.0 days 130.000 B - 0.19 0.38
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Cesium a stroncium
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. N batanjky AV CR, v. v. .
PRODUKTY GThPNEf REAKCE

betaz § Si |
produkty g t D p?®Uh B'Csi®O¥Srv z n v &%

137Cs - 13’7mBg gama z § $a&-=/2,6 min)

0Gr- VY yysoce e n e r g ebéta zc&Ja= 64 hodin)

137Csv y u ¢ bracByterapiir T z ntl y fkefcinomu( 0z a Sowe&IMRIG zk ost i
NVSri z ot ozddjertergievr adi ot egmBlend e eacISi ny

vp S2 rroodzly 2dS daryymo s f ®tr @ <tk arthe r znbl rcahn 2

B Csm8Ilmo bi PSnrz e | a mb b n dehopno pronikatdop o d z e mwod c h

dol i dskBsealost §vajlpe mg2ddhch8§hP amp B2 gamudkpadsvagebs or b do
kreviszhogth

137Cs koncentruje se ve svalech a °Srse u k | & KoStech

BCschosepodolpkoldr asajesk ejakobnrychlev y | ul oXSgpodobnostsv § pn2 kem

I n d ukarginofny

Radioactive Properties of Key Cesium Isotopes
and an Associated Radionuclide
Specific - Radiation Energy (Mel’)
Radioactive Properties of the Key Strontium Isotope Tt Half.Life | Activit G -
and an Associated Radionuclide P (C;-/g)y Mode | Alpha | Befa | Gamma
(@) B ()
Half Specific Decay Radiation Energy (MeV) Cs-134 2.1yr 1.300 B - 0.16 1.6
Isotope | ;e “\(C(t‘“;'ty Mode | Alpha Beta | Gamma Cs-135 2.3 million yr | 0.0012 B 0.067
— (@) B ¥ Cs-137 30 yr 88 B 0.19
Sr-90 29 yr 140 p - 0.20 - Ba-137m 540
) 2.6 mi - -
¥-90 64 hr 550,000 ;. - 0.94 < (95%) 2.6 min mitlion | T 0.065 | 0.60
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k_g botaniky AV CR, v. v. i.

226Ra
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p S22t awawwngoe mih n e r &rhnel athoria, h | a kontdminantp &ipr ac o v & m tudy®
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Radioactive Properties of Key Radium Isotopes and Associated Radionuclides

Natural

Specific Radiation Energy (Mel’)
Isotope | Half-Life ‘gb““‘ Activity | D€ o T o T 6
ance (Cilg) Mode (P_ ~- e D
(%) (@) B (¥
Ra-226 1.600 yr =99 1.0 o 4.8 0.0036 | 0.0067
Rn-222 3.8 days 160,000 o 5.5 < <
Po-218 3.1 min 290 million o 6.0 < <
Pb-214 27 min 33 million B - 0.29 0.25
Bi-214 20 min 45 million Vi) - 0.66 1.5
Po-214 0 iiglé 330 trillion o 7.7 < <
Pb-210 22 yr 77 Yij - 0.038 0.0048
Bi-210 5.0days 130,000 Yij - 0.39 -
Po-210 140 days 4,500 o 5.3 < <
Testoval jsi tu pTdu R 33 aaé.guyrm = 230 B i 0.017 -
Ac-228 6.1 hr 2.3 million S - 0.48 0.97
Th-228 1.9yr 830 o 5.4 0.021 0.0033
Ra-224 3.7 days 160,000 o 5.7 0.0022 0.010
Rn-220 56 sec 930 million o 6.3 < <
Po-216 0.15 sec 350 billion o 6.8 < <
Pb-212 11 hr 1.4 million yij - 0.18 0.15
Bi-212 61 min 15 million o, B 22 0.47 0.19
Po-212 | 0.00000031 180,000
(64%) sec trillion o 8.8 ; ;
g Zi?,j ) 3.1 min 300 million | f3 - 0.60 3.4
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RADIOFYTOREMEDIACE

A mno g «kdvwg/kgp Tdy A mnog RNvEROSgkgp Tdy

A t o x ipmko&liny A t o x ipmko&liny ?

A j i ko®aminanty A j i ko®aminanty

A pr obs$pBim A pr obs$p®m
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Ustav experimentalni
L_g botaniky AV CR, v. v. i.

A Pr T mnDp mnz®gedRolo 0,05 Bg/g DW

Specifick &ktivita

Mn o ¢ sadiontklidup Si de

®0Co
0Sr
125]
137Cs

226Ra

2381

[Ci/g] vygg? aktivit
1,131 x 1003 11,9 fg
1,364 x 10%02 99,1 fg
1,737 x 1004 0,8 fg
8,698 x 10%01 0,2 pg
9,887 x 10701 13,7 pg
3,362 x 10-Y7 40,2 Og
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KONTAMINACE
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KONTAMINACE 1%7Cs

10° 15 20° 28° 300 R 40° 450 S0° -~ 60° 65°

° % E “\(ﬁ‘\ k{\‘\

) 3 i — Ay - > 1\
kBg/m'  Cifkm Citis Oceand e o B y
G S ) l
% e
1450 [ 40 . ’
185 = 5 % 7
s
40 |—{ 1.08 o
10 |—{ 027

2 0.054
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JADERNR REAFRKTOR

Nuclear Reactor

| \\ Zones
\

Sandstone

Sandstone

Ore Layer

Granite

The uranium isotopes found at Oklo strongly
resemble those in the spent nuclear fuel
generated by today’s nuclear power plants.
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URANOVC MAPA LR
Téiba uranu Upravny uranu

% V provozu do r. 1999 A
& Zrudeno do r. 1999 v
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Dyled Homi Slavkov Praha
Zadni Chodov '
vitkew Péibram x Licométice - Brezinka

v Chotébof
& x $k§710 o e
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'D P R A V N A U R A N O V £ R U DLE gsta\f{xp:\rlirg:ntéln!’
MYDLOVARECH

A Yip r albylaaprovozu v letech 1962 -1991.
A byloz pr ac cokopi6o745835tunu r a nmoy®n 2 z kobsahem uranu (0,184 %)
ur anmda®ylaz pr a c o vdSvviBreaanologiemi:
V okolo12779200tunk y sell dmgen2 m
V okolo 3989 800 tun alkalickoue xt r a k c 2

A odka Iisbui' tol i r o satss e midlo 2,3298 km?2.
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STRCG POD RALSKEM
-

A TNgbaob2vhetethd967 a §1996. Od roku 1996 jeurane x p | o ajako w & dah | pFodukt?sanace | o ¢ i
Str.Bal ogibgikoud vr 281or TzkumabsdhNgebwmr2tEh| o @Byl uhopa b
p | o#@ha. Plochad o b T v gomstdnuge 24,1 km2. Do roku 1996 v y t 1 ¢cadkeno 15 562 t uranu. Hloubka
d o b T \b@a220 m pod povrchem.

A Podzewdyccal86 mil mvcenomana8@&ihmdvt ur on BokizZBmu jsouk ont ami pa
c he mitclkgRixddu. Dop o d z dylvrb Dhetnd§gbtyl a 4 400 &t H,SO, (z toho 80 % zreagovalo s
horninou a 800 kt je zde ve f o r vn®d| H,&D,), d 8§ I3¥ kt HNO,, 112 kt NH5, 26 kt HF a 1,5 kt HCI. Sanace
je Segef8azerdlemps8&a?mgt No® na stanici likvidace kyselrlazt aknTeut r a
dekont amtanca | n?2




