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Environmentalni geochemie
.

e chemicke slozeni Zeme
e jeji tekuté a plynné komponenty
e formy zivota

— dopady kontaminace ekosystému toxickymi
kovy
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Tezke kovy?
-

e nékolik pokusu o definici

> ve smyslu hustoty

> ve smyslu atomové vahy (relativni atomové hmotnosti)
> ve smyslu atomoveého Cisla

> ve smyslu dalSich chemickych vilastnosti

> ve smyslu toxicity bez ohledu na jiné parametry

> ve smyslu nechemické definice (pfed rokem 1936)

JOHN H. DUFFUS
‘HEAVY METALS"—A MEANINGLESS TERM?
Pure Appl. Chem., Vol. 74, No. 5, pp. 793-807, 2002.
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Pokus o novou klasifikaci
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Fig. 2 The periodic table showing those metals classified as: Class A: hard metals (darkest gray): Class B: soft

metals (lightest gray): and borderline: intermediate metals (intermediate gray). N.B.: Copper may be either

Class B or borderline depending upon whether it is Cu(I) or Cu(II), respectively: lead may be either Class B or
borderline depending upon whether it is Pb(Il}) or Pb(IV), respectively: and iron may be either Class A or

borderline depending upon it is Fe(IlI} or Fe(ll}. respectively.
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Table 4 Class A and Class B metals [63].

Class A (hard ) metaly

Lewis acids (electron acceptors) of small size and low polarizability { deformability of the electron sheath or
hardness)

Li, Be, Na, Mg, Al, K, Ca, Sc, Ti, Fe(Ill), Rb, 8r.Y, Zr, Cs, Ba, La, Hf, Fr, Ra, Ac, Th.

Class B (soft) metals
Lewis acids (electron acceptors) of large size and high polarizability (softness)
Cul), Pd, Ag, Cd. Ir, Pt, Au, Hg, Ti, Phill}.

Borderline {intermediate) metals
V. Cr, Mn, Fe(ll), Co, Ni, Cu(Il}, Zn, Rh, Pb(IV), Sn.

T&Zké kovy v ZP - 2009



Institute of Geology
Academy of Sciences
e— 4
—~—r
—

Potencialne toxicke kovy (TK)

«
e As, Be, Cd, Co, Cr, Cu

e Fe, Hg, Mn, Mo, Ni, Pb

e Sb, Sc, Se, Ti, TI, V, Zn Al

FREDERIC R. SIEGEL
ENVIRONMENTAL GEOCHEMISTRY OF POTENTIALLY TOXIC METALS

Springer, 218 pp, 2002.
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Faktory fidici dopad TK na ZP
c....

e chemicke parametry latky — daného kovu

» Rozpustnost Fe, Mn...
» Koncentrace
» Speciace viz dale...
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Speciace kovu ve vodnim prostredi
-
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Parametry prostredi ridici
ucinkovani TK v ZP
e

e fyzikalné-chemicke parametry prostredi

r! dox potencial

teplota

BSK

salinita
velikost ¢astic
mineralogie
sorpce
bioakumulace
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pH prostredi
- /0

silne kyselé neufralni silne zasadité

o 1 2 3 4 506 ¥ & 9 10 11 1213 14

kysely dest
Atm. CO, + voda =pH 5,7

}.‘-i_.-_ll i voda

acidifikovane  neacidifikovane
povrchoveé vody povrchové vody
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Efekt pH na zivot
c

pH

h
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Rainbow trout
Brown troul
Bros trout
Serallmauth bass
Fathead minnow

Purmpkinseed sunfish

Yellow perch
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Wood frog®

AMERCan toad®

TIITE

spatted salamandar®

i
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Clam®*

'\ FREDERIC R. SIEGEL

s ENVIRONMENTAL GEOCHEMISTRY OF
POTENTIALLY TOXIC METALS

e Springer, 2{18 pp. 2002.
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Priklad = Zmena mobility Cd
c—
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« koncentrace Cd pfi ruznych hodnotach pH

- povrchova voda povodi Lesni potok CR
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Environmental changes
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Esencialita kovu — toxicka latka
c

A
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Heaith condition symptoms
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Esencialita kovu

o7 L

Essential heavy metal micronutrients

(a few mg or pg per day): As, Co, Cr, Cu, Fe, Mn, Mo, Se, V, Zn
Non-essential heavy metals: Be, Cd, Hg, Ni, Pb, Sb, Sn, Ti
Macronutrients (~ 100 mg or

more per day): Ca, Cl, Mg, P, K, Na, S

Other essential micronutrients: EILSi

Ni and Sn may be essential micronutrients (Crounse et al., 1983).
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Zdroje a puvod kovu
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Manmade Sources

| Indusinal enussions

2 Vehicular emissions

3 Dravimiestic emissions
Matural Sources

4 Volcanic eruptions

i Forest fires
Pathways

f Ciround deposition

7 Surface runafl

B Dy deposition

49 AurWater pas exchange

I Aur/Water gas exchange

11 Wet deposition

12 Crroundwater, surface water runolT
Reservoirs

13 Soil, bedrock

14 Woater

(] Atmosphere (gases, particles etc.)

NAVRATIL T., MINARIK L.
TRACE ELEMENTS AND CONTAMINANTS, 2002.

in Earth’s System: History and Natural Variability, edited by
CILEK V., SMITH R.H., in Encyclopedia of Life Support
Systems (EOLSS).



Horniny
S

e \Vyvrelé horniny = napr. ultrabazické horniny
Cr, Co, Ni...

e Sedimentarni horniny = napr. bridlice, jily
As, Pb, Zn, Sn...

e Metamorfni horniny

T&Zké kovy v ZP - 2009
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Zvetravani
« /"7

* desintegrace a rozpad puvodni horniny

* rozpustné mineraly —
prvky do roztoku —
podzemnich vod....

- typ zvétravani

rozpousteni

fyzikalni zveétravani \
A

chemicke zvétravan

* nerozpustneé mineraly
— rozklad na Castice

T&Zké kovy v ZP - 2009



Zvétravani a pudy
.

e pudni horizonty (idealni profil)

Svrchni pida

nejboll'lat!.i na OrganiCky

M8l Louzenim o rozpustné
mineraly ochuzena

ida, bohaté na jilové 1 4 I 4
:‘Luarnzpu:ttnénran!nz:;y mlnera nl
0 e

A - horizont

B .... bohaty na jilové mineraly
. a Fe oxidy — adsorpce —
koncentrace TK

! 2.)- . navétrald bazalni
++{l. ' matiéni hornina

B - horizont

C - horizont
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TK v atmosfére
.

Prirozené zdroje
= zvétravani
» vulkanismus (exhalace)
* lesni pozary
* morsky sprej
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TK v atmosféie - antropogenni zdroje
c—

e té&zba, dulni aktivity
e emise ze spalovani
e tekute odpady

e pevne odpady
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Hlavni zdroje zneéisténi TK v CR
c

tezba a zpracovani rud

spalovani fosilnich paliv (tepelné elektrarny)
prumysl (vyroba cementu, skla, CI+NaOH....)
odpady (spalovny..)

automobilova doprava

zemeédelstvi (pesticidy, hnojiva (napf. fosfatova — Cd)
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TK humus
. ]

,hot spots”:

SUCHARA I, SUCHAROVA J
DISTRIBUTION OF SULPHUR AND HEAVY METALS IN FOREST FLOOR HUMUS OF THE CZECH REPUBLIC
Water, Air, Soil Pollut. 136: 289-316, 2002
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e Clean Air Act Amendments (CAAA) of 1990 identified ele  institute of Geology
P ) r § : = Academy of Sciences
and their compounds commonly found in coal as potentially
g 57 (HAPs). These el its are listed | o '\. i — 4
pollutants” (HAPs). These elements are listed in the table belt S —

Concen- Ranges

V 4 Element tratlon (pg/g)
U h I I beryllium Be 2 0.1-15

chromium Cr 0.5-60
cobalt Co 0.5-30
nickel Ni 0.5-50
arsenic As 0.5-B0
selenium Se 0.2-10
cadmium Cd 0. 0.1-3
(ppm) Svét SHP antimony ~ Sb 0.05-10

AS 33 39 MeTCiry Hg 0.02-1
lead Ph 2-80

Cd 5.58 0.34

Cr 54.5 74

= 1681 3955« SHP => 45 miliénG tun ro¢né

Cu 88

oo 94 =>1755tAs

Sb . 1.33

Th 3.3] 3.96

BOUSKA V., PESEK J.

QUALITY PARAMETERS OF LIGNITE OF THE NORTH BOHEMIAN BASIN IN THE CZECH REPUBLIC IN COMPARISON WITH THE
WORLD AVERAGE LIGNITE

International Journal of Coal Geology, 40, 211-235, 1999.
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Olovo
— nejrozsiren

A4
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jsi kontaminant (TK)

Table 12. Mean median values and possible scattering range (in
brackets) of lead emissions to the atmosphere from different natural

sources (After Nriagu, {989).

Natural source

Lead emissions, 103 ton/year
2N

Wind-borne soil particles

( 3.9((:)_?.5)

Seasalt spray

N

/LQ_QOZ—Z.E)

Volcanoes ( 3.3({947-6.0)
—

Wild forest fires 1.9(0.06-3.8)

Biogenic particulates 1.3(0.02-2.5)

Continental volatiles

0.21(0.01-0.38)

Marine volatiles

0.24(0.02-0.45)

Total natural emission

12.0(9.7-23)

Table 13. The most important anthropogenic emission
sources of lead to the atmosphere on the global level in
1983 (After Nriagu and Pacina, 1989).

Source type Lead emission flux, 10 ton/year

Fossil fuel combustion 2.7-184

Wood burning

Metallurgical processes

Waste incineration

Mobile sources

Other human activities

Total — median value 332

— scattering range 288.7-376.0
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Olovo v ovzdusi

Lead Used per 6-month Periods
(1,000 tons)

[10

obsah olova v benzinu
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iy

1976 1977 1978 1979 [980

Environmental Pollution Agency, USA, 1985.
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NAVRATIL T, VACH M, SKRIVAN P, MIHALJEVIC M, DOBESOVA |

DEPOSITION AND FATE OF LEAD IN A FORESTED LANDSCAPE
LESNI POTOK, CENTRAL CZECH REPUBLIC

Water Air Soil Pollution: Focus 4, 2004.

Depozice Pb v CR

Depozice olova

' blasti stfednich &ech
saiglec naed® lesy)

depozicni tok olova [kg.km2.rok™']

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
rok
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Throughfall = podkorunoveé srazky
-

» puvodni slozeni srazek nad korunami stromu
« smyty atmosféricky aerosol usazeny na povrchu

 rozpoustené plynné latky a jejich produkty zachycené adsorpci
na povrchu asimilacnich organu

 vylouzené metabolické produkty vegetace z povrchu
asimilacnich organu

« celkovy vzrust koncentrace slozek vlivem ¢astecného
odparovani vody v korunach stromu

 Ubytek nékterych komponent v dusledku jejich vstfebani

povrchem asimilacnich organu
T&Zké kovy v ZP - 2009



NAVRATIL T, VACH M, SKRIVAN P, MIHALJEVIC M, DOBESOVA |

DEPOSITION AND FATE OF LEAD IN A FORESTED LANDSCAPE
LESNI POTOK, CENTRAL CZECH REPUBLIC

Water Air Soil Pollution: Focus 4, 2004.

Podkorunova depozice v CR

Bulk precipitation 2.5 kg Pb/halyr

o
SMRK BUK

THB

0.9 kg
Pb/halyr

THS

0.8 kg
Pb/halyr
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Horizonty (idealni profil)
e O (organicky)

e A (mineralni)

e B (dtto)

e C (dtto)

e R (rezidualni hornina)
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FREDERIC R. SIEGEL

ENVIRONMENTAL GEOCHEMISTRY OF
POTENTIALLY TOXIC METALS

Springer, 218 pp. with 40 figures and 33 tables, 2002.

TK v pudé

25

Species of metals:

D Residual O] Exchangeable
B 8ound om B casily soluble
|:| Associated with oxides (Fe, Mn)

Fig. 6-3. Distribution of some potentially toxic metals in solid phases of soils
in Poland (after Kabata-Pendias, 1993). Distributions in sediments are similar
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Profily pudou - koncentrace,
extrakce

-1
LP35 mgkg” of Pb .
0 X 40 60 0 10 2 30 40
.E. 2[] 'Ill ------::::.f._._:-._‘u-'-""' G ;;. = _,--"-‘ﬂ' R D
Sad T 78
%‘ 60 ..? i Bw LT :."Ew
= 80 ‘[ ; , | Be
‘4 Be v
100 i )
— tDtaI Pb . ﬂrg_ mﬂt. JI,.r":'l ]
—w— HNO; leach. Pb = <0.001 mm %

——— NH4NO; leach. Pb

Figure 2. Data from two soil profiles at LP catchment: {left) — total and leachable Pb concentrations:
(right) — content of organic material and finest particles (<0.001 mm).

NAVRATIL T, VACH M, SKRIVAN P, MIHALJEVIC M, DOBESOVA |

DEPOSITION AND FATE OF LEAD IN A FORESTED LANDSCAPE
LESNI POTOK, CENTRAL CZECH REPUBLIC

Water Air Soil Pollution: Focus 4, 2004.
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Humus — mapy isolinii
-

CZECH REPUBLIC

HUMUS ash-f -
Monitoring 1995 Tes-camples -~ LEAD

_12 - 13 14 15 16 17 18" 19
51 o
“:ﬁ:‘ N .
i v, s A\ - -
. £
50
50
|
49° |
49
o N SUCHARA I, SUCHAROVA J
13 14 v Ag ., . DISTRIBUTION OF SULPHUR AND HEAVY

METALS'IN FOREST FLOOR HUMUS OF THE
CZECH REPUBLIC
Water, Air and Soil Pollution
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Mapy isolinii — CR
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Tezke kOVy v ZP - 2009 Bulletin of Czech Geological Survey 3, 1998.
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Mapy isolinii — CR
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Isolinie pH

Fig. 4. The pH saies in brooks of e Caach Repati

VESELY J, MAJER V
HYDROGEOCHEMICAL MAPPING OF CZECH

vy x > FRESHWATERS
Tezkeé kOVy v ZP - 2009 Bulletin of Czech Geological Survey 3, 1998.
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Black box
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SUCHARA |, SUCHAROVA J

DISTRIBUTION OF SULPHUR AND HEAVY
METALS IN FOREST FLOOR HUMUS OF THE
CZECH REPUBLIC

MeCh — mapa iSOI i n i i Waler, Al and Sof Polutor

CZECH REPUBLIc - atmospheric deposition
Biomonitoring 2000
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mala povodi
- /0
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Latkove toky
-

vstupy — vystupy = net

e vstupy - atmosféricka depozice, zvétravani,

antropogenni ...

e vystupy — odtok, plynné emise z pudy, tézba...

T&Zké kovy v ZP - 2009
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Rozdily v latkovych tocich

Spruce
DD nmof“jsp It
(5 (Bl
1203 > 57
101SF LF
B IR %

I
Retention

sB
+0.7%

0.50

B. BERGKVIST

CHANGING OF LEAD AND CADMIUM POOLS OF SWEDISH FOREST SOILS
Water, Air, Soil and Pollution: Focus 1, Vol. 74, pp. 371-383, 2001.
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Geochemickeé archivy
-

* profily v ledu

* sedimentech

* raSeliné

e letokruhy dievin

e zarostle kapsy kury

T&Zké kovy v ZP - 2009
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Archivy — jezerni sedimenty
-

Ho mg g-1 )4 y o
00 0.2 0.4 0.6 08 Sumavska jezera
g L - ;

2000 - Josef Vesely
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Archivy — jezerni sedimenty
-

Cu mg kg"
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Archivy — raselinne profily

depth (cm)

=20

-304

=404
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Pb (mg kg™) Pb (mg kg ™)
O 100 200 300 400 B 600 O 00 200 300 400 500 G600
1 200320 0+
%;\ 1996.%.2
= 1961 2.4
H—l #
; "HH' 1952 4.8
o =0 = ]
| 1690 1 18
Gﬂ._
1807 + 40 Er
Profile 1 404 Profile 28

H5PpETPD

[ Pb concentration
—a— TEpRAT Py

115 146 147 148 118 1.20
206pp,207pY

Pb {mg kg ")

Institute of Geology
Academy of Sciences

100 200 300 400 500 GOOD

-

=20 1

40

Profile 34
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“EPbAT P

MIHALJEVIC M., ZUNA M., ETTLER V., SEBEK O., STRNAD L., GOLIAS V.

LEAD FLUXES, ISOTOPIC AND CONCENTRATION PROFILES IN A PEAT DEPOSIT NEAR A LEAD
SMELTER (PRIBRAM, CZECH REPUBLIC)

Science of the Total Environment ??, 2006.
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Profily zarostlé kapsy - kury

wound of tree
trunk

bark pocket-to-be

bark pocket
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vzorkovani - pudy

kopané sondy ,

T&Zké kovy v ZP - 2009



kopane sondy
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zpracovani vzorku - pudy
.

= suseni (lyofilizace)
= sitovani (2 mm)
= homogenizace (kvartace, mleti)

= rozklad vzorku (HNO;;, HF...dle typu vzorku)

T&Zké kovy v ZP - 2009



vzorkovani - vody

e, N

povrchova voda

podzemni voda
srazky

E——

MmN oS AR i S

Agrrmmmr iy © AR

T
W "
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vzorkovani — pudni vody

Ol (2 cm)

Of (5 cm)
Oh (7cm)

lysimetry

T&Zké kovy v ZP - 2009



zpracovani vzorku - voda
.

= filtrace (0,45um)
= stabilizace (HNO,)
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analyza TK
.

stopové mnozstvi =
= AAS

= |CP-MS

= |CP-OES

CV-AAS (AMA-254)
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pr. ICP-OES

S06 {146}

{170}
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analyza - chemicke formy TK
-

sekvencni extrakce preferenéni vazba na
(Tessier et. al., 1979) Oxyhydroxidy Fe/Mn

0-25

A . vymeénna frakce

B vazana na karbonaty

25-70
C . vazana na oxyhydroxidy Fe/Mn

70-90
D . vazana v organické hmoté/sulfidech

90+ E residualni (silikaty)

0% 20% 40% ©60% 80% 100%

T&Zké kovy v ZP - 2009



mobilitni faktor (MF)
-

MF = (A+B) / (A+B+C+D+E)
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analyza - chemickeé formy Hg

1000

termo-desorpCni analyza

di/dt

400

347°C

0 50 100 150 200 250 300 350 400 450 500 550 &00

ICP-OES pyrolyzni picka o)

— kaolin — montmorillonit
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TK humus
. ]

,hot spots”:

SUCHARA I, SUCHAROVA J
DISTRIBUTION OF SULPHUR AND HEAVY METALS IN FOREST FLOOR HUMUS OF THE CZECH REPUBLIC
Water, Air, Soil Pollut. 136: 289-316, 2002
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Institute of Geology
Academy of Sciences
—
e— 4
—~—r
—

1. kontaminace po tézbeée
(Pb-Ag-Zn zrudnéni)
S

Pribram

. ===muna flotation

W ) ®: basins

1 (4

i Qs ‘

' 4" Pb-Ag-Zn mines

1 L g ;
Il > /

[ i .
1 ,+ ore processing area
® ¢ including waste dumps N

"Pb~Ag-Zn mine

Kovohuté Pribram a.s.

1786 — 1972 zpracovani Pb
rud

dnes - sekundarni zpracovani
Pb akumulatort

/

@ sampling site [T .
1 km tézba Pb, Ag

CZECH REPUBLIC
v Prague
L]
L
Pribram
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Pribram
« /"7

Brezove Hory Kovohute Pribram a.s.
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Pb — pudy
S

= porovnani lesni — zemédeélské pudy

zemédélska puda
1233 mg.kg™

lesni puda W
35 300 mg.kg™ i

e

i
......

max. pristupné obsahy: 140 mg.g (vyluh lugavkou, vyhlaska MZP)

ETTLER ET. AL.
CONTRASTING LEAD SPECIATION IN FOREST AND TILLED SOILS HEAVILY POLLUTED BY LEAD METALLURGY
Chemosphere 58(10): 1449-59, 2005
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chemickeé formy Pb — sekvencni extrakce

vymeénna + organicka frakce Fe-Mn oxidy
(A)forest soil (profile 2F) \ (B) tilled soil (profile 2T) \
0 - ¢ 0
k3 e — = - 5 ; ‘ Ap
E & 5 105 Bw1 .
£ = W
i ¢ | B =
12 | 3 e
- 25 ¢ bedrock
15 | |« ©87mgkg)
i | . ; ; . 30 1 1 1 1 | . . ; ;
4] 500 1000 20000 40000 0% 20% 40% 60% B80% 100% 0 500 1000 1500 2000 0% 20% 40% 60% 80% 100%
Pb concentration (mg kg™) Pb concentration (mg kg")

B A- exchangeable (salt-displaceable)
B B - acid extractable (bound to carbonates)

MF: lesni 72 % B C- reducible (bound to Fe and Mn oxides)
v v z 0 0 D - oxidisable (bound to organic matter)
zemeédélskeé pudy 30 % B i e iy
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Humus — mapy isolinii As

51°

Prebuz

.~."'-.,_ : 3 \ o | y . i 4g°
\‘._\\ 1 (\ L 4@/
100 km N ( e ;:XJ - // N o

O a - nglg (ppm) As

TN ¥ max = 167
min = 5.49

VUKOZ Pruhonice N n=192
13° 14° 15° 16° 17 18° 19°
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Institute of Geology
Academy of Sciences
—
.— 4 —
~———F
—
3 ]

lokalni kontaminace As po tezbe kasiteritu (SnO,)

Prebuz (Krusné hory)

Bt PP = e

upravna a sklad As koncentratu (1948)

tézba a zpracovani Sn a As
(od 13.stol. - 1958)

koncentrat po uprave rudy —
65 wt % As
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Institute of Geology
Academy of Sciences
—
\/ ~.
——
—

= zvétravani sulfidickych mineralu As
arsenopyrit (FeAsS) a lollingit (FeAs2)
= prip. disperze As do okoli

toxicita As: As 3* > As °* > organické formy
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Institute of Geology
Academy of Sciences

vznik sekundarnich
mineralu
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Institute of Geology
Academy of Sciences
-
——— 4
—

mineralogickeé studium
S

sekundarni mineraly As:

. scorodite cement

. arsenopyrite
rlicts :

silné zvétraly vzorek —
rozpustény arsenopyrit arsenolit (As,0,) scorodit
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geochemicke studium
c—

orientacni louzici experimenty: 3hod = 2920 mg.L""
3dny = 10 238 mg.L"’

obsah As : P1: 730 — 2600 mg.kg', P2: > 13 600 mg.kg™’

— rozpousteni sekundarnich fazi
= odnos As do okoli
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MICHAL FILLIPI : b = ] ks

OXIDATION OF THE ARSENIC- RICH CONCENTRATE AT THE PREBUZ ABANDONED
MINE (ERZGEBIRGE MTS.,CZ): MINERALOGICAL EVOLUTION

Sci Tot Env 322 (2004) 271-282
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Institute of Geology
Academy of Sciences

—
I —

———— 4
S ——

Humus — mapy isolinii Hg

CZECH REPUBLIC HUMUS ash-free samples - MERCURY
Monitoring 1995

12" 13* 147 15° 16° 17° 18° 19°
51°
L b
- > 100
B 085-1.00
7 B 090-0.95
Svata R
BN 080-0.85
= dnn
e omen
0.55-0.60
= 055
50°
50°
49°
49°
walg (ppm) Ha
max = 2.26
min = 0.329
n=192

/ 12° 14° 15° 16° 17° 18° 19°

Jedova hora
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3.

lokalni kontaminace Hg po tezbe cinabaritu (HgS)

Jedova hora

- R [ .I‘ LY o £ L 3
-
/;‘ - e S.’

t&2ba od 17. stol. do 80. let 19. stol.

Té&zké kovy v ZP - 2009
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1760

tézba od 16. stol. dor

v
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" mira kontaminace
* mobilita Hg = studium chemickych forem Hg
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Hg v pudach
.

pudy: 20 - 150 ng.g™
max. pristupné obsahy: 800 ng.g" sz

Svata: 700 — 1200 ng.g-’
Jedova hora: 33 000 — 107 000 ngg'1
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chemicke formy Hg

1000 G97°C

thermo-desorpcCni analyza

Svatd Cwo= 1200 ng.g"

40

~Hg vézandna | a” =Hgs
Fe-oxyhydroxidy

30

dl/dt

20

10

0 100 200 300 400 500 600 700 800 E M A SR AR 8 &R

TC°C)
T(°C) Hg — goethit FeO(OH)-«

lepidokrokit FeO(OH)- y

— S
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4. mobilita Cd - sedimenty

pfehrada Rimov

Former matal
processing Retory

2 {middile)
N 48750864
E 14°26 526"

3 (dam)

N 49750004 galvanovna

= Frague
CZECH RER

1 finflow]
M 4B°48 234
E 14%28.837

1:50 000
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A\
Cd:

pfed povodni 4,97 mg.kg-
po povodni 3,45 mg.kg!



vliv povodni na zadrzovani/mobilitu TK v sedimentech
— speciace Cd pred a po povodni (2002)
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speciace Cd - sekvencni extrakce

hl. vymeénna frakce a karbonaty

Profile 3 - dam %% fraction

0% 20% 40% 60% 680% 100% 0% 20% 40% 60% 60%

organicka hmota
/sulfidy

/

SN

pred povodni po povodni

Fractions A BB [/C DD EE
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mobilita Cd
« /07

* mobilitni faktor (MF)
Cd: pfed povodni MF 60% = po 50%
= vice Cd vazano na OM (prinesena povodni)

= ovlivneni geochemickych podminek

CHRASTNY V. ET AL.
EFFECTS OF FLOODING ON LEAD AND CADMIUM SPECIATION IN SEDIMENTS FROM A DRINKING

WATER RESERVOIR
Environ Monit Assess 118: 113-123, 2006.
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Tuhé emise
«c /00007

e problémy s Cistotou ovzdusi
e soucasna situace

Bily Kiiz CHMU
r v r " Bohumin CHMU
' pevne CaStlce TCERA Cervend CHMU 26,9

TCTMA | Cesky T&&in CHMU 4 - whovujici 104| 436 65.0
TEMIA  Frydek-Mistek CHMU 4 - whovujici 15,2 444 70,0
THARA Havitov CHMU 4 - whovujici 10.7| 36.5 66.0
TKARA Kanina CHMU 4 - wyhovujici 13.3| 402 1,0/ 64.0f
TOBAK |Ostrava-Bartavice zu
TOCBA Ostrava-Ceskobratrska (hot spot) CHMU 50,5(1433,3
TOFFA |Ostrava-Fifajdy CHMU 4 - vyhovujici 12,0/ 434 6.8 59.0
TOMHK Ostrava-Marianské Hory zu
TOPRA Ostrava-Pfivoz CHMU 4 - yyhowjici 12.2| 480 5998 69,0
TORVA Orlova EHMO
TOVKA Opava-Katefinky CHMU 3 - uspokojiva 83 339 48,0
TOZRA |Ostrava-Zabfeh CHMU 4 - whovujici 10.4| 419 70,0
TSTDA  Studénka CHMU 3 - uspokojiva 53 291 9.2 44,0
TTRKA |Trinec-Kanada MUTF 3 - uspokaojiva 40,0
TTROA Thinec-Kosmos CHMU 4 - wyhovujici 10,7| 354 4.0/ 55,0
TVERA VEffiovice CHMU 4 - whovujici 9.1 237 65.0
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Tuhé emise
«c /00007

e spalovaci procesy — automobily, lokalni
topenisté, dulni ¢innost, elektrarenské emise
atd.

3 - uspokojiva

AKALA Phag-Karlin 6.9 28.0
ALEGA. Pha2-Legerova (hot spot) CHMU 13181794 8

AMLYA Pha5-Miynatka CHMU 4 - yyhovujici 476 67.0|
AREPA Pha1-nam. Republiky CHMU 2 - dobra 377 65 280
ARIEA Pha2-Riegrovy sady CHMU 2 - dobra 3.2 377 22.0
ASMIA Phas-Smichov ¢HMU 79| 878.3 3.2JJEEN]
AVRSA Phal0-Vriovice CHMU 3 - uspokojiva 7.7 421 45,0
AVYNA Pha%-Vysoéany CHMU 3 - uspokojiva 32| 442 8005 1.0 450
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Elektrarenske popilky
c

* Tabulka'l Parametry-ohniit' -pro-spalovini-uhlif

Spalovacire#im-= Teplota-spalovani Druh-uhli= Optimalni-zmitost- |
[°C]= [mm]-=
Vytavné ohnisté = G50-1550> demné= 0--0,2= o
Granulaéni-ohniété-o 950-1100-1100-1250-1 hnédé-= 02z f
Fluidni-ohnisté-5T* = 800-850-z ferné, -hnédéx 1,6--65a =
Fluidni-ohnigté-CIR**. 800-850-z femé, -hnédéx =<-f,5-0 o

ST*---fluidni-ohnisté-se-stacionam 1-fluidnivrstvou
CIE**-—{fluidni-ohnisté-s cirkulujici-fluidnivrstvou®
Zdroj:-Medvecova-J -MuZik P.-Nova-surovina fluidni-popilek-z°tepelné-elektramv-Hodonin ¥

e Popilek klasicky = B-kfemene (SiO2) a mullitu (3AI203 2Si02)

e Popilek fluidni = anhydrit CaS04, portlandit Ca(OH)2, sadrovec CaS04 2H20,
kalcit CaCQO3, kifemen SiO2, hematit Fe203, magnetit Fe304, bazanit CaS0O3
1/2H20, ettringit Ca6Al2(S04)3(0OH)12 26H20
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Magneticka slozka
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Sfericke objekty

el g SE 20KV
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Magneticka slozka

Magnetit, Fe-bohate sklo
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T

Magnetic
| susceptiblltty [SI]

Bom10*
TE 0"
T 0"
B85*10°
a0
55*10"
o
45*10°
400"
350t
i L
2510
200"
16"10"
1m0t
50"

oot

Vztahy s TK
-

Korelace koncentraci TK s
magnetickou

susceptibilitou aj. o
magnetickymi parametry

5041

|
\

Y

/L)

G
—

f
ey
-I_-___‘_-_

-
w7
—

A. Kapicka et al.

HIGH RESOLUTION MAPPING OF ANTHROPOGENIC POLLUTION
IN THE GIANT MOUNTAINS NATIONAL PARK 1535 15%38° 1537° 1598 15%99°
USING SOIL MAGNETOMETRY x 5 km

Stud. Geophys. Geod., 52 (2008), 271-284 I I

© 2008 Inst. Geophys. AS CR, Prague .
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Atmospheric Environment 43 (2009) 3137-3144

-

ATMOSPHERIC
ENVIRONMENT

Contents lists available at ScienceDirect

Atmospheric Environment

journal homepage: www.elsevier.com/locate/atmosenv

Anthropogenic contribution of magnetic particulates in urban roadside dust

Wonnyon Kim?, Seong-Jae Doh®*, Yongjae Yu®

*Department of Earth and Environmental Saences, Korea University, Seoul 136-713, Republic of Korea
" Department of Geology and Earth Environmental Sciences, Chungnarm National Unfversity, Dasjeon 205-764, Republic of Korea
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a Spring (Mar. 2002 - May 2002) b Summer (Jun. 2002 - Aug. 2002)
Rainfall {mean):

323 mmimanth
Temperature (mean):
24°Cimonth
Y

Rainfall {mean):
82 mm/month
Temperalure {mean):

Wind direction
and speed

Rainfall {mean):
21 mm/month
Temperature (mean):

Rainfall {mean):
40 mm/manth
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Pevneé castice

U prostredim avy- okl 58 -5 Wpiow D -Stepoat], Vool
prevaha bobgokehormaienaius

Obrazekd Piikhdy vhjelti-pommovanych-na PPfiltreché 1227
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