Distribuce a dynamika rtuti v lesnich
| ekosystémech
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m anorganické slouceniny Hg resp. Hg soli
rtutnate (HgS, HgO, HgCl,)

m organické slouceniny Hg (Me-Hg)



Rtut’ - pro¢ by nas to vlastné mélo zajimat?

vysoka toxicita
zjevna toxicita — Minamata, Niigata 50-60 léta min. stoleti

soucasné vysledky vyzkumu — Hg muze byt toxicka pro ¢lovéka ¢i Zivocichy 1
na Uzemich kde kontaminace neni zcela zjevna

nebezpeci otravy vyplyva z pravdépodobnosti expozice, ptitomné formy Hg,
geochemickych a ekologickych faktort, které ovliviuji pohyb ¢i zmény forem
Hg v zivotnim prostiedi | Al T

: LOC, T's "THE ONLY
G, [ LISUID PETAL KNCWN!

50 YoU CAN'T HAVE ANY
REPLACEMENT FCR THE
INIMITABLE. .. THE UN=
MATCHABLE, .. THE
UNBEATABLE ME,

MERCURY !




Rtut’ - proC se starat?

Pleasant Lake, Maine

PROTECT YOUR KIDS
RELEASE YOUR CATCH

B Fish Caught in Maine's Inland Waters Contain Mercury
u Which is Known to Be Harmful.

Sy EEEEEEEEEEEEEE'E EEEEEER

m  There Is No Known Safe Level of Mercury Consumption. g
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ZDROI: http://www.epa.gov/fishadvisories/advisories/2003/maps/slide14.gif

Doporuceni o konzumaci ryb

Explanation

Statewide Advisory

Other States with Mercury
Advisories

States with Coastal
Advisories

The EPA Web site for this information is:
http:/iwww.epa.goviosulish



Prirozen¢ zdroje Hg

= zvetravani

» vulkanismus

» geologicka loziska HgS
" Morsky sprej a emanace

" lesni pozary



Almaden - Spanélsko

Mapa distribuce Hg ve svrchnim ptidnim
horizontu

* nejvetsi akumulace Hg na
svete

* nejvetsi kontaminace Hg
antropogenni + prirozene
zdroje
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vytézené Hg v historn
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LADO LR, HENGL T, REUTER HI

HEAVY METALS IN EUROPEAN SOILS...
Geoderma 148

2008



Antropogenni zdroje Hg

Canadian Atmospheric Emissions 2003

Electricity Generation

34%
= zpracovani kovu by iy
11% B%
= vyroba hydroxidu s y
0%

Man-Ferrous hMining
and Smefting Cement and Concrete

= spalovani fosilnich paliv zejmena uhli " iy
= spalovani odpadu (zejména zdravotnické)
= [okalné tézba zlata a Hg

* cementarny




Rtut’ v atmosfere

* elementarni Hg
» anorganickd Hg — 1épe rozpustna

* 15 -20% emitované anorg. Hg je
deponovano do 50km od zdroje

* element. Hg m& mnohem delsi dobu
setrvani v atmosféfe — proto ji mizeme

najit napt. 1 na Antarktidé apod.
|



Zdroj map:
NADP-NTN
http://nadp.sws.uiuc.edu/data/

Rtut’ v atmosfere

Mercury Wet Deposition
2004

Mational Atmosphenc Deposition F’rcgram.-rl‘-.-"lerl:u Depo=sition Network

Monitorovaci sit NADP-NTN po celém uzemi USA



PACYNA JM, PACYNA EG, AAS W
CHANGES OF EMISSIONS AND
ATMOSPHERIC DEPOSITION OF HG, PB
AND CD

Atmospheric Environment 43

Evropske emise Hg =

Mercury in air and precip at SE0002/5E0014
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Fig. 4. Change of Hg concentrations in air (total Hg in ng m™) and precipitation ({in ng1~") at two stations in Sweden.



Emise v CR, data o kontaminaci ZP?

Asie — 2400t/y

Hg, tly 2006

7 1 Totals, tly 241

2 Kazakhstan 42

6 = 3 Poland 21

- 4 Turkey 21

S - 5 Russia (Asian part) 20

> 4 6 Ukraine 15.7
I — [ R — 7 Russia (European part) 14
:C, 3 IR ) I 8 Greece 13
. 9 Italy 11
2 - 10 Spain (inside EMEP) 9.1

11 Romania 8.3

1 - 12 France 7.9

13 United Kingdom 7.5

0 \ \ \ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 14 Serbia and Montenegro 54

B © M 0O O O «~ N M < 1V © ©~ 15 Czech Republic 3.8

3 3 3 & 3 8 838 33 8 8 3 16 Bulgaria 3.7

- T T T T AN NN NN N NN 17 Slovakia 34

18 Uzbekistan 3.3

ZDROJ: Rocenka Zivotniho prostfedi 2007 19 Hungary 3.2
20 Portugal 29

L 21 Germany 2.8

= Jak je na tom CR v evropském kontextu? 7 . &
23 Bosnia and Herzegovina 1.9

24 Belgium 1.8

25 The FYR of Macedonia 1.8

= data o Hg v CR? <<

ZDROJ: The EMEP home page-
http://www.emep.int/index_pollutants.html

» nicméné existuji jina dulezita data o Hg...



Hg v lesnim humusu

CZECH REPUBLIC
Monitoring 1995

HUMUS ash-free samples - MERCURY
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SUCHARA |, SUCHAROVA J
DISTRIBUTION OF SULPHUR AND HEAVY
METALS IN FOREST FLOOR HUMUS OF
THE CZECH REPUBLIC

Water, Air and Soil Pollution 136

2002
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SUCHAROVA J, SUCHARA |
BIO-MONITORING THE ATMOSPHERIC
DEPOSITION OF ELEMENTS AND THEIR
COMPOUNDS USING MOSS ANALYSIS IN
THE CZECH REPUBLIC - PART I...

H g V m e Chu gggi Prahoniciana 77

CZECH REPUBLIC - atmospheric deposition MOSS - MERCURY
Biomonitoring 1995
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Povodi Lesni potok (Lp)

N | Agricultured area

T Forested area

& I Urban area
fernovka [*/] Road

[+.. | Catchment
' boundary

Okres: Kolin
Plocha povodi: 0.76 km2

L)
Kostalag

n.er\Lasy

Rozmezi nadmorskych vysSek: 400 — 495 m.n.m
Vegetac¢ni kryt (100%) = 46% jehl., 53% list.
Prim. rocni teplota: 7°C

Prum. rocni srazky: 600 mm

Geologické podlozi: Ri¢ansky granit




Latkove toky Hg v lesnim ekosystemu
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Hg v respiraCnich organech drevin

/ // / //
/ / /

0 I I I
© N~
C 885555558388 883833333



Hg v respiraCnich organech drevin

SMRK

Zmeény koncentrace Hg v jehlicich smrku - povodi LYS a LP

ko))
5 20 - mLYS
> 40 - mLP

20
10 -
0

nejstarsi 2004 2005 2006 2007 2008
smeés

» depozice listi a jehlic na piidni povrch... S



Koncentrace Hg v pud€ — povodi LP

Hg (ug-kg™)
0 200 400 600 800

hloubka (cm)

= ale co zasoby Hg v |
-80 - i

100 0 ©  povodi Lesni potok




Zasoba Hg v pud¢ — povodi LP

 povodi Lesni potok
Pool of Hg (g.ha™)

0 200 400 600 800
| | |

organic goil pool

1 { . Rl Y R g.cm
h=0.01 -0.20m

mineral soil pool

| , ey P =0.80-1.80 g.cm?3
h=0.70 - 1.00 m

e ale dynamika!




PCS

Prikladova studie N
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Lesni pozar v roce 2006

e pozar trval od 22 do 28.¢ervna 2006
* nejvetsi pozar za 30.let na DéCinsku

* plocha lesa zasazena pozarem 17,92 ha



Lesni pozar v roce 2006




Distribuce Hg v pudnim profilu

Hg (ug-kg™) Hg (ugkg™) Pool of Hg (g.ha™)
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» volatilizace Hg z lesnich pud ji1z mezi ——————————
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1 00_3 OOOC BISWAS A, BLUM JD, KLAUE B, KEELER GJ Release of Pool of Hg (g ha™)
mercury from Rocky Mountain forest fire.

Global Biogeochem Cycles 263
2007



Vysledky ve vztahu na uzemi CR

e emise z plochy dosahly 7,5 ug.m= nebo 75 g.ha’!

» shotelo 4,039 t organicke pudy = celkoveé emise Hg 1.34 £ 0.07 kg

« NPCS je primérna lokalita s ohledem na konc. Hg v organickych horizontech

e lesni pozary na izemi CR mezi 53 aZz 2043 ha (Ro¢enka MVCR - 2007), primérna
plocha lesa zasazena pozarem za poslednich 10let =356 ha

» odhad roénich emisi Hg z lesnich pozaria v CR = 3,14 kg

1. 0,003 t=0,1% antropogennich emisi Hg, které¢ ¢ini 3,1 t za rok

NAVRATIL T, HOJDOVA M, ROHOVEC J, PENIZEK V, VARILOVA Z
Effect of Fire on Pools of Mercury in Forest Soil, Central Europe
Bulletin of Environmental Pollution and Toxicology

2009



Povodi Lesni potok (Lp)

I | Agricultured arca | "

- ]
Forested area |

B Urban area |
| %, | Road \

[-- I Catchment
boundary

WyZlovka

Okres: Kolin
Plocha povodi: 0.76 km2

Rozmezi nadmorskych vysSek: 400 — 495 m.n.m
Vegetac¢ni kryt (100%) = 46% jehl., 53% list.
Prim. rocni teplota: 7°C

Prum. rocni srazky: 600 mm

Geologické podlozi: Ri¢ansky granit



Latkove toky Hg v lesnim ekosystemu

e povodi Lesni potok
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Hg v povrchovych vodach

New England USA
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Hg vs DOC
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HARRIS RC, et al.

WHOLE ECOSYSTEM STUDY SHOWS A
RAPID FISH-MERCURY RESPONSE TO
CHANGES IN MERCURY DEPOSITION
PNAS 104, 42

Projekt METALICUS ~
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Fig. 1. Three-year average isotopic mercury addition rates (2001-2002) to 200 0o - r .00
the upland, wetland, and lake surfaces of the Lake 658 ecosystem at the ELA, g Jan-01 SJul-o dan-02 Jud-02 Jen-03 Jul-03 Jan-04
northwestern Ontario. The target rate was 22 ug'm “year™'. The average

actual addition rate for the whole catchment was 20.1 pg-m~2year !, which Fig. 2. Mean monthly export of ambient and spike total mercury per square
was btimes the averagewet deposition to thissite (3.2 pg'm—2year ") over the meter of uplan-d and wetland areas.
same period.



SCHUSTER PF, et al.

ATMOSPHERIC MERCURY DEPOSITION
DURING THE LAST 270 YEARS...
Environmental Science and Technology 36
2002

Zaznam koncentraci Hg v profilu ledovcem

Mercury Wet Deposition

Total Hg

{wat + dry deposition)
ug/m2

7] nam

¥ 1wa

Fremont Glacier B sww
Optimal location to measure B w0
historic reglonal and global inputs B -w

Sowrce: US EPA 1997 Mercury Report to Congress

FIGURE 2. Location of the Upper Fremont Glacier showing very
little impact from upwind local sources of atmospheric Hg.



SCHUSTER PF, et al.

ATMOSPHERIC MERCURY DEPOSITION
DURING THE LAST 270 YEARS...
Environmental Science and Technology 36
2002

Zaznam koncentraci Hg v ledovcovém profilu
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FIGURE 3. (A) Profile of historic concentrations of Hg in the Upper
Fremont Glacier. A conservative comcentration of 4 ngll was
estimated as preindustrial inputs and extrapelated to 1903 as a

=& 10 core background concentration. Age—depth prediction limits are £10

—e— 19 core years (30% confidence level); confidence limits are 2— 3 years [ 11k

- - T {Inset B} Hg production during the California Gold Rush {(adapted

@ 5 40 15 20 2% 30 35 48 from Figure 5 inoref 380, {Inset C) World preduction of Hg i tons

Total Mercury (rngfL)

per year during the last century {adapted from Figure 4B in ref 4.5
|



SCHUSTER PF, et al.

ATMOSPHERIC MERCURY DEPOSITION
DURING THE LAST 270 YEARS...
Environmental Science and Technology 36
2002

Zaznamy v ledovcovem profilu
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FIGURE 4. Profiles for Hg compared to chleride, sulfate, and electrical conductivity measurements (ECM). The y axis is scaled with the
age—depth relation ship, thus giving the Hg profile a slightly differem appearance from Figure 3. ECM is a measure of the acidity of the
ice. A comelation among chloride, salfate ECM, and Hy is a strong indication of a volcanic source. Age—depth prediction limits are £10
years (00% confidence levell; confidence limits are 2—3 years (1) (adapted from Figure 3 in ref 77). ]



SUNL, et al.

A 2000 YEAR RECORD OF MERCURY
AND ANCIENT CIVILIZATIONS IN SEAL
HAIRS FROM KING GEORGE ISLAND...
Science of the Total Environement 368

2006

Archivy zaznam zmén koncentraci Hg

* zaznam zmeén koncentrace Hg v srsti tulenu separovanych z jezernich sedimentti
na ostrové King-George, Antarktida
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Fig. 2. (a) Concentrations of essential elements or compounds K50 (- - - -), Na,O (......) and P (-) in the Antarctic seal hairs. (b) Hgr concentration in

the Antarctic seal hairs. The parallel dash line represents the average concentrations of Hgr in the hairs. Known events about mercury consumptions



Hlavni zdroje expozice
pro Clovéka

Hlavni zdroje expozice pro ¢lovéka

B zubni vyplné
B potrava
E ryby (sladkovodni — Stiky a pstruzi; motske - makrela, tunak)

B v moftskych specielné methylrtut’
E  kosmetika — krémy
B stara meérici technika

[/

B zatrivky a Setfici zarovky!!!

® Dc¢kuji za pozornost

Prezentovana geochemicka data pro povodi LP, LYS a PLB v CR vznikla
za finanéni podpory grantového projektu 526/07/P170 udéleného GACR




