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Rtut’ — jeji specifika
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e Hg ve slouceninach: oxidacni Cislo 2+
e tvorba kovalentnich vazeb

* neochota k iontovym interakcim

e vazby vyhradneé jednoduché

o Hg-s llllllllllllllllIllllllllllllllllllllll’

* napadna ochota ke tvorbé Hg-C vazeb
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Rtut’ — jeji specifika
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Analyticke stanoveni Hg

e princip metod spektroskopie studenych par (,cold vapour® — CV)

CV-AAS Altec - AMA 254

Pevné i kapalné vzorky
DL~ 0,1 pg.L?
DL~ 0,1 pg.kg?
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MeHg* - 0,2-5,0 % z THg (napf.z5 ng.L't tzn. 0,10 - 0,25 ng.L %) 5
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Zdroje atmosf. emisi Hg

Prirozené Antropogenni

Vyroba oceli Pozary uhelnych Vyroba
Zemé&déglska  Jezera Vulkanicka 2% |0§i;ek vinylchloridu
puda 2% ‘s : o 1%
2% ginnost Tézba rtuti 0

Mobilizace po

MDE 20, Ostatni 2%
4% 3%
Lesy vyrobe; louht Spalovani
70, 7% fosilnich
. Spalovani pallv
Traviny, c?d padd 36%
tundry, savany 8%
9% ’
0 Oceany
Pousts, 51% Viyroba
zony bez vegetace, cementu
loZiska rud 10%
10%
5 N Vyroba
Pfirodni pozary nezeleznych .
13% kovil TéZba Zlata

13% 7%

Suma: 5 207 t.rok? Suma: 2 320 t.rok?

PIRRONE N, et al. 6
GLOBAL MERCURY EMISSIONS TO THE ATMOSPHERE FROM ANTHROPOGENIC AND NATURAL SOURCES
Atmospheric Chemistry and Physics 10, 2010
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Antropogenni emise Hg - Evropa

Hg in tonnes/year
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Fig. 1. Change of atmospheric emissions of Cd, Pb and Hg in Europe in the period from 1980 through 2005 (in tyear ).

PACYNA JM, PACYNA EG, AAS W
CHANGES OF EMISSIONS AND ATMOSPHERIC DEPOSITION OF HG, PB AND CD 7
Atmospheric Environment 43, 2009
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Antropogenni emise CR

Emise Hg (tun za rok) 2008

8
7 1 Russia 23.0
6 2 Turkey 22.0
.5 3 Poland 16.0
g i 4 Greece 13.0
2, 5 Romania 12.0
6 Italy 11.0
. 7 Spain 78
1 8 Ukraine 6.8
° b X H O ‘L X & »® O 0 9|UK 6.2
KOG IR I IR DI S I P NS 10 Serbia 5.4
ZDROJ: http://www.emep.int/, Roéenky Zivotniho prostiedi CR 11 Czech 4.1
12 Slovakia 4.1
® emise Hg za rok 2010 13 France 4.0
Elektrarna Ledvice 70 kg 14 Germany 3.8
Elektrarna Pocerady 234 kg
Elektrarna Prunéfov | 44 kg Celkem, t/rok 165
Elektrdrna Prunéfov || 143 kg ZDROJ: http://www.emep.int/
Elektrarna TuSimice 22 kg
Elektrarna Tisova 52 kg
8

ZDROJ (11/2013): CHMU http://portal.chmi.cz/files/portal/docs/uoco/web generator/plants/index CZ.html
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Emise Hg z SHP — modelovy vypocet

V CR bylo do konce roku 2010 vytéZeno pres pét miliard tun hnédého
uhli

PRAHA S 1400, 02 02 2072

Celkem bylo dosud v CR do konce roku 2010 ,
wid¥eno 5,168 miliard tun hnédého uhli, na obsah Hg v uhli SHP

sokolowskou hnédouhelnou paney piipadalo T -1
1,119 mid. tun a severofeskou * dle Doly Bilina a.s. 0,17-0,25 mg.kg
hnédouhelnou paney 4,049 mid. tun. YWplyva Svant ’ _ -1
to ze studie \f‘_.,?zbucu_mgéhu L]SUtEIVU hnédehn ¢ dle méreni GLU 0’17 0'19 mgkg
uhli (VUHU) zverejnéne ve ctvriek. e svétovy prameér (Bouska et al.) 0,13 mg.kg*

Zdroj:  WWW.MEDIAFAX.CZ

e 1 kg obsahuje 0,20 mg Hg
e 1 tuna 200 mg Hgtj. 0,2 g Hg
e 5 miliard tun 5x10°x0,2g tj. 1 000 000 000 g Hg

tj. 1 000 t Hg
e emisni faktor pro Hg je 65-75%

e tzn. pfi emisnim faktoru 70% a predpokladu, ze vSechno
vytézené uhli bylo pouzito v tepelnych elektrarnach — by emise
Hg do atmosféry dosahly 700 t Hg za obdobi od podatku tézby v
SHP cca rok 1870 (pocatek industrializace) do 2010




<~/ Institute of Geology AS CR,v.v.i

Rtut’' v atmosfére, depozice

e elementarni Hg(0) — malo rozpustna
e anorganicka Hg(ll) — rozpustna

e adsorbovana Hg(p)

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

e element. Hg ma mnohem delsi dobu
setrvani v atmosfére — proto ji
mUzZeme najit napft. i na Antarktidé
apod.

e doba setrvani Hg(0) v atmosfére je
1-1,5 roku !
(98% emisi)

10
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Depozice, vstup do ekosystému

Volna plocha (2015-2016)
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e LES 4.5 pug.m2.rok?
NAVRATIL et al. o | * NER 8.4 ug'm-z'rOk-l 11

NEPUBLIKOVANA DATA POVODI LESNi POTOK
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Depozice, vstup do ekosystému
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Respiracni organy drevin

Zmény koncentrace Hg v bukovém listi - povodi LP
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VIII-06
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XII-06 -
11-07 -
IV-07
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11-08 -
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X-08 -
XII-08 -
11-09 -
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VIII-09 -
X-09 -

NAVRATIL et al. 13
NEPUBLIKOVANA DATA POVODI LESNi POTOK
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Respiracni organy drevin

Zmeény koncentrace Hg ve vékovych skupinach jehlic smrku
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NAVRATIL et al. 14

NEPUBLIKOVANA DATA POVODI{ LESNi POTOK
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Depozice, vstup do ekosystému

SUChé d?POZC - opad Nacetin - Krusné hory, smrkové jehlice
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* NAC-buk 22.5 pg.m2.rok? years
* NAC-smrk  14.5 pg.m=2.rok?!

e LES-buk 22.6 ug.m2rok! ¢ NER ~60 ug.m'z.rok'l
* LES-smrk 17.8 ug.m2.rok?

Navratil et al. 15
NEPUBLIKOVANA DATA POVODI LESNi POTOK Navratil et al. (2016) — Applied Geochemistry - Accepted
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Lesni puda
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16
Navratil et al. (2014) - Water, Air and Soil Pollution 225
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Lesni puda — vztah s C-org

800 = biomasa
= distribuce Hg v pudach na N “Le . -
neznetisténych lokalitach b ik
se fidi zejména distribuci g N ERE . .
organické hmoty (C%) 200 v gt ‘, ) "

g -

20 30 40 50 60
TC %

17
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Lesni humus - izemi CR

e Hgvlesnim humusu

CZECH REPUBLIC HUMUS ash-free samples - MERCURY g ;
Monitoring 1995 5% T2y
- ® "l
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max = 2.26
) min = 0.329
VUKQOZ Pruhonice n=192
13° 14° 15° 16° 17° 18° 19°
SUCHARA I, SUCHAROVAJ 18

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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Lesni humus - izemi CR

CZECH REPUBLIC HUMUS ash-free samples - MERCURY
Monitoring 1995

Mercury (Hg) - medians o aw
CZ median - 0.656 ug.g’l

Southern Moravia

Southern Bohemia

‘Western Bohemia

Eastern Bohemia

Regions of the CZ

Northern Moravia

Central Bohemia

Northern Bohemia

1 L i |

-20 -15 -10 -5 0 5 10 15

Relative deviation (%)
SUCHARA I, SUCHAROVA J

DISTRIBUTION OF SULPHUR AND HEAVY METALS IN FOREST FLOOR HUMUS OF THE CZECH REPUBLIC 19
Water, Air and Soil Pollution 136, 2002
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Mech - izemi CR

CZECH REPUBLIC - atmospheric deposition MOSS - MERCURY
Biomonitoring 1995
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SUCHAROVA J, SUCHARA |
20

BIO-MONITORING THE ATMOSPHERIC DEPOSITION OF ELEMENTS AND THEIR COMPOUNDS USING MOSS ANALYSIS IN THE CZECH REPUBLIC — PART |...
Acta Prdhoniciana 77, 2004
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Lesni humus vs mech - tzemi CR

CZECH REPUBLIC HUMUS ash-free samples - MERCURY
Monitoring 1995

51°

CZECH REPUBLIC - atmospheric deposition MOSS - MERCURY

50 Biomonitoring 1995

51°

4¢

49°

Hag (ppm) Hg
max =0.177

min=0029
n=18

SUCHAROVA J, SUCHARA | 21
BIO-MONITORING THE ATMOSPHERIC DEPOSITION OF ELEMENTS AND THEIR COMPOUNDS USING MOSS ANALYSIS IN THE CZECH REPUBLIC — PART |...
Acta Prdhoniciana 77, 2004
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Zasoba Hg v lesni pudé

 povodi Lesni potok

Pool of Hg (g.ha™")

0 200 400 600 800
| | |

organic goil pool

mineral soil pool

Navratil et al. (2009) — Bulletin of Environmental Toxicology 83, 269-274

| | —

p=0.15-0.23 g.cm™3
h=0.01-0.20m

p=0.80-1.80g.cm3
h=0.70-1.00 m
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Zasoba Hg v lesni pudé

Organic Mineral
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» velikost zasob Hg v pudnich rezervoarech zavisi na velikosti zasob C-org...

23
Navratil et al. (2014) - Water, Air and Soil Pollution 225



depth (cm)
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Dynamika

Hg (ugkg™) Hg (ug.kg™) Pool of Hg (g.ha™)
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0 20 40 60 80 100 120 140 160 180
Pool of Hg (g.ha™)

« volatilizace Hg z lesnich pud jiz mezi 100-300°C
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Vysledky ve vztahu na tzemi CR

« emise z plochy dosahly 7,5 ug.m=2 nebo 75 g.ha™"
» shofelo 4,039 t organickeé pudy = celkové emise Hg 1.34 + 0.07 kg

« NPCS je priimé&rna lokalita s ohledem na konc. Hg v organickych
horizontech

* lesni poZary na Uzemi CR mezi 53 az 2043 ha (Ro¢enka MVCR - 2007),
prameérna plocha lesa zasazena pozarem za poslednich 10let = 356 ha

« odhad roénich emisi Hg z lesnich pozar(i v CR = 3,14 kg

* {j. 0,003t =0,1% antropogennich emisi Hg, které Cini 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

25
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Latkova bilance
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Stream water Hg and DOC

« export of DOC from forested catchments is governed by competing
processes of production, decomposition, sorption and flushing

50 60
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40 — Cz
A 30 — I_I
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Q - . |
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JEZ LES LIZ LYS PLB

* site by site stream water Hg concentration
determined by stream water DOC concentration!

27
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e DOC — dissolved organic carbon
e mobilita organickych latek — determinuje mobilitu Hg
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Plesne jezero - pritoky
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Vztah k prutoku

* site-specific changes in discharge determine the site-specific Hg and DOC
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Vztah koncentraci Hg a DOC

JEZ, r=0.62; g,é 0.0002 LES, r=0.74; p =0.0000 LIZ, r=0.98; p=0.0000

0 10 20 30 40 50 60 O 10 20 30 40 50 60 O 10 20 30 40 50 60
DOCmg L™ DOC mg L’ DOC mg L™

LYS, r=0.87; p=0.0000 PLB, r=0.93; p = 0.0000

« slope-ng Hg permgC

 stream water Hg concentration determined by stream water DOC

. 31
concentration!
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Pomeér Hg/DOC v povrchove vode
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* high stream water Hg/DOC ratios at JEZ site with possibly the highest Hg 39
historical deposition and at PLB the alkaline site (serpentinite bedrock)
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Odtok Hg a DOC
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Zavery

« Hg deposition history appeared to be but one of several factors affecting
current stream Hg dynamics

« other factors, many of which are interrelated, include soil Hg pools, soil
organic matter pools and dynamics, DOC quality and hydrology

« soil Hg correlated strongly to total carbon (TC) and total sulfur (TS)
concentration in soill

« the association of Hg to TS may follow from the known affinity of Hg for S
functional groups in organic matter

« intriguingly, median stream Hg/DOC was inversely correlated to soil
Hg/DOC
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