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¢ Hg ve slou€eninach: oxidaéni €islo 2+
¢ tvorba kovalentnich vazeb

¢ neochota k iontovym interakcim

¢ vazby vyhradné jednoduché

¢ Hg-S

¢ napadna ochota ke tvorbé Hg-C vazeb

zafivka
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Rtut’ - tenze
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USLECHTILY CHARAKTER Hg: snadna redukce slougenin na prvek

ProcC se stabilizuji vzorky pred stanovenim rtuti silnymi oxidacnimi Cinidly?

[ Typicka stabilizace: K,Cr,O,/ HNO; nebo KBrO,;/ KBr/ HCI ]
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B toxicky prvek
# formy rtuti

m eclementarni Hg (kovova) Hg?

m anorganickée slouceniny Hg resp. Hg soli
rtutnaté (HgS, HgO, HgCl,)

AMALGAMY

m organicke slouceniny Hg (Me-Hg)

Hg® + x Au +<—— HgAu,




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 Ci zivoCichy i
na uzemich kde kontaminace neni zcela zjevna

nebezpeci otravy vyplyva z pravdépodobnosti expozice, pritomné formy Hg,
geochemickych a ekologickych faktort, které ovliviiuji pohyb ¢i zmény forem
Hg v Zivotnim prostiedi

' w ﬁ;c: T'ad “THE ONLY
S = | LU= FFETAL KNCWN /

SO YoU CAN'T HAVE ANY
REPLACEMENT FOR THE
IKIMITABLE. .. THE UN~
MATCHABLE.,, THE
UNBEATABLE ME,
MHMERCURY !




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.
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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://www.epa.gov/ostfish

ZDROJ: http://www.epa.gov/fishadvisories/advisories/2003/maps/slide14.gif



Proc jsou slouCeniny Hg tak toxicke?

MERKAPTANY R-SH
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R-S-H + C-Hg-S-R —, R-S—-Hg-S—-R
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Pro€ jsou slouceniny rtutnaté velmi jedovaté?



Prirozen¢ zdroje Hg

= zveétravani
= vulkanismus

» geologicka loziska HgS
» morsky $prej a emanace

.
.
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= lesni pozary
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Almaden - Spanélsko

Mapa distribuce Hg ve svrchnim piidnim

horizontu * nejvetsi akumulace Hg na
Lo o | SVELE

* nejvetsi kontaminace Hg
antropogenni + pfirozené
zdroje

(5 RSMN - ochazi odsud 1/3 dosud
vytézené Hg v historii
piiblizne 250 000 tun
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Antropogenni zdroje Hg

Canadian Atmospheric Emissions 2003

Electricity Generation

34%
" zpracovani kovu iy
11% 6%
= vyroba hydroxidu e
Incineration
20%

Mon-Ferrous Mining
Cetnent and Concrete

= spalovani fosilnich paliv zejména uhli e rosty
Total = 6349kg

= spalovani odpadu (zejména zdravotnické)
= |okalne tezba zlata a Hg

* cementarny




Rtut’ v atmosfere

* elementarni Hg
» anorganickd Hg — 1épe rozpustna

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

* element. Hg m& mnohem delsi dobu

setrvani v atmosféfe — proto ji mizeme

najit napft. 1 na Antarktidé apod.
|



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

Rtut’ v atmostere - USA

Total precipitation, 2006
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National Atmospheric Deposition Program/National Tredds Network
http:/inadp.sws.uiuc.edu

Monitorovaci sit NADP-NTN po celém uzemi USA




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

Rtut’ v atmosftere - USA
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Zdroj map:
NADP-NTN
http://nadp.sws.uiuc.edu/data/

Rtut’ v atmosftere - USA

Total Mercury Wet Deposition, 2004
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Zdroj map:
NADP-NTN
http://nadp.sws.uiuc.edu/data/

Rtut’ v atmostere - USA

Mercury Wet Deposition
2004

}
National Atmospheric Deposition Program/Mercury Deposition 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/SE0014
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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?

1995
1996
1997
1998
1999
2000

2001

ZDROJ: Roc¢enka zivotniho prostfedi 2007

2002
2003
2004
2005
2006

2007

= Jak je na tom CR v evropském kontextu?

= data o Hg v CR? <<

= nicméné existuji jina dulezita data o Hg...

Asie —2400t/y

Hg, tly 2006

1 Totals, tly 241
2 Kazakhstan 42
3 Poland 21
4 Turkey 21
5 Russia (Asian part) 20
6 Ukraine 15.7
7 Russia (European part) 14
8 Greece 13
9 Italy 11
10 Spain (inside EMEP) 9.1
11 Romania 8.3
12 France 7.9
13 United Kingdom /%S,
14 Serbia and Montenegro 54
15 Czech Republic 3.8
16 Bulgaria 3.7
17 Slovakia 3.4
18 Uzbekistan 3.3
19 Hungary 3.2
20 Portugal 29
21 Germany 2.8
22 Kyrgyzstan 21
23 Bosnia and Herzegovina 1.9
24 Belgium 1.8
25 The FYR of Macedonia 1.8

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



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
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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...

Hg v mechu bt

CZECH REPUBLIC - atmospheric deposition MOSS - MERCURY
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Hg-humus vs Hg-mech

CZECH REPUBLIC HUMUS ash-free samples - MERCURY
Monitoring 1995
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. CZECH REPUBLIC - atmospheric deposition MOSS - MERCURY
A Biomonitoring 1995



Zaznam depozice Hg - raselina

Hg (Mg kg™) Pb (mg kg') 60.-80.
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ETTLER V, NAVRATIL T, MIHALJEVIC M, ROHOVEC J, ZUNA M, SEBEK O, STRNAD L, HOJDOVA M
MERCURY DEPOSITION/ACCUMULATION RATES IN THE VICINITY OF A LEAD SMELTER AS
RECORDED BY A PEAT DEPOSIT

Atmospheric Environment 42
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Povodi Lesni potok (LP)

N | Agrncultured arca

T Forested area

PS I Urban area
Zernovka |/ Road

[+._ | Catchment
' boundary

Okres: Kolin
Plocha povodi: 0.76 km2

Y
Kostalec

n.fer\Lasy

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

Prium. roc¢ni srazky: 600 mm

Geologické podloZi: Ri¢ansky granit




Latkove toky Hg v lesnim ekosystemu
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Hg v respiraCnich organech drevin

Zmény koncentrace Hg v bukovém listi - povodi LP
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Hg v respiracnich organech drevin
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Zmeény koncentrace Hg v jehlicich smrku - povodi LYS a LP
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» depozice listi a jehlic na pidni povrch...

2008




Koncentrace THg v pud¢ — povodi LP

Hg (ug-kg™)
0 200 400 600 800

hloubka (cm)

= ale co zasoby Hg v |
-80 -

400 | * povodi Lesni potok




Zasoba Hg v pud¢ — povodi LP

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

0 200 400 600 800
| | |

organic goil pool

1, { S e A g.cm™
h=0.01-0.20m

mineral soil pool

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

* ale dynamika!
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Piikladova studie NPC
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Lesni pozar v roce 2006

e pozar trval od 22 do 28.Cervna 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™)
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 20 40 60 80 100 120 140 160 180
20 ‘1———_1__1___1_ : : 20 I I I I | | | L
——— —}-0< organic
O W i T
| M o===tor soil organic soil pool UNBURNED
0 B =SB0 0
- // L |
/f@/ // I I 1

-20 AIY/// /// mineral -20
= e soil =
5 e 5
c 40497 40 mineral soil pool
5 g 1 '
© I S T 1

-60 Al -60

|
-80 A: Bedrock (9.2 ug.kg™) Bedrock (9.2 ug.kg™) L 80
UNBURNED BURNED EEEEEEEEES®
100 1™ 100 organic soil pool BURNED

Shorelo

mineral soil pool

» volatilizace Hg z lesnich pud jiz mezi ——————————

0 20 40 60 80 100 120 140 160 180
1 OO_ 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 Gzemi CR

« emise z plochy dosahly 7,5 ug.m nebo 75 g.ha'!

» shofelo 4,039 t organické pidy = celkové emise Hg 1.34 + 0.07 kg

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

« lesni pozary na uzemi CR mezi 53 az 2043 ha (Roéenka MVCR - 2007), praimérna
plocha lesa zasazena pozarem za poslednich 10let =356 ha

« odhad roénich emisi Hg z lesnich pozari v CR = 3,14 kg

*tj. 0,003 t=0,1% antropogennich emisi Hg, kter¢ ¢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)
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Geologické podloZi: Ri¢ansky granit



Latkove toky Hg v lesnim ekosystemu

 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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ME|

blb

ercury Expenment To Assess Atmosphernc Loading In Canada and the United States

Measure Different Contributions to Fish Hg

200Hg 202Hg 198Hg
(Upland) (Lake) (Wetland)

e jak se zméeni obsah Hg v
rybim mase pri zmeéne
urovné depozice Hg

&

Lake 653

Lake: 8.4 ha :
Spike: 222pgm” yr (90.8%  Hg)

Wetland: 1.7 ha | -
Spike: 21.Tpgm yr (906%  Hg)

Upland: 41.2 ha . _
Spike: 19.6 pgm~ yr' (80.5 % ““Hg)

Fig. 1. Three-year average isotopic mercury addition rates (2001-2003) to
the upland, wetland, and lake surfaces of the Lake 658 ecosystem at the ELA,
northwestern Ontario. The target rate was 22 ug'm 2»year !. The average
actual addition rate for the whole catchment was 20.1 ug'm%year ', which
was 6 times the averagewet deposition to thissite (3.2 ug-m~2year—') over the
same period.




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 (2001-2003) to 200
the upland, wetland, and lake surfaces of the Lake 658 ecosystem at the ELA, g Jan-01 Juk-01 Jan-02 Juk-02 Jan-03 Ju-03 Jan-04

northwestern Ontario. The target rate was 22 pg'm %year . The average i .
actual addition rate for the whole catchment was 20.1 ug'm 2year ', which Fig.2. Mean monthly export of ambient and spike total mercury per square

was 6 times the averagewet deposition to thissite (3.2 ug-m~2year ') over the meter of upland 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

National Atmospheric Depostion ProgramMereiry Depasition Network

Total Hg
(wet + dry deposition)
ug/m2
] 03w
f] 103

Fremont Glacier B sww

Optimal location to measure B wwe»0
historic regional and global inputs B -2

Source: US EPA 1987 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

Figure 2
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Archivy zaznam zmén koncentraci Hg

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

CV-AAS

Pevné 1 kapalné vzorky

AMA 254




Princip stanoveni CV-AAS




Speciacni analyza

®’ kapaln¢ vzorky

Nejcastéji urcované specie: Hg"

Etapy stanoveni alkylovanych forem

1.

2,

Pre-koncentrace z prirodniho materialu
Oddéleni specii

Rozklad na Hg?*

Redukce, stanoveni koncentrace

Typicky obsah v pfirodnich
materialech: ~10 pg/L



Prekoncentrace

merkaptoethanol
R-Hg" + HS-CH,CH,-OH - R-Hg-S-CH,CH,- OH

He?* + HS—CH,CH,-OH — Hg (S - CH,CH,— OH),



Chromatografic HPLC

Oddeéleni specii

Chromatograficky :
HPLC nebo GC

Rozklad na Hg(?*)

Podle pouzitého typu
chromatografie

UV rozkladné zarizeni uCinkem
peroxidu vodiku, kysliku, interhalogenu

210

200 4

190 4

180 1

170 1

160 1

150 1

140

Br-/BrO3 10%/10% pump 50%
SnCI2 2%/10% pump 100% |
mobile phase |

KBrO; + KBr + HCI —» Br-Cl + KCI + H,O

BrCl+ H,O — HBr+ HCI+ O

1.5mM APDC
meohlacn/water 38:30:32
FL 1.4 ml/min
MeHg EtHg Hg(ll)
f
“v/wiw'ﬁw“'w L\'\“-' S d L R
0 2 4 =] 8 10 12 14 16



PREVEDENI Hg?* na Hg©
Hg?* + SnCl, »> Hg(® + Sn* + CI-

Dalsi mozna redukcni Cinidla:;

Zn/HCI
NaBH,
FeSO,



Analyticke stanoveni Hg

CV-AFS
Kapalné vzorky




Speciacni analyza TDA - princip

&’ pevne vzorky

Kombinace pristupu termicke analyzy a ICP-EOS

AR Odporova pec
Ar + vzorek P P Ak
*‘ _ —~— e
regulacni

zarizeni
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Realny vzorek
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Hg (184.95 nm) - 2000
600 ~ S (180.73 nm) e
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Chemickeé vilastnosti rtuti a sloucenin

Zpracovani vzorku
Stabilizace
Materialy nadob
Uchovavani vzorku

Stanoveni celkové rtuti
Speciace rtuti



