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Vybrané typy environmentalnich polutantui
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Tézké kovy (HMs) — rtut’
Ivan Holoubek

RECETOX, Masaryk University, Brno, CR
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Rtut’ (Hg)

IL.b podskupina periodické soustavy prvku, bilostfibrny tekuty
kov:

% nejniZsi bod tani a varu ze v§ech kovu (-38,87 °C; 358,53 °C)
%  dobra schopnost rozpoustét kovy a tvofit slitiny (amalgamy)
% vystupuje v oxidacnim stupni II'1 I

% vyznamnou skupinu tvofi organokovové slou€eniny, velmi
toxicka
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Rtut
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Rtut

Myrarnar, Faroe Islands

Pfirodni Hg ?
Anthropogenni Hg ?
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Koncentracni profil Hg, Faroe Islands
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Hg concentrations measured in whole, air-dried bulk peat fine fraCtlon Of peat was a'ge dated
samples by Nicolas Givelet using the LECO AMA because no macrofossﬂ Could be found
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Hg concentrations measured in acid digests of peat
samples by Stephen Norton using atomic
fluorescence spectroscopy
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Rtut’ v Arktice

Composition of subsistence production,

“Up to half of Inuit women in the  Ghayer oo Ao PR .
Canadian Arctic are consuming
toxic pollutants at levels
exceeding international safety
limits. The fish, seals, and
whales they eat are
contaminated with pesticides,
heavy metals, and PCBs from

the developed world ” 10
Arctic Monitoring and
Assessment Program (AMAP) :

»
o
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20
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Rtut’ v Arktice

Arctic Monitoring and Assessment Programme

Arctic Pollution Issues: A State of the Arctic Environment Report, Chapter 7, Figure p. 108/2

18.5

Amundsen Gulf

10.2
493 Eastern
Beaufort Sea

17
lWrangeI Island

745

Western ose 2 Cornwallis W o River
Hudson Bay ° Island

Southern
Hudson Bay  Northern
“4 3'1311191 Baffin

Islnnd
a:nﬂB

4
Southern w“-‘iﬂ I
ﬁfm Svalbard

dea River

Avanersuaq
Ammassallk

Hg?* T

Ittoqgortoormiit

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Globalni vyskyt Hg

gvRonmenaL
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Nedostatek casovych trendu

“The most significant gap in our knowledge at the present time
is the lack of temporal trend data for most contaminants”
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Nedostatek casovych trendu

Bathurst Island %

Spruce Bog

Sifton Bog
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Nedostatek casovych trendu

Bathurst Island, Nunavut (75 °N)
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Nedostatek casovych trendu

Bathurst Island,
Nunavut,
Canada,

Summer 2000
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Peat accumulation from
4000 B.C. to 1000 A.D.

Natural rates of atmospheric Hg
accumulation

Arctic =

Switzerland =

Faroe Islands =

Southern Greenland =

southern Ontario = 1 pg/m3/yr
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Prostorové trendy

! Comparison with other locations
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— No evidence that the Arctic was an important natural
sink for mercury in the global cycle
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Globalni cyklus Hg

.|| Implication for the global Hg cycle

Estimated pre-anthropogenic global atmospheric mercury
Flux: 450 t/yr (peat records)

Estimated pre-anthropogenic global atmospheric mercury
Flux: 2500 t/yr (Nriagu, 1989)

Estimated global anthropogenic atmospheric mercury
Flux: 1900 t/yr (Pacyna & Pacyna, 2002)

= True impact of anthropogenic emissions of mercury
to global atmosphere underestimated by a factor 5?
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Hlavni slouCeniny Hg

Oxidacni stav Sloucenina Zdroj
Hg (0) Ptfirodni
Hg (I) Hg,Cl, Pramyslové
Hg (IT) Hg(OH), Pfirodni/Pramyslové
HgCl, , HgCI" , HgCl;,
HgCl,> , HgOHCI
HgS
R, - Hg (II) Chlorid monomethylrtut’naty Prirodni

(CH;HgCl)
Fenylmethylrtut’ (PhCH,;Hg)
Dimethylrtut’ (CH,;),Hg

Vznikajici biomethylaci
pusobenim
mikrootganismii v puiddch a
sedimentech

Research Centre for Toxic Compounds in the Environment
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Rtut’ (Hg) — vlastnosti a toxické ucinky

Do organismu vstupuje dychacim a zaZivacim traktem a pfes
kazi.

Elementarni rtut’ a anorganické slouceniny se ve dvojmocné
formé kumuluji v ledvinach, v mozku se elementarni rtut’
hromadi 10-krat vice neZ anorganicka.

Rtut’ je schopna proniknout pfes placentu a zvySovat expozici
plodu - u chronickych zatéZi matefského organismu plod
vychytava rtut’ prostupujici placentou a akumuluje ji
pfedevsim v mozku a v Cervenych krvinkach (ty dokazi
akumulovat o 30% rtuti vic neZ erytrocyty matky).

Research Centre for Toxic Compounds in the Environment
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Rtut’ (Hg) — vlastnosti a toxické ucinky

Z t¢la se vylucCuje predevsim moci a stolici.
Jatra rychle kumuluji rtut’ a vylucuji ji ZIuci do stfev.

Jako dimethylrtut’ je z 1/3 vylou€ena z organismu a ze 2/3
vstiebana zpét do krve; v jatrech se z dimethylrtuti CasteCné

uvolfiuje rtut’, ktera je opét Zluci vyluCovana do stfev a je
vazana na bilkovinny nosic.

Biologicky polocas u Clovéka je u elementarni rtuti 58 dni, u
anorganickych sloucenin 30 - 60 dni a u dimethylrtuti 70 - 74

dni.

Research Centre for Toxic Compounds in the Environment
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Toxikologické vlastnosti Hg

Akutni ucinky na
lidské zdravi

Inhalace elementarni Hg: bezprostfedni poskozeni
sliznice ust; stomatitis; zvraceni; dyspnea, anemia;
smrt.

Chronické ucinky na
lidské zdravi

Degenerativni zmény nervového systému, ovlivnéni
chovani, retardace vyvoje, reprodukeéni ucinky, fertilita

Hodnoceni
karcinogennich

aéinka (EPA)

Hg®  neni klasifikovan jako karcinogen pro ¢lovéka
Hg?* moZny karcinogen pro ¢lovéka
R- Hg moZny karcinogen pro Clovéka

Exposicni cesty

Inhalace par Hg

Poziti vody a potravy kontaminované anorganickou/

organickou Hg
MCL (voda) 2 ppb (EPA)
TLV (vzduch) 0.05 mg/m?

Research Centre for Toxic Compounds in the Environment
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Exposure
possibilities

dental fillings
(silver amalgam)

cosmetics
(eye makeup)

medications
(precipitate ointment,
Hg diuretics)

workplace
(chloroalkali electrolysis,
catalysts)

mercury vapour
discharge lamps

thermometer, barometer
(metallic Hg)

Figure 5.6.4 Mercury ‘spider’: applications and activity

mucous membranes
(stomach, intestines, mouth)

Toxikologické
vlastnosti Hg

Research Centre for Toxic Compounds in the Environment
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Rtut’ (Hg) — zdroje a vyuZiti

Pfirodni zdroje: ve formé sloucenin - vyvfelé horniny,

sedimentované sulfidové mineraly, v elementarni formé
vzacne.

Antropogenni zdroje:

EEEEEEEEEE

nékteré fungicidy pouzivané pfi vyrobé celuldzy a papiru
zpracovani chlorovanych uhlovodikii

destilace olejt a uhli

vyroba elektrickych kontakta

zemédélska mofidla

zpracovani rud

amalgamace

elektrochemicka vyroba

regulacni technika

lékafstvi - aktivni sloZzka riznych diuretik, antiseptik, koZnich 1éciv,
zubnich amalgamu

laboratorni barviva

Research Centre for Toxic Compounds in the Environment 20

http:/ /recetox.muni.cz




Cyklus rtuti

Air

Anthropogenic
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Pre-industrialni zasoby a toky Hg

Air
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Soucasné zasoby a toky Hg
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Pozad’ové koncentrace Ho v riaznvch slozkach prostiedi
g Yy P

Slozka Koncentrace [ppb]

Vzduch 0.002
Reky a podzemni vody 0.05
Mofska voda 0.1
Dest’ova voda 0.15
Surovy kal 2.0
Povrchové horniny 50
Ptdy a sedimenty 50
Uhli 200
Ryby 100
Clovek 100

Research Centre for Toxic Compounds in the Environment
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Typy antropogennich emisnich zdroji Hg

Spalovani

Fosilni paliva (uhli, ropa, plyn) a dfevo

Odpady (komunalni, nemocni¢ni, nebezpecné)

Odpadni kaly

Krematoria

Vysokoteplotni procesy

Taveni

Vyroba koksu

Vyroba litiny

Vyroba cementu a vapna

Vyrobni procesy

Vyroba chloru amalgamovym zptisobem

Zpracovani kovi

Chemické a vyrobni procesy (Hg slouceniny, barvy,
baterie, teploméry, vychozi latky a katalyzatory pro
razné chemické vyroby
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Typy antropogennich emisnich zdroji Hg

Té&%ba zlata

Dalsi zdroje Fluorescencni lampy

Skladky nebezpecnych a komunalnich odpadi

Skladky hlusiny

NaruSeni povrchu
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Distribuce roCnich vstupu Hg vyznamnych pro riizné

spalovaci a vyrobni procesy

Z.droj Distribuce [%0]

Spalovaci zdroje — celkem 80.95

Elektricka zafizeni
Spalujici ropu nebo plyn 0.12
Splalujici uhli 33.19

Spalovny

Spalovini komunadlnich odpadti 19.03
Spalovini nemocniénich odpadii 10.29
Domaici/primyslové vytopny 18.27
Vyroba chloru amalgamovym zptasobem 4.17
Primarni vyroba olova 0.05
Primarni vyroba médi 0.03
Dalsi spalovaci zdroje 0.98
Dalsi zdroje 7.80
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Zdroje znecisténi prostfedi Hg v Evropé
Pramyslové Byvala NDR,
procesy Slovensko, Cesko,
Belgie, Holandsko
Spalovani Rusko
Zemé NIS, Byvala
Jugoslavie
Polsko
Rumunsko
Pramyslové Bulharsko
procesy a Francie
spalovani Italie
Portugalsko
Spanélsko
UK

Research Centre for Toxic Compounds in the Environment
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Celkové Hg emise v t/rok/buiiku sité (Suma v§ech bodovych a regionalnich
zdroja. Kazda butika pokryva pfiblizné 56x56 km? Bodové zdroje jsou vyznaéeny modrymi body)

Haitot Emission all Sources

Research Centre for Toxic Compounds in the Environment
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Globalni emise celkové Hg z hlavnich antropogennich

zdroju v roce 1995 [t]

Vyroba
Stationarni neZeleznych | Vyroba litiny Vyroba Likvidace

Kontinent spalovani kovi a oceli cementu odpadu Celkové
Evropa 185.5 15.4 10.2 26.2 12.4 249.7
Afrika 197.0 7.9 0.5 5.2 210.6
Asie 860.4 87.4 12.1 81.8 32.6 1074.3
Severni Amerika 104.8 25.1 4.6 12.9 06.1 213.5
JiZni Amerika 26.9 25.4 1.4 5.5 59.2
Australie &

Oceanie 99.9 4.4 0.3 0.8 0.1 105.5
Celkem 1474.5 165.6 29.1 132.4 111.2 1912.8!

! In addition, emission of about 514 tonnes of Hg was estimated for chlor-alkali plants, gold production, and the use of Hg
for various purposes (primary battery production, production of measuring and control instruments, production of
electrical lighting, wiring devices, and electrical switches) in 1995.

Research Centre for Toxic Compounds in the Environment
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Environmentalni chemie Hg

atmosphere Hg +2:CH; <+— (HsC)2Hg
A
i ¢
hydrosphere — Hg (H3C);Hg

»| bioaccumulation

b BIP
1 :

Hg ===H;C-Hg" === (H;C); Hg CH3SHegCH

' A
sediment Hg + Hg?' === Hg}" — bacteria

}

HgS

Figure 5.6.5 Environmental chemistry of mercury

Research Centre for Toxic Compounds in the Environment
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Environmentalni osud Hg

do P
CH3Hg Hg ‘Oxidation’ .
0
<Hg = CH3))Hg———»CH; +C,H
97 light, decomposition Brea light, 4 FHeve
decomposition
Wetanddry | Degassing; vulcanism
deposition from land Air
Settlement diffusion  Water
bacterial
0 reduction N CH3H95;H3
Hg' = : CH3Hg thylation M Shellfish
4 Fish viawater | Methylation
in fish, water
bacteria, bacteria
S dismutation CH3Hg"
y \
o bacterial ¢~ bacteria, 2% Sugper;cjed.top sediment
Hg . dacton CH3Hg Keq=~ O,O]VHg <—Hg, Hg" from land
Deep sediment
'
Hg$S HgsS

Disturbance here may lead to reoxidation and mobilization

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



AQUEOUS-GAS-PHASE SYSTEM OF MERCURY

(9) TPM\
(aq) o )

TPM HgC|2(aCﬂ o3 012 hoto
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Souhrn chemickych transformacnich procest Hg

Reaction Results
1) Hg"+ OH -HgOH (€] Rate constant k = (8.7£2.8) x 10" cm? molecule™! s
2) Hg'+ OH -HgOH (aq) Rate constant k = (2.4+0.3) x 10° M1 s
3) HgCl,+e—HgCl+CI (aq) Reduction potential E= -0.47 V
4a) HgClL,+ O,"—HgCl+0,+CI (aq) Rate constant k = 6 x 103> M1 ¢!
4b) HgCl,+ O, <>HgCl+0,+CI (aq) Equilibrium constant K= 5.7 x 10-
5) [Hg(C,0,) ]%**"*+ hv—Hg’+2CO,+(n-1)C,0,* (aq) Identification of Hg? as a reaction product at A>290
nm
6) (CH,),Hg + NO,"— HgO + NO, (2) Identification of HgO as the main product
7) CH,;HgX + hv—CH,+HgX" (aq) t~230 h, at 60°N during summer season.
Identification of the final product Hg(II) as a
consequence of the reaction between intermediate
HgX" and molecular oxygen
8) CH,HgX + OH—CH,;+HgX" (aq) Identification of the final product Hg(II) as a
consequence of the reaction between intermediate
HgX" and molecular oxygen
9) [Hg(CH,COO), ]—CH,Hg*+CO,+ Rate constant k = (9.0 £0,9) x10-7 s
(n-1)[ Hg(CH,COO), | (aq) at pH 3.6-3.7

10) Hg(Cl),(aq)>Hg(Cl),(2)

Henry's law constant~5 x 10-7 atm M-!

Research Centre for Toxic Compounds in the Environment
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Vztah mezi UV zafenim a Hg
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Polarni vychod slunce a vynaseni Hg

Research Centre for Toxic Compounds in the Environment
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Transport Hg mimo region EMEP

~ 60% antropogennich

emisi Hg

Research Centre for Toxic Compounds in the Environment
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Emise Hg na severni polokouly

20-50
50 - 120
I 120 - 20(
I > 200

Hg antropogenni emise Hg pfirodni emise
(dle AMAP) (odhad MSC-E)

Research Centre for Toxic Compounds in the Environment 38
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Transport Hg - severni polokoule

T -
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Roc¢ni pramérna koncentrace
celkové plynné Hg

Celkova hustota roCni
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Cyklus Hg v jezerech

v |

|
|

Ligtx :

Hg0 <— Hg(Il) === CH;Hg* === CH;HgCH,

Figure 7-3

The cycling of
mercury in freshwater
lakes. (Source:
Adapted from M. R.
Winfrey and J. W. M.
Rudd. 1990. Environ-
mental factors affecting
the formation of methyl-
mercury in low pH
lakes. Environmental
Toxicology and Chem-
istry 9: 853 -869.
Copyright 1990.
Reprinted with kind
permission from
Elsevier Science Ltd.,
The Boulevard, Lang-
ford Lane, Kidlington
OX5 1AB, England.)

Research Centre for Toxic Compounds in the Environment
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Residua Hg v jatrech Svédskych ptaku
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FIGURE 8.4 Mercury residues in the livers of Swedish birds. From Walker (1975).
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Vyroba chloru
amalgamovym

Slowenia R s e
zpusobem v Italii

w ~—— Torviscosa
[0 3 |

Porto Marghera

Tavazzano

Ferrandina

-
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Salt

Vyroba chloru

amalgamovym zpusobem

_ _ Raw brine
Caustic solution |

Precipitants

» Residue

Purified brine
Hydrochloric

\ 4
)
acid >
Hydrochloric acid
Anolyte

_ . Chlorine gas
> Electrolysis g
Amalgam
v
Water P Amalgam Cooling
decomposition
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Vyroba chloru amalgamovym zpiisobem

NaCl + Hg—+ 4Cl; + Na(Hg),

NaCl Cl
s 2

L L L L T T L T T g T T T T T R

¥ \

Na(Hg) + H20 —» NaOH + iH2 4 XH‘I

Primérné ztraty Hg = 2,1 g Hg/tCl, ° 0,1 g Hg/t Cl, ve vodach
0,5 g Hg/t Cl, v produktech

*1,5 g Hg/t Cl, do ovzdusi
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Nové trendy ve vyrobé chloru

Membranovy proces

Vyhody: Nevyhody:
% Bezrtut’'ovy proces % Vysoké pofizovaci naklady

Y% Vysoké provozni naklady
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