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Sugestao de Leitura

* Technical Background Report to the Global
Atmospheric Mercury Assessment (UNEP);

 The Mercury Study Report to Congress (U.S.
EPA)



Fontes de Hg

Combustao de combustiveis fosseis (carvao
principalmente);

Producao de aco;

Producao de cimento;

Producao de cloro e soda caustica;
Lixiviacao de minérios (especialmente HgS);
Mineracao de ouro;

Atividade vulcanica.
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Fontes de Hg:
Antropogénicas vs. Naturais

1,6 ng/m3 (pré-industrial = 0,5 ng/m3);
antropogénico:natural = 1,4:1;
Antropogénico = 2.900 ton/ano;
Natural = 2.100 ton/ano;

200.000 ton emitidas desde 1890 (95% disso
imobilizada em solo ou oceanos)

http://www.mercvt.org/facts/global.htm



Table 1.1. Environmental mercury fluxes from Global Mercury Models.

Lamborg et Mason Selinet  Mason, Friedl et
Hg Fluxes (kton/yr) al., 2002b and Sheu, al., 2007 2008 al., 2008
2002
Natural emissions from land 1.0 0.81 0.5
Re-emissions from land 0.79 1.5
Emissions from biomass burning 0.675
(A) Total emissions from land 1.0 1.6 2.0 1.85°
Natural emissions from ocean 0.4 1.3 0.4
Re-emissions from ocean 0.4 1.3 24
(B) Total oceanic emissions 0.8 2.6 2.8 2.6
(C) Primary anthropogenic emissions 2.6 2.4 2.2
Total sources (A+B+C) 4.4 6.6 7.0
(D) Deposition to land 2.2 3.52
(E) Deposition to ocean 2.0 3.08
Total deposition (D+E) 4.2 6.6 7.0 6.4
Net load to land 1.2 1.72°
Net load to ocean (burial in sediments) 1.2 (0.4) 0.68 (0.2)
Total net load (Iand + ocean) 2.4 24 2.2
Other parameters
Mercury burden in the troposphere (kton) 5.22 5.00 5.36
GEM lifetime (y) 1.3 0.76 0.79

*Including Hg” emissions (0.2 kton/yr) in response to Atmospheric Mercury Depletion Events (AMDEs) in
polar regions. Biomass burning is not included in the emissions from land in this Table.

® Value includes taking account of estimated flux from land to water via rivers (0.2).

http://www.chem.unep.ch/mercury/Atmospheric_Emissions/Technical background_report.pdf



Table 3.4. Total mercury consumed' worldwide by region and by major application.

Elemental mercury 2005 Artisanal gold Chlor-alkali
(tonnes) mining VCM production production Batteries

min | max ave min max ave | min | max ave | min max ave
East & Southeast Asia 408 | 514 | 461 | 700 800 | 750 5 11 8 180 | 300 | 240
South Asia 2 10 6 0 0 0 32 40 36 20 45 33
European Union (EU25) 3 5 4 0 0 0] 155 195 | 175 20 35 28
CIS & other European
countries 18 38 28 15 25 20 95 115 | 105 8 12 10
Middle Eastern States 3 2 0 0 0 48 58 53 5 8 7
North Africa 0 10 0 0 0 7 11 9 2 3
Sub-Saharan Africa 59 112 86 0 0 0 2 4 6 5
North America 2 4 3 0 0 0 55 65 60 17 20 19
Central America & the
Caribbean 7 14 11 12 18 15 4 6 5
South America 141 | 256 | 199 25 35 30 15 25 20
Australia, New Zealand &
Oceania 0 5 3 0 0 0 2 3 3
Total per application 641 | 971 | 806 | 715 | 825 | 770 | 435 | 550 | 492 | 277 | 463 | 370




Elemental mercury 2005 Measuring and control
(tonnes) Dental applications devices Lamps

min max ave min max ave min max ave
East & Southeast Asia 72 88 80 122 136 129 38 45 42
South Asia 23 32 28 34 38 36 11 12 12
European Union (EU25) 85 105 95 30 45 38 20 30 25
CIS & other European countries 10 12 11 22 25 24 7
Middle Eastern States 15 25 20 15 18 17
North Africa 4 5 6 6 6 2 2
Sub-Saharan Africa 6 8 11 13 12
North America 35 45 40 40 55 48 21 28 25
Central America & the Caribbean 20 28 24 12 13 13 4 4 4
South America 40 56 48 23 25 24 8 8
Australia, New Zealand & Oceania 3 5 4 5 6 6 2 2
Total per application 313 411 362 320 380 350 120 150 135




Elemental mercury 2005

Electrical and

(tonnes) electronic devices Other? Regional totals
min max ave min max ave min max ave

East & Southeast Asia 56 66 61 45 63 54 1626 2023 1825
South Asia 16 18 17 12 18 15 150 213 182
European Union (EU25) 10 20 15 75 150 113 398 585 492
CIS & other European countries 10 12 11 8 12 10 193 260 227
Middle Eastern States 7 8 7 101 134 118
North Africa 3 4 4 3 3 26 45 36
Sub-Saharan Africa 5 4 5 5 93 157 125
North America 55 65 60 60 120 90 285 402 344
Central America & the Caribbean 5 6 6 4 6 5 68 95 82
South America 11 12 12 8 12 10 270 429 350
Australia, New Zealand & Oceania 2 3 3 2 3 3 16 27 22
Total per application 180 220 200 225 400 313 3226 4370 3798
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Table 3.7. Mercury by-product emissions from anthropogenic sources worldwide in 2005 (tonnes)(nb. values are rounded to

3 significant digits).

Region Station-  Non- Pigiron Cement Gold Mercury Waste Caustic  Other  Total
ary ferrous  and product- product- product- incinerat- soda sources
combust- metals steel ion ion ion ion* product-
ion product- product- (primary ion

ion ion sources)

Africa 373 2.1 1.6 10.9 8.9 0.0 0.6 0.1 0.0 61.6

Asia 622 90.0 24.1 138 58.9 8.8 5.7 28.7 0.6 977

(excluding

Russia)

Europe 76.6 18.7 18.8 0.0 0.0 10.1 6.3 14.7 145

(excluding

Russia)

North 71.2 5.7 14.4 10.9 12.9 0.0 15.1 6.5 7.2 144

America

Oceania 19.0 6.1 0.8 0.4 10.1 0.0 0.0 0.2 0.0 36.6

Russia 46.0 5.2 2.6 3.9 43 0.0 3.5 2.8 1.5 69.8

South 8.0 13.6 1.8 6.4 16.2 0.0 0.0 2.2 1.5 49.6

America

World 880 141 454 189 111 8.8 35.0 46.8 25.5 1480



Table 3.8. Concentrations of mercury in various fossil fuels.

Fuel Concentration, g/tonne
Hard coals
Europe 0.01-1.5
USA 0.01-1.5
Australia 0.03-0.4
South Africa 0.01-1.0
Russia 0.02-0.9
Brown coals
Europe 0.02—-1.5
USA 0.02-1.0

Crude oil 0.01-0.5




Table 3.12. Estimated emissions of mercury from artisanal gold mining.

Region Hg emission, tonnes
Australia New Zealand and Oceania 0.2
Sub-Saharan Africa 8

Central America and the Caribbean 5

CIS and other European countries 4

East and Southeast Asia 233

Middle Eastern States 3

North America 6

South America 64

South Asia 28

Total 350




Table 3.13. Estimated global anthropogenic emissions of mercury to air in 2005 from various sectors (n
are rounded to 3 significant digits).

Sector Emissions in  Low-end High-end %
2005 (t) estimate estimate

Power plants 498
Residential heat 375

Other Industrial/Residential/Commercial 5.2
combustion

Fossil fuel combustion for power and heating 878 595 1160 45.6
Pig iron and steel ~ 54.5
Non-ferrous metals 132
Mercury production 8.8

Secondary steel 4

Metal production (ferrous and non-ferrous, 200 123 276 10.4
excluding gold)

Large-scale gold production 111 66 156 5.78
Artisanal and small-scale gold production 351 225 475 18.2
Cement production 189 114 263 9.8
Chlor-alkali industry 46.8 29 64 2.43

Waste incineration (Europe and North 35
America)
Other 26.1

Waste & other 63.9
Waste incineration, waste and other 125 53 473 6.49

Dental amalgam (cremation)* 25.7 24 28 1.33

Total 1930




Proportion of global anthropogenic emissions of mercury to air in 2005 from various sectors

- Fossil fuel combustion for power and heating
- Metal production (ferrous and non-ferrous)
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Figure 3.13. Proportion of global anthropogenic emissions of mercury to air in 2005 from various sectors.



Table 3.15 The largest mercury by-product emitting countries in 2005 (tonnes).

Rank  Country Emissions n % of global Category
2005 total
Stationary Industrial Artisanal Other sources
combustion production gold

1 China 825.2 4285 387.4 2432 156.0 38.6
2 India 171.9 8.93 139.7 21.6 0.5 10.1
3 USA 118.4 6.15 62.8 31.7 0.5 234
4 Russia 73.9 3.84 46.0 18.9 39 5.1
5 Indonesia 68.0 3.53 33 10.2 50.9 3.6
6 South Africa 43.1 2.24 334 5.7 2.6 1.4
7 Brazil 34.8 1.81 4.8 11.4 15.8 2.8
8 Australia 33.9 1.76 17.7 15.2 0.4 0.6
9 Republic of 322 1.67 18.1 12.9 0 1.2

Korea
10 Columbia 30. 1.56 0.8 23 26.3 0.6

Total 74.33




Emissions of mercury to air in 2005 from various anthropogenic sectors for the 10 largest emitters

Mercury emissions, tonnes
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Figure 3.16. Emissions of mercury to air in 2005 from various anthropogenic sectors in the ten largest emittin,
countries.
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Por qué é um problema?
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MERCURY
HEALTH EFFECTS

m Deteriorates nervous system

m Impairs hearing, speech,
vision and gait

m Causes involuntary muscle
movements

m Corrodes skin and mucous
membranes

m Causes chewing and
swallowing to become
difficult

http://pubs.er.usgs.gov/publication/fs21695



Bioacumulacao
e
Biomagnificacao

http://pubs.er.usgs.gov/publication/fs21695



Mercurio nho meio ambiente

A atmosfera é o caminho principal (6.000 ton/ano
emitidas vs. 600 ton/ano transportadas por rios);

Forma principal de emissao = GEM (gaseous
elemental mercury = Hg®);

Pequenas quantidades de RGM (reactive gaseous
mercury = mercurio oxidado em compostos
volatilizados);

Pequenas quantidades de TPM (total particulate
mercury = mercurio oxidado associado a
particulas)



Mercurio no meio ambiente
e GEM =vidalonga (0,5 a 1,5 anos) — poluente
global;

* RGM e TPM = vida curta (horas a dias) — poluentes
regionails.



Mercurio nho meio ambiente

GEM oxidado lentamente a RGM ou TPM;
Oxidante = ozonio (leva a HgO,);

Oxidante = radical hidroxila (leva a HgOH — vida

muito curta, menos importante);

Oxidante = Bromo

Hg’(g) -> Hg’(aq)

Hg’(aq) + O,(aq) -> Hg(I)(aq)

Hg(II)(aq) + soot/possible evaporation -> Hg(II)(p)
Hg(ID)(aq) + SO;*(aq) -> Hg"(aq)

(g)
(aq)
(p)

= gas phase molecule
= aqueous phase molecule
= particulate phase molecule



Mercurio nho meio ambiente

* Reducao fotolitica com HO, mantém [GEM]
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Figure 5.2. Schematic picture of long-range transport of persistent compounds directly or by the ‘grasshopper’

effect.
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Ciclo do Mercurio
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U.S. EPA: Mercury Study Report to Congress - Volume lll: Fate and Transport of Mercury in the Environment
http://www.epa.gov/ttn/oarpg/t3/reports/volume3.pdf

Mixed Layer




http://wi.water.usgs.gov/mercury/mercury-cycling.html

AQUATIC MERCURY CYCLE

DEPOCSITION

VOLATILIZATION
AND DEPOSITION

b P

DEPOSITION

0o

VOLATILIZATION
AND DEPOSITION

LR - -

v, b 4 nera g

: (0} Dy CHyHG DEPOSITION
Ha(ll) DEPOSITION Hg(C ETly
AND RUNOFF . Xrey, ot Sl
DU TFLOW o L]
L. oD
out = G.IT"LW-
= METHYLATIO, =
= o
= [ 0[5 o
: BIOMAGNIFIGATION —» :
SEDIMENTATION DIFFUSION: SEDIMENTATION ¥
— SEDIMENT = 5
- RESUSPENSION I
a
- -
- .




Longe range transport

Hg°

J (CHa)2Hg Hg®
S Ocean

Snow SN

Surface Snow

Seaice ¥ M
Frost flowers

v 4 A0
+ Mg~

Oxic Water

Anoxic Waters
& Sediments



Anthropogenic 2,000 >
4,000 / /
R Natural
s 1,000

Air

5,000
Hg(p) 98% Hg(gaseous) Hg(0)
I 2% Hg(particulate) l
v Deposition Hg(")

Local & Regional
Deposition
= 2,000

..........
DO

All Fluxes in 10° Kg/y
All Pools in 10° Kg

Global Terrestnal
Deposition

3,000 Depos

Mixed Layer
10,800

Global Marine

2,000

Evasion
2,000

tion

Hg(0) «— CH,Hg

1271

Hg() &= Hg(p)

\

Particulate
Removal
200

!

http://www.epa.gov/ttn/oarpg/t3/reports/volume3.pdf




Quimica do Mercurio

* 3 estados de oxidagao: Hg®, Hg,*, Hg*?;
* Inorganico (HgCl,, Hg(OH),, HgS);

* Organico (metilmercurio, cloreto de
metilmercurio, hidroxido de metilmercurio)



Metilmercurio

* Todas formas de mercurio podem ser
convertidas nele;

* Bioacumula e biomagnifica em cadeias
alimentares aquaticas;

* Forma mais toxica do mercurio.



| Figure 2-1
Cycling of Mercury in Freshwater Lakes (adapted from Winfrey and Rudd, 1990)
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Mercurio em aguas superficiais

Hg® na superficie pode ser oxidado a Hg*? ou
volatilizado;

Hg*? pode ser metilado nos sedimentos ou na
coluna de agua formando metilmercurio (via
bactérias);

Metilmercurio pode ser alquilado a
dimetilmercurio;

Hg*2 e metilmercurio podem formar complexos
organicos ou inorganicos (sedimento e material
particulado).
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Convencao de Minamata

Banimento de novas minas de mercurio

Abandono das atuais (15 anos);

Medidas de controle de emissdes gasosas;

Regulacao internacional de mineracao artesanal de ouro;

Banimento de fabricacao e uso de produtos contendo
mercurio (2020) — lampadas, cosméticos, baterias,
termometros;

Cloro-alcali (até 2025);
Acetaldeido (até 2018);
Uso restrito em producao de cloreto de vinila.



