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e Zaradi dobre topnosti v vodi in hIaan)sti je zivo

srebro prisotno v vseh okoljih

* Hg je globalni onesnazevalec zaradi sposobnosti

transporta na velike razdalje, bodisi s sladkovodnimi
ali morskimi vodami in atmosfero



* Edina tekoca kovina pri
sobni temperaturi

* Velika gostotal3.534 g/cm?3

* Elementarna oblika (Hg°) je
zelo hlapna

e Z nekaterimi drugimi
kovinami tvori amalgame
(zlato, srebro, aluminij,

platina, ...)
* Glavno oksidacijsko stanje
je Hg2+

* V naravi ga lahko v vecjih
koli¢inah najdemo kot
cinabarit (HgS), livingstonit
(HgSb,S;), elementarno Hg
(Hg?)...




» Hg v okolju je lahko tudi
naravnega izvora

» Naravni viri Hg so izhlapevanje iz
zemlje ali vodnih povrsin, gozdni
pozari, rude obogatene s Hg,
tektonska, sezmicna in vulkanska
aktivnost

» Delez naravnih emisij v globalno
atmosfero je relativno velik v
primerjavi z antropogenimi

emisi,
> Ocen|

emisije

ami

eno je, da so naravne
v globalno atmosfero med

2000'in 5200 ton letno
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Map by Thomas Devwez, BRGM, 2004

Mineralni depoziti Hg so
razporejeni kot
planetarni pasovi

Mediteran je obmocje z
Intenzivno tektonsko
aktivnostjo zaradi
subdukcije afriSke
plosCe pod evrazijsko
tektonsko plosco

Mocna sezmicna
aktivnost

Vulkanska aktivnost

Prisotnost Hg mineralov
In rudisc
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Mediterranean Sea
. very productive mines

A presence of mercury

(» previously productive mines

Locations of active and inactive mercury mines in the Mediterranean

Na 1% svetovne povrsSine je koncentriranih vec€ kot 60 % svetovnih zalog Hg
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Celotno Hg (ng/L)
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Ocean Data View
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Prostorska in vertikalna razporeditev celotnega Hg 2000 - 2015

Hg rudarjenje in industrija
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2000 - 2015

Eolski otoki; intenzivna
tektonska in vulkanska
aktivhost



Depth (m)

Raztopljeno plinasto Hg (DGM (pg/L)) o .
Hg rudarjenje in industrija
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MeHg (pg/L)
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Hg Mass Balance in the Adriatic Sea
Stocks are in tonnes, fluxes are in tonnesly

Rivers: Total Hg/MeHg
Soca: 1.5/0.002

Po: 7.02/0.01

Other rivers:
0.32/0.002

Point sources
Zadar area Evasion Deposition
0.01/low 16.2/low 2.2/low

Hg in water
22.9/4.2

| - Resuspenzion 20.7

0.5/0.12

Sedimentation

Inflow from
Mediterranean
11.2/3

Outflow to
Mediterranean
13/5.6

— |




Hg Mass Balance in the Mediterranean Sea
Stocks are in tonnes, fluxes are in tonnesly
Total Hg/MeHg

i Point .
?2;8 r;:. sources Evasion Deposition Geo:g;:tomcs
' 2.5/low 68/low 38/~0.4 ow
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Euphotic zone:

Straits Mixed layer

(Gibraltar and " Methylation: 100 - 200 tonnesly il
Dardanelles) . Demethylation: 150 - 200 tonnesly - Fish harvest
IN 7.7/1 ........................................... S 0-34/~0.29
OUT 6.5/1.9 Net upweling/sinkin
_> ~20/3.3 ot W
‘—\ i i ’ =
Y : methylation : 404/115.2
\ . : ~10 tonnesly (net :
\ Estuaries, bays () ............ :
/ Diff. flux: 4/1 Uiswaell Sinking
2 . pwelling
Deep water : ............... Déep séa ................. :
| formation demethylation : Dfel';’os;g
18/1.3 ; ~10 tonnesly (net) : 510/109.

Deep sea sediment
Diff. flux 15/2.5
Acc. 12/0.1
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0 52%

Natural vs Anthropogenic Sources

13%

| | 0°/o

| 48%
33%

m Anthropogenic o Natural  m Historical (Non Quantifiable)

Natural sources

4%

mVolcanoes (800 Kgiyr)
molatilisation of mercury from soils (500 Kgiyr)

@ Geothemnal areas (190 kgiyr)

1% Anthropogenic sources

B Cement production

Waste incineration

Dental amalgam

Monitoring and Assessment Programme/UMNEP Chemicals Branch. Page 39

m Fossil fuel combustion for power and heating

m Metal production {(excluding gold)

m Large scale gold production

m Artisinal and small-scale gold production

» Chlor-alkali chemical industry

Source: AMARUNER, 2008. Technical Background Report to the Global Atmospheric Mercury Assessment. Arctic




Globalne emisije Hg

Mercury emission 2010,g/km* [ NN

0 2 5 10 100 1000

Global distribution of anthropogenic mercury emissions to air in 2010.

UNEP 2013 Hg report
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Mt St Helens (1980 AD)
1950 BT Industrialization (circa 1880-present) |
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=)
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— 1850 - -
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Pre-industrial
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TOTAL MERCURY (ng/L)



Amalgam
60% Au, 40% Hg




Kompaktne
fluorescentne sijalke

Hg UV sijalke
Zobni amalgami
Termometri

Hg stikala in releji
Manometri
Pridobivanje zlata

Kozmetika, medicina —
tiomersal (antiseptik,
fungicid v injekcijskih
raztopinah in kremah)
Hg fulminat, Hg(CNO), v
detonatorjih za eksplozive

Baterije




Concentration ng/m?3

Hg in air
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! Room with Dental office Surrounding
External air - | External air- | External air- | Non aerated during . " of illegal Hg
- . broken Hg Dental office Hg mine Idrija
unpolluted Ljubljana Idrija room amalgam smeltery -
thermometer .
removal China
| B Hg in air 1 4 10 20 3000 4000 10000 10000 2000000

Note: concentrations are in logaritmic scale




Vzorci iz okolja (zemlja, sediment,
voda, zrak, ...)

— Razliéne oblike Hg: THg, MeHg, Hg", ...

— Zelo nizka vsebnost Hg, nekaj pg (1012 g)
Bioloski vzorci (urin, kri, popkovnicna
kri, tkiva, ...)

Industrijski vzorci (dimni plini, pepel,

..
Stabilni izotopi Hg




Predkoncentracija z
amalgamiranjem na zlate
pasti

AFS HP — atomska
fluorescentna spektroskopija”
hladnih par

AAS HP — atomska
absorpcijska spektroskopija
hladnih par

ICP-MS — Masna

spektrometrija z induktivno
sklopljeno plazmo
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Hg je bilo odkrito leta 1490
500 let rudarjenja in predelave Hg rude

Leta 1994 so bile ustavljene vse
rudarske in predelovalne aktivnosti

Vsebnost Hg v rudi: 0.1 — 10%

Hg ruda: 70% cinabarit in 30%
elementarnega Hg

12 milijonov ton pridobljene rude

Iz rude je bilo pridobljenega 153 309
ton Hg s 107 692 tonami komercialnega
Hg

44 616 ton Hg se je izgubilo v okolje




Emission

H A heri
Idrija tmospharne 44 kg
deposition A
21.4 kg |
Point

Lo o, R

g:-4.2kg ® 4 o "y PHg: 11kg 17 - 34 kg
DHg: 3.5kg ¢ ¢ ¢7¢7¢ , DHg: 2.7 kg = - .

THg: 7.7kgg 6 6 &/ ¢ |, THg: 13.7 kg

Terrestrial load
to tributary system
THQg: 953 kg t

Total
ouwutflow from

7e catchmexn\

Runoff: 20 kg

Annual Hg mass balance

in the Idrijca catchment
Kocman 2008
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Dams: River Soca
Solkan, Doblar, Plave
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Flood
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Overbank
flood
deposits




IDRIJA

Atmospheric

deposition

Evasion Hg: 3.8 £ 1.9 kg
? MeHg: ?

Inflow from Adriatic
Hg: 79 + 31 kg
MeHg: 0 kg

Mercury mass balance

in the Gulf of Trieste
(all fluxes are in kgl/year)

Soca je prispevala 2160 ton Hg v Trzaskem
zalivu med 500 letno zgodovino rudarjenja v
|driji

Je najbolj onesnazeno
podrocCje s Hg v
Sredozemiju

Naravni in antropogeni vir
Hg — reka Soca

V zaledju reke Soce je drugi
najvecji rudnik Hg - Idrija
Glavni vir Hg v Trzaskem
zalivu je erozija s Hg
onesnazenih zemelj,
depozitov cinabarita in
elementarnega Hg, rudarski
In zgalniski odpadki
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The Bioaccumulation of
-~ 1 Methylmercury

'
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Biomagnification - T 0.11-0.38 mg/kg
of Methylmercury " e
in the Ecosystem 0.15 mg/kg

0.005 - 0.0013 .10%mg/L ‘

Methylimercury Bioaccumulation in Organisms



(2005 -2012, n=240; > 80% v MeHg obliki)

14
12 ' Zakonodaja:
1 predatorske ribe
IV
w 0,8
xI
g 06 ostale ribe in
0,4 morski sadezi
0,2
0 .

Predatorji:
tuna, mecarica,
morska Zaba, morski pes

Ribe, ki se rehranjujejo z manjsimi

et ribami, skoljkami, glavonoZci:

ciplji losos, slanik, list,brancin

salpa orada, $karpena, ostriz, zobatec,
romb, skusa, ...

Rastlinojede ribe:

lignji, hobotnica



mg Hg/kg

E

1.4
1,2

0,8
0,6
0,4
0,2

(2003 -2013)

Zakonodaja:

predatorske ribe

ostale ribe in

Idrija _

Nad Idrijo I

Kozarska grapa - Idrijca

Trzaski zaliv

Ostale slovenske reke

vodni sadezi

> 90 % v MeHg obliki



Total Mercury in Suborder Scombroidei
albacores, mackerels, ribbonfishes, tunas,and bonitos
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(< 5% v MeHg obliki)

B Idrija

- Referen¢na obmodja

—

L =
c >AN
v Q
O L ot

> U

Q

L

radic

zelje
solata




Idrija

Obalno obmocje

T-Hg MeHg T-Hg MeHg
Zrak 0.05-0.10 - 0.001 - 0.005 -
Ribe 0.20-3.33 |0.18-3.20| 0.18-1.35 |0.17-1.33

(100g/day)
Ostala hrana 0.66 0.13 0.05 0.01

US EPA RfD znasa 0.1 pg MeHg/day/kg,,,

Note: 60 kg telesne teze




Splosna populacija Na delovhem mestu

Velike predatorske ribe ‘ /

X 4

Zelenjava iz kontaminiranih obmocij

]

$ -
a) 9

Nepravilna raba proizvodov (termometri, Zarnice,
itd..)

" Raba Hg v proizvodnji

w

Rudarjenje zlata

Industrija
(klor-alkalna
industrija)

S

Odpadki in kontaminirana okolja

Souwwrce: adapted from WHQ, Toward The Tipping Point, WHO HOWH Global inithithve 10 Substitute Mercury-Based Medical Devices in Health
Care, 2010; UNER, Mercury Awareness Raising Package. accessed on Ine In September 2012 (Retpo/wwunep.aeghazasdoussubstances).
Designed by 2a1 Evdronment Network / GRID-Asencal, December 2012



Nervous systemn

Heort

n K’M

* Akutna zastrupitev

Kronicna izpostavljenost nizkim
koncentracijam

— Vrste spojin (MeHg, Hg®)

— Nacin vnosa (hrana, zrak, koza)

— Starost osebe (prenatlano, zgodnje
otrostvo, ...)

— Obcutljivost (polimorfizem)



Pokazatelji obremenjenosti

~* Lasje
— MeHg v ribah
* Kri
— MeHg, Hg?*in Hg®
* Urin
— Hg?*in Hg®
'+ Izdihan zrak
— Hg®
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ng/mL
® <04
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Hg in hair

ng/g

A <100

A 100-250
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1000-2000

A 2000-5000

A >5000

Hg in urine

ug/g creat.

<0.2
02-05
05-1
1-2
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 Strupenost Hg in njegovih spojin

« Biogeokemijsko krozenje (Hg® Hg?,
CH;Hg*, CH;HgCH,)

 Bioakumulacija CH;Hg*

 Globalni polutant

* Nova zakonodaja: Konvencija
Minamata (2013)



MINAMATA CONVENTION
ON MERCURY

TEXT AND ANNEXES Podpisniki: 128 drzav
(2013-2015)

Ratifikacija do danes:
27 drzav

50 drzav mora ratificirati
konvencijo, da bo le-ta
N7

zacCela pravno veljati

http://www.mercuryconvention.org/Home/tabid/3360/Default.aspxww



