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Introduction of Idrija town and Municipal Museum

Darko Viler
The Idrija Municipal Museum

Idrija is a small town in Slovenia and the site of the second largest mercury mine in the
world.

It lies in a valley 300 meters above sea level, on a tectonic fault running from northern Italy
to the Adriatic, which is also the border between the pre-alpine and Karst regions. The ore deposit
originated due to geological activity at the fault. The town developed at the confluence of the Idrijca
and Nikova rivers, amid dense forests. In the past it was precisely wood and water that contributed
significantly to successful extraction of mercury. According to legend, in 1490 a bucket maker
discovered an unusually heavy, glittering substance in a stream. Identified as mercury, it resulted in
quick arrival of prospectors from Italian, German and Czech lands. Idrija is the seat of a
municipality with population 12,000, half of them living in Idrija itself. Idrija lies an hour's drive
from Ljubljana, the capital of Slovenija, 450 kilometers from Vienna, historically the capital of the
Habsburg Monarchy, 200 kilometers from Venice and 100 kilometers from Trieste, the two
historically important ports for mercury exports.

The Idrija Municipal Museum is a public institution with administrative seat at
Gewerkenegg Castle in Idrija, which was built just decades after mine opening. The Museum has
two units, the Idrija Department and the Cerkno Department. The former organizes exhibitions in
the renovated Castle complex, and houses the permanent exhibition entitled »Five Centuries of the
Mercury Mine and the Town of Idrija«, which the Luigi Micheletti Foundation from the European
Museum Forum declared the Best European Museum of Industrial and Technical Heritage in 1997.
The Idrija Department is also responsible for the many technical and cultural monuments, including
the Idrija Kamst (a large water-driven pump), a set of restored large mine machinery in the Francis
Shaft, a miner's house, and the WWII Slovenia Partisan Printing Shop on the Vojsko plateau near
Idrija. The Cerkno Department offers two new permanent exhibitions: »The Cerkno Region
Through the Centuries« and »Pust is to Blame! — The Story of the Laufarji from Cerkno,
displaying local spring festival traditions. The Department also invites visitors to the homestead of
writer France Bevk in Zakojca near Cerkno, and devotes special care and attention to a remarkable

WWII monument — the Franja Partisan Hospital in Dolenji Novaki near Cerkno.



NIMD Forum 2012 Minamata City, 26 January 2012

A FU LA FY w5 EwEE ORI

A R XEFAaR=T O/NERETTHY, HRT2HFEEORERKMINLEZR LTS,

A RUXIEA XY TAENET R U THRICES> TWAWE O EOWER 300 A — ML ORIHLE L.
AT AT AWLNRE VA NHSROB AT 5 EZATHH D, HEHIHENC X 0 BE I 28
HefE U7, BT1ZA RU %)l & Nikova JIOETRHA . BWEHROFICEE L, B30 KB AED
LTEs Rl NAY At SV ACY

A R U YEEEIEY AL Gewerkenegg MNIZ & 2 AIONEER T, FLILAH AN THEHERIZETHR
7=HD7, HWEEILA RY YELE, Cetkno #iE V9 — oD = MIHMNINTW5, BN Z DOIEOE
", B OERIZHT->TEY, 5 b2 KEHEE A RY YO &8 LR R R 2 YL
i LT\ 5,

F 72 Cerkno (X Al & X T, Cerkno #1J777%>, ““Cerkno Hi£ O Laufarji OFE 5 DR 72 12
RERPINDY | ETFHEOLBRELHFEMNT L TVD,



NIMD Forum 2012

Minamata City, 26 January 2012

NMD Forum 2012

Introduction of Idrija Town and
Municipal Museum

Darko Viler
The Idrija Municipal Museum

Minamata City.

d mine today

|drija at the beginning of the 20" century and Idrija
today - different view

mercury cinnabar — common mercury ore
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Slovenia - the heart of Europe and Idrija, the oldest
mining town in Slovenia

Idrija at the beginning of the 20" century and Idrija
today

the bucket maker transport of mercury to the buyers

the smeltery and the buildings of Kolektor Group - a worldly
renowned company, producing electric commutators
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Steps Taken by the Minamata City, “Environmental Model City”

Tetsuhiro Yoshimoto

Minamata City

Minamata City is located in the southern part of Kumamoto Prefecture. In 1900’s it is a
small-scale city with abundant blessings from sea, mountains, rivers and mild climate and its
population is about 27,000 and the area is 162 km”. It was a mere small farming and fishing village
with the population of about 12,000 in 1900’s. However, after the establishment of the Minamata
Factory of Japan Nitrogenous Fertilizer Company (the forerunner of Chisso Corporation) in 1908,
the city developed as an industrial city along with rapid increase of the population.

The New Japan Nitrogenous Fertilizer Company resumed production of vinyl choloride in
1949 and around 1950’s serious health damage appeared on human in fishing villages. Since the
director of the hospital attached to the New Japan Nitrogenous Fertilizer Company reported the
occurrence of the patients to the Minamata Health Center on May 1, 1956, this day has become the
day of official confirmation of Minamata disease.

At that time the cause of this disease could not clarified at all. Because of the
misunderstandings of this sickness as contagious disease, the families with the patients received
discrimination and prejudice and many people died painful deaths.

In 1956, the population of the city exceeded 50,000 and the city had gotten flourished more
and more while the outbreak of the disease continued mainly in fishing villages.

Due to the complex regional factor that sufferers and wrong doers were living in the same
town, mutual distrust grew gradually among the residents. That led the local community to collapse
and have a long confused period.

Some years later the cause of the Minamata disease became clear and in 1977 the Minamata
Bay Pollution Prevention Project in which dredging of the sedimentary sludge containing mercury
in and out of the Minamata Bay and reclamation was initiated in order to prevent diffusion of the
damage. In 1990 the project was completed and the reclaimed area has become an eco-park.

And in January, 1993, the Minamata Disease Municipal Museum was opened to collect and
keep materials and to disseminate the information in order to make use of the lesson of Minamata
Disease in the future. Up to these days approximately 750,000 people have visited from home and
abroad. Particularly all the fifth graders of Kumamoto Prefecture visit every year as a part of their

environmental study.
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Closure of the Mercury Mine and the Quality of Life in Idrija

Tatjana Dizdarevi¢', Ur§ka Repinc’
' Idrija Mercury Mine, Ltd. — in liquidation
?: Municipality of Idrija; Slovenia

The town of Idrija is known worldwide mostly for its mercury mine, one of the oldest mines
in Europe. It has been estimated that from 1490 till 1995 over 12 million tons of mercury ore were
excavated and a total of 153,309 tons of commercial mercury (Hg) were extracted, which represents
over 13% of the entire world Hg production to date. All activities in the Idrija Mercury Mine
Company relating to the shutdown of the mine were completed by the end of the year 2009.

In view of man’s growing ecological awareness in the 70’s, when Hg production reached its
final peak, first systematic measurements of total mercury in water, soil, air, plants, animals and
humans were introduced. Mining and reprocessing of ore has severely enhanced the mobilisation of
Hg - it has been estimated that during the mine operation about 44,616 tons of Hg have been
released to the environment uncontrolled. Unfortunate outcome of the mining activities has been the
constant exposure of the inhabitants of Idrija and miners to Hg. Considerable decrease of Hg
content in air in Idrija was observed in the last decades after the processing of mercury ore in the
smelting plant was discontinued. The concentrations of Hg in air were reduced from about 2,000
ng/m’ in 1970’s to about 10 ng/m’. Airborne Hg caused elevated Hg levels in surficial soil layers.
On specific locations naturally increased levels of mercury are found in soil where the ore deposit
reaches the surface in the immediate area of the town (Pront area), or due to many abandoned
improvised smelting/tailing sites from the earlier periods of Hg production. Despite drastic
reduction and final ceasing of mining and smelting activities in Idrija in the 90’s, the mercury
concentration in soils and vegetation remain high. Though Hg levels in vegetation are several orders
of magnitude lower than those in soils, the results show high persistence of Hg, despite drastically
diminished airborne Hg emissions. Concentrations of Hg in surface waters upstream are below 10
ng/L and downstream of the mining district increase to about 200 ng/L, and remain elevated until
the confluence with the Soc¢a River. Significant decrease of Hg concentrations in surface water with
the increasing distance from the town of Idrija is observed today. The fact is that Hg concentrations
in river sediments are still relatively high and there are no signs of the expected decrease.
Concentrations of Hg in mine waste water, which is periodically released to Idrijca River, are

within the permitted values set by Slovenian legislation. The tailings and contaminated soils in the
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Idrija region are continuously eroded and serve as a continuous source for the river and the flood
plains. Therefore Idrija area continues to supply Hg into the Idrijca River and Soca river systems,
which empties into the Gulf of Trieste some hundred km downstream. At the current level of
exposure to Hg in the town of Idrija, no directly perceivable toxic effects are expected. Nutritional
habits of inhabitants have changed in the past decades; therefore the intake of Hg through inhalation
is considered the most significant. The latest study on mercury exposure revealed that children
living in the area of the former mercury mine are not under any significantly elevated risk of
mercury exposure.

Although Hg is present in Idrija region mostly in inorganic forms, numerous research
studies were performed to address Hg, transport and transformation processes of different Hg
species in Idrija region. The results have served as a basis in preparing long term rehabilitation
measures for reducing the effects of the past mining activities. On the basis of the provisions of the
EU Strategy for Mercury (2005) as well as the applicable laws and implementing regulations of the
Republic of Slovenia (1999-2004) stipulating the final rehabilitation of the environment and
elimination of the consequences of mining works, the Mining project of monitoring in the period
after the termination of mining activities in the Idrija Mercury Mine was prepared. Also
Municipality of Idrija has become aware of the importance to address environmental issues in order
to continuously improve the quality of life of its inhabitants. The strategic goals of the Idrija
Municipal Environmental Protection Program prepared in 2009 include the setup of an effective
environmental management system (ISO 14001), reduction of environmental pollution, regulation
of public utility infrastructure, waste management, sustainable use of energy, protection of natural
resources and biotic diversity, as well as awareness raising and information transfer.

The decision that Slovenia can also contribute to the full implementation of the EU Strategy
concerning mercury led to the establishment of the Information and Research Centre for Mercury
(IRC Hg) in Idrija in June 2008. The opening of this Centre has brought new dimensions to the
existing activities of the Idrija Mercury Mine. Unfortunately IRC Hg could not reach its potential
due to the liquidation process of the Idrija Mercury Mine, which started in 2010. The Slovenian
Government is currently working on establishment of a new public institute named Idrija Mercury
Heritage Management Centre, whose operation will also be harmonised with the management plan
according to the application for inscription on UNESCO's World Heritage List. The international
project ""Heritage of Mercury. Almadén and Idrija" nominated by Slovenia and Spain for inscription
on UNESCQO's World Heritage List, is by all means one way of directing and planning activities in
the future. Emphasis is laid on the conservation, development and presentation of heritage of

exceptional universal value to contribute to a broader awareness of its significance and respect, as

15



NIMD Forum 2012 Minamata City, 26 January 2012

well as to the sustainable development of the region and the local community. In addition to
technical and cultural attractions, we are also aware of the natural features in the environment of
Idrija. With its exceptional geological heritage, botanical diversity, unique forests and rich mining
heritage, Idrija holds an important place in the European environment. The emerging Geopark
Idrija, which represents a form of informal protection, interpretation, promotion and marketing of
natural heritage in a geographical area, connects natural and cultural heritage in a unique and
original way.

For almost 500 years the Idrija Mercury mine was the only driving force for development in
Idrija region. The crisis in the mercury market in the 1970's and consequently the stagnation of the
Idrija Mercury Mine favoured and led to the development of more environmentally friendly
technologies and industry, that changed the appearance of the town in many aspects. Rich scientific,
technical and cultural heritage that gave unique and recognizable shape to Idrija town during half a
century of mercury mining, is a legacy of immeasurable value, therefore we shall have to find ways

to preserve it for the generations to come.
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Idrija Mercury Mine Milestones (1/2)

= 1480 native mercury (Hg®) was discavered in ldrija

- 1508 rich cinnabar ore was discovered

= 1970 beginning of first ecological research activities in Idrija
due to Hg? pollution

= 1677 temparary cessation of Hg. praduction

= 1986 decision on the final L ion of Hg pr ion and
the gradual, complete and permanent closure of mine

= 1987 “Lungall-rrgfﬁi-'gr:m for the Compléte and Permanent
Shutden of the Idrija Mercury Mine® ~—

=1983-1995  minimal Hg production T

= 19495 systamatic monitoring oI’Hg pqlh:llQn in ldrija raglcn_l .

- 2004 last Hg stock of Idrija Minc'was sold ;

Idrija Mercury Mine Milestones (2/2)

Goglogieal crass-section of ldrija
are depasit
= 2004 “Act on the Prevention of Effects of Mining Activities in
the Idrija Mercury Mine” (Slovene National Assembly)
-t incliude the rehalitation of mining losses,
to eliminafe the effects of mining activities on the heafth of farmer miners,
after the complehon of shutdown wovks, te registerad acivities of the ming
ave o be changed for the purpases of
1) mamftaining of the unfiooded parf of the pit - and (2) muanifaring.
« 2006 Mining Project ,Monitoring of the Affected Area of the
Idrija Mercury Mine aﬂertha Compimion of Shutdown
Works"”

- 2007 ngﬁ?‘h far maTnlanance of the unﬂoodsd part “of the pit and
manitoring after the completion of shutdown.works in the
Idrija Mercury Mine in the Phase of Gradual SFUMpwn in the
period from 2008 — 2012 (approved by the Slovene
Government) - il O

Tdvija tovn with underground
Moerenry mine exploatarion field

Flatring of wnderground nrie

Borarig | [—

Closing down of Idrija' Mercury Mine

+ 2009 completion of the shutdown works in the mine

+ 2009 decision of the Slovenian Goverment dhithe Idrija Mercury i AT of vertcnl
Mine liquidation —

Mercurialism (miners’ disease)
= poisaning with vapours of elementary mercury

Occupational exposure to inorganic Hg (symptoms, consequences)

THE HEALTH SAFETY PROGRAMME FOR WORKERS EXPOSED TO
ELEMENTAL MERCURY AT THE MERCURY MINE IN IDRIJA (1965 —*)

* air monitering and mercury amission
cantrols
technical measures for the reduction of
Hg" in the working snviranmant
parsanal safaty squipment
estimation of the intensiti.of amrna\
monthly exposura i
periodic rotation of workplaces and the
reduction of daily exposure to mercury
medical illance of workers i
to slemental mercury (Hg®):
= medical examinations

- biclogical manitoring
- assessment of work ability
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Miners frc!m_.r_hr Idrifa Mercury Mine e

Vs sy e [ Sraard o D el Ml It Blogpiens kil

Total Hg production in the Idrija Mercury Mine 1490 - 1995 Mercury re_searc‘h in Slovenia initiated by the JoZef
(Miakar 1974, Cigale 1997) Stefan Institute in the early 1960s

= .. to address the health status of the miners.
Ore incre ftf [Hgcomm

Hyg producti 12 206 22 135 142} Ik
Hg (cinn, 551 10 518 7 618 Envirenmental pallution ::;c;;!;'ﬁ;:v"onm'mal Folution

[TOTAL 12575 732] mw\'fi{/ (~ 38.000 tons Ha)
- air

+ water

+  sediments
+ soils

+ plants 2
+ animals -
+ old attic dust

+ humans

Sole founder and owner of Idrija Mercury Mine is the Republic of Slovenia.
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Hg pollution in Idrija Distributian of mercury
in the athmosphers
o Distribution of over |drija,
Spatial distribution of ore mercury W, Horval, J. Koinik 2003,
smalting residues, in soil in Idrija, 0 Kecman, 2007
J. Car, 1996 . Gosar, ot al, 1997

Hg cycle in the wider Idrija
region and the Gulf of
Trieste

(M. Horvat et al, 2004)

Wider Idrija Area polluted
‘with Hg
(OG, no, 68/1996)

— MONITORING PROJECT - the principal objective
and heaith

of on the env

g p
(SEA):
(1) »a look backs the and detriments of
the mining Industry in Idrija, the contribution of this activity to the
development of this area, the reasons for shutting down the mine,
balance sheet, etc.;
(2) »a look ahead« (vision of the future); presenting development
possibilities, the necessity of caring for the abandoned mine, and
henefits, all connected by ideas, 'p'rngrammes and endeavours with
human potential in the lecal and broader environment (the
of an informati and research centre for
mercury in Idrija). -

— i
S~ HG CONTROL
Progi of ing - the of the operations of the
——= |drija Mercury Mine on the health of the former miners and target
population groups

Menitoring Project

= Visual monitering

+ Gaodstic monitaring

- -Geomechanical monitoring
+ Ground water monitorimg

- Environmental monitoring
- air, soil, watar, plants,”
human, ...} -

Visual monitoring (damage to retaining walls, bulldings, infrastrucure, ...)

Geodetic and geom ing and sliding effects)

T

Locations

Sampling and lahoratory work

{also training courses for students)
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Idrija Municipal
Environmental Protection
Pragram (ISD 14001)

f":'

Idrija is traditionally preserving:
*Heritage (of Mercury) and
*Knowledge and know-how(about Mercury).

In Light of:

+*Closing of Idrija Mercury Mine

*Changing of global perception on Mercury (EU Mercury Strategy. EU Mercury
Convention)

*RPreparation of Managing plan for UNESCO

Information and Research Centre for Mercury (IRC Hg)
has a good foundation for development within-Idrija
Mercury Heritage Management Centre,

Guidelines for IRC Hg future development:
+*Continuing existing activities (Heritage canservation and interpretation,
manitoring the process of closing Idrija Merclry Mine and Mine maintenance),
=Active Research and Scientific C. ion with Institutes (especially JoZef
Stefan Institute). -

Information and Research Center for Mercury (IRC-Hg)
Established on 22 June 2008

Information and Research Center for Mercury

The principal objectives

= to associate existing know-how and scientific and research
activities on mercury,

+ building ties with domestic and foreign institutions,

» todeal with various activities, including menitoring,
communication. database and archive management and
teaching.

« drawingup a \Jids"fénge'bf scientific pfograr'mﬁes that are
based on geology, mining, metallurgy, ecology and health,

+ presentation of the unique features of the ore deposit, mining_
and processing of the ore'and environmental issues.

Idrija Mercury Heritage Management Centre Nomination far inscription on

Information and Research Center for Mercury (IRC-Hg) UNESCO's World Heritage List
FProposad organization scheme and activities

{ Mositoring |

__| Protection of the Environment 1 |:|
“ﬂ_’_{lm_‘l B [ Alime maintenance
‘—| Research activities

= I_mmogr Environmental Assessments

“.I -
IMRLIAMERCTRY
T | mmmo: hrornoy
§ | Heritage of the Mine it
- r CENTER = INESCO Conter

gement |

—| Data base and_Archive

Klavie - water bagrier, 18t C1.

Idrija Mercury Heritage Management Centre
Information and Research Center for Mercury

Setup proposal — in the facilities of the former Smelting plant

1887 — monument of technical edtage
2001 = monument of national importance

IDRIJA
utomrm G

Amaonii Tirolites Idvianus
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Economic and Social Transition during Mine Closure

New Technologies and Industries

KOLEKTOR

Mercum Mine:
1964: 1350 employees

1977: 350 employees
2011: 15 employees

Kolektor;-.

1964: 40 employees
1977: 500 employees
2011: 1200 employees

e L L

social responsibility

Thank you very much for your
attention

CHBBYMEITENELL

— ,

500-years of mining and mercury
sxtraction rapresent an
wenvironmental burdena
in the immediate and broader area
of the town of Idrija.

ldrifa,

_ Alpine Town

" of the Year 2011

D=

] e et .

‘The principal purposs o
+ of the rehabllitaticn and recultivation of
an snyironment degraded by mining
s by ail means to ensure public
health, safety.and presperity, as weil
as slable

IDRLJA

STURIES OF PAST CENTUREES

Fasropean Destinasion of Dxcellene
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Mercury fate and transport in the wider Idrija Region and the Gulf of Trieste;

from environmental measurements to modelling tools

Milena Horvat', Duan Zagar?, Rudolf Rajar?, MatjaZ Cetina®,
David Kocman', JoZe Kotnik1, Nives Ogrinc'
! Department of Environmental Sciences, Jozef Stefan Institute, Ljubljana

?: Faculty of Civil Engineering and Geodesy, University of Ljubljana; Slovenia

Mercury (Hg) mining activities in Idrija, Slovenia, have resulted in significant
environmental contamination. Hg contaminated soils, Hg-laden material and tailings continue to
supply Hg to the local river system and to the Gulf of Trieste in N Adriatic, some 100 km
downstream from the mercury mine. Due to the abundant precipitation, steep slopes and highly
erodible underlying lithology, this region is especially prone to erosion. In the last 10 years
numerous measurement campaigns were implemented and used for the validation of modeling tools
to better describe and simulate the fate and transport of mercury in the catchment area, estuarine
and the costal environment of the Gulf of Trieste. Such an approach has been demonstrated to be an
efficient tool for the resource management planning, including remediation in the riverine and
coastal environment.

The presentation will provide examples of recent developments in the use of Erosion
Potential Method (EPM) in a Geographic Information System (GIS) environment (Kocman and
Horvat, 2009, 2011) which was used to estimate mercury delivery to the receiving water body
associated with the contaminated soil loss from the Idrijca River catchment draining the area of the
mine. Surface geology and soils, topographic features, climate, and land use were taken into
consideration and validated against mercury measurements in soils and suspended solids delivered
to the riverine system. Based on the spatial distribution of mercury in catchments soils the average
annual Hg load to the Idrijca River system was predicted at 933 kg. Due to the high variability in
spatial distribution of mercury in soil areal loads vary significantly and are the highest in the area
surrounding the mine (5 — 20 mg Hg m™ yr). In addition, based on the site-specific empirical
correlations between the measured Hg emission fluxes and the parameters controlling the emission,
a mercury emission model was developed within GIS to simulate non-point source mercury
emissions at the catchment scale. The most contaminated areas surrounding the mine that represent

less than 5 % of the catchment contributes 25 % of total annual mercury load to the Idrijca River
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system. In this way, spatial distribution and significance of most polluted sites that need to be
properly managed were assessed.

In the marine environment, tha fate and transport model PCFLOW3D previously developed
(Rajar et al., 2004, 2006; Zagar et al. 2006, 2007) has been improved in order to (1) forecast water
circulation in the areas under study in adequate spatial and temporal resolution, (2) simulate
transport and fate of pollutants on the basis of measured and modelled input parameters and (3)
perform nearly real-time short-term simulations. Previous studies (Zagar, 1999, Rajar et al., 2000)
showed high impact of wind induced waves and currents on bottom sediment resuspension and
transport, particularly in the northern, shallow part of the Gulf. Therefore, the PCFLOW3D model
has recently been upgraded with a module for prediction of wave parameters and wave-induced
bottom shear stress from wind speed and direction measurements at the buoy positioned near the
coastline. The module is based on an artificial neural network algorithm. The improved model
allows for simulation of more environmental parameters and to account for the impact of several
new variables on mercury transformations in much better horizontal and vertical scale (approx.
150x150 m and the layer thickness is 1 m). Such a model allows for an effective use in the
advanced integrated monitoring system in which the measurement data from buoys and robots are
transferred via web-interfaces from the Aml database to PCFLOW3D and the modelling results are
then fed back to the database. GIS models are applied to simulate conditions in the background
areas and to determine riverine inputs. Using all the described improvements and the significantly
larger quantity and better quality of input data, it is expected to increase the accuracy of mercury

transport and transformations simulated with the PCFLOW3D model.
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Mercury fate and transport in the wider Idrija Region
and the Gulf of Trieste;
from environmental measurements

to modelling tools

Milena Horvat
Dugan Zagar, Rudolf Rajar, Matjai Cetina,
David Kocman, Joie Kotnik, Nives Ogrinc
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and management
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Quantification of Hg releases from
contaminated sites — modeling approach

Hi atmaospheric emission

Fmigsions it soll
temperature, solor rodéation, soifl moks tue

Modeling framework — GIS approach

bined madels within GIS

Hg delivery to the receiving water body
Soil erosion: Erosion Potential Method
ater/solid partit hed Ch tzation System
Mercury Loading Model (Dai & Manguerra, 2000)

Mg emission fram sail: Hg emission model

Ha heri

GIS mercury emission model
Hg emission from soil = f (soil Hg content,
ot tadistion. discibtion]
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the catchment
890kg
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Soil erosion and surface runoff - the major terrestrial source of
mercury to the aquatic environment

Annual mass balance of Hg in the Idrijca catchment

Atmospheric deposition
| Watfall & dryfall || Throughtall
PHgAZig PHg 11hg
DHg: 35 kg HMdkg DHg 27 kg
THg. 7.7 kg THg. 13.7kg

Tesrstrial o

(=4
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u Paint source. = --\
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98 % of Hg in particulate phase

Annual mass balance of Hg in the Idrijca catchment

| Atmospheric deposition
L Wetfall & dryfall | | Throughfall
]
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moo [5EEA)
Termesiral load
- o irkutiry system.
H Ty 953k
«lag]"—é ] 1734 kg -i!"ch]
& s
md Ty Tetsl outow from
Sol Wotor R~ [ ]
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e m-mfmn
Impertance of the hot spots: e.g. 25 % of total annual load from the
area representing < 5%, 50 % of total emission to the k

from the point sources
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Annual mass balance of Hg in the Idrijca catchment

| Almosphearic deposition
| Wetfall & dryfall | [ Throughfall
.Fllgnﬂ;lq:- .F.|.Ig:[“1|lq
DHg: 354 Hakg l DHg 271y
THa 77k THg: 13T hka
Terrestral load
. 0 Irikutary system
- THg 953 kg
Eresson: 930 by
Hlsg]E Iu_.:ukq et 20 ¥y
Iri B )
Waler Susp sd : T00 Tt oufiow frod
<ol Flesuspensee Eﬂ gl | the mmm
iy, 890kg
Mﬂ
l riverbed - 233 Iy

Extreme hydrological conditions: contaminated riverbed
sediment resuspension

Possible measures to reduce the release of Hg from the

"hot” spots
' '!Hﬂ

2. Physical elimination

4. Forestation

* Changesin land use - rapl ntof .
sgricultural or bare landscapes to forest

= Scenaric: reduction of terrestrial load
upta 30 %

ftha top soll layer, surface
leveling and forastation
* Scenario: reduction of Hg emission
upte 50 %

Mass transfer of Hg in the
wider region

Idrijea river Soda river
catchment catchment
THg 830kg THa: 1500 kg
MeHg: 1.6 kg Atmospheric
deposition
THa: 3.8+ 1.9kg Inficw flom the
B A THa, 79 + 31 kg

MeHg: < 0.5 kg

THa: 264 £ 127 kg
MeHag: 1.4 kg

Historic
scsumulation

CONCEPT OF THE 3D WATER MODELING SYSTEM
(MARINE ENVIRONMENT)

* air-water exchange

Hga MODULE
PCFLOW3D eduction
+ oxydation
+ exchange with the

bottom sediment

ADVECTION-DISPERSION MODEL FOR
MERCURY with transformations

o

SEDIMENTATION MODEL

river loads
sea currents

PCFLOW3D-ST sea bottom processes

Modelling using ,automated” measurements

Ambient
intalliganca [AMI)

Modelling using ,,automated” measurements

% Variability in natureis extremely high:

» Air-sea fluxes change with wind (hourly 1)
» Transformations depend on BGC parameters (daily !}
» Transport depends on meteorology and hydrology (daily 1), etc....

> The data collected ,automatically” by the floating robots can thus only be

#  Fine spatial resolution and

# Real-time hydrodynamic fields

T R

MeHg in fish

0.40 mg/kg - 0.56 mg/kg

26




NIMD Forum 2012 Minamata City, 26 January 2012

TR aley ETE6. didal

.
Qualitative distribution of MeHg in the surface layer (1 m) caused by one-year NEW LOCATION OF THE OFFSHORE - of
p of the terminal {p ge of the initial input - 81 kg). MeHg in the surface layer {1 m) caused by one-year operation (percentage of
The discharge of Soéa River Is changing by seasons, inflow with no MeHg. the initial input - 50 kg).
1 tion of mar Is marked by (A). The discharge of SoéaRiver Is changing by seasons, Inflow with no MeHg.

The model(s) are capable of:

v Nearly real-time simulations (daily 1) of
hydrodynamic fields in selected areas,

v Transport/dispersion (and basic transformation)
simulations based on hydrodynamic guantities,

v The simulation results provide support to the
Ambient Intelligence tool and the robots,

v" Using today‘s measurements for tomorrow’s
simulations.
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Mercury concentration in fish muscle (Pargus major) based on current seawater
characteristics of Minamata Bay

Akito Matsuyama
Department of Epidemiology, National Institute for Minamata Disease

In Minamata Bay, the dredging project involving sediment with a mercury concentration of
more than 25 ppm was implemented from 1977 until 1990. Then, currently, Sebastiscus marmoratus,
and Pseudolabrus japonicus are specified as a monitoring fish for mercury pollution in Minamata
Bay. Recently, average values of total mercury concentration in fish muscle for 3 years (2008-2010)
of these fishes were 0.36 ppm and 0.20ppm, respectively. On the other hand, the average values of
total mercury concentrations of these fishes in Japan are 0.12 ppm and 0.04 ppm respectively. FDA
(2001, 2004) and Health Canada (2008) suggested that a part of mercury accumulated in fish is
derived from seawater. Therefore, to evaluate absorption and accumulation of mercury in fish, the
fish cage experiment using young fish (red sea bream) and a special fish food that do not include
mercury was carried out for 2 years continuously in Minamata Bay and Nagashima (control). As a
result, there was no difference on mercury accumulation in fish muscle (red sea bream) between
Minamata Bay and Nagashima. Therefore, generally, in case of red sea bream, it seems to be most
mercury that was accumulated in fish muscle is not from seawater, then it was reconfirmed that

most mercury that was accumulated in fish muscle is from diet in the sea based on our results.

KRB DOBIEDHKBBICES A (7F 1) HRPOKERE
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Mercury concentration in fish muscle
jor ) based on current seawater
i ~ Minamata Bay

Nagashima fish cage
(2years average)
Mipamaty fish cage
{2vears average)

Me-Mg (0 g g)

@« Based on above mentioned, in order to contribute
i ¥, we should grasp whether
seawater quality of Minamata Bay that contains
mercury affects to fishes or not.

2

B e ( truction of fish ¢
EE FIE T
T
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Hg ng/L

a of d

ollected from

0108 Miramats
DOVE Marathima

b [ o Miramat
™ body weight(g) X T-Hginm +— Magashi

Seasonal variation of T-Hg contentin fish muscle / head

Thank vou for your attention
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Mercury in contaminated coastal sediments: novel approaches in source
appointment

Nives Ogrincl, Milena Horvatl, Joze Kotnikl, Jadran Faganeliz,

Mark Hines®, Holger Hintelmann*

!: Department of Environmental Sciences, Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia

2. Marine Biological Station, National Institute of Biology, Fornace 41, 6330 Piran, Slovenia

7. Department of Biological Sciences, University of Massachusetts Lowell, One University Ave, Lowell, MA 01854, USA
*: Department of Chemistry, Trent University, 1600 West Bank Drive, Peterborough, Canada

Contamination with mercury (Hg) on coastal sediments is initially suspected based on
historical land use such as mining or industrial activity. Hg mining results in a legacy of
contamination that can occur on large distances from the source. The Gulf of Trieste represents an
ideal case study where large quantities of Hg have been released into the environment of Hg mines
due to inefficient mining procedures and incomplete extraction of Hg in Idrija mining district.
Several research studies were performed in order to track the transport and transformation pathways
of Hg in this Hg contaminated coastal region (Horvat et al., 1999, Covelli et al., 2001). It was found
that Hg was methylated and demethylated everywhere in the gulf sediments (Hines et al., 2000).
The freshwater to marine gradient is dynamic, exhibiting seasonally and horizontally variable rates
of sulfate reduction and Hg transformation. Hg mobilization and methylation were driven by S
cycling, but coastal demethylation may significantly attenuate the accumulation of methylmercury
(MeHg). In general concentrations of MeHg correlates well with total Hg in sediments in non-
contaminated environments (Ogrinc et al., 2007), however this is not always the case in polluted
coastal environments, indicating that environmental factors play an important role in mercury fate
and transport. As expected, the ratio between MeHg and total Hg in sediments is low with an
average value of 0.32. Novel instrumental techniques based on stable isotope fractionation were
also applied in order to trace the sources of Hg in surficial sediments of the gulf (Foucher et al.,
2009). It was found that the Hg isotopic composition of river sediment was similar to that of
cinnabar ore from upstream. We concluded that sediments throughout the watershed of Soc¢a/Isonzo
River to the Gulf of Trieste were dominated by Hg exported from the headwaters near the Idrija Hg

mine progressively decreasing from > 90% in the northern part to <45% in the southern Gulf.
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HKERIZHBI %725 (Ogrine et al.,2007) | VYRR TIILT L b £ 9 Tl < BREEZER D KED
TR K& 2 EH 2RI E2RBLTCWD, Eio, WJIEE T O KERFEN AL -
NS DRI EFETH D Z N ote, ZOZENLTRXIE, /A 27 3 D5y K HS
226 MY AT D IEEIL, A B U YKEILLE < OIRFED HIEIXN KRN BE H <AL T
X 90%LL EMBEBREEECIX 45%LL FOL~L T, FEL TV Lm0 7,
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Mercury in contaminated coastal
sediments:

novelapproaches in source appointment

N. inc, M. H t, J. Kotnik
JoZef S?:gfgl? cf:istril.rtoer,vl,lafui:{fan:, I;ulu\?fem'u

J. Faganeli
National Institute of Bialagy, Piran, Slovenia
M. Hines
University of Massachusetts, Lowell , US4

H. Hintelmann
Trent Upiversity, Peterberough, Canada

Hg speciation in surface deposits of marine system

Location THg MeHg MeHg/THg | Reference
(nmol g* dry wt) | (pmol g dry wt) (%)

San Francisco, CA 11 25 0.20 Conaway et al,,

(0.10-3.50) (<0.1-17.0) War.Chem, 2003
Lavaca Bay, Texas 1.79 12.5 0.70 Bloomet al., ES&T,

(0.03-3.02) (014-517) 1999
Chesapeake Bay, 225 14 0.62 Mason et al,,
Maryland (0.056.15) (0.50-50 0} Snron o
Scheldt River 2.31 13.9 0.60 Eaevenskﬁ

i eermarkers,

Estuary, Belgium (0.76-4.73) (7.00-24 6) o G 1908
Venice Lagoon 6.5 Berlo etal,

(050-17.0) STOTEN, 2006
Kastela Bay, 11.0 48 0.44 Mikac et al,,
Adriatic (2.50-30.7) (15-100) wat. Res., 1985
Minamata Bay, 16.2 Temiyasuet al,
Japan (1.70-24.1) STOTEN, 2006
Gulf of Trieste, 26.2 84.5 0.32 Covelli t al., Appl
Adriatic (0.05-117) (1.00-301) Geochem, 2001

Relation between Hg and OC - Gulf of Trieste

Hein surface sediments (Covelli etal., 1999)

=

‘Totn H: [ yghn]

IR R
Calzuistad tamig o2z © [m2s]

Ogrinc etal., Mar.Chem., 2005

» Kp values for Hg(ll): range 103-10°
» Ky values MeHg: range 10'-°-103>

»K;, values for Hg(ll) and MeHg:
10-100 less than those in oxic overlaying water

» Concentrations in pore waters:
5 - 50 pM for Hg(ll) and 1- 30 pM for MeHg

» MeHg/THg: 5 - 50%, most values 10 and 30%

MeHg cycling and production

The net production of MeHg:  Solid-phase MeHg:

> Loadings of Hg(ll) > Methylation/demethylation
reactions

> Partitioning of Hg species with
solid-phase OM » Adsorption/desorption
mechanisms

» Effect of sulfide on speciation
of Hg complexes » Diffusional/advective
processes

» Availability of labile organic
substrates

» Temperature

> Sediment disturbance
(bioturbation)

MeHg cycling and production

Dasschved O, (b)) Hgll) (M)
L] w0 " . 5 @ m oW
Hgs® - Hg-S complex most r‘"'_ .
available for bacteria s \
Hg(SH)," - the dominant species |# y
in contaminated organic-rich _ 7 \
sediments b Lo
(Drate et al, ESBT, 2007) E " .
‘ . \
HgHS; - formed deeper in . \. - hY
sediments; less bioavailable aF Y i |
, R
L] S w0 1 8 2 4 & 3 OW
Sulfen (M) g
o “‘nglxg\%ﬂun

Flezgeraldetal., Crit Reva, 2007

I —
Demethylation of MeHg

»Microbial mediated process

»Reductive demethylation (CH, is synthesized from
the Me group): Hg-polluted sediments

»Rate constants are 10-1000 times greater
comparing to Hg methylation
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e ]

Protocols for methylation/demethylation

studies
Stable isotopes of Hg: By, CH,Hg!
199H4g
(CMRS UMR, University of Pau) |
SAMPLE

Radioactive isotope '*7Hg
formed from *Hg ineinannn Isr 3 days

HCI fto stop maction)

Mainvtatkon /", Domwihytation

Gulf of Trieste f 4 X,
Thau lagoon CHy**"Hg" "0, - 50]" ana w0} rauerin

Grado lagoen WCH, - methanogwnesis

Mediterranean deep-sea

|

Hg Methylation
(day')

Hg Demethylation
(day ")

Diffusional sediment-water fluxes of MeHg from coastal
marine deposits

Location Sediment-water flux Reference
(pmol m2 d+)
Continental shelf (NW 9 Hammerschmidt &
Atlantic) Fitzgerald, GCA, 2006
Mediterranean Sea 16 Ogrinc etal.,
Mar.Chem., 2007
San Francisco Bay, CA 30 Choe etal.,
Limnol.Oceanogr., 2004
New York/New Jersey Harbor 44 Fitzgerald et al.
Mar.Chem., 2007
Long Island Sound, CT/NY 47 Hammerschmidt et al.,
Mar.Chem., 2004
Lavaca Bay, TX 210 Gill etal.,
ES&T, 1999

Gulf of Trieste, Adriatic Covelli etal., ECSS,1999

Hg - tracer for
anthropogenic sources

> Over 5x10°metric tons of Hg ore,
mostly cinnabar, were excavated
for 500 years.

# Hg hictorical trend well correlated
with excavation.

e > Hg accumulation range from 1.77
to 31.5mg mZyr'.

Determination of
= sedimentation rate

Covelli et al.. Mar. Geol. 2006

Hg isotope system

# 7 stable isotopes

» Hg forms covalentbonds,
rich redox chemistry,
bloaccumulates

abundance (%)

? relatively new field, first
reliable measurements
reported in -~ 2000

Future perspectives!

Equipment

n Multicollector Inductively Couple Plasma Mass Speclromelry

Data reduction

brack o
TCHg [TOHg .
gt Y e

Mg g
3.0 <20 0 +.0
enrichment of the sample with

lighterisctopes
|

enrdchment of the sample
with heavier lsotopes

l

Isotopic Reference Standard

5792Hg (%o)
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MDF vs MIF fractionation

MDF - mass dependent fractionation A199Hg (%) = 5199Hg-502Hg x 0,252
- ; : : g (Y00) = g- gx 0.
MIF - mass independent fracticnation A1Hg (%) = 570'Hg-5"Hg x 0.752

15
1
%‘? MIF
v
0.5
MDF
[

202/198 199/198

|

Summary of published Hg isotope data measured by
MC-ICP-MS

201/198 200/198

5 Hg (MDF) A*'Hg M F)
5 4 9 o2 48 1oz 03 4 2 4 0 1 2 3 4 s

o

[

[ eramermatasmsus
pep

[ees oo
[

[ [ —

1 - HINtemann ana Lu, 2003; Smitn st 3l 7005; Snerman st 3L, 7005
., 2008

L 2005; Ganms stal, 2008

7- Bargquist and Blum, 2007; Epovel sl 200%; Jackson st al. 2003
&~ Ghosh ot 5L 2002; CArignan stal. 2009; Barguuist o1 al.. UNPUBIISHEO dita
BergquistandBlum, Elements, 2009

® pholo
otop

ate strong MIF on odd

ical (biomagnification, microbial transform ations,

nerate only MDF

H{ N SUTRE SErImanes [Uoveis Stal., 1999}

Case study: the Guilf of Trieste

Thank you!

Foucher elal, ESRT, 2004

DE B 05 4 A5 2 25 3

" He valuws (in %) of sediment
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Mercury pollution by many small-scale gold ore smelters in Talawaan River,

North Sulawesi, Indonesia.

K. Mori', M. T. Lasutz, and Y. Yasuda®
! National Institute for Minamata Disease, 4058-18 Hama, Minamata City, Kumamoto 867-0008, Japan
2 Marine Science Department, Faculty of Fisheries and Marine Science, Sam Ratulangi University, North Sulawesi, JI.

Kampus Unsrat Bahu, Manado 95115, Sulawesi Utara, Indonesia

A new gold ore deposit was found in the Talawaan region, North Sulawesi, Indonesia, in
1996, which was followed by establishment of a great number of small-scale gold ore smelters
upstream in the Talawaan River from 1998 to 2000. The smelters distribute in a triangular-shaped
region around Dimembe, Talawaan and Tatelu Villages, which we named AT (auriferous triangle).
In order to evaluate mercury behavior in the environment after release from the smelters, we
determined the methylmercury (MeHg) as well as total mercury (THg) levels in sediments at more
than 10 stations along the Talawaan River in 2010 and 2011. Furthemore, we conducted to catch
some species of fishes along the stream to clarify the bio-accumulation of mercury
Geometric means of sediment T-Hg and MeHg concentrations in the river were 0.31 pg/g
and 0.92 ng/g, respectively. The maximum THg and MeHg levels were both detected inside AT,
as 3.25 pg/g and 9.20 ng/g. MeHg distributions were highly correlated with those of T-Hg, which
implies that MeHg was generated from the elemental mercury derived from the artisanal gold
mining waste materials. In addition, MeHg concentrations in sediment samples were correlated
with amounts of ignition loss.
Some carnivorous fish showed high value of Hg, and the accumulation of MeHg in fishes
in this area in the food web was observed. Thus, we infer that metallic mercury diffusion from

mining into the environment causes bio-accumulation of MeHg in the Talawaan watershed

AV RRYT, AT V=Y, #F5T U0 L DA OSIERERPTIC K 5 KERIGYR

1996 A > R2 7, AT T2 DX T T IR CTHIZREDIIENF RSN, T LTEDH%
1998 =725 2000 2T TH 7 U ) EFICHEF 12 < O/NAR T — L Oeii A RSB EL v,
BATIX, Fex D AT (BZPET DL -AFE) E4MNTTT AR 2TV ZLTETANOEY D=
A ORI A LT\ D, BT L M SNTZROBRET COKBOBEEZ2ETT H72DIT,
Tz 1T 2010 FE25 2011 EEETH T U )N - T 10 22FTLL EIZB W T A FILKER &KL ~L %
HE Lz, &512, Foxid KEBOEWENEEZH S MTT D 2O > TREEE O A O E %
L7,
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JNOHERER) D KER & A TV KSR DR TEAEIL, £ 24 0.31 pg/g & 092 ng/g ThH o7z, #4
KERE A FIVIKER L~V DL 3.25 pg/g & 9.20 ng/g T, & & HIC AT TR SN, AF L
RERD 3 AGITHRAKRER D A & BEHER BRI DV | A FIVKERIT/ NI BEREL N & OFEFEW > H T &
2R AKENBIED HEN D Z L AR LTS, AT, HFY > 7D A F L KRR IT TR
B LA EICEEN D D,

deFEE O R AT, SVKEELZ R L, Z ORISR T 52 AEWES T O A FILKEO RN
BlEsnlc, ZOR DAL SEREF~OERAKBOILN Z T U L iflho X FLKEBD A&
MEEfEE s X LCWD LT D,
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Mercury pollution by many small-scale
gold ore smelters in Talawaan River.
North Sulawesi. Indonesia.

K. Mori, *M. T. Lasut, and 'Y. Yasuda

! National Institute for Minamata Disease, Japan
 Marine Science Department, Faculty of Fisheries and Marine Science, Sam
Ratulangi University, Indonesia

Japan and
North
Sulawesi

Talawaan gold mining
area

Watershed covers 34,000ha

Three rivers flow-out from the pokd mining area: | AWES! |

Takwaan River, Kima Kives and Haitang

River
Mining area: 822 ha, inchedes B villages,
2,500-3,000 bborers

J ¥ (1994
Cyanide (58 (-ponds) Both are used in

Earning: 30 billon Rp (more than 400 millicn Yen) per
yoar

Mercury consumption: 2kg Hg / trommel x 500 trommel
¥ 200 daws = 200 € Ha [ year (Indonesian
Govermment Report)

Mercury discharge to atmosphere: 11,2 t [ year

e

D, Blongko (Control region)

£ TL: Talawaan River
KM: Kima River

Location of “. BL: Bailang River

sampling "
sites ™ o) }

34,000 ha

S '
) = i< It ' Mining area
) @

|-.um

A new gold ore deposit was found in the Talawaan region,
Morth Sulawesi, Indonesia, in 1996, which was followed by
establishment of a great number of small-scale gold mines

upstream in the Talawaan river

The gold mines distribute in a triangular-shaped region
around Dimembe, Talawaan and Tatelu Villages. which we

named AT (auriferous triangle).

From 2004, government has integrated the factories at the

small area.

Mercury distribution changed and concentrated?

from 1998 to 2000,
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In order to evaluate mercury behavior in the environment
after release from each mine, we determined the
methylmercury (MeHg) as well as total mercury (THg)
levels in sediments at more than 10 stations along the
Talawaan River.

Sampling Procedures for Sediments

= 1-110m
Sampling station 1
/{ 5, =

- Z
e
.-/ ..I
it
-

{‘('-/
/—;;,

/)&\)b\rn

Store at -0 Ground with mortar
- untd use  ___ under 00
@ Tatal mercury analyss
Methyimercury analyss

Mosture content and

Hix W quartenng mathod
Loss of igntion

Mercury distribution insediment  ielewsn mver  mmamiver gasang prver

reamg
Ty

Mg o T (i W)

Vi ue T [ By R |

& Bulary R
1| paasy =
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* Mercury concentration of fishes

for bio-accumulation analysis

» Stomach contents of fishes

for food web analysis

Minamata City, 26 January 2012

Stomach Contents of
fishes

Mercury distribution in fish

o ) g
i ; 2l
i:T'BT_lun: 1".‘_" N |
e | "r‘\'
toes =0 N5 "‘.'5}':-; et
3u(an), s B L L
Zﬁﬁ §."y ri 33: *
m-,k* i) ; 1‘ (w2t |L‘ F N,
e 4 J ]
; f ! o

Yg' - ‘._ A \ 2
| T3 o, S e

[
o il AR,

+ Results

Sediment mercury
Geometric means of THg 0.31 pg/e
MeHg 0.92 ng/z
The maximum THg 3.25 pe'e
MeHg 9.20 ng'g.
MeHg distributions were highly correlated with those of THg

Bicaccumulation of MeHg in fishes was observed.
Carnivorous fishes show high value of mercury concentration.
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Biomarkers of low level mercury exposure: exposure, impact and genetic

susceptibility

Janja Snoj Tratnik', Ana Miklav¢i¢', Simona Jurkovié Mlakar®, Darja Mazej',

Miladen Krsnik?, Jo§ko Osredkar’, Fabio Barbone’, Marika Mariuz’, Francesca Valent’, Katia
Sofianou*, Zdravko Spiri¢®, Janja Marc®, Milena Horvat'

! “Jozef Stefan” Institute, Department of Environmental Sciences, Ljubljana, Slovenia

2. University Medical Centre Ljubljana, Institute of Clinical Chemistry and Biochemistry, Ljubljana, Slovenia

3 Unit of Hygiene and Epidemiology, University of Udine, Udine, Italy

*: Institute of Child Health, “Aghia Sophia” Children's Hospital, Athens, Greece

°: Institute for Applied Ecology, Oikon Itd., Zagreb, Croatia

5: University of Ljubljana, Faculty of Pharmacy, Department of Clinical Biochemistry, Slovenia

Speciation of mercury (Hg) in biological samples is often disregarded when assessing
methyl mercury (MeHg) exposure. To evaluate how good measure of prenatal low-level exposure to
MeHg is total mercury (THg) concentration, we have assessed the relation between these two
species of mercury in available biological samples. THg was determined in 2153 scalp hair samples,
1654 umbilical cord blood samples, 1081 maternal blood samples, and 1051 breast milk samples in
pregnant/lactating women from Slovenia, Croatia, Italy and Greece. MeHg was determined in
approx. 30 % of the samples. As it is well known that selenium (Se) can play a protective role
against Hg toxicity in organisms, Se was determined in all samples together with THg in order to
find an evidence for such connection. In a subset of samples, THg and MeHg were determined also
in placenta, fetal membranes, meconium and pubic hair. In order to observe gene-environment
interactions, the glutathione S-transferase class - theta 1 (GSTT/) and - mu 1 (GSTMI) gene
deletion variants were studied in a subset of participating women. The study was implemented
within the EU 6™ framework programme PHIME.

The proportion of MeHg in blood and hair was highly variable (14-100 % in blood and 19-
100 % in hair) and THg concentration was found liable to overestimate MeHg exposure at low
levels. Hair-to-blood MeHg ratio was highly variable as well (67 to 398). We found whole cord
blood as the most suitable biomarker of prenatal exposure to MeHg. For accurate assessment of
exposure, speciation analyses are required in blood samples, while in hair THg determination is
sufficient as an approximate indicator of exposure due to fish consumption. Maternal scalp hair
MeHg was associated more strongly with blood than pubic hair MeHg. The significance of placenta
as an indicator of MeHg or inorganic Hg exposure is questionable, while meconium was found to

indicate MeHg exposure to a certain extent, although a negligible proportion of mercury present as
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MeHg in meconium indicated potential demethylation of MeHg in the fetus. Positive and significant
linear correlation between Hg and Se was found in cord blood, maternal blood and breast milk. The
strongest correlation was observed between inorganic Hg and Se in breast milk of the overall
population. Hg and Se were found to be associated positively and significantly also in blood of
children aged 6-11 from mercury mine area, but not in children from other areas in Slovenia,
confirming the association of Se with inorganic Hg, which is the predominant species people are
exposed to in the contaminated site. Se in maternal and cord blood, but not in milk, was
significantly correlated with the intake of many food items in pregnancy. The strongest direct
associations regarded cheese and some vegetables (artichokes and fennels). In addition, both Hg
and Se in blood were significantly associated with fish consumption, possibly explaining
correlations between these two elements found in selected biomarkers. Hg in milk was not
associated with the frequency of fish consumption, but with the number of amalgam fillings.
Pregnant women with homozygous deletion of GSTT1 gene showed significantly higher MeHg (but
not total Hg) in cord blood compared to women with the presence of GSTT gene. When adjusted to
Se levels in blood, positive and significant associations were observed also for MeHg in maternal
blood. No significant differences of MeHg, THg and Se concentrations between GSTM1 gene

deletion variants subgroups were obtained.

RLVAAKBBRBONAL F~v—H— : RE. R LBLFNEZME

FEVEOARIREE X F L KERIRER OWPEIZIB VT, BKBRENEDREECHLZ L E2RTD, &
KRB O TRAKIR E A FAVKBORBRETFAN, 2AaxX=T, 7a7F7, A XV TBLOXY
¥ DR L ORI OREE ) HEREL L7z 2153 (R DBAZZREE, 1654 1 O i 7 fmlkt, 1081 R D REA
MEEEr, 1051 RO RFFELEENCRKSRZEIE., A F KT 30%DRECHIE Lz, &L U i3ER
W CIIKERFEICH T DEERRH D Z & THMHN TS0, ZOBEMEEZFHIRD 720, KR
EADETERBHIBWTE L U ZHIE Lic, —HoE T, B, B, BEBS LI UREZEIC SN T
HIRAKER & A FIVIKEROWE %17 > 7=,

MR LOEEZFO XA FLKBOESITIESL &N KE < (IMIE 14—100%, B 19—100%) . #
IR FE TG E T D A T /LK ERIR R 2 8 KRG Lo W\ 2 E R o 72, BEXFMIK D A T /LK ER
DEEBIXL DI NREIV (67—398) . EFHIME T D A F IV KERREERIZR b L7 EREIETH
DT ENGMhoTe, AT IVETITEEKERIEE OFE L L L, BWEOAEMEZTED LWA, REIC
DONTIE, BEND A FKEBNRIER D A FIVKBOEA F AL D FREME 2/ RIB T B 7=, & HFEE
AFOVKERIRFE OFRIE L 705 Z LN o Tz, L, AR, B L ORI W T, KLV
WA BEREOHBHEAN ROz, FICRATERKEE L OmWHBEMER R b7, KfE &
Lo, AKEBILILHIX D 6~11 O WLE D MKIZ S mWFHBMER H 523, A e X=7 OMMOHIX DI
IR <, YR OER TEMKRE & Lo OREEMER R TE 12,
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Institut "Jozef Stefan”, Ljubljana, Slovenija

Biomarkers of low level mercury exposure:
exposure, impactand genetic susceptibility

Janjz Snoj Tratnik', Ana MiklavEit', Simona Jurkovic Miskar®, Darja Mazej', Miaden
Hrznik?, Jofke Osredkar?, Fabio Barbone?, Marika Mariuz®, Francesca Valent?, Katiz
Sofianou*, Zdravko Spinic?, Janja Marc®, Milena Horvat'

* “JoZet SietaT stz Depanment of Enviromenial Scknces, Lalje. Siownla
Unvershy Medical Centre Liuailjsna, instiule of Clinkcal Chemitry 3nd Slochemiry, Ljubijana,
Shoenly

5 Uni of Hyglens and Epkoemiology, Uhersy of Udine, Udine, Rally
“Insthute of Chilld Heain, *Aghia Soghiz" Chikiress Hosphal, Atens, Gresoe
Sinsthue for Apalled Ecology, Oon B Zagren, Croztla
e Unkershy of Ljuoljanz, Faculy of Pramag), Department of Clinkal Sloshemictry, Sivenia

NIMD Forum 2042, Minamata, Japan

OUTLINE

* Biomarkers of low-level mereury exposure in a general
population (Mediterranean) as part of PHIME project

* General aim: To evaluate how good measure of prenatal low-
level exposure to methyl mercury (MeHg) is total mercury
(total Hg) concentration

* Study description, study design

* Methods

* Results:

*Total Hg as a measure of MeHg exposure

*Correlation between different biomarkers of exposure (hair,
maternal blood, cord blod, milk,..)

*Correlation between Hg and selenium (Se)

*Gene-environment interaction (polymorphism)

* Conclusions

to mercury in the Mediterranean region
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Study design
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Total Hg and MeHg in breast milk :f:

Total Hg vs. MeHg
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3 . L
Fich [mezls perwsek)
reeeeet Se vs. dietary items -
n=1155 70 : .
ol S Inorganic Hg:
o placenta 43-95 % (med 81 %)
50
_ amnion 52-94 % (med 79 %)
240!
':.5?' = g « chorion 38-90 % {med 63 %)
= = 30| | . .
P il eatcal = ) = + THg was not associated with
Cord blood 20 | | MeHg

z 10} . " +  Neither THg nor MeHg were
e associated with cord blood
o Tatsmal ot Pergherlplacants, | Horan THg or MeHg
! 35 m’
] »® * Proportion of Hg as MeHg in
1 gZﬁ meconium: <0.01-0.58 %
E?: * THg was not associated with
10 MeHg
= 5 » MeHg associated with MeHg in
Cheese (meals per week) Artichinkas (meals per wesk) m . H - om -
1c= 0,200, < 00001 5 = 02148 p < WLIKEN o e . P cord blood (=0.787, p=0.021)
plasma meconium
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Association of different biomarkers with potential §

source of exposure

Frequency of fresh fish
consumption

No. of dental amalgam
fillings

Gene polymorphismsresults
GETT1 (cord blood ws maternal

blood

K
GSTM1 (cord blood ws maternal
eHg) DiGod MeHg)

The next model was shown to be significant (p<005) in
Ha/MeHg analysis:

MNeurodevelopment
and

psychological
performance (Gy) ?

Cord blood THg: r=0.636, p=0.048 IHg: r=0.024, p=0.942
MeHg: =0.654, p=0.040 - . )
Scalp hair THg: r=0.695, p=0.026 THg: r=-0.471, p=0.122 "l ;;"Iﬂ:m "l o dlesion
MeHg: r=0.700, p=0.024 | MeHg: r=-0.448, p=0.144 o : ‘ i
Placenta or foetal no data IHg: r<0.4, p=0.05 % : i |
membranes g . e E “
Meconium THg: r=0.656, p=0.040 no data g H ol
£ |
Breast milk THg: r=0.180, p=0.070 THg: r=0.294, p=0.003 ‘
T - =
Urine (creatinine THg: r=0.295, p=0.001 o mtsvac Rt T nmatemat e
ted =0.335 *
comected) r=0.335, p<0.001 Mo =ignificant resulic hetween GETMAIGSTTY deletion variants and
=Study on 6-11 years old children total Ha levels.
. o2
Conclusions .

THgisan Dprognat e indicator ofMeHg prenatal exposure in

Cord blood
general population
THag in hair sufficientas an approximate indicator of exposure to MeHg
resulting fromfish consumption
placenta questionable as anindicator of MeHg orinorganicHg exposure
Meconium foundto indicate MEHCI exposureto a cerfain extent, potential

demethviation of MeH

Breast milk THg

indicates malnﬁrgg[g Hg exposure

H and se

associatedin all biomarkers studied——_

.. in BLOOD MeHg, in MILKinarg. Hg

of GSTT1

Maternal deletion

associaled with higher MeHg (bitmottotal Hg) in cord blood

Adjustmentto maternal blood Se levels increases significant
association with maternal blood MeHqg concentrations

Thank you for your attention!

Gulf of Trieste
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National Environmental Health Survey - Mercury Concentration in Blood and

Urine -

Hyun Jeong Kim, Choong Hee Park

Department of Environmental Health Research, National Institute of Environmental Research

The first stage of Korean National Environmental Health Survey(KoNEHS) Based on
Environmental Health Act(2009) was conducted from 2009 to 2011 in order to find exposure status
and pathways of environmental pollutants.

For annually 2,000 adults over the age of 19, total 6,000 people for three years,
questionnaire for identifying the exposure factors and analysis of the 16 different toxic pollutants in
human blood and urine were performed. The subjects have been selected among urban, rural and
coastal areas and regions adjacent to air quality monitoring networks by securing representative
concentration of environmental chemicals while considering socio-economical and environmental
exposure impact factors.

As the Results of the analysis, the geometric mean of mercury concentration in blood was
3.08 ug/L and men's concentration, 3.65 ug/L, showed high level than women's, 2.65 ug/L. Mercury
concentration in urine was 0.76 ug/g creatinine and the concentration of the 19~39 age group
showed relatively higher level than others.

The results of this survey will be announced as national official statistics by generating
representative value and reference value of in-vivo environmental toxic substances on general
population and will be a reference to other domestic studies while contributing to the establishment

and evaluation of environmental policy.

HERERERE LK & RPKRRE

BRETIE YL DIR TN & BRI Z D 72012 2009 4E025 2011 42 CTEREREREE (2009) (2 X
%8 — Bl E A ERERERAE N B b, BMEERE Lo 27012 EF 19 mll EopkA
2,000 A, 34T 6,000 NEXIRE LT v — MN&EL L, Migs L ORFIZEIT 5 16 EOAES
BB DT EAT > T2,

SINTOFRER, AT 2 KERIN PR O EET 3.08ug/L TH Y . BIHEORREIX 3.65 ug/Lde T,
D 2.65 ug/L LV @WMEZEZ R LT, IRHPKERIRETIX 076 ug/L 7 L7 F =T, 19505 39 E T
DEW TN —TICLBEEN, O NV—T0H 0 X0 LR EVMEEZ R LT,

THEORERIT, ANREFEEDEONRKBEL LOEEHELZEH L-0L, 2EOARXF G & LT
L, ZPOEANMEOSZEEE LT, FREBROFMREICHE LT TNETLNEZZ TN,
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Ty The First Stage ( 2008 - 2011 )
=" Gane NuBonal Leirsnmentsl Health Survey

Korea National Environmental Health Survey

National Institute of
Environmental Research

_Cﬁﬁfents

@ Sampling Design and Field Work )
@ Results

Background of Environmental Heaith Act Enactment

to make basis of health field 1o respond 10 various
emonmental pollution and chemical materials that may harm publc healh inchading vuberable

*Processed to enact subordinate act aker the announcement of Envimnmantal Health Act on March 21, 2008

Environmental Health Act

Korea National Environmental Health Survey

The Purpose of Human Biomonitoring
to support Ervironmental Health policies and program for reducing
exposue to polutions
+ The results of the survey Is reported as National Statistic s{Every 3 Years)

.

- Geographical Exposure Status and Time trends
- Define vulnerable and High Exposure Group
- In Depth research for High Risk area and factors

| Survey design ‘
~

| Omanize leams [survey & advisory group] ‘
——

| Survey Sampling ‘
~-

ire/ Blocd & uring ion] |

=

| Analyze Samples |
E o

| Data Analysis |
T

| Announced [Every 3 years] |

Sample Size

- aged 19 to 79, based on 2005 population census
- at least 6000persons (2009- 2011), 2,000/year

Ouestiopnaiiy

and status....
Lifestyle,

ARt It (i
+  Bhod :Pb, Hg, Mn
+ Urine Wy Cd As, FAHs(7), Cotinine, 3-FBA_Bisphenal A Fhtalates(3), m(s;

IIIII a4

. Define Exposure p;l:hw'ayand factors

- Heavy metal ! Metabolite

® Subjects

* Sampling Frame : 2005 population census

* The Target Population : adjust to 2010 population census
® Stratified sampling

@ 1st : Classification area

* 1 Metropolitan & & Major City
= & pravinces

* 1 Coastal Areas (West/South/Eastseaarea) W Sampling
* Urban air monitoring system in Korea ) Total Probability
54 layers proportional te
square root of

m

l = House Type (Apariment, general house. .. W

= Farm-houses/ Rural housing

population size
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- Higher than USA and German
- The proportion higher than HBM |is 26%
= RfV95 is in between HBM | and HEM II
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Placental transfer of heavy metals and the changes in their body burden in
infants during early-breastfeeding period

Mineshi Sakamoto

Department of Epidemiology, National Institute for Minamata Disease

Fetuses and breast feeding infants depend on their mothers for their nutrition, and they are
exposed to heavy metals such as methylmercury, lead, arsenic, cadmium, and selenium through
placenta and breast milk of mothers. Our study was performed to investigate the changes in heavy
metals body burden in infants during early breastfeeding period in comparison with the metals
transfer through the placenta. Blood samples were collected from 16 mother-child pairs; cord blood
immediately after birth, maternal blood at 1 day after parturition, and infant blood at 3 months
(most of the infants were breast-fed). Fetal levels of mercury, selenium, arsenic, and lead strongly
reflected the maternal levels, and the placental transfer of methylmercury was especially high.
However, the methylmercury level in infants after 3 months declined to about 50% of that in infants
at birth. Selenium showed the similar but gentle changes to methylmercury. Se/Hg molar ratio in
cord RBCs was significantly higher than that in maternal RBCs and the ratio in infants returned to
similar ratio in maternal RBCs after 3 months. For lead and arsenic, the placenta barrier seemed to
protect fetuses to some extent, and little change was observed during the breast-feeding period. The
placenta barrier seemed to work strongest against cadmium among the metals, and the level was
kept low during lactation. If no particular contamination of any metal exists in the environmental

setting, metal exposure through breastfeeding need not be a concern.

HEROREEBREE L RILEHORICBIT 5BNERLE

Fa VR K LN VIR O R B IR L. 2608 b AR THRABITT 50, &8
TRADHEIR DWGEFE NS — &R Ui, FRIAERGEH OB RENIE MeHg IZX T 2 BSZERRWE S D
ATV D EIZ, MeHg IFRE LV SWRE CTERMT 2O THEENLE TH L 08, EHE TORINMFHEI
IZB1T % MeHg BRFE T HLEAIKIRE TH 5 Z L1z, AIRHICITA% 3 7 H Tilh MeHg #EEEN
W 2O THEMEEDOERIINELRNEEZ bRD, Cd IIBESBENSIEFICKS, M Cd #E
TR B IENWE FHER T D LW O MEFDO Y — BR LT, O RIX. BENZNG4E&E Ol
WA~OBITEHHREHIRT H2HEEH 2R L THBY, BHiz, AEHICBOTIRE 2 FRE DL E)
(SN

PLEXY ., RIEHNCIE MeHg OWEFE ([CRET2EENVETH DD, FrEEOTH PR Y OB E
WRY | FLHNZIIARE O R A IR @R E THEMET D EMRMEIT D e n B X bz,
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Placental transfer of heavy metals
and the changes in their body
burden in/infants during early-
breastfeeding period.

M Sakamoto
National Institute for
Minamata Disease

Lactation

Gestation

Methods

Blood samples were collected from 16 mother-child
pairs; cord blood immediately after birth, maternal
blood at 1 day: after parturition, and infant blood at 3
months (most of; the infants were breast-fed).

Blood samples were obtained by venipuncture, and
were centrifuged at 3000, rpm for 10 min to separate
RBGs and'plasma.

TotallHg in RBEs was measured by coeld vapor atomic
absorption spectrophotometry (CVAAS), and other
metals were analyzed using ICP-MS,

Background

Tihe developing brain in the late gestation and/or
early-lactation periods is especially susceptible,

Fetuses and breast-feeding infants depend on their
mothers for their nutrition, and they are exposed to
heavy metals suchias methylmercury (MeHa), lead
(Pb), arsenic (As), cadmium (Cd), and selenitim (Se)
through their mothers.

We have recently reported the heavy metals transfer
from mother to fetus (Ecotoxicol Environ Saf 2010).
However, the changes in body burden of the metals
in the breast-feeding infants are not well' known.

Objective

This study: was performed toiinvestigate the
metals transfer through the placenta and the
changes in heavy metals boedy burden iniinfants
duringlearly-lactation period.

Results

Table 1. Average+SD (ng/g) of Hg, Pb, As, Cd, and Se
_in materpa], cord and infant (3 mo) RBCs.

T
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5e and Hg showed similar changes during these periods,
suggesting: both metals may. be transferred form mother
to fetus through similar pathways or they were bound
together asia MeHa-Se complex (MeHg-Se-Cys).

For Pb and As, the placenta barrier seemed to protect
fetuses to aisome extent, and little change were
observed during the breast-feeding period.

g, Se, As, Cd and Pb concentrations in milk were much
lower than those in maternal RBCs.

Different from other metals, the placenta seemed to act
effectively as a barrier against Cd, and the Cd transfer
was also low during the breast-feeding period.

Table 2. Average=xSD (ng/g) of Hg; Pb, As, Cd, and
Se in maternal RBCs and milk.

Pb ‘ As ‘ Cd

Results & Discussion

Heavy metals were transferred from mothers to
infants with different patterns during gestation and
lactation,

Higher MeHgiwas accumulated in fetus compared to
théir mothers.

However, the MeHag level'in infants arter 3 months
declined to about 50% of that in cord levell

Thus, mothers should!limit their MeHg exposure
during gestation, especially in'populations consuming
large amount of ﬁsh, but need'not worry about MeHg
transfer throtigh breast-feeding.

Conclusions

Fetal exposure to Hq, Se, As, and Pb strongly reflected the
maternal levels, and the placental transfer of MeHa was
especially high: Therefore, pregnant women should pay
attention to avoid high exposure to these metals, especially to
Mekia;

For Pb and'As, the placenta barrierseemed to protect fetuses
to a some extent, and [ittle change were observediduring the
breast-feedi eriod) Onithe other hand, e MeHgilevel in
infants at 3 ths declined to about 5085 of that in cord RBCs
level, The transfer of Cd was very limited during|both gestation,
and/the level was kept low during Jactation.

Ifthere is no particular metal contamination, metal' exposure
through breast-feeding need not be a concern.

52




NIMD Forum 2012 Minamata City, 26 January 2012

The blood mercury concentration in a coastal area and four cases of
neuropsychological abnormal findings in children with high blood methyl-
mercury concentration in Korea

Young-Seoub Hong

Department of Preventive Medicine, Dong-A University, Busan, Korea

Many of previous studies reported that high blood mercury concentration increases the
frequency of neural developmental disorder caused by mercury poisoning particularly in children
because the development of brain and the nervous system is active during childhood. The health
effects of mercury that have been reported in Korea are mostly occupational poisoning, and there
have been few cases of health problems caused by non-occupational factors. We would like to
suggest the level of the blood methyl-mercury concentration of the residents of coastal area, Korea,
and introduce the observed four cases of neuro-psychological abnormal findings that were believed
to have been induced by methyl-mercury. We performed thorough examination for four children
whose mercury concentration(16.6 ug/€, 15.4 ug/t, 17.4 ug/t, 20.6 ug/l) in the body exceeded the
international standard in a community epidemiological survey on mercury exposure, and observed
neuropsychological abnormal findings such as mild mental retardation, attention deficit
hyperactivity disorder, and low attention concentration, so here we reported the cases. Based on this
case report, efforts should be made to conduct expanded research as well as to reduce children’s

exposure to mercury and prevent related health problems in them.

BEICR T DN EHIRO M PR E & B A FAAKRBEZ R Lo FHE 4 r— 20RO
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A EHE ST,

Fox X, RPKERIREE DS KERIBER BT 2 EBREHEZ ER D 4 4 O FITKEREEICE T 2550
FHAEEITV (16.6 ug/L, 15.4 ug/L, 17.4 ug/L, 20.6 ug/L) . BEOMMREEE 15 DKM, ZErEEE,
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Bepartment of Preventive Medicing College of Medicing, Dong-A University

The Blood mercury concentration in coastal areas
and four cases of neuropsychological abnormal
findings in children with high blood methyl-mercury
concentrationin Korea

Young-Seoub Hong
Department of Preventive Medicine

School of Medicine, Dong-A University

Study 1:

The level of Blood Mercury, Methyl
Mercury, Urine Mercury, and Hair
Mercury of Coastal areas in Korea

Background & Purpose <f

= Im 2007, Korean Natiomal Human I:l:pnsure and Bio-monitoring
Examinaiion was performed by MOE. They lound thai the blood
mercury concentrations of some coastal residents were higher than
thase observed across the nation arin some inland areas.

* This study was carried out for the purpose of comprehensive
evaluation of the mercury level of residents in some coasial areas
such as Busan, Ulsam. and Gyeomgnam Province and correlation
hetween indieators, as well as the relationship between the merenry
concentration and the pattern of fish consumption and other
epidemiological factors.

* Through this study, we expect to establish effective management
guldelines pertaining to the blood mercury concentration of people

General Characteristics of Busan, Ulsan, and G\‘_t;ongggm
Province

: 30 geographic sampling units
- Random sampling - age and sex stratified
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The number of high-risk groups according to the b

international criteria b

Blood mercury concentration according to related
factors
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® Many previous siudies reported ihat high bloed mercury concentration in
creases the frequency of neural developmental disorder caused by mercur
vy puisoning particularly in children

= The healih effects of mercury that have been reporied in Korea are mosily
accupaiional poisoning, and there have heen s few cases of health problem
s caused by non-occupational factors.

= In 2010, the community epidemiological survey on Mercury eXposure was
performed by NIER, and four children whose mercury concentyation £xee
eded the international criteria({15ppb) were lound. Therefore, the childien
were requesied o Dong A University Hospital for ihorough examination .
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Multiple regression analysis about related factor with the Gy & Distribution of total mercury concentration and the proportion@t‘%
blood mercury g methylmercury/total mercury by sex i
-
Comn i 20 Ry [ it
"':' AN - ol 71.57(68.97-78.17) 2.50(2.43-2.75) 67.56{63.87-71.86)
Prmais [ 1 5.48(5.33-5.64) 76.97 (72.70-81.23) 3.90(3.76-4.04) 80.03 (76.04-84.02)
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Hea R L el in AHI 12.26/(10.92-13.60) 84.34(83.3488.84) 9.13(8.38-9.89) 84.89(81.09-88.68)
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= As this sindy targeted the rvesidents of coastal areas, meremry
exposure indices were higher than those obhserved across the narion
orinsome inland arcas.
Study 2:
* The blood methylmercury concemiration and (he proporiiom of
methylmercury/lofal wercury increased significanily depending on Four Cases of Neuropsychological Abnormal
the amaunt of fish consumption, which is consistent with the vesuhs
of previons studies from other countries Fmdmgs in Children with ngh Blood
*  The blood mercury concentration of residents in the coastal areas of Methylmercury Concentration
Korea is higher ithan ihe internationally recommended level
Therefore, comprehensive managemenisare needed.
e of dedlic
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Study 2 — Background & Introduction &k Admission evaluation %

= Admission evaluation on the Environmental Clinics in Dong-AUniversity
Hospiial

Evaluation with Neurologist, Psychologist, Pediatrics

Devactinend of Preventive Medicine. Collepe of hledecrine 8
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Laboratory findings and blood metal concentration ,g:‘:a Coguitive function(1Q) test with K-WISC-III K"ué

cases at admission
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*  Cohor of 1022 children born 1084 1987

Expasure of mothers to methylmercury

* 903 children Tyear-old fallowed up

*  Dewopsvchalogics) dyifitisa(ageT) : Dinjuage, Atteation, Mematy

®  GM of hair mercury conceniralion in cohori was 2994, which was lower than that in eur

cases

*  Maiernal blood mercury conceniraiion in cobort was 229 yg/l{che parents of Case 3 and 4
wore 2L47pp/ and T2EBEYT)

167 based on available mercury exposureindices, neuropsychological abnormal
e findings observed In our casesare believed to correspond to the specirum of
am varions symptoms
in

Dagaciment of Freventne Medicine Eottepe of Medacoe Dong-A Unoversty Depactoment of Freventoe Modsme Coliege of Medione Soog-A Ynivessil

Conclusion “*—f >

1. We comsidered that lish consumption{shark) may be the main source of
methyl-mercury exposure, and it can influence neuro-psychological
symptoms in these cases. More vast studies are needed for the clarification
of the cansal relationship between mercury exposure and health problems
im children using ihe neuro psychological fesi battery.

e

This study provides meaningful findings for the control of mercury
exposure in children. We expeci to establish effective management
guidelines pertaining to the blood mercury conceniration of people in
Korea.

Depcient af révintive ke alfege of hledicineg Diag-A Univeciity
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Health effects of mercury in Almadén, the world's largest mercury mining

district

Pablo Higueras'; Santiago Espaiiol’; José M. Esbri'; Sergi Diez’
! Instituto de Geologia Aplicada, Universidad de Castilla-La Mancha, Spain

2: Fundacién Almadén

3 Environmental Chemistry Department, IDAEA-CSIC, Barcelona, Spain.

Almadén mercury mining district (south-central Spain) has been the world’s largest
producer of this element. The district includes a number of different mines and prospects, but the
main source has been the Almadén mine, around which the town grown, so that general population
has been always in close contact with the mine products, including mercury vapors spreading in the
urban area. The three main sources of local mercury pollution have been the mine itself (affecting
mainly to the mine workers), the metallurgical activity, and the main mine dump. Human exposure
to mercury may occur via a variety of pathways, including occupational uses. In particular the town
inhabitants have suffered intense exposure to mercury vapors, with the presence of other toxic
species such as methylmercury only in relation with heavily polluted minor streams and in products
(calcines) from metallurgy. Undoubtedly, the most intense exposure to mercury has been the one
suffered by miners, historically affected by hydrargyrism, the disease related to inhalation of
gaseous mercury. The incidence of the disease declined sharply in the 50’s, thanks to reducing
miner’s work from 20 to 8 days per month, and in recent times (1980-2003), with preventive health
measures undertaken by the company medical staff. The mercury levels in the hair of residents
living in Almadén showed higher levels than another area far away. Even though the fish
consumption frequency is an important parameter, exposure to mercury due to residence is a key

determinant that causes that the population most at risk is located in the vicinity of mining activities.
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Health Effects

* Hvdrargvrism
— The disease caused by exposure [mal:tlun] of
gaseous (inorganic) mercury
— Affects Hg miners, dentists and XIX Cent. hatten-
— The main health concern in the Hg mining areas

* Hg temblor

* Mouth health

* Renal health

* Hg erethism (behavior changes)

— Main symptoms (chronic axposure]' et s Yowmine s

Health Effg_cts

* Hvdrargyrlsm
— In Almadén, historic incidence wasomry  high
— By 1925 50% of the mine workers were affected
by hydrargirism
—In the 1950"s, work schedule of the miners

became 8 days a month, 6 hours a da!f causing
an important decrease of incidence

—In the 1990’s, hygienic and health normative in
the mining company improved the efficiency nf
iliness prevention

Health Effg_-cts

* Hydrargyrism \

— 1980-2003: Application of hygienic pretocel
MUONAIS: Metodologia de Unidades Operativas,
Niveles de Accion € Indicadores de Salud /
Methodology of operative units, action levels
and health indicators

— To be applied in Colombian gold artisanal mining
areas

Health Effgcts

Health Effects

CONTENIDCS DE MERCURIO EN SANGRE. VALORES MEDIOS.
TRABAJADORES DE MAYASA EXPUESTOS A MERCURIO INORGANICO
FERIODO 1868 - 7002

Mercury in miners' blood [1986-2002)
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Health Effects

+ Cardiovascular diseases
— Garcia Gomez et al. (2007a):

« Study of almost 4,000 miners (1895 to 1994)

* A significant increase in mortality due to circulatory
diseases was found (SMR 1.11, 95% confidence
interval [C1], 1.02-1.20), especially for hypertension
(SMR 2.78, 95% Cl, 1.89-3.95), cerebrovascular

diseases (SMR 1.17, 95% Cl, 1.01-1.35), and other
heart diseases [SMR 1.51, 95% Cl, 1.29-1.76).

Garcia Gomez, M., Boffetta, P, Caballerc Klink, 1.D., Espaiial, 5., Gémez Quintana, 1. 2007a
Cardiovascular mortality in imercary miners [Mortalidad por enfermedades
cardiovasculares en los mineros de mercurio]. Medicina Clinica 128 {20), pp. 766-771

Health Effects

* Genitouninary diseases .

wl L
— Garcia Gémez et al. (2006):
+ Study of almost 4,000 miners (1895 to 1994]
+ A significant increase in mortality due to gernitau-riﬂnrgglI
diseases was found , being significant with respect to
the total population for nephritis, nephrotic syndrome
and nephrosis, with SMR of 1.69 an 95% €1 1.18 to 2.34.
* Mortality excesses due to nephritis, nephrotic syndrome

and nephrosis were higher in the metallurgy workers
than in miners.

Garcis Gaméz, M., Bofferta, P, Caballers Klink, J.D., Espafiol, 5., Gdme: Quintana, £-2006
Geniteurinany diseates, madality in mercury miners | [Mortalidad per enfesmedades
genitotrinarias i los mineros de mercurio]. Acias Urologicas Espanolas 30 {3), pp. 913-920

Health Effgpts

= Cancer
— Garcia Gomez et al. (2007b):

+ Study of almost 4,000 miners (1895 to 1994] 5
* Cancer mortality was significantly lower than expected, with an
SMR of 0,72 (95% confidence interval, 0.63-0.82), mainly due to
lower than expected mortality from colon and bladder cancer.

* Deaths from liver cancer were slightly higher than expected (20
deaths vs. 17 expected),

* Deaths fram lung and central nervous syslnm ancers wers as
enpected

+ Mortality fram kidney cancer was lower than expected.

L"::

Garcia Gomez, My, Bofletta, P, Coballera Klink, 1.1, Espafiol, 5., Gémez Quintans, 1 Colin,
D. 2007k Caricer mortality in mercury miners [Mortalidad por concer en los mineros. del
mercurio] Gacetd Sanitaria 21 (3} pp. 210-217,
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Health Effects - Conclusions
~ A = AR
+ Hair contents . - + Exposure to gaseous, inorganic mercury, by
— Diez et al. (2011): #’ % . mining and metallurgy in Almad%edu;es
+ Comparison of local vs regional contents B important increases in incidence of - _
e~ . - - cardiovascular and genitourinary diseases, but -

not in cancer

* Mercury contents in hair are only slightly
higher that for the regional area, possible in

local food.

ez, S., Esbrd, LM, Tobias, A, Higueras, P, Martine:-Coranada, 2. 2011 Determinaits of
exposure tomercury in hair from inhabitants of the largest mercury mine in the world.
Chemosphare B4T5), pp. 571-577,
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