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Abstracts
Because of its problematic properties for the environment and human health, the use of 
mercury should be avoided where possible and mercury releases into the environment 
should be kept to a minimum. The first part of this report presents an overview of the 
use, waste volume and disposal of mercury in Switzerland. The second part summa-
rises current knowledge on environmental releases and mercury pollution in individual 
environmental compartments, assesses the pollution and exposure levels and highlights 
existing knowledge gaps. Finally, the report describes the main sources of mercury 
exposure in the Swiss population.

Aufgrund der problematischen Eigenschaften für die Umwelt und die Gesundheit des 
Menschen ist auf die Verwendung von Quecksilber möglichst zu verzichten und sind 
seine Umwelteinträge so gering wie möglich zu halten. Der vorliegende Bericht bietet 
im ersten Teil einen Überblick über den Verbrauch, das Abfallaufkommen und die Ent-
sorgung von Quecksilber in der Schweiz. In einem zweiten Teil werden der Stand des 
Wissens zu Umwelteinträgen und der Quecksilberbelastung einzelner Umweltkomparti-
mente zusammengefasst, diese Belastungen beurteilt und vorhandene Wissenslücken 
aufgezeigt. Zum Schluss werden die Hauptquellen für die Quecksilberbelastung der 
Bevölkerung in der Schweiz beschrieben.

Les propriétés du mercure sont problématiques tant pour l’environnement que pour 
la santé humaine. Il convient donc de renoncer au maximum à l’utilisation de cette 
substance et de maintenir les apports dans l’environnement au niveau le plus faible 
possible. Le présent rapport donne tout d’abord un aperçu des activités liées au mer-
cure (utilisation, production de déchets et élimination) en Suisse. Il résume ensuite les 
connaissances en matière d’apports dans l’environnement ainsi que l’état de la situation 
relative à la charge de mercure dans les différents milieux environnementaux. Il éva-
lue par ailleurs cette charge et présente les lacunes de connaissances en la matière. 
Finalement, il fait état des principales sources de pollution au mercure auxquelles la 
population est exposée. 

Date le caratteristiche problematiche per l’ambiente e per la salute dell’uomo che 
caratterizzano il mercurio, occorre rinunciare, se possibile, al suo utilizzo e mantenere 
al minimo le sue immissioni nell’ambiente. La prima parte del presente rapporto offre 
una visione d’insieme del consumo di mercurio, della produzione di rifiuti contenenti 
mercurio e dello smaltimento dello stesso in Svizzera. La seconda parte riassume lo 
stato attuale delle conoscenze sulle immissioni di mercurio nell’ambiente e sulle riper-
cussioni che esercita su singoli comparti ambientali. Inoltre valuta il suo impatto e rileva 
le lacune conoscitive. Infine descrive le fonti principali dell’impatto che il mercurio eser-
cita sulla popolazione in Svizzera.

Keywords:

mercury, disposal,  

environmental releases,  

environmental occurrence
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Foreword
Mercury is a chemical of particular concern due to long-range atmospheric transport, its 
persistence in the environment, its bioaccumulation capacity in ecosystems and its toxic 
properties. It is therefore strictly regulated in Switzerland. Under the Waters Protection 
Act, the Environmental Protection Act and the Chemicals Act, there are numerous pro-
visions in place regulating the handling of mercury. 

At an early stage it became clear that the mercury issue could not be effectively tackled 
through national measures alone. Measurements conducted since the 1990 s have shown 
that mercury is subject to long-range transboundary atmospheric transport after it is 
released into the air. For this reason the Aarhus Protocol on Heavy Metals, a protocol 
to the Geneva Convention on Air Pollution of 1979, was adopted back in 1998. It aims 
to reduce emissions of the heavy metals lead, cadmium and mercury and also contains 
product legislation for mercury. When the Protocol was amended in December 2012, 
the emissions mitigation measures were adapted to reflect the latest technology. The 
Protocol applies to the UNECE region, which covers the EU member states, Switzerland, 
the states of the former Soviet Union, Canada and the United States. In addition, nego-
tiations on a global agreement to protect people and the environment from the negative 
effects of mercury were concluded successfully in January 2013. The Minamata Con-
vention has since been ratified by over 90 countries, including Switzerland, and entered 
into force in August 2017. 

Releases in recent decades have increased the occurrence of mercury in Switzerland’s 
environmental compartments. An initial assessment of mercury pollution in Switzerland 
was published 30 years ago by the then Federal Office for Environmental Protection. 
It estimated the volumes of mercury used and summarised the state of knowledge on 
mercury in the environment in Switzerland. Given the recent developments in national 
and international mercury regulation, this report aims to update existing knowledge on 
mercury in Switzerland. To this end, the report summarises knowledge about the use 
and fate of mercury and provides an overview of mercury pollution in Switzerland’s 
environmental compartments. 

I would like to thank all those whose help and advice contributed to the success of this 
report. 

Martin Schiess 
Head of Air Pollution Control and Chemicals Division 
Federal Office for the Environment (FOEN)
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1  Introduction
Mercury is released from natural and anthropogenic 

sources into the environment, where it goes through 

complex biogeochemical cycles. All forms of mercury are 

toxic, although methylmercury, which is formed from 

microbial processes and accumulates in food webs, is 

particularly so. To protect the environment and human 

health, the use and environmental releases of mercury 

must be minimised.  

According to UN estimates, natural sources of mercury 
account for up to 10% of global mercury emissions, and 
anthropogenic sources, particularly the burning of coal 
and small-scale gold mining, contribute up to 30%. The 

rest (60%) comes from re-emissions of mercury previ-
ously released into the environment. In the air, mercury 
(chemical symbol Hg) is mainly found in its elemental 
form (Hg0). Elemental mercury has a long atmospheric 
lifetime and is therefore transported over long distanc-
es in the atmosphere. In the air, elemental mercury can 
also oxidise to its divalent form (Hg2+). Away from the 
emissions source, mercury is released into soils, vegeta-
tion and waters by dry and wet deposition, with oxidised 
Hg species particularly easy to remove from the atmos-
phere. Mercury can be released back into the atmos-
phere from soils, vegetation and waters, although the 
reduction of Hg2+ to volatile Hg0 in oceans and soils is 

200 t/a

4,000 t/a

Atmosphere: 5,000 t (+ 300–500%)

Organic soils: 200,000 t (+20%) Rivers: 380 t/a

Mineral soils: 800,000 t (not significant) Oceans: 356,900 t (+17%)

Geogenic 
sources

Anthropogenic 
sources

Soils and 
Vegetation

3,000 t/a2,000–
3,400 t/a

2,100 t/a80–
600 t/a

3,000 t/a

Source: FOEN/shutterstock

Figure 1

Global balance of mercury flows in the environment

The percentages correspond to the increases in the respective environmental compartments over the course of the last 150 years.  

Modified based on Driscoll et al. [1].
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primarily responsible for re-emissions into the atmos-
phere (Figure 1).

In the environment, microbial processes can transform 
mercury into organic methylmercury (MeHg). Methylmer-
cury is extremely toxic to aquatic and terrestrial organ-
isms, and its accumulation is problematic, particularly in 
aquatic food webs. As a result of this accumulation (also 
known as bioaccumulation), quantities of MeHg can be 
found in biota that may be harmful to predators at the 
top of the food chain. Mercury can damage the nervous 
system and chronic exposure can result in behavioural 
changes in the animals affected. Lower fertility rates 
have also been observed. Owing to its developmental 
neurotoxicity, pregnancy and early childhood are the 
most susceptible periods for methylmercury exposure in 
humans [2, 3].

Mercury is a chemical of particular concern due to long-
range atmospheric transport, its persistence in the envi-
ronment, its bioaccumulation capacity in ecosystems, as 
well as its toxic properties. The conclusion of negotiations 
on a legally binding global agreement on mercury in 2013 
was a multilateral success. The aim of the Minamata 
Convention, which entered into force in August 2017, is to 
protect human health and the environment from anthro-
pogenic mercury emissions. 

The international developments described above are 
being used as an opportunity to publish a status report 
on mercury in Switzerland. The first part of this report 
contains a brief introduction to national and international 
regulations on mercury, followed by an overview of use, 
waste volume and disposal of mercury in Switzerland. 
The second part of the report summarises the state of 
knowledge on environmental releases and mercury pollu-
tion in individual environmental compartments, evaluates 
these pollution levels and highlights existing knowledge 
gaps. The last part presents the main sources of mercu-
ry exposure in the Swiss population. This report is also 
accompanied by a detailed full report, which presents 
and describes in depth the data and assessment methods 
used in the overview presented here.
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2  Regulation
Due to its problematic properties for the environment 

and human health, mercury is strictly regulated in 

Switzerland. However, the mercury problem cannot be 

adequately addressed through national measures alone. 

The 1998 Aarhus Protocol on Heavy Metals under the 

UNECE and the global Minamata Convention, which 

was developed under the aegis of the United Nations 

Environment Programme and entered into force in 

August 2017, contain regulations covering the whole 

mercury lifecycle.

2.1  National legislation

Switzerland has had restrictions and bans on the use of 
mercury in products and processes for over 30 years. 
They can currently be found in the Chemical Risk Reduc-
tion Ordinance (ORRChem, SR 814.81), which entered 
into force in 2005. Changes to the regulations on mer-
cury were last made in 2015 and 2017. The focus of the 
most recent change was on regulations to control imports 
and exports of mercury and mercury compounds. These 
adjustments were necessary to ensure that Switzerland 
is able to meet the requirements set out in the Minamata 
Convention (SR 0.814.82), to which it has committed as 
party to the Convention.

The Waters Protection Ordinance (WPO, SR 814.201) 
and the Ordinance on Air Pollution Control (OAPC, SR 
814.318.142.1) are just two pieces of legislation that 
contain provisions aimed at reducing emissions. They 
too are continually adapted to reflect the latest tech-
nology. Provisions of waste legislation, in particular the 
Waste Management Ordinance (WMO, SR 814.600), the 
Waste Movements Ordinance (OMW SR 814.620) and the 
DETEC Ordinance concerning Lists for the Movements of 
Waste (LVA, SR 814.610.1) guarantee that mercury waste 
is handled in an environmentally-friendly manner. In addi-
tion, the Waters Protection Ordinance, the Soil Pollution 
Ordinance (SoilPO, SR  814.12) and the Contaminated 
Sites Ordinance (CSO, SR  814.680) set out “maximum 
permissible mercury concentrations” in surface waters 
and soil. Table 1 provides a summary of selected ordi-
nances and the type of provisions they contain on mercu-

ry. A more detailed description of the specific provisions 
on mercury in these and other ordinances is set out in 
Table 1 of the detailed accompanying report. 

2.2  Provisions under international law

Various international conventions which have also been 
ratified by Switzerland address mercury. These include 
the decisions and recommendations of the contracting 
parties to the Convention for the Protection of the Marine 
Environment of the North-East Atlantic (OSPAR Conven-
tion, SR  0.814.293) and the Protocol of 24  June 1998 
on Heavy Metals (Aarhus Protocol on Heavy Metals, SR 
0.814.326), a protocol to the Convention on Long-range 
Transboundary Air Pollution (Geneva Convention on Air 
Pollution) of the UN Economic Commission for Europe 
(UNECE). The Aarhus Protocol on Heavy Metals has been 
in force since 2003 and has been ratified by 33 coun-
tries in Europe and North America, including Switzerland 
in 2000. It aims to reduce emissions of the heavy met-
als lead, cadmium and mercury. When the Protocol was 
amended in December 2012, the requirements regarding 
emissions-reducing measures were adjusted to reflect 
the latest technologies. 

In a bid to protect human health and the environment 
from anthropogenic emissions and releases of mercury, 
environment ministers at the 25th meeting of the Govern-
ing Council of the UN Environment Programme (UNEP) in 
2009 adopted a mandate to negotiate a legally binding 
global agreement on mercury. Based on this mandate, 
the Minamata Convention was negotiated and opened for 
signature in autumn 2013. Besides measures to reduce 
emissions, the Convention provides for the discontinua-
tion of mercury mining and bans on all uses where mercu-
ry can be substituted. Switzerland ratified the Convention 
in late March 2016, and it entered into force in August 
2017. 
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Table 1

National legislation on mercury. Selected ordinances (as at July 2018)

Ordinance Type of provision on mercury

Chemical Risk Reduction Ordinance  
(ORRChem, SR 814.81)

•	Bans on the import and export of metallic mercury and on the import of mercury com-
pounds without a permit. 

•	Export ban on the metal from 2028 onwards for purposes other than analysis and research. 
Exports for the manufacture of discharge lamps and for the maintenance of roll seam 
welding machines can be authorised until the end of 2020, and exports for the manufacture 
of dental amalgam capsules until the end of 2027.

•	Ban on use as an auxiliary substance in processes.
•	Extensive ban on mercury being used as a product component. 
•	Precautionary ban on uses unknown before 1 January 2018.

Waters Protection Ordinance  
(WPO, SR 814.201)

•	Threshold values for mercury content in wastewater to be discharged into surface water or 
sewers for certain sectors. 

•	Obligation to install amalgam separators in dental practices.
•	Numerical requirements on water quality of surface water.
•	Measures to protect humans and biota in the event of loads that exceed the numerical 

requirement.

Air Pollution Control Ordinance  
(OAPC, SR 814.318.142.1)

•	Preventive limiting of emissions in the exhaust gases from stationary installations. 
•	Specific emissions limits in exhaust gases from certain installations, e. g. incinerators for 

municipal and hazardous waste and cement kilns.

Soil Pollution Ordinance  
(SoilPO, SR 814.12)

•	Guidance value for soil pollution. 
•	Measures to protect humans and biotic communities in the event of loads that exceed the 

guidance value.

Waste Ordinance  
(VVEA, SR 814.600)

•	Auxiliary substances in processes are deemed mercury waste that must be handled and 
deposited in an environmentally-friendly manner. 

•	Metallic mercury or mercury compounds derived from the handling of mercury waste 
remain mercury waste which must be handled and deposited in an environmentally-friendly 
manner provided the metal or compounds may not be handed over for a permissible use,  
or the metal may not be exported with a permit in accordance with the provisions of the 
ORRChem. 

•	Requirements on the use of waste in cement production.

Waste Movements Ordinance  
(OMW, SR 814.620)

•	Technical and organisational measures to handle hazardous waste containing mercury 
(identification of waste, traceable delivery, disposal permit and reporting obligations for 
waste disposal companies and requirements on environmentally-friendly handling).

•	Measures for the import and export of hazardous waste containing mercury in accordance 
with the Basel Convention (SR 0.814.05).

Contaminated Sites Ordinance  
(CSO, SR 814.680)

•	Provisions on the investigation, monitoring and remediation of polluted sites. Groundwater, 
surface water, air and soil must be protected from harmful effects or nuisances, including 
mercury. 

•	Concentration value for the need for remediation of soils in private gardens and allotments, 
children’s play areas and other facilities where children play regularly. 
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3  Use and disposal 
Switzerland’s consumption of mercury as a product 

component and as an auxiliary substance in processes 

amounted to approximately 1,900 kg in 2012. The 

amount of mercury in domestic waste is estimated at 

around 3,700 kg for the same year. Approximately 

2,500 kg of this was recovered in plants in Switzerland 

and abroad. Virtually all mercury that is exported from 

Switzerland is pure metallic mercury derived from the 

processing of imported mercury waste. 

3.1  Supply and demand

Demand for metallic mercury in Switzerland between 
2006 and 2016 was covered by imports and domestic 
recycling. A business currently operates in Switzerland 
that recovers metallic mercury from domestic and foreign 
waste. Metal recovered in this way that exceeded domes-
tic demand was exported. 

Figure 2 shows the volumes of metallic mercury imported 
from 2006 to 2016 according to data from customs sta-
tistics [4].  

After 2008 the import volume fell sharply, from over 
3,000 kg to around 600 kg a year between 2009 and 
2013, and further to just 70 kg in 2016. This fall can be 
attributed to a decline in demand for mercury from manu
facturers of dental products, who have left Switzerland 
or abandoned production of dental amalgam capsules. 
Until recently, domestic mercury demand of 1,000 kg a 
year existed in a chemical factory which operated a chlor-
alkali plant using the amalgam process. The supplier of 
the mercury was the only Swiss mercury recycler. This 
company also served domestic manufacturers of roll 
seam welding machines, research institutes and sup-
pliers of chemicals for analysis and research purposes 
using mercury in small quantities. 

Compared with imports, exports show a reverse trend: 
the volume of exported mercury increased sharply versus 
previous years to around 100,000 kg a year between 2011 
and 2015, before falling back to 30,000 kg a year in 2016 
(Figure 3). 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Hg intended for dental products

Im
po

rt
ed

 m
er

cu
ry

 [k
g]

Analysis and research purposes Other uses

1,000

2,000

3,000

4,000

5,000

0

Figure 2

Swiss mercury imports in the period 2006 – 2016

Volumes of metallic mercury imported into Switzerland in kilograms, according to customs statistics [4].

Source: EZV [4]
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The exported mercury was recovered in the facilities of 
the Swiss mercury recycler; its “raw material” was mer-
cury waste, which it mainly procured through imports. The 
fall in exports in 2016 can be attributed to a change in the 
business practice of the recycler. From 2015 recovered 
mercury was no longer sold to dealers. Customers who 
required mercury for appropriate uses – in other words 
analysis and research or the manufacture of dental amal-
gam capsules – have since only been supplied directly. 

3.2  Uses

Mercury is used for a limited number of applications in 
Switzerland. Figure 4 shows the uses and estimated 
volumes of mercury required in 2012 and correspond-
ing estimates for 2016 and 2020. The following section 
describes these uses in more detail. 

3.2.1  Auxiliary substances in industrial processes 
Mercury was used as a cathode in chlor-alkali electroly-
sis at a Swiss plant until 2016. The average annual con-
sumption to offset mercury losses was around 960 kg. 
The lost mercury ended up in the various waste products 
from the process. This was processed in Switzerland and 
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Figure 3

Swiss mercury exports in the period 2006 – 2016 

Volume of metallic mercury exported from Switzerland in kilograms, according to customs statistics. [4]. The production of the recycler is 

indicated for 2006 and 2007.

Source: EZV [4]

Figure 4

Use of mercury in Switzerland

Uses of mercury in Switzerland and estimates and forecasts  

of associated mercury volumes for the period 2012 – 2020 in  

kilograms Hg.

2012 2016 2020

Chlor-alkali electrolysis

Plastic additivesR&D chemicals

Measuring purposesMeasuring devices

BatteriesLampsDental amalgam

C
on

su
m

pt
io

n 
[k

g]

0

500

1,000

1,500

2,000

Source: Own estimates



Use, disposal and environmental releases of mercury  © FOEN 2018 13

the mercury was recovered. A small portion of the mercu-
ry also ended up in the environment via the air and waste-
water. At the end of 2016, chlor-alkali electrolysis was 
switched to the mercury-free diaphragm process. Until 
2013, mercury was also used as a catalyst in a chemical 
synthesis. The mercury was then fully regenerated by the 
user on site, so no extra mercury was purchased between 
2008 and 2013. The use of mercury as an auxiliary sub-
stance in industrial manufacturing processes has been 
banned since 2018.

3.2.2  Plastic additives
Until recently, phenylmercury compounds were used as 
an additive in the manufacture of polyurethane mouldings 
(PUR) – elastomers that have a wide range of different 
applications [5]. Based on EU figures [7], it is estimated 
that some 180 kg of mercury entered the Swiss market 
in PUR elastomers in 2012. A ban on the sale of plastics 
containing mercury came into force in the EU in autumn 
2017. Switzerland also introduced a similar ban at the 
same time.

Due to their sometimes long service lives, we can assume 
that PUR mouldings will still have to be disposed of for 
some time. It is believed that at the end of their service 
lives, they largely end up in incinerators with household 
and commercial municipal waste. Besides mouldings, 
coverings for sports pitches (so-called “Tartan Turf”) were 
also manufactured using phenylmercury compounds in 
the 1980s [6]. It is not possible to provide information on 
mercury accumulation from old coverings; it is assumed 
that they are disposed of in hazardous waste incineration 
plants.

3.2.3  Chemicals for analysis and research purposes
Mercury is used as a metal and in the form of compounds 
in laboratories. Mercury compounds for use in scientific 
research and development were synthesised at one loca-
tion in Switzerland in 2012. In addition, such compounds 
were also imported as bulk products for repackaging. 
Some of these manufactured and repackaged compounds 
were exported, and some were used in Switzerland for 
analysis and research purposes. In 2012, domestic con-
sumption was estimated to be 100 kg per year. We do not 
expect these volumes to change significantly for 2016 
and 2020. Some of the mercury used in this way is col-

lected separately for disposal, while the rest is likely to be 
drained via the sewage system into wastewater treatment 
plants. 

3.2.4  Measuring devices and measuring purposes
Mercury is primarily used in measuring devices as a liquid 
in manometers and thermometers. In addition, mercury 
is used to determine pore size distribution and the pore 
volume of materials (porosimetry). It is also used in elec-
trochemical analysis methods, such as in voltammetry as 
an electrode. No measuring devices containing mercu-
ry were manufactured in Switzerland in 2012. Based on 
EU surveys [8], measuring devices sold in Switzerland in 
2012 contained approximately 80 kg of mercury. Further-
more, mercury consumption from measurement of pore 
volumes and voltammetry in 2012 is estimated at around 
160 kg, with the largest portion used for porosimetric 
measurements. Now that tried-and-tested, mercury-free 
alternatives exist for most measuring devices, they were 
banned from being placed on the market in Switzerland in 
2015. However, this ban does not apply to mercury poro-
simetry and voltammetry. 

There are no data available on the type and quantity of 
measuring devices containing mercury that are disposed 
of in Switzerland. It is assumed that the mercury con-
tained in the devices will be recovered. Mercury from 
porosimetry and voltammetry is usually purified by dis-
tillation and re-used. 

3.2.5  Dental amalgam
Dental amalgam is made by mixing equal parts of mercu-
ry and a dental alloy. Dental amalgam is sold in capsules 
that contain these two components. The production of 
dental amalgam capsules was recently discontinued in 
Switzerland, but was still taking place in 2012, with most 
of the capsules produced being exported. In Switzerland 
some 35 kg of mercury was used in new amalgam fillings 
in 2012.

Material flows of mercury linked to the use of dental 
amalgam are relatively complex. In dental practices these 
days, most mercury is produced by drilling out old amal-
gam fillings and pulling out teeth containing amalgam. For 
the most part amalgam fillings that have been removed 
end up in amalgam separators that are installed in every 



Use, disposal and environmental releases of mercury  © FOEN 2018 14

dental practice. The waste material is then passed on to 
waste management in Switzerland and abroad for fur-
ther processing. A small portion of the removed fillings 
is not retained by the amalgam separators and ends up 
in the sewage system via municipal wastewater. Amal-
gam fillings that are not removed remain in the mouths of 
patients until they die. The amalgam fillings of deceased 
people cause mercury to reach crematoriums, where it is 
largely filtered out by the crematorium exhaust air purifi-
cation system. It also enters the soil through burial. 

3.2.6  Batteries
Until recently, button cell batteries still contained 
0.25 – 1.2% mercury in the form of amalgamated zinc to 
prevent a build-up of gas and leakages. This zinc was still 
used by the sole Swiss manufacturer of button cell bat-
teries in 2012; it has since been producing mercury-free 
cells. The quantity of mercury in button cell batteries that 
entered the market in Switzerland in 2012 is estimated 
to be around 160 kg. This estimate factors in the vari-
ous mercury contents of the different cell types and their 
share of the total volume of button cell batteries sold 
in Switzerland in 2012 [9, 10]. Since 2016, mercury has 
been banned in batteries in Switzerland. 

Used batteries must be handed in by consumers at an 
appropriate collection point for disposal. They are then 
disposed of, and mercury is recovered in the process. 
The recycling rate for batteries averaged around 70% 
between 2011 and 2013. There is reason to believe that 
the remaining 30% of used batteries ended up in inciner-
ators via municipal waste. 

3.2.7  Discharge lamps
In terms of lighting technology, a distinction can be 
drawn between discharge lamps, light-emitting diodes 
(LED) and thermal radiators (bulbs, halogen bulbs). Dis-
charge lamps comprise fluorescent lamps, compact 
fluorescent lamps and high-intensity discharge lamps 
(sodium-vapour lamps, mercury vapour lamps and met-
al halide lamps), which all rely on mercury to produce 
light. However, light-emitting diodes and thermal radia-
tors do not contain mercury. Discharge lamps are used in 
households, purpose-built structures and street lighting. 
In addition, cold-cathode fluorescence lamps containing 
mercury were also still used for backlights in IT devices 

in 2012. Discharge lamps are not manufactured in Swit-
zerland, so demand is covered by imports. 

On the basis of data on the use of different types of 
discharge lamps, and with assumptions on the average 
quantity of mercury contained in the lamp types, the vol-
ume of mercury that was placed on the market through 
discharge lamps in 2012 is estimated at around 35 kg 
for interior lighting and 35 kg for street lighting and other 
lighting purposes [11] [107]. Furthermore, model calcu-
lations by Zumbühl & Benedetti [12] and Böni & Widmer 
[13] can also be used to estimate that an additional 40 kg 
of mercury in the form of backlights for IT devices was 
placed on the market in 2012. 

Discharge lamps and IT devices are collected and dis-
posed of separately in Switzerland. However, a portion 
of the discharge lamps containing mercury, particular-
ly compact fluorescent lamps, are also incinerated as 
municipal waste due to incorrect disposal.

3.2.8  Switches, relays and other components
The use of switches and relays containing mercury in 
electrical and electronic equipment used to be wide-
spread. Due to chemicals legislation, the use of compo-
nents of all types containing mercury in such equipment 
is now only possible in exceptional circumstances. This 
also applies to motor vehicles (passenger cars and light 
commercial vehicles). In addition, mercury was previously 
used for power transmission in the roller heads of roll 
seam welding machines for the manufacture of can pack-
aging or industrial and reinforcement meshes. There are 
now mercury-free alternatives for these purposes. 

Based on clarifications on the use of mercury in med-
ical devices and monitoring and control instruments in 
the EU, we can conclude that no significant quantities 
of mercury were placed on the market in Switzerland via 
such devices in 2012. The identified components contain-
ing mercury were infrared detectors, ionising radiation 
detectors, reference electrodes (calomel electrodes) and 
special switches [14]. In the case of welding machines, it 
is estimated that Swiss manufacturers supplied (foreign) 
plant operators with around 40 kg of mercury for filling 
roll heads in 2012. 
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According to data from Kägi & Franov [15], companies 
specialising in the disposal of electrical and electronic 
equipment still separate a significant number of switch-
es containing mercury mainly from fridges, freezers and 
air conditioning units. Non-separated mercury switches 
and other components containing mercury from these 
and other large appliances and from tools, machines, 
installations and vehicles end up in scrap processing. As 
a result, they contaminate the scrap and the resulting 
residual material when it is shredded. 

3.3   Volume of waste and disposal

The volume of mercury in waste is estimated at around 
3,700 kg in 2012. Figure 5 shows the contributions of the 
various applications. This does not include the process 
waste from the chemical industry that is no longer appli-
cable, but which still amounted to 1,000 kg in 2012.1 PUR 
elastomers account for some 25% of the mercury vol-
ume. Mercury-containing switches, dental amalgam and 
measuring devices including mercury required for meas-
uring purposes each account for 10 – 15%. Meanwhile, 
batteries, lamps and chemicals for research purposes 
each account for 5% of mercury waste. Around 20% of 
mercury waste cannot be assigned to an application. This 
mainly concerns mercury contained in shredder residue 
(RESH) and scrap metal, and certain quantities of mer-
cury that are found in sewage sludge and in waste that is 
fed into municipal waste incinerators.

1	 The some 40,000 kg of mercury that became obsolete during the conversion 
of chemical synthesis and chlor-alkali production processes at two plants 
has since been transformed into inert mercury sulfide (cinnabar) in Swit-
zerland and deposited in an underground storage facility abroad. 

Figure 5

Contributions of individual applications to volume of mercury waste 

Contributions of individual applications to volume of mercury waste in 

Switzerland in 2012, excluding the process waste from the chlor- 

alkali industry.  

Source: Own estimates

To treat waste containing mercury, mercury is recovered 
in metallic form or transferred to deposited products. In 
doing so, mercury also released into the environment, 
particularly the air. The following paragraphs detail the 
fate of mercury when the waste is disposed of. 

3.3.1  Mercury recovery
Thermal treatment of mercury waste involves heating the 
waste so the metallic mercury or mercury compounds 
it contains vaporise or sublimate. Mercury compounds 
decompose into metallic mercury when heated to tem-
peratures of between 400 ̊ C and 700 ̊ C through reduc-
tion. The metal is then separated from the flue gas by 
condensation, purified by distillation and can be re-used. 
A company in Switzerland currently operates facilities 
equipped for this purpose. 
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It is estimated that more than half of the mercury con-
tained in Swiss wastes in 2012 was recovered. Table 2 
provides an overview of the wastes which were assumed 
to have been thermally treated at plants in Switzerland 
and abroad, and on the estimated quantity of mercury 
recovered.2 On the one hand, process waste from the 
chemical industry was recycled, as was waste containing 
mercury, such as measuring devices, spent batteries and 
waste from the use of dental amalgam. On the other, mer-
cury-containing fractions from other waste treatments, 
such as activated carbons loaded with mercury from the 
processing of used lamps, were also recycled. 

Table 2

Overview of waste generated in Switzerland that was thermally 

treated in Switzerland or abroad in 2012, and the estimated volume 

of mercury recovered 

Source product Quantity of 
mercury 
recovered [kg]

Process waste from chlor-alkali electrolysis 1,000

Disused and discarded measuring equipment 210

Contaminated mercury used for measuring 
purposes (especially mercury porosimetry)

155

Spent batteries (in particular button cells) 115

Dental amalgam (excess amalgam, removed 
amalgam fillings, residues from amalgam 
separators in dental practices)

240 

Separated mercury-containing switches from 
large appliances

≈ 400

Activated carbon filters from the processing of 
used lamps

≈ 70

Activated carbon filters and ion exchange 
resins from flue gas purification in waste 
incineration plants

≈ 300

3.3.2  Disposal of scrap and RESH
Around 70% of Switzerland’s scrap is processed using a 
shear and 30% with a shredder [16]. Shredding produc-
es non-recyclable residues (RESH). Mercury-containing 
components from appliances, tools, machines, installa-

2	 In the case of wastes for which there are no reliable data available on 
recovery, but where recovery is technically feasible and is described in the 
grey literature, it is assumed that recovery took place. 

tions and motor vehicles that are not separated therefore 
partly end up in scrap metal, in particular steel scrap, and 
partly in RESH. 

Steel scrap is melted down at two electric steel plants in 
Switzerland, where at temperatures of up to 1800 °C the 
mercury contained is transferred to crude gas. When the 
crude gas is subsequently de-dusted, some of the mer-
cury enters the filtered dust, and the rest remains in the 
de-dusted crude gas and is thus emitted into the environ-
ment. There are no reliable figures available on the level 
of mercury in filter dust that is recycled abroad. However, 
based on the production figures of the two Swiss steel 
plants and their mercury emissions factors in exhaust air, 
we can estimate that the scrap melted down at the plants 
in 2012 contained at least 50 kg of mercury [17]. 

Due to its high calorific value, RESH is used for thermal 
recovery at waste incineration plants in Switzerland and 
abroad. According to Wochele et al. [18], the average 
mercury content in RESH in 2008 was approximately 3 g 
per tonne. Based on this mercury content and the aver-
age volume of RESH produced between 2011 and 2013 
of 75,000 tonnes [19], we can estimate that this RESH 
contained 225 kg of mercury. 

3.3.3  Disposal of used lamps
The quantity of mercury added to discharge lamps has 
significantly decreased in recent years, as has their 
market share. Nevertheless, it is assumed that discharge 
lamps will continue to be used and that waste should 
be disposed of in an environmentally sound manner. 
Established disposal methods exist for the recycling of 
discharge lamps. The leading Swiss waste disposal com-
pany processes spent fluorescent tubes, energy-saving 
bulbs, old high-pressure discharge lamps (such as sodi-
um vapour lamps) and flat screens [20, 21]. The material 
is broken down using a mixing drum or shredder and the 
different fractions (glass, metal, mixtures of plastics and 
metals and of fluorescent powder and glass powder) are 
separated using screens and metal extractors. The mer-
cury contained in the lamps is found in the separated 
fluorescent powder, and additional mercury is chemisorp-
tively bound to impregnated activated carbons from the 
exhaust air in the recycling process. It is estimated that 
between 120 kg and 150 kg of mercury was generated 
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from old lamps and backlighting for IT devices in 2012 
[12, 13, 22]. There are no reliable data on the fate of this 
mercury; in principle, mercury can be removed from the 
fluorescent powder and activated carbons and recycled. 
In an initial approximation it is assumed that 50% of the 
mercury was deposited underground with the fluorescent 
powder or activated carbon, and the remaining 50% of 
the mercury was recovered. 

3.3.4  Sewage sludge disposal
The mercury contained in wastewater from industry, com-
merce and households is largely retained in the sewage 
sludge during wastewater treatment in sewage plants. 
Switzerland produces some 200,000 tonnes of sewage 
sludge a year. Since the ban on the use of sludge in agri-
culture, which came into effect in 2008, this sludge is 
always incinerated. 

Based on average mercury content in sewage sludge of 
0.6 g Hg per tonne in 2012, the quantity of mercury in 
sewage sludge can be estimated at 120 kg. In 2012, some 
50% of the sludge was incinerated in sludge incineration 
plants (mono-incinerators), 25% in municipal waste incin-
erators and 25% in cement works [23]. 

3.3.5  Waste disposal in cement works
By using alternative raw materials and replacing tradi-
tional fuels such as coal and heavy fuel oil with alterna-
tive fuels, Swiss cement works are becoming more energy 
efficient and reducing their CO2 emissions. Because of 
its calorific value and mineral content, sewage sludge is 
both a replacement fuel and an alternative raw mate-
rial. A quarter of the sludge originating from wastewa-
ter treatment was incinerated in cement works in 2012, 
which brought around 30 kg of mercury into the rotary 
kilns of cement works. 

Cement production is a high-temperature process in 
which mercury makes up a significant portion of the 
heavy metal emissions. The element not only enters the 
system via waste, but also via conventional fuels and 
raw materials. Due to the high temperatures, the mer-
cury contained in the raw materials and fuels ends up 
in the crude gas and the dust it contains during cement 
clinker production. This dust is then separated from the 
crude gas via a de-dusting process and subsequently 

mixed with the cement clinker in the cement mill. In this 
way the mercury initially introduced in raw materials and 
fuels enters the cement to a large extent. The rest enters 
the environment through the exhaust air from the plants. 
It can be estimated that in 2012 approximately 255 kg of 
mercury was fed into Swiss cement kilns. Of this, 75% 
(185 kg) was introduced through raw materials and 25% 
(70 kg) from fuels such as sewage sludge and coal. The 
amount of mercury emitted in the exhaust air from Swiss 
cement works in 2012 amounted to 0.03 g per tonne of 
cement produced on average [17]. It can therefore be cal-
culated that of the 255 kg of mercury introduced, some 
155 kg ended up in cement and 100 kg was emitted into 
the environment. 

3.3.6  Waste incineration in municipal waste  
incineration plants 
In 2012, 3.8 million tonnes of waste were incinerated 
in Swiss municipal waste incineration plants. On aver-
age this waste was composed of around 80% munici-
pal waste, 12% construction waste, 5% sewage sludge 
and 4% other wastes [24]. Based on studies by Taverna 
& Morf [25] and Taverna & Meister [26] on the material 
flows of outputs from waste incineration plants (slag, fil-
ter ash, flue gas purification products, exhaust air) and 
the mercury content of these outputs, we can assume 
that wastes disposed of in municipal waste incinerators 
in 2012 contained on average 0.3 g of mercury per tonne 
and that some 1,150 kg of mercury was fed into Swiss 
municipal waste incinerators in 2012. Around 20% of this 
mercury can be attributed to RESH, sewage sludge and 
incorrect disposal of batteries and energy-saving lamps. 
Further estimates on the origin of the mercury introduced 
into the plants are uncertain; it is assumed that mercu-
ry-containing polyurethane mouldings were important Hg 
sources. 

The majority of the Swiss municipal waste incinerators 
in operation in 2012 were equipped with electrostatic 
precipitators to separate fly ash and a downstream wet 
flue gas cleaning system. Most of the mercury introduced 
into municipal waste incinerators with waste is separat-
ed from the crude gas during flue gas scrubbing and is 
removed from the acid scrubber water through precipita-
tion [24, 25]. In this way, hydroxide sludge was produced 
in about two thirds of all municipal waste incinerators in 
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2012. In a further third of plants, mercury was removed 
from acid scrubber water using ion exchange so it could 
be used to scrub the filter ash. 

It is estimated that of the 1,150 kg of mercury introduced 
into municipal waste incineration plants, some 500 kg 
was deposited in hydroxide sludge. Ion exchangers load-
ed with 300 kg of mercury cannot be regenerated and it 
is assumed that they were thermally decomposed with 
recovery of the mercury. The amount of mercury in the 
deposited slag and filter ash can be estimated at 50 kg 
each. It is estimated that a further 240 kg of mercury 
passed through the flue gas cleaning system and was 
emitted into the air with the clean gas [24].

3.3.7  Overview of mercury fate 
Figure 6 summarises the estimated fate of mercury in 
Swiss waste in 2012. The approximately 1,000 kg of mer-
cury waste from the chlor-alkali industry that is no longer 
generated following the transition from the amalgam to 
the membrane process is not included. Just over half 
(approx. 1,500 kg) of the mercury contained in domestic 
waste was recovered as metal. Around one fifth (approx. 
570 kg) of the mercury ended up in incineration products 
(slag, filter ash and hydroxide sludge in particular) for 
landfill. Just over 10% of the discarded mercury (approx. 
320 kg) entered the environment. A further 10% (approx. 
280 kg) was deposited either in the form of sewage sludge 
ash or treatment products from the processing of old 
lamps, disposed of as laboratory waste, transferred to 
cement, or ended up in RESH for thermal recovery abroad.

Figure 6

Fate of mercury in disposal routes in Switzerland

Estimates for 2012 excluding process wastes from the chlor-alkali 

industry.  
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4  Environmental releases and 
occurrence
Mercury is discharged into the air, waterbodies and 

soils and can be measured in these environmental 

compartments accordingly. In aquatic sediments and 

soils, mercury is converted into methylmercury by 

bacteria. Mercury accumulates in biota, with methyl­

mercury accumulating particularly readily. High 

concentrations of methylmercury are found in organ­

isms in the limnetic compartment. 

4.1  Air

4.1.1  Emissions to the atmosphere
Switzerland reduced its emissions of mercury into the 
atmosphere by 90%, from approximately 6,600 kg in 
1990 to around 720 kg in 2005. The declining trend con-
tinues, although to a lesser extent (Figure 7): emissions 
were 9% lower in 2015 than in 2005 [17]. According to 
surveys by the Federal Office for the Environment [17], 
some 660 kg of mercury were emitted into the atmos-
phere in Switzerland in 2015. The most important emis-
sions sources were power generation furnaces including 
emissions from waste incineration plants, which use the 
waste heat to produce energy, with a share of 44% of 
total emissions. Industrial furnaces accounted for 27%, 
with cement works the main emitters. Industrial process-
es accounted for some 12% of total emissions. The most 
important emitters were steel works and a chlor-alkali 
plant that still used the amalgam process. Other sources 
were waste incineration where waste heat was not used 
to produce energy, as well as other sources, which mainly 
concerned building fires (Figure 8). 

Figure 7

Evolution of air emissions of mercury

Evolution of air emissions of mercury in Switzerland in the years 

1990 – 2015, in kilograms per year [17, 27].  

4.1.2  Mercury in the air
Most natural and anthropogenic emission sources 
release gaseous elemental mercury (GEM). Mercury is 
therefore mainly present in the air in the form of GEM [3]. 
Besides GEM, gaseous oxidised mercury (GOM) and par-
ticle bound mercury (PBM) also occur in the atmosphere 
in much smaller concentrations. Due to the long atmos-
pheric lifetime of GEM of several months to one year, it is 
possible for mercury emissions in the air to be distributed 
across the Earth’s entire atmosphere [3]. 

At 13 rural, northern hemisphere locations in the Glob-
al Mercury Observation System Network, the median 
concentrations of GEM in 2014 amounted to between 
1.2 ng/m3 and 1.8 ng/m3. Higher GEM concentrations 
were generally recorded at stations in winter and spring 
than in summer and autumn. GEM levels at stations in 
the northern hemisphere were higher than at stations in 
the tropics and southern hemisphere: at five locations 
in tropical zones and in the southern hemisphere the 
median annual concentrations measured in 2014 were 
1.2 ng/m3 and 1.0 ng/m3 respectively [28]. 
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Sources of air emissions of mercury

Type and size of Swiss air emissions of mercury in 2015 in kilograms per year [17].

Source: FOEN [17]
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Figure 9

Mercury levels in the air in Zurich

Daily median concentrations of GEM in ng/m3 from January 2014 to December 2015 at Zurich Kaserne, showing the median, 10th and 90th 

percentile over the whole measurement period. The measuring station is located in the centre of the city of Zurich in a park-like courtyard [30, 31].

Source: Denzler [30], EMPA [31]
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Vertical profiles of GEM concentrations at altitudes of 
between 500 m and 3,000 m were determined in meas-
urement flights over four locations in Slovenia (Iskraba, 
Idrija) and Germany (Leipzig, Waldhof) in 2013. No ver-
tical gradients were identified; GEM concentrations at 
the locations varied between 1.4 ng/m3 and 1.6 ng/m3. 
On entering the free troposphere, levels of GEM fell to 
1.3 ng/m3 at all locations and remained constant even at 
higher altitudes [29]. Extensive data on the occurrence 
of GEM in Switzerland are available for the urban loca-
tion Zurich for the period from January 2014 to December 
2015 [30]. Figure 9 shows the daily median concentra-
tions in Zurich over the measurement period. The 10th 

percentile was 1.6 ng/m3, the 90th percentile 2.1 ng/m3 
and the annual median 1.8 ng/m3. 

Within the framework of the European Monitoring and 
Evaluation Programme (EMEP), a programme under the 
1979 Geneva Convention on Air Pollution, the Meteor-
ological Synthesizing Centre-East uses global mercury 
emissions from natural and anthropogenic sources to 
model the resulting atmospheric mercury pollution in 
a spatial resolution of 50 × 50 km2. The mercury levels 
calculated for Switzerland were between 1.2 ng/m3 and 
1.6 ng/m3 in 2014 and between 1.1 ng/m3 and 1.4 ng/m3 
in 2015. 

4.1.3  Deposition from the air
Calculations of atmospheric deposition using the EMEP 
model reveal that atmospheric mercury deposition in 
Switzerland has fallen from 1,400 kg in 1990 to around 
710 kg today. Figure 10 shows the development of mer-
cury deposition in the period 1990 – 2015. Of the mercury 
deposited in 2014, 170 kg (25%) came from anthropo-
genic sources in Europe and Central Asia (EMEP states); 
sources in Italy and Switzerland each contributed approx-
imately 35%. Around 75% of the mercury deposited in 
Switzerland comes from global, natural and historical 
sources [32]. 

Figure 10

Temporal development of mercury deposition in Switzerland

Temporal development of atmospheric mercury deposition in the 

period 1990 – 2015 in kilograms per year [27].  

In Switzerland and other European countries, atmos-
pheric mercury deposition is also monitored within the 
framework of a programme under the 1979 Geneva Con-
vention on Air Pollution by measuring mosses. Mosses 
are used as indicators because they do not have roots, 
so they draw water, nutrients and pollutants such as mer-
cury exclusively from the air. Figure 11 shows the median 
measured mercury concentrations in mosses between 
1990 and 2015 for the five natural regions of Switzerland. 
The concentrations measured in this period declined by 
up to 50% and confirm that atmospheric mercury depo-
sition is decreasing. 
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4.2  Waterbodies  

Mercury occurs in water mainly in the divalent form (Hg2+) 
under primarily oxidising conditions. Under certain con-
ditions, Hg2+ can also be reduced to volatile, elementary 
mercury (Hg0) via biotic or abiotic pathways [35]. In addi-
tion, the bioavailability of Hg2+ is controlled by formation 
of complexes with organic and inorganic ligands and by 
adsorption on suspended solids. Mercury that is adsorbed 
to particles or incorporated in biomass is deposited on 
the bottom of the waterbody. Mercury that is deposited 
in this way is a reservoir for the production of methylmer-
cury by sulphate-reducing microorganisms under anoxic 
conditions [35, 36]. 

4.2.1  Discharges into waterbodies
Approximately 70 kg of mercury was discharged into 
surface waters in Switzerland in 2015. According to a 
methodical approach used by the International Commis-
sion for the Protection of the Rhine (ICPR) to estimate 
discharges of substances into waterbodies via differ-
ent pathways, a distinction can be drawn between point 

sources and diffuse sources [37, 38]. Figure 12 shows 
the relevant sources and the estimated mercury dis-
charges to Swiss surface waters in 2015. Some 15% of 
emissions were from point sources and 85% from diffuse 
sources. Point sources include mercury discharges from 
municipal wastewater treatment plants and direct releas-
es from industry and business. Diffuse mercury sources 
are mainly atmospheric deposition (for standing waters), 
spring water inflows and soil erosion. Other diffuse sourc-
es were discharges from stormwater separation systems 
and the discharge of untreated mixed water during peri-
ods of heavy rainfall to relieve sewage treatment plants. 
Other diffuse discharges, such as the run-off of fertilisers 
used in agriculture and discharges from households not 
connected to the municipal sewage system, were of minor 
importance.

Figure 11

Mercury concentrations in mosses in Switzerland

Median mercury concentrations measured in mosses in Switzerland between 1990 and 2015 for the monitoring of atmospheric depositions. 

Mosses were analysed in Switzerland’s five natural regions [33, 34].
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4.2.2   Occurrence in groundwater  
The NAQUA National Groundwater Monitoring pro-
gramme records the state of and changes in Switzer-
land’s groundwater resources at some 600 monitoring 
sites. Mercury was included in the monitoring programme 
at 50 sites in 2006. It was not possible to quantify mer-
cury in any sample; the limit of quantification for these 
measurements was 500 ng/L [39]. Likewise, levels of 
mercury at 25 drinking water installations near landfills 
and contaminated sites in the canton of Aargau were nev-
er quantifiable with a limit of quantification of 100 ng/L 
[40]. In a survey of spring water and groundwater used by 
the city of Zurich as sources of drinking water, no mercury 
concentrations above the limit of quantification of 9ng/L 
were detected in any sample [41, 42]. Even in analyses 
of groundwater under soils contaminated with mercury 
in southwestern Switzerland, mercury levels were always 
below the limit of quantification of 10 ng/L [43, 44].

4.2.3  Occurrence in surface waters
The International Commission for the Protection of the 
Rhine (ICPR) has long been reporting on the concentration 
of mercury in the Rhine near Basel. Figure 13 shows the 
concentrations of mercury measured in the period 1980 
to 2014. In addition, Figure 14 shows the percentage of 
samples in the respective year in which mercury concen-
trations were above the level of quantification. Between 
1980 and 1990 the total mercury concentrations (dis-
solved and particulate) in the measured water samples 
were between 20 ng/L and 100 ng/L, although higher 
concentrations were measured in isolated cases. From 
1990 mercury concentrations in the Rhine near Basel fell 
sharply, and since 2000 mercury concentrations above 
the limit of quantification of 10 ng/L (1996 – 2011) and 
5 ng/L (from 2012) have only been detected occasionally. 

Figure 12

Estimated discharges of mercury into Swiss waters

Estimated discharges of mercury into Swiss waters from various sources in 2015 in kilograms per year. “Other” diffuse sources include fertiliser 

run-off from agricultural activities and discharges from households not connected to the municipal sewage system.
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Figure 13

Mercury concentrations in the Rhine near Basel

Concentrations in ng Hg/L in the Rhine near Basel for the period from 1980 to 2014 [38].

Figure 14

Percentage of mercury measurements in the Rhine that were above the limit of quantification

Share of mercury concentration measurements in the Rhine near Basel that were above the limit of quantification [38].
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Figure 15

Mercury concentrations in suspended solids in the Rhine near Basel

Concentrations in µg Hg/kg in suspended solids in the Rhine near Basel for the period from 1990 to 2014 [38].

Source: IKSR [38]

Figure 16

Mercury loads in the Rhine near Basel

Annual mercury loads in the Rhine near Basel in the years 1975 – 2015 in kilograms per year, estimated using data from the ICPR [38].  

Source: IKSR [38]
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In addition to the mercury concentration in the water, the 
mercury content of suspended solids is also measured 
in the Rhine near Basel. Figure 15 shows the measured 
concentrations for the period from 1990 to 2014. As for 
the water samples, a decrease has also been observed 
for suspended solids. 

The Rhine drains an area of 36,500 km2 [45] as far 
as Basel, and its catchment area downstream of the 
lakes covers an area of 9,500 km2 with over 3 million 
inhabitants [46]. Based on the mean annual flows and 
annual averages for total mercury concentration at the 
locations Village-Neuf (1975 – 1994) and Weil am Rhein 
(1995 – 2015), the annual mercury loads in the Rhine 
near Basel can be calculated.3 The results of these 
calculations are shown in Figure 16; we can see that 
mercury loads fell sharply between 1975 and 1995. 
Hari & Zobrist [47] demonstrated a similar significant 
decrease in mercury flows in the Rhone at Porte-du-
Scex between 1976 and 1998.

Mercury concentrations in Swiss surface waters are also 
measured by various associations and cantonal water 
protection agencies. For example, total mercury concen-
trations of between 1.1 ng/L and 1.6 ng/L were meas-
ured in Lake Constance in 2005. In four tributaries of 
Lake Constance (Alpenrhein, Alter Rhein, Goldach and 
Steinach) total mercury concentrations totalled between 
1.5 ng/L and 9.5 ng/L [48]. In additional samples from 
watercourses in the canton of Bern and the greater Basel 
region, concentrations of dissolved mercury were always 
below 10 ng/L [49, 50].

4.2.4  Occurrence in aquatic sediments
Mercury levels in Switzerland’s aquatic sediments have 
been surveyed by various organisations and cantonal 
water protection agencies in recent decades. Figure 17 
shows the average mercury concentrations in sediment 
samples from Lake Geneva from several surveys [51, 52]. 
Compared with 1978, mercury concentrations in sedi-
ments have significantly decreased in recent surveys, 
despite occasional upward outliers. Surveys of Lake Biel, 

3	  For the years when mercury concentrations were below the limit of 
quantification, mercury concentrations in water were estimated based on 
the average content of suspended solids, their mercury levels and a sedi-
ment-water partition coefficient of 100,000 L/kg according to the European 
Commission [104]. 

Lake Zurich and Lake Maggiore also show that levels of 
mercury in recent lake sediment samples have fallen con-
siderably [53 – 55]. 

Figure 17

Mercury content in sediment samples from Lake Geneva

Average mercury content in sediment samples from Lake Geneva 

from various measuring campaigns in µg/kg. The campaigns sampled 

sediments from 80 – 200 locations. The second chart shows the 

range of Hg contents measured in 2015 [51, 52].  

Source: Loizeau et al. [51], Arbouille et al. [52] 

In the canton of Zurich, sediments from the largest water-
courses have been tested for heavy metals since 1999. In 
the case of mercury, data are available for 52 locations 
for the years 1999 – 2002 and 2004 – 2011. Subsequent-
ly, mercury pollution at some 80% of locations decreased 
by 15% on average [56]. If we look at data from 2008 
onwards and the levels recently measured at a location, 
mercury concentrations in sediments at 130 locations 
in watercourses in the canton of Zurich vary between 
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40 µg/kg and 1,360 µg/kg, with frequent concentrations 
of between 70 µg/kg and 200 µg/kg (10th  – 90th percen-
tile). Values of 60 – 200 µg/kg were frequently measured 
at 62 locations in waterbodies not affected by waste-
water treatment plant effluent; at 36 locations with a 
wastewater treatment plant effluent percentage of 30% 
or more values were similarly low, at 80 – 220 µg/kg [57]. 

Gascon Diez et al. [58] analysed sediment samples and 
settling particles in Lake Geneva, as well as their total 
mercury and methylmercury levels. Mercury concentra-
tions of between 174 µg/kg and 270 µg/kg were meas-
ured in sediment samples. In the settling particle samples 
mercury concentrations were between 73 µg/kg and 
257 µg/kg. Concentrations of methylmercury amounted 
to 0.3 – 1.7 µg/kg in sediments and 0.6 – 11.4 µg/kg in 
settling particles. 

4.3  Soil

Mercury mainly occurs in oxidised form in soils. Divalent 
mercury (Hg2+) forms strong complexes with organic mat-
ter (such as humic or fulvic acids) present in the soil in 
solid, dissolved or suspended form [59 – 61]. Hg2+ can be 
reduced to volatile elementary Hg (Hg0) biotically or abi-
otically [59]. Volatilisation rates may be between 0.03% 
and 1.6% relative to the total mercury concentration in 
the soil [62]. Mercury can also be converted into meth-
ylmercury by bacteria in soils. Around 0.01 – 3% of total 
mercury in soils occurs in the form of methylmercury [59, 
63]. Low-oxygen (anaerobic) conditions caused by high 
soil moisture and ready availability of organic carbon 
favour the formation of methylmercury; demethylation 
takes place under aerobic conditions [63]. 

The Swiss Soil Monitoring Network (NABO) comprises 
around 100 permanent monitoring sites that have been 
in operation since the mid-1980s. The sites are sampled 
at five-year intervals and tested on a wide variety of 
parameters. Among the metals, mercury concentrations 
are routinely measured. Half of monitoring sites are used 
for intensive agriculture and one fifth are in extensive-
ly-used areas. Around 30% of sites are located in for-
ests. Data from cantonal monitoring networks are also 
used to complement the national survey. The cantons are 

also responsible for carrying out soil monitoring in areas 
where soil contamination has had or is expected to have 
an adverse effect on soil fertility. 

Figure 18 shows the mercury concentrations measured 
in the fifth NABO survey conducted between 2005 and 
2009 at a depth of 0 – 20 cm, broken down by type of 
soil use. Mercury concentrations of 50 – 180 µg/kg were 
frequently detected (10th and 90th percentile). The median 
was 80 µg Hg/kg and the extreme values were 10 µg Hg/
kg and 390 µg Hg/kg [64]. Data from cantonal monitor-
ing networks reveal a similar picture: for example, in the 
canton of Zurich during the same period, mercury con-
centrations of 40 – 105 µg/kg were measured in soils 
at 105  locations, with extreme values of 20 µg/kg and  
360 µg/kg [65]. In additional soil samples taken from 
a depth of 40 – 60 cm, mercury concentrations of 
15 – 90 µg/kg were frequently measured at 14 locations. 
These values were thus similar to the levels measured at 
320 locations in the period 2000 – 2004 (20 – 70 µg/kg).

An evaluation of the extensive results of soil analyses 
carried out by national and cantonal bodies between 
1990 and 1996 was conducted by Keller & Desaules 
[105]. In terms of study type, around 45% of results came 
from soil monitoring and grid sampling, 15% from surveys 
of potentially hazardous sites, 15% from emitter surveys 
and 10% from surveys of soils close to roads. Of the 
over 7,000 measured values, the median was 90 µg Hg/
kg and the 90th percentile was 260 µg Hg/kg. Some 3% 
of all values were above 500 µg/kg. Relatively high Hg 
values were not only measured at sites close to cremato-
riums, but also in gardens, parks and settlement areas. 
More recent data also indicate that soil from gardens in 
urban areas contains remarkably high levels of mercury: 
in 100 samples taken from 80 locations in a town in the 
Swiss Plateau, mercury concentrations of 90 – 3,600 µg/
kg were frequently measured [106]. 

Rieder et al. [66] tested around 30 uncontaminated Swiss 
forest soils for methylmercury and found that 0.2 – 2.4% of 
total mercury occurred as methylmercury; they measured 
methylmercury levels of < 1 – 3 µg/kg. In mercury-contam-
inated soils from settlement areas and agricultural land, 
methylmercury levels were between 1 µg/kg and 8 µg/kg 
and amounted to 0.01 – 0.8% of total mercury [44]. 



Use, disposal and environmental releases of mercury  © FOEN 2018 28

4.4  Biota  

Mercury is accumulated in biota, with organic mercury 
in the form of methylmercury accumulating particularly 
readily. Mercury and methylmercury are mainly found in 
high concentrations in organisms in the limnetic com-
partment, but also occur in terrestrial biota. The follow-
ing section provides an overview of current knowledge on 
mercury concentrations in biota in Switzerland. 

4.4.1  Terrestrial biota
Terrestrial plants can absorb mercury from the air via their 
leaves or from the soil via their roots [67 – 69]. There is 
often a statistically significant correlation between mer-
cury concentrations in roots and mercury levels in soils. 

However, no correlation has been established between 
mercury concentrations in other parts of plants and levels 
in the soil. This indicates that the roots act as a barrier 
to absorption of mercury in other parts of plants [70, 59, 
68]. The mercury concentrations found in parts of plants 
that are above ground are thus heavily influenced by 
atmospheric levels of mercury [59, 69]. Based on exper-
iments by De Temmerman et al. [67] on the influence of 
atmospheric mercury levels on mercury concentrations in 
exposed grass cultures (Lolium perenne), we can assume 
a background concentration in grass of approximately 
15 µg/kg dry weight, which appears when the atmos-
pheric mercury concentration is 1 – 2 ng Hg/m3. With a 
water content of 80 – 90%, this equates to 1.5 – 3 µg Hg/
kg wet weight. In a subsequent study on leafy vegetables, 
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Mercury concentrations in soils

Mercury concentrations in soils used for different purposes measured in the fifth NABO survey, in mg Hg per kg of soil based on dry weight. 

“Other” types of use include protected sites and monitoring locations in parks. With the exception of a single measurement, mercury concentra-

tions in soils used for special crops were below the limit of detection [64].

Gubler et al. [64]
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De Temmerman et al. derived background concentrations 
of 0.6 – 2.2 µg Hg/kg (based on the wet weight) [71]. The 
results of a survey on background concentrations in 
vegetables and cereals from Switzerland are shown in 
Figure 19 [72]. In this study, no mercury concentrations 
above the level of quantification of 0.5 µg/kg or 1 µg/kg 
were detected in the analysed samples of leeks, white 
cabbage, beetroot, potatoes and wheat. Mercury was 
quantified in one of five samples of endives, carrots and 
lettuce, and in two of five samples of celeriac. Mercury 
concentrations of between 190 µg/kg and 380 µg/kg and 
methylmercury concentrations of 3 – 8 µg/kg were identi-
fied in three samples of yellow boletus mushrooms. 

In 1985, Wyttenbach et al. [73] found mercury concentra-
tions of 18 – 64 µg/kg (mean: 31 µg/kg) in one-year-old 
spruce needles from an urban area in north-eastern Swit-
zerland. There are no more recent data available on the 
mercury contamination of deciduous and coniferous trees 
in Switzerland. Figure 20 presents a summary of average 
mercury concentrations in spruce needles and beech 
leaves in Germany (2001 – 2010), spruce needles in Aus-
tria (2007), and leaves from various deciduous trees in the 
United States (2012) [69, 74, 75]. These values can also 
be classified as representative for Switzerland.  

Regarding animals in the terrestrial compartment, Rieder 
et al. [66] analysed the accumulation of total mercury and 
methylmercury in earthworms in some 30 uncontaminat-
ed Swiss forest soils. Several species of non-burrowing 
(epigeic) worms, topsoil-dwelling (endogenic) worms and 
deep-burrowing (anecic) worms were studied. Figure 21 
summarises the average mercury concentrations found in 
the various species. 

Other domestic data on the mercury exposure of ter-
restrial organisms are all older and are summarised in 
Table 3. In the period 1983 – 1985, Mason & Weber [76] 
measured high average mercury content of 1,000 µg/kg 
in kidney samples from European polecats, which mainly 
feed on amphibians. In 1972, Veluz et al. [77] sampled 
the muscular systems of birds found dead in western 
Switzerland from the order passerine birds and owls, and 
from the families of pigeons and doves and accipitrids. 
A comparison with more recent data from abroad that 
are not presented here4 shows a relatively high level of 
exposure. Recent data from Switzerland on the expo-
sure of accipitrids to mercury are available for the peri-
od 2001 – 2002. In liver and kidney samples from seven 
golden eagles found in the Alps, mean mercury levels of 

4	 See table 20 of the accompanying report.
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Background concentrations in vegetables and cereal plants in Switzerland

Background mercury concentrations measured in vegetables and cereals in 2016 in µg/kg in fresh weight. For leeks, white cabbage, beetroots 

and potatoes, no mercury concentrations above the limit of quantification were detected in any sample [72].

Source: Reber & Pacciarelli [72]
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Figure 20

Mercury content in leaves and needles

Summary of representative measurements of mercury content in leaves, branches and needles of various trees in Germany (2001 – 2010), 

Austria (2007) and the United States (2012) in µg/kg based on dry weight [69, 74, 75].

Schulz et al. [69], Fürst [74], Tabatchnick et al. [75] 
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Figure 21

Mercury concentrations in earthworms in Switzerland

Total mercury and methylmercury in non-burrowing (epigeic), 

topsoil-dwelling (endogenic) and deep-burrowing (anecic) earthworms 

from 34 uncontaminated forest soils (concentrations based on dry 

weight). To convert to wet weight, an approximate factor of 0.2 can be 

used) [66].  

Source: Rieder et al. [66]
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Table 3

Total mercury levels (mean ± standard deviation) in µg/kg wet weight (ww) in various matrices of terrestrial biota in Switzerland 

Species Matrix Value n Period Location Ref

8 species from the suborder oscine 
birds

Muscular 
system

500 ± 350 
100 – 1,200 

ww 11 1972 Western Switzerland [77]

2 species from the pigeon and dove 
family

Muscular 
system

360 ± 140 
200 – 600

ww 8 1972 Predominantly western Switzerland [77]

Pheasant (Phasianus colchicus) Muscular 
system

300 ± 100 ww 3 1972 Western Switzerland [77]

Liver 600 – 800 ww 2 1972 Western Switzerland [77]

Honey buzzard 
(Pernis apivoru)

Muscular 
system

500 ± 100 
400 – 600 

ww 3 1972 Western and central Switzerland [77]

Sparrowhawk (Accipiter nisus) Muscular 
system

2,800 ± 3,000 
200 – 6,700

ww 4 1972 Western Switzerland [77]

Common buzzard (Buteo buteo) Muscular 
system

1,130 ± 650 
300 – 3,000

ww 15 1972 Predominantly western Switzerland [77]

Tawny owl (Strix aluco) Muscular 
system

700 ± 100 ww 3 1972 Western Switzerland [77]

24 µg/kg and 16 µg/kg were measured [79]. Given the age 
of the available data and the fact that they present an 
incomplete picture of the mercury exposure of terrestrial 
biota, there is a clear need to update and expand the body 
of knowledge in this area. 

4.4.2  Aquatic biota
The accumulation of mercury in the aquatic food chain 
starts with the build-up of ionic mercury and methylmer-
cury in primary producers, such as algae. The transfer 
of mercury from water to algae is much more efficient 
than for the subsequent trophic levels and bioaccumu-
lation factors are correspondingly higher. However, due 
to trophic accumulation, mercury concentrations and the 
proportion of methylmercury in total mercury increase 
along the aquatic food chain, from plankton to fish and 
waterfowl. 

As a primary consumer, the zebra mussel (Dreissena poly-
morpha) is often used to monitor concentrations of pollut-
ants in the environment [80]. It mainly feeds on plankton 
and detritus particles and is itself a food source for fish. 
In Switzerland, zebra mussels are periodically sampled 
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as part of water quality monitoring in Lake Geneva, Lake 
Lugano and Lake Maggiore. The most recent such sam-
ple was carried out at five locations on the Swiss bank 
of Lake Geneva in 2014 [81]. For Lake Lugano data are 
available for samples from three locations for 2010 and 
2011 [82] and for Lake Maggiore from one location for the 
period 2011 – 2013 [83]. Zebra mussels from the Rhine 
near Basel (Weil am Rhein) were last included in the Ger-
man Environmental Specimen Bank in 2004 and 2006 
[84] (Figure 22). 

The most comprehensive data on the occurrence of mer-
cury in aquatic biota are available for fish. In various 
measurements of the flesh of perch and burbot from Lake 
Geneva, a downward trend in mercury concentrations 
has been observed since the 1970 s [85 – 88] (Figure 23). 
Since the early 1990s, the measured mercury concen-
trations have remained relatively constant. A relatively 
constant level of mercury contamination has also been 
observed in measurements of various fish from Lake 
Maggiore since 2000 [89, 90] (Figure 24). 

A similar consistency of mercury contamination levels 
was also observed in bream from the Rhine near Basel 
(Figure 25) [84]. Mercury was even concentrated in fish 
from waters that are not affected by urban areas: in 
rainbow trout with an average age of 3 (n = 15) from the 
remote Ticino mountain lake, Lago Superiore (surface 
area 8.3 ha, 2,100 metres above sea level), mercury con-
centrations of 30 – 80 µg/kg fresh weight were measured 
in 2010. The mean value of 50 µg/kg fell within the range 

of mean values measured between 2001 and 2009; no 
trend was observed in the monitoring period (Figure 26) 
[91]. 

National data are available from the 1970 s on the mercu-
ry exposure of animals at higher trophic levels for water-
fowl from Western Switzerland and the Swiss Plateau, 
and are presented in Figure 27 [77, 92]. Great crested 
grebes from lakes in the Swiss Plateau had lower levels 
of mercury contamination than those in Western Switzer-
land, assuming a mercury concentration ratio of 7:3:1 for 
liver to feathers to muscle tissue based on fresh weight 
[78]. 

More recent data on mercury exposure in waterfowl do 
not exist, but such data should be collected. Compared 
with more recent data from abroad, the mercury exposure 
in individual waterfowl species from western Switzerland 
was relatively high 45 years ago: an analysis of compre-
hensive data on the mercury exposure of waterfowl from 
the north-eastern United States conducted by Evers et al. 
between 1995 and 2003 [78] revealed mercury exposure 
of approximately 900 µg/kg in the muscle of fish-eating 
birds (e.g. goosanders). Mercury levels of approximately 
300 µg Hg/kg were detected in the muscle of insect-eat-
ing birds (goldeneyes) and 100 µg Hg/kg in omnivores 
(mallards). The muscle of herbivore species (brent geese) 
contained the lowest levels of mercury, at around 50 µg 
Hg/kg. 

Species Matrix Value n Period Location Ref

Barn owl (Tyto alba) Muscular 
system

640 ± 220 ww 7 1972 Western Switzerland [77]

Liver 900 ww 1 1972 Western Switzerland 

Eggs 600 ww 2 1972 Western Switzerland [77]

Golden eagle (Aquila chrysaetos) Liver 24 ± 17 
< 10 – 57 

ww 6 2000 – 2001 Alps (Austria, Germany and 
Switzerland)

[79]

Kidneys 16 ± 15 
< 9 – 39 

ww 5 2000 – 2001 Alps (Austria, Germany and 
Switzerland)

European polecat  
(Mustela putorius)

Kidneys 1,040 
70 – 5,450 

ww 80 1983 – 1985 Northern Switzerland [76]

Stone marten (Martes foina) Muscular 
system

1,000 ww 1 1972 Western Switzerland [77]
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Figure 22

Mercury content in zebra mussels

Mercury content in zebra mussels from Swiss lakes and the Rhine at various locations. The levels are based on dry weight of samples [81 – 84]. 

Source: Lods-Crozet et al. [81], Pessina [82], Marchetto [83], UPB [84] 

Figure 23

Mercury content in fish from Lake Geneva

Mercury concentrations in fish from Lake Geneva between 1975 and 2012. All concentrations are in µg/kg fresh weight [85 – 88].

Source: Corvi & Buttiker [85], Corvi et al. [86], Edder et al. [87 & 88] 

Figure 24

Mercury content in fish from Lake Maggiore

Mercury concentrations in fish from Lake Maggiore between 2000 and 2016. All concentrations are in µg/kg wet weight [89, 90].

Source: Cantonal laboratory, Ticino (LCI-TI) [89], Guilizzoni [90] 
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Figure 25

Mercury content in fish from the Rhine

Mercury concentrations in bream from the Rhine near Basel in µg/kg fresh weight. The mean age of the sampled bream was 11 years old in the 

period 1995 – 2005, 5 years old in the period 2006 – 2012 and 8 years old in the period 2015 – 2016 [84].

Source: UBP [84]

Figure 26

Mercury content in fish from waters with a rural catchment area in Ticino

Mercury concentrations in non-piscivorous trout from Ticino mountain lake, Lago Superiore in µg/kg fresh weight [91].

Source: Steingruber & Colombo [91]

Figure 27

Mercury levels in waterfowl in Switzerland

Mercury concentrations in samples taken from the muscle, liver, eggs and feathers of various waterfowl in Switzerland. The samples from Western 

Switzerland are from 1972; those from Lake Murten and Lake Zurich are from 1970. All concentrations are in µg/kg fresh weight [77, 92].

Source: Veluz et al. [77], Schifferli [92]
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5  Assessment of environmental 
pollution
The limits on mercury in soils and surface waters set 

out in Swiss environmental law are currently complied 

with. These protect soil processes and terrestrial and 

aquatic organisms from the direct effects of inorganic 

mercury and methylmercury. On the other hand, a risk 

for top predators in the aquatic food chain that feed 

exclusively on fish cannot be ruled out. 

5.1  Assessment values

To protect the environment and human health, author-
ities and institutions in Switzerland and abroad have 
derived threshold values for the occurrence of mercury 
in environmental compartments and biota. These values 
are usually based on findings from experiments on test 
organisms and epidemiological studies on humans. The 
applicable assessment values and selected internation-
al assessment values are summarised in Tables 4 and 
5. More information on how these and other assessment 
values are derived can be found in Table 25 of the detailed 
accompanying report. 
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Table 4

Selected assessment values for mercury in Switzerland

Compartment Type of assessment value Value Comment

Soil Guidance level 500 µg/kg dry matter For multi-functional land use. Set out in the Soil Pollution 
Ordinance (SoilPO, SR 814.12) 

Concentration value 2,000 µg/kg dry matter For soils in private gardens and allotments. Set out in the 
Contaminated Sites Ordinance (CSO, SR 814.680)

Water Quality requirement for 
surface waters 

10 ng/L (total dissolved 
Hg)

Refers to protection against direct impact on aquatic organisms. 
Set out in the Waters Protection Ordinance (WPO, SR 814.201)

Biota Maximum concentration 500 – 1,000 µg/kg Fish for human consumption. Set out in the Contaminants 
Ordinance (ContO, SR 817.022.15)

Table 5

Selected international assessment values for mercury

Compartment Type of assessment value Value Comment

Air Chronic minimum risk level 
(inhalation) 

200 ng/m3 Defined in the United States by the Agency for Toxic Substances 
and Disease Registry (ATSDR)

Water Maximum allowable 
concentration in surface 
waters (ZHK-UQN)

70 ng/L Relates to direct impact on aquatic organisms in short-term 
exposure. Set out by the EU in Directive 2008/105/EC

Sediment Target value total mercury 500 µg/kg Defined by the International Commission for the Protection of the 
Rhine (ICPR)

Biota Environmental quality 
standard to protect top 
predators in aquatic food 
chains 

20 µg/kg (fish, wet 
weight)

Relates to secondary poisoning through potential accumulation in 
the food chain. Defined by the EU in Directive 2008/105/EC
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The Swiss Air Pollution Control Ordinance (OAPC, SR 
814.318.142.1) does not contain a mercury exposure 
threshold for ambient air. No threshold value has yet 
been stipulated in EU legislation either. Guide values 
from other countries for permissible mercury levels in the 
air (including indoor air) to protect human health range 
between 35 ng/m3 and 1,000 ng/m3. 

The Ordinance on Soil Pollution (SoilPO, SR 814.12) stip-
ulates a guideline value for multi-functional land use of 
0.5 mg/kg. Under the Ordinance on Contaminated Sites 
(CSO, SR 814 680) private gardens and allotments, chil-
dren’s playgrounds and facilities where children play reg-
ularly are in need of remediation if the soil contains more 
than 2 mg Hg/kg. 

Regarding mercury in surface waters, the Waters Pro-
tection Ordinance (WPO, SR 814.201) stipulates a qual-
ity requirement of 10 ng/L (total dissolved mercury). The 
Waters Protection Ordinance does not contain a numeri-
cal quality target regarding mercury levels in aquatic sed-
iments. The International Commission for the Protection 
of the Rhine (ICPR) defined a target value of 500 µg/kg 
for sediments in the Rhine. 

In Switzerland and in the EU, maximum mercury levels of 
500 – 1,000 µg/kg fresh weight apply to fish for human 
consumption. In the EU, there is also an environmental 
quality standard of 20 µg/kg to protect apex predators 
in aquatic food chains from the toxic effects of accu-
mulation in the food chain (secondary poisoning). Ver-
bruggen et al. [93] from the Dutch National Institute for 
Public Health and the Environment (RIVM) subsequently 
deduced that to comply with this environmental quali-
ty standard, waterbodies should contain no more than 
0.07 ng/L.

5.2  Assessment of environmental pollution 

According to EMEP model calculations, mercury con-
centrations in Swiss air amounted to 1.1 – 1.4 ng/m3 in 
2015; the dominant species is gaseous elemental mer-
cury. In a recent measurement campaign conducted over 
24 months at an urban location in Switzerland, the 90th 

percentile of daily average values was approximate-

ly 2 ng/m3. This concentration is significantly below the 
value of 200 ng/m3 (minimum risk level) defined by the 
ATSDR, at which chronic exposure is unlikely to pose a 
measurable risk of harmful effects [94]. 

According to EMEP models, the mean atmospheric mer-
cury depositions amounted to some 15 g km−2 a−1 in 2015. 
Current deposition is therefore between 10 and 15 times 
higher than in the pre-anthropogenic period (around 
1300), for which Roos-Barraclough & Shotyk [95] cal-
culated deposition of 1 and 1.5 g  km−2  a−1 with the aid 
of measurements of peat cores from two Swiss bogs. To 
protect soils and waterbodies, mercury concentrations in 
the air and atmospheric deposition should be kept to a 
minimum, for which cross-border efforts are necessary. 

To assess the mercury content in Swiss soils, the guid-
ance value for multi-functional land use of 500 µg/kg 
stipulated in the Ordinance on Soil Pollution (SoilPO, SR 
814.12) is used. In the most recent survey of the National 
Soil Monitoring Network (NABO), mercury concentrations 
of 50 – 180 µg/kg were generally detected (10th and 90th 

percentiles); the extreme values were 10 µg Hg/kg and 
390 µg Hg/kg. Data from cantonal networks tally with 
the data from the NABO monitoring network, according 
to which mercury levels in agricultural and forest soils 
are unremarkable. Mercury levels are therefore largely 
below the guidance value set out in the Ordinance on 
Soil Pollution. Mercury concentrations that are above the 
SoilPO guidance value are sometimes detected in gar-
dens in urban areas; in some soils, concentrations above 
2,000 µg Hg/kg are detected due to historical releases 
of mercury. Under the Ordinance on Contaminated Sites 
(CSO, SR 814.680), private gardens and allotments, chil-
dren’s playgrounds and facilities where children play 
regularly should be remediated if mercury levels in soils 
exceed this value. Soil decontamination is currently being 
carried out in settlements in south-western Switzer-
land. In this area, soils were contaminated with mercury 
through the deposition of contaminated excavated mate-
rial from an industrial area and/or sludge and sediments, 
which were excavated from a sewer contaminated with 
industrial wastewater during maintenance work between 
1930 and 1990 [96]. As in aquatic systems, methylation 
and demethylation processes take place in terrestrial 
systems. Methylmercury accounts for around 0.01 – 3% 
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of the total mercury in soils [59, 63]. A high level of soil 
moisture, anaerobic conditions and ready availability of 
organic carbon favour the formation of methylmercury; 
demethylation occurs under aerobic conditions [63]. 
Available data on Swiss soils show that methylmercury 
levels amount to up to 8 µg/kg; studies conducted abroad 
show similar contamination levels. Based on the results 
of toxicity tests conducted by Rieder & Frey [97], these 
values are within an acceptable range.

Data on mercury in surface waters show that the quality 
requirement of 10 ng/l set out in the Waters Protection 
Ordinance (WPO, SR 814.201) relating to mercury levels 
in surface waters is complied with. Sediments from the 
largest watercourses in the canton of Zurich have been 
tested for heavy metals, including mercury, since 1999. 
If we consider the data from 2008 onwards, the mercu-
ry levels recently detected at one of the 130 locations 
vary from 40 µg/kg to 1,360 µg/kg; at 98% of locations, 
mercury levels are 285 mg/kg or lower [57]. Mercury 
concentrations in sediments in Zurich’s watercourses are 
therefore generally below the target value of 500 µg/kg 
set by the ICPR. Additional available data show that this 
also applies to other watercourses in Switzerland. 

Mercury can accumulate in biota via the food chain, with 
methylmercury accumulating particularly readily. In the 
aquatic food chain, trophic transfer of mercury starts 
with the accumulation of ionic mercury and methylmer-
cury in primary producers. Mercury concentrations and 
the proportion of methylmercury in total mercury usual-
ly increase from phyto and zoo plankton, plankton- and 
fish-eating fish to waterfowl. Domestic data on mercu-
ry concentrations in waterfowl are old and need to be 
updated. In addition, data on the mercury exposure of 
organisms with semi-aquatic and terrestrial habitats are 
rare or outdated and need to be supplemented, updated 
and evaluated. 

The Swiss Waters Protection Act does not stipulate a 
permissible limit for mercury levels in molluscs and crus-
taceans, fish and other biota to protect higher organisms 
from mercury poisoning via the food chain. In the EU, the 
environmental quality standard to protect organisms that 
are higher in the aquatic food chain from such secondary 
poisoning is 20 µg Hg/kg fresh weight. Data on mercury 

levels in fish in Swiss waterbodies show that this value is 
exceeded all over Switzerland. For example, bream that 
were caught in the Rhine near Basel in 2016 contained 
average mercury concentrations of 116 µg/kg. Mercury 
levels of 30 – 85 µg/kg were even detected in trout from 
mountain lakes in Ticino in 2010. In this respect, a mer-
cury concentration of 20 µg/kg should today be consid-
ered a ubiquitous background level. The translation of the 
quality standard of 20 µg Hg/kg for biota into a quality 
target in the aqueous phase of less than 0.1 ng/L, as pro-
posed by Verbruggen et al. [93], illustrates that to com-
ply with this standard, anthropogenic mercury releases 
would have to be stopped. But even then, historical sed-
iment contamination would continue to be a source of 
biota contamination. 
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6  Human exposure
Methylmercury is mainly taken up by the Swiss popula­

tion through food, and inorganic mercury through food 

and existing amalgam fillings. Recent domestic data on 

the presence of mercury in human samples are available 

for two cohorts. Compared with figures from other 

countries, the mercury levels in hair and urine in the 

study populations are unremarkable. 

The systemic uptake of mercury in the human body var-
ies widely depending on the different exposure routes 
and mercury species. While approximately 90% of oral-
ly ingested methylmercury is absorbed in the body, only 
10% of orally ingested inorganic mercury compounds is 
absorbed in the body, and elemental mercury is barely 
absorbed at all. If inhaled, however, 80% of elemental 
mercury is absorbed by the body. Elemental mercury is 
oxidised in the body to divalent mercury (Hg2+), which only 
crosses the body’s barriers in very small quantities and 
is predominantly eliminated through urine and faeces. 
On the other hand, absorbed methylmercury is distrib-
uted evenly throughout the body and can easily cross 
the blood-brain and placental barrier and accumulate in 
foetal blood.

The general Swiss population may be exposed to mercu-
ry through food consumption, inhaled ambient air, dental 
amalgam fillings or through broken or damaged mercu-
ry-containing products. As mercury is now barely used 
in products marketed in Switzerland and the use of mer-
cury in industrial processes has been phased out, work-
place-related exposures are rare. The following section 
therefore only describes the potential sources of expo-
sure to mercury for the general population. 

6.1  Food consumption

In 2012, the European Food Safety Authority (EFSA) 
determined and assessed the dietary intake of mercury 
in 17 EU states. The exposure of the population was esti-
mated based on mercury levels in foods and data on their 
consumption in the various countries. A distinction was 
drawn between inorganic mercury and methylmercury. 
Based on the total mercury levels in foods, conversion 

factors of 1.0 (methylmercury) and 0.2 (inorganic mercu-
ry) were used for fish and fish products. For crustaceans 
and shellfish, the conversion factors were 0.8 (methyl-
mercury) and 0.5 (inorganic mercury). For all other food 
groups, it was assumed that mercury is present in inor-
ganic form. No corresponding exposure estimates have 
yet been carried out for Switzerland. However, it can be 
assumed that the data from neighbouring countries (Ger-
many, France and Italy) are a relatively accurate reflec-
tion of the situation in Switzerland. 

Figure 28 shows the total mercury levels in individual 
foods used for exposure assessment by the EFSA. These 
figures show that the highest levels of mercury are found 
in fish and seafood. In the other foodstuffs, the mercury 
level was often below the limit of quantification.

Figure 29 shows the EFSA’s estimated methylmercury 
exposures in toddlers (1 – 3 years old), children (3 – 10 
years old) and adults (18 – 65 years old) in Germany, 
France and Italy for average and high consumption of 
fish and seafood. The exposure levels for children and 
adults in Germany and France are relatively low. By com-
parison, the estimated exposure of children and toddlers 
who regularly consume fish and seafood is much higher in 
all three countries. The estimated methylmercury expo-
sure among Italian adults who regularly consume fish and 
seafood is also significantly higher. 
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Figure 28

Mercury levels in foods

Median mercury levels in food groups, in µg/kg fresh weight (logarithmic representation). For samples where mercury concentrations were below 

the limit of quantification, half of the limit of quantification was used to calculate the median (middle-bound values) [2].  

Source: EFSA [2]

Figure 29

Human exposure to mercury

Methylmercury (MeHg) and inorganic mercury (inorg. Hg) exposure calculated for various population groups in Germany, France and Italy. The 

values are given in µg/kg body weight (bw) per week (w). Exposure was calculated for average and high fish and seafood consumption (MeHg) 

and for average and high food consumption (inorg. Hg), respectively [2].  

Source: EFSA [2]
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The significant proportion of food samples in which no 
measurable concentrations of mercury were found results 
in significant uncertainty in the estimated inorganic mer-
cury intake from food. Figure 29 shows the estimated 
exposure of toddlers, children and adults in Switzerland’s 
neighbouring countries when occurrence in foodstuffs is 
based on middle-bound values. 

6.2  Ambient air

Mercury levels of 1 – 2 ng/m3 are measured in Swiss 
ambient air; the dominant species is gaseous elemental 
mercury. There are no known domestic measurements 
of Hg pollution of indoor ambient air outside of work-
places, and measurements are rarely conducted, even 
abroad [98, 99]. In Germany, mercury concentrations of 
5 – 50 ng/m3 were measured in 11 offices and laborato-
ries over a 24-hour measurement period in 2012, with the 
average being 15 ng/m3 [99]. Based on such levels of pol-
lution in indoor air, we can assume that spending longer 
periods in such environments would result in the intake 
of 0.03 µg of inorganic mercury per kg of body weight per 
week for adults (respiration rate 20 m3 d−1, body weight 
70 kg) and 0.06 µg per kg of body weight per week for tod-
dlers (respiration rate 6 m3 d−1, body weight 10 kg). A tem-
porarily higher mercury exposure via the air may occur if 
products containing mercury are mishandled. In 2012, the 
Bavarian Health and Food Safety Authority conducted 
studies on the influence of broken energy-saving lamps 
on mercury concentrations in indoor air. In these studies, 
maximum mercury concentrations of between 135 ng/m3 
and 10,277 ng/m3 were measured after breaking differ-
ent types of energy-saving lamps. The mercury emissions 
from new types of lamps were much lower than those 
from older types of lamps. Once the broken energy-sav-
ing lamps were removed and the rooms aired, the mercury 
concentrations measured in the experiments decreased 
very quickly. 

6.3  Dental amalgam

There are various estimates of human mercury exposure 
from dental amalgam. According to older World Health 
Organization (WHO) data, amalgam fillings release 
4 – 21 µg of elemental mercury per day [100]. According 
to various studies from the 1990s, mercury exposure in 
people with around eight amalgam fillings can be esti-
mated at 3 – 12 µg per day. For an adult, this equates 
to 0.3 – 1.2 µg Hg per kg of body weight per week. In the 
most recent assessments, Richardson [101] estimates 
the Hg exposure of Canadian people with amalgam fill-
ings at between 0.2 µg (young people aged 12 – 18) and 
0.45 µg (children aged 6 – 11) per kg of body weight per 
week. For adults with several amalgam fillings, these 
therefore represent a substantial source of inorganic 
mercury exposure. However, children in Switzerland do 
not usually have dental fillings made from amalgam [43], 
as this filling material has barely been used in Swiss den-
tal practices for years.

6.4  Biomonitoring

Biomonitoring is the measurement of the body burden of 
a toxic substance by measuring different types of biolog-
ical samples, such as blood, urine or hair. Different sam-
ple materials can be used to measure human mercury 
exposure. For example, internal exposure to inorganic 
and organic mercury can be measured using blood tests. 
Internal exposure to inorganic mercury can also be deter-
mined by measuring Hg concentrations in urine. Past 
exposure to methylmercury can be detected in hair sam-
ples. Under the auspices of the Federal Office of Public 
Health (FOPH), Switzerland took part in a human biomon-
itoring pilot study (DEMOCOPHES) coordinated by the EU 
between 2010 and 2012 which measured Hg concentra-
tions in the hair of mother-child pairs in 17 countries. The 
hair samples collected in Switzerland came from 120 
mothers (≤ 45 years old) and their children (6 – 11 years 
old) from the city of Bern and seven rural communes in 
Upper Aargau. In the interviews accompanying the study, 
50% of mothers said they consumed fish or seafood at 
least once a week [102]. The results of this survey are 
presented in Figure 30. In Switzerland, the median mer-
cury concentration in hair was 0.153 µg/g in mothers and 
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0.076 µg/g in children. Both values were relatively low 
compared to the concentrations measured in subjects 
from other European countries. Mothers with the highest 
mercury concentrations in their hair ate fish and seafood 
more often. The number of amalgam fillings and the num-
ber of broken mercury thermometers or energy-saving 
lamps had no influence on Hg concentrations in hair.  

In addition to participation in the DEMOCOPHES study, 
another biomonitoring study on mercury was conduct-
ed in Switzerland by the Department of Occupational 
and Environmental Medicine at the University of Zurich 
[43]. The study measured mercury concentrations in the 

hair and urine of 64 mothers (25 – 55 years old) and 107 
children (3 – 12 years old) from Upper Valais. This study 
population lives in an area where some soils contain 
high levels of mercury. In a survey conducted in parallel, 
data were collected on the number of amalgam fillings 
and on the consumption of sea fish and vegetables from 
contaminated gardens. The measured median mercury 
concentrations in hair and urine are shown in Figure 31. 
Compared with the results of the DEMOCOPHES study, 
the measured concentrations in hair samples are unre-
markable. There were strong indications of a link between 
mercury concentrations in hair and the consumption of 
sea fish. There was also strong evidence of a correlation 
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Figure 30

Mercury levels in the hair of European women and their children

Median mercury level in the hair (in µg/g) of women of childbearing age and their children from the DEMOCOPHES project. The samples are 

taken from 1,875 women from 17 countries living in urban and rural areas in the years 2011 – 2012 [103].

Source: Castaño et al. [103] 
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between mercury concentrations in urine samples and the 
number of amalgam fillings, age and when subjects last 
consumed sea fish. No correlation was found between 
mercury concentrations in hair and urine samples and the 
consumption of vegetables from contaminated gardens 
or the occurrence of mercury in soils. 

6.5  Summary of human exposure 

To conclude, the main source of human methylmercury 
exposure in Switzerland is uptake from food, particularly 
the consumption of fish. Regarding inorganic mercury 
exposure, it can be assumed that the main sources are 
both uptake from food and uptake from dental amalgam. 
Mercury exposure from the air or soil is likely to play a 
minor role.  
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Mercury levels in hair and urine samples from children and mothers 

in the canton of Valais

Measured median mercury levels in hair and urine samples from women 

and children in the canton of Valais. The values for hair samples are 

indicated in µg/g hair and for urine samples in µg/L urine [43].

Source: Dressel & Imo [43] 
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