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A particular characteristic of mercury is that it exists in the environment in a number of
different chemical and physical forms (see Table 4.1) each  with different behaviour in terms
of transport and environmental effects (Schroeder and Munthe, 1998). Extensive research
efforts have been put into the identification and quantification of these species over the last
decades (Brosset, 1982; Brosset 1987; Iverfeldt, 1991; Stratton and Lindberg, 1999; Brosset
and Lord, 1995).

7DEOH�����± Physical and chemical properties of mercury and its major
compounds
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In the atmosphere, the main three forms of Hg are: elemental Hg vapour (Hg0), Reactive
Gaseous Mercury (RGM) and Total Particulate Mercury (TPM). Of these three forms, only
Hg0 has been tentatively identified with spectroscopic methods (Edner et al., 1989) while the
other two are operationally defined species, i.e. their chemical and physical structure cannot
be exactly identified by experimental methods but are instead characterised by their properties
and capability to be collected by different sampling equipment. RGM is defined as water-
soluble mercury species with sufficiently high vapour pressure to exist in the gas phase. The
reactive term refers to the capability of stannous chloride to reduce these species in aqueous
solutions without pre-treatment. The most likely candidate for RGM species is HgCl2 with the
possibility of other divalent mercury species being present (Schroeder and Munthe, 1998;
Munthe et al. 2001).
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TPM consists of mercury bound or strongly adsorbed to atmospheric particulate matter.
Several different components are possible; Hg0 or RGM adsorbed to the particle surface,
divalent mercury species chemically bound to the particle or integrated into the particle itself
(Brosset, 1987). Another species of particular interest is methylmercury (MeHg) due to the
high capacity of this species to bioaccumulate in aquatic foodchains and to its high toxicity.
The presence of MeHg in the atmosphere and its importance in the overall loading of aquatic
ecosystems has been demonstrated in a number of publications (Bloom and Watras, 1989;
Brosset and Lord, 1995; Hultberg et� al., 1994). Since MeHg is only present at low
concentrations in ambient air (few pg m-3) it is not an important species for the overall
atmospheric cycling of Hg (in the global mass balance), but remains an important mercury
compounds to be considered in the risk assessment due to its toxicity and high capacity for
bioaccumulation.

Typical concentrations of mercury and its compounds in ambient air and precipitation in
Europe are reported in Table 4.2.  Ambient concentrations of mercury in air may range
between 1.0 to 3.6 ng m-3 for elemental mercury, from 1 to 50 pg m-3 for RGM and TPM
whereas MeHg has been found in the range of 1 to 20 pg m-3.  Mercury concentrations in
precipitation samples depends on a number of factors primarily related to emission sources
type, location of the monitoring station and meteorological conditions (i.e., frequency and
intensity of precipitation events), however, typical concentrations observed at European sites
were in the range of 5 to 80 ng L-1 for total mercury, 5 to 50 pg m-3 for RGM and TPM,
whereas MeHg levels were between 0.005 and 0.5 ng L-1.

7DEOH���� - Typical concentrations of mercury species in air
and precipitation (*)

0HUFXU\�VSHFLHV ,Q�$LU ,Q�3UHFLSLWDWLRQ
(ng L-1)

Total Mercury 1.2 - 3.7

(ng m-3)

5 - 80

Elemental Mercury Hg(0) 1.0 - 3.6

(ng m-3)

< 0.005

Reactive Gaseous Mercury
(RGM)

1 – 50

(pg m-3)

5 - 50

Total Particulate Mercury, TPM 1 – 50

(pg m-3)

5 - 50

Methyl Mercury, MeHg 1 – 20

(pg m-3)

0.005 - 0.5

(*) Refer for details to § 4.6
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The Council Directive 96/62/EC on Ambient Air Quality Assessment and Management states
in the Art. 1 that:

q the assessment of ambient air quality in member states on the basis of common methods
and criteria, and

q the adequate and comprehensive information of the public,

rank under important objectives of this directive.

The general strategy for the assessment of ambient air quality is mainly described in Art. 6 of
the Framework Directive (FD), specific requirements have to be laid down in daughter
directives. For the components SO2, NOx, PM10 and Pb, this has been done in the first
daughter directive, and for benzene and CO the Commission has approved the second
daughter directive.  In order to establish an assessment system where the subsystems for
different pollutants fit as much as possible together, and in order to save costs by collocation
of stations whenever possible, the requirements laid down in the first and second daughter
directives present important guidance also for the daughter directive on mercury and its
compounds.  Deviations from this scheme should be kept to a minimum and should be intro-
duced only if they are justified by specific properties of the other pollutants. Consequently,
the requirements of the framework directive are discussed in combination with the already
existing daughter legislation.

The assessment of air quality in Member States is not based on measurements alone, but
explicitly includes model calculations, emission inventories, objective estimation and
monitoring as parts of an integrated system.  Notwithstanding this general principle,
measurements can be regarded as “backbones“ of this system, especially for compliance
checking. The monitoring efforts are reasonably differentiated according to the pollution
burden within three regimes (Figure 4.1).

)LJXUH������ The monitoring regimes of the EU framework directive
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In the regime above and close to the limit values (above the upper assessment threshold UAT)
measurements are mandatory. The UAT was introduced to safeguard measurements also in
those cases where the pollution burden is scarcely below the limit value, but may exceed the
limit value in the near future, H�J� due to meteorological circumstances. Therefore the UAT
can be defined as the limit value minus approximately twice the standard deviation of annual
variations of the pollution burden. The role of the model calculations within this regime is to
supplement measurements and to plan reduction measures (action plans).  The margins of
tolerances also contained in Figure 4.1 are important for the setting up of action plans, but do
not have direct significance for the assessment.

In the second regime between the UAT and the lower assessment threshold (LAT), the moni-
toring efforts may be reduced (e.g. by using indicative measurements), and the measurements
may be combined with and partly substituted by model calculations. The LAT can be defined
as the limit value minus approximately three times the standard deviation of the inter-annual
variability of the pollution burden. Below the LAT, attainment with the limit values can be
taken for granted. Therefore, measurements are no longer mandatory (with the exception of
agglomerations) and can be fully substituted by model calculations and objective estimates.
The three monitoring regimes are also important for the quality assurance.

The overriding principle for measurement planning is the assessment of exposure to mercury.
Therefore, deposition flux and ambient concentration measurements have to be performed at
places which are representative for the exposure of the general population and environment.
The measurement planning thus follows an overall strategy that should generally be directed
towards spatial representativeness and should allow to quantify the levels of mercury and its
compounds in air and precipitation samples and ultimately to assess the flux of mercury
entering to the aquatic and terrestrial ecosystems.

Based on this driving principle, the upper and lower limits (UAT and LAT) in terms of
ambient concentrations will be linked to dry and wet deposition fluxes of mercury (and its
compounds) entering to sensitive ecosystems by considering the average meteorological
conditions prevailing in a given region (see Chapter-3).  Therefore, the task of this working
group is thus to propose the micro-environments which should be monitored (dependent on
routes of exposure, sources for mercury and its compounds, etc.), and to describe (and
possible suggest) those parts of the monitoring strategy which are particularly important for
mercury and its compounds (see § 4.3).

Quality assurance is of paramount importance, if comparable assessment results with known
and retraceable uncertainties are called for. The framework directive and the daughter legisla-
tion therefore give special attention to this subject. Important elements are data quality objec-
tives for the required accuracy of assessment methods as well as minimum requirements for
data capture and the time coverage of the measurements.

Finally, the use of reference methods is an important means to safeguard the comparability of
monitoring results. Analytical and sampling methods for mercury and its compounds are
discussed in the Chapter-4 (see § 4.4).  An DG�KRF working group in the framework of CEN-
TC/264 has been formed to develop, test and validate methods for the assessment of the levels
of mercury and its compounds in different physical and chemical forms (§ 4.5).
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Based on the exposure and risk assessment (Chapters 5 and 6), modeling (Chapter 3) and
emission inventory (Chapter 2) the following important conclusions can be drawn.

1. Adverse human health effects caused by mercury and its compounds can be expected to
occur in Europe in a long-term perspective.

2. Atmospheric deposition is the main source of mercury to aquatic and terrestrial
ecosystems via dry and wet deposition mechanisms. Anthropogenic emissions to the
atmosphere from energy production and industrial sources is the main cause of increased
atmospheric concentrations and enhanced deposition fluxes.

3. Atmospheric transport models describing emissions, transport, transformations and
deposition are necessary tools for the assessment of source-receptor relationships and for
the development of relevant and cost-effective control strategies.

4. The major route of exposure to mercury and its compounds is primarily contaminated
food (i.e., fish, seafood), therefore measurements of ambient air concentrations should be
coupled with measurements of deposition fluxes.

5. Atmospheric mercury deposition has led to accumulation in forest soils in Europe. This
mercury can leach out and act as a source to aquatic ecosystems for long time periods. A
potential for negative effects on soil micro-organisms is also evident.

Monitoring of atmospheric mercury is generally carried out with the objective to provide
information on temporal trends and spatial variations. Within the EMEP framework,
monitoring is also performed to provide data for the development and testing of long-range
transport models. With these objectives in mind, manuals for site location (EMEP, 1995) have
been prepared and manuals for sampling and analytical techniques for heavy metals including
mercury are currently being prepared. The main criteria for location of sampling stations are
to avoid any significant local sources of mercury and to ensure that meteorological patterns at
the site are representative. From an air-quality perspective, if direct harmful exposure of the
species is expected, monitoring should be carried out in areas of high population density and
near sources where maximum concentrations are expected.  For mercury, for which the main
health risk is consumption of contaminated fish and seafood, monitoring sites should be
located so that they represent atmospheric conditions at sensitive ecosystems. Location of
monitoring sites in other areas (near sources, in areas of high population density,
urban/industrialised areas) may also be warranted if extreme concentration events are
expected and to provide a basis for identification of emission source areas and source-receptor
assessments.

The frequency of measurements is generally a compromise between costs and needs. For
model development and testing, high time resolution (hourly measurements) is often
requested. This can only be achieved by the use of automated instruments for TGM. If manual
methods are employed, 24 hour integrated measurements are feasible. Due to the high costs
and relative complex techniques involved for measurements of TGM and RGM, at lower
frequency may also be realistic. Wet deposition can be sampled on event or integrated basis.
Present monitoring networks use sampling periods ranging from one week to one month.
Table 4.3 reports on the type of micro-environment and characteristics of areas/sites where
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the measurements of mercury and its compounds have to be performed for ambient air and
precipitation events to assure the correct implementation and verification of the mercury
directive in Europe.

7DEOH���� - Characterisation of the micro-environments relevant for the
monitoring of ambient concentration and deposition flux of mercury and its

compounds.

6LWH &KDUDFWHULVWLFV
Rural background and remote areas (also
covered by EMEP network)

Sites located in rural areas and very far away
from major emission sources. It must have a
spatial representativeness of few hundred to
few thousands squared kilometres (EMEP
siting criteria are valid for these sites).

Industrial (hot spots) Residential areas with high population
density directly influenced by large industrial
facilities or other sources of mercury.

Sensitive ecosystems Areas where accumulation of mercury in
ecosystems (freshwater fish, seafood forest
soils) are of already above or near maximum
acceptable levels.

��� $1$/<7,&$/�$1'�6$03/,1*�0(7+2'6

������ $PELHQW�&RQFHQWUDWLRQ�0HDVXUHPHQWV

Sampling and analysis of atmospheric Hg is often made as Total Gaseous Mercury (TGM)
which is an operationally defined fraction that includes species passing through a 0.45 µm
filter or some other simple filtration device such as quartz wool plugs and which are collected
on gold. TGM is mainly composed of elemental Hg vapour with minor fractions of other
volatile species such as HgCl2, CH3HgCl or (CH3)2Hg. At remote locations, where particulate
mercury concentrations are usually low, TGM makes up the main part (>99%) of the total
mercury concentration in air.

In the last few years, new automated and manual methods have been developed to measure
TGM (Tekran, Inc.; Urba HW� DO., 1999) (see Table 4.4), RGM (Tekran, Inc.; Stratton and
Lindberg, 1998; Sommar HW�DO�, 2000) (see Table 4.5) and particulate mercury (PM) (Keeler,
et al. 1995; Lu HW� DO�, 1999) (see Table 4.6). These developments make it possible to
determine both urban and background concentrations of RGM, PM and TGM. Accurate
determinations of emissions and ambient air concentrations of different Hg species will lead
to an increased understanding of the atmospheric behaviour of Hg and to more precise
determinations of source-receptor relationships. This information linked with other data can
be used to assess the various pathways of human exposure to mercury (EPA report to
Congress, 1998; Xiao et al., 1996)
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Denuders have been used in a variety of air pollution studies to collect reactive gases for
subsequent analysis, such as ammonia, nitric acid and sulphur oxides (Ferm et al., 1979;
Possanzini, et al., 1983).  Denuders were also used to remove reactive gases to prevent
sampling artefacts associated with aerosol collection (Stevens et al., 1978). Gold-coated
denuders were developed for removal of Hg vapour from air but were not applied to air
sampling (Munthe et al., 1991).  Potassium chloride (KCl) coated tubular denuders followed
by silver coated denuders were used by Larjava et al. (1992) to collect HgCl2 (RGM) and
elemental Hg emissions from incinerators.

For particulate Hg, a variety of different filter methods have been applied such as Teflon or
Quartz Fibre filters (Keeler, et al. 1995). Before analysis, these filters undergo a wet chemical
digestion usually followed by reduction-volatilisation of the mercury to Hg(0) and analysis
using Cold Vapour Atomic Absorbance Spectrometry (CVAAS) or Cold Vapour Atomic
Fluorescence Spectrometry (CVAFS). Recently, a collection device based on small quartz
fibre filters mounted in a quartz tube was designed. The mercury collected on the filter can be
released thermally, followed by gold trap amalgamation and CVAFS detection  (Lu et al,
1998).  A number of different sampling techniques were employed for different mercury
species. In this section is reported an outline of sampling and analytical methods available for
determining the ambient concentration of mercury species in the gas and particle phases (i.e.
Hg(0), RGM, TPM, CH3HgCl, Hg(CH3)2).  Some of these analytical methods are described
below, however, more details on these techniques can be found in the cited literature.

In order to compare different methods used to determine the level of mercury and its
compounds in air a number of field intercomparison exercises have been performed in recent
years (H�J� Ebinghaus et al., 1998; Munthe et al., 2001).  A major conclusion from these
exercises is that ambient levels of TGM can be measured with relatively high accuracy
whereas TPM and especially RGM are more complex. Although the basic techniques
available for measurements of TPM and RGM have proven to be reliable in research projects,
further work on standardisation is clearly warranted before they can be applied to routine
measurements or monitoring.

����� 7*0�0HDVXUHPHQWV

�������� $XWRPDWHG�0HWKRGV

The Table 4.4 reports on major automated methods/instruments currently available to quantify
the level of TGM in ambient air.

PSA - Sir Galahad II System

The Sir Galahad II System is used to determine the mercury concentrations as TGM. The Sir
Galahad II is based on the Millennium Merlin fluorescence detector.  The air sample is
pumped at a known flow rate through a filter and over the Amasil  trap.  Any mercury (Hg0)
or mercury compound present forms an amalgam with the gold, thereby becoming trapped.
The mercury can be reliably trapped even at elevated temperatures. On completion of the
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sampling phase the trap is flushed with argon. This removes any trace of the sample gas
which could cause quenching and replaces it with argon which allows maximum sensitivity.
A rapid heating cycle is then activated converting all forms of mercury to the vapour which
enters into the detector where it produces a transient peak.  An absolute calibration procedure,
based on the work by Dumarey  et al. (1985), is simple, effective and can be computer
controlled. The detection level is below 0.1 picograms (PSAnalytical, personal
communication).  The Sir Galahad is normally operated in the continuous mode where the
sample line is linked directly for repeat analysis on a cyclic basis.  Remotely collected
samples can also be analysed using the static approach.

Tekran Gas Phase Mercury Analyser

The Tekran Gas Phase Mercury Analysers (Model 2537A) is suitable for TGM
measurements.  The pre-filtered sample air stream is passed through gold cartridges where the
mercury is collected. The mercury is then thermally desorbed and detected in an integrated
Atomic Fluorescence Spectrophotometry (AFS) (Tekran, 1998). The instrument utilises two
gold cartridges in parallel, with alternating operation modes (sampling and
desorbing/analysing) on a predefined time base of 10 min. With a sampling flow rate of 1.5 L
min-1 a detection limit of 0.15 ng m-3 is achieved. A 47-mm diameter Teflon pre-filter protects
the sampling cartridges against contamination by particulate matter.  The accuracy and
precision of this instrument has recently been assessed in intercomparison measurement
exercises performed at an urban/industrial site in Windsor, Ontario, Canada (Schroeder et al.,
1995a), at a remote site in north-central Wisconsin, USA (Schroeder et al., 1995b), at a
remote marine background station in Ireland (Ebinghaus et al., 1999), and at a rural-
background site in Tuscany, Italy (Munthe et al. 2001).  The instrument and the internal
permeation source are calibrated prior to the field campaign by manual calibration (Dumarey
et al. 1985).

Gardis Mercury Analyser

The Gardis instrument is based on gold amalgamation and Atomic Absorption Spectrometry
(AAS) detection (Urba HW� DO��� 1995). The Gardis instrument operates with ambient air as
carrier gas and does not require Argon or Helium for detection. The sampling is run at about 1
L min-1. with sampling times of 10 minutes. Under these conditions, a detection limit of about
0.1 ng m-3 is achieved. A 25 mm diameter PTFE membrane is used to protect the analyser gas
inlet the from contamination caused by aerosol particles. This instrument has been part of
previous intercomparison exercises (Urba et al., 1999; Ebinghaus et al., 1999; Munthe et al.
2001).

�������� 0DQXDO�0HWKRGV

The manual methods (see Table 4.4) are based on gold (or silver) trap amalgamation. The
samples are manually analysed using thermal desorption and CVAFS detection (Brosset,
1987; Bloom and Fitzgerald, 1988). Samples are collected on 10-cm long traps consisting of a
6-mm diameter quartz glass tube containing a mixture of small pieces (1-2 mm) of gold wire
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and quartz glass grains. Alternatively, the adsorbing material may consist of gold-coated
quartz glass grains. The airflow is normally > 0.5 l min.-1. With 24 h sampling time the
detection limit is typically 0.01 ng m-3.

7DEOH������ Overview of selected sampling and analytical methods to measure
the levels of total vapour phase mercury (TGM) in air.

0HUFXU\
VSHFLHV

6DPSOLQJ
7HFKQLTXHV

(TXLSPHQW�
'HYLFH

$QDO\WLFDO
7HFKQLTXHV

%LEOLRJUDSK\

7*0 $XWRPDWHG
0HWKRGV

Tekran 2537A
Analyser

PSA – Sir
Galahad II
System

Gardis Analyser

Atomic Fluorescence
spectrometry (AFS)

Atomic Fluorescence
spectrometry (AFS)

Atomic absorption
spectrophotometry
(AAS)

Fitzgerald and co-workers

Schroder and co-workers

Corn and co-workers

Stockwell and co-workers

Munthe and co-workers

Dumarey and co-workers

7*0 0DQXDO
0HWKRGV
With
Amalgamation
on a metal
surface

*ROG�7UDSV
(foil, wire, chips,
thin film/coating
on a substrate
having a large
surface area).

6LOYHU (gauze,
wool, wire, thin
film/coating on a
substrate having
a large surface
area).

UV absorption
spectrophotometry

Atomic absorption
spectrophotometry
(AAS)

Cold-Vapor
Techniques;
Atomic Fluorescence
spectrometry (AFS)

Atomic Emission
Spectrometry (AES)

Keeler et al. (1995)

Munthe et al. (2001)

Wngberg et al. (2001)

Schroeder and Munthe
(1998)

Ebinghaus et al. (1999)

Pirrone et al. (2000a)

����� 5*0�0HDVXUHPHQWV

Table 4.5 reports on several methods today available to quantify the level of RGM in air.  In
the following a brief overview of these methods is given.

Mist Chamber

The mist chamber technique has been developed by Lindberg and Stratton (1995). Air is
drawn through a Pyrex glass chamber of 100 ml total volume containing 30 ml diluted HCl
solution. Part of the MC-solution is dispersed as a fine aerosol, by a nebulizer inside the
chamber. A hydrophobic filter at the top of the MC separates the droplets from the air and
allows the liquid to drain back into the chamber. Mercury(II) species adsorbed in the MC-
solution are analysed after reduction to elemental mercury by SnCl2 and CVAFS detection.
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The air sampling flow rate is 10-15 L min-1 and the detection limit for a 6 h sample is 1 pg m-

3.

Tubular Denuder

Tubular denuders consist of 6 mm quartz tubes coated with KCl. The method is described in
Sommar HW�DO� (1998). During sampling, the denuders are electrically heated to approximately
45 oC to avoid water vapour condensation. The sampling flow rate is of 1 L min-1.  Analysis is
made using thermal desorption and CVAFS detection. The denuders is heated to 450 oC and
purged with N2.  Mercury released from the denuder is collected on a gold trap which then is
analysed using CVAFS. The detection limit is of 5 pg m-3 for a 24 h-integrated sample.

Annular Denuder

Annular denuders for sampling of RGM consist of a 15 mm outer diameter quartz tube with
an inner, enclosed 8 mm tube. Air is pulled through the space between the two tubes. Both the
inner surface of the outer tube and the outer surface of the inner tube are coated with KCl. The
RGM is quantitatively collected in the annular denuder at a sampling flow rate of 5-10 L/min.
In the analysis step the denuder is heated to 500 0C which converts the adsorbed RGM to
elemental mercury vapour which is pre-concentrated on a gold trap. The gold trap is then
analysed using the normal desorption and CVAFS detection procedure. The detection limit
for a measurement with 2 h sampling time is under 2-3 pg m-3. The annular denuders are
suitable for automated applications. In the Table 4.5 is reported a summary of the methods
currently available and in use for the determination of RGM in air.  More details on analytical
and sampling procedure can be found in the cited literature.
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7DEOH������ Overview of sampling and analytical methods available to measure
the levels of Reactive Gas phase Mercury (RGM) in ambient air.

0HUFXU\�VSHFLHV 6DPSOLQJ
7HFKQLTXHV

$QDO\WLFDO
7HFKQLTXHV

%LEOLRJUDSK\

&ROOHFWLRQ�E\�D�6ROLG�6RUEHQW

5*0
 +
Organomercury
Compounds:

CH3HgCl
 +
(CH3)2Hg

Activated
carbon/charcoal

Activated
carbon/charcoal
treated with acid or
base

Activated
charcoal/mineral wool
impregnated with:
iodine, ferric chloride,
palladium chloride.

Silica gel or alumina-
coated with gold
chloride.

Indicating papers
impregnated with
solutions of: KI, CuI2,
Se, selenium sulfide.

KCl-coated annular
denuders

KCl-coated tabular
denuders

Electrochemical
methods;

Radiochemical
Techniques;

SnCl2-reduction;

CVAFS; AFS

Matsumura, 1974
Trujillo & Campbell, 1975
Makris et al., 1977

Braman & Johnson, 1974
Soldano et al., 1975

Belozovskii et al., 1972
Corte & Dubois, 1973

Campbell et al., 1973

McCullen & Michaud, 1978

Hemeon & Haines, 1961
Demidov & Mokhov, 1962

Xiao Z. et al., 1997
Kvietkus K. et al., 1995

Sommar et al., 1998

$EVRUSWLRQ�LQWR�D�/OLTXLG

2UJDQRPHUFXU\
&RPSRXQGV�

CH3HgCl

(CH3)2Hg

Acid permanganate
solution
KMnO4-H2SO4   
KMnO4-HNO3   

Iodine monochloride
solution

Iodine/potassium
iodide solutions

Bromine or chlorine
solutions

Sodium borohydride
solutions.

Mist-Chamber (MC)
filled with an aqueous
solution containing
0.05M HCl.

Gas Cromatography
(GC);

SnCl2-reduction;
Cold-Vapor Techniques;
Atomic Fluorescence
spectrometry (AFS);

Aq. Ethyl.-Gas
Cromatography-CVAFS

Henriques et al., 1973

Makris et al., 1977

Federal register, 1971

ACGI, 1957

AIHA, 1969

Asperger & Murati, 1954

Kimura & Miller, 1960

Miller et al., 1975

Stratton and Lindeberg, 1995
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����� 3DUWLFXODWH�0HUFXU\�0HDVXUHPHQWV

Total Particulate Mercury

The total mercury content of airborne particles (TPM) in ambient air is in the range of less
than 1 pg m-3

 to some hundreds of pg m-3. The low concentrations level makes adequate
quantification difficult.  The traditional procedure is to sample particles on fibre or membrane
filters (Keeler et al. 1995).  About 10 m-3 of ambient air is sampled with a sampling rate of 10
L min-1.  The filters are analysed via acid digestion where the mercury is dissolved as Hg(II).
The mercury content of the digestion solution is determined by standard methods, L�H��Sn(II)
reduction and pre-concentration via Au-amalgamation followed by CVAFS or CVAAS
detection. The method allows large air volumes to be sampled in a relatively short time
thereby collecting enough mercury to improve analysis accuracy. A disadvantage is the risk of
contamination in conjunction with sample handling. The analysis procedure is time
consuming and involves treatment with chemicals that are not totally free of mercury, hence
limiting the detection limit of the method.

Miniaturised TPM-traps, which serves as both particulate trap and pyrolyzer, constitute an
alternative method (i.e., Wangberg et al. 2001; Munthe et al. 2001). The trap consists of a
small quartz glass fibre filter supported in a small quarts glass tube. After sampling the device
is analysed by pyrolyzis followed by an amalgamation/ thermal desorption/CVAFS-detection
step, very similar to Au-traps for elemental mercury. Contrary to traditionally methods this
new technique does not require treatment with chemicals, no manual sample transfer or
sample handling. Hence, the risk of contamination is low.  The sampling flow-rate is limited
to 4-5 L min-1, but is well compensated for due to low blanks.  The low total cost per sample
and the safe handling performance makes the miniaturised TPM-traps a conceivable candidate
for a standard method. This technique has been tested during intercomparison exercises and
also used in environmental field studies. The detection limit for a 24 h measurements is close
to 1 pg m-3.

Standardisation needs extensive intercomparison and reproducibility exercises and if possible
comparison with an independent method. The inlet characteristics of the sampler in terms of
the particle size distribution also needs to be studied and optimised.

Size-Fractionated Particulate Mercury

Information on size fractional particulate mercury (SFPM) is of interest in order to determine
source receptor relations. SFPM can be obtained using multistage micro-orifice cascade
impactors (MOUDI) (Keeler HW�DO�� 1995). The impactor can be operated to collect mercury
fractions in up to 8 classes. In this context aerosol separation into 2 or 3 size classes may,
however, be sufficient. The aerosols are collected on quartz glass fibre filters, which in turn
are analysed by acid digestion followed by Sn(II) reduction and pre-concentration via Au-
amalgamation followed by CVAAS detection.
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7DEOH�������Sampling and analytical methods available to measure the levels of
particulate mercury as Total (TPM) and as Size-Fractionated (SFPM) in air.

0HUFXU\
6SHFLHV

6DPSOLQJ
7HFKQLTXHV

$QDO\WLFDO�7HFKQLTXHV %LEOLRJUDSK\

730 AES-Mini-Traps-quartz
filters;
Cellulose acetate filters

Therm.desorb/
Pyrolysis/
amalgamation/
AFS or AAS or CVAAS

Lu et al., 1998;

6)30
(PM2.5/ PM10,
multi-stage
MOUDI)

Glass Fibre Filters

quartz/Teflon filters

Acid digest, SnCl2 –CVAFS;

Acid digest, SnCl2 –CVAFS

Instrumental neutron activation
analysis (NAA)/gamma-ray
spectrometry;

X-ray fluorescence spectrometry;

Proton induced X-ray emission
spectrometry (PIXE).

Landis and Keeler,
1997;

Keeler et al., 1995;

Chilov, 1975

Reimers et al, 1973

������ 'HSRVLWLRQ�0HDVXUHPHQW�0HWKRGV

Rainwater represents an important source of reactive Hg (HgR) and MeHg, which undergo fast
transformation processes in the seawater including decomposition of MeHg and subsequent
reduction of HgR to elemental Hg. Therefore speciation of mercury in rain water represents an
important input data for a better understanding of mercury exchange at the water-air interface.

A summary of sampling techniques used in different monitoring networks is presented in the
Table 4.7. Two alternative materials for funnels and collection bottles are adequate for
sampling of precipitation; borosilicate glass and halocarbon such as Teflon. In both cases,
extensive cleaning and careful handling is necessary to ensure high quality results.
Borosilicate glass is often preferred due to lower cost and general availability. Quartz glass
may also be used but is generally avoided due to high costs.

Precipitation can be sampled using wide mouth jars or funnels and bottles. The sampling
vessels can either be bulk samplers, which are open at all times, or placed in a wet-only
sampling device which is only open during precipitation events. For monitoring purposes,
bulk sampling using funnels and bottles is normally adequate (Iverfeldt, 1991a,b; Jensen and
Iverfeldt, 1994). Wet-only samplers are used by the Umweltbundesamt in the German
national monitoring program as well as by research groups working in the Great Lakes area
(Landis and Keeler, 1996) and in the National Atmospheric Deposition Program (Vermette HW
DO, 1995) in the USA. The wet-only samplers have the advantage of avoiding particle dry
deposition although the contribution to the measured wet deposition fluxes from gaseous or
particulate mercury species is probably not large in non-industrialised or non-urban areas
(Iverfeldt and Sjöberg, 1992; Iverfeldt and Munthe, 1993).
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For extended sampling periods it is also necessary to prevent significant gas phase diffusion
of Hg0 to the surface of the collected sample where it could contribute to the mercury content
of the sample via oxidation to water-soluble forms. This can be easily done using a capillary
tube between the funnel and the bottle. Shielding of the sample bottles from light is also
necessary to avoid photo-induced reduction of the mercury in the precipitation sample.

Samplers should be designed for sampling during all seasons and climatic conditions. Thus a
heating device should be included for melting of snow and prevent formation of ice in the
funnel and bottles. Depending on climatic conditions, cooling of the samples may be an
improvement in locations where high temperatures can be expected during summer. Funnel
area and bottle sizes must be modified to suit the sampling period used.

7DEOH������ Overview of samplers for precipitation used in different networks.

7\SH�RI�6DPSOHU &KDUDFWHULVWLFV 5HIHUHQFHV

%XON�6DPSOHUV

IVL/Sweden Borosilicate glass funnel (Ø 8,2 cm) 52,8
cm2 with glass filter, capillary tube Ø 4
mm with length of 0,5 cm, glass bottle

Jensen and Iverfeldt, 1994;
Iverfeldt, 1991b

WDNR modified IVL/USA glass funnel (Ø 9,7 cm), 500 mL glass
bottles, heating system to prevent
wintertime freeze- ups

Chazin et al., 1995

GKSS/Germany Teflon funnel Ø 35 cm, brown-glass
bottles

Ebinghaus et al., 1995

:HW�RQO\�6DPSOHUV

NSA 181 KD/Germany Quartz glass funnel Ø 25 cm - 490 cm2,
Teflon tube 25 cm, Teflon bottles (1l),
heating of funnel in wintertime,
thermostatic system for samples (4°C)

Kreutzmann et al., 1995

ARS 721/Germany Borosilicate glass funnel Ø 25,6 cm, 500
cm2 PFA bottle (2l), heating system

Bieber, 1995

MDN 1 sampler modified
Aerochem Metric
Sampler/USA-NADP

double  system - glass funnel, glass
capillary and bottle (1l) for Hg-sampling
the other PE or Teflon funnel and PE or
Teflon bottle for trace metals

Vermette et al., 1995
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��� 67$1'$5',6$7,21�$1'�+$5021,6$7,21�$&7,9,7,(6

A number of different methods for sampling and measurements of atmospheric mercury have
been employed in monitoring and research activities. In recent years, some efforts have been
made to standardise or give recommendations for proven methods for several mercury species
(Keeler et al. 1995; Pirrone et al. 2000a; Munthe et al. 2001; Waengberg et al. 2001).
Guidelines for sampling and analysis of atmospheric mercury species have been prepared for
the Oslo and Paris Convention for the protection of the North Sea (OSPAR) (Munthe, 1996).
Manuals for atmospheric mercury measurements have been prepared by the Chemical Co-
ordination Centre (CCC) of the EMEP (EMEP CCC Note).

Recently, an DG�KRF expert group has been established within the CEN–TC/264 aiming to the
development of European standard methods for assessing the levels of mercury and its
compounds in the ambient air and precipitation samples. The proposed standard methods will
describe alternative approaches for sampling and sample treatment for:

q Urban areas
q Near sources
q Rural and remote areas
q Dry regions

The alternatives require different methods for sampling and sample treatment which will be
described separately in the standard. The Atomic Fluorescence Spectrophotometry (AFS) and
the Atomic Absorption Spectrometry (AAS) methods will be adopted as analytical techniques
that assure appropriate detection limits for the specific analytes.

The DG�KRF group will give priority to atmospheric mercury in the gas and particulate phases.
Gaseous and particulate phase target analytes are:

q Elemental mercury (Hg(0).
q Reactive gaseous mercury (RGM; mainly present in the +2 oxidation state).
q Total particulate phase mercury (TPM; sum of all particle associated Hg species).

In addition to the airborne species, the DG�KRF group also recognised the need for monitoring
of deposition fluxes. For precipitation priority will be given to the sampling procedure,
whereas for the analytical technique will refer to the standard method developed by CEN-TC
230/SC2/TG7 Mercury in Water EN 13506 (currently subject to final vote).

In order to minimise the uncertainty associated to the standard method and assure the
reproducibility of results (following also the suggestion of the CEN/TC264 WG on
Uncertainty for Ambient Air Reference Measurement Methods), the DG�KRF group came to the
conclusion (see resolution of the DG�KRF group meeting of October 15-16, 2000) that the
development of the standard method for assessing the levels of mercury in the ambient air
must be carried out for all the three major forms of mercury (namely TGM, RGM and TPM)
at the same time and in parallel.
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��� $0%,(17�0($685(0(17�'$7$

����� 0HUFXU\�FRQFHQWUDWLRQV�LQ�DPELHQW�DLU�DW�EDFNJURXQG�DQG�DW�KHDYLO\
LPSDFWHG�ORFDWLRQV

The different mercury species are ubiquitous in the atmosphere with ambient TGM
concentrations averaging about 1.5 ng m-3 in background air throughout the world (Slemr and
Langer, 1982; Iverfeldt, 1991; Wangberg et al. 2001). Higher concentrations are found in
industrialised regions and close to emission sources. RGM and TPM vary substantially in
concentration typically from 1 to 600 pg m-3 depending on the location (Keeler et al. 1995;
Stratton and Lindberg, 1998; Sprovieri and Pirrone, 2000; Pirrone et al. 2000a; Wangberg et
al. 2001). Because RGM compounds are very water-soluble, they are efficiently removed
from the atmosphere during rain events and have an atmospheric lifetime on the order of days
or a few weeks (Schroeder and Munthe, 1998). Elemental Hg on the other hand has a
relatively long lifetime of 0.5 to 2 years due to its low solubility in water and slow removal
rate from the atmosphere via deposition and transformation to water soluble species
(Lindqvist et al. 1991).  In the following tables (see Tables 4.8-4.15), concentrations of
mercury species in air at European locations are presented.  Each data set will report on
mercury measurements performed in Europe at background and/or urban-industrial sites and
in heavily polluted areas (L�H��near known mercury sources).

7DEOH������ Concentrations of TGM (ng m-3) at European background and
urban/industrial locations.

/RFDWLRQ 3HULRG 0HGLDQ 0D[� 0LQ� 5HIHUHQFH

Neuglobsow, D 1995-1997 2.10 4.77 1.36 Schmolke et al., 1999
Zingst, D 1995-1997 1.83 5.02 1.45 Schmolke et al., 1999
Rörvik, SE 1995-1997 1.54 1.97 1.18 Schmolke et al., 1999
Aspvreten, SE 1995-1997 1.51 1.73 1.03 Schmolke et al., 1999
Aspvreten, SE 1998-1999 1.41 2.05 1.05 Waengberg et al., 2001
Rörvik, SE 1998-1999 1.45 3.50 1.15 Waengberg et al., 2001
Zingst, DE 1998-1999 1.57 4.09 1.21 Waengberg et al., 2001
Neuglobsow, DE 1998-1999 1.94 3.17 1.15 Waengberg et al., 2001
Mace Head, IR 1998-1999 1.77 2.14 1.06 Waengberg et al., 2001;
Calabria, IT 1998-1999 1.35 2.29 0.93 Waengberg et al., 2001;

Pirrone et al., 2000a
Sicily, IT 1998-1999 1.87 3.24 1.06 Waengberg et al., 2001;

Pirrone et al., 2000a
Mallorca, ES 1998-1999 3.57 6.20 2.48 Waengberg et al., 2001;

Pirrone et al., 2000a
Antalya, TU 1998-1999 1.62 2.14 0.87 Waengberg et al., 2001;

Pirrone et al., 2000a
Neve Yam, IS 1998-1999 1.60 2.36 0.66 Waengberg et al., 2001;

Pirrone et al., 2000a
Rörvik, SE 1979 to 1992 3.14 13.0 1.10 Iverfeldt et al., 1995
Rörvik, SE 1995 to 1999 1.40 3.50 1.0 Waengberg, Munthe 2001
Pallas, FI 1996 to 1999 1.37 2.16 0.85 Waengberg, Munthe 2001
Deuselbach, DE 1978 2.6 – 4.4 Erlich, 2001
Borken, DE 1990 5.3 Erlich, 2001
Neuglobsow, DE 1977 8.6 Erlich, 2001
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The lack of continuos and systematic mercury measurements in Europe does not allow to
assess a spatial distribution of ambient concentrations of mercury and its compounds in air for
different type of locations (rural-urban-industrial). However, in the framework of the
MAMCS and MOE projects funded by European Commission for the first time airborne
mercury species have simultaneously been measured at 10 sites in the Mediterranean area and
in Northwest Europe. In order to assure measured data comparability a protocol for
monitoring and sample treatment was adopted at all MAMCS and MOE sites.  The result
indicates that average concentrations of airborne mercury species are higher in the
Mediterranean area than in Northwest Europe. Ambient concentrations of Total Gaseous
Mercury (TGM) at European background locations (see Table 4.8) are in the range of 1.3 to
2.1 ng m-3 with higher values up to 10-12 ng m-3 near urban locations affected by near source
emissions. TPM concentrations at background locations in Europe are reported in Table 4.9,
whereas RGM concentrations have been made only recently at background-rural locations in
the framework of the MAMCS and MOE projects (Table 4.10).  TPM and RGM
concentrations show higher values in the South Europe primarily driven by higher seasonal
temperatures, air mass transport patterns and solar irradiation which may speed up
photochemical processes in the marine boundary layer (MBL) and thus may lead to enhanced
oxidation of elemental mercury vapour yielding to an increase concentration of RGM and
possibly TPM, via gas-particle interactions. Another aspect influencing the atmospheric
content of TPM and RGM is precipitation. The lower values in Northern Europe may be due
to washout being a more efficient removal process in the north in comparison to the south.

7DEOH�����- Concentrations (pg m-3) of TPM at European background
locations. Data collected in the MOE and MAMCS projects (Pirrone HW�DO.,

2000a; Wangberg HW�DO., 2001).

/RFDWLRQ 3HULRG 0HGLDQ 0D[� 0LQ�

Aspvreten, SE 1998-1999 7.4 58 0.5

Rörvik, SE 1998-1999 6.2 40 0.6

Zingst, DE 1998-1999 24 74 7.1

Neuglobsow, DE 1998-1999 27 150 4.6

Mace Head, IR 1998-1999 2.9 42 < 0.5

Calabria, IT 1998-1999 18 210 < 0.5

Sicily, IT 1998-1999 6.4 33 < 0.5

Mallorca, ES 1998-1999 40 200 3.6

Antalya, TU 1998-1999 20 100 4.4

Neve Yam, IS 1998-1999 33 170 1.0

Ambient concentrations of TGM and TPM have been measured at heavily impacted
locations near emission anthropogenic sources (see Tables 4.11 and 4.12) with TGM
levels in the range of few ng m-3 to several hundred of ng m-3. TPM levels follows a
similar behaviour with high values of up to 20 ng m-3 at downwind of industrial locations.



326,7,21�3$3(5�21�0(5&85<� &+$37(5��

19-29

7DEOH������- Concentrations of RGM (pg m-3) at European background
stations. Data collected in the MOE and MAMCS projects.

(Pirrone et al., 2000a; Wangberg et al., 2001)

/RFDWLRQ 3HULRG 0HDQ 0LQ� 0D[�

Rörvik, SE 1998-1999 9.1 0.93 29

Zingst, DE 1998-1999 14.4 0.23 46

Neuglobsow, DE 1998-1999 26.3 0.14 100

Mace Head, IR 1998-1999 19.1 2.0 62

Calabria, IT 1998-1999 23.2 2.2 69

Sicily, IT 1998-1999 7.5 1.2 57

Mallorca, ES 1998-1999 48.2 11.1 140

7DEOH������- Concentrations of TGM (ng m-3) at European heavily impacted
locations.

/RFDWLRQ 3HULRG 0HDQ 0D[� 0LQ� 5HIHUHQFH

Tessenderlo Dennerhof, BE 1998 19.6 126 0.02 Desmedt (2000)
De Temmerman
(1999)

Tessenderlo Dennerhof, BE 1999 24.9 144 1.25 Desmedt (2000)
De Temmerman
(1999)

Brussel Meudonpark 1999 3.13 Desmedt, (2000)
Buna, DE 1995 530 10 Desmedt, (2000)
Magdeburg, DE 1977 85 Desmedt, (2000)
Terveuren, BE 1998 1.96 13.9 0.17 Desmedt, (2000)
Terveuren, BE 1999 2.19 5.02 0.72 Desmedt, (2000)
Altenweddingen, DE 33.8 Desmedt, (2000)
Tessenderlo Rodeheide, BE 1998 6.46 35.1 0.11 Desmedt (2000)

De Temmerman
(1999)

Tessenderlo Rodeheide, BE 1999 6.31 28.7 0.39 Desmedt (2000)
De Temmerman
(1999)

Brussel Meudonpark, BE 1999 3.13 Desmedt, (2000)
Halla, Leipzig/Bitterfeldt,
DE

1988 4-6 Erlich, 2001

Mainz, DE 1987 9 Erlich, 2001

Karlsruhe, DE 1991 3-6 Erlich, 2001

Duisburg, DE 1990 6.1-6.7 Erlich, 2001
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7DEOH����� - Ambient concentrations of TPM (pg m-3) at European heavily
impacted locations.

/RFDWLRQ 3HULRG 0HDQ 0LQ� 0D[� 5HIHUHQFH

Tessenderlo Dennerhof, BE 1998 830 30 19600 Desmedt (2000)
De Temmerman  (1999)

Tessenderlo Dennerhof, BE 1999 770 10 11100 Desmedt (2000)
De Temmerman  (1999)

Tessenderlo Rodeheide 1998 450 70 4300 Desmedt (2000)
De Temmerman  (1999)

Tessenderlo Rodeheide 1999 350 10 5100 Desmedt (2000)
De Temmerman  (1999)

Tervueren 1998 230 40 6900 Desmedt, (2000)

Tervueren 1999 90 10 1200 Desmedt, (2000)

Simultaneous measurements have been performed recently along 6000 km cruise path over
the Mediterranean Sea in the framework of the MED-OCEANOR project (Pirrone et al.
2001).  Concentrations of mercury and its compounds along with other environmental
parameters have been determined in air as well as in surface and deep seawater.  A summary
of concentrations of mercury species in air at open sea and coastal zone locations is reported
in Table 4.13.  TGM concentrations averaged from 1.7-1.9 ng m-3 in open sea atmosphere to
3 ng m-3 in coastal-urban environment (i.e., Naples-near shore area), RGM was from few pg
m-3 in open sea to up about 30 pg m-3 at coastal sea locations, whereas TPM levels where
quite uniform over the sea.
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7DEOH����� – Ambient concentrations of TGM (ng m-3), RGM (pg m-3) and
TPM(pg m-3) over the Mediterranean Sea in coastal and open sea during

the MED-OCEANOR project (July-August 2000) (Pirrone et al. 2001).

/RFDWLRQ 0HDQ 6W��'HY� 0LQ� 0D[�

Open Sea - South East 2.1 0.63 1.3 3.8

Open Sea - South 1.7 0.18 1.4 2.8

Open Sea - North West 1.7 0.44 0.13 2.9

Coastal area - Sicily 1.8 0.65 0.37 9.9

Coastal area - Sardinia 1.8 0.59 0.11 7.2

7*0

Coastal area - Naples 2.9 2.2 0.13 23.9

Open Sea - South East 2.6 1.3 1.13 5.5

Open Sea - South 4.2 1.4 2.5 5.7

Open Sea - North West 19.1 10.6 9.1 34.0

Coastal area - Sicily 7.7 2.1 4.4 9.9

Coastal area - Sardinia 10.5 10.4 0.2 30.1

5*0

Coastal area - Naples 7.3 3.7 2.5 12.6

Open Sea - South East 9.3 2.2 7.7 10.9

Open Sea - South 10.1 8.9 3.8 16.4

Open Sea - North West 14.1 4.1 11.3 17.0

Coastal area - Sicily 11.0 5.9 4.6 12.1

Coastal area - Sardinia 10.4 1.2 9.6 11.2

730

Coastal area - Naples - - - -

����� 0HUFXU\�&RQFHQWUDWLRQV�LQ�3UHFLSLWDWLRQ�DQG�'HSRVLWLRQ�)OX[HV

Mercury in precipitation is monitored in a few countries in Northern Europe and reported to
the EMEP database. Annual volume weighted concentrations from 4 stations in the Swedish
National Monitoring Network from 1995 to 1999 are presented in Table 4.14.

7DEOH��������Annual volume-weighted concentrations (ng L-1) of total
mercury in precipitation.

/RFDWLRQ ���� ���� ���� ���� ����

Vavihill 17.0 19.8 12.6 8.29 10.4

Rörvik 16.8 17.5 14.5 6.80 9.44

Aspvreten 17.9 13.9 12.5 8.25 8.77

Bredkälen 13.0 15.8 7.00 4.27 4.17
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In the MOE and MAMCS projects, mercury in precipitation was sampled on an event basis
during 4 simultaneous campaigns in 1998 and 1999. This data set also includes 5 stations in
the Mediterranean area and represents the first data collected in this region. Median,
maximum and minimum concentrations are presented in Table 4.15.

7DEOH����� - Total mercury concentrations in precipitation. Data
collected within the MOE and MAMCS projects from November 1998

to September 1999. (Pirrone et al., 2000a; Wangberg et al., 2001)

/RFDWLRQ 3HULRG 0HGLDQ 0LQ� 0D[�

Aspvreten, SE 1998-1999 12.3 3.7 80

Rörvik, SE 1998-1999 9.5 4.2 49.2

Zingst, DE 1998-1999 15.1 1.2 109

Neuglobsow, DE 1998-1999 15.8 4.7 23.3

Mace Head, IR 1998-1999 3.8 1.2 42.5

Sicily, IT 1998-1999 5.2 -- --

Calabria, IT 1998-1999 27.39 30 8.5

Neve Yam, IS 1998-1999 26.9 37 17

Antalya, TU 1998-1999 38.23 53 5.7

Mallorca, ES 1998-1999 17.2 75 4.6

Mercury wet depositions from the Swedish National Monitoring Network is presented in
Figure 4.2. The deposition decreases from south to north (from Vavihill to Bredkälen) and
also exhibits a decreasing trend with time.
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)LJXUH���� �  Annual wet deposition of total mercury at Swedish monitoring sites.
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����� 0HUFXU\�HYDVLRQ�IURP�VXUIDFH�ZDWHUV�DQG�WRS�VRLOV

Evasion of mercury from natural surfaces is an important process which needs to be taken into
account when considering the impact of atmospheric mercury on the environment.  Evasion of
mercury can occur from two major processes:

q De-gassing from mercury-rich minerals, and

q Re-emission of previously deposited mercury.

Data on re-emissions and de-gassing of mercury in Europe is scarce and limited to
measurement results from Sweden (soils, freshwater and coastal waters) and Italy (seawater,
mercury rich mineral soils). In Table 4.16 measured mercury fluxes from various surfaces are
presented.

The de-gassing is primarily important in areas that extend from southern Spain to northern
Italy crossing Slovenia and parts of the former Yugoslavia. In this area, mercury mining has
been extensive and is still in operation in Almaden (Spain). Emission fluxes over water are
generally higher than those over soils, and mercury fluxes from freshwater have been found
higher than that observed over seawater.  The role of vegetation (forest canopies, grass etc) on
the global/hemispheric mercury budget is somewhat unclear.

Several studies suggest that the evasion of elemental mercury from surface water is primarily
driven by (1) the concentration of mercury in the surface water, (2) solar irradiation which is
responsible for the photo-reduction of oxidised mercury available in the top-water microlayer,
and (3) the wind speed.  Mercury emission rates from surface water have been measured in
different areas of Europe and in different seasons using the floating chamber technique
(Schroeder HW�DO. 1989; Xiao HW�DO. 1991; Cossa HW�DO., 1996; Ferrara HW�DO. 2000).  The evasion
of mercury from lake surfaces is generally higher than that observed over the sea.  Average
emission rates in the North Sea were in the range 1.6 to 2.5 ng m-2 h-1 (Cossa HW�DO., 1996 and
ref. therein), whereas higher values (5.8 ng m-2 h-1) have been observed in the Scheldt outer
estuary (Belgium) and over lakes in Sweden (up to 20.5�ng m-2 h-1). In the Mediterranean Sea
mercury emission rates were in the range 0.7 to 10.1 ng m-2 h-1 in unpolluted areas (dissolved
mercury concentration in the top water 30 ng m-3) and between 2.4 and 11.25 ng m-2 h-1 in
polluted coastal areas (dissolved mercury concentration in the top water microlayer was 15 ng
L-1)  close to a chlor-alkali plant  (Ferrara HW�DO. 2000).  In open sea, mercury emission rates
were much lower (1.16-2.5 ng m-2 h-1) and less variable between day and night, though the
dissolved mercury concentration in the top water microlayer (30 ng m-3) was very similar to
that observed in unpolluted coastal areas.  Higher fluxes have been observed at contaminated
industrial sites, floodplains and coastal areas with contaminated sediments.
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7DEOH������± Degassing rates of mercury (ng m-2 h-1) from volcanoes,
surface waters and top soil in Europe and in the Mediterranean region

(Pirrone et al. 2001 and references therein).

&RXQWU\ 0HWKRG 6XUIDFH
W\SH

3HULRG (PLVVLRQ�UDWH

North-Western
Mediterranean

N.A. Sea surface N.A. 1.16 ng m-2h-1

Scheldt outer estuary
(Belgium)

N.A. Sea surface N.A. 5.8 ng m-2h-1

Grand Estuaire de la
Loire (France)

N.A. Sea surface N.A. 0.4-2.5 ng m-2h-1

Baie de la Seine
(France)

N.A. Sea surface N.A. 1.7-3.3 ng m-2h-1

Day 11.25 ng m-2h-1Northern-Tyrrenian Sea
(Poll. Coastal zone)

FC Sea surface Summer Night 2.4 ng m-2h-1

Day 2.5 ng m-2h-1Northern-Tyrrenian Sea
(Off-shore)

FC Sea surface

Summer

Night 1.16 ng m-2h-1

Day Up to 10.1 ng m-2h-1Summer

Night 1 ng m-2h-1

Northern-Tyrrenian Sea
(Unpoll. Coastal zone)

FC Sea surface

Winter Day 0.7-2.0 ng m-2h-1

Sweden FC Lake surface N.A. 2.05-20.5 ng m-2h-1

North Sea, Sweden N.A. Coastal
waters

-1 to 9 ng m-2 hr-1

North Sea N.A. Sea surface N.A. 1.6-2.5 ng m-2h-1

Etna, Stromboli,
Vulcano (Med. Sea, IT)

MN/
Gardis

Fall/Spring 0.6-1.3 t y-1

Forest, Sweden N.A. Top soil Summer 0.1 to 1.4 ng m-2 hr-1

Forest, Sweden N.A. Top soil Winter * -1.1 to 1.0 ng m-2 hr-1

Mt Amiata, Italy FC Mercury rich
mineral soils

26 to 10000 ng m-2 hr-1

N.A.= not available, FC = Flux Chamber, LD=LIDAR Technique, MN = Manual
Technique, (*) Negative values indicate dry deposition
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Based on the compilation of available information on emissions, atmospheric behaviour,
exposure routes and  health effects of mercury described in this Position Paper, the following
preliminary monitoring plan is proposed to the members states for assessing the level of
mercury and its compounds in air and precipitation at different locations.

1. Each member state should set up and operate DW� OHDVW one monitoring station for
atmospheric mercury species (TGM, RGM, TPM and wet deposition).

2. Member states with large emissions of mercury (H�J� > 10% of total EU emissions)
should set up and operate 3-4 monitoring stations.

3. Member states with significantly elevated mercury levels is soils or aquatic food chains
should set up and operate 3-4 monitoring stations.

4. Three different categories of monitoring stations should be considered: $���Near source
areas and areas with high population density;  %� ��Remote areas representing a large
geographical areas; and & � Areas with sensitive ecosystems and high accumulation
levels.

5. Member states required to set up and operate one monitoring station should select a
category that is relevant to their own conditions. Member states required to set up and
operate 3-4 monitoring stations should do so in different categories as reported in above
(see 4).

6. Monitoring stations of category $ and in some cases of category & should be co-located
with current and planned EMEP stations.

7. Monitoring stations of category % could be co-located with stations where measurement
activities linked to the Air Quality directive for other pollutants are on-going.

8. Standard measurement methods and quality assurance/quality control (QA/QC)
procedures should be developed within the framework of CEN and clear
guidelines/instructions should be distributed to member states.

9. Intercomparison exercises for performing laboratories in member states should be
arranged.

10. The Working Group recommend to include the proposed measurement plan in the
framework of the Clean Air For Europe (CAFE) program.

11. Measurement data should be compiled and stored in a joint database. This data should
be openly available for assessment and application to H�J� model development and
evaluation.
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