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Abstract:

The atmospheric mercury cycle is strongly linked to the terrestrial, aquatic and biologic cycle of
mercury via air/surface exchange processes. In order to quantify mercury fluxes from and to the
atmosphere to predict local and regional source contributions the methods for fluxmeasurements as
well as the pysicochemical factors controlling air/surface exchange processes must be assessed. We
will describe methods for the determination of mercury and mercury species in ambient air which are
basic for investigation of air/surface exchange processes. Furtheron we will describe approaches for
studying the physicochemical factors controlling this processes by using a new laboratory flux
measurement system.

1. INTRODUCTION

Mercury research at GKSS Forschungszentrum Geesthacht GmbH
The atmospheric mercury working group has considerable experience in analyzing and
modelling of atmospheric pollutant transport and dispersion, in various spatial and temporal
scales ranging from a single point source to large transboundary fluxes of air pollutants over
Europe. In recent years activities have focused on long range Transport of mercury species in
close cooperation with institutions in North America, Environment Canada, Atmospheric
Environment Service, Ontario Ministry of Environment and Energy and Europe, IVL. The
investigation of air/surface exchange processes has recently been established in the Research
and Development Programme of GKSS.

The atmospheric mercury working group is/has been involved in the following
EU-RTD Projects: Mercury Species Over Europe (MOE, Contract ENV4-CT97-0595), Baltic
Sea System Study (BASYS, Contract MAS3-CT96-0058) and the EUREKA Eurotrac 2
Subproject ,,Mercury And Persistent Organic Pollutants (MEPOP)"

2. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The atmospheric cycle of mercury (fig.l) is determined by natural and anthropogenic
emissions, a complex atmospheric chemistry, wet and dry deposition processes. Atmospheric
chemistry and especially the deposition (air/surface exchange) of mercury is strongly linked
to the speciation of mercury released into the atmosphere by different type of sources. The
linkage between the atmospheric and biological cycles is manifested in the deposition and in
air/surface exchange of mercury species. Schroeder and Lane (1988) illustrated the most
important processes in the emission and deposition cycle of atmospheric mercury. The
deposition pathway is dominated by the flux of emmitted divalent mercury species (defined
as reactive gaseous mercury) the oxidation of elemental mercury and subsequent wet and or
dry deposition. Mercury species attached to particles can also be removed from the
atmosphere by dry and wet deposition. (Expert Panel, 1994), but these fluxes are generally
regarded as less important.
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Once deposited the formation of volatile gaseous species, especially the formation of the
highly toxic methylmercury, ist enrichment in organisms and nutritional chains, and finally
destruction of methylmercury are the main features of the biological cycle of mercury.
The annual emissions of mercury to the atmosphere are estimated to be in the range of 5000
to 15.000t pa (Lindqvist et al., 1991), Fitzgerald et al., 1996), (Sukhenko and Vasiliev, 1996)
with both anthropogenic and natural sources being equal.
Mercury emissions from natural surfaces represent significant sources on a global scale.
Emissions from ocean surfaces have been estimated to 2300t/a (Mason et al., 1994)and
conservative estimations of global natural fluxes suggest a total of 700 t/a degassing from
soils, with 500 t/a originating from the mercuriferious belt. (Lindqvist et al., 1991) However
recently carried out flux measurements at background soils suggest, that mercury emissions
from this sites might be in the range from 550 upt to lOOOt/a on a global scale. Further on
mercury emissions from forests might be comparable to or exceed those fluxes. (Lindberg et
al., 1996)
This estimations do not yet include emissions either from contaminated or Hg-enriched soils.
Soils located close to large atmospheric mercury sources are clearly sinks while these sources
are active, but in a long run these soils may turn into important sources when the original
emissions are discontinued. Estimations of evasion fluxes of mercury from single
contaminated sites are in the range of 50 kg/a up to 1000 kg/a depending of the area of the
sites and the source strength.(Ebinghaus & Kruger, 1996), (Wallschlager, 1996), (Lindberg
and Turner 1977). Keeping in mind that hundreds of such sites still exist worldwide they
might represent a significant mercury source to the atmosphere.

However all this estimations are based on a fairly raw data base, and considering that, it
becomes clear that an accurate assessment of air/surface exchange processes on a global will
be critical to refine the global mercury cycle. Beside flux measurements over natural surfaces
this requires the understanding of the driving forces behind air/surface exchange processes for
modeling and upscaling mercury fluxes derived from field experiments.
Several keyfactors beside mercury concentration and speciation were identified as influencing
the mercury emission rates from soils. In almost all studies diel and annual cycles were
observed with highest fluxes in summer and in the afternoon and lowest in winter and during
night. This observations are probably coupled to temperature cycles, but may also reflect the
influence of radiation or of biological cyclings. Solar radiation, temperature and soil moisture
were identified as key-parameter affecting the Hg-fiux (Carpi and Lindberg 1997). Positive
correlations were observed between windspeed as well as relative humidity and turbulence
(Kim 1995). Even if some keyfactors influencing air/surface exchange processes could be
identified until know their relative importance and the mechanisms behind emission and
deposition is not well understood.

3. METHODS

Automatic measurements of TGM (Total Gaseous Mercury) in ambient air
TGM is detected with Tekran gas-phase mercury analyzers (Model 2357 A). This instrument
uses the gold amalgamation technique with subsequent AFS detection. The pre-filtered
sample air stream is passed through gold cartridges with a sampling flow rate of 1,51/min.

The instrument utilizes two gold cartridges parallel with alternating operation modes
sampling and desorbing/analyzing) on a predefined time base of 5 minutes. After sampling
Mercury is thermodesorbed and detected by Atomic Fluorescense Spectrometry (AFS). High
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purity Argon is used as sample carrier gas. Under this conditions a detection limit of roughly
0,3 ng/m3 is achievable. Every 25 h an automated two-point calibration is performed using an
internal permeation source with a span value off approximately 17 ng/m3 and a zero-air
reference point.
The accuracy and precision of this instrument has been assessed recently through comparison
to commonly used manual methods at an urban / industrial site in Windsor Ontario, Canada
(Schroeder et al. 1995). a remote site in north-central Wisconsin
(Schroeder et al., 1995), as well as at a remote marine background station in Ireland

(Ebinghaus et al., 1999)

Determination of RGM (Reactive Gaseous Mercury) in ambient air
For sampling and determination of divalent mercuryspecies (defined as reactive gaseous
mercury, RGM) an automated speciation unit (Tekran Model 1130) (fig.2) which is based on
the denuder princip (Xiao et al., 1997), as well as refluxing mistchambers (Stratton and
Lindberg, 1995) are used.
KCl-coated denuders have previously shown to selectively collect divalent mercury species in
flue gas (Larjava et al., 1990) and in ambient air (Xiao et al., 1997). Analysis of RGM can be
done after extraction of the denuder with diluted HC1 or after thermodesorption of the
trapped RGM.

The Tekran speciation unit operates in combination with the automated analyzer
described above. It uses an annular denuder consisting of two axial quartz tubes with about 1
mm spacing and sandblasted annulus walls. The effective KCl-coated length of the denuder is
about 25 cm.
For sampling air is pulled through the denuder with a flow rate of 6-121/min. The denuder is
kept at a temperature of 45°C. Sampling time is 1 h.
After sampling the denuder is first flushed with zero-air to remove traces of co-trapped
elemental mercury. For analysis the denuder is twice heated to 450°C for 10 min and the
RGM Species trapped on the denuder are desorbed and thermally reduced to elemental
mercury. This is pre-concentrated on the gold cartridges of the 2357 mercury analyzer and
detected as described before.

Mist chamber
Another approach of sampling RGM makes use of a Reflux Mist Chamber (fig3). In this
sampling device air at flowrates of 10 to 30 1/min is aspirated through the Mist Chamber
containing a scrubber solution. A part of the solution is nebulized by a nebulizer inside the
chamber and soluble compounds are effectively scrubbered by the nebulized mist. 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. In a typical run the mist chamber is filled with 20 to 30
ml of a scrubber solution (5,0 g/kg KBr and 2,5 g/kg Ascorbic acid in 0,01 mol/1 HC1) and
the chamber is connected to a vacuum pump device. The sampling time is 6h at a flowrate of
~10L/min. resulting in a sample volume of 3,6m3. Evaporation occurs at a rate of 1 to 5 ml
per hour depending on ambient conditions. At the end of each run the remaining solution is
transferred into a quartzvial, the chamber is rinsed with Sml of the scrubber solution and the
rinse is combined with the sample. RGM is determined after reduction with SnC12,
preconcentration on a goldtrap, thermal deseorption and CV-AFS detection. The detector is
calibrated using aliquots of an aqueous standard solution.
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Sampling and determination of atmospheric MeHg can be carried out by using the
mistchamber approach after water vapour destination of the sample and derivatization with
Sodiumtetraethylborate resulting in the formation of methylethyl mercury. Divalent mercury
which is already present in the solution will be simultaneously converted to diethylmercury.
This species can be stripped of the sample solution with an Argon gas stream and trapped on
Tenax. Analyze can be done after thermodesorption with an GC-AFS.

Determination of Total particulate Mercury (TPM)
The sampling and analysis of Total Particulate Mercury (TPM) is done following the
approach of Lu et al. (1998). A quartz micro fibre filter of 6 mm diameter is housed in a
quartz glass tube of approximately 140 mm in length. The filter is supported by a pure
Ni-Screen support. This device serves both as an particulate trap and as a pyrolizer for TPM.
For sampling air is pulled for 24h through the filterdevice with a flow rate of approx. 5 I/mint
Total sampling volume is about 8m3. For analysis the trap is heated to 900°C in a stream of
argon. In this step TPM is reduced to elemental mercury and transferred into the gas phase
The sample gas stream is then cleaned by passing a MgO Converter at 1100°C and analyzed
by conventional amalgamation/thermal desorption/
AFS detection. This technique does not require any sample handling or preparation that risk
contamination and can therefore achieve very low blanks allowing a detection limit of about 1
pg/m3 for a 24h sample.

Design and setup of new laboratory fiuxchamber
We will carry out tests of a new laboratory flux measurement system (fig. 4). The system
allows investigating and controlling environmental variables that are thought to influence
air/surface exchange processes as for example sunlight, air and soil temperature, air and soil
humidity and turbulence conditions as well as physicochemical conditions of the soil.
Two identical fluxchambers are used in order to measure fluxes of high surface reactive
species as for example RGM. The concentrations of the interesting analyses are measured
simultaneously at the outlet of both chambers. TGM is measured with two Tekran Mercury
Vapour Analyzers with a time resolution of 5min. Additional concentrations of CO2 and
water vapour are determined using a Two Channel Infrared Gas Analyzer. Measurements of
temperature fluxes are made using high precise Pt 100 sensors at the inlet and outlet of the
chambers.

Fluxes are calculated using equitation (1)
F= (Cs-Cr)/a* Q
where F is the flux in ng/m2/h for the case of mercury, Cr and Cs are the Concentrations at
the outlet of the sample and the reference chamber respectively, A is the bottom surface area
of the chamber in m2 and Q is the flushing flow rate through the chamber in m3.

All system parts coming in contact with samples are made of or coated with Teflon-
FEP. The cylindrical chambers have a diameter of 50 cm (~ 2000 cm2) and a variable height
between 10 and 40 cm, resulting in a chamber volume from 20-801. The bottom and the side
of the chambers are made of Teflon-FEP coated stainless steel and the top is made of FEP-
sheet (0,25 mm thick). Inlet- and outlet ports are on opposite sides of the chamber in a height
of 8cm over the sample surface. The gasstream can be splitted at the outletport into four
substreams in order to analyze different trace gases. A fan is installed in the center of each
chamber for continuously mixing of incoming air. The use of a fan avoids stagnation zones
and uncontrolled induction of vertical components of air flow in the chamber. Ambient Air is
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pulled through the chambers at predefined flow rates between 1,5 - 30 1/min using high
capacity mass flow controllers and membrane pumps. A flow rate of 10 1/min corresponds to
an average effective turnover of 2 minutes.

Water can be added to the soil samples as water vapour or as a fine aerosol via the inlet
port of the chambers. An additional port at the bottom of the chambers is designated for direct
addition of water or solutions to the soil samples.
The bottom of the chambers is designed as a heat exchanger and coupled with an thermostat
(LaudaUKT 600) allowing control of the soil temperature in the range of 10°C- 50°C.
To investigate the influence of solar radiation on mercury exchange processes we use a solar
simulator with a 2000W Xenon short arc lamp as light source. Xenon short arc lamps emit a
light spectra which is quite similar to the sunlight spectra.Wavelengths below 320nm and
about 750 nm are cutted off by dichroic filters.
Sensors for light intensity, soil temperature and soil humidity will be installed in the near
future.

The fluxmeasurement system will then offer the following features:

• Near real time resolution measurements of TGM fluxes
• additional measurement of C02, temperature and water-vapour fluxes
• measurement of additional parameters if required
• control and regulation of:
• soil and/or air temperature
• soil and/or air moisture
• radiation
• turbulence

Application of nuclear related methods
The application of Species specific Isotope dilution (SSIA) ICP-MS offers the possibility to
study transformation and transport processes of mercury in environmental systems without
pertubating the system due to the fact that the added tracers are in the range of in situ mercury
concentrations. Furtheron this methods provides to be a powerful tool for validation purposes.
We intend to use it both for validation purposes of our sampling methods and for of
air/surface exchange process studies.

As described above we use KCl-denuder in combination with a thermal converter and a
Refluxing Mist Chamber for sampling and determination of reactive mercury in ambient air.
Especially the mist chamber approach can be subject to positive or negative artefact
formation due to the fact that most of the reactions of atmospheric mercury take place in the
aqueous phase.
For the sampling of RGM with the mistchamber we use slightly acidified KBr-solutions with
or without ascorbic acid, (see also next section). Divalent mercury species are stabilized as
Hg(Br4)2-. Ascorbic acid is used as an antioxidant to avoid oxidation of Hg(0) by Ozone or
other oxidizing compounds in the air. From laboratory experiments we know that Hg(Br4)2-
is stable in presence of ascorbic acid. However reduction of divalent mercury might occur in
presence of co-sampled S02. On the other side even a small but significant fraction of
elemental mercury might still be oxidizied in the presence of ascorbic acid, which would lead
to formation of positive artefacts. Using stable isotopes enables us to study this processes
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under sampling conditions by spiking the scrubber solution and the sample gas stream with
different stable isotopes.

It is planned to couple the flux chamber with an ICP-MS via an amalgamation interface
(fig. 5). This offers the possibility to study air/surface exchange processes in near real time
using stable enriched isotopes.
Possible fields of interest are
• The reactions of dry and wet deposited mercury
• the transport velocity of mercury in the soil with special interest of transport in the gaseous
phase
• the relative importance of different pathways of mercury at the soil air interface interface
(e.g. release of mercury from the soil surface, release of mercury from deeper soil layers and
release of mercury via the vegetation).

First results
First results of a method intercomarison for the determination of RGM

We have carried out an intercomparison of the denuder- and the mist chamber-approach for
the determination of RGM during a field campaign at the air monitoring station in
Neuglobsow in Central Germany. We compared two mistchambers with different scrubber
solutions and a mercury speciation unit (Tekran Modell 11 30). In mistchamber 1 we used a
solution of 5,0 g/kg KBr and 2,5 g/kg Ascorbic acid in 0,01 mol/1 HC1 and in mistchamber
two we used a solution 5,0 g/kg KBr and 2,5 g/kg Ascorbic acid in 0,01 mol/1 HC1. Sample
flow rates were in the range of 10-121/min and sample intervals were 8h for the
mistchambers and 61/min and 2h for the denuder. The results of the intercomparison are
illustrated in (fig. 6). Because of an instrument failure we only got 5 sets of data for a direct
comparison of both methods. However it becomes clearly, that all three methods give results
within the same range between 2,5 and 10,9 pg/m3
In relationship to solution 1 we find 83% with a Std.dev. of 23% in solution 2. In relation to
the Tekran instrument the mistchamber approach using solution 1 gives a finding of 110%
with a standarddeviation of 45% and a finding of 78% with a Std.dev. of 24% using solution
two. The differences in the findings might be subject both to positive or negative artifact
formation. This will be studied using stable isotopes and ICP-MS-detection as described
above.

Flux chamber measurements
First tests with the laboratory flux measurement system have been carried out in August 99,
to test the blank performance. Before use the chambers were washed with diluted
hydrochloric acid and millipore water. Blanks were measured over a three day run at flow
rate of 1,51/min under turbulent conditions at the outlet of both chambers. Because fluxes are
calculated using the outlet concentrations of both chambers the differences in the blanks
between the chambers are of more interest than absolute blank values.The results of the blank
measurement are illustrated in fig. 7.
Within the first 6h of the experiment the mercury concentrations at both chamberoutlets
increased from S,Sng/m3 to 20 ng/m3. After this initial increase mercury concentrations
decreased continuously down to a level of 2,8ng/m3 which is about 1 ng/m3 higher than
mean mercury concentrations in ambient air at GKSS The differences between the two
chamberoutlets were in the range of+/- O,Sng/m3 during the hole experiment with an mean
Value of-O,Olng/m3 and an Std.dev. of 0,19 ng/m3 and -0,002 ng/m2/h with an Std.dev. of
0,003 ng/m2/h expressed in terms of fluxes. The achievable detection limit for fluxes defined
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as Go is 0,02ng/m2/h under this conditions. It can be summarized that this laboratory flux
chambers provides very good blank performances.
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Appendix

AIR ZJS Mmol

Figure 1: Mercury cycle adapted from ivlason et.al., 1994

Fig. 2 Tekran Speciation Unit 1130
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Fig. 3 Mist Chamber
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Fig. 5: Amalgamation Interface for coupling of the Fluxmeasurement Sytem to an
ICP-MS
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Fig. 6: RGM Method Intercomparison
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Fig. 7: Mercury blanks of the Fix Measurement System

Mercury blanks of the flux measurement system
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