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JAMP Guidelines for the

Sampling and Analysis of Mercury in Air and Precipitation

1.
Introduction

In this report, the term precipitation is used for rain, snow etc. whereas deposition is used as a general term for element fluxes (amount per unit area) from air to soil or water. Wet deposition is used for the flux resulting from the mercury present in precipitation whereas dry deposition is the mercury flux deposited directly from the gas phase to the ground or water surface.

The availability of adequate techniques for the sampling and analysis of mercury in air and precipitation has grown during the last decade. Today, monitoring of mercury in air and precipitation is routinely done by a number of institutes throughout Europe and North America. Site selection is an important aspect of environmental monitoring. Recommendations for site requirements are not included in this document: the EMEP - CCC manual (EMEP/CCC, 1995) provides general guidance not specifically associated with mercury.

This document provides a brief summary of the different techniques available for the sampling and analysis of mercury in air and precipitation. The techniques have been selected for their usefulness for long-term monitoring of mercury in air and precipitation. In order to ensure the comparability of data within international monitoring programmes, it is necessary for countries reporting data on mercury in air and precipitation to apply the methods recommended in this report. If alternative methods are used, they should be intercompared with the recommended methods and representatives of the participating countries should evaluate the results of the intercomparisons.

For all techniques used to monitor trace pollutants, strict protocols and documentation for all steps in the sampling and analysis are essential. Documentation is necessary for tracing all steps during sampling and analysis, including the chemical reagents used for sample treatment and the equipment and materials used for sampling and analysis. Procedures for measurement activities should follow ISO9000 or other certification and accreditation systems.

2.
Sampling methods for mercury in precipitation

2.1
Sampler design and materials

Two alternative materials may be used for funnels and collection bottles: borosilicate glass and a halocarbon such as Teflon or PFA. In both cases, extensive cleaning and careful handling is necessary to ensure high quality results. Borosilicate glass is often preferred due to lower costs and general availability. Quartz glass may also be used but is generally avoided due to high costs.

Precipitation can be sampled using either wide-mouthed jars or funnels and bottles. The sampling vessels can be bulk samplers which are open at all times or wet-only samplers which are 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 German national monitoring programme as well as by research groups working in the Great Lakes area (Landis and Keeler, 1996) and in the US National Atmospheric Deposition Programme (Vermette et al., 1995). Wet-only samplers have the advantage that they avoid particle dry deposition, although the contribution of gaseous or particulate mercury species to the wet deposition fluxes in non-industrialised or non-urban areas is probably not large (Iverfeldt and Sjöberg, 1992; Iverfeldt and Munthe, 1993).

For extended sampling periods it is necessary to prevent the diffusion of Hg0 into the precipitation sample collected, since it could contribute to the mercury content of the sample via oxidation to water-soluble forms. This can be done easily by using a capillary tube between the funnel and the bottle. It is also necessary to shield the sample bottles from light to avoid photo-induced reduction of the mercury in the precipitation sample.

Samplers should be designed for sampling during all seasons and all climatic conditions. Thus a heating device should be included for melting snow and to prevent the formation of ice in the funnel and bottles during winter and, depending on climatic conditions, it may be useful to cool the samples in locations where high temperatures are expected during summer. Funnel area and bottle sizes should be modified to suit the sampling period used.

Table 1: Summary of sampling techniques used in different monitoring networks

Sampler type
Main components
Reference

Bulk-samplers



IVL/Sweden
Borosilicate glass funnel (diameter 8,2 cm, 52,8 cm2) with glass filter, capillary tube (diameter 4 mm, length 0,5 cm), glass bottle.
Jensen and Iverfeldt, 1994; Iverfeldt, 1991b.

WDNR modified IVL/USA
Glass funnel (diameter 9,7 cm), 500 ml glass bottles, heating system to prevent freezing in winter.
Chazin et al., 1995.

GKSS/Germany
Teflon funnel (diameter 35 cm), brown-glass bottles.
Ebinghaus et al., 1995 and 1997.

Wet-only samplers



NSA 181 KD/Germany
Quartz glass funnel (diameter 25 cm, 490 cm2), Teflon tube (length 25 cm), Teflon bottles (1 litre), funnel heating in winter, thermostatic system for samples (maintained at 4°C).
Kreutzmann et al., 1995

ARS 721/Germany 
Borosilicate glass funnel (diameter 25,6 cm, 500 cm2), PFA bottle (2 litre) heating system.
Bieber and Althoff, 1995

MDN 1 sampler

modified Aerochem Metric Sampler/USA-NADP 
Double system:

for Hg - glass funnel, glass capillary and bottle (1 litre);

for trace metals - PE or Teflon funnel and PE or Teflon bottle.
Vermette et al., 1995

2.1.1
Washing procedure for glass equipment

All glass equipment used for sampling or for storing water samples for mercury analysis must be cleaned extensively before use. Most laboratories use a fixed procedure for cleaning involving sequential leaching in detergent solutions, hot concentrated (>10%) acid, dilute acid, BrCl solution followed by NH2OH HCl treatment and extensive rinsing in large amounts of high purity water (cf. Technical Annexes 1 and 2). Oven baking at 400-500°C may be necessary for new or contaminated glass equipment.

Great care must be taken when using BrCl treatment if methylmercury analysis is planned. Even minute traces of residual BrCl will destroy methylmercury in the sample. Treatment with sufficient amounts of NH2OH HCl is absolutely necessary during such analyses. The BrCl step may be omitted completely although the risks of contamination may increase.

2.2
Sampling procedure

All samples and replacement sample bottles should be handled with care in order to avoid contamination during transport and storage. Sample bottles should only be handled using plastic gloves and all bottles should be kept in double plastic bags during transport and storage. 

Sampling periods from one week to one month are suitable for monitoring purposes (Iverfeldt and Munthe, 1993). For the longer sampling periods, samples should be preserved by adding 5 ml/l HCl (Suprapur) to the collection bottle, prior to the sampling period. If samples are cooled in the sampler, it may be sufficient to add the preservative up to two weeks after sampling. If planning to analyse for methylmercury the addition of HCl may cause problems with methylmercury degradation if the precipitation amounts collected are very small and the acid thus concentrated.

Samples should be analysed as soon as possible but if preserved, refrigerated and kept in the dark they could be stored for considerable periods of time. Samples to be analysed for total mercury only may be stored for up to 6 months provided long‑term stability is checked. This includes the testing of sample blanks stored for corresponding periods.

A critical step when evaluating measurements of mercury in precipitation is the availability of correct data on precipitation amounts. Different sampler designs have different precipitation sampling efficiencies and this may lead to incomparable results when calculating the wet deposition of mercury, even if the sampling and analysis steps are harmonised. For all techniques, a parallel measurement of precipitation amounts should be made in order to identify discrepancies. A standard rain gauge should be used in parallel with the sampling equipment for mercury and the WMO recommendations should be followed (EMEP/CCC, 1995). If systematic errors are found, the sampler design should be reconsidered.

2.3
Quality control - Quality assurance

Written instructions for personnel carrying out the sampling are necessary to avoid contamination. All routine handling of samples and sampling equipment should take place according to specified procedures. Furthermore, replacement parts should be easily available so that glassware can be exchanged if there is any risk of contamination.

The risks of contamination when using bulk samplers and extended sampling times are controlled by using two or three samplers in parallel. Contaminated samples can then be identified and discarded and the corresponding data excluded.

2.3.1
Field blanks

Two types of field blank samples should be taken regularly: transport blanks and sampling blanks.

transport blank
A duplicate sampling bottle containing dilute HCl should be left open at the sampling site during the regular sample exchange procedure. The duplicate bottle should as far as possible be handled in exactly the same manner as the sample bottle. The mercury content of the dilute HCl should be compared to that of samples stored in a clean laboratory environment.

sampling blank

Two extra sampling bottles should be brought to the site; one containing dilute HCl (pH 3 to 4) and one empty. After removing the regular sample bottle the empty bottle should be installed and the dilute HCl poured through the sampling device (e.g. funnel and capillary). The bottle should be stoppered, double bagged and brought to the laboratory for analysis. The mercury content of the dilute HCl should be compared to that of samples stored in a clean laboratory environment. If the blank values exceed 20% of the concentrations normally measured at the site, measures should be taken to reduce the blanks (for example, by exchanging or by cleaning the sampling devices).

2.4
Special problems

When first starting to sample precipitation for mercury analysis numerous problems can arise, mostly associated with high blanks. Weekly sampling should be undertaken initially, even if monthly sampling is planned. In this way the number of sampling periods without results can be reduced.

The most common causes of sample contamination are insects, bird droppings or other material in the sampling vessels. This is the major drawback to bulk sampling but generally does not cause serious problems. In areas with large numbers of birds in the vicinity, it may be necessary to install devices preventing birds from perching on the samplers.

Using two or three samplers in parallel controls the risks of contamination when using extended sampling periods. Contaminated samples can then be identified and the results discarded thus minimising the loss of information. Contamination of two samplers in parallel is very rare.

When temperatures are high, it may be necessary to cool the sample bottle to prevent the evaporation of mercury from the sample.

2.5
Summary


Recommendation
Acceptable alternative

Material
Borosilicate glass.
Halocarbon materials, quartz.

Sampler design
Bulk samplers or wet-only samplers with gaseous Hg prevention and light shield. Heating and or cooling of sample bottle depending on climatic conditions.
Event sampling using funnels and bottles or jars.

Sampling time
1 week to 1 month.
Event based.

Preservation of samples
Monthly sampling 5 ml/l HCl (Suprapur) prior to sampling.
Adding 10 ml/l HCl after sampling in sampling periods of (2 weeks and samples are cooled if necessary.

QA/QC
Sampling blanks and transport blanks. Written instructions for field personnel.


3.
Sampling methods for total gaseous mercury in air

3.1
Sampler design and materials

The sampling of total gaseous mercury in air is usually done using gold traps with gas meters or mass flow controllers for air volume measurements. During the last few years, automated instruments for the sampling and analysis of mercury in air have been made available. The automated method applies the same basic principles as the manual method and has been shown to generate comparable results (Ebinghaus et al., 1997). 

Gold traps comprise 10‑12 cm quartz glass tubes filled with gold adsorbent. The gold adsorbent can either be small pieces (1‑2 mm) of 1 mm solid gold wire mixed with a crushed-quartz glass bearer or, alternatively, sand, glass beads or quartz glass coated with a thin layer of gold. The latter trap type usually generates lower blank values. 

3.2
Sampling procedure

The sampling of total gaseous mercury in air is relatively straightforward and without major difficulties. The site should be chosen with great care to avoid contamination or non-representative results. Sampling should be performed (1,5 m above the ground or other surfaces (walls etc.) in order to avoid the influence of local fluxes.

The sampling time and air volumes should be sufficient to collect enough mercury for analysis but not so large as to cause a breakthrough of mercury. Sampling flow rates in the range 0,1‑0,5 l/min up to a maximum volume of 100‑1000 litres is normally adequate.

A quartz wool plug or a filter (Teflon or quartz fibres) should be placed before the gold traps in the sampling train. This should remove any particulate matter in the sampled air. Normally only the gas phase fraction is analysed in this type of sampling train.

3.3
Quality control - Quality assurance

The necessary quality control steps are primarily associated with gold trap collection and analytical instrument reliability. All gold traps must be individually calibrated at regular intervals. This is most conveniently done using a source of gaseous mercury, i.e. a thermostated vessel containing liquid mercury from which gaseous samples can be drawn with a gas tight syringe. Gold traps with low recovery must be discarded.

The use of two traps in series is necessary to prevent the possible breakthrough of mercury from the first trap.

Alternative methods for sampling mercury in air are not generally available. Commercially available iodated carbon traps have been successfully used for sampling over extended periods, i.e. days (Bloom et al., 1995).

3.4
Special problems

Under certain conditions, breakthrough of mercury can occur at air volumes considerably smaller than those recommended above. This is usually due to the presence of trace constituents in the air which block the gold surface. Possible contaminants are sulphur-containing volatile organic compounds and volatile inorganic species capable of forming solid salts on the gold surface via atmospheric reactions (e.g. (NH4)2SO4). If this happens, considerably smaller sampling volumes should be used, i.e. <100 litres.

When using automated systems frequent re-calibration is necessary and this frequency will vary according to the temporal resolution of the sampling. Daily re‑calibration is a minimum.

3.5
Summary


Recommendation
Acceptable alternative

Material
Solid gold traps.
Coated gold traps.

Sampling design
1 protective quartz wool plug followed by 2 gold traps in series.
Teflon filter or quartz fibre filter followed by 2 gold traps in series.

Air flow rate
200 to 500 ml/min.


Sample volume
100 to 800 litres.


QA/QC
2 gold traps in series to check mercury breakthrough.


4.
Sampling methods for particulate mercury in air

The sampling of particulate phase mercury in air is one of the more critical steps when performing measurements of atmospheric mercury. This is mainly due to errors that may occur during both sampling and analysis. In ambient air the particulate fraction of mercury is usually < 5% with volatile elemental mercury making up the major part of the remainder. This increases the risk of gas to particulate conversions during sampling. For this reason, sampling and analysis of particulate phase mercury should only be considered as an operationally defined method. The presence of particulate mercury in air will greatly influence the overall atmospheric deposition of mercury and further development of these techniques is highly desirable.
4.1
Sampler design and materials

Particulate mercury is sampled on Teflon or quartz glass filters. Both are adequate but quartz fibre filters have the advantage that they can be oven baked at 500(C prior to use, which greatly reduces the blank mercury content. All-Teflon holders are recommended since they can be washed extensively in acid before use and generally contain very little mercury.

4.2
Sampling procedure

All handling of filters and filter-holders should be made in a clean air facility (i.e. a clean room or a clean bench). Plastic gloves and acid-washed utensils are necessary. All equipment should be stored in double plastic bags in a dust free environment. Filter holders should be acid-washed.

Owing to the generally low concentrations of particulate mercury in air, considerably larger sampling volumes are needed compared to those for sampling total gaseous mercury. Twenty-four to 48 hour samples are generally taken at flow rates of at least 5 l/min. The sampling volume necessary will ultimately be governed by the air concentrations in comparison with the filter blank values.

4.3
Quality control - Quality assurance

Determining the filter blank values is the most critical step when measuring particulate mercury in air and great care should be taken to reduce and control these. Frequent analysis of procedural blank values are necessary to produce reliable results. Separate blanks should be included during all steps where the samples are handled (e.g. loading filters into holders, shipping and handling at sites).

4.4
Special problems

The major problems encountered when sampling particulate mercury are associated with the blank values (see section 4.3).

4.5
Summary


Recommendation
Acceptable alternative

Material
Teflon or quartz fibre filters.


Sampler design
Teflon filter holders.


Air flow rate
10 to 30 l/min.
12 to 48 h.

QA/QC
Control of blank values during handling.


5.
Analysis of mercury in precipitation

5.1
Instrumentation and reagents

The most reliable technique for the analysis of mercury is atomic fluorescence spectrometry (AFS). Atomic absorption spectrometry (AAS) may be used but requires larger sample volumes due to the lower detection limit. AFS and AAS instruments are available from a number of different manufacturers.

Borosilicate glass is the recommended material for the reaction and purging of flasks where mercury is reduced and volatilised for the preconcentration step. Acid-washed Teflon tubing should be used as far as possible. Ordinary polyethylene or rubber tubing is not suitable.

Details of the chemical reagents are given in the Technical Annexes.

5.2
Sample storage and handling

All water samples for mercury analyses must be handled with care in order to avoid contamination. Sample bottles should only be handled in laboratories where mercury or any mercury compounds in pure or concentrated forms have not been handled. Samples for analysis of total mercury should be preserved with low blank HCl (5 ml 30% acid/l). Precipitation samples should be stored in the collection bottles, in double plastic bags in the dark in a refrigerator or cold room. A storage time up to 6 months can be acceptable but it is absolutely necessary to test this under the conditions employed in the individual laboratories. Shorter storage times are recommended if methylmercury is analysed. Plastic gloves must always be used when the plastic bags are opened. If possible, the plastic bags should be left around the bottles during the analysis. The bottles should not be placed on laboratory surfaces that may have been exposed to mercury or chemical reagents containing mercury.

5.3
Analysis of total mercury in precipitation

5.3.1
Analytical procedure
Sample pre-treatment

The collected samples are preserved with HCl prior to storage or during sampling. Before analysis a chemical oxidation step is performed using BrCl. This reagent efficiently converts stable mercury forms to water-soluble species that can be easily reduced by SnCl2. Before analysing the sample, excess BrCl is removed using a mild reducing agent such as NH2OH.HCl or ascorbic acid.

Analysis

The most common procedure for the analysis of mercury in precipitation is oxidation with BrCl, pre-reduction with NH2OH.HCl followed by reduction of the aqueous Hg to Hg0, purging onto gold traps and thermal desorption and analysis using Cold Vapour Atomic Fluorescence Spectroscopy (CVAFS) (Bloom and Crecelius, 1983; Bloom and Fitzgerald, 1988). The analysis procedure can be performed in manual or automated modes. A detection limit (defined as 3 times the standard deviation of the blank concentration) (0,5 ng/l is necessary for the accurate analysis of total mercury in precipitation samples.

5.3.2
Quality control - Quality assurance

The calibration step is critical. In general, the basic principle is always to use two independent calibrant solutions. For mercury, commercially available standard solutions can be used but regular checks against a reference standard must be made. Certified reference materials should be used if available but reference standards can also be prepared from pure mercury compounds. Traceability is an important step and all standard solutions should be regularly checked against a reference material. In the absence of aqueous phase reference standards, solid materials may be used.

As an independent check on the analytical results, a Hg0 vapour source can be used consisting of liquid mercury in an enclosed vessel from which vapour samples can be drawn with a gas tight syringe.

5.3.3
Special problems

The analysis of low-level mercury concentrations in aqueous samples is associated with a number of potential errors mainly emanating from blank problems and poor recovery.

Blank values usually arise from the use of reagents of poor quality or from glass vessels or tubing. Careful checking and documentation of all steps in the analytical procedure is necessary in order to identify the source of the blank.

5.3.4
Summary


Recommendation
Acceptable alternatives

Sample pre-treatment
BrCl oxidation, NH2OH.HCl pre-reduction.
Ascorbic acid.

Preconcentration
SnCl2 reduction, purging, collection on gold traps.


Detection
AFS.
AAS.

Detection limit
( 0,5 ng/l.


QA/QC
Blank determinations, use of reference materials.


An illustration of the analytical methods for determining Hg species in precipitation is given in Figure 1.

5.4
Analysis of methylmercury in precipitation

5.4.1
Analytical procedure

Methylmercury is of prime importance in the environmental cycling of mercury, due to its toxicity and its ability to accumulate in aquatic food chains. Precipitation samples are usually pre-treated in an extraction or distillation step. Typical methylmercury concentrations in precipitation are only a fraction of the total mercury concentrations normally found. Thus, a considerably lower detection limit is needed for the accurate analysis of this species. A detection limit (defined as 3 times the standard deviation of the blank concentration) ( 0,05 ng/l is a requirement for methylmercury analysis. 

Sample pre-treatment

All samples where methylmercury is determined must be pre-treated. The purpose of the pre-treatment is to isolate the methylmercury into a cleaner and more homogeneous matrix where the subsequent steps can be made with less risk of interference from sample impurities. The steam distillation method is recommended for sample pre-treatment (Horvat et al., 1993a,b). The distillation step is carried out in acid-cleaned Teflon containers. The sample pH is adjusted and the distillation is carried out at about 140(C with nitrogen as the carrier gas.
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Figure 1: 
Flow diagram illustrating the analytical methods for determination of Hg species in precipitation


Analysis
The most commonly applied method for analysis is based on the aqueous ethylation of mercury species in the aqueous sample whereby Hg2+ is converted to diethylmercury and CH3Hg+ to methylmercury and methylethylmercury. These two species can then be separated in a GC column. Detection is normally done by CVAFS after conversion to Hg0.

5.4.2
Special problems

The analysis of methylmercury in precipitation is generally associated with a larger risk of errors and measurement uncertainties than for the analysis of total mercury. This is mainly due to the low concentrations found in precipitation and the more complex method of analysis. 

5.4.3
Quality control - Quality assurance

Regular checks of blank values, distillation recovery and reproducibility are essential. Checks on the stability of the methylmercury during storage are also necessary.

5.4.4
Summary

Figure 1 illustrates the analytical methods for determining Hg species in precipitation


Recommendation
Acceptable alternative

Sample pre-treatment
Distillation.
CH2Cl2 extraction.

Preconcentration
Buffer to pH 5, ethylation, purging, collection of Carbotrap or Tenax.


Separation/identification
GC.


Detection
CVAFS.


Detection limit
( 0,05 ng/l.


QA/QC
Recovery and stability checks.


6.
Analysis of mercury in air 

6.1
Analysis of total gaseous mercury in air samples

6.1.1
Analytical procedure

Mercury collected on gold traps is analysed after desorption of the mercury.

The detection limit of the gold trap analysis is defined as 3 times the standard deviation of the trap blank provided that the trap blank is subtracted from the analysed amount. This detection limit, expressed in units of ng Hg, can be translated into an air concentration using the typical air volume sampled in this application. The detection limit can also be based on the requirement that the blank content of mercury on the traps should not exceed 10% of the total content of mercury collected during a normal sample period. The absolute value will depend on sampling time and airflow rate. As a guideline the following example can be used: in air containing 2 ng Hg/m3 a sample collected for six hours at an air flow rate of 0,5 l/min contains 0,36 ng. In this case, the blank content on the trap should not exceed 10% of 0,36, i.e. 0,036 ng. If the blank content is higher than this value, then the detection limit exceeds 2 ng/m3 under the conditions employed, and a larger sample volume is required.

Sample pre-treatment

Before analysing the mercury content of the gold trap, a drying step is recommended. Small amounts of water vapour may have condensed on the gold surface and may interfere in the analysis step. The gold traps can be heated to 40‑50(C for 5‑10 min in a stream of dry N2 without any measurable loss of mercury. 

Analysis

The analysis of mercury in air samples is generally made using double amalgamation CVAFS (Fitzgerald and Gill, 1979; Bloom and Fitzgerald, 1988). In this procedure, the gold trap is mounted in series with a second analytical trap in a gas stream leading to the CVAFS detector. Heating is achieved with a heating wire (e.g. NiCr). In the first step the mercury is thermally desorbed from the first sampling trap onto the second analytical trap. The second trap is then rapidly heated and the mercury is transported into the CVAFS.

6.1.2
Quality control - Quality assurance

The necessary quality control steps are primarily associated with gold trap collection and analytical instrument reliability. All gold traps must be individually calibrated at regular intervals. This is most conveniently done using a source of gaseous mercury, i.e. a thermostated vessel containing liquid mercury from which gaseous samples can be drawn with a gas tight syringe. Gold traps with low recovery must be discarded.

6.1.3
Special problems

The analysis of mercury collected on gold traps is generally straightforward provided that the collection efficiency of the gold traps is checked regularly.

6.1.4
Summary


Recommendation
Acceptable alternative

Sample pre-treatment
Drying at 30‑50oC if necessary.


Analysis
Dual amalgamation CVAFS.
CVAAS.

Detection limit
3( of trap blank and/or trap blank (10% of sample.


QA/QC
Check gold trap collection efficiency and recovery.


6.2
Analysis of particulate mercury in filter samples

6.2.1
Analytical procedure

For the analysis of particulate Hg great care should be taken to reduce sample blanks and risks of contamination. A clean room or clean bench is recommended for all handling of filters prior to analysis.

The detection limit of the measurements is generally determined by the procedural blank values (including filter and reagent blank as well as field and laboratory handling blanks) and the sampling volumes. The detection limit is defined as 3 times the standard deviation of the total blank, provided that the blank is subtracted from the analysed amount. This detection limit, expressed in units of ng Hg, can be translated into an air concentration using the typical air volume sampled.

Sample pre-treatment

Filters containing air samples of particulate mercury are digested before analysis. In the digestion step, mercury on the collected particulate matter is converted to water soluble and easily reducible forms. Digestion can be done either by a simple acid leaching step or using a more elaborate technique such as microwave digestion in pressurised bombs (Keeler et al., 1995). All digestions should be made in Teflon containers in order to ensure the necessary low blank concentrations. Concentrated nitric acid or a mixture of nitric and sulphuric acid is recommended. After the acid digestion step, a BrCl treatment step should be performed following the same procedure as for the precipitation samples.

Analysis

After the acid digestion and BrCl treatment, an aliquot of the sample is analysed according to the procedure described for precipitation samples.

6.2.2
Quality control - Quality assurance

In order to ensure the quality of the analysis step, recovery tests should be performed at regular intervals. This can be done by adding known amounts of mercury in aqueous solution either directly onto the filter surface or into the digestion vessel.

Blank determinations should be made frequently for each step in the analytical procedure.

Typically, much larger volumes are sampled for the analysis of particulate mercury compared to total gaseous mercury. Owing to the more complex analysis and the typically low concentrations of particulate mercury in ambient air, the detection limit more often proves to be a limiting factor when measuring this species as compared to total gaseous mercury.

6.2.3
Special problems

Reducing the blank levels of the reagents and digestion vessels is the most important step in the analysis of particulate mercury. Reagents must be analysed regularly and digestion blanks analysed in each batch of samples at least every day.

6.2.4
Summary


Recommendation
Acceptable alternatives

Sample pre-treatment
Digestion in HNO3, BrCl oxidation, NH2OH.HCl pre-reduction.
Ascorbic acid.

Preconcentration
SnCl2 reduction, purging, collection on gold traps.


Detection
CVAFS.
CVAAS.

Detection limit
3( of total blank at typical sample volumes.


QA/QC
Determination of procedural blanks and analytical recovery.


7.
Reporting

Data should be reported in accordance with the latest reporting requirements for the Comprehensive Atmospheric Monitoring Programme.

8.
Intercomparisons

Within any monitoring network where data are reported from different institutes, regular intercomparisons are necessary. The intercomparisons should be performed for all steps in the measurement procedure. The recently completed intercomparisons on the sampling and analysis of heavy metals organised by UBA and EMEP/CCC is a good example of a successfully managed exercise with encouraging results (Winkler and Roider, 1997).

In 1991 an intercomparison exercise for mercury deposition was held at Rörvik, Sweden (Iverfeldt and Sjöberg, 1992). The conclusions from that exercise was that the measured fluxes varied within a factor of 2 to 4 which was explained as systematic errors in the methods used by several of the participants. More encouraging results was found in the Mace Head intercomparison in 1995 (Ebinghaus et al., 1997) where relatively good agreement between different methods for measurements of mercury in air and precipitation were compared.

There is a need for an intercomparison for the OSPAR countries covering at least a period of 2 to 3 months in order to ensure the accuracy and comparability of the reported data.
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Technical Annex 1

Sampling and analysis of total mercury in precipitation – details of the method used by the Swedish national monitoring programme

1.
Materials and cleaning procedures

All sampling material in contact with the precipitation samples is made from borosilicate glass. The glassware is washed extensively according to the following procedure.
Plastic gloves should be used during all steps of the washing procedure. Glassware that is not being leached in tanks should always be stored in double plastic bags.

1.
Leach in an alkaline detergent for 24 hours. Rinse thoroughly with de-ionised water.

2.
Leach in a solution of HNO3 (Puriss): de-ionised water (1:3) for 7 days. This should be done in a polyethylene tank placed under a fume hood. Rinse thoroughly with de-ionised water.

3.
Leach in a 0,1 M solution of HNO3 (P.A.) in high-purity water (e.g. Milli-Q) for 7 days. Rinse thoroughly with de-ionised water.

4.
Fill bottles with high purity water. Add 5 ml/l BrCl solution. Leave to stand for at least 24 hours.

5.
Add 5 ml/l 12% NH2OH.HCl. Leave to stand for 1 hour.

6.
Pour out the above solution. Rinse with large amounts of de-ionised water followed by large amounts of high-purity water.

7.
To bulk sampler bottles (0,5 l borosilicate glass) add 2,5 ml 30% HCl (Suprapur). All other bottles and containers should be filled with 5 ml/l 30% HCl (Suprapur). Other glassware should be air-dried in a clean zone.

Bottles that are believed to be contaminated are baked at 500oC for 5 hours and then washed according to the procedure above, but excluding step 1.

This procedure is generally sufficient for containers used for the sampling and analysis of precipitation. After analysing samples with extremely low concentrations of mercury the BrCl treatment steps according to steps 4‑6 above is generally sufficient.

2.
Sampling

2.1
Sampling equipment

The bulk sampler design used in the Swedish national monitoring programme for the sampling of precipitation for mercury analysis is shown in Figure 2. All parts of the bulk sampler in contact with the sample are made of borosilicate glass (Pyrex or Duran). Silicone rubber tubing is used to connect the capillary tube to the funnel and the bottle. The outer tube is made from PVC plastic (this can be replaced by other material if necessary).




[See figure page 30]

Figure 2.
Bulk sampler for the sampling of precipitation for mercury analysis.

2.2
Sampling procedure

Collection bottles containing the precipitation samples should be exchanged according to a fixed procedure taking great care to avoid contamination. Plastic gloves should be worn when handling the collection bottles or other sampling equipment. The following procedure is recommended for bulk samplers of the design described in section 2.1. This procedure could be adapted as necessary if other types of sampling device are used.

1.
Remove outer plastic tube.

2.
Remove the new collection bottle, plastic bags and container (bottle) with high purity water from transport container. All equipment needed for the bottle exchange should be placed on a plastic cover either on the ground or on some other available surface.

3.
Open the double plastic bags containing the new collection bottles, but leave the bottle in the bags.

4.
Carefully remove the ground glass joint connecting the bottle to the capillary. Use both hands; one for loosening the glass fitting the other for holding the funnel.

5.
Remove the stopper from the new collection bottle and stopper the bottle containing the sample. Remove the bottle containing the sample from the plastic casing and put in new double plastic bags.

6.
Without the collection bottle yet in place rinse the funnel and capillary with high purity water. If visible material (dust, insects etc.) is present in the funnel this can be disconnected from the capillary and rinsed separately. New plastic gloves should be used if it is necessary to handle the watch glass or touch the inside of the funnel. If the funnel and capillary are visibly dirty even after rinsing, they should be exchanged for newly washed pieces.

7.
Remove the new collection bottle from the plastic bags and place it in the plastic casing. Connect the ground glass fitting and check all the connections. Make sure that all the connections are without gaps, thus preventing the silicon tubing being exposed to the precipitation sample unnecessarily.

8.
Replace the outer plastic tube.

The sample bottles should be transported to the analytical laboratory as soon as possible. If delays are unavoidable, then storage outdoors or in a wooden shed etc. is preferable to storage in analytical laboratories with an unknown history of mercury handling.

3.
Analysis

3.1
Equipment and chemicals

Purging flasks for SnCl2-reduction:

Acid-cleaned borosilicate glass (Pyrex) wash-bottles are used.

High purity water:

Purified water with >18 M( resistance and a low mercury blank. 

Air:

All glassware and samples should be handled in a laboratory containing low concentrations of mercury (not more that 10 ng/m3 if possible). A clean bench (or some other clean zone arrangement) of class 100 should be used for handling reagents, for some sample treatment and for the drying of glassware.

Hydrochloric acid:

30% HCl (Suprapur) from Merck is recommended. Other manufacturers may provide equally high quality hydrochloric acid. Regular blank checks should be made. For the preparation of SnCl2 solution, 37% HCl (P.A.) is necessary.

Brominemonochloride solution:

Must be prepared in a fume hood with great care. Use safety goggles. Add 11,0 g KBrO3 and 15,0 g KBr to 200 ml high purity water. Stir the solution with a magnetic bar for 1 hour and add 800 ml 30% HCl very slowly. Large amounts of acid fumes and gaseous free halogens will form and will evaporate from the solution. The solution can be prepared in an empty HCl bottle.

Hydroxylammonium chloride:

Dissolve 120 g NH2OH.HCl in 1 l high purity water. This chemical reagent sometimes contains high mercury concentrations. Adding 1 g Chelex 100 ion exchange material can lower the mercury content. Blanks must be checked carefully.

Stannous Chloride solution:

Dissolve 200 g SnCl2.2H2O in 100 ml 37% HCl (p.a.) and dilute to 1 l with high purity water. Purge this solution with mercury-free N2 for 12 hours and then store it in the dark. Aliquots of 100 ml may be removed and used as working solutions for analysis. These aliquots should be purged continuously with mercury-free N2.

Mercury calibrating solution:

Standard solutions can be prepared from commercially available mercury standards. A parallel check using two standard solutions of different origin is recommended. One of these can be made from pure chemicals (e.g. Hg0 dissolved in concentrated HNO3 and diluted to the appropriate volume).

3.2
Procedure

Pre-treatment

If methylmercury is to be analysed, a sub-sample should be taken from the collection bottle. 1 ml BrCl solution should then be added directly to the collection bottle. The BrCl should then be allowed to react for at least 1 hour. If the yellow colour disappears, more BrCl must be added. Before analysis, add the NH2OH.HCl reagent to remove all excess BrCl. The volume of NH2OH.HCl solution added should be the same as the volume of the BrCl solution.

Preparation of reducing vessels

Fill the wash bottles with about 50 ml water containing 2,5 ml of the SnCl2.solution and 2 ml 30% HCl. Purge the solution with N2 for 20 minutes before checking the bubbler blank value.

At the end of each day, the bottles should be rinsed thoroughly with de-ionised water and then filled (at least covering the glass frit) with Aqua Regia until use. Before starting the next set of analyses, the Aqua Regia should be transferred to a storage bottle (Aqua Regia can be re-used for up to a month) and the reduction vessel rinsed, first with de-ionised water and then with high purity water (e.g. Milli-Q).

3.3
Reduction step

The bubbler blank value should be checked by connecting a gold trap to the bubbler and purging the solution with N2 for 20 minutes, then analysing the mercury collected. The mercury collected on the gold trap is the bubbler blank and should not exceed a few picograms.

In all collection and purging steps, a glass tube containing baked quartz wool should be connected between the bottle and the gold trap to avoid exposing the gold surface to droplets of acid solution.

After the bubbler blank has been checked, a clean gold trap should be connected to the outlet and an aliquot of the pre-treated precipitation sample added to the bubbler flask. The bubbler flask should then be placed on an electronic balance and the amount of sample added weighed. The reduction and purging should be allowed to proceed for 10 to 20 minutes.

3.4
Detection

The traps should be dried at about 40(C in a mercury-free N2 flow for 5 minutes prior to analysis. They should then be connected to the AFS detector on line with the Helium gas flow. The mercury is then thermally desorbed either directly into the detector or onto an analytical trap. If an analytical trap is used, a second heating step should be performed before the detection. The advantage of the dual amalgamation is that the influence of any interfering substances adsorbed on the first trap may be reduced and also that the mercury adsorbed onto the second analytical trap will be more easily desorbed and a sharper peak obtained.

After the analytical step the gold trap should be allowed to cool. It should then be removed from the gas stream and stoppered with Teflon plugs. It should be stored in a plastic bag if not immediately used again.

3.5
Evaluation

The signal from the AFS is processed on an integrator. The area units are used to calculate an absolute amount of mercury using a calibration function. The calculated mercury amount is then related to the sub-sample volume in order to calculate the actual mercury concentration.

For precipitation samples, the calculated concentration is then related to the measured precipitation amount. For each month, a comparison of precipitation amounts measured with different sampling devices should be made during the evaluation procedure.

Technical Annex 2

Sampling and analysis of total mercury in precipitation - details of the methods used by the German Federal Environmental Agency (Umweltbundesamt)

1.
Materials and cleaning procedures

All equipment in contact with precipitation samples for mercury analysis should be made of either borosilicate glass or halocarbon polymers (e.g. PFA, FEP, Teflon). Extensive cleaning of the laboratory ware is essential to avoid contamination of the precipitation sample (Iverfeldt, 1988). In the air pollution network of the German Federal Environmental Agency (Umweltbundesamt) the following procedure is used:

1.
Wash with hot tap water using an alkaline detergent and a brush.

2.
Rinse thoroughly with de-ionised water.

3.
Leach in approximately 15% HNO3 for several days.

4.
Rinse thoroughly with de-ionised water.

5.
Rinse with 1% HCl.

6.
Dry in a dust protected area.

7.
Store in a polyethylene bag until use.

Chemical
Grade
Producer

Nitric acid
HNO3 65% p.a.
Merck

Stannous chloride dihydrate


SnCl2*2H2O p.a.

min. 98%
Merck

Hydrochloric acid
HCl 36,5-38%

Instra Analysed Quality
Baker

Ascorbic acid
C6H8O6 p.a.
Merck

Potassium bromide
KBr suprapur
Merck

Potassium bromate

Mercury Standard
KbrO3 p.a.

Hg-Titrisol (1 g Hg2+) 
Merck

Merck

Water
Milli-Q water

(>18 MW resistance)


Reagents

Blank solution
1% HCl in Milli-Q water.

Reducing reagent
2% SnCl2 in ca. 6% HCl (2g SnCl2 * 2H2O is dissolved in 45 ml of 12% HCl and diluted to 100 ml with Milli-Q water). The solution is then purged with nitrogen (purified on gold net) for at least 3 hours (P.S. Analytical Ltd).

Pre-reducing reagent
2g Ascorbic acid (C6H8O6) is dissolved in Milli-Q water and diluted to 100 ml with Milli-Q water.

Oxidising reagent
The oxidising reagent (bromine chloride) is prepared by 
dissolving 1,1g KbrO3 and 1,5g KBr in 20 ml Milli-Q water, then 92 ml conc. HCl is slowly added (Bloom and Crecelius, 1983).

KBrO3 and KBr are heated to 240°C for 24 hours before use.

Operating Standard Solutions
A stock standard solution is prepared from Hg-Titrisol (1g Hg2+ in 1 l 0,5% HNO3). Operating standards (10 ng/l, 35 ng/l, 70 ng/l, 140 ng/l) are prepared from the stock standard solution by dilution with 0,5% HCl.

2.
Sampling

2.1
Sampling equipment

In the air pollution network of the German Federal Environmental Agency (Umweltbundesamt) a commercially available automatic (“wet-only”) precipitation collector (type: ARS 721/E, producer: Eigenbrodt, Germany) is used for sampling precipitation for mercury analysis (see Figure 3). A rain sensor controls the opening of the collector (type RS 85, producer: Eigenbrodt, Germany).

A brief description of the collector is as follows: 

· glass fibre-reinforced polyester housing;

· funnel shape: cylindrical;

· collection area: 0,05 m2;

· funnel material: borosilicate glass;

· height of collection area above ground: 1,60 m;

· collection bottle: 2l - PFA bottle;

· electric heating with thermostat.

2.2
Sampling procedure

In the air pollution network of the German Federal Environmental Agency sampling periods of 1‑2 weeks are used for monitoring purposes. Immediately after sampling, the precipitation sample is acidified by adding 1 ml conc. hydrochloric acid per 100 ml sample.



2.3
Sample storage and pre-treatment

The acidified samples are stored unfiltered in the collection bottle and refrigerated at 4°C. In general, precipitation samples - even from wet-only collectors - are not homogenous, but contain floating material (e.g. dust, particles). Therefore it is not possible to take representative sub-samples. Pre-treatment depends on the mercury species to be analysed. In the central laboratory of the air pollution network of the German Federal Environmental Agency total mercury is analysed. The following pre-treatment procedure is used: 

1.
Oxidation of the complete sample in the collection bottle by adding 1 ml oxidising reagent (BrCl-solution) per 100 ml sample (reaction time: 1‑2 hours). If the yellow colour should disappear, more oxidising reagent is added;

2.
Pre-reduction by adding 1 ml pre-reducing reagent (ascorbic acid solution) per 100 ml sample;

3.
Filtration using cellulose acetate filters (pore size: 0,45 µm; producer: Sartorius).

3.
Analysis

3.1
Analytical equipment

In the central laboratory of the air pollution network of the German Federal Environmental Agency precipitation samples are analysed with a commercially available automatic mercury analyser (See Figure 4), comprising:

· autosampler;

· mercury generator (continuous flow reagent supply, mixing chamber, gas/liquid separator);

· concentration system (type: PSA - Galahad) : “solid type” gold trap (Au/Pt mesh trap);

· fluorescence detector (type: PSA - Merlin). 

A PC controls the instrument. 

3.2
Analytical procedure

In the central laboratory of the air pollution network of the German Federal Environmental Agency total mercury is analysed using an automatic (PC‑controlled) mercury analyser with AFS detection (P.S. Analytical Ltd).

Reduction of Hg2+ ions to Hg0 takes place in the mercury generator. Pre-treated precipitation samples are supplied by an autosampler. The reducing reagent (SnCl2 solution) is continuously pumped into a switching valve (mixing chamber), where it is mixed with either a pre-treated sample or a blank solution (1% HCl in Milli-Q water). Reduction starts in the valve, and the gaseous mercury is removed from the liquid stream in a gas/liquid separator. 

Purified argon is used as the carrier gas. The gaseous mercury passes through a membrane dryer tube (to remove moisture). Depending on the mercury concentration the mercury vapour is either transferred directly to the fluorescence detector or is collected on the gold trap in the concentration system. Adsorbed mercury is volatilised by rapid heating of the gold trap and transferred to the detector. 

The instrument is used according to the instructions of the producer, but with the following modifications:

· gas streams are controlled by mass flow meters;

· argon used as the carrier gas is purified on a gold net; 

· a carrier gas stream of 150 ml/min is used.




3.3
Quality assurance

Quality assurance associated with sampling is as follows:

· extensive washing procedures;

· plastic gloves used during sample change;

· precipitation amount measured in parallel using a meteorological rain gauge;

· participation in the intercomparison exercise run by IVL, Sweden in 1992 (Iverfeldt and Sjöberg 1992).

Quality assurance associated with analysis is as follows:

· direct calibration with 4 standards in each run;

· triplicate analysis of each sample;

· reference materials are analysed in each run;

· control charts;

· consistency checks.

Quality assurance associated with the detection limit is as follows:

· detection limit, determined as 3( of low concentration standard: 0,9 ng/l (for continuous flow method, better for the pre-concentration method).

3.4
Evaluation

Weighted monthly mean concentrations and monthly depositions are calculated from weekly samples. If a new month begins during the sampling period, the deposition is proportionately distributed between the two months using the rain amounts from the meteorological rain gauge.
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Technical Annex 3

Sampling and analysis of total gaseous mercury in ambient air - details of the GKSS method

1.
Equipment and cleaning procedure

Two au-coated glass bead columns are used for field sampling (these columns contain 400 mg of glass beads with diameters of 0,5‑0,7 mm, resulting in a gold surface of 15 cm2) with a Perkin Elmer Au/Pt net column for the analytical determination. Figure 5 gives details of a field trap.

[See figure page 31]

Figure 5.
Field trap

The gaseous mercury collected in the gilded glass bead tube in the field is transferred by heating to a calibrated Perkin Elmer Au/Pt net, using Hg-free argon with a purity of >99,998% (at a flow rate of 30 ml/min) as the carrier gas. This is known as the dual amalgamation technique. The sampling and transfer lines are made of Teflon tubing. Glass to glass connections (i.e. between the sampling trap and the analytical trap) are made with silicone tubing. The inlet filter is a quartztube 75 mm in length (with an inner diameter of 4 mm and an outer diameter of 6 mm) with a quartzwool plug 15 mm in length. A brief summary of the equipment and cleaning procedure is as follows:

· material: glass, quartz, Teflon;

· heating device: Perkin Elmer Part No. 102961 with a variable transformer;

· cleaning procedure for the field trap: thermal desorption at 500ºC for three minutes and purging with a Hg-free argon stream at a flow rate of 30 ml/min (three consecutive times);

· cleaning procedure for the analytical trap: thermal desorption at 800ºC for 25 seconds and purging with a Hg-free argon stream at a flow rate of 30 ml/min (two consecutive times);

· cleaning procedure for the inlet filter: thermal desorption at 1200ºC for 1,5 minutes and purging with an air-stream of 30 ml/min (three consecutive times);

· argon: Argon für Spektrometrie > 99,998 Vol.% (Producer: Messer Griesheim);

· pump: automatic Dräger gas detector pump (“Quantimeter 1000”). One stroke volume = 100 ± 5 cm3.

2.
Sampling

The first component of the sampling system is a quartz funnel and inlet filter to shelter the inlet against raindrops. This tube contains quartz-wool and its purpose is to retain any airborne particulates in the incoming air.

The analytical method for sampling total gaseous mercury (including elemental, organic and inorganic mercury) is based on the amalgamation of mercury with gold. Total gaseous mercury is collected on the surface of gold coated glass beads.

For sample collection two of these traps are placed in series. With this arrangement a breakthrough of mercury is detected with a significant mercury amount on the second trap. A third gold column (Perkin-Elmer) in the series prevents back diffusion of Hg from the pump when the flow is off. 

The air sample is sucked through the traps in strokes by the Dräger Quantimeter. The resistance of the traps is the most important factor for the airflow. The typical airflow is 20‑30 l/h. With each stroke of the pump 100cm3 of ambient air (with the current inlet temperature and current inlet pressure) passing the mercury traps.

Figure 6 shows schematically the general configuration for the set-up of the sampling system for total gaseous mercury in air:

· two field traps in series;

· sampling flow: 20-30 l/h;

· sampling time: 12‑24 hours (for TGM concentration in the range of 1‑10 ng/m3);

· cleaning of the inlet filter: after 24 hours sampling time.

[See figure page 32]

Figure 6.
Sampling system

3.
Sample storage

Field traps should be exchanged according to a fixed procedure taking great care to avoid contamination. Before and after sampling the ends of the traps are closed with plastic caps and the traps are stored in a firmly closed glass bottle. To prevent contamination during storage 1 g of silver wool should be kept in the bottle to bind gaseous mercury diffusing into the storage vessel.

4.
Volume standardisation

To convert the sample volume to a volume with standard conditions (0ºC and 1 atm or 273,16ºK and 1013,25 mB) it is necessary to multiply the pump volume with correction factors (calculated from the Ideal Gas Law).

V (Std.) = V (current) *273,16 K/T (inlet) and V (Std). = V (current) * P (inlet) / 1013,25 mB.

5.
Analysis

The gaseous mercury collected on the gilded glass bead tube in the field, is transferred by heating to 500ºC for 4 minutes to a calibrated Perkin Elmer Au/Pt net (analytical trap), using Hg‑free argon (with 30 ml/min flow rate) as the carrier gas (dual amalgamation technique). This procedure makes use of volatilisation and purging of Hg from field traps onto another trap prior to analysis. This technique separates the Hg from the air, moisture and particulate-phase matrix, and puts it into pure inert carrier argon before it is released to the AFS‑detector. The mercury from the analytical trap is transferred by thermal desorption at 800ºC for 25 seconds in an argon stream (with 30 ml/min flow rate) to the AFS-detector. Mercury analyses are conducted using a Brooks Rand CVAFS Mercury Analyzer (Model-2) or a Tekran Model 2500-CVAFS Mercury Detector equipped with an integrating Spectra-Physics Instrument (SP4270).

Figure 7 shows the general configuration for the set-up of the system to analyse total gaseous mercury, principally:

· thermal desorption from the field trap to the analytical trap: 500ºC for 4 minutes, with 30 ml/min flow rate;

· thermal desorption from the analytical trap to the AFS: 800ºC for 25 seconds, with 30 ml/min flow rate;

· AFS detector: Brooks Rand CVAFS Mercury Analyzer (Model-2) or Tekran Model 2500-CVAFS Mercury Detector;

· total gaseous mercury calculation: Peak Area of the integrated AFS Signal.

[See figure page 33]

Figure 7.
Experimental set-up for the analysis of total gaseous mercury


6.
Calibration

Mercury-saturated air is supplied from a closed 350 ml flask, containing 30‑40 ml of mercury (Dumarey et al., 1985). The inner pressure is kept at atmospheric pressure by means of a side-arm, which has access to ambient conditions via a capillary. The flask is placed in a thermostat (20ºC ± 0,1ºC). 0,1 ml saturated air is removed via a septum by using a gas-tight syringe (Hamilton #1810). 0,1 ml of air at 20ºC and 101,325 Pa contains 1,317 ng Hg according to Ideal Gas Law. Its accuracy depends mainly on the temperature of the mercury-saturated air, which must be lower than the ambient temperature to prevent condensation of mercury in the syringe. By preconditioning the syringe, initial irreproducible measurements caused by sorption are avoided. Under optimal conditions the standard deviation of the injection with 0,1 ml (n=10) is generally better than 3%. The re-establishment of the equilibrium between liquid and gaseous mercury depends on the cleanness of the pool surface. After some time, mercury at the surface becomes oxidised by atmospheric oxygen and the upper layer must be removed. Figure 8 shows the calibration equipment.

[See figure page 34]

Figure 8.
Calibration equipment

7.
Quality assurance

To provide an internal control on the field results, one set of 3 or 4 gold traps was routinely kept in the glass container during a field study. The set was then analysed along with the other field samples. In almost all cases, a typical mercury blank result of 5‑30 pg Hg was observed.

Participation in the “International Field Intercomparison of Atmospheric Mercury Measurement Methods” in Windsor, Ontario (Schroeder et al., 1995) and participation in the “International Field Intercomparison Measurements of Atmospheric Mercury Species at Mace Head, Ireland” (Ebinghaus et al., 1997) has proved the accuracy and precision of the GKSS method.

8.
Detection limit

The detection limit associated with the measurement of total gaseous mercury can be estimated based on three times the standard deviation associated with Au collection column field blanks, divided by the volume of air sampled (Gill et al., 1995). For a typical one week storage (in 1992) the field blanks averaged 0,026± 0,02 ng Hg (n=11). This corresponds to detection limits between 0,3 ng Hg/m3 and 0,12 ng Hg/m3, for sample volumes between 0,2 and 0,5 m3. Background concentrations for western Europe are around 1,5 ng Hg/m3 (Ebinghaus et al., 1995)
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