
[image: image1]
Table of contents

41.
Purpose of this Guidance Document


52.
BACKGROUND


52.1.
Objectives of the WFD regarding chemical monitoring of surface waters


73.
TERMS AND DEFINITIONS


94.
MONITORING DESIGN RELATED TO SURVEIL-LANCE, OPERATIONAL AND INVESTIGATIVE MONITORING.


94.1.
General – Monitoring Design


104.2.
Matrix Selection


124.3.
Use of models as a tool in WFD monitoring


144.4.
Monitoring frequency


154.5.
Surveillance Monitoring


154.5.1.
Objectives


154.5.2.
Selection of monitoring points


164.5.3.
Selection of monitoring parameters


174.6.
Operational Monitoring


174.6.1.
Objectives


174.6.2.
Selection of monitoring points


184.6.3.
Selection of monitoring parameters


184.7.
Investigative Monitoring


184.7.1.
Objectives


184.7.2.
Selection of monitoring points/matrix/parameters


195.
TECHNIQUES FOR SAMPLING


195.1.
General remarks on sampling


195.1.1.
Existing guidance documents


215.2.
Water Sampling


235.3.
Sampling of suspended particulate matter (SPM)


245.4.
Sediment Sampling


255.5.
Biota Sampling


286.
TECHNIQUES FOR ANALYSIS


286.1.
Method performance criteria


296.1.1.
Uncertainty of measurement,,,


306.1.2.
Limit of detection/Limit of quantification


316.2.
Water Analysis


326.3.
Sediment/SPM Analysis


326.4.
Biota Analysis


336.5.
Substance Guidance Sheets


346.6.
Group parameters and definition of indicator substances


367.
ALTERNATIVE METHODS


367.1.
Introduction


377.2.
Applications of alternative methods in WFD monitoring


39ANNEX I: List of ISO method for soil analysis


40ANNEX II: Substance Guidance Sheets (to be completed)


41ANNEX III: Existing certified reference materials (to be completed)





Members of the drafting group:
Peter Lepom, Federal Environment Agency (DE)

Georg Hanke, EC Joint Research Centre (EC JRC)

Jan Wollgast, EC Joint Research Centre (EC JRC)

Robert Loos, EC Joint Research Centre (EC JRC)

Gert Verreet, DG Environment (EC)

Philippe Quevauviller, DG Environment (EC)

Stefano Polesello, CNR-IRSA (IT)

John Batty, Environment Agency (UK)

Bruce Brown, Environment Agency (UK)

Alejandra Puig, Ministry of Environment (ES)

Amparo Martin, Ministry of Environment (ES)

Ciaran O’Donnel, Environmental Protection Agency (IE)

Elisabeth Nyberg, The Swedish Museum of Natural History (SE)

Anders Bignert, The Swedish Museum of Natural History (SE)

Norman Green, Norwegian Institute for Water Research, (N)

Jens Møller Andersen, National Environmental Research Institute (DK)

Susanne Boutrup, National Environmental Research Institute (DK)

Alfred Rauchbüchl, Federal Agency for Water Management (A)

Joan Staeb, Ministry of transport and water management RWS-RIZA (NL)

Gert-Jan de Maagd, Ministry of transport and water management DG Water (NL)

Celine Tixier, IFREMER (F)

Anja Duffek, Federal Environment Agency (DE)

Guidance for Chemical Monitoring under the Water Framework Directive

1. Purpose of this Guidance Document

A strategy for dealing with pollution of water from chemicals is set out in Article 16 of the Water Framework Directive 2000/60/EC (WFD). As a first step of this strategy, a list of priority substances was adopted (Decision 2455/2001/EC) identifying 33 substances of priority concern at Community level. The Directive 2006/XX/EC on environmental quality standards and pollution control in the field of water policy, amending Directive 2000/60/EC, has the objective to ensure a high level of protection against risks to or via the aquatic environment arising from these 33 priority substances by setting European environmental quality standards and formulating necessary emission controls. In addition, the WFD requires Member States to identify Specific Pollutants in the River Basins and to include them in the monitoring programmes. Monitoring of these substances for the purpose of determination of the ecological status shall be performed according to Article 8 and Annex V of the WFD.

Member States have expressed the need for more guidance on implementation details of the monitoring for chemical substances. In-line with previous documents under the WFD Common Implementation Strategy (WFD CIS) this guidance document has therefore been developed, as mandated through the Chemical Monitoring Activity. While not being legally-binding it presents the common view of EU Member States on how to monitor chemical substances in the aquatic environment. This document should present best practices, complement existing guidance in the CIS and give links to relevant guidance already in practice.
This guidance includes the monitoring of the WFD priority substances, other specific pollutants and all other chemical parameters relevant in the assessment of the ecological or chemical status of a water body or in the assessment of programmes of measures. The guidance focuses on monitoring including sampling and laboratory analyses, but it covers also in-situ field monitoring of physico-chemical quality elements, but not the monitoring of hydromorphological elements.
This document represents the current state of technical development in a field that is undergoing continuous changes through ongoing scientific research. This denotes that the guidance is open to continuous improvements and will regularly be updated. Examples for current research areas are the application of time integrating sampling methods and the use of effect or bioindicator based methodologies
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2. BACKGROUND

The Water Framework Directive, including its amendments and existing guidance, provide the background for this guidance document. Links with these documents are indicated and sections of specific importance are provided for easier reading.

In the Water Framework Directive the provisions regarding the monitoring of chemical substances in the surface water are laid down in article 8 and the Annex V.
2.1. Objectives of the WFD regarding chemical monitoring of surface waters
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The Directive sets the Environmental Quality Standards and the basic provisions for compliance checking.
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General guidance on monitoring water quality elements can be found in the guidance document No. 7 MONITORING UNDER THE WATER FRAMEWORK DIRECTIVE produced by Working Group 2.7 - Monitoring. The document deals with both chemical and biological parameters, but specific requirements on guidance for chemical monitoring under the latest Directives are not covered.
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The monitoring requirements depend to a large extent on the pressures and impacts that have been identified for the specific water body. Monitoring requirements can therefore change with ongoing assessments and changing pressures and impacts. Reductions in monitoring requirements will have to be based on pressure and impact assessments.


[image: image6]
The Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS provides general for rules sampling, sample treatment and analytical methods to be used in surveillance and operational monitoring pursuant to Article 8 and Annex V of Directive 2000/60/EC and specifies minimum performance criteria for chemical monitoring methods used by laboratories mandated by competent authorities of the Member States to perform water chemical monitoring for such samples, and for demonstrating the quality of analytical results.
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The content of this document has been based on the activities of the Expert group on Analysis and Monitoring of Priority Substances (AMPS), the chemical monitoring activity and discussions throughout the ongoing WFD implementation process.
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3. TERMS AND DEFINITIONS

Selected terms and definitions of specific importance for the chemical monitoring according to WFD are listed here. In addition, some terms of utmost importance are given here using the exact wording from WFD, daughter directives and the CIS guidance documents to assist clarity. All other terms, which have already been agreed upon and defined elsewhere in WFD directive and associated documents, are used without amendment.
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Specific terms and definitions for the guidance of chemical monitoring

Whole water:

“Whole water” shall mean the water sample when solid matter and the liquid phase have not been separated”.

Liquid fraction:
“Liquid fraction” shall mean an operationally defined fraction of whole water from which suspended particulate matter has been removed by an appropriate methodology”.

Total determinand concentration:
Hence, “total determinand concentration” shall mean the concentration in whole water, this includes both dissolved and particle bound determinand concentrations”.

Dissolved determinand concentration:

“Dissolved determinand concentration” shall mean the concentration in the liquid fraction of a whole water sample”

SPM:

“Suspended particulate matter (SPM)” shall mean the particulate matter fraction of the whole water sample after separation with an appropriate methodology.”

SPM determinand concentration:

“SPM determinand concentration” shall mean the concentration of determinand bound to SPM”.

Discharged:

A substance is considered being discharged into a river basin when it is being introduced by direct or diffuse inputs or accidental releases.

Further important definitions should be added as they occur in the different sections of the document.
4.  MONITORING DESIGN RELATED TO SURVEIL-LANCE, OPERATIONAL AND INVESTIGATIVE MONITORING.

4.1. General – Monitoring Design

The surface water monitoring network shall be established in accordance with the requirements of Article 8 of the Water Framework Directive (WFD). The monitoring network shall be designed so as to provide a coherent and comprehensive overview of ecological and chemical status within each river basin. 

On the basis of the characterisation and impact assessment carried out in accordance with Article 5 and Annex II of the WFD, Member States (MS) shall establish for each river basin management plan period:

Surveillance monitoring programme

Operational monitoring programme

Investigative monitoring programme 

Designing monitoring programmes

All available information about pressures and impacts as e.g. from the pressure and impact assessment and additional information sources should be used for setting up the monitoring strategy (For instance emission data, data on where and for what a substance is used.). The pressure data should be used to determine the necessary monitoring efforts. 

In many case it will be relevant to use a stepwise, screening approach to identify non-problem areas, problem areas, major sources etc. This approach can for instance start with expected hot spots and sources to gain a first impression of the scale of the problem. Thereafter a more focused monitoring can be performed directed to relevant problem areas and sites. For many substances screening of the levels in water as well as in biota with limited mobility and in sediment will be the best way to get the optimum information within a given amount of resources. When the problem areas are identified, analysis of a limited number of water samples can be performed.

The use of numerical models with a sufficient level of confidence and precision for designing the monitoring programmes can also be helpful.

The documentation of progressive reduction, in concentrations of priority substances and other pollutants, and the principle of no deterioration are key elements of WFD and require appropriate trend monitoring. Member states should consider this when designing their monitoring programmes. Data obtained in surveillance and operational monitoring may be used for this purpose.

Sampling strategy

Important principles of sampling strategy have been described in the CIS guidance document No.7 (e.g., 2.4., 2.7.2, 5.2.5).

The type of water sample to be taken at each site is part of the strategy for the monitoring programme. For most water bodies spot samples are likely to be appropriate, but in water bodies where pollutant concentrations are heavily influenced by flow conditions and temporal variation and if pollution load assessments are to be performed other more representative types of samples may be beneficial. Flow-proportional or time-proportional samples may be better in such cases. In stratified water bodies such as lakes, estuaries and coastal waters depth integrated samples should be selected to give a better representation of the water column compared to a single sampling depth.

4.2. Matrix Selection

The principle matrix for assessing compliance
 with respect to Environmental Quality Standards (EQS) for priority and other polluting substances is whole water, or for metals, the liquid fraction obtained by filtration of the whole water sample, as long as EQS have been derived only for water, and not for sediment and biota, respectively. Thus, whole water data may be generated by analysis of the whole water sample, or by separate determinations on liquid and SPM fractions. If it can be justified – for example by considerations of expected contaminant partitioning – it may be argued that there is not a need to analyse a particular fraction. If a sampling strategy is selected involving only liquid or SPM fractions, then the MS shall justify the choice with measurements, calculations, etc. All justifications of practice shall be based on data derived from appropriate quality control activities. 

However, demonstrating compliance with EQS in water may be problematic in some cases. Examples include:
· Available analytical methods are not sufficiently sensitive for accurate quantification of substances at the required concentration level (LOQ = 30% EQS - link to Commission decision) This refers to methods for the analysis of tributyl tin, pentabromodiphenylether,
· Water bodies with high and fluctuating SPM content (sampling representative water sample is problematic)
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Depending on the objective of monitoring and the physico-chemical properties of the substance to be monitored analyses of sediment and biota may be just as important in chemical monitoring of surface waters. One key purpose of the WFD is to prevent further deterioration of the status of aquatic ecosystems. Monitoring of contaminants in sediment and biota can be used to assess the long-term impacts of anthropogenic activity and thus, to assess the achievement of the above mentioned objective. It includes the determination of the extent and rate of changes in levels of environmental contamination.

Analysis of sediment and biota samples can be used to upscale the results from a representative selection of water bodies where water and/or biota is analysed, provided that the same kind of pressure is involved (e.g. transboundary air pollution).

For hydrophobic and lipophilic substances sediment and biota are resource effective in trend monitoring. The use of sediment and biota may be justified in three main cases:

· to assess compliance with the no deterioration objective (concentrations of substances are below detection limits, declining or stable and there is no obvious risk of increase) of the Water Framework Directive 

· to assess long-term changes in natural conditions and to the assess the long term changes resulting from widespread anthropogenic activity. 

· to monitor the progressive reduction in the contamination of priority substances (PS) and phasing out of Priority Hazardous Substances (PHS)

Furthermore, the use of sediment and biota in monitoring hazardous substances is important in other issues of WFD implementations, viz:

· identify fate and behaviour of pollutants
· describe the general contaminant status and to supply reference values for regional and local monitoring programmes

· accumulating matrices gives an integrated measure of the contaminant burden over a longer time period and hence a less variable measure and consequently an improved statistical power for time series analysis

The selection of the monitoring matrix has implications on the monitoring frequencies on both scientific and cost grounds. Details on monitoring frequencies will be described in chapters 4.4.
4.3. Use of models as a tool in WFD monitoring
Numeric models are important tools for planning monitoring strategies and designing of monitoring programs. They can help to understand the spatial and temporal variations in pollutant concentrations. For instance measurements in sediments and biota combined with models can be used to estimate dissolved water concentrations. Thus appropriately validated and tested models can provide, within the impact and pressure assessments, additional evidence that EQS will not be violated in a specific water body under the most adverse conditions.

Nevertheless, concentrations of contaminants estimated by modelling cannot be used, due to their uncertainty, for the purpose of compliance checking for water bodies that are at risk to fail WFD provisions at the current state of art.
According to the rules of partitioning theory relationship curves and/or mechanistic models can be used to estimate a corresponding, or equilibrium water concentration from measured levels in biota/sediments. This way, areas can be cost-efficiently scanned using sediments and biota to compare contaminant levels in different areas and to identify possible sources of contaminants to the area.

Relationship curve models are based on correlations between chemical measurement data and some descriptor, whereas mechanistic models are based on processes giving rise to the observed data. There are several examples of both relationship curve models and mechanistic models, such as OMEGA (EU Rebecca project), or BCFWIN (Meylan et al. 1999)
 (relationship curves) and Bioaccumulation Fish Model (Mackay 2001)
 (mechanistic). One example of relationship curves models is the use of bioaccumulation factors (BAF) in relation to the partitioning coefficient between octanol and water (KOW). BAFs have been used for the past 25 years to describe the net increase of organic contaminants from water to biota, as BAF = CHEMICALANIMAL/CHEMICALWATER. Because BAF is related linearly to KOW, this relationship curve can be used to calculate the water concentration of a chemical when the level in biota and its partitioning coefficient are known. In the absence of environmental measurements of a chemical in biota and water to calculate BAFs, this relationship is also a useful tool for exposure and risk assessments of new chemicals. This issue is being explored by several programmes, such as: Registration, Evaluation and Authorisation of CHemicals (REACH)
 in the European Union (European Commission 2004), the Canadian Environmental Protection Act (CEPA)’s Domestic Substances List (DSL) (Environment Canada 2003)
, and the US EPA high production chemicals assessments (Walker et al. 2004)
.

One example of a mechanistic model is SEDFLEX (Saloranta et al., 2006)
. This model is composed of one dispersion part simulating the sources, sinks and transports of contaminants in a fjord, estuary or lake system, and a food web part that calculates uptake and accumulation in biota, as well as quantification of different food sources, mainly from sediment or from water (Saloranta et al., 2006)6. When emission data is added to the dispersion part, SEDFLEX can predict how changes in the environment would be reflected in water, biota or sediment and what the response time would be.

The predictive power of models is only valid within the framework and limits defined by its assumptions. Models with a sufficient level of confidence can be helpful for designing the monitoring programmes. However, it is important to define the desired level of confidence and consider uncertainties associated to chemical measurements in biota/sediments as well as to other parameters used in the model. As a result estimated water concentration may vary considerably. By the use of model sensitivity analyses, combined with knowledge on uncertainty of measurement, the confidence of the model performance can be assessed. The level of confidence will be site and chemical specific. It is crucial that the model performance has to be carefully documented. Existing knowledge gaps must be quantified and taken into account as uncertainty factors when applying models.

In using sediments and biota as a first level screening for certain chemicals in the monitoring programme, water measurements may be downscaled. The initial screening will help identifying areas of concern, to where effort can be directed, such as a follow up with water samples and direct measurements. This process provides good grounds for using models where appropriate.

4.4. Monitoring frequency
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More frequent sampling may be necessary e.g. to detect long-term changes, to estimate pollution load and to achieve acceptable levels of confidence and precision in assessing the status of water bodies.

In general, it is advisable to take samples in equidistant time intervals over a year. In case of pesticides and other seasonally variable substances, which show peak concentrations within short time periods enhanced sampling frequency compared to that specified in the WFD is required in these periods. The results of those measurements should be compared with the MAC-EQS. For example, the best sampling time for detecting concentration peaks of pesticides due to inappropriate application is after heavy rainfall within or just after the application period. Moreover, cleaning of mobile equipment after crop rotation or at the end of the season before winter can also cause pesticide peak concentrations. Other reasons for enhanced sampling frequency include touristic pressures, seasonal industrial activities, which are common practice in for example pesticide production etc.

Sampling intervals greater than once a month are justified in case of biota and sediment monitoring because changes in composition take place slowly.

When the analysed matrix is biota a sampling frequency of once a year is recommended.

When the analysed matrix is sediment a sampling frequency of once a year up to once every 6 years is recommended, depending on sedimentation rates and the objective of the monitoring.

To estimate the pollutant load which is transferred across Member State boundaries, and which is transferred into the marine environment as many as possible samples should be taken. In case of spot sampling for substances, which show a wide range of concentrations, 24 samples a year are recommended.

Reduced monitoring frequencies and on some occasions even no monitoring may be justified when monitoring reveals/has revealed that concentrations of substances are below detection limits, far below the EQS, declining or stable and there is no obvious risk of increase. 

The monitoring frequencies quoted in the Directive may not be practical for transitional and coastal waters, for Nordic lakes, which can be iced lasting for month and for Mediterranean rivers running dry several months a year.
4.5. Surveillance Monitoring

4.5.1. Objectives

According to WFD Annex V1.3.1 the objectives of surveillance monitoring of surface waters are to provide information for:

· Supplementing and validating the impact assessment procedure detailed in Annex II;

· The efficient and effective design of future monitoring programmes;

· The assessment of long term changes in natural conditions; and

· The assessment of long term changes resulting from widespread anthropogenic activity.
It should be stressed that surveillance monitoring is not intended for:

-
mapping and analysing water quality problems;

-
testing the effectiveness of the programme of measures;

-
obtaining a detailed or complete overview of the quality of all types of water.

Such information is to be gathered within operational monitoring, investigative monitoring, and existing non-WFD related monitoring activities.

It is recommended using monitoring data which has to be reported according other European directives, international river and seas conventions for the purpose of surveillance monitoring (e.g. 76/464/EWG, Nitrates Directive 91/676/EEC, OSPAR JAMP) where appropriate.
4.5.2. Selection of monitoring points

The criteria for selection the surveillance monitoring points are given in WFD Annex V 1.3.1.Water bodies at risk, probably at risk, probably not at risk and not at risk of failing the environmental objectives should be covered adequately.
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Sampling points should include major rivers as well as points at the downstream end of relevant sub-catchments.

Sampling points for physico-chemical parameters supporting the biological quality elements shall be identical with those for the biological elements. For priority substances and other pollutants other sampling points may be selected.

It is recommended providing surveillance monitoring sites with fixed monitoring stations and automatic samplers allowing the collection of mixed samples. If not available, spot samples have to be collected. Water level and flow should be recorded as well as pH, conductivity, and temperature e.g. by using suitable probes.
Aggregation of water bodies is possible if the water bodies can be compared in respect of geography, hydrology, geomorphology, trophic level and extent of human pressures. In such cases, member states shall provide evidence that the water body where monitoring is carried out, is indeed representative of the group of water bodies. 
In case of transboundary waters, consultations about the proposed water body and surveillance monitoring sites should be held between the Member States involved.

Monitoring sites to be used for pollution load estimation (country boundaries and transition from inland waters to marine environment), shall include representative water quantity as well as quality monitoring.
Representative approaches related to diffuse and widespread sources are often relevant in surveillance monitoring. In such cases sufficient monitoring points must be sampled within a selection of water bodies in order to assess the magnitude and impact of the pressures. Results can be up-scaled by using measurements of biota or sediment samples from a larger number of bodies.

Provided that there is a good documentation that local sources are absent, a few water samples from a number of representative bodies should be sufficient to identify non-problem areas affected only by diffuse input via long-range transport of pollutants. 
4.5.3. Selection of monitoring parameters

Chemical monitoring comprises three categories of parameters:

-
Substances that have to be assessed in respect of compliance with European environmental quality standards (EQS), e.g. priority substances 

-
Other polluting substances, e.g. river-basin-specific substances for which no European EQS are available and which have hence be assessed in respect of compliance with national or river-basin-specific EQS

-
Primary physico-chemical parameters, e.g. nutrients, oxygen, temperature, salinity, conductivity, pH, which support interpretation of biological data and those required for reliable interpretation of the results of chemical measurements (e.g. DOC, Ca, SPM content)
For the purpose of surveillance monitoring priority substances discharged into river basins or sub-basins must be analysed. Other pollutants defined as any substance liable to cause pollution in particular those listed in Annex VIII also need to be monitored if they are discharged in significant quantities in the river basin or sub-basin. In addition, relevant physico-chemical parameters should be measured.
4.6. Operational Monitoring

4.6.1. Objectives

Operational monitoring shall be undertaken in order to:

· establish the status of those bodies identified as being at risk of failing to meet their environmental objectives, and

· assess any changes in the status of such bodies resulting from the programmes of measures.

Contrary to surveillance monitoring, operational monitoring is characterised by spatial and temporal flexible monitoring networks, problem-oriented parameter selection and sampling frequencies.
The operational monitoring programme may be modified during the planning period (6 years) if there is reason to do so from the viewpoint of monitoring results. The monitoring frequency can be reduced, for example, when an effect is no longer deemed to be significant or the pressure in question has been eliminated. This applies when at least the good chemical or ecological status has been achieved. As soon as the good status has actually been achieved, the operational monitoring can be completely stopped and surveillance monitoring will suffice. If operational monitoring aims at the assessment of changes in the status of water bodies resulting from programme of measures, it might be justifiable to suspend monitoring for a certain time period as long as no change in the status can be expected. 
4.6.2. Selection of monitoring points 

The criteria for selection operational monitoring sites are given in WFD Annex V 1.3.2.
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In case of significant chemical pressures from point sources, sufficient locations must be selected to assess the magnitude and impact of these point sources. 

In case of significant chemical pressures from diffuse sources the water body selected for operational monitoring must be representative of the occurrence of the diffuse pressures, and of the relative risk of failure to achieve good surface water status. However, it should be taken into account that water bodies can only be grouped where the type and magnitude of pressure are similar.
Small water bodies , <0.5 km2 (lakes) or <10 km2 river basin (rivers) need not be included in the operational monitoring unless they are of considerable importance for the total river basin, so that chemical pressures would affect the major part of the river basin.
4.6.3. Selection of monitoring parameters

In order to assess the magnitude of the chemical pressure to which bodies of surface water are subject Member States shall monitor for all priority substances and other pollutants discharged in significant amounts. In addition, physico-chemical parameters relevant for reliable interpretation of the results of chemical measurements (e.g. DOC, Ca, SPM content) should be measured.

4.7. Investigative Monitoring

4.7.1. Objectives

Investigative monitoring may be required in specified cases. These are given as: 

· where the reason for any exceedance (of Environmental Objectives) is unknown
· where surveillance monitoring indicates that the objectives set under Article 4 for a body of water are not likely to be achieved and operational monitoring has not already been established, in order to ascertain the causes of a water body or water bodies failing to achieve the environmental objectives 
· to ascertain the magnitude and impacts of accidental pollution 

Investigative monitoring might also include alarm or early warning monitoring, for example, for the protection of water bodies subject to drinking water abstraction against accidental pollution.
4.7.2. Selection of monitoring points/matrix/parameters 

The starting point of investigative monitoring will often be that surveillance or operational monitoring have revealed that the EQS values are exceeded, but the causes are unknown or poorly understood. It is, however, very difficult to give general guidance on how to proceed in investigative monitoring since a case by case approach seems to be the only way forward and local conditions, the type of pressures, and the specific aim of the investigation have to be taken into account. This will in general require expert knowledge and judgment. The necessary monitoring points, the matrix and parameters to be monitored as well as the frequency of sampling and the duration of the monitoring have to be adjusted to the specific case or problem under investigation. Investigative monitoring is characterised by spatial and temporal flexible sampling and can be stopped as soon as the cause of non-compliance has been identified. Then, a suitable operative monitoring has to be established. In case of accidental pollution investigative monitoring can be ceased as soon as the magnitude of accidental pollution has been ascertained.
Before starting investigative monitoring in-depth pressure analysis may be required. In particular, it has to be clarified whether point or diffuse sources have to be taken into account as potential cause for non-compliance.
In order to identify the causes for exceedance of EQS in a water body or several water bodies Member States shall monitor the priority substance(s) or other pollutant(s) of which the water concentration exceeds EQS.
5. TECHNIQUES FOR SAMPLING
Assessments of chemical and ecological status of water bodies are based on samples taken from the water bodies for further analysis and on in situ monitoring of quality elements. The parameters included in the monitoring are those needed to check the WFD criteria for good chemical status and supporting parameters useful for the assessment of ecological or chemical status. 

5.1. General remarks on sampling

The quality of assessments based on the results of the analyses of the samples taken is dependent on the quality of the sampling and on an understanding of the inherent variability in the media from which samples are taken and the inherent limitations in taking representative samples from the media. The uncertainties of environmental assessment related to natural variability or sampling uncertainties are as important as the uncertainties in analysing the samples, although they are often more difficult to quantify. A key factor in reducing the uncertainties related to sampling as much as possible is that the staff in charge of the sampling is sufficiently educated and trained in the sampling procedures and in the risks and consequences of taking inappropriate samples. This includes knowledge of the objectives of the monitoring programme and the further treatment of the samples taken. It is also important, that the identification of the sampling sites and procedures are sufficiently and unambiguously described in the monitoring programmes and instructions, and that appropriate sampling equipment is available. The sampling should include a routine sampling report sufficiently detailed to document the sampling performed and include observations relevant for the assessment of the monitoring results.

The design of a monitoring programme includes the selection of sampling points and sampling frequencies as described in Chapter 4. The design of the sampling programme depends on the objectives of the monitoring programme. The exact selection of a sampling point, including sampling depths, is very depending on local conditions, e.g. parameters such as vertical and lateral mixing, water homogeneity and possibilities to use appropriate sampling equipment (see e.g. ISO 5667-6).

Therefore, a detailed knowledge of potential sampling sites is generally a prerequisite in the detailed planning of a monitoring programme. 

QA/QC procedures should be established to ensure the quality of the sampling activities of a monitoring programme, including care to preserve sample integrity. Guidance is given in ISO 5667, Part 14: Guidance on quality assurance of environmental water sampling and handling. 

Quality assurance of sampling including selection of sample, pre-treatment, sub-sampling, preservation, storage and transport is essential for the quality of final results of the chemical analyses. The quality assurance procedures established must reflect that the sampling takes place in the environment under all weather conditions, which are likely to be very different from those in the laboratory.

5.1.1. Existing guidance documents

The Guidance document No. 7 - MONITORING UNDER THE WATER FRAMEWORK DIRECTIVE does not give guidance on sampling techniques, but refers to ISO Standard 5667 (www.iso.org) on Water Quality – Sampling and to the Oslo-Paris Commission (OSPAR, www.ospar.org) Strategy for the Joint Assessment and Monitoring Programme (JAMP).
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ISO Standard 5667 on Water Quality – Sampling

This standard series includes 19 parts. Those considered relevant for sampling in WFD monitoring programmes are:
Part 1:

Guidance on the design of sampling programmes
Part 2:

Guidance on sampling techniques
Part 3:

Guidance on the preservation and handling of water samples
Part 4:

Guidance on sampling from lakes natural and man-made
Part 6:

Guidance on sampling of rivers and streams
Part 9:

Guidance of sampling from marine waters
Part 12:
Guidance on sampling of bottom sediments
Part 14:
Guidance on quality assurance of environmental water sampling and handling
Part 15:
Guidance on preservation and handling of sludge and sediment samples
Part 16:
Guidance on biotesting of samples
Part 17:
Guidance on sampling of suspended sediments
Part 19:
Guidance on sampling in marine sediments
Part 20:
Guidance on the use of sample data for decision making – compliance with limit values and classification (draft)
In some cases the following parts can also be relevant:

Part 8:

Guidance on sampling of wet deposition
Part 10:
Guidance of sampling of waste waters
Part 11:
Guidance of sampling of groundwaters
Part 18:
Guidance on sampling of groundwater at contaminated sites
OSPAR Commission Monitoring Guidelines

The Oslo-Paris Commission Strategy for the Joint Assessment and Monitoring Programme (JAMP) includes guidelines on monitoring and sampling in the marine environment. Most of these guidelines are relevant for sampling in marine WFD monitoring programmes:
· Guidelines for Monitoring Contaminants in Biota
· Guidelines for Monitoring Contaminants in Sediments
· Guideline for the Estimation of Riverine PAH Inputs into the North Sea and the North-East Atlantic
· Eutrophication Monitoring Guidelines: Chlorophyll a in Water
· Eutrophication Monitoring Guidelines: Oxygen
· Eutrophication Monitoring Guidelines: Nutrients
Guidelines for Contaminant-specific Biological Effects Monitoring can also be relevant.

5.2. Water Sampling 

WFD chemical status is assessed from analyses of water samples for substances with stated chemical water quality criteria. Other chemical analyses in water and in other matrices are supporting parameters for the assessments of the ecological and chemical status. 

The sampling usually goes along with in situ measurements of selected parameters using probes. These measurements can be used in deciding the exact sampling position. The sampling is the retrieval of samples and transfer to suitable sample containers. The sampling may also include a mixing of samples for integrated samples or a collection of sub-samples for specific purposes. Finally, prescribed preservation of the samples is made, and the samples are safely and adequately brought to the laboratory.

The set-up of the monitoring strategy includes decisions on the sampling stations, sampling frequencies and methods. This selection is a compromise between a sufficient coverage of samples in time and space and limiting the monitoring costs. The selection must be specified in the monitoring programme as described in Chapter 4. However, some details of the sampling may depend on the hydrographic conditions on the sampling date

The relevant standards and guidelines for water sampling are:

· ISO Standard 5667

Part 2: Guidance on sampling techniques
Part 3: Guidance on the preservation and handling of water samples
Part 4: Guidance on sampling from lakes natural and man-made
Part 6: Guidance on sampling of rivers and streams
Part 9: Guidance of sampling from marine waters
· OSPAR JAMP Eutrophication Monitoring Guidelines: Nutrients
· OSPAR JAMP Eutrophication Monitoring Guidelines: Oxygen
· OSPAR JAMP Eutrophication Monitoring Guidelines: Chlorophyll a in Water
Summary of key elements in the standards and guidelines
Sample types

The type of water sample to be taken at each site is part of the strategy for the monitoring programme as described in Chapter 4. For most water bodies spot samples are likely to be appropriate, but in some wastewater influenced streams flow-proportional or time-proportional samples may be beneficial. In stratified water bodies such as lakes, estuaries and coastal waters depth integrated samples should be selected to give a better representation of the water column compared to a single sampling depth. 

Field measurements

The field sampling procedures usually include in situ measurements of physical and chemical parameters, e.g. water flow, temperature, conductivity, dissolved oxygen, pH, transparency, salinity and fluorescence either in the surface water or in a vertical profile. When the results of these in situ measurements influence the sampling, precise guidelines for the selection of e.g. sampling depths based on the field measurements results must be included in the sampling instructions. In stratified water bodies (lakes, estuaries and coastal waters) the densities of phytoplankton and related chemical parameters can change dramatically across a vertical discontinuity. This must be reflected in the sampling strategy and instructions.

Sampling 

The sampling equipment is selected according to the type of water body and to the sample requirements (e.g. size and integrity) for performing the analyses of the monitoring programme. Thus, the main requirement of the sampling equipment are that the equipment enable the wanted sampling without risks of including irrelevant material such as sediment or water from a different depth (e.g. surface water film) or during a time different from the time specified. Also, the sampling equipment must be without risks of contaminating the sample, both from the construction materials of the sampler (adsorption and/or release of compounds) and from the previous use for sampling in other water bodies (memory effects). Samples used for subsequent chemical analyses can be mixed samples to save analytical costs to average concentrations in the water body vertically, horizontally or over time. 

Sample containers

The properties of the sample containers must ensure possibilities of transport and storage without leading to contamination or other changes in the relevant chemical properties of the sample. Some precautions, depending on the nature of analysed contaminants, must be taken to avoid contamination of the sample. Plastic materials (except Teflon PTFE) must not be used for the determination of organic contaminants (e.g. PCBs, PAHs). Samples taken for the analysis of organic contaminants must be stored in glass, teflon or stainless steel containers. Samples collected for analysis of metals can be stored in closed plastic or glass containers. For mercury, samples must be stored in glass or quartz containers, as mercury can move through the walls of plastic containers. For organotins, storage of samples is preferably done in glass, but containers of other materials such as polycarbonate or aluminium are also suitable. The type of containers should always be selected after consulting the laboratory performing the chemical analyses, or the containers should be supplied by the laboratory. Depending on the parameter to be analysed for, specific conditioning and/or cleaning of sample containers prior to use may be required
Sample preservation and storage

Sample preservation may be needed for many different substances. Redox processes are likely to change the content of e.g. Fe2+, CN- and H2S even at low temperature, and decomposition of degradable organic matter will change both BOD and O2 of a sample. Without preservation many metals are like to precipitate as hydroxides and some substances can be lost as a gas (e.g. CO2, O2, and Hg). 

If samples are analysed within 24 hours and store in the dark at 1-5 °C many of the chemical parameters in unpolluted waters have not changed significantly. Examples of exceptions are nutrients in low concentrations. In general, storage of samples at temperatures below -20 °C allows the sample to be stored for longer periods of time. However, freezing is not appropriate for volatile components. Also, it is needed to remove suspended matter, algae and other micro-organisms by filtering the sample before freezing to avoid changes in dissolved substances, e.g. caused by a disruption of cells.

Procedures for preservation and storage of samples should be agreed with the laboratory performing the chemical analyses.

Sampling report

The sampling report must include a complete documentation of the sampling performed and any field observation likely to be significant for the assessments of the monitoring results. 

5.3. Sampling of suspended particulate matter (SPM) 

In cases where partitioning of strongly hydrophobic organic substances and SPM type and content of the water body lead to a very high percentage of particle bound contaminant, SPM can be a suitable surrogate for whole water, while still achieving uncertainty target values. The separation of SPM from the water can be accomplished by appropriate filtration or centrifuging either in the field or in the laboratory. Commonly, filtration through glass-fibre depth filters with a nominal retention rate of 99% at 0.7 µm is used.
Sedimentation boxes may constitute a cost effective alternative to collect a suitable surrogate for SPM.

The relevant standards and guidance documents for SPM sampling are:

· ISO Standard 5667

Part 17: Guidance on sampling of suspended sediments
· OSPAR JAMP Guideline for the Estimation of Riverine PAH Inputs into the North Sea and the North-East Atlantic

Summary of key elements in standards and guidelines 

The guidance documents mentioned mainly refer to river sampling but the principles can be adapted to other categories of water bodies. However, the guidance give no specific recommendations on the methods for sampling except to point out the importance of maintaining a consistency of technique in order to retain the value of long-term monitoring and comparability between monitoring stations. The following factors are essential in deciding on the sampling regime:

· Horizontal and vertical variations in suspended solids.

· Variations in time and space in suspended solids considering especially seasonal variations, base-flow and storm flow conditions, tidal influence and influence from primary production on suspended solids.

· The volume of sample required to minimize the error producing effects caused by non-homogeneities in the water body and to meet analytical requirements.

The sampling equipment and techniques include conventional bulk water samplers and samplers pumping water from the sampling point. Pumped samples are appropriate for most water bodies, if SPM is fine enough (<63µm) not to require isokinetic sampling.

The separation of the suspended solids can be accomplished by either a centrifuge or a filtration unit either operated in the field, especially when large amounts of SPM are wanted, or in the laboratory. A separation by passive settling of suspended solids by natural gravity cannot be recommended, because the quality of the selectively settled particles may differ considerably from the total suspended solids in the water, unless comparability between suspended and settling particulate matter has been shown. A procedure must be set (e.g. rinsing) to account for residual salts from seawater in the SPM sample whenever needed.

The sampling report must include a description of the appearance of the water and a specification of the sampling and separation equipment and procedure.

5.4. Sediment Sampling 

Depending on sampling frequency, sedimentation rate and surface mixing, surface sediments can be suitable for spatial and long term temporal trend assessment of the degree of contamination. Sediments are especially useful because of this integration, and their high hydrophobic contaminant levels. The degree of accumulation of a contaminant depends on its physico-chemical properties and the type of sediment (grain size, content and type of organic matter and minerals). Therefore, it is essential to sample and compare analyses from similar sediments or to compare normalised results to assess the degree of contamination. Therefore, particle size analyses and measurements of organic content are advised. Furthermore, sampling and analysis of vertical profiles of contaminants in non-mixed bottom sediments are also suitable for analyzing retrospective temporal trends in the degree of contamination. The sediment deposition rates and the age of the sediment are important for the selection of the sediment sampling depths and for the evaluation of the results of the chemical analyses, as well as the chemical stability of the contaminants over the considered time scales. 

The relevant standards and guidance documents for sediment sampling are:

· ISO Standard 5667

Part 12: Guidance on sampling of bottom sediments
Part 15: Guidance on preservation and handling of sludge and sediment samples
Part 19: Guidance on sampling in marine sediments
· OSPAR JAMP Guidelines for Monitoring Contaminants in Sediments
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Key elements of the guidelines

As a general principle, the sampling procedure should not alter the properties of the sediment (e.g. by contamination or disturbing the sample or losing the surface layer). A wide range of sampling devices is in use, especially for collecting marine sediments. The choice of equipment should be made depending on the local conditions at the site of sampling, e.g. water depth and type of sediment. Box or other corers, which are capable of sampling the surface sediment without disturbing the sediment structure, especially the sediment water interface, are recommended. Grab samplers can only be used provided they do not disturb the sediment. Retrospective temporal trend studies necessarily involve the collection of samples using a box corer or large-diameter gravity corer, or an equivalent device. Alternatively, for shallow or tidal waters, hand coring may be appropriate.

The sampling report should include a general description of the collected samples, including colour, homogeneity (presence or absence of stratification), presence or absence of animals (indication of bioturbation), surface structures, textural description, smell, visual contamination (e.g. oil sheen).
The sub-sampling of sediments should preferably be performed immediately after sampling. Some precautions, depending on the nature of analysed contaminants, must be taken to avoid contamination of the sample. Samples taken for the analysis of organic contaminants must be stored in glass, teflon or stainless steel containers. Sediments collected for analysis of metals can be stored in closed plastic or glass containers. For mercury, samples must be stored in glass or quartz containers, as mercury can move through the walls of plastic containers. For organotins, storage of samples is preferably done in glass, but containers of other materials such as polycarbonate or aluminium are also suitable. If the monitoring programme requires analysis of the fine sediment fraction, the sample should be split using appropriate sieving techniques. 

The samples which are analysed within 48 hours after sampling should be stored in the dark at 1-5°C (short-term storage). For long-term storage, samples should be stored frozen, at –20°C or below, or dried. Nevertheless, samples should not be exposed to temperatures at which the analytes volatilise. Freeze-drying with sample at low temperature (e.g. <10°C) is the preferred alternative to freezing, if it can be ensured that analytes do not evaporate to a substantial degree.

5.5. Biota Sampling 

Monitoring contaminants in relevant biota is a useful tool to assess the level of contamination and to assess whether anomalies in the occurrence of fauna and flora are likely to be caused by these contaminants. Many contaminants (e.g. metals, hydrophobic organic contaminants) in water are concentrated in organisms, due to a bio-concentration potential of contaminants and because their food is contaminated, e.g. the plankton filtered by mussels and the prey caught by fish. The resulting high levels of contaminants make some species of the aquatic fauna useful quantitative indicators of the level of contamination. The appropriate fauna elements for such monitoring should be common in the water body and stationary to ensure that their content of contaminants reflect the general occurrence of the contaminant in the water body. Detailed guidelines for sampling and analysis are given by OSPAR on organic contaminants (e.g. PCBs, organochlorine pesticides, PAHs) and metals in fish, shellfish, and sea-birds eggs. E.g., bivalve molluscs accumulate contaminants over long periods of time (several months) and the composition of their tissue reflects an integration of water properties during that time. 

A bio-magnification of contaminants occurs both in fresh and marine waters, but guidelines for the monitoring of contaminants in biota are found for marine waters, only. The relevant guidance document for biota sampling is the OSPAR JAMP Guidelines for Monitoring Contaminants in Biota.
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Key elements of the guidelines

The JAMP guidelines cover sampling and analysis of contaminants in fish, shellfish and seabird eggs. They are suitable for trace metals, chlorobiphenyls and some other chlorinated organic compounds. The natural variability within the sample should be reduced by an appropriate sampling design, keeping in mind that size, sex and sexual maturity status are criteria to keep homogeneous in a given class of the sampled biota. For fish, this can be achieved by sampling and analysing individually at least 12 young fish of the same sex (e.g. 2-3 years old female dab). For shellfish, a sample should be collected with the number of individuals large enough to be divided into at least 3 equal pools with each pool consisting of at least 20 animals and enough soft tissue for all analyses. 

Fish should be collected from areas characterised by relatively low natural variability. Shellfish should preferably be collected from sub-tidal regions, or as near to the same depth and exposure (i.e. in terms of light and wave action) as possible in order to reduce variability in contaminant uptake.

Biota sampling should take place when fish and bivalves are in a stable physiological state, and in any case outside the period of spawning. Regional growth conditions prevail to determine appropriate sampling periods. 

Fish can be sampled from either research vessels or commercial vessels. In both cases, several precautions must be taken to reduce contamination. Fish are not selected for analysis if they are visibly damaged or in bad condition. Clean containers should be available on deck to hold the samples temporarily before they are taken to the ship’s laboratory. Personnel must wear clean gloves when the samples are taken from the net and rinsed with clean water to remove any material adhering to the surface. When collecting mussels by ship, a commercial mussel dredge can be used. When collecting mussels by hand, personnel should wear gloves.

Freezing of samples will degrade soft tissues. Therefore, sub-samples of particular tissue for analysis should be drawn immediately after catching the fish and immediately deep-frozen. Mussels should be depurated and cleaned prior to preservation and analysis. Dissection must be done under clean conditions on a clean bench by trained personnel, wearing clean gloves and using clean stainless steel knives. The use of blades made of ceramics or titanium is recommended to reduce the risk of Cr and Ni contamination. The soft tissue samples should be analysed immediately or stored at temperatures below –20°C.

Biological samples used for analysis of organic contaminants should be stored in suitable containers. Plastic material, except Teflon PTFE, must not be used. For metals, sub-samples (e.g. liver) should be stored in a suitable acid-cleaned container, preferably glass, and frozen or freeze-dried immediately. 

This chapter should be shortened and adjusted in size and level of detail to the other chapters.
6. TECHNIQUES FOR ANALYSIS

Annex V.1.3.6 of the WFD states that the standards for monitoring of quality elements for physico-chemical parameters shall be “any relevant CEN/ISO standards”. 

The strengths of such methods are that they are well established and have often been subjected to collaborative trials to give an illustration of their interlaboratory comparability and applicability. They may not represent the current state of the art in all cases and usually represent a compromise in performance that is tailored to a number of different users’ goals and operational needs.

In general, performance-based methods shall be used in surveillance and operational monitoring. They shall be described clearly, properly validated and give the laboratories the flexibility to select from several options when possible and meaningful. Irrespective of what method is applied in chemical monitoring certain minimum performance criteria have to be met, which are laid down in the Draft Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS.

According to this draft commission decision the laboratories may select any analytical method of their choice for the purpose of monitoring under Article 8 and Annex V of the Directive 2000/60/EC, except for operationally defined parameters, provided they meet the minimum performance criteria set out in this document.

Laboratories can consult chapter 6.5 and Annex II to identify suitable methods for monitoring of priority substances, other pollutants and physico-chemical parameters. Available certified reference materials relevant to WFD monitoring are listed in Annex III
6.1. Method performance criteria
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Minimum performance criteria have been defined as the Limit of Quantification (LOQ) and Target Uncertainty U (expanded uncertainty of measurement). They are linked to the Environmental Quality Standards where possible. In the following chapters 6.1.1/6.1.2 guidance will be given on how to determine/estimate these parameters in a pragmatic way.

In case no proper analytical method, which meets the minimum performance criteria laid down in the Draft Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS, is currently available for a particular priority substance compliance with EQS cannot be checked for. This holds true e.g. for tributyl tin compounds short-chain chloroalkanes. Nevertheless, efforts should be made in order to provide measurements if a water body is at risk of failing WFD provisions. The use of more resource intensive methodologies, if these can provide the needed performance, at reduced frequencies, is encouraged in these cases.
.
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6.1.1. Uncertainty of measurement
,
,
,

According to the International Vocabulary of Basic and General Terms in Metrology VIM ISO 1993 measurement uncertainty has been defined as ‘a parameter associated with the result of a measurement that characterises the dispersion of the values that could reasonably be associated to the measurand’.

Measurement uncertainty (Um) is typically expressed as a laboratory result ( the measurement uncertainty.

For example: 




Phosphate (PO4) = 230 ( 12 µg/l

Um should normally be expressed as the combined expanded uncertainty using a coverage factor k = 2 where k is a numerical factor used as a multiplier of the combined standard uncertainty in order to obtain an expanded uncertainty.

This provides a confidence level of approximately 95%.

The ability to provide a measurement uncertainty is a requirement of ISO 17025 and hence is necessary for laboratories providing analytical results for the WFD. A knowledge of the measurement uncertainty is also necessary important to confirm that the Limit of Quantification is equal or less than that required.

It should be noted that whichever method is used to obtain a value for the measurement uncertainty that this value will always only represent an estimate of the true spread of possible results. The method selected for estimating the measurement uncertainty should be chosen so as to include as many principal sources of contributing errors as possible.

Detailed guidance on the statistical and practical approaches available for estimating the measurement uncertainty can be obtained from the references below.

In general, two possible approaches to estimating measurement uncertainty can be used, either separately or as complementary techniques.
Bottom-up Approach

Firstly, a detailed analysis of the contributing errors from each of the methodological elements can be undertaken. This requires a stepwise analysis of each of the principal causes of measurement uncertainty in the analytical process followed by an estimation of their individual contribution of possible error. Examples of the potential principal causes of error are measurements of mass and volume, instrumental variability and the imperfect correction of systematic errors. Potential sources of data to inform this estimation of measurement uncertainty are within laboratory calibration records for subsidiary equipment such as glassware and balances, instrument repeatability data, data on calibration standard purity etc. This general overall approach of summing individual errors can lead to an underestimation of the measurement uncertainty due to the risk of overlooking an important contributing element. However, knowledge of the magnitude of the contributing errors from each step or process in the analytical method can be helpful to identify the significant errors to address if action is desirable to reduce the overall measurement uncertainty.

Top-down Approach

The second approach to estimating measurement uncertainty is to use data from the analysis of certified reference materials, routine control samples, or interlaboratory trials. Care should be taken to ensure that the control samples include all the analytical steps for the test method. As part of this consideration, any significant bias component to the total overall error that is not included within the control samples should also be accommodated into the calculation. Also, any bias indicated from interlaboratory trials should also be included into the overall estimate of measurement uncertainty.

The measurement uncertainty will vary across the concentration range of the analytical method. Where the range of application of the analytical method is large and there are a number of key threshold values for the analytical results within that range, it may be necessary to estimate the measurement uncertainty at different concentration values. This can be undertaken by dividing the method analytical range into a series of representative sections and estimating the measurement uncertainty for each of them. Alternatively, the measurement uncertainty for any given concentration can be calculated by obtaining values for it at a number of different concentrations and then using this data to graphically plot change with concentration and subsequently deriving an equation for change in uncertainty against concentration.

6.1.2. Limit of detection/Limit of quantification

To be completed

6.2. Water Analysis

According to the proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on environmental quality standards and pollution control in the field of water policy and amending Directive 2000/60/EC Environmental Quality Standards (EQS) laid down in this directive are expressed as total concentrations in the whole water sample except for cadmium, lead, mercury and nickel. In the case of metals the EQS refers to the dissolved concentration measured in the liquid fraction of a water sample obtained by filtration through a 0.45 µm filter.
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This implies reporting monitoring results except for metals as whole water concentrations. Whole water data may be generated by analysis of the whole water sample, or by separate analyses of the liquid and SPM fractions.

Unfortunately, most available analytical methods have not been validated for water samples containing substantial amounts of SPM. This can result in incomplete extraction of hydrophobic organic contaminants adsorbed to SPM and thus, to an underestimation of the whole water concentration. Specific information whether methods can be applied to the analysis of SPM containing samples can be found in the substance guidance sheets (Annex II)

The SPM content of the water sample is uncritical for the analyses of polar and good water soluble compounds such as some pesticides (e.g. alachlor, atrazine, simazine, diuron, isoproturon) and volatile compounds (benzene, dichloromethane, 1,2-dichloromethane, trichloroethane, tetrachloroethene, trichloroethene, tetrachloromethane, trichlorbenzene, naphthalene). Those compounds can be analysed in the whole water or in the filtered sample.

In case of hydrophobic compounds, which strongly adsorb to particles, including pentabromodiphenylether, 5 and 6 ring polycyclic aromatic hydrocarbons special care is required to ensure complete extraction of the particle bound fraction. Separate analysis of SPM and of the liquid would be a good option. If it can be justified, for example by considerations of expected contaminant partitioning, analysis of the SPM fraction as surrogate for whole water might be appropriate. Nevertheless, in water bodies with extremely low SPM content (<3 mg/l) the dissolved fraction of those contaminants has to be determined.
Depending on the SPM content of the sample and its organic carbon content medium polar compounds can adsorb to variable degree to SPM. In such cases both fractions (dissolved and adsorbed concentrations) have to be considered.

For the determination of dissolved metal concentrations water samples have to be passed through a membrane filter of 0.45 µm pore size. The filtration shall be done in the field in order to prevent artefacts due to adsorption processes. It is essential to check filters for impurities and to pre-clean them e.g. with hydrochloric acid. In addition, filters should be pre-washed with small sample volumes before collecting the filtrate for metal analysis. The filtrate shall be acidified with nitric acid to ensure that the pH is less than 2. For more information consult the respective substance guidance sheets and the methods referred to therein.

Bioavailable metal concentrations depend on various parameters including pH, Ca and Mg concentrations, as well as dissolved organic carbon concentration. Hence, measuring these parameters in parallel with the metals can assist in the interpretation of results where appropriate.
6.3. Sediment/SPM Analysis

For priority substances likely to be found in sediment there are no standardized methods specifically developed for the analysis of sediments/SPM available (except for PBDE). However, existing standard methods for soil analysis summarized in Annex A may probably be applied to sediments without or with slight modifications. 

Comprehensive guidance on the analysis of marine sediments including sample pre-treatment, storage, and normalisation is given in OSPAR JAMP Guidelines for Monitoring Contaminants in Sediments.
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In general, organic contaminants should be analysed in the <2 mm fraction of the sediment, metals in the less than 63 µm fraction. If the specific purpose of the monitoring requires analysis of the fine sediment fraction, the sample should be split using appropriate sieving techniques.

Normalisation of contaminant concentrations to correct for the influence of the natural variability in sediment composition (grain size, organic matter and mineralogy) can assist interpretation of analytical results in particular for spatial contaminant distribution and time trend assessments. For this reason, appropriate normalising parameters e.g. grain size distribution, total organic carbon, Li, Al should generally be analysed. Detailed guidance on the use of normalizing parameters is given in Annex 5 of the JAMP Guideline for Monitoring Contaminants in Sediments.

6.4. Biota Analysis

At present, formally approved standard methods for the analysis of priority pollutants and other contaminants in biota are scarce and only available for PAH, PCB and metals.

Comprehensive guidance on the analysis of marine biota (seabird eggs, fish, shellfish) including selection of species and suitable tissue, sampling, sample pre-treatment and storage is given in OSPAR JAMP Guidelines for Monitoring Contaminants in Biota.
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Most organic contaminants accumulate in the lipid tissue of the species studied. Therefore, concentrations should be provided on wet weight as well as lipid weight basis or the lipid content of the sample should be provided together with the analytical results. It is important to state whether total lipids or extractable lipids have been determined and the method for lipid determination should be specified.
6.5. Substance Guidance Sheets 
According to the Draft Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS, laboratories may select any analytical method of its choice for the purpose of monitoring under Article 8 and Annex V of the Directive 2000/60/EC, except for operationally defined parameters, provided they meet the minimum method performance criteria. Even so, there seems to be a need to assist member states in selecting proper validated methods for surveillance and operational monitoring of WFD priority substances, Annex I 76/464 EC substances and chemical and physico-chemical parameters. 
The substance guidance sheets of Annex II summarise basic information on physico-chemical properties of a substance and preliminary environmental quality standards expressed as annual average, AA-EQS, or expressed as maximum allowable concentration, MAC-EQS, respectively, for inland and other surface waters. Available EN or ISO standard methods for the analysis in water and where appropriate in sediment or biota, are specified including information on sampling, storage and pre-treatment, performance characteristics and a short description of the principle. Where required other analytical methods will be mentioned and respective references given. For those who are interested in doing their own method survey important links to websites providing information on standardised analytical methods are given below.

Table x {to be numbered later}: List of html- links regarding Standard Methods

	http://www.cenorm.be/catweb/cwen.htm
	On-line Catalogue of European Standards

	http://www.iso.org/iso/en/CatalogueListPage.CatalogueList
	ISO standards



	http://standards.mackido.com/
	This is a comprehensive catalogue of international standards, their nomenclature, and their reference details. 

ISO Standards 

EN Standards 

British Standards 

IEC Standards

	http://standardmethods.org/
	Since 1905, Standard Methods for the Examination of Water and Wastewater has represented "the best current practice of American water analysts." This comprehensive reference covers all aspects of water and wastewater analysis techniques. Standard Methods is a joint publication of the American Public Health Association (APHA), the American Water Works Association (AWWA), and the Water Environment Federation (WEF).

	http://infotrek.er.usgs.gov/pls/htmldb/f?p=nemi:browse_methods:1914904511783287467
	List of all methods in the National Environmental Methods Index (NEMI)

	http://www.epa.gov/epahome/standards.html
	EPA methods and guidelines


6.6. Group parameters and definition of indicator substances 

Some substances of interest are described in generic terms only. These generic substances may be composed of a finite number of isomeric forms where the potential number of different individual isomers can range from 2 (e.g. Endosulfan) to more than 200 (e.g. polybrominated diphenylethers). The following guidelines set recommendations for the most appropriate isomers to monitor as the preferred representatives of the total possible.

In addition, it is also possible that the substance in question (e.g. Short chain chlorinated paraffin) may be composed of an indeterminate number of different, but similar substances each of which may have a number of isomeric forms. In this case, the following guidelines seek to recommend indicator substances or to define clearly the specific group of parameters that should be analysed and reported when monitoring is necessary.

Table x {to be numbered later} – Recommended Components of Group Parameters and Indicator Substances

	Priority Substances
	Recommended Components
	Comments

	Chlorpyrifos
	Chlorpyrifos–ethyl*
	

	Endosulfan
	α-Endosulfan and ß-Endosulfan 
	Concentrations of individual isomers and arithmetic sum of both components to be reported 

	Pentabromodiphenyl Ether 
	BDE congener numbers 28, 47, 99, 100, 153, 154
	These congeners constitute approximately 85% of technical Penta – BDE formulations;

Concentrations of individual isomers and arithmetic sum of all components to be reported. 

	Hexachlorocyclohexane
	α-, β-, γ- and δ- isomers**
	Concentrations of individual isomers and arithmetic sum of all components to be reported. 

	Short Chain Chlorinated Paraffins (SCCP’s)
	All C10 to C13 chlorinated paraffins (49% to 70% Chlorine)
	Total of all isomers reported. Measurement will usually be against a technical mixture that reflects commercial products

	Nonylphenol
	All 4-nonylphenol isomers present***
	Total concentration of all isomers to be reported. 

	Octylphenol
	4-octylphenol****
	

	PAH
	Benzo[b]fluoranthene/ Benzo[k]fluoranthene
	Total concentration to be reported. Benzo[j]fluoranthene interferes with the determination of either Benzo [b]fluoranthene or Benzo[k]fluoranthene 

	Trichlorobenzenes
	1,2,3-, 1,2,4- and 1,3,5-trichlorobenzene
	Concentrations of individual isomers and arithmetic sum of all components to be reported.

	DDT and metabolites
	p,p’-DDT, o,p’-DDT, p,p’-DDE, p,p’-DDD
	Concentrations of individual isomers and arithmetic sum of all components to be reported


*
EQS were derived for Chlorpyrifos-ethyl, hence analysing only these compounds seems to be appropriate

**
EQS has been derived for γ-hexachlorocyclohexane, but following the recommendation of the CESTEE, this EQS should be applied to the sum of α-, β-, γ- and δ-hexachlorocyclohexane

***
Technical nonylphenol consists mainly (~ 90 %) of para substituted 4-nonylphenol and comprises theoretically 211 chain isomers; only 4-nonylphenol is of toxicological relevance

****

Octylphenol is a single isomeric compound: 4-(1,1’,3,3’-
tetramethylbutyl)-phenol (4-tert-octylphenol)

Although it is possible to calculate the value of a group parameter from its individual components, the interpretation of this value as regards EQS compliance may pose several practical difficulties with respect to the generation and interpretation of data. Principal amongst these difficulties is the uncertainty associated with a group parameter. If the group parameter comprises two substances that are present at equal concentrations, and the standard uncertainty of each substance is 10%, the standard uncertainty of the sum of their concentrations will be 14%. If, on the other hand, one concentration greatly predominates over the other, the standard uncertainty of the sum remains near to 10%. If, for a similar example, there are 6 components of the group, the standard uncertainty could vary between 25% and 10% depending on whether the concentrations are similar, or if one is much larger than all the others. This dependency of the uncertainty on the number of components comprising a group and on their concentrations requires consideration when deriving target uncertainty values for group parameters and their components. A related issue is that limits of detection/quantification for the components of a group parameter will need to be lower than for single parameters, if serious problems of uncertainty caused by the reporting of “less than” values are to be avoided. 
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7. ALTERNATIVE METHODS
7.1.  Introduction 

While checking compliance with the WFD provisions is currently based on chemical analysis of spot samples taken in a defined frequency, it is desired to introduce other techniques for improving the quality of the assessment and to benefit from resource saving developments, as they become available. Currently these advanced methods for environmental assessment are under development and evaluation

Examples for these techniques are:

· Probes for measuring physico-chemical characteristics (e.g. DOC, pH, temperature, nitrogen)

· Biological assessment techniques (e.g. biomarker analysis, bioassays/biosensors and biological early warning systems)

· Sampling and chemical analytical methods (e.g. sensors, passive sampling devices, test kits, GC-MS or LC-MS screening methodologies)

Two types of alternative methods – (1) equipment for measuring physico-chemical characteristics and (2) chemical analytical methods – usually yield direct measures of the quality elements as defined in the WFD.

The third type – biological assessment techniques – are designed to respond to wide range of (chemical) stressors and are thus, not exclusively linked to individual quality elements such as the different priority substances. Although very useful for many monitoring purposes, they cannot be used to check compliance of individual quality elements against an EQS. 

7.2. Applications of alternative methods in WFD monitoring 

Use of alternative methods in the design of monitoring programmes

Alternative methods can be used in the design of monitoring programmes for: 

· Identification of problem as well as non-problem areas, e.g. by using screening methods (test kits) or passive sampling devices

· Selection of monitoring points, e.g. in the grouping of water bodies for operational monitoring alternative methods may be used to demonstrate the representativeness of sampling points. 

· Selection of quality elements, e.g. the selection of non-priority substances that are part of the ecological status. Information derived form bioassays and toxic identification and evaluation (TIE) may be used to select compounds based on ecological relevance. 

· Justification of a reduction in sampling frequency, e.g. the use of sensors as screening tools. Sampling for chemical analysis with a validated method is triggered by a response of a sensor above a certain threshold. In that case validation of the sensor can be limited to a performance criterion for false negative responses. 

Use of alternative methods in surveillance and operational monitoring 

Use of alternative methods in surveillance and operational monitoring meeting the requirements laid down in the draft commission decision concerning minimum performance criteria for chemical monitoring methods and the quality of analytical results is a prerequisite for a method to be used for the purpose of surveillance and operational monitoring.
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For the execution of surveillance monitoring alternative methods may be used to detect long-term changes. Biological assessment techniques can be used as a sum parameter to screen for the presence of substances in ecological relevant concentrations.

Passive samplers (like e.g. Semi-Permeable Membrane Devices, SPMD, Polar Organic Chemical Integrative Samplers, POCIS, Diffusion Gradient Thin Films, DGTs, or adsorptive samples, e.g., Chemcatcher) are exposed in the aquatic environment for several days or up to weeks to yield time-integrated average concentration of organic contaminants or heavy metals. This way passive sampling is less influenced by short-term fluctuations in concentrations than spot sampling. Since one of the primary objectives of the WFD is the assessment of the average concentrations of pollutants in water bodies determining time-integrated concentrations by using passive samplers seems to be a promising approach. Some of the passive samplers have been validated and provide high sampling rates (litre/day) for various contaminants (e.g. organic compounds of medium hydrophobicity, heavy metals) and thus allow quantification of extremely low pollution levels in water. Difficulties encountered include bio-fouling, tracing back to water concentration and calibration. Thus, further research and validation is required before using this technology for compliance checking.

Passive samplers sample the freely-dissolved bioavailable water concentrations. Results may therefore deviate from the total-water concentrations measured in spot samples.
Use of alternative methods in investigative monitoring

The main goals of investigative monitoring are to identify the reason for any exceeding of Environmental Objectives, in the cases that the reason is unknown and to ascertain the magnitude and impact of accidental pollution.

For both purposes, test kits including e.g. immunoassays specific to certain priority substances or other pollutants allow fast screening of large number of samples and are thus cost-effective tools to identify pollution sources as well as to characterise the extent of accidental pollution. 

Passive sampling devices might be of use in identifying sources of pollution in particular if extremely low levels have to be detected 
In case of MAC-EQS exceedance investigative monitoring should be used to ascertain this non-compliance in more detail. Both spot sampling and time-integrated measurements may not detect acutely toxic spikes of seasonally-variable compounds like pesticides; the use of in situ bioassays may be beneficial. 
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ANNEX I: List of ISO method for soil analysis 

ISO 11465:1993 
Soil quality -- Determination of dry matter and water content on a mass basis -- Gravimetric method
ISO 11466:1995 
Soil quality -- Extraction of trace elements soluble in aqua regia
ISO 11277:1998 
Soil quality -- Determination of particle size distribution in mineral soil material -- Method by sieving and sedimentation

ISO 10694:1995 
Soil quality -- Determination of organic and total carbon after dry combustion (elementary analysis)

ISO 14869-1:2001 
Soil quality -- Dissolution for the determination of total element content -- Part 1: Dissolution with hydrofluoric and perchloric acids

ISO 11047:1998 
Soil quality -- Determination of cadmium, chromium, cobalt, copper, lead, manganese, nickel and zinc -- Flame and electrothermal atomic absorption spectrometric methods

ISO 14507:2003 
Soil quality -- Pretreatment of samples for determination of organic contaminants

ISO 14154:2005 
Soil quality -- Determination of some selected chlorophenols -- Gas-chromatographic method with electron-capture detection

ISO 15009:2002 
Soil quality -- Gas chromatographic determination of the content of volatile aromatic hydrocarbons, naphthalene and volatile halogenated hydrocarbons -- Purge-and-trap method with thermal desorption
ISO 16772:2004 
Soil quality -- Determination of mercury in aqua regia soil extracts with cold-vapour atomic spectrometry or cold-vapour atomic fluorescence spectrometry
ISO 22155:2005 
Soil quality -- Gas chromatographic quantitative determination of volatile aromatic and halogenated hydrocarbons and selected ethers -- Static headspace method

ISO 11264:2005 
Soil quality -- Determination of herbicides -- Method using HPLC with UV-detection

ISO 10382:2002 
Soil quality -- Determination of organochlorine pesticides and polychlorinated biphenyls -- Gas-chromatographic method with electron capture detection

ISO 13877:1998 
Soil quality -- Determination of polynuclear aromatic hydrocarbons -- Method using high -performance liquid chromatography

ISO 18287:2006 
Soil quality -- Determination of polycyclic aromatic hydrocarbons (PAH) -- Gas chromatographic method with mass spectrometric detection (GC-MS)
ISO/CD 22036 
Soil quality -- Determination of trace elements in extracts of soil by inductively coupled plasma atomic emission spectrometry (ICP AES)
ISO 22892:2006 
Soil quality -- Guidelines for the identification of target compounds by gas chromatography and mass spectrometry
ISO/DIS 23161 
Soil quality -- Determination of selected organotin compounds -- Gas-chromatographic method
ANNEX II: Substance Guidance Sheets (to be completed)
ANNEX III: Existing certified reference materials (to be completed)

	Substances and matrices 
	certified reference materials (CRM)

	Halogenated Hydrocarbons

(HH) in sediment
	IAEA-417

IAEA-408

IAEA-383

	PAH in sediment
	IAEA-417

IAEA-408

IAEA-383

	Hg in sediment
	IAEA 405 

IAEA 433

NRCC: MESS3

	Trace Metals in sediment
	IAEA 405 

IAEA 433

NRCC: MESS3

	Halogenated Hydrocarbons

(HH+) in biota
	SRM NIST/IAEA 2977

IAEA-406

IAEA-432

	PAH in biota
	SRM NIST/IAEA 2977

IAEA-406

IAEA-432

	Hg in biota
	IAEA : 407,436

NIST: SRM 2976

NRCC: DORM-2; TORT-2

BCR : CRM 463, CRM 464

	Trace metals in biota
	IAEA: IAEA 407, IAEA 436

NIST: SRM 2976

NRCC: DORM-2; TORT-2
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Look out!


Issues of compliance, statistical treatment and reporting of monitoring data are not within the mandate of this guidance document. 





�





Look out!


The guidance for chemical monitoring will have to be adapted to regional and local circumstances.








�





Look in:


Water Framework Directive 2000/60/EC Article 8 and Annex V





1. Member States shall ensure the establishment of programmes for the monitoring of water status in order to establish a coherent and comprehensive overview of water status within each river basin district.
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Look out!


In those cases where existing analytical techniques do not allow routine monitoring with sufficient reliability and at reasonable costs, no compliance checking can be requested from the Member States. The European community shall strive to develop reference methods that are fit for the intended purpose.
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Look in:


Guidance document No. 3 - ANALYSIS OF PRESSURES AND IMPACTS
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Look in:


Draft Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS
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Look in:


Water Framework Directive 2000/60/EC Article 2





1. Surface water means inland waters, except groundwater; transitional waters and coastal waters, except in respect of chemical status for which it shall also include territorial waters.





3. Inland water means all standing or flowing water on the surface of the land, and all groundwater on the landward side of the baseline from which the breadth of territorial waters is measured.


…


7. Coastal water means surface water on the landward side of a line, every point of which is at a distance of one nautical mile on the seaward side from the nearest point of the baseline from which the breadth of territorial waters is measured, extending where appropriate up to the outer limit of transitional waters.


…


24. Good surface water chemical status means the chemical status required to meet the environmental objectives for surface waters established in Article 4(1)(a), that is the chemical status achieved by a body of surface water in which concentrations of pollutants do not exceed the environmental quality standards established in Annex IX and under Article 16(7), and under other relevant Community legislation setting environmental quality standards at Community level.





Look in:


Guidance document No. 7 - MONITORING UNDER THE WATER FRAMEWORK DIRECTIVE





“Significant quantities”


2.7.3 Selection of quality elements


…Those priority list substances discharged into the river basin or sub-basins must be monitored. Other pollutants also need to be monitored if they are discharged in significant quantities in the river basin or sub-basin. No definition of ‘significance’ is given but quantities that could compromise the achievement of one of the Directive’s objectives are clearly significant, and as examples, one might assume that a discharge that impacted a Protected Area, or caused exceedance of any national standard set under Annex V 1.2.6 of the Directive or caused a biological or ecotoxicological effect in a water body would be expected to be significant.
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Look in:


Directive on Environmental Quality Standards and Pollution Control in the Field of Water Policy and Amending Directive 2000/60/EC
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Look in:


Guidance document No. 7 - MONITORING UNDER THE WATER FRAMEWORK DIRECTIVE
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Look in:


Draft Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS
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Look in:


Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on environmental quality standards and pollution control in the field of water policy and amending Directive 2000/60/EC 
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Look in:


OSPAR JAMP Guidelines for Monitoring Contaminants in Sediments
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Look in:


OSPAR JAMP Guidelines for Monitoring Contaminants in Biota
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Look in:


Water Framework Directive 2000/60/EC Annex V 1.3.1


Guidance document No. 7 - MONITORING UNDER THE WATER FRAMEWORK DIRECTIVE, 2.7.2








Look in:


Water Framework Directive 2000/60/EC Annex V 1.3.2


Guidance document No. 7 - MONITORING UNDER THE WATER FRAMEWORK DIRECTIVE, 2.8.2
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Look in:


Water Framework Directive 2000/60/EC Annex V 1.3.4





For the surveillance monitoring period, the frequencies for monitoring parameters indicative of physico-chemical quality elements given below should be applied unless greater intervals would be justified on the basis of technical knowledge and expert judgement.





For operational monitoring, the frequency of monitoring required for any parameter shall be determined by Member States so as to provide sufficient data for a reliable assessment of the status of the relevant quality element. As a guideline, monitoring should take place at intervals not exceeding those shown in the table below unless greater intervals would be justified on the basis of technical knowledge and expert judgement.





Guidance document No. 7 - MONITORING UNDER THE WATER FRAMEWORK DIRECTIVE, 2.1
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Look in:


Draft Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS
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Look in:


ISO Standard Series 5667 Part 1-19


OSPAR JAMP Guidelines for Monitoring Contaminants in Sediments


OSPAR JAMP Guidelines for Monitoring Contaminants in Biota
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Look in:


OSPAR JAMP Guidelines for Monitoring Contaminants in Sediments
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Look in:


OSPAR JAMP Guidelines for Monitoring Contaminants in Biota
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Look in:


Draft Commission Decision IMPLEMENTING DIRECTIVE 2000/60/EC CONCERNING MINIMUM PERFORMANCE CRITERIA FOR CHEMICAL MONITORING METHODS AND THE QUALITY OF ANALYTICAL RESULTS
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Look out!


How to deal with “less than” results if sum concentrations are calculated needs further specification and should be inline with the procedure to account for “less than” values when calculating annual average concentrations. Because treatment of “less than” values as well as specification of indicator substances touch legal aspects, this chapter should be a part of a legally binding and not a guidance document.








Look out!


A list of alternative methods relevant to WFD chemical monitoring including method performance criteria to be added
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� For the purpose of this guidance document the term compliance means that 





reported annual average concentrations or reported concentrations of priority substances/other pollutants do not exceed the environmental quality standards laid down in Directive on Environmental Quality Standards and Pollution Control in the Field of Water Policy and Amending Directive 2000/60/EC





environmental objectives specified in the WFD such as no deterioration of the status of a water body, good chemical status of a water body , no trend reversal have been achieved





� Meylan, W. M.; Howard, P. H.; Boethling, R. S.; Aronson, D.; Printup, H.; Gouchie, S. (1999) Improved method for estimating bioconcentration/bioaccumulation factor from octanol/water partition coefficient. Environ. Toxicol. Chem. 18, 664-672.


� Mackay, D. (2001) Multimedia Environmental Models; The Fugacity Approach. Lewis Publishers, CRC Press, Boca Raton, Florida.


� European Commission. Why do we need REACH? REACH in brief; European Commission, Environment Directorate General: Brussels, 2004; 18 pp.


� Environment Canada. Existing Substances Evaluation Bulletin; Ottawa ON, 2003, 9 pp. http://www.ec.gc.ca/Substances/ese/ eng/what_new.cfm.


� Walker, J. D.; Knaebel, D.; Mayo, K.; Tunkel, J.; Gray, D. A. (2004) Use of QSARs to promote more cost-effective use of chemical monitoring resources. 1. Screening industrial chemicals and pesticides, direct food additives, indirect food additives and pharmaceuticals for biodegradation, bioconcentration and aquatic toxicity potential. Water Qual. Res. J. Can. 39, 35-39


� Saloranta, TM, Andersen, T, Næs, K. (2006) Flows of dioxins and furans in coastal food webs: inverse modeling, sensitivity analysis, and application of linear system theory. Environmental Toxicology and Chemistry 25, No. 1, pp. 253–264.


� Nordtest Report TR537.	Handbook for calculation of measurement uncertainty in environmental laboratories, 2nd Edition, 2004


� EURACHEM / CITAC Guide: “Quantifying Uncertainty in Analytical Measurement”, 2nd Edition, 2000


� ISO/IEC “GUM” (with BIPM, IFCC, IUPAC, IUPAP, OIML): “Guide to the expression of uncertainty in measurement”, 1993.


� ISO/TR 13530, 1997-09 Water quality – Guide to analytical quality control for water analysis
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