Analytical Challenges Presented by the Water Framework Directive

Introduction

The 2000 EC Water Framework Directive (WFD) is the most significant piece of European water legislation for over 20 years.  One of the Directive's requirements (Article 16) is the management of chemical pollutants, through a combination of Environmental Quality Standards and Emission Controls.  This new requirement presents a number of key issues:-

•
Identification and review of ‘priority substances’ and identification of ‘priority hazardous substances’ (WFD - Annex X).

•
The use of Environmental Quality Standards and emission controls (‘the combined approach’).

•
The identification and development of controls for ‘other specific polluting substances’ (WFD - Annex VIII).

•
Groundwater chemical quality and links to the Groundwater Daughter Directive.

Article 8 of the Directive requires Member States (MS) establish monitoring programmes for both ecological and chemical status.  For the latter, the water body status is based on the concentrations of substances for which EQSs have been established at European Commission level. Groundwater bodies are classified according to both quantitative status and chemical status.

The Analytical Challenge

At present the EU has established lists for Priority Substances (shown in Table 1).  These pose some interesting challenges for analytical testing laboratories.  

Table 1.  Priority Substances List

Priority substances
Priority substances subject to review to priority hazardous substances
Priority hazardous substances

Alachlor
Anthracene
Brominated diphenylether (only

pentabromobiphenylether)

Benzene
Atrazine
Cadmium and its compounds

Chlorfenvinphos
Chlorpyrifos
C10-13-chloroalkanes

1,2-Dichloroethane
Di(2-ethylhexyl)phthalate (DEHP)
Hexachlorobenzene

Dichloromethane
Diuron
Hexachlorobutadiene

Fluoroanthene
Endosulfan
Hexachlorocyclohexane

Nickel and its compounds
Isoproturon
Mercury and its compounds

Trichloromethane
Lead and its compounds
Nonylphenols


Naphthalene
Pentachlorobenzene


Octylphenols
Polyaromatic hydrocarbons

(PAHs)


Pentachlorophenol
Tributyltin compounds


Simazine



Trichlorobenzenes



Trifluralin


An Expert Group on Analysis and Monitoring of Priority Substances (AMPS) was established within the European Community, to review the suitability of existing analytical methods for all of the compounds in the Priority Substances list.  

As might be expected, the group's preference was to adopt ISO or CEN standard methods wherever possible, but this approach revealed a large gap in suitable methodology.  Other National methods (EPA, DIN, etc.) were also reviewed and those submitted by the Environment Agency's National Laboratory Service (NLS) were adopted alongside the CEN and ISO methods. The breakdown of the test methods listed is:

NLS
 
32%

ISO

28%

CEN

23%

US EPA
10%

DIN

  5%

Others

  2%

(See EU CIRCA website -http://forum.europa.eu.int/Public/irc/env/wfd/home).

The EU Joint Research Centre acknowledged the considerable advance that the NLS methods provided over the CEN/ISO catalogue and thanked UK for their support.

Despite this initiative, much work remains to be done to develop robust and sensitive methods for some of the Priority Substances. For example, polybrominated diphenyl ethers (PBDEs), C10-C13-chloroalkanes (short-chain chlorinated paraffins, SCCPs), nonylphenols and octylphenols (the last two summarised as alkylphenols) comprise groups of chemicals consisting of a few to several thousands of positional isomers.  Their analysis in environmental matrices at the low levels requires by the WFD present a stiff challenge to the analytical chemist.  Work done by NLS scientists in these areas is highlighted below.

Polybrominated Diphenyl Ethers (PBDEs)

Work undertaken at the NLS Nottingham laboratory has improved the analysis of polybrominated diphenyl ethers (fire retardants) to enable specific congeners to be analysed, similar to that used to quantify polychlorinated biphenyls (PCB’s). Two different analytical techniques are employed, depending on the compound of interest.  Gas chromatography, coupled with mass spectrometry fitted with negative ion chemical ionisation (GC-NCI-MS) is used for thermally stable compounds.  For other PBDEs, high performance liquid chromatography with mass spectrometric detection via an atmospheric pressure chemical ionisation source (HPLC-APCI-MS) is the method of choice. The main challenges for these methods are lower detection limits and expanding the range of isomers.  Mark Wilkinson (Technical Specialist) and his team are working to achieve these, in a range of different matrices. 
Short Chain Chlorinated Paraffins (C10-13-chloroalkanes or SCCPs)

For SCCPs, there is neither an agreed analytical reference method nor does a well-defined set of "indicator substances" exist as for other pollutants e.g. PAH or PCB. For this reason, such monitoring data that are available for SCCPs often relate to different quantification methods and calibration substances (e.g. different technical mixtures). This makes the comparison and assessment of published data difficult if not impossible.

Mic Daniel, Technical Specialist at the NLS Leeds laboratory has reviewed and tested a number of published methods, but none have yet been found to be suitable for WFD needs.  Mic has been laising with the Laboratory of the Government Chemist, who are also working on this problem.
Alkylphenols

The existing NLS methods for these compounds, utilising low resolution GCMS, are being developed further, to meet the needs of the WFD.  One issue that remains to be clarified is more specific identification of the particular isomers of interest, as the Directive guidance currently available is not clear.  Again, lower detection limits are required and NLS scientists are evaluating options such as large volume injection, to improve these. 

Future Challenges

The WFD requires that the Priority Substances list be reviewed regularly.  New chemicals (emerging substances) are likely to replace older ones, as the latter are controlled and pose less of an environmental risk.  Hence, laboratories will need to keep abreast of new requirements, to be able to meet the monitoring needs of the future.  At the same time, data users require faster and cheaper methods for generating the information needed to manage the water environment.  Traditional laboratory methods, such as GCMS, may not be suitable for the analysis of emerging compounds.  New and innovative techniques may be required to meet future demands.  In addition, the lack of suitable calibration standards and reference materials poses a major challenge for laboratories.
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