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1 PURPOSE AND SCOPE

In accordance with Article 17 of the WFD, the European Parliament and the Council have adopted specific strategies on the protection of groundwater against pollution and deterioration (Directive 2006/118/EC). The three main fields covered by the new Groundwater Directive (GWD) are:

· criteria and procedure for assessing groundwater chemical status (Articles 3 and 4),

· identification of significant and sustained upward trends and the definition of starting points for trends reversal (Article 5),

· measures to prevent or limit inputs of pollutants into groundwater (Article 6).

This guidance document, which has been drafted in response to a mandate from the Working Group C on “Groundwater”, aims at giving technical specifications to fulfil Article 3 requirements – criteria for assessing groundwater chemical status. It gives recommendations for a common methodology for the establishment of groundwater threshold values. As required by the activity’s mandate, the methodology has been developed based on the BRIDGE project’s outcomes (Müller et al., 2006) and exchanges of experiences of methodologies among Members States. 

	[image: image2.wmf]
	Look out! The methodology developed in this document only corresponds to the minimum recommendations to support Member States meeting the GWD requirements set in Article 3. Indeed, in accordance with Article 1.11.3 of the European treaty Member States remain free to go further the common guidelines presented in this paper according to national strategies and existing regulations. Article 1.11.3 of the European Treaty of 2004 stipulates that “the Union shall act only if and insofar if the objectives of the proposed action cannot be sufficiently achieved by the Member States, either at the central level or at regional or local level, but can rather, by reason of the scale of effects of the proposed action, be better achieved at Union level.



This guidance document takes into account all the concepts and requirements developed in other technical guidance documents drafted in the framework of Working Group C activities. A particular attention will be paid to the following documents:

· Horizontal guidance document on the application of the term 
“water body” in the context of the Water Framework Directive, Final version, 15 January 2003, 22 p.

· Working group 2.7 (2003) – Guidance on Monitoring for the Water Framework Directive, Final Version, 23 January 2003, 164 p.

· Common Implementation Strategy for the WFD – Guidance on Groundwater Monitoring, CIS Guidance Document Nº 15, December 2006
· 
· Drafting group GW2 (2006) – Draft Guidance on the Groundwater aspects of Protected Areas under the Water Framework Directive, version 5, September 2006, 18p.

· Drafting group GW3 (2006) – Direct and indirect inputs, version 3.3, 24 September 2006, 31p.
The procedure to assess groundwater chemical status in accordance with Article 4 requirements is developed in a separate associated document (“status compliance and trends” guidance document). The methodology presented in this document is however closely linked to this procedure and has been drafted in accordance with the “status compliance and trends” guidance issues.

Because it only covers Article 3 requirements, this document doesn’t aim at giving recommendations for a full protection of groundwaters. Each article of the GWD allows protecting specific receptors.

According to the GWD Article 3.1 the threshold values should be derived “having particular regard to its impact on, and interrelationships with, associated surface waters and directly dependent terrestrial ecosystems and wetlands and shall inter alia take into account human toxicology”. Therefore, Articles 3 and 4 aims at protecting 3 kinds of receptors:

· surface waters,

· groundwater dependent terrestrial ecosystems,

· legitimate human uses.

Because they bring a support to limit the introduction of pollutants in groundwaters, Articles 5 and 6 allow the protection of groundwater for itself.

2 BACKGROUND

2.1 Main objectives and requirements

Article 3 of the GWD stipulates that “for the purposes of the assessment of the chemical status of a body or a group of bodies of groundwater [….] Member States shall use the following criteria:

(a) groundwater quality standards as referred to in Annex I,

(b) threshold values to be established by Member States in accordance with the procedure set out in Part A of Annex II […]”.

Groundwater quality standards cover nitrates and pesticides and are equal to the following values.

	Pollutant 
	Quality standards

	Nitrates
	50 mg/l

	Active substances in pesticides, including their relevant metabolites, degradation and reaction products
	0.1µg/l

0.5 µg/l (total)


Table 1: groundwater quality standards (GWD, annex I).
If these standards are not adequate for achieving the environmental objectives set out in Article 4 of the WFD i.e. if any damage to the chemical and/or the ecological status of the associated surface waters and/or the associated terrestrial ecosystem is observed, more stringent values can be applied. These new values become ‘threshold values’ and the procedure to define them follows the Article 3 and Annex II requirements of the GWD and the specifications detailed here after in this document.

For other relevant parameters, Member States are required to derive “threshold values”. As defined in Article 2.2, these derived threshold values will be quality standards set by Member States. They should be set at the most appropriate scale (national, river basin district, or groundwater body level) and be used in the assessment of good chemical status.

Article 3.1.b of the GWD requires Member States to establish threshold values for those parameters that are causing the GWB to be at risk taking into account a least the list in Annex II.B as follows:

· “Substances or ions or indicators which may occur both naturally and/or as a result of human activities”: As, Cd, Pb, Hg, NH4+, Cl-, SO42-
· “Man-made synthetic substances”: trichlorethylene, tetrachlorethylene.

· “Parameters indicative of saline or other intrusion”: conductivity or Cl- and SO42- depending on Member States.

Remark: according to the reports sent in 2005 by the Member States to meet the WFD Article 5 requirements, the main parameters responsible for a risk of failing 2015 objectives and for which TVs should be derived are: NO3 and pesticides (if the groundwater standards are not sufficient to protect associated surface waters and GWDTE), chlorine, sulphates, potassium, chlorinated solvents and other organic pollutants. However, thanks to new data and new information this list will probably be amended. 
2.2 The links between the threshold values (article 3) and the “prevent or limit” objective (article 6)

The ‘prevent or limit’ objective in the WFD/GWD protects all groundwater from unacceptable inputs of pollutants. Preventing or limiting pollutants in groundwater protects a wide range of receptors and protects groundwater from pollution at a local scale.  

This is different to the requirements for good chemical status. The assessment of good chemical status is carried out over the whole of a groundwater body, which in most cases will be a large area. The assessment is carried out once every river basin plan period, i.e. every six years, and supplies information on the current condition of groundwater bodies. This assessment tells us whether that groundwater body can meet the definition of good chemical status specified in the WFD/GWD. This definition is limited to only a few receptors and specific circumstances. Achieving good status does not necessarily protect groundwater quality at a local scale.

To affect a receptor, an input of a pollutant must physically move through the groundwater system. This movement varies according to the physical and chemical characteristics of the geological strata. Most importantly, the pollutant may be subject to dilution and attenuation along the flow path to a receptor. For this reason, many inputs only have localised effects. These inputs may still result in localised pollution of groundwater, but do not affect the status of the groundwater body if they have little or no impact on the receptors noted in the definition of good chemical status of groundwater. Under the WFD/GWDD it is quite possible to have localised pollution within a groundwater body that is at good chemical status. However, the more widespread the pollution becomes, the more likely it is that the groundwater body will be at poor status. In the case of such localised pollution, Member States should carry out investigations and take measures to limit the pollution despite the whole groundwater body being at good status,.  These measures should be appropriate measures under Article 6 of the GWD (preventing and limiting inputs).
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	Look out! In principle, prevent or limit measures are our first line of defence in preventing unacceptable inputs of pollutants to all groundwater (and thereby avoiding pollution). The effective implementation of the ‘prevent or limit’ objective via routine regulation should ensure that groundwater quality is protected.  This day to day regulation can consist of permits, general binding rules or codes of practice to control specific activities on the land surface. Permit conditions and/or “Limit Values” may be used to ensure that no unacceptable input of pollutants into groundwater occurs. Notwithstanding the time that is required to enable the historical legacy of prior releases to be degraded or dispersed, if all prevent or limit requirements were met everywhere within a groundwater body, the body would be at good chemical status. The ‘prevent or limit’ and the status requirements are therefore complementary, and used together provide an effective framework for groundwater protection across the EU.



The threshold values described in this paper will help to assess good chemical status, but these values (and the associated compliance regime described in the Status and Trends paper) will often not be appropriate to meet the requirements of the prevent or limit objective.  This is because they will not protect groundwater from pollution at the local scale. 

More information about the way to implement the ‘prevent or limit’ objective is available in the GW3 guidance document on “Direct and indirect inputs”, but it is useful to summarise here the different purposes and roles of Limit Values and Threshold Values in the protection of groundwater:

1. Definitions.
Threshold Value – defined earlier in this paper.  Threshold Values are set to ensure compliance with and protect receptors in, the definition of good chemical status.
Limit Value - is the concentration and associated compliance regime that, when not exceeded at the source, will prevent an unacceptable release to groundwater. Examples of limit values are a concentration or acceptable loading included in a permit as a condition, or a remedial target for contaminated land sites. This is measured at the source, i.e. the point of release.

Compliance Value - is the concentration and associated compliance regime that, when not exceeded at the compliance point, will prevent pollution.  This is measured at the prevent/limit monitoring point.

Both Limit Values and Compliance Values are set to protect groundwater quality at the local scale.

2. Scale of application.

Threshold values derived to meet the requirements of Articles 3 and 4 of the GWD do not necessarily apply at the same points of compliance (POC) as Compliance Values (described in the GW3 guidance document).  Assessment of status is carried out at monitoring points on the operational monitoring network, which are distributed across the groundwater body.  Inputs are assessed locally to the source of the input at prevent/limit monitoring points, which may be real or virtual. This gives more immediate and comprehensive protection for “groundwater itself”. It should be noted that in some cases, the prevent/limit monitoring point used to assess the acceptability of the input may also be an operational monitoring point where status is assessed, in which case the threshold value is an appropriate Compliance value;

3. Location of application.

The same threshold value has to be applied across the whole groundwater body, but many different “Compliance values” can be applied at different POC. Threshold values also only apply to groundwater bodies, whereas “Compliance values” set to support the “prevent or limit” objectives apply to all groundwater. For example, water within discontinuous river terrace gravel deposits or perched water in a peat deposit above a boulder clay are both groundwater, and inputs of pollutants have to be prevented or limited to ensure that pollution of any receptors does not occur. However, neither of these geological deposits are management units and are therefore not groundwater bodies. They therefore do not have to be classified into good or poor status, and will not have threshold values set for them.

According to these differences, it should be noted that TVs and compliance values have no link. From one groundwater body to another, depending on the receptors to protect and on the characteristics of the body, there may be no comparison between the TV and the compliance values. 

2.3 Required scale for deriving threshold values

Depending on the type of pollutant and on the observed concentrations, Member States will be allowed to derive threshold values that can be applied at different scales: groundwater body (or group of groundwater bodies), river basin district, or national level (Article 3.2).

For example, when a pollutant is frequently observed at very low levels and is purely anthropogenic, Member States might derive the threshold values at the national level (e.g. trichloroethylene) as long as achievement of environmental objectives is not compromised. Alternatively, for parameters for which the natural concentrations vary from one type of groundwater body to another, it is highly recommended to derive the threshold values at the groundwater body scale (e.g.As, Cl, SO42-, NH4-). 

The groundwater body is the smallest scale allowed for threshold values derivation. As a consequence, for a given parameter and a given groundwater body, one and only one threshold value will be derived and will be reported in the river basin management plan. 

2.4 Schedule and revision

As written in the Article 3.5 of the GWD, threshold values shall be established by Member States for the first time by 22 December 2008.

These threshold values will be published in the management plan required in accordance with Article 13 of the WFD i.e. by 22 December 2009.

However, as underlined by Article 3.6, the threshold values derivation process is open and Member States shall add, remove or re-insert any threshold value for any substance whenever it is necessary. This will depend on “new information” available on the parameters when there is new scientific insights about the operation the system or additional data which support a different threshold value being appropriate. These changes shall be reported in the “context of the periodic review of the river basin management plan” (Article 3.6).

Member States may also remove a threshold value from the list “when the body of groundwater concerned is no longer at risk” for the corresponding parameter (Article 3.6). 

2.5 Information to report in the management plan

As required by Article 3.5 of the GWD, threshold values will be submitted in the management plan by the 22 December 2009. Where feasible, Member States will have to report the information summarised in the following table (Annex II.C).

	
	Information to provide
	Scale for reporting

	General information
	Number of GWB at risk
	National



	
	List of parameters indicative of and relevant to the associated risk
	

	
	Range of concentrations for each parameter
	

	Information for each groundwater body at risk
	Size
	Body or group of bodies of groundwater 

	
	Relationships with surface waters and GWDTE
	

	
	Threshold values for each parameter responsible for a risk
	

	
	Relationships between the TV and:

· BL (in the case of naturally occurring parameter)

· Environmental quality objectives and other standards 

· Information on toxicology, eco-toxicology, persistence, bioaccumulation, dispersion of the pollutant
	


Table 2: information to report in the management plan by 22 December 2009.

2.6 Transboundary groundwater bodies

Member States sharing transboundary groundwater bodies are required to coordinate the derivation of threshold values (Article 3.3).

For groundwater bodies shared between one or more Member States and one or more other non-Member State, the concerned Member State(s) shall endeavour to coordinate the establishment of threshold values (Article 3.4).
3 general principles

3.1 Need for conceptual models
The groundwater directive (Annex II.A) gives the following guidelines for establishing threshold values (in summary):

· TV should be based on the extent of interactions between groundwater and associated aquatic and dependent terrestrial ecosystems

· TV should be based on actual or potential legitimate use (e.g. drinking water supply, irrigation etc.) or functions of groundwater

· TV derivation should include all pollutants which characterise bodies of groundwater as being at risk

· TV should be based on hydrogeological characteristics of the groundwater body, including information on background levels and water balance

· TV derivation should take into account the origins of the pollutants, their possible natural occurrence, their toxicology and dispersion tendency, their persistence and bioaccumulation potential

· TV derivation should take into account elevated background concentrations due to natural hydro-geological reasons

· Determination of TV should be supported by a control mechanism for data collected, based on evaluation of data quality and analytical considerations.

Given the number of aspects which should be taken into account when deriving threshold values, there is a clear need for the use of conceptual models of groundwater flow and hydrochemical properties in the groundwater body, elucidating the general scheme of ‘recharge-pathway-discharge’. Conceptual models/understanding are simplified representations, or working descriptions, of the hydrogeological system being investigated. The conceptual models will represent the current understanding of the groundwater system based on the knowledge of its natural characteristics (e.g. the aquifer type, three-dimensional structure, dynamics and boundary conditions, natural chemical characteristics…), perceived pressures and knowledge of impacts. 

The ‘concept models’ concepts described above refers to the same concept used and defined in the guidance on groundwater monitoring (working group 2.7, 2003; drafting group GW1, 2006).

The practical methodology described in section 4 attempts to integrate all the aspects mentioned in the list above. Some essential elements of the conceptual model are already highlighted here, in order to illustrate how they might fit in the conceptual models (Figure 1).

As highlighted by most of the conceptual models, many groundwater bodies are heterogeneous in terms of natural quality, pressures and flow regime. However, as already mentioned in section 2.3, the GWD only allows Member States to report one single threshold value per groundwater body. The groundwater body heterogeneity will be considered through the derivation of different criteria’s values corresponding to the different receptors to protect (see section 4.2) and if necessary through the “appropriate investigation” required by article 4 (see “compliance and trends” guidance document).
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Figure 1: conceptual models describing the main groundwater bodies characteristics.
3.2 Aquifer typologies

One of the important outcomes of the BaseLine and BRIDGE projects (Edmunds et Shand, 2003; Pauwels et al., 2006) was that a large range of hydrogeological and hydrochemical conditions is present within Europe. This supports the need for a differentiated approach in defining threshold values, allowing Member States to define threshold values at groundwater body scale. Different hydrogeological and hydrochemical conditions give rise to different contamination patterns, different residence time distributions, different background levels and different potential for attenuating or retarding processes. The BRIDGE project recommended using aquifer typologies as a starting point for the derivation of background levels for the TV derivation scheme. A proposal for aquifer typologies based on the BRIDGE project can be found in annex 2 of this guidance.

It should be noted, however, that quite different TV might be needed and derived by member states because aquifer typology is just one of the aspects to be dealt with in TV derivation. Others include the type of monitoring, the availability of data sets and the types of receptors which dominate the decisions on TV derivation.

3.3 Type of monitoring

Representative monitoring programmes have been set up by member states in order to assess chemical status and trends in the groundwater bodies. The guidance of monitoring (CIS guidance document n°15) gives recommendations for the establishment of these networks, and emphasises the use of conceptual models when designing the networks. Given the differences in aquifer typologies among Member States, different monitoring types can be distinguished, including the use of pumping wells, specific monitoring wells, springs and multi-level observation wells. These monitoring types may have a different position in the ‘recharge-pathway-discharge’ scheme and have different residence time distributions. As a general principle, the threshold values should be set in accordance with the conceptual models used for designing the monitoring programmes, because these are intended for checking the compliance for good chemical status. For example, the threshold value for a groundwater body monitored close to the recharge zone might differ from the threshold value for a similar groundwater body which is monitored at the main outlet, e.g. a natural spring. In both cases the threshold value should be set for sufficient protection of the receptors, including surface water and terrestrial ecosystems and/or legitimate uses. The threshold value will hence depend on the monitoring strategy of the groundwater body but will never be different from a monitoring site to another within a groundwater body. As written above, Member States are required to derive one single threshold value per groundwater body.

Monitoring data will also be used for determining background levels as a step in the derivation of threshold values. It is recommended to make full use of existing groundwater quality data sets, not limiting oneself to the recently established WFD monitoring programmes. Using all available information helps to increase the confidence of the background concentrations. Moreover, background levels should also be determined in agreement with the hydrochemical conceptual model. For example, when the compliance regime takes mainly pumping wells into account, the background levels should also be representative of pumping wells in order to make the data mutually comparable.

3.4 Protection environmental receptors (surface waters and GWDTE); attenuation and dilution issues

Threshold values are ultimately meant to protect receptors, such as surface water ecosystems and groundwater dependent terrestrial ecosystems. The greatest protection would be achieved by defining threshold values at the level of the environmental quality standard for the receptor or a relevant use standard, and require compliance at every point between the recharge zone and the discharge zone in the groundwater systems. However, it might not always be necessary to set threshold values so strictly, because of the diluting and attenuating processes that occur between the recharge zone and the receptor. Whether the receptor is a surface water stream, a spring or a pumping well, the receiving water is always a mixture of water with different residence times and contribution of pollutants. For example, a spring is typically fed by both shallow and deeper groundwater of varying quality. Threshold values can be set recognizing these different contributions from shallow and deeper water, choosing a threshold value which sufficiently prevents the spring water from exceeding the EQS for surface water or the terrestrial ecosystems.

While taking into account dilution and attenuation in deriving threshold values, it is important to recognise the position of the monitoring points in the recharge-pathway-discharge scheme. Dilution and attenuation factors can be applied for monitoring close to the recharge zone and should be tuned to monitoring depths in order to achieve sufficient protection. Dilution and attenuation should not be included when monitoring takes place in the receptor or close to the discharge point.

Including dilution and attenuation in the TV derivation approach requires a good understanding of the groundwater system and the groundwater-surface water interaction and sufficient confidence in the conceptual models used. If such an understanding is still lacking, it is recommended not yet to include dilution and/or attenuation when deriving threshold values.

Dilution

Whether the receptor is a surface water stream or a GWDTE, the receiving water is always a mixture of water with different residence times and variable quality. Dilution typically includes (see Figure 2 A):

· The spatial extent of areas where pollutants are introduced in the system relative to the whole contributing area of the stream;

· The residence time distribution of the groundwater feeding the stream, which is determined by the 3D flow field

· The amount of groundwater feeding the stream relative to other sources of water including surface runoff and surface water supply from upstream areas outside the groundwater body.

In Figure 2 A about 10% of the contributing area is polluted by a diffuse source, for example pesticides on farm lands. Farmlands close to the stream have short flow paths to the stream and contribute to the pollution of the river. Unpolluted water enters the stream from other areas, including farmlands which have too long flow paths and travel times to contribute already. The overall dilution factor can be calculated by considering the residence time distribution of the farmlands and the residence time distribution of the other unpolluted areas. 

Attenuation

Reactive processes like sorption and transformation may further reduce the pollution threat of the receptors and might be used in deriving threshold values. Figure 2B illustrates the effect of attenuation, which means that pollutants are transformed or slowed down relative to groundwater transport itself.

In the methodology described further, attenuation factors may be used. As required by the GWD (annex II.2), these factors include the “dispersion tendency” of the pollutants as well as their “persistence and bioaccumulation potential”. 
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Figure 2: Illustration of factors that determine how dilution and attenuation could affect threshold values derivation. A: only dilution, B: dilution and attenuation. The conceptual model should be based on a 3D understanding of the groundwater system and consider mixing of uncontaminated and contaminated water discharging at the receptor.

3.5 Confidence in conceptual models
The degree of confidence in the conceptual models might differ substantially from one groundwater body to another because of the availability of different amounts of reliable data or because varying degrees of complexity among groundwater bodies. Especially in groundwater bodies where there is still a lack of confidence in the conceptual model or in the natural background concentrations, it is recommended to choose threshold values that are relatively precautionary. It is suggested to also include the uncertainty of the natural background concentrations in this decision. For example, confidence intervals around the 90-percentile value could be used to quantify the uncertainty of the natural background concentrations when data is limited. 

As a result of different degrees of confidence, threshold values between two groundwater bodies might be different, even when the bodies are quite similar with respect to aquifer typology, monitoring type and/or receptors. It is recommend to review and revise (as necessary) the threshold values after the amount of environmental information increases and the accuracy and complexity of the conceptual models improves. 

4 METHODOLOGY TO DERIVE THRESHOLD VALUES

The following procedure can be applied at the groundwater body level. However, as written in Article 3.2 of the GWD, threshold values (TV) can be defined at the national level or at the level of the river basin district. This will particularly be the case of purely anthropogenic parameters.

The derivation of threshold values should be based on the use of conceptual models (Drafting group GW1, 2006). This process should be based on all the data and information available on the groundwater body and not only on the data obtained from the WFD monitoring networks.

4.1 Preliminary steps

Before deriving the TV, it is first necessary to draw the general conceptual models of the GWB. As a minimum, it is recommended to:

· identify the relevant criteria for the status assessment (surface water and GWDTE or legitimate uses),

· identify the parameters for which it is necessary to derive threshold value,

· assess background levels.

The following scheme summarizes these 3 steps and the following chapters give further details.
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Figure 3: preliminary steps to the identification of groundwater threshold values
A) Identify the relevant criteria of the groundwater body

As mentioned in the GWD’s Annex II.A, “the determination of threshold values should be based on:

a) the extent of interactions between groundwater and associated aquatic and dependent terrestrial ecosystems;

b) the interference with actual or potential legitimate uses or functions of groundwater;

[…]

c) hydro-geological characteristics including information on background levels”.

Moreover, it is also written in the Annex II.A of the GWD that “threshold values will be established in such a way that […] this will indicate a risk that one or more of the conditions for good groundwater  chemical status referred to in Article 4.2.c.(ii), (iii) and (iv) are not being met”. The latter Article refers to the following topics:

· the definition of good groundwater chemical status from the WFD (Annex V, section 2.3.2). This definition is reminded in Table 3.

· protected areas used for the abstraction of drinking water (Article 7 of the WFD),

· the ability of the groundwater body to support human uses.

Based on these elements, two types of criteria should be considered when deriving the threshold values:

· environmental criteria 

· associated aquatic ecosystems and dependent terrestrial ecosystems,

· usage criteria

· drinking water in Drinking Water Protected Areas (DWPA),

· other legitimate uses: crops irrigation, industry, etc…

Only uses involving a significant surface (or volume) of the groundwater body compared to the whole surface (or volume) of the groundwater body should be considered. 

Remark: the previous criteria remind the minimum receptors to protect according to the requirement of the GWD. To go further in the protection of groundwater, Member States may consider ‘groundwater’ as a legitimate functions to protect and may consider it when the deriving the TV. However, it is clear that there is no obligation to do so. The decision is to take at the national level.
In addition, assessing background levels also appears as a criterion which should be systematically considered as an integral part of the TV derivation process.

As the “saline or other intrusion” criteria does not relate to any specific environmental objective or usage, it is recommended to take this criteria into account when assessing background levels.

Hence, for each groundwater body, it is recommended to identify which of the quoted above criteria are relevant.
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Good status

General

The chemical composition of the groundwater body is such that the
concentrations of pollutants:

— as specified below, do not exhibit the effects of saline or other intrusions

— do not exceed the quality standards applicable under other relevant
Community legislation in accordance with Article 17

— are not such as would result in failure to achieve the environmental
objectives specified under Article 4 for associated surface waters nor any
significant diminution of the ecological or chemical quality of such bodies
nor in any significant damage to terrestrial ecosystems which depend
directly on the groundwater body

Conductivity

Changes in conductivity are not indicative of saline or other intrusion into the
groundwater body





Table 3: definition of good ground water chemical status of The Water Framework Directive 2000/60/EC, Annex V, section 2.3.2

B) Identify the parameters for which it is necessary to derive a threshold value

The following parameters are to be considered for each groundwater body:

· Nitrates and pesticides. 

Note: as already mentioned in section 2, threshold values i.e. more stringent values than the groundwater quality standards can be derived for nitrates and pesticides. Referring to Annex I.3 of the GWD such a procedure is required if the groundwater quality standards are not sufficient to achieve the environmental objectives set by the WFD in its Article 4 i.e. if there is any damage on the chemical or on the ecological status of associated surface waters or associated GWDTE.

· The minimum list in Annex II.B of the GWD

· “Substances or ions or indicators which may occur both naturally and/or as a result of human activities”: As, Cd, Pb, Hg, NH4+, Cl-, SO42-
· “Man-made synthetic substances”: trichlorethylene, tetrachlorethylene.

· “Parameters indicative of saline or other intrusion”: conductivity or Cl- and SO42- depending on Member States.

Note: According to Article 3.1(b) of the GWD, threshold values have to be derived for pollutants, groups of pollutants and indicators of pollution which have been identified as contributing to the chararacterisation of groundwater bodies as being at risk, taking into account at least the list contained in Part B of Annex II. This means, in other words, that deriving threshold values for each of the parameters of this list is not an obligation, i.e. this only concerns those parameters representing an identified risk to the groundwater body. The decision of not selecting a parameter of the list on the basis that it does not represent a risk will have, however, to be clearly justified by the Member State. Adversely, deriving threshold values for risk substances which are not on the list remains an obligation 
· Any other parameters responsible for the risk (other than those already cited above). This would include parameters which are present in significant amounts: large-scale discharge which has an impact at water body level or existing widespread pollution. 

C) Assessing Background Levels (BL)

Following the new GWD definition (Article 2.5), “background levels” means the concentration of a substance or the value of an indicator in a body of groundwater corresponding to no, or only very minor, anthropogenic alterations to undisturbed conditions”. 

Because BL can, for some parameters and some type of groundwater body, be very high (Pauwels et al., 2006) it is of major importance to first assess these BL. Furthermore as underlined by the GWD (Annex II.A.1.d), “when establishing threshold values, Member States will consider […] hydro-geological characteristics including information on background levels”.  

BL are the result of various factors such as water – rock interactions, chemical and biological processes in the vadose zone, residence time, rainfalls, relationships with other aquifers (leakage), etc… For this reason, each groundwater body is different and has a unique natural chemical composition. Furthermore, within each groundwater body, spatial variations of the BL will frequently be observed. However, it is possible to define the range of values for each parameter and for each type of aquifer.  

For each of the selected parameters, it is required to assess the background level. For this purpose Member States are free to use their own approach depending on existing studies in their country and on information available from the conceptual models of the groundwater body. However, the methodology addressed by the BRIDGE consortium (see Annex 1 and Müller et al., 2006) could be used where the level of knowledge is too low. In particular, the aquifer typology (cf. section 3 and Annex 2) and the pre-selection method that is based on the exclusion of samples influenced by human activities may be used.

By assessing the reference status of the groundwater body (i.e. without any influence of human abstractions) the BL assessment allows Member States to take into account the “saline or other intrusion” criteria.

The following methodology applies to every kind of parameters from purely anthropogenic ones to those which may occur both naturally and/or as a result of human activities. However, BL will be equal to zero in the first case.  

4.2 Methodology to derive threshold values

The following guidelines have been established to give the minimum recommendations to meet the WFD and the GWD requirements. It is recommended to Member States to apply the following methodology but it should be quoted that they are allowed to derive more stringent threshold values. These recommendations aim at giving a support to Member States to implement the WFD and GWD. It doesn’t replace any other national strategies and legislation that could go further. 

A) General methodology

The general methodology to derive threshold values in a groundwater body is summarized in Figure 4. Once the relevant criteria are identified, it is recommended to derive a value for each one (which will be called a “criteria’s value”) aiming to fulfil the WFD objectives related to this criteria. These criteria’s values can be seen as "intermediate threshold values" for each objective of the WFD (DWS, other uses, GWDTE, SW). These "intermediate threshold values" have been called "criteria's values" because each one corresponds to a criteria to assess. The term "threshold values" has been kept for the final value to be reported in the management plan only.

Further information and details about the way to derive such values are presented in the following sections. 
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Figure 4: general methodology to derive groundwater threshold values. AF = Attenuation Factor; DF = Dilution Factor; EQS = Environmental Quality Standards

When each criteria’s value is defined, it is recommended to compare the most stringent value to the BL. Depending on the relationship between this ‘most stringent’ value and BL, the final threshold value of the groundwater body can be identified:

· if BL < the most stringent criteria’s value then TV = the most stringent value,

· if BL > the most stringent criteria’s value then TV = BL + 
In the first case, saying that the threshold value is equal to the most stringent criteria’s value allows to take all the WFD’s environmental objectives into account even if NBLs are lower. For socio-economical reasons and practical reasons (harmonisation with other directives such like the Nitrates Directive, the Drinking Water Directive or the future EQS Directive), it is hence acceptable to have a TV higher than the BL. However, Member States are still required to meet the objectives set in Article 5 of the GWD and to reverse any significant upward trend of pollutants including any upward trend starting from BL and covering the range of concentrations between BL and TV.

In the second case, the threshold value may take the sum of BL and a  value into account. The TV thus obtained should integrate the sustainable development concept and should hence allow the development of economical activities and a balanced use of groundwater. The value introduced here is meant to be a small addition to the BL which represents an acceptable amount of human influence which is considered not to be harmful in protecting the relevant receptors. The value also aims at avoiding unwanted problems in the compliance checking caused by a large numbers of wells with exceedences of the threshold values. Given the fact that the 90 percentile will often be chosen as criterion for the assessment of BL (see Annex I) at least 10% of the observation wells are expected to show exceedences when the threshold value would be set exactly at the BL concentration. This would inevitably lead to an ‘appropriate investigation’ for all groundwater bodies under case 2, which was considered unworkable.

Member States are required to define the  value using a risk assessment procedure. In particular it is recommended to take the vulnerability of groundwater into account (including soil biogeochemical properties and pollutant properties). Such an assessment will depends on the level of knowledge (confidence in the conceptual models) but it is reminded that Member States can update the threshold values in accordance with the rules explained in section 2 of this document. Hence, to take new information into account and especially results from research projects, Member States will be allowed to update the  value and as a consequence the threshold value whenever they need to. 
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Figure 5: identification of the threshold value depending on the relationships between BL and criteria’s value
B) Determining the value for the “associated aquatic ecosystems and dependent terrestrial ecosystem” criteria

When groundwater and surface waters are linked and especially when surface waters or dependent terrestrial ecosystems are fed by groundwater, the criterion’s value will be derived using environmental quality standards (EQS) or any other relevant ecotoxicological value. For priority substances and other pollutants listed in the Commission’s proposal of 17th of July, EQS set in this text may be used (see annex 3). Any other EQS derived locally or nationally by a Member State using for example ecotox-test-results of aquatic organisms might also be applied.

Because the concentration of a parameter varies from the aquifer to the river, a dilution factor (DF) or an attenuation factor (AF) may be applied to derive an appropriate criteria’s value. 

Attenuation and dilution factors will be calculated depending on the level of knowledge in the conceptual models and recognising the position of monitoring points in the groundwater system (‘recharge-pathway-discharge’ scheme, see section 3). Each Member State will be free to set these factors on each groundwater body according to its own approach and knowledge. BRIDGE’s proposals to assess such factors might also be used (Müller et al., 2006).  

The relevant criteria’s value is hence equal to: X1 = EQS*AF/DF

Dilution and attenuation should not be included when monitoring takes place in the receptor or close to the discharge point. In that case DF=AF =1 * EQSsurface water.

Including dilution and attenuation in the TV derivation approach requires a good understanding of the groundwater system and the groundwater-surface water interaction and sufficient confidence in the conceptual models used. If such an understanding is still lacking, it is recommended not yet to include dilution or attenuation when deriving threshold values: 

DF=AF=1. Consequently, the default values of DF and AF are 1, except for groundwater bodies which are well understood. 

Dilution and attenuation factors can be applied for monitoring close to the recharge zone and should be tuned to monitoring depths in order to achieve sufficient protection. For the example of Figure 2A and monitoring at shallow depth in the recharge zones, a dilution factor of 0.1 still seems to protect surface water quality sufficiently because approximately 10% of the land surface in the groundwater body contributes to contamination of the stream. This means that groundwater TV = (1/0.1)*EQSsurface water. for this specific situation. Including attenuation as well, estimating an attenuation factor of 3 for the illustrated example, TV might be as high as (3/0.1)*EQS, and still be sufficient to protect this surface water receptor.

It should be noted that the use of dilution and attenuation factors, as described in section 3.4, can be part of either the threshold values derivation procedure or in the compliance checking procedure. When dilution is already included in the threshold value derivation procedure, is should not appear again in the ´appropriate investigation´ under the compliance regime, because dilution would be counted twice. However, Member States may decide to include ´dilution´ already in the TV derivation stage, and consider the more difficult aspect of ´attenuation´ only in the appropriate investigation under the compliance regime.

C) Determining the value for the “legitimate uses” criteria

Depending on the use of the groundwater body, some other relevant values may need to be derived. For instance, if groundwater is used for drinking water supply, crop irrigation or food industry then a value can be derived for these criteria. However, such a value will only be derived and considered if the total surface or volume of the polluted area in link with these “legitimate uses” is ‘significant’ compared to the whole surface or volume of the groundwater body. Groundwater body chemical status assessment as required by the GWD Article 3 and 4 refers to large scale pollutions. Point source pollutions are already covered by other laws and directives (e.g. IPPC directive, GWD Article 6, national water laws….) and don’t have to be considered in this procedure (except if the total surface or volume of the GWB affected by this pollution is significant). 

If the groundwater body is used for drinking water supply, drinking water standards (DWS) may be considered when assessing the criteria’s value. 

It should be noted, however, that the compliance regime for Drinking Water Protected Areas (DWPA) does not only account for a check on the exceedance of threshold values, but should also test whether there will be no further increase of water treatment measures as required by Article 7.3 of the WFD (see “chemical status” guidance document). 
In the case of an exceedance of the DWS on a monitoring site located in a DWPA, it will be necessary to go further in the assessment and to compare the results to the baseline value. If the results remain below the baseline value then the monitoring site can be considered in good status (to be linked with the “chemical status” guidance document).
For other uses such like crop irrigation and industry a case by case approach is recommended. 
D) Determining the value for the “saline or other intrusions” criteria

Different types of saline intrusion can occur in groundwater bodies (Figure 6). The two main types are:

· the marine saline intrusion that are frequently observed in coastal aquifers of the Mediterranean basin,

· saline intrusion from geological sources (resulting from the influence of connate water or from a leakage from salty layers such as evaporates). 

Other types of intrusions are covered in this section and in particular any leakage bringing poor quality water from surface water or from another groundwater body. 

The relevant criteria’s value for such cases will be the NBLs for the key parameters. The “saline or other intrusion” criteria do hence not have to be tackled separately. For each of the relevant parameter (and especially for Cl, SO42- and conductivity), this criteria is covered when assessing NBLs.
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Figure 6: types of intrusion. After UKTAG.
GLOSSARY

Threshold values

Criteria’s value

Groundwater quality standards

Receptors / criteria

Background Levels

Parameters = ions or substances or indicators or pollutants. The use of this word has been decided for the drafting of the present guidance in order to harmonise the document and to avoid any confusion. All these words are mentioned in the GWD in different Articles. 

…………

LIST OF USED ABBREVIATIONS

EQS – Environmental Quality Standards

DWA – Drinking Water Area

DWS – Drinking Water Standards

GWB – Groundwater Body

GWD – Groundwater Directive

GWDTE – Groundwater Dependant Terrestrial Ecosystems

BL – Background Levels

TV – Threshold Values

WFD – Water Framework Directive
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Annex 1 – A proposed methodology to derive Background Levels (BL)

From BRIDGE outcomes (Müller at al., 2006)

1
General methodology

Based on a review of existing approaches to defined BL through Europe and considering all the factors involved in the BL determination within a GWB, the BRIDGE consortium proposes the following procedure to define BL. This procedure may be used to define BL as required in the preliminary steps of the methodology developed in this guidance document (§4.1).

1. The first step in all cases is the determination of the aquifer typology for the groundwater body under consideration. The confinement is also a criteria to consider. BL will hence be derived separately for confined and unconfined aquifers. 

2. Depending on the previous level of knowledge and the available groundwater monitoring data the way to derive BLs can vary:


2.1.: In cases with an existing high level of knowledge about geochemical transfers and processes and where a lot of groundwater monitoring data is available, BLs can be

· derived using own national or scientific approaches and experiences or 

· derived using a simplified pre-selection approach (see below) or

· estimated, based on statistical reference results

2.2.: In cases with a medium level of knowledge about geochemical transfers and processes and where some groundwater monitoring data is available, BLs can be

· derived on a simplified (pre-selection) approach or 

· estimated based on statistical reference results

2.3.: In cases with a low level of knowledge about geochemical transfers and processes and where no groundwater monitoring data are available, BLs can be 

· estimated based on statistical reference results
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Figure 7: Proposal for a procedure to derive BL

2.     Proposal for simplified pre–selection approach to derive BLs

General characteristics of the methodology

Warning: the following methodology is not applicable to

· nitrates. In case of nitrates TV derivation, it is recommended to identify the BL of nitrates with “a case by case” approach using local studies,

· salty aquifers (NaCl content of more than 1000mg/L).

All pre-selection approaches are based on the exclusion of groundwater samples with indicator substances for anthropogenic inputs above a certain value. An ideal indicator substance for groundwater systems should be easily detectable and typical for a certain type of pollution (i.e. diffuse or point source pollution). As inorganic groundwater substances may occur in the groundwater naturally as well as due to anthropogenic inputs, there are only a few substances, whose presence in high concentrations surely indicate anthropogenic inputs. Nitrate, potassium and ammonia are examples of such substances. The following criteria to pre – select data-bases according to the presence of indicator substances is based on the experience in several French and German studies on BL assessment. For each GWB, the procedure is as followed:

1. Identification of relevant parameters to exclude samples influenced by human activities. It is recommended to use NO3>10 mg/l as a criteria to exclude anthropogenic samples but depending on the GWB characteristics some other parameters can be relevant. This can be the case for potassium, chloride, sodium or ammonium. Potential impact of anthropogenic activity of groundwater composition can also be verified through dating with CFCs or tritium.
Using other criteria can particularly be important for anaerobic aquifer. Because of denitrification processes, the NO3 criteria is indeed not sufficient to exclude all influenced samples. In case of denitrification, SO4 or NO2 concentrations (if available) could also be used to identify human influences but only  in particular conditions. In all cases,  denitrification,is revealed by excess of gaseous phases N2, or N2O. If additional sampling for analysis can be managed, it is recommended to proceed to the analysis of the three following gases in groundwater samples : N2, N2O and Ar.
But by using criteria such as potassium, chloride, sodium, sulfate or ammonium, it is recommended to make sure that there is no high BL of these parameters. For instance it could be the case for ammonium that naturally occurs in some deep confined aquifers. 

2. Exclusion of groundwater samples from the further assessment of BLs in case NO3 > 10 mg/ l (or other criteria following step 1). Exclusion based on gaseous phases, has to be applied  : N2O>  85 nM  or  2µl/l  

Or if N2 concentration expressed in ml/l overpasses by more than 2ml/l N2theo, the theoretical concentration deduced from Ar concentration, which is expressed by the following equation:

N2theo= Ar +0.0292-0.02669 (0.042 t2-0.4018 t + 18231)
                                     0.01191

3. BLs are derived for the remaining data-base using e.g. simple standard statistical methods and assessed as the concentration at the 90-percentile (90% of the remaining sample sites). When large numbers of samples from well defined aquifers are available and in case of being sure that no human influence exists, the 97.7-percentile may be used instead. 

For trace elements, for results < LQ, it is recommended to take LQ/2 as the result to perform the statistics. Furthermore, such an approach can only be done if enough results are above LQ. 

Minimum requirements for groundwater data used for BL derivation

In general the groundwater data which is used for the BL derivation originates from existing national or regional monitoring networks. As a consequence the data structure as well as the parameters analyzed differs from monitoring network to monitoring network. This heterogeneity in the data structure can not be avoided and is something to deal with when deriving BL’s. The data-bases used for BL derivation should, however, fulfil some minimum requirements:

(ii) Samples with incorrect ion balance (exceeding 10%) should be removed

(iii) Samples of unknown depth should be removed

(iv) Monitoring data not attachable to annex 2 aquifer typologies should be removed

(v) Data from hydrothermal aquifers should be removed 

(vi) Data from salty aquifers (NaCl content of more than 1000 mg / l) (coastal or influenced by evaporates) should be removed. (These particular conditions are not identified in the typology and can be studied during the last step of the methodology to derive threshold values.
Salty aquifers must be considered as a separate type of aquifer and BL should be, in this case derived with a case by case, approach. 

(vii) Data from aerobic aquifers should be separated from those of anaerobic aquifers. This can be done using the oxygen content: >= 1 mg/l O2 for aerobic and < 1 mg/l O2 for anaerobic groundwater. If no reliable O2 data are available, Fe(II) and Mn (II) concentrations may be used for separating aerobic (Fe < 0.2, Mn < 0.05 mg/l)  and anaerobic (Fe >= 0.2 and Mn >=0.5 mg/l) groundwater) instead. Because of possible denitrification reactions in anaerobic groundwater, preselection to nitrate contents only may not separate samples with anthropogenic impacts. In this case additional preselection criteria should be used.

(viii) All the data available can be used (no restriction on the time series to consider) but time series should be eliminated by median averaging (in order to guarantee that all sampling sites contribute equally to the BL derivation). After this data processing only one representative groundwater analysis remains for all the remaining monitoring stations.

(ix) For traces elements, limits quantification cannot be too high. In particular, LQ equal to DWS should be removed.

Annex 2 – Aquifer typology

From BRIDGE outcomes (Pauwels at al., 2006)

BRIDGE partners agreed on a typology adapted to the definition in environmental thresholds for which attenuation processes (extinction/alteration or dilution) can be taken into account. The prime criteria of proposed typology for hydrogeochemical characterization include:

· Lithology:

· Limestone (karstic/non karstic),

· Chalk,

· Volcanic rocks,

· Crystalline basement,

· Shales and schists,

· Sands and gravels,

· Sandstones,

· Evaporites,

· Clays, marls;

· Saline influence.

The further criteria will enable to supplement and precise aquifer description to comprehend pollutant behaviour.

· Hydrodynamics (recharge, residence time, topography, leakage…);

· Redox conditions;

· Particular occurrences (e.g. Organic matter, Oxides, Sulphide minerals…);

· Geological age.

Those elements are considered as determining for the Background Level of any chemical parameters. The knowledge of Background Level (BL) is a key point of threshold determination as concentration lower than BL value could not be reasonably reached. The typology represents also a key point regarding the behaviour of any chemical parameters introduced within the water consequently to human activity. 

This definition of such a typology does not mean that adaptation and addition of other descriptors specific to the some local conditions are to be dismissed. 
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Annex 3 – environmental quality standards for surface waters (proposed Directive on environmental quality standards in the field of water policy and amending Directive 2000/60/CE)
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Annex 4 – drinking water standards (drinking water directive 98/83/EC)
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Annex 5 – SUBstances identified as responsible for a risk of failing wfd objectives across Europe

preliminary analysis of article 5 reports

BL to be derived based on WP2 statistical results





Use percentile 90 from statistical calculations made in other countries for the same type of aquifer typology





Low level of knowledge/ no data





No data available in the GWB (or just a few that are not sufficient to give the general chemical composition of the GWB)





Medium level of knowledge / some data available





Some data are available but they are not sufficient to precisely define the geochemical characteristics of the GWB





BL to be derived based on “own” approach


Possibility to use percentile 97.7 of uninfluenced samples





High level of knowledge/data





Well monitored GWB: many sampling sites, numerous chemical analysis geochemical transfers and processes well known,BL derived already….





Groundwater Body





Which aquifer typology?


Confined or unconfined?











X1= EQS*AF1/DF1





BL to be derived based on a simplified (preselection) approach


Calculation of percentile 90 after a selection of the samples 

















TV = BL + 


 to be defined by MS








If the most stringent value < BL





TV = the most stringent value





TV





If the most stringent value > BL





Compare to BL


















































Remark : according to national regulations and strategies, Member States remains free to set lower TV 
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Assessing the natural background level of each of the relevant parameter





What are the relevant criteria for the status assessment?


Surface water and associated terrestrial ecosystems


Legitimate uses








B
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What are the parameters for qualifying a water body’s chemical status?


All pollutants that characterise groundwater bodies as being at risk of not meeting WFD environmental objectives





Establish BL






































Xi…
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X3
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Deriving a criteria’s value for each of the relevant criteria





See §B,C for more details





Identify the lowest criteria’s value





Others… 





Crops 





Industry





Drinking water





Surface waters and wetlands





Usage criteria


Selection of legitimate uses which’s surface is significant compared to the whole surface of the GWB





Environmental criteria





Select the relevant criteria
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Most stringent criteria’s value





Case 1
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 to define by MS





Case 2
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