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Glossary of terms 

 

 

 

                                                      
1 ENVIRONMENT AGENCY. 2010. The importance of dissolved organic carbon in the assessment of environmental quality standard 

compliance for copper and zinc. Draft final report SC080021/SR7a. Environment Agency, Bristol, UK. 

Term Definition 

BLM  Biotic Ligand Model. This is a predictive tool that can account for variations in 

metal toxicity and calculates a site-specific  PNEClocal using information on the 

chemistry of local water sources, i.e. pH, calcium concentrations, hardness, 

dissolved organic carbon, etc. 

User friendly 

bioavailability tool 

Effectively is a simplified version of the BLM. It performs the same calculations as 

the BLM, but is run in MS Excel, requires fewer data inputs, and gives outputs that 

are precautionary relative to the full BLM but that are readily interpretable in the 

context of basic risk management and EQS compliance assessment. 

DOC Dissolved organic carbon. The input to the screening tool for DOC should be site-

specific median concentrations from at least eight sampling occasions. Default 

waterbody values of DOC are available for some waterbodies1. 

EQS Environmental Quality Standard. A term used for the annual average. 

EQSdissolved Environmental Quality Standard derived and measured as a dissolved 

concentration, this is generally considered operationally as that metal passing 

through 0.45 µm.  

EQSbioavailable Environmental Quality Standard derived under conditions representing high or 

maximum bioavailability. Also termed EQSgeneric or EQSreference.   

PEC  Predicted Environmental Concentration. These are usually replaced in the 

screening tool with measured environmental concentrations of dissolved metal in 

the waters of interest. 

PNEC  Predicted No Effect Concentration. This concentration is derived from 

ecotoxicological data.  

PNEClocal Predicted No Effect Concentration. This concentration is derived from the 

ecotoxicological data and site-specific water quality data using the BLM. 

RCR  Risk Characterisation Ratio, also sometimes called the risk quotient. This is 

calculated by dividing the PEC by the PNEC. Values equal to or greater than 1 

present a potential risk. 
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1 Sammenfatning 

Med direktiv 2013/39/EU om ændring af vandrammedirektivet og direktiv om 

miljøkvalitetskrav er der på EU-niveau fastsat miljøkvalitetskrav for nikkel og bly, der er 

baseret på metallernes biotilgængelige fraktion. Nogle medlemsstater har fastsat nationale 

miljøkvalitetskrav for disse og andre metaller baseret på metallernes biotilgængeliged.  

I Danmark er der i bekendtgørelse nr. 10222 om miljøkvalitetskrav for vandområder og krav til 

udledning af forurenende stoffer til vandløb, søer eller havet fastsat miljøkvalitetskrav for flere 

metaller, herunder kobber, zink og nikkel. Kravene er fastsat for den opløste fraktion af 

metallerne. Ovennævnte EU-fastsatte miljøkvalitetskrav skal gennemføres i dansk lovgivning 

senest 14. september 2015. 

Naturstyrelsen har taget initiativet til denne aktuelle undersøgelse for at vurdere, om de 

geokemiske forhold i Danmark gør det muligt og relevant at anvende de tilgængelige 

brugervenlige modeller til bestemmelse af biotilgængeligheden af metallerne kobber, nikkel 

og zink i ferskvandsmiljøer. Aktuelt er bio-ligand-modellerne (BLM) ’M-Bat’ og ’Bio-Met’ brugt i 

undersøgelsen. Mere specifikt har formålet været, på baggrund af eksisterende målinger,  

 at vurdere, hvor stor betydning de geokemiske forhold i Danmark har for 

biotilgængeligheden af kobber, nikkel og zink i danske ferskvandsmiljøer, 

 at vurdere, om de tilgængelige brugervenlige BLM-værktøjer kan anvendes til 

at estimere biotilgængeligheden i danske ferskvandsmiljøer, 

 at bedømme betydningen af biotilgængeligheden af kobber, nikkel og zink for 

overholdelse af miljøkvalitetskravene. 

Eksisterende samhørende målinger af koncentrationer af kobber, nikkel og zink samt 

parametrene pH, calciumkoncentration og opløst organisk kulstof (DOC) blev hentet fra 

databasen over danske moniteringsdata (NOVANA). De enkelte målinger blev sammenholdt 

med miljøkvalitetskravene for kobber, nikkel og zink ved at sammenholde kravene dels 

direkte med de målte totalkoncentrationer af metallerne, og dels efter korrektion for 

biotilgængelighed beregnet med de to værktøjer M-Bat og Bio-Met. Miljøkvalitetskravene 

gælder for metalkoncentrationen i opløsning, dvs. den opløste fase af en vandprøve, der er 

filtreret gennem et 0,45 µm filter. Målingerne i denne rapport er baseret på totalmetal, dvs. 

den samlede koncentration i prøven af både opløst og bundet metal. Det er dermed ikke 

muligt at kontrollere om miljøkvalitetskravene er overholdt, hvilket heller ikke har været 

formålet med undersøgelsen. 

På baggrund af resultaterne kan følgende konkluderes:  

1. De undersøgte fysisk-kemiske parametre (pH, calciumkoncentration og opløst 

organisk stof, DOC) har afgørende betydning for biotilgængeligheden af kobber, 

nikkel og zink og dermed for overholdelse af miljøkvalitetskravene. Således faldt 

antallet af prøver, der overstiger miljøkvalitetskravene, efter korrektion af 

biotilgængeligheden på følgende måde: 

 Kobber: før korrektion for biotilgængelighed lå 106 ud af 170 prøver over 

miljøkvalitetskravet for kobber; efter korrektion for biotilgængelighed med M-

Bat og Bio-Met lå kun henholdsvis 1 og 3 prøver over dette niveau.  

                                                      

2 Miljøministeriets bekendtgørelse nr. 1022 om miljøkvalitetskrav for vandområder og krav til udledning af forurenende 

stoffer til vandløb, søer eller havet 
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 Nikkel: før korrektion for biotilgængelighed lå 23 ud af 264 prøver over 

miljøkvalitetskravet for nikkel; efter korrektion for biotilgængelighed med M-Bat 

og Bio-Met lå kun henholdsvis 5 og 6 prøver over dette niveau. 

 Zink: før korrektion for biotilgængelighed lå 96 ud af 170 prøver over 

miljøkvalitetskravet for zink; efter korrektion for biotilgængelighed med M-Bat 

og Bio-Met lå henholdsvis 41 og 46 over dette niveau. 

 

2. Af de fysisk-kemiske parametre ses DOC at have størst betydning for metallernes 

biotilgængelighed i de undersøgte prøver. En vurdering af ferskvandssystemers 

følsomhed over for kobber, nikkel og zink kan derfor ikke baseres alene på vandets 

hårdhed og pH, som er betinget af de regionale geologiske forhold.  

3. Det vurderes at værktøjerne M-Bat og Bio-Met er brugbare også under danske 

forhold. Af de undersøgte prøver ligger kun få uden for modellernes validitetsgrænser 

for calcium, pH og DOC. 

2 Introduction 

The Danish Nature Agency (DNA) has initiated the current study with the aim is to assess if 

available tools for assessing the bioavailability of metals in freshwater are valid and relevant 

under the geochemical conditions that are prevailing in Denmark. The aim was to assess the 

applicability of user-friendly tools, based on existing Biotic Ligand Models (BLM), for 

assessing the bio-available fraction of measured concentrations of the metals copper, nickel 

and zinc. The background is that the DNA wishes to evaluate the importance of the 

bioavailability of these metals in Danish freshwaters for the assessment of possible risks to 

the aquatic environment. More specifically the objectives were to:  

 Provide an overview of the degree to which the geochemical conditions influence the 

bioavailability of copper, nickel and zinc in Danish freshwaters. 

 Determine the importance bioavailability has for compliance with environmental 

quality standards  

 Evaluate if the available user-friendly tools, based on existing Biotic Ligand Models 

can be used to estimate bioavailability in Danish freshwater systems.  

The Danish statutory order no. 1022, on environmental quality standards on release of 

polluting substances to rivers, lakes and the sea, includes national quality standards for 

several metals, including copper, zinc and nickel. The standards refer to the dissolved 

concentration. The EU EQS for lead and nickel shall be implemented into Danish legislation 

by 14 September 2015. 

Data used in this study are from the Danish monitoring programme ‘NOVANA‘, which are 

reported and compiled in a data base by the DNA.  

The study was conducted in December 2013 and January 2014 by DHI in collaboration with 

Graham Merrington, wca-environment. 

3 Accounting for bioavailability of trace metals in freshwaters  

The revised Water Framework Daughter Directive (2013/39/EU) includes annual average 

Environmental Quality Standards (EQS) for nickel (Ni) and lead (Pb) that specifically refer to 

the bioavailable concentrations. Some Member States have also developed EQSbioavailable for 
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other metals, including copper, manganese and zinc (so called specific pollutants or Annex 

VIII EQS).  

Accounting for bioavailability in the regulation of metals in freshwaters is a relatively novel 

regulatory approach and represents a considerable change to existing ways of working with 

riskassessment of metals. In order to assess the potential challenges to implementation of a 

bioavailability-based approach at a national level, several member states have undertaken 

feasibility assessments (e.g. UK Environment Agency 2009; Geoffroy et al. 2010; Hommen 

and Rüdel 2012). These assessments have been undertaken using the best available data for 

the respective Member State, and while these data are often not ideal, they nevertheless 

provide an opportunity to assess some of the practical implications of implementing 

EQSbioavailable for metals. 

The bioavailability-based approach for metals is outlined in the EQS dossier for nickel (EC, 

2010), and is reliant upon the use of biotic ligand models (BLMs). However, these models are 

complex, and resource and data intensive, and therefore user-friendly tools have been 

developed that mimic the BLMs. These user-friendly tools have a small reduction in accuracy 

compared to the BLMs on which they are based, but also have a much reduced requirement 

to data input. The user-friendly tools also operate in routine Microsoft Office software 

applications, providing increased utility of use compared to the BLMs (e.g. Environment 

Agency, 2012). The user friendly tools3 are based on the BLMs and are constrained by the 

validation boundaries over which they operate (Table 1.1). 

Table 3.1:  Validated water chemistry ranges of the BLMs for copper, nickel and zinc 

 

BLM  pH Calcium, mg L-1 DOC, mg L-1 

Cu 6-8.5 3.1- 129 30 

Ni 6.5-8.7 2.0-88* 30 

Zn  6.0-8.5 3.0-160* 30 

 *These upper limits reflect only where the protective effect of Ca ceases, so above this value the BLM 
models can only be used with caution.  

 

These water chemistry boundaries are linked to the test conditions of the ecotoxicity test data 

that have been used to generate and validate the models. Specifically, control performance of 

organisms in certain types of waters mean that tests can only be performed across a certain 

physical-chemical range.  

4 The selection and treatment of freshwater monitoring data 

In order to be able to account for bioavailability using the existing user-friendly tools for 

copper, nickel and zinc site-specific data are needed for pH, dissolved organic carbon (DOC) 

and a measure of hardness (preferably dissolved calcium). Preferably these data need to be 

matched for each site, i.e. all the determinants should be measured on each sample. The 

concentration of metals needs to be measured as ‘dissolved’ metal (the fraction passing 

through a 0.45 µm filter), as required by the Water Framework Directive.  

                                                      

3 There are currently three that are readily available, PNECpro (http://www.pnec-pro.com), Bio-Met (http://bio-met.net) 

and the UK Environment Agency’s M-BAT.  
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4.1 Datasets for hazard and sensitivity assessment 

When data are not available for dissolved metal concentrations for copper, nickel or zinc, an 

assessment can still be made using the user-friendly tools. Effectively, this assesses gives an 

indication of the potential sensitivity of the waters to copper, nickel and zinc.  

The outputs from the user-friendly tools include the calculation of a bioavailability corrected 

site-specific or local PNEC (Predicted No Effect Concentration, PNEClocal). This PNEClocal 

gives an indication of how sensitive the site is, as determined by the water chemistry, to metal 

exposures. It is important to note that PNEClocal will never be calculated to be below the 

EQSbioavailable. The EQSbioavailable has been derived to be protective of 95% of waters in the 

most sensitive region (e.g. EC, 2010).  

A relatively high PNEClocal, i.e. considerably above the EQSbioavailable, will indicate that the site 

is not sensitive to that specific metal. Importantly, the water conditions that represent the most 

sensitive conditions vary for each metal. For example, the water conditions that are sensitive 

for nickel are not the same as for copper and zinc (e.g. EC, 2010).  

This type of hazard assessment has been performed using Danish freshwater data in addition 

to an assessment of face values compared to EQS (face value owing to a considerable 

shortage in dissolved metal concentration data). The results of this assessment are shown in 

Section 5.  

A dataset (838 samples from 38 sites) was provided by the Danish Nature Agency, for which 

matched DOC, pH and a measure of calcium were available for 386 of the samples. The site 

names and distribution across Denmark is shown in Table 4.1 and Figure 4.1. These data 

were inserted in the Bio-met and M-BAT user-friendly tools. M-BAT also provides an 

opportunity for a hazard assessment for manganese.  

 Table 4.1 overview of the 38 sites and names used in this study 

 

Station no.  Name  

KBH1591 Lille Vejleå 

FRB1180 Mademose Å 

FRB1984 Følstrup bæk 

ROS1116 Tryggevælde Å 

ROS628 Ledreborg Å 

VEJ320115 Højen Å 

VEJ320051 Vejle Å 

VEJ370040 Solkær Å 

FYN1800530 Brende Å, st. 5.30 

RKB2000012 Skjern å,Gjaldbæk Bro 

RKB3050023 Ejstrup Bæk 

NOR802 Ger å 

KBK5308 Harrestrup å  

BRK3701925 Øle Å 

ARH10003 Kastbjerg Å 

ARH70216 Gudenå 
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Station no.  Name  

ARH90442 Skærbæk 

FYN0177120 Brændegårds Bæk, Syd – 

Stenhusløkker 

VIB0024-00038 Thorsø Bæk 

VIB1740-00010 Grøndal Bæk 

ARH10207 Kastbjerg Å - Gloudal Bæk 

SJY402-4350 Smedbæk 

RKB8120005 Kvistrup Møllebæk 

NOR17020381016 Døstrup Bæk 

FYN0707210 Kogsbølle Bæk 

VIB3086-00007 Koustrup Å 

STO05.15.10 Høvængekanalen,45 

STO08.90.17 Alstrup, AVL,15F 

ARH70194 Farbæk 

NOR070070 Lindholm å, Køkkengrøften 

FYN0152130 Sallinge Å 

FYN0107338 Posebækken 

FYN1900520 Viby Å 

VEJ08-0211 Øster Snede bæk 

FRB6264 Usserød Å 

NOR100164 Kærs Mølleå, Indkildestrømmen 

RIB374-2100 Møllebæk 

RIB372-0900 Starup, Kvl.3,  
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Figure 4.1 The spatial distribution of freshwater sites across Denmark used in this study.  
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4.2 Dataset for metals 

A second dataset was provided by the DNA to the Project Team, specifically to provide an 

indicative assessment of potential metal risks when accounting for bioavailability.  

The dataset contained 831 samples from the same 38 sites. This assessment was performed 

on these data on a ‘face-value’ basis, i.e. by treating each sampling occasion independently. 

The implications of using data like this are discussed in latter sections.  

The physical-chemical data included total metal concentrations of copper, nickel and zinc, pH, 

dissolved organic carbon (DOC) and calcium. The data for total metals concentrations were in 

µg L-1 and the DOC in mg L-1.  

A review of the data presented showed that, for some sampling occasions, not all the key 

physical-chemical determinants were present. Only sites where measurements of pH, DOC 

and Ca were available were used as these parameters are required by the user-friendly 

models. This reduced the dataset from 831 samples to 374. For the assessment of face 

values compared to EQS the dataset was further reduced for each metal, as not every 

sampling occasion had measured concentrations of copper, nickel and zinc.  

The use of total metal concentrations, rather than the Water Framework Directive required 

dissolved concentrations (i.e. < 0.45 µm) is highly precautionary, but also means that this 

exercise is, at best, indicative.  

The frequency distribution of the key physical-chemical parameters from the dataset of 374 

samples is shown in Figure 2.2. These distributions show that for calcium the waters in the 

dataset are relatively soft, with 90 percent of waters with less than 20 mg Ca L-1. The range of 

calcium concentration is 0.3-454 mg L-1. These data suggest that Danish waters are relatively 

soft compared to those in Europe, where the 50th percentile from FOREGS4 is 40 mg Ca L-1. 

For DOC the distribution is in line with those seen from other EU Member States, even if the 

DOC is relatively high (a median concentration of 7.05 mg L-1 compared to a value in the UK 

of 4.59 mg L-1 and from FOREGS of 5.00 mg L-1). The range of values for DOC in the dataset 

is 1.1-35 mg L-1, although the detection limit for this determinant is not known. The observed 

ranges of pH, calcium and DOC are generally within the validated water chemistry ranges of 

the BLMs for copper, nickel and zinc  

For pH Figure 4.2 shows that there are very few samples with a pH less than 7. The range of 

values is 5.4 to 9.2. The median pH value in this dataset is 7.8, compared with 7.7 in the UK 

and 7.7 in FOREGS. 

As a general observation the vast majority of the samples processed in this report lies within 

the validity ranges for use of the BLM models to estimate bioavailability corrected PNEClocal 

values for copper, nickel and zinc (Table 3.1). 

  

                                                      

4 http://weppi.gtk.fi/publ/foregsatlas/ 
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Table 4.2 Number of samples falling outside the validated boundaries of the user friendly 
tools M-Bat and Bio-Mat 

 pH Calcium, mg/L DOC, mg/L 

Validation range,  Cu 6-8.5 3.1- 129 30 

Samples outside validation range  

out of 170 samples  

 4  

Validation range, Ni 6.5-8.7 2.0-88* 30 

Samples outside validation range  

out of 264 samples  

9 14  

Validation range, Zn  6.0-8.5 3.0-160* 30 

Samples outside validation range  

out of 170 samples  

34 (M-Bat) 

38 (Bio-Met) 
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Figure 4.2  The frequency distribution (%) of calcium, DOC and pH from the freshwater 
dataset of 374 samples.  
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5 Indicative bioavailability assessment for copper, nickel and 
zinc in freshwaters 

5.1 Results of hazard assessment 

The results of this assessment are effectively an indication of the sensitivity of the freshwaters 

to metal exposures, where data are available. Results do not indicate any level of risk 

because no measures of exposure have been considered – i.e. measures of dissolved metal 

concentrations in the water column.  

Figure 5.1 shows the assessment for copper using two of the user-friendly tools. The results 

are very similar. The generic EQSbioavailable for copper used in these tools is 1 µg L-1. The 

Figure shows that less than 1% of the sites assessed have waters that are at this sensitive 

condition, indeed 85% of waters would have a bioavailability corrected site-specific PNEClocal 

of greater than 10 µg Cu L-1.  

 

 

Figure 5.1 The frequency distribution of site-specific bioavailability corrected PNECs 
(PNEClocal for copper derived using two user-friendly tools for 386 freshwater 
samples, from 38 sites in Denmark. 

These data indicate that the waters considered in this assessment are relatively insensitive to 

copper exposures. 
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Figure 5.2 shows the site-specific PNEClocal for zinc from the user-friendly tools. The slightly 

different construction of the two models; look-up tables for Bio-Met and algorithm-based for 

M-BAT, are the reason for the stepped line of the Bio-Met graph. The distance that both lines 

start from the origin is because the generic EQSbioavailable for zinc used in these tools is 10.9 µg 

L-1, however for this comparison the EQS used is 7.8 µg L-1. While this EQS value is the 

relevant Danish EQS for zinc, it has not been derived as an EQSbioavailable. The steep rise of 

both graphs away from this value also shows that these waters are relatively insensitive to 

zinc exposures, with 80% of the waters having site specific bioavailability corrected PNEClocal 

greater than 25 µg L-1. The reason for this is likely to be associated with the relatively high 

DOC in many Danish waters (see next section). 

 

 

Figure 5.2 The frequency distribution of site-specific bioavailability corrected PNECs for zinc 
derived using two user-friendly tools for 386 freshwater samples, from 38 sites in 
Denmark 
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For nickel the generic EQSbioavailable is 4 µg L-1. The graphs presented in Figure 5.3 show 

slightly different results for nickel than for copper and zinc, with the shallow area from the 

origin of the M-BAT line indicating that 90% of the waters have a site-specific bioavailability 

corrected PNEClocal greater than 10 µg L-1, compared to 80% when making an assessment 

using Bio-Met.  

 

 

Figure 5.3  The frequency distribution of site-specific bioavailability corrected PNECs for 
nickel derived using two user-friendly tools for 386 freshwater samples, from 38 
sites in Denmark 

5.2 Measured values of metals compared to EQS  

In this section we outline the results of an assessment of face values compared to EQS for 

copper, nickel and zinc with the dataset described in Section 2.2. This assessment has 

initially been performed using the three user-friendly tools currently available (M-BAT; Bio-Met 

and PNECpro). For two of these tools the EQSbioavailable are The Danish Environmental Quality 

Standards for Freshwater5: 1.0 µg Cu L-1; 7.8 µg Zn L-1. The EQS for nickel is the EU EQS at 

4.0 µg Ni L-1 adopted recently and referring to the bioavailable fraction of the substance6.  For 

the final user-friendly tool (PNECpro) it is not clear what EQSbioavailable have been used. Thus, 

the PNECpro has not been used in this assessment. The assessment has also been 

performed using the UK EQS of 10.9 µg Zn L-1 with M-BAT and Bio-MET for comparative 

purposes. 

                                                      

5 Bekendtgørelse om miljøkvalitetskrav for vandområder og krav til udledning af forurenende stoffer til vandløb, søer 

eller havet1) jf. lovbekendtgørelse nr. 1022 af 25/08/2010.  

6 Directive 2013/39/EU of the European Parliament and of the Council of 12 August 2013 amending Directives 

2000/60/EC and 2008/105/EC as regards priority substances in the field of water policy. 
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This assessment is precautionary because of the use of total metals data, but also somewhat 

conservative due the treatment of data as independent samples. If this was a true 

assessment in accordance with the principles of the Water Framework Directive (WFD) then 

samples taken over one year would be averaged (as would be the physico-chemical inputs to 

the tools), and the average concentration compared with the EQS. Further, in an effort to 

acknowledge the statistical uncertainty and variability in monitoring data, some Member 

States (e.g. The Netherlands and the UK) use a system of confidence of failure when 

assessing compliance. This can be done by use of simple control statistics. However, this has 

not been performed in this indicative exercise. 

The results are summarised in Table 5.1 and all measured metal concentrations and 

corresponding PNEClocal are values are shown in the attached map (Google Earth format).  

Table 5.1 has four rows for each model, the first shows the number of sample exceedances, 

i.e. those in which the measured metal concentration (recall these are total metal 

concentrations) exceed the EQS. It is important to note that there is only one EQS for each 

metal, the PNEClocal or site-specific PNEC effectively gives an indication of what dissolved 

metal concentration at the specific-site water chemistry conditions would give a bioavailable 

concentration equivalent to the EQS. The numbers of sites, from which these samples 

showing an exceedance come from, are shown in parentheses. This shows that generally 

there are few sites that would be the focus of additional regulatory attention. The samples 

have been treated individually, i.e. a calculation has been performed for each sample with its 

matched pH, DOC and recalculated calcium in the user-friendly tools. Compliance may be 

performed like this, or summary statistics may be developed for each site (e.g. average pH, 

median DOC, average metal concentration, average Ca) and inserted in the user-friendly tool. 

For sites that show limited variability in the driving parameters (such as DOC) little difference 

has been observed between the two types of calculation (eg. Comber et al, 2008). However, 

this assessment needs to be made over several years (to assess water chemistry variability 

at a site) and therefore initially the calculations should be performed using matched sample 

data and then the calculation outputs should be averaged. An example of how a compliance 

check may be undertaken for an individual site is provided in the Appendix.  

The second row in Table 5.1 shows the maximum RCR or risk characterisation ratio. This is 

the ratio of the measured metal in the water sample to the EQSbioavailable. Effectively, this value 

indicates the magnitude of the exceedance. The values shown in Table 5.1 are relatively low, 

despite the fact that the total metal concentration and not the dissolved is being used.  

The third row gives an indication of how water chemistry can influence the potential metal 

toxicity. The site-specific bioavailability corrected PNEC or PNEClocal is the dissolved metal 

concentration that is equivalent to the EQS (which is derived under relatively high 

bioavailability conditions). The lowest value for a site is always the EQSbioavailable, a flag in the 

tool indicates that the water conditions are sensitive to metal exposures.  

The final row provides an outline of the number of samples, not sites, that fall outside the 

existing validation ranges of the user-friendly tools.   

It should be stressed that the results presented in Table 5.1 are at best tentative and are 

illustrative of a process and how well the Danish waters fit with that process rather than being 

definitive in regards to compliance with an EQS.  
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Table 5.1 Indicative, face-value assessment for the Danish dataset. The EQS values applied 
are: Cu = 1 µgL-1; Ni = 4 µg L-1; Zn 7.8 µg L-1 (For comparison Zn (UK) = 10.9 µg L-1) 

 

 Copper Nickel Zinc (Den) Zinc (UK) 

Samples assessed (sites) 170 (20) 264 (34) 170 (20) 170 (20) 

Face value without correction for 

bioavailability. Number of samples 

exceeding the EQS 

106 23 96 92 

M-BAT 

No of sample exceedances (sites) 3 (2) 5 (2) 41 (14) 27 (4) 

Maximum RCR 5.50 1.46 5.91 4.78 

Maximum site-specific PNEClocal (µg L-1) 76 42 123 173 

Samples out of range* 4 (for Ca, 

>) 

23 (14 Ca - 

10>, 4<: pH 9) 

<) 

34 (pH >) 34 (pH >) 

Bio-Met 

No of sample exceedances (sites) 1 (1) 6 (2) 46 (15) 22 (3) 

Maximum RCR 12 1.77 6.67 4.23 

Maximum site-specific PNEClocal (µg L-1) 187 52 148 207 

Samples out of range* 4 (for Ca, 

>) 

23 (14 Ca - 

10>, 4<: pH 9 

<) 

38 (34 pH >, 

Ca 4<) 

38 (34 pH >, 

Ca 4<) 

*= Samples out of range are indicated as < or > for each parameter, i.e. < indicates the sample water was less than 
the validated range for the indicated parameter, or > greater than the validated range for the indicated parameter. The 
number of samples < or > is shown before the parameter. 

5.3 Presentation of results from the individual stations 

Site specific bioavailability corrected PNEClocal were estimated for copper, nickel and zinc 

using the two tools Bio-Met and MBAT and compared to the measured concentration of the 

three metals.  

The results are presented in the attached ‘Google Map file’ and show the geographical 

location of each of the 38 stations and the calculated PNEClocal values (derived considering 

the bioavailability) for each sample together with the measured metal concentrations. Yearly 

averages of the measured values are calculated to enable an overall evaluation.  

To enable an intuitive reading of the sensitivity to metal toxicity at the individual stations 

across Denmark a colour has been allocated to the individual sites. The colour coding is 

based on the ratio of the annual average PNEClocal to the EQS. A high ratio indicates a low 

sensitivity of the water course towards the metal and is marked with a green colour. A low 

ratio indicates a relative high sensitivity to the metal and is coloured red. Note the colour scale 

is continuous.  
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Basically a red colour indicates a high bioavailability of the metal meaning that BLM correction 

will only have little or no impact.  

In the other end of the scale a green colour indicates a low bioavailability of the metal and that 

BLM correction will have a significant impact. 

The colour scales for the individual metals and are not comparable.  

Table 5.2 Colour scales indicating the sensitivity to metals at the individual stations  

 

Metal 

Sensitivity of stations as annual average of PNEClocal /EQS  

Red = high sensitivity; Green = low sensitivity 

(Note that the colour code is continuous ranging from green to red) 

(AA-PNEClocal /EQS is in brackets) 

Cu  ● (8) ● (21.5) ● (35) ● (48.5) ● (62) 

Ni  ● (1) ● (3) ● (5) ● (7) ● (9) 

Zn ● (1) ● (3.25) ● (5.5) ● (7.75) ● (10) 

 

Multiple regression analysis of the whole data set indicates that DOC is the parameter that 

has the highest impact on the bioavailability of copper determined by the Bio-Met and M-BAT 

tool. Also pH has a significant positive correlation on the bioavailability of copper estimated by 

M-BAT. The calcium concentration seems not to have a significant implication.  

For nickel results from both tools show that mainly DOC determine the bioavailability, but 

there is a significant negative correlation to pH. In addition results from the M-Bat tool also 

shows a positive correlation with the calcium concentration.  

Regarding the estimated PNEClocal for zinc, results from both tools indicate DOC is the main 

determining factor, but also that pH has a weak positive correlation. The results obtained with 

the M-Bat tool moreover show a significant but weak positive correlation with the calcium 

concentration.  

For both tools and across all three metals the results indicate that DOC is by far the most 

determining parameter for the bioavailability, 

5.3.1 Differences between geo-regions in Denmark. 

Due to different geological conditions there is a clear difference between the calcium content 

(and hardness) of freshwater systems in Denmark. For example, two stations in the western 

part of Jutland (RKB2000012 Skjern å, Gjaldbæk Bro; RKB3050023, Ejstrup Bæk) and one 

station representing Bornholm (BRK3701925, Øle Å) have relatively low calcium 

concentrations compared to the rest of the data set. Nevertheless, the three stations are very 

different with respect to sensitivity to the metals. The two stations in West Jutland are orange-

red indicating a high sensitivity, whereas the station on Bornholm is yellow- green indicating 

low sensibility. It is noted that the station on Bornholm has relatively high concentrations of 

DOC. Thus, together with the multiple regression analysis pointing at the DOC as the main 

determinant for bioavailability, these observations support that the calcium concentration 

seem not to be the main factor determining the bioavailability of copper, nickel and zinc.   

Since DOC in this analysis seem to be the most important determinant for bioavailability in 

Danish freshwater systems it is likely that other factors than geology could be used to 

characterise the sensitive of a freshwater body, e.g. parameters related to the DOC 
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concentration like pollution sources and the land use. A further analysis of this lies, however, 

outside the scope of the current investigation. 

5.3.2 Differences between the tools Bio-Mat and M-BAT  

In general the two models Bio-Met and M-BAT agree with the estimated sensitivity of the 

sites, However, at station FYN0177120 (Brændegårds Bæk, Syd – Stenhusløkker) there is a 

disagreement between the two models in respect of the values calculated for site-specific 

PNECs for copper. Investigating the individual sample data for this one site more closely 

helps to provide an explanation for this discrepancy and two samples stand out, and these 

are the samples which have been recorded as potentially sensitive for copper by the M-BAT. 

One of these samples has a recorded calcium concentration of 229 mg L-1 (the mean for the 

site without this value is 10.3 mg L-1, n = 9) and this has been identified as being an outlier in 

respect of the model range and has been shown to be sensitive and prompt some further 

investigation. It is likely that any further regulator action would also indicate that this water 

sample is an outlier compared with the other samples from this site. The second sample, also 

identified as sensitive for copper exposures has a DOC concentration of 33 mg L-1, which 

while potentially not an outlier, as marked as sensitive would prompt further interrogation. 

This interrogation would suggest that this water sample is outside the model range, but 

certainly not sensitive to copper exposures.  

The identification of these waters as sensitive in M-BAT on the basis of not fitting with the 

model range is perhaps helpful to the regulator in that both samples did require further 

interrogation, which had been missed in data compilation, and in adherence with the 

precautionary principle and the desire to reduce false negatives, were marked as sensitive.  

6 Conclusions 

The conclusion that can be drawn based on the study be summarised:  

 The dataset shows that in general the Danish freshwaters are relatively soft, 

with 90 percent of waters with less than 20 mg Ca L-1 compared to those in 

Europe, where the 50th percentile from FOREGS7 is 40 mg Ca L-1. For DOC 

the distribution is in line with those seen from other EU Member States, even if 

the DOC is relatively high (a median concentration of 7.05 mg L-1 compared to 

a value in the UK of 4.59 mg L-1 and from FOREGS of 5.00 mg L-1) 

 As a general observation the vast majority of the samples processed in this 

report lies within the validity ranges for use of the BLM models to estimate 

bioavailability corrected PNEClocal values for copper, nickel and zinc. 
 

 Copper: The generic EQSbioavailable is 1 µg L-1. Using the two tools Bio-Met and 

M-BAT indeed 85% of waters would have a site-specific PNEC of greater than 

10 µg Cu L-1. These data indicate that the waters considered in this 

assessment are relatively insensitive to copper exposures. 

 

 Zinc: The Danish EQS is 7.8 µg L-1 but is not derived as a EQSbioavailable. The 

steep rise of the graph presenting of the results from using Bio-Met and M-BAT 

show that the waters are relatively insensitive to zinc exposures, with 80% of 

the waters having site specific PNECs greater than 25 µg L-1. The reason for 

this is likely to be associated with the relatively high DOC in many Danish 

waters. 

 

                                                      

7 http://weppi.gtk.fi/publ/foregsatlas/ 
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 Nickel: The generic EQSbioavailable is 4 µg L-1. The graphs presenting 

bioavailability corrected PNECs using the Bio-Met and M-BAT tools show 

slightly different results for nickel compared to copper and zinc, with the 

shallow area from the origin of the M-BAT line indicating that 90% of the waters 

have a site-specific PNEC greater than 10 µg L-1, compared to 80% when 

making an assessment using Bio-Met.  

 

Thus, in general the use of BLM tools for estimation of bioavailability corrected PNEC values 

for copper, zinc and nickel has a considerable impact on the risk characterisation in Danish 

freshwater systems: 

 For copper the number of samples exceeding the EQS at 1 µg L-1 was 106 out 

of 170 without correction for bioavailability, whereas only 3 and 1 samples 

exceeded the bioavailability corrected PNEC calculated by M-BAT and Bio-Met 

respectively.  

 For Nickel the number of samples exceeding the EQS at 4 µg L-1  was 23 out 

of 264 without correction for bioavailability, whereas only 5 and 6 samples 

exceeded the bioavailability corrected PNEC calculated by M-BAT and Bio-Met 

respectively.  

 For zinc the number of samples exceeding the EQS at 7.8 µg L-1 was 96 out of 

170 without correction for bioavailability, whereas only 41 and 46 samples 

exceeded the bioavailability corrected PNEC calculated by M-BAT and Bio-Met 

respectively.  

 

Regarding the evaluation of the measured metal concentration in the dataset against the 

EQS, the following should be noted:  

 The assessment of the measured metal concentrations was based on total and 

not dissolved metal (0.45 um filtered samples) and the data can therefore only 

be used to give an indication of the possible risks. It is recommended to make 

simultaneous measurements pH, DOC and Calcium, and of metal 

concentrations on filtered samples.  

 The assessment is conservative due the treatment of data as independent 

samples, whereas in accordance with the WFD samples taken over one year 

would be averaged and the average concentration compared with the EQS 

 Control statistics should be applied to conclude on the compliance of the 

observation. 

 

 Having this in mind the conclusions are: 

 Overall it can be concluded that physical-chemical characteristics of the 

evaluated samples have a significant influence on the bioavailability of copper, 

nickel and zinc as calculated by the BLM tools. 

  

 Although it was not the purpose to assess the compliance of the selected 

samples and sites, the results show that it is very likely that bioavailability 

correction is important for the evaluation of compliance of freshwaters with 

environmental quality standards for copper, nickel and zinc.  

  

 A geo-region approach based on pH/ hardness of the water cannot alone 

explain the bioavailability of the metals. Criteria linked to the DOC parameter 

need be considered. Multiple regression analysis of the whole data set 

indicates that DOC is the parameter that has the highest impact on the 

bioavailability and mitigating effect on toxicity.  
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 It is concluded that the tools are useful also under the conditions found in 

Danish freshwaters. In general only few samples fall outside the validated 

boundary conditions of the user-friendly tools M-Bat and Bio-Met: 

 

 The PNECpro tool does not allow the user to adjust the EQS, and the validated 

boundary ranges go beyond the original BLM boundaries. Thus interpretation 

of these results is difficult in any regulatory context; The PNECpro tool seem 

not to have the necessary flexibility and transparency to be a suitable choice. 
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Appendix - presentation of results, example 

An example of how data may be inserted in the Bio-Met tool is provided for one of the sites, 

randomly selected from 4.1 (location # 140006231). 

The data for the year 2012 are presented below (there are 11 sampling occasions) and 

matched physico-chemistry data, along with total nickel concentrations. As mentioned the 

metal measurement should represent the dissolved fraction, i.e. performed on 0.45 µm 

filtered samples. However, the data presented in this report is total metal concentration on 

non-filtered samples.  

The outputs from the user-friendly tool are shown for nickel in the right-hand columns. The 

Average row shows calculation of the average PNEClocal and RCR. Summary row shows 

mean values of pH, Ca and metal inputs and the median of DOC (DOC tends to be log-

normally distributed and so this is the most appropriate statistic to use). 

The example indicates that there is no exceedance of the EQS (RCR < 1 for all observations 

and the average) and give similar final answers for this site. Calculations should be performed 

on individual matched samples unless the variability of the water chemistry is known.  

Importantly, the term exceedance has been used as the assessment does not result in failure 

if there is an addition step to take in the assessment. For example, as indicated in EC 2010, 

consideration may be made of local factors that may affect classification and compliance such 

as ambient background concentrations of metals.  
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Month Total Nickel  pH DOC (mg/L) Ca (mg/L) PNEClocal RCR 

Jan 3.1 7.84 6.9 9.6 10.74 0.29 

Feb 2.5 7.79 7.4 10.5 10.74 0.23 

Mar 2.3 7.95 6.6 11.3 10.14 0.23 

Apr 2 8.24 5.6 12.2 8.84 0.23 

May 2.6 8.03 6.1 11.3 9.52 0.27 

June 2.9 7.39 10 10.5 16.52 0.18 

July 3 7.61 11 12.2 21.25 0.14 

Aug 2.3 7.66 8.3 12.2 15.12 0.15 

Sep 2.8 7.13 19 7.5 31.76 0.09 

Nov 3.3 7.4 8.3 9.0 16.52 0.20 

Dec 3 7.47 7.2 10.5 12.67 0.24 

Averaged     14.89 0.20 

Summary 2.7 7.7 7.4 10.6 11.33* 0.24* 

*Calculation based on summary data only.  

 


