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Background  
As part of an extensive national review process related to the threshold values for hazardous substances 

Denmark has recalculated several QS values with relevance to HELCOM (and OSPAR) indicators. The 

recalculation is generally supported by greater data availability and the inclusion of more species or 

relevance, and the newly proposed values are therefore considered to be more accurate/appropriate. The 

recalculation follow the appropriate guidelines set out under relevant legislation and are thus suitable for 

application under EU policies, for those Contracting Parties that are also EU Member States. 

The document below provides a summary of each aspect addressed and supporting information (in Danish) 

is also provided in Documents 4-1 Att1-4. 

The EN-HZ meeting is requested to review and discuss the proposed changes and to decide if these should 

be transferred to State and Conservation for endorsement (and subsequent approval at HOD). This process 

needs to be implemented by the 7 September 2021 deadline for the approval procedure. 

 

Action requested 
The Meeting is invited to: 

- Take note of the work carried out by Denmark, 

- Consider and discuss the new proposals, 

- Decide on any changes to the HELCOM indicator threshold values (i.e. decide on proposing these 

changes to the Working Group and HOD level). 
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Introduction 
A number of EU QS values have been re-evaluated by the Danish EPA, and are hereby suggested to 

be taken onboard in OSPAR and HELCOM assessments as assessment criteria for the QSR 2023 and 

HELCOM HOLAS III.  For each substance and specific matrices, the rationale behind the recalculated 

values is presented below. All calculations follow the EU guideline, with summary of the factors 

used. The background documents are in Danish, but the main table and summaries are included 

below. References are not given in full for each substance, but a selection of the most relevant are 

given, and the remainder references can be found in these selected references. 

 

For most datasets, new data or re-interpretation of existing data lead to lower assessment factors, 

or an increase in the number of species, facilitating calculation of species sensitive distribution in 

some cases, again reducing the assessment factors compared to selecting the lowest NOEC/EC10 

values. A summary is given in the table below, details follow. 

 

Overview of existing and suggested revised QS values for the different substances 

Substance Type OSPAR HELCOM Revised QS  unit 

Fluoranthene QSsediment  
600 (ERL) 

2000 (QS) 3500 (5%TOC) 

1750 (2.5%TOC) 
µg/kg dw 
µg/kg dw 

Lead QSsediment 47 (ERL) 131 (QS) 163 µg/kg dw 

Cadmium QSsediment 1.2 (EAC) 2.3 (QS) 3.8$ mg/kg dw 
Shellfish 

Fish 
QSsec.pois. 1.0 (Food) 

0.05 (Food) 
0.137 (QS) 0.32$ mg/kg ww 

mg/kg ww 

TBT QSsediment  
0.8 (S-QS) 

1.6 (S-QS) 1.1 (5%TOC) 

0.55 (2.5%TOC) 
µg/kg dw 
µg/kg dw 
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Shellfish QSsec.pois. 12 (EAC) 12 (EAC) 1.8 µg/kg ww 
Fish QSsec.pois.   2.3 µg/kg ww 

 $: Note that the current danish QS values, under review in 2021. 

 

 

Fluoranthene  
 

The EU EQS datasheet (2005 and revised in 2011) present different values for QS benthic 

community: 

QSsediment, Equilibrium partitioning 2005: 173 µg/kg DW 

QSsediment, Assessment factor 2005: 129 µg/kg DW 

 

QSsediment, Equilibrium partitioning 2011: 2.000 µg/kg DW, same for fresh- and marine waters 

 

OSPAR assessment criteria currently in use:  

BAC 39 (14.4 not normalised) µg/kg DW 2.5% TOC, ERL 600 µg/kg DW 

 

HELCOM assessment criteria currently in use:  

2000 µg/kg (EU QSsediment) 

 

The Danish EPA review of fluoranthene only found few new data during a literature search, the main 

difference is the conversion of the critical study converting the organic carbon content of 41 mg/kg 

from 10% TOC to 5% TOC, where the EU just convert by dividing with 2, and the Danish EPA converts 

from standard sediment with 10% OM (taken as standard sediment with conversion of TM to TOC 

with a factor of 0,588), resulting in 35 mg/kg instead of 20 mg/kg before applying the assessment 

factor of 10, leading to:  

3500 µg/kg sediment (5% OC, HELCOM) and 1750 µg/kg (2.5% OC, OSPAR).  

 

English summary of sediment quality standards for the Danish assessment of fluoranthene 
Fluoranthene has a log Kow of 5.2 (EU-dossier, 2011) and is likely to sorb to sediment. Ecotoxicity 

data have been taken from the EU-dossier (2011) and from Verbruggen (2012) and are presented in 

table 4.1. Further a search for data was conducted1. 

 
1 In ECHA's REACH database, US EPA's ECOTOX database, via OECD's eChemPortal meta-
database as well as by conducting a literature search focused on sediment-dwellling organisms using 
Google Scholar. 
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There are EC10 or NOEC values for nine species and three major taxonomic groups. The lowest 

toxicity value is a LOEC of 8.8 mg/kg sediment (with 10% OM) for Chironomus riparius (Verrhiest et 

al. (2001), cfr. Verbruggen (2012)). The EU-dossier (2011) and Verbruggen (2012) mention this value 

but choose not to use it, with a remark that the C. riparius data “vary widely”. The study is rated with 

a Klimisch score of 2 in the EU-dossier (2011) and Verbruggen (2012), and by the Danish EPA, so it is 

regarded as reliable and relevant. A LC50 has also been calculated, indicating, that there must be a 

dose-response correlation, though since no raw data has been presented in the study, this cannot be 

validated and the percentage effect is also not noted.  Therefore, according to TGD no. 27 (table 20, 

page 154, version 2018), LOEC can only be used as additional information.  

 

Verbruggen, 2012 chose the second lowest toxicity value, EC10 of 41 mg/kg dw (with 10% OM). EU-

dossier, 2011 chose the same value, but notes it as 41 mg/kg dw (with 10% OC), leading to a lower 

sediment quality standard than found in Verbruggen, 2012. The value used by Verbruggen, 2012, 

was chosen to set the national sediment quality standard.  

 

Statistically, the difference in sensitivity between freshwater and saltwater species is insignificant 

(Mann-Whitney U test, P > 0.2, two-tailed). If anything, the freshwater species are the more 

sensitive. Therefore, marine and freshwater data are pooled, and the same assessment factor is 

employed for the fresh- and saltwater environments. 

 

With three major taxonomic groups represented, an assessment factor of 10 can be used to derive a 

PNECSediment from the EC10: 

 

PNECSediment = 41 mg/kg sed. / 10 = 4.1 mg/kg sed. (with 10% OM), 

 

This value is, following conversion to an EU standard sediment with 5% OC using the conversion 

factor %OM = 1.7 * %OC (EU, 2018), used as QSSediment for fluoranthene: 

 

3 500 µg/kg sediment (5% OC) = 69 700 µg/kg OC = QSSediment 

 

Table 4.1 chronic effects of fluoranthene on sedimentdwelling organisms 
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 Exposure

time 

Effect type EC10 or 

NOEC 

mg/kg 

Dryweigh; 

10% OM 

EC10 or 

NOEC 

mg/kg 

Dryweigh; 

5% OC 

EC10 or 

NOEC 

mg/kg OC 

Reference queted in 

Verbruggen (2012) 

Annelida       

Stylaria lacustris     s 10 days Mortality 112 95 1904 Suedel & Rodgers, 

1996 

       

Crustacea       

Corophium spinicorne    s 10 days Mortality 108 92 1836 Swartz et al. 1990 

Coullana sp.     f 10 days Mortality, LC10 157 133,5 2670 Lotufo 1998 

Diporeira sp.       f 30 days Mortality ≥2979 ≥2533 ≥50643 Driscoll & Landrum 

1997 

Hyalella azteca*        f 16 days Mortality 600* 510 10200 Driscoll & Landrum 

1997 

 10 days Mortality <54 <46 918 Suedal & Rodgers 

1996 

 14 days Mortality 9* 7,7 153 Verrhiest et al. 2001 

Rhepoxynius abronius         s 10 days Mortality 58 49 986 Swartz et al. 1990 

 10 days Mortality 113 96 1921 Swartz et al. 1988 

 10 days Mortality 83 71 1411 Swartz et al. 1997 

 10 days Mortality 117 99 1989 Swartz et al. 1997 

 10 days Mortality 235 200 3995 De Witt et al. 1992 

 10 days Mortality 173 147 2941 De Witt et al. 1992 

 10 days Mortality 188 160 3196 De Witt et al. 1992 

 10 days Mortality 141 120 2397 De Witt et al. 1992 

 10 days Mortality 218 185 3706 De Witt et al. 1992 

R. abronius geometric mean   135 115 2295  

Schizopera knabeni         s 14 days Reproduction 41 35 697 Lotufo 1997 

 10 days  Reproduction 58 49 986 Lotufo 1997 
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 Exposure

time 

Effect type EC10 or 

NOEC 

mg/kg 

Dryweigh; 

10% OM 

EC10 or 

NOEC 

mg/kg 

Dryweigh; 

5% OC 

EC10 or 

NOEC 

mg/kg OC 

Reference queted in 

Verbruggen (2012) 

       

Insecta       

Chironomus riparius**         f 10 days Mortality <8,8 7,5 150 Verrhiest et al. 2001 

Chironomus tentans***        f 10 days Immobility 58 49 986 Suedel & Rodgers 

1996 

 10 days Immobility, 

EC50 

40*** 34 680 Suedel et al. 1993 

*Verbruggen (2012) uses the geometriske mean (73 mg/kg) af values from Driscoll & Landrum (1997) (600 

mg/kg) and the value from Verrhiest et al. (2001) (9 mg/kg). But the two studies have been performed using 

different circumstances, e.g. animals have been exposed to ultraviolet light in Verhiest et al., but not in Driscoll 

& Landrum, and different sediment types was used. An average is hence no applicable. The EU-dossiet (2011) 

do not include a geometric mean of the values.  

**10-11 day mortality is a more sensitive effect type than hathching. Two studies include10-11 days toxicity 

values (Stewart & Thompson, 1995 and Verrhiest et al., 2001).  

***Lowest EC50 in Suedel et al. (1993) is lower than the NOEC from Suedel & Rodgers (1996). In the latter, clay 

content is about 3 times larger than the first study, while pH is 6 Suedel & Rodgers and 6,5-8,5 in Suedel et al. 

(1993). 

 

f: freshwater species;  s: marine species 

 

 

 

Lead in sediment 
 

 

EQS for lead was developed in 2005 and revisited in 2011 EU EQS datasheet. 

 

QSbenthic community, 2005: 53.4 mg/kg + Cbackground (i.e. MPAsediment = 53,4) 

 

QSbenthic community, marine 2011: 123 mg/kg dw 
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QSbenthic community, freshwater 2011: 131 mg/kg dw total Pb; 41 mg/kg DW bioavailable fraction using 

AVS/SEM correction 

 

OSPAR assessment criteria currently in use:  

BAC 38 (22.4 not normalised) µg/kg DW 5% Al, ERL 47 mg/kg DW 

 

HELCOM assessment criteria currently in use:  

120 mg/kg (rounded EU QSsediment) 

 

Lead QS for sediments was developed using a SSD analysis on combined marine and freshwater 

species, as no difference between the two water types was evident.  

The Danish EPA arrived at a QSsediment = 163 mg/kg DW for total lead.  

 

Based on NOEC or EC10 from 8 species representing three systematic groups and at least four 

food strategies, a species sensitivity distribution was performed and an assessment factor of 

three used (reduced from 10 based on two seawater species and six freshwater species 

combined), with a HC5 of 490 mg/kg DW (90% range from 212 to 756). It should also be 

noted that applying the simultaneous extracted metal/acid volatile sulphide (SEM-AVS) 

model resulted in negative NOEC values so the use of SEM-AVS was abandoned, and the 

result is thus valid for total lead only. 

 

English Summary and conclusions for the Danish assessment of lead  

Quality standards (QS) for sediment for lead were developed based on data in industry’s 

voluntary risk assessment report (VRAR).  

There are chronic values for 8 sediment species, of which 2 are marine. The species represent 

3 major taxonomic groups, and at least 4 different foraging strategies.  

The two marine species, a crustacean and an oligochaete, are neither more nor less sensitive 

than their freshwater taxonomic counterparts, and so the freshwater and saltwater data are 

combined.  

An SSD analysis was employed, and an assessment factor of 3 applied for derivation of the 

freshwater as well as the saltwater sediment QS.  

HC5 = 490 mg Pb/kg sediment, d.w. 

Sediment QSfreshwater = sediment QSsaltwater = (490 mg/kg)/3 = 163 mg Pb/kg sediment, dry 

weight  
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Toxicity data from VRAR 

Organism Most sensitive 
endpoint 

EC10 or NOEC (mg 
total Pb/kgDW) 

Remark 

Worms (annalida, Oligocheta) 

Tubifex tubifex reproduction 28 

days 

573 EC10 

Lumbriculus variegatus survival 28 days 2100 EC10 

Neanthes arenaceodentata 28 days NOEC 801 Marine species 

Insets (Insecta) 

Ephoron virgo Survival 21 days 1126 NOEC (EC10 = 1616 

but no reliable CL) a  

Hexagenia limbata  Survival, growth 

21 days 

>2903 NOEC Unbounded: 

>2903 with 13.3 % 

effect observed at this 

tested concentration = 

similar to what was 

observed in the 

control)  

Chironomus tentans  Survival 20 days 3390 NOEC (no monotonic 

trend in survival 

concentration )  

 

Crustations (Crustacea) 

Hyalella azteca survival 28 days 1416 EC10 

Lumbriculus variegatus growth 35 days 1745 EC10 

Leptocheirus plumulosus 

(Amphipoda) 

28 days NOEC 931 Marine species 

Amphiascus tenuiremis 

(Copepoda) 

4 days LC50 2465 Marine species 

 

 

 

Cadmium in sediment and biota 
EQS for cadmium was developed in 2005 but not revisited in the 2011 EU EQS dossiers 

 

QSSediment, assessment factor, 2005: added risk approach 2.3 mg/kg dw + background 

QSbiota secpois: 160 µg/kg ww 

 

OSPAR assessment criteria currently in use:  

Sediment:  BAC 0.31 (0.129 not normalized) µg/kg DW 5% Al, ERL 1.2 mg/kg DW 

Biota:  BAC mussels 960, fish liver 26 µg/kg dw.  

 MPC mussel, fish muscle 1000, fish liver 50 µg/kg ww 
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HELCOM assessment criteria currently in use: 

Sediment:  2.3 mg/kg DW (EU QSsediment) 

Biota:  HQS mussel 137.3 µg/kg ww (OSPAR BAC, recalculated to wet weight) 

 

Cadmium QS for sediments was developed using a SSD analysis on combined marine and freshwater 

species, as no difference between the two water types was evident. The Danish EPA arrived at a 

QSsediment = 3.8 mg/kg DW and biota criteria QSsecpois 0.32 mg/kg ww, QSHH 0.044 mg/kg ww.  

 

The original EU risk assessment for sediment used an uncertainty factor of 50 due to only one 

chronic dataset for freshwater (Chironomus sp), reduced from 100 as most short-term test showed 

very little difference in species sensitivity. In the Danish evaluation, three species representing three 

systematic groups and reducing the uncertainty factor to 10, including two marine species. Lowest 

observed NOEC or EC10 was 38 mg/kg, applicable to both fresh water and seawater. It should be 

noted that the cadmium concentration in many cases was lower than the acid volatile sulphur, but 

still had a clear dose-response signal. The use of SEM-AVS models for cadmium was therefore 

abandoned. The suggested cadmium QSsediment is close to expected background levels, and should be 

used as added risk approach.   

The original EU risk assessment for biota included a species sensitivity distribution with a HC5 of 1.6 

mg/kg food, but mainly based on mammal and birds, so the EQS datasheet resorted to using the 

assessment factor method, with 10 as the factor. Concidering the lack of lower trophic levels, the 

danish EPA used the SSD value, with an uncertainty factor of 5, resulting in 1.6/5 =0.32 mg/kg 

QSsecpois. For human health, the EFSA ADI of 0,36 µg/kg body weight/day, and 20% of food intake 

from fish, assuming a 70 kg person eats 0.115 g fishproduct/day yields 0,36 µg/kg body weight per 

day* 70 kg *0,2 / 0,115 g per day = 0.044 mg/kg QSHH. 

 

 

English Summary and conclusions for Danish assessment of cadmium  

All data and calculations were taken from the EU risk assessment report (RAR) and the 
addendum thereto, plus from Hansen et al. 1996, and DeWin et al. 1996. The 
environmental quality standard (EQS) values for freshwater and saltwater and the 
corresponding maximal acceptable concentrations (MAC) are all in Directive 
2008/105/EC, and in the draft new directive amending Directive 2008/105/EC.  

Calculation of available Cd in sediments is based on the SEM-AVS model (Technical 
Guidance (EU vejledning) 2011), and requires measurements of sulphides, copper and 
lead, and preferably also mercury. However, as clear dose-response relationships were 
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observed in Hansen et al. 1996, where AVS was in excess of the metal concentrations, 
the reliability of the SEM/AVS model is questioned.  

With the extra data of Hansen et al. 1996 and DeWin et al. 1996 there are chronic values 
for more than 3 species representing more than 3 major taxonomic groups, including 
more than 2 marine species. Therefore, an assessment factor (AF) of 10 is applied to the 
lowest EC10 or NOEC for both the marine and fresh-water environments.  

The EC10 values from Hansen et al. 1996 were estimated by the Danish Environmental 
Protection Agency from the data in the article.  

Concerning the biota QS, the RAR calculated an HC5 = 1.6 mg/kg feed, fresh weight, but 
chose to use the AF method because of lack of guidance on how to employ an SSD for 
mammals and birds. However, there is data for 4 species of mammals and 3 species of 
birds covering 6 different orders. Given that the evaluation is for birds and mammals 
only compared to the multitude of major taxonomic groups to be protected by the 
EQSwater, it is here accepted to employ the SSD method, applying an AF of 5.  

Thus, the EQSbiota, secondary poisoning = 1.6 mg/kg:5 = 0.32 mg CD/kg feed, fresh weight.  

The ADI employed = 0.36 μg/kg bw*day (EFSA 2009). Seafood should only contribute 
with 20 % of this daily intake. A 70 kg person is expected to eat 0.115 kg fish/day. This 
results in an EQSbiota, human health = 0.044 mg/kg food, wet weight.  

Quality standards for the water column 

Hardness EQS µg/l (VKK) MAC µg/l (KVKK) 
 Freshwater Saltwater Fresh- and saltwater 
≤40 ≤0.08 0.2 ≤0.45 
10-<50 0.08 0.2 0.45 
50 - <100 0.09 0.2 0.6 
100 - <200 0.15 0.2 0.9 
≥200 0.25 0.2 1.5 

Quality standards for sediment and biota are as follows:  

EQSsediment, freshwater:  

Added  3.8 mg/kg dw 

Available  3.8 mg/kg dw 

EQSsediment, saltwater:  

Added  3.8 mg/kg dw 

Available  3.8 mg/kg dw 

EQSbiota, secondary poisoning:  0.32 mg/kg feed, wet weight  
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EQSbiota, human health:   0,044 mg/kg seafood, wet weight 

 

TBT in sediment and biota 
The EU EQS datasheet (2005) present different values for QS benthic community: 

QSsediment, Equilibrium partitioning 2005: 0.02 µg/kg DW (tentative) 

QSbiota, secpois: 230 µg/kg ww prey 

QSbiota,HH: 15.2 µg/kg ww seafood 

 

OSPAR assessment criteria currently in use:  

Sediment:  0.8 µg/kg DW (2.5% TOC) 

Shellfish: BAC 5 µg/kg DW , EAC 12 µg/kg DW 

 

HELCOM assessment criteria currently in use:  

Sediment: 1.6 µg/kg DW (5% TOC) 

Biota: 12 µg/kg dw (EAC) 

 

The Danish EPA suggest QSsediment of 1.1 µg/kg DW, and secondary poisoning QS values of 2.3 µg/kg 

for fish and 1.8 µg/kg for mussels, with a human health QS for fish products as 30 µg/kg DW 

 

For sediment, the Swedish EPA re-calculated a QSsediment instead of the tentative EU QSsediment EP in 

2018. The outcome of this review is in the process of being adopted in HELOM and OSPAR. The 

Danish EPA propose a slightly lower value in a preliminary study, pending a peer review among EU, 

HELCOM and OSPAR countries. The main difference in the Danish and Swedish project is the use of a 

species sensitivity distribution test, resulting higher effect level but a lower assessment factor, 

together resulting in a lower assessment value. 

 

Differens between Swedish and Danish QS for TBT in sediment 

S DK Comment 

1.6 µg/kg 5%TOC 1.1 µg/kg DW (5% OC) Proposed QS based on SSD 

32 µg/kg OC 22 µg/kg OC based on OC 

0.4 µg/kg 5%TOC  QS based on EqPt (not used) 

 

The discrepancy between Danish and Swedish outcome is mainly based on the Species Sensitivity 

Distribution test used in the Danish document, based on 10 species in six species groups (figure 1). 
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For the critical study method both end up with EC10 of 16 µg/kg dw (5% TOC) and an assessment 

factor of 10. The SSD results in a HC5 of 2.3 µg Sn/kg DW (5% TOC) with 90% confidensinterval 0.09 

to 14.1. Converted to TBT cation this is 5.6 µg TBT/kg DW. The assessment factor for the SSD value is 

5, leading to the QSsediment of 1.1 µg/kg DW (5%TOC). 

 

Some discrepancy is also found in the used KOC, but both studies conclude that the Equilibrium 

partitioning method is unsuitable (as do the EU guideline) for TBT. 

 

Species sensitivity distribution for sediment dwelling organisms showing concentration of TBT 

expressed as ratio of affected specimens to the µg Sn/kg DW normalized to 5% TOC. HC5 is estimated 

at 2.3 µg Sn/kg DW. 

 

The Biota QS are based on energy normalized calculation of the critical studies for marine mammals, 

recalculated to fish and mussels using bioconcentration factors for TBT. TBT is usually not lipid 

normalized in assessments, as it is more bound to sulfur-groups (proteins) than lipids, the lipid 

normalization might not be helpful despite KOC>3 due to relative high water solubility. 

 

English Summary and conclusions for the Danish assessment of TBT 

Tributyltin compounds with the tributyltin cation (TBT) have been used primarily in anti-fouling 

paints for ships since the 1950s but have also been used in wood preservatives and as catalysts and 

stabilizers in PVC. It is estimated that about 2,000-3,000 tonnes were used per year in TBT-based 

paints (Mathiessen, 2019) in the mid-1980s, before the ban on using TBT in anti-fouling paints. It is 

thus estimated that shipping traffic contributed with about 0.2-1.4 tonnes of Sn-TBT in Danish 

waters.  

Derivation of environmental quality standards (EQS) for the aquatic environment is following the EU 

Guidance Document No. 27. Technical Guidance Document for Deriving Environmental Quality 

Standards (EU, 2018).  
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QS for water has already been derived in EU for the tributyltin cation (EC, 2018) at:  

EQSfreshwater, saltwater: 0.0002 μg TBT/l MACfreshwater, saltwater: 0.0015 μg TBT/l  

Relevant ecotoxicity data for benthic organism, mammals and birds have primarily been retrieved 

from reviews and summary reports. An additional data search in the SETAC’s database (SETAC 

Sediment Advisory Group (SEDAG), Spiked Sediment Toxicity Database) and US EPA’s database 

(ECOTOXicology knowledgebase) was prepared as well.  

QS for sediment  

It is relevant to derive a QS for sediment-dwelling organisms for TBT as the log KOW >3 (3.1-4.1) (EU, 

2018).  

The ICES database (ICES, 2020) contains data on measurements of VDSI (Vas Deferens Sequence 

Index) for Nassarius reticulatus, concentration of TBT and organic carbon content for some 

sediments. In the database, 218 related measurements of TBT, organic carbon content and VDSI 

were found for Nassarius reticulatus. 48 measurements have been found for which the VDSI is 

measured to be below 0.3, which is considered as the non-effect level. The concentrations in these 

48 measurements were between 0.5-5.6 μg Sn/kg (5% OC) with a 10% percentile value of 1.0 μg 

Sn/kg (5% OC) - corresponding to 2.4 μg TBT/kg (5% OC) (using a conversion factor of 2.44 (MST, 

2004)).  

Ecotoxicity data for benthic organisms are shown in appendix A, where the data used for the SSD 

analysis to establish the QSsed are shown with bold.  

The available laboratory data on marine sediment-dwelling organisms suggest that marine species 

are less sensitive compared to freshwater species. However, the marine dataset lacks data for the 

most sensitive taxonomic group: Gastropoda (snails).  

In the derivation of the QSsed, data for freshwater and marine sediment-dwelling organisms were 

pooled since statistical tests showed no significant differences (see appendix C). After pooling data 

suitable chronic data have been found for 10 different species with different living and feeding 

conditions (Potamopyrgus antipodarum, Chironomus riparius, Monoporeia affinis, Hyalella azteca, 

Hexagenia limbata, Tubifex tubifex, Echinocardium cordatum, Amandia brevis, Corophium volutator, 

Ruppia maritima). These species represent six systemic groups (Gastropoda, Insecta, Macrophyte, 

Annelida, Echinodermata, Amphipoda), which are considered sufficient to determine the QSsed from, 

based on a Species Sensitivity Distribution (SSD).  

To perform the SSD, all effect concentrations are converted to an EU standard sediment with a 5% 

content of organic carbon. LOEC values are converted to NOEC by dividing by 2 (EU, 2018).  

Via the establishment of the SSD, the HC5 is found at 5.6 μg TBT/kg dry weight (5% OC).  

QS (both freshwater and marine sediment) is found by dividing HC5 with an AF of 5:  
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QSsed, freshwater, saltwater = 1.1 μg TBT/kg dry weight (5% OC) = 22 μg TBT/kg OC  

An OSsed, freshwater, saltwater obtained using uncertainty factors is also derived. 

QS for sediment can be determined, when three or more NOEC/EC10 values are found.  

The critical EC10 of 2.98 μg/kg dry weight (2.3% OC) for the freshwater snail, Potamopyrgus 

antipodarum, is converted to an EC10 in standard sediment (5% OC) of 16 μg/kg dry weight. An 

uncertainty factor of 10 is applied and results in:  

QSsed, freshwater, saltwater = 1.6 μg TBT/kg dry weight (5% OC) = 32 μg TBT/kg OC  

It is noted that the QSsed, freshwater, saltwater derived using the SSD-method (1.1 μg TBT/kg dry weight 

(5% OC)) is at the same level but slightly lower than the QSsed, freshwater, saltwater derived using 

uncertainty factors (1.6 μg TBT/kg dry weight (5% OC)). 

It is also noted that the QSsed freshwater, saltwater derived using the SSD-method is below but very 

comparable to the 10% percentile of the measured concentrations where VDSI is measured to be 

below the threshold of 0.3 (2.4 μg TBT/kg (5% OC)).  

Overall, it is concluded that the QSsed to be used for both freshwater and marine sediments is: QSsed, 

freshwater, saltwater = 1.1 μg TBT/kg dry weight (5% OC) 

QSsed, freshwater, saltwater = 22 μg TBT/kg OC  

It can be further mentioned that the EU dossier (EC, 2005) has derived a QSsed based on the EqP- 

method to 0,02 μg TBT/kg dry weight (10% OC) with a Koc value of 1084, corresponding to 0,01 μg 

TBT/kg dry weight (5% OC). The EU dossier is from 2005, and uses an older version of the guidance 

document. Using the newest guidance document (EU, 2018) the QSsed would be 0.02 μg TBT/kg dry 

weight (5% OC) with Koc 1965 (calculations in appendix D). Since data is available now, this method is 

not used to set the QSsed in this dossier.  

QS for biota, secondary poisoning  

The BCF for TBT is significantly >100 and log KOW >3 (3.1-4.1). It is therefore relevant to derive QSsec. 

pois.. Further, TBT biomagnifies in the food web, so it is also relevant to derive a biota QS for marine 

mammals.  

Mammals, freshwater  

The toxicity data for birds and mammals are listed in appendix B, where the data used to establish 

the QSsec. pois. is shown with bold.  

The lowest NOAEL (No Observed Adverse Effect Level), which QSbiota is calculated from, is 0.025 

mg/kg bw/day for mammals in a study with rats with test duration greater than 24 months. As the 

NOAEL is based on a chronic test with mammals (in this case rats), the total AF according to EU 

(2018) is a factor of 1 and 10, respectively (table 9 and table 10 in EU, 2018).  

PNECfeed = NOAEL/1/10 = 0.0025 mg TBT/kg bw/day  
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PNECfeed is then energy normalized based on method A (p. 85-86) in EU (2018). The original study 

was not available, so an assumed bodyweight at 250 g for an adult rat was used in the calculation of 

the daily energy expenditure (DEE).  

Log DEE [kJ/d] =0.8136 + 0.7149 * log bw [g] =0.8136 + 0.7149 * log 250 g = 2.53  

DEE = 102.53 = 338.8 kJ/day  

Then using DEE, the bodyweight in kg and PNECoral (0.0025 mg TBT/kg bw/day), PNECfeed is energy 

normalized:  

PNECfeed, energy-normalized [mg/kJ] = 0.0025 mg TBT/kg bw/day * (0.25 kg bw / 338.8 kJ/day) = 

0.0000018 mg/kJ  

PNEC expressed as content in fish, PNECfish, is determined from an energy content of fish of 21,000 

kJ/kg dry weight, a dry matter content of 26% and a lipid content of 5% stated in EU (2018):  

PNECfish = 0.0000018 mg/kJ × 21,000 kJ/kg dry weight × 0.26 = 0.01 mg/kg fish, wet weight PNECfish, 

lipid = 0.01 mg/kg fish / 0.05 = 0.2 mg/kg lipid  

A PNECfeed expressed as mussel content, PNECmussels, is determined from an energy content of 

bivalves of 19,000 kJ/kg dry weight, a dry matter content of 8% and a lipid content of 1% stated in 

EU (2018):  

PNECmussels = 0.0000018 mg/kJ × 19,000 kJ/kg dry weight × 0.08 = 0.003 mg/kg mussels, wet weight  

PNECmussels, lipid = 0.003 mg/kg mussels / 0.01 = 0.3 mg/kg lipid  

Birds, freshwater  

Only one data set for birds (Japanese quail) with a NOEC of 24 mg/kg food was found. The study 

lasted for 6 weeks (appendix B). Based on the duration (42 days), and the lifespan of a Japanese 

quail (approximately 6 years), the study should be characterized as sub-acute. However, as the 

studied effect was reproduction, it is considered too conservative to set the study to a subacute 

study, which is why the study as a whole is handled as a subchronic study. When NOEC originates 

from a sub-chronic toxicological experiment, the total uncertainty factor (according to tables 9 and 

10 in the EU, 2018) is a factor of 3 × 10.  

NOEC = 20 mg/kg feed 

PNECfeed = NOEC / 30 = 0.8 mg/kg feed  

According to method B in EU (2018), the PNECfeed should be energy normalized to calibrate the 

energy content of the food used in the toxicological study (here feed) with the energy content of the 

food for the organisms that are to be protected. Regarding eiders feeding primarily on mussels, 

mussels was here considered the critical food item.  
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PNECfeed is energy normalized on the basis of an energy content in grass and grain seeds, of 18,400 

kJ/kg dry weight and a dry matter content of 85.3% stated in table 8 in EU (2018), as the energy 

content of the food in the relevant bird experiment is not stated:  

PNECfeed, energy-norm. = 0.8 mg/kg food / (18,400 kJ/kg dry weight × 0.853) = 0.000051 mg/kJ  

PNEC expressed as content in mussels, PNECmussels, is determined on the basis of an energy content 

in mussels of 19.000 kJ/kg dry weight, a dry matter content of 8% and a lipid content of 1% (table 7 

in EU, 2018):  

PNECmussels = 0.000051 mg/kJ × 19,000 kJ/kg dry weight × 0.08 = 0.078 mg/kg wet weight PNECmussels, 

lipid = 0.078 mg/kg mussels / 0.01 = 7.8 mg/kg lipid  

The PNEC values for birds are noted to be higher than the values derived from the study with rat , so 

values for QSsec.pois.freshwater are based on the study with rat .  

Overall, QSsec.pois.freshwater is determined as: QSsec.pois.freshwater = 0.01 mg/kg fish, wet weight  

QSsec.pois.freshwater = 0.2 mg/kg lipid 

QSsec.pois.freshwater = 0.003 mg/kg mussels, wet weight  

QSsec.pois.freshwater = 0.3 mg/kg lipid  

Marine mammals, saltwater  

A derivation of QS for marine water is relevant as TBT biomagnifies in the marine food chain with 

BMF values for TBT of 5.6 for harbour porpoise with cod, squid and flounder as the main food source 

(based on wet weight) (see figure 3.1).  

Derivation of QS for saltwater is calculated for marine mammals as a food basis on the basis of the 

lowest energy normalized PNEC, which is 0.0000018 mg/kJ for mammals. The Technical Guidance 

Document (EU, 2018) also states the energy content of marine mammals at 23,200 kJ/kg dry weight 

and a dry matter content of 32%, as well as a lipid content of 10% (table 7, vertebrates). This gives 

to:  

PNECmarine mammals = 0.0000018 mg/kJ × 23,200 kJ/kg dry weight × 0.32 = 0.013 mg/kg marine 

mammal, wet weight  

PNECmarine mammals, lipid = 0.013 mg/kg marine mammal wet weight / 0.10 = 0.13 mg/kg lipid  

This value is calculated back to a PNEC for fish and mussels using the page 89 in the EU (2018). For 

fish the BMF of 5,6 is used as well as the fraction of lipid in fish (5%) respectively (table 7 in EU, 

2018) and gives the following QSsec.pois.marine water:  

QSsec.pois., saltwater = 0.013 mg/kg marine mammals, wet weight / 5.6 = 0.0023 mg/kg fish, wet weight 

QSsec.pois., saltwater = 0.0023 mg/kg fish wet weight / 0.05 = 0.046 mg/kg lipid  
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For mussels the BMF from mussels to marine mammals (figure 3.1) is used as well as a fraction of 

lipid in mussels (1%) (table 7 in EU, 2018). The BMF used is calculated as, BMFmarine mammalsfish [5.6] × 

BMFfishcrustaceans/snails [1.9] × BMFcrustaceans/snailsmussels [0.7] = 7.4.  

QSsec.pois., saltwater = 0.013 mg/kg marine mammals, wet weight / 7.4 = 0.0018 mg/kg mussels, wet 

weight  

QSsec.pois., saltwater = 0.0018 mg/kg fish wet weight / 0.01 = 0.18 mg/kg lipid  

QS for human consumption  

As TBT is classified H301, H372 and H360, then according to the Technical Guidance Document (EU, 

2018), a QS for human consumption, QSbiota, hh food, of aquatic organisms must be calculated.  

A maximum tolerable daily intake for humans (TDI - Tolerable Daily Intake) for TBT of 0.00025 mg/kg 

bw/day has been established (EFSA, 2004).  

According to EU (2018), QSbiota, hh food is calculated on the assumption that a maximum of 20% of TDI 

must be derived from fish and seafood and that a standard food intake from this source corresponds 

to 0.00163 kg fish/kg bw/day.  

Hereby QSbiota, hh food can be calculated as: 

QSHH = 0.2 × TDI / 0.00163 = 0.2 × 0.00025 / 0.00163 = 0.03 mg/kg fish, wet weight 

With a standard lipid content in fish of 5%, a lipid-normalized PNECfish can be calculated as: QSbiota, hh 

food, lipid = 0.03 mg/kg fish / 0.05 kg lipid/kg fish = 0.6 mg/kg lipid  

QSbiota, hh food = 0.03 mg/kg fish, wet weight QSbiota, hh food = 0.6 mg/kg lipid  

QSwater based on QSbiota, hh food and QSsec. pois. 

According to the EU (2018) the found quality criteria for biota (QSsec. pois. and QSbiota, hh food) should 

be converted to a water quality criteria to ensure that the found effects of direct effects are 

sufficiently conservative to protect against secondary effects through bioaccumulation in food 

chains.  

The lowest QS value for biota is derived for secondary poisoning in saltwater (QSsec. pois, saltwater) 

which is used to derive QSwater:  

QSwater = QSsec. pois, saltwater / BAF  

The bioaccumulation, BAF, for saltwater is calculated here as BCF × BMF1 × BMF2, where BCF is the 

bioconcentration factor in mussels and BMF1 (0.7, figure 3.1) is the trophic biomagnification factor 

covering the food chain from mussels to crustaceans, snails etc., BMF2 (1.9, figure 3.1) is the 

biomagnification factor from crustaceans/snails to predatory fish.  
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BCF in mussels is highly variable - with laboratory-determined BCF values between 10,400 - 37,500 

L/kg. The geometric mean of the values, 19,748 L/kg was applied.  

Based on the above BCF and BMF factors, QSwater is found to be:  

QSwater = QSsec. pois, saltwater / BAF = 0.0023 mg/kg fish, wet weight / (19,748 l/kg × 0.7 × 1.9) = 

0.000000088 mg/l = 0.000088 μg/l  

QSwater = QSsec. pois, saltwater / BAF = 0.0018 mg/kg mussels, wet weight / (19,748 l/kg × 0.7 × 1.9) = 

0.000000069 mg/l = 0.000069 μg/l  

It should be noted that EQSfreshwater, saltwater (0.0002 μg TBT/l) is higher than QSwater, which suggest 

that the water criteria does not protect biota.  

In conclusion, the following EQS for the aquatic environment have been derived for TBT:  

QS for sediment  

QSsed = 1.1 μg/kg dry weight (5% OC); 22 μg/kg OC  

QS for secondary poisoning  

QSfreshwater, fish = 0.01 mg/kg fish, wet weight; 0.2 mg/kg lipid QSfreshwater, mussels = 0.003 mg/kg 

mussels, wet weight; 0.3 mg/kg lipid QSsaltwater, fish = 0.0023 mg/kg fish, wet weight; 0.046 mg/kg 

lipid QSsaltwater, mussels = 0.0018 mg/kg mussels, wet weight; 0.18 mg/kg lipid  

QS for human consumption  

QSbiota, hh food = 0.03 mg/kg fish, wet weight; 0.6 mg/kg lipid  

 

 

Summary of suggestions 
 

Based on the recent Danish efforts for setting EQS values, the revised assessment criteria (see table 

in introduction) are suggested.  

 

For TBT in general and cadmium in shellfish the assessment criteria are lower than currently in use in 

OSPAR and HELCOM, whereas for the reminder, lower assessment factors and use of species 

sensitivity distributions when possible, leads to a more lenient assessment criteria for lead, 

fluoranthene and and cadmium in fish and sediment. 
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The background documents are unfortunately in Danish mainly, with the English summaries and 

selected figures/tables included in this document. Any further information will be made available as 

quickly as possible if needed. 
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