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Preface 

The Department of Environmental Science and Analytical Chemistry (ACES) at Stockholm University 

was commissioned, by the Swedish Agency for Marine and Water Management and the Swedish 

Environmental Protection Agency, to prepare an EQS-dossier for silver.  The work was performed 

under the Water Framework Directive (2000/60/EC) using the European Communities’s guidance 

document “Technical Guidance for Deriving Environmental Quality Standards”. Silver is one of the 

current priority substance candidates and Sweden took the lead of an international working group 

(silver substance sub-group of CIS WG Chemicals). This dossier is therefore based on a draft EQS-

dossier from 2016 prepared by the Joint Research Centre (JRC), supplementary literature searches 

performed by the authors and working group participants, new studies received from participants, as 

well as comments from experts in member states.  

 

Supporting information, other than section 9, are available in form of excel files from the authors of 

the report or from the Swedish Agency for Marine and Water Management, reference number 770-

18. 

 

The report was prepared by Sara Sahlin and Marlene Ågerstrand at ACES and is to be considered the 

final version on national level. A separate draft version of an EU-wide EQS dossier will be sent to WG 

Chemicals for further discussions on international level.  

 

 

Stockholm, October 19th, 2018 

The Department of Environmental Science and Analytical Chemistry (ACES) 

Stockholm University 
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Svensk sammanfattning 
Stockholms Universitet har på uppdrag av Havs- och vattenmyndigheten och Naturvårdsverket tagit 

fram denna rapport (dossier) med förslag på bedömningsgrunder för silver. Silver är ett av de ämnen 

som av JRC har identifierats som en tänkbar substans att ta med i samband med översynen av 

direktivet om prioriterade ämnen. Sverige valde att leda det initiala arbetet inom ramen för en särskild 

undergrupp till arbetsgruppen WG Chemicals inom CIS (Common Implementation Strategy), 

bestående av representanter från Danmark, Tyskland, Frankrike, Lettland och en europeisk 

branschorganisation samt deras konsulter. Utöver Havs- och vattenmyndigheten och Stockholms 

universitet, deltog Kemikalieinspektionen i arbetet från svensk sida. Kemikalieinspektionen är även 

utvärderande myndighet för silver inom det så kallade granskningsprogrammet för aktiva substanser i 

biocidprodukter.  

 

Den här rapporten bygger på ett utkast till EU-dossier från 2016 och som togs fram av JRC men har 

kompletterats genom litteraturstudier utförda av både Stockholms universitet och andra deltagare. 

Dessutom inkom ytterligare material i form av resultat från nya studier på ytterligare organismer, 

utförda på uppdrag av deltagare I gruppen. Förslag på bedömningsgrunder för silver har beräknats 

utifrån de riktlinjer som ges i CIS 27 (European Communities, 2011). Samtliga värden avser löst 

koncentration.   

 

För att skydda sötvattenorganismer från akut toxicitet föreslås följande värde, uttryckt som maximal 

tillåten koncentration: 0,02 µg/l. För marina organismer har ett motsvarande värde inte kunna 

beräknas. För att skydda mot kronisk toxicitet hos vattenlevande organismer föreslås årsmedelvärdet 

0,01 µg/l. För marin miljö finns tillräckligt med underlagsdata för att kunna ta fram separata 

bedömningsgrunder. Toxiciteten kan dock tänkas bero på saliniteten och värdet 0,06 µg/l har 

beräknats för 10‰ medan 0,17 µg/l vid 30‰.   

 

Den här rapporten ska ses som en slutversion på nationell nivå. Det europeiska arbetet inom ramen 

för CIS beräknas fortskrida och ett separat utkast på EU-dossier har tagits fram för fortsatta 

diskussioner internationellt.  

 

Ytterligare underlag finns i form av excel-filer. Dessa går att erhålla via rapportförfattarna eller via dnr 

770-18 från Havs- och Vattenmyndigheten.  
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1. EFFECTS AND QUALITY STANDARDS TO PROTECT WATER QUALITY 
The toxicity of silver is associated with the free silver ion, i.e. the bioavailable fraction, rather than the 

total concentration of silver (Ward and Kramer 2002). It is acknowledged that the free ion activity of 

metals often represent a small fraction of total dissolved metal concentration in natural waters, 

however, this fraction is rarely measured in the environment. Nevertheless, the ecotoxicity values 

reported and considered in the present dossier are related to dissolved silver concentrations (fractions 

filtrated through filters with size of 0.2-0.45 µm) as outlined in European Communities (2011). Besides 

silver ions, the dissolved fraction also contains silver in the form of soluble complexes, nanoparticles 

and silver bound to dissolved organic matter.  

The primary acute toxicity target of silver ions in freshwater fish and crustaceans is uptake by gills 

which disables the enzymes Na+/K+ adenosinetriphosphatase (ATPase) and carbonic anhydrase, 

causing net losses of Na+ and Cl- (i.e. ionoregulatory failure) (Bianchini et al.,  2002; Bielmyer et al.,  

2007). The mechanisms for action for the silver ion against microorganisms can be summarized as 

interaction with the cell membrane, interference with electron transport processes, binding to nucleic 

acids, inhibition of enzymes and catalysis of free radical oxygen species (CAR, 2017). As most marine 

organisms drink water to maintain proper ionic-regulation it is believed that the gut (main organ for 

osmoregulation) serves as a second target site of exposure for marine species (Wood et al., 2010). The 

available marine ecotoxicity studies suggest lower sensitivity compared to those conducted with 

freshwater species. Thus, in line with European Communities (2011), freshwater and saltwater toxicity 

data are handled separately.  

The acute toxicity of silver varies with the physico-chemistry of water, and the bioavailability can be 

reduced by complex binding with ligands. Factors reducing the bioavailability and acute toxicity are; 

dissolved organic carbon (DOC) (Brauner & Wood, 2002), chloride (Brauner et al.,  2003), sulfide 

(Bianchini et al.,  2002) and hardness (Ericksson et al.,  1998; Bianchini and Wood 2008). However, the 

latter has showed to be a minor factor compared to other chemical parameters (Morgan and Wood 

2004; Bielmyer et al., 2007). The relationship between chronic toxicity and the physico-chemical 

parameters of water is less understood. Both DOC and chloride levels have shown to be less protective 

in fish studies (Brauner and Wood 2002; Brauner et al., 2003), in fact increased chloride levels showed 

higher sensitivity (Dethloff et al.,  2007). In marine waters silver exists predominantly in less 

bioavailable chloride complexes, resulting in reduced toxicity with increasing salinity in at least some 

fish species (Wood et al., 2010). Increasing external chloride ion concentrations did not offer 

protection to the tested fish species Fundulus heteroclitus, Danio rerio and Pimephales promelas, 

which indicates that the protection against silver toxicity by chloride is not simply due to water 

chemistry and silver speciation (Bielmyer et al. 2008). 

The presence of food also reduces the bioavailability in acute ecotoxicity assays (Pedroso et al., 2007; 

Erickson et al.,  1998; Kolts et al.,  2006). However, in natural ecosystems food sources (e.g. colloids, 

particles, algae and small crustaceans) would also contain silver and contribute to the total silver 

exposure. Zhao and Wanget al. (2011) showed that the diet-borne silver (algae pre-exposed to 0.1 

µg.L-1 silver) did not affect the chronic mortality (compared to water-borne silver exposure) to D. 

magna, however, reproduction (total number of neonates) was reduced by 40%. Likewise, Hook and 

Fisher (2001) showed that algae pre-exposed to 0.1 and 0.05 µg.L-1 silver significantly reduced the 

reproductive success to marine copepods and freshwater cladocerans (including C. dubia), 

respectively, when pulse-fed for 4 hours. Similar results were obtained for the marine copepod 

(Acartia tonsa) and echinoderm (Lytechinus variegatus) fed with algae that had been exposed to 0.46 
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and 0.05-0.07 µg.L-1, respectively (Bielmyer et al., 2006: Brix et al.,  2012). In contrast, Kolts et al., 

(2009) did not observe a consistent diet-borne toxicity to C. dubia using the same set-up as in Hook 

and Fisher (2001) or when exposed to continuous water-borne and diet-borne silver. In contrast to the 

mode of action of water-borne silver, ingested silver may cause targeted inhibition of internal organs 

such as possible binding to enzymes involved in vitellogenesis (Hook and Fisher 2002; Zhao et al., 

2011). 

An acute biotic ligand model (BLM) for dissolved silver has been developed in the US (Di Toro and 

Paquin, 2008), yet there are no chronic BLMs available for silver. Furthermore, a BLM does not 

intrinsically include a dietary exposure which is a relevant route of silver exposure. The possibility of 

using a BLM was therefore not further explored, hence, data used in the derivation are those 

considered as realistic1 worst-case data. 

 

1.1 Data consideration and evaluation of reliability  
The acute and chronic freshwater datasets compiled in the JRC EQS draft (2016) were collected from 

RIVM (2012) and the REACH registration dossier. Studies assessed as Klimish reliability score 3 and 4 

in RIVM were not considered in the derivation (studies assessed as Not reliable (3) or Not assignable 

(4) were poorly described and/or did not investigate the toxicity of dissolved silver). The same 

procedure was performed for marine data collected from RIVM (2012) (see excel files: Acute marine 

dataset and Chronic marine dataset). Additional study reports, studies from REACH registration dossier 

and scientific literature were collected. All studies that were retained and considered in the derivation 

were further evaluated using the CRED evaluation method (Moermond et al. 2016). In case of multiple 

effect data for different water chemistries, the most sensitive data was used to derive reasonable 

worst-case AA and MAC values. Study results for total silver, unknown silver concentration or free ionic 

silver were eliminated and studies that were considered in the derivation can be found in the excel 

sheets named “reduced dataset”. Studies that have been undertaken in this dossier are those 

investigating the aquatic toxicity of dissolved silver i.e. samples filtrated with maximum pore size of 

0.2 to 0.45µm.   

  

                                                 
1 It is plausible that the experimental conditions used in the bioassay (e.g. hardness of water) can occur in the 
environment. 
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2. ACUTE FRESHWATER ECOTOXICIY  

2.1 Deterministic derivation of MAC-QSfw eco  
After eliminating studies that did not investigate the ecotoxicity of dissolved silver, a total of 119 effect 

values for 16 species were available (see datasheet named “reduced dataset” in the excel file: Acute 

freshwater dataset). Of these, effect values for seven species were assessed as reliable. 

Based on the available acute data, crustacea is the most sensitive taxon. At high bioavailability (i.e. the 

most sensitive conditions), the E(L)C50 varies between 0.1-3.8 and 0.22- 0.52 g.L-1 for C. dubia and D. 

magna, respectively. Bianchini et al., (2002) investigated acute toxicity to D. magna resulting in an LC50 

of 0.22 g.L-1. The results were based on measured concentrations, a sufficient number of replicates 

were used, the test organisms were exposed to five concentrations with a narrow interval,  results 

showed a normal dose-response curve, and the validity criteria were fulfilled (dissolved oxygen and 

control survival). The study was assessed as Reliable with restriction (2) and the 48h LC50 of 0.22 g.L-1 

was therefore considered suitable for MAC-QS derivation (table 1). The result from this D. magna study 

was supported by a LC50  of 0.23 g.L-1 conducted with similar set-up (DOC <0.4 mg.L-1 and without 

food added) (Glover et al., 2005). 

 

Table 1. Lowest acute effect values for three trophic levels. The extended dataset is available in the excel file: 

Acute freshwater dataset. 

Trophic level Test species, test duration, effect value, (endpoint) and 
reliability evaluation  

Reference 

Algae & aquatic 
plants  
 

Anabaena flos-aquae/ 72h 

EC50 : 0.56 µg.L-1 (growth rate)  

Reliability evaluation: 1  

Nys and De 
Schamphelaere, 2018 

Crustacea 
 

Daphnia magna / 48h 

LC50 : 0.22 µg.L-1 (mortality) 

Reliability evaluation: 1-2 

Bianchini et al.,  2002 

Fish  
 

Pimephales promelas / 96h 

LC50 : 3.10 µg.L-1 (mortality) 

Reliability evaluation: 2 

van Genderen et al.,  2003 

 

 
Using AF 10 can be justified since the standard deviation of the log transformed effect values were just 

below the cut-off value 0.52. In addition, reliable effect values for cyanobacteria was available, which 

is believed to belong to the most sensitive species (European Communities, 2011).  Due to the similar 

mode of action described for fish, crustacean and microorganisms (interference with ion transport) it 

is less likely that sensitive groups of organisms are overlooked in the present dataset.  

 

 

                                                 
2 Using data assessed as reliable and that to some extent promotes the bioavailability e.g. using low water 

hardness, DOC, chloride or sulfide; unfed organisms; flow-through set ups (fish studies); filtrated natural water 
or artificial medium (see datasheet named “SD reliable data (high bioav.)” in the excel file: Acute freshwater 

dataset. 
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Deterministic derivation of MAC-QS fw eco 

D. magna with 48h LC50 of 0.22 g.L-1 (Bianchini et al. 2002) was used as critical data in the 

derivation. Using AF 10 gives a MAC-QS fw eco of 0.022 g.L-1. 

 

 

2.2 Probabilistic derivation of MAC-QSfw eco 
The SSD method was not considered applicable for two reasons: (i) the lack of major taxonomic groups 

(e.g. Mollusca, amphibian and insect) according to the requirements in European Communities (2011), 

(ii) it was not possible to compile consistent datasets because of different experimental set-ups 

affecting the bioavailability of silver, thus the datasets would not reflect the distribution of sensitivity 

among the species.  

 

Probabilistic derivation of MAC-QS fw eco  

Incomplete dataset. 
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3. CHRONIC FRESHWATER ECOTOXICITY 

3.1 Deterministic Derivation of AA-QSfw eco 
After eliminating studies that did not investigate ecotoxicity of dissolved silver, a total of 94 effect 

values for 19 species were available (see datasheet named “reduced dataset” in the excel file: Chronic 

freshwater dataset). Of these, effect values for 11 species were assessed as reliable.  

Schlich et al. (2017a in the REACH registration dossier Ref. 008) investigated growth inhibition of P. 

subcapitata resulting in an EC10 of 0.1 g.L-1. This GLP and OECD study was collected from secondary 

literature but was sufficiently documented in the REACH registration dossier. The results were based 

on measured dissolved silver, the validity criteria were fulfilled, four replicates were used, and a dose-

response relationship was shown (reliability assessed as 1-2). This was the lowest effect value assessed 

as reliable and was therefore suitable for AA-QS derivation. The lowest chronic effect values for three 

trophic levels are presented in table 2.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

AF 10 was used since the dataset contain chronic studies from at least three species representing 
three trophic levels (European Communities, 2011).  
 
 

Table 2. Lowest chronic effect values for three trophic levels. For extended dataset see excel file: Chronic 

freshwater dataset. 

Trophic level Test species, test duration, effect value, (endpoint) and 
reliability evaluation  

Reference 

Algae & aquatic 
plants  
  

Pseudokirchneriella subcapitata / 72h 

EC10 : 0.10 µg.L-1 (growth inhibition) 

Reliability evaluation: 1-2  

Schlich et al., 2017a (In 
REACH registration dossier 
Ref. 008) 

Invertebrates 
 

Daphnia magna / 21 d 

EC10 : 2.14 µg.L-1 (growth) 

Reliability evaluation: 1-2 

Bianchini and Wood 2008 

Fish  
 

Oncorhynchus mykiss / 196 d  

LC10 : 0.17 µg.L-1 (mortality) 

Reliability evaluation: 2-4 

Davies et al., 1998 (in 
REACH registration dossier 
Ref. 002) 

 
 

Deterministic Derivation of AA-QSfw eco  

P. subcapitata with EC10 of 0.1 g.L-1 for endpoint growth (Schlich et al., 2017a, In REACH 
registration dossier Ref. 008) was used as critical data in the deterministic derivation. AF 10 was 

used, giving an AA-QS fw eco of 0.01 g.L-1.  

 
 
 

3.2 Probabilistic Derivation of AA-QSfw eco 
After the reliability evaluation, 11 species representing 9 taxonomic groups (salmonid fish, cyprinid 

fish, crustacean, two orders of insecta (Diptera and Ephemeroptera), mollusca, higher plants, 

cyanobacteria and algae) were considered in the derivation (table 3 and figure 1). The dataset fulfills 

the requirements to perform a SSD according to European Communities (2011). Comments about 
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reliability and arguments for exclusion of studies from the SSD can be found in table S1. The median 

HC5 was 0.05 g.L-1 (table 4).  

According to the European Communities (2011) the dataset should preferably contain more than 15, 

but at least 10 NOEC/EC10-values. The current dataset contains 11 effect values. An AF lower than 5 is 

not justified. There are no available data from field or mesocosm studies (only microcosms studies 

which cannot be used to justify lower AF according to European Communities, 2011)  and the chronic 

mode of action of silver is less defined compared to acute exposure. It is also likely that aquatic 

organisms in the field are exposed to dietary bound silver in addition to the water-bound exposure, 

which is not considered in this derivation.  

 

Table 3. Data used in the SSD calculation. All values are based on measured concentration. More details and 
additional studies are provided in table S1 (for complete dataset, including studies for ionic and total silver, see 
Excel file: Chronic freshwater dataset).  

1= Dethloff et al. (2007) showed higher reliability (2) but was conducted with shorter duration (77 days) and therefore not 
included. 2 = Input data are based on worst-case data, i.e. only effect data for the lowest hardness were used. 3 = 

Geometric mean of 11.1, 10.4, 14.5, 11.4 (Naddy et al., 2007b), 0.37 and 2.9 g.L-1 (Kolts et al., 2009). 4 = Endpoint 

mortality and reproduction less sensitive, geometric mean of 3.07 and 2.78 g.L-1, respectively. 5 = Effect value obtained 
from a study with relatively short duration.  

 
  

Species Endpoint & Duration  

Effect value 
dissolved 

Ag+ (g.L-1) 

Reliability 
evaluation  

Reference 

Lemna minor Root length 7d EC10 1.40 1 
Nys and De 
Schamphelaere, 2018 

Pseudokirchneriella 
subcapitata 

Growth 
inhibition 

72h EC10 0.10 1-2 
Schlich et al., 2017a (In 
REACH Registration 
dossier Ref. 008) 

Anabaena flos-
aquae 

Growth rate 72h EC10 0.41 1 
Nys and De 
Schamphelaere, 2018 

Brachionus 
calyciflorus 

Population 
size 

48h EC10 0.31 1 
Nys and De 
Schamphelaere, 2018 

Oncorhynchus 
mykiss 

Survival 217d LC10 0.171,2 2-4 
Davies et al., 1998 (in  
REACH Registration 
dossier Ref. 002)  

Pimephales 
promelas 

Growth, 
survival 

32d NOEC 0.35 2 Naddy et al.,  2007b 

Salmo trutta Survival 217d LC10 0.192 2-4 
Davies et al., 1998 (in 
REACH Registration 
dossier Ref. 001) 

Ceriodaphnia dubia Survival 7d  EC10 5.233 2 
Naddy et al., 2007a; Kolts 
et al., 2009 

Daphnia magna Growth 21d EC10 2.144 1-2 
Biancini and Wood 2008 
(in  REACH Registration 
dossier Ref. 001) 

Chironomus 
tentans 

Growth 10d NOEC 135 2 Call et al., 1999 

Stenonema 
modestum 

Molt 
production 

14d NOEC 1.00 2 
Diamond et al., 1992 (in 
REACH Registration 
dossier Ref. 005) 
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Table 4. HC5 results of the SSD using data from table 3. 

Name Value log10(Value) Description 

LL HC5 0.009834249 -2.00725881 lower estimate of the HC5 

HC5 0.054375246 -1.264598768 median estimate of the HC5 

UL HC5 0.147797557 -0.830332746 upper estimate of the HC5 

sprHC5 15.02886086 1.176926064 spread of the HC5 estimate 

 
 
 

 
Figure 1. SSD (using ETX 2.1) for chronic freshwater ecotoxicity of dissolved silver. Normal distribution was 
accepted at all significance levels in the Anderson-Darling, Cramer von Mises tests, and Kolmogorov-Smirnov 
tests.  
 
 
 

Probabilistic Derivation of AA-QSfw eco 

The median HC5 was 0.05 g.L-1 (table 4). Using an AF of 5 gives an AA-QSfw of 0.01 g.L-1 i.e. consistent with 
the deterministic derivation. 

 

 

 

3.3 Freshwater microcosms studies  
Tlili et al. (2016) constructed microcosms model system consisting of decomposing plant litter and the 

associated fungal and bacterial decomposers. AgNP and AgNO3 were added in short-term exposure 

measuring the endpoints: bacterial and fungal growth, fungal reproduction and catabolic and nutrient 

acquisition potential (measured as the potential activities of three extracellular enzymes: leucine 

aminopeptidase (LAP), ß-glucosidase (BG) and alkaline phosphatase (AP)). Both AgNP and AgNO3 
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inhibited bacterial growth up to 83% and 61%, respectively after 5 hours (EC50 32 and 129 µg.L-1, 

respectively). Fungal growth and reproduction was also affected with AgNO3 EC50 of 302 and 356 µg.L-

1, respectively (AgNP was less toxic). AgNO3 inhibited LAP and BG while AP was stimulated but the 

enzymatic activities endpoints were not as sensitive and only EC50 for BG could be calculated (3600 

µg.L-1). For all endpoints, the addition of cysteine prevented the inhibition in AgNO3 exposure, put 

failed to prevent toxicity for AgNP. In a chronic microcosm (21 days) silver significantly decreased the 

leaf decomposition rate (97%) and bacterial and fungal biomass, which was accomplished by shift in 

structures of bacterial and fungal communities (Pradhan et al. 2011) with LOEC of <5000 µg.L-1 AgNO3 

(nominal concentration). Coleman et al. (2012) investigated the AgNP responses of microbial 

communities in natural streamwater and sediment with AgNO3 used as positive control added to 

streamwater and sediment system with concentrations of 0.75 and 250 mg.L-1, respectively. The 

measured dissolved silver (no information about filtration, concentrations measured by ICP-AES) was 

4 and 6.6 µg.L-1 (no measurements of the sediment compartment). In streamwater AgNO3 led to almost 

complete respiration inhibition (leaf litter used as carbon source) and 55% reduction of phosphatase 

enzyme activity. In sediment AgNO3 caused 34% decrease in respiration, 55% increase in microbial 

biomass and a shift in bacterial community composition. The increase in biomass was assumed to be 

caused by mortality and less metabolic activity from some silver sensitive species, while microbes less 

sensitive to silver may have increased in abundance, which in turn could explain the shift in community 

structure. Overall, the effects of AgNP were lower compared to AgNO3 in both systems after 7 days 

exposure.  

In a microcosm investigation, approximately 500 µg.L-1 AgNO3 added in aquatic systems decreased to 

9 µg.L-1  over a 90 day period (intermediate concentrations of 125 at day 1, and 30-60 µg.L-1  between 

day 3-60), with surface sediment being the main sink with concentration reaching 10 mg.kg.1 dw. The 

microcosms were placed with macrophyte (Hydrilla verticillata), fish (Gambusia affinis) and Mollusca 

(Radix spp.). Other observations included phytoplankton, nitrification potential in sediments and 

microbial communities in sediments. Biomass was not affected of H. verticillata,  phytoplankton, G. 

affinis or Radix spp. after 90 days. The ammonium time half (ET50) was similar as the control, however 

the ET50 for nitrogen was significantly higher than the control accomplished by reduced abundance of 

nitrification microbes indicating that silver might affect the nitrogen cycle. The communities, diversity 

and richness of the microorganisms was not significantly affected (Jiang et al. 2017). 

None of these studies determined the dissolved fraction of silver and Pradhan et al. (2011) used 

relatively high concentrations (5000 µg.L-1) and it is therefore not possible to relate these microcosms 

to the available laboratory studies used in the QS derivation. However, Tlili et al. (2016), provide 

supporting information that acute effects on fungal and bacterial decomposers through total silver 

exposure is not expected below concentrations of 129 µg.L-1. Coleman et al. (2012) and Jihang et al. 

(2017) provides supporting information that microorganisms in sediment and water through longer 

exposure might be affected at concentrations below 4 µg.L-1 and 10 mg.kg.1  dw in terms of affected 

respiration and nitrification rates.  
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4. ACUTE MARINE ECOTOXICITY  
For acute marine ecotoxicity, only studies investigating crustaceans were available (table 5). Applying 

an additional AF to MAC-QSfw to derive a MAC-QSsw would not be in line with evidence suggesting that 

silver toxicity is reduced with increased salinity (Wood et al., 2010; Pedroso et al., 2007). MAC-QSsw 

was therefore not derived. MAC-QSsw not derived in the draft EQS dossier from JRC (2016) either.  

 
 
Table 5: Lowest acute marine effect values. For extended dataset see excel file: Acute marine dataset. 

Trophic level Test species, test duration, effect value Reference 

Algae & aquatic plants  No data available  

Crustacea 
 

Acartia tonsa / 48 h 

LC50 : 7.1 µg.L-1 (salinity content 5 ‰) 

Pedroso et al., 2007, cited by 
RIVM (2012) 

Acartia tonsa / 48 h 

LC50 : 79.2 µg.L-1 (salinity content 15 ‰) 

Acartia tonsa / 48 h 

LC50 : 154.6 µg.L-1 (salinity content 30 ‰) 

Americamysis bahia / 96 h 

LC50 : 2671 µg.L-1 (salinity content 20 ‰) 

Ward and Kramer 2002, cited by 
RIVM (2012) 

Fish No data available 

Other taxonomic groups No data available 
1 = Geometric mean of 260, 260 and 280 µg.L-1. 

 
 

Derivation of MAC-QSsw eco 

Incomplete dataset.  
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5. CHRONIC MARINE ECOTOXICITY 

5.1 Deterministic Derivation of AA-QSsw eco 
After eliminating studies that did not investigate ecotoxicity of dissolved silver, a total of 53 effect 

values for 3 species were available (see datasheet named “reduced dataset” in the excel file: Chronic 

marine dataset). All of these were assessed as reliable. The critical data were Americamysis bahia with 

EC10 of 3 µg.L-1 at salinity 10 ‰  (Ward et al., 2006a) and Arbacia punctulata with NOEC of 8.6 µg.L-1  at 

salinity 30 ‰ (Ward et al., 2006b). AF 50 was used since the dataset contain chronic studies from at 

least two species representing two trophic levels (European Communities, 2011). The lowest chronic 

marine effect values are presented in table 6.   

 
Table 6: Lowest chronic marine effect values based on the different salinity (10, 20 and 30‰) for the available 
species. For extended dataset see excel file: Chronic marine dataset. 

1 = This value was retrieved from the RIVM report (2008) where it was reported to have been calculated from 
data (young per female) available in the publication of Ward et al. (2006).  
 
 

Trophic level Test species, test duration, effect value, endpoint, 
salinity and reliability evaluation 

Reference 

Algae & aquatic 
plants 

No data available 

Crustacea 
 

Americamysis bahia / 28 d  

EC10: 3 µg.L-1 (reproduction, 10 ‰ salinity)1 

Reliability evaluation: 2 

Ward et al., 2006a (cited by 
RIVM, 2012) 

Americamysis bahia / 28 d  

EC10: 17.6 µg.L-1(growth length, 20 ‰ salinity) 

Reliability evaluation: 2 

Ward and Kramer, 2002 
(cited by RIVM, 2012) 

Americamysis bahia / 28 d  

EC10: 21.3 µg.L-1 (mortality, 30 ‰ salinity) 

Reliability evaluation: 2 

Ward and Kramer, 2002 
(cited by RIVM, 2012) 

Fish 
 

Menidia beryllina / 28 d  

EC10: 25 µg.L-1 (mortality at hatching, 10 ‰ salinity) 

Reliability evaluation: 2 

Ward et al., 2006a cited by 
RIVM (2012) 

Menidia beryllina / 28 d  

EC10: 14.2 µg.L-1 (growth wet weight, 20 ‰ salinity) 

Reliability evaluation: 2 

Menidia beryllina / 28 d  

EC10: 144 µg.L-1 (mortality, 30 ‰ salinity) 

Reliability evaluation: 2 

Echinodermata 
 

Arbacia punctulata / 30 d  

NOEC: 8.6  µg.L-1 (development effects on spines, 28-29 
‰ salinity) 

Reliability evaluation: 2 

Ward et al., 2006b (cited by 
RIVM, 2012 and REACH 

registration dossier) 
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Deterministic Derivation of AA-QSsw eco 
Americamysis bahia with EC10 of 3 µg.L-1 (salinity 10 %) (Ward et al., 2006a) and Arbacia punctulata 
with NOEC of 8.6 µg.L-1  (salinity 30 %) (Ward et al., 2006b) were used as critical data. AF 50 was 
used resulting in AA-QSsw eco 0.06 and 0.17 µg.L-1

   for 10‰ and 30‰ salinity, respectively. 

 
 

5.2 Marine microcosms and mesocosms studies  
Buffet et al. (2014) constructed an outdoor mesocosms with natural seawater and sediment 

investigating the effects of AgNP and AgNO3 (10 µg Ag L-1 nominal) on Scrobicularia plana (Mollusca) 

and Hediste diversicolor (Annelida) for 21 days. A multi-marker approach was used to examine 

oxidative stress (catalase CAT, superoxide dismutase SOD, glutathione S-transferase GST, 

thiobarbituric acid reactive substances TBARS), genotoxicity (Comet assay), neurotoxicity 

(acetylcholinesterase activity AChE), apoptosis (caspase 3-like CSP), and immunotoxicity (acid 

phosphatase AP, phenoloxidase PO and lysozyme). In addition, burrowing behavior and feeding rates 

were also determined. During the time period no mortality occurred but bioaccumulation of both Ag 

forms was significant in the two species. Both AgNP and AgNO3 induced oxidative stress, detoxification, 

apoptosis, genotoxiciy and immunomodulation in both species. The biomarkers GST, SOD, TBARS and 

borrowing behavior in H. diversicolor, CSP and burrowing behaviors in S. plana resulted in higher 

response to AgNO3 compared to AgNP. In a 14 days laboratory study investigating water-borne (10 µg 

Ag L-1) and diet-borne (algae pre-exposed to 10 µg Ag L-1) exposure, burrowing behaviors in S. plana 

was not affected (Buffet et al. 2013). The main findings in this study were that bioaccumulation was 

more dominant for water-borne compared to dietary exposure, however, the lower bioaccumulation 

in diet-borne exposure was likely attributed by the significantly decrease of food intake. Oxidative 

stress biomarkers (CAT, GST and SOD) were upregulated when exposed through diet compared to 

water-borne exposure. Damage biomarkers (TBARS, AChE and CSP-3 like) did not differ significantly. 

Bone et al. (2015) investigated the acute (48h) toxicity in different experimental set-ups to Atlantic 

killifish (Fundulus heteroclitus) exposed in mesocosms (wetlands), microcosms and laboratory tests. 

Mesocosm testing was conducted by exposing F. heteroclitus with water samples taken from the 

mesocosms 24 h after dosing which was compared with laboratory testing done by adding silver to 

control mesocosm water with the same concentrations. Total silver concentration of 0.9 mg.L-1 

(nominal single concentration) caused nearly 100% mortality to embryos of F. heteroclitus  in 

laboratory tests in contrast to the mesocosms where the mortality was approximately 5%. Similar 

results was observe for larvae. The authors argued that the reduced toxicity in the mesocosms was 

likely caused by the increased DOC, probably released from the plants used in the wetland mesocosms.  

In addition, 3 d growth test of the nematode Caenorhabditis elegans exposed to water samples from 

mesocosms at 0.9 mg.L-1 caused significant growth reduction. In the microcosms investigation F. 

heteroclitus  were prepared in four different set-ups; (1) water only, (2) water and sediment, (3) water 

and plants and (4) water, plants and sediment, all dosed with 2 mg.L-1 and screened for mortality at 24 

hpd and 48 hpd. The mortality  slight decreased in the microcosms with water and plants after 24 hpd, 

while at 48 hpd the mortality was nearly 100% in all tests designs. The AgNO3 experiments was 

compared to AgNP toxicity and interestingly, larvae of F. heteroclitus was more sensitive to AgNP (GA 

AgNP and PVP AgNP) in mesocosms and showed increased toxicity in mesocosms compared with 

laboratory tests (PVP AgNP). Likewise, the GA AgNP caused more growth inhibition to C. elegans 

compared to AgNO3. 
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6. SUMMARY OF DERIVED QS TO PROTECT WATER QUALITY 

 
 

QSwater 
Key study and assessment 
approach 

Assessment 
factor 

QS-value 

MAC-QS freshwater, eco 
 

Deterministic approach, 
Daphnia magna, 48 h, 
mortality, LC50 0.22 μg L-1 
(Bianchini and Wood, 2002)  

10 0.02 µg.L-1 

MAC-QS marine water, eco Incomplete base set - - 

AA-QS freshwater, eco 

Deterministic approach1, 
Pseudokirchneriella 
subcapitata, 96h, growth, EC10 
0.1 μg L-1 (Schlich et al., 2017) 

10 0.01µg.L-1 

AA-QS marine water, eco 

Deterministic approach, 
Americamysis bahia, 28 d, 
reproduction, EC10 3 µg.L-1 

(salinity 10 ‰) 

Arbacia punctulata, 30 d, 
development and spines, NOEC 
8.6 µg.L-1 (salinity 30 ‰) 

50 
0.06 µg.L-1 (salinity 10‰) 
0.17 µg.L-1 (salinity 30‰) 

1= Consistent when using the probabilistic method.  
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7. IDENTIFICATION OF ISSUES RELATING TO UNCERTAINTY IN RELATION TO THE QSs DERIVED 

 
In natural ecosystems silver predominantly exist as ligand complex, likely reducing the toxicity through 

water-borne exposure. The EQS are based on laboratory studies under controlled systems promoting 

the bioavailability, hence the toxicity might be overestimate. The freshwater standards derived are 

considered as realistic worst-case standards. The contribution of dietary exposure is not well defined 

but possible a significant route of exposure. The study by Zhao and Wang (2011) supports that the AA-

QS should not be set higher, since the toxicity to D. magna when fed with algae pre-exposed to 0.1 

µg.L-1 caused 40% reduced reproduction success.  

Exposure of water-borne silver is less toxic in marine waters compared to freshwater. However, it is 

not possible to elude risks through exposure of diet-borne silver. Similarly to freshwater investigations, 

algae pre-exposed to silver of 0.11-0.46 µg.L-1 caused reproduction toxicity to the marine copepod 

Acartia tonsa and growth effects to the echinoderm Lytechinus variegatus at 0.07 µg.L-1 (i.e. at lower 

concentrations than the derived AA-QSsw)  (Hook and Fisher 2001; Bielmyer et al. 2006: Brix et al. 2012). 

Ward et al. (2006) also evaluated the influence of diet-borne silver and concluded that reproduction 

effects to Americamysis bahia was more sensitive when exposed to a combination of water-borne and 

diet-borne silver compared to water exposure only. These observations suggest that the derived QSsw 

might underestimate the toxicity.  
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9. SUPPORTIVE INFORMATION – CHRONIC STUDIES CONSIDERED FOR THE SSD   

 

Chronic studies considered for inclusion in the SSD are presented in table S1.  

 
Table S1. Chronic studies considered for inclusion in the probabilistic derivation (SSD) (Excel file: Chronic freshwater dataset, sheet named “reduced dataset”). 

Section Species Reference Duration & Endpoint  
Value 

dissolved 
(μg Ag+/L) 

Comments Reliability  
Inclution 
in SSD 

1 Nostoc muscorum 

Study report cited in 
the REACH 

registration dossier 
(Ref. 005) 

15 d EC10 yield 0.66 

15 d static set-up. Based on nominal concentrations. Non-
guideline. AgCl used as test item.  

3 No 

Study report cited in 
the REACH 

registration dossier 
(Ref. 003) 

15 d EC10 yield 0.45 

Study report cited in 
the REACH 

registration dossier 
(Ref. 004) 

15 d EC10 yield 0.57 

Study report cited in 
the REACH 

registration dossier 
(Ref. 006) 

15 d EC10 yield 0.16 

2 
Synechococcus 

leopoliensis 
Taylor et al. 2016 72h EC10 Growth rate 1.87 

Control performance not reported; validity criteria not 
reported; Ag concentrations were not measured at every 
test concentration: ECx values were calculated based on 

corrected concentrations, in terms of measured 
concentrations at the beginning of the test divided by the 

nominal concentrations (only three out of eight 
concentrations measured). However, during the 72h test 
period the dissolved silver decreased between 66-96% in 

all concentrations, which was not considered in the 
calculated ECx. It is stated in the article that it is likely that 

the organisms were not exposed to the nominal 
concentrations; Chloride and EDTA present in the medium 

(probably reduced bioavailability); modified OECD 201 
protocol and a non-guideline medium, despite these 
modifications it is not stated if algae or cyanobacteria 

actually were growing exponentially over the whole testing 
period. 

3 No 

3 
Chlamydomonas 

reinhardtii 
Taylor et al. 2016 72h EC10 Growth rate 7.5 See comment in section 2 3 No 
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4 
Anaebana flos-

aquae 

Nys and De 
Schamphelaere, 

2018 
72h EC10 Growth rate 0.41 

OECD guideline; Measured dissolved silver; validity criteria 
fulfilled, 3 replicates; showed a dose-response relationship.  

1 Yes 

5 
Anaebana flos-

aquae 
UBA, 2013 72h EC10 

Growth 
inhibition 

0.038 
Total and nominal silver concentrations. Calculation error 

for the concentration according to UBA.  
3 No 

6 
Desmodesmus 

subspicatus 
UBA, 2013 72h EC10 

Biomass 
(yield) 

1 Total silver concentration. 3 No 

7 
Desmodesmus 

subspicatus  
UBA, 2015 72h EC50 Growth rate 5.08 

Based on nominal concentrations; EC50 value (not useful 
in the AA-QS derivation); unclear if results refer to 
dissolved silver (i.e. filtered). Data only available in 

German.  

R3 No 

8 
Chlamydomonas 

reinhardtii 

Hiriart-Baer et al., 
2006 (in REACH 

registration dossier. 
Ref 001) 

24h EC10 growth rate 0.54 

(1) Growth rate in control 0.96/day meets OECD validity 
criteria; Growth is significantly inhibited already at 6.1 nM 
measured total silver (9% inhibition). This would indicate a 
LOEC 3-5 nM (or 0.3-0.5 µg/L) based on dissolved silver 
(being 50-80 of measured total silver). The preliminary 

batch indicate that I LOEC might even be 1-2 nM (or 0.1-
0.2 µg/L), i.e. the measured dissolved concentration 

between day 1 and 2 (fig 1.b).  
(2) In the REACH registration dossier for silver this study 

was the key study 001, and it is concluded that:  "The 
EC10 of the test substance, recalculated from the author's 
data, is 0.54 µg/L.", but details of the re-calculation are not 

presented. 
(3) The way of exposure is rather unconventional, i.e. the 
Ag concentration is increased subsequently in the flow-

through set-up. Although the authors claim that there is no 
adaptation of the algae to the increased silver, it cannot be 

excluded; radiolabelled 110mAg used as test item. 

4 No 

9 Chlorella vulgaris 
Kolts et al, 2009 in 

RIVM 

96h EC10 cell density 7.97 

No information about control performance, only 1 replicate, 
pH not reported. 

3 No 96h EC10 cell density 6.3 

96h EC10 cell density 4.66 

10 
Pseudokirchneriella 

subcapitata 

Schlich et al.,  
2017a (in REACH 
registration dossier 

Ref 008) 

72h EC10 
growth 

inhibition and 
yield 

0.1 

Well documented OECD and GLP study. Based on 
measured dissolved silver (4 measurements). 4 replicates 
and 5 concentrations used. Possible to determine dose-

response. Secondary literature. 

1-2 
Yes 

(bold) 
72h NOEC growth 0.13 

72h NOEC 
growth 

inhbition and 
yield 

0.04 
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11 
Pseudokirchneriella 

subcapitata 

Hiriart-Baer et al.,  
2006 (in REACH 

registration dossier 
Ref. 002) 

24h EC10 growth rate 0.41 
Growth rate in control 0.68/day do not meet OECD validity 

criteria; See comments from section 8 (comments 2-3) 
4 No 

12 
Pseudokirchneriella 

subcapitata 
Kolts et al, 2009 in 

RIVM 

96h EC10 cell density 2.61 
Not considered since endpoint growth inhibition in Schlich 

et al.,  2017a was more sensitive    
 

- No 

96h EC10 cell density 0.94 

13 Lemna minor 
Nys and De 

Schamphelaere, 
2018 

7d EC10 

Root length 1.4 

OECD guideline; Measured dissolved silver; validity criteria 
fulfilled, 3 replicates; showed a dose-response relationship 

1 
Yes 

(bold) 

Growth rate 
(frond number) 

14 

Growth rate 
(frond area) 

5.2 

Dry weigth 9 

14 
Myriophyllum 

spicatum  
UBA, 2013 14d EC10 Shoot length 1 

Total silver concentrations. EC10 needs to be recalucated 
with better statistical method according to UBA.  

3 No 

15 
Oncorhynchus 

mykiss 

Davies et al.,  1998 
(in REACH 

registration dossier 
Ref. 002) 

196h LC10 mortality 0.17 

OECD 210, validity criteria met. 5 concentration used with 
narrow interval. Results based on measured 

concentrations (weekly measurements); Only 1 replicate 
used. No information about dose-response (single LC10 
value reported, without Cl); Measured concentration not 

specified; Secondary literature 

2-4 Yes 

16 
Oncorhynchus 

mykiss 
Brauner and Wood 

2002 

75d NOEC growth <0.13 

Based on measured dissolved silver concentrations. Only 2 
concentrations in the bioassay (0.1 and 10 µg/L + control). 
COMMENTS FROM CAR draft (CAR, 2017): “It appears, 
though, that the statistical method was not appropriate for 

weight and length data. Only two test chamber was applied 
per concentration. The presentation of results indicates 

pseudoreplication, since analysis of variance and Dunnet’s 
post-hoc test was applied (i.e. standard deviation given) 
and comparisons were based on single fish as statistical 

unit. Since the differences are small (<10%) and due to the 
suspected flaw in statistics, it is doubtful whether these are 

real effects.”  

3 No 

75d NOEC mortality 0.13 

17 
Oncorhynchus 

mykiss 

Dethloff et al 2007 77d NOEC weight 0.21 Well documented GLP and ASTM study. Survival, hatching 
success and DO meets OECD validity criteria.  Results 

based on measured concentrations. Narrow concentration 
interval (5 concentrations) and possible to determine dose-

response.  Flow-through set up. 4 replicates 

2 
No (no. 

15 used) 
Dethloff et al.,  2007 

(in REACH 
registration dossier 

Ref. 006) 

77d EC10 mortality 0.37 
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18 
Oncorhynchus 

mykiss 
Brauner et al.,  2003 58d NOEC growth 0.1 

Total silver within 20% of nominal. No differences between 
total and dissolved silver (all silver was dissolved) in 1 µg/L 
Results based on nominal concentrations. Control mortality 

reached 20%. Only 1 replicate and 2 concentrations (0.1 
and 1 µg/L + control) used. COMMENTS FROM CAR 

DRAFT (CAR, 2017): “It appears that the statistical method 
was not appropriate for weight and length data. The test 

chamber should be that statistical unit, since test chambers 
can be considered independent from each other. The 

number of replicated test chambers was 2 (mortality) and 1 
(growth), respectively. The presentation of results indicates 

pseudoreplication when ANOVA and Dunnet’s post-hoc 
test was applied (i.e. small standard error; and small 

differences in growths appear to be significantly different) 
and comparisons were based on single fish as statistical 

unit. This will lead to an artificially high statistical power, i.e. 
falsely identifying small differences as significant, whereas 

true differences related to treatment may remain  
undetected.“ 

3 No 

19 
Oncorhynchus 

mykiss 
Nebeker et al.,  
1983 in RIVM 

60d NOEC hatching 0.08 
This value could not be derived from the article. No 

information that this concentrations resulted in a significant 
reduction of hathcing. Low hatching in control 

3 No 60d NOEC mortality 0.15 

Possible to determine dose-response. 10 concentrations 
used; Results for dissolved silver estimated from the study 
(do not report dissolved concentrations). 1 replicate used 
(no information in the article)? Low hatching success in 

controls but survival of hatched fish meets OECD validity 
criteria. 

60d NOEC growth <0.04 No clear dose-response. 

20 
Pimephales 

promelas 
Rodgers et al.,  
1997a in RIVM 

10d NOEC mortality 2 Short duration 3 No 

21 
Pimephales 

promelas 

Naddy et al.,  2007b 
(in REACH 

registration dossier 
Ref. 003) 

32d NOEC growth rate 0.39 

Well documented GLP and ASTM study.  Survival in 
control meeting ASTM validity criteria (>73,8%). Dissolved 

silver concentration averaged 20% of nominal. 5 
concentrations used (0,5 dilution factor), dose-response 
(although, drastic curve, the effects occur at the highest 

concentration). 4 replicates. 

2 
Yes 

(bold) 

Naddy et al.,  2007 
b in RIVM 

7d NOEC 
mortality, 
growth 

0.81 

7d NOEC growth 0.54 

32d NOEC 
mortality, 

growth 
0.35 

22 Salmo trutta 
Davies et al.,  1998 

(in REACH 
217d EC10 mortality 0.19 See comment in section 15 24 Yes 
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registration dossier 
Ref 001) 

23 Ceriodaphnia dubia 

Naddy 2007a  (in 
REACH registration 
dossier Ref. 009) 

7d EC10 reproduction 10.1 

USEPA guideline, daily measurements, 10 replicates (1 
each). Dose-response 

1-2 
Yes 

(bold) 

7d EC10 reproduction 6.48 

7d EC10 reproduction 8.69 

Naddy et al.,  2007a 
in RIVM 

7d EC10 mortality 11.1 

7d EC10 mortality 10.4 

7d EC10 mortality 14.5 

7d NOEC mortality 11.4 

7d EC10 reproduction 10.4 

7d EC10 reproduction 7.9 

7d EC10 reproduction 9.3 

7d EC10 reproduction 13 

Naddy et al.,  2007a 7d NOEC reproduction 8 

24 Ceriodaphnia dubia 
Rodgers et al.,  
1997 in RIVM 

10d NOEC reproduction 0.53 

5 concentrations was used and results are based on 
measured concentrations, however, there is no details 
regarding how often samples were taken for analysis. 

Since the set-up of the bioassay was static it is not known 
how representative the reported concentrations are. Dose-
response curve or validity criteria for endpoint reproduction 

are not reported 

2-4 No 

25 Ceriodaphnia dubia 
Kolts et al, 2009 in 

RIVM 
10d NOEC mortality 0.37 

EPA-guideline, 10 replicates (1 each), 5 concentrations 
with narrow interval. Validity criteria met. The dose 

2 
Yes 

(bold) 
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10d NOEC mortality 2.9 
response curve is for reproduction, but significant mortality 

(exceeded 20%) occurred at the highest concentrations  

7d EC10 reproduction 2.1 

Kolts et al.,  2009 
(in REACH 

registration dossier 
Ref. 008) 

7d EC10 reproduction 2.48 

26 Daphnia magna 

Schlich et al.,  
2017b (in REACH 
registration dossier 

Ref. 013) 

21d EC10 reproduction 3.49 

OECD 211 guideline and GLP study; 5 concentration with 
spacing factor of 2; Dose-response. Results based on 

mean measured concentration; semi-static, renewals three 
times a week;  Secondary literature but well described in 

the REACH registration dossier; 

1-2 
No (no. 

25 used) 

21d NOEC reproduction 2.52 

21d EC10 Immobility 3.97 

21d NOEC Immobility 5.03 

27 Daphnia magna 

Bianchini and Wood 
2008 in RIVM 

21d EC10 reproduction 2.88 

Well described guideline-study; 10 concentrations with 
narrow interval; dose-response; 10 replicates (1 each);  
static-renewal; EC10 estimated from EC20 and EC50 2 

Yes 
(bold) 

21d EC10 reproduction 2.4 

21d EC10 reproduction 1.98 

21d LC10 mortality 1.83 

21d LC10 mortality 2.99 

21d LC10 mortality 3.18 

Bianchini and Wood 
2008 (in REACH 

registration dossier 
Ref. 001) 

21d EC10 growth 2.14 

28 Daphnia magna 
Rodgers et al.,  
1997 in RIVM 

10d NOEC reproduction 0.8 
See comment in section 24. Also, short duration for D. 

magna study.  
2-4 No 

29 Daphnia magna 
Naddy et al.,  2007a  

in RIVM 
21d NOEC mortality 3.8 

USEPA guideline, dose-response curve, >95% control 
survival.  

2 
No (no. 

27 used) 
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21d NOEC reproduction 2.4 

30 

Hyalella azteca 
Diamond et al.,  
1990 in RIVM 

21d NOEC survival  0.58 

Unable to obtain a sufficient number of offspring in this test 
to obtain a valid sub-lethal value for reproduction; Only 
reported results for mortality, not included as it cannot 

substitute a true chronic study. Single NOEC reported for 
survival (no dose-response curve). No information about 
effect caused at LOEC (i.e. % mortality). LOEC 1.9 equal 

to the LC50 from the same study; Dissolved silver 
estimated. Also, see comments in section 31.  

2-4 Yes 

Hyalella azteca 
Rodgers et al.,  
1997 in RIVM 

10d NOEC survival 4 See comment from section 24 2-4 No 

31 Isonychia bicolor 

Diamond et al.,  
1990 in RIVM 

14d NOEC mortality 1.7 
Number of replicates not reported; control performance not 

reported; Mean concentrations of measured silver was 
often lower than the theoretical value. For each treatment 

in each test, the mean measured concentrations was 
divided by the theoretical silver concentration to calculate a 

mean percent recovery rate (the authors stated that the 
actual recovery rates probably were 10 to 20% higher than 

those calculated in many cases). The recovery rate was 
then used to calculate the mean exposure of silver for each 

treatment in the tests. To estimate dissolved silver 
concentrations, the difference in recovery between 

unfiltered and filtered samples (portions of samples were 
filtered through 0.45 um) was calculated. 

2-4 
Yes 

(bold) 

14d NOEC molts 0.17 

Diamond et al.,  
1990 in RIVM 

(REACH registration 
dossier ref. 003) 

20d EC10 molts 
1.48 (total 

silver) 

32 

Stenonema 
modestum 

Diamond et al.,  
1992 in RIVM 

7d EC10 survival 3.6 

Survival in controls 80%.  2 No 

14d EC10 survival 3.9 

Stenonema 
modestum 

Diamond et al.,  
1992 (In REACH 

registration dossier 
Ref. 005) 

14d NOEC molting 1 
Based on measured dissolved silver; possible to determine 
dose-response;  standard errors reported; 3 replicates (10 

each); Renewed three times weekly. 
2 Yes 

33 Chironomus tentans 

Call et al.,  1999 (in 
REACH registration 
dossier Ref. 002) 

10d EC10 growth 14 
Results based on measured concentrations (in REACH 

registration dossier); 2 replicates (10 organisms each); No 
information about source or holding conditions of the 

organisms; Drastic dose-response; Dry weight reduced 
11.1% at 13 ug/L (NOEC) and 82.4% at 66 ug/L (LOEC); 

no information about control performance or initial 
weight/length of organisms; Non-guideline study; short 

duration, according to OECD 219 the duration should be 
>28 days. 

2-4 
Yes 

(bold) 

Call et al.,  1999 10d NOEC growth 13 

34 Chironomus tentans 
Rodgers et al.,  
1997a in RIVM 

10d NOEC survival 125 See comment from section 24 2-4 No 
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35 Corbicula fulminea 

Diamond et al.,  
1990 in RIVM 

20d NOEC mortality 4.4 

See comment from section 31; Problems with the statistical 
calculations because the initial size differed between 

concentrations. 

2-4 

Yes 
(bold) 

20d NOEC growth 1.5 

Diamond et al.,  
1990 in RIVM (also 

in the REACH 
registration dossier 

Ref. 004) 

20d EC10 growth 
1.68 (total 

silver) 
2-4 

36 Lymnaea stagnalis 
Cremazy et al., 

2018 
14d EC10 Growth rate 1.48 

Control performance not reported; dose response curve 
(for growth rate, weight) not reported; only 1 replicate. 

Furthermore, the ECx values reported in the study does not 
seem to correspond to the results given in supporting 

information. Results in supporting information (see table 
SI.9 in Cremazy et al., 2018) indicates that the EC10 
should be set lower. At concentrations approximately 

corresponding to the EC10 given in the study, data from the 
supporting information suggest that the final weight of the 

snails was 45.4 mg compared to controls of 240.0 mg 
which clearly is more than a 10% effect. 

3 No 

37 
Brachionus 
calyciflorus 

Nys & 
Schamphelaer, 

2018 
48h EC10 

Population 
size 

0.31 
Measured dissolved silver; validity criteria fulfilled, 8 

replicates; showed a dose-response relationship 
1 

Yes 
(bold) 

Population 
growth rate 

2.6 

38 protozoa UBA, 2013 EC10 - 4947 Total and nominal silver concentrations 3 No 
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