30/06/2015
Cyanides-JRC-2015-v3

Free Cyanides
1 Chemical identity
Cyanides are a group of chemical compounds characterised by occurrence of the association of a carbon and a nitrogen atom (CN). These compounds occur as free cyanides (HCN and CN-), simple associations to cyanides as NaCN and KCN, metal-cyanides complexes (e.g. iron and cyanides) and organic complexes (nitriles and glucosides).

Cyanides mainly occur in waters as free cyanides, mostly hydrogen cyanide (HCN) which represents the main toxic form with cyanide ion CN- (US-EPA, 1984).

In this document [HCN] refers to hydrogen cyanide, [NaCN] refers to sodium cyanide and [KCN] refers to potassium cyanide.
	Common name
	Cyanide

	Chemical name (IUPAC)
	Cyanide

	Synonym(s)
	Free cyanide

	Chemical class (when available/relevant)
	Inorganic compound

	CAS number
	57-12-5

	EC number
	-

	Molecular formula 
	CN-

	Molecular structure
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	Molecular weight (g.mol-1)
	


	Common name
	Hydrogen cyanide

	Chemical name (IUPAC)
	Hydrogen cyanide

	Synonym(s)
	Formonitrile

	Chemical class (when available/relevant)
	-

	CAS number
	74-90-8

	EC number (EINECS)
	200-821-6

	Molecular formula 
	HCN

	Molecular structure
	H+[image: image2.png]Na*

C—N





	Molecular weight (g.mol-1)
	27.03


	Common name
	Sodium cyanide

	Chemical name (IUPAC)
	Sodium cyanide

	Synonym(s)
	-

	Chemical class (when available/relevant)
	

	CAS number
	143-33-9

	EC number (EINECS)
	205-599-4

	Molecular formula 
	NaCN

	Molecular structure
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	Molecular weight (g.mol-1)
	49


	Common name
	Potassium cyanide

	Chemical name (IUPAC)
	Potassium cyanide

	Synonym(s)
	-

	Chemical class (when available/relevant)
	

	CAS number
	151-50-8

	EC number (EINECS)
	205-792-3

	Molecular formula 
	KCN

	Molecular structure
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	Molecular weight (g.mol-1)
	65.11


2 Existing evaluations and Regulatory information

	Legislation
	

	Annex III EQS Dir. (2008/105/EC)
	Included as “Free cyanide” (CAS 57-12-5)

	Existing Substances Reg. (793/93/EC)
	No

	Pesticides(91/414/EEC)
	[HCN] and [NaCN] Notified, Not included in Annex I (Dec. 2004/129/EC)
[KCN] Not notified

	Biocides (98/8/EC)
	[HCN] Notified, (PT8 Wood preservatives, PT14 Rodenticides, PT18 Insecticides) – under evaluation.
[KCN] and [NaCN] Not notified

	PBT substances
	Not investigated

	Substances of Very High Concern (1907/2006/EC)
	No

	POPs (Stockholm convention)
	No

	Other relevant chemical regulation (veterinary products, medicament, ...)
	No

	Endocrine disrupter
	

	Groshart and Okkerman, 2000
	· Investigated, not categorised

	Petersen et al., 2007
	· Excluded from the evaluation because insufficient data


3 Proposed Quality Standards (QS)

3.1 Environmental Quality Standard (EQS)

	
	Value
	Comments

	Proposed AA-EQS for [freshwater] [µg.l-1]

Proposed AA-EQS in [marine waters] [µg.l-1]
	0.57

0.057

	Critical QS is QSwater eco
See section 7

	Proposed MAC-EQS for [freshwater] [µg.l-1]

Proposed MAC-EQS for [saltwater] [µg.l-1]
	4.2

0.42

	See section 7.1 and 0


3.2 Specific Quality Standard (QS)

	Protection objective

	Unit
	Value
	Comments

	Pelagic community (freshwater)
	[µg.l-1]
	0.57
	See section 7.1

	Pelagic community (marine water)
	[µg.l-1]
	0.057
	

	Benthic community (freshwater)
	[µg.kg-1 dw]
	Not triggered 
	see section 7.1

	Benthic community (marine)
	[µg.kg-1 dw]
	Not triggered 
	

	Predators (secondary poisoning)
	[µg.kg-1biota ww]
	Not triggered
	See section 0

	
	[µg.l-1]
	Not triggered 
	

	Human health via consumption of fishery products
	[µg.kg-1biota ww]
	Not triggered 
	See section 0

	
	[µg.l-1]
	Not triggered 
	

	Human health via consumption of water
	[µg.l-1]
	
	





4 Major uses and Environmental Emissions

4.1 Uses and Quantities

No information available
4.2 Estimated Environmental Emissions

The following data from 2007 are available from the EU PRTR website (http://prtr.ec.europa.eu/):
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All values are percentage of total for the selected area

(For example: ES correspond to 13 facilities, 26%, 33 375 kg, see EU PRTR web site for more details)
[image: image8.emf]
Chronologic data were found for France. The values reported in the table below correspond to the Emissions as declared in the French regulation (Arrêté du 31/01/08 relatif au registre et à la déclaration annuelle des émissions polluantes et des déchets).

Free cyanide
	Year
	Water (direct)
	Water (indirect)

	2003
	22643 kg/year
	1480 kg/year

	2004
	22340 kg/year
	1716 kg/year

	2005
	17615.6 kg/year
	1162 kg/year

	2006
	20568.8 kg/year
	963 kg/year

	2007
	8257 kg/year
	9015 kg/year

	2008
	7559.7 kg/year
	9065.2 kg/year


(source: http://www.ineris.fr/substances/fr/substance/696)

Hydrogen cyanide

	Year
	Air
	Waste
	Water (direct)

	2003
	4199 kg/year
	 
	109248.73 kg/year

	2004
	68440 kg/year
	1020.43 kg/year
	1206.77 kg/year

	2005
	21255 kg/year
	6.92 kg/year
	1104.46 kg/year

	2006
	18664 kg/year
	10.5 kg/year
	788.61 kg/year

	2007
	14397 kg/year
	 
	 

	2008
	13657 kg/year
	 
	


(source: http://www.ineris.fr/substances/fr/substance/696)

Sodium cyanide: No information
Potassium cyanide: No information
5 Environmental Behaviour

5.1 Environmental distribution

	
	
	Master reference

	Water solubility (mg.l-1)
	[HCN]
Miscible at 25°C
	HSDB, 2000

	
	[NaCN]
48 104 at 10°C


82 104 at 35°C
	

	
	[KCN]
72 104 at 25°C
	ATSDR, 2006

	Volatilisation
	

	Vapour pressure (Pa)
	[HCN]
83 103 at 20°C


99 103 at 25°C
	ATSDR, 2006
Daubert and Danner, 1989

	
	[NaCN]
101 at 800°C
	ATSDR, 2006

	
	[KCN]
2.4 10-11 at 25°C (estimated)
	US-EPA, 2008

	Henry's Law constant (Pa.m3.mol-1)
	[HCN]
13.5
	Gaffney et al., 1987

	
	[NaCN]
1.2 10-14 (estimated)
	US-EPA, 2008

	
	[KCN]
1.6 10-15 (estimated)
	

	Dissociation
	[HCN]
9.2

Solutions containing cyanides compounds (KCN, NaCN) dissociate in HCN in water, at neutral and acidic pH.
	ATSDR, 2006

	Adsorption 
	The range 2.4 – 1 000 is used for derivation of QS

	Organic carbon – water partition coefficient (KOC)
	[HCN]
15.1 (experimental)
	US-EPA, 2008

	
	[NaCN]
2.41 (estimated)
	

	
	[KCN]
2.41 (estimated)
	

	Sediment – water partition coefficient(Ksed -water)
	[HCN]
3
	Calculated from KOC

	
	[NaCN]
1.3
	

	
	[KCN]
1.3
	

	Bioaccumulation
	The BCF value of 0.5 is used for derivation of QSbiota secpois because tests were made on NaCN, but for conversion between matrices (necessary for derivation of the EQS), maximal value of 1.6 is used. Thus, BMF1 = BMF2 = 1 E.C., 2009.

	Octanol-water partition coefficient (Log Kow)
	[HCN]
0.66
	ATSDR, 2006

	
	[NaCN]
0.44
	

	
	[KCN]
-1.69 (estimated)
	US-EPA, 2008

	BCF fish (calculated)
	[HCN]
0.7 – 1.6
	ATSDR, 2006
Calculated from KOW

	
	[NaCN]
0.5
	


5.2 Abiotic and Biotic degradations

	
	
	Master reference

	Hydrolysis
	In most of natural waters, temperature is too low and pH too neutral (4 – 9) for hydrolysis of cyanide and its compounds to occur.
	Boening and Chew, 1999

	Photolysis
	Photodegradation can lead to breakdown of complexes and release of free cyanides in clear waters. HCN compounds and free cyanides ions seem to resist to photolysis when exposed to natural light. In clear waters
	Boening and Chew, 1999
ATSDR, 1997

	Biodegradation
	Biodegradation is the main degradation process of cyanides in surface waters.
DT50, rivers = 10 – 24 d (data of low reliability)
	ATSDR, 1997


6 Aquatic environmental concentrations

6.1 Estimated concentrations

	Compartment
	Predicted environmental concentration (PEC)
	Master reference

	Freshwater
	No data available
	Daginnus et al., 2009(1)

	Sediment
	No data available
	Daginnus et al., 2009(1)

	Biota (freshwater)
	No data available
	Daginnus et al., 2009(1)

	Biota (marine)
	No data available
	Daginnus et al., 2009(1)

	Biota (marine predators)
	No data available
	Daginnus et al., 2009(1)


(1) data originated from EU modelling-based prioritisation results.

6.2 Measured concentrations

	Compartment
	Measured and quantified environmental concentrations

(nb analysis)
	Master reference

	Freshwater (µg/l)
	cf. table below
	James et al., 2009(1)

	Marine waters (coastal and/or transitional) (µg/l)
	
	

	WWTP effluent (µg/l)
	No data available

	Sediment (µg/kg dw)
	Sed 2 mm
	cf. table below
	James et al., 2009(1)

	
	Sed 20 µm
	No data (0)
	

	
	Sed 63µm
	No data (0)
	

	Biota
	Invertebrates (µg/kg ww)
	No data (0)
	James et al., 2009(1)

	
	Fish (µg/kg ww)
	No data (0)
	

	
	Marine predators
	No data available


(1) data originated from EU monitoring data collection
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6.2.1 Measured Environmental Concentrations (2006-2015)

Monitoring data for the period 2006-2015 has been combined from 5 datasets (SoE, MSDAT, EMPODAT, IPCHEM, JDS3) from rivers, lakes and artificial water bodies. Data in whole water are available from 14 countries for whole water only and in 11 countries in the dissolved fraction only. The data were analysed considering two scenarios:
Scenario 1: only quantified data was included;
Scenario 2: all data was included and non-quantified samples were set up as equal to half of the measurement limits.

	Freshwater - whole
	
	

	Parameter
	Scenario 1
	Scenario 2

	# Countries
	11
	14

	# Stations
	678
	2376

	# Samples
	4137
	17456

	# Samples <LOD
	-
	2540

	# Samples <LOQ
	
	10779

	% Samples <LOQ/LOD
	-
	76.30

	Max (μg/L)
	1630
	1630

	99%ile (μg/L)
	36
	20

	95 %ile (μg/L)
	8
	5

	Min (μg/L)
	2.00E-06
	1.75E-07

	Median (μg/L)
	0.31
	1.5

	Mean (μg/L)
	3.54
	2.60

	SD (μg/L)
	38.33
	18.85


The following graphs show the distribution of measured concentrations of total cyanides by country and by year, for both scenarios 1 and 2, for whole water. The blue line indicate the provisional freshwater AA-QS for free cyanides (0.5 ug/L)


[image: image11]
Figure : Boxplot showing the measured concentrations of total cyanides in whole freshwater for the period 2006-2014, by country. Scenario 1 includes only quantified values while Scenario 2 includes all values, values lower than LOQ/LOD were substituted by half of the measurement limit. The blue line indicate the provisional freshwater AA-QS for free cyanides. The numbers at the top correspond to the sample size for the respective country.


[image: image12]
Figure : Boxplot showing the measured concentrations of total cyanides in whole freshwater for Europe by year, in the period 2006-2014. Scenario 1 includes only quantified values while Scenario 2 includes all measurements, values lower than LOQ/LOD were substituted by half of the measurement limit. The blue line indicate the provisional freshwater AA-QS for free cyanides. The numbers at the top correspond to the sample size for the respective year.

	Freshwater - dissolved
	
	

	Parameter
	Scenario 1
	Scenario 2

	# Countries
	2
	2

	# Stations
	16
	62

	# Samples
	63
	340

	# Samples <LOD
	
	241

	# Samples <LOQ
	-
	36

	% Samples <LOQ/LOD
	-
	81.47

	Max (μg/L)
	44
	44

	99%ile (μg/L)
	44
	20

	95 %ile (μg/L)
	20
	11.035

	Min (μg/L)
	0.6
	0.001

	Median (μg/L)
	7.8
	1

	Mean (μg/L)
	8.69
	3.821

	SD (μg/L)
	9.06
	5.692


The following graphs show the distribution of available measured concentrations of total cyanides by country and by year, for both scenarios 1 and 2, for freshwater, dissolved fraction. The blue line indicate the provisional freshwater AA-QS for free cyanides (0.5 ug/L)


[image: image13]
Figure : Boxplot showing the measured concentrations of total cyanides in freshwater, dissolved fraction for the period 2006-2014, by country. Scenario 1 includes only quantified values while Scenario 2 includes all values, values lower than LOQ/LOD were substituted by half of the measurement limit. The blue line indicate the provisional freshwater AA-QS for free cyanides. The numbers at the top correspond to the sample size for the respective country.


[image: image14]
Figure : Boxplot showing the measured concentrations of total cyanides in freshwater, dissolved fraction, for Europe by year, in the period 2006-2014. Scenario 1 includes only quantified values while Scenario 2 includes all measurements, values lower than LOQ/LOD were substituted by half of the measurement limit. The blue line indicate the provisional freshwater AA-QS for free cyanides. The numbers at the top correspond to the sample size for the respective year.

Saltwater

No data from costal zones (period 2006-2015) are available.
Biota

No data from biota (period 2006-2015) are available.
7 effects and Quality Standards

Cyanide acts as a respiratory depressant and can inhibit aerobic metabolism by irreversibly binding to the haem group of cytochrome oxidase. Free cyanide ions can also pass through the gill membrane causing biochemical disturbances, possibly resulting in tissue damage and nervous system effects. This may result in sublethal effects such as erratic or lethargic behaviour, impairment of swimming and effects on metabolism.

Sublethally, cyanide has also been shown to increase brain dopamine levels in fish. This inhibits the production of gonadotrophins, which may result in negative effects on fish reproduction (Murgatroyd et al., 1998 in Sorokin et al., 2007).

7.1 Acute and chronic aquatic ecotoxicity

The different forms of cyanide have different chemical properties and hence different degrees of toxicity to aquatic organisms. HCN and CN- are the principal toxic forms of free cyanides, the former being more toxic because it is able to cross the biological membranes.

Therefore, toxicity data from HCN, CN- and its salts (KCN and NaCN) were taken on board thereafter and all results below are expressed as mg HCN.l-1.

	ACUTE EFFECTS
	Valid according to
	Master reference

	Algae & aquatic plants

(mg.l-1)
	Freshwater
	Selenastrum capricornutum / 72h

EC50 = 0.4 [HCN]
	INERIS
	Pandard, 1992

	
	
	Chlamydomonas reinhardtii / 72h

EC50 = 0.33 [HCN]
	Verbruggen et al., 2001
	Brack and Rottler, (1994)

	
	Marine
	Nitzschia closterium / 72h

EC50 : 0.057 [NaCN]
	INERIS,
Verbruggen et al., 2001
Sorokin et al., 2007
	Pablo et al., 1997a

	Invertebrates

(mg.l-1)
	Freshwater
	Daphnia pulex / 96h

LC50 : 0.083 [HCN]
	INERIS, Verbruggen et al., 2001
	Lee, 1976(1)

	
	
	Acartia clausi / 96h

LC50 = 0.03 [HCN]
	Verbruggen et al., 2001
	Eisler, 1991

	
	
	Gammarus pseudolimneaus
L/EC50 : 0.169
	wca-environment, 2012
	Oseid and Smith (1979)

	
	
	Ascellus communus
L/EC50 : 2.295
	wca-environment, 2012
	Oseid and Smith (1979)

	
	
	Tanytarsus dissimilis 

L/EC50 : 2.39
	wca-environment, 2012
	Call et al., 1983

	
	
	
	
	

	
	Marine
	Cancer irroratus / 96h

LC50 : 0.0042 [KCN]
	Sorokin et al., 2007
	Johns and Gentile (1981)

	
	
	Cancer irroratus
L/EC50 : 0.0442
	wca-environment, 2012
	Northwestern Aquatic Sciences, 2003

	
	
	Cancer imagister
L/EC50 : 0.051
	wca-environment, 2012
	Brix et al., 2000

	
	
	Cancer productus
L/EC50 : 0.107
	wca-environment, 2012
	Brix et al., 2000

	
	
	Penaeus monodon 
L/EC50 : 0.11
	wca-environment, 2012
	Pablo et al., 1997b

	
	
	Cancer oregonensis 
L/EC50 : 0.111
	wca-environment, 2012
	Brix et al., 2000

	
	
	Mysidopsis bahia 
L/EC50 : 0.113
	wca-environment, 2012
	Lussier et al., 1985

	
	
	Cancer gracilis 
L/EC50 : 0.135
	wca-environment, 2012
	Brix et al., 2000

	
	
	Acartia tonsa
L/EC50 : 0.191
	wca-environment, 2012
	Parametrix 2006

	
	Sediment
	Chironomus riparius

L/EC50 : 0.0124
	wca-environment, 2012
	Bertow, 2011a

	Fish

(mg.l-1)
	Freshwater
	Salmo salar / 24h

LC50 : 0.023 [KCN]
	Sorokin et al., 2007
	Alabaster et al., 1983

	
	
	Salmo salar / 24h

LC50 : 0.090
	wca-environment, 2012
	Tryland and Grande (1983)

	
	
	Oncorhynchus mykiss / 96h

LC50 : 0.028 [unknown form]
	Sorokin et al., 2007
	Kovacs and Leduc, 1982

	
	
	Oncorhynchus mykiss / 96h

LC50 : 0.043 [KCN]
	Sorokin et al., 2007
	McGeachy and Leduc, 1988

	
	
	Lepomis macrochirus
L/EC50 : 0.01
	wca-environment, 2012
	Cairns and Scheier, 1963

	
	
	Salvelinus fontinalis 
L/EC50 : 0.053
	wca-environment, 2012
	Smith et al. 1978

	
	
	Perca flavescens 
L/EC50 : 0.0758
	wca-environment, 2012
	Smith et al. 1978

	
	
	Perca fluviatilis 
L/EC50 : 0.1
	wca-environment, 2012
	Solbe et al. 1985

	
	
	Pimephales promelas 
L/EC50 : 0.0824
	wca-environment, 2012
	Smith et al. 1978

	
	
	Gasterosteus aculeatus 
L/EC50 : 0.0988
	wca-environment, 2012
	Parametrix 2005

	
	
	Rutilus rutilus
L/EC50 : 0.11
	wca-environment, 2012
	Solbe et al. 1985

	
	
	Ictalurus punctatus
L/EC50 : 0.161
	wca-environment, 2012
	Cardwell et al. 1976

	
	
	Carassius auratus
L/EC50 : 0.261
	wca-environment, 2012
	Cardwell et al. 1976

	
	Marine
	Menidia menidia / 96h

LC50 : 0.059
	supporting info 

(Sorokin et al., 2007)
	Berry and Gardner, 1985 

	
	
	Boleophthalmus boddaerti (brackish)
L/EC50 : 0.29
	wca-environment, 2012
	Chew and Ip (1992)

	
	Sediment
	No information available

	Amphibian
(mg.l-1)
	
	Rana pipiens (tadpoles)
L/EC50 : 0.192
	wca-environment, 2012
	ENSR, 2005a

	
	
	Xenopus laevis (tadpoles)
L/EC50 : 0.254
	wca-environment, 2012
	ENSR, 2005b

	
	
	Rana berlandieri (tadpoles)
L/EC50 : 0.41
	wca-environment, 2012
	ENSR, 2005c


(1) reported as Eisler, 1991 in RIVM report. Actually referring to Lee, 1976 in US-EPA, 1980 in Eisler, 1991.
	CHRONIC EFFECTS
	Valid according to
	Master reference

	Algae & aquatic plants

(mg.l-1)
	Freshwater
	Lemma gibba

NOEC/EC10 : 0.00616
	wca-environment, 2012
	Wenzel, 2011

	
	Marine
	Nitzschia closterium / 72h

NOEC = 0.031 
[NaCN]
	INERIS

Sorokin et al., 2007
	Pablo et al., 1997a

	Invertebrates

(mg.l-1)
	Freshwater
	Gammarus pseudolimnaeus / 83d

NOEC = 0.016 [HCN]
	INERIS

Sorokin et al., 2007
	Oseid and Smith, 1979

	
	
	Asellus communis / 112d

NOEC = 0.029 [HCN]
	INERIS

Sorokin et al., 2007
	Oseid and Smith, 1979

	
	Marine
	Mysidopsis bahia / 29d

NOEC = 0.043 [KCN]
	Verbruggen et al., 2001
	Lussier et al., 1985

	
	
	Chlamys asperrimus 
NOEC/EC10 : 0.005
	wca-environment, 2012
	Pablo et al., 1997c

	
	Sediment
	Chironomus riparius

NOEC/EC10 > 0.00165
	wca-environment, 2012
	Bertow, 2011b

	Fish

(mg.l-1)
	Freshwater
	Salvelinus fontinalis / 144d

NOEC : 5.7 10-3
	INERIS

Verbruggen et al., 2001
	Koenst et al., 1977

	
	
	Lepomis macrochirus
NOEC/EC10 : 0.0091
	wca-environment, 2012
	Kimball et al., 1978

	
	
	Oncorhynchus mykiss
NOEC/EC10 : 0.01189
	wca-environment, 2012
	Kovacs (1979)

	
	
	Pimephales promelas 
NOEC/EC10 : 0.01285
	wca-environment, 2012
	Lind et al., 1977

	
	Marine
	No information available

	
	Sediment
	No information available


The Draft Guidance Document on EQS derivation (E.C., 2009) states that “in principle, ecotoxicity data for freshwater and saltwater organisms should be pooled for organic compounds, if certain criteria are met” and that “the presumption that for organic compounds saltwater and freshwater data may be pooled must be tested, except where a lack of data makes a statistical analysis unworkable.”

This is the case for cyanides. In fact, there are too few data (either freshwater or saltwater) to perform a “meaningful statistical comparison” and no further indications of “a difference in sensitivity between freshwater vs saltwater organisms”, the mode of action (cf. first paragraph of part 7.) not being information allowing differentiating between the two media.
Therefore, in this case, the data sets may be combined for QS derivation according to the Guidance Document on EQS derivation (E.C., 2009).

	Tentative QSwater
	Relevant study for derivation of QS
	AF
	Tentative QS

	MACfreshwater, eco
	Oncorhynchus mykiss / 96h

LC50 : 0.042 mg.l-1
	10
	4.2 µg.l-1

	MACmarine water, eco
	
	100
	0.42 µg.l-1

	AA-QSfreshwater, eco
	Salvelinus fontinalis / 144d

NOEC : 5.7 10-3 mg.l-1
	10
	0.57 µg.l-1

	AA-QSmarine water, eco
	
	100
	0.057 µg.l-1

	AA-QSfreshwater, sed.
	Triggers not met (log Koc < 3) according to TGD EQS (E.C., 2009)

	AA-QSmarine water, sed.
	Triggers not met (log Koc < 3) according to TGD EQS (E.C., 2009)



	Tentative QSwater
	Relevant study for derivation of QS
	AF
	Tentative QS

	MACfreshwater, eco
	HC5 (SSD) : 16.2 µg.l-1
	5
	3.2 µg.l-1

	MACmarine water, eco
	
	
	

	AA-QSfreshwater, eco
	Chlamys asperrimus

NOEC : 5 µg.l-1
	10
	0.5 µg.l-1

	
	
	
	

	AA-QSmarine water, eco
	
	
	

	AA-QSfreshwater, sed.
	Triggers not met (log Koc < 3) according to TGD EQS (E.C., 2009)

	AA-QSmarine water, sed.
	Triggers not met (log Koc < 3) according to TGD EQS (E.C., 2009)



7.2 Secondary poisoning

According to the Draft Guidance Document on EQS derivation (E.C., 2009), this substance does not trigger the bioaccumulation criteria given the low values of log KOW (-1.69 – 0.66), the low value of BCF (0.5 – 1.6) and given that the LOEC reported for oral toxicity of mammals is quite high (60 mg.kg-1feed ww, see below).
	Secondary poisoning of top predators
	Master reference

	Mammalian oral toxicity
	Miniature pigs / Oral / 24 wk / Neurobehavioural and biochemical effects
LOAEL
 = 1.2 mg.kg-1bw.d-1

LOEC = 60 mg.kg-1feed ww (CF = 50)
	Jackson et al., 1985
in Jackson, 1988
in WHO, 2003

	Avian oral toxicity
	No available information


	Tentative QSbiota secpois
	Relevant study for derivation of QS
	AF
	Tentative QS

	Biota
	Not triggered


7.3 human health

	Human health via consumption of fishery products
	Master reference

	Mammalian oral toxicity
	Miniature pigs / Oral / 24 wk / Neuro-behavioural and biochemical effects

LOAEL2 = 1.2 mg.kg-1bw.d-1
	Jackson et al., 1985
in Jackson, 1988
in WHO, 2003

	
	Rat / Oral / ~90 d / decreased epididymal weight; decrease testis weight; decreased spermatid count / [NaCN]

NOAEL = 4.5 mg.kg-1bw.d-1
TDI = 0.05 mg.kgbw-1.d-1
	NTP, 1993
in ATSDR, 2006
(cited in Baars et al., 2001)

	CMR
	Not demonstrated to be CMR
	ATSDR, 2006


	Tentative QSbiota hh
	Relevant data for derivation of QS
	AF
	Threshold

Level
	Tentative QSbiota, hh

	Human health
	LOAEL2 = 1.2 mg.kg-1bw.d-1
	100(1)
	0.012(1)
mg.kg-1bw.d-1
	730 µg.kg-1biota
corresponding to

228 µg.l-1 (freshwater)

228 µg.l-1 (saltwater)



(1) This value and the associated assessment factor are considered valid as they were determined by E.C., 2006.

	Human health via consumption of drinking water
	Master reference

	Existing drinking water standard(s)
	50 µg.L-1 (preferred regulatory standard)
	Directive 98/83/EC


8 Bibliography, Sources and supportive information
Alabaster J.S., Shurben D.G. and Mallett M.J. (1983). "The acute lethal toxicity of mixtures of cyanide and ammonia to smolts of salmon, Salmo salar L. at low concentrations od dissolved oxygen." Journal of Fish Biology 22(2): 215-222.

ATSDR (1997). Toxicological profiles on CD Rom. Atlanta, Georgia, USA, U.S. Department of Health and Human Servics. Public Health Service. Agency for Toxic substances and Disease Registry.

ATSDR (2006). Toxicological profile for cyanide. Atlanta, Georgia, Agency for Toxic Substances and Disease Registry. U.S. departement of Health and Human Services, Public Health Services.

Baars A.J., Theelen R.M.C., Janssen P.J.C.M., Hesse J.M., van Apeldoom M.E., Meijerink M.C.M., Verdam L. and Zeilmaker M.J. (2001). Re-evaluation of human-toxicological maximum permissible risk levels. RIVM report 711701 025. Bilthoven, RIVM: 297.

Berry W. and Gardner G. (1985). Results of Acute Toxicity Tests Conducted with Cyanide at ERL, Narragansett. Narragansett, U.S.EPA: 1.
Bertow D. 2011a. Study Report 2nd of 5; Chironomid acute toxicity test; Semi-static exposure; Acute Toxicity of sodium cyanide on Chironomus riparius. Fraunhofer IME, Industriepark Wolfgang GmbH, Rodenbacher Chaussee 4, 6347 Hanau-Wolfgang, Germany. 

Bertow D. 2011b. Draft Study Report 1st of 5; Sediment – water chironomid toxicity test using spiked water (OECD 219). Effects of sodium cyanide on the development of Chironomus riparius. Fraunhofer IME, Industriepark Wolfgang GmbH, Rodenbacher Chaussee 4, 6347 Hanau-Wolfgang, Germany. 
Boening D.W. and Chew C.M. (1999). "A critical review : general toxicity and environmental fate of three aqueous cyanide ions and associated ligands." Water, Air and Soil Pollution 109: 67-79.

Brack W. and Rottler H. (1994). "Toxicity testing of  highly volatile chemicals with green algae." Environmental Science and Pollution Research International 1(4): 223-228.
Brix KV, Cardwell RD, Henderson DG, Marsden AR. 2000. Site-specific marine water-quality criterion for cyanide. Environmental Toxicology and Chemistry, Vol. 19 pp 2323 - 2327.
Cairns Jr J, Scheier A. 1963. Environmental Effects upon Cyanide Toxicity to Fish. Notulae Naturae of The Academy of Natural Sciences of Philadelphia; No. 361.

Call DJ, Brooke LT, Ahmad N, Richter JE. 1983. Toxicity and metabolism studies with EPA priority pollutants and related chemicals in freshwater organisms prepared for Environmental Research Lab.-Duluth, MN. Report No. EPA-600/3-83-095. Center for Lake Superior Environmental Studies, University of Wisconsin-Superior, Superior, WI 54880.
Cardwell RD, Foreman DG, Payne TR, Wilbur DJ. 1976. Acute Toxicity of Selected Toxicants to Six Species of Fish. Report No. EPA-600/3-76-008. Environmental Research Laboratory, Office of Research and Development, US Environmental Protection Agency, Duluth, Minnesota 55804.  

Chew SF, Ip YK. 1992. Cyanide Detoxification in the Mudskipper, Boleophthalmus boddaerti. The Journal of Experimental Zoology, No. 261, pp 1 – 8.
Daginnus K., Gottardo S., Mostrag-Szlichtyng A., Wilkinson H., Whitehouse P., Paya-Pérez a. and Zaldívar J.-M. (2009). A modelling approach for the prioritisation of chemicals under the Water Framework Directive. Ispra, Italy, European Commission, Joint Research Centre, Institute for Health and Consumer Protection.: 48.

Daubert T.E. and Danner R.P. (1989). Physical and thermodynamic properties of pure chemicals data compilation. Washington, D.C., Taylor and Francis.

E.C. (2006). Draft Assessment Report (DAR) - public version. Initial risk assessment by the rapporteur Member States Germany for the existing active substance ACLONIFEN in the third stage (part A) of the review programme referred to in Article 8(2) of Council Directive 91/414/EEC.

E.C. (2009). Draft Technical Guidance Document for deriving Environmental Quality Standards (July 2009 version). Not yet published.

Eisler (1991). "Cyanides hazards to fish, wildlife, and invertebrates: A synoptic review." US Fish and Wilflife Service. Biological report 85(123): ; I-III, 1-55.
ENSR. 2005a. Acute Toxicity of Cyanide to the Frog, Rana pipiens, in Horsetooth Reservoir Water Under Flow-through Test Conditions. ENSR Corporation, Fort Collins Environmental Toxicology Laboratory, 4303 West LaPorte Avenue, Fort Collins, CO 80521.

ENSR. 2005b. Acute Toxicity of Cyanide to the Frog, Xenopus laevis, in Horsetooth Reservoir Water Under Flow-through Test Conditions. ENSR Corporation, Fort Collins Environmental Toxicology Laboratory, 4303 West LaPorte Avenue, Fort Collins, CO 80521.

ENSR. 2005c. Acute Toxicity of Cyanide to the Frog, Rana berlandieri, in Horsetooth Reservoir Water Under Flow-through Test Conditions. ENSR Corporation, Fort Collins Environmental Toxicology Laboratory, 4303 West LaPorte Avenue, Fort Collins, CO 80521.
Gaffney J.S., Streit G.E., Spall W.D. and Hall J.H. (1987). "Beyond acid rain: do soluble oxidants and organics toxins interact with SO2 and NOx to increase ecosystem effects?" Environ. Sci. Technol. 21: 519-523.

Groshart C. and Okkerman P.C. (2000). Towards the establishment of a priority list of substances for further evaluation of their role in endocrine disruption: preparation of a candidate list of substances as a basis for priority setting. Final report (incorporating corrigenda to final report dated 21 June 2000), BKH Consulting Engineers, Delft, The Netherlands; in association with TNO Nutrition and Food Research, Zeist, The Netherlands: 29.

HSDB. (2000, 2000). "Hasardous Substances Data Bank (online)." 2004, from http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB.

Jackson L.C. (1988). "Behavioral-Effects of Chronic Sublethal Dietary Cyanide in an Animal-Model - Implications for Humans Consuming Cassava (Manihot-Esculenta)." Human Biology 60(4): 597-614.

Jackson L.C., Bloch E.F., Jackson R.T., Chandler J.P., Kim Y.L. and Malveaux F.J. (1985). "Influence of Dietary Cyanide on Immunoglobulin and Thiocyanate Levels in the Serum of Liberian Adults." Journal of the National Medical Association 77(10): 777-782.

James A., Bonnomet V., Morin A. and Fribourg-Blanc B. (2009). Implementation of requirements on Priority substances within the Context of the Water Framework Directive. Contract N° 07010401/2008/508122/ADA/D2. Prioritisation process: Monitoring-based ranking., INERIS / IOW: 58.

Koenst W.M., Smith L.L., Jr. and Broderius S.J. (1977). "Effect of Chronic Exposure of Brook Trout to Sublethal Concentrations of Hydrogen Cyanide." Environ.Sci.Technol. 11(9): 883-887.

Kovacs T.G. and Leduc G. (1982). "Acute Toxicity of Cyanide to Rainbow Trout (Salmo gairdneri) Acclimated at Different Temperatures." Can.J.Fish.Aquat.Sci. 39(10): 1426-1429.

Lee D.R. (1976). Development of an Invertebrate Bioassay to Screen Petroleum Refinery Effluents Discharged into Freshwater. Ph.D.Thesis. Blacksburg, VA, Virginia Polytechnic Inst.and State University,: 108.

Lussier S.M., Gentile J.H. and Walker J. (1985). "Acute and chronic effects of heavy metals and cyanide on Mysidopsis bahia (crustacea:mysidacea)." Aquatic Toxicology 7(1-2): 25-35.

McGeachy S.M. and Leduc G. (1988). "The Influence of Season and Exercise on the Lethal Toxicity of Cyanide to Rainbow Trout (Salmo gairdneri)." Arch. Environ. Contam. Toxicol. 17(3): 313-318.

Murgatroyd C., Whitehouse P., Comber S., Whitworth A. and Mascarenhas R. (1998). Proposed environmental quality standards for cyanide in water. R&D Technical Report P41, Environment Agency. Prepared by WRc.
Northwestern Aquatic Sciences. 2003. Toxicity Test Report; Yellow Rock Crab, Test No. 677-2. Northwestern Aquatic Sciences, PO Box 1437, Newport, OR, 97365.
NTP (1993). Technical Report on toxicity studies of sodium cyanide (CAS No. 143-33-9) administered in drinking water to F344/N rats and B6C3Fl mice. NIH Publication 94-3386. NTP TOX 37. Research Triangle Park, NC, National Toxicology Program, U.S. Department of Health and Human Services, Public Health Service, National Institutes of Health.

Oseid D.M. and Smith L.L.J. (1979). "The effects of hydrogen cyanide on Asellus communis and Gammarus pseudolimnaeus and changes in their competitive response when exposed simultaneuously." Bull. Environm. Contam. Toxicol. 21: 439-447.

Pablo F., Stauber J.L. and Buckney R.T. (1997a). "Toxicity of Cyanide and Cyanide Complexes to the Marine Diatom Nitzschia closterium." Water Res. 31(10): 2435-2442.
Pablo F, Buckney RT, Lim RP. 1997b. Toxicity of Cyanide, Iron-Cyanide Complexes, and a Blast-Furnace Effluent to the Banana Prawn, Penaeus monodon. Bulletin of Environmental Contamination and Toxicology, No. 58, pp 822 – 829.

Pablo F, Buckney RT, Lim RO. 1997c. Toxicity of Cyanide, Iron-Cyanide Complexes, and a Blast Furnace Effluent to Larvae of the Doughboy Scallop, Chlamys asperrimus.  Penaeus monodon. Bulletin of Environmental Contamination and Toxicology, No. 58, pp 93 – 100.

Pandard P. (1992). Etudes de biocapteurs à algues immobilisées pour le contrôle des milieux hydriques. Centre des Sciences de l'Environnement, Université de Metz: 167.
Parametrix Environmental Research Laboratory (PERL). 2005. 96-h Acute Toxicity of Cyanide to Gasterosteus aculeatus Under Flow-Through Conditions. Parametrix Environmental Research Laboratory, 33972 Texas St. SW, Albany, Oregon 97321.

Parametrix Environmental Research Laboratory (PERL). 2006. Acute Toxicity of Sodium Cyanide to marine copepods (Acartia tonsa). Parametrix Environmental Research Laboratory, 33972 Texas St. SW, Albany, Oregon 97321.

Petersen G., Rasmussen D. and Gustavson K. (2007). Study on enhancing the Endocrine Disrupter priority list with a focus on low production volume chemicals, DHI: 252.
Smith Jr LL, Broderius SJ, Osied DM, Kimball Gl, Koenst WM. 1978. Acute Toxicity of Hydrogen Cyanide to Freshwater Fishes. Archives of Environmental Contamination and Toxicology, Vol. 7, pp 325 -337.

Solbe JF de LG, Cooper VA, Willis CA, Mallett MJ. 1985. Effects of pollutants in fresh waters on European non-salmonid fish I: Non-metals. Journal of Fish Biology, No. 27 (Supplement A), pp 197 – 207.

Sorokin N., Atkinson C., Aldous E., Rule K., Maycock D. and Comber S. (2007). Proposed EQS for Water Framework Directive Annex VIII substances : cyanide ('free'). Bristol, UK, Environment Agency: 67. 
Tryland O, Grande M. 1983. Removal of cyanide from scrubber effluents and its effect on toxicity to fish. Vatten, No. 39, pp 168 – 174. 
US-EPA (1980). Ambient water quality criteria for cyanides. Report EPA 440/5-80-037. Washington DC 20460, Criteria and Standards Division, Office of Water Regulations and Standards, United States Environmental Protection Agency.: 72.

US-EPA (1984). Ambient water quality criteria for cyanide. Washington, DC, United States Environmental Protection Agency,.

US-EPA (2008). EPI Suite, v.4, EPA's office of pollution prevention toxics and Syracuse Research Corporation (SRC).

Verbruggen E.M.J., Posthumus R. and van Wezel A.P. (2001). Ecotoxicological Serious Risk Concentrations for soil, sediment and (ground)water: updated proposals for first series of compounds. RIVM report 711701 020. Bilthoven, RIVM: 263.
Wenzel A. 2011. Study Report; 2nd of 5. Lemna sp., Growth Inhibition Test; Effect of sodium cyanide on the Growth of Lemna gibba semi-static conditions (OECD 221). Fraunhofer IME, Industriepark Wolfgang GmbH, Rodenbacher Chaussee 4, 6347 Hanau-Wolfgang, Germany. 
WHO (2003). Cyanides. Joint Meeting on Pesticides Residues. Geneva, WHO.

� Please note that as recommended in the Technical Guidance for deriving EQS � ADDIN EN.CITE <EndNote><Cite><Author>E.C.</Author><Year>2009</Year><RecNum>6701</RecNum><record><rec-number>6701</rec-number><ref-type name="Report">27</ref-type><contributors><authors><author>E.C.,</author></authors></contributors><titles><title>Draft Technical Guidance Document for deriving Environmental Quality Standards (July 2009 version).</title><short-title>TGD EQS</short-title></titles><dates><year>2009</year></dates><publisher>Not yet published</publisher><label>G:\Drc\Unites\ECOT\Risk\EAU\NQE\Méthodo NQE\_EU Draft Guidance document en date de septembre 2009</label><urls></urls></record></Cite></EndNote>�E.C., 2009�, “EQSs […] are not reported for ‘transitional and marine waters’, but either for freshwater or marine waters”. If justified by substance properties or data available, QS for the different protection objectives are given independently for transitional waters or coastal and territorial waters.


� There is no AF for the LOAEL extrapolation. It is to be noted however that all toxicological reference values for cyanides show deficiencies and this is the lowest thresholds available, based on the lowest critical dose (other threshold available is from US-EPA for free cyanide : RfD=2 10-2 mg.kg-1.d-1 and NOAEL=10.8 mg.kg-1.d-1. This value from WHO is currently under review).





�A similar AA-EQS (0.5 ug/L) has been derived following a deterministic approach, in the DRAFT dossier by wca-environment (2014)


�Different MAC-EQS values have been derived by deterministic and probabilistic approaches in the DRAFT dossier by wca-environment (2014) 


�TO BE DEFINED LATER ON – ON HOLD


��From deterministic derivation by wca-environment, 2012


��From deterministic derivation by wca-environment, 2012


�NOEC/EC10 endpoint in wca-environment (2012) is reported as 0.0089 mg/L


�TENTATIVE AF – TO BE DISCUSSED


�QS proposed by wca-environment (2012)


�TENTATIVE AF – TO BE DISCUSSED
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