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[bookmark: _Toc522277910]Substance identification
Group: Quaternary Ammonium Compounds (QACs)
Rationale for grouping: 
· Common analytical methods can be used to analyse multiple substances in one matrix.
· The substances have similar uses, with the possibility of substitution within the group.
· The substances have a similar toxicological profile.
Substances proposed by EEA for inclusion in the group: 
	Substance
	CAS No 
	EC No.

	QACs - alkyl substances
	 
	 

	Quaternary ammonium compounds, (hydrogenated tallow alkyl)trimethyl, chlorides
	61788-78-1
	263-005-9

	Quaternary ammonium compounds, di-C16-18-alkyldimethyl, chlorides
	92129-33-4
	295-835-2

	Quaternary ammonium compounds, di-C14-18-alkyldimethyl, chlorides
	68002-59-5
	268-072-8

	didecyl dimethyl ammonium chloride     (This substance is identified by SDA Substance Name: C14-C18 dialkyl dimethyl ammonium chloride and SDA Reporting Number: 17-047-00.)
	7173-51-5
	230-525-2

	Quaternary ammonium compounds, coco alkylethyldimethyl, Et sulfates
	68308-64-5
	269-662-8

	Hexadecyltrimethylammonium bromide
	57-09-0
	58960

	1-Propanaminium, 2-hydroxy-N-(2-hydroxypropyl)-N,N-dimethyl-, 3,3'-bis(C10-14-alkyloxy) derivs., chlorides
	84238-55-1
	282-511-0

	Quaternary ammonium compounds, dimethylditallow alkyl, chlorides
	68783-78-8
	272-207-6

	Quaternary ammonium compounds, di-C8-10-alkyldimethyl, chlorides
	68424-95-3
	270-331-5

	Quaternary ammonium compounds, di-C12-18-alkyldimethyl, chlorides
	68391-05-9
	269-924-1

	This substance is identified by SDA Substance Name: C12-C18 dialkyl dimethyl ammonium chloride and SDA Reporting Number: 16-047-00.
	 
	

	Quaternary ammonium compounds, dicoco alkyldimethyl, chlorides
	61789-77-3
	263-087-6

	Quaternary ammonium compounds, bis(hydrogenated tallow alkyl)dimethyl, chlorides
	61789-80-8
	263-090-2

	dimethyldioctylammonium chloride
	5538-94-3
	226-901-0

	didecyldimethylammonium bromide
	2390-68-3
	219-234-1

	QACs - benzalkonium substances
	 
	 

	Quaternary ammonium compounds, benzyl C12-C16 (even numbered)-alkyldimethyl chlorides
	 - 
	939-253-5

	Quaternary ammonium compounds, benzyl-C16-C18 (even numbered)-alkyldimethyl, chlorides
	 -
	939-290-7

	Quaternary ammonium compounds, (C16-18 and C18-unsatd. alkyl)trimethyl, chlorides
	68002-61-9
	
268-074-9

	Benzethonium Chloride
	121-54-0
	204-479-9

	Alkyl dimethyl benzyl ammonium chloride (or Benzalkonium chloride)
	8001-54-5  
	616-786-9

	Quaternary ammonium compounds, benzyl-C12-16-alkyldimethyl, chlorides
	68424-85-1
	270-325-2

	Monoesterquat
	 
	 

	Diesterquat
	 
	 

	diesterquat derivative of trimethylamine

	Distearyldimethylammonium chloride
	107-64-2
	 


Lead substances proposed by EEA: 
	Lead substance 1
	ADBAC (Alkyl Dimethyl benzyl ammonium chloride = Benzalkonium chloride) e.g. C12. 

	CAS number
	8001-54-5

	EC number
	616-786-9

	Other names
	Benzalkonium chloride, 

	Lead substance 2
	Didecyldimethylammonium chloride DDAC

	CAS number
	7173-51-5

	EC number
	230-525-2

	Other names
	-


Lead substance proposed by Norway: 
	Lead substance 
	Dialkyl C8-C10 dimethylammonium chloride

	CAS number
	Not provided

	EC number
	Not provided

	Other names
	-


[bookmark: _Toc522277911]Actors that nominated this substance or substance group
	EU Policy Board
	Countries
	Stakeholder Forum

	European Environment Agency
	1
	-

	
	Norway
	


[bookmark: _Toc522277912]Overview of the information submitted
· Gaps in the information provided: Comprehensive information against all criteria.
· Hazard: Data for lead substances. 
· Exposure: very limited HBM data. 
· Regulatory status: Covered by REACH, CLP and consumer and food safety legislation. 
· Public concern: Some evidence of public concern. 
· Technical feasibility: Methods in development. 
[bookmark: _Toc522277913]Knowledge gaps and proposed research activities
[bookmark: _Toc522277914]European Environment Agency 
QACs are cationic surfactants, and are used in a wide variety of products and processes, including as fabric softeners, antistatic agents, in personal care products (shampoos, conditioners, creams, cosmetics), pesticide adjuvants, food contact materials, industrial applications, polymers, detergents, biocides, water sanitisers, pharmaceuticals etc.
HBM-analysis of QACs could provide information on the:
· extent and cumulative exposure to this group of substances,
· epidemiological study of to their health effects, particularly in relation to their suspected properties of being EDCs, reprotoxic and affecting gut health (i.e. links to protein intolerances, from lactose and gluten) 
· whether they have co-effects/synergistic effects on e.g. glyphosate toxicity, uptake of other chemicals,
Proposed research activities:
· Overview of uses of QACs in consumer and food products
· Overview of QACs toxicological endpoints and possible mixture toxicity (similar toxicological endpoints); e.g. in the areas of pharmaceuticals, pesticides, biocides, PCPs etc
· Validation of method for selected QACs in blood and urine
· Identification of which QACs are present, in which metabolic forms,
· In which quantities, and distribution btw urine and blood and faeces
· In vitro analysis for EDC, reprotox and immunotox properties
· correlation to health effects
· link to work where QACs can be confounders, e.g. to pesticides, e.g. Glyphosate (if nominated); workplace exposure; nano materials; link to on emerging contaminants
· Pilot study of which QACs are used where, and in what tonnage- more studies of endocrine disruption effects of these compounds
· New data on particular chemicals
· New data on a specific population groups or subgroups
· Better understanding of the toxicity of QACs, particularly Adverse outcome pathways (incl. mode of action and molecular initiating event) of QAS
[bookmark: _Toc522277915]Norway
We know little about the PBT Properties of these chemicals. Substances are used as disinfectants, antimicrobial and in washing powder. The substances are highly soluble in water.
Proposed research activities: 
· New data on particular chemicals
· New data on a specific population groups or subgroups
[bookmark: _Toc522277916]Hazardous properties
[bookmark: _Toc522277917]Current knowledge gaps on hazardous properties
[bookmark: _Toc522277918]European Environment Agency
Particularly information the endocrine disrupting, the reprotoxicity and the effects on gut health is needed. Newer studies show reprotoxicity to mice. They also cause asthma, particularly in the workplace. The surfactants damage the skin and intestine barrier, and thereby also affect uptake of other chemicals and bioactive compounds. Eye irritant.
Additional material on hazard: 
Probably the best known cationic surface-active agents are Alkyl dimethyl benzyl ammonium chloride (ADBAC) and didecyl dimethyl ammonium chloride (DDAC). They (and other QACs) are common ingredients in household bathroom and kitchen cleaning sprays, and in disinfecting agents for professional use in the food industry. ADBAC + DDAC cause reproductive toxicity in mice.
Approved in the EU Biocide Regulation for professional use in food industry: benzyl-C12-18-alkyldimethyl, salts with 1,2-benzisothiazol-3(2H)-one 1,1-dioxide (1:1). Regular use within the population of Europe (household cleaners, e.g. Rodalon): ADBAC and DDAC
Benzalkonium chloride (BAC) and dimethyldioctadecyl-ammonium bromide (DDAB), two common quaternary ammonium compounds, cause genotoxic effects in mammalian and plant cells at environmentally relevant concentrations (Ferk et al. 2007).
QACs disrupt cell membranes: Docking by cationic polar head onto anionic phosphor-lipids Quaternary ammonium disinfectants cause subfertility in mice by targeting both male and female reproductive processes (Melin et al. 2016). 
Emergence of resistance to antibacterial agents: the role of quaternary ammonium compounds—a critical review (Buffet-Bataillon et al. 2012).
Does the wide use of quaternary ammonium compounds enhance the selection and spread of antimicrobial resistance and thus threaten our health? (Hegstad et al. 2010)
Additional references: 
· (Xue, Xiao, and Zhang 2015)
· (Melin et al. 2014)
· (Huber et al. 2016)
· (Hegstad et al. 2010)
· (Csáki 2011)
· (Groh, Geueke, and Muncke 2017)
· (Lerner and Matthias 2015)
· (Hrubec et al. 2017)
· (Thorup 2000)
[bookmark: _Toc522277919]Norway
· Lack of data on short and chronic effects. 
· Suspected EDC properties. 
[bookmark: _Toc522277920]Hazard classifications
	Responses to survey questions on hazard classifications

	IARC classifications

	-

	Repr. 1B
	-

	STOT SE 
	-

	STOT RE 
	-

	Neurotoxic
	Suspected

	Immunotoxic
	Suspected

	Respiratory sensitizer
	Yes

	Endocrine disrupting substance
	Suspected

	REACH SVHC
	-

	Emerging substance
	Yes

	Other
	Several QACs are on Annex III under REACH. Some are Persistent (and toxic), but likely not Bioaccumulative


[bookmark: _Toc522277921]Classification of the lead substance ADBAC
	Classification according to CLP Regulation (EC) No 1272/2008

	This substance does not have a harmonised classification.
	

	Classification provided by companies:
According to the classification provided by companies to ECHA in CLP notifications this substance causes severe skin burns and eye damage, is very toxic to aquatic life, is very toxic to aquatic life with long lasting effects, is harmful if swallowed, is harmful in contact with skin, is harmful if inhaled and causes serious eye damage. 
At least one company has indicated that the substance classification is affected by impurities or additives. 
	[image: GHS05: Corrosive][image: https://echa.europa.eu/diss-blank-theme/images/cnl/pictograms/GHS09.png] 
[image: GHS07: Health hazard][image: GHS08: Serious Health Hazard]



	Reference: ECHA Substance Information on ADBAC, (ECHA 2017a)


REACH Annex III Inventory of substances 
ADBAC is including on the Inventory of substances likely to meet the criteria of Annex III to the REACH Regulation. The inventory was produced using publicly available databases with experimental data and by using (Q)SAR model results. Indications for hazardous toxicological or ecotoxicological properties together with information on uses and other available relevant information have to be compared with the criteria in Annex III.
The following information is provided for ADBAC. See here.   
Suspected persistent in the environment: Ready biodegradability model (IRFMN) in VEGA (Q)SAR platform predicts that the chemical is NON Readily Biodegradable (good reliability)
[bookmark: _Toc522277922]Classification of the lead substance DDAC
	Classification according to CLP Regulation (EC) No 1272/2008

	Harmonised classification and labelling:
According to the harmonised classification and labelling (CLP00) approved by the European Union, this substance causes severe skin burns and eye damage and is harmful if swallowed.
	[image: GHS05: Corrosive][image: GHS07: Health hazard]

	Classification provided by companies:
Additionally, the classification provided by companies to ECHA in REACH registrations identifies that this substance is very toxic to aquatic life, is toxic to aquatic life with long lasting effects and is a flammable liquid and vapour.
Additionally, the classification provided by companies to ECHA in CLP notifications identifies that this substance is toxic if swallowed, is very toxic to aquatic life with long lasting effects and causes serious eye damage.
	[image: https://echa.europa.eu/diss-blank-theme/images/cnl/pictograms/GHS02.png][image: https://echa.europa.eu/diss-blank-theme/images/cnl/pictograms/GHS09.png] [image: https://echa.europa.eu/diss-blank-theme/images/cnl/pictograms/GHS06.png]



	Reference: ECHA Brief Profile on DDAC, (ECHA 2017b)


[bookmark: _Toc522277923]Persistence and bioaccumulation potential
	PBT
	No

	vPvB
	No

	Very Persistent
	No 


[bookmark: _Toc522277924]Exposure characteristics
[bookmark: _Toc522277925]Current knowledge gaps on exposure
[bookmark: _Toc522277926]European Environment Agency
The cumulative exposure routes for QACs, and the metabolism for the various QACs are poorly understood.
HBM analysis would help to understand what the total pressure of QACs on humans are, and what their health effects might be.
[bookmark: _Toc522277927]Norway
This is a Group of substances where we lack a lot of data and it would be very interesting to get more exposure related data. 
Substances are very soluble in water so exposure from food and water is expected. When Applied inhalation exposure is expected.
[bookmark: _Toc522277928]Availability of HBM data
The analysis of quaternary ammonium compounds in human urine by direct inlet electron impact ionization mass spectrometry (Nisikawa et al. 1991).
[bookmark: _Toc522277929]Exposure media
· Multisource exposure
· Air
· Water
· Food
· Consumer products - Fabric softeners (i.e. clothing), shoes, shampoo, cosmetics, creams, disinfectants, sanitisers, food contact materials (Plastics and paper and board), paints, printing inks, detergents, fungicide, anti-odour chemicals etc. (see attached files)
See: (Vincent et al. 2007)
[bookmark: _Toc522277930]Exposure sources, production volumes and environmental releases
[bookmark: _Toc522277931]Exposure sources
Quaternary ammonium compounds are used as fungicide, algaecides in detergents-water-sanitizers-air, in shampoos, cosmetics, pharmaceuticals, swimming pools, as preservatives in food, in food contact paper and board and plastics, adjuvant in pesticides, in detergents in printing inks, in mining, as softener for textiles, industrial applications, pharmaceuticals, etc. For an overview of the use of QACs as preservatives, see Ash and Ash 2009.
Additional information uses:
Use of QACs in pesticide formulations: EP 2 959 777 A1, ZHU, Shawn: THICKENING GLYPHOSATE FORMULATIONS. Date of publication: 30.12.2015 Bulletin 2015/53
The thickening composition of the invention is added to said glyphosate formulation in an amount effective to thicken said formulation to the desired degree. In most cases, said effective amount is exemplified by a weight ratio of glyphosate (a.e.) to thickening composition of from about 25:1 to about 0.5:1, typically from about 20:1 to about 1:1 and, in another embodiment, from about 8:1 to about 1.5:1. In most cases, said effective amount is exemplified by a concern- EP 2 959 777 A1 4 5 10 15 20 25 30 35 40 45 50 55 triation range in total formulation between 0.05% - 10%, preferably 0.2% - 8%, or more preferably 0.5% - 5%. Thickened herbicidal formulations of the present invention can, in addition to the thickening composition/adjuvants set forth in the above formulae, contain additional components including but not limited to, additional surfactants or other additives. It is preferred that when the formulations of the invention do contain such additional components, that such additional components are substantially non-irritating to the eye, substantially non-toxic to aquatic life, and have acceptable bio-efficacy. Such additional components include surfactants such as cationic, anionic, nonionic, and amphoteric surfactants. These surfactants are disclosed in McCutcheon’s Emulsifier and Detergents, North America Edition, 2006. Non-limiting examples of preferred cationic surfactants are alkoxylated alkylamine and its quaternary derivative, alkoxylated etheramine and its quaternary derivative, alkoxylated alkyl amine oxide, alkoxylated alkyl etheramine oxide, alkyl amidopropyl amine oxide, alkyl trimethyl ammonium chloride, and alkyl dimethylamidopropylamine. Non-limiting examples of preferred amphoteric surfactants are alkyl betaine, alkyl amidopropyl betaine, alkylamphoacetate, alkylamphodiacetate, alkylamphocarboxylate, alkylamphopropionate, alkylamphodipropionate, alkyl amidoamine carboxylate, alkylamphohydroxypropyl sulfonate, alkyl sultaine, alkyl amidopropyl hydroxyl sultaine, alkyl dihydroxyethyl glycinate, and alkyl aminopropionate. ' 
Additional references: 
· (Mittelstadt 2008)
· (Xue, Xiao, and Zhang 2015)
[bookmark: _Toc522277932]Production volumes
The table below provides an overview of production data for QACs drawn from the ECHA website. 
	Substance
	CAS No 
	EC No.
	Tonnage/yr

	QACs - alkyl substances
	
	
	

	Quaternary ammonium compounds, (hydrogenated tallow alkyl)trimethyl, chlorides
	61788-78-1
	263-005-9
	1000-10000

	Quaternary ammonium compounds, di-C16-18-alkyldimethyl, chlorides
	92129-33-4
	295-835-2
	1000-10000

	Quaternary ammonium compounds, di-C14-18-alkyldimethyl, chlorides
	68002-59-5
	268-072-8
	
1000-10000

	didecyl dimethyl ammonium chloride     
	7173-51-5
	230-525-2
	100-1000

	Quaternary ammonium compounds, coco alkylethyldimethyl, Et sulfates
	68308-64-5
	269-662-8
	no information

	Hexadecyltrimethylammonium bromide
	57-09-0
	58960
	No information

	1-Propanaminium, 2-hydroxy-N-(2-hydroxypropyl)-N,N-dimethyl-, 3,3'-bis(C10-14-alkyloxy) derivs., chlorides
	84238-55-1
	282-511-0
	No information

	Quaternary ammonium compounds, dimethylditallow alkyl, chlorides
	68783-78-8
	272-207-6
	No information

	Quaternary ammonium compounds, di-C8-10-alkyldimethyl, chlorides
	68424-95-3
	270-331-5
	No information

	Quaternary ammonium compounds, di-C12-18-alkyldimethyl, chlorides
	68391-05-9
	269-924-1
	No information

	Quaternary ammonium compounds, dicoco alkyldimethyl, chlorides
	61789-77-3
	263-087-6
	No information

	Quaternary ammonium compounds, bis(hydrogenated tallow alkyl)dimethyl, chlorides
	61789-80-8
	263-090-2
	No information

	dimethyldioctylammonium chloride
	5538-94-3
	226-901-0
	No information

	didecyldimethylammonium bromide
	2390-68-3
	219-234-1
	No information

	QACs - benzalkonium substances
	
	
	

	Quaternary ammonium compounds, benzyl C12-C16 (even numbered)-alkyldimethyl chlorides
	 - 
	939-253-5
	1000-10000

	Quaternary ammonium compounds, benzyl-C16-C18 (even numbered)-alkyldimethyl, chlorides
	 -
	939-290-7
	1000-10000

	Quaternary ammonium compounds, (C16-18 and C18-unsatd. alkyl)trimethyl, chlorides
	68002-61-9
	
268-074-9
	100-1000

	Benzethonium Chloride
	121-54-0
	204-479-9
	 1-10

	Alkyl dimethyl benzyl ammonium chloride (or Benzalkonium chloride)
	8001-54-5  
	616-786-9
	no information

	Quaternary ammonium compounds, benzyl-C12-16-alkyldimethyl, chlorides
	68424-85-1
	270-325-2
	Intermediate use only


[bookmark: _Toc522277933]Environmental releases
Yes, see ECHA information. It has been identified as the most bioactive components from waste water treatment plants, which is particularly problematic in areas with no or insufficient (sedimentation) waste water facilities. See Huber et al. 2016.
No data is available from E-PRTR.
[bookmark: _Toc522277934]Human exposure
[bookmark: _Toc522277935]Human exposure routes
· Dermal
· Inhalation
· Oral
· Trans-placental
[bookmark: _Toc522277936]Prevalence of exposure
· There is widespread exposure of the general population
· There is widespread exposure of workers
· Certain sub-populations are exposed
· The prevalence of exposure is unknown
[bookmark: _Toc522277937]Highly exposed groups
· Infants and children
· Adults
· Pregnant women
· Elderly people
· Men
· Women
· Workers (professional and/or industrial
[bookmark: _Toc522277938]Vulnerable groups
· Pregnant women
· Infants and children
· Adults
· Men
· Women
· Workers (professional and/or industrial)
People who take medicine, people with skin diseases, and inflammatory bowl disease, people predisposed for Autoimmune diseases. Risk for neonates. Asthmatic people.
[bookmark: _Toc522277939]Regulation and policy
[bookmark: _Toc522277940]Current policy questions
	Question
	Source

	Are QACs causing some of the toxic effects observed for Glyphosate formulation?
Are QACs causing combined effects in ecosystem outside waste water treatment plants?
Are QACs EDCs and reprotoxic?
Biocides can cause antimicrobial resistance (i.e. AMR strategy)
Toxicity of chemicals: Non toxic environment strategy (EDCs, vulnerable groups, ecosystem tox, grouping, mixture effects)
Will QACs in WWTP sludge lead to contamination of farmland when applied as fertilisers? And will it mobilise other env. contaminants?
	EEA


[bookmark: _Toc522277941]EU Regulations
	Chemicals legislation

	Registration, Evaluation, Authorisation & Restriction of Chemicals (REACH)
DDAC is in the Pre-Registration process and has a registration dossier. 
ADBAC is listed under Annex III Inventory and is in the Pre-Registration process

	Classification Labelling & Packaging (CLP) 
DDAC has a harmonised classification under CLP, see: C&L Inventory 

	Prior Informed Consent Regulation (PIC, Regulation (EU) 649/2012) 
DDAC is on Annex I Part I of the PIC Regulation. See: Chemicals subject to PIC 

	Regulation (EU) No 528/2012 of the European Parliament and of the Council of 22 May 2012 concerning the making available on the market and use of biocidal products
DDAC is a Biocidal Active Substances and in Biocidal Authorised products.

	Regulation (EC) No 1107/2009 of the European Parliament and of the Council concerning the placing of plant protection products on the market.

	Consumer safety legislation

	Regulation (EC) N° 1223/2009 on cosmetic products (framework) for finished cosmetic products when placed on the EU market.

	Food safety legislation

	Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the general principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in matters of food safety
Commission Regulation (EU) No 10/2011 of 14 January 2011 on plastic materials and articles intended to come into contact with food 
Regulation (EC) No 1935/2004 of the European Parliament and of the Council of 27 October 2004 on materials and articles intended to come into contact with food and repealing Directives 80/590/EEC and 89/109/EEC


[bookmark: _Toc522277942]National regulations 
There are several for non-harmonised food contact materials, e.g. 
· BfR regulation on Food contact materials
· Swiss ordinance on printing inks (acknowledged by EU as the standard)
[bookmark: _Toc522277943]Regulatory guidance values
Food Contact Materials: Hexadecyltrimethylammonium bromide 6 mg/kg food; corresponds to a TDI of 0,1 mg/kg bw - not evaluated for EDCs etc.
There might be many other limit values (not checked for all compounds and all uses); e.g. for uses as biocides and pesticides.
[bookmark: _Toc522277944]Human biomonitoring values
Not available in the EU - possibly in the US?
[bookmark: _Toc522277945]Risk assessments 
See: (International Programme on Chemical Safety 1999)
[bookmark: _Toc522277946]Public concern
QACs re not on the SIN List.
Issues of public concern:
· Antimicrobial resistance to bacteria 
· Glyphosate discussions
· EDCs 
· Gut health and immunotoxicity 
· Exposure to consumer products.
These agents are used as detergents in washing powder and as disinfectants. Based on questions that we receive at the Norwegian Institute of Public Health there is considerable concern among members of the general public.
[bookmark: _Toc522277947]Technical feasibility
[bookmark: _Toc522277948]Availability of biomarkers and methods
See: (Steuer et al. 2016)
Suggestion for analysis:
Analytical sampling and (LC-MS) detection methods exist for other QAS in urine and blood – new QAS could be included these methods. The sensitivity of the methods is high.
Principle of methods:
Sample preparation of Urine: Direct analysis of diluted urine, spiked with internal standards.
Serum: Analysis of serum spiked with internal standard after protein precipitation
Analysis by LC-ESI+ -MS using a HILIC column.
[bookmark: _Toc522277949]Work required to develop new approaches
We need to identify methods to measure the parent compound of metabolites. High water solubility is a technical issue.
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