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1  Hypothesis for the analogue approach
According to the REACH Regulation (Regulation (EC) No 1907/2006) Annex XI ‘Substances whose physicochemical, toxicological and ecotoxicological properties are likely to be similar or follow a regular pattern as a result of structural similarity may be considered as a group, or ‘category’ of substances. The similarities may be based on: … the common precursors and/or the likelihood of common breakdown products via physical and biological processes, which result in structurally similar chemicals’.

The inorganic lithium compounds

•
lithium carbonate,

•
lithium chloride, and

•
lithium hydroxide

dissociate to the lithium cation (Li+) and the corresponding anion (carbonate – CO32-, chloride – Cl-, or hydroxide – OH-) in aqueous solutions, i.e. in body fluids as well as in in vitro systems. The lithium cation remains unchanged in the body. Due to its similar charge and size to the sodium or potassium cation, it can use sodium ion channels to reach the target organs where it exerts its toxicological or pharmacological activity. 

The anions are physiological anions, which are naturally present in the body. Carbonate is part of the extracellular bicarbonate buffer system, i.e. the interstitial and blood buffer. Carbonate is an endogenously generated substance. In the acid pH of the stomach, exogenous added carbonate is protonated and finally transformed to carbon dioxide and water. After absorption, carbon dioxide diffuses rapidly into red blood cells, where it is hydrated to form carbonic acid, a reaction accelerated by carbonic anhydrase, which is present in high concentrations in red blood cells. Carbonic acid dissociates into bicarbonate and hydrogen ions, which then become part of the endogenous bicarbonate buffer

Chloride is an electrolyte with a relevant role in physiology. It is an essential compound of the acid produced in the stomach, hydrochloric acid (HCl), and e.g. of sweat. Together with sodium, it controls the water balance of the body and it is relevant for the electrical excitability of the nerves. The hydroxide anion is e.g. generated when carbonate and water react to hydrogen carbonate (bicarbonate) and hydroxide anion. Due to its reactivity, it rapidly reacts with free protons to water. After oral exposure, it is rapidly neutralised by stomach acid.
Read-across hypothesis

Systemic toxicity of inorganic lithium compounds (Li-carbonate, -chloride, -hydroxide) are determined by the lithium ion.
2 Source chemical(s)

Overview on the chemicals is provided below (Table AII - 1). Data were obtained from ECHA (ECHA, 2017a) (Date of access: 02-February-2017).
Table AII - 1: Overview of the chemicals considered in the category
	Chemical name
	Lithium carbonate


	Lithium hydroxide


	Lithium chloride



	CASRN
	554-13-2
	1310-65-2 


	7447-41-8



	Molecular formula
	(Li)2CO3
	Li(OH)
	Li Cl

	MW [g/mol]
	73.89 b
	23.9479 b (anhydrous)

41.9627 b (monohydrate)
	42.394 b 

	Classification according to Regulation (EC) No 1272/2008
 #a
	Acute Tox. 4 (H302)#
Eye Irrit. 2 (H319)#

	Acute Tox. 4 (H302)#
Skin Corr. 1B (H314)#
Eye Dam. 1 (H318)#
	Acute Tox. 4 (H302)#
Skin Irrit. 2 (H315)#
Eye Irrit. 2 (H319)#


	PBT assessment
#
	No PBT assessment available (anorganic substance)
	No PBT assessment available (anorganic substance)
	No PBT assessment available (anorganic substance) 


a: only harmonised classification and joint entries reported; #: joint entry; 

b: information provided by https://chem.nlm.nih.gov/chemidplus/, date of access: 02-February-2017
3 Purity / Impurities
Although the purity of the test substance is not always available, especially literature data very often do not provide exact data on substance purity, there is no knowledge about impurities which might mimic the lithium effects. Therefore, missing information on purity of the test substance for some studies are not regarded as relevant for the overall evaluation.  
4 Analogue approach justification
Category justification

The anions influence the physico-chemical properties of the inorganic lithium compounds like water solubility, acidity of the substance (characterised by the (logarithmic) acid dissociation constant pKa), but not the toxicological/physiological function of the lithium cation. Due to the fact that the anions are naturally present in the body they are rapidly integrated into the physiological pool of anions or neutralised in the body so that they do not influence the systemic toxicity of the lithium compounds. Lithium hydroxide, due to its basic properties, causes skin and eye irritancy. However, this is not relevant for the evaluation of the systemic toxicity.

5 Data matrix
Comparative data on physico-chemical parameters as well as human health endpoints are relevant and thus provided in the following table.
Table AII - 2: Comparative data from registration dossier on physico-chemical parameters and human health endpoints
	Chemical name
	Lithium carbonate
	 Lithium hydroxide 
	Lithium chloride

	CASRN
	554-13-2
	1310-65-2
	7447-41-8

	Physico-chemical data

	Melting Point [°C] at 1013 hPa 
	722
	422.83 
	608-614

	Boiling Point [°C]
	Data not available
	Data not available
	1360-1383

	Flash Point [°C]
	Data not available
	Data not available
	Data not available

	Density [g/cm³]
	2.1
	1.5
	1.06-2.1 at 20°C

	Vapour pressure [hPa]
	Data not available
	Data not available
	4.2E-30 Pa (calculated)

	Partition coefficient (log POW)
	Data not available
	Data not available
	-0.46 (calculated)

	Water solubility [g/L] at 20 °C
	8.4 
	71-125
	569 

	Mammalian toxicity

	Acute oral [mg/kg]
	LD50 (rat) = 525-723
	LD50 (rat, female/male) = 210/280* (corresponding to 368/491* for the monohydrate)
	LD50 (rat) = 526 

	Acute inhalation [mg/L]
	LC50 (rat, 4 h) > 2
	LC50 (rat, 4 h) > 3.4 
	LC50 (rat, 4 h) > 5.57

	Acute dermal [mg/kg]
	LD50 (rabbit) > 2000 or > 3000
	LD50 (rabbit) > 2000 ; RA from lithium carbonate
	LD50 (rabbit) > 2000

	Skin irritation/corrosion
	Not irritating
	Corrosive **
	Not irritating

	Eye irritation
	Eye irritant
	No data available 
	Eye irritant

	Skin sensitisation
	Not sensitising
	No key study available, RA to lithium chloride
	Not sensitising

	Repeated dose
	Oral (WoE, rat): 

NOAEL = 6.43 mg Li/kg bw/day (calculated, based on therapeutic human dose)

Inhalation: 

No data available 

Dermal: 

No data available 
	No valid oral study available, 

NOAEL = 4.13Li mg/kg bw/day (calculated, based on therapeutic human dose)

Inhalation: 

No data available 

Dermal: 

No data available 
	Oral (WoE, rat):

NOAEL = 85-102 mg/kg bw/d (rat) 



Inhalation: 

No data available 

Dermal: 

No data available 

	Genetic toxicity in vitro
- Gene mutation (bacteria)

- Chromosomal aberration

- Gene mutation (mammalian cells)
	No data available (Ames)

No data available (CA)

No data available (GM)
	Negative (Ames)

Negative (CA)

Negative (GM)
	No data available (Ames)

No data available (CA)

No data available (GM)

	Genetic toxicity in vivo
	No data available
	No data available
	No data available

	Reproductive Toxicity

- Fertility

	
	(OECD 416, rat, gavage)

NOAEL fertility = 45 mg/kg bw/day (highest dose tested);

LOAEL systemic toxicity = 45 mg/kg bw/day 
WoE : effect on male reproduction from several publications
	No key study available, RA to lithium carbonate
	No key study available
WoE : effect on male reproduction from some publications

	Reproductive Toxicity

- Developmental toxicity

	
	(OECD 414, rat, gavage)

NOAEL maternal toxicity = 30 mg/kg bw/day;

NOAEL embryotoxicity = 90 mg/kg bw/day (highest dose tested)
	No key study available, RA to lithium carbonate 
	No key study available, 
WoE : teratogenic effects from some publications

	
	Teratogenic effects reported in human treated by lithium as a medicine


* Probably due to corrosive properties; ** based on in vitro assay
RA: read-across

WOE: weight of evidence

CA: chromosomal aberration

GM: gene mutation

6 Conclusions for Read Across Approach 
The chemicals lithium carbonate, lithium chloride and lithium hydroxide have no current harmonized classification. They are all self-classified for Acute toxicity after oral exposure (Cat. 4).
According to self-notified classifications, lithium carbonate and lithium chloride are classified as eye irritants (Cat. 2), whereas lithium hydroxide is classified as causing severe eye damage (Cat. 1), indicating that lithium hydroxide is locally more reactive. This is also obvious from the classification of lithium hydroxide as skin corrosive (Cat. 1B) whereas lithium carbonate is not classified for skin local effects and lithium chloride is only classified as skin irritant (Cat. 2). As discussed, these differences in the local reactivity are mainly due to the physico-chemical properties of the lithium compounds determined by the anion, but do not influence the systemic toxicity.

The acute oral toxicity values (see Table AII – 2), in rats (LD50 values) for lithium salts are similar. A slightly lower value was however obtained for lithium hydroxide, which was obviously due to severe local effects observed in the stomach of the treated animals.

Existing data on repeated dose toxicity, genetic toxicity or reproductive toxicity are limited for a comparison of the toxicity of the three substances of interest, because in the registration dossiers data requirements under REACH were covered by read-across, so no direct comparison is possible. However, published data on genetic and reproductive toxicity, mainly disregarded in the registration dossier, indicate that the genetic and reproductive toxicity of the substances is comparable. 

Due to the reasons outlined above (Li-anion as common breakdown product), the three substances are regarded as similar and therefore suitable for a category approach. This interpretation is supported by the common risk assessment for lithium compounds as performed by several organisations 
 ADDIN EN.CITE 

(Hartwig, 2014; HCN, 2000; Lagerkvist and Lindell, 2002; Montelius, 2003; Moore, 1995)
.
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