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Opinion on the safety of aluminium in cosmetic products -Submission III
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The SCCS concludes the following:

1. In light of the new data provided, does the SCCS consider Aluminium compounds safe when used in cosmetic products other than deodorants, antiperspirants, lipsticks and toothpastes? In the event that the estimated exposure to Aluminium from cosmetic products is found to be of concern, SCCS is asked to recommend safe concentration limits for each category.

The SCCS considers that aluminium compounds are safe when used

, provided that the percentage of particles/droplets with a diameter of less than 10 μm does not exceed 20% of the total aerosolised particles/droplets. Since the Applicant's data submission indicated that aluminium is not used in sunscreen aerosol sprays, this Opinion does not cover sunscreen aerosol sprays.

Does the SCCS have any further scientific concerns regarding the use of relevant Aluminium compounds in cosmetic products taking into account the newly submitted information on aggregate exposure to Aluminium from cosmetics, medicines (e.g. antacids) and food intake?

As aluminium does not belong to substances classified as CMR 1A or B, only exposure from cosmetic uses was considered in this safety assessment with the exposure assessment based on maximum use levels for cosmetic ingredients.

However, the submission also provided a scenario where realistic exposure from noncosmetic sources of aluminium (food and pharmaceuticals) was aggregated along with exposure from cosmetics at use levels from the year 2016. From this scenario, it can be deduced that contribution to aluminium exposure from food may be at a similar order of magnitude to that from cosmetics used for the safety assessment. Considering the conservative nature of the estimates, the aggregate exposure to aluminium from cosmetic and non-cosmetic sources may exceed safe limits for consumers at the highest exposure ranges.

In 2013, a risk assessment issued by the Norwegian Scientific Committee for Food Safety reported that cosmetic products, and in particular antiperspirants, constitute a significantly larger contribution to the total systemic Al exposure compared to diet at least for the Norwegian population that was used in the study. As a result, SCCS was mandated to evaluate the possible risk for human health arising from the presence of Al in cosmetics. The assessment was based on products and aluminium compounds that contributed to the highest consumer's exposure, namely antiperspirants/deodorants, toothpastes and lipsticks. In its Opinion SCCS/1525/14, the SCCS concluded that, due to the lack of adequate data on dermal penetration, the requested risk assessment could not be performed 2. In 2016, industry submitted a new safety dossier to address the dermal penetration and the fate of Al (after skin application) based on a human exposure study. At its plenary meeting on 3 March 2020, the SCCS adopted its final Opinion SCCS/1613/19 3 and in March 2021 an addendum to this Opinion was published 4 . In the addendum, the SCCS concluded that the use of aluminium compounds is safe at the following equivalent aluminium concentrations up to:

• 6.25% in non-spray deodorants or non-spray antiperspirants • 10.60% in spray deodorants or spray antiperspirants • 2.65% in toothpaste, and • 14% in lipstick

In addition, the SCCS stated "…the systemic exposure to aluminium via daily applications of cosmetic products does not add significantly to the systemic body burden of aluminium from other sources. Exposure to aluminium may also occur from sources other than cosmetic products, and a major source of aluminium in the population is the diet. This assessment has not taken into account the daily dietary intake of aluminium".

Following the discussion at the Cosmetics Working Group held on 25 June 2020 and in light of the comments received on the use of Al compounds in a variety of products other than deodorants, antiperspirants, lipsticks and toothpastes, the Commission considered opportune to request from industry to submit additional information on the 'other product categories' and on the aggregate exposure not only from cosmetics.

In March 2021, industry submitted a dossier focusing on the aggregate exposure to aluminium concerning the European population when considering the use of cosmetics and personal care products, medicines (e.g. antacids) and dietary intake.

The current request is based on the dossier submission III by the Applicant in order to demonstrate the safe use of aluminium in product categories other than deodorants, antiperspirants, lipsticks and toothpastes, as well as concerning the aggregate exposure.

The current submission includes in particular additional data and considerations on the MoS calculation and aggregate exposure from cosmetics, medicines and food intake. In light of the new data provided, does the SCCS consider Aluminium compounds safe when used in cosmetic products other than deodorants, antiperspirants, lipsticks and toothpastes? In the event that the estimated exposure to Aluminium from cosmetic products is found to be of concern, SCCS is asked to recommend safe concentration limits for each category.

Does the SCCS have any further scientific concerns regarding the use of relevant

Aluminium compounds in cosmetic products taking into account the newly submitted information on aggregate exposure to Aluminium from cosmetics, medicines (e.g. antacids) and food intake?

OPINION

During the commenting period, the Applicant has provided a new exposure calculation with adjusted factors for inhalation. The draft Opinion was updated with the submitted Tables which have received the same number as the original Table together with an A for transparency.

CHEMICAL AND PHYSICAL SPECIFICATIONS

Physicochemical properties of aluminium compounds that can generally be used as cosmetic ingredients have been summarised in Annex I of the previous SCCS Opinion (SCCS/1613/19). These encompass aluminium compounds in water-soluble and waterinsoluble form. The water-soluble Al-containing compounds form are simple inorganic salts, simple organic salts, aluminium benzoate, and chlorohydrates, which can be used in skin care products. Water-insoluble aluminium containing ingredients can be minerals, glasses and clays, aluminium lakes, carbohydrates, fatty acid salts, which are typically added to cosmetic products as bulking agents, coloured pigments, and sometimes as mild abrasives.

The new submission presents an industry survey that indicates the substances actually in use along with their amounts. The INCI names and CAS numbers of these substances are given in Tables 2 and3 of this Opinion. The respective physicochemical properties of the substances can be retrieved from Annex 1 of SCCS/1613/19.

On the basis of available information on solubility (Annex 1 of SCCS/1613/19), the SCCS agrees that aluminium citrate may exhibit the highest bioavailability amongst the Al salts assessed in this Opinion.

EXPOSURE ASSESSMENT & TOXICOKINETICS

Function and uses

Taken from the previous Opinion (SCCS/1613/19):

Antiperspirants

Aluminium salts in antiperspirants, such as aluminium chlorohydrate, form insoluble aluminium hydroxide polymer gel plugs within sweat ducts to temporarily prevent sweat reaching the surface of the skin. These substances are soluble at very low pH in the formulation; however, once applied on the skin they form chemically inert complexes with basic components of sweat and skin. The relatively high molecular weight of the compounds, low 'Log P' and positive charge limit the potential for skin penetration through the stratum corneum. Moreover, absorption across the skin is further minimised by the formation of protein complexes in the outermost layers of the stratum corneum (Hostynek, 2003). These chemical properties limit the systemic delivery of aluminium via the intake skin. Aluminium colloidal colorant 'lakes' are mainly used in lipsticks. Colloidal colourants are prepared under aqueous conditions by reaction between aluminium oxide and the organic pigments in order to make them insoluble. Aluminium oxide is usually freshly prepared by reaction of aluminium sulphate or aluminium chloride with sodium carbonate or sodium bicarbonate or aqueous ammonia. Due to the complex molecular structures and high molecular weights of organic lakes, the aluminium represents only a small part of the weight of the raw material of which the extractable (bioaccessible) part will represent only a fraction.

Lipsticks

Toothpastes

Insoluble minerals are used in toothpastes mainly to act as mild abrasives and to provide shine/gloss benefit through the polishing of the enamel. They are also used to improve rheology in striped toothpastes. Toothpastes may also contain aluminium colloidal colourant "lakes" and pigments.

New submission:

In reply to a request of the European Commission regarding Al-content of 'other cosmetic products' than antiperspirants, lipsticks and toothpastes, the Applicant has submitted a report that includes the findings of a market survey on Al-containing products.

According to the Applicant, this company survey inquired in seven large multi-national companies for the total volume of products sold in Europe in 2016 (and toothpaste data from one company from 2020), whether or not the products included an aluminium containing ingredient, and the concentration values of aluminium and its compounds in the product formulations. The inclusion criteria were ingredients where aluminium comprised at least 0.01% of the material, and formulations where the aluminium containing ingredient was present in at least 0.01% in the formulation. Regarding the tonnage data, the criteria were products where at least 10 kg were placed on the market in 2016 within the EEC+5 region.

In total, around 5300 formulations were identified that contained Al-compounds as ingredients. A total of 51 different Al-compounds were identified. 

Representativeness

According to the Applicant, the survey on occurrence and amount of Al-ingredients used in cosmetic products was conducted with the Al-consortium. According to the Applicant, the Al consortium members represent approximately 40% of the EU market share based on retail value (source: Euromonitor 2016, data made available to the SCCS) and include some of the highest market shares. Of the total of the more than 389 companies represented, 370 (95%) have below 1% market share and 343 (88%) below 0.1% of the market share. The mean market share is below 0.2% for the non-consortium members. Therefore, the consortium believes that this Al Consortium data is representative of the EU marketplace. In addition, when comparing to subsequent years, the market share of the consortium members remains stable and within the same range as 2016.

SCCS comment

Based on the data presented, the SCCS considers the presented survey as largely representative for the aluminium-containing ingredients and aluminium-containing products on the European market.

Dermal / percutaneous absorption

The data related to dermal/percutaneous absorption were assessed and commented upon by the SCCS in the previous Opinion on Aluminum (SCCS/1613/19). Below is a brief summary.
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Final version CORRIGENDUM 21 March 2023 Opinion on the safety of aluminium in cosmetic products -Submission III ___________________________________________________________________________________________ _________________________________________________________________________________________ Dermal absorption was calculated from an exposure study with 6 female volunteers after application of 0.75 g antiperspirant per axilla on 100 cm 2 , respectively. The antiperspirant contained Aluminum-Chlorhydrate which had been doped with radioactive 26 Al and the volunteers were biomonitored for 26 Al in 24h-urine [START_REF] Tno | bioavailability of aluminium in humans after topical application of a representative antiperspirant formulation using a [26Al] microtracer approach[END_REF]. This yielded a skin absorption value of 0.00052%. Combined with the Al found in the feces in the same study (0.0014%), this yields an overall percentage of bioavailable Al of 0.00192%.

SCCS comment

The respective dermal absorption percentage of 0.00192% was used in the presented exposure calculation. This is considered a valid absorption value. Due to occlusion and formulation characteristics of antiperspirants, the dermal absorption for antiperspirants is considered to be a conservative value that is also valid for the other cosmetic products addressed in this opinion.

Other studies on toxicokinetics

Toxicokinetic studies were reviewed in SCCS/1613/19, and were summarised as follows:

Oral absorption: EFSA (2008) concluded that a value of 0.3% oral bioavailability was appropriate to use in human risk assessment for soluble aluminium in drinking water (i.e. without food) and 0.1% with food.

Lung absorption: Taken together, all available data suggest that absorption of aluminium from lung deposits in the blood is low. For the purposes of lung exposure modelling and risk assessment, a conservative value for aluminium uptake by the lung is 3% (Jones & Bennett, 1986;[START_REF] Devoto | The biological speciation and toxicokinetics of aluminium[END_REF].

SCCS comment

The SCCS considers that oral bioavailability of 0.1% is an appropriate value for use in risk assessment for indirect ingestion after removal from the upper respiratory tract by the mucociliary elevator.

Regarding inhalation, as reported in the SCCS/1613/19, a conservative value for aluminium uptake by the lung of 3% is an appropriate value for use in risk assessment. From the upper respiratory tract, no data on bioavailability is available, but since mucociliary clearance will lead to expectorate or swallowing of the Al trapped in that part of the body, intestinal resorption values of 0.1 or 0.3% can be used (EFSA, 2008).

Calculation of SED/LED

The Applicant has submitted a comprehensive report on single product and aggregate exposure to Al via cosmetics, as well as an aggregate assessment of Al in cosmetics, medicines (antacids) and food. The assessment is based on a survey among the European industry that included 7 large producers.

Concentrations in cosmetics

According to the Applicant, the aluminium concentration data reported in this section were collected in the company survey. Six companies provided comprehensive data on Al use across a range of cosmetic products for the year 2016. An additional company provided comprehensive data on Al use in toothpastes for the year 2020. The seven companies participating in the project identified 51 different Al-ingredients that were present in cosmetic products sold in the European market.

The results of the survey showed that 21 Al-ingredients were uniquely reported by a single company, thus exhibiting a unique aluminium concentration data point, provided by that company. These single data points, listed in Table 2, were used as constants in the exposure model, meaning that these 21 Al-ingredients always had the same concentration of aluminium as reported by the company using it. By combining % Al in the ingredient with % of Al-ingredient used in the product, the Applicant derived distributions for the concentration values for each product category included in the exposure assessment (see Table 4) and for the product categories not included in the exposure assessment (see Table 6).

Table 4: Min, max and mean values of the reported concentrations of aluminium in each product type and category included in the exposure assessment.

The product formulations reported in the company survey contain from 1 to 10 different Alingredients in combination. The products that contain the highest average number of Alingredients per product type are Lipstick with 3.6 Al-ingredients per formula; the formula with the absolute highest number of Al-ingredients ( 10) is also a lipstick. Lipsticks are followed by EyeShadow (2.55 Al-ingredients per formula) and LiquMakeupFoundation (1.88 Al-ingredients per formula). The averages of the these and all other product types are presented in Table 5. The data collected in the company survey capture the co-occurrence of different Alingredients in the same product formulations; this information was incorporated in the exposure model.

Importantly, Table 4 represents those formulations reported to include aluminium containing ingredients, with the exception of Mouthwash, LiquidHandSoap, and Deo-wipes, which contain none. Although the minimum is rounded to 0.00% in the table, this reflects formulations containing low levels of aluminium (given the inclusion criteria discussed above, the theoretical minimum for a formulation that includes 0.01% of an ingredient that contains 0.01% aluminium would be 0.000001%). According to the Applicant, the category "other products with and without AP" includes products for sweat control on hands and feet that are not considered daily use products frequently used by consumers. AP stands for "antiperspirant".

Also, data on occurrence of Al in cosmetics was derived for product categories included in the assessment (see Table 7) and those not included in the exposure assessment (Table 8). Upon request of the SCCS, the Applicant has stated that the beach products (i.e., sunscreen lotion) and other product categories listed in Tables 6 and8 were not part of the Creme model because they are only used periodically. Importantly, the additional exposure from the excluded cosmetic product categories listed in Tables 5 and7 are a minor contribution to the aggregate and total daily exposure to aluminium. The Applicant has further provided a deterministic exposure assessment for sunscreens ( A new scenario 1b has been calculated by the Applicant. According to the Applicant, scenario 1b is similar to Scenario 1 as it assumes 100% of cosmetic products contain Aluminium and concentrations are represented as single maximum values for each product.

For a few products, the concentrations used in Scenario 1b are higher than the concentrations used in Scenario 1 and so it provides a more conservative estimate of exposure. The concentrations for Scenario 1b are shown in Table 4A. Table 4A: Values of the concentrations of aluminium in each product type and category for Scenario 1b.

SCCS comment

The SCCS considers the term "constant aluminium levels" in the header of Table 2 as confusing. The understanding of SCCS is that Table 2 lists Aluminium ingredients with one single concentration reported by one company that was subsequently used in the model as a point value. Likewise, the SCCS regards the title of The SCCS further understands that 'Al-concentrations' of Al-containing cosmetics ingredients mentioned in Tables 2 and3 represent the Al-contents in terms of the stochiometric ratios of Al in these ingredients.

It is unclear to the SCCS why a range of Al-contents ('Al-concentrations') in the Alingredient for some of the Al-ingredients may result from the defined stoichiometry of the chemical substance (e.g. for potassium aluminium sulphate in Table 3). However, the SCCS has calculated the Al-contents based on stoichiometry and found that the Al-content in the maximal value was not underestimated by using the ranges provided by the Applicant. Therefore, risk assessment based on exposure calculations with these maximum values is considered valid. Some products had been excluded from the aggregate exposure assessment (see Tables 6,8) without explanation in the submitted report. Upon request, the Applicant has submitted the explanation and an additional deterministic exposure assessment of sunscreens. The assessment using the maximum Al level possible (Table 9) is considered valid by the SCCS.

The SCCS considers that sunscreen products should be included in the assessment, because on a seasonal basis they are used regularly, even daily, and because the high amounts applied may represent a considerable source for exposure. Furthermore, the presence probability of aluminium in sunscreens (i.e. the fraction of products that contain the substance) is 30%, which cannot be considered negligible. Some of the products that have not been considered may also be used on a regular basis (shaving products, eyeliner, eye contour products and lip care products). However, for these products the exposure potential is low and the tonnage of Al-containing products sold is also low. Therefore, their contribution to dermal exposure can be considered as negligible and therefore these products can be considered safe for use.

In scenario 1b the Applicant has used higher concentrations for the product categories BarSoap, HairStyling, LiquidHandSoap and LiquMakeupFoundation. Since no reasoning for the new concentrations were given, the new values were not accepted by the SCCS. The SCCS will use the dermal and oral exposure values of the original report for its assessment.

Inhalation exposure was not calculated by the Applicant for sunscreens products. Therefore, this opinion considers only sunscreen lotions and creams, and not sunscreen products that may result in exposure of the lung.

Frequency of use and co-use

The frequency of application and co-use data for cosmetic products are available from Kantar Worldpanel, except for Mascara, Eye Shadow, Eye Liner and Makeup Remover. Kantar data on product usage frequency (at the resolution of one hour) were collected from consumer product consumption surveys from 2007 and 2008 for France, Germany, Spain, and the United Kingdom. In the case of Mascara, Eye Shadow, Eye Liner and Makeup Remover, frequency of use data is available from two studies (Bremmer, 2006a;[START_REF] Biesterbos | Usage patterns of personal care products: important factors for exposure assessment[END_REF]. The Biesterbos study was based on 516 Dutch subjects (302 females, 210 males).
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Amount per use

According to the Applicant, amount per use data comes from the Colipa studies (for Deo Roll-On (Gel, Roll-On, Stick), Deo Spray (Anti-Perspirant, Pump), cosmetics and toothpaste)) and additional data from the CTFA studies for certain cosmetics. The following is a set of abbreviations used here for the data sources mentioned above:

• COLIPA1: "European consumer exposure to cosmetic products, a framework for conducting population exposure assessments." (Hall et al., 2007) • COLIPA2: "European consumer exposure to cosmetic products, a framework for conducting population exposure assessments Part 2." [START_REF] Hall | Aluminium from all Sources, including Food Additives. Safety evaluation of certain food additives and contaminants: Prepared by the sixty-seventh meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA)[END_REF] • CTFA1: "Exposure data for cosmetic products: lipstick, body lotion, and face cream." (Loretz L., et al., 2005) • CTFA2 "Exposure data for personal care products: hairspray, spray perfume, liquid foundation, shampoo, body wash, and solid antiperspirant. [START_REF] Loretz | Exposure data for personal care products: Hairspray, spray perfume, liquid foundation, shampoo, body wash, and solid antiperspirant[END_REF] • CTFA3 "Exposure data for cosmetic products: facial cleanser, hair conditioner, and eye shadow." [START_REF] Loretz | Exposure data for cosmetic products: Facial cleanser, hair conditioner, and eye shadow[END_REF] The amounts for Bar Soap products were taken from the publication of [START_REF] Comiskey | Integrating habits and practices data for soaps, cosmetics and air care products into an existing aggregate exposure model[END_REF], who report the amounts used for showering and washing hands. For conservative reasons, the exposure model was based upon the amounts of Bar Soap products used for showering as they are significantly higher than the amounts related to hand washing. The amounts for Liquid Hand Soap were derived from [START_REF] Ficheux | Consumption of cosmetic products by the French population second part: Amount data[END_REF], which is a study about the amount per use of cosmetic products consumed at home by the French adult, child and baby populations.

The amounts of Deo Spray products reported in COLIPA 1 only apply to pressurised (propellant-driven) sprays, since the amount used/day includes propellants. For Deo Spray-Pump products, lower values should be applied; in accordance with the consortium, it was decided to use the amounts of the DeoRollOn products as a proxy.

The amounts for Mascara, Eye liner and Make-up remover products come from Biesterbos et al. (2012).

Retention and bioavailability factors

According to the Applicant, users of cosmetic products may be exposed to aluminium via three different routes: the dermal route, which is applicable to all cosmetics, the inhalation route, which is applicable to spray products only, and the oral route, which is applicable to lipsticks and toothpastes only. These routes require three different sets of bioavailability and retention factors.

In the exposure report by the Applicant, dermal retention factors for personal care products vary depending on the product type with leave-on, non-spray products (e.g. body lotion) set at 100% and rinse-off products (e.g. Shampoo) conservatively set at 1% by default. The dermal retention factors for Toothpaste and Mouthwash are set l to 5% and 10%, respectively; these are the values set by the SCCS guidelines (SCCS 2012(SCCS -2018)).

According to the Applicant, the dermal retention factor for DeoSpray products is based on findings from the literature, where it has been shown that, of the amount of spray that is directed to the skin, only 23.5% actually lands on the skin [START_REF] Steiling | Skin Exposure to deodorants/antiperspirants in aerosol form[END_REF]. The dermal retention factor for HairSpray is set at 10%, which means that 10% of sprayed Opinion on the safety of aluminium in cosmetic products -Submission III ___________________________________________________________________________________________ product remains on the scalp [START_REF] Api | Dermal sensitization quantitative risk assessment (QRA) for fragrance ingredients[END_REF], SCCS 2012[START_REF] Schwarz | A methodology for the assessment of inhalation exposure to aluminium from antiperspirant sprays[END_REF]. According to [START_REF] Comiskey | Integrating habits and practices data for soaps, cosmetics and air care products into an existing aggregate exposure model[END_REF], 80% of EaudeToilette and EaudeParfum are retained on the skin.

A single aluminium percutaneous absorption factor of 0.00192% is assumed for all products applied to the skin. This is the dermal absorption percentage derived in the most recent SCCS opinion on aluminium (SCCS, 2020).

Bioavailability factors are the proportion of a substance which enters the circulation when it comes into contact with the body and are used to estimate the internal exposure from the external exposure. For toothpaste, mouthwash, and lipsticks, which may be partly or totally ingested, the model used an oral bioavailability value of aluminium of 0.1%, as per food and beverages. The amount of foods and antacids absorbed by the GI tract depends on the oral circulation through the GI tract. EFSA ( 2008) reports an oral bioavailability value of approximately 0.3% for Al in drinking water and less than 0.1% for Al in food and beverages.

Table 10 presents a summary of the used penetration, retention and bioavailability factors. Opinion on the safety of aluminium in cosmetic products -Submission III ___________________________________________________________________________________________ _________________________________________________________________________________________ According to the Applicant, Table 10A shows a summary of the factors used in Scenario 1b with the Inhalation factor column derived from RIFM 2-box modelling using the more conservative inhalation parameters discussed in the preliminary SCCS opinion 2022 and outlined in Table 12A below (chapter 3.2.4.5). It should be noted that a substantial amount of formulation lands on skin, so assuming that 100% is available for inhalation is not realistic.

Table 10A: Summary of Factors used in Scenario 1b

SCCS comment

In the original submission, the Applicant cites [START_REF] Steiling | Skin Exposure to deodorants/antiperspirants in aerosol form[END_REF] to support a dermal retention of 23.5% to be used for reducing inhalation exposure. The cited value is the P90 for dermal load from an experimental study, which could be used as reasonable worst case for dermal exposure. However, subtracting an upper percentile value for dermal load from the total available amount will not result in a conservative value for inhalation and therefore cannot be used for deriving an adjustment factor for inhalation. Hence, the SCCS considered the" adjusted inhalation factors" for DeoSpray-antiperspirant and DeoSpray-pump in the original submission not valid. In the new submission the Applicant has now provided an exposure assessment based on the upper bound of 100% for inhalation (see below). Therefore, the "adjusted inhalation factors" for DeoSpray-antiperspirant and DeoSpray-pump presented in Table 10A can now in principle be accepted. However, the transfer rate between Box 1 and Box 2 of the inhalation model is still very high (see chapter 3.2.4.5.)

Regarding Eau de Toilette, Eau de Parfum and HairSpray, Comiskey et al, 2017 cite an internal report that is not available to the SCCS. Therefore, the 80% dermal retention factor Opinion on the safety of aluminium in cosmetic products -Submission III ___________________________________________________________________________________________ cannot be evaluated. Hence, the SCCS considered also the "adjusted inhalation factors" for Eau de Toilette, Eau de Parfum and HairSpray in the original assessment not valid. In the new submission the Applicant has provided an exposure assessment based on the upper bound of 100% for inhalation (see below). Therefore, the "adjusted inhalation factors" for Eau de Toilette, Eau de Parfum and HairSpray presented in Table 10A can now be accepted.

Inhalation exposure

According to the Applicant, the exposure model developed by Creme Global, utilised in the exposure study, requires several inputs. Among them, there is the output obtained from a separate computational model, called the 2-box model, that returns the fraction of aluminium inhaled by the consumer of a spray product. Since higher tier experimental data on each individual spray product were not available, estimates of the contribution from lung exposure rely on conservative computational model predictions.

According to the Applicant, the inhalation route is applicable only to spray products: DeoSpray -Anti-Perspirant, DeoSpray-Pump, EaudeParfum, EaudeToilette, HairSpray. Cosmetic spray products (HairSpray, DeoSpray, EaudeToilette and EaudeParfum) are directed to the skin and may also be incidentally inhaled. After dermal exposure, a percentage of the product remains on the skin once applied (dermal retention factor). For inhalation exposure, a percentage of the amount of product that is released is available to be inhaled; this percentage is calculated as 100% minus the dermal retention factor. An 'inhalation factor' is proposed to calculate the percentage of chemical released into the atmosphere that is available for inhalation. The inhalation factor depends on the product and is based on calculations using the 2-box model. The dermal retention factors and the inhalation factors are shown in Table 11.

Table 11: Dermal retention and inhalation factors

According to the Applicant, the 'adjusted inhalation factor' is a multiplication of the 'inhalation factor' (calculated by the 2-box model) and the '% available for inhalation' for a specific product. As an example, we know that for DeoSpray 76.5% of the product that is released from the can is available for inhalation. The Inhalation Factor for DeoSpray (as calculated by the 2-box model) is 1.167%, which means that 1.167% of the product that is released into a room may be inhaled by the user. And as only 76.5% of it is available for inhalation, this results in an Adjusted Inhalation Factor of 0.892% for DeoSpray (i.e. 0.892% of the total amount of product released from the can may be inhaled by the user).

Some aerosol spray products, called in the model "DeoSpray -Anti-Perspirant", can be classified as "compressed". This describes a technology which reduces the quantity of propellant in the can and, proportionately, reduces the spray rate to ensure equivalent product release (and hence consumer exposure) compared to standard dilute aerosols over the same duration of spray [START_REF] Unilever | Making Compressed Commonplace[END_REF]. The cosmetic companies participating in the company survey reported whether their aerosol spray products are compressed and, if so, the size of the spray rate reduction compared to standard dilute aerosols. Given that the Creme model uses exposure data for standard aerosols, the higher concentration of aluminium in the compressed product would lead to an artificially high modelled consumer exposure. In order to account for the reduced spray rate in the Creme model, the percentage of spray rate reduction is used by the exposure model as a multiplier of the aluminium concentrations to adjust exposure for compressed products. The percentages of spray rate reduction reported in the company survey are in the range 53-68%.

For aluminium, a lung bioavailability value of 3% is reported [START_REF] Devoto | The biological speciation and toxicokinetics of aluminium[END_REF], which has been considered in this 2-box model. It is generally considered that the cut-off value for droplets/particles to reach the deep lung, and be available for absorption, is <10 μm [START_REF] Steiling | Principle considerations for the risk assessment of sprayed consumer products[END_REF]. This is known as the 'respirable fraction'. Determination of what proportion of a sprayed product is considered as the respirable fraction is based on particle size measurements. Industry data demonstrates that for aerosol spray product, approximately 20% of the spray particles are <10 μm (unpublished industry data). The remaining 80%, known as the non-respirable fraction (or inhalable fraction) is likely deposited in the upper respiratory tract (nasopharyngeal and tracheobronchial region). For this fraction, mucociliary clearance leads to expectoration or swallowing of the aluminium trapped in the upper respiratory tract, and hence the oral absorption value of 0.1% can be applied (EFSA, 2008).

For the calculation of inhalation exposure, the Applicant used a 2-box model based on the work of [START_REF] Nicas | Estimating exposure intensity in an imperfectly mixed room[END_REF] and [START_REF] Sahmel | The use of multizone models to estimate an airborne chemical contaminant generation and decay profile: Occupational exposures of hairdressers to vinyl chloridein hairspray during the 1960s and 1970s[END_REF].

Figure 1: The two-box model described in terms of relevant parameters, with descriptions of parameters (inset)

Mathematically, the mass balance can be described by:

The following parameter values were used for calculating the inhalation factor for input into the Crème model. According to the Applicant, the 2-box model requires also as input the quantity of aluminium which is released into the air each minute. This value is calculated by multiplying the product's spray rate (mg/min), the emission duration (min) and aluminium concentration (%) in the product. These three parameters are also used to calculate the total amount of aluminium released (TAR). The TAR is used to estimate the inhalation factor which corresponds to the fraction of TAR that is inhaled during the exposure event, i.e. the model divides the total exposure by the TAR. In doing so, the model cancels out the effect of product's spray rate and aluminium concentration on the result; these two parameters can be varied but the inhalation rate remains unchanged. However, dividing the total exposure by the TAR does not completely cancel out the effect of the emission duration. The longer the length of the emission duration, the more product is released into the air and is available for inhalation by the user before the larger product particles, under the effect of gravity, drop towards the floor, exit the area surrounding the user's head, and are no longer available for inhalation. The 2-box model can calculate the exposure per unit of bodyweight by dividing the total exposure by the bodyweight. However, the model is used here to estimate the fraction of product that is typically inhaled by an adult, regardless of their bodyweight. The bodyweight was considered in the Crème model.

Table 13 contains the list of the inhalation exposure inputs used to estimate the inhalation exposure to the spray products, together with the references to the scientific literature. All these factors are applied to the exposure levels as multipliers, as explained in detail in this section. In the following, the step-wise approach used by the Applicant is described: 12A. 

SCCS comment

In the calculations of inhalation exposure, a very high airflow from zone 1 to zone 2 has been assumed, without support by literature (the reference cited (ECHA, 2016) does not report the respective value, neither can it be found in the references cited therein). However, based on the SCCS Notes of Guidance (11th Revision, SCCS/1628/21), a conservative approach is warranted, with the assumption of no ventilation. This means that the inhalation factor used in the submission dossier is too low.

A reference for the compression factor used in step 5 is not given.

The Applicant cites unpublished industry data for the assumption that approximately 20% of the spray particles are <10 μm for aerosol spray products. This data is not available to the SCCS and therefore cannot be evaluated.

The procedure for deriving the factor "available for inhalation" is questionable, since the experiments used to derive the dermal absorption rate aimed at deriving a worst case for dermal exposure. As explained in the comments on bioavailability, subtracting a worst-case dermal exposure from the total 100% does not result in conservative estimates for inhalation. A conservative estimate for inhalation would e.g. result from subtracting a lower estimate for dermal exposure. In consequence, the SCCS does not accept the respective factor "available for inhalation" (1-DRF) proposed in Table 11, and the proposed inhalation parameters in Table 13.

During the commenting period, the Applicant has submitted a new exposure calculation for a scenario designated as scenario 1b. In this calculation, the availability for inhalation was set to 100% and the ventilation to outside was set to zero. This results in more conservative estimates for inhalation exposure to the sprayable products. The SCCS considers that the transfer rate between the Box 1 and 2 is still too high, because -as also illustrated by the 

Exposure calculations and Scenarios for cosmetics

According to the Applicant, a tiered approach that starts from a deterministic model up to a fully probabilistic model was used to assess the exposure to aluminium contained in personal care products, foods and medications (antacids). The aim was to estimate the total amount of aluminium to which humans are exposed from all these various sources. This amount is otherwise known as aggregate exposure. The Creme Global model was used as the main tool to assess aggregate exposure to aluminium. The Creme tool was run first in a deterministic tier 1 mode, which simply summed the P95 exposure values for the individual products to obtain the aggregate exposure, and then in a Tier 2, probabilistic mode, to estimate the impact of the two approaches on the exposure levels related to cosmetic products.

The Creme Global model is based on the following equation for calculating the daily chemical exposure for a group of cosmetic products i and a single subject j:

Where each term on the right-hand side can be a fixed estimate or drawn from a distribution and each term is understood as follows: Eij is the systemic/internal exposure in subject j to aluminium from product group I [μg/kg/day] Fij is the frequency of applications/consumption events by subject j of product group I [day-1] during the seven-day Kantar survey. Aij is the amount used by subject j per application/consumption event of product group i [μg] Xi represents the exposure factors, reported in Section 3.9, for product group i [%] multiplied one by each other. These are independent of the subject.

Cij is the concentration of aluminium in product group i [unitless] assigned to subject j, BWj is the consumer's bodyweight [kg]

A group of products is one for which all included products are considered equivalent. For example, various brands and colours of lipstick, etc. are assessed together under the product group lipstick.

Aggregate aluminium exposure for each individual subject is estimated by

Where: SEij is the total (or aggregated) systemic/internal exposure to aluminium from all products [μg/kg/day] for subject j Eij is the systemic/internal exposure to aluminium from product group i [μg/kg/day] for subject j The population-level exposure can then be calculated from the individual subject-level exposures. The population can be defined in two ways. The first is the Total Population, i.e. all subjects in the survey, and the other is the Exposed Population, i.e. only those consumers who are exposed to aluminium. Given that there are two potential populations that can be used to characterise exposure, an immediate question posed is to determine which one is most appropriate. One guiding principle is that for aggregate exposure resulting from multiple sources that are used by most of the population (e.g. all categories of cosmetics and personal care products or most foods in the diet), then exposure is well represented by the Total Population. However, if exposure is due to a small number of products or is due to an infrequently occurring substance, then the Exposed Population is likely the more appropriate set to use. This is so that there is not inappropriate dilution of exposure statistics by the inclusion of large number of zero values in their calculation.

Then the population daily exposure (PE) can be written as:

where Ej is the daily exposure for individual j, and the Stat() function is typically something like the 95th percentile.

The main differences in the values of the model parameters that were used in the three scenarios are summarized in Table 14.

Table 14: Summary of the differences in value of the main model parameters used in the three scenarios Deterministic calculation for Scenario 1:

Based on point estimates of each parameter of the model, the exposure was calculated by multiplying the factors as in equation ( 1) above for each product individually; however, the calculation cannot be carried out at subject level but only at population level. The point estimates of the different factors are worst-case estimates (upper percentiles of the value distributions). Creme Global, in accordance with the Aluminium Consortium, decided to use as default values for the model parameters:

• the maximum concentration value of aluminium in each product category • the 95th percentiles of the value distributions retrieved from the above-mentioned surveys and databases for all the other parameters.

• set the aluminium occurrence equal to 100% for each product category.

To calculate the systemic exposure in a deterministic model, a basic method is to simply sum up the population exposures from the individual products as:

where the Stat(Ei) terms are the population exposure statistics for a single product Ei. The expectation here was that the sum of these statistics would provide a good estimate of the corresponding statistic for the aggregate statistic for the systemic exposure. However, for most statistics, there is little mathematical reason to suggest that this summation would be a good estimate.

The model analysed the exposure to aluminium as a chemical from each formulation, by taking into consideration all ingredients which might contribute aluminium to the formulation, thus removing the dependence on the source of the ingredient. Information about the exposure to each Al-ingredient was stored by the model but not analysed. Equation ( 1) was used to estimate the dermal and oral exposure levels. The oral route is applicable to lipsticks and toothpaste products which can be ingested. In this case, the Xi factor corresponds to the oral bioavailability factor. In a previous dossier (Cosmetics Europe, 2016), the Applicant had provided a deterministic 2-Box-Model calculation for the systemic body burden of aluminium via the lung. When aluminium chlorohydrate was used in spray/aerosol antiperspirants, a 2-Box exposure model was used. The 2-Box model calculation was performed using the input parameters given in Table 16. Opinion on the safety of aluminium in cosmetic products -Submission III ___________________________________________________________________________________________ _________________________________________________________________________________________ less than 2 min residence time of the substance in Box 1 for the most relevant product deodorant, the SCCS adds an exposure estimate for the first 2 min based on the calculations in a previous dossier. For the other sprayable products this amount is considered to be covered by other conservatisms in the assumptions.

Adding up the respirable and non-respirable amounts from the first 2 min yields 1.749 mg, divided by 60 kg and with an AF of 100% instead of 76.4% (which is not accepted due to derivation from a dermally conservative value) yields 0.038 mg/kg BW /day. However, since in Scenario 1b maximal amounts were changed for some product categories without justification, for dermal and oral exposure SCCS will use the original exposure assessment from Scenario 1 and derive the aggregate exposure over routes by adding the inhalation contribution from Scenario 1b.

Aggregate exposure with food and antacids

According to the Applicant, concentrations of aluminium in food were defined based on the 2006 UK Total Diet Study [START_REF] Rose | Dietary exposure to metals and other elements in the 2006 UK total Diet Study and some trends over the last 30 years[END_REF] which outlines aluminium concentration levels in 20 food groups, based on measurements. The 20 food groups were defined from the British Total Diet Study for Monitoring Food Constituents from 1981 [START_REF] Peattie | Reorganisation of the British Total Diet Study for Monitoring Food Constituents from 1981[END_REF]. Drinking water is the only food group not studied in [START_REF] Peattie | Reorganisation of the British Total Diet Study for Monitoring Food Constituents from 1981[END_REF]. The aluminium concentration value of drinking water has been retrieved from the EU Drinking Water Directive 98/83/EC of 3 November 1985, which set a concentration limit of 0.2 mg/L. The WHO Drinking Water Guidelines (WHO, 2011) explain that it is reasonable to expect municipal drinking water treatment plants to contain between 0.1-0.2 mg/L. Estimates of aluminium in foods are for the element itself rather than an Al-ingredient, so a breakdown by Al-ingredient was not required.

According to the Applicant, the concentrations of aluminium in antacids are drawn from Micromedex data [START_REF] Webb | Overview on Human Exposure to Aluminium[END_REF] and individual product websites. The Al-amount in one dosing ranges from 48.5 -207 mg for different products.

Frequency of use and co-use in food was taken from the Dutch (DNFCS), Irish (NSIFCS) and UK (NDNS) national dietary surveys. The NSIFCS and NDNS surveys are 7-day semiweighed food diaries and the DNFCS comprises 2 non-consecutive 24-hour diaries. Co-use of foods is automatically taken care of in the food consumption diaries.

Frequency of use data for antacids was not identified for European consumers and so US data was used as a proxy. Frequency of use data of antacids comes from a 30-day weighted US National Health and Nutrition Examination Survey (NHANES) 2007-2008 survey on supplement use. The results are based on a representative sample of 10,537 people in the US. Antacids are independent of all other products because the model does not assume any correlation between the consumption of antacids and the consumption of foods and cosmetics. Also, not all the subjects were considered as antacid-consumers by the model; only those subjects randomly matched with antacid-consumer subjects from the NHANES survey were considered as such. Hence, it is useful to contrast exposure estimates for the general population, which models less than 5% of consumers using antacids, and the 'exposed population' which assumes that antacid use is 100%.

The data of aluminium concentrations in food and drinking water are presented for aluminium as a standalone chemical not bounded to any specific compound, while antacids may contain different Al-ingredients. To make sure that the results obtained from all the different sources are comparable, the analyses must be carried out on the final concentrations of aluminium in every media. • Food is the principal overall source of exposure to aluminium for the majority of the population.

• The population cohort taking antacids have the highest exposure to aluminium.

• Probabilistic estimates (Scenario 2 and 3) indicate that cosmetics contribute no more than 7-9% of mean aggregate exposures to aluminium, and 20-23% of P95 aggregate exposures, suggesting cosmetics are a minor source of aggregate consumer exposure.

• While the output of this exposure estimate suggests that inhalation exposure (primarily of aerosol deodorants) appears to be the main route of exposure to aluminium from cosmetics, the 2-Box model methodology is very conservative and overestimates inhalation exposure. There is scope to further refine this estimate with experimental measurements if needed.

• Overall, the margin of safety relative to the point of departure identified by the SCCS is sufficiently protective (4900 for Scenario 2, P95). • In the context of the Joint FAO/WHO Expert Committee on Food Additives (JECFA) tolerable weekly intake (TWI) of 2 mg/kg bw/week, which is equivalent to an internal systemic exposure of 1.8 μg/kg bw/day, total consumer exposure represents a small contribution to the tolerable intake, with cosmetics making a minor contribution of less than 0.5% (mean) and 2% (95th percentile) of the tolerable intake. 

SCCS comment

The SCCS notes that food may contribute to the aggregate exposure to aluminium in the same order of magnitude as cosmetics, when the conservative estimate for cosmetics using maximum use levels is compared to the aggregate estimates for food. Pharmaceuticals such as antacids may contribute to a higher proportion but are consumed by only a small fraction of the population under different risk-benefit considerations.

TOXICOLOGICAL EVALUATION

The data related to toxicological evaluation were assessed and commented upon by the SCCS in the previous Opinion (SCCS/1613/19). Only SCCS' comments and main conclusions are included in this section.

General toxicity

The toxicological evaluation is focused on the toxicity of aluminium compounds relevant to the risk assessment of cosmetic ingredients containing aluminium. There is an extensive body of literature on the health effects and toxicity of aluminium; a number of extensive reviews and authoritative evaluations were published before 2014 (WHO IPCS 1997; [START_REF] Krewski | Human health risk assessment for aluminium, aluminium oxide, and aluminium hydroxide[END_REF]ATSDR, 2008;EFSA, 2008 2011) was based on new data which included a developmental toxicity study specifically evaluating neurobehavioural endpoints [START_REF] Poirier | Double-blind, vehicle-controlled randomized twelve-month neurodevelopmental toxicity study of common aluminium salts in the rat[END_REF]. The LOAELs identified in these studies were consistent with the body of data reviewed previously by other committees; however, the oral developmental toxicity study in rats provided a suitable and robust NOAEL for risk assessment (30 mg/kg bw/day). By applying the standard uncertainty factor of 100 to this NOAEL and considering the bioavailability of aluminium citrate, the JECFA considered it appropriate to revise the PTWI (provisional tolerable weekly intake) upward to 2 mg/kg bw/week. This new data by the JECFA Committee therefore supersedes its earlier Opinions in 2008 and does not contradict the 2008 EFSA Opinion. The SCCS agrees on the NOAEL of 30 mg/kg bw/day used by JECFA for risk assessment.

Irritation/sensitisation

Local dermal effects have been observed when aluminium compounds (10% [w/v] chloride, nitrate) have been applied to the skin of mice, rabbits and pigs over five-day periods (once per day) including epidermal damage, hyperkeratosis, acanthosis and microabcesses (Lansdown, 1973). In this study, these effects were not observed with aluminium acetate, hydroxide or chlorohydrate compounds (SCCS/1626/20 Final version Addendum to the scientific opinion SCCS/1613/19 on the safety of aluminium in cosmetic products (lipstick) -Submission II).

Aluminium compounds are widely used in antiperspirants without acute harmful effects to the skin. Some people, however, may be unusually sensitive to topically-applied aluminium compounds. Skin irritation has been reported in human subjects following the application of aluminium chloride hexahydrate in ethanol used in a high-dose (20% ACH) formulation for the treatment of axillary or palmar hyperhidrosis (excessive sweating) (Ellis and Scurr, 1979;Goh, 1990;[START_REF] Reisfeld | Evidence-based review of the nonsurgical management of hyperhidrosis[END_REF] and after use of a crystal deodorant containing alum (Gallego et al., 1999). Although some high-strength antiperspirants used in hyperhidrosis treatments, using aluminium chloride, have been associated with irritation of the axilla, the long history of cosmetic antiperspirant use would suggest that irritation of the axilla is uncommon. There are several examples of cosmetic product formulations that include raw materials that are irritant in isolation, yet acceptable amongst consumers (e.g. surfactants, menthol).

With respect to skin sensitisation, the SCCS agrees that the available animal studies show that aluminium compounds used in antiperspirants are not skin sensitising. There is limited evidence that aluminium compounds can cause contact allergy in humans. However, taking into account the widespread use of these compounds, the SCCS considers this to be a rare phenomenon.

Mutagenicity/Genotoxicity

The most commonly reported mode of genotoxic action is induction of oxidative stress by aluminium ions. The other suggested MoA is inhibition by Al ions of proteins involved in mitotic spindle function. Hence, an existence of a threshold mechanism for Al ions can be assumed. Considering all the data, the SCCS is of the opinion that under the scenarios of dermal exposure in cosmetics, aluminium is not likely to pose a risk of genotoxic effects.

The SCCS is aware of the request addressed by ECHA for a combined in vivo mammalian erythrocyte micronucleus test and an in vivo mammalian Comet assay with additional specific investigation on oxidative DNA damage in rats by oral route, using aluminium sulphate.

Carcinogenicity

Carcinogenicity studies in animals have been reviewed by the SCCS and were summarised in the Annex of the previous Opinion ((SCCS/1525/14, Revision of 18 June 2014). There was no indication of carcinogenicity at high dietary doses (up to 850 mg Al/kg bw/day) in animal studies, and the SCCS considers that carcinogenicity is not expected at exposure levels that are achieved via cosmetic use.

The new submission comprised only a new exposure assessment, not a new toxicological evaluation. Therefore, only the study selected previously for the safety assessment [START_REF] Poirier | Double-blind, vehicle-controlled randomized twelve-month neurodevelopmental toxicity study of common aluminium salts in the rat[END_REF] is reported here in detail, all other studies are summarised and discussed in preceding Opinions, notably in SCCS/1613/19. Only the final SCCS statement taken from discussion of the previous Opinion is reported here for transparency.

Since the last SCCS Opinion 1613/19, two additional papers on the effects of aluminium chloride on chromosomal integrity in mammalian cells have been published, continuing the work of Sappino et al. (2012) and Mandriota (2016).

In the study by [START_REF] Mandriota | Genomic Instability Is an Early Event in Aluminium-Induced Tumorigenesis[END_REF] normal mouse mammary epithelial cells after longterm culture in the presence of aluminium chloride formed tumours and metastases when injected into syngeneic and immunocompetent BALB/cByJ mice. As was shown by the authors AlCl3 rapidly increased chromosomal structural abnormalities in the cultured cells.

In the second study by [START_REF] Tenan | Aluminum Enters Mammalian Cells and Destabilizes Chromosome Structure and Number[END_REF] in V79 hamster lung fibroblasts exposed to aluminium dose-dependent increases in DNA double strand breaks, and chromosome numerical abnormalities (aneuploidy) as well as arrest in the G2/M phase of the cell cycle, were observed. Additionally, during mitosis, abnormal multipolar mitotic spindles were detected. Additionally, García-Alegría et al., 2020 investigated aluminium chloride alone and in cotreatment with MNU in female Sprague Dawle rats. They treated rats with 1mL (2000mg/L) of aluminium solution 5 days per week and sampled blood at 5, 10, and 15 days of exposure. They found significant time dependent increase in micronucleus induction as well as DNA damage measured by the comet assay. However, only one concentration of aluminium chloride was used with three exposure time points. In study of [START_REF] Jalili | Valérie Fessard Genotoxicity of Aluminum and Aluminum Oxide Nanomaterials in Rats Following Oral Exposure Nanomaterials[END_REF] acute exposure to aluminium chloride induced slight but non-significant oxidative DNA damage in peripheral blood lymphocytes. No increase of micronuclei in both bone marrow cells and in colon was observed.

Based on analysis of the whole series of 4 articles by the same group as well as additional literature, the SCCS acknowledges that aluminium ions may disturb structural and functional features of chromosomal material in the cells; however, the potential of the ions to induce such effects in the organism after exposure to cosmetic products is still unknown and rather implausible. There is no additional data available to support a link between skin penetration of aluminium and the occurrence of genotoxic effects at relevant exposure conditions. Based on the actual available information the SCCS is of the opinion that there is no concern for carcinogenicity in the context of use in cosmetics.

Fertility and reproduction toxicity [START_REF] Poirier | Double-blind, vehicle-controlled randomized twelve-month neurodevelopmental toxicity study of common aluminium salts in the rat[END_REF], reported a 12-month neuro-developmental toxicity study of aluminium citrate. The study in Sprague-Dawley rats was conducted according to a double-blind, vehicle-controlled randomised design by exposing offspring to aluminium citrate in-utero, through lactation, and then via drinking water post-weaning. The study was conducted according to Good Laboratory Practice (GLP) and was conducted to distinguish between cumulative neurodegenerative and cognitive changes from aberrant neural development alterations. Three dose levels were used: 30, 100, 300 mg Al/kg bw/day, in addition to control groups that received either water or a sodium citrate solution (27.2 g/L) compared to 27.2 g sodium citrate/L in the control group. Aluminium citrate was selected for the study since it is the most soluble and bioavailable aluminium salt. It is also the salt which is likely to be formed readily in the body when absorbed aluminium reacts with endogenous citrate. Pregnant dams (n=20 per group) were exposed to aluminium citrate from gestational day 6 through lactation, and then the offspring (n = 80 per group) were exposed post-weaning until postnatal day 364. Aluminium citrate was generally well tolerated in the dams at all doses, except the high dose (300 mg Al/kg bw/day) where diarrhoea occurred in 8 of the treated dams. In highdosed pups, the main toxic effects were observed in the urinary tract (damage and the formation of calculi (chalky secretions blocking the urinary tract)), resulting in high mortality in the male offspring (see Table 3 below). This caused a differential response in female and male pups. High-dose males were euthanised on study day 98 because of excessive clinical signs (including weight loss, diarrhoea, mild dehydration and poor hair coat).

In the same study, Poirier also evaluated the relative distribution of aluminium following repeated oral administration of various aluminium salts. Sprague-Dawley rats (n= 5 per sex per group) were orally gavaged with formulations of aluminium citrate, sulphate, nitrate, chloride and hydroxide, each delivering a dosage of 30 mg/kg body weight aluminium. Control animals were similarly dosed with deionised water. Animals were dosed daily for either 7 days or 14 days, followed by blood and organ collection. The distribution and concentrations of aluminium present in different tissues and organs, were measured by ICP Mass Spectrometry. From this analysis, concentrations in the blood were much lower than those that distributed heterogeneously into other tissues and organs, in both females and males. The authors state that 'of the few significant differences, concentrations of aluminium were highest for the aluminium citrate treatment.' The authors further conclude from their data that 'bioavailability of the three Al salts (chloride, sulfate and nitrate) and the Al hydroxide looks much lower than that of the Al citrate'.

However, as 26 Al was not used as a tracer, it is not possible to know the absolute oral bioavailability of the administered dose.

SCCS comment

Based on the results of this neurodevelopmental toxicity study, the SCCS derives a NOAEL of 30 mg/kg bw/day, which will be used for MoS calculation. This is in line with SCHEER (2017), where the same NOAEL from the same study was used to derive migration limits for Al in toys.

Furthermore, on the basis of available information on solubility (Annex 1 of SCCS/1613/19), the SCCS agrees that aluminium citrate can be regarded as the most bioavailable of the Al salts assessed in this Opinion. Therefore, the derived NOAEL can be regarded as a worst case for all aluminium salts discussed in this Opinion.

Human data

The SCCS considers that aluminium is a known neurotoxicant in animals. Circumstantial evidence has linked this metal with several neurodegenerative disorders, like Alzheimer's disease [START_REF] Miu | Aluminium and Alzheimer's disease: a new look[END_REF]Percy et al., 2011), Parkinson's diseases [START_REF] Oyanagi | The nature of the parkinsonism-dementia complex and amyotrophic lateral sclerosis of Guam and magnesium deficiency[END_REF] and other chronic neurodegenerative diseases [START_REF] Bondy | The neurotoxicity of environmental aluminium is still an issue[END_REF], but no causal relationship has yet been proven.

SAFETY EVALUATION (including calculation of the MoS)

The new submission comprised only a new exposure assessment, not a new toxicological evaluation. Some new scientific studies on genotoxicity, which have become available lately, have been evaluated by the SCCS, but do not change the general picture. Therefore, the toxicological assessment, selected NOAEL and point of departure derived in SCCS/1613/19 remain valid.

Based on the results of the neurodevelopmental toxicity study on rats with aluminium citrate [START_REF] Poirier | Double-blind, vehicle-controlled randomized twelve-month neurodevelopmental toxicity study of common aluminium salts in the rat[END_REF], the SCCS derived a NOAEL of 30 mg aluminium citrate/kg bw/day. After adjustment for the rat oral bioavailability (0.6%) of aluminium citrate [START_REF] Poirier | Double-blind, vehicle-controlled randomized twelve-month neurodevelopmental toxicity study of common aluminium salts in the rat[END_REF][START_REF] Zhou | The influence of citrate, maltolate and fluoride on the gastrointestinal absorption of aluminium at a drinking water-relevant concentration: A 26Al and 14C study[END_REF], the systemic exposure at the NOAEL is estimated to be 180 μg Al/kg bw/day. This value is used as a point of departure for the safety assessment and MoS calculation.

The provided exposure report included an aggregate exposure assessment of all Cosmetic categories containing aluminium at maximum levels (Scenario 1). The respective aggregate estimate is considered valid as aggregate value for all assessed product categories, for which the main exposure routes are dermal and oral exposure. The deterministic assessment to aluminium in sunscreens needs to be added to this aggregate assessment. 

SCCS conclusion

Under the assumption that approximately 20% of the spray particles are <10 μm for aerosol spray products, the SCCS considers that Al is safe for use in antiperspirant and deodorant products (spray and non-spray) and all other product categories.

DISCUSSION

Physicochemical properties

Physicochemical properties of aluminium compounds that can generally be used as cosmetic ingredients have been summarised in Annex I of the previous SCCS Opinion (SCCS/1613/19). These encompass aluminium compounds in water-soluble and waterinsoluble form. The water-soluble Al-containing compounds form are simple inorganic salts, simple organic salts, aluminium benzoate, and chlorohydrates, which can be used in skin care products. Water-insoluble aluminium containing ingredients can be minerals, glasses and clays, aluminium lakes, carbohydrates, fatty acid salts, which are typically added to cosmetic products as bulking agents, coloured pigments, and sometimes as mild abrasives.

The new submission presents an industry survey that indicates the substances actually in use along with their amounts. The INCI names and CAS numbers of these substances are given in Tables 2 and3 

Exposure assessment & Toxicokinetics

The SCCS understands that the 'Al-concentrations' of Al-containing cosmetics ingredients mentioned in Tables 2 and3 represent the Al-contents in terms of the stochiometric ratios of Al in these ingredients.

It is unclear to the SCCS why a range of Al-contents ('Al-concentrations') in the Alingredient for some of the Al-ingredients may result from the defined stoichiometry of the chemical substance (e.g. for potassium aluminium sulphate in Table 3). However, the SCCS has calculated the Al-contents based on stoichiometry and found no underestimation of Alcontent in the upper bound (max value). Therefore, risk assessment based on exposure calculations with these maximum values is considered valid.

Some products had been excluded from the aggregate exposure assessment (see Tables 5,7) without explanation in the submitted report. Upon request, the Applicant has submitted the explanation along with additional deterministic assessment of dermal exposure from sunscreen creams and lotions. The assessment using the maximum Al level possible is considered valid by the SCCS.

The SCCS considers that sunscreen products should be included in the assessment, because on a seasonal basis they are used regularly, even daily, and due to the high amount applied may present a large exposure source. Furthermore, the presence probability of aluminium in sunscreens is 30%, which cannot be considered negligible.

Some of the products that have not been considered may also be used regularly (shaving products, eyeliner, eye contour products and lip care products). However, for these products the exposure potential is low and the tonnage of Al-containing products sold is also low. Therefore, their contribution to dermal exposure can be considered as negligible and these products can be considered safe for use.

Scenario 1 can be accepted according to the SCCS Notes of guidance (SCCS/1628/21), but not Scenarios 2 and 3, because these use distributions for the concentrations in products and not the maximal levels. Scenario 3 in addition uses occurrence data that can be specific in time.

The SCCS notes that food may contribute to the aggregate exposure to aluminium in the same order of magnitude as cosmetics, when deterministic estimates are compared across the sectors food, pharmaceuticals and cosmetics. Pharmaceuticals such as antacids may contribute to a higher degree but are consumed by only a small fraction of the population under different risk-benefit considerations.

Toxicological Evaluation

The new submission comprised only a new exposure assessment, not a new toxicological evaluation. Some new scientific studies on genotoxicity, which have become available lately, have been evaluated by the SCCS, but do not change the general picture. Therefore, the toxicological assessment, selected NOAEL and point of departure derived in SCCS/1613/19 remain valid.

Based on the results of the neurodevelopmental toxicity study, the SCCS derived a NOAEL of 30 mg/kg bw/day. After adjustment for the rat oral bioavailability (0.6%) of aluminium citrate, the systemic exposure at the NOAEL is estimated to be 180 μg Al/kg bw/day. This value is used as a point of departure for the safety assessment and MoS calculation.

CONCLUSION

1. In light of the new data provided, does the SCCS consider Aluminium compounds safe when used in cosmetic products other than deodorants, antiperspirants, lipsticks and toothpastes? In the event that the estimated exposure to Aluminium from cosmetic products is found to be of concern, SCCS is asked to recommend safe concentration limits for each category.

The SCCS considers that aluminium compounds are safe when used

• in non-sprayable product categories at the maximum levels indicated in Tables 4 and6; and • in sprayable products, at the maximum levels indicated in Table 4, provided that the percentage of particles/droplets with a diameter of less than 10 μm does not exceed 20% of the total aerosolised particles/droplets. Since the Applicant's data submission indicated that aluminium is not used in sunscreen aerosol sprays, this Opinion does not cover sunscreen aerosol sprays.

Does the SCCS have any further scientific concerns regarding the use of relevant

Aluminium compounds in cosmetic products taking into account the newly submitted information on aggregate exposure to Aluminium from cosmetics, medicines (e.g. antacids) and food intake?

As aluminium does not belong to substances classified as CMR 1A or B, only exposure from cosmetic uses was considered in this safety assessment with the exposure assessment based on maximum use levels for cosmetic ingredients.

However, the submission also provided a scenario where realistic exposure from noncosmetic sources of aluminium (food and pharmaceuticals) was aggregated along with exposure from cosmetics at use levels from the year 2016. From this scenario, it can be deduced that contribution to aluminium exposure from food may be at a similar order of magnitude to that from cosmetics used for the safety assessment. Considering the conservative nature of the estimates, the aggregate exposure to aluminium from cosmetic and non-cosmetic sources may exceed safe limits for consumers at the highest exposure ranges. 

MINORITY OPINION
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  Scenario 1b uses more conservative parameters in the Two-box model and therefore more conservative inhalation parameters which adds an additional layer of conservatism. These values are given in Table
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 1 Figure 1: Distribution of internal exposure levels per cosmetic product, scenario 1
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  Figure 15A Distribution of internal exposure levels per cosmetic product, scenario 1b
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Table 1 :

 1 Opinion on the safety of aluminium in cosmetic products -Submission III ___________________________________________________________________________________________ Number of unique formulations containing one or more Al-ingredients per product category
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The reason why Alcompounds are used in these different product categories is because, like e.g. Aluminium Starch Octenylsuccinate, they may absorb oil, sweat or odour. Furthermore, they may function as pigments and thickening agents (https://cosmeticsinfo.org/aluminum). Table

1

lists the number of reported formulations for different product categories.

Table 2 :

 2 Aluminium ingredients with constant aluminium concentration valuesAccording to the Applicant, 30 additional Al-ingredients were reportedly used by more than one company and, as the individual companies use different raw materials, multiple concentration values were reported for these raw materials. Table3reports the summary statistics of the aluminium concentrations reported for these Al-ingredients. Concentration values were reported as a list of single values or as ranges. Ranges were treated by the exposure model as uniform distributions and the model randomly selected a single value from the distribution whenever it was required.
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Table 3 :

 3 Summary statistics of aluminium concentrations in aluminium-ingredients with multiple values
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Table 5 :

 5 Average number of Al-ingredients per formula per product type
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Table 6 :

 6 Min, max and mean values of the reported concentrations of aluminium in each product type and category that is NOT included in the exposure calculations.

Table 7 :

 7 Product categories that can potentially contain Al and were included in the exposure assessment: Quantities sold in Europe in 2016 and relative occurrence of aluminium-containing products
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Table 8 :

 8 

Product categories that can potentially contain Al and were NOT included in the exposure assessment: Quantities sold in Europe in 2016 and relative occurrence of aluminium-containing products Additional information provided by the Applicant upon request (05.11.2021)

Table 9

 9 

	):

Table 9 :

 9 Daily exposure estimate of aluminium. (Deterministic exposure calculations for sunscreen products combined with probabilistic assessment)

		Maximum / Day	Mean / Day
	Aluminium in Product	8.40%	0.47%
	Quantity of Product Per Day (g)	18	18
	Dermal Absorption from SCCS Opinion	0.00192%	0.00192%
	Systemic Exposure (µg/person)	29.04	1.61
	Systemic Exposure (µg/kg bw/day)	0.484	0.03
	MOS	375	6692
	Proportion of PTWI	27%	1%
	Probabilistic exposure All Sources P95	0.1631	0.1631
	from Creme Report (µg/kg bw/day)		
	Total systemic body burden: Sunscreen	0.6471	0.1900
	+ Probabilistic (µg/kg bw/day)		
	MOS (total systemic body burden)	278	947
	Additional		

information provided by the Applicant after public consultation (22.09.2022)

  

  Opinion on the safety of aluminium in cosmetic products -Submission III ___________________________________________________________________________________________

	SCCS/1644/22
	Final version
	CORRIGENDUM 21 March 2023

Table 3 as confusing. The SCCS understands that Table 3 reports Al ingredients with a range of aluminium concentrations reported in industry survey (several companies).

Table 10 :

 10 Summary of assessment factors used in the exposure assessment

	SCCS/1644/22
	Final version
	CORRIGENDUM 21 March 2023

Table 12 :

 12 Parameters used for calculating the inhalation factor for input into the Crème model

Table 12A :

 12A 

Parameter values used for the calculation of the inhalation factor (via the 2 box model) in Scenario 1b

Table 13 :

 13 Inhalation input parameters
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Table 15 :

 15 Summary statistics of the exposure to Al from the use of cosmetics per route of exposure for the three different scenarios provided by the Applicant
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Table 16 :

 16 Parameter values used for the calculation of lung exposure in the 2-Box model(Cosmetics Europe, 2016) 
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The Applicant further calculated the systemic exposure dose for aluminium upon inhalation as follows:

Table 15A :

 15A Summary statistics of the exposure to Al from the use of cosmetics per route of exposure for the four different scenarios provided by the Applicant
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	Final version
	CORRIGENDUM 21 March 2023
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Table 17 :

 17 Summary statistics of the internal exposure to Al per route for Scenario 1 Conclusions by the Applicant:

  ; FAO/WHO JECFA 2007; Environment Canada & Health Canada 2010; AFSSAPS 2011; FAO/WHO JECFA, 2012; VKM 2013; Willhite et al., 2014). For the 2017 SCHEER Opinion on aluminium in toys, a literature search covering the period from 01/01/2008 until 31/01/2017 was performed. The evaluation by JECFA (

Table 18 :

 18 Calculation of aggregate exposure and MoS for aluminium-containing cosmetics

		Systemic Exposure (internal dose)		MOS
				based on POD of
	Product type	µg Al/kg bw/day	Remarks	180 µg Al/kg
				bw/day
	Dermal from exposure report	0.053	P95, exposed population, Table 15	3403
	Dermal sunscreen lotion, deterministic	0.484	Deterministic content, NoG, Table 9 calculation, max.	372
	Oral from exposure report	0.076	P95, exposed population, Table 15	2358
	Inhalation from addendum (respirable + non-respirable)	0.149	P95, exposed population, Table 15A	1209
	Inhalation for deodorant first 2 min	0.03		4718
	Aggregation over routes	0.800		225

  of this Opinion. The respective physicochemical properties of the substances can be retrieved from Annex 1 of SCCS/1613/19.On the basis of available information on solubility (Annex 1 of SCCS/1613/19), the SCCS agrees that aluminium citrate may exhibit the highest bioavailability amongst the Al salts assessed in this Opinion.
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Scientific Committee on Consumer Safety (SCCS) and the Scientific Committee on Health, Environmental and Emerging Risks (SCHEER) In addition, the Commission relies upon the work of the European Food Safety Authority (EFSA), the European Medicines Agency (EMA), the European Centre for Disease prevention and Control (ECDC)

//ec.europa.eu/health/sites/health/files/scientific_committees/consumer_safety/docs/sccs_o_248.

For the respirable fraction: EA [g] = A [g] x C [%] x AF [%] x RF [%] EA resp = 6.1 g x 0.0286 x 0.765 x 0.2 = 0.02669 g For the non-respirable fraction: EA [g] = A [g] x C [%] x AF [%] x NRF [%] EA non-resp = 6.1 g x 0.0286 x 0.765 x 0.8 = 0.10677 g Calculation of the Exposure Dose (ED) The inhaled amounts (IM) at time point 1 and 2 (IM 1/2, 2/10 min) are calculated with the following formula:

For the respirable fraction: first 2 minutes Thus, the total amount of Al exposure via inhalation within 12 minutes after spraying of an antiperspirant spray in a 10 m 3 room according to this calculation is 0.0583 mg/kg bw/day.

Additional information provided by the Applicant after public consultation (22.09.2022)

Calculations with scenario 1b result in exposure estimates highlighted in Table 18A. The calculation of the exposure levels related to foods and antacids follows the same process previously described for cosmetics. The only difference is in the equation to calculate the exposure levels; exposure from foods and antacids must take in account other factors so equation ( 1) is to be substituted with two proper equations.

The aluminium exposure levels from food are calculated as

Where each term on the right-hand side can be a fixed estimate or drawn from a distribution and each term is understood as follows: Eij is the systemic/internal exposure to aluminium from food group i [μg/kg/day] Fij is the frequency of consumption events of food group i [day The aluminium exposure levels from antacids are calculated as:

Where each term on the right-hand side can be a fixed estimate or drawn from a distribution and each term is understood as follows: Eij is the systemic/internal exposure to aluminium from antacid of brand i [μg/kg/day] Fij is the frequency of consumption events of antacid of brand i [day