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Background 1 Until recently, the effects of excess manganese (Mn) on children were unknown since studies of the neurological effects of Mn by design did not include children. Increased use of deep well water for drinking has necessitated new research on the developmental effects of common drinking water contaminants including Mn [START_REF] Bouchard | Hair manganese and hyperactive behaviors: pilot study of school-age children exposed through tap water[END_REF][2][START_REF] Frisbie | The concentrations of arsenic and other toxic elements in Bangladesh's drinking water[END_REF][START_REF] Mitchell | Exposure to multiple metals from groundwater-a global crisis: Geology, climate change, health effects, testing, and mitigation[END_REF][START_REF] Wasserman | Water arsenic exposure and children's intellectual function in Araihazar, Bangladesh[END_REF][START_REF] Wasserman | Water manganese exposure and children's intellectual function in Araihazar, Bangladesh[END_REF]. Recent research on Mn in drinking water has found that children who drink water with relatively high concentrations of Mn have lower intelligence quotients (IQs) and greater incidence of learning disabilities and behavioral problems than children who drink water with lower Mn concentrations [START_REF] Bouchard | Hair manganese and hyperactive behaviors: pilot study of school-age children exposed through tap water[END_REF]2,[START_REF] Wasserman | Water arsenic exposure and children's intellectual function in Araihazar, Bangladesh[END_REF][START_REF] Wasserman | Water manganese exposure and children's intellectual function in Araihazar, Bangladesh[END_REF][START_REF] Dion | Changes in water manganese levels and longitudinal assessment of intellectual function in children exposed through drinking water[END_REF][START_REF] Grandjean | Neurobehavioural effects of developmental toxicity[END_REF][START_REF] Kullar | A benchmark concentration analysis for manganese in drinking water and IQ deficits in children[END_REF][START_REF] Lucchini | Manganese and developmental neurotoxicity[END_REF][START_REF] Menezes-Filho | Manganese exposure and the neuro psychological effect on children and adolescents: a review[END_REF][START_REF] Neal | Mechanisms of lead and manganese neurotoxicity[END_REF][START_REF] Peres | Manganese-induced neurotoxicity: a review of its behavioral consequences and neuroprotective strategies[END_REF][START_REF] Rodriguez-Barranco | Association of arsenic, cadmium and manganese exposure with neurodevelopment and behavioural disorders in children: A systematic review and meta-analysis[END_REF][START_REF] Zoni | Manganese exposure: cognitive, motor and behavioral effects on children: a review of recent findings[END_REF]. Several recent proposals to update Mn drinking water guidelines have recognized infants as the population that 1 is most potentially vulnerable to harm from excess exposures, but there are currently no data available concerning neurological consequences of high or low dietary post-natal Mn exposures in infants, toddlers, and young children [START_REF]relatif à la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine (Opinion of the National for Food Safety, the Environment and Labor concerning the determination of a maximum allowable health value for manganese in water destined for human consumption[END_REF][START_REF]Toxicological summary for: Manganese. Health based guidance for water[END_REF][START_REF] Valcke | Deriving a drinking water guideline for a non-carcinogenic contaminant: The case of manganese[END_REF]. Regulations regarding Mn content in infant formulas have not been updated in accordance with recent research findings on Mn toxicity and often there are no regulations for young child nutritional beverages (follow-on/-up and toddler formulas) [START_REF] Pomeranz | Toddler drinks, formulas, and milks: Labeling practices and policy implications[END_REF].

List of abbreviations

In this study, we estimated total daily Mn exposures/kg of body weight due to breast milk and to infant formulas and young child nutritional beverage products on the market in the United States (US) and France in order to facilitate direct comparisons of Mn intakes between these feeding options. We also compared these Mn intake exposures to sufficiency and toxicity thresholds used by regulatory agencies.

Material and methods

Estimating mean, minimum and maximum Mn content in breast milk

To estimate the Mn content in human milk, we searched the literature for all pertinent studies published from January 1980 through December 2017 that measured Mn concentrations in human milk. Studies reporting Mn concentration in breast milk on a non-volume basis often did not include enough information for unambiguous unit conversion to a volume basis, so only results originally reported on a volume basis were included.

Searches were performed in Pubmed and Google Scholar using the terms "human milk" and "breast milk" combined with the terms "manganese" and "trace elements". Our search identified 33 papers that reported Mn concentrations in breast milk, of which 10 were excluded because they did not report concentrations on a volume basis. Two papers that reported Mn concentrations on a volume basis specified concentrations that were orders of magnitude beyond the ranges of the other research results were excluded as well. The remaining 21 papers are summarized in Table 1.

We used the total number of milk samples reported for each study to calculate a weighted mean of means for studies reporting results as means [START_REF] Rosenthal | Meta-analysis: Recent developments in quantitative methods for literature reviews[END_REF]; studies not explicitly reporting means were not included in the weighted mean of means. Similarly, we selected the minimum of minimums and the maximum of maximums from studies reporting these values; studies not explicitly reporting minimums or maximums were not included in the minimum of minimums or maximum of maximums.

Estimating range of Mn content in infant formulas and young child nutritional beverages available in the US and France

For the range of Mn content in infant formulas and young child nutritional beverages available in the US and France, we relied on our recent market basket survey of 44 products [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. In this survey, we purchased 25 products in the US and 19 products in France using maximum variation sampling [START_REF] Teddlie | Mixed methods sampling, A typology with examples[END_REF], purposively selecting products to explore the range of Mn concentrations, the potential effects of specific ingredients such as soy on Mn content, and to cover a wide range of ages. We measured the Mn content of these samples on a mass basis using particle induced X-ray emission (PIXE), Rutherford backscattering spectrometry (RBS). We then calculated µg Mn/L from the measured µg Mn/g product and the measured mass of dried product that was used to make a measured final volume of prepared product as directed by the manufacturer. Similarly, we calculated µg Mn/100 kcal using the measured µg Mn/g dried prepared product and the reported kcal/mass of dried product or final volume of prepared product from the manufacturer's label. Since the sampling method was non-probabilistic, market extreme values for Mn concentrations (minimum and maximum) were used for comparison, but not mean values for Mn concentrations from this study [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF][START_REF] Teddlie | Mixed methods sampling, A typology with examples[END_REF].

Selecting ages for comparison

For our estimates of Mn intake due to breast milk, infant formulas, and young child nutritional beverages, we selected 4 ages for comparison: 3 weeks, 4.25 months, 7 months, and 18 months. We selected 3 weeks since this is approximately the age when breast milk Mn concentrations stabilize after declining from initially relatively high levels (Table 1) [START_REF] Almeida | Trace elements in human milk: Correlation with blood levels, inter-element correlations and changes in concentration during the first month of lactation[END_REF][START_REF] Björklund | Metals and trace element concentrations in breast milk of first time healthy mothers: A biological monitoring study[END_REF][START_REF] Casey | Studies in human lactation: zinc, copper, manganese and chromium in human milk in the first month of lactation[END_REF][START_REF] Li | Minerals and trace elements in human breast milk are associated with Guatemalan infant anthropometric outcomes within the first 6 months[END_REF][START_REF] Taufek | Essential trace element analysis of human breast milk. A thesis submitted for the degree of Doctor of Philosophy at The University of Queensland School of Pharmacy[END_REF][START_REF] Vuori | A longitudinal study of manganese in human milk[END_REF]. We selected 4.25 months since this is the oldest age at which an infant is likely to be exclusively fed with breast milk or infant formulas [START_REF] Barrera | Timing of introduction of complementary foods to US infants, National Health and Nutrition Examination Survey 2009-2014[END_REF][START_REF] Synnott | Parental perceptions of feeding practices in five European countries: An exploratory study[END_REF] and is within the recommended ages for products labeled age stage 1 (0-6 months) from the French market or "infant formula" from the US market (0-12 months). We selected 7 months since this age is within the recommended age range of products labeled age stage 2 (6-12 months) on the French market; it is also within the age range (0-12 months) of products labeled "infant formula" from the US market. Similarly, we selected age 18 months because this age is within the recommended ages of products labeled age stages 3 or 4 (1-3 years) from the French market and products labeled "toddler formula" or "toddler powder" from the US market.

Estimating weights of infants and young children in the US and France

Formula-fed infants have both greater intakes than breast-fed infants at all ages and greater weights at all but the very youngest ages [START_REF] Dewey | Growth of breastfed and formula-fed infants from 0 to 18 months: The DARLING study[END_REF][START_REF] Sievers | Feeding patterns in breast-fed and formulafed infants[END_REF][START_REF] Stastny | Manganese intake and serum manganese concentration of human milk-fed and formula fed infants[END_REF]. For our comparisons of infants ages 3 weeks and 4.25 months, we chose to use mean body weights reported by Sievers et al. [START_REF] Sievers | Feeding patterns in breast-fed and formulafed infants[END_REF] since these weights were directly paired with breast milk/infant formula intake data. For ages 7 months and 18 months, we used mean body weights reported by Dewey et al. [START_REF] Dewey | Growth of breastfed and formula-fed infants from 0 to 18 months: The DARLING study[END_REF], since they distinguish between children who were originally primarily breast-fed or formula-fed. Dewey et al. [START_REF] Dewey | Growth of breastfed and formula-fed infants from 0 to 18 months: The DARLING study[END_REF] report separate mean body weights for boys and girls; we averaged these mean weights for ages 7 and 18 months. For this study, we assumed that infant and young child body weights would be similar in the United States and France because both are high income countries. Observational weight data from the 2 regions are difficult to obtain since infant weight and growth surveys are typically normative [START_REF] Dewey | Implementation of the WHO Multicentre Growth Reference Study in the United States[END_REF][START_REF]Child growth standards[END_REF] based on non-representative populations [START_REF] Kuczmarski | CDC growth charts for the United States: Methods and development[END_REF], or present differences between World Health Organization (WHO) reference curves rather than mean weights of representative populations [START_REF] De Onis | Comparison of the WHO Child Growth Standards and the CDC 2000 Growth Charts[END_REF][START_REF] Scherdel | Should the WHO growth charts be used in France?[END_REF].

Estimating daily volumes of breast milk, infant formula, or young child nutritional beverages consumed in the US and France

For estimates of intakes of breast milk or formula for ages 3 weeks and 4.25 months, we chose to use average intakes reported by Sievers et al. [START_REF] Sievers | Feeding patterns in breast-fed and formulafed infants[END_REF]. We converted the intakes in fluid weights [START_REF] Sievers | Feeding patterns in breast-fed and formulafed infants[END_REF] to fluid volumes by assuming a density of 1,031 g/L for breast milk [START_REF] Macey | The composition of milks: a compilation of the comparative composition and properties of human, cow, and goat milk, colostrum, and transitional milk[END_REF], or by the average measured density of the products that we tested (mean = 1,010 g/L for US "infant formulas" and French "stage 1" products) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Page 10

We were not able to locate studies that reported mean breast milk or formula intakes for 7-or 18month-olds in high-income countries by weights or volumes, so we estimated these intakes based on energy intakes for these age groups. Fantino and Gourmet [START_REF] Fantino | Apports nutritionnels en France en 2005 chez les enfants non allaités âgés de moins de 36 mois (Nutrient intakes in 2005 by non-breast fed French children of less than 36 months)[END_REF] report % total energy intakes for infant formulas and young child nutritional beverages in the diets of formula-fed infants, 58.6% for 7-month-olds and 21.3% for 13-to 18-month-olds in France. Since separate % energy intake data were not available for infants receiving breast milk at these ages, we assumed that % energy intake of the diet due to breast milk would be equal to that of infants receiving formula.

From Fantino and Gourmet's [START_REF] Fantino | Apports nutritionnels en France en 2005 chez les enfants non allaités âgés de moins de 36 mois (Nutrient intakes in 2005 by non-breast fed French children of less than 36 months)[END_REF] data, a mean intake of 90.8… kcal/kg/day (3,004 kilojoules

[kJ]/day, 7.9 kg; 4.184 kJ/kcal) [START_REF]CRC handbook of chemistry and physics, ninety-third[END_REF] can be calculated for 7-month-olds. (Nonsignificant digits, such as 8…, are shown as a subscript followed by an ellipsis. These nonsignificant digits are included in all steps of a calculation to prevent rounding error.) Similarly, a mean intake of 87.44… kcal/kg/day (3,878 kJ/day, 10.6 kg) can be calculated for 13-18-month-olds [START_REF] Fantino | Apports nutritionnels en France en 2005 chez les enfants non allaités âgés de moins de 36 mois (Nutrient intakes in 2005 by non-breast fed French children of less than 36 months)[END_REF]. We used these total kcal/kg/day intakes with the body weights reported by Dewey et al. [START_REF] Dewey | Growth of breastfed and formula-fed infants from 0 to 18 months: The DARLING study[END_REF] to estimate total kcal intakes/day for 7-month-olds (7.33…x10 2 kcal/day receiving breast milk, 7.65…x10 2 kcal/day receiving formula) and 18-month-olds (952.1… kcal/day receiving breast milk, 978.3… kcal/day receiving formula). We applied the % intake data devoted to infant milks to these figures, yielding 4.27…x10 2 kcal/day to breast milk and 4.51…x10 2 kcal/day to infant formula for 7-month-olds, and 202.8… kcal/day to breast milk and 208.3… kcal/day to infant formula for 18-month-olds. We used data on kcal/L for breast milk (3,103.7 kJ/L for 2-6-montholds, 3,683.2 kJ/L for 12-39-month-olds) during prolonged lactation from Mandel et al. [START_REF] Mandel | Fat and energy contents of expressed human breast milk in prolonged lactation[END_REF] with these energy intake figures to estimate breast milk intakes of 0.579… L/day for 7-month-olds and Page 11 0.2303… L/day for 18-month-olds. For formula-fed infants, we used average energy content reported on the labels for the products we tested in our market basket survey (669.0… kcal/L for 7-month-olds, 621.6… kcal/L for 18-month-olds) together with the energy estimates due to formula, yielding estimated formula intakes of 0.671… L/day for 7-month-olds and 0.3351… L/day for 18-month-olds [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Results and discussion

Manganese concentrations in breast milk

Results of our literature search for Mn concentrations in breast milk are shown in Table 1.

Longitudinal studies have found that the Mn concentration of breast milk is generally highest in colostrum, declines over the first few days or weeks, then remains relatively stable in mature milk (Table 1) [START_REF] Almeida | Trace elements in human milk: Correlation with blood levels, inter-element correlations and changes in concentration during the first month of lactation[END_REF][START_REF] Arnaud | Copper, iron, manganese and zinc contents in human colostrum and transitory milk of French women[END_REF][START_REF] Björklund | Metals and trace element concentrations in breast milk of first time healthy mothers: A biological monitoring study[END_REF][START_REF] Casey | Studies in human lactation: zinc, copper, manganese and chromium in human milk in the first month of lactation[END_REF][START_REF] Li | Minerals and trace elements in human breast milk are associated with Guatemalan infant anthropometric outcomes within the first 6 months[END_REF][START_REF] Stastny | Manganese intake and serum manganese concentration of human milk-fed and formula fed infants[END_REF][START_REF] Yamawaki | Macronutrient, mineral and trace element composition of breast milk from Japanese women[END_REF][START_REF] Taufek | Essential trace element analysis of human breast milk. A thesis submitted for the degree of Doctor of Philosophy at The University of Queensland School of Pharmacy[END_REF][START_REF] Vuori | A longitudinal study of manganese in human milk[END_REF][START_REF] Wünschmann | Transfer von elementen in die muttermilch (Transfer of elements into mother's milk)[END_REF].

The minimum of minimums of reported Mn concentrations in breast milk is 0.17 µg Mn/L and the maximum of maximums is 30.27 µg Mn/L (Table 1). The regulatory units for infant formulas are usually given in µg Mn/100 kcals prepared formula [61][START_REF]Standard for infant formula and formulas for special medical purposes intended for infants[END_REF][63][START_REF]ECEC0771649A[END_REF]. The 30.27 µg Mn/L maximum of maximums concentration of Mn in breast milk expressed in IF regulatory units would be equivalent to 4.34 µg Mn/100 kcal (Equation 1). This calculation assumes an average gross energy of 697 kcal/L of breast milk at 3 months of lactation [START_REF] Nommsen | Determinants of energy, protein, lipid, and lactose concentrations in human milk during the first 12 mo of lactation: The DARLING study[END_REF]. Daily Mn intake estimates from breast milk, infant formulas and young child nutritional beverages Daily breast milk, infant formula, and young child nutritional beverage intake estimates were calculated for infants and young children of average weights from developed countries at 3 weeks, 4.25 months, 7 months, and 18 months as summarized in Table 2. These intake estimates relied on the weight, intake, and Mn data described in the Materials and Methods section (Table 1) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF][START_REF] Sievers | Feeding patterns in breast-fed and formulafed infants[END_REF][START_REF] Stastny | Manganese intake and serum manganese concentration of human milk-fed and formula fed infants[END_REF][START_REF]CRC handbook of chemistry and physics, ninety-third[END_REF]. These intake estimates are compared to reference weights and intake assumptions used by advisory and regulatory agencies in Table 3.
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Although we developed our breast milk intake estimates for ages 7 and 18 months based on weight and energy intake data rather than direct measurements since breast milk intake data were not readily available for infants and children in the developed world at these ages, our estimates appear to be within range or close to the ranges reported for similarly aged groups in the literature. Our breast milk intake estimate for 7-month-olds (0.58 L/day) is within the observed range (321-641g/day = 0.318-0.634 L/day) for 6-9 month-olds reported by a 1985 international survey of breast feeding by the WHO [START_REF]World Health Organization, The quantity and quality of breast milk[END_REF] but higher than the mean for 24-hour recall reports for 6-11.9-month-olds from a 2016 US feeding survey (564.7 g/day = 0.5591 L/day) [START_REF] Kay | Beverage consumption patterns among infants and young children (0-47.9 months): Data from the Feeding Infants and Toddlers Study[END_REF]. For 18month-olds, our breast milk intake estimate (0.23 L/day) is slightly lower than the minimum (294 g/day = 0.291 L/day) reported for 18-month-olds in developing countries [START_REF]World Health Organization, The quantity and quality of breast milk[END_REF] and also lower than the mean for recent 24-hour recall reports for 12-23.9-month-olds in the US (322.4 g/day = 0.3192 L/day) [START_REF] Kay | Beverage consumption patterns among infants and young children (0-47.9 months): Data from the Feeding Infants and Toddlers Study[END_REF]. Thus, our breast milk intake for 18-month-olds based on weight and energy intakes may underestimate actual breast milk intake for this age group by 21%-28%.

We combined our estimates for weight and daily breast milk or formula intake with the minimum, mean, and maximum concentrations of Mn in breast milk (Table 1), and the products measured in our market basket survey to estimate intakes of Mn/kg/day due to breast milk, infant formula, or young child nutritional beverage products (Equations 1 and 2, Table 2, and Figure 1) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. Estimated daily intake of Mn due to breast milk/kg body weight was highest at the youngest age that we examined (3 weeks) and declined as age and total body weight increased (Mn/kg/day at 18 months). For infant formulas and young child nutritional beverage products, estimated daily intake of Mn due to these products was similarly highest at the 3-week-stage.

Minimum intake of Mn due to these products was at least 28 times that of the mean Mn intake due to breast milk at each corresponding age (Table 2 and Figure 1).

Although it has been noted that "human milk composition shows remarkable variation" [START_REF] Koletzko | Global standard for the composition of infant formula: Recommendations of an ESPGHAN coordinated international expert group[END_REF], the range of Mn concentration in breast milk is both lower and narrower than that of infant formulas [START_REF]Regulation of mineral and trace elements in human milk: Exogenous and endogenous factors[END_REF]. The intake of Mn per day from breast milk with the maximum reported concentration of Mn is not more than 4 times the daily intake from breast milk with the mean reported concentration of Mn (Tables 1 and2). In contrast, for infant formulas and young child nutritional beverage products, the daily intake of Mn/kg body weight from the products that we surveyed was between 28 and 520 times the daily intake of Mn/kg body weight of breast milk with the mean reported concentration of Mn (Tables 1 and2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Effect of water Mn content on Mn exposures due to infant formulas and young child nutritional beverages

Infant and toddler formula powders are often reconstituted with tap water and sometimes with mineral water [START_REF]la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine[END_REF][START_REF]Infant feeding[END_REF]. While most tap water in the US and France has a Mn concentration below 50 µg/L, a level referenced by some drinking water guidelines due to aesthetic concerns such as staining laundry or plumbing fixtures [START_REF]Synthesis report on the quality of drinking water in the member states of the European Union in the period 1999-2001[END_REF][START_REF]Drinking water health advisory for manganese[END_REF], water from some sources, especially groundwater, may contain considerably higher concentrations of Mn [START_REF]Drinking water health advisory for manganese[END_REF][START_REF] Frisbie | World Health Organization discontinues its drinking-water guideline for manganese[END_REF][START_REF] Malard | Spatial distribution of hypogean invertebrates in an alluvial aquifer polluted by iron and manganese, Rhône River[END_REF]. Water from public sources occasionally exceeds the United States Environmental Protection Agency (U.S. EPA) Lifetime

Health Advisory (HA) for Mn in drinking water of 300 µg/L [START_REF]Drinking water health advisory for manganese[END_REF][START_REF] Randolph | Drinking water at the Randolph Village water system contains elevated levels of manganese from the Pearl Street well[END_REF]. Mineral water may also contain Mn in excess of 400 µg/L [START_REF]la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine[END_REF].

To estimate the daily Mn intake for formula-fed infants and young children consuming products made not with ultra-trace elemental analysis grade water with 0 µg/L Mn (as is typically used when performing elemental analysis of infant formulas), but rather with tap or mineral water containing appreciable Mn, we considered the hypothetical case of water containing 250 µg/L Mn, which has a relatively high Mn content compared to the stipulated aesthetic acceptability thresholds of 50 µg/L [START_REF]Synthesis report on the quality of drinking water in the member states of the European Union in the period 1999-2001[END_REF][START_REF]Drinking water health advisory for manganese[END_REF][START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF] to 100 µg/L [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF], but is lower than the U.S. EPA HA of 300 µg/L [START_REF]Drinking water health advisory for manganese[END_REF] or the WHO health-based value (HBV) of 400 µg/L [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF]. Although most consumers have access to water with less than 50 µg Mn/L, some regularly drink water with a relatively high Mn content [START_REF] Frisbie | World Health Organization discontinues its drinking-water guideline for manganese[END_REF]. In our hypothetical case of water with 250 µg Mn/L, the Mn content of the water is within health-based guidelines and regulations, so consumers might assume that it should be safe for all purposes, including feeding infants and young children.

Following the instructions printed on product labels for reconstituting the formula powders with water, we measured the mass of powder needed to make 1 "batch" of prepared product (g) as specified on the product labels, added the exact volume of water for 1 batch as specified on the labels (mL), and measured the final volume of prepared product (mL). Measurements were in triplicate and averaged for each of the 42 powdered products in this study; the remaining two products were already liquids (Table 4). We then calculated the mass of Mn contained in the product powder used to make 1 batch and the mass of Mn in an aliquot of water used to make 1 batch (µg), assuming that the water had an Mn concentration of 250 µg/L, and summed the masses of Mn from these 2 sources to calculate the total mass of Mn contained in a batch of product prepared with water with 250 µg Mn/L Mn (Table 4). Finally, we converted the various batch volumes to liters and applied the body weight (kg) and consumption (L/day) estimates for ages 3 weeks, 4.25 months, 7 months, and 18 months from Table 2. We found that the estimated total intakes of Mn may be more than double compared to when the products are reconstituted with 0 µg of Mn/L water (Tables 2 and4).

The U.S. EPA HA for Mn in drinking water of 300 µg/L is based on a Reference Dose (RfD) of 140 µg Mn/kg/day [START_REF]Drinking water health advisory for manganese[END_REF], a dose which is surpassed by the infant formulas on the US market with the highest Mn contents when reconstituted with high Mn containing waters (e.g. 250 µg/L) for 3-week-old and 4.25-month-old infants (Table 4). Notably, 2 US products labelled for use by infants ages 0 and older would exceed this RfD of 140 µg Mn/kg/day if prepared with water containing 250 µg Mn/L (Table 4) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. Of these 2 products, one was an infant medicinal product intended for complete nutrition and the other was a soy-based infant formula.

It must also be kept in mind that the U.S. EPA RfD of 140 µg Mn/kg/day was based on dietary studies in adults with an assumed mean body weight of 70 kg [START_REF]Drinking water health advisory for manganese[END_REF][START_REF]Recommended dietary allowances[END_REF][START_REF] Schroeder | Essential trace elements in man: Manganese. A Study in homeostasis[END_REF][START_REF]Trace elements in human nutrition[END_REF] and may not be sufficiently low to protect infants whose Mn excretion capacity is not fully mature [START_REF] Lucchini | Manganese and developmental neurotoxicity[END_REF][START_REF] Menezes-Filho | Manganese exposure and the neuro psychological effect on children and adolescents: a review[END_REF][START_REF] Valcke | Deriving a drinking water guideline for a non-carcinogenic contaminant: The case of manganese[END_REF][START_REF] Chen | Manganese-induced neurotoxicity: From C. elegans to humans[END_REF].

In sum, when infant formula powders are reconstituted with water with a Mn concentration lower than the WHO HBV of 400 µg/L [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF][START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF][START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF][START_REF]World Health Organization, Guidelines for drinking-water quality, fourth World Health Organization[END_REF][START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF] or the U.S. EPA HA of 300 µg/L [START_REF]Drinking water health advisory for manganese[END_REF], the resulting prepared formulas may lead to total daily intakes of Mn in excess of established regulatory tolerable intake levels (Table 4). Moreover, the established tolerable intake levels that we have used for comparison are based on adult physiology and do not take into account the special vulnerabilities of young infants. Tolerable intake levels for infants would most likely be set lower than those that might be extrapolated by weight from those set for adults [START_REF] Valcke | Deriving a drinking water guideline for a non-carcinogenic contaminant: The case of manganese[END_REF].
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Essentiality of Mn, absorption, and excretion

Manganese is required for numerous essential enzymes, including the antioxidant metalloenzyme manganese superoxide dismutase (MnSOD) [START_REF] Nielsen | Manganese, molybdenum, boron, chromium, and other trace elements[END_REF]. Manganese is provided in ordinary diets by leafy greens, nuts, grains, and animal products [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF][START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF]. It is possible that Mn may be more absorbable from water than food, although this question has not been studied directly [2,[START_REF] Velazquez | Derivation of the reference dose for manganese[END_REF].

Although some research originally suggested that Mn is more absorbable from human breast milk than from cow's milk [START_REF] Davidsson | Manganese absorption from human milk, cow's milk and infant formulas[END_REF], the present consensus is that there do not appear to be large differences in bioavailability of Mn in infants between breast milk and infant formula [START_REF] Koletzko | Global standard for the composition of infant formula: Recommendations of an ESPGHAN coordinated international expert group[END_REF][START_REF] Aschner | Nutritional aspects of manganese homeostasis[END_REF].

Fractional absorption of Mn in adults is usually assumed to be about 1-5% [START_REF] Aschner | Nutritional aspects of manganese homeostasis[END_REF][START_REF] Ljung | Time to re-evaluate the guideline value for manganese in drinking water?[END_REF]; these figures are based on a rat study [START_REF] Davis | Manganese metabolism in rats: an improved methodology for assessing gut endogenous losses[END_REF] but are comparable to those reported for fractional absorption from Mn supplements in humans [START_REF] Sandström | Retention of selenium (75Se), Zinc (65Zn) and manganese (54Mn) in humans after intake of a labelled vitamin and mineral supplement[END_REF].

In adults, Mn is excreted by the biliary system; however, the biliary excretion mechanism is not yet mature in neonates, leading to higher Mn retention at the youngest ages [START_REF] Lucchini | Manganese and developmental neurotoxicity[END_REF][START_REF] Menezes-Filho | Manganese exposure and the neuro psychological effect on children and adolescents: a review[END_REF][START_REF] Chen | Manganese-induced neurotoxicity: From C. elegans to humans[END_REF]. In experimental animal studies, neonatal rats fed supplemental Mn showed increased brain dopamine levels and changes in behavior consistent with neurodevelopmental damage [START_REF] Tran | Effects of neonatal dietary manganese exposure on brain dopamine levels and neurocognitive functions[END_REF][START_REF] Lasley | Early postnatal manganese exposure reduces rat cortical and striatal biogenic amine activity in adulthood[END_REF].

These facts suggest the potential for excess manganese exposure and consequent neurodevelopmental damage in infants.

Manganese deficiency is highly unlikely with either exclusive or partial formula-feeding

Symptoms of overt Mn deficiency in animals or humans have only been reported when diets are severely constrained, such as with confined farm or laboratory animals fed controlled rations low Page 18

in Mn content. Laboratory and farm animals fed Mn-deficient diets exhibit structural abnormalities, adverse reproductive and fertility effects, glucose intolerance, ataxia, and hearing or vision deficits [START_REF] Gong | Optic nerve changes in manganese-deficient rats[END_REF][START_REF] Richards | Manganese in relation to nutrition[END_REF][START_REF] Schaible | Michigan Technical Bulletin 159: The Manganese Content of Feedstuffs and its Relation to Poultry Nutrition[END_REF][START_REF] Strause | The effect of deficiencies of manganese and copper on osteoinduction and on resorption of bone particles in rats[END_REF][START_REF] Underwood | Trace Elements in Human and Animal Nutrition[END_REF]. In humans, Mn deficiency has never been noted among people consuming ordinary diets; it has only manifested after extended periods of controlled experimental diets with very low Mn content or years of total parenteral nutrition (TPN) without

Mn supplementation [START_REF] Nielsen | Manganese, molybdenum, boron, chromium, and other trace elements[END_REF]. We have not found any studies reporting that supplementation with specifically Mn without simultaneous supplementation of other minerals to be beneficial for humans consuming ordinary diets.

Infants who consume foods in addition to formula (complementary foods) ingest sufficient Mn through the complementary foods in their diet [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. Infants generally begin consuming complementary foods between ages 4-6 months [START_REF]Infant feeding[END_REF], so Mn deficiency is highly unlikely after 6 months of age in either breast-fed or formula-fed children. Mn deficiency has never been reported in exclusively breast-fed infants, so it is assumed that breast milk provides sufficient Mn for development in young infants, 0-6 months [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF].

The US Institute of Medicine (IOM) has set an Adequate Intake (AI) for 0-6 month-old-infants of 3 µg Mn/day based on an estimated Mn concentration in breast milk of 3.5 µg/L (reference weights not specified) [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. All products from our market basket survey supplied more than the AI for Mn; the minimum concentration of Mn in the infant products that we tested would supply 130 µg Mn/day for 3-week-olds when prepared with water that contained no Mn, approximately 43 times the AI suggested by the IOM for 0-6-month-olds (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF][START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF].

For older infants (7-12 months), the IOM assumes that the infants will include ordinary foods in their diet and extrapolates the adult AI to these older infants according to weight (7 kg) for an AI of 600 µg Mn/day (Table 3) [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. According to the estimated intakes in Table 2, breast milk with a mean Mn concentration of 7.7 µg/L would supply approximately 0.74% of this AI with an intake of 0.58 L of breast milk/day, with the remainder of the AI of Mn to be supplied by complementary foods. Since Mn deficiency has never been reported for 7-month-old breast-fed infants, the daily intake of Mn through breast milk and complementary foods is likely sufficient.

In contrast, the infant formula product that we tested with the minimum Mn concentration for this age stage would supply approximately 23% of the AI with an intake of 0.67 L of formula/day. The infant formula product with the minimum Mn concentration for this age group in our market basket survey supplies 29 times as much Mn as breast milk, so the total intake of this product together with complementary foods will likely be more than sufficient (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

The IOM sets the AI for 1-3 years at 1,220 µg Mn/day based on median intake of dietary studies [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. According to the estimated intakes in Table 2, breast milk with a mean concentration of 7.7

µg Mn/L would supply 0.15% of this AI with an intake of 0.230 L breast milk/day for 18-montholds. In contrast, the product from our market basket survey with the minimum Mn concentration for this age stage would supply 4.4% of this AI with an intake of 0.335 L formula/day for 18month-olds (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. Since Mn deficiency has never been reported for 18-month-old breast-fed infants, the daily intake of Mn through breast milk and complementary foods is likely sufficient. The product from our market basket survey with the minimum Mn concentration for this age group supplies 30 times as much Mn as breast milk, so the total intake of this product together with complementary foods will likely be more than sufficient (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Thus, all of the products from our market basket survey would supply much more Mn per day and a greater proportion of the daily AI than breast milk at all of the age stages that we examined [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. Most products that we tested were supplemented with Mn, but the unsupplemented dairy infant formula with the minimum Mn concentration (230 µg/L) would supply 29 times the daily Mn intake as breast milk for a 3-week-old and approximately 47 times the AI for Mn for this age stage. Cow and goat milks generally contain higher concentrations of Mn than human breast milk (Table 1) [START_REF] Al-Awadi | Trace-element status in milk and plasma of Kuwaiti and non-Kuwaiti lactating mothers[END_REF][START_REF] De La Fuente | Distribution of calcium, magnesium, phosphorus, zinc, manganese, copper and iron between the soluble and colloidal phases of ewe's and goat's milk[END_REF][START_REF] Milner | Trace minerals in the nutrition of children[END_REF], and soy and rice proteins have even higher Mn concentrations [START_REF]Nutritional aspects of soy formula[END_REF][START_REF] Baran | Element fractionation analysis for infant formula and food additives by inductively coupled plasma optical emission spectrometry[END_REF], so it is highly unlikely that there is ever a need for Mn supplementation of infant formulas or young child nutritional beverage products in order to prevent Mn deficiency or achieve nutritional adequacy.

The toxicity of manganese by ingestion exposure

The dietary studies quantifying Mn exposure used by regulatory agencies to set the Mn ingestion guidelines that are currently in force were simply estimates of intakes without any measurements of health outcomes [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF][START_REF]Drinking water health advisory for manganese[END_REF][START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF][START_REF] Gibson | Trace element intakes of women[END_REF][START_REF] Kent | The absorption and excretion of 'minor' elements by man. 2. Cobalt, nickel, tin and manganese[END_REF][START_REF] Soman | Daily intake of some major and trace elements[END_REF]. Recent research has suggested that high dietary intakes of Mn are associated with increased inflammatory markers in elderly men [START_REF] Kresovich | The inflammatory potential of dietary manganese in a cohort of elderly men[END_REF]. Chronic consumption of dietary supplements containing excessive levels of Mn has led to the development of Parkinson's Disease, CNS disturbances, and dementia in adults [START_REF] Banta | Elevated manganese levels associated with dementia and extrapyramidal signs[END_REF][START_REF] Holzgraefe | Chronic enteral poisoning caused by potassium permanganate: a case report[END_REF][START_REF] Schuh | Possible Parkinson's Disease induced by chronic manganese supplement ingestion[END_REF].
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Possible health effects of ingestion of high levels of Mn have not been studied in infants, toddlers, or young children. However, infants who receive parental nutrition (PN) for extended periods are prone to excess accumulation of Mn in the basal ganglia related to their intravenous Mn intake, which can be seen with shortened T1 relaxation (T1R) times using magnetic resonance (MR) relaxometry [START_REF] Aschner | Neuroimaging identifies increased manganese deposition in infants receiving parenteral nutrition[END_REF]. It is not known whether dietary exposure alone could cause effects such as those found with pediatric PN patients, but the nature of the neurological effects observed with Mn exposures through drinking water in school-aged children, as well as the demonstrated neurological effects of ingestion exposures in adults suggest the potential for neurological effects due to excess dietary exposures in infants, toddlers, and young children [START_REF] Brna | Manganese toxicity in a child with iron deficiency and polycythemia[END_REF][START_REF] Woolf | A child with chronic manganese exposure from drinking water[END_REF]. Since biomarkers that reliably correlate with Mn exposures have not yet been identified [START_REF] Aschner | Neuroimaging identifies increased manganese deposition in infants receiving parenteral nutrition[END_REF][START_REF] Greger | Nutrition versus toxicity of manganese in humans: Evaluation of potential biomarkers[END_REF][START_REF] Laohaudomchok | Toenail, blood and urine as biomarkers of manganese exposure[END_REF][START_REF] Zheng | Biomarkers of manganese intoxication[END_REF], regulatory toxicity thresholds for Mn by ingestion are generally based on exposures rather than biomarkers [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF][START_REF]Drinking water health advisory for manganese[END_REF][START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF].

Infant formulas and young child nutritional beverage products must be compared to tolerable intake levels, NOT drinking water guidelines Organizations which disseminate food standards or guidelines have established tolerable intake levels for certain common nutrients or contaminants in foods, such as arsenic in rice [START_REF]Codex Alimentarius Commission, General standard for contaminants and toxins in food and feed[END_REF].

However, such standards or guidelines are not available for many of the nutrients or contaminants that commonly occur in food. In contrast, standards or guidelines may be available for these contaminants in drinking water. In order to determine whether beverage products exceed published tolerable intake levels, some researchers have compared their measured concentrations of nutrients or contaminants directly to drinking water standards or guidelines since the units are conveniently expressed in mass of nutrient or contaminant per volume of Page 22 drinking water. Numerous examples of this practice can be found in the literature by searching for individual contaminants (eg. arsenic or lead) and specific beverage types (eg. wine or apple juice). However, this practice is highly problematical and incorrect since health-based drinking water standards or guidelines always incorporate intake assumptions specific to drinking water that are inappropriate for dietary exposures.

For example, when deriving a drinking water guideline to protect against adverse health effects in adults, the WHO usually assumes an intake of 2 L drinking water per day by a 60 kg adult and typically a 20% allocation factor for drinking water [START_REF]World Health Organization, Guidelines for drinking-water quality, fourth World Health Organization[END_REF]. That is, 20% of the exposure is typically estimated to come from drinking water and the remaining 80% is estimated to come from all other sources, such as ingesting food or soil.

Using drinking water standards or guidelines to directly determine the potential toxicity of a chemical in a nutrient-containing liquid, as has been frequently done in prior beverage studies, is invalid since the intake from a nutrient-containing liquid is dietary and must be accounted for in the dietary portion of the exposure allocation factor, which is separate from the intake from drinking water. Also, the standard body weight and intake assumptions used in the derivation of a drinking water standard or guideline may yield a ratio that is inappropriate for liquids that are not drinking water, especially for nutrient-containing liquids consumed by infants or young children.

Nevertheless, when standards or guidelines for a nutrient or contaminant in food are not available, tolerable intake levels that could be used for comparison of measured concentrations may be identified through examination of the derivations of drinking water standards or guidelines. This is because, in addition to the standard assumptions specific to drinking water, all health-based drinking water standard or guideline derivations refer to a tolerable intake level of the toxic substance expressed in terms of mass of substance/kg body weight/day.

Since tolerable intake levels are expressed in mass of substance/kg body weight/day, to compare measured concentrations from nutrient-containing liquids to these tolerable intake levels, one must estimate the body weight of the consumer, the total intake of the nutrient-containing liquid, and the percent of total intake of the nutrient or contaminant that this dietary intake represents.

Weight and intake estimates for infant formula consumption at various ages are provided in Table 2. In the case of a dietary liquid used for complete nutrition such as infant formula, the infant formula as prepared may provide 100% of the total ingestion intake.

Keeping in mind that drinking water guidelines or standards must never be used for direct comparison to nutrient-containing liquids such as infant formula, a number of international and national organizations have established tolerable intake levels for Mn in drinking water whose derivations could be used to estimate equivalent tolerable intake levels in infant formulas.

Calculating such equivalences requires the use of the body weights and intake estimates specific for the population and substance (see above: Estimating weights of infants and young children in the US and France, and Estimating daily volumes of breast milk, infant formula, or young child nutritional beverages consumed in the US and France, Table 2). In particular, the following organizations have established tolerable intakes levels for the ingestion of Mn:

 WHO: No Observed Adverse Effect Level (NOAEL) of 11 mg Mn/day for adults based on adult dietary exposures [START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF]  IOM: Upper Limit (UL) of 2 mg Mn per day for children ages 1-3 based on adult dietary exposures [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]  US EPA: Reference Dose (RfD) of 140 µg Mn/kg/day based on adult dietary exposures [START_REF]Drinking water health advisory for manganese[END_REF]  Agence nationale de sécurité sanitaire de l'alimentation, de l'environnement et du travail (ANSES, French Agency for Food, Environmental and Occupational Health & Safety):

dose journalière admissible (DJA, tolerable daily intake or TDI) of 55 μg Mn/kg/day for infants based on water exposures in rats [START_REF]relatif à la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine (Opinion of the National for Food Safety, the Environment and Labor concerning the determination of a maximum allowable health value for manganese in water destined for human consumption[END_REF] The WHO No Observed Adverse Effect Level for the ingestion of manganese in water

The United Nations Food and Agriculture Organization (FAO) and the Joint Expert Committee for Food Additives (JECFA) have not established a tolerable intake level for Mn in food.

However, the WHO has published an HBV for Mn in drinking water [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF] assuming a NOAEL of 11 mg Mn/day for adults based on adult dietary exposures [START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF]. In order to compare the Mn content of infant formulas and young child nutritional beverages to this reference value, we must factor in differences in body size and daily consumption amounts before we can estimate an equivalence for Mn content per L.

When using this NOAEL, the WHO assumes that it applies to 60 kg adults [START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF], which would yield an upper tolerable limit of 180 µg Mn/kg/day for dietary intake (Equation 3):

[3] Upper Tolerable Limit (rounded) = ( (11 mg Mn × 1,000 µg Mn 1 mg Mn ) 60 kg body weight × day ) = 180 µg Mn kg body weight × day For a 3-week-old formula-fed infant weighing 3.84 kg (Table 2), 180 µg Mn/kg/day would correspond to a daily intake of 700 µg Mn per day as follows (Equations 3 and 4). With an intake of 0.6197… L of prepared product per day for a 3-week-old (Table 2), 700 µg Mn/day would be provided by an infant formula with 1,100 µg Mn/L of product as follows (Equation 5). In our market basket survey of products on the US and French markets, none of the infant formulas exceeded this 1,100 µg Mn/L upper tolerable concentration for 3-week-olds or the corresponding 180 µg Mn/kg/day upper tolerable limit (Equations 3 and 5) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF][START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF].

The IOM Tolerable Upper Intake Level (UL) for the ingestion of manganese

In 2001, the US IOM set a Tolerable Upper Intake Level (UL) of 11 mg Mn/day "for adults based on a no-observed-adverse-effect level for Western diets" [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. The IOM used their 11 mg Mn/day UL for adults to develop ULs for the ingestion of Mn in food by children at different ages [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. The US Agency for Toxic Substances and Disease Registry (ATSDR) has adopted the IOM [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF] UL of 11 mg Mn/day for 70 kg adults as an interim guidance value for risk assessments of oral exposure to inorganic forms of Mn [START_REF]Agency for Toxic Substances and Disease Registry, Toxicological profile for manganese[END_REF].

In developing its ULs for Mn, the IOM considered adults, infants, children, and adolescents separately [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. The IOM states, "For infants, the UL was judged not determinable because of lack of data on adverse effects in this age group and concern about the infant's ability to handle excess amounts. To prevent high levels of manganese intake, the only source of intake for infants should be from food or formula" [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF].

For children 1-3 years old, the IOM assumed a 13 kg body weight and extrapolated a 2 mg Mn per day (2,000 µg Mn/day) UL to 1 significant figure as follows (Equation 6) [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. [START_REF] Wasserman | Water manganese exposure and children's intellectual function in Araihazar, Bangladesh[END_REF] Upper Level (1 -3 years old) = (13 kg body weight × 11 mg Mn 70 kg body weight × day )

Upper Level (1 -3 years old) = 2 mg Mn day = 2,000 µg Mn day

This UL applies to all dietary Mn intake, including Mn from complementary foods as well as young child nutritional beverages. Fantino & Gourmet [START_REF] Fantino | Apports nutritionnels en France en 2005 chez les enfants non allaités âgés de moins de 36 mois (Nutrient intakes in 2005 by non-breast fed French children of less than 36 months)[END_REF] reported that formulas provide an average 21.3% of the total daily energy intake for 1-3-year-old children. If the contribution to total Mn intake from formulas is proportional to the contribution to total energy intake, then formulas should provide no more than 21.3% of the IOM 2,000 µg Mn/day UL (Table 2). This would yield a 1,200 μg Mn/L of prepared product upper tolerable concentration for 1-3-year-old children consuming complementary foods as follows (Equations 6 and 7). In our market basket survey of infant formulas and young child nutritional beverages on the US and French markets, none of the 19 products purchased in France exceeded this 1,200 µg Mn/L prepared product upper tolerable concentration [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. One of the products purchased in the US, a toddler formula, contained 2,800 µg Mn/L of prepared product, exceeding this proportional upper tolerable concentration by more than 2 times [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Products labelled as providing complete nutrition for young children must be considered separately since their intake estimates differ substantially from ordinary infant or follow-up formulas. These products are used in cases of medical necessity and are expected to supply 100% of the child's nutritional intake. The upper tolerable concentration for a 1-3-year-old child consuming a nutritionally complete medical beverage was estimated by using the IOM 2,000 µg Mn/day UL for children ages 1-3 years [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF], the assumed 13 kg of body weight for this age group [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF], and an energy requirement of 87.44… kcal/kg/day for 18-month-olds (Table 2) [START_REF] Fantino | Apports nutritionnels en France en 2005 chez les enfants non allaités âgés de moins de 36 mois (Nutrient intakes in 2005 by non-breast fed French children of less than 36 months)[END_REF] as follows (Equation 8). One of the 2 nutritionally complete medical beverage products labeled for ages 1 year and older that we purchased in the US for our market basket survey exceeded this upper tolerable concentration of 180 µg Mn/100 kcal; it contained 240 µg Mn/100 kcal when prepared according to manufacturer's instructions [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

The U.S. EPA RfD for the ingestion of manganese

The U.S. EPA RfD of 140 µg Mn/kg/day was derived from a 10 mg Mn/day NOAEL based on dietary intakes [START_REF]Drinking water health advisory for manganese[END_REF]. None of the 20 products labeled for use by children under 1 year old in our market basket survey of infant formulas and young child nutritional beverages available in the US and France would result in an intake above this 140 µg Mn/kg/day RfD if prepared with water containing 0 µg Mn/L (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. However, of the 2 nutritionally complete medical products labelled for use by children ages 1 year and older, one would equal the 140 µg Mn/kg/day U.S. EPA RfD and one would exceed it, providing 200 µg Mn/kg/day when used for Page 29 complete nutrition by an 18-month-old and prepared with water containing 0 µg Mn/L (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

If prepared with water containing 250 µg Mn/L, 2 of the products purchased in the US labelled for use by infants ages 0 and older would exceed the RfD of 140 µg Mn/kg/day when consumed by 3-week-old infants, as would both nutritionally complete medical products labelled for ages 1 year and older when used to provide all nutritional requirements for 18-month-olds (Table 4). Of the 2 products for infants exceeding the 140 µg Mn/kg/day RfD, one was an infant medicinal product intended for complete nutrition and the other was a soy-based infant formula.

The EU has not set tolerable intake levels for the ingestion of manganese

Repeating the conclusions of the Scientific Committee on Food (SCF), the European Food Safety Authority (EFSA) states "Oral intake of manganese despite its poor absorption in the gastrointestinal tract has also been shown to cause neurotoxic effects. The limitations of the human data and the non-availability of NOAELs for critical endpoints from animal studies produce a considerable degree of uncertainty. Therefore, an upper level cannot be set" [START_REF]Tolerable upper intake levels for vitamins and minerals[END_REF][START_REF]Opinion of the Scientific Committee on Food on the tolerable upper intake level of manganese[END_REF].

EFSA reiterates the SCF [START_REF]Opinion of the Scientific Committee on Food on the tolerable upper intake level of manganese[END_REF] conclusion, "oral exposure to manganese beyond the normally present in food and beverages could represent a risk of adverse health effects without evidence of any health benefit" [START_REF]Tolerable upper intake levels for vitamins and minerals[END_REF].

In European Council Directive 98/83/EC "on the quality of water intended for human consumption", a 50 μg Mn/L indicator parameter was set for Mn [START_REF]European Commission[END_REF]. Indicator parameters are based on aesthetic concerns such as taste or color and are not health-based, so no health-based tolerable intake level for Mn can be determined from this parameter.

The Agence nationale de sécurité sanitaire de l'alimentation, de l'environnement et du travail yielding a dose journalière admissible (DJA, tolerable daily intake or TDI) of 55 μg Mn/kg/day [START_REF]relatif à la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine (Opinion of the National for Food Safety, the Environment and Labor concerning the determination of a maximum allowable health value for manganese in water destined for human consumption[END_REF][START_REF] Valcke | Deriving a drinking water guideline for a non-carcinogenic contaminant: The case of manganese[END_REF].

(
For a 3-week-old formula-fed infant weighing 3.84 kg (Table 2), 55 µg Mn/kg/day would correspond to a daily intake of 210 µg Mn per day as follows (Equations 9). With an intake of 0.6197… L of prepared product per day for a 3-week-old (Table 2), 210 µg Mn/day would be provided by an infant formula with 340 µg Mn/L of product as follows (Equation 10). In our recent study of infant formulas and young child nutritional beverages available on the US and French markets, the mean energy content of the products labeled for use by 3-week-olds was 6.62…x10 2 kcal/L of prepared formula (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]; therefore, 340 µg of Mn/L of prepared product would equal approximately 51 µg of Mn/100 kcal (Equation 11). It must be noted that the current infant formula regulations in France stipulate a maximum Mn content of 100 µg Mn/100 kcals [START_REF]ECEC0771649A[END_REF]. A formula with 100 µg Mn/100 kcals would supply 424 µg Mn/day (Equation 12).

[12]

Intake at Regulatory Maximum = 0.620 L of prepared product 1 day × 683. 7… kcal L of prepared product × 100 µg Mn 100 kcal = 424 µg Mn day Thus, the current regulatory maximum for infant formula in France exceeds the proposed ANSES DJA (TDI) for oral Mn exposure by a factor of 2 (Equations 9, 12) [START_REF]relatif à la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine (Opinion of the National for Food Safety, the Environment and Labor concerning the determination of a maximum allowable health value for manganese in water destined for human consumption[END_REF][START_REF]ECEC0771649A[END_REF]. In our market basket survey of products, 2 of the 4 samples from the French market labeled for use by 3-week-olds would lead to exceedances of the ANSES DJA (TDI) of 55 μg Mn/kg/day, as would 11 of the 16 samples from the US market labeled as "infant formula" [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Conclusions

Comparing Mn intakes from breast milk, infant formulas, and young child nutritional beverage products

The concentrations of Mn in human milk at various times after birth reported in the peerreviewed literature on a volume basis ranged from 0.17 µg/L to 30.27 µg/L, with a weighted mean concentration of 7.7 µg/L (Table 1). Using the regulatory units for infant formulas, this mean concentration for Mn in breast milk would be equivalent to approximately 1.1 µg Mn/100 kcals (Equation 2). Estimated daily intake of Mn/kg of body weight due to breast milk, infant formulas, or young child nutritional beverage products was highest at the youngest age we examined (3 weeks) and declined as age and total body weight increased (Table 2 and Figure 1).

Although Mn content of breast milk varies, the overall Mn content and the variability of Mn content of breast milk are much less than that of infant formula products and young child nutritional beverages. The intake of Mn per day from breast milk with the maximum reported concentration of Mn is less than 4 times the daily intake from breast milk with the mean reported concentration of Mn (Tables 1 and2). In contrast, for infant formulas and young child nutritional beverage products, the daily intake of Mn/kg body weight from the products that we surveyed was between 28 and 520 times the daily intake of Mn/kg body weight from breast milk with the mean reported concentration of Mn (Tables 1 and2).

The potential effect of ambient Mn in water on the concentration of manganese in prepared infant formulas and young child nutritional beverages

The estimated total intakes of Mn due to infant formulas and young child nutritional beverages will be substantially higher if reconstituted with water containing a relatively high Mn concentration, but whose Mn concentration is lower than the U.S. EPA Lifetime Health Advisory of 300 µg/L [START_REF]Drinking water health advisory for manganese[END_REF] or the WHO Health-Based Value of 400 µg/L [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF], e.g. 250 µg/L. If reconstituted with water containing 250 µg Mn/L, some of the products tested from the US market would exceed the U.S. EPA RfD of 140 µg Mn/kg/day (Table 4) [START_REF]Drinking water health advisory for manganese[END_REF]. It must be kept in mind that this U.S. EPA RfD was set on the basis of Mn exposures in adults and may not be sufficiently protective of infants and young children, who may be exceptionally sensitive to excess Mn exposures [START_REF] Lucchini | Manganese and developmental neurotoxicity[END_REF][START_REF] Menezes-Filho | Manganese exposure and the neuro psychological effect on children and adolescents: a review[END_REF][START_REF] Chen | Manganese-induced neurotoxicity: From C. elegans to humans[END_REF].

Mn deficiency is highly unlikely
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Manganese deficiency is highly unlikely with either exclusive or partial formula-feeding. The IOM has set an Adequate Intake (AI) for 0-6 month-old-infants of 3 µg Mn/day based on an estimated Mn concentration in breast milk of 3.5 µg/L (reference weights not specified) [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. All products that we tested, both those supplemented with Mn and those not supplemented with Mn, would supply more than the daily AI of Mn for 0-to 6-month-olds (3 µg Mn/day) [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF] if used for exclusive feeding [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. In particular, the unsupplemented infant formula that we tested in our market basket survey that had the minimum Mn concentration (230 µg/L) would supply 29 times the daily Mn intake as breast milk for a 3-week-old and approximately 47 times the AI for Mn for this age stage [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Drinking water guidelines and regulations are inappropriate for dietary exposures

When considering the potential toxicity of nutrient-containing beverages such as infant formulas and young child nutritional beverage products, it is vital that drinking water guidelines or drinking water regulations not be used directly to evaluate the safety of the beverage since health-based drinking water guidelines or regulations always incorporate assumptions that are specific to drinking water and inappropriate for dietary exposures (e.g. bioavailability from drinking water, volume of drinking water ingested per day, weight of subjects, and percent allocation from drinking water, food, and other sources). However, health-based drinking water guidelines or regulations typically incorporate a tolerable intake level, based on a NOAEL or LOAEL with units given in the mass of toxic substance or nutrient/kg body weight/day. The tolerable intake levels are used in the derivations of the guidelines or regulations, but their values are different from the actual drinking water guidelines or regulations. These differences are due to the mathematical calculations in the guideline or regulation derivations used to account for bioavailability in the substrate, intake volumes, body weight of subjects, percent exposure allocation, and uncertainty factors. Thus, the published tolerable intake levels used in the derivations of drinking water guidelines, but not the calculated drinking water-specific guidelines or regulations, could be to evaluate the potential safety of nutrient-containing beverages or foods such as infant formulas if specific food-based toxicity guidelines or regulations are not available.

Regulatory tolerable intakes for dietary Mn

While JECFA does not currently have a guideline for Mn in food, in its derivation of a healthbased value for Mn in drinking water, the WHO has established a NOAEL of 11 mg Mn/day for adults based on dietary Mn exposures [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF][START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF][START_REF]Manganese in drinking-water: Background document for development of WHO guidelines for drinking-water quality[END_REF]. This would be equivalent to 180 µg Mn/kg/day using the WHO's standard assumption of a 60 kg adult (Equation 3). For a 3.84 kg infant (Table 2), this would amount to 700 µg Mn/day (Equation 4), which would be supplied by a formula containing 1,100 µg Mn/100 kcal (Equation 5; Table 2). None of the products that we analyzed in our market basket survey would exceed this level if prepared with water containing 0 µg Mn/L (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

The IOM declined to establish a UL for dietary Mn intakes for infants, stating "For infants, the UL was judged not determinable because of lack of data on adverse effects in this age group and concern about the infant's ability to handle excess amounts. To prevent high levels of manganese intake, the only source of intake for infants should be from food or formula" [START_REF] Institute | Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc[END_REF]. For young children ages 1-3, the IOM extrapolated by weight the adult UL of 11 mg/day to 2 mg/day (Equation 6). Assuming that young child nutritional beverages provide 21.3% of daily energy Page 36 intake [START_REF] Fantino | Apports nutritionnels en France en 2005 chez les enfants non allaités âgés de moins de 36 mois (Nutrient intakes in 2005 by non-breast fed French children of less than 36 months)[END_REF], a proportional UL assigned to nutritional beverages would be 1200 µg Mn/L (Equation 7). None of the young child products from France that we tested in our market basket survey would exceed this level, but one of the toddler formula products from the US would [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Beverages labelled to provide nutrition would exceed the IOM UL of 2 mg/day if they contain more than 180 µg Mn/100 kcal (Equation 8). One of the medically complete beverages from the US labelled for use by children one year and older would exceed this level [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

The U.S. EPA has established an RfD of 0.14 mg Mn/kg/day based on dietary intakes. None the products that we tested in our market basket survey would exceed this intake level if prepared using water with 0 µg/L Mn concentration (Table 2) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. However, 2 products from the US labelled for use by infants would exceed this intake level if used to feed 3-week olds and prepared with water with 250 µg Mn/L, a concentration that is relatively high but does not exceed the U.S. EPA HA of 300 µg Mn/L [START_REF]Drinking water health advisory for manganese[END_REF] or the WHO HBV of 400 µg Mn/L [START_REF]World Health Organization, Guidelines for drinking-water quality[END_REF] in drinking water, as would both nutritionally complete medical products labelled for ages one year and older when used to provide all nutritional requirements for 18-month-olds (Table 4) [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

While the EU does not currently have regulations regarding Mn in dietary exposures, ANSES has recently proposed a maximum tolerable limit for drinking water in France of 60 µg Mn/L based on a tolerable daily intake of 55 µg/kg/day [START_REF]relatif à la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine (Opinion of the National for Food Safety, the Environment and Labor concerning the determination of a maximum allowable health value for manganese in water destined for human consumption[END_REF][START_REF]Tolerable upper intake levels for vitamins and minerals[END_REF]. This proposed daily intake would be surpassed by 3-week-old infants drinking formula with greater than 51 µg Mn/100 kcal (Equation 11). It must be noted that current infant formula regulations in France allow a maximum Mn content of 100 µg Mn/100 kcal, which would lead to a daily intake amounting to twice the ANSES proposed maximum daily intake for oral ingestion of Mn (Equation 12)

Page 37 [START_REF]relatif à la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine (Opinion of the National for Food Safety, the Environment and Labor concerning the determination of a maximum allowable health value for manganese in water destined for human consumption[END_REF][START_REF]ECEC0771649A[END_REF]. Many products labeled for use by 3-week-olds that we tested from the French and US markets would lead to exceedances of the ANSES tolerable daily intake of 55 µg/kg/day, but some would not, demonstrating that it is possible for infant formulas to be produced with less than 51 µg Mn/100 kcal using current production practices [START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF].

Recommendations

Research on neurological effects of Mn exposures in infants and young children is needed to inform risk assessors and regulators. In the meantime, parents and healthcare workers should heed the advice of the WHO, "Breastfeeding is an unequalled way of providing ideal food for the healthy growth and development of infants; it is also an integral part of the reproductive process with important implications for the health of mothers. As a global public health recommendation, infants should be exclusively breastfed for the first six months of life to achieve optimal growth, development and health" [START_REF]Global Strategy for Infant and Young Child Feeding[END_REF]. In situations where breast feeding is impossible, the potential for excess Mn intakes causing harm to the brain of the developing infant underscores the need for reducing Mn content of formulas to make it closer to that found in breast milk. Supplementation of infant formulas and young child nutritional beverages with Mn should be discouraged and manufacturers should be urged to reduce Mn content of all formula products to make Mn content more in line with the mean Mn content of breast milk, 1.1 µg Mn/100 kcal (Equation 2). To reach this goal, ingredients with high native Mn content such as soy, rice, or chocolate may need to be limited, with soy-and rice-based formulas used only in case of medical necessity, and optional high Mn-ingredients (eg. chocolate) avoided for infants and young children. (e) Each batch was prepared using the ratio of powdered formula to water that was specified by the manufacturer's labeled instructions.
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  ANSES) proposed maximum tolerable health value for manganeseThe République Française (Republic of France) set national drinking water standards in 2001[130]. Following the European Council Directive 98/83/EC, only an indicator value of 50 μg/L was set for Mn, and no health-based standards for Mn in water were adopted[START_REF]European Commission[END_REF]130].

However, in 2018, the Agence nationale de sécurité sanitaire de l'alimentation, de l'environnement et du travail (ANSES) proposed a valeur sanitaire maximale admissible (maximum tolerable health value) for Mn in drinking water of 60 μg Mn/L

[START_REF]relatif à la détermination d'une valeur sanitaire maximale admissible pour le manganèse dans l'eau destinée à la consommation humaine (Opinion of the National for Food Safety, the Environment and Labor concerning the determination of a maximum allowable health value for manganese in water destined for human consumption[END_REF]

. Following the Institut de santé publique du Québec (INSPQ, Institute of Public Health of Quebec), ANSES assumed a lowest observed adverse effect level (LOAEL) of 25 mg/kg/day from studies involving juvenile rats ingesting Mn in water, modified by a total uncertainty factor of 450,

Table 1

 1 The mean, median, minimum, and maximum concentrations of manganese (Mn) in breast milk at various times after birth reported on a volume basis in the peer-reviewed literature from January 1980 through December 2017.

	Study	Country of	Time After	Mean	Median	Minimum	Maximum	Number	Number
		Study/Mother	Partition/Type	(µg of	(µg of	(µg of	(µg of	of	of Milk
		s	of Milk	Mn/L)	Mn/L)	Mn/L)	Mn/L)	Mothers	Samples
	Al-Awadi and	Kuwait	0-6 months	6.0				6	6
	Srikumar [20]								
	Al-Awadi and	Mixed	0-6 months	5.7				5	5
	Srikumar [20]	nationalities							
	Al-Awadi and	Kuwait	6-12 months	4.2				6	6
	Srikumar [20]								
	Al-Awadi and	Mixed	6-12 months	3.7				7	7
	Srikumar [20]	nationalities							
	Al-Awadi and	Kuwait	12-18 months	3.8				5	5
	Srikumar [20]								
	Al-Awadi and	Mixed	12-18 months	3.1				5	5
	Srikumar [20]	nationalities							
	Almeida et al.	Portugal	2 days	7.7	6.6	2.2	27.5	34	34
	[21]								
	Almeida et al.	Portugal	29.5 ± 7.1 days	4.9	4.6	2.2	9.3	19	19
	[21]								
	Anderson [22] United States	0-5 months	7				7	84
	Aquilio et al.	Italy	term: 2-6 days	3.9				8	
	[23]								
	Aquilio et al.	Italy	term: 12-16	3.9				8	
	[23]		days						
	Aquilio et al.	Italy	term: 21 days	4.1				8	
	[23]								
	Arnaud and	France	2 days	12.0				82	24
	Favier [24]								
	Arnaud and	France	7 days	3.4				82	28
	Favier [24]								
	Björklund et	Sweden	2-3 weeks	3.0	2.6	0.79	8.4		60
	al. [25]								
	Bocca et al.	Italy	not specified	30	10				60
	[26]								
	Casey et al.	United States	1 day	5.4				11	5
	[27]								
	Casey et al.	United States	2 days	5.1				11	5
	[27]								
	Casey et al.	United States	3 days	4.4				11	7
	[27]								
	Casey et al.	United States	4 days	3.4				11	8
	[27]								
	Casey et al.	United States	5 days	2.7				11	8
	[27]								
	Casey et al.	United States	8 days	3.7				11	9
	[27]								

Table 2

 2 Estimated daily manganese (Mn) intakes for infants and young children at 3 weeks, 4.25 months, 7 months, and 18 months from breast milk, and minimum and maximum intakes from infant formulas and young child nutritional beverage products sampled in a market basket survey of products available on the US and French markets[START_REF] Frisbie | Manganese levels in infant formula and young child nutritional beverages in the United States and France: Comparison to breast milk and regulations[END_REF]. These estimates assume that the products are reconstituted with water containing 0 µg of Mn/L.

	Feeding Method	Market	Minimum, Mean, and Maximum	Mean Body Weight (kg)	Mean g of Breast Milk or	Product/kg of Body Weight/Day	Mean g Breast Milk or	Product/Day	Mean Total kcal/kg/Day	Mean Total kcal/Day	Mean % Energy/Day from Milks	Mean kcal/Day from Breast Milk	or Product Mean kcal/L	Density (gm/L)	Mean L/Day	µg of Mn/L	µg of Mn/day	µg of Mn/kg of Body Weight/Day	µg of Mn/kg of Body Weight/Day	Relative to Mean Breast Milk
	3 Weeks																			
	Breast			3.91a 159a		622		420			697d 1,031f 0.603					
	milk																			
			Min													0.17g 0.10 0.026 0.022
			Mean													7.7g 4.6	1.2		1.0
			Max													30.27g 18.3	4.67		3.9
	Formula			3.84a 163a		626		414				662 1,010 0.620					
		US	Min													210 130	34		28
			Max													830 520	130		110
		France Min													240 150	38		32
			Max													560 340	90		76
	4.25 Months																		
	Breast			6.5a 123a		800		540			697d 1,031f 0.78					
	milk																			
			Min													0.17g 0.13 0.020 0.022
			Mean													7.7g 6.0	0.92		1.0
			Max													30.27g	23	3.6		3.9
	Formula			6.89a 146a 1,010		668				662 1,010 1.00					
		US	Min													210 210	30		33
			Max													830 830	120		130
		France Min													240 230	34		37
			Max													560 550	80		88
	7 Months																		
	Breast			8.066b						91 730 58.6 430 741.8e	0.58					
	milk																			
			Min													0.17g 0.10 0.012 0.022
			Mean													7.7g 4.5	0.55		1.0
			Max													30.27g	18	2.2		3.9
	Formula			8.421b						91c 770 58.6c 450	669	0.67					
		US	Min													210 140	17		30

Table 3

 3 Body weights (kg), daily breast milk or formula intakes (L/day), and daily caloric intake estimates (kcal/day) at various ages used by regulatory or advisory agencies compared to estimates from Table2.

			Breast-Fed		Formula-Fed	Feeding
								Method
								Not
								Specified
	Organization/Estimate	Age	Body	L/Day	Body	L/Day of	kcal/Day	Body
	from Table 2		Weight	of	Weight	Formula		Weight
			(kg)	Breast	(kg)			(kg)
				Milk				
	Estimates from Table 2	3	3.91	0.603	3.84	0.620	414	
		weeks						
	Environmental Protection	0-<1	3.40	0.510				4.8
	Agency [67]	month						
	Environmental Protection	1-<3	4.93	0.690				5.6
	Agency [67]	months						
	Estimates from Table 2	4.25	6.5	0.78	6.89	1.00	668	
		months						
	Institut national de santé	<6				1.22 (95 th		6.7
	publique du Québec	months				percentile)		
	(National Institute of Public							
	Health of Quebec) [68]							
	Food and Agriculture	0-6			5	0.750	500	
	Organization/World Health	months						
	Organization (Codex							
	Alimentarius) [69]							
	European Food Safety	0-6		0.8			500	
	Authority [70]	months						
	Agence Française de	0-6				0.420		
	Sécurité Sanitaire des	months						
	Aliments (French Food							
	Safety Agency) [71]							
	Institute of Medicine [72]	0-6		0.78				
		months						
	Environmental Protection	3-<6	7.00	0.770				7.4
	Agency [67]	months						
	Institute of Medicine [72]	6						7
		months						
	Estimates from Table 2	7	8.066	0.58	8.421	0.67		
		months						
	Environmental Protection	6-<12	7.5	0.620				9.2
	Agency [67]	months						
	Institute of Medicine [72]	7-12		0.6				
		months						
	Institute of Medicine [72]	12						9
		months						
	Environmental Protection	1-<						11.4
	Agency [67]	years						
	Estimates from Table 2	18	10.889	0.230	11.189	0.335		
		months						
	Institute of Medicine [72]	1-3						13
		years						

Table 4

 4 Estimated daily manganese (Mn) intakes for infants and young children at 3 weeks, 4.25 months, 7 months, and 18 months from infant formulas and young child nutritional beverage product powders reconstituted with hypothetical water containing 250 µg of Mn/L.

	Feeding Method	Market	Minimum, Mean,

and Maximum Mean Body Weight (kg) Mean L of Breast Milk or Prepared Product/Day µg of Mn/L of Breast Milk mL of Water/Batch (e) Mean g of Product Powder/Batch (e) Mean Final Volume of Prepared Product/Batch (mL) µg of Mn from Hypothetical Water/Batch Measured µg of Mn/g of Product Powder µg of Mn from Product Powder/Batch Total µg of Mn/Batch of Prepared Product Using Hypothetical Water Total µg of Mn/L of Prepared Product Using Hypothetical Water µg of Mn/Day from Breast Milk or Prepared Product Using Hypothetical Water µg of Mn/kg of body weight/Day µg of Mn/kg of body weight/Day Relative to Mean Breast Milk

  

	3 Weeks				
	Breast	3.91a 0.603c			
	milk				
		Min	0.17d	0.10 0.026 0.022
		Mean	7.7d	4.6	1.2	1.0
		Max	30.27d	18.3	4.67	3.9
	Formula	3.84a 0.620c			
	US	Min		30 4.5511 34.2 7.5 1.6 7.1 14.6 428 265	69.0	58
		Max		60 10.0915 68.5 15 5.7 57 72 1,100 650	170	140
	France Min		30 4.5629 33.2 7.5 1.7 7.8 15.3 462 286	74.5	63
		Max		30 4.3584 34.6 7.5 4.4 19 27 770 480	120	110
	4.25 Months				
	Breast	6.5a 0.78c			
	milk				
		Min	0.17d	0.13 0.020 0.022
		Mean	7.7d	6.0	0.92	1.0
		Max	30.27d	23	3.6	3.9
	Formula	6.89a 1.00c			
	US	Min		30 4.5511 34.2 7.5 1.6 7.1 14.6 428 428	62.1	68
		Max		60 10.0915 68.5 15 5.7 57 72 1,100 1,100	150	170
	France Min		30 4.5629 33.2 7.5 1.7 7.8 15.3 462 462	67.0	73
		Max		30 4.3584 34.6 7.5 4.4 19 27 770 770	110	120
	7 Months				
	Breast	8.066b 0.58c			
	milk				
		Min	0.17d	0.10 0.012 0.022
		Mean	7.7d	4.5	0.55	1.0
		Max	30.27d	18	2.2	3.9

(a) Sievers et al.

[START_REF] Sievers | Feeding patterns in breast-fed and formulafed infants[END_REF] 

(German breast-fed and formula-fed infants) (b) Dewey et al.

[START_REF] Dewey | Growth of breastfed and formula-fed infants from 0 to 18 months: The DARLING study[END_REF] 

(US breast-fed and formula-fed infants; means calculated from results originally reported separately for boys and girls) (c) Table 2 (d) Table 1
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