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Table S1. Total blood concentrations (mean, standard derivation and 95th percentiles) of Mn measured in 
presumably sensitive human subpopulations as reported in other studies  

Population 
Mean 
(µg/L) 

Standard 
deviation 
(µg/L) 

95th percentile Ratio 95th centile/mean  Reference 

Neonates 40.37 11.55 59.31 1 1.5 [1] 

Neonates 56.4 16.47 83.4 1 1.5 [2] 

infant (1-11 mo) 26.1 18.9 57.1 1 2.2 [2] 

Children deficient in 
iron 

25.5 11.27 43.98 1 1.7 [3] 

Elderly (aged 60 – 79 
years) 

9.4 ND 15 1.6 [4] 

1 Estimate of the 95th percentile as per the default statistical assumption for a lognormal distribution that: 95th percentile 
= mean + (1.64 × standard deviation) 

I. Consideration regarding the application of 3-fold UFDB to account for the fact that some LOAEL values 
lower than the POD retained in the current assessment are available in the literature  

LOAEL values that are lower than the POD retained here have been observed in several 
neurodevelopmental studies held in neonate rodents. Additionally to those cited by Health Canada [5], 
ATSDR also report studies exhibiting LOAEL values lower than 25 mg/kg-day [6]. These studies were 
reviewed here in order to bring out the rationale based on which they were excluded from Health Canada’s 
assessment. Also, a PubMED search was performed to complement this review, using the keyword « 
manganese » and applying a filter in order to select only the articles published since the last version of 
Health Canada’s Technical Document for public consultation entitled “Guidelines for Canadian Drinking 
Water Quality - manganese“, that is January 2017. The following observations can be made on the selected 
articles, which are those that solely focused on manganese-exposed neonates rodents (n = 10): 

1) The PubMED search allowed to retrieve only one other relevant publication, conducted by the same 
research group that performed the rat studies from which the POD chosen here was selected (Table 2). 



Replicating the same protocol, Beaudin et al. have observed adverse attention capacity and awaken 
state regulation in rats exposed on PND 1-21 to 25 mg/kg/day [7] somewhat further supporting this 
dose as a relevant LOAEL value. 

2. Among the nine other retrieved studies in which a LOAEL lower than 25 mg/kg/day is reported, 7 
showed significant weaknesses, namely the use of a single exposure dose [8,9], the measure of solely 
biochemical parameters [10,11], the exposure doses not being reported in mg/kg/day by the authors 
[12,13], the lack of statistical test [14]. 

3) The remaining two studies from Dorman et al. [15] and Brenneman et al. [16] used similar protocols as 
those followed by the authors indicated in Table 2. Indeed, pup rats received manganese chloride 
(MnCl2•4H2O) per os on PND 1-21 at exposure doses of 25 and 50 mg of MnCl2•4H2O, which 
corresponds to manganese doses of respectively 11 and 22 mg/kg/day.  

4) The only statistically significant effect observed by Dorman et al. (n = 20 pup rats per dose) is an 
increase, at exposure dose = 11 mg/kg/day, of the maximal amplitude of the jump reaction to pulsed 
acoustic stimulus [15]. 

5) Brenneman et al., for their part, observed an increase in the spontaneous motor activity at the exposure 
dose of 22 mg/kg/day, but no such effect at the exposure dose of 11 mg/kg/day (n = 15 female rats per 
dose) [16]. 

The study from Dorman et al. [15] therefore suggests that the lowest LOAEL associated to adverse 
neurological effects in neonate rats exposed to manganese could well be 11 mg /kg/day rather than the 25 
mg/kg/day chose here for POD. However, no standardized protocol supports the neurophysiological tests 
used by Dorman et al., nor has it been replicated or published elsewhere. [15], although they are in fact 
mentioned by Health Canada and MDH [17–19]. From another hand, despite the fact that Dorman et al. 
cannot appreciate the relevancy of their studied physiological outcome (maximal amplitude of the jump 
reaction to pulsed acoustic stimulus), in terms of toxicological significance, they evoke that such reflex could 
be modulated by dopamine. Besides, other authors suggest the existence of a link between the modulation 
of the reaction to pulsed acoustic stimulus and emotional state as well as attention capacity [20,21], two 
neurological functions that have been shown to be alterated following exposure to manganese [18,22]. 
Overall for these reasons, it was chosen here to apply a 3-fold UFL to the Kern et al.’s POD of 25 mg/kg/day 
rather than using an alternative POD of 11 mg/kg/day without such UFL, which err to the side of slightly 
greater safety given that 25/3 = 8.33 mg/kg/day, is lower than Dorman et al.’s LOAEL.  

II. Considerations with regard to the choice of the appropriate BW-adjusted drinking water ingestion rate  

If the POD is based on a study in which the exposure of interest occurred through lifetime, therefore 
during the period of infancy deemed more susceptible to exposure to environmental contaminants, it is 
believed that the increased exposure rate, on a body-weight basis, during infancy has been accounted for 
by the experimental design. Thus, it is considered that the use of the parameters corresponding to the most 
exposed adults, namely at the 95th percentile value, is protective enough for the entire population. This 
value has been estimated by the INSPQ for Quebec population [23] to 44 mL/kg BW/day, which corresponds 
to 3.08 L/day IR value for an adult’s 70 kg BW value.  

If the POD is based on a study in which the exposure of interest occurred solely during adulthood, the 
increased exposure rate during infancy has not been accounted for during the experimental setting. To 
compensate this gap, body-weight adjusted daily ingestion rate of drinking water weighted over the first 7 
years of life is used. This duration is considered as the smallest chronic exposure duration as per US EPA’s 
drinking water guidelines and health advisories [24] , and therefore appears relevant to the derivation of a 



chronic exposure guideline such as the one derived here. Based on data for the Quebec children aged 0-6 
months, 0.5 - < 5 years, and 5 - < 12 years old [23], the 7-years weighted mean body-weight value is 18.7 kg 
whereas in the case of drinking water ingestion rate, the 95th percentile value, chosen to reflect high drinking 
water consumers, is 1.95 L/day (or 104 mL/kg BW/day). Finally, if the POD has been determined for an 
exposure that occurred during a period corresponding to a specific window of susceptibility, the mean BW 
and 95th percentile value of ingestion rate that are being used are those that correspond to this specific time 
period. Since it would account for the individuals exposed during the most sensitive period of their life, it 
accounts de facto for the concern of protecting the most sensitive individuals, mentioned above.          
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