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Background 
 
Arsenic is naturally occurring in the environment, and very low levels are present in various foods. 
Elevated arsenic exposure from drinking water has been associated with a variety of serious adverse 
health effects, with potential effects noted in vulnerable populations such as infants and children.  
 
In June 2020, Health Canada’s Food Directorate issued a Notice of Modification (NOM, NOM/ADM C-
2020-1) to add maximum levels (ML) for inorganic arsenic in polished (white) and husked (brown) rice to 
Part 2 of the List of Contaminants and Other Adulterating Substances in Foods, which is incorporated by 
reference into Division 15 of the Food and Drug Regulations.  Rice and rice-containing products are a 
major contributor to dietary exposure to inorganic arsenic in all ages, including infants and young 
children. Therefore, these targeted MLs were developed to help ensure that dietary exposures to 
inorganic arsenic be kept as low as possible. The MLs established by Health Canada’s Food Directorate 
for inorganic arsenic in polished and husked rice of 200 and 350 parts per billion (ppb; ng/g), 
respectively, align with those established by the Codex Alimentarius Commission (CAC) (CAC 2014, 2016; 
Codex Alimentarius 2019).  
 
Both the Notice of Proposal (NOP, NOP/ADP C-2019-2) and the Information Document associated with 
the NOM (NOM/ADM C-2020-1) regarding the new MLs for arsenic in polished and husked rice indicated 
that additional, more protective, risk management measures for rice-based foods intended specifically 
for infants and young children may be considered. Stakeholders from the food industry and the public 
were invited to submit comments or information pertinent to arsenic in rice-based foods for infants and 
young children. The comments received indicated support for additional risk management measures. In 
addition, as part of the information collected by Health Canada to consider additional measures for 
these foods, in 2019-2020 the Canadian Food Inspection Agency (CFIA) conducted a targeted survey for 
rice-based foods intended for infants and young children. Results from this survey have been taken into 
account in the current assessment.  
 
Considering all the information presented in this assessment, in April 2021, Health Canada’s Food 
Directorate proposed an additional ML for inorganic arsenic in rice-based foods intended specifically for 
infants and children (NOP/ADP C-2021-1). No new scientific information relevant to Health Canada’s 
proposal was received during the public consultation. This document presents the final assessment to 
support additional risk management measures for inorganic arsenic in rice-based foods intended for 
infants and young children. 
 

Hazard identification 
 
The toxicological database for inorganic and organic arsenic exposure is vast and constantly evolving. 
The Food Directorate’s position regarding the hazard identification and characterization of arsenic relied 
on authoritative reviews by food regulatory organizations including the European Food Safety Authority 
(EFSA), the Joint FAO/WHO Expert Committee on Food Additives (JECFA), and the U.S. Food and Drug 
Administration (U.S. FDA). 
 

https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/modification-maximum-levels-inorganic-arsenic.html
https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/modification-maximum-levels-inorganic-arsenic.html
https://www.canada.ca/en/health-canada/services/food-nutrition/food-safety/chemical-contaminants/maximum-levels-chemical-contaminants-foods.html
https://laws-lois.justice.gc.ca/eng/Regulations/c.r.c.,_c._870/
https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/proposal-add-maximum-levels-inorganic-arsenic-white-and-brown-rice-list-of-contaminants-other-adulterating-substances.html
https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/modification-maximum-levels-inorganic-arsenic.html
https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/proposal-add-maximum-level-inorganic-arsenic-rice-based-foods.html
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The inorganic forms of arsenic, arsenite [As(III)] and arsenate [As(V)], are generally recognized as the 
arsenic species of greatest toxicological concern to human health. It is also generally accepted that due 
to interspecies differences in toxicokinetics, evidence in experimental animals are of limited quantitative 
relevance concerning human health risk assessment. However, there is an abundance of epidemiological 
data describing adverse health effects associated with arsenic exposure, and this evidence thus typically 
forms the basis for human health risk assessments of inorganic arsenic (e.g. EFSA 2009, JECFA 2011, U.S. 
FDA 2016). 
 
Epidemiological studies of populations in different regions of the world have associated chronic 
ingestion of drinking water contaminated with relatively high levels of inorganic arsenic (e.g., >100 ppb) 
with cancer, skin lesions, developmental toxicity, neurotoxicity, cardiovascular disease and diabetes. 
Studies of relatively large cohorts in Chile, Argentina, and Taiwan provide strong evidence for a causal 
association between arsenic exposure and cancers of the skin, urinary tract and lung. The International 
Agency for Research on Cancer (IARC 2012) has classified inorganic arsenic compounds as carcinogenic 
to humans (group 1). Mechanisms of action associated with the carcinogenicity of inorganic arsenic, 
include oxidative damage, epigenetic effects and interference with DNA damage repair, but not direct 
interaction with DNA (EFSA 2009; JECFA 2011; IARC, 2012). 
 
There is also evidence that in-utero and childhood exposure to high levels of inorganic arsenic may 
affect fetal and childhood health and development (e.g. morbidity/mortality, growth, immunotoxicity 
and neurobehavioural toxicity), and that children may be more sensitive to arsenic toxicity than adults 
(Concha et al. 1998; Vahter 2008; Fängstrom et al. 2009; Skröder et al. 2016; Tsuji et al., 2015; Hamadani 
et al., 2011; Vahter et al 2020). In its systematic review of the literature, the U.S. FDA (2016) concluded 
that exposure to inorganic arsenic during pregnancy and early childhood may increase the risk of 
impaired development, including neurodevelopmental effects, which may persist later in life.  
 
Recently, Hobbie et al. (2020) used qualitative and quantitative measures to prioritize the health 
outcomes associated with chronic arsenic exposure in humans, and also identified diseases of the 
circulatory system (including cardiovascular disease) as sensitive well studied effects associated with 
arsenic exposure. This is supported by systematic reviews by Tsuji et al. (2014), Moon et al. (2012 and 
2017) and Zhao et al. (2021). The other high priority outcomes identified by Hobbie et al. (2020) were 
bladder cancer and lung cancer.  
 
Although there is an abundance of toxicological information associating inorganic arsenic with many 
non-cancer related adverse health effects, information on the mode of action (MOA) of diseases 
associated with exposures to inorganic arsenic is limited. Key molecular initiating events, such as binding 
with sulfhydryl groups in critical proteins in target cells, have been proposed (Tsuji et al. 2019); however, 
to date, Health Canada’s Food Directorate is not aware of any food regulatory agency that considered 
non-cancer endpoints in the quantitative risk assessment of inorganic arsenic.  

Hazard characterization 
 

Carcinogenicity 

 
In 2009, EFSA evaluated the dose response relationship of skin cancer, bladder cancer and lung cancer in 
humans. However, exposure in the critical studies came from drinking water with no measure of arsenic 
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exposure from food. In order to estimate total inorganic arsenic exposure, EFSA applied a set of 
assumptions regarding water consumption, inorganic arsenic intake from food and body weights based 
on the study population(s) of the critical studies. Using these estimates of total inorganic arsenic 
exposure, EFSA established a range of BMDL01 values1 between 0.3 and 8 µg/kg bw/day. Of the effects 
investigated by EFSA, lung cancer produced the lowest BMDL01. However, given the limitations inherent 
in the epidemiological studies and in the estimates of total inorganic arsenic exposure, EFSA concluded 
that the overall range of BMDL01 values should be used instead of a single reference point in the risk 
characterization for inorganic arsenic in food.  
 
A subsequent analysis by JECFA (2011) considered a pair of more recent publications by Chen et al. 
(2010a and 2010b) who prospectively investigated the incidence of urinary tract and lung cancer 
incidence in a large cohort (e.g., >6800) of residents from northeastern Taiwan for whom arsenic 
concentrations in drinking water had been ascertained with an average of 11.5 years of follow up. 
Similar to the EFSA (2009) assessment, the exposure metric in the Chen et al. (2010a and 2010b) studies 
was concentration of arsenic in drinking water and no information on arsenic in food was available. In 
order to assess the effects of total inorganic arsenic exposure from drinking water and food, JECFA 
(2011) applied various assumptions concerning dietary arsenic intake to estimate total exposure in the 
Taiwanese cohort. The BMDL0.5 values calculated by JECFA for lung and urinary cancer following this 
adjustment ranged from 3.0 to 5.0 µg/kg bw per day and 5.2 to 11.4 µg/kg bw per day, respectively.  
 
Subsequent to the JECFA (2011) assessment, the U.S. FDA (2013, 2016) used the same Chen et al. 
(2010a, 2010b) studies to establish quantitative cancer risk estimates to support scientific assessments 
concerning inorganic arsenic in apple juice and rice and rice products. The U.S. FDA (2013) estimated 
that the 90th percentile confidence interval of excess lifetime cancer risk associated with an average 
consumption of apple juice containing 10 ppb inorganic arsenic (dose not specified) ranges from 0.1 to 
48 cases per million for exposures from 0 to 50 years of age. Taking into account additional uncertainty 
in the exposure estimates for the Taiwanese cohort, the U.S. FDA (2016) subsequently estimated that 
the 90th percentile confidence interval of the excess lifetime cancer risk associated with consumption of 
all rice and rice products (i.e., 0.032 µg inorganic arsenic/kg bw per day) ranges from 0 to 79 cases per 
million for exposures from 0 to 50 years of age.  
 
Mendez et al. (2020) highlight many advantages of using the Chen et al. (2010a and 2010b) studies for 
risk characterization purposes over many of the other epidemiology studies available (i.e. the large size 
of the cohort, wide exposure range, substantial follow up period, well documented exposure metric, 
reliable outcome ascertainment and the prospective study design). However, Mendez et al. (2020) also 
suggest that extrapolation of risk from the Chen et al. (2010a and 2010b) studies to lower doses, such as 
those experienced in the U.S. and Canada, involves substantial model uncertainty as indicated by the 
model dependence in the estimation of lifetime probabilities and extra risk.  
 
In an effort to address some of the uncertainties associated with extrapolating cancer risk estimates 
from the Chen et al. (2010a and 2010b) studies, meta-regression techniques have been applied to the 
cancer data (e.g., Lynch et al., 2017; Allen et al., 2020; Shao et al., 2021). While a toxicological threshold 
for inorganic arsenic induced lung and bladder cancer, ranging from 50 to 150 ppb in drinking water, has 
been proposed by some (Tsuji et al., 2019; Shao et al., 2021; Lamm et al., 2021), Lynch et al. (2017) 
indicate that making a robust quantitative demonstration or establishing a threshold using 

                                                             
1 95% lower confidence limit of the benchmark dose for a 1% extra risk 
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epidemiological data is difficult. JECFA (2011) also indicate that at drinking water concentrations less 
than 50 ppb, the incidence of cancer is anticipated to be low and difficult to detect in epidemiological 
studies. For example, given the imprecision, inherent variability, and measurement error in the 
underlying human data, Lynch et al. (2017) suggest that it remains a challenge to use the epidemiology 
data to distinguish true thresholds from statistical failure to detect trends or responses at low 
exposures. Additionally, Lynch et al. (2017) suggest that extrapolating cancer risk estimates into the low 
dose region (e.g., <50 ppb in drinking water) is likely over-estimating risk. 
 

Summary 
 
Although inorganic arsenic is a well characterized carcinogen, is linked to numerous non-cancer adverse 
health effects (e.g., cardiovascular disease and neurodevelopmental toxicity), and early life exposure has 
been identified as a vulnerable window for toxicity, the hazard characterization of inorganic arsenic in 
food has a number of key uncertainties which precludes traditional risk-based approaches to developing 
regulatory measures for arsenic in food (Nachman et al., 2017). Given the uncertainties in the data, 
Health Canada’s Food Directorate has taken the approach of using Margins of Exposure (MOEs) based 
on the JECFA (2011) BMDL0.5 of 3 µg/kg bw per day for lung cancer to inform its risk characterization. 
Similar approaches to risk characterization of arsenic in food have been used by EFSA (2009 and 2021), 
JECFA (2011), COT (2016) and more recently by FSANZ (2019). 
 
Although numerous non-cancer adverse health effects have been identified as priority outcomes 
(NASEM 2014, 2019; U.S. FDA 2016), the evidence at this time is inadequate for establishing a reliable 
point of departure and/or health based guidance value. It is noted however, that arsenic (inorganic and 
organic) is on the CODEX Priority list of contaminants and naturally occurring toxicants for evaluation by 
JECFA2 and that the U.S. Environmental Protection Agency (U.S. EPA) is currently conducting a 
systematic review of toxicological information on inorganic arsenic.3 The intention of both the JECFA and 
U.S. EPA updated assessments is to explore in more depth non-cancer effects associated with arsenic 
exposure such as neurodevelopmental, immunological and cardiovascular effects. Furthermore, in 2021 
EFSA4 indicated that it will be assessing the risks from exposure to small methylated arsenic species and 
organic arsenic species in food. Health Canada will continue to monitor the literature and duly consider 
any changes to the hazard characterization approach described herein.  
 

Dietary exposure to inorganic arsenic in Canada 
 
In 2013, Health Canada’s Food Directorate updated dietary exposure estimates for inorganic arsenic in 
Canada using available monitoring and surveillance data on arsenic in foods from CFIA and Health 
Canada surveys conducted between 2008 and 2013, as well as food consumption data from the 2004 
Canadian Community Health Survey - Cycle 2.2 on Nutrition (Statistics Canada 2004; Health Canada 
2013). Table 1 summarizes the exposure estimates from that assessment for various age groups of the 
population. 
 

                                                             
2 Report of the 14th Session of the Codex Committee on Contaminants in Foods (virtual) 3-7 and 13 May 2021 
3 Records associated with the U.S. EPA IRIS review 
4 EFSA Extensive l iterature search on organic arsenic in food (2021)  

https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-735-14%252FREPORT%252FFinalReport%252FREP21_CFe.pdf
https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=343951
https://www.efsa.europa.eu/en/call/extensive-literature-search-organic-arsenic-food


7 
Assessment in Support of Risk Management for Arsenic in Rice-Based Foods Intended for Infants and 
Young Children 
 

Table 1. Estimated single day inorganic arsenic exposures for various age 
groups in Canada 

Age group (years) 
Inorganic arsenic exposure 

(µg/kg bw per day) 
 Mean p95 

< 1 0.18 0.63 
1 to 3 0.27 0.75 
4 to 8 0.21 0.58 

9 to 13 0.13 0.37 
14 to 18 0.10 0.28 

19 to 30 0.10 0.28 
31 to 50 0.10 0.26 
51 to 70 0.08 0.22 

71 or more 0.07 0.19 
Weighted average 
lifetime exposure 

0.105 µg/kg bw per day 

Table notes: ‘bw’ is  body weight; ‘p95’ is  95th percentile; weighted average lifetime exposure is based on a lifetime of 80 

years. 

 
Based on the exposure estimates for various stages of life, the weighted average lifetime exposure to 
inorganic arsenic is calculated as approximately 0.105 µg/kg bw per day. As shown in Table 1, dietary 
exposures are expected to be higher during the early stages of life due to a more limited diet and higher 
food consumption rates per unit of body weight. From the results in Table 1, it is estimated that roughly 
21% of lifetime average exposure to inorganic arsenic from the diet occurs during childhood up to the 
age of 8 years (based on an assumed 80-year lifetime).  

 
The primary contributing foods to inorganic arsenic dietary exposures were estimated for each age 
group. The more prominent contributors for infants and young children are presented in Table 2 (partial 
Table from Health Canada 2013).  
 
Table 2. Primary contributors to dietary inorganic arsenic exposure in Canadian children 

Age group Food 
Estimated proportion of total dietary 

inorganic arsenic exposure (%) 
Infants < 1 year Rice cereals 17 

 Baby food dinners 10 
 Mixed grain cereals 9 
 Baby food vegetables 8 

Toddlers 1-3 years Fruit juice 22 
 Rice 11 
 Dairy products 10 
 Fruits or vegetables 7 to 9 

Children 4-8 years Fruit juice 18 
 Rice 12 
 Dairy products 9 
 Fruits or vegetables 7 

Table notes: ‘Rice’ includes only rice grain, estimates do not account for other rice-based foods (e.g. crackers, cakes, etc.). 
 
Results demonstrate that rice cereals are expected to be the largest contributor (17%) for infants under 
1 year. Rice grain is also amongst the larger contributors in Canadian children ages 1-3 and 4-8 years, 
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accounting for about 11-12% of the overall dietary inorganic arsenic exposure. Rice-based snacks and 
other rice-based foods are not included in these estimates as robust consumption data for these foods 
were not available. However, rice-based snacks for infants and young children are common early foods, 
due to their digestibility and ability to dissolve quickly.  
 
Results also demonstrate that fruit juice is expected to be the largest contributor (18-22%) to inorganic 
arsenic dietary exposures in Canadian children ages 1-3 and 4-8 years. Risk management measures for 
fruit juices are being addressed in a separate assessment.  

 

Risk Characterization 
 
The MOEs between the JECFA lower-end BMDL0.5 value of 3.0 µg/kg bw per day for lung cancer in 
humans and the estimated mean dietary exposures to inorganic arsenic for various age groups are 
presented in Table 3. 
 
Table 3. Margins of exposure (MOE) using the JECFA lower-bound 
BMDL0.5 associated with lung cancer 

Age group (years) Margin of exposure (MOE) 
< 1 17 

1 to 3 11 
4 to 8 14 

9 to 13 23 
14 to 18 30 
19 to 30 30 
31 to 50 30 
51 to 70 38 

71 or more 43 
Weighted lifetime average 29 

 
While these results suggest current exposure levels of arsenic to Canadians (including infants and 
children) through their diet are of potential concern, it is acknowledged that considerable uncertainty 
still exists within the available dataset.  Nevertheless, JECFA has noted that arsenic is a public health 
concern and that measures need to be taken to reduce arsenic exposure (CCCF 2012). Based on the 
weight of evidence, Health Canada’s Food Directorate supports JECFA’s conclusion and is of the opinion 
that inorganic arsenic concentrations in foods should be kept as low as reasonably achievable (ALARA). 
This is a similar approach to that recommended by Health Canada (2006) and the World Health 
Organization (2018) for inorganic arsenic concentrations in drinking water. Due to evidence suggesting 
the greater impact of exposure to inorganic arsenic during early stages of life, the Food Directorate is 
also of the opinion that measures targeted at limiting dietary exposure to inorganic arsenic during 
infancy and childhood are reasonable. 
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International activities on arsenic in rice-based foods for infants and 

young children 
 

European Union 
 
In 2015, the European Commission (EC) amended Regulation No 1881/2006 to include an ML of 100 ppb 
for inorganic arsenic in rice destined for the production of food for infants and young children (EC 2015). 
This ML was in addition to other MLs for inorganic arsenic established by the EC for: non-parboiled 
milled rice (polished or white rice); parboiled rice and husked rice; and rice waffles, rice wafers, rice 
crackers, and rice cakes. The EC regulations do not specifically state whether rice waffles, rice wafers, 
rice crackers and rice cakes could be products intended for infants and young children.  
 
An assessment published by the European Food Safety Authority (EFSA) in 2014 reported an average 
inorganic arsenic concentration of 133.1 ppb in 52 samples of ‘cereal-based food for infants and young 
children’ (EFSA 2014). This was based on 20 samples measured specifically for arsenic speciation and 32 
samples measured for total arsenic with estimated inorganic arsenic concentrations assuming that 
inorganic arsenic represents 70% of the total arsenic. Results in the EFSA assessment were only 
presented in summary form; however, mean inorganic arsenic concentrations in these cereal products 
exceeded the applicable ML of 100 ppb established by the EC.  
 
Other European food safety authorities, such as Norway, Germany, Sweden and Denmark, have also 
identified rice and rice products as a potential health concern and recommend that levels should be 
reduced to levels as low as reasonably achievable (VKM, 2016). 
 

Codex Alimentarius 
 
The Codex Alimentarius Commission (CAC) has not established MLs for inorganic arsenic in rice-based 
foods for infants and young children or rice destined for use in such foods. However, in 2014 and 2016, 
respectively, the CAC established MLs for inorganic arsenic in polished (white) and husked (brown) rice 
(CAC 2014, 2016) in the General Standard for Contaminants and Toxins in Food and Feed, CXS 193-1995. 
Within this standard, analytical testing for total arsenic in rice is considered an acceptable approach to 
screen for compliance with the inorganic arsenic MLs. If total arsenic is above the ML for inorganic 
arsenic, then follow-up confirmatory testing is required (Codex Alimentarius, 2019).  
 
The CAC also published a Code of Practice for the prevention and reduction of arsenic contamination in 
rice (Codex Alimentarius 2017). The Code of Practice provides guidance to food producers, 
manufacturers and other relevant authorities related to agricultural and processing measures that can 
be taken to prevent and reduce arsenic contamination in rice.  
 

U.S. Food and Drug Administration 
 
In August 2020, the U.S. FDA established an action level for inorganic arsenic in all types of infant rice 
cereals of 100 ppb (U.S. FDA 2020a); this step formalizes the action level initially proposed by the U.S. 
FDA in 2016. The action level is intended to encourage manufacturers to reduce the levels of inorganic 
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arsenic in infant rice cereals in order to decrease exposure and potential risk. The U.S. FDA considers this 
action level to be achievable with the use of good manufacturing practices, in particular selecting rice or 
rice-derived ingredients with lower inorganic arsenic levels for use in infant cereals and testing for 
inorganic arsenic. The action level will be used by the U.S. FDA to help determine, on a case-by-case 
basis, if infant rice cereals sold in the U.S. are adulterated and if enforcement action is required.  The U.S. 
FDA’s approach to determine compliance with action levels for inorganic arsenic in infant rice cereal 
(U.S. FDA 2020b) is similar to the Codex Alimentarius standard above. 
 
In 2016, when the U.S. FDA’s action level was initially proposed, the FDA indicated very low compliance 
rates according to existing surveillance results. Based on U.S. data5 collected between 2011 and 2013 
(n=81), inorganic arsenic concentrations in only 36% of infant rice cereals samples were below the 
100 ppb action level. Similarly, U.S. results collected from 2014 (n=76) indicated that inorganic arsenic 
concentrations in only 47% of infant rice cereal samples were below 100 ppb. The average inorganic 
arsenic concentration in white rice infant cereals from the combined datasets was 103.9 ppb and that of 
brown rice infant cereals was 119.0 ppb. 
 
However, results from a 2018 U.S. FDA survey5 (n=149), demonstrated lower inorganic arsenic 
concentrations in infant rice cereals (Table 4). 
 
Table 4. Summary of results from 2018 U.S. FDA survey on inorganic arsenic in infant 
rice cereals 

Rice product 
Number of 

samples 
Inorganic arsenic concentration (ppb) 

  Mean p95 
White rice cereals 119 81.5 107.6 
Brown rice cereals 30 97.5 123.0 

Table notes: ‘p95’ is  95th percentile; ‘inorganic arsenic’ is the sum of arsenite [As(III)] and arsenate [As(V)]. 
 
Relative to the combined 2011-2013 and 2014 U.S. FDA datasets, the 2018 results represented 22% and 
18% reductions in the average inorganic arsenic concentrations in white and brown rice infant cereals, 
respectively. Furthermore, inorganic arsenic concentrations in 81% of white rice cereals and 57% of 
brown rice cereals from the 2018 dataset were below 100 ppb. Based on the combined datasets for 
white and brown rice infant cereals, 76% of all infant rice cereals were below 100 ppb inorganic arsenic 
and thus compliant with the action level. 
 

Establishing a Canadian maximum level for arsenic in rice-based 

foods for infants and young children 
 

Canadian surveillance results 

 
Surveillance data on inorganic arsenic concentrations in rice-based products for infants and young 
children sold in Canada from CFIA surveys conducted from 2010 to 2014 as well as in 2019-2020 are 

                                                             
5 Available at: https://www.fda.gov/food/metals-and-your-food/arsenic-food-and-dietary-supplements 

https://www.fda.gov/food/metals-and-your-food/arsenic-food-and-dietary-supplements
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presented in Table 5.  The brands of rice cereals and other rice products analyzed between 2010 and 
2014 are similar to those from the 2019-2020 survey. 
 
Table 5. Summary of Canadian surveillance results for inorganic arsenic in rice-based foods intended 
for infants and young children 

Rice product 
Number of 

samples 
Inorganic arsenic concentration (ppb) 

2010 to 2014  mean p95 
White rice cereals 139 66.2 125.2 
Brown rice cereals 20 115.0 187.9 
Rice rusks/biscuits 1 26.7 -- 
Rice puffs 3 49.7 61.0 
All  products 2010 to 2014 163 71.6 133.7 
    
2019-2020  mean p95 
White rice cereals 49 36.3 64.9 
Brown rice cereals 21 91.1 179.0 
Rice rusks/biscuits 20 40.9 60.9 
Rice puffs 8 82.7 113.0 
All  products 2019-2020 98 52.8 110.2 

Table notes: ‘p95’ is  95th percentile; ‘inorganic arsenic’ is the sum of arsenite [As(III)] and arsenate [As(V)]. 

 
Results from the 2019-2020 survey indicate that inorganic arsenic concentrations in infant rice cereals 
have decreased by 21 to 45% since those reported in 2010 to 2014. These decreased concentrations 
may be attributed to the increased awareness by both the food industry and international food safety 
organizations on the arsenic content in rice and efforts to reduce dietary exposures. The recent 
implementation of risk management measures for arsenic such as MLs for rice set by the CAC, MLs for 
rice and rice-based products set by the EC and an action level for infant rice cereals developed by the 
U.S. FDA, may have resulted in improved agricultural practices aimed at lowering arsenic accumulation 
in rice and food manufacturers seeking sources of rice with low arsenic content for their products. While 
results in the 2019-2020 survey for other rice-containing products such as rusks, biscuits and puffs show 
apparent increases compared to the previous period, true trends are not clear due to the limited 
number of samples analyzed in the 2010 to 2014 surveys. 
 

Achievability of products sold in Canada 

 
The achievability of a 100 ppb ML for inorganic arsenic in infant rice cereals was considered for products 
sold in Canada. This is consistent with the approach taken by the EC and the U.S. FDA. The number and 
percentage of samples from the 2010 to 2014 and 2019-2020 CFIA datasets with 100 ppb or less 
inorganic arsenic are shown in Table 6. 
 
According to the most recent 2019-2020 results, inorganic arsenic concentrations in all samples of white 
rice infant cereals were below 100 ppb. While the percentage of brown rice infant cereals with inorganic 
arsenic concentrations below 100 ppb was lower, the achievability for these products increased 
compared to the previous years’ surveys, i.e. from 40% to 71%. Concentrations of inorganic arsenic in 
other rice products such as rusks, biscuits and puffs were also below 100 ppb in most of the samples 
between both time periods (i.e. 90% achievability when combined).  Overall, inorganic arsenic 
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concentration in approximately 83% of all types of rice products targeted to infants and toddlers in the 
2010 to 2014 dataset were below 100 ppb, while 91% of all rice products in the 2019-2020 dataset were 
below 100 ppb.  
 
Table 6. Achievability of a hypothetical ML of 100 ppb inorganic arsenic in rice-based foods 
intended for infants and young children sold in Canada between 2010-2014 and 2019-2020  

Rice product Number of samples ≤100 ppb inorganic arsenic (%) 

 2010-2014 2019-2020 
White rice infant cereals 123/139 (89)  49/49 (100) 
Brown rice infant cereals 8/20 (40) 15/21 (71) 
Rice rusks/biscuits 1/1 (100) 20/20 (100) 
Rice puffs 3/3 (100) 5/8 (63) 
All  products 135/163 (83) 89/98 (91) 

 
The percentage of samples with less than 100 ppb inorganic arsenic in a database with mixed products 
highly depends on the proportion of brown rice cereal samples, as brown rice is known to contain higher 
concentrations of inorganic arsenic than white rice. It is noted that products with brown rice represent a 
larger proportion of the overall samples in the 2019-2020 dataset (21/98 or 21%) than in the 2010 to 
2014 dataset (20/163 or 12%).  As such, greater percentage of products made with brown rice (including 
rice puffs), are generally expected to have an inorganic arsenic concentration above 100 ppb compared 
to products made with white rice. However, as inorganic arsenic concentrations in most samples of each 
rice product were within 100 ppb and 95th percentile results were within an order of magnitude of 100 
ppb (179 ppb for infant brown rice cereals and 113 ppb in rice puffs), this suggests that concentrations 
below 100 ppb are reasonably attainable when applying best practices including sourcing rice from 
areas with lower inorganic arsenic concentrations. 
 

Conclusions  
 
Recent studies have provided evidence that inorganic arsenic may adversely affect childhood health and 
development as well as contribute to increased frequency and/or susceptibility for cancer in childhood.  
Therefore, efforts to minimize dietary exposure to inorganic arsenic in infants and young children should 
continue. 
 
The highest exposures to inorganic arsenic from the diet in Canada are expected to occur from infancy 
to early childhood. Infant rice cereals are the main contributor to dietary exposure to inorganic arsenic 
in infants < 1 year of age. Rice-based snacks for infants and young children are also common early foods. 
Therefore, measures targeted towards these foods are expected to have the greatest impact on 
minimizing inorganic arsenic exposures. 
 
The most recent surveillance data from the CFIA demonstrate that inorganic arsenic concentrations in 
infant rice cereals available in Canada have decreased over the last 10 years. Results also show that an 
ML of 100 ppb inorganic arsenic would be readily achievable for rice-based foods intended for infants 
and young children sold in Canada. While available data show that compliance rates for brown rice 
cereals and products made with brown rice would be lower than those for white rice products, sourcing 
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rice from areas with low inorganic arsenic is expected to result in products that would meet an ML of 
100 ppb.  
 
Based on the evidence presented, Health Canada’s Food Directorate is establishing an ML of 100 ppb for 
inorganic arsenic in rice-based foods intended specifically for infants and young children. This ML is 
readily achievable, consistent with the ALARA principle and helps minimize dietary exposure to inorganic 
arsenic in Canada. The ML also aligns with the EC’s ML for inorganic arsenic in rice destined for the 
production of food for infants and young children and the U.S. FDA’s action level for inorganic arsenic in 
infant rice cereals. The Food Directorate also supports the compliance testing approach for arsenic 
described in Codex Alimentarius (2019). 
 
Health Canada’s Food Directorate will continue to monitor the scientific evidence regarding the risks to 
human health from arsenic in foods. Should new information become available that may impact the 
conclusions of this assessment, the Food Directorate is prepared to revise its current position and, if 
required, will consider the necessary measures to protect the health of Canadians from potential effects 
associated with dietary exposure to arsenic. 
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