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EXECUTIVE SUMMARY

The Food and Drug Administration (FDA) is issuing for public comment this assessment of
health risks from inorganic arsenic in rice and products that contain rice (referred to in the report
as “rice products”). The risk assessment was conducted by FDA’s Center for Food Safety and
Applied Nutrition, in consultation with the National Institute of Environmental Health Sciences,
the Centers for Disease Control and Prevention, the U.S. Department of Agriculture, the FDA
National Center for Toxicological Research, and the Environmental Protection Agency.

The risk assessment provides: (1) a quantitative (that is, mathematical) estimate of cancer
occurrence from long-term exposure to inorganic arsenic in rice and rice products; and (2) a
qualitative assessment — a review and evaluation of the scientific literature — of certain non-
cancer risks, in certain susceptible life stages, from inorganic arsenic in rice and rice products.
The mathematical model we developed for the quantitative risk assessment not only estimates
risk from various kinds of rice and rice products, but also predicts changes in risk resulting from
various mitigation actions, based on the best available science.

The results of the risk assessment are the predicted lifetime risk, expressed as number of lung
and bladder cancer cases per million people, given in two ways: (1) the average person’s
estimated risk attributable to long-term exposure to rice and rice products, over a lifetime — the
“per capita” risk — and (2) the estimated lifetime risk posed by eating a given amount of rice or
rice product every day, on average— the “per eating occasion” risk. The former reflects a
population’s risk; the latter reflects an individual’s risk.

We chose to focus on inorganic arsenic, because it is the primary toxic type of arsenic, in
contrast to organic arsenic. We focused on rice and rice products, because evidence from FDA’s
Total Diet Study — an ongoing survey and analysis of the average American diet — revealed that
arsenic levels, although varying, tend to be higher in these foods than in others, and rice products
are common in the average American diet.

The quantitative risk assessment examines lung cancer and bladder cancer, which provide the
best evidence of low-dose cancer effects. The qualitative risk assessment describes our literature
review and evaluation of potential non-cancer health risks from arsenic in rice and rice products
in two vulnerable populations: (1) those exposed to arsenic while in the womb, through maternal
intake of arsenic-containing rice and (2) early childhood, including infancy.
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Executive Summary |

Summary of Cancer Estimates and Predictions

There are two forms of arsenic in food, inorganic and organic. Inorganic arsenic levels reported
in these products is not a concern in terms of immediate toxicity at the levels seen in food, but
may be a health concern when they are consumed long-term. Organic arsenic — monomethylated
and dimethylated arsenic, or MMA and DMA, are also found in rice and rice products. Current
research suggests that MMA and DMA, when ingested directly from food, undergo limited
metabolism.

Calculating the kinds of estimates and predictions below involves varying amounts of
uncertainty, because, for example, some data we need may not yet be available in the scientific
literature. We must substitute educated assumptions and professional judgment in these
instances, based on the best available evidence. Although the risk assessment characterizes the
uncertainty associated with the risk estimates and predictions, we present only the estimates and
predictions themselves in this executive summary (see Chapter 5 Risk Characterization of Lung
and Bladder Cancer, for additional details including the confidence limits).

We knew that arsenic was present in a variety of foods in the U.S. diet but until recently there
were not enough data to determine the amount that is inorganic versus organic. To provide
information for our estimates of dietary intake of arsenic from rice and rice products, we
measured the arsenic levels in these foods. We found that average concentrations of inorganic
arsenic — the more toxic form of arsenic — were as follows:

e 92 parts per billion (ppb) in white rice

e 154 ppb in brown rice

e 104 ppb in infants’ dry white-rice cereal
e 119 ppb in infants’ dry brown-rice cereal

The model we developed for the quantitative risk assessment adjusted for the bioavailability of
arsenic — the amount of its absorption by the body after it is ingested. Our review of the literature
indicates that inorganic arsenic is bioavailable.

e Although the average concentration is higher in brown rice than in white rice, the majority
of the risk is from white rice, because more white rice is eaten (see Tables 4.3 and 4.6).

e The lung cancer and bladder cancer risk (hereafter shortened to “cancer risk™) attributable to
lifetime exposure to all rice and rice products is a small portion of all cases of these cancers,
at 39 cases per million people (10 cases/million bladder cancer and 29 cases/million lung
cancer) (see Table 5.3). To put this in perspective, the total numbers of lung and bladder
cancer cases, from all causes, are 90,000 per million people over a lifetime .
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e The model suggests that the risk increases almost proportionally with increases in daily
servings (see Table 5.9). The average American diet (per capita) includes less than one
serving of rice and rice products per day. If the amount was increased to an average of one
serving per day, the lifetime cancer risk from arsenic in rice and rice products would
increase to between 74 and 184 cases per million people, depending on the type of rice
consumed (see Table 5.2). .

e Data indicate that rinsing/cooking practices have variable impact on reducing arsenic levels
in rice. However, these practices also reduce enriched iron, folate, thiamin and niacin.

e The predicted risk of developing cancer at some point in life after having been exposed to
inorganic arsenic in rice only during infancy increases with the frequency of weekly
servings (see Table 5.9), as shown below.

Predicted Lifetime Cancer Risk After Being
Exposed During Infancy Only

/
/
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/ —4—White Rice Cereal

O = N W R Y N WD
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Serving Frequency (servings/week)

Median Estimated Total Cancer Cases

Figure 1 Predicted Lifetime Lung and Bladder Cancer Risk After Exposure to Inorganic Arsenic
During Infancy

e The predicted risk of developing cancer at some point in life after having been exposed to

inorganic arsenic in rice from ages 0 to 6 increases with the frequency of weekly servings
(see Table 5.9), as shown in the following chart.
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Predicted Lifetime Cancer Risk After Being Exposed
from Ages 0 - 6 Only
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Figure 2. Predicted Lifetime Lung and Bladder Cancer Risk After Exposure to Inorganic Arsenic
During Ages 0 -6

Reducing inorganic arsenic exposure by either reducing consumption of rice and rice products or
limiting the level of inorganic arsenic in rice grain and rice products would decrease lifetime
cancer risk, as follows:

In the general population, limiting levels of inorganic arsenic to 200 ppb or higher would
not change the cancer risk significantly. Setting a limit below 200 ppb of inorganic arsenic
in rice and rice products would decrease the risk. Setting a limit of 150 ppb of inorganic
arsenic in rice and rice products would decrease the risk between 0% and 23%. The risk
reduction is between 2% and 47% at a limit of 100 ppb of inorganic arsenic in rice and rice
products. Finally setting a limit at 75 ppb of inorganic arsenic in rice and rice products
would decrease the risk between 17% and 79%. The percentage of risk reduction is
dependent on the product (see Table 5.6).

Setting a maximum level for inorganic arsenic in rice and rice products could affect
availability in the U.S. market. For example, were we to set a maximum level of 100 ppb in
these foods, the availability in the marketplace might decrease by 4% to 93%, depending on
the type of rice.

In the general population, the cancer risk would decrease in proportion to decreases in
serving size and frequency of consumption of rice and rice products. Conversely, the risk
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would double over a lifetime if the consumption frequency were increased from 1 serving
per day to 2 servings per day during that entire period (see Table 5.9).

e Eliminating rice and rice products from the diets of infants and of children up to 6 years old
could reduce the lifetime cancer risk from inorganic arsenic in rice and rice products by 6%
and 23%, respectively. In other words, the risk model predicts that an infant not fed any rice
or rice products has an approximately 6% lower chance of developing lung or bladder
cancer from arsenic contamination of these foods, over the lifetime, compared with an infant
who is fed these products (see Table 5.7).

Summary of Qualitative Assessment of Non-cancer Risk

Approximately 90% of pregnant women eat rice grain or rice products. Considering rice grain,
each serving increases a woman’s daily exposure to inorganic arsenic by approximately 5.2 - 7.8
pa/serving (see Table 6.4). Our literature review indicates that fetuses may have increased
susceptibility to adverse health effects from maternal inorganic arsenic intake.

The literature also suggests that exposure to inorganic arsenic during infancy and early childhood
can have neurotoxic effects, although whether these effects are lasting is unclear. At this time, a
quantitative assessment of non-cancer health effects associated with arsenic exposure in utero
(through maternal intake) and during infancy and early childhood has not yet been conducted.
We are working with EPA on this issue as data become available.

Research Needs

In conducting the risk assessment, we identified areas in need of research, to provide data not
currently available in the scientific literature. Additional data on the following topics would
advance our ability to estimate risks from dietary arsenic and predict the most effective
mitigations, to provide risk managers with science-based options for reducing the risk:

e new surveys on representative data samples, including speciation of arsenic in commonly
consumed foods;

e meta-analyses of epidemiological studies, to help determine the amount of dietary arsenic
linked to health effects, including those not assessed in the current risk assessment, such as

cardiovascular effects and diabetes;

o early-life exposure to arsenic, using models that include timing and amount of exposure as
variables;

May 13,2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 5



Executive Summary |

e adverse health effects of inorganic arsenic in certain susceptible life stages;

e improved methods for characterization of exposure from epidemiological data on dose-
response; and

e agricultural and processing practices that would reduce arsenic content of rice.

Next Steps

This risk assessment builds on previous research and collaborations by FDA and other agencies.
As an important part of the process, and in the interest of transparency, the report will now
undergo public comment and the risk assessment and report may be revised accordingly.

In addition, FDA will continue to monitor important research in this area, including ongoing
work by the National Academies of Sciences (NAS) Board on Environmental Studies and
Toxicology, which is currently reviewing EPA’s work on inorganic arsenic, specifically on
EPA’s IRIS Toxicological Assessments of Inorganic Arsenic.

May 13, 2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 6



1 INTRODUCTION

The U.S. Food and Drug Administration’s Center for Food Safety and Applied Nutrition (FDA-
CFSAN; i.e., “we”) conducted this risk assessment in consultation with other federal agencies,
including the National Institute of Environmental Health Sciences (NIEHS) and the National
Center for Environmental Assessment (NCEA), Office of Research and Development (ORD), at
the U.S. Environmental Protection Agency (EPA). The purpose of this assessment is to examine
available scientific data and information, to provide quantitative estimates of cancer risk
presented by long-term exposure to inorganic arsenic in rice grain and products that include rice
as an ingredient (hereafter referred to as rice products). In addition, the risk assessment
qualitatively addresses certain possible non-cancer health effects attributable to exposure to
inorganic arsenic in rice grain and rice products during pregnancy, infancy, and/or early
childhood (from birth to 6 years of age). This examination of the current science and predictive
model are among the tools we will use to evaluate current and potential policies, programs, and
mandatory or voluntary practices for minimizing the public-health impact of this food
contaminant. This work is a comprehensive risk assessment that builds upon previously
published assessments and evaluations, and incorporates new information (EPA, 2007; EFSA,
2009; JECFA, 2011; IARC, 2012; Carrington et al., 2013; NRC, 2013).

On September 6, 2013, FDA issued the results of a survey of approximately 1,300 samples of
rice and rice products (available at
http://www.fda.gov/food/foodborneillnesscontaminants/metals/ucm319870.htm). The survey
indicated that inorganic arsenic varies (from <1 to 545 parts per billion, hereafter abbreviated
“ppb,” of inorganic arsenic) among and within the different categories of rice grain and rice
products. When we issued the results of the survey, we also announced plans to conduct a risk
assessment that considered long-term exposure to arsenic from consumption of rice grain and
rice products. We conducted that risk assessment and are hereby issuing this report for public
comment. On considering public comments, external peer review comments, and any newly
available information, we will issue a final report.

Plants vary considerably in their ability to take up and accumulate arsenic. Compared with other
cereals, such as wheat and barley, rice has much higher levels of arsenic. The elevated arsenic is
due to rice being the only major cereal crop grown under flooded conditions, leading to high
arsenic availability and high concentrations close to the root (Zhao et al., 2010).

Inorganic arsenic is associated with many adverse health effects. These health endpoints and the
level of evidence linking each effect to inorganic arsenic exposure are extensively discussed in
the National Research Council (NRC) Interim Report on Inorganic Arsenic (2013). Evidence
linking many of these endpoints to inorganic arsenic is emerging in the scientific literature; for
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example, cardiovascular disease, diabetes, and immunologic effects. We determined that it
would not be in the best interest of public health to wait to include all endpoints in this risk
assessment, because it would add considerable time to the completion of our assessment. Instead,
we focused on well-documented cancer effects for the general population and sensitive non-
cancer health effects regarding three susceptible life stages: pregnancy, infancy, and early
childhood. We continue to follow the literature regarding the effects of exposure to inorganic
arsenic and of other non-cancer health effects and to work with other agencies on the risk to
consumers.

We also concluded that it would be time-and resource-intensive to monitor every food
commodity reported to contain inorganic arsenic. We therefore chose to focus on rice and rice
products for this risk assessment, because, in FDA’s Total Diet Study (TDS) sampling, rice had
the highest levels of total arsenic, except seafood, compared with other food commodities, and
rice is an ingredient of many products that consumers routinely eat.

We plan to continue to monitor the scientific literature for additional research on adverse health
endpoints associated with inorganic arsenic and on levels of inorganic arsenic in other food
commaodities, through the TDS and directed surveillance programs. Additionally, we plan to
continue to work with our federal partners, including EPA, NIEHS, CDC, and USDA, as new
data emerge on the adverse health endpoints associated with inorganic arsenic and on mitigation
strategies for lowering levels of inorganic arsenic in food.

1.1 PROCESS FOR CONDUCTING RISK ASSESSMENTS

We have adopted the risk analysis approach recommended by Codex Alimentarius (Codex,
2007) for addressing complex food-safety problems. The Codex Alimentarius Commission is an
intergovernmental body, with more than 170 member countries, within the framework of the
Joint Food Standards Programme established by the Food and Agriculture Organization of the
United Nations (FAO) and the World Health Organization (WHO), whose collective purpose is
to protect the health of consumers and ensure fair practices in the food trade. The Commission
also promotes coordination of all food-standards work undertaken by international governmental
and non-governmental organizations. The Codex Alimentarius is a result of the Commission's
work: a collection of internationally adopted food standards, guidelines, codes of practice, and
other recommendations.

The risk analysis approach is an integrated process of risk assessment, risk management, and risk
communication that facilitates the translation of scientific knowledge into policy. Within the risk
analysis process, risk assessment improves understanding of disease occurrence, relative to the

complex interactions of the hazard, human host, and food that are involved in a given food-safety
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issue. As a structured and systematic process, risk assessment provides the means to link events
in the food-supply system (such as contamination, concentration of hazards in foods) to public-
health metrics (such as illness, death). Additionally, quantitative risk assessment models provide
a means of predicting the effectiveness of interventions, mitigations, or control measures for
preventing and reducing disease.

FDA will consider the risk assessment, along with other relevant information, in the
development of risk-management options and the final selection of an option or combination of
options to be implemented. An important part of this process is to periodically evaluate the
effectiveness of the risk-management decisions that were made to achieve the stated public-
health goal.

Risk communication includes the need to identify and understand stakeholder concerns and
information needs and perceptions and to develop public-health messages based on the results of
the risk assessment and on risk-management plans. Active communication in this regard allows
for a high level of transparency and encourages stakeholder participation, and promotes
credibility and scientific accountability regarding our work and our decisions.

The process we use for conducting and managing risk assessment includes five phases:

Phase 1: Preliminary activities

Phase 2: Data collection, analysis, and evaluation
Phase 3: Model development and report preparation
Phase 4: Review (internal and external)

Phase 5: Issuance of report

Details about the FDA-CFSAN process, described in the FDA (2002) framework document, are
available at
http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/ucm242929.htm.

1.2 OBJECTIVES AND SCOPE OF THE RISK ASSESSMENT

As noted in the FDA (2002) framework document, among the duties of risk managers, during the
initiation and preliminary activities of a risk assessment, is to formulate the questions to be
addressed and key assumptions. The initial questions posed by the risk managers for this risk
assessment included the following:
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1) Which foods or food products contribute the most to arsenic exposure from the diet?

2) What are the adverse health effects from exposure to different forms of arsenic (inorganic
VS. organic) in rice?

3) Are pregnancy, infancy, and/or early childhood periods of greater susceptibility to non-
cancer effects of oral exposure to inorganic arsenic, and if so, can the risks be quantified?

Additional questions, specific to the risk of cancer from exposure to inorganic arsenic in rice
grain and rice products, included the following:

4) What are the predicted risks of cancer from long-term exposure to inorganic arsenic from
consuming rice grain and rice products, for the total U.S. population, and the risk
attributable to exposure only during infancy and childhood?

5) What is the predicted lifetime risk of cancer from exposure to inorganic arsenic from rice
grain and rice products, expressed on the basis of the population (i.e., cases per million)
and the individual (i.e., cases per serving)?

6) Are there differences in the predicted risk from consumption of different types of rice
grain (e.g., white rice, brown rice)?

7) What is the impact, on the predicted risk of cancer, from mitigations or interventions that
reduce dietary exposure to inorganic arsenic from rice grain and rice products?

The objectives of this risk assessment are to assess the risk of adverse health effects associated
with exposure to arsenic from consumption of rice grain and rice products and to examine how
that risk may be mitigated. This risk assessment provides a scientific basis for the development
of risk-management policy and consumer options for reducing exposure to arsenic from
consumption of rice grain and rice products.

The two major components of the risk assessment are:
1) quantitative estimates of cancer occurrence from long-term exposure to inorganic arsenic
in rice grain and rice products, and
2) a qualitative assessment of the risk of non-cancer health effects to certain susceptible life
stages.

The scope of the quantitative risk assessment of cancer endpoints includes the following:
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e Hazard: The focus is on inorganic arsenic.

e Food products: The focus is rice grain (including different types, such as white, brown,
parboiled) and products that contain rice grain as an ingredient (e.g., cereals).

e Populations of interest: Total U.S. population, infants, children, and average- and higher-
consumers of rice.

e Health effects of concern: Lung cancer, bladder cancer.

e Analysis outputs (results): Predicted lifetime risk of cancer cases per million and cancer
cases associated with a single serving per day.

The scope of the qualitative risk assessment of non-cancer adverse health effects, in certain
populations, includes the following:

e Hazard: The focus is on inorganic arsenic.

e Food products: The focus is rice grain (including different types, such as white, brown,
parboiled) and products that contain rice grain as an ingredient, with emphasis on infant rice
cereal.

e Life stages of interest: Pregnant women (i.e., effects on fetus), infants, and children.

e Health effects of concern: Adverse pregnancy outcomes and neurological effects in children.

e Analysis outputs (results): Qualitative assessment of the strength of evidence for adverse
health effects associated with a single serving per day of either rice grain or rice products.
See Appendix 9.14

The data used in this risk assessment were identified through comprehensive searches of the
published literature and publicly available government reports. Inclusion criteria were used to

select the data considered. Descriptions of the search methods and selection criteria are provided
in the text and appendices, as noted in each section of the report.
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1.3 COLLABORATIONS

Characterizing the risk to consumers from oral exposure to inorganic arsenic is complicated and
involves the cooperation of many federal agencies. FDA monitors the published scientific
literature for publications related to arsenic toxicity. FDA also monitors the food supply for
levels of inorganic arsenic in different food commodities through its TDS, its Toxic Elements
Programs (TEP), and direct surveillance activities. FDA has partnered with other federal
agencies to coordinate this research and to collaborate on findings and recommendations. For
example, FDA has been working closely with the EPA Integrated Risk Information System
(IRIS) Program as EPA reassesses the cancer and non-cancer effects of exposure to inorganic
arsenic, and FDA has followed closely the epidemiology research funded by NIEHS on arsenic
effects on susceptible life stages. An evolving area is the methodology used to characterize the
dose-response relationships for the toxic effects of arsenic. FDA is reviewing the
recommendations from the NRC report entitled “Critical Aspects of EPA’s IRIS Assessment of
Inorganic Arsenic” and anticipates assisting EPA, where possible, in addressing research needs
in response to that report (NRC, 2013). Similarly, EPA is closely following FDA’s activities
regarding the assessment of arsenic in food commodities.

As mandated by Congress, the National Academies of Sciences (NAS) Board on Environmental
Studies and Toxicology is currently reviewing EPA’s work on inorganic arsenic, specifically on
EPA’s IRIS Toxicological Assessments of Inorganic Arsenic. This study was initiated in July
2012.

The NAS committee on inorganic arsenic will provide recommendations on how critical
scientific issues in assessing cancer and noncancer effects from oral exposure can be addressed
in EPA’s IRIS assessment. In November 2013, the NAS committee provided an interim report,
“Critical Aspects of EPA’s IRIS Assessment of Inorganic Arsenic,” which FDA has used to
inform our risk assessment. Following completion of the IRIS assessment, the NAS committee
will review it to determine whether EPA adequately evaluated the scientific literature, used
appropriate methodologies for deriving cancer and non-cancer reference values, and
appropriately estimated and characterized dose-response relationships for cancer and non-cancer
endpoints. FDA is working closely with EPA, and further research by FDA on this issue will
benefit from these ongoing efforts among NAS, EPA, and FDA.

This risk assessment is based on the best science available at the time on risk of inorganic arsenic
in rice and rice products. As with all FDA risk assessments, we are issuing this for public
comment and will review new, significant scientific findings as they become available. In
developing this risk assessment, we also considered comments that were submitted regarding the
FDA risk assessment on arsenic in apple juice, released in July 2013 (Carrington et al., 2013).
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2 HAZARD IDENTIFICATION

This section provides current scientific information on the toxicities of arsenic, including
inorganic arsenic (iAs), monomethylated arsenic (MMA) and dimethylated arsenic (DMA). The
health effects of critical cancer and certain non-cancer endpoints associated with inorganic
arsenic exposure are reviewed.

2.1 THE CONTAMINANT: ARSENIC

The summary in this section highlights key information about arsenic metabolism and toxicity
and is not meant to be an extensive literature review

‘ 2.1.1 INTRODUCTION

Arsenic (As) is a naturally occurring element that is present in air, soil, water, and food. Arsenic
exists in many chemical forms and valence states (-3, 0, +3 and +5). The forms fall broadly into
two categories with public health relevance: inorganic and organic. Inorganic forms are
considered a primary toxic form of arsenic; the common organic arsenic species (predominantly
DMA) found in terrestrial ecosystems can also be toxic.

Human activities, such as burning of coal, oil, gasoline, and wood; mining; and the use of arsenic
compounds as medicinals, herbicides, and wood preservatives [primarily chromated copper
arsenate (CCA)] have contributed to the arsenic environmental burden. In the U.S., arsenic
compounds are for use only by certified pesticide applicators and are no longer allowed for
residential use as wood preservatives, although many CCA-treated wood products are still
present in the environment. The organic arsenical monosodium methanearsonate (MSMA) is
currently registered as a pesticide for use on cotton, golf courses, sod farms, and highway rights-
of-way (EPA, 2013a).

Background concentrations of arsenic in ambient air generally range from 1 to 3 nanograms per
cubic meter (ng/m3), but concentrations in an urban area may range up to 100 ng/m°. Seawater
typically contains 1.5 — 1.7 ppb total arsenic (EFSA, 2009). Arsenic concentrations in natural
surface and groundwater of the United States are generally less than the EPA Maximum
Contaminant Level (MCL) of 10 ppb, but may exceed this level in private wells, contaminated
areas or areas with high soil levels of arsenic (ATSDR, 2007). Tap water in the United States
contains, on average, 2 ppb total arsenic, considering all sources of water; i.e., municipal water
supplies as well as surface and groundwater sources (ATSDR, 2007). The primary forms of
arsenic found in drinking water are forms of inorganic arsenic; arsenite (As"') and arsenate
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(As"). Naturally occurring arsenic-contaminated groundwater has severely affected people in
Holocene sediment flood-plain regions of Southeast Asia, most notably the Bengal Delta, and in
certain arid regions, such as Inner Mongolia, China, and the Atacama Desert (Chile), where
people have been chronically exposed to elevated arsenic in drinking water (ATSDR, 2007;
EFSA, 2009; JECFA, 2011).

The background soil content of arsenic varies widely, typically ranging from one to 40 parts per
million (ppm), with an average of 7.2 ppm (ATSDR, 2007). Arsenic is taken up by plants
through pathways for nutrients. Compared with other cereals, such as wheat and barley, rice has,
in general, a much higher arsenic concentration. This is due to rice being the only major cereal
crop grown under flooded conditions. This leads to high arsenic availability by causing the
reduction of immobile arsenate in non-flooded soils to the more mobile arsenite. This leads to
both arsenate and arsenite building up in high concentrations close to the root. Both arsenate and
arsenite are analogs of the plant micronutrients phosphate and silicic acid, and plants have
evolved efficient mechanisms of capturing them from soil solution. (Zhao et al., 2010).

The highest levels of total arsenic in food are generally found in fish, crustaceans, and seaweed,
where the arsenic occurs primarily in organic forms, such as arsenobetaine and arsenocholine,
and arsenosugars, which have been considered to be of little toxicological concern (ATSDR,
2007). FDA’s TDS measured total arsenic in a variety of foods. Excluding seafood, the highest
mean levels of total arsenic among the foods analyzed for the TDS are in rice grain and rice
products (e.g., rice cereal) (see Appendix 9.1). Other potential sources of arsenic exposure
include fruit juices, fruits, meats, vegetables, beer, wine, flour, corn, and wheat (Xue et al., 2010)
as well as drinking water.

Inorganic arsenic can be metabolized to organic arsenic. Two organic forms that are of
toxicological concern, monomethylarsonic acid (MMAY) and dimethylarsinic acid (DMAY), can
also be found in various types of finfish, crabs, and mollusks. Arsenosugars are the major species
detected in seaweed and are also found, to a lesser extent, in marine mollusks. Small amounts of
MMAY and DMA" are also found in some vegetables and fruit juices (ATSDR, 2007; EFSA,
2009; JECFA, 2011). MMA is present in only trace amounts in rice grain, if at all. DMA is the
dominant organic species of arsenic in rice grain (Meharg and Zhao, 2012).

2.1.2 ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION

Inorganic arsenic

Soluble inorganic arsenic is highly bioavailable and is rapidly absorbed in biological systems. It
is rapidly cleared from blood in humans and in some animals. Once absorbed, inorganic arsenic

is metabolized by reduction from As" to As''in the blood and is taken up by cells in tissues,
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mainly the liver, followed by intracellular oxidative addition of methyl groups to form MMAY
and DMAY. During the methylation process, MMA and DMA may exist in both trivalent and
pentavalent oxidation states. Evidence has shown that trivalent forms of arsenic including
arsenic, MMA"' and DMA"" are more toxic than the pentavalent forms (NRC, 2001; NRC,
2013). MMA"!| the first methylation metabolite of inorganic arsenic, may be more cytotoxic than
inorganic as shown in in vitro studies (Styblo et al., 2000). Alternative pathways include the
production of methylated arsenical glutathione metabolites, a process that also occurs in the
liver. Arsenite (As'"") is taken up into cells more extensively than arsenate (As"). Arsenite is also
a preferred substrate for arsenite methyltransferase (As3MT) over arsenate, and thus is
metabolized more extensively than arsenate.

Two basic processes are involved in the metabolism of inorganic arsenic: 1) reduction/oxidation
reactions that interconvert As'"' and As¥ and 2) methylation reactions that convert arsenite (As'")
to MMA and DMA, although there is uncertainty as to the metabolic pathway (Sams Il et al.,
2007; Hayakawa et al., 2005). Two possible mechanisms have been proposed for the metabolic
pathway of inorganic arsenic: the classical oxidative methylation pathway and the reductive
methylation pathway (glutathione conjugation pathway). The classical oxidation methylation
pathway involves a series of reduction and oxidative methylations, in which adding the methyl
group to the trivalent arsenic by As3MT occurs together with the oxidation to the pentavalent
arsenic species.The reductive methylation pathway involves the conjugation of trivalent arsenic
with glutathione first before As3SMT methylation, followed by the oxidation to the pentavalent
arsenic species (Watanabe and Hirano, 2013). A third methylation pathway was proposed
(Dheeman et al., 2014) which shows that the products of As3SMT methylation are the trivalent
methylated arsenic species and that the oxidation and the reduction of arsenic occur as enzyme-
bound intermediates. Watanabe and Hirano (2013) have reviewed and provided a detailed
discussion of the metabolism of inorganic arsenic and the toxicity of its metabolites, MMA and
DMA, in mammals. Methylation reactions facilitate the excretion of inorganic arsenic from the
body as both MMA and DMA, which are readily excreted in urine. The methylation process is
not entirely complete and some ingested inorganic arsenic can also be excreted directly in the
urine. In contrast, with the exception of arsenosugars, ingested organic arsenicals, such as MMA,
DMA, and arsenobetaine, the major form of arsenic in most seafood and fish, do not readily
enter the cell, undergo limited metabolism, and are excreted unchanged in the urine (ATSDR,
2007).

In humans, inorganic arsenic is extensively methylated, and its metabolites are excreted
primarily in the urine. Ingested inorganic arsenic is excreted via the kidney within a few days as
inorganic As” and As"' and as MMAY and DMAY, with lesser amounts of the trivalent
methylated metabolites MMA" and DMA". Age, gender and smoking may contribute to the
large individual variations in arsenic methylation in humans (EFSA, 2009; ATSDR, 2007).
Similar urinary metabolic profiles were reported among family members (Chung et al., 2002).
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Other than genetic polymorphisms and wide differences in methyltransferase activities,
nutritional status may also influence methylation capacity (ATSDR, 2007; EFSA, 2009). The
level of arsenic in urine is commonly used as a measure of recent exposure. Arsenic levels in hair
and nails have been shown to provide possible biomarkers for longer-term chronic exposure to
arsenic in humans (e.g., several months), provided that external contamination of hair and nails
can be ruled out (Marchiset-Ferlay et al., 2012; Lin et al., 1998; Karagas et al., 1996).

By measuring the relative amount of arsenic metabolites in urine, it has been shown that
intracellular metabolism of inorganic arsenic involves extensive metabolism to DMAY and
MMAY in most animal species, including humans. According to a study of the U.S. population,
based on NHANES 2003-2004 data, DMAY is generally the most abundant methylated arsenical
in urine, comprising an average of 45% of total arsenic in urine (Caldwell et al., 2009).

Organic Arsenic

Based on urinary excretion data, ingested MMA and DMA are well absorbed (at least 75 — 85%)
from the gastrointestinal (Gl) tract in several species, including humans (ATSDR, 2007). We
know of no studies of the distribution of orally ingested MMA or DMA in humans. Studies in
other animals have shown that MMA and DMA are distributed to all tissues after acute oral
doses. In mice, MMA rapidly distributes throughout the body, with peak concentrations largest
in the bladder and concentrations in kidneys and lungs larger than those in the blood (ATSDR,
2007). However, in contrast to ingested inorganic arsenic, which undergoes extensive
intracellular metabolism to DMA, ingested organic arsenicals undergo limited intracellular
metabolism, with the exception of arsenosugars, which may undergo extensive metabolism.

2.2 HEALTH EFFECTS OF INORGANIC ARSENIC

2.2.1 PROPOSED MECHANISMS OF ACTION

Although chronic exposure to inorganic arsenic in drinking-water has been associated with
cancers in humans, the exact molecular mechanisms are not clear. Several modes of action of
inorganic arsenic in carcinogenesis have been proposed, including induction of oxidative stress;
genotoxicity, as induction of mutations and chromosomal aberrations; modulation of signal
transduction and apoptosis (growth factors, cell proliferation, and promotion); and alterations in
gene expressions via hyper- and hypomethylation of DNA.

In studies of rodent models either DMA or arsenate and arsenite administered to rats and mice in

the diet or in drinking-water induced cytotoxicity and necrosis of the urothelial superficial layer
and hyperplasia in the urinary bladder of the animals. The authors postulate that arsenic-induced
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bladder cancer is a non-linear process involving urothelial cytotoxicity and regenerative
proliferation (Suzuki et al., 2008; Cohen et al., 2007; Arnold et al., 2013; Suzuki et al., 2010). It
is noteworthy that although inorganic arsenic and DMA induce similar urothelial lesions in rats
and mice, only DMA is a rodent urinary bladder carcinogen, and then only in rats, despite robust
testing in both species (Arnold et al., 2006). This generates potential questions concerning the
applicability of this regenerative hyperplasia postulate to species other than rats. Because of the
differences in the metabolism, pharmacokinetics, and toxicity of arsenic across species, it is
unknown if findings in rodent studies can be directly applied to humans. Evidence suggests that
arsenic activates Hedgehog signaling, a signaling pathway that transmits information to cells for
proper development; malfunctions of this pathway have been implicated in some cancers (Fei et
al., 2010). The pathway is named after genes called Hedgehog genes that are involved in the
signaling pathway and are present in many animals, including humans. These authors also show
a strong positive correlation between arsenic exposure and high levels of Hedgehog activity in
tumor samples from a cohort of bladder-cancer patients. Arsenic activates numerous other
pathways relevant to cancer in a variety of target cell models.

Another study evaluated gene-expression changes in a small number of cultured human primary
uroepithelial cells treated with mixtures of inorganic arsenic and its metabolites. This study
indicates changes in other key signaling pathways, such as those involved in oxidative stress,
protein folding, growth regulation, metallothionein regulation, DNA damage sensing,
thioredoxin regulation, and immune response (Yager et al., 2013). Inorganic arsenic does not
directly react with DNA. However, inorganic arsenic has been shown, in both in vitro and in vivo
studies, to break chromosomes and cause extensive damage to DNA in a variety of human
tissues. For more information on this indirect mode of action, see Nesnow et al. (2002).

The Health Effects of Arsenic Longitudinal Study (HEALS) is a prospective cohort study of
increased overall mortality and chronic-disease mortality associated with arsenic in drinking
water in the Araihazar region of Bangladesh, from which findings have been published. The
HEALS cohort includes concentrations at the low end of the dose-response curve and
concentrations at the high end at which known health effects occur. The authors reported a dose-
related trend in mortality with exposure to increasing concentrations, with no apparent threshold
(Argos, et al., 2010). However, while the study data appeared to support a dose-related trend in
mortality, the only statistically significant increase in mortality was recorded at levels above 150
ppb. Thus, as discussed in a paper by EPA scientists (Kitchin and Conolly, 2010), there are
multiple possible mechanisms underlying the carcinogenic effects of inorganic arsenic. These
include the genotoxicity and clastogenicity of organic and inorganic arsenicals that may warrant
linear extrapolation, as well as other mechanisms, such as oxidative stress and epigenetic effects
that may exhibit nonlinear characteristics (Kitchin and Conolly, 2010).

It is probable that more than one mechanism of action is involved in the carcinogenicity of
inorganic arsenic. The delay between exposure and increased incidence of lung and bladder
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cancer in Chile (Marshall et al., 2007, Steinmaus et al., 2014) makes it clear that at least some of
the mechanisms occur at early stages of carcinogenesis. The modes of action of arsenic in lung
and bladder carcinogenesis are not completely understood, but some patterns appear to be
emerging. Although arsenic is not directly mutagenic, it has been shown to affect several
oncogenic processes that are relevant to cancer, including epigenetic, microRNA, gene
expression, and mitochondrial DNA alterations (NRC, 2013). This is an area of active research
that FDA continues to monitor, in collaboration with other federal agencies.

2.2.2 SHORT-TERM AND INTERMEDIATE EXPOSURE

Ingestion of large doses of arsenic can result in death (ATSDR, 2007). The oral lethal dose of
arsenic trioxide was reported to be between 70 and 180 mg/day. The estimated minimum lethal
dose in humans ranges from 1 to 3 mg per kg of body weight per day (mg As/kg bw/day).
Poisoning may appear with daily doses of inorganic arsenic as low as a few milligrams for a
short period of time; e.g., weeks. For example, more than 200 adults with an estimated daily
exposure of 3 mg of arsenic for 2 to 3 weeks were poisoned by contaminated soy sauce. This
equates to a dose of 0.05 mg/kg bw/day (ATSDR, 2007). Depending on dose and duration of
exposure, adverse health effects caused by inorganic arsenic can occur in many organs.
Symptoms (e.g. diarrhea, vomiting, blood in the urine, muscle cramps, stomach pain, and
convulsions) of acute exposure to arsenic in drinking water, at doses of 0.2 mg/kg bw/day or
above, usually occur within the first several hours.

Exposure to elevated arsenic in drinking water, for an intermediate period of time (e.g., weeks to
months), can result in gastrointestinal effects, such as abdominal pain, vomiting, diarrhea, and
muscular cramping; hematological effects, such as anemia and leucopenia; and peripheral
neuropathy, such as numbness, burning, or tingling sensations or pain in the extremities. Metallic
taste, garlic odor in breath and feces, and salivation may also be present (ATSDR, 2007).

2.2.3 CHRONIC EXPOSURE

One of the first signs of chronic exposure to arsenic is specific dermal effects. Diffuse or spotted
hyperpigmentation followed by palmer-plantar hyperkeratosis after 6 months to 3 years of
ingestion of high doses of arsenic (0.04 mg/kg bw/day) or 5 to 15 years of ingestion of low doses
of arsenic (0.01 mg/kg bw/day or higher) (NRC, 2001; ATSDR, 2007; EFSA, 2009). Chronic
exposure to 0.02 mg/kg bw/day or higher has been shown to cause skin lesions and other health
outcomes, including peripheral vascular effects, cardiovascular effects, diabetes mellitus,
peripheral neuropathy, diseases of the respiratory system, and cancers (skin and internal organs;
ATSDR, 2007; EFSA, 2009; IARC, 2012).
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2.2.4 EPIDEMIOLOGICAL STUDIES

The main adverse effects reported to be associated with long-term ingestion of inorganic arsenic
in humans are cancer, skin lesions, cardiovascular disease, neurodevelopmental toxicity, adverse
pregnancy outcomes, non-malignant lung disease, and diabetes (NRC, 2013). Of these, the
greatest strength of evidence for a causal association is for cancers of the skin, bladder, and
lung,for skin lesions, and for ischemic heart disease (NRC, 2013

The major source of evidence for human carcinogenicity of inorganic arsenic comes from
ecological, case-control, and prospective studies on the impact of arsenic in drinking water.
These studies have been conducted in many areas of the world where exposure from drinking-
water greatly exceeds exposure from dietary sources, including Taiwan, Northern Chile,
Argentina, and Bangladesh, where the range of drinking-water concentrations exceeded 100 ppb.
A population-based, case-control study in northern Chile clearly showed an increased incidence
of bladder and lung cancer associated with long-term drinking-water arsenic concentrations of 91
— 335 ug/L or greater, but not at 11 — 90 ug/L, as compared with controls exposed to fewer than
11 pg/L (Steinmaus et al., 2013). This study also provides data on long-term individual exposure
to arsenic via drinking-water and the first evidence of a long latency of arsenic-related cancers in
humans due to high exposure to arsenic. This study showed that higher exposure to arsenic (860
Mg/L) in drinking water was associated with risk of lung and bladder cancer 4 to 7 times higher
than that from lower exposure, even after exposure was stopped for an average of 38 years.

Two detailed reviews of the epidemiological literature have been published by JECFA (2011)
and IARC (2012). The tumor types most often associated with arsenic exposure are lung cancer,
bladder cancer, and skin cancer. The strongest evidence for lung cancer has come from studies in
southwestern Taiwan (Chen et al., 1985, 1988; Wu et al., 1989; Chen and Wang, 1990; Tsai et
al., 1999), northwestern Taiwan (Chen et al., 2010a), Chile (Marshall et al., 2007), and
Bangladesh (Mostafa et al., 2008). Evidence for bladder cancer has come from studies in
southwestern Taiwan (Chen et al., 1985, 1988; Wu et al., 1989; Chen and Wang, 1990; Tsai et
al., 1999), northwestern Taiwan (Chen et al., 2010b), Chile (Marshall et al., 2007), and
Argentina (Hopenhayn-Rich et al., 1996, 1998). Skin cancer has been associated with higher
levels of inorganic arsenic in drinking water (> 300 ppb), with the primary evidence coming
from southwestern Taiwan (Tseng et al., 1968; Chen et al., 1985, 1988; Wu et al., 1989) and
Chile (Smith et al., 1998).

Numerous epidemiological studies have reported the association between methylation capacity
(specifically, high percentage of urinary MMA\) and arsenic-related health effects, including
cancers. Both genetic and environmental factors can influence or regulate arsenic methylation
and, thus, susceptibility to arsenic-associated disease in humans. An indication of increased lung-
cancer risk was reported in subjects who had high urinary percentages of MMA and carried a
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specific variant of the cystathione beta-synthase gene, a folate-metabolizing gene (Steinmaus et
al., 2010).

2.3 HEALTH EFFECTS OF MMA AND DMA

2.3.1 TOXICITY OF ORGANIC SPECIES

The studies discussed below examined the effects of exogenous DMA and MMA (not DMA
and/or MMA as metabolites of ingested inorganic arsenic).Studies of DMAY oral exposure in
experimental animals have found effects on the urinary bladder, kidneys, thyroid, and fetal
development (EFSA, 2009; EPA, 2013a). DMA" (50 mg/L or more in drinking water or 100
ppm in the diet) has been found to be carcinogenic for the urinary bladder of male and female
rats (Wei et al., 2002; Arnold et al., 2006), but not in the urinary bladder of male and female
mice fed up to 500 ppm in the diet (equivalent to 94 mg/kg bw/day; Arnold et al., 2006). EPA
(2013a) concluded that the mode of action for DMA-induced bladder tumors involves
cytotoxicity and sustained increased cell proliferation.

A short-term study showed that DMA"" induced slight increases in urothelial cytotoxicity and
regenerative proliferation in female C57BL/6 mice when administered at 77.3 ppm, in drinking-
water, for 4 weeks, suggesting that DMA"' may play a role in pre-neoplastic changes and
carcinogenic effects induced by inorganic arsenic (Dodmane et al., 2013).

The gastrointestinal tract, particularly the large intestine, is the primary target organ of MMA
following oral exposure. Effects such as histopathology of the cecum, rectum, and/or colon were
reported as the most sensitive effects in rat studies of chronic exposure (EPA, 2013a). In studies
of chronic exposure, oral administration of MMA" to experimental animals was shown to have
effects on the gastrointestinal tract, kidney, thyroid, and reproductive system, with the effect seen
at the lowest doses being diarrhea (ATSDR, 2007). MMA" was not carcinogenic in 2-year
bioassays when given to male rats at up to 200 mg/L in drinking water or when given to male
and female mice or rats at up to 400 mg/kg in the diet (Arnold et al., 2003; Shen et al., 2003).

IARC (2012) concluded that there is inadequate evidence in experimental animals to determine
the carcinogenicity of MMAY. EPA (2013a) classified MMA as a "not likely" human carcinogen
and concluded that it is not mutagenic or genotoxic.

Little information exists on early-life toxicity of DMAY or MMAY. Developmental toxicity
studies of orally administered DMA" and MMAY in the Sprague-Dawley rat and New Zealand
white rabbit have shown an absence of dose-related effects at exposure levels that were not toxic
in the pregnant animal. Based on pregnancy outcome, the “no observed adverse effect levels”
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(NOAELSs) for developmental toxicity of orally administered MMA" were 100 and 7 mg/kg
bw/day in the rat and rabbit, respectively, and for DMAY were 12 mg/kg/day in both species.
Maternal and fetal toxicity were observed in rats and rabbits at doses of MMAY of 500 and 12
mg/kg bw/day, respectively, and at doses of DMAY of 36 and 48 mg/kg bw/day, respectively
(Irvine et al., 2006).

Two studies examined the effects of transplacental exposures on adult offspring. In the first
study, pregnant CD1 mice were given drinking water containing up to 25 ppm MMA"', and
tumors were observed in the offspring up to 2 years of age. Female offspring exhibited dose-
related increases in total epithelial uterine tumors, oviduct hyperplasia, adrenal cortical adenoma,
and total epithelial ovarian tumors. Male offspring showed dose-related increases in
hepatocellular carcinoma, adrenal adenoma, lung adenocarcinoma, and unusual testicular lesions
(Tokar et al., 2012a). The second study examined tumor incidence in male offspring exposed
prenatally to inorganic arsenic (85 ppm in maternal drinking water), followed by 200 ppm
DMAY drinking-water exposure through adulthood. DMAY alone did not induce renal tumors or
renal hyperplasia, but did induce urinary bladder hyperplasia, lung adenocarcinomas, and adrenal
adenomas. Prenatal arsenic plus DMAY caused a significant increase in renal tumors, renal
hyperplasia, urinary bladder hyperplasia, hepatocellular carcinoma, lung adenocarcinomas, and
adrenal adenomas (Tokar et al., 2012b).

DMAY and MMA" did not result in clinical signs of neurotoxicity or brain lesions in rats or mice
after chronic dietary exposures (ATSDR, 2007). In these studies, rats were exposed to DMA at
7.8 mg/kg/day or to MMA at 72.4 mg/kg and mice were exposed to DMA at 94 mg/kg/day or to
MMA at 67.1 mg/kg/day. These doses are markedly higher than those commonly seen in
humans.

2.4 EFFECTS OF EARLY-LIFE EXPOSURE TO ARSENIC

The toxic effects of chronic arsenic exposure have been mainly associated with studies of health
effects in adults due, in part, to the limitations of conducting studies using children as test
subjects and, in part, due to the difficulties in measuring developmental deficient endpoints in
young subjects. There is evidence that increased cancer in adults may occur as a result of
exposure during childhood. In particular, an ecological study of a Chilean cohort exposed to
elevated levels of arsenic over a 12-year period early in life reported an increase in lung and
bladder cancer that peaked 25 years after the elevated exposure had stopped (Marshall et al.,
2007).

May 13,2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 21



Hazard Identification | 2

Some initial pharmacokinetic studies indicated that children may metabolize arsenic at a slower
rate than do adults (ATSDR, 2007). Other studies have found that the arsenic methylation may
be more efficient in children than in adults. For example, Lindberg et al. (2008) found a 30%
variation in arsenic metabolism of test subjects due to gender, age and exposure level.
Furthermore, after adjustment of the dose for body weight, children may be expected to exhibit
the same dose-response relationship for acute and short-term chronic effects as adults exhibit.
The temporal evidence from episodic exposures (e.g., Marshall et al., 2007; Steinmaus et al.,
2013) indicates that exposures earlier in life are likely to be more important than exposures later
in life for the development of cancer.

See Section 2.6 for a detailed discussion on non-cancer health effects from arsenic exposure
during pregnancy, infancy, and early childhood. See Appendix 9.15 for a discussion and update
to the pertinent literature on the adverse effects of inorganic arsenic exposure on cancer
endpoints in all exposed populations from October 2013 through February 2015.

2.5 LUNG AND BLADDER CANCER: BACKGROUND INCIDENCE, LIFETIME RISK, AND RISK
FACTORS IN THE U.S.

This section provides general information about lung and bladder cancer incidence, including
information about known risk factors other than arsenic. Lung cancer is of significant public-
health concern, due to its high incidence and high mortality. The National Cancer Institute (NCI)
of the U.S. National Institutes of Health estimated that there would be 221,200 new lung- cancer
cases in 2015 (representing 13.3% of all new cancer cases) and 158,040 deaths (representing
26.8% of all cancer deaths). Based on data from 2005 - 2011, the 5-year survival after diagnosis
is 17.4%. The lifetime risk of lung cancer in men and women in the U.S. is approximately 6.6%
(NCI, 2015a). Lung cancer is also highly significant from the standpoint of lost years of life. NCI
cancer statistics indicate that a total of 2,393,100 person-years of life were lost due to lung and
bronchus cancer in 2012, the highest total for all cancers. This was three times higher than the
total person-years of life lost for colon and rectum cancer, which had the second-highest total
person-years of life lost among all cancers. The average years of life lost, per person, from lung
and bronchus cancer is 15.2 years (NCI, 2015b).

Most lung cancers are due to cigarette smoking (NCI, 2015c). However, 10 — 15% of lung
cancers occur in never-smokers (Samet et al., 2009). In addition to environmental arsenic
exposure, other known risk factors for lung cancer include exposure to secondhand tobacco
smoke; having a family history of lung cancer; ionizing radiation (from radiation therapy to the
breast or chest and environmental radon exposure in buildings); occupational exposure to
asbestos, silica, arsenic, nickel, or chromium; air pollution; and previous lung diseases, including
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chronic obstructive pulmonary disease, pneumonia, and tuberculosis (NCI, 2015c; Sisti and
Boffetta, 2012).

Compared with the U.S. incidence of lung cancer, the U.S. incidence of bladder cancer and its
mortality is lower. NCI estimated that there would be 74,000 new bladder cancer cases in 2015
(representing 4.5% of all new cancer cases) and 16,000 deaths (representing 2.7% of all cancer
deaths). Based on data from 2005 - 2011, the 5-year survival after diagnosis is 77.4%. The
lifetime risk of bladder cancer in U.S. men and women is approximately 2.4% (NCI, 2015d).
NCI cancer statistics for 2012 indicate a total of 173,100 person-years of life lost due to bladder
cancer. The average years of life lost per person for urinary bladder cancer is 11.4 years (NCI,
2015b). Cigarette smoking is the most important known cause of bladder cancer (NCI, 2015d). A
study found a population-attributable risk of bladder cancer from tobacco smoking of
approximately 50% in men and women (Freedman et al., 2011). Specific occupational exposures
are considered to be the second-most important cause of bladder cancer in both men and women,
with some studies suggesting that certain high-risk occupations may be responsible for 4% to
10% of bladder cancers in men and a lower percentage in women; aromatic amines, polycyclic
aromatic hydrocarbons (PAHSs), and diesel engine exhaust are the exposures most consistently
found to increase the risk (Kogevinas et al., 2008). In addition to environmental arsenic
exposure, other risk factors for bladder cancer include; for example, inflammation of the bladder
(either by stones or infection), ionizing radiation, and chlorination by-products in drinking water
(Kogevinas et al., 2008).

2.6 NON-CANCER HEALTH EFFECTS DURING PREGNANCY (EFFECTS ON FETUS), INFANCY,
AND EARLY CHILDHOOD

There is a growing body of evidence that exposure to inorganic arsenic contributes to the
development of many non-cancer adverse health effects and that risk assessments for inorganic
arsenic might well involve separate assessments for the general population and for susceptible
life stages, especially for non-cancer health effects.

The NRC (2013) report on inorganic arsenic lists a hierarchy of Health Endpoints of Concern for
inorganic arsenic. These endpoints were listed by Tiers - Tier 1 was evidence of a causal
association determined by other agencies and/or published systematic reviews, Tier 2 were other
priority outcomes, and Tier 3 were other endpoints to consider. For this risk assessment, we
focused on two endpoints of concern in the NRC report (2013) — adverse pregnancy outcomes
and neurodevelopment. Neurodevelopmental toxicity was listed under Tier 2 and adverse
pregnancy outcomes was listed as Tier 2 for infant morbidity, and Tier 3 for fetal loss, stillbirth,
and neonatal mortality. We focused on these endpoints for two reasons. The first was because
there is strong scientific evidence that pregnancy and early childhood are “windows of

May 13, 2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 23



Hazard Identification | 2

susceptibility” to the toxic effects of metals (Wright and Baccarelli, 2007). The second reason
was because FDA’s sampling of infant rice cereal, a commodity that often makes up the majority
of an infant’s diet, was demonstrated to have high (average = 120 ppb) levels of inorganic
arsenic (FDA, 2013; see Table 9.14 in Appendix 9.5).

The NRC report states that “consideration should be given to the growing evidence from human
and animal studies that suggests that early life exposure to arsenic may increase the risk of
adverse health effects and the risk of impaired development in infancy and childhood and later in
life.” (NRC, 2013). Arsenic easily crosses the placenta (Concha et al., 1998), and even moderate
exposure to arsenic during pregnancy has been associated with adverse health outcomes in the
fetus (Rahman et al., 2009). Inorganic arsenic is found at low levels in breast milk; thus,
exposure is thought to be low for solely breast-fed infants (EFSA, 2009).

Young children (< 4 years), on a per-body-mass basis, have about 3-fold greater food intakes,
compared with adults, leading to greater dietary exposure to inorganic arsenic (EFSA, 2009).
Children also generally have a less-varied diet than do adults. Thus, elevated levels of inorganic
arsenic in food or liquids that children eat, such as rice products, may represent a significant
source of exposure for children (ATSDR, 2007; EFSA, 2009). FDA’s sampling of rice products
showed levels of 105 ppb and 120 ppb of inorganic arsenic in infant white rice cereal and infant
brown rice cereal, respectively (FDA, 2013 and 2015).

The evidence of cancer risk posed by inorganic arsenic is well supported by numerous
epidemiology studies and previous assessments (ATSDR, 2007; EFSA, 2009; JECFA, 2011,
IARC, 2012; NRC, 2013). However, in 2013 when we initiated this risk assessment, we found no
reviews of the literature regarding adverse health effects during pregnancy, infancy, or early
childhood. Much of the scientific data on such effects during these life stages were published
within the last few years, and therefore were not included in the ATSDR (2007) or EFSA (2009)
assessments of inorganic arsenic and were not included in the calculated ATSDR Minimal
Residue Limits (MRLs) or U.S. EPA Reference Doses.

In reviewing the literature, FDA chose to use the approach and the causality framework
developed by the EPA IRIS program for its current review of inorganic arsenic and which was
presented to the NRC for review. We adopted the same approach as EPA for our causality
assessment of inorganic arsenic in susceptible populations because it outlined a scientifically
defensible approach and assured concordance of methodology between the two federal agencies.
The EPA’s causal determination framework categorizes the evidence on the different endpoints
into five possible categories: causal relationship, likely to be a causal relationship, suggestive of
a causal relationship, inadequate to infer a causal relationship, and not likely to be a causal
relationship. For a detailed explanation of the criteria for each category, see the Causal
Framework Table in Appendix 9.14.
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The question addressed by this literature review was whether pregnancy, infancy, and/or early
childhood are periods of greater susceptibility to the toxic effects of oral inorganic arsenic
exposure and, if so, can these risks be quantified.

Electronic citation databases available to the FDA (including PubMed, Web of Science, and
Toxline) were searched for peer-reviewed studies that examined the effects of oral exposure to
inorganic arsenic during pregnancy, infancy, and early childhood. Only data from the original
research papers were considered. Papers consisting of reviews of research conducted by other
investigators were not included. For this review, we considered only published literature studies
conducted in humans, but did not include a review of toxicity effects seen in animal models.
Inorganic arsenic has been shown to be embryotoxic and teratogenic in animal studies. However,
because experimental animals differ considerably from humans with regard to arsenic
metabolism and other aspects of toxicokinetics, the results of toxicity studies in animals do not
provide a suitable basis for risk characterization. Details of the available animal studies can be
found in the 2007 ATSDR, 2009 EFSA, and 2012 IARC reports on arsenic.

In conducting this review we made the following assumptions.
¢ Inorganic arsenic was considered the primary stressor for risk. Organic metabolites may
play a role in exacerbating the effects of exposure but are unlikely to have unique toxicities.
e Review focused on the effects of inorganic arsenic exposure by the oral route only.
e Review focused on lifestage susceptibility — in utero and early childhood (ages 0 — 6 years)
e Review considered the health effects reported in epidemiology studies regardless of the
geographic location of the human population studied
e Review will consider those epidemiology studies with no known mode of action data to
humans.
e Health effects that are considered causal or likely causal by two independent reviewers were
included in the assessment.
e The reference population was the U.S. population.

We excluded from consideration, the following.

e Data from review articles.

e Data from studies that are not in peer-reviewed journals, including abstracts (identified
based on a single page reference), letters, comments, and editorials

e Data from in vitro research studies.

e Data from studies where exposure is not from the oral route.

e Data from studies of populations living near environmental exposure sites such as smelters
or Superfund sites where exposure may, at least in part, be due to the non-oral route and
where there is likely to be other toxic exposures.
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e Data on exposure from oral consumption of soils by children, although this is an
acknowledged route of oral exposure for children.

e Studies that describe the impact of arsenic on non-mammalian animal models (e.g., fish) or
plant life.

e Data from studies where arsenic exposure was not the primary focus of the research, i.e.,
arsenic may be considered a confounder for research involving other chemicals.

To mimize the risk of bias in this assessment, we used a two-reviewer process. The first reviewer
read the papers and extracted data, and then considered the extracted data to address key
questions for the risk of bias questions. The secondary reviewer considered the extracted data but
was blinded to the conclusions of the first reviewer. The overall goal was to determine if both
reviewers agree, and if not, to discuss their differences and determine mutually-acceptable
conclusions. Additionally, the second reviewer verified that all relevant information was
considered and clearly described in the first reviewer’s analysis.

For each paper reviewed, we considered the following questions based upon Bradford Hill
criteria (Hill, 1965; Schunemann et al., 2011):

e Does exposure precede outcome?

e Were standard definitions used across all the studies?

e Were dose-response relationships seen?

e Was the pattern of evidence consistent across studies?

e Were the comparison groups appropriate?

e Did attrition affect the results?

e Did the studies account for important confounders?

e Were biologically plausible explanations given?

2.6.1 EFFECTS OF ARSENIC ON FETAL DEVELOPMENT DURING PREGNANCY

Several epidemiology studies have been conducted to determine the association between
inorganic arsenic exposure and adverse pregnancy outcomes in different areas of the world. In
many areas, the main source of water for drinking and cooking is tube wells, in which arsenic
levels can be greater than 100 pg/L. A tube well is an easily-installed, simple type of well that is
most commonly used in developing nations. Arsenic exposure was assessed by different
methodologies in these studies, including analysis of total arsenic and/or arsenic species and of
arsenic in maternal urine collected at various stages of pregnancy, or by looking at the average
and/or range of arsenic levels in tube wells available to the populations studied. Pregnancy
outcomes that were addressed included stillbirths, spontaneous abortion, low birth size at term,
infectious-disease susceptibility, and pre-term birth. See Appendix 9.13 for a synopsis of the
studies we considered in our assessment.
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Using the Bradford Hill criteria described above, for each paper considered we determined that:
e Standard definitions for each of the outcomes were used across all studies.
e In each study considered, exposure always preceded the outcome,
e Dose-response relationships were seen in some of the studies.
e The pattern of evidence related to the potential impacts was consistent across studies.

e Comparison groups were appropriate, and the use of a small number of districts from which
to draw subjects ensured that the population was homogenous, compared with data gathered
at the state or country level.

e Attrition did not appear to affect the results; in most studies, there was little movement into
or out of districts.

e Each study accounted for important potential confounding and modifying variables, to the
best extent possible.

e Biologically plausible explanations for the results were given. Inorganic arsenic has been
shown to be a potent toxicant. It readily crosses the placenta and has been measured in fetal
cord blood. Fetal growth is influenced by multiple factors, including genetic predisposition,
maternal nutrition, and environmental exposures. The mechanisms by which arsenic might
affect birth size and other adverse pregnancy outcomes are not well understood (Ahmed et
al., 2011).

The major shortcoming in most of the studies was the exposure estimation. Many of the studies
used ecological measurements of arsenic exposure by averaging the inorganic arsenic levels in
tube wells available to the participants. These data do not account for exposure through food
sources, and also do not reflect variation in consumption patterns at the individual level.

Some studies used total arsenic in the urine as a biomarker of exposure. Since these total arsenic
levels are usually derived from recent exposure, the values do not take into account fluctuations
in exposure over time (i.e. over a person’s lifetime). However, the values do take into account
exposure from all sources. On the other hand, as urinary arsenic can be high in marine-derived
organic arsenic species, such as arsenobetaine, that are relatively benign, total urinary arsenic
measurements can be misleading, especially in populations that have access to seafood (Cascio et
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al., 2011). See Appendix 9.13 for a synopsis of the studies we considered in our assessment,
including information on whether total arsenic or inorganic arsenic levels were determined.

The definition for “Likely Causal” from the EPA Framework was as follows: “Evidence is
sufficient to conclude that a causal relationship is likely to exist with relevant pollutant
exposures, but important uncertainties remain. That is, the pollutant has been shown to result in
health effects in studies in which chance and bias can be ruled out with reasonable confidence
but potential issues remain. For example: a) observational studies show an association, but
copollutant exposures are difficult to address and/or other lines of evidence (controlled human
exposure, animal, or mode of action information) are limited or inconsistent; or b) animal
toxicological evidence from multiple studies from different laboratories that demonstrate effects,
but limited or no human data are available. Evidence generally includes multiple high-quality
studies.”

FDA chose this level because it determined that the literature clearly demonstrated a relationship
between certain adverse pregnancy outcomes and oral exposure to inorganic arsenic, but
important uncertainties remain. That is, not all sources of exposure to inorganic arsenic from the
diet were accounted for or quantitated.

Although low-to-moderate levels (50 — 100 pg/L) of maternal intake of inorganic arsenic during
pregnancy appear to be associated with adverse health effects in the fetus, the uncertainty in the
measurement of exposure to inorganic arsenic in the pregnant women studied along with other
weaknesses and confounders in the studies makes difficult the determination of a Tolerable Daily
Intake (TDI) for adverse effects during this life stage.

‘2.6.2 EFFECTS OF ARSENIC DURING INFANCY AND CHILDHOOD

Children are particularly susceptible to neurotoxic effects as a result of even low-level exposure
to lead and methyl mercury, and there are data suggesting that children may, likewise, be
particularly susceptible to neurotoxic effects of exposure to inorganic arsenic. Children (< 4
years of age) have the highest exposure to inorganic arsenic, because they have 2- to 3-fold
higher intakes of food on a per-body-mass basis, compared with those of adults (EFSA, 2009).
Because early childhood is a period of rapid brain development, this is an additional reason why
this life stage is one of greater susceptibility to neurotoxicants. See Appendix 9.13 for a synopsis
of the studies we considered in our assessment.

Using the Bradford Hill criteria described above, for each paper considered we determined the
following.
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e Standard development and intelligence tests were used in the studies.

¢ In each study examined, exposure always preceded the outcome.

e Dose-response relationships were seen in some of the studies.

e The pattern of evidence related to the potential impacts was consistent across studies.

e Comparison groups were appropriate, and the use of a small number of districts from which
to draw subjects ensured that the population was homogenous, compared with comparison
groups from which data are gathered at the state or country level.

e Attrition did not appear to affect the results.

e Each study accounted for important potential confounding and modifying variables, to the
best extent possible.

e Biologically plausible explanations for the results were given. Arsenic has been shown to be
neurotoxic in both adults and infants accidently exposed to large quantities through their
diets.

The major shortcoming in these studies was in the exposure characterization. The studies are not
uniform in how they assess exposure. Many of the studies used ecological measurements of
arsenic exposure by averaging the inorganic arsenic levels in the tube wells the participants used.
These data do not account for exposure through food sources and do not reflect variation at the
individual level.

Some studies used total arsenic in the urine as a biomarker of exposure. Since these total arsenic
levels are usually derived from recent exposure, the values do not take into account fluctuations
in exposure. However, the values do take into account exposure from all sources. On the other
hand, as urinary arsenic can be high in marine-derived organic arsenic species, such as
arsenobetaine, that are relatively benign, total urinary arsenic measurements can be misleading,
especially in populations that have access to seafood (Cascio et al., 2011).

Additionally, these studies measured deficits at one period of time and did not assess the long-
term consequences in cognitive function i.e., whether impairments are permanent or are more
transitory in nature and whether continued exposure increases the impact. Longitudinal studies
are warranted, to evaluate the most critical windows of exposure, the types of effects, and dose-
response relationships. However, the studies do support the conclusion that arsenic is associated
with neurocognitive deficits in children.
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The definition for “Likely Causal” from the EPA Causality Framework is described above. FDA
chose “Likely Causal” because we determined that the literature clearly demonstrated a
relationship between neurotoxic effects in early childhood and oral exposure to inorganic
arsenic, but important uncertainties remain. That is, not all sources of exposure to inorganic
arsenic from the diet were accounted for or quantitated, and deficits were measured at a single
time point and did not assess the long-term consequences in cognitive function.

Low-to-moderate levels of inorganic arsenic appear to be associated with adverse health effects
during childhood. However, there are uncertainties in the data including (1) the measurement of
exposure to inorganic arsenic in the children studied, (2) the small number of children studied,
and (3) the use of 1Q testing not standardized for the population studied, in many cases. We are
aware that research is underway, and we are working with EPA in considering any new findings
or refined methodological approaches.

For a discussion and update of the pertinent literature on the adverse effects of inorganic arsenic

exposure to the developing fetus and to young children, see Appendix 9.15 which summarizes
the literature reviewed from October 2013 through February 2015.
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3 HAZARD CHARACTERIZATION (DOSE-RESPONSE) FOR LUNG AND BLADDER CANCER

This section provides a description of the data and methodology for the quantitative dose-
response model developed for this risk assessment and provides a comparison to other dose-
response models in the literature.

3.1 FDA DOSE-RESPONSE MODEL FOR LUNG AND BLADDER CANCER

3.1.1 DATA SELECTION

Our dose-response model largely relies on data and modeling assumptions identified in a report
by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) (JECFA, 2011). A
prospective cohort study in northeastern Taiwan was selected by the JECFA committee as the
pivotal study for bladder cancer (including all observed urinary tract cancers) (Chen et al.,
2010a) and lung cancer (Chen et al., 2010Db) risk assessment. Other studies considered by JECFA
for risk assessment included earlier studies, with different cohorts, in Taiwan, in which lung and
bladder cancer were the primary endpoints (Wu et al., 1989; Chen and Wang, 1990), and studies
of skin cancer and other dermal lesions in Bangladesh and China (Ahsan et al., 2006; Rahman et
al., 2006; Xia et al., 2009). The U.S. EPA has used some of the former studies (Chen et al.,
1988; Wu et al., 1989; Chen et al., 1992) for cancer risk assessments. FDA also considered the
Taiwanese studies to be best suited for inorganic arsenic dose-response modeling, because
demonstrable (i.e., statistically significant) changes in disease rates were observed at two levels
of exposure and because lung and bladder cancer are more serious effects, compared with other
health effects; e.g., arsenic-induced skin cancer.

Under a contract with FDA, ORNL conducted a citation-forward literature search for articles
published between 2009 and October 2013, to identify any relevant studies not available at the
time of the JECFA report (JECFA, 2011) (see Appendix 9.6.1 for a detailed description of the
methods, inclusion criteria, and results). From the literature review conducted by ORNL, 18
studies (10 cohort studies, 6 case-control studies, and 2 ecological studies) were identified as
candidates for further data analysis. Of these 18, three studies (Fernandez et al., 2012; Hsu et al.,
2013b; Wade et al., 2009), in particular, may provide additional information useful for future
characterization of the dose-response relationship for inorganic arsenic (see Appendix 9.6.1 and
9.6.2).
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3.1.2 ADJUSTING THE DATA FOR USE IN THE FDA DOSE-RESPONSE MODEL

The studies that provided data for our model included data from populations exposed to high or
low concentrations of total arsenic in well water. . In total, the Taiwanese cohort began with
8,086 subjects 40 years of age or older who were recruited into the study and had an average of
11.5 years of follow-up. In this cohort design, persons below the age of 40 years were excluded,
because lung and bladder cancer incidence is very low in that age group. Total arsenic
concentrations in drinking water were available for 6,888 of these subjects. Studies that have
speciated arsenic in drinking water in Taiwan have found it to be primarily inorganic arsenic
(Lin et al., 1998; Chen et al., 1995). An advantage of the prospective cohort study design is that
the cohort is classified in relation to exposure before disease develops. Standardized incidence
ratios can also be estimated from this study design, unlike the case-control design, which yields
only odds-ratio (OR) estimates.

We addressed the effect of confounding covariates (age, gender, smoking, education level, and
alcohol consumption) on bladder and lung cancer cases observed in Chen et al. (2010a, 2010b)
by using adjusted numbers of cases calculated for each exposure group. To calculate adjusted
number of cases for each exposure group, a two-step process was used: (1) the adjusted case
frequency was calculated by multiplying the rate in the referent group by the adjusted Relative
Risk (RR) value; and (2) the adjusted number of cases was calculated by multiplying the number
of subjects in the group by this adjusted case frequency. The resulting adjustment was small,
relative to the reported cases (Tables 3.1 and 3.2).

Although prospective epidemiological studies are most suited for dose-response analyses, the
studies follow each individual for only a limited period; therefore, results are expressed on a
person-year basis. The purpose of our dose-response model was to generate and estimate risk
after lifetime exposure; therefore, the incidence rates reported in Chen et al. (2010a, 2010b) on a
person-year basis were adjusted to estimate lifetime rates. Because cancer rates are dependent on
subject age, estimates of lifetime risk accounted for the age of the population by including
subject age as one of the variables in the model. This required individual subject data that were
not available in the Chen et al. (2010a, 2010b) papers. Therefore, an alternative method that
reported results for a period of follow-up of 11.5 years (not a complete lifetime) was utilized to
estimate lifetime cancer rates for the Chen et al. (2010a, 2010b) cohort. This alternative method
involved multiplying the observed rates by a factor based on the average life expectancy in
Taiwan (76 years), relative to the period of observation (11.5 years), assuming that the disease
rate at ages below 40 is negligible.? A theoretical maximum value of 3.1 was estimated for the

! http://sowf.moi.gov.twi/stat/english/elife/te88210.htm
2 This assumption is implicit in the study design and is consistent with mortality statistics for lung and bladder
cancer in the United States.

May 13,2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 32



Hazard Characterization (Dose-Response) for Lung and Bladder Cancer | 3

Taiwanese cohort, corresponding to the following equation: (76 yr avg Taiwanese lifetime - 40
yr minimum cohort age)/11.5 yr follow-up. However, this method implicitly assumed that the
age distribution in the cohort was representative of the general population age 40+. Because the
cohort aged during the course of the study, the number of additional cases observed in this
closed, aging cohort during the study period was likely to be greater than the one that would have
been observed in an open cohort (i.e., with members that were added over time) during the same
period of time. Therefore, an uncertainty range spanning from 2 to 3.1 was used as a plausible
range. The estimated background cumulative risks (see Table 3.3) were very close to values
reported for the referent group (well water < 10 ppb) for this cohort (Yang et al., 2013).

Tables 3.1 and 3.2 provide the data used in our dose-response model for bladder and lung cancer.
The bladder-cancer study (Chen et al., 2010a) used for the bladder-cancer model showed a
significantly increased trend of relative risk with increasing arsenic concentration in drinking-
water when adjusted for age, gender, education level, consumption of well water since birth, and
cigarette-smoking and habitual-alcohol-consumption status at the time of enrollment (P < 0.001).
For exposures above 100 pg/L, relative risks were more than 4, and the lower bound of the
relative risk estimates were greater than 1, whereas the relative risks were elevated, but not
significantly, for exposures below 100 pg/L. The lung-cancer study (Chen et al., 2010b) also
found a significantly increased trend (P < 0.001) of lung-cancer risk associated with increasing
arsenic concentration in drinking water. However, even though the apparent increase in the
number of lung-cancer cases was greater than the number of bladder-cancer cases, the lower
bound of the adjusted relative risk for lung cancer was above 1 only at the highest well-water
concentration (> 300 ug/L), which may be due to the much-higher background rate of lung
cancer.

Table 3.1. Association of Bladder Cancer with Arsenic Exposure in Northeastern Taiwan (in
person-years)

Inorganic Inorganic Arsenic

Arsenic in Concentration in | Unadjusted | Adjusted N Unadjusted | Adjusted
Water Category Well Water® RR® RR" Cases Cases®

range (pg/L) (ng/L)

<10
(referent group) 2.1 1.00 1.00 2288 5 5.0
10-49.9 26.9 1.75 1.66 2093 8 7.6
50-99.9 74.6 2.52 2.42 907 5 4.8
100-299.9 162.4 4.03 4.13 909 8 8.2
> 300 836.3 7.28 7.80 691 11 11.8

% Average estimate of the range of inorganic arsenic in drinking-water; values taken from an earlier study on the
same cohort (Chiou et al., 2001). Note: The dose-response model used for apple juice (Carrington et al., 2013)
estimated the arsenic concentration in water based on estimates provided in JECFA (2011).
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® The unadjusted RR is the raw relative risk (RR) that is calculated by dividing the number of actual cases by the

group size. The adjusted RR is reported in Chen et al. (2010a).
Adjusted cases are calculated by multiplying the group size by the adjusted RR.

C

Table 3.2. Association of Lung Cancer with Arsenic Exposure in Northeastern Taiwan (in

person-years)

Inorganic Inorganic Arsenic

Arsenic in Concentration in | Unadjusted | Adjusted N Unadjusted | Adjusted
Water Category Well Water® RR® RR® Cases Cases®

range (pg/L) (ng/L)

<10
(referent group) 2.1 1.00 1.00 2288 48 48.0
10-49.9 26.9 1.16 1.10 2093 51 48.3
50-99.9 74.6 1.05 0.99 907 20 18.8
100-299.9 162.4 1.47 1.54 909 28 29.4
2300 836.3 2.14 2.25 691 31 32.6

a

Average estimate of the range of inorganic arsenic in drinking-water; values taken from an earlier paper on the

same cohort (Chiou et al., 2001). Note: The dose-response model used for apple juice (Carrington et al., 2013)
estimated the arsenic concentration in water based on estimates provided in JECFA (2011).

b

group size. The adjusted RR is reported in Chen et al. (2010a).

c

Adjusted cases are calculated by multiplying the group size by the adjusted RR.

The unadjusted RR is the raw relative risk (RR) that is calculated by dividing the number of actual cases by the

3.1.3 MODEL METHODOLOGY

Figure 3.1, below, provides a schematic of our dose-response model showing how the

adjustments to the epidemiology study data were used in the model. Because of the large

uncertainties associated with theoretical approaches to characterizing the dose-response

relationship for arsenic-induced cancer, an approach that largely relies on empirical support is
appropriate and necessary. A 1,000-iteration bootstrap analysis was used to represent multiple
uncertainties associated with the dose-response relationship.
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Figure 3.1. FDA Dose-Response Model Structure

53.1.3.1 DOSE-RESPONSE DATA BOOTSTRAPPING

We characterized the uncertainties associated with the Taiwanese data using parametric
bootstrapping. Specifically, uncertainty associated with the dose in each of the five groups of
exposures was represented by using a range of plausible values for drinking-water consumption
(rectangular — a.k.a. uniform — distribution 2 to 4 L/day), for total arsenic intake from food [Pert
distribution (Vose, 2008)] with parameters [min=50, mode=68.2, max=200 pg/day (JECFA,
2011)], for the percentage of inorganic arsenic (vs. total arsenic) in food (normal distribution 76
+ 2) from a study on rice, conducted by Liang et al. (2010), and for bioavailability (see Section
4.5) of the inorganic arsenic intake from food (rectangular distribution 0.7 to 0.9). A binomial
distribution was used to represent uncertainties in the frequency of disease occurrence in the
cohort, and a rectangular distribution was used for the lifetime risk adjustment factor (2 to 3.1)
(See Section 3.1.2). A 1,000-iteration bootstrap data set reflecting these uncertainties was
generated for both lung and bladder cancer; summary statistics are shown in Table 3.3.
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Table 3.3. Estimated Doses of Inorganic Arsenic and Lifetime Cancer Rates for Chen Cohort

Category Range Dose (ug/kg bw/day) Bladder Cancer Lung Cancer Incidence
(ng/L) Incidence
<10
(referent group) 0.9 (0.7, 1.3) 0.6% (0.3%, 1.2%) 5.4% (4.3%, 6.4%)
10-49.9 2.3 (1.8, 2.9) 1.0% (0.5%, 1.7%) 5.9% (4.7%, 7.0%)
50-99.9 4.9 (3.7,6.2) 1.6% (0.7%, 2.9%) 5.3% (4.3%, 6.3%)
100-299.9 9.6 (7.1,12.4) 2.5% (1.3%, 4.3%) 8.3% (6.6%, 9.8%)
>300 46.0 (32.6, 60.0) 4.5% (2.7%, 7.4%) 12.1% (9.7%, 14.3%)

Note: The values provided are the median and in parenthesis are the 5™ and 95" percentiles of the uncertainty
distribution (C190%).

53.1.3.2 MODEL PARAMETER ESTIMATION

Each iteration of the bootstrap data set was modeled with eight different dose-response models:
the gamma model, the logistic model, the log-logistic model, the log-probit model, the probit
model, the Weibull model, the one-stage model, and the dichotomous Hill model, using
maximume-likelihood estimation. Although the bootstrap estimation procedures were carried out
using code modified from RIVM Proast (Slob and Cotton, 2012), the resulting parameters were
converted to EPA BMDS format for subsequent calculations (see Appendix 9.3). Additional
details are given in Appendices 9.2 and 9.3. Because some of the models resulted in virtually
identical risk estimates, four redundant models were eliminated. Also, because the dichotomous
Hill model ascribed all of the risk to a small subpopulation, it was eliminated for being
biologically implausible. For each bootstrap data set, one of the three remaining (Weibull, probit,
and log-probit) dose-response models was selected, using a weight of evidence approach that
considered goodness of fit and theoretical support (see Appendix 9.4). Sensitivity analyses
showing results using a variety of model-weighting approaches, including single model results,
are also presented in Appendix 9.4.

53.1.3.3 DIFFERENCES BETWEEN THE PRESENT MODEL AND THE PREVIOUS (2013) VERSION

For this risk assessment, the following improvements were made to the dose-response model
used in FDA’s 2013 draft risk assessment of arsenic in apple juice (Carrington et al., 2013):

e The values used for inorganic arsenic in drinking water are based on the average measured

concentrations reported in Chiou et al. (2001), instead of the estimated values used in the
JECFA (2011) report (see Tables 3.1 and 3.2).
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e Matched random numbers for each Monte Carlo iteration for both bladder and lung cancer
were used, so that total cancer incidence for each iteration was estimated using the same
dose estimates for each endpoint.

e Parameter estimates were obtained using the maximume-likelihood method, instead of the
least-square method.

e Aslightly different set of candidate models were used: (1) two models (log-logistic, log-
probit) with alternative background parameters were eliminated and (2) a new model
(dichotomous Hill), which was added to the EPA BMDS software package in 2011, was
included.

e Taiwanese dietary intake estimates from JECFA (2011) were corrected for inorganic arsenic
and bioavailability in food. As in the previous assessment, bioavailability from water was
assumed to be 100%. See Section 3.1.3.1.

e A number of different approaches to weighting alternative models were explored, and the
strategy utilized for the primary estimates was different than in 2013. See the model-
weighting description in Appendix 9.4 for additional details and sensitivity analyses that
illustrate the impact of model weighting on the estimates.

3.2 OTHER PUBLISHED DOSE-RESPONSE MODELS FOR LUNG AND BLADDER CANCER

‘3.2.1 U.S. EPA DRINKING-WATER RULE DOSE-RESPONSE MODEL

The cost-benefit analysis that supported the 2001 U.S. EPA Rule for Arsenic in Drinking Water
used a dose-response analysis developed under contract for the U.S. EPA Office of Water
(Morales et al., 2000). This analysis was based on epidemiological data collected from 42
villages in Southwestern Taiwan (Wu et al., 1989). Although Morales et al. (2000) reported the
results of the analyses using several different models, the primary model (identified as “Model
1) used by the U.S. EPA cost-benefit analysis was linear, with respect to dose, and used a
quadratic function to estimate the influence of age on disease occurrence. The estimated
Effective Dose for 1% (EDO01) and Lower Bound of the EDO1 (LEDO1) for lung and bladder
cancer are given in Table 3.4.

Table 3.4 Linear Slope Estimates and EDO1 from Morales et al. (2000) Model 1

. c
Endpoint Sex | EDO1 (pg/L)? SEMP ALpsal G
(cases per mg/kg bw/day)
Bladder cancer M 395 (326) 35 0.89 (0.76, 1.02)
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Endpoint Sex | EDOL(pg/L)® | SEM® Linear Slope®
(cases per mg/kg bw/day)
Bladder cancer F 252 (211) 21 1.39(1.20, 1.58)
Bladder cancer M+F 324 (267) 29 1.08 (0.92, 1.24)
Lung cancer M 364 (294) 36 0.96 (0.81, 1.12)
Lung cancer F 258 (213) 23 1.36 (1.16, 1.56)
Lung cancer M+F 311 (252) 30 1.13(0.95, 1.30)

&  Effective Dose for 1% (EDO01) is equivalent to a BMD1 for a quantal endpoint. The lower bound, equivalent to a

BMDL, is given in parentheses. The values reported in Morales et al. (2000) were converted to dietary equivalents
using the standard values used by the authors; a water consumption value of 2 liters and a body weight of 70 kg.

> The standard error of the mean (SEM) was calculated for the lower bound, assuming a normal distribution of the
EDO1.

®  The values provided are the median and in parentheses are the 5" and 95" percentiles of the uncertainty
distribution (C190%).

The width of the confidence intervals for the models derived from Morales et al. (2000) is much
narrower than that in the FDA models (2013 and current). This is largely attributable to the
representation of additional sources of uncertainty in the latter. In particular, the FDA models
reflect uncertainty in the dose estimates and the individual dose-response models used to
estimate the disease frequency at low doses, while the Morales et al. (2000) does not.

‘3.2.2 LIAO ET AL. (2009) MODEL

Liao et al. (2009) modeled ecological data from both northeastern and southwestern Taiwan,
using a Weibull model. However, because the power parameter for the model was unrestricted,
the estimated dose-response relationships were largely supralinear, resulting in biologically
implausible incremental risk estimates that increased as the dose decreased.

3.3 COMPARISON OF DOSE-RESPONSE MODELS

The dose-response models based on a prospective epidemiology study in northeastern Taiwan
(Chen et al., 2010a,b) and the dose-response model used in the U.S. EPA 2001 drinking-water
rule (Morales et al., 2000, model 1 for both sexes combined) are presented for bladder and lung
cancer in Figures 3.2 and 3.3, respectively. Comparisons of risk estimates at lower levels,
including levels that normally occur from dietary exposure in the United States, are given in
Tables 3.5 and 3.6.
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The risk estimates from the current FDA model for lung cancer are comparable to those in
theapple juice risk assessment (Carrington et al., 2013), but the bladder cancer estimates are
lower. This is largely attributable to two factors. First, the estimated average arsenic
concentration for the highest dose increased by a factor of almost two (see Section 3.1.3 for
discussion of improvements made to the dose-response model). Second, the low-dose uncertainty
characterization places a little more on nonlinear models than in the previous assessment.
Although the dose estimate at the high dose for lung cancer was also increased, the overall dose-
response relationship became more linear than in the previous version, which resulted in low-
dose risk estimates that are about the same.

Overall, the estimates from the current FDA model and the 2001 EPA model are quite similar.
The two main differences are that (1) the Morales et al. (2000) model used to support the 2001
EPA drinking-water rule is entirely linear, and the current FDA model is not, and (2) the
confidence interval of Morales et al. (2000) is much narrower. The latter difference is
attributable to the inclusion, in the current FDA model, of uncertainties arising from the dose
estimates and the choice of model used to estimate effects that may arise from dietary exposure.
The confidence intervals of the Morales et al. (2000) models are entirely encompassed by those
of the FDA models for both endpoints.
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Figure 3.2a. Dose-Response Models for Bladder Cancer

Dose-response model for bladder cancer, based on a prospective epidemiology study in northeastern
Taiwan (Chen et al., 2010a). The confidence intervals (5" and 95" percentiles) reflect uncertainties
arising from the dose estimates and the frequency estimates (represented by the error bars) and the model
used to represent the dose-response relationship. For comparison, the estimates from the model used in
the U.S. EPA 2001 drinking-water rule (model 1 from Morales et al., 2000) are shown in gray. See
enlarged area of the figure below (Figure 3.2b).
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Figure 3.2b. Dose-Response Model for Bladder Cancer, Dose 0 — 10 ug/kg bw/day
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Figure 3.3a. Dose-Response Models for Lung Cancer

Dose-response model for lung cancer, based on a prospective epidemiology study in northeastern Taiwan
(Chen et al., 2010b). The confidence intervals (5" and 95" percentiles) reflect uncertainties arising from
the dose estimates and the frequency estimates (represented by the error bars) and the model used to
represent the dose-response relationship. For comparison, the estimates from the model used in the U.S.
EPA 2001 drinking-water rule (model 1 from Morales et al., 2000) are shown in gray. See enlarged area
of the figure below (Figure 3.3Db).
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Figure 3.3b. Dose-Response Model for Lung Cancer, Dose 0 — 10 pg/kg bw/day

Table 3.5. Predicted Cases per Million for Bladder Cancer at Five Doses with Lifetime Exposure

Dose’ Dose Dose Dose Dose
Model® 0.029° 0.3¢ 1 3° 10

(ng/kg bw/day) | (ng/kg bw/day) ((ng/kg bw/day) (ug/kg bw/day) | (ng/kg bw/day)

EPA (2001) 31 325 1082 3246 10819
(26, 35) (277, 372) (923, 1241) | (2768, 3724) | (9226, 12412)

Carrington et 32 338 1143 3574 12968
al. (2013)' (0, 69) (0, 726) (1, 2483) (43, 7441) (2256, 25100)

FDA 11 114 383 1186 4461

(current)® (0, 43) (0, 458) (0, 1525) (1, 4568) (151, 15144)

& All estimates are change in frequency of disease over background rate and were calculated using an exposure

period of 50 years.

®  The values provided are the median and in parentheses are the 5" and 95™ percentiles of the uncertainty
distribution (C190%).
¢ Dose from tap water at 2 pg/L, 1L/day, 70 kg bw.

Q = o o

Corresponds to current EPA Reference Dose for non-cancer effects (EPA, 2003).
Corresponds to 2011 JECFA BMDL.
Estimate from the model version used in FDA’s apple juice risk assessment (Carrington et al., 2013).
Estimate from the model version used in this risk assessment for rice and rice products.

May 13,2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 42




Hazard Characterization (Dose-Response) for Lung and Bladder Cancer | 3

Table 3.6. Predicted Cases per Million for Lung Cancer at Five Doses with Lifetime Exposure

Dose” Dose Dose Dose Dose
Model 0.029° 0.3¢ 1 3¢ 10

(ng/kg bw/day) | (ng/kg bw/day) | (ng/kg bw/day) | (ug/kg bw/day) | (ng/kg bw/day)

EPA (2001) 32 338 1125 3376 11254
(27, 37) (284, 391) (947, 1304) | (2840,3912) | (9467, 13041)

Carrington et 30 369 1284 4634 (7, 20242
al. (2013)f (0, 123) (0, 1292) (0, 4298) 13594) (1763, 43882)

FDA 32 336 1123 3399 11674
(current)® (0, 62) (0, 654) (0, 2178) (4, 6517) (585, 21549)

& All estimates are change in frequency of disease over background rate and were calculated using an exposure

od of 50 years.

eri
E The values provided are the median and in parentheses are the 5™ and 95™ percentiles of the uncertainty
distribution (C190%).
¢ Dose from tap water at 2 pg/L, 1L/day, 70 kg bw.

Q - o o

Corresponds to current EPA Reference Dose for non-cancer effects (EPA, 2003).
Corresponds to 2011 JECFA BMDLs.
Estimate from the model version used in FDA’s apple juice risk assessment (Carrington et al., 2013).
Estimate from the model version used in this risk assessment for rice and rice products.

May 13, 2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 43




4 EXPOSURE ASSESSMENT

Dietary exposure to inorganic arsenic is a function of the levels of inorganic arsenic
concentrations in food and the quantity of inorganic arsenic-containing food consumed. This
section presents the inorganic arsenic concentration and rice consumption data used to assess
dietary exposure to inorganic arsenic. The exposure assessment provided in this section (with
additional details in appendices 9.8 — 9.12) is used for both cancer and non-cancer risk
characterization (see Sections 5 and 6)

4.1 THE EXPOSURE ASSESSMENT MODEL (COMPONENTS)

Figure 4.1 provides an overview of the Exposure Assessment components of the Monte-Carlo
simulation model that integrated the concentration of inorganic arsenic in food, food
consumption, market share, and bioavailability data, to estimate inorganic arsenic intake from
rice and rice products. Details on the data used for the Exposure Assessment components of the

simulation model are provided in this section.
iAs Mean Concentration Rice/Rice Prc_)duct
L . Consumption
in Rice/Rice product

(e/kg bw/day)
k
(ne/ke) Per Capita / Per Serving

Inorganic arsenic (iAs)
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iAs Intake from Rice/Rice

LEgend product (ng/kg bw/day)

Per Capita / Per Serving

Bioavailability adjustment
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A\

Intermediate Estimate

s
e

Bioavailable iAs intake from
Rice/Rice product
(ng/kg bw/day)

Per Capita / Per Serving

Qutput
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—/

Figure 4.1. Model Used to Estimate Inorganic Arsenic Intake from Rice and Rice Products
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4.2 |INORGANIC ARSENIC CONCENTRATION DATA

This risk assessment utilized data on concentrations of inorganic arsenic in rice grain to estimate
exposure to rice consumed alone and as an ingredient in food mixtures (e.g., casseroles, crackers,
rice beverages). Separate analyses were conducted for exposure during infancy, using data on
concentrations of inorganic arsenic in infant rice cereal to estimate inorganic arsenic intakes by
infants less than 1 year of age.

‘4.2.1 DATA IDENTIFICATION AND SELECTION

Data on inorganic arsenic levels in U.S. rice grain and infant cereals are available from two
sources: (1) FDA surveys (FDA, 2013; FDA, 2016) and (2) data reported in the literature. To
identify published sources of total arsenic and inorganic arsenic concentration data, we
contracted with the Oak Ridge National Laboratory to conduct a systematic literature review, to
identify studies reporting results of analyses of inorganic arsenic concentrations in market
samples of rice. The following terms were used to identify potential data sources on arsenic
concentration and exposure: arsenic AND rice AND (composition OR concentration OR content
OR intake OR exposure OR ingestion OR consumption), 1993 to the present. Databases searched
included Pubmed, Toxline, and Web of Science. A total of 299 studies were identified in the
Pubmed search, and 66 additional studies were identified in the Toxline search. The initial Web
of Science search listed thousands of publications; after eliminating citations for studies relating
to site remediation, the search resulted in citations for 206 studies. Publications judged to be
potentially relevant, based on abstract contents, were obtained and further reviewed for
relevance. Using these criteria, 14 studies were identified for further review. The most
comprehensive of the 14 studies was conducted by Consumer Reports (2012). Of the remaining
13 studies, 4 were found to contain data appropriate for comparison with FDA data; the excluded
studies measured arsenic concentrations on samples purchased or originating outside the United
States, did not provide adequate sample descriptions, or did not measure inorganic arsenic in the
collected samples. Criteria applied to selection of data for inclusion in the exposure assessment
are shown in Table 4.1. Only one published study (Consumer Reports, 2012) in addition to the
FDA (2013, 2016) surveys met the selection criteria listed in Table 4.1 for inclusion in the risk-
assessment model.
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Table 4.1. Selection of Data Used for the Exposure Assessment Model

Study Number of Wide variety of | Published Nationally Included in

samples rice types and within representative risk

>100 infant cereals previous 5 assessment?
years

FDA surveys Yes (481 Yes Yes Yes Yes

grain; 145

infant

cereals —

total 1419

samples)
Consumer Yes (92 grain; Yes Yes Yes (New York Yes
reports, 12 infant metro area
2012 cereals — and online

total 223 retailers)

samples)
Zavala et al. No (24) Yes No Yes No
2008
Williams et No (11) No (white and No No No
al. 2005 brown rice grain)
Lamont, No (40) No (white rice No Yes No
2003 grain)
Schoof et al. No (4) No (white rice No No No
1999 grain)

Note: Literature search included studies published up to October 2013.

‘4.2.2 2013 AND 2016 FDA ARSENIC IN RICE SURVEYS

In 2013 FDA reported concentrations of arsenic and arsenic species (arsenite, arsenate, DMA,
and MMA) in 1,343 samples, including 481 samples of rice grain and 69 samples of infant
cereals (FDA, 2013). FDA analyzed 76 additional infant cereal samples in 2014 (FDA, 2016). .
The FDA 2013 study generated arsenic concentration data for 786 samples of processed rice
products and 6 samples of wild rice and grain mixtures. The data on inorganic arsenic
concentrations in processed rice products were not used in the present risk assessment because
data were not available for all processed rice products consumed by Americans. The data on
inorganic arsenic concentrations in rice grain and infant cereals were used in this risk assessment
to estimate exposure to inorganic arsenic from all rice sources. A summary of these study results
is provided in Appendix 9.5.

Of the 481 samples of rice grain, 202 retail samples were collected by FDA at retail locations
and 279 samples were supplied by the USA Rice Federation.
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Total arsenic concentrations in market rice samples were determined using inductively coupled
plasma-mass spectrometry (ICP-MS) after acid hydrolysis. Speciated arsenic concentrations
were measured using high performance liquid chromatography-inductively coupled plasma-mass
spectrometry (HPLC-ICP-MS) (Kubachka et al., 2012).

Mean inorganic arsenic concentrations in types of rice grain and in dry infant rice cereal are
shown in Table 4.2. For types of rice with more than one analyzed sample, mean inorganic
arsenic concentrations ranged from 58 ppb in white, instant/pre-cooked rice to 160 ppb in regular
brown rice. Relatively high inorganic arsenic concentrations in parboiled rice may result from
boiling the rice in the husk before drying and polishing; parboiling is thought to modify the rice
starch, permitting greater retention of vitamins and minerals in the kernels (Jorhem et al., 2008).
The mean inorganic arsenic concentration in dry infant brown-rice cereal was 120 ppb, and the
mean inorganic arsenic concentration in dry infant white-rice cereal was 105 ppb.

Table 4.2. Concentration of Inorganic Arsenic in Rice Grain and Infant Rice Cereal Samples
Analyzed by FDA

Inorganic Inorganic | Range of Inorganic

Rice Type n Arsenic Mean Arsenic Arsenic
(uncooked/unprepared) Concentration®” SEM® Concentration

(ppb) (ppb) (ppb)
Brown Basmati; includes pre- 13 122.7 11.3 66 — 200
cooked
Brown Jasmine 2 132.5 18.5 114 -151
Brown Instant/pre-.cooked, 2 72.0 71 65 — 79
other than basmati
Brown Parboiled 1 191.3 N/A® N/A
Bro_wn Long/medium/short 08 160.5 41 34— 249
grain, regular
White Basmati; includes pre- 40 61.8 39 20 — 144
cooked
White Jasmine 11 78.4 6.6 34-110
White Instant/pre-Fooked, 14 576 75 31-134
other than basmati
White Parboiled 38 111.9 3.8 71-182
White Long grain, regular 148 103.3 2.2 23-196
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Inorganic Inorganic | Range of Inorganic
Rice Type Arsenic Mean Arsenic Arsenic
n
(uncooked/unprepared) Concentration®” SEM® Concentration
(ppb°) (ppb) (ppb)
White Medium grain, regular | 91 80.9 2.6 39-174
White Short grain, regular 23 78.9 35 52 -102
Infant Brown Rice Cereal 59 119.9 6.4 30-254
Infant White Rice Cereal 86 105.3 2.2 21-151

8  Data source: FDA (2013) and FDA (2016).

b Arithmetic mean. For one brown and one white basmati rice sample, inorganic arsenic concentration was
imputed as half of the total As.

°  ppb = ng/kg or ng/g

¢ SEM = standard error of the mean.

N/A = not applicable.

e

4.2.3 CONSUMER REPORTS SURVEY

The 2012 Consumer Reports study measured arsenic and arsenic-species concentrations in 92
samples of packaged, uncooked rice; 12 samples of infant rice cereals; and samples of other rice-
containing foods purchased from retail sources in the U.S. In general, Consumer Reports
analyzed three samples of each rice type and brand. Samples from this study were analyzed for
total arsenic concentrations, using Inductively Coupled Plasma-Dynamic Reaction Cell-Mass
Spectrometry (ICP-DRC-MS) and for inorganic arsenic species concentrations using lon
Chromatography- ICP-DRC-MS, both of which produce results comparable to the methods used
by FDA. Consumer Reports’ inorganic arsenic concentrations for most rice grain samples were
within the ranges found by FDA (2013), although one U.S.-grown brown basmati sample and
one U.S.-grown brown jasmine sample exceeded the upper range of values FDA found in those
two products.

4.2.4 INORGANIC ARSENIC CONCENTRATION DATA USED IN THE FDA EXPOSURE
ASSESSMENT

Data from the FDA (2013, 2016) and Consumer Reports (2012) studies were combined for this
assessment. Data for individual FDA and Consumer Reports samples were categorized by type
of rice, as noted in Table 4.3. For each type of rice grain, the mean level of inorganic arsenic and
its standard error were estimated from the measured-concentration data.
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Table 4.3. Concentration of Inorganic Arsenic in Rice Grain and Infant Rice Cereal Samples:
Combined FDA (2013, 2016) and Consumer Reports (2012) Data

Inorganic Inorganic Range of

Rice Type Arsenic Mean Arsenic | Inorganic Arsenic

n
(uncooked/unprepared) Concentration®” SEM® Concentration

(ppb°) (ppb) (ppb)

Brown Basmati; includes pre-

16 133.3 115 66 —210
cooked
Brown Jasmine 5 142.4 15.5 104 -191
Brown Instant/pre-cooked,

2 72.0 7.1 65-79

other than basmati

Brown Parboiled © 1 191.3 N/A N/A

Brown Long/medium/short

. 120 156.5 3.7 34 -249
grain, regular
White Basmati; includes pre-
58 62.3 3.2 20-144
cooked
White Jasmine 23 75.1 3.5 34-110
White Instant/pre-cooked,
. 14 57.6 7.5 31-134
other than basmati
White Parboiled 44 112.4 3.5 71-182
White Long grain, regular 173 102.0 2.0 23-196
White Medium grain, regular 94 81.5 2.5 39-174
White Short grain, regular 23 78.9 3.5 52-102
Infant Brown Rice Cereal 65 119.0 6.1 30-254
Infant White Rice Cereal 92 103.9 2.2 21-151

%  Data source: FDA (2013), FDA (2016) and Consumer Reports (2012).

> Arithmetic mean. For one brown and one white basmati rice sample, inorganic arsenic (iAs) concentration was
imputed as half of the total As.

°  ppb = ng/kg or ng/g

SEM = standard error of the mean.

N/A = not applicable; a SEM value of 50 ppb was used for brown parboiled for calculation purposes

d

e

4.2.5 MARKET SHARE
We used market-share data for two purposes (as indicated in Figure 4.1). The 2013 and 2016

FDA rice-sampling studies and the Consumer Reports (2012) publication provided inorganic
arsenic concentrations on specific types of rice. However, we (FDA) wanted to calculate a
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weighted mean inorganic arsenic concentration for all brown rice, all white rice, and all rice, so
that we could generate estimates of risk related to consumption of these general types of rice.
The relative market-share estimates of different types of rice were determined using data from
the USDA Economic Research Service (ERS) and USA Rice Federation (Table 4.4; Appendix
9.7). The market shares for basmati, jasmine, instant, and parboiled rice in Appendix 9.7 include
both brown and white rice; we used ERS data to divide the market shares for these types of rice
into separate market shares for brown and white basmati, jasmine, instant, and parboiled rice. We
recalculated the market shares of specific rice types excluding the market share proportion of
“other” rice and used the adjusted market share proportions in our analyses.

The resulting weighted mean inorganic arsenic concentrations for all brown rice, all white rice,
and all rice are shown in Table 4.5. Because the combined adjusted market share for types of
brown rice is only 6%, the weighted mean for inorganic arsenic in all rice (96 ppb) is much
closer to the weighted mean for inorganic arsenic in white rice (92.3 ppb) than to the weighted
mean for inorganic arsenic in brown rice (153.8 ppb). The detailed calculations are shown in
Appendix 9.8.1.

Our second use of market-share data on rice was in estimating rice consumption. Because the
available data on rice consumption allow estimation of intakes of white rice and brown rice, but
not specific subtypes of rice, we estimated intakes of specific subtypes of rice from all sources
(including intakes from rice products), based on estimated market shares for these products.

Table 4.4. Market-Share Percentages for Types of Brown and White Rice

Adjusted
Rice Type Market share (%) Market share

(%)
Brown Basmati 0.9 1.1
Brown Jasmine 0.1 0.1
Brown Instant/pre-cooked 0.2 0.2
Brown Parboiled 0.7 0.8
Brown Long/med/short grain, regular 3.2 3.8
White Basmati 1.8 2.1
White Jasmine 9.1 10.8
White Instant/pre-cooked 2.1 2.5
White Parboiled 8.0 9.5
White Long grain, regular 371 44.0
White Medium grain, regular 18.5 21.9
White Short grain, regular 2.6 3.1
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Adjusted
Rice Type Market share (%) Market share

(%)
Brewer’s/Broken and Other 15.7 —

Note: Determined based on data from the USDA Economic Research Service (ERS) and USA Rice Federation
(Appendix 9.7; additional personal communications, Nathan Childs, USDA-ERS).

Table 4.5. Estimated Inorganic Arsenic Concentrations in All Brown Rice, All White Rice, and
All Rice Combined

Rice Type Number of Inorganic Arstemc Inorganic Arstemc
(uncooked/ | Inorganic Arsenic o Concentration
unprepared) | Data Samples Weighted Mean Weighted SEM

(ppb) (ppb)
All 573 96.0 1.2
Brown 144 153.8 3.2
White 429 92.3 1.3

 Determined based on inorganic arsenic data on individual rice types from FDA (2013) and Consumer Reports

(2012); weighted based on market share from the USDA Economic Research Service (ERS) and USA Rice
Federation (Appendix 9.7; additional personal communications, Nathan Childs, ERS).

® ppb = pg/kg or ng/g

‘4.2.6 INORGANIC ARSENIC CONTRIBUTION FROM RICE PRODUCTS

We used the inorganic arsenic concentrations for rice grain described in sections 4.2.4 and 4.2.5
and the Food Commodity Intake Database (FCID) developed by U.S. EPA's Office of Pesticide
Programs (OPP) (EPA, 2013b) to estimate the inorganic arsenic contributions from rice products
reported by participants in What We Eat in America (WWEIA) 2003 — 2004, 2005 — 2006, 2007
— 2008, and 2009 - 2010 (CDC, 2013). WWEIA is described in more detail in section
4.3.1.FCID translates foods reported by WWEIA respondents into “recipes” indicating
proportions of U.S. EPA-defined food commodities contained in each food. Rice commaodity
codes included in FCID are as follows:

e 1500323000 Rice, white

e 1500323001 Rice, white, baby food
e 1500324000 Rice, brown

e 1500324001 Rice, brown, baby food
e 1500325000 Rice, flour
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e 1500325001 Rice, flour, baby food

See Appendix 9.9.1 for a list of the rice-containing foods and the proportions of rice ingredients
in each food. For example, the FCID “recipe” for “rice crackers” indicates that this food contains
94.9 g white rice per 100 g crackers. The FCID recipe for “rice beverage” indicates that this food
contains 14.9 g brown rice per 100 g of beverage. Using the inorganic arsenic concentration
calculated for all white rice in section 4.2.5 (92.3 ppb), the estimated-inorganic arsenic
concentration of rice crackers would be 94.9 g white rice/100 g rice crackers multiplied by 92.3
ng 1As/g white rice = 88.2 ng i1As/g rice crackers (88.2 ppb i1As). Using the inorganic arsenic
concentration calculated for all brown rice in section 4.2.5 (153.8 ppb), the estimated inorganic
arsenic concentration of rice beverage would be 14.9 g brown rice/100 g rice beverage multiplied
by 153.8 ng iAs/g brown rice = 22.9 ng iAs/g rice beverage (22.9 ppb iAs).

4.3 INTAKE OF RICE AND RICE PRODUCTS

4.3.1 CONSUMPTION DATA

We estimated intakes of rice from rice grain and rice products using food-consumption data
reported in What We Eat in America (WWEIA) 2003 — 2004, 2005 — 2006, 2007 — 2008, and
2009 - 2010 (CDC, 2013) and the FCID database described in Section 4.2.6. WWEIA is the
dietary interview portion of the National Health and Nutrition Examination Survey (NHANES).
NHANES/WWEIA is a cross-sectional survey designed to provide nationally representative
prevalence estimates for nutrition and health status measures in the United States. WWEIA
participants provide 24-hour recalls of all foods and beverages consumed over each of 2 non-
consecutive days. Estimates of rice intake used in the risk assessment were generated using the
latest NHANES/WWEIA survey cycle (2009 — 2010); we also estimated intake using data from
the combined years 2003-2010 to assess rice intakes based on a larger sample size and to
identify any major recent shifts in rice consumption. Mean rice and inorganic arsenic intakes
were estimated using NHANES statistical weights developed for the two-day dietary data, to
correct for differences in population response rates.

Rice consumption was estimated using two different measures: 1) per capita daily intake of
uncooked rice from all sources (rice grain and rice products) and 2) consumption of uncooked
rice grain per eating occasion. In the absence of longitudinal data on rice consumption by
individuals over the course of their lifetimes, it was assumed that average lifetime intakes of rice
and rice products can be approximated by estimates of mean per capita rice intakes (average
daily intakes for the entire population, including consumers and non-consumers) by participants
in the cross-sectional NHANES/WWEIA. We estimated mean intakes by consumers of rice per
eating occasion to allow estimation of risk by individuals who consume rice grain on one
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occasion or multiple occasions per day over a lifetime. (See “What If” scenarios provided in
Sections 5 and 6.) Throughout this risk assessment, the terms “serving” and “serving size” are
used to describe the average amount of rice consumed when rice grain is consumed alone; this
“serving size” is not the same as the serving size that appears on rice labels. The body weight of
each NHANES respondent was used to convert rice intakes in g/day or g/eating occasion to
intake in g/kg bw/day or g/kg bw/eating occasion.

NHANES/WWEIA-based rice intake analyses were conducted using Food Analysis and Residue
Evaluation Program (FARE) v. 10.05 (Durango Software LLC). Mean per capita two-day
average intakes of brown rice, white rice (including rice flour), and all rice were estimated to
characterize intakes at less than 1 year of age, during 0 — 6 years (inclusive) of age, and 0 — 50
years of age (inclusive).

The information on types of rice consumed by NHANES/WWEIA respondents was generally
limited to the level of processing (i.e., brown or white); no information was collected or recorded
on grain size or variety (e.g., basmati or jasmine). Therefore, the intakes of specific categories of
rice (those for which inorganic arsenic were analyzed) were estimated by multiplying the total
intake amounts of white and of brown rice generated using FARE by the market-share data
shown in Table 4.4. Detailed calculations are shown in Appendix 9.8.2.

For the estimates of rice intake per eating occasion, an eating occasion was defined as a single
instance of consumption of rice as a single food (not as an ingredient in NHANES/WWEIA
codes for food mixtures), regardless of whether the rice was consumed at a meal or as a snack.
Intakes of rice from infant rice cereal were estimated, per eating occasion, for infants less than 1
year old. Intakes of plain brown rice, white rice, and combined brown and white rice were
estimated, per eating occasion, for individuals 0 — 6 years old and 0 — 50 years old. See
Appendix 9.8.2 for a list of the food codes used in these analyses.

To assess the proportion of individuals who consume rice on one or more occasions per day, we
estimated the frequency of rice consumption by NHANES/WWEIA participants. These rice
frequency estimates were not used in the risk assessment model; we conducted these analyses to
understand how frequency of rice consumption varies among ethnic groups and to inform the
“What-If” Scenarios described in Sections 5 and 6.

The frequency of rice consumption was estimated using food-frequency data reported by
participants for those ages 2 years and older in the 2003 — 2004 and 2005 — 2006
NHANES/WWEIA (detailed food-frequency data were not collected in later NHANES surveys).
Responses to the question “How often did you eat rice or other cooked grains (such as bulgur,
cracked wheat, or millet)?”” were analyzed to compute mean rice-eating occasions per day, using
the factors presented in Appendix 9.10.
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We assumed that rice was the grain consumed in most or all grain-frequency responses. The
relative frequency of rice/other grain consumption was analyzed for the total population ages 2
years and older and by ethnicity (Mexican-American, Other Hispanic, White Non-Hispanic,
Black Non-Hispanic, and “other,” including Asian and multi-racial), as defined in the
NHANES/WWEIA surveys.

4.3.2 RESULTS: ESTIMATES OF PER CAPITA RICE INTAKES

Mean per capita estimates of rice intake (g/kg bw) used in the risk assessment are summarized in
Table 4.6. Additional data generated for reference (including data on rice intakes in g/day and
g/eating occasion) are shown in Tables 9.25 — 9.29 in Appendix 9.11.

Table 4.6. Rice-Intake Data Used in the Risk Assessment

Mean Uncooked
Rice Per Capita

Mean Uncooked
Rice Intake Per

Population NHANES/WWEIA Daily Intake® Eating Occasion
Group Survey Year® Rice Products (g/kg bw) (g/kg bw)
< 1vyear 2003 - 2010 Infant rice cereal 0.664 1.125
<1year 20032010 | Allrice grain and 0.925 N/AC
products
0 -6 years 20092010 | Allrice grainand 0.566 N/A
products
0 -6 years 2009-2010 | Brown-ricegrain 0.046 1.01
and products
0— 6 years 20092010 | White-rice grain 0.520 1.929
and products
0—50vyears® | 2009-2010 | Allricegrainand 0.332 N/AC
products
0-50years’ | 2009—2010 | Srown-ricegrain 0.029 0.866
and products
d White-rice grain
0—-50vyears 2009 - 2010 0.303 1.094

and products

a

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America

(WWEIA), years as noted in the table. Food codes included in analysis are listed in Appendices 9.9.1 and 9.9.2.
Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct
for differences in population-response rates. The body weight of each NHANES respondent was used to convert
his/her intake in g/day to intake in g/kg bw/day.

Per capita means are calculated as the average intakes by consumers and non-consumers.
N/A = not applicable. See section 4.3.3.

c
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¢ Because of the apparent 25-30 year latency between exposure and effect, the relevant period of exposure for the

carcinogenics effects for arsenic is estimated to be 0 — 50 years of age.

While we considered it preferable to use 2009 — 2010 NHANES/WWEIA consumption data in
the risk assessment, to reflect current consumption practices, intakes of rice from infant rice
cereal were higher in the combined 2003 — 2010 surveys; therefore, the combined survey data
were used in the risk assessment as a conservative estimate of rice-cereal intake by infants. On
average, infant respondents in the 2003 — 2010 NHANES/WWEIA consumed about 5 g dry
infant rice cereal, or 0.664 g rice cereal/kg bw per day; 5 g is equivalent to about 2 tablespoons
(T) of dry infant rice cereal. Mean per capita intake of rice from all sources (infant rice cereal
and regular rice) was 7.4 g, or 0.925 g/kg bw/day; 7.4 g is equivalent to about 3 T of dry infant
cereal. The amount of rice cereal consumed per day over the first year of life (g/kg bw/day)
peaks between 5 and 9 months of age (Figure 4.2). The number of infants included in the
NHANES/WWEIA sample at each month of age ranged from 119 to 145. The number of infant-
cereal consumers ranged from 10 during the first month of life to 81 at 5 months of age.

1.2 4

o
[0
1

Infant cereal

o
(e)}
1

------ Other rice grain and rice
products

Rice Intake (g/kg bw/day)
o
o~

o
N
1

1 2 3 4 5 6 7 8 9 10 11 12
Month of Age

Figure 4.2. Intake of Infant-Rice Cereal and Other Rice Grain and Rice Products by Children 0 —

12 Months of Age

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America (WWEIA),
2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are listed in Appendix 9.9.1.
Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct
for differences in population-response rates. The body weight of each NHANES respondent was used to convert
his/her intake in g/day to intake in g/kg bw/day.

N at each month of age ranged from 119 to 145. The number of infant-cereal consumers ranged from 10 during the
first month of life to 81 at 5 months of age.
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For the 0 — 6 year and 0 — 50 year exposure groups, rice intakes in 2009 — 2010 were higher or
comparable to those in 2003 — 2010. Estimates of mean per capita rice intakes from all sources
(rice grain and rice products) during the periods 0 — 6 years and 0 — 50 years are shown in Table
4.6.

Mean per capita intake of rice by males and females 0 — 6 years who participated in the 2009 —
2010 NHANES/WWEIA was 8.4 g, or 0.566 g/kg bw/day. An intake of 8.4 g is equivalent to
about 1/5 of a cup of cooked rice. Mean per capita daily intake of rice by males and females 0 —
50 years during the 2009 — 2010 survey was about 19 g, or 0.332 g/kg bw/day; 19 g is equivalent
to about 1/3 of a cup of cooked rice. About 11% of rice consumers in both age groups reported
consuming brown rice at least once during the 2-day survey. Changes in rice consumption by life
stage and gender are shown graphically in Figure 4.3.

The results of an exploratory analysis of rice intake from sources other than beer (Figure 4.4)
indicate that most of the difference in rice intake between males and females is due to greater
intake of rice from beer by males than by females. We included rice intake from beer in
estimating inorganic arsenic exposure from rice for our risk assessment.
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Figure 4.3. Consumption of Rice, Mean per Capita Daily Intake from All Sources (Rice Grain
and Rice Products) by Age and Gender

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America (WWEIA),
2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are listed in Appendix 9.9.1.
Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data to correct

for differences in population response rates. The body weight of each NHANES respondent was used to convert
his/her intake in g/day to intake in g/kg bw/day.
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Figure 4.4. Consumption of Rice, Excluding Consumption as an Ingredient in Beer, Mean per
Capita Daily Intake by Age and Gender

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America (WWEIA),
2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are listed in Appendix 9.9.1.
Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data to correct

for differences in population response rates. The body weight of each NHANES respondent was used to convert
his/her intake in g/day to intake in g/kg bw/day.

4.3.3 RESULTS: ESTIMATES OF PER SERVING (EATING OCCASION) RICE INTAKE

The mean intake of rice from dry infant cereals per eating occasion, by infants less than 1 year of
age was 1.125 g/kg bw, based on 2003 — 2010 NHANES/WWEIA data (Table 4.6; additional
data are provided in Table 9.5). Eating occasion data were combined for all infant rice cereal
(brown and white), because the number of consumption occasions for brown rice was too low to
be statistically meaningful.
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Intakes of rice per eating occasion by older age groups (based on 2009 — 2010
NHANES/WWEIA data) are shown in Tables 4.6 and 9.6. For the subpopulation ages 0 — 6
years, mean intakes per eating occasion were 1.01 g brown rice/kg bw and 1.929 g white rice/kg
bw. For the subpopulation ages 0-50 years, mean intakes per eating occasion were 0.866 g brown
rice/kg bw and 1.094 g white rice/kg bw. The mean intake amounts of white rice per eating
occasion are 15.7 g for ages 0 — 6 years (equivalent to a little bit more than 1/2 cup of cooked
rice) and 32 g for ages 0 — 50 years (a little bit more than 1 cup of cooked rice).

‘4.3.4 RESULTS: FREQUENCY OF INTAKE

In characterizing usual consumption frequency for rice or other grains, the response category
with the greatest proportion of responses (20% of NHANES respondents for those ages 2 years
and older) was “2 — 3 times per month” (Figure 4.5). The mean per capita frequency of
consumption of rice or other cooked grains was estimated to be 0.2 eating occasions per day
(Table 4.7). In the total population, 3.4% of individuals reported consuming rice or other cooked
grains at least once a day; however, 32.6% of individuals in the “other” ethnic group, which
includes Asians and multi-racial individuals, reported consuming rice or other cooked grains at
least once a day. These results indicate that, while it might be appropriate to base estimates of
risks from intakes of inorganic arsenic on per capita intakes of rice for the general population,
there are groups (e.g. Asians) in which high proportions of individuals consume rice on a daily
basis. For those populations, risks from intakes of inorganic arsenic in rice are more
appropriately estimated based on the average number of daily rice eating occasions over a
lifetime.
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Figure 4.5. Frequency of Consumption of Rice and Other Cooked Grains
Data source: National Health and Nutrition Examination Survey (NHANES), 2003-2004 and 2005-2006, Food
Frequency Questionnaire question FFQ0058, "How often did you eat rice or other cooked grains (such as bulgur,

cracked wheat, or millet)?"

Table 4.7. Frequency of Consumption of Rice and Other Cooked Grains by Ethnicity

Frequency (% of _
respondents) of c ; S T
conl:;umptiorz of rice g 5 . 2 % 2 ‘2:’ 2 :f,_ -,% §
and other cooked _ = E ‘.":: § £ § f‘u“ § ‘.":: s %
cereals < =< |OF - =T | 64 cE
Never 9.4 5.7 3.6 10.4 9.5 5.5
1-6 times per year 11.1 54 3.7 12.5 9 10.1
7 -11 times per year 9.9 6.2 3.2 11 9.8 5

1 time per month 10.2 6.4 4.2 12 7.1 3.1
2-3 times per month 20 17.3 9.5 21.6 19.3 10.5

1 time per week 12.8 16.3 14.9 13.4 10.3 4.4

2 times per week 13.2 20.6 16.3 11.9 15.9 9.3
3-4 times per week 7.5 139 22.6 5 119 12
5-6 times per week 2.3 5.2 10.2 0.9 4.6 7.4

1 time per day 2 2.1 8.5 0.7 2 15.3

2 or more times per

day 1.4 0.5 3.2 0.3 0.7 17.3

Data source: National Health and Nutrition Examination Survey (NHANES), 2003-2004 and 2005-2006, Food
Frequency Questionnaire question FFQ0058, "How often did you eat rice or other cooked grains (such as bulgur,
cracked wheat, or millet)?" NHANES analytic guidelines (Johnson et al., 2013) indicate that Mexican-Americans
and Other Hispanics were under-represented in these surveys, and that the data should not be used to characterize
intakes by these populations; data are provided here only as an indication that frequency of rice consumption varies
by ethnic group.

4.4 EXPOSURE TO INORGANIC ARSENIC FROM RICE

4.4.1 RESULTS OF THE CURRENT STUDY

Data on intakes of rice (per capita per day and per eating occasion) generated based on
NHANES/WWEIA results were combined with data on inorganic arsenic concentrations in rice
to generate estimates of exposure to inorganic arsenic from rice consumption. In addition, mean
per capita exposures to inorganic arsenic from rice were estimated by month for infants and
children and for each year of life for the total population, in order to characterize inorganic-
arsenic exposures from rice at different life stages. Results on rice intakes per kg bw are shown
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in Tables 4.8 — 4.10 (mean per capita daily inorganic arsenic exposure) and Tables 4.11 —4.13
(mean per-eating-occasion inorganic arsenic exposure). A review of the literature on intakes of
inorganic arsenic from rice is presented in Appendix 9.12.

On the per capita basis, infants (less than 1 year of age) were exposed to 69 ng inorganic
arsenic/kg bw/day from intake of infant rice cereals, and 94.1 ng inorganic arsenic/kg bw/day
from all rice sources (Table 4.8). Most of this intake was from white-rice products. Per capita,
males and females 0 — 6 years were exposed to 54.4 ng inorganic arsenic/kg bw/day from rice,
including 48.0 ng/kg bw/day from white rice and 7.1 ng/kg bw/day from brown rice (Table 4.9).
Males and females 0 — 50 years were exposed to 31.9 ng inorganic arsenic/kg bw/day from rice,
including 28 ng/kg bw/day from white rice and 4.4 ng/kg bw/day from brown rice (Table 4.10).

Table 4.8. Mean per Capita Inorganic Arsenic Exposure from Infant Rice Cereal and from All
Rice Grain and Rice Products: Males and Females Less Than 1 Year of Age

] Mean per Capita
Mean per Capita Intake of Inorganic

Mean per Capita Mean per Capita

Intake of Rice from

Intake of Inorganic
Arsenic from Rice

Intake of Rice Grain

Arsenic from Rice

Infant Rice Cereal®” and Rice Products®” Grain and Rice
Cereal
Products
g/kg bw/day ng/kg bw/day g/kg bw/day ng/kg bw/day
0.664 69.0 0.925 94.1

 Data sources for inorganic arsenic (iAs) concentration: FDA (2013) and Consumer Reports (2012); ppb = ng

iAs/g rice or pg iAs/kg rice

Rice grain and rice products include infant rice cereal. Data source for rice intake data: National Health and
Nutrition Examination Survey (NHANES), What We Eat In America (WWEIA), 2003-2004, 2005-2006, 2007-
2008, and 2009-2010. Food codes included in analysis are listed in Appendix 9.9.1. Mean rice intakes were
estimated using NHANES statistical weights developed for the 2-day dietary data, to correct for differences in
population-response rates.

May 13,2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 60



Exposure Assessment | 4

Table 4.9. Mean per Capita Inorganic Arsenic Exposure from Rice Grain and Rice Products:

Males and Females, 0 — 6 years

Mean Inorganic Mean per Mean per capita

Rice Type Arsenic . capita ricce inorganic arsenic )
Concentration intake exposure from rice

ppb” g/kgbw/day |  ng/kg bw/day

All (Brown + White) 96.0 0.566 54.4

All Brown® 153.8 0.046 7.1

All White® 92.3 0.520 48.0

Brown Basmati’ 133.3 0.007 0.9

Brown Jasmine' 142.4 0.001 0.1

Brown Instant/pre-cookedf 72.0 0.002 0.1

Brown Parboiled’ 191.3 0.005 1.0

Brown Long/med/short grain, regular’ 156.5 0.024 3.8

White Basmati’ 62.3 0.010 0.6

White Jasmine' 75.1 0.050 3.8

White Instant/pre-cookedf 57.6 0.012 0.7

White Parboiled' 112.4 0.044 5.0

White Long grain, regularf 102.0 0.205 20.9

White Medium grain, regular‘c 81.5 0.102 8.4

White Short grain, regular‘c 78.9 0.014 1.1

a

Data sources for inorganic arsenic (iAs) concentrations: FDA (2013), FDA (2016) and Consumer Reports

(2012). The mean arsenic concentration for all rice was developed with the market-share estimates presented in

Appendix 9.7.
ppb = ng iAs/g rice or pg iAs/kg rice

¢ Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2009-2010. Food codes included in analysis are listed in Appendix 9.9.1. The survey-based
mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct
for differences in population-response rates. The body weight of each NHANES respondent was used to convert
his/her intake per day to intake per kg bw/day. The market-share mean rice intakes were developed using industry
data (see Appendix 9.7). Note that the estimated intake for All Brown (resp. All White) is not equal to the sum of the
individual brown (resp white) rices as 15.7% of rice consumption could not be attributable to any of these rice

products (see Table 4.4)

Calculated as: (ng iAs/g rice) * g rice/kg bw/day = ng iAs/kg bw/day.

e

Subgroups by NHANES Survey Category
Subgroups by Market Share Survey Category

Table 4.10. Mean per Capita Inorganic Arsenic Exposure from Rice Grain and Rice Products:

Male and Females, 0 — 50 years

Mean Inorganic Mean per Mean per capita
Rice Type Arsenic . capita rice inorganic arsenic
Concentration intake® exposure from rice®
ppb” g/kg bw/day |  ng/kg bw/day
All (Brown + White) 96.0 0.332 31.9
All Brown® 153.8 0.029 4.4
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Mean Inorganic Mean per Mean per capita
Rice Type Arsenic . capita rice inorganic arsenic )
Concentration intake® exposure from rice
ppb® g/kg bw/day |  ng/kg bw/day
All White® 92.3 0.303 28.0
Brown Basmati' 133.3 0.004 0.6
Brown Jasmine' 142.4 <0.001 0.1
Brown Instant/pre-cookedf 72.0 0.001 0.1
Brown Parboiled’ 191.3 0.003 0.6
Brown Long/med/short grain, regular’ 156.5 0.015 2.4
White Basmati' 62.3 0.006 0.4
White Jasmine' 75.1 0.029 2.2
White Instant/pre-cookedf 57.6 0.007 0.4
White Parboiled' 112.4 0.026 2.9
White Long grain, regularf 102.0 0.120 12.2
White Medium grain, regularf 81.5 0.060 49
White Short grain, regular‘c 78.9 0.008 0.66

& Data sources for inorganic arsenic (iAs) concentrations: FDA (2013), FDA (2016) and Consumer Reports

(2012). The mean arsenic concentration for all rice was developed with the market share estimates presented in
Appendix 9.7.

ppb = ng iAs/g rice or pg iAs/kg rice
¢ Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2009-2010. Food codes included in analysis are listed in Appendix 9.9.1. The survey-based
mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct
for differences in population-response rates. The body weight of each NHANES respondent was used to convert
his/her intake per day to intake per kg bw/day. The market-share mean rice intakes were developed using industry
data (see Appendix 9.7). Note that the estimated intake for All Brown (resp. All White) is not equal to the sum of the
individual brown (resp white) rices as 15.7% of rice consumption could not be attributable to any of these rice
products (see Table 4.4)
¢ Calculated as: (ng iAs/g rice) * g rice/kg bw/day = ng iAs/kg bw/day.
¢ Subgroups by NHANES Survey Category
' Subgroups by Market Share Survey Category

To put exposure to inorganic arsenic from rice into perspective, we plotted exposures to
inorganic arsenic from rice, water, and apple juice by age (Figure 4.6). Inorganic arsenic
exposures from rice and drinking water are approximately equal on the kg bw basis through 50
years of age, when inorganic arsenic is present in water at 2 ppb. Exposures to inorganic arsenic
from rice and apple juice are approximately equal at age 1, but apple juice then declines in
importance as a source of inorganic arsenic exposure.
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Figure 4.6. Mean per Capita Daily Inorganic Arsenic Intake from Rice (Grain and Products),

Apple Juice, and Tap Water, by Age and Gender

Data source for inorganic arsenic (iAs) concentrations: FDA (2013) and Consumer Reports (2012).

Data source for rice and apple juice consumption estimates: National Health and Nutrition Examination Survey
(NHANES), What We Eat In America (WWEIA), 2003-2010. Food codes included in analysis are listed in
Appendix 9.9.1. Mean rice and iAs intakes were estimated using NHANES statistical weights developed for the 2-
day dietary data, to correct for differences in population-response rates. The body weight of each NHANES
respondent was used to convert his/her intake per day to intake per kg bw/day.

Data source for water-intake estimates: EPA (2011).

As shown in Table 4.7, rice intake varies based on ethnicity, with 32.6% of individuals in the
“other” ethnic group, which includes Asians and multi-racial individuals, consuming rice or
other cooked grains at least once a day. We estimated exposure to inorganic arsenic per rice-
eating occasion to allow estimation of risks from rice consumption for frequent consumers in
these and other population groups (Tables 4.11 and 4.12).

Based on the assumptions used in this study, infants were exposed to about 133.9 ng/kg bw
inorganic arsenic from each brown-rice eating occasion and 116.9 ng/kg bw inorganic arsenic
from each white-rice eating occasion (Table 4.11). For ages 0 — 6 years (Table 4.12), estimated
per eating occasion intake of inorganic arsenic was greatest for parboiled white rice (217 ng/kg
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bw/eating occasion); for ages 0 — 50 years (Table 4.13), estimated per eating occasion intake of
inorganic arsenic was greatest for parboiled brown rice (166 ng/kg bw/eating occasion).

Table 4.11. Mean Inorganic Arsenic Exposure from Infant Rice Cereal per Eating Occasion:
Males and Females Less Than 1 Year of Age

M | i
. ean nm:ganlc Mean Rice Cereal Mean Inorganic Arsenic
Rice Cereal Arsenic c . . d
N Intake® g/kg bw/eating Exposure from Rice Cereal
Type Concentration . . .
opb® occasion ng/kg bw/eating occasion

Brown 119.0 1.125 133.9

White 103.9 1.125 116.9

®  Data sources for inorganic arsenic (iAs) concentration: FDA (2013), FDA (2016) and Consumer Reports (2012)
> ppb = ng iAs/g rice or pug iAs/kg rice

¢ Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are
listed in Appendix 9.9.2. Mean rice intakes were estimated using NHANES statistical weights developed for the 2-
day dietary data, to correct for differences in population-response rates. The body weight of each NHANES
respondent was used to convert his/her intake per day to intake per kg bw/eating occasion.

¢ Calculated as: (ng iAs/g rice) * g rice/kg bw/eating occasion = ng iAs/kg bw/eating occasion.

Table 4.12. Mean Inorganic Arsenic Exposure from Rice per Eating Occasion: Males and
Females, 0 — 6 years

Mean Inorganic Mean rice Mean inorganic
. Arsenic intake® arsenic exposured

Rice Type . a . .

Concentration® | g/kg bw/eating | ng/kg bw/eating

ppbb occasion occasion

Brown Basmati 133.3 1.01 134.7
Brown Jasmine 142.4 1.01 143.9
Brown Instant/pre-cooked 72.0 1.01 72.7
Brown Parboiled 191.3 1.01 193.3
Brown Long/med/short grain, regular 156.5 1.01 158.1
White Basmati 62.3 1.929 120.2
White Jasmine 75.1 1.929 144.8
White Instant/pre-cooked 57.6 1.929 111.0
White Parboiled 112.4 1.929 216.8
White Long grain, regular 102.0 1.929 196.7
White Medium grain, regular 81.5 1.929 157.3
White Short grain, regular 78.9 1.929 152.1

8  Data sources for inorganic arsenic (iAs) concentrations: FDA (2013) and Consumer Reports (2012); ppb = ng

iAs/g rice or ug iAs/kg rice.

ppb = ng iAs/g rice or ug iAs/kg rice

Calculated as: (ng iAs/g rice) * g rice/kg bw/eating occasion = ng iAs/kg bw/eating occasion.

Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2009-2010. Food codes included in analysis are listed in Appendix 9.9.2. Mean rice intakes
were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct for differences in

c
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population-response rates. The body weight of each NHANES respondent was used to convert his/her intake per day
to intake per kg bw/eating occasion.

Table 4.13. Mean Inorganic Arsenic Exposure from Rice per Eating Occasion: Males and
Females, 0 — 50 years

Mean Inorganic Mean rice Mean inorganic
) Arsenic intake® arsenic exposured

Rice Type . a . .

Concentration® | g/kg bw/eating | ng/kg bw/eating

ppbb occasion occasion

Brown Basmati 133.3 0.866 115.5
Brown Jasmine 142.4 0.866 123.4
Brown Instant/pre-cooked 72.0 0.866 62.3
Brown Parboiled 191.3 0.866 165.7
Brown Long/med/short grain, 156.5 0.866 135.5
White Basmati 62.3 1.094 68.2
White Jasmine 75.1 1.094 82.1
White Instant/pre-cooked 57.6 1.094 63.0
White Parboiled 112.4 1.094 123.0
White Long grain, regular 102.0 1.094 111.5
White Medium grain, regular 81.5 1.094 89.2
White Short grain, regular 78.9 1.094 86.3

a

. Data sources for inorganic arsenic (iAs) concentrations: FDA (2013) and Consumer Reports (2012).

ppb = ng iAs/g rice or pg iAs/kg rice

¢ Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2009-2010. Food codes included in analysis are listed in Appendix 9.9.2. Mean rice intakes
were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct for differences in
population-response rates. The body weight of each NHANES respondent was used to convert his/her intake per day
to intake per kg bwi/eating occasion.

¢ Calculated as: (ng iAs/g rice) * g rice/kg bw/eating occasion = ng iAs/kg bw/eating occasion.

4.5 BIOAVAILABILITY AND BIOACCESSIBILITY OF INORGANIC ARSENIC IN RICE

The characterization of the toxicity of inorganic arsenic is largely based on epidemiological
studies of populations exposed to high concentrations of arsenic in drinking water. Because
arsenic in rice must be solubilized by digestion before it can be absorbed, the amount of ingested
arsenic that is transferred to systemic circulation from rice intake may be the same or less than
that from water intake. Several in vivo and in vitro studies have been conducted to address this
issue of arsenic bioavailability. Juhasz et al. (2006) conducted a bioavailability study with pigs
given organic and inorganic arsenic species, either in solution (by gavage) or in cooked rice, and
compared the amount of arsenic in blood with the level after intravenous administration of the
same amount of organic and inorganic arsenic species. While inorganic arsenic species were
completely absorbed when given in solution (by gavage), organic species were absorbed at a
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much lower rate (17% for MMA and 33% for DMA). The bioavailability of two different cooked
rice samples was also examined. The first, in which rice was grown under glasshouse conditions
with arsenic-contaminated irrigation water, resulted in grain with arsenic predominantly
speciated in the form of DMA (86%). Bioavailability of mostly DMA from this rice sample was
33%; about the same as biovailability from pure DMA given by gavage. The second rice sample
had elevated inorganic arsenic levels resulting from cooking the rice in water with 1,000 pg/L
inorganic arsenic. The relative bioavailability of this rice sample containing inorganic arsenic
was about 89% (+9%).

He and Zheng (2010) conducted a mass balance study on the bioaccessibility of total arsenic
with two human subjects, in which the amount of arsenic excreted in the urine was compared
with the amount consumed from dietary exposure. Arsenic excretion was first measured in each
subject over a 5-day period consisting of a non-rice diet with lower levels of arsenic (10-15
pg/day), and then again for a second 5-day period consisting of a rice-based diet containing
higher levels (about 35 pg/day). The contribution from drinking-water and fish was negligible
for both diets. The amount of increased arsenic excreted in the urine, largely as DMA, was
estimated to be 58% for one subject and 69% for the other. However, the authors noted that
actual bioavailability is likely to be somewhat higher, as some of the arsenic entering systemic
circulation may be eliminated through hair and skin. In addition, 24% of the total arsenic in the
rice was inorganic. If only 33% of the organic arsenic is absorbed (the value from Juhasz et al.,
2006), the estimated absorption of inorganic arsenic for each of the two subjects was 66% and
80%, respectively.

Several studies have also been conducted on the bioaccessibility of arsenic in rice in vitro, using
artificial digestion systems. Although these studies are not useful for estimating the amount of
arsenic that enters systemic circulation, they do provide information about the release of bound
arsenic from rice under various conditions (Laparra et al., 2005; He et al., 2012; Horner and
Beauchemin, 2012; Signes-Pastor et al., 2012; Sun et al., 2012; Horner and Beauchemin, 2013)

In summary, the available evidence indicates that most of the arsenic in rice is released and
absorbed. Based on in vivo experiments, the bioavailability of inorganic arsenic in rice is
assumed to be between 70% and 90% in this risk assessment (see Section 5.1).

4.6 CONCLUSIONS REGARDING EXPOSURE TO INORGANIC ARSENIC FROM RICE

This assessment of exposure to inorganic arsenic from rice and rice products provides important
data on inorganic arsenic concentrations in rice products consumed by the U.S. population, on
average rice intakes (per day and per eating occasion) by U.S. subpopulations, and on estimated
exposure of U.S. subpopulations to inorganic arsenic from rice. The assessment showed that
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infants less than 1 year of age have a per capita inorganic arsenic exposure higher than per capita
exposures for the other population groups (94.1 ng/kg bw/day vs. 54.4 ng/kg bw/day for 0 — 6
years and 31.9 ng/kg bw/day for 0 — 50 years). The assessment also provides important data on
inorganic arsenic exposures per eating occasion, allowing estimation of daily inorganic arsenic
exposures by populations that typically consume multiple portions of rice on a daily basis. For
example, 17.3% of individuals with race ethnicity categorized as “other” (other than Hispanic,
Black, or White) reported consuming rice two or more times per day. The exposure to inorganic
arsenic ranged from 62.4 to 216.8 ng/kg bw/eating occasion, depending on the type of rice and
age range; therefore, the 17.3% of individuals in the “other” race-ethnicity group who reported
consuming rice two or more times per day could be consuming 435 ng inorganic arsenic/kg
bw/day, or more, on a daily basis. The review of literature on bioavailability of inorganic arsenic
indicates that this arsenic is highly bioavailable (70% — 90% absorption).

While this exposure assessment helps to fill data gaps regarding exposures to inorganic arsenic
from rice, there are a number of limitations that must be recognized. There are uncertainties
related to the analysis of inorganic arsenic concentrations in rice grain and in infant cereals, due
to the relatively small number of samples analyzed for some product types; the number of
samples analyzed for some product types was only one (brown parboiled rice) or two (brown
instant rice). Because the sampling plan was not based on market shares of major brands and was
not statistically designed to reflect availability of different products across the United States, the
extent to which the samples analyzed are representative of rice consumed is unknown. In
addition, for the purposes of the exposure assessment, the inorganic arsenic concentrations
measured in rice grain were assumed to be representative of inorganic arsenic concentrations in
rice present as an ingredient in processed rice products, such as rice crackers, rice cakes, and rice
beverage. Intake of rice by adults may be overestimated, due to EPA’s assumption that all beer
contains rice as an ingredient. Finally, because the NHANES/WWEIA data provided information
on whether individuals consumed white or brown rice, but did not distinguish between different
types of rice (e.g,. jasmine rice, basmati rice), intakes of specific types of rice were estimated
using market-share data, and the results may not reflect the intakes of specific types of rice by
the NHANES/WWEIA survey populations included in the exposure assessment. Further research
is needed to supplement the database of values on concentrations of inorganic arsenic in specific
rice products and to provide data on usual daily intakes of specific types of rice by individuals.

4.7 EXPOSURE TO MMA AND DMA FROM RICE AND INFANT RICE CEREAL

Results from FDA’s arsenic speciation study (FDA, 2013 and 2016; Appendix 9.5) in various
types of rice and rice products showed a low MMA content. The mean MMA concentration
range across rice and rice products was < 3 ppb (non-detect) to 12 ppb; the highest mean MMA
level was 7 ppb in rice grain and 5 ppb in infant rice cereal. The mean DMA concentration
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ranged from 32 to 131 ppb in rice grain and 7 to 123 ppb in rice products, respectively. Infant
rice cereal contained a mean of 52 ppb DMA. There is no correlation between the concentration
of MMA and/or DMA and the concentration of inorganic arsenic, with the percentage of
inorganic arsenic varying from 12 to 100% in the rice analyzed. Because of the large variation in
MMA and DMA concentrations and lack of correlation with inorganic arsenic concentration,
both within and between products, the average MMA and DMA values are not appropriate for
evaluating arsenic species distribution within or between product types.

Based on the consumption estimates and the highest mean DMA concentrations found in rice and
rice products, mean per capita DMA exposures are calculated for 1) infants less than 1 year of
age, from infant rice cereal, 2) children from 0 — 6 years of age, from rice grain, and 3) from 0 —
50 years of age, from rice grain. The results of mean per capita exposure on the basis of both
daily and one eating occasion are presented in Tables 4.14 and 4.15 below.

Table 4.14. Mean per Capita DMA Exposure for U.S. Life Stages, from Infant Rice Cereal and
Rice

. Mean DMA Mean Intake of Infant Mean DMA
Population . . a . . b c
Sl Rice Type Concentration Rice Cereal or Rice Exposure
(ppb) (g/kg bw/day) (ng/kg bw/day)
< 1year Infant rice cereal 52 0.664 34.5
0-6vyears |All rice® 131 0.566 74.1
0-50years | All rice® 131 0.332 43.5

& Data source for DMA concentrations: FDA (2013, 2016). ppb = ng DMA/qg rice

b

Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat

In America (WWEIA), 2003-2010 for < 1 year and 2009-2010 for 0-6 years and 0-50 years. Food codes included in
analysis are listed in Appendix 9.9.2. Mean rice intakes were estimated using NHANES statistical weights

developed for the 2-day dietary data, to correct for differences in population-response rates.
Calculated as mean DMA concentration in ppb: (ng DMA/g rice) * g rice/kg bw/day.
Mean DMA Concentration used is the highest mean across all rice categories which is for long grain white rice.

c
d

Table 4.15. Mean per Capita DMA Exposure for U.S. Life Stages, per Eating Occasion, from
Infant Rice Cereal and Rice

Mean Intake of Infant Mean DMA
. Mean DMA . . b c
Population Rice Type | Concentration® Rice Cereal or Rice Exposure
Subgroup (ppb) (g/kg bw/eating (ng/kg bw/eating
occasion) occasion)
< 1year Infant rice 52 1.125 58.5
cereal
0-6years | Brown 119 1.010 120.2
0-6years White® 131 1.929 252.7
0-50vyears | Brown 119 0.866 103.1
0-50 years White® 131 1.094 143.3
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8 Data source for DMA concentrations: FDA (2013, 2016). ppb = ng DMA/g rice

b Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2003-2010 for < 1 year and 2009-2010 for 0-6 years and 0-50 years. Food codes included in
analysis are listed in Appendix 9.9.2. Mean rice intakes were estimated using NHANES statistical weights
developed for the 2-day dietary data, to correct for differences in population-response rates.

¢ Calculated as mean DMA concentration in ppb (ng DMA/g rice) * g rice/kg bw/day.

¢ Mean DMA Concentration for white rice used the highest mean across white rice categories which is for long
grain white rice.

A literature search, including the three most recent extensive reviews of arsenic by national and
international organizations (ATSDR/CDC, EFSA and WHO-FAOQ), revealed that only
ATSDR/CDC (2007) has set an oral Minimal Risk Level (MRL) for chronic exposure to MMA
and DMA. These chronic-duration oral MRLs are 0.01 mg/kg bw/day for MMA and 0.02 mg/kg
bw/day for DMA. These MRLs are for exogenous MMA and DMA, not for exposure to DMA
and/or MMA resulting from metabolism of inorganic arsenic.

Table 4.14 describes the mean per capita daily exposure to DMA from rice or infant rice cereal
as ranging from 43.5 to 74.1 ng/kg bw/day. The highest exposure of 74.1 ng/kg bw/day is for
children from birth through 6 years of age. This level of DMA exposure corresponds to 0.4% of
the MRL of 0.02 mg/kg bw/day.

Similarly, as shown in Table 4.15, the mean per eating occasion exposure to DMA from rice or
infant rice cereal ranges from 87 to 253 ng/kg bw/eating occasion. The highest exposure of 253
ng/kg bw/eating occasion is for children from birth through 6 years of age. This level of DMA
exposure corresponds to 1.3% of the MRL.

Exposure to DMA from rice and rice products, as mean per capita or mean per eating occasion,
does not pose a health concern, based on the ATSDR MRL value. The 2004 IARC monograph
considered additional data to provide sufficient evidence of the carcinogenicity of the organo-
arsenical, dimethylarsinic acid (DMA"). DMAY, a known biomethylation product in humans and
rats, produced tumors in the urinary bladder of rats and lungs of mice (IARC, 2004).

The highest mean concentration of MMA found in rice (7 ppb) and infant rice cereal (5 ppb) is
19 (=131/7) and 15 (=77/5) folds lower than DMA concentration, respectively. Because the
difference in the MRL values of MMA and DMA are relatively small, only two-fold, exposures
to MMA from ingesting infant rice cereal or rice grain represent 0.04% MRL at mean per capita
consumption level and 0.1% MRL at mean per eating occasion level, respectively. Therefore,
exposure to MMA from rice grain and rice products does not likely pose a health concern.
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5 RISK CHARACTERIZATION OF LUNG AND BLADDER CANCER

This section provides the baseline predictions for lifetime cancer risk from dietary exposure to
inorganic arsenic in rice grain and rice products (food containing rice as an ingredient). The risk
model estimates lung and bladder cancer developed over a lifetime for three periods of exposure:
(1) exposure only during infancy, (2) exposure only during childhood, and (3) exposure from
birth to adulthood. In addition, results of several scenarios that predict the impact of mitigations
meant to reduce the incidence of lung and bladder cancer are presented.

5.1 DESCRIPTION OF THE RISK MODEL

We determined the predicted risk of cancer from exposure to inorganic arsenic in rice and rice
products by integrating the dose-response model and the exposure assessment, using a Monte-
Carlo simulation model with a structure illustrated in Figure 5.1. For a given food (rice or rice
product), the mean level of inorganic arsenic and its standard error was estimated from the
measured concentration data (see Section 4). An uncertainty distribution of the mean level of
inorganic arsenic in the food was derived from these statistics, using a normal distribution. This
distribution was combined with the food intake for the population that was considered (point
estimate of the average per capita consumption for per capita exposure - see Section 4) or with a
specified quantity of food (for per eating occasion exposure) to provide the estimated intake of
inorganic arsenic from this product. A bioavailability adjustment factor (uncertainty distribution
— rectangular distribution 70 — 90%) was further applied to derive an uncertainty distribution of
the bioavailable inorganic arsenic intake from the food. Each intake value was used in one of the
1,000 dose-response model iterations (see Section 3) that evaluated the relationship between the
frequency of bladder and lung cancer, relative to dose. The median of the 1,000 iterations was
used to provide the central estimate of the frequency of disease, and the 5™ and 95™ quantiles
provided the uncertainty (90% confidence interval) of these estimates.
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Figure 5.1 Interrelationship of the Risk Assessment Model Components

5.2

BASELINE RESULTS FOR POTENTIAL CARCINOGENIC EFFECTS

The baseline results provide an estimate of the current cancer risk from exposure to inorganic
arsenic in rice and rice products. The estimates are provided for different food intake levels, life

stages, and types of rice.

Risk estimates are provided in two forms, based on estimated food-intake amounts and resulting

exposure levels:

Per capita — the predicted cancer rate, based on the estimated average lifetime exposure to

inorganic arsenic in rice among the total U.S. population (including consumers and non-

consumers of rice). The per capita dose leve
containing rice ingredients.

I includes the consumption of rice and products
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Per serving (per eating occasion) — the predicted cancer rate, based on consumption of a
specified quantity of rice once per day. The per eating occasion dose level is based on
consuming rice grain alone (i.e., not including rice ingredients in other foods). As a result,
the dose levels for “per serving” are considerably higher, compared with the per capita
estimates.

The predicted lifetime cancer risk estimates are provided for three periods of chronic exposure
(life stages):

Infants. This estimate is based on exposure up to 1 year old (i.e., 1 year of exposure), and is
calculated by multiplying the lifetime risk estimate by the percentage of exposure that
occurs during this period. The estimate of cancer risk presumes no further exposure to
inorganic arsenic from the consumption of rice and rice products after the age of 1.

Children. This estimate is based on childhood exposure through the 6™ year of age (i.e., 7
years of exposure) and is calculated by multiplying the lifetime risk estimate by the
percentage of exposure that occurs during this period. The estimate of cancer risk presumes
no further exposure to inorganic arsenic from the consumption of rice and rice products after
the age of 6.

Lifetime. This estimates risk results from exposure over a lifetime, including childhood.
There is evidence of an approximately 25-year latency period for development of cancer
associated with inorganic arsenic exposure (Marshall et al., 2007). We believe estimates
utilizing an exposure period of 0 — 50 years of age is the most appropriate for a cancer risk
assessment for arsenic.

Risk estimates are also provided for consumption of different types of rice grain and rice
products that may contain different concentrations of inorganic arsenic. The rice commodities
examined included the following.

All rice grain and products containing rice grain as an ingredient, combined.

Estimates for exposure to inorganic arsenic from brown and white rice grain separately,
using the NHANES consumption patterns.

Separate estimates for exposure to inorganic arsenic from a variety of different types of rice
grain (e.g., basmati), using market-share data to estimate consumption patterns.
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5.2.1 PER CAPITA ESTIMATES

Table 5.1 provides the predicted total (bladder and lung) lifetime cancer risk estimates, using the
mean per capita exposure estimates (rice / product intake levels and the estimated concentration

of inorganic arsenic) presented earlier, in Section 4. As might be expected, the predicted cancer-
risk estimates are higher when exposure occurs for a longer period of time. Predicted cancer risk

is 39 cases per million from lifetime (i.e., 50 years) exposure, compared with 2.3 cases per
million from exposure during infancy (up to 1 year old) alone, and 9.1 cases per million from
exposure during childhood (up through 6 years old) alone. The lifetime risk for all rice grain and
rice products is predominately driven by consumption of white rice (34 cases per million),
compared with brown rice (5.4 cases per million). Although brown rice contains, on average,
higher levels of inorganic arsenic than does white rice (see Table 4.3 in Section 4), the per capita
consumption levels are considerably higher for white rice (see Table 4.6 in Section 4). Within
the white rice types, the risk differs; the highest risk was attributed to consumption of long-grain
rice, compared with other types of rice. Assuming a U.S. population of 317 million, and an
average life expectancy of 78.6 years, our estimate for the U.S. population, based on mean rice
intake and exposure factor parameters, is 157 lung and bladder cancers, annually, associated with
dietary inorganic arsenic intake from rice alone ((39 x 317)/78.6 = 157). Taking the 90%
Confidence Interval (CI) into account, we are 90% confident that the true number of annual lung
and bladder cancer cases (based on mean rice intake rates) is between 0 and 319 annual cases.

Table 5.1. Predicted Total Lifetime Cancer Risk (Bladder and Lung) Attributable to Inorganic
Arsenic in Rice and Rice Products, by Exposure Period/Life Stage, Using Per Capita

Consumption Estimates

Median Estimated Median Estimated Median Estimated
Total Cancer Cases Total Cancer Cases Total Cancer Cases
Rice Type™® Per Million (90% C.1.)° | Per Million (90% C.1.) | Per Million (90% C.L.)°
for Infants for Children for Lifetime
(< 1 year) (0 to 6 years) (0 to 50 years)
All Rice Grain and Rice 2.3 9.1 39
Products (0, 4.6) (0, 19) (0, 79)
All White Rice 8.0 34
) (0, 16) (0, 69)
Infant WhiteRice 1.6 (0, 3.4) N/A N/A
Cereal
All Brown Rice - 1.2 5.4
(0, 2.4) (0,11)
Infant Brown Rice 1.9 (0, 3.9) N/A N/A
Cereal
. . <1 <1
White Basmati N/A 0,0.2) (0,0.9)
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Median Estimated Median Estimated Median Estimated
Total Cancer Cases Total Cancer Cases Total Cancer Cases
Rice Type™” Per Million (90% C.1.)° | Per Million (90% C.1.)° | Per Million (90% C.L.)°
for Infants for Children for Lifetime
(< 1year) (0 to 6 years) (0 to 50 years)
. . <1 2.7
White Jasmine N/A 0, 1.3) (0, 5.5)
White Instant/Pre- N/A <1 <1
cooked (0,0.2) (0,0.97)
. . <1 3.5
White Parboiled N/A 0, 1.7) 0,7.2)
White Long Grain, N/A 3.5 15
regular (0,7.2) (0, 31)
White Medium Grain, N/A 1.4 5.9
regular (0, 2.9) (0,12)
White Short Grain, N/A <1 <1
regular (0,0.4) (0,1.7)
. <1 <1
Brown Basmati N/A 0,0.3) (0, 1.4)
. <1 <1
Brown Jasmine N/A (0, 0.04) 0,0.2)
Brown Instant/ Pre- N/A <1 <1
Cooked (0, 0.04) (0,0.2)
. <1 <1
Brown Parboiled N/A (0, 0.4) 0, 1.7)
Brown Long/Medium/ <1 2.9
. N/A
Short Grain, regular (0,1.3) (0, 6.0)

C.l. = confidence interval

N/A = not applicable. Market-share data are not relevant to infants < 1 year.

a

White and brown rice grain were considered separately, using NHANES/WWEIA consumption-survey data to
determine relative exposure.

Types of white and brown rice were considered separately, using market-share data to determine relative
exposure.
¢ Values presented are the median number of cancer cases per million, and in parentheses are 5% and 95%
confidence limits based on per capita estimates. All risk estimates are lifetime. The age range reflects the risk that
is attributable to exposure during that interval (life stage). .

5.2.2 PER SERVING (EATING OCCASION) ESTIMATES

Table 5.2 provides the predicted total (bladder and lung) lifetime cancer risk estimates, assuming
one eating occasion per day for the entire exposure duration evaluated for each life stage, for
different types of rice. To put it in perspective, these risk estimates are based on 365 eating
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occasions for an infant, 2,555 eating occasions for a child (i.e., 365 days x 7 years) and 18,615
eating occasions for an adult (i.e., 365 days x 51 years).

For white-rice varieties, predicted cancer risk is highest for parboiled rice, at 149 cases per
million for a lifetime of daily consumption (up to 50 years old) and 36 cases per million for
exposure only during childhood (up through 6 years old). These risk estimates can be attributed
to the higher average concentrations of inorganic arsenic in parboiled rice, which is most similar
to brown rice. The predicted lifetime cancer risks for long-grain white rice, which has the largest
market share (37%), is 136 cases per million for lifetime exposure and 33 cases per million for
children. For brown-rice varieties, the highest predicted lifetime cancer risk also is for parboiled
rice. However, there is significant uncertainty in these risk estimates, because they are based on a
very small sample size of inorganic arsenic concentrations. In general, risk estimates are higher
for brown rice than for white rice, due to the higher levels of inorganic arsenic in brown-rice
varieties, relative to white-rice varieties. The lowest predicted risk estimates are for instant/pre-
cooked white or brown rice, at 18 and 12 cases per million for children, respectively, and 74
cases per million for lifetime exposure, for both white and brown rice.

The predicted total cancer risks for infants (<1 year old) who consume white and/or brown rice
cereal are 2.8 and 3.2 cases per million, respectively.

Table 5.2. Predicted Total (Bladder and Lung) Lifetime Cancer Risks Attributable to Inorganic
Arsenic in Rice and Rice Products by Exposure Duration/Life Stage, Using One Eating Occasion
per Day Estimates

Rice Type®

Median Estimated
Total Cancer Cases
Per Million (90% C1)**
for Infants
(< 1 year old)

Median Estimated
Total Cancer Cases
Per Million (90% C1)**
for Children
(0 — 6 years old)

Median Estimated
Total Cancer Cases
Per Million (90% CI1)>*
for Lifetime
(0 — 50 years)

Infant White Rice

d
Cereal 2.8(0,5.7) N/A N/A

. . 20 82
White Basmati N/A (0, 41) (0, 171)

. . 24 99
White Jasmine N/A (0, 50) (0, 205)
White Instant/Pre- N/A 18 74
cooked (0, 38) (0,157)

. . 36 149
White Parboiled N/A (0, 74) (0, 307)
White Long Grain, N/A 33 136
regular (0, 67) (0, 278)
White Medium Grain, N/A 26 108
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Median Estimated
Total Cancer Cases

Median Estimated
Total Cancer Cases

Median Estimated
Total Cancer Cases

Rice Type® Per Million (90% C1)>¢ | Per Million (90% C1)> | Per Million (90% CI)>*
for Infants for Children for Lifetime
(< 1 year old) (0 — 6 years old) (0 — 50 years)
regular (0, 54) (0, 222)
White Short Grain, N/A 25 104
regular (0, 52) (0, 216)
Infant Brown Rice
Coreal 3.2 (0, 6.6) N/A N/A
. 22 139
Brown Basmati N/A (0, 46) (0, 288)
. 24 147
Brown Jasmine N/A (0, 49) (0, 307)
Brown Instant/ Pre- N/A 12 74
Cooked (0, 25) (0, 155)
. 29 184
Brown Parboiled N/A 0, 71) (0, 444)
Brown Long/Medium/ N/A 26 165
Short Grain, regular (0, 54) (0, 339)

C.l. = confidence interval

N/A = not applicable. Infants consume rice cereal.

a
b

c

confidence limits based on per capita estimates.

Types of white rice were considered separately, using market-share data.
All risk estimates are lifetime. The age range reflects the risk attributable to exposure during that interval.
Values presented are the median number of cancer cases per million and in parentheses are 5% and 95%

5.2.3 COMPARISON OF FDA AND EPA MODEL ESTIMATES

A comparison of the predicted cancer-risk estimates, using FDA’s dose-response model
described in this report (see Section 3) and the EPA dose-response model (Morales et al., 2000),
is provided in Table 5.3. In general, the predicted total lung and bladder cancer risk is
approximately 30% lower using the FDA dose-response model, compared with the EPA dose-
response model. As described in Section 3, both the FDA and EPA dose-response models are
similar for lung cancer, and, as shown in the table below, the resulting predicted lifetime risk of
lung cancer is well aligned when using these two dose-response models. The predicted lifetime
bladder cancer risk is lower using the FDA model, compared with the EPA model. The
difference is primarily the result of the different assumptions and data for bladder cancer (see
description provided in section 3.3).

In interpreting these data, it is important to consider that the median predicted cancer-risk
estimates have significant uncertainty and correspondingly large confidence intervals (Cl). For
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example, the total EPA cancer risk estimate of 56 cases in one million for all rice grain and rice
products is within the FDA 90% CI of 0 and 79. Likewise, the majority of the EPA risk estimates
are also within the FDA 90% CI. However, the median FDA estimates are outside the EPA 90%
Cl. Overall, the EPA and FDA cancer-risk estimates are within the anticipated model

uncertainty.

Table 5.3. Predicted Lifetime (0-50 years) Cancer Risks (Median Estimated Cancer Cases Per
Million) Attributable to Inorganic Arsenic in Rice and Rice Products, (90% Cl)

FDA FDA FDA EPA Model EPA Model EPA Model

Rice Type® Model Model Model (Morales et al. | (Morales et al. | (Morales et al.

Bladder® Lung Total 2000) Bladder 2000) Lung 2000) Total
Per Capita Consumption of All Rice 10 29 39 28 29 56
grain and Rice Products (0, 39) (0, 56) (0, 79) (23, 33) (24, 35) (48, 66)
Per Capita Consumption of White Rice 8.4 25 34 24 25 50

(0, 34) (0, 49) (0, 70) (20, 29) (21, 30) (42, 58)

Per Capita Consumption of Brown 13 4 5.4 3.9 4 7.9
Rice (0, 5) (0, 8) (0, 11) (3,5) (3,5) (6.7,9)
White Basmati — One Eating Occasion 20 61 82 59 62 120
per Day (0,83) | (0,121) | (0,171) (48, 73) (49, 75) (101, 143)
White Jasmine — One Eating Occasion 24 73 99 71 74 145
per Day (0, 99) (0, 145) | (0, 205) (58, 87) (59, 90) (122, 172)
White Instant/Pre-cooked — One 19 55 74 54 57 111
Eating Occasion per Day (0, 77) (0,114) (0, 157) (40, 72) (42, 74) (84, 143)
White Parboiled — One Eating 37 110 149 106 111 217
Occasion per Day (0,150) | (0,216) | (O, 307) (88, 130) (90, 134) (185, 256)
White Long Grain, regular — One 33 100 136 96 101 197
Eating Occasion per Day (0, 138) (0, 196) (0, 278) (80, 117) (82,121) (169, 231)
White Medium Grain, regular — One 27 80 108 77 81 158
Eating Occasion per Day (0, 109) (0, 157) (0, 222) (64, 94) (65, 97) (134, 186)
White Short Grain, regular — One 26 77 104 74 78 152
Eating Occasion per Day (0, 104) (0, 152) (0, 216) (61,92) (63,94) (129, 180)
Brown Basmati — One Eating Occasion 34 101 138 100 104 204
per Day (0,141) | (0,207) | (0, 287) (78, 126) (81, 129) (165, 251)
Brown Jasmine — One Eating Occasion 36 107 147 106 111 218
per Day (0, 150) (0, 221) (0, 306) (81, 136) (85, 141) (171, 274)
Brown Instant/ Pre-Cooked — One 18 54 74 54 56 110
Eating Occasion per Day (0, 76) (0,111) (0, 155) (41, 69) (43, 71) (88, 138)
Brown Parboiled — One Eating 47 135 183 142 148 290
Occasion per Day (0,213) | (0,318) | (0, 443) (80, 213) (82, 223) (164, 436)
Brown Long/Medium/Short, regular — 40 122 164 117 123 239
One Eating Occasion per Day (0, 167) (0, 237) (0, 338) (97, 142) (100, 147) (204, 281)

C.l. = confidence interval
a

White and brown rice grain were considered separately, using NHANES consumption-survey data.
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b Values presented are the median number of cancer cases per million, and in parentheses are 5% and 95%

confidence limits based on cancer risk estimates i.e., the 90% CI.

5.3 “WHAT IF” SCENARIOS FOR CANCER RISKS

The baseline results provided in Section 5.2 are intended to estimate current lifetime cancer risks
for the U.S. population from exposure to inorganic arsenic in rice and rice products.

That section described the predictions of the incidence of lung and bladder cancer based on
current knowledge of dose-response and exposure (including the concentration of inorganic
arsenic in rice grain and rice products, the frequency of consumption of rice and rice products,
and amounts consumed per eating occasion). This risk assessment model can be used to estimate
the likely impact of control measures, interventions, or mitigation strategies by changing one or
more input parameters and measuring the change in the model outputs/risk estimates. These
changes to the model, commonly referred to as “what if” scenarios, can be used to evaluate the
likely impact of new mandatory or voluntary actions and/or new consumer exposure patterns on
the predicted disease incidence. These “what if” scenarios can also be hypothetical, not
necessarily reflecting achievable changes, but designed instead to show how different
components of the model interact. Modeling specific scenarios can also assist in the
interpretation of a complex risk-assessment model by allowing a comparison of baseline
calculations to new situations. The following scenarios simulate the consequences (lifetime lung
and bladder cancer risk) from a variety of changes in exposure, including:

1) Impact of establishing mandatory or voluntary limits for rice grain
2) Impact of limiting exposure during certain life stages
3) Impact of changing consumers’ preparation practices

4) Impact of changing frequency of consumption and amounts consumed per eating
occasion

‘ 5.3.1 MANDATORY OR VOLUNTARY LIMITS

These scenarios estimate the impact on cancer risk of establishing mandatory or voluntary limits
for levels of inorganic arsenic in rice and rice products. In conducting these scenarios, we
presumed that no products above the specified limit enter the U.S. food supply and that the
predicted cancer risk would be reduced in proportion to the exposure. This scenario assumed that
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the available contamination data (see Section 4 and Appendix 9.5) reflects the concentration
range for inorganic arsenic in rice and rice products in the food supply. This assumption could
under- or over-estimate the risk, depending on the actual changes in the food supply, following
the implementation of a limit.

Table 5.4 provides the estimated percentage of rice and rice products expected to be above

different mandatory or voluntary limits (from 50 to 200 ppb), based on the levels observed in the
FDA (2013, 2016) and Consumer Reports (2012) surveys. As shown in Appendix 9.5, the levels
of inorganic arsenic in rice and rice products ranged from <1 to 545 ppb, and the average for rice

grain ranged from 59 ppb (instant) to 160 ppb (brown rice). Table 5.5 provides the average
concentration of inorganic arsenic in rice, after any samples above the specified limit are

removed. These values were used to estimate the percentage risk reduction from decreased iAs

content in rice reported in Table 5.6.

Table 5.4. Estimated Percentage of Market Above Specified Limit (in %)

Rice Type 200 ppb 150 ppb 100 ppb 75 ppb 50 ppb
Brown, Basmati 6 25 75 94 100
Brown, Infant Cereal 7.7 24.6 53.8 84.6 95.4
Brown,

Long/Medium/Short grain 15.8 55.8 93.3 99.2 99.2
White, Basmati 0 0 10.3 21.2 46.3
White, Infant Cereal 0 1.1 62.0 91.3 98.9
White, Instant 0 0 7.1 14.3 42.9
White, Jasmine 0 0 4.3 47.8 91.3
White, Parboiled 0 9.1 68.2 95.5 100
White, Long grain 0 7.5 45.7 89.6 99.4
White, Medium grain 0 1.1 26.6 57.4 94.7
White, Short grain 0 0 13 56.5 100

Note: Levels of inorganic arsenic in Rice Type categories can be found in Table 4.3 in Section 4.2.4; ppb = pug/kg

Table 5.5. Average Concentration (ppb) of Samples Below Specified Limit

Rice Type 200 ppb 150 ppb 100 ppb 75 ppb 50 ppb
Brown, Basmati 128.2 110.5 81.8 66.0 N/A
Brown, Infant Cereal 110.5 95.4 79.0 55.3 39.5
Brown,

) ) 144.2 121.1 82.4 33.6 33.6
Long/Medium/Short grain
White, Basmati 62.3 62.3 56.7 49.2 40.5
White, Infant Cereal 103.9 103.4 83.5 60.6 20.8
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Rice Type 200 ppb 150 ppb 100 ppb 75 ppb 50 ppb
White, Instant 57.6 57.6 51.7 48.0 40.2
White, Jasmine 75.1 75.1 73.5 62.6 40.7
White, Parboiled 112.4 107.0 91.5 71.9 N/A
White, Long grain 102.0 97.0 83.3 63.9 23.3
White, Medium grain 81.5 80.5 70.8 58.2 45.2
White, Short grain 78.9 78.9 75.4 63.1 N/A

N/A = not applicable. All samples above 50 ppb. ppb = pg/kg

Table 5.6 provides the relative cancer risk reduction estimated from implementation of a variety
of specified limits (50 to 200 ppb). A limit of 300 ppb would not have any predicted impact on
cancer risk, because it would not result in removal of any samples from the food supply (i.e.,
concentration data are below this level, currently). A limit of 200 ppb would have nominal
reduction (approximately 11% or less) in estimated risk, primarily for brown rice and infant
cereal made with brown rice. A limit of 100 ppb or 150 ppb would have a moderate impact on
risk reduction. A limit of 75 ppb would have considerable impact on risk reduction for all types
of rice (from approximately 16% to 78%). Limits of 50 ppb and 75 ppb were estimated to have

significant reduction in the predicted risk of lung and bladder estimates, compared with the
baseline. An exception is that no risk reduction is calculated for a 50 ppb limit for some
products (brown basmati, , parboiled white rice, short grain white rice), because all of the
concentration data available were above the limit (50 ppb).

Table 5.6. Percentage Risk Reduction from a Variety of Mandatory or Voluntary Limits (in %)

Rice Type 200 ppb 150 ppb 100 ppb 75 ppb 50 ppb
Brown, Basmati 4 17 39 51 N/A
Brown, Infant Cereal 11 21 37 54 68
Brown,

Long/Medium/Short grain 7.8 22.6 47.3 78.5 78.5
White, Basmati 0 0 9 21 35
White, Infant Cereal 0 0 18.8 41.3 79.4
White, Instant 0 0 10.2 16.6 30.2
White, Jasmine 0 0 2.1 16.7 45.8
White, Parboiled 0 4.8 18.6 36.1 N/A
White, Long grain 0 4.9 18.3 374 77.2
White, Medium grain 0 1.2 13.2 28.7 44.5
White, Short grain 0 0 4.3 20.0 N/A

N/A = not applicable. All samples above 50 ppb. ppb = pg/kg
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5.3.2 AGE-LIMIT SCENARIOS

These scenarios examine the impact, on predicted risk of lifetime cancer, of limiting exposure of
infants and children to inorganic arsenic from rice and rice products. For these scenarios, it is
assumed that childhood exposure to inorganic arsenic is reduced by either eliminating the
consumption of rice and rice products or by consuming products that have lower concentrations.
Table 5.7 provides the estimated cancer risk reduction from elimination or reduction in
childhood exposure to inorganic arsenic in rice during infancy (< 1 year), and childhood (0 — 6
years). The cancer-risk estimates, expressed as a percentage of the baseline risk (see Section
5.2.1, Table 5.1), and assuming linear relationships, predict 5.6% fewer cancer cases per million
when there is no exposure (100% reduction) to inorganic arsenic from rice and rice products
during infancy (< 1 year). Eliminating exposure to inorganic arsenic during childhood (0 — 6
years) predicts about a 4-fold risk reduction (23.4%). Reducing exposure, by consuming rice
products containing 50% lower concentration of inorganic arsenic (per capita), for example,
predicts 2.8% and 11.7% fewer lifetime cases for infant and childhood exposure, respectively.
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Table 5.7. Estimated Cancer-Risk Reduction from the Elimination or Reduction of Childhood
Exposure to Inorganic Arsenic in Rice and Rice Products

Exposure Percentage Reduction of Cancer Risk | Percentage Reduction of Cancer Risk
Reduction in Infants (< 1 year) in Children (0-6 years)

50% 2.8% 11.7%

100% 5.6% 23.4%

As percentage of predicted total lifetime cancer risk (bladder and lung) attributable to inorganic arsenic in rice and
rice products (see Table 5.1).

5.3.3 CONSUMER PRACTICES (RINSING AND COOKING)

Consumer practices, such as rinsing and altering water cooking volume for rice, can affect the
level of inorganic arsenic ingested. Several studies report that the total arsenic content of cooked
rice is strongly dependent on the cooking protocol and the concentration of arsenic in the water
used to prepare the rice (Raab et al., 2009; Sengupta et al., 2006 Signes et al., 2008; Rahman and
Hasegawa et al., 2011; Meharg and Zhao, 2012). The available literature provides preliminary
estimates that range from 28% to 60% reduction of total and inorganic arsenic from rinsing and
cooking practices in water containing low arsenic levels (< 3 pg/L). Because there is substantial
uncertainty in these estimates, new research is underway to evaluate not only changes in total
and inorganic arsenic levels in rice, but also the impact on nutritional content.

An FDA study measured the effects of rinsing rice and cooking rice in variable amounts of water
on inorganic arsenic and nutrients in the cooked grain. Rinsing rice before cooking had a
minimal effect on the inorganic arsenic content of the cooked grain but also removed enriched
iron, folate, thiamin and niacin. Cooking rice in excess water reduced average inorganic arsenic
by 40 to 60% depending on the type of rice and also reduced iron, folate, thiamin and niacin by
50 to 70% in enriched rice (Gray et al., 2016). A brief summary of previous publications is
provided below.

Sengupta et al. (2006) reported that 57% of the total arsenic was removed from rice native to
India (Boro and Aman rice) that contained 203 — 540 ug/kg total arsenic by using a method of
multiple washes (five to six times) until the water is clear, then boiling in a 6:1

water:rice ratio. Levels of inorganic arsenic were not provided. About half of the arsenic was lost
in the wash water and half in the discard water. A second method, which includes the same
rinsing step, although the rice is boiled in water in a 1.5-2:1 ratio of water:rice, also resulted in a
reduction of 28% of the total arsenic content. A third method, in which unwashed rice was
cooked using a rice:water ratio of 1:1.5-2.0 until no discard water remains, did not modify the
arsenic content. The water used in this study contained a small amount of arsenic (< 3 ug/L).
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Raab et al. (2009) investigated the effect of rinsing, low-volume (2.5:1 water:rice), and high-
volume (6:1 water:rice) cooking, and steaming. Several types of rice were investigated,
including polished basmati (white), whole-grain basmati (brown), polished long-grain (white),
and whole long-grain (brown). Rinsing raw rice with water removed approximately 15% of total
arsenic and 5% — 14% of inorganic arsenic, depending on the type of rice. High-volume water:
rice cooking effectively removed both total and inorganic arsenic for the rinsed long-grain and
basmati rice by an additional 35% and 45% for total and inorganic arsenic content, respectively,
compared with uncooked (raw) rice. With both rinsing and cooking with a high volume of water,
inorganic arsenic levels were reduced 51%, 54%, and 60% for polished long-grain, whole-grain
basmati, and polished basmati, respectively. Although steaming reduced total and inorganic
arsenic rice content, it did not do so consistently across all types of rice investigated. Low-
water-volume cooking did not remove arsenic. The authors suggest that rinsing is more effective
for basmati rice than other types of rice, for reducing total arsenic, and more effective across
types of rice, for inorganic arsenic, but that more research is needed. Most of the arsenic lost in
washing was inorganic arsenic. This study used double-distilled, deionized water for cooking.

Cooking rice with arsenic-contaminated water can increase arsenic burden. This is of greatest
concern in regions of the world with high arsenic groundwater levels, such as Bangladesh and
West Bengal, India (Meharg and Zhao, 2012). In a study in which the cooking water contained
40 pg/L (ppb) arsenic, in India, Signes et al. (2008) examined two variables on the impact of
arsenic concentrations in rice: (1) the cooking method (water volume and inclusion of a washing
step); and (2) different processing methods (atab, that is, dry dehusking, and boiled, that is wet
dehusking, both in Boro rice variety). Raw atab and boiled rice contained 185 and 315 pg/kg
arsenic, respectively. In general, all cooking methods increased total arsenic from the levels in
raw rice types. Raw atab rice increased its total arsenic concentrations by 27.6% to 42.2% when
cooked in water that contained 40 pg/L arsenic. Raw rice increased total arsenic content by
15.9% or 23.5% when cooked by the intermediate (five-to-six washings and cooked in ratio of
1.5:2 water-to-rice ratio) or contemporary method (unwashed rice cooked in ratio of 1.5:2 water-
to-rice ratio), respectively, but decreased its total arsenic by 12.7% when cooked by the
traditional method ( five-to-six washings followed, by cooking in 6:1 ratio of water to rice). This
study demonstrates the impact of arsenic concentration in water on rice levels. Other studies
reviewed by Meharg and Zhao (2012) report similar findings. Because the cooking-water levels
in these studies exceed the EPA Maximum Contaminant level (MCL) of 10 pg/L for arsenic,
these results were not considered further.

As shown previously in Section 4 (Tables 4.3 and 4.5), a comparison of the average inorganic-
arsenic concentrations of 58 pg/kg in instant rice versus 96 pg/kg for all rice grain/rice products
also demonstrates a reduction of approximately 40%. This value is consistent with and within the
range of the literature.

May 13, 2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 83



Risk Characterization of Lung and Bladder Cancer | 5

Table 5.8 summarizes the impact of cooking volume on the predicted total lifetime cancer-risk
estimates. A 60% reduction for total and inorganic arsenic is provided. Although we provide data
for the lifetime and children age groups in Table 5.8, we do not provide data for infants, because
of the difficulty in preparing infant cereals using the preparation methods evaluated in this “what
if” scenario.

It is important to note that rinsing and cooking in a high volume of water may contribute to a
significant loss of vitamins and nutrients in rice, including soluble B vitamins and folate (Gray et
al., 2016). Folate, which is part of enriched white rice, is needed for methylation of inorganic
arsenic (Lambrou et al., 2012). Low folate and inefficient methylation can be associated with
higher toxicities of inorganic arsenic (Gamble et al., 2005).

Table 5.8. Estimated Cancer-Risk Reduction (Median Estimated Total Cancer Cases Per Million
per Daily Eating Occasion) for Arsenic in Rice from Changes in Cooking-Water Volume

A ERE Rice Type B?seline. Cancear . SSO% Redt:lctionb'.c
Risk Estimates (cooking in 1:6 ratio for rice:water)
(L(I)fe—!tggilea rs) Whgf;it\ong 136 >4
(L(i)fe—!t:gi/ears) Brown® 165 66
(Cohﬂdg?/re]ars) Whgf;it\ong 33 13
f(;]ﬂdgir;ars) Brown® 26 10

a

All risk estimates are lifetime. The age range reflects the risk that is attributable to exposure during that interval.
b

Values presented are the median number of cancer cases per million®  60% reduction is the highest reduction
reported in Gray et al, unpublished study)
Long-, medium-, and short-grain brown rice

5.3.4 CHANGES IN RICE CONSUMPTION

Consumption frequency and amount consumed per eating occasion of rice and rice products
influences the total arsenic intake. As noted previously in Exposure Assessment Section 4, the
frequency of consumption varies among different ethnic groups. For example, 32% of the
race/ethnicity group identified in NHANES 2003 — 2006 as “Other” (includes Asian and multi-
racial populations) consumes rice/rice products one or more times per day, while 17% consumes
rice/rice products more than two times per day (see Table 4.7 in Section 4). About 14% of the
Mexican-American population consumes rice/rice products three-to-four times per week, while
nearly 22% of the White Non-Hispanic population consumes rice/rice products 2-to-3 times per
month. To consider this variability and its impact on risk estimates, Table 5.9 provides a range of
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risk estimates for different frequency and serving sizes. Baseline predicted lifetime cancer risks
are presented in the shaded row, for comparison. As noted previously, the eating-occasion risk
estimates assume an individual consumes rice or rice products once per day, 7 days/week, for
varying durations, depending on the life stage (i.e., 1 year for an infant, 7 years for a child, and
51 years for an adult).

Table 5.9. Impact of Frequency and Amount Consumed on Predicted Total Lifetime Cancer
Risks Attributable to Inorganic Arsenic in Rice and Rice Products (in Median Estimated Total
Cancer Cases Per Million)

Rice Infants®® | Infants®® | Children®® Children™® Lifetime®” Lifetime®”

Consumption (<1year) | (<1year) | (0-6 years) (0-6 (0-50 (0-50

Frequency Rice Rice White, years)* years)* years)*
Cereal, Cereal, Long Grain Brown® White, Brown®
White Brown Long Grain

L serving/day 2.8 3.2 33 26 136 162

(baseline)

% serving/day 1.4 1.6 17 13 68 81

3 servings/week 1.2 1.4 14 11 58 70

2 servings/day 5.6 6.3 66 52 272 330

3 servings/day 8.4 9.5 101 78 408 495

a
b

c

All risk estimates are lifetime. The age range reflects the risk attributable to exposure during that interval.
Values presented are the median number of cancer cases per million

Amounts consumed per eating occasion (“serving”) vary by age and rice type. Mean consumption by children (0
— 6 years) is 1.963 g/kg bw/eating occasion for white rice and 1.020 g/kg bw/eating occasion for brown rice; mean
lifetime (0 — 50 years) consumption is 1.094 g/kg/eating occasion for white rice and 0.864 g/kg bw/eating occasion
for brown rice.

¢ Long, medium-, and short-grain brown rice
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6 EXPOSURE AND RISK CHARACTERIZATION OF NON-CANCER HEALTH EFFECTS

This section describes the results of “what if” scenarios designed to explore the potential impact
on non-cancer health effects for pregnant women and infants resulting from changes in exposure
including reduced consumption patterns or reduced concentration rates of inorganic arsenic in
rice and rice products. FDA will continue to collaborate with EPA to evaluate data for dose-
response modeling for these non-cancer health effects.

6.1 PREGNANT WOMEN

In sections 2.6.1,2.6.2, and 9.13 the risk during pregnancy, during infancy and during childhood
was characterized based upon the results of a review of the literature and an application of the
Bradford Hill criteria for causality. We used the EPA’s causal determination framework to
categorize the evidence on the different end points into five possible categories: causal
relationship, likely to be a causal relationship, suggestive of a causal relationship, inadequate to
infer a causal relationship, and not likely to be a causal relationship. For a detailed explanation
of the criteria for each category, please see the Causal Framework Table in Appendix 9.14.

EPA’s approach and the framework were reviewed by NRC (2013). The NRC supported the
five-category approach and recommended that strength-of-evidence judgments be characterized
with respect to the modified Bradford Hill criteria for causality. We adopted the same approach
as EPA for the assessment of inorganic arsenic in susceptible life stages because it outlined a
scientifically defensible approach and assured concordance of methodology between the two
federal agencies.

Exposure to inorganic arsenic from drinking water during pregnancy is likely to be causally
associated with adverse effects on pregnancy outcomes at low-to-moderate levels of exposure.
Pregnant women drink approximately 7% more water, on average, than do non-pregnant women.
See Table 6.1.

The results from the NHANES/WWEIA dietary intake survey indicated that approximately 90%
of women participants who were pregnant at the time of the survey reported consuming rice
grain or rice products at least once during a 2-day period. Below are the results of the NHANES
survey (Tables 6.2 — 6.4).

Although there are limited data, it appears that pregnant women consume slightly higher levels

of inorganic arsenic from the combination of drinking water, rice grain, and rice products,
compared with non-pregnant women. Reducing consumption of rice grain would decrease a
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woman’s daily exposure to inorganic arsenic by approximately 5.2 — 7.8 pg/serving or 75 — 119

ng/kg bwi/serving.

Table 6.1. Drinking Water Intake by Pregnant Women and by Non-Pregnant Women, 16 — 49

years of age

goth
9o™ Mean .
Mean . . 1 Percentile
.. Percentile Drinking ..
Drinking .. Drinking
Drinking Water
% Water Water Intake® Water
Population Total N* | N eaters® Intake® b Intake®
eaters Intake (Consumers
(Consumers (Consumers
(Consumers Only)
Only) Only)
Only) mL/kg
mL/day mL/da bw/da mL/kg
v v bw/day
Pregnant 664 620 91.7 1297 2535 175 34.0
women
Non-pregnant | 3 5041 | 89.0 1151 2350 16.2 33.8
women
& unweighted

Data source for drinking water intake data: National Health and Nutrition Examination Survey (NHANES),
What We Eat In America (WWEIA), 2003-2004, 2005-2006, 2007-2008, and 2009-2010. Analyses conducted
using FARE v. 10.05. Intakes were estimated using NHANES statistical weights developed for the 2-day dietary
data, to correct for differences in population-response rates. The body weight of each NHANES respondent was
used to convert her intake from mL/day to intake in mL/kg bw/day.

Table 6.2. Daily Consumption of Rice Grain and Rice Products by Pregnant Women and Non-
Pregnant Women, 16 — 49 years of age

% 2-day averageb 2-day averageb

Population Rice Type | Totaln® | n eaters® eaters g/kg bw/day g/kg bw/day

per capita per consumer
Pregnant women All 672 611 89.8 0.223 0.249
Pregnant women Brown 672 55 12.3 0.032 0.262
Pregnant women White 672 603 87.5 0.191 0.218
Non-pregnant women | All 5727 4997 87.2 0.206 0.237
Non-pregnant women | Brown 5727 423 8.9 0.017 0.195
Non-pregnant women | White 5727 4934 86.0 0.189 0.220

a

unweighted

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America
(WWEIA), 2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are listed in
Appendix 9.9.1. Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day
dietary data to correct for differences in population-response rates. The body weight of each NHANES respondent
was used to convert her intake in g/day to intake in g/kg bw/day.
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Table 6.3. Consumption of Rice as Cooked Regular or Instant Rice, per Eating Occasion, by
Pregnant Women and Non-Pregnant Women, 16 — 49 years of age

. Rice Intake Per
. Rice Intake Per . . b
. Rice a a % . . p | Eating Occasion
Population Total n n eaters Eating Occasion .
Type eaters h . g/kg bw/eating
g/eating occasion .
occasion
Pregnant Brown 672 17 4.5 50.5 0.777
women
P t
reghan White 672 101 15.7 56.5 0.809
women
Non-pregnant | o \n 5727 125 2.3 49.7 0.782
women
Non-pregnant | ;e 5727 782 12.7 49.6 0.770
women
% unweighted

b Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are
listed in Appendix 9.9.2. Mean rice intakes were estimated using NHANES statistical weights developed for the 2-
day dietary data to correct for differences in population-response rates. The body weight of each NHANES
respondent was used to convert her intake in g/eating occasion to intake in g/kg bw/eating occasion.

Table 6.4. Exposure to Inorganic Arsenic from Cooked Regular or Instant Rice, per Eating
Occasion, by Pregnant and Non-Pregnant Women of Childbearing Age

Exposure to Exposure to
. Rice . . % iAs in rice® Inorganic f\rs:amc Inorganic f\rs:amc
Population Tvpe Total n n eaters — (ppb) from Rice from Rice
P PP pg/eating ng/kg bw/eating
occasion® occasion®
Pregnant Brown | 664 17 4.5 153.7 7.8 119.4
women
Pregnant White 664 101 15.7 92.3 5.2 74.7
women
Non-pregnant| o \in | 5727 125 23 153.7 7.6 120.2
women
Non-pregnant |\, ve | 5727 782 12.7 92.3 4.6 71.1
women
& unweighted

Data sources for inorganic arsenic (iAs) concentration: FDA (2013) and Consumer Reports (2012); ppb = ng

iAs/g rice or ug iAs/kg rice

¢ Data source for rice intake data: National Health and Nutrition Examination Survey (NHANES), What We Eat
In America (WWEIA), 2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are
listed in Appendix 9.9.2. Mean intakes were estimated using NHANES statistical weights developed for the 2-day
dietary data, to correct for differences in population-response rates. The body weight of each NHANES respondent
was used to convert her intake in pg/eating occasion to intake in ng/kg bw/eating occasion.
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d

e

Calculated as: (ng iAs/g rice) * g rice/eating occasion = g iAs/eating occasion.
Calculated as: (ng iAs/g rice) * g rice/kg bw/eating occasion = ng iAs/kg bw/eating occasion.

6.2 “WHAT IF” EXPOSURE SCENARIOS FOR INFANTS

Compared with adults, young children (< 4 years of age) are more sensitive to the adverse health
effects of inorganic arsenic. Additionally, young children (< 4 years of age) have intakes of food
two- to three-fold higher, on a per body weight basis, compared with adults (EFSA, 2009).
Therefore, a child’s daily exposure to contaminants in food, such as inorganic arsenic in rice,
could potentially be much higher than that of adults. Exposure to inorganic arsenic in early
childhood is likely associated with neurotoxic effects, particularly in 1Q test results in children.

The following three “what if” scenarios were conducted to evaluate the potential impact of
reducing exposure of infants to inorganic arsenic from infant rice cereal:

1) Impact of establishing mandatory or voluntary inorganic arsenic limits for infant rice
cereals

2) Impact of change in frequency of consumption of infant rice cereals

3) Impact of lowering the levels of inorganic arsenic in infant cereals, combined with
reducing consumption

6.3 MANDATORY OR VOLUNTARY LIMITS FOR RICE INTENDED FOR BABY FOODS

FDA’s and Consumer Reports’ combined sampling of marketed infant white-rice cereals found
that an average level of inorganic arsenic in this product was 103.9 ug/kg. We estimated per
capita inorganic arsenic exposures by month during the first year of life using the methodology
described in section 4.3.1. The following chart demonstrates the reduction in per capita exposure
to inorganic arsenic for children from 1 — 12 months of age, if the rice used in the production of
infant cereal had lower levels of inorganic arsenic. For example, using rice that has only about
half (50 pg/kg) the level of inorganic arsenic results in almost a 50% decrease in exposure to
inorganic arsenic. This is especially critical at the times of peak consumption of infant cereal, at
5 — 7 months of age.
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Figure 6.1. Inorganic Arsenic (iAs) Intake from White-Rice Cereal and Regular Rice at Current

and Hypothetical Inorganic Arsenic Levels by Infants 0 — 12 Months of Age

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America (WWEIA),
2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are listed in Appendix 9.9.2.
Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct
for differences in population-response rates. Mean per capita inorganic arsenic exposures were estimated using the
methodology described in section 4.3.1. N at each month of age ranged from 119 to 145. The number of infant
cereal consumers ranged from 10 during the first month of life to 81 at 5 months of age.

6.4 CHANGES IN INFANT RICE CEREAL CONSUMPTION

The second scenario looks at the effect of reducing consumption of infant cereal during the first
year of life. In a hypothetical scenario, we calculate that consumption of three average sized
servings a day of infant white-rice cereal, at its current inorganic arsenic concentration of 103.9
ug/kg, would result in the infant being exposed to between about 0.3 — 0.5 pug/kg bw/day (0.03 -
0.3 pg/kg bw/day on the per capita basis) of inorganic arsenic depending on the month of age.
Reduction of consumption to 1 serving per day reduces the risk by about two-thirds, but it still is
in the range of 0.1 — 0.15 pg/kg bw/day (0.01 — 0.1 pg/kg bw/day on the per capita basis).
Reducing consumption of infant cereal to two servings per week would have the most dramatic
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effect. Exposure would drop to below about 54 ng/kg bw/day (below 26 ng/kg bw/day on the per
capita basis), averaged over the week.
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Figure 6.2. Hypothetical Variation in Daily Inorganic Arsenic (iAs) Intake from Infant White
Rice Cereal, Based on Number of Cereal-Eating Occasions (EO)

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America (WWEIA),
2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are listed in Appendix 9.9.2.
Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct
for differences in population-response rates. 1,000 nanograms = 1 microgram

N at each month of age ranged from 119 to 145. The number of infant cereal consumers ranged from 10 during the
first month of life to 81 at 5 months of age.

6.5 MANDATORY OR VOLUNTARY LIMITS PLUS CHANGES IN INFANT RICE-CEREAL
CONSUMPTION

The third hypothetical scenario demonstrates the effect of lowering the level of inorganic arsenic
in infant cereals combined with reducing the consumption of infant cereal to either one average
sized serving a day or to two servings per week. Other combinations are possible. This
information is provided as an example to illustrate the impact of both inorganic arsenic limits
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and reduced consumption. Reducing both the level of inorganic arsenic in infant cereals
combined with reducing consumption of rice cereal to two times per week could, potentially,
reduce exposure to inorganic arsenic from intakes as high as 153 ng/kg bw/day (91 ng/kg bw/day
on the per capita basis) to intakes of 32 ng/kg bw/day or less (19 ng/kg bw/day or less on the
percapita basis), averaged over the week.
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Figure 6.3. Hypothetical Variation in Daily Inorganic Arsenic (iAs) Intake from Infant White-

Rice Cereal, Based on the iAs Concentration and Number of Cereal-Eating Occasions (EO)

Data source: National Health and Nutrition Examination Survey (NHANES), What We Eat In America (WWEIA),
2003-2004, 2005-2006, 2007-2008, and 2009-2010. Food codes included in analysis are listed in Appendix 9.9.2.
Mean rice intakes were estimated using NHANES statistical weights developed for the 2-day dietary data, to correct
for differences in population-response rates. 1,000 nanograms = 1 microgram

N at each month of age ranged from 119 to 145. The number of infant cereal consumers ranged from 10 during the
first month of life to 81 at 5 months of age.
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7 CONCLUSIONS

This risk assessment included an analysis of the available scientific information and data, to

(1) quantitatively predict cancer effects from exposure to inorganic arsenic from consumption of
rice grain and rice products and (2) qualitatively evaluate certain non-cancer effects. Predicted
number of cancer cases per million and its 90% confidence interval are provided for different
food-intake levels, exposure at different life stages, and different types of rice.

7.1 ANSWERS TO THE RISK ASSESSMENT QUESTIONS

1) Which foods or food products contribute the most to arsenic exposure from the diet?

There are two forms of arsenic in food, inorganic and organic. Most studies conducted over the
last several decades have analyzed foods for total arsenic alone, and few studies or surveys have
focused on exposure to speciated arsenic. FDA’s Total Diet Study (TDS) measures only total
arsenic. Among the top 25 foods from TDS: (1) the highest levels of total arsenic were in
seafood (mean 5.5 mg/kg from 1991 to 2011, haddock); (2) eight of the top 25 foods were rice
grain or rice products; and (3) other foods included raw mushrooms, fried chicken products, and
peanut butter (Appendix 9.1). However, because organic forms of arsenic are far less toxic and
comprise the major form of arsenic in seafood, total arsenic determinations are not useful for
comparing the risk from various food sources.

This risk assessment addresses a major contributor to the dietary burden of inorganic arsenic:
rice grain and rice products. FDA’s sampling indicated that rice has the highest levels of
inorganic arsenic, compared with other sampled food commaodities, and rice is an ingredient of
many products that consumers routinely eat. To estimate the total dietary burden from exposure
from all foods consumed, additional data are needed, including information on the levels of
inorganic arsenic in other foods.

2) What are the adverse health effects from exposure to different forms of arsenic (inorganic
VS. organic) in rice?

NRC (2013) considered a variety of cancer and non-cancer adverse health effects associated with
exposure to inorganic arsenic. These health effects (cancer, adverse pregnancy outcomes, and
neurodevelopmental effects) and the level of evidence linking each to exposure to inorganic
arsenic are discussed in this report.
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FDA acknowledges that, in addition to cancer, inorganic arsenic has been associated with many
non-cancer effects, including ischemic heart disease, diabetes, skin lesions, renal disease,
hypertension, and stroke. Assessing all the risks associated with inorganic arsenic would take
considerable time and resources and would delay taking any needed action to protect public
health. Therefore, for this risk assessment, FDA looked at cancer effects (lung and bladder
cancer) for the general population and certain non-cancer effects for susceptible life stages:
pregnancy, infancy, and early childhood. Additionally, we plan to continue to work with our
federal partners, including EPA, NIEHS, CDC, and USDA, as new data emerge on the adverse
health endpoints associated with inorganic arsenic and on mitigation strategies for

lowering levels of inorganic arsenic in food.

3) Are pregnancy, infancy, and/or early childhood periods of greater susceptibility to non-
cancer effects of oral exposure to inorganic arsenic, and if so, can these risks be
quantified?

There is evidence that pregnancy, infancy, and early childhood are periods of greater
susceptibility to the adverse effects of oral exposure to inorganic arsenic. See Appendix 9.15 for
detailed study data. There is also emerging evidence that inorganic arsenic exposure during early
childhood can have neurotoxic effects (for example, changes in 1Q). Whether these effects are
temporary or permanent has yet to be understood.

Susceptibility to the toxic effects of inorganic arsenic during pregnancy and infancy/early
childhood is an area of active research, and it may be possible to quantify these risks in the near
future. Daily exposure to inorganic arsenic would be lowered by reducing the frequency of
consumption, or, for infant cereal, by reducing the level of inorganic arsenic in the product, or
both.

4) What are the predicted risks of cancer from long-term exposure to inorganic arsenic from
consuming rice grain and rice products, for the total U.S. population, and what is the risk
attributable to exposure only during infancy and childhood?

The model predicts 39 cases per million (median estimated lifetime risk of lung and bladder
cancer) from consumption of all rice grain and rice products. FDA calculated that this is a small
portion of an estimated 90,000 cases per million of lung and bladder cancer cases in the U.S.
(6.6% lifetime risk for lung cancer and 2.4% lifetime risk for bladder cancer). Predicted cancer
risk is 2.3 cases per million for exposure only during infancy (up to 1 year old), and 9.1 cases per
million for exposure during childhood (up through 6 years old) alone. Assuming a U.S.
population of 317 million and an average life expectancy of 78.6 years, we estimate for the U.S.
population 154 annual lung and bladder cancers associated with dietary inorganic arsenic. The
confidence interval for this estimate is 0 to 314 annual cases.
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5) What is the predicted lifetime risk of cancer from exposure to inorganic arsenic from rice
grain and rice products, expressed on the basis of the population (i.e., cases per million)
and the individual (i.e., cases per serving)?

To estimate the risk to the population, the per capita consumption estimates were used (see Table
5.1). To characterize the risk to an individual, we estimated the risk assuming one eating
occasion (serving) per day for the duration of exposure (see Table 5.2).

The lifetime risk (cases per million) for different exposure periods and exposure estimates (per

capita, per serving) are summarized below:

Table 7.1. Lifetime Risk for Different Exposure Periods and Exposure Estimates

Exposure Period Exposure Food Products Cancer Risk
Estimate (cases/million)
(C190%)
Infancy (< 1 yr) Average per All rice and rice 2.3 (0, 4.6)
capita products incl
infant rice cereal
Childhood (0 -6 Average per All rice and rice 9.1 (0, 19)
yrs) capita products
Lifetime (0 — 50 yrs) Average per All rice and rice 39 (0, 79)
capita products
Infancy (< 1 yr) Per daily serving Infant cereal 2.8(0,5.7)
(white rice)
Childhood (0 -6 Per daily serving | White long grain 33 (0, 67)
yrs) rice
Lifetime (0 —50yrs) | Per daily serving | White long grain 136 (0, 278)
rice

6) Are there differences in the predicted risk from the consumption of different types of rice

grain (e.g., white rice, brown rice)?

There are differences in the predicted risk associated with different types of rice grain. The
predicted risk is a function of consumption and levels of inorganic arsenic in these products. For
example, the predicted lifetime cancer risk is 34 cases/million for white rice, compared with 5.4
cases/million for brown rice. Although the concentration of inorganic arsenic is generally higher
in brown, compared with white, rice grain, the higher risk associated with white rice is primarily
a function of the higher consumption of this product. There are also differences in predicted risk
among the different types of white and brown rice per serving. For example, the predicted
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lifetime cancer risk from consuming one serving per day of white basmati rice is 82 cases per
million, while the predicted cancer risk from consuming one serving per day of brown basmati
rice is 139 cases per million.

7) What is the impact, on the predicted risk of cancer, of mitigations or interventions that
reduce dietary exposure to inorganic arsenic from rice grain and rice products?

Mitigations that reduce the levels of inorganic arsenic in the product, reduce the frequency of
consumption, or reduce the amount consumed per eating occasion will proportionally reduce the
risk. Setting a limit below 150 ppb inorganic arsenic in rice grain and rice products would
decrease the risk and lower the limit. The reduction in estimated risk and corresponding loss of
product from the marketplace (i.e., percentage of rice grain estimated to be above the limit, based
on available testing data), would be as follows:

Table 7.2. Inorganic Arsenic Limits, the Range of Risk Reduction and the Associated Loss of
Rice in the Food Supply at that Limit

Limit on inorganic Range of risk reduction, | Range of loss of rice in
arsenic (ppb) depending on product the food supply
150 0% —23% 0% — 56%
100 2% —47% 4% —93%
75 17% — 79% 14% — 99%

7.2 UNCERTAINTY AND LIMITATIONS OF THE CANCER RISK ASSESSMENT

As with any risk assessment, we acknowledged and described, where possible, uncertainty about
the risk estimate; for example, regarding data availability and quality. This FDA risk-assessment
model for cancer endpoints used a Monte-Carlo uncertainty analysis to represent these
uncertainties quantitatively, where possible. The major source of uncertainty in this FDA model
is in the dose-response relationship. The model quantifies, in a comprehensive manner, the
uncertainty arising from the original epidemiological studies (dose estimation, statistical
sampling error) and the selection of dose-response models. Considering these sources of
uncertainty leads to larger confidence intervals of the estimated risk for a given dose (see Figures
3.2 and 3.3). For comparison, we also employ a linear model previously used by the EPA
(Morales et al., 2000; EPA, 2001), from a different data set, which has a confidence interval that
reflects sampling error, but does not reflect uncertainty in the dose estimates or model
uncertainty.
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The model we developed for our risk assessment suggests a linearity of the dose-response in the
range of the exposure considered for the U.S. diet (see Table 3.6). Our model (and the previous
FDA-developed model, regarding arsenic in apple juice, Carrington et al., 2013) does not use a
linear extrapolation from a benchmark dose (BMD), as suggested by the current EPA (2005)
cancer risk assessment guidelines. The FDA model is consistent with the NRC suggestion to fit
linear or non-linear models to observed data (NRC, 2013, Box 7). Although NRC provided an
example that used a single dose-response model form, eight alternative models were considered
for the FDA dose-response derivation, and these eight were used to represent model uncertainty.
The eight alternative models used to characterize the shape of the dose-response relationship
were employed to estimate the risk below the range of statistically significant differences among
groups, as was recommended by NRC (2013).

None of the alternative models evaluated by FDA is linear at high doses (7.5 pg/kg bw), which is
approximately equivalent to 100 pg/L in water), but each of them is approximately linear at low
doses. Sensitivity analysis also provided insight to any limitations in interpreting and using the
data. The impact of model form on the estimate is explored in Appendix 9.4.

Comparatively, the uncertainty associated with the FDA exposure-assessment model, including
the mean level of contamination of rice and rice products or the uncertainty about the
consumption level, has a lower impact on the uncertainty of risk estimates, when compared with
the uncertainty associated with the dose-response relationship. Uncertainties in the exposure
assessment include limitations of both the sampling and consumption data, including:

1) asmall number of samples analyzed for some product types (notably brown parboiled
and brown instant rice);

2) use of sampling data not statistically designed to reflect availability of different products
across the U.S.;

3) assumption that inorganic arsenic concentrations in rice grain are representative of
inorganic arsenic concentrations in processed rice products, such as rice crackers, rice
cakes, and rice beverage;

4) potential intake of rice by adults may be overestimated, due to EPA’s assumption that all
beer contains rice as an ingredient; and

5) estimation of intakes of specific types of rice (e.g., jasmine rice, basmati rice) using

market-share data, because the NHANES/WWEIA data did not distinguish between
different types of rice.

May 13,2014 Arsenic in Rice and Rice Products Risk Assessment Report (Revised March 2016) | 97



Conclusions | 7

Further sensitivity of the model to changing data inputs can be observed from the “what if”
scenarios conducted. Because the risk estimates are approximately linear over the range of

dietary exposure in the United States, many of the tested scenarios presume that the risk is

directly proportional to exposure.

7.3 POTENTIAL FUTURE RESEARCH AND RISK-ASSESSMENT ACTIVITIES

In the development of this risk assessment, we identified research and risk assessment activities
that would assist in refining and reducing uncertainty in the model estimates, including the
following:

e new surveys on representative data samples, including speciation of arsenic in commonly
consumed foods;

e meta-analyses of epidemiological studies, or other scientific information to help determine
the amount of dietary arsenic linked to health effects, including those not assessed in the

current risk assessment, such as cardiovascular effects and diabetes;

o carly-life exposure to arsenic, using models that include timing and amount of exposure as
variables;

e adverse health effects of inorganic arsenic in certain susceptible life stages;

e improved methods for characterization of exposure from epidemiological data for dose-
response; and

e agricultural and processing practices that would reduce arsenic content of rice.

7.4 KEY FINDINGS

1) Arsenic, a contaminant found in the environment naturally or as a result of human
activity, is present in a variety of foods. For many of these products, insufficient data are
available to evaluate the amount of total arsenic and/or the proportion that is inorganic vs.
organic. Inorganic forms are the primary toxic forms of arsenic. See section 2.1 for more
information.
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Sampling surveys provided the levels of inorganic arsenic in rice and rice products. The
estimated mean inorganic arsenic concentration was 92 ppb in white rice and 154 ppb in
brown rice. The mean inorganic arsenic concentration in dry infant brown-rice cereal was
119 ppb, and the mean inorganic arsenic concentration in dry infant white-rice cereal was
104 ppb. These levels do not pose a health concern for immediate toxicity, but the levels
may pose a risk following long-term exposure. See section 4.2 for more information.

Two organic arsenic species, MMA and DMA, were also measured in rice and rice
products. The main species found was DMA. We estimated the exposure to DMA using
the mean concentration in infant rice cereal (77 ppb) and the highest mean concentration
in rice grain and rice products (131 ppb). See section 4.7 for more information.

The predicted cancer risk (lung and bladder) for the U.S. population is estimated to be 39
(90% CI: 0, 79) cases per million for lifetime exposure (per capita) for all rice grain and
rice products. This is a small portion of an estimated 90,000 cases per million of lung and
bladder cancer cases in the U.S. (6.6% lifetime risk for lung cancer and 2.4% lifetime risk
for bladder cancer). The majority of the total risk is attributed to white rice, due to the
higher consumption of this product, compared with consumption of brown rice. The
predicted risk for one average serving per day over a lifetime varies according to the rice
product, from 74 (0, 157) to 184 (0, 444) cases per million. More servings per day would
increase the risk almost proportionally. See sections 2.5 and 5.2 for more information.

Reducing exposure to inorganic arsenic from rice grain and rice products reduces lifetime
risk of cancer. Eliminating rice grain and rice products from the diet during infancy (< 1
year) and childhood (0 — 6 years) would potentially reduce the lifetime risk of cancer for
the U.S. population from exposure to inorganic arsenic in rice and rice products by
approximately 6% and 23%, respectively. This dietary change would also potentially
reduce the risk of non-cancer adverse health effects. See section 5.3 for more
information.

Mandatory or voluntary limits on inorganic arsenic in rice grain and rice products above
200 ppb were not predicted to significantly change the predicted risk for the U.S.
population, except for brown rice (4-11% reduction). A mandatory or voluntary limit of
150 ppb reduces the predicted cancer risk between 0 and 23%; and a mandatory or
voluntary limit of 100 ppb reduces predicted cancer risk between approximately 2% and
47%, depending on the type of rice. A mandatory or voluntary limit of 75 ppb would
reduce predicted cancer risk approximately between 17% and 79%. See section 5.3 for
more information.
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7) Reducing the concentration of inorganic arsenic in infant rice cereal to 75 ppb from 104
ppb and reducing consumption to 2 average servings per week from 3 servings per day
would reduce exposure to inorganic arsenic from infant rice cereal from a peak of about
460 ng/kg bw/day to 32 ng/kg bw/day. See section 6.5 for more information.

8) Data indicate that rinsing/cooking practices have variable impact on reducing arsenic
levels in rice. However, these practices also reduce enriched iron, folate, thiamin and
niacin.See section 5.3 for more information.

9) Decreasing the amount consumed per eating occasion and frequency of consumption
could reduce cancer risk proportionally. Decreasing frequency from 1 serving of long
grain white rice per day to 1/2 serving per day would result in a predicted reduction of the
lifetime risk from 136 to 68 cases per million. See section 5.3 for more information.

This risk assessment significantly advances our ability to describe the current state of knowledge
about arsenic in rice and rice products, while simultaneously providing a framework for
integrating, evaluating, and applying new scientific knowledge for public-health. The scientific
evaluations and mathematical model provide a systematic assessment of the scientific knowledge
needed to review effectiveness of current policies, programs, and practices and identify new
strategies for minimizing the public-health impact of arsenic in rice and rice products. This risk
assessment builds on previous research and collaborations by FDA and other agencies. As an
important part of the process, and in the interest of transparency, the report will now undergo
public comment and the risk assessment and report may be revised accordingly. We will also
continue to work with our federal partners, as new research emerges on the risks of inorganic
arsenic to consumers.
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