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• Arsenic a metalloid - ubiquitous in the environment from both 

natural and manmade sources.

• Different forms and oxidation/valence states - i-As considered more 

toxic than organic As.

• Oral exposure iAs (arsenite & arsenete) classified as a group 1 

human carcinogen (IARC, 2014).

• Other endpoints - neurological, cardiovascular, respiratory, and 

metabolic disease. 
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In utero and early life exposure 

• Critical window growth and development.

• Susceptible to i-As toxic effects.

• May impact health later in life.



• Epidemiologic studies. 

• Adverse health effects even at relatively low iAs

exposure. 

• Vulnerable subpopulations (i.e. pregnant women, 

infants and young children)

• In utero exposure -> may alter infants immune system 

increasing the risk of lung disease later in life.

Prenatal	Exposures
Tooth	Metallome
Maternal	Urine
Maternal	Nails
Cord	&	Maternal	Blood
Household	Water
MyExposome Wristband

Disease	Risks
Growth
Respiratory

Environmental	Mixtures	and	Early	Childhood	Outcomes:	Select	data	from	NHBCS	&	ECHO

Middle	Childhood	&	Beyond

Early	Childhood	Outcomes
DEXA	Body	Composition	Scan
Accelerometer
Anthropometric	Measures
Pulmonary	Function
Microbiome

Early	Childhood	Exposures
Personal	Air	Monitor
Food	Frequency	Questionnaire
Geospatial	Analysis
Child	Urine

Project 4: Arsenic Epidemiology, Biomarkers and Exposure 

Assessment of Metals

Principal investigator: Margaret Karagas



Project 3: Arsenic and Immunity in the Lung
Principal Investigators: Bruce Stanton, Ph.D., Richard Enelow, M.D.

Pregnant♀
iAs

GD 0

iAs exposure

Birth

Adult offspring

7 weeks

Influenza A 
infection

Immune function
Lung damage

How does arsenic exposure 
in utero alter the immune 
response to the flu?

How do arsenic exposures that occur in people 
from contaminated food and drinking water 
affect the ability of lung cells to fight 
infections?



▪ Seafood (fish, crustaceous, and seaweed) – high level of t-As –

Arsenobetaine (fish) – a non-toxic compound. Arsenosugars,

arsenolipids, and i-As (bivalves, crustaceans, and algae).
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▪ Apple juice – contains iAs from processing aids, pesticides,

atmospheric deposition (industry), soil, water dilution, etc. (FDA action

level 10 ppb).

▪ Rice > i-As compared to other foodstuff. World’s major dietary staple

food. Infant and young children food. Weaning.

As speciation in food is important to accurately assess health risks

i-As (mg/kg)
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▪ Cultivation in flooded paddies lead to

arsenic mobilization. iAs highly

available.

▪ Arsenite (AsIII) –> taken up by silicon

(Si) pathway – highly efficient in rice

plant. Arsenate (AsV) –> taken up by

phosphate transporter (chemical

analogue).

▪ iAs accumulated throughout the rice

plant. Edible parts such as Grain and

Rice bran (Superfood and popular

ingredient in health-added products with

high nutritional content)



1.  Identify and characterize the genes underlying the As QTLs we have 
identified.

2.  Increase the efflux of As(III) out of the roots. 

3.  Test strategies (e.g. soil amendments) to limit the movement of As and 
Cd to the shoot/grain using information gained from studies of rice and 
Arabidopsis.

Project 1: Arsenic Uptake, Transport and Storage

Principal investigator: Mary Lou Guerinot
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April 2016.

Proposed Limit for Inorganic Arsenic in Infants Rice 

Cereals. Draft Guidance for Industry: Inorganic Arsenic in Rice 

Cereals for Infants: Action Level 100 µg/kg. [white-rice, brown-

rice, organically grown, etc.]. Guideline –> Not a regulation!

European Commission

June 2015. Announcement.

Regulation released and enforced in January 2016 

(also for 

WHO, 2014)

mg/kg
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2014 2015 [ ] 20172016

Baby rice, n = 29 

Rice cereals, n = 53 

Rice cakes n = 36

June. 

Announcement 

EU regulation. 

Levels reported.

EU 

regulation 

enforced in  

January 

2016. FDA 

guideline

Baby rice, n = 13

Rice cereals, n = 29 

Rice cakes n = 31

Baby rice, n = 6

Rice cereals, n = 37 

Rice cakes n = 35

Signes et. al. Signes et. al. Carey et. al.



Carey et. al. 2018 

Signes-Pastor et. al. 2017 

Signes-Pastor et. al. 2016 

Transition regulation for iAs in rice-based food

mixed grain 

and mueslis

Introduction

Methods

Results

Rice content

Levels by year

Strategies

Conclusion



1) Pure rice products, such as crackers, it appears that low iAs

has been specifically sourced for formulation.

2) Appears to be a lower representation of pure rice 

products being produced/available.

3) To blend rice with other gluten free grains (i.e. maize, oats, 

quinoa, etc.) to dilute the amount of rice and thus the iAs

content. Increase presence of mixed multi-grain products 

and mueslis for infants.

Strategies taken by manufactures to reduce iAs in rice-

based infants products: 
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Opportunities and Challenges for Dietary Arsenic Intervention

(Brief communication)

Keeve et. al. 2018 

”Our greatest success in reducing arsenic dietary exposures can be

achieved only by a multisector, multiagency, science-informed, public

health systems approach coordinated across regulators and the

industry”

Field-to-Plate Dietary Arsenic Interventions 
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Results

Conclusion ➢ The EU regulation has contributed to reducing the levels of 

iAs in rice based products in the UK.

➢ Low iAs rice-based products for infants and young children 

can be achieved during the manufacturing process even at 

concentrations way below 100 ppb.

➢ Dilution of rice content with other products seems to be 

among one of the major strategies to comply with the 

regulation. Also sourcing low iAs rice for formulation.

➢ Infants should not be given rice products not specifically 

labelled as being for them (i.e. rice cereals)

➢ In order to successfully reduce the iAs dietary exposure 

from food it is  important to involve all steps of the food 

chain. 
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