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Objectives

1) Participants will be able to identify key rice and 

rice products that contribute to As exposure 

burdens of pregnant women, infants and children.

2) Identify at least 3 groups of people at higher risk 

for exposure to As from rice.

3) Be able to put into context for concerned parents 

the risks associated with As exposure from rice.

4) Identify rice types and cooking methods 

associated with least As exposure.



As in water still an issue in the US



Toxicologic Profile Arsenic

ATSDR 2007

iAs metabolized to MMA and DMA



Rice is unique in ability to incorporate

inorganic As

By "Oryza sativa of Kadavoor" © 2009 Jee & Rani Nature Photography 
is used here under a Creative Commons Attribution-ShareAlike 4.0 International 

License, CC BY-SA 4.0, 

https://commons.wikimedia.org/w/index.php?curid=30677472
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J Patrick Fisher Wikipedia 
Creative Commons Share Alike 2.0
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Origin Mean total inorganic As Min/Max total inorganic As

ppb μgm/serving ppb μgm/serving

California* 43.1 1.9 27-56 1.2-2.5

India/Pakistan* 52.9 2.4 21-144 1.0-6.5

Arkansas/Texa

s

79.3 3.6 40-107 1.8-4.8

U.S. 94.3 4.2 77-112 3.5-5.1

*Values significantly different from others

Analysis of Arsenic in Rice and other Grains, Food Safety and Sustainability Center

Consumers Reports 2014

Rice Arsenic Varies by Location of Production

and varies significantly within regions



Adapted from table 4.2 - Arsenic in Rice and Rice Products Risk 

Assessment Report, FDA 2016

Type N Inorganic As

(mean-ppb)

Inorganic As 

(range ppb)

Brown Basmati 13 122.7 66-200

Brown Jasmine 2 132.5 114-151

Brown Long/Short 98 160.5 34-249

White Basmati 40 61.8 20-144

White Jasmine 11 78.4 34-110

White Long 148 103.3 23-196

Concentration of inorganic As in Rice

measured by FDA



Alternative grains  - 1/10th the As

Arsenic in Rice and Rice Products Risk Assessment Report, 

FDA 2016



Dewi Sri – Indonesian rice goddess

Tropenmuseum, part of the 

National Museum of World 

Cultures [CC BY-SA 3.0 

(http://creativecommons.org/lice

nses/by-sa/3.0)], via Wikimedia 

Commons

Phosop – Thailand

Po Ino Nogar – Cambodia

Nang Khosop - Laos

History of rice 

cultivation

- interdependant

culture

Wheat cultivation 

- independant



Adverse Health Effects from Arsenic Exposure 

Organ System Effects

Skin Keratosis, Melanosis

Skin Cancer

Impaired intellectual function

Neuro Impaired motor function

Peripheral neuropathy

Pulmonary tuberculosis

Bronchiectasis

Respiratory Lung cancer

Lower Respiratory Tract Infections

Decreased lung function

Cardiovascular Coronary/ischemic heart disease

Acute myocardial infarction 

Hypertension

Gastrointestinal Liver cancer

Renal Kidney cancer

Genitourinary Bladder cancer

Reproductive Low birth weight



Low dose exposure studies are 

proliferating

Fetal immune function (in utero exposure)

• Changes in CD4+/CD8+ ratios in cord blood

• IL1β levels positively related to As

IQ - >5 vs. <5 μgm/L
• 5-6 full scale points loss

Diabetes (adults)
• Gestational Diabetes

Respiratory infection 
• In Utero exposure related to increases wheezing, meds, 

etc. 
during 1st year

Nadeau et al., Clinical Imm 2014; Wasserman et. al., Env Res 2014; Brauner et 

al., Env Health Persp. 2014; Shapiro et. al., Env Int. 2015; Farzan et al., EHP 2015



Early life exposure: 

greater lung and bladder cancer risk

 

 

Lung 

cancer

Bladder cancer

Craig Steinmaus

From Lai et. al. J Peds 2015



US Water Standard 

10 µg As/L x 1L/day (adult) = 10 µg/d

10 µg/d results in excess cancer risk 1 in 300  *

• Eating 0.56 cups of cooked rice/d

= as much as 10 µg/d**

Top 1% rice-eating children eat ≥ 1.75 cups 

= >> 1 in 300 estimated cancer risk 

*National Academy of Sciences 2001

**Gilbert-Diamond et al. Rice consumption contributes to arsenic 

exposure in US women PNAS 2011



Rice containing foods (iAs per serving)

Average levels of inorganic arsenic

Brief summary of rice grain and rice products sampled by the FDA and the corresponding 

amount of inorganic arsenic per serving, based on data published in 2013 (FDA and 

Consumers Reports).

Product Inorganic arsenic 

(mcg/serving)

Bakery mixes and 

pudding

4.1

Beverages (incl. protein 

and rice drinks, beer)

2

Cereals 2.6

Grain-based bars 1.8

Rice cakes 4.3

White rice 4.2

Brown rice 7.2

Basmati rice 3.5



Rice Consumption Associated with

Risk of Skin Lesions





Increasing rice intake in children

associated with urinary arsenic excretion

0       <1         1      2       3        4-6      7+

Servings (1/4 cup) per day

Increasing median urine arsenic with increasing rice intake in children, 

NHANES 2003-8

Adapted Lai et. al. J Peds 2015



 Figure 4. Urinary arsenic and rice intake levels in 

children by race, NHANES 2003-8 

 

 

 
Courtesy Craig Steinmaus, OEHHA, CA EPA
Lai et. al., J Peds 2015



How often do you eat rice or other cooked 

grains?

Arsenic in Rice and Rice Products 

Risk Assessment Report, FDA 2016



Rice predominates as dietary source 

for high end childhood As consumers
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Who are at risk?

 Children / Infants

 High rice consumers

• Asian American and others with tradition of 

rice based diet

• Poor

• Celiac disease / Gluten Free Diets

• Food allergies

• Macrobiotic Diet



I

Maintain infant rice cereal below As 100 ppb
• Proposed regulatory limit

Same dietary guidance as previous
• Rice cereal should not be sole source of supplementation 

for infants

• Everyone should eat a varied diet

Further study

• EU standard for rice destined for use in 

products for infants and young children 0.1 

mcg/kg

FDA announces draft guidance on arsenic in rice
April 2016

Commission Regulation (EU) 2015/1006 of 25 June 2015 amending Regulation (EC) 

No 1881/2006 as regards maximum levels of inorganic arsenic in foodstuffs



Arsenic in Rice and Rice Products Risk Assessment Report, FDA 2016



Arsenic in Rice and Rice Products Risk Assessment Report, FDA 2016



Arsenic in Rice and Rice Products Risk Assessment Report, FDA 2016

Comparative intake by age



Establishing limits

Arsenic in Rice and Rice Products Risk Assessment Report, FDA 2016



Arsenic in Rice and Rice Products Risk Assessment Report, FDA 2016



Consumers Reports 2014 – point system

http://www.consumerreports.org/cro/magazine/2015/01/

how-much-arsenic-is-in-your-rice/index.htm



Arsenic readily crosses placenta

Low birth weight

Still birth

Infant mortality

BUT

• Limited amount in breast 

milk even in areas with 

As in water
As by predominant feeding

Water As 2 ppb

Carignan et. al.  EHP 2015



At low As water levels formula is significant contributor 
(70% of NHBCS median exposure)

Carignan et. al.  EHP 2015

Estimated As exposure for purely breastfed or formula fed 1-3 month olds

US. Northeast



 Choose varieties of rice lower in iAs

• White over brown (nutrition tradeoffs) 

• Basmati, California/India/ Pakistan (caveats)

 Cooking method

• Rinse and cook in excess water
• 40-60% reduction, 70% reduction thiamine, Fe, folate, 

etc. (enriched rice)

 Limit number of servings

• Consumers Reports point scale

What can I do?



 Minimize use of infant rice cereal 

• Use alternative grains

 Rare use of rice beverages, rice pasta, and 

hot rice cereals in children

• Gluten free, allergic 

 Avoid products with rice syrup sweeteners

 Encourage breast feeding

Special messages for children



Target High Consumers?

 High rice consumers

• Asian American and others with tradition of rice 

based diet

• Poor

• Celiac disease / Gluten Free Diets

• Food allergies

• Macrobiotic Diet



 Does not fit traditional “Health Based” 
regulatory scheme

 Establish mandatory or voluntary limits

• “Best Methods” limits (beyond infant cereal) that 
over time could decrease?

• Labeling requirements, monitoring “targets” met

 Programs to improve food production for 
foods not meeting minimum standards

 Risk communication – reliable info on 
sources and dietary alternatives

Regulatory actions
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Objectives

At the end of this presentation, the participant should:
1. be able to describe what PFAS are and where they might be found;
2. understand the ways in which infants and young children can be exposed 

to PFAS; and
3. recognize challenges in addressing community concerns about infant 

exposures. 



Overview

• What are PFAS?
• How can you be exposed to PFAS?
• What are the potential health effects from PFAS exposure?
• How does PFAS exposure affect infants?



WHAT ARE PERFLUOROALKYL AND 
POLYFLUOROALKYL SUBSTANCES (PFAS)?



What Are PFAS?
Manufactured chemicals consisting of a 
carbon chain surrounded by fluorine 
atoms and acid group (X).
• Carboxylic acid
• Sulfonic acid
Properties
• Water and oil repellent
• Surfactant, dispersant
• Persistent
• Some bioaccumulate

Perfluorooctanoicacid (PFOA)





Common PFAS: Abbreviations, Names, and Subfamilies

Abbreviation Chemical Name Other
Name

Subfamily

PFOS Perfluorooctane sulfonic acid Perfluoroalkyl

PFOA Perfluorooctanoic acid C8 Perfluoroalkyl

PFNA Perfluorononanoic acid Perfluoroalkyl

PFDA Perfluorodecanoic acid Perfluoroalkyl

PFOSA Perfluorooctane sulfonamide FOSA Polyfluoroalkyl

MeFOSAA 2‐(N‐Methyl‐perfluorooctane
sulfonamido) acetic acid

Me‐PFOSA‐
AcOH

Polyfluoroalkyl

EtFOSAA 2‐(N‐Ethyl‐perfluorooctane
sulfonamide) acetic acid

Et‐PFOSA‐
AcOH

Polyfluoroalkyl

PFHxS Perfluorohexane sulfonic acid Perfluoroalkyl



HOW CAN YOU BE EXPOSED TO PFAS?



Main uses of PFAS*

*Note: Not all carpets, fabrics, food packaging, etc. contain PFAS.
AFFF: aqueous film‐forming foam



Major non‐occupational PFAS Exposure Pathways

• Drinking contaminated water
• Ingestion of contaminated food
• Incidental ingestion from hand‐to‐mouth transfer from surfaces 

treated with protectants containing PFAS







PFAS Exposure Assessment Technical Tools 
(PEATT)

Risk communications 
materials 

Letters of 
interpretation, 
consent, assent

sample collection and 
analysis protocols

Laboratory

Exposure and health 
effects question 

bank

Exposure assessment 
sampling and analysis 

protocol 

Water sampling 
protocol 

NCEH/ATSDR – PFAS Exposure Assessment Technical Tools (PEATT) 9



PFAS Elimination in Humans

• Primarily eliminated in urine
• Factors that affect elimination rates

• Sex
• Concentration of serum proteins
• Blood donation
• Menstruation
• Gestation
• Lactation

• Shorter chain PFAS tend to be eliminated faster than long chain 
PFAS



Biological Half‐life in Humans

Substance Estimated 
Half‐life

Perfluorooctanoic acid (PFOA) 2‐4 years

Perfluorooctanesulfonic acid (PFOS) 5‐6 years

Perfluorohexane sulfonic acid (PFHxS)  8‐9 years

Perfluorobutane sulfonic acid (PFBS) 0.1 years

https://www.atsdr.cdc.gov/pfc/docs/pfas_clinician_fact_sheet_508.pdf



WHAT ARE THE POTENTIAL HEALTH EFFECTS FROM 
PFAS EXPOSURE?



Animal Studies

 Wide range of potential health endpoints
• Liver enlargement
• Changes in serum lipid and cholesterol concentrations
• Reduced body weight
• Changes in thyroid hormone levels
• Reduced testosterone synthesis
• Suppression of antibody response
• Tumor formation—pancreatic, hepatic, testicular



C8 (PFOA) Health Project
 Exposure‐ 1950s‐2002, six water districts near Parkersburg, West Virginia
 Data collected‐ health and exposure data from class members of a lawsuit 
69,030 adults (>18 years of age) from 2005‐2013

 Probable Link*
• Thyroid disease (potential to affect T4 and TSH levels)
• High cholesterol
• Pregnancy‐induced hypertension
• Ulcerative colitis
• Testicular cancer
• Kidney cancer

* A "probable link" in this setting is defined in the Settlement Agreement to mean that given the available scientific evidence, it is 
more likely than not that among class members a connection exists between PFOA exposure and a particular human disease.



Some Limitations of C8 Results

 Thyroid Disease
• Subclinical measures (TSH, free thyroxine index)
• Lack of coherence among studies (high and low measurements)

 High Cholesterol
• The majority of epidemiological studies demonstrated strong  associations between 

serum PFOA and PFOS concentrations and total cholesterol.
• Other studies have found no association between PFAS exposures and the total 

cholesterol levels.
 Pregnancy‐induced Hypertension and Pre‐eclampsia

• Review of birth records (PIH) and self‐reporting (PE)
• Potential confounding
• Uncertainty regarding size of effect



Reproductive Effects

• Limited number of studies 
• The Longitudinal Investigation of Fertility and the Environment 

(LIFE) study: evaluated PFAS and human semen quality
• Danish National Birth Cohort: evaluated PFAS plasma 

concentrations and fecundity
• Longer time to pregnancy was associated with higher maternal 

concentrations of PFOA and PFOS in multiparous women.

• Further research is needed



PFOA/PFOS and Antibody Response

• There is strong evidence of antibody suppression with increased 
concentrations of both PFOA and PFOS in animal studies.

• Human studies suggest a similar pattern of reduced antibody response to 
specific vaccines with increasing concentrations of PFOA and PFOS.

• Results were not consistent among studies for all vaccines
• Reduced response demonstrated to rubella, diphtheria, mumps, and (for PFOA) 

tetanus vaccines
• No evidence that these effects have resulted in an increased risk for diseases 

prevented by vaccines

NTP systematic review concluded that PFOA/PFOS is presumed to be an 
immune hazard to humans. 



PFAS and Cancer

• International Agency for Research on Cancer (IARC) has 
classified PFOA as possibly carcinogenic 

• EPA has concluded that both PFOA and PFOS are possibly 
carcinogenic to humans. 

• Increased risk for certain types of cancer were found in 
communities and workers exposed to PFAS

• Studies:
Bladder (=), Kidney (+), Pancreas (‐), Prostate (=/+), Thyroid (=/+) 



HOW DOES PFAS EXPOSURE AFFECT INFANTS?



Animal Studies

 Developmental and reproductive effects
• Reduced birth weight
• Decreased gestational length
• Structural defects
• Delays in postnatal growth and development
• Increased neonatal mortality
• Developmental and reproductive effects
• Pregnancy loss



Pregnancy Outcomes

• Limited number of human studies 
• Main outcomes assessed by studies:

• Stillbirth
• Preeclampsia
• Preterm birth
• Term low birthweight
• Birth defects

• No consistent associations were observed between serum PFAS and 
the outcomes listed above



PFAS in Cord Blood

 Different trans‐placental transfer rates
 Strong correlation between cord serum and maternal serum     
(r2 > 0.83)

Substance Percent of M aternal 
Blood Serum

PFOA 78 –84%  

PFOS 35 –46%

PFNA 51 –84%

PFHxS 56 –57%  

Source: Cariou et al., 2015, M ondalet al., 2014 



PFAS in Breastmilk

 Breastmilk PFAS levels vary
 First nursed child has higher exposure than subsequently nursed children
 Breastfed infants can have higher serum levels than the mother

Substance Percent of M aternal
Blood Serum

PFOA 3.4–11%

PFOS 1 –2%

PFNA 0.7 –5%

PFHxS 2 –3%

Source: Cariou et al., 2015, M ondalet al., 2014 



Is it Safe to Breastfeed?

• Breastfeeding is associated with numerous health benefits for 
infants and mothers. 

• At this time, it is recommended that a nursing mother 
continues to breastfeed her baby.

• The science on the health effects of PFAS for mothers and 
babies is evolving.

• However, given the scientific understanding at this time, the 
benefits of breastfeeding outweighs those of not 
breastfeeding.



https://www.cdc.gov/breastfeeding/pdf/2016breastfeedingreportcard.pdf

Considerations when advising on breastfeeding



Geraghty, et al. 2008 Breastfeeding Medicine 3(4);207‐213.

Considerations when advising on breastfeeding



Breastfeeding and PFAS Reviews
 AHRQ 2007: Breastfeeding and Maternal and Infant Health Outcomes in 
Developed Countries 

 CDC/NCEH 2010: Breastfeeding and Lead
• Measurement of levels of lead in breast milk is not recommended.  
• Mothers with BLLs <40 µg/dL should begin breastfeed 
• Mothers with confirmed BLLs ≥40 µg/dL should begin breastfeeding when their blood lead levels 

drop below 40 µg/dL. Until then, they should pump and discard their breast milk.
 USDA 2012‐2018: Pregnancy and Birth to 24 Months Project 

• Multiple systematic reviews on diet and health in infants, toddlers, and pregnant women
 EPA funded 2014: PFOA and Fetal Growth

• Navigation guide systematic review methodology
• “Sufficient” human evidence that developmental exposure to PFOA reduces fetal growth.

 NTP 2016: PFOA/PFOS Immunotoxicity
• Presumed to be an immune hazard to humans

 AHRQ 2017: Systematic Review of Breastfeeding Programs and Policies, 
Breastfeeding Uptake, and Maternal Health Outcomes in Developed Countries



Additional  Information
Resource Link

ATSDR: PFAS portal http://www.atsdr.cdc.gov/pfc/index.html 

CDC/NCEH: NHANES https://www.cdc.gov/exposurereport/index.html

C8 Science Panel http://www.c8sciencepanel.org/prob_link.html
http://www.c8sciencepanel.org/publications.html

EPA: PFAS https://www.epa.gov/chemical‐research/research‐perfluorooctanoic‐
acid‐pfoa‐and‐other‐perfluorinated‐chemicals‐pfcs

IARC http://www.iarc.fr/

NIEHS: PFAS https://ntp.niehs.nih.gov/pubhealth/hat/noms/pfoa/index.html

Pediatric Environmental Health 
Specialty Units (PEHSU)

http://www.pehsu.net/



Patient Q & A

https://www.atsdr.cdc.gov/pfc/docs/pfas_clinician_fact_sheet_508.pdf



National Center for Environmental Health
Agency for Toxic Substances and Disease Registry

Questions?

Michelle Watters, MD, PhD, MPH
Western Branch Associate Director of Science (acting)
ATSDR, Division of Community Health Investigations
aax6@cdc.gov
312‐353‐2979 
The findings and conclusions in this presentation are those of the author and  do not  necessarily 
represent the official position of the  Agency  for Toxic  Substances and Disease Registry.
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