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Challenges in Heavy Metals Risk Assessment

Sensitivity of 
children

Detection 
capabilities/ 
speciation of 

metals

Ubiquity of heavy 
metals in the 

environment and 
foods 



Measuring Metals in Foods
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Inorganic Arsenic in Food



Estimating Exposure
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Risk Characterization and Management 

• Recall that assumptions in 
traditional risk assessment are 
highly conservative

• Contextualize risks (and benefits)

• Consider risk reduction versus risk 
elimination

• Evaluate alternatives and risk 
management strategies



Toxic Heavy Metals in Food

Food and Drug Law Institute
29 September 2022

Thomas M. Galligan, Ph.D.

Principal Scientist, Food Additives & Supplements
tgalligan@cspinet.org

mailto:tgalligan@cspinet.org


• Lead, arsenic, cadmium, and mercury are toxic heavy metals detected in 
foods sold in the U.S.

• Authorities agree, there is no safe level of lead exposure (FDA1, EPA2, 
WHO3).

– FDA’s current interim reference level (IRL) for children = 2.2 µg dietary lead/day1

– Estimated mean dietary exposure (children aged 1-6) range from 1.2 to 3.2 µg dietary lead/day,4

meaning a large proportion of children could be exceeding the IRL
– Emphasizes a need for the regulatory action to reduce children’s dietary lead exposure

• Risks are known. Set health-based standards

• FDA’s Closer to Zero action plan:5
– Effort to reduce heavy metal contamination of foods consumed by young children
– Started with lead in juice6

– Other metals and products to be addressed in coming months/years

1 FDA. Lead in Food, Foodwares, and Dietary Supplements. Updated: 29 June 2022. Accessed: 15 Sep 2022. Available: https://www.fda.gov/food/metals-and-your-

food/lead-food-foodwares-and-dietary-supplements.
2 EPA. Basic Information about Lead in Drinking Water. Updated: 25 May 2022. Accessed; 19 Sep 2022. Available: https://www.epa.gov/ground-water-and-drinking-

water/basic-information-about-lead-drinking-water.
3 WHO. Lead Poisoning. Updated: 25 Aug 2022. Accessed; 19 Sept 2022. Available: https://www.who.int/news-room/fact-sheets/detail/lead-poisoning-and-health.
4 Spungen JH (2019) Children’s exposures to lead and cadmium: FDA total diet study 2014-16, Food Additives & Contaminants: Part A, 36:6, 893-903, DOI: 

10.1080/19440049.2019.1595170
5 FDA. Closer to Zero: Action Plan for Baby Food. Updated: 29 June 2022. Available: https://www.fda.gov/food/metals-and-your-food/closer-zero-action-plan-baby-

foods. 
6 FDA. Draft Guidance for Industry: Action Levels for Lead in Juice. 27 April 2022. Available: https://www.fda.gov/regulatory-information/search-fda-guidance-

documents/draft-guidance-industry-action-levels-lead-juice.

Opportunities to Protect Public Health in US:
Toxic Heavy Metal in the Food System
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FDA’s Approach for Lead in Juice

1. Established an achievability goal (95%)

2. Drafted action levels required to achieve that goal

3. Assessed benefits to children & public health

This approach should be reversed.

Action levels should be:

• Derived in a public health-driven manner

• Based on what is necessary to protect children and maximize 
benefits to public health

• Ambitious, spurring improvement in industry’s practices

FDA. DRAFT Supporting Document for Establishing FDA’s Action Levels for Lead in Juice. April 2022. Available: 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-action-levels-lead-juice. 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-action-levels-lead-juice


FDA’s Approach for Juice

1. Established an achievability goal (95%)

2. Drafted action levels required to achieve that goal

3. Assessed benefits to children & public health

– Metrics for success regarding exposure & public health were not 
explicitly defined

– Implied: decrease in exposure from juice = success

• Is the reduction in exposure offered by these action levels sufficient?

– Implied: exposure from juice < IRL = success

• But the IRL is for the whole diet

• Juices & fruits collectively account for 25% of dietary lead exposure 
in young children1, but juice alone accounts for 20-30% of the IRL2*

Recommendation: Define success based on public-health impact, 
not achievability

1 Spungen JH (2019) Children’s exposures to lead and cadmium: FDA total diet study 2014-16, Food Additives & Contaminants: Part A, 36:6, 

893-903, DOI: 10.1080/19440049.2019.1595170.
2 FDA. DRAFT Supporting Document for Establishing FDA’s Action Levels for Lead in Juice. April 2022. Available: 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-action-levels-lead-juice. 

*At 90th percentile consumption after finalization of draft action levels

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-action-levels-lead-juice


Recommended Approach

1. Establish a public health goal

– E.g., target reduction in exposure or attributable disease burden

2. Draft action levels required to achieve that goal, considering:

– whole diet and relative contribution

3. Assess achievability, considering:

– Important sub-categories

– Best available technology & practices

4. If current achievability is low in certain sub-categories:

– Consider providing temporary flexibility to industry

– Develop & implement best practices to improve achievability and 
quickly drive levels toward action levels



Heavy Metals

• Primary risk: Proposition 65’s listing of lead, cadmium, mercury, and 
arsenic.  

• False advertising class action cases increasing, particularly in the baby 
food and vitamin spaces.  
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Introduction to PFAS
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≥ 5,000 PFAS! 

Source: American Chemistry Council  



All PFAS Are Not Created Equally
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Carboxylic Acids Sulfonates

Other chemistries

PFBA PFBS

PFHxSPFHxA

FTOH 6:2

PFOA PFOS



Sources of PFAS in Foods

Plants

• Industrial emissions, 
firefighting foams, wastewater 
treatment releases, biosolids 

o Soil

oWater

oAir

Cattle

• Grazing in areas contaminated 
with PFAS

• Consumption of PFAS-
containing water

Fish

• Contaminated waterbodies

• Bioaccumulation

17



Food Contact Materials
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Research on PFAS in Foods and FCMs

• FDA (TDS, targeted surveys)
• Self-reported food consumption/serum PFAS  

– Susman et al. 2019 

• Total fluorine or PFAS in food packaging
– Schultes et al. 2019
– Schaider et al. 2017
– Safer Chemicals Healthy Families

• Studies of plant/food uptake in contaminated areas

19



Measuring PFAS in FCMs
• Particle-induced gamma-ray emission (PIGE) spectroscopy

– Screening test
– Measures total inorganic (fluoride) and organic fluorine 
– Captures polymers, precursors and unknown PFAS
– Effective for samples with <30% total fluorine

• LC-MS/MS and GC-MS
– Individual PFAS
– Standard methods for ~24 PFAS; up to 80 detectable by some 

labs

20



PFAS “Risk Cup”

• Predominating exposure 
source is a necessary 
consideration

• Exposure contribution of 
FCMs?

21

USEPA (2016) MA State

Reference Dose
(potency, 
ng/kg/day)

20 5

Ingestion rate 
of water (per
day)

0.054 L/kg/day
(Lactating woman, 80th percentile)

Relative source 
contribution 
(water vs. diet, 
other sources)

20%

Guideline (ng/L 
or ppt)

70 20

Ex. Derivation of Drinking Water Guidance 
Values for PFOA (2016) 



Path Forward

Consider:

• Essential uses

• Efficacy of alternatives

• Regulating as subgroups

• More research(?) 

22
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EPA & PFAS

Interim/final drinking water health advisories for four PFAS based on 

draft/final RfDs (June 2022)1

Developing framework for PFAS mixture assessment2

1 EPA. Technical Fact Sheet: Drinking Water Health Advisories for Four PFAS. June 2022. Available:  

https://www.epa.gov/system/files/documents/2022-06/technical-factsheet-four-PFAS.pdf.
2 EPA. Draft Framework for Estimating Noncancer Health Risks Associated with Mixtures of Per- and Polyfluoroalkyl 

Substances (PFAS). Nov 2021. Available: https://sab.epa.gov/ords/sab/f?p=100:18:16490947993:::RP,18:P18_ID:2601. 

PFAS Reference Dose
(mg/kg/day)

Drinking water advisory
(parts per trillion)

Associated Adverse Health Outcome

PFOA 1.5x10-9 0.004 Suppression of vaccine 
response in 7-year-old 
children

PFOS 7.9x10-9 0.02 Suppression of vaccine 
response in 7-year-old 
children

HPFO 3.0x10-6 10 Liver lesions

PFBS 3.0x10-4 2000 Thyroid effects following 
gestational exposure

https://www.epa.gov/system/files/documents/2022-06/technical-factsheet-four-PFAS.pdf
https://sab.epa.gov/ords/sab/f?p=100:18:16490947993:::RP,18:P18_ID:2601


ATSDR Toxicological Profile for 
Perfluoroalkyls1

1 Agency for Toxic Substances and Disease Registry, Centers for Disease Control. Toxicological Profile for 

Perfluoroalkyls. May 2021. Available. https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf. 
2 FDA. Testing Food for PFAS and Assessing Dietary Exposure. Updated: 6 July 2022. Accessed: 28 Sep 2022. Available: https://www.fda.gov/food/chemical-

contaminants-food/testing-food-pfas-and-assessing-dietary-exposure. 

PFAS
Oral Intermediate 
Minimal Risk Level 

(mg/kg/day)
Most Sensitive Endpoints Note

PFOA 3x10-6
hepatic, immune, and 
developmental

3 orders of magnitude 
higher than EPA RfDsPFOS 2x10-6

PFHxS 2x10-5 hepatic and thyroid --

PFNA 3x10-6 body weight and developmental --

FDA assesses risk using…2

– ATSDR MRLs for these four PFAS (even though EPA RfD is lower for PFOA and PFOS)

– EPA RfDs for PFBS and HPFO

FDA states:2

“…there are no other appropriate toxicological reference values for the other types of PFAS that the FDA may 

test for. Therefore, it is not possible to determine at what levels exposure may be a potential health concern.”

“…we are not able at this time to determine if there is a cumulative health risk from co-exposure to multiple 

types of PFAS detected in a certain sample.”

https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf
https://www.fda.gov/food/chemical-contaminants-food/testing-food-pfas-and-assessing-dietary-exposure


Dietary PFAS Risk Assessment in Europe

• European Food Safety Authority (EFSA) conducted dietary risk 

assessment for four PFAS that make up half of lower bound exposure
– PFOA

– PFNA

– PFHxS

– PFOS

• Set cumulative tolerable weekly intake (TWI): 4.4 ng/kg bw/week

• Critical effect: impacts on the immune system

• Primary dietary components contributing to exposure:
– Fish meat

– Fruit and fruit products

– Eggs and egg products

• Parts of the EU population exceed TWI

EFSA Panel on Contaminants in the Food Chain (2020). Scientific Opinion on the risk to human health related to the 

presence of perfluoroalkyl substances in food. EFSA Journal 2020;18(9):6223, 391 

pp. https://doi.org/10.2903/j.efsa.2020.6223

https://doi.org/10.2903/j.efsa.2020.6223


Opportunities to Protect Public Health in US:
PFAS in the Food System

• Conduct a comprehensive risk assessment for dietary exposure to PFAS 
in the US

– Don’t reinvent the wheel—refer to EPA and EFSA assessments
– Carefully define the scope of the assessment and criteria for grouping of PFAS, if done

• Ideally inclusive of all PFAS present in US food supply
• Minimally inclusive of the most toxic and those for which exposure is highest or most 

prevalent
– Must consider mixture/cumulative effects
– Identify the most vulnerable populations, and estimate risk to these populations 

specifically in addition to the general population
– Use assessment to inform necessary risk-based regulatory actions to reduce public 

health impact of PFAS contamination of foods (e.g., tolerances, action levels, import 
alerts, etc.)

• Increased surveillance of food supply for PFAS contamination & 
migration

– Limited testing to date1

– Method includes only 16 PFAS1

– Recent seafood test results are concerning2

• One sample of clams contained >20,000 parts per trillion PFOA3

1 FDA. Testing Food for PFAS and Assessing Dietary Exposure. Updated: 6 July 2022. Accessed: 28 Sep 2022. Available: 

https://www.fda.gov/food/chemical-contaminants-food/testing-food-pfas-and-assessing-dietary-exposure.
2 FDA. FDA Shares Results on PFAS Testing in Seafood. Updated: 15 July 2022. Accessed: 28 Sep 2022. Available: 

https://www.fda.gov/food/cfsan-constituent-updates/fda-shares-results-pfas-testing-seafood. 
3 FDA. Analytical Results for PFAS in 2022 Seafood Survey (Parts Per Trillion). 2022. Available: https://www.fda.gov/media/159570/download. 

https://www.fda.gov/food/chemical-contaminants-food/testing-food-pfas-and-assessing-dietary-exposure
https://www.fda.gov/food/cfsan-constituent-updates/fda-shares-results-pfas-testing-seafood
https://www.fda.gov/media/159570/download


Opportunities to Protect Public Health in US:
PFAS in the Food System

• Prohibit intentional use of PFAS in food contact materials
– These uses are non-essential

• Outline principles for class-based risk and safety assessments 
– Considering the cumulative effects of chemically and pharmacologically related 

substances in the diet is required when assessing additive safety1

– Substances with similar pharmacological effects “will be regarded as a class” when 
setting tolerances2

– Lack of clarity on how FDA interprets and implements these statutes generally, and FDA 
explicitly states it doesn’t know how to do this for PFAS

– Essential for PFAS risk/safety assessments
– Prior assessments lacking adequate consideration should be repeated

• Close the “GRAS loophole,” esp. the voluntary notification system
– PFAS could plausibly enter the market in this manner
– Undermines oversight

121 CFR 170.3(i)
221 CFR 

170.18(a)



California Legislative and Regulatory Activity

• California began regulating PFAS on a nonclass basis

– Prop 65 listings: PFOA, PFOS and transformation and degradation precursors, 
and PFNA listed

– Toxic-Free Cosmetics Act (Health & Safety Code § 108980 et seq.)

• Prohibits the sale of cosmetic products containing any of 13 kinds of PFAS

• DTSC issues opinion concerning regulation of PFAS on class-wide basis

• Proliferation of legislation based on PFAS as a class and organic fluorine 
content, both in California and elsewhere



Enacted Laws

• Enacted California laws over the last two legislative sessions
– Prohibition of PFAS in food packaging  - effective January 1, 2023 (Health & 

Safety Code § 109000)
• Similar law passed in New York (effective 12/31/22) and other jurisdictions
• What about FDA approved food contact PFAS?  

– Prohibition of PFAS in juvenile products; warnings required on cookware
– Recyclability claims (Business & Professions Code § 17580; Public Resource 

Code § 42355.5)
• Prohibits recycling claims or chasing arrows symbol when PFAS are present

– Biodegradable and compostable claims (Public Resource Code § 42356 et seq.)
• Biodegradable claims are per se misleading
• Composability claims prohibited when PFAS are at or above 100 ppm



Proposed California Bills This Session

• AB 2771: Prohibit PFAS in cosmetics  

• AB 2247: PFAS reporting

– Any product that contains PFAS must be reported to the Interstate Chemicals 
Clearinghouse

• AB 1817: Prohibit PFAS in textiles and apparel



All Intentionally Added PFAS 

Maine HP 11130–LD 1503, 2021

An Act to Stop Perfluoroalkyl and Polyfluoroalkyl Substances Pollution

The presence of PFAS chemicals in any product must be reported to 

the Maine Department of Environmental Protection starting in January 

2023 

Effective January 1, 2030, a person may not sell, offer for sale or distribute for 

sale any product that contains intentionally added PFAS, unless the 

Department of Environmental Protection has determined by rule that the use of 

PFAS in the product is a currently unavoidable use. This prohibition does not 

apply to the sale or resale of used products.



PFAS Class Action Cases

• Recent lawsuits concerning PFAS in food packaging or food:
– McDonald’s
– Burger King
– Cava
– Dr. Pepper

• Recent lawsuits concerning PFAS in cosmetics:
– Coty

– Burt’s Bees
– L’Oreal
– Shiseido (bareMinerals)

• Premised on false advertising – plaintiffs’ theory is that claims of safety or 
environmental sustainability inconsistent with presence of PFAS (as a 
class)


