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RISK ASSESSMENT 



Exposure to chemicals:  
everywhere, everyday 



Exposure to chemicals:  
every meal 

Fish Shellfish Poultry Fruits & 
vegetables 

 

Canned/Packaged 

PCBs Methyl mercury Arsenic Organophosphate 
pesticides 

 

BPA 

Methyl mercury 
 

Arsenic Perchlorate PBDEs 

Phthalates 

Vinyl chloride 

Chemical additives to preserve, flavor, color, or otherwise alter food products 



Exposure to chemicals:  
everyone 
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Woodruff T.J. et al. 2011. EHP. 
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Exposure to chemicals:  
Policy matters 

Zota A.R., et al. 2013 ES&T.  
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Risk Assessment Framework 

National Research Council. Science and Decisions. 2009. 

 

• What are the relative health or 
environmental benefits of the 
proposed options?

• How are other decision-
making factors (technologies, 
costs) affected by the proposed 
options?

• What is the decision, and its 
justification, in light of benefits, 
costs, and uncertainties in each?

• How should the decision be 
communicated?

• Is it necessary to evaluate the 
effectiveness of the decision?

• If so, how should this be done?

Stage 1: Planning

• For the given decision-context, what are the attributes of assessments necessary to characterize risks 
of existing conditions and the effects on risk of proposed options? What level of uncertainty and 
variability analysis is appropriate?

Stage 3: Confirmation of Utility

• Does the assessment have the attributes called for in planning?

• Does the assessment provide sufficient information to discriminate among risk management 
options?

• Has the assessment been satisfactorily peer reviewed?

FORMAL PROVISIONS FOR INTERNAL AND EXTERNAL STAKEHOLDER INVOLVEMENT AT ALL STAGES

• The involvement of decision-makers, technical specialists, and other stakeholders in all phases of the processes leading to decisions should in no way compromise the technical assessment of risk, which is 
carried out under its own standards and guidelines.

• What problem(s) are 
associated with existing 
environmental conditions?

• If existing conditions appear 
to pose a threat to human or 
environmental health, what 
options exist for altering those 
conditions?

• Under the given decision 
context, what risk and other 
technical assessments are 
necessary to evaluate the 
possible risk management 
options?

• Hazard Identification  

What adverse health or environmental effects 
are associated with the agents of concern?

• Dose-Response Assessment

For each determining adverse effect, what is the 
relationship between dose and  the probability of the 
occurrence of the adverse effects in the range of 
doses identified in the exposure assessment?

• Risk Characterization

What is the nature and
magnitude of risk associated with 
existing conditions?

What risk decreases (benefits) are 
associated with each of the 
options?

Are any risks increased? What are 
the significant uncertainties?

• Exposure Assessment

What exposures/doses are incurred by each 
population of interest under existing conditions?

How does each option affect existing conditions and 
resulting exposures/doses?

Stage 2: Risk Assessment

NO YES

PHASE I: 
PROBLEM FORMULATION 

AND SCOPING

PHASE II: 
PLANNING AND CONDUCT 

OF RISK ASSESSMENT

PHASE III: 
RISK MANAGEMENT



Risk Assessment:  
A tool for decision-making 

 Asking the right question 
 Getting the science right 
 Getting the right science 
 Getting the participation right 
 Getting the right participation 
 Developing an accurate, balanced, and informative 

synthesis 

National Research Council. Understanding Risk. 1996; National Research Council. Science and Decisions. 2009. 



Importance 

“There is little evidence that the scientific information 
that the agencies are currently using and disseminating 

is unreliable. Virtually all of the challenges that have 
been filed so far under the [2004 Information Quality Act] 
have involved disputes over interpretations, inferences, 

models and similar policy issues, and not the 
“soundness” of the underlying data.” 

 

McGarity, TO. Kansas Law Review. 2004. 



Risk Assessment Framework 

National Research Council. 2014. 

 “  …systematic-review 
standards provide an 
approach that would 

substantially strengthen the 
IRIS process…”   NAS 2014 

“EPA should consistently 
use a more systematic 

approach to evaluating the 
literature…” NAS 2014 



Systematic review in health 
assessment 

>25 years 
• Directly informs 

clinical and 
health care 
decisions 

• Informs billions 
of dollars in 
healthcare 
spending 
annually 

~6 years 
• Tool to inform 

policy and 
decisions 

• Has the 
potential to 
protect the 
health of 
billions 
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Phase I, part 1: Planning and Scoping 
 Definition: 

– Discussion between 
decision-makers (risk 
managers) and 
stakeholders, with 
assessors supporting 

Table adapted from: National Research Council. Science and Decisions. 2009.  

– Determination of hazards, 
mitigation options, and 
scope 

Planning and Scoping 
Sources of exposure 

Source-mitigation options 
Exposure pathways 

Exposure-mitigation options 
Direct hazards and stressors 

Mitigation-related hazards and stressors 
At-risk populations 

Populations at mitigation-related risk 
Individual intake pathways 

Individual intake mitigations 



Phase I, part 2: Problem Formulation 
 Definition: 

– Discussion between decision-makers and assessors (& 
technical stakeholders) to develop a detailed plan for the 
assessment that reflects results from planning & scoping 

– Linked to regulation/policy  
– Sources, environmental stressors, exposed populations 
 

 

Table adapted from: National Research Council. Science and Decisions. 2009.  

Problem formulation 

Planning and Scoping 



Asking the right question 

Systematic review PECO statement 
 
 

Population 

Exposures 

Comparator group 

Outcomes 

Images licensed under Public Domain via Wikimedia Commons 



PECO statement 
Study question: 

Does fetal developmental exposure to PFOA or its salts affect fetal growth?  
 

 Humans who are studied during the reproductive/developmental time 
period (before and/or during pregnancy or development)   
 

 Exposure to PFOA (CAS# 335-67-1) or its salts during the time before 
pregnancy and/or during pregnancy for females or directly to fetuses  
 

Humans exposed to lower levels of PFOA than the more highly 
exposed humans (i.e., a comparison across a range of exposures)   
 

 Effects on fetal growth, birth weight, and/or other measures of size, such 
as length.  

Johnson PI et al. EHP. 2014. 



PECO statement 
Study question: 

Does fetal developmental exposure to PFOA or its salts affect fetal growth?  
 

 
“PFOA is ‘known to be toxic’ to human reproduction and 
development based on sufficient evidence of decreased fetal 
growth in both humans and nonhuman mammalian species.” 

These findings were cited in a recent regulatory rule-making proposal by the 
European Chemicals Agency which would restrict exposure to PFOA 



Narrative expert-based reviews 
There were inconsistent associations reported for several different 
birth outcomes, including birth weight, birth length, head 
circumference, and ponderal index, among the five general population 
studies that measured PFOS and PFOA in the study subjects. 
 
Cumulatively, the studies provide inconsistent suggestions of a 
possible decrement in birth weight associated with PFOA exposure, 
with studies varying in whether the association with PFOS is similar 
(Apelberg et al. 2007), stronger (Stein et al. 2009; Washino et al. 
2009), or weaker (Fei et al. 2009; Hamm et al. 2009) than that 
reported for PFOA.  
 

 (emphasis added) 
Olsen et al. 2009. Reproductive Toxicology; Steenland K, et al. 2010. Environ Health Perspect. 



PECO statement 
Is exposure to PFOA or PFOS associated with changes in immune-related 

measures in humans? 
  Humans without restriction based on sex or on life stage at exposure or 
outcome assessment 
 

 Exposure to PFOA (CAS# 335-67-1) or PFOS (CAS# 1763-23-1) or their 
salts based on administered dose or concentration, biomonitoring data (e.g., urine, 
blood, or other specimens), environmental measures (e.g., air, water levels), or indirect 
measures such as job title 
 

Humans exposed to lower levels of PFOA or PFOS 
 

 Primary outcomes: Immune-related diseases and measures of immune 
function: immunosuppression (e.g., otitis, infections, or decreased vaccine antibody 
response); sensitization and allergic response (e.g., atopic dermatitis or asthma); 
autoimmunity (e.g., thyroiditis or systemic lupus erythematosus) 
 National Toxicology Program. DRAFT protocol. 2013. 



Asking the right question 

Chari R. et al. 2012. Int. J. 
Environ. Res. Public Health 



Asking the right question 

Estimated change per 
1 ug/dL increase in 
BLL across children 

Chari R. et al. 2012. Int. J. 
Environ. Res. Public Health 



Asking the right question 

Low SES: 
greater 

decrease 
compared 
to mean 

High SES: less 
decrease 

compared to 
mean 

Chari R. et al. 2012. Int. J. 
Environ. Res. Public Health 



Asking the right question 

 Low-SES groups  greater 
susceptibility to lead’s 
effects on IQ 

 Setting regulatory exposure 
standards at the mean does 
not adequately protect all 

 To protect against adverse 
health effects: consider the 
most vulnerable or 
susceptible 

Gilbert et al. 2006 Neurotoxicology 



Asking the right people 

 Stakeholder involvement 
– Upfront, early, balanced, inclusive 
– Increases transparency of process 
– More effective, efficient, and 

credible risk-based decision-
making 

– In particular for cumulative risk 
assessment, affected communities 
have not been adequately involved 

Burke TA, et al. Regulating Risk: The Science and Politics of Risk. 1993.. 
Images licensed under Public Domain via Wikimedia Commons 



Asking the right people 

Adapted from: Burke TA, et al. Regulating Risk: The Science and Politics of Risk. 1993. 

Decision Maker 

Legal Counsel 

Public Advocate Political Advisor/ 
Legislative Liaison 

Press Secretary/ 
Communications Specialist 

Scientist/ 
Health Risk Assessor 

? 

Budget Expert 



Asking the right people 

 Stakeholder involvement 
– Not all stakeholders have scientific/financial resources to 

provide timely comments 
– NAS review of EPA IRIS process: expand opportunities 

(e.g., technical-assistance programs) to under-resourced 
stakeholders to balance public input 
 EPA IRIS bimonthly meeting (February 2015): NAS agreement to 

arrange for independent scientific experts to attend and 
participate 

 Continuing for EPA IRIS bimonthly meeting in June 2015 

– Time limits to ensure timely decision-making 



Protocol: a guide to communicate 

 Essential component of systematic review 
– Detailed plan/set of steps to be followed 
 

 PECO statement and inclusion/exclusion criteria 
 Methods to search, locate, and select relevant evidence 
 Plans to extract data and analyze (before seeing data) 
 Details on evaluating risk of bias, quality, and strength of 

evidence & integrating evidence across human, animal, or 
mechanistic data 

 



Protocol 

 Essential component of systematic review 
– Minimizes bias in the inclusion/exclusion of studies, 

evaluation of data, rating of bias, ratings of quality and 
strength of evidence, and overall conclusions regarding 
the evidence 

– Increases transparency and reproducibility of the process 
– Allows for stakeholder input at the onset 

 



Protocol Registration 

• PROSPERO: University of York’s Center for Reviews and 
Dissemination. 
• International database of prospectively registered 

systematic reviews in health and social care 
• Creates permanent online record of protocols, and 

allows tracking of changes in the process 
 

http://www.crd.york.ac.uk/PROSPERO/ 



Protocol Registration 



Handbook for Protocol 
• Agencies are developing 

“Handbooks” that outline 
their approach to conducting 
systematic reviews and 
evidence integration 
– Defines key terms 
– Outlines problem 

formulation, scoping, and 
subsequent steps of the 
assessment 

– Consistency, transparency, 
sets expectations 

National Toxicology Program. 2015. 



Challenges & opportunities 

 Consensus among involved parties: requires a 
balance among competing values 

 Broad scope to capture potential effects and 
affected populations  balance with time/resource 
constraints 
– Focus on sensitive and vulnerable populations 
– Higher chemical burdens & increased susceptibility to 

toxic effects 
 



Conclusions 
 

 
 Systematic review processes can: 

– Increase transparency, consistency, and improve 
communication with stakeholders 

– Improve decision- and policy-making 
– Apply to environmental health questions 

 
 Need to ask the right question 
 Need to ask/involve the right people 
 Public health protection from existing exposures 
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