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The ability to generate new biomonitoring data 
often exceeds out ability to evaluate whether and 
how a chemical measured in an individual or 
population causes a health risk or to evaluate its 
sources or pathways for exposure.  
Continuing challenges of designing studies, 
interpreting what the data mean for public 
health, addressing ethical and communication 
issues.
Study was Congressionally requested and funded 
by EPA and CDC. 
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Lead in gasoline and lead in blood
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Framework for characterizing biomarkers and 
uses of biomonitoring data
Guidelines to ensure the proper conduct of 
biomonitoring studies
Options for interpreting biomonitoring data
Challenges in communicating results
Research agenda
◦ Findings and Recommendations



Biomarker Group
Properties of Biomarkers I II III IV V VI VII

Reproducible sampling and 
analytic method

R R R R R R

Known relationship of external 
dose to [BM] in animalsb

R

Known relationship of external 
dose to [BM] in humansb

R R R

Known relationship of [BM] to 
biologic effect in animals

O

Known relationship of [BM] to 
biologic effect in humans

R R

Known relationship of external 
dose to response in animals

O

Known relationship of external 
dose to response in humans

O

Internal dose √ √ √ √ √ √
External dosec √ √ √ √

Biomarker 
informs 
about Biologic effectsd √ √ √

Potential for risk 
assessment



• Finding:  There has not been a coordinated and 
consistent public-health-based strategy for 
selecting how chemicals are included in or 
excluded from biomonitoring studies.  There is a 
need for a consistent rationale for selecting 
chemicals for study based on exposure and public-
health concerns.  

• Recommendation:  Develop a coordinated strategy 
for biomarker development and population 
biomonitoring based on the potential for 
population exposure and public-health concerns. 



• Finding:  The ability to detect chemicals has outpaced the 
ability to interpret health risks.  Epidemiologic, toxicologic, 
and exposure-assessment studies have not adequately 
incorporated biomonitoring data for interpretation of health 
risks at the individual, community, and population levels. 

• Recommendation:  Develop biomonitoring-based 
epidemiologic, toxicologic, and exposure-assessment 
investigations and public-health surveillance to interpret the 
risks posed by low-level exposure to environmental 
chemicals.  Where possible, enhance existing exposure-
assessment, epidemiologic, and toxicologic studies with 
biomonitoring to improve interpretation of results of such 
studies



• Finding:  Effective communication of results is 
among the biggest challenges to the future of 
biomonitoring. Without appropriate strategies for 
understanding communication issues in the design, 
implementation, and evaluation of biomonitoring 
studies, the power to interpret and use the 
resulting data effectively is hampered.  

• Recommendation:  Advance individual, community, 
and population-based strategies for reporting 
results of biomonitoring studies.  



• Finding:  Biomonitoring research presents a 
number of ethical concerns about informed consent 
and the interpretation of results.  Much of 
biomonitoring research is conducted with 
anonymized samples that limit the communication 
of results and potential follow up with study 
subjects. 

• Recommendation:  There is a need for review of the 
bioethical issues confronting the future of 
biomonitoring, including confidentiality, informed 
consent, reporting of results, and public-health or 
clinical follow up.   



• The current scientific infrastructure to support the 
research recommendations is severely limited. 

• Necessary improvements in research-related 
infrastructure include:
– Enhancing laboratory capabilities
– Expanding the scope and utility of CDC’s 

NHANES data
– Maximizing the utility of collected human 

samples
– Fostering international collaboration



• Provided a reference guide for moving the 
field of biomonitoring forward from the 
design, to the conduct, to the reporting of 
biomonitoring results.

• Raised awareness of the strengths and 
limitations of biomonitoring.

• Research strategy emphasized the multi-
disciplinary needs in the epidemiology, 
toxicology, and exposure-assessment 
science.



The strategy is being implemented in various ways, 
for example:
◦ The National Children’s Study and the Children’s 

Environmental Centers 
◦ Redesign of toxicology studies and development of 

biomonitoring equivalents
• Use of computational tools for collecting population data for 

reverse dosimetry, and 
• Exploration of biomarkers of exposure at the genetic level.

• The biomonitoring research strategy to connect 
environmental data and biologic responses 
continues to be difficult and expensive, but 
important for public health-protective decisions. 


