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1. Provide a few sentences summarizing the method illustrated by the case study.   

This method is an extension of the benchmark dose (BMD) method that allows the development of risk values at doses above the Reference Dose (RfD) when the existing data are based on human responses.  Although such examples are not numerous, when available the results can be quite credible.  Methylmercury (MM) provides a case in which the available BMD/BMDLs (USEPA 2001) are not only based on human responses, but were also estimated based on biomarkers (i.e., levels in hair and cord blood) measured in individuals as part of the evaluation for potential health effects.   Several BMDs are available for MM for the critical effect in sensitive human populations, so that the usual extrapolation issues of average to sensitive human and experimental animal to human are mollified.  Both simple and more complex PBPK models are also available that allow the risk assessor to estimate external concentrations associated with internal biomarkers.  Existing literature incorrectly implies that exposures above the RfD are associated with risk to a large population of sensitive humans.  This is clearly not correct based on the current understanding of the existing MM data and BMD estimates.   
The appropriate BMD is chosen in the usual fashion using existing EPA software and criteria, including p-values, AIC, residuals, BMD to BMDL ratios and visual inspection.  The data are modeled to an appropriate point of departure using the usual judgment, and then four different procedures were investigated to extrapolate the potential risk:
· A straight line is drawn from both the BMDL and BMD to the RfD, where the RfD is considered to be zero risk; 

· The appropriate BMD model is extrapolated to the RfD and then the risk at the RfD is truncated to zero;

· The appropriate BMD model is extrapolated to the RfD and this risk is allowed to stand as an upper bound;   

· The appropriate BMD model is extrapolated using a threshold term, where the threshold value is judged to be the RfD, or some higher value.

Depending upon the problem formulation, some methods may be more appropriate for screening-level estimates of risk, while others may be more appropriate for more comprehensive estimates.  The case study results demonstrate that depending upon the approach applied, the estimated population at risk can vary widely.
2. Describe the problem formulation(s) the case study is designed to address. How is the method described in the case useful for addressing the problem formulation? 
The NRC report discusses methods for assessing noncancer risks using linear extrapolation procedures similar to those used to assess risks posed by exposures to carcinogens.  This case study addresses potential approaches to extrapolating risks below the point of departure (and below the RfD).  This case study also includes the use of an internal dose (cord blood MM concentration) in the risk evaluation.  Using biomonitoring data from NHANES, this case study provides a means of conducting a population based screening level risk assessment. 

A screening level assessment can be used to make an initial determination of chemical exposures that may result in a potential health risk and assess the benefit of conducting a more complex risk assessment.  This method allows the risk assessor to evaluate the potential population(s) at risk above and below the RfD to aid in cost-benefit analyses.  This applies both to the need to conduct a more complex risk assessment, as well as to aid in the evaluation of the potential for remedial action.
3. Comment on whether the method is general enough to be used directly, or if it can be extrapolated, for application to other chemicals and/or problem formulations.  Please explain why or why not. 
Availability of the NHANES data (CDC 2010), as well as other biomonitoring studies provides information for a large number of compounds observed in the blood, urine, and/or hair of the general population.  Age and gender specific information are also available.  This allows for application of this method to multiple compounds, as well as enabling the risk assessor to evaluate the potential for health effects in sensitive subpopulations, such as children, if biomonitoring information is available.  While not considered in the current case study due to the lack of information for methylmercury, information on the mode of action (MOA) of a compound could also further inform this type of approach for other chemicals.
4. Discuss the overall strengths and limitations of the methodology. 
Strengths:

· Use of a biomarkers, which are typically closer to the “target tissue” concentration than the use of external exposure concentration

· Ability to evaluate the potential fraction of people exposed above and below the RfD to assess the likelihood of adverse noncancer effects at a specified internal concentration, which may be extended to an exposure level if information are available.

· Ability to estimate potential risk at a specific dose or biomarker concentration above the RfD.

Limitations:

· Uncertainties for other compounds as to the relationship between biomarker and effects of concern.

· Information characterizing the potential shape of the dose-response curve below the BMD/BMDL.

5. Outline the minimum data requirements and describe the types of data needed. 
· Dose-response data in humans that are the basis for the RfD. (Approaches 2, 3 and 4)
· Biomarker information for the chemical of interest

How this assessment addresses issues raised in Science & Decisions:

B.  Address human variability and sensitive populations?  Intraspecies variability and sensitive populations are usually addressed by the use of an intraspecies uncertainty factor of up to 10.  Use of this method can be used to consider measured biomarkers of exposure in sensitive subpopulations or selected populations, such as women of childbearing years, and evaluate the relationship to the RfD or the BMD/BMDL.
C. Address background exposures and responses?  Consideration of the NHANES data focuses on background levels of compounds in the general population.  This method can be extended to biomarker information for specific populations as well, if data are available.
G.  Allow the calculation of risk (probability of response for the endpoint of interest) in the exposed human population?  The method allow for the estimation of risk, based on the biomarker information from individuals (if available) or subpopulations at or above the RfD or the BMD/BMDL.
H. Work practically? It is an easy method to apply, as long as the critical data are available.
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