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Method  (Addressing 1.  Provide a few sentences summarizing the method illustrated by the case study)  
This method is a straightforward application of that developed by Swartout et al. (1998), and can be adapted as needed with the receipt of additional data on individual uncertainty factors.  For the purposes of this case study, however, only the published uncertainty factor distributions of Swartout et al. (1998) are considered.  As described in more detail in that paper, a single distribution is assumed for all uncertainty factors with a value of 10: a lognormal distribution with a median of 100.5 (or 3.16) and a 95th percentile value of 10.  This distribution is based on the assumption that 10 is a conservative estimate of each uncertainty factor.  This assumption has some experimental support, although the support varies among the uncertainty factors.  The various probabilities of Swartout et al. (1998) are combined by multiplication.  Other combinations may be possible, but are not pursued in this case study.

This method is intended for use in risk management rather than as a risk assessment tool.  It was developed to address a recommendation provided in Chapter 5 of the Silver Book to develop a way to estimate the probability that an RfD is correct.  
Results

Median, 95th percentile, and 99th percentile reference doses (RfDs) were calculated using RfDs selected from IRIS for compounds with composite uncertainty factors of 10, 100, and 1000, and compared with the existing IRIS RfD.  As is demonstrated in Table 1 below, for compounds with a composite uncertainty factor of 10, the IRIS RfD falls at the 95th percentile.  When the combined uncertainty factor is 100, the IRIS RfD is approximately at the 99th percentile.  For the chemicals where the composite uncertainty factor is 1000, the RfD listed in IRIS corresponds to a percentile higher than the 99th percentile.  Based on the assumptions in this analysis, for compounds with uncertainty factors greater than 10, the RfD presented in IRIS is calculated for some percentile above the 95th.  

Table 1. Calculated 50th, 95th, and 99th Percentile RfDs for Compounds in IRIS with Composite Uncertainty Factors of 10, 100, and 1000.  
	Compound
	IRIS UF
	IRIS Overall Confidence
	IRIS RfD
	RfD: 50th Percentile
	RfD: 95th Percentile
	RfD: 99th Percentile

	aldicarb
	10
	Medium
	1.E-03
	3.E-03
	1.E-03
	6.E-04

	malathion
	10
	Medium
	2.E-02
	6.E-02
	2.E-02
	1.E-02

	methylmercury
	10
	High
	1.E-04
	3.E-04
	1.E-04
	6.E-05

	perchlorate
	10
	High
	7.E-04
	2.E-03
	7.E-04
	4.E-04

	1,1,2-trichloro-1,2,2-trifluoroethane
	10
	Low
	3.E+00
	9.E+00
	3.E+00
	2.E+00

	cadmium
	10
	High
	5.E-04
	2.E-03
	5.E-04
	3.E-04

	chlorpyrifos
	10
	Medium
	3.E-02
	9.E-02
	3.E-02
	2.E-02

	ethylene glycol monobutyl ether
	10
	Medium/High
	1.E-01
	3.E-01
	1.E-01
	6.E-02

	acifluorfen, sodium
	100
	Medium
	1.E-02
	1.E-01
	3.E-02
	1.E-02

	acrolein
	100
	Medium/High
	5.E-04
	5.E-03
	1.E-03
	5.E-04

	acrylic acid
	100
	High
	5.E-01
	5.E+00
	1.E+00
	5.E-01

	ally
	100
	High
	3.E-01
	2.E+00
	5.E-01
	2.E-01

	assure
	100
	High
	9.E-03
	8.E-02
	2.E-02
	9.E-03

	atrazine
	100
	High
	4.E-02
	3.E-01
	7.E-02
	3.E-02

	bayleton
	100
	High
	3.E-02
	3.E-01
	6.E-02
	3.E-02

	baythroid
	100
	High
	3.E-02
	2.E-01
	5.E-02
	2.E-02

	benomyl
	100
	High
	5.E-02
	5.E-01
	1.E-01
	5.E-02

	1,1-biphenyl
	100
	Medium
	5.E-02
	5.E-01
	1.E-01
	5.E-02

	acetone
	1000
	Medium
	9.E-01
	2.E+01
	4.E+00
	2.E+00

	aldrin
	1000
	Medium
	3.E-05
	8.E-04
	1.E-04
	6.E-05

	allyl alcohol
	1000
	Low
	5.E-03
	1.E-01
	2.E-02
	9.E-03

	ametryn
	1000
	Low
	9.E-03
	2.E-01
	4.E-02
	2.E-02

	ammonium sulfamate
	1000
	Low
	2.E-01
	5.E+00
	9.E-01
	4.E-01

	antimony
	1000
	Low
	4.E-04
	1.E-02
	2.E-03
	7.E-04

	asulam
	1000
	Medium
	5.E-02
	1.E+00
	2.E-01
	9.E-02

	benzaldehyde
	1000
	Low
	1.E-01
	3.E+00
	4.E-01
	2.E-01

	bidrin
	1000
	Low
	1.E-04
	3.E-03
	4.E-04
	2.E-04

	bisphenol A
	1000
	High
	5.E-02
	1.E+00
	2.E-01
	9.E-02

	mepiquat chloride
	1000
	Medium
	3.E-02
	8.E-01
	1.E-01
	6.E-02


Figure 1 shows the impact of the uncertainty factors on three compounds that all have an RfD of 0.03 mg/kg-day.  As illustrated in this figure, for compounds with a composite uncertainty factor of 100, the RfD falls at the 99th percentile rather than the 95th percentile, and if the composite uncertainty factor is larger, then the RfD would correspond to a percentile higher than the 99th percentile.    

Figure 1. Comparison of RfD Values for Three Compounds with an IRIS RfD of 0.03


[image: image1.emf]0.03 0.03 0.03

0.09

0.3

0.8

0.03

0.06

0.1

0.02

0.03

0.06

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

chlorpyrifos (UF=10) bayleton (UF=100) mepiquat chloride

(UF=1000)

RfD

50th Percentile

95th Percentile

99th Percentile


Discussion

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?
Comparisons to RfDs and RfCs provide only qualitative information, i.e., if an exposure is greater than or less than a NOAEL for a sensitive human population.  Unlike risk calculations for carcinogen endpoints, there is no information about the probability of harm.  This simple method provides a way to include probability information into RfD and RfC estimates.  

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. 

This method can be applied to all RfD and RfCs in IRIS with a composite uncertainty factor greater than 1.  For this simple assessment only RfDs with composite uncertainty factors of 10, 100, and 1000 were evaluated.  

4.  Discuss the overall strengths and limitations of the methodology.
The key strength is that this method demonstrates how information on the probability distribution of the RfD can be used.  Additionally, this method is straightforward and simple from a calculation standpoint.  However, this evaluation requires an assumption about the distribution of the uncertainty factors.  A single distribution was utilized to describe the distributions for all uncertainty factors: interspecies, interindividual, subchronic to chronic, LOAEL to NOAEL, and database adequacy.  Although the assumed distribution is intended to be conservative, it may not represent the full range of uncertainty.  Specifically, with the uncertainty factors for subchronic to chronic, and LOAEL to NOAEL, this method is likely to have greater limitations in that those are highly dependent on the study design (i.e., dose spacing).  Note, however, as described under point A below, that the probability is the likelihood that the stated RfD is a sensitive human NOAEL, rather than describing the probability of a response in a population.  
5.  Outline the minimum data requirements and describe the types of data needed.
The only requirements for this method are an RfD (or RfC) and the combined uncertainty factor.  

Does this study:

A. Describe the dose-response relationship in the dose range relevant to human exposure?  The method does not develop a dose response relationship in humans for the range of interest, because it uses theoretical distributions of uncertainty factors, 3 of which are not population-based.  Rather the probabilities are interpreted as the likelihood that the stated RfD is a sensitive human NOAEL, which is the intent of the RfD’s definition.  The probabilities developed have applicability in comparisons among RfDs and/or for determining different RfDs based on different choices of probability.
B. Address human variability and sensitive populations?  Human variability and sensitive populations are addressed directly.  The probability developed is interpreted as likelihood that the stated RfD is a sensitive human NOAEL, which is the intent of the RfD’s definition.
C. Address background exposures or responses?  Background exposures to the chemical of interest and background responses of the effect of interest are addressed directly by reference to the control groups of the human or experimental animal in the study from which the NOAEL is developed.  This may be more challenging in addressing background (i.e., non-exposure-related) response, such as underlying preclinical disease in a sensitive population.  However, such considerations are part of the RfD derivation if, for example, the RfD is from a human study that included the sensitive population of interest.  As a result, the resulting RfD addresses both of these directly.  Background exposures to other chemicals that have the same target organ as the chemical of interest can be considered in the tier of EPA mixtures guidelines where the dose response assessment information of individual chemicals are combined.
D. Address incorporation of existing biological understanding of the likely mode of action? If information on a chemical’s MOA is available and appropriate, then this can be worked into the specific form of the uncertainty factor distributions and a different probability can be developed.
E. Address other extrapolations, if relevant – insufficient data, including duration extrapolations, interspecies extrapolation?  All of these data insufficiencies are addressed by reference to different uncertainty factors, which in turn are addressed by the probability distribution of the appropriate factor.  However, the theoretical distributions should be replaced with specific data if available.
F. Address uncertainty?  This method addresses uncertainty directly by incorporating distributions of uncertainty factors theoretically.  Specific data can be used if available to replace the theoretical distributions.  However, this method combines uncertainty factors as if they were independent.  Such independence is probably not appropriate for all of these factors.  Also, other ways of combining factors, such as addition, might be more appropriate.
G. Allow the calculation of risk (probability of response for the endpoint of interest) in the exposed human population?  The risk of the specific effect in the exposed humans is not estimated, because the underlying data for this estimation are generally not available.  Rather the probability determined is whether the RfD is a sensitive human NOAEL, because the underlying data is in the form of a probability that an individual uncertainty factor is correct.  The reverse of this probability can be interpreted as to whether the RfD is a sensitive human LOAEL.
H. Work practically?  If the method still requires development, how close is it to practical implementation? 
The method is implementable immediately with the current understanding of uncertainty factors and the hypothetical distributions of Swartout et al. (1998).  Furthermore, the method can be enhanced by incorporating specific data to replace the theoretical distributions.
Reference
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		Percentile		Ur		Ur2		Ur3		Ur4		Ur5

		50		3.16		11		37		127		433

		95		10		51		234		1040		4440

		99		17.3		104		544		2700		12700

		Compound		IRIS UF		IRIS Overall Confidence		IRIS RfD		RfD: 50th %ile		RfD: 95th %ile		RfD: 99th %ile

		acetone		1000		Medium		0.9		24		4		2

		acifluorfen, sodium		100		Medium		0.013		0.12		0.025		0.013

		acrolein		100		Medium/High		5.00E-04		0.005		0.001		0.0005

		acrylic acid		100		High		0.5		5		1		0.5

		aldrin		1000		Medium		3.00E-05		0.0008		0.0001		0.00006

		ally		100		High		0.25		2.3		0.49		0.24

		allyl alcohol		1000		Low		0.005		0.1		0.02		0.009

		ametryn		1000		Low		0.009		0.2		0.04		0.02

		ammonium sulfamate		1000		Low		0.2		5		0.9		0.4

		antimony		1000		Low		4.00E-04		0.01		0.002		0.0007

		assure		100		High		0.009		0.08		0.02		0.01

		asulam		1000		Medium		0.05		1		0.2		0.09

		atrazine		100		High		0.035		0.3		0.07		0.03

		bayleton		100		High		0.03		0.3		0.06		0.03

		baythroid		100		High		0.025		0.2		0.05		0.02

		benomyl		100		High		0.05		0.5		0.1		0.05

		benzaldehyde		1000		Low		0.1		3		0.4		0.18

		bidrin		1000		Low		1.00E-04		0.003		0.0004		0.0002

		1,1-biphenyl		100		Medium		0.05		0.5		0.1		0.05

		bisphenol A		1000		High		0.05		1		0.2		0.09

		cadmium		10		High		5.00E-04		0.002		0.0005		0.0003

		chlorpyrifos		10		Medium		0.03		0.09		0.03		0.02

		ethylene glycol monobutyl ether		10		Medium/High		0.1		0.3		0.1		0.06

		mepiquat chloride		1000		Medium		0.03		0.8		0.1		0.06

		Compound		IRIS RfD		RfD: 50th %ile		RfD: 95th %ile		RfD: 99th %ile

		chlorpyrifos		0.03		0.09		0.03		0.02

		bayleton		0.03		0.3		0.06		0.03

		mepiquat chloride		0.03		0.8		0.1		0.06

		Compound		chlorpyrifos (UF=10)		bayleton (UF=100)		mepiquat chloride (UF=1000)

		IRIS RfD		0.03		0.03		0.03

		RfD: 50th %ile		0.09		0.3		0.8

		RfD: 95th %ile		0.03		0.06		0.1

		RfD: 99th %ile		0.02		0.03		0.06
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