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Application of Uncertainty Factors (UFs) in Cal/OSHA 

HEAC Non-Cancer PEL Assessments
I. HEAC PEL Recommendation UFs

	Substance
	UF Type
	UF Value
	Basis
	Total UF
	Other UF Recommendations / Comments 

	HF
	Intraspecies
	3
	OEHHA HF cREL.  Reduced UF from 10 to 3 based on subclinical effects
	3
	No variable effects of HF exposure on workers were cited in HEAC document or in the OEHHA cREL document.



	NMP
	Interspecies
	3
	OEHHA Guidelines 2000
	30

(3 x 10)
	

	
	Interspecies
	6
	OEHHA Guidelines 2008
	60

(6 x 10)
	

	
	Intraspecies
	10
	OSHA 1993

Used to protect developing fetus in Glycol ether risk assessment


	30 or 60


	NMP Producer’s Group applied “a combined” UF of 10 to the BMCLSD derived from an animal study.

	HCl
	None
	NA
	NA
	0
	Intraspecies UF of 3 appears to be warranted based on HCl sensitivity information in the HEAC document and in OEHHA Acute REL document.  (Quint)



	Sulfuric acid
	LOAEL to NOAEL
	2
	Weight of evidence; dose-spacing considerations; modest adverse effects 
	
	LOAEL to NOAEL UF=3 in OEHHA Chronic REL document.

	
	Subcrhronic to chronic
	1
	Consistent with other irritant chemicals with Cal/OSHA PELs
	
	UF of 3 or 10 is warranted.  Proposed limit is based on chronic effects that may have led to cancer with longer exposure duration. Proposed PEL is not based on acute irritant effects. (Quint)

	
	Interspecies
	3
	Monkey to human
	
	

	
	Intraspecies
	3
	Atopic individuals and those with upper/lower respiratory disease


	18
	


I. HEAC PEL Recommendation UFs Cont’d

	Substance
	UF Type
	UF Value


	Basis
	Total UF
	Other UF Recommendations / Comments 

	Carbon disulfide
	LOAEL to NOAEL
	3
	Not provided
	3
	An intraspecies UF of 3 should be applied to address potential sensitivity to carbon disulfide exposure due to disorders of the central nervous system, eyes, cardiovascular system, and kidneys, and from taking disulfiram and drugs metabolized by oxidative N-demethylation as described on page 2 of the HEAC document.  

The draft document is not consistent.  Intraspecies UFs of 3 were applied to the ATSDR, US EPA, and Cal/EPA OEHHA limits to derive the equivalent occupational exposure limits, but were not used in deriving the recommended PEL.  (Quint)

	Toluene
	Intraspecies
	3
	Cited references showing inability of certain populations to metabolize toluene, and effects of age and diabetes on toluene-induced impairment of color vision.  


	3
	Based on published information from OSHA 1989, application of a UF is also appropriate since none of the studies were considered strong.  The average NOAEL of 34 ppm from the suite of ten occupational neurotoxicity studies is not substantially different than the LOAEL of 40-42 ppm,  

Application of a UF also provides additional protection against toluene-induced spontaneous abortions demonstrated in one study.  The derived PEL from the study was 3ppm. 




II. Issues raised concerning application of UFs in HEAC PEL recommendations

Quint (Draft HEAC NMP and Toluene documents)

OSHA and Cal/OSHA do not have formal internal risk assessment guidance.  According to a study by the US General Accounting Office, OSHA has primarily described its general risk assessment methods, as well as the rationale for specific models and assumptions selected, in the record of each risk assessment and regulatory action.  OSHA applied an interspecies UF of 10 and an intraspecies UFs of 10 (to protect the developing fetus) in the glycol ether risk assessment.  

Application of a UF to the NOAEL of an occupational study is consistent with OSHA (1989) in which OSHA states: “…if the available data include a NOEL derived from a well-conducted human study, a smaller safety factor might be used to establish an exposure limit than would be used if the data to be used to establish the limit consisted of a NOEL from an animal study; in the latter case, there is greater uncertainty regarding the relationship between the animal NOEL and human NOEL.  Safety factors have also been used to recognize the fact that the human population is heterogenous and that there may be a wide variation in individual responses to toxic substances (the wide range in the odor thresholds reported for some substances is a good illustration of individual variability in response).”
II. Issues raised concerning application of UFs in HEAC PEL recommendations (Cont’d)

Stelljes (HEAC meeting minutes, 9/5/08)
Application of default uncertainty factors applied in risk assessments for the environment or the general population may not be appropriate in all cases for occupational environments.

NMP Producers Group (HEAC presentation on 9/5/08)
USEPA uses a default UF approach (Durson and Stara, 1983) to protect the general population, including sensitive subgroups that has little oversight from health professionals.  

Global occupational health agencies use a data-driven UF approach that incorporates professional judgment and years of practical experience monitoring workplace exposures and possible health effects.  UFs are often unstated but NOAEL-TWA comparisons commonly point to a combined UF of 2-10.  

NMP Producers favor the data-driven UF approach and a combined UF of 10.  The resulting PEL of 10 ppm is health-protective since NMP OELs ≥10 ppm have not been associated with developmental effects in humans, even after decades of use. 

Hoover (HEAC meeting minutes, 9/5/08)
The validity of applying an intraspecies UF to results from human studies depended on the power of the study.  That is, a NOEL value from a study with a small number of workers from one location probably should not be relied on and applied to the entire working population. 

Spielman (HEAC meeting minutes, 9/5/08)
Do not entirely agree with Hoover’s assertion.  There are some chemicals that have been widely used without apparent ill effects in workers.

Forest (HEAC meeting minutes, 9/5/08)
It might be reasonable to forego the intraspecies UF in very large human studies such as the European study of fiberglass which looked at 25,000 exposed workers, but it is entirely appropriate to apply it to a study with small worker cohort.

Shusterman (HEAC meeting minutes, 9/5/08)

One rationale for the UF of 3 is that in the toluene studies that were assessed, the LOAEL and NOAEL were not far apart [LOAEL=40-42 ppm; NOAEL= 34 ppm].

Quinlan (HEAC meeting minutes, 9/5/08)
Most of the chemicals previously worked on in committees had factors of 3 or 4 between the LOAEL and NOAEL, much less than what has been found for toluene.

Ripple (HEAC meeting minutes, 9/5/08)
Strength of the study should set the uncertainty factor

Against applying the UF of 3 for human data when it is of high quality.  It is about the quality of the specific studies.  Want to clarify that there is a range of study quality, and factors that go into the intraspecies UF.  

Might be able to agree with the UF of 3 if it more specifically expressed the inadequacy of the study or studies of concern, e.g., “paucity factor” where an uncertainty factor is needed to account for study size, or a “modifying factor” is applied for some other specified inadequacy identified in the assessment of the weight of evidence. 

Concerned that 3 not be viewed as an automatic default value but rather as a “starting point” for considering the intraspecies UF.

II. Issues raised concerning application of UFs in HEAC PEL assessments (Cont’d)
Hoover (HEAC meeting minutes, 9/5/08)

Assessment documents developed by HEAC members should include an explanation of whatever UFs are applied.

Stelljes and Cooper (HEAC meeting minutes, 6/17/08)

If the studies on which the HEAC PEL recommendation is based are in humans, it is questionable whether UFs still need to be applied as was done in the draft HEAC Toluene document.  

Quint and Shusterman (HEAC meeting minutes, 6/17/08)
Application of an intraspecies UF to the human data is appropriate to cover the range of health status and genetic variation found in the working population.

Forest (HEAC meeting minutes, 6/17/08)
Given the relatively small number of individuals in the toluene human studies the statistical power is very low, so application of a UF is appropriate.



III. UF Source Documents / References

1. Occupational Safety and Health Administration (OSHA).  1989.  Air Contaminants; Final Rule. Federal Register 54, No. 12, Thursday January 19, 1989, p. 2394.
2. Occupational Safety and Health Administration (OSHA).  1993.  Occupational exposure to 2-methoxyethanol, 2-ethoxyethanol and their acetates (glycol ethers).  Federal Register 54:15526-15632.

3. Office of Environmental Health Hazard Assessment (OEHHA).  2000a.  Air toxics hot spots program risk assessment guidelines:  Part III. Technical support document for the determination of noncancer chronic reference exposure levels.

4. Office of Environmental Health Hazard Assessment (OEHHA).  2007.  Occupational health hazard risk assessment project for California: Identification of chemicals of concern, possible risk assessment methods, and examples of health protective occupational air concentrations.  Available: www.dhs.ca.gov/ohb/HESIS/riskreport.pdf (Accessed May 1, 2008).

5. Office of Environmental Health Hazard Assessment (OEHHA).  2008.  Air toxics hot spots risk assessment guidelines: technical support document for the determination of noncancer chronic reference exposure levels.  SRP Review Draft.  April 2008.  Available: http://www.oehha.ca.gov/air/hot_spots/tsd042408.html (Accessed May 1, 2008).

6. The K.S. Crump Group, Inc., ICF Consulting.  2001. Evaluation and comparison of the use of safety/uncertainty factors in the derivation of occupational exposure levels by ACGIH, USEPA and OSHA.  (Disseminated by Stelljes in August)
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IV.  Potential UFs that can be applied in HEAC NonCaner PEL Assessments

	Study
	Potential UF 
	UF Value
	UF Basis
	Comments/Explanations

	Animal
	Interspecies

	10 
	OSHA
	Glycol ether risk assessement (rat study) (OSHA, 1993)

	
	
	10
	US EPA Guidelines
	Up to 10 depending on study

	
	
	3
	OEHHA Guidelines (2000) 
	Human equivalent concentration (HEC) ; no UF for toxicokinetics

	
	Interspecies

(toxicokinetics; toxicodynamics)
	1, 2, √10
	OEHHA Guidelines (2008)
	UF value depends on available toxicokinetic & toxicodynamic data.

	
	
	3


	US EPA SNAP OELs for 7 chemicals (6 =NOAELs; 1= BMDL instead of NOAEL)

 (ICF 2001)
	UF of 3 applicd for pharmacodynamic differences (animal to human) 

UFs for the 7 chemicals ranged from 3-10.  >3 UF applied for study duration, sensitive subpopulations, or other toxicity depending on the toxicity data available for each chemical 

	
	LOAEL to NOAEL
	10
	US EPA Guidelines
	Up to 10 depending on study

	
	
	10
	OEHHA Guidelines (2008)
	<10 UF=proximity to presumed NOAEL on case-by-case basis. May be < 10 if effect was in ≤ 30% of subjects.

	
	
	3-10
	US EPA SNAP OELs for 2 chemicals with LOAELs

(ICF 2001)
	UF of 3 applied to chemical where effects were considered minimal.

Total UFs of 10 & 30 were applied to the LOAELs of the 2 chemicals to derive OELs 

	
	Subchronic to chronic
	1-10
	US EPA Guidelines

OEHHA Guidelines (2008)
	Based on percentage of animal’s lifetime. Study duration that are >12% =1 UF; 8-12%=3 UF; 

<8% = 10 UF

	
	
	1
	US EPA SNAP OELs

(ICF 2001)
	Subchronic toxicity data (e.g., 90 days in rat) considered sufficient for derivation of OEL 

	
	Intraspecies

	10
	US EPA Guidelines
	Up to 10 (sensitive subpopulations)

	
	Intraspecies
(toxicokinetics toxicodynamics)
	1, √10, 10


	OEHHA Guidelines (2008)
	Sensitive subpopulations.  UF value

depends on available toxicokinetic & toxicodynamic data.

	
	
	3
	US EPA SNAP OEL

(ICF 2001)
	Potentially sensitive individuals depending on nature of toxicity of chemical 

	
	Database

deficiency
	10
	US EPA Guidelines
	Incomplete characterization of a chemical’s toxicity; RfC potentially unprotective

	
	
	10
	US EPA SNAP OELs

(ICF 2001)
	Inadequate toxicity data upon which to base OEL

	
	
	√10
	OEHHA Guidelines (2008)
	Based on insufficient data; REL may not be protective


IV. Potential UFs that can be applied in HEAC NonCaner PEL Assessments (Cont’d)

	Study
	Potential UF
	UF Value


	UF Basis
	Comments/Explanations

	Human
	LOAEL to NOAEL
	10
	US EPA Guidelines
	Up to 10 depending on study

	
	
	10
	OEHHA Guidelines (2008)
	<10 UF=proximity to presumed NOAEL on case-by-case basis. May be < 10 if effect was in ≤ 30% of subjects.



	
	Subcrhonic to Chronic
	1
	OEHHA Guidelines (2008)

EPA Guidelines
	Study duration > 12% of estimated dose

	
	
	√10
	
	Study duration 8-12% of estimated lifetime

	
	
	10
	
	Study duration <8% of estimated lifetime



	
	Intraspecies

(toxicokinetic component, systemic toxicants)
	1
	OEHHA Guidelines (2008)
	Study includes sensitive subpopulations 

	
	
	1
	
	PBPK model including measured inter-individual variability is used

	
	
	√10
	
	Residual susceptibility differences where there are some toxicokinetic data (e.g., PBPK models for adults, only)

	
	
	10
	
	To allow for diversity, including infants and children, with no human kinetic data



	
	Intraspecies

(toxicodynamic component)
	1
	
	Human study including sensitive subpopulations (e.g., infants, children)

	
	
	√10
	
	Studies including human studies with normal adult subjects only, but no reason to suspect additional susceptibility of children.

	
	
	10
	
	Suspect additional susceptibility of children (e.g., exacerbation of asthma, neurotoxicity)



	
	Database deficiency
	1
	
	No substantial data gaps

	
	
	√10
	
	Substantial data gaps including, but not limited to, developmental toxicity.


Summary of UF Issues Raised in HEAC Discussions





1. Application of default uncertainty factors applied in risk assessments for the environment or the general population may not be appropriate in all cases for occupational environments. (General)





2. Global health agencies should use data-driven UFs that incorporate professional judgment and years of practical experience in monitoring workplace exposures and possible health effects. (General)





3. OSHA used default UFs in the glycol ether risk assessment (10 for interspecies and 10 for intraspecies) (General)





4. HEAC assessment documents should include explanations of the UFs applied. (General)





5. Questionable whether UFs should be applied to human studies.  (Intraspecies)





6. Application of intraspecies UFs are appropriate based on range of health status and genetic variation among workers.


(Intraspecies)


 


7. Application of a UF to a well-conducted human study to establish an exposure limit is consistent with OSHA policy.  OSHA recognizes that there can be a wide variation in individual responses to toxic substances ( e.g., odor thresholds).  


(Intraspecies)





8. Application of UFs to human studies depends on the power of the study.  NOAELs from studies of small numbers of workers from one location are not representative of the entire working population.  If study population is large (e.g., 25,000 workers), do not need to apply an intraspecies UF.  (Intraspecies)





9. Application of intraspecies UF should depend on the quality/strength of the study. Should not apply an intraspecies UF of 3 if the data are of high quality.  (Intraspecies)





10. Intraspecies UFs may be warranted in studies where the differences between the LOAEL and NOAEL are small.


(Intraspecies)





11. Concerned that 3 not be viewed as an automatic default value but rather as a “starting point” for considering the intraspecies UF. (Intraspecies)
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