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Reference Limits
	Hydrogen fluoride

CAS 7664-39-3
	TWA 

(8 hour)
	Ceiling


	STEL 

(15 min)
	IDLH

(30 minute) 

	Odor threshold range 0.042-3 ppm
	-
	-
	-
	-

	Cal OSHA PEL (as F) 
	3ppm
	-
	6 ppm
	

	Fed OSHA PEL (1978)
	3 ppm 
	-
	6 ppm
	-

	NIOSH REL (2000 review)
	3 ppm 
	6 ppm 
	-
	30 ppm

	ACGIH (2005)
	0.5 ppm
	2 ppm
	-
	-

	OEHHA acute REL

(1999)
	0.3 ppm (1 hour exposure) 
	-
	-
	-

	OEHHA chronic REL

24 hour, 7 day (2002)
	0.04 ppm 
	-
	-
	-

	Prop 65 NSRL - none
	-
	-
	-
	-

	Norway (1999)
	0.8 ppm
	
	
	

	Germany (1990)
	3 ppm
	-
	
	

	MAK 
	2 ppm
	-
	-
	-

	Sweden (1989)
	2 ppm
	-
	-
	-

	UK (1991)
	-
	-
	3 ppm- 10 minute STEL
	-

	Australia (1990)
	3 ppm
	-
	-
	-


Critical Effects  

	Acute


	Chronic

	irritation to the eyes, nose, throat, fluoride in plasma, decreased FVC
	skeletal fluorosis, increases in pelvic bone density


Discussion of Significant Literature

PEL Value 

1. This Cal OSHA PEL review is prompted by changes in the 2005 ACGIH TLV TWA. The TLV value was set lower than Cal OSHA PEL and Fed OSHA PEL. 

2. The basis for the ACGIH lowering of the TLV was Lund 1999 citing CD3 cell presence in bronchoaveolar lavage (BAL) fluid from human subjects after inhalation of HF at concentrations of 0.7-2.4 mg/m3.  An increase in CD3 cells indicates an inflammatory response.  The LOAEL was established by the study at  ~0.7 ppm (0.6 mg/m3) and the ACGIH TLV of 0.5 ppm was set accordingly.  

3. Lund 1997 studied 20 healthy male non-smoking volunteers exposed to constant HF concentrations between 0.2 mg/m3 to 5.2 mg/m3 for 60 minutes.   The conclusion recommends that concentrations of HF should be kept well below 2.5 mg/m3  (3ppm HF) to avoid the primary irritation symptoms involving the upper airway and eyes. 

Note that symptoms were not reported at 15-minute intervals but following the 60 minutes of exposure. All of the symptoms were reversible after exposure – some lasted up to four hours. The main subjective symptoms involved the upper airway and eye – similar to other highly water soluble gases.  

4. An OEHHA acute REL was established in 1999 at 0.3 ppm value for HF based on a one-hour exposure. This determination used Lund 1997 above but did not reference the Lund 1999 study. The OEHHA value was determined by extrapolating a one-hour concentration of 2.4 mg/m3 and adding an intraspecies uncertainty factor of 10 yielding 0.24 mg/m3 or a one-hour REL of 0.3ppm HF.  

5. An OEHHA chronic REL was established in 2002 at 0.04 ppm value for HF. based on 24-hour/7 day exposure.  This study based the REL on Derryberry 1963, a human exposure study from a fertilizer plant.  Collings 1951 reported that fluorides are absorbed from the respiratory tract equally well either as the inhaled gas or the phosphate rock dusts.  The LOAEL from Derryberry 1963 was considered to be 1.98 mg/m3 HF and the NOAEL 1.13 mg/m3 HF.  

These values were then converted to a 24-hour / 7-day OEHHA REL of 0.04 ppm HF using the BMC05 benchmark concentration, day/time conversions, an uncertainty factor for intraspecies variation = 10 and a cumulative uncertainty factor =10. 

It can be argued, however, that the total uncertainty factor of 10 applied by OEHHA is too high in this case.  OEHHA values are designed to protect the public which includes sensitive populations not typically found in the workforce – children, patients under treatment, etc..

The LOAEL is based on borderline fluorosis effects. Early signs of fluorosis are reportedly most apparent in radiographs of the lumbar spine and pelvis per Brailsford 1948.  The 14-year study findings in Derryberry 1963 were subclinical and the radiological findings of chest and pelvic exams were all grade 1 or below.  

The Derryberry 1963 paper cites: 

“Seventeen individuals (23%) were tabulated as showing bone density changes of minimal or questionable degree.  In none of the films was there sufficient change in the osseous tissue to justify an interpretation exceeding this degree.  Furthermore, the radiologist has stated that none of the radiographs showed sufficient increase in bone density to be recognized as such in routine radiological practice. In this study, therefore, “increased bone density” refers to questionable or minimal changes recognized with prior knowledge that the individuals had a potential fluoride exposure.”

OEHHA cited the critical effect as increased bone density (skeletal fluorosis). This endpoint is derived from results which are questionable to minimal, subclinical, not expressing any disability, and the effects might have gone undetected in routine medical practice without a prior knowledge of the potential HF exposure.  Hence, it is reasonable to assume that a 10-fold intraspecies uncertainty factor is too high.  If the factor is reduced to 3, the OEL could be calculated as: 

Derryberry 1963 NOAEL (1.22 conversion to ppm) /3  intraspecies factor = 0.46 ppm 

This value being in agreement with the ACGIH TLV of 0.5 ppm.  If the BMC05 benchmark concentration is used instead of the NOAEL, the PEL value calculates to 0.31ppm which is within statistical range of the ACGIH TLV of 0.5 ppm.

6. Kaltreider 1972 established the LOAEL between 2.4 ppm and 6ppm HF.  

7. The Russian study, Sadilowa 1964, was the only study reviewed which established a significantly lower occupational exposure limit of 0.01 mg/m3 HF = 0.01 ppm HF.  This study was found as a reference in a WHO document on HF.  The study was considered and rejected based on the following: 

· Significant issue- the endpoint was light sensitivity (reflex to light) and odor threshold rather than eye, nose, or throat irritation or skeletal fluorosis, & these endpoints are not replicated in the literature

· Significant issue – the study is non-replicable in the literature, no other study supported this low of an OEL

· This study was not referenced in the OEHHA chronic or acute reviews

· This study was not referenced in the 2005 ACGIH TLV documentation

STEL Value

8. The Cal OSHA STEL should be lower than 6 ppm HF since various references reviewed describe reversible irritation effects between the 2 ppm (ACGIH Ceiling) and the 6 ppm (Cal OSHA STEL).

9. Largent 1961 describes human volunteer exposure to low-level HF (2.6 – 4.7 ppm HF) as causing slight irritation to the face, nose, and eyes in addition to facial erythema during the exposures. 

10. Lund 1997 concluded that concentrations of HF should be kept well below 3 ppm to avoid irritation symptoms involving the upper airway and eyes.

11. The OEHHA 1 hour acute REL was established at 0.3 ppm based on Lund 1997. 

12. Based on the data reviewed, a value of 2 ppm HF value is near or below most of the observed LOAELs for irritation (Largent 1961, Dalbey 1998, Lund 1997, Largent 1960, Kaltreider 1972). 
Hence, it is assumed that a short-term exposure limit of 2 ppm should be sufficient to prevent short term as well as residual irritation.
Conclusion    SEE FINAL RECOMMENDATION IN ADDENDUM AT THE END OF THIS DOCUMENT (PEL 0.4 ppm 8-hour TWA and   STEL 0.1 ppm)
Based on this discussion, the recommendation is to lower the Cal OSHA PEL for HF as follows: 

	From 
	To 

	PEL = 3.0 ppm;  STEL = 6.0 ppm
	PEL = 0.5 ppm;  STEL = 2.0 ppm
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ATSDR


Toxicological profile for fluorides, HF (2003, 400 pages)


Medical management guidelines


Public Health Statement


Tox FAQs
Cal EPA 


OEHHA – Acute (1999)  (see end of document for Internet link)

OEHHA – Chronic (2002)  (see end of document for Internet link) 


ARB – Toxic Air contaminant Fact Sheet

CDC 

Facts about HF

Case definition for HF poisoning

CHRIS 

CHRIS Manual HF

European Chemical Bureau

Draft RAR on HF

IUCLID Dataset – HF

OJ L 144/72 of the EU Communities Commission Recommendation 4/29/2004  



EU risk assessment report – HF


EU summary Risk Assessment report 

Gene-Tox


HF

HSDB


Hazardous Substances Data Bank – HF

NIOSH


NIOSH pocket guide


NIOSH IDLH


Manual of analytical methods

NIOSH Specific medical tests published in the literature

NIOSH – occupational health guidelines (1978)

NIOSH Criteria Document (1976)

OSHA


OSHA comments on vacated PELs (1989)


OSHA Method ID110

RTECS


HF 

TSCA Test Submissions


Initial Submission – Dow Chemical

WHO


Environmental Health Criteria


Poison Information Monographs PIM 268

Below are websites for acute and chronic reference exposure level (REL) documents from OEHHA on HF, which are referred to in the template document:
 
http://www.oehha.ca.gov/air/chronic_rels/pdf/2ApnA_Fluoride_Final.pdf   OEHHA Chronic REL for fluorides including hydrogen fluoride
 
            ( http://www.oehha.ca.gov/air/chronic_rels/index.html    OEHHA Chronic RELs website)
 
 
http://www.oehha.ca.gov/air/acute_rels/pdf/7647011A.pdf  OEHHA Acute REL for hydrogen fluoride
 
            ( http://www.oehha.ca.gov/air/acute_rels/allAcRELs.html   OEHHA Acute RELS website)
Additional comments on HF for HEAC

Mike Cooper  in response to HEAC meeting discussion Sept. 5, 2008 

Prepared Sept. 5, 2008

1. Proposed PEL and STEL in October 2007

PEL 0.5 ppm

STEL 2.0 ppm



Basis 

ACGIH TLV basis was Lund 1999 citing CD3 cells in bronchoavelolar lavage (BAL).  LOAEL 0.7ppm.  OEHHA acute REL (1999) at 0.3 ppm for 24/7 study which calculates to 0.4ppm.  OEHHA chronic REL (2002) at 0.04 ppm based on Derryberry (1963). OEHHA used uncertainty factor of 10.  Argument that if uncertainty factor was 3 not 10, the PEL would be 0.31ppm which is statistically near the ACGIH TLV value. STEL considered these data and Kalteider LOAEL between 2.4 –6ppm.

2. Questions during presentation

Julia – PEL of 0.5ppm is close to LOAEL in Lund 0.7ppm


Asked how STEL was determined


Asked to focus PEL on Lund (1999)


Document should clarify the clinical significance of CD3 cells in BAL


Agreed that Derryberry should not be used for PEL


Mark – HEAC should focus on LOAEL not LOEL, meaning focus on (clinical) 

effect levels rather than focus on any measureable changes even if not potentially harmful; suggested that all studies cited should be listed


Sara- Was a complete literature study done

3. Revisions and Basis

a. Literature documents provided to Cal OSHA

b. Lund and Derryberry are what they are, both have outcomes to consider. 

c. It is not clear the dose response for CD3 cells in BAL are related to clinical or dose response.  It is not known how often or how long these cells have to be present to imitate or e a marker for a clinical effect.

d. Authors can support a PEL of 0.4 ppm and STEL of 1.0 ppm.  STEL here is simply approximately 3x the PEL.

4. Revised PEL and STEL

PEL 0.4 ppm

STEL 1.0 ppm


