Supporting Documentation for MassDEP Air Guidelines

	AMMONIA

CASRN:  7664-41-7

Update:  November 30, 2011


	                                 H3-N

	Massachusetts Air Guidelines
:  

AAL  =  100 ug/m3  (100 ppb)
 (annual average concentration)

TEL  =  100 ug/m3  (100ppb) (24-hour average concentration)



	Chemical Properties:  (HSDB 2010)

	Odor Characteristics:
	Pungent, irritating  (Ruth 1986)

	Odor Threshold:
	26 ug/m3  (Ruth 1986)

	Irritant: 
	Yes, to respiratory tract, eyes, skin 

	Sensitizer:
	No information

	Chemical Class:
	Gas

	Boiling Point:
	-33.35oC

	Melting Point:
	-77.7oC

	Vapor Pressure:
	7510 mm Hg at 25oC

	Molecular Weight:
	17.03

	Unit Conversion factor:
	0.6965 ug/m3 per ppb at 25oC



	Critical Effects
:

· Pulmonary function, eye, skin and respiratory symptoms of irritation.

· Target organ systems affected include the eyes, skin and upper and lower respiratory tract.



	Potentially Susceptible Populations:

· Children may be more sensitive to the effects of respiratory irritation and asthma than adults.
· People with asthma or a compromised respiratory system.

· People with compromised liver and/or renal function because ammonia is metabolized by the liver and excreted by the kidney.


	TEL Basis for Criteria:
Available chronic inhalation noncancer toxicity values:
RfC     100 ug/m3    (USEPA 1991)
REL     200 ug/m3   (CalEPA 2001)

MRL   70 ug/m3      (ATSDR 2004)

The RfC of 100 ug/m3 derived by USEPA was selected as the basis of the TEL.  
TEL = 100 ug/m3 x 1 (RSC) = 100 ug/m3 (100 ppb)

The USEPA RfC, CalEPA REL and ATSDR MRL values are all based on the same occupational study by Holness et al. (1989).  The numerical difference of less than a factor of 3 among the values is due to differences in the methods used to extrapolate from occupational to continuous exposure, selection of uncertainty factors, and rounding.  When values are within a factor of three, the MassDEP (2011) updating methodology supports the selection of value that was derived most recently.  However, because the same study is used as the basis of all three values, USEPA’s value was selected because the method for extrapolating from occupational to continuous exposure and the application of uncertainty factors were consistent with MassDEP’s preferred approach (MassDEP 2011).

The MRL, RfC and REL are based on evaluation of pulmonary function, and eye, skin and respiratory symptoms in workers at a soda ash plant (Holness et al. 1989).  The average exposure concentration for the exposed workers was 9.2 ppm (6.4 mg/m3) for an average of 12.2 years.  The comparison group consisted of workers at the same plant exposed on average to 0.3 ppm (0.21 mg/m3).  No differences in pulmonary function, or subjective symptomatology were found between the two exposure groups in this study.  Thus, 9.2 ppm (6.4 mg/m3) ammonia was considered the NOAEL.  

Adjustment to human equivalent concentration

The USEPA and CalEPA derivations extrapolated from the occupational time weighted average exposure concentration of 9.2 ppm (6.4 mg/m3) to a daily exposure concentration of 3.3 ppm (2.3 mg/m3) using the assumption that worker exposure translates to the general population exposure by the volume of air inhaled per day assuming that workers inhale 10 m3 of air during the 8 hour work day compared to the 20 m3 volume of air assumed to be inhaled in 24 hours by adults.  Worker 5 day/week exposure was adjusted to 7 day/week residential exposure.  NOAELHEC = 2.3 mg/m3 (3.3 ppm).
ATSDR extrapolated from the occupational time weighted exposure concentration of 9.2 ppm to a daily exposure concentration of 2.2 ppm (1.5 mg/m3) using the assumption that worker exposure translates on a time weighted basis adjusting the 8 hour per day, 5 day per week work exposure to a 24 hour per day, 7 days/week residential exposure.  NOAELHEC = 2.2 ppm (1.5 mg/m3).
Uncertainty factors

All used a factor of 10 to account for human population variability.  USEPA and ATSDR included an uncertainty factor of 3 to account for the lack of developmental and reproduction toxicity information.  CalEPA did not because it is not their policy to use a factor for lack of information about particular effect types.  

To calculate the RfC, the NOAELHEC = 2.3 mg/m3 (3.3 ppm) was divided by a composite uncertainty factor of 30 (USEPA 1991).
RfC =    2.3 mg/m3    = 0.076 mg/m3, rounded to 100 ug/m3 (143 ppb, rounded to 100 ppb)

                            3 x 10

Uncertainty factors:

UFA (extrapolation from animals to humans)            = 1
UFH (human population variability)                           = 10
UFD (combined data deficiencies)                              = 3
Animal studies - Incidence and severity of responses following subchronic exposure to ammonia increased in a concentration dependent manner with 127 mg/m3 (HEC = 13.5 mg/m3) ammonia identified as the subchronic NOAEL for upper respiratory tract effects (CalEPA 2001).  No signs of toxicity were observed in rats and guinea pigs continuously exposed to 40 mg/m3 ammonia for 114 days or rats exposed to 127 mg/m3 for 90 days; while 25% of rats exposed continuously to 262 mg/m3 (HEC = 28 mg/m3) for 90 days had mild nasal discharge (Coon et al. 1970).  Rats continuously exposed to 179 mg/m3 (250 ppm, HEC = 18 mg/m3) ammonia for 49 days developed nasal lesions characterized by epithelial thickening and hyperplasia (Broderson et al. 1976).  Rats (50/51) continuously exposed to 455 mg/m3 (HEC = 48.7 mg/m3) died (Coon et al. 1970).

Developmental and reproductive effects – No studies were reported that evaluated these effects.
Neurotoxicity - No studies were reported that evaluated these effects.

Immunotoxicity - Rats exposed to ammonia at 0, 25, 50, 150 or 250 ppm (0, 18, 36, 107, or 179 mg/m3) for 7 days prior to inoculation with Mycoplasma  pulmonis, and for an additional 28 to 42 days after inoculation all had increased severity of the M. pulmonis infection (Broderson et al. 1976 as reported by USEPA 1991).  The LOAEL from this study was 25 ppm (18 mg/m3) (LOAELHEC = 1.9 mg/m3).  This study suggests that the ability to respond to exposure to an infectious agent is decreased during ongoing exposure to ammonia.  Although the animal LOAELHEC is essentially the same as the occupational NOAELHEC, USEPA (1991) selected the occupational study over the animal study because there is less uncertainty in extrapolating from a human study.  No studies were reported that evaluated specific markers of immunologic function.  
A relative source contribution factor of 1 is incorporated into the final value.  


	Cancer Classification:

USEPA (1991) and IARC (2006) do not provide cancer classification information. 



	NTEL Basis for Cancer Assessment:
Not applicable based on cancer classification. 
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	Update History:

TEL/AAL first listed - 1990.

TEL/AAL revised using USEPA RfC – 1995.

TEL/AAL in units of ppb revised (no change to value in units of ug/m3) and summary added - 2011.




� The process used for selecting and deriving Threshold Effects Exposure Limits (TELs), Non-Threshold Effects Exposure Limits (NTELs) and Allowable Ambient Limits (AALs) is described in MassDEP (2011).


� Guidance values are presented with 1 significant figure in units of ug/m3; for convenience, values in units of ppb are calculated based on the rounded guidance value in units of ug/m3 then rounded to 1 significant figure in units of ppb for presentation.


� This summary document provides information about the toxicity data supporting the available toxicity values for this chemical and the rationale for selecting among values.  It is not intended to be a comprehensive summary of all toxicity information for this chemical.
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