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I. IDENTIFICATION

 SEQ CHAPTER \h \r 1Substance Name:   HYDROGEN CHLORIDE
CAS:   7647-01-0

Synonyms:
Anhydrous hydrochloric acid; Anhydrous hydrogen chloride; Aqueous hydrogen chloride; Chlorohydric acid; HCl; Hydrochloric acid; Hydrochloride; Muriatic Acid; Spirits of Salt, marine acid air, cloruro de hidrógeno

Molecular Formula:   HCl

II. CHEMICAL AND PHYSICAL PROPERTIES

Physical state and appearance:   Colorless gas


Odor description:   Suffocating, pungent odor, similar to chlorine


Odor threshold:   0.77 – 3 ppm


Molecular weight:   36.47 daltons

ppm to mg/m³   conversion factor at 25(C and 760 mmHg:
1 ppm = 1.49 mg/m³










            1 mg/m³ = 0.67 ppm

Vapor Pressure at 25(C:   613 psig at 70(F


Melting point:
-112 C,  161 K


Boiling point:

-83.7 C,  189.5 K

Special Characteristics:   Very hygroscopic; at relative humidity above 30% tends to form mist

Flammability:   Not flammable.  

Other Hazards:  Forms hydrochloric acid, a strong acid, on contact with water.  Strong oxidizer, corrosive to metals.  Gas may have an explosive reaction with alcohols and hydrogen cyanide, potassium permanganate, sodium, and tetraselenium tetranitride.

III. USES/APPLICATIONS/OCCURRENCE/EXPOSURES:

Major Commercial Forms:   Anhydrous hydrogen chloride as a compressed gas; aqueous solution as hydrochloric acid 20% (constant boiling acid), 34 - 38%, 10 - 12% muriatic acid.

Uses & Applications:   Anhydrous hydrogen chloride is used in making alkyl chlorides and in hydrochlorination, polymerization, alkylation, and nitration reactions.  It is used in the production of phosphoric acid, sodium glutamate, chlorine dioxide, ammonium chloride, and ethyl chloride; in the production of vinyl chloride from acetylene and alkyl chlorides from olefins.  In aqueous solutions as hydrochloric acid it is used wherever strong acids are needed; for example pickling metals to remove scale, metal cleaning, laboratory reagent, neutralization of waste streams, food processing, etching semiconductor crystals and converting silicon to SiHCl3 for the purification of silicon.  In more dilute solutions it is used in the construction industry for cleaning masonry, etching concrete, and in household commercial products as hard water stain removers, tile cleaners and toilet bowl cleaners.  Hydrochloric acid is used in the production of heroin, cocaine, and methamphetamine.  Hydrogen chloride was used as a chemical weapon in World War I.

Occurrence & Exposures:   Hydrogen chloride is released from hydrochloric acid.  Hydrochloric acid is the major constituent of gastric acid, the human digestive fluid.  Hydrogen chloride is released by hydrolysis from inorganic chlorides and certain organic chlorides and by thermolysis from organic chlorides.

IV. CURRENT EXPOSURE GUIDELINES

8 CCR 5155, Table AC-1 :
5 ppm ceiling, 7 mg/m³

29 CFR 1910.1000

5 ppm ceiling
ACGIH TLV:

2 ppm ceiling

NIOSH REL:


5 ppm ceiling  

NIOSH IDLH: 

75 mg/m³ (50 ppm)

EPA RfC:   


0.02 mg/m³ (0.0134 ppm)  Inhalation Reference Concentration 

OEHHA aREL

2,100  (g/m3 (1.4 ppm)

OEHHA  cREL

9  (g/m3   (6 ppb)
Other OELs:


5 ppm TWA, 10 ppm ceiling; European Commission Directive 2000/39/EC, 2000

2 ppm, 3 mg/m³ MAK ;  Peak limitation category 1(2), Pregnancy Risk Group C; Germany (DFG 2004)



5 ppm STEL;  Japan Society for Occupational Health, 2001



1 ppm TWA, 5 ppm STEL; United Kingdom, European Commission - European Chemical Bureau, 2001

V. PRODUCTION INFORMATION:   

World production in 1999 was 2,471,000 tons (2.242x109 kg) by 23 companies.  With an average demand growth of 1.7% per year, the projected world production for 2007 is 2,827,000 tons.  Production volumes exclude by-product and recycled in integrated systems such as ethylene dichloride/vinyl chloride monomer (EDC/VCM) plants.

VI. MEASUREMENT INFORMATION:

NIOSH 7903 solid sorbent (silica gel, specially cleaned), ion chromatograph



OSHA 174SG solid sorbent (silica gel, specially cleaned), ion chromatograph


Direct reading colorimetric detector tube


SW 846 Method 0050; cyclone, impinger, ion chromatograph

VII. ORGANIZATIONAL SOURCES AND RECOMMENDATIONS:


ACGIH:   TLV  2 ppm ceiling  (2003)

TLV 5 ppm ceiling (1963 – 2003)



    TLV 5 ppm TWA (1948 – 1962)



    MAC 10 PPM TWA (1946-1947)


AIHA:
Emergency Response Planning Guideline (ERPG)



ERPG 1
3 ppm



ERPG 2
20 ppm



ERPG 3
150 ppm



Workplace Environmental Exposure Level (WEEL)



No WEEL published for hydrogen chloride


EPA:                                   Acute Exposure Guideline Levels (AEGLs)
	
	10 min
	30 min
	60 min
	4 hr
	8 hr

	AEGL 1
	1.8 ppm
	1.8 ppm
	1.8 ppm
	1.8 ppm
	1.8 ppm

	AEGL 2
	100 ppm
	43 ppm
	22 ppm
	11 ppm
	11 ppm

	AEGL 3
	620 ppm
	210 ppm
	100 ppm
	26 ppm
	26 ppm



NTP:
Not studied


IARC:   Not classifiable as a human carcinogen


Proposition 65:   Not listed


National Academy of Sciences, Committee on Toxicology (COT):





Emergency Exposure Guidance Limits (EEGL)

                                             Short-term Public Emergency Guideline (SPEGL)

	
	10 min
	60 min
	24 hr

	EEGL 1993
	100 ppm
	20 ppm
	20 ppm

	SPEGL 1991
	
	1 ppm
	


VIII. ODOR THRESHOLDS

	Odor Low

(ppm)
	Odor Low (mg/m³)
	Odor High (mg/m³)
	Irritating
	Code
	Reference

	0.134
	0.2
	
	
	1
	Styazhkin 1963

	0.26
	0.38
	
	
	2
	Takhirov 1974

	0.26
	0.39
	
	
	3
	Melekhina 1968

	0.77
	1.15
	4.4
	
	4c
	Amoore 1983

	1
	1.5
	7.5
	
	5d
	Heyroth 1963

	3
	4.5
	
	
	1
	Schley 1934

	5
	7
	49
	25
	5
	Ruth 1986

	10
	14.9
	
	
	5
	Billings 1981

	10
	15
	
	
	6
	Leonardos 1969


Notes:

1. 
Source not located

2. 
Source located but not reviewed

3. 
Rejected value – minimum perceptible value, presented in descending concentration

4. 
Accepted value based on criteria

5. 
Rejected source based on review – secondary source

6. 
Rejected based on criteria

References for Odor Thresholds
1. 
Amoore, John E., and Hautala, E., Odors: Helpful Warnings and Harmful Effects, Journal of Applied Toxicology, 3(6):274-282. June 1983.  Conducted olfactory threshold testing and developed response curves.

2. 
Billings, Charles E., and Jonas, Linda C., Odor thresholds in air as compared to threshold limit values, American Industrial Hygiene Association Journal, 42(6):479-480. June 1981.  Odor threshold are from the 1967 Arthur D. Little study for MCA.  Odor threshold is rejected on the basis of other studies.

3. 
Leonardos, G., Kendall, D., and Barnard, N., Odor Threshold Determinations in 53 Odorant Chemicals, Journal of the Air Pollution Control Association, 19:91-95. 1969.  Odor threshold is rejected on the basis of other studies.

4. 
Heyroth, F.F., Halogens, in Industrial Hygiene and Toxicology, Volume II, Toxicology, edited by Frank Patty, pp 849-851. 1963.  Rejected as a secondary source, not confirmed by testing or direct measurement.

5. 
Melekhina, V.P., The Problem of Combined Action of Three Mineral Acids, In USSR Literature on Air Pollution and Related Occupational Diseases, edited by B. S. Levine Vol. 16, Washington D.C., U.S. Dept. Of Commerce. pp 76-81. 1968  Odor threshold determined by minimum perceptible concentration. 

6. 
Ruth, Jon H, Odor Thresholds and Irritation Levels of Several Chemical Substances: A Review, American Industrial Hygiene Association Journal, 47(3): A-142 to A-151. March 1986.   A secondary source without direct attribution, does not include methodology.

7. 
Schley, O. H., Untersuchung uber Geruchsschwellen, Thesis, Wurzburg, 1934.  Rejected because concentration determination technology not sufficiently well developed.

8. 
Styazhkin, V.M., Experimental Basis for the Determination of Allowable Concentrations of Chlorine and HCl Gas Simultaneously Present in Atmospheric Air.  In USSR Literature on Air Pollution and Related Occupational Diseases, translated by B.S. Levine, Vol. 8 Washington, DC, United States Department of Commerce, pp 158-164. 1963.

9. 
Takhirov, M.T., Experimental Study of the Combined Action of Six Atmospheric Pollutants on the Human Organism, Gig. Sanit. 39: 100-102 [Russian] 1974.  Source not located, cited as secondary reference.

IX.  HEAC Health-BASED ASSESSMENT AND RECOMMENDATION
Proposed PEL


2 ppm (3 mg/m³) 15-min STEL         5 ppm (15 mg/m³) ceiling

Hydrogen chloride is under consideration because in 2003 ACGIH lowered the TLV from 5 ppm ceiling to 2 ppm ceiling.

Most current guidelines are based on one study involving young adult asthmatics who showed no observable adverse effects when exposed to 1.8 ppm. (Stevens 1992)  This study found nearly identical responses at 0.8 ppm and 1.8 ppm.  No higher levels were studied with this group of volunteers and a least upper bound for the NOAEL was not determined.  Triggering asthma is not an appropriate end point as low concentrations (less than 30 ppm) do not reach the lower lung.  Studies on the upper respiratory tract irritation of hydrogen chloride used the reduction in breathing rate as the end point to establish a reproducible 50 % reduction in the breathing rate (RD50).  Several of the TLVs  for respiratory irritants established by ACGIH use the RD50 as the basis for setting the level.  In a study of 11 respriatory irritants, Kane et al (1979) concluded that exposure to 1 % of the RD50  would produce  “ninimal or no sensory irritation.”  Kuwabara et al (2007) suggest that the occupational exposure limit (OEL) should be between 0.01 and 0.03 RD50 .  In studies with mice, the RD50 for hydrogen chloride is 300 ppm  (Barrow 1977).  On this basis, the OEL should be between 3 and 9 ppm.  Experience in the work place has been 5 ppm ceiling works well for the exposed workers and is in line with the prediction from animal studies using the  RD50 .   SEQ CHAPTER \h \r 1A recommendation for the PEL of  2 ppm STEL rather than ceiling is based  upon the difficulty of obtaining a true ceiling measurement for hydrogen chloride in air.  Historically, a ceiling OEL for hydrogen chloride was evaluated as a STEL.  The acute exposure guidelines of the EPA and the National Academy of Sciences, Committee on Toxicology for hydrogen chloride are expressed as STELs.  The currently available field portable instrumentation to evaluate hydrogen chloride concentration would measure the concentration as a STEL. 

Numerous studies show mild irritation of the mucous membranes of the upper respiratory tract when exposed to 5 to 10 ppm, giving reason to retain the ceiling limit of 5 ppm.  The ceiling of 5 ppm will prevent acute irritation and unsafe exposures that may affect vision.
Individuals with inflammation of the upper respiratory tract are more sensitive to the irritating effects of exposure.  Individuals with digestive diseases may be adversely affected by low level exposures to the gas or mist (Encyclopedia of Occupational Health and Safety 1983).

Most individuals can identify a chlorine-like odor with concentrations above 3 ppm.  Experience has shown long term exposures may cause erosion of the teeth, but the exposure levels causing erosion were not reported.  Transient exposures above 2 ppm but less than 10 ppm may produce detectable odor that may be objectionable to some and may produce transient irritation in the upper respiratory tract that may be objectionable to some, but would not produce lasting effects.  The current ACGIH TLV is evaluated as a 15-minute time-weighted average (NIOSH, Criteria for a Recommended Standard for Occupational Exposure to Hydrogen Chloride, September 1978).   The STEL is measurable with current technology available to the field industrial hygienist.  The ceiling concentration is usually derived from calculations based on observable conditions.

IX. HEALTH HAZARD DATA

Routes of Entry:
Inhalation: 
Yes




Skin:

Yes




Ingestion:
Yes

 SEQ CHAPTER \h \r 1
	Table of Exposure Responses

	Exposure
	Result
	Reference

	0.04 ppm
	NOEL
	1994, Cal/EPA Toxic Hot Spots

	0.8 ppm
	NOAEL in adult asthmatics
	1992, Stevens et al

	1.8 ppm
	NOAEL in adult asthmatics
	1992, Stevens et al

	1 - 5 ppm
	odor threshold
	1975, Einhorn

	2 ppm Ceiling
	Based on avoiding respiratory irritation
	2003 ACGIH

	5-10 ppm
	Mild irritation of mucous membranes
	1975, Einhorn

	10 ppm several hours
	no clinical manifestation
	1995, Prince

	10 ppm
	Does not interfere with work
	1963, Heyroth

	10 ppm mice 90 days
	Mild rhinitis
	1984, CIIT Docket 20915

	> 10 ppm
	Acute local irritation among acclimatized workers
	2002, OECD SIDS

	30 ppm, 1 hr
	no clinical manifestation
	1995, Prince

	30 ppm
	upper limit of safety
	1942, Machle

	30 ppm mice 90 days
	eosinophilic globules in nasal turbinate epithelial tissue
	1984, CIIT Docket 20915

	35 ppm
	irritation of throat for short exposure
	1975, Einhorn

	50 - 100 ppm
	barely tolerable
	1975, Einhorn

	50 ppm monkey 6 hr daily
	Tolerated
	1975, Einhorn

	50 ppm mice 90 days
	eosinophilic globules in nasal turbinate epithelial tissue
	1984, CIIT Docket 20915

	300 ppm mice
	Breathing rate reduced 50%
	

	300 ppm guinea pigs 6 hr
	Mild corneal damage
	1975, Einhorn

	304 ppm 3 days
	severe changes in respiratory epithelial tissue
	1984, Buckley et al

	320 ppm guinea pigs, 6 min
	trigeminal sensory irritation
	1985, Burleigh-Flayer et al

	1000 ppm ½ hr
	Severe clinical manifestations
	1995, Prince

	1000 ppm short exposure
	Lung edema
	1975, Einhorn

	1300 ppm 30 min
	Rapidly fatal
	1995, Prince

	3,200 ppm mice 5 min
	No mortality
	1975, Einhorn

	4,300 ppm rabbits 30 min
	Lung edema, death
	1975, Einhorn

	13,745 ppm mice 5 min
	LD50
	1975, Einhorn

	30,000 ppm rats, 5 min
	No mortality
	1975, Einhorn

	41,000 ppm rats, 5 min
	LD50
	1975, Einhorn

	Heated acid
	RADS
	1985, Brooks, et al

	Bleach
	RADS
	1988, Boulet

	Unknown
	RADS
	1990, Promisloff, et al.


	TABLE OF REFERENCES

	Author and Date
	Study Type
	Results
	Discussion and Assessment

	Stevens, B; Koenig J; Rebolledo V; et al: JOM 34,9, 1992,  923-929
	Respiratory effects from the inhalation of hydrogen chloride in young adult asthmatics.
	NOAEL 1.8 ppm

 No significant changes in FEV1, FVC, or Vmax50
	Higher concentrations were not tested.

The results of this study were used as the basis for the ACGIH TLV, the EPA AEGL 1, and the DFG MAK

	Barrow, C.S., Alarie, Y., Warrick, J.C., Stock, M.F., Arch. Env. Health, Mar/Apr 1977, 68-76
	Decrease in respiratory rate from upper respiratory tract irritation, mediated by the trigeminal nerve.
	RD50 = 309 ppm with male Swiss mice.
	Lowest concentration for TLV based on sensory irritation 1/100 RD50 = 3 ppm

	Kuwabara, Y., Alexeeff, G.V., Broadwin, R., Salmon, A.G., Environmental Health Perspectives, 115,11, 2007, 1609-1616
	Evaluation and Applicatioin of the RD50  for Determining Acceptable Exposure Levels of Airborne Sensory Irritants for the General Public

	Authors found strong correlation between RD50 and TLV and between RD50 and published values for LOAELs
	Conclusions based on studies using human test subjects

	CIIT (1984)
	Ninety-day toxicity study of hydrogen chloride gas in B6C3F1 mice, Sprague-Dawley and Fischer-344 rats, Toxi-Genics 420-1087.
	Hydrogen chloride is not classifiable as a carcinogen.
	

	John Prince, PhD, MPH, April 10, 1995
	Review of animal inhalation studies
	Ability to tolerate exposures and untoward effects of HCl exposures increases significantly with increasing body mass (inter-species differences).
	Recommends increasing SPEGL to 2 ppm on the basis of the Baz Stevens, et al. study (JOM 34,9, 1992,  923-929)

	Clement International Corporation, for EPA, January 1992
	Development of dose-duration-response for short-term exposure to hydrogen chloride
	RfC 7x10-3 mg/m³ (5x10-3 ppm)
	Adjusted the LOAEL  from 15 to 2.5 mg/m³, then divided LOAEL by 1000 for intraspecies variability, interspecies variability, and LOAEL instead of NOAEL.

	OEHHA, March 1999
	Determination of Acute Reference Exposure Levels for Airborne Toxicants
	aREL 2,100 (g/m3
	

	OEHHA, 1999
	Chronic Toxicity Summary
	CREL 9 (g/m3
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