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Foreword 1 
Chemicals are a frequent component of the modern workplace. Occupational exposures to chemicals have 2 
long been recognized as having the potential to adversely affect the lives and health of workers. Acute or 3 
short-term exposures to high concentrations of some airborne chemicals can quickly overwhelm workers, 4 
affecting their ability to escape from the exposure environment. These exposures can result in a spectrum 5 
of negative outcomes—from eye and respiratory irritation to severe, irreversible health effects—and in 6 
extreme cases, death. 7 

Airborne concentrations of chemicals capable of causing such adverse health effects or of 8 
impeding escape from high-risk conditions may come from a variety of nonroutine workplace situations 9 
affecting workers. These may include special work procedures (e.g., in confined spaces), industrial 10 
accidents (e.g., chemical spills or explosions), and chemical releases into the community (e.g., 11 
during transportation incidents or other uncontrolled-release scenarios). 12 

This technical report presents the scientific basis, toxicologic data, and risk assessment methodology used 13 
to derive a health-based immediately dangerous to life or health (IDLH) value for hydrogen chloride 14 
(CAS No. 7647-01-0). The IDLH values are based on the scientific rationale and logic outlined in the 15 
Current Intelligence Bulletin (CIB) 66: Derivation of Immediately Dangerous to Life or Health Values 16 
[NIOSH 2013]. 17 

This approach is intended to (1) update the scientific basis and risk assessment methodology used 18 
to derive IDLH values from quality toxicity and human health effects data and (2) provide 19 
transparency behind the rationale and derivation process for IDLH values. The IDLH value for hydrogen 20 
chloride has been established through the approach outlined in CIB 66 and is intended to protect against 21 
health effects that impair escape, are irreversible effects, or result in death from exposures of 30 minutes 22 
or less. 23 

John Howard, M.D., Director 24 
National Institute for Occupational Safety and Health 25 
Centers for Disease Control and Prevention 26 
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Abbreviations 1 
ACGIH® American Conference of Governmental Industrial Hygienists 2 
AEGLs acute exposure guideline levels 3 
AIHA® American Industrial Hygiene Association 4 
atm atmosphere (unit of pressure) 5 
BMC benchmark concentration 6 
BMCL benchmark concentration lower confidence limit 7 
BMR benchmark response 8 
C ceiling value 9 
°C degree Celsius 10 
CAS® chemical abstract service 11 
CIB Current Intelligence Bulletin 12 
ERPGs™ Emergency Response Planning Guidelines 13 
HCl hydrogen chloride 14 
hr hour 15 
IDLH immediately dangerous to life or health 16 
IFA Institut für Arbeitsschutz der Deutschen Gesetzlichen Unfallversicherung (Institute for 17 

   Occupational Safety and Health of the German Social Accident Insurance) 18 
LC lethal concentration 19 
LC01 1% lethal concentration 20 
LC50 median lethal concentration 21 
LCLo lowest concentration of a chemical that caused death in humans or animals 22 
LD50 median lethal dose 23 
LDLo lowest dose that caused death in humans or animals 24 
LEL lower exposure limit 25 
LOAEL lowest observed adverse effect level 26 
mg/m3 milligram(s) per cubic meter 27 
min minute 28 
mm Hg millimeter(s) of mercury 29 
NAC National Advisory Committee 30 
NAS National Academy of Sciences 31 
NIOSH National Institute for Occupational Safety and Health 32 
NLM National Library of Medicine 33 
NOAEL no observed adverse effect level 34 
NRC National Research Council 35 
OEL occupational exposure limit 36 
OSHA Occupational Safety and Health Administration 37 
PEL permissible exposure limit 38 
POD point of departure 39 
Ppm parts per million 40 
RD50 concentration of a chemical in the air that is estimated to cause a 50% decrease in the 41 

respiratory rate 42 
REL recommend exposure limit 43 
RfC reference concentration 44 
STEL short term exposure limit 45 
TLV® threshold limit value 46 
TWA time weighted average 47 
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UEL upper explosive limit 1 
UF uncertainty factor 2 
WEELs® workplace environmental exposure levels 3 
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Glossary 1 
Acute exposure: Exposure by the oral, dermal, or inhalation route for 24 hours or less.  2 

Acute exposure guideline levels (AEGLs): Threshold acute exposure limits for the general 3 
public, applicable to exposure periods ranging from 10 minutes to 8 hours. AEGL-1, AEGL-2, and 4 
AEGL-3 values for individual chemicals are developed for reversible and nondisabling, irreversible 5 
or disabling, and lethal effects, respectively. Five values at each severity level are developed for 6 
10 minutes, 30 minutes, 1 hour, 4 hours, and 8 hours [NRC 2004]. AEGLs are intended to be 7 
guideline levels used during rare events or single once-in-a-lifetime exposure to airborne concentrations 8 
of acutely toxic, high-priority chemicals [NRC 2004]. AEGLs are designed to protect the 9 
general population, including the elderly, children, and other potentially sensitive groups that are 10 
generally not considered in the development of workplace exposure recommendations. 11 
(Additional information is available at https://www.epa.gov/aegl.) 12 

Acute reference concentration (Acute RfC): An estimate (with uncertainty spanning perhaps an 13 
order of magnitude) of a continuous inhalation exposure for an acute duration (24 hours or less) of 14 
the human population (including sensitive subgroups) that is likely to be without an appreciable risk 15 
of deleterious effects during a lifetime. It can be derived from a NOAEL, LOAEL, or 16 
benchmark concentration, with uncertainty factors (UFs) generally applied to reflect limitations of the 17 
data used. Generally used in EPA noncancer health assessments [EPA 2022]. 18 

Acute toxicity: Any poisonous effect produced within a short period of time following an 19 
exposure, usually 24 to 96 hours. 20 

Adverse effect: A substance-related biochemical change, functional impairment, or pathologic lesion that 21 
affects the performance of an organ or system or alters the ability to respond to additional environmental 22 
challenges. 23 

Benchmark dose/concentration (BMD/BMC): A dose or concentration that produces a 24 
predetermined change in response rate of an effect (called the benchmark response, or BMR) compared 25 
with background [EPA 2022]. (Additional information is available at https://www.epa.gov/bmds.) 26 

Benchmark response (BMR): A predetermined change in response rate of an effect. Common 27 
defaults for the BMR are 10% or 5%, reflecting study design, data variability, and sensitivity limits used. 28 

Benchmark concentration lower confidence limit (BMCL): A statistical lower confidence limit on the 29 
concentration at the BMC [EPA 2022]. 30 

Bolus exposure: A single, relatively large dose. 31 

Ceiling value (“C”): Term in occupational exposure indicating the airborne concentration of a potentially 32 
toxic substance that should never be exceeded in a worker’s breathing zone. 33 

Chronic exposure: Repeated exposure for an extended period of time. Typically, exposures are 34 
more than approximately 10% of life span for humans and >90 days to 2 years for laboratory species. 35 

Critical study: The study that contributes most significantly to the qualitative and 36 
quantitative assessment of risk [EPA 2022]. 37 

https://www.epa.gov/aegl
https://www.epa.gov/bmds
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Dose: The amount of a substance available for interactions with metabolic processes or 1 
biologically significant receptors after crossing the outer boundary of an organism [EPA 2022]. 2 

Emergency Response Planning Guidelines (ERPGs™): Maximum airborne concentrations 3 
below which nearly all individuals can be exposed without experiencing health effects for 1-hour 4 
exposure. ERPGs are presented in a tiered fashion with health effects ranging from mild or transient to 5 
serious, irreversible, or life threatening (depending on the tier). ERPGs are developed by the 6 
American Industrial Hygiene Association [AIHA 2016]. 7 
Endpoint: An observable or measurable biological event or sign of toxicity ranging from biomarkers 8 
of initial response to gross manifestations of clinical toxicity. 9 

Exposure: Contact made between a chemical, physical, or biological agent and the outer boundary of 10 
an organism. Exposure is quantified as the amount of an agent available at the exchange boundaries of the 11 
organism (e.g., skin, lungs, gut). 12 

Extrapolation: An estimate of the response at a point outside the range of the experimental 13 
data, generally through the use of a mathematical model, although qualitative extrapolation may also 14 
be conducted. The model may then be used to extrapolate to response levels that cannot be 15 
directly observed. 16 

Hazard: A potential source of harm. Hazard is distinguished from risk, which is the probability of 17 
harm under specific exposure conditions. 18 

Immediately dangerous to life or health (IDLH) condition: A situation that poses a threat of 19 
exposure to airborne contaminants when that exposure is likely to cause death or immediate or 20 
delayed permanent adverse health effects or prevent escape from such an environment [NIOSH 2004, 21 
2013]. 22 

IDLH value: A maximum (airborne concentration) level above which only a highly reliable 23 
breathing apparatus providing maximum worker protection is permitted [NIOSH 2004, 2013]. IDLH 24 
values are based on a 30-minute exposure duration. 25 

LC01: The statistically determined concentration of a substance in the air that is estimated to cause 26 
death in 1% of the test animals. 27 

LC50: The statistically determined concentration of a substance in the air that is estimated to cause 28 
death in 50% (one half) of the test animals; median lethal concentration. 29 

LCLO: The lowest lethal concentration of a substance in the air reported to cause death, usually for a small 30 
percentage of the test animals. 31 

LD50: The statistically determined lethal dose of a substance that is estimated to cause death in 50% 32 
(one half) of the test animals; median lethal concentration. 33 

LDLO: The lowest dose of a substance that causes death, usually for a small percentage of the 34 
test animals. 35 

LEL: The minimum concentration of a gas or vapor in air, below which propagation of a flame does 36 
not occur in the presence of an ignition source. 37 
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Lethality: Pertaining to or causing death; fatal; referring to the deaths resulting from acute 1 
toxicity studies. May also be used in lethality threshold to describe the point of sufficient 2 
substance concentration to begin to cause death. 3 

Lower explosive limit (LEL): The minimum concentration of a gas or vapor in air, below 4 
which propagation of a flame does not occur in the presence of an ignition source. 5 

Lowest observed adverse effect level (LOAEL): the lowest tested dose or concentration of a 6 
substance that has been reported to cause harmful (adverse) health effects in people or animals. 7 

Mode of action: The sequence of significant events and processes that describe how a substance causes a 8 
toxic outcome. Mode of action is distinguished from the more detailed mechanism of action, 9 
which implies a more detailed understanding on a molecular level. 10 

No observed adverse effect level (NOAEL): The highest tested dose or concentration of a substance that 11 
has been reported to cause no harmful (adverse) health effects in people or animals. 12 

Occupational exposure limit (OEL): Workplace exposure recommendations developed 13 
by governmental agencies and nongovernmental organizations. OELs are intended to represent the 14 
maximum airborne concentrations of a chemical substance below which workplace exposures should not 15 
cause adverse health effects. OELs may apply to ceiling, short-term (STELs), or time-weighted average 16 
(TWA) limits. 17 

Peak concentration: Highest concentration of a substance measured during a certain period 18 
of observation. 19 

Permissible exposure limit (PEL): Occupational exposure limits developed by OSHA (29 CFR 20 
§ 1910.1000) or MSHA (30 CFR § 57.5001) for allowable occupational airborne exposure 21 
concentrations. PELs are legally enforceable and may be designated as ceiling, STEL, or TWA limits 22 
[OSHA 2019]. 23 

Point of departure (POD): The point on the dose–response curve from which dose extrapolation 24 
is initiated. This point can be the lower bound on dose for an estimated incidence or a change in response 25 
level from a concentration-response model (BMC). It can also be a NOAEL or LOAEL for an observed 26 
effect selected from a dose evaluated in a health effects or toxicology study. 27 

RD50: The statistically determined concentration of a substance in the air that is estimated to cause a 50% 28 
(one half) decrease in the respiratory rate. 29 

Recommended exposure limit (REL): Recommended maximum exposure limit to prevent 30 
adverse health effects based on human and animal studies and established for occupational (up to 10-31 
hour shift, 40-hour week) inhalation exposure by NIOSH. RELs may be designated as ceiling, STEL, 32 
or TWA limits. 33 

Short-term exposure limit (STEL): An exposure concentration limit that shall not be exceeded at 34 
any time during a working day, usually based on a 15-minute time-weighted average unless 35 
otherwise noted. 36 

Target organ: Organ in which the toxic injury manifests in terms of dysfunction or overt disease. 37 
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Threshold limit values (TLVs®): Recommended guidelines for occupational exposure to 1 
airborne contaminants, published by the American Conference of Governmental Industrial 2 
Hygienists (ACGIH). TLVs refer to airborne concentrations of chemical substances and represent 3 
conditions under which it is believed that nearly all workers may be repeatedly exposed, day after day, 4 
over a working lifetime, without adverse effects. TLVs may be designated as ceiling, short-term 5 
(STELs), or 8-hour TWA limits [ACGIH 2021]. 6 

Time-weighted average (TWA): A worker’s 8-hour (or up to 10-hour) time-weighted average 7 
exposure concentration that shall not be exceeded during an 8-hour (or up to 10-hour) work shift of a 40-8 
hour week. The average concentration is weighted to take into account the duration of different 9 
exposure concentrations. 10 

Toxicity: The degree to which a substance is able to cause an adverse effect on an exposed organism. 11 

Uncertainty factors (UFs): Mathematical adjustments applied to the POD when developing 12 
exposure limits or IDLH values. The UFs for IDLH value derivation are determined by considering the 13 
study and effect used for the POD, with further modification based on the overall database. 14 

Workplace Environmental Exposure Levels (WEELs®): Exposure levels that provide guidance 15 
for protecting most workers from adverse health effects related to occupational chemical 16 
exposures expressed as a TWA or ceiling limit. 17 
  18 
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IDLH Value for Hydrogen Chloride 1 

IDLH Value: 45 ppm (70 mg/m3) 

Basis for IDLH Value: The immediately dangerous to life and health (IDLH) value for hydrogen chloride 
(HCl) is based on lethality. Hartzell et al. [1988] obtained a 30-minute LC50 value for HCl gas exposure in 
guinea pigs, the most sensitive 30-minute LC50 value identified for HCl. An uncertainty factor (UF) of 30 
was applied to estimate the risk of severe injury or death in a workplace emergency. The IDLH was 
calculated to be 45 ppm. This updates the previous IDLH value of 50 ppm that was based on case reports of 
acute inhalation toxicity in humans. 

1.0 Introduction 2 

1.1 Purpose 3 
This Immediately Dangerous to Life and Health (IDLH) Value Profile presents (1) a brief summary of technical 4 
data associated with acute inhalation exposures to hydrogen chloride (HCl) and (2) the scientific rationale behind 5 
the IDLH value for HCl. IDLH values are developed based on the scientific rationale and logic outlined in the 6 
Current Intelligence Bulletin (CIB) 66: Derivation of immediately dangerous to life or health (IDLH) Values 7 
[NIOSH 2013]. NIOSH performs in-depth literature searches (outlined generally in CIB 66 and further described 8 
in Section 1.2 of this document) to ensure that all relevant data from human and animal studies with acute 9 
exposures to the substance are identified. The data identified in this literature search were evaluated for relevance 10 
by considering the methods used in the studies (i.e., species, study protocol, exposure concentration, and 11 
duration), the health endpoint(s) evaluated, and the critical effect levels (e.g., NOAELs, LOAELs, LC50 values). 12 

1.2 How IDLH Values Are Set 13 
An IDLH situation is one that poses a threat of exposure to airborne contaminants when that exposure is likely to 14 
cause death or immediate or delayed permanent adverse health effects or prevent escape from such an 15 
environment [NIOSH 2004]. An IDLH value is a maximum (airborne concentration) level above which only a 16 
highly reliable breathing apparatus providing maximum worker protection is permitted [NIOSH 2004]. IDLH 17 
values are based on a 30-minute (min) exposure duration and signal that every effort should be made to evacuate 18 
the area. These values are designed to protect workers from acute or short-term exposures to high concentrations 19 
of airborne chemicals that could quickly overwhelm them, affecting their ability to escape. These exposures could 20 
result in a range of undesirable outcomes, from eye and respiratory tract irritation to severe, irreversible health 21 
effects, and in extreme cases, death. IDLH values also protect workers against non-toxicological safety hazards, 22 
including deprivation of oxygen, impairment of visibility, and ignition in the air. 23 

1.2.1 Health Effects Considered 24 
For the purposes of setting an IDLH value, NIOSH typically considers health effects data for the following acute 25 
health endpoints [NIOSH 2013]: 26 

• Lethality/death 27 
• Acute deficits in neurological and/or psychomotor functions that impair escape by interfering with 28 

workers’ ability to recognize the escape routes and any actions needed to get away through those routes, 29 
such as the operation of lifts, elevators, and door mechanisms 30 
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• Eye irritation severe enough to affect workers’ ability to see adequately and escape the area 1 
• Respiratory irritation severe enough to impair breathing assuming a non-rest scenario, or that results in 2 

long-term respiratory complications 3 
• Cardiac and hematological effects, including cardiac sensitization 4 
• Any other specific target organ effects that are incapacitating/escape impairing or have the potential for 5 

long-term injury, disability, or deficits in function 6 

1.2.2 Time Scaling 7 
Effect levels for acute exposures are adjusted to 30-min effect levels when needed using the ten Berge et al. 8 
[1986] method, where a “k” constant value is calculated from concentration (C) and time (t) using the equation Cn 9 
× t = k. When the value of the exponent n can be derived from data, the data-based n is used. Otherwise, default 10 
values of 1 for adjusting from a shorter exposure to 30 min and 3 for adjusting from longer exposures are used as 11 
described in CIB 66. For effects that are understood to occur based on threshold concentration regardless of 12 
exposure duration, time scaling may not be required. 13 

1.2.3 Uncertainty Factor Considerations 14 
The time-scaled effect levels for immediately dangerous health effects are modified by a UF to estimate the 15 
concentration correlating to an unacceptable risk of immediately dangerous effects in workers and account for the 16 
possibility of underestimating the degree of risk. When estimating an overall UF, NIOSH considers the following 17 
types of uncertainty and variability [NIOSH 2020a]: 18 

• Interspecies variability: When the effect level is obtained from animal data, the potential difference 19 
between animal and human responses must be accounted for. When data are not available to calculate 20 
factors based on chemical-specific variability, a half-log of 10 (equivalent to 3) may be used to account 21 
for toxicokinetic differences and another half-log of 10 (equivalent to 3) would account for 22 
toxicodynamic differences. 23 

• Human variability in sensitivity: When data are not available to calculate factors based on chemical-24 
specific variability, a half-log of 10 (equivalent to 3) may be used to account for toxicokinetic differences 25 
and another half-log may account for toxicodynamic differences between individuals. NIOSH generally 26 
assumes workers to be adults and in reasonable health and therefore tends to use smaller factors than 27 
when considering variability among the general population. 28 

• Severity of effect: A UF may be applied when the IDLH is based on health effects severe enough that 29 
overestimation of the threshold of immediately dangerous or lethal effects in workers becomes a concern. 30 
This may be done to ensure that the IDLH is sufficiently protective of workers’ health when the boundary 31 
between adverse and immediately dangerous risk is difficult to interpret. 32 

• Other factors or database deficiencies: If gaps in the database create the possibility of significantly 33 
overestimating the IDLH value, UFs may be used to account for this. In addition, in special cases, other 34 
factors may arise that warrant inclusion of a UF. 35 

1.3 Literature Search 36 

Primary Literature Search 37 
NIOSH performed a search and screened literature for the period of 2004–2021. The literature search included the 38 
following databases, searched in August 2021: 39 

• PubMed/Medline 40 
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• Scopus 1 
• Embase 2 

Search terms used to find effect level data for animal and human endpoints relevant to the IDLH assessment are 3 
given in Table 1.1. These terms were used in conjunction with chemical identifiers of “hydrogen chloride” and 4 
“hydrochloric acid,” as well as “muriatic acid” and the CAS number. 5 

Table 1.1: Search Terms Used to Find Human and Animal Acute Toxicity Data 6 

Acute Symptoms Accident 
Irritation Lethality Confusion 
Behavioral LC50 Toxicity 
Neuro* RD50 Occupational 
Psycho* Poisoning Volunteers 
Subjects Clinical Animal 

Inhalation ppm Fatality 
*Denotes terms searched as prefixes 7 

Tree Search for Government Reports and Non-peer Reviewed Literature 8 
In addition to primary literature searches, NIOSH reviewed references cited in authoritative reviews and other 9 
literature to identify relevant toxicity data. NIOSH primarily used acute exposure guideline level (AEGL) 10 
documentation for HCl [NRC 2004]. The REACH chemical information dossier for HCl [ECHA 2022] was also 11 
reviewed for toxicity data. All datasets identified through these means were reviewed by NIOSH to identify effect 12 
levels from endpoints relevant to the IDLH assessment. 13 

Screening Methods and Study Inclusion Criteria 14 
NIOSH used the following inclusion criteria to screen for relevant datasets: 15 

• Populations included in the review were human adults, workers, and mammalian test species. 16 
• Exposures included in the review were acute exposures, meaning less than ~1 day for reports and <8 hour 17 

(hr) for experiments by any route where dose/concentration is known or estimated. Reports were excluded 18 
when the exposure concentration and/or duration were not estimated or reported. 19 

• Comparators/controls included any comparisons between known doses/concentrations 20 
including comparisons between nonexposed, lower-exposed, and baseline prior to acute exposure. 21 

• Outcomes included escape-impairing signs, symptoms, and endpoints in humans or animals; persistent 22 
adverse signs or symptoms in humans; persistent adverse effects in any organ/species; lethality; or RD50 23 
values. For the purposes of the IDLH assessment, “escape-impairing” endpoints include acute 24 
neurological symptoms (e.g., recognition of letters and numbers, reaction time, psychomotor 25 
performance), irritation of the eyes and/or airways, or self-reported symptoms of the same. 26 

  27 
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2.0 General Substance Information 1 
Chemical: Hydrogen Chloride 2 

CAS No: 7647-01-0 3 

Synonyms: HCl, anhydrous hydrochloric acid; muriatic acid* 4 

Chemical category: Inorganic chlorine compounds; inorganic gases† 5 

Structural formula*:  6 

H–Cl 

References: *[NLM 2022], †[IFA 2019] 7 

Hydrogen chloride (HCl) is widely used in a broad range of industrial processes and is also formed during 8 
burning of plastics and other chemical substrates. HCl is hygroscopic and forms hydrochloric acid on contact with 9 
water. HCl fumes strongly in its liquid form and has a pungent, irritating odor [NLM 2022]. As a gas/vapor, HCl 10 
is colorless to slightly yellow, and is heavier than air. HCl is corrosive and nonflammable. It is not classifiable as 11 
a human carcinogen [ATSDR 2002; IARC 1992]. Table 2.1 summarizes the physicochemical properties of HCl. 12 

Several agencies and other safety and health organizations have developed OELs based on the human health 13 
effects of HCl exposure. Existing exposure limits for HCl are given in Table 2.2. These range from OELs for 14 
daily 8-hr exposures (NIOSH REL, OSHA PEL, ACGIH TLV) to short-term acute exposures (AIHA ERPG). 15 
Limit values estimated for shorter exposure periods are typically at higher concentrations than those estimated for 16 
longer periods. The NIOSH IDLH value is estimated for a 30-min exposure period to give workers time to leave 17 
the area as quickly and safely as possible. 18 

AEGL values are emergency safety limits developed by the National Research Council (NRC) and designed to 19 
protect members of the general public from adverse health effects for periods ranging from 10 min to 8 hr. AEGL 20 
values are estimated for three ranges of effects: nondisabling (AEGL-1), disabling (AEGL-2), and lethal (AEGL-21 
3). The AEGL value most analogous to the IDLH is the 30-min AEGL-2 value, which is estimated to protect 22 
people from irreversible, serious, or escape-impairing effects, including in susceptible individuals. The AEGL 23 
values for HCl are listed in Table 2.3. 24 

Table 2.1: Physiochemical Properties of Hydrogen Chloride* 25 

Property Value 
Molecular weight 36.5 
Description Colorless to slightly yellow gas 
Odor Pungent, irritating 
UEL Not flammable 
LEL Not flammable 
Vapor pressure 40.5 atm 
Flash point Not flammable 
Ignition temperature Not flammable 
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Property Value 
Solubility in water 67% (86°F) 
Relative gas density 1.27 
Reactivities and Incompatibilities Hydroxides, amines, alkalis, copper, brass, zinc 

(Note: hydrochloric acid is highly corrosive to most metals) 
*Reference: [NIOSH 2020b] 1 

Table 2.2: Exposure Values and Limits for Hydrogen Chloride 2 

Organization Value 
NIOSH IDLH (established 1994)* 50 ppm 
NIOSH REL† 5 ppm (7 mg/m3), ceiling 
OSHA PEL‡ 5 ppm (7 mg/m3), ceiling 
ACGIH TLV§ 2.98 ppm (3 mg/m3), ceiling; A4 
AIHA ERPG¶ ERPG-1: 3 ppm; ERPG-2: 20 ppm; ERPG-3: 150 ppm 

References: *NIOSH [1994]; †NIOSH [2020b]; ‡OSHA [2019]; §ACGIH [2021]; ¶AIHA [2016] 3 

Table 2.3: Acute Exposure Guideline Level Values for Hydrogen Chloride* 4 

Classification 10-min 30-min 1-hr 4-hr 8-hr Endpoint 
AEGL-1 
(Nondisabling) 

1.8 ppm 
2.8 mg/m3 

1.8 ppm 
2.8 mg/m3 

1.8 ppm 
2.8 mg/m3 

1.8 ppm 
2.8 mg/m3 

1.8 ppm 
2.8 mg/m3 

NOAEL in Exercising 
asthmatic subjects 
[Stevens et al. 1992] 

AEGL-2 100 ppm 43 ppm 22 ppm 11 ppm 11 ppm Mouse RD50 
(Disabling) 153.4 g/m3 65 mg/m3 33.7 mg/m3 16.9 mg/m3 16.9 mg/m3 [Barrow et al. 1977]; 

Histopathology in rats 
[Stavert et al. 1991] 

AEGL-3 620 ppm 210 ppm 100 ppm 26 ppm 26 ppm Estimated 
(Lethal) 950.9mg/m3 322.1 g/m3 153.4 

mg/m3 
39.9 mg/m3 39.9 mg/m3 NOEL for death from 

1-hr rat LC50  
[Vernot et al. 1977; 
Wohlslagel et al. 
1976] 

*Reference: NRC [2004] 5 

3.0 Health Effects of Hydrogen Chloride 6 
HCl is a respiratory and eye irritant gas that has corrosive properties at higher concentrations. It is rapidly 7 
absorbed by the upper and lower respiratory tract in humans due to its high solubility and reactivity [Flury and 8 
Zernick 1931]. It has an odor threshold between <1 and ~10 ppm [AIHA 1989]. 9 
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3.1 Physical Safety 1 
HCl is noncombustible, and ignition is not a safety hazard at any concentration. HCl does not displace or deplete 2 
oxygen in the air and does not significantly decrease visibility. 3 

3.2 Lethality 4 
Reports of lethality from acute exposure to HCl were limited to animal studies. Although deaths have been 5 
reported in animals exposed to as low as 500 ppm HCl for 15 min, the same studies also report exposing rats and 6 
primates to up to 5,000–10,000 ppm for up to 15 min without recording any deaths [Kaplan et al. 1988,1993a,b]. 7 
Several LC50 values have been reported for HCl and are summarized below. Animals that succumb to HCl 8 
exposure experience severe respiratory distress, and show severe injury, membrane denudation, and necrosis to 9 
the entire respiratory tract. Airways showed marked congestion. Data also indicate that increases in ventilation 10 
during periods of exertion may exacerbate the respiratory effects of HCl [Malek and Alarie 1989]. 11 

3.2.1 Human 12 
No reports of deaths in human due to exposure to HCl were identified. 13 

3.2.2 Animal 14 
Multiple LC50 values for HCl were identified for three animal species (rats, mice, and guinea pigs). These are 15 
summarized in Table 3.1. The lowest LC50 value identified was 1,108 ppm in mice exposed for 60 min 16 
[Wohlslagel et al. 1976]. 17 

Other reports of lethality in animals included experiments in mice, rats, guinea pigs, and baboons and are 18 
summarized here. Kaplan et al. [1985] found pneumonia, pulmonary edema, tracheitis, and severe dyspnea in two 19 
juvenile baboons that died in the days following exposure to 16,000 ppm and 17,000 ppm HCl for 5 min in a 20 
study involving escape tasks. Baboons exposed to up to 11,400 ppm survived these experiments. In a series of 21 
experiments measuring respiratory function and toxicity, Kaplan et al. [1993a] reported several deaths among 22 
male ICR mice and male English guinea pigs exposed to 4,200 ppm HCl for 15 min, with pulmonary congestion, 23 
severe tracheitis, and necrosis/desquamation of airway surfaces observed at necropsy. Three out of six male ICR 24 
mice died after exposure to 500 ppm for 15 min in the same study, despite showing no histological abnormalities 25 
in the lung. In contrast, female Sprague-Dawley rats survived 4,200 ppm for 15 min [Kaplan et al. 1993a]. 26 
Burleigh-Flayer et al. [1985] reported deaths in several guinea pigs exposed to 1,040 ppm or 1,380 ppm for 15 27 
min. The deaths occurred within 15 days following the exposure. No deaths occurred in guinea pigs exposed to 28 
640 ppm in this experiment. 29 

Barrow et al. [1979] observed deaths in male Swiss-Webster mice exposed to 12,000 ppm HCl for 10 min. No 30 
deaths were reported at the next highest concentration tested, which was approximately 1,000 ppm. The deaths 31 
occurred within 24 hr following exposure, after which surviving mice were euthanized. 32 

Malek and Alarie [1989] reported that the lethal concentration of HCl can become precipitously lower during 33 
periods of exertion. Male English shorthair guinea pigs were exposed to 0 ppm, 107 ppm, 140 ppm, 162 ppm, or 34 
586 ppm HCl in groups of 2–4 animals/concentration. The animals were exposed while running on a treadmill 35 
system and ran for 10 min before being exposed to HCl. Exposure continued for 30 min or until incapacitation. 36 
Animals exposed to room air or 107 ppm HCl were able to run for the entire 30-min exposure, with similar 37 
performance. Animals in the 140 ppm group did not complete the exposure, with a mean incapacitation time of 16 38 
min. Animals exposed to 162 ppm were incapacitated in 1.3 min. HCl was lethal to guinea pigs in the 586 ppm 39 
group. Animals in this group were able to run for an average time of only 0.65 min before incapacitation, and all 40 
four of the animals in this test group died with a mean time of 2.8 min elapsing between the cessation of the 41 
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exposure and death. Airways and lungs of deceased animals did not show obvious obstruction 1 
from bronchoconstriction or severe hemorrhage, but coughing, frothing at the mouth, and cyanosis were evident 2 
in animals prior to death. The authors estimated that the running guinea pigs were performing at 30% of their 3 
maximum VO2 (oxygen uptake), equivalent to a 2–2.5 fold increase over resting baseline. 4 

Sakurai [1989] exposed ICR mice to several concentrations of HCl between 1.0% and 3.5% (10,000 ppm and 5 
35,000 ppm) and recorded the time until animals were “incapacitated” (as described by the author) and the time 6 
until they stopped breathing. The longest time to incapacitation observed was 55 min at 1% HCl, and the mice 7 
exposed to greater than 2.5% were incapacitated within minutes. The study observed that the time to 8 
incapacitation and the time to apnea were roughly equivalent in mice exposed to increasing HCl concentrations. 9 
In other words, acutely incapacitating effects in these animals were observed at similar concentrations as acutely 10 
lethal effects. 11 

Stavert et al. [1991] exposed male F344 rats to 1,300 ppm HCl for 30 min in either nose-breathing or mouth-12 
breathing (orotracheally tubed) experimental conditions. In the nose-breathing group, 6% of rats died within 24 hr 13 
of exposure. In the mouth-breathing group, 46% of rats died. 14 

Table 3.1: Acute Lethality (LC50) Data for Hydrogen Chloride 15 

Species Reference 
LC50 

(ppm) 
Time 
(min) 

Guinea pig Hartzell et al. [1988] 2,884 15 

Guinea pig Kirsch and Drabke [1982] 2,519 30 

Guinea pig Hartzell et al. [1988] 1,341 30 

Rat Higgins et al. [1972] 40,895 5 

Rat (gas) Darmer et al. [1974] 40,855 5 

Rat (aerosol) Darmer et al. [1974] 20,186 5 

Rat Hartzell et al. [1990] 15,890 5 

Rat Hartzell et al. [1990] 8,380 10 

Rat Hartzell et al. [1990] 6,910 15 

Rat Hartzell et al. [1990] 5,900 22 

Rat (aerosol) Darmer et al. [1974] 5,564 30 

Rat (gas) Darmer et al. [1974] 4,693 30 

Rat Babrauskas et al. [1987] 4,592 30 

Rat Hartzell et al. [1990] 3,821 30 

Rat Wohlslagel et al. [1976] 3,124 60 

Rat Vernot et al. [1977] 3,120 60 

Rat Hartzell et al. [1987] 3,017 30 

Rat Hartzell et al. [1990] 2,816 60 
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Species Reference 
LC50 

(ppm) 
Time 
(min) 

Mouse Wohlslagel et al. [1976] 66,480 60 

Mouse Wohlslagel et al. [1976] 64,260 30 

Mouse (gas) Darmer et al. [1974] 14,042 5 

Mouse Higgins et al. [1972] 13,743 5 

Mouse (aerosol) Darmer et al. [1974] 11,065 5 

Mouse Alarie and Anderson [1979] 10,123 10 

Mouse Esposito and Alarie [1988] 2,997 30 

Mouse (gas) Darmer et al. [1974] 2,642 30 

Mouse (aerosol) Darmer et al. [1974] 2,146 30 

Mouse Vernot et al. [1977] 1,110 60 

Mouse Wohlslagel et al. [1976] 1,108 60 

3.3 Neurotoxicity 1 
Neurological effects are not anticipated to be a human health hazard of acute exposure to HCl. 2 

3.3.1 Human 3 
Evidence of neurological effects after acute exposure to HCl was not identified in human data. 4 

3.3.2 Animal 5 
Evidence of neurological effects after acute exposure to HCl was not identified in animal data. 6 

3.4 Respiratory and Eye Irritation 7 
Available human and animal reports indicate that HCl is rapidly absorbed by airway surfaces and causes damage 8 
and corrosive injury to tissue in addition to causing typical sensory irritation symptoms (coughing, dyspnea, 9 
stinging/burning of eyes). Because of this, HCl can cause persistent adverse effects through the accumulation of 10 
injury to local tissue during prolonged or high-level exposures. 11 

In terms of eye irritation, effects appear to develop over several minutes rather than immediately. In a study of 12 
baboons, despite visible signs of discomfort, animals were able to see well enough to complete a simple escape 13 
task following 5-min exposures to concentrations high enough that some animals died of respiratory injury in the 14 
days following [Kaplan et al. 1985]. However, Burleigh-Flyer et al. [1985] reported corneal opacity in guinea pigs 15 
exposed to 680 ppm for 30 min. Although several reports do not include details about eye irritation effects, the 16 
data are consistent with an understanding that caustic damage plays a large role in the effects of HCl on the eye. 17 
Therefore, effects on eye irritation are expected to accumulate over a 30-min exposure period and may be more 18 
dependent on cumulative exposure rather than peak concentration. 19 

In terms of respiratory irritation, HCl causes some classic sensory airway effects (cough, dyspnea) as well as 20 
corrosive damage to airway tissue. Data from sensory irritation experiments in animals suggest that the effect of 21 
inhaled HCl on respiratory function (i.e., changes in breathing frequency and minute volume) varies based on how 22 



Peer Review Draft – May 2023 

9 

This information is distributed solely for the purpose of pre dissemination peer review under applicable information quality 
guidelines. It has not been formally disseminated by the National Institute for Occupational Safety and Health, Centers for 
Disease Control and Prevention. It does not represent and should not be construed to represent any agency determination or 
policy. 

much HCl is absorbed by upper airways and how much reaches the lower airways and lung [Burleigh-Flyer et al. 1 
1985; Stavert et al. 1991]. At lower exposure concentrations, breathing frequency and minute volume decrease 2 
immediately similarly to other sensory irritants. At higher exposure concentrations where greater amounts of HCl 3 
appear to be reaching the lung, breathing and minute volume can compensate back to normal levels and even 4 
increase over baseline. 5 

In a comparison study of rats exposed to HCl via mouth-only or nose-only, Stavert et al. [1991] estimated that 6 
mouth-exposed rats absorbed more HCl than nose-exposed due to the relative increase in minute volume. This 7 
suggests that mouth-breathing species may be more susceptible than obligate nose- breathers to lung effects of 8 
HCl exposure due to differences in absorbed dose and lack of absorption in the nasopharyngeal region. In 9 
addition, HCl exposures in the Stavert et al. study were markedly more lethal in rats exposed via mouth as 10 
compared with the nose. This indicates that caution should be exercised when extrapolating from HCl animal 11 
data. Available case summaries of human patients hospitalized following HCl inhalation reported coughing, 12 
breathlessness, and chest tightness/pain as the primary clinical symptoms. These symptoms were experienced 13 
during exposure and continued to worsen afterwards, though all patients eventually made full recoveries. 14 

3.4.1 Human 15 
Limited human subject data are available. Effects reported in available studies are qualitative descriptions and 16 
describe the “maximum tolerated” concentration of HCl to be potentially between 10 ppm and 100 ppm in 17 
exposures ranging from 10–15 min to 1 hr. It is generally difficult to interpret whether the effect descriptions 18 
represent immediately dangerous effects for the purposes of this assessment, but these reports suggest that 19 
concentrations above roughly 100 ppm should be considered acutely and immediately dangerous, whereas 20 
exposures in the range of 10–70 ppm are noticeably uncomfortable but may not be incapacitating over a 30-min 21 
exposure. Case reports of workers briefly exposed to high concentrations of HCl gas or fumes indicated that in 22 
addition to immediate pungency and discomfort, severe respiratory symptoms continued to develop in the hours 23 
following acute inhalation. Although workers in these reports experienced severe respiratory distress 24 
requiring hospitalization, all made full recoveries with no lung abnormalities observed at discharge. These 25 
reports involved spills and/or workers exposed to pockets of highly concentrated hydrochloric acid fumes, 26 
and estimation of concentrations or absorbed doses was not possible. The available human data are summarized 27 
next. 28 

Two textbooks contain citations for previously reported data not otherwise identified in literature. Jacobs [1967] 29 
cited several previous sources reporting concentrations of 0.13%–0.2% (1300–2000 ppm) as being “lethal for 30 
humans in exposures lasting a few minutes,” and that the “maximum concentration tolerated” for 60-min 31 
exposures was in the range of 0.001%–0.005% (10–50 ppm). Henderson and Haggard [1943] cited 50–100 ppm 32 
as being the “maximum concentration tolerable” for humans over a 1-hr exposure. 33 

Matt in 1889 [as cited in NRC 1998] exposed two adult subjects to 10 ppm, 70 ppm, and 100 ppm for 15 min ach, 34 
concluding that work was “difficult, but possible” at 70 ppm, but that work was “impossible” at 100 ppm. Further, 35 
both subjects had to frequently leave the room because of the discomfort at the 100 ppm concentration. No other 36 
details about the exposure design were available. Stevens et al. [1992] exposed 10 young adult asthmatic men and 37 
women to up to 1.8 ppm HCl for a 45-min exposure period that included a 15-min light exercise (walking 38 
treadmill) task in between two 15-min rest periods. Changes in lung function were measured and symptoms were 39 
assessed. Exposure to up to 1.8 ppm HCl did not cause any symptoms or lung function changes in asthmatic 40 
adults. This study was used as the basis for the TLV ceiling value of 2 ppm [ACGIH 2021]. 41 

Reports of accidental exposure to high levels of HCl are limited. Boulet et al. [1988] reported on a 41-year-old 42 
nonsmoking man who rapidly developed bronchospasm following a roughly 1-hr exposure to pool cleaner 43 
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containing HCl. He was later diagnosed with reactive airway dysfunction syndrome (RADS). As reviewed by 1 
NRC [2004], RADS is an asthma-like outcome of single, high-level exposures to chemical irritants, including 2 
HCl. This condition involves a nonspecific hyper-responsiveness toward chemical irritants. The Boulet et al. 3 
report was unable to estimate the concentration of HCl exposure that resulted in this outcome. 4 

Bansal et al. [2011] reported on a case of a 56-year old male patient who inhaled hydrochloric acid fumes for 5 
several minutes while doing metallurgical work and experienced cough, breathlessness, rapid breathing, and chest 6 
pain that caused him to seek treatment 4 hr following exposure. Despite treatment with corticosteroids and 7 
bronchodilators, the patient’s condition worsened over 24 hr and required intubation up to seven days following 8 
exposure. The patient was discharged after ten days with normal breathing and chest radiography. 9 

Liu and Cheng [2014] reported on two workers exposed to an unknown concentration of hydrochloric acid vapors 10 
for approximately 5 min during an accidental spill of a large amount of concentrated acid solution. Both were 11 
males aged between 43–47 years. Patients experienced cough, chest tightness, gasping, chest pain, rales, and 12 
sputum production and were treated with supplemental oxygen and corticosteroids. Symptoms improved in both 13 
patients after 3 days and patients were discharged after 7 days and 20 days with no abnormalities in chest 14 
radiographs. 15 

Xia et al. [2019] reported on five workers who were exposed to hydrochloric acid vapor during a chemical tank 16 
cleaning incident. The workers were males aged between 51–65 years. Three workers were exposed for 17 
approximately 30 min while the other two were exposed twice for roughly 1 min. The exposure concentrations 18 
were not known. All five workers were hospitalized with varying degrees of adverse effects that included cough, 19 
chest tightness, sputum production, and shortness of breath. One patient developed acute respiratory distress 20 
syndrome (ARDS) and required intubation. Chest radiographs showed bilateral patch-like high-density shadows. 21 
All patients recovered with hospital stays ranging from 12–21 days. Chest radiographs showed no abnormalities 22 
at discharge and patients were able to return to work. 23 

3.4.2 Animal 24 
Acute exposure studies reporting irritation effects in animals have been reported in mice, rats, guinea pigs, and 25 
baboons. Reactions to exposures among different species and test concentrations were mixed, which appeared to 26 
reflect the water-soluble and corrosive properties of HCl. In mice and rats breathing normally, breathing 27 
frequency decreased with increasing HCl concentration consistent with the basis of the RD50 test in rodents 28 
[Barrow et al. 1977; Hartzell et al. 1985]. In baboons, breathing frequency was slightly increased during exposure 29 
[Kaplan et al. 1988]. 30 

Stavert et al. [1991] examined differences between rats exposed to HCl via the nose or mouth, finding that 31 
exposure by mouth resulted in increased minute volume relative to baseline. NIOSH interprets these observations 32 
to indicate that HCl is highly reactive with airway surfaces and rapidly absorbed, and that irritation effects vary 33 
based on how deeply HCl penetrates into the respiratory system. The available animal data are summarized 34 
below. 35 

Barrow et al. [1977] exposed male Swiss-Webster mice to 0 ppm, 40 ppm, 99 ppm, 245 ppm, 440 ppm, or 943 36 
ppm HCl for 10 min in groups of four. Breathing frequency was measured for 20 min starting at the introduction 37 
of the exposure. Respiratory rates decreased in a dose-dependent manner. The effect was apparent at all exposure 38 
concentrations above 40 ppm. The decrease in breathing frequency persisted during the 10-min post-exposure 39 
period. The authors calculated the RD50 to be 309 ppm with a 95% confidence range of 219–435 ppm based on a 40 
simple regression of percent decrease against log concentration. They predicted this concentration would be 41 
“intolerable and rapidly incapacitating” in humans, while 31 ppm (derived from one tenth of the RD50 42 
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concentration) was predicted to be “slightly irritating” to the eyes, nose, and throat. 1 

Barrow et al. [1979] exposed male Swiss-Webster mice to HCl concentrations ranging from 20 to 20,000 ppm for 2 
10 min via head-only inhalation. Respiratory rates averaged over the 10-min exposure were recorded and lung 3 
histology at 24 hr was investigated. HCl exposure caused a decrease in breathing frequency at 200 ppm with no 4 
effect at 50 ppm. The authors did not calculate an RD50 value but the concentration corresponding to a 50% 5 
decrease appeared to fall between 500 ppm and 1,000 ppm based on a graph of the data. Death occurred at 12,000 6 
ppm and higher. At approximately 200 ppm, animals exhibited nasal epithelial ulcerations. Higher concentrations 7 
caused more extensive damage and necrosis of nasal mucosa. Ocular damage was observed at approximately 730 8 
ppm in the form of moderate to marked clouding and inflammation. The study included a comparison experiment 9 
using thermal decomposition products of polyvinyl chloride, of which HCl is a major constituent. The results of 10 
exposure to these pyrolysis products were similar to HCl on a mass-to-volume basis.  11 

Burleigh-Flayer et al. [1985] exposed male English smooth-haired guinea pigs to 0 ppm, 320 ppm, 680 ppm, 12 
1,040 ppm, or 1,380 ppm HCl in groups of 4–8 for 30 min. Five animals in the two highest dose groups died 13 
within 15 days following exposure. Corneal opacity was seen beginning at 680 ppm. HCl exposure caused initial 14 
decreases in breathing frequency at all dose levels, which was followed by a transient increase at concentrations 15 
above 320 ppm that the authors attributed to pulmonary irritation of the lower airways and lung. A limited subset 16 
of animals exposed to 1,080 ppm were examined histologically, showing multifocal acute alveolitis and mild 17 
hemorrhage when examined 2 days after exposure. 18 

Hartzell et al. [1985] exposed male Sprague-Dawley rats to 0 ppm, 200 ppm, 295 ppm, 784 ppm, 1,006 ppm, or 19 
1,538 ppm in groups of three for 30 min and measured breathing frequency and minute volume. The 50-percent 20 
(median) effect levels for these endpoints were 560 ppm and 605 ppm, respectively. The effect profile of the 784 21 
ppm group showed that maximal depression of respiration was achieved quickly, within 2 min, and plateaued for 22 
the rest of the 30-min exposure period. 23 

Kaplan et al. [1985] exposed juvenile male baboons to 190 ppm, 810 ppm, 890 ppm, 940 ppm, 2,780 ppm, 11,400 24 
ppm, 16,570 ppm, or 17,290 ppm HCl for 5 min before the animals completed an escape task, with one animal 25 
being tested at each concentration. The task was to press one of two levers designated by colored light cues to 26 
open a door and escape an electric shock given in a test chamber over a 30-second trial. Although all animals 27 
were able to escape the chamber, all concentrations above 190 ppm caused visible signs of irritation such as 28 
coughing, hypersalivation, blinking/rubbing eyes. Animals exposed to the two highest concentrations died in the 29 
following days with signs of pneumonia, pulmonary edema, tracheitis, and severe dyspnea. The same study also 30 
exposed male Sprague-Dawley rats in a similar experimental design (an escape task). All concentrations tested 31 
produced signs of severe irritation, with 11,800 ppm being the lowest dose. Exposure to concentrations of 15,250 32 
ppm and greater caused immediate, persistent respiratory damage. 33 

Kaplan et al. [1988] exposed anesthetized adult male baboons in groups of three to 0 ppm, 500 ppm, 5,000 ppm, 34 
or 10,000 ppm HCl for 15 min. Pulmonary functions were measured. Increasing concentrations of HCl increased 35 
breathing frequency by up to 2-fold, but tidal volume was unchanged. Arterial blood oxygen was decreased by 36 
40% in the two highest dose groups, and this effect persisted for up to 10 min after the exposure ended. No 37 
differences in pulmonary function were found when animals were tested again 3 days and 3 months after 38 
exposure. 39 

Stavert et al. [1991] exposed male F344 rats to 1,284 ppm HCl for 30 min via nose- or mouth-only inhalation. 40 
Rats exposed to HCl via the nose showed severe necrosis of nasal epithelium and minimal change in the trachea, 41 
whereas rats exposed via the mouth showed severe necrosis of tracheal epithelium. Breathing parameters were 42 
recorded during the exposures, where HCl-exposed rats showed an abrupt decrease in minute volume, which 43 
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recovered to baseline within minutes before again declining for the remainder of the exposure. The approximate 1 
mean changes were a 6% decrease in minute volume, a 4% increase in breathing frequency, and a 7% decrease in 2 
tidal volume. In mouth-exposed rats, minute volume was increased 8% and tidal volume was increased 10%. The 3 
author estimated that because of the different pulmonary effects of exposure by mouth, mouth-exposed rats 4 
inhaled 23% more HCl than nose-exposed rats; 6% of the animals exposed to HCl via the nose and 46% exposed 5 
via mouth died within 24 hr following exposure. 6 

Kaplan et al. [1993a] exposed male ICR mice to 500 ppm or 2,500 ppm, female Sprague-Dawley rats to 4,200 7 
ppm, and male English smooth-haired guinea pigs to 500 ppm or 4,200 ppm HCl for 15 min in groups of six 8 
animals. Respiratory function was measured during the exposure, and respiratory tracts were assessed at 3-days 9 
and 3-months post-exposure. Mice exposed to 500 ppm or 2,500 ppm HCl showed 10% and 40% decreases in 10 
respiration, respectively. Four mice exposed to 500 ppm died during the 3-month follow-up, and all mice died 11 
following exposure to 2,500 ppm. On follow-up examination, animals in the high exposure group showed airway 12 
necrosis and lung edema, whereas mice exposed to 500 ppm appeared normal despite treatment-related mortality 13 
in that group. Rats exposed to 4,200 ppm HCl for 15 min experienced a 40% decrease in respiratory rate. Lungs 14 
of exposed rats were histologically normal at 3-months post-exposure. Guinea pigs exposed to 500 ppm or 4,200 15 
ppm HCl experienced a 20% decrease in breathing frequency. Three animals in the high dose group died 16 
post- exposure showing pulmonary congestion, tracheitis, and desquamation of bronchiolar epithelia, and 17 
the survivors showed focal pneumonia and other respiratory lesions at 3-months post-exposure.  18 

3.5 Cardiac and Hematological Effects 19 
Exposure to HCl is not anticipated to be a specific cardiac or hematological hazard. Any effects on hematology 20 
appear to be secondary to respiratory effects. 21 

3.5.1 Human 22 
No reports of hematological or cardiac effects in humans exposed to HCl were identified. 23 

3.5.2 Animal 24 
Kaplan et al. [1993a] observed fluctuations in arterial blood oxygen in female English guinea pigs and male 25 
Sprague-Dawley rats exposed to 4,200 ppm HCl for 15 min. These fluctuations were characterized by sharp, 26 
transient decreases followed by a rapid return to baseline or above baseline. These transient changes were 27 
particularly dramatic in guinea pigs. Arterial pH and CO2 were not affected in either species. 28 

Kaplan et al. [1988, 1993b] observed loss of arterial blood oxygen in male baboons exposed to 5,000 ppm or 29 
10,000 ppm HCl for 15 min. The partial pressure of arterial blood oxygen declined from 83 mm Hg to 44–47 mm 30 
Hg at both concentrations at the end of the exposure period and remained at these levels when measured after a 31 
10-min recovery. Arterial blood oxygen in exposed baboons had returned to normal when measured after a 3-day 32 
recovery. The authors found no significant impact on blood O2 in baboons exposed to 500 ppm, and no changes 33 
in blood CO2 or pH were observed in any exposure group. The authors attributed the blood oxygen effects at high 34 
concentrations to uneven ventilation caused by pulmonary edema and small airway constriction. 35 

3.6 Other Relevant Health Effects 36 
No other target organ effects arising from acute inhalation exposures were identified. 37 

4.0 Determination of IDLH Value 38 



Peer Review Draft – May 2023 

13 

This information is distributed solely for the purpose of pre dissemination peer review under applicable information quality 
guidelines. It has not been formally disseminated by the National Institute for Occupational Safety and Health, Centers for 
Disease Control and Prevention. It does not represent and should not be construed to represent any agency determination or 
policy. 

4.1 Selection of Critical Data 1 
The immediately dangerous effects that can be caused by acute exposure to HCl in humans are irritation and 2 
corrosion of the eyes and especially of the respiratory tract, and death. HCl exposure is not an explosive or 3 
asphyxiant hazard, does not have acute neurological effects (impaired awareness or coordination), and does not 4 
induce any specific cardiac or other target organ effects. 5 

Although HCl is an eye and respiratory irritant, evidence that HCl causes immediate irritation effects severe 6 
enough to prevent escape from contamination is mixed. Multiple studies in rodents, guinea pigs, and primates 7 
demonstrate that animals exposed to high levels of HCl experience irritation symptoms without being 8 
immediately incapacitated, even at concentrations that result in lethality after the exposure [Kaplan et al. 1985]. 9 
The body of data as a whole suggest that the immediately dangerous effects of acute HCl exposure are due to 10 
airway reactivity as well as an accumulation of corrosive damage to the eye and respiratory surfaces. It is unclear 11 
whether HCl is an eye irritant in the sense of causing immediate stinging and tearing up in a way that would 12 
impair sight. Based on the available data, NIOSH considered the following endpoints as a potential basis for the 13 
IDLH value: 14 

Eye Irritation: Kaplan et al. [1985] reported signs of severe irritation in baboons exposed to extremely high HCl 15 
levels for 5 min, including scratching and rubbing of the eyes at concentrations above 800 ppm, but the animals 16 
could see well enough to complete a simple escape task. The lowest LOAEL identified specific to eye irritation is 17 
680 ppm for corneal opacity observed in guinea pigs exposed to HCl for 30 min [Burleigh-Flayer et al. 1985]. The 18 
NOAEL for this effect was 320 ppm. Available human data (summarized in Section 3.4.1) refer to levels 19 
exceeding 100 ppm as being unpleasant or intolerable to human subjects, but do not specifically refer to eye 20 
irritation symptoms. 21 

Respiratory Irritation: Rodent respiratory depression assays are available for making a quantitative estimate of 22 
immediately dangerous respiratory irritation thresholds in humans. The Barrow et al. [1977] study found an RD50 23 
of 309 ppm after a 10-min exposure in mice; this was the most sensitive RD50 value identified. 24 

Lethality (LC50): The most sensitive 30-min LC50 reported was 1,341 ppm by Hartzell et al. [1988]. This value 25 
was obtained from groups of six male guinea pigs exposed to six concentrations ranging from 900 to 2,347 ppm 26 
and observed for 14 days. The authors noted that guinea pigs appear roughly three times more susceptible to the 27 
lethal effects of HCl inhalation compared with rats. Wohlslagel et al. [1976] and Vernot et al. [1977] also report 28 
60-min LC50 values of 1,108 and 1,110 ppm, respectively, in female and male mice, but the guinea pig 30-min 29 
LC50 of 1,341 ppm stands as the most sensitive LC50 after factoring in time adjustment. 30 

Furthermore, the Stavert et al. [1991] study in rats observed an almost 50% mortality rate 24 hr following a 30-31 
min exposure to 1,300 ppm when rats were exposed via the mouth instead of the nose. Considering that the most 32 
sensitive animal models (both guinea pigs breathing normally and rats breathing through an orotracheal tube) both 33 
show approximately 50% lethality at similar concentrations of HCl, the LC50 of 1,341 ppm reported by Hartzell et 34 
al. [1988] was selected to derive a potential IDLH value based on lethality.  35 

4.2 Application of Time Scaling 36 
The NOAEL for eye irritation was obtained from a 30-min acute exposure and did not need adjustment.  37 

The RD50 value of 309 ppm reported by Barrow et al. [1977] was obtained from 10-min exposures in mice, during 38 
which the maximum decrease in respiratory rates was observed very quickly, within minutes of exposure. This is 39 
consistent with other reports discussed in Section 3.4.2 that observed rapid attainment of maximal respiratory 40 
depression within minutes of exposure, after which respiration plateaus or recovers. Given that these studies did 41 
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not observe a consistent relationship between respiratory depression and increased exposure time, no time 1 
adjustment was made for the RD50 of 309 ppm. 2 

The LC50 value of 1,341 ppm was obtained from a 30-min exposure and did not need adjustment. 3 

4.3 Application of Uncertainty Factors 4 

Eye Irritation 5 
The UF for eye irritation is based on extrapolation of corneal opacity in guinea pigs exposed to HCl gas to human 6 
outcomes. Because the effect is occurring at the surface of the eye, no adjustment for toxicokinetic variation is 7 
needed for animal or interindividual extrapolation is needed. It is not clear whether there are toxicodynamic 8 
differences that would complicate the extrapolation of this outcome to humans. To account for any differences 9 
between guinea pigs and humans, a UF of 3 is applied. Because the effect level being adjusted is a no-effect level 10 
and significant variation in susceptibility to chemical damage to the cornea is not expected among humans, the 11 
total UF applied is 3. 12 

Respiratory Irritation 13 
The UF for respiratory irritation is based on extrapolation of the rodent RD50 value to humans. The 14 
RD50 represents an effect level presumed to be strongly irritating to humans [Alarie 1981]. It is not 15 
known whether effects at this level fall above or below the definition of immediately dangerous. To account 16 
for this uncertainty, a factor of 3 is applied to extrapolate to a level presumed to be low enough that 17 
human workers would not be incapacitated. A further factor to account for human variability was not 18 
used because significant variability in these estimated effects are not expected among healthy working-19 
age humans. 20 

Lethality 21 
The uncertainty factor for lethality is based on the severity of the effect and extrapolation from guinea pig to 22 
human. The exact cause of death in lethal HCl exposure is not known, but appears to be due to massive damage to 23 
the respiratory tract. Because HCl is rapidly absorbed and reacts locally in tissue, interspecies and interindividual 24 
differences in HCl metabolism and clearance among guinea pigs and humans, respectively, are expected to have 25 
minimal impact on toxicity. There is uncertainty in extrapolation from guinea pig to human because of differences 26 
in respiratory anatomy, so a full factor of 10 is applied to account for interspecies extrapolation [NIOSH 2013]. A 27 
further factor of 3 is applied to account for the severity of the effect as well as the potential that increased exertion 28 
(i.e., during an evacuation scenario) may make individuals more susceptible to HCl toxicity as demonstrated in 29 
guinea pigs [Malek and Alarie 1989]. The total factor is 30. 30 

Table 4.1: Potential IDLH Values Based on Immediately Dangerous Health Outcomes of Hydrogen 31 
Chloride Exposure 32 

Health outcome 
Immediately dangerous effect level 

(ppm) 
30-Min adjusted 

value (ppm) UF 

Candidate 
IDLH value 

(ppm) 
Eye irritation 320 NOAEL 320 3 107 
Respiratory irritation 309 RD50 309 3 103 
Lethality 1,341 LC50 1,341 30 45 
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4.4 Final IDLH Calculation 1 
Table 4.1 summarizes the immediately dangerous health outcomes of HCl exposure and potential IDLH values. 2 
NIOSH set the IDLH value based on the 45 ppm limit value for lethality. This value was chosen because it is both 3 
the most sensitive value and is based on the most severe effect. This value is supported by the limited collection 4 
of older references that describe concentrations in the range of 10–70 ppm as being poorly tolerated by human 5 
subjects without being immediately hazardous [Henderson and Haggard 1943; Jacobs 1967; and in Matt 1889, as 6 
cited in NRC 1998], and is also approximately seven times lower than the RD50 value of 309 ppm identified in 7 
mice (Barrow et al. 1977). 8 

In summary, NIOSH sets the IDLH value for HCl at 45 ppm based on the risk of immediately dangerous and/or 9 
lethal respiratory effects in humans assumed to be in a state of exertion. 10 
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