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Individual susceptibility and Acute Exposure Guideline Levels (AEGLs) 

with focus on asthma  

 
Mia Johansson 

 

 

Populärvetenskaplig sammanfattning 

 

Människor kan exponeras akut för luftburna kemikalier vid exempelvis industriolyckor, olyckor 

vid kemiska transporter eller i samband med terrorhandlingar. För att kunna skydda allmänhet 

mot sådan exponering och vägleda räddningsarbetare krävs riktvärden, som beskriver hur kemi-

kalier påverkar människan vid olika koncentrationer och exponeringstider. 

Astmatiker anses ofta vara mer känsliga för luftburna kemikalier med irriterande egenskaper. 

Idag lever ca 300 miljoner människor med astma i världen. Sjukdomen drabbar personer i alla 

åldrar och samhällsklasser och kännetecknas av inflammation i luftvägarna och svårigheter att 

andas. I hälsoriskbedömningar bör man ta särskild hänsyn till astmatiker vid framtagandet av 

riktvärden. I detta projekt skapades därför en databas med information från det internationellt sett 

mest använda riktvärdessystemet, Acute Exposure Guideline Levels (AEGLs) och vidare identi-

fierades de riskbedömningar där astmatiker behandlats som en känslig grupp. Arbetet besvarar 

frågor kring hur man tagit hänsyn till astmatikers känslighet vid framtagandet av riktvärden, och 

ger rekommendationer för hur man kan utveckla riktvärden för astmatiker i framtiden. 
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Abstract 

 

A database with international risk assessments was formed by collecting Technical Support Doc-

uments (TSDs) from the Acute Exposure Guideline Levels (AEGLs) website. By the use of in-

formation from this database, a study was performed based on quantitative and qualitative ana-

lyses. The aim was to investigate if and how the asthmatic population, in relation to susceptibility 

to airborne hazardous chemicals, was included in the risk assessment process. 

Results showed that there was no information on the asthmatic population for 152  chemicals (of 

251 in the Final and Interim stages) in the database. Experimental data on asthmatic individuals 

had been used as point-of-departure for nine chemicals during development of AEGL-1 values. 

Data on additionally five chemicals was cited in their respective TSD. For ten chemicals, the 

asthmatic population was considered susceptible without experimental data supporting the as-

sumption. However, every TSD was not transparent and in accordance with the Standing Operat-

ing Procedures (SOP) for development of protective AEGL values. Future suggestions on how to 

increase transparency and to further investigate susceptibility of the asthmatic population were 

presented.  
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1. Abbreviations 
 

AEGLs Acute Exposure Guideline Levels 
AIHA American Industrial Hygiene Association 
  ATSDR 
BMD 

Agency for Toxic Substances and Disease Registry 
Benchmark Dose 

CAS no 
EPA 

Chemical Abstracts Service number 
Environmental Protection Agency 

ERPGs Emergency Response Planning Guidelines 
FEV1 Forced Expiratory Volume in 1 second 
FEV1/FVC Airway obstruction 
FRC Functional Residual Capacity 
FVC Forced Vital Capacity 
IgE Immunoglobulin E 
MF Modifying Factor 
NAS 
NOAEL 

National Academy of Sciences 
No Observed Adverse Effect Level 

OPPT Office of Pollution Prevention and Toxics 
PC20 Provocative Concentration required to produce 20% fall in FEV1 

PCW Provocation Concentration causing Wheezing 
PD20 Provocative Dose required to produce a 20% fall in FEV1 

PET Peak Expiratory Flow 
ppm Parts per million 
RT Total respiratory resistance 
RV Residual Volume 
SGaw Specific airway Conductance 
SRaw Specific airway Resistance 
TLC Total Lung Capacity 
TSD Technical Support Document 
UF Uncertainty Factor 
Vmax50 Maximal flow at 50% 
 
Units:  
1 kp = 1 kilopond = 1 kilogram force = 1 kg * 9.80665 m/s2 (Newton) 
kp m/min = kilopond meters per minute 
kg m/min = kgf m/min = kilogram force meters per minute  
1 kp = 1 kgf (written as 1 kg in the work rate formula: 1kg m/min)   
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2. Introduction 

Acute exposure to toxic airborne chemicals can be linked to fires, accidental release on 

workplaces or to transportation accidents. Additional examples are natural disasters, chemical 

warfare and terrorist attacks. Effects of acute exposure to the airways in humans may vary from 

mild discomfort to severe medical conditions or lethality.  

Many airborne hazardous chemicals have irritant properties and there is a lack of knowledge on 

the difference between asthmatic and healthy individuals concerning the susceptibility to these 

chemicals (Öberg et al. 2008).  

 

The aim of this project was, by scrutinizing risk assessment documents, to study how asthmatic 

individuals, in quantitative and qualitative terms, were considered susceptible or not during deri-

vation of guideline levels for acute exposure to airborne chemicals.  

 

A quantitative analysis was performed by identifying risk assessment documents where asthmatic 

individuals were mentioned as a susceptible population or where irritation in the respiratory tract 

was a critical effect. The Technical Support Documents (TSDs) for Acute Exposure Guideline 

Levels (AEGLs) were used and chemicals were categorized based on information on asthmatic 

individuals to obtain an overview on the consideration of this population in the risk assessments. 

 

A qualitative analysis was made on risk assessments and key references for all chemicals where 

experimental information on the susceptibility of the asthmatic population was available. Chemi-

cals of which the asthmatic population might constitute a susceptible population without expo-

sure studies confirming the assumption were also further analyzed. 

The following questions were asked to elucidate if and how asthmatic individuals are included in 

the risk assessment process and protected by the guideline values: 

Was the use of intra-species uncertainty factors, concerning susceptibility of the asthmatic popu-

lation, performed with transparency and in accordance with the Standing Operating Procedures 

(SOP) for AEGLs? 

Is available data from exposure studies consistent with the use of an intra-species uncertainty 

factor? 
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3. Background 

3.1. Acute Exposure Guideline Levels (AEGLs) 

The history and principal concepts of AEGLs are thoroughly described in (AEGL 2010 a-g) and 

shortly described below. 

 

3.1.1.  History of the AEGL program 

The National Advisory Committee for Acute Exposure Guideline Levels for Hazardous Sub-

stances (NAC/AEGL Committee) was formed in 1986 to assess recommendations in both emer-

gency planning and prevention of acute exposure to toxic chemicals. The United States Environ-

mental Protection Agency (US EPA) has been actively involved in developing short-term guide-

line levels since 1988. In 1990, EPA´s Office of Pollution Prevention and Toxics (OPPT) and the 

Agency for Toxic Substances and Disease Registry (ATSDR) started to develop short-term 

guideline levels together with the National Academy of Sciences. Members of the committee are 

either special government employees serving EPA or regular government employees serving in 

other agencies acting as advisors. (AEGL 2010a) International experts from the Organization for 

Economic Cooperation and Development (OECD) are also included with the anticipation of an 

international expansion of the AEGL program and more credible AEGL values. (NRC 2001) 

Sweden has a member in the committee since 2008. Other international members include experts 

from Canada and the Netherlands. (AEGL 2010b) 

 

3.1.2. The derivation procedure 

Elements included for the AEGL development process are: the report Guidelines for Developing 

Community Emergency Exposure Levels for Hazardous Substances from the National Research 

Council (NRC) and the Standing Operating Procedures (SOP), other NRC guidelines for devel-

opment of short-term exposure limits, the use of methods and processes for development of 

scientifically credible AEGL values, an extensive search and review for relevant data and infor-

mation from published and unpublished material, evaluation of the data and AEGL development 

by a committee of technical and scientific experts and a multi-tiered peer-review process ending 

with a final review and accepting by the NRC. (NRC 2001) 

Chemicals that are potentially harmful to humans by inhalation and of most concern for different 

accidental release have been included in a priority list of 471 chemicals announced at the AEGL 
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website (AEGL 2010c). AEGL values are derived for three levels of severity (tiers 1, 2 and 3). 

The values correspond to effects in the general population as well as in susceptible populations 

such as children, elderly and individuals with pre-existing illnesses (e.g. asthma). Effects at 

AEGL-1 are reversible but include irritation and discomfort. Effects at AEGL-2 could be irre-

versible or serious long lasting. Also, effects from exposure at AEGL-2 can impair the ability to 

escape. Effects at AEGL-3 could be life threatening and may lead to death. Each level contains 

values recommended for certain durations of exposure (10 and 30 min, 1, 4 and 8 hours) to in-

clude different exposure scenarios. AEGL values are expressed in parts per million (ppm) or mil-

ligrams per cubic meter (mg/m3) and they are derived from experimental data on humans and/or 

animals (AEGL 2010d). 

The identification of susceptible populations, made by the NAC/AEGL Committee, is performed 

on a chemical-to-chemical basis. The aim is to use all available data on the properties of the 

chemical and their relationship to normal and compromised biochemical, physiological and ana-

tomical systems in humans when identifying susceptible populations (NRC 2001). Uncertainty 

Factors (UFs) can be used in the AEGL derivation to extrapolate from animal to human data, or 

to protect susceptible sub-populations. Available data is divided by the UF to obtain lower AEGL 

values. The selection of UF is based on structurally or mechanistically similar chemicals together 

with scientific judgment.  According to SOP, an UF of 10 is generally used to account for differ-

ences in human susceptibility to respiratory irritants. However, a smaller UF might be used if 

scientific evidence confirms the resulting guideline level to be protective of health (NRC 2001). 

Modifying Factors (MFs) can also be used in AEGL derivation when experimental data is insuf-

ficient. Commonly used values of UFs or MFs are 1, 3 or 10. Adjustment for duration of expo-

sure is performed by using Habers´ rule, Cn × t = k, where n is a value derived from regression 

analysis or from toxicity data. (US EPA 2002). Sometimes molar adjustment factors can be used 

in AEGL derivation when values are based on similar chemicals with a different number of moles 

or a difference in toxicity. See the TSD for chlorosilanes on AEGL 2010g for an example. 

The methodology for AEGL development is described in the SOP, which is used by the AEGL 

committee to obtain consistent and systematic TSDs for public view (NRC 2001). The AEGL 

derivation for individual chemicals is described in more detail in Technical Support Documents 

(TSDs) which are published on the AEGL website. AEGLs are available in four developmental 

stages (Draft, Proposed, Interim and Final) (AEGL 2010e). 
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Similar systems of acute guideline levels are the Emergency Response Planning Guidelines 

(ERPGs) and the Dutch Intervention Values (Öberg et al. 2008). ERPG is the second most fre-

quently used system next to AEGL and it is developed by the Emergency Response Planning 

Committee of the American Industrial Hygiene Association (AIHA). ERPG contains three thre-

shold levels where the first level, in contrast to AEGL, includes odor as an effect. A comparison 

between AEGL and ERPG has recently been published (Öberg et al. 2010).  

The Dutch Intervention Values have been developed by the Public Health Department in Rotter-

dam and the RIVM. Similar to AEGL and ERPG three levels have been developed; VRW (In-

formation Guideline Values), AGW (Alarming Guideline Values) and LBW (Life Threatening 

Values) (Öberg et al. 2008).  

 

3.1.3. Asthmatic individuals mentioned in the Standing Operating Procedures (SOP) 

The asthmatic population is, according to the SOP, included in the AEGL values; “Although the 

AEGL values represent threshold levels for the general public, including susceptible subpopula-

tions, such as infants, children, the elderly, persons with asthma, and those with other illnesses, it 

is recognized that individuals, subject to unique or idiosyncratic responses, could experience the 

effects described at concentrations below the corresponding AEGL” (NRC 2001) Individuals 

with severe asthma may not be protected by the AEGL values which are derived in protection of 

individuals with mild to moderate asthma. Some asthmatic individuals may have acute asthma 

attacks prior to an airborne exposure and they are more susceptible at the time.  Non-asthmatic 

otherwise healthy people can also experience hyper susceptibility as a result of short-term respi-

ratory illnesses and will therefore be excluded from protection by the AEGL values (NRC 2001). 

 

3.2. Asthma 

3.2.1. Definition and diagnosis  

The American Thoracic Society has published a report on standards of diagnoses for asthma and 

COPD that is widely accepted and applied in several experimental studies (American Thoracic 

Society 1987). Asthma is defined by the American Thoracic Society as; “…a clinical syndrome 

characterized by increased responsiveness of the tracheobronchial tree to a variety of stimuli. 

The major symptoms of asthma are paroxysms of dyspnea, wheezing, and cough, which may vary 

from mild and almost undetectable to severe and unremitting (status asthmaticus).” Important 
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characteristics when diagnosing asthma are personal and family history of allergic disease, age at 

onset of symptoms, frequency and severity of attacks, together with known provocative stimuli 

and prior pharmacologic and immunologic therapy. Wheezing might only be detected by forced 

expiration in patients with mild asthma while it can be heard by quiet expiration and inspiration 

in patients with severe asthma.  

Pulmonary function tests are important in the diagnosis of asthma and when analyzing the re-

sponse of treatment. Spirometry, peak flow measurements and bronchial challenge testing are 

commonly applied methods. Typical results from performed tests on asthmatic patients are reduc-

tion in FEV1, FEV1/FVC ratio and peak expiratory flow. A reduction in FEV1 in response to a 

bronchial dilator is common. Lung volume is affected by a decrease in vital capacity, an increase 

in functional residual capacity and by an abnormal total lung capacity and residual volume.  

Additional ways to diagnose asthma are identification of leukocytes responsible for an infection, 

measurement of serum IgE levels and detection of IgE antibodies, which are common in allergic 

asthma. Many allergic asthmatic patients have normal serum IgE levels so the detection of IgE 

antibodies via skin testing, together with medical history, can be helpful to establish an allergic 

component of asthma. Measurement of arterial blood gas, electrocardiography and radiology can 

be made to determine the severity of asthma.  

 

3.2.2. Phenotypes and causes  

An article about phenotypes and causes of asthma was written by (Wenzel 2006) and a summary 

is presented here. The phenotypes of asthma were divided into three parts; 1) clinical or physio-

logical, 2) inflammatory and 3) trigger related. The first group includes asthma defined by severi-

ty, age of onset or by the presence of chronic airflow restriction. Frequency of exacerbations and 

asthma resistant to treatment (e.g. steroids) are phenotypes included in this group. 

The second group contains eosinophilic, neutrophilic and paucigranulocytic asthma. Eosinophilic 

inflammation in the lungs can be present in moderate to severe asthma. Neutrophilic inflamma-

tion is most common in severe asthma. The cause of this inflammation is unknown but infections 

or exposure to irritants or tobacco smoke can be involved. Paucigranulolytic asthma is an in-

flammation caused by the granulocytic cells in which corticosteroid treatment is insufficient.  
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The third group contains trigger induced asthma phenotypes. The largest phenotype is allergic 

asthma, or atopic asthma among children. It can also be present in adults and it is believed to be 

either genetic or caused by early exposure to allergens.  

Occupational allergens or irritants are responsible for up to 15% of all adult-onset asthma. This 

phenotype may recede if the occupational exposure ends but can also continue independent of 

exposure.  

Aspririn-sensitive asthma can be triggered by Non-Steroidal Anti-Inflammatory Drugs (NSA-

IDs). It is most common in adults with severe asthma and includes raised airway leukotrienes and 

a high number of eosinophils present in tissue and blood. Mutations in the leukotriene synthesis 

pathway have shown to be affecting this phenotype but environmental elements might be respon-

sible as well.  

It is unclear if exercise-induced asthma is present in all asthmatic individuals or constitutes an 

additional phenotype. Some studies suggest an increase in this phenotype among previously 

healthy athletes but factors contributing to development of the disease are unclear. 

Menses-related asthma affects a small part of the women with asthma. Oestrogen and progeste-

rone can both be pro-inflammatory or anti-inflammatory. Before menstruation, susceptible wom-

en may experience an increase in inflammation. 

 

3.2.3. Asthma in Sweden and globally 

The World Health Organization (WHO) (World Health Organization 2010a) reported that 300 

million people worldwide suffered from asthma in 2005 and that 255 000 deaths were caused by 

the disease. Asthma is represented in all countries but 80% of asthma deaths occur in low- and 

lower-middle-income countries where the treatment supply is limited.  

The Swedish National Board of Health and Welfare (Socialstyrelsen, SoS) (Socialstyrelsen 2009) 

reported that 9.2 % women and 6.4 % men in Sweden had self-reported asthma in 2007. Socials-

tyrelsen, SoS (Socialstyrelsen 2005) also presented an extensive questionnaire study from 2003 

with 4- and 12-year old Swedish children where 6% (4-8%) had physician diagnosed asthma.  

3.2.4. Chronic Obstructive Pulmonary Disease (COPD) 

COPD has a different course of the disease compared to asthma but symptoms from both disord-

ers are related to labored breathing. 
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The standards for diagnosis of COPD are described in detail by the American Thoracic Society 

(American Thoracic Society 1987) where COPD is defined as “...a disorder characterized by 

abnormal tests of expiratory flow that do not change markedly over periods of several months’ 

observation”. Localized disease of the upper airways, bronchiectasis, and cystic fibrosis are ex-

cluded from the definition of COPD. Emphysema, peripheral airways disease and chronic bron-

chitis are all incorporated in COPD and a patient might experience one or several of these symp-

toms. The main characteristic signs however are impairment or limitation of expiratory airflow. 

Many patients have hyperplasia of the mucus glands of the trachea and large bronchi together 

with an excess sputum production. Both features have been linked to cigarette smoking. The dis-

ease develops slowly and is diagnosed in middle-aged or older individuals who often have been 

long-term smokers. 

Additional variables when diagnosing COPD has been presented by WHO (World Health Organ-

ization 2010b); difficult or labored breathing, dyspnea, and a history of exposure to risk factors 

for the disease. The diagnosis can be confirmed by a spirometry test where results can be re-

ceived on how fast air can move into and out of the lungs and how deeply the patient can breathe. 

According to WHO (World Health Organization 2010c), tobacco use is the largest risk factor for 

developing COPD. Additional risk factors are occupational exposure to dust and chemicals, out-

door air pollution and indoor air pollution from cooking. 

210 million people suffered from COPD in 2007 and 3 million people died in 2005. Deaths from 

COPD will continue to increase unless a drastic reduction of risk factors is made, mainly tobacco 

use.  COPD was the fifth leading cause of death worldwide in 2002 and it is predicted to become 

the third leading cause of death by 2030. 

WHO (World Health Organization 2010e) reported that almost 90% of all COPD deaths occur in 

low- and middle-income countries. COPD was previously more common in men but now affect 

men and women to an equal extent. It is due to an increase in tobacco use among women in high-

income countries and a higher exposure to indoor pollution among women in low-income coun-

tries. WHO (World Health Organization 2010d) has approximated that 3 billion people world-

wide use biomass and coal for cooking and heating.   
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3.3. Transport and uptake of airborne chemicals in the respiratory tract 

The respiratory tract is presented in Figure 1.  

General properties of airborne chemicals (e.g. aerosols and gases) are described by (Edling et al. 

2010). Hydrophilic gases, such as sulfur dioxide, are easily solved in the mucus on the cilia of the 

bronchial tree and can diffuse into the blood. Aerosol particles are not easily transported down to 

the alveoli but may reach the lower respiratory tract during heavy exercise. 

Less hydrophilic gases, such as nitrogen dioxide, can reach the bronchial tree and alveoli. Aero-

sol particles are transported by cilia in the bronchial tree back to the pharynx. This transport va-

ries between 2-24 h in humans. Tobacco use or infections in the airways can prolong the duration 

of transport. 

Particles with a small aerodynamic diameter can travel in air for a long time while particles with 

a larger aerodynamic diameter fall to the ground faster. The particles have different tendency to 

grow in contact with water in the respiratory tract which increase the aerodynamic diameter. Par-

ticles with a larger aerodynamic diameter than 10 µm seldom pass the trachea while smaller par-

ticles may travel further down into the bronchial tree. Nanoparticles (0.1 µm) may reach the al-

veoli where they diffuse into the blood and become distributed to organs in the body. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The respiratory tract. Modified illustration 
used with permission from Student Health Services 
(SHS).  
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4. Methods 

The practiced technique for summarizing the most important facts about asthma and the risks for 

exposure to hazardous airborne chemicals for humans has been made by studying scientific pub-

lications along with Technical Support Documents (TSDs) for the AEGL derivation.  

 

4.1. Technical Support Documents and chemicals in the Final and Interim stages 

A database with information about AEGLs for short-term exposure to hazardous airborne chemi-

cals was made by collecting TSDs from the AEGL website (AEGL 2010f and g). Only TSDs 

from the Final and Interim stages were analyzed to assess proper data. The number of TSDs and 

chemicals were counted. 

 

4.2. Categorization of chemicals based on the information on asthmatic individuals  

The TSDs were searched using key words to identify documents where asthmatics were men-

tioned (Table 1). TSDs with relevant search hits were investigated and divided into categories 

depending on information about asthmatic individuals as a susceptible population. Names of 

chemicals from each category and their Chemical Abstracts Service (CAS) numbers were also 

listed.  

 

Table 1 Key words used during search for asthmatic individuals in TSDs 
Asthma* (asthmatic, asthmatics) 

Chronic bronchitis 

COPD 

Emphysema 

Lung function 

Occupational asthma 

Occupational COPD                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

Pulmonary 

Respiratory 

Suscept* (susceptible, susceptibility) 
*By searching with truncated words, several related words were found in the same search 

 

4.3. The two most relevant categories were further analyzed 
The two categories with the most relevant information on the asthmatic population were further 

analyzed. These categories were Exposure studies performed on asthmatic individuals and The 

asthmatic population might constitute a susceptible population without exposure studies confirm-

ing the assumption.  
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4.4. Exposure studies performed on asthmatic individuals 
TSDs and chemicals where studies on asthmatic individuals had been performed were identified 

and listed. Chemicals with similar structure or that were easily oxidized or hydrolyzed into one of 

the studied chemicals where AEGL-1 values were adopted or derived from them were also listed. 

The published articles cited in the TSDs where exposure studies had been performed on asthmat-

ic individuals were identified and printed. Information from these articles was compiled in tables. 

The data collected from each study were duration, experimental design and definition of asthma, 

definition of COPD, number of subjects, exposure concentration and effects.  

 

4.4.1. AEGL-1 derivation and the use of intra-species Uncertainty Factors (UFs)   

The TSDs where studies on asthmatic, COPD and healthy subjects had been performed and ap-

plied to AEGL-1 derivation, or where AEGL derivation was based on TSDs of similar chemicals 

where adequate studies had been done, were identified. Information on AEGL-1 derivation and 

the use of UFs and MFs for each chemical were also collected. The AEGL-1 values for each 

chemical were also presented in a table.  The information on AEGL-1 derivation and the use of 

UFs and MFs were collected from TSDs and presented in a table.  

AEGL-2 and AEGL-3 derivations were not investigated because effects on these exposure con-

centrations are not expected to vary significantly between healthy and asthmatic individuals. 
 

4.4.2. Three categories based on the level of susceptibility for the asthmatic population 
Chemicals where exposure studies on asthmatics had been performed were further divided into 

three categories based on the question if asthmatics were a susceptible population or not. The 

mechanism of toxicity for each chemical was evaluated.  

 

4.5. The asthmatic population might constitute a susceptible population without exposure 

studies confirming the assumption. 
TSDs that lacked studies on asthmatic individuals, but where this population had been mentioned 

in the AEGL derivation as might be more susceptible, were also identified. Chemicals and CAS 

numbers were presented in a table. 
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Chemicals were divided into five categories depending on the AEGL derivation and the names of 

chemicals and CAS numbers were listed. The use of UFs and MFs concerning asthmatic individ-

uals from the TSDs was investigated.  

Information on the susceptibility of the asthmatic population was presented in a table to explain 

what had been written about asthmatic individuals in the TSDs. The mechanism of toxicity for 

each chemical was described to identify the reason behind the assumption that the asthmatic pop-

ulation might be susceptible to exposure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

5. Results 

5.1. Technical Support Documents and chemicals in the Final and Interim stages 
The Final and Interim stages together related to 168 TSDs corresponding to 251 chemicals. A 

summary on information about TSDs and chemicals are presented in Appendix B: Table 1. A 

description of identified TSDs where several chemicals had been included in the same TSD is 

presented in separate tables (Appendix B: Tables 2 and 3). Ten chemicals in the Interim stage had 

established AEGL values but the TSDs were not available on the website. The chemicals are 

listed in Appendix A: Table 9. Detailed information on AEGL derivation and whether or not con-

sideration of asthmatic individuals as a susceptible population had been made for those chemicals 

are therefore missing.  

 

5.2.  Categorization of chemicals based on the information on asthmatic individuals  

The categorization of TSDs and chemicals are presented in Table 2. Nine different categories 

were identified. 

1st category; “Exposure studies performed on asthmatic individuals” consisted of 22 TSDs (51 

chemicals) listed in Appendix A: Table 1. All chemicals where studies including asthmatic sub-

jects had been made were sorted into this category independent of the quality of data. Chemicals, 

where AEGL-1 values or an intra-species UF were based on studies on asthmatics performed on 

other chemicals, were also included in this category. 14 chemicals were tested for effects on 

asthmatics and the data were used in the assessment of 37 additional chemicals. 

2nd category; “Asthmatic individuals might constitute a susceptible population without exposure 

studies confirming the assumption.” consisted of 10 TSDs (10 chemicals) listed in Appendix A: 

Table 2. A statement, not based on experimental data, had been written in each TSD explaining 

the possibility that the asthmatic population might be susceptible to airborne exposure of these 

chemicals.  

3rd category; “Individuals with compromised lung function or pulmonary conditions mentioned 

as might constitute a susceptible population. Asthmatic or COPD individuals were not mentioned 

specifically” consisted of 4 TSDs (5 chemicals) listed in Appendix A: Table 3. No exact defini-

tion regarding names of the diseases was made and asthmatic and COPD individuals were there-

fore not explicitly defined susceptible subpopulation. 
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4th category; “No information on the susceptibility of asthmatic individuals” written in the TSD, 

consisted of 6 TSDs (6 chemicals) listed in Appendix A: Table 4. This phrase was written and no 

additional information on asthmatics was available in the TSDs. 

5th category: “An individual who had asthma was accidentally exposed and developed more se-

vere effects than healthy individuals. The asthma was also aggravated by the exposure.” con-

sisted of 1 TSD (1 chemical) listed in Appendix A: Table 5. No statement was made concerning 

asthmatic individuals as a susceptible population in the TSD but a case of accidental exposure to 

an asthmatic individual was described.   

6th category; “Occupational asthma or asthma-like symptoms reported shortly or longer after 

exposure” consisted of 12 TSDs (15 chemicals) listed in Appendix A: Table 6. Chemicals where 

exposure induced asthma or asthma-like symptoms belonged to this category. No exposure stu-

dies had been performed on individuals with pre-existing asthma. 

7th category; “No evidence that it can trigger a different response in asthmatic individuals but 

without studies confirming the assumption” consisted of 1 TSD (1 chemical) listed in Appendix 

A: Table 7. The chemical was described as a potent respiratory irritant but without evidence that 

asthmatic individuals would respond at lower concentrations than healthy individuals. At the 

same time, there were no data on asthmatic subjects from experimental or accidental exposure 

confirming this statement. No AEGL-1 values were recommended for this chemical and therefore 

no intra-species UF was used either.  

8th category; “Asthmatic, COPD or individuals with compromised lung function or pulmonary 

conditions were not mentioned at all in the document.” consisted of 112 TSDs (162 chemicals) 

listed in Appendix A: Table 8. No information was available about whether or not asthmatic in-

dividuals had been considered during development of AEGL values for these chemicals.  

9th category; “10 chemicals had no published TSDs on the AEGL website but had AEGL values” 

AEGL values had been derived and published on the website but TSDs were not available. No 

information on where the TSDs could be found. 

 

12 chloroformates were described in the same TSD. One of the chemicals belonged to “Occupa-

tional asthma or asthma-like symptoms reported shortly or longer after exposure” while 11 be-

longed to “Asthmatic, COPD or individuals with compromised lung function or pulmonary con-

ditions were not mentioned at all in the document” (Table 2). The TSD for chloroformates was 
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only counted for in the latter category and not in the previous one to obtain the correct total num-

ber of documents in the “TSDs. (percent of total)” column. However, the chemicals were added 

to the “Total number of chemicals (percent of total)” column into each category as number one 

and 11 respectively. 

 

Table 2 Categorization of chemicals based on the information on asthmatic individuals collected from the Technical 
Support Documents (TSDs) 

 TSDs. 
(percent of 

total)a 

Total number of 
chemicals (percent 

of total)b 
 

1) Exposure studies performed on asthmatic individuals.   
 

22  
(13.095%) 

51               
(20.32%) 

2) Asthmatic individuals might constitute a susceptible population without expo-
sure studies confirming the assumption.  

 

10    
(5.95%) 

10                  
(3.98%) 

3) Individuals with compromised lung function or pulmonary conditions men-
tioned as might constitute a susceptible population. Asthmatic or COPD indi-
viduals were not mentioned specifically. 

 

4          
(2.38%) 

5                   
(1.99%) 

4) “No information on the susceptibility of asthmatic individuals” written in the 
TSD. 

6             
(3.57%) 

6                   
(2.39%) 

5) An individual who had asthma was accidentally exposed and developed more 
severe effects than healthy individuals. The asthma was also aggravated by the 
exposure. 

 

1            
(0.60%) 

1                   
(0.40%) 

6) Occupational asthma or asthma-like symptoms reported shortly or longer after 
exposure. 

 

12        
(7.14%) 

15                 
(5.98%) 

7) No evidence that it can trigger a different response in asthmatic individuals but 
without studies confirming the assumption. 

 

1            
(0.60%) 

1                   
(0.40%) 

8) Asthmatic, COPD or individuals with compromised lung function or pulmo-
nary conditions were not mentioned at all in the document.  

 

112   
(66.67%) 

152             
(60.56%) 

9) 10 chemicals had no published TSDs on the AEGL website but had AEGL 
values 

- 10                 
(3.98%) 

 
Total number of TSDs or chemicals on the AEGL website. 

168      
(100%) 

251                
(100%) 

a) Values in the “TSDs. Percent of total” column describe the number of studied chemicals and at the same time the number of TSDs where 

studies on chemicals have been performed or where the AEGL-1 derivation was based on the studied chemicals.  

b) The “Total number of chemicals (percent of total)” column describes the total number of chemicals that belong to the TSDs from the previous 

column. Sometimes several chemicals were described in the same TSD.  

 

5.3. Exposure studies performed on asthmatic individuals 
There were 51 chemicals included in 22 TSDs that had data from experimental studies on asth-

matic individuals included in the risk assessment. Studies that included asthmatic individuals had 
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been cited in 14 TSDs (14 individual chemicals) and four of these also included COPD individu-

als (Table 3). Chemicals and CAS numbers are listed in Appendix A: Tables 10.  

Experimental results from 10 of the studied chemicals were used as key studies for AEGL-1 deri-

vation while the remaining four chemicals did not use the data as a point of departure. The 

AEGL-1 values from these studied chemicals were used in AEGL-1 derivation for additionally 

37 chemicals. Some of these chemicals had similar chemical structure as the studied chemicals 

and some were easily oxidized or hydrolyzed into one of them, resulting in AEGL-1 values from 

the studied chemicals being applicable also for these 37 chemicals.  

The isomers 2,4-toluendiisocyanate and 2,6-toluendiisocyanate belonged to the same TSD and 

exposure studies on asthmatics had been performed on toluendiisocyanate without mentioning 

the conformation. There appeared however to be little difference in toxicity between 2,4-

toluendiisocyanate and 2,6-toluendiisocyanate. They are therefore counted as one studied chemi-

cal in one TSD and then as two chemicals in the “Total number of chemicals” column in Table 2 

and 3. 

Nitric oxide had no recommended AEGL-1 values but stated in the TSD to be easily converted to 

nitrogen dioxide. AEGL-1 values were therefore adopted from nitrogen dioxide and nitric oxide 

and included in the “Total number of chemicals” column of “Exposure studies performed on 

asthmatic individuals” in Table 2. One study on asthmatic and COPD subjects exposed to nitric 

oxide added in oxygen gas and nitrogen gas was described in the TSD for nitric oxide but this 

study was added to the studies on nitrogen dioxide because nitric oxide was stated to be easily 

converted to nitrogen dioxide. See Appendix D: Table 11 for information on the study. Nitric 

oxide is therefore included as one of the 51 chemicals in “Exposure studies performed on asth-

matic individuals” in Table 2 but it did not belong to the 22 TSDs.  

In Table 3, nitric oxide is included in the 51 chemicals in “Total number of chemicals” for “Ex-

posure studies performed only on asthmatic individuals” and the 8 chemicals in “Exposure stu-

dies performed on both asthmatic and COPD individuals” but not in the TSDs in the column; 

“Studied chemicals. TSDs”. 
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Table 3 Exposure studies performed on asthmatic and COPD individuals 

 Studied chemicals. 
TSDs. 

Total number of 
chemicals 

Exposure studies performed only on asthmatic individuals. 14 51 

Exposure studies performed on both asthmatic and COPD individuals. 4 8 

Total. 14 51 

 

The number of exposure studies performed on each chemical was described in a table together 

with the number of epidemiological studies and one meta-analysis on exposure studies. All stu-

dies had been cited in the TSDs (Table 4). TSDs with the highest number of available exposure 

studies performed on asthmatic and/or COPD subjects were sulfuric acid (29 studies), nitrogen 

dioxide (28) and sulfur dioxide (25), formaldehyde (10), acetaldehyde (6) and 1,1,1,2-

tetrafluoroethane (HFC-134a) (6). The TSD for hydrogen chloride and the TSD for the isomers 

2,4-toluendiisocyanate and 2,6-toluendiisocyanate each included two studies on asthmatics.  

The following chemicals had one available study with asthmatic subjects cited in the TSD; am-

monia, chlorine, hydrogen sulfide, methyl methacrylate, nitric acid and tear gas (o-

chlorobenzylidenemalonitrile). 

Epidemiological studies related to air pollution including data on asthmatic individuals were de-

scribed in TSDs for nitric acid, nitrogen dioxide and sulfur dioxide and one meta-analysis study 

was also cited in the TSD for nitrogen dioxide. 

Studies performed on both asthmatic and COPD subjects were included in the TSDs for nitrogen 

dioxide and sulfuric acid. Studies where only COPD subjects were used were included in the 

TSDs for 1,1,1,2-tetrafluoroethane (HFC-134a) and nitrogen dioxide.  

Detailed information on each identified experimental study concerning duration, experimental 

design and definition of asthma, definition of COPD together with number of subjects, exposure 

concentration and effects were presented in separate tables.  (Appendix D: Tables 1-14)  
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Table 4 Number of exposure studies performed on asthmatic and COPD subjects for each chemical. 

1) One of the studies only had COPD subjects. 
2) Two of the studies only had COPD subjects. Three studies included COPD subjects and one of them was a study on NO exposure. 
3) Three studies included COPD subjects 
 

5.3.1. AEGL-1 derivation and the use of intra-species uncertainty factors (UFs)  
The established AEGL-1 values for each chemical are compiled in Appendix C: Table 1.  AEGL-

1 derivation including the use of intra-species UFs are summarized for the 51 chemicals related to 

exposure studies on asthmatics (Appendix C: Table 2).   

 No intra-species UF was needed in nine studied chemicals (nine TSDs) corresponding to 46 

chemicals. This was because studies on asthmatic individuals were used as the point of departure 

for the AEGL-1 derivation. Thereby, the most sensitive sub-population is assumed to be pro-

tected. These nine studied chemicals were 1,1,1,2-tetrafluoroethane (HFC-134a), toluendiisocya-

nate (two isomers), ammonia, formaldehyde, chlorine, hydrogen chloride, nitrogen dioxide, sul-

fur dioxide and sulfuric acid.  

4 chemicals (4 TSDs) with available experimental data on asthmatics applied an intra-species UF 

of 3 applied for variability. However, asthmatics were not mentioned as a sensitive population. 

These chemicals were acetaldehyde, methyl methacrylate, nitric acid and tear gas (o-

chlorobenzylidenemalonitrile).  

In the TSD for one studied chemical a MF of 3 was applied to account for variability in com-

plaints among individuals, headache in asthmatic individuals was one example (Table 5 and Ap-

pendix A: Table 11).    

 

 Exposure studies Epidemiological 
studies 

Meta-analysis of 
exposure studies 

1,1,1,2-tetrafluoroethane (HFC-134a) 811-97-2 61     
2,4-toluenediisocyanate 584-84-9 
2,6-toluenediisocyanate 91-08-7 

2   

Acetaldehyde 75-07-0 6   
Ammonia 7664-41-7 1   
Chlorine 7782-50-5 1   
Formaldehyde 50-00-0 10   
Hydrogen chloride 7647-01-0 2   
Hydrogen sulfide 7783-06-4 1   
Methyl methacrylate 80-62-6 1   
Nitric acid 7697-37-2 1 3  
Nitrogen dioxide 10102-44-0 282  9 1 
Sulfur dioxide 7446-09-5  25 3  
Sulfuric acid 7664-93-9 293    
Tear Gas (O-chlorobenzylidenemalonitrile) 2698-41-1 1   
Total number of studies 114 15 1 
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Table 5 Intra-species UFs applied on AEGL-1 values in TSDs where studies on asthmatic individuals were included 

 Studied chemicals. 
TSDs. 

Total number of 
chemicals 

No UF needed, AEGL-1 established directly from studies on asthmatic individuals 9 461 

UF 3 applied for intra-species variability, asthmatics not particularly mentioned 4 4 

No UF  but MF 3 to account for variability in complaints among asthmatic individ-
uals 

1 1 

Total  14 51 

1) One of them was methyl-nonafluorobutyl (HFE-7100) (40%).  AEGL-1 established from rat studies but asthmatics were mentioned as a sus-

ceptible population based on studies on asthmatics exposed to 1,1,1,2-tetrafluoroethane (HFC-134a). 

 

5.3.2. Chemicals for which the asthmatic population was considered susceptible 

Asthmatics were specified as a susceptible population in 11 TSDs (40 chemicals) and they are 

presented in Appendix C: Table 3. Exposure studies on asthmatics were cited in 7 of these TSDs 

(11 chemicals); toluendiisocyanate (two isomers), chlorine, hydrogen chloride, hydrogen sulfide, 

nitrogen dioxide, sulfur dioxide and sulfuric acid.  

The remaining 4 TSDs (29 chemicals) had their own TSDs but AEGL-1 values were adopted 

from their hydrolysis products, chemicals from the previously mentioned 7 TSDs. These 4 TSDs 

were nitric oxide, chlorosilanes, thionyl chloride and chlorosulfonic acid. 

No intra-species UF was used in the AEGL-1 derivation for all of the 40 chemicals because the 

asthmatic group was considered to represent the most susceptible part of the general population. 

In the case of hydrogen sulfide, no intra-species UF was used but a MF of 3 was used to account 

for the variability of complaints among asthmatic subjects after exposure.  

Sulfuric acid and nitrogen dioxide each had plenty of data from experimental exposure studies on 

asthmatics, which lead to establishment of them as a susceptible population. Oleum and sulfur-

trioxide had AEGL-1 values adopted from sulfuric acid and all three of them belonged to the 

same TSD. Nitrogen tetraoxide belonged to the same TSD as nitrogen dioxide and had the same 

AEGL-1 values.  

All 26 chlorosilanes were included in 1 TSD but AEGL-1 values were adopted from hydrogen 

chloride since they were assumed to form hydrogen chloride by hydrolysis. The chlorosilanes 

were mono-, di-, tri- and tetrachlorosilanes and the AEGL-1 values for hydrogen chloride were 

therefore divided by molar adjustment factors of 1, 2, 3 or 4 to derive appropriate values.  

AEGL-1 values were not recommended for nitric oxide and thionyl chloride. The AEGL-1 values 

for their hydrolysis product, nitrogen dioxide and sulfur dioxide respectively was attached to their 
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TSDs instead. Exposure studies on asthmatics had been cited in the TSDs for the hydrolysis 

products and no intra-species UFs were therefore applied. 

No experimental studies on asthmatics were available for chlorosulfonic acid and AEGL-1 values 

from a hydrolysis product, sulfuric acid, were therefore used. A molar adjustment factor of 2 was 

applied because chlorosulfonic acid is considered to be twice as toxic as sulfuric acid.  

Asthmatics were not specifically mentioned as being a susceptible population for the three chem-

icals without their own TSDs (oleum, sulfurtrioxide and nitrogen tetraoxide) and the four TSDs 

with adopted AEGL-1 values (chlorosilanes, nitric oxide, thionyl chloride and chlorosulfonic 

acid). However, the chemicals easily convert to the studied chemicals and asthmatics were there-

fore considered as a susceptible population for them too.  

With the aim to enable a more mechanistic evaluation of specific sensitivity of individuals with 

asthma, mechanism of toxicity is summarized in Appendix C: Table 3 and detailed information 

on individual studies is given in Appendix D: Table 2, 5, 7, 8, 11, 12 and 13. Toxicity was related 

to several mechanisms including local and direct corrosive and irritation of the respiratory tract. 

Some compounds affect mainly the upper respiratory tract (e.g. hydrogen chloride), while others 

affects the entire respiratory tract (e.g. chlorine). There is also an example of compounds that acts 

via interruption of the electron transport chain (e.g. hydrogen sulfide). 

 

5.3.3. Chemicals with available experimental exposure data on asthmatics that was not 

included in the AEGL-1 derivation.  

Asthmatics were not mentioned specifically as a susceptible population in the AEGL-1 derivation 

for 5 chemicals; acetaldehyde, bromine, fluorine, methyl methacrylate and nitric acid.  

Experimental exposure studies on asthmatic subjects had been cited in the TSDs for acetalde-

hyde, methyl methacrylate and nitric acid. An intra-species UF of 3 was used in the AEGL-1 de-

rivation for each of their TSD to include susceptible populations but asthmatics were not specifi-

cally mentioned. Short-term exposures to asthmatics had been cited in the TSD for acetaldehyde 

and the result indicates that individuals with asthma were more susceptible than people without 

asthma. However, the data was not suitable for AEGL-1 derivation.  

Data from studies on asthmatic subjects was also reported in the TSD for chlorine. These data 

indicated that the asthmatic population might be susceptible to the similar chemicals bromine and 

fluorine. The study on chlorine was not used as point of departure in their AEGL-1 derivations. 
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Instead, an intra-species UF of 3 was applied to account for the lack of data on asthmatics. For 

fluorine, an additional MF of 2 was used to compensate for limited data on occupational asthma.  

One study had been performed on asthmatics exposed to methyl methacrylate. It was shown that 

they experienced some respiratory symptoms as a result of the exposure. However, the study was 

classified as not sufficient and was not used in the AEGL-1 derivation.  

Studies made on asthmatics exposed to nitric acid revealed that they may be susceptible, but the 

data was not commented or used in the AEGL-1 derivation.  

The mechanism of toxicity for chemicals with available data on asthmatics that were not included 

in the AEGL-1 derivation is presented in Appendix C: Table 4. A summary of the content is giv-

en here.  

Acetaldehyde was reported to cause bronchoconstriction in asthmatics (Appendix D: Table 3).  

No experimental data was available for bromine and fluorine. However, due to similarity in struc-

ture to chlorine, asthmatics were mentioned as might be more susceptible. Bromine is more hy-

drophilic than chlorine and is therefore thought to be more toxic. It is a respiratory oxidizing irri-

tant that can cause pulmonary edema with water solubility that determines the penetration of a 

gas into the respiratory tract. Also, fluorine is a severe irritant to mucous membranes and lungs, 

and reacts with water in the moist respiratory passages. Some fluorine molecules persist in satu-

rated water vapor for 1 h and it is likely that some molecules reach the lung via saturated air in 

the respiratory tract. 

Methyl methacrylate is an irritant to skin and mucosa of the respiratory tract. Asthmatic subjects 

responded to exposure by various respiratory symptoms (Appendix D: Table 9).  

Nitric acid is a highly corrosive and strongly oxidizing respiratory irritant with high water solu-

bility. It is reactive and probably undergoes removal in the upper respiratory tract where bronchi-

al responsiveness might occur. See Appendix D: Table 10 for information on experimental expo-

sure studies performed on asthmatics. 

 

5.3.4. Chemicals for which the asthmatic population was not considered susceptible  

Asthmatics were not considered a susceptible population in the assessment of 6 TSDs (6 chemi-

cals) and exposure studies on asthmatics were cited in 4 of the TSDs, namely; 1,1,1,2-

tetrafluoroethane (HFC-134a), ammonia, formaldehyde and tear gas (o-

chlorobenzylidenemalonitrile). The two additional chemicals without experimental data on asth-
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matics were methyl-nonafluorobutyl (HFE-7100) (40%) and 1,1-dichloro-1-fluoroethane (HCFC-

141b) which were assumed to be similar to 1,1,1,2-tetrafluoroethane (HFC-134a).  

No intra-species UF was used in the AEGL-1 derivation for 1,1,1,2-tetrafluoroethane (HFC-

134a), ammonia and formaldehyde because exposure studies had been performed on asthmatic 

subjects and no other  sub-population was assumed to be susceptible.  

Exposure studies were performed on 1,1,1,2-tetrafluoroethane (HFC-134a) for the use as propel-

lant in metered-dose inhalers in asthma treatment. Asthmatics are therefore not assumed to be 

susceptible to 1,1,1,2-tetrafluoroethane (HFC-134a). Due to structural similarities, asthmatics are 

also assumed to be insusceptible to 1,1-dichloro-1-fluoroethane (HCFC-141b) and methyl-

nonafluorobutyl (HFE-7100). See Appendix D: Table 1 for more information on the experimental 

exposure studies. 

An intra-species UF of 3 was used in the AEGL-1 derivation for tear gas (o-

chlorobenzylidenemalonitrile).   

The mechanism of toxicity for the chemicals is presented in Appendix C: Table 5. In summary;  

1,1,1,2-tetrafluoroethane (HFC-134a), 1,1-dichloro-1-fluoroethane (HCFC-141b) and methyl-

nonafluorobutyl (HFE-7100) have a low toxicity. The first two have anesthetic and narcotic 

properties in high concentrations. 

Ammonia is a water-soluble contact irritant that produces effects in the mucous membranes of 

the eyes, mouth and respiratory tract. The odor threshold is lower than the threshold for irritation. 

It is therefore unlikely that concentration detected by odor would reach the tracheobronchial and 

pulmonary regions of the respiratory tract and cause adverse effects in asthmatics. Asthmatic and 

healthy subjects also experienced similar effects in an exposure study. See Appendix D: Table 4 

for more information on the experimental exposure study. 

Formaldehyde is a highly water soluble respiratory irritant which is scrubbed in the nasal passag-

es and induces bronchoconstriction through the vagus nerve. When tested on asthmatic individu-

als, these subjects found to be as sensitive as the healthy subjects to the irritant effects of formal-

dehyde exposure up to 3 ppm. See Appendix D: Table 5 for more information on the experimen-

tal exposure studies. 

Tear gas (o-chlorobenzylidenemalonitrile) is an irritant with direct contact as a portal of entry 

effect, which probably does not vary widely among individuals from different sub-populations. 

Individuals with a history of asthma tolerated exposure similar to the healthy individuals.  How-
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ever, a higher percentage of asthmatic individuals reported more severe chest symptoms com-

pared to the healthy individuals but the severity of effects was higher than the definition of 

AEGL-1. The asthmatic population is therefore not considered to be more susceptible to concen-

trations at AEGL-1. See Appendix D: Table 14 for more information on the experimental expo-

sure study. 

 

5.4. The asthmatic population might constitute a susceptible population without exposure 

studies confirming the assumption.  

Asthmatic individuals were considered a possible susceptible population in 10 TSDs (10 chemi-

cals) without experimental data confirming the assumption. (Table 2) The chemicals and CAS 

numbers are listed in Appendix A: Table 2.  

 

5.4.1. AEGL-1 derivation and the use of intra-species uncertainty factors (UFs)  

The use of intra-species UFs in AEGL-1 derivation was divided into 5 categories and is presented 

in Table 6. The chemicals and CAS numbers belonging to each category are listed in Appendix 

A: Table 12.  

An intra-species UF of 3 was applied to hydrogen fluoride to protect the asthmatic population. 

The asthmatic population was not protected in AEGL-1 derivation for; 1,2-butylene oxide, chlo-

rine trifluoride, methyl isothiocyanate and selenium hexafluoride.  

Titanium tetrachloride had no recommended AEGL-1 values but AEGL-1, -2 and -3 values from 

hydrogen chloride, a hydrolysis product, were presented for comparison in the TSD. Asthmatics 

have been considered susceptible to hydrogen chloride. However, the AEGL values from hydro-

gen chloride were not specifically used for titanium tetrachloride and the asthmatic population 

was therefore not protected in the AEGL derivations. 

No recommended AEGL-1 values were suggested in the TSDs for osmium tetraoxide and oxygen 

difluoride but an intra-species UF of 3 was used in AEGL-2 and AEGL-3 derivation for osmium 

tetraoxide, and in AEGL-3 derivation for oxygen difluroide, to protect the asthmatic population.  

Bromine trifluoride and uranium hexafluoride had no available data for AEGL-1 derivation. 

Their AEGL-1 values were based on chemicals where asthmatics had been mentioned as might 

constitute a susceptible population. Bromine trifluoride has an analogue called chlorine trifluo-
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ride which is more toxic than bromine trifluoride and which has derived AEGL-1 values. These 

values were therefore used in the AEGL-1 derivation for bromine trifluoride.  

Up to 4 mole of hydrogen fluoride can be hydrolyzed from 1 mole uranium hexafluoride. Safe 

values for uranium hexafluoride were obtained by dividing the hydrogen fluoride values by four. 

Also, AEGL-1 values for hydrogen fluoride were derived by the use of an intra-species UF of 3 

to protect the asthmatic population. 

 

Table 6 Intra-species UFs applied to AEGL-1 values in "Asthmatic individuals might constitute a susceptible popu-
lation without exposure studies confirming the assumption." 

 

5.4.2. Information on the susceptibility of the asthmatic population  

The information on susceptibility of the asthmatic population given from TSDs is presented in 

Appendix C: Table 6. In summary: 

Asthmatics would have a different response than healthy individuals to 1,2-butylene oxide expo-

sure.  

The assumption that asthmatics may respond to irritants with increased bronchial responsiveness 

was made in TSDs for bromine trifluoride, chlorine trifluoride, hydrogen fluoride, titanium te-

trachloride and selenium hexafluoride.  

Because uranium hexafluoride hydrolyzes to hydrogen fluoride, the same assumption was made 

concerning the susceptibility to the asthmatic population. 

Both asthmatic and COPD individuals might be susceptible to osmium tetraoxide exposure.  

Individuals with compromised pulmonary function or asthma might respond more severe than 

healthy individuals to oxygen difluoride exposure.  

 TSDs. Total number of 
chemicals 

UF 3 was used to protect the asthmatic population.  1 1 

Did not protect the asthmatic population.  4 4 

No recommended AEGL-1 values.  Did not protect the asthmatic population in 
AEGL-2 and AEGL-3 derivations. 

1 1 

No recommended AEGL-1 values but UF 3 was used in AEGL-2 derivation for 
one of the chemicals, and in AEGL-3 derivation for both of them, to protect the 
asthmatic population.  

2 2 

AEGL-1 values based on other chemicals where asthmatics might constitute a 
susceptible population 

2 2 

Total. 10 10 
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Individuals with respiratory diseases, such as asthma and emphysema, may be more susceptible 

to methyl isothiocyanate exposure.  

The mechanism of toxicity is presented in Appendix C: Table 7. In summary: 

1,2-butylene is an irritant that reacts with the nasal epithelium and the lung nasal mucosa, and is 

thought to give a direct effect on the target organ.  

Hydrogen fluoride is effectively scrubbed into the anterior nasal passages and penetrated into the 

lungs. Selenium hexafluoride and uranium hexafluoride are hydrolyzed into hydrogen fluoride 

and the mechanism of toxicity is therefore expected to be the same.  

Hydrogen fluoride and chloride dioxide are formed when chlorine trifluoride gets in contact with 

the respiratory tract. These compounds are probably responsible for the lung tissue damages that 

chlorine trifluoride exposure can lead to.  

It is suggested that bromine trifluoride has the same mechanism of toxicity as chlorine trifluoride.  

Exposure to the direct irritant methyl isothiocyanate has resulted in respiratory symptoms such as 

sore throat, cough and shortness of breath.  

Osmium tetraoxide and oxygen difluoride have oxidizing properties, which may lead to tissue 

damage, but the exact mechanism is unknown.            

Exposure to titanium tetrachloride may lead to lung tissue damage. One of the hydrolysis prod-

ucts is hydrogen chloride, which is primarily absorbed in the upper respiratory tract. Other hydro-

lysis products are oxychloride intermediates, which are proposed to penetrate the lung and be 

responsible for bronchitis and pneumonia.  
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6. Discussion 

Individuals with chronic respiratory illnesses, such as asthma or COPD, are assumed to be more 

susceptible to exposure of airborne chemicals than healthy individuals. Therefore, consideration 

of this population should be included in risk assessment addressing Acute Exposure Guideline 

Levels (AEGLs).  
As mentioned earlier, there is approximately 300 million people worldwide suffering from asth-

ma and around 210 million people with COPD making the question on individual susceptibility 

to airborne chemicals a serious issue of global importance. Asthma affects the lower respiratory 

tract, mainly by inflammation or obstruction of the airways in the lungs. The severity of the dis-

ease varies within the asthmatic population and the AEGLs might not be protective to individuals 

with a severe asthmatic condition. 
Based on the information from all TSDs related to chemicals with Interim or Final AEGL values 

a quantitative analysis resulted in nine different categories of chemicals based on the information 

related to asthmatic individuals (Table 2). In about 2/3 of the TSDs, people with asthma or COPD 

are not mentioned at all. However, in the portal definition of AEGL it is stated that asthmatics 

and other sensitive groups are included. Only about 13% of the TSDs include chemical specific 

data on asthmatic individuals. However, very few (3.6%) of the remaining TSDs declare that 

there is a lack of information regarding the susceptibility of asthmatics. 

Information on susceptibility of the asthmatic population was available for TSDs in the first two 

categories and these were thoroughly investigated in more qualitative terms. 

3rd category; Individuals with compromised lung function or pulmonary conditions might consti-

tute a susceptible population. Asthmatic or COPD individuals were not mentioned specifically. It 

was not clear if asthmatic or COPD individuals were included in the susceptible population with 

“compromised lung function” or “pulmonary conditions” but it may be implied by the given clas-

sifications of conditions. However, a statement about the asthmatic population would have been 

useful to include in the TSD since these individuals have no chronic effects but may react diffe-

rently to an exposure. 

4th category; No information on the susceptibility of asthmatic individuals. The statement indi-

cates that the authors of the TSDs had considered the susceptibility of this population and made a 

conclusion about lack of data. This is in contrast to documents in category 8, in which data re-

lated to susceptibility of the asthmatic population was either nonexistent or not investigated. 
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5th category; An individual who had asthma was accidentally exposed and developed more severe 

effects than healthy individuals. The asthma was also aggravated by the exposure. This case (on-

ly one document) was mentioned in the TSD but no statement was made concerning susceptibili-

ty of the asthmatic population based on this information. The limited data might not be regarded 

as sufficient to draw any conclusions on susceptibility. However, if there is a possibility that 

asthmatics may be more susceptible to this chemical it could be useful to discuss it further in the 

TSD. 

6th category; Occupational asthma or asthma-like symptoms reported shortly or longer after ex-

posure. Occupational asthma or asthma-like symptoms after exposure were described in these 

TSDs. No information was available on individuals with pre-existing asthma and no statement 

was made on that population. If otherwise healthy workers without asthma react with asthma-like 

symptoms it is likely that people with pre-existing asthma may react in a similar way at a lower 

dose. Therefore, data from experimental studies with asthmatic individuals would be highly rele-

vant for setting AEGLs and might be suggested as an option for further research. 

7th category; No evidence that it can trigger a different response in asthmatic individuals but 

without studies confirming the assumption. The chemical in this category (ethylenimine) was 

described as a potent respiratory irritant. However, it is also stated that there is no evidence that 

asthmatic individuals would respond at lower concentrations than healthy individuals. At the 

same time, there were no data on asthmatic subjects from experimental or accidental exposure 

supporting the statement. No AEGL-1 values, (or intra-species UF), were recommended for this 

chemical because no suitable data from either human or animal were available. The document 

would have been more protective toward asthmatic individuals and transparent if the statement 

had been similar to category four; “No information was available on the asthmatic population”.  

8th category; Asthmatic, COPD or individuals with compromised lung function or pulmonary 

conditions were not mentioned at all in the document. More than half of the chemicals in the Fi-

nal and Interim stages belonged to this category. The reason for not mentioning asthmatic and 

COPD individuals was not obvious. Most likely, no information was found on exposure studies 

involving these populations. Not mentioning asthmatics also implies that this population was not 

considered at all by the authors of the risk assessment. The chemical might be known as a chemi-

cal without primary effects on the respiratory system, such as systemic toxicity. In that case, in-

dividuals with chronic illnesses concerning the airways might not be a susceptible population. 
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However, independent of the reason for not mentioning these populations some kind of statement 

would make the implicit conclusion more transparent to the reader. It has not been within the 

scope of this study to analyze the toxicological properties of the chemicals in this category.  

9th category; 10 chemicals had no published TSDs on the AEGL website but had AEGL-values. 

Information was obviously not available regarding the susceptibility of asthmatic individuals for 

these chemicals. There was no explanation given for not publishing these TSDs.  

 

The first and second category with information on the susceptibility of the asthmatic population 

was included in the qualitative analysis: 

1st category: Exposure studies performed on asthmatic individuals. 14 chemicals had available 

publications on exposure studies performed on asthmatic individuals. In addition, 4 of them also 

included data on COPD individuals. Information from the exposure studies was also used for 

AEGL-1 derivation in TSDs for additionally 37 chemicals.  

For 9 of the studied chemicals the data on asthmatic subjects were used as point-of-departure for 

AEGL-1, and no intra-species UF was used. Among these 9 chemicals, asthmatics were consi-

dered as more sensitive as compared with healthy individuals in 6 cases.  

Many exposure studies on asthmatics were cited in the TSDs for nitrogen dioxide, sulfur dioxide 

and sulfuric acid and the use of no intra-species UF was well in accordance with the SOP. Chlo-

rine, toluendiisocyanate (two isomers) and hydrogen chloride had 1, 2 and 2 cited exposure stu-

dies with asthmatics respectively. In all these studies, asthmatics were shown to be more suscept-

ible as compared with healthy individuals.  Even though the number of studies was limited, no 

intra-species UF was used. In such cases, supporting data or statements about the quality of the 

critical study would have increased the credibility and transparency.   

The asthmatic population was not considered as more susceptible for 3 of the 9 chemicals, but the 

data was still used as point of departure and no additional sensitive sub-populations were identi-

fied. The use of no intra-species UF for 1,1,1,2-tetrafluoroethane (HFC-134a) was supported by 

the fact that the chemical had been used for asthma inhalation therapy. Ten exposure studies on 

asthmatics exposed to formaldehyde were included in the TSD and data show that asthmatics are 

not extra sensitive at low exposure (up to 3 ppm). Ammonia had only one exposure study cited in 

the TSD, which was used to support the decision not to use an intra-species UF. As in all cases 
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where data is limited, supporting data or statements about the quality of the critical study would 

have increased the credibility and transparency. 

 

For the remaining five chemicals that had been tested on asthmatics, the result was not used as 

point of departure for AEGL-1 derivation (Table 5). 

An UF of 3 was used in tear-gas (o-chlorobenzylidenemalonitrile) to protect susceptible popula-

tions. The asthmatic population was not considered susceptible to this chemical because the ef-

fects shown in one exposure study on asthmatics were more severe than those defined by the ef-

fects at AEGL-1.  

Exposure data on asthmatics were also available for acetaldehyde, methyl methacrylate and nitric 

acid. However, this data were not used as point of departure and instead an intra-species UF of 3 

was used for each of the chemicals to include susceptible populations, without mentioning the 

asthmatic population specifically, in the AEGL-1 derivations. Short-term exposures of acetalde-

hyde were not considered as sufficient to make any conclusions regarding the susceptibility of 

asthmatics. Methyl methacrylate had only one exposure study on asthmatics and this was not 

considered as sufficient to use in the AEGL-1 derivation. Also, nitric acid had only one exposure 

study that showed effects in asthmatics but this was not used in AEGL-1 derivation. Because all 

three chemicals have potential to affect asthmatics with increased susceptibility, more studies 

might be needed to make conclusions on the susceptibility of the asthmatic population or to con-

firm that an intra-species UF of 3 is protective. 

One exposure study on asthmatics was cited in the TSD for hydrogen sulfide and asthmatics were 

considered susceptible to this chemical. This study was not used as point of departure, but no 

intra-species UF was introduced. Instead, an additional MF of 3 was used to compensate for 

complaints among asthmatics. Instead of using MF of 3 maybe an intra-species UF of 3 would 

have been more appropriate and in better accordance with the SOP. 

There were different mechanisms of toxicity for chemicals where asthmatics where considered 

more susceptible. This might be of importance for future identification of chemicals related to 

susceptibility of the asthmatic population. 

For the 4 chemicals where the asthmatic population was not considered susceptible, 3 had similar 

mechanisms of toxicity as some of the chemicals where asthmatics were considered susceptible 

but no effects were shown in asthmatics relevant to AEGL-1 values. The fourth chemical, 
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1,1,1,2-tetrafluoroethane (HFC-134a) , had anesthetic and narcotic properties in high doses that 

might not affect asthmatics differently. 

2nd category; Asthmatic individuals might constitute a susceptible population without exposure 

studies confirming the assumption. 

Without available exposure studies, the assumption that the asthmatic population might be sensi-

tive was made in all 10 TSDs (10 chemicals) of this category. However, the use of an intra-

species UF was not consistent between the chemicals. An intra-species UF of 3 was used for 

AEGL-1 derivation regarding hydrogen fluoride, with the aim to protect asthmatics. However, in 

four TSDs (1,2-butylene oxide, chlorine trifluoride, methyl isothiocyanate and selenium hexaflu-

oride) no intra-species UF was used, despite of the assumption that asthmatics might be more 

susceptible to these chemicals.  It could be questioned if this is in accordance with the SOP. 

Three TSDs had no recommended AEGL-1 values and an intra-species UF was obviously not 

applied. In two of the TSDs however, an intra-species UF of 3 was used in AEGL-3 derivation to 

protect asthmatics. In one of them, also an intra-species UF of 3 was used in AEGL-2 derivation.  

The choice to protect the asthmatic population to AEGL-3 values, where the life threatening ef-

fects can occur, gives a suspicion that asthmatics might respond with an increased susceptibility 

to AEGL-1 and AEGL-2 values too. Therefore, consideration of asthmatics is suggested if data 

on AEGL-1 becomes available in the future. At the same time, further discussions can be made 

on whether asthmatic and healthy individuals respond differently at AEGL-3, or if the effects 

from exposure to these high concentrations are the same across the population.  

The two remaining TSDs had AEGL-1 values based on other chemicals where asthmatics might 

constitute a susceptible population. One chemical had values based on hydrogen fluoride where 

asthmatics was assumed to be protected by an intra-species UF of 3. The other chemical had 

AEGL-1 values based on chlorine trifluoride were no intra-species UF was introduced despite the 

fact that the asthmatic population was mentioned as more sensitive as compared to healthy indi-

viduals.  

 

6.1. Conclusions 

The categorization of chemicals, concerning the consideration of the asthmatic population in the 

risk assessments, resulted in knowledge on if and how the asthmatic population was mentioned in 

the AEGL Technical Support Documents (TSDs). 
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The information on asthmatic individuals, collected from chemicals where exposure studies had 

been cited and from chemicals of which asthmatics were considered as might be susceptible to, 

were used to elucidate if and how this population was protected by the guideline values. The use 

of intra-species uncertainty factors was not always transparent and in accordance with the Stand-

ing Operating Procedures (SOP). 

Data from exposure studies on asthmatic individuals were limited for some chemicals and ade-

quate for others. The use of intra-species UFs was not always in accordance with the quality of 

available data and with the SOP. 

The bottom line is, that transparency in documents regarding the consideration of susceptibility in 

the asthmatic population is important for development of protective guideline levels. 

 

6.2. Further perspectives 

The identification of susceptible populations, made by the NAC/AEGL committee, is performed 

on a chemical-to-chemical basis as mentioned earlier. A systematic guideline for how to apply 

information on the asthmatic population in the TSD can be useful when interpreting that informa-

tion. 

For the TDSs where people with asthma or COPD were not mentioned at all (2/3 of all interim 

and final TSDs) information on toxicological properties of the chemical would be interesting to 

analyze further to both, identify new chemicals of which the asthmatic population might be sus-

ceptibility to, and to, build up a systematic plan on how to formulate statements about suscepti-

bility of sub-populations, such as asthmatics. 

TSDs, where the AEGL-1 derivation and the use of no intra-species UF were based on results 

from a single exposure study on asthmatic subjects, might need a discussion on how to address 

the question of susceptibility in a consistent way. Finding more data supporting the decision 

could be a method to use. This issue can be discussed further also for chemicals of which the 

asthmatic population might be susceptible to and for chemicals where AEGL-1 values were de-

rived from other chemicals. 

It can be interesting to compare risk assessments made for the same chemicals from AEGL, 

ERPG and the Dutch Intervention System, in terms of available information on the asthmatic 

population and the consideration of them as a susceptible population. 
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9. Appendix A: Listed chemicals  

 

Table 1 1st category; Chemicals (and CAS numbers) with available exposure studies performed on asthmatic indi-
viduals (in bold) and chemicals for which these studies are also used in the AEGL derivation. (51 chemicals)   
Chemical CAS Reg. No.  

1,1,1,2-tetrafluoroethane (HFC-134a) 811-97-2 

 Methyl nonafluorobutyl (HFE-7100) (40%)  163702-07-6 and 

163702-08-7 

1,1-dichloro-1-fluoroethane (HCFC-141B) 1717-00-6 

2,4-toluenediisocyanate 584-84-9 

2,6-toluenediisocyanate 91-08-7 

Acetaldehyde 75-07-0 

Ammonia  7664-41-7 

Chlorine 7782-50-5  

Bromine 7726-95-6 

Fluorine 7782-41-4 

Formaldehyde 50-00-0 

Hydrogen chloride 7647-01-0  

Allyl trichlorosilane 107-37-9 

Amyl trichlorosilane 107-72-2 

Butyl trichlorosilane 7521-80-4 

Chloromethyl trichlorosilane 1558-25-4 

Dichlorosilane 4109-96-0 

Diethyl dichlorosilane 1719-53-5 

Dimethyl chlorosilane 1066-35-9 

Dimethyl dichlorosilane 75-78-5 

Diphenyl dichlorosilane 80-10-4 

Dodecyl trichlorosilane 4484-72-4 

Ethyl trichlorosilane 115-21-9 

Hexyl trichlorosilane 928-65-4 

Methyl chlorosilane 993-00-0 

Methyl dichlorosilane 75-54-7 

Methyl trichlorosilane 75-79-6 

Methylvinyl dichlorosilane 124-70-9 

Nonyl trichlorosilane 5283-67-0 

Octadecyl trichlorosilane 112-04-9 

Octyl trichlorosilane 5283-66-9 

Propyl trichlorosilane 141-57-1 

Tetrachlorosilane (Silicon tetrachloride) 10026-04-7 

Trichloro(Dichlorophenyl)silane 27137-85-5 

Trichlorophenylsilane 98-13-5 
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Trichlorosilane 10025-78-2 

Trimethyl chlorosilane 75-77-4 

Vinyl trichlorosilane 75-94-5 

Hydrogen sulfide 7783-06-4 

Methyl methacrylate  80-62-6 

Nitric acid 7697-37-2 

Nitrogen dioxide 10102-44-0 

Nitric oxide 10102-43-9 

Nitrogen tetraoxide 10544-72-6 

Sulfur dioxide 7446-09-5  

Thionyl chloride 7719-09-7  

Sulfuric acid 7664-93-9 

Chlorosulfonic acid 7790-94-5 

Oleum 8014-95-7 

Sulfur trioxide 7446-11-9  

Tear gas (o-chlorobenzylidenemalonitrile) 2698-41-1 

 

Table 2 2nd category; Chemicals (and CAS numbers) for which asthmatic individuals are classified as ”might consti-
tute a susceptible population” in the TSD but without exposure studies confirming the assumption. (10 chemicals) 

Chemical CAS Reg. No.  

1,2-butylene oxide 106-88-7 

Bromine trifluoride 7787-71-5 

Chlorine trifluoride     7790-91-2 

Hydrogen fluoride 7664-39-3  

Methyl isothiocyanate 556-61-6 

Osmium tetroxide (COPD patients also a possible susceptible population) 20816-12-0 

Oxygen difluoride 7783-41-7 

Selenium hexafluoride 7783-79-1 

Titanium tetrachloride 7550-45-0 

Uranium hexafluoride 7783-81-5  

 

Table 3 3rd category; Individuals with compromised lung function or pulmonary conditions might constitute a sus-
ceptible population. Asthmatic or COPD individuals were not mentioned specifically. (5 chemicals) 
Chemical CAS Reg. No.  

Allyl alcohol 107-18-6 

Carbon monoxide 630-08-0 

Sulfuryl chloride 7791-25-5 

Tetramethoxy silane 681-84-5 

Trimethoxy silane 2487-90-3 
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Table 4 4th category; “No information on the susceptibility of asthmatic individuals” written in the TSDs. (6 chemi-
cals) 

Chemical CAS Reg. No.  

Acrolein 107-02-8 

Allyl chloride 107-05-1 

1,2-dibromoethane 106-93-4 

Ethylene diamine 107-15-3 

Methacrylaldehyde 78-85-3 

Peracetic acid 79-21-0 

 

Table 5 5th category; An individual who had asthma was accidentally exposed and developed more severe effects 
than healthy individuals. The asthma was also aggravated by the exposure. (One chemical) 
Chemical CAS Reg. No.  

Phosphorous trichloride 7719-12-2 

 
Table 6 6th category; Occupational asthma or asthma-like symptoms reported shortly or longer after exposure. (15 
chemicals) 

Chemical CAS Reg. No.  

Trimethylbenzene, 1,2,3- 526-73-8 

1,2,4-trimethylbenzene 95-63-6 

1,3,5-trimethylbenzene (Mesitylen) 108-67-8 

Bromine chloride 13863-41-7 

Chlorine dioxide      10049-04-4 

Chloropicrin 76-06-2 

Dimethylamine 124-40-3 

Epichlorohydrin 106-89-8 

Ethylene oxide 75-21-8 

Hydrazine 302-01-2  

Methyl chloroformate 79-22-1 

Phosphorous oxychloride 10025-87-3 

Styrene 100-42-5 

Sulfur mustard (also occupational chronic bronchitis) 505-60-2 

Vinyl chloride (also occupational COPD-symptoms) 75-01-4 

 

Table 7 7th category; No evidence that it can trigger a different response in asthmatics but without studies confirming 
the assumption. (One chemical) 

Chemical CAS Reg. No.  

Ethylenimine 151-56-4 
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Table 8 8th category; Asthmatic, COPD or individuals with compromised lung function or pulmonary conditions 
were not mentioned at all in the TSDs. (152 chemicals) 

Chemical CAS Reg. No.  

1,1,1-trichloroethane 71-55-6 

1,1-dimethyl hydrazine 57-14-7 

1,2-dichloroethylene (mixture) 540-59-0 

1,2-dimethyl hydrazine 540-73-8 

1,3-butadiene 106-99-0 

1,4-dioxane 123-91-1 

2-ethylhexyl chloroformate 24468-13-1 

Acetone 67-64-1 

Acetone cyanohydrin  75-86-5 

Acetonitrale 75-05-8 

Acrylic acid 79-10-7 

Acrylonitrile 107-13-1 

Adamsite (Diphenylaminochloroarsine) 578-94-9 

Agent BZ (3-quinuclidinyl benzilate) 6581-06-2  

Allyl chloroformate 2937-50-0 

Allylamine 107-11-9 

Aluminum phosphide 20859-73-8 

Aniline 62-53-3 

Arsenic trioxide 1327-53-3  

Arsine 7784-42-1 

Benzene 71-43-2 

Benzonitrale 100-47-0 

Benzyl chloroformate 501-53-1 

Biphenyl 92-52-4 

Bis(chloromethyl)ether 542-88-1  

Boron tribromide 10294-33-4 

Bromoacetone 598-31-2 

Butane 106-97-8  

Calcium phosphide 1305-99-3 

Carbon disulfide 75-15-0 

Carbon tetrachloride 56-23-5 

Carbonyl fluoride 353-50-4 

Carbonyl sulfide 463-58-1 

Chloroacetaldehyde 107-20-0 

Chloroacetonitrale 107-14-2 

Chloroacetyl chloride 79-04-9 

Chlorobenzene 108-90-7 

Chloroform 67-66-3 

Chloromethyl methyl ether 107-30-2  



46 
 

Cis-1,2-dichloroethylene 156-59-2 

Crotonaldehyde (mixture)     4170-30-3 

Cumene 98-82-8 

Cyanogen 460-19-5 

Cyclohexyl isocyanate 3173-53-3 

Cyclohexylamine      108-91-8 

Diborane 19287-45-7 

Dichloroacetyl chloride 79-36-7 

Diketene 674-82-8 

Dimethyl sulfate 77-78-1 

Diphenylchloroarsine 712-48-1 

Disulfur dichloride 10025-67-9 

Ethyl acrylate 140-88-5 

Ethyl amine 75-04-7 

Ethyl chloroformate 541-41-3 

Ethyl chlorothioformate 2941-64-2 

Ethyl isocyanate 109-90-0 

Ethyl mercaptan 75-08-1 

Ethylbenzene 100-41-4 

Ethyldichloroarsine 598-14-1 

Ethylene chlorohydrin (2-chloroethanol) 107-07-3  

Ethylphosporodichloridate 1498-51-7 

Furan 110-00-9 

Germane 7782-65-2 

Hexafluoroacetone 684-16-2 

Hexafluoropropylene 116-15-4 

Hexane 110-54-3  

Hydrogen cyanide 74-90-8 

Iron pentacarbonyl 13463-40-6  

Isobutyl chloroformate 543-27-1 

Isobutyronitrale 78-82-0 

Isopropyl chloroformate 108-23-6 

Jet propellant fuel 5 (JP-5) (Kerosene) 70892-10-3 

Jet propellant fuel 8 (JP-8) (Kerosene) 8008-20-6 

Ketene 463-51-4 

Lewisite 1 (2-chlorovinyldichloroarsine) 541-25-3 

Lewisite 2 (bis-(2-chlorovinyl)chloroarsine) 40334-69-8 

Lewisite 3 (tris-(2-chlorovinyl)arsine) 40334-70-1 

Magnesium aluminum phosphide No CAS reg. no. 

Magnesium phosphide 12057-74-8 

Malathion 121-75-5 
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Malononitrile 109-77-3 

Methacrylic acid 79-41-4 

Methacrylonitrile 126-98-7  

Methanol 67-56-1 

Methansulfonyl chloride 124-63-0 

Methyl amine 74-89-5 

Methyl bromide 74-83-9 

Methyl chloride 74-87-3 

Methyl ethyl ketone 78-93-3 

Methyl hydrazine 60-34-4 

Methyl isocyanate 624-83-9 

Methyl mercaptan 74-93-1 

Methyl parathion 298-00-0 

Methyl vinyl ketone 78-94-4 

Methyldichloroarsine 593-89-5 

Methylene chloride 75-09-2 

Methy-tertiary-butyl ether (MTBE) 1634-04-4 

Monochloroacetic acid 79-11-8  

N-butyl acrylate 141-32-2 

N-butyl chloroformate 592-34-7 

N-butyl isocyanate 111-36-4 

Nerve agent GA (Tabun) 77-81-6 

Nerve agent GB (Sarin) 107-44-8 

Nerve agent GD (Soman) 96-64-0 

Nerve agent GF 329-99-7 

Nerve agent VX 50782-69-9 

Nickel carbonyl 13463-39-3  

Nitrogen mustard 1 538-07-8 

Nitrogen mustard 2 51-75-2 

Nitrogen mustard 3 555-77-1  

Nitrogen trifluoride 7783-54-2 

Otto Fuel  (mainly Propylene glycol dinitrate 6423-43-4) 106602-80-6  

Parathion 56-38-2   

Pentaborane 19624-22-7 

Perchloromethyl merceptan 594-42-3 

Phenol 108-95-2 

Phenyl chloroformate 1885-14-9 

Phenyl isocyanate 103-71-9 

Phenyl mercaptan 108-98-5  

Phenyldichloroarsine 696 -28-6 

Phorate 298-02-2  
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Phosgene 75-44-5 

Phosphine 7803-51-2 

Piperidine 110-89-4 

Potassium phosphide 20770-41-6 

Propane 74-98-6 

Propargyl alcohol 107-19-7 

Propionaldehyde 123-38-6 

Propionitrile 107-12-0 

Propyl chloroformate 109-61-5 

Propylene glycol dinitrate (main comoponent of Otto Fuel 106602-80-6) 6423-43-4 

Propylene oxide 75-56-9 

Propylenimine 75-55-8 

Sec-butyl chloroformate 17462-58-7 

Silane 7803-62-5 

Silicon tetrafluoride 7783-61-1 

Sodium phosphide 12058-85-4 

Stibine (Antimony hydride) 7803-52-3 

Strontium phosphide 12504-13-1 

Sulfuryl fluoride 2699-79-8 

Tetrafluoroethylene 116-14-3  

Tetranitromethane 509-14-8 

T-Octyl mercaptan 141-59-3 

Trans-1,2-dichloroethylene 156-60-5 

Trans-crotonaldehyde  123-73-9 

Trichloroethylene 79-01-6 

Trifluorochloroethylene 79-38-9 

Trimethyl amine 75-50-3 

Trimethylacetyl chloride 3282-30-2 

Vinyl acetate 108-05-4 

Xylenes 1330-20-7  

Zinc phosphide 1314-84-7 

 

Table 9 9th category; No published TSDs on the AEGL website but had AEGL values. (10 chemicals)  

Chemical CAS Reg. No.  

Boron trifluoride  7637-07-2 

Bromine pentafluoride 7789-30-2 

Chlorine pentafluoride 13637-63-3  

Chloroacetone 78-95-5 

Hydrogen bromide 10035-10-6 

Hydrogen iodide 10034-85-2 

Hydrogen selenide 7783-07-5 
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N,N-dimethylformamide 68-12-2 

Tetrachloroethylene 127-18-4 

Toluene 108-88-3 

 

Table 10 Exposure studies performed on both asthmatic and COPD individuals (in bold) and chemicals based on the 
studies. (Number of chemicals presented in Table 3) 
Chemical CAS Reg. No.  

Methyl nonafluorobutyl (HFE-7100) (40%)  163702-07-6 and 

163702-08-7 

1,1,1,2-tetrafluoroethane (HFC-134A) 811-97-2 

Nitrogen dioxide 10102-44-0 

Nitrogen tetraoxide 10544-72-6 

Nitric oxide 10102-43-9 

Sulfur trioxide 7446-11-9  

Sulfuric acid 7664-93-9 

Oleum 8014-95-7 

 

Table 11 Intra-species UFs applied on AEGL-1 values in TSDs where exposure studies on asthmatic individuals had 
been performed (in bold) and chemicals based on the studies. (Number of chemicals presented in Table 5)   

No uncertainty factor needed, AEGL-1 derived directly from studies on asthmatic individuals 

Chemical CAS Reg. No.  

Methyl nonafluorobutyl (HFE-7100) (40%)   163702-07-6 and 

163702-08-7 

1,1,1,2-tetrafluoroethane (HFC-134A) 811-97-2 

1,1-dichloro-1-fluoroethane (HCFC-141B) 1717-00-6 

2,4-toluenediisocyanate 584-84-9 

2,6-toluenediisocyanate 91-08-7 

Allyl trichlorosilane 107-37-9 

Ammonia  7664-41-7 

Amyl trichlorosilane 107-72-2 

Bromine 7726-95-6 

Butyl trichlorosilane 7521-80-4 

Chlorine 7782-50-5  

Chloromethyl trichlorosilane 1558-25-4 

Chlorosulfonic acid 7790-94-5 

Dichlorosilane 4109-96-0 

Diethyl dichlorosilane 1719-53-5 

Dimethyl chlorosilane 1066-35-9 

Dimethyl dichlorosilane 75-78-5 

Diphenyl dichlorosilane 80-10-4 
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Dodecyl trichlorosilane 4484-72-4 

Ethyl trichlorosilane 115-21-9 

Fluorine  7782-41-4 

Formaldehyde  50-00-0 

Hexyl trichlorosilane 928-65-4 

Hydrogen chloride 7647-01-0  

Methyl chlorosilane 993-00-0 

Methyl dichlorosilane 75-54-7 

Methyl trichlorosilane 75-79-6 

Methylvinyl dichlorosilane 124-70-9 

Nitrogen dioxide 10102-44-0 

Nitric oxide 10102-43-9 

Nitrogen tetraoxide 10544-72-6 

Nonyl trichlorosilane 5283-67-0 

Octadecyl trichlorosilane 112-04-9 

Octyl trichlorosilane 5283-66-9 

Oleum 8014-95-7 

Propyl trichlorosilane 141-57-1 

Sulfur dioxide 7446-09-5  

Sulfur trioxide 7446-11-9  

Sulfuric acid 7664-93-9 

Tetrachlorosilane (Silicon tetrachloride) 10026-04-7 

Thionyl chloride 7719-09-7  

Trichloro(Dichlorophenyl)silane 27137-85-5 

Trichlorophenylsilane 98-13-5 

Trichlorosilane 10025-78-2 

Trimethyl chlorosilane 75-77-4 

Vinyl trichlorosilane 

 

75-94-5 

UF 3 applied for intra-species variability, asthmatics not particularly mentioned 

 Chemical CAS Reg. No.  

Acetaldehyde 75-07-0 

Methyl methacrylate  80-62-6 

Nitric acid 7697-37-2 

Tear Gas (O-chlorobenzylidenemalonitrile) 2698-41-1 

  No UF  but MF 3 to account for variability in complaints among asthmatic individuals 

 Chemical CAS Reg. No.  

Hydrogen sulfide 7783-06-4 
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Table 12 Intra-species uncertainty factors applied to AEGL-1 values in “asthmatic individuals might constitute a 
susceptible population without exposure studies confirming this assumption.”  (Number of chemicals presented in 
Table 6) 

UF 3 was used to protect the asthmatic population 

 Chemical CAS Reg. No.  

Hydrogen fluoride 7664-39-3  

 

Did not protect the asthmatic population  

Chemical CAS Reg. No.  

1,2-butylene oxide 106-88-7 

Chlorine trifluoride     7790-91-2 

Methyl isothiocyanate 556-61-6 

Selenium hexafluoride 7783-79-1 

  No recommended AEGL-1 values. Did not protect the asthmatic population in AEGL-2 and AEGL-3 derivations 

Chemical CAS Reg. No.  

Titanium tetrachloride  7550-45-0 

 

No recommended AEGL-1 values but UF 3 was used in AEGL-2 derivation for one of the chemicals, and AEGL-3 
derivation for both of them, to protect the asthmatic population.  

Chemical CAS Reg. No.  

Osmium tetroxide (both AEGL-2 and AEGL-3 derivation) 20816-12-0 

Oxygen difluoride 7783-41-7 

 

AEGL-1 values based on other chemicals where asthmatic individuals were mentioned as might constitute a suscept-
ible population 

Chemical CAS Reg. No.  

Bromine trifluoride (based on Chlorine trifluoride) 7787-71-5 

Uranium hexafluoride (based on Hydrogen fluoride) 7783-81-5  
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10.  Appendix B: Technical Support Documents related to Final and Interim 

AEGL values 

 

Table 1 Information about documents and chemicals assessed from the AEGL website 1 October 2010 
 Final Interim Both Final 

and Interim 
TSDs for chemicals on the AEGL website 441 124 168 
Chemicals with AEGL values without published 
TSDs 

- 10 10 

Additional chemicals that belong to other TSDs 
(see tables 4-5 in Appendix B) 

17 56 73 

Total number of chemicals  61 190 251 
1) The actual number of PDFs on the website was 174 (Final, 50 and Interim, 124). This was due to, a) “Nerve agents 

GA,GB,GD,GF,VX” is 1 TSD divided into 3 PDFs because of large size and b) 4 chemicals had proper TSDs and also had additional 
documents published for 10 min AEGL values. 

 

Table 2 TSDs from the Final stage where several chemicals were included 
TSDs  Number of extra chemicals 

2,4-toluendiisocyanate 584-84-9 
2,6-toluendiisocyanate 91-08-7  

1 

trans-crotonaldehyde 123-73-9 
Crotonaldehyde (mixture) 4170-30-3 

1 

1,1-dimethylhydrazine 57-14-7 
1,2-dimethylhydrazine 540-73-8 

1 

trans-1,2-dichloroethylene 156-60-5 
cis-1,2-dichloroethylene 156-59-2 
1,2-dichloroethylene (mixture) 540-59-0 

2 

Nerve agent GA (Tabun) 77-81-6,  
Nerve agent GB (Sarin) 107-44-8 
Nerve agent GD (Soman) 96-64-0 
Nerve agent GF 329-99-7  
Nerve agent VX 50782-69-9  

4 

Phosphine 7803-51-2 
Aluminium phosphide 20859-73-8 
Potassium phosphide 20770-41-6 
Sodium phosphide 12058-85-4 
Zinc phosphide 1314-84-7 
Calcium phosphide 1305-99-3 
Magnesium phosphide 12057-74-8 
Strontium phosphide 12504-13-1 
Magnesium aluminium phosphide (no CAS number) 

8 

 Total number of extra chemicals: 
17 
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Table 3 TSDs from the Interim stage where several chemicals were included 
TSDs Number of extra chemicals 

Dichloroacetylchloride 79-36-7 
Chloroacetylchloride 79-04-9 

1 

Jet propellant fuel 5 70892-10-3 
Jet propellant fuel 8 8008-20-6 

1 

Nitrogen dioxide 10102-44-0 
Nitrogen tetroxide 10544-72-6 

1 

Trimethoxysilane 2487-90-3 
Tetramethoxysilane 681-84-5 

1 

Lewisite L-1 (2-chlorovinyldichloroarsine) 541-25-3  
Lewisite L-2 (bis-(2-chlorovinyl)chloroarsine) 40334-69-8 
Lewisite L-3 (tris-(2-chlorovinyl)arsine)) 40334-70-1 

2 

Nitrogen mustard 1538-07-8  
Nitrogen mustard 2 51-75-2 
Nitrogen mustard 3 555-77-1  

2 

Sulfuric acid 8014-95-7 
Sulfur trioxide 7446-11-9  
Oleum 8014-95-7 

2 

1,2,3-trimethylbenzene 526-73-8 
1,2,4-trimethylbenzene 95-63-6 
1,3,5-trimethylbenzene 108-67-8 

2 

Acetonitrile 75-05-8 
Isobutyronitrile 78-82-0 
Propionitrile 107-12-0 
Chloroacetonitrile 107-14-2 
Malononitrile 109-77-3 

4 

Adamsite 578-94-9 
Ethyldichloroarsine 598-14-1 
Methyldichloroarsine 593-89-5 
Phenyldichloroarsine 696 -28-6 
Diphenylchloroarsine 712-48-1 

4 

Methyl Chloroformate 79-22-1 
Ethyl Chloroformate 541-41-3 
Propyl Chloroformate 109-61-5 
Isopropyl Chloroformate 108-23-6 
Allyl Chloroformate 2937-50-0 
n-Butyl Chloroformate 592-34-7 
Isobutyl Chloroformate 543-27-1 
sec-Butyl Chloroformate 17462-58-7 
Benzyl Chloroformate 501-53-1 
Phenyl Chloroformate 1885-14-9 
2-Ethylhexyl Chloroformate 24468-13-1 
Ethyl Chlorothioformate 2941-64-2 

11 
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Allyl trichlorosilane 107-37-9 
Amyl trichlorosilane 107-72-2 
Butyl trichlorosilane 7521-80-4 
Chloromethyl trichlorosilane 1558-25-4 
Dichlorosilane 4109-96-0 
Diethyl dichlorosilane 1719-53-5 
Dimethyl chlorosilane 1066-35-9 
Dimethyl dichlorosilane 75-78-5 
Diphenyl dichlorosilane 80-10-4 
Dodecyl trichlorosilane 4484-72-4 
Ethyl trichlorosilane 115-21-9 
Hexyl trichlorosilane 928-65-4 
Methyl chlorosilane 993-00-0 
Methyl dichlorosilane 75-54-7 
Methyl trichlorosilane 75-79-6 
Methylvinyl dichlorosilane 124-70-9 
Nonyl trichlorosilane 5283-67-0 
Octadecyl trichlorosilane 112-04-9 
Octyl trichlorosilane 5283-66-9 
Propyl trichlorosilane 141-57-1 
Tetrachlorosilane (Silicon Tetrachloride) 10026-04-7 
Trichloro(dichlorophenyl)silane 27137-85-5 
Trichlorophenylsilane 98-13-5 
Trichlorosilane 10025-78-2 
Trimethyl chlorosilane 75-77-4 
Vinyl trichlorosilane 75-94-5 

25 

 Total number of extra chemicals: 
56 
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11.  Appendix C: AEGL-1 derivation and mechanism of toxicity 

 

Table 1 AEGL-1 values from TSDs where exposure studies on asthmatics had been performed (in bold) and chemi-
cals based on the studies.1 

Chemical and CAS Reg. No. 10 min 
ppm 

(mg/m3) 

30 min 
ppm 

(mg/m3) 

1 h 
ppm 

(mg/m3) 

4 h 
ppm 

(mg/m3) 

8 h 
ppm 

(mg/m3) 

Intra- spe-
cies UF 

1,1,1,2-tetrafluoroethane (HFC-134a) 
811-97-2 

8000  
(34 000) 

8000 
(34 000) 

8000 
(34 000) 

8000 
(34 000) 

8000 
(34 000) 

1 

Methyl-nonafluorobutyl (HFE-7100)   
(40%) 163702-07-6 and 163702-08-7 

2500  
(25 550) 

2500 
(25 550) 

2500 
(25 550) 

2500 
(25 550) 

2500 
(25 550) 

 3 for rats, 
MF 2 

1,1-dichloro-1-fluoroethane (HCFC-141b) 
717-00-6 

1000 
(4850) 

1000 
(4850) 

1000  
(4850) 

1000  
(4850) 

1000  
(4850) 

1 

2,4-toluendiisocyanate 584-84-9 
2,6- toluendiisocyanate 91-08-7 

0.02 
(0.14) 

0.02 
(0.14) 

0.02  
(0.14) 

0.01  
(0.07) 

0.01  
(0.07) 

1 

Acetaldehyde 75-07-0 45 
(81) 

45 
(81) 

45 
(81) 

45 
(81) 

45 
(81) 

3 

Ammonia 7664-41-7 30 
(21) 

30 
(21) 

30 
(21) 

30 
(21) 

30 
(21) 

1 

Chlorine 7782-50-5 0.5 
(1.5) 

0.5 
(1.5) 

0.5 
(1.5) 

0.5 
(1.5) 

0.5 
(1.5) 

1 

Bromine 7726-95-6 0.033 
(0.22) 

0.033 
(0.22) 

0.033  
(0.22) 

0.033 
(0.22) 

0.033 
 (0.22) 

3 

Fluorine 7782-41-4 1.7 
(2.6) 

1.7 
(2.6) 

1.7  
(2.6) 

1.7  
(2.6) 

1.7 
(2.6) 

3, MF 2 

Formaldehyde 50-00-0 0.9 
(1.1) 

0.9 
(1.1) 

0.9  
(1.1) 

0.9 
(1.1) 

0.9 
(1.1) 

1 

Hydrogen chloride 7647-01-0 1.8 
(2.7) 

1.8 
(2.7) 

1.8 
(2.7) 

1.8 
(2.7) 

1.8 
(2.7) 

1 

All chlorosilanes hydrolyze to hydrogen chloride.  AEGL-1 values adopted from hydrogen chloride. 
Monochlorosilanes 
Dimethyl chlorosilane 1066-35-9 
Methyl chlorosilane 993-00-0 
Trichloro(dichlorophenyl)silane 27137-85-
5 
Trimethyl chlorosilane 75-77-4 

 
1.8 

(2.7) 

 
      1.8 

(2.7) 

 
1.8 

(2.7) 

 
1.8 

(2.7) 

 
1.8 

(2.7) 

 
1, Molar 
adjust-
ment 

factor 1 

Dichlorosilanes 
Dichlorosilane 4109-96-0 
Diethyl dichlorosilane 1719-53-5 
Dimethyl dichlorosilane 75-78-5 
Diphenyl dichlorosilane 80-10-4 
Methyl dichlorosilane 75-54-7 
Methylvinyl dichlorosilane 124-70-9 

 
0.9 

(1.35) 

 
0.9 

(1.35) 

 
0.9 

(1.35) 

 
0.9 

(1.35) 

 
0.9 

(1.35) 

 
1, Molar 
adjust-
ment 

factor 2 

Trichlorosilanes 
Allyl trichlorosilane 107-37-9 
Amyl trichlorosilane 107-72-2 
Butyl trichlorosilane 7521-80-4 
Chloromethyl trichlorosilane 1558-25-4 
Dodecyl trichlorosilane 4484-72-4 
Ethyl trichlorosilane 115-21-9 
Hexyl trichlorosilane 928-65-4 
Methyl trichlorosilane 75-79-6 

 
0.6 

(0.9) 

 
0.6 

(0.9) 

 
0.6 

(0.9) 

 
0.6 

(0.9) 

 
0.6 

(0.9) 

 
1, Molar 
adjust-
ment 

factor  3 
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Nonyl trichlorosilane 5283-67-0 
Octadecyl trichlorosilane 112-04-9 
Octyl trichlorosilane 5283-66-9 
Propyl trichlorosilane 141-57-1 
Trichlorophenylsilane 98-13-5 
Trichlorosilane 10025-78-2 
Vinyl trichlorosilane 75-94-5 
Tetrachlorosilanes 
Tetrachlorosilane (Silicon tetrachloride) 
10026-04-7 

 
0.45 

(0.675) 

 
0.45 

(0.675) 

 
0.45  

(0.675) 

 
0.45 

(0.675) 

 
0.45  

(0.675) 

1, Molar 
adjust-
ment 
factor 4 

Methyl methacrylate 80-62-6 17 
(71) 

17 
(71) 

17 
(71) 

17 
(71) 

17 
(71) 

3 

Nitric acid 7697-37-2 0.53 
(1.14) 

0.53 
(1.14) 

0.53  
(1.14) 

0.53 
(1.14) 

0.53  
(1.14) 

3 

Nitrogen dioxide 10102-44-0 0.5 
(0.94) 

0.5 
(0.94) 

0.5 
(0.94) 

0.5 
(0.94) 

0.5 
(0.94) 

1 

Nitrogen tetraoxide 10544-72-6 Vaporizes 
and disso-
ciates to 

NO2             

0.25 
(0.94) 

Vaporizes 
and disso-
ciates to 
NO2 0.25 

(0.94) 

Vaporizes 
and disso-
ciates to 
NO2 0.25  

(0.94) 

Vaporizes 
and disso-
ciates to 
NO2 0.25 

(0.94) 

Vaporizes 
and disso-
ciates  to 

NO2     0.25  
(0.94) 

1, Molar 
adjust-
ment 

factor 2 

Nitric oxide 10102-43-9 Not rec-
ommended 
(NR) Easi-
ly converts 
to NO2. 0.5 

(0.94) 

NR.  Easi-
ly converts 

to NO2. 
 0.5  

(0.94) 

NR.  Easi-
ly converts 

to NO2.  
0.5 

 (0.94) 

NR.  Easi-
ly converts 

to NO2.      
0.5    

(0.94) 

NR.  Easily 
converts to 

NO2. 
 0.5 

 (0.94) 

1 

Hydrogen sulfide 7783-06-4 0.75 
(1.05) 

0.60 
(0.84) 

0.51  
(0.71) 

0.36 
0.50) 

0.33 
 (0.46) 

MF 3  

Sulfur dioxide 7446-09-5 0.20 
(0.52) 

0.20 
(0.52) 

0.20  
(0.52) 

0.20 
(0.52) 

0.20  
(0.52) 

1 

Thionyl chloride 7719-09-7 NR. Hy-
drolyzes to 

SO2.                      
0.20 (0.52) 

NR. Hy-
drolyzes to 

SO2.                      
0.20 (0.52) 

NR. Hy-
drolyzes to 

SO2.                      
0.20 (0.52) 

NR. Hy-
drolyzes to 

SO2.                      
0.20 (0.52) 

NR. Hydro-
lyzes to SO2.                      
0.20 (0.52) 

1 

Sulfuric acid 7664-93-9 (0.20) (0.20) (0.20) (0.20) (0.20) 1 
Sulfur trioxide 7446-11-9 
 

Converts to 
H2SO4   
(0.20) 

Converts 
to H2SO4   

(0.20) 

Converts 
to H2SO4   

(0.20) 

Converts 
to H2SO4   

(0.20) 

Converts to 
H2SO4   
(0.20) 

1 

Oleum 8014-95-7 
 

Converts to 
H2SO4   
(0.20) 

Converts 
to H2SO4   

(0.20) 

Converts 
to H2SO4   

(0.20) 

Converts 
to H2SO4   

(0.20) 

Converts to 
H2SO4   
(0.20) 

1 

Chlorosulfonic acid 7790-94-5 
 

NR. Hy-
drolyzes to 

H2SO4.  
(0.10) 

NR. Hy-
drolyzes to 

H2SO4 
(0.10) 

NR. Hy-
drolyzes to 

H2SO4 
(0.10) 

NR. Hy-
drolyzes to 

H2SO4 
(0.10) 

NR. Hydro-
lyzes to 

H2SO4 (0.10) 

1, molar 
adjust-
ment 

factor 2 
Tear Gas (O-
chlorobenzylidenemalonitrile) 
2698-41-1 

(0.050) (0.050) (0.050) (0.050) (0.050) 3 

1) Data collected from TSDs for each chemical from: AEGL. 2010. Acute Exposure Guideline Levels (AEGLs) Program. 
(http://www.epa.gov/oppt/aegl/pubs/final.htm and  http://www.epa.gov/oppt/aegl/pubs/interim.htm) [Assessed: 1 October 2010] 

http://www.epa.gov/oppt/aegl/pubs/final.htm�
http://www.epa.gov/oppt/aegl/pubs/interim.htm�
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Table 2 Derivation of AEGL-1values and the use of UFs and MFs in TSDs where exposure studies on asthmatics had been performed (in bold) and chemicals 
based on the studies.1 
Chemical and CAS Reg. No. Intra-

species UF 
Remarks Asthmatics susceptible or 

not 
1,1,1,2-tetrafluoroethane (HFC-
134a) 811-97-2 

1 Tested on both healthy adults and COPD patients as well as adult and pediatric asthmatic 
individuals. It has been used in inhalers for asthma treatment and asthmatics are therefore 
not considered to be a susceptible population. 

not 

Methyl-nonafluorobutyl (HFE-7100)  
(40%) 163702-07-6 and 163702-08-7 

3 (between 
rats) and 
MF 2 

Studies on humans are limited and NOAEL in rat was 15,159 ppm. Rat studies addressing 
neurotoxicity, cardiac sensitization and pregnancy did not identify significant toxicological 
end points. Therefore, an intraspecies UF of 3 and an MF of 2 was applied because of 
limited human data and because some of the key studies used limited numbers of animals. 
The resultant value is 2,500 ppm. HFE-7100 appears to be nontoxic and HFC-134a has 
been used in inhalers for asthmatics. Therefore asthmatics are not a susceptible population. 

not 

1,1-dichloro-1-fluoroethane (HCFC-
141b) 717-00-6 

1 Exercising humans have been tested during 4h and 6 and animal data support the values. 
HFC-134a is structurally similar chemical and has been tested in inhalers for asthma treat-
ment. No adverse effect was reported and asthmatics are therefore not considered as a 
susceptible population. 

not 

2,4-toluendiisocyanate 584-84-9 1 Asthmatic and healthy individuals were exposed to TDI at different concentrations and 
durations. No time of onset of symptoms was reported and no information on the effects at 
0.01 ppm or 0.02 ppm. It was assumed that effects began immediately after exposure and 
0.02 ppm was identified as the basis for the first three time points while 0.01 ppm was used 
for 4- and 8 h AEGL-1s. 

yes 

2,6- toluendiisocyanate 91-08-7 1 Asthmatic and healthy individuals were exposed to TDI at different concentrations and 
durations. No time of onset of symptoms was reported and no information on the effects at 
0.01 ppm or 0.02 ppm. It was assumed that effects began immediately after exposure and 
0.02 ppm was identified as the basis for the first three time points while 0.01 ppm was used 
for 4- and 8 h AEGL-1s. 

yes 

Acetaldehyde 75-07-0 3 134 ppm for 30 minutes was used as AEGL-1 from mild respiratory irritation in healthy 
individuals. An intra-species UF of 3 was used to account for variability. Asthmatic indi-
viduals were exposed for only 2-4 minutes and resulted in PC20 values of 295 ppm to 700 
ppm. The short exposure duration makes the results unsuitable for AEGL-1 derivation.  

Asthmatics were not men-
tioned specifically as a sus-
ceptible population in the 
“AEGL-1 derivation” chapter 

Ammonia 7664-41-7 1 Study on healthy, atopic and asthmatic individuals showed similar effects in nasal airway 
resistance (NAR) test to 100 ppm ammonia up to 30 s. Asthmatics are therefore not consi-
dered as a susceptible population. 

not 

Chlorine 7782-50-5 1 Studies were done on healthy, atopic and asthmatic individuals. Atopic and asthmatic 
individuals are considered as the most susceptible to chlorine and 0.5 ppm was used as 
AEGL-1.  

yes 

Bromine 7726-95-6 3 Data from healthy individuals exposed to 0.1 ppm was used as basis of AEGL-1. No data 
on bromine and the asthmatic population. Comparison was made to AEGL-1 for chlorine 
which was 0.5 ppm where asthmatic individuals are protected. An intra-species UF of 3 
was therefore used on 0.1 ppm bromine. 

Asthmatics were not men-
tioned specifically as a sus-
ceptible population in the 
“AEGL-1 derivation” chapter.  

Fluorine 7782-41-4 3 and MF 2 Exposure to 10 ppm for 15 min in healthy individuals was considered as NOEL. No data 
on asthmatics were found so an UF 3 was used. A MF 2 was used based on a limited data-
base of asthma-attacks in industry. 1.7 ppm was used as AEGL-1. Studies on asthmatic 
individuals exposed to chlorine indicate that they are susceptible population. 

Asthmatics were not men-
tioned specifically as a sus-
ceptible population in the 
“AEGL-1 derivation” chapter. 
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Formaldehyde 50-00-0 1 Studies on healthy and asthmatic individuals exposed to formaldehyde. Exercising asth-
matics were not more susceptible to formaldehyde than healthy individuals up to 3 ppm 
because it is scrubbed in the upper respiratory tract. No UF was used. 0.9 ppm was used as 
AEGL-1. It was based on NOAEL for eye irritation.  

not 

Hydrogen chloride 7647-01-0 1 The NOAEL for 10 asthmatic individuals were 1.8 ppm HCl for 45 min. No UF was used. yes 
Monochlorosilanes 
Dimethyl chlorosilane 1066-35-9 
Methyl chlorosilane 993-00-0 
Trichloro(dichlorophenyl)silane 
27137-85-5 
Trimethyl chlorosilane 75-77-4 

 
1 and molar 
adjustment 
factor 1 

 
HCl AEGL-1 values were adopted. 

 
yes 

Dichlorosilanes 
Dichlorosilane 4109-96-0 
Diethyl dichlorosilane 1719-53-5 
Dimethyl dichlorosilane 75-78-5 
Diphenyl dichlorosilane 80-10-4 
Methyl dichlorosilane 75-54-7 
Methylvinyl dichlorosilane 124-70-9 

1 and molar 
adjustment 
factor 2 
 

HCl AEGL-1 values were divided by a molar adjustment factor of 2.  yes 

Trichlorosilanes 
Allyl trichlorosilane 107-37-9 
Amyl trichlorosilane 107-72-2 
Butyl trichlorosilane 7521-80-4 
Chloromethyl trichlorosilane 1558-
25-4 
Dodecyl trichlorosilane 4484-72-4 
Ethyl trichlorosilane 115-21-9 
Hexyl trichlorosilane 928-65-4 
Methyl trichlorosilane 75-79-6 
Nonyl trichlorosilane 5283-67-0 
Octadecyl trichlorosilane 112-04-9 
Octyl trichlorosilane 5283-66-9 
Propyl trichlorosilane 141-57-1 
Trichlorophenylsilane 98-13-5 
Trichlorosilane 10025-78-2 
Vinyl trichlorosilane 75-94-5 

1 and molar 
adjustment 
factor 3 

HCl AEGL-1 values were divided by a molar adjustment factor of 3. yes 

Tetrachlorosilanes 
Tetrachlorosilane (Silicon tetrachlo-
ride) 10026-04-7 

1 and molar 
adjustment 
factor 4 

HCl AEGL-1 values were divided by a molar adjustment factor of 4. yes 

Methyl methacrylate 80-62-6 3 NOAEL for irritation was 50 ppm in workers exposed to methyl methacrylate for an 8 h 
workday. UF 3 was used to convert values from workers to the general population and 
susceptible populations. 502 dental students were investigated. 6 % had respiratory symp-
toms and 88% of them had a history of asthma or allergic rhinitis. There was no significant 
change in spirometry and symptoms among test persons.  

Asthmatics were not men-
tioned specifically as a sus-
ceptible population in the 
“AEGL-1 derivation” chapter. 

Nitric acid 7697-37-2 3 AEGL-1 was derived from NOAEL in healthy individuals of 1.6 ppm for 10 minutes. An 
UF 3 was used to account for susceptible populations. Studies on children with a history of 

Asthmatics were not men-
tioned specifically as a sus-
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allergy or asthma exposed to an acidic atmosphere reveal that they might be a susceptible 
population.  

ceptible population in the 
“AEGL-1 derivation” chapter. 

Nitrogen dioxide 10102-44-0 1 Asthmatics are potentially the most susceptible population, no uncertainty factor was 
applied. Asthmatics exposed to 0.5 ppm NO2 for 2 hours resulted in clinical signs but no 
changes in pulmonary function.  

yes 

Nitrogen tetraoxide 10544-72-6 1 and molar 
adjustment 
factor 2 

Asthmatics are potentially the most susceptible population, no uncertainty factor was 
applied. Asthmatics exposed to 0.5 ppm NO2 for 2 hours resulted in clinical signs but no 
changes in pulmonary function. 0.25 ppm N2O4 

yes 

Nitric oxide 10102-43-9 1  AEGL-1 values for NO are not recommended. Because conversion to NO2 is expected to 
occur in the atmosphere, and because NO2 is more toxic than NO, the AEGL values for 
NO2 are recommended for use with emergency planning for NO. 0.50 ppm. 

Asthmatics were not men-
tioned specifically as a sus-
ceptible population in the 
“AEGL-1 derivation” chapter. 

Hydrogen sulfide 7783-06-4 MF 3  10 asthmatics were exposed to 2 ppm H2S for 30 minutes. 3 experienced headache and 8 
experienced increased respiratory resistance. MF 3 was used to account for the different 
complaints Time-scaling was used. 4.4 (derived from rat lethality data ranging from 10 
minutes to 6 hours exposure duration,) was used as the exponent, n. 

yes 

Sulfur dioxide 7446-09-5  1 The body of experimental data suggests that 0.20 ppm may be a NOEL for bronchocon-
striction in exercising asthmatics. Many studies support this value and no UF was needed.  

yes 

Thionyl chloride 7719-09-7  1 AEGL-1 is not recommended for thionyl chloride. Thionyl chloride hydrolyzes into sulfur 
dioxide and hydrogen chloride. Asthmatics are mentioned as susceptible to sulfur dioxide 
but not specifically to thionyl chloride. 

Asthmatics were not men-
tioned specifically as a sus-
ceptible population in the 
“AEGL-1 derivation” chapter. 

Sulfuric acid 7664-93-9 1 Studies on healthy and asthmatic individuals. 0.20 mg/m3 was used as the point of AEGL-1 
derivation and exercising asthmatics were included and therefore no UF was needed.  

yes 

Sulfur trioxide 7446-11-9  1 Sulfur trioxide will eventually be converted into sulfuric acid. AEGL-1 is 0.20 mg/m3 yes 
Oleum 8014-95-7 1 Oleum will eventually be converted into sulfuric acid. Oleum (fuming sulfuric acid) is a 

mixture of sulfuric acid with up to 80% free sulfur trioxide. AEGL-1 is 0.20 mg/m3 
yes 

Chlorosulfonic acid 7790-94-5 molar ad-
justment 
factor 2 

Sulfuric acid is a rapid hydrolysis product of, and structurally related to chlorosulfonic 
acid. AEGL-1 values for sulfuric acid were therefore used but divided by a MF of 2 be-
cause chlorosulfonic acid is approximately 2-fold more toxic than sulfuric acid. 

Asthmatics were not men-
tioned specifically as a sus-
ceptible population in the 
“AEGL-1 derivation” chapter. 

Tear Gas (O-
chlorobenzylidenemalonitrile)    
2698-41-1 

3 and MF 
10 

Healthy individuals were exposed to 1.5 mg/m3 for 90 minutes. A MF of 10 was used to 
reduce the point-of-departure from a LOAEL to a NOAEL for AEGL-1 effects in humans. 
An intra-species UF of 3 was used because contact irritation is a portal-of-entry effect and 
will probably not vary widely among individuals. Individuals with a history of drug aller-
gies, hay fever or asthma also tolerated exposure to tear gas and responded in a similar was 
as the healthy individuals. This group had a higher percentage of individuals with severe 
chest symptoms, many of them laying prostrate on the ground for several minutes.  

Not. The severity of effects in 
asthmatics is above the 
AEGL-1 values. 

1) Data collected from TSDs for each chemical from: AEGL. 2010. Acute Exposure Guideline Levels (AEGLs) Program. (http://www.epa.gov/oppt/aegl/pubs/final.htm and  
http://www.epa.gov/oppt/aegl/pubs/interim.htm) [Assessed: 1 October 2010] 
 

http://www.epa.gov/oppt/aegl/pubs/final.htm�
http://www.epa.gov/oppt/aegl/pubs/interim.htm�
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Table 3 Mechanism of toxicity for 40 chemicals for which the asthmatic population was considered susceptible1  

Chemical and CAS Reg. No. Mechanism of toxicity* Asthma-like symptoms in studies 

2,4-toluendiisocyanate 584-84-9 
2,6- toluendiisocyanate 91-08-7 

Corrosive and act as a direct chemical irritant.  Repeated inhalation provokes asthmatic reactions in 
humans. Proposed mechanisms are pharmacologic bronchoconstriction, allergic or immunologically 
mediated bronchoconstriction and hyper reactive airways. 

Bronchial obstruction. Dyspnea,  rhinitis, 
chest tightness, cough, throat irritation, 
and/or headache 

Chlorine 7782-50-5 Rapidly and irreversibly reactive in the surface liquid and tissue of the respiratory tract. Scrubbed in 
the upper respiratory tract and affects the entire respiratory tract. Forms hydrochloric and hypochlor-
ous acids which release oxygen radicals that produces major tissue damage. Effects from inhalation 
are sensory irritation, reflex bronchoconstriction and pulmonary edema which may lead to death. 
Death may also occur as a result of lack of air during an asthmatic attack. 

Significantly increased FEV1. Signifi-
cant response in airflow or resistance. 
Respiratory symptoms. 

Hydrogen chloride 7647-01-0 Corrosive respiratory irritant due to protons that readily react with cells and tissues. Solubilizes in 
mucous present in the nasal passages and is scrubbed in the upper respiratory tract. It may enter the 
lower respiratory tract when saturation is reached in the upper respiratory tract. 

Ammonia levels significantly increased. 
Bronchospasms. 

Monochlorosilanes 
Dimethyl chlorosilane 1066-35-9 
Methyl chlorosilane 993-00-0 
Trichloro(dichlorophenyl)silane 
27137-85-5 
Trimethyl chlorosilane 75-77-4 

Chlorosilanes produce hydrogen chloride gas in contact with water. Acute toxicity from chlorosi-
lanes is due to hydrogen chloride. 

 

Dichlorosilanes 
Dichlorosilane 4109-96-0 
Diethyl dichlorosilane 1719-53-5 
Dimethyl dichlorosilane 75-78-5 
Diphenyl dichlorosilane 80-10-4 
Methyl dichlorosilane 75-54-7 
Methylvinyl dichlorosilane 124-
70-9 

Chlorosilanes produce hydrogen chloride gas in contact with water. Acute toxicity from chlorosi-
lanes is due to hydrogen chloride. 

 

Trichlorosilanes 
Allyl trichlorosilane 107-37-9 
Amyl trichlorosilane 107-72-2 
Butyl trichlorosilane 7521-80-4 
Chloromethyl trichlorosilane 
1558-25-4 
Dodecyl trichlorosilane 4484-72-
4 
Ethyl trichlorosilane 115-21-9 
Hexyl trichlorosilane 928-65-4 
Methyl trichlorosilane 75-79-6 
Nonyl trichlorosilane 5283-67-0 
Octadecyl trichlorosilane 112-04-
9 
Octyl trichlorosilane 5283-66-9 
Propyl trichlorosilane 141-57-1 
Trichlorophenylsilane 98-13-5 

Chlorosilanes produce hydrogen chloride gas in contact with water. Acute toxicity from chlorosi-
lanes is due to hydrogen chloride. 
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Trichlorosilane 10025-78-2 
Vinyl trichlorosilane 75-94-5 
Tetrachlorosilanes 
Tetrachlorosilane (Silicon te-
trachloride) 10026-04-7 

Chlorosilanes produce hydrogen chloride gas in contact with water. Acute toxicity from chlorosi-
lanes is due to hydrogen chloride. 

 

Nitrogen dioxide 10102-44-0 Irritant to the mucous membranes. Cough and dyspnea appear during low exposure and with more 
severe exposure additional respiratory symptoms occur which may lead to pulmonary edema. Three 
scenarios of toxicity from acute exposure is described; death from heavy exposure, delayed symp-
toms resulting in pulmonary edema within 48 h and apparent recovery from immediate effects but 
later development of chronic chest disease. 

Respiratory symptoms. A number of 
reported negative effects from pulmo-
nary function tests. 

Nitrogen tetraoxide 10544-72-6 Vaporizes and dissociates into nitrogen dioxide in contact with air. No inhalation data on nitrogen 
tetraoxide.  

Belong to the same TSD as nitrogen 
dioxide. 

Nitric oxide 10102-43-9 The major toxic action is binding of hemoglobin. It is absorbed in the bloodstream and after binding 
to hemoglobin the complex is oxidized to methemoglobin. Symptoms for methemoglobinemia range 
from fatigue and dizziness to severe hypoxic symptoms such as coma, cardiac arrhythmias or lethal 
heart failure. Unstable in air and undergo oxidation to form nitrogen dioxide.  

Easily converts to nitrogen dioxide 
which asthmatics are susceptible to. 
One study on asthmatics but all AEGL 
values adopted from nitrogen. 

Hydrogen sulfide 7783-06-4 Interrupt the electron transport chain through inhibition of cytochrome oxidase and tissues with high 
demand of oxygen are particularly affected. Conjunctivitis and pulmonary edema can be produced. 
Death appears from respiratory arrest. 

Bronchial obstruction. Headache. 

Sulfur dioxide 7446-09-5  Water soluble chemical which irritate the upper airways and may cause reflex bronchoconstriction 
which induces increased airway resistance. The exact mechanism is not known. Rapid onset and 
reversibility of bronchoconstriction has been observed in asthmatics. It is likely due to contraction of 
airway smooth muscle which leads to decreased airway caliber.  

Respiratory symptoms. A number of 
reported negative effects from pulmo-
nary function tests. 

Thionyl chloride 7719-09-7  Rapidly hydrolyzed to sulfur dioxide and hydrogen chloride. No own studies on asthmatics but asth-
matics are susceptible to sulfur dioxide 
and AEGL values are adopted from it. 

Sulfuric acid 7664-93-9 Short term effects mainly result from the local irritation of the respiratory tract. H+ ions react with 
the epithelial lung cells and the most important defenses against the reaction are respiratory ammo-
nia and mucus pH. Respiratory flow, the size of aerosols and the variation of that size determine the 
aerosol deposition of the lungs and the regional distribution of the deposition. Particles grow in the 
airways due to the humidity in the respiratory tract and droplets of sub micrometer size will reach the 
lung with substantial dilution. 

Respiratory symptoms. A number of 
reported negative effects from pulmo-
nary function tests. 

Sulfur trioxide 7446-11-9  Reacts with water in the air, in the human respiratory tract or on the skin and produces H2SO4 Belong to the same TSD as sulfuric 
acid. 

Oleum 8014-95-7 Reacts with water in the air, in the human respiratory tract or on the skin and produces H2SO4 Belong to the same TSD as sulfuric 
acid. 

Chlorosulfonic acid 7790-94-5 Rapidly hydrolyzed to sulfuric acid and hydrogen chloride. No own studies on asthmatics but asth-
matics are susceptible to sulfuric acid 
and AEGL values are adopted from it. 

1) Data collected from TSDs for each chemical from: AEGL. 2010. Acute Exposure Guideline Levels (AEGLs) Program. (http://www.epa.gov/oppt/aegl/pubs/final.htm and  
http://www.epa.gov/oppt/aegl/pubs/interim.htm) [Assessed: 1 October 2010] 
 

http://www.epa.gov/oppt/aegl/pubs/final.htm�
http://www.epa.gov/oppt/aegl/pubs/interim.htm�
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Table 4 Mechanism of toxicity for 5 chemicals with available experimental exposure data on asthmatics that was not included in the AEGL-1 derivation1 
Chemical and CAS Reg. No. Mechanism of toxicity* Asthmatics susceptible or not* 

Acetaldehyde 75-07-0 Bronchoconstriction observed in aldehyde dehydrogenase-inactive asthmatics of oriental descent. It 
was probably histamine-mediated because treatment with histamine-blocker completely suppressed 
bronchoconstriction. 

Asthmatics are considered more sus-
ceptible from studies but the data was 
not used in the AEGL-1 derivation.  

Bromine 7726-95-6 A respiratory oxidizing irritant that can cause pulmonary edema. The water solubility determines the 
penetration of a gas into the respiratory tract. Bromine is more water soluble than chlorine and is 
therefore thought to be more toxic. 

No own studies on asthmatics but due 
to similarity in structure to chlorine 
asthmatics may be more susceptible. 

Fluorine 7782-41-4 Severe irritant to mucous membranes and lungs among others. Reacts with water vapor in the moist 
respiratory passages. Some persists in saturated water vapor for 1 h. It is likely that some fluorine 
reaches the lung via saturated air in the respiratory tract. Acute exposure may result in edema, em-
physema and hemorrhage. 

No own studies on asthmatics but due 
to similarity in structure to chlorine 
asthmatics may be more susceptible. 

Methyl methacrylate 80-62-6 Irritant to skin and mucosa of the respiratory tract and lungs can be injured at high concentrations. 
Dyspnea, emphysema, edema and collapsed lungs are examples. 

Study on asthmatics resulted in some 
respiratory symptoms but data was not 
used in the AEGL-1 derivation. 

Nitric acid 7697-37-2 Highly corrosive and strongly oxidizing respiratory irritant. It is highly water soluble and reactive 
which probably undergo removal in the upper respiratory tract. Bronchial responsiveness might 
occur. Vectors might carry nitric acid down to the lower respiratory tract. Nitric acid undergoes an 
oxidation-reduction reaction to form nitrogen dioxide, water and oxygen in contact with light. Nitro-
gen dioxide can produce nitric acid in contact with water. Nitrogen dioxide appears to be more toxic 
than nitric acid. 

Asthmatics may be more susceptible to 
nitric acid. Studies on asthmatics were 
not used in the AEGL-1 derivation.  

1) Data collected from TSDs for each chemical from: AEGL. 2010. Acute Exposure Guideline Levels (AEGLs) Program. (http://www.epa.gov/oppt/aegl/pubs/final.htm and  
http://www.epa.gov/oppt/aegl/pubs/interim.htm) [Assessed: 1 October 2010] 

 

 

 

 

 

 

 

 

http://www.epa.gov/oppt/aegl/pubs/final.htm�
http://www.epa.gov/oppt/aegl/pubs/interim.htm�
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Table 5 Mechanism of toxicity for 6 chemicals for which the asthmatic population was not considered susceptible1 

Chemical and CAS Reg. No.         Mechanism of toxicity Asthmatics susceptible or not 

1,1,1,2-tetrafluoroethane 
(HFC-134a) 811-97-2 

Anesthetic and narcotic properties in high concentrations.  Cardiac sensitization may occur. Low in 
toxicity and rapidly reaches equilibrium in blood. 

Asthmatics are not susceptible.  Has 
been used in inhalers for asthma treat-
ment. 

Methyl-nonafluorobutyl (HFE-
7100)  (40%) 163702-07-6 and 
163702-08-7 

No information on the mechanism of toxicity. Low in toxicity and rapidly reaches equilibrium in 
blood. 

No own studies on asthmatics but asth-
matics. Asthmatics are not susceptible 
because 1,1,1,2-tetrafluoroethane 
(HFC-134a) has been used in inhalers 
for asthma treatment. 

1,1-dichloro-1-fluoroethane 
(HCFC-141b) 717-00-6 

Anesthetic and narcotic properties in high concentrations. Cardiac sensitization may occur.  Low in 
toxicity and rapidly reaches equilibrium in blood. 

No own studies on asthmatics but asth-
matics. Asthmatics are not susceptible 
because 1,1,1,2-tetrafluoroethane 
(HFC-134a) has been used in inhalers 
for asthma treatment. 

Ammonia 7664-41-7 Water soluble irritant that produces effects after contact to mucous membranes of the eyes, mouth 
and respiratory tract. The odor threshold is lower than the threshold for irritation. It is therefore 
unlikely that concentration detected by odor would reach the tracheobronchial and pulmonary re-
gions of the respiratory tract and cause adverse effects in asthmatics. 

A study on asthmatic and healthy sub-
jects resulted in similar effects. 

Formaldehyde 50-00-0 Highly water soluble respiratory tract irritant which is scrubbed in the nasal passages. Bronchocon-
striction is induced through the vagus nerve. The mechanism of toxicity is unknown. Some people 
might develop occupational asthma. 

Asthmatics were not more susceptible 
to the irritant effects during exposure up 
to 3 ppm. 

Tear Gas (O-
chlorobenzylidenemalonitrile)    
2698-41-1 

Irritant with a direct contact effect. Therefore the mechanism of action is not expected to vary greatly 
among individuals. 

The severity of effects was above the 
AEGL-1 values. Studies on asthmatic 
subjects showed a higher percentage of 
individuals with more severe chest 
symptoms than in the healthy control 
group but symptoms were otherwise 
similar.  

1) Data collected from TSDs for each chemical from: AEGL. 2010. Acute Exposure Guideline Levels (AEGLs) Program. (http://www.epa.gov/oppt/aegl/pubs/final.htm and  
http://www.epa.gov/oppt/aegl/pubs/interim.htm) [Assessed: 1 October 2010] 
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Table 6 Information on the 10 chemicals for which asthmatic individuals might constitute a susceptible population without exposure studies confirming the as-
sumption."1 
Chemical CAS Reg. No. Intra-species UFs Information on the susceptibility of the asthmatic population 

1,2-butylene oxide 106-88-7 Do not account for 
asthmatics 

No information available on susceptible populations but asthmatics would be more sensitive than healthy individ-
uals due to difference in response to irritant chemicals 

Bromine trifluoride 7787-71-5 AEGL-1 values 
based on chlorine 
trifluoride 

No information on asthmatic individuals being more susceptible than healthy individuals to halogen fluoride expo-
sure. However, asthmatics may respond to irritants with increased bronchial responsiveness. 

Chlorine trifluoride     7790-91-2 Do not account for 
asthmatics 

No information on asthmatic individuals being more susceptible than healthy individuals to chlorine trifluoride 
exposure. However, asthmatics may respond to primary irritants with increased bronchial responsiveness. An 
intra-species of 3 was used for sensitive individuals but asthmatics were not mentioned. 

Hydrogen fluoride 7664-39-3  3 No information on asthmatic individuals being more susceptible than healthy individuals to hydrogen fluoride 
exposure. However asthmatic s may respond to hydrogen fluoride with increased bronchial responsiveness.  An 
intra-species of 3 was considered protective of asthmatic individuals in the AEGL-1 derivation. 

Methyl isothiocya-
nate 

556-61-6 Do not account for 
asthmatics 

Individuals with respiratory diseases (e.g. asthma or emphysema) may be particularly susceptible. 

Osmium tetroxide  20816-12-0 AEGL-3: 3 Individuals with compromises respiratory function such as asthma or COPD were considered particularly suscept-
ible in the AEGL-3 derivation and an intra-species UF of 3 was applied to account for this population. 

Oxygen difluoride 7783-41-7 AEGL-3: 3 Individuals with compromised pulmonary function or asthma were considered likely to experience a more severe 
response than healthy individuals to oxygen difluoride exposure. An intra-species of 3 was used in AEGL-3 deri-
vation to account for this population. The UF was mentioned as being consistent with UFs chosen for chlorine 
pentafluoride, chlorine trifluoride and hydrogen fluoride which are other direct-acting fluorinated chemicals which 
cause tissue irritation. 

Selenium hexafluo-
ride 

7783-79-1 Do not account for 
asthmatics 

No information on asthmatic individuals being more susceptible than healthy individuals to selenium hexafluoride 
exposure. However, asthmatics may respond to selenium hexafluoride with increased bronchial responsiveness.  

Titanium tetrachlo-
ride 

7550-45-0 No AEGL-1 values. 
Do not account for 
asthmatics in 
AEGL-2 and -3. 

No information on asthmatic individuals being more susceptible than healthy individuals to titanium tetrachloride 
exposure. However, asthmatics may respond to titanium tetrachloride with increased bronchial responsiveness. 
AEGL-1 values were not recommended due to lack of data. Hydrogen chloride is one of the hydrolysis products 
and AEGL data was presented for comparison. The values were divided by 16 because titanium tetrachloride is 
expected to be 16 times more toxic than hydrogen chloride on a molar basis.  However, AEGL values were only 
compared and neither adopted nor based on hydrogen chloride. 

Uranium hexafluo-
ride 

7783-81-5  AEGL-1 values 
based on hydrogen 
fluoride 

Asthmatic individuals (and people with renal function, fetuses and neonates) may be particularly susceptible to 
uranium hexafluoride toxicity. AEGL-1 values were based on hydrogen fluoride where an intra-species UF of 3 
was used to protect asthmatic individuals. 

1) Data collected from TSDs for each chemical from: AEGL. 2010. Acute Exposure Guideline Levels (AEGLs) Program. (http://www.epa.gov/oppt/aegl/pubs/final.htm and  
http://www.epa.gov/oppt/aegl/pubs/interim.htm) [Assessed: 1 October 2010] 
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Table 7 Mechanism of toxicity for 10 chemicals for which asthmatic individuals might constitute a susceptible population without exposure studies confirming 
the assumption”1 
Chemical CAS Reg. No. Mechanism of toxicity 

1,2-butylene oxide 106-88-7 Moderately acutely toxic irritant that react with e.g.  the nasal epithelium and lung nasal mucosa. 1,2-butylene  oxide is proposed to give a 
direct effect on the target organ. 

Bromine trifluoride 7787-71-5 A contact irritant with the same mechanism of toxicity as the halogen fluorides; chlorine trifluoride, chlorine pentafluoride, and bromine 
pentafluoride.  Symptoms in animal studies were lacrimation, salvation, sneezing, nausea, unconsciousness, difficult respiration and prob-
lem with eyes and exposed skin surfaces. At lethal concentrations the chemicals reached the lung and caused edema and lung tissue de-
struction. 

Chlorine trifluoride     7790-91-2 Corrosive to all tissues. Exposure leads to decrease in carbon dioxide expiration which is an indication of damage to the lungs. Chlorine 
trifluoride is probably hydrolyzed in the moist respiratory tract to ClOF which is degraded to ClO2F and ClF. ClO2F then hydrolyzes to 
ClO2, ClOx anions and HF. Chloride dioxide and hydrogen fluoride are probably responsible for the toxicity of chlorine trifluoride. 

Hydrogen fluoride 7664-39-3  Hydrogen fluoride is proposed to be a severe irritant to the skin, eyes, and respiratory tract. It appears that hydrogen fluoride is effectively 
scrubbed into the anterior nasal passages. Further penetration into the lungs leads to pulmonary hemorrhage and edema which may be 
deadly. Cardiac arrhythmias have been seen in humans.  Studies show that the tissues of the respiratory tract sustain the impact of an acute 
exposure. This indicates that the concentration of hydrogen fluoride in the air rather than the absorbed dose determines the effect from the 
exposure. 

Methyl isothiocya-
nate 

556-61-6 Direct-acting irritant. Humans experienced burning of eyes and skin, salivation, nausea, sore throat, coughing, and shortness of breath.  

Osmium tetroxide  20816-12-0 Has oxidizing properties which may be responsible for the action on biological tissues seen after exposure to osmium tetroxide. Tissue 
damage that leads to pulmonary edema can be lethal. The exact mechanism of action is not known. 

Oxygen difluoride 7783-41-7 Has oxidizing properties that may lead to direct-contact tissue damage. The exact mechanism of action is not known. 

Selenium hexafluo-
ride 

7783-79-1 Corrosive irritant. Selenium hexafluoride probably hydrolyzes to hydrogen fluoride and selenium oxide in the moist respiratory tract. It 
appears that hydrogen fluoride is effectively scrubbed into the anterior nasal passages. Further penetration into the lungs leads to pulmo-
nary hemorrhage and edema which may be deadly. 
The exact mechanism of toxicity of the selenium oxide hydrolysis product is not known.  

Titanium tetrachlo-
ride 

7550-45-0 Corrosive irritant with direct contact effects from exposure. Hydrolyzes in moisture and causes tissue damage to the lung. One of the 
hydrolysis products; hydrogen chloride is primary absorbed in the upper respiratory tract while oxychloride intermediates are proposed to 
penetrate into the lungs leading to bronchitis or pneumonia. 

Uranium hexafluo-
ride 

7783-81-5  UO2F2 and hydrogen fluoride are hydrolysis products of uranium hexafluoride. It appears that hydrogen fluoride is effectively scrubbed 
into the anterior nasal passages. Further penetration into the lungs leads to pulmonary hemorrhage and edema which may be deadly. Ura-
nium in high doses can lead to nephrotoxicity and damages to the kidney. 

1) Data collected from TSDs for each chemical from: AEGL. 2010. Acute Exposure Guideline Levels (AEGLs) Program. (http://www.epa.gov/oppt/aegl/pubs/final.htm and  
http://www.epa.gov/oppt/aegl/pubs/interim.htm) [Assessed: 1 October 2010] 
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12.  Appendix D: Studies made on asthmatic subjects and cited in the Technical Support Documents (TSDs) 

 

Table 1 Studies made on asthmatic subjects exposed to 1,1,1,2-tetrafluoroethane (HFC-134A) 811-97-2  and chemicals where AEGL-1 values were based on 
1,1,1,2-tetrafluoroethane (HFC-134A) 
Methyl nonafluorobutyl (HFE-7100) (40%) 163702-07-6 and 163702-08-7 (similar to HFC-134a) 
1,1-dichloro-1-fluoroethane (HCFC-141B) 1717-00-6 (similar to HFC-134a) 
Duration Experimental design Definition of 

asthma/COPD 
Exercise No of sub-

jects 
Exposure 
conc. 

Effects Remarks Reference 

One administration. HFC-134a was labeled with posi-
tron-emitting 18F and radioactivity 
was quantified using 10 shielded 
sodium-iodide scintillation detec-
tors.   

Predicted FEV1 32-
53% 

No 7 healthy adult 
subjects. (All 
were males). 4 
adult COPD 
subjects.  

Twenty µCi of 
18F-HFC-134a 
administered in 
75 mg unla-
beled HFC-
134a 

None. No accumu-
lation in the body 
and rapid elimina-
tion by exhalation. 

Reference men-
tioned in chapter 
“5.3. Derivation of 
AEGL-1". Uncer-
tainty factor was 
derived from this 
study. Only COPD 
subjects. 

(Ventresca, 
1995) 

Inhaled twice on three 
separate occasions more 
than 24 hours but less 
than 7 days apart. 

Single-centre, randomized, double 
blind, placebo controlled, crossover 
study with two puffs from a me-
tered-dose inhaler containing HFC-
134a and salbutamol. Subjects 
underwent histamine challenge 30 
minutes after inhalation 

Mean % predicted 
FEV1 85,9% 

No 24 asthmatic 
adult subjects. 
(10 males, 14 
females). 

No information None. Used as 
propellant in 
metered-dose 
inhalers in asthma 
therapy. Concluded 
that it is a viable 
propellant. 

Reference men-
tioned in chapter 
“5.3. Derivation of 
AEGL-1". Uncer-
tainty factor was 
derived from this 
study. 

(Taggart et 
al. 1994) 

Inhaled twice on four 
separate occasions more 
than 48 hours apart.  

Single-centre, randomized, double 
blind, placebo controlled, four way-
crossover study with two puffs from 
a metered-dose inhaler containing 
HFC-134a and salmeterol. Subjects 
underwent methacholine challenge 
7 and 12 hours after inhalation 

Mean % predicted 
FEV1 91% 

No 20 asthmatic 
adult subjects. 
(Sexes not 
mentioned). 

50 µg salmete-
rol with HFC-
134a 

None. Used as 
propellant in 
metered-dose 
inhalers in asthma 
therapy. Concluded 
that it is a viable 
propellant. 

Reference men-
tioned in chapter 
“5.3. Derivation of 
AEGL-1". Uncer-
tainty factor was 
derived from this 
study. 

(Smith et 
al. 1994) 

Inhalation once. HFC-134a used in metered-dose 
inhalers together with salbutamol 
30 minutes before a histamine 
challenge. 

Not mentioned. Is 
protective against 
both bronchocon-
striction and hista-
mine-induced 
bronchoconstric-
tion. 

No 24 asthmatic 
adult subjects 
and also a 
similar study on 
asthmatic 
children. (Sexes 
not mentioned). 

200 µg salbu-
tamol with 
HFC-134a 

None. Used as 
propellant in 
metered-dose 
inhalers in asthma 
therapy. Concluded 
that it is a viable 
propellant. 

Reference men-
tioned in chapter 
“5.3. Derivation of 
AEGL-1". Uncer-
tainty factor was 
derived from this 
study. 

(Woodcock 
1995) 
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Inhalation twice a day  Double-blind randomized double-
dummy parallel group. Placebo-
controlled multicenter trial of 
asthmatics. Exposure to proventil 
HFA, Ventolin or HFC-134a place-
bo for 12 weeks. Adverse events 
biweekly clinic visits. Peak expira-
tory flow (PEF) morning and even-
ing and scoring asthma symptoms 
daily. Asthma control and vital 
signs at week 0, 4, 8 and 12. Stan-
dard laboratory tests at start and 
end. 

At least a 12 month 
history of asthma. 
No changes in 
asthma therapy and 
no asthma related 
hospital visits one 
month prior to the 
study.  

No 565 adult non-
smoking asth-
matic subjects. 
101 subjects 
were discontin-
ued from the 
study mainly 
due to asthma 
exacerbation.  
(Sexes not 
mentioned). 

2 puffs placebo 
and 2 puffs 
active drug per 
day  

89% in the Proven-
til HFA group 
reported adverse 
effects, 86% in the 
Ventolin group and 
82% in the HFC-
134a group. HFC-
134a is well tole-
rated by asthmat-
ics. 

 (Tinkelman 
et al. 1998) 

       The article was not 
available. 

(Harrison 
1996) 

 

 

Table 2 Studies made on asthmatic subjects exposed to 2,4-toluenediisocyanate 584-84-9 (isomer) and 2,6-toluenediisocyanate 91-08-7 (isomer) 
Duration Experimental design Definition of 

asthma/COPD 
Exercise No of 

subjects 
Exposure 
conc. 

Effects Remarks Reference 

      Asthmatic subjects tole-
rated 0.01 ppm TDI (both 
isomers) for 1h, rested for 
45 min and tolerated 0.02 
ppm TDI for another hour. 
Bronchial obstruction was 
indicated. Five asthmatic 
individuals experienced 
dyspnea, rhinitis, chest 
tightness, cough, throat 
irritation, and/or headache. 

The article was not 
available.  
This study was used 
for derivation of 
AEGL-1 values.  

(Baur 1985) 
“Effects” were 
collected from 
the TSD on 
the AEGL 
website. 

30 min challenge 
control                     
Increasing time : 
1, 4, 30, 60 and 
120 min 

Inhaled through an orofacial mask in a 
challenge room. Subjects were ex-
posed during four periods of time with 
four different concentrations of TDI.  
FEV1 and peak expiratory flow rate 
(PEFR) were measured before expo-
sure and every 10 min during the first 
hour, every 30 min for the second 
hour and hourly for at least seven 
hours. 

Occupational 
asthma caused by 
TDI and con-
firmed by a 
specific inhalation 
challenge control 
test for 30 min. 

No. 4 adult 
subjects 
with TDI 
induced 
asthma. (2 
males, 2 
females). 

5 ppb TDI             
10 ppb TDI                
15 ppb TDI             
20 ppb TDI 

Two subjects had a signifi-
cantly reduced FEV1. Long 
duration of exposure to 
low concentration of TDI 
was equivalent to high 
concentrations for shorter 
periods.  

 (Vandenplas 
et al. 1993) 
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Table 3 Studies made on asthmatic subjects exposed to Acetaldehyde 75-07-0 
Duration Experimental design Definition of asth-

ma/COPD 
Exercise No of subjects Exposure conc. Effects Remarks Reference 

2 min tidal 
breathing 
period. 

Subjects with seasonal symp-
toms were studied during 
natural pollen exposure (April 
to July). Three measurements 
were performed at the same 
time of day. Spirometry was 
performed on day one. On day 
two and three (4-7 days apart) 
concentration-response studies 
with methacholine or acetalde-
hyde were performed single-
blinded. 

Mild intermittent asth-
ma. History of asthma 
and an increase in FEV1 
of at least 15% after 
inhalation of 200 µg of 
salbutamol or a positive 
methacholine challenge 
test.  All asthmatic 
subjects were also tested 
positive for one or more 
airborne allergens. 

No. 19 adult healthy 
subjects (8 males, 
11 females), 43 
adult subjects with 
allergic rhinitis (26 
males, 17 females) 
and 16 adult asth-
matic subjects (8 
males, 8 females). 

The starting 
concentration of 
acetaldehyde was 
2.5 mg/ml. When 
FEV1 had fallen 
by more than 20% 
or when the 
highest concentra-
tion (80 mg/ml) 
had been inhaled. 
Two inhalations 
of 200 µg of 
salbutamol were 
then inhaled. 

FEV1/FEV% was significantly 
lower in asthmatic- than in 
healthy individuals. All asth-
matic individuals where hyper 
responsive to methacholine. 13 
of 16 asthmatic individuals had 
positive responsiveness to 
acetaldehyde. The mean PC20 

acetaldehyde value was 35.5 
mg/ml in asthmatics, 67.6 
mg/ml in subjects with allergic 
rhinitis and 80.0 mg/ml in 
healthy subjects. Asthmatic 
subjects are more responsive to 
acetaldehyde than both healthy 
subjects and subjects with 
allergic rhinitis. 

 (Prieto et 
al. 2002a) 

2 min tidal 
breathing 
period. 

Single-blind study. The first 
visit consisted of evaluation for 
suitability. Spirometry was 
made on the second visit (1-30 
days later). Inhalation of me-
thacholine or acetaldehyde was 
performed on the second and 
third visit (3-7 days apart). PEF 
was recorded morning and 
evening for the next 14 days. 
PC20 was measured at the fifth 
visit to see response to the 
bronchoconstrictor agents. 

Defined according to the 
American Thoracic 
Society.  

No. 61 adult asthmatic 
subjects (24 males, 
37 females) and 20 
adult healthy sub-
jects (8 males, 12 
females). Non-
smoking. 

The starting 
concentration of 
acetaldehyde was 
5-40 mg/ml. 
When FEV1 had 
fallen by more 
than 20% or when 
the highest con-
centration (40 
mg/ml) had been 
inhaled.  

Acetaldehyde causes broncho-
constriction in asthmatic sub-
jects. FEV1/FEV% was signifi-
cantly lower in asthmatic- than 
in healthy subjects. All asth-
matic subjects where hyper 
responsive to methacholine. 56 
of 61 asthmatic subjects (92%) 
had positive responsiveness to 
acetaldehyde. The mean PC20 

acetaldehyde value was 17.55 
mg/ml in asthmatic subjects. 

 (Prieto et 
al. 2000) 

4 min tidal 
breathing 
period. 

Double-blind, randomized and 
crossover study with methacho-
line and acetaldehyde. Non-
specific bronchial responsive-
ness was measured three times 
each two weeks apart.  

Satisfied the American 
Thoracic Society defini-
tion of asthma.  

No. 9 adult asthmatic 
individuals (6 
males, 3 females). 
Non-smoking. 

0,8 mg/ml C2H4O Acetaldehyde induces bronchi-
al hyper responsiveness in 
asthmatic subjects. The mean 
PC20 acetaldehyde value was 
23.3 mg/ml in asthmatic sub-
jects. There was no significant 
change in FEV1.  

 (Myou et 
al. 1994) 
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2 min tidal 
breathing 
period. 

Double-blind, randomized and 
crossover study with acetalde-
hyde and methacholine. Bron-
chial responsiveness was 
measured two times two weeks 
apart. Acetaldehyde or metha-
choline inhalation was per-
formed.  Three FEV1 measure-
ments were made immediately 
after.  

Satisfied the American 
Thoracic Society defini-
tion of asthma.  

No. 10 adult alcohol-
sensitive asthmatic 
subjects (7 males, 3 
females) and 16 
adult nonalcohol-
sensitive asthmatic 
subjects (10 males, 
6 females). Nine of 
the subjects were 
nonatopic and 17 
were atopic.  

0.04, 0.08, 0.16, 
0.31, 0.63, 1.25, 
2.5, 5, 10, 20, 40 
and 80 mg/ml 
C2H4O. Concen-
trations increased 
until a fall of ≥ 20 
% in FEV1. 

Asthmatic subjects with alco-
hol-induced bronchoconstric-
tion have a selective hyper 
responsiveness to acetaldehyde. 
The mean PC20 acetaldehyde 
value was 21 mg/ml in alcohol-
sensitive asthmatic subjects and 
31,7 mg/ml in the alcohol-
sensitive asthmatic subjects.  It 
was no significant change in 
FEV1.  

 (Fujimura 
et al. 1999) 

2 min tidal 
breathing 
period. 

Single-blinded concentration-
response studies with inhaled 
methacholine, acetaldehyde and 
AMP on three occasions 4-7 
days apart. 14 adult asthmatics 
known to have bronchial res-
ponsiveness to acetaldehyde 
participated in an acetaldehyde 
challenge on two occasions 4-7 
days apart. Pulse rate and 
systolic/diastolic blood pressure 
were measured before and after 
the first challenge. Symptoms 
(wheezing, cough, dyspnea, 
nausea and throat irritation) 
were recorded. Pulmonary 
function was measured.. 

Mild intermittent asthma 
diagnosed with asthma 
earlier by conventional 
criteria. Skin-prick-test 
positive to one or more 
airborne allergens. 

No. 30 adult asthmatic 
subjects (10 males, 
20 females). Non-
smokers. 

2.5 to 80 mg/ml3 

C2H4O 
No observed change in heart 
rate or blood pressure. The 
response to acetaldehyde is 
repeatable with a coefficient of 
1.4 doubling concentrations. 
PC20 for acetaldehyde was 8.4 
to 80 mg/ml with a geometric 
mean of 38.9 mg/ml. At con-
centrations of acetaldehyde that 
produced >20% fall in FEV1 

most subjects had cough, 
dyspnea or throat irritation. 

 (Prieto et 
al. 2002b) 

2 min tidal 
breathing 
period. 

Double-blind randomized 
placebo-controlled crossover 
fashion study. Two occasions, 
seven days apart. Acetaldehyde 
was given together with either 
placebo or terfenadine. FEV1 
and FVC were measured. PC20 
for acetaldehyde and PC20 for 
methacholine were measured 
on two days separated by less 
than two weeks. Methacholine 
challenge was performed to 
evaluate nonspecific bronchial 
responsiveness. 

Defined by the Ameri-
can Thoracic Society. 

No. 9 adult healthy 
subjects. 9 adult 
asthmatic sub-
jects.(All were 
males)  Never-
smokers. 

5 mg/ml C2H4O                                        
10 mg/ml C2H4O                                    
20 mg/ml C2H4O                                
40 mg/ml C2H4O 

A significant correlation was 
seen between logarithmic 
values of PC20-AcH and PC20-
MCh. No other significant 
differences. All asthmatic 
subjects showed a more than 
20% decrease in FEV1.  

Alcohol is 
oxidized to 
acetaldehyde. 
Alcohol-
induced 
asthma has 
been ob-
served 
among 55% 
of Japanese 
asthmatics. 

(Myou et 
al. 1993) 
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Table 4 Study made on asthmatic subjects exposed to Ammonia 7664-41-7 
Duration Experimental 

design 
Definition of 
asthma/COPD 

Exercise No of subjects Exposure 
conc. 

Effects Remarks Reference 

5, 10, 15 and 20 
second exposures 

Nasal airway resis-
tance (NAR) was 
assessed by measuring 
nasal air flow through 
a pneumotachograph 
connected to a facial 
mask. Ammonia was 
administered through 
each nostril at differ-
ent time periods and 
NAR was measured in 
between each expo-
sure. The final test 
was a control with air. 

Atopic if: characte-
ristic history of 
allergic rhinitis and 
seasonal exacerba-
tion as well as one or 
more 3+ or 4+ prick 
test reactions. Pres-
ence of asthma was 
decided from history. 

No. Atopic adult subjects 
without asthma, adult 
atopic subjects with 
asthma, and non-
atopic adult subjects.  

100 ppm NH3 The NAR in-
creased 
significantly with 
time of exposure 
from 5 to 20 s in 
all subjects. No 
difference between 
asthmatic subjects 
and the others. 

Reference mentioned in 
chapter “5.3. Derivation 
of AEGL-1". Uncertain-
ty factor was derived 
from this study. 

(McLean et al. 
1979) 

 

 

Table 5 Study made on asthmatic subjects exposed to Chlorine 7782-50-5 and chemicals where AEGL-1 values were based on chlorine 
Bromine 7726-95-6 (structurally similar to chlorine) 
Fluorine 7782-41-4 (asthmatics considered susceptible based on chlorine) 
Duration Experimental design Definition of 

asthma/COPD 
Exercise No of sub-

jects 
Exposure 
conc. 

Effects Remarks Reference 

60 min The study was not blinded but no 
odor was appreciable from chlorine. 
Subjects with airway hyper respon-
siveness (HR) to methacholine were 
exposed to either 0.4 ppm or 1 ppm 
chlorine. Subjects without HR were 
exposed to 1 ppm chlorine. Lung 
volumes, airflow, diffusing capaci-
ty, airway resistance and respon-
siveness to methacholine were 
measured 24 h before and after 
exposure. Airflow and airway 
resistance were measured imme-
diately before and after exposure.  

Mild asthma 
with only one (of 
five) being 
treated with 
inhaled or sys-
temic corticoste-
roids. 

No. 5 healthy adults 
without HR to 
methacholine 
and 7 adults 
who had HR to 
methacholine. 5 
from the HR 
group had a 
history of 
asthma. (6 
males, 6 fe-
males). 

0.4 ppm chlo-
rine                          
1 ppm chlorine 

0.4 ppm: No statisti-
cally significant 
response in airflow or 
resistance in HR 
subjects.                      
1 ppm: Both healthy 
subjects and HR 
subjects had a short-
term acute significant 
increase in FEV1 and 
two HR subjects had 
respiratory symptoms. 
The HR subjects had 
a greater response to 
chlorine compared to 
healthy subjects. 

AEGL-1 values 
based on this 
study. 

(D'Allesandro et 
al. 1996) 
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Table 6 Studies made on asthmatic subjects exposed to Formaldehyde 50-00-0 
Duration Experimental design Definition of 

asthma/COPD 
Exercise No of subjects Exposure 

conc. 
Effects Remarks Reference 

3 h Chamber study where each 
subject was their own control. 
Exposure to formaldehyde or air 
one week apart. Lung functions, 
nonspecific airway reactivity 
and symptoms were measured 
before and several times during 
exposure as well as after. 

History of asthma. 
Defined by Ameri-
can Thoracic Socie-
ty. 

No. 9 non-smoking 
adult asthmatic 
subjects. (4 
males, 5 fe-
males). 

3 ppm for-
maldehyde 

No significant changes. 
Throat and nose irrita-
tion after 30 minutes. 

Reference mentioned 
in chapter "5.3. 
Derivation of AEGL-
1". Uncertainty factor 
was derived from this 
study. 

(Sauder et al. 
1987) 

1 h Double-blind randomized cham-
ber study. Exposure to either 
clean air or formaldehyde at two 
separate days one week apart. 
Symptoms and pulmonary 
functions were measured during 
exposure and nonspecific airway 
reactivity with methacholine 
after exposure. 

Characteristic clini-
cal history of asth-
ma. Defined by the 
American Thoracic 
Society. 

15 min on a 
bicycle ergo-
meter two 
times. Asth-
matics: 37 
L/min  
Healthy: 65 
L/min 

16 adult asthmat-
ic subjects (10 
males, 6 females) 
and 22 adult 
healthy subjects 
(Sexes not men-
tioned). Non-
smoking. 

3 ppm for-
maldehyde 

Both groups showed 
significant increases in 
odor perception, 
nose/throat irritation 
and eye irritation. The 
healthy subjects unlike 
the asthmatic subjects 
showed significant 
mean pulmonary 
function decrements. 

Reference mentioned 
in chapter "5.3. 
Derivation of AEGL-
1". Uncertainty factor 
was derived from this 
study. 

(Green et al. 
1987) and 
(Kulle et. al 
1986) 

90 min Double-blind randomized and 
controlled chamber study. Each 
subject rated his symptoms 
every 15 min and FEV was 
measured every 30 min. Lung 
function tests were performed 
before and after exposure. A 
histamine challenge was made 
after exposure.  

Documented severe 
bronchial hyper 
responsiveness. 

No. 15 non-smoking 
adult asthmatic 
subjects (7 males, 
8 females). 

0.85 mg/m3 
formaldehyde        
0.12 mg/m3 
formaldehyde            
0.008 mg/m3 
formaldehyde 

None.  (Harving et 
al. 1986, 
1990) 

3 h formal-
dehyde and 3 
h UFFI 

Chamber study with exposure to 
air, formaldehyde, Urea formal-
dehyde foam insulation (UFFI) 
and UFFI off products. Expo-
sures were separated by 48 h. 
Immunologic testing was per-
formed before exposure as well 
as one and seven days after. 

Asthmatic and skin-
tested for allergies. 

No Two healthy 
controls. Four 
asthmatic sub-
jects from insu-
lated homes, 23 
asthmatic sub-
jects from UFFI-
insulated homes. 
(Sexes not men-
tioned). 

1.0 ppm 
formaldehyde            
0.5 UFFI 
particles per 
ml air. 

No significant differ-
ences between groups 
in immunologic re-
sponse. Statistically 
significant increases in 
percent eosinophils and 
T8 cells in the UFFI 
group only.  

 (Pross et al. 
1987) 
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60 min Double-blind randomized cros-
sover chamber study. Exposure 
to formaldehyde and purified air 
separated by two weeks. Aller-
gen inhalation challenge was 
performed after each exposure. 
Airway responsiveness to me-
thacholine was performed 8 h 
after the end of the allergen 
challenge. Lung function was 
measured before, during and 8 h 
after the end of the allergen 
challenge. Spirometer studies 
were performed every 15 min of 
exposure and every hour until 
the methacholine challenge. 

Diagnosed with 
intermittent asthma 
and allergy to grass 
pollen. The diagno-
sis was based on 
reversible attacks of 
dyspnea less than 
twice per week and 
attacks of night 
respiratory prob-
lems.  

No. 12 adult asthmat-
ic subjects (7 
males, 5 fe-
males). 

500 µg/m3 

(0.4 ppm) 
formaldehyde 

Formaldehyde had no 
significant effect on 
airway allergen respon-
siveness of patients 
with asthma 

 (Ezratty et al. 
2007) 

40 min Double-blind randomized cham-
ber study. One exposure during 
rest and one during exercise for 
formaldehyde and air. Pulmo-
nary function tests were per-
formed at 5, 15, 25 and 40 min 
after being in the chamber and 
10 and 30 min after leaving the 
chamber. Symptoms question-
naires were used immediately 
after entering the chamber and 
30 min into the exposure. 

Defined according to 
the American Tho-
racic Society. 92% 
had atopy1 by histo-
ry. 

Moderate 
exercise for 10 
min. 450 kp 
m/min on a 
cycle ergome-
ter. 

15 healthy adult 
subjects (9 males, 
6 females) and 15 
asthmatic adult 
subjects (8 males, 
7 females). 
Nonsmoking 
subjects. 

2 µL/L for-
maldehyde 

No significant changes. 
Mild airway symptoms. 

 (Witek et al. 
1986) 

40 min Double-blind randomized cham-
ber study. Exposure to air and 
formaldehyde. Pulmonary 
function tests were made before, 
during (at 5, 15, 25 min) and 
after. Symptom questionnaires 
were used. 

Met the American 
Thoracic Society 
definition. Screened 
positive for metha-
choline inhalation 
challenge. 

Moderate 
exercise for 10 
min. 450 kp 
m/min on a 
cycle ergome-
ter. 

15 adult non-
smoking asthmat-
ic subjects (8 
males, 7 fe-
males). 

2 ppm for-
maldehyde 

No significant bron-
chocontriction. No 
acute or sub acute 
changes in lung func-
tion. Nonspecific 
airway hyper respon-
siveness. 

 (Witek et al. 
1987) 

40 min Double-blind randomized cham-
ber study. Exposure to air and 
formaldehyde. Pulmonary 
function test were made before, 
during and after exposure. 
Symptom questionnaires were 
used. 

Mild asthma and 
screened for metha-
choline inhalation 
challenge. 

Moderate 
exercise for 10 
min. 450 kp 
m/min. 

15 adult asthmat-
ic subjects. 
(Sexes not men-
tioned). 

2 ppm for-
maldehyde 

No significant bron-
chocontriction. No 
acute or sub acute 
changes in lung func-
tion. Mild to moderate 
lower airway symp-
toms. 

abstract (Schachter et 
al. 1985) 
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40 min Double-blind randomized cham-
ber study. Exposure to air and 
formaldehyde. Pulmonary 
function test were made before, 
during and after exposure. 
Symptom questionnaires were 
used. 

No asthmatics Moderate 
exercise for 10 
min. 450 kp 
m/min. 

15 adult non-
smoking healthy 
subjects. (9 
males, 6 fe-
males). 

2 ppm for-
maldehyde 

No significant bron-
chocontriction. No 
acute or sub acute 
changes in lung func-
tion.  

 (Shachter et 
al. 1986) 

10 min Double-blind randomized study 
using a mouthpiece. Sraw was 
measured every 30 sec for 2 
min. Subjects were exposed to 
air or 1 ppm formaldehyde for 
10 min at rest.  Sraw was meas-
ured again every 30 sec for 2 
min. Then exposure to 0 ppm 
(air), 1ppm and 3 ppm formal-
dehyde were performed in the 
same way during moderate 
exercise. 

Mild asthma defined 
by a history of 
asthmatic symptoms 
previously docu-
mented by a physi-
cian. All had allergic 
rhinitis. 

Moderate 
exercise on a 
bicycle ergo-
meter for 10 
min. Work 
rate of 100 W. 

7 nonsmoking 
adult asthmatic 
subjects. (5 
males, 2 fe-
males). 

1 ppm for-
maldehyde 3 
ppm formal-
dehyde 

No statically significant 
changes between 
exposure to air and 
formaldehyde. 

 (Sheppard et 
al. 1984) 

1) Atopy - genetic tendency to develop allergic diseases (e.g. asthma and allergic rhinitis) 
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Table 7 Studies made on asthmatic subjects exposed to Hydrogen chloride 7647-01-0 and chemicals where AEGL-1 values were based on hydrogen chloride 
(HCl is a hydrolysis product of chlorosilanes) 
 
Monochlorosilanes           
Dimethyl chlorosilane 1066-35-9 
Methyl chlorosilane 993-00-0 
Trichloro(dichlorophenyl)silane 27137-85-5 
Trimethyl chlorosilane 75-77-4 
 
Dichlorosilanes 
Dichlorosilane 4109-96-0 
Diethyl dichlorosilane 1719-53-5 
Dimethyl dichlorosilane 75-78-5 

Diphenyl dichlorosilane 1980-10-04 
Methyl dichlorosilane 75-54-7 
Methylvinyl dichlorosilane 124-70-9 
 
Trichlorosilanes 
Allyl trichlorosilane 107-37-9 
Amyl trichlorosilane 107-72-2 
Butyl trichlorosilane 7521-80-4 
Chloromethyl trichlorosilane 1558-25-4 
Dodecyl trichlorosilane 4484-72-4 
Ethyl trichlorosilane 115-21-9 
Hexyl trichlorosilane 928-65-4 

Methyl trichlorosilane 75-79-6 
Nonyl trichlorosilane 5283-67-0 
Octadecyl trichlorosilane 112-04-9 
Octyl trichlorosilane 5283-66-9 
Propyl trichlorosilane 141-57-1 
Trichlorophenylsilane 98-13-5 
Trichlorosilane 10025-78-2 
Vinyl trichlorosilane 75-94-5 
 
Tetrachlorosilanes 
Tetrachlorosilane (Silicon tetrachloride) 10026-04-7 

Duration Experimental design Definition of 
asthma/COPD 

Exercise No of subjects Exposure 
conc. 

Effects Remarks Reference 

45 min Double-blind study wearing a half-
face mask covering both nose and 
mouth. Exposure to filtered air and 
two different concentrations of hydro-
gen chloride on different days sepa-
rated by at least one week. Oral 
ammonia levels were obtained by 
sampling the oral cavity for 10 min. 
Symptoms questionnaire was used. 
Pulmonary functions were measured. 

Positive responses to 
a methacholine 
challenge test which 
showed more than 
20% decrease in 
FEV1. Mild asth-
matics. 

15 min exercise. 
15 min rest. 15 
min exercise. 
Walking on a 
tread-mill at 2 
miles/h to increase 
resting ventilation 
by 2- or 3 fold. 

10 adult asthmatic 
subjects. (5 males, 5 
females) 

0.8 ppm HCl                  
1.8 ppm HCl 

Ammonia levels 
showed a significant 
increase after expo-
sure of both HCl 
concentrations.  No 
other significant 
differences. 

AEGL-1 values 
based on this 
study. NOAEL 
for exercising 
asthmatics is 1.8 
ppm. 

(Stevens et 
al. 1992) 

60 min Cleaned a pool containing hydrochlor-
ic acid. 

Mild asthma. No. One 41 year old 
nonatopic subject 
with a six year old 
history of asthma. 
(Male) Nonsmoking. 

Not men-
tioned. 

Developed a rapidly 
progressive and 
severe bronchos-
pasm. 

 (Boulet 
1988) 
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Table 8 Study made on asthmatic subjects exposed to Hydrogen sulfide 7783-06-4 
Duration Experimental 

design 
Definition of 
asthma/COPD 

Exercise No of subjects Exposure 
conc. 

Effects Remarks Reference 

30 min Exposed in a 
chamber to hydro-
gen sulfide. Lung 
function tests were 
performed. Hista-
mine challenge was 
performed. 

Mild bronchial 
asthma on average 
since 3.7 years. 
They had been 
using medication. 

No. 10 adult asthmatic 
subjects (3 males, 
7 females). 

2 ppm No significant increase in Raw and 
SGaw in the group. Two subjects had 
>30% increase in Raw and SGaw indi-
cating bronchial obstruction. No 
notable changes in FVC and FEV1. 
Three subjects experienced headache 
after exposure. 

AEGL-1 values 
were based on this 
study. 

(Jäppinen 
et.al 1990) 

 

 

Table 9 Study made on asthmatic subjects exposed to Methyl methacrylate 80-62-6 
Duration Experimental design Definition of 

asthma/COPD 
Exercise No of subjects Exposure 

conc. 
Effects Remarks Reference 

Not men-
tioned 

Students working with 
methyl methacrylate were 
tested for pulmonary 
functions. Spirometry was 
performed before and after 
exposure. 

Not mentioned.  No. 77 students (88%) representing 
healthy, asthmatics, smokers, 
those with allergic rhinitis and 
students that reported symp-
toms on usual methyl metha-
crylate exposure. (Sexes not 
mentioned). 

Not men-
tioned. 

6% reported 
respiratory 
symptoms. 
Most sympto-
matic individu-
als had histories 
of asthma or 
allergic rhinitis. 

Abstract. Study was performed 
after information on 502 dental 
students. 6% reported respirato-
ry symptoms. 88% of these had 
an earlier history of either 
asthma or allergic rhinitis. 

(Andrews et 
al. 1979) 

 

 

 

 

 

 

 



 

 
 

76 

Table 10 Studies made on asthmatic subjects exposed to Nitric acid 7697-37-2 
Duration Experimental design Definition of 

asthma/COPD 
Exercise No of subjects Exposure 

conc. 
Effects Remarks Reference 

40 min Exposure to air, HNO3, 
H2SO4, and SO2 via a rubber 
mouthpiece with nose clips. 
Body plethysmography1 was 
performed. Pulmonary func-
tion tests were performed 
before, during and after 
exposure. 

All had positive 
response to a 
methacholine 
challenge test. 

10 min mod-
erate treadmill 
exercise after 30 
min. Mean 
minute ventila-
tion was 31.8 
L/min. 

9 adolescent allergic 
subjects. All had exercise-
induced bronchospasm and 
5 of them had allergic 
asthma. (6 males, 3 fe-
males). 

0.05 ppm HNO3          
68 µg/m3 
H2SO4                   
0.1 ppm    SO2                           
68 µg/m3 H2SO4 
+ 0.1 ppm SO2                                        

FEV1 decreased 4% after 
exposure to HNO3 alone. 
This decrease was significant 
compared to exposure to air 
which was 2%. 

 (Koenig et. 
al. 1989) 

2 months Aerosol pollutants in a 
society were identified and 
nitric acid was included. 
Subjects reported in diaries 
about respiratory symptoms, 
medication use, time spent 
outdoors, exercise, occupa-
tional- and indoor exposures 
to respiratory irritants. The 
study continued during Dec-
Feb. 

History of symp-
toms and airway 
obstruction on 
physical examina-
tion. 

Yes/no. De-
pending on the 
subject. 

207 adult asthmatic sub-
jects. (34% males, 66% 
females). 

0.06-13.54 
µg/m3 HNO3 

A statistically significant 
relationship between H+ 
concentration and cough and 
shortness of breath.  Nitric 
acid was not significantly 
associated with respiratory 
symptoms. 

Air pollu-
tion. Long-
term expo-
sures. 

(Ostro et al. 
1991) 

3 yrs. Study of air pollution in 24 
communities in USA and 
Canada. Pollution concentra-
tions were measured. Parents 
filled out respiratory health 
questionnaires.   

Ever diagnosed 
with asthma by a 
physician and 
asthmatic symp-
toms present the 
last year. 

Yes/no. De-
pending on the 
subject. 

13 369 children 8 to 12 
years old. (50% males, 
50% females). 3-11% had 
asthma. 7-16% had any 
asthmatic symptoms.13% 
parental asthma.  

0.9 ppm HNO3              

Particles, NH3, 
nitrous acid, 
SO2 and O3 
were also 
measured. 

No significant increase in 
asthma or asthmatic symp-
toms in children who had 
been long-term exposed to air 
pollution. 

Air pollu-
tion. Long-
term expo-
sures. 

(Dockery et. 
al. 1996)  

3 yrs. Study of air pollution in 22 
communities in USA and 
Canada. Pollution concentra-
tions were measured. Parents 
filled out respiratory health 
questionnaires. FEV1 and 
FVC measurements were 
performed.   

Ever diagnosed 
with asthma by a 
physician and 
asthmatic symp-
toms present the 
last year. 

Yes/no. De-
pending on the 
subject. 

10251 (of 13 369) children 
8 to 12 years old. (51% 
males, 49% females). The 
same children as in (Dock-
ery et. al. 1996) so percen-
tage of symptoms is simi-
lar. About 3-11% asthmat-
ics. 

0.9 ppm HNO3              
Particles, am-
monia, nitrous 
acid, sulfur 
dioxide and 
ozone were also 
measured. 

Particle strong acidity across 
the range of concentrations 
was associated with statisti-
cally significant decreases in 
FVC and FEV1. No signifi-
cant differences between 
asthmatic children and 
healthy children.  

Air pollu-
tion. Long-
term expo-
sures. 

(Raizenne 
et. al. 1996) 

1) Body plethysmograph - a chamber surrounding the whole body for measuring changes in volume of the whole body (usually resulting from fluctuations in  the amount of blood it contains 
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Table 11 Studies made on asthmatic subjects exposed to Nitrogen dioxide 10102-44-0 and chemicals where AEGL-1 values were based on nitrogen dioxide 
Nitrogen tetraoxide 10544-72-6 (Vaporizes and dissociates to NO2) 
Nitric oxide 10102-43-9 (Oxidizes to NO2) 
Duration Experimental design Definition of 

asthma/COPD 
Exercise No of subjects Exposure 

conc. 
Effects Remarks Reference 

2 h A study with nitrogen dioxide or 
clean air on different days was 
made in an environmentally 
controlled chamber. Pulmonary 
function tests were performed 
before and after exposure. Pul-
monary resistance, compliance 
and FVC were also made. 

Medical history of 
episodes of breath-
lessness, wheezing, 
and cough lasting 
for hours or days 
followed by inter-
vals of complete 
remission. 

Bicycle ergome-
ter at 60 rpm for 
15 min during 
the first hour of 
each exposure. 

10 adult healthy subjects 
(All were males). 13 
adult asthmatic subjects 
(9 males, 4 females). 7 
subjects with chronic 
bronchitis (4 males, 3 
females).  

0.5 ppm (940 
µg/m3)  NO2    

7 of 13 asthmatic 
subjects experienced 
chest tightness, burning 
of the eyes, headache or 
dyspnea. No significant 
changes occurred in 
pulmonary functions in 
asthmatic subjects. 
When put together, 
asthmatic subjects and 
subjects with chronic 
bronchitis showed a 
significant increase in 
FRC, quasistatic com-
pliance, TLC and RV.   

AEGL-1 
values were 
based on this 
study.  

(Kerr et al. 
1979) 

       The article 
was not 
available. 
Describes the 
same study as 
(Kerr et al. 
1978). 

(Kerr et al. 
1978) 

1 h Single-blind, randomized cham-
ber study. Pulmonary function 
tests were performed before and 
after exposure.  Symptom ques-
tionnaires were filled out by the 
subjects.  

Asthma and COPD 
were defined ac-
cording to the 
American Thoracic 
Society criteria. 

Intermittent 
exercise for 10 
min every 15 
min. 25 l/min 

7 adult healthy subjects 
(All were males). 8 adult 
mild asthmatic subjects 
(4 males, 4 females). 
Non-smoking. 7 COPD 
subjects where 6 were 
ex-smokers (All were 
males). 

0.3 ppm NO2 
or air 

No effects on pulmo-
nary function in healthy 
and asthmatic subjects. 
A mild decrease in 
FEV1 in COPD subjects 
after NO2 exposure 
compared to air. 18.8 L 
in air to 13.6 L ex-
pressed in symptom-
score. 

COPD and 
asthmatic 
subjects. 

(Vagaggini 
et al. 1996) 
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10 min Nitric oxide exposure in a body 
plethysmograph1 and each subject 
wore a nose clip connected to a 
mouthpiece.  Subjects inhaled air 
for ten minutes. SGaw and FRC 
were measured less than 20 s after 
interruption of exposure. Then 
subjects inhaled nitrogen oxide 
for 10 min. Then new SGaw and 
FRC measurements were per-
formed.  

Bronchial asthma. 
Clinical diagnosis 
both on asthma and 
COPD subjects. 
None of the COPD 
patients were on 
oxygen therapy. 

No. 6 adult healthy subjects 
(1 male, 5 females). 13 
adult asthmatic subjects 
(8 males, 5 males). 6 
adult subjects with 
hyperactive airways 
during methacholine 
provocation (3 males, 3 
females). Non-smokers.  
6 adult subjects with 
COPD which had been 
smokers (3 males, 3 
females).  

80 ppm NO 
added to 
oxygen gas 
and nitrogen 
gas. 

No subject experienced 
bronchoconstriction 
during NO exposure. 
Subjects with bronchial 
asthma experienced a 
weak bronchodilation 
after NO exposure and 
methacholine provoca-
tion. 

NO exposure.  
NO rapidly 
converts to 
NO2.         
COPD and 
asthmatic 
subjects. 

(Högman et 
al. 1993) 

30 min Single-blind randomized expo-
sure to air or nitrogen dioxide via 
a mouthpiece wearing a nose clip. 
Before, during and after exposure 
pulmonary function tests and 
spirometry were measured.  

Asymptomatic at the 
time of the study. A 
provocative test with 
cold air was per-
formed to establish 
an abnormal de-
crease in specific 
airway conductance 
among the subjects. 

The last 10 min 
of exposure was 
spent on a 
bicycle ergome-
ter at a work-
load of 300 kp 
m/min. It pro-
duced a 3-fold 
increase in min 
ventilation. 

15 nonsmoking adult 
asthmatic subjects. 
(Sexes not mentioned). 

30 ppm (560 
µg/m3) NO2 

Asthmatics showed a 
significant reduction in 
FEV1 (-10% vs. -4% 
with air) and maximal 
flow at 60%. No signif-
icant differences be-
tween nitrogen dioxide 
and air after exercise. 

 (Bauer et al. 
1986) 

1 h Double-blind randomized cham-
ber study. Exposure to nitrogen 
dioxide at three different concen-
trations and a control with air 
separated by seven days. Pulmo-
nary mechanical function tests 
were performed before exposure, 
after exercise and at the end of 
exposure. Blood oxygenation was 
measured before exposure and 
during the second exposure 
period. Symptoms were recorded 
via a questionnaire every 15 min 
of exposure, 24 h after and 7 days 
after exposure. 

History of COPD, 
screening pulmonary 
function tests and 
clinical findings. 
Symptomatic before 
exposures. 

Two 15 min 
exercise periods 
on a bicycle 
ergometer with 
a mean ventila-
tion rate of 16 
L/min. 

22 adult COPD subjects. 
13 former smokers, 8 
current smokers and 1 
never smoking subject. 
(13 males, 9 females). 

0.5 ppm NO2                              
1.0 ppm NO2                                       
2.0 ppm NO2 

No significant differ-
ences in pulmonary 
function and symptoms. 

COPD sub-
jects only 

(Linn et al. 
1985) 

4 h Double-blind randomized expo-
sure to nitrogen dioxide or air 
either in a chamber or by wearing 
a mouthpiece. At least 48 h apart. 
FVC, FEV1, SGaw and maximum 
and partial expiratory flow rates 
at 60% and 40% total lung ca-
pacity were measured. 

Defined by airway 
constriction with 
cold air provocation. 

On a bicycle 
ergometer for 
10 min at a 
workload of 
300-450 kp 
m/min with 
tripled min 
ventilation. 
After 30 min, 2 
h and 3 ½ h of 
exposure.   

6 adult asthmatic sub-
jects. (Sexes not men-
tioned). 

0.30 ppm NO2 Both oral and oral-nasal 
inhalation may poten-
tiate bronchospasm. 
After 2 h repeated 
exercise and nitrogen 
dioxide exposure re-
sulted in significantly 
greater reduction in 
FEV1 and SGaw com-
pared to exposure to air. 

 (Bauer et al. 
1985) 
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1 h Double-blind randomized study 
with inhalation via mouthpiece. 
Exposure to nitrogen dioxide and 
air. Lung function tests were 
performed at the start of each 
study day, before bronchial 
challenge and every 8 h. 

< 70% FEV1 pre-
dicted. Positive skin-
prick test and bron-
chial challenge to 
Dermatophagoides 
pteronyssinus. 

No 10 adult nonsmoking 
asthmatic subjects. (4 
males, 6 females). 

100 ppb NO2                              
400 ppb NO2 

The difference in FEV1 

during the first 2h after 
challenge between 
400ppb NO2 and air 
exposure was signifi-
cant. The difference in 
FEV1 later after chal-
lenge between 400 ppb 
NO2 and air was also 
significant.  

 (Tunnicliffe 
et al. 1994) 

Study 1:     
6 h                                      
Study 2:     
3 h 

Single-blind randomized chamber 
study. Exposure to air, ozone, 
nitrogen dioxide and ozone + 
nitrogen dioxide. Two study 
protocols. All exposures sepa-
rated by at least 2 weeks.  Spiro-
metry was performed before and 
after exposure. Bronchial allergen 
challenge was performed after 
exposure.  

Mild atopic asthmat-
ics. Skin prick 
tested. FEV1 > 70% 
predicted, well 
controlled asthma, 
only inhaled beta 
agonists. 

10 min every 40 
minutes. Bi-
cycle ergometer 
to a minute 
ventilation of 32 
L/min. 

Study 1: 11 adult non-
smoking asthmatic 
subjects (9 males, 2 
females)                    
Study 2: 10 of the pre-
vious adult nonsmoking 
asthmatic subjects 

Study 1:      
100 ppb O3, 
200 ppb NO2, 
100 ppb O3 + 
200 ppb NO2                            
Study 2:       
200 ppb O3, 
400 ppb NO2, 
200 ppb O3 + 
400 ppb NO2 

No significant changes 
during exposure for 6 h. 
No significant interac-
tion between O3 and 
NO2. Exposure for 3 h 
to O3 and NO2 alone or 
in combination signifi-
cantly increased sensi-
tivity to allergen as 
compared with expo-
sure to air. 

 (Jenkins et 
al. 1999) 

3 h Single-blind. Rest and exercise 
were alternated for 10 min each 
for 6 times. Lung function was 
measured after each period.  Lung 
function was also measured 2, 10, 
20 and 30 min after exposure. 
Bronchoscopy was performed 1 h 
after exposure. Symptom ques-
tionnaires were filled out imme-
diately, 6 h after and 24 h after 
exposure.  

Mild extrinsic 
bronchial asthma 
defined by guide-
lines from the 
National Institutes 
of Health/National 
Asthma Education 
Program. All except 
one showed a posi-
tive methacholine 
provocation test. 

Intermittent 
moderate exer-
cise. 10 min six 
times on a 
bicycle ergome-
ter. 

 8 nonsmoking adult 
healthy subjects (3 
males, 5 females). 12 
adult nonsmoking asth-
ma subjects (8 males, 4 
females).  

1 ppm NO2 The mean drop in FEV1 
for asthmatics during a 
3-hour exposure to 1 
ppm NO2 (-2.5%) with 
intermittent exercise 
was significantly great-
er than the drop during 
air (-1.3%) exposure. 

 (Jörres et al. 
1995) 

around 80 
min includ-
ing a break  

Study on cooking with gas. A 
questionnaire was used to estab-
lish cooking habits, smoking and 
ventilation. Pulmonary function 
tests were performed before 
preparing food on a gas stove, 
during a break in cooking, imme-
diately after cooking and 1 h after 
cooking. Measurements were 
done using a nose clip. 

Children came from 
medical centers. 

Cooking. 10 adult healthy subjects. 
2 healthy children. 6 
adult asthmatic subjects. 
7 asthmatic children. 
(Sexes not mentioned). 

0.05 ppm NO2 
before turning 
on gas stove 

No statistical analyses 
were performed. 

 (Goldstein 
et al. 1988) 
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12 months 
air pollu-
tion 

Symptom questionnaires. Reports 
on asthma medication and wheez-
ing. 

Physician diagnosed 
asthma. 

Yes/no depend-
ing on the 
subject. 

2034 nine year old 
children). 294 had asth-
ma, 656 had experienced 
wheezing before. (1033 
males, 1001 females. 

O3, HNO3, 
acetic acid, 
NO2 

Asthma medication was 
used more often during 
summer months and 
among children who 
spent more time out-
doors. No significant 
effects of NO2. 

 (Millstein et 
al. 2004) 

One to 
seven days 
of air 
pollution 

A bi-directional case-crossover 
analysis. Exposures over periods 
of one to seven days to gaseous 
pollutants. Hospitalization data 
from 1981 to 1993 were used. 
Environmental data on pollution 
from 1984 to 1990 were used. 

Hospitalized for 
asthma (Internation-
al Classification of 
Diseases, 9th rever-
sion, code 493) 

No 7319 hospitalizations for 
asthmatic children age 6-
12 years. (4629 for boys, 
2690 for girls). 

Mean pollu-
tion concentra-
tions:            
1.18 ppm CO                   
5.36 ppb SO2                   
25.24 ppb NO2                        
30.39 ppb O3 

Positive relations 
between CO, SO2 and 
NO2 and asthma hospi-
talization in children. 
SO2 showed significant 
effects of prolonged 
exposure in girls. NO2 
was positively asso-
ciated with asthma in 
both sexes. 

Air pollution.  (Lin et al. 
2003) 

110 min Double-blind randomized cham-
ber study. Exposure to NO2 and 
air. Symptom questionnaires and 
pulmonary function tests were 
performed before and after each 
exercise period. Subjects brushed 
their teeth and rinsed their mouths 
to reduce levels of oral ammonia. 

Medical history, 
physical examina-
tion, biochemical 
and hematologic 
tests and skin test 
for allergies.  

The 10 min 
treadmill exer-
cises at volume 
ventilation of 
44.5 L/min. 

13 adult nonsmoking 
asthmatic subjects. (All 
were males). 

0.3 ppm NO2 The FEV1 decrease 
after the first, second 
and third exercise 
during NO2 exposure 
was significantly great-
er than during exposure 
to air. After the second 
and third exercise also 
decreases in FEV and 
increases in SRaw were 
significantly greater 
during NO2 exposure 
compared to air. 

First experi-
ment 

(Roger et al. 
1990) 

75 min Double-blind randomized cham-
ber study. Exposure to NO2 and 
air. Symptom questionnaires and 
pulmonary function tests were 
performed before and after each 
exercise period. Methacholine 
bronchial challenge was per-
formed 2 h after exposure. Sub-
jects brushed their teeth and 
rinsed their mouths to reduce 
levels of oral ammonia. 

Medical history, 
physical examina-
tion, biochemical 
and hematologic 
tests and skin test 
for allergies.  

Three 10 min 
treadmill exer-
cises at volume 
ventilation of 43 
L/min. 

21 adult nonsmoking 
asthmatic subjects. (All 
were males). 

0.15 ppm NO2                       
0.30 ppm NO2                            
0.60 ppm NO2 

No statistically signifi-
cant changes.  

Second 
experiment 

(Roger et al. 
1990) 
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60 min Exposure to O3, NO2 and air at 
rest. Pulmonary function tests 
were performed before, at 30 min 
and after 60 min of exposure. 

Allergic asthma. All 
had reversible 
obstructed disease, 
IgE-level outside of 
the normal range, 
hypersensitivity to 
allergens and airway 
responsiveness to 
exercise. 

No 10 adolescent healthy 
subjects (4 males, 6 
females). 10 adolescent 
asthmatic subjects (4 
males, 6 females). 

0.12 ppm O3                                                   
0.12 ppm NO2                             

No statistically signifi-
cant changes in pulmo-
nary functions. 

 (Koenig et 
al. 1985) 

40 min Exposure to O3, NO2 and air via 
mouthpiece during rest and 
exercise. Pulmonary function 
tests were performed before and 
after exposure. 

Allergic asthma. All 
had reversible 
obstructed disease, 
IgE-level outside of 
the normal range, 
hypersensitivity to 
allergens and airway 
responsiveness to 
exercise and metha-
choline challenge. 

Treadmill for 10 
min in the end 
of exposure. 
32.5 L/min. 

10 adolescent healthy 
subjects (4 males, 9 
females from the start). 
10 adolescent asthmatic 
subjects (8 males, 8 
females from the start). 

0.12 ppm O3                          
0.18 ppm O3                         
0.12 ppm NO2                            
0.18 ppm NO2 

Significant increases 
were seen in RT in both 
asthmatic and healthy 
subjects after exercise 
and exposure to O3. No 
changes after exposure 
to NO2. 

 (Koenig et 
al. 1987) 

30 min Double-blind randomized cham-
ber study. Exposure to nitrogen 
dioxide and air. Pulmonary tests 
and symptom questionnaires were 
performed before and after expo-
sure. SO2 was inhaled via mouth-
piece at 20 L/min for 4 min. 

Defined by the 
American Thoracic 
Society. 

Bicycle ergome-
ter during the 
first 20 min at 
60-80 W. 

9 adult smoking asthmat-
ic subjects (5 males, 4 
females). 

0.3 ppm NO2                             
0.25 to 4.0 
ppm SO2 

No statistically signifi-
cant changes in pulmo-
nary function or symp-
toms. No enhanced 
responsiveness to SO2. 

 (Rubinstein 
et al. 1990) 

4 h Double-blind randomized study. 
Exposure to air and nitrogen 
dioxide though a face mask. 
Spirometry, body plethysmogra-
phy1, single breath nitrogen 
washout, single breath diffusing 
capacity and respiratory mechan-
ics by random noise oscillators 
were measured before exposure 
and one day, 1 week and 2 weeks 
after exposure. On the day of 
exposure spirometry and body 
plethysmography1 were obtained 
before and after exposure. Several 
lung function tests were per-
formed during exposure.  

Not mentioned No 6 adult asthmatic sub-
jects. (Sexes not men-
tioned). 

0.1 ppm NO2                                 
0.3 ppm NO2                                   
0.5 ppm NO2                                 
1 ppm NO2 

No significant changes.  (Sackner et 
al. 1981) 
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2 h Randomized chamber study. 
Exposure to air and NO2. Lung 
function tests were performed 
before and after exposure. Bron-
choconstrictor challenge with 
methacholine was performed after 
exposure. 

Physician diagnosed 
asthma confirmed 
by physical exami-
nation. 

Light intermit-
tent exercise on 
a bicycle ergo-
meter for 15 
min every 30 
min of expo-
sure. Workloads 
of 150 to 300 kg 
m/min giving a 
doubled minute 
volume of 
ventilation. 

31 adult asthmatic 
subjects. (12 males, 19 
females). 

0.2 ppm NO2 No significant direct 
effect of NO2 exposure. 
Significant changes in 
methacholine response 
after NO2 exposure in 
some statistical tests. 

 (Kleinman 
et al. 1983) 

1 h Double-blind randomized cham-
ber study. Exposure to air and 
NO2. Plethysmography and 
spirometry were performed before 
exposure. Challenge test was 
performed after 1h of exposure. 
Symptom questionnaires were 
used. Pulmonary functions were 
measured after exposure. 

Medical history, 
physical examina-
tion and bronchial 
challenge with 
methacholine. No 
occupational asth-
ma, FEV1 > 60% 
predicted. 

No. 10 adult asthmatic 
subjects (3 males, 7 
females). 

0.5 ppm NO2 Significant potentiation 
of airway reactivity was 
noted after NO2 expo-
sure. No other signifi-
cant changes in lung 
function. 

 (Mohsenin 
1987) 

6 h Single-blind randomized chamber 
study. Exposure to air. SO2, NO2 
and SO2+NO2. 

Mild atopic asthma. 
FEV1 of >70% 
predicted. 

No 10 adult nonsmoking 
atopic asthmatic sub-
jects. 8 subjects com-
pleted the study (4 
males, 4 females). 

200 ppb SO2                  
400 ppb NO2                  
200 ppb SO2+ 
400 ppb NO2 

FEV1 and FVC before 
and after did not differ 
significantly after 
exposure to any of the 
gases. PD20FEV1 dif-
fered significantly after 
exposure to SO2+NO2 

compared to air.  

 (Devalia et 
al. 1994) 

20 min 
tidal 
breathing + 
10 min 
exercise 
with 
exposure. 

Inhalation to air or NO2 though a 
mouthpiece at rest followed by 10 
min without exposure. Exercise 
and exposure was performed for 
10 min. Lung function tests were 
performed during the first expo-
sure and then after exercise (1, 3, 
6, 10, 15 and 25 min). Methacho-
line challenge 1 h after exposure 
and the day after. 

Mild and stable 
bronchial asthma. 
Diagnosis based on 
history. All showed 
hyper responsive-
ness to methacho-
line. 

10 min bicycle 
ergometer 
exercise during 
exposure with 
mean ventila-
tion of 30 L/min 

11 adult asthmatic 
subjects (9 males, 2 
females). 

0.25 ppm NO2 Neither exercise-
induced bronchocon-
striction nor methacho-
line responsiveness 
increased after 1h 
exposure of NO2. 

 (Jörres et al. 
1991) 
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4 h Double-blind crossover chamber 
study with exposure to air and 
NO2. Pulmonary functions were 
performed before, during and the 
day after exposure. 

Mild to moderate 
asthma 

Yes.  20 healthy nonsmoking 
subjects (10 males, 10 
females) with mean 31 
yrs... 20 asthmatic non-
smoking subjects (10 
males, 10 females) with 
mean age 31 yrs... 20 
subjects with COPD (13 
males, 7 females) with a 
history of smoking and 
mean age 60 yrs... 20 
healthy subjects (13 
males, 7 females) with 
mean age 60 yrs. 

0.3 ppm NO2 No significant changes 
in any group. 

COPD and 
asthmatic 
subjects 

(Morrow et 
al. 1989) 

4 h Double-blind crossover chamber 
study with exposure to air and 
nitrogen dioxide for 5 days. All 
subjects completed a question-
naire and gave respiratory history 
information. Pulmonary function 
tests were performed.  

Chronic and recur-
rent productive 
cough for a mini-
mum of 3 
months/year for at 
least 2 years, dysp-
nea and exertion. 
FEV1 < 80% of 
predicted or 45% < 
FEV1/FVC < 75%. 
<15% increase in 
FEV1 after inhala-
tion of isoproterenol.   

Intermittent 
light exercise. 

20 adult COPD subjects 
(13 males, 7 females) 
with mean age of 60 
years and all had a 
history of smoking (14 
active smokers). 20 adult 
healthy subjects (10 
males, 10 females) with 
mean age 61.1 years.7 
former smokers (3 active 
smokers). 

0.3 ppm NO2 COPD subjects showed 
small but marginally 
significant decrements 
in FEV1 and FVC with 
NO2 compared to 
baseline but not with 
air.  

COPD sub-
jects only 

(Morrow et 
al. 1992) 

       The article 
was not 
available. 

(Linn et al. 
1984) 

       The article 
was not 
available. 

(Linn et al. 
1983) 

1 h Double-blind randomized cham-
ber study. Exposure to air and 
nitrogen dioxide. Bronchial 
challenge test and pulmonary 
function tests were performed. 

History of asthma 
symptoms, no 
exposure to dusty or 
caustic environment, 
FEV1/FVC ≥ 70% 
and FVC ≥ 70%, Raw 
≤ 3.0 cm H20*l-1* s, 
100% increase Raw 
above baseline in 
response to metha-
choline challenge, 
no current steroid 
therapy or broncho-
dilator therapy. <50 
days of dyspnea per 
year. 

No. 24 adult healthy subjects. 
22 adult asthmatic 
subjects. 15 from each 
group completed the 
study. Nonsmokers.  

0.1 ppm NO2 No significant changes.  (Hazucha et 
al. 1983) 
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1 h Single-blind randomized chamber 
study. Exposure to nitrogen 
dioxide and unpolluted air. Raw 

measurements were performed. 

Mild asthma. Four 
had intrinsic asthma 
and 16 had extrinsic 
asthma. 

No. 20 asthmatic adult 
subjects. (13 males, 7 
females). 4 of them 
underwent a test with 
higher concentration (2 
males, 2 females). 

0.1 ppm NO2                   
0.2 ppm NO2 

NO2 induced a signifi-
cant increase in initial 
Sraw and enhanced the 
bronchoconstrictor 
effect of carbachol in 13 
subjects. 

 (Orehek et 
al. 1976) 

3 yrs. Indoor nitrogen dioxide concen-
trations were measured in school-
children during 3 yrs. in a cohort 
study. Symptoms questionnaire 
was filled out by all the subjects 
one time each year. 

Two or more epi-
sodes of wheezing 
accompanied by 
dyspnea that had 
ever been given the 
diagnosis of asthma 
by a physician. 

Yes/no depend-
ing on the 
subject. 

842 children. 5.8% had 
bronchial asthma. 
(51.5% boys, 48.5% 
girls) 

0-39 ppb NO2  
in 83.0% of 
the houses                                        
≥ 40 ppb NO2 
in 17.0% of 
the houses 

Asthma increased 
among children exposed 
to outdoor concentra-
tions of NO2. An in-
crease of 10 ppb out-
door NO2 resulted in 
increased incidence of 
wheeze and asthma. 
Increased indoor NO2 
concentration showed 
significantly increased 
prevalence of bronchi-
tis, wheeze and asthma 
among girls but not 
among boys. 

Air pollution 
indoors. 
Long-term 
exposures. 

(Shima et 
al. 2000) 

6 year 
study 

A prospective cohort study was 
performed in schoolchildren in 8 
different communities in Japan. 
Questionnaires were used every 
year from the 1st through the 6th 
grades. 

Two or more epi-
sodes of wheezing 
and  dyspnea and the 
occurrence of asth-
matic attacks or the 
need for any medi-
cation for asthma 
during the past 2 yrs. 

Yes/no depend-
ing on the 
subject. 

3049 children in the first 
analysis where 172 had 
current asthma and 23 a 
history of asthma. 2854 
of them participated in a 
cohort study. 1910 of 
them also did a follow-
up study (50.8% males, 
49.2% females). 

NO2 concen-
trations were 
25.3, 26.7, 
28.7, 31.4, 
10.2, 7.3, 15.1 
and 19.7 ppb  

It was a strong associa-
tion between the preva-
lence of asthma in 1st 
graders and a history of 
allergy or respiratory 
diseases. The incidence 
of asthma was signifi-
cantly associated with 
outdoor NO2 concentra-
tions. 

Air pollution 
indoors. 
Long-term 
exposures. 

(Shima et 
al. 2002) 

20-225 min 
depending 
on study. 

Twenty studies on asthmatics and 
five studies on healthy subjects 
were used in a meta-analysis. 
Individual data was studied.   

Different definitions 
in studies. 

In some of the 
studies. 

523 asthmatic subjects 
divided on 20 studies.  

Ranging from 
0.1-1 ppm NO2 
in the different 
studies. 

Asthmatics showed an 
overall increase of 60% 
in airway responsive-
ness. 70% of these were 
resting exposures. 
Airway responsiveness 
increased in healthy 
subjects exposed to 
concentrations above 1 
ppm. 

Only abstract 
was available. 
Meta-
analysis. 

(Folinsbee 
1992) 
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3 year 
study 

A cross-sectional study in eight 
zones in Switzerland. Computer-
based standardized interview 
questionnaire. Allergy-testing, 
spirometry and bronchochallenge 
with methacholine were per-
formed. Outdoor and indoor 
exposures to nitrogen dioxide 
were measured. 

 Yes/no depend-
ing on the 
subject. 

17 300 adult subjects 
were randomly chosen of 
which 9651 subjects 
participated in the study 
and 7656 subjects ful-
filled the analyses. 
(47.8% males, 52.2% 
females). 23.1% atopic, 
10.1% parental asthma 
and 11.8% siblings’ 
asthma. 

 A mean increase of 10 
µg/m3 in outdoor and 
personal exposure to 
NO2 between different 
zones was associated 
with a decrease in 
average FVC.  

Air pollution. 
Long-term 
exposures. 

(Schindler 
et al. 1998) 

3 year 
study 

Cross-sectional studies were 
performed in five countries 
during 6 years. 11 respiratory 
symptoms were examined via 
questionnaire. 

 Yes/no depend-
ing on the 
subject. 

23 955 children. 6-12 
yrs. Prevalence of asth-
ma in different countries 
was: 1.88%, 8.59%, 
8.98%, 8.14% and 
9.00%.  

Mean concen-
trations for 
different 
countries:       
19.47, 25.91, 
31.60, 34.81 
and 52.04 
µg/m3         

Long term mean con-
centrations of NO2 were 
not associated with the 
prevalence of bronchitis 
or asthma but to inhaled 
allergen sensitivity. 

Air pollution. 
Long-term 
exposures. 

(Pattenden 
et al. 2006) 

2 months Cohort study in eight urban areas 
of the USA. Symptoms and PEFR 
were reported every morning and 
evening. 

Either: 1) parental 
report of physician-
diagnosed asthma 
and symptoms in the 
past 12 months or 2) 
respiratory symp-
toms consistent with 
asthma that lasted > 
6 weeks during the 
previous year. 
Increased symptoms 
during exercise or 
cold air or family 
history of asthma. 

Yes/no depend-
ing on the 
subject. 

846 asthmatic children. 
4-9 yrs. (63% boys, 37% 
females). 

 An increased incidence 
of morning symptoms 
in a 6-day average 
increase NO2. 

Air pollution. 
Long-term 
exposures. 

(Mortimer 
et al. 2002) 

2 yrs. Cross-sectional study in 13 areas 
from two different Italian climatic 
regions. Investigate the impact 
between climate and outdoor 
nitrogen dioxide pollution on 
asthma and allergic rhinitis. 

The subjects wrote 
down in their ques-
tionnaires if they 
had presence of 
asthma and asthma-
like symptoms, 
frequency of asthma 
attacks, time of 
onset and remission 
of asthma and doctor 
diagnosis of asthma. 

Yes/no depend-
ing on the 
subject. 

18 873 adult subjects. 
(49.3% males, 50.7% 
females). Prevalence of 
asthma attacks were in 
average 3.6 among them. 

Mediterranean 
areas: 31.46 
µg/m3 NO                
Sub continen-
tal areas: 57.99 
µg/m3 NO2 

The prevalence of 
asthma-like symptoms 
was significantly higher 
in Mediterranean areas. 
These areas had higher 
annual mean tempera-
ture, lower temperature 
range and lower NO2 

levels. The prevalence 
of allergic rhinitis rose 
when the levels of NO2 
rose in Mediterranean 
areas. 

Air pollution. 
Long-term 
exposures. 

(de Marco 
et al. 2002) 
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8 yrs. Cross-sectional study in children 
randomly chosen from 108 
schools in six French cities. 
Allergy tests and health question-
naires were used. Nitrogen dio-
xide concentrations were meas-
ured at the children´ school. 

The parents ans-
wered the symptoms 
questionnaire about 
history of asthma or 
asthma-like symp-
toms. Exercise-
induced bronchial 
reactivity was 
measured. Children 
were tested for 
allergens. 

Yes/no depend-
ing on the 
subject. 

6672 children. 9-11 yrs... 
4901 of them had lived 
at least 3 years at their 
address. (49.9% boys, 
50.1% girls). 5.3% had 
had asthma during the 
past year and 9.8% had 
lifetime asthma.  

Varied be-
tween            
16.3-48.3 
µg/m3 NO2 

No consistent positive 
association was found 
with NO2. 

Air pollution. 
Long-term 
exposures. 

(Pénard-
Morand et 
al. 2005) 

1 year Cross-sectional assessment of air 
pollution. Pulmonary function 
testing and symptom question-
naires were used.  Maternal 
smoking was reported.  

Reporting of a 
doctor´s diagnosis. 

No. 5422 children 10 to 12 
years old. 571 of which 
had asthma. (Both boys 
and girls) 

SO2                                       
O3                                      
NO2 

Children with asthma 
had lower pulmonary 
functions and more 
respiratory illnesses. 

Air pollution. 
Long-term 
exposures. 

(Dockery et 
al. 1989) 

1) Body plethysmograph - a chamber surrounding the whole body for measuring changes in volume of the whole body (usually resulting from fluctuations in  the amount of blood it contains 
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Table 12 Studies made on asthmatic subjects exposed to Sulfur dioxide 7446-09-5 and a chemical where AEGL-1 values were based on sulfur dioxide 
Thionyl chloride 7719-09-7 (SO2 and HCl are hydrolysis products of thionyl chloride) 
Duration Experimental design Definition of asth-

ma/COPD 
Exercise No of sub-

jects 
Exposure 
conc. 

Effects Remarks Reference 

5 min Quasi-double-blinded ran-
domized chamber studies on 
purified air or three different 
concentrations of sulfur 
dioxide were performed at 
one week intervals. Quasi 
because the 0.6 ppm concen-
tration was detected by odor. 
Body plethysmograph3 
(before and after exposure), 
spirometry (after exposure) 
and symptoms questionnaires 
(during the exposure period 
and the following week) were 
done. 

Clinically mild to 
moderate asthma 
diagnosed previously 
by a physician and 
verified by a screening 
examination and medi-
cal history. All were 
tested positive to a 
challenge test with 
methacholine and to 
0.75 ppm sulfur dio-
xide. 

Bicycle ergometer. 
Mean ventilation of 
48 L/min with mean 
workload of 730 kg 
m/min. 

23 young 
adult non-
smoking 
asthmatic 
subjects. (13 
males, 10 
females) 

0.2 ppm SO2                     
0.4 ppm SO2                        
0.6 ppm SO2 

SRaw showed a highly 
significant increasing trend 
with increasing sulfur 
dioxide concentration. 
Increases in SRaw for sulfur 
dioxide exposure relative to 
control exposure were large 
and highly significant for 
0.4 ppm and 0.6 ppm. Some 
symptoms showed signifi-
cant increase during 0.4 
ppm and 0.6 ppm. Forced 
expiratory changes were 
highly significant at 0.6 
ppm. At 0.4 ppm only 
changes in Vmax showed 
significance.  

AEGL-1 
values are 
based on 
this study. 

(Linn et al. 
1983 b) 

40 min Double-blind randomized 
chamber study. Exposure to 
sulfur dioxide of different 
concentrations and air for 
seven days. The first 10 min 
of each exposure consisted of 
exercise. Pulmonary function 
was measured at 10 min and 
20 min. Pulmonary function 
maneuvers were performed 
after exposure and at 5, 10, 
15, 25, 40, 50 and 60 min 
thereafter. The measurements 
after 40, 50 and 60 min were 
performed in air.  

A past history of asth-
ma defined by the 
American Thoracic 
Society. 

Bicycle ergometer. 
450 kp m/min during 
the first 10 min of 
exposure. Ventilation 
was 35 L/min. 

10 healthy 
subjects (5 
males, 5 
females) and 
10 asthmatic 
subjects (8 
had an atopic 
history, 4 
males and 6 
females). 
Non-smokers. 

0.25 ppm 
SO2                
0.5 ppm SO2                        
0.75 ppm 
SO2                
1.0 ppm SO2   

Pulmonary function values 
(except for FVC) were 
significantly lower among 
asthmatic subjects than 
among healthy subjects.  

AEGL-1 
values are 
based on 
this study. 

(Schacter et 
al. 1984) 

75 min A chamber study with natural 
breathing of SO2. Pulmonary 
function tests were performed 
before, during and after 
exposure. Three symptoms 
questionnaire were com-
pleted before, during and 
after exposure.  

History of asthma 
(wheezing, chest tight-
ness, or reversible 
pulmonary obstruction) 
diagnosed by a physi-
cian. 

Yes. Treadmill 3x10 
min during exposure. 
Heart rate 120 
beats/min. 

28 non-
smoking male 
adults with 
mild asthma. 

0.25 ppm 
SO2                 
0.5 ppm SO2                   
1.0 ppm SO2   

Increases in SRaw were 
significantly less after the 
second and third exercise 
compared to after the first 
exercise. Only shortness of 
breath and chest discomfort 
were increased with statis-
tical significance. It hap-
pened after 10 min in 1.0 
ppm concentration. 

AEGL-1 
values are 
based on 
this study. 

(Roger et al. 
1985) 
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30 min tidal 
breathing 

Single-blind randomized 
exposure to air, 0.25 ppm 
nitrogen dioxide or 0.5 ppm 
sulfur dioxide for three days 
within a two week period. An 
isocapnic hyperventilation1 
test with 0.75 ppm sulfur 
dioxide was performed 
afterwards. Lung function 
tests were performed before, 
3 min and 12 min after 
ventilation. 15 min after 
ventilation a hyperventilation 
test was performed with 0.75 
ppm sulfur dioxide. 

Bronchial mild asthma. 
Hyper reactivity to 
histamine and 100% 
increase in SRaw after 
0.75 ppm sulfur dio-
xide. 

No. 14 adult non-
smoking 
asthmatic 
subjects. (10 
males, 4 
females). 

0.5 ppm SO2 No effects. AEGL-1 
values are 
based on 
this study. 

(Jörres et al. 
1990) 

10 min Double-blind randomized 
chamber study made on two 
separate days. SRaw was 
measured every 30 s for 8 
min before the study. Expo-
sure was done for 10 min to 
either clean air or sulfur 
dioxide and exercise was 
performed during the last 5 
min. Then the subjects left 
the chamber for 3 min and re-
entered the body plethysmo-
graph3 to measure SRaw every 
30 s for 8 min. 

Previous history of 
asthma confirmed 
previously by a physi-
cian. Also hyper reac-
tivity to histamine. 
Most subjects had 
allergic rhinitis. 

750 kg m/min for 5 
min 

19 adult non-
smoking 
asthmatic 
subjects. (16 
males, 3 
females). 

0.25 ppm 
SO2 

The SRaw increased during 
exercise and it was signifi-
cantly higher during expo-
sure to sulfur dioxide than 
during exposure to clean air. 

AEGL-1 
values are 
based on 
this study. 

(Bethel et al. 
1985) 

10 min Double-blind randomized 
chamber study made on two 
separate days. SRaw was 
measured every 30 s for 8 
min before the study. Expo-
sure was done for 10 min to 
either clean air or sulfur 
dioxide and during the last 
half exercise was performed. 
Then the subjects left the 
chamber for 3 min and re-
entered the body plethysmo-
graph3 to measure SRaw every 
30 s for 8 min. 

Previous history of 
asthma confirmed 
previously by a physi-
cian. Also hyper reac-
tivity to histamine. 
Most subjects had 
allergic rhinitis. 

1000 kg m/min for 5 
min 

9 non-
smoking adult 
asthmatic 
subjects. (8 
males, 1 
female). 

0.25 ppm 
SO2 

The increase in SRaw during 
exercise was not significant-
ly different during exposure 
to sulfur dioxide compared 
to clean air. Probably 
because higher workload in 
itself induce bronchocon-
striction which overshadow 
that caused by sulfur dio-
xide. 

Repeated 
study with 9 
of the 19 
asthmatics. 
Only differ-
ence was 
more heavy 
exercise 

(Bethel et al. 
1985) 
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3 h Blind randomized chamber 
study.  SRaw and FEV1 were 
measured before, during (1h, 
2h, 3h) and immediately after 
exposure. Symptom ques-
tionnaires were filled out at 
the same time points as FEV1 
measurements. Sulfur dioxide 
exposure and the control 
exposure were made seven 
days apart. 

Mild to moderate 
asthma diagnosed 
previously by a physi-
cian. 

Vigorous exercise on 
a bicycle ergometer 
for the first 10 min. 
Minute volume 
above 40 L. 

17 young 
adult non-
smoking 
asthmatic 
subjects. (13 
males, 4 
females). 

0.75 ppm 
SO2 

SRaw and symptoms signifi-
cantly increased after 
exercise. Mean FEV1 was 
significantly decreased after 
exposure. 

 (Hackney et 
al. 1984) 

30 min at rest 
and 20 min 
during exercise 

Random exposure to filtered 
air (via mouthpiece with nose 
clips), sulfur dioxide (via 
mouth piece with nose clips), 
sulfur dioxide (via face 
mask), sulfuric acid (via 
mouthpiece with nose clips) 
or sulfuric acid (via face 
mask) on five separate days. 
Physiologic measurements 
were performed in a body 
plethysmograph3.  

Extrinsic asthma. 
Documented reversible 
airway obstruction, 
elevated IgE-levels and 
positive skin reactions 
to inhaled antigens. 

Intermittent exercise 
during 20 min on a 
treadmill. 

10 adolescent 
asthmatic 
subjects. (5 
males, 5 
females). 

0.5 ppm SO2                              
100 µg/m3 

H2SO4 

Significant changes in FEV1 
and maximum flow at 50% 
and 75% vital capacity after 
exposure to sulfur dioxide 
and sulfuric acid. The work 
of nasal breathing increased 
32% after sulfur dioxide 
exposure via mouthpiece 
and 30% after sulfur dio-
xide exposure via face mask 
which were significant. 

 (Koenig et al. 
1985) 

10 min tidal 
breathing and 10 
min hyperventi-
lation 

Single-blind randomized 
chamber study via a mouth-
piece with a nose clip. Expo-
sure to air and sulfur dioxide 
for two days. Prior to expo-
sure a 5 min adaptation phase 
with breathing air was per-
formed. Lung function was 
measured before and after 
this phase as well as after the 
exposure. Two, five and ten 
minutes after hyperventila-
tion pulmonary function were 
measured. On a third day 
within a week a histamine 
challenge was performed. 

Bronchial asthma. They 
all fulfilled the criteria 
of the American Tho-
racic Society. Skin 
prick testing was 
performed with stan-
dard allergens in all 
asthmatic subjects. 

10 min isocapnic 
hyperventilation1 at 
30 L/min. 

12 young 
nonsmoking 
healthy sub-
jects (sexes 
not men-
tioned) and 46 
adult asthmat-
ic subjects. 
(21 males, 25 
females). 

0.5 ppm SO2 SRaw baseline and SRaw 
after hyperventilation 
differed significantly. SRaw 
after hyperventilation after 
air and after sulfur dioxide 
differed significantly. The 
maximum increase of SRaw 

after hyperventilation of 
sulfur dioxide and 
PC100SRaw of histamine 
showed a significant corre-
lation. 

 (Magnusson 
et al. 1990) 
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6 h Randomized exposure in a 
chamber to air and nitrogen 
dioxide + sulfur dioxide. 
Allergen challenge was 
performed. One out of four 
protocols were performed; 1) 
air followed by spirometry 
testing immediately and 10 
min after exposure, followed 
by challenge. 2) nitrogen 
dioxide+ sulfur dioxide 
followed by spirometry 
testing immediately and 10 
min after exposure, followed 
by challenge, 3) nitrogen 
dioxide + sulfur dioxide 
followed by spirometry 
testing immediately and 24 h 
after exposure, followed by 
challenge 4) nitrogen dioxide 
+ sulfur dioxide followed by 
spirometry testing imme-
diately and 48 h after expo-
sure, followed by challenge 

Mild asthma. No. 13 adult 
atopic asth-
matic sub-
jects. (10 
males, 3 
females). 

400 ppb NO2 
+ 200 ppb 
SO2 

Significant decrease in 
PD20FEV1 at 24 h but not at 
48h after exposure to the 
combination of pollutants. 
Increase in FVC was signif-
icant 48 h after exposure to 
the combination of pollu-
tants. 

 (Rusznak et 
al. 1996) 

5 min Double-blind randomized 
chamber study. Exposure to 
sulfur dioxide or air during 
exercise. Body plethysmo-
graphy3 was performed 
before and after exercise. 

Mild asthma. History of 
asthmatic symptoms, 
reversible bronchocon-
striction documented 
by a physician, aller-
gies and hyper reactivi-
ty to histamine. 

5 min of moderate to 
heavy exercise on a 
bicycle ergometer at 
a work rate of 750 kp 
m/min (about 125 
W). 

10 nonsmok-
ing adult 
asthmatic 
subjects. (8 
males, 2 
females). 

0.5 ppm SO2 Sulfur dioxide caused 
significant bronchoconstric-
tion in asthmatics during 
exercise. SRaw increased by 
13.55± 9.18 cm H2O X s 
during exercise and sulfur 
dioxide exposure compared 
to an increase of 2.24 ± 2.34 
cm H2O X s during exercise 
and air exposure. 

 (Bethel et al. 
1983a) 

5 min Double-blind randomized 
study breathing though a 
mouthpiece while wearing a 
nose clip or through a face-
mask that separated the oral 
and nasal flow. Exposure to 
sulfur dioxide or air. Body 
plethysmography3 was used 
before and after exercise. 

Mild asthma. History of 
asthmatic symptoms, 
reversible bronchocon-
striction documented 
by a physician, aller-
gies and hyper reactivi-
ty to histamine. 

5 min of moderate to 
heavy exercise on a 
bicycle ergometer at 
a work rate of 750 kp 
m/min, 500 kp 
m/min or 250 kp 
m/min. 

9 nonsmoking 
adult asthmat-
ic subjects. (3 
males, 6 
females). 

0.5 ppm SO2 Sulfur dioxide caused 
bronchoconstriction at 
moderate and high work-
loads when subjects wore 
mouthpieces forming a 
dose-response relationship. 
While wearing a facemask 
during sulfur dioxide expo-
sure only high workloads 
resulted in bronchoconstric-
tion. 

 (Bethel et al. 
1983 b) 
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10 min exercise 
followed by 
measurements 

A quasi double-blinded 
randomized chamber study 
was performed with sulfur 
dioxide or clean air. Either 
mouthpieces and nose clips 
or free breathing in the 
chamber were performed. 
Exposures were separated by 
one week. Body plethysmo-
graphy3 and symptoms 
questionnaires were meas-
ured before and after expo-
sure. Forced expiratory tests 
were performed only after 
exposure. 

Asthma diagnosed 
previously by a physi-
cian. Confirmed by 
medical examinations. 

10 min on a bicycle 
ergometer at a mean 
workload of 650 kg 
m/min and mean 
ventilation rate of 40 
L/min. 

23 nonsmok-
ing young 
adult asthmat-
ic subjects. 
(15 males, 8 
females). 

0.75 ppm 
SO2 

SRaw and symptoms in-
creased significantly during 
clean air exposure. The 
increase in SRaw was greater 
in sulfur dioxide than in 
clean air regardless of the 
mode of breathing. The 
excess increase was signifi-
cantly greater with mouth-
piece compared to free 
breathing. 

 (Linn et al. 
1983a) 

6 h Exposure to sulfur dioxide in 
a chamber for 6 h periods in 
two days and purified air one 
week earlier or later. Exercise 
was included. Body plethys-
mograph3 measurements and 
symptom questionnaires were 
administered before and after 
exposure as well as after each 
exercise period and hourly 
during rest. 

Mild to moderate 
asthma diagnosed 
previously by a physi-
cian. Medical examina-
tion. 

Heavy exercise for 5 
min near the begin-
ning of exposure and 
in hour 5 during 
exposure on a bi-
cycle ergometer. 
Ventilation rate was 
50 L/min. 

14 adult 
asthmatic 
subjects. (12 
males, 2 
females). 

0.6 ppm SO2 No significant differences. 
Bronchoconstriction and 
symptoms were observed 
during and following exer-
cise both during sulfur 
dioxide exposure and in air. 
To a larger extent in sulfur 
dioxide. They were less 
severe during the second 
exposure to sulfur dioxide 
than during the first expo-
sure.  

 (Linn et al. 
1984) 

5 min exercise 
plus brief warm 
up and cool 
down periods. 

Double-blind randomized 
chamber study. All subjects 
experienced all combinations 
of two atmospheric condi-
tions (0.6 ppm sulfur dioxide 
and clean air), two tempera-
tures (21 and 38 degrees C) 
and two levels of relative 
humidity (20 and 80%). 
Exercise was included. Body 
plethysmographic3 measure-
ments and symptoms ques-
tionnaires were performed 
before and after each expo-
sure.  

Previously diagnosed 
by a physician. Medical 
examination. 

5 min of heavy 
exercise on a bicycle 
ergometer at a venti-
lation rate of 50 
L/min. 

22 nonsmok-
ing young 
adult asthmat-
ic subjects. 
(13 males, 9 
females). 

0.6 ppm SO2 Atmospheric conditions 
showed the most significant 
overall effect but tempera-
ture and humidity effects 
were also significant. In 
general symptom responses 
paralleled physiologic 
responses. 

 (Linn et al. 
1985) 
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10 min Phase 1: Single-blind rando-
mized chamber study. Expo-
sures to air and two concen-
trations of sulfur dioxide 
were performed together with 
exercise at three different 
workloads giving nine com-
binations. Lung functions, 
symptoms of asthma and 
stamina changes were meas-
ured.  

Mild asthma according 
to the American Tho-
racic Society. 

Light, medium and 
heavy exercise on a 
treadmill. Mean 
ventilation rates of 
30, 36 and 43 L/min. 

14 asthmatic 
subjects. (12 
males, 2 
females). 

0.5 ppm SO2                    
1.0 ppm SO2 

Lung function, symptoms of 
asthma and stamina res-
ponses correlated modestly. 
The increased concentration 
of sulfur dioxide gave 
worse effects than increased 
exercise. 

Phase 1 (Gong et al. 
1995) 

10 min Phase 2: Chamber study. 
Eight different physical tasks 
were performed during air 
exposure. Symptoms and 
stamina were measured. 

Mild asthma according 
to the American Tho-
racic Society. 

Eight different 
physical tasks each 
lasting 10 min. Rest, 
slow stair-climb, fast 
stair-climb, slow 
walk, fast walk, 
walking with ten 
pound weight, lifting 
ten pound weight 
from waist to shoul-
der and bending over 
to pick up a penny 
from the floor.  

14 asthmatic 
subjects. (12 
males, 2 
females). 

only air Symptoms from fast stair 
climbing were similar to 
during light exercise and 
sulfur dioxide exposure. 
Stamina reduction was 
similar to heavy exercise 
during sulfur dioxide expo-
sure. 

Phase 2 (Gong et al. 
1995) 

10 min Phase 3: Chamber study. 
Time-activity patterns, 
symptoms and stamina were 
recorded during randomly 
selected intervals on a typical 
weekday and weekend day. 
Diaries were used. 

Mild asthma according 
to the American Tho-
racic Society. 

Randomly selected 
intervals on a typical 
weekday and week-
end day. 

14 asthmatic 
subjects. (12 
males, 2 
females). 

only air Symptoms among subjects 
increased to a larger extent 
during exercise than during 
light exercise while exposed 
to sulfur dioxide. But had 
less effect on stamina. 

Phase 3 (Gong et al. 
1995) 

10 min Four randomly separated 
exposures to air and sulfur 
dioxide were performed. 
Subjects breathed naturally 
during moderate exercise. 
Body plethysmography3 was 
used before and 3 min after 
exposure. 

Sensitive to methacho-
line. 

Moderate exercise. 
Ventilation rate was 
21 1/m2 x min 

27 nonsmok-
ing adult 
asthmatic 
subjects. (All 
were males). 

0.25 ppm 
SO2                
0.50 ppm 
SO2               
1.00 ppm 
SO2 

23 subjects showed between 
0.28 and 1.90 ppm in 
PC(SO2) and 4 subjects 
showed greater than 2 ppm 
SO2. 

Only ab-
stract was 
available 

(Horstman et 
al. 1986) 

3 min  3 min voluntary eucapnic 
hyperpnea2 with sulfur 
dioxide was performed three 
times at 30 min intervals via 
a mouthpiece. SRaw was 
measured before and after 
each period of hyperpnea. 

History of asthma 
symptoms and reversi-
ble airway obstruction 
documented previously 
by a physician. 

Intermittent exercise, 
hyperventilation. 

8 nonsmoking 
adult asthmat-
ic subjects. (4 
males, 4 
females). 

0.5 ppm SO2 SRaw increased significantly 
more after the first exposure 
than after the second or 
third. Short-term repeated 
exposure to low concentra-
tions can induce tolerance 
to the bronchomotor effects 
of sulfur dioxide in asthmat-
ic subjects. 

 (Sheppard et 
al. 1983) 
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10 min Exposure via a rubber 
mouthpiece and nose clips to 
NaCl, NaCl and sulfur dio-
xide or NaCl and a higher 
concentration of sulfur 
dioxide. Pulmonary functions 
were measured by a body 
plethysmograph3 before and 
after exposure and exercise. 
Nasal inhalation was also 
performed in 7 of the 9 
subjects via a face mask with 
nose clips. 

Extrinsic asthma. 
Reversible airways 
obstruction elevated 
IgE-levels and positive 
skin-test reactions. All 
had exercise-induced 
bronchospasm. 

10 min moderate 
exercise on a tread-
mill that produced a 
five- to six fold 
increase in mean 
resting ventilation. 

9 adolescent 
asthmatic 
subjects. (6 
males, 3 
females). 

1 mg/m3 
NaCl solu-
tion droplet 
aerosol                     
0.5 ppm SO2 
+ NaCl                        
1.0 ppm SO2 
+ NaCl 

Statistically significant 
changes occurred in total 
respiratory resistance (RT), 
maximal flow at 50% and 
75% (Vmax50 and Vmax75) and 
forced expiratory volume in 
one second (FEV1). No 
changes in functional 
residual capacity (FRC). 
Similar effects were seen 
after nasal inhalation but the 
changes were not signifi-
cantly different from base-
line. 

 (Koenig et al. 
1983) 

1 h and 30 
minutes 

Blind randomized chamber 
study with exposure to sulfur 
dioxide and clean air. Three 
sets of 10 min exercises were 
performed with 15 min 
resting periods in between. 
Continuous exercise was 
performed for 30 min during 
exposure to the same envi-
ronmental conditions. SRaw 
was measured before expo-
sure and after each exercise. 

Mild asthma. Previous-
ly diagnosed by a 
physician. Medical 
examination. Hyper-
sensitive to methacho-
line 

Three sets of 10 min 
treadmill exercises 
with mean ventila-
tion of 41 L/min 
broken by 15 min of 
resting periods. 

10 nonsmok-
ing young 
adult asthmat-
ic subjects. 
(All were 
males). 

1.0 ppm SO2 SRaw was significantly 
increased from 5.2 to 17.3 
cm H20/s after SO2 expo-
sure with continuous exer-
cise compared to after the 
third exercise in the inter-
mittent protocol. All sulfur 
dioxide responses in SRaw 
were significantly greater 
than the clean air responses. 

 (Kehrl et al. 
1987) 

60 min Randomized study with 
inhalation though a rubber 
face mask. Exposures to 
filtered air, sulfur dioxide + 
NaCl droplet aerosol or NaCl 
droplet aerosol alone were 
performed at rest. Functional 
measurements were done 
before, during and after 
exposures Symptom ques-
tionnaire were filled out at 
home the following two days. 

Diagnosed with extrin-
sic asthma. Exercise-
induced bronchospasm. 

No. 9 adolescent 
asthmatic 
subjects. (7 
males, 2 
females). 

1 ppm SO2 + 
1 mg/m3 
NaCl droplet 
aerosol,                       
1 mg/m3 

NaCl droplet 
aerosol. 

Significant decreases in 
Vmax50 and Vmax75 were seen 
during exposure of sulfur 
dioxide and NaCl droplet 
aerosol. Asthmatic subjects 
seem to be more sensitive to 
sulfur dioxide than healthy 
individuals are. 

 (Koenig et al. 
1980) 
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0.0 0.5 1.0 2.0 
and 5.0 min 

Double-blind randomized 
chamber study. Exposure to 
sulfur dioxide or clean air at 
different durations on differ-
ent days. 10 exposures in 
total. Exercise was performed 
before and during exposure. 
SRaw and respiratory symp-
toms were measured before 
exercise and after each 
exposure. 

History of asthma 
symptoms diagnosed 
by a physician. Hyper 
responsiveness to 
methacholine and 
sulfur dioxide. All but 
one was tested positive 
for at least one allergen. 

5 min prior to expo-
sure and also during 
exposure on a tread-
mill with a mean 
ventilation rate of 40 
L/min 

12 nonsmok-
ing adult 
asthmatic 
subjects. (All 
were males). 

1 ppm SO2 Significant bronchoconstric-
tion was observed for the 
2.0 and 5.0 min sulfur 
dioxide exposures. SRaw and 
symptoms ratings were 
substantially increased. 

 (Horstman et 
al. 1988) 

1, 3 and 5 min Single-blind randomized 
study. Exposure to sulfur 
dioxide on separate days via 
a mouthpiece at two different 
concentrations during three 
time periods. Eucapnic 
hypernea2 was performed. 
SRaw was measured to calcu-
late bronchoconstriction. 

History of asthmatic 
symptoms and reversi-
ble airways obstruction 
previously diagnosed 
by a physician. 

Eucapnic hypernea2 
60 L/min. 

8 nonsmoking 
adult asthmat-
ic subjects. (6 
males, 2 
females). 

0.5 ppm  
SO2                        
1.0 ppm SO2 

Statistically significant 
increase in bronchoconstric-
tion after exposure to both 
SO2 concentrations. 

 (Balmes et 
al. 1987) 

5 yrs Measurement of the daily 
number of emergency room 
visits for asthma was per-
formed in Barcelona, Spain. 

An asthma visit was 
defined as any recorded 
asthma-related diagno-
sis. A list for COPD 
diagnosis was also 
used. 

Yes/no depending on 
the subject. 

Around 460 
visits per day. 

SO2              
NO2               
O3                     

black smoke 

No significant associations 
were found between sulfur 
dioxide pollution and 
asthma visits. 
 

Air pollu-
tion. Long-
term expo-
sures.  

(Castellsague 
et. al. 1995) 

6 months Measurement of the daily 
number of emergency room 
visits for asthma was per-
formed in Brooklyn 

Acute attacks of asth-
ma. Visits in the emer-
gency clinic. 

Yes/no depending on 
the subject. 

Around 500 
visits per day. 

0-0.099 ppm 
SO2                     

Smoke shade 

The patient visits were not 
significantly affected by 
sulfur dioxide. 

Air pollu-
tion. Long-
term expo-
sures. 

(Rao et. al. 
1973) 

25 months Study of short-term sulfur 
dioxide peaks in two inner-
city areas of New York City.  
Asthma visits on three hos-
pitals were examined on the 
same days as sulfur dioxide 
peaked and on the following 
days.  Three concentration 
levels were used to describe 
low, midway and high levels 
of sulfur dioxide. 

Acute attacks of asth-
ma. Visits in the emer-
gency rooms. 

Yes/no depending on 
the subject. 

25 months.  
Total number 
of visits in all 
three hospit-
als:     905 
185. 

0.1 ppm SO2 
0.3 ppm SO2  
>0.5 ppm 
SO2 

No statistically significant 
associations between ele-
vated SO2 pollution and 
asthma visits. 

Air pollu-
tion. Long-
term expo-
sures. 

(Goldstein 
and Weins-
tein 1986) 

1) Isocapnic hypernea - pertaining to a level of carbon dioxide in the tissues that remains steady despite changing levels of ventilation and abnormal increase in depth and rate of respiration 
2) Eucapnic hypernea - normal carbon dioxide tension of the blood and abnormal increase in depth and rate of respiration 
3) Body plethysmograph - a chamber surrounding the whole body for measuring changes in volume of the whole body (usually resulting from fluctuations in  the amount of blood it contains 
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Table 13 Studies made on asthmatic subjects exposed to Sulfuric acid 7664-93-9 and chemicals where AEGL-1 values were based on sulfuric acid 
Sulfur trioxide 7446-11-9 (Reacts with water in the air, in the human respiratory tract or on the skin and produces H2SO4)  
Oleum 8014-95-7 (Reacts with water in the air, in the human respiratory tract or on the skin and produces H2SO4) 
Chlorosulfonic acid 7790-94-5 (HCl and H2SO4 are hydrolysis products) 
Duration Experimental design Definition of 

asthma/COPD 
Gargled with 
citric acid to 
reduce oral 
ammonia 
intake 

Exercise No of subjects Exposure 
conc. 

Effects Remarks Reference 

2 h Randomized chamber study. 
Exposure to filtered air and 
three concentrations of 
sulfuric acid. Pulmonary tests 
were performed before 
exposure. Forced vital ca-
pacity tests were performed 
during each rest period. 
Pulmonary function tests 
were performed after expo-
sure. Symptom interviews 
were performed after expo-
sure.  

A medical history, 
electrocardiogram, 
spirometric tests, 
sub maximal exer-
cise test and a 
physical examina-
tion. 

No. Three 20 min 
treadmill exer-
cise periods 
alternated with 
resting periods. 
Mean ventila-
tion volume of 
30 L/min. 

11 adult subjects 
where 6 had 
allergies and 1 
had asthma as a 
child. (All males). 

223 µg/m3 
H2SO4                
418 µg/m3 
H2SO4                
939 µg/m3 
H2SO4 

FEV1 decreased 
significantly with 
exposure to 939 
µg/m3 H2SO4 but 
not at the other 
concentrations. At 
0.22 mg/m3 was 
the first sign of 
discomfort. 

The point 
of depar-
ture for 
AEGL-1 
derivation. 
Many 
additional 
studies 
support 
these 
values. 

(Horvath et 
al. 1982) 

6.5 h Double-blind randomized 
study. Exposure to sulfuric 
acid and ozone two times 
during three weeks in the 
spring because responsive-
ness to ozone peaked during 
that time. The first 50 min of 
each hour consisted of exer-
cise and then 10 min of rest 
and different kind of lung 
function tests followed. A 
symptom questionnaire was 
filled out 30 min before the 
exposures and then during 
each period of rest.  A fol-
low-up study on suspected 
acid/ozone responsive sub-
jects was performed with 12 
asthmatic subjects and one 
healthy subject. 

A positive clinical 
history, physician 
diagnosis and posi-
tive bronchial 
reactivity tests. 
Broad range of 
clinical severity. 

Yes, repeatedly 
before and 
during expo-
sure. Additional 
sulfuric acid 
was generated 
to neutralize 
ammonia. 

Six 50 min 
exercise periods 
per exposure 
day. Mean 
ventilation 
volume of 29 
L/min 

15 normal or 
atopic (8 male, 7 
female) and 30 
asthmatic subjects 
(13 male, 17 
female). Follow-
up study with 12 
of the asthmatic 
and one of the 
healthy subjects. 
Non-smoking  

Mixture of 
0.12 ppm 
ozone and 
100 µg/m3 
H2SO4.  

Significant de-
cline in forced 
expiratory func-
tion and increase 
in bronchial 
activity from 
exposure to ozone 
+ sulfuric acid and 
to ozone alone. 
The follow-up 
study showed a 
significant differ-
ence in mean 
ozone + sulfuric 
acid response 
compared to clean 
air. 

 (Linn et al. 
1994) 
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2 h Double-blind randomized 
chamber study. Exposure to 
sulfuric acid and NaCl two 
times separated by at least 
one week. FVC, FEV1, 
specific airway conductance 
(SGaw) and arterial oxygen 
saturation were measured 
before, during and imme-
diately after exposure. 

All asthmatic sub-
jects had mild 
obstructive lung 
disease (FEV1/FVC 
= 0.65 ± 0.09) and 
COPD subjects had 
obstructive airways 
disease (FEV1/FVC 
= 0.55 ± 0.10). 

No. Bicycle ergo-
meter for 10 
min after 10 
min, 35 min, 1 h 
and 1 ½ h of 
exposure. 
Workloads to 
quadruple 
minute ventila-
tion  

8 adult asthmatic 
subjects and 11 
adult subjects (54-
70 yrs.) with 
COPD. (sexes not 
mentioned) 

75 µg/m3 

H2SO4 
Lung functions in 
COPD subjects 
are not affected. 
Asthmatic sub-
jects may develop 
a mild potentia-
tion to exercise-
induced bron-
chospasm. The 
difference howev-
er is not statisti-
cally significant 
established. 

Only 
abstract  
was availa-
ble. COPD 
and asth-
matic 
subjects. 

(Bauer  et al. 
1988) 

Tidal 
breathing 
16 min 

Single-blind randomized 
exposure to sulfuric acid and 
NaCl through a mouthpiece 
for 16 min. SRaw was meas-
ured five times separated by 
30 s. A symptoms question-
naire was used. 

A history of recur-
rent episodes of 
wheezing, chest 
tightness and revers-
ible airway obstruc-
tion previously 
documented by a 
physician. 

Before each 
exposure sub-
jects brushed 
their teeth and 
gargled with 
antiseptic 
mouthwash. 

No. 11 non-smoking 
asthmatic sub-
jects. (7 males, 4 
females). 

2.8 ± 0.8 
mg/m3 H2SO4       

2.9 ± 0.9 
mg/m3 H2SO4 

No effects. First expe-
riment 

(Aris et al. 
1991) 

Tidal 
breathing 
16 min 

Single-blind randomized 
exposure to sulfuric acid and 
NaCl through a mouthpiece 
for 16 min. SRaw was meas-
ured five times separated by 
30 s. A symptoms question-
naire was used 

A history of recur-
rent episodes of 
wheezing, chest 
tightness and revers-
ible airway obstruc-
tion previously 
documented by a 
physician. 

Before each 
exposure sub-
jects brushed 
their teeth and 
gargled with 
antiseptic 
mouthwash. 

No. 9 non-smoking 
asthmatic sub-
jects. (6 males, 3 
females). 

Large par-
ticle:  3.02 ± 
0.5 mg/m3 
H2SO4     
Small par-
ticle:  3.37 ± 
0.62 mg/m3 

H2SO4   

No effects except 
for the mean 
change in throat 
irritation which 
was significantly 
higher. 

Second 
experiment. 
Part 1. 

(Aris et al. 
1991) 

Tidal 
breathing 
16 min 

Single-blind randomized 
exposure to sulfuric acid and 
NaCl through a mouthpiece 
for 16 min. SRaw was meas-
ured five times separated by 
30 s. A symptoms question-
naire was used 

A history of recur-
rent episodes of 
wheezing, chest 
tightness and revers-
ible airway obstruc-
tion previously 
documented by a 
physician. 

Before each 
exposure sub-
jects brushed 
their teeth and 
gargled with 
antiseptic 
mouthwash. 

Bicycle ergo-
meter one day 
before exposure 
with workload 
of 65 W/m2 
body surface 
areas. Minute 
ventilation 
volume: 40 ± 5 
L/min. 

6 non-smoking 
asthmatic sub-
jects. (4 males, 2 
females).  

Small par-
ticle:  2.97 ± 
0.86 mg/m3 

H2SO4. 

No effects. Second 
experiment. 
Part 2. 

(Aris et al. 
1991) 

1 h Single-blind randomized 
exposure to sulfuric acid and 
NaCl in a chamber for 1 h. 
SRaw was measured five 
times separated by 15 min. A 
symptoms questionnaire was 
used. 

A history of recur-
rent episodes of 
wheezing, chest 
tightness and revers-
ible airway obstruc-
tion documented by 
a physician. 

Before each 
exposure sub-
jects brushed 
their teeth and 
gargled with 
antiseptic 
mouthwash. 

Bicycle ergo-
meter at a 
workload of 100 
W for 15 min 
periods alternat-
ing with 15 min 
rest. 

10 non-smoking 
asthmatic sub-
jects. (8 males, 2 
females) 

Low liquid-
water-content 
(LWC):     
0.96 ± 0.2 
mg/m3 H2SO4 

High LWC: 
1.40 ± 0.3 
mg/m3 H2SO4 

No effects. Third 
experiment. 

(Aris et al. 
1991) 
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2 h Chamber study in blind 
experimental fashion. Sub-
jects were unaware of expo-
sure day and aerosol. Base-
line pulmonary function tests 
were performed before and 
after exposure and exercise 
was done during.   

Previously diag-
nosed by a physician 
and confirmed by 
the project physi-
cian. The severity 
physiologically and 
clinically was 
different in the 
group.  

No. An ammo-
nia denuder 
sampling sys-
tem quantified 
the fraction of 
aerosol neutra-
lized by ammo-
nia. 

Intermittent 
exercise for 15 
min every 30 
min on bicycle 
ergometers. 
Workloads of 
150-300 kg 
m/min. Doubled 
minute volume 
of ventilation. 

6 healthy and 6 
asthmatic sub-
jects. Non-
smoking. (All 
males). 

100 µg/m3 
H2SO4 

No effects except 
for two asthmatic 
subjects that 
showed possibly 
meaningful 
changes in respi-
ratory resistance. 

 (Avol et al. 
1979) 

3 h Double-blind randomized 
exposure to sulfuric acid and 
NaCl. Not during months of 
highest aerosol and ozone 
concentrations. Exposure to 
ozone was performed 24 h 
later. Each subject had expo-
sure of sulfuric acid, NaCl 
and two of the concentrations 
of ozone. Pulmonary function 
testing was performed inside 
the chamber prior to each 
exposure and continued. 

Considered asthmat-
ic if two of the 
following were true: 
1) A history of 
repetitive characte-
ristic bronchospasm 
symptoms, 2) ab-
normally low SGaw 
values and/or 
FEV1/FVC below 
age-predicted val-
ues, 3) increase in 
FEV1 of 15% or 
more with inhalation 
of isoproterenol, or a 
40% or more reduc-
tion in SGaw and/or 
15% reduction in 
FEV1 after a carba-
chol challenge.   

Yes. Prior to 
each exposure. 

Intermittent 
exercise for 10 
min every 30 
min to at least 
quadruple 
minute ventila-
tion. 

30 healthy non-
smoking subjects 
(16 males, 14 
females) and 30 
allergic asthmatic 
subjects (10 
males, 20 fe-
males). 

100 µg/m3 
H2SO4 and 24 
h later O3 
(0.08, 0.12 or 
0.18 ppm) 

There was a 
significant differ-
ence for FVC 
between healthy 
and asthmatic 
subject imme-
diately after 
exposure. Asth-
matic subjects 
hade more respi-
ratory symptoms 
than healthy 
subjects.  

Pre-
exposure to 
sulfuric 
acid alters 
the re-
sponse of 
ozone in 
exercising 
asthmatic 
subjects in 
comparison 
to NaCl 
pre-
exposure. 

(Frampton et 
al. 1995) 

1 h Double-blind randomized 
exposure through a head 
dome to sulfuric acid and air 
two weeks apart. 14 h after 
each exposure subjects 
underwent an allergen chal-
lenge. This was not done 
during pollen season. 

Physician-diagnosed 
asthma taking only 
inhaled medication. 
FEV1/FVC ≥ 70% 
predicted and posi-
tive grass-pollen 
test. Positive early 
asthmatic response 
to bronchial chal-
lenge with grass 
pollen (decrease of 
>15% in FEV1. 

Antiseptic 
mouth rinse 
prior to each 
exposure to 
reduce oral 
ammonia in-
take. 

No. 13 adult asthmatic 
subjects, 10 of 
which completed 
the study. Non-
smoking and 
atopic. (4 males, 9 
females). 

0 µg/m3 (air)                           
100 µg/m3 
H2SO4                 
1000 µg/m3 
H2SO4 

FEV1 within 2 h 
after allergen 
challenge were 
increased by 
14.1%, 16.7% and 
18.4% for the 
different concen-
trations. Between 
air and the highest 
concentration 
there was a signif-
icant difference. 

 (Tunnicliffe 
et al. 2001) 
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1 h Double-blind randomized 
chamber study. Exposure to 
clean air, sulfuric acid (gen-
erated from water), carbon 
aerosol and finally carbon 
with sulfuric acid (generated 
from fuming sulfuric acid). 
One week between each 
exposure. Lung function and 
symptoms were measured 
before exposure, after the 
first exercise and immediate-
ly after exposure. A metha-
choline challenge was per-
formed later. 

Prior physician 
diagnosis of asthma, 
medical history of 
asthma and demon-
stration of bronchial 
reactivity by inhala-
tion of bronchocon-
trictor or bronchodi-
lator. 

Yes. Prior to 
each exposure. 

Yes. 10 min 
periods of 
heavy exercise 
on bicycle 
ergometers 
followed by 10 
min rest during 
the hour of 
exposure. Mean 
ventilation was 
50 L/min. 

15 adult healthy 
subjects (11 
males, 4 females) 
and 15 adult 
asthmatic subjects 
(9 males, 6 fe-
males). 

0.5 µm H2SO4 
aerosol at 100 
µg/m3 gener-
ated from 
water solu-
tion,                       
0.5 µm 
carbon aero-
sols at 250 
µg/m3 of 
ultrafine 
H2SO4 aero-
sol from 
fuming 
H2SO4.        

Asthmatic sub-
jects reported 
more symptoms 
than healthy 
subjects. They did 
not show signifi-
cant variation in 
reported symp-
toms when com-
paring different 
exposures to the 
given aerosols. 
There were no 
significant differ-
ences from other 
measurements. 

 (Anderson et 
al. 1992) 

1h Double-blind (except for 
odor) randomized chamber 
study. Exposure to air and 
three different concentrations 
of H2SO4. Pulmonary func-
tion tests were performed 
before, after 10 min of exer-
cise and exposure, near the 
end of exposure and after the 
final exercise period. Symp-
toms were recorded before, 
every 10 min of and 1h, 1 day 
and 1 week after exposure. 
Methacholine challenge was 
performed 1h after each 
exposure. 

History, laboratory 
evidence, clinical 
examination and 
bronchial reactivity. 
Most had mild 
asthma developed in 
childhood and were 
sensitive to aller-
gens. 

Half the sub-
jects gargled 
grapefruit juice. 

10 min periods 
of moderately 
heavy exercise 
on bicycle 
ergometer. 
Ventilation rate 
of 50 L/min. 

22 adult healthy 
asthmatic subjects 
(9 males, 13 
females). 22 adult 
asthmatic subjects 
(13 males, 9 
females). All were 
nonsmokers. 

500 µg/m3 
H2SO4               
1000 µg/m3 
H2SO4            
2000 µg/m3 
H2SO4 

Modest statistical-
ly significant 
increases in 
respiratory symp-
toms occurred 
with increased 
H2SO4 concentra-
tions. 

 (Avol et al 
1988a) 

1 h Double-blind randomized 
chamber study. Exposure to 
air and three different con-
centrations of sulfuric acid. 
Pulmonary function tests and 
symptom questionnaires were 
used before, during and after 
exposure. 

Histories, previous 
diagnosis, positive 
tests to a methacho-
line challenge and 
positive skin-tests to 
allergens. 

Grapefruit juice 
before each 
exposure.  

Three 10-min 
periods of 
heavy exercise. 
Mean ventila-
tion of 50 L/min 
to provoke 
oronasal breath-
ing.  

21 adult healthy 
asthmatic subjects 
(14 males, 7 
females). 21 adult 
asthmatic subjects 
(12 males, 9 
females). All were 
nonsmokers. 

380 µg/m3 
H2SO4                   
1060 µg/m3 
H2SO4            
1520 µg/m3 
H2SO4   

Healthy subjects 
showed a slight 
statistically signif-
icant increase in 
cough with in-
creasing H2SO4 
concentration. 
Asthmatics 
showed increased 
symptoms in 
irritant symptoms 
and decrements in 
pulmonary func-
tion 

 (Avol et al. 
1988b) 



 

 
 

99 

1 h  Double-blind randomized 
chamber study. Oronasal 
breathing and exposure to air 
and two concentrations of 
sulfuric acid. Symptoms and 
lung function were recorded 
before, during and after 
exposure. 

History of allergy 
and physician-
diagnosed asthma 
for 2 years or more. 

Citrus juice 
before expo-
sure. 

10 min of 
exposure was 
moderate exer-
cise on a bi-
cycle ergometer 
with ventilation 
rate of 20 
L/min/m2 

32 asthmatic 
subjects 8 to 16 
years of age. (20 
males, 12 fe-
males) 

46 ± 11 
µg/m3 H2SO4          
127 ± 21 
µg/m3 H2SO4 

No statistically 
significant 
changes in lung 
functions or 
symptoms. 

 (Avol et al. 
1990) 

45 min Single-blind randomized 
study. Exposure to air and 
sulfuric acid via rubber 
mouthpiece and nose clips. 
Oral ammonia was measured 
before and after each expo-
sure. Pulmonary function 
measurements were per-
formed before and after each 
exposure. Symptoms ques-
tionnaire was used after 
exposure. 

Allergic asthma. 
Bronchial hyper 
responsiveness 
documented by 
exercise-induced 
bronchospasm. 
Elevated IgE-levels.  

Lemonade prior 
to one of the 
exposures. 

14 subjects: 30 
min rest and 10 
min moderate 
exercise       9 
subjects: 15 min 
moderate exer-
cise, 15 min 
rest, 15 min 
moderate exer-
cise 

22 adolescent 
asthmatic sub-
jects. (15 males, 7 
females). 

14 subjects:                           
70 µg/m3 
H2SO4                  
130 µg/m3 
H2SO4                    
9 subjects:                             
70 µg/m3 
H2SO4                    
70 µg/m3 
H2SO4 after 
lemonade                

Significant res-
ponses were seen 
in FEV1 and FVC 
immediately after 
exposure. No 
other significant 
changes. 

 (Hanley et 
al. 1992) 

40 min Single-blind randomized 
study. Exposure to NaCl and 
H2SO4 via rubber mouthpiece 
and nose clips. Pulmonary 
function tests were performed 
before, during and after 
exposure in a body plethys-
mograph1.  

Extrinsic asthma and 
exercise-induced 
bronchospasm. 
Atopic. Documented 
reversible airways 
obstruction, elevated 
IgE-levels and 
positive allergen 
tests. 

No 10 min mod-
erate exercise 
on a treadmill 
producing a five 
to six fold 
increase in 
mean resting 
minute ventila-
tion. 

10 adolescent 
asthmatic sub-
jects. (4 males, 6 
females). 

100 µg/m3 
H2SO4                  
0.5 ppm SO2 

Statistically 
significant 
changes in total 
respiratory resis-
tance, FEV1 and 
maximum flow at 
50% and 75% 
vital capacity after 
exposure to 
H2SO4 and SO2. 

 (Koenig et 
al. 1985) 

40 min Single-blind randomized 
study. Exposure to NaCl and 
H2SO4 via rubber mouthpiece 
or oronasal inhalation via a 
face mask. Pulmonary func-
tion tests were performed 
before, during and after 
exposure in a body plethys-
mograph1. Nasal power was 
measured with a modified 
skin diving mask. 

Extrinsic asthma and 
exercise-induced 
bronchospasm. 
Atopic. Documented 
reversible airways 
obstruction, elevated 
IgE-levels and 
positive allergen 
tests. 

No 10 min mod-
erate exercise 
on a treadmill 
producing a five 
to six fold 
increase in 
mean resting 
minute ventila-
tion. 

10 adolescent 
asthmatic sub-
jects. (4 males, 6 
females). 

100 µg/m3 

H2SO4          
Both exposure to 
NaCl and H2SO4 
produced signifi-
cant drops in 
Vmax75. H2SO4 also 
had significant 
changes in Vmax50, 
FEV1 and RT. 

 (Koenig et 
al. 1983) 
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40 min Exposure to air, H2SO4, SO2 
and HNO3 via a rubber 
mouthpiece with nose clips. 
Body plethysmography1 was 
performed. Pulmonary func-
tion tests were performed 
before, during and after 
exposure. 

All had positive 
response to a metha-
choline challenge 
test. 

No. The amount 
of inhaled 
H2SO4 and 
deposited on the 
mouth, nose and 
upper airways 
in this study 
was not enough 
to reduce am-
monia levels 

10 min mod-
erate exercise 
on a treadmill in 
the end of 
exposure. Mean 
minute ventila-
tion was 31.8 
L/min. 

9 adolescent 
allergic subjects. 
All had exercise-
induced bron-
chospasm and 5 of 
them had allergic 
asthma. (6 males, 
3 females). 

68 µg/m3 
H2SO4                   
0.1 ppm SO2                           
68 µg/m3 
H2SO4 + 0.1 
ppm SO2                                       
0.05 ppm 
HNO3 

FEV1 decreased 
by 6% after 
H2SO4 exposure 
and 4% after 
H2SO4 + SO2. 
This decrease was 
significant com-
pared to after 
exposure to air 
which was 2%. 

 (Koenig et 
al. 1989) 

45 or 90 
min 

Blind randomized exposure 
to air and two different 
concentrations of sulfuric 
acid at two different exposure 
durations. Inhalation through 
a rubber mouthpiece with 
nose clips. Oral ammonia was 
measured before and after 
exposures. Pulmonary func-
tions were measured before. 
Immediately after and 20 min 
after exposure.   

Clinically diagnosed 
asthma, exercise-
induced bronchos-
pasm and positive 
response to metha-
choline challenge.  

Lemonade drink 
prior to each 
exposure and 
every 15 min 
break. 

Moderate 
exercise on a 
treadmill for 15 
min alternating 
with rest. For 45 
min, two pe-
riods of exercise 
and for 90 min 
four periods of 
exercise. Rest-
ing minute 
ventilation was 
tripled during 
exercise. 

14 adolescent 
asthmatic sub-
jects. (9 males, 5 
females). 

35 µg/m3 
H2SO4                   
70 µg/m3 

H2SO4  

Decrease in FEV1 

immediately after 
exposure to 35 
µg/m3 H2SO4 for 
45 min was 
significant. The 
decrease in FEV1 
was significantly 
lower than base-
line for both 45 
min exposures. 
No significant 
changes after the 
90 min exposures. 

 (Koenig et 
al. 1992) 

40 min Randomized exposure to air 
and sulfuric acid via mouth-
piece with nose clips. Oral 
ammonia and pulmonary 
function parameters were 
measured before, during and 
after exposure. 

All asthmatic sub-
jects had a history of 
asthma and 7 of 
them also showed 
positive to metha-
choline challenge. 

Lemonade drink 
prior to expo-
sure. 

Light exercise 
on a treadmill 
for the last 10 
min of expo-
sure. 

9 asthmatic sub-
jects (2 males, 7 
females) and 8 
healthy subjects (2 
males, 6 females). 
All were 60 to 75 
years old and 
nonsmokers.  

70 µg/m3 
H2SO4 

No significant 
changes in pul-
monary functions. 
Total respiratory 
resistance was 
significantly 
higher after 
H2SO4 exposure 
compared to air.  

 (Koenig et 
al. 1993) 

1 h Exposure to sulfuric acid and 
acid fog via face mask. 
Respiratory function and 
bronchial responsiveness 
tests were performed before 
and after exposure. 

History of asthmatic 
symptoms, reversi-
ble airway obstruc-
tion and/or airway 
hyper responsive-
ness. 

Yes, grapefruit 
juice prior to 
exposure. 

No. 14 adult asthmatic 
subjects (9 males, 
5 females) ex-
posed to H2SO4 

and 10 adult 
asthmatic subjects 
(4 males, 6 fe-
males) exposed to 
acid fog. 

500 µg/m3 
H2SO4 acid 
fog (sulfate 
and ammo-
nium ions)     

No significant 
changes in pul-
monary functions 
or bronchial 
reactivity. 

 (Leduc et al. 
1995) 
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1h Randomized chamber study. 
Exposure to purified air and 
sulfuric acid of different 
concentrations. Lung function 
tests were performed before 
exposure, after exercise and 
after exposure. Symptoms 
questionnaire was used 
before, during, 24h after and 
7 days after exposure. 

Asthma previously 
diagnosed by a 
physician and show 
abnormal bronchial 
reactivity in a 
challenge with cold 
air and/or SO2. 

No. Five 10 min 
exercising 
periods on a 
bicycle ergome-
ter. Mean 
ventilation of 42 
L/min. 

27 young adult 
asthmatic sub-
jects. (18 males, 9 
females). 

122 µg/m3 
H2SO4                     
242 µg/m3 

H2SO4                          
410 µg/m3 
H2SO4   

No statistically 
significant 
changes in lung 
functions or 
symptoms. 

 (Linn et al. 
1986) 

1 h Double-blind (except for 
odor) randomized chamber 
study. Exposure to purified 
water and sulfuric acid. Lung 
function tests and symptom 
questionnaires were used. 

Some had histories 
of allergic upper 
respiratory symp-
toms and positive 
skin prick tests for 
allergens. Previously 
diagnosed by a 
physician. 

yes Three 10-min 
periods of 
heavy exercise. 
Mean ventila-
tion of 40-45 
L/min. 

22 adult healthy 
subjects. (14 
males, 8 females). 
19 adult asthmatic 
subjects. (6 males, 
13 females). 
Nonsmokers 

2000 µg/m3 
H2SO4          

Asthmatic sub-
jects showed 
significant de-
creases in forced 
expiratory per-
formance, in-
creases in airway 
resistance and 
increases in 
irritant symptoms 
after exposure to 
H2SO4 compared 
to air. 

 (Linn et al. 
1989) 

10 min Exposure to NaCl and sulfur-
ic acid via mouthpiece.  
Pulmonary tests were ob-
tained for the second study. 
Hemodynamic was measured 
for the third study.  

Not mentioned No. No. Study 1:               
5 healthy adults. 
(3 males(m), 2 
females(f)).          
5 adult asthmatics.  
(4m, 1f).            
Study 2:                
6 healthy adults. 
(4m, 2f).              
6 adult asthmatics.  
(3m, 3f).            
Study 3:             
12 healthy adults. 
(7m, 5f).                    
12 adult asthmat-
ics.        (10 m, 
2f). 

1 mg/m3 
H2SO4 

No significant 
changes in lung 
function or pul-
monary function. 

 (Sackner et 
al. 1978) 
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1 h Blind randomized exposure 
to air and different concentra-
tions of sulfuric acid aerosols 
via a nasal mask. Pulmonary 
function tests were performed 
before, during and after 
exposure. 

Defined by the 
American Thoracic 
Society. 

No. No. 10 adult asthmatic 
subjects. 5 had 
COPD. (6 males, 
4 females).  

100 µg/m3 
H2SO4                
300 µg/m3 
H2SO4              
1000 µg/m3 
H2SO4 

T25 and T50 
increased with 
H2SO4 concentra-
tion and the 
change was 
statistically signif-
icant at 1000 
µg/m3. The differ-
ences in T25 and 
T50 between 
healthy and 
asthmatic subjects 
were statistically 
significant. 1000 
µg/m3 H2SO4 
produced signifi-
cant decrements 
in pulmonary 
functions. 

COPD and 
asthmatic 
subjects.  

(Spektor et 
al. 1985) 

16 min Double-blind randomized 
study. Inhalation to NaCl, 
sulfuric acid and different 
sulfates via mouthpiece 
wearing nose clip. Pulmonary 
function tests were performed 
before, after 8 min of expo-
sure and immediately after 
exposure.  

Asthmatics demon-
strated an abnormal 
increase in airway 
resistance after 
carbachol inhalation.  

No. No. 16 adult nonsmok-
ing asthmatic 
subjects. (Sexes 
not mentioned). 

100 µg/m3 
H2SO4                 
450 µg/m3 
H2SO4              
1000 µg/m3 
H2SO4         
sodium 
bisulfate, 
ammonium 
sulfate, 
ammonium 
bisulfate in 
the same 
concentra-
tions as 
H2SO4 

1000 µg/m3 

H2SO4, H2SO4 and 
1000 µg/m3 
ammonium bisul-
fate showed 
significant reduc-
tions in SGaw and 
FEV1 compared to 
NaCl. 450 µg/m3 
H2SO4 produced a 
significant reduc-
tion in SGaw. No 
other significant 
changes. 

 (Utell et al. 
1983) 

30 min Blind randomized exposure 
to NaCl, sulfuric acid and 
low and high levels of am-
monia via mouthpiece. 
Respiratory ammonia was 
measured before, during and 
after exposures. Pulmonary 
function measurements were 
performed before, during and 
immediately after exposure. 
Symptom questionnaires 
were used. 

Demonstrated 
increased reactivity 
to carbachol. 

Lemon concen-
trate and tooth 
brushing for the 
low ammonia 
level exposure. 
No gargling for 
the high ammo-
nia level expo-
sure. 

10 min in the 
end of exposure 
on a bicycle 
ergometer at a 
workload of 300 
kp m/min 
producing a 3 
fold or greater 
increase in 
minute ventila-
tion. 

15 adult nonsmok-
ing asthmatic 
subjects. (Sexes 
not mentioned). 

350 µg/m3 

NaCl                   
350 µg/m3 

H2SO4                  
low and high 
concentra-
tions of 
ammonia  

H2SO4 aerosols at 
low ammonia 
levels produced 
significant reduc-
tion in FEV1 & 
max expiratory 
flow rates at 60% 
total lung capacity 
compared to high 
ammonia levels. 
Support hypothe-
sis that ammonia 
can neutralize 
inhaled acid 
aerosols. 

 (Utell et al. 
1989) 



 

 
 

103 

2 h Double-blind randomized 
study. Inhalation of NaCl and 
sulfuric acid in different 
concentrations through a 
mouthpiece. Carbachol 
challenge was performed 
afterwards. Pulmonary func-
tion was measured before 
exposure, after exercise and 
at the end of exposure. 

Not mentioned. Lemon concen-
trate and tooth 
brushing before 
exposure during 
some of the 
tests. 

Four periods of 
10 min exercise 
on bicycle 
ergometer. 

14 adult healthy 
subjects. 17 adult 
asthmatic sub-
jects. 17 elderly 
COPD subjects 
(mean age 62 yrs). 
(Sexes not men-
tioned). 

75 µg/m3 
H2SO4                             
100 µg/m3 
H2SO4                     
350 µg/m3 
H2SO4                           
450 µg/m3 
H2SO4                               
1000 µg/m3 
H2SO4  

No changes in 
healthy subjects. 
Asthmatic sub-
jects showed 
changes in flow 
rates and SGaw 
after 1000 µg/m3 
H2SO4. After 
exposure to 450 
µg/m3 H2SO4 they 
showed alterations 
in airway conduc-
tance. COPD 
subjects demon-
strated no greater 
decrements in 
pulmonary func-
tion after expo-
sure to H2SO4 

compared to 
NaCl. 

COPD and 
asthmatic 
subjects 

(Utell et al. 
1991) 

3 h pre-
exposure 
and 3 h O3 

Double-blind block-designed 
(each subject exposed to 4 of 
6 paired-experiments) ran-
domized chamber study. 
Exposure to sulfuric acid or 
NaCl and different concentra-
tions of O3. Pulmonary 
function tests were performed 
before and after exposure and 
at two and four hours during 
exposure.  Symptom ques-
tionnaires were used after 
each exposure. 

Bronchial asthma. 
Elevated Ig E-levels. 
Also had two of the 
following: asthma 
symptom history, 
abnormally low 
SGaw values or 
FEV1/FVC below 
predicted values, 
improvement of 
15% or more in 
FEV1 isoproterenol 
inhalation or a 40% 
or greater fall in 
SGaw or a 15% fall 
in FEV1 or both 
after a carbachol 
challenge with 
0.25% or less carba-
chol solution.  

Lemon-flavored 
mouthwash 
prior to each 
exposure. 

Intermittent 
exercise for 10 
min every 30 
min at a work-
load that qua-
drupled the 
expired volume 
of ventila-
tion/min. 

30 adult healthy 
subjects. (16 
males, 14 fe-
males). 30 adult 
asthmatic sub-
jects. (10 males, 
20 females). 

100 µg/m3 
H2SO4                
100 µg/m3 
NaCl                  
0.08 ppm O3                        
0.12 ppm O3                        
0.18 ppm O3 

Responses of 
asthmatic subjects 
to H2SO4 and O3 
were significantly 
different from the 
responses of 
healthy subjects. 
No significant 
differences in 
symptoms be-
tween groups. 

 (Utell et al. 
1994) 

1) Body plethysmograph - a chamber surrounding the whole body for measuring changes in volume of the whole body (usually resulting from fluctuations in  the amount of blood it contains 
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Table 14 Study made on asthmatic subjects exposed to Tear Gas (O-chlorobenzylidenemalonitrile) 2698-41-1   
Duration Experimental 

design 
Definition of 
asthma/COPD 

Exercise No of subjects Exposure conc. Effects Remarks Reference 

8-57 sec depending on 
tolerance. Two asth-
matic subjects tole-
rated to stay for 120 
sec (21 mg/m3) 

Untrained subjects 
with asthma were 
exposed to tear 
gas aerosols. 
Wind tunnel was 
used. 

Bronchial asthma. 
Normal chest X-
ray. Medical 
history. 

No 6, 7, 3, 5, 5, and 7 (33) 
adult male asthmatic 
subjects. Hundreds of 
men; healthy, hyper-
sensitive, trained, 
untrained, wearing 
face mask or not. 

Asthmatic sub-
jects: 14, 21, 22, 
39, 61 and 73 
mg/m3 tear gas.                   
Several different 
concentrations 
among the others. 

Asthmatic subjects tolerated 
to remain in the tunnel as 
long as the healthy subjects. 
A higher percentage in the 
asthma group had severe 
chest symptoms compared to 
the healthy group exposed to 
the same concentration. 

Reference men-
tioned in chapter 
"5.3. Derivation of 
AEGL-1". Uncer-
tainty factor was 
derived from this 
study. 

(Gutentag et 
al. 1960) 

 

 

 

 

 

 

 

 

 

 

 

 



 

105 
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