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INHALATION SPECIALTY SECTION NEWSLETTER –
Winter 2006
Dear ISS Member:

By the time you receive this, I will be in Berlin, Germany at the OECD meeting.  At this time, I and three other U.S. representatives will be attempting to finalize the Acute Inhalation Toxicity Guidelines.  The latest draft of 403 is attached to this newsletter.  The Subject Matter Experts for the U.S. who have commented on this draft guideline are also listed in this newsletter.  The three other representatives that I will be joining in Berlin are John Whalan, John Redden and Iris Camacho, all from the USEPA.  A summary of this meeting will be presented at the SOT ISS Business Technical Committee Meeting as well as at the Technical Committee Meeting.  The Technical Committee Meeting will be held on Wednesday Morning from 7:00 a.m. to 8:30 a.m. at the Convention Center, Room 3.  All are welcome to attend.  In addition to the OECD Meeting summary presented at the Technical Committee Meeting, Dr. Chad Roy from the Medical Research Institute for Infectious Diseases will discuss Infectious Disease Aerobiology: A Unique Application of Inhalation Toxicology. 

In this newsletter, you will also find the minutes of last years Business, Executive and Technical Committee Meetings.  Also, a list of events submitted by Mike Foster as incoming president are all well worth attending.  After the terrible blizzard we had in the Philadelphia this past weekend, I look forward to joining you in sunny San Diego very shortly.
     Harry Salem 

President’s Message:

At the annual meeting (which may or may not have happened by the time you read this) we will be discussing the possibility of a name change for the specialty section.  The executive committee is proposing several possibilities:  Inhalation and Respiratory Toxicology (IRTSS), Inhalation and Cardiopulmonary Toxicology (ICTSS), or Inhalation, Respiratory, and Cardiovascular Toxicology (IRCTSS). The goal is to make our name more inclusive of the interests of our membership and maintain our specialty section as a growing thriving organization within the Society.  We also recognize that our parent organization is not interested in creating more specialty sections.  The Inhalation Specialty Section has always been home for respiratory toxicologists; in fact the descriptions of our awards all include reference to respiratory as well as inhalation toxicology.  Given the intimate link between the heart and lung and current growing interest in effect of inhaled compounds on the cardiovascular system, it makes sense to expand the 
name to include cardiopulmonary.  With the growing use of “omic” and in vitro technologies inhalation and respiratory toxicology are no longer synonymous.  Fully half of the papers published over the past year in Toxicological Sciences under the category of Respiratory Toxicology did not involve inhalation exposures.  We realize the idea of a name change was raised six years ago, met with much apathy, and was defeated.  We think the time has come to consider this again.  Here's the process.  We will discuss the possible name change at the annual meeting in San Diego in March and narrow the choices down to two.  After that we will circulate an e mail ballot and give everyone two weeks to vote.  If the membership approves the name change, we will forward the proposal to SOT Council, which also has to approve the change.


In other news the specialty section has a new student representative, Elizabeth Vancza, a student at NYU in Terry Gordon’s lab.  The purpose of having a student representative on the executive committee is to help the specialty section be more responsive to student needs.  This year SOT provided $250 to help defray travel of the student representative to the national meeting and the Specialty section matched that.  We have already put Elizabeth to work in that she has organized the Inhalation Specialty Section’s portion of a special student poster session to be held on Monday afternoon at the annual meeting.  This should give students a chance to learn more about each others work.  Students should let Elizabeth know if they have suggestions for how SOT could better meet student needs.  Thanks to Elizabeth for taking on this position.  Please welcome her. 


Speaking of putting people to work, Michelle Fanucchi pulled together a poster that describes the specialty section.  It will be on display at the student social on Sunday evening and should be available for people to have a look at later during the week.


Finally, I would like to say that I have enjoyed very much being president of this specialty section.  Mike Foster and Deepak Bhalla have been great to work with so I know I am passing the reins on to capable hands.

MaryJane Selgrade 
President Inhalation Specialty Section
Minutes of the 23rd General Assembly Meeting and Reception, Inhalation Specialty Section (ISS), 2005 Society of Toxicology Annual Meeting, 
New Orleans, Louisiana
The meeting was called to order by our president, Charlie Plopper, at 6:35 p.m.  
The minutes from 2004 were read by Matthew Reed, and approved by the membership.
MaryJane Selgrade reported that the ISS symposia included “Modulation of Host Defenses at this meeting  by Ambient and Source Particulate Air Pollutant” and “Assessing the Biological and Environmental Risks of Nanoparticles”.  The workshops on “Diesel Emission:  New Horizons in the chemistry, Health and Regulations”; and “Strategies to Identify Bioactive substance in complex air Pollution Mixtures”; and Roundtables on “Low-Dose Extrapolation: Time for a Fresh Look at an Old Problem”; and “The Innovation in Toxicological Sciences presented “Lysomics, an Important component of Metabolemics, and Possible Use in Toxicology Studies”.
Mike Foster reported that all submissions for symposia, workshops, continuing education roundtables, etc. must go through our councilors and Vice-President.  Those selected (by April 25th) are then submitted to the larger SOT Program Committee, on which ISS is also represented.  
Harry Salem reported on the Technical Committee Meeting and asked John Whalan (US EPA) to describe the status of the draft OECD guidelines for acute inhalation toxicity studies.  John began by recalling the assistance offered by the ISS in developing the EPA's 1994 particle size and limit concentrations guidance.  He said the ISS's expertise is needed again.  He briefly described draft OECD Guidelines 433 and 436 which are based on the Acute Toxic Class (ATC) method and are designed to use fewer animals.  These guidelines use fixed exposure concentrations and an "up-down" approach to assign chemicals to Toxicity Categories.  They are intended to replace Guideline 403-the traditional LC50 study.

While Guidelines 433 and 436 may be suitable for most regulatory purposes, John explained that the EPA and other parties have special requirements that can only be addressed with a traditional LC50 study.  Also, the EPA has concerns about OECD's limit concentrations (5000 ppm for gases, 20 mg/L for vapors, and 5 mg/L for aerosols).  The 5 mg/L limit for aerosols is a particular concern because experience has shown concentrations >2 mg/L pose problems including airway dust loading, particle aggregation, increased particle size (>4 micrometers MMAD), and the physical impossibility of attaining the limit concentration.

John asked the ISS members to let him know of their needs for retaining Guideline 403, and provide suggestions for how Guideline 403 can be revised to minimize animal usage.

At this meeting, the following awards were presented.

ISS Achievement Award 2005: 

The ISS Achievement Award for 2005 was presented to Frederick J. Miller by Judy Graham. 
This was presented to Fred for his distinguished career in inhalation 
toxicology and the indelible mark left on the science by his leadership in extrapolation modeling.
ISS 2005 Paper of the Year Award: 
Singh P, DeMarini DM, Dick CAJ, Tabor D, Ryan J, Linak WP, Kobayashi T, and Gilmour MI. Sample characterization of automobile and forklift diesel exhaust particles and comparative pulmonary toxicity in mice. Environmental Health Perspectives 112(8):820-825, 2004.

ISS Post-Doctoral Award for Best Abstract Presentation 2005: 

Aimen K Farraj,  Neurotrophin Receptor Blockade Attenuates Diesel Exhaust Particulate Matter (DEP) Enhancement of Allergic Responses. AK Farraj, N Haykai-Coates, AD Ledbetter, PA Evansky, SH Gavett. North Carolina State University, Raleigh, NC, and Experimental Toxicology Division, NHEERL, ORD, US EPA, Research Triangle Park, NC.

ISS Pre-Doctoral Award for Best Abstract Presentation 2005: 

Lauren M Tarantino

Human Susceptibility Gene Confers Beryllium Hypersensitivity on FVB Mice. LM Tarantino, C Sorrentino, Y Zhu , EM Rubin, SS Tinkle, T Gordon. Department of Environmental Medicine, NYU School of Medicine, Tuxedo, NY.

NYU Mary O. Amdur Student 

Abstract Award
This award went to Ms. Lindsay B. Wichers, from the University of North Carolina, Chapel Hill and the title of her abstract and co-authors: Effects of Inhaled Combustion Derived PM on Indices of Cardiac, Pulmonary and Thermoregulatory Function in Spontaneously Hypertensive Rats. LB Wichers, WH Rowan, JP Nolan, UP Kodavanti, MC Schladwiler, AP Ledbetter, DL Costa, WP Watkinson. UNC SPH, Chapel Hill, NC, USEPA, ORD/NHEERL/ETD/PTB, Research Triangle Park, NC. 
The Taylor-Francis (Publisher) Certificate abstract student award went to Ms. Sheung P. Ng of New York University and the title of her abstract and co-authors: Smoking during Pregnancy Reduces Immune Tumor Surveillance Mechanisms in the Offspring: a Toxicological Model. SP Ng, A Silverstone, Z Lai, J Zelikoff. NYU School of Med, Tuxedo, NY.

Charlie Plopper acknowledged the outstanding work of Jan Gilmore and Mike Madden as councilors and Matt Reed as Secretary Treasurer.

MaryJane announced the Executive Meeting times and made an appeal for members to encourage joining our Specialty Section  
She adjourned the meeting at 7:29 p.m.

TECHNICAL COMMITTEEMEETING

        Wednesday, March 24, 2004

The committee met on March 8, 2005.  Only seven people attended the meetng in the Trafalger Room at the Hilton Hotel.  The poor attendance can be attributed to the fact that the meeting was not listed in the program.  Those that attended were:  Harry Salem, U.S. Army Edgewood Chemical Biological Center, Rudy Valentine, Dupont; Nabil Elsayed, Hurley Consulting; Pat Sabourin, Battelle; Rogene Henderson, LRRI, John Whalen, USEPA; and William J. Smith, USAMRICD.
John Whalen discussed the new OECD guideline for inhalation toxicology studies.  His presentation was also presented at the business meetings.  

Previous potential topics for information papers were discussed.  The topic of low-level extrapolation, was presented as a symposium last year which was well attended.  Therefore an information paper will not be prepared.  

There was not enough interest to pursue the other topics previously considered.  These were on low-level extrapolation and hazardous air pollutants.  A great deal of discussion was held a nanoparticles which is the current buzzword.  

Another topic discussed was in vitro studies of the lung and biomarkers related to humans.

If anyone is interested in pursuing any of these or other topics of inhalation interest, and are willing to lead an informative group, please contact us.

IT’S NOT TOO SOON TO BE THINKING ABOUT AWARDS

Special thanks to those who took the time to nominate their colleagues for 2004 awards.   It is not too soon to think about nominations for the 2005 awards.  The deadline for the achievement, young investigator, and paper of the year awards is December 1.  The deadline for student (and this year a new postdoc) awards is Feb 1.  Presenting these awards is one of the most important activities of the specialty section.  To be successful in this endeavor we need everyone’s participation.  If you would like to serve on the awards committee, please let Mike Foster know (foste028@mc.duke.edu).See http:// www.toxicology.org/Information/ AwardsFellowships/awards_SS.html.  for more award information.  

Again, congratulations to the 2005 award winners:

Guide for Planning Programs for the Annual Meeting:

Some points to consider for the  membership of our Section who are getting their ideas focused for the San Diego meeting and are thinking of a  plan for potential programs (educational and scientific) for workshops, continuing ed courses, and symposia that they may want to develop for the 2007 meeting. When organizing a course, the following suggestions evolved from discussions at a meeting of Section Officers that was held in August of 2005: 

  1)  Focus of the Program - how narrow and not too diffuse.
  2)  Coverage of the Topic - how encompassing are the individual present-ations that will be making up the program.
  3)  Adequate Information that backgrounds each of the presentations.
  4)  Several of the Presenters be members of the Society (helpful if possible), but essential that the Chairperson or Co-Chair be a member of SOT.
  5)  More developed programs with respect to the Coverage of the Overall Topic and the Expertise/Strengths of the Speakers.
  6)  Novelty of the topic - so as not to overlap with previous meetings.
  7)  Sub-specialty (non-primary) section support is not really that relevant to selection.
  8)  Competition between similar applications - may knock a program
out of consideration, even though of high quality.
  9)  Comments by the primary sponsoring Specialty Section are valued and helpful in the selection process-which means, working with Specialty Section Officers for suggestions and critique of the intended program.
One additional item, with respect to suggestions for program selection for the annual meeting, was the encouragement of joint-specialty section involvement, i.e, Co-Partner with another Specialty Section, as in Co-chairs and speakers from 2(or more) Specialty Sections with the goal of over-viewing an integrated topic.
Inhalation Specialty Section Endorsed Sessions (Primary or Secondary Endorsement):
Sunday, March 5, 2006:

8:15 a.m. – 12:00 noon 

Predictive Power of Novel Technologies (Cells to “Omics”):  Promises, pitfalls and potential applications - Continuing Ed-Basic, Convention Center (Room TBD)

1:15 p.m. – 5:00 p.m.

Assessing Airway Injury and Remodeling Induced by Inhaled Pollutants Using Magnetic Resonance Imaging, Microscopy and Modeling  - Continuing Ed-Basic, Convention Center (Room TBD)

4:30 p.m. – 6:00 p.m.  
The Complexities of Air Pollution Regulation: The Need for an Integrated

Research and Regulatory Perspective – Roundtable (Convention Center, Room 7A). 
Monday, March 6, 2006:

9:30 a.m. – 12:00 noon 

Risk Assessment Implications of Direct Nose-to-Brain Transport of Inhaled Xenobiotics – Symposium (Convention Center, Room 5B).
Tuesday, March 7, 2006 

9:00 a.m. – 12:00 noon
Development of Safety Qualification Thresholds and Their Use in Drug Product Evaluation – Workshop (Convention Center, Rm 2).

1:30 p.m. – 4:30 p.m. 
THE WAR ON OZONE IN THE 3RD MILLENNIUM:  TOXICOLOGY AND HEALTH EFFECTS UPDATE – Symposium (Convention Center, Room 6F).
Wednesday, March 8, 2006

9:00 a.m. – 12:00 noon 

Models and Mechanisms of Occupational/Environmental Asthma – Symposium (Convention Center, Room 6F).

9:00 a.m. – 12:00 noon  

The Role of MAP Kinases in Metal Toxicity – Symposium (Convention Center, Room 7B).

9:00 a.m. – 12:00 noon 

Thermoregulation and Its Influence on Toxicity Assessment - Workshop (Convention Center, Room 6E).

Thursday, March 9, 2006

9:00 a.m. – 12:00 noon

Air Pollution: Vanguard Toxicological Approaches Considering Atmospheric Aging – Symposium (Convention Center, Room 2).
OECD GUIDELINE FOR THE TESTING OF CHEMICALS

DRAFT PROPOSAL FOR A REVISED GUIDELINE:  403

Acute Inhalation Toxicity

INTRODUCTION

1. OECD Guidelines are periodically reviewed in the light of scientific progress and animal welfare considerations.  The original acute inhalation Test Guideline 403 (1), which was adopted in 1981, is being revised so that it can fulfill the special regulatory needs served by the original guideline 403 while using fewer animals.  It has been designed with maximum flexibility so that it can satisfy a variety of regulatory needs.  For example, it can be used to establish Acute Exposure Guideline Levels (AEGLs) and Emergency Response Planning Guidelines (ERPGs), which require exposures of various durations.  It can also satisfy the regulatory needs of the North Atlantic Treaty Organization and the United States Department of Homeland Security which depend on LC50 values for toxic materials.  It allows for studies to be performed in a humane, timely, and cost effective manner.  

2. This guideline describes a study that yields an LC50 and slope, and can be used to quantify gender differences.  Test concentration levels are not fixed, but rather are tailored to the nature of the test article.  For extremely potent test articles, such as chemicals of mass destruction, chamber concentrations may be much lower than those stipulated by fixed concentration guidelines (i.e., TGs 433 and 436).  Although most acute inhalation toxicity studies are of 4 hour duration, shorter or longer studies may be performed as needed to fulfill regulatory needs.  Corrosive materials may be tested as needed for emergency planning purposes.  Animal usage is minimized and data quality is maximized by allowing the study protocol to be customized to the test article.  The anticipated consequence is successful chamber runs that yield quality data, and less need for repeat chamber runs.  Animal usage is reduced because:

a) Chamber concentrations are tailored to the nature of the test article, so fewer chamber runs may be needed for the sighting and main studies.

b) Testing may not be required for substances known to cause marked pain and distress due to corrosive or severely irritant actions.

c) Testing can be performed in one sex when there is knowledge regarding gender sensitivity.

d) Controls groups are generally not needed.

e) A sighting study is not needed when a limit test is performed.

3. This guideline provides information both for hazard assessment and for hazard classification purposes.  It provides information on hazardous properties and allows the substance to be ranked and classified according to the United Nations (UN) Globally Harmonized System of Classification and Labeling of Chemicals (GHS) for the classification of chemicals which cause acute toxicity (2).

4. Definitions used in the context of this Guideline can be found in Annex 1.

INITIAL CONSIDERATIONS

5. All available information on the test article should be considered by the testing laboratory prior to conducting the study.  Such information will include the identity and chemical structure of the substance; its physico-chemical properties; the results of any other in vitro or in vivo toxicity tests on the substance; available (Q)SAR data and toxicological data on structurally related substances; the anticipated use(s) of the substance and the potential for human exposure.  This information will assist in the selection of appropriate test concentrations.

6. Test articles that are known to cause marked pain and distress due to corrosive or severely irritant actions need not be tested.  Corrosive materials may be tested as needed for emergency planning purposes, however.  Unless there are compelling reasons to do otherwise, moribund animals or animals obviously in pain or showing signs of severe and enduring distress shall be humanely killed, and are considered in the interpretation of the test results in the same way as animals that died on test.  Criteria for making the decision to kill moribund or severely suffering animals, and guidance on the recognition of predictable or impending death, are the subject of a separate Guidance Document (3).

PRINCIPLE OF THE TEST

7. It is the principle of the test that sufficient information is obtained on the acute toxicity of the test article to enable its classification and to provide an LC50 and slope for one or both sexes.  If one gender is identified as being more sensitive, the test may be continued solely with the sensitive gender.

8. When there are indications that the test article is likely to be non-toxic, a limit test may be performed.  Testing at greater than a limit concentration is discouraged.

DESCRIPTION OF THE METHOD

Selection of animal species

9. The preferred species is the rat, although other species may be used.  Healthy young adult animals of commonly used laboratory strains should be employed.  Females should be nulliparous and nonpregnant.  At the commencement of testing, each animal should be between 8 and 12 weeks old and its weight should fall within an interval of ±20% of the mean body weight recorded at the laboratory for the particular strain used at that age.

Animal husbandry

10. The temperature of the experimental animal maintenance room should be 22±3°C.  The relative humidity should be at least 30% and preferably not exceed 70%.  Animals may be individually or group housed by sex and exposure concentration, provided the number of animals per cage does not interfere with clear observation of each animal.  Lighting should be artificial, the sequence being 12 hours light / 12 hours dark.  For feeding, conventional laboratory diets may be used, except during exposure, with an unlimited supply of municipal drinking water.

Preparation of animals

11. The animals are randomly selected, marked for individual identification, and kept in their cages for at least 5 nights prior to the start of the test to allow for acclimatization to the laboratory conditions.

Inhalation chambers

12. The nature of the test article should be considered when selecting an inhalation chamber.  The dynamic nose/head-only chamber is generally preferred for acute inhalation toxicity studies, especially when aerosols are being tested.  The study director has the option of using other dynamic systems (e.g., whole-body inhalation chambers) when justification can be made.  Principles of the nose/head-only and whole body exposure techniques and their particular advantages and disadvantages have been published elsewhere and are summarized in Section 13 below (4).

13. Nose/head-only exposure chamber - Compared to whole-body exposure, the advantages of nose/head-only exposure are:

a) Exposure and/or uptake by the oral (via preening) and dermal routes are minimized, especially when testing aerosols.

b) Technician exposure from handling exposed animals is minimized.

c) Much less test article is needed due to low chamber volume.

d) High concentrations can be achieved (e.g. limit concentrations).

e) The instability of test articles (e.g., reactivity with excreta or humidity) and test atmosphere heterogeneity are of minimal concern.

f) The time required to attain chamber equilibration and decay (t90, t99) is not an issue.

g) By adding or removing animal restraining tubes during an exposure, multiple exposure durations can be studied (e.g. 10-minute LC50, 1-hour LC50, and 4-hour LC50).

14. During a nose/head-only chamber exposure, the animals are exposed to the test article in restraining tubes.  These tubes should not impose undue stress or hyperthermia on the animals.  To provide optimal exposure of animals, a slight positive balance of air volume supplied into and extracted from the chamber should be ensured.  The design of the restraining tube as well as the flow dynamics should make it impossible for the test subjects to avoid inhalation exposure.  The inhalation chamber should be operated in a well-ventilated chemical hood.  Maintenance of slight negative pressure inside the hood will prevent leakage of the test article into the surrounding area.  The animals should be tested with inhalation equipment designed to sustain a dynamic air flow of at least 0.5 L/minute/rat.  An oxygen content of at least 19% and identical exposure conditions at each exposure port should be ensured.  During the sampling of test atmosphere, a significant disturbance of the airflow dynamics should be avoided.  

15. Whole-body exposure chamber - The animals should be tested with inhalation equipment designed to sustain a dynamic air flow of at least 12 to 15 air changes per hour.  Other air flow rates may be useful to meet specific requirements imposed by the test article.  An adequate oxygen content of at least 19% and an evenly distributed exposure atmosphere should be ensured.  All animals must be individually housed to preclude them from breathing through the fur of their cage mates, and thus reducing their exposure.  To ensure stability of a chamber atmosphere, the total "volume" of the test animals must not exceed 5% of the chamber volume.  Maintenance of slight negative pressure inside the chamber will prevent leakage of test article into the surrounding area.

EXPOSURE CONDITIONS

Administration of concentrations

16. Feed should be withheld during the exposure period, but water may be provided throughout.  Water must be provided for exposures longer than 8 hours.

17. Animals are exposed to the test article as gas, vapour, aerosol, or a mixture thereof.  The exposure conditions may depend on either the physico-chemical characteristic of the test article, the selected concentration, or the physical form most likely present during the handling and use of the substance.  Care should be taken to avoid generating explosive concentrations.  

Particle-size distribution

18. Particle sizing should be performed for all aerosols and for vapours that may condense to form aerosols.  Because aerosol particle size determines the deposition site in the respiratory tract, the particle-size distribution should allow for exposure of all relevant regions of the respiratory tract.  Deposition and/or damage to any region of the respiratory tract may induce lethality, so it is not possible to predict, a priori, the most responsive region of the respiratory tract or the most harmful particle-size.  Thus, aerosols with mass median aerodynamic diameters (MMAD) ranging from 1 to 4 µm with a geometric standard deviation (σg) in the range of 1.5 to 3.0 are recommended (4).  Although a reasonable effort should be made to meet these criteria, expert judgement should be provided if this range cannot be met.  For example fumes and nanoparticles will be below these criteria, and charged particles, fibers, and hygroscopic materials (which increase in size in the moist environment of the respiratory tract) may exceed these criteria.  It can be difficult for aerosols to meet these criteria at high concentrations due to the tendency for solid aerosols to agglomerate and liquid aerosols to coalesce.

Test article preparation

19. A vehicle may be used to generate an appropriate concentration and particle size of the test article in the atmosphere.  As a rule, water should be given preference.  

Control animals

20. A concurrent control group is not necessary.  When a vehicle other than water is used to assist in generating the test atmosphere, a vehicle control group should only be used when historical inhalation data are not available.  If a toxicity study of a test article formulated in a vehicle reveals no toxicity, it follows that the vehicle is non-toxic at the concentration tested; thus, there is no need for a vehicle control.  

MONITORING OF EXPOSURE CONDITIONS

Chamber airflow

21. The flow of air through the exposure chamber should be monitored continuously and recorded at least hourly during each exposure.

Chamber temperature and relative humidity

22. The chamber temperature should be maintained at 22 ± 3°C.  The relative humidity in the animal’s breathing zone, for both nose/head-only and whole-body exposures, should be monitored continuously and recorded hourly during each exposure where possible.  The relative humidity should ideally be maintained in the range of 30 to 70% but it is recognized that under certain circumstances this may either be unattainable (e.g., when testing water based formulations) or may not be measurable due to interference by the test article with the test method.

Test article concentration

23. Actual concentrations of the test article should be measured in the breathing zone of the animals in both nose/head-only and whole-body chambers.  Time to chamber equilibration and decay (t90, t99) should be recorded for whole-body exposures.  The monitoring of test atmosphere is an integral measurement of all dynamic parameters and hence provides an indirect means to control all relevant, dynamic inhalation parameters.  Ideally, a real-time monitoring device (e.g., aerosol photometer for particulates or a total hydrocarbon analyzer for volatile materials) may be used to demonstrate that temporally stable exposure conditions prevailed, and that the time required to reach chamber concentration equilibrium is negligible in relation to the total duration of exposure, or is adequately considered.  Specific instruments may not be suitable if their sensing units become covered with excessive quantities of test article or if they are destroyed by the test article.  An assessment should be made prior to animal exposure to determine whether the monitoring of physical chamber parameters generates relevant data.

24. During the exposure period, the actual test article concentration shall be held as constant as practicable and monitored continuously or intermittently depending on the method of analysis.  If intermittent sampling is used, samples should be taken at least at hourly intervals.  When testing very low aerosol concentrations, it may be necessary to have one continuous sample that lasts the duration of the exposure.  Chamber concentration should deviate by no more than ±10% for gases, vapours, and liquid aerosols, and ±20% for solid aerosols.  

25. Gravimetric analysis is acceptable for single component solid aerosols and liquid aerosols with extremely low volatility.  When performing gravimetric sampling at high exposure concentrations, care should be taken to calibrate the flow meter (or dry gas meter) used to determine sampled volume as a function of the pressure drop across the filter (based upon the relationship pressure x volume = constant).  A calibration volume curve should be generated for each flow meter or dry gas meter used.

26. For aerosols of liquid formulations that can be evaporated to a constant weight, gravimetric analysis of the dried residue may be used provided the level of non-evaporating compound is high.  Appropriate extrapolation to calculate the weight of formulation should be applied to the gravimetric data.  It is not necessary to analyse inert ingredients provided the mixture at the animals’ breathing zone is analogous to the formulation; the grounds for this conclusion should be provided in the study report.  If there is some difficulty in measuring chamber analytical concentration due to precipitation, non-homogenous mixtures, volatile components, or other factors,

additional analyses of inert components may be necessary.  For complex preparations (mixtures), the gravimetric analysis (filter analysis) should be given preference since this requires the least number of assumptions.  In this case, the percentage of potentially volatile agents relative to those recovered by the filter needs to be determined and used to convert total mass concentrations to those of the test article.

27. If gravimetric analysis is unsuitable and the test atmosphere contains more than one component, chemical analysis of the major active ingredient followed by extrapolation to the concentration of formulation may be acceptable but should be justified.  

28. Whenever the test article is a formulation, the analytical concentration should be reported for the total formulation and not just for the active ingredient.  If, for example, a formulation contains 10% active ingredient and 90% inerts, a chamber analytical concentration of 2 mg/L would consist of 0.2 mg/L of the active ingredient.  It is not necessary to analyze inert ingredients provided the mixture at the animals’ breathing zone is analogous to the formulation.  The grounds for this conclusion must be provided in the study report.  Additional analyses of inert components may be necessary if there is some difficulty in measuring chamber analytical concentration due to precipitation, nonhomogeneous mixtures, volatile components, or other factors.

29. Assessments concerning possible sampling artifacts, collection efficiency, stability and recovery of the test article sampled should be made.  The collection efficiency depends markedly on the physical characteristics of the test agent (gas, vapour, aerosol, particle size).  Precautions must be taken to minimize size selective sampling errors, and to assure that actual concentrations include all physical forms of the substance tested.  Ideally, for all instruments/devices used for the quantitative characterization of exposure atmospheres the respective “actual concentration” should be reported.  Real-time monitoring devices may be used to demonstrate and document that a chamber equilibrium concentration of at least 4 hours has been attained, and that significant deviations did not occur during the course of the exposure period.

Particle size distribution

30. The particle size distribution of aerosols should be determined at least twice during each 4-hour exposure by using a cascade impactor or aerodynamic particle sizer (APS).  Particle sizing should also be performed for vapours if there is any possibility that vapour condensation will result in the formation of an aerosol.  If applicable, each individual impactor stage should be covered with an adhesive coating to prevent particle bouncing.  By using appropriate assay methods, the mass median aerodynamic diameter distribution of the test article can be conveniently determined.  In addition to the size distribution, a material balance may be obtained by comparison with the determination of the total concentration of test article in the inhalation chamber.  Other methods may be used to overcome the long sampling periods required for cascade impactors or when evaporation losses are likely to occur within the impactor.  Adequate information should be available within the testing facility to demonstrate that such samplers collect an atmospheric sample that is representative of the atmosphere to which the animals are exposed.

Nominal concentration

31. The nominal exposure chamber or exposure tube concentration should be calculated and recorded.  It is calculated by dividing the mass of test article generated by the volume of air passed through the chamber.  The nominal concentration is not used to characterize the animals’ exposure, though it can be used to characterize gas exposure if an analytical method is not available (assuming 100% exposure efficiency with pressurized gases; not applicable to generated gases).

LIMIT TEST
32. The limit test is primarily used when it is known that the test article is virtually non-toxic, i.e., eliciting a toxic response only above the regulatory limit concentration.  Information about the toxicity of the test article can be gained from data about similar tested compounds or similar tested mixtures or products, taking into consideration the identity and percentage of components known to be of toxicological significance.  If there is little or no toxicity information or if the test article is expected to be toxic, a sighting and main study should be performed.  Test chamber runs should be conducted prior to the limit test to ensure that the proposed chamber concentrations and conditions can be achieved.  This will avoid the wastage of animals due to unsuccessful chamber runs.

33. In a limit test, a single group of three males and three females is exposed to a limit concentration of the test article—20 mg/L for gases, 20 mg/L for vapours (provided the test article’s vapour saturation concentration exceeds 20 mg/L; otherwise 5 mg/L is the limit for vapours), 5 mg/L for liquid aerosols, and 2 mg/L for solid aerosols.  

34. Aerosols should not be tested beyond the limit concentration.  Higher concentrations are achieved at the expense of particle size, and it is experimentally demanding and often technically impossible to do so. At very high concentrations, solid aerosol particles tend to agglomerate and liquid aerosol particles may coalesce, making it difficult to attain the recommended MMAD.  Also, high aerosol concentrations can cause physical obstruction of the animals’ airways (i.e., dust loading) and impaired respiration, which may be misdiagnosed as a toxic effect.  (5)

35. If no lethality is demonstrated in the limit test, no further testing is required.  If compound-related mortality is produced, additional studies may be considered.  If a test article’s physical or chemical properties make it impossible to attain a limit concentration, the maximum attainable concentration should be tested.  If no deaths occur at the maximum attainable concentration, there is no need for further testing.  The study report must clearly justify why the limit concentration could not be attained.  

SIGHTING STUDY

36. Sighting studies are used to estimate test article potency, to identify sex-related differences in sensitivity, and to assist in selecting exposure concentration levels for the main studies.  When selecting concentration levels for the sighting study, all available information should be used including structure-activity relationships and data for similar chemicals.  No more than three males and three females should be used per test concentration (this number may be needed to establish a sex difference).  A sighting study is not required when a limit test is performed for a test article with very low toxicity.  Test chamber runs should be conducted prior to the sighting study to ensure that the proposed chamber concentrations and conditions can be achieved.  This will avoid the wastage of animals due to unsuccessful chamber runs.
MAIN STUDY

Number of animals and concentration levels

37. A main study is typically performed using five males and five females per concentration level, with at least three concentration levels.  If one sex is known to be more sensitive, the Study Director may choose to perform the main study using only the more sensitive sex.  The time interval between exposure groups is determined by the onset, duration, and severity of toxic signs.  Ideally, exposure of animals at the next concentration level should be delayed until there is reasonable confidence of survival for the previously treated animals.  Due to the dependence on sophisticated technologies, this may not always be practical in inhalation studies.  Therefore, exposure of animals at the next concentration should be based on previous experience and scientific judgement.

38. When testing concentrations for which 0 or 100% mortality is expected, such as a limit test, three animals/sex/concentration are recommended.  This study may be performed in just one sex at the discretion of the study director.

39. Test chamber runs should be conducted prior to the main study to ensure that the proposed chamber concentrations and conditions can be achieved.  This will avoid the wastage of animals due to unsuccessful chamber runs.
CONCENTRATION x TIME APPROACH

40. At the discretion of the study director, a step-wise Concentration x Time (C x T) approach may be used as an alternate means for assessing inhalation toxicity.  (6, 7, 8)  This approach begins with a limit test (Exposure Session I) in which animals are exposed to a test article for multiple durations of time.  If toxicity is observed, additional testing is performed (Exposure Sessions II and III):  

NOTE TO Ad Hoc GROUP:  The study design described below is that used by the Netherlands.  I have not changed the limit concentrations or number of animals used, though several people have commented on these issues.  We can discuss this approach when we meet in Berlin.





– John Whalan. 

	Start with a limit test



	Exposure Session I
Toxicity is expected (e.g. based

on acute oral toxicity data)

Use 5 animals/sexa
Target concentration = 5 g/m3 b (aerosols) or 20 g/m3 (gases/vapours).

Exposure durations:  15, 30, 60, 120, or 240 minutes (i.e. 1 animal/sex per concentration/time point (10 animals total) 


	Exposure Session I
No toxicity expected (e.g. based

on acute oral toxicity data)

Use 3 animals/sex

Target concentration = 5 g m3 (aerosols) or 20 g/m3 (gases/vapours).

Exposure durations:  60, 120, and 240 minutes (i.e. 1 animal/sex per concentration/time point (6 animals total) 



	Exposure Session II
Exposure of 5 animals (more sensitive sex) at a lower concentration with (slightly) longer exposure durations (factor √2 spaced) or at a higher concentration with (slightly) shorter exposure durations (i.e. 1 animal per concentration/time point; 5 animals total).


	If mortality or severe toxicity is not present:  STOP

If mortality or severe toxicity occurs, proceed using the more sensitive sex 



	Exposure Session III
Exposure of 5 animals (more sensitive sex) at again a lower concentration with (slightly) longer exposure durations (factor √2 spaced) or at a higher concentration with (slightly) shorter exposure durations (i.e. 1 animal per concentration/time point; 5 animals total).
	


aIn case no information is available, rats of both sexes will be used; in case information is available use more sensitive sex. In that case, only 5 animals will be used. Depending on the outcome, the more sensitive sex will be used during further testing.

bIn case of expected moderate or severe toxicity, lower limit concentrations are advised, i.e. 1 or 0.25 g/m3 for aerosols, and 2 or 0.5 g/m3 for gases/vapours. 

Overall:

When performing a limit test only: a total number of 6 animals will be used.  When performing a full test: a total number of 15 animals of the more sensitive sex will be used, plus 5 animals of the other sex. The 
concentration-time-mortality relationship will then be calculated on a total of 15 animals (15 concentration/time points) whereas a total number of 3 exposure sessions is needed. Only in cases where the concentration-time-mortality relationship cannot be satisfactorily calculated will a fourth exposure session with 5 animals of the more sensitive sex may be needed.

Observations

41. The animals should be observed frequently during the exposure period.  Following exposure, careful clinical observations should be made at least twice on the day of exposure, or more frequently when indicated by the response of the animals to the treatment, and at least once daily thereafter for a total of 14 days.  The duration of observation is not fixed, but should be determined by the nature and time of onset of clinical signs and length of the recovery period.  The times at which signs of toxicity appear and disappear are important, especially if there is a tendency for signs of toxicity to be delayed.  All observations are systematically recorded with individual records being maintained for each animal.  Unless there are compelling reasons to do otherwise, animals found in a moribund condition and animals showing severe pain and/or enduring signs of severe distress should be humanely killed without delay for animal welfare reasons.  When animals are killed for humane reasons or found dead, the time of death should be recorded as precisely as possible.  It is important to note that poor appearance immediately following exposure is generally not a treatment-related clinical sign.

42. Cage-side observations should include changes in the skin and fur, eyes and mucous membranes, and also respiratory, circulatory, autonomic and central nervous systems, and somatomotor activity and behaviour patterns.  Attention should be directed to observations of tremors, convulsions, salivation, diarrhoea, lethargy, sleep, and coma.  The measurement of rectal temperatures may provide supportive evidence of reflex apnea or treatment-related hyperthermia.

Body weights

43. Individual animal weights should be recorded shortly before exposure on days 0, 1, 2, 4, 7, 10, 14 (and weekly thereafter for extended studies), and at the time of death or euthanasia.  Surviving animals are weighed and humanely killed at the end of the test.

Pathology

44. All test animals (including those which die during the test or are removed from the study for animal welfare reasons) should be subjected to gross necropsy.  If necropsy cannot be performed immediately after a dead animal is discovered, the animal should be refrigerated (not frozen) at temperatures low enough to minimize autolysis.  Necropsies should be performed as soon as possible, normally within a day or two.  All gross pathological changes should be recorded for each animal with particular reference to any changes in the respiratory tract.  Microscopic examination may be considered for organs showing evidence of gross pathology in animals surviving 24 or more hours and organs known or expected to be affected because it may yield useful information, such as evidence of irritation.

DATA AND REPORTING

Data

45. Individual animal data on body weights and necropsy findings should be provided. Clinical observation data should be summarized in tabular form, showing for each test group the number of animals used, the number of animals displaying specific signs of toxicity, the number of animals found dead during the test or killed for humane reasons, time of death of individual animals, a description and the time course of toxic effects and reversibility, and necropsy findings.

Test report

46. The test report should include the following information, as appropriate:

Test article

· Physical nature, purity, and, where relevant, physico-chemical properties (including isomerization).

· Identification data and Chemical Abstract Services Registry Number, if known.

Vehicle

· Justification for use of vehicle and justification for choice of vehicle (if other than water).

· Historical or concurrent data demonstrating that the vehicle does not interfere with the outcome of the study.

Inhalation chamber

· Description of the inhalation chamber including dimensions and volume.

· Source and description of equipment used for the exposure of animals as well as  generation of atmosphere. 

· Equipment for measuring temperature, humidity, particle-size, and actual concentration.

· Source of air and system used for conditioning.

· Methods used for calibration of equipment to ensure a homogeneous test atmosphere.

· Pressure difference (positive or negative).

· Exposure ports per chamber (nose-only); location of animals in the chamber (whole-body).

· Temporal homogeneity/stability of test atmosphere.

· Location of temperature and humidity sensors and sampling of test atmosphere in the chamber.

· Treatment of air supplied/extracted.

· Air flow rates, air flow rate/exposure port (nose-only) or animal load/chamber (whole-body).

· Time required to reach inhalation chamber equilibrium—t90 or t99 (where k = 2.303 for t90; and k = 4.605 for t99) for whole body chambers:
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· Number of volume changes per hour.

· Metering devices (if applicable).

Exposure data

· Nominal concentrations (total mass of test article generated into the inhalation chamber divided by the volume of air passed through the chamber).

· Actual/analytical test article concentrations collected from the breathing zone of animals; for test mixtures that produce heterogeneous physical forms (gases, vapours, aerosols), each may be analysed separately.

· Particle size distribution, mass median aerodynamic diameter (MMAD), and geometric standard deviation (σg), including their methods of calculation. Individual particle size analyses must be reported.

Test animals and husbandry

· Description of caging conditions, including:  number (or change in number) of animals per cage, bedding material, ambient temperature and relative humidity, photoperiod, and identification of diet.

· Species/strain used, including source and historical data.

· Number, age, and sex of animals.

· Method of randomization.

· Description of any pre-test conditioning including diet, quarantine, and treatment for disease.

· Individual weights of animals as indicated above.

· LC50, including 95% confidence, and slope (if provided by the method of the evaluation).  (9)

· Observation of animals (in tabular form).

· Gross pathology (individual findings).

· Microscopic pathology findings (if applicable).

Test conditions

· Details of test article preparation, including details of any procedures used to reduce the particle size of solid materials or to prepare solutions of the test article.

· A description (preferably including a diagram) of the equipment used to generate the test atmosphere and to expose the animals to the test atmosphere.

· Details of the equipment used to monitor chamber temperature, humidity, and chamber airflow (i.e. development of a calibration curve).

· Details of the equipment used to collect samples for determination of chamber concentration and particle size distribution.

· Details of the chemical analytical method used and method validation (including efficiency of recovery of test article from the sampling medium).

· Method of randomization in assigning animals to test and control groups.

· Details of food and water quality (including diet type/source, water source).

· The rationale for the selection of test concentrations.

Results

· Tabulation of chamber temperature, humidity, and airflow.

· Tabulation of chamber nominal and actual concentration data.

· Tabulation of particle size data including analytical sample collection data, particle size distribution, and calculations of the MMAD and σg.

· Tabulation of response data and concentration level for each animal (i.e., animals showing signs of toxicity including mortality, nature, severity, and duration of effects).

· Individual body weights of animals on days 0, 1, 2, 4, 7, 10, 14 (and weekly thereafter for extended studies), and at the time of death or euthanasia; date and time of death if prior to scheduled euthanasia, time course of onset of signs of toxicity, and whether these were reversible for each animal .

· Necropsy findings and histopathological findings for each animal, if available.

Discussion and interpretation of results

· Particular emphasis should be made to the description of methods used to meet the criteria of this test guideline, i.e., the limit concentration or the particle size.

· The respirability of particles in light of the overall findings must be addressed, especially if the particle-size criteria could not be met.

· The consistency of methods determining concentrations and the actual/analytical concentration found in relation to the nominal concentration must be included in the overall assessment of the study.

· The likely cause of death and predominant mode of action (systemic versus local) should be addressed.
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ANNEX 1

DEFINITIONS
Acute inhalation toxicity:  The adverse effects caused by an airborne substance following a single uninterrupted inhalation exposure of 24 hours or less (typically 4 hours).

436 definition, modified

Aerodynamic diameter:  The diameter of a unit density sphere having the same terminal settling velocity as the particle in question, whatever its size, shape, and density.  It is used to predict where in the respiratory tract such particles may be deposited.  Aerodynamic diameter equilibrates all particles with aerosols of water, and is generally measured with a cascade impactor or aerodynamic particle sizer (APS).

EPA definition, modified 

Aerodynamic particle sizer (APS):  A spectrometer capable of providing real-time measurements of aerosol aerodynamic diameter. 

New definition

Aerosol:   SEQ CHAPTER \h \r 1A suspension of solid particles (e.g., dusts, fumes, smoke) or liquid particles (e.g., mists, fogs) in a gas, or a mixture of suspended solid and liquid particles (e.g., smog). 

New definition

Analytical or actual concentration:  Air concentrations obtained by sampling of test atmosphere in that location of an inhalation chamber which is being inhaled by the test species investigated.  Hazard assessment can only be performed on the basis of the analytical or actual concentration.  Nominal concentrations are irrelevant for hazard assessment since they depend heavily on specific procedures and may differ from one laboratory to another.  The tendency for reactive test articles to decompose in humid chamber atmospheres is only addressed adequately by analytical concentrations.

436 definition, modified

OR

Analytical or actual concentration:   SEQ CHAPTER \h \r 1The test article concentration to which animals are exposed (i.e., the concentration in the animals’ breathing zone), as measured by analytical (GC, HPLC, etc) or gravimetric methods.  The analytical or gravimetric concentration (not the nominal concentration) is always used for hazard assessment.  

New definition – Preferred by Rusch, Arts

 SEQ CHAPTER \h \r 1Cascade impactor:  A multistage device used for measuring the aerodynamic particle size distribution of an aerosol. 

New definition
Concentration:  The mass of test article per unit volume of air (e.g., mg/L, mg/m3) or the volume of test article per unit volume (e.g. ppm, μL/L). 

EPA definition, modified 

Dust:  Solid particles formed from a substance or mixture, capable of being suspended in air. These particles may have irregular shapes with sizes ranging from sub-micrometer up to over 100 μm. – Preferred by Arts

436 definition

OR

Dust:   SEQ CHAPTER \h \r 1An aerosol of solid material resulting from mechanical grinding.  Dust particles can range in size from sub-micrometer to over 100 μm, may have irregular shapes, and are capable of being suspended in air.

New definition

 SEQ CHAPTER \h \r 1Equilibrium:  A constant test article concentration in a dynamic inhalation chamber.

New definition

Exposure concentration:  The actual concentration of test article to which the test animal is exposed.  It is determined by the analytical characterization of the test atmosphere in the vicinity of the breathing zone of the animals exposed.  It is commonly expressed in mass (mg) per unit volume (L) of air.  The mass of test article per unit mass of test animal (e.g., mg/kg) which is equal to the dose, is difficult to define in inhalation toxicity studies since the fraction of substance absorbed/retained in the respiratory tract or absorbed via the gastrointestinal tract is dependent on a number of variables often not defined or measured in acute inhalation studies.  Due to these uncertainties, exposure should be defined in terms of "exposure concentrations" rather than "exposure doses."  436 definition
 SEQ CHAPTER \h \r 1Fog:  A mist which reduces visibility.  

New definition

Fume:  Condensed solid particles, such as metals, which are homogeneous and usually <1 μm in diameter.   

New definition

Gas:   SEQ CHAPTER \h \r 1A substance which normally occurs in the gaseous state at ambient temperature and pressure (e.g. chlorine, ammonia).  

New definition

Geometric standard deviation (GSD or σg):  (see Mass Median Aerodynamic Diameter (MMAD).   

436 definition (but added σg)

OR

Geometric standard deviation (GSD or σg) -  SEQ CHAPTER \h \r 1A unitless number following a mass median aerodynamic diameter (MMAD) that is used to portray the range of particle sizes.  A particle distribution is considered to be monodisperse when the σg is 1.0-1.2, and polydisperse when the σg is >1.2.  

New definition – Preferred by Arts

GHS – Globally Harmonized System of Classification and Labelling of Chemicals:  A system proposing the classification of chemicals according to standardized types and levels of physical, health and environmental hazards, and addressing corresponding communication elements, such as pictograms, signal words, hazard statements, precautionary statements and safety data sheets, so that to convey information on their adverse effects with a view to protect people and the environment.  A joint activity of OECD (human health and the environment), UN Committee of Experts on Transport of Dangerous Goods (physicalchemical properties) and ILO (hazard communication) and co-ordinated by the Interorganisation Programme for the Sound Management of Chemicals (IOMC) (2). 

436 definition

 SEQ CHAPTER \h \r 1Gravimetric concentration:  An inexpensive method for measuring aerosol concentration in which test atmosphere from the animals' breathing zone is passed through a filter.  The mass of test article collected on the filter is divided by the liters of chamber air passed through the filter.  Although gravimetric measurements are acceptable for dusts and for liquids with extremely low vapour pressures, other analytical methods (such as GC, HPLC, etc) should be used to measure chamber concentrations of gases, vapours, and liquids with low to high vapour pressures.  

New definition  

Impending death:  When a moribund state or death is expected prior to the next planned time of observation.  Signs indicative of this state in rodents could include convulsions, lateral position, recumbence, and tremor. (See the Humane Endpoint Guidance Document (3) for more details).  

436 definition

 SEQ CHAPTER \h \r 1Inhalable diameter:  The aerodynamic diameter of particles which can be inhaled through the nose and/or mouth and deposited anywhere along the respiratory tract in the organism under study.  

New definition  

LC50 (median lethal concentration):  A time dependent, statistically derived estimate of a concentration of a substance that can be expected to cause death during exposure or within a fixed time after exposure in 50% of animals exposed for a specified time.  The LC50 value is expressed as mass of test article per unit volume of air (mg/L, mg/m3) or volume of test article per unit volume (ppm, μL/L).  The exposure duration should always be specified, e.g., 4-hour LC50.  

EPA definition 

Limit concentration:   SEQ CHAPTER \h \r 1The maximum concentration required for an inhalation toxicity study, depending on the physical state of the test article.  

New definition

Mass median aerodynamic diameter (MMAD):  Mass median of the distribution of mass with respect to aerodynamic diameter.  The median aerodynamic diameter and the geometric standard deviation are used to describe the particle size distribution of an aerosol, based on the mass and size of the particles.  Fifty percent of the particles by mass will be smaller than the median aerodynamic diameter, and 50% of the particles will be larger than the median aerodynamic diameter.   

EPA definition, modified

Mist:  Finely divided liquid droplets of a substance or mixture suspended in air with sizes generally ranging from 2 to 100 μm.  A mist can be formed by condensation of supersaturated vapours or by physical shearing of liquids, such as nebulization, atomization, spraying or bubbling. 

436 definition

OR

Mist:   SEQ CHAPTER \h \r 1An aerosol of liquid particles formed by condensation of a supersaturated vapour, nebulization, atomization, spraying, or bubbling.  

New definition – Preferred by Rusch, Arts

Moribund status:  Being in a state of dying or inability to survive, even if treated.  (See the Humane Endpoint Guidance Document (3) for more details).   

436 definition

Nominal concentration:   SEQ CHAPTER \h \r 1The concentration of test article introduced into a chamber.  It is calculated by dividing the mass of test article generated by the volume of air passed through the chamber.  The nominal concentration does not reflect the concentration to which an animal is exposed.  

New definition

 SEQ CHAPTER \h \r 1Particle size distribution:  A distribution curve of aerodynamic particle sizes as measured with a cascade impactor or aerodynamic particle sizer (APS).  New definition

 SEQ CHAPTER \h \r 1Respirable diameter:  The aerodynamic diameter of particles which are capable of reaching the gas-exchange region in the lungs (the alveoli) for the organism under study.  

New definition

Respirable particulate mass:  Mass of material that is deposited in the gas-exchange region.  

436 definition

 SEQ CHAPTER \h \r 1Smoke:  An aerosol of solid particles resulting from the pyrolysis of organic materials.

New definition

Vapour:  The gaseous form of a substance or mixture which is normally in liquid or solid state at ambient conditions of temperature and pressure.  

436 definition – Preferred by Rusch, Arts

OR

Vapour:   SEQ CHAPTER \h \r 1A sub​stance which normally exists as a liquid or solid at ambient temperature and pressure that is dispersed in air in its gas​eous state (e.g. methanol, iodine).

New definition
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