NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHny) Designation: E 981 — 84 (Reapproved 1996) <!

Standard Test Method for
Estimating Sensory Irritancy of Airborne Chemicals

This standard is issued under the fixed designation E 981; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

€' Note—Section 17 was added editorially in October 1996.

1. Scope 3.1.1 It provides positive recognition of sensory irritants of

1.1 This laboratory test method provides a rapid means ofidely varying potencies. _ _
determining sensory irritant potential of airborne chemicals or 3-1.2 It is sufficiently simple to permit the testing of large
mixtures. It may also be used to estimate threshold limit value§umbers of materials. . _
(TLV) for man. However, it cannot be used to evaluate the 3-1.3 This test method is capable of generating
relative obnoxiousness of odors. concentration-response curves for purposes of compound com-
1.2 This test method is intended as a supplement to, not B&rson. o
replacement for, chronic inhalation studies used to establish 3-1.4 This test method has good reproducibility.
allowable human tolerance levels. 3.2 This test method can be used for a variety of divergent
1.3 This standard does not purport to address all of thePUrposes, including the' assessment of comparative irritancy of
safety concerns, if any, associated with its use. It is th&€ompounds or formulations and setting interim exposure levels
responsibility of the user of this standard to establish approfor the workplace(1, 2)2

priate safety and health practices and determine the applica- 3-3 It has been shown that for a wide variety of chemicals
bility of regulatory limitations prior to useSpecific hazard and mixtures, a perfect rank order correlation exists between

information is given in Section 6. the decreases in respiratory rate in mice and subjective reports
of sensory irritation in marfl, 3, 4, 5)
2. Summary of Test Method 3.4 Aquantitative estimate of the sensory irritancy of a wide

2.1 This test method quantitatively measures irritancy ayariety of materials can be obtained from concentration-
indicated by the reflex inhibition of respiration in mice exposedresponse curves developed using this mettio®, 4, 6, 7, 8)
to sensory irritants. 3.5 Although this test method is intended to measure sen-
2.2 Four mice are simultaneously exposed to the airborng0ry irritation of the nasal mucosa, the cornea is innervated by
chemical. Usually a sufficient number of groups of animals aréhe same nerve. This animal model will, therefore, allow an
exposed to a geometric series of concentrations so that gstimate of the irritant potential of cosmet_ic ingredients or
concentration-response curve can be constructed. For simphéher household products to the eye, assuming that they can be
preliminary comparisons, however, a single group of fouraerosolized9).
animals at one concentration will suffice. 3.6 This test method is recommended for Setting interim
2.3 The mice are placed in a body plethysmograph attacheguidelines for exposure of humans to chemicals in the work-
to an exposure chamber so that only the head is exposed to tRkace, to assess acute sensory irritation resulting from inadvert-
test material. The plethysmographs are connected to pressu?gt Spills of household products, and to assess the comparative
transducers, which sense changes created by inspiration afifitancy of formulations or materials intended for a variety of
expiration. The amplified signals are transmitted to a polygrapi/S€s.
recorder. 3.7 This test method will detect irritating effects at concen-
2.4 The concentration of airborne irritant that produces drations far below those at which pathological changes are
50 % decrease in respiratory rate (RD50) is determined fron@Pserved.
the concentration-response curve constructed from the variousngre 1—A good overview of the toxicological evaluation of irritant

data points obtained with a series of concentrations. compounds is given in ReB).
3. Significance and Use 4. Apparatus

3.1 This test method was developed to meet the following 4.1 The apparatus required to perform this test is listed
criteria: below. The basic components for testing any type of material

1 This test method is under the jurisdiction of ASTM Committee E-35 on —————
Pesticides and is the direct responsibility of Subcommittee E35.26 on Safety to Man. 2 The boldface numbers in parentheses refer to the list of references at the end of
Current edition approved Feb. 24, 1984. Published May 1984. this standard.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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are the same. A list of suitable apparatus and suppliers is fouriditant, a compound must produce a net decrease in respiratory

in Appendix X1. rate as a result of the characteristic pause during expiration as
4.2 Plethysmograph Tubes shown in Fig. 1. This pause differentiates sensory irritants from
4.3 Exposure Chambeconstructed entirely of glass, with a pulmonary irritants, general anesthetics, and asphyxiants,

volume of 2.3 L. which also reduce respiratory rate, but as a result of a pause
4.4 S.T.103/60 Ground Glass Jojtihat allows access to the between breaths as shown in Fig. 2.

inside of the exposure chamber. 6.2 It is possible for one component to alter the effect of
4.5 Perforated Rubber Dental Dameinforced with electri-  another in a mixture, depending on their respective concentra-

cal tape. tions (10). Additive and antagonistic responses are possible.
4.6 Rubber Stoppers For this reason the effects of each compound in a formulation
4.7 “T" Tube, with a tube 6 cm long and the “T” 12 cm long. should be assessed before any test is made for interactions.
4.8 Vacuum Pump 6.3 Although the test procedure has been found to show a
4.9 Flowmeter high correlation for sensory irritants with established TLV
4.10 Absolute Filter values for man, it may well predict values that are too high for
4.11 Sodium Carbonate-Activated Charcoal Filter compounds of low reactivity that are metabolically activated,
4.12 Pressure Transducer and also for pulmonary irritant®).

4.13 Polygraph Recorders _
4.14 Frequency-to-Voltage Converteoperating in the av- /- Test Animals

eraging mode instead of the pulse mode. See Appendix X1.7. 7.1 Mice are the subjects to be used for this test. It is
4.15 Voltage Addition and Division Equipmemnd obtainthe imperative that they meet the specifications outlined here.

signal average for four mice. Although any mouse of the proper size could be used, marked
4.16 Signal Averages differences have been observed between different strains and
4.17 Oscillograph sexes(2).
4.18 Aerosol Generator 7.1.1 Male Swiss-Webster mice shall be used as the test
4.19 Timer. subjects.
4.20 Control Valve 7.1.2 Only animals weighing between 22 and 28 g may be
used. Smaller mice might be able to crawl into the exposure
5. Reagents chamber, while larger ones may not be able to breathe normally

5.1 Technical reagents may be used in all tests whera the apparatus.
solvents other than water are required. )
5.2 Solutions containing 1 to 3 % of the test material are3- Preparation of Apparatus

used for comparative studies. 8.1 Exposure Chamber
8.1.1 The heads of each of four mice extend into the
6. Hazards exposure chamber, and the bodies are contained in plethysmo-

6.1 Not all compounds that cause a decrease in respiratograph tubes. Perforated rubber dental dam reinforced with
rate are sensory irritants. To be characterized as a sensogjectrical tape provides tight but comfortable seals around the

A

Note 1—Taken from Ref(3).
FIG. 1 Typical Tracing of Normal Mouse Respiration (Top), and of a* Moderate” Sensory Irritant Response (Bottom)



Note 1—Taken from Ref(8).
FIG. 2 Typical Tracing of Normal Mouse Respiration (Top), a
Moderate Pulmonary Irritant Response (Center), and an Extreme
Pulmonary Irritant Response (Bottom)
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exposure time. The validity of the data for extrapolation to man
requires rapid attainment of maximum concentration.

8.1.2.2 Equilibration time in minutes is 5.0 times the cham-
ber volume in litres divided by airflow through the chamber in
litres per minute(11).

8.2 A vacuum pump with a control valve monitored by a
flowmeter provides a constant airflow through the exposure
chamber. Chamber effluent is passed through an absolute filter
and then a sodium carbonate-activated charcoal filter before
exhausting, preferably into a fume hood. (See Fig. 4.)

8.3 Each of the four plethysmograph tubes is connected to a
pressure transducer. As the mouse inhales, a positive pressure
is created and exhalation results in a negative pressure. The
amplified signals are recorded on a polygraph, which has the
polarity set so that an upward deflection is obtained during
inspiration and a downward deflection is obtained during
expiration. The signal from each transducer is also fed into a
frequency-to-voltage converter, and then fed into a signal
averager. The output of the averager is displayed on a second
recorder, thus permitting continuous monitoring of the average
respiratory rate of the four mice. (See Fig. 4.)

8.4 A suitable generator for this test is a glass Dautrebande-
type generator modified to allow continuous feed of test

animals’ necks, and rubber stoppers prevent them from backnaterial® This generator can be used for volatile or nonvolatile
ing out of the tubes, and provides an airtight body plethysmoliquids, solutions, or suspensions of solids. It is depicted

graph (see Fig. 3).

schematically in Fig. 5.

8.1.1.1 The “T” tube is of the same diameter as the inlet to 8-4.1 For aqueous solutions, liquid is delivered via a pump
the chamber. The gas or aerosol from the generator enters offgulated at 1.0 mL/min to the right-hand tube. This delivery
side of the “T” and the makeup air enters on the other. Thus thEaté can be varied by a factor of 3 to 4. Air is delivered at 10
tube acts as a miniature mixing chamber, eliminating the neet 12 psig when a water solution is used, and 8 to 10 psig when

for a baffle plate. The “T” tube is not shown in Fig. 3.

8.1.2 Chamber Equilibration

8.1.2.1 It is desirable to reach equilibrium of the test

acetone solution is used. With acetone the amount of solution
delivered is restricted so that no more than 3000 ppm acetone

material in the eXposur_e Chamber in as short atime as p053|b|e-3 Pitt No. 1 aerosol generator available from Scientific Glassblowing Laboratory,
In no case should this time exceed one-tenth of the totalickees Rocks, PA 15136, has been found suitable.
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Note 1—Dimensions are in centimetres.
Note 2—Taken from Ref(18).

FIG. 3 Glass Exposure Chamber with Attached Body Plethysmographs
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FIG. 4 Diagram of Test Apparatus Note 1—Taken from Ref(11).

FIG. 5 Schematic Representation of the Pitt No. 1 Aerosol
vapor is produced in the exposure chamber. The calculation is Generator

made from the total airflow used in the chamber. At the

standard flow rate of 20 L/min through the chamber, deliverychamber airflow to maintain 18 to 20 %,0n the exposure

to the generator of 0.22 mL of acetone per minute will result inchamber. When suspensions are to be tested, the suspended
a concentration of 2800 to 3000 ppm. With acetone there wilmaterial must be very fine to prevent clogging of the tip on the
be no liquid overflow, but with aqueous solutions, 1.0 mL/mingenerator. Although larger tips can be used if required, a
is high enough so that liquid will fall to the bottom of the degradation of aerosolizing performance will result from their
generator. This is collected in a reservoir via the overflow tubeuse.

8.4.2 Arrows in Fig. 5 indicate the path that the aerosol will 8.5 To start and stop test material generation, a timer and an
follow. Polyethylene Glycol 200 (PEG 200) can be used as associated control valve are needed in conjunction with the
solvent instead of water. The air pressure should be about 20 &erosol generator.

25 psig with this solvent. Dry air must be used with PEG 200, 8.6 When using water or acetone a “dry” particle will be

which is hygroscopic. Using this generator with a 1 % solutionproduced, since both solvents will evaporate. However, PEG
of test material in water and 20 L/min flow rate through the200 will not evaporate and a liquid droplet is obtained. Mass
exposure chamber, the concentration in the chamber will beoncentration in the chamber should be obtained by sampling
between 10 to 20 mg/fnand most particles will be submi- on filters and weighing on an appropriate balance. A better
cronic. method, but one not required in a screening experiment, is

8.4.3 The Dautrebande-type generator can also be used &ppropriate chemical analysis. When acetone is used, its
vaporize liquids for exposure of animals to vapors. For thisconcentration in the chamber should be verified. Indicator tube
purpose, the liquid is delivered at a known rate by a regulatednalysis is adequate, or an infrared analyzer or gas chromato-
pump and airflow is set at 10 to 20 psig. For liquids of lowergraphic analysis can be used.
vapor pressure, heating tape can be used around the generato8.7 Gases are delivered directly into the exposure chamber
to increase vaporization efficiency. For aerosols or vaporwia an appropriate flowmeter.
likely to oxidize rapidly in air, dry nitrogen should be used 8.8 With the exception of the exposure chamber which is
instead of air. When this is done, pure oxygen is added to thessentially a unique piece of apparatus, other parts can be
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substituted by similar equipment. Also, minicomputers can beshould be about the same for each animal, but this is not
used to replace the frequency-to-voltage converter and signatritical.
averaging device. The magnetic tape is not required, and a 10.4 Flowmeter—The flowmeter must be calibrated so that
four-trace oscilloscope with storage capability can replacalesired flow rates are uniformly maintained. These rates are
oscillograph No. 1. easily determined for various readings on the flowmeter, and
) will remain constant as long as the air supply is constant.
9. Sample Preparation Oil-washed air from a compressed gas cylinder in conjunction
9.1 Because of the large variety of chemicals and formulawith a calibrated gage from a reputable manufacturer should be
tions that can be tested by this procedure, and the tremendoused as a source of air for the generators.
differences in irritant potential between them, no specific o
stipulation for sample preparation can be made. The onlyl. Pretest Conditioning
requirement for concentration is that the levels to be tested are 11.1 It is essential that healthy animals are used for this test.
spaced at even logarithmic intervals to allow goodIn order to assure that this is so, it is necessary to hold and to
concentration-response curves to be generated from the dathserve them for 7 days prior to use.
obtained. The information provided in the succeeding para- 11.2 The mice may be gang-housed if desired.
graphs of this section is therefore intended for general guidance 11.2.1 Thoroughly clean and sanitize the cages prior to use,
only. and provide ground corncob or similar bedding.
9.2 For solids and nonvolatile liquids, solutions are pre- 11.3 Individually identify each animal.
pared in an appropriate solvent. Water and polyethylene glycol 11.4 Take weights of the mice at the time the mice are
200 (PEG 200) are the most commonly used for this purposesaged, and again just prior to the test to assure reasonable
although 0.1IN HCI, 0.1 N NaOH, and acetone can also be weight gain. Itis also advisable to note food consumption as an
used. In the case of acetone, which is a mild irritant, theadditional check on animal health.
concentration in the chamber should be kept below 3000 ppm 11.5 Maintain the laboratory animal housing environment
to avoid irritation from the solvent. according to acceptable animal care accreditation requirements
9.3 As an indication of concentrations to be expected, 1 %12). Significant deviations therefrom must be noted and
agueous basic, or acidic solutions produce concentrations of I@ported.
to 20 mg/n at an airflow of 20 L/min in the exposure chamber. .
Polyethylene glycol 200 solutions will produce a concentrationt2- Selection of Test Parameters
of 40 to 50 mg/m of the solute under similar circumstances. 12.1 For the purpose of comparing a variety of sensory
9.4 Gases shall be mixed with room air to produce thdrritants, the test parameters listed below have been found

desired concentrations. desirable:
o 12.1.1 Male, Swiss Webster mice weighing between 22 and
10. Calibration 28 g shall be used as test subjects.

10.1 Inthis test method, three parts of the equipment require 12.1.2 A ten-minute acclimation period, in which the mice
calibration. Once these calibrations have been made, recalibrare in the plethysmograph tubes, but breathing room air, is to
tion is not necessary for the conditions previously used unlesse used.
the apparatus is disassembled. 12.1.3 Standard airflow rate through the exposure chamber

10.2 Generator—Determine the particle size of the aerosol shall be 20 L/min.
droplets emitted by each generator for each type of solution or 12.1.4 Test compound shall be generated at a level of 100
suspension to assure the validity of the tests. A 1 % aqueousg/n? of air.
solution under 10 to 12 psig will produce particles of aerody- 12.1.5 Exposure time shall be 30 min. This lengthy expo-
namic equivalent diameter of 0.6 to 0.8 um, with a geometricsure time has been found necessary to detect slow-acting
standard deviation of 2.0 to 2.5. With PEG 200 at a pressure dfritants such as isocyanates, particularly at low concentrations
20 to 25 psig, the particle size will be 1.0 to 2.0 um, with a(13).
similar geometric deviation. Particle size analysis may be made 12.1.6 A 10-minute recovery period shall be recorded after
using an Anderson mini-impactor or other appropriate techthe aerosol exposure is completed.
nique. 12.2 Almost any desired change can be made in these

10.2.1 To assure that a generator is performing correctlyparameters to serve a given need. The limitations on such
test solutions of 1 % NaCl in water and of undiluted PEG 200changes are noted below:
should be tested. Start the generator at the pressure recom-12.2.1 The mice used must be as stipulated.
mended for the particular solvent, and shine a light beam 12.2.2 No change can be made in acclimation time.
across the generator outlet. A constant flow of particles must be 12.2.3 Airflow rates can be varied from 16 to 100 L/min for
visible. Water without solute will evaporate too quickly to be aerosols, and 2 to 100 L/min for gases.
observed, and therefore should not be used for this test. 12.2.4 Exposure time may vary from 3 to 180 min. In order

10.3 Plethysmograph-The plethysmograph chambers re- to assure that a maximum response has been obtained, a
quire minimal calibration to assure equivalence of responselateau of response for at least 1 min must be obtained. The
from all four chambers. All that is required is that a signal of minimum decrease in respiratory rate considered significant is
sufficient amplitude be displayed on the recording polygraph tdl2 %, provided that it is either sustained for 3 min or
discern the respiratory pattern of each animal. The amplitudesproducible in three groups of animals for at least 1 min. In no
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case will the decrease in respiratory rate exceed 80 to 85 % aff a typical exposure to an irritant both for a single mouse and

normal regardless of irritant concentration or pote(t¥). an average for four mice. Fig. 7, Fig. 8, and Fig. 9 show
12.2.5 Concentration of test compound can be varied ovapossible variations in slight, moderate, and extreme responses,

any desired effective range. respectively. Note the characteristic pause in expiration which
12.2.6 Any of the solvents listed in 9.2 may be used. identifies the test material as a sensory irritant.

14.2 Responses can be evaluated by either manually count-
ing the respiratory rate or by using an automatic rate counter
13.1 There are two different types of studies that can bevith circuitry designed to eliminate the body movement
conducted using this test. One type is comparative studies igrtifacts. The latter method is preferred, since it eliminates a
which the irritant potential of one compound or formulation is |aborious procedure. Each group of four animals serves as its

tested against a standard at a single concentration. The secos@n control, so that possible differences in normal respiratory
type is concentration-response studies where quantitative estiates are of no consequence. Such differences are rarely noted
mates of irritancy are obtained. Both use essentially the sam@ any case. The control respiratory rate to be used is the
procedure. average of six 15-s intervals immediately preceding the expo-
13.1.1 For quantitative concentration-response studies, sgeure period.
lect the animals to be used at each concentration in some 14.3 Calculate respiratory rates for each 15-s interval of the
random fashion to assure statistical validity of the results. first five minutes of exposure, and at 3-min intervals for the
13.2 Place the mice in the plethysmograph tubes with theifemainder of the exposure period. During the post-exposure
heads inserted through the rubber dam into the exposufi@covery period, calculate the rates at 1-min intervals.
chamber. Close the tubes with rubber stoppers, assuring thati4 4 Decreases in respiratory rate of 12 to 20 % are graded
they are well seated to prevent air leaks. as a slight response, 20 to 50 % as a moderate response, and 50
13.3 Acclimate the animals to the apparatus for 10 min, withig 85 9 as an extreme response.
only room air being pumped through the system. Start the 145 Graded responses are best measured by a modification
recorders at a chart speed of 5 mm/s and examine the tracingg tne Mann-Whitney U-Test, a nonparametric meti(@s).
to assure that the mice are breathing normally. There will by responses from both groups of mice being tested at selected
occasional erratic tracings caused by movements of the animgtervals are arranged in order of magnitude, and each is given
in the plethysmograph; these artifacts are easily recognized and appropriate rank, with the lowest given rank No. 1. If two or
are of no consequence unless they continue for more than 30$ore responses are equivalent, all will be given the mean rank
In the rare case where sustained body movement is noteghy that position. The rank values are then totalled, and a mean
replace the animal to assure valid results. Except for thesgg,e derived for each group.
occasional erratic responses, each animal should be breathing;4 5 For RD50 studies, separate groups of four mice are
at a constant rate of about 240 to 275 respirations/min. Aynosed to each of a series of concentrations that are geometri-
sample tracing of normal respiration is shown in Fig. 1. cally spaced, and which produce responses ranging from none
13.4 After the animals have been acclimated to the appargy the maximum that can be obtained with that particular
tus, initiate the aerosol exposure. The rate of flow to be usef5ierial. The irritant effect of the compound being tested is
will depend on the purpose of the test and the potency of thg,e (reated statistically as a dose-response regression, with the
material being tested. A standard airflow rate of 2_0 L/min IScommon logarithm of the exposure concentration as the
recommended, but flow rates from 16 to 100 L/min may b&ngependent variablé, and the percent decrease in respiratory
used for aerosols, and a rate as low as 2 L/min can be used fplie from control as the dependent variabieThe regression
gases. At low flow rates, the time to reach equilibrium in thejine the RD50, and its 95 % confidence limits are determined
chamber increases; this can disrupt comparison of substanc8§ the method of least squaréss). The analytical model on
tested at different rates. Therefore, a single flow rate must b&hich this analysis is based has been carefully desciibed

chosen for each comparative test series. _Consult that reference for further details and for other data
13.5 At the termination of the experiment, house the anixnalysis models.

mals exposed together in the same groups of four with suitable
bedding, and allow free access to feed and water. 15. Report

13.6 Hold the mice for a period of 7 days, then weigh them
to assess any untoward effects on food intake or metabolism
produced by the exposure.

13. Procedure

15.1 Report the following information as a minimum:
15.1.1 The purpose for which the test was conducted.
15.1.2 The date of testing.

14. Interpretation of Results 15.1.3 The compound(s) tested, including any reference

14.1 There are two ways in which results can be interprete@tandards. The test materials should be identified by batch or
one is a graded response (slight, moderate, extreme, or @t number and manufacturer, if possible.
irritation), and the other is a quantitative test in which the dose 15.1.4 The concentration(s) of the test compounds to which
required to reduce respiratory rate by 50 % (response dose 30e animal was exposed.
[RD50)) is calculated. The graded response is used where only 15.1.5 The solvent or carrier gas used in the study, with lot
a single concentration is tested to assess relative irritancy, boumber and manufacturer identified.
the RD50 is a statistically derived value based on several 15.1.6 The airflow rate, particle size, exposure time, and
geometrically spaced concentrations. Fig. 6 shows the resultecovery periods used.
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Note 1—Taken from Ref(18).
FIG. 6 Typical Tracing Obtained from a Single Animal Prior to and During Exposure to a Sensory Irritant (Top). Average
Respiratory Rate of Four Mice During Course of Exposure (Bottom)

15.1.7 The degree of sensory irritation noted at each corpresent. However, the committee is interested in conducting an
centration, or the RF50 if determined. interlaboratory test program, and encourages interested parties
15.1.8 Statistical method used to analyze the data obtainetb contact the Committee E-35 staff manager at ASTM

15.1.9 Any effect on weight gain or respiratory rate at 7Headquarters.
days post exposure, or any deaths occurring within that time,
and the exposure level producing these effects.

15.1.10 Any variance from the stipulated procedure in ) _ _ ) _ o
conducting the experiment. 17._1 _alrborne; chemicals; inhalation; mice; respiration; sen-
sory irritancy

17. Keywords

16. Precision and Bias
16.1 No precision data are available for this method at
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FIG. 7 Typical Tracings with Intensity of the Reaction Graded
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Note 1—Decreases in respiratory rate of 20 to 50 % are graded as moderate responses.

Note 2—Taken from Ref(1).

FIG. 8 Typical Tracings with Intensity of the Reaction Graded as Moderate



b £ 981

Extreme
-1 T e - T1 ¢ e R
:dm I ii:,i ,_.<f;i\, 1 = \‘f; A:Rj “:\i: =
B T 1 R N Y N v ] R
R NS S o o) o
| — —
EEEER fEE|IESES]
75:;1 i S
Extreme
3 g 0 thoms il B - T T
1 — 1 1T -1
BEE ﬁ : 1 A= \ ‘x‘ _G- ;l ::l - \;?,;ﬁ
SHITRI TS =R M ~ \‘\“—'J‘T?}_}\"i

Note 1—Decreases in respiratory rate of 50 to 85 % are graded as extreme responses.

Note 2—Taken from Ref(1).
FIG. 9 Typical Tracings with Intensity of the Reaction Graded as Extreme

APPENDIX
(Nonmandatory Information)

X1. LIST OF APPARATUS AND SUPPLIERS

X1.1 Recorders-Gould, Grass, Beckman, and Hewlett- X1.5 Aerosol GeneraterPitt No. 1 is available from

Packard have been found to be suitable. Scientific Glassblowing Laboratory, McKees Rocks, PA 15136.
. . Other alternatives are aerosol generators such as Collison,

X1.2 Transducers-Statham, Validyne, which are capable Retech, etc.
of detecting 1 cm HO pressure are suitable.

X1.6 Exposure ChamberGlass exposure chamber, avail-
able from Scientific Glassblowing Laboratory, McKees Rocks,
PA 15136, has been found suitable.

X1.3 Breath Counters-Gould Biotachometer, Grass or
Beckman Frequency Counter, Hewlett-Packard Digital Fre
quency Counter, Gould Digital Frequency Counter, and variou

minicomputers may be used. ) ) )
X1.7 In the working system from which Fig. 4 was made,

X1.4 Averagerto display average respiratory rate of 4 micethe pressure transducers are Stratham PM-15 or PM-197.
is available from J. E. Wood Electronic Company, AveragerCarrier amplifiers and oscillographs are Gould. Frequency-to-
Model 55, Freedom Road, Mars, PA 16046. Model 55 will voltage converters are Gould Biotachometer operating in the
accept output from Gould Biotachometer or output from anyaveraging mode instead of the pulse mode. Voltage addition
other device in the range 0 to 5 V. Other alternatives are t@nd division equipment to obtain the signal average for four
build your own averager or use minicomputers. mice was obtained from Wood Electronic Company.
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