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Study Objective: We previously described a closed-circuit
system for exposure to particles in humans. This system has
three components: a particle generator, an exposure cham
her connected to an orofacial mask, and monitors. We

describe results of challenges in 56 subjects who underwent
challenges with the apparatus using occupational sensitizers
in particles.
Subjects: Fifty-six consecutive subjects referred for the
investigation of occupational asthma to occupational sensi
tizers in particles were included. The agents were the

following: flour and grains (n 19), cedar (n 10), psyllium
(n 9), guar gum (n 9), drugs (n 3), persulfate (n 2),
and miscellaneous (n 4).
intervention: The duration of exposure was progressive
and varied from one breath to a maximum of 180 mm
depending on the reaction. When no significant fall in FEV1
occurred after exposure with the aerosolization device, the

standard approach of tipping particles from one tray to

another was used.
Results: Twenty-nine subjects (52 percent) had a significant
(20 percent) fall in FEV1 after exposure. This includes 18
subjects with isolated immediate reactions, four with dual
asthmatic reactions, and two with atypical reactions. In 20/
24 instances (83 percent), the percentage of fall in FEy

did not exceed 30 percent, thus showing that dose-response
curves can generally be obtained in a safe way. In all

instances except one (26/27 cases), subsequent exposures
using the traditional method did not result in significant
falls in FEV.
Conclusion: This new procedure results in safe tests in
terms of the percentage of changes in FEy during the
immediate reactions and very rare false-negative chal
lenges. (Chest 1992; 102:402-07)

OD opticaldensity;PEFR peakexpiratoryflowrate;TLV
STEL = accepted upper level for short-term exposure

S pecific inhalation challenges using occupational sen
sitizers were proposed in the 1970s by Pepys and

Hutchcroft1 in the investigation of occupational
asthma. These tests have since been considered as the
gold standard in confirming the diagnosis. Indeed,
neither the medical questionnaire addressed by ex
perienced physicians2 nor the immunologic assess
ment,3'4 have a sufficient validity to properly advise a
worker or an employer on an individual basis. Although
serial measurements of peak expiratory flow rates
(PEFR) has been advocated,5'6 there are several piffalls
to this approach: collaboration and honesty from the
worker, interpretation of graphs, and difficulty in
disclosing nonspecific irritant reactions. Figures for
sensitivity vary from 81 percent to 86 percent and,

for specificity, from 74 to 89 percent.7'8
Occupational sensitizers are in particle form in

approximately o@e third ofour challenges. In an effort
to improve the safety of the test and to obtain
information 011 the concentration and diameters of
inhaled particles, we previously described a new
aerosolization device .@

The aim of this work is to report on the validation
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of the apparatus in a larger number of subjects.

Apparatus

MATERIAL AND METHODS

As previously described and shown in Figure 1, the apparatus
consists of three parts: a particles generator, an aerosol delivery
system connected to an orofacial mask, and monitorsâ€”a photometer
and a cascade impactor.5 The dry powder (dessication made
beforehand) is placed into a small plastic box (dimension
10 x 10 x 6 cm) that undergoes constant vibration. The vibrator
feeds the powder into an endless screw that collects it at the bottom
of the reservoir and brings it to a rotating plate. The magnitude of
vibration of the reservoir, the speed of rotation and diameter of the
screw, the speed of rotation of the plate, and the negative pressure
in the vacuum can all be regulated in the aerosol delivery system.
A vacuum is created by compressed air. The air leaving the generator,
to which is added compressed air, is directed through a Venturi
effect into the aerosol delivery system, a horizontal cylinder of
plexiglass (109 x 13 cm). A hole in the wall of the cylinder allows
the subject to breathe the aerosol through a face mask. A unidirec
tional thin membrane prevents particles from escaping through the
face mask if the subject is not breathing through the apparatus.
Expired air is directed to a tube that removes it from the laboratory
through a closed ventilation system. Flow of air in the cylinder is
adjusted to maintain a slight positive pressure ( + 2 cm H2O). During
aerosolization, powder concentration is measured and recorded on
paper by a photometer located 4 cm from the subject's mouth. The
diameter of the aerosolized particles was assessed once for each
type of powder by a cascade impactor, 4 cm from the subject's
mouth . The percentage of inhaled particles according to their size
was then determined by weighing the filters ofthe cascade impactor.
The aerosol was inhaled by the subject at tidal volume breathing
through the mouth. The device was regulated to obtain concentra
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FactorNo.No.

of5Ul)jects56Sex,

NI/F41/15Age,

yr. mean Â±SD40 Â±13Atopy33
(59%)MedicationNone15Bronchodilators23Bronchodilators

+ anti-inflammatorsdrugs18Baseline
FEy1Mean

Â±% pred98 Â±18No.
with values <80%ired10Baseline
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FIGURE 1. Aerosolization device made in three parts: (1) the generator ofparticles on the left end in which

the particle is vibrated, taken to the rotating plate by an endless screw and sucked out; (2) the exposure
chamber as such, a 100-cm long plexiglass cylinder with three holes in the center, one for the facemask,
one for the photometer probe, and OflCfor the cascade impactor probe; and (3) the recording instruments,
ie, the photometer and the cascade impactor.

lions close to or below 10 mg/cu m , the accepted upper level for
short-term exposure (TLV-STEL) to soft wood dusts. TLV-STEL
had not been determined for the other powders used in this stud);
but the same TLV-STEL as for wood dusts was used as these also
represented agents in powder form. The rationale for keeping
concentrations low was in order to avoid nonspecific irritant
reactions. The products were ground to reduce their particle size
distributon and aliquots from the same initially prepared dust were
used. Particles were dessicated and not reutilized. The photometer
assesses the density of particles but not the mass. The constant
factor to transform the density into mass therefore had to be
obtained for each product by weighing the total in the cascade

impactor during the procedure.

Subjects

Fifty-six subjects referred for the investigation of occupational
asthma from 1986 to 1990 underwent specific inhalation challenges.
Table 1 lists the relevant anthropometric, clinical, and functional
information. All subjects had a history that was suggestive of
occupational asthma and were in a clinical steady asthmatic state at
the time of challenges.

Methods

Treatment with medications was withheld in the intervals rec
b0 Subjects receiving anti-inflammatory medication con

tinued using these preparations during the challenge period but did
not take their dose in the 8 h before the challenge. After a control
day of exposure to another dust (lactose in the case of all agents
except for wood dusts for which a control wood dust made of local
species of fir trees, spruces, and Jack pines was used) for 30 mm,
subjects were exposed on the subsequent day(s) to the relevant
occupational sensitizer. For substances for which an immediate
bronchospastic reaction was suspected on the grounds that the
mechanism was IgE dependent (flour, psyllium, guar gum, grain),
increasing durations of exposure on the same day were set in the
following way: one breath, 10 and 30 s, 1, 2, 5, 15, 30 mm, etc. for
a maximum total duration of 120 mm except in one patient for
whom it reached 180 mm. For sensitizers whose mechanism is
unknown and which are more likely to cause isolated late reactions,
the increase in duration of exposure was progressive on a day-to
day basis (1, 5, and 30 mm, 2 h). Twenty-seven subjects were
exposed for 0 to 30 mm, 13 were exposed from 31 to 60 mm, 14
were exposed from 61 to 120 mm, and two were exposed for more

than 120 mm. Spirometry was assessed before exposure and after
exposure, immediateh; every 10 mm for 1 h, every 30 mm for 1 h,
and hourly for 7 to 8 h. The 27 stll)jects who did not show a fall
>10 percent in FEy after being exposed to the aerosolization
device were exposed either Ofl the same day or on a subsequent
day to the particles by asking him to tip the dust from one tray to
another for periods 60 mm, except in five sul)jects who started
hyperventilating or refused to do the tipping for a period longer
than 15, 18, 30, 37, and 45 mm, respectively The reason for not
exposing sul)jects who reacted with the apparatus by the tipping
method is that the tipping method results in much higher c()ncen
trations than with the apparatus. It would therefore be very unlikely
that subjects had not reacted by the tipping while reacting with the

Table 1â€”Baseline Anthropometric, Clinical, and
Functional Results

CHEST I 102 I 2 I AUGUST, 1992 403

Copyright © 1992 by American College of Chest Physicians 
 on October 6, 2007 chestjournal.orgDownloaded from 

http://www.chestjournal.org


LastFirst PreviousSecond PreviousThird PreviousFourthPreviousExposureExposureExposureExposureExposure%

Fall% Fall% Fall% Fall%FallNo.AgentDurationFEyDuration
FEV1Duration FEVIDuration FEV,DurationFEy11Flour70'4330'

810 5. . . . . .. . ....2

3
4Psyllium

Guargum
Flour4'

2'
15'20

22
232'

17
1' 17

10' 151

16
45â€• 16

5' 540â€•

14
15â€• 6
. . . . . .15â€•

7
. . . . .

. . . ..5

6
7Psyllmum

Guar gum
Flour1

30â€•
15'30

25
2015â€•

11
15â€• 14
15' 151

breath 7
1 breath 7

15' 15.

. . . . .

. . . . . .

5' 10.

. . . .

. . . . .

2'108Flourt.
. .. . .. . . . . .. . . . . .. . . . . .. . . ..9Grain30'2415'

910' 75' 7. . . ..10

11
12Guargum

Psyllium
Flour2'

30â€•
2'21

35
282'

17
45â€• 15

1' 1540â€•

6
15â€• 13

1' 13lbreath

. . .
30â€• 6
15â€• 13.

. . . .

. . . . .

. . . ..13

14PsylliumPersulfate60â€• 30â€•20 5245â€•
19

15â€• 530â€•
13

. . . . . ..

. . 7

. . . . . ..

. . . .

. . . ..15Flour1

breath21. . . . . .. . . . . .. . . . . .. . . ..16

17
18Guargum

Psyllium
Flour15â€•

15â€•
8'22

20
3015â€•

8
1 breath 7

4' 5.

. . . . .

. . . . . .

. . . . . ..

. . . . .

. . . . . .

. . . . . ..

. . ...

. . . . .

. . . ..19Flour1'2740â€•

1215â€• 5. . . . . .. . . ..20Flour60'2060'

5. . . . . .. . . . . .. . . ..21

22TMAIFlour20â€• 2'51 2610â€•
5

1' 12.
. . . . .

. . . . . ..

. . . . .

. . . . . ..

. . . .

. . . ..23

24PsylliumRed cedar30' 5'25 2130'
13

5' 1620'
8

. . . . . ..

. . . . .

. . ..

. . . .

. . . . .

apparatus.
The meanÂ±SD concentrationofparticles at which subjects were

exposed was 2.99 Â±1.68 optical density (OD) as read on the
photometer. Considering the correcting factors that were obtained
previously to determine the relationship between the mass of
particles measured by the photometer and their actual weight and
which vary from 1.6 to 4.5 mg/cu m depending on the particles,@
subjects were exposed to concentrations below or close to 10 mg/
cu m, which is the recommended threshold limit valueâ€”short
term exposure (TLV-STEL). Keeping the concentration of particles
low was relevant in order to avoid nonspecific irritant reactions in
asthmatic subjects. The percentage of particles 10 @tm(respirable
dusts) varied from 30 to 87 percent depending on the dust as
detailed in a preceding article.@

FEV1 was assessed according to the standards of the American
Thoracic Society.Â° Methacholine or histamine inhalation tests were
done at the end of the control day. This was performed according
to a standard methodology with a nebulizer (Wright) (output =0.14
mi/mm) for 2 mm at tidal volume 12The provocative
concentration of methacholine or histamine causing a 20 percent
change in FEV was interpolated from the individual dose-response
curves.

Analysis of Results
Significant changes in FEV were set at 20 percent falls.

Predicted values for FEV1 were taken from Knudson and cowork
13 Atopy was defined as at least one immediate skin reaction to

15 inhalant allergens. Significant bronchial hyperresponsiveness
was defined at a PC 20 @16mg/ml.'@

Chi2 analysis was used in the statistical analysis of results.

RESULTS

Eighteen subjects experienced an isolated imme
diate reaction; five, an isolated late reaction; four, a
dual reaction; and two, an atypical bronchospastic
reaction (squared-wave pattern, ie, no significant re
covery after the immediate reaction until 8 h after
ending @5In 27 subjects, no significant
reaction was documented. Twenty-seven (93 percent)
of 29 subjects with positive inhalation challenges had

significant bronchial responsiveness as compared with
19 (73 percent) of27 subjects with negative challenges
(@2=4.9; pO.O3).

Twenty-four subjects experienced an immediate
component in their reaction, ie, either an isolated
immediate (n = 18) or a dual (n = 4) or an atypical
asthmatic reaction with an immediate component
(n = 2). Twenty (83 percent) of these 24 subjects had
maximum falls in FEY1 from 20 to 30 percent at the

time of the immediate component of the reaction.
Maximum falls in FEY1 were respectively 35 percent,

43 percent, 51 percent, and 52 percent in the four
remaining subjects, corresponding to changes in FEy1
from 2.4to1.6L, 3.2to1.6L, 3.7to2.1L, and 4.6
to 2.3 L. In most instances, the fall in FEY1 was

Table 2â€”Duratkm ofExposure and Reactions during the immediate Component in the 22 Subjects with Immediate and
Dual Reactions*

*The duration and percent fall in FEV1are given for the last exposure and every previous e@po@ureprovided that the changes in FEV1had
reached 5 percent.

tSubject 8 did not have a significant (<20 percent) change in FEV1 by this method and was challenged in the traditional wa' by asking to tip
flour from one tray to another.
@TMA= timellitic anhydride.
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progressive as shown in Table 2. Only three subjects
had brisk reactions: patient 15 after a single exposure
of one breath to flour, and patients 14 and 21 who
experienced changes in FEV1 >50 percent whereas
the previous exposure had caused falls of only 5
percent. In the five subjects who experienced isolated
late reactions, the maximum falls in FEy1 were
between 20 and 30 percent.

All subjects (n = 27) who did not have significant
reactions after exposure with the apparatus were
challenged in the traditional way by asking them to
tip the particles from one tray to@ Only one
of the 27 subjects (No. 8 in Table 2), exposed for 1 h
with the closed-circuit method after which the maxi
mum change in FEy1 was 9 percent, had a significant
fall in FEy1 with the traditional approach by tipping
flour for a total period of 8 mm.

DISCUSSION

It is reported that Charles Blackley was the first
author who performed specific inhalation challenges
using 16 Specific inhalation challenges were
used in the 20th century using common allergens by
various authors. 17-20Herxheimer@ described late bron
chial reactions after exposure to common allergens. In
the 1970s, Pepys and Hutchcroft' introduced this
procedure using occupational sensitizers by asking
subjects to reproduce their working environment in
small, well-ventilated cubicles. This procedure has
represented an immense adjunct in the investigation
of subjects with symptoms suggestive of occupational
asthma and in our understanding of the physiopathol
ogy of asthma. These tests are still regarded as the
gold standard in the confirmation of work-related
asthma.

There are, however, several pitfalls to this approach,
as discussed in a previous report9: (1) the level of
concentrations of the agents can be erratic and high
at times; this can result in unduly severe immediate
reactions@ and make the differentiation of â€œirritantâ€•
from â€œsensitizingâ€•reactions difficult, especially in
subjects with marked bronchial hyperresponsiveness;
the pattern of recovery from the bronchoconstriction
of immediate reactions caused by pharmacologic
agents@ or unconditioned air@ cannot be distinguished
from the one described for common or occupational
sensitizers for which the mechanism can be IgE or
non-IgE mediated;' (2) it is difficult to draw a dose
response curve since the concentration of particles
cannot be set; and (3) there are risks of sensitization
of the personnel responsible for the tests. We have
described previously an apparatus allowing exposure
to particles at stable, low concentrations and shown
that dose-response curves can be generated.9

We now extend the validation of the method of
aerosolization by showing that, in the majority of cases

(23/26[88 percent])dose-responsecurvescan be
generated resulting in maximum changes in FEY1 that
lie between 20 and 30 percent. This is also the
threshold that is aimed at using nonspecific inhalation
challenges to pharmacologic agents for which the
provocative concentration or dose causing a fall of 20

percent in FEy1 is required for a test to be positive .12.25
Moreover, we have shown that in general, this maxi
mum change in FEy, can be achieved in a progressive
way, by increasing the duration of exposure. Even if
we have not attempted to do so, it is reasonable to
assume that progressive increase in the concentrations
of particles would reach a similar goal. We have also
shown that there are very few instances of false
negative tests using this new methodology. All subjects
with negative challenges using the new method were
challenged using the conventional method of tipping
particles from one tray to another, which has been
shown to result in large amounts of particles.@ Only
one subject who had negative challenges with the new
apparatus had a positive challenge with the traditional
approach. Even if this subject had a positive skin
reaction to flour antigens and bronchial hyperrespon
siveness, it cannot be excluded that this reaction was
of an â€œirritantâ€•mechanism. We did not challenge
subjects by the tipping method if they had a positive
reaction with the new apparatus. It is indeed known
that the concentrations of particles are much higher
(nearly ten times more) by the tipping method,9 which
makes it very likely that they would have reacted using
the tipping method. It is also very unlikely that we
had false-positive reactions using the apparatus as we
kept concentrations low, therefore avoiding â€œirritantâ€•
bronchospastic reactions.

For agents in particles that are water soluble like
flour, dilutions of these agents can be used for specific

inhalation challenges.26 However, it is not sure that all
the antigens in flour are water-soluble. Moreover, even
if the antigen is water-soluble and can be used for skin
testing, it is not necessarily because someone has a
positive skin testing that he has developed occupa
tional asthma to this agent. Skin reactivity most often
reflects sensitization but not necessarily that the target
organ (bronchi) is affected . In a survey of pharmaceu
tical workers exposed to psyllium, we have shown that
19 percent ofthem had skin reactivity.3 However, only
4 percent of subjects had occupational asthma. Some
authors have advocated the use of skin testing and
bronchial responsiveness to pharmacologic agents to
predict the magnitude of the immediate reactions.27
The validity of the prediction reaches 80 percent for
common28'29 and occupational3Â° sensitizers whose
mechanism ofaction is IgE mediated. This means that
ifsomeone has immediate skin reactivity to an allergen
and increased nonspecific bronchial responsiveness,
there is an 80 percent chance that he or she is going
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to experience an immediate bronchoconstrictor re
sponse on challenge with this product. Moreover,
some agents used in challenging our subjects are not

water-soluble at higher concentrations (psyllium, guar
gum). For Western red or Eastern white cedar, the
active agent, plicatic acid, is not commercially availa
ble. Therefore, this apparatus is useful when it is
necessary to challenge subjects with particles.

Asthma is now the most frequent occupational
respiratory ailment in several countries as reported
by physicians3' or for sake ofmedicolegal purposes.32'@
In a national US survey ofmore than 6,000 individuals,
8 percent identified asthma as a personal medical
condition; 15 percent of all those with asthma attrib
uted it to workplace exposures.@

Considering the frequency ofthis condition and the
important sociomedical implications of the diagnosis,
it is mandatory to use objective tools to confirm the
diagnosis. As discussed in the introduction, neither
the medical questionnaire nor immunologic testing
nor the assessment of bronchial responsiveness is
sufficient to confirm the diagnosis. Monitoring of
PEFR is a more accurate tool, although it is open to
criticism due to the need for honesty and collaboration
from the subject. It is therefore expected that specific
inhalation challenges, either in the laboratory as de
scribed in this report or at work under direct super
vision, will be more often used in the confirmation of
the diagnosis.
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