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The overview of earlier research involving the psychological aspects of
respiration was prepared in the author's capacity as a consulting
psychologist to the Respirator Division, Los Alamos Scientific Laboratory,
Los Alamos, New Mexico. The psychometric and perceptual data presented in
this paper were collected in the author's capacity as a consulting
psychologist to the Department of Physiology, Texas College of Osteopathic
Medicine, Fort Worth, Texas. Details of this research protocol are
elaborated upon in the paper by Dr. Peter B. Raven which appears in the
Workshop Proceedings.

OVERVIEW

Industrial respirators offer protection for men and wonen who are required to
work in hostile environnments such as toxic and oxygen defici ent atnospheres.
Wile nmaj or advances have been nade in recent years with respect to inproved
face-mask desi gn and nodes of protection, there has been little effort
directed toward the devel opment of criteria for use in evaluating individual
fitness or ability to wear respirators in extrene environnents. This has |ed
Cooper (1974) to propose that specific evaluative techni ques be devel oped for
use in deciding whether or not a worker can wear a respirator. In other
words, the research and devel opnent on (1) air purifying respirators, (2
supplied air respirators, and (3) self-contained breathing apparatus (SCBA)
has focused on the_respirator conponent of the person-respirator interface.
There has been a tendency to view person variabl es as psychological in
nature, and nost authors witing in this general area often conclude their

di scussions with a section involving psychol ogi cal problens. The

psychol ogi cal vari abl es and problens referred to in these di scussi ons have
been addressed in a cursory manner, and there exists very little research
directed toward an understandi ng of the psychol ogi cal component of the
person-respiratorinterface.

The absence of systematic research involving the psychol ogical problens
associated with respirator wear should not be interpreted to nean that
authorities in the fields of occupational safety and heal th have not

recogni zed that psychol ogi cal probl ens exist. |ndeed, discussionwth
workers in this field readily points out the inportant role of

"psychological" factors, and these verbalized views are echoed in countless
publications (Pritchard, 1976). However, there does not appear to be a
singl e published investigation in a refereed journal dealing w th phobic
reactions or anxiety attacks of workers under conditions of sinmulated stress
or field observations. Furthernmore, if research were presented to support
the view t hat individuals who experience cl austrophobi a or anxi ety when
confined to snmall placed shoul d not be given jobs requiring respirator wear,
it would then be necessary that sone type of diagnostic tool be devel oped for
use by industrial physicians and others responsible for personnel selection.

According to Phillips (1978) scientific studies of human behavior in fires
are al nost nonexistent, and the mgjority of accounts avail abl e consi st of
anecdot es on behavior that are not well docunmented or even docunented at
all. Phillips (1978) has al so enphasized that it is very difficult to

di stingui sh between behavior resulting fromstress per se and that due to
snoke i nhalation. This succinct reviewof literature dealing with the



effects of smoke on human behavi or concludes with a di scussion of behavior in
fires with special reference to (1) fear, (2 panic, (3 trained and

untrai ned behavior, (4 previous fire experience and (5 the extent to which
behavi or nodification can result from know edge, intelligence and sense of
responsi bility. This particular paper inplies that workers who possess
undesirable traits at the tine of entrance to the work force can be
identified and trained to overconme these shortcomings. Again, however, it is
inportant to realize that such an approach could only be initiated after
valid diagnostic tools were made avail abl e.

There seens to be general agreement that "wearer confort" represents a
crucial consideration in the selection of respirators. Douglas et al.
(1976), for exanple, have pointed out that everyone who wears a respirator
experiences sone disconfort. The distress associated with work in an extrene
environnent is accentuated by wearing a respirator according to these
authors. The anount of distress is dependent on various factors such as (1)
type of facepiece (i.e., full, half, or quarter facepi ece devices), (2
powered versus non-powered units, and (3) open versus closed circuit
devices. Vision is restricted to sone extent with all devices, and this can
lead to "tunnel vision" or perceptual narrow ng (Landers, 1978). This
response can in turn lead to the production of anxi ety and hyperventilation,
and these responses can be due in part to restriction of the visual field.
In other words, perceptual narrow ng due to facepi ece devices coul d provoke
an anxi ety response in certain individuals above and beyond the stress

i nduced by heavy physical work or firefighting. This response generally
leads to a decrenent in performance, but "tunnel vision" is also know to
facilitate physical performance in certain settings (N deffer, 1978). The
process, therefore, is rather conplex, and elimnation of "tunnel vision"

m ght or m ght not represent a sound safety neasure. A nore appropriate
approach would seemto involve identification of "responders" or individuals
who "overreact" to stress.

It is also recognized that breathing is difficult, ventilation across the
face is limted, novenent is restricted because of the cunbersone nature of
nost equi pnent, and sinply wearing a respirator adds to the energy cost of
exercise which in turn accentuates the effect of working in a hot
environment. It has also been pointed out by Douglas et al. (1976) that
inproperly fitted nasks may create "pain spots' that becone intolerable. A
mal functioning or inproperly designed valve may restrict breathing or
irritate the wearer by flicking and popping. Communication is restricted,
and this can becorme unpleasant and add to existing hazards while working in
extrenme environments. At least one "person variable" of a non-pathological
nature is known to inpair respirator performance. Mles w th excessive
facial hair (i.e, facial stubble, sideburns, and beards) cannot obtain the
sane degres of respirator perfornance as clean shaven individuals owng to
the interference of facial hair with the respirator seal (Hyatt et al., 1973).

Wen all the factors described under the rubric of "wearer confort" are
considered collectively, it is easy to understand why the willingness to wear
and to nmake proper use of respirators represents a significant problem ne
solution to this problem of course, is to pay attention to all these factors
when selecting equi pnent. According to Douglas et al. (1976) ". . . nost
peopl e nmay be provided with respirators that do not cause undue distress and
that will effectively protect the wearer (p. 33)."
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It has been enphasized by Davis and Held (1978) that use of breathing
apparatus at the scene of fires nmust be increased in order to protect the
firefighter at all tinmes rather than reserving their usage for tines '"when
the snoke is thick.'" These investigators have also noted that such an
approach wi Il reduce the high rates of inhalation injury and nortality at the
scene of fires as well as across the firefighter's working career. Phillips
(1978) has recently reinforced this viewpoint and goes on to present a
convincing argument for the necessity of wearing breathing apparatus when
fighting fires where there is invisible snmoke (fire gases) as well as visible
snoke (particul ate matter). Certain invisible gases such as hydrogen
chloride gas (HL) are readily detectable owing to the strangling sensation
that is i mmediately produced. Unfortunately, the victumis usually

i mobilized and escape is restricted. Oher common chem cal conmpounds cal |l ed
ket ones cause little lung trouble, but these hypnotic, narcotic and
anesthetic gases produce confusion and unconsci ousness when they reach the
CNS. Also, carbon nonoxi de, a colorless, odorless, tasteless gas, has been
viewed as a najor killer of fire victinms for nany years

The position advanced by Davis and Held (1978) and Phillips (1978) nakes it
clear that firefighters nust sonmehow be notivated to wear breathing apparatus
when fighting fires. This problem of course, is not limted to

firefighters. |t has represented a problemin various industrial settings
for many years. Cooper (1962) has comented that,

. « . anmn who knows that he will not see his wife and famly again
unl ess he wears a respirator will tolerate nmuch nore resistance than
say, a mner who is told that if he wears a dust filter on every shift
for the next 10 or 20 years, his chances of devel opi ng pneunoconi 0si s
will be reduced.

The advant age of wearing protective devices in such settings are wel
document ed, but some workers are sinply not willing to tolerate the daily

di sconfort associated with the wearing of protective devices. In nany
respects, this problem seens to be sonewhat anal ogous to tobacco usage.

Short term damage is not apparent to the snoker, and sone snokers do not
seemto devel op serious health problenms despite the casual |ink between
snmoking and lung cancer. At any rate, notivating workers to wear protective
devi ces when the apparent acute risk is minimal represents a nmajor research
chal | enge

Anot her far nmore serious issue relates to the problemof firefighters who
take pride in being a 'smoke-eater." Davis and Held (1978) have recomended
that firefighters nmust be educated concerning the fact that lethal toxic
materials are not al ways detectable by smell. Also, as Phillips (1978) has
enphasi zed, toxic materials can be present even though the snoke is
invisible. Furthernmore, cellulose, one of the nost common materials used in
Anerican hones, produces 175 breakdown products, and only about 150 have been
identified. The effects of exposure to nany of these products, absorbed
singly for 5-30 mnutes, are not known. Fatalities have occurred in snal

home fires, in one case involving plastic curtains and another involving a
bean bag chair. Davis and Held (1978) have enphasized that hone fires are no
| onger of the 'wood and paper" variety. That is, they involve synthetics

whi ch deconpose to produce toxic products. The need to motivate firefighters
to wear protective devices seens to be a significant problem
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There are obviously many reasons why individuals who are placed in
potentially toxic atnospheres el ect not to wear protective devices. First,
as noted by Douglas et al. (1976), these devices are not confortable.

Second, many individuals have learned that they can work in certain
environnments without wearing a breathing apparatus, and they do not
experience imediate effects. An individual who routinely disconnects and
connects chlorine cylinders, for exanple, mght elect not to wear a
protective mask because he or she has done so on many occasi ons without being
confronted with nmajor |eaks. However, once exposed to a serious |eak such an
i ndi vidual m ght be imobilized and unable to escape. The possibility of
such an occurrence m ght be consciously entertained fromtime to tine, but in
all likelihood it is repressed. |In other words, individuals apparently
"decide'" at a conscious or pre-conscious |level not to tolerate the disconfort
and nui sance associated with the wearing of a protective mask in such a
setting. The challenge, as noted earlier, seens to be one of nmotivating
individuals to wear protective devices in potentially toxic environments
Prior to constructing notivational strategies it would seemappropriate to
first review the factors thought to be responsible for the devel opment of

di sconfort while wearing masks. Such an approach should ultimtely be of
value in addressing the notivational issue.

The subjective disconfort associated with respirator wear has not been
studi ed systematically, but it is widely agreed that wearer confort
represents a crucial issue in facilitating use of protective devices.
Shephard (1962) has reported that all physiological problens associated with
respirator wear were rather nminor in conparison to the psychol ogica
response. The psychol ogical response in this study referred to a feeling of
"claustrophobia' and additional distress arising fromaccunul ation of sweat
and pressure on the skin surface.

Research by Bentley et al, (1973) suggests that 90 percent of a given

popul ation should not experience disconfort when breathing through a

| ow-resistance systemif the pressure across the apparatus does not exceed 17
cm H0. This finding provides a possible clue to understanding the
breat hi ng probl enms encountered by sone individuals when wearing respirators.
First of all, a general observation in psychonmetric research consistently
reveal s that at |east 10 percent of any given population are found to
mani f est various psychol ogi cal problens such as depression or anxiety states
that are regarded as clinically significant. Hence, even though 90 percent
of a given popul ation would not experience disconfort at a given pressure, it
woul d not be unconmon for certain types of individuals (e.g., anxiety
neurotics) to experience anxiety attacks under identical circumstances. The
chal l enge woul d seemto be one of screening such individuals out of jobs
requiring respirators as proposed by Pritchard (1976), or identification and
treatment of such individuals prior to exposing themto such jobs. As
mentioned earlier, such an approach would require that valid diagnostic tools
first be developed. This possibility will be examned in nore detail in a

| ater section of the present review
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A comprehensive volume titled Design and Use of Respirators (Davies, 1962)
summarizes the major problems associated with respirator wear. In the
introduction to this edited volume Davies (1962) emphasizes that modern
filters and absorbers are quite effective, but '"the main limitations of a
" respirator are facepiece leakage, breathing resistance, poor speech and

vision, and discomfort." It has also been noted by Davies (1962) that it is
much easier to correct the above deficiencies for the operator of a machine
than it is for an active laborer. In this context it is easy to understand

why a man or woman who is required to work at 200 watts may suddenly remove a
face mask as a consequence of breathing discomfort. According to Astrand and
Rodahl (1970) ventilation increases in a fairly linear fashion with

increasing work loads, but the slope of this function becomes much steeper
during heavy work. The basis for this increase in ventilation at higher work
loads is not entirely understood. The relatively small changes in PO,

Pco2 @and hydrogen ion concentration in the arterial blood cannot explain

the hyperventilation observed in heavy work (Astrand and Rodahl, 1970). At
any rate, the phychophysiological consequences of hyperventilation, as
described elsewhere in this review, clearly lead to performance decrements
and enhanced safety risks. In other words, heavy exercise per se produces
hyperventilation, and there is evidence suggesting that wearing a face mask
accentuates the hyperventilatory response.

It has been reported by Astrand and Rodahl (1970) that a patient may perceive
a pulmonary ventilation of 100 1/min as quite disturbing, whereas an athlete
may not be consciously disturbed while exercising at ventilatory minute
volumes of 200 1/min. Astrand and Rodahl (1970) have indicated that it is
not clear why respiration becomes troublesome, but it is not governed by the
magnitude of ventilation per_se.

EXERCISE CONDITIONS

There is not a great deal of available information concerning the perception
of breathing during exercise, and most of the available evidence is of an
indirect nature. Investigators have been primarily concerned with the study
of perceived exertion or "effort sense"” during exercise, and the contribution
of ventilation to the effort percept has been examined.

Individuals who are required to perform hard physical work under both neutral
and extreme conditions tend to make decisions about the intensity at which
they will work, as well as the decision to continue or cease work, on the
basis of various bodily sensations. The sensation of effort has been labeled
"perceived exertion,"” and Borg (1973) has developed a psychophysical category
scale for use in quantifying effort sensation or sense. The 15-grade

category scale developed by Borg (1973) has verbal anchors associated with
the odd numbered items, and it is intended to serve as an indicator of

somatic stress.

The original formulation of the perceived exertion model by Borg (1973)
proposed that somatic stress, as measured by heart rate (HR), was equal to
the rating of perceived exertion times 10. The categories range from 6
through 20, and the odd numbers are followed by verbal anchors (7 = very,
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very light; 9 = very light; 11 = fairly light; 13 = sonewhat hard; 15 = very
hard; and 17 = very, very hard). The nodel predicts that sinply adding a
zero to any given rating yields an estinmate of cardiac frequency at a given
work | oad. In other words, a person's heart rate should be 120, 140, 160 and
180 bpm when rating work intensity as 12, 14, 16 and 18. This nodel has been
found to be a good approxinmation in experinental research involving
progressive increnents in work intensity, but it has not been accurate for
eval uations of strain during steady state work. Various physiol ogica
nmeasures such as heart rate, blood |actate, ventilation, catecholamine
production, and skin tenperature have been reported to correlate
significantly with perceived exertion in various studies. Respiratory
neasures have proven to be one of the npbst consistent predictors of perceived
exertion during steady state work. The present section contains a review of
research dealing with the ventilatory correlates of perceived exertion. This
research has been carried out in |aboratory settings with normal individuals
cycling ergoneters, or running and/or wal king on notor driven treadmlls

Test subjects have not been required to wear paks in this research, and
ventilatory nmeasures have been obtained in a classical nanner. That is,
exercising subjects have breathed through |ow resistance valves while wearing
nose clips. These findings nay, therefore, not be directly generalizable to
the case of an individual performng hard physical work while wearing a SCBA,
but inferences should not be unduly restricted either. Research is currently
underway (P.B. Raven, TCOM) that addresses this issue in a systematic nmanner.

It has been reported by Pandolf et al. (1972) that perceived exertion ratings
obtai ned during bicylce ergometry were significantly correlated with
ventilation (r = 0.78) and respiration (r = 0.60). 1In a related
investigation by Noble et al. (1973) an attenpt was made to eval uate which of
several physiological variables accounted for the greatest anount of variance
in predicting perceived exertion ratings. By neans of a nmultiple regression
analysis it was found that ventilatory mnute volune was the strongest
predictor at 5 (r = 0.56) and 15 (r = 0.75) nminutes into an exercise bout
perforned in a neutral environnent. Respiration rate, however, was found to
be the strongest predictor (r = 0.65 of perceived exertion ratings obtained
at 30 mnutes. Conparable findings were reported by these investigators when
their subjects were exercised in the heat, but the correlations were sonewhat
lower owing to a greater contribution by skin tenperature. These findings
suggest that subjects seemto cue on volume during the early phase of a
30-minute exercise bout, but their attention seens to shift toward rate |ater
i n work.

The results of Pandolf et al. (1972) and Noble et al (1973) have been
supported by Kamon et al. (1974) (1974) who eval uated effort sense and

sel ect ed physiol ogi cal variables of subjects performng bicycle erogmeter
wor K. These investigators observed correlations of 0.77 and 0.47 for
ventilatory mnute volune and respiration rate, respectively. Kamon et al.
(1974) suggested that sensations arising fromreceptors in the lungs and
chest wall nmay provide significant input to effort sense. It is quite
possible that the role played by ventilation in formng judgenents of strain
is governed by one's physical fitness. Support for this view is provided by
Stanford and Nobl e (1974) who, unlike earlier investigators, reported that
ventilation was not an inportant cue. Their test subjects, however
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possessed an above average |evel of aerobic power (MMP = 61 ml/kg-min), and
the work | oad of 960 kpm may not have provided a significant ventilatory
stimulus to effort sense.

A significant bivariate correlation of 0.52 between ventilatory mnute volume
and perceived exertion has been reported by Mrgan and Pollock (1977). Thei r
test subjects consisted of elite distance runners who were required to run at
speeds of 10-12 mph on a motor-driven treadml|. In other words, ventilation
becomes a significant cue even for individuals with above average aerobic
power when the netabolic cost of work is high.

A number of studies have been conducted in which ventilation has been
mani pul at ed during exercise, and the effects of such ventilatory alteration
on ventilation has been examined. Pederson and Welch (1977), for exanple,
eval uated test subjects under control and hyperoxic conditions as they
performed work on a bicycle erogneter. Perceived exertion was significantly
lower for these six male subjects at work |oads of 75, 150 and 225 watts
while they were breathing a 50 percent oxygen m xture. Ventilation and bl ood
| actate were significantly reduced at each work | oad. Pederson and Wel ch
(1977) concluded that decrenents in perceived exertion may be due in part to
reduced ventilation, and these observations offer partial support for the
correlational evidence presented earlier.

The results of Pederson and Welch (1977) are contradicted by the report of
Allen and Pandol f (1977) who admi nistered 50 percent and 80 percent oxygen

m xtures to subjects who ran on a treadm |l for 10 m nutes at 50 percent and
80 percent of their maximal aerobic power on two separate occasions. Twel ve
mal e subjects participated in this study and significant decrements in
perceived exertion were observed for both hyperoxic conditions when conpared
to normoxic runs. These investigators, however, did not observe a reduction
in ventilatory mnute volune or respiration rate. Pederson and Wel ch (1977),
as well as nost investigators studying the effects of hyperoxic mxtures

have noted reduced exercise ventilation during hyperoxia. Hyperoxic m xtures
containing 50 percent and 80 percent oxygen were found to reduce bl ood
lactate by both Pederson and Welch (1977) and Allen and Pandol f (1977).
Furthermore, Mrgan and Pollock (1977) reported a correlation of 0.61 between
bl ood | actate and perceived exertion in their study involving treadml|I

r unni ng. These results suggest that cues arising in the working nmuscles my
be of considerabl e inportance

Anot her approach to the study of perceived exertion and ventil ation has

i nvol ved the use of increased carbon dioxide levels in the inspired air.
Cafarelli and Noble (1976), for exanple, adm nistered air containing 2
concentrations of 1.75% and 3.50% to subjects who exercised on a bicycle
under one condition and a treadnm || on another occasion. Ventilatory mnute
volunmes were significantly higher for the increased (2 conditions when
compared to control values, and the condition involving 3.50 percent 2
resulted in higher ventilatory values than the 1.75 percent (02 condition.
Perception of effort was found to be significantly higher while running under
the 3.50 percent 2 condition in conparison to the control run, but none

of the other differences were significant. These investigators concl uded
that ventilation does not have a great deal of inpact on effort sense when
exercise intensity falls below 50 percent of maximal aerobic power, but
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ventilation nay be an inportant cue at hi gher work loads. This study nust be
regarded cautiously, however, since pul nonary physiol ogists view altered
ventilation followng a C0, challenge as being substantially different, in

a physi ol ogi cal sense, fromexercise induced hyperpnea (Dempsey, 1979).

Rat her than altering physiol ogical variables in an attenpt to study percei ved
exertion, an alternative strategy would be to alter perception itself and
then eval uate physi ol ogi cal changes. This approach was taken by Mrgan et
al. (1973) and Morgan et _al. (1976) who adm ni stered hypnotic suggestions of
easy and difficult work to test subjects as they exercised at a constant work
load of 100 watts. Perceived exertion was systematically increased and
decreased in these studies follow ng hypnotic suggestion, and these
perceptual changes were consistently associated with changes in ventil at ory
mnute volume. In other words, it appears that ventilatory cues are not
[imted to conditions of heavy work al one.

SUMVARY

The research reviewed in this section suggests that subjective judgenents of
percei ved exertion or effort sense are based in |large neasure on ventilatory
cues. This evidence is based upon research involving both mani pul ati on of
ventilation and perturbation of effort sense itself, as well as correl ational
data. Qorrelations ranging from0.52 to 0.78 have been reported between
percei ved exertion and various ventilatory measures. This neans that

approxi mately 27 percent to 61 percent of the variance in perceptual ratings
can be explained on the basis of ventilation alone. Qher physiological
factors such as blood |actate are known to influence effort sense. A so, it
has previously been denonstrated that psychol ogi cal variabl es such as
extroversion, neuroticism anxiety, depression and sonmatic perception are all
correlated with perception of effort (Mrgan, 1973). In other words, a
psychophysi ol ogi cal nodel accounts for the greatest anount of variance.
Nevert hel ess, ventilation alone represents a crucial variable in the
formation of effort perception, and this represents an extremnely inportant
consi deration for men and wonen who are required to wear industrial
respirators while performng hard physical work. The followng section will
sunmari ze research dealing with subjective effects of wearing various
respirators.

PSYCHOPHYS OLGd CAL BEFFECTS OF WEARI NG RESPI RATCRS

e of the first psychophysiol ogical investigations involving the influence
of respirators on perfornmance and "subjective" factors was reported by
Shephard (1962) who found that respirator wear was associated with (1) a
decrease of 2-10 percent in psychonotor perfornance, (2 a reduction in

maxi mal physical capacity of less than 4 percent, and (3) a decrement of 8-9
percent in negotiation of an obstacle course. This |led Shephard (1962) to
conclude that "prolonged wearing of a respirator is limted nainly by

subj ective factors (p. 51)." Furthernore, Shephard went on to state,

Al of the physiological problens considered are relatively mnor under
nost circunstances in which the respirator is worn for a long period, and
the limting factor is usually not the physiological cost, but the sunmed
psychological response to a feeling of "claustrophobia" and a variety of
snmall but irritating disconforts such as accurul ati on of sweat and
pressure on the skin (p. 60)*
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All individuals who wear respirators, however, do not devel op a sensation of
claustrophobia. In this connection it is of interest to note Senneck's
(1962) report that while most subjects find a given external respiratory work
to be acceptable, '"a few record a noticeable resistance at |ower levels."
The situation invariably reduces to a matter of individual differences.
Shephard's (1962) proposed solution to this overall problemis to increase
tolerance for respirator wear through "training' but steps to be followed in
"training" are not spelled out. Also, it is conceivable that "training"
coul d becone aversive for the |arge number of subjects who normally do not
experience intol erable disconfort. It mght be nore efficacious to identify
the small percentage of individuals who experience problens and attempt to
increase their tolerance levels. Shephard's (1962) view that accunul ation of
sweat and pressures on the skin represent sources of disconfort has been
proposed by others. Snook et al. (1966), for exanple, conducted an
experinment in which five different forces were applied to twelve different
facial |ocations. Twel ve subjects performed psychophysical judgenents, and
it was found that facial locations differ in sensitivity to force. The
differences in force were not considered to be great enough to warrant
changes in facepiece design, however. In other words, it is generally agreed
that facepieces serve as a source of irritation for nost wearers, but this

di sconfort is usually tolerable for nost people. Shephard's (1962) proposa
of "training" subjects to increase tolerance appears viable, but this does
not elimnate the need to insure that the person-respirator interface be as
confortable as possible.

The acceptable level for breathing resistance of respiratory apparatus has
been studied by Bentley et al. (1973). The tolerance of added externa
resistance to inspiration was investigated in 158 m ne rescue workers during
exercise. An attenpt was made to determ ne whether peak inspiratory
pressure, mnute volunme or respiratory work rate was best correlated with
subj ective tolerance of resistance. It was concluded that excessive pressure
exerted during inspiration was the major factor in determ ning subjective
tol erance. Bentley et al. (1973) concluded that 90 percent of the

i ndi vidual s who are required to breathe through an apparatus with |ow

resi stance expiratory valves should not experience disconfort if pressure
across the apparatus does not exceed 17 cm H,0. What about the 10 percent
of a given popul ation who experience disconfort? Are these the same type of
individuals referred to in the paper by Senneck (1962)? Is it appropriate to
classify these individuals as '"responders"? It is possible that these

i ndividuals are also the 10 percent in any given popul ation who suffer from
anxi ety and depression of clinical signficance. Are these individuals
hyperventilators? |s this the 10 percent of a given popul ati on who cannot
accurately perceive exercise intensity? Can these individuals be
identified? 1Is it possible to nodify the behavioral style of a "responder"
once he or she is identified? These issues are pursued in each of the
sections of this review, as well as the final summary section.

There seens to be general agreenment that physical endurance is inpaired when
one is required to wear a respirator. The exact reason(s) for the inpairnent
are not entirely understood. The mere weight of a unit will play a
significant role in decreasing performance, but there are clearly other



forces at work. Caig et al. (1970) attenpted to identify the basis for an
exerci sing subject's awareness of inpending exhaustion. In this
investigation 13 nen were required to work on a treadm || at grades up to 22
percent and they breathed against inspiratory resistances of 1.5 and 15.5 cm
H20/liter/second and expiratory resistances of 20 and 3.9 cm
Hyo0/liter/second. The influence of inhaling carbon dioxide m xtures of
3.1-3.9 percent was also examined. Endurance tinme averaged 11.3 mi nutes
whil e subjects breathed roomair at inspiratory and expiratory resistances of
1.5 and 2.0 cm H90/liter/minute, respectively. Endurance tine decreased to
6.9 m nutes when 2 m xtures of 3.1-3.9 percent were added to the inspired
air. Increasing the inspiratory resistance to 15.5 cm Hy0, with roomair
bei ng breat hed, reduced endurance time to 5.1 mnutes. The increase in
resistance from1.5 to 15.5 cm Hy0/liter/second shortened endurance time
nore at the easier than the harder grades. The fraction of Q2 in expired
air, oxygen debt, and pressure swings differed widely at the tine of
exhaustion under various conditions of resistance and inhaled gas. These

di fferences were acconpanied by wide differences in the inspiratory phase,
but the duration of the expiratory phase remained the same under various
conditions. These findings offer additional evidence for the necessity of
obt ai ni ng subjective judgenents in a consistent nanner which considers
respiratory phase; that is, sensations arising during the inspiratory and
expiratory phases seemto differ. Craig et al. (1970) concluded that an
individual's awareness of inpending exhaustion appears to be influenced by
the approach to a mninumtine for expiration

The question of whether or not performance decrenents provoked by wearing a
mask can be nminimzed by training has been studied by Martin (1972). In this
i nvestigation four mal e subjects conpleted 16 tests over a period of five
weeks. The subjects cycled on a bicycle erogneter at a rate of 50
revolutions/minute and a resistance of 100 watts until self-inposed
exhaustion. A nonetary reward was used as an incentive for the subject wth
the best perfornmance, and each subject conpleted eight trials while wearing
the NBC 56 respirator and another eight trials without the mask. A dry

bul b/wet bulb tenperature of 35/25°C was enployed for all trials.

Endurance times increased significantly from29.8 to 33.4 ninutes for the
eight trials involving the nmask, and performance increased from33.0 to 41.9
mnutes for the trials in which a mask was not worn. I n ot her words,
endurance time was significantly [ower when wearing a nask, but training
produced a significant increase in performance under both the nask and

control conditions. Martin (1972) concluded that training will inprove
exercise performance, but it will not elimninate performance decrenments due to
wearing a nmask. It should be enpasized, however, that training resulted in a

mean endurance tinme of 33.4 minutes for the mask condition which was
essentially the sane as the pre-training endurance val ue of 33.0 m nutes
observed for the subjects wi thout a nmask.

The recent report by Raven et al. (1977) probably involves the npst

conpr ehensi ve exercise study conpleted to date. |In this investigation
fifteen adult nmales participated in a maximal treadnill test on four
occasions. Mximal exercise was perfornmed (1) while wearing a Scott Air Pak
(SAP) in the '"demand" breathing mode; (2 while wearing a SAP in the
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"pressure-demand' breathing mode; (3) while wearing a SAP with the face mask
removed; and (4 without the SAP respirator. A performance decrenent of
approxi mately 20 percent was observed for all the conditions involving the
SAP respirator. Since condition (3) above did not involve a face mask, it
may be concluded that the added weight of the SAP respirator (15.8 kg) was
responsi ble for the performance decrenent. However, the summary of

subj ective responses reported as the reason for term nating exercise reveal ed
di fferent perceptual cues were operating in the four conditins. The reasons
gi ven for stopping when subjects did not wear a SAP, or wore the SAP without
a face mask, consisted of leg pain and general fatigue. In other words,
there were no respiratory synptons presented for these trials. However, four
subjects reported a sensation of claustrophobia as the basis for stopping
while wearing the SAP in both the "pressure demand" and "demand" nodes.

Ei ght of the subjects reported that "lack of air" was responsible for

term nating exercise while wearing the SAP in the "denmand" breathing node
These observations are quite interesting in that they rule out a weight by
mask interaction effect; that is, performance decreased while wearing the SAP
i ndependently of whether or not a mask was worn. Interestingly, while the
performance decrement was conparable under all SAP conditions, the reasons
for stopping differed

Wearing protective nasks while fighting fires would protect firefighters
against the loss of pulnonary function. Why do firefighters elect not to
wear protective breathing devices? A possible clue cones fromthe work of
Raven et al. (1977). These investigators found that performance did not
decrease while wearing a SAP respirator but a far greater degree of breathing
di stress and disconfort was associated with the wearing of a SAP, especially
in the "denand" breathing mode. 1Investigators have often described

subj ective conplaints such as "lack of air," '"claustrophobia," and so on as
"psychological problens. Raven et al. (1977) have pointed out that
manufacturers generally supply val ves capable of delivering 400-500 1/min
flow, but "peak respiratory flow rates may exceed 720 1/mn." This would
nean that the demand valve would be unable to supply the necessary air in a
given respiratory cycle. While this could clearly lead to "psychol ogical"
probl ems, the problemwould not be psychological, but rather it would be
mechanical. In other words, the answer would seemto be devel opnent of

i mproved val ves rather than training "responders" to cope with an inadequate
breathing val ve, or screening "responders" out of the work force

An unpublished report by Myhre (1979) addresses the issue of respirator
effects in a different manner. In this experinent: 21 mal es exercised for 10
mnutes on a treadm |l at 3.3 mph with inclines altered to require a cost of
50 percent, 65 percent and 80 percent of each subject's maxi mal aerobic
power. These exercise intensities were evaluated on four occasions. A
control session was conpared with responses obtained when the subjects
exercised while wearing a Scott Air-Pak (SAP) (1) with the facepiece absent;
(2 in the "demand" breathing nmode; and (3) in the "pressure demand"
breathing node. All testing was carried out according to a table of random
nunbers. Physi ol ogi cal neasurenents were perforned during the exercise and
recovery, and the subject conpleted a series of self-report questionnaires
desi gned to measure various subjective sensations follow ng each ten-mnute
exercise trial.
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Perceived stress ratings were obtained by neans of a psychophysical scale
ranging from6 to 22. The work |oads of 50, 65 and 80 percent of V02 max

yi el ded nean stress ratings of 9.7, 12.6 and 16.0, respectively, and these
differed significantly as expected (P less than .001). However, the nean
stress ratings for the '"pak alone," 'demand mode," and "pressure denmand mode"
did not differ (i.e., 12.8, 12.8 and 12.7).

Ease of inspiration and expiration was rated on a scale ranging from1l to 7
(easy to hard). This analysis revealed that the "pressure demand" regul ator
was perceived as less resistant during inspiration than the "denand"

regul ator for the 50 percent and 65 percent work | oads, but the two nodes
were rated as conparable at the 80 percent work load. Ratings of resistance
did not differ for the expiratory phase

The results of this unpublished report by Myhre (1979) are in close agreenent
with those of Raven (1977). Waring of a SCBA alone resulted in an increased
energy cost of 17-20%, but this increase was not due to respiratory stresses
i mposed by breathing in the "demand" or "pressure demand" nodes. That is,
the increased energy cost was due to the weight (15 kg) of the SCBA 1t
shoul d be kept in mnd that Mhre (1979) eval uated physiol ogical and

subj ective responses to relative work |oads carried out for a fixed period
(i.e., 10 minutes). Results froman experinent of this nature cannot be
readily conpared to those of one in which test subjects are required to
performuntil self-inposed exhaustion occurs. Therefore, the observation
that physiol ogi cal responses and subjective ratings generally did not differ
as a function of breathing valve, nmay not apply to situations where work is
carried out for longer periods of tine.

It will be recalled that Raven et al. (1977) reported that eight of their 15
test subjects reported that "lack of air" was the reason they stoped exercise
while wearing the SAP in the demand" breathing mode, whereas none of the
subjects reported this as the basis for termnating exercise while in the
"pressure demand" node. In this context it is of interest to note that Mhre
(1979) found the "pressure demand" node was perceived as significantly |ess
resistant than the "denmand" mode for the inspiratory phase of work perfornmed
at 50 percent and 65 percent of VO, max. It is conceivable, therefore

that subjects in Myrhe's (1979) study may have experienced performance
decrenents while wearing the SAP in the "demand" node had the exercise
protocol involved long-termwrk to exhaustion. Firefighters are, of course
often required to work for periods of time much longer than 10 minutes. On
the other hand, the subjects in the experinment by Raven et al. worked to

sel f-inposed exhaustion, and while the "demand" node was characterized by
greater breathing difficulties, nean performance times were not influenced by
type of breathing valve

SUWARY

Research involving the psychophysiol ogical effects of wearing respirators
whil e exercising is in agreenent on several points, but disagreenent appears
to exist in several areas. It is extrenely difficult to evaluate the points
of disagreement, however, since (1) different types of respirators have been
i nvol ved, (2 differing exercise protocols have been utilized, (3) various
environnental conditions have been enployed, and (4 different sanples of
subj ects have been studied
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There is substantial agreement on a number of points, however, and these will
now be reviewed. First of all, there is unaninobus agreenent that wearing of
sel f-contai ned breathing apparatus (SCBA) during exercise produces a variety
of subjective sensations associated with breathing. Second, SCBA enployed in
the "demand'" breathing node appear to create a greater number of breathing
difficulties than does the "pressure demand" node. Earlier investigations
reveal ed that physical work capacity was reduced between 4 percent and 20
percent while wearing a SCBA, but nore recent work reveals that perfornmance
decrenents are caused by the weight of SCBA per se, not the disconfort
associated with resistance produced by breathing valves. Third, while
endurance perfomance is not apparently influenced adversely by nodern day
respirators, it appears that psychonotor performance and the commi ssion of
"errors'" may be signficantly influenced; that is, information processing and
deci sion making seemto be inpaired. This needs to be studied in greater
depth. Fourth, there is evidence that physical perfornance can increase
significantly when subjects are retrained to wear SCBA while exercising.
Fifth, it appears that approxinmately 10 percent in any given sanple of test
subj ects experience considerable difficulty while wearing respirators during
exerci se. This figure is undoubtedly attenuated due to volunteerism. That
is, the actual percentage is probably higher in the "non-volunteer" sector.
At any rate, the nature or "traits" that characterize the 10 percent who
experience serious breathing difficulties are not understood at this tine.
Information presented in later sections pernmits one to speculate that factors
such as anxiety, depression, extroversion, Q2 sensitivity,

hyperventilation syndrone, training, learning and so on nay influence the
perceptual response to wearing SCBA during exercise. Sixth, there is some
evidence that reponses during the inspiratory and expiratory phases of the
respiratory cycle may be characterized by different perceptual exponents, and
this should be studied in greater detail. Seventh, there is some evidence
suggesting that physical performance of snokers is significantly | ess than
that of non-snokers who are required to exercise at maximal levels with and

w thout a SCBA It should be kept in mind, however, that firefighters in
general have reduced pulnonary function in contrast to the genera

popul ation, and this decreased pulnmonary function has been reported to be
directly proportional to the frequency of exposure to fire, not age or
snoking habits. This observation enphasizes the necessity of devel oping
educational and notivational programs designed to facilitate respirator wear
during firefighting activities. Eighth, there is some evidence that
respirators generally have supply val ves capable of delivering 400-450 1/min
flow, but peak flow may exceed 720 1/mn. Hence, anecdotal information
obtained in firefighting events which have been | abelled as "psychol ogical"
reactions or problems, may well have been due to the very real sensation of
suf f ocat i on. Hence, the decision of an experienced firefighter to suddenly
renove a nmask while fighting a fire may stem fromthe problemof restricted
flow Ninth, and perhaps the nost inportant observation of all, is the stark
realization that all existing data are based upon | aboratory experinents

i nvol ving healthy, young adult males, who volunteer to participate. There
has been no attenpt made to denmonstrate the extent to which the findings can
actually be generalized to the popul ation of individuals to whom the
generalizations are invariably inferred. This problemof ecological validity
shoul d be addressed in a systematic fashion
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The remainder of this review consists of experinmental and theoretical
literature dealing with the "psychological' aspects of respiration. While
much of this material does not deal directly with the problemof wearing
respirators, it does deal with published information dealing with the
"psychol ogy of respiration." It is hoped that this material will provide the
basis for further work in the study of ways in which the wearing of self
contai ned breathing apparatus (SCBA) can be nade safer for the men and wonen
who are required to wear a SCBA under extrene conditions such as those
provoked in many firefighting situations. The following section deals with
the psychonetric correlates of respiration. VWhile this literature does not
deal directly with the problens associated with respirator wear, it does
suggest that certain "types" of individuals are nore likely to experience
probl ens than others when subjected to stress

PSYCHOVETRI C CORRELATES COF RESPI RATI ON

It is well docunented that alterations in respiration can be readily provoked
by means of exercise, elevated oxygen concentration of inspired air,

i ncreased carbon dioxide |levels, high altitude, exposure to high
temperatures, and changes in the hydrogen ion concentration of the bl ood
Alteration in respiratory patterns as a consequence of such changes in the
internal and external environments are viewed as being appropriate froma
physi ol ogi cal standpoint. However, there are substantial individua
differences associated with the ventilatory response to exercise, oxygen
carbon di oxide, heat and altitude. |Indeed, for any given stinulus, some

i ndi vidual s appear to be essentially non-responsive whereas others are
observed to hyperventilate. The individual variability in responsiveness to
a given extrenme environment suggests that certain "types" of individuals
exist. In any given group of individuals who are rapidly translocated to
high altitude, for example, sonme are observed to devel op "acute nountain

si ckness" whereas others are found to adjust to the new altitude with a mnor
degree of disconfort (Evans, 1969).

A recent investigation by Forester et al. (inpress) illustrates the point
very well. These investigators conducted an experiment in which test

subj ects were exposed to varying |levels of carbon dioxide in the inspired
air. This study was unique in that the subjects were not required to wear a
face mask, nose clip, or insert a mouthpiece but, rather, they sinply rested
in a small chanber as the |evel of carbon dioxide was changed. In other

wor ds, the conmon problenms of disconfort associated with the wearing of
respiratory equipnment was elimnated. This is very inportant since the use
of a mout hpiece and noseclip, or a breathing mask, is known to create

consi derabl e disconfort for some individuals. Hence, these individuals would
theoretically have an increase in ventilation due to the psychol ogic stress
as well as the physiological challenge of increased carbon dioxide. Forster
et al. (in press), however, observed substantial individual differences in
the response to elevations in carbon dioxide, even though their subjects were
not encunbered with respiratory equi pment. Ventilatory mnute vol une was
observed to increase in a linear fashion with increases in carbon dioxide
concentration, but variability increased in a progressive manner as well. In
ot her words, sonme individuals experienced a substantial increase in
ventilatory mnute volume while breathing a 6 percent (2 m xture, whereas
others had very little change in ventilation. It is also noteworthy that
these "responders' and 'mon-responders' were remarkably simlar under contro

condi tions.
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The findings of Forster et al. (in press) sinmply reinforce an inmportant point
that has been recogni zed by environnental physiologists and psychologists for
many years. The reasons for such individual variability, however, are not
wel | understood. It is inportant to recognize that individuals who are
"sensitive' to certain stressors such as el evated carbon dioxide, heat,
altitude, and so on, would presumably be at greater "risk' than
non-responders. It would seeminportant, therefore, fromboth a perfornmance
and health standpoint, to identify those types of individuals who are at

risk. If this could be done, it would be possible to either (1) exclude high
risk individuals or "responders' fromgiven stress settings or (2 train
"responders"” to bring their responsiveness under control. It nay not be

possible to effectively carry out either approach. At any rate, a |logica
first step would seemto be characterization of responsive individuals, and
the present section is therefore directed toward a review of the literature

i nvol ving psychonetric correlates of respiration. This approach in no way is
intended to inply that variables of a physiologic nature are not equally or
more inportant. Research dealing with hyperventilation as a clinical

syndrome is often viewed as a psychiatric or psychologic condition, but it is
not reviewed here, as a separate section has been devoted to this problem
Sighing respiration as a synptom was described by Baker (1934) many years
ago. This paper enphasizes that the synptom of sighing may vary in severity
from an occasional sigh to attacks lasting for hours or days. Thi s
respiratory pattern was not known to have an organic basis at the tinme, but

it was often resistant to treatment. The synptomwas thought to result from
nervous stress or ill health. Baker (1934) felt that all evidence pointed to
this disorder of sighing as a nervous one, and it was not associated with a
cardiovascular di sease.

The actual incidence of respiratory neurosis was not known at this time, but
Christie (1935) reported that it occurred much nore frequently than generally
believed. Also, Christie (1935 presented evidence to support the view that
respiratory tracings obtained with a standard spirometer could be used in the
di agnosis and differentiation of different types of respiratory neurosis. In
a subsequent study by Hamilton and Shock (1936) it was reported that
respiratory irregularity, usually '"sub-breathing,'" was correlated with
neuroticism or the unstable personality structure. The reported correlations
were small but consistent.

These early investigations (Baker, 1934; Christie, 1935; Hami|ton and Shock,
1934) all indicated that disturbances in respiratory patterns were associ ated
with neuroticismor nervous states. In other words, it has been known for at
| east 50 years that certain types of individuals are nore likely to
experience respiratory disconfort, and such alterations were observed nore
frequently under stress.

In nore recent years Dudley et al. (1968) reported that dyspnea was
associated with both hyperventilation and hyperpnea which in turn were both
associated with anger and anxiety. Also, dyspnea was associated with
hypoventilation which in turn was associated with depression. These
investigators concluded that dyspnea is perpetuated through a feedback | oop
medi ated by anxiety. They also proposed that such conditions mght be
responsive to desensitization techni ques.




As nmentioned earlier, it has been known for many years that marked

i nterindividual differences exist in the ventilatory response to carbon
dioxide. While the aforenentioned studies suggest that ventilatory response
to carbon dioxide mght be related to personality, this particul ar
possibility was not evaluated enpirically until the early 1970s. Saunders et
al. (1972) tested 50 normal volunteers consisting of 25 males and 25

fenal es. The subjects conpleted Forns A and B of the Eysenck Personality
Inventory (EPI), and those subjects with cunul ative distortion scores equal
to or greater than 10 lies were excluded. A 6-liter bag containing 7 percent
CO0y, 50 percent 02, and 43 percent N, was used for rebreathing, and

mnute ventilation was calculated froma CGodart spironeter. There was no
history of respiratory or psychiatric disease for any of the subjects. The
slope of the line of ventilatory response for increasing (2 tensions

(C0y) was calcul ated for each subject. The nean slope for the nen was 2. 43
conpared with 1.92 for the wonen, and this difference was statistically
significant (P less than .025). The two groups did not differ on the
extroversion, neuroticism or distortion scales of the EP. The slope of the
ventilatory response to M2 and extroversion was significantly (P less than
.05) correlated (r = 0.29 for the total group (N - 50). However, these
variabl es were highly correlated (r = 0.61, P less than .005 for the female
sample (N - 25) , but they were not significantly (P greater than .05
correlated (r - 0.01) for the male sanple (W= 25). The ventilatory response
was not correlated with neurotocismfor the total group or the individual
sanples. The authors do not offer an explanation for the differences
observed between the mal es and females in this study, and the ventilatory
response of nen and wonen to (02 needs to be studied further. The results
indicate that sensitivity of the central respiratory chemoreceptors is
positively correlated with extroversion in healthy young wonen. I n ot her
words, the greater the ventilatory response to (2 the higher the
extroversion score.

A simlar study was subsequently reported by Shershow et al. (1973). These

i nvestigators adninistered three to four trials of a rebreathing test for

CO sensitivity to 33 test subjects, and the Mnnesota Multiphasic

Pesonal ity Inventory (MMPI) was enpl oyed as the personality neasure. The
mean ventilation values for individual subjects ranged froma |low of 6.7
1/min to a high or 37.1 1/min, with a group nmean of 20.8 1/min. Subjects
scoring above the group nean were classified as "high responders"” (N = 18).
It should be pointed out that the initial trial correlated .89 wth the third
and fourth trials. In other words, individuals were quite consistent in
their responses, but substantial interindividual differences existed. This
suggests that (2 sensitivity represents a trait and, therefore, it would

be predicted that the tw groups would differ on the MPI. The "low
responders” were found to have elevations on nearly all of the MWI scal es.
The '"low responders" scored significantly higher on the depression,
psychopathic, psychastenic, social introversion, and Wl sh Factor A scales.
The general elevation of MWI scores in the group of low responders to Q2
supports the view that respiratory response to inspired 2 is influenced

in part by personality. Shershowet al. (1973) indicated that ".
variation in respiratory response to (M2 between subjects relects
differences in central nervous systemcontrol of respiration (p. 158)."
These investigators have presented a rationale to support the view that
resonse to M2 is determned by the sensitivity of the nedullary

receptors. |t appears that a subject's ventilatory response to 2 differs
for individuals possessing different personality structures. Specifically,
the ventilatory response to 02 is inversely correlated with

psy chopathology.

-
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There are nunerous met hodol ogi cal problens that nust be consi dered when

eval uating research involving the ventilatory response to inhaled C0,, but
Saunders et al. (1972) and Shershow et al. (1973) fail to enphasize this
matter in their papers. A summary of existing research dealing with four
interrelated aspects of the ventilatory response to inhaled 2 has been
presented by Denpsey (1976), and this revi ew suggests that numerous probl ens
of a nethodol ogi ¢ nature nust be considered in evaluating the ventilatory
response to inhaled CO,. A nmajor problemin this type of research relates
to the definition of slope, and Denpsey (1976) has described three potentia
sources of di screpancy.

Evi dence suggesting that ventilatory patterns are governed in part by
personal ity structure should not be viewed as excludi ng pathophsiology.

Burns (1971), for exanple, studied 66 patients with breathl essness as a
prom nent synptom Thirty-three of these patients had advanced obstructive
lung di sease, and the remainting 33 had a depressive illness. Mst of this
latter group had chronic bronchitis and a mld degree of airway obstruction
O relevance to the present discussion was Burns' report that the two groups
differed distinctly in their experience of breathlessness. The depressed
patients experienced breathl essness at rest, and their main difficulty was
associ ated with inspiration. Their breathl essness fluctuated rapidly and it
was frequently associated with hyperventilation and sighing. Froma
psychodynamic standpoi nt these patients experienced depresive delusions of

i mm nent death, and these del usions were associated with fear of heart
failure and lung cancer. It is of considerable inportance to note that these
sonmatic synptons di sappeared with psychiatric treatnent and recovery from
depression. The patients with advanced obstructive airway di sease were found
todiffer in several ways. First, their breathl essness was associated with
expiration and it was exertional. Furthernore, recurring attacks of
hyperventil ati on was only observed in one of the 33 patients. The
breat hl essness in this group was relieved by rest, expectoration, and
cessation of snmoking. It is tenpting to interpret these results as
suggesting that breathlesness is largely of a somatic or psychic nature. A
any rate, there appear to be different types of breathlessness.

The report by Burns (1971) has since been supported in part by the work of
Mra et al. (1976) who studied the PO® in end-tital air and the breathing
rate of controls and patients w th endogenous depression, neurotic

depression, and schizophrenia. Increased breathing rate with a fall in

PCO, was observed in the depressed patients, but results for the

schi zophrenic patients were nore anonal ous. Since depression of clinica
significance is not at all uncommon in the non-hospitalized popul ation, these
reports suggest that a certain portion of any given sanple of workers would
experience ventilatory distress in association with their depression

It is possible that problens of depression may sinply represent a source for
the ventilatory disconfort experienced by depressed individuals, but this
state may not necessarily place the man or wonen at risk when they find
thensel ves in an extrenme environnent. On the other hand, individuals who
suffer fromanxiety attacks periodically, or those individuals characterized
by chronic anxiety, may very well be at greater risk than "normal s* when
exposed to an extreme environnent. Therefore, research involving anxiety
states will now be revi ened.
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1t has been known for many years that patients with neurocircul atory asthenia
(N*A) have a low physical work capacity and tol erance for hard rmnuscul ar

wor k. Individuals with this diagnosis would not be expected to performwell
in a stressful environment while wearing protective breathing equipnent.
First of all, their work capacity is typically far below the average for nen
and worren of their age. Second, their ventilatory response to exercise, even
in a neutral environment, is usually characterized by hyperventilation. An

el evated stress response coupled with hyperventilation during exercise would
presumably pl ace such individuals at greater risk than '"normals" in the sanme
setting.

In a report by Kellerman et al. (1969), for exanple, it was noted that 60
healthy adults and 41 NCA patients did not differ in their resting mnute
ventilation. However, the mean ventilatory response to five mnutes of work
at 50 watts on a bicycle ergometer was found to be 21.0 1/min for the normals

and 40.0 1/mn for the group of NCA patients. I ncreases of work load to 75
and 100 watts resulted in ventilatory responses of 34.8 1/min and 444 1/nn
in the normals versus 459 1/nn and 62.8 1/mn for the NCA patients. In

other words, NCA patients had mnute ventilations that averaged about 20
1/mn higher than the nornal individuals, and this characteristic
hyperventilation took place at light and noderate work |oads (50-100 watts).
These individuals would presumably have even greater distress if required to
perform heavy exercise under stressful conditions.

It has also been reported by Kent and Smith (1977) that patients with lung
di sease have sone special psychological problens. They have enphasi zed that
pul ronary patients often (1) express fear of roons closing in on them (2
they experience a sense of claustrophobia, and (3) a crushing sensation in
the chest. Also, these patients often express severe dyspnea out of all
proportion to actual physiological changes. Reactions of this nature while
fighting a fire, for exanple, would presunably |l ead to a perfornmance
decrement and potential injury.

The relationship between self-reported respiratory synptons and neasured
pul nonary function has been studied by Wight et al. (1977). The pul nonary
function test consisted of FEV and FVC, and these were administered to 1110
snelter and mne workers who also conpleted a set of self-report

quest i onnai res. The relationship between self-report data and actual

pul monary function was found to be mediated by three psychosocial factors:
() a lack of hypochondriasis, (2 high job satisfaction, and (3) low life

stress. It was found that 96 percent of all workers who did not have
agreenment between their self-report and pulnonary data were found to
overreport synptons of inpairnent. Al so, overreporting of synptons was

significantly correlated with low job satisfaction. Self report data on

medi cal or psychol ogi cal questionnaires can be extrenely useful, but the
validity of such reports can be seriously conprom sed by psychosocial factors
of the type described in this study. The findings of Wight et al. (1977)
enphasi ze the inportance of using both physiol ogic and psychol ogi c data of a
self-report nature in clinical practice as well as research settings.

Furt her support for the view that personality structure plays a role in
response to stress has been presented by Rohles et al. (1967). During the
course of evaluating responses to heat stress, these investigators observed
that anxious individuals did not seemto performwell under conditions of
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thermal stress. They hypothesized that thermal stress tolerance is governed
by the individual's general or trait anxiety. In order to test this
hypothesis they administered the Taylor Manifest Anxiety Scale (TMAS) to a
large number of subjects, and this resulted in the identification of 35
high-anxiety subjects and 35 low-anxiety subjects. Their plan was to next
evaluate the thermal stress tolerance of the two groups, and they proceeded
to invite the 70 subjects to volunteer for participation in a thermal stress
study. All the low-anxiety subjects volunteered: This particular finding is
provocative for a number of reasons. Most stress research of the type
considered in this review is based upon experiments with volunteers, and
investigators typically proceed to advance generalizations with little
attention given to possible problems of volunteerism. Is it possible that
all or most of our existing research involving heat stress can only be
generalized to individuals with low anxiety? This potential problem of
volunteerism, at least from a psychological standpoint, has implications for
each of the sections of this review.

SUMMARY

It appears that substantial differences exist in the ventilatory response of

i ndi viduals to various stressors such as exercise and high levels of 2 in
the inspired air. Both of these stresses are commonly experienced by workers
invarious settings, and both hyperventilation and hypoventilation are
capabl e of provoking a chain of events that conceivably could have
catastrophic results for the man or woman working in extreme environnents. A
portion of the exaggerated responsiveness of sone individuals to exercise and
@2 is associated with psychopathology. Anxiety neurosis, or

neurocircul atory aesthenia, depression and extroversion all have been
denmonstrated to be associated with ventilatory abnormalities. All of these
psychonetric variables have been found to be significantly correlated with
perception of effort and, therefore, it is conceivable that ventilatory
response to exercise and CO, are nediated by perception. Furthernore, the
psychometric variables examined in this section are primarily of a trait or
enduring nature rather than a state or situational response. It is concluded
that ventilatory reponses to exercise and CO, is influenced in part by
psychopathology, and ventilatory disturbances can be consistently provoked in
certain "types" of individuals in both neutral and extreme environments. It
appears that individuals who are classified as "hyperventilators' may
represent a clinical subgroup of the general popul ation who m ght be
especially susceptible to problens associated with respirator wear. The
followi ng section deals with the hyperventilation syndrone.

HYPERVENTI LATI ON  SYNDROVE

The nature of the hyperventilation syndrone as observed in clinical or
applied real-life settings nay not be entirely the sane as that observed in
the |l aboratory, and there is a problemassociated with nomenclature. Pitts
and McClure (1967) have enphasized, for exanple, that anxiety reaction is not
synmptomati cal ly distinguishable fromthe clinical syndrone known as anxiety
neurosis, and these terms are not distinguishable from other disorders such
as neurocirculatory asthenia, vasoregul atory asthenia, nervous tachycardia,
effort syndrone, neurasthenia, Da Costa's snydrome, vasomotor Neurosis,
nervous exhaustion, soldier's heart, and irritable heart. Also, Pitts and
McClure (1967) listed the following synmptons for anxiety neurosis: headache,
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di zziness, blurred vision, chest pain, palpitations, dyspnea or
breat hl essness, sighing, tiredness-fatigue, parasthesias, depressed npod,
trembl i ng, shakiness, weakness, snothering, choking and nausea. Many of
these synptons can be readily provoked with voluntary hyperventilation. Lum
(1975) presented the synptons observed in 270 cases of hyperventilation
syndrone and these consisted of: (1) cardiovascular (e.g., palpitations,
tachycardia, precordial pain, and Raynauds phenomenon); (2 neurol ogical_
(e.g., dizziness, disturbance of consciousness and vision, parasthesiae, and
tetany) ; (3 respiratory (e.g., shortness of breath, "asthma," chest pain);
(4 gastrointestinal (e.g., globus, dysphagia, epigastric pain, aerophogy);
(5 musculoskeletal (e.g., nuscle pains, trenors, tetany); (6 psychic
(tension, anxiety) and general (e.g., fatiguability, weakness, exhaustion

sl eep di sturbance, unightmares). The synptons presented by Lum (1975) to
characterize the hyperventilation syndrone appear to be quite simlar to
those presented by Pitts and McClure (1967) to describe anxiety neurosis.
Lum (1975), however, argues that anxiety state and hyperventilation should
not be viewed as the sane.

Lum (1975) has described 700 cases of hyperventilation syndronme studied in a
single respiratory physiology unit over a ten-year period, and 82 percent of
this group had no detectabl e pathology. Lumpoints out that the comonest

di agnosi s under which hyperventilation is mislabeled is anxiety state, and
this is particularly unfortunate because of the treatnment that typically
follows. That is, tranquillizer therapy is usually initiated to control the
anxi ety when the individual's body ". . . is nerely protesting against an
unbal anced di et deficient in carbon dioxide, oxygen and cal cium and cal ci um
ions: to name but a few of the well-known biochenical disturbances which may
acconpany acute hypocapnia (Lum 1975) ."
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h Lum's (1975) view the diagnosis of hyperventil ation syndrome rests on (2)
the ability to rule out significant pathol ogy and (2) reproduction of the
vatient's symptoms by vol untary hyperventilation. Many authors have reported
:hat synptons can be reproduced within a few m nutes through voluntary
werbreathing. Overbreathing can rapidly blow off large anmounts of C0, and
-his provokes a precipitous fall in PCO, levels (i.e., respiratory

alkalosis). Bicarbonate and carbonic acid are quantitatively the nost
important buffer systens. Overbreathing results in the offloading of 2
tfith an excess of bicarbonate and a deficiency of hydrogen ion. The result is
that a pH shift and hypocapnia are al nost immediate.

The i medi ate effects of hypocapnia are reflected in the cerebral

circul ation. "Carbon di oxi de is the nost inportant regul ator of cerebral
vascul ar tone (Lum 1975)", and hypocapni a produces an i mredi ate
vasoconstriction which leads to cerebral hypoxia. The henagl obi n di ssociation
curve is shifted to the left as a result of the al kal osis which potentiates
the hypoxic effects. The hypocapni a decreases the anmount of oxygen avail abl e
fromthe hemoglobin, and its release is slowed down as well. In other words,
the brain receives |less blood, the blood contains |less oxygen, and its
delivery is slowed. These effects are alnost i mmedi ate and the nost conmon
results are faintness, di zziness and vi sual disturbances ranging fromnere
clouding of vision to tunnel vision or a total lack of vision (i.e.,
"hysterical" blindness). Blackouts are quite common at this point, and

di sturbances of consciousness are often confused with petit mal* Furt her,
grand mal can be provoked wi th hyperventilation, and the consequences of these
responses for nmen and wonen worki ng in extreme environnents are readily
apparent.

The ionic shifts occurring with hyperventilation involve an attenpt to restore
hydrogen ion bal ance, and this quest for bal ance involves a conpl ex series of
events. Bicarbonate is offloaded via the kidney and pH is returned to nornal
with a lowering of bicarbonate in the plasnma. Lum (1975 has reported that
deficient bicarbonate buffer is a constant feature of "effort syndrome,” and
low pl asma bi carbonate is seen as the hall mark of chronic hypocapnia. Lactic
acid production is also associated with this state (Hiuckabee, 1958), and the
aci d-base bal ance is governed by many factors such as acute clinical fever
(Koehler, 1923). In viewof the fact that acid-base bal ance can be altered
with the devel oprrent of fever, it is quite possible that febrile states m ght
serve as the stimulus for initiation of hyperventilatory attacks. This is an
i nportant point since hard physical work is often performed while wearing
respirators in hot environments. It is believed that availability of cal cium
ion is required for normal nuscle function, and reduced calciumion |evel can
lead to parathesiase and tetany (Ftts and McClure, 1967). Lum (1975),
however, regards this as uncertain and suggests that tetany is probably
brought about be the "direct action of alkalosis on the peripheral nerves."

Mich of the precedi ng discussion has borrowed heavily from Lum's |ucid

di scussion of the hyperventilation syndrone. The position outlined by Lum
(1975) is conpatible with that of other witers for the nost part. Subsequent
revi ew papers by Mssri (1978) , Pfeffer (1978), and Pincus (1978) suggests
that little has changed since the appearance of Lum's review. Mssri (1978),
however, reinforces the point that inaccurate diagnosis often occurs because
physicians sinply are not aware of the syndrome or because very few patients
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present the classic textbook symptoms" . . . of obvious overbreathing,

parat hesia, and tetany.'" |In this context, Lum (1975) reported that
spontaneous tetany is a rare mani festati on of hyperventilation, occurring in
only one percent of all cases, and this has led Lum (1975) to state that
tetany ". . . is nmerely the top of the iceberg." Missri (1978) has enphasi zed
that synptons are far nore subtle, and often mmc those of other organic and
functional conditions, and nmany of these patients are eventually "dismissed"
as being anxioius or neurotic.

It has been noted by Pincus (1978) that hyperventilation is often the result
of anxiety, and the hyperventilation in turn produces physiol ogical changes
that beconme the basis for subsequent fear. The synptons include,

. . faintness, visual disturbances, inability to concentrate, nausea,
vertiginous instability, headache, fullness in the head, chest, and
epigastrium breathlessness, palpitations, hot flushes, cold sweats,
par ast hesi ae and occasionally vomting.

It is little wonder that a patient with the above symptoms, upon being told to
"get hold of yourself" or "it's all in your nerves," may develop a chronic
anxi ety state.

It has been noted by Pfeffer (1978) that a great deal of research has been
carried out over the past 50 years dealing with respiration in psychiatric

di sorders, but very little of this research has been concerned with the
hyperventil ati on syndrone. Exceptions to this generalization are papers by (1)
Kerr et al. (1937) involving the relationship of anxiety states to
hyperventilation; (20 Fraser and Sargant's (1978) paper on hyperventilation
attacks in hysteria; (3 Goldberg's (1958) review on the psychiatric aspects
of hyperventilation; and (4 Lazarus and Kostan's (1969) di scussi on of
"psychogenic'" hyperventilation and death anxiety. Sone contenporary witers,
however, argue that hyperventilation should be viewed as a response to
anxiety, and others argue that it nerely represents a bad breathing habit
(Dal essio, 1978; Lum 1975); M ssri, 1978; Pfeffer, 1978; Pincus, 1978). A
any rate, whichever viewis correct, it is clear that hyperventilation
provokes considerable distress, the resulting synptonms could easily produce
anxiety, and a vicious cycle would be established (Pfeffer, 1978). The
devel opnment of such attacks in nen and women working in hostile environnents
woul d place them at obvious risk as noted earlier.

It has been proposed by Lum (1975) that hyperventilation is essentially

not hing nmore than a "bad breathing habit" that results in a relatively |ow
PQ)2 on a day-to-day basi s. Further, any stressor (physical or enotional),
according to Lum (1975), is capable of triggering a chain reaction consisting
of : (D increased ventilation, (2 production of hypocapnic symptoms, (3
alarm (4 synpathetic arousal, (5 increased ventilation and (6 increased
symptoms.

It has been reported by many investigators that hyperventilation is nost
common in young woren, and this view is partly supported by Lum (1975).
However, while Lum (1975) found the incidence of hyperventilation to be much
hi gher in wonmen aged 20-29 years than in men of the sanme age, it was reported
that the incidence was alnost identical in the mddle years (30-59) for nen
and wonen. These differences relating to sex and age may be significant when
one considers the age at which men and wonen are likely to enter stressful
occupati ons where hyperventilation could pose problens.
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There i s at | east one mgjor point surrounding the diagnosis and treatnent of
hyperventilation on which there exists some confusion. First of all, it is
general ly agreed that symptons of hyperventilation can be readily reproduced
in "hyperventilators'" within several minutes by sinply having them
overbreathe, or follow ng intravenous epinephrine (Yu et al., 1952). Second
these synptons can be prevented by inhalation of C0,, injection of

potassium or rebreathing in a paper bag. Third, many clinicians believe that
hyperventilators can learn to detect these synptons and prevent full-blown
attacks fromoccurring, and there is sone evidence that physical training is
effective in treatment of the hyperventilation syndrone (Ferguson, et al.,
1969). Disagreenent arises with respect to the inportance of ruling out
organic pathol ogy. Lum (1975) and Goff and Caensler (1969) believe that an
accurate diagnosis of hyperventilation syndrone includes the systematic
exclusion of organic disease. This represents a difficult matter, however,
since hyperventilation is known to alter the electroencephalogram (Engel et
al. , 1947) and the electrocardiogram (Yu et al., 1952), and the state is
usual ly characterized by synptons that sinulate organic disease (Lews

1954) .

SUMVARY

This section has dealt with the psychophysiological phenomenon known as
"hyperventilation syndrone." Published research on this syndrone dates back
at least a century to Da Costa's classic investigation involving "soldier's
heart.'" Various |abels such as "effort syndrone," "anxiety neurosis,"
"neurocirculatory aesthenia," 'vasoregulatory aesthenia," and "irritable
heart," have been enployed over the past century to describe this syndrone.
The use of different |abels to describe this syndrone seens to be

i nappropriate for at |least tw reasons. First of all, the synptons associ at ed
with these diagnostic | abels appear to be remarkably simlar; but, second, the
treatnment for the syndrone often differs as a function of the diagnostic

| abel . Synmptons include breathl essness or dyspnea with effort, parathesia,
trenbling, tachycardia, tetany, carpopedal spasms, and convul sions in the case
of a full-blown attack. Hyperventilation, a normal consequence of vigorous
exerci se and/or high temperatures, can often occur in some individuals for no
apparent reason. Hyperventilation, and the resulting physiol ogical changes
not ed above are often associated with decrements in psychomotor perfornmance
along with increased error rates.

The synptons which characterize the hyperventilation syndrome can be readily
produced in certain "types" of individuals within mnutes by requiring themto
overbreathe or through introduction of a 2 challenge. The synptoms, once
produced, can be quickly reversed by placing a paper sack over the subject's
head and requiring himto rebreathe expired air. Overbreathing and Q02
chal | enges do not, however, produce full-blown hyperventilatory attacks in
nmost individuals. That is, some individuals or "types' appear to be
especially sensitive to the effects of overbreathing or a COp challenge. It
seens reasonable to propose that individuals who experience hyperventilatory
attacks could be identified during routine office evaluations. |ndividuals
who experience the hyperventil ation syndrone woul d presunably be at greater
risk when required to wear respirators and exercise vigorously in a stressful
setting. Future research and practice could be directed toward identification
of "hyperventilators'" with an aim toward (1) correcting this problem or (2
not permitting themto becone involved in stressful work settings requiring
the use of respirators
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PILOT STWDY

The research reviewed in this paper denonstrates that respiration is
influenced to a substantial degree by various psychol ogical traits. It has

al so been reported that sone nen terminate hard physical work while wearing
respirators because of a sensation they describe as '"suffocation", "inability
to breathe", 'claustrophobia'", and so on. Qher individuals who are wearing
the identical respirator, possess comparable |evels of physical fitness, and
are required to work at the same metabolic denmand, do not experience such
sensations. The possibility that certain "types" of individuals are nore
likely to experience respiratory distress than other individuals seens to be a

di stinct possibility.

Met hodol ogi cal details relating to the present investigation are described in
Dr. Raven's paper which appears in this volume. The overall study design

i nvol ved the psychol ogi cal and physi ol ogi cal eval uation of volunteer test

subj ects who were diagnosed as nornmal (N = 25), inmpaired (N= 16), or badly
inpaired (N = 11) fromthe standpoint of pulmonary function. These

i ndi vi duals were evaluated at rest, and during exercise on a notor driven
treadm || test perforned at increasing workloads. The exercise was perfornmed
with and without a SCBA in order to evaluate the physiol ogi cal and performance
consequences of respiratory resistance and external |oad due to wear of the
SCBA.  Again, the details of this study are reported el sewhere in the present
volunme by Dr. Raven.

The psychol ogi cal characteristics of the three groups are sunmmarized in Table
1. Anxiety was assessed with the State-Trait Anxiety Inventory (STAI) and
nood was evaluated by neans of the Profile of Mod States (POM.
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TABLE 1. Psychol ogi cal characteristics of normal, inpaired, and badly
i npai red adul t vol unt eers.

Nor mal QG oup I mpaired G oup Badly I npaired G oup
Vari abl e N =25 N =16 N = 11

Mean SD Mean D Mean D
STAI
State Anxiety 32.4 7.6 32.7 9.5 35.1 7.7
Trait Anxiety 33.3 9.2 32.4 7.6 38.5 6.4
4-Item State 6.9 2.3 53 11 6.1 2.1
PCVB
Tensi on 8.0 5.6 7.6 51 14.9 7.2
Depr essi on 6.4 9.9 3.8 4.4 7.4 6.8
Anger 6.5 59 5.3 4.1 7.1 4.9
Vi gor 20.5 5.4 20.3 7.4 14.4 57
Fati gue 52 4.9 7.7 4.2 13.3 6.2
Confusion 54 3.3 3.9 2.7 6.9 57
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Detail s concerning the STAI and POM5 are presented in manual s devel oped by

Spi el berger et al. (1969) and McNair et al. (1971). The data presented in
Table 1 reveals that the nornmal and inpaired groups were quite simlar on al
psychol ogi cal vari abl es neasured, but both of these groups differed
substantially fromthe badly inpaired group on (1) trait anxiety, (2 tension,
(3 fatigue, and (4 vigor. These results are illustrated in Figures 1, 2,
and 3. It will be noted in Figure 1 that the badly inpaired group scored
significantly higher than the normal or inpaired groups on trait anxiety.
These i ndividual s woul d be expected to have respiratory distress during
exerci se because of their inmpaired lung function as well as their evel ated
anxi ety. I ndeed, these individuals would be expected to respond to a variety
of stressors at a greater intensity than individuals in the other groups.

It is possible to conpute a conposite score of nood disturbance fromthe POMS,
and this involves summng the scores on tension, depression, anger, fatigue,
and confusion, and substracting vigor, the positive neasure (McNairet al.,
1971). The results of this analysis are illustrated in Figure 2. Again, the
badly inmpaired group is observed to score substantially higher than the nornma
or inpaired groups on this conposite neasure of nood disturbance. The nood
state neasure reflects how the individual is feeling at the present time,
while the trait anxiety nmeasure depicted in Figure 1 sunmarizes how the

i ndividual generally feels. Three nood states accounting for nbst of the
elevation in the badly inpaired group were tension, fatigue, and vigor. The

results for these three nood states are illustrated in Figure 3. The badly
inpai red individuals scored significantly higher than the other two groups on
tension and fatigue, and significantly |lower on vigor. These results make

sense at an intuitive level, and they inply that badly inpaired individuals
woul d experience nore difficulty while exercising with or without a SCBA. The
results also predict, however, that the normal (N = 25) and inpaired (N = 16)
woul d not differ.

These hypot heses were eval uated by asking the test subjects to rate their
breat hing on a dyspnea scal e consisting of seven categories. The odd nunbers
were anchored with verbal descriptions, and the scal e appears bel ow

Breathing Scal e

1. M breathing is okay right now
é: | amstarting to breathe harder.
g: I amnot getting enough air.

?: | can't breathe

A summary of responses appears in Figure 4 for the control and mask conditions
during exercise at Stage 1 on the treadm||l. Breathing disconfort was
significantly greater for the badly inpaired group in conparison to the nornal
and inpaired groups for both the control and mask conditions. The nornmal and
i npai red groups, as predicted fromthe basel i ne psychonetric data, did not
differ in their rating of breathing disconfort. Wile all groups experience
an increase in respiration distress during the mask condition, the increase
was far greater for the badly inpaired group. The inpaired and nornmal groups
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were only found to differ on the dyspnea scale at the third stage of exercise,
and this only occurred for the mask condition. That is, the normal and
inmpaired groups did not differ at any exercise stage under contro

conditions. Also, the difference at stage 3 for the nmask condition was not
remarkably different in that the inpaired group rated breathing to be 4.1

(+ .2 and the normal group rated their breathing to be 3.5 (+ .2. The badly
i npaired group was unable to exercise with or without a mask at stage 2 or 3.

The test subjects were also asked to rate their perception of effort with the
psychophysi cal category scal e designed by Borg (1973) and described earlier in
the present paper. The results of this analysis are presented in Figure 5.

It will be noted that the inpaired group rated their perception of effort to
be higher at each stage of exercise for both the control and mask conditions,
and the differences between the two groups were greatest for the mask
condition. This finding is sonewhat unexpected since the two groups did not
differ a great deal for the breathing rating. At any rate, the breathing and
percei ved exertion findings suggest that individuals with lung inpairnment have
conpar abl e sensations of 'exercise cost' while perform ng physical work
without a SCBA. However, the individual with inpaired pul nonary function
perceives work to be nmore demandi ng, both breathing and general perceived
exertion, when wearing a SCBA  The badly inpaired group's nmean perceived
exertion ratings are illustrated in the upper left hand corner of Figure 5.
These individuals scored substantially above the normal and inpaired groups at
stage 1 of exercise.

One additional analysis of a clinical nature was perforned. The previous
review suggests that 10% of any given sanple of '"normal individuals are found
to have el evated scores on anxiety. The population mean for trait anxiety has
been reported to vary between 34 and 36. Three of the 25 test subjects, or
12% of this sanple of "nornals," were observed to have elevated trait anxiety
scores of 46, 46, and 63. Four of the twenty-five subjects in the nornal
group experienced dizziness, claustrophobia, or anxiety attacks during
exercise at stage 3 while wearing the SCBA. Each of the three subjects wth
el evated scores were anong the four who experienced anxiety attacks, and the
fourth subject who experienced an attack had scored 27 on trait anxiety. In
other words, it was possible to predict 75%of the anxiety attacks a priori in
the sanple of "normals" studied in this investigation

It is concluded that exercise stress is perceived as being nmore difficult by
individuals classified as inpaired or badly inpaired in conparison to nornals,
and this elevated perceptual cost is nost dramatic for conditions requiring
the wear of a SCBA It is also concluded that 10% of any given sanple of
"normal " individuals will be characterized by el evated anxiety, and these
individuals are likely to experience anxiety attacks while wearing a SCBA and
perform ng heavy physical work.

SUMVARY

This review has dealt with the psychol ogi cal problens associated with the use
of industrial respirators. The need for men and wonmen to wear various

sel f-contai ned breathing apparatus (SCBA) while working in hostile

envi ronments such as toxic and oxygen-deficient atnospheres is well
docunented. Extensive research has been carried out in an attenpt to inprove
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the design of respirators, and naj or advances have resulted in the manufacture
of SCBA that insure health, safety and perfornmance. Indeed, recent research
reveal s that performance decrenents associated with the wear of respirators
are due entirely to pak weight; that is, breathing resistance no | onger
appears to be a significant problemin nmost cases. Despite the fact that

maj or advances have taken place in the design of respirators, it is still

wi del y recogni zed that "psychological” problens continue to exist.
Unfortunately, very little research has been directed toward an under st andi ng
of the "person' conponent of the respirator-person interface; that is,
research has focused on respirator variables with little attention paid to
per son variables. Wiile it has been proposed that certain "types" of
individuals be elimnated fromwork tasks requiring the wear of SCBA there
has not been a concise diagnostic statenent presented to enable such a
screening approach to be adopted.

This review indicates that firefighters are characterized by inpaired

pul monary function, and the inpairnment is significantly correlated with the
armount of exposure to fires. This inpaired pulmonary function in firefighters
al so has been reported to be independent of age and snoking habits. Wen this
finding is considered in concert with the observation that many firefighters
elect not to wear respirators unless snmoke is visible, and sorme individuals
(e.g., "smoke-eaters") opt not to wear SCBA even in the presence of snoke, it
is clear that future work nust be directed toward the identification of

nmet hods that will enhance respirator wear. There, of course, are nany |ethal
materials that one cannot snell or see, and these toxic atnospheres present

i mredi ate or acute risks for the firefighter. 1In addition, there are nany
substances that do not present detectable effects at an acute or daily |evel,
but workers exposed to such irritants for many years are likely to experience
i mpai red pul monary function at a chronic level. These acute and chronic

i ssues represent rather different notivational problens, and they nust be
addressed independently. That is, a worker mght be warned that he or she
could easily die today while fighting a "snokeless" fire unless a S(BA is
worn. They could also be warned that the likelihood of devel oping inpaired
pul ronary function 20 years hence would be mnimzed if SBA were worn
routinely in given situations. The notivational forces underlying the
decision to wear, or not to wear, a respirator in these situations appear to
be quite different.

Wy do individuals elect not to wear protective devices while working in
extreme environments? There are obviously nmany explanations or answers to
this question. First of all, SOBA are known to produce disconfort, and the
degree of disconfort varies with the type of SCBA being worn, as well as with
the wearer hinself or herself. Mdst respirators restrict vision to sone
extent, and all are associated with decrenents in endurance perfornmance and
psychonot or behavi or. Therfore, it is quite understandabl e why nany

i ndividuals elect not to wear respirators, expecially when there is no
perceptual information (e.g., sight, snell or taste) avail able which
encourages the wear of respirators.

The reviewreveal s that nost individuals are capable of perceiving changes in
breat hi ng brought about in a nunber of ways. It is also apparent that nost

i ndi vidual s possess the ability to accurately judge induced changes in

breat hing. Futhermore, nost individuals are able to make very accurate
judgerents of exercise intensity, and it appears that perception of exercise
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intensity is governed in large neasure by respiratory cues. Unfortunately,
about 10 percent of the subjects in any given experinent are not able to
percei ve changes in breathing, nor are they capable of accurately judging
exercise intensity. It is also of interest that approximately 10 percent of
any given group of test subjects experience an excessive anmount of disconfort
whil e wearing respirators. It should al so be enphasized that 10 percent may
represent a conservative estimate of the proportion of individuals who

experi ence disconfort while wearing respirators, since the results of research
in this field are undoubtedly attenuated due to volunteerism. |ndeed, nost of
the experiments reviewed in this field have used healthy, nale volunteers for
test subjects. The findings cannot be generalized to individuals with mld or
maj or probl ens of a physiol ogi cal nature. Furthernore, these results shoul d
not be generalized to fermales or older individuals, nor should they be
inferred to the "non-volunteer" sector of any given popul ation, at |east not
until the non-volunteer sector has been characterized.

The reduction in work capacity associated with the wear of respirators can be
mnimzed in part by means of training. The limtations arising from factors
of a psychol ogical nature should be particularly responsive to training. The
greatest benfit of training would undoubtedly occur for those i ndividuals who
experi ence dyspnea, sensations of claustrophobia or suffocation wth physical

effort. In view of the fact that psychological correlates of respiration and
percei ved exertion have been identified, and since perception of stress is
known to influence the degree of responsivity to a given stressor, it appears

i mperative that procedures for the diagnosis and treatnment, or exclusion, of
"responders" be undertaken. The available literature does not permt
application in this area at present* |In other words, it is recognized that
certain individuals are nore prone to experience distress while wearing
respirators, and it is agreed that they should not be subjected to conditions
in which they are required to wear S(BA Results of the pilot study described
in this paper reveal that individuals who have el evated scores on the trait
anxi ety scale (STAI) devel oped by Spiel berger et al. (1969) are far nore
likely to experience anxiety attacks while perform ng hard, physical work and
wearing a SCBA than are individuals who score in the nornal range. | ndeed,
75% of those individuals who experienced anxiety attacks in this study were
predicted to do so a priori. These results lead to the conclusion that
certain "types" of individuals are nore likely to experience anxiety attacks
while wearing a SCBA than others, and futhernore, these individuals can be
identified in advance with an acceptabl e degree of precision.
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