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THE MAN- RESPI RATOR | NTERFACE

Since the time of Silverman in the early 1940's we have accepted the
reproducibility of machine testing as a neans of certifying the respirator
for human use. In this presentaion |I shall endeavour to highlight the

i nadequaci es of the respirator when chall enged by the working hunman, even
though the respirator neets the requirenents of test certification by
machine. Fromthe outset, | wish for you to understand that the ideas which
will be expressed in this presentation are ny own and not those of any
specific group. | will present information concerning problens of the self
contai ned breathing apparatus (SCBA), although | contend that these problens
may be inherent to all types of respirators. this presentation will include
details of data obtained fromfour major projects supported by Los Al anps
Scientific Laboratories (LASL) in New Mexico. This work was carried out at
LASL (1), Brooks Air Force Base - School of Aerospace Medicine in San Antonio
(2) and at the Texas Coll ege of Osteopathic Medicine in Fort Worth, Texas (3,
4, 5).

In general, respirators are utilized for submaximal work tasks (light or
noderate work equivalent to less than 50% of maxinmal capacity) in situations
where inhalation of the atmosphere may prove injurious or fatal. However,
work tasks such as fire-fighting Will require maximal work performance while
wearing an SCBA. As an exercise physiologist, | felt the first requirement
was to determne that degree of work impairment that occurred during the
wearing of the respirator. Subsequently, in light of the recent fatal

acci dents that have occurred | have been docunenting both the physiol ogical
and psychol ogi cal responses of the healthy and the inpaired human worker
during respirator wear at various workloads. In the first investigation (1)
we have shown that, although the greatest decrenment in work performance was
observed during "demaud" breathing (21% decrement), the major factor in
reduci ng maxi mal work perfomance was the weight of the SCBA itself.

Regardl ess of breathing node, the extra weight (approximately 35 1bs) of the
SCBA produced a 20% decrenent in performance (Figure 1). This would suggest
that an increased energy requirement of 20% is required to performa routine
work task. This has been confirned by the work of Myrhe et. al. (2 at
Brooks AFB during workl oads of 50% 65% and 80% of an individual's naxi nal
work capacity (Figure 2). Fromthis data we can propose an area of research
as being related to the need of reducing the weight factor of the breathing
bottle to a mininum The new |ightweight bottle is a step in the right

di rection. For those interested in worker safety and job perfornance,

i ndi vidual s who only have a 20% or |ess energy reserve, due to age, disease
or low fitness, will be severely conpronm sed when wearing an SCBA  Hence,
yearly physicals including a fitness eval uation may beconme a necessity for
all SCBA wearers, who when faced with the energency use of SCBA in the course
of their work, mght conpromise the life of thenselves or their fellow
workers.

Al t hough difference in maximal work performance due to 'breathing'" npde were
obscured by the problemof the weight of the SCBA (1), our evaluation of
subj ective responses indicate that breathing node has a strong psychol ogi cal
invovement (Table 1). Also, Mrhe et. al.'s (2 data indicate that
ventilation volumes were increased as a result of the inposed breathing
modal i ty whet her '"demand" or "pressure demand" (Figure 3). The increases in
ventilation (6 1/min), although minor, may be related to the increased work
of breathing or more likely the psychol ogically inposed demand for nore
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ventilation, which Morgan et. al. (6) have denonstrated in previous work
(FHgure 4). As will be noted by Morgan later in this workshop, there is a
strong |ink between the psychol ogical and physiol ogi cal conponents of
breathing with a respirator which may prove detrinental in crisis

situations. The questions raised by this interaction have not been attended
to in a prospective fashion. The data to be presented by Morgan, should
provide us wth a direction by which a prospective type investigation can be
established.

Physiologically, inspiration generates an air flow into the |ungs which
gradual ly increases fromzero to a nmaxi mum (peak flow = PF) and as the |ungs
fill the flowreturns to zero again (Fgure 5). Onh expiration a simlar
process occurs. The peak flow whether inspired or expired, is dependant
upon the workl oad and as has been shown by M/hre et. a (2 individual PF of
360 liters/mnute can be obtained at 80% of maxi nal work capacity. In our
data (3 we have observed PF in excess of 240 1/min for both inpaired and
non-i npai red subjects while working at only 62% of their naxi nal capacity
(FHgure 6). | suggest that in exceptional circunstances (i.e., large
individuals and for large athletes) the peak flows may reach as high as 600
1/mn. Unfortunately, to date many of the regulators used today are only
capabl e of delivering a PF of 400-500 liters/min with many of them passing
the NIOSH certification test with a flow of 200 1/min instantaneous flow (the
mnimumrequired criterion for certification). bviously then, the required
performance standard in terns of PF is inadequate.

As flow demand increases with increases in workload, one would expect to
observe (and does observe) a greater and greater anount of insufficient
delivery of air during a specific phase of the respiratory cycle. |In order
to maintain protection, the regulatory val ves thensel ves work on an "all" or
*none" principal such that a specific negative pressure nust be generated
before air flow (inspiration) can occur and a positive pressure nust be

- produced before expiration can occur. Hence, when the lack of inspiratory
air delivered and the need to produce a negative pressure are conbined in
each breathing cycle there is a specific tine, especially at the initial
portion of the breath, when the air delivered to the person working is
inadequate to nmeet their denmands. This is reflected by a negative pressure
bei ng generated in the mask during the inspiratory phase of respiration.

This was confirmed for both "demand" and "pressure-denand" breathing by work
by Mhre (2), (FHgures 7 AsB). The greatest negative pressures were observed
with "demand" breathing at the heaviest workloads. In fact, at all levels of
peak flow or workl oad the "denand" breathing produced a significantly greater
inspired negative pressure than during "pressure-demand". Therefore, the
potential for breaking the face-mask seal was greater during "denmand' and
created a nore potentially lethal systemto work w th, concerning high

workl oads, in a toxic atnosphere.
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In nore recent work on "demand" type respirators, negative nask pressures in
excess of 10 cmof water at peak flows at 240 1/min and ventilation vol unes
of 60 1/mn were observed during workloads of 62% of naxi mal capacity (4.
Confirmation of the negative nmask pressure generated during hi gh workl oads
whil e using "pressure-demand" breat hing has al so been achi eved duri ng our
|atest work (5). Obviously, the anount of negative pressure generated is
related to individual differences such as the size of the worker and the
actual workload related to the worker's naxinal capability.

Figures 8 AB are representations of naxinally perforned flow vol une | oops
obtained fromthe healthy and distinct individuals, perforning wth and
without a "demand" type respirator. As they begin to inspire a negative
pressure is generated. Wen the negative pressure exceeds the val ves openi ng
pressure (usually 5 cmH0 at 85 LUmn air flow air flowoccurs up to its
maxi mal | evel which in these cases was 200 1/nmin. However, the actual PF
required in one case was 250 1Ymn and in the other case 380 1l/min. Hence, a
state of air deprivation exists (Figures 8 A&B). In nmany cases this air
deprivation is thought to produce the feelings of dyspnea and thereby
triggers the major psychol ogi cal effect acconpanying respirator wear.

Here lies a major need for research which should be interdisiciplinary in
nature. First, the engineer is challenged to design and to produce a

regul ator val ve which, when triggered to open, has the capability of
following the individuals flowvolune characteristics wthout distortion.
Secondly, the work physiologist is challenged to verify that the design of
the regul ator valve does in fact neet the flow volune characteristics of the
human during maxi mal performance. Thirdly, the physiol ogist needs to
describe the naxinmal inspiratory and expiratory resistances, throughout the
range of flows, experienced in the respiratory cycle, which do not
psychophysiologically interfere with work performance. Fourthly, in order to
i nprove the bench test certification of new repsirators the engi neer nust
provide a calibrated yet variable dynamc flow punp which will mmc the
respiratory cycle in total and thereby provide a cal cul ated neasure of
variable resistance.

Another area of concern, which nust be addressed, deals with a point already
alluded to by Mary-Winn O'Brien. 29 CFR 1910 134 (b) (10), C8HA indicates
that the physician be left to determ ne what health and physical conditions
are pertinent. However, no guidelines in terns of specific disease
conditions or work |levels have been proposed. In a prelimnary attenpt, we
are evaluating the effects of "demand" and "pressure-denmand" respirator wear
during rest and work for a group of subjects with subclinical but mld |ung
function inpairnment (3,4,5. Mst of the data obtained during these
investigations will be presented later in the program Prelimnary findings
suggest that the physiological effect of the respirator is no different for
the inpaired subject than for the nornmal subject. However, specific
evaluative tests of pulnmonary function, work perfornmance and psychol ogi cal
condition all appear to have sone predictive capacity as to their response to
arespirator. It is in this area that | feel the mgor thrust of

physi ol ogi cal research should focus.



First we nust identify the problens of respirator wearers with a specific
di sease entity. Secondly, can we provide a scientifically predictable
screening test(s) for the physician to use in his office? This screening
nust be able to accurately predict a workers' response to respirator wear
(both physiol ogi cal and psychological) and relate it to the stresses of the
specific work tasks required. Finally, we need to docunent the changes in
physi ol ogi cal and psychol ogi cal responses by a period of job specific
training with a respirator.

In conclusion, 1 would like to reiterate our research needs in priority order:

a. produce a regulator valve capable of following the true respiratory
demands of the human

b. devise a dynamic flow/resistance calibrating punp

C. descri be the psychophysiol ogi cal responses of specific diseased
popul ation to respirator wear during rest and work

d. provide a sinple yet specific clinical test(s) which is response and
job rel ated

e. validate the predictability of the screening test(s)
f. evaluate training prograns
g. reduce the weight bearing load of the respirators to a mini num

1 would like to nmake an appeal to those people concerned with the use of

i ndustrial respirators, be it business, government, |abor or the scientific
community. Because of our need to promnul ate standards for the protection of
the individual when using a respirator, we have established a position (akin
to the gold standard) which is used in adversary situations between groups.
The inplicit problens of this situation have been succiently identified by
Mary-Winn O'Brien in her position statement. However, nost of our righteous
indignation is expouned using the gold standard (respirator certification) as
our base of support, yet this standard is an inadequate representation of the
human's demands. Therefore, | appeal to all concerned to consider the nman
that is being required to wear this device, as a human life that nay be
endangered, and not just a machi ne which responds only in a designed fashion
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Comments

leg pain

general fatigue

lack of air

cl aust rophobi a

hot mask

expired resistance high
dry throat

Tot al

TABLE 1
Subj ective Comments Reported

as reasons for
Term nati on of Exercise

Conditions

A B ¢ °
11 14 8 !
4 1 2 *
—— - 8 -
- 4 4
- ) ) X
N i 1
N ) N 1

. 18
15 15 23
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FIGURE LEGENDS

G oup nean data of maxi mal work performance in relation to tine
obtai ned for each condition of respirator wear, see |legends in
figure. Adopted fromthe data presented in reference #1.

Group nmean data describing increases in oxygen uptake for
specific relative workloads as a result of respirator wear.
Adopted from the data presented in reference #2.

Average increases in ventilation volune (6 l/min) due to
breat hi ng node conpared to wei ght bearing along. Adopted from
the data presented in reference #2.

I ncreases in ventilatory volune during actual work of 600
Kpm/min (control) and hypnotic suggestion of 900 Kpm/min yet
actually working at the same control workload. Adopted from
data presented in reference #6.

Schematic representation of changes in flow during inspiration
and expiration.

Changes in peak flow (lI/sec) and ventilation volunes (1/mn)
during respirator wear w th increasing workloads.

Changes in respirator nask pressures relative to atnospheric
pressure with respect to relative workloads (A and peak flows
(B). Adopted fom data pressented in reference #2.

Conmparisons of two maxi mal flow volune |oops obtained on nornal
subjects with and without a "demanc" type respirator.



WorkD me to Exhsustioo

FIG | Tests of Maximum Work Performance

during various respirator conditions
Fror Raven, et al (1977) , with permission]

A=Control

B=Weight Bearing

C=Demand Breathing

100% - | D=Pressure Demand breathing
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FIG. 2 Increase In Energy needs In response to respirator wear.

[Fromtyhre, et al (1979), with pernission]
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FIG. 3 Increases in ventilation volumes
as a result of breathing mode

[FFom Myhre, et al (1979) , with perm ssi on]
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FIG. 5 Changesin flow during one respir
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VENTILATION VOLUMES
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