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| NTRODUCTI ON

The use of respiratory protection devices is a noticeable, additional physical
stress to the wearer. This is noticeabl e especially during physical work.
This additional stress is prinmarily the result of the follow ng breathing
apparatus factors:

- Wi ght of the breathing apparatus (wth conpressed breathi ng apparatus,
for exanple up to 25% of the body weight).

~ Additional breathing l|abor to overcone the breathing resistance of
respiratory protective device (up to 15 nmbar with full facepi eces and
conbi nati on chem cal /aerosol filter cartridges).

- Dynam ¢ deadspace of the facepiece (wth full facepieces, for exanple
i ncrease of the carbon dioxide content in the inhalation air up to double the
threshold limt value).

The additional stress is so great that in mning it has always been customary
to give nedical exanm nations to the wearers of respiratory protective devices
before they could use these. This is to see if physically they could stand up
to the expected stress.

The German Mutual Accidents |nsurance Organi zati on has worked out the
principals for work-medical preventive examnations G 26 "Warers of
Respiratory Protective Devices for Work and Rescue". During the preparation
it becane evident that there exist only a few reports which are conprehensive
and backed up by statistics that give information about the stress of the
different respiratory protective devices on the wearers. Studies involving

| arger nunbers of participants are especially rare. Due to the very |arge

i ndi vi dual differences, however, tests with single persons are of limted

val ue only.

For this reason the work group "Respiratory Protection" of work circle 1 "Wrk
Physi ol ogy" of the commttee WORK MEDCINE has introduced and carried out a
conpr ehensi ve research project on the stress resulting fromthe wearing of
respiratory protective devices, especially for older workers too. The
financial means were supplied by the main Association of the Professional

Miut ual Accidents Insurance O ganizations in Bonn.

RESEARCH START AND EXAM NATI ON SCCPE

Sel ection of Partici pants

In order to get a representative collection of positively notivated wearers of
respiratory protective equi pment of average health, the test persons were
chosen fromparticipants of respiratory protective equi pnent protective
courses. These courses are conducted continually at the Chief Mne Rescue
Station of the Mning Mitual Accidents |nsurance O ganization in
Hohenpeissenberg, Bavaria. |n order to measure the effect of age, the test
persons were divided into seven groups:



G oup 1: 18 - 25 years
Goup 2 26 - 30 years
G oup 3: 31 - 35 yearé
G oup 4: 36 - 40 years
G oup 5: 41 -~ 45 years
G oup 6: 46 ~ 50 years
Goup 7: 51 years and ol der

In order to obtain statistically sound results, there were at |east 30 persons
in each age group during each of two studies projects. Participation was
voluntary.

VWrk Stress

For obvious reasons it is hardly possible to conduct work-physiological tests
of the necessary scope on wearers of respiratory protective devices at their
work place or during real life rescue operations.

As a substitute, dosed work stress was nmeasured on a tread-mll type evgometer
at the Chief Mne Rescue Station in Hohenpeissenberg.

The speed of the treadm ||l was set at 2.25 kiloneters per hour and the incline
angl e at approximately 11 percent, so that a test person wei ghing 75 kil ograns
was subjected to a stress of approximately 90 Watts.

Metholodogy

As indicated on Table 1, the research project was carried out in tw parts.

Part | of the study investigated the influence of the weight of the
respiratory protective equi pnent on the wearer. Here one of the nost conmmon
nodel s of conpressed air breathing apparatus (DA 58/1600) was used. The

wei ght of this apparatus without facepiece is 16 kilograns. Here each test
person had to nake two test runs.

- Test run 1: Wth facepi ece without conpressed air breathing
apparatus, and

- Test run 2: Wth facepiece with conpressed air breathing appaccta .

The test set-up is illustrated in schematic drawings 1 and 2.



Part 11 of the study investigated the influence of breathing resistance and
facepi ece deadspace on the wearers of respiratory protective equi pnment. Gas
masks were used consisting of a full facepiece with a conbination

chemical /aerosol filter cartridge, protection grade 3c (B/St), (in future:
B2-P3, according to German Standard DN 3181, Part I). Here each person had
to make three test runs..

- Test run 1. Wt hout facepiece
- Test run 2: Wth facepiece without filter cartridge, and
- Test run 3: Wth facepiece with filter cartridge.

The test set-up is described in schematic drawings 3 and 4

During all test runs the measurenent dimensions of stress on lungs, heart, and
circulatory systemas indicated in Table 2 were used.

HOHENPEISSENBERG STLDY: Part | and I1II, Table |1
Measur enent di nensi ons

A Stress on |ungs

- Breathing mnute volume (AMV; gas gauge)
- Breat hing frequency (AF Therm stor conduction)
- Breat hi ng vol ume (AV, mathematical).

B. Stress on Heart-Circulatory system

Due to absence of facepieces, there were no measurenents of breathing

vol une and breat hing m nute volunme during test run 1, of Part Il of the
study.

During test runs 2 and 3 of part Il of the study the inhalation

resi stances and exhal ation resistances were al so neasured. In addition,

the breathing pressure curves were recorded in the fifth, respectively the
sixth mnute of stress.

In both parts of the study nmore than 100,000 personal facts were recorded in
conputerized form

The test runs were made on two consecutive days at the sane tine of the day.
A test run lasted 12 nminutes and was divided as follows:

2 mnutes adjustnent tinme at rest
7 mnutes adjustnent at the treadnml| ergometer, 90 watt, and

3 minutes recovery tine at rest.



RESULTS AND DI SCUSSI ON
Cener al

It is generally accepted that each type of work stress results in specific
changes on the stress characteristics of heart, circulatory system and | ungs.
As the test showed, the wearing of respiratory protective equipnent results in
addi tional stress factors which then influence these characteristics. The
followng will illustrate and discuss the changes on the average curves of the
i ndi vi dual characteristics, with and without respiratory protective equi pnent.

An evaluation with regard to the different age groups was made. D spersion
di agrans were nade and regression curves in relationship to age were
det er m ned here.

Stress on Heart-Circulatory System

For this discussion, the only characteristics used for stress on the
heart-circulatory systemis the heartbeat frequency (HSF).

During stress, this increases at first rapidly, then gradually to a |evel of
maxi mum approxi mately 117 heartbeats per mnute. At the end of stress, the
decrease is rapid. Three minutes after the stress period, an average of 92
heart beats per m nute was neasur ed.

Wth the additional influence of a facepiece, consisting of a full facepiece
and a gas gauge, there is only a slight increase of the heartbeat frequency
during and after the stress period of an average of nmaxi mum 3 heartbeats per
m nut es.

Primarily this increase is the result of the dynam c deadspace of the full
facepi ece and to a |esser degree due to the existing breathing resistance (see
picture 9). Since nodern full facepieces were used which were equipped with
nosecups, this influence was not too great.

However, the additional influence of a conbination filter cartridge before,
during and after stress period resulted in an additional increase of an
average of seven heartbeats per mnute to the heartbeat frequency.

Therefore, with the gas mask system (full facepiece with conbination

chemcal /aerosol filter cartridge) and gas gauge, the total influence during
the sel ected, sub-naxi mum stress was approxi mately 11 additi onal heartbeats
per mnute at a nmaxi num average heartbeat frequency of approximately 128 per
mnute. This corresponds to an increase of approximately 9.5 percent.

For a conparative exam nation of the additional influence of the weight of
approxi mately 16 kil ogramof a conpressed air breathing apparatus, neasuring
of the heartbeat frequency is posible only with facepiece (picture 6).



Before, during and after the stress period there is an increase in the

heart beat frequency due to the weight. The maxi numwas reached in the seventh
m nute of the stress and on the average it was about 13 heartbeats per

mnute. Wth conpressed air breathing apparatus and facepiece the average
heart beat frequency was maxi mum approxi mately 141 per minute, conpared to the
approximately 128 per mnute when using facepi ece and conmbination filter
cartridge. The heartbeat frequency increase, caused by the 16 kil ogramwei ght
of the apparatus, therefore is about twi ce as high as the increase caused by
the conmbination filter cartridge. Al so, conpared with the gas mask, the
recovery behavior of the heartbeat frequency is markedly slower with
conpressed air breathing apparatus.

Conparing the total influence of the conpressed air breathing apparatus and
gas gauge system agai nst the correspondi ng val ues when using no respiratory
protective equi pment at all (even though this is not entirely correct, since
there was a different group of persons), there is an increase of 24 heartbeats
per mnute, corresponding to 20.5 percent.

Stress on the Lungs

Breat hi ng m nute vol une

On the various aspects of stress on the lungs which were exam ned, let us
first look at the behavior of the air volume that is breathed in a mnute
known as breathing mnute volunme (AMV). An additional influence on the use of
breathing air is not noticeable during the stress due to wearing a conbination
filter cartridge (Picture 7).

The situation differs with the wearers of conpressed air breathing apparatus
under the sane stress (Picture 8). For facepiece wthout conpressed air
breat hi ng apparatus the average original values of the breathing mnute vol unme
were at 13 liters per mnute, and with conpressed air breathing apparatus at
16 liters per mnute. The increased air consunption due to the additi onal

wei ght of approximately 16 kilogramis up to seven liters per mnute in the

seventh mnute of stress.

Wth facepiece, gas gauge and conpressed air breathing apparatus the average
breat hing m nute volune reached a maxi nrum of about 45 liters per ninute,
conpared with about 38 liters per mnute for facepiece and gas gauge but
wi t hout the weight load. Conparing picture 7 and picture 8, it becones
evident that it is the weight of the conpressed air consunption per ninute
under dosed work stress. Wth this neasurement the influence of the filter
cartridge cannot be assessed.

Br eat hi ng Resi st ance

For wearers of respiratory protective devices with conbination filter
cartridges the nost inmportant stress factors during inhalation and exhal ation
are the negative and positive pressures that must be overconme, the so-called
breathing resistances. For this reason these values were also taken into
account in part Il of the study.




Pi cture 9 shows that the positive pressure required to open the exhal ati on
val ve during the work stress is on the average 2 mbar .

During inhalation the negative pressure fromthe full facepiece and gas and

gas gauge was a maxi numof - 2.8 nbar. This figure includes a pressure |oss
of - 1 nbar which is caused by the gas gauge. This could not be avoi ded for
techni cal reasons.

The facepiece with conbination filter cartridge results in a negative pressure
about four tinmes as high as the wearer inhales. Al ready before the work
stress period the average is - 3 nbar and during the dosed work in the seventh
m nute of the stress up to alnost - 10 nbar.

The breathing work required to overcone such positive and negative pressures
and its influence on the respiratory organs must be considered as additiona
stress factor to the weight of the breathing apparatus. This nmust be taken
into consideration during medi cal exam nations of wearers of respiratory
protective equi pnent.

Breat hing tine quotient

During the execution of part Il of the study the breathi ng pressure curves
were recorded w thout inherent delay during the fifth, respectively the sixth
m nute of the stress period. Fromthe breathing tinmes of inhalation and
exhal ati on which are recorded on these curves, the influence of resistance on
the natural breathing curve is evident.

By designating the average exhal ation time tgy and the average inhal ation
time tyy, One obtains the breathing tine quotient (AZQ with the follow ng
formula:

Wile during the test run with facepiece without filter (little inhalation
resistance) the exhalation tinme on the average was greater than the inhalation
time by a factor of 1.3 (AX 1.3), this relationship in the test run with
facepi ece and conbination filter (high inhalation resistance) changes to such
an extent that the inhalation tinme and exhalation tinme are alnost equal. The
breathing time quotient becones approximately 1.

The wearers of respiratory protective equi pment perceive this disorder of the
natural breathing as very unpl easant.



CONCLUSI ON

A research project was conducted with two common respiratory protective
devices involving a |l arge group of 422 participants. |In this project, where
nmore than 100,000 i ndi vi dual data were measured, it was attenpted to abstract
fromthese the influences of the respiratory protective equi pnment factors on
the wearers of such equipment, such as apparatus wei ght, breathing resistances
and dynam c dead space in the equi pnent. Basic know edge has been obtai ned
fromwhich the real stress can be judged to whi ch workers are subjected when
wearing respiratory equipnent under real |ife conditions.

It can be expected that in the future this know edge will be taken into
consideration not only for medical exam nati ons of wearers of respiratory

protective equi prrent, but al so when setting perfornmance standards for tests on
respiratory protective equipment.



