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Studies of respiratory protective equipment for
emergency use in compressed air work -with
special reference to a semi—closed circuit system—

Respiratory protective equipment (RPEQ) is
must be kept in confined construction sites such
as tunnels to ensure the safe escape of workers or
to go to their rescue in case of a fire, explosion
or toxic gas spouting. An open circuit SCBA

(self-contained breathing apparatus) system
using air or a closed circuit system using pure
oxygen is widely utilized at 1ATA. Both sys-
tems are, however, strictly limited in compressed
air work, because air SCBA allows short breath-
ing time and oxygen SCBA can lead to oxygen
poisoning due to the high level of oxygen partial
pressures. We have developed and tested a semi
—closed circuit SCBA system using nitrgen—oxy-
gen mixtures which can keep sufficient breathing
time and prevent oxygen poisoning under high
pressure atmospheres. Experiments were carried
out using the semi—closed circuit SCBA with 2 to
5 subjects at rest or on exercise at 1-5 ATA in a
hyperbaric chamber or compressed air construc-
tion sites. During the experiments partial pres-
sure of oxygen and carbon dioxide of inspired gas

(Pioz and Pieo) , respiratory minute volume (V
E) , oxygen uptake (V O,) and heart rate (HR)
were measured. Maximum Py, was 1.71 kg/cm?
at rest at 5 ATA, while maximum P;co, was 0.006
kg/cm?. These values had no fear of oxygen
poisoning or carbon dioxide retention. HRs were
within normal limits. P, was, however, below 0.
21 kg/cm? in case of heavy work VO, =251/
min) at 1 ATA.
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%=1 Various experimental conditions of testing the semi-closed

breathing apparatus (SCBA).

Experimental |Ambient |Experimental Type of Type of |Subject
condition Er:;:uie enviroment exercise SCBA number
. Bicycle
A 1.0 Hyperbaric ergometer (1) 4
. (300~600
B 3.0 chamber kpm/min) 5
C 1.0 Bicycle 3
Hyperbaric ergometer
D 4.0 chamber (600 kpm/min) () 4
E 5.0 _— 3
Pneumatic Walkin
F 3.0 - 9 1
caisson (3.5 km/h) () 2
Walking
G 1.0 Indoors (90 m/min, (1) 2
6=0~8° )
Compressed [Going up and
H 1.0 . down steps, (1) 3
air tunnel Walking(6kmh)
¥ L i@
Hyperbaric chamber 10

Hi]

Pen recorder

1 Schematic diagram of the experi-
ment.
1. CO, analyzer, 2. Oxygen sensor,
3. Inspiration bag, 4. Expiration
bag, 5. Orifice, 6. Relief valve, 7.
CO, removal canister, 8. HR moni-
tor transmitter, 9. O,-N, com-
pressed premixed gas, 10. HR
monitor receiving unit, 11. Oxygen
monitor.
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2 Circuit diagram of the semi-closed
breathing apparatus.
1. Orifice, 2. Bypass valve, 3.
Breathing bag, 4. Relief valve, 5.
CO, removal canister, 6. O,~N,.
SCBA-1T : 60%0,-40%N,, 4 1/min.
SCBA-II : 409%0,-60%N,, 8 1/min.
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®'3 Changes in inspired PO, of the
semi—closed breathing apparatus
(SCBA-1) during rest and exerci-
se at 1 ATA.
--- Rest and exercise (300 kpm/min)
— Rest and exercise (600 kpm/min)
R : Rest, E . Exercise.
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4 Changes in inspired PO, of the
semi-closed breathdng apparatus
(SCBA-1) during rest and exerci-
se at 3 ATA.

--- Rest and exercise (300 kpm/min)
— Rest and exercise (450 kpm/min)
R : Rest, E : Exercise.
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5 Changes in inspired PO, of the
semi—closed breathing apparatus
(SCBA-II) during rest and exerci-
se at 1-5ATA in a hyperbaric
chamber.

------ Rest and exercise at 1 ATA.
—— Rest and exercise at 4 ATA.
—-— Rest at 5 ATA.

R : Rest, E:Exercise (600 kpm/
min).
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(6 Changes in inspired PO, of the
semi-closed breathing apparatus
(SCBA-1) during rest and walk
at 3 ATA in a pneumatic caisson.
R Rest, W : Walk.
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X7 Changes in increase of oxygen uptake in relation to
the intensity of exercise (walking).
—O— : Wearing breathing apparatus on subject’s back,
—e—  Control.
~ 0.8 Rest Exercise
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8 A decrease of inspired PO, of the semi—closed breath-
ing apparatus (SCBA-I)during exercise (V 0,=2 1/
min).
—X— ! Subject A, —@— : Subject B.
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9 Changes in oxygen uptake (V O,), expiratory gas
volume (V) and heart rate (HR) during rest and
exercise at 1 ATA.

R : Rest, D : Going down steps, W : Walk, U : Going up
steps..
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E10 Changes in inspired PO, and heart rate of the semi
—closed breathing apparatus (SCBA-1) during rest
and exercise at 1 ATA.

R : Rest, D : Going down steps, W : Walk, U : Going up
steps.
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%2 Maximum and minimum Py, and maximum P, during the use
of the semi-closed breathing apparatus (SCBA) at various
ambient pressures.
Experimental | Ambient Maximum P1p, | Minimum P1g, |Maximum P1cQ,
condition pfe:;:r? ( kg/cm?) ( kg/cm?) ( kg/em?)
A 1.0 0.56 0.3 0
B 3.0 1.44 1.12 0.006
c 1.0 0.39 0.22 0.002
D 4.0 1.42 1.00 0.0015
E 5.0 1.71 — 0
F 3.0 1.53 1.25 —_
G 1.0 0.58 0.21> —
H 1.0 0.58 0.46 —_
. 2 WREB T4 TH o7,
MEAMOERC L VBFREREICL TH03
(& 1) I/min DERZED LI, ER-HEARRKCE

BEZ v 7i28WT, BEENKKEE 3ATA
&1 EBREHA, B) TORKBESEDOH
ERERIE S, 4R TIELTHoTee ARE
TCoEB AR (600kpm/min) ICHIE S ik
ERKBRFE D EX 0.3kg/cm?, RERICHIE I h
TR ABRSBESER 14kg/c?>TH - Foo T
RZDREEH AR, Wt s dic 0kg/cm?T
Holc, R, BEENLKKE, AATAR IO
5ATAGE L | FBR&MC, D, EDTORSEHE
SEOWEER YR 5 KRt ASETTORE
BSRBFRSER 0.22kg/cm?, BARIBR S ER
5ATA ORFIZ 1.71kg/cm*TH b, BRKRBH 2
SHEZERK 0.002kg/cm?TH - 12,

(E%2)

3ATA DESBHIFEEATOLRBIFL, H1T
EERF O RARFER O BIRR S EDOHER O RIE
BREXE6 LR T, CORDEBHAMNER, BE
B2 -2 BRETS L 300kpm/min i
YL, A ShREBESEOMBEITRK]L
53kg/cm?>TH - 12,

(8% 3)
BEREREIFTCRTIOR IV Yy FID
MEO LR ->TERL, HEARROBEE
BED, $¥2]1/min KisbREIHEREATIZG”

5.0, Bk 192/min (BBREB) TH-
T2o WITAT - e RARER O RIEEFE S EOHE
12, B 8IRT X 5 I R I B R D A
ERFLEVFETELSETEL, $H6~7400D
I AKEY < (0.21kg/cm?) LTFEAdT5
TENEBREA, BEELLERDLRL, 0
R OFBUEE A 18 1/min & 72 h, & HICBSE
BB L TIixRB 2125 2 ici 2 545°C HVERI X
hiz,

(E5&4)

YA FEEBTO 3 ZDOHEBEOHREER
B, BRER X LB O ZFRIEEITREE AR,
B E b IRER I A VO, =1.2 1/min,
VE=281/min, HR=118/min T »%, L L
e HIEER ERRICIBRERE, BREL I
BT, TR0 2E M Ee#inl TRAME R
VO0,=2.51/min, VE=63 /min & 75 o7, # 7o &
DEFD.LIASIE 174/min TH o e TR B DA
EEOHEBORENFZEI HBREA) R
To KRIZ, RAUEHET COR—RBEDOTREFEHE
BORIBRSE, LEEOHBHI0CRT,
Z DR DO RARER O BRKEER S O RASME X
B FRARICED B 0.46kg/cm®ThH » T2, LHIH
XERRIC B E AR, 146/min TH - o,
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DT, BETRYEHET S 7-DL, EIFELHE
e ld, BIRERE AL TOIRIGTES X
SIEREELRTRIERD W EXAHIB R
o

—77, BRORBT A FEOREME L, £
THK 0.006kg/cm?>*TH - 7 D TRBH AhED
fEe 1 RHBEOHERTRETH S & L2345
bhiond, BIRFIEEE L, RERY 2 ORILER
TREAT oK, EBHAMEOHINC L H R
Btz s s L bIREN ERA L TR L
e BEMED D, RBEHABRINF v = A& —DO
BRBRETH D EBRRED BRI,

Fry FIAEKR, BEEALIA-2¥HW
ERRFEL L IREVERREREIBLLYZDL
CEECTIRERTREAHMEATOYELYMS =
EDTRETH HDT, KRBT on, BRERE
BoREOFEICL YBIRERECL TH3Y
min DEHRL BRI,

2T, RRREEGGROEERR, WATHIC
BT, EEEOBRIRERELHI IS H
HTBREIMERZLE AL RT,
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BREAERREREOFHEL TRy
2%, HENKETeD X 5 BRI 5EARER
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