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I NTRCDUCTI ON

| have prepared this report partly to present the general aspect of current
gas masks in Japan and the Japanese Industrial Standard of Gas Masks (JIS
T8152) and partly to present the solid adsorbents used in the canisters and
cartridges which have been traditionally used and newy devel oped

Gas masks and chemical cartridge respirators for occupational uses have the

hi story since about 1920 in Japan. The first Japanese Industrial Standard of
gas nasks (including chemcal cartridge respirators) was established in 1955
which was revised in 1962, 1968 and 1972. The new revision of the current JIS
T8152 is about to be published

The principal concept of gas mask, i.e., the required functions, the
classifiction of type and kind of facepieces, canisters and cartridges and the
gas-renoving capacities of canisters and cartridges did not nmuch change al
through the revisions of JIS, though the materials constructing facepieces,
cani sters and cartridges have been inproved and the designs were refined to
better satisfy the user's requirenents. On the other hand, the need for
respirators in industry seems increasing to cope with the variety of harnfu
cheni cal s handl ed there

Regul ations of the Mnistry of Labor for the purpose of protecting
occupational diseases due to chemicals stipulate that the enployers ought to
supply gas masks to the workshops under the regul ations and the
operation-chief anong the workers ought to nanage the application and

mai nt enance of the masks

The quality of gas masks is certified by National Approval Tests which are
perforned by National Institute of Industrial Health entrusted from the

M nistry of Labor. The criteria for the approval and the test conditions are
al nost coincided with JIS T8152. The examinations for the certification are
carried out on 3 articles of gas masks (facepieces and canisters or cartridges
in conbination) to neasure the following properties: the air flow resistance
of inhal ation val ves, exhal ation val ves, breathing tubes, canisters and
cartridges; the air tightness of facepieces, canisters and cartridges; the
dead vol une of facepieces; and the visual field of facepieces. The service
lives of canisters and cartridges are neasured on 13 articles froma kind of a
type of each brand. The materials such as plastics, netals and rubber are
examined for their heat resistance, cold resistance, mass reduction due to
heating, corrosion resistance, tensile strength, etc.

CLASSIFICATION OF GAS MASKS IN JI'S 181521)

Gas masks including chemcal cartridge respirators are classified in JIS T8152
into three types according to their construction and applicabl e environnental
conditions shown in Table I.

Among t hese masks, canisters of separate type have the |argest gas-renoving
capacity with weight about 600 g - 1000g. The canisters are further
classified into ten kinds according to the kind of applicable gas. The kinds
of separate type canisters are presented in Table II. Their gas-renoving
capacities are tested against the test gases at certain concentrations m xed
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with a conditioned air streamof 30 1/min at 20°C and 50% of relative

hum dity. The test gas for each kind of canister, the mninumrequirement for
the service life and the naxi num all owabl e penetration linit are presented in
Table 1.

D rect connection type canisters include 8 kinds, the sane with the kinds of
separate type canisters except those for fire fighting and for carbon

nmonoxi de. The canisters of this type have m ddl e gas-renoving capacities
which are applicable to the environnental toxic gases at fairly high
concentrations for short period. For instance, this type of canister for
organi ¢ vapors which is packed with active carbon has the total weight about
300g and service life of 30 mnutes or nmore for carbon tetrachl oride vapor at
0.3% concentration in the test air stream

Smal | size chemcal cartridges are classified into 7 kinds which are shown in
Table Il. The cartridges are only applicable to dilute gases for relatively
long periods. For instance, a cartridge for organic vapors is about 100g. It
serves for 50 minutes or nore for carbon tetrachloride vapor at 0.03%
concentration in the conditioned air stream

TABLE |I. Classification of gas masks and chemical cartridge respirators
according to JIS T8152

Appl i cabl e environnent al Construction
Type condi tion requi r ement
Separate type I n at mosphere contai ni ng A facepi ece*
toxic gas of 2% or |ess A breat hing tube
(3% or less for ammonia) A cani ster
Direct I n at nosphere containing A facepiece*
connection type toxic gases of 1% or |ess Canister(s) directly
(1.5% or less for ammonia) connected to

the facepi ece

Chemi cal In at nosphere containing A facepiece®
cartridge type toxic gases of 0.1% or |ess Cartridge(s)

* Facepi eces used in the above three types may be either full facepieces
or quarter nasks, which nmust have inhal ation valve(s) and exhal ation
valve(s).



TABLE Il. The properties of canisters and cartridges and their test conditions according to JIS T-8152.

Maxi mum Di rect connection type Chemi cal
Ki nds of Ki nds of al | owabl e Separate type canisters cani sters cartridges
canisters and test gases penetration  Test gas Minimum Test gas Minimum Test gas M ni num
cartridges and particles limits* concen-— service concen- service concen- service
tration life** tration life** tration 1ife¥**
For hal ogen Cl, 1 ppm 0. 5% 60 mn 0. 3% 15 nin 0. 02% 40 mn.
gases
For acidic HCL 5 ppm 0.5% 100 mn 0. 3% 80 mn 0. 03% 80m n.
gases
For organic CCly 5 ppm 0. 5% 100 min 0. 3% 30 mn 0. 03% 50m n.
vapors
For carbon @ 50 ppm 1% 180 nin
nonoxi de
For fire CCly 5 ppm 0.5% 30 mn
fighting @ 50 ppm 2% 60 min --- I
Cigaret snoke 5% Sk ik -— -
|
1
For net al CCly 5 ppm 0.5% 60 mn 0.1% 30 mn 0. 03% 30m n.
fume Cigaret snoke 5% dedked Sededs Fededede Fedeven Fkkkk okekokok
For ammonia  NHj 50 ppm 2% 40 nin 1% 10 nin 0. 1% 40 ni n.
For sul fur 509 5 ppm 0. 5% 50 nmin 0.3% 15 mn 0. 03% 35m n.
di oxi de and Cigaret snoke 5% Feded Fedok dedodeds Sededose Fedededede HAAAK
sul fur
For hydro- HON 10 ppm 0.5% 50 mn 0.3% 20 mn -
cyanic acid gas
For hydrogen HyS 10 ppm 0.5% 50 mn 0.3% 20 mn 0. 02% 35 mn

sulfide

* The maxi mum al | owabl e penetration limt is defined as the maxinum allowable limt of unadsorbed test gas.

*% The mnimum service life is defined as the time for the unadsorbed gas to reach the maxi num all owabl e penetration
limit..

*%% Snmoke-renmoving efficiency should be nmore than 95% when nmeasured against cigaret snoke at 100-200 mg/m3
concentration by light scattering nethod. Smoke renoving efficiencies of direct connection type canisters (*¥%¥) and
chemical cartridges (**¥¥%*) should be nore than 80% and 60% r espectively when neasured at the same condition as for
separate type canisters.
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PRACTICAL APPLI CATION OF GAS MASKS

Wien gas nasks are used by the workers, the canisters and cartridges need
to be estimated about their service lives in the environnmental

condition. Every canister and cartridge comrercially available in Japan
is attached with a card show ng the breakthrough tine of the canister or
the cartridge for the test gas as shown in Fig. 1, i.e., the curve of
breakt hrough time vs. the concentration of the test gas. The users of
gas nasks can estimate the service life of a canister or a cartridge by
referring the card. Fig. 2 shows the observed breakthrough tine curves
of cartridges for organic vapors.

Those breakthrough tine curves attached to the comrercial canisters and
cartridges show that they can serve for longer periods than the m ni num
required service lives designated in JIS.

Figure 3 shows the results of gas renoving tests of a kind of canister.
The service lives of the canisters are determned as the time when the
penetration gas concentration reaches to the maxi num al | owabl e
concentration of the test gas. The neasured service lives of sone kinds
of canisters, their averages and standard deviations are shown in Fig. 4.

GAS ADSCRPTI ON PRCPERTI ES CGF SQLI D ADSCRBENTS USED | N GAS MASKS

The predom nant kinds of adsorbents used in gas masks in Japan are
presented in Table Ill. Those adsorbents are classified into three
categories, i.e., adsorbents which adsorb gases by physical adsorption
(active carbon), ones which adsorb gases by chem cal adsorption (soda
linme, cupramnt, acid-inpregnated solid adsorbents, acidic alumna,
amine-impregnated active carbon and nmetal oxides) and catal yst
(hopcalite). Dust filter is packed in all kinds of canisters and
cartridges and fine filter with specially high efficiency in sone.

Active carbon has versatile uses to adsorb various kinds of gases and
nmost of organic vapors. However, the adsorption capacity of active
carbon varies according to the kind and concentration of the applied gas
and vapor 2. 1t also changes by the tenperature and hunidity of the

air inwhich it is used. It should be noticed that the service life of a
cani ster packed with active carbon would be shorter for the

|'i ght-nol ecul ar wei ght-organi c conmpounds than that for carbon
tetrachloride. Fig. 5 shows the breakthrough tines of small adsorption
col um packed with active carbon for sone kinds of test flows containing
organic vapors with or without humdity.

Cani sters and cartridges packed with chenical adsorbents can be applied
to limted kinds of gases which can chemcally react with the solids.

For instance, soda line can adsorb any acidic gases, and netal oxides can
be used to adsorb such gases that react with the netal ions to form
conplex ions. Cupramte is prepared by imrersing a porous solid into
cupric sulfate solution and it adsorbs ammoni a and am nes.

Hopcalite is an oxidizing catal yst for carbon nonoxi de and the service
life of the canister of hopcalite is not the tine for the saturation of
the catal yst by adsorbed CO but the time for the catal yst poisoning due
to noi sture.



-119-

SOME EFFCRTS TO DEVELCP NEW ADSORBENTS

The kinds of canisters and cartridges designated in JIS do not satisfy
all needs of the workers to obtain clean inhalation air. So, canisters
and cartridges which are not shown in JIS are nmanufactured and used for
sonme gases, the exanples of which are presented in the lower part of
Table 11l. W have no standard for such canisters and cartridges, but
the user should be informed about their breakthrough time curves when he
purchases such canisters and cartridges.

Those cani sters and cartridges have becone to be manufactured because the
vapors such as nethyl brom de, vinyl chloride and nercury were not mnuch
adsorbed by the ordinary adsorbents. For instance, a canister for netal
fune had been used for the filtration of nercury vapor, but the vapor can
not be adsorbed on active carbon to a |arge anount. In addition, the
adsorption capacity of active carbon for mercury vapor decreases in the
presence of humidity.%»2)

Adsorption capacity of active carbon for nethyl brom de and vinyl
chloride is not large, but it is pronoted by the inpregnation of am nes
and nmetal ions respectively.

For adsorption of ammonia, a few kinds of adsorbents are applicabl e such
as cupramte, acidic active carbon and acidic alunmina. The author
reported that acidic active carbon inpregnated with transitional netal
ions is an effective adsorbent for ammonia®’.

The nore variety of adsorbents would be necessary to fulfill the
requirements of workers who handl e various kinds of toxic chemnicals.

THE NEW FUNCTI ONS CF GAS MASKS

Such functions as a breakthrough tine detector inlayed in a canister, a
voi ce transm ssion and m crophone attached to a facepi ece are not
designated in JIS but can be found in sonme kinds of gas masks

Any criteria for protection factor or fitness and the nmethods to neasure
the factors are not included in the current JIS T8152

| NTERNATI ONAL  OCOCPERATI ON FOR THE DEVELCPMENT
OF GAS MASKS (PERSONAL CPI NI QN)

When a chemical becomes to be noticed for its toxic effect in any
countries over the world, it is taken as a problemin Japan at the sane
tine. The devel opnent of respirators for such substances and precise
technical information for the application of the respirators are
necessary for which international comunication would be val uable.



TABLE II1 The kinds

-120-

of adsorbents used in canisters and cartridges and

appl i cabl e gases.

Ki nds of Adsor bent s Exanpl es of applicabl e gases

cani sters and (including

cartridge dust filter)

For hal ogen gases Active carbon Fuorine, chlorine, bromne, phosgene
Soda |ime

For acidic gases Al kal i ne Hydrohal ogenic acid, nitric acid, sulturic
active carbon acid, sulfur dioxide, nitric oxide
Soda lime*

For organic vapors Active carbon QO ganic sol vent vapors (acetone, MEK, MIBK,

toluene, Xxylene, nmethyl acetate, ethyl

For carbon nonoxi de

For fire fighting

For nmetal fune

For ammoni a

For sul fur dioxide

acetate) tetraethyl |ead,
styrene, benzene

acrylonitrile,

Hopcalite Car bon nonoxi de

Dessi cant

Active carbon
Hopcalite
Dessi cant

Dust filter

Gases, vapors and snoke generating in fire

Active carbon Fumes of zinc, antinmony and phosphor

Soda |inme
Dust filter
Aci di c Amoni a

active carbon
Aci di ¢ alumina*
Cupramite*

Active carbon Sul furous acid, fune of sulfur

and sul fur Soda lime
Dust filter
For hydrocyanic Met al oxi de Hydrocyani ¢ acid gas, gases fromcyani c conmpounds
acid gas Soda |ime
For hydrogen Met al oxi de Hydr ogen sul fide
sulfide Soda |ime
Acti ve carbon
For methyl bromide** Impregnated Met hyl brom de
active carbon
For vinyl chloride** |npregnated Vinyl chloride

For mercury*¥*

For phosphine**

active carbon

| npr egnat ed
active carbon

Mercury vapor

Hopcalite
Acti ve carbon

Phosphi ne

* The adsorbents with * sign are used instead of the adsorbents w thout the sign
in sone canisters and cartridges.

** The canisters and cartridges with this sign are not designated in JIS T-8152 but

manufactured.

e
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The testing methods and apparatus to assess the quality of gas nmasks woul d be
better devel oped by the international exchange of information, though the
standards for the respirators are left different in different countries.
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Fig. 1
Breakthrough tine curves
. presented on a card attached to
} a cartrldge for organic vapors.
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Fig. 2 Breakthrough tines of cartridges for organic vapors against the test
air flow containing various kinds of organic vapors.
The test flowis conditioned at 30 1/min, 20°C and 50%of relative
hum dity. (bserved by Shigematsu Wrks (o. Ltd.)
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Fig. 4 Breakthrough tines of some kinds of canisters.
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Fig.5 Breakthrough tines of an active carbon col um of
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