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at the Chlorine-Caustic Plant
of the Kasserine Paper MiTT, Tunisia

by L. W. Patterson
(Tenneco Inc., Houston, Texas)
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PREFACE

This report -- prepared by Tﬁnneco Inc. of
Houston, U.S.A. -~ is transmitted by the World Environment
Center to the Goverament of Tunisia.

It is the result of a detailed survey of the
factory of the Societe Nationale Tunisienne De Cellulose,
Kisserine, by L. W. Patterson, a professional engineer
made available by Tenneco for this project. The Center
wishes to express its appreciation to Tenneco for offering
Mr. Patterson's services.

Mr. Patterson's trip to Tunisia is the first
under a new program inaugurated by the Center together
with the U.S. Agency for International Development and
U.S. industry. It provides technical assistance to deal
with problems of pollution in developing countries. The
U.S. companies provide the services free of charge to
eligible countries requesting them as a contribution to
the quality of life in those countries. It is expected
that the program will expand over the course of the next
few years.

The World Environment Center is a not-for-profit
information and education service on international
environmental issues. It was established in 1974 with
funding from the United Nations Environment Program
(UNEP). The center has overall planning and
administrative responsibility for the technical assistance
program.



Information on the Report Author

Leland W. Patterson is a chemical engineer with 30 years of industrial
experience. He is presently Manager of Environmental Affairs, Engineering
for Tenncco Inc. He holds a Bachelors Degree in chemical engineering from
Ohio State University, and is a licensed Professional Engineer in the states
of Ohio and Texas. His ekperience includes a wide variety of engineering
Jobs in the oil refining and petrochemical industries with Shell 0il, Gulf
0i1, Commonwealtn 0il Refining, and Tenneco 0il. His experience also
includes a number of years of technical work in environmental affairs
concerniig the many types of industries of Tenneco Inc., including many
types of pollution control technologies.

In relation to this report, Mr. Patterson has experience in
chlorine-caustic plant operations from employment by PPG Industries, and has
experience in planning of chlorine-caustic plants for several petrochemical

projects.



P O. Box 2511
Houston. Texas 77601
(713) 757-3140

Tennecoinc 1100 Milam Building

L. W, Patterson
Manager Environmental Affairs - Engineering

June 24, 1982

Dr. Ali Ben Gaied

Director

Office of Environment Standards
and Quality Control

Ministry of National Economy
Government of Tunisia

Tunis, Tunisia

Dear Dr. Ben Gaied:.

In reference to my visit to Tunisia in May 1982, attached is my report
on pollution control at the chlorine-caustic plant of the Kasserine paper
mill. It was a pleasure to work with you and your staff during this visit.

This chlorine-caustic plant has large losses of mercury from the process
area which causes direct exposure of workers to toxic elemental mercury, and
public exposure to toxic mercury and mercury compounds contained in waste
waters that flow to lands outside of the plant area.

A three phase mercury control program has been recommended. This
consists of improved equipment maintenance, an improved mercury spill
cleanun program, anda a chemical treating system to remove mercury from waste
water,

Leakage of toxic chlorine gas at the electrolysis plant cell room
presents a safety hazard to workers in the cell room and other nearby

areas. A program for improved worker safety to minimize exposure to
chlorine gas has been recommended. This consists of improved equipment

maintenance, improved availability of emergency breathing equipment, and
improvea ventilation in the electrolysis cell room.

It should be noted that improved equipment maintenance is an important
point for the control of both mercury and chlorine leaks.

i is also recommended that any new chlorine-caustic plants that may be
built in Tunisia should use tne membrane cell process. This process

eliminates the use of toxic mercury, and is a less costly process.



TennecoiInc

Dr. Ali Ben Gaied June 24, 1982

During my visit to this plant, it was agreed that a detailed study of
waste water disposal from tiie main paper mill operations should not be done
u.til after a current study is completed to gather basic data on plant waste
waters,

I hope that my recommendations will be of help in the control of toxic
materials at this plant.

Sincerely yours,

i L2~

L. W. Patterson

LWP/m3
Attachment



Pollution Control at the Chlorine-Caustic Plant
or the Kasserine Paper Will, Tunisia

by L. W. Patterson
(Tenneco Inc., Houston, Texas))

Introduction

A visit was made to the Kasserine paper mill on May 19, 1982, to examine
environmental problems at the associated chlorine-caustic plant. The author
of this report was accompanied by members of the technical staff of the
Tunisian Office of Environment Standards and Quality Control, by Saadi
Zoulton (AID staff), and by I. E. Wallen (AID consultant). Discussions and
a plant tour were conducted by the Assistant Plant Manager, Md. Besbes, and
by the Electrolysis Plant Manager, Mr. Zoglami.

The paper mill at Kasserine manufactures pulp stock and finished paper
from locally grown alpha-grass. A sodium carbonate system is used for pulp
digestion. This chemical system is made alkaline by the addition of both
lime (calcium oxide) and caustic soda (sodium hydrioxide). A
chlorine-caustic plant is associated with this paper mill, to supply caustic
soda for pulp digestion, and tc supply chlorine for pulp bleaching. There
are also outside sales of caustic and chlorine to other industrial plants in
Tunisia.

This plant visit was for the purpose of study of environmental and
health and safety problems associated with the chlorine-caustic plant.
Environmental problems of the paper mill operations were not discussed in
detail.

Electroiysis Plant Operations

Chlorine and caustic soda are produced at this plant by the electrolysis
of a sodium chloriage solution, using an Italian mercury cell process. Solid

salt is dissolved in water, and calcium and magnesium impurities are then



removed by chemical precipitation. The purified salt solution is then sent
to the mercury cell process for production of chlorine and caustic soda
(sodium hydroxide).

In the mercury cell process, elemental mercury is used as one of the
electrodes. In this electrolysis process, chlorine is produced as a gaseous
product, and a sodium-mercury amalgam is formed at the mercury electrod:.
This amalgam is then decomposed to form caustic soda product, and elemental
mercury for recycle in the process. Chlorine product is dried with a
conventional sulfuric acid contact system.

Plant operations suffer from an unreliable outside electrical power
supply, which may contribute to mercury losses. This plant is now operating
with 10 electrolysis cells. In the past, all cells were connected together,
sc that a complete shutdown of all cells was required when maintenance was
done on one cell. A manifold system is now being installed which allows a
single cell to be shutdown without affecting the operation of the other
ceils. This should result in improved maintenance, which will reduce
mercury losses.

Production of this plant is currently 14 metric tons per day of caustic
soda, and 12 metric tons per day of chlorine.

Mercury Pollution

In 1981, mercury losses were 4,700 kilograms per year at this plant.
High mercury losses are expensive to operations, and result in pollution
problems. Mercury and mercury compounds are very toxic. Human exposure to
mercury can result in severe health problems. Some data on the toxic
properties of mercury and mercury compounds are attached.

Some of the mercury losses are caused by mechanical leakage from
equipment. This results in exposure to workers, and in water pollution wher

mercury goes into floor drains. During this visit, it was observed that the



floor of the mercury recovery room, below the cell room, was ccvered with
elemental mercury. This gives direct exposure to workers and causes water
pollution through the floor drains.

Another source of water pollution by mercury is from cleanout of
electrolysis cells during maintenance.

Worker exposure to mercury can come from direct contact and from
breathing of aubient air that contains mercury. If mercury is spilled, some
of it will volatize into the ambient air. Tests should be made at this
plant to determine the concentration of mercury in the ambient air of the
cell room and the mercury recovery room. The United States federal standard
for the maximum concentration of mercury in air is 1 milligram mercury per
10 cubic meters of air.

It is recommended that the following things be done to control mercury
pollution problems at this plant:

1. An improved maintenance program to prevent mercury leaks from plant

equipment.

2. lmmediate cleanup of all spilled mercury.

3. Separate and treat all waste water streams that contain mercury.
Only waste water streams from the electroiysis plant that potentially
contain mercury will require treatment. For example, there is no mercury in
the waste water from brine treatment to remove calcium and magnesium. Waste
water from all floor drains and other waste water sources in the cell room

and mercury recovery room should be treated.

Waste water containing mercury can be treated with sodium sulfide. A pH
of 4 to 6 must be maintained for this chemical reaction. During treatment,
mercury compounds will precipitate as a mercury sulfide sludge. Any

unreacted elemcntal mercury will also be contained in this sludge. The



treated water is then filtered to remove the mercury sludge. Many types of
filters can be used. Tenneco Chemicals has successfully used both
plate-and-frame and pressure type filters for this operation. Diatomaceous
earth is used as a filter precoat. It is recommended that the produced
sludge be mixed with building cement to form a permanent solid material for
final disposal at a hazardous waste disposal site. A flow diagram of this
waste water mercury treatment system is shown in Figure 1. The final
treated water should be tested before it is sent to the main plant sewer
system, to make sure that all mercury has been removed.

It appears that elemental mercury has been going into the main paper
mill sewer system for some time. There could be a significant quantity of
mercury in the waste water sewer system from the location of the
caustic-chlorine plant to the location of the open sewer outfall at the edge
of the plant property. A new mercury treatment system installed near the
caustic-chlorine plant would not remove this accumulated mercury from the
main plant sewer system. After installation of a mercury treatment system,..
the main sewer outfall line should be separately checked for acéumu]ated
mercury. This check can be made by testing for mercury in waste water at
the main sewer outfall location.

A treating system to remove mercury from waste water can probably be
installed at a cost of less than 100,000 Dinars (185,000 U.S. gollars). It
should be noted, however, that there would be additonal costs to install a
system to collect all waste water streams that potentially cont;in mercury.

Waste water from this plant flows into a dry stream bed ouiside. There
is a potential for exposure of both people an. animals to mercury at the
location of this stream bed. If mercury contamination of the surrounding

soil is found to be severe, it is recommended that this soil be sprayed with
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a sodium sulfide solution. This will fix the mercury as a water insoluble
compound that. is not so easily absorbed by people and animals, and which
will not be further spread by water. This is not a permanent solution to
mercury contamination of soil, but it does prevent the rapid release and
spread of highly toxic, water soluble mercury compourds.

The Chlorine Institute has informed me that mercury losses from well-run
chlorine-caustic plants would be approximately 0.1 kilograms per metric ton
of chlorine produced. The Kasserine electrolysis plant mercury loss is
approximately 1.0 kilograms per metric ton of chlorine. This is
approximately ten times normal e#pected losses as compared to general
industry data. At the current price of mercury, there is a potential cost
savings of approximately 5 Dinars per ton of chlorine produced, if mercury
losses at the Kasserine plant could be reduced to that of other well-run
plants.

Chlorine Safety

Chlorine is a poisonous gas that presents a continuing danger to workers
in chlorine plants. During this visit to the Kasserine plant, the
electrolysis cell room could not be entered by visitors, as the room was
filled with chlorine gas. There was no apparent availability of gas masks,
and visitors and workers in adjacent areas aid not have any emergency
breathing equipment. Appropriatz gas masks should be available to all
people who are potentially expssed to chlorine gas.

Several types of breathing equipment should be available in chlorine
plants for use when high concentrations of chlorine are present in ambient
air. A maximum of 3 milligrams per cubic meter in ambient air is used in
the United States as a maximum level of chlorine exposure to workers. The
types of emergency breathing equipment that should be available are as

follows:



1. Self-contained air breathing apparatus: This is used where very high
concentrations (above 2%) of chlorine are pfesent, or when long work
periods are required.

2. (Canister-type gas masks: This is used where moderate concentrations
of chlorine are present (under 2%), and only short work periods are
involved.

3. Emergency escape device: This is a small, highly port.able device
that can be carried by visitors and workers in areas located close
to chlorine operations. This device allows people to escape from an
area contaminated with chlorine gas, without being overcome by the
poisonous gas. It is not intended to replace other types of
breathing apparatus used by workers in areas contaminated with
chlorine.

4. Pullmotor devices for medical aid: Chlorine is a heavy gas which is
difficult to expell from human lungs. When a person has breathed a
high concentration of cnlorine, it may be necessary to provide
mechanical assistance to remove chlorine from the lungs. Every
chlorine plant sheuld have a vacuum type breathing apparatus
(pullmotor) available to provide this type of medical assistance.
Literature on various types of emergency breathing apparatus is
attached to this report.

Good ventilation is necessary for chlorine plant cell rooms. The
Kasserine plant electrolysis cell room is in a rather enclosed building. It
is recommended that wall sections in the cell room building be removed to
obtain improved ventilation for better dispersion of chlorine gas leaks.

Improved maintenance should also be considered for electrolysis

equipment %o reduce the frequency of chlorine leaks.
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Comments on Paper Mill Waste Water

No detailed tour of the paper mill was made during this visit, but some
general comments can be made observations and discussions that occurred
during this visit. There is no treatment system being useu for waste water
from the paper mill at the present time. A study is now being made to
collect data on waste water streams at this plant. It was agreed that
consultants should not visit the paper mill to study waste water disposal
problems until these new data are available.

The following are potential advantages for use of a waste water
treatment system in this paper mill:

1. Reuse of waste water for agriculture

2. Recycle of water in plant to reduce fresh water makeup requirements.

3. Recovery of fibers from waste water to reduce production costs and

increase paper and pulp production.

4. Reduction of waste water pollution

During this visit, it was noticed that some chemical storage tanks in
the paper mill were either leaking or overflowing into the sewer system.
Elimination of this situation would decrease pollutants in the waste water
and would reduce costs resulting from chemical losses.

The chlorine-caustic plant is closely integrated with the paper mill.
When caustic soda production decreases, the paper mill operations are
rapidly affected. The effects on the paper mill of shqrt term fluctuations
in caustic soda production could be minimized by installation of more
caustic soda storage tank capacity. Smoother paper mill operations from a

steady supply of caustic soda could make control of water pollution easier.

Alternate Chlorine Plant Technologies

Because of mercury pollution problems, fewer new caustic-chlorine plants

are being built that use the mercury cell process. Alternate technologies



are available using membrane and diaphragm type electrolysis cells, where no
mercury is used. Current process designs allow these alternate technologies
to be economically competitive with the mercury cell process. A description
of various types of chlorine-caiistic processes is attached. If a new
chlorine-caustic plant is built in Tunisia, processes that do not use
mercury should be considered.

A recent study by Fluor Engineers and Constructors, Inc. shows that
capital costs would be approximately 50% lower and operating costs
approximately 20% lower for small chlorine-caustic plants using the membrane
cell process, compared to more expensive diaphragm cell and mercury cell
processes. The membrane cell process can iow be licensed from companies
such as Asahi, Diamond-Shamrock, and ICI.

Summary

Comments have beets made here on mercury pollution control at the
Kasserine chlorine-caustic plant. Worker exposure to mercury. could be
greatly reduced by improved equipment maintenance and by improved mercury
spill cleanup practices. Mercury in waste water could be controiled by use
of a sodium sulfide process for mercury removal.

It has been recommended here that a more adequate supply of emergency
breathing equipment be obtained for protection from chlorine gas of
electrolysis cell room workers and workers in nearby arcas. Ventilation in

the cell room should also be improved.
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RCURIC CACODYLATE. Hygroscopic, somewhat
astable crystalline powder, sol in water and alcohol,
sol in ether. Hg{(CH)):A30:};, mw: 474.52.

HR = HIGH. A recogaized carc. [/4] See mercury
compounds, organi and arsenic compounds.
RCURIC THLORATE. Colorless, needle-like crys-
1s. Hg(Ci01)2, mw: 367.52, mp: decomp, d: 4.998.
HR = HIGH. Sec mercury compounds, inorganic
and chlorates.

RCURIC CHLORIDE. Syn: corrosive sublimate.
‘hite crysials or powder. HgCl;, mw: 271.52, mp:
'6°, bp: 302°, d: 5.440 @ 25°, vap. press: | mm @
i6.2°,

sute tox data: Oral LDy (rat) = 37 mg/kg; scLDs
(rat) = 14 mg/kg; ipLDse (mouse) = 5 mg/kg; der-
mal LD, o (guinea pig) = 345 mg/kg; oral LDio
(human) = 29 mg/kg. [3]

4R = HIGH via all routes. A deadly poison. See
metcury compounds, inorganic, and chlorides. Re-
acts violeatly with K, Na. [19]

RCURIC CHLORIDE DIAMMINE. Fusible white
ecipitate, Hg(WH)):Cl;, mw: 305.59, mp: 300°.

HR = HIGH. See mercury compounds, inorganic,
and chlorides.

RCURIC CHLORIDE IODIDE. Rhombic red
ystals. HgCll, mw: 362.99, mp: 153°, bp: 315°.
3R = HIGH. See mercury compounds, inorganic,
chlorides and iodides.

RCURIC CHLORITE. Hg(Cl103);, mw: 335.5.

iR = HIGH. Sec mercury compounds, inorganic,
This salt is expiosive. [19]

RCURIC CHLOROIODIDE. White crystals.

lgClz . Hglz. mw: 997.48.
AR = HIGH. See mercury cumpounds, inorganic.

RCURIC CHROMATE. Rhombic red crystals.
1CrO,, mw: 315.62, mp: decomp.

iR = HIGH. Seec mercury compounds, inorganic,
and chromates.

r¢ Hazard: Mod, by chemical reaction; zn
oxidizer.

saster Hazard: Dangerous; when heated to decomp,
=mits highly toxic fumes of mercury; can react with
reducing msterials.

ICURIC CUPRQUS IODIDE. Syn: copper-
reury iodide. Dark red, crystalline powder.
il - 2Cul, mw: 835.42

iR = See mercury compounds, inorganic.

LCURIC CYANIDE. Colorless, transparent prisms,
rkened by light. Hg(CN),, mw: 252.65, mp: decomp,
3.996. ’

e tox-data: Oral LDy, (rat) = 25 mg/kg; ipLDwo

MERCURIC IODATE 793

(rat) = 7.5 mg/kg; ivLDio (rabbit) =2 mg/kg;
TDvro = 10 mg/kg (human) —» GI symptoms. [3]

THR = HIGH via oral, ip and iv routes. See cyanides
and mercury compounds, organic.

Fire Hazard: See cyanides.

Explosion Hazurd: See cyanides. Reacts violently
with Mg, Fi. [19]

Disaster Hazard: Dangerous; when heated to decomp,
or on contact with acid or acid fumes, emits highly
toxic fumes of cyanides and mercury; will react
with water or steam to produce toxic fumes.

MERCURIC CYANIDE OXIDE. Hg:(CN)2:O, mw:
469.2,

Acute tox data: ivLDyo (rabbit) = 2.5 mg/kg. [3]

THR = HIGH via iv route. See mercury compounds
and cyanides. Often explodes, possibly if rubbed.
(19}

MERCURIC DINAPHTHYLAMINE DISULFO-
NATE. C21H11O6S: - (Hg)s.

Acute tox dsta: Oral LDy (mouse) =: 30 mg/kg.
(3]

THR = HIGH via oral route. See also mercury com-
pounds, organic.

MERCURIC ETHYL MERCAPTIDE. Crystals, insol
in water. (SC;Hs);Hg, mw: 322.9, mp: 77°.

THR = HIGH. See mercury compounds, organic, and
sulfides.

MERCURIC FLUORIDE. Transparent crystals. HgF;,
mw: 238.61, mp: 645°, bp: >650°, d: 8.95 @ 15°.
THR = HIGH. See fluorides and mercury com-

pounds, inorganic. Rzacts violently with K, Na.[/9]

MERCURIC FLUOSILICATE. Colorless, deliquescent
crystals. HgSiF¢ - 6H.0, mw: 450.77.

THR = HIGH. See mercury compounds, inorganic,
and fluosilicates. -

MERCURIC FORMAMIDE. A mixture of mercuric
oxide + formamide.

THR = HIGH. See mercury compounds, organic.

MERCURIC GALLATE. Gray-gréen powder, insol in
wnter. Hg{CeH1(OH);COOL, mw: 538.8.

THR = HIGH. See mercury compounds, organic.

MERCURIC GL.YCOCOLLATE. See mercuric amino-
acetate.

MERCURIC GUAIACOLSULFONATE. Brown crys-
tals, sol in water. Hg{CH;(OH)(OCH,)SC:)i, mw:
606.99.

THR = HIGH. Sec mercury compounds, organic, and
sulfonates.

MERCURIC 10DATE. White crystals, slightly water-
sol. Hg(10y);, mw: 550.45.

THR = HIGH. See mercury compounds, inorganic,
and iodates.

For Countirmensure [nformetios 28d Abbrevistions st the Directary st the Beginning of this Sectiva.
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794 MERCURIC IODIDE

MERCURIC IODIDE. (1) Rhombic yellow crystals;
(2) tetragonal red crystals or powder. Hgl;, mw: 454.9,
d: (1) 6.271, (2) 6.283; mp: (1) 259°, (2) 126°~127¢:
bp: 354° (sublimes), vap. press: (1) ] mm @ 157.5°.
Acute tox data: Oral LDio (human) = 357 mg/kg;
cral LDs, (rat) = 40 mg/kg; ipLDso (mouse) = 60
mg/kg. [3]

THR = HIGH via oral and ip routes. See mercury
compounds, inorganic, and iodides. Violent reac-
tion with CIF,, K, Na. [19]

MERCURIC IODIDE AMMONCBASIC. Dirty white
crystals. Hg(NH;)lI, mw: 343.55.
THR = HIGH. Sce mercury compounds, inorganic,
and iodides.

MERCURIC IODIDE, AQUOBASIC-AMMONO-
BASIC. Yellow to brown crystals. OHg:NH;l, mw:
560.16, mp: >128°, bp: explodes.

THR = HIGH. Sce mercury compounds, inorganic,
and iodides.

MERCURIC 10DIDE DIAMMINE. Colorless or pale
yellow powder or needles. Hg(NH;):1:, mw: 488.51.
THR = HIGH. See mercury compounds, inorganic,

and iodides.

MERCURIC IODIDE SOLUTION. See mercuric
iodide,
MERCURIC LACTATE. White crystalline powder.
Hg(C;H;0s);, mw: 378.71.
Acute tox data: Oral LDy (rat) = 200 mg/kg. [3]
THR = HIGH via oral route. See mercury com-
pounds, organic.

MERCURIC NAPHTHOLATE. Syn: mercury-§-
naphthol. Brown powder, insol in water.
Hg(C.onO)z, mw: 486.9.

THR = HIGH. See mercury compounds, organic and
B-naphthol.

MERCURIC NITRATE. White-yellowish, deliquescent
powder. Hg(NO,);, mw: 324.6, mp: 79°, bp: decomp,
d: 4.39.

Acute tox data: ipLDs (mouse) = 8 mg/kg. [3]

THR = HIGH via ip route. See mercury compounds,
inorganic, and nitrates. Forms a sensitive explosive
product with acetylene, cthanol, PH;, S; reacts
violently with hypophosphoric acid, unsaturates,
aromatics. [/9]

MERCURIC NITRIDE. Hg;N,, mw: 625.8.
THR = HIGH. See mercury compounds. Very
explosive. Explodes on contact with H:SO.. [19]

MERCURIC OLEATE. Syn: mercury oleate. Yellowish
to red liquid, semi.olid or solid mass. (C,7H;;CO;):Hg,
mw: 763.6.

THR = HIGH. See mercury compounds, organic.

MERCURIC OXALATE. White powder. HgC;Q, py
288.63, mp: decomp.
THR = HIGH. See mercuy compounds, organ;
and oxalates.

MERCURIC OXIDE. Henvy, bright orange-red powd
or orange-yellow powder. HgO, mw: 216.61, mp-¢
comp @ 500°, d: 11.14, :

Acute tox data: Oral LDy (rat) == 18 mg/kg; lluLD,
(rat) = 2.5 mg/kg. [3]

THR = HIGH via oral and i routes. See mereyy
compounds, inorganis. e

Fire Hazard: By chemical reacticns; an oxidize
Reacts violently with Cl;, hydrazine hydrate, H,0
hypophosphorus acid, (I + CH,OH + C;H;0H
Mg, P, phospham, Nak, S. [19] .

Disaster Hazard: IDangerous; when heated to decom,
emits highly toxic fumes of mercury; can react wit
reducing materials.

MERCURIC OXYBROMIDE. Yellow crystak
HgBr; - 3HgO, mw: 1010.27.
THR = HIGH. Sce mercury compounds, inorgani
and bromides.

MERCURIC OXYCHLORIDE. Hexagonal yelloy
crystals. HgCl; - 3HgO, mw: 921.35, mp: decomp €
260°, d: 7.93.

THR = HIGH. See mercury compounds, inorganic
and chlorides.

MERCURIC OXYCYANIDE. See mercuric cyanid:
oxide.

MERCURIC OXYFLUORIDE. Yellow crystals
HgF: - HgO - H:O, mw: 473.24, mp: decomp €
100°.

THR = HIGH. See fluorides and mercury com
pounds, inorganic.

MERCURIC OXYIODIDE.
Hgl; - 3HgO, mw: 1104.28.
THR = HIGH. See mercury compounds, inorganic,

and iodides.

MERCURIC PERCHLORATE. Colorless deliquescent
crystals. 1g(ClO4):; - GH20, mw: 507.62.
THR = HIGH. See mercury compounds, inorganic,
and perchlorates.

MERCURIC PHENATE. Syn: mercury carbolate. Gray
or reddish-gray powder, nearly insol in water.
Hg(CsHs0):, mw: 386.8.

THR = HIGH. See mercury compounds, organic.

MERCURIC PHENYL CYANAMIDE. Powder.
CsHsHgNCNH, mw: 318.8.
THR = HIGH. See mercury compounds, organic,
and cyanides.

Yellow-brown crystals.

For Countermeasure Information and Abbreviations see the Directory st the Beginning of this Section.



MERCURIC PHENYL MERCAPTIDE. Light yellow
crystals, insol in water. (CsHsS):Hg, mw: 418.9, mp:
153° (decomp).

THR = HIGH. See mercury compounds, organic.

MERCURIC PHOSPHATE. Syn: mercuri-o-phos-
phate. Heavy white or yellowish powder. Hg:(PO4)s,
mw: 791.87.

THR = HIGH. See mercury compounds, inorganic,

MERCURIC-0-PHOSPHATE. Se¢ mercuric phos-

phate. : .

MERCURIC POTASSIUM CYANIDE. Colorlest

crystals. Hg(CN); - 2KCN, mw: 382.85.

THR = HIGH. Set cyanides and mercury com-
pounds, organic.

Fire Hazard: See cyanides.

Disaster Hazard: Dangerous; when he 12J to decomp,
or on contact with acid or acid futnes, emits highly
toxic fumes of cyanides and mercury; will react
with water or steam to produce toxic and flam
vapors.

Explosion Hazard: See cyanides.

VMIERCURIC POTASSIUM IODIDE. Heavy, bright
orange-red to yellow powder. Hglz - 2KI, mw: 786.4.
Acute tox data: Dermal LDio (guinea pig) = 1000

mg/kg; ipLDwo (guinea pig) = 1000 mg/kg. [3]
THR = MOD via ip and dermal routes. See mercury
compounds, inorganic, and iodides. A poison.

MERCURIC POTASSIUM THIOSULFATE. White
powder. HgS,0;K:S:0;, mw: 503.1.

THR = HIGH. Sec mercury compounds, inorganic,
and zaifates.

MERCURIC RESORCINOL ACETATE. Syn:
resorcinol mercury acetate. Contains approx 69%
mercury, yellow crystalline powder, insol in water, sol
in hot glacial acetic acid and solutions of fixed alkali
hydroxides.

THR = HIGH. See mercury compounds, organic.

JAERCURIC SALICYLATE. Syn: mercury subsalicy-
lare. White to yellowish powder. C;H.O;Hg, mw:
336.7.

THR = HIGH. See mercury compounds, organic.

AERCURIC SELENIDE. .)yn: tiemannite. Gray plates.

HgSe, mw: 279.57, mp: sublimes, d: 8.21.

THR = HIGH toxicity. See mercury compounds, in-
organic. See also selenium.

Fire Hazard: This material readily liberates hydrogcn
sclenide upon contact with acids or moisture.

Disaster Hazard: Dangerous; when lieated to decomp,
emits highly toxic fumes of mercury and selenivm;
will react with water, steam or acid 10 produce
toxic fumes; can react with oxidizing materials.

MERCURIC THIOCYANATE 783

MERCURIC SESQUIIODIDE. Sec mercury com-
pounds, inorganic, and iodides.

MERCURIC SILVER 10DIDE. Deep yellow powder.
Hgl: * 2Agl, mw: 924.1. '

THR = HIGH. See mercury compounds, inorganic,
silver and iodides.

MERCURIC STEARATE. Yellowish granular powder.
(CieHys02):Hg, mw: 767.5.

THR = HIGH toxicity. See mercury compounds,
organic.

MERCURIC SUBSULFATE. Lemon yellow powder.
HgSO. - 2HgO, mw: 729.90, bp: volatilizes, d: 6.44,
vap. d: 25.2,

THR = HIGH. Sec mercury compounds, inorganic,
and sulfates.

MERCURIC SUCCINATE. White to yellowish crys-
‘talline powder, slightly sol in water, sol in aqueous
scdium chloride. Hg{CH:C00):, mw: 316.68.

THR = HIGH. See mercury compounds, organic.

MERCURIC SULFATE. White crystalline powd:x.
HgSO0,., mw: 296.67, mp: decomp, d: 6.47.

Acute tox daw: Oral LDy (rat) = 57 mg/kg; oral -
LDs (mouse) = 40 mg/kg. [3]

THR = HIGH via oral route. Sec mercury com-
pounds, inorganic, and suifates. Absorption of HCQl
can become violent @ 125°. [19]

MERCURIC SULFIDE, BLACK. Syn: metacinna-
barite. Black powder. HgS, mw: 232,67, mp: 583.5°,d:
7.73.

THR = HIGH. See mercury compounds, inorganic,
and sulfides. Can react violently with Cl;, CIO,
Ag:0. [19]

MERCURIC SULFIDE, RED. Syns: cinnabar, ver-
million. Bzxagonal red crystals or powder. HgS, mw:
232.68, vap. d: 8.0, mp: sublimes @ 583.5°, d: 8.10.
THR = HIGH. Sec mercury compounds, inorganic,

and sulfides. See also mercuric sulfide, black.

MERCURIC SULFOCYANATE. Syns: mercury
rhodanide, mercuric thiocyanate. White powder.
Hg(SCN);, mw: 316.77, mp: decomp.

THR = HIGH. See mercury compounds, organic
and cyanates.

MERCURIC TELLURATE. Amber cubic crystals.
HgyTeOq, mw: 825.44,

THR = HIGH. See mercury compounds, inosganic
and tellurium.

MERCURIC THALLIUM IODIDE. Red crystalline
lumps. Hgl; - Tll, mw: 708.9.

THR = HIGH. See mercury compounds, inorganic,
and thallium.

MERCURIC THIOCYANATE. See mercuric sulfo-

cyanate.

Feor Countermessure injormution and Abbrevistions see the Directery at the Beginning of this Sextion.
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MERCURIC THYMOLATE. Yellowish gray powder,
variable composition.
THR = HIGH. See mercury compounds, organic.

MERCURIC THYMOL NITRATE. Amorphous,
white to reddish-white powder.
THR = HIGH. Sec mercury compounds, organic
and nitrates.
MERCURIC THYMOLSALICYLATE. White to
reddish powder.
THR = HIGH. See mzrcury compounds, organic.
MERCURIC THYMOLSULFATE. White to reddish-
white powder.
THR = HIGH. See mercury compounds, organic.
MERCURIC TUNGSTATE. Yellow crystals. HgWO,,
mw: 446.53, mp: decomp.
THR = HIGH. See mercury compounds, inorganic.
MERCURIC ZINC ACETATE. White crystals.
Hg(C:H30;); + Zn(C:H303)1.
THR = HIGH. See iercury compounds, organic.
MERCURIC ZINC CYANIDE. White powder, a
mixture of zinc cyanide with varying quantities
of mercuric cyanide. Water dissolves the mercuric
cyanide.
THR = HIGH. See
cyanides.

MERCURIC PHENYL ACETATE. See phenyl mer-
curic acetate.

“MERCUROCHROME.” Syn: merbromin.
C20H,Br,HgNa, 0 - 3F:0, mw: 804.4.
Acute tox data: ivLD, o (rabbit) = 15 mg/kg. [3]
THR = HIGH via iv and oral routes. Relatively non-
irr and nontox:. to Gamaged skin or tissue. An anti-
septic. See mercury compounds, organic.

MERCUROL, SOLID. Colorless to brownish powder.
Contains 20% mercury.
THR = HIGH. See mercury compounds, organic.

“MERCUROSAL.” Syn: disodium hydroxymercury
salicvioxyacetrate. ~ White amorphous powder.
(HOHg)NaOOCC:F;0OCH;COONa, mw: 456.69.
THR = HIGH. See mercury compounds, organic.

MERCUROUS ACETATE. Colorless scales or plates.
Hg(C:H10,), mw: 259.7, mp: decomp.
THR = See mercury compounds, organic.

MERCUROQUS ARSENITE. Unstable brown powder.
THR = HIGH. See mercury compounds, inorgaric,
and arsenic.

MERCUROUS AZIDE. White crystais. HgN,, 242.6,
mp: explodes @ 210°.
THR = HIGH. See mercury compounds, inorganic,
and azides. A sensitive explosive.

mercury compounds and

MERCUROUS BROMATE. Crystals. Hg:(BrO;);, mv
657.06, mp: decomp.

THR = Sec mercury compounds, inorgonic, an
bromates.

MERCUROQUS BROMIDE. Tetragonal. vhite-yelloy
crystals. Hg:Br;, mw: 561.07, mp: sublimes @ 345°, ¢
7.307, vap. d: 19.3.

THR = See meicury eompounds morpmc. an
bromides.

MERCUROUS CARBONATE. Yellow-brown crystals
Hg:CO;, mw: 461.23, mp: decomp @ 130°, d: 5.07 €
218°,

THR = See mercury compounds, inorganic.

MERCUROUS CHLORATE. White crystals. HgCl0,
mw: 284.1, mp: decomp @ 250°, d: 6.409.
THR = See mercury compounds, inorganic, an
chlorates.

MERCUROUS CHLORIDE. Syn: calomel. Whitt
rhombic crystals or crystalline powder. Hg:Cl;, mw.
472.14, mp: sublimes @ 400°, d: 7.150.

Acute tox data: Oral LDss (rat) = 210 mg/kg. [3]

THR = HIGH via oral route. See mercury com-
pounds, inorganic, and chlorides. Violent reactioz
with K, Na. [19]

MERCUROUS CHROMATE. Red necdles or powder,

HgaCrO4, mw: 517.23, mp: decomp.

THR = HIGH. See mercury compounds, inorganic,
and chromates.

Fire Hazard: Mod, by chemical reaction; an oxidizer.

Disaster Hazard: Dangerous; wicn heated to decomp,
emits highly toxic fumes of mercury; can react with
reducing materials.

MERCUROUS FLUORACETYLIDE. FCCHg, mw:
243.6.
THR = HIGH. Set mercury compounds and fluc-
rides. It is unstable and may explode.

MERCUROUS FLUORIDE. Cubic yellow crystals.
Hg:F;, mw: 439.22, mp: 570°, d: 8.73.
THR = See fluorides and mercury compounds, in-
organic.

MERCUROUS FLUOSILICATE. Colorless prisms.
Hg:SiFs - 2H;0, mw: 579.31.
THR = See mercury compounds, inorganic, and
fluosilicates.

MERCUROUS FORMATE. Glistening scales.
Hg:(CHO;);, mw: 491.26, mp: decomp.
THR = See mercury compounds, organic.

MERCUROUS GLUCONATE. White solid.
HgCO0,CsH((OH)s, m s 395.8.
THR = Sec mercury compounds, organic.

For Countermeusure Informatioa and Abbreviations see the Directory at the Beginning of this Section.

2,9



IERCUROUS HYPCPHOSPHATE. Hg/P:0¢, mw:

960.3.

THR = HIGH. See mercury compounds. Unstable.
Decomp explosively. [19]

{ERCUROUS IODATE. Yellowishcrystals. Hg:(10s)z,
mw: 751.06, mp: decomp.

THR = See mercury compounds, inorganic, and
iodates.

{ERCUROUS IODIDE. Yellow tetragonal crystals or
amorphous powder. Hgl, mw: 327.50, mp: sublimes @
140°, bp: decomp @ 290°, d: 7.70. ’

Acute tox data: Oral LDy (mouse) = 110 mg/kg;
ipLDso (mouse) = 50 mg/kg. {3]

THR = HIGH via oral and ip routes. See mercury
compounds, inorganic, and iodides.

{ERCUROUS MONOHYDROGEN-0-ARSENATE.
Yellow-red crystels. Hg,HAsO,, mw: 541.14.

THR = HIGH. Sec arsenic compouads and mercury
compounds, inorganic.

{ERCUROUS NITRATE. Short, colorless, efflores-
cent crystals,. Hgy(NGy): - 2H:0, mw: 561.26, mp:
70°, d: 4.79 @ 4°.

Acute tox data: Oral LDy (rat) = 297 mg/kg; oral
LDy (mouse) = 388 mg/kg; ipLDso (mouse) =35
mg/kg. [3)

THR = HIGH viz oral and ip routes. See mercury
compounds, inorganic, and nitrates. Violent reac-
tion with C, P. [19]

AERCUROUS NITRATE, AMMONIATED. Syn:
black precipitate. Black powder, Hg:ONH; -
Hga(NOs)s, mw: 958.4.

THR = See mercury compounds, inorganic, and
nitrates.

AERCUROUS NITRITE. Yellow crystals. Hg:(NOz)z,
mw: 493.24, mp: decomp @ 100°, d: 7.33.
THR = HIGH. See mercury compounds, inorganic,
and pitrites.
AERCUROUS OXALATE. White crystals. Hg:C;Oq,
mw: 489.24.
THR = Sec  oxalates and mercury compounds,
organic.

AERCURGUS OXIDE, BLACK. Black to grayish-
black powder. Hg:0, mw: 417.22, mp: decomp @
100°, d: 9.8.

THR = HIGH. Sec mercury compounds, inorganic.

Fire Hazard: Mod, by chemical reaction; an oxidizer.
Reacts violently with H;0;, K, Na, §,
(H:S + BaO + air). [19]

Disaster Hazzrd: Dangerous; when heatcd to decomp,
emits highly toxic fumes of mercury; can react with
reducing materials.

MERCURY ANTIMONY SULFIDE 787

MERCUROUS PHOSPHATE. Heavy white powder.

HgiPO,, mw: 696.85.

THR = See mercury compounds, inorganic.

MERCUROUS SULFATE. White crystalline powder.

Hg:SO., mw: 497.28, mp: decomp, d: 7.56.

THR = Sec mercury compounds, inorganic, and
sulfates.

MERCUROUS SULFIDE. Black crystals. Hg:5, mw:

433.24, inp: decomp.

THR = Sec mercury compounds, inorganic, and
sulfides.

MERCUROUS TARTRATE. Yellowish-white crys-

talline powder. Hg:C.HaO¢, mw: 549.29.

THR = See mercury compounds, organic.

MERCURY. Silvery liquid, metallic element. Hg, atwt:

200.7, mp: —38.89°, bp: 356.9°, d: 13.546, vap. press:

1 mm @ 126.2°.

Acute tox data: Oral LDy o (human) = 1429 mg/kg
inhal TCio (human) = 0.17 mg/m’ for 40 yrs —
CNS problems; ivIDro (human) = 29 mg/kg; —
GI symptoms. [3]

THR = HIGH to CNS, GI tract. See mercury com-
pounds. An exper neo. [3] Reacts violently with
acetylene, NH;, BPL;, Cl;, C10;, CHiN;, Na:C;,
nitromethane (butyne diol + acid). [19]

Radiation Hazard: For permissible levels, see Section
S, Table SA.S. Antificial isotope *’Hg, T} = 47d.
Decays to stable **T1 by emitting 8's of 0.21 MeV.
Emits ¥'s of 0.28 MeV.

Disaster Hazard: Dangerous; when beated emits
highly toxic fumes.

MERCURY ACETAMIDE. White powder.

CH;CONHg, mw: 257.7.

THR = HIGH. See mercury compounds, organic.

MERCURY ACETATE. Sec mercurous acctate or
mercuric acetate.

MERCURY ALANINE. Sce rercury-a-aminopropio-
nate.

MERCURY-p-AMINOPHENOL ARSENATE. See
mercury atoxylate.

MERCURY-a-AMINGPROPIONATE. Syn: mercury
alanine. White crystals, water-sol.

Hg{CH:CH(NH;)COO0}:, mw: 374.8.

THR = HIGH. See mercury compounds, organic.

MERCURY, AMMCNIATED. See mercuric am-
monium chloride.

MERCURY ANTIMONY SULFIDE. Gray-black
powder. Mixture of equal paris of black mercury
sulfide and gray anti nony sulfide.

THR = See mercury compounds, antimony and
sulfides.
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798 MERCURY ARC RADIATION

MERCURY ARC RADIATION. A recog carc. [14]
See radiation, ultra-viol( L.

MERCURY ATOXYLATE. Syn: mercury-p-amino-
phenol arsenate. White powder. C;;H14OsN:As;Hg,
mw: 632.71.

THR = HIGH. See arsenic compounds and mercury -
compounds, organic.

MERCURY BENZAMIDE. White powder.
CiH;CONHg, mw: 319.7.

THR = HIGH. Sce mercury compounds, organic.

MERCURY BISULFATE. See mercuric sulfate,
MERCURY CARBOLATE. Sece mercuric phenate.
MERCURY COLLOIDAL. See mercury.

MERCURY COMPOUNDS, INORGANIC.

THR = Mercury is a general protopiasmic poison;
after absorption it circulates in the blood and is
stored in the liver, kidneys, spleen and bona. It is
eliminated in the urine, feces, sweat, saliva and
milk. In industrial poisoning, the chief effect is
upon the CNS and upon the mouth and gums.
Colitis has been reported frequently; a nephritis or
pephrosis is rarely reported. Fulminate of mercury
rarely produces symptoms of systemic poisoning,
but frequently causes a dermatitis. The cardinal
symptoms of industrial mercury poisoning are
stomatitis, tremors, and psychic disturbances. Us-
uvally the first complaints are of excessive salivation
and pain on chewing; in severe cases there may be
gingivitis, with loosening of the teeth, and a dark
line on the gum margins, resembling the “lead line.”
In slow poisoning the salivation may be absent, and
the only complaint dryness of the throat and mouth.
Tremor and psychic disturbance., are commonly
seen in the slow chronic form of the poisoning; ths
tremor is of the intention type, and may be seen
when the patient spreads the cutstretched fingers or
protrudes the tongue, or attempts to perform spec-
ified movements. Muscles of the face, hands and
arms are chiefly affected. In more severe cases
there may also be convulsive or shaking move-
ments; writing is frequently illegible. Hyperactive
kneejerks and scanning speech may be present in
advanced cases. The psychic disturbance (so called
“erethism™) includes such changes as loss of mem-
ory, insomnia, lack of confidence, irritability, vague
fears and depression.

The dermatitis produced by fulminate of mercury
takes the form of small, discrete ulcers on the ex-
posed parts, ard is usually accompanied by con-
junctivitis and inflammation of the mu mem of the
nose and throat.

Elemental mercury is probably not absorbed

through the gastrointestinal tract, but many me;
cury compounds are. A number of mercury cor
pounds, in addition to the fulminate, can cause ski
irr and can be absorbed through the skin; they ar
strong aliczgeas (Sz:tion 9).
. These are common air contaminants,

Disaster Hazard: Dangerous; when heated to decomyp

they emit highly toxic fumes of mercury.

MERCURY COMPOUNDS, N.0O.S. LIQUID. Se
mercury compounds, inorganic and organic.

MERCURY COMPOUNDS, N.O.S. SOLID. Sce mer
cury compounds, inorganic and organic.

MERCURY COMPOUNDS, GRGANIC.

THR = Thc customary grouping of all organic mer
curials in a single category is not fully justified by th
toxicity of the compounds. Alkyl mercurials haw
very high toxicity, aryl compounds, particularly th
phenyls, are much less toxic, and the organomer:
curials used in therapeutics are less toxic. The alkyls
and aryls commonly cause skin burns and othe
forms of irr, and both can be absorbed through the
skin. Fatal poisoning has occurred due to exposurt
to alkyl mercurials and pernanent damage to th:
brain has been reported. Extensive human observa.
tion on exposure to the phenyl mercurials have
shown no greater toxicity than is caused by metallic
mercury. In fact, up to the present time there has
not been an authenticated case of occupational
poisoning due to the phenyl mercurials reported
in the literature. Organic mercury compounds, like
organic lead compounds, seem to have an affinity
for lipoid-containing organs, resulting in CNS dis~
turbances such as from tetracthyl lead. These are
common air contaminants.

Pisaster Hazard: Dangerous; when heated to decomp,
they emit highly toxic fumes of mercury.

MERCURY CYANIDE. See mercuric cvanide.

MERCURY ETHYLENE DIAMINE SULFATE. See
sublamin.

MERCURY FULMINATE, MERCURIC FULMI-
MNATE. Sce fulminate of mercury, dry.

MERCURY MCRPHINE OLEATE. An oleaginous
mass.

THR = See mercury compounds, organic, and mor-
phine.

MERCURY NAPHTHENATE. White crystals: syn:
dinaphthyl mercury, mw: 454.9, d: 1.929, bp: 249°,
mp: 188°,

THR = See mercury compounds, organic.

'MERCURY-8-NAPHTHOL. See mercuric naphtho-
fate.

For Countermessure 1nformstion and Abbreviations see the Directory st the Beginning of chis Section.
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IRCURY NITRIDE. Brown powder. Hg:N;, mw:

729.8S, mp: explodes.

FHR = HIGH. See mercury compounds, inorganic.

Zxplosion Hazard: Severe, when exposed to heat.

isaster Hazard: Dangerous; when heated to decomp,
emits highly toxic fumes of mercury and may ex-
plode.

ERCURY NUCLEATE. See mercurol, solid.

ZRCURY OLEATE. See mercuric oleate.

£RCURY RHODANIDE. Sec mercuric sulfocyarte.

ERCURY SUBSALICYLATE. See mercuric' salicy-
ate.

ERCURY TETRAPHOSPHIDE. HgP,, mw:

725.8.

THR = HIGH toxicity, See mercury compounds and
phosphides. Ignites if warmed in air. Busms in Cls.
With KCIO, it explodes by percussion. [19]

ERCURY SUBSALICYLATE. See mercuric salicy-

late,

ESCALINE. C,yF17OsN, mw: 211.3.

Acute tox data: Oral TDio (human) = § mg/kg —b
CNS effects; ivTDro (human) = 7 mg/kg—> CNS
effects; inTDyo (human) = 214 mg/kg — CNS
cffects; oral LDy (mouse) = 880 mg/kg. [3]

THR = HIGH via oral, iv, im routes. An exper
teratogen. [3]

'ESIDINE. Syn: 2,4,6-trimethyl aniline, mesityl amine.

CoHuyN, mw: 135.2.

Acute tox data: oral LD (rat) = 743 mg/kg; LDs
(mouse) = 372 mg/kg; LDso (rabbit) = 338 mg/%g;
LDy (guinea pig) = 338 mg/kg. [3]

THR = HIGH to most specics. An exper neo to rats
via oral rout=. [103]

[ESITYLENE. Syn: 1,3,'-trimethylbenzene. Liquid,
peculiar odor, insol in water, sol in alcohol and ben-
zene. CoHiz, mw: 1202, mp: —44.8°, d: 0.8637 @
20°/4°, bp: 164.7°, autoign. temp.: 1022°F.

Acute tox data: Inhal LCio (rat) = 2400 ppm for 24
hrs; ipLDio (rat) = 1500 mg/kg; inhal TCwo (bu-
man) = 10 ppm — CNS effects. [3]

THR = MOD via ip and inhal routes. Causes CNS
disturbances. Data based on animal exper show
parcotic* éffects and some disturbances of bloed.
Leucopenia and thrombocytopenia have been re-
ponedinexpermima!&kumviolenﬂywith
NHO;. {19]

Fire Hazard: Mod, via heat, flames, oxidizers.

To Fight Fire: Waser spray, fog, foam, CO:.

{ESITYL OXIDE. Syn: 4-methyk-3-penten-2-one. Oily

coletless liquid, strong odor. (CH3):CCHCOCH,,
mw: 98.14, mp: —59°, bp: 130.0°, flash p: 87°F (CC),

METALDEHYRS 799

d: 0.8539 @ 20°/4°, autoign. temp.: 652°F, vap. press:'

10 nm @ 26.0°, vap. 4: 3.38.

Acute tox data: Oral LDss (rat) ~ 1120 mg/kg; inhal
LCro (rat) = 1000 ppm for 4 hrs; ipLDso (mouse) =
354 mg/kg dermal LDs (rabbit) = 5990 mg/ kg.

(3]

THR = MOD vis oral, inh\l and dermal routes;
HIGH via ip route. It cau cause opaque cornea,
kcratoconus, and extensive necrosis of cormes.
Guinea pigs and rats were subject to repeated inhal
of the vapors of this material. No effect upon them
was fouad aftes the ~onc had been reduced to 50 ppm
even with 30 8-hr exposures. Single exposures tend
to irdicate that this ketone has greater acute and
parcotic action than isophcrone. It can have harm-
ful effects upon the kidneys and liver, and may
damage the eyes and lungs to a serious degree.
Animals exposed to 100 ppm for 30 8-hr exposures
showed internal damage as noted above. Exposure
toSOOppmauscdtheirda!h‘lhisoomponndis
high irr to all tissues on contact and its vapors also
are irr. High conc are narcotic. Prolonged cxposure
can injure liver, kidneys and lungs. It is readily
absorbed through intact skin.

Fire “azard: Dangerous, when expesed to heat or
flame: can react with oxidizing materials. Reacts
violently with 2-amino ethanol, chlorosulfonic acid,
ethylene diamine, HNO;, oleum, H;SQ.. 19

To Fight Fire: Alcohol foam, CO,, dry chemical.

MESTRANOL + ETHYNODIOL DIACETATE.

THR = An exper nec to women vis oral route. [/03]

METABOLISM OF TOXIC MATERIALS. Ses

Secticn 9.

METABORATE PEROXYHYDRATE. Sec sodium

perborate.

METACETONE. Sce dicthyl ketone.

METACIDE. See parathion.

METACINNABARITE. See mercuric sulfide, black.
METALDEHYDE. Syns: m-acetaldehycle, polymerized

acetaldehyde. Colorless crystals. (C:Hi.O), mw:

176.21, mp: 246° scaled in glass, sublimes @ 122°,

flash p: 97°F (CC), vap. d: 6.06.

Acute tox data: Oral LDss (vat) = 630 mg/kg; oral
LDso (dog) = 600 mg/kg; oral LDwo (human) = 60
mg/kg. [2, 3]

THR = HIGH via oral to humans; MOD via oral to
test animals. An irr to skin, eyes and mu mem. Can
cause kidney and liver damage. Sec also acetal-
dehyde. Used as a food additive permitted in food
for human consumption. [/09]

Fire Hazard: Dangerous, when exposed to heat or
flame: can react with oxidizing materials.
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292 Hazardous and Toxic Effects of Industrial Chemicals

and kidney functions. Blood studies may be helpful in following acute intoxi.
cation from methyl mercaptan.

Special Tests: None commonly used.

Personal Protective Methods: In areas where liquid marcaptan is likely to be
spilled or splashed on the skin, impervious clothing, gloves, gauntiets,
aprons, and boots should be supplied. Otherwise protective methods are ag
for sulfur dioxide. (See Sulfur Dioxide.)
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MERCURY—ALKYL

P

Description: Methyl mercury compounds: methyl mercury dicyandiamide—
CH;HgNHC(NH)NHCN. Soluble in water.

Ethyl mercury compounds: ethylmercuric chloride: C,H,HgCl. Insoluble in
water. Ethvimercuric phosphate: (C,H;Hg0),PO. Soluble in water. N-(Ethyl-
mercuric)-p-toluenesulfonanilide: CH;N(HgC,H,;)SO,C,H,CH,. Practically in-
soluble in water.

Synonyms
Methyl mercury compounds
Methyl mercury dicyandiamide: cyano {methyl mercury) guanidine,
Panogen.

Ethyl Mercury compounds
Ethylmercuric chloride: Ceresan.
Ethylmercuric phosphate: New Ceresan.
N-{Ethylmercuric)-p-toluenesulfonanilide: Ceresan M.

Potential Occupational Exposures: These compounds are used in treating
seeds for fungi and seedborne diseases, as timber preservatives, and disin-
fectants.
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A partial list of occupations in which exposure may occur includes:

Disinfectant makers Seed handlers
Fungicide makers Wood preservers

Permissible Exzosure Limits: The Federal standard is 0.01 mg/m” as an
8-hour TWA with an acceptable ceiling of 0.04 mg/m”.

Routes of Entry: Inhalation of dust, percutaneous absorption.

Harmful Effects

Local—Alkyl mercury compounds are primary skin irritants and may cause
dermatitis. When deposited on the skin, they give no warning, and if contact is
maintained, can cause second-degree burns. Sensitization may occur.

Systemic—The central nervous system, including the brain, is the principal
target tissue for this group of toxic compounds. Severe poisoning may pro-
duce irreversible brain damage resulting in loss of higher functions.

The effects of chronic poisoning with alkyl mercury compounds are progres-
sive. In the early stages, there are fine tremors of the hands, and in some
cases, of the face and arms. With continued exposure, tremors may become
coarse and convuisive; scanning speech with moderate slurring and difficulty
in pronunciation may also occur. The worker may then develop an unsteady
gait of a spastic nature which can progress to severe ataxia of the arms and
legs. Sensory disturbances including tunnel vision, blindness, and deafness
are also common.

A later symptom, constriction of the visual fields, is rarely reversible and
may be associated with loss of understanding and reason which makes the
victim completely out of touch with his environment. Severe cerebral effects
have been seen in infants born to mothers who had eaten large amounts of
methyl mercury contamined fish.

Medical Surveillance: Preplacement and periodic physical examinations
should be concerned particularly with the skin, vision, central nervous sys-
tem, and kidneys. Consideration should be given to the possible effects on the
fetus of alkyl mercury exposure in the mother. Constriction of visual fields
may be a useful diagnostic sign. (See Mercury—Inorganic.)

Special Tests: Blood and urine levels of mercury have been studied, espe-
cially in the case of methyl mercury. A precise correlation has not been found
between exposure levels and concentrations. They may be of some value in
indicating that exposure has occurred, however.

Parsonal Protective Methods: (See Mercury—Inorganic.)
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MERCURY—INORGANIC

Description: Hg, inorganic mercury, is here taken to include elemental mer-
cury, inorganic mercury compounds, and organic mercury compounds, ex-
cluding alkyl mercury compounds. Metallic mercury is a silver-white liquid at
room temperature. It occurs as the free metal or as cinnabar (HgS). Mercury is

produced from the ore by roasting or reduction.
Synonyms: Quicksiiver, hydrargyrum.

Potential Occupational Exposures: Elemental and inorganic mercury com-
pounds are used in the manufacture of scientific instruments (barometers,
thermometers, etc.), electric equipment (meters, switches, batteries, rectifiers,
etc.), mercury vapor lamps, incandescent electric lamps, x-ray tubes, artificial
silk, radio vaives, amalgams with copper, tin, silver, or goid, and solders with
lead and tin. In the chemical industry, it is used as a fluid cathode for the elec-
trolytic production of caustic soda (sodium hydroxide), chlorine, and acetic
acid. It is utilized in gold, silver, bronze, and tin plating, tanning and dyeing,
feltmaking, taxidermy, textile manufacture, photography and photoengraving,
in extracting gold and silver from ores, in paints and pigments, inthe prepara-
tion of drugs and disinfectants in the pharmaceutical industry, and as a chem-

ical reagent.

The aryl mercury compounds such as pheny!mercury are primarily used as
disinfectants, fungicides for treating seeds, antiseptics, herbicides, preserva-
tives, mildew-proofing agents, denaturants for ethyl alcohol, germicides, and

bactericides.

Hazardous exposure may occur during mining and extraction of mercury and
in the use of mercury and its compounds. Elemental mercury readily volatilizes

at room temperature.

A partial list of occupations in which exposure may occur includes:

Amalgam makers Caustic soda makers
Bactericide makers Dental amalgam makers
Battery makers Fungicide makers

2]
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Gold extractors Photographers
Jewelers Taxidermists
Paper makers

It is estimated that approximately 150,000 workers are exposed to mercury.

Permissible Exposure Limits: The Federal standard for mercury is 0.1 mg/m’*
as a ceiling value. The NIOSH recommended standard is 0.05 mg Hg/m’asa
TWA. ACGIH (1978) concurs in this value.

Routes of Entry: Inhalation uf dust or vapor; percutaneous absorption of
elemental mercury.

Harmful Effects

Local—Mercury is a primary irritant of skin and mucous membranes. It may
occasionally be a skin sensitizer.

Systernic— Acute poisoning due to mercury vapors affects the lungs primar-
ily, in the form of acute interstitial pneumonitis, bronchitis, and bronchiolitis.

Exposure to lower levels over prolonged periods produces symptom com-
plexes that can vary widely from individual to individual. These may include
weakness, fatigability, loss of appetite, loss of weight, insomnia, indigestion,
diarrhea, metallic taste in the mouth, increased salivation, soreness of mouth
or throat, inflammation of gi'ms, black line on the gums, loosening of teeth,
irritability, loss of memory, and tremors of fingers, eyelids, lips, or tongue.
More extensive exposures, either by daily exposures or one-time, can produce
extreme irritability, excitability, anxiety, delirium with hallucinations, melan-
cholia, or manic depressive psychosis. In general, chronic exposure produces
four classical signs: gingivitis, sialorrhea, increased irritability, and muscular
tremors. Rarely are all four seen together in an individual case.

Either acute or chronic exposure may produce permanent changes to affected
organs and organ systems.

Medical Surveillance: Preempioyment and periodic examinations shovid be
concerned especially with the skin, respiratory tract, central nervous system,
and kidneys. The urine should be examined and urinary mercury levels de-
termined periodically. Signs of weight loss, gingivitis, tremors, personality
changes, and insomnia would be suggestions of possible mercury intoxica-
tion.

Special Tests: Urine mercury determination may be helpful as an index of
amount of absorption. Opinions vary as to the significance of a given ievel.
Generally, 0.1 to 0.5 mg Hg/ of urine is considered significant.

Personal Protective Methaods: In areas where the exposures are excessive,
respiratory protection shall be provided either by full face canister type mask
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or supplied air respirator, depending on the concentration of mercury fumes,
Above 50 mg Hg/m® raquires supplied 8ir positive pressure full face respira-
tors. Full body work clothes including shoes or shoe covers and hats should
be supplied, and clean work clothcs should be supplied daily. Showers
should be available and all employees encouraged to shower priorto change
to strest clothes. Work clothes should not be stored with street clothes in the
same locker. Food should not be eaten in the work area.

Biblicgraphy

National Institute for Occupstional Safaty and Health. Criteria fore Recommmended Stan-
ward: Occupational Exyosure to Inorganic Mercury. NIOSH Doc. No. 73-11024 (1973),

MESITYL. OXIDE (See “Ketones”)

METHYL ALCOHOL

Description: CH,0H, methyl alcohol, is a colorless, volatile liquid with a mild
odor.

Synonyms: Methanol, carbinol, wood alcohol, wood spirit.

Potential Occupational Exposures: Methyl alcohol isused as a starting mate-
rial in organic synthesis of chemicals such as formaldehyde, methacrylates,
methyl amincs, methy! halides, and ethyiene glycol, and as an industrial sol-
vent for inks, resins, adhesives, and dyes for straw hats. It is an ingredient in
paint and varnish removere ~.eaning and dewaxing preparations, spirit dup-
licating fluids, embaiming fluids, antifreeze mixtures, and enamels and is
used in the manufacture of photographic fiim, plastics, celluloid, textile soaps,
wood stains, coated fabrics, shatterproof giaus, paper coating, waterproofing
formulations, artificial leather, and synthetic indigo and other dyes. thas also
found use as an extractant in many processes, an antidetonant fuel-injection
fiuid for aircraft, a rubber accelerator, and a denaturant for ethyl alcohol.

A partial list of occupations in which exposures may occur includes:

Acetic acid makers Ester makers
Art glass workers Feather workers
Bookbinders Felt hat makers
Bronzers Foundry workers
Dvyers Gilders

Enamel makers ink makers

A
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| E. MERCURY <

I. Global impact

6l. Mercury Is a trace metal which Is found naturally throughout tihe
environment. The volatility of mercury has made estimations of Its natural
biogeochemical cycle difficult to model, and estimates of the proportion of
man-made mercury in the mercury content of the atmosphere rangs from

10 fo 80 per cent. Current estimates of the natural and man-made flux of
mercury throughout the environment should therefore be regarded as tentat!ve.
Man-made emissions, estimated by the United States National Academy of
Sciehces to be about 10,000 t y=!, compared with a natural flux estimate
of about 27,0CD r y, are mainly from fossi | fuel -combustion, chloralkall
works and metal smelting. The world production of mercury metal reached a
peak of 10,577 + in 971, and had fallen to 6,622 t in 1980. Mercury Is
used mainly as an electrode In chlorine gas manufacture, other uses
Include electrical ejuiprment, plgments, agrochemicals, catalysts and pulp/
paper making. However, Its maln Input to the general environment wli|
Increasingly be due o foss!| fuel consumption.

2. Threat to man and environment

62. The discharge of mercury In ltquid effluents Is of particular concern,
In freshwater and marine sediments inorganic mercury compounds can be
methylated by bacteria to produce methy Imercury, which can bloaccumulate
to a considerable extent in fish and so result in dietary exposure for man,
Fish consumption is the primary source of dietary nercury in the general
population, whose range of dally Intake of mercury ls from | -~ 20 ug. The
provisional tolerable weekly Intake of total mercury s 300 ug, of which
no more than 200 pg should be methy Imercury.

63. Historically, the problem of mercury polisoning has been assoclated

elther with consumption of treated seed grain or with consumption of fish

from a locally highly polluted environment. The latter poliution has

typically arisen from pulp and paper mills, where organomercurials have

been used as slimicides, or in chloralkall plants, where mercury metal Is

used .as an electrode. 1In some countries legisiation has resulted in the
cessation of these inputs. However, such appllcations stll| exist In many 0
countries. and the problems cculd recur at any time. f5
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64. Slgnificant differences are observed In the metabollsm of mercury
deopending on Its chemical form. Inorganic and elemental mercury accumulate
meinly In the kldneys, and to a lesser extent In the brain. idethylmercury
can penetrate the blood-brain barrier, and both man and other primates
concentrate methyimercury in the brain with exceptional efficiency.
Elemental and organic mercury easily cross the placertal barrier, and also
enter naternal milk, contributing to the exposure of breast-fed infants.
Ultimately, central nervous system dysfunction results, although the

actual blochemical mechanisms cf toxiclty is uncertain. The damage persists
aven after exposure cezses, and no curative treatment is known.

65. There are two main populations of concern regardinc mercury: workers
who are occupationally exposed to mercury metal and vapour, and comunities
where fish represents a major food source. Available data on industrial
exposure to mercury vapour indicate concentrations in the range of

10 - 100 ug m=3. iuch higher concentrations seer to be rare, at least |
the larger Industrial enterprises.

66. Intoxications caused by alkylmercury compounds have taken place In the
general population on several occasions. These epidemics are of two main
types; the first Is characterfzed by the lraql outbreak (1971 - 1972),
where the exposure was by consumption of bread prepared from seed grain
dressed with methylor ethylmercury funalcldes. Similar outbreaks are known
to have cccurred earllier in lrag, Pakistan, Guatemala and Ghana. The other
type of Intoxlication is that characterized by tinamata disease (first
outbreak in 1953), caused by long-term consumption of fish highly contaminated
with methyimercury. There Is considerable discrepancy In the number of
poisdbnings ascribed to ilinamata disease at tiinamata and iNi [gata; ranging
from €200 to »1,600 cases. Other srall human populations (several hundred
people) in methylmercury-contaminated areas of Sweden, Peru, American Samoa,
France, Carada and the riediterrancan, have been investicated, but evidence
of methyimercury intoxication Is not clear. Ifost fish species in the areas
of concern have nrercury concentrations in excess of 0.5 ug g~! wet weight.
Clood mercury concentrations .In some people were frequently close to the

. tThreshold concentrations of 20 - 50 ug d1™', and occasionally higher.

67. 11 is possible that environmental mercury poisoning will re-emerge as

a problem in the nwar future, for quite 2 diffcrent reason. Three different
phenomena could Interact. First, conrentrations of mercury found In certain
apparently unpolluted environments ray cause lonu-livec fish tc bioaccumulate
rmethy lmercury tc an extent where they may be only marginally safe for humean
consumption. Secondly, mercury is a sionificant contaminant of fossil fuels,
the average concentration in coal being abcut 0.3 - U.4 g g'l, and the
mercury vepour resulting from combustion Is difficult to remove from the

flue oases. |If.fossl| fuel consumption iticreases as rapidly as is predicted
over the next decade or two, several thousands of tons of additional mercury
will enter the atmosphere annually, increasing concentrations found everywhere.
Thirdly, it Is knowr. that at higher aclidity In aquatic systens (e.g., as
caused by acic rain - see sect. G below, sulphur dioxide and derivatives), ,
"mercury Is moblilized and becomes available for uptake by fish. Taken together,
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these conslderations suggest that, in some populations consuming large
quantities of fish, methylmercury Intoxication may emerge as a problem
ire the future.

68. Recognnflon of the health hazards of rercury in the environmant

has resulted In considerable Improvements In occupa?lonal, amblent and
emission standards for mercury. Environmental and food monltoring are

In operation in many countries and at an International level. Excesslve
"methyimercury exposure of certain groups in the general population has

led to several thousand cases cf poisoning, as a result elther of accldental
consumption of grain dressed with alkylmercury fungicides or of long=-term
consumption of highly contaminated fish. The extent and nature of the
former is not global. The latter threat to human health may be of more
concern In terms of dietary mathyimercury exposure of the general
populafnon. It is possible that mercury polsoning may re-emerge as an
environmental problem in the future as a result of fossil fuel combustlon.

3. Recommendations

69. It is reccmmended that:

"(a) Human populations that consume slgnificant quantitlies of fish
from mercury-contaminated waters should be munitored to provide early
warning and make possible avoidance of further mercury polsoning incldents;

(b) tMenitoring efforts should take. Into account the fact that
mercury concentrations wl Il be found to be 'elevated in envlronments wlth

low pH;

(c} Marcury use In chloralkall plants ard the pulp and paper Industries
should be progressively phased out where possibie;

(d) rFossil fuels, notably coal, should be chosen wherever possible to
have low concentrations of contaminants, particularly mercury.

F. .NITROGEN OXIDES AND PHOTOCHEMICAL OXIDANTS

impqgi

70. The estimate rai production of nit n oxides (WO and.-W30) Is
990 x 100 t y" mainly volcanlc #$5ions and bacterial actiwvidfy.
ilan-made emissions of nitrogen arise principaliy from the
combus+lon of fossil fuels, stimated 48 x 100 + y=1. Men-
made emissions of nitrog ioxide and nit xide are cenerally referred
to as WNOx. These ar ii tted by two main types urce - statlionary
sources such as r stations, lndustrial combusflon, roleum and motal
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PROGRAMME PERFORMANCE REPORT
Addendum
LIST OF DANGEROUS CHEMICAL SUBSTANCES AND PROCESSES

Report of the Executive Director

INTRODUCT 1ON

l. At the eighth session of ihe Coverning Council, It was suggested 174
that the Executive Director submit to the Governing Councl | at Its tenth
session a provicional list of 10 to 20 of the.most dangerous substances,
grouns of substances or processes 1o which Governments should pay speclatl
attention in theii environmental policies. A provisional list could be
subnitted to the Council at Its ninth session, which could determine the
procedures for its adoption 8t the tenth sesslon, |t was subsequently
clartfied that the Iist shouid be restricted to dangerous chemical
substances harmful at the global level.

2. A preliminary report on listing of dangerous chemical substances
(UNEP/CC.5/2/Add.6), sutmitted to the Council at .ts ninth sesslon,
analysed the problems encountered in preparing such a |ist, attempted
to state objectives and definitions, and outlined the difficulties .In
celecting the substances, the possible solutions to the problem, and 2
practical approach to the preparation of the list, Following dlscussion
of the report, the Governing Council adopted decision 9/6, wheraby 1t
requested the Executive Director to continue his work on the preparation
of a short list of environmentally dangerous chemical substences, harnful
at the global level, to which environmental policies should pay- special
attention, '

3, Following the ninth session of the Council, the secretariat held
discussicns with and obtained information from some national institutions
and International organizations with relevent experienca. 3Sanior consul-
t+ants advised on the format of the list and on chemicals to bo proposed

s ——

" -1/ Report of the Governing Council on the work of Its elghth sesslon,
0fficTal Records of the General Assembly, Thirty-fifth Session, Supplement No,2%

TA735725), para. 101, ?62’
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(sods ash with 25 to 75% NaHCO,) for mild-alkali demands, as in the tanning industry. Sodiun
sesquicarbonate, or the natural mineral trona, has the composition Na,C0;+NaHCO,4-2H,0 and
very stable. It finds use in woo) scouring and in laundering. Sal soda (Na,COy-10H,0) is alag
known as washing soda or sods crysials.

MANUFACTURE OF CHLORINE AND CAUSTIC SODA
R gt S ST SO S A

Chlorine and caustic soda are produced almost entirely by electrolytic methods from fused chloridey
or aqueous solutions of alkali metal chlorides. In the electrolysis of Lrines, chlorine is produced o
the anode, and hydrogen, together with sodium or potassium hydroxide, at the cathode. Since the
anode and cathode products must be kept separate, many ingenious celi designs have been invented
and commercialized. However, all these designs have been either variations on a type of disphragn
or on a mercury intermediate electrode. '

DIAPHRAGN CELLS®  Diaphragm cells produced approximately three-fourths of U.S. causiie,
In the operation of a typical diaphragm cell. sodium or potassium chloride, neariv saturated and o
approximately 60 to 70°C. is fed into iic anolvte, which flows through the diaphragm into the
catholyte, where caustic is formed. Flow is continuous through the diaphragm to the catholyte caused
by a differentia] head.

REACTIONS AND ENERGY CHANGES  Decomposition voltage and volitage efficiency. The
energy consumed in the electrolysis of the brine is the product of the current flowing and the potentix}
of the cell. The theoretical, or minimum. voltage required for the process mayv be derived from the
Gibbs-Helmholtz equation. which expresses the relation between the electric energy and the beat of
reaction of a svstem.*

_ —JAH | TdE
E=—=F *7ar

where E = theoretical decomposition voluge
AH = enthalpy chaage of reaction, al
J = electrical equivalent of beat. or J/cal (4.182)

T = abseolute temperature
F = Faradav consunt, coulombs/g-equiv (96.500)
n = number of equivalents involved

The heat of reaction for the electrolysis of salt mav be found from the heats of formation of the
components of the overall reaction or from the negative of these values, the change in the heat
contents of the svstem. The overall reaction is

NaGl(ag) + H,0(I) — NaOH(ag) + #H,(e) +1Cl(g)
This may be broken down to the following reactions for formation:

Na(s) + 4Q,(g) — NaGl(ag) AH = ~97.] kaal

Hy(g) + 10,(g) — H,0(1) AH = —68.4 kal

Na(s) -~ 30,(g) + dH,(g) — NeOH(ag) AH = =112.] keal
The net AH for the overall reaction results from

+97.1 + 68.4 — 112.]1 = +53.4 keal

3Sconce (ed.), Chlorine. chap. 5. ACS Monograph 154. 1962: Sammers. The Chlor-Alkali Industry, Chem. Eng. Prog.
61(3), %4 (1965): Outlook for Chiorine-Caustic Production, Chem. £ng. Prog.. 70(3). 59 (1974).
‘Pary, 5th ed., p. 4-70.

#






Fig. 13.3 Damood Shamrock diaphragm cell. The DS cell series is msde in three sizes. The larpest is the DS-85 whidh

handles a current up 10 150 kA 20d produces 5.05 short toes of chlorine per day. This cell is 112 in. boog. 60 ia. wide. and 8] g,
high. It has dimensiosally stable anodes. (Di. d Sh k Corp) .

Diaphragm cell liquor requires corcentration (from about 12% NaOH containing 16% NaQ)
and chloride removal. Increasing fuel costs have made qusdruple-effect evaporators economically
desirable.” and ammonia extraction can reduce the NaQ level to 200 to 300 ppm—ravon-grade
specifications. Cells enjoving particular favor at this time include those produced by Diamond-
Shamrock. PPG-DeNora. Hooker, Dow, Olin. Solvay, Hoechst-Uhde, Kureha, and Tovo Soda. The
differences in total production cost among the several proprietary cells. monopolar and bipolar
svsiems., and mercury and diaphragm cells are small. Large diaphragm celis seem to be the current
trend.

The Dou cell (Dow Chemical Co.)} has a bipolar design which usually results in the erection of
blocks of 50 cells. where the butting frames are pressed together to form a tight block cperating as
a single unit. Each such unit is connected electrically to the next cell unit within the frames con-
stituting the block. Chlorine and hvdrogen gases are each collected in inverted troughs (concrete
headers on top of the cells) and caustic at the side through a trap.

UNIT OPERATIONS AND CHEMICAL CONVERSIONS  The main steps in a typical diaphragm-cell
flowchart. as depicted in Fig. 13.5 mayv be represented by the following unit operations and chemical
conversions:

Brine purification. To make a purer caustic soda and to lessen clogging of the cell diaphragm
with a consequent voltage increase, purification of the NaCl solution of calcium, iron. and magnesium
compounds is practiced. using soda ash with some caustic soda. Sometimes sulfates are removed
with BaCl, or the hot brine is treated with hydroxvi and carbonate ions.® The clear brine is neutral-

INew Qhlorine Plants Watch Their Waits. Chem. Reek.. Non. 27, 1974, p. 45.

Shearon et ol.. Modern Production of Chlonne and Caustic Soda. /ad. Eng. Chem.. 40, 2002 (1948); Hightower, Chlonar
caustic Soda, Chem. Eng.. 55(12), 112 (19481 (piciured Aowchart): Integrated Alkali Industry, Chem. Eng. (N.1.). §3:2), 132
(1936) (prctured flowchart. .

37T
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fg. 134 Trpwcal Diamond-Shamrock cell installation. (Diamond Shamrock Corpr)

rd with hvdrochloric acid (Ch). This brine is stored. heated. and fed to the cells through a float feed
svilem designed to maintain a constant level in the anode compartments (Op).

Bnne electrofvsis. Tvpical cells emploved were described in the preceding section. Each cell
wually requires 3.0 to 4.5 V: consequently. a number of them are put in series to increase the voltage
of a given group (Ch).

Evaporation and salt separation. The decomposition efficiency of the cels being in the range
of onlv 30%. about half of the NaCl charged is in the weak caustic and is recovered by reason of its
bow solubilitv in caustic soda solutions after ronceniration. Hence the weak. about 10 or 12%. NaOH
wlunon is evaporated tc about 30% NaOH in a double- or triple-effect evaporator with salt separators
and then passes through a settler and washing filter. The salt so recovered is again made into charg-
mg bnne. In the evaporators. nickel tubes are generally used to lessen iron contamination. Since
the caustic soda liquor from the evaporator contains 50% NaOH. it will dissolve only about 1% NaCl
a0d other sadium salts after cooling. This liquor may be sold. after thorough settling. as liquid
Qustic soda in tank cars or drums.

Final eraporation. Either the cooled and settled 50% caustic or a speciallv purified caustic may
be concentrated in a single-effect final or high evaporator to 70 or 5% NaUd, using steam at 75 to
loo peig. This very strong caustic must be handled in steam-jacketed pipes te prevent solidification.
U run 10 the finishing pots. Another method of dehvdrating 50% caustic utilizes the precipitation
of NaOH monohvdrate. This monohvdrate contains less water than the original solution. Precipita-
Wa is accomplished by the addition of ammonia to the 50% solution. and this also purifies the
“®astc. [f the 50% caustic is treated with anhvdrous ammonia.? particularly in a countercurrent
™Miem, free-flowing anhvdrous crvstals separate from the resulting aqueous ammonia. Naturally,
s procedure should be carried out in pressure vessels (Ch).

Finishing of caustic in pots. Although 50% caustic was at one time finished in special close.
Pined, cast-iron. direct-fired pots. the heat efficiency is so low that good practice now handles only
Wor 75% NaOH in this fashion. The final temperature is 500 to 600°C and boils off all but about

Muskat, Method for Producing Anhvdrous Caustic, US. Par 2,196.593 (1940).
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Fig. 13.5 Flowdun for diaphragm caustic sods and chlorine cell

1% or less of the water. These pots are now being replaced by Dowtherm heated evaporators for
caustic evaporation above 50%. The kot anhvdrous czustic is trested with sulfur to precipitate iron
and setiled. The product is pumped out by lowering into the molten caustic a centrifugal pump tha
discharges the caustic into thin steel drums holding about 700 Ib. or into the flaking machine (Op).

Special purification of caustic. Some of the troublesome impurities in 50% caustic ave colloida]
iron, NaCl, and NaClO,. The iron is often removed by treating the caustic with 1% by weight of
300-mesh calcium carbonate and filtering the resulting mixture through a Vallez filter on a calcium
carbonate precoat. The chloride anc. chlorate may be removed by allowing the 50% caustic to drop
through a column of 50% aqueous ammonia solution. This treatment produces caustic almost as
free of chlorides and chlorates as that made by the mercury process. To reduce the salt content of
the caustic necessary for certain uses. it is cooled to 20°C in equipment such as that outlined in
Fig. 13.5. Another crystallization method used industrially. however, involves the actual separation
of the compound NaOH - 34H.O or NaOH -2H,0, leaving the NaC(l in the mother liquor. Another
procedure reduces the salt content of the caustic soda solution by formation of the slightly soluble
complex salt Na(-Na,SO,-NaOH.10

A standard process for the continuous extraction of NaCl and NaClO, in 50% caustic solution
is countercurrent extraction in vertical columns with 70 to 95% ammonia.1! It should be noted that
mercury cells furnish caustic soda free from salt. These purification or manufacturing methods give
high-grade caustic with less than 1% impurities (anhvdrous basis). The standard grade contains
2} to 3% impurities (anhydrous basis) (Ch).

Chlorine drving. The hot chlorine evolved from the anode carries much water vapor. It s
first cooled to condense most of this vapor and then dried in a sulfuric acid scrubber or tower as
shown in Fig. 13.5. Up to the sulfuric acid tower, the wet chlorine should be handled in polvester.
polvvinyl chloride. or a similar resistant material: after drving. iron or steel can be emploved (Op
and Ch).

Chlorine compression and liquefaction.’* The dricd chlorine is compressed to 35 psi. or some-
times as much as 80 psi. For lower pressures the usual tvpe of compressor emploved is the liquid-
piston rotarv blower!3 constructed of iron. with concentrated sulfuric acid as the sealing liquid. For

WHubel and Sweetland. Remeval of Salt from Caustic Soda Produced by Duphragm Cells, Can. Chem. Mer.. 17, 52 (1933)
UTwichsus and Ehlers. Caustic Puniiication by Liquid-Liquid Extracuon. Chem. Ind. (N.Y.). 63, 230 (1948).
UEichenholer and Fedoroff, Chlorine Liquefacuon. Chem. Eng. (N.Y.). 58(12). 142 (1951).

LPerry, Fig. 647. Centifupal Compressons 1n Chionne Service, Chem. Eng. Frog.. T0(3), 69 (1974).
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trger capacities and higher pressures, c_ntrifugal and nonlubricated reciprocating compressors are
cbonen. Carbon piston rings or carbon cylinder liners are usually used in the reciprocating com-
preseors, other parts being cast iron. The heat of compression is removed and the gas condensed.
The liquid chlorine is stored in small cvlinders. ton ¢ linders. pipeline. or the 55-ton tank cars that
sre shipped to large consumers. Barges carrving €00 or 1,100 tons are also emploved. There is
shwsys some residue, or "blow gas,” made up of an equilibrium mixture of chlorine and air. The
bow gas is used to make chlorine derivatives, either organic or inorganic. especially bleaching
powder (Op).

Hvdrogen disposal. The hydrogen is frequently made into other compounds such as hvdro-
ciloric acid or ammonia or is emploved for the hydrogenation of vrganic compounds (Ch).

MERCURY CELLS!*  The method of producing chlorine and caustic soda in an electrolvtic
eell with a mercury cathode was discovered simultaneously by H. Y. Castner. an American, and K.
Kellner. an Austrian, in 1892. The Mathieson Alkali Works (now Olin Corp.) operated this cell, or
wodifications of it, from 1894 to recent vears at Niagara Falls. In the mercury cell. continuously
frd brine is partly decomposed in one coinpartment (called the electrolvzer) between a graphite
sgode and a moving mercurv cathode, forming chlorine gas at the anode and sodium amalgam at the

athode, The reactions are:

Anodic half-reaction: 20" (ag) — Cly(aq) + 2¢~
Qy(ag) — Aalg)

Githodic half-reaction: INa*(ag) + Hg + 2¢~ —— 2Na(Hg)

Overall cell reaction: 2NaCl(aq) + Hg— C.(g) + 2Na(He)

The average electrolysis temperature is about 63°C. and the average NaCl concentration is 200 g/1.
The sodium amalgam flows continuously to a second compartment (c-lled the amalgam decompeser.
scondary cell, or denuder) where it becomes the anode to a short-circuited iron or graphite cathode
@ an electrolvte of NaOH solution. Purified water is fed to the cell countercurrent to the sodium
amalzam: hvdrogen gas is formed, and the NaOH increases to 40 or 50%. (The eutectic composition
o 3% NaOH can be obtained if the temperature is kept above 100°C.) The reactions are:!3

Anodic half-reaction: 2Na(Hg) ——— 2Na* + Hg + 2¢-
Cathodic half-reaction: 2H.0 + 2e~ —— 20H~ + H.(g)

Ovenll decomposition reaction: 2Na(Hg) + 2H.0 — 2NaOH(aq) + H,(g) + He

Most modern cells. such as the DeNora cell (Figs. 13.6 and 13.7). are constructed with a flat.
bectomed steel trough over which the mercurv cathode flows uniformly. Parts of the trough not in
emtact with mercurv are provided with a corrosion-resistive coating. The steel bottom of the cell.
which in operation is electrically connected with the cathode bus bars, is covered with a sheet of
Wercury. The anodes are horizontal graphite plates (L in Fig. 13.6) that hang on insulated rods
SXtending through the cover (M). The anodes are parallel and close to the mercury-brine interface
d are perforated or grooved to facilitate release of chlorine in the cover. The vertical amalgam
:anpnscr. or denuder, shown in Fig. 13.7, is characteristic of the DeNora!® cell. This figure
®dicates the brine, chlorine, and hvdrogen flows. No evaporation is necessarv. The weak brine or
%aolvte is dechlorinated and resaturated with solid salt, purified. and returned to the cell.

The choice between the diaphragm and the mercury cell depends on whether solid salt or strong

is cheaper and the purity of the caustic desired. The mercury cell produces superior-quality

Ly MMacMullin, 1962. chap. 6 in Sconce (ed.). ACS Moncgraph 154: ECT. 2d ed.. vol. 1. 1963, p. 686: MacMullin, Chem.
Prog. 36, 410 (1950).

re e Mercury Cathode Chlor-Alkali Process. Humpel. E1 hemical Encyclopedia. Reinhold. 1964,
lu‘t’h\m and Gallone, The Mercury Cathode Chlor-Alkali Process. and Hampel. Electrochemical Encvelopedia. Reinhold,




" Best Available Document

o
o

H

; :
LY atriAien,
—aaa

Fig. 116 DeNuraaell chovation. () Parebrine feel bhemler: (1) depleted-brine collertion hesder; {0) mimng CROSS SECTlON
=~ chhwine hesber; (1) pute-water Tl frader 10 decomparce: (K1 haedrogen.endlection header; (£} cavationlly-tion
R header; (G) puree water Teesd headee 10 inket end; (1) 1o owpeun frap aml

(W) aneel-

wwets (L) anale pewt-and.plate sermbly;
supjunt stiscfure: (V) merrgry pump and sump: (1) rubler cover; (1) srmcevie grwt: (£2) copreminn.
rastant memheane: (R ddute < hbwine healer: (V) dnvennwer: (1) currvat hevel e, ‘!‘
UG .

Milorbeariin Toloi 1 (1 1. T8





http:DeNom.cl

Technology

Chior-alkall membrane cell set for market

Result of Du Pont-Biamond : +::-

Shamrock cooperative effort,
new method uses less energy
than diaphragm cell process,
doesn’t pose pollution problem

When Du Pont announced its develop-
ment of Nafion membrane materials in
the late 1960's, one of the obvious poten-
tial uses was as a membrane material in
chlor-alkali cells. One of the obvious
companies to test the membranes was
Diamond Shamrock. A formal cooperative
development program now has resulted in
a proved chlor-alkali membrane tech-
rology that could well dominate the
chlorine and caustic industry in the fu-
ture.

Diamond Shamrock currently is oper-
ating a 12 ton-per-day demonstration
plant at its facility in Muscle Shoals, Ala.
According to George L. Fish, manager of
Diamond’s R&D electrochemicals divi-
sion, two vears of operation at Muscle
Shoals have vielded the necessarv com-
mercia'-scale operating data to permit
intensive marketing of the membrane
process in the U.S. He believes that the
membrane cells now can compete favor-
ably as the choice for new chlor-alkali
plants over a wide range of product ca-
pacity.

Causitic solutions from the membrane
cells are more cuncentrated than those
from the older diaphragm cells and are

C et et
)

annegitgers

. gasentially salt-free, as is the case with the

product of mercury cells. This permits a
considerable reduction in steam require-
ment for caustic evaporation, compared
with that for diaphragm cells. Fish says
that, because of the reduced steam re-
quirement, the overall membrane process
consumes less energy than does the dia-
phragm cell process.

The principal distinction between di-
gphragms and membranes reduces to a

ifference between porosity and perme-
ability of the materials. The diaphragms
now in use are porous, will pass all ions
and molecules in solution, and are, in the
last analysis, gas separators. The Nafion
membranes are permselective and reject
all negative ions because of the net nega-
tive charge on the membrane resulting
from chemical substituents on the poly-
mer backbone. The net negative charge
does not result from any deliberate elec-
trical bias.

At present, Diamond Shamrock has six
active projects under way using mem-
brane technology. Three are in Canada,
and there is one each in Japan, Sweden,
and Brazil. About 40 additional projects
are in the discussion stage, many of them
in the U.S. Fish estimates that from 500
to 700 tons per day of chlorine is now
being produced, worldwide, from mem-
brane cells, most of it in the Diamond
Shamrock plants. The Japanese are said
to be working on similar technology but
little is known of the Japanese develop-
ments.

Other than economics, one of the prime
considerations that evoke interest in
membrane cells is pollution control. There

has been little factual justification for
indicting either asbestos-diaphragm or
mercury cells for pollution, and the
chlor-alkali industry doesn't anticipate
any major future problems therefrom.
However, with antipollution regulations
becoming stricter, they could tip the bal-
ance in favor of membranes if the ecu-
nomics are marginal on other counts.

Diamond Shamrock has tested two
basic designs for its membrane cells: a
bipolar (series) cell and a monopolar cell.
The monopolar cell was developed for
high-amperage situations—an operating
current load of 53,500 amp, compared to
3200 amp for the bipolar cell. The elec-
trode area is 20% larger than that for the
bipolar to more fully utilize the width of
membrane as produced by Du Pont, but
the design can be expanded in widt}: and
length to fit other amperage loads. For
both bipolar and monopolar cells, titani-
um is used for wetted parts in contact
with chloripe and brine, and carbon steel
for those parts contacting hydrogen and
caustic and for the structural frame.

The bipolar cell normally would be
used for small plants ~f v'p to 50 tons of
chlorine per day. Larger planis normally
would use the monopolar cells.

In both cases, cell cost is a significant
factor. The bipolar cell costs mure than
the monopolar, and botn are more ex-
pensive than diaphragm cells per unit of
production. However, Diamond Sham-
rock currently is designing a new mono-
polar cell that it thinks will be able to
compete on cost with diaphragm cells.

Membrane cells lead to some differ-
ences in the overall process. The brine
loop is similar to that of a conventional
mercury-cell plant, with solid salt nor-
mally used for the primary brine supply
and conventional brine saturation and
primary brine treatment systems used.
However, a chemical treatment and fil-
tration or ion exchange is employed
downstream of the primary treatment to
ensure extremely pure brine feed. To keep
current efficiency high and voltage low.
hardness of the brine feed must be re-
duced to 1 ppm or less and other heavy
metals—particularly mercury—removed
&5 completely as possible.

Diamond Shamrock uses a patented
phosphoric acid addition step in the
chemical treatment. Phosphoric acid and
hydrochloric acid are metered into the
brine stream. The phosphoric acid com-
plexes trace amounts of calcium ions be-
fore they can penetrate into the mem-
brane and cause deterioration in the
performance. Hvdrochloric acid neutral-
izes back-migrating hydroxyl ions.

For good cell performance, proper ,)
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Three types of electrolytic cel's dominate chlor-alkali business

Karl Scl »sle discovered dephlogisti-
cated muriatic acid in 1774 and Sir
Humphrey Davy named it chiorine in
1810. Chlorine has been an item of
commerce even since. However, it was
not a large-tonnage item until the elec-
trolysis of brine became established.
There have been dozens of types of
brine cells used at one time or another
and hundreds of variations. Today three
types of electrolytic cells dominate the
chlor-alkali business.

The diaphragm cell is physically the
simplest but requires considerable
product treatment, chiefly because of
the high residual brine content of the
caustic and the low concentration of the
caustic irsalf. Because most diaphragms
are fabricatec¢ from asbestos, the dia-
phragm cell recently has acquired the
stigma of a potential poliuter.

The mercury cell provides concen-
trated caustic with low residual brine
concentrations—both great economic
advantages. The mercury cell also re-
quires great capital investrent and has
a high power consumption. Like the di-
aphragm cell, the mercury cell also has
acquired the stigma cf a potential pol-
luter—probably undeserved in both
cases.

The membrane cell is something of a
compromise on technical grounds, and
it offers certain economic advantages

Chlor-alkali processes operate like this...

over diaphragm cells as well as me-
=hanical simplicity over the mercury
cell. Membrane cells had been sought
for many years but their development
had been stymied by lack of a suitable
membrane material that would withstand
the rigors of chlorine and caustic envi-
ronments. o

The development of Du Pont's Nafion
materials in the early 1960's appears to
have provided the material suitable for
chior-alkali membranes, and nearly all
of the membrane cells now in service
use Nafion materials. t now appears thut
the wave of the future in chlor-alkali
technology could be the membrane cell.

Whatever the process, there are
basic similarities in chlor-alkali manu-
facture. In all cases it is necessary to
pretreat the saturated brine feed with
water conditioners to reduce water
hardness, and to add hydrochloric acid
to neutralize a portion of the back-mi-
grating sodium hydroxide. This sup-
pri2sses by-product formation of chio-
ratcs. hypochlorites, and oxygen. The
treated brine is metered into the anode
compartment of the cell. After elec-
trolysis, the chlorine-saturated residual
brine is dechlorinated. Chlorine is
compressed and further processed into
the various grades for sale. Residual
brine is recycled. A weak caustic solu-
tion is metered into the cathode com-

partment where its concentration is in-
creased by the cell reaction. A two-
phase stream of concentrated caustic
and hydrogen issues from the cathode
compartment to a separator where the
Fydrogen is removed. The strong caustic
goes 10 a holding tank where partof it is
recycled to the cathode compartment
atter dilution and the remainder passed
on to further processing, If necessary.
The further processing, in the diaphragm
and membrane processes, usually
means concentration in a :nultiple-effect
evaporator. Mercury-cell caustic does
not require concentration.

Each of the processes has advan-
tages, with marketing economics de-
ciding which is preferable in a given
location. The greatest single economic
influence, other than the cost of elec-
trical power, probably will remain the
need (or lack of it) for caustic concen-
tration.

Sources in the industry suggest t at
a continued strong showing of the
membrane cell could gradually eliminate
the diaphragm cell in the future. That
would leave a two-horse race. If, as
speculation suggests, a nonthermal
caustic concentration method could be
developed, the membrane cell might
emerge the winner. Membrane dewat-
ering is an obvious goal but is still far in
the cloudy future.

...and have these characteristics
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Membrane cell plant treats brine to maintain
good membrane performance
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caustic concentration must be kept, since
current efficiency falls off rapidly if
catholyte concentration rises too high.
Caustic strength should be kept high to
minimize the amount of energy required
for evaporation, but not so high as to af-
fect current efficiency adversely. Proper
concentration can be maintained, by
keeping caustic recycle ratio high enough
o that a large amount of caustic flows
through each cell.

Heat generated in the cell is removed in
the caustic loop. The heat can be trans-
ferred to cooling water or used to raise
caustic strength further. Commercial 50%
grade is achieved readily with simple
evaporation, the company says.

Diamond Shamrock has made a com-
parative economic analysis of grass-roots
chlorine-caustic plants for those using
membrane cells and those using the most
modern diaphragm cell technology. Plant
sizes studied ranged from 50 to 1 million
tons per dav. In its analysis, the company
doesn't include absolute dollar figures,
since, it explains, capital is as sensitive as
it is to local philosophy, engineering
practices, and accounting bases.

In its capital cost comparison, Diamond
Shamrock found that at all capacities, the
total investment for membrane cell plants
is lower than for diaphragm cell plants.
Electrolyzers and cell room svstems for
membrane cell plants are more costly
than those for diaphragm cell piants,
mostly as the resuit of cell costs. Mem-
hrane c2U plants, on the other hand, have
a“very respectable” cost advantage over
diaphragm cells. Investment for brine
treatment is larger for membrane plants
but doesn’t have a very large impact on
capital for the total facility. Because of the
newness of membrane cell technology, the
assignment for contingencies is larger.

As for operating costs, electrolysis
power is higher for membrane cells, al-
though, Diamond Shamrock says, the
difference is shrinking as membrane
technology advances. Steam costs for
caustic evaporation “overwhelmingly”
favor membrane cells, and might, in some
cases, be eliminated almost entirely.

Energy requirements of electricity and
steam are considerably lower for mem-
brane cell plants and are approaching
those for mercury cell plants, the com-
pany says. Other differences are modest.
Raw materials, for example, are higher for
membrane cell plants but are offset by
lower labor costs and fixed and service
costs.

Getting to the bottom line, Diamond
Shamrock finds that return on invest-
ment would be nearly the same for either

type of plant. Membrane cell plants are
more profitable. it savs. at low plant ca-

acities. Diaphragm cells still have a slight
edge at high plant capacities. But the
company believes that there is a larger

margin for improvement in the use of -

membrane cells than is left in diaphragm
cell technology.

Chemically, the Nafion membranes are
made from Du Pont’s XR Resin, a co-
polymer of tetrafluoroethylene and a
perfluorosulfonyleti:oxy ether. Depending
on the specific ether and chemical sub-
stituents on the polymer backbone a wide
variety of properties can be achieved. The
Nafion membranes used in Diamond
Shamrock's chlor-alkali cells are rein-
forced with Teflon mesh.

Currently all of Du Pont’s Nafion pro-
duction emanates from Wilmington but
a new plant, dedicated to Nafion prod-
ucts, is scheduled to go into production in
1979 at Fayetteville, N.C.

The high thermal stability of Nafion

membranes, as well as their excellent
wettability and ionic surface character-
istics, has prompted Du Pont to look be-
yond chlor-alkali membrane applicaticna.
The regencration of chromic acid plating
solutions is one potential use. Another
may issue from another joint project—
between Du Pont and General Elec-
tric—in which the membranes are being
evaluated for use in electrolyzers to pre-
duce hydrogen and oxygen. o

Processes to refine
ocean nodules assessed
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Since the discovery of nodules on the
ocean floors, most attention has been
devoted either to the legal problems as-
sociated with the Law of the Sea Confer-
ences or to the technical problems of
mining the nodules. The legal problems
remain unsolved, bat the mining prob-
lems appear to be well on the way to so-
lution. The next step is what to do with
the nodules once they have been mined.

Dr. N. Beecher of Kennecott Copper
Corp. offered his assessment for the Di-
vision of Industrial & Engineering
Chemistry of two possible processes for
the recovery of metal values from the
nodules. The cost of nodule mining is still
debatable, but Beecher says that the
capital investment for the onshore pro-
cessing plant probably wiil be about twice
that required for the mining operation.
The decision or: which process should be
used is still opexn, as well, but two of the
contenders have been described by their
proponents. A Kennecott consortium has
gelected a hydrometallurgical process and
an International Nickel consortium has
selecced a pyrometallurgical process.

In Kennecott’s low-temperature am-
moniacal leach process, the nodules are
wet-ground to a fine mesh. Reduction is
carried out on the slurrv at low tempera-
ture and pressure. The reducing agent is
carbon monoxide, whici probably will be
generated by partial oxidation of fuel oil.
Copper, nickel, and cobalt values, which
are partially released in the reduction, are
further solubilized in a countercurrent
decantation wash carried out in a series of
thickenera. The solution from the de-
cantation contains essentially all the
copper, nickel, and cobalt values, while
the solid tailings contain the manganese
as manganese carbonate. Ammonia and
carbon monoxide are stripped from the
tailings and recycled. Liquid ion exchange
removes the copper and nickel from so-
lution while the cobalt is removed by
sulfide precipitation.

In the pyrometallurgical process, the
nodules are dried in a rotary dryer with
pulverized coal as a fuel. The nodules are
not ground. Gas from the dryer is passed G
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MSA

Dual-purpose Breathing
Apparatus Assembly

Dual-gauge pressure regulator

A d
.' t,
5 ‘ - Ultravue faceplece
Composite cylinder
i) Cushlonalre harness
Regulator
et ‘
Schrader connector
Foster ~ Thread, % NPT
connector
Alr-supply hose Audi-Larm

warning device

Manlfold assembly

A dlagram of the complste Dual-purpose Breathing Apparatus Assembly

The Total Assembly
Application

This assembly combines all of the
capabilities of a 30-minute, pressure
demand, self-contained breathing
apparatus with the long duration of a
supplied air respirator.

Itis specifically designed for prolonged
work in remote areas made hazardous
by toxic gases or oxygen deficiency.

The self-contained breathing apparatus
can be used in the routine manner for
emergency or limited time work in
dangerous areas by itself. With the
assembly, however, it is also used for
entry and connection to the supplied air
respirator, or disconnection from that
source and exit to fresh air in the event
the low pressure supply of the
respirator is interrupted.

3
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Approvals

The total assembly is approved by the
U.S. Coast Guard under their Approval
No. 160.011/53/0. The Dual-purpose
Breathing Apparatus portion (the SCBA
and up to 300 feet of air supply hose)
bears the National Institute for
Occupational Safety and Healith
(NIOSH) and the Mine Safety and
Health Administration (MSHA)
Approval Number TC-13F-90.

o



Dual-purpose Breathing Apparatus

Regulator

Foster connector

Application

The: MSA® Dual-purpose Breathing
Apparatus combines all the capabilities
of it self-contained breathing apparatus
and a supplied-air respirator i: one
un't. The apparatus is approved by the
National Institute for Occupational
$afety and Health (NIOSH) and the
Mine Safety and Heailth Administration
(MSHA) for use in oxygen deficient
atmospheres or where dangerous
concentrations of toxic gases orvapors
are present. The NIOSH/MSHA
approval allows:

(1) The wearer of the apparatus to enter
or exit a dangerous area using only the
cylinder air in applications such as
emergency rescue;

(2) The wearer to work within the area
for a limited time using the cylinder air;

(3) The wearer to work within the area
for an extended time using air from
a supply line.

Note particularly that 20 percent of the
cylinder air may be used for entry and
that the apparatus is not limited to
escape. Of course, if the air from the
supply line should fail, the wearer can
escape the area using the cylinder air,

Description

The Dual-purpose Breathing Apparatus
portion of the installation is a pressure
demand design. A slight positive pres-
sure is maintained within the facepiece
curing both inhalation and exhalation.
The slight positive pressure prevents a
toxic atmosphere from leaking into the
facepiece; this type of leakage can
occur with a demand apparatus, due

to the negative pressure developed in
the facepiece. A pressure demand
apparatus should, therefore, be used
where the potential toxicity of the
atmosphere is such that no back
leakage can be tolerated.

Regulator: The regulator reduces the
high pressure from the apparatus’s
compressed air cylinder to a breathable
pressure. It also automatically monitors
the flow of air into the faceplece so as
to maintain a slight positive pressure
within the facepiece. The regulator has
two inlet ports—one for the cylinder
and another for the supply line. A
Foster connector allows the air supply
to be semi-automatically switched from
the cylinder to the air line. With no
supply line connected to the regulator,
the wearer receives air from the
cylinder. When an air line is connected
to the regulator through the Foster
fitting, the wearer automatically
receives air from the supply line. If the
air supply from this line should be
interrupted, the wearer must disengage
the supply line in order to automatically
receive air from the cylinder.

Faceplece: The Ultravue® facepiece
has a large, panoramic lens and a
speaking diaphragm. The f-:cepiece is
molded of a soft rubber compound that
is comfortable to wear and resists facial
oils. An exhalation valve in the face-
piece enables a high exhalation flow
rate at a low breathing resistance. A
flexible breathing tube, corrugated to
reduce the possibility of kinking, con-
nects the facepiece to the reguiator.

A larger, wide-vision Clearvue® face-
piece also is available to further
broaden the range of effective face-to-
facepiece fit.

Composite cyiinder

Cushlonalre harness

Cylinder: The apparatus is available
with either a lightweight compasite
cylinder or steel cylinder. The coriipos-
ite cylinder is a seamless, aluminum-
alloy tank that has been wound with
high-strength glass filaments and
Impregnated with epoxy resin. The
composite cylinder has a rated service
life of 30 minutes and weighs only

10.5 Ib, about half the weight of a
comparable steel cylinder—19 |b.
Both the composite and steel cylinders
feature a rubber guard for the pressure
gauge on the cylinder valve. All
cylinders have been tzsted to 5/3 of
the rated pressu:s i accordance with
Department of Transportation
reguiations.

Audi-Larm™ Warning Device: The
Audi-Larm gives an audible warming
when the cylinder pressure drops below
a preset level. it warns the user that his
air supply is nearing depletion and that
he should leave the area.

Harness and backplate: The
Cushionaire™ Harness has a foam-
padded, two-inch-wide nylon strap at
each shoulder. The bottom of the
aluminum backplate is padded to
protect the wearer's back.

Ordering information

30-Minute-Approved Pressure

Demand Units

465205 Pressure Demand Apparatus
with Ultravue facepiece and
steel cylinder, complete in
case—465188 without case.
Pressure Demand Apparatus
with Ultravue facepiece and
composite cylinder, complete
in case—465189 without case.
Pressure Demand Apparatus
with Clearvue facepiece and
steel cylinder, compliete in
case—465191 without case.
Pressure Dernand Apparatus
with Clearvue facepiece and
composite cylinder, complete
in case—465192 without case.

465206
465208

465209



Low Pressure Supplied Air Apparatus

Schrader
connector

Manifold assembly

Application

This arrangement will provide low
pressure air for one to four men, each
wearing a Dual-purpose Breathing
Apparatus. It consists of the following:

Description

Cylinders: Either three 244 cu. ft. or
three 330 cu. ft. cylinders must be used
as the source of air for the air-supplied
respirator mode in this installation.
These cylinders are joined together in
a bank by means of coupler tees and
pigtails. At the normal rate of consump-
tion of one cubic foot of aii per minute
per man, these banks will provide either
12 or 16.5 man-hours of air. The user
must supply the cylinders and also
make certain that the purity of the air
meets the requirements of the Com-
pressed Gas Association Specification
G-7 for Type 1, Class D Gaseous Air.

Dual-gauge pressure regulator

Audi-Larm warning device

Pigtail

3 "‘ [ACI . - . .‘ ) N
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Audi-Larm: This alarm monitors the
pressure in the bank of the three supply
cylinders located on deck. It will ring
when the pressure in the bank falls
below 400 psi. On-deck personnel can
then alert the men in the work area.

Pressure Regulator: The regulator
reduces the high pressure from the
bank to the breathable pressure
required by the air-supplied respirator.
The low pressure on the outlet side is
preset but it can be readjusted. Both
the inlet and outlet pressures have
gauges—0-4000 for the inlet, 0-200 for
the outlet.

Qutlet Manifold: The outiet manifold
allows up to four users to receive air
fromthe bank of high pressure cylin-
ders. Two- and four-outlet models are
available. Both have quick-disconnect
Schrader couplings and automatic
shut-off outlets.

Ordering information

Alr-supply Hose
455021 Air-supply Hose, 25-ft. length
455022 Air-supply Hose, 50-ft. length

Manifolds

47370  Four-outlet Manifold
Assembly with Schrader
couplers

84416 Two-outlet Manifola
Assembly with Schrader
couplers

Audi-Larm

85078 Audi-Larm Warning Device

Cylinder Connectors

68850 AirCouplerTee
68851  Air Pigtail
Regulator

68858 Pressure Regulator.

dual-gauge (:b
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Note: This bulletin contains only a general
description of the Dual-purpose Breathing
Apparatus Assembly. While uses and
performan ;e capabiiities are described,
under no .ircumstances should the products
be used axcept by qualified, trained per-
sonne: and not until the instructions, Igbels,
or other literature accompanying them have
been carefully read and understood, and

the precautions therein set forth followed.
Only they contain the complete and detailed
information concerning these products.

Accessories
Spactacle Kit

Description: Designed for use by those
who must wear corrective lenses. A
proper seal cannot be established if the
temple bars of spectacles extend
through the sealing edge of a fuli
facepiece.

The Spectacle Kit consists of a retain-
ing spring wire support, a rubber block
guide, and one universal-bridge metal-
frame spectacle front (S-7 shape,
44-mm lens size) with mounting prongs.
Corrective lenses are not included.

The retalning spring wire support is
Inserted betwaan the inturned periph-
eral lip of the facepiece and the
faceplece lens.

Spectacies are adjusted by moving
them In or out of the rubber guide and
moving the rubber guide up or down the
center wire support.

Ordering information

454819 Prescription Spectacle Kit,
Universal Bridge, 44-mm lens
size (less lenses); for use with
Ultravue Facepiece

83829 Same for Clearvue Facepiece

Nosecup

Description: The nosecup is used to
reduce the possibility of lens fogging.
itis effective under conditions of high
humidity and/or low temperatures by
inhibiting contact of moist exhaled air
with the facepiece lens. Molded from a
soft ruhber compound, the nosecup is
resistant to facial oils. It can be
attached to the facepiece without toois.

Ordering information

457135 Nosecup, for use with
Ultravue Facepiece
Nosecup, for use with
Clearvue Facepiece

£9863

Cover Lens

Description: The cover lens is made of
clear cellulose acetate and is designed
to protect the polycarbonate facepiece
lens from scratches or contamination.
The cover lens is backed with a
pressure-sensitive material to permit
attachment to the facepiecs lens.

Ordering information

456975 Cover lens, clear, for
Ultravue Facepiece, package
of 25

Coverlens, clear, for
Clearvue Facepiece, package
of 25

84773

Walkaway* Mounting Bracket

Description: This accessory is a
storage unit that can be moun‘ed on
rescue or fire vehicles or any perma-
nent wall or surface with screws.

The air mask is held in the bracket by
two steel spring clips. The breathing
apparatus cylinder vaive rests on a foot
plate base for support. Supplementing
the clips is the quick-release hook and
lever fastener.

The spring clips permit the user to strap
on the apparatus unassisted. By step-
ping forward, the user snaps the
breathing apparatus out of the bracket.
The Air Mask is now on his back,
strapped in position and ready for use.

*Trademark of Ziamatic Corp.

Ordering information
39581 Walkway Mounting Bracket

Quick Disconnect Assembly

Description: Specifically designed for
use with the Air Mask, Model 401, and
Air Cub, Model 502, the Pressure
Demand Air Mask and Air Cub, and the
Dual-purpose Apparatus.

The optional Quick Disconnect
Assembily permits rapid and secure
connection to or disconnection fiom
the breathing tube outlet on the regula-
tor if the user is wearing heavy gloves,
or during other difficult conditions.

The Quick Disconnect Assembly has
two components—a nipple, which is
attached to the outlet of the demand
regulator, and a coupler, which is
attached to the breathing tube. These
parts are supplied as a kit, with instruc-
tions for attachment of the components
to breathing units with the standard
coupling unit assembly.

Ordering information
458734 Quick Disconnect Assembly

600 Penn Center Boulevard
Pittsburgh, Pa. 15235 USA
Phone (412) 273-5000 - Telex 812453

Worldwide servica: Branch offices throughout the United States.
Subsidiaries in: Amsterdam + Barcelona - Berlin - Calcutta »
Glasgow - Johannesburg < Lima + Mexico City + Milan < Ndola -
Paris < Santiago + Sao Paulo - Singapore « Sydney = Tokyo -
Toronto. Representatives in principal cities throughout the worid.
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Application

The MSA*Mouthpiece Respirator is an
escape device that enables personnel
to make quick, protected getaways
from areas suddenly contaminated by
not more than 10 ppm chlorine or 50
ppm hydrogen chloride by volume.

Data Sheet
10-00-11

Mouthpiece
Respirator

Description

The Mouthpiece Respirator has a soft,
natural rubber mouthpiece which
allows a positive lip seal to be main-
tained without uncomfortable jaw pres-
sure, A nose clip, attached to the
respirator body by a flexible cord,
exerts just enough clamping pressure
for positive closure of nasal passages
without discomfort. A replaceable
chemical cartridge and the exhalation
valve are housed in the rubber body. An
integral neckstrap lets worker wear the
respirator at chest level, ready for
immediate uce when needed; an
optional belt clip and clamp assembly
is available for those who wish to wear
the respirator on their belts.

Operation is simple. When chlorine gas
or hydrogen chloride is present, the
user removes the mouthpiece cover,
inserts the mouthpiece in his mouth,
places the nose clip over his nostrils,
and breathes through the mouth until
he is clear of the contaminated area.

it is recommended that the device be
kept clean and sanitary with MSA
Cleaner-Sanitizer, a water-solubia
powder which will not deteriorate the
rubber, plastic or metal parts.

Data Sheet
10-00-11 )
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Approvals and standards

The MSA Mouthpiece Respirator has
been granted NIOSH/MSHA Approval
TC 23C-108 which covers escape only
from atmospheres containing not more
than 10 ppm chlorine or 50 ppm
hydrogen chloride by volume.

Ordering information

Catalog numbers

460400 MSA Mouthpiece Respirator

465089 Mouthpiece Respirator, less
cartridge

463078 Mouthpiece Respirator with
belt clip and clamp assembled

465080 Mouthpiece Respirator with
belt clip and clamp, less
cartridge

468319 Chemical Cartridge for
Mouthpiece Respirator, pkg
of 10

94601 Belt Clip

462756 Belt Clip and Clamp Kit
(optional)

462755 Conversion Kit

34337 MSA Cleaner-Sanitizer I, 12
2-0z packages

Note: This Data Sheet contai s only a
general description of the MSA Mouthpiece
Respirator. While use: and performance
capabilities are describ<d, under no cir-
cumstances should the product be used
except by qualified, trained personne! and
not until the instructions, labels, or other
literature accompanying it have been care-
fully read and understood and the precau-
tions therein set forth followed. Only they
contain the complete and detailed informa-
tion concerning this product.

600 Penn Center Boulevard
Pittsburgh, Pa. 15235 USA
Phone (412) 273-5000 - Telex 812453

Worldwide service: Branch offices throughout the United States.
Subsidiaries in: Amsterdam - Barcelona * Berlin * Calcutta »

Clasgow - Johannesburg - Lima - Mexico City - Milan - Ndola -

Paris - Santiago - Sao Paulo - Singapore - Sydney - Tokyo -
Toronto, Representatives in principal cities throughout the world.
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Data Sheet
01-00-10

Demand
Air Mask
and Demand
Air Cub™

Mode! 401
Demand
Air Mask

Model 502
Demand
Air Cub

Application

The Model 401 Demand Air Mask is de-
signed for use where oxygen deficiency or
toxic gas concentrations present a danger.
The Model 502 Demand Air Cub™ apparatus
supplements the Mode! 401 for shorter-time
activity and should not be used in its place.

Pressure demand versions of both models
are available for extremely toxic atmos-
pheres, where even minute levels of inward
leakage into the facepiece would be dan-
gerous. (A slight positive pressure within
the facepiece prevents leakage.)

Description

Apparatus

The Mode! 401 Demand Air Mask Breathing
Apparatus and the Model 502 Demand Air
Cub Breathing Apparatus are demand-type.
self-contained units. Air is supplied on
demand at ambient atmospheric pressure.
As the user inhales, air is drawn frem the
supply cylinder in the quantity necessary to
satisfy breathing requirements. Both models
are open-circuit systems that release ex-
haled air to the surrounding atmosphere
without reuse.

Mode! 502 Demand Air Cub

The Demand Air Mask has a 45-cubic-foot
(1274-liter) capacity air-storage cylinder
with a rated service life of 30 minutes. The
Demand Air Cub has a 26-cubic-foot (736-
liter) capacity air-storage cylinder with a
rated service life of 15 minutes. Seo the
section on Service Life.

Both the MSA Demand Air Mask and Air

Cub consist of five major components:

e Ultravue? facepiece equipped with head-
bands, exhalation valve, speaking dia-
phragm, and breathing tube. Because
facepiece fit is so important in a demand
mask to minimize the possibility of inward
leakage of contaminants, MSA offers the
larger Clearvue? facepiece in addition to
the standard Ultravue facepiece to pro-
vide a broader range of effective face-to-

facepiece fit with MSA demand apparatus.

The two facepieces are interchangeable
on MSA Demand Air Mask and Air Cub
apparatus;

o Demand regulator capable of air delivery
of more than 400 liters per minute with
built-in high-pressure and low-pressure
relief valves;

e Audi-Larm™™ warning device that sounds
an audible alarm when the cylinder air
pressure drops below a preset level;

o High-pressure cylinder to store the supply
of compressed air;

o Harness for mounting the assembly on the
body. Model 401 has the Cushionaire™
harness with foam-padded shoulder

This diagram of a demand-type breathing
apparatus traces the tiow of air from the

cylinder through the regulator to the facepiece.

straps, a backplate of Ya-inch-thick anod-
ized aluminum. The Air Cub apparatus
does not use a backplate. Instead, the
cylinder is mounted with a stainless-steel
cylinder holder which is held by a simple
harness designed to allow the user to don
the apparatus quickly.

Cylinders

Two types of high-pressure cylinaers are
available for use with the Model 401 Air
Mask:

1. alightweight Composite aluminum-
fiberglass cylinder (approximately 10.5
pounds, empty, without vaive);

2. the standard steel cylinder (18-20 pounds,
empty, without valve).

The Composite Cylinder and steel cylinder
are interchangeable on the MSA Demand
Air Mask and the Pressure Demand Air Mask.

Both Air Mask cylinders have a capacity of
approximately 45 cubic feet of air when
they are charged to a pressure of 2216 psig,
and are also refilled with the same equip-
ment. The cylinder for the Model 502 Air Cub
apparatus has a capacity of approximately
26 cubic feet of air when chargad to 2216
psig. MSA cylinders are hydrostatically
tested to 5/3 of the 2015 psig rated pres-
sure, in accordance with Department of
Transportation (DOT) Specification 3AA.

Cylinders are equipped with aflush-mounted
presstire gauge. A removable rubber guard
protects the gauge if the cylinder is dropped.
The cylinder vaive handwheel, mounted at a
right angle to the valve stem for ease of
operation and protection from damage, con-
trols the flow of high-pressure air to the
demand regulator.

Data Sheet
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Approvals and Standards

The Model 401 Air Mask is jointly approved
by the National Institute for Occupational
Safety and Heaith (NIOSH) and the Mine
Safety and Health Administration (MSHA),
formerly the Mining Enforcement and Safety
Administration (MESA), under Subpart H,
30 CFR, Part 11 for a 30-minute service life.
The NICSH approval number is TC-13F-29.

The Model 502 Air Cub apparatus s jointly
approved by the National Institute for Occ'2-
pational Satety and Health (NIOSH) and the
Mine Safety and Heal.h Administration
(MSHA), formerly the Mining Enforcement
and Safety Administration (MESA), under
Subpart H, 30 CFR, Part 11, for a 15-minute
service life. The NIOSH approval number is
TC-13F-46.

The Model 401 Demand Air Mask meets the
requirements of the National Fire Protec-
tion Association (NFPA) Standard 198-1971
(Respiratory Protective Equipment for Fire-
fighters); both also meet guidelines for self-
contained breathing apparatus contained in
the American National Standards Institute
(ANSI) Standard Z88.2-1969 (Practices for
Respiratory Protection) and ANSI Z88.5-
1973 (Practices for Respiratory Protection
for the Fire Service).

MSA steel cylinders meet the requirements
of the Department of Transportation Speci-
fication 3AA. The Composite Cylinder has
received Department of Transportation Ex-
emption 7277 tor shipment in interstate
commerce.

Service Life

Approvals from NIOSH-MSHA for duration
of use (30 minutes for the Model 401 Air

Mask and 15 minutes for Model 502 Air Cub).

are based on tests conducted by NIOSH.
These apparatus were tested with a breath-
ing machine at a use rate of 40 liters per
minute and were able to supply air for the
rated service life or longer.

However, because worl performed by the
user may be more or less strenuous than
the work level of the test procedure, actual
service life may be affected. During extreme
exertion, for example, service life may be
reduced as much as 50 percent.

Service duration of each unit depends on

such factors as:

® The degree of physical activity by the
user;

® The physical condition of the user;

e Emotional conditions such as fear or ex-
citement (which may increase the user's
breathing rate);

¢ The degree of training or experience the
user has had with such equipment;

e Whether or not the cylinder is fully
charged at tha beginning of use;

Note: This Data Sheet contains only a gen-
eral description of the Model 401 Demand
Air Mask and Model 502 Demand Air Cub
apparatus and accessories. While uses and
performance capabilities are described,
under no circumstances should the prod-
ucts be used except by qualified trained
personnel and not until the instructions,
labels, and other literature accompanying
them have been read, understood and the
precautions therein set forth followed. Only
they contain the complete and detailed in-
formation concerning these products.

® Possible presance of carbon dioxide
(CO,) in the compressed air supply at
levels greater than the 0.4 percent found
in normal air;

e Atmospheric pressure, e.g. use in a pres-
surized tunnel or caisson. At two atmos-
pheres (15 psig) the duration will be
one-half as long as the rated service lite;
at three atmospheres the duration wili be
one-third as long as the rated service life;

e Condition of the breathing apparatus.

Inspection and Maintenance

The Demand Air Mask and Demand Air Cub
should be inspected and maintained in ac-
cordance with OSHA regulations 1910.134(f)
and ANSI Standards Z88.2 anc Z88.5 (for
the fire service) which recommends that
self-contained breathing apparatus be in-
spected routinely, before and after each
use, and at least monthiy.

MSA offers a bulletin that outlines Inspec-
tion and Maintenance Procedures for Self-
Contained Breathing Apparatus. In addition,
inspection tags are available from MSA for
the Model 401 Demand Air Mask and Model
502 Demand Air Cub. MSA also can supply
a permanent log for recurding weel" 4, after-
use, and monthly inspections.

Caution

Repairs of breathing apparatus must never
be attempted beyond the scope of the man-
ufacturer's recommendations.

Regulators must be sent to the manufacturer
or an authorized MSA Air Mask Service
Center for adjustment or repair.

Parts must not be interchanged among self-
contained breathing devices from different
manufacturers.

MSA demand regulators must not be inter-
changed with MSA pressure demand regu-
lators; MSA demand facepieces must not be
interchanged with MSA pressure demand
facepleces.

Cylinders must be filled to required pressure
betore use: 2216 psig on both the Model 401
Air Mask and Model 502 Air Cub.

Only respirable air, free of all organic sub-
stances and other contaminants should be
used to refill the cylinder. Refill air should
be at least Grade D, gaseous air, as de-
scribed in the Compressed Gas Association
Commodity Specification for Air, G-7.1,
ANS1 Z86.1-1973.

Proper cleaning agents, such as MSA
Cleaner-Sanitizer Il, must be used to
sanitize the unit after each use so that
rubber components do not deteriorate.
NEVER use alcohol as a germicide, because
it may deteriorate the rubber. Do not apply
heat to the rubber parts to speed drying.

Lubricants MUST NEVER BE USED on any
part of the apparatus and all parts must be
kept free of grease and oil.

Respiratory protection only is provided by
self-contained breathing arparatus. For pro-
tection of skin exposed to toxic gases which
can irritate or penetrate the skin, other pre-
cautions must be taken.

Unless an emergency exists, personnel
should not enter a foam-filled building,
enclosure, or become completely covered
with foam, because hearing becomes diffi-
cult, vision is blocked, and breathing
bacomes uncomfortable, Where rescue work
or firefighting requires entry into a foam-
filled building or enclosure, use only positive
pressure self-contained breathing apparatus
for proper respiratory protection. The
condensation of foam inside the regulator
housing can cause the pressur . demand
self-contained breathing apparatus to flow
continuously. Shoulc this occur, return at
once to fresh air, even if the end-of-service-
lite alarm has not sounded.

Ordering Information

Catalog numbers

Model 401 Demand Air Mask

463830 Model 401 Demand Air Mask, com-
plete with lightweight Composite
Cylinder in case

463827 Mode! 401 Demand Air Mask, com-
plete with lightweight Composite
Cylinder, less case

457153 Model 401 Demand Air Mask with
steel cylinder, complete in case

457152 Model 401 Demand Air Mask with
steel cylinder, iess case

460320 Air Mask Composite Cylinder (45
cubic feet) with valve

94007 Air Mask steel cylinder (45 cubic
feet) with valve

Model 502 Air Cub

457151 Model 502 Demand Air Cub, com-
plete in case

457150 Model 502 Demand Air Cub, less
case

456104 Air Cub steel cylinder (26 cubic
feet) with valve

Clearvue Demand Facepiece

95940 Clearvue Demand Facepiece (black)
for Demand Air Mask and Air Cub

Accessories
457135 Nosecup for Ultravue Faceplece
454819 Prescription Spectacle Kit for Ultra-
vue Facepiece
34337 Cleaner-Sanitizer Il (dispenser
box of 12 2-oz packages)

600 Penn Center Boulevard
Pittsburgh, Pa. 15235 USA
Phone (412) 273-5000 - Telex 812453

Worldwide service: Branch offices throughout the United States.
Subsidiaries in: Amsterdam « Barcelona - Berlin - Calcutta «
Glasgow - Johannesburg - Lima + Mexico City - Milan «+ Ndola -
Paris + Santiago * Sao Paulo + Singapore * Sydney *+ Tokyo -
Toronto. Representatives in principal cities throughout the world.
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Data Sheet
08-02-02

Samplair”
Pump,
Model A

MSA

Application

The Samplair Pump, Model A, provides
an economical method for manual
sampling of a broad range of toxic
gases, vapors, and mists in the thresh-
old limit ranges. it is designed for use
with the majority of MSA detector tubes
and can be used for testing atmos-
pheres for toxics in accordance with
OSHA procedures.
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Samplair Pump, Model A, with carrying case and accessorias

Description

The Samplair Pump, Model A, a
simplified, economical version of the
MSA Universal Tester, is a variable-
volume piston-type pump which draws
an accurate sample of ambient air
through a detector tube affixed to its
intake end. The operator draws the
handle of the pump to the preset posi-
tion which controls volume at four
levels (25, 50, 75, or 100 cc), and notes’
the reaction in the detector tube being
exposed. The Samplair Pump Kit
includes: pump, carrying case, spare
parts vial, and maintenance sheet.
Sufficient space is provided in the case
for two packages of detector tubes.

MSA detector tubes are chemically
filled glass tubes with break-off tips.
They are packaged in boxes of 10 and
have a minimum two-year shelf life.
Detector tubes indicate the presence of
the gas being tested for by the length of
a color change resulting from the reac-
tion of chemical in the tube with the
compound of interest. Tubes have been
calibrated for gases and/or vapors
listed on their packing box, such as
carbon monoxide, hydrogen sulfide,
sulfur dioxide, etc.

Sampling lines of various lengths can
be used with the Samplair Pump,
Model A, to test for the presence of
toxic atmospheres in hard-to-reach
areas.

Data Sheet
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Precision calibrated shaft éécurately indexes the intake.volume
at 25, 50, 75, or 100 cc. Spring-loaded stop locks shatt in desired position.

Samplair Pump with shaft drawn

Approvais

The Samplair Pump, Model 4, is certi-
fied by NIOSH when used with selected
MSA detector tubes.

Ordering information

Catalog numbers

464080 Samplair Pump, Model A,
complete with carrying case,
spare parts kit, and remote
sampling connecting tube.
73067 Samplingline, 10 ft.

73068 Samplingline, 25 ft,

73068 Samplingline, 50 ft.

Note: Detector Tubes and Accessories
for use with the Samplair Pump are
listed in Data Sheet 08-01-02.

Samplair Pump, Model A, with adapter and sampling line for remote sampling.

Note: This data sheet contains only a 600 Penn Center Boulevard
general description of the Samplair Pump, F'ittsburgh, Pa. 15235 USA
Model A. While uses and performance capa- Phone (412) 2/3-5000 * Telex 812453

bilities are described, under no circum-
stances should the product be used except  \wongwide service: Branch offices throughout the United States.

by qualified, trained personne! and not until Subsidiaries in: Amsterdam « Barcelona - Berlin « Calcutta - Glasgow
the instructions, labels, or other literature Johannesburg « Lima - Mexico City - Milan « Ndola + Paris » Salisbury
accompanying it have been carefully read Santiago - Sdo Paulo - Singapore + Sydney - Tokyo - Toronto.

and understood and the precautions therein Representatives in principal cities throughout the world.
set forth followed. Only they contain the

complete and detailed information
concerning this product.
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Data Sheet
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Pressure
Deimnand
Air Mask and
Air Cub”

Model 401
Pressure

Demand
Air Mask

Model 502
Pressure
Demand
Air Cub

Steel
Cylinders

4 wound
Composite
Cylinder

Full-wound
Composite
Cylinder

Description

The Pressure Demand Model 401 Air Mask
Breathing Apparatus and the Pressure
Demand Model 502 Air Cub Breathing Appa-
ratus are pressure-demand type self-
contained breathing apparatus that provide
respiratory protection under conditions of
oxygen deficiency or in concentrations of
toxic gases. Both models are open-circuit
systems that release cxhaled air to the sur-
rounding atmosphere without reuse.

The Mode! 401 Pressure Demand Air Mask
and Model 502 Pressure Demand Air Cub
consist of an Ultravue * facepiece assembly
equipped with a spring-loaded exhala-

tion valve and breathing tube; a pressure
demand regulator that supplies air to the
facepiece under pusitive pressure; a high-
pressure hose that links the regulator to the
Audi-Larm ™ audible low-pressure warning
device; a high-pressure cylinder to store
the compressed air; and a harness assem-
bly for carrying the apparatus on the
wearer's body.

Application

The MSA Pressure Demand Air Mask and
Pressure Demand Air Cub nrovide respira-
tory protection in toxic atmospheres where
it is necessary to avoid potential inward
leakage that could result from negative
pressure that is developed in a dema:r.d-
type apparatus. These MSA Pressure De-
mand Apparatus maintain a slight positive
pressure inside the facepiece during inha-
lation and. through a spring-loaded exhala-
tion valve, provide low exhalation resistance
while maintaining the positive pressure
inside the lacepiece.

Recent OSHA standard. specify the use of
only pressure demand apraratus for fire-
fighting or emergency entry into unknown
concentrations of toxic gases.

Both units are approved for entry into and
escape from irrespirable atmospheres. Both
can be used in extremely toxic atmospheres
where even minute levels of inward leakage
into the facepiece would be dangerous.
The Model 401 Pressure Demand Air Mask
has a rated service life of 30 minutes. The
Model 502 Air Cub, with a rated service life
of 15 minutes, is designed to supplement
the Pressure Demand Air Mask for shorter
periords of time in irrespirable atmospheres,
and should not be used in its place.
Service life ratings are based on the resuits
of tests conducted by the National Institute
for Occupational Safety and Health. See the
section on Service Life.

Operation
Demand-type units adjust automatically to

deliver the air supply necessary to satisty
breathing requirements, with air pressure
inside the facepiece the same as outside (so
under some circumstances tiere is a possi-
bility of inward leakage of air). With the
Pressure Demand Air Mask and Pressure
Demand Air Cub apparatus, air is delivered
to the facepiece at a pressure of approxi-
mately 1.0 inch of water. This slight positive
pressure is controlled by a spring on the
regulator diaphragm. Flow stops during ex-
halation because the exhalation valve opens
at approximately 1.5 inches of water, posi-
tive pressure. The pressure inside the face-
piece, therefore, remains positive during
both inhalation and exhalation. With this
pressure demand arrangement, the danger
of potential inward leakage is minimized,
yet breathing resistance is low. Because

of these operating differences, pressure
demand regulators must never be inter-
changed with demand regulators; pressure
demand facepieces must never be inter-
changed with demand facepieces.
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Components of MSA Pressure
Demand Air Mask

Uitravue * Facepiece

The Ultravue Facepiece is supplied with
both the Model 401 Pressure Demand Air
Mask and Mode! 502 Pressure Demand

Air Cub units. This facepiece has a one-
piece replaceable lens that is molded out
of polycarbonate plastic, five adjustable
headbands, and a speaking diaphragm

to project the sound of the user's voice
through the mask. The plastic lens is treated
with a coating whic! resists scratching and
chemical attacks. Rubber components are
made out of a compound that is soft and
resistant to facial oils. An internal battle
controls lens fogging by deflecting exhaled
air away from the lens. The baftle also
directs the sound of the user's voice into the
speaking diaphragm. Exhaled air vents to
the surrounding atmosphere through an
exhalation valve.

Ultravue facepiece accessories include: a
spectacle kit for mounting prescription
lenses inside the facepiece without disturb-
ing the facepiece seal; a nosecup assembly
to reduce the possibility of lens fogging
(NIOSH requires the use of this accessory
when the apparatus is used at temperatures
below 32°F); a cover lens to pr svide addi-
tional facepiece-lens protection.

Two facepieces available

Because facepiece fit is so important in a
pressure demand apparatus (o conserve
the air supply. MSA offers the larger Clear-
vue ‘ pressure demand facepiece in addi-
tion to the standard Ultravue pressure
demand facepiece to provide a broader
range of effective face-to-facepiece fit
with MSA pressure demand apparatus.
The two pressure demand facepieces are
interchangeable on MSA Pressure
Demand Air Mask and Air Cub

apparatus.

Pressure demand regulator

The pressure demand regulator supplied
with all MSA Pressure Demand Air Masks.
can deliver high volume air fiow to meet
breathing demands during periods of ex-
treme exertion while maintaining a positive
pressure in the facepiece. The regulator
reduces the high prassure of the cylinder
air to a breathable pressure, and automat-
ically meters the flow of air to the facepiece
during inhalation and exhalation, maintain-
ing a slight pressure of approximately 1.0
inch of water above ambient atmospheric
pressure. The MSA regulator design incor-
porates both high-pressure and low-
pressure relief devices which preclude the
possibility of damage to the regulator's in-
ternal components or diaphragm cover in
case of a buildup of excessive pressure.
The regulator is connected to the facepiece
by the breathing tube.

Under normal operating conditions, air flow
through the regulator is controlled by a
main-line valve that is equipped with a round
yellow knob. However, should the automatic
regulator mechanism be damaged or fail to
operate, a by-pass valve with a six-sided red
knob provides a controlied. direct, con-
stant flow of air from th< cylinder. The dif-
ference in shapes of the main-line and by-
pass knobs permits identification by touch
in a smoke-filled or dark area. A pressure
gauge on the regulator indicates remaining
air pressure in the cylinder. High-pressure
air is delivered to the regulator by a length
of high-pressure hose.

Audi-Larm™ Warning Device
The Audi-Larm supplied on both the Model
401 Pressure Demand Air Mask and Mode! 502
Pressure Demand Air Cub gives an audible
warning when the cylinder air pressure drops
below a presetievel. It alerte the user that the
air supply is nearing exhaustion, and warns the
user to leave the toxic area. The assembly is
installed between the high-pressure hose and
the cylinder-valve outlet. It is joined to the cyl-
inder valve by a hand-tightened coupling nut.
The Audi-Larm is automaticaily made ready to
opera‘e whenthe useropensthed, lindervalve.

When the cylinder pressure reaches approx-
imately 540 psig. the warning device's pis-

ton begins to strike the 2%-inch-diameter
nickel-plated-brass beil. The ringing con-
tinues until the cylinder pressure drops
below approximately 200 psig. Tae operat-
ing pressures are preset at the factory.

Total ringing time depends on cylinder ca-
pacity. When connected to a 45-cubic-foot
capacity cylinder (as on the Air Mask), the
bell will ring for approximately six minutes.
When connected to a 26-cubic-foot capacity
cylinder (as on the Air Cub), the belt will
ring for approximately three minutes. When
ringing, the Audi-Larm consumes less than
two liters of air per minute (a small fraction
of the total remaining air supply).
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Cylinders

The Model 401 Pressure Demand Air Mask can
be furnished with one of three types of cy'in-
ders: a lightweight, fully wrapped compusite
{aluminum-fiber glass) cylinder which weighs
approximately 10.5 pounds, a hoop-wound
composite cylinder weighing approximately
11.75 pounds, or the standard steel cylinder
weighing 18-2¢ pounds. These weights are
for unvaived cylinders. The cylinders have
an air-storage capacity of 45 cubic feet (1274
liters) for the full-wound and the steel cylin-
ders, and 45.5 cubic feet (1288 liters) for the
hoop-wound cylinder when all are charged
to a pressure of 2216 psig and are refilled
with the same equipment.

The Model 502 Pressure Demand Air Cub is
supplied only with a steel cylinder having an
air-storage capacity of 26 cubic feet (736
liters) and a rated service life of 15 minutes
when charged to a pressure of 2216 psig.

The steel cylinders {both sizes) are made of
high-strength chromium-molybdenum steel.
The Air Mask full-wound composite cylinder
is a seamiess aluminum-alloy tank wound
over its entire surface with high strength
S-glass filaments impregnated with epoxy
resin. The hoop-wound cylinder is an alumi-
num cyrinder with a resin-impregnated fila-
ment wrapping over the side walls. All cyl-
inders are hydrostatically tested to 5/3 of the
rated pressure in accordance with Depart-
ment of Transportation regulations.

Both composite cylinders have a cadmium-
plated valve and the steel cylinder has a
nickel-plated valve. All cylinders are
equipped with a flush-mounted pressure
gauge. A reniovable rubber guard protects
the gauge if the cylinder is dropped. The
cylinder-valve handwheel—mounted at a
right angle to the valve stem for ease of oper-
ation and protection from damage—controls
the flc'w of high-pressure air to the pressure
demand regulator.

NOTE: To ensure that the cylinder remains free
of organic substances and other contaminants,
it must be filled only with respirable air that
conforms to the Compressed Gas Association
Commodity Specification for Air, G-7.1, ANSI
286.1-1973, for Grade D or better gaseous air.

Harness and backplate

The Cushionaire™ Harness of the Model
401 Pressure Demand Air Mask has a foam-
padded, two-inch-wide nylon strap at each
shoulder, and a padded strap across the
bottom of the backplate where contact is
made with the wearer's back. The backplate
is made of %-inch-thick aluminum and is
painted black.

The cylinder clamp installed on the Model
401 Pressure Demand Air Mask is an adjust-
able mechanism that compensates for small
variations in outside cylinder dimensions. It
consists of a cam-type latch that can engage
any of six slots in the stainless-steel spriny
clip. The cylinder is changed by opening the
cam latch. slipping out the empty cylinder,
slipping in the recharged cylinder. and twist-
ing the cam latch to locking position.

Carrying case

Pressure demand self-contained breathing
apparatus is supplied in a molded plastic
case to facilitate carrying the apparatus
and to protect it in storage. The Pressure
Demand Air Mask case is approximately
27x18x11 inches and weighs approximately
12 pounds {(empty). The Pressure Demand
Air Cub case is approximately 23x12x6
inches and weighs approximately 7 pounds
(empty).

Model 502 Pressure Demand
Air Cub

The Model 502 Pressure Demand Air Cub is
equipped with the same facepiece, pressure
demand regulator, Audi-Larm, and cylinder
valve as the Model 401 Pressure Demand
Air Mask.

The major physical differences are the ca-
pacity of the cylinder and the design of the
harness assembly. The Air Cub cylinder has
a capacity of approximately 26 cubic feet of
air, when filled to a pressure of 2216 psig.

It has a rated service life of 15 minutes.

The Pressure Demand Air Cub does not
have a backplate harness. Instead, the cylin-
der rests in a stainless steel cylinder holder.
A single cushioned shoulder strap runs from
the cylinder holder to a 4-inch-diameter steel
ring. In turn, an adjustable nylon strap leads
from the ring to the demand regulator and an
under-the-arm strap extends between the
ring and the cylinder holder. This harness
holds the cylinder at an angle across the
wearer's back.

To don the Pressure Demand Air Cub, the user
grasps the large round ring with his right hand and
the shoulder pad with his left hand, and swings the
harness over his head so the shoulder pad is on
the right shoulder. The regulator strap is adjusted
to the desired tightnass and the loose strap is
snapped to the ring and tightened.

Service life

Approvals from NIOSH-MSHA for duration of
use {30 minutes) for the Model 401 Pressure
Demand Air Mask and 15 minutes for Model
502 Pressure Demand Air Cub are based

on tests conducted by NIOSH. Both appara-
tus were tested with a breathing machine at
a use rate of 40 liters per minute and were
found able to supply air ior the rated serv-
ice life or longer.

However, work performed by an actual user
may be more or less strenuous than the
work level simulated in he test procedure,
and this ditference will affect service life.
During extreme exertion, for example, serv-
ice life may be reduced as much as 50%.
Service duration of each unit depends on
such factors as:

s degree of physical activity by the user,

* the physical condition of the user;

* emotional conditions such as fear or ex-
citement (which may increase the user’s
breathing rate);

* the degree of training or experience the
user has had with such equipment;

* whether or not the cylinder is fully charged
at the beginning of use,

* possible presence of carbon dioxide
(CO.) in the compressed-air supply at
levels greater than the 0.4 percent found
in normal air;

* atmospheric pressure—if used in a pres-
surized tunnel or caisson, at two atmos-
pheres (15 psig) duration will be half as
long; at three atmospheres {30 psig),
duration will be one-third as '.nq;

* condition of the apparatus.

Approvals and standards

The Model 401 Pressure Demand Air Mask
and Model 502 Pressure Demand Air Cub
apparatus are jointly approved by the Na-
tional Institute for Occupationai Safety and
Health (NIOSH) and Mine Safety and
Healitih Administration (MSHA), under Sub-
part H, 30 CFR, Part 11. The Model 401 has
Approval TC-13F-30 for 30-minute service,
and the Maodel 502 has Approval TC-13F-47
for 15-minute service.

The Model 401 Pressure Demand Air Mask
meets the requirements of the National Fire
Protection Assaciation (NFPA) Standard
1981 {Self-Contained Breathing Apparatus
for Firefighters}); both also i1neet guidelines
for self-contained breathing apparatus
contained in the American National
Standards Institute (ANSI) Standard
288.2-1980 (Practices for Respiratory
Protection) and ANSI 288.5-1973 (Prac-
tices for Respiratory Protection for the

Fire Service).

MSA Steel Cylinders meet the requitements
of the Department of Transportation Speci-
fication 3AA. The MSA Composite Cylinder
has received DOT Exemption 7277 for ship-
ment in interstate commerce, and the
hoop-wound cylinder has Exemption 7235.
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Inspection and maintenance
The Pressure Demand Air Mask and Pres-
sure Demand Air Cub should be inspected
and maintained in accordance with OSHA
regulations 1910.134(f) and ANSI 288.2 and
288.5 standards (for the fire service) which
recommend that self-contained breathing
apparatus be inspected routinely before and
after each use. Apparatus not used routine-
ly but kept ready for emergency use should
be inspected after each use and at least
monthly.

MSA offers a bulletin that outlines Inspec-
tion and Maintenance Procedures for Self-
Contained Breathing Apparatus. In addi-
tion, MSA has available inspection tags for
the Model 401 and Model 502 and a perma-
nent log for recording the weekly, after-use,
and monthly inspections.

Caution

Repairs of breathing apparatus must never
be attempted beyond the scope of the man-
ufacturer's recommendations.

Reguiators must be sent to the manufac-
turer or an authorized MSA Air Mask Serv-
ice Center for adjustment or repair,

Parts must not be interchanged among self-
contained breathing devices from different
manufacturers.

Cylinders must be filled to required pres-
sure before use: 2216 psig on both the
Model 401 Air Mask and Model 502 Air C ub.

Only respirable air, free of all organic suls-

stances and other contaminants, should be
used to refill the cylinder. Refill air should

be at least Grade D, gaseous air.

Proper cleaning agents, such as MSA
Cleaner-Sanitizer 11, must be used to
sanitize the unit after each use so that
rubber components do not deteriorate.
NEVER use aicohol as a germicide, because
it may deteriorate the rubber. Do not apply
heat to the rubber parts to speed drying.

MSA pressure demand regulators must not
be interchanged with MSA demand regula-
tors: MSA pressure demand facepiecas must
not be interchanged with MSA demand
facepieces.

Note: This Data Sheet contains only a gen-
eral description of MSA Mode! 401 Pressure
Demand Air Mask, Model 502 Pressure De-
mand Air Cub, and accessories. While uses
and performance capabilities are described,
under no circumstances should these prod-
ucts be used except by qualified, trained
personnel and not uniil the instructions,
labels or other literature accompanying them
have Ueen carefully rzad and understood
andthe precautions setforth therein followed.
Only they contain the complete and detaiied
informatior .cncerning these products.

Unless an emergency exists, personnel
should not enter a foam-filled building,
enclosure, or become completely covered
with foam, because hearing becomes diffi-
cult, vision is blocked, and breathing
becomes uncomfortable. Where rescue work
or firefighting requires entry into a foam-
filled building or enclosure, use only positive
pressure, self-contained breathing apparatus
for proper respiratory protection. The
condensation of foam inside the regulator
housing can cause the pressure demand
self-contained breathing apparatus to flow
continuously. Should this occur, return at
once to fresh air, even if the end-of-service-
life alarm has not sounded.

Weight specifications

Model 401 Pressure Demand Alr Mask

» Compiete apparatus with full-wound
Composite Cylinder, approximately
25 pounds.

» Complete apparatus with full-wound
Composite Cylinder, in case packed for
shipment, approximately 37 pounds.

» Complete apparatus with hoop-wound
Composite Cylinder. Approximately
26.5 pounds. Packed for shipment,
approximately 38.5 pounds.

* Complete apparatus with steel cylinder,
approximately 33 pounds.

* Complete apparatus with steel cylinder,
in case packed for shipment, approximate-
ly 45 pounds.

* Full-wound Composite Cylinder only,
with valve, fully charged, approximately
15 pounds.

* Hoop-wound Composite Cylinder only,
with valve, fully charged, approximately
6.5 pounds.

* Steel cylinder only, with vaive, fully
charged, approximately 23 pounds.

Model 502 Pressure Demand Alr Cub

* Complete apparatus, approximately 22 Ib.

* Complete apparatus, in case, packed for
shipment, approximately 29 pounds.

« Steel cylinder only, with valve, fully
cnarged, approximately 14 pounds.

MSA

Ordering inforination

Catalog numbers

Pressure Demand Air Mask

463831 MSA Pressure Demand Air Mask,

. Model 401, with full-wound Com-
posite Cylinder, with Ultravue Face-
piece, complete in carrying case
MSA Pressure Demand Air Mask,
Model 401, with full-wound
Composite Cylinder, with Ultravue
Facepiece, less case
MSA Pressure Demand Air Mask,
Model 401, with hoop-wound Com-
posite Cylinder, with Ultravue
Facepiece, compiete in case
MSA Pressure Demand Air Mask,
Modet 401, with hoop-wound Com-
posite Cylinder, with Ultravue
Facepiece. less case
MSA Pressure Demand Air Mask,
Model 401, with steel cylinder, with
Ultravue Facepiece, complete in
carrying case
MSA Pressure Demand Air Mask,
Model 401, with steel cylinder, with
Ultravue Facepiece, less case
Fuil-wound Composite Cylinder,
45-cubic-foot capacity, complete
with valve, for Model 401 Air Mask
Hoop-wound Composite Cylinder,
45-cubic-foot capacity, complete
with valve, for Model 401 Air Mask
MSA Steel Air Cylinder, 45-cubic-
foot capacity, compiete with vaive,
for Aodel 401 Air Mask

Pressure Demand Air Cub

461703 MSA Pressure Demand Air Cub,

Model 502, with Ultravue Facepiece,

complete in carrying case

MSA Pressure Demand Air Cub,

Model 5§02, with Ultravue Face-

piece, less case

MSA Steel Air Cylinder, 26-cubic-

foot capacity, complete with valve;

for Model 502 Air Cub

Cloarvue Pressure Demand Faceplece

96057 Pressure Demand Clearvue Face-

piece (black) for Pressure Demand
Air Mask and Air Cub

Accessories

457135 Nosecup for Ultravue Facepiece

454819 Prescription Spectacle Kit for

Ultravue Facepiece

34337 Cleaner-Sanitizer Il (dispenser

box of 12 2-0z packages)

463814

4iu448

470444

461704

461696

460320

469619

94007

461697

456104

600 Penn Center Boulevard
Pittsburgh, Pa. 15235 USA
Phone (412) 273-5000 * Telex 812453

Woridwide service: Branch offices throughout the United States.
Subsidiaries in: Amsterdam - Barcelona « Berlin » Calcutta « Glasgow
Johannesburg - Lima « Mexico City « Milan + Ndola - Paris » Salisbury
Santiago « Sdo Paulo - Singapore - Sydney « Tokyo » Toronto.
Representatives in principal cities throughout the worid.
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Using the Samplair Pump with appro-
priate tubes, filter paper and reagent
kits, some 140 toxic gases, vapors, and
mists in the threshold limit ranges can
be detected.

MSA® detector tubes are regularly
submitted for certification by National
institute for Occupational Safety and
Health. The tubes which at the time
this list was printed have been certi-
fied by NIOSH as meeting the require-
ments of 42 CFR Part 84 when used
with these pumps, are indicated by
“NIOSH" and Testing & Certification
number following the listed detectable
hazard. The tubes are a direct-reading
type. Those tubes calibrated for a
single compound have the concentra-
tion scale printed on the tube for
direct reading. Multiple-use tubes
have a millimeter scale printed on the
tube and concentrations are deter-
mined from a table supplied with the

Data Sheet
08-01-02

package. Tubes are supplied in
packages of ten.

Note: Shelf life of Detector Tubes and
Reagent Kits, minimum of 30 months
after packaging.

For information on the Samplair Pump,
Model A, see Data Sheet 08-02-02.

Key

@® Refers to Threshold Limit Values as
established by the American Confer-
ence of Governmental Industrial
Hygienists—1980. (TLVs refer to time-
weighted-average concentrations for
a 7- or 8-hr workday and 40-hr work-
week.) Threshold Limit Values are
reviewe d annually by the Conference.
For current TLV data, contact: Secre-
tary-Treasurer, American Conference
of Governmental Industrial Hygienists,
P.O. Box 1937, Cincinnati, Ohio 45201.

Interferences and temperature
correction data shown on individual
instruction sheets.

® Also order #81316 Package of
Pre-Filter Discs to remove interfering
H.S and SO: (if present). A pre-filter
effectively absorbs these gases in
concentrations up to 100 ppm.

@ Also order #58238 Pinch Clamp
(necessary to restrict contents of
reacfor tube).

® Also order #82389 Vial of Charcoal
(required for filling filter retainer of
Accessory Kit to protect Sampling

Detectors,
Reagents, and
Accessories for
Samplair® Pump
and Testing Kit.

Also for Universal Tester.

Pump from reagent vapors and/or
droplets).

® Order Sample Conditioning Kit
#87028. When measuring CO content
of flue gases or in presence of NO; in
concentrations from 7 to 100 ppm,
also order #73139 Gasorbent Refill
(sufficient for 10 refills of Sample
Conditioning Kit “prescrubber”).

® If remote samplir. J is desired, also
order a sampling line of the desired
length:
#73067 Sampling Line, 10 ft long
#73068 Sampling Line, 25 ft long
#73069 Sampling Line, 50 ft long

Note: when sampling point is remote
from pump, detector tube should be
placed in remote end of sampling line.

@ If desired, a gas-sampling collecting
kit is available for measuring the
mercaptan content of a sample taken
from a natural gas line. Order #454500
Gas-Sample Collecting Kit.

@ Accessory Kit #87030 required

for detecting Chromic Acid Mist,
Decaborane, Diborane, Lead Dust/
Fume, and Pentaborane. Accessory Kit
#87031 required for Arsine,
Phosphine, and Stibine.

® Requires adapter (#467063) when

us‘ng Samplair Pump.

D Flue Gas Test Kit #470321 is avail-
able for reducing sample temperature
(max. 1000° F) to less than 125° F.

Detector, Reagents, Accessories for Universal Tester and Samplair Pumps and Testing Kits

*DENOTES TRADENAME { )TLVFIGURES IN PARENTHESES ARE 1960 PROPOSED
Detectable Hazard ® ® ' |
Measurable | 1980, | Pkgot Box of . _
Range TLvs | Detector | Reagent | Filter |Required ®
(PPM) | (PPM) | Tubes | Kit |Papers |Pyrolyzer Interferences
Acetaldehyde 25-1000 100 | 93963 Turpentine, other Aldehydes
Acetic Acid 0-50 10 | 460022 S0
Acetone | NIOSH (TC-84-54) 125-6500 (750) | 460423 Ethanol
Acetonitrile 10—-200 40 {91624 460325 | H.S, Halogen, Nitrogen & Hydrocarban Compounds
Acetylene 3600 82802 Ammaonia, H.S, CO, Hydrocarbons
Acrylonitrile 1-150 (2) |91624 460325 | H.S, Halogen, Nitrogen & Hydrocarbon Compounds
) 10—400 25 92115 Acid gases & other Amines
Ammonia  RI0SH (TC-83-038) 5—1600 25 [-3n103 Acid gases & other Amines
n-Amyl aicohol (pentanol 1) 25—2000 95097 Other Alcohols
sec-Amy! alcahol (pentanol 2) 25~-2000 95097 Other Alcohols
tert.-Amyl alcohol (2 methyl-butanol 2) 25-2000 95097 Other Alcohols
n-Amyl mercaptan (pentanethiol —1) 0.5-100 [ 454206 © H.S
Data Sheet
08-01-02
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*DENOTES TRADENAME

(

)TLY FIGURES IN PARENTHESES ARE 1980 PROPOSED

Detectable Hazard ® ®
Measurable = 1980 | Pkgot Box of )
Range Tiys |Detector iReagent | Filter |Required ®
(PPM) (PPM) | Tubes Kit Papers | Pyrolyzer Interferences
Arsine T @& 0.025~-1.0 0.05 81101 ® (81220 © Stibine, Phosphine
5-200 10 | 93074 Aromatic, Aliphatic Hydrocarbons
Benzene 0-150 10 1467050 Aromatic, Aliphatic Hydrocarbons
Bromine 5175 0.1 }82399 HzS, NH;, NO,, Ethylene, Halides
Bromabenzene (Mono) 10800 93074 Aromatic, Aliphatic Hydrocarbons
Quiadiene (1, 3-butadiene) 1004000 1000 ] 93962 —_—
[ 2-3:.:axyethanol (butyl Cellosolve™) 30—900 (25) | 95097 Other Alcohols
* n-Butyl alcohol (butanol 1) 50—4000 50 {95097 Other Alcohols
sec-Butyl alcohol (butanol 2) 504000 (100} |95097 Other Alcohols
! tert.-Butyl alcohol {2 methyl propanal 2) :  100— 1000 100 195097 | Other Alcohols
| n-Butylamine 2-100 5 192115 Acid gases
Butvl mercaptan (butanethiol-1) 0.5-100 0.5 454206 T HaS
'er}igﬁé‘{mfﬁ?ﬂﬁgtmou-z) 0.5—100 454206 .D HS
Carbon dioxide | NIOSH (TC-84-025) 200—-120,000 | 5000 {85976
Carbon disulfide 0-100 10 | 463527 —_—
[NBS Color Change ® 10-1000 50 47134 NO, Ethylene, Acetylene
Carbon monoxide 5-3000 50 91229 © Hydrogen, H.S, Acetylene
|NIOSH (TC-84-067) 0-3000 50 465519 © Hydrogen, H.S, Acetylene
] 10—200 (5) |885°5 460325 | Other Halogen Compounds & Halogens
Carbon tetrachloride 0-/0 (5) | 460548 460325 | Other Halogen Compounds & Halogens
] 0.5-100 1 82399 H,$, NHy, NO., Ethylene, Halides
Chlorine [NIOSH (TC84042) | 0.1-25 T [460225 HzS, NHy, NO;. Ethylene. Halidr s
Chlorine dioxide 0.05—16 0.1 (82399 K25, NHa, NO., Ethylene, Halidi s
10-200 75 [85834 @ Other Halogen Compounds & Halogens
Chlorobenzene (Monachlorobenzene) 10—800 75 | 93074 Atomatic, Aliphatic Hydrocarbons
50-400 200 |85834 ® QOther Halogen Compounds & Halogens
Chlorobromomethane 25500 200 | 88536 460325  { Other Halogen Compounds & Halogens
| 1-Chloro-1, 1-diflugroethane 1004000 88536 460325 | Other Halogen Compounds & Halogens
' (Genetron* 1428) 100-2500 92030 460325 | HNO,, Hydrocarbons
" Chloradifluoromethane (Freon* 22) 200-2000 1000 | 88536 460325 | Other Halogen Compounds & Halogens
Chloroform (trichloromethane) 25-400 10 | 88536 460325 | Other Halogen Compounds & Halogens
1-Chioro-1-nitropropane 2-75 (2) |91624 460325 | H.S, Halogen, Nitrogen & Hydrocarbon Compounds
 Chloropentafluoroethane (Freon® 115) 200 -2000 88536 460325 | Other Halogen Compounds & Halogens
i 250-2500 88536 460325 | Other Halogen Compounds & Halogens
+ Chlorotrifluoromethane (Freon* 13) 200~ 3500 52030 460325 | ANO, Hydrocarbons
Chromiz acid mist T ® oy 01 79014 ® | 79010
Cumene 0-1000 50 1460422 Butyl Mercaptan & Unsaturated Hydrocarbons
Cyanogen 2-100 10 }91624 460325 | H,S, Halogen, Nitrogen & Hydrocarbon Compounds
Cyclohexanol 25-1000 50 | 95097 COther Alcohols
Cyclohexylamine 5-100 10 {92115 Acid gases
Decaborane T: & 001-1.0 0.05 82099 t |82388 Hydrazine, UDMH, H,S
Diborane I & 0.1-3.0 0.1 82099 &: 82388 Hydrazine, UDMH, H,S
10—-200 20 | 88536 460325 | Other Halogen Compounds & Halogens
1.2-Dibromoethane (ethylene dibromide) 5-100 20 |85834 ® Other Halogen Compounds & Halogens
0-Dichlorobenzene 10—-200 50 (85834 O Other Halogen Compounds & Halogens
Dichlorodifivoromethane (Freon™ 12) 25-3000 1000 | 88536 460325 | Other Halogen Compounds & Halogens
1.1-Dichloroethane 25-400 200 [85834 1 Other Halogen Compounds & Halogens
1.2-Dichloroethane 25-400 10 |85834 © Other Halogen Compounds & Halogens
10-300 200 |85834 B Other Halogen Compounds & Halogens
Dichloroethylene (C1S-1-2) 100-500 200 88536 460325 | Other Halogen Compounds & Halogens
50-400 200 |8583 B Other Halogen Compounds & Halogens
Dichloroethylene (trans.-1.2) 251000 200 | 92030 460325 | HNO,, Hydrocarbons
Dichloroethy! ether 5-75 5 (85834 » Other Halogen Compounds & Halogens
1.1-Dichloro-1-nitroethane 2-75 2 [91624 460325 | H,S, Halogen, Nitrogen & Hydrocarban Compounds
Dichlorotetrafluoroethane (Freon 114) 200-2000 1000 | 88536 460325 | Other Halogen Compounds & Halogens
Diethylamine 10200 3 |92115 Acid gases
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*DENOTES TRADENAME ( )TLVFIGURES IN PARENIHESES ARE 1980 PROPOSED

Detectable Hazard ® ®
Measurable | 980, | Pkgof Box of
Range TLvs | Detector | Reagent | Filter |Required ®
(PPM) (PPM) | Tubes Kit Papers | Pyrolyzer Interferences
Diethyl sulfate 5-50 95300 —_—
Dimethyl acetamide 5-80 17 191624 460325 | H,S, Halogen, Nitrogen & Hydrocarbon Compounds
Dimethylamine 5--100 10 {92115 Acid gases
Dimethylformamide 5-150 10 |91624 400325 | H.S, Halogen, Nitrogen & Hydrocarbon Compounds
Dimethy! sulfate 1-50 0.1 {95300 —_—
Dimethyl sulfoxide 10—250 95739 460325 | SO, Organic Sulfur Compounds
Di-n-propylamine 5-100 92115 Acid gases
2-Ethoxyethanol 50—-1000 (50) | 95097 Cther Alcohols
Ethyl alcohol (ethanol) 200-10,000 1000 | 95097 Other Alcohols
Ethylamine 10~-300 10 192115 ) Acid gases
Ethyl benzene 10-500 100 | 463202 ! Aromatic, Aliphatic Hydrocarhons
Ethyl bromide 25-400 200 (85834 © Other Halogen Compounds & Halogens
) 100 - 2000 1000 85834 ® Other Halogen Compourids & Halogens
Ethyl Chloride 100-2000 | 1000 | 92030 460325 | HNO,, Hydrocarbons
Ethylene 0.5—-100 82802 NHs, H.S, CO, Hydrocarbons
Ethylene dichloride. 25-450 10 | 92030 460325 | HNO,, Hydrocarbons 7
l,Z-Dichloroethane{ NIOSH (TC-84-058) 0-—600 10 |461863 @ Other Halogen Compounds & Halogens
Ethylenimine 2-100 0.5 |92115 Acid gases
Ethyl mercaptan 0.5-100 0.5 |454206 T H.S
N-Ethyimorpholine 5-100 5 |92115 Acid gases
] ] 2502000 1000 | 88536 460325 | Other Halogen Compounds & Halogens
Fivorotrichioromethane (Freon® 11) 7502000 | 1000 | 92030 460325 | HINOs, Hydrocarbons
; Formaldehyde 1-100 2 193963 Turpentine, other Aldehydes
. Furfuryl alcohol 25-500 10 | 95097 Other Alcohols
Hexane 25-5000 50 463838 Aliphatic and some Aromatic Hydrocarbons
Hydrazine 0.5—40 0.1 460425 Acid gases & other Amines
0-300 5 |91636 HNO,
Hydrogen chloride 2-170 5 | 466612 HNO,
Hydrogen cyanide 0-80 10 | 93262 Ammonia, H,S
Hydrogen fluoride ' 0-25 3 |[462019
] NIOSH (TC-84-022) 11000 10 | 460058 S0,
Hydrogen sulfide 102000 10 | 463875 50z
Isoamyl alcohol (2 methyl-butanoi4) | 50—1000 100 | 95097 Other Alcohols
Isobutyl alcohol (2 methyl propanol) ’ 504000 50 | 95097 Other Alcohols
Isopropylamine I 5-100 5 192115 Acid gases
Lead Dust/Fume D & 0063 ] OIS 78399 © {78693
Mercury, except alkyl iﬁoggl_mz,o n?g(/)rsn’ 83089
Methacrylonitrile 1 10-80 91624 460325 | H.S, Halogen, Nitrogen & Hydrocarbon Compounds
i Methyl aicoho! (methanol} 100-10,000 200 | 95097 Other Alcohols
Y <thylamine 10—-100 10 192115 Acid gases
10100 : (5) 185834 © Other Halogen Compounds & Halogens
Methyl bromide 25-9 (5 462135 Other Halogen Compounds & Halogens
10-100 (5) 88536 460325 | Other Halogen Compounds & Halogens
Methyl chloride 25—-1000 | (50) {92030 460325 | HNO,, Hydrocarbons
! Methyl chloroform (1,1,1-trichloroethane))  100—700 i 350 188536 460325 | Other Halogen Compounds & Halogens
i Methyicyclohexanol 25-800 | 50 95097 Other Alcohols
! 100-2000 (100) 85834 © Other Halogen Compounds & Halogens
| 0-3000 (100) | 462516 Other Halogen Compounds & Halogens
, Methylene chioride (dichlofomethane)  ™1o5 100 | (100) | 88536 460325 | Other Halogen Compounds & Halogens
; 50 —2000 (100) | 92030 460325 | HNQ,, Hydrocarbons
* Methyl isabutyl carbinol 251000 25 | 95097 Other Alcohols
« Methyl mercaptan 0.5-100 0.5 |454206 & H.S
| Monomethy! hydrazine 0.5-50 0.2 | 460425 Acid gases & other Amines
! Nitric oxide i NIOSH (TC-84-059) 1-150 25 | 460424 H.S & Halogens
; Nitrogen dioxide , NIOSH (TC-84-040) 0-30 (3) {83009 H:S, Halides
i Nitroethane 10—-300 100 |91624 460325 | H,S. Halogen, Nitrogen & Hydrocarbon Compounds
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*DENOTES TRADENAME (  )TLYFIGURES IN PARENTHESES ARE 1980 PROPOSED
Detectable Hazard ® ®
Measurable | 1980 | Pigof Box of _
Range Tivs | Detector | Reagent | Filter | Required ®
(PPM) (PPM) | Tubes Kit Papers | Pyrolyzer Interferences
Nitromethane 5-300 100 |} 91624 460325  |H.S, Halogen, Nitrogen & Hydrocarbon Compounds
1-Nitropropane 2-100 (15) | 91624 460325  |H.S, Halogen, Nitrogen & Hydrocarbon Compounds
2-Nitropropane 5-150 25 [91624 460325  |H.S, Halogen, Nitrogen & Hydrocarbon Compounds
Ozone 0.05-5.0 0.1 |93865 N0, SO,
Pentaborane @ ® 0.01-1.0 0.005 82099 ® | 82388 Hydrazine, UDMH, H,S
25-350 50 |85834 ® Other Halogen Compounds & Halogen
Perchloroethylene| NIOSH (TC-84-065) 0-800 50 | 460467 Other Halogen Compounds & Halogen
25-400 50 | 88536 460325 | Other Halogen Compounds & Halogen
Phosgene (carbonyl chloride) 0.1--10 0.1 | 89890 —
Phosphine @ ® 0.025-1.0 0.3 81101 ®81220 ® Arsine, Stibine
Propyl aicohol (propanol-1) 100-10,000 200 | 95097 Other Alcohols
iso-Propyl alcohol (propanol-2) 100-10,000 400 | 95097 Other Alcohols
n-Propyl mercaptan (propanethiol-1) 0.5-100 454206 © H.S
n-Propyl nitrate 10-100 25 | 91624 460325  |H.S, Halogen, Nitrogen & Hydrocarbon Compounds
Propylene 1--400 82802 NHa, H,S, CO, Hydrocarbons
Propylene dichloride 25-250 75 8583 @ Other Halogen Compounds & Halogens
(1,2-dichloropropane) 25-500 75 {92030 460325  [HNO,, Hydrocarbons
Propylene imine 2-300 2 |9211 Acid gases
Pyridine 2-50 5 |91624 460325  |H.S, Halogen, Nitrogen & Hydrocarbon Compounds
Stibine @ ® 0.025-1.0 0.1 81101 ® |81220 ® Arsine, Phosphine
Styrene, monomer (phenylethylene) 0-500 (50) | 461781
Sulfur dioxide | NIOSH (TC-84-046) 1-4i00 2 | 92623 Acetic Acid
1,1,2,2-Tetrabromoethane 2-50 85834 @ Other Halogen Compounds & Halogens
1,1,2,2-Tetrachloroethane 2-50 1 185834 ® Other Halogen “ampounds & Halogens
1.1,3,3-Tetrachloropropene 5100 85834 @ Other Halogen Compounds & Halogens
[ NIOSH (TC-84-057) | 12.5—700 100 | 461371 Aromatic, Aliphatic Hydrocarbons
Toluene toluol) 10-800 100 | 93074 Aromatic, Aliphalic Rydrocarbons
. 25-700 10 {85834 ® Other Halogen Compounds & Halogens
1.1.2-Trichloroethane (beta) 50—500 10 | 88536 460325 |Other Halogen Compounds & Halogens
50—600 (50) | 85834 ® Other Halogen Compounds & Halogens
Tricnloroethylene | NIOSH (TC-84-055) 25—-600 (50) | 460328 Other Halogen Compounds & Halogens
25-400 (50) | 88536 460325  (Other Halogen Compounds & Halogens
1.2,3-Trichloropropane 10-500 50 |[85834 @ Other Halogen Compounds & Halogens
1,1,2-Trichloro-1,2, 2-trfluoroethane 1002000 1000 | 88536 460325  |Other Halogen Compounds & Halagens
(Freon* 113) 100-4000 1000 | 92030 460325  [HNO,, Hydrocarbons
Triethylamine 5-100 25 | 92115 Acidga. s
T"{'#&?ﬂoln:fgf momethane 100-4000 | 1000 | 88536 460325  [Other Halogen Compounds & Halogens
Trimethylamine 5-200 92115 Acid gases
Unsymmetrical Dimethylhydrazine 05-50 0.5 | 460425 Acid gases & other Amines
25-250 5 85834 ® Other Halogen Compounds & Halogens
Vinyl chloride (chioroethylene) 0-100 5 462534 HNQs, Hydrocarbons
100-2000 5 92030 460325  |HNO,, Hydrocarbons
Vinylidene chioride 10—2300 10 {85834 ® Other Haloger. Compounds & Halogens
Vinyl pyridine 1-100 91624 460325  iH.S, Halogen, Nitrogen & Hydrocarbon Compounds
Xylene (0-, m-, p-isomers) 10-500 100 | 463201 Aromatic, Aliphatic Hydrocarbons
Xylene 10-800 100 | 93074 Aromatic, Aliphatic Hydrocarbons

Note: This Data Sheet contains a general
description of certain detecto;s, reagents
and accessories for use with the Universal
Tester™ and Samplair Pumps from MSA and
includes a list of representative hazards that
can be detected; however, under no circum-
stances should the products be used except
by qualified, trained personnel and not until
the instructions, labels, or other literature
accompanying them have been carefully
read and understood and the precautions
therain set forth followed. Only they contain
the complete and detailed information
ccicerning these products.

600 Penn Center Boulevard
m Pittsburgh, Pa. 15235 USA
Phone (412) 273-5000 - Telex 812453

Worldwide servi~2: Branch offices throughout the United States.
Subsidiaries in: Amsterdam - Barcelona - Berlin - Caicutta » Glasgow
Johannesburg » Lima « Mexico City « Milan - Ndola - Paris « Salisbury
Santiago - Sdo Paulo - Singapore + Sydney « Tokyo « Toronto.
Representatives in principal cities throughout the world.
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MSA

MSA Typa N Gas Mask with
Ultravue Facepiece

MSA Super Size Gas Mask with
Uitravue Faceplece (back-

Data Sheet
05-00-01

mounted harness)

Application

MSA# Gas Masks are used for respira-
tory protection against certain gases,
vapors, and particulate matter which
otherwise might be harmful to life or
health.

Because gas masks are air-purifying
devices, designed solely to remove
specific contaminants from the air, itis
essential that their use be restricted to
atmospheres which contain sufficient
oxygen to support life (at least 19.5
percent by volume) and which contain
generally no more than 2 percent con-
centrations of toxic gases and vapors
by volume. It is imperative that the user
assess the exposure conditions care-
fully before selecting a specific mask
for respiratory protection. It is recom-
mended that instruments be used to
measure the concentration of oxygen
and harmful gases and vapors present
in the atmosphere under the various
exposure and operating conditions.

If the specific exposure concentrations
are suspected of exceeding the spe-
cific limitations—only a self-contained
breathing apparatus should be used.

From a practical standpoint, gas
masks are generally suitable for venti-
lated areas with relatively stable con-
centration levels. They should never
be used in confined spaces or where
oxygen deficiency and high gaseous
concentrations may occur.

WARNING: DO NOT USE FOR
FIREFIGHTING

Description

_Each MSA Gas Mask is a protective

system consisting of the facepiece,
breathing tube, harness, and a chem-
ical-sorbent canister, specifically
labeled and color coded to indicate
the type of protection afforded.

Facepieces

Ultravue?® Facepiece: Has a wide-
vision lens and a speaking diaphragm.
Lightweight (17 oz), easy to don. Face-
piece is molded from a soft rubber
compound which has high resistance
to facial oils. It has a soft inturned
peripheral lip and chin stop for good
fit and tight seal. Headbands of the
same rubber are attached to the face-
piece by stainless steel quick-adjust
roller buckles; the replaceable buckles
are attached to the facepiece without
1ivets.

Lens is rugged polycarbonate and fits
close to the eyes to afford unobstructed
vision. Each Inns is treated with a
coating which resists scratching and
chemical attack. The lens is securely
sandwiched between a flexible, formed
rubber groove in the peripheiy of the
tacepiece and the lens retaining ring.

MSA Indusfriai Size Gas Mask
with Uitravue Faceplece

Gas Masks

MSA Chin Type Gas Mask with
Uitravue Facepiece

A moldad-in baffle serves as a deflector
for exhaled air to reduce lens fogging;
it also directs the voice to the speaking
diaphragm to permit clear short-range
conversation.

The facepiece has a universal coupling
nut which permits quick disassembly
for cleaning and also allows the face-
piece to be interchanged with other
MSA respiratory protection equipment.
Most parts, including the lens, can be
replaced in the field without special
tools.

Clearvue® Face-
piece: This wide-
vision facepiece
with speaking
diaphragm is
available on
special order.
: Unit may be

\ - equipped with an
~ Al » MSA ClearCom
Ampllfymg unit or a Maskfone™ Sound
Powered Communications device for
communications in high-noise areas.

Accessories are available for use with
either facepiece: a ipectacle kit for
prescription lenses, a nosecup to
reduce the possibility of lens fogging
under low temperature and/or high
humidity conditions, and a welders
adapter which permits the attachment
of large welding plates.

The Ultravue Facepiece and Clearvue
Facepiece are NIOSH/MSHA approved
with most types of MSA respiratory
protection equipment.

Data Sheet
05-00-01

X



MSA Gas Mask Canisters: Chin Type, industrial Size, Super Size, and Type N

MSA Gas Mask Canisters

MSA manufactures four canister
models: Typse N, Super Size, Indus-
trial Size, and Chin Type. The model to
use depends upon type and concentra-
tion of contaminant and length of serv-
ice life required.

MSA canisters are seamless to prevent
potential leakage or channeling of
gases or vapors past the chemical
sorbents. The compact oval shape
makes the canister easy to use and
store. Canister connector is threaded,
and a sealing tape seals the bottom

air intake to assure fresh chemical
sorbents by preventing moisture from
entering the canister before use.

An adjustable
universal-size

* harness consist-
ing of webbing
and a cover shell
is used to support
Type N, Super
Size, and Indus-
trial Size Can-
isters. Tubular
nylon webbing resists chemicals and
moisture, is easily cleaned and sani-
tized, and keeps its snug fit indefinitely.

The rigid, injection-molded nylon shell
fits over the top of the seamless can-
Ister and is held in place by the harness
webbing; it is easily removed for can-
ister change. Harnesses for either

front or back mounting are available.

A series of Industrial Size Canisters
with D-rings attached to the canister
shell for wear with a single webbed
strap are available on special order.

Carrying cases for Industrial, Super Size,
and Type N Gas Masks (left) and Chin Type
Gas Masks (right)

Gas mask carrying cases: All Industrial
and Super Size Gas Masks are supplied
in one-piece molded plastic carrying
cases. Cases have no metal parts. Two
canisters are supplied with Super Size
masks; one canister is supplied with
Industrial and Chin-type masks. The
Chin-h pe mask is supplied in a more
compact case.

Canister selaction: Each canister is
specifically labeled as to type and limi-
tations and is color coded for fast and
accurate recognition.

The gas masks are tested and approved
by NIOSH/MSHA or Bureau of Mines
for respiratory protection against
specific gases and vapors in concen-
trations up to 2 percent by volume

(3 percent ammonia) or as specified

on the canister label, NIOSH/MSHA
has plans to extend its gas-mask testing
and certification program in the future.
Chin Type Canisters, becauso of their
smaller zize, should be limited to
concentrations not in excess of 0.5
percent by volume.

Most MSA canisters contain particulate
filters for the removal of dust and cer-
tain other particulate matter, as indi-
cated by a gray or orange stripe around
the top of the canister. This makes the
mask dual purpose—protects against
both gaseous and particulate con-
taminants, and eliminates stocking
canisters for special use in situations
where toxic aerosols may be present.
Certain canisters also have a high-
efficiency Ultra Filter® element which
protects against more toxic and finely
divided matter, indicated by a magenta
stripe.

The following chart shows the MSA
canisters and gas masks available for
various contaminants.



MSA canister
identification

stripe around bottom

GMD & Green

GMD-SS

GMEOQ-SS Olive

GMEO-C Olive

GMK & White with green

GMK-SS stripe around bottom

GML White with yellow
stripe around bottom .

GMDL-C Brown

GMN-SSW  Orange

GMP Yellow

GMP Olive

GMR Magenta

GMR-| Magenta

GMV-SS White

1t3%° ammonia

10.1% ethylene oxide
10.001% (10 ppm) ethyiene oxide
12% hydrocyanic acid gas

{+Chlorine not more than 1%* by volume

+0.5% ammonia, chlorine, organic vapors
1+1+2% rocket fueis and oxidizers
11Pesticides, organic vapors not more than 2%* by volume

1+10.5% pesticides and organic vapors
+10.5% iodine vapors. hydrogen fluoride. and radioactive
particulate matter
110.5% organic iodides, organic vapors iodine vapors. and
radioactive particulate matter
tAcid gases. such as sulfuryl fluoride (Vikane}, not more
than 2% by volume

(SS indicates Canister sizes available
Super Size)  Color coding Protects against (Catalog numbers in parentheses)
SW Red 1+2% acid gases. organic vapors. or carbon monoxide; Type N (465363)
3% ammonia, or 2% total when more than one ciass
is present
HW Red t++Same as above with the addition of hydrogen fluoride gas  Type N (85958)
VCM-SS Light Olive Not more than 25 ppm vinyl chloride Super Size (461480)
GMA & Black t2%* organic vapors Industrial Size (449888; with
GMA-SS D-ring, 448969), Super Size
(448985), and Chin Type (448974)]
GMB White 1+2%-by-volume acid gases Industrial Size (84494; with
D-ring, 84498)
GMC & Yellow 1+2%* organic vapors and acid gases Industrial Size (84493; with
GMC-S D-ring, 84497), Super Size
(460117), and Chin Type (486222)
GMC-SS-1 Yellow with orange 1+2% hydrogen sulfide, organic vapors, 0.5% phosphine Super Size (77713)

Industrial Size (4489867 with
D-ring, 448968). Super Size
{4489864), and Chin Type (448973)

Super Size (469256)
Chin Type (470504)

Industrial Size (77709; with
D-ring, 95194), and Super Size
{84499)

Industrial Size (77711; with
D-ring, 84492), and Chin Type
(460113)

Chin Type (469041)

Super Size with window (92372)
Industrial Size with D-ring
(443966)

Chin Type (448972)

Chin Type (466221)

Chin Type (466220)
Super Size (87080)

"Note: Chin Type Canisters, because of their small size, should
be used in concentrations not in excess of 0.5 percent.
Canisters marked with a {t)—GMA, GMB, GMC, GMD,

GMDL. GMEO, GMK, GML, and GMV—contain a particulate
filter, identified by a gray or orange stripe on canister, effective
against dusts and mists having a Threshold Limit Value (TVL)

0.05 mg/m3.

not less than 0.05 mg/m3. Canisters marked with (11)—SW, HW,
GMN, GMP, and GMR—contain an Ultra Fiiter with initial effi-
ciency of 99.97% against 0.3-micron DOP smoke, and provide
respiratory protection against more toxic and more tinely
divided dusts, mists, and fumes having a TLV less than

Service life: Canister service life of
an air-purifying device depends on the
following factors:

1. The design, including the quality
and amount of chemical fill, packing
uniformity, and density.

2, Variable exposure conditions, in-
cluding concentration of contaminants
in the air, breathing rate of the wearer,
temperature, and humidity. Generally,
higher concentrations, breathing rates,
and humidity conditions adversely
affect service life. Since the exposure
conditions are subject to wide varia-
tion, it is most difficult to estimate the
service life of a gas mask canister.
However, for guidance purposes,

actual man tests performed under
Bureau of Mines Schedule 14F stipu-
late the following minimum service re-
quirements at an average breathing
rate of 25 liters per minute in concen-
trations of 2 percent for most gases
and vapors or 3 percent ammonia:

Industrial Size Canisters . .30 minutes
Type N Canisters
Acidgases ............ 15 minutes
Organic vapors ........ 25 minutes
Ammonia ............. 15 minutes
Carbon monoxide ...... 30 minutes

MSA Industrial and Super Size Can-
isters exceed these minimum perform-
ance requirements. Super Size Can-
isters, because of their greater volume

of chemical fill, will last approximately
twice as long as the equivalent indus-
trial Size Canister. Chin Type Can-
isters, because of their small size,
should be used in concentrations not
in excess of 0.5 percent.

Warning: Because the work leve! of
the wearer may be more or less han
that used in the test, a shorter orlonger
service period may actually be ob-
tained. Hence, the above times are
guides only and cannot be relied upon
for minimum performance time.

o



Type N Gas Mask with
Ultravue Facepiece

The MSA Type N, Model SW Gas Mask
is approved for respiratory protection
in atmospheres containing at least
19.5 percent oxygen and not more than
2 percent acid gases, organic vapors,
or carbon monoxide; 3 percent
ammonia; or 2 percent total when more
than one class is present. Also ap-
proved for respiratory protection
against dusts, mists, fogs, and smokes
having a Threshold Limit Value (TLV)
of less than .05 milligram per cubic
meter. The Model HW Canister con-
tains a special filter making it resisiant
to hydrogen fluoride gas.

Impermeabie protective clothing
should be worn during exposures to
gases and vapors which can poison
by skin abso.ption.

The Type N Gas Mask has a Window-
Cator® Canister which contains a
moisture indicator. This small, rot;nd
window in the front of the canister has
two half-circles—one shows a light
blue reference celor; the other, a
darker blue indicating color. As the
sorbent is penetrated during use and
absorbs moisture, the indicator color
gradually'grows lightér—closer to the
reference color. When the colors
match, the canister is losing its effec-
tiveness against carbon monoxide and
should be replaced. Note: A Type N
Canister exposed to carbon monoxide
can be expected to get quite warm
due to the oxidation reaction; however,
if the inhaled air becomes extremely
hot, it is an indication that high gas
concentrations have been encountered
and the wearer should return to fresh
air immediately.

The Type N Model SW canister has a
high-efficiency particulate fiiter ap-
proved by NIOSH/MSHA for toxic
dusts, smoke, fumes, mists, and fogs.
This particulate filter is designed for
high filtration with iow breathing resis-
tance. The large shielded port at the
canister base aiso contributes to the
low breathing resistarnce.

Ordering information

Catalog numbers (NIOSH
Approval Number in parentheses)

MSA Tyne N Gas Mask with Ultravue
Facepicce

465331 Model SW, front mounted;
complete with two 465363
Window-Cator Canisters; in
carrying case (TC-14G-96)
Mode! HW, front mounted;
complete with two 85956
Window-Cater Canisters; in
carrying case

Model SW, Type C, back
mounted; complete with two
465363 Window-Cator Can-
isters; in carrying case
(TC-14G-96)

Replacement Canister, Model
SW Window-Cator; for Type N
Mask (TC-14G-96)
Replacement Canister, Model
HW Window-Cator; for Type N
Mask

Note: Type N Gas Masks are also available
with Clearvue Facepieces on spacial order.

WARNING: DO NOT USE FOR
FIREFIGHTING

457075

465327

465363

85956



Super Size Gas Mask with
Ultravue Facepiece

The MSA Super Size Gas Mask with
Uliravue Facepiece is designed for
respiratory protaction against a
specific gas or group of gases, as indi-
cated by canister idenuification, in
areas where thare is sufficient oxygen
to sustain life (19.5 percent by volume)
and where the total toxic-gas concen-
tration does not exceed 2 percent by
volume or as specifically indicated on
the canister label.

As indicated by its name, the Super
Size Gas Mask has an extra-large
canister which will last for longer
periods than Industrial Size Canisters
because of a larger volume of chemical
fill.

A filter in the canister removes certain
particulate contaminants. See can-
ister selection chart for details.

Ordering information

Catalog numbers (NIOSH or USBM
Approval Number in parentheses)

MSA Super Size Gas Mask with
Ultravue Faceplece

461483 Vinyl chloride; front mounted;
complete with two 461480
VCM-SS canisters; in carry-
ing case (TC-14G-84)
Organic vapor; front mounted;
complete with two 488965
GMA-SS canisters; in carry-
ing case (TC-14G-97)

Organic vapor/acid gas;
front mounted; complete with
two 460117 GMC-S canisters;
in carrying case (TC-14G-100)
Organic vapor/hydrogen
sulfide/phosphine; front
mounted; complete with two
77713 GMC-SS-1 canisters;

in carrying case (14F-61)
Ammonia; front mounted;
complete with two 448964
GMD-SS canisters; in carry-
ing case (TC-14G-101)
Hydrocyanic acid; front
mounted; complete with two
84453 GMK-SS canisters; in
carrying case (14F-63)
Rocket propetlant, ir pouch,
with one 92372 GMN-SSW
canister

Rocket propellant, in case

Ethylene Oxide; front
mounted; complete with two
469256 GMEO-SS canisters;
in carrying case
Front-mounted gas mack;
canisters to be specified; in
carrying case

Vinyl chloride; Type C back
mounted; complete with two
461480 VCM-SS canisters; in
carrying case (TC-14G-84)
Vinyl chloride; Type D back
mounted; complete with two
461480 VCM-SS canisters; in
carrying case (TC-14G-84)
Organic vapor; Type C back
mounted; complete with two
448965 GMA-SS canisters; in
carrying case (TC-14G-97)
Organic vapor/hydrogen
sulfide/phosphine; Type C
back mounted; complete with
two 77713 GMC-SS-1 can-
isters; in carrying case (14F-
61)

448923

460122

457069

448929

457073

449732

461970
468430

457097

461484

461488

448924

457087

457085

457087

457133

461480

448965

77713

448964

460117

84499

87080

92372

469256

Type C back-mounted gas
mask; canisters to be speci-
fied; in carrying case

Organic vapor/hydrogen
sulfide/phosphine; Type D
back mounted; complete
with two 77713 GMC-SS-1
canisters; in carrying case
(14F-61)

Sulfuryl fluoride (Vikane);
Type D back mounted; com-
plete with two 87080 GMV-SS
canisters; in carrying case

Replacement Canister, VCM-
SS, vinyl chloride; for Super
Size Gas Mask

Replacement Canister, GMA-
SS, organic vapors; for Super
Size Gas Mask

Replacement Canister, GMC-
$S-1, hydrogen sulfide/
organic vapors/phosphine;
for Super Size Gas Mask
Replacement Canister, GMD-
S5, ammonia; for Super Size
Gas Mask

Replacement Canister,
GMC-S, organic vapors/acid
gases; for Super Size Gas
Mask

Replacement Canister, GMK-
SS, hydrocyanic acid gas; for
Super Size Gas Mask
Replacement Canister, GMV-
S8, sulfuryl fluoride (Vikane);
for Super Size Gas Mask
Replacement Canister, GMN-
SSW-—racket propellants;
for Super Size Gas Mask
Replacement Canister,
GMEO-SS, ethylene oxide;
for Super Size Gas Mask

Note: Type C back-mounted masks have
one breathing tube, Type D back-mounted
masks have two tubes. Super Size Gas
Masks are also available with Clearvue
Facepieces on special order.

WARNING: DO NOT USEFOR
FIREFIGHTING

[~
D
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Industrial Size Gas Mask
with Ultravue Facepiece

The MSA Industrial Size Gas Mask with
Ultravue Facepiece is approved for
respiratory protection against a spe-
citic gas or group of gases, as indi-
cated by canister identification, in
areas where there is sufficient oxygen
to sustain life (19.5 percent by volume)
and where the total toxic-gas concen-
tration does not exceed 2 percent by
volume or as specifically indicated on
the canister label.

This gas mask is similar to the Super
Size mask described previously,
except it has a smaller canister.

See canister selection chart for details.

Ordering information

Catalog numbers (NIOSH or USBM
Approval Number in parentheses)

MSA Industrial Size Gas Mask with
Ultravue Facepiece

448934

448938

457083

457084

448942

457100

448935

448939

457080

448943

457090

Organic vapor; front mounted;
complete with a 449888 GMA
canister; in carrying case
(TC-14G-97)

Ammonia; front mounted;
complete with a 448967 GMD
canister; in carrying case
(TC-14G-101)

Chlorine; front mounted;
complete with a 77711 GML
canister; in carrying case
(14F-60)

Hydrocyanic acid; front
mounted; complete with a
77709 GMK canister; in carry-
ing case (14F-62)

Pesticides; front mounted;
complete with a 448966 GMP
canister; in carrying case
(TC-14G-99)

Front-mounted gas mask;
canister to be specified; in
carrying case

L * L]

Organic vapor; Type C back
mounted; complete with a
449888 GMA canister; in
carrying case (TC-14G-97)
Ammonia; T,0e C back
mounted; complete with a
448967 GMD canister; in
carrying case (TC-14G-101)
Chlorine; Type C back
mounted; complete with a
77711 GML canister; in
carrying case (14F-60)
Pesticides; Type C back
mounted; complete with a
448966 canister; in carrying
case (TC-14G-99)

Type C back mounted; can-
ister to be specified; in
carrying case

449888

84494

84493

448967

448966

77709

77711

Replacement Canister, GMA,
organic vapors; for MSA In-
dustrial Size Gas Mask
Replacement Canister, GMB,
acid gases; for MSA Indus-
trial Size Gas Mask
Repiacement Canister, GMC,
organic vapors/acid gases;
for MSA Industrial Size Gas
Mask

Replacement Canister, GMD,
ammonia; for MSA Industrial
Size Gas Mask

Replacement Canister, GMP,
organic vapors/acid gases/
toxic particulates; for MSA
Industrial Size Gas Mask
Replacement Canister, GMK,
hydrocyanic acid gas; for
MSA Industrial Size Gas Mask
Replacement Canister, GML,
chiorine; for MSA Industrial
Size Gas Mask

Note: Type C back-mounted masks have
one breathing tube, Type D back-mounted
masks have two tubes. Industrial Size Gas
Masks with Clearvue Facepieces and a
series of Industrial Size Canisters with
D-rings attached are available on special

order.

WARNING: DO NOT USE FOR
FIREFIGHTING



Chin Type Gas Mask with
Ultravue Facepiece

The MSA Chin Type Gas Mask is rec-
ommended for respiratory protection
against gases and vapors in concen-
trations not in excess of 0.5 percent by
volume where there is sufficient
oxygen to sustain life (19.5 percent by
volume). Specific protection afforded
by each type of canister is shown on
canister label.

The Chin Type Gas Mask gives face
and re* piratory protection against par-
ticulate matter, vapors, and gases by
means of a lightweight, replaceable
canister. The small, oval-shaped alu-
minum canister and facepiece are
designed to permit downward head
movement.

When equipped with the GMR canister,
the chin-type mask is particularly
adaptable for use in ERDA instailations
because of its highly efficient Uitra
Filter element (for radioactive
aerosols) and the special chemical
bed which efficiently absorbs hydrogen
fluoride, radioactive iodine vapors,
acid gases, and organic vapors. The
GMR-S canister is equally applicable,
except that its Ultra Filter element is
not designed for exposure to HF. The
GMR-! canister is very effective against
organic iodides and iodine vapors.

Ordering information

Catalog numbers (NIOSH
Approval Number in paren‘i-ases)

MSA Chin Type Gas Mask with
Ultravue Facepiece:

448975 Organic vapor; complete with
a 448974 GMA canister; in
carton (TC-14G-87)

Organic vapor; complete with
a 448974 GMA canister; in
carrying case (TC-14G-87)
Organic vapor/acid gas;
complete with a 466222 GMC
canister; in carton
(TC-14G-107)

Organic vapor/acid gas;
complete wit'i a 466222 GMC
cauister; in carrying case
(TC-14G-107)

Ammonia; complete with a
448973 GMD canister; in
cardboard carton (TC-14G-88)
Ammonia; complete witha
448973 GMD canister; in
carrying case (TC-14G-88)
Chiorine; complete with a
460113 GML canister; in card-
board carton (TC-14G-89)
Chlorine; complete with a
460113 GML canister; in
carrying case (TC-14G-89)
Pesticides; complete with a
448972 GMP canister; in
carton (TC-14G-86)
Pesticides; complete with a
448972 GMP canister; in
carrying case (TC-14G-86)

448976

466228

466350

448979

448980

460133

460134

448983

448984

448974 Replacement Canister, GMA,
organic vapors; for MSA Chin
Type Gas Mask (TC-14G-87)
Replacement Canister, GMC,
organic vapors/acid gases;
for MSA Chin Type Gas Mask
(TC-14G-107)

Replacement Canister, GMD,
ammonia; for MSA Chin Type
Gas Mask (TC-14G-88)
Replacement Canister, GML,
chlorine; for MSA Chin Type
Gas Mask (TC-14G-39)
Replacemeant Canistaer, GMP,
Pesticides; for MSA Chin
Type Gas Mask (TC-14G-86)
Replacement Cani~ter, GMR,
iodine vapors/hydrogen
fluoride/radioactive particu-
late matter; for MSA Chin
Type Gas Mask (TC-14G-105)
Replacement Canister,
GMR-I, organic iodides/
organic vapors/iodine
vapors/radioactive particu-
late matter (TC-14G-108)
Replacement Canister,
GMDL-C, ammonia/
chlorine/ organic vapors;

for MSA Chin Type Gas
Mask (TC-14G-112)
Replacement Canister,
GMEQ, ethylene oxide;

for MSA Chin Type Gas
Mask

466222

448973

460113

448972

466221

466220

469041

470504

Note: Chin Type Gas Masks are available
with Clearvue Facepiece on special order.

WARNING: DO NOT USE FOR
FIREFIGHTING



Warning

Never use a gas mask without care-
fully assessing exposure conditions.
Use suitable instruments to determine
concentration of oxyagen and air con-
taminants, if possible. if in doubt about
exposure conditions, use self-
contained breathing apparatus only.
Always use strictly in accordance with
canister labels, gas mask instructions,
and limitations. Safety is the responsi-
bility of the user of the mask. DO NOT
USE GAS MASKS FOR FIREFIGHTING.
When a chin type canister is used in
the maximum 0.5 percent (by volume)
concentration, its useful life may be
extremely short (as low as 12 minutes).
As the concentration is reduced, the
useful life will increase correspond-
ingly. Note: Do not use canisters where
the contaminant vapor does NOT
possess good warning properties such
as odor, taste, eye, no:e or throat irri-
tation that are readily detectable at or
below the Threshold Limit Value,

Gas mask canisiers used for emer-
gency purposes should be replaced
after each use. Specitic indicatlons for
canister replacement and/or return to
tresh alr are:

1. If the window indicators of the Type
N or GMN-SSW Canisters show the
specified color changes.

2.1t any leakage is detected by smell,
taste, or eye, nose, or throat Irritation.

3. If high breathing resistance develops.

4. If the canister shelf life Is exceerad.
Specitic warning signs which require
immediate return tr Jresh air are:

1. Uncomfortable heat in the Inhaled
air. (A properly operating canister will
become warm on exposure to certalis
gases or vapors, but a canister which
becomes extremely hot indicates that
concentrations above the canisiar limit
have been encountered.)

2. If any feeling of nausea, dizziness, or
ill-being deveiops.

Apprcvals and standards

Many MSA Gas Masks have been
approved by NIOSH/MSHA or Bureau
of Mines (specific numbers shown
under Ordering Information for each
mask type), and all Chin Masks to date
have received NIOSH/MSHA approval.
Certain MSA Gas Masks also meet
U.S. Coast Guard Specifications under
Subpart 160.011.

Note: This Data Sheet contains only a
general description of MSA Gas Masks.
Although the Data Sheet describes uses
and performance capabilities of the gas
masks, under no circumstances should
these products be used except by qualified,
trained personnel and not until the instruc-
tions, canister labels, or other literature
accompanying the products have also been
carefully read and understood and the
precautions therein set forth followed. Only
they cor.‘ain the complete and detailed
information concerning these products,

Accessories

MSA Nosecup: Molded from a soft
rubber compound that is resistant to
facial oils. Reduces possibility of lens
fogging. The nosecup, which is easily
affixed to the facepiece without tools,
is particularly effective under condi-
tions of high humidity and/or low
temperatures by inhibiting contact of
the moict exhalation with facepiece
lens.

MSA Spectacle Kit: For use by workers
who must wear corrective lenses,
easily inserted into the facepiece.
Spectacle kit includes wire support,
rubber guide, and one pair of metal-
frame spectacles. Desired adjustment
is obtained by moving the spectacles
in and out of the rubber guide and
moving the rubber guide up and down
the wire support. One size of spectacle
frame is used (S7 shape, 44-mm lens
size) with a Universal Bridge. Correc-
tive lenses may be obtained from MSA
or local sources. Spectacle Kit may be
worn in conjunction with nosecup.

MSA Welders Adaptsi: Provides eye
protection for welding in areas where a
gas mask is required. Made of poly-
carbonate. Large 4¥2" x 54" lens

area with lift front.

Cover lens: The MSA Ultravue Face-
piece may he equipped with a replace-
able clear cellulose acetate cover
lens. This inexpensive cover lens pro-
tects tho polycarbonate facepiece
lens from scratches and contamina-
tion, thus nrolongs 113 useful life. Re-
placemen: cover lenses are sold in
packagesc 25.

Ordering information

Catalog numbery

457126 Replacerent Ultravue Face-
piecn

Nosecup; for use with Ultra-
vue fFacepiece

Lens ring kit assembly
Prescription Spectacle Kit,
Universal Bridge, 44-mm lens
(less ienses); for use with
Ultravue Facepiece

Welders Adapter, for Ultra-
vue Facepiece, complete
with cover lens, less welding
lens

457135

464358
454819

449546

456975

92876
84874
449996
460099
449995
86114
84888

4602322
465313

449998
84876
84872
449999

84880
86239

449397
34337

600 Penn Center Boulevard
Pittsburgh, Pa. 15235 USA
Phone (412) 273-5000 - Telex 812453

Cover lens, clear (pkg of 25
lenses); for Ultravue Face-
piece

Carrier, canvas, for rocket
propeilant gas mask

Case for hydrocyanic acid
industrial mask

Case for GMA-SS mask
Case for GMC-S mask

Case for GMD-SS mask
Case for GMK-SS mask
Case for Super Size Gas Mask
(canister to be specified)
Case for Chin Type Gas Mask
Case for Type N Model SW
Window-Cutor

Case for ammonia industrial
mask

Case for indusirial mask
(canister to be specified)
Case for chiorine industrial
mask
Case for organic vapor
industrial mask
Case for GMC-SS-1 gas mask
Case for model HW Type N
mask
Case for pesticide industrial
mask

MSA Cleaner-Sanitizer |1,
12 2-0z packages in
carton/dispenser

Worldwide service: Branch offices throughout the United States.
Subsidiaries in: Amsterdam « Barcelona - Berlin » Calcutta « Glasgow
Johannesburg - Lima - Mexico '/ « Milan « Ndolz « Paris - Salisbury
Santiago » Sdo Paulc « Singapore » Sydney « Tokyo - Toronto.

Representatives in principal cities throughout the world.
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