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SPECIFICATIONS AND TEST PROCEDURES FOR AIRLINE-TYPE SUPPLIED-AIR SUITS

by

William H. Revoir, Project Manager
John A. Pritchard
Thomas 0. Davis

Charles P. Richards
Lloyd D. Wheat

ABSTRACT

Procedures and requirements have been established to per-
mit airline-type supplied-air suits needed by contractors of
the Energy Research and Development Administration to be tested
for performance by the Respirator Research and Development
Section, Industrial Hygiene Group, of the Los Alamos Scientific
Laboratory, and to have the adequacy of the performance of these
devices evaluated by the Los Alamos Scientific Laboratory Res-
pirator Advisory Committee. Test equipment, test methods, and
performance criteria for airline-type supplied-air suits are
prescribed.



1. GENERAL PROVISIONS

1.1. Purpose

The purpose of this document ist (a>

to establish procedures and to prescribe re-

quirements which must be met in having air-

line-type supplied-air suits needed by con-

tractors of the Eticiyy Research and Develop-

ment Administration (ERDA) for protection of

workers against inhalation of harmful atmos-

pheres evaluated for performance by the Res-

pirator Research and Development Section

(RRDS), Industrial Hygiene Group (IHG), of

tne Los Alamos Scientific Laboratory (LASLi

and to have the adequacy of the performance

of the devices reviewed by the LASL Respira-

tor Advisory Committee; (b) to prescribe

test equipment and test methods 'for evaluat-

ing the performance of airline-type supplied-

air suits by the LASL RRDS; and (c) to

specify minimum performance requirements

for protection of workers against inhalation

of harmful atmospheres.

1.2. Airline-Type Supplied-Air Suits for

Evaluation of Performance

Any airline-type supplied-air suit,

which is needed by an ERDA contractor for

protection of workers against inhalation

against harmful atmospheres and which is

not eligible for test, approval, and certi-

fication by the National Institute for Occu-

pational Safety and Health (NIOSH), Depart-

ment of Health, Education, and Welfare

(DHEW), and by the Mining Enforcement and

Safety Administration (MESA), Department of

Interior (DI), under the provisions of

Title 30, Code of Federal Regulations,

Part 11 (30 CFR 11) is eligible for testing

for performance by the LASL RRDS and for a

review of the adequacy of its performance

bv the LASL Respirator Advisory Committee.

1.3 Airline-Type Supplied-Air Suit

Description

An airline-type supplied-air suit is a

respirator which contains a protective cov-

ering for the entire body including the

heed, torso, arms, and legs. The covering

may consist of a single-piece garment or may

be nade up of two or more garment items that

are designed to complement each other to

protect the wearer. Compressed respirable

air is supplied to the covering through a

supply air hose that is connected to a

source of this air such as a compressor or

a tank. The air may be supplied only to the

head portion of the covering or to the head

portion plus other parts of the covering.

The airline-type supplied-air suit consists

of the protective ceverii...j for the body of

the wearer, the supply air hose, and other

attachments, accessories, and auxiliary

items such as a breathing tube, coupling,

air flow control valve, air flow meter, air

pressure gage, communications equipment,

gloves, boots, shoe coverings, etc. The

head portion of the suit's covering may con-

sist of a helmet-type or hood-type unit, or

it may consist of a combination of a face-

piece and helmet-type or hood-type unit.

2. PROCEDURES AND REQUIREMENTS FOR HAVINT,

AIRLINE-TYPE SUPPLIED-AIR SUIT EVAL-

UATED FOR PERFORMANCE

2.1. Any ERDA contractor, who desires to

use or who has in use an airline-type sup-

plied-air suit for protection of workers

against inhalation of harmful atmospheres

which is not eligible for test, approval,

and certification by NIOSH and MESA under

the provisions of 30 CFR 11 and for which

there is a specific need for the device,

may submit a request to the appropriate ERDA

Field Orfice for an evaluation of the perfor-

mance of the device and for a review of the

adequacy of the performance of the device.

The request shall include an explanation of

the ineligibility of the device for test,

approval, and certification by NIOSH and

MESA und;r the provisions of 30 CFR 11.

Also, the request shall include a statement

of the need of the device. In addition, the

request shall include a statement on whether

or not the device is reusable, and if it or

a portion of it is laundered.

2.2. The ERDA Field Office shall forward a

copy of the request to the ERDA Division of

Operational Safety, Health Protection Branch.



2.3. The ERDA Division of Operational

Safety, Health Protection Branch, shall re-

view the request and decide whether or not

the performance of the airline-type supplied-

air suit shall be evaluated and reviewed.

If it is decided that the performance of ehe

device shall be evaluated and reviewed, the

ERDA Division of Operational Safety, Health

Protection Branch, shall forward a copy of

the request to the Section Leader of the

LASL RRDS along with a directive that the

LASL RRDS test and evaluate the performance

of the device. The ERDA Division of Opera-

tional Safety, Health Protection Branch,

shall notify the ERDA Field Office of its

decision and shall instruct, the ERDA Field

Office to notify the ERDA contractor of the

decision.

2.4. If the decision has been made that

the performance of the airline-type supplied-

air suit shall be evaluated and reviewed,

the ERDA Division of Operational Safety,

Health Protection Branch, shall notify the

ERDA Field Office to instruct the ERDA con-

tractor to submit the device including the

supply air hose and including all attach-

ments, accessories, and auxiliary items

(such as couplings, air-flow control valve,

air-flow meter, air-pressure regulator, air-

pressure gage, communications equipment,

gloves, boots, shoe coverings, etc.) and to

submit the instructions for donning, oper-

ating, maintaining, and storing the device

to the Section Leader of the LASL RRDS. If

the device or a portion of the device is re-

usable and is laundered, the ERDA Division

of Operational Safety, Health Protection

Branch, shall notify the ERDA Field Office

to instruct the ERDA contractor to submit a

laundered device along with a description

of the laundering procedures and conditions

and along with a notification of the number

of times that the device has been laundered

to the Section Leader of the LASL RRDS.

2.5. The LASL RRDS, upon receipt of the

directive to test and evaluate the perform-

ance of the airline-type supplied-air suit

and upon receipt of the device and all other

items submitted, shall perform the necessary

tests and shall compare the test results

with performance criteria.

2.6. The LASL RRDS shall formulate conclu-

sions and recommendations relative to the

adequacy of the performance of the airline-

type supplied-air suit, shall write a report

containing test data, conclusions, and rec-

ommendations, and the Section Leader of the

LASL RRDS shall forward copies of the report

to the Chairman, Secretary, and members of

the LASL Respirator Advisory Committee, and

to the ERDA Division of Operational Safety,

Health Protection Branch.

2.7. The LASL Respirator Advisory Committee

shall study the report, review and evaluate

the test results given in the report, and

shall formulate its own conclusions and rec-

ommendations relative to the adequacy of

the performance of the airline-type supplied-

air suit. V The Chairman of the LASL Respira-

tor Advisoivy Committee shall send a report

containing ->he conclusions and recommenda-

tions to the\Sectioii Leader of the Los

Alamos RRDS a),\d a copy of the report tc the

ERDA Division yf Operational Safety, Health

Protection Branch.

2.8. The LASL RRDS shall consider the con-

clusions and recommendations concerning the

adequacy of the performance of the airline-

type supplied-air suit submitted by the LASL

Respirator Advisory Committee and then form-

ulate its own conclusions and recommenda-

tions. The Section Leader of the LASL RRDS

shall forward a report containing the con-

clusions and recommendations concerning the

adequacy of the performance of the device

to the ERDA Division of Operational Safety

and shalI send copies of the report to the

Chairman, Secretary, and members of the LASL

Respirator Advisory Committee.

2.9. The ERDA Division of Operational Safe-

ty, Health Protection Branch, shall consider

the conclusions and recommendations concern-

ing the adequacy of the performance of the

airline-type supplied-air suit submitted by

the LAS I. RRDS and shall formulate its own

conclusions and recommendations. The ERDA



Division of Operational Safety, Health Pro-

tection Branch, shall forward a report con-

taining its conclusions and recommendations

pertaining to the adequacy of the perform-

ance of the device to the ERDA Field Office

and shall instruct the ERDA Field Office to

notify the ERDA contractor of these conclu-

sions and recommendations. The ERDA Divi-

sion of Operational Safety, Health Protec-

tion Branch, shall send a copy of the report

to the Section Leader of the LASL BROS.

2.10. Thn ERDA Field Office shall inform

the ERDA contractor of the conclusions and

recommendations concerning the adequacy of

the performance of the airline-type

supplied-air suit made by the ERDA Division

of Operational Safety, Health Protection

Branch.

2.11. The LASL RRDS shall ship the airlirse-

type supplied-air suit, attachments, acces-

sories, and auxiliary items to the ERDA

contractor after a report containing its

conclusions and recommendations concerning

the adequacy of the performance of the de-

vice has been sent to the ERDA Division of

Operating Safety, Health Protection Branch.

2.12. If an airline-typo supplied-air suit,

which has been evaluated for performance,

is modified in construction or its operating

conditions are changed, the ERDA contractor

should resubmit the device for re-evaluation

of its performance in accordance with pro-

cedures and requirements previously listed.

3. CONDUCT OF EXAMINATIONS AND TESTS,

ASSISTANCE, OBSERVERS, AND CONFIDEN-

TIALITIES

3.1. Conduct of Examinations and Tests

3.1.1. All examinations and tests of

the airline-type supplied-air suit submitted

by an ERDA contractor shall be under the

sole direction and control of the LASL RRDS.
3.2. Assistance

3.2.1. The LASL RRDS may, as a condi-

tion of evaluating the performance of an

airline-type supplied-air suit, require the

assistance of the ERDA contractor who sub-

mitted the device or agents of the ER.7A

contractor during the examination or testing

of the device.

3.3. Observers

3.3.1. Only personnel of the LASL

RRDS, persons assisting tht LASL RRDS pur-

suant to 3.2.1, personnel of ERDA, members

of the LASL Respirator Advisory Committee,

and such other persons as arc requested by

the LASL RRDS or ERDA, shall be present

during any examination and test of the air-

line-type supplied-air suit submitted by an

ERDA contractor.
3 •4 • Confidential i_t_ie§.

3.4.1. The LASL RRDS shall hold as

confidential any equipment, material, and

other items provided by an ERDA contractor

who submits an airline-type supplied-air

suit for evaluation of its performance, and

shall supply information concerning the de-

vice only to the ERDA Division of Operation-

al Safety, Health Protection Branch, and to

the Chairman, Secretary, an;t members of the

LASL Respirator Advisory Committee, except

as required by statuta or regulation.

2.4.2. The LASL RRDS shall hold as

confidential and shaj.l not disclose any

natentablo features of -an airline-type

supplied-air suit submitted by an ERDA con-

tractor for evaluation of it«» performance,

except an required by statute or regulation.

3.4.3. The LASL RRDS shall hold as

confidential and shall not disclose any test

data, conclusions, and recommendations con-

cerning the performance of an airline-type

supplied-air suit submitted by an ERDA con-

tractor, except to the ERDA Division of

Operational Safety, Health Protection Branch,

to the Chairman, Secretary, and members of

the LASL Respirator Advisory Committee, to

the EROA contractor on his written request,

and except as required by statute or re3ula-

tion.

4. GENERAL CONSTRUCTION REQUIREMENTS

4.1. An airline-type supplied-air suit sub-

mitted by an ERDA contractor for an evalua-

tion of its performance shall not be accept-

ed by the LASL RRDS for examination and



testing unless the device has been designed

on sound engineering and scientific princi-

ples, constructed of suitable materials,

and shows evidence of good workmanship.

4.2. Components of an airline-type supplied-

air suit, which come into contact with the

wearer's skin, shall be composed of materi-

als which do not irritate the skin.

4.1. Components cf an airline-type,

supplied-air suit, which must be disassem-

bled or replaced during or after use of the

device, shall b<2 composed of materials and

constructed so that they are not damaged by

normal handling.

4.4. Peusable components of an airline-type

supplied-air respirator, which come into

contact with the wearer's skin or which must

be cleaned after use, shall be composed of

materials and constructed so that they will

withstand repeated washing and sanitizing

as prescribed by the instructions of the

EHDA contractor or the manufacturer of the

device.

4.5 The airline-type supplied-air suit

shall use an air-flow meter for measurement

of the rate of flow of respirable air to

the covering of the suit or shall use a

pressure gage for indirect measurement of

the rate cf flow of respirable air to th<

covering of the suit.

5. GENERAL OPERATING REQUIREMENTS

5.1. An airline-type supplied-air suit sub-

mitted by an ERDA contractor for an evalua-

tion of its performance shall not be accept-

ed by the LASL RRDS for examination and

testing unless the device has been designed

tc be operated with a minimum flow of air to

tho covering of the device which shall not

be i.ess than 2.83 x 10~3 m3/s (6.0 cfm) .

5.2. An airline-type supplied-air suit sub-

mitted by an ERDA contractor for evaluation

of its performance shall not be accepted by

the LASL RRDS for examination and testing

unless written instructions covering donning,

operation, maintenance, and storage of the

device are available.

6. EXAMINATION AND TEST PROCEDURES, PER-

FORMANCE CRITERIA

6.1. General Examination and Test Proce-

dures

6.1.1. Each airline-type supplied-

air suit submitted by an ERDA contractor for

evaluation of its performance shall be ex-

amined and tested by the LASI< RRDS in ac-

cordance with procedures set forth in Sec-

tion 6 of this document.

6.1.2. In addition to the examination

and test procedures set forth in Section 6

of this document, the LASL RRDS reserves the

right to conduct any addd tional examinations

and tests it deems necessary to determine

the quality, construction, and performance

of an airline-type supplied-air suit submit-

ted by an ERDA contractor.

6.2. Performance Criteria

6.2.2. The performance criteria which

an airline-type supplied-air suit submitted

by an ERDA contractor must meet in order to

be considered to provide adequate protection

to workers against inhalation of harmful

atmospheres are set forth in Section 6 of

this document.

6.2.3. The performance criteria for

an airline-type suit submitted by an ERDA

contractor are those established by the LASL

RRDS and agreed to by a consensus of the

LASL Respirator Advisory Committee.

6.3. Reports

6.3.i. Upon completion of the exam-

ination and testing of the airline-type

supplied-air suit submitted by an ERDA con-

tractor, the 1ASL RRDS shall formulate con-

clusions and recommendations concerning the

adequacy of the performance of the device,

and shall write a report containing the re-

sults of the examination and testing, ob-

servations made by examiners and test oper-

ators, comments made by human test subjects,

conclusions, and recommendations. Copies

of the report shall be forwarded by the

Section Leader of the .TASL RRDS to the

Chairman, Secretary, and members of the LASL

Respirator Advisory Committee, and to the

ERDA Division of Operational Safety, Health



Protection Branch. A copy of this report

shall be forwarded Ly the Section Leader of

the LASL RRDS to the ERDA contractor who

submitted the airline-type supplied-aii suit

if the F.RDA contractor makes a written re-

quest for a copy of the report.

6.2.2. The LASL Respirator Advisory

Committee, after a study of the report men-

tioned in 6.3.1., shall formulate conclu-

sions and recommendations concerning the

adequacy of the performance of the airline-

type supplied-air suit submitted by an ERDA

contractor. The Chairman of the LASL Res-

pirator Advisory Committee shall write a

report containing the Committee's conclu-

sions and recommendations, and shall forward

copies of the report to the Section leader

of the LASL RRDS and to the ERDA Division

of Operational Safety, Health Protection

Branch. A copy of this report shall be for-

warded by the Chairman of the LASL Respira-

tor Advisory Committee to the ERDA contrac-

tor who submitted the device if the ERDA

contractor makes a written request for a

copy of the report.

6.3.3. The LASL RRDS, after a study

of the report mentioned in 6.3.2., shall

formulate its own conclusions and recommen-

dations concerning the adequacy of the air-

line-type supplied-air suit submitted by an

ERDA contractor and shall write a report

containing these conclusions and recommenda-

tions. The Section Leader of LASL RRDS

shall forward copies of the report to the

ERDA Division of Operational Safety, Health

Protection Branch, and to the Chairman,

Secretary, and members of the LASL Respira-

tor Advisory Committee. A copy of this re-

port shall be forwarded by the Section

Leader of the LASL RRDS to the ERDA r.ontrac-

tor who submitted the device if the ERDA

contractor makes a written request for a

copy of the report.

6.4. Airline-Type Supplied-Air Suit jcor Use

in Tests to Determine Performance

Characteristics

6.4.1. The entire airline-type

supplied-air suit including the supply air

hose and including attachments, accessories,

and auxiliary items such as couplings, air-

flow control valve, air-flow meter, air-

pressure regulator, air-pressure gage, com-

munications equipment, gloves, boots, shoe

covers, etc. submitted by the ERDA contrac-

tor shall be used to determine the perform-

ance of the device.

6.4.2. An unused airline-type

supplied-air suit provided by the ERDA con-

tractor shall be used in tests to determine

the performance of the device.

6.4.3. If the airline-type supplied-

air suit is reusable and if the device or a

portion of it is laundered, a laundered

device or the device with the laundered com-

ponent submitted by the ERDA contractor

shall be used in tests to determine the per-

formance of the device. The number of

launderings of the device or component shall

be recorded and listed in the report con-

taining the results of tests on the device

written by the LASL RRDS. Both an unused

device and the laundered device (or the

device containing the laundered component)

shall be used in tests involving the use of

human test subjects wearing the device in a

test atmosphere to determine the degree of

protection provided by the device.

6.5. Human Test Subjects

6.5.1. The LASL RRDS shall use three

human test subjects in tests requiring the

employment of human test subjects to deter-

mine the performance of an airline-type

supplied-air suit submitted by an ERDA con-

tractor.

6.5.2. Each of the three human test

subjects shall be of a different size. The

three human test subjects shall have the

following heights: (a) 168 to 173 cm

(5 feet, 6 inches to 5 feet, 8 inches),

(b) 180 to 185 cm (5 feet, 11 inches to

6 feet, 1 inch), (c) 191 to 196 cm (6 feet,

3 inches to 6 feet, 5 inches).

6.5.3. The heights and the weights of

each of the three human test subjects shall

be determined and recorded. The values for

height and weight of each human test subject



be listed in the report containing the

results of the tests on the air 1 ine-\type

supplied-air suit written by the LASL RRDS.

6.6. Examination

6.6.1. The entire airline-type

supplied-air suit including the supply air

hose and ir.cluding attachments, accessories,

and auxiliary items submitted by an ERDA

contractor shall be examined by the LASL

RRDS to determine if! it meets the require-

ments set forth in Section 4 of this docu-

ment. The examination shall include a

laundered device or a laundered component

G£ the device if the device is reusable and

the device or a portion of the device is

laundered. If the examination shows that

the device does not meet the requirements,

it shall not be considered to be acceptable

to provide protection of workers against in-

halation of harmful atmosphere.

6.6.2. The donning, operation, main-

tenance, and storage instructions pertaining

to the airline-type supplied-air suit sub-

mitted by the ERDA contractor shall be ex-

amined and studied by the LASL RRDS. If

these instructions are considered to be in-

accurate, confusing, or incomplete, the

device shall not be considered to be accept-

able to provide protection of workers

against inhalation of harmful atmospheres.

6.6.3. If the examination of the air-

line-type supplied-air suit or the instruc-

tions concerning the donning, operation,

maintenance, and storage of the device sub-

mitted by the ERDA contractor shows that

these items do not meet prescribed require-

ments, no further work on determining the

adequacy of the performance of the device

shall be carried out by the LASL RRDS.

6.7. Donning and Wearing of Airline-Type

Supplied-Air Suit by Human Test

Subject

6.7.1. Prior to having a human test

subject don the airline-type supplied-air

suit submitted by an ERDA contractor, a test

operator shall attach to the human test sub-

ject a suitable harness which contains the

appropriate probes and sensing elements for

measuring the performance characteristics of

the devices.

6.7.2. Prior to donning the airline-

type supplied-air suit, the human test sub-

ject shall don spectacles, hearing protec-

tors, and any other necessary comfort items.

6.7.3. The human test subject shall

don and wear the airline-type supplied-air

suit in accordance with instructions pro-

vided by the ERDA contractor.

6.7.4. The test operator shall ex-

amine the covering of the airline-type

supplied-air suit worn by the human test

subject to observe if the covering contains

any punctures, tears, seam separations,

loose joints, and other defects. If any

such defects are found, the device shall not

be considered to be acceptable to provide

protection to workers against inhalation of

harmful atmospheres, and no further work on

determining the adequacy of the performance

of the device shall be carried out by the

LASL RRDS. This examination shall also be

carried out on a laundered covering if such

a covering has been submitted by the ERDA

contractor.

6.8. Determination of Accuracy of Air-Flow

Indicator

6.8.1. The accuracy of the air-flow

indicator (direct or indirect reading) of

the airline-type supplied-air respirator

submitted by an ERDA contractor shall be

determined. This shall be accomplished by

having a human test subject wear the cover-

ing of the device, having the supply air

hose connected to a source of respirable

air, and by using a suitable calibrated

flow-measuring instrument to monitor the

rate of flow of respirable air being de-

livered to the covering of the device. If

the ERDA contractor utilizes more than a

single length of supply air hose for the

device, then the testing of the accuracy of

the air-flow indicator of the device shall

be carried out for each length of supply

air hose. Tests carried out to determine

the accuracy of the air-flow indicator of

the device shall have each of the three



human test subjects wear the covering of

the device. During each test of the ac-

curacy of the air-flow indicator of the

device, the air pressure in the breathing

zone of the human test subject wearing ths

covering of the device shall be measured.

This shall be accomplished by means of a

probe located inside the head portion of

the covering in the breathing zone of the

human test subject which is connected to a

suitable air-pressure measuring instrument.

6.8.2. During a test of the accuracy

of the air-flow indicator of the airline-

type supplied-air suit, the human test sub-

ject wearing the covering of the device

shall stand still with his arms hanging

downward along the sides of his body, and he

shall breathe normally.

6.8.3. During a test of the accuracy

ol the air-flow indicator of the airline-

type supplied-air suit, the rate of flow of

air to the covering of the device shall be

varied from the minimum to the maximum air-

flow rate flow values specified by the ERDA

contractor for a particular length of supply

air hose. The variation of the rate of air

flow shall be made in increments of

4.72 x 10 m /s (1.0 cfm). The accuracy

of the air-flow indicator of the device

shall be determined for air-flow rate values

varying from the minimum to the maximum

specified values for air-flow rate incre-

ments of 4.72 x 10 m /s (1.0 cfm). The

air pressure in the breathing zone of the

human test subject wearing the covering of

the device shall be measured for air-flow

rate values varying from the minimum to

maximum specified values for air-flow rate
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increments of 4.72 x 10 m /s (1.0 cfm).

6.8.4. The acceptable accuracy of

the air-flow indicator of the airline-type

supplied-air suit shall be plus or minus 10

percent for each air-flow rate value and for

each length of supply air hose.

6.9. Respiratory Protection

6.9.1. The level of respiratory pro-

tection provided by the airline-type

suppl.ied-air respirator submitted by an

ERDA contractor shall be determined. In a

test carried out to determine the level of

respiratory protection provided by the de-

vice, a human test subject shall wear the

covering of the device, which is connected

to a source of respirable air, in an atmos-

phere containing a test agent, and the pene-

tration of the test agent into the interior

of the covering of the device in the breath-

ing zone of the human test subject shall be

measured as the subject carries out various

exercises. Tests carried out to determine

the level of respiratory protection of the

device shall have each of the three human

test subjects wear the covering of the de-

vice.

6.9.2. The test atmosphere to be

used to determine the level of respiratory

protection provided by the airline-type

supplied-air suit shall be a polydisperse

dioctyl phthalate (DOP) aerosol. The DOP

aerosol particles shall have a mass median

aerodynamic diameter (mmad) of 0.60 + 0.12

pm and a standard deviation (sd) of

2.20 + 0.20. The test atmosphere shall

have a DOP aerosol particle concentration

of 25 + 5 mg/m .

6.9.3. A forward light-scattering

photometer and appropriate accessories shall

be used to detect the DOP aerosol particles

in the test atmosphere and inside the cover-

ing of the airline-type supplied-air suit

in the breathing zone of the human test sub-

ject wearing the covering. A suitable re-

corder, connected to the forward light-

scattering photometer, shall be used to re-

cord measurements made by the photometer.

6.9.4. A chamber containing the test

atmosphere shall be used to carry out tests

to determine the level of respiratory pro-

tection provided by the airline-type

supplied-air suit. The chamber shall be of

suitable size to permit a test subject wear-

ing the covering of the device to freely

carry out the various exercises.

6.9.5. A probe located inside the

chamber in the area where a human test



subject wearing the covering of the airline-

type supplied-air suit will carry out the

various exercises and connected by means of

tubing to the forward light-scattering pho-

tometer shall be used to sample the test

atmosphere in order to detect the DOP aero-

sol particles in the test atmosphere.

6.9.6. A probe located inside the

head portion of the covering of the airline-

type supplied-air suit in the breathing

zone of the human test subject wearing the

covering and which is connected by means of

suitable flexible tubing to the forward

light-scattering photometer shall be used

to sample the air in the human test sub-

ject's breathing zone to detect DOP aerosol

particles in his breathing zone.

6.9.7. The rate of flow of sample

air to the forward light-scattering photo-

meter either from inside the chamber or

from inside the head portion of the cover-

ing of the airline-type supplied-air suit

shall be 1.33 x 10~4 n w s (8.0 lpm).

6.9.8. In carrying out the tests to

determine the level of respiratory protec-

tion provided by the airline-type supplied-

air suit, a suitable length of supply air

hose shall be used. A human test subject

wearing the covering of the device shall

upon entering the test chamber connect the

supply air hose to a fitting located inside

the chamber which is connected to a source

of respirable air. An air-flow control

valve and a calibrated air-flow measuring

instrument shall be used to control the

flow of respirable air to the covering of

the device worn by the human test subject

inside the chamber and to measure the rate

of flow of this air.

6.9.9. The following procedures shall

be used to determine the level of respira-

tory protection provided by the airline-

type supplied-air suit.

6.9.9.1. The human test subject

wearing the covering of the device shall

enter the test chamber containing the DOP

aerosol and shall attach the supply air

hose to the fitting inside the chamber

which is connected to the source of respir-

ab.le air. He shall connect the tubing lead-

ing from the probe inside the head portion

of the covering of the device to a fitting

located inside the chamber which is connect-

ed to the forward light-scattering photo-

meter.

6.9.9.2 The test operator

shall adjust the rate of flow of respirable

air going to the covering of the device

being worn by the human test subject to the
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specified minimum value plus 1.33 x 10

m /s (3.0 lpm) to compensate for the flow

of sample air from inside the head portion

of the covering of the device to the for-

ward light-scattering photometer. He shall

check the operation of the forward light-

scattering photometer and make any necessary

adjustments.

6.9.9.3. The human test sub-

ject shall carry out the following series

of exercises,and the test operator shall in-

sure that the recorder attached to the for-

ward light-scattering photometer records

the penetration of the DOP aerosol into the

head portion of the covering of the device

during each exercise. Each exercise shall

be carried out for at least 120 s (2 min),

or until the penetration of DOP aerosol

into the head portion of the covering of the

device in the breathing zone of the subject

becomes steady for at least 60s ;i min).

a. Standing still, arms hanging
downward along the sides of
body, normal breathing.

b. Bending forward and touching
toes repeatedly.

c. Running in place.

d. Raising arms above head and
looking upward repeatedly.

e. Bending knees and squatting
repeatedly.

f. Crawling on hands and knees.

g. Standing with arms folded in
front of chest and twisting
torso from side to side re-
peatedly.

h. Standing still, arms hanging
downward along sides of body,
normal breathing.



6.9.9.4. Before carrying out

each of the exercises listed in c, d, e, f,

and g of 6.9.9.3., the human test subject

shall stand still with his arms hanging

downward along the sides Of his body and

breatho normally for 120 to 180 s (2 to 3

min) to purge the air inside the covering of

the device in case the previous exercise

resulted in a high penetration of DOP aero-

sol into the interior of the covering.

6.9.9.5. If the penetration

of DOP aerosol into the interior of the

covering of the device in the breathing zone

of the human test subject exceeds 20%, the

test shall be terminated to prevent undue

exposure of the subject to the DOP aerosol.

6.9.9.6. After the exercise

described in h of 6.9.9.3. has been carried

out by the human test subject, the test

operator shall stop the flow of respirable

air to the covering of the device worn by

the subject, and the subject shall continue

to stand still with his arms hanging down-

ward along his sides and breathe normally.

The test operator shall observe the increase

in penetration of the DOP aerosol into the

covering of the device in the breathing zone

of the human test subject, and he shall re-

cord the time periods that extend from the

instant that the flow of air was terminated

to the moments that the DOP aerosol penetra-

tion reaches values of 0.5%, 0.1%, and 1%.

The test operator then shall restore the

flow of respirable air to the covering of

the device worn by the human test subject,

and the subject shall remain standing still

with his arms hanging downward along his

sides and breathe normally until the DOP

aerosol penetration returns to approximately

the value occurring before the flow of res-

pirable air to the covering of the device

was terminated.

6.9.9.7. The DOP aerosol

penetration values in the breathing zone of

the human test subject wearing the covering

of the device may oscillate during a given

exercise carried out by the subject due to

the breathing of the subject. Peak DOP

aerosol penetrations occur during inhala-

tion.

6.9.9.8. Determine the aver-

age of the peak DOP aerosol penetration

values which occurred during each of the

exercises carried out by the human test sub-

ject listed in 6.9.8.3. and record these

average peak DOP aerosol penetration values.

6.9.9.9. Calculate the aver-

age of the averaqe peak DOP aerosol penetra-

tion values determined in 6.9.9.8. and re-

cord this value which represents the average

peak DOP aerosol penetration for all exer-

cises carried out by the human test subject.

6.9.9.10. Repeat 6.9.9.3.

through 6.9.9.9. for increasing increments

of rate of air flow into the covering of

the device worn by the human test subject

of 4.72 x 10"4 m3/s (1.0 cfm) up to the

maximum air-flow rate specified by the ERDA
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contractor plus 1.33 x 10 m /s (8.0 ].pn-,

to compensate for the flow of sample air

from inside the head portion of the covering

of the device to the forward light-scatter-

ing photometer.

6.9.9.11. Repeat 6.9.9.1.

through 6.9.9.10; for each of the other two

human test subjects.

6.9.9.12. If the airline-type

supplied-air suit is reusable and if the de-

vice or a por.'-in of it is laundered, a

laundered device or the device with the

laundered component submitted by the ERDA

contractor shall also be tested in accord-

ance with 6.9.9.1. through 6.9.9.11.

6.9.10. The airline-type supplied-

air suit shall be acceptable in regard to

providing respiratory protection if the

average peak DOP aerosol penetrations into

the head portion of the covering of the de-

vice in the breathing zone of the human test

subjects who wore the covering does not ex-

ceed 0.01% for all exercises for all values

of the rate of air flow into the covering

of the device ranging from the minimum value

to the maximum value specified by the ERDA

contractor.
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6.10. Crush Resistance of Supply Air Hose

6.10.1. The crush resistance of the

supply air hose of the airline~type supplied-

air suit submitted by an ERDA contractor

shall be determined. In a test carried out

to determine the crush resistance of the

supply air hose, the reduction in the flow

of air through the hose when a crushing

force is applied to the hose is measured.

6.10.2. A suitable length of the

supply air hose shall be connected to a

source of compressed air and a calibrated

air-flow measuring instrument shall be used

to monitor the rate of flow of air through

the hose.

6.10.3. The rate of flow of air

through the supply air hose shall be adjust-

ed to the minimum value specified by the

ERDA contractor.

6.10.4. The supply air hose shall

rest on a horizontal plane surface. A

crushing force of 113.5 kg {250 lb) shall

be applied to the hose along 7.6 cm (3 in)

of its length for 300 s (5 min).

6.10.5. The rate of flow of air

through the supply air hose during the ap-

plication of the crushing force shall be

observed. The lowest value of the rate of

flow of air through the hose shall be re-

corded. The maximum decrease in the rate

of air flow through the hose shall be

calculated and recorded.

6.10.6. After removal of the crush-

ing force from the supply air hose, the

condition of the section of the hose where

the crushing force had been applied shall

be examined, and a record shall be made of

any permanent deformation of the hose.

6.10.7. The supply air hose shall

be acceptable in regard to crush resistance

if the lowest rate of flow of air through

the hose during the application of the

crushing force is not less than 90% of the

original rate of flow of air through the

hose,and if permanent deformation of the

hose does not occur due to the application

of the crushing force.

6.11. Hor.kinkability of Supply Air Hose

6.11.1. The nonkinkability of the

supply air hose of the airline-type supplied-

air suit submitted by an ERDA contractor

shall be determined. In a test carried out

to determine the nonkinkability of the

supply air hose, the reduction in the flow

of air through the hose when a single-coil

loop of the hose is straightened out is

measured.

6.11.2. A suitable length of the

supply air hose shall be connected to a

source of compressed air, and a calibrated

air-flow measuring instrument shall be used

to monitor the rate of flow of air through

the hose.

6.11.3. The rate of flow of air

through the supply air hose shall be adjust-

ed to the minimum value specified by the

ERDA contractor.

6.11.4. A 1.83 m (6 ft) diameter

single-coil loop of the supply air hose

shall be formed with the loop on a horizon-

tal plane surface.

6.11.5. At a distance of 0.91 m

(3 ft) from the single-coil loop, one of

the sections of the supply air hose which

extends from the loop and which leads to

the source of compressed air is securely

fastened to the horizontal plane surface.

6.11.6. The portion of the supply

air hose which extends from the single-coil

loop,and which is not fastened to the hori-

zontal plane surface, is slowly pulled tan-

gentially to the horizontal plane surface

until the loop unfolds and the hose straight-

ens out.

6.11.7. The rate of flow of air

through the supply air hose shall be observ-

ed during the time that the single-coil loop

of the hose is unfolded and the hose is

straightened out. The lowest value of the

rate of flow of air through the hose during

the hose-straightening process shall be re-

corded. The maximum decrease in the rate of

air flow through the hose as a percentage of

the original flow rate shall be calculated

and recorded.
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6.11.8. The way in which the single-

coil loop of the air hose unfolds shall be

observed, and a record shall be made of any

localized kinking of the hose.

6.11.9. The supply air hose shall

be acceptable in regard to nonkinkability

if,during the process of unfolding the

single-coil loop of hose, the lowest rate of

flow of air through the hose is not less

than 90% of the original rate of flow of

air through the hose, and if localized kink-

ing of the hose does not occur.

6.12. Strength of Supply Air Hose and

Couplings

6.12.1. The strength of the supply

air hose and couplings of the airline-type

supplied-air suit submitted by an ERDA con-

tractor shall be determined by two tests.

Suitable lengths of the supply air hose

containing the couplings shall be used in

the tests. If more than one type of coupl-

ing is used in the device, then a length of

supply air hose with each type of coupling

shall be tested.

6.12.2. The supply air hose and

coupling shall be connected to a source of

compressed air, and a calibrated air-flow

measuring instrument shall be used to moni-

tor the rate of flow of air through the

hose and coupling.

6.12.3. The rate of flow of air

through the supply air hose and coupling

shall be adjusted to the minimum value

specified by the ERDA contractor.

6.12.4. A steady pull of 113.5 kg

(250 lb) for 300 s (5 min) shall be made on

the supply air hose and coupling.

6.12.5. The supply air hose and

coupling shall be observed during the steady

pull. Any breaking of the hose, separation

of the hose and coupling, and separation of

components of the coupling shall be record-

ed.

6.12.6. The rate of flow of air

through the supply air hose and coupling

during the steady pull shall be observed.

The lowest value of the rate of flow of air

through the hose and coupling shall be

recorded The maximum decrease in the rate

of air flow through the hose and coupling

as a percentage of the original air-flow

rate shall be calculated and recorded.

6.12.7. A rapid pull of 113.5 kg

(250 lb) of 0.5 s duration or less shall

be made on the supply air hose and coupling.

A total of three of these rapid pulls shall

be carried out.

6.12.8. The supply air hose and

coupling shall be observed after each of the

three rapid pulls. Any breaking of the

hose, separation of the hose and coupling,

and separation of components of the coupling

shall be recorded.

6.12.9. The rate of flow of air

through the supply air hose and coupling

during each of the three rapid pulls shall

be observed. The lowest value of the rate

of flow of air through the host; and coupling

during each rapid pull shall be recorded.

The maximum decrease in the rate of air

flow through the hose and coupling as a

percentage of the original air-flow rate

shall be calculated and recorded.

6.12.10. The procedures given in

6.12.2. through 6.12.9. shall be carried out

on the supply air hose and each type of

coupling used.

6.12.11. The strength of the supply

air hose and couplings of the airline-type

supplied-air suit shall be acceptable if,

during the prescribed tests, breaking of the

hose, separation of the hose and couplings,

and separation of components of couplings

does not occur, and the lowest rate of flow

of air through the hose and couplings is not

less than 90% of the original rate of flow

of air through the hose and couplings.

6.13. Strength of Connection of Supply Air

Hose to Covering

6.13.1. The strength of the connec-

tion of the supply air hose to the covering

of the airline-type supplied-air suit sub-

mitted by an ERDA contractor shall be deter-

mined by means of a test involving a measure

of the level of respiratory protection pro-

vided by the device when the connection of
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the supply air hose to the covering is sub-

jected to a separating force. In the test,

a human test subject shall wear the covering

of the device, which is connected by means

of the supply air hose tc a source of res-

pirable air, in an atmosphere containing a

test agent, and the penetration of the test

agent into the interior of the covering of

the device in the breathing zone of the hu-

man test subject shall be measured as the

subject carries out an exercise aimed at

testing the strength of the connection of

the supply air hose to the covering.

6.13.2. The test atmosphere to be

used in the test to determine the strength

of the connection of the supply air hose to

the covering of the device shall be a poly-

disperse DOP aerosol. A description of the

polydisperse DOP aerosol, the instrumenta-

tion, and methods which shall be used to

measure the penetration of the aerosol into

the interior of the covering of the device

in the breathing zone of the human test sub-

ject, is given in 6.9.2. throuoh 6.9.7.

6.13.3. In carrying out the test to

determine the strengtv. of the connection of

the supply air hose to the covering of the

device, a suitable length of supply air hose

shall be used, and any of the three human

test subjects shall be used. The length of

the supply air hose shall be short enough

to permit the carrying out of the procedure

described in 6.13.7.

6.13.4. The human test subject.wear-

ing the covering of the device upon entering

the test chamber,shall connect the supply

air hose to a fitting located inside the

changer which is connected to a source of

respirable air. An air-flew control valve

and a calibrated air-flow measuring instru-

ment shall be used to control the flow of

respirablc air to the covering of the ctert'iee

worn by the human tost subject inside the

chamber to measure the Slow of this air.

The subject upon entering the test chat&er

also shall connect the utbisvij i«;atii«<j frws

the probe insitEe the !K:«MJ j*«rtAost «»f shw

covering of the device SJ.V n fitting latntad

inside the chamber which is connected to the

forward light-scattering photometer.

6.13.5. The test operator shall ad-

just the rat*.- of flow of respirable air go-

ing to the covering of the device being

worn by the human test subject to the mini-

mum air-flow rate value specified by the

ERDA contractor plus 1.33 x 10 m /s

(8.0 lpm) to compensate for the flow of

sample air from inside the head portion of

the covering of the device to the forward

light-scattering photometer. He shall check

the operation of the forward light-scatter-

ing photometer and make any necessary ad-

justments.

6.13.6. The human test subject shall

stand still with his arms hanging downward

along the sides of his body, and he shall

breathe normally for at least 120 s (2 min)

or until the penetration of DOP aerosol into

the head portion of the covering of the de-

vice in the breathing zone of the subject

becomes steady for at least 60 s (1 min).

6.13.7. The human test subject shall

walk at a normal pace away from the point

where the supply air hose of the device is

connected to the fitting located inside the

chamber. He shall continue to walk until

stopped by :he limited length of the supply

air hose. The subject shall stand still

while keeping a steady tension on the taut

supply air hose for at least 120 s {2 min)

or until the penetration of DOP aerosol in-

to the head portion of the covering of the

device in the breathing zone of the subject

becomes steady for at least 60 s (1 min).

6.13.8. The DOP aerosol penetration

values in the breathing sone of the human

test subject wearing the covoring of the

device may oscillate during the time that

the subject Hecj.o a steady tension on the

tawt s«|>j}Sv air hose slue so the breathing

of She subject. Peak SK3S> aeeoso! uenetr*-

tionii occur *iurin>; inhalation. D«i;<-r»inc

UK- aver-ssftt of the jwife 808s a«ro»oi jj«nu?r.*-

t ion vaiuw« which c*t*«rr*;d' vftjj« SSR' ftjsfejtjct

ciMtie-si ©w sh* (Jtttl js«5-?3>Sy . t j r



6.13.9. The strength of the connec-

tion of the supply air hose to the covering

of the airline-type supplied-air suit shall

be acceptable if the average peak penetra-

tion of the DOP aerosol penetration into the

covering of the device in the breathing zone

of the human test subject which occurred

while the subject maintained a steady ten-

sion on the taut supply air hose does not

exceed 0.01%.

6.14. Noise

6.14.1 The level of noise generated

by the flow of air through an airline-type

supplied-air suit submitted by an ERDA con-

tractor shall be determined. In tests car-

ried out to determine the level of noise

generated by the flow of air through the

device, a human test subject shall wear the

covering of the device, which is connected

by means of a supply air hose to a source of

respirable air, and the level of the noise

inside the head portion of the covering at

the ears of the subject shall be measured.

6.14.2. In conducting tests to de-

termine the level of noise generated by the

flow of air through the device, a suitable

length of supply air hose shall be used, and

any of the three human test subjects shall

he used.

6.14.3. The special equipment used

to carry out the noise level tests shall in-

clude an omnidirectional microphone and

extension cord, a sound level meter, a sound

level calibrator, and a harness to hold the

microphone at the opening of the ears of

the human test subject.

6.14.4. Prior to carrying out the

noise level tests, the noise level measuring

S'stem consisting of the microphone mounted

in the harness and connected by means of the

extension cord to the sound level meter,

shall be calibrated for the "A" scale on the

octave band sound analyzer with the aid of

the sound level calibrator.

6.14.5. The test operator shall

attach the harness containing the mounted

microphone to the human test subject, and he

shall insure that the microphone is located

at the opening of the subject's right ear.

The subject shall don the covering of the

airline-type supplied-air suit in accordance

with instructions provided by the ERDA con-

tractor.

6.14.6. The test operator shall make

a measurement of the background noise level

on the "A" scale of the sound level meter.

During this measurement, there shall not be

any flow of respirable air to the covering

of the device, the human test subject shall

stand still with his arms hanging downward

along his sides and he shall hold his

breath. The background noise level shall

be recorded. Tests to measure the level of

noise generated by the flow of air through

the covering of the device shall not be

carried out if the background noise level

exceeds 74 dBA.

6.14.7. The test operator shall con-

nect the supply air hose to a source of

respirable air. An air-flow control valve

and a calibrated air-flow measuring instru-

ment shall be used to control and measure

the rate of flow of respirable air to the

covering of the device worn by the human

test subject.

6.14.8. During tests conducted to

determine the level of noise generated by

the flow of air through the device, the

human test subject, wearing the covering of

the device, shall stand still with his arms

hanging downward along his sides, and he

shall breathe normally.

6.14.9. The test operator shall ad-

just the rate of flow of respirable air go-

ing to the covering of the device being worn

by the human test subject to the minimum air-

flow rate value specified by the ERDA con-

tractor. He shall observe the measurement

of the noise level as given by the "A" scale

of the sound level meter, and he shall record

this measurement.

6.14.10. The test operater shall

increase the rate of flow of respirable air

going tt> the covering of the device being

worn by the human test subject in increments

of 4.72 x 10"4 m3/s (1-0 cfm) up to the
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maximum air-flow rate sppcified by the ERDA

contractor. The test operator shall observe

the measurement of the noise level as given

by the "A" scale of the sound level meter

for each air flow rate, and he shall record

each measurement.

6.14.11. The human test subject

shall remove the covering of the device, and

the test '.aerator shall change the attach-

ment of the harness containing the micro-

phone so that the microphone is located at

the opening of the subject's left ear. The

subject shall don the covering of the de-

vice. The procedures given in 6.14.6.

through 6.14.10 shall be repeated.

6.14.12. The level of noise generat-

ed by the flow of air through an airline-

type supplied-air suit shall be acceptable

if the highest noise level measured does

not exceed 80 dBA.
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