Concept

Evaluation of CCBA requires three areas of scrutiny:

CAPACITY - How far will this apparatus carry me? How many liters of
usable cxygen are in n?

PERFORMANCE - What are its characteristics in terms of siressors.
ig levels of CO. and O, temperature and pressure?

WEARABILITY - Human imerface, | e , o | bend over, wil i cut o burn
me? Does it interfare with my activibes?

Any lesting protocol addressing these three levels of scruting
must Include:

= A quantitative work load

= Confinuously monitored siressor levels

- Test termination only when cxygen supply is expanded or If a siressor
axceads 3 safe imit

- Apparatus classfied by quantity of usable ouygen

Old versus New

Current tesis:

- specify activities rather than work load;

- provide for monioning stressors only occasionally,

- end al predetermined times:

- classily apparalus by duration, affected by user's weight and activity.

Proposed tests:

- specity quantitative workload;

= provide for continuous monitoring of siressars;

- lerminale only when cxygen supply is expended or if strassor imits
are exceeded,

- classify apparatus by liters of usable cxygen,

Three tests - three areas of scrutiny

Capacity
- Run &t a constant. modarataly high work-rate

‘FDCJ =i me rbirs

Closed-Circuit Breathing Apparatus

Development of Performance Requirements

Capacity Test
VO, (Limin) YCO Ve
1 {Umll:] (Limin) RF (Breaths/min)
1.38 115 an 18

+The capacity rating will be determaned by multiphying tha lowest durabon obtained in any of the
Capacity lests by the oxygen consumption rate, 1 35 Limin, rounded down to ihe nearest 5-L
InCrement In addibon to the capacity rating, in parentheses on the label shall be given the lowest
duration oblained in the Capacity test a3 an expected duration for a user of average weight ala
megeratedy high waork rate

Advantages of rating by capacity rather than by duration

«The duration obtained from @ CCBA 18 inversaly propartional 1o the use rate. Capacrty s largely
unaflected by use rate.

o, ne o, s

- Usars ars not mislead into thinking that the apparatus will last them a certain duration no matier
how much they weigh or what they do while wearing it

Wpright, Level Walking, Fiat Ground, 160 L of Guygen
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Closed-Circuit Self-Contained Breathing Apparatus
(CC-SCBA) Program
Frank Palya Jr.

Summary of Conceptual Changes, CC-SCBA, Subpart Q

Goal

Develop new performance requirements for the Closed-Clreult Salf-
Contained Breathing Apparatus (CC-SCBA) and promulgate them
as requlations into Title 42 CFR Part 84 which Includes the
following:

* Based on Latest creditable human physiological Factor mas and
BIGONGMIcs

* Asigw latest lechnology and innovalive dessgns be tested and have
flexibility 1o accommodate future fechnalogy

* Ensufe NIOSH-certified apparalus provides adequate protection 1o
ihe wearer and are “safe-10-uss”

* Incorporate into Standard Test Procedures (STPs) the required use
of tesi equipment that employs stale-of-the-an technology 1o test the
performance requirements

+ Provide Chemical, Biological, Radiclogical and Nuclear (CBRN)
protection {optional requiraments)

» Provide fire resistant prolection: high radiant heat and flame
resistance (opbonal requiremenis)

| | Woark sloaocaos
J safety and Haoalih

Description

Facepiece

Eye Piece

Breathing Bag

Breathing
Performance

Subpart O is 2 new module that contains exclusively the requsrements
of Pressure Demand and Demand types of Closed-Circuit SCRA
designed for entry and escape from Immediately Dangerous 1o Life and
Health (IDLH) atmespheres

Aod a Laboralory Respiratory Profection Level (LRPL) performance
requirement intended to be replaced by a Total [Award Leakage test

Add fieid of wew, fogging resistance. haze and luminous fransmittance,
and abrasion resistance perfarmance requirements, and update impact
resistance perfarmance

Add a kercsene and loluene vapar parmaation resistance performance
TequIrament

implement the use of an Automated Breathing and Metabolc

Simulator (ABMS) 1o test the breathing performance of the apparaius
for human stressor needs of CO,, O, breathing pressures and wet-bulb
lemperature outputs. Breathing performance includes Capacity,
Performance and Wearability requirements whach will be lested wih
both the ABMS and human subjects. Replace service time rating with a
Capacity rating

Update Operational perfarmance requiremants tested both at ambient
temperature and at a manufacturer's recommended low temparature
Inchude optional CBRN perfarmance requirements:

- Human stressor 1o be compliant with NFPA requirements

- Temperature-Extremea Operational Performance

- Durability of vibration endurance, comasion resistance and dust

resisiance
- Communication Performance
- Chemical agent resistance (o Sulfur Mustard (HD) and Sarin (GB)

Inciude opticnal high heat and flame resistance perarmance requirements:
- Operational performance of the apparatus when exposed o the
high heat and open flame test specified in Saction 811 of
NFPA18E1-2007,
Other perfarmance requirements include the following
- Fabric lame resistance
- Fabric heat resistance
- Thread heat resistance

" rcurements i e ston
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(1) CC-SCBA - Base Performance Requirements

Timothy Rehak
Goal Capacity Test Requirements

Develop new performance requirements for the Closed-Clreult Sell- Four (4)CC-SCBAS will be tested as follows
Contained Breathing Apparatus (CC-SCBA) and promulgate them *Two (2] each on & NIOSH automated breathing and

tions into Tite 42 CFR Part 84, matabolic simulator (ABMS)
- -One (1) 2ach on an ABMS after being cold soaked for

2 minimum of 24 hours, at the cold-temperature limit
Partners recommendied by the applicant.
U.S Army RDECOM, MIOSH. NFPA and MSHA +One (1) each by & human subject on @ tresdmil

The capacity rating wil be determinad by multiplying the
Stakeholders lowest duration u?;a.nm in any of the Capacty lesii by
the onygen consumption rate, 1.35 Limsn, reunded down
to the nearest 5-L increment. In addition 1o the capacity
rating, in parentheses on the label shall be given the
cormesponding duration oblained in the Capacity test as

Full fﬂCBiECE - LRPL an expected durabon for a user of average weight at a

moderalely high wark rate

User groups and manufaciuring omganizations including LIMWA,
IAFF, IAFC, IAB, BCOA, NMA, USWA and ISEA

The CC-SCBA shall have a measured : Meta
LRPL value greater than or agual 1o

10,000 when the entire CC-SCBA s

tested (minkmum of & tested) ! | RF (Breaths/min) |

The measured LRPL value for the CC-

SCBA facepiece shall be greater than

el i i g A Vi, = Volume of oxygen consumediminute VO, = Volume of carbon dioxide progucediminute

facepiece is lested using an adaptar Vo = Volume of gas exhalediminute RF = Rosplratory frequenc
and P-100 fiter (approximately 11.25 - ey :
tested).

lic Parameters for the Capacity Tests

Pe Test R rements
!EE! I ens Four (4) CC-5CBAs will be tesled as follows:

*Two (2] each on a NIOSH automated breathing and metabalic simulator (ABMS)
+*Oné (1) each on an ABMS after being cold soaked, for a minimum of 24 hours, at the
Shall be designed and constructed to be impact &nd penetration cold-temperature (imit recommended by the applicant.
resistant by meeting the requiremants of ANSI Z87.1-2003 = One (1) each by a human subject on & treadmil

Permeability resistance
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(2) CC-SCBA - Development of Capacity, Performance, and

Wearability Requirements
Nicholas Kyriazi

Concept

Evaluation of CC-SCBA requires three areas of scrutiny:
CAPACITY - How far will this apparatus carry me? How many kiers. of
usable oxygen are in it?

PERFORMANCE - What are is characteristics in terms of stiessars:
.., levels of CO and O, temperature and pressure?

WEARABILITY - Human interface, i e if | bend over, will it cut or burn
me7? Does it interfene with my activities?

Any testing prolocol addressing these three areas of scruting must
include:

- A quantitative work load

- Continuously monitored stressaor levels

- Test termination only when oxygen supply is expended or if @ stressor
exceads a safe imn

- Apparatus classifed by quantity of usable oxygen

Qld versus New

Current Lests:

- specify activities rather than wark ioad;

- provide for monitoring stressors only occasionally;

- end al predetermined times;

- classify apparatus by duration, afected by user's weight and activity.

Proposed tosts:

- specify guantitalive workload;

- provide for continuous manitoring of stressors;

- lefminate only when oxygen supply is expendead;
- classdy apparatus by Wers of usable oxygen.

T - th reas of scruti

Capacity

- Run at a constant, moderately high work-rate.
- Ruf until useable oxygen Is expended,
Parlormance

- Monitor apparatus performance at high and low waork rates.
- Evaluate performance of entire apparatus, not individual

compangnts.
-mmmm-ummhm

Capacity Test

0, consumption rate | CO, production rate  Ventilation rate | Respiratory frequency
VO,) (Limin) (VCO,) (Limin) {Ve) (Limin) {RF) {Broathsimin)
1.35 115 30 [ 18

*The capacity ratng will be determined by mutiptying the lowest durabion obtained in any of the
Capacity lests by the oxygen consumption rate, 1.35 Limin, rounded down bo the nesress 5.1
increment. In addition to the capacity rating, in parentheses on the label shall be given the
camesponding duration oblained in the Capacty test a5 an expected duration for a user of Bverage
weight at a moderataly high work rate

Advantages of rating by capacity rather than by duration
-The durabon obtained from & CC-SCBA 1s inversely proportional ta the use rate Capacty is
largely unaffected by use rate

By $BmEUMPISEN Snd Oy CEnsume s pesd

e

- Users are not mitiaad into thinking that the apparatus will last tham a certain duration no matiar
how much they weigh or what they do while wearing it
Pasuibls Travel Distancs va Ussr's Wedght
Upright, Levsl Waiking, Flal Ground, 100 L of Oxygen
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(3) CC-SCBA - Chemical, Biological, Radiological and Nuclear

(CBRN) Optional Requirements

Jonathan Szalajda

CBRN Requirements

§84.521 Chemical, biclogical, radiclogical, and nuclear (CBRN) CC-SCBA;
Optional requirements; for Use Against CBRN Agents.

(8) A CC-SCBA designed for use as respiratory profection during entry into IDLH
CBRN hazardous atmospheres shall meet or excesd the opbonal performance
requirements specified in §84 521 through §84 526 of Subpan O

{b) NIOSH approval is obtained for CBRM Protection after il has been determined
by NIOEH that the device has met the minimum parfarmance reguirements in
§84. 500 through §84. 520,

§84.522 Additional Requirements for CBRN CC-SCBA:

{a) Operational Performance test is io evaluate the perfarmance of the CC-SCBA
and not the capacity,

(b} The CC-SCBA shall nod exceed the ranges of human stressors listed in Tabile
5. An excursion is considered to be going oulside an acceptable range for maore
than one minute. Operating averages are minute averages averaged over the
entire duration of the test

1) The CC-SCBA shall be tested on an automated breathing and metabolic
simulator (ABMS) in acocordance with the Test Regimen of Table 6 that consists of
the Test Parameters and Workioads described in Table Ba and the Test Time
Duration per Assigned Workioad described in Table 6b.

Refer to Draft Subpart Q: Closed-Circull Self-Contained Breathing Apparatus-May
2B, 2008 for other requirements and test conditians of this section.

Table 5: Human Stressors and Acceptable Range Requirements

Human Stressors Acciptable Acceptable
Operating Average Excursion

Requirement Requirement
Average inhaled CO; <1.5%by volume | <4.0% by volume
Average fhaled O, >19.5% by volume | > | 5.0% by velume |
End-of-Inhalation wet-bulb temiperaturel’’| < 43°C(109.8°F ) | =45C(113.0 °F)
Peak Exlualation Pressure (PEP) £200mm O | <200 mm, HO
Poak Inkalotion Presgore (PIP)____ | _:Omm, B0 | 20mm HO |
(1) Wet-tuip

the temparature of

chquwwx

§84.523 Temperature-Extreme Dperational Performance Requirements,

The CC-SCBA shall be tested for Temperature-Extrame Operational Perdamance
and meet the requirements in paragraph 84 522(a), (b){1), b{2) and b(3) except for
ine wet-bulb temperature breathing gas requirement in Tabla 5 during the hot and hal
temperature shock conditions when tested i1 accordance with the folkowing:

(1) The Temperalure-Extreme sequence shall start with the Cold condition lested at
ihe top of Table 7, and end with the Hot Temperatura Shock conditicn keted at the
bottam of Table 7

{2) The cold temperature shall be the same minimum temperature specified by the
appiscant in accordance with Secton § 84.502(a)(8)

{3} The apparatus shall be placed in &n amblent emvironment of 22°C + 3°C (71 6°F &
5.4"F} with & retative humsdity of 50 percent £ 25 percent for & minimum 12-hour dwell
after being tested in each environmental conditicn,

(i) These companents or materials expended during normal apparatus operation shall
be replaced after the dwell period betwaen environmenial lest conditions.

Table 7: Temperature-Extreme Sequence Test Conditions, Temperature,

Duration and Procedures
Environmeni | Temperature Testdurstion | Test procedure
Cold ("RBA) | * RBA Temp = 2°C | Cold soak for a | Perform test a1 * RBA
(RBA Temp *F= 3.6°F) | minimum of 12 | Temp = 2°C {* RBA
ki Isours | Temp *F = 3.6°F)
| Hat 1P 4 1°C{159.8°F = Hot soak fora | Perform tstar 71°C +
1 [ 3.6°F) mindmm of 12 | $%C {159.8°F + 9°F)
| haurs
Cold TC2 2°C{159.8°F + Hot soak for a | Initaate test within 3
Temperature | 3.6°F) transferred to * RBA |minimum off 17 | minutes afier {
Shock Temp £ 2°C (* RBA Temp |hours, initiate | transférring apparatus |
*F = 1.6°F); Temt test within 3 | 1o cold chamber
temperature shall be * RBA | minutes i eold .
Temp & 2°C (* RBA Temp | chamber
1 "F £ §.0°T)
3 * RBA Temp & 3°C Cold soak for a | Initiste vest within 3
perature | (* RBA Temp *F = 3.6°F) | minimum of 12 | minutes after
: 4 ansferred 10 715C 4 1°C | howrs; initiate | transferring spparars
L 3 . “"ﬂh‘ test within 3 | to hot chamber
X - ure: shall be mnutes in hot
el ES E il .
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(4) CC-SCBA — CBRN (continued) and Firefighter Protection

Optional Requirements
Timothy R. Rehak

Chemical, Biological, Radiological and Nuclear Table S—Test Parameters of Vapor Challenge of SCBA with Sarin (GB)

H Ageni Vapor Vapor | Breatbing | Masimum |  Matimum Namber | Minlmum
{_C BRN} REE_UIrements Lh;l::-n[r chullempge  maching peak hreakibrough wl I Tesi
§ 84.525 Communications Performance Requirement for CBRN Use. ey | me | dirflew | excunsion | (concentration | systems | Duration
{a) The CC-SCRA shall have & means of communication capable of achieving an imgm’) (minsies) rate [mgim’y ill.rl.":lllﬂl mveT nested [ hours)
average calculaled value of not less than B0 pareant when tested in accordance Leiin) o N L]
with Section B 10 of the National Fire Protection Association (NFPA) 1981 D"_’r:il:;',
Standard on Open-Circuit Sell-Contained Breathing Apparatus for Fire T g e — 1T e =t
Emergency Sarvices- 2007 Edition e — - — ik = -
(b) Under the autharty stated in § 84.63(c). NIOSH will make tha determinglion "'l The wapar chalenge generation shal be niliated immediately after 185! chambser has boon saalsd
Ine future whether to require the performance requirement stated in § B4 525(a) :: ::fe;m fﬁ-ujariog.r.s ._m:- lll':.; "5".’“,'“."*:',' ufl vapor c-:-m:e.-u:.:ln;:; .
and § 84.528(a) through § B4 531(a) be tested in accordance with the NEPA s prhyidyip sty sy perl v o ash el i i S
1981- 2007 Edition or a later Edition of NFPA 1581 for new applications when ek ) ' A
NIOSH deems the later Edition of NFPA 1881 serves as a maore tharough 1est or 1 The cumuitive Ct including &l peak dala paints shall notl be axceeded for the durslion of fa of the
is more beneficial to establish the Quality. effectiveness and safety of the CC- Bin {6 hour bast
SCBA. The test method described in the later Editian shall be equal 1o or more a g?;?;ul:funfo:gp:::ﬁr:.f?;;gm"MIN he sama profile &8 e decay rata of 1ha MICSH CERN
stringent as the lest descried in the current NFPA 1881 2007 Edition. If deemed = Absoluba 'I'I:F:.Il'l'ﬂ wilh ihe & paramelers bemng ihe foliowing: Temperabure = 33°C & 1°C (88 B°F i
o ai resiedparies oy wikng s Letr 1o A8 Imarecad a1 " ) A e Al So Lo <76 v e - 0%

Firefighter Protection Requirements

§ B4.527 Firefighter Protection Requirements for CBRN Usa (Cptional and In
addition to Section § 84.521 through § 84.526 of Subpart Q).
A NIOSH prohibition exists, as stated in Federal Register (50 FR 47456), for
entry ino high radiant heat and open flame environmeants while WEaring a pure
cuygen, pasive-pressure CC-SCBA, However, optional testing may be abtained
In the event that this prohibedion is lifted sometime in the fulure, approval could
then be granted wihout additional testing Sections § 84 527 through § £4.531
specifies minimum requirements 1o ensure that the CC-SCBA possessas some
features of high radiant heat and open flame resistance characteristcs. These
requirgments are not meant 1o sanction its use in high radiant heat ang opEn
flame envirenments uniess MIOSH repeals the prohibition

§84.528 Heat and Flame Resistance Performance Requirement.

(a) The CC-SCBA and its accessories shall meet he following requirements when
tesied in accordance with Section 811 of NFPA 1981- 2007 Edition with
madifications made (o the test apparalus and procedure to accommadate a
CC-5CRA:

(1) The peak axhalation pressure shall be < 200 mm H,D and the peak inhalation
pressure 2 0 mm, H,0 when measured as describad in § B4 517(a).

{2} The components of either the SCBA or ite accessonies shall have an after-fame

§ 84.526 Chemical Agent Permeation and Penetration Resistance Against

Distilled Mustard (HD) and Sarin (GB) Agent Test Requirement for CBRN Usa. na greater than 2.2 seconds
The CC-SCBA medal, including all components and accessories, shall resist the (3) The components of either the CC-SCBA or its accessaries shall not separate or
permeation and penetration of distiled sulfur mustard (HD) and Sarin (G8) chemical fail In such a manner that would esuse the CC-SCBA to be worn and used in a
agenis by meeting the requirements and tesl condiions specified in Table 8 tar HD position not specified by 1he apparatus’ User Instructions
and Tabée & for GB. (4] The facepiece lans shall not abscure vision bejow the 200100 vision criteria
(8) The CC-SCBA remaining capacty indicators shall meet the peromancs
Table 8: Test Parameters Simultansous Liquid and Vapor mumh'tmmWﬁHﬂMNﬂﬂm wheth
% in i & i
Challenge of SCBA with Distilled revise the Edition of NFPA 1981 in test tne performance requirement stated
Agent cm-‘-Tn-:'n. Brenthing | Muximum | Muslaum n-:run#- § i
w*r”'* vy M,.*xm" 3) All apparatus fabric used 1o secure the CC-SCBA to the wearas shall mest the
over minimumn | performance requirement of Sectian 7 4 of NFPA 1881- 2007 Ediion
Test Durntisn} (b} As described in § 84.525(b), NIOSH will make ihe determination whather io
AN revise the Editon of NFPA 1881 to lest the performance requirement siated
HD- | 300mgmi ™| 190 |40 D0 ™ a0 I UL R B §84.52800). ;
| Vipor
HI-
Liguid
™ Vagos

—:\_-. 1;-_-_;%.'-1
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(5) NIOSH Oxygen (O,) Prohibition

Timothy R. Rehak

Existing Prohibition

Available information does not demonstrate to the
satisfaction of NIOSH that positive-pressure closed-circult
self-contained breathing apparatus (CC-SCBA) which use
a breathing gas of pure oxygen can be used during direct
exposure lo open flames andfor high radiant heat and
assure the wearer's safety. Therefore, NIOSH has
determined that until it has been demonstrated to the
satisfaction of NIOSH that those devices can be worn
under such conditions, it is prudent to presently limit the
use of positive-pressure closed-circuit salf-contained
breathing apparatus which use pure oxygen breathing gas
to atmospheres which do not involve exposure 1o open
flames or high radiant heat.

Partners

NIOSH, NFPA, IAFF, IAFC, MSHA, and Manutacturers

Stakeholders

User groups and manufacturing organizations including UMWA,
IAFF, LAFC, BCDA, NMA, and USWA,

Proposed Fire Resistant Protection for

Closed-Circuit Self-Contained Breathing
Apparatus

Include optional Heat and Flame Resistance Protection performence

requifements: 3
*Operational performance of the apparatus when exposed to the
heat and cpen flame test spacified in Section 8 11 of NFPA 1681 i

Workmalacae
salely and Heolth

Heat and Flame Testing Conducted

Intertek, June 2005

Treatment - Section 8.11 5 of NFPA 1881, 2002 Edition (tested without lve
ygen)

Problems noted:
After flame beyond 2 2 seconds
*Hose
*Hamess
*Facepiece hose connecior
+Hole burnt through the hosa,
*Hale burnt through the facepece hose connector

*Backpack fell off the mannequin
~Bypass valve was fused shul.
*Oiygen botthe strap was bumnt through
Mote: Tested CC-SCEBAs were not hardened for the heat or flame test
Automated Breathing and Metaboiic Simulator (ABMS) Testing after
retrofitting - no difference from unireated units

Dekra Exam, July 2007

Treatment - Depariment B of the Association for the Promotion of German
Fire Safety, Guideline 0B0Z2 {lested with cuxygen)

Problems noted:
Nang - met requirements of EN137, Section 6.11.2.2, Flame Engultment.

Mote: CC-SCBA was hardened for the heat and flame test

Intertek, March 2008
Treatment - Section 8 11.5 of NFPA 1981, 2007 Edition (tesied with live
oxygen).




(6) CC-SCBA - Standard Test Procedures

W. P. King

Goal Referenced Standards
For Proposed Subpart Q, ensure up-to-date standard test procedures (STPs) =
are available for new, revised and current jcontinued) performance Sinnsand TopiciTithe FT’“:‘:
requirements for closed-circuit breathing apparatus (CC-SCBA). STP Lons Impact and penetration Ti-:‘:‘:"::}
development Includes: ANS! Z§7.1-200 resistance [
« Incorporating state-of-the-art technology into performance requirement { ASTM D 1003-00 Lens optical requirements | B4.507(d)
testing ASTM D 1044-89 Test specimen requirements B4.507(d]
+ Banchniadng naw —_— United States Pharmacoposia (USP) | B Breathing g.u B4.508 |
CGA V-1-2008 Coﬂtpmﬂ gas :yimdlr_nlvl B4.510 (a)
- Elimination of tests for obsalete requirements o | Secandaeecommeions |
| [8.3.4.2] Vibration shock B4.524(a)
ndard Test Pr [8.10] Communications B4.525(a)
New Standard Test Procedures attomence | | |
; NFEA 1981. 2007 Edition [section] [8.11] Heat and flame resistance = 84,528 [a)
I TP Numbe | Propossd fs [T.4] Fabric flame resistance B4.528
Topic umbar paragraph S-'I:‘l " : it
Breathing bag toluene and PSO — PP Bratk | . [7.5] Fabric heat resistance B4.530
karosens permaation = . [7.6] Thread heat resistance 1 53|
delermination® PED-ASR-STP-D11T __Ba5ie Bin\:hmﬂ! ] 1= £
84518 Benchmark || | MIL-STD-BY0F, Environmantal Test [ Method 505.4 saltfog | BA.524(D)
Wearability | PSD-ASR-STP-0130 ot || | Methods | Method 510.4 blowing dust | 84.524(c}

*Color matches that of superseded STPs in last table

RCT-ASR-STP-0121A

RCT-ASR-STP-O124A |

INPPT L iy ielmbe




Supplied-Air Respirator (SAR) Program

Jeffrey D. Palcic

Goal

Develop new performance requirements for the SAR and promulgate
them as regulations into 42 CFR Part 84 which includes the
following:

+ Revise and updale minimum requiraments used to determine the
effectiveness of SAR during antry Into and escape from atmospheres
nat Immediately Dangerous to Life or Health (non-IDLH}

= Base on [atest creditable human physiclogical factor limits and
Brgonomics

= Allow the latest technology and innovative designs o be tested and
have sufficsent flexibility to accommodate future technology

+ Ensure that NIOSH certified SAR provide adequate pratachon to the
wearer and operate safaly

» Incorparate into the standard test procedures (STP) the required usa
of tast equipment that employs state of the art technology 1o test the
performance requirements

+« Develop minimum requirements io determine the effectiveness of
combination SAR/salf-contained breathing apparatus (SCBA) used
for escape from chemical, biclogical, radiological, and nuclear
(CBRN) (optional requiremenis) atmosphenas thal are immadiately
Dangerous fo Life or Haalth (IDLH)

Stakeholders

OSHA, Respirator Manufacturers, Empiloyers, Labor Unions,
Respirator Users

Milestones

30FYDS Post draft SAR requirements to the NIOSH webside

Present the new SAR requirements at public meeting

40FYDB Post the revised draft of SAR requirements to NIOSH website

Expected Outputs

= Uipdate requiremants to align with curment technology

» Update STPs and standard operating procedures (SOP) for current, naw, and CBRN
requiraments

+ Facilitate development of a grealer variety of SAR designs
+ CBRN Certifiad SAR
+ Publish final rubs in 42 CFR Part B4, Subpart J

Expected Outcomes

+ improve SAR performance for general indusinal workers, and emergency respondars
+ Availability of SAR for use in CBRN environments

N1 I
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(1) SAR Base Requirements

Descriptions of Airline and Airsource Respiratory Systems
William Hoffman

Airline System

Supplied-Alr Respirator = Airine: A respirator equipped with a pressurized
air hose which is used for entry into atmospheres not immediately dangerous
to life or health, which utilizes a source of respirable breathing air and
consists of an Airline hose, detachable coupling(s), controd valve, crifice,
pressure demand valve, an arrangement for attaching the hose to the
wearer, and a respiralory inlet covenng usually consisting of a tight
facepiece, loose hood, or helmet.

mmmmmmmmmm

Wiorkplacea
Satety and Health

Airsource System

Supplied-Air Respirator - Airsource: SAR, for entry into atmospheres not
immediately dangerous to life or health, which requires a portable blower/air
compressor, air hose, detachable coupling(s), an arrangement for attaching
ihe hosea to the waarer and respiratory inlet covering usually consisting of a
facepiece, hood, or helmet. Systems capable of supplying respirable air to
four or more users are considered “industrial plant or site-wide systems” and
are not within the scope of this subpart.

Supplied-Air Respirator — Airsource with Shield: An Alrsource SAR equipped
with additional accessories designed to profect the wearer's head and neck
against impact and abrasion from rebounding particulate and toxic matarial.
Designed with shielding material such as plastic, glass, woven wira, sheal
metal, or other sultabla material to protect respiratory inlet covering lens
which does not unduly interfere with the wearer's breathing zone or vision
while permitting easy access to the external surface of such lenses for
cleaning.

Typical Portable Airsource System

INPP UL "t e




(2) SAR Base Requirements

Non-Respiratory Requirements
Jeffrey D. Palcic

For Use in Industrial Non-IDLH Atmospheres

Required Components

Airline SAR. - Respiratory inlet covering, air supply valve or orifica, air
supply hase, detachable couplings, flexible breathing tube, and harnass

= Airsource SAR — Respiratory inlet covering, air supply valve or orifice, air
supply hose, detachable couplings, fiexible breathing tube, hamess, and
portable blower or air compressor

General Construction
Musi mest subpart G of 42 CFR Part 84

Harness; Minimum Requirements

Body Hamess

+ Must hold the components of the respirator in posilion against wearar's
body

+ Designed for easy removal and replacement of respirator parts and hold
the facepiece in the ready position when nat in use

Protect the pressure raducar
Ergonomically designed for multiple shapes and sizes of users
Shoulder strap test increased from 250 |b to 300 Ib for 30 minutes
Belt and rings increased from 300 |b to 500 Ib for 30 minutes

+ Life lines or safety hamess shall mest applicable standards
~+ Hose pull test remains unchanged; 250 Ib for 30 minutes

* mmmmm canfiguration) must be
over a concrete floor withaut wmnmniw
m:ﬂdhwm
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Respiratory Inlet Covering Requirements
Remain unchanged from 42 CFR Part 84, Section 84.132, and 84.135 with the
fallowing exceptons:

Helmets shall meet the requiremants of ANS| Z89.1-2003 Type | or Type 1l
profeclive cap standards, Head gear not designed to provide head
protection shall be prominently labeled to indicate that they ana not impact
and penetration resistant

+ Neck seal designs shall provide a seal around the neck without causing
discomfort to the user and permit easy donning and doffing

Visors/Lenses of Respiratory Inlet Coverings

Remain unchanged from 42 CFR Parn 84, Section 84,136 with the following
axcaptions:

Respiratory Inlet coverings shall obtain an average Visual Field Score of 90
or greater following the VFS mathod described by the American Medical
Asgsociation (AMA)

+ Lens shall be designed to be impact and panatration resistant per the
requireamants of ANS| Z87.1-2003

Noise Levels

+ Moise levels generated by the respirator during normal operation shall be
mieasured al maximum airflow cbiainable within pressure and hose length
requirements and shall be less than 80 dBA at both ear canals

Fallure Mode Effects Analysis (FMEA)

* Manufacturers shall demonstrate that reliability is assessad and controlled within
their quality assurance plan by conducting a system FMEA on their device or
component

* Manufacturer shall provide a written declaration that the FMEA was completed
* Manufacturer shall maintain a copy of the FMEA, in their records

W e rle oo e
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(3) SAR Base Requirements

Respiratory Requirements
Gary Walbert

For Use in Industrial Non-IDLH Atmospheres

Continuous Flow Class
Unchanged from 42 CFR Part B4, Section 84,148

Pressure Demand Class
Unchanged from 42 CFR Part B4, Section 84,149

Demand Class
Eliminated

Breathing Air for Airline SAR

Breathing air supply shall meet the applicable minimum grade requirements for
Type |-Grade D breathing air set forth in the Compressed Gas Association
Commodity Specification for Alr, G-7.1, 5th Edition, 2004 (Grade D or higher
quality)

Breathing Air for Airsource SAR

+ Blowers/sir compressors for Airsource SAR shall be equipped with a CO
alarm to wamn the user if the CO concentration in the air supply is 2 10 ppm
of CO

+ The temperature of the air produced by the blower/air compressor for all
Alrsource respirators shall not exceed 6 degrees Celsius above ambiant as
measured at the air entrance point of the respiratory inket covering

«  Must maintain positive pressure in the breathing zone of the respiratory
inlet covering(s) at the manufacturer's spacified work rate(s)

= Airsource SAR shall be equipped with a filter between the portable
blower/air compressor and the respiratory inlet covering(s) to affectivaly
ramove 85% of the particles from the breathing air

+ The filler between the blower/air compressar and the respiratory inlat
covering shall be sasily replaceable by the user, The manufacturer’s filler
change-out scheduled should be followed

+ Compressors used to supply breathing air to respirators are constructed
and s hmmmuwmuﬂcmmmm
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Breathing Resistance

Inhalation and exhalation resistance shall be measured inside the respiratory
Inlet cowerings in the breathing zone

Fespirator Respirator I:;:::IJ‘:; :lml::::; Test Alr Flow
Type Clnss | Pressure | Resistance _m
Fosilve Press.
Continugus Flow | In the Breathing | 25 mm (H;0) @htanut. Spec
Zane Wiork Rale
kot Posilive P 51 mm{H,0) | il
Pressurs |nnu‘\elga;|::g o St | BManut. Spec.
Demand Zone P e Wiork Rabe

Breathing Rates, Low, Moderate, and/or High Rates

Refer to poster "Supplied-Alr Respirator (SAR) Work Rate and Escape
Cylinder Capacity”

Carbon Dioxide Machine Test

‘Verification that inhalation carbon dioxide concentration in the breathing zone

of the SAR does not excead one percent when properly mounted
MMmmm s
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(4) SAR Base Requirements

Airsource Portable Blowers/Air Compressors and Air Supply Hose
William Hoffman

Airsource Portable Blower/Air Compressor

Shall be designed and constructed to maintain positive pressure in the
breathing zone of the respiratory inket coverning(s) at the manufacturer's
specified work rate(s)

Shall undergo a performance evaluation by operation at their specified
running parameters for 8 hours a day for a total of 15 days in the maost
demanding configuration for which the device is lo be approved. This testing
will be conducted in a laboratory with the maximum number of respirators
mounied on head forms and coupled to breathing machines set at the
manufacturer's maximum approved work rate

Moise levels shall be = 85 dBA at any point within a three foot diameter of the
system

Any system companent exceading 60 degreas Celsius shall be protected
againsl incidental user contact

Multiple user syslems, whereby more than one user is supplied by a single
portable biower/air compressar, may be approved, if each hose line is
connecied directly to a manifold (requires pressure gauge and regulator) at
the blowear/air compressor

Multiple user systems shall b designed such that air shall not back flow from
one line lo another

Multiple user systems shall be designed such that air in each line shall flow
properly regardiess of occurrences in olher lines (such as tolal blockage or
disconnected free flow)

Air Supply Hose

All air supply hose length restrictions have been eliminated and the hose
lengths will be specified by the manufacturers, The system must maintain
positive pressure in the respiratory inlet covering. The fallowing
requirements are based on the current 42 CFR Part 84, Table &

Airline Supply Hose

Ajr fiow - shall maintain positive pressure in the respiratory inlet covering al the
manufacturers spacifisd work rate(s) through the maximum length of hose and
greatest number of connections for which approval is sought and the minimum
specified air supply pressure

Air-Regulating - unchanged with the exception that the tests will be conducted
al the manufaclurer's specified work rate and shall maintain posiive pressure
in the respiratory inlat covering

Alrsource Supply Hose

Alr fiow - Using the blower/air compressor as the supply, the air supply hose
shall maintain positive pressure in the respiratory inlal covering at the
manufacturer's specified waork rate(s) through the maximum length of hose and
greatest number of connections for which approval is sought and the minimum
specified alr supply pressure

Alrline and Airsource Supply Hose

Non-collapsibiity -unchanged with the exception thal the tests will be
conducted at the manufacturer's specified work rate and shall maintain
positive pressure in the respiratory inlet covering

Non-kinkabiiity - unchanged with the exception that the tests will be conducied
at the manufacturar's specified work rate and shall maintain positive pressure
in the respiratary inlet covering

wdmmmumm
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(5) SAR Enhanced Requirements

Combination SAR/SCBA
Jay Parker

Performance Requirements Beyond Base for use in IDLH Atmospheres

Airline and/or Airsource SAR with integrated escape cylinder

Includes all complately assembled respirators with an integrated escape
breathing gas cylinder and accessories meeting the following requirements:

= Tight fitting respirstory inlel covenings offer positive pressure, pressure
demand protections designed to seal 1o the face or neck

* Incorporation of @ 5 minute or longer duration escape air cylinder based on the
high wark rale, with air hosa supply usad durng antry

* Incorporation of a 15 minute or longer duraton ascape &ir cylinder base on he
high work rate, allowing nod more than 20 percant of the rated cylinder
capacity of air supply 1o bo used during entry into a hazardous area

= M the connection 1o air supply hose occurs in a hazardous atmosphere zeno
dead wolume connactons must be used

* Tha connection batween the air hose and the rest of the respirator, incleding
the ascape air cylinder shall mcorporate a check valve or other means such
that no contaminaled & shall reach the wedner in the event of disconnactian,
severing, or damage 1o the air hose and no back flow of the cyfinder air
through the disconneciad air supply hose shall occur

= The conneclion batwean the air hose and the rest of the respiretor shall be
such that breathing air from the cylinder shall only flow 10 the tight fitting
respiratory inlet covering and shall not flow back through the supply air hosa

or pneumatic tool connection If 50 equipped

The unit must automatically switch 10 the escapa cylinder if the air supply hose
bﬁmn:;hd.mmm fails of cannol supply adequate

Supplied breathing air will be disconnected and the respirator will
mutomatically swich 1o the available SCBA integrated braathing air
cylinder source |n the event of loss of air hose supplied air. This shall
occur without foss of air pressure 1o the usar and with no delectable
inward lnakage of contaminants

[CDC Workplace

Lens material haze, luminous transmittance and abrasion
resistance

*  Lans Material Hare: The haze value of the primary lens mabesial shall be 3% or less
when lesled in accordance with ASTM D 1003-00

*  Lens material luminous rensmiflance: The luminous ransmitiance value of the
primary bans material shail ba 83% or greater when losted n accordance with ASTM
O 1003-00

* Lens material abraskon resistance: The haze and lumnoaus transmittance of the
primary lens maderial shall be determined in accofdance with ASTM D 1003-00
before and after subjecting ihe lens matarial 1o the abrasion test. The abrasion test
shall be conducied in accordanca with ASTM 0 1044-80 using & CS10F callbrase
wheel o o minimum of 7O rvolutions under a 500-gram weight. Afler the residue (s
remaved from the test the test specimans shall not exhibit an increase
of haze gresater than 4% and a decreass of luminous transmittance greater than 4%

Impact and penetration resistance

. um#mmmuummmﬂummu
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(6) SAR Enhanced Requirements

Chemical, Biological, Radiological, and Nuclear (CBRN)
Tim Rehak

Performance Requirements Beyond Base and SAR/SCBA for use in CBRN Atmospheres

Airline and/or Airsource CBRN SAR/SCBA

Includes all completely assembled respirators with an integrated
escape cylinder, meating the following requirements:

+ Tight fitting respiratory inlet coverings offer positive pressure, pressure
demand protection

» 15 minute or longer duration escape air cylinder based on high work rate

= Connaction of the SAR portion of the CERN SAR/SCBA o the portable
Airsource or Airing must occur in the non-contaminaled atmosphere
prior to entry

+ No half-mask SAR shall be approved for CERN protection

» Must meet criteria for subpart H: SCBA and those for CBRN SAR/SCEA
in this subpart

EDC Werkolace

Chemical Agent Permeation and Penetration Resistance

Chemical agent permeation and penetration resistance against sulfer
mustard (HD) and sarin {GB) requirements:

+ Includes all respirator components and accessones

* Test on an upper torso manikin connected 10 a breathing machine
operating at an air flow rate of 40 Lpm, 36 respirations per minute, and
1.1 liter tidal volume

+ Respirator tested in normal operating mode with the CBRN SAR/SCBA,
braathing from the air supply hose for @ minimum of six hours

« Breathing air from the air supply hose will be terminated and the SAR
must switch automatically 1o the escape air cylinder

Simultaneous liquid and vapor challenge of CBERN SAR/SCEA with HD

s i ol

|

el

wupyeg Bunpeaig

(upur) spey Moy
pagse]
swashs jo Jeguuny

SEE AR L LR AR
Em“ﬂﬂmmﬂw

0] mmm shall start immediately after the liquid draps have
oo applied and the test chamber has been sealed

mmmwmummm
&u e
i*&ﬁiﬂﬂrhﬂm

collectivaly
d on 3 defector sample time of
al pea data points must not be excesded forthe

NPPITL G




(7) SAR Reference Poster

Work Rate and Escape Cylinder Capacity
Rich Vojtko

Multiple Work Rate Approvals

NIOSH has tentatively defined low, moderate and high work rates
as described in the table below. These designations are not meant
ta imply that they cover the full range of human physiclogical limits.
They represent three sustainable work rates. Table #1 includes
average tidal volumes and respiration rates that NIOSH will use for
positive pressure tests using a breathing machine.

Table#1 Proposed NIOSH Work Rates

Work Rate Minute Volume  Tidal Volume and Respirations

Low 25 me el 1.30 liters @ 19.2 respirations per minute

Moderate ) 4n_:;m 1,87 litars & 24 raspnTallms per minubi_ 2
High 57 L;r._- 1 1.95 liters @:2'91 respirations par minute

The manufacturer shall specify the highest work rate from Table #1
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Escape Cylinder Capacity Comparison

The current version of the Draft SAR Standard allows optional
approval for an enhanced SAR with integrated escape cylinder. In
addition to meeting all base requirements, this enhanced
SAR/SCBA must meet additional requirements to ensure safe
escape from hazardous atmospheres. For escape only, the
manufacturer may choose a five minute or longer duration cylinder
capacity based on the high work rate (57Lpm) shown to the left. For
systemns to be used for both entry and escape, the manufacturer
may choose a 15 minute or longer duration cylinder based on the
same high work rate. No more than 20 percent of the air supply
should be used for entry into the hazardous area. NIOSH is
considering amending these capacity designations from cylinder
duration to actual volumes. This does not change the actual
requirement, only the capacity designations. Table #2 describes
currently proposed time designations and their valumetric
equivalents.

Table #2 Escape Cylinder Capacities

Capacity Capacity

Designation Escape Only | Entry and Escape
Time Basis (min) a 10 | =10* 15 >15*
Volume Basis (liter) 285 570 *>570* 875 >875"

~ could lead to over estimation of the remaining air supply in cases of

*Actual capacity specified by manufacturer
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(8) SAR Reference Poster

Standard Test Procedures
William P. King

Goal Standard Test Procedures Requiring Revision
Update standard fest procedures (STPs) and standard operating The following standard test procedures will be revised o include the new
procedures (SOP) to reflect current, new, and CBRN performance respiratory performance standards and mathods.
requiraments for supplied-air respirators (SAR).
gre | Dt
New Standard Test Procedures % STP Number Refarence
s apic Suws |
The following standard test procedures will be addad to fulfill the testing [ e
requirements for the SAR. Several of these procedure aready exist for Oiien Lones oAbl o b3 |
testing other respiratory prnloc&va devices and will be modified to meet | Inhalation Air Flow Resistance- RET-ASR-STP-0106 a 437 |
the SAR performance standards. The remainder will be developed and | Pressure Damand | ng. | i
validated. [ =
Auflow Resistance-Continuous Flow : RCT-ASR-STP-0113 | Qrig | 427
Tapic Draft Reforence Section Exhalalion Aif Flow Resistance- | ;
e . RCT-ASR-STP-0107 | Orig. 427
Hamess Test 4133 i :
‘ R P Ragulating Valve Cycle Performance | RCT-ASR-STP-D104 L Orig | 4412 {
e 1 |
Lens Impact and Penetration Rasistanca 4152 "'P‘"“ ‘::""“ Gasolion RCT-ASR-STP-OI03A | Ong. | 4435 |
1
Airsource CO Alarm Tast 4241 Air Flow Resistance RCT-APR-STP-008S '! Orig. | 4421
Airsource Breathing Gas Temperature Test 4242
. Filtar EMfi Tost 4244 Hose Kinkabdity RCT-ASR-STP-0102 Orig. 44332
Exhalalion Vishe Laskage AR4 Hase & Coupling Strength RCT-ASR-STP-0100 | Org. | 4433
Positive Pressure In the Breathing Zore & Work Rate 428
Facepie co Garbon Diaxide Machine Test 420 Hose & Coupling Tightness RCT-ASR-STP-01M Ovig. 4434
= T
Faceplece Oxygen And Casbon Dioxide Lavels 4210
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