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Background

In response to acts of terrorism and other natural disasters air-purifying respirators are used
to provide respiratory protection in work areas where the hazardg,are known, characterized
and conditions of oxygen deficiency do not exist. Respirator {uthder these conditions must
also be sufficient to provide for contingency use in the ever t#f a secondary device or if
additional unknown hazards are encountered exposing their S onder to unexpected hazards.
In these unexpected situations, the air-purifying respir&itfg"f mus%%;apable of delivering

breathing protection as the responder escapes from thg area.
By

Work tasks associated with terrorism responsg-¢an vary considerably basgdion the activity of
the responder. Emergency Response procgdures.identify work zones at the'stg Hot Zone,
Warm Zone, and Cold Zone. Descriptions of thi $ 2
Cold Zone:  Area where the command post and st “”’g functions that are necessary to
control the incident are located. (2800 Emergency Resp 'f’i-“?&Guidebook, U.S. Department of
Transportation). This is also referré to: the clean zone, gréen zone or support zone in other

NFPA 472).

¥6etiWeen hot and cold,zbties wheré pérsonnel and equipment
7one support take'place. It includes control points for the access
cing the spreag of contamination. (2000 Emergency
Hsportation). It is also referred to as the

Warm Zone: ;
" decontaminatj
corridor and”

wiounding a dangerous goods incident, which extends far

; om released dangerous goods to personnel outside the

‘esponse Guidebook, U.S. Department of Transportation). This

2 clusion zone, red zone or restricted zone in other documents (EPA
ing Saf’é; Guidelines, OSHA 29 CFR 1910.120, and NFPA 472).

Typical responder;work activities in the Warm and Cold Zones where air-purifying
respirators will b¢ used may include but are not limited to: Decontamination (decon),
perimeter control, material handling, rescue and recovery, clean-up and people management.
Additional work activities are expected when the scope of response work is extended to first
receivers at hospitals receiving victims from the terrorist event. These activities include
patient care. The breathing demands of the respirator to meet the range of activities expected
can vary considerably. For example, work tasks such as perimeter control, people
management, some tasks associated with Decon and tasks performed by first receivers may
be considered to require a low to moderate rate of work. Rescue and recovery tasks, clean up




and certain operations associated with decon (lifting and carrying) are considered a high and
heavy work rate. In addition, the threat of secondary devices or unforeseen hazards can result
in responder escape at high panic demand work rates.

Powered air-purifying respirators (PAPRs) offer distinct comfort advantages for responders
and first receivers required to wear respiratory protection for extended periods of time. The
chemical, biological, radiological and nuclear (CBRN) PAPR standard needs to be universal
in defining performance based requirements that meet the widelyvarying needs of hazard
mgRts aid respirators in general
For example moderate to

protectxon required can range from fully known agg;g}lafigtenzed ofm 'tions to the unknown
and uncharacterized hazards of the unforeseen gg’eht reé;umng immed

filter capacity and particulate efficiency. The co i¢ i pt addre%sses each of these réspi
issues with performance-based requirements. The GB% APRconcept spemﬁés
requirements for breathmg performance based on thé® ‘;‘ty of the respirator to maintain a
positive pressure in the breathing Zgne when tested w1tH~sa;‘2§?;‘gathmg machine. The concept
further allows for performance evala ‘gyd approval at 4 fiaderate or high work rate.

Breathing machines operating at 40 Ster‘fs
rates are used to estabhsh conformancéwlth t ‘
eria used to evalﬁsate 2c

concept a CBRN“}A ; Jgaproval would §%1@Sued for e -a moderate work rate of high
work rate. ancept uses the same breatl%ing machme"ﬁerformance requirement and test
for both tlgﬁf’ﬁ”& by fitting face puﬁ% designs.

) hyt
& fgr the Cgﬁf\l PAPR concept follows a pattern similar
APR Esape respirator standards. The concept provides

concentrations" é \ three times immediately dangerous to life or health (IDLH)
concentration. Th j;‘“oncept further allows stacking additional protection for one or more of
the 10 TRAs test;eﬂ for a test time of 30, 45, 60, 90 or 120 minutes. The additional specific
TRAs are identified by the manufacturer. It is also possible to specify one, none or all 10
agent-families at the greater capacity of 30, 45, 60, 90 or 120 minutes test time.

Filter capacity and particulate efficiency testing is done at flow rates determined by the
maximum flow rate of the respirator. The concept provision to stack specific hazard
protection on top of the minimum protection is defined since responder use of the CBRN
PAPR for extended periods is expected to be in known and characterized hazards.



In addition to flow, filter capacity, work rate and particulate efficiency requirements the
CBRN PAPR concept also addresses CBRN required performance for Live Agent Testing
(LAT) for Sarin (GB) and mustard (HD) and a Laboratory Respirator Protection Level
(LRPL) test. Enhanced performance requirements for respirator field of view (FOV),
communications, Durability Conditioning and battery performance are identified in the
CBRN PAPR concept.

2.0 Purpose:

Develop a NIOSH, NPPTL, powered air-purifying resm;‘ator st i r
biological radiological nuclear (CBRN) materials 1ge£t1ﬁ§d as 1nﬁ% 'on and/or possible
terrorist hazards for emergency responders. The &ééﬁfr&tor must meetit}
requirements identified in the following para ;ap'“h
e Paragraph 4.0 Requirements spe¢i
paragraphs, ‘
o Paragraph 5.0, Requirements based on
standards,
e Paragraph 6.0, Spemai»

3.0 Description:

Powered a1r-pur1i ] i
alr-purlfymg fo enf g@ to remove cﬁntammants ﬁ;bm the ambient air. They are to be

i ‘atmosﬁﬁf ﬁgs where the c@pcentratlons of contaminants during use are not

) respif%\%ﬁPAPR) — an air-purifying respirator that uses a powered
ifo pass dmbient air through an air-purifying element to a respiratory

2 PAPR, which contains respiratory inlet covering that seals tightly
to the face.

(c) Neck dam PAPR - a PAPR, which contains a hood or helmet and which covers and seals
tightly around the neck area.

(d) Respiratory inlet covering — A facepiece, hood, helmet or some combination of these,
which serves as the covering to the nose and mouth area and ensures that only purified air
reach these areas.



3.2

33

Respirator Use:

A. Warm Zone/Cold Zone Use: Concentrations above acceptable exposure limits, but less
than IDLH concentrations, to REL. Examples of use scenarios: sustained support operations;
long-term use for decontamination, traffic control, rehabilitation, rescue and recovery; agent
known, quantified, and controlled.

B. Crisis (Panic/Demand) Provision Mode: Egress and escapef
concentrations, high physiological (flow) demand poss1ble on
factors such as secondary devise or pockets of entrapped }ie

Hazards:

NIOSH has been evaluating vari
terrorist incident. In earlier researchidy
Radiological Nuclear (CBRN) Air-PurifyingiRe
potential respiratory hazards into families. T&8¥
family shall be the only agent tested for" %grvw

th ‘t‘ partmular family, thus
( ) t was conducted in order to

identified. Te ell TRAs pmmdes protectlon for 139 potential resplratory
hazards.

Subpart B. * ; vppllcgﬁen for Approval
Subpart D. ‘,“fp gval and Disapproval
Subpart E.  Quality Control

Subpart F. Classification of Approved Respirators: Scope of Approval Atmospheric
Hazard Service Time
Subpart G.  General Construction and Performance Requirements



4.2 42 CFR, Part 84, Subpart KK:

The following paragraphs apply:

84.1101
84.1103
84.1130 (b)
84.1131
84.1132
84.1133
84.1134
84.1135

84.1136
84.1137
84.1138
84.1150
84.1154
84.1155

Definitions
Approved Labels and Markings; Approval of Contents; use
Respirators; description
Respirators; Required Components
Breathing Tubes; Minimum Require
Harnesses; Installation and Cons ,
Respirator Containers; Mlmmur%a?equl
Half-Mask Face pieces, Full, Eace‘pleces H
Helmets and mouthpxeceg;iﬁt”‘immmum req

;V;n«Values Mlmmum Requ1
Head Harnesses; Mlmrmgg%g{equlref’_ ents
Exhalation Valve Leakage™} RaL T
Canister and Cartridge Requl' £

Filters use@@q@h Canisters and %3‘»% ridges; Location; Replacement

5.0 Requirements Based on Existing

5.1 Respirator Coq_ta

Mi m}lm Packagmg Configuration. The canisters shall also be subjected to an
LefiF xRougi‘r"Handhng Drop Test in its designated Minimum Packaging
fotf:”

: equipped thh;a container bearing markings, which show the
*g;he type and conimercial designation of the CBRN PAPR on all

'ru.

The Minimum Packaging Configuration is the protective packaging configuration that
the *end user shall store or maintain the PAPR and the required components inside
after it has been issued for immediate use. The user’s instructions (UT) shall identify
the Minimum Packaging Configuration and shall direct the end user how to store or
maintain the PAPR and the required components inside the manufacturer specified
Minimum Packaging Configuration while in the possession of the end user. The same
Minimum Packaging Configuration identified in the UI shall encase the PAPR and



Labels:

the components when NIOSH performs the Durability Conditioning. The level of the
Minimum Packaging Configuration, if any, is left to the discretion of the PAPR
manufacturer. Examples of common Minimum Packaging Configurations are mask
carriers, clamshell containers, drawl string plastic bags, hermetically sealed canister
bags or nothing at all.

If over cases, packaging, or shipping containers are provided by the applicant over
and above the Minimum Packaging Configuration, these agditional packaging levels
may not be a substitute for the Minimum Packaging Cofifi ‘ﬁ‘l“atlon and will not be
used by NIOSH in the Durability Conditioning of tl;%g

* End user: The definition of the end user is thé?;gcrson 1-will derive protection
from the resplrator by wearing it. It is assumied tiﬁt the end”
respirator in a location where it will be a‘_;i ’lai)f% for immed
an emergency. '

“include the manufacturer’s operational battery
ry.options for the respirator. The manufacturer specified
TVice Iif&g;gl be used for Breathing Performance, Paragraph 5.4.

mstruc%%hs will also include descriptive information regardmg the
ing for low battery indication at the 15-minute warning.

PAPR must contain an indicator to show the state of charge of
e, batl;gry The indicator may be passive such as a tamper proof device
m§t&"ﬁéd indicating a fully charged battery condition along with an identified
da;é for expiration of the fully charged condition and an indicator, which
alerts the user when 15 minutes of operational battery life remains. The
indicator may also be an active indicator such as an illuminated light, which
provides the same 15-minute remaining warning. The indicator must be
capable of monitoring the battery conditions and signaling the user when the
remaining operational battery life is sufficient to sustain the desired flow rate
for at least 15 minutes but not more than 25 minutes.



5.4

5.3.1.3 User instructions shall prominently list the operational battery life for all
available battery options and provide adequate information on the function
and operation of battery charge. The user instructions shall also provide the
specific indicator location and method of indication in a manor that the user
can understand.

5.3.2 Low Flow Indicator:

5.3.2.1 Each CBRN PAPR shall have an indicator t ilért the user when the airflow in
the breathing zone reaches the applicant’ sggﬁe tified acceptable minimum
flow for the respirator.

5.3.2.2 User instructions shall provide adé the
operation of low flow and/or 1@:&7 pressure indicators to iristig
use/attention/reaction to these;_i i ‘

5.3.3 Operational Controls: i :
CBRN PAPR units must, be equipped with readily accessible switches and controls
designed to prevent acc1de§ shutoff. £

Breathing Performance:
54.1

542

; ) de ; ;‘mg rate will be tested using a breathing
pera i g@t 24 r€ pif @%@ér minute while delivering a minute volume of
inflow. A\'%gthmg mac nifre w1th a Silverman Cam (622 kg°m/m1n) will be

L

: f”ff'for the high breathing rate will be tested using a breathing machine
1rat10ns per minute while dehvermg a minute volume of 103

Self- Contqﬁzéd Breathmg Apparatus for Fire and Emergency Servzce 2002 Edition,

Table 8.14.10. 7(a) Lung Breathing Waveforms for 103 L/min Volume Work Rate.

5.4.4 Breathing Performance Requirement:
During operation of the breathing machine described in paragraphs 5.4.2 and 5.4.3.,
the PAPR shall be mounted on a manikin head equipped to continuously monitor
pressure in the breathing zone of the respirator. During operation, the pressure shall
be maintained greater than 0.0 and less than or equal to 3.5 inches water column




pressure at all times for both inhalation and exhalation cycles of the breathing
machine.

5.4.5 Breathing Performance Test Time:
Breathing performance will be continuously recorded for the applicant specified

operational battery life, plus 20 minutes.

5.5 Field of View:

that is overlaid on the diagram of the visual field pl s
EN 136 aerometer or equivalent. f"gég VFS score is the & ﬁrwage of three ﬁttmgs of the same
respirator on the specified head for

shall not exhlblt an increase of haze greater than 4% and a decrease of luminous
transmittance greater than 4%.

5.6.4 Test Specimens: The test specimens shall be the flat 4-inch (102 mm) square version
as prescribed in ASTM D 1044-99 and shall have the same nominal thickness and
within the tolerance range as the primary lens’ dominant viewing area (Directly in
front of the eyes) of the CBRN PAPR. The test specimens shall be subjected to the
same coating process and any other processes, as the primary lens would be under




5.7

5.8

5.9

normal production conditions. Six specimens shall be furnished to NIOSH for
certification testing, three pre-abrasion specimens and three specimens after being
tested for abrasion in accordance with ASTM D-1044-99.

Carbon Dioxide:

The maximum allowable average inhaled carbon dioxide concentration shall be less than or
equal to 1 percent, measured at the mouth, while the resplrator 1s mounted on a dummy head
operated by a breathing machine with the blower running. Thebr ﬁth{ng rate will be 14.5
respirations per minute with a minute volume of 10.5 liters &&sts W111 be conducted at

¥

exhaled into the respiratory inlet covering. The minims}
shall be 19.5%.

Hydration:

For CBRN PAPR respirators equipped with a yétr tion fai\f ', ] ’“‘spirator
’ 1 in place.

column height while in a normal %exatmg position. Le kiige between the valve and the valve
he Hydration facility lehkl
conducted based on the NIOSH Te

Noise Levels:

Noise levels
In the case of
inlet covering.



Table 1.—Canister test challenge and test breakthrough concentrations

Test Breakthrough Concentration (ppm)
Concentration

(ppm)
Ammonia 2500
Cyanogen chloride 300
Cyclohexane 2600
Formaldehyde 500
Hydrogen cyanide 940
Hydrogen sulfide 1000
Nitrogen Dioxide 200
Phosgene 250
Phosphine 300
Sulfur dioxide 1500
" Sum of HCN and C,N;,

' Nitrogen Dioxide breakthrough is monitored fgr both NO; and NO. T
NO; or NO, reaches breakthrough first.

6.2 Canister Capacity:

D, ~ Table2 —Qamster capg lty

i

Filter Capacity (ppm-min)

¢ Test Time (niiz;)

Test Concentration X 15
Test Concentration X 30
Test Concentration X 45
Test Concentration X 60
Test Concentration X 90
Test Concentration X 120

Canister capaci ts will be performed at room temperature, 25 °C £ 5 °C; 25% + 5%
relative humidity;‘and 80% + 5% relative humidity. Three canisters will be tested at each
specified humidity. Canister capacity testing will be performed at flow rates determined by
the flow output of the PAPR blower as determined by Table 3:

10



Table 3.—Constant flow PAPR and demand responsive PAPR flow rates

Moderate Breathing Rate High Breathing Rate
Performance (reference Performance (reference
Paragraph 5.4.2) Paragraph 5.4.3)
Constant Flow PAPR Tested at constant flow of Tested at constant flow of
blower or 100 L/min (87% of ~ bloweg.or 261 L/min (87% of
115 L/min) which ever is 30@@111@ which ever is
greater for the specified test gater for the specified test

time.

Demand Responsive PAPR

X d of on gr more of the six hemical testing families. To be certified as
e inimug "?'capacuy with all 11 TRAs to a capacity #
HACHre 1 FugSt additional family capacity can be stacked
bta1n thisadditional family capacity of #2, #3 or #4, the

acity of all of the TRAs for that testing family.

the Durability' Conditi

R

6.3.1 Twenty (20) canisters shall be tested for filter efficiency against a dioctyl phthalate or
equivalent liquid particulate aerosol.

6.3.1.1 Additionally, six (6) canisters from the cyclohexane gas life test of
Paragraph 6.1 shall be tested for filter efficiency against dioctyl phthalate or
equivalent liquid particulate aerosol.

11



6.4

6.3.2

6.33

6.3.4

6.3.5

6.3.6

Canisters including holders and gaskets, when separable, shall be tested for filter
efficiency level, as mounted on a test fixture in the manner as used on the respirator.

When the canisters do not have separable holders and gaskets, the exhalation valves
shall be blocked to ensure that leakage, if present, is not included in the filter
efficiency level evaluation.

1l be tested at a continuous

For PAPRs with a single canister element, the canister s|
%‘?‘er Capacity. Where

airflow rate determined as specified in Paragraph 6.2, €
multiple canisters are used, the test-aerosol alrﬂow ite shall be reduced in proportion
to the number of canisters. In lieu of efficiency ta@ﬁ atith (determined flow rate,
efficiency testing may be performed using test’ f lters sizéc 31‘2 produce an equivalent
face velocity through the filter at a flow rate 85 L/mln Ik iency testing with

: ! 1 ion filters are
low to verify the

of at least 2(}& 1g + 5 mg challenge potﬁ 1S
there is no fiirthér decrease in efficigt

récorded and be gqual to or greater than 99.97%.

Crisis (Panic Deman ] Prov1s1on.

Constant Flow PAPR and Pressure Demand PAPR canister capacity shall be evaluated using
a constant flow rate of 430 L/min for 5 minutes. The canisters shall not exceed the

breakthrough times identified in Paragraph 6.1.

12



6.5

6.6

6.7

Low Temperature/Fogging:

The CBRN PAPR respiratory inlet covering shall demonstrate and average Visual Acuity
Score (VAS) of greater or equal to 75 points for all measurements of acuity with the blower
operating. The respirator shall be cold soaked for 4 hours and then worn in an environmental
chamber maintained at minus 21°C.

Kt
W,
%,

Communications:

(MRT). The communications requirement is met if théiﬁf'erall pé prmance rating is greater
than or equal to seventy (70) percent. The MRT willhe erformed’

74ncluding all components and accessories shall resist the
ed sulfur mustard (HIj)\ ‘Q Sarin (GB) chemical agents
when tested on an upper-torso mamkg coﬁn‘»r ted to a breathlnﬁfmgﬁlne operating at an

',.?t,:\“

airflow rate of 40 L/min, 36 resplratloﬁ§ per mi

Maximum  Maximum  Number Minim
] Peak Breakthrough of um
Alrﬂow Excursion (concentration Systems  Test
_Rate (mg/m’) integrated Tested  Time

(L/min) over (hours)
minimum test
time)

(mg—min/mS)
HD- 50 30 40 0.30% 3.0° 3 8T
Vapor
HD- 0.43 to 120 40 0.30 3.0 3 2
Liquid ml""?

" Vapor challenge concentration will start immediately after the test chamber has been sealed. Minimum test
time for liquid exposure starts after the first liquid drop is applied.
' Liquid Volume dependent on accessories used with the respirator. Minimum volume is 0.43 ml based on the
respn‘ator only.

! Three consecutive sequential test data points at or exceeding 0.3 mg/m? will collectively constitute a failure
where each test value is based on a detector sample time of approximately two (2) minutes.

13



$The cumulative Ct including all maximum peak excursion data points must not be exceeded for the duration of
the test.

" Liquid agent is applied to respirator at hour six (6) of the vapor test cycle.

't The test period begins upon initial generation of vapor concentration and ends at eight (8) hours.
Supplemental electrical power to the PAPR is permissible to allow the system to run for the purpose of this test.

Test requirements for Sarin (GB) agent are shown in Table 5:

Table 5.—Vapor challenge of APR with Sarn@@@?)

,,m \{1
it

Challenge Vapor Vapor  Breathing ] mum Maximum  Number Minim
Concentration Concentration Challenge Machine g Breakthrough of um
(mg/m’) Time Vi (concentration Systems  Test

(minutes) . integrated Tested Time
; (hours)
GB 210" 8’
* The vapor challenge concentration gen@' i initi imiriedi tely after test chamber has been sealed.

T The test period begins upon initial gener:
electrlcal power to the PAPR is permissibl I.Q \y ' be g

! Three consecutive sequential test data pomt&fqt or ex¢, edi
where each test value is based on a detector sathple time %ﬁ
¥The cumulative Ct inglading.all maximum pealge u@xén dai
the test. :

Yximately 2 n
! ihts%usi not be exceeded for the duration of

b

L ‘atorv Pr ection Level ?%RPL) Test Requirement:

s,»:’

Breathing.'*'

14



Test subject and replication numbers are outlined in Table 6 for a 3-size Configuration.

Table 6.— Anthropometric test criteria for a 3 size configuration

Small Medium Large
Face Length and Cell A CellD Cell G
Face Width
Use LANL boxes 1,  Use LANL boxes 3, .. Use LANL boxes 7,
2,3,42o0r3 4,5,6,7,8; panq&‘ w*&,9, 10; panel size 11
subjects each box, 2 size 17 (2 or% (2 or 3 subjects each
trials per subject) xﬁ.,g box, 2 trials per
subject)
Subjects = 10
Trials = 20
Head Cell B
Circumference*
N/A
Subjects Subjects = 10
Trials =0 Trials =20
Neck Cell C Celll
Circumference*
06-378 mm 378-451 mm

Subjects = 10
Trials = 20

Bory (S N Large), each cell corresponding to the
cter wrffba tested. Cells can be either exclusively tested (if the test
uire e M”}{@gc}‘f a specific cell) or 51multaneously tested (1f the test

range for the ad Circumference’ category (cell H), then the number of subjects
required for cell H js simultaneously met. If only six (6) of the eleven (11) subjects needed
for the ‘Large Fade Length and Width’ category (cell G) meet the measurement range for the
‘Large Head Circumference’ category (cell H), then an additional four (4) subjects will need
to be tested in cell H.

User instructions must clearly and accurately explain how users choose appropriate size.

15



6.9 Durability Conditioning:

Durability Conditioning shall be performed in accordance with Table 7.

Table 7.— Durability conditioning

Test

Test Method

Test Condition

Hot Diurnal

Mil-Std-810F;
Method 501.4;
Table 501.4-11;
Hot-Induced
Conditions

Diurnal Cycle, 35° C (95°
F) to 71° C (160° F)

Cold Constant

Mil-Std-801F,
Method 502 .4;

Humidity

Mil-Std-810E,
507.3; Method
507.3; Table 507.3-
I

Vibration

Mil-Std-810F,
514.5

Drop

Ax1s

0 equlvalent to
12,000 miles

1 drop/filter on one
of the 3 axes.

To Be Determined.

6.11

Quality Assurance Requirements:




6.11.1 Quality Control Plan:

6.11.2 Sampling/Test/Inspection Plan:

6.12

Respirators submitted for CBRN powered air-purifying respirator approvals shall be
accompanied by a complete quality control plan meeting the requirements of Subpart E of
Title 42, Code of Federal Regulations (CFR), Part 84.

a). Materials of construction used,i»_ kr resplrator parts that forn
the user and ambient air. 4

b). Integrity of mechanical seals that ¢
ambient air.

c). Final performance“c%
demonstrating compliar
of this standard.

ors which will be evaluated (if applicable based
e inability for the user to accxdentally turn the power switch
1 }eémcal wires to tangle, causing the respirator position
an imprgper position, such as the respirator facepiece or hood being
head. Test subjects shall be trained on proper use of the respirator
licant’s user instructions.

4.minimum,
g;

ot

¢ 1;g,n) are;

in accordance with the a

Practical Performance frials shall be accumulated from the test procedure of paragraph 6.8,
Laboratory Respiratar Protection Level. For the total of these accumulated trials, 95% of
these trials shall exhibit acceptable Practical Performance. Should 95% of the Practical
Performance test'trials not be acceptable, one additional run of test trials of paragraph 6.8,
Laboratory Respirator Protection Level, may be performed to increase the total number of
trials. The total number of trials will be the sum of trials from the first and second run of
subjects.

17
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6.13 General Requirements:

6.14

In addition to the requirements of Title 42, Code of Federal Regulations (CFR), Subpart G
General Construction and Performance Requirements, the following requirements apply:

Prior to making or filing any application for approval or modification of approval, the
applicant shall conduct, or cause to be conducted, examination_sggﬁgpcctions, and tests of
respirator performance, which are equal to or exceed the sever ity of those prescribed in the
standard. Paragraph 6.7 Systems Tests are excluded from thi;  requirement.

Cautions and Limitations:

To Be Determined

18
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