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Respirator Branch
626 Cochrans Mill Road
Pittsburgh, Pennsylvania 1 236

Date: DRAFT 16.Nov 2004

DURING DYNAMIC TESTING AGAINST CHEMICAL AGENT
'J,‘R AND DISTILLED SULFUR MUSTARD (HD) LIQUID CBRN

RESPIRATOR (PAPR
DISTILLED SULFUR

Alr-f’ﬂﬁﬁiﬁylng Resplrator (PAPR) submitted for Approval, Extension of Approval, or examined
during Certification Product Audits, meet the minimum certification standards set forth in Title 42
];"R Part 84, Subpart G, Section 84.63(a)(c)(d); Federal Register Volume 60, Number 110, June

The purpose of this Standard Test Procedure (STP) is to describe the test conditions and
procedures necessary to test and certify manufacturer submitted CBRN PAPR applications. A
CBRN PAPR being a complete tight fitting or non-fitting facepiece or hood, properly outfitted
with manufacturer unique components and a properly designed manufacturer specified PAPR
blower and canisters which are installed per the manufacturer’s installation requirements outlined
in current user’s instructions. This procedure is used to test CBRN PAPR systems against
Distilled Sulfur Mustard (HD) vapor and liquid physical states, while the respirator is operated in
dynamic mode by means of a breather pump connected to the breathing zone of a manikin
headform. Instrumentation is integrated under this static chamber platform for the purpose of
generating and controlling challenge concentrations and detecting agent permeation and
penetration of a tested respirator. This procedure is a separate test under the NIOSH NPPTL
Respirator Branch, Certification, Evaluation and Testing Section (CET) heading of CET-APRS-
STP-CBRN-0551 for challenge of Mustard (HD) Vapor and Liquid. This procedure is designed to
rigorously test the evaluated respirator as a dynamic breathing system and generate repeatable
independent pass or fail results under laboratory conditions.

Approvals: | 1st Level 2nd Level 3 1d Level 4 th Level




GENERAL:

2.1 The STP describes test procedures in sufficient detail that a team of persons knowledgeable in the
appropriate technical field can select equipment with the necessary resolution, conduct the test and
determine whether or not the product passes the test.

2.2 Any laboratory using this procedure to supply certification test data to NTOSH/NPPTL is subject to
the provisions of the NIOSH Supplier Qualification Program (SQP). This program is based on the
tenets of ISO/IEC Procedure 17025, the NIOSH Manual of Analytlc liieth ods (NMAM) and other

appropriate NIOSH and NIOSH/NPPTL guldelmes An initial comf}léte quahty system audit and
, Ea;he SQP and its requirements can

be obtained directly from NIOSH/NPPTL.

EQUIPMENT. List of necessary test equipment follows:

31 SMARTMAN, Head/upper forso form or eq
Frederica, DE. The SiMulant Agent Resisiar
hollow shell headform representing a static

semi- statlc surface consisting of dimensional eyes, tars, mouth orifice, forehead and chin.
The features are on a movable%gectlon of the head to itate installing and removing a peripheral
front face seal, which is made 6£3il Titha channel between the face and the
permanent part of the head. Th gam‘ the ms1de of the faceplece seal
area to assure against leakage. A i@;e
to be exerted for securing the face seal.
in several places to outside samplin
the form and p@,§§§
area to the b# catherp

sence of agent. The four tubes are ¥4 diameter. The
floor of an exposure chamber, which is raised by four

: &ESMA‘RTMAN to allow the anchoring of resplrator system shrouds as
they are intend er instructions. Average weight of hollow zinc headform is 85

b, pounds.
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irig aerosol leaks in the mechanical seals
RTMAN headform under non-toxic oil
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Picture 2: Leak detector Model TDA-99M

MINIature Continuous Air Monitoring System, MINICAMS or equivalent (see pic. 3). The
MINICAMS, manufactured by OI Analytical, is a gas chromatograph equipped with a hydrogen
flame emission detector and a preconcentrator tube. The preconcentrator tube is a small tube
containing an adsorbent material to scrub out agent vapor contained in a sample of air drawn




through it for a set time period. The tube is then heated to desorb the agent and introduce it into
the column and subsequently the detector. By preconcentrating the agent, the detection limit is
lowered. The MINICAMS unique software calculates the amount of agent detected over a
specified period of time. The Limit of Detection (LOD) is equal to 20% of the 8 hr Time Weighted
Average for the specific chemical agent being detected. Residual contamination is the amount of
challenge agent lingering in the breathing zone of the respirator when a new, clean respirator is
mounted on the SMARTMAN, Residual contamination is quantified at the beginning of each test
and the MINICAMS output must remain stable for a period of 60 migx&;utes prior to the initiation of
any test. Two MINICAMS are required in order to continuously monitor the interior of the
respirator for CBRN respirator certification.

cavjty or vessel, to the dilution airline. The plunger of the syringe is
¥ thé pump to deliver a calculated constant flow of agent. The

ent is adpisted by changing the speed setting of the pump. Rate Flow Range =
ml/hr, Flow Accuracy = +/- 5% Nominal. Technicians must be proficient on

driven at a co1l
= concentration
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3.6

Flow-Temperature-Humidity Control System or equ (see picture 5). This system, referred
’ Y Miller-Nelson Research, Inc., is an

ity of an air supply for an

Avater are supplied to the unit;

lectronically, and the unit output is

air of the required volume/flow (200 min. ndselative humidity (20-80 +/- 3%) and

automated system to control the airfigy
operating respirator system. Labotato

Picture 5; Flow-Temperature-Humidity Control System

Exposure Chamber or equivalent (see picture 6). The respirator exposure chamber is constructed
of clear, chemical resistant material (Plexiglas ® or Lexan®) or other equivalent material. The
floor must be constructed efficiently to support the 85-pound SMARTMAN. The front panel is
removable and is held in place with clamps on each edge. The dimensions are approximately 2 ft.



cubed. Four Plexiglas legs are attached to the bottom to hold the chamber above the floor of the
hood and allow room for laboratory tubing and the face adjustment handle. A M12A1 military
specified air-purifying canister is installed on top of the chamber to filter the air that passes out of
the chamber. There are ports in the sides to accommodate tubing for challenge concentration and
clean purge air mixtures. An electric fan is installed near the top front to achieve a mixed
challenge concentration, A “Clean Exposure Chamber/Cold Box” is a unit used to perform a fit
and leak check on a respirator test unit (no agents used in this chamber) before it is installed in the
agent exposure chamber. An “Agent Exposure Chamber/Hot Box” is a chamber used to perform
testing of the respirator unit, using live agent.

3.7 ixi 5 . chamber is fabricated of PVC pipe,

. A heating blanket is wrapped around the chamber to facilitate

i ‘mixing area that allows the chemical agent syringe
the Miller Nelson controller to mix and generate a

. chemical warfare agent. When the mixture is not being passed into the
it is Jpassed through a scrubber filter (an M18 mil spec canister or



38 Breather Pump, Model E1R1 of eiui i ufactured by Jaeco Fluid Systems,
a adouible pump, operated by a single

Picture 8: Bréa{thef'Pump

39 Mass Flow Controllers or equivalent. Manufactured by Tylan Electronic or Brooks Instruments.
Mass fiow controllers are used to control the flow of sample to the MINICAMS and the flow of
laboratory air to flush out the exposure chamber when the agent challenge is removed. The mass




flow controllers are sized to meet the flow requirements. Flows are controlled to +/- 2% of set
point. Photo not provided.

3.10 Ambient Air Analyzer, MIRAN model 1A or 205B, or equivalent (see picture 9 and 10).
Manufactured by Thermo Environmental Instruments Inc. It is an infrared absorption based
detector that uses a long path length cell up to 20 meters, into which the air sample is introduced.
This analyzer is used to monitor the challenge concentration of the vapor phase of the chemical
warfare agents. Model 1A is used for the Sarin (GB) concentratlon and model 205B or an
equivalent is generally used for the HD concentration.

;;ture9 Miran A

g (LA«a s three (3) complete respirator systems. Initially, one (1) complete PAPR
.which has not been subjected to Durablhty Conditioning is required for the HD

t (8) hours, the apphcant must supply a battery (for this test only) that is sufficient to

.rt)perate the PAPR at the rated airflow for nine (9) hours; otherwise, the laboratory
manager shall integrate a subsequent power source or an additional battery so that the
PAPR operates at the rated flow rate for the entire test duration.

3.11.3 QUALIFIER LAT: HD Live Agent Test canisters, hoods, facepieces, blower units and
accessories should be received from the appropriate NIOSH/NPPTL sanctioned source.
No alterations to canisters are authorized prior to or during live agent systems testing. No
use of duct tape or 100mph tape over inlet and outlet areas is authorized in lieu of no caps




3.11.4
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or missing caps. At NIOSH/Tenant Laboratory initial certification qualifier application
inventory, canisters received in the Minimum Packaging Configuration are required to be
plastic bagged, regardless of type of original packaging, and delivered to LAT lab upon
completion of satisfactory certification inventory.

REMAINDER LAT; Start of HD Remainder LAT is contingent upon testable PAPR
systems completing all required NIOSH/NPPTL CBRN PAPR Durability Conditioning.
Durability Conditioned canisters will be attached per manufacturer mstructlons to

xnly Eﬂvuonmentaﬂy Durability
ight durable Ziploc bag and

administratively labeled with the date the Durabji: CO joning test started, completed,
type of damage if any observed, manufacturer%gﬁ% labora
the Durability Conditioning, phone numbex
manufacturer’s inlet and outlet plugs t%g;ﬁ
the canister after Durability Conditi r&?ﬁg ifno plugs are prov1d
sealant is authorized Any canist fé% nage durirtg Durability Conditi

be preserved, not altered and nof: ggmmlstra £ markmgs for Sh]p

- NIOSH Task N r(TNNumbe;)

; W&NIQSH DEIMS.
- Model of PAPR#tamNIOSH DEIMS. ﬁj :

- Other routméw;gnfonn& :
time in test, te*sg resuli '
dlsposal and tre;gldganalyms is "

iew upon reqti t by current ﬁEpresentatlve of NIOSH/NPPTL

111 allm&» e lab to accurately track receipt,
gtions, required retest, status of testing,

Airflow = 40 liters per minute
Respirations = 36 +/- 2 strokes per minute
Tidal Volume = 1.1 liters

4,2.1.2. Breathing Machine Requirement (Demand Response Flow only)
Airflow = 60 liters per minute

Respirations = 55 +/- 2 strokes per minute
Tidal Volume = 1.1 liters



4.2.2 Miller-Nelson airflow settings into exposure chamber:

Airflow Rate: The actual value here is experiment/method dependent. The
value eventually used must be documented. Determine an appropriate airflow
rate based upon obtaining a stable concentration, the known volume of the
exposure chamber, considering the agent challengg%concentration desired,
volume of chamber, breather air flow, and dilutiel dix exhausted from the
PAPR..

Relative Humidity: 25 +5% RH.

Temperature: 25 = 3°C

423 SMARTMAN Sampling Point:

y- 7
Breathing zone sampliﬁ’@% 1 that allows

sequential dual MINICAMS

424  Mustard (HD) Exposure Test:

ard (HD)ige
al Reference Material (CASARM) grade. Agent purity analysis must be
i able  documented and met CASARM agent punty requlrements

ts before and after entire test period. In the interest of conserving agent
quantities and preserving technician man-hours, a live agent test is terminated if
at any point in the entire 8 - hour period the respirator detection methods for the
breathing zone can show repeatable system failure within the pass/fail protocol
described in this current STP. This failure is required to be witnessed by a
minimum of two qualified laboratory personnel and noted in the laboratory
journal for follow on documentation.

4.2.44 Vapor challenge concentration exposure will start immediately after the test
chamber has been sealed / closed properly.

42.4.5 HDLIQUID: GENERAL.



Drop Size = 20 microliters (ul).

Liquid Challenge Concentration = Minimum is 0.43 milliliters (: of 20 ul
each) and maximum is 0.86 milliliters (43 drops of 20 pl each) depending on
type of respirator tested.

Droplet Allocation There shall be 25 drops apphed to the facepiece whether it
is a face-seal type or a neck-dam type with or withogt hydration facility. There
shall be 7 to 18 apphed to components such gﬁ*ffle blov?er breathmg hose(s),

cepiece; bes not represent the worst case configuration and will therefore be
moved: if possible, prior to live agent testing. Facepiece second or third skins
ayers must be explicitly specified in the application submission as a required
art of the CBRN PAPR configuration prior to live agent testing. If they are
?not the worst case that will be tested is with the second skin removed. If a hood
or shroud is permanently attached to the facepiece the respirator requires
contamination droplets to be placed on those areas of the shroud covering the
areas of the depicted facepiece diagram. Droplet application on a shroud
stresses the same facepiece areas identified for the non-shrouded facepiece but
instead of droplet applications being on bare facepiece material they are on the
shroud covering that depicted area/seam/joint/interface. All other defined
criteria apply.
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Total Test Time: The total test time of this test is 8 hours. Test start time, Time
Zero, begins when the first confirmed vapor is applied to the interior of the
agent exposure chamber.

Liquid Time: HD liquid agent is applied to PAPR at hour six (6) mark of the
Total Test Time. Total time that CBRN PAPR candidate system is exposed to
both HD vapor and HD liquid (Liquid Time) is two (2) hours, the last two hours
of the total eight (8) test time period.

e,
4.2.4.6 Mustard (HD) agent liquid is required to be l;}g;aartmgﬁ‘i: of Defense, US Army,
Chemical Agent Standard Analytical Ref%gﬁi Material (CASARM) grade.
Agent purity analysis must be NIST tra@ﬁ%lé‘ umented and met US Army
CASARM agent purity requlrementw f:%per CASARM storage requirements

425  Test Termination Parameters: : i iqui tion test is in
accordance with the total liquid/va
after test check shots, The test w
saturation provided a candidate PAPRﬂ} ’gs
mark. The termination point should be s
each one of the MINICAMSs in use.
S

fgé‘y £ Chiferia prior to the;wélght (8) hour
Fabove the highest calibration point for

Safety and Training: Normal labofatory.sa
regulations such as US Army ReguTatlon %
includes all safety precautions descrr&md int

ual, the apphcg@

ory personnel are required to be trained on this STP and documentation is

yiréd to be available for review of said training. Personnel are required to be trained
&ﬁ%%uahﬁed per local requirements in all applicable standard operating procedures
ASOP) appropriate for the test.

4.3.5. The responsible technician must be knowledgeable about the specific CBRN PAPR being
tested and should be able to readily identify all CBRN PAPR hardware components,
subassemblies and accessories and be able to support accurate trouble shooting of the
CBRN PAPR and subassemblies to ensure it is operating properly in accordance with the
manufacturer’s operating instructions. The responsible technician must be able to



4.3.6.

43.7.

4.3.8.

4.4.

4.4.1

443

properly align and fit the respirator facepiece on the SMARTMAN headform without
malformation or destruction of any CBRN PAPR material.

All LAT equipment passing or failing these NIOSH test protocols will be treated as
hazardous materials in accordance with local laboratory procedures and methods.
Disposal of such contaminated CBRN PAPR materials is the responsibility of the testing
laboratory. In accordance with this STP, respirator manufacturers are released of
equipment accountability IAW local testing lab test equ1pm§nt procedures per
Department of Defense HAZMAT protocol.

uxred to be on hand. Annual

Surety lab procedures outlined in applicable SOPs
ini ational safety and health

available current Health and Safety
proper protection and care in han

Background Reading:*
used as the detector fo
of a monitor, PC comput T, ef, Lt nd op

Before the PAPR is placecftian th ] IQQFEXN the MINICAMS are required
to show steady state backgr(ﬁmd rcgﬁmg"b than the lowest point on the current

AN %cahbratlon cur P fshed per local laboratory procedures but
 use of a clean 40 mil spec f€spirator mounted on the SMARTMAN

| ggours etc. )Mﬁﬁ%ﬂ a steady state Background is achieved that is lower than the lowest
feated on the respectlve MINICAMS performance

Because the total agent in the sample is detected at one time instead of
sly, the detection limit is much lower. The total quantity of agent detected is

Kample Cycle. Operation of the MINICAMS requires the use of compressed house air,

hydrogen, and nitrogen, of a high purity. The operating manual recommends operating
parameters (temperature, timing, pressures, etc.) and cycle times (3, 5, 10 or 15 min.),
depending on the laboratory application. CBRN PAPR HD analysis requires a total 6-
minute cycle (3 minute sample followed by 3 minute purge per detector). The two
MINICAMS are required to be synchronized so that one minicam sampling begins when
the other minicam sampling ends. Raw data results confirm this requirement.



4.4.4. HD Detection Principle. The MINICAMS is installed in accordance with the operating
manual and local lab SOP. The appropriate optical filter for HD must be installed in
front of the photomultiplier tube. In principle, when HD burns in a hydrogen flame, a
chemical element (sulfur) is formed that emits radiation at 2 unique wavelength. The
optical filter isolates the radiation and allows it to pass into the photomultiplier tube
(PMT), whose output voltage is correlated with the quantity of agent burned in the flame.

445, Standardization. MINICAMS are configured in accordance with the operating manual
and the specific method for the chemical warfare agent t tha éwbemg used. In order to
quantify the agent in the sample, the MINICAMS musg be standardized. Standardization
is accomplished by injecting a small quantity (1.0 or -0.uL) of a known standard
solution of the agent onto the pre-concentrator uﬁ uig the INJECT segment of the
test cycle IAW MINICAM calibration SOP. T
isopropanol, spectrophotometric grade. At‘
should be injected per LAT sequence.

44.6  Pretest activities for the MINICAJ%Q% re as follows:
Set or verify operatlonafp -
Perform standardization
Record ASCII file name on Dal
Standby for %tart of testing

g

45.  EQUIPMENT PRE-TEST COND

! entration. The ability to accurately detect and quantify this agent
time is 4 requlrement for the testing laboratory and ramp up time and agent
posure time graphs should be available to confirm agent exposure duration in

Concentration Verification. (Both Constant Flow and Demand Response)
HD Setup (Mass Balance Analysis Concept or Demonstrated Equivalent)
Chamber size = 8 ft’
Target Vapor Challenge Concentration = 50 mg/m’ + 10%.
Ramp Up Time = 1-2 minutes (time from initial start of injection of HD air
mixture to 50 mg/m’, the lowest acceptable challenge concentration)
Dilution Air from Breather Pump = 40 I'm
Miller-Nelson Challenge Mixing Air = 50 Im
Syringe Rate for Challenge Injection = [Flow Rate of PAPR Dependent]




4.8.

Total HD expected in 30 minutes = 0.25 mi vapor plus 0.43 to 0.86 ml of liquid
drops.

452  Agent Dispersion. From the pump operating manual select the syringe size and pump
rate that will inject the required amount of agent per unit time. Draw up the total amount
of agent needed into the syringe, with a small excess, connect one end of the cannula (the
small flexible tube that is inserted into the air duct) to the syringe, and the other end to
the heated tee in the air duct. Clamp the barrel of the syringe onto the pump and move
the plunger drive until it contacts the end of the plunger.. on the power to the pump.
The plunger will be activated and agent will be injectéd into the air stream as a vapor
from the heated tee. The mixture passes into the piising chamber where it is thoroughly
mixed, ready to be introduced into the exposure, for the test.

4.6. EQUIPMENT PRE-TEST CONDITIONS;

4.6.1. The Miller-Nelson unit receives co
system. Operate the Mlller-Nels !

ﬁ%ﬁm the syringe pump. Insure the total
yalues are logged in the technician’s lab
4.6.2. H a;agraph 4.2.2. Ensure the

are secure to inlet ports of S%AR’L;%:M
to flowethrough the mixing cﬁm@“é*r and the M18Tilter until it is time to start the test.

4.7.

syrmge pump 315ed to inject liquid agent into the dilution air
' hg he concentratlon of agent in air is that required for

yringe' to the fitting on the flex1ble cannula. The cannula is normally made of
th Luer locks on each end One end of the cannula i is attached to the heated tee

lock yntil it is firmly against the end of the plunger.

4.7.3.  Set the switch on the pump to the setting required for the size syringe

d the injection rate. Tuming on the power switch will start the drive block pushing the
plunger of the syringe to begin generating the agent challenge concentration. Turning off
the power switch will stop the drive block from pushing against the plunger and stop the
challenge agent concentration flow at the predetermined time.

EQUIPMENT PRE-TEST CONDITIONS: TDA-99M Aerosol Leak Detector




4.8.1.

4.8.2.

The TDA-99M leak detector is used to detect oil particulate acrosol leaks into the CBRN
PAPR after it has been installed on the SMARTMAN headform cold box. Ensure the
canister and all components are correctly mounted and tightened per the current
manufacturer instructions and specifications. The PAPR shall be activated in the
operational mode (blower operating). Ensure that procedures for the PAPR follow the
manufacturer’s installation procedures for gasket seal and facepiece donning and
interface. Ensure the seal, threaded interface, inlet and outlet areas and canister housing
are not changed in any manner prior to or during the live 2 ent test. However, if the
canister or canister interface thread is deformed from D ity Conditioning (If
applicable), continue with the test by attaching the ¢ '§%ér per manufacturer instructions.
Do not make any cosrections for canister defonnitiggga% ,1s time. Ensure the lab book is
v up incident review if

necessary.

Turn on the power and let the leak detegﬁe“fﬁ% ilibrate, accordmg
instructions. The PAPR should be plaé%d into operation mode (b W
on the breather pump to activate 1;,15( gative pressure test respirator.
detector inlet to a sample line frém the 8
direct the wand to various portlons of ffi

>

mmﬁaﬂﬁn is detected, it is at the laboratory manager’s
finue with the test. Annotate the lab book with

4.9.2.

SMARTEMAN Leak Test Without Respirator Mounted: Because the SMARTMAN 18

made oﬁﬁé&t zing, it is possible for leak paths, after extensive LAT or incorrect assembly,
to form tf;rough the metal casting, allowing chemical warfare agent vapor to pass through
the heaffform cavity into the interior of the respirator mounted on the headform. To

ek for these invisible leak paths, install a clean peripheral seal on the headform and
flate it to the recommended static pressure value. Flood the interior of the headform

awvith a known rated helium concentration and purity. Use the probe of the helium leak

detector to check the entire surface and the seal for presence of helium. Any leak found
by the helium leak probe procedure must be diagnosed and eliminated, if possible. The
leak test is to be performed initially on each new or reconditioned SMARTMAN and
monthly on the SMARTMAN head-forms when they are in continuous daily use.

Standardization of Instrumentation: Standardize the MINICAMS by using liquid
standard solutions of the agents at various concentrations. These solutions are to be made




5.

in accordance with US Army, ECBC CAT IOP #214, Preparing Standard Agent
Solutions for Instrumentation, or equivalent laboratory procedures. A stock solution is
the primary solution made by weighing a quantity of agent into a volumetric flask and
diluting to volume. This solution may be used for two weeks, unless deterioration is
noted before that time. The stock solution is diluted further to make a series of standard
solutions that are used to standardize the MINICAMS. The standard solutions may be
used for one week, unless MINICAMS analyses indicate that the solutions are
deteriorating. Class A glassware must be used for all volumetric work. Calibration
curves should have a minimum correlation of r* = 0.99 fo . Agent solutions must be
stored at recommended surety storage temperatures. "

4.9.3. Calibration of Flows: Since flow rates are us pects of this test, it is
necessary to use calibrated flow meters to set e the instruments. Flow
meters are calibrated by the US Army Test:Methed ent Equipment
(TM&DE) and Metrology Laboratory, infdccordanc
equivalent and use instruments traceable to NIST. Flow meters t
calibrated meters are the Miller-Ng
used for the MINICAMS pre-coce
pump and the syringe pump agent inj

Q&w meters
e breather

494  Aerosol Leak Testing: PAPR leak testing

i,

heck the response of the MINICAMS detector, before
mlectmg an ahquot of standard solution that

epeat it at the end of the test to assure that the detector response has not
1p. test The response of the detector should fall on the standard curve at

verifiable result, repeat the check shot. If the second check shot is not within
ameter, the test is invalid. A quantifiable check shot should be made at the
w1th1n 3 hours of the start of the actual test and at the PAPR end of test eight

PROCEDURE (HE Liquid/Vapor Challenge (0551):

52 HD LAT (0551

52.1  Assemble PAPR per manufacturer’s instructions. Non-Durability Conditioned PAPRs
will be tested in the Qualifier Application. For the Remainder Application, Durability
Conditioned units per CBRN PAPR Statement of Standard shall be tested. After
Durability Conditioning the items, conditioned canisters that were not stored in the



5.2.2

5.2.3

PAPR’s Minimum Packaging Configuration (Inside PAPR carrier or case) shall be placed
on the PAPR and tested. If the PAPR uses disposable batteries, install new batteries on
the PAPR before testing. If the PAPR uses rechargeable batteries, fully recharge the
batteries and install them on the PAPR.

NOTE: The applicant must provide a battery(ies) (for this test only) that is sufficient to
operate the PAPR at the rated airflow for nine (9) hours; otherwise, the laboratory
manager shall integrate a subsequent power source or an addItlonal battery so that the

clearly indicate how the actual manual placem
(6) hour mark, prior to vapor testing re-copt

instructions with special emphasrs'
all parts of the facepiece are mounted /
batteries and turn on the PAPR blower:

*

“f“f%on the headforr,;;t% Install blower

ection 3.11.2. for battery life

eing tested as part of the respirator

s@grv1ceable If batteries are required
o nd the commumcatlons device is

test and visually inspect it

sories at thﬁ%”ermmatmn of the test for visible
cracks and/or breaches of

aJed. compromises of form, fit or

oM, leak test the PAPR in the operational mode (blower operating).
d§ ector mlet to a sample line from the SMARTMAN, allow the PAPR to
1

eaks. The aerosol will be detected inside the facepiece if it finds a leak path.
are found, they must be corrected by the authorized laboratory technician or

e expasure chamber. If no localized leaks are found replace the front panel of the
wposhire chamber. Connect the TDA-99M to a port into the exposure chamber and fill
ie'chamber with the aerosol challenge. Maintain the aerosol challenge inside the
4hamber for thirty (30) minutes of continuous TDA-99M operations below 0.0010%
penetration. If penetration exceeds 0.0010%, the TDA-99M alarm sounds, and/or the
digital readout shows higher values, stop the 30 minute test, reanalyze the system and
restart a new 30 minute test period, The PAPR must pass a continuous 30 minute test at <
0.0009 % penetration parameters in separate clean exposure chamber and an agent
exposure chamber to be considered “qualified” to progress on in the agent testing. If
after repeated attempts a successful leakage test cannot be achieved, the laboratory
manager may use alternative means to seal the facepiece to the headform such as sealing



the facepiece and nosecup to the headform using non-toxic adhesive with the concurrence
of the NIOSH/NPPTL. Other methods such as allowing the respirator to purge itself of
internal offgassing particulates are acceptable provided the purge time is not excessively
long. Repeated tests using the TDA-99M on the same tested respirator are not
recommended and identified respirators are subject to being replaced to all test progress.
All adhesive designated for CBRN certification use is required to undergo verification
testing (V-Test) prior to use as a CBRN LAT capable substance (Successful performance
to the given STP using three consecutive V-Test trial samples). If the respirator continues
to fail the TDA 99M, the manufacturer must supply con VMSDS on the type of
particulate being picked up by the TDA 99M and a ¢ atloﬁ‘“analyms by a third party
laboratory must confirm the manufacturer’s MSDSand the particulates must be
determined to be non-toxic 1n the acute and chro e h oxicology perspective before

5.2.6

1 steady state bae:kground lower
This is accomphshed by installing a M40

tested resplrator ontheh @form the
stable use all means necessal
gmcurve point for b

tu ions were background is not
E é@rbackground lower than the lowest

are does ot disturb the estabhshed seal of the PAPR facepiece to the
N sysfem Remove the clean airline from the canister system, if it was used

urn of the Miller Nelson Flow temperature and humidity controller.

ICAMS Background Characterization. A background characterization must be run

before every agent test. The MINICAMS should be monitored for a period of 60 minutes
prior to the initiation of the chemical warfare agent test. Confirm that background level
is less than the lowest point on the MINICAM calibration curve. If the background level
is not less than required, trouble shoot the SMARTMAN system, do not start the test,
advise laboratory manager and if necessary remove the PAPR facepiece or hood, rinse
the headform with IPA, redon the facepiece or hood and restart the procedure for
characterization as necessary. If the PAPR is removed from the head form, restart the
test procedure from paragraph 5.2.3.



5.2.11

5.2.12.

5.2.13.

5.2.14.

Set up standard operational mode of test equipment. Ensure all test equipment is within
calibration,

Set Miller-Nelson for airflow into exposure chamber set to deliver required rates. See
paragraph 4.2.2.

Ensure MINICAMS are calibrated, check shot is complete and acceptable and ready for
the operating mode. Annotate the check shot times and ¢

Ensure that the challenge concentration Instx'umelltilfe”%E

ibrated and is ready for analysis.
Momtor agent exposure chamber during the 60 i

€. After the 30 minute vapor challenge, the breathing
§ P set back to 40 Ipm for the remainder of the test.

mggagement is accomplished that allows the efficient tracking of two simultaneous
vents: one clock for total test time from start of HD exposure for 8 hours and
another clock for HD Vapor at 30-minutes. If necessary, the vapor clock can convert
to the liquid agent clock at the six (6) hour mark.

5.2.16.1.3. Introduce HD vapor agent challenge to the agent exposure chamber by
first starting the syringe pumping and turning the valve inline from bypass of the
mixing chamber to direct flow from the mixing chamber to the internal ambient
space of the agent exposure chamber. Using the appropriate Miran detector, monitor
the concentration build up in the exposure chamber generated by the mixing
chamber. The total flow to the mixing chamber from Miller Nelson is dependent on



the airflow rate of the PAPR, which includes enough excess to make up for the clean
air exhausted from the PAPR into the exposure chamber and maintain the constant
challenge as required. The syringe flow rate is set to introduce the quantity of agent
necessary to gencrate the challenge concentration required. Record when the
MINICAMSs begin monitoring the interior of the facepiece

5.2.16.1.4. The vapor syringe pump should run for the prescribed challenge period
of 30 minutes, but no more than 31 minutes. At the end of the challenge period, turm
off the syringe pump. Record the total volume used gf’w je.syringe pump, the elapsed
time and the airflow rate delivered from the Mllle;;

Nelson. These values will be
recorded i in the laboratory notebook, Ensure ) flow is off and the mixing

“Start of the 30-minute vapor exposure
is when HD vapor is in the HD expos to SHamber. Annotate this starting
time. Ensure time ma*i%g : gnphshed ﬂﬁt allows the efficient tracking of
two simultancous events; one.g. ; tgst time from start of HD exposure for

ct ﬂg@&“gfrom the mixing chamber to the internal ambient
‘chamber. Using the appropriate Miran detector, monitor
tion buxld up in the exposure chamber generated by the mixing

“otal flow to the rruxmg chamber from Miller Nelson is dependent on

ge as fequired. The syringe flow rate is set to introduce the quantity of agent
1y to generate the challenge concentration required. Record when the
'CAMSs begin monitoring the interior of the mask

2.16.2.4. After the PAPR has been exposed to 15 minutes of vapor exposure,
increase the breathing pump to 60 lpm (55 +/- 2 strokes per minute) until the 30
minute mark of the vapor challenge phase. After the 30-minute vapor challenge, the
breathing rate for the Demand Response PAPR shall be set back to 40 Ipm for the
remainder of the test,

5.2.16.2.5. The vapor syringe pump should run for the prescribed challenge period
of 30 minutes, but no more than 31 minutes. After the PAPR has been exposed to 15
minutes of vapor exposure, the syringe rate shall be increased between the 15 minute
to 30 minute mark of the vapor challenge test in order to maintain the required HD



concentration in the exposure chamber resulting from the increasing the breathing
pump rate to 60 Ipm. At the end of the challenge period, turn off the syringe pump.
Record the total volume used by the syringe pump, the elapsed time and the airflow
rate delivered from the Miller-Nelson. These values will be recorded in the
laboratory notebook. Ensure syringe flow is off and the mixing chamber airflow line
is bypassed so Miller-Nelson uncontaminated air is flowing to the agent exposure
chamber, simulating weathering.

5.2.17. Liquid Application of HD droplets:

5.2.17.1 At the six (6) hour mark, pre-defin
PAPR. Liquid drops are delivered to the surfae : s;,.

material surfaces. A minimum of 32 and @mmum of 43 drdﬁ;%ts (size of 20 micro liters
cach) are specified. Placement of the d%’ Tetss: vi ¥ 1 @f-i,system is specified in
(Appendices A, B or C.). The drople,;é%lll be placed on the equlpﬁ@%ﬁz er the numerical
ature insetts on the enclosed a gs.

working left to right, t
marked on Appendix A,
prepare by marking locati
being tested and use this “da
shroudss:permanently mouni
baséd” nitator configuration but on surfaées of the shroud that mirror the routine

If not permanenly affixed, remove the shroud prior to test. Droplet

fe gnd done ina tlmely manner. Annotate the Tlme

elines for identification of test configuration for exposure to

4é current version of the CBRN PAPR Statement of Standard. Two
ncepts tated. The first is on unique parts, components and/or materials,
air ptessure boundary between the breathing gas/air and the ambient

t, need to be tested. The second is unique parts, components and/or materials
direct effect on the ability of the respirator to provide respiratory protection,

4 facepeice head harness, exhalation valves, inhalation valves, head harness

ts, faceblank seals, canister interfaces, canister housings, eyelens interfaces with
ing rings, side voicemeters and/or plugged areas, need to be LAT/tested. The test
onﬁguratlon should conform to one of the enclosed HD droplet schematic appendices.
Slight variation is allowed provided it is clearly identified. If the test configuration does
not conform, notify NIOSH/NPPTL, provide a digital of the respirator if required to
NIOSH and await a new NIOSH droplet application schematic prior to LAT.

guxd
%

52.17.4  Once the last droplet is applied, conduct a visual check of the breathing
PAPR to ensure it is operating properly, no parts or accessories are out of place and that
there is no immediate destruction of material due to the recent exposure to HD droplets.



5.2.18

5219

5.2.20

5.2.21

Mount the front panel of the agent exposure chamber. If PAPR starts to disintegrate
immediately during or just after droplet application oceurs, finish the droplet application
process and close up the box immediately. Allow the test to run, monitering the pass/fail
criteria and terminate in accordance with paragraph 4.2.5.

A detector is used to monitor the challenge concentration in the exposure chamber. This
will be recorded on a computer with compatible software capable of accurately depicting
the agent concentration versus time.

b contintiance of flushing the
agent exposure chamber with the Mlller-Nelson u inated air to allow the

vapor effects of HD react.

Test Surveillance: The laboratory tec
all components of the system functi
breakthrough concentration to pr
is failing, the MINICAMS mustcap

to document the PAPR’s failure befor

Procedures for Termination of Test:

5.2.21.1 The test shf%]gfgg@ ermmated when he
three confirfied Gifantifiable consecutive:

a“ﬂ

The MINICAMS resp
t gé%tamed in the aliquot. The response must be within

“@ugh the exposure chamber. Remove the test respirator; separate
ponents as necessary and double-bag the components in

. accordance with laboratory SOP. Remove the bagged components to the
decontamination hood for temporary storage. If requested, a manufacture
representative may review the items at this time to perform reverse
engineering analysis. The test respirator will then be decontaminated,
monitored and disposed according to laboratory SOP. Wipe down the
interior of the agent exposure chamber and the SMARTMAN using approved
cleaning solution. Dispose of cleaning materials according to laboratory
SOP. Test Service Agreements (TSA) between the manufacturer and the test
laboratory on materials swatch testing or entire respirators is authorized off
line from the timeline of the conduct of this standardized test procedure.
However, in support of the TSA testing concept, the NIOSH/NPPTL CBRN
Respirator Research and Development (R&D) Test Program, current letter,
provides for prioritized use of dedicated NTOSH test equipment in support of
research and development that is separate and distinct from certification.



5.2.22 BExample Step Sequence of activities for HD liquid and vapor CBRN PAPR test.

Conduct M40 preparation and background contamination assessment,

Install PAPR in clean exposure chamber.

Close clean exposure chamber, ensure PAPR blower is operating.

Challenge clean PAPR with TDA-99M for 30 minutes

Verlfy that clcan PAPR has passed TDA-99M, retest/r;:ﬁt go to next step or if

el

envu'onmentally pre-tested canister or a qualifier ¢g
labeled for LAT. fi
Install PAPR in agent exposure chamber.
Photograph PAPR. :

&

placerﬁvent on agent exposure chamber
;ler while simultanecusly starting
ile software, if not already started.

. Ensure front panei is readily availab
14, Start makeup air, usmg Miller-Nelson Cos

ambient challeng‘iﬁg” entration detection
15. Start syringe pumps
16. Record start time of
17. Initiate challenge age

. Record 30-minute vapot

-

éipump at 30-minute mark, but no later 31 minutes.
pr-chall ng,e agent vapor exposure.

R forvisible cracks, catastrophic breakage or fallure criteria. Monitor
exposur@ﬁmes do not exceed 8 hours total and ensure respirator does not
to po§1t1ve pressure for any reason. Testmg laboratory is responsible for
all STP compliance requirements concerning test time; check shots,
congentrations and pass/fail criteria assessment and determination.
8. Eig i“ £(8.0) hours, end test.
0,.«Bécord end time and local time at 8.0 hours
30" Conduct check shot instrumentation
A1. Record check shot resulis and time of last end of test check shot.
32, Prepare system for decon and removal of tested components.

5.2.23 Data Analysis
5.2.23.1  Lead technician is responsible for accurately maintaining a laboratory

notebook and all required records. Hardcopies of data should be annotated
when pertinent events occur, such as a catastrophic failure, obvious airflow



boundary cracks, accessory cracks/failure, check shots and test start/end
times. Lab supervisor must gain NIOSH approval prior to pre-approving any
deviation from NIOSH standard test procedure and signoff in the
technician’s notebook as to the appropriate NIOSH approved change.
Notebooks should be signed and dated, copies of all hardcopies of data that
are generated shall be kept in the assigned task folder with NIOSH Task
number.

5.2.232  Laboratory manager and technician must cog%é%&e all required Test Data

Sheets in accordance w1th Appendlx D. Q;éj%mals df all test data sheets must

forms exist for CBRN PAPR tes da a collectl(; OSH DEIMS, current

version, will assign TNs, maintai “the CBRN PAPR{
all initial, lab and final r@’gizews NIOSH DEIMS for
reviewed every three ;

investigator or equwéiagf it

queue and process
PAPR should be
,gsor/prmmpal

apphcable mformatlon to alllo“z'ﬁze y feedback and prevention of
f testing lab are required to insure all

smmm‘gat@sheets are reviewed”

NIOSH/Nfa?*’

5.2.23.3 Transfer the pert ] he MINICAMS computer into a computer

2 l;ie wdl contain data from the nasal

alumns: 1) elapsed time 2) volume collected 3) sample collection time and
Zj%?anograms per séfnple Convert the nanograms into a concentration, ng/L,
:ﬁ?ultlplymg nanog&j@ms by a factor obtamed by d1v1d1ng the actual sample

g x, i"?’O 2 L = 8.65 ng/L). Convert nanograms/liter to
‘ier by dividing by 1000 (Example: 8.65 ng/L / 1000 =

, ot each sample t1me Using Excel’s Chart Wizard feature, a plot of
. concéntration vs. time and the Ct vs. time can be generated and printed using
. all the data in the table.

234 Challenge Concentration Data: Using the computations generated from
ara 5.2.23.3 above. Plot the challenge concentration versus time and produce two
data graphs that track total detection events covering any maximum peak excursions
& over 8.0 hours and total concentration over time known, as Cumulative Ct, covering

the total 8.0 hours of potential cumulative and instantaneous dosages. If the test is
terminated prior to the completion of 8.0 hours due to PAPR failure, MINICAMS
saturation preventive measures or other situations as outlined, laboratory technician
supervisor or equivalent is responsible for accurately recording all applicable
maximum peak excursions and cumulative Ct detected in the tested time.



6. PASS/FAIL CRITERIA

6.1. The criterion for passing is set within the authority of 42 CFR, Part 84, Subpart G, Section 84.63(a),
(c) & (d); Volume 60, Number 110, June 8, 1995. A Two-fold pass/fail criterion is required for
successful passing of HD testing. The criterion is as follows as indicated in final PAPR Statement of
Standards dated ;

2

Duration Breath.mg Maximum
Machine
Challenge of . Peak
Agent ) Airflow .
Concentration | Challenge Excursion q
(min) Rate (m g/m3) g ystems
(L/min) Tested
HD- -
Vapor 50 mg/m 30 40 608§
HD- 1043100.86 [120 40
Liquid ol

* Vapor challenge concentration will start immediatel?éigﬁter thy
for liquid exposure starts after the.firstliquid drop is applied:

o 25

+ Liquid Volume dependent on accessorie gysed with the régpirator. Mmlmum volume is 0.43 mi based on the
respirator only. p k-
each test value j

§ The cupdiifative Ct includin
test.

.

6.1.1  Distilled Sulfur Mustard (HD) Penctration and Permeation Test:

Challenge: 50 mg/m’® + 10 % for 30 minutes (but not more than 31 minutes) proceeded
by a maximum of forty three (43) 20 ul liquid droplet application at the 6 hour mark.

Test Time: 8.0 hours.



Two-Fold Pass/Fail Criteria;

a) Maximum Agent Breakthrough (Ct) == 3.0 mg-min/m’. Concentration integrated over
minimum service life is Ct and it is based on a detection sample time of approximately
three (3) minutes for eight (8) hours. The Ct data value, including all maximum peak
excursion data points, must not be exceeded for the duration of the test.

: secutive data points at or
'test vilue is based on detection

b) Maximum Peak Excursions = 0.30 mg/m* Three (3
exceeding the peak value constitutes a failure where
sample time of approximately three (3) minutes fo

NOTE: Any visible respira
components such as breakage, dlsto;g%pn ﬁgzmg of lens acking or separation

shall also constitute a system warziiﬁéf‘éﬁd qualify as a Pﬂ@ﬁal failure based upon
assessment of NIOSH CBRN E’ﬁi’R Guidelines for Identl 1“

NOTE: Any PAPR
equipment failure or malfunction,

fory electrlcal power loss or incorrect
ris.é“%;ll be considered by NIOSH/NPPTL as a

d immediate mandato f;est upon lab supervisor confirmation.

test termmatlo «
In this case, the

6.1.2 krinstrument in accordance with

| TL guidance to be published. Sound
Analytical Methods supports a plus or minus 25%
erval, NIOSH/NPPTL CBRN STP P&A tolerance can

Bio lé)glca

APR) submitted for Approval Extensmn of Approval, or exammed durmg

where thé'test was conducted, is required to be retrievable within 24 hour notification and be

maintained in accordance with local administrative SOPs and NIOSH/NPPTL Respirator Branch
CET historical filing requirements.

7.2. All videotapes and photographs of the actual test being performed by testing laboratory personnel,
or of the test equipment shall be maintained in the task file as part of the permanent record.

7.3. All equipment failing any portion of this test will be handled as follows;



7.3.1.  If a failure occurs on a new certification application (Qualifier or Remainder
Application), testing laboratory will send a test report to the NIOSH Certification
Evaluation and Testing (CET) Section Chief and await further instructions on
prepare/action any uncontaminated hardware for return to the manufacturer.

7.3.2. Ifthe failure occurs on hardware examined under NIOSH directed Off-the-Shelf Audit,
the hardware will be examined by a technician and the Labgratory Manager for cause.
All equipment failing or passing any portion of this test wili:Be contaminated with
chemical warfare agent, upon request; the contaminated equipmeént can be viewed by
designated NIOSH personnel in support of incidents igation proceedings. Upon
completion of NIOSH proceedings, the equipm
testing laboratory chemical surety practices.

RECORD OF CHANGE:




Appendix D, LAT

NIOSH/NPPTL Schematic of HD Agent Droplet Placement
for CBRN APR Application (Non Facepiece Mounted w/ Hose Assembly)

43

36
33

Notes:

1. Required placement of drops.
2. Test requires 43 drops on the respirator.
3. The facepiece gets 32 and remaining
areas of the respirator receive drops as
indicated above for a total of 43 HD drops.
If only two canisters are present, add one
Exira Drop to each canister (E.D.).

Effective: March 13,2003

g

35

37

Appendix B

40

42

34
38

IGT m ooOWp

Nomenclature

Facepiece

Head-harness strap

Eye Lens {1 or 2 lenses)

Side Voicemitter/front
voicemitier

Non facepiece mount
w/ canisters

Hose assembly

Drink tube

Exhalation valve




NIOSH/NPPTL Schematic of HD Agent Droplet Placement for CBRN
PAPR Application (Single Visor)




Appendix C
NIOSH/NPPTL Schematic of HD Agent Droplet Placement for CBRN
PAPR Application (Hood Type)

APPENDIX E:
CBRN PAPR HD LAT Certification Test Data Summary Sheet;



NIOSH Procedure No. CET-APRS-STP-CBRN —0551

1. TEST TITLE: Determination of Tight Fitting Facepiece and Hood Style Powered Air-Purifying Respirator
(PAPR) Performance During Dynamic Testing Against Chemical Agent Distilled Sulfur Mustard (HD)
Vapor and Distilled Sulfur Mustard (F2D) Liquid.

>

2. REQUIREMENT:

HOEEDOW

Task Number (TN):
Manufacturer:
PAPR Model #/Type:
Test Start Date of Qualifier Application:
Test Start Date of Remainder Application:
Test End Date of Remainder Application:
Primary P/N and Subject for LAT Configuration:
Gaining NIOSH CBRN Approval Numbers:

Each of three CBRN Tight Fitting Facepiecé
(PAPR) shall demonstrate no permeatio
and D1stllled Sulfur Mustard (HD) liquid equa

‘ "%une (Cf) including all maximum peak
est. HD vapor challenge concentration
hamber has been sc , Minimum Service Life for liquid

is applied. L1qu1§%$§me ysed is dependent on
Hm volume of 0. ; ik and max1mum volume of

components used with the resplrafm.
0. 86mL is based on the resplrator ﬁn@l teste

sequential test data points at or
‘here each test value equals to or

y ﬁf HD vapor concentration and ends at 8 hours. One
to Use configuration and remaining two respirator

d prior'to LAT in accordance with User Instructions? YES or NO

B ked or disfigured prior to any portion of LAT? YES or NO
C. acepiece connection violate Form, Fit or Function? YES or NO
D. iece fullyserviceable prior to any portion of LAT? YES or NO
E. efiblies free of visible deformations or aberrations? YES or NO
F. f components environmentally conditioned prior to LAT? YES or NO
G. Does blower operate prior to LAT? YES or NO

HD CBRN PAPR LAT Certification Summary Continyum:
Task Number: STP No.:

Manufacturer: Reference No.:




Test Title: Determination of Tight Fitting Facepiece and Hood Style Powered Air-Purifying Respirator (PAPR)
Performance During Dynamic Testing Against Chemical Agent Distilled Sulfur Mustard (HD) Vapor and Distilled
Sulfur Mustard (HD) Liquid.

H. Did each PAPR pass or fail maximum peak excursions? PASS or FAIL
1. Did each PAPR pass or fail Ct? PASS or FAIL
J.  Was all lab test equipment verified calibrated prior to LAT? PASS or FAIL
K. Were the SAF Configuration Part Numbers verified on the actual testable hardware?

PASS or FAIL

QUALIFIER TEST#1 Total Test Time Max Peak Excursions

(e.g. TN-HD 1 480 minutes or less Quantity failing

REMAINDER TEST #2 Total Test Time

(TN-HD 2) Same as above (sab).

REMAINDER TEST #3 Total Test Time

(IN-HD 3) sab sab
4. COMMENTS:
. v
(e.g. CBRN PAPR candidate was tested in ?1’:@ -enviret ed /Minimum Packaging

Configuration for initial Qualifier Applicatiot.
However, when a Durabilityzt:0
CBRN PAPR failedﬂ i

environmental pr

Date:

Date:

currence:with test summary findings as indicated above.

&



