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Presentation Objectives

1. Identify factors contributing to study origin
2. Define study

• ‘Benchmarks’
• Design elements & equipment
• Challenges

3. Study outcomes
• Proof of concept
• Benchmark comparison

4. Bonus (time permitting): PAPR fabrication



Disclaimers

Presentation: Based upon my observations and role
Opinions: My own
Publications: Collaborative effort
General overview: Fit within allotted time
Study specifics: Available in publications (citations and links in 

conference handouts)



Rutgers University EHS Department

Primary Office: Piscataway NJ
• Biosafety, hazardous materials, occupational health & safety, health physics 

professionals
• Supports main campus students, faculty, staff activities for academic research 

& clinical functions, plus satellite campuses (Newark, Camden)
• Supports research extension facilities, clinical support staff, and county 

cooperative extension offices throughout state

RBHS Newark:
• 3 Biosafety staff
• 3 Health/Safety Specialist Staff (1 Staff – RU Newark)



RBHS – Newark Campus
• Urban campus near Newark Penn 

Station (Amtrak, NJ Transit, PATH)
• ‘University Heights’ – 4 Campuses

 RBHS (formerly UMDNJ)
 NJ Institute of Technology (NJIT)
 Rutgers – Newark
 Essex County College

• RBHS Newark
 NJ Medical School (NJMS)
 School of Dental Medicine (RSDM)
 School of Health Professionals (SHP)
 Cancer Research Center
 International Center for Public 

Health (ICPH)

https://maps.rutgers.edu/lat=40.741221&lng=74.186583



Study Origins & Contributory 
Factors



Prelude to 3-13-20
January Concerns about ‘novel virus’ appearing in China

Student abroad program modified, then cancelled

February Respiratory protection supplies ‘unavailable’
Increased illness & fit test compliance observed

March Increasing infection rates & ‘hysteria’
University ‘closed 2 weeks’ 3-13-20
Indefinite closure 3-30-20
Significant community infection prevalence



‘New Normal’ on 3-16-20
New Brunswick, Newark, Camden

• Support staff: Maintain essential operations (utilities, facilities, Public Safety)
 Social distancing, barriers
 Source control masking
 Work from home 60%, on site 40% (facilities with private offices); all others remote

• Clinical staff: On-site (daily screening, masking) support critical community need
• Research: Initial ‘pause’ (reduced support staff); shut down 3-30-20

RBHS Newark
• Minimal support staff for essential operations, clinical (community) need
• Newark BSO’s and HSS on site

HSS: “All hands on deck” to fit test residents, essential clinical staff, research shut down
BSO’s: daily review of IBC protocols (COVID research support)



1950 Defense Production Act (Amended 2018)
Presidential disaster declaration 3-26-20 (applicable 1-20-20 to 5-11-23)

Presidential authority to expedite and expand supply of materials and 
services from US industrial base to:

• Promote national defense
• Support emergency preparedness

Federal Priorities and Allocations System (FPAS)
• Priority-rated contracts & orders
• Preferential delivery to meet the delivery of items
• Place rated orders to ensure on-time delivery of materials and services
• Used to mitigate risks when delay in performance (MFR, logistics) could undermine 

program effectiveness

https://www.fema.gov/disaster/defense-production-act/federal-priorities-and-allocations-system



Disaster Declaration & DPA Consequences
Available fit test supplies don’t match hospital supplies

• Hospitals given ‘priority’ to receive PPE
• Universities were not authorized to receive any shipments

Residents & faculty supporting hospital staff encountered high variability of FFRP supplies
Medical and other students sent home

• Manufacturers needed to ‘ramp up’ production but new transportation and logistic 
requirements limited supply availability

Available FFPR didn’t fit medical professionals
• Size
• Manufacturer

Consumption of FFRP driven by:
• High community infection and prevalence rates
• IC practices based on prepandemic assumption of adequate supplies



Study Design, Benchmarks, & 
Challenges



Project Inspiration & Design
Annual BSL 3 shut downs ensure worker protection and containment

• Experiments completed, organisms secured
• Vendor dispenses sterilant at high concentrations, for prescribed time, within

facility and HVAC system
• BSO staff verify facility safety for support staff and vendor entry
• HVAC PM and HEPA filter replacement
• Facility maintenance to prevent fomite accumulation, facility degradation, 

and to ensure quality research results

Concept: Utilize same approach to sterilize & reuse disposable FFRP



Project Needs
1. Identify benchmarks
2. Access sterilization equipment, supplies, operator training
3. Identify staffing
4. Select appropriate location

• Isolated HVAC system with HEPA filtration
• Restricted access
• Available lab support space (daily bump tests, culture BI’s)

5. Identify respirator (source) supplies
6. Determine containment monitoring equipment, acquire equipment
7. Establish processing procedures
8. Define successful outcomes (efficacy)



FFPR Reuse ‘Benchmarks’

3M Disinfection Method Considerations
1. Must be effective against target 

organism
2. Must not damage the respirator’s 

filtration
3. Must not affect fit
4. Must be safe for person wearing 

processed FFRP (no off-gassing)



Fulfilling Project Needs
Vendor agreed to rent equipment, train operator
Project support personnel

• Infectious disease researchers (5)
• Essential service staff – BSO’s, EHS specialists (safety officer (SO) + deputy), HVAC
• IBC project review

“Retired” BSL 3 containment facility available
• Existing infrastructure operable
• Restricted access, support spaces nearby

SO identified respirator supplies, containment/monitoring equipment
BSO’s familiar with decontamination and safety validation procedures
Collaboration between researchers, BSO’s, SO defined outcome efficacy



Study Safety & Design Considerations
1. Equipment & reagent
2. Confirm FFRP sterilization efficacy

a. Chemical contact indicators
b. Biological growth indicators

3. Identify FFRP for evaluation
4. Evaluate respirator fit and reuse

a. QNFT of sterilized respirators to confirm integrity & fit
b. Quantify cycles before failure of FFRP

5. Study goals
a. Research paper publication
b. Create FFRP supplies for clinical staff



Safety Considerations - Equipment

Vendor provided ID researcher:
• Equipment & operational training
• Laptop for remote operation and 

monitoring processing room
• Equipment (stationary fans) & 

layout recommendations
• Identified direct reading 

monitoring equipment (leak 
detection)



Hydrogen Peroxide

35% aqueous hydrogen peroxide solution dispensed 
to achieve between 400 – 800 ppm concentration for 
3 hours



Verify Operation & Containment

Operator responsibility:
• Monitor VHP concentration within containment facility
• Assess processing room containment integrity
• If containment failure, then:

Terminate process
Quantify ambient concentrations (emergency response, safe entry)

External (containment) parameters:
1. Relative room pressure
2. Hydrogen peroxide concentrations



Post Sterilization Verification

Two challenge methods used within processing room at specific locations:
1. Chemical indicators – colorimetric test (Sterrafin VHP Process 

indicators; violet  yellow) provides instant, visual confirmation of 
chemical concentrations at placement areas

2. Biological indicators – challenge test organisms (Spordex VHP 
biological indicator discs) placement in room and within enclosed 
control respirators
• Cultured and incubated @ 37° C
• Evaluated after 24 hr and 7 days
• Growth/no growth



Respirator Stock

Initial plan: Use FFRP discards from failed hospital fit tests (unlimited 
supply). However, concerns regarding:

• Variability in manufacturers, models, sizes, construction (supply chain)
• Potential COVID contamination by clinical staff from facial contact (unknown 

COVID infection status); additional processing procedures & PPE?
• Visual damage noted to some FFRP before treatment
• ‘Aesthetic’ issues (cosmetics, creams)

Final Plan: Used ‘preferred’ respirator models for clinical applications
• FDA fluid resistant models, small and regular sizes
• Existing performance history by residents, faculty, clinical support staff



Respirator Selection Criteria

Review 2013 – 2019 resident & 
medical student fit test records, 
identify:

• Models available & in use at UH 
and RWJUH

• Fluid resistant, comfortable FFRP
• Models becoming ‘somewhat 

more available’ over time
• Models sought by university 

procurement team

Graphic source: Alland research group



Filtering Facepiece Respirators Selected

3M
• ‘Round’ shape, Models 1860, 1860S
• ‘Oval’ shape, fold flat, Models 1870, 1870+, 9210

Cardinal Health
• ‘Round’ shape, Small and Medium/Large sizes

Gerson
• ‘Rectangular’ pleated shape, models 2130 and 1730

Halyard
• ‘Duck bill’ 46827 (small) and 46727 (regular)



Assessing Functional Filter Integrity
At the end of each contamination run, select respirators for:

• Visual inspection for damage to filter, nosepieces, and headbands
• Functional filtration integrity quantitatively assessed using the Porta Count Model 

3038 on fit test subjects
Test subjects trained to properly don and doff FFRP, then assess

• QNFT performed on unused FFRP devices [8 cycles]
• QNFT performed on ‘lightly used’ respirators

 Lightly used – QLFT failure on test subject, VHP processed, then QNFT FFRP
 Lightly used – QNFT to second user that fit on unused devices (mimic anticipated conditions 

of reuse to extend supplies)

Benchmark Criteria:
Sterilization efficacy confirmed
No filter damage
No adverse effect on fit
No off-gassing



Improving Workflow, Cosmetic Influences

Hanging FFRP on hooks prior to VHP processing  time consuming
• Stack FFRP in piles of various depths to assess process efficacy; compare 

outcome to hanging individual FFPR on racks
Pile depth (stacks) 4, 6, 8, 10, 12 units
CI’s and BI’s inserted into the middle of each pile to assess efficacy

• Individual, used FFRP (1 or 2) stored inside paper bags; FFRP taped shut, bags 
closed (worse case) to assess efficacy

Does cosmetic & cream presence on discarded FFRP’s influence 
sterilization outcomes?

• Applied cosmetic and moisturizer layer to interior of FFRP
• Inserted CI’s and BI’s, folded and taped FFRP shut to assess process efficacy



Environmental Monitoring Challenges

Tubing from processing room door 
(through anteroom) to VHP 
operator table ~ 20 – 25 feet 
Position static pressure & direct 
reading instrument next to laptop
Operator cognizant of pressure 
and VHP concentration changes 
(containment confirmation) 

Processing Room & Operator Layout



Pressure Reading Instrument

• Position Tygon tubing at base of 
processing room door (at PC serial 
communication cord penetration), 
secure to floor

• Zero instrument after processing 
room & tubing secured

• Observe pressure changes



Drager VHP Instrument
Intended for area monitoring

• Inlet diameter 1”
• Sampling rate 500 cc/min

Preferred sampling location: next 
to processing room penetration 
for serial communication cable
and pressure tubing
Challenges:

• Inlet adapter vs tubing diameters
• Sustain sampling rate in tubing to 

alleviate instrument ‘fault’



Study Results



Positive Project Results
1. Equipment & methods used to sterilize rooms effective on FFRP

a. 90 minutes to achieve target concentration in processing room
b. All CI’s turned yellow indicating optimal VHP exposure
c. All BI’s had no growth 7 days post media inoculation

2. Surfaces of FFRP decontaminated when folded
a. CI’s inside control respirators turned yellow
b. BI’s inside control respirators had no growth after 7 days

3. Improved workflow observed for stacks of 4, 6, 8
a. Confirmed with chemical & biological indicators
b. Increased processing: 250 units/rack (hung) vs 720 units/rack per pile (6)
c. Increased capacity [4250 hung vs 12,240 piled], decreased time [2 hrs vs 8.5 hrs]
d. Effective sterilization for FFPR folded inside bags (CI’s and BI’s)



Positive Results (Continued)

4. Confirmed cosmetic application on Halyard FFRP surface did not
interfere with decontamination procedure

5. FFRP filters did not exhibit visual signs of degradation
6. Most FFRP continue to fit and function properly for at least 6 

decontamination cycles



Negative Project Results & Limitations
1. Facility degradation after 8 runs

a. Visible deterioration to walls, floors, door sealants
b. Quantifiable leakage detected at processing room door
c. Off-gassing observed from porous surfaces/damaged areas

2. Quantifiable VHP off-gassing noted from FFRP immediately after reentry
3. Resilience to VHP process varies by FFRP manufacturer & model

a. Halyard exhibited observable downward trend
b. Functional integrity of 3M 1870 reduced after worn, processed, fit tested on second user

4. Fit test subject facial features, sizing not representative of general population
5. Clinical staff wanted ‘their’ FFRP sterilized & returned to them
6. Processing resources and concerns

a. Requires dedicated space, equipment, operator training, monitoring (area & process efficacy 
with CI’s and BI’s)

b. Labor intensive
c. Handling ‘contaminated’ PPE during rack loading activities
d. Achieved only 3 out of 4 3M benchmarks



Final Thoughts

1. You think you’re prepared – realize you’re not – then it’s too late
2. Stockpiling PPE is good, but you need excellent storage & management 

practices. Even then, an emergency rapidly depletes resources, with 
questionable replenishment capabilities
2020 NIOSH Beyond Shelf Life/Stockpiled Assessment Results N-95 respirators 
https://www.cdc.gov/niosh/npptl/respirators/testing/ExpiredN95results.html

3. Disposable PPE manufacturing is scalable upon demand; however, you’re at risk 
to interruptions and shortages until demand initiates more production

4. Government and manufacturers are working to incorporate more reusable 
textiles in PPE to address sustainability & supply chain issues
 Europeans utilize 60 – 70% reusable (laundered) textiles in healthcare PPE 
NAS Webinar March 4-5, 2024 “Reuseable Health Care Textiles for PPE Workshop” 
https://www.nationalacademies.org/event/41729_03-2024_reusable-health-care-textiles-for-
personal-protective-equipment-a-workshop
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Thank You!



PAPR Fabrication


