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Problem Statement: Halogenated flame retardants added to 
firefighter station wear are harmful to humans as known 
carcinogens and endocrine disruptors. Recommended 
replacements should maintain flame retardancy without exposing 
humans and the environment to dangerous chemicals.

Identify 

01 NFPA 1975 to see if it overly 
stringent requirements, with the 
goal of simplifying them while 
maintaining safety standards

Investigate 

03Safer alternative to the 
current flame retardants 
employed in NFPA 1975 
certified firefighter 
station wear

4

These alternatives through 
chemical and environmental 
hazard and technical 
performance evaluations

Assess 02
          Background



Station Wear vs Turnout Gear

- Station wear is worn under the turnout gear and 
while in the station 

- Turnout gear is worn as a protective outer layer 
during fire response

- Station wear can be for 24 hours at a time

- Necessitates comfort, as well as safety
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NFPA 1975 Standard 

- Safeguards emergency services personnel 

- Establishes requirements for flame-resistant 
station uniform clothing that won't cause or 
exacerbate burn injuries

- Industry standard, NOT regulatory and as 
such is not enforced by legislation

- Some states may enforce legislation that 
may contain either more stringent or less 
restrictive regulations on certain 
requirements
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NFPA 1975 Station Wear  Performance Requirements
Test Name Item Tested Required Testing Conditions Pass

Base Requirements Certification

Heat and Thermal 
Shrinkage 
Resistance

Textile fabrics, findings, and 
visibility markings

≤ 260°C
(500°F)

No melting, dripping, 
ignition,separation, and 

shrinkage

Thermal Stability All textile fabrics ≤ 265°C
(510°F)

Does not melt or ignite
Does not stick to glass plate

Resistance to blocking is 1 or 2

Thread Heat 
Resistance All thread types

≤ 260°C
(500°F) Does not melt

Seam Strength Woven textiles' Major seems*
Knits

305 mm/min (12 inch/min)*
tensile machine with 25 mm 

diameter ball

Seam breaks at 133 N (30lbs) or 
greater

Label Print 
Durability All garment labels Observed at a 12 inch distance Legible

Optional Flame Resistance Certification

Flame Resistance 
Test Textiles and visibility markings Held 38 mm(1.5 in.) above a 

flame

Passes baseline requirements
Afterflames is < 2 seconds

Char length is < 150 mm (6 in.)
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NFPA 1975 Comparison

Foused on protective clothing for fire 
fighters engaged in firefighting and 
associated activities, not specific to 
just station wear as NFPA 1975.

European Union 
(EN 469) 

Australia & 
New Zealand 
(AS/NZS 4967)

8         Background

Similar to EN 469, this standard 
focuses on protective clothing for 
structural firefighting.



Flame retardants slow down or interrupt the  
combustion process by physical or chemical action
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Source: Clariant

https://www.flameretardants-online.com/flame-retardants/intumescence


Flame retardants slow down or interrupt the  
combustion process by physical or chemical action
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Source: Clariant

https://www.flameretardants-online.com/flame-retardants/intumescence


Chemicals Found in Station Wear*

         Background

Antimony trioxide
(Sb2O3)

Not a halogenated flame retardant

Used as synergist

Traces have been found in station 
wear

TCEP 
(tris(2-carboxyethyl)phosphine) 

Emits fumes of POx and chlorides

Pentabromodiphenyl ether 
(Penta BDE)

Banned new manufacturing without 
evaluation in the United States in 2005

Emits Brominated Dioxins and Furans, 
Hydrogen Bromide (HBr), Carbon 
Monoxide (CO) 
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*This is not a comprehensive list of all chemicals found in station wear depending on 
different materials/manufacturers used across firefighting stations. 
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Health Hazard PentaBDE TCEP Antimony 
Trioxide

Carcinogenicity M H H

Genotoxicity/ 
Mutagenicity DG M M

Reproductive Toxicity M M M

Developmental Toxicity M M L

Endocrine Activity H M DG

Acute Toxicity DG M L

Systemic Toxicity M DG H

Neurotoxicity M vH L

Skin Sensitization DG L L

Respiratory Sensitization DG DG DG

Skin Irritation DG M M

Eye Irritation H M M

vH H M L vL DG

Very 
High

High Moderate Low
Very
Low

Data
Gap

PentaB
DE

TCEP
Antimony 
Trioxide

Ecotox
Acute Aquatic Toxicity H H H

Chronic Aquatic Toxicity H M M
Fate

Persistence H M vH

Bioaccumulation H vL vL

Physical
Reactivity DG L L

Flammability DG L L
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How existing flame retardants are applied to textiles

         Background 13

Inherently 
Flame resistant

Flame resistant
fibers 

Chemical 
Structure

Synthetic or 
natural

Flame retardant 
chemicals

Fiber formation 
process

Wool or Nomex Rayon

Flame treated 
fabric

Chemical dipping

Finishing coat

Fabric blends
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Thermogravimetric analysis (TGA)

Flammability Criteria

● Degradation temperature

● Rate of degradation

● Final residue percentage

TGA

         Background

Technical Performance Criteria Breakdown (NFPA 1975)
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Thermogravimetric analysis (TGA)

Flammability Criteria

● Time to ignition

● Sample mass variation

● Smoke density

● CO concentration

● CO2 concentration

PHHR/THR

Peak/Total Heat Release(PHHR/THR)

         Background

Technical Performance Criteria Breakdown (NFPA 1975)
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Thermogravimetric analysis (TGA)

Flammability Criteria

● Self-extinguishing time

● A pass/fail test

UL 94 V Rating

Peak/Total Heat Release(PHHR/THR)

UL 94 V Rating

         Background

Technical Performance Criteria Breakdown (NFPA 1975)
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Thermogravimetric analysis (TGA)

Flammability Criteria

● LOI measures the minimum 
concentration of oxygen in the 
surrounding atmosphere required 
to sustain combustion. 

LOI

Peak/Total Heat Release(PHHR/THR)

UL 94 V Rating

Limiting oxygen index(LOI)

         Background

Technical Performance Criteria Breakdown (NFPA 1975)
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Thermogravimetric analysis (TGA)

Flammability Criteria
● Provides insight into the phase 

transition and thermal reaction

● Proxy for thermal behavior of 

material

DTA

Peak/Total Heat Release(PHHR/THR)

UL 94 V Rating

Limiting oxygen index(LOI)

Differential thermal analysis (DTA)
● Loading rate

Mechanical Properties

         Background

Technical Performance Criteria Breakdown (NFPA 1975)



Strategy One
Nitrogen-Phosphorous (N-P) Synergistic approach

01
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Nitrogen-Phosphorous (N-P) Synergistic approach
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(Abdalrhem et al., 2023)



Strategy 1 Candidates

21

Casein Chitosan Phytic Acid Melamine Phosphate

(Images sourced from Wikimedia)              Strategies



              Strategies

Flame 
retardancy 
mechanism

Melamine 
phosphate Casein Phytic acid Chitosan

Flame 
poisoning

Cooling

Char 
Formation

Intumescence

Oxygen 
Dilution

Free radical 
trapping

Yes with 
synergist

Yes 

No
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              Strategies

Baseline 
FRs - Data 

gaps Alternative Higher FR Not significant impact Lower FR
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Parameters 
(Δ%) vs 

untreated Cotton
Penta BDE Nomex Cotton Melamine 

Polyphosphate Casein Chitosan-Phytic 
acid(CS-PA10)

Ammoniu
m phytate 
(APA) (20%)

T10% (
oC) - - 320 -19.4% -23.9% -21.2% -18.9%

Tmax1 (
oC) - +29.1% 342 -13.7% -3.7% -22.8% -19.5%

Tmax2 (
oC) - +18.5 % 485 +8.7% +0.8% +18.0% -

LOI (%) 32.4-34.2 28.5 - 30 18.4 50.9 ± 0.6 32-44  30.8 43.2

UL94 V V0 V0 v1 V0 V0 V0 V0

PHRR% (kW/m2) - -65.7 %* 175.11 -70.1% -19 % - -94.5%

THR (mJ/m2) - -29.4%* 7.75 -64.2% -(71.8-8
9.2) %* - -60.0%

Char length (mm) - -85.9%
Burns 

comple
tely 

-73.3% -69% -76% -89.7%

Self-extinction Yes Yes No Yes Yes Yes Yes

Dripping No No No No No No No



Strategy Two
Selectively Bred Cotton

02
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Selectively bred cotton from the 

- Researchers at the U.S. Department of Agriculture's (USDA) 

Agricultural Research Service (ARS) bred four cotton lines that can be 

used to make self-extinguishing textiles

- Reduces the need for flame-retardant chemical additives

- US military already interested

A flame retardant uniform that has an increase in the amount of 

cotton in the blend, due to popular demand

25              Strategies

https://www.ars.usda.gov/


How Selectively Bred Cotton Self Extinguishes

- When tested in the standard 45 degree incline flammability test, regular cotton (top) burned instantly 
when exposed to an open flame while selectively bred cotton (bottom) self-extinguished under the same 
conditions.

- Flame retardancy did not come from a single gene - multiple genes created a phenotype for fibers with 
significantly lower heat release capacities.

              Strategies 26



⅘ lines exhibited inherent flame resistance
1. A screen of 257 recombinant inbred lines for naturally 

enhanced flame retardance (FR) was conducted.
a. All 11 parents produced a flammable fabric 

2. MAGIC recombinant inbred lines that produced fibers with 
significantly lower heat release capacities (HRC) as 
measured by microscale combustion calorimetry (MCC) 
were identified 

3. 5 superior lines were identified 

4. Four exhibited the novel characteristic of inherent flame 
resistance.

5. Four fabrics self-extinguished. 

27

Flame resistant cotton lines (Thyssen 
et al., 2023) 
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Fire resistant cotton vs. regular cotton 
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http://www.youtube.com/watch?v=aNjVDkzPbgs


Performance metrics for selectively bred cotton

- Cotton engineering garnered a 
phenotype for fibers with 
significantly lower heat release 
capacities. 

- The new cotton lines also possess 
the desired agronomic and fiber 
quality traits, making the lines 
sought after for breeding and 
consumer usage.

29              Strategies

What we know To be determined

- Lacking performance metrics due to 
the novel stage of the cotton 
production

- In conversation with researchers at 
the USDA-ARS lab in New Orleans



Strategy Three
Re-evaluating the necessity of NFPA 1975 regulations
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Are the NFPA 1975 standard guidelines necessary for all fire fighters?

Recommendations should be tailored to the specific 
needs of each department. 

In many urban fireground responses, burns are a 
comparatively lower injury compared to smoke 
inhalation, thermal stress, wounds, and muscle strains. 

For wildland fire departments like Cal Fire, where 
firefighters tend not to wear turnout gear due to the risk 
of overheating, the use of a nitrogen-phosphorus coating 
strategy may still be needed for a flame retardant 
alternative.

This flame retardant base layer isn’t necessary for all 
departments.

              Strategies 31
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New Zealand’s Approach

The NFPA 1975 standard is a guideline and is not enforced 
or required by legislation.

Firefighters in New Zealand don’t consider the same 
NFPA 1975 guidelines as many of the departments in 
North America. 

Many firefighters in New Zealand wear Merino wool 
textiles as base layers and station wear underneath their 
turnout gear given its naturally flame resistant properties.

Merino wool and other natural fiber textiles like cotton 
present little to no hazard to the wearer and would be a 
safer alternative if worn under a thick flame retardant 
outer layer. 
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Hazard Assessment 
of our Alternative 
Strategies

              
            Hazard    
         Assessment 34
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Data Gap
Potential 
Concern

Very Low Low Moderate High
Very 
High

Group 1 
Human

Carcinogenicity
No 

literature 
found

Screening 
list

Very low
No 
reported 
effects

Suspected Suspected Known

Genotoxicity/ 
Mutagenicity

No 
literature 

found

unverified 
hazard 
assigned

Literature 
review

Not 
classified

Suspected Suspected Known

Reproductive 
Toxicity

No 
literature 

found

unverified 
hazard 
assigned

Negative 
studies

Suspected Suspected Known

Developmental 
Toxicity

No 
literature 

found

Sufficient 
data

Suspected Suspected Known

Endocrine 
Activity

No 
literature 

found

Not 
classified

Evidence Suspected Known

Low confidence
High 

confidence

Predictive tools
Authoritative 
list

Authoritative B 
list

High quality 
data

Computational 
tools

Screening list

Literature reviewHazard databases Computational tools



                     Assessment

PentaBDE Phytic Acid Chitosan Casein Melamine

Carcinogenicity M L L vL M
Genotoxicity/ 
Mutagenicity DG L L vL DG

Reproductive Toxicity M L L vL DG

Developmental Toxicity M L L vL DG

Endocrine Activity H L DG vL H

Acute Toxicity DG M DG L L

Systemic Toxicity M M DG L M

Neurotoxicity M DG DG DG DG

Skin Sensitization* DG L DG DG DG
Respiratory 

Sensitization* DG DG L H L

Skin Irritation DG pC L L L

Eye Irritation H pC L L L
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vH H M L vL DG pC

Very 
High

High Moderate Low
Very
Low

Data
Gap

Potential 
concern

Health Hazards of N-P

Strategy ONE



Melamine 
Phosphate

Casein Phytic Acid Chitosan

Ecotox Score

Acute Aquatic 
Toxicity M vL vL vL

Chronic Aquatic 
Toxicity L vL vL vL

Fate Score

Persistence H vL M vL

Bioaccumulation H vL vL vL

Physical Score

Reactivity DG vL L vL

Flammability DG vL L vL

                     Assessment 37

Environmental 
Hazards of N-P

vH H M L vL DG pC

Very 
High

High Moderate Low
Very
Low

Data
Gap

Potential 
concern

Strategy ONE



Strategy TWO
Selectively Bred Cotton

Environmental 
Hazard Score

Ecotox

Acute Aquatic Toxicity L

Chronic Aquatic Toxicity L

Fate

Persistence vL

Bioaccumulation vL

Physical

Reactivity vL

Flammability vL

                     Assessment

Health Hazard Score

Carcinogenicity vL

Genotoxicity/ Mutagenicity vL

Reproductive Toxicity vL

Developmental Toxicity vL

Endocrine Activity vL

Acute Toxicity vL

Systemic Toxicity vL

Neurotoxicity vL

Skin Sensitization vL

Respiratory Sensitization vL

Skin Irritation vL

Eye Irritation vL
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vH H M L vL DG pC

Very 
High

High Moderate Low
Very
Low

Data
Gap

Potential 
concern



Recommendations 
& Remaining 
Questions

39              
         
         Recommendations



● One of our Nitrogen 
+ Phosphorus 
based compounds

● Organic, 
non-synthetic 
dyed cotton or 
merino wool

Flame Retardant 
Coating

Fiber

              40

Recommendation One

Recommendations



Recommendation Two

● Selectively Bred 
Cotton that 
self-extinguishes

Flame Resistant 
Fiber

              41Recommendations



Recommendation Three

● Reserve strategies 1 
& 2 for necessary 
situations

● Use Merino wool for 
structural / city fires

Redesign industry 
standards

                    Recommendations 42



Remaining Questions

              
      
    Recommendations
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- Feasibility of selectively bred cotton in the market
- Timeline for production
- Durability 

- Will it pass the seam breakage test?
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Thank You!
Questions?
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