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SO, Fire toxicity assessment
"“"‘

" The growing need to address the flammability of synthetic polymeric
materials, as substitutes for natural-based materials, has led to an
increase in the use of fire and flame retardant (FR) systems.

® Most of the recent research in development of fire safe materials is focussed
on preventing ignition and fire growth, shifting the focus of the fire safety
towards reducing peak heat release rates.

" It is important to understand the range of concentrations of chemical
species likely to be present in any fire and can have a negative effect
on the environment as well as posing a serious hazard to human
health.

" Quantitative data on environmentally hazardous components of fire
effluent cannot routinely be obtained from accidental fires, data is
obtained from real-scale fire tests and simulations involving physical
fire models. ‘c:a,@
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& :*1‘ Issues — Regulatory Guidance
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UK (England) Building Regulatlons 2015— Part B — Fire Safety.
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508 Harmful Effects
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o )ite Analysis of Polish Fire Statistics

Deaths/million Injuries/million
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Stec et al. Forensic Science International, Volume 277, August 2017, Pages 77-87 Uil i
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l;»{@{. Emission pathways from fires
Direct gaseous and particulate Spread of atmospheric
atmosphere emissions to the atmosphere emissions
carbon dioxide soot distribution
wind carbon monoxide water — dilution
S other gases other condensates |
A L. : ..
| ‘ Deposition of atmospheric emissions
|
: sedimentation
|

A ¢

extinguishing

agents _ _
- water - powder | burning object recycling
- foam - gases | ¥
|
: fire residues
: fire debris waste
|

| —

vicinity

_ Ground and surface water contamination
soil / waters
AQ"
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from fire debris/residues [
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ISO TC92 SC3 - PWI 26367-2: Guidelines for assessing the adverse environmental impact of fire effluent n
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Identification of potential
environmental impact

Ecotoxicants with acute effects

Ecotoxicants with long-term effects

Metals

Particulates

Polycyclic aromatic hydrocarbons (PAHS)

Perfluorooctanesulfonates (PFOS)

Polychlorinated and polybrominated dioxins and furans
(PCDD/PCDF, PBDD/PBDF)
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" w What’s in Smoke and what are the Impacts

"““i

Smoke particles: small, less than one micron in diameter; behave like a gas

Penetrate indoors and deep into the lung

Have high surface area: adsorb other combustion products, catalytic surface

Solid and liquid aerosols are characterized by:
*Concentration,

*Particles size distribution,

*Chemical nature

*Morphology (depending on aerosol chemical natu

Bronchiolar
Muscle

Alveoli

Nasal Cavity: 6-10um

— Oral Cavity

Larynx: 5-6pum
Trachea: 3-5uym

Bronchi: 2-3um

Bronchioles: <
\/Q
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Cyclic and Polycyclic Aromatic Hydrocarbons Structure IARC

Benzene @ 1 (2012)
Benzo[a]pyrene OO“O 1 (2012)
Dibenzo[ah]anthracene ‘QQQ‘ 2A (2010)
Styrene ©) 2B (2002)
Naphthalene 2B (2002)
Benzo[a]anthracene OO‘O 2B (2010)
Chrysene OO‘O 2B (2010)
Benzo[b]fluoranthene 06‘.0 2B (2010)

Benzol[k]fluoranthene

General description Bases of evaluation
Carcinogenic to humans Sufficient evidence of carcinogenicity in humans.

2B (2010)

i

Limited evidence of carcinogenicity in humans and sufficient
humans evidence of carcinogenicity in experimental animals.

Limited evidence of carcinogenicity in humans and less than
humans sufficient evidence of carcinogenicity in experimental animals.
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What strategies are in place to
‘minimise risk of getting cancers?
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Firefighters and routes of exposure:
Inhalation or Absorption or both?

Benz(a)anthracene
@ Naphthalene
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® Chrysene

® Benzo(b)fluoranthene
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Firefighting clothing is contaminated with carcinogens

Hazardous Contamination “follows” firefighters

Absorption via skin is one of the main exposure routes
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AA. Stec, et. al Scientific Reports, volume 8, Article number: 2476(2018)
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New sofas, meeting the UK furniture flammability regulations, were
used either solely or with additional furnishings (carpet, curtains,
television set).

The ventilation conditions were varied(well- to under-ventilated) by
varying door and/or window openings (in bedrooms/lounge).

Two sheets of newspaper were ignited on the sofa.

Gaseous effluents and particulate deposits were measured

Bedroom two (B2) : Bedroom one (B1):
gpen dect (i'osed door) « Gas sampling point in Lounge
« Condensed phase sampling :
X > 4 Hall

| bedroom 1

Lounge Kitchen PEearoorT 2
x /,lgnition
/,lgnition — Pan-2Loall
"414
([ Val e '«

F. Hewitt , A. Christou, K. Dickens, R. Walker, AA. Stec , Chemosphere, 173:580-593, 2017



OPFRs and PAHs Release
During House Fires

The most toxic PAH: benzo[a]pyrene was identified in the gas phase
samples.

Phosphorus-based compounds were detected in both gas and condensed
phases from burning sofas or the fully-furnished lounge.

Tris (1- 4- Triphenyl Bis(4- Tri-m-cresyl Tri-p- Isopropylphe
chloro-2- Methylphenyl phosphate methylphenyl) phosphate cresyl nyl diphenyl
propyl) diphenyl phenyl phosphate phosphate
phosphate phosphate phosphate
A
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F. HeW|tt A Chrlstou K. Dickens, R. Walker, AA. Stec,, Chemosphere, 173:580-593, 2017
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Residential House Fire
Test on Tenability
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The sofa was constructed from polyurethane (PU) foam and was tlmber
framed. The label showed that it conformed to UK flre safety regulatlons

Ignition source — 4
sheets newspaper

, _ “ TIY
‘ . LIS 4%
Crewe RJ, Stec AA, Walker RG, Shaw JE, Hull TR, Rhodes J, Garcia- Sorrlbes T, Experlmental results of a residential
house fire test on tenability: temperature, smoke, and gas analyses, J Forensic Sci., 2014 Jan;59(1):139-54
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(@ Equwalence Ratio-Classification of the fire
S
LA {
Y*<¥Ystages
b = Actual fuel / Air ratio
Stoichiometric fuel / Air ratio
Combustion Temperature | Equivalence ratio Oxygen CO,/CO

condition (°C) from fire % ratio
Smouldering 350 not applicable >21 1-5
Well-ventilated 650 ¢< 0.75 5to 21 2-20
flaming or 700
Under ventilated
flaming:
small vitiated fires 650 ¢p>15 Oto 12 2-20
post-flashover fires 825 ¢>1.5 Oto 12 2-20
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lf%‘?{s How is Fire Toxicity Measured?
3 general approaches:
Well-ventilated (e.g. Cone calorimeter)
Closed box tests (e.g. NBS Smoke Box, ASTM E1678, NES 713)
Tube furnaces (e.g. NFX 70-100, DIN 53436, IEC 60695-7-50,

Fire Propagation Apparatus)

Heat flux | Pilot flame | ISO fire stage depends on test material and thickness
(kwm®) 3 Conditions: each with air flow 2 litres min-t

25 400°C Oxidative Pyrolysis (?) adiation (?)
25 600°C Well-ventilated (?)

800°C Under-ventilated (’?)
| | (3b) Post flashover (?)

T R Hull and K T Paul, Bench-Scale Assessment of Combustion Toxicity — A Critical Analysis of Current
Protocols Fire Safety Journal, 42, 340-365 (2007).
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T447 Nylon 66, 750°C, phi=2.0

1ISO 19700
The steady

Sstate tube
furnace
8 10 12 14 16 18 20 22 24 26
m eth Od Time from boat start (min)
primary air .
Sample point
supply ( \ Pie p
smoke
= e measurement

-

A.A. Stec, T.R. Hull, K. Lebek, Characterisation of the Steady State Tube Furnace,
Polymer Degradation and Stability, VVol. 93, pp. 2058-2065, 2008.



CO Yield from Steady State Tube Furnace

—a&— LDPE —&— PA 6 —B— PS —&— PVC
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A.A. Stec, T.R. Hull, K. Lebek, J.A. Purser, D.A. Purser The effect of ventilation condition on the toxic product yields from

burning polymers, Fire and Materials, Vol. 32, Issue 1, pp.49-60, January/February 2008.
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Yields g/g CO, particulates

0.4

0.3

0.2

0.1

0.8

PVC

+ 0.7
.\\ 0.6 _
O
I
+ 05 2
qv]
O
04 O
\. o
/_\ B)
103 9
[
>

0.2

N-mm AN
Awap=-==""" - 0.1
| | I I 0
0.5 1 1.5 2 2.5

Equivalence ratio (phi)

—eo— CO - -A- - Particulates —a— C0QO2 —e— HCI




l ol
| @ ] R,
)

8.0

Hah B w | T |

6.0
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PA 6 Polyamide 6 with 30% glass fibres (PA6+GF)

PA 6/AIPIM with 20% Aluminium phosphinate(OP1230)
iInd Melamine polyphosphate (Melapur 200/70)

PA 6/BrSb with 20% Brominated polystyrene (Saytex HP
3010G) and 6% Antimony Trioxide (Campine 2617)

Fire Toxicity FR polyamides (20 g/m?3)

mCO mHCN @#BHBr ENO2 mHypoxia

0.0

0.54|0.56(0.47)|0.54

650°C

0.60(0.980.67|1.00/0.47 0.66|0.49|0.66
650°C 825°C 650°C 825°C
PA 6/BrSb PA 6.6 BrSb

.| .

0.53(0.58|0.49|0.60(0.45|0.49|0.49|0.510.45|0.50|0.49|0.55
650°C 825°C 650°C 825°C 650°C 825°C
PA 6.6 PA 6/AIPiIM PA 6.6/AIPiM

825°C
PA 6

S Molyneux, A A Stec and T R Hull,, Polymer Degradation and Stability, In Press, September 2013



http://dx.doi.org/10.1016/j.polymdegradstab.2013.09.013

;(5}1, SEM-EDAX showing non-carbon in airborne
V™ particles Si, Al etc.

44% Polyamide 66
30% Glass fibres
20% Brompolystyrene

6% Antimony Trioxide

[EEN

Al | Si

B Sb H Br

Approximate Percentage /%
(&)

O |
o2 S S
n e S 0
0}
vd
Smouldering Well - Ventilated

Soot

(filter)
Soot
(walls) ™

Residue

Large Under-
Ventilated

AE 's; ot| Det [Mag | Tilt |
ETD|200x/0.2 °|

) mm| 5.8

500.0pm
UCLAN Quanta 200 D7592
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F NS

), Z¢= Estimation of fire toxicity- ISO 13344

FED - the fraction of a lethal dose (for 50% of the population)
When FED =1 then 50% of the population will die.

m[co] . _21-[0,] ~[HCN] _ [HCI] ~ [HBr]  [SO,]

FED =
[C02 ]_ b 21— I—Cso,oz LCSO,HCN I—Cso,chl LC50, HBr I—Cso,so2

__mlCOl  21-10,] [HCN] [HCI _ [HBr]
[CO,]-b  (21-54)% 150 3700 3000
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FED

Oxidative pyrolysis

Well-V
Small UV

Glass Wool (GW)
Stone Wool (SW)
Phenolic Foam (PhF)

PIR

Oxidative pyrolysis

Large UV -:

Small UV
Oxidative pyrolysis

PUR

The fire toxicity of six insulation materials (20 g/m?3)

Expanded Polystyrene Foam (EPS),
Polyurethane Foam (PUR)

Polyisocyanurate Foam (PIR)

mCO
mHCI

OHCN
BNO2

B Hypoxia
B HBr

Large UV ﬂ

> > > 2> > AR A=
T 2a 27T 2 >0 |x0
2= c o S22 w o8 o8
El & = E | © |
w2 Q n Q| Q|
()] |- Q| -
> > >
< < <
° ° °
X X X
o o O ”
‘(\"{,
PHF EPS SW | GW | “#pae
S.ran

A.A. Stec and T.R. Hull, Assessment of The Fire Toxicity of Building Insulation Materials, Energy and Buildings, 43, pp. 498-506, 2011



FEC =

1ISO 13571
Z [co] iexp([HCNy43) At
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[HCI] | [HBr]  [HF]

220

[so, ]

[NO, |

Estimation of fire toxicity

. [acrolein] . [fomaldehyde] sy | lirritant]

ICSO, HCI ICSO, HBr ICSO, HF IC50,SO2 ICSO, NO, IC50,acro|ein IC50,foma|dehyde ICSO irritant
ll.Sases and smoke in lounge Time to incapacitation in Lounge
Chair: CM foarn, PR Dralon covers Test CDT18 Chair: CM foam, FR Dralon covers Test CDT18

21 - -

20 - i o g 5

19 i i | &

18 - _

17 - 4 4
g 16 ] l_Dun g dooro enl
S 15 - - B
g 14 = _ = &}
£ 137 . o T = ’
w12 i E o = P
= 11 o= [
= — o L
@ 10 S O w 2
& 9 F . 2 o Lounge detector b
8 g - = = Mlonization Optical }
o 7k ] o 1 el f 5
ol g— ' i [“ e ,'"”
o o <! p -

e

Og: : DMM e T

2 H2 0 1 2 3 4 5 ¥ a8 g 10

oL il PP e s e e Time (min)

0 1 : 3 i 3 8 7 8 810 11 12 13 14 135 4 Srmoke -& Sensory lrritancy Lung irritation
Time {rmin) = Asphyxia - Heat @ Asphyxia no HCH
<+ COppm & HCM ppm 8 C02% <+ 02% 2 Smaoke ODVm




FACTORS AFFECTING
FIRE COMBUSTION AND TOXICITY

Y

Harmful Effects Fire Sc?narios a.nfj Experimental Toxicity
| Combust|0r|1 Conditions Methods Assessment
Asphyxiants PP - ’ ‘
P |y DIREYE TRl Bench and Animal and
A | Large scale Chemical
| Well-Ventilated methods Assessment
Smoke |
N ‘ FED
Particulates Und , FEC
PAL] nder-Ventilated
Dioxins

4“
‘ )
()P

Toxic product yield and Toxic Potency >50¢

University of Central Lancashire



CONCLUSIONS

Fire toxicity is dependent on both material and fire conditions.
Yields depend on conditions, and underventilated fires are the most toxic.

Fire toxicity data is best related to ventilation conditions in terms of equivalence
ratio ¢.

CO is a good indicator of incomplete combustion however, it is not always the
major toxicant. CO and HCN are much more prevalent in developed flaming.

Irritants (HCI, organics and smoke particles) can prevent escape, but CO will be
recorded as the cause death. HCI is independent of fire condition and NOX is
favoured by well-ventilated conditions.

Fire retardants which act in the gas phase often increase fire effluent toxicity.
Brominated flame retardants increase the yield of both CO and HCN.

Bench-scale methods rarely distinguish particular fire conditions. SSTF and FPA
show acceptable agreement with large scale data over the range of fire conditions.

Toxicity is often seen as too complex for fire safety assessments: a methodology

- L&)
’(@@"

to incorporate it at the design stage has already been under development. S
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Thank you for your attention
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