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Background

• Toxic releases in laboratories and Haz. Mat. 
Warehouses

• Toxic gasses releases or vapours: Fire fighters wear gas 
protective suits

• Takes about 30 minutes to put on

• Victim already wounded/dead

• Necessary: a suit that is quicker to put on but still safe
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Background

Fire suit chemical suit gas suit
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Background

Takes long, 
about 30 
minutes

Takes scarce 
time, about 5 
minutes

Takes scarce 
time, about 1 
minute

Time to be 
operational

Very good 
(protection 
factor >4000)

????Protection factor

Gas protection 
suit

Chemical suitOrdinary fire 
suit
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Research framework: goals

• Incident commander needs to make a quick and on-scene 
decision on which suit to wear: fire fighter risk versus 
speed

• Research goal:
a) develop a method to express personnel safety of non-

conventional gas protective suits and 
b) apply the method for various movements and suits to reveal 

a range for the protection factor of these suits

• How:
• By studying theory and conducting experiments
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Research framework

1) Toxic release amount
2) specific hazardous material
3) ventilation

Protection
factor of suits

- EFFECTS concentration
calculation
- SkinPerm dermal absorption
calculation
- Maximum exposure duration
(dose related)

Suit tests

Information for fire officer to
decide how to suppres
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Research framework: focus on …

• Hazardous material releases

• Gasses or liquids: gasses/vapours

• Inhalation or dermal absorption: dermal absorption 

• Inside a building or in the open air: inside

• life rescue or damage control: life rescue

• grab rescue or stabilization: grab rescue
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Theory: fire suits

• Suit: permeable layers

• Gasses enter the suit: wrist, neck and foot joint

• Suits have compartments: about 1/3 of the total body 
surface can be exposed
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Theory: protection factor

• Suits protection factor =
gas concentration outside/ gas concentration inside [1]

• Protection factors for ordinary suits due to direct dermal 
absorption do not exist

• Hence, we need a critical dose (via inhalation): 
• US emergency response planning guidelines (ERPG II)
• Dutch similar alarm threshold criterion (AGW)

• ERPG II ≈ AGW
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Theory: ERPG II

• ERPG II = maximum concentration in the air below which it 
is believed nearly all individuals could be exposed to for up 
to one hour without experiencing or developing irreversible 
or other serious health effects or symptoms that could 
impair their abilities to take protective action (American 
Industrial Hygiene Association)

• In mg/m3
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Theory: Critical dose

• Critical dose ≈ (ERPG-II) x (breathing minute volume) 
x (exposure time) x (fraction inhaled toxic gas) [2]

• The ERPG exposure time is 60 minutes.
• The inhaled fraction is about 0,5. 
• The breathing minute volume for a person executing a 

moderate work is 0,035

• Critical dose (mg) ≈ ERPG-II x 0,035 x 60 x 0,5 ≈
ERPG-II ≈AGW 
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Theory: risk reduction

• Relative risk dermal absorption =
SkinPerm calculated absorption dose / critical dose [3]

• SkinPerm calculation basis:
• Gaseous concentration (mg/cm3)
• The exposed skin surface (cm2)
• Exposure time (minutes)

• Risk reduction due to protection =
Relative risk dermal absorption / protection factor suit [4]
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Calculations: Concentration
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Calculations: Critical exposure times

Warehouse (1000 litres)           and          Laboratory (50 litres)
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Calculations: ERPG II versus exposure time
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Experiments

•Observation of 4 haz.mat training for typical movements, how 
often and how long:

•Goal: find movements that negatively affect protection factor 
of suit, i.e. Belly effect

•Schrinking
•Bending knees (squats)
•Stretching

•Grab rescue: max 5 minutes, about 20 movements
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Experiments
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Experiments

Total Inwards Leakage (TIL) test EN943 (NEN-EN 943):
•2  tests per suit, (dis)approve suite
•Aimed to get a feeling of the range of possible protection factors

3 minutes test
•Staying: just staying on the location

•Walking: moving 1,5-2 m/s

•Stretching: moving arms up and down

•Squats: bending the knees and touching the floor with the arms

•Twisting: circulating the hips and the arms pressed against the body
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Experiments
Six different suits
• Ordinary suit without sealed gaps
• Ordinary suit and sealed gaps
• Ordinary suit, without sealed gaps and Splash-1000 hood
• Ordinary fire fighter suit, sealed gaps and Splash-1000 hood
• Tychem F chemical suit
• Splash-2000 chemical suit

6 fire fighters,
various test,
harmless gas (sea air),
equipment inside suit
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Results

To classify the results:

Hardly any leakageGas suit>10000
GoodGas suit, small leakage1000
ModerateChemical suit100
PoorChemical suit10
Very poorOrdinary suit3
ProtectionType of suitProtection factor
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Results
test with ordinary fire fighter suit without sealed gaps,

In table, the protection factor (Conc. Outside / Conc. inside)

4,19,810,62,52,9Twisting
2,69,68,52,92,8Squats
5,311,216,22,93,4Stretching
9,121,216,44,34,0Walking
3,28,94,13,42,7Staying
65431Movement

Fire man

protection factor: very poor 
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Results

Ordinary fire fighter suit and sealed gaps

6,53,4Twisting
7,71,9Squats
8,22,7Stretching
6,53,0Walking
6,52,2Staying
31Movement

Fire man

sealing the gaps in ordinary fire suits hardly improves
the protection factor: very poor 
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Results

Ordinary fire fighter suit, without sealed gaps and Splash-1000 hood

-1952025205Twisting
25120202080Squats
50352530105Stretching
25-4545120Walking
201595-40775Staying
65432Movement

Fire man

Using the hood, already improves the protection factor substantially:
poor to moderate 
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Results

Ordinary fire fighter suit, sealed gaps and Splash-1000 hood

6053545Twisting
1302520Squats
30015050stretching
-56080Walking
9035105Staying
541movement

Fire man

Sealing the gaps hardly improves: poor to moderate 
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Results

Tychem F chemical suit

104,7Twisting
104,0Squats
6,36,0stretching
155,4Walking
255,7Staying
32movement

Fire man

hardly protects against dermal absorption of hazardous gasses:
poor 
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Results

Splash-2000 chemical suit

-29600Twisting
355021880Squats
202011440stretching
3620-Walking
9517975Staying
32movement

Fire man

realizes a large protection factor: good to hardly any leakage 
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Conclusions

1. Ordinary fire suits have a protection factor in the range from 2-
20, which is very low, gas suits > 4000

2. Sealing gaps in the suits hardly improves this protection factor

3. Ordinary fire suits in combination with a hood improve the 
protection factor to 30. 

4. The Splash 2000 chemical suit has a good protection factor, > 
2000.
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Conclusions

Rescue operations in a building and under hazardous gasses 
atmosphere the type of suit to ware should be determined by the 
ERPG  II value of a hazardous material:

•ERPG II is 1-20mg/m3: always wear Splash-2000 chemical suit

•ERPG II is 20-150mg/m3: wear a chemical suit over the ordinary 
fire suit and breathing apparatus

•ERPG II exceeds 150mg/m3: wear at least an ordinary fire suit 
and independent breathing apparatus
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