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Introduction 
 
Methods for assessing the protection afforded by tight fitting, full facepiece, 
negative pressure military masks differ according to the standard applied. 
Methodology over the last thirty years or so is typically based around laboratory 
protocols using a defined set of movements. Results are reported as a protection 
factor (PF) or percentage inward leakage (TIL), which represent a ratio of the 
external atmosphere in the test chamber compared with a sample of the inhaled air 
contained in the mask.  
 
Dstl Porton Down, based near Salisbury, UK together with TNO from Delft, The 
Netherlands and the Norwegian Defence Research Establishment, based in Kjeller, 
Norway,  have for a number of years worked on a new method of field protection 
factor, testing, referred to as the Battlefield PF method. The system has been 
developed to provide a more representative result of the actual mask performance in 
a realistic military environment.  The method may be compared to measuring 
Workplace Protection Factors in the civilian sector. 
 
The level of protection required by a military mask is generally much higher than 
that expected from a mask for civilian industrial work. A typical military mask is 
expected to provide a protection factor of 10,000 or more when measured in the 
laboratory. A requirement of 2,000 has been deemed acceptable as suitable for non-
military CBRN applications by bodies such as NIOSH.   In recent times military 
specifications have been asking for increasingly higher protection factors and 
additionally proof that these high levels of protection can be maintained “in the 
workplace”, ie under real operational conditions and not just in the laboratory. 
 
The Battlefield Protection Factor method enables measurements to be made to very 
higher levels of protection up to 1,000,000 in situations which simulate realistic 
military activities. This presentation provides information regarding the performance 
of the Avon FM53 mask when tested using the Battlefield Protection Factor 
methodology. The presentation provides a review of the equipment itself and 
includes video footage of the actual trials.   
 
Review of Test Methods 
Laboratory testing 
A number of standards exist defining the requirements and test methods for 
measuring the protection factor of tight fitting respirators. In Europe the PPE 
directive 89/686/EEC refers to the face mask standard EN136 and test method 
standard EN 13274-1.  In USA the NIOSH CBRN statements of standard and 
associated test methods call up the LRPL (laboratory Respirator Protection Level) 
method. In NATO the respirator Tryptich makes reference back to appropriate 



European standards, amongst others.   All these methods are based around a series of 
well defined movements with the test subject either stood in one spot or walking on 
a treadmill. A test agent is generated and contained around the subject in a test 
chamber. The test subject is tethered to the chamber by sample tubes which transport 
the air sample from within the respirator to the analysis equipment. This is usually 
situated outside the chamber.  The test agent may be a particulate challenge provided 
from an oil (corn oil) or sodium chloride aerosol or a gas such as sulphur 
hexafluoride. The oil or salt aerosol particle sizes are less than 1 micron so they are 
close to the most penetrating size of aerosol particle. 
 
During the test the subject undertakes defined movements, which can include.  
Walking at 6Kph on the treadmill and 
Moving head side to side (Yes) 
Moving head up and down (No) 
Talking (The Rainbow Passage) 
 
If a treadmill is not used, other exercises include 
Deep breathing 
Reaching up and down 
Sighting a rifle 
Hands and knees head side to side 
Moving jaw (Chewing) 
Battlefield Protection Factor Test Method 
The introduction to the world of quantitative mask fit testing using the TSI 
Portacount paved the way to create a man-portable protection factor analysis system. 
The Portacount uses CNC particle counting technology to count atmospheric 
particles outside the mask (the challenge) and also those that ingress into the mask 
(sample).  In the Battlefield Protection systems two Portacounts are mounted into a 
back pack unit carried by the test subject, enabling the wearer to move about freely. 
One Portacount monitors the test challenge whilst the other continuously monitors a 
sample taken from inside the mask. In the early days of development just the 
background atmospheric particle concentration was taken as the challenge, as it is in 
the normal quantitative fit test.  However this methodology was found to give 
erroneous results for battlefield scenarios, not least because of high transient particle 
counts generated by weapon firing. The latest generation of systems uses an 
extremely high challenge particle count and diluters to protect the Portacount 
measuring the enclosure concentration. Also the developers have defined a specific 
and reproducible set of exercises and tasks, termed the Standard Military Protocol 
(SMP). 
 
Avon Sponsored Trial at TNO, Delft 
Avon’s trial was conducted at TNO in The Netherlands and was supported by Dstl 
Porton. Battlefield test equipment was supplied by both test agencies. Both sets of 
test equipment utilised the same twin Portacount method, but the method of data 
collection differed. The Dstl equipment included a PC, telemetry and quite heavy 
battery pack while the TNO equipment utilised a small data logger recorder and no 
telemetry. The PC and battery pack used in the Dstl system results in a larger 
heavier backpack, but the advantage was real time data transmission directly to a 
base station, permitting real time display of particle counts inside and outside the 
respirator.  Also the system has the ability to record other functions such as motion 
sensing, in-mask pressure and video recording from a helmet-mounted camera. Not 
all these additional functions were used in the Avon trial. 



 
However the trial did act as a useful validation of both sets of equipment for 
Protection Factor measurement because test subjects ran comparative trials with 
both sets of equipment and the same respirator. No discernable difference was noted 
between the two test systems.  
The trials test area was a lined bunker approximately 30 metres by 10 metres. The 
oil aerosol test concentration was extremely high, at times reach 2 million particles 
per cm3. This high concentration is required to achieve accurate measurements of 
PF up to 1,000,000 because the low level of particles that may be generated within 
the mask by the test subject become insignificant compared with the number of 
particles that may enter the mask through even the smallest leak. 
 
Test Procedure 
Mask 
The FM53 is a unique military / law enforcement mask offering the capability to 
operate as a positive or negative pressure mask. For this trial the mask was 
configured in the negative pressure format only. The mask is available in 4 sizes, 
and care was taken to allocate the correct mask size to the test subject.  All subjects 
were sized and fitted by Avon personnel, with clear instruction on the correct 
donning procedure being given. It is standard US procedure to conduct a quantitative 
fit check when personnel are issued with masks for the first time and this procedure 
was followed with each test subject.  The Battlefield protection test did not 
commence until a standard quantitative fit test showed that the mask was capable of 
providing a high level of protection on that particular test subject when standing 
still.  If a good fit could not be achieved the mask was re-fitted or in some cases a 
different mask size was selected. This fit procedure was followed each time the 
subject commenced a new test. (short video of donning technique) 
Protocol 
The Standard Military Protocol used during Battlefield testing is very representative 
of the type of activity that military personnel will carry out. Carrying the test 
equipment in a rucksack enabled the wearer to move freely over the entire area of 
the test chamber. The movements of the SMP were initially similar to the traditional 
movements seen in laboratory experiments, followed by more strenuous movements 
as the test progresses.  Each exercise sequence lasted one or two minutes and was 
followed by a rest period of one or two minutes. 
(video clips of each movement inside the chamber) 
The exercise sequence was: 
Head side to side 
Head up and down 
Walking 
Digging sand 
High crawl 
Run 
Take cover 
Low crawl 
Jump 
Water carry 
Lifting 
 
 
 
 



Conclusions and observations 
 
The protection factor results recorded for the FM53 mask were mostly well in excess 
of 100,000 (display results tables and discuss) Results were capped at 1,000,000 
because higher measurements were considered to be beyond the accurate measuring 
capability of the equipment.  
 
Some interesting observations were made regarding some subjects during the trial 
who were tried in alternative mask sizes, this clearly supports the need for correct 
sizing and fitting programmes when fielding masks.  
 
Comparing the mask performance with the presently accepted military mask 
protection factor of 10,000, it was clearly demonstrated that the FM53 is capable of 
significantly exceeding this performance criterion.  One of the critical lessons 
learned during the trial is that if we want a negative pressure mask to perform to 
such a high standard, then the selection of mask size and the training and 
implementation of the mask fitting must be carefully managed. 
 
 
This presentation will be supported throughout with video footage from the trials 
and supporting slides and data demonstrating performance.        
 
                   


	Avon Protection CBRN Mask Performance Using New Battlefield 

