Particle filters 

A respiratory protective device in conformity, yes but … 

Standards are sometimes misleading. The assessment of the protective performance of filtering half masks and disposable particle filtering masks, depending on the case, reveals significant differences. In real working conditions, electrostatic filters – satisfactory from the point of view of normative requirements – do not achieve the performance required to allow prolonged use of the equipment. 

Three solid or liquid particle « filtration » methods can be used to filter ambient air: mechanical filtration, electrostatic filtration and mixed filtration, the latter being a combination of the first two. However, the performance of these filters does not always remain constant  over time. In real working conditions, some electrostatic filters, even those classed « high efficiency », may undergo a rapid drop in performance with the passage of time. From a legislative point of view, filtering half masks and facepieces with filters, considered as personal protective equipment (PPE)1, must satisfy the essential safety and health requirements laid down in European Directive 89/686/CEE [1]. This imposes verification of performance before they are placed on the market. The manufacturer can affix the CE mark on equipment that has satisfied these essential requirements2. However, the directive only sets out principles, the performance of respiratory protective devices being verified in relation to harmonised European standards. These standards are termed « product standards »3. They define several levels of performance of filtering half masks (bottom right photograph) or half masks with filter(s) (bottom), which are verified on the basis of laboratory tests. For each of these levels, they specify, among other things, the performance of the filtering material alone, termed maximum penetration or filtration efficiency in relation to solid and liquid particles, and the overall performance of the half mask, termed total inward leakage. The overall performance level allows determination of the protection factor (tables 1 and 2 above), which is used to choose the most suitable half mask (see also selection guide [7]).

Table 1: filtration efficiency and theoretical protection factors for a filtering half mask

Classe Fuite totale

maximale

	Class 
	Maximum filter penetration in %
	Maximum overall leakage in %
	Maximum protection factor

	P1
	20
	22
	<5

	P2
	6
	8
	<15

	P3
	1
	2
	<50


%

Pénétration

Table 2: filtration efficiency and theoretical protection factors for a filtering half mask with filter(s) 

	Class 
	Maximum filter penetration  in %
	Facepiece leakage in %
	Total overall maximum leakage in %
	Maximum protection factor

	P1
	20
	2
	22
	<5

	P2
	6
	2
	8
	<15

	P3
	0.05
	2
	2.05
	<50


1- PPE are intended to protect the upper airways of the wearer. Some filtering half masks, used to prevent pollution of the ambient environment by the wearer, for example in the food and medical sector, are hygiene and comfort devices and not PPE. 

2- The initials “CE” are not enough. Indeed, respiratory protective equipment is considered as category 3 PPE, subject to a final-product quality control system. The initials CE will always be accompanied by a code corresponding to the notified body ensuring this control. If the body is INRS, the mark will thus be CE 0070. 

3- In the case of filtering half masks, standard EN149: 2001 [2] is employed as the basis of the examination, whereas in the case of half masks with filter(s) standards EN140: 1998 [3] EN143: 2000 [4], EN405:1993 [5] or EN1827:1999 [6] are applicable.

Standardised tests: how representative are they?

For both solid and liquid aerosols, the filtration performance levels (penetration test) are determined after three minutes of exposure to the test aerosols, and the overall performance (leakage test) is evaluated over a ten-minute period when the apparatus is being worn by the test subjects. 

In the case of mechanical filtration, the filtering material used is glass microfiber paper acting as a sieve. Efficiency is directly related to the surface density of the fibres. The particularity of this material is that it clogs whatever the nature of the particles (solid or liquid); its filtration performance therefore either remains steady or improves over time to the detriment of the respiratory resistance the user has to endure. It is this particularity that naturally led to limiting the test intended to measure the filtration efficiency of a filtering apparatus to three minutes in order to define its membership in one of the three efficiency classes. To limit the effects of clogging, and therefore the increase in respiratory resistance, it is necessary to have a large filtration surface area. The increase in filtration surface area was obtained by « folding » the sheet of paper (photo above). As a result, the folded paper filter is bulky, can no longer be shaped and can only be used on the largest apparatus.  

Comfort or performance?

Filters made of non-woven (melt blown) and electrically charged synthetic fibres then appeared. (photograph opposite). They are easier to shape for the manufacturing of filtering half masks, and allowed a reduction in both the respiratory resistance and the mass of the apparatus. The « comfort » for the wearer was found to be improved. In these materials, filtration is primarily carried out by the particles being trapped by the electrical charges deposited up till their neutralisation. However, performance differs depending on whether filtering involves solids or liquids: the performance of electrostatic filtration in relation to liquid particles is indeed low. 

To compensate for this, manufacturers then proposed a compromise between the two preceding methods, the « mechanical filtration » function being intended specifically for liquid aerosols. 
A failure over time…

As the performance of the filtering material has a direct influence on the protection factor, it is important that this is maintained throughout the predictable duration of use of the equipment. At the start of the 1990s, then more recently, [8], measurements carried out in the United States on the temporal pattern of the filtration efficiency of these new materials revealed that this efficiency deteriorated, and this led to modification of the  equipment classification method in force in that country. Over this same period of time, measurements carried out by INRS within the context of the certification of respiratory protective devices highlighted the same deterioration. A proposal to modify the classification tests was made in 1996 by the technical committee of ECS (European Committee of Standardisation), which requested that further investigations be conducted. These verifications, carried out at INRS on different materials and filters over a longer duration (3 hours for the solid particulate aerosol and 1 hour for the liquid particulate aerosol to take into account the different particle concentrations of the test aerosols), showed that, depending on their nature, filtration efficiency could be maintained or improved by clogging effect in the case of « paper » filters and some “compounds” (figure 1, page 17) or deteriorate rapidly from the first hour of use in the case of electrostatic materials (figure 2, page 17). The curves were established as a function of the mass of particles to which the filter was subjected. The tests showed that the penetration measured after one hour of exposure could be up to ten times that measured after three minutes, in conformity with the standardised test. This means that an apparatus classed high efficiency (P3 for example) can change class to average or low efficiency (P2 or P1) during its use. The real protection factor will then bear no relation to that determined by laboratory tests. Added to the fact that the performance observed for the different apparatus on site is less good than that obtained in the laboratory [9], this drop may lead to a considerable impact on the health of users.  
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Folded microfiberglass paper.
Clogging: a guarantee for mechanical filters 

In order to better understand the change in the filtration performance of different filtering apparatus using electrostatic materials, tests were carried out by different laboratories. These tests consisted in subjecting the equipment to prolonged exposure to test aerosols and verifying the performance after a storage period of 24 and 48 hours in order to simulate possible reutilization of an apparatus. Filtration efficiency was checked after three minutes of exposure, as the standardised test requires, then after subjecting the equipment to exposure corresponding to a deposit of 120 mg of particles. The results obtained highlighted a modification of performance, the extent of which depended on the nature of the test aerosol. Following these loading tests, it was confirmed that there are indeed two types of apparatus behaviours with respect to solid particles. Those which maintain or improve their filtration performance due to clogging phenomenon and those which lose it according to the load. Following the storage test, the majority of the electrostatic filtration equipment had lost their initial performance. From all the evidence, a disposable apparatus must be disposed of after a work shift, even if there is no sign of wear and tear.

A simple visual inspection does not allow the real state of an apparatus to be ascertained. In view of the significant deterioration in the performance of electrostatic filters, the question of the  level of protection they afford in the real work situation then arises. For INRS, these tests have highlighted the need to modify the mode of classification of filtering apparatus to one that takes into account the reality of the different behaviours of the materials. 
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