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This article is intended as a reference material to the inquiry of whether a photocatalyst-coated medical mask is capable of eliminating the viruses causing SARS. The analyst is based on basic knowledge in present clinical / diagnostic virology as well as information provided by relevant companies.

1. TESTING THE EFFECTIVENESS OF CERTAIN MEDICAL MASKS IN BLOCKING OR ELIMINATING VIRUSES CAUSING SARS:

SARS is the abbreviation for ‘Severe Acute Respiratory Syndrome’, a collection of symptoms characteristics of infections of the respiratory tract with the sudden onset of fever, cough, sore throat, headache and muscle aches (the definition is derived from the World Health Organization). Therefore, SARS stands for the disease itself and not a particular strain of the virus causing the disease. Recently a microbiological team from the Hong Kong University led by Professor Malik Peiris had isolated and identified the virus responsible for the outbreak of the atypical pneumonia. The virus turned out to be a type of coronavirus, which spreads through droplets and can survive for up to a few hours outside the human body; an extraordinary feature considering the relatively harsh atmosphere in a non-cellular environment
With the identity of the causative agent known, the steps in determining the effectiveness of the photocatalyst-coated medical mask in blocking / eliminating the coronavirus became simplified. But, before completing on the algorisms, we need to fully understand the viral diagnostic methodology employed by clinics and laboratories. Current diagnostic virology can be roughly divided into three broad categories: Indirect examination (viral isolation), Serology and Direct examination.

a. INDIRECT EXAMINATION: Virus isolation, or cell culture of viruses, remains the best diagnostic technique because the actual growth of the virus in a cultured medium provides undisputed identification of the agent; and the observation of virus-related cellular abnormalities (eg, cytopathic effects) offers important clues as to the mechanisms(s) by which the virus multiply within the host organisms. Continuous (eg. Hela Cells) as well as primary (eg. Rhesus monkey kidney cells) cell lines are used to grow the virus. For the identification of the previously unknown virus such as the atypical pneumonia coronavirus, monkey kidney cell line is probably used due to its potential to support the widest range of viruses. However, the major disadvantage of this method is the period required to obtain results (up to 4 weeks).
b. SEROLOGY: Because of the intrinsic difficulty in screening individual viruses in serum samples, serological methods rely on the detection of antibodies in certain viruses. Some popular methods include molecular biological assay techniques such as radioimmunoassay (RIA), enzyme-linked immunosorbent assay (ELISA), and particle agglutination. Both RIA and ELISA involve chemically attaching detachable molecular species (RIA: radioactive isotopes such as I125, ELISA: easily observable enzymes such as peroxidase or fluorescent dyes such as rhodamine) to antibodies directed against wither viral-surface antigens or another antibody raised against viral antigen. Sensitivity for these 2 methods can be fairly high.
c. DIRECT EXAMINATION: In contrast to serology, direct examination (as the name implies), involves the identification of the virus particles directly as opposed to serum antibodies. One very obvious choice for this method is electron microscopy (EM). The adherent high resolution of an electron microscope makes it possible to visualize individual viruses in a specimen either directly or by antibodies coated with heavy metals such as gold (immunoelectron microscopy).

With the understanding of various detection methods available to us, we can determine the steps necessary to evaluate the possibility of testing photocatalyst-coated medical masks. Out of all the methods described, the only logical technique to our situation is direct examination methods using the electron microscope. We would first grow and isolate the virus colonies using primary cell cultures, observe structural integrity under the EM, then put some active viruses onto the surface of the photocatalyst-treated masks; and finally observe the viruses again to see whether the viral particles have been destroyed. However, this approach poses several critical problems: 1/. Handling this kind of highly contagious agent requires tremendous technological expertise, is highly expensive and requires specialized equipment / reagents. 2/.  Not all viruses are applicable for EM studies. EM visualization requires at least 10 to the power of 6 viral particles per ml and it is not guaranteed that this threshold concentration can be attained with cell cultures, especially for previously unknown viruses such as SARS coronavirus. 3/. EM uses specialized sample stage (called a ‘grid’) for observation, consequently how we get the viruses off the mask for visualization without perturbing their conformation on the mask is perhaps the most daunting technical difficulty in the whole algorism. Therefore from both the scientific and technical points of view, the task of whether photocatalyst treated medical masks can block / eliminate the SARS coronavirus seems nearly impossible at this stage. However, I believe photocatalyst-coated masks should at least in principle, be able to defend individuals exposed to airborne pathogens such as the SARS coronavirus.

As far as I understand, photocatalyst act by first absorbing certain wavelengths of visible / ultraviolet radiation, promoting electrons residing in the valence band of titanium dioxide nano-particle (the active material in photocatalyst) to the conduction band; and then transferring these ‘activated’ electrons to O2 and H2O in the atmosphere to create negatively charged oxygen ions and hydroxide free radicals. The highly unstable species of O2 and OH free radicals readily react with hydrocarbons present in virtually all organic and bio-substances, causing them to disintegrate. Bacteria, viruses and organic vapours are all organic (ie. containing hydrocarbons) in nature, therefore in principle the photocatalyst should not prefer breaking up one particle from another. Coronavirus, which contains a single-stranded RNA enclosed within phospholipids bilayer envelope, should theoretically also be a target of destruction when put close to a photocatalyst-treated surface

2. ANALYST OF DIFFERENT TYPES OF MEDICAL MASKS:

There are roughly 4 types of masks currently available to prevent SARS from gaining access to the human body: 1/. Regular Masks, 2/. Masks containing activated charcoal, 3/. Masks containing so-called ‘electro-statically charged micro-fibre’ and 4/. Masks containing photocatalyst. The following is a more detailed analyst of each type of mask from the information gathered from relevant companies.
a) REGULAR MASKS: These masks are the ones most commonly found in retail stores selling public health products. Because there are no additional processing on these masks, the relatively large pores (on the order of 1 micron) resulting from the fibre structure makes it ineffective against airborne pathogens. The SARS coronavirus’ structure is not determined at the same time of this writing. But since it infects the human respiratory system like the influenza virus, I suspect that SARS probably utilizes similar multiplication strategy and bears similar size and shape to the influenza virus (of the orthomyxovirus family); because the influenza virus has a globular shape with a diameter of about 60nm, we can reasonably infer that the SARS virus probably has a size not too much different from it. 60nm is way smaller than 1 micron. This means SARS can efficiently pass through these masks.
b) MASKS CONTAINING ACTIVATED CHARCOAL: Activated charcoal is charcoal that has been treated with oxygen to open up millions of tiny pores between the carbon atoms. According to Encyclopaedia Britannica:
The use of special manufacturing techniques results in highly porous charcoals that have surface areas of 300 -0 2,000 square metres per gram. These so-called active or activated charcoals are widely used to absorb odorous or coloured substances from gases or liquids.

Oxygen treatment of charcoal increases its surface area. The huge surface area of activated charcoal gives it countless bonding sites. When certain chemicals pass next to the carbon surface, they are attached to the surface and are trapped. However, the problem with this kind of mask is that it does not trap microbes (bacteria and viruses). In a report released in February 1992 by the North Dakota University, activated carbon filters effectively remove many organic contaminants such as benzene and organic arsenic complexes but fail to remove any bacterial and viral components in water. Secondly, activated charcoal has a saturation limit. Once all of the bonding sites are filled, an activated charcoal filter stops working. At that point, you must replace the mask. But exactly when the bonding sites are filled is a big uncertainty. Usage beyond its saturation limit will result in free passage of the coronavirus particles through the respiratory tract. Thirdly, activated charcoal attracts viral particles to adhere to its surface, but it does not kill them. As mentioned previously, SARS can survive outside of the human body for up to a few hours. Hence inadvertent contact of the mask with hands, eyes, nose and / or mouth can still result in an infection. Based on the above three drawbacks, it is surprising to see that this kind of masks is encouraged to be used against the SARS coronavirus at all. Perhaps the reason for this is partially due to the confusion that all serological viral tests, particle agglutination tests (see above) is frequently used in which antibodies specific for the virus are covalently linked to small particles or activated charcoal.
c) MASK CONTAINING ELECTRISTATICALLY CHARGES MICRO-FIBRE: According to the information provided by 3M (one of the major manufacturers of this type of masks, the function of the electrostatically charged microfibre material is mainly to facilitate breathing and not filtration. The actual filtration component of this type of masks is provided by a layer of carbon next to the electrostatically charged microfibre, perhaps relying on the same filtering mechanism as the activated charcoal masks. This means that this kind of mask is subject to the same limitations possessed by the activated charcoal masks. Another so-called ’cake-resistant media’ layer lies next to the carbon filter layer for longer respirator life and better comfort. It is this multi-layer geometry that makes this type of mask extremely uncomfortable to wearers. But the pore size for this type of mask s reported to be on the order of 75 to 300nm, hence still larger than the average size of the atypical SARS coronavirus.
d) MASKS CONTAINING PHOTOCATALYST: As mentioned in the previous pages, the photocatalyst applied on the surface of a medical mask in principle should be able to eliminate microbes absorbed onto it. But whether a particular photocatalyst-coated mask is effective depends on the type of photocatalyst used; and the additional processing performed by the mask manufacturer. If the photocatalyst used has a high concentration of active material Titanium Dioxide (Ti02) in this case, small diameter particle and a large surface area, we can then reasonably  deduce that this kind of masks theoretically should be effective in defending ourselves against the SARS coronavirus
Lastly, I would like to suggest to everyone to tackle the recent outbreaks of the atypical pneumonia with the following:

· Do not use your hands to touch your eyes, nose and / or mouth without washing first.
· Entering places that are deemed high SARS alert areas such as hospitals, public transport / places; and always wear specialized medical masks.
· If you need to choose a type of mask amongst the many options available, Ti02 photocatalyst treated masks in principle should be a better choice.
· In choosing the Ti02 photocatalyst-coated masks, carefully compare the quality of the active materials used. 

