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Figure 1. Common air contaminants and their relat ive sizes [H inds 1982] . SEM 
- scann ing electron microscope ; OPT - optical microscope . 

Terroris t activities have resu lted in heightened awareness of the vulnerabili ty of U.S. 

workplaces , schoo ls, and other occup ied buildings to chemical, bio logical , or rad iological (CBR) 

threats. Of particular co ncern are building HVAC systems, as they can become entry points and 

distribution systems fo r many hazardous contaminants, including CBR agents. Properl y 

designed , installed , and maintained air filtration systems can red uce the effects of CBR agents 

by removing con tami nants from the air in the building . 

Building owners, managers, designers, and maintenance personnel need reliable information 

about fil trat ion opt ions, such as : what types of air filtration systems are effective for va rious CBR 

agents ; what types of air filtration systems can be implemented in an existing HVAC system ; 

wha t types of air filtration systems can be incorpora ted into existing buildings when they 

undergo renovation ; and how to properl y ma intain the ai r fil tration systems insta lled in a 

bu ilding. 

Proper air f iltra tion combined with other protecti ve measures can 1·educe th e risk and mitigate 

the consequences of a CBR attack . Measures ou tlined in this article also provide the side benefits 

of improved HVAC performance - increased bui lding cleanliness , limited effects from accidental 
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re leases, and generally improved IAQ. 

Air filtration systems can remove a var iety of contaminants from a building 's airborne 

env ironment. The effectiveness of a particu lar type of filter or air cleaning media will depend 

upon the nature of the contaminant. 

In this article , air filtra tion refers to removal of aerosol contam inants from the air, while air 

cleaning refers to the remova l of gases or vapo rs from the air. The focus of this artic le is air 

filtra t ion. Airborne contaminants will be gases , vapors, or aerosols (smal l solid and liquid 

particles). It is important to realize that sorbents co llect gases and vapors, but not aerosols; 

conversely, particulate fi lters remove aeroso ls, but not gases and vapors. The ability of a given 

sorbent to remove a contaminant depends upon the characteristics of the specific gas or vapor 

and other re lated factors . The efficiency of a particulate fi lter to remove aerosols depends upon 

the size of t he particles, in combination w ith the type of fi lter used and HVAC operatin g 

conditions. Larger-sized aerosols can be collected on lower-efficiency fi lte rs , but the effective 

remova l of a smal l-sized aerosol requires a higher-efficie ncy filter. 

CBR agents ma y trave l in the air as a gas or an aerosol. Most chemica l warfare agents are 

gaseous, whi le biologica l and radio logical agents are largely aerosols . Figure 1 shows a diagram 

of the relati ve sizes of common air contam inants (e.g., toba cco smoke, pollen, dust). Th ese 

agents could enter a building through either an internal or external release. Some hea lth 

consequences from CBR agents are immed iate, wh ile others may take much longer. CBR agents 

can enter the body through a number of routes including inhalation , skin absorption, contact 

with eyes or mucous membranes, and ingestion. The amount of an agent required to ca use 

symptoms varies among agents; in general , they are much more tox ic than common indoor air 

po llutants. 

Simpl y stated, filtration removes unwanted aerosols from an airstream. Particulate air fi lters are 

classified as either mechan ica l filters or electrostatic fi lters (e lectrostatica ll y enhan ced f ilters) . 

Although they perform differently, both ty pes of filters are fibrous media and are used 

extensively in HVAC systems to remo ve particles, including biological materials, from the air. 

Four different collection mechanisms govern particu late air filter performance : inertial impaction , 

interception, diffusion , (a ll mechanical ) and electrostatic attraction (Figures 2 and 3). 

Electrostatic filters contain electrostatically enhanced fibers , to attract particles to the fibers and 

retain them . 

Air filters are commonly described and rated based upon their co ll ection efficiency, pressure 

drop (or airflow resistance ), and particulate-holding capacity. Two filter test methods are 

currently used in the U.S . : 

• ASHRA E Standard 52 .1-1992 

• ASHRAE Standard 52.2-1999 (Tabl e 1) 

Filter manufacturers typicall y use one of these tests to describe the performance of their filters . 

Standard 52 .2-1999 is a newer test, and newer models of filters tend to be rated wi th this test . 

Recommendations 
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Figu re 2. Four primary fi lter co llection mechanisms. 
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Before selecting a filtration strategy that includes a potential upgrade in response to perce ived 

threats , develop an understand ing of your building and its HVAC system . Assess how you r HVAC 

system is designed and intended to operate and compare that to how it currently operates . In 

large buildings, this evaluation is like ly to involve man y different AHUs and system components. 

Initially, you wil l need to answer several questions, man y difficult to answer without the 

assistance of qualified professionals (security, engi nee rs , industri al hygienists , etc.) to help with 

threat, venti lation/ filtration , and IAQ assessments. Th e answers to these questions, however, 

wi ll guide you in making your decisions about what types of fi lters shou ld be ins talled in your 

HVAC system, how efficient those filters must be, and what procedures you shou ld develop to 

maintain the system . No single, off-the-shelf system can be installed in all buildings to protect 

against all CBR agents ; some components may be used in a large number of buildings . Sys tem s 

should be designed on a case-by -case basis for each build ing and application. Some of the 

important questions to ask include: 

• How are the filters in each system held in place and how are they sealed 1 Are the filters hel d 

in place by the negati ve pressure generated from downstream fans 1 

• Wha t types of air contaminants are of concern7 Are the air contaminants particulate, gaseous, 

or both? Are they to xic industrial chemicals (T!Cs) or materials (T!Ms), or milita ry agents1 How 

toxic are they1 Consider checki ng with your local emergency/ disaster planning body to 

determine if there are large quantities of TI Cs or TI Ms nea r your location or if there are specific 

concern s about military , chem ical , or biologic agents. 

• How might the threat agents enter your building, Are they likely to be released internally or 

externally, and how can various release scenarios best be addressed? 
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• What is needed7 Are filters needed to improve current IAQ, provide protectio n from an 

accidenta l or intentional release from a nearby chemical processing plant, or prov ide protection 

from a potentia l terrorist attack using CBR agents7 

• How clean does the air need to be for the occupants, and how much can be spent to achieve 

that desired level of air cleanliness? What are the tota l costs and benefits associated w ith the 

various leve ls of filtration7 

• What are the current system capacities (fans, space for f ilters, etc.) and what is desired? 

What are the m inimum airflow needs for the building? 

• Who will maintain these systems and what are their capabilities? 

It is important to recognize that improving building protection is not an al l or nothing 

propositio n. Because many CBR agents are extremely toxic, high contaminant remova l 

efficienc ies are needed; however, many complex factors can influence the human impact of a 

CBR release (agent toxicity, physical and chemical propert ies, concentration, wind conditions , 

means of delivery, release location, etc .) Incremental improvements to the removal efficiency of 

a filtration system will like ly incrementally reduce the impact of a CBR attack to a building 

environment and its occupants while generally improving IAQ. 

Particulate Filter Selection, Installation, Use, and Upgrades 
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Figure 3. Fractional co llection effic iency vs . pa rt icle diameter for a mechanical 
fi lter.* The minimum filter efficiency wil l shift based upon the type of fi lter and 
flow ve locity. (* Note the dip for the most penetrating particle size and 
dominan t co llect ion mechanisms based upon part icle size. *This fig ure is 
ada pted from Lee et al. 1980. 

Consider system performance, filter efficiencies, and parti cle size . HVAC filters are cr-itical 

system components. During selection , keep their importance in mind when thinking about 

filtration efficiency, fl ow rate , and pressure drop . Base your particulate filter selection on air 

contaminant sizes, ASHRAE filter efficiency, and performance of the entire filtration system 

(Table 1 and Figure 4). Filter banks olten consist of two or more sets of filters ; consider how the 

entire filtration system will perform - not just a si ngle filter . The fi rst filters ma y be low ­

efficiency prefilters, which remove larger particles and debris. Subsequent filters will be higher 

efficiency filters capable of removing smaller parti cles. Particles in the 0 .1- to 0.3-mm size range 

are the most difficult to rem ove from the airstream and require high-efficiency filters. 

Chemical and biologica l aerosol dispersions are frequentl y in the 1- to 10-mm range , and HEPA 
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filters provide efficiencies greater than 99.9999% in that parti cle size range, assuming there is 

no leakage around the filter . Thi s high level of filtration efficiency provides protect ion against 

most aeroso l threats. Chemical aerosols removed by particulate filters include tear gases and 

low-volati lity nerve agents, such as VX; however, a vapor component of these agents could sti ll 

exist. Bio logical agents and radioactive particulates are efficiently removed by HEPA filters. 

Understand performance differences between filter types . When selecting particulate air filters, 

you must choose between mechanical or electrostatic filters. Remember th e differences between 

these two filter class ifications, such as collection mechanism and pressure drop differen ces. 

Liquid aerosols are known to dramatica lly reduce collection efficiencies in man y types o f 

electrostatic f ilters , and some studies have shown that ambient aerosols may also degrade 

performance . Pressure drop in an electrostatic filter (hav ing less packing density) generally 

increases at a much slower rate than that of a simi lar efficiency mechanical filter. 

Pressure drop is frequentl y used in mechanical filters to determine filter changeout, but it is an 

unreliab le indicator for electrostatic filte rs. Other measures, such as col lection efficiency or time 

in use, are more suited for electrostatic filter changeout schedules . While electrostatic filters 

may be acceptab le for some building pro tection applications, recogn ize that there may be some 

limitatio ns and compromises associated w ith these filters. 

Cons ider total life cycle costs. Total life cyc le costs (energy costs, ma intenance, disposal , 

replacemen t , etc.) are more than just the initial purchase pri ce. Yo u can minimize total cost by 

selecting the optimum changeout schedule based on filter li fe and power requirements (Figure 

5). Multip le fi lters can extend the life of the more expensive, high-effici ency filters. For example, 

one (or more ) low-efficiency prefilter, installed upstream of a HEPA filter, can extend the HEPA 

filter life by at least 25% . If the disposab le f il ter is fol lowed by a 90% extended surface filter, 

the life of the HEPA filter can be extended by almost 900%1. 

However, do not assume that it is always best to use a prefilter. First, we igh the cost of prefilter 

replacement and pressure drop against the extended li fe of the primary fi lter. You may find that 

for the same overall efficiency , it is more cost-effective to avoid prefilters and, instead, to 

change the primary filters more frequentl y. Make this decision by weig hing the operating costs 

against the capture effi ciencies provided by different systems . 

Consider all of the elements affected by filter upgrades. Upgrading you r fi ltra tion system may 

require significant changes in the mechanical components of your HVAC system, depending upon 

the component capacities. Consider both the direct and indirect impact of upgrading your 

fi ltration system . With lower-effi ciency filters , the f inal ( loaded or dirty) pressure drop is olten in 

the range of 125 to 250 Pasca ls ( Pa ) (0 .5 to 1.0 in. w .g .) . Higher effi ciency filters may have an 

initial pressure drop higher tha n this, with a fina l pressure drop of as high as 325 Pa ( 1.5 in. 

w.g.) . Many systems do not have the fan capacity to handle the higher pressure drop associated 

with higher-efficiency filters. If the pressure drop of the filters insta lled in the system is too high, 

the HVAC system may be unable to deli ver the designed volume of air to the occupied spaces. 

Higher capacity fans may be needed to overcome the increased resistance caused by highe r· 

efficiency filters . Installation of such fans may not be feasible for many HVAC systems due to 

space limitations. I n such cases, extended surface filters (e.g ., pleated , mini-pleated , or V-bank ) 

or electrostatic fi lter media , wi th higher efficiencies and low pressure drops, may be an 

alternati ve. To be most effective, yo ur filters should be used at their rated pressure drop and 

face velocity (the velocity of the airstream entering the fi lte r) . 

Conduct peri odic quantitative performance evaluatio ns . You shou ld use a quantitati ve evaluation 

to determine the total system efficiency. You should perform the evalua tion for various particle 

sizes and at the appropriate system flo w rate . You can use you r evaluation of the results to 

implement further modifications (e.g ., improved filter seals ). Information on quantitative 
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eva luations of HVAC system and filter perfo rmance can be foun d in the ASHRAE Handbook -

Systems and Equipment and the NAFA Guide to Air Filtration . 

A Word about Filter Bypass and Air Infiltration 
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Figure 4 . Compar ison of collection effic iency and part icle size for different 
fi lters [Ensor et a l. 1991] . 
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Idea lly, all airflow should pass through the installed fi lters of the HVAC system. However, fi lter 

bypass occurs when air flows aro und a fi lter or through some other unintended path . Preventing 

filter bypass becomes more important as filter co llection efficiency and pressu re drop increase. 

Filter bypass can result fro m va ri ous imperfections such as poorly sealed filters. Filters can be 

held in place wi th a cla m ping mechanism, but th is method may not provide an airtight seal. The 

best high-efficiency fi ltratio n systems have gaskets and clamps that provide an airtight seal. Any 

deteriorating or distorted gaskets shou ld be repla ced and checked for leaks. You can v isual ly 

inspect filters for major leakage around the edges by placing a light source behind the filter ; 

however, the best method of checking for leaks involves a particle coun ter or aerosol 

photometer. 

Another issue to co nsider is infi ltration of outdoor air into the build ing. Air infiltration may occur 

through openings in the bu ilding envelope - such as doors, windows , ventilation openings, and 

cracks . Typ ical office buildings are quite porous and may ha ve leakage rates ra nging from 0.03 

to 0.6 m3/ min per m2 of floo r spa ce (0.1 to 2 cfm/ sq ft), at pressures of 50 Pa (0 .2 in. w.g .) .2 

To achieve the most effective filtration system against external CBR th reats, yo u must minimize 

outdoor air leakage into your building . Dramatically reducing leakage may be impractica l for 

many older buildings, wh ich may have large leakage areas, operable windows, and decentralized 

HVAC systems . 
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Recommendations Regard ing O&M 
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Figure 5. Relat ionship among tota l cost, filter life, and power requ irements *. 
By selecting the appropriate changeout schedu le based upon the optimum fina l 
pressure drop, the tota l cost can be m inim ized . * This figure is adapted from 
NAFA 2001a. 

Filter performance depends on proper selection , instal la tion, operation, testing , and 

maintenance . The scheduled maintenance program should include procedures for installation , 

removal , and disposal of filter media. Only adequately trained personnel should perform fi lter 

maintenance and only while the HVAC system is not operating ( locked out/tagged out) to 

prevent contam inants from be ing entrained into the moving airstream. 

Understand how filter type affects changeout schedules . Proper· maintenance, includ ing your 

monitoring of filter efficiency and system integrity, is critical to ensuring HVAC systems operate 

as intended . The changeout schedule for various filter types may be significantly different. One 

difference is the little change in pressure drop occurring during the loading of an electrostatic 

filter, as opposed to mechani cal filters . Ideally, you should determine the changeout schedule for 

electrostatic filters by using optical particle counters or other quantitati ve measures of collection 

efficiency, optimizing electrostatic filter life and filtration performance. The da ta should be 

particle -size selective so that you can determine filtration efficiencies that are based on particle 

size (e.g ., micrometer, sub-micrometer, and most penetrating size). 

Mechanical filters, however, show larger pressure drop increases during loading , and hence, 

pressure drop can be used to determine their appropriate changeout schedules . With mechanical 

filters , a manometer or other pressu re-sensing device shou ld be insta lled to provide an accurate 

and objective means of determining the need for fil ter replacement. Pressure drop 

characteristics of both mechanical and electrostatic filters are supplied by the filter 

manufacturer. 

Ensure maintenance personnel are wel l trarned . Qua lified individuals should be responsible for 

the operation of the HVAC system. Maintenance personnel must ha ve a general wo rking 

kno wledge of the HVAC system and its fu nction. They are responsible fo r monitoring and 

http://www.esmagazine.com/CDA/Archives/f85308a667ea8010VgnVCM100000f932a8cO __ 8/3/2006 



Using Filtration Systems To Protect Building Environments From Airborne Chemical, Biological... Page 8 of 9 

maintaining the system, including filter ch angeout schedules, documentation, and 

record keep ing , and therefore , shoul d be involved in the selectio n of the appropriate filter media 

for a given application. Persons performing ma intenance and filter replacement on any 

ven til ation system that is likely to be contaminated with hazardous CSR agents should wear 

appropriate persona l protective equipment (resp irators, gloves, etc.) in accordance with 

Occupational Safety and Health Administration (OSHA) Standards Code of Federa l Regulations 

(CFR) 1910.132 and 1910.134. Because of the sens iti ve nature of these systems, appropriate 

background checks shou ld be completed and assessed for any personnel who have access to the 

HVAC equipment. 

Handle filters with care and inspect for damage. Mechanical filters, o~en made of glass fibers, 

are relatively delicate and should be handled carefu lly to avoid damage. Filters enclosed in metal 

frames are heavy and may cause problems because of the additiona l weight they place on the 

fil ter racks. The increased weig ht may require a new filter support system that has vertical 

stiffeners and better sealing properties to ensure tota l system integrity . Polymeric electrostatic 

filters are more durable and less prone to damage than mechanica l filters. 

Check all filters for damage before installing them and vi sually inspect the seams for total 

integrity . Hold the filters in front of a light source and look for voids, tears , or gaps in the filter 

media and filter frames. Take special care to avoid jarring or dropping the fi lter elemen t during 

inspection, installation , or remo val. 

Conclusions 
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Filtra tion systems may protect a building and its occupants from the effects of a CBR attack . 

Although it is impossible to co mpletely eliminate the risk of an attack, filtration and air-cleaning 

systems are important co mponents of a comprehensive plan to reduce the consequences. CSR 

agents can effecti vely be removed by properly des igned , installed, and wel l-main ta in ed filtration 

and air-cleaning systems. These systems have other benefits besides reducing clean up costs 

and delays should a CSR event occur . These benefits include improvin g building cleanliness, 

improvi ng HVAC system efficiency, potentiall y preventing cases of respira tory infection and 

reducing exacerbation of asthma and allergies, and genera lly improving IAQ. ES 
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