


Why NAFA Guidelines?
The National Air Filtration Association (NAFA) provides “Best Practice 
Guidelines” to help supplement existing information on the control and 
cleaning of air through proper filtration. Many organizations recommend 
“minimum” air cleaning levels. NAFA publishes best practice based on the 
experience and expertise of our membership along with information and 
research of the governmental, medical and scientific communities showing 
the short and long term impact particulate and molecular contaminants have 
on human health and productivity.
This Guideline provides advice on achieving the cleanest air possible based on the design limits of 
existing HVAC equipment and with consideration of the impact on energy and the environment. 
For a more complete explanation of principles and techniques found in this Guideline, go to the 
website www.nafahq.org and purchase the NAFA Guide to Air Filtration, 5th Edition.

Copyright © National Air Filtration Association 2004, 2016. 
All rights reserved.

Copyright and Limitations on Use
The information available through NAFA® Guidelines is the property of The 
National Air Filtration Association® (NAFA) and is protected by copyright 
and other intellectual property laws. Information received through the NAFA 
Guidelines may be displayed, reformatted and printed for your personal, non-
commercial use only. You agree not to reproduce, re-transmit, distribute, 
disseminate, sell, publish, broadcast or circulate the information to anyone, 
including but not limited to others in the same company or organization as you, 
without the expressed prior written consent of NAFA with the following exception: 

You may, on occasion, include isolated portions of information from NAFA 
Guidelines in official memoranda, unit newsletters, reports, and presentations, 
but only if such memoranda, reports, and client presentations are distributed or 
otherwise made available in non-electronic form, for a non-commercial purpose 
to a limited number of individuals. You must include in all such memoranda, 
reports, and presentations the phrase, “Used with permission of The National 
Air Filtration Association®.” You may not post any content from the NAFA 
Guidelines to any newsgroup, mail list, electronic bulletin board or other forum 
without the prior written consent of NAFA.

Disclaimer
The information contained in this Guideline is intended for reference purposes 
only. NAFA has used its best efforts to assure the accuracy of information and 
industry practice. NAFA encourages the user to work with a NAFA Certified 
Air Filter Specialist (CAFS), to assure that these Guidelines address specific user 
equipment and facility needs.

Issues regarding health information may be superseded by new developments 
in the field of industrial hygiene. Users are therefore advised to regard these 
recommendations as general guidelines and to determine whether new 
information is available.

NAFA does not guarantee, certify or assure the performance of any products 
(other than those bearing the NAFA Certified Product label), components, or 
systems operated in accordance with NAFA Guidelines.
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Filtration for Libraries, Archives and Museums
Purpose 
This best recommended practice establishes air filtration guidelines for the removal of particulate and gaseous 
contaminants for the protection and long-term preservation of historical documents and artifacts. The recommendations 
in this guideline are considered by NAFA to be “best practice” in contrast to “minimum standards” put forth by other 
organizations. They serve to provide the conscientious Facility Manager with the necessary guidelines to make measurable 
differences of air quality in his/her building.

Scope
This best recommended practice identifies air quality issues associated with libraries, archives and museums. It also 
establishes design criteria and performance specifications for new construction, as well as existing ventilation systems. This 
shall include methodology for contaminant removal by filtration and associated system maintenance.

Background
The owners and operators of libraries, archives and museums (LAM) are facing challenges for the preservation of the 
contents due to industrialization and urbanization, which are causing increased amounts of molecular and particulate 
contamination. Degradation of artifacts over the years has led to the recognition of the need to improve the quality and 
cleanliness of the indoor air environment in these type facilities.

Research has led to the development of new measuring techniques that allow for more specificity in filtration 
requirements. At the same time, technological advances have allowed for increased filtration efficiencies within existing 
HVAC system limitations. Utilization of these changing technologies allows for effective system upgrades. 

The primary focus of this guideline is the removal of molecular and particulate contaminants known to be of concern 
in the degradation of articles stored within a facility. It must be noted that relative humidity and the number of air changes 
per hour also play an integral part in the overall performance of the HVAC system1. 

Molecular Contaminants 
The primary contaminants of concern are sulfur dioxide, nitrogen dioxide and ozone. These contaminants are known to 
chemically attack artifacts, causing permanent, irreversible damage. The type of damage and severity depends upon the 
amount of contamination and the artifacts’ materials of construction. There may be other molecular contaminants present 
that are specific to individual applications and/or geographic locations that are not currently thought to be detrimental in 
LAMs. For example, in new construction, there could be levels of formaldehyde that would require additional controls. 

Particulate Contaminants 
There are two major concerns with particulate contaminants: non-viable and viable particles. Non-viable particles cause 
soiling of the artifact. Cleaning of many artifacts is not an option, as it can often result in damage. Viable particles, usually 
in the form of airborne fungal spores, bacteria, and molds can also deteriorate artifacts, especially if temperature and 
humidity are not maintained at proper levels. There is also the potential that molecular contaminants could attach to 
particulates as a transport mechanism2. The size range of particles of concern is the “accumulation” size particulate defined 
as ranging from 0.1 to 2 microns3. 

1. American Society of Heating Refrigeration and Air Conditioning Engineers (ASHRAE) 2015 Handbook, Chapter 20. 
2. The Museum Environment; Second Edition, Garry Thomson CBE; Butterworth-Heineman, Oxford, England, 1986. 
3. Footnote # 296 Same as A, Ibid  Kadowalki Size Distribution of Total Aerosols, 1976.
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The table below shows possible preservation targets for most collections4.

Building Air Quality Control

In Rooms

Potential Preservation Target (Years)*
In Enclosures with Emissive 
Materials

In Enclosures without Emissive 
Materials

without sorbent with sorbent** without sorbent with sorbent**
Natural ventilation or HVAC 
system with moderate-efficiency 
particle filter, no gas filter

1-10 <1 10-100 10-100 >100

HVAC system with gas and good-
efficiency particle filters, building 
membranes that are good gas 
barriers, and basic control of visitor 
flow

10-100 <10 10-100 >100 >100

HVAC system with gas and 
high- efficiency particle filters.*** 
Building membranes that are good 
to very good gas barriers, and 
limited access.

>100 <10 10-100 >100 >100

Notes: * Adverse effects of water vapor and hypersensitive materials are excluded, e.G. Cellulose acetate, cellulose nitrate, certain dyes (such as alizarin 
crimson, turmeric yellow and basic fuchsin), lead, natural rubbers, silver, and polyurethane magnetic tapes. **Efficient sorbent (enclosures are assumed 
to have an air exchange rate of once per day). *** Assuming periodic replacement of the filters.

NAFA Best Practice Recommendations
Pre-filtration should achieve a MERV 8 or higher, as tested in accordance with ASHRAE Standard 52.2-2012 at system 
rated airflow.

Molecular filtration should consist of a media bed(s) that is capable of reducing contaminants of concern to the 
levels listed below. Air flow through the molecular filter bed may vary with filter type, for proper reduction of molecular 
contaminants do not exceed manufacturer’s maximum rated air flow. This media bed would consist of both an activated 
carbon media and a media capable of removing sulfur dioxide and formaldehyde. This can be accomplished in various 
ways, but most commonly with a potassium permanganate impregnated media or a specialty-treated carbon media.

4. Tetreault, J. 2003. Airborne Pollutants in Museums, Galleries, and Archives: Risk Assessment, Control Strategies and Preservation Management, 
Canadian Conservation Institute.
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Recommended Limits5

It is important to note that there is no known level of molecular contamination that is considered “safe.” The 
recommendations below are based upon levels which can be achieved and measured and can operate within the 
constraints of the current HVAC system. While accurate measurements of these levels can be achieved with various types 
of gas monitors, in use measurement of pollutant levels in LAM’s is very seldom seen due to its expense and need for a 
skilled operator. The manufacturer of the molecular filtration system can often provide the information on monitoring if 
desired, and may also offer alternative methods for determining system performance. In the absence of a recognized test 
standard for molecular filters, determination of system performance may vary with the manufacturer. Consult your NAFA 
Certified Air Filter Specialist to determine the type of molecular filtration system suitable for your HVAC system.

Fine particulate filters should achieve a MERV 15 or higher, as tested in accordance with ASHRAE Standard 52.2-2012. 
Refer to NAFA 52.2 User’s Guide for further information.

Contaminant Recommended limits Parts per billion
Nitrogen Dioxide 5 micrograms per cubic meter 2.6 ppb
Ozone 4 micrograms per cubic meter 2.0 ppb
Sulfur Dioxide 2.7 micrograms per cubic meter 1 ppb
Formaldehyde 5.0 micrograms per cubic meter 4 ppb

5. Architectural and Design Standards for Presidential Libraries.
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A properly designed LAM HVAC system consists of three stages of filtration. The first stage involves some form of pre-
filtration, the second stage is molecular filtration and the third stage is high efficiency filtration. The purpose of the 
pre-filtration stage is two-fold: first, to remove large particulates thereby protecting the rest of the HVAC components 
and second, to protect the molecular filters from particulate contamination, which would reduce their effectiveness. The 
molecular filter is designed to reduce the level of chemical contaminants of concern. A high efficiency filter is used to 
remove those contaminants in the accumulation size range of 0.1 to 2 microns.

Proper installation of filters is critical to achieving the desired level of performance. Reference NAFA publication Installation, 
Operation and Maintenance of Air Filtration Systems for proper methods and component manufacturers’ guidelines.

Ventilation System
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“Evolving complexity and increasing operating costs demand that equipment and systems providing thermal comfort 
and beneficial IAQ be properly maintained to achieve energy efficiency and building owner’s reliability requirements.”  
ASHRAE 2015 handbook – HVAC Applications.

The following is a list of some important factors to consider when installing, operating and maintaining an HVAC 
Filtration system.  As a supplement to manufacturers’ guidelines, see NAFA’s Installation, Operation and Maintenance of Air 
Filtration Systems manual or consult a NAFA CAFS. 

Installation of Filters & System Integrity
An understanding of the entire HVAC system is helpful to ensure that air filters are properly installed.  Maintaining the 
integrity of the filter system is vital for the efficacy of the HVAC system and imperative for air filtration performance as 
unfiltered air by-pass is a key contributor to poor IAQ. After each filter installation, the system, including filter frames, 
fastening devices, caulking, and gaskets must be checked to ensure that there are no possible leaks or gaps in and around 
the filters. Any repairs noted must be made at this time.  A positively sealed filtration system will prevent unfiltered air 
bypass and maintain system integrity.

When changing or modifying model or design of a filter system consult the manufacturer’s specifications of the air 
handling system.  Consideration must be given for size, fit, media area, airflow rate, and initial and final pressure drop of 
the new filter system.

Maintenance
ASHRAE Standard 180-2012 :Standard Practice for Inspection and Maintenance of Commercial Building HVAC 
Systems mandates that a preventive maintenance program must be in place for each HVAC system and must include a 
monthly inspection of filters, filter frames, fastening devices, caulking, gaskets and ductwork.  Removing and replacing 
damaged or defective filters, gasket, and duct insulation will keep unfiltered air from bypassing the filter system.  
Keeping the coils and blower free from dirt and debris by cleaning will improve airflow, increase system efficiency, 
reduce electrical consumption, and maintain overall system integrity.  In summary, good maintenance will keep the 
HVAC system in proper working order and will provide the facility with air that is not only heated and cooled, but also 
cleaned with a reduction in contaminant levels.

Monitoring of Airflow and Pressure Drop
As a filter loads with contaminant the resistance to air flow through the filter increases.  This increase is referred to as 
“pressure drop” or “differential pressure”. As an example, in a draw-through system as the filters load and the resistance 
increases, the fan pressure is lower on the downstream side, hence the pressure “drop” downstream, of the filters.  This drop 
or differential can be measured with a pressure sensing device such as a manometer or magnehelic gage.  All HVAC units 
should have a pressure-sensing device installed to accurately monitor the pressure drop across the filter bank.  In extreme 
temperature conditions a magnehilic gage is recommended over a manometer. When a filter has exceeded its useful life, 
based on pressure drop or Life Cycle Costing, it should be replaced.  Leaving a filter in service after this point may increase 
operational and energy costs and could damage the HVAC system.

Most molecular filters, over time, will not increase in pressure drop.  Some particulate medias when impregnated 
with sorbent could increase in pressure drop, however, it is not indicative of service life of the sorbent.  Service life of a 
molecular filter is a function of types and concentration of contaminants, and filter design.  Most manufacturers offer 
testing services to determine remaining filter service life.  It is important to note that as the media life decreases so does the 
efficiency of the molecular filter.  Molecular filters are often recommended for change out before media is 100% spent.

Operation and Maintenance
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Filter Service
The servicing of filtration products is a dirty business.  It is best practice that service technicians have a safe work 
environment and use the proper protective equipment.  These include:

• Eye protection 
• Masks
• Gloves 
• Coveralls    
• Safety Boots
• Hearing Protection
• Hard hat

In addition service technicians should have a good working knowledge of HVAC systems, ladder safety, confined space 
entry, risk management, shut down procedures, and lock-out procedures.

Disposal
Both particulate and molecular filters should be disposed of in accordance with all local, state and federal regulations.  
Spent carbon in molecular filters may sometimes be returned to the manufacturer for reactivation.

Additional information regarding maintenance of HVAC and filter systems may be found in the ANSI/ASHRAE 
Standard 180, “Standard Practice for Inspection and Maintenance of Commercial Building HVAC Systems.” 

Training
The servicing of air filtration products is becoming more technical and requires specialized skills.  It is for this reason that 
NAFA introduced the Certified Technician (NCT) Program in 1999 as an effort to increase expertise and professionalism 
to the air filtration industry.  The NCT enables facility managers and building owners the opportunity to certify their 
employees on all aspects of filtration service and Indoor Air Quality.

For additional information visit the NAFA website: www.nafahq.org

Summary
Molecular and particulate contaminants are the focus of this guideline. There are many contributing factors involved in the 
degree of filtration needed in these facilities; however, the recommendations provided are considered best practice.
In order to maintain the degree of filtration needed, an active maintenance program is essential. Problems arising from 
poor filter maintenance can create a degradation of artifacts in a short period of time.

Facility surroundings can change. New construction nearby or occupant changes in nearby existing buildings could 
affect the environmental air. As these changes occur, the HVAC system will need to be re-evaluated and possibly updated. 
Filter types and certain design parameters, including outside air requirements, may need some adjustments.

Photka | Dreamstime.com
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ASHRAE: American Society of 
Heating, Refrigerating and Air 
Conditioning Engineers. ASHRAE 
is an international organization that 
sets standards and guidelines for the 
heating, ventilating, air conditioning, 
and refrigeration industry.

CAFS: Certified Air Filter Specialist 
accreditation granted by NAFA 
to those who pass an exam on air 
filtration.

HEPA: High Efficiency Particulate Air 
filter – describes a filter that achieves 
a minimum of 99.97% efficiency on 
0.3 micrometer particles or similar 
challenge. 

HVAC&R: Heating, Ventilating, Air 
Conditioning and Refrigeration.

LAM: Libraries, Archives and 
Museums.

MERV: Minimum Efficiency 
Reporting Value refers to the lowest 
efficiency of a filter when tested in 
accordance with ANSI/ASHRAE 
Standard 52.2 2012.

Glossary
NAFA®: registered acronym for the 
National Air Filtration Association, 
the trade association for air filter 
manufacturers and distributors, 
worldwide.

Nitrogen dioxide: NO2

Non-viable: not capable of living,

PPM: parts per million refers to the 
concentration of a substance within 
another substance. One ppm is 
equivalent to 1 milligram of something 
per liter of air (mg/l).

Sulfur dioxide: SO2

Viable: capable of living, developing 
or germinating under favorable 
circumstances.
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