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1.0
Introduction

Ultraviolet germicidal irradiation (UVGI) systems are used for air and surface disinfection. This document is one of a series of guidelines and standards issued by IUVA to foster the development of effective and reliable air treatment systems intended to control or improve the aerobiological quality of indoor environments.  

1.1
Purpose & Scope

This proposed standard is written to address the testing and commissioning of air treatment systems, specifically those based on ultraviolet disinfection technologies. Germicidal ultraviolet systems covered by this set of standards and guidelines include air and surface disinfection systems used to disinfect indoor air in buildings, schools, hospitals, commercial facilities, and transportation vehicles. 


The purpose of this document is to standardize the test procedures used for demonstrating that an installed or designed UVGI air treatment system is capable of disinfecting indoor air. Separate guidelines have been issued to address the various aspects of design and installation of UVGI air treatment systems. See, in particular, IUVA-G01A-2005 “General Guideline for UVGI Air and Surface Disinfection Systems,” and IUVA-G03A-2005, “Guideline for Design and Installation of UVGI In-Duct Air Disinfection Systems.” This guideline provides for the documented proof that a UVGI air treatment system is performing according to a set of performance criteria established by IUVA based on a survey of literature and industry practices. 

NOTE: This draft standard is issued to IUVA members and associates for comments as of May 10, 2005. The current contents are incomplete and do not necessarily represent any consensus viewpoints and it is not to be released to non-members without IUVA permission. Upon completion of the review and comment process the subcommittee will issue a draft of this guideline for public comment. Comments are due by 10-10-2005 and should be sent to drkowalski@psu.edu.

2.0
UVGI In-duct Air Treatment System Testing

UVGI systems installed in ductwork or air handling units normally serve buildings and the testing of such systems will usually involve air sampling of the building air. Sampling of internal air handling surfaces, such as cooling coils, may also serve to verify system performance. At a minimum, some measurement of the UV output of the lamps might serve as verification that the lamp rating is being achieved. These tests are not required, but are recommended as proof of the performance or effectiveness of installed UVGI air treatment systems.


A step by step listing of the testing procedures is provided in Appendices A through C. The following sections provide details and descriptions of the materials and methods.

2.1
Lamp UV Output

Lamp UV output can be tested by using any type of UV sensor as described previously in IUVA-G01A-2005, “General Guideline for UVGI Air and Surface Disinfection Systems.” The lamp can be tested outside the installation or after being installed. Protective equipment should be worn by anyone testing the lamp output. Appropriate protective clothing and equipment include non-UV transmittant safety goggles, gloves, and full body coverage.


Lamps to be tested should already be burned in for 100 hours and measurements should be taken in still air. An additional test of lamp UV output under design airflow conditions may be a more appropriate test but due to the complexities of such testing no requirements are specified at this time.

2.1.1
Rating Verification

By duplicating the test methods used by IESNA (2000), the lamp rating can be verified. This would require taking readings at 1 meter from the center of the lamp axis. Space may not always permit these readings and reflective surfaces inside the AHU may produce higher readings.

2.1.2
Surface Irradiance

Measurement of the surface irradiance of a UV lamp from center to end would provide a fairly accurate measurement of the UV lamp output but may not be practical due to the fact that the sensor will not sit flat on the curved lamp surface and will thereby distort the results. Until an appropriate cylindrical type sensor or method is developed, this approach may not be practical.

2.1.3 Distance Measurements

Measurements of the UV irradiance may be taken at various distances from the lamp, including the rating distance of 1 meter from the lamp center. These could be compared to existing data on the lamp or to existing model predictions for the lamp. Ideally, measurements would be taken every 10 cm from the lamp axis and compared with computed values.

2.2
Air Sampling Procedures

Measurement of bioaerosols requires the use of air sampling equipment and the selection of media for the microbial group to be sampled. Fungi and bacteria must be sampled for separately by using different media. Some training is required in order to operate and understand the air sampling process. Most professional microbiology laboratories can perform air sampling. Often, an engineer, microbiologist, or CIH will perform the air sampling and deliver the samples to a microbiology laboratory for culturing and counting. Any qualified laboratory can use what methods they please so long as the numbers and types of air samples described in this section are taken, and results presented in a useful manner.

2.2.1 Settle Plate Methods

A common method of assaying the airborne microflora of a room, settle plates can be placed around a room in several locations, such as on the floor or at breathing height while sitting or standing, and in the corners, sides or center of a room. The settle plates are ordinary petri dishes of agar obtained from a local laboratory. One set of, say, three plates would be used for bacteria (i.e. at breathing height) and another set for fungi (i.e. at floor height). Repeating this test on three consecutive days, for example, would establish a good seasonal baseline for the room of interest.

2.2.2
Air Samplers

Several types of air samplers are currently available, including samplers that employ petri dishes and samplers that use air filters. Samplers that use petri dishes are often referred to as impingers or impactors since they require air at some velocity, typically 1-20 m/s, to impact upon a plate of nutrient agar. The air filter variety of air sampler draws air through small filters, sometimes called coupons or cassettes, which collect bioaerosols. Although the performance of air samplers is known to vary, the differences may not be significant for the purpose at hand and the choice of which type of air sampler to use is a matter of choice. For more information on comparative air sampler performance see Jensen and Schafer (1998), Boss and Day (2001), Bradley et al (1992), Griffiths et al 1993, and Lin and Li (1999).


Air sampling normally involves drawing a sample from an airstream or room and directing it to impinge upon a petri dish containing nutrient agar or through a filter coupon. The nutrient agar is a growth medium that is usually selected for the particular microbes that are expected. The plate is exposed to a measured flow of air for a specific period of time, usually about 20 minutes. The plate is then incubated for a period of 12-48 hours during which colonies grow and become visible. The plate culture can often be visually identified, but microscopy or other tests are available to make any final determination of what microbes are present (Jensen and Schafer 1998, Aerotech 2001, Flannigan 1997, Sutton et al 1998).


Different types of nutrient agar are used to test for fungi or bacteria, and these are often referred to as fungal plates or bacterial plates. Even more selective forms of nutrient agar are available for distinguishing specific species, like Legionella, if this is required, but for the purposes of this testing only the counts of fungi and bacteria are needed, not the speciation. 


Some facilities, like health care facilities, may require species identification as well as simple fungal and bacterial counts. Such requirements go beyond this standard but identification of species is a service that can be provided by most microbiology laboratories.


Viruses are not sampled in door air due to the difficulties associated with finding, culturing, and identifying them. The presence of viruses in indoor air is generally inferred from epidemiological data but little, if any, success has been had with sampling airborne viruses in other than laboratory environments. Since viruses are, in general, much more susceptible to UVGI than bacteria, it can be considered that any air treatment system that removes bacteria will likely remove viruses also. For additional information on the types, use, and accuracy of air samplers see the References (AIHA 1989, Ambroise et al 1999, Artenstein et al 1967, Cox 1995, Foarde et al 1999, Gast et al 2004, Han et al 1993, Jensen et al 1992, Li et al 1999 and 1999a, Moschandreas et al 1996, Reid et al 1956, Straja and Leonard 1996, Vincent 1995, Willeke et al 1998, Willeke and Grinshpun 1998, Yocom and McCarthy 1991).

2.2.3
Particle Counters

An alternative to air sampling is to use a particle counter to measure the levels of particulates in the air before and after engaging an air treatment system. There is, however, no guarantee that the particulate levels in a building will correspond to the bioaerosol levels in the building. Furthermore, occupied buildings may generate particulates internally at much higher levels than they generate fungi or bacteria. A system designed to remove fungal spores from the outdoor air, for example, might show no significant reductions in internal airborne particulates, and therefore results from testing with particle counters should be used with caution or as an auxiliary means of obtaining data.


One type of particle counter, a particle sizer, uses laser spectrometry to measure the size distribution of particles in the 0.3-20 m size range, which is the range that includes most bacteria and all spores (Grinshpun et al 1995, Holler et al 1998). Particle sizers are available that can measure particles down to 0.005 m in diameter, which is below the size range of the smallest viruses (approximately 0.03 m). Such discriminating information on the particle size and content of the air may be useful to some degree, but will ultimately be unable to differentiate species. Additional information on particle counting and sizing is available in the References (Parat et al 1999, Platts-Mills et al 1996, Streifel and Rhame 1993).

2.2.4 Biosensors and PCR Bioassays

A variety of technologies are currently under development that may provide faster and even automatic detection of bioaerosols but at present such technologies are not all-encompassing in terms of the detectable agents and may not be practical nor economical to implement for ordinary commercial buildings and residences. Therefore no recommendations are made at this time in regard to more advanced detection procedures. Additional information on such methods and technologies is provided in the References (Alexander and Morris 1990, Arrieta and Huebner 2000, Belgrader et al 1998, Bowman 1993, Cao et al 1995, Cornish and Bryden 1999, Fang et al 2001, Farquharson and Smith 1998, Fricker et al 1999, Gardner 2000, Hobson et al 1996, Hodko et al 2001, Konig and Gratzel 1993, Kowalski 2003, Leonelli and Althouse 1998, Li et al 1996, Mantynen and Lindstrom 1998, Stark et al 1998, Thompson and Lee 1992).

2.2.5
Ambient Microflora

Indoor and outdoor air are constantly filled with natural ambient microflora such as fungal spores, environmental bacteria, and bacteria that hail from human sources. This abundance of airborne microbes allows testing to be performed without having to inject test microbes into indoor air. 

2.2.5.1
Fungi

In general we could expect that indoor levels of fungal spores in a building with proper air treatment would be significantly lower than outdoor levels during allergy season, or the seasons when fungal or plant spores are released. In cold winter climates, we could expect outdoor levels of all microbes to be low. 


One criteria that has often been used to assess indoor aerobiology is the ratio of indoor fungi to outdoor fungi (Rao and Burge 1996, Li and Kuo 1992, Li and Kendrick 1995). We could expect a healthy building to have indoor levels of fungi that are significantly lower (i.e. 10-100 times lower) when the outdoor air contains high levels of spores (i.e. 100-10,000 cfu/m3). In cold winter climates, however, outdoor levels may decrease to single digits (i.e. 1-10 cfu/m3) and this indicator is, therefore, a seasonal measure of air quality only. Rather than judge strictly by indoor/outdoor ratios, these test procedures seek to demonstrate significant numerical reductions in indoor biocontaminants only.


Fungal spores tend to settle by gravity over undisturbed time, like dust, and will tend to end up on the lowest flat surfaces, where they may be sampled or withdrawn for recirculation and air treatment. See IUVA-G01A-2005, “General Guideline for UVGI Air and Surface Disinfection Systems,” for a listing of the most common allergenic and pathogenic fungi. Additional information on sampling fungi is available in the References (Aerotech 2000 and 2001, AQS 2003, Flannigan 1997, Hyvarinen et al 1993, Lin and Li 1989, Miller et al 2000, Miller 2000, Morey et al 1986, Robertson 1998).

2.2.5.2
Bacteria

Bacteria in indoor air generally come from two primary sources, outdoor environmental bacteria and indoor generation from human and animal sources. In general the environmental bacteria are not hazardous to healthy people and it is the pathogenic bacteria, and sometimes the commensal bacteria, that are of most concern to human health. Bacteria, like spores, have a tendency to settle over time and air sampling is best performed at levels between head height and the floor. See IUVA-G01A-2005, “General Guideline for UVGI Air and Surface Disinfection Systems,” for a listing of the most common airborne bacteria.

2.2.5.3
Allergens and Particulates

Allergens and respiratory irritants (other than VOCs) include pollen, dust mite allergens, cockroach allergens, animal dander, and many others. Pollen spores are plant seedlings that can cause allergic reactions in atopic individuals (Pope 1993). Their mean size ranges from about 6 m to about 120 m. They are large enough to be completely removed by normal levels of filtration (Kowalski et al 1999).


Dust mites are often identified as allergens, but generally only where there is considerable dust disturbance (Pope 1993). They can be found in high concentrations in upholstered furniture, mattresses, pillows, and carpets. Because of their size -- some 300 m -- dust mites are not truly capable of airborne transport for any but the shortest distances. Allergic reactions to dust mites are usually due to much smaller particulate matter that cannot be well characterized in terms of size or shape. These particles may become aerosolized through disturbances causes by walking over rugs, changing bed sheets, or working with stored food or grain products. The most significant insect allergen besides dust mites in indoor environments is cockroach allergen (Rosenstreich et al 1997).


Dander refers to particles of dead skin (squames) or hair that are normally shed by animals. Dander can come from furred or feathered pets of animals. When these particles are microscopic in size they may become airborne and end up being inhaled. Dander will tend to accumulate in upholstered furniture, carpets, and other furnishings, and will become aerosolized upon disturbance. Dander may occur in various sizes and shapes but studies suggest they will often tend to be particles of 2 m or larger. Particles this size should be easily filtered by moderate efficiency filters (i.e. MERV 6 to MERV 8). See IUVA-G01A-2005, “General Guideline for UVGI Air and Surface Disinfection Systems,” for a listing of the most common pollen and allergens.

2.2.5.4
Endotoxins, Exotoxins, and Mycotoxins
Endotoxins may be measured through the use of air sampling and analysis which generally indicate the amount of gram negative bacteria in the air.  Endotoxins are toxic lipopolysaccharides present in or released from the outer membrane of certain Gram negative bacteria (Ryan 1994). They can be an important component of disease. Gram positive bacteria produce no endotoxins. Exotoxins are toxic proteins liberated from certain bacterial cells, usually Gram positive bacteria (Ryan 1994). No tests for endotoxins are recommended in this procedure since the bacterial air sampling test will include all toxin-producing bacteria. The same can be considered to apply to mycotoxins, or the toxins produced by fungi. That is, the detection of fungi in air or on surfaces precludes their existence and obviates the need for mycotoxins testing. Exceptions may exist when specific toxins or microbes are suspected and detection of toxins is part of an investigation, but this matter is beyond the scope of the current standard.

2.2.5.5  Microbial Volatile Organic Compounds (MVOCs)

MVOCs may be produced by various bacteria and fungi, and may exist in buildings as by-products of microbial contamination. The detection or sensing of MVOCs may therefore provide indication of microbial contamination of the building, ventilation system, or filters (AQS 2003, Fischer et al 1999, Sandstrom 2003, Schleibinger et al 1997, Schleibinger et al 1999). However, as the detection of MVOCs and their use as biocontamination indicators is still a developing science, and as such testing will typically be redundant to and is still more expensive than air and surface sampling, no requirements for measuring indicator MVOCs are addressed in this standard at this time.

2.2.6
Test Protocols

The following test protocols are recommended for use in testing buildings that have a UVGI air treatment system installed or retrofitted. 

2.2.6.1
Settle Plate Procedure for One Room

Settle plates should be placed around a room in several locations, such as on the floor or at breathing height while sitting or standing, and in the corners, sides or center of a room. Figure 2.1 shows examples of room placement points.
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Figure 2.1: Schematic of the three primary settle plate locations in a typical rectangular room, classroom, or office. Plates should be located between the floor and head height.

The settle plates are ordinary petri dishes of agar obtained from a local laboratory. Place one plate of either/or bacteria/fungi  and another set for fungi. Repeat this test on three consecutive days.

Count the plates and average the counts for bacteria, and those for fungi. These values cannot be compared to anything on an absolute scale, but provide a reference for future tests as a means of comparing the effect of air cleaners. 

Although the settle plate method is an inexact approach, the end result of effective air treatment would probably manifest itself in near-zero or vanishingly small fungal and bacterial counts. Hence air treatment effectiveness could be demonstrated measuring airborne contaminant concentrations.

This type of test might be suitable for homeowners who wish to assay the daily airborne microbes in their homes and keep seasonal records, but it is less suitable in professional applications where a more exact science should be practiced.

2.2.6.1
Air Sampling Procedure for Buildings

Indoor and outdoor air will both be sampled in two separate tests. The first test will be performed prior to installation or operation of the air treatment system. The second test will repeat the first test after a period of at least 2 days after the air treatment system has begun operation. It is recommended that at least two weeks be allowed to pass before the second test, especially for large buildings.


Each test will require two types of tests, one for fungi and one for bacteria. In the case of air samplers using plates, two different culture media will be required. In the case of filter type samplers, two sets of identical filters can be used and these will be separately cultured on the appropriate media in the lab. Acceptable media for sampling fungi include malt extract agar (MEA), rose bengal agar (RB), DG-18 agar, and any other types of broad spectrum fungal growth media. Acceptable media for sampling bacteria include tryptic soy agar (TSA), casein soy peptone agar (CSPA), nutrient agar (NA), and other broad spectrum bacterial growth media. Speciation or identification of fungal or bacterial species is not required by this procedure, but may be required for certain buildings (i.e. health care facilities). In such cases, consult with an expert or laboratory to determine the appropriate media.


For outdoor air, it is recommended that at least three samples be taken near the outside air intakes. This is true whether the outside air intakes are at ground level or on the roof. Air samples should be taken next to the inlets so as not to disturb the air velocity across the sampler. That is, air samples should be taken in still air wherever possible. 


Indoor air samples should be taken in general areas such as the first floor and a few other floors, if any. In multistory buildings the choice of which floors to sample is arbitrary, but an occupied location is preferable to an unoccupied location so as to ensure bacteria are picked up. It is recommended that at least 9 air samples be taken. In a small building up to 3 samples can be taken at the same location, but in larger buildings the sample points should be diverse.


The specifics of taking each air sample may vary with the type of air sampler. For air samplers using petri dishes such as Andersen air samplers, the petri dish must be briefly uncovered and placed within the sampler. The sampler is then turned on and run for a period of time, typically about 2-20 minutes depending on the flowrate. The calibration of the sampler may dictate the amount of time the sampler should be operated. 


Laboratory media blanks are available pre-packaged from most laboratories. Laboratory media blanks should be kept cool when possible and stored upside down to prevent possible contamination from settling. After sampling the plates should again be maintained upside down. Laboratory media blanks can be tested by incubating under the same conditions to verify sterility although this is generally unnecessary since the laboratories typically test their own media.


Filter type samplers usually involve the placement of a sterile coupon or filter cassette inside an air sampler. These coupons or cassettes are then delivered to a laboratory for culturing and counting.

2.2.6.2
Particle Counting Procedure for Buildings

As an alternative to microbiological air sampling, particle counters may be used to assess the effectiveness of UVGI systems in buildings. It should be noted, however, that particles will include dust and debris of non-microbiological origin and that the demonstration of the UVGI system effectiveness in Before and After testing will have a higher degree of uncertainty as airborne particulate levels may swamp the airborne bacterial and fungal spore levels. Results may both overestimate and underestimate performance of the unit since the filtration component, if any, will likely have a greater impact on particulates than the UVGI component. 


Particle counting procedures are similar to the air sampling procedures and the guidelines given above and in the Appendix B.

2.2.7
Air Sampling of Injected Test Microbes

The use of injected test microbes is not required by this procedure. If such testing is required by a client or for academic interest, then the microbe selected must be of an innocuous variety such as certain strains of vegetative Bacillus subtilis, Escherichia coli, or Bacillus subtilis spores. Test microbes would be injected either upstream of the air treatment system, or in the outside air inlets, or sprayed in select areas of the building.

2.2.7.1
Upstream vs. Downstream

When a test microbe is injected upstream of an air treatment system, air samples need to be taken upstream to determine the number of viable cells that have become aerosolized. Air samples should be taken approximately at the same time downstream of the air treatment system. The difference between the concentrations upstream and downstream will represent the total system removal efficiency for that system. 

2.2.7.2
Before Installation vs. After

To compare before versus after conditions with test microbes is a difficult proposition, and this type of test is not recommended at this time. This type of test could be run effectively by injecting test microbes into the building and then measuring the rate of decrease of airborne concentrations as the air treatment system was turned on and run for several hours or more.

2.2.7.3
Irradiated vs. Unirradiated Systems

Since all UVGI air treatment systems will involve some level of filtration, it may be of interest in some cases to isolate the effects of the UVGI system from the filters. In such tests, which are not required by this procedure, the previously described tests would simply be run twice, once with the UVGI system turned off, and once with the system turned on. It should be noted, however, that the test microbe should be selected appropriately. Spores, for example, may be so efficiently removed by the filter, and so resistant to UVGI, that such a test would indicate no significant reductions due to the UVGI system. 

2.3    Air Sampling Applications
Specific types of buildings may have special concerns and characteristics that will determine the nature of the air or surface sampling to be performed. The following sections provide descriptions of the primary concerns and problems typically associated with the subject type of building.

2.3.1    Commercial Buildings

The primary aerobiological concerns in commercial office buildings and other large, occupied commercial buildings are airborne pathogens from the occupants, and airborne fungal allergens from indoor and outdoor sources (Bayer and Black 1988, EPD 1999, IAQA 1995, Law et al 2001, Reponen et al 1992, Reynolds et al 1990, Shelton et al 2002, Yang et al 1993). Sampling should be focused on airborne bacteria and airborne fungal spores.

2.3.2     Schools

The primary aerobiological concerns in school buildings are airborne pathogens from the students, and airborne fungal allergens from indoor and outdoor sources (Haverinen et al 1999, Liu et al 2000). Sampling should be focused on airborne bacteria and airborne fungal spores.

2.3.3     Residential Environments

The primary aerobiological concerns in residential buildings and apartments are airborne pathogens from the occupants, and airborne fungal allergens from indoor and outdoor sources (CMHC 1991, Fabian et al 2000, Flannigan et al 1991 and 1999, Lehtonen et al 1995, Meldrum et al 1993, Miller et al 1988, Miller 1988, Nevalainen et al 1988 and 1991, Pasanen 1992, Pastuszka et al 2000). Sampling should be focused on airborne bacteria and airborne fungal spores. Homes with pets and other animals may have concerns about dander when atopic individuals are present, and additional tests for particulates may be useful. Water damaged homes should be suspected of having mold growth and should be tested accordingly, especially surface sampling in areas of visible mold growth.

2.3.4     Health Care Facilities

The primary concern in hospital facilities is airborne nosocomial pathogens, and air sampling should be focused on such pathogens, especially if particular agents (i.e. MRSA, TB, etc.) are suspected of causing nosocomial infections. Normally, the indoor air in health care facilities should have relatively low levels of environmental spores and bacteria due to the widespread use of high efficiency air filtration, but since air sampling in hospital environments is uncommon it is unknown whether the levels of indoor airborne microbes are truly lower than those that would be found in ordinary commercial buildings (Kowalski 2005). Therefore, it is recommended that air sampling in general areas of the hospital be incorporated in hospital procedures in order to create a record or the aerobiological air quality. It is also recommended that air sampling be performed in operating rooms in order to verify that the ventilation and air cleaning systems are performing up to specifications or expectations.

2.3.5     Industrial Facilities

Industrial facilities are subject to a wide variety of airborne contaminants and no specific microbial groups can be defined as being common problems. In addition to normally occurring fungi and bacteria, many allergens may be produced that represent either microbial growth on industrial materials or that are organically based materials that have allergenic effects (Lacey et al 1996, Lenhart et al 1982, Bourdillon et al 1948, Kowalski 2005, Ishimatsu et al 2001). It is recommended that in addition to air sampling for fungi and bacteria, that consideration be given to potential allergens produced as by-products of industrial processes, and that additional testing of airborne particulates be conducted to assess any suspected or potential problems. 

3.1
Acceptance Criteria

The purpose of the previous test protocols is to verify that the installed Upper Room UVGI system is providing for air disinfection. It cannot be absolutely stated what level of airborne disinfection is acceptable due to the many complicating factors such as seasonal variations, occupancy levels, variable internal sources of airborne contaminants, the unknown health impacts of the particular species present, etc. As a result, acceptance criteria for the performance of an Upper Room UVGI system must be stated in general, measured, or relative terms. 


This standard does not address health effects of airborne microbes and no statements can be made regarding the health hazards of the subject levels of airborne microbes. The References may be consulted for further information on health effects of indoor aerobiological contaminants (ACGIH 1973, Burge 1990, CEC 1994, Murray 1999, OSHA 1992, Woods et al 1997). The terminology used below is merely for classification of the performance of the Upper Room UVGI systems and does not necessarily imply health benefits for their use not health hazards for their absence or poor performance. The health benefits or hazards from airborne microbes depend almost entirely on the species involved and the individual susceptibility and the reference documents on the subject should be consulted.


Table 3.1 shows some suggested ranges by which the performance of an Upper Room UVGI system may be classified based on air sampling test results. 
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Table 3.1: Proposed Categories of Acceptance Criteria
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4.0
UVGI System Certification

IUVA Certification of a UVGI system consists of obtaining a summary report of the system classification, the system rating, and concurrence with testing results, based on documentation submitted by interested parties. A checklist of required documentation is provided in Appendix D. Any type of UVGI system other than water-based systems may be submitted for certification, even if the type and application are not among those listed.

4.1
System Type

The system type must be defined as per the descriptions provided in Section 2.0. The Classification Code must be assigned.

4.2       Verification of UVGI System URV

The UVGI system rating will be determined in terms of the UVGI Rating Value (URV), if possible or applicable, based on the test results submitted. The URV defines the UV dose range in the UVGI system. Units placed in rooms or zones will be provided an URV to define their performance inside the designated room. The URV is not applicable to other size rooms but only to the room and conditions under which the testing was performed. It is implicit that the system performance includes the performance of any associated filters. For more information on URV ratings, see IUVA-G01A-2005, “General Guideline for UVGI Air and Surface Disinfection Systems.”


4.3
Estimation of BPF

For recirculation units in which either a single zone or the entire building serves as the zone for air treatment, the BPF (Building Protection Factor) will be determined based on the test results submitted. For room recirculation units in single or multiple zones, a BPF will be determined for each separate zone based on the submitted test results. For information on estimating the BPF see IUVA-S07A-2005, “Standard for the Evaluation and Testing of Building Protection Factors.”
4.3
Certification Procedures

Upon submittal of the required test results, IUVA will review, assign URV or other rating values, and approve the test results if acceptable. In the event of rejection the specific reasons for rejection will be discussed with the submitter. Once a system is certified by IUVA it may be freely published or advertised as such, but nit before final approval.
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Appendix A: Test Protocol for Surface Sampling

A.1: The following procedure applies whether the surface to be sampled is a vertical wall, a horizontal surface, or a cooling coil.

A.1.1:
Procure surface sampling materials as necessary. These should include sterile swabs (wet or dry), sterile gloves, and petri dishes (if necessary). The types of acceptable media have been addressed in Table B.1, but if the swabs themselves are being delivered to a lab, they will take care of this aspect. 

A.1.2:
If the sampling materials such as the swabs or gloves are not already sterile, they should be sterilized through the use of a disinfectant such as alcohol. The disinfectant can be wiped or sprayed on the gloves or other materials, then wiped off or allowed to dry.

A.1.3:
If a template is used to mask off a surface area, then the template must be disinfected before the first sample and before each and every additional sample.

A.1.4:
Shut down any operating equipment in the vicinity that may be a hazard to test personnel. If entry into an air handling unit is required, the fan should be shut down. If UV lamps are operating, these should be shut down for the duration of the test.

A.1.4:
Identify and record the location of a suitable surface sampling point. The only criteria of importance is that the sample location be approximately the same for subsequent testing.

A.1.5:
Either visually estimate an area of 1-2 in2 (i.e. carry a card this size for comparison) or sterilize and use a template for doing so. 

A.1.6:
If using a wet sterile swab it may be necessary to break or crush the capsule to saturate the swab with the sterile solution. 

A.1.7:
Using the wet or dry swab, draw it gently across the 1-2 in2 area with a back and forth motion. The process may be repeated with an up and down motion to assure coverage.

A.1.8:
Insert the now-contaminated swab back into the sterile container. 

A.1.9:
If the swab is being used to transfer samples to a petri dish, then draw the swab gently across the plate, first back and forth in one direction and then again, if desired, up and down in a direction perpendicular to the first application. Close up the plates and seal them as necessary.

A.1.10:
Using a marker, label the swabs and/or the plates with a code or description of the location sampled.

A.1.11:
Repeat the above process as necessary until all the pre-selected sample locations have been completed.

A.1.12:
Deliver the samples (either swabs or plates) to a laboratory. If the tester is doing their own incubation and counting, then place the plates in an incubator as soon as possible, and incubate for 24-48 hours at the required temperature.

A.1.13:
After incubating for 24-48 hours, and before the plates become overgrown, remove them and count each plate. Alternatively, digital images made of the plates can be used for counting.

A.1.14:
Tabulate and summarize the results as necessary on the form in Appendix G.

A.1.15:
If the client requires identification of the bacterial or fungal species, the laboratory should be directed to perform this function.

Appendix B: Test Protocol for Air Sampling

The following is a suggested test protocol for air sampling indoors. This is not meant to be an exclusive test protocol and deviations are permitted provided they are in accordance with standard practices.

B.1: Preliminary Materials and Conditions

B.1.1:
Select and procure an appropriate air sampler and growth media in plates suitable for the selected air sampler. A tabulation of some typical growth media has been provided in Table B1.
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Target Microorganisms

Incubation Temperature

FUNGI

Malt Extract Agar (MEA)

Saprophytic or Potentially allergenic 

and pathogenic fungi

20-25

o

C/35-37

o

C

Inhibitory mold agar

Same as MEA but suppresses 

bacterial colonies

20-25

o

C/35-37

o

C

Rose bengal agar

Same as MEA but suppresses 

bacterial colonies

20-25

o

C/35-37

o

C

Malt extract agar with NaCl, sucrose, 

or dichloranglycerol

Xerophilic fungi

20-25

o

C/35-37

o

C

BACTERIA

R2A with cycloheximide

Environmental bacteria with fungal 

suppression

20-30

o

C

Soybean-casein digest agar

Environmental bacteria with fungal 

suppression

20-30

o

C

Soybean-casein digest agar

Thermophilic bacteria

50-55

o

C

Heart infusion blood agar

Human commensal bacteria

35-37

o

C

Buffered charcoal yeast extract agar

Legionella

35-37

o

C

Tripticase soy agar (TSA)

Bacteria

35-37

o

C

Table B.1: Typical Growth Media


B.1.2: Room conditions should be within the ranges specified below in Table B.2.
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Preferably moderate to low light with minimal or no sunlight.

Temperature

Preferably normal indoor operating conditions, 21-24

o

C (70-75

o

F)

Relative Humidity

Preferably normal indoor operating RH, 50-70%.

Occupation

Preferably normal occupancy for both bacterial and fungal testing.

Ventilation

Ventilation system should be in normal operating mode.

Placement

Air samplers should be placed between the floor and head height (I.e. 6' 

high). Samplers should be placed in either the room center, along a wall, 

or in a corner, but out of the ventilation system airflow path.

Personnel

Occupants should keep clear or air samplers while they are in operation.

Table B.2: Recommended Indoor Conditions


B.2:
Test Protocol

B.2.1:
Install the petri dish, filter, or other media in the air sampler.

B.2.2:
Place the air sampler in a pre-selected location and operate it for the time period specified by the manufacturer or the instructions.

B.2.3:
After the elapsed time period, shut down the air sampler and carefully remove the plate (or filter).

B.2.4:
Label the plate with an appropriate code or description of the location, the type of sample (Bacteria or fungi), and date as necessary.

B.2.5:
Record the sample information on a separate log of all samples.

B.2.6:
Either deliver the sample to a designated laboratory or begin the incubation process by placing the sample in an incubator at the appropriate temperature (see Table B.1).

B.2.7: 
Repeat the above as necessary for the remaining plates (or filters). There is no interval time necessary between multiple plates placed at the same location so these can be run in parallel if more than one air sampler is available.

B.2.8:
If samples are being incubated (by other than a lab) they should be monitored periodically to assure they do not overgrow the plate and make counting impossible. Plates with fast growth should be removed from the incubator and all plates counted before overgrowth invalidates results.

B.3:
Evaluation of Air Sample Results

B.3.1:
If samples have been delivered to a laboratory then the results provided by the lab can be directly inspected. The plate counts should be tabulated with each sample taken and averaged for each specific location.

B.3.2:
If samples are counted (by other than a lab), they should be checked and rechecked to assure correct counts. The counts should then be tabulated for review per the form in Appendix F.

B.3.3:
If plates are digitally imaged for the record, the digital images may be used for counting and the plates disposed of.

B.3.4:
If speciation is required by the client (it is not required by this procedure) then the laboratory will identify the species and provide this information. The species can be reviewed to verify that only normally occurring microbes have been found. The appearance of unusual pathogens should be brought to the attention of the client or medical authorities (i.e. CDC) as necessary.

Appendix C: Test Protocol for Settle Plate Sampling

The following test protocol is suggested for use when the settle plate method is used as a substitute for indoor air sampling. Refer to Section

C.1: Preliminary Materials and Conditions

C.1.1:
Select and procure an appropriate air sampler and growth media in plates suitable for the selected air sampler. A tabulation of some typical growth media has been provided in Table B1.

C.1.2: Room conditions should be within the ranges specified below in Table B.2.

B.2:
Test Protocol

B.2.1: Place the settle plates at the designated locations in room.

B.2.2:
After a period of 1-2 hours, cover and remove the settle plates.


B.2.3:
Incubate the plates at the required temperature or deliver them to a laboratory for incubation and counting.

B.2.4:
After incubation for 24-48 hours, count the colonies on the plates and record them on the form in Appendix G.

B.2.5:
Repeat the above procedure as necessary to obtain at least 3 samples per location Before and 3 samples per location After.

B.2.6: 
Repeat the above procedure for the Fungi (or Bacteria).

B.2.7:
Record all results on the form in Appendix G.

Appendix D: Documentation Checklist for IUVA Certification

The following documents must be submitted to obtain IUVA Certification of a UVGI air or surface treatment system:

D.1:
Test Results

D.1.1:
Sampling results for bacteria (Before & After conditions).

D.1.2:
Sampling results for fungi (Before & After conditions).

D.1.3:
Description of air or surface sample method used

D.1.4:
Description of air sampler model used (if any).

D.1.5:
Description of UVGI system, including applicable Classification Codes.

D.1.6:
Signed letter of submittal describing UVGI system and application objectives.

Appendix E: Actinometers useful for UV disinfection work


An actinometer is a photochemical reaction that under the absorption of light of a given wavelength (or wavelength range) generates a product with a known ( [21]. Thus, an actinometer under specific controlled conditions can be used to determine the incident photon irradiance. If the geometry is such that the actinometer receives light from all directions, it can measure the fluence rate. Several actinometers have been developed for use in UV disinfection:

1. The ferrioxalate actinometer is based on the photochemical generation of Fe2+ from the photolysis of ferrioxalate [Fe(C2O4)33]. Fe2+ is easily assayed by the formation of a colored complex with o-phenanthroline. The quantum yield for the generation of Fe2+ depends slightly on wavelength, but in the germicidal region, it is ( about 1.25 [22]. Ferrioxalate is sensitive to radiation in the range 200-500 nm, thus one must work in subdued or red light. In addition, one must know the fraction of the 200-500 nm emission that is in the 200-300 nm band. 

2. The peroxydisulfate/t-butyl alcohol actinometer [23] is based on the photochemical generation of H+ ions from the photolysis of peroxydisulfate (S2O82) in the presence of t-butyl alcohol in an oxygen saturated solution. ( for the production of H+ is 1.8. This actinometer is relatively easy to use, and the reaction is especially suitable for the 254 nm emission of a low-pressure mercury lamp. The actinometer is sensitive only to UV below 300 nm, hence one can work in normal light. However, not all the UV is absorbed, so corrections have to be made for the fraction of UV absorbed.

3. The iodide/iodate actinometer [24] is based on the photochemical generation of the triiodide ion (I3) from the photolysis of the iodide ion in the presence of the iodate ion. It appears to be almost ideal for ultraviolet disinfection applications, since it absorbs UV only between 200 and 300 nm and has a ( = 0.75 (this is ( at 254 nm; it now appears that ( drops sharply for wavelengths above 260 nm [25]). Thus, the actinometer should only be used below 260 nm. 

4. The uridine actinometer is based on the formation of uridine-photohydrate which does not absorb in the low UV-range [26]. It has been used as an actinometer for both monochromatic and polychromatic UV radiation. The advantage of the uridine actinometer is that the absorption spectrum of uridine is very close to that of DNA because it is chemically closely related to uracil and thymine; the disadvantage is that ( is low (about 1.9%). The uridine absorbance ideally represents the germicidal action and ( is independent of wavelength over the germicidal region. The actinometric determination is performed at vanishing absorption and requires only a spectrophotometric measurement at 262 nm.
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