


Report on the Performance of the 

 Guardian-X System 

Dr. Wladyslaw J. Kowalski 



Executive Summary 

The superior performance of the Guardian-X (formerly known as HRMS) will 
enable high levels of air disinfection to be achieved as well as a consequent 
reduction in the risk of airborne nosocomial infection in any health care 
environment. This report evaluates the performance of the Guardian-X in terms of 
the removal rates of known airborne nosocomial or hospital-acquired pathogens, 
including bacteria, viruses, and fungi. Removal rates due to filtration and UV 
irradiation are evaluated using computer models and tabulated for various 
operating conditions. These removal rates, which will reduce concentrations of 
airborne pathogens, are used to estimate the risk of infection to occupants and 
this risk is presented in terms of the Zonal Protection Factor (ZPF). The ZPF is a 
measure of the percentage of occupants protected form infection. Removal rates 
for most pathogens are in excess of 90% in the primary configurations. At the 
nominal design airflow of 50 cfm, and with a MERV 6 filter and a UV lamp with 15 
W of UV output, the Guardian-X System provides overall single pass removal 
rates of approximately 97% on the average for the 44 airborne nosocomial 
pathogens in the database. For the nominal design floor area of 100 ft2

, the unit 
will provide Zonal Protection Factors that exceed 91 % for most of the pathogens 
in the database, with an average ZPF of 90%. ZPF data is provided for alternate 
airflows ranging from 50 ft2 to 300 ft2 as shown in Table 6. Both the single pass 
removal rates and the ZPFs are close to the limits of what can be achieved with a 
combined UV and filtration system, and this unit should outperform other similar 
units while consuming the least amount of energy as it has been optimized for 
both high performance and low power consumption. Quiet operation also makes 
this unit suitable for any hospital environment and it can be used in general 
wards, procedure rooms, hallways, laboratories, and other facilities. 
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Introduction 

The Guardian-X is a UV air disinfection system incorporated into a ceiling light 
fixture such that it has no visible profile. It is intended to disinfect the air of 
bacteria, viruses, and fungi in hospital environments. The system includes an 
ultraviolet (UV) lamp, a filter, and a fan that will recirculate air locally, such as in a 
hallway or procedure room. Light baffles ensure that no hazardous levels of UV 
will escape into the local area. The system is designed to operate quietly while 
delivering air of the highest purity, with disinfection rates approaching 100%. 
Targeted microorganisms include MRSA, VRE, Acinetobacter, Streptococcus 
species, Influenza, VZV, Pseudomonas, C/ostridium difficile, and other causative 
agents of hospital-acquired infections (HAis). This report summarizes the 
predicted performance of the unit in terms of UV dose, filter removal rates, and 
overall disinfection or kill rates of pathogenic nosocomial microbes. Comparative 
predictions are provided for reductions of airborne concentrations of microbes for 
particular floor areas and room volumes. These airborne reductions are related to 
the risk of reduced infections. This unit will also remove fungal and bacterial 
spores at rates that are specified in this report. 
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System Description 

The Guardian-X consists of a ceiling light fixture that includes a UV lamp, a 
filter, light baffles, and a UV irradiation chamber. Air is drawn into the unit, 
filtered and disinfected, and then exhausted back into the local airspace. A 
MERV 6 filter is included to keep dust off the UV lamp, but this filter also serves 
to remove a percentage of airborne pathogens. Figure 1 shows a partially 
exploded view of the major components of the system. From top to bottom are 
shown the UV irradiation chamber, the lighting components, and the bottom 
grille. 

Figure 1: Partially exploded view of the Guardian-X System showing major 
components. 

Figure 2 shows the internal arrangement of the UV irradiation chamber, 
including the UV lamps and the fans at the outlet. The irradiation chamber is 
lined or coated with reflective materials to increase the total irradiance. 
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Figure 2: Schematic image of Guardian-X showing internal UV lamps and 
irradiation chamber. 

The properties of the reflective material were provided in the 
manufacturer's documents. The reflectivity of the aluminum surface is 
approximately 75-85% in the UV spectrum. Dimensions and design specifications 
are summarized in Table 1. These dimensions have been adjusted from those 
shown in the previous figure. The two configurations represent two different UV 
lamp sizes. The nominal airflow is 50 cfm. The airflow affects the air velocity and 
the exposure time (Et). Lamp dimensions and coordinates are unchanged from 
Table 1. At the nominal airflow of 50 scfm the air velocity is approximately 252 
fpm. This is an acceptable airflow and will not decrease filter performance - in 
fact, filter performance will be slightly improved over the results given in the 
tables. The normal operating design airflow for a UV lamp is about 400-600 fpm. 
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Table 1: Specifications for Guardian-X 

Lamp Tyoe TS 
# Lamos 1 
Lamo UV Outout. W 15 
Width, in 14.5 
Lenath. in 30.979 
Heioht, in 1.97 
Width, ft 1.21 
Lenath, ft 2.58 
Heiaht, ft 0.16 
Width, cm 36.83 
Lenath, cm 78.69 
Heiaht, cm 5.0038 
Nominal Airflow, Q, cfm 50 
Nominal Airflow, Q, m3/min 1.42 
Velocity, fpm 252 
VelocitY, fos 4.20 
Velocitv. cm/s 128.04 
Velocity, m/s 1.28 
Face Area, in2 

28.57 

Face Area, ft2 0.1984 

Face Area, cm2 184.29 

Face Area, m2 0.0184 
Exoosure lime, Et, s 0.6145 
lamp end coordinate, x1, cm 18.42 
lamp end coordinate, x2. cm 18.42 
lamo end coordinate, y1, cm 2.50 
lamp end coordinate, v2, cm 2.50 
lamo end coordinate, z1, cm 10.77 
lamo end coordinate, z2, cm 67.92 
lamo arc lenath. arcl, cm 57.15 
lamp radius, r, cm 0.79 

A MERV 6 filter is included in the unit and a representative filter 
performance curve is adapted from Kowalski and Bahnfleth (2002). Figure 3 
shows the filter performance curve. The removal efficiency at any microbial 
particle size can be estimated from this curve. 
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Fan Pressure Loss and Noise 

One of the design criteria for the Guardian-X is that it must have quiet 
operation and produce the lowest possible level of noise. Noise is produced by 
the airflow as it moves through the fan and from turbulence inside the unit. The 
higher the pressure drop through the system the higher the fan static pressure 
and noise level. The unit includes smooth baffles to reduce turbulence inside 
the unit and fans have been selected for quiet operation. In order to minimize 
pressure losses a low pressure drop MERV 6 filter has been selected. 
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Table 4 lists the combined single pass removal rates for the array of 
nosocomial pathogens in the previous tables. This table is shown again in 
Appendix C where they have been rearranged in order of most susceptible to 
least susceptible. 

Given the removal rates as listed in Table 4, the Zonal Protection Factor 
(ZPF) can be computed assuming the floor area coverage is 100 ft2 and the zone 
has 15% outside air (from the normal ventilation system). The ZPF (aka BPF or 
Building Protection Factor) represents the theoretical protection offered to 
occupants by the Guardian-X System. It must be computed for each individual 
pathogen since each pathogen has a different removal rate (RR). The ZPF is 
computed by transient analysis of the airborne concentrations in the zone and is 
based on eight hours of breathing air in the occupied zone. The ZPF is the 
percentage of occupants likely to be protected from infection. The converse of 
the ZPF (1-ZPF) represents the number of likely infections. It is computed by 
assuming that the baseline condition has no air cleaning. The baseline condition 
assumes a release rate of pathogens sufficient to cause 99% infections. See 
Kowalski (2009) or Kowalski (2006) for more specific details on the computation 
of the BPF or ZPF. 

Table 5 summarizes the predicted ZPF for each of the nosocomial 
pathogens under consideration and it indicates that very high protection factors 
are possible with the Guardian-X, which could be expected since the removal 
rates are high for most pathogens and the airflow rate (50 cfm) is appropriate for 
the subject floor area (100 ft2). The maximum ZPF is 93% and this cannot be 
increased further without increasing airflow. The minimum acceptable ZPF for 
any system is about 50%, which means that half the occupants are protected 
from infection. Based on the results in Table 5, the ZPF is above the minimum 
for all pathogens, including bacterial and fungal spores. 

The results in Table 5 are based on the nominal airflow rate of 50 cfm. 
The results will be proportionally lower for lower airflow rates, since the combined 
removal rates (filters plus UV) are largely maxed out. Table 5 is reproduced in 
Appendix C but rearranged in order of decreasing ZPF. 
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Summary and Discussion of Analysis Results 

The analysis presented herein indicates that the Guardian-X will produce high 
removal rates of all nosocomial pathogens including bacteria, fungi, and viruses. 
Analysis also shows that the risk of infection in areas where the unit is installed 
will be considerably reduced, based on predicted reduction in airborne 
concentrations of microbes. The combination of a 15 W UV lamp, a MERV 6 
filter, and an airflow rate of 50 cfm will produce an average removal rates in 
excess of 97%, in a single pass, for all but two of the pathogens listed in Table 5. 
Table 7 provides a comparison of unitary UV systems operating between 30-100 
cfm arranged in order of UV dose. The Guardian-X provides a higher UV dose 
than most of these systems and has more efficient filtration than all but one of 
these systems. 

Table 7:Comoarison of Unitary UV Systems between 30-100 cfm 
Manufacturer Model AirflowlCADR Prefilter Primary UVP Dose URV Notes 

cfm m
3
lmin Filter w Jlm

2 

Virobuster Steritube 44 1.25 G4 none 57 592 23 multispeed 

Vi robuster Steritube 59 1.67 G4 none 57 443 22 multispeed 

Virobuster Steritube 74 2.083 G4 none 57 355 21 multispeed 

slerilAirAG LSK2036-U 29.2 0.83 none none 30 315 21 

Arcalux HR Mgt System 50 1.42 Yes MERV6 15 198 19 

sterilAir AG UVR2250-1 88 2.50 optional none 27 190 19 

sterilAir AG LSK2018 11.8 0.33 none none 7 173 19 

Holmes Group BAP920-U 100 2.83 none MERV15 22 69.2 17 PCO 

Sanuvox P-900 35 0.99 Yes none 4.76 48 15 mullispeed 

Amcor AM-45 30 0.85 none none 1.96 26.9 13 

Amcor AM-45C 31 0.88 Yes none 25 23.2 13 PCO, carbon 

Amcor AM-45C 40 1.13 Yes none 25 17.8 12 PCO, carbon 

Amcor AM-45C 45 1.27 Yes none 25 15.9 12 PCO, carbon 

Amcor AM-45 60 1.70 none none 1.96 13.5 11 

NOTE: CADR is approximately equal to the airflow for all systems. 

18 











GUA 
fAPRS 

Fas-Trak Industries 

PO Box 757

Monee, IL 60449 

T: (708) 570-0650 E: mark@fastrakind.com

www.fastrakind.com

Manufactured under EPA Establishment No. 092165-MS-001  




