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Outline

What is UVGI?
Upper room UVGI
Complementary role of UVGI

Avoiding direct exposure or
overexposure

Appropriate settings for upper room
UVGI

Monitoring and maintenance
UVGI air cleaners


簡報者
簡報註解
[Review slide]



Ultraviolet irradiation
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簡報者
簡報註解
  The sun emits 3 types of ultraviolet rays: A, B, and C.
  UVA and B cause sun burn and skin cancer. 
  It is the UVC that is germicidal.
  The diagram shows that UVC is is stopped by the earth’s atmosphere.  
  This means that the sunlight on earth is not germicidal.
  UVC can be generated artificially by certain lamps to create UVGI.

Citation
National Institute of Occupational Safety and Health (USA).  Environmental control for tuberculosis: basic upper-room ultraviolet germicidal irradiation guidelines for healthcare settings.  2009.  NIOSH Publication # 2009-105.  
http://www.cdc.gov/niosh/docs/2009-105/
 


Ultra-Violet (UV) Light

Vaccum UV - UVV 90-200 nm

Short Wave UV - UVC 200-280 nm
Middle Wave UV - UVB 280-320 nm
Long Wave UV — UVA 320-400 nm

Greatest Germicidal Effectiveness —
250-265 nm
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簡報者
簡報註解
  The spectrum of radiation from ultraviolet (left) to infrared (right)  is shown in the slide.
  The visible spectrum is in the middle. 
  The blue bar indicates the specific UVGI wavelength.
  You can see that UVGI is beyond the visible spectrum; your eye cannot see it.  
  The purple light you see from a UV fixture is not the UVGI frequency. 
  The glow you see does not have anything to do with the UVGI wavelength; it just means that the lamp is arcing and generating blue light.  
  Don’t rely on seeing the purple light to assume the UVGI is working.  
  Specific measurement devices are required, which we’ll discuss later in the talk. 
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簡報者
簡報註解
  The blue line marks 254 nanometers (nm).
  This wavelength that has the most effective bactericidal effect on E. coli (used as a surrogate test organism). 
  In humans, UVGI may be absorbed by the outer surfaces of the skin and eyes.
  In humans, these forms of radiation can be hazardous to the cornea (photokeratitis), conjunctiva (keratoconjunctivitis), and skin.
  You can see that the human adverse effects peak at higher wavelengths, but can still happen with exposure to 254 nm.

Citation
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Baltimore Veterans
Administration Hospital Pilot
Ward Experience

Riley R. and Wells W. 1956-
1961



Materials and Methods
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How much UVGI do we need to
kill M. tuberculosis?

UVGI Dose Inactivation
6 200 pnJ/cm? 90%
*10 000 pJ/cm? 99%
13 800 pJ/cm? 99.9%

17 600 pJ/cm? 99.9%
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簡報者
簡報註解
  The effectiveness of UVGI increases with the intensity of the radiation, here measured in micro Joules per centimeter squared.
  Effectiveness also increases with length of exposure and proximity of lamp to the droplet nuclei.


Ultra-Violet — Factors Affecting
Killing Rate

e Air Velocity — Higher velocity, more
UVC energy

e Temperature — Within the system, too
cold, too hot, too humid, etc.

e Relative Humidity (RH) — Higher RH,
more UVC energy

e UV Light source location — Before or
after the object e.g. ducting, fan coll
units



Ultra-Violet - UV Lamp Efficiency

(Information source from RoboClean (HK) Co., Ltd.)
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Ultra-Violet - Safety

e Avoid exposure to UV rays e.g. eyes,
skin problem

e |[mprove Ventilation when UVV Is
used ( generation of Ozone)

e Avoid direct exposure of plastic
material



Upper room UVGI
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簡報者
簡報註解
  The installation of upper-room ultraviolet germicidal irradiation (UVGI) devices in ventilated rooms has the potential to reduce TB transmission.

Photo courtesy of Fabio Scano


http://www.lumalier.com/products/inroom/gc.html�
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簡報者
簡報註解
  Here is how upper-room ultraviolet germicidal irradiation (UVGI) devices work.
  The UV lamp is mounted high on wall or suspended from ceiling.
  Radiation is directed into the upper portion of the room where air is disinfected.
  Ventilation system mixes this disinfected air with the air in the lower part of the room.
  The result is dilution of potentially contaminated air.

Diagram adapted from Fabio Scano


Upper room UVGI

 May be capable of air disinfection
equivalent to 10-20 air changes per hour

o Air disinfection is decreased by as much
as 80% with incomplete air mixing
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簡報者
簡報註解
[Review slide]

Citations 
WHO.  WHO policy on TB infection control in health-care facilities, congregate settings,  and households.  2009.  WHO/HTM/TB/2009.419
http://www.who.int/tb/publications/2009/en/index.html   

Xu P et al.  Efficacy of ultraviolet germicidal irradiation of upper-room air in inactivating airborne bacterial spores and mycobacteria in full scale studies.  Atmospheric environment 37.  2003  




WHO recommendations

 Priority should be given to achieving
adequate air changes per hour using
ventilation systems

 If not possible, UVGI Is a complementary
Intervention

o Upper room UVGI devices must be
properly designed, installed, maintained
and operated
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簡報者
簡報註解
[Review slide]

Citation
WHO.  WHO policy on TB infection control in health-care facilities, congregate settings, and households.  2009.  WHO/HTM/TB/2009.419
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UVGI Is a complementary
Infection control measure

Requires air mixing to be effective
> 70% humidity may reduce efficacy

Does not provide fresh air or directional
airflow

Precautions necessary to avoid short term
effects on the skin and eyes
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簡報者
簡報註解
[Review slide]

  We’ll talk about each of these issues.

Citation
WHO.  WHO policy on TB infection control in health-care facilities, congregate settings, and households.  2009.  WHO/HTM/TB/2009.419
http://www.who.int/tb/publications/2009/en/index.html



UVGI Occupational
Exposure Limit

At the 254 nanometre wavelength,

 The occupational exposure limit is
6,000 puJ/cm? for a daily 8-hour shift

e Corresponds to a maximum irradiance of
0.2 uW/cm? for an 8 hour exposure

ud = micro Joules
uW = micro Watts
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簡報者
簡報註解
  The UVGI Occupational exposure limit is shown in the slide.
  254 nanometres is the specific wavelength of UVGI.
  The US National Institute for Occupational Safety and Health recommends that exposure to UVGI be less than 6,000 microJoules/cm2 over a daily 8-hour period on unprotected skin or eyes.
  This exposure corresponds to a maximum recommended irradiance level of 0.2W/cm2 for 8 hours of exposure. 
 
Citation
National Institute of Occupational Safety and Health (USA).  Environmental control for tuberculosis: basic upper-room ultraviolet germicidal irradiation guidelines for healthcare settings.  2009.  NIOSH Publication # 2009-105.  
http://www.cdc.gov/niosh/docs/2009-105/




UVGI monitoring to ensure
radiation level is:

« Effective for
disinfecting the air
e Safe for room
occupants

UVGI meter


簡報者
簡報註解
  This photo shows the director of Ivanovo Dispensary (Russian Federation) performing UVGI measurements using UVGI meter.
  UVGI monitoring is important to ensure that the radiation level is effective for disinfecting the air, and is safe for room occupants.
  Public health specialists can conduct random UVGI measurements to determine the performance of the devices. 
  However, routine measurements should be performed by specialized technicians (according to the standards provided by the producer and in line with existing regulations). 
  The cost of maintainance should be properly budgeted. 

Photo courtesy of Paul Jensen

http://images.google.ch/imgres?imgurl=http://images.pennnet.com/articles/ww/cap/cap_224370.jpg&imgrefurl=http://ww.pennnet.com/display_article/271678/41/ARTCL/none/none/1/PRODUCTS-&-SERVICES:-DETECTORS,-MONITORS/&h=258&w=200&sz=8&hl=de&start=9&um=1&tbnid=EvGPshdu_Dx3EM:&tbnh=112&tbnw=87&prev=/images?q=UVGI+meter&um=1&hl=de&sa=N�

UVGI measurement devices

 International Light meter model 1400A with
SEL240 detector, or

e Gigahertz-Optik model X911 UVC meter with
UV-3718-4 detector
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簡報者
簡報註解
[Review slide]

Photo courtesy of Paul Jensen
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簡報者
簡報註解
  UVGI must be shielded with the room is occupied.
  The device on the left is shielded to avoid eye damage, while the right one is not. 

Photo courtesy of Paul Jensen






簡報者
簡報註解
 The unit in this picture may be used “flaps down” (unshielded) when there is no one in the room.
  When the space is occupied by people, the flaps must be up (see bottom picture) to provide shielding.

Photo courtesy of Paul Jensen



Example of unshielded device
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簡報者
簡報註解
  The picture shows an unshielded UV lamp in a laboratory.  
  It is turned on when the laboratory personnel leave.

Photo courtesy of Paul Jensen





Appropriate settings for UVGI

e Large, overcrowded congregate
settings where:

— TB is often undiagnosed
— Ventilation Is insufficient
« Examples
— Emergency (casualty) departments
— Waiting areas in health facilities
— Homeless shelters
— Sputum induction booth
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簡報者
簡報註解
[Review slide]




Upper-air UVGI is suitable for
a particular room |If:

 There is a high ceiling (so people cannot
look Into the lamp)

 Fans or ventilation system mix the
disinfected upper room air with the
potentially contaminated air below

 There is not so much ventilation that air
doesn’t have time to be irradiated
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簡報者
簡報註解
[Review slide]




Little “near field” protection

Contaminated Disinfected
air '
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簡報者
簡報註解
  UVGI cannot protect a health care worker from airborne infection occurring at very close proximity to the patient (called the “near field”).
  Although upper-air UVGI will help dilute the overall room concentration of droplet nuclei, it will have little beneficial impact on infection risk in this “near field.”
  Other infection control measures are important in this situation.
  Use administrative controls.  The patient should cover his/her cough.  The health care worker should minimize time nearby.
  The health care worker should use respiratory protection.
  This is another example of why UVGI is a complementary measure.

Diagram adapted from Fabio Scano

Citation
Escombe AR, et al.  Upper-room UV light and negative air ioniziation to prevent TB transmission.  PLoS Medicine.  Volume 6, Issue 3.  March 2009. 
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簡報者
簡報註解
  Now we’ll look at some real life examples of UVGI, and ask you to assess whether they are being used appropriately.  
  This picture shows an upper-room UVGI device in a TB research room in Uganda.

[Ask participants:]  Is this a rational location for a UVGI lamp? 
  There is no reason to have a UVGI device there since there is no exposure. 

Photo courtesy of Paul Jensen



UVGI I1s not useful here either
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簡報者
簡報註解
  This is a picture of an upper-room UVGI unit being installed in a recreation room in Brasil with large windows on three sides.
  Given this amount of natural ventilation, UVGI is not needed here.
  Also, this worker is not adequately protected from UV exposure.  

Photo courtesy of Paul Jensen



UVGI Is not needed here
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簡報者
簡報註解
  Here is another upper-room UVGI device. 
  The patient rooms are to the right, the photographer is standing in the corridor, and there are many large open windows on the left.
  With adequate natural ventilation, UVGI does not substantially improve infection control. 

Photo courtesy of Paul Jensen
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簡報者
簡報註解
  This is a picture of an upper-room UVGI unit next to an exhaust fan. 
  If the air flows too fast there is not enough time for UVGI to effectively irradiate it. 

Photo courtesy of Paul Jensen



Monitoring and maintenance

Designate a person to be responsible for
routinely:

« Monitoring radiation levels
e Cleaning (turn off before cleaning)

* Replacing bulbs as recommended by
manufacturer

« Keeping records of monitoring and
maintenance activities
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簡報者
簡報註解
[Review slide]



UVGI cleaning
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簡報者
簡報註解
  Cleaning is very important to ensure the device works as planned. 
  The blue light attracts bugs and dust, so it needs to be cleaned regularly. 
  If cleaned, the germicidal efficacy improves. 

Photo courtesy of Paul Jensen





UVGI cleaning



簡報者
簡報註解
  UV bulbs can be cleaned with a cloth dampened with commerical alcohol based cleaners.

Photo courtesy of Paul Jensen



Applications of UVGI

o Upper air disinfection
e Duct irradiation

e AIr cleaners


簡報者
簡報註解
  We’ve talked about upper air disinfection.  
  UVGI can also be used in ventilation ducts.
  These pictures show another application.  A UVGI air cleaner (with a fan) is being tested in the MDR-TB reference centre in Estonia.
  The upper right picture show a detail of the same slide. 

Photo courtesy of Paul Jensen.





UV Radiation

e Used to supplement other engineering
controls
 Duct Irradiation

— To recirculate air from an isolation room back
Into the room.

— Used In general use areas where air is
recirculated back into general ventilation

o Upper Room Air Irradiation
— Mounted on celling or wall



Summary

o Upper air UVGI may be capable of
disinfecting equivalent to 10-20 air
changes per hour If properly designed,
Installed and maintained

 Eye and skin risks can be avoided by
shielding and measuring to ensure no
overexposure

e Upper air UVGI Is a complementary
Intervention to adequate ventilation
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簡報者
簡報註解
[Review slide]
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