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Abstract 
There has been some extensive research investigating the effect of Far Ultra-
violet Radiation (UVC) on SARS and MARS. However, to the best of our 
knowledge, there have not been any detailed experiments looking at the effect 
of UVC on COVID-19 (now is called SARS-CoV2). Many researchers in this 
field believe that UVC destroys SARS-CoV2 because it warps the genetic ma-
terial of the virus hurdling the viral particles from reproduction. In this pa-
per, we report the result of our novel experiments on the effect of UVC on 
SARS-CoV2 using a commercially available UVC source, i.e. Krypton Dis-
infection lighting CM15W12V Series (wavelength of 222 nm), which is sold 
and marketed for the disinfection of pathogens. The experiments were ex-
tended to study the effect of UVC exposure to Bacteria and Fungus. Our ex-
periments show that UVC has no effects on SARS-CoV2 when it is close to the 
SARS-CoV2 culture plate (4 - 5 cm) or at a distance (2.0 to 2.9 m), i.e. when 
fixed at the ceiling. This observation is important as the public seems to have 
the impression that commercial UVC ceiling light can kill SARS-CoV2 while 
this study has proven the opposite. Moreover, it shows no effect even when 
the UVC ceiling light is radiating on SARS-CoV2 for overnight. This proves 
that the intensity of the UVC from these devices is relatively low. However, 
the UVC light is found to be effective in destroying Bacteria and Fungus (part 
of pathogens), substantially, in 30 sec, and completely kills them when it’s at 
2.9 m (or less) away from them and exposure for one day. This indicates that 
the UVC light is effective for bacteria disinfection. 
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1. Introduction 

Some hospitals, as early as 80 years ago, had already equipped patients’ rooms 
with an Ultraviolet light, to warp and zap pathogens, i.e. the so-called up-
per-room UV germicidal irradiation [1]. Nowadays, societies encourage this 
practice to rebound from the SARS-CoV2 pandemic and hope to immolate pa-
thogens out of the air in social gathering places, in order to prevent/reduce the 
spread of virus. The Ultraviolet light (UVC) destroys the genetic material in pa-
thogens, DNA in bacteria and fungi, RNA in viruses, hurdling them from re-
producing.  

Figure 1 demonstrates how can UVC lights kill pathogens and stop their re-
production by fixing them in each corner of a room. The use of a ceiling fan is 
also important to draw polluted air upward so that all floating bacteria, viruses 
and fungi are zapped more quickly and all surfaces in the room are disinfected.  

The reason why the germicidal fixtures employ UVC is due to its short wave-
length and energy when compared to UVA and UVB. Both UVA and UVB ar-
rive at the Earth surface and may cause skin cancer and cataract in the case of 
large exposure [2]. Therefore, counterintuitively, UVC is thought to be safer for 
people, because proteins in the outer layer of dead skin cells absorb it before 
reaching the DNA in the living cells. However, UVC can irritate skin and eyes, 
and that is why the use of the light is usually restricted to be above people’s 
heads, or in unoccupied rooms. The irritation usually clears up within a couple 
of days [1]. UVC lamps are installed within ventilation air ducts, out of sight and 
completely shielded from people. 

UV radiation is considered as a major cause for skin tumors, particularly the 
malignant melanoma. Brenner and Hearing [3] had clearly highlighted the ma-
jor acute and chronic effects of UV radiation on human skin, the properties of 
melanin, the regulation of pigmentation and its effect on skin cancer prevention.  

The total solar radiation consists of ~50% visible light, ~40% infrared light  
 

 
Figure 1. Four UVC lights fitted in the corners of a room. The ceiling fan is to draw air 
upward and effectively remove pathogens [1].  
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and ~9% UV light. There are three types of UV radiation and are classified ac-
cording to their energy, E (and hence their wavelength, λ); the more energy the 
shorter the wavelength (as E = hc/λ, where h is Plank constant and c is the speed 
of light). These three types of UV radiation are: 

1) UVA (λ = 320 to 400 nm), which is about 8 % of the solar radiation reach-
ing Earth). 

2) UVB (λ = 280 to 320 nm) which is about 1% of the solar radiation reaching 
Earth and leads to carcinogenesis if Ozone layer is depleted [4]. 

3) UVC (λ = 200 to 280 nm) which is blocked by atmospheric oxygen and ab-
sorbed by the ozone layer [5].  

The intensity of UVA and UVB varies according to season, time of the day 
and the latitude of the location; the closer to latitude 23.45 (N or S) the more UV 
intensity is recorded [6] [7]. The UV radiation in Bahrain was studied as early as 
1992 [8] [9]. The solar ultraviolet-B radiation measurements of wavelength 
interval 295 - 385 nm were introduced between 1985 and 1989 using an Eppley 
Ultraviolet Radiometer [8]. The Long-term changes in solar UV radiation of 
wavelengths 295 nm to 385 nm exhibits reduction in UV intensity during sum-
mer months in each year. The annual average ratio of UV intensity to the aver-
age global solar intensity was 3.87%, with a lowest value of 3.3% and a highest 
value of 4.35%. This means that the average daily UV in Bahrain is about 30 
W/m2 [8]. This result is in line with other reported measurement studies for Ba-
hrain [9]. These studies reported that the monthly average UV radiation was 
(wavelength 295 - 385 nm) of 260 Wh/m2 (daily average of 26.5 W/m2) for the 
period from 1986 to 1989, while the annual solar radiation in Bahrain during the 
same period was 64,547 Wh/m2, i.e. daily average of 580 W/m2. This means that 
UV radiation represents 4.6% of the total solar radiation.  

Several artificial sources for producing UV radiation have been devised such 
as tanning booths, black lights, curing lamps, germicidal lamps, mercury vapor 
lamps, halogen lights, high-intensity discharge lamps, fluorescent and incandes-
cent sources, and some types of lasers [10]. High-Pressure Mercury Lamps 
(HPML) produce UVC light artificially and they radiate bright blue-white UVC 
radiation. HPML are widely used in industrial water treatment due to their in-
tense radiation. Excimer Lamps emit narrow-band UVC and vacuum-ultraviolet 
radiation at a variety of wavelengths depending on the medium. They are mer-
cury-free and reach full output quicker than a mercury lamp and generate less 
heat. Excimer emission at 207 nm and 222 nm appears to be safer than tradi-
tional 254 nm germicidal radiation, due to greatly reduced penetration of these 
wavelengths in human skin [10].  

Light Emitting Diodes (LEDs) use semiconductor materials to produce light 
using solid-state materials. The wavelength of emission from this device is se-
lected by adjusting the chemistry of the semiconductor material used, offering 
an option for selectivity emission profile of the LED across, and beyond, the 
germicidal wavelength band [10]. 

The effect of UVC on Bacteria and Viruses was reported as early as 1977 [11]. 
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The effects of temperature and of ultraviolet radiation on the multiplication of 
bacteriophage φ29 (a small virulent virus of Bacillus subtilis0n, were studied. 
Samples were exposed to larger UVC dose developed with less burst size, at 
certain temperature (37˚C, 42˚C and 43.5˚C). Unexposed viruses to UVC did 
not exhibit any change in burst size at 42˚C and 37˚C but at 43.5˚C the burst size 
decreased substantially. When exposing a virus to a certain dose, the burst size 
decreased only if temperature was raised.  

Jacquet and Bratbak [12] studied the effect of UVB intensity of 0.22 W/m2 and 
the UVA/UVB ratio of 30) on five different cultured marine phytoplankton host 
virus systems. They concluded that viruses appear to be susceptible to UV but 
may provide some protection to their hosts. They also reported the following: 

1) Some Microalgae are less sensitive to UVB influence compared to suscepti-
ble microalgae (i.e. virus-free cultures).  

2) Not all viruses’ responses are identical to UVB exposure; abundance pat-
terns and infectivity. 

3) UVA exposure has no effect on host virus interactions.  
4) UVB exposure is an important factor in the regulation of virus host interac-

tions in water surfaces. 
Yin et al. [13] attributed the difference in the efficiency of UVC light on cer-

tain types of pathogens to the diverse structural features of the cell walls of bac-
teria and fungi. They concluded that these are the main reasons for the different 
killing rates. Further, they found that the different devices that deliver UVC with 
different power densities also induced different outcomes. More details about 
UVC germicidal efficacies are presented in Table 1. 

 
Table 1. UVC germicidal efficacies [13].  

Light Source Radiant Exposure Bacterial/Fungi species/strains Inactivation efficacy 

254 nm UVC 15.54 mW/cm2 
MRSA, VRE antibiotic susceptible strains of S. 
aureus and E. faecalis 

Illuminated 5 seconds, 99.9% MRSA and VRE  
inactivation; illuminated 9 seconds, 100% MRSA  
inactivation; illuminated 45 seconds, 100% VRE  
inactivation 

254 nm UVC 5 mW/cm2 MRSA, Streptococcus pyogenes 

Illuminated 5 seconds, methicillin-resistant,  
coagulase-negative Staphylococcus and Streptococcus 
pyogenes inactivation; Illuminated 15 seconds,  
methicillin-susceptible S. aureus and Enterococci  
species inactivation 

265 nm UVC 1.93 mJ/cm2 
S. aureus, E. coli, Pseudomonas aeruginosa, S. 
pyogenes 

Illuminated 1 seconds, 100% inhibition for all strains 

254 nm UVC 1500 mJ/cm2 
catheter biofilms of E. coli, coagulase-negative 
Staphylococcus, E. faecalis, Streptococcus, P. 
aeruginosa, Coryneforms 

Mean killing rates of the bacteria in catheter biofilms were 
89.6% (11.8 mJ/cm2), 98% (47 mJ/cm2) and 99% (1500 
mJ/cm2) 

254 nm UVC 120 mJ/cm2 
Trichophyton rubrum, T. mentagrophytes, Epi-
dermophyton floccosum, Microsporum canis. 

3 - 5 log10 of fungal inactivation 

UVC 15.54 mW/cm2 
bacteria (P.aeruginosa and Mycobacterium ab-
scessus) and fungi (Candida albicans,  
Aspergillus fumigatus) 

Illuminated 3 - 5 seconds, 99% bacteria inactivation; Illu-
minated 15 - 30 seconds, 99% fungi inactivation 
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Alcantara-Diaz et al. [14] studied the divergent adaptation of E. coli to cyclic 
high UVC dose at wavelength 254 nm. In their study, five cultures E. coli PQ30 
were exposed to 80 consecutive bacterial inactivation using UVC regrowth. The 
initial does of UVC was 1 mJ/cm2 for each cycle and was increased 2 -fold every 
10 inactivation-regrowth cycles. The researchers found that all cultures develop 
different level of resistance to UVC dose after 80 consecutive cycles of sub-lethal 
bacterial inactivation and regrowth. The adaptation of bacteria to cyclic UVC 
inactivation was attributed to be a consequence of selecting mutations in those 
genes due to DNA repair and replication. 

In their latest review [15], UVC radiation was found to be an effective meas-
ure for disinfecting surfaces contaminated by the SARS-CoV2 virus by inducing 
photo-dimers in the genomes of microorganisms. UVC radiation is thought to 
be capable of destroying viruses (but not SARS-CoV2), bacteria and fungi in 
hundreds of laboratory studies [16]. The susceptibility of SARS-CoV2 toward 
UVC radiation was not thoroughly tested and reported; however, Sars corona-
virus and other related coronaviruses are believed to be highly susceptible to 
UVC inactivation [13]. Among, the controversial debate is that SARS-CoV-2 
virus is estimated to survive for 9 days on surfaces based on its similarity to 
SARS and MERS [15]. 

Up to date, there is uncertainty on the effect of UVC on SARS-CoV2. This 
lead ASHRAE [17] recommends that UVC is a strategy to impedes and fight 
SARS-CoV2 disease. However, it was advised that it is only after the completion 
of the manual chemical distinction UVC radiation can be used to disinfect 
equipment and surfaces from SARS-CoV2 [12]. Therefore, we took the initiative 
to study the effectiveness of using a commercial UVC light (Krypton Disinfec-
tion Lighting) on SARS-CoV2 and other Bacteria. This UVC is either fixed or 
portable. It has 15W power (12 DCV) and can be operated 120VAC or 240 VAC 
sources.  

2. Methodology 

Krypton Disinfection lighting CM15W12V Series was tested (Figure 2). FAR 
UV Technologies manufactured the light. The device is sold and marketed as a 
light disinfection (wavelength of 222 nm).  

According to the manufacturer, this UVC lamp is expected to be effective in 
warping infectious disease and pathogens in occupied spaces. It should conti-
nuously disinfect any known virus, bacteria or fungi; a process that is essential 
for the prevention of viruses transfer (SARS-CoV2) between people in occupied 
locations [18]. 

Methods of Testing the UVC against Bacteria and Fungus: 
1) Certain types of microbes; Staph. aureus, E. coli, and Moulds (Aspergillus 

flavus) have been inoculated in Buffer Peptone Water BPW and kept @ 37˚C for 
18 - 24 hr (overnight).  

2) Serial dilutions of the cultured microbes from step 1 have been made; 10−1, 
10−2, 1/10−3, 1/10−4 and 1/10−5 were used for the experiment. 
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Figure 2. Krypton disinfection lighting CM15W12V Series. The lamp was fixed in the 
ceiling of the test room at ministry of health, kingdom of Bahrain.  

 
3) Swabs from both concentrated (undiluted) and diluted bacterial and fungal 

cultures were used to inoculate Nutrient agar and Oxytetracycline-Glucose-Yeast 
Extract Agar (OGYE Agar), respectively, (Figure 3). 

4) One set of the inoculated culture media was a control sample without ex-
posure to UVC light and the other used as a test sample with exposure to UVC 
light, Figure 4. 

5) Each of the diluted cultures of the test sample was exposed to UV light 
from the instrument on timely intervals of 10 sec, 20 sec, 30 sec, 60 sec and 40 
minutes with a distance of 4 to 5 cm above the plate (Table 2 and Table 3). 

Methods of Testing the UVC against SARS-CoV2: 
1) Two rooms in this trial were used. In the first room the Krypton UVC de-

vice was fixed on the specified roof site in center of the area at a height of 2.9 m 
from the ground level and 2 m height from the bench. The other room was used 
for the control sample away from UV light device effect. 

2) In the first room, UVC light was fixed in three positions in 10 m2 to cover 
the area as illustrated in the manual of the instrument; (2 m) on the table, (2.9 
m) in the center directly under the UV light device, and (2.9 m) on the edge of 
10 m2 of the area specified. 

3) In the second room, there was no exposure to the UV light, one position (2 
m), distance below the roof on the table marked and used as a control for the 
trail.  

4) The trial was run using distance and time intervals from UV device; 2 m 
and 2.9 m for exposure duration of 15, 30, 60, 90 minutes and a day (Overnight). 

5) A mixture of two known positive SARS-CoV2 samples with CT value 19 & 
15 were used to spike two sets of sterile Petri dishes. 

6) The first set of sterile Petri dishes spiked by distributing of several drops of 
5 μL of SARS-CoV2 positive samples, and the other spiked by spreading the 
samples on sterile Petri dishes using swab dipped in positive SARS-CoV2 sam-
ples. This makes a total of 40 samples in this trial plus 2 positive known 
SARS-CoV2 samples.  
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Figure 3. Environment at public health laboratory in preparing samples of bacteria and 
fungus to study their response after exposure to UVC radiation. 

 

 
Figure 4. UVC radiation, using krypton disinfection lighting CM15W12V series, to dif-
ferent microbial cultures (Bacteria, Fungi and SARS-CoV2) at a height of 4 - 5 cm for dif-
ferent time 10, 20, 30, 60 seconds, 40 minutes and a day (Overnight). 

 
Table 2. Result of microbial culture (Staph aureus & E. coli) with and without exposure to UVC Krypton Disinfection lighting 
CM15W12V series. The UVC was 4 - 5 cm above the culture plates. 

Condition 
Time  

Intervals 

Dilution 10−1 Dilution 10−2 Dilution 10−3 Dilution 10−4 Dilution 10−5 

E. coli 
CFU 

Staph aureus 
CFU 

E. coli 
CFU 

Staph aureus 
CFU 

E. coli 
CFU 

Staph aureus 
CFU 

E. coli 
CFU 

Staph aureus 
CFU 

E. coli 
CFU 

Staph aureus  
CFU 

Without UV 
(Control) 

Overnight TNTC TNTC TNTC TNTC TNTC TNTC 350 180 70 17 

Exposure to UV 

10 sec TNTC TNTC TNTC TNTC TNTC TNTC 295 165 18 15 

20 sec TNTC TNTC TNTC TNTC TNTC TNTC 281 142 8 12 

30 sec TNTC TNTC TNTC TNTC TNTC TNTC 277 138 8 11 

60 sec TNTC TNTC TNTC TNTC TNTC TNTC 196 100 3 4 

40 minutes TNTC TNTC TNTC TNTC NIL NIL 107 83 <1 <1 

CFU: Colony Forming Unit; TNTC: Too Numerous To Count. 
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Table 3. Result of microbial culture (Aspergillus flavus) with and without exposure to 
UVC krypton disinfection lighting CM15W12V series. The UVC was 4 - 5 cm above the 
culture plates. 

Condition Time Intervals 
Dilution 

10−1 
Dilution 

10−2 
Dilution 

10−3 
Dilution 

10−4 
Dilution 

10−5 

Without UV (Control) Overnight 670 CFU 40 CFU 20 CFU 8 CFU 4 CFU 

Exposure to UV 

10 sec 211 CFU 20 CFU 12 CFU 6 CFU <1 CFU 

20 sec 193 CFU 14 CFU 4 CFU 2 CFU <1 CFU 

30 sec 100 CFU 1 CFU 2 CFU 1 CFU <1 CFU 

60 sec 18 CFU <1 CFU <1 CFU <1 CFU <1 CFU 

40 minutes <1 CFU <1 CFU <1 CFU <1 CFU <1 

CFU: Colony Forming; <1: No Growth. 

 
7) All the spiked plates positioned in the area with the lid of plate open as 

shown in Figure 5.  
8) Samples were taken by swabs from each of the spiked petri dishes in the 

specified time intervals.  
9) RT-PCR test for SARS-CoV2 was performed directly after the collection of 

samples (Using WHO testing protocol); Figure 6.  

3. Results and Discussion 

Our results revealed that when exposing UVC to bacteria and Fungus, there was 
a substantial effect of UVC. The effect of UVC was found very systematic; the 
more UVC radiation time (exposure) to the pathogens the smaller number of 
microbial growth (E. coli, Staph. aureus and Aspergillus flavus (CFU/Swab). 

For E. coli, at dilution 10−5, the CFU was 70 when it was kept overnight with 
no exposure to UVC. After 10 seconds the count decreased to 18; at 20 seconds 
exposure it was 8; at 30 seconds exposure it was also 8 but at 60 seconds expo-
sure, it was 3 and at 40 minutes exposure there were no pathogens (Table 2 & 
Table 3). It is worthy to note that the UVC intensity was about 30 W/m2 (3 
mW/cm2). 

When exposing UVC to samples of positive RT-PCR (SARS-CoV2) test, with 
and without exposure to UVC Krypton Disinfection lighting CM15W12V Series, 
close to UVC light (4 - 5 cm above the culture plates), no affect was noticed. The 
exposure intensity was approximately (3 mW/cm2 or 30 W/m2) which is less 
than the UVC power density used for Virus MRSA and VRA (First row in Table 
1) by 3 times. Table 4 displays the results of the test.  

Testing the efficiency of UVC radiation, using Krypton Disinfection lighting, 
after been fixed in the ceiling of the laboratory room at 2 m above the culture 
(on the bench) and above 2.9 m (on the ground), it was noticed that UVC had 
no effects in this case either (Table 5).  

The results show that Bacteria and Fungus were noted after different UVC 
exposure (10, 30, 60, 90 min and next day) in both Droplets of 5 μL and Swabs.  
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Figure 5. E. coli plates with dilution of 1/100,000 with no exposure to UVC (as control) 
and then with exposure to UVC (using Krypton Disinfection lighting CM15W12V Series) 
at time intervals 10 s, 20 s, 30 s, 60 s and 40 min. The UVC was 4 - 5 cm above the culture 
plates.  
 

 
Figure 6. Staph. aureus plates with serial dilutions from 10−1 - 10−5 after exposure to UVC 
at time intervals 10 s, 20 s, 30 s, 60 s and 40 min. 
 
Table 4. Result of RT-PCR (SARS-CoV2) with and without exposure to UVC krypton 
disinfection lighting CM15W12V series. The UVC was 4 - 5 cm above the culture plates. 

Condition Time Intervals COVID 19 positive samples 

Without UV (Control) Overnight Target Detected (Positive) 

Exposure to UV 

10 sec Target Detected (Positive) 

20 sec Target Detected 

30 sec Target Detected 

60 sec Target Detected 

40 minutes Target Detected 
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Table 5. Result of spiked sterile Petri dishes with and without exposure to UV light. 

 
Distance from 

Source 

Droplet of 5 μL Swab 

15 min 30 min 60 min 90 min Next day 15 min 30 min 60 min 90 min Next day 

Exposure to UV 
light 

2 m 
on Bench 

TD TD TD TD TND TD TD TD TD TD 

CT: 21 CT: 21 CT: 23 CT: 22 CT: 0 CT: 24 CT: 23 CT: 25 CT: 25 CT: 24 

2.9 m 
Center 

TD TD TD TD TD TD TD TD TD TD 

CT: 22 CT: 22 CT: 23 CT: 22 CT: 22 CT: 23 CT: 23 CT: 25 CT: 24 CT: 26 

2.9 m 
Side 

TD TD TD TD TD TD TD TD TD TD 

CT: 22 CT: 24 CT: 25 CT: 22 CT: 22 CT: 26 CT: 25 CT: 25 CT: 20 CT: 28 

No UV On Bench 
TD TD TD TD TND TD TD TD TD TD 

CT: 24 CT: 23 CT: 23 CT: 34 CT: 0 CT: 24 CT: 22 CT: 22 CT: 34 CT: 24 

TD: Target Detected; TND: Target Not Detected; Original Positive samples CT was 19 & 1. 

 
This is different from the previous test where the UVC source was put at a dis-
tance 4 - 5 cm from the culture. Herein, the UVC exposure intensity delivered to 
the pathogens, when are 2 m below UVC light, is about 2 μW/m2 while it may 
have an exposure intensity about 1.0 μW/cm2, when are 2.9 m below UVC light, 
as intensity dropped by power 4 if distance is doubled; Equation (1):  

( )2
d c c dI I D D=                           (1) 

Id is UVC intensity at large distance, Dd (2.o m or 2.9 m), Ic is UVC intensity 
at close distance, Dc (4 - 5 cm). 

The results seem contradictory especially that UVC has an effect on Bacteria 
and Fungus at short distance (intensity 3 mW/cm2) but not on virus SARS-CoV2 
exposed to similar exposure intensity. One possible explanation is that the RNA 
is more UV resistant than the DNA [19]. Moreover, the Ultraviolet light kills 
cells by damaging their DNA. The light initiates a reaction between two mole-
cules of thymine; a core constituent that makes up the DNA. The longer the ex-
posure to UV light, the more thymine dimers are formed in the DNA and the 
greater the risk of an incorrect repair or a “missed” dimer [20].  

It is also worth mentioning that UVC light is better fixed at the corners, close 
to the ground, instead of fixing them up. This will allow UVC to kill pathogens 
which are usually deposited on ground (sneezing, coughing, sticked to shoes, 
etc) due to gravity.  

Our research disagrees with other studies on the effect of UVC on pathogenic 
viruses and a virulent [21]. Our working wavelength is 222 nm, which is known 
as the most active antimicrobial UV wavelengths (range of 185 to 280 nm) that 
are highly absorbed by nucleic acids. Although UVB (280 to 320 nm), known as 
environmentally effective virucidal radiation, and UVA (320 to 400 nm), abun-
dant in GCCC sunlight, has a much lower effect on viruses and other microbial 
agents, observations and reported SARS-CoV2 cases do not support this conclu-
sion.  
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Exposing UVB radiation consciously to Newcastle Disease Virus (NDV) and 
pathogenic influenza (HPAJ) will result in their infectivity declination with time. 
For NDV, it takes 1 h 9 min, for H7N1 HPAI virus, it takes 2 h 38 min, and for 
H5N1 HPAJ virus, it takes 2 h 47 min [21]. These observations do not seem to 
agree with ours in this study though we were focusing on SARS-CoV2. 

UV radiation affect human being, in particular UVA (315 - 400 nm) and UVB 
(280 - 315 nm), and the risk related to their exposure depends on human activi-
ties and behavior; its increases as the outdoor activities increases. It was thought 
that SARS-CoV2 will be less active as its exposed to such radiation, but actual 
data shows that this is not fully true. The infection rate in hot and arid countries 
like Bahrain, Saudi Arabia, United Arab Emirates, Kuwait and Iraq is high. 
Researches thought that countries with high Ultraviolet Index (UVI) may regis-
ter less rate of positively infected people. UVI covers radiation from 280 nm to 
400 nm and it ranges from 0 to 16. UVI can be calculated using the minimal 
erythemal dose (defined as the threshold dose that may produce sunburn) and is 
high in summer and low in winter [22] [23]. Therefore, it was advisable to install 
UV meters in secondary schools as a sun protection intervention mechanism for 
adolescents specially in countries of high UVI which will have two folds, i.e. 
protection from UV and indicating germs and virus inactivation due to exposure 
to UV. According to UV meter suggested by Cancer Council, UVI from 1 - 2 no 
protection needed, from 3 to 7 protection required and from 8 to 11+ people 
must seek shade, i.e. viruses may inactivated or partially immolated [24].  

Architects adopted UV light fixture for disinfection in their new design for 
senior housing for safe interaction as part of the role of architecture in fighting 
SARS-CoV2. They similarly think that UV disinfection lights, beside other 
practice like air filters and fans create negative air pressure environments [25]. 
However, there remains the question whether they are aware that UVC light 
does not seem to be effective on SARS-CoV2 as is the case with Bacteria and 
Fungus, even if the UVC light is put so close to the viruses.  

In addition, quarantine has led architects to think how to avoid the lack of 
daylight in a room (isolation room), the dirty floor, the need for an extra bath-
room, space of the living room and the use of UVC lights [26].  

Some architects have strong beliefs that buildings can be free from SARS-CoV2, 
especially now that students and employees are preparing to return to schools, 
universities and offices, if UVC light is fixed in the study or workspaces in order 
to reduce harmful pathogens. Further, other practices are suggested to be taken 
into consideration in all commercial properties such as 1) in-duct HVAC sys-
tems; 2) cooling coil units; 3) air movers; 4) upper room air purifiers [27]. 

This paper may lead architects to rethink and offer other alternatives in the 
design of buildings to combat and reduce pathogens attack.  

4. Conclusions 

The UVC emitted from a UVC LED ceiling light, called Krypton Disinfection 
lighting CM15W12V Series, has shown no effect on SARS-CoV2 to disintegrate 
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its biological materials even when it is left for an overnight. Moreover, it has 
shown no apparent results when it is close to the Virus culture plate (4 - 5 cm) 
or at a distance (2.0 to 2.9 m) when fixed in the ceiling of the test room. Only 
two samples in the next day of the trial showed no target detected (ve 
SARS-CoV2) and this might be due to dryness of the samples and not due to UV 
exposure.  

This study addresses a very significant observation which may have some im-
plications. It shows that commercially available UVC ceiling light has no effects 
on SARS-CoV2, although it is claimed to do so in some advertisements and 
catalogues. Authorities should carefully test these devices before launching them 
into the market. The public has the perception that commercial UVC ceiling 
light can kill SARS-CoV2 immediately while this is proven the opposite in this 
study.  

It is also worthy to note that this study shows no effect of these UVC ceiling 
lights even when they are kept radiating SARS-CoV2 for overnight. This proves 
that the intensity of the UVC from these devices is relatively low.  

However, this Krypton Disinfection lighting CM15W12V Series is effective in 
destroying Bacteria and Fungus, substantially, in 30 sec and kills them com-
pletely in 60 min. There is no significant change in the CT value for most of the 
samples tested compared to the original CT value in both the spiked Petri dishes 
(with droplets & swabs). This observation indicates that UVC celling lights are 
effective in destroying Bacteria and Fungus (part of pathogens), i.e. they are 
bacteria disinfection devices. This novel conclusion should be highlighted as 
people may be attracted to purchase and install such UVC LED ceiling devices 
believing that it will disinfect their premises and houses from SARS-CoV2, espe-
cially with this second wave or resurgence in COVID-19 cases after successfully 
slowing outbreaks early in the year in Europe, India and Brazil, particularly 
where the lockdown is imposed again. This study shows clearly that this product 
(UVC LED ceiling devices) is completely not active nor fit for this purpose. 

The solar radiation in Bahrain is so intense (annual daily average is 620 
W/m2) and the UV portion (UVA and B) represents about 4% (25 W/m2). Simi-
lar values are recorded in other Gulf Cooperation Council Countries (GCCC). 
For example, in Kuwait [28] the ratio of monthly daily ultraviolet to global solar 
radiation was found to range between 4.07% and 5.4%, which is similar to the 
value in Bahrain (about 4.0%). The highest and lowest intensity monthly-daily 
recorded values for global radiation in Kuwait were 9.29 Wh/m2 and 0.45 
kWh/m2 but for UV were 445 Wh/m2 and 31 Wh/m2, respectively.  

UVA radiation is capable of penetrating deep into the skin and is thought to 
be responsible for up to 80% of skin ageing, from wrinkles to age spots [18]. 
Meanwhile, UVB radiation can damage the DNA in our skin, leading to sun-
burn and eventually skin cancer but our observation did not indicate that large 
UV intensity in a country had less SARS-CoV2 infection; GCCC had been hit 
badly by SARS-CoV2, counter to expectation. Nowadays, the society is keen to 
use UVC devices as some scientists claimed that they could harness UVC light to 
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kill microorganisms, but our results show that UVC light cannot eliminate 
SARS-CoV2. It can do so, however, in the case of Bacteria and Fungus.  

It has to be noted that genuine and well tested UVC devices, other than LED 
commercial ones, may disinfect or kill SARS-CoV2. Usually the UVC lights used 
in medicine are much more powerful than these commercial UVC LED lights. 
Unfortunately, to the best of our knowledge, no scientific work has been pub-
lished to study the effect of UVC on SARS-CoV2 (COVID 19) to allow us to 
compare and reach a conclusion on why such UVC LED Ceiling types were not 
effective for SARS-CoV2 disinfection.  
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