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Abstract 

 KrBr and KrCl excilamps emit UV light at the primary peak wavelengths of 206 nm and 222 

nm, respectively. After filtering out higher-wavelength emission from these lamps, we predict that 

they may prevent any surgical site infections. It is expected that these short wavelengths can penetrate 

and kill bacteria, but not damage human cells. For this project, a spectrometer was used to 

characterize the lamps. The measured emission spectrum of the KrBr excilamp did not agree with the 

spectrum provided by the lamp manufacturer, but the emission spectrum of the KrCl excilamp was 

verified. Bandpass filters that transmit the peak wavelength of 206 nm for the KrBr excilamp and 222 

nm for the KrCl excilamp within 20 degrees half-cone angle of incidence were selected. The filters, 

however, only transmit about 13% and 19% of the initial light emitted by KrBr and KrCl excilamps, 

respectively. When the attenuation of light that travels through water was measured, UV light lost 

some of its intensity upon initial contact with water, possibly due to reflection, but had consistent 

intensity when traveling through different volumes of water. On the other hand, when traveling 

through phosphate buffered saline (PBS) and small airway basal medium (SABM), light intensity 

showed an exponential attenuation relationship with the height of the media added. To assess the 

effectiveness of the unfiltered KrCl excilamp in inactivating cells, small airway epithelial (SAE) cells 

were irradiated with various energy densities emitted from the lamp. The morphology of these cells 

was then studied with Hoffman modulation contrast imaging and with fluorescence microscopy of 

4',6-diamidino-2-phenylindole (DAPI)- stain nuclei.1 After being exposed to energy densities of 

around 50 mJ/cm2 and 150 mJ/cm2, cell nuclei seemed to become more round and smaller, which 

could be related to cell inactivation. Cell nuclei also seemed to lose roundness and possibly were 

ruptured after being irradiated with an energy density of about 300 mJ/cm2, indicating cell death.  

 

Introduction 

 Postoperative surgical site infections are a major cause of illness that among 27 million 

surgical procedures per year, such infections number around 500,000.2 Surgical site infections can 

occur due to many sources, including airborne bacteria, contaminated spaces in an operating room, 
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contaminated instruments, and organisms from a surgical team in an operating room.3 Among the 

methods to prevent these surgical infections, ultraviolet (UV) irradiation is proven to be especially 

effective.3 A typical UV irradiation source is a low-pressure mercury lamp, which emits UV light in a 

wide range of wavelengths.4 Such range includes UVA (320 to 400 nm), UVB (290 to 320 nm), UVC 

(220 to 290 nm), Far UV (190 to 220 nm), and Vacuum UV (40 to 190 nm).4 Both UVA and UVB 

can be harmful to humans in that UVA can cause sunburn on human skin and cataracts in eyes and 

UVB can cause damage to DNA.5 Thus, when dealing with UV irradiation from a mercury lamp, 

protective clothing, eye shields, and hoods are necessary for the safety of the staff in the operating 

room.3 However, such cumbersome and expensive protective gear adds complexity. Excilamps, which 

emit UV produced from an excited molecule complex, could possibly solve such a problem and still 

disinfect wound sites effectively. Unlike a mercury lamp, an excilamp can emit UV of a single 

primary peak wavelength. UV of higher wavelength is, however, more penetrating than that of lower 

wavelength and thus, for diverse excilamps, this relationship of varying penetration as a function of 

wavelength can be used. Typically, bacterial cells are smaller in size than human cells: a bacterial cell 

is normally less than 1µm in diameter,6 while human cells are between 10 to 30 µm in diameter.7 

Thus, UV light of certain low wavelength might be able to penetrate a bacterial cell and kill it, but not 

be able to penetrate a human cell or penetrate it at a small depth as to not damage it. The figure below 

describes the interaction of such UV light with a human cell and a bacterial cell. 

                 

Figure 1: Low wavelength UV’s penetrating ability when interacting with a human cell and a bacterial 

cell 

If an excilamp can emit UV light of the wavelength that can kill bacterial cells but not damage human 

cells, it can be used as an effective disinfection source and will prevent the need for UV-protective 

gear in operating rooms. KrBr and KrCl excilamps are evaluated as potential sources for killing 

bacteria but not damaging human cells. KrBr and KrCl excilamps emit UV light of relatively low 
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wavelengths primarily centered at 206 nm and 222 nm, respectively. Both excilamps are hypothesized 

to produce UV light that can penetrate the bacterial cells and kill them but not penetrate and/or 

damage human cells.  

KrBr and KrCl Excilamps  

The manufacturer (Institute of High Current Electronics, Tomsk, Russia) of the 

excilamps has provided the spectra of the KrBr and KrCl excilamps, which are shown below.  

                      

Figure 2: The spectrum of the KrBr excilamp provided by its manufacturer 
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Figure 3: The spectrum of the KrCl excilamp provided by its manufacturer 

 

A spectrometer with optional nitrogen purge ports (detection range: 150 to 360 nm) was 

purchased and used to confirm the spectra of the excilamps provided by the manufacturer. 

When turned on, both KrBr and KrCl excilamps also produced a strong ozone smell. Since 

the known wavelength at which ozone production occurs the most is around 184 nm, 

excilamp emission below 200 nm is suspected.8 The spectra of the excilamps provided by the 

manufacturer only show light emission above 200 nm, hence, the spectrometer was also used 

to detect potential emission of wavelengths less than 200 nm. When an optical fiber cable was 

used and nitrogen purging was not applied, the graphs below were obtained for each KrBr and 

KrCl excilamp.  

     
Figure 4: The spectrum of KrBr excilamp with using an optical fiber cable and without 

nitrogen purging 
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Figure 5: The spectrum of KrCl excilamp with using a optical fiber cable and without 

nitrogen purging 

In the spectra for both KrBr and KrCl excilamps from figures 4 and 5, the wavelength values 

of three major peaks, which are around 206 nm, 228 nm, and 291 nm for the KrBr excilamp 

spectrum and 222 nm, 234 nm, and 256 nm for the KrCl excilamp spectrum, are similar to 

those shown in the spectra provided by the manufacturer. However, while the relative 

intensity of light emitted at each peak wavelength shown in the measured KrCl excilamp 

spectrum is similar to that shown in the manufacturer’s spectrum, the measured relative 

intensity of light at different peak wavelengths emitted from the KrBr excilamp differs 

significantly from that depicted in the manufacturer’s spectrum. Based on the KrBr excilamp 

spectrum from the manual, the intensity of light emitted at 206 nm is greater than the intensity 

of light emitted at either around 228 nm or 291 nm by approximately a factor of ten. However, 

according to the spectrum measured, the intensity of light emitted at 206 nm is smaller than 

that at either 228 nm or 291 nm. Insignificant amount of signal was also detected below 200 

nm for both KrBr and KrCl excilamps. Two possible reasons considered for the discrepancy 

were the optical fiber’s attenuation below certain wavelength and the absorption of UV light 

by moisture or oxygen in the air. To eliminate the effects of these factors, the spectra of both 

KrBr and KrCl excilamps were measured with directly shining UV light onto the 

spectrometer without the optical fiber and by applying a nitrogen purge to the spectrometer. 

The figures below were obtained with the modified setup. 
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Figure 6: The spectrum of KrBr excilamp without using an optical fiber cable, with, and 

without nitrogen purging with 60 ms exposure time 

 
Figure 7: The spectrum of KrCl excilamp without using an optical fiber cable, with, and 

without nitrogen purging with 6 ms exposure time 
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Figure 8: The spectrum of KrBr excilamp without using an optical fiber cable, with, and 

without nitrogen purging with 300 ms exposure time 

 

     
Figure 9: The spectrum of KrCl excilamp without using an optical fiber cable, with, and 

without nitrogen purging with 60 ms exposure time 

Based on the figure 7, even when UV light was directly shone onto the spectrometer and a 

nitrogen purge was applied, the KrCl excilamp spectrum measured by the spectrometer was 

still similar to the one provided by the lamp manufacturer. However, according to figure 6, 

the relative intensity of light at different peak wavelengths shown in the measured KrBr 

excilamp spectrum still differed from that shown in the spectrum provided by the 
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manufacturer. Longer exposure times were also used for both excilamps to amplify the 

transmission of the light below the wavelength of 200 nm. However, according to the figures 

8 and 9, insignificant amount of signal was still detected below the wavelength of 200 nm for 

both excilamps. To verify the source of the discrepancies associated with the KrBr excilamp 

output and the amount of signal measured below 200nm, communications with the lamp 

manufacturer and the spectrometer manufacturer have been underway and a calibration 

mercury lamp might be purchased.  

 In addition, power density of the light emitted by the excilamps at different distances 

from the light source was measured and is shown in the figures below.  

       
Figure 10: The graph of power density vs. distance, when KrBr excilamp is used 
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Figure 11: The graph of power density vs. distance, when KrCl excilamp is used 

Based on figures 10 and 11, power density values follow the inverse-square law quite closely, 

since the exponents shown in best-fit equations from the figures almost equal -2. 

  

208NB6 and 224NB7 Bandpass Filters 

As both figures 2 and 3 depict, KrBr and KrCl excilamps emit ultraviolet light at the 

wavelengths other than 206 nm and 222 nm. However, for the purpose of the experiment, 

ultraviolet light of single peak wavelength is needed and to achieve this, filters can be used. 

Two different filter options are: 1) a combination of short- and long- pass filters, and 2) a 

single bandpass filter. Filter assessments were made from data provided by Omega Optical. 

To optimize the ultraviolet light of 206 nm single peak wavelength from the KrBr excilamp, a 

combination of short-pass (210 SP) and long-pass (218DCLP) filters was compared with a 

bandpass filter, 206NB6. Figures 12 and 13 below show results from a simulation of how the 

short- and long- pass filters and the bandpass filter differ in transmitting UV light of different 

wavelengths.  

                    

Figure 12: The simulated spectrum for a combination of 210SP and 218DCLP filters 
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Figure 13: The simulated spectrum for a 206NB6 filter 

Based on the figure 2, KrBr excilamp emits the ultraviolet light of wavelengths approximately 

between 240 nm and 280 nm. However, according to the figure 12, the combination of 210SP 

and 218DCLP filters is not able to block the UV light of such wavelength range. The figure 

13, however, shows that the 206NB6 filter can transmit the UV light of 206 nm wavelength 

and block the rest. Thus, the bandpass filter, 206NB6, is considered for the KrBr excilamp. 

For the KrCl excilamp, a combination of short-pass (220AF10) and long-pass (233DCLP) 

filters and a 222NB7 filter are similarly compared. Figures 14 and 15 below describe how the 

transmission of UV light differs between short- and long- pass filters and the bandpass filter.  
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Figure 14: The simulated spectrum for a combination of 220AF10 and 233DCLP 

filters 

                             

Figure 15: The simulated spectrum for a 222NB7 filter  

According to figure 14, the combination of short- and long- pass filters transmit the light of 

wavelength at around 255 nm and above, which is emitted by the KrCl excilamp. However,  

figure 15 depicts that the 222NB7 bandpass filter transmits a single peak wavelength of 222 

nm and blocks out the rest. Thus, the 222NB7 filter is preferred for the KrCl excilamp.  

 

The geometrical setup involving the excilamp and the cell dish that will be irradiated 

is then determined; the distance between the lamp and the dish is 4 cm and the diameter of the 

dish is 3 cm. The following figure describes the setup and the corresponding angle of 

incidence.  
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Figure 16: The angle of incidence of UV light for the chosen setup 

 Based on figure 16, the maximum angle of incidence of the light for the setup is 

approximately 20 degrees. Different angles of incidence of the light alter transmission 

efficiency and according to the spectral calculations for the 206NB6 and 222NB7 filters 

provided by the filter company, within a 20 degrees half-cone angle of incidence, the peak 

transmission wavelengths for KrBr and KrCl excilamps are 203.6 nm and 219.6 nm, 

respectively. Thus, it was determined that if the peak wavelength for each filter at normal 

incidence is increased by 2 degrees, the peak transmission wavelength within a 20 degrees 

half-cone angle of incidence is also increased by 2 degrees. Following this explanation, 

208NB6 and 224NB7 filters, which transmit light at 208 nm and 224 nm peak wavelengths at 

normal incidence, were chosen for KrBr and KrCl excilamps, respectively. The following 

figures depict the expected spectra of the KrBr and KrCl excilamps when the filters are 

applied in a simulation. 
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Figure 17: The spectra of the KrBr excilamp without the filter (red line) and with the filter (blue)  

 

 Figure 18: The spectra of the KrCl excilamp without the filter (red line) and with the filter (blue)  
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Based on figures 17 and 18, when filters are applied, the excilamps are expected to emit UV light of 

single primary peak wavelength, although less than 20% of the original light intensity might be 

transmitted.   

Quartz Dish 

During the cell experiments, cells may be irradiated under the excilamps while being placed 

in different media. However, light might attenuate as it travels through different media, which can 

affect the actual dose of light that cells are exposed to. Thus, in order to accurately predict the UV 

dose that cells receive, light attenuation amounts through different media need to be measured and 

accounted for. For this measurement, a dish, which contains the media, with a base surface that 

interferes as little as possible under the ultraviolet light is preferred. Thus, a quartz material, which 

absorbs insignificant amount of light and does not fluoresce, was selected as the surface material for 

the dish. The media dish was then designed with stainless steel cylindrical walls with 12.51 mm inner 

diameter and 18.76 mm height. With these measurements, the maximum volume of media that can be 

added was calculated as 2.306 ml and the media volume increment value was determined as 0.2 ml. 

The height of media added in the dish was then calculated as a ratio between media volume and area. 

For 0.4 ml, 0.6 ml, 0.8 ml, 1.0 ml, 1.2 ml, 1.4 ml, 1.6 ml, 1.8 ml, 2.0 ml, and 2.2 ml of media added, 

the corresponding heights are 0.325 cm, 0.488 cm, 0.651 cm, 0.814 cm, 0.976 cm, 1.14 cm, 1.30 cm, 

1.46 cm, 1.63 cm, and 1.79 cm, respectively.  

Attenuation in Different Media 

Attenuation of UV light through distilled water, phosphate buffered saline (PBS), and small 

airway basal medium (SABM) was measured. Each medium was added to the quartz dish, with a 

volume increment of 0.2ml, and, except for the SABM, the dish was placed under both KrBr and 

KrCl excilamps. With the spectrometer, the attenuation of UV light through each medium was then 

measured. Figure 19 depicts the setup of the experiment.  
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Figure 19: Picture of the experimental setup for testing UV light attenuation through 

distilled water, PBS, and SABM 

Figures 20 and 21 below show how UV light emitted by KrBr and KrCl excilamps attenuates through 

distilled water.  

                  

Figure 20: The attenuation of ultraviolet light from KrBr excilamp through distilled water 
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Figure 21: The attenuation of ultraviolet light from KrCl excilamp through distilled water 

Based on the graphs above, the number of counts, which represents the intensity of the light, 

decreases when the quartz dish is used and when the water is first added to the dish. For instance, for 

the KrBr excilamp, the number of counts decreased by approximately 9.328 % when the dish without 

water was placed under the excilamp, from 26480 (measured without dish nor water) to 24010. 

However, when water was added, the number of counts decreased by 9.215 %, from 26480 (measured 

without dish nor water) to 24040. When the KrCl excilamp was used, the number of counts decreased 

by around 5.618 % from 54110 (measured without dish nor water) to 51070, when the dish without 

water was used. After adding water to the dish, the number decreased only by 3.308 %, from 54110 

(measured without dish nor water) to 52320. The number of counts measured after adding 0.4 ml of 

water, however, almost stays constant when more water is added. Since the number of counts 

decreased only when water was first added and did not decrease more when more water was added, 

the decrease in the number of counts might be attributed to reflection. Based on the experimental 

setup, when water is added to the dish, light travels through air, distilled water, the quartz surface, and 

more air sequentially. According to Fresnel equation, which describes the reflectance of light when it 

passes between media of different refractive indices, 2.02 % of light is reflected when the light travels 

from air into water.9 Then, when light moves from water and through the quartz surface, 0.213 % of 

light transmitted previously through the water is reflected. Of the light transmitted through the quartz 

surface into the air, 3.50 % is then reflected. Overall, approximately 94.3 % of the original light 

emitted by the excilamps is transmitted and, thus, 5.66 % is reflected. This reflectance loss calculated 

from Fresnel equation is similar to the decrease in the number of counts when water is first added. 

Thus, the loss of light from reflection may account for the decrease in the number of counts when 

water is first added. Random errors that might have occurred include the formation of bubbles inside 

water and change in the purity of water due to getting mixed with dust in air. These errors could have 

affected the number of counts measured for different volumes of water added, which could have 

influenced the amount of decrease in the number of counts when water was first added. The amount 

of light transmitted decreased when it passed through distilled water in the dish, but as more water 

was added to the dish, transmission was minimally altered. This strongly suggests that water does not 

absorb UV light at 206 and 222 nm but might reflect some amount of it.  
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Figure 22: The attenuation of UV light from KrBr excilamp through PBS 

  

Figure 23: The attenuation of UV light from KrCl excilamp through PBS 

Based on figures 22 and 23 above, the amount of light transmitted decreases as it travels through the 

quartz dish, as it has been observed earlier. However, as more PBS is added into the dish, light 

transmission also decreases, which is different from what has been observed when more water is 
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added into the dish. The correlation between the amount of light transmitted and the amount of PBS 

added suggests absorption of light by PBS. The absorption can be explained by an exponential law, 

I=Ioe-τx, in which Io represents the initial intensity of light, I represents the final intensity of light after 

traveling through a material, τ represents the attenuation coefficient, and x represents the pathlength.10 

Thus, both figures 22 and 23 are fitted to exponential relationship, from which the attenuation 

coefficients of 0.77 and 0.09 are obtained for KrBr and KrCl excilamp setup, respectively. A random 

error that might have occurred includes the inaccurate amount of PBS added by using a micropipette. 

Although the micropipette was set to obtain 0.200ml of PBS, a bit inaccurate amount might have been 

actually obtained which could have resulted in calculating an inaccurate attenuation coefficient. If 

PBS’ light absorption amount differs based on different wavelengths, KrBr excilamp’s emission of 

light of three primary peak wavelengths, which were mentioned earlier, might have also accounted for 

the significant difference in the attenuation coefficients obtained.   

         

Figure 24: The attenuation of ultraviolet light from KrCl excilamp through SABM 

SAE cells, which are used to assess the effectiveness of a KrCl excilamp in inactivating cells, are kept 

in small airway basal medium (SABM). Thus, the attenuation of light through the medium was 

measured. Based on figure 24 above, the number of counts decreased by 96.23 % from approximately 

54460 (measured without the dish nor SABM) to 2055, when 0.2 ml of SABM was added. When 0.4 

ml or more SABM was added, the number of counts became almost zero. These measurements 

suggest a significant amount of light absorption by SABM and, thus, figure 24 above was fitted to an 
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exponential relationship, as mentioned earlier for the attenuation measured due to PBS. As a result, 

the attenuation coefficient of 1.66 was obtained. Some random errors that could have affected the 

exponential attenuation relationship shown in the figure include the measurement of an inaccurate 

volume of SABM when using a micropipette and uneven distribution of SABM in the dish. When 

only 0.2 ml of SABM was added, the surface of the dish may not have been covered evenly, which 

might have created different heights of SABM throughout the surface. This might have caused light to 

travel through varying pathlengths when 0.2 ml of SABM was added, which could have influenced 

the exponential attenuation relationship adversely.  

Evaluation of Cell Inactivation by the KrCl Excilamp 

 The KrCl excilamp, when a filter is not applied, emits a secondary peak wavelength of 256 

nm, which might harm cells by damaging their DNA. Thus, the excilamp could inactivate cells 

without a filter and to assess this inactivation, SAE cells were irradiated under the lamp for a certain 

amount of time. Successful inactivation of the cells will verify the necessity of filters. The cells were 

initially kept in the SABM in seven different dishes. Two cell dishes were then irradiated for 0 s and, 

for the rest of the dishes, each cell dish was irradiated for 2 s, 5 s, 15 s, 30 s, and 60 s. In addition, the 

cell dishes were around 7.5 cm away from the center of the lamp and, based on figure 11, they were 

irradiated with about 10 mW/cm2. Thus, cell dishes that were exposed to UV light for 2 s, 5 s, 15 s, 30 

s, and 60 s, were irradiated with 20 mJ/cm2, 50 mJ/cm2, 150 mJ/cm2, 300 mJ/cm2, and 600 mJ/cm2 of 

light, respectively. As shown earlier, since the SABM can absorb light significantly, the medium was 

taken away from the dish just before the irradiation and was put back in after the irradiation. The 

irradiated cell dishes were then kept in an incubator for two days.  

After their incubation, cells were trypsinized (detached from the dish) and a standard trypan 

blue staining procedure was applied to two cell dishes, which were each irradiated for 0 s and 60 s. 

Trypsin detaches cells from the dish, which can be counted later to determine the number of live and 

dead cells. If cells are dead, which means that their membranes are no longer selectively permeable, 

trypan blue dye can enter the cells through their membranes and stain them. However, if cells are 

alive, trypan blue dye cannot enter the cells and cells will not be stained. Thus, by counting the 

number of stained cells, the effectiveness of the KrCl excilamp in killing cells can be evaluated. When 

trypsin and trypan blue dye were applied to the cell dish that was irradiated for 0 s, none of the cells 

were completely stained, indicating that the cells were alive. Next, the cell dish that was exposed to 

the lamp the longest, or for 60s, was applied with trypsin and trypan blue dye. However, many cells, 

when applied with trypsin, did not detach from the dish. This made the counting procedure inaccurate, 

because the cells that did detach would no longer represent the total cell population in the dish. Thus, 

trypan blue staining process was determined to be not applicable in testing the KrCl excilamp’s ability 

in inactivating cells.  
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Taking another approach, the remaining cells (in the remaining dishes) were fixed (at the two-

day time point, post radiation) in cold methanol and then stained with DAPI, or 4',6-diamidino-2-

phenylindole, to analyze the morphology of the irradiated cells. DAPI, a fluorescent tag, binds to 

DNA, which allows for the detection of cell nuclei.1 Figures 25-34 were then obtained by using a 

microscope that can apply Hoffman modulation contrast imaging in addition to fluorescence 

microscopy to detect DAPI. 	  

         

Figure 25: The Hoffman modulation contrast         Figure 26: The DAPI picture taken for the  

picture taken for the cells with 0s irradiation          cells with 0s irradiation

           

Figure 27: The Hoffman modulation contrast        Figure 28: The DAPI picture taken for the picture 

taken for the cells with 2s irradiation                     cells with 2s irradiation

             

Figure 29: The Hoffman modulation contrast         Figure 30: The DAPI picture taken for the  
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picture taken for the cells with 5s irradiation          cells with 5s irradiation 

                

Figure 31: The Hoffman modulation contrast        Figure 32: The DAPI picture taken for the  

picture taken for the cells with 15s irradiation       cells with 15s irradiation 

                  

Figure 33: The Hoffman modulation contrast        Figure 34: The DAPI picture taken for the  

picture taken for the cells with 30s irradiation       cells with 30s irradiation  

Based on the figures above, several trends were observed about the morphology of the cells. The cell 

nuclei are the circular structures inside each cell in the pictures obtained with Hoffman modulation 

contrast imaging and in the pictures obtained by DAPI staining they are the blue circular fluorescent 

structures. Based on the figures, cell nuclei seem to become more round-shaped and possibly smaller 

as they are irradiated for a longer time between 2 s and 15 s, hence, with larger energy density 

between 20 mJ/cm2 and 150 mJ/cm2. For instance, when cell nuclei from the figures 27 and 28 are 

compared to those from the figures 29, 30, 31, and 32, they are not quite as round and their relative 

sizes to each entire cell are bigger. These trends might suggest that when they are irradiated with 

larger energy density, cell nuclei become more compact. During apoptosis, or a programmed cell 

death, chromatin structures, which make up cell nuclei, form a compact mass inside the nuclei, which 

affects the overall nuclei shape.11 Thus, a formation of compact nuclei may be part of an apoptosis, or 

a cell death. The cells that are irradiated for 30 s, based on the figure 34, are no longer round-shaped. 
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Instead, the nuclei even have some protruding sides, which might indicate that the nuclei are no 

longer enclosed structures, but are ruptured. Rupturing of cell nuclei can prevent cell replications and 

any other cellular activities, which can ultimately lead to a cell death. Overall, irradiating cells with 

the KrCl excilamp may cause their nuclei to become more compact or be ruptured, which might be an 

indication of cell death. Thus, the KrCl excilamp may be an effective source for cell inactivation. 

In addition, similar study has been done with a KrCl excilamp to evaluate its effectiveness in 

inactivating Escherichia coli.12 According to the literature, about 1% of Escherichia coli population 

survived when irradiated with about 25 mJ/cm2 and about 0.3% of the population survived when 

irradiated with about 50 mJ/cm2. The excilamp’s high bacteria inactivation capability (killed 99% of 

the population with 25 mJ/cm2) might suggest that even with a filter, the excilamp can successfully 

inactivate bacteria, which is part of our objective.  

Future Objectives 

After the problem with the KrBr excilamp spectrum is resolved and when the spectrum is 

properly verified to meet its expectations, the 208NB6 and 224NB7 filters (on order) will be applied 

to the KrBr and KrCl excilamps. The UV light box, in which the excilamps and cell dishes are set up, 

may also be modified. The makeshift box that has been used has an opening in its front, which may 

cause UV light to travel outside the box and possibly cause UV exposure to people nearby. Thus, an 

enclosed UV box can be designed to provide a safer environment near UV box. After obtaining the 

expected filtered spectra with a single peak wavelength from both excilamps, in-vitro 3-D human skin 

system, EpiDerm, may be used for irradiation under the excilamps.  EpiDerm is a reconstituted human 

skin model that has the similar morphological and growth traits as those of human skin. The safe 

exposure of the skin system will be assessed by micronucleus assay, which can detect micronuclei 

formation that indicates chromosomal damage.13 Thus, if the skin system is safely exposed under the 

excilamps, micronuclei induction should not be observed. In-vitro wound infection model can also be 

used for irradiation under the excilamps. The wound infection model consists of the Sykes-Moore 

tissue culture chamber to which fibroblast cells are seeded and which also will be inoculated with 

Staphylococcus aureus bacterial cells.14 After the irradiation of the model, the number of fibroblast 

and S. aureus cells will be assayed. Nude mouse model might be used as well. The mouse model can 

be irradiated under the excilamps and any changes in its skin may be evaluated. If the UV light 

emitted from the excilamps is proven to be safe for the human skin model and mouse models, clinical 

trials can ultimately be done to test the applicability of UV light in disinfecting actual human wounds.  
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