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Abstract
	 An optical barrier (OB) may eliminate the entrance of aerosol generated by clinical procedures in sterilization devices. 

The OB is a new alternative for sterilizing medical and dental instruments. The objective of the study was to evaluate the action 
of the OB on the entrance of bacteria into an autoclaving system and to correlate the time and distance of exposure. To test the 
configuration of the device, we used Escherichia coli. A lamp utilized in this instrument was low pressure with a wavelength 
around 254 nm. A homogenous distribution of light around the door was observed by the Inventor 2015 software. Microbiological 
tests showed efficient bacterial elimination at a distance of 8 cm from OB. The results show that the use of the OB radiation for 30 
minutes guarantees the non-entry of microorganisms into the sterilized environment. The use of the OB may be recommended to 
maintain the surface of sterile materials for long periods of time. (International Journal of Biomedicine. 2017;7(2):135-137.)

Key Words: Optical barrier ● bacteria ● UV light ● Escherichia coli ● biomedical device

Introduction
Cross-contamination is a problem in the healthcare area 

which requires considerable attention, given that is necessary to 
promote the security of the patient during medical procedures 
and to eliminate the possibility of transmitting infectious 
diseases. Thus, a sterilization process is necessary, and one 
device used to kill microorganisms present in materials used 
in medical offices is the autoclave.(1) 

Medical offices have a very high concentration 
of microorganisms in the air. Currently, the healthcare 
professional puts medical instruments into packages after 
applying the protocol to eliminate biological organisms 
(spores, bacteria, fungi, etc.). However, a lot of different 
concepts and methods for sterilizing materials can be found in 
the literature. One example present in the discussion is the use 
of ultraviolet (UV) light. Nevertheless, several factors need to 
be addressed, such as the procedure for cleaning equipment, 
existing and new materials to be used, and the development of 
new methods and instruments.(2-8) 

A common problem in dental autoclave devices is the 
increased probability of direct contact of microorganisms 
present in the environment with the interior of the autoclave 
after the door is opened, consequently decreasing the shelf-
life of instruments already sterilized. The purpose of this 
study was to assess the effectiveness of a new adaptation 
of sterilization devices, an optical barrier UV to remove or 
inactivate microbial aerosol.

Materials and Methods
Lamp UV device system 

The device contains one low-pressure mercury UV 
lamp (HNS-4W-OSRAM) with an emission wavelength 
of approximately 254 nm (Fig. 1), fixed by two supports and 
surrounded by a polymer curtain that focuses the UV rays 
towards the front slot of the autoclave (Fig. 2). 

The autoclave is equipped with a sensor located on the 
side of the door such that the lamp system is switched on or off 
when the door is opened or closed, respectively. 

Simulation of the curtain 

A design of the prototype was made using Inventor 
2015 software (Autodesk Inc.). In addition, an optical device 
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was developed with a light curtain designed to direct the UV 
light straight down. A simulation was done using TracePro 
6.0 software (Lambda Research Corporation) in order to 
evaluate the distribution of the radiance in the front side of 
the autoclave.

Microbial strains and growth conditions

The microorganism used for the in vitro study was 
Escherichia coli (ATCC 25922). E. coli was cultivated in 
Brain Heart Infusion Broth at 37 ºC for 18 h. The microbial 
inoculum was centrifuged (1000xg for 15 min) and re-
suspended in buffered phosphate saline. The initial inoculum 
was adjusted for 107cells/mL at 600 nm. For the analysis of the 
antimicrobial effect of optical barrier, plates containing E. coli 
(107 cells/mL) were positioned below the optical barrier and 
5cm from the barrier. 

Results and Discussion
We used an optical simulation in order to describe the 

behavior of light emitted from the UV lamp, and to characterize 
the device after mechanical construction. Figure 3 shows the 
radiance distribution in the area of the autoclave door. This 
model is suited for device simulation purposes of microbial 
decontamination in this study.

The different views in the figure above show the 
uniform distribution of the UV light around the opening of the 

tank. A second step in the simulation involves evaluating the 
intensity and distribution of the light in three distinct areas of 
the autoclave. The results are shown on Figure 4.  

The results of the simulation show us that there is 
an even distribution of UV-C light in the front of the tank; 
however, microbiological experiments were performed for 
proof of concept. First, we present the results for plates with 
E. coli with initial concentration of 107CFU/mL. 

The results show two different positions of the plates. 
Plate 1 is located directly under the light and Plate 2 is located 
out on the front of the autoclave. It is possible to verify that 
there is a reduction in the microbial agent in the plate directly 
exposed to light and within 5 cm on the front of the autoclave.

Fig. 1. A) Front layout of the optical curtain: 1) Connector 
cap of UV lamp; 2) Reel for stabilizers a device on wall; 3) 
Quartz tube and a UV Lamp inside; 4) Polymer structure 
for direct a rays; 5) Protector of the cap; 6) Autoclave tank; 
7) Sensor for control switches. B) Photograph of a tray 
device in the autoclave.

Fig. 2. Curtain and distribution of light on the autoclave 
door in wavelength 254 nm with OSRAM UV lamp 4 W; 
A) left side view; B) Right side view; C) top view.

Fig. 3. (A) Intensity measurement locations. (B) Intensity 
distribution on Location 1. (C) Intensity distribution on 
Location 2. (D) Intensity distribution on Location 3.

Fig. 4. Antimicrobial response of UV barrier during 30 
min.  Plate with E. coli located on door area directly 
under UV light and plate in front of autoclave during 60 
min of UV barrier.
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Another characterization performed consisted of 
measuring the time necessary for the microorganisms to 
increase in the autoclave with the light on and off. The results 
show the time necessary for recontamination of materials 
present in the autoclave after having been processed (Table 1). 

There is immediate detection of microorganisms with the UV 
light off; however, with the UV light on, the minimum time 
necessary for detection is 30 min. 

 UV light present at the front of the autoclave 
constitutes a practical method for establishing a barrier for 
microorganisms present in the environment and also for 
preventing recontamination of packages or instruments after 
the autoclaving process. 

Our experimental setup shows that it is possible to adapt 
a barrier onto the autoclave. Future studies would consist of 
establishing different criteria for optimization of the device 
and testing different positions of the sensors.  There are many 
UV light devices tested for viruses and bacteria by USEPA, 
the National Science Foundation, and WHO.(9)

UV radiation induces mutations in the pyrimidine 
dimers of DNA.(10) Distribution of light intensity shows that 
there is an even distribution of UV-C wavelengths in the front 
of the tank, which explains the oxidative damage in bacteria. 
Thus, it is possible that the air could be sterilized with total 
bacteria death within a margin of 15 cm of the optical barrier.
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Table 1. 
Results of bacterial presence over time. The X denotes detection of 
colonies.

Condition
Time (min)

9 10 20 30 60

Light off X X X X X

Light on X X


