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Abstract 
 

The use of Ultraviolet (UV) for decontamination in biological safety cabinet 
(BSC) has been a source of friction between the research centers and 
institutes, which recommend no necessary for UV in BSC, and which have 
largely been trust UV as a decontamination method. A general methodology of 
the testing the ultraviolet UV radiation is considered and categorized in this 
paper, based on the concepts of measuring the irradiance level at the working 
bench surface inside the BSCs. A calibrated ultraviolet radiometer in the 
germicidal range (UVC) is used. This work describes the national institute for 
standard (NIS) technique for testing the performance of UV irradiation on 
decontamination inside BSCs. 
The optimum build provides sufficient information about the UV irradiance 
distribution is measuring at a matrix of three rows and five to nine columns 
depending on the cabinet width. Periodical measurement each six months and 
routine test each week can keep providing acceptable decontamination results.  
 
Keywords: Radiometry, UVC radiometer, biological cabinet, 
decontamination, UV applications.  

 
 
Introduction 
Ultraviolet (UV) radiation 
Ultraviolet (UV) radiation is a form of nonionizing radiation and behaves in 
accordance to the laws and principles of geometric optics. The International 
Committee on Illumination (CIE) divided the UV spectrum into three wavelength 
bands primarily due to biological effects. The 315-400 nm wavelength band is 
designated as UV-A. 280-315 nm is designated as UV-B, and 100-280 nm as UV-C. 
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Wavelengths below 180 nm are of little practical biological significance since the 
atmosphere readily absorbs them. Sources of UV-A are used for dentistry and tanning, 
UV-B is used for fade testing and photocuring, and UV-C is used for germicidal 
purposes [1]. The UVC effective in break the molecular bonds within micro-
organismal deoxyribonucleic acid (DNA), producing thymine dimmers thereby 
destroying them, rendering them harmless or prohibiting growth and reproduction. 
This removes their reproductive capabilities and kills them. Although UV can 
disinfect an empty BSC, it will only disinfect the outer surface of any material stored 
in a biological safety cabinet. The minimum acceptable irradiance in a BSC is 40 
µW/cm2, it takes 12.5 minutes to reach the 30,000 µJ/cm2 which found to inactivate 
spore forming organisms. [7] 
 
Germicidal lamps 
Germicidal lamps are low-pressure mercury lamps that emit mercury line 
radiation mainly in the short-wave ultraviolet range. 
They are available in different sizes and output powers to suit different requirements. 
The main lines in the spectrum are at 254 nm and 185 nm. Ultraviolet light which has 
a wavelength of less than 240 nm, produces ozone. This short wavelengths (high 
energy) radiation can pass through the quartz glass used for ozone-generating lamps. 
If ozone is not required then special glass or appropriate types of quartz are used. 
They are transparent for the radiation that kills micro-organisms but do not let ozone-
generating radiation through. 
 
Advantages of Germicidal lamps use include 

• Has no known toxic. 
• Removes some organic contaminants. 
• Has no volatile organic compound (VOC) emissions or toxic air emissions. 
• Has no onsite smell and no smell in the BSC. 
• Requires very little contact time. 
• Does not require storage of hazardous material. 
• Requires minimal space for equipment inside the chamber of BSC. 
• Improves the environmental condition because of some organic contaminants 

and nuisance microorganisms are destroyed. 
• Has little or no impact on the environment except for disposing of used lamps. 

[4] 
 
Biological safety cabinet (BSC) 
Microbiological safety cabinet is an enclosed, ventilated laboratory workspace for 
safety working with materials contaminated with (or potentially contaminated with) 
pathogens requiring a defined bio-safety level. Several different types of BSC exist, 
differentiated by the degree of bio containment required. BSCs first became 
commercially available in 1950. 
 Numerous factors affect the activity of the germicidal effect of UV light 
effectiveness as Temperature, Lamp cleanliness, and lamp Aging. Many centers and 
institutes agree with the recommendation, which states that UV lamps are neither 
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Measurement procedure 
1. All safety precautions followed before strat.  
2. The lamp is cleaned up by 70% ethanol prior to performing the test.[2,3] 
3. The working stage inside the cabinet was divided during the testing process 

into six rows and eleven columns resulting in sixty six points. 
4. The lamp was given enough time to warm up prior (five to ten minutes).for 

recording the readings 
5. The detector of the irradiance meter facing the lamp and parallel to the bench 

surface. 
6. The irradiance levels have been measured at each of the above mentioned 

points five times using NIS standard UVC radiometer. 
7. The same procedure are repeated for each lamp. 

 
 
Result and Discussion 
The plotted irradiance level at each point versus their positions for all the lamps 
shows nearly the same distribution with no significance change. 
 However, all are shoring the non uniform distribution of irradiance level over the 
working bench surface as in figure 2. This is accepted due to the virus distance 
between the mentioned points and the lamp. The significance of this phenomenon that 
the irradiance level reaches each point is not the same so; the disinfection degree is 
not homogenous.  
 In the case of eleven columns and six rows the minimum uncertainty of 
repeatability is ≈ 0.4% at the center while increases by factor of four at the corners ≈ 
1.45%. 
 To simplify the process of measuring the irradiance levels, the procedure was 
repeated reducing the number of columns and rows by one until reaching matrix of 
five columns and three rows as shown in figure 3. The uncertainty levels found nearly 
the same at both of the centers and the corners, however the rows in this case is one 
middle and two among distance between middle row and the working surface edges at 
both sides.    
 Epitomize number of columns to five and three rows to this limit give sufficient 
information about the irradiance distribution inside the cabinet and reduce the 
measurement time to one quarter needed for the beginning matrix. While more 
decreasing in the number of columns or / and rows does not give sufficient 
information. 
 The surface plot for the relation between the recorded irradiance levels and the 
matrix points show the degree of distribution homogeneity. In the normal case it looks 
as arch bands as shown in figures 2 and 3, disregard to the number of columns and 
rows as described before. Also deformed distribution is observed at figure 4 due to 
lamp defect. 
 
 
Uncertainty component 
The uncertainty calculation in this work follows UKAS M3003 [8]. The budget listed 
at table 1. 
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 While UV Inactivation rates are sensitive to the changes in relative humidity [9]. 
The humidity is not listed in the table because in our case the work done inside 
environmental controlled laboratory with acceptable change in temperature ±1o C and 
humidity ± 5% which are not affecting the results. 

 
Table 1: The uncertainty component considered in this work 

 
Uncertainty source Type Probability distribution Divisor

Calibration of reference standard radiometer B normal 1 
Reading repeatability A normal 1 
Alignment and positioning of standard detector B rectangular √3 
Uncertainty due to uniformity of UV beam B normal 1 
Instability of UV source B rectangular √3 
Aging of the UV lamp B normal 1 

 

 
 

Figure 2: Irradiance distribution over the working bench at matrix of eleven columns 
and six rows .  

 

 
 

Figure 3: Irradiance distribution over the working bench at matrix of five columns 
and three rows 
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Figure 4: Irradiance distribution over the working bench at matrix of six columns and 
three rows with defect in the lamp. 
 
 
Conclusion 
Regular accurate measurements to the irradiance levels in BSCs are necessary to 
achieve the decontaminations [2, 3]. This work explains the NIS technique for 
measuring and presenting the irradiance levels at the working bench of BSCs. For all 
cabinet sizes the working bench divided into a matrix of points. The optimum matrix 
is three rows one at middle and two at the sides of it, separated by half of the distance 
between the mid row and the bench edges. While for different cabinet sizes the 
number of columns can be changed to cover all the cabinet as five columns for 
cabinet width ≤ one meter, seven columns for cabinet ≤ 1.5meter, and nine columns 
for cabinet > 1.5 meter. Increasing the number of columns and rows give more and 
accurate information with no significant improvement in uncertainty. This work 
recommends regular measurements for irradiance distribution of each 6 month and 
after replacing the UVC lamp. Routine check for the irradiance prior any use at lest at 
five specified points forming four corners of a rectangle in the center of the bench and 
on at its center then compare the out put with the result recorded at the regular 
measurement. In this work irradiance level is limited by BSCs user who can calculate 
the sufficient time needed for decontamination after being measuring the irradiance 
distribution. Users may follow the minimum irradiance level and calculate the 
required dose; in this case the higher irradiance level will have the sufficient 
decontamination dose. Also this test technique can help users to decide when to 
change the UVC lamp wither it is not economic or defected.  
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