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Whitepaper UV-C disinfection -- safety, efficiency and practical 

application  

Traditionally, disinfection of small medical instruments and equipment is done mainly in an autoclave 

with steam, heat, with chemical substances or disinfectant wipes. 

High-energy UV-C light (UVGI) has been used for decades for disinfection in water and air treatment 

systems of, for example, operating theatres. This technique has been further developed and refined 

over the years, which opened up possibilities for applying UV-C in the disinfection of medical 

instruments and equipment. 

In this document we collect current backgrounds, scientific studies and practical experiences, to evaluate the 

safety, effectiveness and practical application of UV-C disinfection in a medical setting. 
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The compilation of this issue - version # 1 - was completed on May 18, 2020. We expect to 

be able to regularly supplement this publication with new results from scientific and clinical 

research. Please consult our website or scan this QR code to see the latest update. 

For additions or suggestions, please contact: 

marc.hinfelaar@uvsmart.nl, tel. 0655746523. 
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1. Mechanism of UV-C disinfection 
 

UV disinfection responds to an important vulnerability of micro-organisms: the sensitivity to UV-C 

light from their hereditary material. 

Hereditary material (DNA, RNA) of 

microorganisms (such as viruses and 

bacteria) shows an absorption peak for 

light with a wavelength between 260 

and 265 nm, UV-C light. Due to a 

photochemical process, the DNA "fuses" 

after only a short exposure time, so that 

the micro-organism can no longer 

multiply and dies.  

This type of UV can be found in sunlight, 

but is largely captured by the ozone 

layer. 

However, with a certain type of UV 

lamp, light of this wavelength can easily be generated in sufficient intensity for disinfection of air, 

water and irradiable surfaces. 

 

 

 

 

  

 
History of UV-C technology (from water, food to medical). 

 

1877 discovery of the disinfection property of sunlight 

1901 invention gas discharge lamp as a UV source 

1903 application documented against tuberculosis bacteria on the skin 

1910 test installation for UV-C disinfection of drinking water, Marseille 

1929 mechanism of genetic damage by UV-C in microorganisms is described 

1955 wide use of UV-C disinfection of drinking water in Europe 

1970 wide application UV-C disinfection wastewater in the USA 

1990 Introduction of UV-D air disinfection in a medical setting 
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1. Medical disinfection methods 
  

Various disinfection methods can be used in a medical setting. UV-C is one of them.i 

In practice it depends on the required level of disinfection and on the nature of the materials which 

method of disinfection is recommendedii.   

 The trend is that methods that do not 

require manual action ("no-touch" 

disinfection) are increasingly preferred 

over manual disinfection with wipes or 

chemicalsiii .  

Examples of contactless methods are 

gaseous or vaporous disinfectants (e.g. 

ozone or hydrogen peroxide vapor), and 

physical methods (e.g. high temperature 

or germicidal radiation such as UV-C). 

In March 2017, the HRH Workgroup 

Infection Prevention on behalf of RIVM 

issued a guidelineiv about disinfection in 

a medical setting. 

The WIP also advises against manually executed processes, and also emphasizes the importance of 

validated equipment and processes. 

The possibilities with UV-C are not yet discussed in the WIP report; this is expected to be addressed 

in the planned revision (2020)v because in the meantime several solutions have been researched, 

developed and introduced that make use of this technology.  

 

  

 

Photochemical effect UV-C on hereditary material 

- A low-pressure gas discharge lamp emits UV-C light 

- This causes chemical bonds in the DNA chain 

- A moderate intensity already causes extensive damage 

- Said effectively inactivates the virus, after a few seconds of exposure 

 



 
4 

2. UV-C application and safety 
 

Closed UV-C systems are inherently safe. 

Due to potential health damage, the disinfection guidelines urge caution with the chemicals or hot 

steam used.vi Caution is of course also important with UV-C disinfection. The high-energy light is not 

only harmful to micro-organisms, but also to humans. It can potentially cause eye damage, burning, 

or skin cancer. 

 Dated publications about safety precautions at UV-C usually discuss the use of open light boxes, 

which can be placed in a fixed place or mobile in a 

room.vii It is important to realize that nowadays a 

closed box is used for the disinfection of small 

medical equipment and materials. The material to 

be disinfected lies thereon on a glass plate with 

reflective material all around, and is irradiated 

both from below and above. For safety, the UV-C 

source in the box can only handle when the valve is 

completely closed, so the design of these types of 

devices is inherently safe. 

The correct use of the equipment is of course also 

important. The international trade association 

recently published a recommendation on this viii.  

In addition to checking the technical aspects of disinfection, in practice it is always about the correct 

application. Care staff training and monitoring of results demonstrably maintain the effectiveness of 

the validated processix. 

It is also interesting to know whether the UV-C light does not damage the materials that are 

disinfected with it. This has been investigated for oral masks, among other things. Only after very 

high doses does the strength of the material decreasex, and the effect of the filter in FFP-2 masks 

remained unchanged after 8 cyclesxi. This is consistent with research in air treatment systems: even 

10 years of exposure to UV-C exposure does not affect plastic filters and pipesxii. 

Damage to medical instruments such as endoscopes has also not been reportedxiii.  

Not even damage to sensitive electronics is to be expected - that's why NASA applies UV-C in their 

clean rooms, and it's also included in the strict disinfection protocols in interplanetary space travelxiv.  

  



 
5 

3. Efficiency and practical application 

Standards for medical disinfection are perfectly achievable with UV-C 

The effectiveness of disinfection is expressed as the percentage of microorganisms destroyed by itxv 
xvi. This standard is easy to achieve with UV-C. 

The Centers of Disease Control in the US (comparable to RIVM for the Netherlands) recently 

published a comprehensive review of the disinfection options for personal protective equipment (see 

table below). UV-C emerged from this as one of the three recommended methodsxvii.  

 Tabel: vergelijking effectiviteit desinfectie-methoden van PBM’s, Bron: CDC. 

 

Summary of decontamination method antimicrobial efficacy 

Method Treatment level Microbe tested 
Antimicrobial 

efficacy 

Vaporous hydrogen 
peroxide (VHP) 

10 min conditioning phase, 20 min gassing phase at 2 
g/min, 150 min dwell phase at 0.5 g/min, and 300 
min of aeration. OR 
Room concentration = 8 g/m3, 15 min dwell, 125-min 
total cycle time. OR 
10 minute conditioning phase, 30–40 min gassing 
phase at 16 g/min, 25 min dwell phase, and a 150 
min aeration phase. 

Geobacillus stearothermophilus 
spores 
T1, T7, and phi-6 bacteriophages 

>99.999% 

Ultraviolet germicidal 
irradiation (UVGI) 

0.5–950 J/cm2 Influenza A (H1N1) 
Avian influenza A virus (H5N1), 
low pathogenic 
Influenza A (H7N9), 
A/Anhui/1/2013 
Influenza A (H7N9), 
A/Shanghai/1/2013 
MERS-CoV 
SARS-CoV 
H1N1 
Influenza A/PR/8/34 
MS2 bacteriophage 

99.9% for all 
tested viruses 

Microwave generated 
steam 

1100–1250 W microwave models (range: 40 sec to 2 
min) 

H1N1 influenza A/PR/8/34 99.9% 

Microwave steam bags 1100 W, 90 sec (bags filled with 60 mL tap water) MS2 bacteriophage 99.9% 

Moist heat incubation 15–30 min (60°C, 80% RH) H1N1 influenza A/PR/8/34 99.99% 

Liquid hydrogen 
peroxide 

1 sec to 30 min (range: 3–6%) Not evaluated Not evaluated 

Ethylene oxide 1 hour at 55°C; conc. range: 725–833 mg/L Not evaluated Not evaluated 
 

 
Also in research in our country, it has been shown with mouth masks that light penetrates 

everywhere in the material within a cycle of 2 minutes, with sufficient intensity to make viruses 

harmless xviii xix. Recently a type of coronavirus has also been tested with UV Smart’s D25, and 

showcased a log 4 reduction on the Bovine Coronavirus.xx 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/decontamination-reuse-respirators.html
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RIVM very recently published a literature review on 

disinfection of mouth masks. UV-C is listed as one 

of the suitable options, in addition to steam 

sterilization and hydrogen peroxide, among others. 

It would be good if more research was conducted 

into these methods in Dutch healthcare 

institutions, RIVM states.xxi 

Furthermore, the effectiveness of disinfection with 

UV-C has been demonstrated in medical 

instruments, equipment and, for example, 

handheld devices such as tablets (which doctors 

use every day in the care process), including 

research by UMCGxxii and Radboudumcxxiii. 

In practice, this method of disinfection is easy to fit into the care process. The UV-C box is always on 

standby, within reach of the department ("point-of-care" device). In our country, LUMC, Alrijne, 

Ikazia, ADRZ, Martini and Spaarne Hospital have drawn up a protocol for application to ICsxxiv. 
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4. Experiences in the Netherlands 

 

UV-C technology in practice 

In our country, Radboudumc, Martini Hospital, LUMC, Spaarne Hospital, Zorgcentrum StJacob and 

Alrijne Hospital recently used UV-C technology from UV Smart for disinfection of small medical 

instruments and equipment. 

Here a selection of their experiences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Would you like to know how UV Smart applies this UV-C disinfection method in healthcare, among 

others? Request the brochure for the D25 now via this link  

 

 

  

Microbiologist Jan Sinnige, Regional Lab 

Haarlem: 

“Although mouth nose masks are in 

principle not intended for reuse, in this 

case of emergency this is still possible 

with personal masks that are used on 

the same day. And in addition to 

disinfecting masks, the device can also 

be used for disinfecting small medical 

devices such as stethoscopes, etc. ” 

Jip Pluim, Clinical Physics, Reinier de 

Graaf Hospital / TU-Delft: 

“We see no influence of UV lighting on 

the filter capacity of the different 

masks. Also with 800 sec UV exposure 

(8x disinfection cycle) the filter capacity 

does not decrease. ” 

Prof H van Goor, Radboud UMC Nijmegen: 

“The UV boxes have been purchased for the disinfection of medical devices, such as 

wrist cabinets and cables, to continuously monitor patients for vital signs. Also 

patient-bound tablets, smartphones, and VR glasses, smartphones and 

stethoscopes of employees can be disinfected in this way. This is a huge asset in 

reducing the virus load and the chance of transmission of the corona virus. ” 

https://share.hsforms.com/6974746/4f6538cc-4abf-415d-8ad7-f0c9870db088
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5. Literature 

Below is an overview of relevant literature. 

More sources, and overprinting of relevant publications, are available on request from UV Smart. 

For technical specifications and further information / demos of UV Smart equipment, you can also 

visit the website https://www.uvsmart.nl/?lang=en. 
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