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Water disinfection can be achieved with different techniques using chlorine,

ozone, ultraviolet light or filtration. Among the different processes ultraviolet

has become a technology of choice due to their proven efficiency inactivating

protozoa, bacteria, and viruses. Ultraviolet light involves high process safety,

ensuring that no harmful byproduct will be formed during the application. The

main germicidal UV sources are low-pressure mercury lamps, Excimer

lamps, UV-LEDs, and other like medium-pressure mercury lamps and Xenon

lamps that allow for pulsed operation (Bergman 2021). Those are used for

water, air and surface disinfection among other uses.

In recent years, a global treaty to protect human health and the environment

from the adverse effects of mercury has emerged. With the implementation

of the regulation by the Minamata Convention on Mercury that enforce the

elimination of mercury-based technologies and their substitution for

alternative ones. Currently water purification plants all over the world depend

on mercury-based UV lamps for their disinfection units (allowed by the

Minamata convention on Mercury for the water business), which maybe

required for replacement when alternative technologies like those on UV-LED

become efficient enough for the treatment of large water volumes and

regulation incorporate guidance adapted to their operating requirements.

• UV LEDs of higher output are needed and more efficiency.

• Studies indicate that combined wavelengths of 280/365nm and

280/405nm are the best for disinfection. Use of dual-wavelenghts for

efficent disinfection and flashing modes.

• Reactor designs with new geometries. Some excellent designs away

from traditional mercury-lamps are already commertially avaliable.

• New regulations need to be develop taking into account the

characteristics of UV-LED technology to facilitate the use on

municipality owned water treatment plants.
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Centralized water treatment systems can treat large volumes of water at

high rates to accommodate all residential, business, and industrial uses and

are mostly used in urban areas. A centralized approach has multiple

advantages; effectively remove practically any range of raw water turbidity

along with harmful pathogens, including bacteria, virus, and protozoa.

Some disadvantages like the capital cost as well as operating and

maintenance costs for a centralized system can be significant. In addition,

the fast growth of many cities makes a centralized approach unsuitable

leading to some suggestions for a shift towards decentralization have been

proposed. This approach opens for the possibility to treat and reuse water

at the local level as well as testing different technologies without affecting

the entire city providing a more sustainable approach with increasing

resilience.

In rural areas as well as remote areas away from traditional municipality

services a small to medium size decentralized water supply and treatment

is preferred. A decentralized system that could be point-of-entry (POE) or

point-of-use (POU) a treatment unit can be installed at the individual

home, small community, or business to provide drinking water and

wastewater treatment. The advantage of a low initial capital investments

and reduced operating and maintenance costs is a plus. In general, the shift

towards decentralization have advantages for both small-medium size

water treatment as well as large scale water treatment at the economic,

operational and technology level adding the possibility to use emerging

technologies like the UV-LED based one, and potentially more efficient, that

are not ready for large scale utilities.

Decentralized water treatment
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Small and medium-size water treatment units

can already benefit form the use of UV-LEDs

lamps for their water disifection units. This

alternative is optimal for decentralized water

treatment units (Lui et al 2014).

UV-LEDs provide with new advantages not

present in traditional mercury-based UV lamps.

The use of several individual waveleghts,

flashing modes and new reactor designs are

some of the advantages that will drive the

transition to UV-LED standarization on water
treatment. (Song et al 2016).

Reference Microorganism Media UVC/

UVA

UVB/

UVA

UVC/UV

B-UVC

(A. C. Chevremont et al.,

2012)

E. coli and CIP 6224,

Enterococcus faecalis

buffered solutions Yes Yes N/A

(Song et al., 2019) E. coli, MS2 coliphage Sterile phosphate

buffered saline

No No No

(Woo et al., 2019) Human enteric species

(Enterovirus A–D)

Water N/A N/A No

(Xiao et al., 2018) E. coli Distilled water Yes N/A N/A

The table show a selection of multiple wavelengths combinations (UV-C,
UV-B and UV-A) targeting different microorganisms on different mediums.

A recent review by Matafonova and Batoev (Matafonova et al. 2022)
summarize the state of the art on disinfection using dual-wavelength light
radiation. Below we show some key parameters for uv disinfection on using
UV-mercury lamps.

UV-LED Challenges and opportunities 
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