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ABSTRACT 

Poor sanitation systems have been a significant contributor to high death rates in many low-

income countries since they tend to promote the spread of waterborne diseases. Both the public and 

commercial sectors have a strong interest in developing and upgrading the health systems in these 

countries. Chemical oxidants that are commonly used (e.g., chlorine) signify the method most 

commonly used to disinfect wastewater due to some practical rewards. Nevertheless, a lot of evidence 

shows that harmful by-products of disinfection (DBPs) have a direct link to DBP generation. This 

research investigates the use of UV-LEDs to sterilize the secondary household sewage treatment system. 

Though UV-LED treatment has grown in popularity recently, it is still a cutting-edge method for treating 

domestic sewage. Domestic sewage was pretreated via an affordable pretreatment structure containing 

a settler inclined at an angle and a sand-medium screen before being fed into a novel flow-through 

ultraviolet LED reactor. Reusing processed wastewater from treatment plants that use UV-based 

combination processes shows outstanding potential due to a negligible impact on the environment 

relative to disinfection byproducts generation and effective microorganism-based disinfection at high 

yields, but more research is needed to confirm this (more than a three-log reduction is typical). 

 

Keywords: Ultraviolet, Light Emitting Diode, Wastewater, Sewage, Ultraviolet light emitting diode, 

UV radiation, Disinfection byproducts 

 

Abbreviations: UV – Ultraviolet, LED – Light Emitting Diode, DBPs - Disinfection 

byproducts, WW - Wastewater 
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1.  INTRODUCTION 

 

According to a recent study, between 2011 and 2016, there were over 380 disease 

epidemics caused by aquatic habitat’s protozoan parasites worldwide [1]. Additionally, South 

Asia and Countries in the Sub-Saharan accounted for 87 percent of all cases of global mortality 

linked to diarrhea [2]. The lack of clean water and proper sanitation facilities is a major factor 

in these general health issues [3]. Hence, in order to solve these problems, establishing decent 

sanitation systems particularly disinfection procedures, play a very important role.  

One of the most popular and efficient treatments for water and wastewater purification is 

the ultraviolet (UV) disinfection. Although other common disinfection treatments, like ozone, 

chlorine oxide, chlorine, and peracetic acid, have also been widely employed, they all include 

chemicals and/or processes that produce chemical byproducts. Due to its non-corrosive nature 

and lack of disinfectant byproducts and residuals, UV disinfection is regarded as an 

environmentally acceptable treatment method. The ultraviolent treatment process has been 

studied for use in effluent reuse because of this [4]. From an investigation of Middle Eastern 

water recycling, an assessment of ultraviolet disinfection for the removal of enteric microbes 

that are sustained after disinfection by non-natural swamps was conducted [5]. Disinfection by 

ultraviolet treatment was successful in Southern Italy in the reduction of parasitic protozoa for 

unconstrained wastewater recycling from cities for agricultural purposes, giving no 

development of byproducts of the treatment process [4]. Additionally, UV disinfection has 

shown excellent effectiveness in Catarina, Brazil, during alkaline-controlled swine secondary 

waste treatment for water recycling [6]. 

These earlier researches utilized conventional mercury-vapor UV lamps, which when 

they break or discharge mercury vapor into the environment or air, threaten the health of people 

and the environment in a significant way [7]. Due to the mercury conference at Minamata, the 

United Nations Environment Program (UNEP) worked to reduce mercury waste and stop its 

release into the sea, soil, and atmosphere [8]. The conference promotes the use of mercury-free 

products by encouraging businesses and governments to embrace them, even if mercury 

ultraviolet lamps were not specifically addressed. Moreover, mercury ultraviolet (UV) lamps 

have a substantial carbon footprint, which is extremely delicate and sensitive to temperature 

changes.  

Ultraviolet LEDs have been studied lately as a prospective unique source of ultraviolet 

radiation, giving benefits that potentially outweigh the drawbacks of conventional lamps, such 

as long life, strong structure, low power consumption, and no mercury use, have been one such 

option [9, 10]. The ultraviolet C light emitting diode is the most energetic of the three varieties 

of ultraviolet LEDs. Additionally, UV-C LEDs exhibit the shortest wavelength. The more 

damaging ultraviolet light is dependent on the shorter its wavelength, so the energy of UVC 

rays is the greatest in the UV spectrum. Since UV-C has the shortest wavelength and is therefore 

the most destructive, it does not pose a significant threat to the average person. When a planet's 

atmosphere is thick enough, ultraviolet rays don't even have a chance to penetrate it. The ozone 

layer completely absorbs all ultraviolet light, which in no way discounts the risk posed by 

ultraviolet (UV) light.  

Even while naturally occurring UV radiation is unable to make its way through Earth's 

atmosphere, there are inorganic sources of UV radiation that, if used incorrectly, might cause 

serious injury. Welding torches, mercury lamps, and germicidal UV lighting are all examples 

of artificial UV sources; therefore, workers using these should take precautions to protect 
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themselves from overexposure to the sun's rays. In contrast, research on flow-through 

ultraviolet LED systems is scarce, and this is a major barrier to the widespread adoption of this 

technology for wastewater disinfection in real-world settings. The use of ultraviolet disinfection 

is not without its downsides. The effectiveness of the ultraviolet disinfection process can be 

reduced due to absorption, scattering, and the shielding effects caused by wastewater 

components such as sediments, acid from organic residue of decaying organic matter, and 

turbidity [11,12]. As a result, effective up-stream treatment procedures are frequently a key to 

success in UV disinfection applications.  

Smith and Davis, in 2013 employed a low-cost, traditional process that included a sand 

medium for filtration and an angled tube settler in order to pre-treat the domestic wastewater 

before feeding it to the unique flow-through ultraviolet light-emitting diode reactor. It is the 

usual practice to utilize inclined settlers, which have a larger total settling area compared to 

other types of sedimentation, to increase the settling rates of clarifying processes, particularly 

when no chemical flocculation is present. Inclinations ranging from 8° to 60° have been used 

in inclined settler systems throughout the literature. However, many industries and 

manufacturers incline their products at 600 degrees as long as it lessens environmental Impact 

caused by the operations and guarantees the flow of sludge [13]. For removing a variety of 

physical, chemical, and biological pollutants, water and sewage treatment by slow sand 

filtration is a time-tested method that has been proven effective. Additionally, slow sand 

filtration techniques can also be utilized as a tertiary treatment in wastewater treatment facilities 

since they are low-priced, user-friendly, and low-maintenance. Sand grains typically range in 

size from 0.1 to several millimeters [14-16]. 

Implementing UV-LED disinfection technology also involves some maintenance 

obligations. Fouling is indeed a crucial factor to take into account when using UV disinfection 

methods. Due to a reduction in UV transmittance caused by the formation of foulant on quartz 

sleeves as a result of operating temperature increases, the UV dose delivered could be 

drastically reduced [17]. Light-emitting diodes have been theorized to be less susceptible to 

fouling than mercury-vapor lamps due to the fact that the LEDs' heat is dispersed in the opposite 

direction of the fixture, and as far as we are aware, there hasn't been any attempt to measure 

fouling when using an UV-LED disinfection procedure for wastewater treatment [18]. 

 

 

2.  DISINFECTION OF TREATED SEWAGE 

 

Traditional secondary and tertiary sewage treatment processes do not reliably produce 

microbiologically safe effluents that may be released into the environment or reused, despite 

significantly reducing the quantity of enteric bacteria. Using a disinfection treatment is 

necessary if we want to get rid of enteric germs effectively. Chemical and physical processes 

are used to remove bacteria and viruses from water. Usage of chemical disinfectants such as 

gaseous chlorine (Cl2), chlorine dioxide (ClO2), chloramines, ozone (O3), sodium hypochlorite 

(NaOCl), calcium hypochlorite (CaOCl2), and peracetic acid (PAA) are examples. UV 

irradiation is a widely used physical method for disinfecting water and sewage. 

 

Considerations that may affect the effectiveness of disinfection  

The concentration of disinfectant, disinfectant type, time of contact, the number and type 

of microbes in the water, as well as ecological factors including the quality of water, 
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temperature, and pH, are the most crucial elements impacting the effectiveness of secondary 

sewage disinfection [19]. The features of the disinfectant employed have the greatest impact on 

how effectively it disinfects. Multiple disinfectants exist, each with its own unique disinfecting 

process and oxidizing properties. In most cases, the use of chemical disinfectants leads to the 

loss of selective membrane permeability in bacteria. The nucleic acids and enzymes of the 

bacteria could be damaged by the chemical disinfectants, rendering them incapable of 

replicating and of carrying out their metabolic processes. Nucleic acids and the viral protein 

coat may be harmed by chemical disinfectants [20]. Typically, an extended time of contact (t) 

between the disinfectant and the microbe and/or higher concentration disinfectant concentration 

(C) results in more effective disinfection. 

The degree to which microorganisms are protected from disinfectants depends on a 

number of factors, including the microorganism's species, its age, and its physiological state. 

The following is a typical progression of increasing resistance: Protozoan cysts > spore-forming 

bacteria > vegetative bacteria > enteric viruses [19, 21]. Resistance of microbes differ, not just 

among types of microbes but also amid strains of the same types, and it also depends on factors 

such as age, diet, and general health [19]. In addition, the pH and temperature are also factors 

that affect the disinfection process [22]. Some chemical disinfectants in water take on different 

shapes depending on their pH, which can affect their disinfection effectiveness. Higher 

temperatures in general kill more microorganisms, and this is attributable to the effect of 

temperature on reaction rate. At lower temperatures, microbes may be less responsive to 

disinfectants because their metabolism is slowed [23]. 

The quality of the water used in the disinfection process can have a significant impact on 

how effective the process is. Chemical substances such as nitrogenous chemicals, iron, organic 

debris, and organic and inorganic nitrogenous mixtures impede disinfectant effectiveness. 

When organic compounds interact with a disinfectant, the rate at which microbiological agents 

are removed is slowed down, and harmful DBPs are produced, the demand for the disinfectant 

may increase. Microorganisms may be shielded from the disinfectant or ultraviolet radiation if 

suspended particles and organic materials are present [23]. Although the kinetics and 

mechanisms by which microorganisms are killed vary depending on the disinfectant used, the 

inactivation process of microorganisms can be defined using mathematical equations that 

consider the most important process variables, including environmental factors like pH and 

temperature, the concentration of disinfectant, time of contact, microbial number The 

eradication of microbes during the process of disinfection can be characterized using the 

general first-order expression below: 

 

𝑁2

𝑁1
=  𝑒−𝑘𝑡 

 

In the expression above, ‘k’ denotes the microbial decay constant while ‘N1’ and ‘N2’ 

denote the numbers of microbes existing at the beginning and end of the time. Deviations from 

this ideal behavior have been observed, and they are often attributed to the existence of bacteria 

that are resistant to disinfection treatment, or to the protection of microorganisms that are 

present before, during, or after the treatment, for example, within the particles or bacterial 

clumps in source water that need to be removed before the treatment process can begin [19, 20 

& 24]. In or to better characterize the inactivation of germs by disinfectants; many mathematical 
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models have been devised, including the Selleck's model, a new S-model, the Chick-Watson's 

model, and the Hom's model [25]. 

 

Disinfection process applicability  

Under normal conditions of use, a perfect disinfection system would effectively and 

reliably eliminate all possible risks of microbial infections. The desired level of disinfection 

may be used as a criterion for selecting a disinfection method in light of the wide variation in 

disinfection efficacy among various disinfection strategies. Disinfecting secondary treated 

sewage effectively should not result in the formation of toxic, mutagenic, or carcinogenic 

disinfection by-products (DBPs) or sustained decontaminator deposits that could have negative 

impact on ecological or human wellbeing. The amount and type of disinfectant used, as well as 

the amount and type of biological substance in the water, affect how DBPs are made [26]. 

Disinfection process applicability evaluations should take into account factors such as the 

simplicity and adaptability of the process's operation and control, the low maintenance 

requirements of the devices used, and the safety of the disinfectant's handling, storage, and 

transport from an occupational and environmental standpoint. The cost of disinfecting should 

also be low, both at the beginning and over time. 

 

Disinfection methods  

- Chlorination  

Chlorination is widely used as the secondary disinfection procedure for treated sewage. 

Since the turn of the twentieth century, chlorine disinfection has been widely used to reduce the 

prevalence of waterborne diseases all over the world [20]. Chlorine gas (Cl2), hypochlorite of 

sodium (NaOCl) and calcium (CaOCl2), and chloramines are just some of the chlorine 

compounds utilized for disinfection. Although NaOCl and Ca(OCl)2 disinfectants cost more 

than the gaseous chlorine, their lower risk of injury makes them a top choice in smaller 

treatment facilities [27]. Chlorine gas and hypochlorite salts hydrolyze in water to produce the 

hypochlorous acid:  

 

Cl2 + H2O → HOCl + H+ + Clˉ 

 

NaOCl + H2O → HOCl + Na+ + OHˉ 

 

Hypochlorous acid dissociates further in water to form hypochlorite ion:  

 

HOCl → H+ + OClˉ 

 

Hypochlorous acid predominates in water at acidic and neutral pH levels while 

hypochlorite ion predominates at alkaline pH levels. Because hypochlorous acid disinfects 

more effectively than hypochlorite ion at acidic pH levels, chlorine disinfection is more 

effective overall [20]. 

Free accessible chlorine refers to chlorine in the form of OCl‾ and HOCl. It is easy for 

HOCl to react with organic nitrogen molecules or ammonia in the water. A combination of 

chlorine (chloramines), chloro-organic compounds, and chloride are the byproducts of these 

non-specific side reactions. Disinfectants that contain chloro-organics or chloride are 
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ineffective. The term "combined available chlorine" is used to describe chloramines. The initial 

chlorine to ammonia ratio in water, as well as the pH, temperature, contact time, and other 

factors, all influence the species distribution of chloramines [22]. When compared to combined 

chlorine, free chlorine is a disinfectant that is roughly 50-100 times more effective and 

significantly more reactive. Measuring the amount of free chlorine that remains after treatment 

is a common way to assess the effectiveness of chlorination [20, 22]. 

To achieve free chlorine residues in water, breakpoint chlorination can be used, which 

requires a sufficiently high chlorine dose to be added. Due to the high chlorine doses required, 

breakpoint chlorination is not commonly used in wastewater treatment. Therefore, 

monochloramine is the most predominant chlorine component found in wastewaters as chlorine 

typically exists in the combined form in wastewaters [28]. 

When it comes to killing germs, chlorine performs admirably against many types of 

enteric bacteria, but it's not nearly as effective against viruses, protozoan cysts, or bacterial 

spores [29]. The typical chlorine dose for wastewater effluent treatment is between 5 and 

20mg/l [30]. In order to kill off more resilient bacteria like viruses, a higher chlorine 

concentration of 20–60 mg/l may be required [20]. Chlorine doses may need to be increased 

due to contaminants in wastewater which cause the significant chlorine demand [31]. When 

using chlorine for disinfection, contact periods typically range from 30 minutes to 2 hours [32].  

Chlorination is a proven process with a long history of use in the disinfection of water 

and wastewater. In addition to oxidizing some organic and inorganic substances, chlorination 

can also be employed to get rid of some unpleasant odors. The application of chlorination for 

effluent treatment has been dwindling, despite the fact that it is a technically straightforward 

and adaptable process. The primary causes of this are toxic, mutagenic, and/or carcinogenic 

disinfection by-products (DBPs), an increase in the salinity of the effluents v chlorine residuals, 

and chlorine residuals [29, 33]. According to reports, changes in the time of contact, chlorine 

dose, pH, and temperature, all impact the creation of DBP whereas changes in the wastewater's 

organic carbon content and the ratio of ammonia to nitrogen are believed to have opposite 

effects [34]. Before wastewater effluent is typically discharged into natural waters, chlorine 

residues must typically be neutralized, otherwise it depletes dissolved oxygen in the water, it 

adds to the environmental problem of chemicals, and it increases the cost of disinfection [27, 

30]. Being a very poisonous and corrosive compound, chlorine raises safety issues as well as 

environmental risks when it is handled, transported, and stored. 

 

- Chlorine dioxide (ClO2)  

Chlorine dioxide (ClO2) is an effective disinfectant in both potable water and wastewater, 

it has very strong oxidizing properties. Chlorine dioxide is as effective, if not more so, than 

chlorine at killing bacteria, viruses, and protozoan cysts [35, 36]. 

ClO2 must be made locally or on-site using liquid or gaseous chlorine, sodium chlorite, 

hydrochloric acid, or by exposing sodium chlorite to ultraviolet radiation [37]. The generation 

ClO2 is simple and cheap, but the expenses of using ClO2 to disinfect water are more than that 

of using chlorination [36].  

It is important to note that chlorine dioxide does not hydrolyze but it rather exists as a 

dissolved gas in water. There is no lingering effect from ClO2. Chlorine dioxide has a mild 

reaction with compounds of nitrogen and organic matter in water, which inhibits the production 

of disinfectant byproducts. Chlorate (ClO3‾) and chlorite (ClO2‾) are inorganic byproducts of 
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ClO2 that can be hazardous [36]. Some bacterial mutagenicity and toxicity, but no geno-toxicity, 

was seen after ClO2 disinfection of secondary treated sewage [26]. 

 

- Peracetic acid (PAA) 

PAA (CH3COOOH) is a potent biological peroxyl molecule with strong oxidizing 

characteristics. There has been extensive use of PAA as a sterilant or disinfectant in many 

different settings, including research laboratories, the food processing industry, hospitals, and 

pharmaceutical factories. The reduction of pathogen in bio solids, slurry de-bulking, and odor 

elimination, disinfection of cooling towers and ion exchangers, are a few other applications. 

PAA has also been employed as a decoloring or disinfecting material in the pulp and paper 

industries as well as textile industries [38]. 

A commercially accessible form of peracetic acid is a quaternary balance combination 

comprising peracetic acid, acetic acid, stabilizers, water (H2O), and hydrogen peroxide (H2O2).  

 

CH3COOH + H2O2 → CH3COOOH + H2O 

 

PAA dissociates in H2O as described by the equations below [39]: 

 

CH3COOOH → CH3COOH + ½ O2 

 

CH3COOH → CH4 + CO2 

 

H2O2 → H2O + ½ O2 

 

It was also determined that peracetic acid may be used up according to the following 

chemical reactions in the aqueous mixture [24]: 

 

2CH3COOOH → 2CH3COOH + O2 

 

CH3COOOH + H2O → CH3COOH + H2O2 

 

CH3COOOH + Metal → O2 + other decomposition products 

 

Hydrolysis is extremely low and practically negligible between the pH range of 5.5 and 

8.2. According to the second-order kinetics, the rate of spontaneous decomposition is 

proportional to the concentration of PAA. It has been hypothesized that the undissociated acid 

form of PAA, which predominates at pH levels below 8.2, is the biocidal active form [24]. 

PAA's effectiveness as a disinfectant is diminished above a pH of 8.2, as its rate of dissociation 

increases. The suggested mechanism of disinfection using peracetic acid includes the emission 

of active oxygen and the generation of microbe-killing hydroxyl radicals [39, 40]. Toxic or 

mutagenic DBPs or chemical residues are not significantly released into effluents during PAA 

disinfection [41]. However, it does not appear that all the chemical conversions performed by 

peracetic acid on the effluent matrix are well understood [23, 29]. 

Peracetic acid disinfection has been found to be a promising strategy for sanitizing 

wastewater in recent research. PAA has demonstrated effective disinfection against a wide 

variety of enteric bacteria in a variety of wastewaters, but it is less effective against viruses, 
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bacterial spores, and protozoan cysts [42]. Easy installation and operation are two of PAA 

treatment's many benefits. High expenditures and an increase in the water's BOD/TOC 

concentration are two potential downsides of PAA treatment [38]. It has been shown that PAA-

treated microbial populations can recover under specific circumstances [43]. There has been no 

detectable bacterial regrowth following PAA disinfection treatments, according to [33, 44]. 

 

- Combined disinfection treatments  

Combining different disinfection procedures might increase the efficiency of the 

disinfection process or provide synergistic benefits. Because of this synergy, the combined 

decontamination strategy is more efficient than the sum of its individual effect. It was reported 

that synergistic inhibition of MS2 coliphage and Escherichia coli can be achieved with the use 

of chloramine and copper in the disinfection of well water [45]. Ozone and free chlorine work 

together well to kill Cryptosporidium parvum in natural water. The inactivation of MS2 

coliphage was found to be enhanced by a combination of ultraviolet (UV) irradiation and silver 

in water, as reported by [46]. 

Disinfection methods that use advanced oxidation processes (AOPs) have come to the 

forefront in recent years. Many different types of organic contaminants found in polluted 

ground waters and industrial effluents can be effectively treated with AOPs [47]. AOPs oxidize 

organic contaminants through the use of potent oxidizing intermediates, most commonly 

hydroxyl (OH) radicals. The hydroxyl radicals can be produced in different methods, including 

the mixing of hydrogen peroxide and ozone, ultraviolet light and ozone, or hydrogen peroxide 

and ultraviolet light [47]. It has been found that the combined PAA/UV disinfection of 

wastewater effluents increases disinfection efficiency and has synergistic advantages [39]. To 

disinfect with TiO2, E. coli inactivation was found to be linearly proportional to the 

concentration of hydroxyl radicals [48]. They determined that hydroxyl radical is 1,000 to 

10,000 times more effective than common chemical disinfectants like chlorine and ozone at 

killing E. coli. To kill vegetative bacteria and bacteriophages, the ozone/hydrogen peroxide 

method has been shown to be effective, as described by [47]. 

 

- Membrane filtration processes  

Recent years have seen a surge of interest in membrane separation procedures like 

ultrafiltration (UF), nano-filtration (NF), microfiltration (MF), and reverse osmosis (RO) for 

the enhanced disinfection of municipal wastewaters [49]. One major benefit of these procedures 

is that they effectively eliminate microorganisms without generating potentially dangerous 

DBPs. When using membrane procedures to remove microorganisms larger than the size of 

pore of the membrane, efficacy of separation is also affected by membrane fouling, pressure, 

and permeates flux [49]. Jolis in 2006, used a pilot-scale MF system and found that suspended 

particles, turbidity, and coliform bacteria were almost eliminated (about 4 log reductions of 

TC), while MS2 phage was removed by an average of 1.9 logs [50]. Even though coliphage 

removal was more inconsistent, Farahbakhsh and Smith in 2004 found that treating secondary 

effluent using an MF method resulted in 100% elimination of FC and TC (4-6 log reductions) 

(0.2-3.4 log) [51]. Reductions in the MS2 coliphage were found to be a 0.37-1.83 log, 1.93-

3.05 log, and a 3.52-4.40 log in the UF, NF, and RO procedures, respectively. In most cases, 

pre-treatment is a necessary step before membrane technology can be used effectively. The 
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scaling and fouling properties of the wastewater to be treated determine the operating life of the 

membrane. Currently, the cost of membrane technology is high. 

 

- Ultraviolet (UV) irradiation 

Ultraviolet irradiation is currently the most significant and generally adapted method of 

disinfection in wastewater treatment facilities [52]. The basis for ultraviolet disinfection is the 

ultraviolet absorption of microbial nucleic acids, which results in thymine dimerization. This 

hinders the reproduction of nucleic acids, which kills the cell and stops the organism from 

growing. The spectral range between 250 and 260 nm has the most UV light absorption, making 

it the best wavelength for killing bacteria [53]. The UV dosage (mWs/cm2), which is the product 

of time of exposure (s) and UV intensity (mW/cm2), determines how well bacteria are 

destroyed. 

Low-pressure mercury arc lamps are used in the most popular UV decontamination 

method, and they primarily generate UV light at the germicidal wavelength of 253.7 nm [37]. 

The output energy of a low-pressure UV lamp is fairly low (10-50W), and its output efficiency 

is between 30 and 40 percent. Medium-pressure UV lamps that produce polychromatic light 

are used in another UV disinfection method. While they produce high energy (200W), they do 

so with lower output efficiency. The medium-pressure ultraviolet lamps occupy smaller 

physical space than high-pressure ultraviolet lamps but cost more to operate due to their 

increased energy consumption. Disinfection reactors using ultraviolet light can either be in 

direct physical contact with the material being sterilized or non-contact. Contact reactors consist 

of UV lamps housed in quartz sleeves floating in a tank or canal of moving water. Non-contact 

reactors prevent water from coming into touch with UV lamps and sleeves.  

Enteric microorganisms, viruses, parasite cysts, and bacterial spores can all be effectively 

killed by ultraviolet (UV) disinfection process. However, the sensitivity of different 

microorganisms to UV radiation varies greatly. Secondary and tertiary-treated wastewaters 

typically require UV doses between 20 and 45 mWs/cm2 in order to realize 2-5 log decrease of 

indicator bacteria FC, TC, and FS. However, in order to effectively eradicate viruses, bacteria, 

and parasite ganglia, or to reduce bacteriological populations to extremely low levels, more 

potent dosages may be required [19]. Numerous variables affect UV disinfection performance, 

including reactor hydraulics and effluent parameters like starting bacteria populations, UV 

absorbance, and SS content [35]. To get the most out of an ultraviolet unit, mixing crosswise to 

the flow path should be increased while mixing along the flow path should be decreased. Short-

circuiting is avoided and the microorganisms in the water to be treated are all exposed to 

roughly the same amount of UV radiation because of these parameters. The UV intensity in a 

reactor can be disrupted by a number of variables, including the lamp configuration and the age 

of the UV lamps. Water quality (such as iron, humic compounds, dissolved organic matter, and 

SS) has a significant effect on lamp fouling and disinfection efficiency. Impurities present in 

the water can reduce the efficiency of ultraviolet disinfection by either reflecting or absorbing 

UV rays, so shielding germs from elimination. Ultrasonic, chemical, or mechanical cleaning 

procedures should be used often on the UV lights [53]. This means that high-quality water fit 

for UV disinfection must be consistently produced by upstream treatment procedures. 

Due to its many benefits, UV technology has emerged as a viable alternative to traditional 

disinfection strategies. The primary advantage of an ultraviolet (UV) system is the high level 

of disinfection it achieves without the byproducts of disinfection (such as disinfection 

byproducts [DBPs]) and chemical residues [54]. Ultraviolet disinfection technology eradicates 
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the necessity for moving, storing and handling, dangerous disinfection chemicals. Unlike 

chemical disinfectants, ultraviolet disinfection treatment devices do not require a lot of space 

and only need a short contact time. UV disinfection is a risk-free and easy method of 

disinfection. 

Two major downsides of UV disinfection are its lack of bacteriostatic action and the 

potential for microbial population regrowth under certain circumstances [36]. UV irradiated 

microbes may lose their capacity to be cultured, but continue to exist [55]. It is possible that 

some microorganisms that have been damaged by ultraviolet light will be able to repair 

themselves through a process known as enzymatic photo-reactivation or dark repair. This will 

enable them to continue reproducing [56]. DNA damage in microbes caused by sunlight can be 

restored by a process called photo reactivation (wavelength 300-500 nm). Enzymatic actions 

that take place in the dark allow repair to take place in the dark. 

 

 

3.  SECONDARY SEWAGE DISCHARGE, RECLAMATION AND REUSE  

 

Discharge into natural waters is the most popular method for getting rid of wastewater 

effluent. Increases in reprocessing and reuse of wastewater have been observed in several 

nations in recent years. This is because wastewater reuse decreases the demand for freshwater 

supplies and increases the quality of surface waterways by reducing the amount of wastewater 

discharged into them. Irrigating farmland, flushing toilets, powering factories, cleaning up the 

environment, and recharging aquifers are just a few of the numerous methods by which 

wastewater can be put to good use again [19]. 

 

 

4.  ULTRAVIOLET RADIATION 

 

When it comes to disinfecting treated sewage, ultraviolet (UV) radiation is a safe and 

effective physical technology that doesn't rely on chemical agents and doesn't result in the 

formation of DBPs [57, 58]. These unintended byproducts of chlorine's combination with the 

natural biological effluent materials have been connected to the rise in the prevalence of cancer 

and other debilitating infections among humans [59]. The discharge contains modest levels of 

residual chlorine, which might have negative impact on aquatic life, can be reduced owing to 

UV's ability to remove chemical residues during the treatment process at the waste water 

treatment plant [60]. Therefore, UV disinfection has replaced chemical treatments as the 

standard for obtaining quality disinfection of effluent on both secondary and tertiary level, 

eliminating noxiousness and guaranteeing environmental well-being [61, 62]. 

Ultraviolet radiation has an anti-microbial effect between 220-320 nm, and UV includes 

electromagnetic radiations between X-rays and visible light at wavelengths of 100-400 nm [63]. 

In a traditional configuration, monochromatic (at 253.7 nm) or polychromatic (ultraviolet and 

visible light bands) continuous-wave mercury lamps are used [64]. Those UV lights with a 254 

nm wavelength have the most effect against germs (UV-C) [65]. 

Particles made of solid matter can prevent the spread of ultraviolet (UV) radiation and 

protect bacteria from light radiation released by lamps by absorbing or scattering the light and 

then storing or conveying the germs they have accumulated [66]. Due to the potential for fouling 

issues, especially in the quartz lamp sleeves used to protect UV lamps, this treatment is 
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therefore better suited for treated sewage with little to no suspended solids [67]. The use of 

other methods in conjunction with ultraviolet action is yet another possibility, as it can further 

reduce particle size while still retaining high disinfection efficiency [68]. 

Damage to nucleic acids (DNA and RNA) leads to the creation of pyrimidine dimers and 

other photoproducts as well as defects that disable gene transcription, hence preventing the 

proliferation of cells or viruses [57, 69]. 

DNA damage repair mechanisms are widespread among microorganisms (for example, 

photoreactivation and dark repair), and bacterial regeneration has also been observed [70, 71]. 

Repair of DNA pyrimidine dimers can occur at light intensities ranging from 330 to 480 nm (a 

process known as photoreactivation), or it can occur in the absence of light (dark repair). It is 

possible that bacterial regrowth is facilitated by photoreactivation and dark repair processes 

following the disinfection treatment, leading to the possibility of a re-proliferation of the germs 

[72]. Photoreactivation appears to be a mechanism that happens mostly at low UV levels; 

therefore, it may not be particularly important at full scale.  

When studying the impact of UV radiation on E coli (starting concentration: 105 CFU 

mL-1), using an ultraviolet exposure comparable to 5 mJcm-2, found that photoreactivation was 

not insignificant (50%) but was unnoticeable a ultraviolet exposure values of 15 mJcm-2, and 

all coliforms (initial concentrations: 96,000–250,000 CFU 100 mL-1) had photoreactivation 

rates of less than 1% when exposed to ultraviolet radiation at 40mJcm-2 [73, 74]. 

Study revealed that the average full-scale specific energy usage for UV therapy fell within 

the range of 0.04 to 0.13 kWhm-3; hence this is a significant consideration [75]. 

 

Ultraviolet Light Emitting Diode 

Mercury UV lamps are the most common piece of equipment used in water treatment 

systems, but they also have a number of serious drawbacks, including toxicity of mercury, 

constant wavelengths, constrained cycling and low durability. Using UV-LEDs which are 

compact, resilient, eco-friendly, and long-lasting ultraviolet light sources (100,000 h), could be 

one potential solution [76]. As a result, UV-LEDs have become more prevalent recently as a 

potential source for UV radiation production. To confirm that UV-LED is more effective than 

the other UV technologies mentioned, or at least equally effective, more research is required to 

look into the issue connected to the inactivation of bacteria. The use of UV-Pulsed and 

Continuous UV-LED to inactivate Escherichia coli in water was described by [77]; using a high 

power 285nm LED and low power 265 and 280 nm LED. When compared to continuous 

irradiation, high current pulsed illumination of 280 nm LEDs revealed an impressive 

inactivation improvement (approximately 3-log; about 2.5-log). 

With its high and modulatable on/off frequency, UV-LED is another option to consider 

[78]. Song et al. investigated the efficacy of continuous and pulsed irradiation with UV-LED 

in killing MS2 virus and Escherichia coli bacteria in synthetic laboratory fluids and overall 

coliforms and E. coli in real wastewater, respectively [78, 79]. The outcomes showed that both 

continuous and pulsed ultraviolet LED radiation at 265nm under equal UV fluence inactivated 

all tested microorganisms to the same degree. Pulsed irradiation, on the other hand, can provide 

superior heat management for a great performance of UV-LED; therefore it seems that both 

continuous and pulsed irradiation is used to achieve similar inactivation. In comparison to the 

PUV irradiation of conventional xenon lamps, this may be an improvement. The studies 

summarized in Table 1 were all published within the past few years, proving that ultraviolet 

LED expertise is among the most cutting-edge and promising in this field. 
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Table 1. Several results of UV-LED disinfection tests 

 

Type of 

Water 

Features of 

Tested Water 
Working Condition 

Experimental 

Scale 
Outcomes 

Real 

Water 

Domestic 

effluent from 

a sewer the 

system, 

treated with 

settler and 

sand filter 

69.4 mJ cm-2 

Exposure time: 412 s 

Flow rate: 10 mL 

min-1 

Flow 

through 

reactor 

(0.0686 L) 

MS2 coliphage b: 

3.7 ± 0.2 -log  

Synthetic 

Water 

Bacteria 

suspension in 

sterile saline 

solution (107 

CFU 

mL-1) 

265 nm LED: 10.91 

±0.76 mJ cm-2 (265 + 

280) nm (50%): 12.57 

± 0.81 mJ cm-2 (265 + 

280) nm (75%): 13.78 

± 0.67 mJ cm-2 280 

nm LED: 15.35 ± 

1.52 mJ cm-2 

Lab scale 

reactor 

(0.005 L) 

Escherichia coli: 4.5-log 

Real 

Water 

and 

Synthetic 

Water 

Deionized 

water, kaoline 

suspension 

(DIK), 

secondary 

effluents of 

urban 

wastewater 

treatment 

plant (SE) 

30 mJ cm-2 Exposure 

time: 900 s 

Batch 

reactor 

(0.03 L) 

E. coli: >4.5-log 

(DIK), 3-log (SE) 

 

Real 

Water 

Secondary 

effluent 

of wastewater 

treatment plant 

with 

UASB treatment 
b 

Wavelength 

(nm) 

 

255 

280 

365 

405 

Irradiance 

intensity 

(mWcm-2) 

0.017 

0.019 

0.004 

0.077 

Lab scale reactor  

(0.02 L) 

Wavelength 

(nm) 

 

255 

280 

255/280 

255/280/405 

280/365/405 

255/280/365/405 

E. coli 

Inactivation 

log 

2.6 

4.0 

3.7 

3.8 

3.5 

3.8 
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a. for the purpose of this investigation, pure cultivated Male Specific 2 (MS2) coliphage 

served as both a representative microbe and a biodosimeter.  
b. the treated effluent used in this study was collected from an effluent treatment plant (80 Ls-1 

flow rate, 90% BOD elimination efficacy) consisting of an Upflow Anaerobic Sludge Blanket 

(UASB), trickling filter, and circular clarifiers. 

 

 

5.  CONCLUSIONS 

 

There is no one best way to disinfect sewage; rather, each type of treated sewage requires 

its own specific disinfection method, with environmental effects factored in. In this article, we 

analyze the benefits and drawbacks of more than 80 published works on UV-based treatments. 

Organic matter and phosphorus could be reduced by around 95% in traditional bio-chemical 

wastewater disinfection process, which consist of primary and secondary treatment, with 

comparatively low residual amounts in secondary effluents. Although secondary effluents often 

contained far lower microbial loads than the primary ones, they nonetheless carried pathogenic, 

antibiotic-resistant salmonellae. There were instances when the quality of the wastewater 

declined and the secondary treatment process became less efficient, and a higher concentration 

of contaminants was discharged into the acquiring water body. Treatment with ultraviolet light 

for disinfection showed synergistic effects, indicating that using UV light could improve the 

efficacy and dependability of sewage disinfection. 

When it comes to the major issues that prohibit the reuse of treated sewage, the microbial 

component is crucial. The reuse of purified effluents from sewage treatment shows tremendous 

promise due to the little impact on the environment from the creation of DBPs and the extremely 

high rate of disinfection success attained by UV-based combination processes (greater than 3-

log decrease in most scenarios). However, the dearth of expertise with full-sized plant 

management (particularly for ultraviolet-based combination methods) and the paucity of 

research works on specific procedures (e.g., PEC) based on tests on synthetic waters in 

laboratory experiments despite real waters with relatively low scale reactor are the main factors 

leading to the inadequate implementation on a broader scale. Therefore, there needs to be 

further comprehensive research to verify the full implementation of UV-LED combined 

procedures in treated sewage for recycle of their disinfected wastes.  
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