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Abstract  

  

This study provides a detailed comparative evaluation of two widely used water disinfection techniques: 

chlorination and ultraviolet (UV) radiation. Ensuring the microbiological safety of drinking water is critical for 

public health, and both methods serve this purpose through distinct mechanisms. Chlorination relies on chemical 

oxidation and provides long-lasting residual effects throughout the distribution system. However, it can produce 

potentially harmful disinfection by-products and is less effective against certain protozoa. UV radiation, by 

contrast, uses physical light energy to inactivate pathogens rapidly and without introducing chemicals, offering 

high efficacy against bacteria, viruses, and protozoa. It does not produce toxic residues but lacks residual 

protection and is sensitive to water clarity. This paper analyzes each method's advantages, limitations, 

operational costs, and environmental implications using technical and regulatory benchmarks. Based on the 

comparison, the study suggests that the choice of disinfection strategy should be tailored to local water quality, 

infrastructure capacity, and long-term sustainability goals. In many contexts, a hybrid approach combining UV 

radiation for primary disinfection and chlorination for residual protection offers a balanced and effective 

solution.  
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1. Introduction: 

Access to safe and clean drinking water is a fundamental human right and an essential component of public 

health. Yet, despite considerable progress in global water management, millions of people worldwide continue to 

suffer from waterborne diseases due to inadequate water treatment infrastructure and poor sanitation. According 

to the World Health Organization (WHO), unsafe drinking water remains a leading contributor to disease 

transmission, causing over 485,000 deaths annually through diarrheal illnesses alone (WHO, 2023). These issues 

are particularly acute in developing and low-income countries, where population growth, urbanization, and 

resource limitations hinder the implementation of effective water treatment systems. 

In the early 20th century, large-scale chlorination emerged as a transformative public health intervention, 

virtually eliminating cholera and typhoid from major urban centers in North America and Europe. 

Simultaneously, technological advances have introduced alternative physical disinfection techniques such as 

ultraviolet (UV) radiation, which utilizes high-energy UV-C light to damage the DNA or RNA of 

microorganisms, rendering them inactive. Despite their broad usage, both chlorination and UV disinfection 

present distinct advantages and challenges. Chlorination, while effective and affordable, leads to the formation of 

potentially carcinogenic disinfection by-products (DBPs), such as trihalomethanes (THMs) and halo acetic acids 

(HAAs), when it reacts with natural organic matter (NOM) in water. These by-products have been linked to 

various health risks, including bladder cancer and reproductive issues, prompting regulatory agencies such as the 

U.S. Environmental Protection Agency (EPA) and the European Union to impose strict limits on their 

concentrations in potable water (Li et al., 2020). Additionally, chlorine’s limited efficacy against protozoan 

cysts, and its susceptibility to water chemistry variations, further complicate its sole use in modern systems. 

In contrast, UV radiation offers a chemical-free alternative capable of achieving high log reductions in microbial 

pathogens. Its efficacy is independent of water chemistry, and it produces no DBPs. Technological 

improvements—such as low-pressure high-output (LPHO) lamp systems and optimized reactor designs—have 

made UV disinfection more energy-efficient and accessible to a wider range of water treatment facilities (Lee et 

al., 2019). However, its lack of residual effect remains a critical limitation. Once water passes through a UV 

reactor, it can become re-contaminated if exposed to poor handling, leaky pipes, or storage tanks with microbial 

growth. Moreover, turbidity and suspended solids in water can interfere with UV penetration, shielding 

pathogens and reducing disinfection performance. 

mailto:amir.fosial@gmail.com
mailto:washi@iiuc.ac.bd
mailto:kadir.w9@gmail.com
mailto:farahbinteshahidurbi@gmail.com


A. Fosial, M. A. Eusuf, A. A. Washi, S. A. Tanim, M. A. Kadir, M. S. Rahman, F.B.S Urbi & F. Bashar 

ICCEI 2025 
 

1853 

These challenges have prompted researchers and practitioners to consider integrated or hybrid disinfection 

strategies. This approach enables lower chlorine dosages, thereby minimizing DBP formation while still 

maintaining a disinfection barrier throughout the distribution network. Such systems are increasingly 

recommended in regions with aging infrastructure, variable source water quality, or strict public health 

regulations (Hadi et al., 2017). A notable example can be observed in municipal water treatment systems in 

Southeast Asia, where, rising population density and seasonal monsoon variability complicate water 

management. In these settings, sole reliance on chlorine often leads to inconsistent microbial control during high 

turbidity events, while UV alone fails to safeguard water beyond the treatment plant. The Dhaleshwari River, the 

lifeline of Dhaka, suffers from severe water pollution due to untreated effluents, highlighting the urgent need for 

safer and more sustainable disinfection practices (Fosial et al., 2024)). Early results from these implementations 

show promising reductions in microbial counts and DBP levels, affirming the practicality of hybrid models in 

real-world conditions. 

Although UV and chlorination are widely used, there is still little research that directly compares their 

effectiveness, cost, environmental impact, and practicality in challenging settings, which often results in poor 

design choices and wasted resources. This study takes on that gap by carefully examining both methods, 

highlighting their strengths and limitations, and exploring how combining them could provide a more reliable 

and sustainable solution under real-world conditions. 

 

2. Literature Review: 

 

Several factors contribute to this troubling trend. Researchers point to structural problems in traffic management; 

Chlorination has been extensively studied since its introduction in the early 20th century. It is widely 

documented for its efficiency in eliminating pathogens, but concerns remain regarding DBPs like 

trihalomethanes. UV radiation, on the other hand, is gaining traction as a chemical-free alternative, proven 

effective against chlorine-resistant pathogens like Cryptosporidium. However, its lack of residual protection 

necessitates some safeguarding measures. The comparative analysis of UV radiation and chlorination for water 

disinfection reveals distinct advantages and limitations for each method. While chlorination is widely used, it 

poses risks of harmful by-products, whereas UV radiation effectively inactivates pathogens without generating 

toxic residues. The integration of both methods can enhance disinfection efficacy and safety. Effectiveness in 

Pathogen Inactivation: Chlorination: Effective against a range of bacteria but can lead to the formation of 

disinfection by-products (DBPs) such as trihalomethanes (THMs) (Ritt et al., 2021) (Du et al., 2023). UV 

Radiation: Demonstrates high efficacy in inactivating pathogens like Escherichia coli and Pseudomonas 

aeruginosa, achieving 100% inactivation without toxic by-products (Ritt et al., 2021) (Wang et al., 2021). By-

Product Formation, Chlorination: Associated with significant DBP formation, raising health concerns (Du et al., 

2023) (Ilyas et al., 2018). UV Radiation: Does not produce harmful by-products, making it a safer alternative 

(Ritt et al., 2021) (Silva & Paterniani, 2009). Combined Methods: The UV/chlorine process significantly reduces 

viable but non-culturable bacteria and suppresses bacterial reactivation, enhancing overall disinfection 

effectiveness (Wang et al., 2021). Studies indicate that combining UV with chlorine can mitigate DBP formation 

while maintaining high disinfection rates (Du et al., 2023). Conversely, while UV radiation is effective, its 

reliance on proper exposure time and intensity can limit its application in certain contexts, necessitating further 

exploration of hybrid systems for optimal water treatment solutions. Research gaps persist in comparative long-

term cost analysis and hybrid system performance under varying water qualities. 

 

3. Methodology: 

This study adopts a comparative and analytical research design aimed at evaluating the effectiveness, limitations, 

and practicality of two widely used water disinfection techniques: chlorination and ultraviolet (UV) radiation. 

The research follows a qualitative-quantitative mixed-method approach, enabling both empirical assessment and 

theoretical analysis. Comparative dimensions include microbial inactivation performance, by-product formation, 

cost-efficiency, environmental implications, and long-term sustainability. 

The methodology is structured to allow systematic comparison across technical, health-related, and operational 

parameters. This design enables an integrated understanding of how each disinfection method performs under 

varying conditions and supports the evaluation of a hybrid disinfection model as a potential solution to the 

individual limitations of chlorination and UV radiation. 

 

4. Data Collection Tools: 

To systematically evaluate and compare the two disinfection techniques, the study employed the following 

analytical tools and methods: 
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4.1. Comparative Evaluation Matrix:  

A custom-designed matrix was used to compare key parameters of chlorination and UV radiation across 

technical, economic, environmental, and health-related dimensions. Each method was scored and ranked using 

normalized performance indicators sourced from peer-reviewed research.  

4.2. Content Analysis Technique: 

Qualitative data from literature were subjected to thematic analysis to extract recurring patterns and issues such 

as DBP health concerns, resistance profiles of pathogens, and public health implications.  

4.3. Case-Based Modeling: 

Case studies from urban water systems (e.g., Dhaka, Jakarta, and Manila) were used to model the outcomes of 

disinfection strategies under real-world conditions. These models incorporated climate variability, turbidity 

changes, and system vulnerabilities.  

4.4. Cost-Benefit Estimation Tool: 

An economic comparison tool was developed using secondary cost data to estimate long-term operation and 

maintenance costs for each disinfection method, adjusted to local currency equivalents and scaled to population 

size.  

 

5. Results Analysis and Discussion 

 

This study undertook a comparative evaluation of chlorination and ultraviolet (UV) radiation as disinfection 

methods for drinking water, with a focus on microbial efficacy, cost-effectiveness, environmental impact, and 

real-world feasibility in developing countries. The results demonstrated that both techniques effectively 

inactivate bacterial indicators such as E. coli and Pseudomonas aeruginosa, as seen in Tables 2 and 3. However, 

the combined use of UV and chlorine provided complete and consistent microbial removal without reactivation, 

highlighting the superiority of hybrid disinfection over standalone methods. 

Chlorination was found to be cost-effective and capable of offering residual disinfection, making it suitable for 

extended distribution systems. However, it also poses significant health risks due to disinfection by-products 

(DBPs) such as trihalomethanes (THMs) and halo acetic acids (HAAs), which are linked to cancer and 

reproductive issues. UV radiation, in contrast, offered superior pathogen inactivation, including chlorine-resistant 

protozoa like Giardia and Cryptosporidium, without producing chemical by-products—but lacked residual effect 

and required clear water for optimal performance. 

 

5.1. Ultraviolet (UV) Radiation 

UV radiation uses UV-C light (200–280 nm) to deactivate microorganisms by damaging their DNA and RNA. It 

is highly effective in clear water against bacteria, viruses, and protozoa like Giardia and Cryptosporidium. UV 

systems require electricity, UV lamps, and maintenance of water clarity. Turbidity and dissolved substances such 

as nitrates and iron can impair efficacy. For optimal performance, water should pass through UV units in thin 

layers, with a maximum penetration depth of ~30 cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 01: Pathogen Inactivation Efficiency of UV vs. Chlorination (Lee et al. (2019).) 

5.2. Chlorination 

Chlorination is the most widely practiced water disinfection method globally. Chlorine reacts with water to form 

hypochlorous acid (HOCl) and hydrochloric acid (HCl): 

Cl₂+H₂O⇌HOCl+HCl 

HOCl⇌H⁺+OCl⁻ 

Hypochlorous acid is a strong disinfectant effective against most pathogens. The efficacy depends on pH, with 
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more HOCl present at lower pH levels. In the presence of ammonia, chloramines are formed (combined 

chlorine), which have lower disinfection capacity but longer residual effects. 

Chlorine’s residual property offers extended protection throughout the distribution system but can form 

disinfection byproducts (DBPs) like trihalomethanes (THMs) and halo acetic acids (HAAs), which pose health 

risks. Proper dosing and contact time are crucial to ensure microbial safety while minimizing DBPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 02: Disinfection Byproducts from Chlorination (Silva & Paterniani (2009)) 

 

5.3.  Comparative Analysis 

The table below summarizes the key differences between UV radiation and chlorination in water disinfection. 

Table 01 : Comparative Analysis 

Criteria UV Radiation Chlorination Advantage Limitation 

Effectiveness Excellent (all 

pathogens) 

Good (less for 

protozoa) 

High overall 

inactivation 

Protozoa resistance in 

chlorine 

Residual 

Effect 

None Present Chlorine ensures 

ongoing protection 

UV needs secondary 

safeguard 

Byproducts None Forms THMs, 

HAAs 

UV safer for health Chlorine linked to long-

term risks 

Cost High initial, 

moderate running 

Low initial, low 

running 

Chlorine is cost-

effective 

UV can be expensive 

Maintenance Lamp replacement, 

electricity 

Simple dosing 

system 

Chlorine easy to 

operate 

UV sensitive to water 

quality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 03: Cost Comparison Over 5 Years. (U.S. Environmental Protection Agency (EPA) (2022)) 

5.4. Effect of Water Disinfection Treatments on Bacterial Count 

Table 02: Effect of different treatments on the bacterial count of water contaminated with E. coli (Ritt et al,2021) 

Parameters Raw* Contaminated* UV* Chlorine* Chlorine+UV* 

Median 1·10³ 1.53·10⁵ 0 0 0 

Minimum 0 1.01·10⁵ 0 0 0 
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Maximum 1.7·10⁴ 1.92·10⁵ 0 1·10³ 0 

Skewness 2.4 -0.15 - 0.39 - 

Kurtosis 5.1 -1.4 - -2.3 - 

* Values were expressed in CFU ml⁻¹ (Colony Forming Units per milliliter). 

 

 
Figure 04: Effect of different treatments on E. Coli count in Water 

 

The table summarizes the effect of different treatments on the bacterial count (CFU mL⁻¹) of E. coli-

contaminated water, as reported by Ritt et al. (2021). The "Contaminated" water showed the highest bacterial 

median (1.53 × 10⁵ CFU/mL), while all three treatment methods—UV, Chlorine, and the combined 

Chlorine+UV—reduced the bacterial count to zero, indicating complete disinfection. Raw water showed a lower 

bacterial count (median: 1 × 10³ CFU/mL) compared to contaminated water, but higher variability (maximum: 

1.7 × 10⁴ CFU/mL). Skewness and kurtosis values reveal that raw water had a highly skewed and peaked 

distribution (2.4 and 5.1, respectively), whereas the contaminated and chlorinated samples were more normally 

distributed. This data highlights the superior effectiveness of UV, chlorine, and their combination in eliminating 

E. coli from water. 

 

Table 03: Effect of different treatments on the bacterial count of water contaminated with P. aeruginosa (Ritt et 

al., 2021) 

Parameters Raw* Contaminated* UV* Chlorine* Chlorine+UV* 

Median 0 1.39·10⁵ 0 0 0 

Minimum 0 1.06·10⁵ 0 0 0 

Maximum 1·10³ 1.65·10⁵ 0 0 0 

Skewness 1.3 -0.059 - - - 

Kurtosis -0.33 -1.1 - - - 

* Values were expressed in CFU ml⁻¹ (Colony Forming Units per milliliter). 

 

 
Figure 05: Effect of different treatments on P. aeruginosa count in water. 

 

The table presents the effect of various treatments on the bacterial count of water contaminated with 

Pseudomonas aeruginosa, based on findings by Ritt et al. (2021). Contaminated water had a high bacterial load 
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(median: 1.39 × 10⁵ CFU/mL), while raw water showed no detectable bacteria. All three disinfection 

treatments—UV, Chlorine, and the combination of Chlorine+UV—completely eliminated P. aeruginosa, 

reducing the bacterial count to zero in every statistical measure (median, minimum, and maximum). The 

contaminated sample showed moderate skewness (-0.059) and a slightly platykurtic distribution (-1.1), indicating 

a fairly symmetric and less peaked data spread. This demonstrates the high efficacy of UV, chlorine, and 

combined treatments in completely eradicating P. aeruginosa from contaminated water. 

 

6. Conclusion 

 

Both UV radiation and chlorination have their respective strengths and weaknesses when used for water 

disinfection. UV radiation offers high disinfection efficiency and avoids harmful by-products but lacks residual 

protection. Chlorination provides lasting protection and is cost-effective but generates toxic by-products that 

pose health risks. In many cases, combining both methods can provide a balanced approach, with UV used for 

primary disinfection and chlorine for residual protection. The choice between the two methods depends on 

factors such as water quality, infrastructure, and long-term sustainability goals. 
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