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ABSTRACT 

Ultraviolet disinfection is an attractive tool for treating water and eliminating pathogens with safe and 

available technology especially in developing countries where waterborne diseases cause the death of 

thousands of people every year. Even though UV is an easy tool to perform disinfection, concerns over the 

potential of microorganism reactivation constitute an issue for its development. In order to avoid this 

phenomenon, estimating the right dose of UV irradiance, the number of viable microorganisms and the 

sufficient contact time are important parameters to consider when performing UV disinfection. For this 

purpose, it’s current to use mathematical modelling.  This work aimed to study the modelling of the kinetic of 

water disinfection by UV irradiation. Two kinetic models (Chick-Watson and Hom) were tested as to ability to 

scale disinfection of Gram negative Escherichia coli and Gram positive Lactobacillus Helveticus by different 

ultraviolet (UV) light inactivation process: UV alone, UV and TiO2 as a photocatalyst and finally UV and ZnO 

as a photocatalyst. The two tested models (Chick-Watson and Hom) fitted the kinetic of disinfection of E. coli. 

However, it must be noticed that, the simple agreement between experimental data and model predictions does 

not necessarily prove that either of the models is mechanistically correct. For the disinfection of L. Helveticus, 

neither of the two models fitted the experimental plots.  The divergence existing between experimental and 

modelling results proves only that the empirical models can’t be generalized to all deactivated microorganisms.  
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I. INTRODUCTION 

Producing a safe drinking water is a priority especially that water represents one of the major 

sources of disease transmission in the world, particularly in areas where water sanitation is not 

available or is inadequate [1]. It is estimated that 80% of all sickness and disease in developing 

countries is caused by unsafe water and inadequate sanitation [2]. Waterborne pathogens, including 

viruses, bacteria, and protozoa, are responsible for 3.5 billion cases of diarrhea each year and 1.8 

million deaths as a result of contaminated drinking water [3].  

Unfortunately, the most commonly used disinfection methods are usually chemicals consuming and 

forming hazardous disinfection by-products (DBPs). It’s therefore important to investigate new 

technologies which overcome these disadvantages. Among these alternative methods there is UV 

disinfection process which used increasingly in the water treatment plant. In 2001, it has been 

reported that the number of UV installations in Europe had risen to over 6,000, with most treating 

groundwater. As of 2003, approximately 15% – 20% of the municipal wastewater market in the 

United States employed UV disinfection, with the number steadily increasing over the past 5 years [4]. 

UV disinfection provides a secure and a cheap means for water treatment. But the most important 

advantage of using UV light in disinfection is that it does not produce any toxic by-products during or 

after the disinfection process [5].  

UV light can be categorized as UV-A, UV-B, UV-C or vacuum-UV, with wavelengths ranging 

from about 100 to 400nm. The UV light effective for inactivating microorganisms is in the UV-B and 
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UV-C ranges of the spectrum (200-310nm), with maximum effectiveness around 265nm [6]. UV 

disinfection inactivates the viable bacterial cell by causing irreparable damage to the cellular DNA. 

Specifically, germicidal UV irradiation at 254nm causes dimerization of adjacent thymine monomers 

on the same strand of DNA. This prevents normal DNA transcription and replication, effectively 

resulting in inactivation of the bacterial cell [7]. 

Mathematical modelling can play a particularly useful role in UV disinfection process; it constitutes 

the basis for sizing ultraviolet disinfection equipment and for interpreting test results. Having a model 

for predicting microbial growth in a water treatment plant is an essential tool to prevent an eventual 

microbial regrowth in UV disinfection process. 

The kinetic of disinfection has a profile characterized by three distinct regimes. In the first regime, a 

“shoulder” or a slow deactivation of the microorganisms occurs. In the second regime, a log-linear 

reduction in concentration of the microorganism is observed. The last part of the deactivation process 

is characterized by a slow reduction in concentration or tailing of the concentration profile [8].  

In order to describe the different regimes of microorganisms deactivation, several models have been 

proposed. Some are mechanistic (based on reaction mechanisms) while the others are empirical (based 

on experimental results).  

Due to the complex mechanism of the disinfection processes, the kinetic analysis of bacterial 

inactivation has been usually carried out using empirical models. In this study two of them are used to 

describe the disinfection process of Gram negative Escherichia coli and Gram positive Lactobacillus 

Helveticus: Chick-Watson model and Hom model. 

These models are applied to the experimental results issued from the work of Liu et al. [9].  

II. DISINFECTION MODELS USED 

In order to standardize their experimental data, different researchers used different kinetic models. 

The principles of the laws of disinfection were first introduced by H. Chick in 1908 [10]. Chick 

assumed that disinfection should conform to the same laws that govern the chemical processes where 

the kinetic is expressed as a first-order reaction rate: 

𝑟 = −𝑘𝑐𝑁     (1) 
The equation (1) can also be written as: 

𝑙𝑛
𝑁

𝑁0
= −𝑘𝑐𝑡   (2) 

A year later, Watson found that under first order kinetics the relationship between the concentration of 

a chemical disinfectant and the time of exposure was a constant that produced a specific level of 

inactivation [3]: 

𝐶𝑛𝑡 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝜆  (3) 

In the above equation, n is the coefficient of dilution and c is the disinfectant concentration. This led 

to the development of Ct values, which links the inactivation rate to the concentration of the 

disinfectant and the time. The Chick-Watson model can be expressed as above: 

ln
𝑁

𝑁0
= −𝑘𝐶𝑛𝑡  (4) 

In most cases, n=1, and the reaction follows first order kinetics if the concentration of disinfectant is 

constant. 

ln
𝑁

𝑁0
= −𝑘C𝑡       (5) 

For ultraviolet (UV) inactivation, the model is modified with the UV-Dose or fluence. Here, the 

intensity replaces the concentration in the Chick- Watson model [11]. 

ln
𝑁

𝑁0
= −𝑘𝐼𝑛𝑡   (6) 

The main advantage of models based on Chick’s law is simplicity. However, it is difficult to make 

far-reaching conclusions and compare different studies based on the Chick–Watson model. Firstly, 

Chick’s law assumes first-order kinetics and it has been found that disinfection of various microbes 

(even with chemicals) usually deviates from this assumption. Secondly, parameters, often with no real 

physical meanings, are introduced to allow the model to fit observed data [12]. 
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Hom’s model for the microbial disinfection kinetics is frequently applied to the experimental data that 

departs from the Chick’s inactivation law. Hom’s model introduced an empirical coefficient in the 

Chick-Watson model given in Eq. 4. The expression took the form: 

ln
𝑁

𝑁0
= −𝑘C𝑛𝑡𝑚     (7) 

This expression reduces to the classic Chick-Watson model for m = 1, produces shoulder and tail 

regions for: m > 1 and m < 1, respectively. However, it is also unable to produce both regions 

simultaneously. 

III. APPLYING MODELS INTO REAL DISINFECTION CASE 

The Chick-Watson model and Hom model are applied to the experimental results issued from the 

work of Liu et al. [5], where the photocatalytic inactivation of Gram negative Escherichia coli and 

Gram positive Lactobacillus helveticus by both TiO2 and ZnO with 365nm ultraviolet (UV) light was 

studied in a batch reactor. The initial E. coli cell (108CFU/ml) was inactivated in the presence of 2g/L 

ZnO. The inactivation of E. coli was also tested using 2g/L TiO2. Same experiences were conducted 

with L. Helveticus.   

The Chick-Watson model (Eq.4) and the Hom model (Eq. 7) were considered in order to find a best-

fit model for the experimental results. The optimal parameters for each model (k in Chick-Watson, n, 

m, and k in Hom) were obtained with the Origin7 program using nonlinear regression.  

The concentration of the disinfectant was considered constant and was replaced by the fluence rate (I 

=20W/m²). 

Case of E. coli 

Using model parameters (Table 1), the theoretical curves of E. coli inactivation were traced and 

compared to the experimental plots for the three cases (UV alone, TiO2, ZnO).  

In the three cases studied, the suitability of the two studied models is confirmed, by the high 

correlation coefficients (R2 values vary from 0.9987 to 1), that present the theoretical curves. 

However, since two different models can be used to describe the data, the simple agreement between 

experimental data and model predictions does not necessarily prove that either model is 

mechanistically correct [13]. 

Case of L. Helveticus  

In the case of L. Helveticus disinfection (Table 2), neither Chick-Watson model nor Hom model 

fitted the experimental results. This observation had been already made with Chick –Watson model 

which can’t simulate properly the experimental results in certain cases[14]. Moreover, experimental 

evidence indicates that this model does not always apply[15].  

IV. CONCLUSION 

Two empirical kinetic models (Chick-Watson and Hom) were tested to Escherichia coli, a gram 

negative bacterium traditionally used as an indicator of faecal contamination of water, and to gram 

positive Lactobacillus Helveticus, in the case of different ultraviolet (UV) light inactivation process: 

UV alone, UV and TiO2 as a photocatalyst and finally UV and ZnO as a photocatalyst.  

The two tested models (Chick-Watson and Hom) fitted the kinetic of disinfection in the case of E. 

coli, while neither of them fitted the experimental data in the case of L. Helveticus. 

However, it is difficult to make far-reaching conclusions and compare different studies made with the 

empirical models, since the parameters introduced in these models have no physical meaning, and 

varies if the studies are conducted under dissimilar conditions.   

Table 1  Model parameters for E. coli disinfection 

Case Model parameters 

Chick-Watson Hom 

UV 

Alone 

k = 0.223 

n = -0.083 

k = 0.344 

n = - 0.007 

m= 0.723 

TiO2 k = 0.993 k = 0.503 
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n = -0.307 n = 0.333 

m= 0.461 

ZnO k = 0.315 

n = 0.293 

k = 1.156 

n = 0.339 

m= 0.374 

Table 2  Model parameters for L. Helveticus disinfection 

Case Model parameters 

Chick-Watson Hom 

UV 

Alone 

k = 0.628 

n = - 1.856 

k = 0.228 

n = -1.297 

m= 0.806 

TiO2 k = 1.984 

n = -1.644 

k = 0.169 

n = -0.605 

m= 0.803 

ZnO k = 0.809 

n = -1.257 

k = 1.140 

n = -1.202 

m= 0.846 

 

 

 

 

 

 

 

 

 

 

 

 

 
Nomenclature 

kc: Kinetic disinfection constant; 

N/No: Ratio of number of organisms at time t to time zero; 

C: Concentration of disinfectant (which must be constant); 

n: Coefficient of dilution; 

k: Death rate; 

Figure 2 Chick-Watson and Hom plots comparing 
to experimental results in the case of UV alone 
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Figure 1 Chick-Watson and Hom plots comparing 

to experimental results in the case of TiO2  

 

Figure 3 Chick-Watson and Hom plots comparing 

to experimental results in the case of ZnO 
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No: Initial number of organisms; 

N: Surviving number of organisms at a contact time t; 

t: Duration of contact; 

I = intensity; 

It = fluence. 
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