
 

 

 

 

Intern. Journal of Profess. Bus. Review. |Miami, v. 9 | n. 1| p. 01-19 | e03654 | 2024. 

1 

 

LOGISTIC MODEL FOR PREDICTING COLIFORM GROWTH IN WASTEWATER 
EFFLUENT FROM THE CHAMBO RIVER (ECUADOR) 

 
 

Jaime Giovanny Béjar-SuárezA, Juan Carlos Muyulema-AllaicaB, David Geovanny 
Béjar CáceresC, Mayra Elizabeth Cáceres-MenaD, Benito Guillermo Mendoza-

TrujilloE, Nelly Ivonne Guananga-DiazF 
 

ARTICLE INFO ABSTRACT 
Purpose: The objective of this work is to apply a predictive model of bacterial 

growth to determine the concentration of total coliforms, under controlled 

laboratory conditions, in wastewater from the city of Riobamba that flows into the 

Chambo River (Ecuador). 

 

Theoretical Framework: Wastewater pollution is a global problem that affects 

water quality and public health. Population growth has a drastic impact on the 

contamination of water bodies, particularly in Ecuador, since most of the effluents 

are not adequately treated, which becomes a public health and environmental 

problem. For this reason, over the years, total and fecal coliforms have been used 

as indicators of water quality. 

 

Design/Methodology/Approach: The study used a mathematical modeling approach 

of a logistic and deterministic type, and calculated through an executable command 

designed in the integrated development environment (IDE) with the Visual C# 

programming language (logic) and the XAML design language (interface). 

 

Findings: The results achieved are 1) the theoretical construction of a mathematical 

model (logistic model) starting from a differential equation and the taking of three 

experimental measurements, 2) the computer construction of the bacterial growth 

model and 3) it has been demonstrated that there is agreement between the values 

obtained from the model of total coliform growth and the experimental results with a 

margin of error of less than 1%. 

 

Research, Practical & Social Implications: This information can be used by 

stakeholders to determine actions that could improve current conditions. 

 

Originality/Value: The result of this study emphasizes that the model proposed can 

reproduce the growth of coliforms up to a maximum growth point, it is necessary to 
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continue with the development of the same in the stationary phase of bacterial growth 

and then in the decay phase. 

 

Doi: https://doi.org/10.26668/businessreview/2023.v9i1.3654 

 
MODELO LOGÍSTICO PARA PREVER O CRESCIMENTO DE COLIFORMES EM EFLUENTES DE 

ÁGUAS RESIDUAIS DO RIO CHAMBO (EQUADOR) 

 

RESUMO 

Objetivo: Este trabalho tem como objetivo aplicar um modelo preditivo de crescimento bacteriano para determinar 

a concentração de coliformes totais, sob condições laboratoriais controladas, em águas residuais da cidade de 

Riobamba que deságuam no Rio Chambo (Equador). 

Referencial Teórico: A poluição das águas residuais é um problema global que afeta a qualidade da água e a 

saúde pública. O crescimento populacional tem um impacto drástico na poluição dos corpos d'água, especialmente 

no Equador, pois a maioria dos efluentes não é tratada adequadamente, o que se torna um problema de saúde 

pública e ambiental. Por esse motivo, os coliformes totais e fecais têm sido usados ao longo dos anos como 

indicadores da qualidade da água. 

Desenho/Metodologia/Abordagem: Uma abordagem de modelagem matemática logística e determinística foi 

usada no estudo e calculada por meio de um comando executável projetado no ambiente de desenvolvimento 

integrado (IDE) com a linguagem de programação Visual C# (lógica) e a linguagem de design XAML (interface). 

Resultados: Os resultados alcançados são: 1) a construção teórica de um modelo matemático (modelo logístico) 

a partir de uma equação diferencial e a realização de três medições experimentais; 2) a construção computacional 

do modelo de crescimento bacteriano; e 3) foi demonstrado que há concordância entre os valores obtidos do 

modelo de crescimento de coliformes totais e os resultados experimentais com uma margem de erro inferior a 1%. 

Pesquisa, Implicações Práticas e Sociais: Essas informações podem ser usadas pelas partes interessadas para 

determinar ações que poderiam melhorar as condições atuais. 

Originalidade/Valor: O resultado deste estudo enfatiza que o modelo proposto pode reproduzir o crescimento de 

coliformes até um ponto de crescimento máximo, sendo necessário mais desenvolvimento na fase estacionária do 

crescimento bacteriano e depois na fase de decaimento. 

 

Palavras-chave: Água, Efluente, Modelo Logístico, Coliformes, Crescimento Bacteriano. 

 

MODELO LOGÍSTICO PARA PREDECIR EL CRECIMIENTO DE COLIFORMES EN LAS AGUAS 

RESIDUALES DE UN EFLUENTE DEL RÍO CHAMBO (ECUADOR) 

 

RESUMEN 

Propósito: Este trabajo tiene por objetivo aplicar un modelo predictivo del crecimiento bacteriano para determinar 

la concentración de coliformes totales, bajo condiciones controladas de laboratorio, en agua residual proveniente 

de la ciudad de Riobamba y que desemboca en el río Chambo (Ecuador). 

Estado del arte: La contaminación de las aguas residuales es un problema global que afecta a la calidad del agua 

y a la salud pública. El crecimiento poblacional incide drásticamente en la contaminación de los cuerpos de agua, 

particularmente en el Ecuador ya que la mayor cantidad de efluentes no son tratados adecuadamente, esto se 

convierte en un problema de salud pública y ambiental. Por esta razón a través de los años se han usado coliformes 

totales y fecales como indicadores de calidad de agua. 

Diseño/Metodología/Enfoque: En el estudio se utilizó un enfoque de modelación matemática de tipo logístico y 

determinístico, y calculado a través de un comando ejecutable diseñado en el entorno de desarrollo integrado (IDE) 

con el lenguaje de programación (lógica) de Visual C# y el lenguaje de diseño (interfaz) XAML. 

Hallazgos: Los resultados alcanzados son 1) la construcción teórica de un modelo matemático (modelo logístico) 

partiendo de una ecuación diferencial y la toma de tres mediciones experimentales, 2) la construcción informática del 

modelo de crecimiento bacteriano y 3) se ha demostrado que existe concordancia entre los valores obtenidos del 

modelo del crecimiento de coliformes totales y los resultados experimentales con un margen de error menor al 1%. 

Investigación, Implicaciones Prácticas y Sociales: Esta información puede ser utilizada por las partes interesadas 

para determinar acciones que podrían mejorar las condiciones actuales. 

Originalidad/Valor: El resultado de este estudio enfatiza que el modelo planteado puede reproducir el crecimiento 

de coliformes hasta un punto máximo de crecimiento, es necesario continuar con el desarrollo del mismo en la 

fase estacionaria del crecimiento bacteriano y después en la de decaimiento. 

 

Palabras clave: Agua, Efluentes, Modelo Logístico, Coliformes, Crecimiento Bacteriano. 
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INTRODUCTION 

Although not a new phenomenon, natural water bodies currently have pollution as a 

major problem (Iqbal et al., 2022; Rai et al., 2022). The freshwater system often exists as a 

complex network of interconnected water bodies of many types, such as rivers, lakes, ponds, 

wetlands, and reservoirs (Pinto & Shimakawa, 2022; Sekharan et al., 2022). Wastewater 

discharge is a serious problem in urban and rural areas in developing countries where financial 

resources are scarce (Villa-Achupallas et al., 2018). Weak or non-existent sewerage networks 

and wastewater treatment systems in areas contribute to the increase in bacterial contamination 

(Küpper et al., 2022; Sanchez et al., 2020). Industrialization, rapid population growth and 

urbanization are the main causes of the problem (Küpper et al., 2022; Sanchez et al., 2020). 

The poor quality of wastewater effluents discharged to receiving waters causes water quality 

degradation in interconnected water bodies (Capparelli et al., 2021; Carrillo et al., 2021), this 

being a constant in environmental deterioration (Ukaogo et al., 2020). Logistic modeling is an 

innovative tool in effluent management (Herfiantara & Famiola, 2023; Suchetana et al., 2019). 

Unlike other methods that require regular testing to assess water quality, logistic modeling can 

provide valuable information on coliform growth and help in decision making much faster and 

more effectively (Dzhamtyrova & Kalnishkan, 2020). The present study aimed to perform 

mathematical modelling using a logistic deterministic model under controlled laboratory 

conditions, i.e. the model depends only on the coliform growth to be studied. Although there 

are similar investigations where logistic models are applied to measure bacterial growth, even 

with modifications to the logistic model, such as Fujikawa et al., (2003) and Pinto & 

Shimakawa (2022), among others; in this work, the authors propose the application of a logistic 

model based on only three experimental measurements. To validate the model, it was applied 

to an effluent contaminated with waste from the city of Riobamba and industrial waste. In this 

sense, the bacterial growth of total coliforms in contaminated wastewater that flows into the 

most important river in the province of Chimborazo (Chambo River) in Ecuador is determined, 

as described below, using software that was developed for this purpose, in which three coliform 

measurements are entered at equal time intervals. The executable command delivers the results 

of the maximum coliform concentration, the growth curve and the concentration values 

according to the number of intervals defined. 

 

  



 

Intern. Journal of Profess. Bus. Review. | Miami, v. 9 | n. 1 | p. 01-19 | e03654 | 2024. 

4 

 

Béjar-Suárez, J. G., Muyulema-Allaica, J. C., Cáceres, D. G. B., Cáceres-Mena, M. E., Mendoza-Trujillo, B. G.,  
Guananga-Diaz , N. I.(2024) 

Logistic Model for Predicting Coliform Growth in Wastewater Effluent From the Chambo River (Ecuador) 

THEORETICAL REFERENTIAL 

A logistic model is a mathematical model used to describe the growth of biological 

organisms (Suchetana et al., 2019). These models are used to predict the growth of bacteria in 

a specific environment (Razanamahandry et al., 2018). Al the same describes the growth rate 

of a bacterial population over time. Based on the amount of available nutrients and temperature, 

the model predicts the growth rate and eventually the total number of bacteria present in the 

water (Łobacz et al., 2022). 

Coliforms are a group of bacteria found naturally in human and animal intestines (Habib 

et al., 2023). The presence of coliforms in water indicates possible fecal contamination and a 

risk to public health (Pras & Mamane, 2023). Researchers have found that the amount of 

coliforms in water is influenced by a variety of factors such as temperature, salinity, and the 

amount of dissolved oxygen (He et al., 2023). 

Numerous studies have been carried out to determine the water quality of aquatic 

systems using pollution indicator bacteria, such as total and faecal coliforms, better known as 

thermotolerant bacteria (González-Zeas et al., 2022; Sanchez et al., 2020; Vanacker et al., 

2016); as anthropogenic action increases near aquatic ecosystems, there is a possibility that the 

presence of this type of bacteria will increase (Andrée et al., 2021; Iqbal et al., 2022; Sotomayor 

et al., 2020). Thus, current World Health Organisation (WHO) guidelines recommend the use 

of Escherichia coli or thermotolerant coliforms as indicators of water quality (Gruber et al., 

2014; Sila, 2019). Mathematical and statistical models have been developed to predict bacterial 

growth (Zwietering et al., 1990). Several growth models are found in the literature, such as the 

models of Gompertz (1825); Richards (1959); Stannard et al., (1985); Polese et al., (2011); 

Bhatia et al., (Bhatia et al., 2011); Erbas et al., (2014); Kim et al., (Kim et al., 2018) and the 

logistic model Razanamahandry et al., (Razanamahandry et al., 2018); Chen et al., (2020) and 

others by Choi & Seo (2018); Sreenivas et al., (2020); Łobacz et al., (2022). Models are 

abstractions of reality; in fact, they can all be considered essential to capture different scales of 

a phenomenon and to better understand the dynamics of an ecosystem (Hadi, 2023; Pinto & 

Shimakawa, 2022; A Succurro et al., 2017; Antonella Succurro & Ebenhöh, 2018). On the one 

hand, there are models with deterministic approaches (based on differential equations and 

stoichiometric models with constraints) and, on the other hand, models with stochastic 

approaches (associated with a cumulative distribution function and a probability density 

function). In this research, a deterministic approach is assumed, based on the minimum number 
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of data required for the construction of the growth model, but with a reduced margin of error 

with respect to the real values. 

 

METHODOLOGY 

For the construction of the logistic model of bacterial growth, a phase must be 

considered in which the specific growth rate starts at a value of zero and then accelerates to a 

maximum value in a certain period of time, represented by growth curves containing a final 

phase in which an asymptote is reached (Zwietering et al., 1990). 

To describe such a curve and to reduce the measured data to a limited number of 

parameters, the authors propose a logistic model with a deterministic approach based on the 

experimental measurement of only three points. This is based on the expression: 

 

𝑦′(𝑡) = 𝑘 𝑦(𝑡) (1) 

 

Where: 

 

k is a positive constant, 𝑦′(𝑡) is proportional to the population present at time 𝑡. 

 

This differential equation has as a solution 𝑦(𝑡) = 𝐶𝑒𝑘𝑡, however, in a real situation 

there are restrictions, such as lack of food, change of pH among others, thus limiting the 

exponential growth. Thus, when describing a population there is often a maximum capacity 

(B), beyond which there can be no growth; that is, it is the maximum population 𝑦(𝑡) that can 

be sustained or supported as time 𝑡 increases. 

Under this analysis, it is reasonable to consider that the rate of population growth is 

proportional to the potential population 𝐵 − 𝑦(𝑡); expressed by the following logistic 

differential equation: 

 

𝑦′(𝑡) = 𝑘[𝐵 − 𝑦(𝑡)]𝑦(𝑡) (2) 

 

Or, equivalently, 

 

𝑑𝑦

𝑑𝑡
= 𝑘𝑦(𝐵 − 𝑦) (3) 
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The logistic differential equation is of separable variables, the solution of which is: 

 

1

𝐵
ln |

𝑦

𝐵 − 𝑦
| = 𝑘𝑡 + 𝐶 (4) 

 

Since 𝑦 > 0 and 𝐵 > 0 the absolute value bars can be eliminated; furthermore, taking 

𝑦 = 𝑦0 at 𝑡 = 0, the result is: 

 

𝑦 =
𝐵

1 + (
𝐵
𝑦0

− 1) 𝑒−𝐵𝑘𝑡
 

(5) 

 

The restricted population growth model, given by expression (5), is known as a 

logistic model. 

The authors showed that the function expressing coliform growth, defined in [0, ∞[,  is 

an injective function, because its correspondence is one-to-one and furthermore, by derivation, 

that the inflection point is (
1

𝐵𝑘
ln (

𝐵

𝑦0
− 1) ,

𝐵

2
), with a maximum capacity 𝐵 (Figure 1). They 

also showed that the coliform growth function is continuous in the half-open interval [0, ∞[ for 

∀ 𝑡 ∈ 𝐷𝑜𝑚 𝑦(𝑡) and that 𝐵 = 𝑦𝑚á𝑥 = lim
𝑡→∞

𝑦. 

 

Figure 2. Evolution of coliform growth according to the proposed logistic model 

 
Source: Prepared by the authors (2023). 

 

Methodology of the Model 

In order to apply the coliform growth evolution model given by expression (5), 

experimental measurements of 𝑦0, 𝑦1 and 𝑦2 values at times 𝑡0 = 0, 𝑡1 = 1 and 𝑡2 = 2, 
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respectively, with specified time units, must be considered (Geiss & Ylinen, 2020; Mariani & 

Tweneboah, 2016). In this case, applying expression (5) to the points (1, 𝑦1) and (2, 𝑦2), it must 

be satisfied that: 

 

𝑦1 =
𝐵

1 + (
𝐵
𝑦0

− 1) 𝑒−𝐵𝑘
 

(6) 

 

y, 

𝑦2 =
𝐵

1 + (
𝐵
𝑦0

− 1) 𝑒−2𝐵𝑘
 

(7) 

 

To determine 𝐵 in terms of the experimental values 𝑦0, 𝑦1 and 𝑦2, clear B from eq. (6): 

 

𝐵 =
𝑦0𝑦1(1 − 𝑒−𝐵𝑘)

𝑦0 − 𝑦1𝑒−𝐵𝑘
 (8) 

 

Proceeding analogously with eq. (7), it is obtained: 

 

𝐵 =
𝑦0𝑦2(1 − 𝑒−2𝐵𝑘)

𝑦0 − 𝑦2𝑒−2𝐵𝑘
 (9) 

 

Dividing eq. (9) by eq. (8), it follows that: 

 

𝑒−𝐵𝑘 =
𝑦0(𝑦1 − 𝑦2)

𝑦2(𝑦0 − 𝑦1)
 (10) 

 

Substituting eq. (10) into eq. (8), we obtain: 

 

𝐵 =
𝑦1(𝑦0𝑦1 − 2𝑦0𝑦2 + 𝑦1𝑦2)

𝑦1
2 − 𝑦0𝑦2

 (11) 

 

The proportionality constant, 𝑘, of equation (2) relating the growth rate of coliforms is 

obtained by clearing 𝐵 from eq. (10) and replacing it in eq. (11): 
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𝑘 =
(𝑦1

2 − 𝑦0𝑦2) ln
𝑦2(𝑦0 − 𝑦1)
𝑦0(𝑦1 − 𝑦2)

𝑦1(𝑦0𝑦1 − 2𝑦0𝑦2 + 𝑦1𝑦2)
 

(12) 

 

To obtain the growth function, in terms of the experimentally measured parameters 𝑦0, 

𝑦1 and 𝑦2 y_0, it is required to substitute eqs. (11) and (12) in the expression (5), i.e: 

 

𝑦 =
𝑦1(𝑦0𝑦1 − 2𝑦0𝑦2 + 𝑦1𝑦2)

(𝑦1
2 − 𝑦0𝑦2) {1 + [

𝑦1(𝑦0𝑦1 − 2𝑦0𝑦2 + 𝑦1𝑦2)

𝑦0(𝑦1
2 − 𝑦0𝑦2)

− 1] [
𝑦0(𝑦1 − 𝑦2)
𝑦2(𝑦0 − 𝑦1)

]
𝑡

}

 
(13) 

 

The latter expression imposes conditions on the measured values of 𝑦0, 𝑦1 and 𝑦2 such 

that they give real and positive values of 𝑦, 𝐵 and 𝑘. 

 

Computational Structure of the Bacterial Growth Model 

The applicability of the model given by eq. (12) to real situations is complemented with 

the construction of a computer software (unpublished), this facilitates the understanding of the 

phenomenon, as well as the reduction of time in obtaining results. 

The structure of the software created and called Growth Model was made in the integrated 

development environment (IDE) Visual Studio Community 2017, in the programming language 

(logic) in Visual C#, with the design language (interface) XAML, for compatible Windows 

systems (XP, 7 Vista, 8, 8.1, 10), the compatible architecture is 32/64 bits. 

The program runs on the Windows Presentation Foundation (WPF) platform, which is 

a programming model for creating modern business applications on Windows. In addition, it 

makes use of the LiveCharts library, which enables the visualisation of data in interactive, 

robust and flexible line charts. 

 

RESULTS AND DISCUSSION 

The three values given by eq. (13), were obtained from two samples of wastewater from 

the Riobamba city sewer discharge into the Chambo river (Figure 2), east of the city. 
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Figure 2. Location of the sampling point 

 
Source: Prepared by the authors (2023). 

 

The characteristics of the pollutant load in mean values of chemical oxygen demand 

(COD) is 546 mg/L for the two samples, which were analysed according to the standard method 

5220-D, the analysis of total coliforms was carried out with the standard method 9221-C, the 

values obtained for total coliforms of sample 1 are reported in Table 1, noting that it was carried 

out in three repetitions, measuring the concentration in the laboratory on 3 days of growth. 

 

Table 1. Daily measured values of total coliforms 

Sample 1 Date 
Total Coliforms 

(NMP/100 mL) 

Repetition 1 

16/10/2022 99800 

17/10/2022 116000 

18/10/2022 128000 

 

Repetition 2 

16/10/2022 99700 

17/10/2022 115900 

18/10/2022 127960 

 

Repetition 3 

16/10/2022 99770 

17/10/2022 115950 

18/10/2022 128050 

Source: Prepared by the authors (2023). 
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For sample 2, on the other hand, total coliforms were measured at 3-hour intervals over 

two days (Table 2), thus providing two types of data on total coliform growth. 

 

Table 2. Two-day interval values for total coliforms 

Time 
Total Coliform 

(NMP/100 mL) 

13H40 184500 

16H40 204250 

19H40 217750 

13H40 241000 

16H40 238000 

Source: Prepared by the authors (2023). 

 

By means of expression (11), the maximum theoretical concentration of coliforms that 

will be reached in an infinite time is obtained; that is to say, the maximum capacity, B. Table 3 

shows this value together with the value obtained experimentally and the percentage error 

between them, for each of the samples analysed. 

 

Table 3. Maximum concentrations of total coliforms 

Sample Repetition 

Maximum concentration of total coliforms 

(NMP/100 mL) 
Percentage error between 

theoretical and experimental 

concentration Theoretical Experimental 

1 1 149085 148760 0,2% 

1 2 149436 148640 0,5% 

1 3 149889 147560 1,6% 

2 - 239539 238000 0,6% 

Source: Prepared by the authors (2023). 

 

With the application of the model given by equation (5) and making use of the 

computational environment developed for this purpose, coliform values (Table 4) are predicted, 

from the time the sample is taken until the following nine days, at one-day intervals. 

 

Table 4. Predicting total coliform concentrations with the logistic model 

Time (days) 

Total coliforms (NMP/100 mL) 

Sample 1 
Sample 2 

Repetition 1 Repetition 2 Repetition 3 

0 99800 99770 99700 184500 

1 116000 115950 115900 204250 

2 128000 128050 127960 217750 

3 136133 136340 136179 226417 

4 141320 141685 141449 231760 

5 144499 144997 144697 234971 

6 146401 146999 146650 236872 
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Time (days) 

Total coliforms (NMP/100 mL) 

Sample 1 
Sample 2 

Repetition 1 Repetition 2 Repetition 3 

7 147523 148192 147808 237987 

8 148179 148896 148487 238638 

9 148560 149309 148884 239017 

Source: Prepared by the authors (2023). 

 

The curves obtained with the model and calculated with the Growth Model software for 

the 2 samples studied are shown below (Figure 3a to Figure 3d). In all these figures the 

experimental values are indicated in the upper left tables, which correspond in the figures to the 

white dots, while the remaining set of blue dots (7) are the values predicted by the model on 

the number of bacteria as a function of time. 

 

Figure 3. Growth curve for sample 1: a) repetition 1, b) repetition 2 y c) repetition 3; Growth curve for sample 2 

 
Source: Prepared by the authors (2023). 

 

These figures show the classical behaviour of population growth subject to restrictions; that 

is, following the logistic model and reaching values close to the horizontal asymptote. This is in 

agreement with other works by Girdzijauskas & Boguslauskas (2005); Miranda & Lima (Miranda 

& Lima, 2010); Chen et al., (2022), among others, even though they use other methodologies. 

a) b) 

c) d) 
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Figure 4 shows the relatively small variation between the 3 replicates of sample 1 

according to total coliform growth. 

 

Figura 4. Variation between total coliform growth curves for sample 1 in the three replicates 

 
Source: Prepared by the authors (2023). 

 

Discussion 

Urban wastewater represents one of the main sources of contamination of 

interconnected water bodies of many types, such as rivers, lakes, ponds, wetlands and reservoirs 

(Pinto & Shimakawa, 2022; Sekharan et al., 2022), and its discharge (even treated) to water 

bodies could increase the levels of these emerging pollutants in the environment, disrupting the 

ecological balance (Calero-Cáceres et al., 2022; Villa-Achupallas et al., 2018). Although 

several studies have shown that urban discharges promote the persistence and spread of 

antibiotic resistance, limited information is available from developing countries (Arcentales-

Ríos et al., 2022). Moreover, this impact may be exacerbated in countries where wastewater 

treatment coverage is still low or technologically weak (Calero-Cáceres et al., 2022). 

In the case of Ecuador, there is a lack of adequate wastewater treatment facilities and 

recent studies have shown a high prevalence of contamination of interconnected water bodies 

in the country (Arcentales-Ríos et al., 2022; Calero-Cáceres et al., 2022).  Such impairments 

are related to the amount of pollution that has occurred in or near the water body (Sanchez et 

al., 2020). While the cost of environmental asset and degradation is significant to society in 

Ecuador, the full cost of environmental externalities has not been taken into account because 
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the value of ecosystem services is not easily measured or accounted for in national accounts 

(Arcentales-Ríos et al., 2022; Capparelli et al., 2021; González-Zeas et al., 2022). However, 

there are very few studies that provide information on the economic cost of pollution in this 

and other environmental media. 

The wastewater conditions of the effluent studied vary over time, this is due to the 

different activities carried out in the city of Riobamba, and even the climatic season in which 

the samples were taken, this is evidenced by the initial value of total coliforms found in each 

of the samples: in the first sample an initial mean value of 99757 NMP/100 mL was found and 

in the second a value of 184500 NMP/100 mL. Reports by Selover et al., (2021) and Nnaji et 

al., (2019), reported similar results in each of their investigations, which may also explain the 

consistency of our findings. 

The behaviour of the growth of total coliforms varies in the 3 replicates of sample 1, 

this is due to the experimental error due to laboratory counting, producing an average error of 

0.14% between replicates. Thus, the error found guarantees the reliability of the results obtained 

by the proposed model. 

With the values obtained from the laboratory measurements (Tables 1 and 2), the model 

is able to reproduce the behaviour of coliform growth, thus generating the growth curve and the 

theoretical maximum value for the samples studied, which coincides with the value found 

experimentally with a margin of error of 0.8% and 0.6% respectively. Although there are other 

proposals to reproduce the growth of coliforms, such as Zwietering et al., (1990) and Pinto & 

Shimakawa (2022), among others; the construction of a logistic model with a deterministic 

approach based on only three experimental measurements as in the present research is not found 

in the scientific literature, which has implications in terms of reducing resources and time to 

obtain the information; in addition to understanding the phenomenon in a different way. 

The results shown in this research reflect the current condition in the Rio Chambo area. 

This information can be used by stakeholders to determine actions that could improve the 

current conditions. The implementation of possible actions to restore water quality requires a 

scenario analysis that can give a quantitative prediction of their impact on the restoration of the 

river. In future research, the analysis and optimisation of different measures to improve 

biological water quality could be carried out through an integrated ecological model, in which 

hydromorphological pressure and physico-chemical pollution can be assessed in parallel. 

The ecological quality of freshwater bodies is affected by both physicochemical changes 

and hydromorphological variations caused by natural and anthropogenic stressors (Carrillo et 
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al., 2021; Suszek-Łopatka et al., 2021). To preserve aquatic ecosystems, regions such as the 

European Union and countries such as the United States have introduced the concept of 

ecological status in river management into their policies (Pallero et al., 2018; Schütze et al., 

2022; Sekharan et al., 2022). This status includes an integrated assessment of biological, 

hydromorphological and physico-chemical elements of water quality (Choi & Seo, 2018; 

Thamagasorn & Pharino, 2019). 

 

CONCLUSION 

It has been shown that there is consistency between the values obtained from the model 

and the experimental results when reproducing the growth of total coliforms. In particular, in 

this study the average experimental value of coliforms in sample 1 was found to be 148320 

NMP/100 mL, which coincides with the value predicted by the model of 149470 NMP/100 mL 

with a margin of error of 0.8%; while in sample 2 their values were respectively 238000 

NMP/100 mL and 239539 NMP/100 mL, coinciding with a margin of error of 0.6%. 

According to the objective of this research, its contribution is to predict the number of 

coliforms in a controlled laboratory environment (not in the locality where the sample is taken), 

which was achieved by starting from only 3 experimental data and applying an analytical 

method and not a statistical model. Thus, this work contributes to a better understanding of total 

coliform growth, which is currently a challenge for those studying predictive microbiology, 

since most models are statistical models that require a large number of samples to be taken for 

analysis, with the consequent effect on costs and time. 

Although the model can reproduce the growth of coliforms up to a maximum growth 

point, it is necessary to continue with its development in the stationary phase of bacterial growth 

and then in the decay phase, but by means of an analytical treatment such as the one addressed 

in this work, in order to better understand the life cycle of this type of bacteria. 
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