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Abstract

:

This study analyzed the cost implications of using suitable technologies and the cost of inaction when addressing water pollution. This was achieved by developing three main models for the costs (model one) and benefits (model two and model three). The first model accounts for the operational costs of adopting suitable technologies, namely the use of diatomaceous earth for textile wastewater treatment. The second model analyzed the cost of inaction through analyzing the cost of treatment for water pollution-related diseases for the affected population. The occurrence and cost of treatment for three diseases, namely diarrhea, amoebiasis and bacterial infection, were used as indicators of water pollution in the area. The third model included the contingent valuation method (CVM) data on the willingness to pay for environmental restoration of the surveyed population. The benefit–cost ratio (BCR) of the resulting data from the three models were used to highlight the economic viability of the proposed project. A BCR of (0.67) for the cost of the proposed project versus the benefits of the project on human health using data from one hospital was obtained. There is a high possibility that the real BCR would increase if more data from other hospitals or other diseases were included. The results imply that the use of D.E can be considered a good candidate for treating wastewater. To thoroughly discuss the BCR of treating wastewater from one factory, the BCR of the proposed restoration project along River Sosiani, and the value of using DE as suitable technology, more studies are needed to evaluate the unaccounted costs and benefits for accurate economic estimations of the proposed project. The outcome of the study is a framework of numbers and figures that can be presented to decision makers and policy makers as critical information when making decisions.
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1. Introduction


The world currently faces a water quality crisis attributed to increased pollution from urbanization, fast-paced development, industrialization and increased food production. The health impacts of water pollution and declining water quality are of increasing concern, especially for policy makers [1]. Globally, it is estimated that at least one billion people have no access to potable water, and 2.5 billion people lack sufficient sanitation facilities [2]. These inadequate sanitation facilities worldwide have resulted in the occurrence of approximately 4 billion water borne diseases. This is a leading cause of death, especially among children under 5 years of age. In developing countries, the situation is worse [3], with a reported 3.2 million deaths in children each year as a result of poor sanitation and unsafe drinking water. According to previous studies, there has been a link between water pollution and the occurrence of acute waterborne diseases reported. These water borne diseases include typhoid, diarrhea, cholera, hepatitis and dysentery [1,4,5,6]. Other studies have also reported an increased risk of carcinogenic diseases as a result of the negative effects of water pollution [7,8,9]. This is a result of limited access to wastewater treatment facilities, especially in developing countries, and malpractices such as the dumping of human waste products and garbage into water bodies that are treated as open sewers. This calls for proper wastewater management systems in both developed and developing countries to minimize the impacts of water pollution. The impacts of poor wastewater management not only include health impacts but also increased greenhouse gas emissions, degraded ecosystems, reduced industrial and agricultural productivity, bad odors and decreased biodiversity.



One of the major reasons for the lack of adequate wastewater treatment facilities and regulations in developing countries is the limited funds available to support appropriate infrastructure to curb water pollution. This often leads to economic losses resulting from both environmental and human health costs. For example, globally approximately $7.3 million is spent in the health sector to treat waterborne diseases [10]. Additionally, economic losses also result from the citizen’s inability to work because of health related issues resulting from waterborne diseases thus loss of income and productivity in the work environments. The situation in developing countries is also intensified by the lack of standards and industries’ refusal to adhere to established guidelines when discharging their waste in water bodies. In Kenya, for example, the lack of review data and a baseline for the existing guidelines limits the enforcement and implementation of new or existing standards to manage the wastewater treatment. Moreover, the changing environmental conditions have not been factored in over the years, as the guidelines are rarely reviewed. Other issues that have constrained the enforcement of standards in Kenya include: practices such as standard testing or accredited testing centers, a lack of incentives for cleaner production measures and routine monitoring of the situation [11]. Further, the lack of an updated published interim pollution limit that has resulted in a negotiation approach that has been marred by cases of corruption, political interference and low awareness that increased the effects of water resulting economic losses [11].



To reduce the economic losses and costs imposed by water pollution, there is a need for affordable cost-effective solutions to deal with the wastewater menace. This approach requires a reliance on natural resources in developing countries to minimize the cost of treatment for wastewater. The use of local resources reduces the burden of importing wastewater treatment materials, thus cutting down on the cost of water treatments resulting to reduced water pollution and increased motivation to abide with the set standards. Furthermore, a reliance on naturally available materials makes the technologies and materials more readily available to the users, thus promoting the economy of the country while saving time and costs. Therefore, cost effective technologies that promote the use of local resources should be promoted and adopted especially in developing countries.



For these cost effective technologies and similar technologies to be introduced and adopted in a country or region, the project’s feasibility should be analyzed. A project’s viability is important, as it informs the decision about whether a project should be implemented, delayed or canceled. Part of a project feasibility analysis involves cost estimation and analysis. Cost estimations regarding toxic chemical contamination have received relatively limited attention. This is partly because of the complexity of the process, especially in water pollution cases, and the lack of adequate data, such as accurate records of the extent of infections linked to chemical contamination [12]. Other factors that have contributed to the complexity of cost estimations include the unavailability of public information, the severity of the contamination and factors such as water demand for the contaminated bodies. Estimating these costs is a crucial component when assessing the impacts of water pollution; the cost of the proposed projects or technological changes should not exceed the projected benefits of cleaner water [13]. Calculating the costs of water pollution requires hydrological, agronomic, medical and behavioral models [14] to ensure the accuracy and certainty of the numbers; however, such information is currently not available in Kenya.



This forms the premise of the current research, which attempts to analyze the cost of using diatomaceous earth as an adsorbent in textile wastewater treatment and the recurring benefits from pollution control. The cost of the improvement should not outweigh the benefits of cleaner water enabled by the proposed technological changes. The study identifies two types of costs, namely the operational costs of using the proposed technology and the cost of treatment for the diseases caused by water pollution in the region. These can reveal the potential benefits of adopting the proposed technological changes. Following other studies, we use waterborne diseases as a primary indicator of water quality and water pollution impacts and employ adsorption technology using diatomaceous earth (DE) based on the results obtained during experimental work conducted in a laboratory. The experiments utilized diatomaceous earth as an adsorbent using simulated textile wastewater in the removal of methylene blue dye component. The objectives of the study are as follows: (i) to determine the costs and benefits of suitable technologies, specifically the use of DE in textile wastewater treatment industries; (ii) to determine the cost of inaction in relation to the potential benefits of pollution control for human health using the stated preference method, namely the contingent valuation method (CVM); (iii) and to derive the economic feasibility of the project using the benefit-cost ratio (BCR).




2. Literature Review


2.1. Waterborne Diseases


The consumption of microbial contaminated water leads diseases such as paratyphoid, bacterial infections, typhoid and dysentery that are water related [15]. The current study, as in previous studies, took these diseases into account when analyzing the impacts of water pollution. According to Gwimbi (2011) [16], the microorganisms total coliforms (TCs) and Escherichia coli are responsible for making water unsuitable for human consumption and are used as indicators of fecal contamination in water which leads to diarrheal diseases [2]. Other parasites responsible for water related infections include, Cryptosporidium spp. (cryptosporidiosis), Entamoeba spp. (that causes amoebiasis) and helminths [17]. Of these microbes, schistosomiasis has the highest occurrence prevalence, followed by giardiasis and then amoebiasis [17]. Although the occurrence of these diseases is mainly associated with domestic water pollution, other factors such as industrial or agricultural pollution might cause them, which is why they were accounted for in this study. Cancer (liver, skin and pancreas), melanomas, endocrine disorders and other related diseases have been linked to industrial and agricultural pollution resulting from the pesticides that have been found in drinking water. In Kenya, there is no quantitative assessment that exists of the link between health related issues and chemical pollution; thus, the aforementioned diseases were used in the study.




2.2. Low-Cost Adsorbents


In wastewater treatment, the cost of adsorption processes is dependent on the adsorbent material being used. Activated Carbon is the most commonly used adsorbent when treating wastewater. Activated carbon is a form of processed carbon that has a higher surface area due to its low volume pores. The high surface area increases its adsorption capacity and chemical reaction sites. Activated carbon is efficient but expensive, which makes the adsorption process costly as a result. This can be problematic, especially in developing countries, where the cost might be too high due to a reliance on the importation of the material. As a result, there is a need for alternative, efficient options that utilize locally available materials. These materials should have equally efficient adsorption capacity, be economically feasible and be readily available. Multiple studies have assessed the use of natural resources as treatment options for wastewater, especially for developing nations [18,19]; for example, a study by Wagai, Samuel et al. [18] that employed the use of Moringa oleifera seed extracts and aluminum sulfate to purify rainwater to address the issue of water problems in Kenya. They deduced a solution that relied on cheap materials that were accessible for use to purify rainwater and make it safe for consumption.



Diatomaceous earth, also known as diatomite, has shown promising results in the removal of dyes from wastewaters and is a promising alternative to high-cost adsorbents used in wastewater treatment [19,20]. Diatomaceous earth has been recommended as an alternative to the expensive adsorbents such as activated carbon, commonly used in wastewater treatment because is cheaper, naturally occurring and readily available especially in countries where it is mined. Several characteristics of Diatomite make it a suitable alternative especially for use in wastewater treatment as shown in Table 1. The characteristics of Diatomite and its chemical composition are displayed in Table 1 below.



Diatomite mining and processing is a complicated process that requires large processing equipment and facilities. To cut down on the mining and processing costs of the process, open-pit methods or quarrying are used with the processing stages, which involve crushing and drying the mineral at the mining sites to reduce the operational costs of the process. In Kenya, diatomite is mined at Kariandusi near Gilgil and Soysambu on the floor of the Rift Valley, mainly for export purposes. The Africa Diatomite Industries Limited (ADIL), established in 1942, majorly mines the deposits [22]. In Kenya, a kilogram of KensilF (locally branded diatomite) costs approximately $0.2 (dollars) (African Diatomite Industries Company), making it affordable in the country for retail to individuals and industries who use it for many purposes. Its availability, especially in Kenya, its low cost and its chemical and physical characteristics make it a better alternative for use in the treatment of textile wastewater in Kenya. With the vast majority of the mineral being exported, Kenya has the potential to utilize the material for wastewater treatment and cut down costs of using expensive imported adsorbents such as activated carbon.




2.3. Cost Analysis of Suitable Technology


Cost analysis is the most common method used in decision-making and selection processes related to alternative and suitable technologies. In water and wastewater treatment processes, it is the most important criterion for the selection of treatment choices. Cost estimates should not only be performed for the technology in question but also for the effects and the severity of the problem (i.e., contaminants) if left in place. This provides a more persuasive case when lobbying authoritative bodies, the government and companies to adopt new technologies. Cost–benefit analysis (CBA) is commonly used to determine the economic feasibility associated with the implementation of different proposals. CBA operates under the premise that the benefits of a proposed project exceed the aggregated costs. In wastewater treatment, an economically viable proposal means that the benefits arising from the process exceed the costs; thus, the proposal not only promises environmental benefits but also economic benefits.




2.4. Cost Estimation Methods


Several methods can be adopted to evaluate the costs and benefits of wastewater treatment and management projects to provide critical information to decision makers. These methods enable decision makers to evaluate the costs of taking action versus the cost of no action in wastewater management. To estimate the cost of pollution, that is, the costs of water pollution, various methods can be used; these include: (i) the avoidance cost method that refers to the actions taken to reduce damages from exposure to the contaminants through reducing exposure to the contaminants thus averting the cost. This includes methods such as point-of-use treatment systems, use of cleaner water (e.g., bottled water) to substitute for the polluted water and changing behaviors to minimize exposure to the contaminants (e.g., reducing the length or frequency of showers) in the case of a volatile organic chemical present in the water. This can be achieved with a household system or at the organizational level [23]; (ii) The recreational choice method: The recreational site choice includes the indirect benefits of the use of surface waters. For example, this applies to water use through fishing, swimming, boating and sightseeing [23]; (iii) The cost of illness calculation method: This includes calculating the number of workdays lost because of an illness related to the pollutant and the medical expenses to treat the illness. This method is mostly preferred when the contaminants damage the human body. The cost of illness can be measured in numerous ways: (i) the number of workdays lost multiplied by the commensurate wage rate; (ii) the medical costs for treating the illness; and (iii) contingent valuation to estimate reduced health risks. When the diseases are curable and treatable, the first and second methods can be used. Contingent valuation may be used to estimate the value of avoiding life-threatening illnesses such as cancer [12]. The cost of illness approach has been used in air pollution studies; however, a major difficulty with this method is that the contaminants have multiple health effects [24].





3. Methodology


3.1. Study Area


The study was conducted along River Sosiani located along longitude and latitudes, (00°–03′ S and 00°–55′ N; 34°–50′ E and 35°–37′ E) [25]. The river is located in Eldoret town in the Rift Valley region in Kenya and is 67 km long with an approximate area of 647 km2 [26]. Eldoret town is the capital center of Uasin Gishu County and is the fifth largest town in Kenya. It has an estimated population size of 1,163,186 and a population density of 343 (persons/sq.km) and is classified as one of the fastest-growing towns in Kenya [27,28]. There has been an emphasis on the need to conserve River Sosiani for both local and international tourism as the government proposes building the River Sosiani Nature Park to preserve the urban heritage of the region [27]. Unfortunately, the water in River Sosiani has been polluted over the years, which has been attributed to industrial wastewater, agricultural sources and domestic sources. This has resulted in serious issues in the region, such as water borne diseases, a water shortage and a decline in the water quality in the region [29,30]. This has prompted the government of Kenya to initiate environmental restoration activities along the river to improve the water quality of the river and the living conditions of the people in the region.




3.2. Data Collection


The CVM data reported in the study have been published in our previous publication [31]. The data were collected using a questionnaire survey with a pretest survey of 50 respondents completed prior to the actual survey. As reported, the 300 questionnaire surveys were administered randomly to the community in the study area displayed in Figure 1 [31]. The respondents included both residents living close to the river and factory workers in the selected areas (see Figure 1). The residents were divided into two groups based on their location relative to the river, that is, upstream and midstream/downstream. The factory group surveyed was restricted to only factory workers in three selected factories [31]. The questionnaire was developed to solicit the respondents’ willingness to pay and willingness to participate in environmental remediation projects. Additional data on their socio-demographic characteristics were also collected for the study. [31].




3.3. Research Design


Multiple calculations and analyses were performed to determine the objectives of the paper. Three models were developed for the study. Model 1 analyzed the cost breakdown of using the proposed materials in the wastewater treatment. The proposed method of treatment used in the study was the use of diatomaceous earth as an adsorbent for treating textile wastewater. For this model, data on a cost-effective adsorbent (DE) were outlined based on previous experiments conducted in the laboratory using DE as an adsorbent and simulated textile wastewater using methylene blue dye and polyacrylamide (PAM) as a coagulant in the experiments. The detailed procedures are described in the results section.



Model 2 attempts to calculate the cost of inaction by deriving the potential benefits from pollution control on human health. Here, survey data from the hospitals in the area were collected concerning the occurrence of three diseases that are associated with water pollution in the area, namely amoebiasis, diarrhea and bacterial infection. The number of daily recorded cases of the diseases and their treatment cost estimates were obtained to model the cost-of-treatment calculations.



Model 3 determines the cost of inaction by deriving potential benefits from pollution control through the stated preference method, namely the contingent valuation method (CVM). While there has been controversy surrounding the values obtained in the CVM analyses, the values obtained in this study were representative of the value placed on the resource in question. The contingent valuation question was presented in a fashion aimed at understanding the participants’ valuation of the resource in question. As reported by Mumbi and Watanabe (2021) [31], a hypothetical scenario where the expected activities and the recurring benefits from these activities were enumerated as follows:




Suppose that the County government and central government is considering implementing a program to ensure river Sosiani clean up in order to improve the water quality of the river through a proposed list of activities. The activities proposed include: cleaning the rivers through solid waste removal, removal of structures from the river, planting of trees along the river bank. The program would lead to major ecological benefits in the area such as improved water quality and water clarity in the river leading to improved water quality within the required standard. The river water will also be improved for use and in a much better condition as a result of the activities [31].





To collect data on the willingness to participate, the respondents were asked to state whether they would participate in such a program. A five-point Likert scale ranging from 1 = Very likely to 5 = Unlikely was used to collect the responses. To collect data on the willingness to pay, the respondents were asked, using a dichotomous choice question, to state yes or no to their likelihood to pay an additional fee collectable every month to support the program in the area. Those that answered ‘yes’ were asked to write down the amount they were likely to pay for the program (i.e., willingness to pay). Detailed data collection procedures and the CVM data and analysis results were reported in our previous publication [31]. To determine the sample size of the affected population, estimates were made based on the size of the River Sosiani basin and previous studies [30]. Finally, the results from the three models were combined to map a cost–benefit ratio that can evaluate the economic feasibility of the proposed project.




3.4. Assumptions and Scope of the Study


Calculating the impacts of water pollution requires access to detailed data that may be limited in some cases if there is minimal record-keeping or no data available at all. In such scenarios, making assumptions enables researchers to proceed with the study despite the limited resources available to them. In estimating the costs and benefits, this study has made the following underlying assumptions:




	
It has been assumed that the DE purchased is already dried during its processing; thus, no additional drying is required before use. The fixed costs such as the costs of operational materials, such as stirrers, plastics, storage space and disposal costs are regarded as negligible. The study assumes a one-time cost or an already existing cost, for example, the storage space, thus these are not accounted for in the calculations.



	
The value placed on one’s life after death cannot be calculated; thus, it has been assumed that the affected population eventually receives treatment and recovers completely.



	
The benefits derived are calculated from saving costs that would otherwise be used to treat a sick patient, and the probability that the cause of the disease is water pollution has been assumed to be 0.5.



	
The rate of infections from water-related disease is not affected by the weather conditions (i.e., dry and wet period).








Aside from these assumptions, the study was restricted within a certain scope to ensure that easy and accurate calculations could be done.



As illustrated in Figure 2, certain assumptions were made in line with the scope of the study. Outlining the scope of the study limits the assumptions of the research to the elements that are specific to the study. In model 1, the only costs that were accounted for were operational costs related to the technology’s adoption. For model 2, only data from one hospital and three diseases were accounted for. This scope allowed the study to focus on common water-related diseases in the region, as in previous research. The scope of the third model was restricted to the WTP, which was representative of the region of study. This was based on the assumption that the observed WTP from the previous study was representative of the entire region and was similar throughout the groups [31].





4. Results and Discussion


4.1. Partial Cost Analysis


The partial cost analysis model analyzes the costs that would be incurred by adopting the proposed technology in a factory. The initial cost of setting up new technologies is a one-time cost; these costs are mainly incurred due to machinery installation and new constructions or modifications [32]. Some of these costs may be negligible; hence, the term partial cost analysis. The partial costs that would be incurred in this study are calculated based on the assumptions and scope delineated in Section 3. The amount of wastewater discharged by textile industries varies depending on the output, type of output, fashion season, fabric type, and so forth. According to [33], the dyeing and bleaching departments account for the highest percentage of wastewater produced per day at 102,000 and 238,000 liters per day. Given the same trajectory, a hypothetical scenario is evaluated as follows. A sample factory, while in production and processing, will produce 20 tons of textile products while discharging 3000 m3 in wastewater-containing dyes. The amount of dyed wastewater for every metric ton produced is 150 m3 of dyed wastewater.



The amount of adsorbent used was determined by previous experiments [34]. To determine the amount of DE used, simulated textile wastewater was made using methylene blue dye. A stock solution for the dye was made by weighing 100 mg of methylene blue dye and dissolving it in 1000 mL of distilled water. The stock solution was diluted and 50 mg/L of the resulting solution was tested against the adsorbent solution. To create the adsorbent solution, 20 g of DE powder was mixed with 180 mL of water, and 10 mL of the solution was used to decolorize the 50 mL of the dye concentration. The resulting solution was put on a magnetic stirrer for 3 min at a speed of 350 rpm. Thereafter, two drops of PAM were added to aid the coagulation process. The mixture was stirred again at a speed of 150 rpm and allowed to settle for two hours. The samples were then pipetted into the clear tubes and measured for color, turbidity and COD [34].



The main task for this model is to determine what quantity of DE is required to treat 150 m3 of dyed wastewater. The experimental results show that 50 mL of methylene blue was decolorized by 10 mL of the adsorbent solution. The amount of DE would be 1.0 × (150 m3)/50, which is (1.0 g × 15 × 107)/50, which is 33 × 106 g of DE to treat 150 m3 of wastewater. This translates to 3.0 MT for every 150 m3 per day. This is 1095 MT of DE per year for this particular factory. The total costs can be obtained as presented in Table 2. Other than the adsorbent material, coagulants are an important material for the proposed adsorbent to work. Coagulants bind with impurities to form particles of sufficient size and mass for removal by sedimentation or filtration [13]. Depending on the type used, the cost of the coagulants used varies. PAM, which is a flocculant, is used in wastewater treatment as a coagulant. Because of its nature, it is mostly preferred in cases where the wastewater has high turbidity, such as textile wastewater. The amount of PAM used as per the experiments is two drops, which are roughly 0.1 mL. Based on the amount of wastewater in the sample, 300 L would be needed (i.e., 300 kg of PAM).



As observed from Table 2, the total cost incurred when using activated carbon is six times the cost incurred when using DE. Therefore, selecting diatomaceous earth would be a much more economically feasible option, especially for developing countries that have to import the product.




4.2. Calculations of the Potential Benefits from Pollution Control


The most thorough attempt to calculate the cost of inaction was by [35], who attempted to calculate the cost of environmental degradation in India. The aim of their study was not to provide precise figures but to provide gross estimates of the different economic burdens imposed on India by environmental degradation [35]. As mentioned earlier, such studies are limited due to the unavailability of data required to capture all the effects of environmental degradation [14].



To determine the possible benefits that would be incurred if suitable technologies were implemented, the costs that would be averted to treat the diseases that result from water pollution have been calculated and classified as possible benefits. This has been done through modelling the direct impacts of water pollution on human resources through accounting for the additional medical cost of treatment from water pollution related diseases. These costs include the cost of medicine and treatment services, equipment, and wages of doctors [36]. In this study, the only quantified cost was the health burden due to water pollution in the study area, similar to [35].



As proposed by [36], we employed a model that accounts for these costs and made calculations for the estimated treatment costs (ETC) using Equation (1) as follows:


ETC = ∑di = 1NiAYiACiP,



(1)




where:



d = the identified set of diseases caused by water pollution;



i = the index for the identified diseases used in the study;



Ni = the number of affected people by the identified disease (These data was obtained from the hospital records);



AYi = the assumed average period of time to treat each identified disease (i) (These records were obtained from the hospital records);



ACi = the average cost of treatment and follow up costs (These records were obtained from the hospital records Ac) for each identified disease (i);



Pi = refers to the probability that the identified disease (i) is due to water pollution.



The accurate number of the affected population can be obtained from hospital records. (Pi) can be estimated as the difference between the affected population in a clean area (Nca) and a polluted area (Npa). Where (Nca) is expressed as a percentage of (Npa): Pi = (Npa − Nca)/Npa). The study defined (Nca) as 0.5 Npa and Pi as 0.5.



The study identified certain diseases that result from water pollution, namely amoebiasis, diarrhea and bacterial infections [14,37]. The omitted health cost in the study was the association with cancer occurrences due to chemical pollution in the water. The public records for these diseases were obtained from one local hospital (Uasin Gishu Hospital) in the area, as shown in Table 3. As is also shown in Table 3, amoebiasis is the most prevalent disease in the region, with the highest number of reported daily cases, while bacterial infections had the least reported cases. The reported cases in Table 3 were used to make cost estimations using Equation (1).



To estimate the cost of treatment, Equation (1) was used. As displayed in Table 4, the treatment cost for the bacterial infection was the highest among the three diseases, while the estimated costs for treating diarrhea were the lowest. This is because, despite the number of bacterial infection cases being lower than for amoebiasis, the treatment costs are different, resulting in variation in the cost of treatment.




4.3. Contingent Valuation Method Analysis


The CVM approach was used to determine the willingness to pay for improved water services in the region. The CVM explores an individual’s preferences for an environmental change for goods that cannot be traded in an economic market [31]. The CVM has been applied in many studies measure the economic value or resources and aid decision makers and governing bodies in policy adjustments and formation [31,38,39,40,41,42]. The results obtained indicated that 79% of the 279 surveyed respondents were willing to pay an average of KSH 182.51 ($1.66) per month and ($19.92) per year for improved water conditions if the government would run a project in the region [31].



The estimation of the affected population is required for an accurate description of the plausible cumulative amount obtainable in the CV analysis. To estimate the affected population required for the calculation, a study similar to [30] used certain locations within the basin area to make estimations that capture the effect of sewage treatment effluent on the River Sosiani. They delineated the study area by dividing the area according to various uses and locations (i.e., forested zone, agricultural zone, urban zones), which were divided into upstream and downstream areas similar to our study [30]. From a basin size of 647 km2, an area of 225 km2 was selected for the study based on these characteristics; similarly, we employed the same basin size in our study. With the population density of 343 (people per sq. km of land area) [28] and a selected basin area of 225 km2, the affected population could be estimated as (343 × 225) = 77,175 (people per sq. km of land area on the River Sosiani basin). However, based on factors such as proximity to the river, differences in water usage and water sources, the affected population could vary. As shown in Table 5 below, the value calculated based on the population at the basin is $1,537,326 per year, a value that can offset the cost of introducing the new technology in the area. This value is indicative of the costs that would be saved in the area through the public’s contribution.




4.4. Cost–Benefit Analysis


The third analysis of the study included the CBA. This is a useful method used to inform decision-making processes for resource allocation. The CBA does not provide all the information necessary to inform the policy processes or the costs and benefits of the entire project. Thus, the cost–benefit ratio (BCR) is used to commonly used as indicator of the relationship between the benefits and costs of a proposed project. The general rule of thumb when using the BCR is that a BCR greater than 1.0 for any project is expected to deliver a positive net present value when implemented, while the reverse would be observed for a lower BCR value. The BCR for a tentative project that incorporates data obtained in Table 2 and Table 4 were developed to analyze the feasibility of the project. While the CBR value is less than one for the three diseases as shown in Table 6, these values combined with the CVM values could be used to indicate the feasibility of the project, as discussed in Section 5.





5. Cost–Benefit Analysis and Its Implications


Overall, the findings of this study hint at valuating natural resources (the CVM analysis) and conducting cost–benefit analyses related to water resources and technological adoptions. This is because such issues will become critically important in Kenya and other developing countries poised for economic growth. The results from such analyses will thus promote better allocation of project funds and resources in the future, especially through project evaluations. Planners, financial aid organizations and governments, such as the government of Kenya, should set aside a given amount of money to invest in a clean water supply and protection of the environment every financial year [43]. If such organizations do not have access to specific data or a breakdown of the costs and intended benefits of a project, they may not fund such projects, or in other cases, corruption and misuse of the funds is highly likely. Thus, with adequate data, proper measures can be implemented to promote the better utilization of these funds. Presenting the results side by side, as displayed in Table 7, provides an opportunity for a clear description of the tentative costs and provision of accurate information for decision-makers and key stakeholders. Table 7 breaks down the plausible benefits and costs of the proposed project and presents the scope explored for these analyses to help derive numerical values that are presentable to economists or financial organizations. The analysis includes two major identifiable benefits which account for the total benefits of undertaking the project (B1 and B2), specifically the total willingness to pay and willingness to participate. The cost analysis, on the other hand, was limited to the scope presented in Figure 1 and, as described in Section 3.3, only to the outlined costs of implementing the project.



As shown in Table 7, the BCR ratio, including the total degree of the willingness to pay for eligible residents (B1) versus the operating costs of the new technology (C1.1), is significant (7). This indicates that, although not all of the costs are accounted for, the benefits of treating wastewater in the region exceed the costs; thus, the project is economically viable. Meanwhile, benefits such as the total willingness to participate (B2) which are unquantifiable would increase the value of the benefits derived from the project, thereby increasing the feasibility of the project.



It is also important to note that (B1.1.1) only accounts for the value of one hospital in the region indicating that if the value were to include other hospitals in the region, the BCR ratio comparing this benefit versus the operating cost of the project (C1.1) would be higher than the present value of 0.67. Highlighting this, the table explores various avenues that can be considered in the future when making decisions about implementing such a project. Therefore, similar studies should be conducted in various regions of the country to draft proposals that would help improve the allocation of resources. In this case, it would be wise for the government to invest in technological changes, which would be a one-time cost that would offset future costs of environmental pollution. As shown in Table 7, side-by-side cost estimations of the total benefits and the costs can help highlight missed opportunities in utilizing local resources to solve local problems in the country; consequently, including the unquantified value in the willingness to pay makes the BCR value of the project feasible.



The CVM analysis results presented in this paper should also not be ignored, although the amount pledged by community members appears to be an insignificant amount. It would help immensely in offsetting the cost of environmental pollution to the community members when combined with other benefits of the project, as shown in Table 8. Furthermore, involving the public through financial contributions and participation in projects would help them take ownership of the projects initiated in the region, thus promoting the longevity of the projects. After all, public participation is a key component of the success of local projects targeting them. Aside from the assumptions presented in Section 3.4, the study was confined within certain parameters to ensure seamless and accurate calculations, as shown in Table 7, and the study is without uncertainties.



The limited scope and omitted analyses are dependent on the variables used in the study and the potential uncertainties presented in the study, as elaborated in Table 8. The table highlights the uncertainties and provides potential errors of analyses conducted in the study. Tabulating the information addresses accountability and possible research gaps that can be explored by future studies.




6. Limitations of the Study and Future Research Implications


This paper has a number of limitations. The selected water pollution effects in the study are restricted due to the data constraints in the region; thus, only three diseases were used in the study. Additionally, as noted in previous literature, the problem with identifying accurate health costs is that individuals compensate for the increased pollution by reducing their exposure to protect themselves and their health, such as by sourcing alternative means of accessing water [44,45,46]. The results of the diseases used do not capture individuals migrating into the area and out of the area, which might cause the impacts recorded to fluctuate, leading to underestimation or overestimation, especially if the population is characterized by constant free migration [44]. In addition, although the study attempts to capture all the resource costs in its calculations, other costs, such as the additional costs of the purification of drinking water and health damages related to other issues not tied to water pollution, are not fully accounted for. This is because the study primarily focuses on water pollution and certain costs and benefits, as shown in Table 7 and Table 8. The study did not include the discount rates calculations as the estimates were only done for one year, thus, we propose that future studies consider a longer time frame.



The study thus recommends that future research explores the unaccounted for costs and benefits for a comprehensive feasibility analysis. As shown in Table 7, the scope of the study was strictly limited, providing room for future studies to explore other costs and benefits not included in this study. For example, other studies could explore other benefits of treating wastewater in the area (B1.1.2) and other environmental benefits (B1.2), as well as account for the complete installation costs (C1.1) that were assumed as negligible in this study due to the design of the proposed technology.



This study also recommends that future studies draft a comprehensive proposal plan that extends beyond the scope used in this paper. The plan should indicate clear costs and benefits, accounting for the implementation of the project, the financial/economic viability of the project and other aspects such as the design, social designs and historical elements. This will provide the necessary information to assist with green accounting and maintaining accurate financial records of environmental projects [36].




7. Conclusions


The economic valuation of wastewater management is important as it guides various stakeholders, such as investors and policymakers, to make informed decisions. The complexity of the process should not deter the valuation process, as critical information is obtainable to justify suitable investments in wastewater management. This study, using a restricted scope, was able to deduce values that are representative of the costs and benefits of the proposed project of using diatomaceous earth for wastewater treatment. These numbers and figures are presentable to accountants, financial organizations and the government for consideration when making decisions. The benefits of the projects using the CVM analysis versus the operational costs of the project were seven times higher. Understanding these figures and numbers could help the government and other authoritative bodies to impose taxes and fees on polluters, thus establishing green accounting while keeping accurate financial statements for interested parties. Additionally, such information would prove useful when making decisions about what projects would be implemented and what technological options are more appropriate. When effective technologies are adopted, the resulting effects are better aquatic environmental conditions, enhanced usage of residents’ incomes through reduced disease, improved use of the citizens’ taxes in other sectors of the economy, enhanced environmental conditions and the promotion of the utilization and exploitation of the local resources of a country.
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Figure 1. Study area of the present study. 
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Figure 2. Scope and assumptions of the study. 
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Table 1. Characteristics and composition of diatomaceous earth.






Table 1. Characteristics and composition of diatomaceous earth.





	
Method of Wastewater Treatment: Adsorption






	
Category

	
Characteristics

	
Properties




	
Physical properties of Diatomite,

	
Color

Form

	
White,

Solid,




	
Chemical composition

	
Composition

pH

	
Contains the siliceous remains of diatoms that are responsible for the high composition of SiO2, the composition may range from 58% to 90% [19,21].

9.0–10.0




	

	
Permeability

	
High permeability and surface area increases its adsorption and filtration [19,20].




	

	
Porosity

	
High porosity increases its adsorption capacity (80–85%) [20]




	

	
Density

	
Low (1.95 to 2.3 g/cm3) [19,21].




	

	
Thermal conductivity

	
Low [21].
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Table 2. Cost breakdown of the materials used in the treatment process.
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	Material
	Unit Cost
	Amount
	Net Price





	Raw D.E
	$200 per MT
	1095 MT
	$219,000



	PAM
	$2 per Kg
	300 Kg
	$600



	Total cost
	
	
	$219,600







Cost of D.E: https://www.exportersindia.com/nova-industries-limited/diatomaceous-earth-powder-2979495.html (accessed on 2 January 2022).
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Table 3. Public data records from Uasin Gishu hospital of the annual number of cases for the three diseases understudy.
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Number of Cases

	
Yearly




	
Disease Type






	
Amoebiasis

	
2555




	
Diarrhea

	
1825




	
Bacterial infection

	
1460
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Table 4. Sample calculations using available data.
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	Diarrhea
	Amoebiasis
	Bacterial Infection





	N
	Annual number of cases
	2555
	1825
	1460



	AY
	Average period of time
	5
	10
	7



	AC
	Average Cost of treatment $
	8
	5
	10



	P
	Probability that the cause is water pollution
	0.5
	0.5
	0.5



	ETC
	Estimated treatment cost $
	51,100
	45,625
	51,100







Notes: Number of affected individuals = the population size of basin area. Average costs and periods are estimates. Number of diseases in a clean area = half the number of diseases in a polluted area.
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Table 5. Willingness to pay amount of the affected population.
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	Basin Population
	Yearly
	Annual Amount (USD)





	
	
	WTP
	



	CVM estimations of the affected population
	77,175
	19.92
	1,537,326
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Table 6. Cost benefit analysis of using DE.
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	Treatment Cost
	Diarrhea
	Amoebiasis
	Bacterial Infection
	Total





	Cost of new technology
	219,600
	219,600
	219,600
	219,600



	Benefits (Amount saved from treating the diseases)
	51,100
	45,625
	51,100
	147,825



	Cost benefit ratio
	0.23:1
	0.21:1
	0.23:1
	0.67:1







Notes: Cost in USD, significant value, ratio > 1.
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Table 7. Benefits vs. costs of environmental purification.
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Scope of this Study and Description

	
Amount (US$/Year)

	
Data Source






	
B

	

	

	

	
Total Benefits (B)

	

	

	




	

	
B1

	

	

	
Total amount of willingness to pay for all eligible residents

	
Calculated

	
1,537,326

	
Mumbi and Watanabe, 2021




	

	

	
B1.1

	

	
Benefits of improving the health of residents by purifying the environment

	

	

	




	

	

	

	
B1.1.1

	
Benefits of improving the health of downstream residents by treating factory wastewater

	
Calculated

	
147,825

	
Data from one local hospital




	

	

	

	
B1.1.2

	
Other benefits of improving the health of residents by purifying water

	
Not accounted for

	

	




	

	

	
B1.2

	

	
Other benefits of environmental purification

	
Not included

	

	




	

	
B2

	

	

	
Total willingness to participate

	
Unquantified in monetary terms

	

	
Mumbi and Watanabe, 2021




	
C

	

	

	
Total costs (C)

	

	

	




	

	
C1

	

	

	
Textile factory wastewater treatment cost

	

	

	




	

	

	
C1.1

	

	
Operating costs

	
Calculated

	
219,600

	
Mumbi, 2018




	

	

	
C1.2

	

	
Installation cost

	
Assumed as negligible

	

	




	

	
C2

	

	

	
Other environmental purification measure costs

	
Assumed as negligible

	

	








Notes: Benefit Cost Ratios: B1/C1.1 = 7.00, B1.1.1/C1.1 = 0.67 significant value, ratio > 1.
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Table 8. Tabulation of the uncertainties in the study.
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Category

	
Variables

	
Uncertainty

	
Description






	
Wastewater treatment

	
Exact volume of water

	
Relationship between textile production and wastewater volume

	
Hypothetical scenario based on previous literature was used for this study [33]




	
Benefit

	
Affected population

	
Number of people affected

	
The basin area of River Sosiani was used as the baseline




	
Estimation

	
Number of cases in an affected area

	
Number of cases (daily fluctuation)

	
Hospital data was used; however, it does not capture the patients who do not pay a visit to the hospitals. Only records from one hospital were used




	

	
Probability

	
Probability of disease occurrence due to treatment

	
Calculations require data on number of cases in a clean area which was estimated based on a hypothetical probability




	

	

	
Probability that the diseases are fully caused by water pollution




	
WTP

	
Total WTP

	
Distribution of WTP among affected people

	
The population in the whole region is assumed as willing to pay in the CVM analyses




	
Treatment cost

	
Number of cases

	
Minimum value estimated

	
Records from one hospital used
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