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A B S T R A C T   

Safely managed drinking water for all is the United Nations Sustainable Development Goal 6.1. Achieving this 
goal is a challenge in rural areas. A strong partnership between users of a water treatment system was critical to 
the success of community-scale technological change. In this study, the efficiency of a water treatment system 
was evaluated after the implementation of a technological change in a rural area. This research was carried out in 
a community in Ecuador, which before the change in technology had a treatment system composed of gravel pre- 
filtration and slow filtration. This system did not guarantee adequate water quality, due to a notable increase in 
the color and turbidity levels of raw water; in addition to the growing demand for water in recent years. A new 
conventional treatment system was implemented consisting of: coagulation, flocculation, sedimentation, rapid 
filtration and disinfection. All the modernization works were carried out on the same infrastructure that had 
served as gravel pre-filters. Before modernization, samples of raw water and treated water were collected for six 
months. After the changes carried out, samples of raw and treated water were also collected for another six 
months. The parameters analyzed were: turbidity, color, pH, total dissolved solids, residual chlorine, nitrates, 
sulfates, phosphates, chlorides, alkalinity, total hardness and iron. The values of all the parameters analyzed 
improved after the modernization, indicating that the changes made in the treatment plant were successful. As a 
result, a conventional treatment to make water potable in rural areas has become a robust process that can 
operate within a wide range of water quality, improving the quality and quantity of drinking water.   

1. Introduction 

Water resources have recently been affected by climate change, 
population growth, and increased anthropogenic activities; posing great 
challenges to companies in charge of supplying drinking water, espe-
cially in developing countries (Hoslett et al., 2018; El-Alfy et al., 2019). 
The development level of a country is determined by the supply of 
drinking water for both domestic and industrial use (Majdi et al., 2019; 
Jakubaszek, 2019). Serious health problems related to the drinking 
water quality have focused interest on how to assess and improve water 
supplies (Guchi, 2015; Adesina et al., 2019). An efficient treatment 
technology should meet some criteria, such as: a. easy to install, operate 
and maintain, b. low investment, operation and maintenance cost, c. 
effective in improving water quality (Guchi, 2015; García-Ávila et al., 
2019). 

Sand filtration is a potable water purification method in which 
relatively large suspended particles are removed (García-Ávila et al., 
2020). There are two main types of sand filters used for water treatment: 
rapid sand filters (RF) and slow sand filters (SF) (Arndt and Wagner, 
2004). Slow sand filtration is an efficient alternative for developing 
countries (Clark et al., 2012). A feature of SF is the simplicity of oper-
ation and the ability of the process to remove potentially pathogenic 
organisms from the water (Chollom et al., 2017; Laghari et al., 2018). 
The disadvantages of SF are the difficulties associated with the filtration 
of appreciable turbid waters, the requirement for more space, and also 
the effects of algal blooms (Logsdon et al., 2002). In general, rapid 
filtration is preceded by a chemical pre-treatment of the water, generally 
coagulation-flocculation, decantation and a post-treatment (generally 
disinfection), together these processes are known as conventional 
treatment (Bar-Zeev et al., 2013; García-Ávila et al., 2021). 
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The disadvantage of SF is the low capacity to remove high turbidity 
peaks present in natural (raw) water that can enter the plant, the in-
crease in turbidity clogs the slow filters. High turbidity is generally the 
product of a hydrological or climatic phenomenon, such as heavy rains, 
which makes it necessary to increase the frequency of maintenance of 
the filtration system (Ranjan and Prem, 2018). A slow filter loses func-
tionality with turbidity greater than 20 or 30 NTU, which is very 
problematic, if it is necessary to work with peaks of 50 to 100 NTU 
(Logsdon et al., 2002b; Ellis and Wood, 2009; Gottinger et al., 2011). In 
contrast, rapid sand filtration allows treating high turbidity raw water 
and the effluent is of very good quality, complying with stricter speci-
fications, allowing changes in turbidity and filtration rates (Al-Rawi, 
2017). 

When using SF it is essential to have a raw water supply that is not 
subject to prolonged periods of high turbidity (Liu et al., 2019). The high 
color in raw water is an additional disadvantage for SF; in contrast, RF 
allows working with high levels of color (Ellis and Wood, 2009). These 
same authors indicate that due to various factors that have caused an 
increase in the turbidity of the raw water for prolonged periods, it has 
been preferred to use rapid filtration, using a chemical pre-treatment 
will eliminate the turbidity to values below 1 NTU. 

The use of RF allows satisfying the demand for effective water 
treatment, providing flexibility and reliability in the operation of the 
plant, especially when the raw water quality is variable, with high levels 
of color and suspended solids. At the end of the filtration, turbidity of 
less than 0.5 NTU can be obtained (EPA, 1995). 

In the country of Ecuador there is a water treatment plant managed 
by the "Bayas" Potable Water Administration Board (BPWAB), which is a 
non-profit social organization whose purpose is to provide drinking 
water service in the community. The directors of this organization 
decided to change the SF treatment technology to a conventional 
treatment system. This decision was made due to the fact that the raw 
water that entered said plant presented high levels of turbidity and 
color, caused by the erosion that exists in areas adjacent to the catch-
ment sources, making it difficult to treat raw water in a SF system. The 
increase in the concentration of color and turbidity affected the oper-
ating conditions of the plant, especially the slow filters, causing a rapid 
degree of clogging of the sand. This in turn causes a decrease in the flow 
of treated water and therefore a supply deficit, causing greater main-
tenance on slow filters. A granulometric analysis of the sand from the 
slow filters showed that the sand had reached its useful life, requiring its 
replacement with a new sand. Considering the aforementioned problems 
and the increase in the population of the Bayas community, the com-
munity leaders made the decision to change the SF treatment system for 
an RF treatment plant, which guarantees the drinking water quality. 

The use of appropriate filtration systems improves the drinking 
water quality. Design modifications increase treatment efficiency and 
broaden the applicable quality range of raw water (Lenart-Boroń et al., 
2019; Jakubaszek, 2019). The objective of this study was to determine 
the effectiveness in removing turbidity and color in the water treatment 
plant in Bayas (Ecuador) after modernization. The effectiveness of the 
water treatment was evaluated based on the degree of removal for which 
of the physicochemical parameters. 

2. Materials and methods 

2.1. Study area 

The study area is located in the south of Ecuador, city of Azogues, 
Bayas community. The area is characterized by an urban-marginal and 
rural infrastructure. The population of the Bayas parish is served only by 
a drinking water treatment plant. The plant was built in 1998 and 
consisted of a slow filtration system with a gravel filtration pre- 
treatment. After modernization, the plant is currently made up of a 
conventional system: coagulation, flocculation, sedimentation, rapid 
filtration and disinfection, with a treatment capacity of 20 L/s, currently 

producing 15 L/s. The distribution is by gravity, covering an approxi-
mate population of 6000 inhabitants. 

2.2. Modernization of the technological water treatment system 

The technology change consisted of replacing the SF system with an 
RF system (conventional treatment). The design of each treatment unit 
considered the guidelines proposed by the Pan American Center for 
Sanitary Engineering (CEPIS, 2004), contained in Manual II: Design of 
appropriate technology plants. Treatment of water for human con-
sumption. Rapid filtration plants. 

2.2.1. Sizing and construction of the conventional treatment plant 
The rapid mixing consisted of a rectangular weir, in free fall with a 

mixing gradient> 1000 s − 1, with a mixing time 〈1 s and a Froude 
number 4.5 <NF〉 9, which guarantees that the hydraulic jump that is 
formed is stable, properly promoting the mixture of water with coagu-
lant and a water speed at the mixing point> 2 m/s. 

Two vertical flow hydraulic flocculators with baffles were designed 
and built for a flow rate of 10 L/s each, retention time of 20 min, speed of 
0.15 m/s, depth of 2.6 m and velocity gradients that varied between 70 
and 20 s − 1. 

Likewise, two high-rate decanters were designed and built, each 
1.30 m wide, 7.0 m long and 2.60 m deep. These decanters were built 
with asbestos-cement plates, 1.20 m wide and 1.3 m long, with a spacing 
between plates of 0.05 m, 8 mm thick plates and an inclination of 60◦, 
with a design flow for each decanter of 10 L/s and a sedimentation rate 
of 120 m3/m2d. Asbestos-cement is no longer allowed in many coun-
tries, which is why community leaders have committed to changing 
asbestos-cement plates to tube settler modules of Acrylonitrile Buta-
diene Styrene (ABS). 

A self-cleaning and declining rate filtration system was built, made 
up of four filters. This allows at least three units to be operational, while 
the fourth unit is cleaned. The filter bed implemented is sand with an 
effective size TE= 0.55 mm, a uniformity coefficient CU= 1.60 and a 
porosity of 0.42. For the design and construction of the filters system, the 
following phases were completed: a) the filtration area and the number 
of filters in the filter system that guarantees the washing flow were 
determined, b) definition of the characteristics of the filter medium, c) 
the filtration rate was chosen considering the characteristics of the 
influent, medium filter, method of operation and hydraulic load, d) 
calculation of head losses during the washing of a filter and location of 
the outlet weir e) calculation of the hydraulic head required by the filter 
system to operate at a decreasing rate. Each filter was built 1.2 m wide, 
1.6 m long and 4.2 m deep with a filtration rate of 250 m3/m2d. 

2.3. Sampling and analysis of water 

The studies were conducted for six months before modernization 
(March-August) and for six months after modernization (February-July). 
The modernization works were carried out from September to 
December. Raw water and treated water samples were collected from 
the SF system and the conventional plant after the changes made. That 
is, before and after modernization. The parameters analyzed were 
turbidity (Tur), color (Col), pH, total dissolved solids (TDS), nitrates 
(NO3), sulfates (SO4), phosphates (PO4), chlorides (Cl− ), alkalinity 
(Alk), hardness total (TH) and iron (Fe). The samples were collected in a 
volume of 1000 ml in sterile polypropylene bottles, with a fortnightly 
frequency, which resulted in a collection of 13 samples for each sam-
pling site and for each monitoring time, giving a total of 52 samples. The 
laboratory analysis allowed determination of the changes in the water 
quality during the six months before and during the six after the 
modernization. 

The tests in all water samples were analyzed according to the Stan-
dard Methods for the examination of water and wastewater. Turbidity 
was measured using a HACH 2100P turbidimeter. Color was measured 
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using a HACH DR.... 890 colorimeter. The TH and Alk were measured by 
the titration method; the pH, TDS were measured with the Hach 
Multiparameter HQ 40d The parameters NO3, SO4, Cl− , PO4 and Fe 
were determined with the HACH DR.... 2500 spectrophotometer; and 
compared with national standards. 

2.4. Robustness index based on turbidity 

Huck and Coffey (2004) in their study evaluated a simple easily 
implementable filtration robustness concept for use based on an index 
that explains the mean and variance. They called this index the turbidity 
robustness index (TRI) (Eq. (1)). This same turbidity robustness index 
(TRI) for both coagulation / flocculation / sedimentation and filtration 
was used by Li and Huck (2008) and Zhang et al. (2012). 

TRI95 =
1
2

(
T95

T50
+

T50

Tgoal

)

(1) 

Where TRI95 is the turbidity index using the 95th percentile, T50 and 
T95 are 50th and 95th percentiles (NTU), respectively, Tgoal (NTU) is 
the filter turbidity goal. The first term T95/T50 represents uniformity, the 
second term T50/Tgoal represents the overall performance of the filter 
against the target; the closer the value is to 1, the more robust the system 

will be (Li and Huck, 2008; Hartshorn et al., 2015). 

2.5. Statistical analysis 

To verify whether there are statistically significant differences in the 
physical and chemical parameters of water quality between the periods 
before and after modernization, the ANOVA analysis of variance was 
used. Data normality was determined by the Shapiro-Wilk Test. The p 
values ≤ 0.05 were considered significant. 

3. Results and discussion 

3.1. Implementation of the conventional treatment system 

The modernization made it possible to implement rapid mixing in the 
water inlet channel to the treatment plant. Flocculators and decanters 
were installed in the existing gravel pre-filters, while the new RF filter 
system was built on a new site. The slow filters were not removed but 
remained out of commission and separate to the new system (Fig. 1). 

Fig 1. (a) Treatment plant before modernization. (b) Treatment plant after modernization.  
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3.2. Physicochemical characteristics of raw water and treated water 

Table 1 shows the average concentrations of the physical and 
chemical parameters of raw and treated water analyzed before 
modernization. In other words, all these data were obtained from the SF 
system. Turbity and color in the treated water were lower compared to 
raw water, with a significant removal of these parameters. The param-
eters pH, TDS, TH, Alk did not show a notable variation between raw 
and treated water. Sulfates, nitrates and phosphates increased in the 
plant effluent, which agrees with Ellis and Wood (2009); Ranjan and 
Prem(2018) who indicate that these parameters increase with slow 
filtration. 

The results presented in Table 1 indicate that the new treatment 
system has a high efficiency to remove turbidity (98.76%), color 
(99.82%), chlorides (59.12%), nitrates (64.89%), phosphates (69.23%), 
iron (94.03%). Allowing the treatment system to be sustained over time, 
due to the potential capacity to face future deterioration in raw water 
quality. Confirming that there is greater removal of turbidity and color, 
as well as other parameters after the raw water is subjected to coagu-
lation, flocculation, sedimentation and filtration. 

Table 2 shows the average concentrations of the physical and 
chemical parameters of raw and treated water analyzed after moderni-
zation. In other words, all these data were obtained from the conven-
tional treatment system that includes rapid filtration. The turbidity, 
color and Fe in the treated water were much lower compared to raw 
water, with very significant removal of these parameters. The parame-
ters pH, TDS, TH, Alk did not show a notable variation between raw and 
treated water. Chlorides, nitrates, phosphates were also removed in a 
considerable quantity. In contrast, sulfates increased, this is due to the 
fact that, in the conventional treatment process, aluminum sulfate was 
used as a coagulant, which is why sulfates increased in the plant effluent. 

3.3. Compliance of treated water with regulations 

Table 3 analyzes the compliance of treated water with Ecuadorian 
regulations before modernization, as well as after modernization. As can 
be seen before the modernization, the treated water did not comply with 
the limits established by local regulations in three parameters: turbidity, 
color and phosphates. After modernization, however, all the parameters 
complied with the regulations. 

3.4. Variation of the physical and chemical parameters of the treated 
water: before modernization and after modernization 

To analyze whether the effluent characteristics improved after 
modernization, Fig. 2 is presented. In this figure turbidity, color, ni-
trates, phosphates and iron were significantly reduced after moderni-
zation.. In the case of the other physicochemical parameters, no 
significant changes were found (Fig. 2). Only sulfates increased in the 
effluent after modernization, which is due, as previously stated, to the 
use of aluminum sulfate as a coagulant, the treatment leaves a residual 

sulfate; however, as observed in Table 3, the sulfate level is well below 
the maximum limit established in the regulations. As a result of the 
modernization implemented in the drinking water treatment plant, the 
quality of the effluent showed a significant improvement after the 
changes made to the infrastructure. 

The slow sand filtration system (before modernization) proved to be 
efficient in removing many physico-chemical impurities contained in 
raw water. However, there were impurities that were removed more 
effectively with the conventional treatment system (after moderniza-
tion). According to Table 2 and Fig. 2, the average turbidity of the 
treated water before modernization was 5.45 NTU and after moderni-
zation it was 0.45 NTU. The average color of the treated water before 
modernization was 44.92 CU Pt-Co and after modernization it was 0.62 
CU Pt-Co. This shows that the treated water quality improved notably 
with the changes implemented in the treatment plant. In the SF there 
was a reduction in turbidity by 88.69%, while in the conventional plant 
the removal of turbidity was 98.75%, which corroborates what was 
reported by Al-Rawi (2017); Laghari et al. (2018). The color was 
reduced by 90.33% in the SF, coinciding with what was mentioned by 
certain authors, who indicate that the color is not as removed as effi-
ciently in slow filters (Logsdon et al., 2002b; Gottinger et al., 2011). In 
contrast, the removal of color in the conventional system was 99.82%. 

The average pH of the treated water before modernization was 7.34 
and after modernization it was 7.32. The average TDS of treated water 
before modernization was 69.13 mg/L and after modernization it was 
68.63 mg/L; therefore, there was no significant change in these pa-
rameters as expected, since these treatment systems do not eliminate 
dissolved solids. 

The average TH of treated water before modernization was 55.69 
mg/L CaCO3 and after modernization it was 45.69 mg/L CaCO3, the use 
of coagulants was an aid for this softening process (Ordóñez et al., 
2012). The average alkalinity of the treated water before modernization 
was 56.31 mg/L CaCO3 and after modernization it was 37.77 mg/L 
CaCO3. The conventional treatment system presented a lower level of 
alkalinity, this due to the fact that in coagulation alkalinity is consumed 
by reacting the coagulant with alkalinity (García-Ávila et al., 2018). 

The average nitrate values of the treated water before modernization 
was 4.18 mg/L and after modernization it was 0.79 mg/L. The average 
values of phosphates in the treated water before modernization was 
0.42 mg/L and after modernization it was 0.08 mg/L. The conventional 
treatment system presented a better elimination of these pollutants. 
Which confirms that there are chemical impurities that are not removed 
effectively with SF, such as sulfates, nitrates, phosphates (Ellis and Wood 
2009; Gottinger et al., 2011; Ranjan and Prem, 2018). The average 
sulfate before modernization was 3.02 mg/L and after the changes it was 
17.85 mg/L. It increased due to aluminum sulfate, which leaves a re-
sidual sulfate in the water; but this value was very below the permissible 
limit in drinking water (Gabelich et al., 2002). The average value of iron 
in the treated water before modernization was 0.1 mg/L and after the 
changes it was 0.04 mg/L; it was removed by a considerable in slow 
filtration as determined by Gottinger et al. (2011) and Guchi (2015), but 

Table 1 
Characteristics of the physical and chemical parameters of the quality of raw and treated water before modernization.  

Parameter Unit Raw water Treated water   
Mean Min Max CV Mean Min Max CV 

Turbidity NTU 48.21 9.88 125.3 70.77 5.45 1.8 10.5 50.55 
Color UC 465 99 1160 67.84 44.92 9 94 64.03 
pH 7.58 7.18 7.85 3.19 7.34 7.12 7.65   
TDS mg/L 65.85 58.8 75.6 7.83 69.13 56.4 84.1 9.5 
Total hardness mg/L as CaCO3 53.38 42 65 13.5 55.69 48 71 11.03 
Alkalinity mg/L as CaCO3 52.15 46 62 9.29 56.31 52 69 8.62 
Sulfates mg/L 2.06 1.2 3.1 23.97 3.02 1.9 3.8 15.29 
Chlorides mg/L 15.11 10.2 17.2 13.46 8.24 5.24 9.85 16.06 
Nitrates mg/L 2.81 1.4 5.1 43.92 4.18 2.2 6.3 35.57 
Phosphates mg/L 0.32 0.16 0.56 36.7 0.42 0.26 0.57 25.03 
Iron mg/L 0.8 0.51 1.24 30.09 0.1 0.06 0.18 34.38  

F. García-Ávila et al.                                                                                                                                                                                                                           



South African Journal of Chemical Engineering 37 (2021) 141–149

145

the highest removal was presented by the conventional system. 
After determining the normality of the data, it was found that all the 

data sets presented normality (with 95% confidence). There were sig-
nificant differences in the monitoring carried out before and after the 
modernization (p <0.05). Table 4 presents the importance of the dif-
ferences in the examined physicochemical parameters of the treated 
water before and after modernization. 

Only the pH and TDS did not present a significant difference, the 
other nine physicochemical parameters did present a significant differ-
ence. Therefore it can be said that if there is a difference in the water 
quality after the improvements implemented in the treatment plant, 
therefore the modernization was effective. 

3.5. Robustness index based on turbidity 

Table 5 shows percentile turbidity and TRI95 values, calculated for 
periods before and after modernization. It is clear that TRI95 was better 
after retrofit, as it has substantially better average performance and is 
closer to the turbidity target (Zhang et al., 2012; Hartshorn et al., 2015). 
A clear difference is obtained between the two periods analyzed. 

The target for turbidity to ensure disinfection effectiveness should 
not be higher than 1 NTU and preferably much lower. Large and well- 
managed municipal supplies must be able to reach less than 0.5 NTU 
(WHO, 2011), that is, Tgoal= 0.5 NTU in Eq. (1). The calculated values 
TRI95 are presented in Table 5. 

3.6. Microbiological comparison between rapid filtration and slow 
filtration 

The microbiological comparison was made with the raw water 
samples and with the water at the outlet of the rapid and slow filters. The 
results are presented in Table 6, a notable decrease can be observed, 
both in total coliforms and fecal coliforms in the rapid filter and also in 

the slow filter. There was a removal of fecal coliforms of 98.91% in the 
rapid filtration system (conventional treatment) and 99.09% in the slow 
filtration system. The results indicate that total coliforms and fecal co-
liforms were removed in a high proportion after the raw water was 
subjected to coagulation, flocculation, sedimentation and filtration. 
After disinfection with calcium hypochlorite solution, these microbio-
logical parameters were not present. 

A conventional treatment plant was implemented, consisting of a 
rectangular weir, vertical flow hydraulic flocculator, high-rate decanter 
and a filters system. This system replaced a system composed of gravel 
pre-filters and slow filters. This alternative was selected because the 
conditions of a conventional treatment allow treatment of waters with 
high levels of turbidity and color, the new system implemented signif-
icantly improved the characteristics of drinking water. 

The companies in charge of supplying drinking water must establish 
the objective of supplying drinking water with <1 NTU, must continu-
ally strive to improve the performance of the purification processes. At 
turbidity> 1 NTU, higher doses of disinfectant or longer contact times 
will be required to ensure efficient disinfection. This implies improve-
ments in the operations, design, administration, and maintenance of a 
water system. That is, modernizing the infrastructure that allows oper-
ating personnel to handle future challenges, such as unforeseen changes 
in the raw water quality (Makungo et al., 2011). 

The integration of the community and other stakeholders in projects 
to implement new drinking water treatment systems is essential for the 
results to be appropriate to local circumstances and to be sustainable in 
the long term (Mac Mahon and Gill, 2018). This experience demon-
strated that communities organized into local boards can be innovative 
and proactive in improving the drinking water quality. However, it must 
be emphasized that in this type of project it is essential to provide 
support to the community in the medium and long term, executing 
training for the personnel who operate this type of plants. Likewise, the 
monitoring and evaluation of the physical facilities must be carried out. 

Table 2 
Characteristics of the physical and chemical parameters of the quality of raw and treated water after modernization.  

Parameter Unit Raw water Treated water   
Mean Min Max CV Mean Min Max CV 

Turbidity NTU 36.29 9.78 112.3 80.97 0.45 0.28 0.71 26.05 
Color UC 347.4 101 1004 76.2 0.62 0 2 124.79 
pH 7.58 7.57 7.21 7.98 2.8 7.32 6.98 7.71 
TDS mg/L 74.22 64.5 88.6 9.61 68.63 59.2 82 10.71 
T. Hardness mg/L as CaCO3 49.92 41 61 13.32 45.69 34 56 13.82 
Alkalinity mg/L as CaCO3 50.31 42 59 9.27 37.77 24 49 20.91 
Sulfates mg/L 1.99 1.1 3.8 36.45 17.85 8 33 46.26 
Chlorides mg/L 15.19 12.4 17.6 10.43 6.21 2.6 8.3 29.15 
Nitrates mg/L 2.25 0.98 4.4 38.55 0.79 0.48 1.6 38.82 
Phosphates mg/L 0.26 0.11 0.44 37.17 0.08 0.04 0.14 34.74 
Iron mg/L 0.8 0.51 1.24 43.69 0.04 0.01 0.08 58.91  

Table 3 
Characteristics of the physical and chemical parameters of the quality of raw and treated water before modernization.  

Paremeter Unit Maximum limit allowed 
according to regulations 

Average value before 
modernization 

Compliance with 
Regulations (yes/ No) 

Average value after 
modernization 

Compliance with 
Regulations (yes/ No) 

Turbidity NTU 5 5.45 N 0.45 Y 
Color UC 15 44.92 N 0.62 Y 
pH  6.5–8.5 7.34 Y 7.32 Y 
TDS mg/L 1000 69.13 Y 68.63 Y 
Total 

hardness 
mg/L 
CaCO3 

300 55.69 Y 45.69 Y 

Alkalinity mg/L 
CaCO3 

250 56.31 Y 37.77 Y 

Sulfate mg/L 200 3.02 Y 17.85 Y 
Chloride mg/L 250 8.24 Y 6.21 Y 
Nitrate mg/L 50 4.18 Y 0.79 Y 
Phosphate mg/L 0.1 0.42 N 0.08 Y 
Iron mg/L 0.3 0.1 Y 0.04 Y  
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This modernization project implemented in a community in Ecuador 
tries to show how a change in water treatment technology can provide a 
system to improve the drinking water quality. This could be applied in a 
rural context but could also apply in a peri‑urban context. This 
modernization allows treating raw water that is being affected by 
climate change (e.g., increased rainfall and subsequently runoff incre-
ment, increased erosion and water quality degradation) and the change 
in land use due to the expansion of the agricultural frontier that con-
tributes to the increase in surface water with high turbidity and color. 
Besides, this new system helpful face future quality water troubles due to 
an increase of surface flow by changes in climate and land use and land 
cover in watersheds. 

It should be noted that challenges arise during the transition of new 
water treatment technology, mainly due to lack of financial resources to 
implement. These issues can be resolved by persuading community 
managers to try a new approach to water treatment, so financial 
collaboration from users is essential. 

The challenge is great for leaders and users of the BPWAB, consid-
ering that surface water sources are being affected by the continuous 
process of deforestation and erosion, and by the effects of climate 
variability. The consequences of this situation require that the purifi-
cation system cope with higher loads of suspended solids and bacterio-
logical contamination. This new treatment system is more efficient, 
allowing it to provide good quality drinking water to its users. 

Fig. 2. Variation of the physical and chemical parameters of the treated water: before modernization and after modernization.  
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The challenges for a sustainable treatment of drinking water in the 
Bayas community must be faced by the leaders of the BPWAB, 
addressing the problems with a comprehensive vision and directing their 
efforts to balance the technological and non-technological components. 
All this framed in a process of community participation with full re-
sponsibility, authority, autonomy and control in the monitoring, eval-
uation and decision-making in the different phases of the project. The 
challenges to ensure the sustainability of drinking water in the BPWAB 
are presented in Table 7. 

In Table 8 a comparison has been made between the operation and 
maintenance requirements, as well as the costs necessary for said 
operation and maintenance of the old and new treatment system. The 
costs are higher in the new system (1845.94 USD/month) compared to 
the old system (768.80 USD/month). To cover these additional costs, the 
general assembly of users agreed that once the new system was built, the 
basic rate would increase by 0.5 USD per user. In addition, it was agreed 
to charge an additional rate for users with consumption greater than 10 
m3/month. With the aforementioned, it has been possible to have an 
average additional income of 2599 USD per month, thus allowing to 
cover the costs of operation and maintenance, including a balance of 
753.06 USD/month, which is used for other maintenance expenses of 
the network of distribution. 

The BPWAB guarantees the sustainability of drinking water in har-
mony with the community management capacity, for which, it has not 
only assumed the administration, operation and maintenance of the 
systems but also assumed control, authority, responsibility and projec-
tion of the provision of the service. The BPWAB has demonstrated the 
capacity to operate this conventional treatment system, the data is better 
organized, determining that the community organizations that operate 
the drinking water treatment plant have higher levels of performance 
regarding sustainability, possibly because the implementation phase 
was accompanied by technical-business advice. Additionally, a longer 

operating time makes it easier to improve management, learned from its 
experience, allowing it to comply with regulatory and legal frameworks. 
Since the start-up of the treatment plant, there are operators who cover 
the three shifts of the day, from 06:00 to 14:00, from 14:00 to 22:00 and 
from 22:00 to 06:00, which guarantees an efficient operation of the 
treatment system. 

The leadership that manages the drinking water system of this 
community has demonstrated its management capacity; with their own 
resources from the Potable Water Board and contributions from the 
users, they were able to raise the economic funds necessary to carry out 
the modernization of the plant; as well as to be able to keep the system 
working efficiently. 

Therefore, ensuring the participation of the entire community from 
the planning to the implementation of this type of projects is crucial to 
maximize the sustainability and acceptability of the project, in such a 
way that a community ownership of the new system takes place. 

Table 4 
Differences in the results of the physicochemical parameters that determine the 
treated water quality before and after implementing the improvements.  

Parameter Results 

Turbidity Significant Difference (p <0.0001) 
Color Significant Difference (p <0.0001) 
pH No Significant Difference (p = 0.7013) 
TDS No Significant Difference (p = 0.8564) 
Total hardness Significant Difference (p = 0.0004) 
Alkalinity Significant Difference (p <0.0001) 
Sulfate Significant Difference (p <0.0001) 
Chlorides Significant Difference (p = 0.0033) 
Nitrates Significant Difference (p <0.0001) 
Phosphates Significant Difference (p <0.0001) 
Iron Significant Difference (p <0.0001)  

Table 5 
50th to 95th percentile turbidity and TRI95 values for before and after of the 
treatment plant modernization.  

Data period T50 T95 Tgoal TRI95 

Before Modernization 5.12 10.5 0.5 6.15 
After Modernization 0.45 0.71 0.5 1.24  

Table 6 
Microbiological content after the rapid and slow filtration.   

Raw water Rapid 
filtration 

Slow 
filtration 

Total coliforms (MPN/100 
ml) 

295.8 ±
115.0 

2.6 ± 2.5 2.2 ± 2.9 

Fecal coliforms (MPN/100 
ml) 

110 ± 103.9 1.2 ± 1.5 1.0 ± 1.3  

Table 7 
Challenges to ensure the sustainability of drinking water in the BPWAB.  

Components Challenges overcome Challenges to overcome 

Environmental  Propose a maintenance 
and conservation plan for 
surface water sources that 
supply the treatment 
plant.   
To face the problems in the 
efficient use and saving of 
water and integral 
management of the water 
resource in the face of 
climatic variability. 

Technical Technological solutions 
that can be sustained in 
these contexts, 
guaranteeing community 
participation. 

Maintain an efficient 
treatment system to face 
changes in raw water 
quality in the face of 
climatic variability.   
Continuous training for 
operators.  

Designation of operators in 
the plant treatment.  

Financial Investment for the 
implementation of a new 
treatment system. 

Secure grants to 
community organizations 
to balance total costs with 
income via fees. 

Investment for the 
operation and 
maintenance of the 
treatment system.    

Investment resources in 
harmony with the context, 
facilitating the 
participatory process of the 
community.  

Social Guarantee community 
participation in all phases 
of the project. 

Flexibility in the payment 
of rates to users with 
limited economic 
resources.   
Strengthening of the 
BPWAB in administration, 
operation and 
maintenance, regulatory 
and legal processes. 

Institutional Guarantee technical 
support for administration, 
operation and 
maintenance, through 
support from universities. 

Integrate work with local 
government institutions 
with new conceptual 
frameworks.   

Guarantee an effective 
information system for 
users when the service is 
suspended due to the 
maintenance of the 
treatment units.  
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4. Conclusions 

This document presents evidence that the modernization of a treat-
ment plant improves the quality of drinking water, thus, in this study, 
when replacing a slow filtration system with a conventional treatment 
system that includes rapid filtration, the quality of the treated water 
improved markedly. A conventional treatment allows treating raw water 
with high levels of turbidity and color, something that cannot be easily 
removed using slow filters. From the results of the analysis of the 
physicochemical parameters, it was observed that nine of the eleven 
parameters analyzed did show a significant difference, therefore it can 
be said that there is a difference in the quality of the water after the 
improvements implemented in the treatment plant therefore the 
modernization was effective. Turbidity and color improved significantly 
after modernization. Also, nitrates, phosphates and iron were success-
fully removed. Applying the turbidity robustness index TRI95, it was 
found that this index was less after the modernization, confirming the 
effectiveness of the changes implemented in the modernization of the 
treatment plant. The results highlight the need for a constant evaluation 
of the performance of the purification processes. This study allows us to 
conclude that the first step to purify water is to determine the initial 
quality of the water in the supply source, which will allow us to choose 
the best design to treat that raw water. Due to the deterioration in the 
quality of raw water, it is currently necessary to implement new treat-
ment technologies to improve the quality of drinking water. The expe-
rience of this modernization study showed the need to know the 
behavior of surface water, given the increasingly unpredictable changes 
in the quality of raw water due to changes in climate and land use, that is 
necessary to have sufficiently robust treatment systems to face future 
hazards that could harm the population. 
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