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Environmental Indicators in the Pretreatment
of Water Potabilization

Abstract

Environmental indicators provide information that is both significant and
comparable for process controls, such as drinking water quality. Therefore, the
objective of this study was to determine the variability of the following parameters:
turbidity, residual chlorine and pH, in the process of water pretreatment for
potabilization and to propose corrective actions to ensure standards of water
quality for human consumption are maintained. The methodology consisted in
taking 45 simple samples of water to determine the aforementioned parameters
in the water supply for the locality studied. Individual X-R control charts were
elaborated to learn the central tendency and variability of the environmental
indicators. These were compared to the control limits in the official Mexican
standard NOM-127-SSA1-1994 “Environmental health, water for human use and
consumption-permissible limits of quality and treatments to which water must
be submitted for its potabilization”. The results showed that turbidity was under
statistical control, whereas residual chlorine and pH were identified to be outside
of the aforementioned control. Therefore it is suggested to improve training for
operators and to establish a calibration program for the equipment used. This
review of the environmental indicators also allowed us to conclude that this
process is affected by water quality, which is variable. This is especially true in
the rainy season where there is more turbidity due to the dragging of sediments
towards the supply source, in addition to the existence of a relationship between
the increase in turbidity of raw water and disinfectant dosage. Through the control
of the water pretreatment process there will be gradual but significant advances
to increase water quality, guaranteeing the satisfaction of the population.
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Environmental phenomena have an impact on the variability of
water supply sources; this requires the processes of potabilization
to operate properly before these variations can be considered to
maintain the quality standards in the production of water for
human consumption [1].

The importance of environmental indicators derives from the
need to help organizations in their decision-making processes as
well as constituting a tool through which concise and scientifically
supported information is presented so that it can be easily
understood and used [2]. These indicators favor public perception
about environmental problems to provide an information base for
continuous improvement; they also assess conditions and trends
at a regional, national or global scale and benefit the integration

of these factors into economical policies. All these factors
make it possible to comply with international commitments in
environmental matters and to perform comparative analyses
between companies and economic sectors.

The ISO 14000 series is used for the evaluation of indicators; it
is constituted by a set of standards and among them 1SO 14031:
2015 "Environmental performance evaluation" stands out [3].
This standard describes two general categories of indicators for
the evaluation of environmental performance (EEP): indicators
of environmental performance and indicators of environmental
conditions. Therefore, the objective of this research was to
determine the behavior of the following parameters: turbidity,
residual chlorine and pH in the process of pretreatment of water
for potabilization and to propose corrective actions to ensure
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that standards of water quality for human consumption are
maintained (Table 1).

Standard NOM-127-SSA1-1994 has the following limits for drinking
water: maximum 5 units of nephelometric turbidity (NTU) ideally
below 1 NTU [4], pH 6.5-8.5 and residual chlorine between 0.2 to
1.5 mg/L [5]. A high turbidity prevents disinfection and promotes
the proliferation of bacteria, which results in a significant demand
in the average chlorine expense, which in consequences acidifies
the water. The excess dosage of chlorine has a series of negative
effects, since it increases the costs of water treatment and alters
the water’s properties of flavor and odor. Liquid chlorine causes
severe burns on contact with skin and eyes. The effects are more
severe as concentration gets higher or exposure times get longer,
causing eye irritation and shortness of breath. Symptoms of
exposure to high concentrations consist of nausea and vomiting
followed by marked difficulty in breathing [6]. Increasing chlorine
levels also raises the risk of formation of disinfection byproducts
such as trihalomethanes that can be harmful to human health [7].
Therefore, if these indicators are not under control, a significant
disturbance in water quality is generated [8-11]. Hence the
importance of analyzing the potabilization pretreatment process,
which is shown in Figure 1, with critical control points and
indicators that were measured in this process.

The important points in the present study are the performance
of permanent surveillance for appropriate control to avoid over
dosage or lack of application of reagents that affect the water’s
final quality. Thanks to this information, material and human
resources allocation can take place, maximizing the results
obtained in the investment and ensuring optimal results (Figure
1).

The evaluation of indicators of operation in the pretreatment
of water according to ISO 14001 has benefits regarding the
improvement of the quality and efficiency of the process, savings
in raw material and reduction in the generation of waste, all this
is reflected in a decrease in the costs of management, operation,
treatment and payment for the right to use water [12].

Methodology

The methodology consisted of three phases: water sampling,
characterization of the parameters in the Ilaboratory and
statistical analysis of the results. The source of supply for this
pretreatment is the Huehueyapan River located near the Cofre
de Perote volcano in Mexico. The facility consists of a bypass
dam constructed with concrete and masonry, including a grit
sedimentation channel with a steel gate measuring 1.0 x 1.50 m.

Table 1 Indicators of the water pretreatment process.
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The collected flow is conducted through a call channel to three
gravity-based pre-sedimentation tanks, each with a capacity of 60
Ips. After the sedimentation process, chlorination by the addition
of 13% sodium hypochlorite is carried out in a contact tank, for
the adequate disinfection of the water and its distribution under
sanitary conditions through the pipeline network of the city.
Therefore, itis required to dose a chlorine concentration of 3 mg/L
in the effluent of the regularization tanks, so that the closest point
of the distribution network contains 1.2 mg/L and the furthest,
0.2 mg/L and thereby ensuring water quality as required by the
corresponding regulation.

For the first phase, 45 simple samples were taken in duplicate
during the period from January to February 2018 at the entrance
of the regularization tanks. In the second phase, laboratory
determinations were made for the turbidity, residual chlorine
and pH parameters using a portable laboratory Hash 2800. In the
third phase, the statistical analysis of turbidity, residual chlorine
and pH [13] of the water pretreatment process using individual
x-R control charts to determine if they were under statistical
control [14,15]. The data analysis was carried out using JMP
SAS software version 8. Based on the results obtained through
the measurements made in the affluent of the regularization
tanks, it was determined if these environmental indicators had
to be adjusted to standard requirements for water for human
consumption.

Results and Discussion

Figure 2 shows the chart of individual averages of turbidity, where
this parameter presented values in the range of 2 to 2.5 NTU, so
it is under statistical control in the affluent of the regularization
tanks. It is worth mentioning that the data from days 30 and 37
were eliminated due to the presence of rain that increased the
turbidity. In this study the turbidity indicator presented a range of
2.0 to 3.0 NTU, however this result is different from that shown
by other authors who report ranges of 0.67 £ 0.56 and 0.25— 8.23
NTU respectively. It is inferred that the difference is due to the
period when sampling took place and the water quality of the
study area (Figure 2) [16,17].

Figure 3 shows the chart of ranges was also under control after
making the same adjustment of the aforementioned points. This
confirms the process is affected by the behavior of high turbidity
events in the supply source. It requires a quick and accurate
operational response by operators, in order to maintain quality
standards in the treated water. A strategy to guarantee the above
could be the implementation of training programs, aimed at
the personnel that operate pretreatment; especially if there are

Number Critical Control Point Indicator Standard Observation/ Description
1 Pre-sedimentation Turbidity NOM-127-SSA1-1994 <5NTU
2 Chlorine contact tank Chlorine NOM-127-SSA1-1994 1.50 ppm
Chlorine 1.5 ppm
3 Driving line Turbidity NOM-127-SSA1-1994 <5NTU
pH 6.5-8.5
Chlorine 3 ppm
4 Output of regularization tanks Turbidity NOM-127-SSA1-1994 <5NTU
pH pH: 6.5-8.5
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Figure 1 Pretreatment of water process.
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Figure 2 xindividual control chart for turbidity at the entrance of regularization tanks.

high turbidity events in the source of supply. When the turbidity
indicator is under statistical control, it means the process is
stable, predictable and reliable (Figure 3).

Figure 4 presents the chart for the indicator of residual chlorine,
here it was found that point 5 had a low concentration of chlorine
(0.3 mg/L) and point 55 did not contain chlorine at all. The results
were compared with the NOM-127-SSA1-1994 that indicates
the values of residual chlorine should be within the range of
0.2 to 1.5 mg/L. Thus, it can be seen that point 5 of the chart is

© Under License of Creative Commons Attribution 3.0 License

within specification whereas point 55 is outside the regulatory
values. After reviewing this situation, it was found that an error
by the operators in charge of the dosing of chlorine caused
these low concentrations. Therefore, the control limits of the
charts were recalculated without considering this data, where
non-random patterns were observed in two trials specifically.
The first one, consisting of seven consecutive points and the
second one, consisting of eight points below the average range,
confirming that there is a lack of training for the facility operators
regarding the application of the colorimetric method. It would
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Figure 3 Control chart for mobile range of turbidity at the entrance of regularization tanks.
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Figured X Individual control chart for chlorine and control chart for mobile range of chlorine at the entrance of

regularization tanks.

be recommended to provide proper training to the operators
and it would be necessary to have another measuring instrument
designed for the automated on-site and online control of residual
chlorine concentration. Chlorine indicator presented a range of
0.5 to 1.5 mg/L in this research; this result is different from that
reported in prior literature with ranges from 0.12 to 0.44 mg/L
[17,18]. This difference is probably due to greater contamination
at the sampling sites (Figure 4).

Figure 5 presents the charts where control limits for the pH
indicator were recalculated and the assignable causes were
reviewed, in points 1, 4, 6, 29 and 49. All the values had a pH
of 6.8; which may be indicative of a causality arising from
the operation of the measurement equipment, for example,
incorrect calibration, because of adjustments that were observed

in the process and a tendency to form non-random patterns,
confirming the cited causality. Consequently, it is necessary to
have a calibration program for the measuring equipment, as well
as providing further training to the operators. The pH was 6.8,
however this result differs from that presented by other authors
who show values of 6.7 to 8.2 [19-21]. This is probably due to the
sampling sites and the season of the year in which the sampling
was obtained.

It is important to note that turbidity and pH values did not
exceed the limits set by standard NOM-127-SSA1-1994. Likewise,
operational criteria should be established in the procedures in
which statistical control was applied in order to determine water
quality from the effluent (Figure 5).
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Figure 5 xindividual control chart for pH and control chart for mobile range of pH at the entrance of regularization tanks.

Conclusion

The pretreatment operation indicators were analyzed, concluding
that this process is affected by water quality; this is variable
according to the season of the year, the variations include
changes in pluviality. Turbidity in the source of supply affects the
efficiency of the pretreatment process, so the implementation of
training programs aimed at operators to troubleshoot events of
high turbidity from the supply sources could be a good strategy
to guarantee the quality characteristics required by current
regulations.

Due to the increase in turbidity, chlorine requirements are greater
to ensure water disinfection. It is recommended to establish
controls to minimize the unnecessary waste of chlorine, especially
during the occurrence of the aforementioned situations. In this
way, through the control of the water purification pretreatment
process, significant advances will be made to increase water
quality, guaranteeing the satisfaction of the population.

All the control charts used in this research provide information
about the behavior of the process and identification of the
points outside of specification, so it is important to review them
over time. It is desirable that government agencies related
to water potabilization consider these results as the first step
in the establishment of a permanent monitoring plan that
guarantees water quality. Through this kind of measurement, a
strategic plan can be established in the medium and long term,
including preventive and corrective actions that contribute to the
continuous improvement of the process.
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