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Runoff water treatment with high organic matter load through a scalable
prototype electrocoagulation system with a rotary axis design
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ABSTRACT

The removal accomplished by an electrocoagulation method in a 2.5 L cylindrically shaped batch
electrochemical reactor, made of plastic, wood, and aluminum, was assessed with runoff water used
for crop irrigation. Aluminum electrodes were employed; there was no supporting electrolyte so as to
maintain the sample as unaltered as possible. The removal efficiencies accomplished are as follows:
turbidity removal about 91.3%; color of about 90.2%; the chemical oxygen demand removal achieved
was 23.8%, not negligible since no supporting electrolyte was used to avoid adding extra chemi-
cals to the water. As for free chlorine, phosphates, phosphorus, nitrates, and sulfates, the removal
percentages achieved are 66.7%, 69.9%, 92.13%, 99.99%, and 33.3%, respectively. Also, microbial
consortia were targeted with this method, according to the most probable number technique, a 97.8%
removal of fecal coliforms was achieved in irrigation water.

Keywords: Electrocoagulation; Water treatment; Runoff water

1. Introduction

Groundwater is a limited water resource in areas with
high population density and heavy agricultural exploitation
[1], an alternative to meet the demands of this resource is
the use of natural runoff water, commonly destined for the
irrigation of vegetables. However, over its journey and in
case it is stored, runoff water can come into contact, at some
points, with all sorts of pollutants scattered in the region; a
problem for vegetable producers, since this water is com-
monly contaminated by various biological and chemical
agents, causing a rise in the contents of organic matter and
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coliform microorganisms in the channel [2]. The reason for
treatment to be necessary is to ensure the quality of the fruit
that will be consumed by humans either locally, nationally
or internationally; as well as taking care of runoff water
parameters such as the content of salts, the presence of poten-
tially toxic elements and pathogenic microorganisms, metal
concentrations, micronutrients, and organic compounds.
Using this sort of water in agricultural production can
increase the content of organic matter and nutrients in
cultivated soils, which helps maintain or improve their fer-
tility, but can also cause harmful effects that deteriorate their
quality. The dynamics of organic matter in the soil play a vital
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role because its decomposition controls the availability of
nutrients and influences the release of organic and inorganic
molecules linked to organic matter, which gives rise to the
proliferation of pathogenic microorganisms in the crops [1].
A number of goals are sought to be met when talking about
irrigation agriculture: high yields of agri-food products
should be safe, fresh, of extreme quality, and affordable for
the population [3]. Producers also seek to sustain and pro-
mote industrial development through the supply of low-cost
raw materials, generate foreign exchange through the export
of products of high economic value, and add to the gener-
ation of jobs, all this without participating in the deteriora-
tion of the environment. Fruits and vegetables, as any other
food, are subject to alterations and modifications caused
by specific (chemical, physical, or biological) agents that
are the main responsible for their deterioration. Although
these foods are scarce at certain times of the year, when they
abound in the orchard, or the market has a meager price, it
is appropriate to treat or transform them and increase thus
their economic value [4].

The use of runoff water without prior treatment brings
about a complex panorama in crop production that can pose
a public health risk owing to the presence of fecal coliforms,
Salmonella, colloidal organic matter, as well as several
bacterial consortia [5]. Several studies have been carried
out in order to treat wastewater for irrigation processes. For
example, Balcioglu and Gonder focused on an advanced
treatment employing ozonation of biologically treated
wastewater from a bakery for the purpose of irrigation reuse
with results as follows: at 25°C-45°C, they achieved around
96%-98% color; 56% chemical oxygen demand (COD); 33%
chloride [6]. Another example, provided by Licciardello,
compares two types of nature-based treatments, environ-
mentally sustainable and easy to manage [7]. Let us under-
score that these treatments were carried out in wastewater
for agricultural reuse and despite the fact that excellent
efficiencies have been achieved, their scaling may be very
expensive or the space where they were to be installed, as
it is the case of wetlands, may be such that it would take
areas from productive regions which would lower the
yield margins, the main difference between these technol-
ogies and electrocoagulation, which is used in this research
paper, is that the study site is in the middle of the forest,
with roads that restrict the use of large vehicles, terraces
where in rainy season it is necessary to resort to all-terrain
trucks, the energy for agricultural use comes from a source
of power that runs on diesel, which might at some point in
the future change to solar energy; moreover, the volumes to
be treated are too high for the aforementioned technologies,
reason why electrocoagulation technology was resorted to
remedy the problem of water pollution for this particular
producer.

There are several treatments to improve the quality of
water; electrocoagulation is a process that has been widely
used in recent years because it is an efficient and relatively
inexpensive process, additional to be apt to treat different
types of contaminants from microorganisms, color, colloidal
particles, and heavy metals. Electrocoagulation processes
generate coagulants in situ through electrolytic oxidation.
The coagulant, typically sacrificial anodes, removes colloi-
dal matter while entrapping additional compounds such as

orthophosphates [8]. The materials most commonly used as
electrodes are aluminum and iron, which produce metallic
hydroxides [9].

These hydroxide flocs can remove pollutants by sur-
face complexation or electrostatic attraction. In this process,
the treatment is carried out without adding any chemical
reagent, reducing the amount of sludge; electrocoagulation
is a process that removes suspended matter, emulsions, and
dissolved contaminants from water. However, it should be
noted that most of the work carried out over the years focus
on reactors ranging from 0.5 to 5 L. What is really novel
about this work is that the system built will be used as a
1:10000 (scale) prototype aiming to meet the real irriga-
tion water demand of a vegetable farm in Tonatico, State of
Mexico, as well, a highlight of this work is the incorporation
of an agitation system that would allow doing without a
supporting electrolyte, making this process more affordable
for the local producers and meeting the needs of vegetable
and crop producers in the region; hence, enabling the easy
incorporation of new irrigation technologies for produc-
ers in the State of Mexico. This emerging technology will
contribute to improving the quality of cultivated foods, at
once prevention culture is being fostered in order to prevent
contamination, therefore health benefits will be noticeable
in the prevention of consumers’ endless gastrointestinal
illnesses.

2. Materials and methods

Water samples were taken, over 6 months (July-
December), from a dam manually built by vegetable producers
in the Tonatico region, State of Mexico, with an approxi-
mate capacity of 10,000 m?, transferred to the laboratory in
the Center for Applied Biological Sciences Research of the
Autonomous University of the State of Mexico under con-
trolled conditions at 3°C, in dark containers; the samples
were analyzed within 24 h after collection. The environmen-
tal conditions of the site have average temperatures from
15.5°C to 22.5°C.

This batch design contemplates variables that were
modified over the course of the experiment (rpm, retention
and operation time, and current density) in order to obtain
the optimum operating parameters that will be included
in the following sections.

2.1. Electrochemical reactor design

A cylindrical batch reactor was designed and built with
plastic, wood, and aluminum, with a capacity of approx-
imately 2.5 L, measuring 7.0 cm in radius and a height of
16.5 cm; the design is displayed in Fig. 1. The reactor has
eight pairs of horizontal electrodes (eight anodes and eight
cathodes), each 12 cm long, 4.5 cm wide and a thickness of
0.2 cm, separated into seven sections by 0.8 cm, at a dis-
tance of 0.5 cm between cathodes and anodes. Likewise, a
rotary system was used, it was supported on a wooden base
(30 cm long, 4 cm wide) that holds the lab quake shaker
Barnstead thermolyne engine which rotates at eight rpm
(in optimum conditions) in order to help the homogeniza-
tion of the treated water, which allows obtaining a better
distribution of the electrical current, this suppresses the
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Fig. 1. Design of the 2.5 L batch reactor with its operating
components.

need to use a supporting electrolyte to improve conductivity,
a wooden suspension harness of 18 cm in length and 0.5 cm
in radius keep the electrodes in place avoiding being over-
weight on the rotor. An analog variable power source
continuously supplies a current density of 14.08 mA cm?
operated for a maximum time of 60 min, all experiments
were carried out in triplicate using 2.5 L of raw water, the
optimum results are shown in this section.
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2.2. Physicochemical parameters evaluation

The assessed physicochemical parameters were: pH
(NMX-AA-008-SCFI-2001), conductivity (NMX-AA-093-
SCFI-2001), color (NMX-AA-045-SCFI-2001), turbidity (NMX-
AA-038-SCFI-2001), and COD (NMX-AA-030-SCFI-2001).
These parameters were evaluated before and after electro-
chemical treatment. pH was evaluated using an OAKTON
brand 1230 potentiometer, OAKTON instruments® (USA);
the pH behavior along the process was ascertained following
the current Mexican normativity (NMX-AA-008-SCFI-2011).
For turbidity, a spectrophotometer HACH DR-4000 was
employed (HACH Be Right™® USA); the same as for color.
For COD, the quantity of organic and non-organic oxidized
matter was found out with sulfuric acid and chromic acid to
boiling point applying potassium dichromate after digestion,
in order to ascertain the quantity of non-reduced dichromate
and the consumed quantity of oxidizable matter in terms of
equivalent oxygen, samples were quantified by spectropho-
tometry, also utilizing the HACH DR-4000. Ammonia, free
chlorine, phosphates, phosphorus, nitrates, and sulfates were
evaluated with the aid of a Hanna HI83200 multiparameter
bench photometer, Group HANNA® instruments (USA).

2.3. Microbiological determination

The most probable number technique (MPN) was
resorted to find out the total concentration of microorgan-
isms present in the evaluated samples; this method bases
on the assumptions that bacteria are randomly distrib-
uted in the sample; they are separate, not grouped, they
do not repel each other, and each reactor whose inocu-
lum contains at least one viable organism will produce a
detectable growth or change [10].

3. Results and discussion

In Fig. 2, it is noticed there is a difference between the
spectral scan submitted to electrocoagulation treatment and

Uv-vis scan
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Fig. 2. Uv-Vis spectral scan of raw irrigation water and electrocoagulation treated water.
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the one in the raw state, since the spectral sweep does not
detect which pollutant is being treated but the quantity, it
can be intuited that after 60 min of electrocoagulation, which
the sample underwent, it definitely decreases the region
that can be assessed by means of UV sweep.

3.1. Physicochemical parameters
3.1.1.pH

It is one of the most important parameters to take into
consideration in electrocoagulation processes, it is even
more critical when the treated water was offered to living
organisms, after treatment the water had a variation of 0.4
from the initial value which was 6.46, which means that the
hydroxides formed in the solution approached the solution
to a neutral pH which is good for the growth of vegetables.

3.1.2. Conductivity

There were no significant changes before and after
treatment for conductivity; however, this is still within an
acceptable range, so no additional tests were carried out
to try to lower this parameter which at initial conditions
showed 132.5 vs. 133.7 ps/cm in its final output.

3.1.3. Turbidity

The initial condition of the sampled water for tur-
bidity is about 39 FNU, after the application of the elec-
tric current, this value lowers to 2 FNU, which means a
removal rate of 91.30%.

3.1.4. Color

An initial value of 163 units, after electrochemical
treatment it is about 16 units, which accounts for 90.20%
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of removal, a behavior of turbidity in which the parame-
ter is significantly higher in initial conditions, this shows
an elimination tendency in the ionic species that generate
the color and turbidity, this difference is mainly attributed
to the presence of suspended soils which flocculate and
precipitate leaving water samples with more friendly
values of color and turbidity.

3.1.5. Chemical oxygen demand

The COD of water samples before treatment was
analyzed to evaluate whether the use of a supporting elec-
trolyte was necessary since results show a low COD, the
use of an electrolyte is discarded so as not to add chem-
icals to the water that will be used for the irrigation of
vegetables; in spite of the absence of an electrolyte, COD
presents a non-negligible decrease of 23.80% at 60 min of
treatment.

3.1.6. Free chlorine

The elimination of free chlorine was sought because
even at low concentrations, all forms of chlorine are highly
corrosive and toxic to aquatic life [11], it was intended
that the water that would later be used for irrigating vege-
tables will take the least amount of free chlorine possible, at
an initial measure of 0.05 mg/L, it was possible to reduce this
value by 66.7% as shown in Fig. 3c.

3.1.7. Phosphates and phosphorus

Phosphorous (P) plays a critical role in the survival
of living organisms. This nutrient is primarily found as
phosphate in animals and plants, where it is essential for
the formation of adenosine triphosphate and the creation
of nucleotides; additionally, it is widely used in agriculture
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Fig. 3. Nitrate, free chlorine, phosphorus, phosphate, and sulfate removal after electrocoagulation.
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fertilizers and in animal supplements. Excess P in farm-
ing areas is directly discharged into water bodies, where
P concentrations increase dramatically [12]. For these
parameters, phosphate had removal of 69.6% presenting
a final value of 0.33 mg/L P, while phosphorus showed a
decrease of 92.13% mg/L PO} as shown in Fig. 3b and e,
respectively.

3.1.8. Nitrates

To control eutrophication in receiving water bodies and
irrigation water, biological nutrient removal of nitrogen has
been widely used in wastewater treatment [13-16], neverthe-
less, the results show a new option in the agropecuarial sec-
tor to the elimination of nitrates using the electrocoagulation,
as in this research, it was possible to remove the available
nitrogen at 99.9%, from a 12.3 mg/L NO* initial value, so that,
together with biological and microbiological technologies,
electrochemical treatments are also able to reduce nitrates
content in irrigation water samples as shown in Fig. 3d.

3.1.9. Sulfates

Sulfate causes several problems in water and wastewater
treatment including the corrosion of pipes and disruption of
anaerobic processes, in order to prevent the corrosion caused
by sulfates, the aim of the treatment was also to lower their
concentration in the water samples, which was successfully
achieved by removing 33.30% in the form of SO from the
initial value of 15 mg/L of SO}~ as shown in Fig. 3f.

3.2. Microbiological parameters
3.2.1. Most probable number

The microbiological characterization by the MPN method
showed an initial value of 358 MPN per 100 mL, after 30 min
of treatment, 110 MPN per 100 mL was reached; and, after 60,
8 MPN per 100 mL was accomplished, which corresponds to
97.76% of microbiological consortia eliminated as shown in
Fig. 4.
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Fig. 4. Most probable number method after 30 and 60 min of elec-
trocoagulation.

Table 1
Degrees of freedom, F factor, and p-value for tested parameters

Parameters af F p

NH,-N 2.8 3.85E+01 <0.01
Cl 2.8 2.34E+04 <0.01
PO 2.8 3.65E+06 <0.01
Phosphorus 2.8 1.00E+07 <0.01
NO* 2.8 1.67E+04 <0.01
SO 2.8 1.30E+09 <0.01
COD 2.8 5.33E+02 <0.01
Color 2.8 9.87E+07 <0.01
Turbidity 2.8 8.47E+04 <0.01
pH 2.8 1.73E+04 <0.01
Conductivity 2.8 1.40+11 <0.01
Fecal coliforms 2.8 5.19E+061 <0.01

3.3. Statistical analysis

The analysis of variance (ANOVA) provides statisti-
cal results and a diagnostic verification for the experiment,
which allows assessing the suitability of the models. In this
case, the terms of the model were evaluated by the P-value
(probability) at a confidence level of 95%.

This analysis of inferential statistics was carried out in
the Minitab 8 software program, the results obtained allow
us to analyze there are statistically significant differences for
each parameter evaluated between samples before and after
treatment with the electrocoagulation reactor; the efficiency
reached by the experiment shows that in each parameter
evaluated there are conditions of change between samples as
observed for F-values in Table 1.

4. Conclusions

The design under which this electrochemical reactor was
built is able to treat the 2.5 L used in the experiment, and this
result shows that if it is scaled, it will be capable of treating
larger volumes of water (25 m®) in a short time (60 min), thus
helping producers to carry on with the irrigation method
used during most of the day. The electrocoagulation treat-
ment applied to this specific sort of water produces a high
decrease of organic matter, it specifically reduces bacterial
consortia such as fecal coliforms; it also proved that both
pH and conductivity remain within acceptable ranges
according to the national guidelines for vegetable har-
vest, this way, no soil problems will derivate from this in
the future. Which means this technology is recommended
if it is intended to effectively treat, at relatively low costs,
organic matter excesses in water used for agricultural
purposes. With this novel rotary axis electrocoagulation
treatment, free chlorine, phosphates, phosphorus, nitrates,
and sulfates also had significant removal efficiencies,
thus preventing harmful microbiota from reaching the
soil and also limiting undesired nutrients that might turn
into an increase of pest propagation, hence improving
the quality of soils in which this type of water is used.

All of the assessed parameters presented a significant
difference between treated and untreated samples, meaning
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that the removal achieved by the cylindrical batch reactor
improves the quality of water, which was verified by means
of the analysis of variance carried out in this experiment.
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