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Abstract

Microbiological analysis of four biosolid samples (A, B, C, D) was carried out in
accordance with current regulations. In addition, microbiological tests were
performed on water, with percentage of untreated biosolid (E) and on water with
sludge treated with microalgae (F) after a period of 42 days. The results obtained
show that samples B, C and D were within the L.M.P., sample A was found to be
above with respect to Salmonella spp., with 1,100,000 NMP/g ST of Fecal
Coliforms, 1,100,000 NMP/g ST of Salmonella spp., and 1 helminth egg in2 g ST.
Salmonella spp. was present in samples E and F. Subsequently, an analysis was
carried out on a sample of sorghum and another of corn treated with biosolid for
germination and growth, obtaining results of 250,000 CFU/g and 2,200,000 CFU/g
respectively.

Objetive: Contribution: Results:
Use of sludge Environmental Elimination of
from a improvement. microorganisms by
WWTP. drying.
Metodology:
WASTE

WWITP SLUDGE TREATMENT ANAILYSIS
@ (p= [=z] = JL

Coliforms, Fecal, Salmonella

Resumen

Se efectud el andlisis microbioldgico de cuatro muestras de biosélidos (A, B, C, D)
conforme a la normatividad vigente. Ademés, se realizaron pruebas
microbiolégicas al agua, con porcentaje de biosdlido no tratado (E) y al agua con
lodo tratado con microalgas (F) después de un periodo de 42 dias. Los resultados
obtenidos muestran que las muestras B, C y D estaban dentro de los L.M.P, la
muestra A se encontrd por encima con respecto a Salmonella spp., con 1 100 000
NMP/g ST de Coliformes Fecales, 1 100 000 NMP/g ST de Salmonella spp., y 1
huevos de helminto en 2 g ST. Hubo presencia de Salmonella spp., en la muestra E
y F. Posteriormente se realizé el anlisis de una muestra de sorgo y otra de maiz
tratadas con biosélido para su germinacion y crecimiento, obteniendo los resultados
de 250,000 UFC/g y 2,200,000 UFC/g respectivamente.

Obijetivo: Contribucion: Resultados:
Aprovechamiento Mejoramiento del Eliminacion  de
de lodos de una medio ambiente. microorganismos

PTAR. mediante secado.

Metodologia:

LODO
RESIDUAL TRATAMIENTO AMALISIS

e TR e

Coliformes, Fecales, Salmonella
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Introduction

Significant volumes of sludge are produced in
WWTPs, which can be defined as urban waste
from wastewater treatment whose organic matter
can be used in agriculture and soil improvement
(Porta-Casanellas et al., 2003), as they contain a
nutritional value that improves soil fertility and
crop production; they are rich in organic matter
(60 to 70%) and essential nutrients for plant
growth, such as nitrogen (N), phosphorus (P) and
potassium (K) (Kara et al., 2003).

Their proper use would determine the
solution of environmental problems such as the
reduction of sludge disposal to landfills, as well
as the reduction of excessive use of chemical
fertilisers (Cogger et al., 2000). Due to the
pollutants present in the biosolids, it is necessary
to apply a treatment that focuses on two
fundamental aspects such as volume reduction
that can be obtained by simple thickening (the
dryness of the product can in some cases reach
10 or very exceptionally 20%), dewatering by
natural drainage, mechanical draining, thermal
drying or also dewatering by incineration.

On the other hand, fermentation
reduction or stabilisation consists of reducing its
biological activity (tendency to putrefaction) and
its content of disease-causing microorganisms,

which can be obtained through processes such as:

anaerobic or aerobic digestion, chemical
stabilisation, pasteurisation, cooking, treatment
with lime, etc. (Rojas-Remis & Mendoza-
Espinosa, 2012).

Justification

The world is currently experiencing alarming
environmental problems; one of these is the final
disposal of large quantities of sewage sludge
from the Intermunicipal System for Wastewater
Treatment and Disposal Services for the Rincon
Municipalities (SITRATA) (Soto-Alcocer et al.,
2018).

Most are taken to landfills as they contain
contamination characteristics such as heavy
metals, toxic waste and  pathogenic
microorganisms, parasites and bacteria that can
affect the environment and human health,
however, they can be used in agriculture, as most
contain elements such as nitrogen, phosphorus
and trace elements that are beneficial for plant
growth and development.

ISSN: 2523-6776.
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For this reason, it is reasonable to look
for treatments for the sludge generated in
SITRATA, evaluating its quality through
microbiological characterisation in order to use
it as fertiliser for short-stemmed crops, allowing
its rational use and also having an economic
benefit, as it reduces the use of commercial
chemical fertilisers, offering the opportunity to
rehabilitate soil at a low cost and complying with
NOM-004-SEMARNAT-2002 and NOM-003-
SEMARNAT-1997 standards.

General Objective

To carry out stabilisation treatment of sludge
from the Intermunicipal System for Wastewater
Treatment and Disposal Services for the
Municipalities of El Rincon (SITRATA) in order
to use it as fertiliser for vegetable crops.

Specific objectives

- To sample sludge from  the
Intermunicipal System for Wastewater
Treatment and Disposal Services for the
Municipalities of EI Rincon.

- Determine the physicochemical and
microbiological characteristics of the
waste sludge.

- Treat the sludge in order to reduce the
microbial load.

- Choose the best treatment according to
the maximum permissible limits of
NOM-004-SEMARNAT-2002 and
NOM-003-SEMARNAT-1997.

- Evaluate the effect of the application of
biosolids on vegetables.

Theoretical framework

Currently, different productive and domestic
activities generate large quantities of wastewater,
which contain a wide range of pollutants. These
waters must be processed in Wastewater
Treatment Plants (WWTP) for reuse or disposal
with a higher quality (Guzman & Campos, 2004).

In 2009, the generation of municipal
wastewater was 237.5 ™¥/s, of which 209.1 ™/s
was collected or drained and treated and 88.1
m3/s was collected. In 2012, Mexico had a total
of 2289 WWTPs, with a capacity of 137082.13
L/s and a treated flow of 97640.22 L/s, reaching
a municipal wastewater coverage of 46.5 %
(Conagua, 2012).

Rivera-Mosqueda, Ma. Cruz, Soto-Alcocer, José Luis, Arellano-
Elizarraraz, Roberto and Ayala-Islas, Alberto. [2024]. Microbiological
analysis of biosolids treated with different techniques for agricultural
use. Journal of Technological Engineering. 8[21]1-8: e1821108.
https://doi.org/10.35429/JTEN.2024.8.21.1.8
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Wastewater is basically made up of 99%
water and 1% dissolved, suspended or colloidal
solids (UNESCO, 2017), in the treatment and
purification process of water, by-products such
as sludge are generated, obtained during the
mechanical, biological and chemical steps, these
can be found in liquid, solid and semi-solid
consistency (Amador-Diaz et al., 2015).

The treatment and disposal of sewage
sludge resulting from municipal wastewater
treatment is a very important part to consider in
WWTPs, as it represents up to 50% of the
infrastructure and cost as it must undergo
treatment, just like water, for its final use or
disposal (IMTA, 2016). Municipal wastewater
sludge production was estimated at 640 million
ton/year on a dry basis (Mantilla-Morales et al.,
2017).

In Wastewater Treatment (WWT) waste
sludge is produced at approximately 0.5 to 1.2
kg SSV/kg BOD removed, whose composition
and production depends on the degree of
treatment (primary, secondary or tertiary)
(Terreros-Mecalco et al., 2009).

Methodology

To initiate the project, solid sludge samples were
taken from the Intermunicipal System for
Wastewater Treatment and Disposal Services for
the Municipalities of EI Rincon, according to the
sampling methods for sludge and biosolids of
NOM-004-SEMARNAT-2002, labelling them
with the letters A, B, C, D, E and F.

For the sludge (B), 20 kg of sludge was
placed in a plastic box with the top uncovered so
that it received direct sunlight, Kkept
homogenised, and removed with a shovel twice
a day. It was kept under these conditions for a
period of 11 days.

For sludge (C), 20 kg of sludge was again
mixed with 500 g of lime and kept under the
same conditions as sludge (B).

The sludge (D) was placed in an
Armfield UOPS8-A tray dryer, in which 400 g of
sludge was evenly distributed on four trays, at a
temperature of 42 °C for 6 hours (Soto-Alcocer
et al., 2018).

ISSN: 2523-6776.
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

Microbiological tests were performed on
untreated biosolids (A) and biosolids B, C and D
after treatment, for the quantification of faecal
coliforms, Salmonella spp. and helminth eggs,
according to the regulations (NMX-AA-042-
SCFI-2015, NMX-AA-113-SCFI-2012 and
NOM-210-SSA1-2014).

Finally, biosolids A, B, C and D were
compared according to the maximum
permissible  limits of the NOM-004-
SEMARNAT-2002 for viable helminth eggs and
most probable number (MPN).

For other solid sludge samples taken at
later dates from the same water treatment plant
(SITRATA), tests were performed using the C-
214 benchtop multi-parameter photometer kit to
determine the concentration of phosphorus and
nitrogen in the biosolid (Hanna-Instruments,
2001).

Next, the amount of sludge and inoculum
(algae consortium), as well as the litres of water
to be used in a 100 L photo-bioreactor was
determined according to the concentration of
nitrogen and phosphorus obtained from the
sludge in relation to the concentration necessary
for microalgae growth.

The concentrations of the compounds
(Nano3, kH2ro4) OF the BBM medium used as a
substrate for microalgae growth were taken as a
reference.

The compound nano3 corresponds to
2.94%10-3 mp| /I with respect to the medium, so the
calculation was made to obtain the concentration
of 1 molecule of N = 14 g/ilmol N, for the
compound kHzpro4 the same calculation was made.

It was considered that for the growth of
microalgae it is necessary to take double
concentration of these compounds.

Calculations were then carried out to
obtain the ideal amount of nitrogen and
phosphorus for 50 L of water, with the double
concentration of N and P.

Calculations were then made to obtain
the kg of sludge to be used from the ideal
concentration and the concentration of N in 1 kg
of sludge.

Rivera-Mosqueda, Ma. Cruz, Soto-Alcocer, José Luis, Arellano-
Elizarraraz, Roberto and Ayala-Islas, Alberto. [2024]. Microbiological
analysis of biosolids treated with different techniques for agricultural
use. Journal of Technological Engineering. 8[21]1-8: e1821108.
https://doi.org/10.35429/JTEN.2024.8.21.1.8
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Once the  photo-bioreactor  was
assembled as shown in Figure 1, microbiological
tests were carried out on the water with the
percentage of biosolid E (untreated), for the
quantification of faecal coliforms according to
NMX-AA-042-SCFI-2015, helminth  eggs
according to NMX-AA-113-SCFI-2012, as well
as confirmation of the presence or absence of
Salmonella spp. using the methods of the NOM-
210-SSA1-2014 standard.

Figure 1

Photo-bioreactor for algae treatment
Source: Own elaboration

After a period of 42 days, the same
microbiological tests were carried out again on
the water with the percentage of biosolid F (after
treatment with algae).

Finally, the water was compared with the
percentage of biosolids E and F according to the
maximum permissible limits for public services
with direct contact of NOM-003-SEMARNAT-
1997 for viable helminth eggs and most probable
number (MPN) of faecal coliforms, as well as
confirmation of the presence and absence of
Salmonella spp .

Samples of maize and sorghum that were
treated with biosolids for germination were
collected from a crop located in San Bernardo,
near Purisima del Rincéon Gto., sampled at
different points of the crop; 5 bunches of
sorghum and maize from each corner and 5 from
the centre.

Samples were collected in polypropylene
bags, each one was shelled and mixed to obtain
a homogeneous and representative sample.

ISSN: 2523-6776.
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Microbiological characterisation was
carried out according to the methods of the
Mexican Official Standard NOM-113-SSAl-
1994, goods and services. Method for counting
total coliform microorganisms on a plate and the
Official Mexican Standard NOM-114-SSA1l-
1994, goods and services. Method for the
determination of Salmonella in food.

Results

The results obtained in the microbiological
determination of the samples are shown in Table
1, each of them underwent a drying treatment to
reduce the load of microorganisms, where they
are identified according to the labels: (A)
biosolid without drying treatment, (B) biosolid
dried in the open air, (C) biosolid dried with lime,
(D) biosolid dried in tray dryer.

Table 1

Microbiological determination of biosolids (A, B, C
and D), with their L.M.P. according to NOM-004-
SEMARNAT-2002

Bacteriological
indicator of Pathogens Parasites
contamination
Biosolid [™Faecal coliforms | Salmonella Helminth
MPN/g dry basis spp. eggs/g
MPN/g dry on dry basis
basis
A 1100 000 1100 000 1
B 46 000 240 2
C <3000 240 4
D 4300 240 8
CLASS L.M.P (NOM-004-SEMARNAT-2002)
C <2000 000 <300 <35

On the other hand, for sludge treatment
using an algae consortium it is necessary to
know the concentration of Nitrogen and
Phosphorus obtained in the biosolid E (untreated)
which can be seen in Table 2.

Table 2
Determination of Nitrogen and Phosphorus in
biosolids

Determination Water with biosolids (E)

Nitrogen 17.3 mg/L

Phosphorus 46.3 mg/L

Source: Own elaboration

Table 3 below shows the amounts of
inoculum, sludge and water for the
photobioreactor.
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Table 3
Amounts of inoculum, sludge and water in the
hotobioreactor

Inoculum (L) Lodo (kg) Water (L)

5.319 0.6 44.680
Source: Own elaboration

The  results obtained in  the
microbiological determination of the photo-
bioreactor (before and after treatment) are shown
in Table 4, where the water with the percentage
of biosolids is reported with the letter (E) and the
water with the percentage of biosolids after a
period of treatment with algae is reported with
the letter (F).

The microbiological analyses carried out
on sorghum and maize samples treated with
biosolids for growth in the community of San

Bernardo, municipality of Purisima del
Rincon, Gto. gave the results shown in Table 5.

According to the results obtained,
considering what is established in NOM-004-
SEMARNAT-2002, class C biosolids are those
that are susceptible to use in agriculture, as well
as in forestry areas and soil improvement.

Regarding the microbiological
determination of the different biosolids labelled
as (A, B, C and D), considering the L.M.P of
faecal coliforms NMP/g on dry basis, all samples
of treated biosolids comply, as they do not
exceed the value established by the standard,
which is <2 000 000.

On the other hand, for Salmonella spp.,
NMP/g on dry basis, sample A exceeds the
L.M.P of the standard which corresponds to
<300 and taking into account the helminth eggs
all the samples comply being <35 which is
established by the standard; which can be seen in
Table 1.

Based on the microbiological analysis of
the photo-bioreactor, the water with the biosolid
(E) is not within the L.M.P (240 NMP/100ml) of
the standard, having a value of 22400 NMP/100
ml. However, it is important to consider the
month and climatic conditions in which the
sample was taken as this is a variable factor that
influences the results, as can be seen in Table 4.
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Table 4

Microbiological determination of water with a
percentage of biosolids (E and F), with its
L.M.P. according to NOM-004-SEMARNAT-
2002 (faecal coliforms and helminth eggs) and
the presence and absence of Salmonella spp.

Bacteriological
indicator of Parasites Pathogens
Water contamination .
with Fgecal Helminth
biosolids coliforms eggs/| Salmonella
NMP/100m! SDp.
E 22400 3 presencia
F 1 12 presencia
Public LM.P
services | L.M.P Norma Oficial Mexicana NOM-003- l(\)nf:xcif;n
V'VIth ECOL-1997 Standard
direct sandard
contact ECOL-1997
240 [ <1

Source: Own elaboration

Box 6
Table 5
Microbiological determination of maize and sorghum

Total coliforms on plate (** and **.*)
Presence or
absence of
Grain . Colonies Salmonella
sample | REPreSentative | G g | UFCIO | gppin1g
on plate sample)
Kdkk
1: 100 >250* presence of
1: 1000 254* «  Salmonella
Sorgo 1: 10000 Extended 250000 spp.inlg
) growth sample
e prence ot
Maize 1:1000 >250* 2200000 spp.inlg
1:10000 219 sample

Source: Own elaboration.

NOTE: The results that show the following sign (*) are of
the "estimated value" because the values are outside the
range of 25 to 250.

** Official Mexican Standard NOM-113-SSA1-1994,
goods and services. Method to count total coliform
microorganisms on plate.

**Mexican Official Standard NOM-092-SSA1-1994,
goods and services. Method for aerobic bacteria count on
plate (aerobic mesophilic* 35 + 2°C 48 + 2 h).

*** Official Mexican Standard NOM-114-SSA1-1994,
goods and services. Method for the determination of
salmonella in food.

In the same table it can be seen that the
number of pathogens in the water with the
biosolid (F) with the treatment did not decrease,
having a value of 12 helminth eggs/I, not falling
within the L.M.P (<1 helminth eggs/l) of the
mentioned standard. In both sludges the
confirmation of Salmonella spp. was positive.
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The sorghum and maize samples that had
a germination and growth process with the help
of the SITRATA biosolid, obtained a result of
250000 CFU/g as shown in Table 5, which
represents an estimated value for sorghum, while
for maize 2200000 CFU/g were obtained, as well
as the presence of Salmonella spp. in 1 g of
sample in both cases, which represents a not very
favourable result.

Conclusions

The treatments of open air drying, treatment with
lime and constant temperature drying, are able to
reduce faecal coliforms and Salmonella spp.,
biosolids B, C and D analysed complying with
the L.M.P. of class C, being important indicators
for biosolids to be implemented as fertiliser in
short stalk crops. It is considered that drying the
sludge for a longer period of time can further
reduce the content of microorganisms.

As well as the stabilisation treatment
using algae (consortium), according to the
maximum permissible limits for public services
with direct contact established by NOM-003-
SEMARNAT-1997, it is considered to be
suitable for reducing the load of faecal coliforms
(NMP/100 ml). of Salmonella spp. in both
sludges, considering that they are important
indicators for the biosolids treated for the treated
biosolids to be implemented in short-stemmed
crops, it can be considered that it is not advisable
to implement them as fertiliser.

In order to use the biosolids as fertiliser
in crops, according to the results obtained in
Table 5, it is considered necessary to carry out a
stabilisation treatment in order to avoid the
presence of Salmonella spp. which is an
important parameter in foodstuffs.
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Abstract

The objective was to measure productive parameters in radishes grown using
organic inputs. With a randomized block design and three repetitions. The
treatments: commercial cultivation (RaTO); biofertilizer, worm leachate and
bocashi (RaT1); biofertilizer and Mountain Microorganisms (RaT2). The
parameters bulb circumference, bulb length, root length, stem to leaf length, stem
circumference, number of leaves and weight. ANOVA and Principal Component
Analysis (PCA) were performed. The PCA shows that RaT1 has the greatest
positive impact on the diameter and length of the bulb and the weight of radish.
Biofertilizers stimulate rooting and provide plant growth-promoting bacteria
(GPCV), worm leachates provide humic acids and promote better absorption of
minerals, and bocashi favors the availability of minerals due to the fermentation it
undergoes during its preparation.

Productive parameters in radishes (Raphanus sativus L.) through the use of organic inputs
Objetivo Metodologia Contribucion

The objective of the | The direct seeding system | The data showed that the highest
study was to perform | was used, with irrigation at | weight, bulb circumference with
the measurement of [ field capacity. The | RaTO and RaT1 and the highest

productive treatments applied were | bulb length with RaT1. On the
parameters in RaTO: commercial | other hand, the PCA shows that
radishes  cultivated | cultivation; RaT1l: | RaTl has a greater positive

using organic inputs. | biofertilizer, earthwormand | impact on the diameter and
A randomized block | bocashi leachate; RaT2: | length of the bulb and the weight
design with three | biofertilizer, and Mountain | of the radish. Biofertilizers
replications was | Microorganisms. stimulate rooting and provide
performed. Parameters measured were | plant growth promoting bacteria
bulb circumference, bulb | (BPCV), earthworm leachates
length, root length, stem-to- | provide humic acids and favor
leaf length, stem better absorption of minerals,
circumference, number of | and  bocashi  favors the
leaves, and weight. For data | availability of minerals due to
analysis, an ANOVA and | the fermentation it undergoes

Principal Component | during its preparation.
Analysis  (PCA)  were
performed.

Bocashi, humic acids, Eisenia foetida, Mountain

Resumen

El objetivo fue medir parametros productivos en rabanos cultivados mediante
insumos orgénicos. Con un disefio de bloques al azar y tres repeticiones. Los
tratamientos: cultivo comercial (RaTO); biofertilizante, lixiviado de lombriz y
bocashi (RaT1); biofertilizante y Microorganismos de Montafia (RaT2). Los
parametros circunferencia del bulbo, longitud del bulbo, longitud de la raiz,
longitud del tallo a las hojas, circunferencia de los tallos, nimero de hojas y peso.
Se realiz6 un ANOVA y un Anélisis de Componentes Principales (ACP). EI ACP
muestra que RaT1 tiene mayor impacto positivo sobre el diametro y longitud del
bulboy el peso de rdbano. Los biofertilizantes estimulan el enraizamiento y aportan
bacterias promotoras de crecimiento vegetal (BPCV), los lixiviados de lombriz
aportan acidos himicos y favorecen una mejor absorcion de minerales y el bocashi
favorece la disponibilidad de los minerales debido a la fermentacién que tiene
durante su preparacion.

Pardmetros productivos en rabanos (Raphanus sativus L.) mediante el uso de insumos
organicos

(RaT2). Los parametros medidos
fueron circunferencia del bulbo,
longitud del bulbo, longitud de la
raiz, longitud del tallo a las hojas,
circunferencia de los tallos,
nimero de hojas y peso. Para el
andlisis de los datos se realiz6 un
ANOVA y un Andlisis de
Componentes Principales (ACP).

Objetivo Metodologia Contribucién

El objetivo | Se utilizé un disefio de bloques al Los datos mostraron que el mayor
del estudio | azar con tres repeticiones. Se | peso, circunferencia del bulbo con
fue to | empled el sistema de siembra | RaTOy RaTly la mayor longitud
measure directa, con riego a capacidad de | del bulbo con RaT1. Por otra parte,
production campo. Los tratamientos | el ACP muestra que RaTl tiene
parameters aplicados fueron: cultivo | mayor impacto positivo sobre el
in radishes | comercial (RaTO); biofertilizante, | didmetro y longitud del bulbo y el
grown using lixiviado de lombriz y bocashi | peso derédbano. Los biofertilizantes
organic (RaT1); biofertilizante y | estimulan el enraizamiento y
inputs. Microorganismos de Montafia | aportan bacterias promotoras de

crecimiento vegetal (BPCV), los
lixiviados de lombriz aportan acidos
himicos y favorecen una mejor
absorcion de minerales y el bocashi
favorece la disponibilidad de los
minerales debido a la fermentacion
que tiene durante su preparacion.

Bocashi, acidos himicos, Eisenia  foetida,

microorganisms, Biofertilizer, Auxins . . o - -
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Introduction

Radishes (Raphanus sativus L) originate from
China, although it is found in the wild in some
Mediterranean localities (Giaconi and Escaff,
2004), it has rudimentary stems with large leaves
and elongated peduncle (Martinez et al., 2003).

According to ¢, radish production takes
place in the months of August-October and
February-May, however, it can be sown all year
round. It develops and grows best in temperate
or cool temperate climates. In terms of soil
requirements, it favours fertile and deep soils
(Ruiz et al., 2013).

Medium or light textured soils produce
good development of this crop, although it can
also develop in heavy textured soils (Ruiz et al.,
2013). On the other hand, Martinez et al. (2003)
report that the most suitable soils for this
vegetable are loam and clay loam. Organic
agriculture uses methods such as crop rotation,
compost, worm humus, green manures, rock
meal, among others, which contribute to soil
nutrition (Consuegra, 2004; WHO, 2007), always
seeking the least environmental impact
(Consuegra, 2004; WHO, 2007)

In this sense, organic fertilisers improve
soil structure and are made from the
decomposition of materials of plant origin (plant
remains, crop waste) and animal origin
(excrements) ( FONAG, 2010; Yugsi, 2011)
whose aim is to provide the soil with the
nutrients necessary for plant growth (FONAG,
2010; Meéndez et al., 2013), by contributing to
improve soil health (Rosales et al., 2013) and
reducing the use of fertilisers .

Organic fertilisers are classified into
solid and liquid fertilisers. Among the liquid
fertilisers are biofertilisers, which are used as
foliar fertilisers (FONAG, 2010), which are
regularly made from animal excrement and
leguminous plant residues (Yugsi, 2011) and
require an anaerobic fermentation process
(Alvarez, 2010).

This type of fertiliser contributes to plant
nutrition by  providing minerals and
phytohormones ~ (Alvarez, 2010),  which
promotes foliage development, flowering and
rooting (MAGAP, 2014), as well as protection
against pests and diseases (INIA, 2008; FONAG,
2010).
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In  particular, earthworm leachate
(Eisenia  foetida), considered a liquid
biofertiliser, is obtained by the vermicomposting
technique, which consists of extracting liquids
from the disintegration of organic matter
(Morales, 2011; Pilar, 2013).

This biofertiliser provides minerals
necessary for plant growth such as phosphorus
(P), potassium (K), magnesium (Mg), sodium
(Na) and nitrogen (N) (Rosales et al., 2013).

Among the solid organic fertilisers is
bocashi, which is made by fermenting plant
remains and animal manure aerobically and

anaerobically (Yugsi, 2011).

This type of compost favours better plant
growth and development because it contributes
to the increase of organic matter and
microorganisms in the soil, provides natural
phytohormones and phyto-regulators, as well as
improving soil texture (Herrera et al., 2015;
Ross et al., 2000).

On the other hand, beneficial
microorganisms such as mountain
microorganisms (MM) are a consortium of fungi,
bacteria and yeasts that help control pathogenic
microorganisms present on plants and in the soil
(Suchini, 2012), in addition to promoting
germination, flowering and fruiting (MAGAP,
2014). The objective of the present research was
to measure the agronomic parameters of bulb
and stem circumference; bulb, root and stem
length; leaf number and bulb weight of radishes
(Raphanus sativus L) grown using organic inputs.
Methodology

The present work was carried out in the
greenhouse of the facilities of the University of
Guanajuato at the Salvatierra campus
(20°12'45.51 ‘N and 100°52'30.09 *W). The
direct sowing system of red radish was used in
beds 6 m long, 1 m wide, 25 cm high, chosen in
completely randomised blocks with three
replications.

Irrigation was carried out at field
capacity every third day, using a drip irrigation
system with a drip tape with perforations every
30 cm. Radishes were harvested one month after
sowing to measure the agronomic parameters of
bulb circumference, bulb length, root length,
stem to leaf length, stem circumference, number
of leaves and weight.
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Bulb circumference was represented by

the circular space covered by the bulb of the bulb,

bulb length by the distance from the bottom of
the bulb to the top of the bulb and as for the
weight of the radishes, only the bulb was taken
into account if the root, leaves and stems.

Preparation of inputs

a) Biofertiliser. For the preparation of the
biofertiliser, it was carried out according
to the recommendations of Restrepo
(2007) with some modifications; a 20-
litre plastic jug was used in which 300 g
of rock flour, 300 g of ash and water
without chlorine were added up to half of
the container, 1 kg of carrots chopped
into small pieces, 3 kg of fresh cow dung
and 1 litre of fresh cow milk was added.
Separately, 200 ml of molasses was
dissolved in 1 litre of water to be added
to the other ingredients and 20 litres of
water was added to make up the 20 litres.
It was left to stand for 40 days under
anaerobic conditions as indicated by
INIA (2008).

b) Worm leachate. The preparation of the
earthworm leachate (Eisenia foetida)
was carried out in accordance with
Morales (2011), collecting the leached
liquids from the Californian red worm
rearing system.

C) Bocashi. Bocashi was made according to
the methodology proposed by Restrepo
(2007) with some modifications in the
ingredients, using 2 sacks of sheep
manure, 2 sacks of black soil, 2 sacks of
ground stubble (sack of 70 cm high x 40
cm wide), 50 kg of bran, 10 kg of ash, 5
kg of charcoal, 250 g of yeast and 2 litres
of molasses.

The already mixed materials were
moistened to such a degree that when a portion
of material is taken and squeezed by hand, no
water should drip out, and care was taken that the
temperature did not exceed 50 °C during the 15
days of processing.
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d) Mountain micro-organisms. For the
elaboration of the mountain
microorganisms (MM), decomposing
leaf litter was collected from the Tetillas
hill (20 © 12° 54°° North, 100 © 52° 41’
West), in sites little affected by anthropic
factors as mentioned by Ramirez (2012),
The mixture was then mixed with 500 ml
of molasses, 1 kg of maize flour, 1 kg of
ground bran and 1 litre of whey, the
previous mixture was enough to be
compacted in a 20-litre plastic bucket
and sealed anaerobically for a period of
30 days.

To activate the MM in the liquid phase,
200 g of the previous mixture is placed in a cloth
sack, to be immersed in a 20-litre plastic bucket
of water with 200 ml of dissolved molasses,
stirring two to three times a day for four days.

Experimental design

A randomised block experimental design with
three replicates was used. Radishes were direct
sown in 6 m long by 50 cm wide beds.

a) Treatments. The treatments applied
consisted of a commercial crop with a
10-20-10 fertiliser and commercial foliar
fertilisation (RaT0); a crop with
biofertiliser, earthworm leachate and
bocashi (RaTl) and a crop with 5%
biofertiliser and Mountain
Microorganisms (MM) in liquid phase in
the soil (RaT2).

For RaTO the 10-20-10 fertiliser was
used 250 g per™ during soil preparation and
foliar fertiliser was applied every 8 days. For
RaT1l the biofertiliser used was diluted at 5%
with non-chlorinated water and foliar applied
every 8 days in the morning, the earthworm
leachate at 5% with non-chlorinated water
applied to the soil once a week during crop
development as a field capacity irrigation system
and the bocashi 3 kg per™ during soil
preparation.

For RaT2 the 3iofertilizer used was
diluted at 5% with non-chlorinated water applied
foliarly every 8 days in the morning and the
mountain micro-organisms (MM) were activated
in liquid phase at 5% with non-chlorinated water
and applied to the soil twice during crop
development in the early morning.
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b) Data analysis. The results obtained for
the  measured parameters  (bulb
circumference, bulb length, root length,
stem to leaf length, stem circumference,
number of leaves and weight) were
analysed by analysis of variance
(ANOVA), followed by a Tukey test in
order to check the existence or not of
significant differences between the
different treatments. In addition, a
Principal Component Analysis (PCA)
was performed to determine the variables
with the greatest impact and their
correlation in OriginPro 2017 software.
Data were expressed as the mean +
standard deviation.

Results

The results show that the treatment with the
largest bulb circumference was obtained with the
control (RaTO) followed by RaT1 (Figure 1),
however, no significant statistical differences
were observed (P>0.05), indicating that
production with organic fertilizers is an
alternative to conventional production. In this
sense, Romero et al. (2012) and Cabrera et al.
(2012) report that the use of biofertilisers
increases vegetable production and yield.
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Figure 2

Bulb length of radishes with the treatments:
commercial control (RaT0), biofertiliser,
earthworm leachate (Eisenia foetida) and
bocashi (RaT1), biofertiliser and mountain
microorganisms. (RaT2).
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Figure 3

Circumference of radish bulb: commercial
control (RaT0), biofertiliser, earthworm (Eisenia
foetida) leachate and bocashi (RaTl),
biofertiliser and mountain micro-organisms.
(RaT2).

ISSN: 2523-6776.
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

Root length of radishes with the treatments:
commercial control (RaTO0), biofertiliser,
earthworm leachate (Eisenia foetida) and
bocashi (RaT1), biofertiliser and mountain
microorganisms. (RaT?2).

Box 4
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Bulb weight of radishes with the treatments:
commercial control (RaTO0), biofertiliser,
earthworm leachate (Eisenia foetida) and
bocashi (RaTl), biofertiliser and mountain
microorganisms. (RaT2).
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In Figures 1, 2, 3 and 4 it can be seen that
there are statistical differences between the
different treatments applied (P<0.05), it is
highlighted that the greatest bulb length was
obtained with the RaT1 treatment (Figure 2). In
agreement with Gomez et al. (2008) and Luna et
al. (2015) who obtained similar results in terms
of bulb length in radishes and better
development of vegetables when using organic
fertilizers.

Abou-El-Hassan and Desoky (2013)
report that organic fertilisers improve plant
growth because they provide macro and
micronutrients. In addition, fertilisers such as
bocashi contain beneficial microorganisms that
stimulate the production of gibberellin in plants,
which in turn stimulates fruit development
(Camelo et al., 2011).

In relation to root length, it was found
that the best treatments were RaT1 and RaT2
(Figure 3). However, no significant statistical
differences were observed between RaT2 and
RaTO treatments. On the other hand, significant
statistical differences were observed between
RaT1 and RaTO treatment (P<0.05), such that,
the best treatment was RaT1, suggesting that
root length was favoured by plant growth-
promoting bacteria (PGRB) present in the
organic inputs through lateral root propagation
(Barberi et al, 1988; Barberi et al., 1986; Kolb
and Martin; Tien et al., 1979), thus enhancing
nutrient and water uptake (Bashan and Honguin,
1998). Another way in which microorganisms
can favour plant root growth is through the
generation of plant hormones (auxins) that have
the capacity to elongate roots, contributing to the
uptake of nutrients and water from the soil
(Romero, et. al., 2012).

The radishes with the highest weight
were those of the RaTO and RaTl treatments
(Figure 4). The RaT1 treatment did not show
significant statistical differences with respect to
the RaTO treatment (P>0.05) but did show
significant differences with respect to the RaT2
treatment (P<0.05).

In this sense, the earthworm leachates
could have contributed to increase the weight of
the radishes due to the action of humic acids that
favour a better absorption of minerals (Velasco
et al., 2016) and bocashi by providing sufficient
nutrients for the growth of the radishes ( Velasco
et al., 2016) ( Restrepo, 2007; MAGAP, 2014).
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Stem to leaf length in radishes with the treatments:
commercial control (RaTO), biofertiliser, earthworm
leachate (Eisenia foetida) and bocashi (RaT1l),
biofertiliser and mountain microorganisms. (RaT2).

Figure 5 shows stem to leaf length, stem
circumference and number of leaves in treated
radishes. The treatment with the highest stem
length was RaT2, being statistically different
compared to RaTO and RaT1 (P<0.05). Cassan
et al. (2008) report that auxins are phyto-
regulators that act on stem cells and promote
stem elongation.

In the same way, MM have the ability to
produce phytohormones in plants, which could
contribute to the development of foliage that is
reflected in an increase in stem length and an
increase in the number of leaves (Tenecio, 2015).
Therefore, the beneficial microorganisms
present in the applied organic products induce
the production of hormones in radish plants and
promote better development and growth, which
results in better photosynthetic capacity by the
plants, reflecting the physiological state,
productivity and health of a plant (Ospina et al.,
2018).

Stem circumference

Centimeters

(cm)

o <
Treatments

Figure 6

Stem circumference in radishes with the
treatments: commercial control  (RaT0),
biofertiliser, earthworm (Eisenia foetida)
leachate and bocashi (RaTl), biofertiliser and
mountain microorganisms (RaT?2).
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In terms of stem circumference, it was
found that the treatments with the largest stem
diameter were RaTO and RaT2 (Figure 6), with
no statistical differences between treatments.
However, significant statistical differences were
observed between treatments RaTO and RaT?2
compared to the control treatment (RaT1) (P<
0.05).

These results suggest that organic
products such as MM and biofertilisers promote
growth due to their phytohormone content
(Herrera et al., 2015), which favoured an

increase in radish bulb thickness (Tenecio, 2015).

In addition, the production of Gibberellin by
beneficial bacteria promotes stem growth and
bud emergence (Camelo et al., 2011).

Number of leaves
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Figure 7

Number of leaves on radishes with the
treatments:  commercial control  (RaT0),
biofertiliser, earthworm leachate (Eisenia
foetida) and bocashi (RaT1), biofertiliser and
mountain microorganisms. (RaT2).

Finally, the number of leaves forming the
stems of the radish plants. The radishes with the
highest number of leaves were obtained with the
organic treatments RaT1 and RaT2 (Figure 7),
no statistical differences were observed between
treatments.

The results suggest that organic inputs
favour leaf production in radishes, probably due
to the effect of phytohormones present (Herrera
et al., 2015) that help to increase foliage growth.
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Table 1

Proportion of the overall variance, vectors and
eigenvalues of the first four principal
components

Variable Significance  CP1 cp2 CP3 CP4
Bulb 5 034289 038054 -05549  -0.02082
circumference

Bulb length 3 054176 004468  -0.17821  0.30584
Length of root 7 0.27244 -0.02949  0.1997 0.75664
Stem length 1 050952 04541 001033  0.2297
Stem 2 -0.14533 070439  0.05043  0.13893
circumference

Number of

leaves 6 024309 017839  0.77417  -0.06275
Weight of 4 0411818 034368 013586  -0.50747
radishes

Eigenvalue - 178484 140987 110572  1.06259
Explained 255 20.14 15.8 13.18
variance (%)

Cumulative

variance (%) 255 45.64 61.43 76.61

Table 1 shows the 4 principal
components that describe the greatest variation
in the data, the absolute and cumulative
proportion values, describing 76.61 % of the
total variation of the information obtained in this
study and the importance of each variable, with
the variable marked with the number 1 as the one
with the greatest impact and number 7 as the one
with the least.

For principal component 1 (PC1), the
associated variables are bulb length and radish
weight, where 25.50 % of the total variability is
explained.

For CP2 the variables are stem diameter,
stem length and bulb diameter, explaining
20.14% of the total variability.

CP3 is related to the number of leaves
and CP4 to root length explaining 15.8 % and
13.18 % of the total variability, respectively.

Figure 8a shows a two-dimensional
diagram formed by principal components 1 and
2 (45.64% of the total variability), with the most
important variables being stem length and stem
diameter, which are also positively associated
with each other.

Figura 8. Resultados del analisis de
componentes principales. (a) Proyeccién de
variables y (b) comportamiento del Biplot con
variables y tratamientos.
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In relation to the parameters bulb diameter, bulb
length, root length, number of leaves and radish
weight, they were found to be associated with each
other, however, they have a negative association with
the variables stem diameter and stem length.

That is, by increasing stem diameter and
stem length, bulb diameter, bulb length, root
length, number of leaves and radish weight will
decrease.

In this sense, when looking at Figure 8b,
where the variables are found together with the
control (RaT0) and the treatments (RaT1 and
RaT2). It was observed that RaT1 has a greater
positive impact on bulb diameter, bulb length
and radish weight.

In contrast, RaT2 has a positive impact
on stem diameter and stem length. All this when
compared with RaTO results are in agreement
with the above statistical tests (ANOVA and
Tukey), showing that RaT1 and RaT2 stimulate
plant growth in different parts of the fruit.

Conclusions

The use of organic inputs such as biofertiliser,
earthworm leachate (Eisenia foetida), bocashi
and mountain microorganisms (MM) stimulate
fruit development and provide plant growth-
promoting bacteria (GGPB) that stimulate root
development, as well as containing
phytohormones that promote foliage
development.
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Organic production is an alternative to
conventional production in radish cultivation, as
it favoured the measured parameters (bulb
circumference, bulb length, root length, stem
length, stem circumference, number of leaves
and weight), because it provides balanced
nutrition.
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Abstract

This study employs a quantitative experimental methodology to investigate the
relationship between flow rate, velocity, and depth with the hydrodynamic thrust
exerted on a person using the HidroWalk for physical rehabilitation at CLUSI,
Celaya-Salvatierra Campus. Hydrodynamic variables such as flow rate, velocity,
depth, temperature, slope, and geometry are manipulated in a scaled variable-slope
channel prototype located at the Applied Mechanics Laboratory in DICIVA,
Irapuato-Salamanca Campus, which simulates the conditions of the Hidrowalk.
Computational tools and sensors were used for real-time measurements in both the
HidroWalk and the prototype. Additionally, the FLOW3D software was used for
the numerical analysis of the velocity and pressure fields generated in a person
using the HidroWalk, and software such as ARDUINO and LabVIEW was utilized
for developing the user interface installed in the Hidrowalk. The study population
includes gait alteration patterns simulated with two mannequins of 11 and 30 cm,
providing a deep understanding of the relationship between hydrodynamic thrust
and the force a user needs to exert for gait rehabilitation.

Objetives Methodology Contributions

Lab\WIEY
Interf:

Hydrowalk, hydrodynamic-thrust, walk-rehabilitation

Resumen

El presente estudio emplea una metodologia experimental cuantitativa para
investigar la relacién entre el caudal, la velocidad y la profundidad con el empuje
hidrodindmico ejercido sobre una persona que utiliza el HidroWwalk para
rehabilitacion fisica en la CLUSI del Campus Celaya-Salvatierra. Se manipulan
variables hidrodindmicas como caudal, velocidad, profundidad, temperatura,
pendiente y geometria en un prototipo de canal de pendiente variable a escala,
ubicado en el Laboratorio de Mecénica Aplicada en la DICIVA Campus Irapuato-
Salamanca, que simula las condiciones del Hidrowalk. Se utilizaron herramientas
computacionales y sensores para mediciones en tiempo real tanto en el HidroWalk
como en el prototipo. Ademas, se empled el software FLOW3D para el anélisis
numérico del campo de velocidades y presiones generadas en una persona que usa
el Hidrowalk, y software como ARDUINO y LabVIEW para el desarrollo de la
interfaz de usuario instalada en el Hidrowalk. La poblacién de estudio incluye
patrones de alteraciones de la marcha, simulados con dos maniquies de 11y 30 cm,
lo que permiti6 una comprensién profunda de la relacion entre el empuje
hidrodindmico y la fuerza que necesita ejercer un usuario en la rehabilitacion de la
marcha.

Objativos Metodologia Contribucionas

LabWIEWW

Hidrowalk, empuje-hidrodindmico, rehabilitacién-marcha
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Introduction

Currently, there are several types of
neuromusculoskeletal injuries that affect gait in
patients of all ages (Chan et al., 2012). These
injuries require a physical rehabilitation process
to re-educate gait and avoid permanent sequelae
(Baskwill, 2007). Hydrotherapy is a prominent
option due to the unique properties of water
(Bartels et al., 2007; Bartels et al., 2016).

The use of a hydraulic channel such as
the HydroWalk (see Fig. 1) provides a variable
thrust according to the depth and speed of the
water, which allows for gradual graduation and
increase of resistance for patient rehabilitation.

Figure 1
Hidrowalk Channel (data sheet)

Hydrotherapy, or aquatic therapy, has
been used throughout history for therapeutic and
rehabilitative purposes. Hydrotherapy
equipment such as tanks or pools are specially
designed to carry out therapeutic activities in a

controlled aquatic environment (Baskwill, 2007).

Here is some general background to the use of
hydrotherapy equipment:

Ancient History: Ancient cultures, such
as the Romans and Greeks, used thermal baths
and pools to promote health and well-being.
Thermal baths were considered a common
practice for the treatment and prevention of
disease.

19th century: In the late 19th century,
Austrian physician Sebastian Kneipp
popularised hydrotherapy as part of his holistic
approach to treatment, using hot and cold water
baths as an integral part of his healing method
(Bartels et al., 2007).
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First Half of the 20th Century: During the
First World War, hydrotherapy was used to
rehabilitate wounded soldiers.

Immersion baths and other aquatic
therapeutic methods were applied to improve
mobility and reduce pain.

Development of Modern Hydrotherapy:

Throughout the 20th century, hydrotherapy
evolved with the introduction of more advanced
technologies and an understanding of the
physiological benefits of water in the treatment
of various conditions (Bartels et al., 2016; Silva
et al., 2008).

Recent Decades: In recent decades,
modern hydrotherapy equipment, equipped with
jets, temperature control systems and specific
accessories, have become common in physical
rehabilitation settings, physiotherapy clinics and
wellness centres.

Therapeutic applications: Hydrotherapy
is used to treat a variety of conditions, such as
muscle injuries, post-operative rehabilitation,
arthritis and neuromuscular disorders.

Hydrotherapy in Sport: Athletes also turn
to hydrotherapy for muscle recovery, reduction
of inflammation and relief of joint stress
(Bidonde et al., 2014; Hakkinen et al., 2008;
Walter et al., 2014).

Hydrotherapy tanks are common in
professional sports settings.

Scientific research: Interest in scientific
research on hydrotherapy has grown, seeking to
better understand the specific benefits and
mechanisms behind aquatic therapy.

Hydrotherapy remains an evolving field,
and hydrotherapy equipment continues to be a
valuable tool in medical care and rehabilitation.
Specific equipment such as the HydroWalk has
features designed for specific purposes that
require more detailed and up-to-date research.

Hydrotherapy remains an evolving field,
and hydrotherapy equipment continues to be a
valuable tool in medical care and rehabilitation.
The specific application of equipment such as
the Hydrowalk has particular features designed
for specific purposes that require more detailed
and up-to-date research.
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Currently, there are several types of
neuromusculoskeletal injuries that result in gait
impairment in patients of all ages (Chan et al.,
2012).

These injuries require a physical
rehabilitation process to re-educate gait and
avoid permanent sequelae in individuals.
Hydrotherapy is considered an excellent option
due to the unique properties of water.

The use of a hydraulic channel such as
the HidroWalk exerts a variable thrust according
to the depth and speed of the water to which the
patient is subjected, allowing the resistance to be
graduated and increased gradually for
rehabilitation.

It is essential to previously model the
hydrodynamic behaviour in order to establish the
depth and speed of the most suitable channel for
each patient, according to their pathology and
rehabilitation programme, seeking an optimal
result that reduces discomfort during the process.

Materials and Methods
Hydrodynamic numerical model

Flow-3D is a computational fluid dynamics
(CFD) software, which uses numerical
techniques to solve the equations of motion of
fluids, aiming to obtain three-dimensional
transient solutions for 3 ultiphysics and
multiscale flow problems. The equations in
Flow-3D are formulated with area and volume
functions.

These functions allow the representation
of fractional volume/area obstacles called
FAVOR TM and are used to model complex
geometric surfaces.

The general equation of mass continuity
is:

0 2 2
Ve =2+ (puA,) + R% (pvAy) +5-(pwA,) = Rpjr + Rsor [1]

The fluid velocity components at the
three coordinates (u, v, w) are calculated from
the equations of motion:
odu 1 odu du ou 10
E+V_F{UAXE +VAyR6_y +WAZ£} = —;a—i + Gx + fx _bx -

M(u —u,, — 8uy) [2]

pVE
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v 1 v av vy _ _1(pdp
oA+ VART + WA, az}_ p(R ay)+
Rsor

Gy +fy = by — =T (v — vy — 8v5) [3]
ow 1 ow w aw) _ _10p

4 - (A 5T+ VARS 4 WA, ) = ~2 4G, +

R
f,—b, — ps‘?: (w —wy, — 8wyg) [4]

The fluid-object interface, defined by the
fluid volume method (VOOF), consists of three
main components: the definition of the fluid
function volume (Science, 2018) is set by:

OF 1[0 7] 7]
S+ e [am (FAWW + R (FAy) + - (FA,wW) | =

Fpir + Fsor [5]
Laboratory model

The laboratory flume used (fig. 2) has a variable
slope and a constant rectangular section with a
length of 2.32 m by 0.25 m wide and 0.18 m high.
It has a 22-litre feed tank, a 2 hp pump and a 90-
litre storage tank.

The walls of the channel are made of
0.012 m thick acrylic sheet, and the gate is made
of the same material with a thickness of 0.006 m,
0.24 m wide and 0.15 m high, which was located
in the middle of the length of the channel in order
to avoid oscillations caused by the inlet and
outlet spillways.

Figure 2

Variable slope laboratory flume with acrylic
electro-gate, DICIVA-UG

The Hidrowalk channel used (fig. 3) is
made with a stainless steel structure, side panels
and door with 10 mm tempered glass,
temperature adjustable up to 35°C and
dimensions 1.70 x 1.65 x 0.84 mts.
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Figure 3

Hydrotherapy equipment HidroWalk, DCSI-
UG

Methodology to be developed

1. Purpose: A quantitative methodology
with controlled experiments is proposed
that allows the manipulation of certain
hydrodynamic variables to obtain causal
relationships such as hydrodynamic
flow-thrust.

2. Research Design: Type of Study:
Experimental with manipulation of
independent variables.

Population and Sample: At least three
cases of gait disturbance in need of rehabilitation
using the  Hidrowalk, with different
anthropometric measurements (different sizes or
ages).

3. Study Variables: Independent Variables:
Flow or Flow Rate; average velocity;
Depth or draft; water temperature; Slope
of the channel and Hidrowalk, geometry
and scale of the prototype.

Dependent Variables: The hydrodynamic
force (thrust) provided by the fluid on an object.

4. Instruments and Materials: A FLOW3D
numerical model is used to analyse the
hydrodynamics of the model and the
prototype, as well as LabVIEW software,
ARDUINO and Mega 2560 boards,
temperature sensors and digital velocity
measurement equipment.
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5. Procedures: Control Groups: A scenario
without a patient is available for the
purpose of measuring and obtaining
hydrodynamic fields. A scenario with a
non-running volunteer is available for
measurement of hydrodynamic fields
with an object.

6. Data analysis and processing: FLOW3D
software will be used for visualisation
and calculation only, and LabVIEW
software will be used for measurement,
instrumentation and operation of the
Hidrowalk, providing the Flow-Thrust
relationship for each patient.

Results

For the results section, as a first step, the results
of the in situ measurement of the velocity
components, depth before the fluid interacts with
the patient and after it as shown in figure (4) are
shown).

Figure 4
In-situ velocity measurements at different
depths

With the magnitudes of the velocities for
different depths, the hydrodynamic forces or
thrust generated in the patients were determined
(table 1).).

Table 1
Measurement results taken at the Hidrowalk

Prof Prof A Download

Speed ATop Below Esp. Force

(mis)  (m) (m) (m"2/s) (N) (kgf)
1.31 1.05 0.91 1.59 86.702 8.843
1.29 0.91 0.83 1.27 45532 4.644
1.18 0.78 0.72 0.92 31.234 3.185
1.07 0.55 0.51 0.59 14.072 1.435
0.83 0.37 0.32 0.31 11.438 1.166
0.79 0.20 0.16 0.15 3.494  0.356
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Once the values of the in situ
measurement were obtained, the numerical
simulation was carried out with the FLOW-3D
software; the simulation conditions are 120
seconds and depth equals 1.60 m, the results of
the variables of the pressure field (figure 5) and
velocities generated by the circulation in the
Hidrowalk are shown in figure (6).

Figure 5
Numerical simulation of the pressure exerted
by the flow over the patient using Hidrowalk

Figure 6

Numerical simulation of flow velocity over
the patient using Hidrowalk

The simulations provide information on
the thrust generated in the calves, thighs,
abdomen and forearms under different
hydrodynamic conditions and monitor the
velocities and depths in the Hidrowalk with the
sensors in real time.

Figures (7a, 7b and 7c) show the pressure
exerted by the fluid on the patient in more detail,
where it should be noted that the areas with
greater thrust are the thighs because they have a
larger contact area, likewise, the abdomen region
shows the interaction of water with air (free
surface) and therefore lower pressure and
velocity.

ISSN: 2523-6776.
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

vvvvv

FLOW30 130000101 x.A 330601 Iy o 167 hesie 21
S ORI e varsa NaraBa T SR

c)see YZ

Figure 7
Pressure field results: a) top view XY:; b) front
view XZ and c) side view YZ

Similarly, figure (8) shows the results of
the velocity field for the different views,
likewise, it can be observed that the velocities
with the greatest magnitude are in the thighs and
which present a greater work in rehabilitation.

velocity magnitude and vectors. maxa 3.00E+00 velocity magnitude and vectors max= 241E400

210, 383

... o

oas 090 %% ‘oo
x

TLRNARCPIRRIRIEh " R88 UEABY RS Bhae FLSTACSEII AR A e

a) see XY b) See XZ

velocity magnitude and vectors maxs 3.35€400

.45 00
x

2.10; . 348

c) See YZ

Figure 8
Velocity field results: a) top view XY b) front
view XZ and c) side view YZ
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Once the simulation was completed, the
scaled simulation was carried out in the variable
slope channel for two cases, the first with an 11
cm dummy (figure 9a) and the second with a 30
cm dummy (figure 9b). The use of two dummies
for the experimental simulation was due to
having two patients with different heights (child
and adult), where they are subjected to the same
flow rate provided by the modified Hidrowalk at
a scale of 1:11 respecting the hydraulic similarity
conditions.

a) 11 cm mannequin  b) 30 cm mannequin

Figure 9

Manikin for laboratory channel simulation:a)
de 11 cmy b) de 30 cm

Figure (10a) shows the scale model for
the 11 cm dummy, which was placed in the
variable slope channel (figure 10Db).

’a) variable slope b) 1lcm annequin
channel model

Figure 10
Operation of the variable slope channel for the
11 cm manikin

Similarly, figure (11) shows the
operation of the channel for the 30 cm dummy.

a) variable slope b) 11cm mannequin
channel model

Figure 11
Operation of the variable slope chute for the
30 cm dummy

The speed was measured with a VVernier
current meter (figure 12) for each dummy, where
the records obtained are shown in figure (13) for
the 11 cm dummy and in figure (14) for the 30
cm dummy.

Figure 12
Vernier flow meter (Flow-meter)

Figure 13
Measurement of the average flow rate for the
11 cm dummy
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Figure 14

Measurement of the average flow rate for the
30 cm dummy

The measurement results are shown in
table (2) for the different dummy sizes.

Table 2
Measurement results taken in the variable
slope channel for the 11 cm and 30 cm
dummies.

Maniqui Caudal (m”3/s) | Force (kgf)
11cm 0.155 3.867
30cm 0.168 4.025

Subsequently, the programme was
developed in Arduino (figure 15) and the user
interface in LabVIEW (figure 16), which will
allow adjustments to be made both in flow
velocity and depth measurement to calculate the
hydrodynamic thrust generated in patients with
the calibration of the hydrodynamic variables
and the wvelocity field obtained from the
FLOWS3D for different cases.

void setup() {

Serial.begin(96e@);

}

void leop() {

pinMode(trigsl,0UTPUT);
pinMode (echosl,INPUT);
digitalWrite(trigsi,LOW);
digitalWrite(trigsl,HIGH);
delayMicroseconds(1@);
digitalWrite(trigsl,LOW);

t=pulseIn(echosl,HIGH);
dsl=long(@.01715%t);

Figure 15

Arduino code section for depth sensor control
and value calculation
ISSN: 2523-6776.
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The purpose of this code is to calculate
the flow rate, interpolated velocities, drag
coefficients, and hydrodynamic force or thrust at
different depths where the required body parts
are located.

This code was incorporated into a user
interface executable in LabVIEW (figure 16),
where it was installed on a computer connected
to the Hidrowalk and which allows the
Hidrowalk to be operated and its sensors to
monitor its operation.

Bomba I/0 Sensor Prof1 Sensor Prof2 Valv. Ent. Fuerza (kgf)

- @ @

Gl 30 Prof 1 (m) Prof 2 (m)

2 2
155 155

0: 0

l—-/’ ~
|
Figure 16

Hidrowalk Control Interface in LabVIEW

This interface allows to calculate the
speed through the opening of valves either
manually or motorised, with it the necessary
hydrodynamic thrust is obtained for each patient
according to their condition and to help them in
their gait rehabilitation process before the
subject enters the Hidrowalk.

Conclusions

In this study, a comprehensive investigation
combining in situ measurements, numerical
simulations and scale experiments was
conducted to evaluate the hydrodynamic thrust
generated in patients during rehabilitation in an
aquatic environment. The results obtained
revealed important findings:

1. The in situ measurements provided
accurate data on flow velocities and
depths before and after the interaction
with the patient, as well as the
determination of hydrodynamic forces
on different parts of the body.
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2. Numerical simulations with FLOW-3D
software allowed visualisation and
quantification of the pressure field and
velocities generated by the circulation in
the aquatic environment, providing
valuable information on the thrust
distribution in specific areas such as
calves, thighs, abdomen and forearms.

3. Scaled experiments in a variable slope
channel with dummies of different sizes
provided comparative data on flow
velocity and hydrodynamic buoyancy
under conditions similar to those of the
Hidrowalk, validating the results
obtained in the simulations.

4. The development of an Arduino program
and user interface in LabVIEW enabled
the calibration and control of the
Hidrowalk, facilitating the adaptation of
flow velocity and depth measurement to
calculate the hydrodynamic thrust
required for each patient's rehabilitation.

Taken together, these findings highlight
the importance of understanding and quantifying
hydrodynamic buoyancy in aquatic
environments to  improve rehabilitation
processes and design of devices such as the
Hidrowalk, thus contributing to the advancement
of quality of life and well-being of rehabilitation
patients.
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AX: Is the fractional area open to flow in the x
direction

(Ay, Az): Are similar area fractions for the flow
in the y- and z-directions, respectively

(bx, by, bz): Are flow losses in porous media or
through porous baffle plates

cF: Is the constant whose reciprocal is
sometimes referred to as the turbulent Schmidt
number

(fx, fy, fz): Are viscous accelerations
(Gx,Gy,Gz): Are bodily accelerations

Rdif: Is the turbulent diffusion term

Rsor: Is the mass source term

VF: Is the fractional volume open to flow

(u, v, w): Are the velocity components are in the
co-ordinate directions of (X, y, z) o (r, 8, 2).

p: Is the density of the fluid

vF: Is the diffusion coefficient
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Abstract

Over the past decade, vehicle thefts in México have increased,
mainly due to the lack of accessible and effective security
systems. Most engine ignition control systems are available only
in high-end cars, while more than 90% of the population uses
mid-range or low-end compact vehicles that lack this technology.
To address this need, the design of a security system that uses a
fingerprint reader, together with a commercial control card and
communication modules, to offer an intuitive method of engine
ignition control in low-end vehicles is proposed. This approach
seeks to improve automotive security at a reasonable cost.
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Resumen

En la Ultima década, los robos de vehiculos en México han
aumentado, principalmente debido a la falta de sistemas de
seguridad accesibles y efectivos. La mayoria de los sistemas de
control de encendido del motor estan disponibles solo en autos
de gama alta, mientras que mas del 90% de la poblacién utiliza
vehiculos compactos de gama media o baja que carecen de esta
tecnologia. Para abordar esta necesidad, se propone el disefio de
un sistema de seguridad que utilice un lector de huella digital,
junto con una tarjeta de control comercial y maédulos de
comunicacion, para ofrecer un método intuitivo de control de
encendido del motor en vehiculos de gama baja. Este enfoque
busca mejorar la seguridad automotriz a un costo razonable.
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Introduction

Today's cars are equipped with many computers,
as mentioned by (Mohammad, et. al. 2023),
which allow the development and execution of
various systems, such as the autonomous system,
to assist the driver and improve the driving
experience, said system is identified by its
acronym in English DAS (Driving Assistance
System), Engine ignition by means of fingerprint
identification, previously registered in a system,
Autonomous Driving, among other systems.
Something in common with these systems is that
they all incorporate different technologies for
their development, but most conventional cars
are not equipped with these systems, and the
option to be able to equip them is very expensive.

The ECU (Electronic Control Unit) is
responsible for controlling all the electronic
systems on board a car. The market regularly
identifies these cars as being at least ten years old,
as explained by (Autopresta, 2024) due to the
issue of depreciation to the current date (2023).

They are not exactly considered
obsolete, but rather, non-current cars, that is,
they do not have recent digital technology. The
general classification of vehicles is known as
low-end (compact size between 3 and 3.7
meters, cost between $170,000 and $280,000,
type A, four cylinders, 1,000 to 1,400 cm3, with
or without electrical functions such as raising
and lowering windows), medium and high, inthe
USA (United States of America) the
classification is done by size, specifically in
Mexico the AMIA (Mexican Association of the
Automotive Industry) classifies them in:
Subcompact, Compact, Luxury Cars and Sports,
in the same way there are various electronic
devices such as development cards of the
Arduino platform, including the following
modules, as mentioned (Zein, et. al., 2018) GPS
modules, LCD (Liquid Crystal Display),
including audible and visual alarms, as well as
specific communication modules such as
Bluetooth or others for specific purposes such as
Driving Motor, Steering Motor and LM239 H-
Bridge.

In the development of vehicle anti-theft
and access control systems (R. Thanuj, et. al.
2023), programming languages such as C
language, present in the Arduino integrated
development environment (IDE), are used or
involved.
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The code to enable the enable/disable
functionalities of ports / sensors / actuators or
other system operations, which involves the
application and execution of instructions within
a microcontroller, for projects that require a
friendly and versatile development environment
in their programming, allowing developers to
write, compile and upload code easily.

In addition, Arduino offers a wide range
of libraries and resources that facilitate the
programming of electronic devices and the
integration of different components into a
complete system.

Specifically for the topic of biometric
authentication (Bharania, P. J. et al 2023), it
mentions that it is an excellent system, combined
with the wuse of ZigBee communication
technology, which is a wireless communication
standard designed for low-power and short-
range applications.

It is based on the IEEE 802.15.4 standard
and is mainly used in sensor networks and
devices that require efficient and reliable
communication. In its system it describes the
improvement in the access and operation of
trains, which prevents unauthorized persons
from turning them on.

An anti-theft security system for vehicles
that uses biometric technology (Brijet, Z et al
2017), specifically a fingerprint sensor, in
combination with an Arduino UNO board to
control the ignition of the engine. This system is
designed to ensure that only authorized persons
can start the vehicle, which significantly
improves security and reduces the risk of theft,
the operation of the system is based on a R305
fingerprint module that is connected to an
Arduino UNO board. When a user tries to start
the vehicle, he or she must scan his or her
fingerprint.

The fingerprint sensor verifies the user's
identity by comparing the scanned fingerprint
with the fingerprints previously stored in the
system.

If the fingerprint matches the preloaded
data, the system activates a relay that supplies
voltage to the ignition system, allowing the
engine to start. In case the fingerprint does not
match, the relay is not activated and the engine
Is started.

Guzmaén-Cortés, Agustin, Barbosa-Santillan, Luis Francisco, Gonzalez-
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Remains off, preventing unauthorized
access. Advantages of the System: First, it is
considered more secure than other traditional
security methods, as fingerprints are unique to
each individual, making it difficult to duplicate
or bypass the system. In addition, the system is
low-cost, highly efficient and compact, making
it accessible and practical for implementation in
a wide range of vehicles.(Juwariyah, Tatik, et al
2019) proposes an innovative motorcycle
security system that uses Internet of Things (IoT)
technologies to prevent theft, a common problem
in urban areas such as Jakarta.

The system is designed to be an effective
and accessible solution, using components such
as the Arduino Mega2560 microcontroller, a
fingerprint  sensor, and the ESP8266
communication module, along with the Blynk
application for notifications on smartphones, the
main objective of the system is to provide an
additional layer of security to motorcycles by
biometric verification of the user. This is
achieved by ensuring that only authorized
persons can start the motorcycle engine, which
is verified through a fingerprint sensor.

Theoretical framework

In the last decade, vehicle theft has been steadily
increasing, which is increasingly noticeable,
since each of us has been a victim or knows
someone who has experienced it, the impacts of
vehicle theft have drastically affected social
security and the economic condition of the whole
world due to the lack of an adequate system that
can integrate technology in commercial cars, or
that the majority of the population has (low-end)
(Das, et al 2021).

The project focuses on the areas of car
security and technology. Today, high rates of
insecurity are causing a significant increase in
vehicle theft, which is undermining the economy
of Mexicans, as well as SMEs (Small and
Medium Enterprises), due to the absence of an
effective anti-vehicle theft system, see table 1.

According to the AMIS (Mexican
Association of Insurance Institutions) report
from 2020, published in (AMIS, n.d.). An
average of 167 vehicles are stolen every day in
Mexico.
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From October of last year to September
2020,60,905 insured vehicles were stolen in the
country, according to the most recent figures
shown in Table 1, although people's mobility
increased in 2019 compared to 2020, after the
relaxation of health measures, vehicle theft fell
2.7% compared to the previous 12 months.

In this period, AMIS estimates that
26,554 stolen vehicles were recovered, which
meant an annual decrease of 8.2%, however, out
of every 10 thefts, six were carried out with the
use of violence, as shown by figures provided by
the organization. Among the states with the most
types of thefts from insured vehicles, the State of
Mexico is in first place, followed by Jalisco,
Mexico City, Puebla, Guanajuato and Veracruz.

Among the 10 most stolen models, four
are from the Nissan brand (Versa, Tsuru, March
and Sentra), two from General Motors (Aveo
and Beat), two from Honda (CR-V and HR-V)
and two more from Volkswagen (Jetta and
Vento).

In Mexico there is the Specialized Unit
for the Investigation of Assault and Theft of
Vehicles (UEIARV), which is attached to the
Specialized Subprosecutor's Office for the
Investigation of Organized Crime (SEIDO) and
on its official website it mentions that for several
years the crime of vehicle theft has increased,
due to the fact that criminal organizations
increasingly use stolen vehicles (which they
themselves steal in different states of the
Republic), to carry out their illicit activities.

Table 1

Theft of insured vehicles

o Vehiculos Robados - Informe Nacional de Seguridad

Source: report sept2019-ago2020 AMI
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Table 2

Stolen vehicles as of May 2023
Miles de vehiculos asegurados robados
mensualmente.
Agosto 2019 - Agosto 2020

Miles de veh. asegurados robados

=== Robo Mensual

== Recuperacion Mensual
Promedio diario de robo
Promedio diario de recuperacion

Source: January 2018 to May 5, 2023
Methodology to be developed
Electronic circuit design

One of the best alternatives to develop the
Project is to use the Arduino Platform, which is
one of the most versatile on the market,
affordable and open source, in addition to having
one of the largest collaboration networks,
through forums and channels on different social
networks, in Figure 1.

The variants of Arduino commercial
cards are shown.

Figure 1

Arduino variant boards (a) Ard. UNO (b) Ard.

Due (c) Ard. Mega (d) Ard. Nano
Source: own elaboration

To complement the list of components to
assemble the control circuit for the Project, the
following components are added:
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Table 3
Components for the control circuit

Cantidad | Descripcién Imagen Costo
1 Arduino

$140.00

" i
“ ‘ oo
% e
/
=)
-

1 Relevador

1 Sensor de Huella AS606

1 Bateria de 12V

’ e

?-/ $80.00

1 Motor 12V

BUZZER
acTivo

Source: own elaboration

The electrical circuit connection diagram
is shown in Figure 2, where we can see an
Arduino UNO card, a fingerprint reader,
basically, but a power supply is also required (for
this stage of project development, a 12 Volt DC
power supply is being used, but it is intended to
use the automotive battery of the same vehicle in
which the system is tested), a 12 volt relay,
which is enough to have a control circuit as
mentioned (R. Thanuj, et. al. 2023), in addition
to its respective code.

Figure 2

Electrical diagram of the control circuit
Source: own elaboration

The fundamental part of the control
circuit is the microcontroller (\Veeramanickam,
et. al. 2022), which is intended to process the
different signals, according to the model,
particularly for the project, are the signals sent
by the fingerprint sensor, who will be in charge
of receiving (scanning) and emitting status
validation signals (comparing against the
previous record in the database), part of the
fingerprint reading control code, is shown in
Figure 3.
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finger.getTemplateCount();

Serial.print(“El sensor contine”); Serial.print(finger templateCount);
Serial printin("plantillas");

Serial.printin("Esperando por una huella valida...");

}

void loop()

{ analogo5=analogRead(A5);
If(analogo5<=800){
Serial.print("Salida

Interna *** ");

encenderm ();

}
getFingerprintiDez ();
delay(50);

Figure 3

Fingerprint reading control code fragment
Source: own elaboration

Physical installation of the components

The fingerprint sensor was installed in a model,
simulating the dashboard of a vehicle, for
practical, economic and fast data generation
reasons, where the steering wheel and the
fingerprint reader are presented, which scans the
user's fingerprint beforehand registered.

As well as the complete circuit including
all the components described in Table 3, as
shown in Figures 4 and 5.

Results

As a result of the integration of different digital
technologies and applications between different
systems, users of low- and mid-range compact
cars can prevent and avoid the theft of a
conventional car, in vehicles that do not have any
built-in electrical system (low-range), and even
some that only have built-in presence sensors
(mid-range), as well as cars depreciated with
respect to 2024.

Specifically for the particular case of
vehicle theft prevention, the most important
thing is to prevent the vehicle engine from being
started, which is why the design of digital
ignition control of compact vehicle engine, was
developed with the elements described in the
Table 3, but during development the problem of
code integration arose, since there is a main
code, but the manufacturer of the fingerprint
sensor also offers a code with which the
fingerprints of the users who want to have access
to the vehicle's engine ignition control system
must be enrolled (registered).

Figu re 4
Automotive dashboard simulation test model

Figure 5

Fingerprint ignition control circuit
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enroll

uintS_t getFingerprintEnroll (wintS_t id): ~

SoftwareSerial mySerial (AS, Ad):

Adafruit Fingerprint finger = Adafruit Fingerprint (@mySerial);

void setup O
it

Serial. begin (38400) ;
finger. bezin (19200);

Figure 6
Arduino code snippet for fingerprint
enrollment

Source: own elaboration

The time to register a new fingerprint is
approximately 5 minutes, but it is highly
recommended that before registering, the user
properly cleans the surface of the finger that he
wants to register; it is sufficient to wash it with
soap and water beforehand; and also to make
sure that it does not have any scratches, wounds
or ink stains or any substance or material foreign
to human tissue.
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Conclusions

As part of the actions to prevent vehicle theft,
conditions can be implemented, such as having a
garage with a very good lock, steering wheel
immobilizers, audible or visual alarms, among
others, but current conditions of insecurity
require the use of technologies and, much
better, combining and integrating them to
strengthen an anti-theft protection or prevention
system, which is intended to be designed based
on commercial and low-cost technologies such
as the Arduino platform, using fingerprint
sensors and open source programming, which
can be simulated before implementing in
prototypes or final systems, as well as the
design, creation and integration of applications
that are compatible with the Arduino platform.

The main objective of this work was to
develop an engine ignition control system for a
vehicle that has very limited or no factory
technology conditions, depending on the model
and make, such as low-end vehicles, and which
is a quite vulnerable and abandoned sector,
which causes such cars to depreciate much
faster than expected, but above all the system
was designed with the mission of offering a
technological security alternative for the
vehicle, of the average owner in Mexico, which
is economical, intuitive and up-to-date that can
integrate and complement any vehicle that the
owner has, without the need to invest in specific
models or brands and above all obtaining the
same technological security advantages as if you
had a high-end vehicle. In a future project,
the implementation of this engine ignition
control system is being considered. The
selected vehicle is a Nissan Tsuru model, with
VIN number: 3NIEB31S03K506364.

All the researchers working on this
project are pleased to know that we have
managed to contribute to reducing the high theft
rates that are increasing every day, alerting and
worrying Mexicans, due to the low blow that this
represents for their family economy and for the
MSMEs.
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