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Water lily (Eichhornia crassipes) generation of electricity through photosynthesis

Generacion de electricidad del lirio acuatico (Eichhornia crassipes) por medio de

fotosintesis
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Federal Highway Monument Valle de Bravo, San Antonio de la Laguna, 51200 Valle de Bravo, Mex.

ID 1%t Autor: Demetrio, Castelan-Urquiza / ORC ID: 0000-0003-0250-7908

DOI: 10.35429/JESN.2020.18.6.1.8

Received July 10, 2020; Accepted December 30, 2020

Abstract

Generate electricity through the photosynthesis of the water
lily; releasing electrons at their roots, to be collected by the
anode (copper wire) and cathode (metallic foil) conductors,
to transport them through copper conductors and be able to
use them, in light energy, in a 3-volt led. Plastic containers
on average have a higher voltage, compared to metal
containers, on average they reached 0.747 volts, R6 was the
one with the highest voltage production and the lowest
0.518 volts on average was R4. The voltage produced by
metal containers, which did not reach the maximum values
of plastic containers, the highest average is R7, with a
voltage of 0.576 volts and the lowest of all averages is
0.216 volts R10, On 09/17/2019 at 4:45 PM, the highest
average voltage of 7.11 volts was recorded.

Eichhornia crassipes, photosynthesis, renewable energy

Resumen

Generar electricidad por medio de la fotosintesis del lirio
acudtico; liberando electrones en sus raices, para ser
recolectados por los conductores anodo (alambre de cobre)
y catodo (lamina metalica), para transportarlos por
conductores de cobre y poder utilizarlos, en energia
luminica, en un led de 3 volts. Los recipientes de plastico,
en promedio tienen un mayor voltaje, comparado con los
recipientes metalicos, en promedio llegaron a 0.747 volts,
el R6 fue el de mayor produccion de voltaje y el de menor
0.518 volts, en promedio el R4. El voltaje producido por
los recipientes metalicos, los cuales no llegaron a los
valores maximos de los recipientes de plastico, el promedio
mayor lo tiene el R7, con un voltaje de 0.576 volts y el
menor de todos los promedios es de 0.216 volts el R10, el
dia 17/09/2019 a las 16:45 se registré el mayor voltaje
promedio de 7.11 volts.

Eichhornia crassipes, fotosintesis, energia renovable.

Citation: CASTELAN-URQUIZA, Demetrio. Water lily (Eichhornia crassipes) generation of electricity through
photosynthesis. Journal of Environmental Sciences and Natural Resources. 2020. 6-18:1-8.
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Introduction

The United Nations (UN) comments on
encouraging signs that energy is becoming more
sustainable and widely available. Access to
electricity in the poorest countries has started to
accelerate, energy efficiency continues to
improve, and renewable energy is achieving
excellent results in the electricity sector. Despite
this, greater attention needs to be paid to
improving access to clean and safe cooking fuels
and technologies for 3 billion people to expand
the use of renewable energy beyond the
electricity sector and increase electrification. in
sub-Saharan Africa.

Worldwide there are 7.5 billion
inhabitants, and 16% of this population lacks
electricity service, which is why they use fossil
fuels to heat and light their homes (Zapien
Rodriguez et al., 2019, 2019, p. 1).

Worldwide, according to the International
Energy Agency, photovoltaic solar energy
represents no more than one percent of supply,
and yet it is certainly an unstoppable trend. Since
2016, it is the world's fastest growing source of
energy. So much so that the manufacture of
photovoltaic cells already consumes 40% of the
planet's tellurium production, 15% of the silver
and a large part of the quartz. It also consumes a
considerable part of the indium, zinc, gallium and
tin production. And it is a demand that does not
seem to stop growing (Jiménez, 2019).

(Espinoza, et al., 2020), comment that in
recent decades there has been a considerable
global increase in the urban population, industrial
productivity, energy demand, waste generation
and the emission of greenhouse gases due to
conversion of energy. The agricultural, forestry,
textile and food sectors generate large amounts of
waste and its environmental impact has become a
matter of great concern in societies around the
world. Current efforts are related to maximizing
the efficiency of combustion and energy-related
processes in general through the use of industrial
waste and the reduction of particles.

The problem is that, despite attempts to
design recyclable cells, the vast majority of the
industry is in another race. In growing the
installed photovoltaic without thinking about
these types of problems. For their part,
governments also do not have in mind to tighten
regulations (focused as they are on reducing
emissions as soon as possible) (1d, 2019).

ISSN: 2444-4936
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The main problem of most alternative
sources is energy storage: it is difficult to store on
a large scale and must be consumed immediately
(Arismendi Romero, 2011, p. 28).

(Carrasco, 2020), affirms that the spatial
growth  of cities occurs progressively,
depredating the soil and the ecosystems around it,
which is why each government must have a
development plan normatively.

Solar energy

“Solar energy has been used by civilization for
millennia, initially for its thermal effect for
drying food and residential heating. The first
applications of solar energy for the production of
electricity date from the beginning of the 20th
century, using concentrating solar systems for the
production of steam and electrical energy
(Shuman, 1916)” Apud. (Nobre et al., 2019).

"Sunlight is available in a limited time
during the day, it has to be converted and stored
to be wused. The two alternatives are
photochemical conversion and storage of solar
energy”’, which consists of the direct conversion
of solar energy into electricity, generating high
fuel sources such as molecular hydrogen from
water (Rimichi Flores, December 2019).

The first complex of proteins responsible
for photosynthesis in all photosynthetic
organisms that use oxygen is known as
Photosystem Il (PSII). To a certain extent, PSII
can be considered to be the basis of life as we
know it today, because thanks to photosynthesis,
plants make their food and produce the oxygen
that we breathe. (Id., 2011, p. 27).

The photosynthesis of carbohydrates is
one of the most complex processes that exists in
nature, where from CO2 and water, these organic
molecules are formed with the emergence of
3200-3500 million that is present dioxygen
evolution.  The  first  photosynthesizing
cyanobacteria years and from there all the O2 in
the Earth's atmosphere has been formed from this
process (A and R, 2013, p. 9).

CASTELAN-URQUIZA, Demetrio.  Water lily
(Eichhornia crassipes) generation of electricity through
photosynthesis. Journal of Environmental Sciences and
Natural Resources. 2020
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Plants are indisputably pioneers of solar
energy, they have been subjected to millions of
years of evolution, all of them make use of the
sun to generate their own food, they operate with
an efficiency close to 100%, which means that for
each photon of Captured light produces the same
number of electrons. (Mata Gonzélez, Dimas
Reséndiz, Machuca Pulido and Medina Juérez,
2017, p. 6).

“If we put the efficiency of the plants into
a balance, with that of a photovoltaic cell whose
efficiency ranges between 14 and 18%, it can be
said that we have had the best energy capture
system, however, during photosynthesis the
plants use that energy released to generate sugars
that plants use to boost their growth. These
electrons in the form of sugars are deposited in
curl deposits as a consequence of the deposition
curl, there they are stored as hydrocarbons that,
by organic decomposition, microorganisms
decompose these chains formed by carbons that
when there is a molecular separation there is a
release of energy that can be captured. It is clear
that for this stage the generation efficiency has
dropped, however it is still a 100% clean
generation . (Id., 2017, p. 6).

"Oxygenic photosynthesis is carried out
through the sequential action of Photosystem
Il (PSII) and (PSI) reaction centers through
scheme Z. Both pigment-membrane protein
complexes are found in cyanobacteria, algae
and plants." (Nguyen and Bruce, 2014).

(Blanco, 2020), comments that there are
different types of solar energy systems that can
be implemented in the house, either from passive
systems, which allow us to heat the house due to
its orientation with respect to the sun, passive
lighting using the same bioclimatic architecture
techniques and active solar energy capture
systems through photocells.

Water lily Eichhornia crassipes

This South American species is the most serious
aquatic weed in the world. It grows very quickly.
It is common in Mexico and causes problems in
lagoons, dams, and irrigation canals.
(CONABIO, 2020).

ISSN: 2444-4936
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The cost of managing water hyacinth in
the world is so high, both for the economy and
for the ecology, that it is necessary to provide
economically and environmentally sustainable
control methods in order to offer long-term
solutions against the infestation of this weed.
(Martinez Jiménez).

It is estimated that it covers
approximately 40,000 ha. Virtually all lakes in
Mexico have problems with this species; for
example, it covers approximately 7000 ha of
Lake Chapala. (1d., 2020).

(Rosas, 2020), explains that the problem
is that thanks to the misuse of the oxidation plants
that do not put them into operation, either due to
lack of training and human resources, as well as
a budget by the H. City Council , solid waste is
not treated properly and therefore ends up in one
of the 2 sections of the lagoon, contaminating the
other section through the filtration of
contaminated water, for which they produce large
amounts of the sacate plant, water lily and lettuce.
(Valderrama and Cortés, 2020), explain the
implementation of bacteria as an experimental
model for wastewater treatment, which allows, to
a great extent, to understand the role that these
microorganisms can play in an environment.

Aguatic systems are also being affected
by the presence of IAS in the APRN Valle de
Bravo. For example, the giant reed (Arundo
donax) and the water lily (Eichhornia crassipes)
modify the habitat of aquatic species and affect
water quality. The water lily invades the vessels
of the dams that make up the Cutzamala System
and is often dispersed in lagoons and
intermountain natural wetlands, affecting the
quality of the water. Water and competing for
light and nutrients with native vegetation
(CONANP, 2012), (Apud. PNUD México,
2019).

Objective

In this research a prototype is proposed, to
generate electricity, through the photosynthesis
of the water lily; releasing electrons at their roots,
to be collected by the anode (copper wire) and
cathode (metallic foil) conductors; to transport
them through copper conductors and to be able to
use the energy in the form of light energy in a 3
volt led.

CASTELAN-URQUIZA,  Demetrio. ~ Water lily
(Eichhornia crassipes) generation of electricity through
photosynthesis. Journal of Environmental Sciences and
Natural Resources. 2020
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Materials Experimental prototype

For the project, water lily obtained from the
Miguel Aleman Dam, from the Municipality of
Valle de Bravo, State of Mexico, Mexico, Six
recycled plastic containers of different volumes,
five metal containers, recycled metal cans, brand
copper wire were used. Recycled condumex
gauge 10 and gauge 12, 2 m long, 11 square metal
recycled plates measuring 10 cm by 10 cm, lead
solder, non-potable water in the area, 3.0 volt led,
electric soldering iron, truper brand multimeter
model TU-830.

Methodology

The methodology, which is quantitative, quasi-
experimental, was collected in a 20-liter
container for water lily from the dam in the
municipality of Valle de Bravo, State of Mexico,
Mexico.

The cathodes were designed, with a metal
plate, welded to a copper wire and a copper wire
mesh as anode, and copper wire as a conductor,
to later start with experiments with other
materials; Recycling was used, of plastic
containers to contain the water, water containers
made of metal cans, of different volumes.

Copper wire for the connections, in the
series circuit; the metallic plates were soldered
with the copper wire. A circular coil for the anode
was built with copper wire of approximately 2
meters in length, non-potable water was added to
each container, placing water lily in
approximately equal proportion, until eleven
prototypes were built to verify the voltage
produced, the voltage was measured individual of
each container; as well as the total produced by
the series circuit; with a multimeter, on different
days and times for a long time.

The circuit was connected in series, the
total voltage of the circuit was measured,
connecting a 3-volt led spotlight, the reduction of
the voltage obtained and that produced by the
eleven containers on different days and hours was
measured.

ISSN: 2444-4936
ECORFAN® All rights reserved.

The process of obtaining the data was
experimental and direct observation, the plant
extracted from the dam of Valle de Bravo, State
of Mexico, Mexico was dosed, in figure 1, the
type of water lily is appreciated, with its leaves
and Spread roots, with non-potable water from
the local plumbing, the recycled plastic container
in different sizes was used. In figure 2, the
prototypes for the cathodes were built, with metal
plates they were drilled to weld a copper wire as
a conductor and a circular and elicoidal section
was built with copper wire for the anode. In
figure 3, the placement of the anodes and
cathates, which are separated by a smaller plastic
container, were placed inside the bottom of the
plastic container, they were placed to receive the
electrons, which the water lily will deposit in
their roots and subsequent bacteria will deposit
on metals. In figure 4 you can see the metal
container which will serve as cattate and the
plastic container as an insulator inside the copper
wire that will be the anode.

Figure 1 Plastic container, containing water and the Water
Lily collected from the Valle de Bravo dam, State of
Mexico, Mexico

Source: Self made

CASTELAN-URQUIZA, Demetrio.  Water lily
(Eichhornia crassipes) generation of electricity through
photosynthesis. Journal of Environmental Sciences and
Natural Resources. 2020
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Figure 2 Construction of the anodes and cathodes with
copper wire in a circular elicoidal shape for the anode and
metal plates for the cathode, welding copper wire

Source: Self made

Figure 3 Plastic container with the metal plate and copper
wire used as anode and cathode
Source: Self made

ISSN: 2444-4936
ECORFAN® All rights reserved
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Figure 4 Condumex brand 10-gauge copper wire, 2 meters
long, to be used as the anode and the metal tin as the
cathode.

Source: Self made

The voltage measurements produced by
the containers were made with a digital
multimeter, trupper brand model MUT-830,
Figure 5. On different days and hours, the
voltages in millivolts, produced by the different
plastic and metal containers, connected in series,
were measured. , Figure 6. The final prototype,
the total voltage, produced by the plastic and
metal containers, was measured, measured in
volts, of the entire circuit connected in series
Figure 7. A 3-volt led was placed, to the circuit
connected in series, to measure the resulting
voltage of the series connected circuit Figure 8.

\ N .i X
LA
AN RS

Figure 5 Truper multimeter model MUT-830, used to
measure the voltage of the containers.
Source: Self made

CASTELAN-URQUIZA, Demetrio.  Water lily
(Eichhornia crassipes) generation of electricity through
photosynthesis. Journal of Environmental Sciences and
Natural Resources. 2020
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Figure 6 Measurement of the voltage of a plastic container
in millivolts
Source: Self made

Figure 7 Measurement of the voltage of the series circuit,
of the eleven vessels
Source: Self made

Figure 8 Voltage measurement connecting a 3-volt led to
the series circuit
Source: Self made

ISSN: 2444-4936
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Results

As can be seen in the results of table 1, the plastic
containers on average have a higher voltage,
compared to the metal containers, on average
they reached 0.747 volts the R6 was the one with
the highest voltage production and the one with
the lowest 0.518 volts in average the R4.

Voltage Measurement (v) Plastic
Containers

R1 R2 R3 R4 R5 R6

0.776]0.802|0.493|0.727 ] 0.784 | 0.770
0.728 1 0.654 | 0.502 | 0.334 | 0.738 | 0.750
0.673/0.603 | 0.558|0.402 | 0.710| 0.707
0.734|0.775]0.595 | 0.603 | 0.773 | 0.756
0.703|0.768 | 0.560 | 0.529 | 0.773 | 0.758
0.601 | 0.618|0.565|0.561 | 0.742|0.721
0.748 | 0.680|0.622 | 0.504 | 0.760 | 0.759
0.746|0.729|0.5930.484 | 0.763 | 0.757
Average |0.714|0.704|0.561|0.518 | 0.755|0.747
Voltage
(Volts)

Table 1 Individual voltage of plastic containers and
average voltage

Source: Own elaboration with data from measurements in
the field

In the results obtained from Table 2, the
behavior of the voltage produced by the metal
containers can be observed, which did not reach
the values of the plastic containers, the highest
average is R7, with a voltage of 0.576 volts and
the lowest of all the averages is R10 with 0.216
volts, a hypothesis that arises from these results
is the lack of sunlight in the containers, due to its
low voltage produced.

Voltage Measurement (v) Metal
Containers
R7 R8 R9 R10 R11
0.342| 0.373]| 0.625| 0.263| 0.694
0.930| 0.237| 0.523| 0.238| 0.420
0.288| 0.391| 0.489| 0.320| 0.362
0.604| 0.671] 0.599| 0.217| 0.571
0.575| 0.669| 0.620| 0.052| 0.573
0.606| 0.611] 0.593| 0.215| 0.567
0.639| 0.598| 0.493| 0.140| 0.550
0.625| 0.581| 0.593| 0.285| 0.543
Average 0.576| 0.516| 0.567| 0.216| 0.535
Voltage
(Volts)

Table 2 Individual voltage of metal containers and average
voltage
Source: Own elaboration with data from measurements in
the field

CASTELAN-URQUIZA, Demetrio.  Water lily
(Eichhornia crassipes) generation of electricity through
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According to what is observed in Table 3,
it can be inferred that there is an average tendency
to decrease the voltage, produced by the series
circuit of the eleven vessels, when connecting a
3-volt led, reaching an average of 6,538 volts, by
reducing the voltage to 2,609 volts on average.
The day the highest series circuit voltage was
measured was September 17, 2019 at 4:45 PM.
This indicates that the circuit generated a greater
amount of voltage 7,110 volts, since the
measurement time was very long of 13 days,
compared to the last measurement day,
September 4, 2019, which was a voltage
produced on average of 4,930 volts.

S voltage Total voltage of Voltage Voltage

threshold measurement in difference reduction by

connecting a 3
v led

(v) multimeter (v) (v)

. . . . 17/09/2019 X
6.054 4.930 -1.124 2.570 04/09/2019 | 13.11
5.503 7.030 1527 2.580 03/09/2019 | 16:59
6.898 7.030 0.132 2.630 03/09/2019 | 10:48
6.580 6.590 0.010 2.630 02/09/2019 15:21
6.400 6.350 -0.050 2.600 28/08/2019 17:32
6.493 6.760 0.267 2.620 27/08/2019 14:35
6.699 6.500 -0.199 2.620 26/08/2019 | 10:44
6.410 6.538 0.128 2.609 | Average voltage (volts)

Table 3 Voltage summation of the eleven containers,
measurement of the total voltage of the eleven containers
with a multimeter, difference of the total summations of the
eleven containers, voltage reduction by connecting a 3-volt
led type bulb, date of the voltage measurements of the
containers , time of individual and total measurements of
metal containers and average voltage

Source: Own elaboration with data from measurements in
the field

Conclusions

The results obtained in the measurement of the
individual and series voltages of the containers,
on average, are notably increased in plastic
containers; This indicates that better conductors
for the anode and cathode can be sought, such as
aluminum, zinc or copper; Comparing results of
research carried out with terrestrial plants, this
experiment allows to take advantage of the
energy of aquatic plants, such as the water lily
and to generate clean energy compared to solar
cells, although it is in a prototype stage, it is
intended to be more efficient the future series
circuit and store the energy, to be used as direct
current.
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Abstract

This research was done to get acquainted with the
characteristic of the membrane module in spiral, used in the
osmosis reverse process. The goal to know its measure,
components, hydrophilic, topography, materials and
performance. The membranes of the module were
characterized by the next techniques: atomic force
microscopy (AFM), infrared spectroscopy by ATR
(Attenuated Total Reflectance), contact angle and cross-
flow equipment. Agree with the autopsy, the infrared
spectrums indicate that the membrane is constituted by
support of polyester paper, a polysulfone layer, a cellulose
acetate layer and polyamide layer. The feed spacer is
polypropylene and the permeate spacer is polyethylene
terephthalate. All the measures did the membrane module
were the same as the technical sheet from the manufacturer.
The contact angle was 22.4+3.55° and roughness of
182.43+42 nm. The performance of the membrane was
70% to reject salts of feed 1000 ppm NaSOa.

Membrane module, Membrane autopsy, Reverse
0smosis

Resumen

Este trabajo de investigacion se realiz6 para familiarizarse
con las caracteristicas de un modulo de membranas
enrrolladas en espiral usado en el proceso de 6smosis
inversa, con el objetivo de conocer sus medidas,
componentes, hidrofilicidad, topografia, materiales y
desempefio. Las membranas en el mddulo fueron
caracterizadas por las siguientes técnicas: microscopia de
fuerza atomica (AFM), espectroscopia de infrarojo con
ATR (reflectancia total atenuada), &ngulo de contacto y
equipo de flujo cruzado. De acuerdo a la autopsia, los
espectros de infrarrojo de las membranas estan constituida
por un soporte de papel poliester, una capa de polisulfona,
y una capa de acetato de celulosa y poliamida. La malla de
alimentacion es de polipropileno y la malla de permeado es
polietileno tereftalato. Todas las medidas hechas al médulo
fueron iguales a la hoja técnica del fabricante del modulo
de membranas. El &ngulo de contacto fue 22.4+3.55° y una
rugosidad de 182.43+42 nm. El desempefio de la
membrana en cuanto a rechazo de sales fue de 70% con una
solucion de alimentacién de 1000 ppm de NazSOsa.

Modulo de membranas, Autopsia de membranas,
Osmosis inversa
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Introduction

Today there is a great demand for fresh water and
of course drinking water due to population
growth, industrialization and technological
development, etc.

Due to contamination and deterioration of
rivers and underground aquifers, in many cases
their use without prior treatment is unacceptable,
even for industrial processes (Morote Seguido et
al., 2017).

The parameters that intervene in any
treatment for the purification of brackish or non-
potable water are energy, the nearby availability
of water, the quality of the water, the final type of
the process, etc. (Robles et al., 2019).

The applications of membrane processes
are very extensive. Reverse osmosis (RO),
ultrafiltration (UF), microfiltration (MF) and
nanofiltration (NF), are techniques that have
pressure as a driving force, they are widely used
to produce drinking water, to convert saline water
into drinking water, to treat waste water, in the
food industry, to recover salts dissolved in water
in industrial processes, to concentrate a polluting
agent and up to a certain economic point.

RO treatments can improve water quality
and is the most widely used treatment both
industrially and for the production of drinking
water in countries with insufficient water. It is a
very easy process to carry out, although
specialized labor is required for its proper
operation, this allows the amortization of the
initial investments in a feasible way (Payeras,
2015), the specialized labor guarantees us the
proper management of the RO equipment, the
proper functioning of the process, the care of the
membranes, as well as the life time of the
equipment, as well as that of the membranes used
in the RO process will be the corresponding one.
The reverse osmosis process occurs when two
solutions with different concentrations are
brought into contact through a semi-permeable
membrane and a pressure greater than the
osmotic pressure is applied to the concentrated
solution in such a way that the water passes from
the more concentrated solution to the most
diluted.
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The fundamental element in reverse
osmosis are the membranes, which are arranged
in modules inside pressure tubes. There are
various configurations of modules, the most
commonly used being the spiral wound type
(Cifuentes, 2009).

The useful life of a membrane is related
to the characteristics of the raw water, the
hydraulic operating conditions, the chemical
cleaning cycle and the fouling of the membrane.
Membrane fouling refers to pore plugging and
external pore blockage as a result of the
deposition of particles and colloids on the
membrane surface and the precipitation of
smaller dissolved materials within the membrane
pores. and on the surface of the membrane. A
ratio of pore size to fouling size is important in
determining the mechanisms involved in
rejection and fouling. It is necessary to minimize
membrane fouling because the decrease in
permeate flux has enormous consequences on the
economy and efficiency of the operation (Pontie
et al., 2005; Chon & Cho, 2016).

Analytical tools for membrane autopsies
when fed with seawater are: zeta potential,
atomic force microscopy (AFM), infrared
spectroscopy with ATR (ATR-FTIR), hydraulic
permeability, gravimetry, contact angle, salt
rejection, Scanning electron microscopy (SEM),
X-ray diffractometry (XRD), X-ray fluorescence
(XRF), sediment density index or fouling index
(SDI), modified fouling index (MFI), nuclear
magnetic resonance (NMR) (Pontie et al., 2005).

In Mexico, reverse osmosis desalination
plants are being installed, which in part of the
process are made up of membrane modules, in
the cities of Nuevo Ledén with a capacity of
29,184 m®/d, Tampico 13,824 m*/ d, Los Cabos
San Lucas 1892 m® / d, Nava 1008 m® / d, in
Mexico City with a capacity of 273 m3 / d and
recently in Cochorit beaches, Empalme (Sonora)
(Arreguin, 2015).

That is why laboratories seek to know and
characterize the membranes used in the reverse
0smosis process, to develop better membranes,
and innovate in the regeneration of membranes.
This would be very important since Mexico does
not have laboratories of this type.

ALVAREZ-SANCHEZ, Jesis, SANTACRUZ-MUNGARRO,
Alma Delia, DEVORA-ISIORDIA, German Eduardo and
MARTINEZ-MACIAS, Maria del Rosario. Membrane module
autopsy used in the reverse osmosis process. Journal of
Environmental Sciences and Natural Resources. 2020



Article

11

Journal of Environmental Sciences and Natural Resources

Therefore, the objective of this is to know
the characteristics of a spiral wound membrane
module, used in the reverse 0sSmosis process,

identifying its  physical and chemical
characteristics  such  as  measurements,
components, hydrophilicity, topography,

materials and performance. The membranes in
the module were characterized by AFM, infrared
spectroscopy with ATR (attenuated total
reflectance), contact angle and crossflow
equipment.

Methodology
Material

Membrane module model TW30-4040, tape,
scissors, rulers, gloves, vernier, tape measure,
tweezers, handsaw, pocketknife and hacksaw.

Equipment

Calibrator, Mitutoyo Model 7300S Micrometer,
Stopwatch, YSI Model 30 Conductivity Meter,
Explorer OHAUS Model E12140 Digital
Analytical Balance, Dataphysics Contact Angle
Equipment Model OCA 15EC, Infrared
Equipment by ATR Thermo Scientific Model
Nicolet iS5, Sterlitech Corporation Cross Flow
Equipment Model CF042 and atomic force
microscope equipment AFM Workshop model
TT-AFM.

Methodologies for the autopsy of a module
used in the reverse 0smosis process

The membrane module was identified, and they
were extracted by opening the module removing
the side covers, the protective tape of the
membrane module was removed to identify the
conformation of the membrane module inside
(Figure 1).

Cleaning corresponding to the module
was carried out and the number of layers of the
membrane module was counted.

These layers were measured in length and
width of the module, as well as the diameters of
the feeding and rejection tubes. These same
measurements were carried out on the mesh and
the waterproof separator.

ISSN: 2444-4936
ECORFAN® All rights reserved.

December VVol.6 N0.18 9-19

A membrane was then cut into a 7 cm by
5 cm rectangle to be characterized by
Dataphysics contact angle equipment, model
OCA 15EC, infrared equipment by ATR Thermo
Scientific, model Nicolet iS5, AFM atomic force
microscope equipment Workshop, model TT-
AFM and finally the Sterlitech Corporation cross
flow equipment, model CF042. Figure 1 shows a
block diagram with the methodology used for the
autopsy of a spiral membrane module.

Membrane characterization
Contact angle

The contact angle analysis was performed on a
Dataphysics equipment, model OCA 15EC,
using the SCA20 software. The membranes were
cut to a dimension of 3 cm x 2 cm and then placed
on the base of the equipment with tape. Distilled
water was placed inside the syringe (previously
filtered with a 0.2 um filter). Subsequently, the
measurements were made by applying five drops
of water on the membrane, placing each drop at
different points on the surface in a rectangular
arrangement, leaving an approximate distance of
half a centimeter between each measurement.

CROSS FLOW
STERLITECH
CORPORATION

MODULE
IDENTIFICATION

I t

ATOMIC FORCE
MICROSCOPE AFM

REMOVE
PROTECTIVE TAPE

1 )

INFRARED BY ATR

e Ecion
SCIENTIFIC
I 5
REMOVE DIRT CONTACT ANGLE

FROM THE MODULE DATAPHYSICS

v t

MEASURE AND CHARACTERIZE
LEARN THE MEMBRANE
MODULE T
CUT MEMBRANE
INTOA7cmX5cm
> RECTANGLE

Figure 1 Diagram of methodologies for the autopsy of a
module used in the reverse osmosis process
Source: Self made
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Infrared ATR Spectrophotometer

The identification of functional groups of the
composite membranes was carried out with the
infrared equipment by ATR Thermo Scientific,
model Nicolet iS5. Membranes were cut for
testing to a dimension of 1 cm x 1 cm.
Subsequently, the sample was taken with
tweezers, holding it by the edge, avoiding contact
with the face of the polymer, and it was placed on
the analysis base with the face down. The screw
of the base was adjusted in order to have a better
image of the sample (which is interpreted by the
OMNIC software), and the analysis was started.
The same procedure was repeated for each of the
samples analyzed.

Atomic force microscope

The leveling of the AFM Workshop atomic force
microscope, model TT-AFM, was verified. Each
membrane to be analyzed was cut to a dimension
of 0.5 cm x 0.5 cm, and they were glued to the
base of the equipment. Once the sample was
placed, the AFM 50 um software was started,
then the camera was focused and a small tip
called a cantiliver was brought close to the
sample, which is in charge of scanning the
sample. A measurement was made for the
membrane sample, using scan area of 10 um x 10

pm.
Cross flow

The cross-flow equipment (Figure 2) works by
passing a saline solution found in the tank (1)
through a cell (3) that contains inside one of the
membranes tested in this investigation, contains
a pump (2) that raises the pressure of the fluid to
levels greater than the osmotic pressure, so that
the fluid can pass through the membrane. The cell
contains two fluid outlets, the first is for the
permeate fluid (E, product), which contains a
smaller quantity of salts after passing it through
the membrane and the second, has the name of
rejection (C) which it returns to the tank (1), the
stream where the greatest amount of salts is
concentrated, that is, it contains the salts from the
feed plus the salts that did not pass through the
membrane.
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With this equipment, the performance of
the membrane was analyzed in terms of salt
rejection (ppm), pressure (8, in MPa) and
permeate flow (in ml/ min). In Figure 2, the main
components of the crossflow equipment are
shown. The equipment has 2 valves (4 and 7) to
regulate the flows. A balance to weigh the
permeate (6) and a tank to receive it (5).

Figure 2 Cross-flow equipment (1. Feed tank (19 L), 2.
Pump (1.5 hp), 3. Permeate cell, 4. Needle valve to control
pressure, 5. Tank (250 mL), 6. Balance, 7. Dump valve, 8.
Pressure gauge and 9. Flow meter A = rigid stainless steel
tube, D = PVC tube, E = Nylon hose, B and C = hose with
1,000 psia resistance.).

Source: Self made

Once the membrane module was
dismantled, a 11.5 cm x 6 cm piece was cut out
to be placed inside the cell of the crossflow
equipment. Prior to trimming, a saline solution
was prepared at 1,000 ppm of NaSOs in a
volume of 10 L, it was emptied into the feeding
container of the system. The reject flow outlet
valve was fully opened to let any air that may be
inside the system escape and gradually close it,
until reaching the desired pressure of 4.14 MPa,
once the high-pressure pump was turned on.
Once the system is stable, the flow or permeate
product is collected in a container to later
measure the salt concentration in ppm with the
conductivity meter, and while the desired
permeate volume is obtained, the time is
measured. Obtained both concentrations C1 and
C2 (concentration of the feed and concentration
of the permeate respectively), equation 1 is
applied to determine the percentage of rejection
of salts (% R) and equation 3 for the flow rate or
permeate flow.

C1—C3

%R = 2+ 100% (1)

1
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MARTINEZ-MACIAS, Maria del Rosario. Membrane module
autopsy used in the reverse osmosis process. Journal of
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The following Figure 3 shows the flows
or flows that were generated during the process,
from which we can distinguish: Feed flow or
flow, which is the one to be desalinated and is
applied to one side of the membrane, Fa;
permeate flow or flow (product), which
corresponds to the water from which the salts
have been eliminated or reduced, Fp; flow or
flow of the concentrate (rejection), which drags
the salts that have been separated by the
membrane and that will be deposited on it, Fr.

F F

Figure 3 Flows in the reverse osmosis process.
Source: Self made

The equation to calculate the above
magnitudes are:

Fo=F, +F, (2)
Also
\%4
Fp Y (3)
Where:
V = Volume

At = Time differential
Results
Membrane module characterization
The results obtained were as follows: it is a
spiral-type membrane module formed by 26

rectangular layers wound (Figure 4) around a
cylindrical axis with perforations (Figure 5).
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The module is made up of 6 membranes,
6 meshes and 6 waterproof spacers that are rolled
and glued by epoxy resin (Figure 6), the length
module measures 97.79 cm (Figure 7), the
external diameter of the permeate tube measures
2.6 cm (Figure 8), the diameter of the feed flow
is 9.9 cm, the mesh, membrane and waterproof
separator measures 80.01 cm wide and 92.71 cm
long (Figure 9). When the module was opened, it
gave off dirt (Figure 10).

Figure 4 Layers of membranes
Source: Self made

Figure 5 Tube with perforations
Source: Self made
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Figure 9 Membrane measurement

Figure 6 Membranes, meshes and waterproof separator Source: Self made

Source: Self made

Figure 10 Dirt of the membrane module

Source: Self made

Figure 7 Modulus measurement

Source: Self made The results were corroborated on the page
(Figure 11 and table 1) of the company that
manufactures the characterized membrane, the
model is TW30-4040 obtaining identical results.

\
e

A |
8] 7
coa[ Q% DDIA
T | Tape Outer Wrap _j
Feed End Cap ' Brin Product

Figure 11 Characteristics of the membrane module model
TW30-4040
Source: DOW FILMTEC ™, 2020

Measurements Module TW30-4040

Figure 8 Measure diameter
analyzed Vendor Module

Source: Self made

Measure A 100.39 cm 40in/101.16 cm
Measure B 2.6 cm 1.05in/2.67 cm
Measure C 1.90 cm 0.75in/1.9cm
Measure D 9.9cm 3.9in/9.9cm

Table 1 Comparisons of the measures of the analyzed
module and those of the supplier
Source: Self made
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Contact angle measurement

The average contact angle of the membrane was
22.4 + 3.55 ° (Table 2). The membrane presents
at a low angle with respect to the criterion that the
liquid moistens the solid (by convention © <90 °)
being an angle less than 90 ° which implies that
the membrane has an affinity for water. This is
desirable in reverse osmosis because there is
more permeate flow.

Measure ‘ o (°)

number
1 20.3
2 18.2
3 22.3
4 27.6
5 23.5
Average 22.4
Standard +3.55
deviation

Table 2 Diaphragm contact angle
Source: Self made

Infrared spectra of the parts that make up the
membrane module

Reverse of the membrane

Polysulfone is constituted in its monomeric unit
(Figure 12) by 4 aromatic rings (CsHa), 2 methyls
(-CH3), the functional group ether (ar-O-ar),
sulfone group (SO.).

-O+O-—CH

Figure 12 Chemical structure of polysulfone
Source: Self made

The paper was separated from the
membrane and the reverse of the membrane was
analyzed obtaining its infrared spectrum (Figure
13). The main signals of the infrared spectrum
were then analyzed.
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Figure 13 Infrared spectrum of the reverse side of the
membrane
Source: Self made

Cspo-H stretching of aromatic ring at
3,070 cm™, asymmetric stretching of CHs at
2,966 cm™, symmetric stretching of CH3 at 2,873
cm, stretching of CHs behaving as a CH» at
2927 cm™ and CH; at 2845 cm™?, but they are very
weak signals due to the type of analysis technique
and also due to the intensity of the CO signal.

Stretch C = C of aromatic at 1.585 cm™,
the signals 1.504 cm™ and 1.48 cm-1 are also due
to the C = C of aromatic (Pavia et al., 2009).

Asymmetric stretching of the O =S =0
at 1,324 cm™ the signal is weak and symmetric
stretching of the sulfone functional group at
1,151 cm™ which is strong (Pavia et al., 2009). C-
O stretching of an aromatic-linked ether shows
the signal at 1.243 cm™ and 1.080 cm™.

The 834 cm™ signal indicates that they are
aromatic rings disubstituted in position for this
according to the chemical structure (Figure 12)
and Pavia et al. (2009). Therefore, it is
corroborated that the reverse of the analyzed
membrane is prepared with polysulfone.

Thin layer of aromatic polyamide

The surface of the membrane was analyzed,
which the manufacturer indicates that it is
aromatic polyamide (Figure 14, FILMTECTM,
2020). The spectrum of aromatic polyamide and
polysulfone was clouded by a very intense signal
(Figure 15, 1044.01 cmt), which could be the C-
O signal of cellulose acetate (Figure 15).
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Figure 14 Chemical structure of aromatic polyamide
Source: Self made

In Figure 15 you can see the signal at
1654 cm™ corresponds to the carbonyl group of
the amide functional group (R-CO-NH-R) and
the signal 1735 corresponds to the carbonyl
group of a carboxylic acid, this functional group
is added to increase the hydrophilicity of the
membranes.

- S
4000 3500 1000 250%“‘_1 2000 1500 1000

Figure 15 Spectrum of the membrane used in the reverse
0SMOSis process
Source: Self made

According to the autopsy, the infrared
spectra and the contact angle, the membrane is
made up of a polyester paper support, a
polysulfone layer, and a cellulose acetate and
polyamide layer. Apparently, the thin layer is
polyamide, it is a combination of aromatic
polyamide and cellulose.

Permeate mesh

The permeate mesh was analyzed by infrared
spectroscopy, which showed a spectrum (Figure
16), which resulted in the mesh material being
polyethylene terephthalate when comparing the
infrared spectrum of the permeate mesh against
the OMNIC software library with a coincidence
in signals of 64% (Figure 17), in Table 3 we can
see the comparisons of the signals of the spectra
of polyethylene terephthalate (San Andres et al.,
2010) and of the permeate mesh, the signals are
very similar.
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Polyethylene terephthalate is constituted
in its monomeric unit of -CH»-, ester functional
group R-COO-R, the C-O bond, C = O carbonyl
group and benzene ring (Figure 16).

Wave number

Wave number

(cmb) (cm™)
Polyethylene (permeate
terephthalate mesh)
-CHa- 2965y 2913 2963
Cc=0 1713 1715
c=C 1615,1580,1505 | 1603, 1587 and
1508
C-H 1470, 1410, 1372 1476, 1409,
and 1340 1340
[C-C(0)-0] 1240 1251
[-O-C-] 1120 and 1098 1126
In the C-H 1016 and 970 1020 and 970
plane
Outside the 870 872
C-H plane
Heading C-H 720 724

Table 3 Infrared spectrum signals from polyethylene
terephthalate and permeate mesh
Source: Self made

4000 3500 3000 2500 1 2000 1500 1000
cm-

Figure 16 Infrared spectrum of the permeate mesh
Source: Self made
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Figure 17 Infrared spectrum comparison of the permeate
mesh against the OMNIC library
Source: Self made
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Figure 18 Chemical structure of polyester terephthalate
and its monomers
Source: (Tiravanti, 2011)

Feeding mesh

Infrared spectroscopy analysis was performed for
the feeding mesh, according to the infrared
spectra library of the OMNIC software, the
polymer was polypropylene because it has a 79%
coincidence (Figure 19). The chemical structure
of the monomeric unit of the polymer is -CH>-,
CH, CHzs (Figure 20) Table 4 shows the infrared
spectrum signals for polypropylene.

96.6

4000 3500 3000 2500 ; 2000 1500 1000
cm-

Figure 19 Infrared spectrum of the feed mesh.
Source: Self made

L

By
L] [Ia
H Ha
Polypropylene

Figure 20 Chemical structure of polypropylene
Source: Self made

Signal Wave number (cm™) |
CH3s Asymmetric stretch 2951
CH2 Asymmetric stretch 2918
CH3s Symmetrical stretch 2877
CH2 Symmetrical stretch 2837
CH3s Asymmetric deformation 1456
CHs Symmetric deformation 1377
CH2 Symmetric deformation 732

Table 4 Infrared spectrum signals from the feed mesh
Source: Self made
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Figure 21 Infrared spectrum of feed mesh against OMNIC
software library
Source: Self made

Characterization by Atomic Force
Microscopy

The average roughness was 182.43 nm with a
standard deviation of £ 42 nm (Table 5). The
colors in the image are based on the color
spectrum shown in Figure 22. The lilac color
indicates that it is the highest height of the peak
or in other words the highest roughness, followed
by navy blue, then blue sky and so on until
reaching the black color which is the lowest
roughness or the lowest height. It can be seen that
the green color predominates, which is located in
the middle of the color spectrum. Returning to the
value of the RMS indicates that the roughness in
the membrane is not very high, which is good
because in this way the biofouling and the
probability of incrustations of organic and
inorganic chemical compounds is reduced.
Comparing the membranes of the module with
the membranes prepared by Alvarez et al. (2014),
the roughness is very similar. But if we compare
them with the membranes of (Yu et al., 2009).
These have 30 nm roughness (RMS) the
characterized module membranes have 6.4 times
greater roughness. It must be taken into account
that the membrane module was in use for at least
2 years, exposed to high pressures, bio-fouling
and chemical fouling.

Measure number  Roughness

RMS *
(hm)
1 224.8
2 181.7
3 140.8
Average 182.43
Standard 142
deviation

*RMS: Mean square root

Table 5 Membrane roughness
Source: Self made
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Figure 22 Membrane roughness by AFM
Source: Self made

Performance in the cross-flow team

A saline solution of 1000 ppm of sodium sulfate
(Na2S04) was prepared to feed the equipment, the
membrane already used in the reverse osmosis
process was tested under appropriate conditions
at a constant pressure of 4.14 MPa, the feed flow
was maintained constant at 0.6 L / min, in a time
of 40 min a permeate flow of 2.6 mL / min was
obtained. Using equation 1, the percent removal
of salts was obtained, which was a removal of
70%. The result obtained is clear that the
membrane is damaged because it removes 29%
less salts. The operating pressure indicates that
the membrane is fouled because the technical
sheet reveals that a pressure of 1.55 MPa can
obtain a permeate flow of 3.6863 ml/ min (DOW
FILMTEC ™, 2020). 29.5% less permeate flow
was obtained.

Conclusions

During the autopsy of the module it was observed
that it is a spiral arrangement. To investigate the
cause of the damage found in the membrane, its
surface characterization was carried out using the
atomic force microscope, resulting in an average
roughness of 182.43 £ 42 nm. The roughness in
the membrane is not very high, which is
favorable because it reduces bio-fouling and
chemical encrustations.
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When analyzing the membrane by the
contact angle measuring equipment, a low angle
of 22.4 £ 3.55 ° was obtained, an angle less than
90 °, which indicates that the membrane has an
affinity for water. This is favorable in reverse
osmosis because there is more permeate flow.

The membrane was tested in the cross-
flow equipment removing 70% of salts (Na2SO4),
which indicates that the membrane is not working
well, because the specifications in the technical
sheet mention that it can remove salts up to 99%,
also the operating pressure was very high, which
is an indication that the membrane has fouling.
Through infrared spectrometry analysis, it was
concluded that the membrane is composed of a
layer of polysulfone, polyamide and cellulose
acetate, the feeding mesh that is made of
polypropylene polymer and the permeate mesh
that It is made of polyester terephthalate polymer.

With the results obtained, the objective of
the membrane module autopsy was met, which
was to characterize and analyze the membrane by
the different teams.

In Mexico there is still no special
laboratory to perform membrane autopsy.
However, ITSON has already started with this
topic in the Research Laboratory in Chemical and
Food Engineering (LIIQA) interior Polymers and
Materials.
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Abstract

Indoor air quality was analyzed in the period from 2016 to 2019,
in the Universidad Iberoamericana Torredn, with the objective of
determining if it complied with the reference norms: ISO 14644-
1-2015 and UNE 100012:2005; due to in Mexico there are no
applicable norms for the monitoring or indication of the
Maximum Permissible Limits to determine indoor air quality.
Methodology applied was focused on: 1) Determining the PSTs
(from 0.3 to 10 um) using a FLUKE particle counter; 2)
Microbiological analysis; 3) Identifying isolated strains and 4)
Calculating origin and wind intensity using a METPAK 1l
climatological data and a WRPLOT software. PST and
microbiological concentrations were found to be above the
standards used. PSo.s showed a significant difference (p<0.05) in
the Auditorium, which had the highest concentrations in 2019 of
evening schedule. Some of the biological material were identified
as: 1) pathogenic bacteria of the genera Salmonella, Klebisella
and Escherichia, and 2) fungi of the genera Aspergillus,
Trichophyton and Candida; whose exposure could produce
different allergies, asthma, develop respiratory symptoms,
chronic cough, laryngitis, sinusitis and urticaria.

Indoor air, TSP, Biological particles

Resumen

Se valord la calidad del aire interior en el periodo de 2016 a 2019,
en la Universidad lberoamericana Torreon, con el objetivo de
determinar si cumplia con las normatividades de referencia: 1SO
14644-1-2015 y UNE 100012:2005; debido a que en México no
se cuenta con normatividad aplicable para el monitoreo o
sefilalamiento de los Limites Maximos Permisibles para
determinar la calidad del aire interior. La metodologia aplicada se
centrd en: 1) Determinar los PST (de 0.3 a 10 um) empleando el
contador de particulas FLUKE; 2) Analisis microbioldgicos; 3)
Identificar las cepas aisladas y 4) Calcular la procedencia e
intensidad del viento utilizando los datos climatoldgicos del
METPAK 11y el software WRPLOT. Las concentraciones de PST
y microbiolégicas se encontraron arriba de las normatividades
empleadas. Las PSos mostraron una diferencia significativa
(p<0.05) en el Auditorio; el cual, tuvo las mayores
concentraciones en 2019 del horario vespertino. Parte del material
bioldgico fue identificado como: 1) bacterias patdgenas de los
géneros Salmonella, Klebisella y Escherichia, y 2) hongos de los
géneros Aspergillus, Trichophyton y Candida; cuya exposicion
podria producir diferentes alergias, asma, desarrollar sintomas
respiratorios, tos crénica, laringitis, sinusitis y urticaria.

Aire-interior, PST, Particulas bioldgicas
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Introduction

In recent years, indoor air quality has taken on
increased interest. In indoor environments, the air
can contain total suspended particles (TSP) of
dust, biological and non-pathogenic
microorganisms, to which users have developed
some tolerance. For this reason, these interior
spaces become important when people begin to
develop very diverse symptoms that put their
health at risk.

Approximately, people spend 90% of
their time in indoor environments, whether public
or private, such as: homes, schools, workplaces,
transport vehicles, etc. (Cincinelli and Martellini,
2017) so indoor air becomes a very important
factor in assessing health and quality of life.
Because there are few works focused on
determining indoor air quality and the absence of
applicable regulations in the country, this work is
pertinent to establish solutions that protect the
health of the public who use the facilities.

At the Universidad Iberoamericana
Torreon (UIA), students can spend between 6 and
8 hours a day indoors and perform various actions
in each of the spaces, altering the atmosphere of
the place. These environments can also be easily
modified due to the location of the university,
which is in the fastest growing area of the city; In
them, housing complexes, hotels, hospitals,
shopping centers and industries have been built
in recent years. In addition, the UIA is located in
front of a busy avenue of vehicles.

Exterior particles generated by all these
activities, endemic weather phenomena and wind
direction, can influence the increase in
concentrations of PST and biological particles
within the facilities.

Previous studies have shown that mainly
ventilation, temperature and humidity favor the
increase and re-suspension of particles. Which,
when found in high concentrations, can cause
serious  respiratory problems, and even
internalize in the lungs of users (Kermani et al.,
2016). In the same way, they affect the comfort
or convenience of students, generating fatigue,
difficulty concentrating, headaches and eye
irritations (Vilcekova et al., 2017).
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It is important to note that indoor air
quality has become a critical environmental
health problem with little emphasis on the
Comarca Lagunera. The region has several
industrial  complexes, uncontrolled urban
development has been generated in recent years,
vehicle use is excessive, sustainable projects are
scarce, there are few well-defined routes for the
use of bicycles, public transport is in poor
condition and it is an area with a very large
livestock sector. These activities are the
consequence of a significant growth of PST and
microorganisms that generate poor outdoor air
quality and that is reflected inside buildings,
homes and schools. Having mentioned this, an
increase in external agents in the university
facilities is expected in recent periods as a result
of the increase in some activities around the
university. Therefore, it is pertinent to find new
alternatives that improve the air breathed indoors,
as well as the quality of life of users.

Based on this context, the objective of this
research work is to assess the indoor air quality
(PST and microbiological) of the UIA, and its
possible relationship with some health effects
that users may have in the most frequented
places. In the same way, the hypothesis was
raised that if the increase in activities inside and
outside the university increases the concentration
of PST in indoor environments. In turn, this
research contributes mainly to knowing the
causes of the accumulation of PST and
microorganisms in the last 4 years in the
university, as well as, to propose the pertinent
solutions for their reduction of said pollutants.
First, a brief context of indoor air quality and
pollution is  described.  Secondly, the
methodology of analysis and measurement of: 1)
particulate matter, 2) microbiological and 3)
climatological ~ parameters,  which  were
implemented in the conduct of the research, is
mentioned; defining in turn, the selection of study
sites and describing in detail the statistical
analysis performed. Subsequently, the results
obtained are presented and discussed, detailing
those that had statistical significance. Finally, we
thank the students of the degree in Environmental
Engineering of the Universidad Iberoamericana
Torredon who supported this project, and the
conclusions of the work are detailed.
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Study Background Indoor air quality

Air pollution One of the less visible consequences of poor air

Air pollution is the concentration of various
pollutants in the air. This phenomenon is caused
by physical situations, substances or elements in
the three states, causing adverse effects on the
environment. This pollution decreases the quality
of life of people, which is reflected in an increase
in respiratory diseases. Likewise, it is not only
found in the outdoor environment, but also occurs
in the so-called “indoor” or intramural
environment, so that it includes homes,
workplaces, educational centers, means of
transport and other spaces. closed (Wolkoff,
2018).

In recent years, air pollution has increased
in industrialized countries due to the economic
boom they have had. The most harmful
atmospheric pollutant to health is particulate
matter (PM), with a diameter equal to or less than
10 pm (microns) (Singleto, et al., 2018). In
general, these particles are emitted from the
burning of fossil fuels.

Elevated levels in airborne concentrations
of particles less than 10 microns may be
associated with pulmonary and cardiovascular
disease. They can cause asthma attacks, chronic
bronchitis, reduce lung function and increase
susceptibility to respiratory infections, they can
even cause heart attacks, arrhythmias, damage
the reproductive system and the central nervous
system. In more severe cases, they can cause
cancer and lead to death (Watson et al., 2015;
Yang et al., 2020).

The Comarca Lagunera is a region with
high levels of air pollution. It has metallurgical,
cement and marble industries, electricity
generation plants, quarries and brickyards. The
economy of the area is based on industrial
activities, which generate large emissions of
suspended particles and sulfur oxides. An
example is the data produced by the Program to
Improve Air Quality in the Comarca Lagunera
Region. The report shows that PM10 levels
exceed the limits up to three or four times what is
set by NOM-025-SSA1-1993 (SEMARNAT,
2012).
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quality is a concept called: The sick building
syndrome. This phenomenon was named by the
World Health Organization (WHO). This
organization defines it as the set of symptoms that
the individual occupants present in a structure or
building and that disappear or improve when they
leave it (National Institute of Safety and Hygiene
at Work, 2019).

The WHO shows two types of sick
buildings, such as temporary buildings, which
include new buildings or recent renovations,
causing a decrease in symptoms causing them to
disappear in half a year. The next type is the
permanent building, it is when the symptoms are
persistent and often lasting for years (Reaad,
2009).

Likewise, this organism describes some
basic characteristics of the sick building. He
mentions that almost always this type of
construction has a forced ventilation system or
there is partial recirculation of air. Most of them
are lightweight and inexpensive in construction.
The interiors are generally covered with textile
material on the walls and floors, which favors a
high ratio between interior surface and volume.
They stay relatively warm with a homogeneous
and thermal environment. Finally, they are
characterized by being hermetic (National
Institute of Safety and Hygiene at Work, 2019).

The sick building can be found in the
presence of biological agents in the indoor air
such as: bacteria, fungi, and even Total
Suspended Particles (TSP), causing diseases in
the respiratory tract, eyes and the skin of the
occupants (Hayleeyesus and Manaye, 2014).

Some of the concentrations of air
pollutants outdoors may be similar indoors. The
high temperatures of the Lagunera region, the bad
ventilation systems in the buildings, the
surroundings of the constructions, as well as the
bad conditioning of the cooling systems, are
some of the causes that deteriorate the quality of
the indoor air in the area. of work. According to
ISO 14644-1 (ISO, International Organization
for Standardization, for its acronym in English),
interior spaces are classified as clean rooms
based on their air cleanliness or concentration of
particulate matter (1ISO, 2015).
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Limited studies have been conducted in
developing regions regarding indoor air and your
health. Studies have mainly shown the
unventilated burning of biomass, and health
effects such as acute respiratory infections,
chronic obstructive pulmonary disease, and lung
cancer. The WHO has shown that the burning of
solid fuels for cooking and heating could be
responsible for almost 4% of the global burden of
disease (Sundell, 2004).

In a study by Crook and Burton (2010) it
was concluded that microbiological agents are
very common in indoor air. Fungi and bacteria
are among the most abundant in work
environments. In Mexico, researchers isolated
pathogenic microorganisms such as Escherichia,
Protesus and Entereoccus indoors with good
aeration conditions. This indicates that it is very
difficult to rule out the presence of infectious
etiological agents (Rivera-Tapia et al., 2009).

Methodology to be developed
Study area

The UIA is located north of the city of Torredn,
Coahuila, Mexico, at the following coordinates:
25°36 ’36.051°’N and 103 ° 24’ 5,881”’W and
an altitude of 1125 m above sea level.

Selection of study sites within the facilities

A survey was used as an evaluation instrument to
select the places most frequented by students,
where the assessment of indoor air quality would
be carried out in the UIA, and through which,
possible health conditions could be identified.
presented by the students. For the purposes of this
research, the instrument contained 10 reagents on
a nominal scale. The surveys were applied to a
representative sample of the student population in
a deterministic way (Hernandez et al., 2014), in
order to choose students from the different
degrees offered at the university.

Analysis carried out at the UIA

Obtaining air samples, for the analysis of
particulate and microbiological material, were
carried out inside the seven buildings most
frequented in the UIA by students, according to
the results of the applied survey.
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In addition, for the analysis of
microbiological samples, samples were also
collected in 4 places taken outdoors (Fig. 1), in
order to corroborate if the microbiological strains
are similar to those found in indoor
environments. The monitoring was only carried
out in the spring semesters (January-May),
during the years from 2016 to 2019; during this
period is when the greatest amount of winds or
dust whirls occur in the region. The samples were
collected during the week, in the Morning (M)
and Evening (V) hours.

Analysis of particulate matter

The Fluke 985 particle counter was used, with
which the PST concentrations were obtained, in
arange from 0.3 to 10 um, the measurement time
was 5 min and with a volume of 2.83 L. The
monitoring equipment was placed at a distance of
30 cm from the wall and between 1.5-2.0 m in
height (Argunhan and Avci, 2018). A weekly
sampling frequency was established for each of
the selected sites. It is important to mention that
at the end of the COVID19 pandemic, monitoring
will begin in the autumn period (August-
December), where the endemic meteorological
phenomena of the region greatly decrease.

Microbiological analysis

10 Petri dishes were placed open for 60 min and
distributed uniformly at a standard height of 1.20
m from the floor. Nutrient agar (AN) was used
for the isolation of bacteria, Sabouraud agar (AS)
and potato dextrose agar (PDA) were used to
obtain fungi. Bacterial colonies were re-seeded in
selective media: Mac Conkey (MC), Methylene
blue eosin (EMB) and Salmonella Shigella (SS),
in order to be able to associate them with health
problems. The bacteria were incubated for 24 h at
37 ° C and the fungi at 25 ° C for 72 h (Leiva et
al., 2017). Finally, the colony forming units
(CFU) per m3 of air were determined according
to the equation described by Bogomolova and
Kirtsideli (2009):

N = 5a.10*(bt)* (1)

Where: N is the microbial concentration
in CFU / m3, a is the number of colonies per
plate. Petri, b is the surface of the plate (cm2),
and t is the exposure time in min.
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Identification of the isolates

The isolated strains were identified physically,
morphologically and biochemically, according to
Bergey's manual of bacteriology (Holt et al.,
1994).

Measurement of climatological parameters

The climate measurements were taken from the
meteorological station that the UIA has; using the
“METPAK II” climatological equipment; which
performs an automatic daily record of
temperature, humidity and air pressure. In
addition, the station is equipped with an
integrated acoustic anemometer that allows the
horizontal speed and direction of the wind to be
measured (Gill Instruments, 2015). The
WRPLOT View Freeware 8.0.2 software was
used to graphically represent the data obtained
from the UIA Solar Tower weather station (Fig.
2).

Statistical analysis

Statistical analyzes were performed using the
MINITAB version 19 statistical software to
determine if there was any significant statistical
difference (p <.05) in PST concentrations with
respect to the specific diameter of the particulate
material. A “oneway” ANOVA was carried out
considering as factors: the year of sampling,
place of sampling and the registered
concentration of the TSP whose diameters vary
from 0.3 to 10 um. In addition, a post-hoc Tukey
test was performed on the significant differences
found.

Results
Selection of sampling sites

The results of the student assessment instrument,
applied to the 16 UIA degrees, indicated that the
places most frequented by students during their
activities are: 1) Auditorium (A); 2) Library (B);
3) Cafeteria (Ca); 4) Computer Laboratory (Co);
5) Gym (G); 6) health science laboratory (L); and
7) The study rooms (S). In Figure 1, the sites
where the indoor air was analyzed are detailed.
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About 20% of the students interviewed
spent more time in open spaces than inside the
facilities, during their stay at Ibero Torredn. Of
the surveyed population, 46% considered that
indoor air quality was good. However, 78% of
those surveyed had some symptoms of allergies,
cough, fatigue, asthma and irritation in the eyes
and throat, without knowing the exact cause of
their problem. Some of these symptoms have
been reported in previous studies in educational
facilities (classrooms) and have been related to
high concentrations of particulate matter less than
10 pm (Choo et al., 2015), and in turn, it has been
shown that the Environmental quality of the
indoor air is proportional to the symptoms
developed by the occupants, and they have even
been associated with skin problems, but not with
eye symptoms (Savelieva et al., 2019).

Figure 1 Satellite map of the Universidad Iberoamericana
Torredn. The seven sampled locations are observed. Red
pointers indicate: (A) Computer lab, (B) Health science lab,
(C) Classrooms, (D) Library, (E) Cafeteria, (F)
Auditorium, and (G) Gymnasium. In addition, the four
outdoor air sampling locations are observed, represented
with the yellow belts

Source: Google earth

The high percentage of people who
develop some type of health problem at the
university may be due to the poor air quality
present in the different spaces they usually visit.
It has been identified that total suspended
particles, especially ultrafine ones, originating
from the combustion of fossil compounds, can
cause considerable health problems. These can be
acute or chronic; Among the main affectations,
respiratory infections, bronchitis, asthma,
irritation and damage to the mucosa stand out.
Cardiovascular problems and lung cancer have
even been detected. All these problems are due to
the fact that PSTs smaller than 2.5 pum can be
deposited in the most distal areas of the lungs
(Kermani et al., 2016; Bonyadi et al., 2016).
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Similarly, these can be very easily
internalized in buildings or classrooms and reach
a higher concentration than in outdoor
environments (Jovanovic et al., 2014).

Particulate matter

The results of the evaluation of PST
concentrations are presented in Annex 1. The
statistical analyzes determined that there was
only a significant statistical difference in the year
2019 (Fig. 2). This may be related to the large
number of construction sites in the vicinity of the
university.

Although the Ibero Torredn is close to an
urban area, there are many constructions that
began in late 2018 and early 2019 in a range less
than 500 m, causing a greater suspension of dust,
microorganisms and PST in the environment. For
this reason, starting in 2019, particle
concentrations began to be analyzed in both shifts
(morning and evening), which increased
considerably in that period.

After conducting a global analysis of the
results presented in Annex 1, it is observed that
the 0.3 pum fine particles were those that
presented a statistically significant difference
(Fig. 2) with respect to the year 2019 and the
evening shift. In the four years sampled, most of
the interior spaces remained close to the value of
the geometric mean. The site that showed the
highest concentration of fine particles (0.3 pum)
throughout the years analyzed was the auditorium
and the least variation was presented by the
health sciences laboratory.

The intense activity in the auditorium,
due to its multiple uses in the afternoon and the
little or no air ventilation, are considered
important factors due to which this significant
difference is attributed with respect to the other
sampled sites and the other concentrations
reported. in graphic 1.
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Graphic 1 Average particle concentration of 0.3 um. This
graph presents the results of the statistical analysis of main
effects for the: 1) Years evaluated (2016, 2017, 2018 and
2019); 2) Sampled schedules (M and V); and 3) Sampling
sites [A (auditorium), B (library), Ca (cafeteria), Co
(Computation), G (Gymnasium), L (Health sciences
laboratory) and S (study classroom)]

According to Kim et al. (2015),
ventilation is an important factor that is related to
indoor air quality. Poor ventilation influences the
concentration of the different PSTs and increases
the health risk of users. Likewise, in work or
study places there is no constant aeration rate and
the windows are manually operated to regulate
the temperature of the area. Therefore, adequate
ventilation is necessary to reduce the
concentration of PST in the air (Dutton and Fisk,
2014; Jin et al., 2015). It is important to consider
the removal of the hydraulic hinges that are in
some spaces in the UIA to promote ventilation.

In the same year 2019, the places where
the greatest amount of PST was concentrated
were the library and cafeteria in the morning
hours (Annex 1). In the morning construction
work intensifies in the area and this causes an
increase in dust and particulate matter in the early
hours of the day. In the afternoon, the gymnasium
and auditorium showed a considerable increase in
PST. It is inferred that it is due to the great
demand in both spaces by the students. In both
places it can be attributed to the influence of the
wind, which comes directly from the west side
with greater intensity towards the buildings (Fig.
2). In the particular case of the auditorium, the
null ventilation, the air ducts, the entrance and
exit of the students, and the absence of extractors,
are factors that helped to potentiate this increase
or resuspension of the PST. It is important to
mention that indoor air quality is also related to
temperature. PST2.5 and other pollutants can
increase or remain constant with this variable
(Lin et al, 2017). Physical activities,
maintenance work, or multiple tasks performed
in such spaces can maintain or increase
temperature.
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In general, in the four years that the
measurements were made, the afternoon shift
showed a higher concentration of particles than
the morning shift. Although the occupation of
spaces decreases with the passage of time in the
university, with the exception of the auditorium,
the increase in particles was constant in the
microenvironments analyzed. That is, the
concentration that is generated in the morning is
accumulated with that generated in the evening.

The wind is an important factor in the
dispersion of PST in the interior spaces of the
University and was considered key for the
increase of fine particles. The frame of the
windows, the warm air that is internalized and the
isolation of the site are important parameters that
potentiate this problem (Mendes et al., 2015).

The data obtained by the climatological
station of the University indicated that the drafts
come from the South. This direction brings with
it concentrations of PST produced by
constructions made around the UIA such as
hotels, offices, shopping centers, hospitals and
residential areas. In addition to the passage of
dust collectors or whirlwinds, and the
combustion caused by different types of transport
(cars, buses, cargo trucks, motorcycles, etc.) that
travel less than 50 m from the main entrance of
the lbero Torredn. All these factors exacerbate
the situation.

The constant traffic circulating close to
the UIA is the main factor in the resuspension of
dust and increase of particulate matter.
According to studies carried out by Goyal and
Khare (2011), they demonstrated through a
mathematical model that PM10 and PM2.5 from
vehicular escape from roads near the building can
favor the increase of said particles in indoor
environments. Tree planting around university
buildings is a suggestion from the authors to
decrease the increase in PST. The use of filters in
living rooms and offices can favor the reduction
of up to 30% of ultrafine TSP from busy roads,
likewise, reduce the health problems of the
occupants (Van der Zee et al., 2017).

Rojano et al. (2013) verified that mobile
sources are the main ones in the emissions of
polluting gases and PST. The poor road
conditions and the constant passing of vehicles
potentiate this problem.
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For this reason, buildings near roads
without good paving, plus the weather conditions
of the wind and a constant traffic flow, manage to
achieve an increase in particles in the air, at the
same time that they transport bacteria and fungi,
among other microorganisms.

Figure 2 Wind rose at the Universidad Iberoamericana
Torredn. Wind direction and speed in 500 m radius.
Nomenclature of colors related to wind speed (m / s):
orange 0.5-2.1, yellow 2.1-3.6, turquoise 3.6-5.7, purple
5.7-8.8, blue 8.8-11.1 and green>=11.1

Source: Google Earth Pro, 2019

The information presented in Figure 2
shows the origin and intensity of the wind during
one year, towards the selected area of the study
sites (where the most popular sites of the
Universidad  Iberoamericana  Torredn are
located).

In the last sampled period, it was analyzed
by means of the Wind Rose (Fig. 2) and those
coming from the South-Southeast were
determined as predominant winds. These winds
are the most frequent throughout the year. The
intensity they present is not very high, but they
attract the different types of PST of the
aforementioned constructions, reflecting an
impact on the interior air quality in Ibero
Torreon. The currents with the greatest intensity
and / or speed come from the Southwest, where
housing complexes have increased considerably
in recent years.

In contrast, the site to which lower
concentrations are attributed is the health
sciences laboratory, since it is located in a
slightly more distant area in the University. The
wind that is directed towards this area is not as
frequent or intense because it is retained by
different buildings and trees that function as
biofilters.
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Another important factor that can favor
the increase of PST indoors, are the so-called dust
storms or "lagoon rains". It is one of the typical
phenomena in the region that are common
throughout the year, intensifying in the first
months (from February to March). The dragging
of large amounts of dust brings with it a great
negative impact on the air quality of the region,
and in turn, respiratory and gastrointestinal
problems for the population (Rios, 2019; Macias,
et al. 2019).

The ISO  14644-1-2015 standard
classifies the cleanliness of the air in clean rooms
and areas for particles smaller than 5 pm. It is a
widely used parameter for analyzing indoor air
quality. In Mexico, there are no regulations to
measure PST indoors. According to the results
obtained in this study, if they are compared with
ISO 4644-1-2015, none of the analyzed sites
would have adequate air cleanliness at
concentrations of 3 um. Therefore, it represents
an environmental alarm about the possibility of
generating health problems for users.

Microbiological analysis

The microbiological results presented correspond
to the spring of 2019. At the same PST sampling
points, the growth of microorganisms was
analyzed with the intention of determining the
biological quality of the air. Different fungi and
bacteria considered pathogenic were found
among the isolated strains. Some previous
research works describe bacteria, fungi,
humidity, temperature and wind as the main
factors related to poor indoor air quality and
responsible for health problems (Mendes et al.,
2015).
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According to the equation proposed by
Bogomolova and Kirtsideli (2009), (see Eq. 1),
the counts of the microorganisms that were
reached were greater than 5000 CFU / m® in
outdoor environments. Likewise, Graphic 2
shows that in the internal spaces of the university
there was an average increase of 10,280 CFU /
m3 of bacteria and 3,960 CFU / m® of fungi. To
give a context, considering the values of UFC /
m3 obtained, no parameter complies with the
Spanish regulation UNE 100012: 2005 on
System Sanitation (AENOR, 2005), which
establishes that both microorganisms must be
around 800 UFC / m®. It is important to mention
that in Mexico there is also no regulatory
parameter for the microbiological quality of
indoor air.

Previous studies have carried out counts
in the microbiology laboratory of up to 1152.8
CFU / m® at the District University of Bogota
(Romero et al., 2016). Similarly, in the library of
the Universidad de Unién in Peru, an average of
755.6 CFU / m® were obtained (Tinoco et al.,
2016). In classrooms, Enitan et al. (2017) found
concentrations of 4378.82 CFU / m? in a private
school in the city of Nigeria. In certain
households in the southern region of Turkey, up
to 176 CFU / m® of fungal strains could be found
and it was linked to asthma problems (Arikoglu
et al., 2016). Therefore, when referring to indoor
air quality in microbiological matters in the UIA,
the figures are well above those established in
previous research. The place that showed the
least microbiological growth was the health
sciences laboratory with 5,630 CFU / m® for
bacteria, and 2,834 CFU / m® for the case of
fungi.

The increase in microorganisms in
internal environments is a reflection of the human
and anthropogenic activities of users. The low
circulation of the wind, together with external
currents that enter the building through the access
doors, the atmospheric pressure (Vornanen-
Wingvist et al., 2018), the mechanical problems
in the air units and the lack of extractors benefit
the proliferation of microorganisms present in the
most frequented places.

Microorganisms can remain inactive for
long periods of time on the various surfaces of the
place, in dust, windows, etc., and they can be
metabolically active as proliferating
communities (Konya and Scott, 2014).
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According to the findings of Miletto and
Lindow (2015), the microorganisms present in
the environment can interact with the occupants
continuously, causing infections, and some can
be originated from the people who enter the site.
In the same way, volatile organic compounds
produced by microorganisms can be easily
inhaled or even penetrate the pores of the skin,
which leads to an interaction with the human
metabolism, the immune and endocrine systems
(Wessén and Schoeps, 1996). Temperature and
humidity are essential for the proliferation of
bacteria and fungi (Yassin and Almougatea,
2010). Due to these present characteristics, good
ventilation and effective cleaning is opportune in
the places frequented daily by university
students. In contrast, the situation abroad is
different. Wind direction, temperature, building
and large trees (Fig. 1) largely stop the
proliferation of microorganisms (Goyal and
Khare, 2011). On average, less than 6,100 CFU /
m3 of bacterial strains were obtained in the
surroundings of the university.

Identification of microorganisms

For the most part, gram negative bacteria (71%)
and to a lesser extent gram positive (29%) were
obtained. Bacilli were the predominant
morphology in AN. Pathogenic strains of the
genera Salmonella, Klebisella, Escherichia and
Proteus were identified. Some pathologies of the
genus Proteus lie in urinary infections, meningitis
and pneumonia, in addition to being a frequent
secondary invader of burns and wounds, as well
as nosocomial infections. The genera of
Sallmonella and Escherichia are related to
gastrointestinal problems (Umana et al., 2018;
Romero et al., 2016; Maldonado-Vega et al.,
2014). Similarly, some pathogenic strains with
coconut morphology were identified, for
example, Staphylococcus and Enterococcus,
which  also  develop  respiratory and
gastrointestinal affectations (Madsen et al., 2018;
Rivera-Tapia, 2009). Poor hygiene on the part of
users could lead to problems that directly affect
their health.

Some of these strains isolated in the
various busiest sites of the institution have also
been identified in the livestock area (Beauvais et
al., 2018) and agriculture in the Lagunera region
(Chavarria et al., 2019). Wind currents can
disperse these microorganisms in the air and
become internalized in the UIA.
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With regard to fungi, a wide variety of
filamentous fungi was found with rough, cottony
characteristics, with radial growth and presenting
varied shades of green, brown and white. Some
yeasts were also obtained in this study.

Lactophenol blue staining determined
microscopic characteristics of fungi of the
genera: Aspergillus, Penicillium, Trichophyton,
Candida and Fusarium (Umana et al., 2018;
Vornanen-Winqvist et al., 2018; Diba et al.,
2019). There is a direct association between
spores generated by fungi and humans. Exposure
could lead to mucosal sensitization, produce
different allergies, asthma, activate the immune
system, develop respiratory symptoms, chronic
cough, laryngitis, sinusitis and urticaria.
(Arikoglu et al., 2016; Nitmetawong et al., 2019).
Some previous studies have shown that the
humidity, temperature and the concentration of
the particles suspended in the air, less than 5
microns (Liu et al., 2014); as well as the
characteristics of the home, pets, visible mold,
ventilation and insects favor the reproduction of
fungal strains in internal microenvironments
(Arikoglu et al., 2016).

The Commission of the European
Communities (1993) establishes concentrations
of 1000 CFU / m® of fungi in the air as an
intermediate level and it is pertinent to take
hygiene measures. For this reason, it is important
to design a strategy to reduce the concentrations
of fungi in university spaces, since all places
exceed this parameter.

Of the different microorganisms isolated
in the different points of the UIA, the World
Health Organization classifies them according to
their danger and if they can put users at risk. The
bacterial strains of Klebsiella, Sallmonella,
Escherichia and Staphylococcus, as well as the
fungi of the genus Aspergillus, Candida and
Trichophyton, can cause severe health problems
and are classified in group 2 (moderate individual
risk, low population risk). This includes
pathogenic microorganisms that can cause
disease in humans, but are unlikely to cause
serious harm to personnel (WHO, 2005).

In turn, the National Institute for Safety
and Hygiene at Work (2014) of Spain, details in
its section on biological exposures that sanitary
measures should be taken when there is a
considerable risk from microorganisms.
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Among which it establishes not to eat
food, protective clothing, toilets and cleaning
materials to reduce the risks to workers. In the
same way, the institution is responsible for
carrying out health surveillance on workers.
Although in Mexico there are no protective
measures in these terms, it is extremely important
to implement adequate cleaning, disinfection and
ventilation measures at the University to reduce
the concentration of microorganisms and
guarantee the health of all users.

Indoor air quality in the UIA's most
frequented spaces is in a critical situation. The
TSP and microorganisms rose drastically with the
considerable increase in buildings in the vicinity
of the University in the last year. The poor
ventilation of the places constantly visited by
students can favor this increase, as well as the
proximity of a very busy vehicular road. In the
same way, the “dust holes” or earth whirlpools
are a very common weather phenomenon in the
region that exacerbate the situation. The evening
shift is where the highest concentration of fine
particles was found, as well as various fungi and
pathogenic bacteria. It is important to take
immediate measures in terms of hygiene and
cleanliness, because a large part of the surveyed
population presented problems of allergies,
coughs or some other respiratory symptoms. It is
convenient to continue monitoring the PSTs and
microorganisms in order to improve the indoor
microenvironments. Similarly, propose strategies
to reduce TSP that provide results in the short and
medium term.

Finally, what Hidalgo (2020) raises in his
research on social responsibility in educational
institutions, it is appropriate to take it into
consideration. To be a fully responsible
company, the need they must assume to manage
their impacts is vital, from different areas, where
one of them is the environment. This allows the
university to take commitments and actions to
respond to the needs and problems of society, as
well as users and university staff. Ibero Torredn
is an educational institution committed to its
social and environmental surroundings and to the
region in general. Due to this, it has been
recognized by the Mexican Center for
Philanthropy (CEMEFI) as a socially responsible
company four times. What commits the
University to improve the impact on poor indoor
air quality in the coming years.
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Annexes

TOTAL SUSPENDED PARTICLES (pm)

Annex 1 Results of the concentration of PST in the indoor
air of the seven sampling sites of the UIA. n = 12;
Geometric mean + standard deviation, the bold values
represent the highest concentrations detected by particle
size. Values reported in parentheses indicate the range of
recorded values. Item (ND) Represents the range of values
not detected by the equipment, M (Morning), V (Evening),
(A) auditorium, (B) library, (Ca) cafeteria, (Co) computer
lab, (G) Gymnasium, (L) health science lab, and (S) study
rooms
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Conclusions

It is concluded in this research work that the
indoor air quality in the different sampled spaces
of the university is related to the increase of the
multiple activities in the surroundings of the
university campus.
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presence, the wind direction and the typical
“terregales” of the region, as well as, the bad
ventilation in the most used sites and the constant
entrance-exit of the users help to re-suspend the
PST and increase the concentration of
microorganisms.

Some students have experienced health
problems related to indoor air quality issues
while in college. At some point, users presented
symptoms of allergies, cough and irritation in the
eyes and throat without knowing the cause of
origin.

In the same way, it is important to make
some changes in the ventilation or
implementation of exhaust fans in the university
facilities. This as a measure to reduce PST
concentrations in the sites most visited by users,
because the university is located in the area of
greatest growth and urbanization of the city.

Finally, since indoor air quality exceeds
the two reference standards used, it is intended to
implement continuous monitoring after the
COVID19 pandemic, especially in sites that
presented statistically significant differences, as
well as monitor other busy buildings where it
predominates. wind direction.
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Abstract

The socioeconomic and environmental attributes that
characterize the environmental thought are the elements
used to design a methodology to evaluate the substantive
functions of teaching and research in the university
environment, in a public higher education institution in
Mexico. The proposed methodology is based on tools and
instruments to generate knowledge of big data information,
making use of: Information and Communication
Technologies; of the principles of multivariate data
management that consider the distinctive uncertainty of
environmental phenomena; and the generation of
multidisciplinary databases to apply data mining and obtain
information with a systemic approach. The proposed tool
with its mixed approach applies to the operation and
multimedia text database study and from there the KDD
process knowledge is acquired. The application context of
the proposed methodology is the information in text form,
published electronically, in the educational offer of the
2017 undergraduate and postgraduate admissions at the
Benemérita Universidad Auténoma de Puebla (BUAP).

KDD Process, Data Mining, Environmental Education

Resumen

Los atributos socioeconémicos y ambientales que
caracterizan al pensamiento ambiental son los elementos
para disefiar una metodologia de evaluacién de las
funciones sustantivas de docencia e investigacion en el
admbito universitario, en una institucion de educacion
superior publica de México. La metodologia propuesta se
basa en las herramientas e instrumentos para generar
conocimiento de los datos de la big data, haciendo uso de:
las Tecnologias de la Informacion y las Comunicaciones;
de los principios del manejo multivariado de datos que
consideran a la incertidumbre distintivo de los fendmenos
ambientales; y de la generacion de bases de datos
multidisciplinarias para aplicar mineria de datos y obtener
informacion con un enfoque sistémico. La herramienta
propuesta con su enfoque mixto se aplica en la operacion 'y
estudio de datos de texto multimedia y se obtienen
conocimientos del proceso KDD. El contexto de aplicacion
de la metodologia propuesta es la informacién en forma de
texto, publicada via electrénica, en la oferta educativa de
licenciaturas y posgrados en el ingreso de 2017 en la
Benemérita Universidad Auténoma de Puebla (BUAP).

Proceso KDD, Mineria de Datos y Educacion
Ambiental
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Introduction

Environmental Sciences are defined as the set of
sciences that identify, explain and investigate the
relationships that the human being maintains as
part of society, with himself and with his
environment (Leff, 2006), that is, they consider
in a whole, the elements of the society-nature
binomial and their interactions.

Environmental thinking as part of the
philosophy of Environmental Sciences is the
result of the interaction of social and natural
sciences, with an interdisciplinary and holistic
vision of multiple causes and effects, knowledge
and multi-interrelations (Leff, 2005).

Focusing these characteristics on
university education, it highlights that Higher
Education Institutions (HEIs) have been given
the responsibility of forming a society that
understands  environmental problems and
participates in generating knowledge and
therefore integral solutions from environmental
spheres, social and economic.

As Maria Teresa Bravo argues

“There are several aspects for which attention
is paid to HEIs to address the environmental
problem, among them: their potential as they
are focused on science and the generation of
technologies; its contribution to the solution
and prevention of environmental degradation
and its contribution to the construction of
desirable development scenarios; due to its
new mode of production of knowledge and
skills, due to its systemic-complex nature”
(Bravo-Mercado, 2012:17).

These particularities, added to the
heterogeneous and  constantly  changing
characteristics in the university environment
(Eschenhagen, 2007), as well as the international,
national or university association guidelines,
frame environmental thinking in this field, and
allow identifying the scarcity of tools to evaluate
it.

To carry out the -evaluation of
environmental thinking in the university
educational offer, in this work a tool is proposed
to extract data, generate knowledge and identify
patterns of multimedia data.
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This methodology is aimed at exploring
and identifying, and subsequently evaluating the
data published in electronic media, applying the
processes of handling and use of big data data.

In particular, the techniques of the
process of "generation of knowledge from
databases” or "knowledge discovery in data
bases" (KDD) are used to text-type multimedia
data, related to environmental thinking in the
university educational offer.

The objective of this work is to design a
methodology to delimit and subsequently
evaluate  the  attributes of  university
environmental thought, at the higher levels in one
of the most important macro-universities in
Mexico, such as the Benemérita Universidad
Auténoma de Puebla (BUAP), in a determined
moment, through the application of the process of
"generation of knowledge from databases” and
the tools of text mining, considering uncertainty
as a characteristic of the environmental vision.

This work is organized in four parts:

— In the first, the theory of environmental
thought and the concepts of multimedia
data are outlined; the process of generating
knowledge of data management as part of
the big data tools; and the principles of
fuzzy logic.

- In the following section, the characteristics
of environmental thinking in the
educational offer of study at BUAP are
delimited.

— The third part details the proposed
methodology, based on multimedia mining
and the KDD process.

— This methodology is applied to the
educational offer of: 84 undergraduate
degrees, 46 master's degrees and 22
doctorates, upon admission to BUAP in
August 2017.

- Finally, the results generated from the
designed methodology are shown and
finally the conclusions are presented.
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Theoretical framework

Currently, the interest in managing and obtaining
knowledge and results from big data data is
growing in multiple areas of knowledge, and
Environmental Sciences are no exception.

This work is located from a systemic and
mixed vision, so it becomes necessary to
demarcate the theory on which the
methodological proposal and its characteristics
are based.

Environmental thinking

From the perspective of Environmental Sciences,
environmental thinking has several definitions,
the following being those that are related to the
subject of this work:

. Fritjof Capra argues that environmental
thinking is the “thought that occurs by
expanding the systemic approach from the

social sphere to the material world” (Capra,
2002: 22).

. Luz Arabany Ramirez, establishes that
environmental thinking is the sum of the
principles of "thoughts: complex, systemic
and transdisciplinary” (Ramirez, 2015: 1)
and since this  definition treats
environmental thinking with a holistic
vision, it is immediately delve into each of
these principles.

- Complex thinking is based on the
arguments described and developed by
Edgar Morin, defined by the author himself
as one that:

— "It does not seek to unify everything
separated in a thought of completeness, but
to launch a challenge in pursuit of religion
and complexity ... it is not a matter of
approaching complexity as a pure rejection
of the simplifying, of Aristotelian logic or
of the principle of separation; on the
contrary, complex thinking implies the
integration of the above in a relational and
continuous rotating principle” (Morin,
1992: 10).
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—  According to Kuhn: complexity is not an
answer to the questions of the disciplinary
sciences, but a challenge for thinking and
the natural fusion of systems developments
and information theory (Osorio, 2008).

- Systemic thinking is an approach to
understanding reality, where the whole is
more than the sum of its parts and with the
study of the whole the parts and the
connections between them are understood
(Liévano and Londofio, 2012). It is
identified in the multiple causes and
multiple effects of the elements that make
up a system and their relationship with the
environment (Amozurrutia, 2006), in this
case the socioeconomic and environmental
perspectives.

—  The transdisciplinary thinking proposed by
Manfred Max-Neef, based on Morin's
arguments, establishes that
interdisciplinarity is the search for the unity
of knowledge fragmented into disciplines,
through the paradigmatic path (Osorio,
2012) and that the “Greening of thought”
(Morin, 1991) “as a strategy for the social
transformation of reality and for the
constitution of the human condition”
(Osorio, 2012: 244).

—  Transdisciplinarity, as Nicolescu (2006)

argues, goes beyond a new articulation of
knowledge, a new conception of
knowledge and a new understanding of
reality must be considered as a new
paradigm.

o Javier  Gonzaga  Valencia  (2007)
emphasizes that environmental thought
“constitutes the structuring base of a
society that respectfully and poetically
inhabits the earth from the understanding of
the complexity and permanent situations of
chaos to which the complex system is
subject also of life” (Valencia, 2007: 39).

Focusing on the field of university
environmental education, it is considered that
environmental thinking is not an imposition on
HEIs, but a way of incorporating this paradigm
into the current world, since “education is the
strategy for achieving the objectives of the
sustainability” (Gutiérrez and Martinez, 2010:
114).
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The previous definitions of
environmental thought allowed to identify the
adjectives or attributes that characterize it, from
the binomial that relates society to its
environment.

Once the basic elements of the philosophy
of university environmental thought have been
cited, the following paragraphs outline the theory
of big data on which the proposed methodology
is based.

Multimedia and KDD data

To address the development of this article, the
terms of big data are briefly presented, from
general concepts to the processes to produce
knowledge.

In our days, there is an enormous amount
of data that is generated in real time and increases
exponentially every day. The data can be public
or private, and can be used and studied to
generate information, knowledge or establish
strategies for decision-making or marketing
processes.

The large amount of data is known as big
data. This term was coined in 2012 by Gartner,
which defines it as "high-volume, high-speed and
/ or wide-variety information that requires new
forms of processing to allow better decision-
making, information discovery, and process
optimization" (Bello -Orgaz, Jung, Camacho,
2015: 45).

This large volume of data is explained a
few years later by Jenkins, Slomczynski and
Dubrow (2016), who affirm that big data is made
up of various sources; and Stone (2017) clarifies
that, in the data, it must be considered: the
frequency of emergence, the iterations that could
occur between them and the constant updating of
the model they represent to convert them into
information. In addition, the large amount of data
comes from heterogeneous sources and
simultaneously (Joyanes-Aguilar, 2016) and can
be manipulated thanks to modern information
technologies and computational facilities.

The veracity of the results provided by
said data depends on the model that represents
them, the techniques for their interpretation
(Bonomo, 2018), their quality and privacy.
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Big data data, due to its organization and
arrangement, are classified into data: structured,
semi-structured and unstructured (Camargo-
Vega, Camargo-Ortega, and Joyanes-Aguilar,
2015). In this work we have multimedia data, not
structured in databases and without labels to
identify them.

Multimedia data can be of four types:
images, text, audio and videos.

To obtain information from these
multimedia data, the analytical techniques of
multimedia mining are used (Contreras-Barrera,
2014), which are a set of methodologies and
platforms to analyze data that are not organized
and that generate non-trivial information, that can
be applied directly for: the search for knowledge,
decision-making and the use, disclosure and
publication of information (idem).

One of these tools is the one applied in
this work, which is the KDD process "knowledge
discovery in data bases" (by its name in English),
defined as an iterative and interactive process that
explores very large volumes of text data,
exhaustively to determine relationships (Minerva
Data Mining, 2018) and "marks a paradigm shift
in which what is important is useful knowledge"
(Riquelme, Ruiz and Gilbert, 2006).

The KDD process consists of five steps
which are: selection, processing, transformation,
data mining, and data interpretation and
evaluation (idem).

Within KDD, data mining allows the
extraction of implicit, previously unknown and
potentially useful information from said data
(Frawley, Piatetsky-Shapiro and Matheus, 1992)
and is considered the step for interdisciplinary
analysis processing (Rojas, Chavarro and
Moreno, 2008).

As such, data mining is a tool for
exploring the vast amount of unorganized data;
establish models and / or patterns; find
relationships or associations; and extract
knowledge when instruments are applied to
identify and interpret: trends, deviations
(Montes-y-Gomez, 2001), groupings, summaries
and sequence analysis, among many others.
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Within data mining, this work only
considers text mining, in particular the bag of
words and its analysis techniques.

lan H. Witten, Frank Eibe and A. Mark
(2011) define text mining as a technique that
searches, finds and explores interesting patterns
in the text, that is, finds relevant information for
a purpose, from texts in natural language. Ronen
Feldman, and James Sanger (2007) add that it is
a new “knowledge-intensive process in which a
user interacts with a collection of documents over
time, using a set of analysis tools” (Feldman and
Sanger 2007: 1) to obtain knowledge of a set of
texts from the “great amount of textual
information” (Montes-y-Gomez, 2001: 1).

Among the most used text mining
processes, there are: natural language processing,
discourse analysis, content analysis, univariate
and multivariate statistical methods, modeling
and mathematical tools, and information retrieval
and its data classification and grouping methods
(Contreras-Barrera, 2014).

In this work, content analysis and
multivariate statistics are used for data grouping
of university environmental thought.

To obtain knowledge of the data in the
form of texts, whether electronic or printed,
Oviedo and his co-authors (2017) propose a tool,
which first consists of carrying out a predictive
analysis, where the texts are studied and
transformed into some type of structured
representation or semi-structured that will
facilitate its subsequent study (Oviedo, Oviedo
and Vélez, 2017); and then a descriptive analysis
of the data to obtain useful information.

The series of steps in the methodology of
Oviedo and his co-authors coincide with the steps
of the KDD process for text processing, which
are:

— Step 1, determine the purpose of the study.

— Step 2, retrieve the information by gather,
identifying, collecting and validating the
texts in the appropriate format for their
study; which in KDD corresponds to the
selection and processing stages.

— Step 3, perform the text processing, in order
to define the keywords to study and
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eliminate unnecessary information; which
in KDD is identified as transformation.

- Step 4, execute the extraction and analysis
of classes, relationships, associations or
sequences, in order to find evidence of
concepts and existing structures, through
the number of repetitions of the word in the
document; identified within KDD as data
mining.

— Step 5, present the results obtained
(spreadsheets, databases, clusters,
summaries, text markings, relationships,
etc.) for their interpretation; which within
KDD was defined as the last stage of
interpretation and evaluation.

By applying the steps proposed by
Oviedo and his co-authors (2017), within the
framework of the KDD process, the “clustering”
will be generated, where the data is represented
in groups (Linares, 2006), “each data belongs
only to one cluster and the set of them includes
the total data” (Rojas, et. al., 2008: 2). In this
work the cluster quantity was defined based on
the three dimensions: environmental, social and
economic of sustainability (idem).

Fundamentals of fuzzy logic

Finally, related to the theoretical framework on
which the work is based, it is identified that
uncertainty is a characteristic of environmental
phenomena, since there is no aspect of
Environmental Sciences where there is no
uncertainty, as it would not be a real problem.

To include uncertainty in the evaluation
of the attributes of university environmental
thought, the principles of fuzzy logic are applied.

Fuzzy logic is identified by producing
exact results from imprecise data (Morales-Luna,
2002), in a similar way to human thought (Jang,
Mizutani and Sun, 1997) and “describes reality
through flexible models that include the
subjectivity and uncertainty” (Lazzari, Machado
and Pérez, 2000: 6).
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The fuzzy term, as cited by Flores and
Camarena (2013) is an adjective of logic, which
“refers to the degrees of significance or values in
the measurement of the uncertainty of linguistic
variables” (Flores and Camarena, 2013: 12).

This logic is multivalued (Morales-Luna,
2002) where the fuzzy is determined as the
possibility of assigning different truth values to
the variables, and each element of the universe is
associated or corresponds (function) to a degree
of belonging to the set in the interval [0,1] (Flores
and Camarena, 2013) identified as a fuzzy set.

The fuzzy logic generates that each
variable, in this case the frequency of
characteristic  attributes of environmental
thinking in the educational offer of the BUAP,
have a range of possible solutions, with
interrelationships among themselves, and thus be
an instrument to give value to the data obtained
(Zadeh, 1965) through a mathematically
represented fuzzy set (Flores and Camarena,
2013).

The fuzzy logic tools allow the
incorporation of uncertainty as part of the
proposed methodology in the attributes of
environmental thinking.

Environmental thought at the Benemerita
Universidad Auténoma de Puebla (BUAP)

Once the main theoretical issues of this
methodological proposal have been cited, it is
important to define the context in which this
theory is applied.

Said context of study is the Benemérita
Universidad Auténoma de Puebla, a public
institution of upper secondary and higher
education, leader in the central-eastern region of
Mexico, formed by 43 academic units, distributed
in the state of Puebla (Gaceta Universitaria
BUAP, 2017).

The BUAP to carry out its substantive
institutional functions of: teaching, research,
extension and dissemination of culture (BUAP,
2007) is based on its institutional philosophy.

Within the institutional philosophy, the
vision of environmental thinking is identified in
the principle that it is a sustainable university that
focuses on building desirable development
scenarios and participating with society for its
transition to sustainable lifestyles (BUAP, 2014).
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In general, as Maria Luisa Eschenhagen
and Enrique Leff argue, a university with a
sustainable vision guides its organization and
formulates the educational offer from the
perspective  of interdisciplinarity, as “a
development potential that demands their right to
citizenship and a passport to move freely by the

traditional frontiers of knowledge”
(Eschenhagen, 2008: 127).
From this generality, university

environmental education due to its systemic-
complex nature” (Bravo-Mercado, 2012: 17) has
multiple definitions. In this work the definition of
Alfredo Avila-Galarza is used, understood as
“the process of acquisition of wvalues and
clarification of concepts whose objective is to
develop attitudes and capacities necessary to
understand and appreciate the interrelationships
between man, his culture and his biophysical
environment” (Avila-Galarza, 2003: 45) which is
one of the theoretical pillars for this work.

In BUAP this integrative vision is
identified, as it forms part of its institutional
strategic planning; through the different
development plans of its rectors in the last twenty
years; and the implementation of their
educational models.

The substantive functions in BUAP from
the environmental thinking approach have been
oriented since 2007 to three major actions, which
are (BUAP, 2007):

—  The training of professionals committed to
sustainable development and therefore to
the environment.

— Conducting multi and interdisciplinary
research to propose integral solutions to
global problems.

— Establish ties for the dissemination and
connection of the institution with its
environment and its proposals to specific
environmental problems with holistic
solutions.

Regarding teaching, which is the study
area of this work, BUAP is guided by the
educational and organizational model established
in 2007, known as the Minerva University
Model, which includes: the philosophy of social
responsibility and environmental thinking as part
of its strategic planning (BUAP, 2014).
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Said model contains environmental
parameters in the undergraduate study plans; and
in the teaching of undergraduate and
postgraduate degrees related to Environmental
Sciences, with a multidisciplinary vision.

The principles of the philosophy of
environmental thought at BUAP were based on
the guidelines of events that had occurred in
various geographic and administrative coverage,
related to environmental education, both in
Mexico and internationally.

The main guiding events were: at the
international level, the guidelines and public
policies of the United Nations Environment
Program (UNEP) and those of UNESCO, both
within the United Nations Organization (Bravo-
Mercado, 2012) ; in Latin America, the
characteristic approaches of respect for nature
(provider, councilor and mother) (Leff, 2009)
that include the knowledge and customs of the
peoples who have inhabited these areas for
centuries. Regarding the guidelines at the
national level, national educational models and
plans have been in place for several decades,
mainly those of ANUIES (Olaguez and Piero,
2013); in addition to the proposals generated by
the meetings of Higher Education Institutions
(COMPLEXUS, 2013), and the guidelines
arising in forums, academies, collaboration
networks or results of executive assemblies to
propose joint and multidisciplinary work.

The study of these guidelines, focused on
institutional substantive functions, were the basis
for obtaining the attributes that characterize
university environmental thought.

These attributes were obtained by
applying text mining software to the guidelines
described above and with this, the socioeconomic
and environmental elements that determine
university environmental thought were identified
(procedure that is detailed in the following
section), in addition to adding the results of
previous research (Dominguez, 2015) in relation
to the preferences that the university community
expressed on the subject under study.

The delimitation of the attributes that
characterize environmental thought was the first
step of the proposed evaluation methodology,
which is described in the following paragraphs.
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Methodology for the study of environmental
thinking in the educational offer of admissions
2017

To evaluate the principles of university
environmental thought, a mixed methodology
was designed, which applies brainstorming
techniques, consultation with experts and content
analysis within the qualitative methodology; as
well as the tools of the descriptive process of
generating knowledge of databases, in its various
stages for quantitative analysis.

This methodology was structured in two
stages: in the first, the attributes that characterize
the philosophy of university environmental
thought were specified (Eschenhagen, 2008) and,
in the second, based on the study design of
Oviedo and his co-authors (2017) the tools of the
knowledge acquisition process in databases were
applied to classify texts and generate groupings
and associations (Montes-y-Gémez, 2001) in
written documents (printed and / or electronic) in
the studied context.

The steps of the first stage were:

- The environmental education guidelines
were analyzed in different coverages as
already mentioned in the previous section,
both from meetings at the international
level, proposals in the Latin American and
national scope and the agreements of
meetings of directors or academics, giving
place to proposing a series of adjectives
(attributes) that characterize university
environmental thought.

The analysis was carried out by applying
the electronic tools of the text mining software to
obtain the words and phrases that are most often
cited in the texts of these guidelines.
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The result was the identification of the 65
attributes,  which  characterize  university
environmental thought and are: development,
tenable development, sustainable development,
sustainability, tenability, biodiversity, climate
change, environmental sciences, complexity,
environmental pollution, basins, environmental
deterioration, dimension ecological, ecology,
ecosystems, ecotechnics, environmental
education, systemic approach, ecological
balance, environmental impact, environmental
indicators, interdiscipline, environmental
research, environment, environmental
methodology, multidisciplinary, environmental
paradigm, environmental thinking,
environmental problems, natural resources,
environmental risk , environmental services,
engineering  techniques applied to the
environment, systems theory, transversality,
alternative developments, economic dimension,
economic  ecology, ecological economy,
globalization, environmental  anthropology,
environmental  architecture,  environmental
culture, social dimension,  sociocultural

dimension, ecodevelopment, education,
ethnography, environmental ethics,
environmental history, multiculturalism, social
responsibility,  environmental ~ knowledge,
socioeconomic,  environmental  sociology;

international agreements, environmental law,

institutional dimension, environmental
guidelines, environmental management,
environmental  governance,  environmental
institution, environmental planning,
environmental policy and environmental
programs.

- In addition to these results, a brainstorming
was carried out with a group of
professionals in Environmental Sciences in
order to demarcate said attributes and point
out that they are characteristic of
environmental thinking and include its
socioeconomic and environmental aspects.

- As a requirement of the software used, it
was required to group the 65 attributes into
categories for later analysis.

With a holistic intent, 9 categories were
proposed, which are: sustainability, environment,
interdiscipline,  ecotechnics,  transversality,
globalization, social responsibility,
environmental policy and complexity.
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With the characteristic attributes of the
nature-society binomial, university
environmental thought and the 9 categories of
analysis, a consultation was carried out with 12
experts (Briones, 2001) on the subject, all of them
currently working with the principles of
environmental epistemology.

The consultation had the purpose of
knowing, based on experience, in which of the 9
suggested analysis categories the attributes of
university  environmental thought already
identified are located. Subsequently, these
criteria were grouped through “mode” (statistical
concept of central tendency).

The results obtained were the following:

— Sustainability, grouped 6 attributes that are:
development,  tenable  development,
sustainable  development,  tenability,
sustainability and eco-development.

- The environment consisted of 16 attributes:
biodiversity, climate change,
environmental pollution, basins,
environmental deterioration, ecological
dimension, ecology, ecosystems,
ecological balance, environmental impact,
environmental indicators, environment,
environmental problems, natural resources,
environmental risk and environmental
services.

- Interdisciplinary, included 6 attributes:
interdisciplinary, environmental research,
environmental methodology,
multidisciplinary, environmental paradigm
and environmental thinking.

- Eco-techniques, encompasses the attributes
of engineering techniques applied to the
environment and eco-techniques.

—  Transversality only has the attribute of
transversality.

- Globalization, is formed by 4 attributes that

are economic dimension, economic
ecology, ecological economy and
globalization.
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—  Social responsibility, was integrated by 16
attributes,  which  are:  alternative
developments, environmental
anthropology, environmental architecture,
environmental culture, social dimension,
sociocultural ~ dimension,  education,
ethnography, environmental ethics,
environmental history, multiculturalism,
social  responsibility,  environmental
knowledge, socioeconomic, environmental
education and environmental sociology.

— Environmental policy, grouped into 10
attributes, which are: international
agreements, environmental law,
institutional  dimension, environmental
guidelines, environmental management,
environmental governance, environmental
institution,  environmental  planning,
environmental policy and environmental
programs.

— Complexity, with 4 attributes that are:
environmental  sciences, complexity,
systemic approach and systems theory.

With the 65 attributes and their grouping
into analysis categories, the first stage of the
proposed methodology was completed.

In the second stage, the tools to generate
knowledge of big data are applied, particularly
with the KDD process and the five steps proposed
by Oviedo and his co-authors (2017), to evaluate
the attributes determined in the first stage and
thereby generate results. These steps are:

- Step 1, information published
electronically on the official page of the
BUAP institution (www.buap.mx) of the
educational offer of admission in 2017 was
identified.

- Step 2, the data of the educational entry
offer in August 2017 were selected and
retrieved, having as a universe 152 study
programs.

- Step 3, the published study programs were
cleaned, discarding the information not
related to the topic.
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- Step 4, content analysis techniques were
applied, defined by Andréu as “a technique
for interpreting texts, whether written,
engraved, painted, filmed ..., or in a
different way where all kinds of data
records can exist, the common denominator
of all these materials is their ability to host
content that, read and interpreted properly,
opens the doors to the knowledge of
various aspects and phenomena of social
life” (Andréu, 2000: 2).

This content analysis was done with Atlas
Ti, which is a software tool for the analysis of
qualitative data.

Atlas Ti is characterized by the handling
of large volumes of textual data, which organizes,
regroups and manages them based on the
definition of "analysis codes" and thus transforms
the analyzed data into information in
spreadsheets or databases for its subsequent
interpretation and descriptive analysis (Muhr,
1997).

Using the Atlas Ti tools, the presence of
the 65 attributes was detected in the 152
programs of the educational offer, resulting in the
number of repetitions of each of the attributes in
the published documents of the educational offer
of degrees and postgraduate students upon
entering BUAP in 2017 as already explained.

Atlas Ti generated a spreadsheet that
groups the frequencies of the identified attributes.

The attribute frequency database was
transformed into category frequency, based on
the classification already defined in the first stage
of the study, obtaining the maximum number of
frequencies in each category.

- Step 5, the category frequency spreadsheet
is the basis for the quantitative analysis of
data and the generation of knowledge from
them.

Based on this information, two types of
analysis were carried out: the study of the data
with the tools of descriptive statistics and the
application of the text mining instruments within
the KDD process.
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Regarding the descriptive statistics, the
analysis by areas was carried out to identify the
percentage of citations of the attributes in the
texts of the educational offer, based on the areas
of sustainability and the nature-society binomial.
These data and their results are presented in the
next section.

For the text mining analysis, the
maximum number of citations of each category
was identified and a figure was calculated,
corresponding to the quotient of the frequency of
citations of each undergraduate and postgraduate
degree between said maximum, generating a new
spreadsheet, with the measurement of each
category in fraction between [0 and 1] that
includes the uncertainty in the characteristics and
evaluation of the fuzzy logic.

The new spreadsheet was analyzed with
the Minitab software (Minitab, 2010) using the
conglomeration  technique, which is a
multivariate statistical technique, which starts
from measuring the proximity between
individuals to later search for the groups of
individuals most similar to each other, according
to a series of variables.

The purpose of this tool is to divide a set
of objects into groups or clusters in such a way
that the profiles of the objects in the same group
are similar, that is, it creates groups or
conglomerates with similar characteristics until a
single block is obtained (Linares, 2006).

In this study, the hierarchical clustering
technique was used, since it allows the variables
to be agglomerated, starting from the calculation
of the distance matrix and selecting from a wide
variety of distance measures and grouping
methods (idem). Distance measures evaluate the
degree of similarity or proximity between two
elements, in this study the distance correlation
coefficient was used.

Regarding the linkage, the Ward link was
selected, due to its characteristics that the loss of
information when joining two elements is
minimal, because it is the sum of squares of intra-
cluster distance (idem).

The result obtained was a dendrogram,
which is a type of graphical representation in the
form of a tree, which summarizes the process of
grouping the clustering technique of the elements
of university environmental thought.
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The results of this methodology are
presented and analyzed in the following section.

Results

The present work was carried out with the
information in texts published electronically on
the educational offer at the higher level of. 84
bachelor's degrees, 46 master's degrees and 22
doctorates, published on the BUAP website
(www.buap.mx) in the admision of 2017.

From the content analysis of the data of
the 152 textual files examined, 1,188 citations of
attributes for undergraduate degrees and 853 for
postgraduate were obtained, in total 2,041
citations of the attributes that characterize
environmental thinking.

The two tools already described above
were applied to these data: descriptive statistics
and later the study from text mining.

The results obtained were the following:

- The descriptive analysis is presented in
Figure 1:

It is observed that 29.7% of the citations
are related to the attributes grouped in the
category of social responsibility; the next
category for the number of citations was
complexity, which accumulated 14.8%;
environment  follows  with  14.%; in
interdiscipline, 11.6% were identified; the
concepts of sustainability presented 10.5% of the
citations; Thus, we have ecotechnics with 7.6%,
the attributes grouped in globalization were 3.9%
and environmental policy was only identified in
3.5% of the total documents analyzed.

Number of total appointments by category

Complexity |[14:80%
Environmental Policy Bi53%
Social responsability 29.74%

Globalization B8:87%

Transversality |4:31%

Ecotechnics |[17:59%
Interdiscipline [ 11.61%
Environment [014.06%
Sustainability 10.49%

Figure 1 Total number of citations by category of analysis
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From this descriptive analysis, it is
observed that the philosophy of social
responsibility is a topic that has been given
greater importance within the institution and that
the theory of complex systems has been
considered as guidelines within the educational
offer, given the number of citations that were
identified in the texts studied.

These results suggest that the elements of
environmental thought have been considered in
the educational offer of higher education at
BUAP, focusing on the issue of the institution's
social responsibility as part of its substantive
functions.

Transversality as a property of complex
systems that characterize environmental thinking
is only included in undergraduate degrees and
therefore the number of citations.

- The text mining analysis, considering the
fuzzy data and the application of
multivariate clustering techniques, are
presented in Figure 2.

- It was observed that the categories are
grouped into the environmental and
socioeconomic dimensions that
characterize environmental thinking.

| Dendrograma con enlace Ward y distancia de coeficiente de correlacién

32.88+

55.25+

0

]
°

3
=
E
w

——

77.63+

100.00
sustent globalz  polamb respsoc mediamb ecctecn interdisc complej transvers

Figure 2 Dendrogram of similarity between analysis
categories
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- The grouping was in three "clusters": the
first  includes the categories  of
sustainability, globalization, social
responsibility and environmental policy,
which  are  identified  with  the
socioeconomic area; the second group is
made up of the categories of: environment,
interdiscipline, ecotechnics and complexity
that characterize environmental
philosophy; and, finally, the third group,
which is only the transversality that has
been applied to the environmental
education system.

- The categories that present the greatest
similarity are: in the first cluster the
categories of  sustainability and
globalization with 75.26%; and in the
second group the categories of
environment and ecotechnics, similar in
74.19%, since both are related in ecological
aspects.

- The environmental categories present a
similarity between the four, of 58.16% and
together they are similar with transversality
in 45.19%.

- Analyzing the educational offer as a system
and applying the proposed methodology
that includes uncertainty, it is seen that the
three clusters are similar in 32.87%, that is,
that the adjectives that characterize
environmental thinking in BUAP are
similar in equivalent proportions.

In short, the number of times the
attributes were identified and their grouping into
categories considering uncertainty, showed
homogeneous groups, unknown a priori, which
allowed to verify their integration and
relationship with the environmental and
socioeconomic areas of university environmental
thought, within of the educational offer published
in the admissions of 2017.

It should be noted that this
methodological process of generating knowledge
from databases can be used in texts (printed or
electronic) related to environmental thinking in
HEIs.
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Conclusions Bello-Orgaz, G., Jung, J., y Camacho, D. (2015).

The analysis and the results obtained from the
two stages of the methodological proposal allow
to raise the following conclusions:

- The result of this work is evidence that the
analysis of the phenomena  of
Environmental Sciences requires tools for
the perception, interpretation and modeling
of data, with a holistic approach and
considering uncertainty as part of them,
being fuzzy logic a tool for its study.

- The study of the principles of
environmental  thought, from  the
perspective of the environmental and the
socioeconomic, offers a new way of
incorporating  the philosophy  of
environmental thought in the university
environment into the interior of BUAP.

- The methodology proposed in this work,
based on the tools of text mining and the
KDD process, can be applied in any subject
that has historical textual data that is
available in electronic or physical media,
related to university environmental
thought, such as: educational offer,
institutional plans, educational model,
disciplinary, multidisciplinary or
transversal subjects, research, thesis, etc.
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