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Research problem

In Colombia
Construction and
demolition waste

Agroindustrial waste

Fique is a highly used material
for the manufacturing of sacks.

The coastal areas of the country are major
coconut producers thanks to their
- . . . . .
. climatic and geographical conditions.

& RESEARCH PROBLEM

It leads to environmental and economic issues due Sugarcane has a large agro-industrial
to the high generation of waste and the 4 sector that is distributed in 6

quick depletion of the lifespan of landfills and disposal sites. departments along the geographical
. valley of the Cauca River.

Through previous research, it was established that these fibers have great potential for
the production of masonry such as bricks. In addition to valorizing these agricultural
residues, literature tells us that some natural fibers provide better mechanical and
thermal properties to the blocks, improving the energy efficiency of buildings.
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Raw material

Compressed Earth
Blocks

Contributes to

N\

Contributing to the sustainability of the SDGs

9 INDUSTRY. INNOVATION
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AND INFRASTRUCTURE ]

CONSUMPTION
AND PRODUCTION

O
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Theoretical Framework

SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Importance of incorporating
—"'» fibers (coconut, fique and sugar cane)

e Abundant resources.
» Their energy consumption is low.
e  Their production is low cost.

Circular economy
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_General

Evaluate the compressive strength of Compressed Earth Blocks (CEB) reinforced with
natural fibers.

Specific
1. Characterize the physical 2. Design the mix and manufacture 3. Evaluate the effects of the fibers
properties of the materials used BTC with different types and dosages on the strength of the different
for the manufacture of BTC. of fibers. manufactured BTCs.
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7 ) Characterization of raw
s} materials

y

Determination of quantities of
materials

Mixture design and
manufacturing of CEBs with
fiber additions
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Cured
3 1. Compressive strength
fests 2. Density of CEB + fiber additions
v
. 3 1. CEB + fiber additions vs conventional CEB
Anplysis 2. CEB + fiber additions vs normativity
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Results and Analysis
COMPRESSION RESISTANCE

7,00
6,00
5,00
4,00
3,00
2,00

1,00

Compression resistance (MPas)

0,00

CEB Fique CEB Fique CEB Fique CEB Coco CEB Coco CEB Coco CEB Sugarcane Sugarcane Sugarcane
Control0% 0,1% 0,3% 0,5% 0,1% 0,3% 0,5% bagasse bagasse bagasse

CEB 0,1% CEB 0,3% CEB 0,5%

Experiment
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Analysis of variance for compression strength.

SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Source sum of squares Gl half square Reason- F Value-P
main effects
A: fiber concentration 8.59817 3 2.86606 91.17 0
B: fiber type 72.7221 3 4.24069 134.89 0
Interactions
AB 12.1416 9 1.34906 42.91 0
waste 2.01204 64 0.0314381
TOTAL 35.4739 79
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Results and Analysis
DENSITY
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The resistance of the blocks increases with the addition of fibers (fique
fiber being the one that showed the best results).

The valorization of agro-industrial waste (figue, coconut and cane) and
C&D waste (soil) from the manufacture of CEB added with fibers
represents a promising strategy for environmental sustainability and the
circular economy in the construction sector.

The selection of the best fiber option will depend on the requirements of
the person who wishes to apply the methodology.
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Research Problem

 Oil and hydrocarbons derived from it have catapulted its use as one of the greatest drivers of progress,
however, it has also been one of the main catalysts of pollution at a global level. From their extraction to
their consumption, hydrocarbons generate a chain of environmental impacts, with soil contamination
from spills and spills being one of the most pressing concerns.
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Theoretical Framework

« The main concepts and theories that support this research are developed below:

Hydrocarbons and Petroleum:
Hydrocarbons are organic compounds
formed by carbon and hydrogen, basic in
organic chemistry and main constituents of
petroleum.

Petroleum is a complex mixture of e
hydrocarbons, accompanied by sulfur, Petroleo e
oxygen and nitrogen in  different hidrocarburos
proportions, and is a primary source of
Industrial materials.
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Solil Pollution by Hydrocarbons

« Soil contamination by hydrocarbons can
occur during oil exploitation, extraction
and transportation operations, generating
adverse effects on the structure and content
of the soil, as well as on the health of
plants.

« Environmental legislation regulates the
exploitation and use of oil, establishing
measures to prevent and remedy soil
contamination.
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Bioremediation

« Bioremediation is a process that uses microorganisms
to restore or recover contaminated natural
environments, such as soil, accelerating the
degradation of toxic compounds.

 There are various bioremediation methods, both in
situ and ex situ, that are applied depending on the
characteristics of the soil and the contaminant.
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Factors Affecting Sustainable
B|Oremed|at|0n development
 Biotic factors such as soil microbiota and « Sustainable development seeks to meet
nutrient  availability  influence the current needs without compromising the
effectiveness of bioremediation. ability of future generations to meet their

needs, balancing economic growth,

* Abiotic factors such as pH, humidity and social well-being and environmental

temperature also affect the activity of protection.

4. A

microorganisms and  therefore
efficiency of bioremediation. Bioremediation is presented as a tool that
can contribute to sustainable
development by offering an
environmentally friendly solution for the

restoration of contaminated soils.
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GOALS

« |dentify bioremediation systems for soils contaminated with petroleum hydrocarbons and their
contribution to sustainable development.
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METHODOLOGY

 The methodology involves an exhaustive bibliographic review to identify objectives, analyze
background information and develop the discussion on petroleum hydrocarbons, soil
contamination, bioremediation systems and their relationship with sustainable development.
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RESULTS

* Classification of Hydrocarbons « Sustainable Development and
Derived from Petroleum Environmental Management:
The different types of hydrocarbons present in The concept of sustainable development and
petroleum are detailed, including alkanes, Its relationship with environmental
aromatics, resins and asphaltenes. management is explained, highlighting the

importance of balancing human progress with
the preservation of the environment.
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Bioremediation:

» Bioremediation is introduced as a process that uses microorganisms to restore contaminated soils. Different
types of bioremediation are mentioned, such as enzymatic degradation, microbial remediation, and
phytoremediation.

IORREMEDIACION

®
: 1Y)

Lacontaminacion.org
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* Biotic and Abiotic Factors that Condition Bioremediation:

Factors that influence the effectiveness of bioremediation, such as soil pH, moisture, temperature, and nutrient
availability, are discussed.

* Soil Bioremediation Methods:

In situ and ex situ bioremediation methods, as well as phytoremediation, are described, highlighting their
applications and advantages.

» Bioremediation by Application of Surfactants:

It is mentioned how surfactants can improve or inhibit the degradation of hydrocarbons in the soil, depending
on their composition and concentration.
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ANALYSIS

The ability of bioremediation to degrade soil contaminants
efficiently, using microorganisms and natural methods, is
highlighted.

The ability of microorganisms, such as Pseudomonas, to
adapt to adverse soil conditions and degrade hydrocarbons
IS highlighted.

The importance of environmental management in the
context of sustainable development is highlighted,
emphasizing the need to address soil contamination
effectively.

Practical considerations, such as selecting appropriate
bioremediation methods and monitoring environmental
factors, are discussed to ensure the success of
bioremediation projects.
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3@ CONCLUSIONS 3(:

» Petroleum and its derivatives, despite being a natural mineral and being used by the entire world
population on a daily basis, are also one of the main existing pollutants, mainly in soils as a
consequence of their exploitation, handling and transportation.

 Biotechnology proposes, through bioremediation, to address this contamination, in an assertive,
functional and effective way through natural techniques that do not cause major alterations.

» Bioremediation is an important tool that allows for the natural recovery of soils contaminated with
hydrocarbons derived from petroleum. These have contributed to the development and evolution of
the human being, but their manipulation, transformation and use have caused serious damage to the
planet, among which is soil contamination, biotechnology can contribute to maintaining soils that
are receiving said contamination in the future. , in addition to recovering those already damaged,
and this is today the greatest challenge for the future of humanity, which makes bioremediation a
necessary mechanism for sustainable development
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Research Problem

The village of Veredas
Juntas in Sopetran lacks
access to drinking water.
Residents consume water
contaminated with
pathogens, putting their
health at risk. It is critical
to implement an aqueduct
and water treatment
systems to ensure safe
water and preserve the
well-being of the -

community.
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Theoretical
framework

SODIS, ~consists of exposing water inside
transparent plastic bottles to solar radiation, the
bottles used are PET, or as they are known soda
bottles that can be reused to implement the method,
these bottles contain additives such as UV stabilizers
to protect the containers and protect the contents
from oxidation and UV radiation (r. Meierhofer et al., 2002).

For the method, an exposure time of between 4 and
6 hours is required depending on the solar radiation

of the place where the method will be implemented,
this time is just enough to completely remove (up to
five logarithmic units) the fecal coliforms present in

the water (M. B. Keogh et al., 2015).

SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

DEL 6 AL 10 DE MAYO Edicidn en Linea. ISSN 2357-5921 Volumen 12

- No 1-2024 Publicacion Semestral

VIGILADO Por el Ministario de Educacidn Nacional



Objectives
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General
Determine

microorganisms

Sopetran.

effectiveness of the
SODIS method in
reducing pathogenic

water of the Juntas village
of the municipality of

Specific

v Identify the types of microorganisms present in

the the water of the Juntas sidewalk.

v Measure the reduction in the concentration of
microorganisms after applying the SODIS method.

v Compare the effectiveness of the SODIS method
with other disinfection methods used in the Juntas
sidewalk.

in the

v' Socialize the results obtained on the sidewalk
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Methodology

Controllable factors:

1. Use of surfaces

2. PET bottle size(1L,2L)

3. radiant material(Aluminium,
black base)

Time : 6 hours
Start time :
9:00 a.m

> SODIS application in >
neighborhoods of the Output factor:
municipality of Sopetran % disinfection

A

r Uncontrollable

factors:

1. Temperature

2. Radiation
received

3. Cloudiness

4. Rains

Start |

v

Usa 10 PET bottles: Sof 2Land 5 of 1L 'I

\ v

Distribute 8 test bottles on differant surfaces and shapes |

v

| Measure accumulated energy with UV radiometer

¥

Perfarm microbiological tests |

)

| Boil 1L water for 25 minutes ]

v

| Prepare stock solution with 1.4g chlorine in 100ml |

v

|' Extract 100pl from stock solution '

v

Dilute in G00ml water sample |

oy

| compare methods

———

Soclalize results through infographic

o

\
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Methodology

Experiment Bottle Surface Radiating
size (L) shape material
1 1 Flat Aluminium
2 2 Flat Aluminium
3 1 Flat Black
4 2 Flat Black
5 1 Curved Aluminium
6 2 Curved Aluminium
7 1 Curved Black
8 2 Curved Black
Control 1 1 Flat N/A
Control 2 2 Flat N/A

Table 1. Experimental design, showing how the different variables such as the size
of the bottle, the shape of the surface and the irradiating material will be taken. It is
noted that there are two types of controls, each with a different bottle size and a flat
surface, but without irradiating material. The experiments are divided into different
combinations of bottle size, surface shape and irradiating material.
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Methodology

Chlorination

Mother solution:1,4
g/100ml of chlorine
chlorinated water: 100
uL/600ml
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Result and analysis

Bacterial degradation

80 Initial
70 T sample
. 60
2 I
= 50
0
o 40
2
£ 30
Q 7o
10
0
A k8 c8 FA ¢ Sample with
Treatment SOD|S

Graph 1. SODIS degradation percentages, we can observe the percentage of bacterial
degradation after applying the method on different surfaces, CA (Curved with aluminum surface),
FB (Flat with black surface), CB (Curved with black surface), FA (Flat with aluminum surface), C
(Control).
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Result and analysis

E.coli disinfection efficiency
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SODIS

Graph 2. E. coli disinfection efficiency, through the SODIS method we can observe the percentage of E. coli
disinfection efficiency on the different surfaces used, CA (Curved with aluminum surface), PN (Flat with black
surface), CN (Curved with black surface), PA (Flat with aluminum surface), C (Control).
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Result and analysis Initial sample Sample with
treatment

Comparison of methods

Heat

120,00
treatment

100,00

80,00

chlorination

Degradation %
[=)]
o
3
—

cl He S0DIS

Treatment

SODIS

Graph 3. Comparison of methods, the methods used to compare the degradation of microorganisms were
chlorination (Cl), boiling water (He), and SODIS. In the graph, we can observe the percentage of degradation
of each method.
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Conclusions

v" A high presence of total coliforms was confirmed in the water used by the inhabitants of the village of Las Juntas. This
was supported by the results obtained by culturing the samples on chromocult agar, revealing a substantial amount of
colony-forming units (CFUs).

v’ The total dose of UV radiation measured was 677.38 KJ/m”2, lower than the recommended energy load of 950 KJ/m”2
for total bacterial inactivation according to Laurie and Mills. This inadequacy may explain the lack of complete success in
disinfection.

v All methods used (boiling, chlorination and thermal disinfection) are effective in disinfecting water, but have limitations.
Boiling kills microorganisms on the spot, but does not protect against recontamination. Chlorination can protect
continuously if the proper concentration of chlorine is maintained, but in this case it was insufficient. Thermal
disinfection achieved 94% efficiency due to the heat resistance of some microorganisms. It is important to properly
adjust the doses or concentrations of disinfectants and consider the limitations of each method for optimal and long-
lasting disinfection

v Despite efforts to raise awareness about the risks of consuming untreated water, it was found that 7 out of 10
households consume water without disinfection. Even those who received the information stated that they were aware
of the risks, but their bodies were accustomed to it. A high proportion of the population remains at risk due to the
consumption of unsafe water, requiring more effective strategies to promote behavioral changes and ensure access to
safe drinking water.

DEL 6 AL 10 DE MAYO Edicidn en Linea. ISSN 2357-5921 Volumen 12- No 1-2024 Publicacion Semestral VIGILADOQ  Por el Ministeri de Educacién Necionsl



SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Bibliographic references

v A. Garcia-Gil, R. A. Garcia-Mufioz McGuGg y J. Marugan, «Solar water dlsmfect|on to produce safe dr|nk|n9 water. A review of parameters enhancements and
modelling approaches to make SObIS faster and safer», Moleciles, vol. 26, n.° 11. MDPI AG, 1 de junio de 2021. https://doi. orq/10 3390/molecules26113431

v A. Garcia-Gil, C. Pablos, R, A. Garcia-Mufioz, K. G. McGuigan, y J. Marugéan, «Material selection and prediction of solar irradiance in plastic dewces for aoppllcatlon of solar
water  disinfection  (SODIS)  to _ _inacti at virusés, ' bacteria and  protozoa», Science of the Total Environment,  vol. 2020,
https://doi.org/10.1016/j.scitotenv.2020.139126.

91
v A. Garcia-Gil et al., «Weathering of plastic SODIS

containers and the impact of ageing on their lifetime and disinfection efficacy», Chemical Engineering Journal, vol. 435,
may. 2022. https://doi.org/10.1016/j.cej.2022.134881.
v Chauque y M. B. Rott, «Solar disi fectlon (S DIS) te hnoI ies as alternative for I r%e scale public drinking water supply: Advances and challenges», Chemosphere, vol.
281 Elsevier Ltd, 1 de octubre de 2021. https://doi.ofg/10.1016/j.chemosphere.2021.1307
v D. Bitew, Y. K. Gete, G. A. Biks, y T Adafrie, «The effect of SODIS water treatment intervention at the h ous h Id Iev |n re d cm? diarrheal incidence_amo 6; childre
under 5 years of age: A cluster rando mlzed controlled trial in Dabat district, northwest Ethiopia», Trials, vol. 19, n.° 1, jul. 2018. htt /doi.org/10.1186/s13063-018-2797-
y.

C. José, D. Cérdoba et al., «<CONDICIONES DEL AGUA PARA CONSUMO HUMANO Y SANEAMIENTO BASICO-ANTIOQUIA-2010», 2010.

Spuhler, J. Andrés Rengifo-Herrera, y C. Pulgarin, «The effect of Fe2+, Fe3+, H202_and the ghoto Fenton reagent at near neutral pH on the solar dlsmfectlon (SODIS) at low
temperatures of water containing Escherichia coli'K12», Appl Catal B, vol. 96, n.° 1-2, pp. 141, abr. 2010. https://doi.org/10.1016/j.apcatb.2010.02.010.

v' D. Mausezahl et al., «Solar dnnklng water disjnfection SODIS) to reduce childhood diarrhoea in rural Bolivia: A cluster-randomized, controlled trial», PLoS Med, vol. 6, n.°
ago. 2009. https*//doi.org/10.1371/journal.pmed.10001

8,
v E Ubomba-Jaswa, C. Navntoft, I. Polo-Lépez, P. Fernandez-Ibafiez, y K. G. MCGUI an <<So|ar dlsmfeC| n of drinking water (SODIS): An investigation of the effect of UV-A

ose on inactivation eff|C|ency>> Photochem/ca/ and Photobiological SCIences vol. 8, 5', 587-595, 009 https://doi.org/10.1039/b816593a.
v" E. J, Nwankwo, J. C. Agunwamba, S. Igwe, y C Odeni bo «Regression_models for predlctln th die-off rate of E. coli in solar water disinfection», Journal of Water
Sanitation and Hygiene for Development vol. 12, n.° 8, pp. 575-586, ago. 2022. https://doi.org/10.2166/washdev.2022.056.

v'F. Sciacca, J. A. Rengifo-Herrera, J, Wéthé, y C. Pulgarin, «Dramatic enhancement of solar disinfection {SODI ) of wild Salm o Ia sp. in PET bottles by H202 addition on
natural water of Burkina Faso conta|n|ng dlssolved iron», Chemosphere vol. 78, n.°9, pp. 1186-1191, 2010. https://doi.org/10.1016/j.chemosphere.2009.12.001.
DEL 6 AL 10 DE MAYO . . . VIGILADOQ Por el Ministerio de Educacitn Nacional

Edicion en Linea. ISSN 2357-5921 Volumen 12- No 1-2024 Publicacién Semestral


https://doi.org/10.3390/molecules26113431.
https://doi.org/10.1016/j.scitotenv.2020.139126
https://doi.org/10.1016/j.cej.2022.134881
https://doi.org/10.1016/j.chemosphere.2021.130754
https://doi.org/10.1186/s13063-018-2797-y
https://doi.org/10.1016/j.apcatb.2010.02.010
https://doi.org/10.1371/journal.pmed.1000125.
https://doi.org/10.2166/washdev.2022.056.
https://doi.org/10.1039/b816593a.
https://doi.org/10.2166/washdev.2022.056.
https://doi.org/10.2166/washdev.2022.056.
https://doi.org/10.1016/j.chemosphere.2009.12.001

SEMANA DE LA
III FACULTAD
/ ARQUITECTURA E INGENIERIA
e

SICA

Semlllero de Investlgamén

n Universitaria Colegio Mayor de Antioqui

Acredifadot Alcaldia de Medellin

en ALTA CALIDAD Distrito de
Ciencia, Tecnologia e Innovacion

LEG
Edicion en Linea. ISSN 2357-5921 Volumen 12- No 1-2024 Publicacién Semestral Q e

VIGILADA por o Ministerio de Educacisn Naclonal



SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Bioremediation of Zinc contaminated soils
using Zea mays and Eisenia foetida in
symbiosis with Pseudomonas putida

Members:
Maria Camila Alvarez Durango, Leidy Tatiana Gafian Marin, Deisy Paola Avendafio Munera

Methodological Advisor:
Alejandro Builes Jaramillo

Thematic Advisor:
Laura Osorno Bedoya

DEL € AL 10 DE MAYO Edicion en Linea. ISSN 2357-5921 Volumen 12- No 1-2024 Publicacion Semestra VIORADO Por ol iristorkodo Eusactin Hecions!




SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Soil contamination by zinc is a serious problem not only for plants but also for human health,
which derives from various sources such as industry, mining and agriculture. Zinc toxicity is
evident at concentrations above 200 mg/kg zinc [2], causing neurological, hepatic and
cardiovascular disorders in mammals, including humans, and in plants it can cause stunted
growth, chlorosis and interference with the absorption of other nutrients [2], [10]. Therefore,
it is necessary to develop remediation techniques for its treatment.

Reference source: https://www.significados.com/causas-y-consecuencias-de-la-contaminacion-ambiental/
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Bioremediation is a technique that uses the capacity of living organisms to absorb, transform
and/or degrade contaminants [13], [18].

Zea Mays is a plant with the ability to accumulate
and tolerate in its root tissue and transfer heavy
metals to its aerial part [5],[8].

Reference source: https://sciencephotogallery.com/featured/maize-zea-mays-bruno-petrigliascience-photo-library.html

Eisenia foetida known as earthworm by its digging,
digestion and excretion activity decreases the
bioavailable fractions of heavy metals [6], [21].

Reference source: https://sciencephotogallery.com/featured/3-brandling-worms-daniel-sambrausscience-photo-library.html

DEL € AL 10 DE MAYO Edicion en Linea. ISSN 2357-5921 Volumen 12- No 1-2024 Publicacion Semestral MIGRLADO Forel Mirdsterodo Exoselén Naclonsl


https://sciencephotogallery.com/featured/maize-zea-mays-bruno-petrigliascience-photo-library.html
https://sciencephotogallery.com/featured/3-brandling-worms-daniel-sambrausscience-photo-library.html

SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Pseudomonas putida helps to promote the bioremediation
process and enhances the enzymatic activity of the soil

contributing to its regulation and quality [16], [19].

Reference source: https://sciencephotogallery.com/featured/2-pseudomonas-putida-dennis-kunkel-microscopyscience-photo-library.html

The combination of the factors described above is known as integrated bioremediation systems
(IBS), in which bacteria, fungi, other organisms and plants are combined in order to
bioaccumulate, biostimulant and bioattenuate heavy metal contamination [14].
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General
Evaluate the bioremediation of zinc contaminated soil using Zea mays and Eisenia foetida in
symbiosis with Pseudomonas putida.

Specific
N
Characterize physicochemically the contaminated soil before the bioremediation
process.
J
)
Evaluate the growth and development of Zea mays in soils contaminated with zinc
and in treatment with Eisenia foetida and Pseudomonas putida.
J
)
Determine the removal efficiency of zinc in contaminated soil with Zea mays and
Eisenia foetida plants in symbiosis with Pseudomonas putida.
J
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Methodology

ntrol Treatments
@Omg/ngD) Cofos

@0 mg/kg@
(000 mg/kg@ }

Experiment in triplicate,
36 experimental units.

Pp Ef+Pp
&= o
!
AL
Treatments

Ef. Eisenia foetida, Pp: Pseudomonas putida, Ef+Pp: Eisenia foetida plus Pseudomonas putida
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Soil physicochemical characterization

Table 1. Physicochemical characterization of contaminated soil before the bioremediation process.

retation®*

Method

1:1, water, pH meter

Saturated paste

Olsen-EDTA

PHYSICAL-CHEMICAL ANALYSIS
**INTEEPRETATION: B: Low (deficient); M: Medium (sufficient); A: High (excessive); ND: not detectable; NA: Not analyzed.
Parameter Result Unit* Normal Inte
pH 5.3 - 5,5-6.0
CE 0,34 ds/m 1-2
Zn 2.3 mg'kg 3-5
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Eisenia foetida

oW s =N
o Lo O
|
1

Quantity Eisenia foetida (und)
= MR
(o B o B s B

L

Control Ef Pp Ef+Pp
Treatments

250 mg/kg M500mg/kg M 1000 mg/kg

Reference source: authors. . ' Figure A. Survival of Eisenia foetida after 57 days of exposure to different zinc concentrations.

Note: Ef indicates treatments with Eisenia foetida, Pp indicates treatments with Pseudomonas putida, Ef+Pp indicates treatments with Eisenia foetida
plus Pseudomonas putida.
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Results and Analysis

Pseudomonas putida
‘;E“ 8,0E+05 B
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el
=2 6,0E+05
T
e
3 4,0E+05
v
[
o
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3
3
Q@
\ a 0,0E+00
: ' Control Ef Pp Ef+Pp
Reference source:
https://www.europeana.eu/es/item/11637/PROKARYAXDSMZXGERMA Treatments
NYXDSMX26234

250 mg/kg MW500 mg/kg M 1000 mg/kg

Figure B. Number of Pseudomonas putida colonies.

Note: Ef indicates treatments with Eisenia foetida, Pp indicates treatments with Pseudomonas putida, Ef+Pp indicates treatments with Eisenia foetida
plus Pseudomonas putida.
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Results and Analysis
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Figure C. Effect of Eisenia foetida and Pseudomonas putida on the growth of Zea mays

plants exposed to different zinc concentrations and different treatments.

Note: Ef indicates treatments with Eisenia foetida, Pp indicates treatments with Pseudomonas putida, Ef+Pp
indicates treatments with Eisenia foetida plus Pseudomonas putida.
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=
o

Control Ef Pp Ef+Pp

Treatments
250 mg/kg M500mg/kg M 1000 mg/kg

Figure D. Effect of Eisenia foetida and Pseudomonas putida on root development
of Zea mays plants exposed to different zinc concentrations.

Note: Ef indicates treatments with Eisenia Joetida, Pp indicates treatments with Pseudomonas putida, Ef+Pp indicates
treatments with Eisenia foetida plus Pseudomonas putida.
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Results and Analysis

Foliar and edaphic zinc concentrations
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g 15 g,
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Control Ef Pp Ef+Pp Control Ef Pp Ef+Pp
Treatments Treatments
250 mg/kg M500 mg/kg M 1000 mg/kg 250 mg/kg M500 mg/kg 1000 mg/kg
Figure E. Final foliar zinc concentration in treatments with Eisenia foetida, Figure F. Final edaphic zinc concentration in treatments with Eisenia foetida,
Pseudomonas putida and the combination of both. Pseudomonas putida and the combination of both.
Note: Ef indicates treatments with Eisenia foetida, Pp indicates treatments with Pseudomonas putida, Ef+Pp Note: Ef indicates treatments with Eisenia foetida, Pp indicates treatments with Pseudomonas putida,
indicates treatments with Eisenia foetida plus Pseudomonas putida. Ef+Pp indicates treatments with Eisenia foetida plus Pseudomonas putida.
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e
Results and Analysis
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Figure G. Zinc removal efficiency in contaminated soils after the bioremediation process.
Note: Ef indicates treatments with Eisenia foetida, Pp indicates treatments with Pseudomonas putida, Ef+Pp indicates treatments with
Eisenia foetida plus Pseudomonas putida.
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® Bioremediation of zinc contaminated soils using Zea mays and Eisenia foetida in symbiosis
with Pseudomonas putida is an efficient removal method, regardless of the zinc
concentration level. All the treatments evaluated were able to reduce the concentration of
zinc in the soil, with a range of removal efficiency between 97% and 99%.

e The presence of Pseudomonas putida does not seem to have a significant impact on the
treatments, as those including only Eisenia foetida show statistically similar results to
those including only Pseudomonas putida. This suggests that the presence of Eisenia
foetida contributes positively to the restoration of contaminated soil health,
demonstrating its remarkable adaptability and potential to improve soil conditions.

e Although there was little statistical difference between treatments in relation to percent
removal, all proved to be effective in reducing contamination and improving soil quality.
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|
Fuente:https://www.enter.co/wp-content/uploads/2016/05/3409801088_283866f35b_o.jpg Fuente :https://www.enter.co/wp-content/uploads/2016/05/A_squirrel_and_his_styrofoam_cups1.jpg
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Fuente:http://www.textoscientificos.com/imag
enes/polimeros/poliestireno.gif

The unique structure of Polystirene (PS), with its main linear carbon chain and altermating
atoms attached to phenyl residues, mekes its biodegradation very difficult

A,

R e : : ) l Fuente:https://imagenes.noticiasrcn.com/ImgNoticias/reciclajedeicopor.jpg
Fuente:https://www.poliestireno-reciclado.es/pics/cajas-de-icopor-reciclables- n
210812.jpg The monthly amount of waste of PSwaste is about 2000 n

Recovery and recycling of PSis nat always econamically feasible due to and only 500 tons are recycled
unstable market price of virgin plastic ‘

Their persistence makes a serious threat to bath wildlife and human
health

Fuente:https://tse2.mm.bing.net/th?id=0I1P.1QKXPf-kHEa900f4Sj4T2wHaCe&pid=Api
psi// gnet/ ! P P Fuente:https://www.enter.co/wp-content/uploads/2016/05/2518338934_19ab41b241_o.jpg

Fuente:https://lanotapositiva.com/wp-content/uploads/2019/07/icopor-home750.jpg
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The degradation of plasticsis
an intranmolecular reaction
occurs through a sequence of

stages:

https://microbeonline.com/wp-
content/uploads/2019/04/Aspergillus-
characteristics.png

http://www.pantallazosnoticias.com.co/wp-
content/uploads/2021/11/ICOPOR-.-copia.jpg
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Fungi of the genus Aspergrlius
Spp are filamentous fung
known far their adaptability

N

Aspergillus flavus ()
fungusis famousiin
agriculture for producing
white wood rot

N -
\u ‘:‘\ o T3 >
https://www.adelaide.edu.au/mycology/sites/default/files/media/ima
ges/2021-09/asp-nid-micro2.jpg

Aspergillus flavus

https://i0.wp.com/microbeonline.com/wp-
content/uploads/2022/09/Aspergillus-flavus.png?ssl=1

N

The fungus Aspergillus
niger (An) isthe main
producer of citric acid have
large heads, dark brown

o O
)
b 3¢ B

Aspergillus niger

https://microbeonline.com/wp-
content/uploads/2022/09/Aspergillus-niger-1.png
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Ceneral

 Bvaluate the perfarmance of fungi of the genus Aspergrllus Sop as degradation
agents of PSin the sall.

Specifics

« Adapt the PSfor its subsequent degradation with fungi of the genus Aspergrllus

Spp.
(btain the inoculumfromthe strains of Aspergrllus niger-and Asperglllus flavus
In the Sabouraud agar culture medium

» Determine the degradation efficiency of PSwith Aspergrlius Sop.
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‘ Experimental assembly at 30 and 60 days. °Qperimental disassembly after 30 and 60 days.

Thickness 0,3 cm

Expanded
Polystyrene
(PS)

-

4cm 1 g of soil

10~-2 dilution

—

\

Aspergillus Aspergillus

flavus niger
soil 9

—_— |

30 and 60 days l

Degraded PS
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Caperimental Design

Experiment Strain Time (Days) Radiation (254 nm)
1 AN 30 yes
2 AF 30 yes
3 AN+AF 30 yes
4 Inoculated 30 No
5 AN 60 yes
6 AF 60 yes
7 AN+AF 60 yes
8 Inoculated 60 No

C1 Control 30 No
c2 Control 60 No
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Project Develcpment

Step a

Figura 1. PS sample Figure 3. PSirradiated in UV light

Step?z? -

Figure 4. sowing of the strains Aspergillus niger and

Aspergillus flavus
=SS
Figure 7. Final weight of PS after
Figura 5.assembly of the experiment s ——— ’
€
Figure 6.Agitation and Serial dilutions
— e
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Fgure 1. Percentage of biodegradation of the non-inoculated and inoculated expanded polystyrene with microorganismindividually and in
consortiumin 30 and 60 days
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Table 1. fungal growth over tine per gramdf sail per 10*

Strain Repetition 30 days 60 days desv 30 desv 60 60 -
NI 1 0 0 0 0
C d

2 C
3 < c
1

AN 2 38.30 48.70 11.90 12.47
3 40 -
1 <t

AF 2 46.70 48.00 6.60 12.68 é
3 —
] S

AN+AF 2 47.00 20.70 6.53 5.91 I-DI- b
3 , 20 -
NS dd
, ) 0 T
Fig 3.%”(5)78145 T T T T T T T T T T T 1
------ NI AN AF AN+AF
Treatment
m 30 days H 60 days
ﬁélk@e,yyhs,@; Figure 2 Growth of Colony Formring Lhits (OFUS) per gramof soil per 104
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* The hiodegradation process was applied with the fung of Aspergllus niger and
Aspergillus flavus applied in soil for the reduction of expanded polystyrene (PS),
evaluating its effect individually and in consortium for periods of 30 and 60 days

* Control and non-inoculated sanples did nat show significant results in the reduction
of PS while in thase inoculated with fungi of the genus Aspergillus niger; Aspergillus
flavus and In consortium) degradation was reached between 14% and 18%, without
showing statistically significant differences in periods of 30 or 60 days.

* |t was analyzed that during the 60 days the sanples in consortium presented a
decrease in the CRUdue to the lack of the nutrient solution and the low percentage of
humidity.
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DIFERENCIA DE LA TENPERATURA MEDIA (1C)

s IDEAM IDEAM

Diferencia de la Temperatura media anval Periodo 2071-2100 Diferencia de la Preciitacion media anual Periodo 2071-2100
con respecto al periodo de referencia 1976-2005 con ol periodo de referencia 1976-2005

Figure 1. Estimated annual mean difference in temperature and
precipitation in Colombia for the period 2071-2100. Retrieved from
(Dinamicas Del Clima Andino Colombiano, 2020).

. 5 »
Figure 2. Morphology of the Aburra Valley. Retrieved from (Area
Metropolitana, 2019).
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Multiple studies examine the interaction between

climate and vegetation and its impact on soil water

availability, emphasizing the importance of

functional traits of vegetation, such as morphology

and physiology, in ecosystem services like

hydrological regulation. The diversity of tree
species can contribute to climate change

management in urban areas.
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Figure 3. Precipitation. Retrieved from (Precipitation Partitioning By
Vegetation, 2021)
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CATCHMENT

Figure 4. Partitioning of precipitation fluxes in urban trees. Retrieved from (Reyes, 2016).

Figure 5.a. Stemflow. Figure 5.b. Throughfall.
Retrieved from (Precipitation Partitioning By Vegetation, 2021)
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Assessing the influence of dominant
tree species in the urban forest of

Colegio Mayor de  Antioquia

University on precipitation
partitioning and hydrological
regulation.

Figure 6. panoramic view of the university campus. Retrieved from (Institucion Universitaria Colegio Mayor de Antioquia, 2021)
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1. Identify the dominant species
and measure the functional traits
of each dominant tree individual,

which are related to water
interception.

J

2. ldentify the dominant tree
species that have the greatest
influence on the regulation and

redistribution of precipitation in the
urban forest.
v

/

3. Assess the relationship between
hydrological flows and the functional
traits of each individual.
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EXPERIMENTAL
SETUP

STUDY SITE

/MEASUREMENT or\

" PRECIPITATION ) MEASUREMENT OF R
\ PARTITIONING FUNCTIONAL

\ FLUXES / TRAITS

Figure 7. Study Methodology Study of the Influence of Tree Species on Precipitation Partitioning Fluxes. Self Created.
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RESULTS AND
ANALYSIS

Figure 8. Results and analysis. Retrieved from (Precipitation Partitioning By Vegetation, 2021).
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Figure 9. Precipitation partitioning. Self Created.
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Figure 10. a. Stemflow. Self Created Figure 10. b. Stemflow percentage. Self Created
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Figure 11.a. Throughfall. Self Created. Figure 11.b. Throughfall percentage. Self Created.
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Figure 12.a. Interceptation. Retrieved from (Precipitation Species
Partitioning By Vegetation, 2021) Figure 12.b. Interceptation. percentage. Self Created.
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Figure 13. Correlations between functional traits and precipitation participation fluxes. Self Created.
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Urban trees play a significant role in the regulation and redistribution of precipitation within urban environments.
This study observed that during periods of intense rainfall, trees are capable of reducing surface runoff by
enhancing internal precipitation, whereas during light rainfall events, they facilitate water retention, thus
decreasing surface runoff. Additionally, the study emphasizes the importance of integrating the structural and
functional characteristics of trees into urban green infrastructure management to enhance hydrological

regulation and effectively address the challenges posed by climate change.
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The presence of heavy metals in aquatic ecosystems
due to the activity industrial and the lack of adequate
treatment of contaminated effluents is a problem
environmental impact of great magnitude.

Photograph obtained from: https://encrypted-
tbn0.gstatic.com/images?q=tbn:ANd9GcR18MxbVfcc_V-
Y_2tNUfxmkZgHCKLDOmMm9iCyegZ20tA&s

The accumulation of these metals in aquatic organisms, as well as
their transfer through the food chain, poses significant risks to \

human health and the ecological balance of the aquatic ecosystems

Photograph obtained from: https://encrypted-
tbn0.gstatic.com/images?q=tbn:ANd9GcTxcv9iF7fO05Zu7_WgTqCMOHZuwwWL4J
vICY-agAQfywg&s
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[ Eichornia crassipes }

Rooted macrophyte that grows in water contaminated and
has great potential for the accumulation of heavy metals.

Photograph obtained from: https://.qconﬂunansweredNVhat-do-
you-know-about-the-efforts-in-Kerala-to-make-use-of-water-hyacinths

Absorbs chromium ions through roots and translate them to
other parts of the plant, such as stems and leaves .

E crassipes under conditions of Neutral pH and exposure
media of 90 mg/L of Cr, accumulated amounts significant
amounts of metal, with a removal percentage of 75%.

Photograph obtained from: https://sklenicemk.live/product_details/51697294.html
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[ Bacillus subtilis }

Bacteria that has developed tolerance to heavy
metals such as chromium, survives in environments
with concentrations without suffer significant damage.

It has the ability to absorb ions Cr on their cell surface,
they can reduce it to its least toxic form, the Cr(lll).

Photograph obtained from: |
https://Aww.bionity.com/es/noticias/1179022/microbio-del-ano-2023-bacillus- |
subtilis-para-la-salud-y-la-tecnologia.html |

Bacillus sp. with other isolated microorganisms is not as
efficient as using only Bacillus sp. since they were obtained
removal results of 100%, while overall only 85% was obtained.

Photograph obtained from:https://twitter.com/mICROBIOsh/status/1501543424218091525
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General

To evaluate the effect of bioremediation of chromium in water using Eichornia crassipes in
symbiosis with Bacillus subtilis.

Specific

e Establish the quantification model of Cr6+ in the water matrix in the presence of Eichornia
crassipes.

e Evaluate the growth and development of Eichornia crassipes in water contaminated with
chromium.

e Calculate the efficiency of chromium bioremediation in waters with Eichornia crassipes in
symbiosis with Bacillus subtilis.
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Figure 1. Project methodology.
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RESULTS AND ANALYSIS

Image 2. Eichhornia crassipes in symbiosis with Image 3. Eichhornia crassipes, without chromium
Image 1. Disassembly on day 32 Bacillus subtilis, without chromium - with chromium. - with chromium.
Source: authors. Source: authors. Source: authors.
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RESULTS AND ANALYSIS
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Figure 2. Chromium concentration in water (mg/L). Figure 3. Chromium remediation percentage.
Source: authors. Source: authors.
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« Based on the observed results, it is concluded that Eichornia crassipes has the ability to
adapt to bodies of water contaminated with heavy metals such as chromium, since its
growth in leaves and roots was not significantly affected by the conditions in which it

was found.

« Bacillus subtilis also demonstrated to be tolerant to high concentrations of Chromium,
however, a greater presence of the bacteria was observed in treatments where there was
symbiosis with the plant, evidencing the possibility that the bacteria is more efficient in
remediating the contaminant in environments where has been related for the longest time

to Eichornia crassipes.

VIGILADQ Porel Ministario de Educacién Nacional
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« Although the presence of Bacillus subtilis was significantly greater in the symbiosis
relationship with the plant, the results show that for Eichornia crassipes the symbiosis with
the bacteria under contaminated conditions did not have a positive effect on its development
and growth. This is attributed to the formation of a biofilm by Bacillus subtilis, which,
although it protects the plant from stress caused by pollution, can also limit its growth due to
possible competition for nutrients.

« Although these two microorganisms do not have a symbiotic association established in the
scientific literature, with the results obtained in terms of remediation and the amount of
chromium in water after treatment, it is concluded that this association does have the capacity
to remediate waters contaminated with chromium not in high percentages as if Eichornia
crassipes did it on its own as mentioned in the results.
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Research Problem

« Water pollution due to human settlements
IS a significant global environmental issue, <2
Impacting both quality of life and aquatic
ecosystems.

 Human activities in urban and rural areas
generate waste that ends up in nearby
rivers, streams, and lakes, leading to toxic
substance accumulation and habitat
degradation.

« This pollution has severe consequences
for public health, biodiversity, water
guality, and ecosystems, necessitating
measures to reduce water pollution and
protect aquatic resources.
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 Activities in rural areas, particularly agriculture and livestock
farming, contribute to water pollution due to waste from these
processes.

* Various factors such as changes in the environment, land use,
geomorphology, and precipitation intensity affect water quality and
guantity.

« Water quality assessment involves using indices like the Water
Quality Index (WQI) to simplify evaluation and determine
vulnerability to threats.
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General: Specific:

Determine the risks associated with = Diagnose E|l Hato stream water

El Hato stream contamination in San quality using WQI and

Felix, Bello, through comprehensive microbiological analysis

water diagnostics. considering community economic
activities and consumption
dynamics.

= Correlate potential risks to the
community based on contaminant
loads and concentrations found.

= Socialize the results with the
community.
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Sabanalarga, San Félix, Bello, Antioquia
Coordinates: 5°25'60"N, 75°19'60"W
Altitude: 2695 meters above sea level

3 ¢ Methodological ¢ 7 -
Map -

Edicidn en Linea. ISSN 2357-5921 Volumen 12- No 1-2024 Publicacion Semestral

DEL 6 AL 10 DE MAYO VIGILADOQ Por el Ministerio de Educacitn Nacional



SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Results and Analysis

¢Doénde realiza la captacion del agua para el consumo humano de su familia? Puede seleccionar

varias opciones de respuesta
18 respuestas

¢Qué actividades productivas tienen en su residencia?
18 respuestas

@ Actividades pecuarias
@ Acueducto @ Agricultura

@ Captacion directa de la quebrada @ Turismo
@ Compra agua embotellada @ Manufactura
@ Ninguna

Location of water collection for human consumption Productive activities
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Average wet season data

SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Average dry season data

Parameters Sampling point 1 Sampling point 2 Parameters Sil1m pling point 1 Sampling point 2
DQO (mg/L) 225.33 282.00 DQO (mg/L) 208.67 256.43
SST(mg/L) 3.33 4.67 SST(mg/L) 4.00 5.33
pH 6.6 6.8 pH 6.60 6.80
OD (%) 0.84 0.90 0D (%) 0.68 0.65
Conductividad (ps/cm) 16.83 46.47 Conductividad (ps/cm) 21.30 52.63
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Microbiological analysis

Dilucion 10-1
Recuento M1 Casa M2 Quebrada
CT 150 160
E. Coli [ 9
Dilucion 10-1
Recuento+Dilucion M1 Casa M2 Quebrada
CT 1500 1600
E. Coli 70 90
M1 M2
CT 1.5x10~3 UFC/M00 mL 1,6x10~3 UFC/H00 mL
E.Coli 7,0 x10~1 UFCM00 mL 9,0x10~1 UFC/100 mL
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ICA, Quebrada 2l
Hato

Risk classification
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Categories of values that the indicator can take (%)

Risk level

Rainy season 0,00-0,25|0,20-0,50| 0,51-0,70 |1 0,71-0,50 | 0,91 - 1,00 High Half -
1 X X
Sampling
oints
? 2 X X
Dry season
1 X X
Sampling
oints
P 2 X X
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The water quality is at an acceptable level for the intended use, but
could present some risks for certain specific uses or for certain sensitive
groups. Water with a medium AQl is considered to meet the quality
standards established in most environmental regulations and
guidelines.

However, it is recommended to maintain continuous surveillance and
take preventive measures if significant changes in water quality are
observed to avoid possible adverse impacts on human health and
aquatic ecosystems. Furthermore, this finding suggests a consistency in
water quality regardless of climatic conditions. It is recommended to
maintain continuous monitoring of water quality during both seasons
to detect possible variations over time.
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Monitoring results in El Hato creek reveal significant changes in the parameters
of conductivity and dissolved oxygen at both sampling locations. These changes
suggest an increase in the concentration of dissolved salts and ions in the water.

The increased conductivity can be attributed to activities such as livestock
farming, agriculture, and fish farming in the area, which involve the use of
fertilizers, pesticides, and chemicals that are introduced into the water, thus
Increasing the concentration of dissolved salts and minerals. On the other hand,
the decrease In dissolved oxygen levels is likely related to organic
contamination from untreated domestic wastewater. The presence of
decomposing organic matter depletes the available oxygen in the water,
negatively affecting aguatic ecosystems and water quality.
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The microbiological analysis of samples from
El Hato creek and the surrounding area
reveals concerning levels of fecal and total
coliforms, indicating a significant risk to water
quality in the region. The high presence of
fecal coliforms suggests contamination from
human waste, underscoring the urgent need
to address and control water quality to
mitigate risks to public health, particularly
regarding human consumption. Preventive
and corrective measures are imperative to
mitigate this risk and safeguard the health of
the local community.
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In conclusion, the gathered data emphasizes the
iImmediate need for action to address the
escalating contamination in El Hato creek. The
Increase in conductivity and the decrease in
dissolved oxygen levels point to human activities
as the primary drivers of water quality
degradation. The presence of microbiological
contaminants, especially fecal coliforms,
highlights the urgency of implementing effective
management and control measures to protect
both the environment and public health in the
region.
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Problematic

The leaf litter is not conducive
to aerobic processes in
productived soil.

Defficient management of
organic wastes.

Final disposal of leaf litter Leaf litter accumulation
in sanitary landfills. can clog sewer systems.

Source:https://www.flickr.com/photos/medellin_digital/19867467044 Source:https:, i b.wordpress.com/2012/05/2: i )-publico/
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Proportions:
Leaf litter : 75%
Sawdust: 25%

Biochar: formed by . ,
heating biomass in partial — - < : -

absence of oxygen. '\\._ |ntroduct|on

Sawdust: large surface area

PR \ N, :
,° "« = c.o.mp'are.d to its volume,
L ‘- facilitating increased oxygen
. N contact and combustion
From 400 to 600°C, efficiency.
organic material IS
thermally decomposed
without reaching

complete combustion.

VIGILADQ Porel Ministario de Educacién Nacional

DEL € AL 10 DE MAYO Edicion en Linea. ISSN 2357-5921 Volumen 12- No 1-2024 Publicacion Semestral



SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

General

Evaluate the production and possible applications of Biochar,
obtained through the pyrolysis of leaf litter from a self-built
TLUD (Top-Lit Updraft) device.

Specifics
« Determine the production conditions of Biochar derived from
leaf litter using TLUD technology.
« Characterize physicochemically and superficially the Biochar
produced.
« Investigate the possible environmental applications of the
Biochar produced.
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Biochar Analysis of results
oc jd and reading of
Construction of production. possible
TLUD device. . environmental
- applications.
A 4 /\ ) A
Collection and Leaf litter + SEM test, pH, ash
drying of leaf litter. SEVHCILEL percentage
combustion
process in a partial
absence of
oxygen. )
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Thermocouple.

Biochar
Process

Leaf litter collection. Biochar produced.
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' 100um 'C Kat_2 ’ 100pm "OKa ’ 100pm ' SiKal ' 100pm ' CakKal
Carbon Oxygen Silicium Calcium

SEM microphotography

: 100pm ' ClKa ' 100ymn T Mg Kat1 2 f 100y T KKat 100pm Y Cukal
Chlorine Potassium Magnesium Copper
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Element | App | Intensity | Weight %
Conc. Corrn.

C 115.12 0.7196 73.48
O 8.24 0.3221 11.74
Si 18.21 0.9882 8.46
Ca 6.98 0.9598 3.34
Cl 2.38 0.8059 1.35
K 1.44 1.0310 0.64
Na 1.18 0.9765 0.56
Mg 0.79 0.8668 0.42

TOTAL 100.00

Table 1. Elemental Composition by EDS

—_—
100ym KKat
100pm

—_——— »
uKa
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Ash percentage

Temperature: 650°C
Time: 16 hours

% Ash =17,7%

82.3% of the sample is
converted to Biochar during the
combustion process.
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PH measurement

Biochar acid: 5.671

Proportion 1:10

Causes for the production of acid
biochar:

1. Lignocellulosic raw materials.
2. pollutants present.

Cellulose . - | ‘ Ny

Lignin

Hemicellulose e

n/;' - -;\_Y‘:

Source: https://www.hosokawa-alpine.es/procesamiento-de-solidos/industrias/quimica/lignina/
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Cattle ranching:
minimum doses in food

Source:https://www.flickr.com/photos/medellin_digital/19867467044

Alkaline soil amendment

Source:https://mariagpearellano.wordpress.com/2012/05/22/alcantarillado-publico/
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The combination of sawdust and leaf litter in a specific proportion, monitored with a
thermocouple during combustion, made it possible to obtain a biochar.

The efficacy of Biochar is validated through its remarkable ash content, indicating an efficient
pyrolysis process in the transformation of biomass into a carbonaceous product.

Since Biochar is acidic, its main applications could be in ranching and alkaline soils.

Litter stored for several days or months contains a higher proportion of lignocellulose, which
leads to the resulting biochar containing more organic acids and thus contributes to its acidity.

The presence of carbon in Biochar can provide numerous soil benefits, such as improving
soil structure, increasing water and nutrient retention, and promoting beneficial microbial
activity.

Conclusions

The Biochar yield was 0.666%.
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Sewer pipe networks are critical to any city's underground
infrastructure, and their uninterrupted functionality is paramount.
However, wastewater pipes will gradually suffer from defects over
time, such as blockages, cracks, corrosion, roots, etc., which
significantly affect their performance. Inspection of sewer systems
plays a crucial role in estimating structural condition and preventing
defects. Fault detection is often a costly and challenging activity due to
the hidden infrastructure of networks. Nowadays, several inspection
methods have been implemented that facilitate and speed up this
work. :
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* VISUAL INSPECTION TECHNOLOGIES

They are the most common tools in evaluating the
structural and functional condition of sewer pipes. They
provide clear evidence of most defects in wastewater pipe
networks.

A camera is placed inside a pipe and the captured images
are transmitted to an operator located on the surface who
interprets the images and records the location and nature
of the defects observed.
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THEORETICAL FRAMEWORK

« ACOUSTIC INSPECTION

Active detection requires the presence of a sound source and
a receiver to measure the acoustic response of the pipe, and
generally analyzes reflected waves that contain information
about pipe discontinuities such as blockages. Passive
detection is used to identify leaks when the signal generated
by high-pressure fluid escapes from a perforated pipe.
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 LASER

The system consists of a laser projector that acts as a
source that emits defined light patterns within the pipe,
and the light reflected from the walls is captured by the
camera sensor to recreate representations of the
conditions of sewer pipe networks. .
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THEORETICAL FRAMEWORK

* RADAR

It is a technology that emits pulses of radio
waves into the ground or any non-metallic
medium, measuring the strength and delay time
of the refraction waves to generate images of
identified defects in pipes.
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* General objective

» Analyze the current technologies used in sewer inspection in order to evaluate their effectiveness,
applications, advantages and limitations.

« Specific objectives
* |dentify the most used sewer inspection technologies according to their application context

» Analyze the effectiveness of each technology in terms of problem detection and accuracy.
« Evaluate the status of these sewer inspection technologies in the city of Medellin.
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Documents by year Scopus

Operator: (sewer AND vision OR cctv OR zoom OR
quickview OR acoustic OR ultrasonic OR sonar OR
vibe OR laser OR radar OR gpr AND inspection).

20
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16

14

Results: 491 documents among 185 journal articles,
279 session papers, 13 review articles, 2 short
surveys and 8 conference reviews. For this analysis,
the search was limited to the 185 journal articles .
found. s
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Documents

Featured authors: Su Tung-Ching, Wang Mingzhu, 0
Clemens Francaois.
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Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.
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METHODOLOGY

Documents by author

Compare the document counts for up to 15 authors.
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The system consists of a remotely controlled platform or
robot, a tracker, a camera, a cable tray, a recorder and
a control station.

They are used to study the conditions of sewer pipes by
taking images and videos of their internal surface. The
acquired data integrates information about defects such
as cracks, debris, roots, deflections, etc.

Not applicable when the pipe is full of water.
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« Camera zoom and quick view QV

Both technologies are used to perform well
inspections using a camera. They consist of a smart
display controller, transmission cable and a camera
mounted on the end of a telescopic pole or tripod.
The main function is the generation of still or video
images in a pipe made of any material.

Zoom and QV do not pass through the pipe
segment being inspected. The main detectable
defects are leaks, cracks and sedimentation.

Not applicable when the pipe is full of water
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Technology
Limitations

Extraction and
preliminary cleaning

manual
interpretation of
data

CCTv

difficulty detecting
minor defects

Water level in lower
pipe 20% diameter

Advantages

Favorable in high
pressure, toxic and

unhealthy
environments

Runs through the entire

section of pipe

Precision/Effectiveness

Decreases as the pipe
diameter increases

Decreases the detection
of defects covered by
biofilm or mud

Does not offer precision
on the intensity of the
defect

Provides a clear view of
the pipe surface
condition
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Technology Limitations

manual interpretation
of data

difficulty detecting
minor defects

Camara

Water level in lower
Zoomy QV

pipe 20% diameter

Its evaluation is
limited to inspection
pits

Advantages

Favorable in high
pressure, toxic and

environments

No prior cleaning

Precision/Effectiveness

Decreases as the pipe
diameter increases

Decreases the detection
of defects covered by
biofilm or mud

lacks pan and tilt display

Does not offer precision
on the intensity of the
defect

Provides a clear view of

the pipe surface condition
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* LONG RANGE ULTRASONIC TEST

This technology uses sound waves that travel through defined
structures that function as guides. In the case of sewer
inspection, the waves are guided through the pipe network.

Several detectors are placed in a circumferential ring on the
external surface of the pipes to detect material loss, corrosion or
erosion on their walls. This technology allows inspection in pipes

filled with water

Jitrasoruc guided wave probe

\\J ‘grm \N AN\
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pipe speamen

=

La rge area of covera ge
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* SONAR TECHNOLOGY

sonar uses the propagation of sound waves in water to
detect the submerged target; The amount of energy and
the time range it takes for sound waves to travel to the
target and return to the source are used to estimate the
location of various defects. This system used for the
detection of sedimentation and defects of the internal
surface of pipelines in operation. requires water in the
pipe, the sonar head must be kept submerged in the water
throughout the process

nnnnnnnnnnn
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Technology Limitations Advantages Precision/Effectiveness

Decreases due to
attenuation and energy
losses in the pipe material
and surrounding soil

Favorable in high
pressure, toxic and
unhealthy environments

This requires
excavation.

effective only on pipes
made of homogeneous
materials

Trained personnel for
data interpretation

allows inspection of
long range entire pipe sections
ultrasonic

test

This allows inspection in
pipes filled with water

SEMANA DE LA FACULTAD DE ARQUITECTURA E INGENIERIA

Technology Advantages Precision/Effectiveness

Limitations

Accurate in detecting
deformations, collapses,
deposits and floating
objects

suitable for pipes with
high wastewater
densities

Trained personnel for
data interpretation

sonar head may This technology allows
become embedded in inspecting sewer

mud networks in operation
Sonar

This system does not
require prior cleaning

This system does not
require excavation
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LASER PROFILING

The system consists of a remotely controlled platform or
robot, a laser projector that acts as a source that emits
light patterns reflected in the shape of a circular ring, the
reflected light is processed by the camera sensor to
recreate representations of the conditions of the sewer

pipes.
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* GROUND PENETRATING RADAR (GPR)

GPR is usually used to detect water leaks in sewers,
identifying cavities in the ground created by the turbulent
flow of escaping water, or to identify pipe segments that
appear deeper due to soil saturated by leaking water.
Used to locate existing holes surrounding pipe when the
surrounding medium allows adequate penetration
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Technology

Advantages Precision/Effectiveness

Limitations

Trained personnel
for data
interpretation

Favorable in high
pressure, toxic and
unhealthy environments

This system offers precise
measurements of pipe
geometry

Laser profile

This system requires This system does not
prior cleaning require excavation

Technology

GPR
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Advantages Precision/Effectiveness

Limitations

Trained personnel
for data
interpretation

Favorable in high GPR are affected by the
pressure, toxic and general environment of the
unhealthy environments pipe, concrete, soil, rock etc.

sonar head may
become embedded
in mud

Low frequencies provide
better depth, high
frequencies provide high
definition images

This technology allows
inspecting sewer
networks in operation

Conductive materials can
attenuate the GPR signal by
limiting the depth of
penetration

This system does not
require prior cleaning

This system does not
require excavation
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* INSPECTION TECHNOLOGIES IN THE CITY OF MEDELLIN

The technical standard states that inspections of the
sewer networks of the city of Medellin are carried out
using the following methodologies:

Basic recognition inspection: pole video cameras
(zoom or Qv) and push video cameras are used for quick
visualization of pipeline conditions.

Conventional visual inspection: carried out with CCTV,
provides a complete and effective evaluation of the
conditions of each section of pipe.

Inspection under special conditions: Use of equipment
with additional features such as multi-sensor inspection
technologies, laser profiler, sonar or a combination of
them.
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* Visual inspection technologies, such as CCTV, zoom cameras and (QV), are the most used
technologies to evaluate the condition of sewer networks due to portability and few technical
requirements. Their joint application allows you to obtain a comprehensive view of the condition of
the pipes.

« Sonar and long-range ultrasonic testing offer a comprehensive evaluation of challenging pipelines.
Laser-based technology offers precise and detailed quantitative analysis of defects. Their
effectiveness in detecting structural and functional defects makes them promising options for
assessing the condition of sewers.

« The complementarity of visual inspection technologies with acoustic techniques and laser profiling
expands the evaluation capacity of sewer networks and contributes to more effective and proactive
management.

« Among the inspection techniques used in the city of Medellin, three methodologies stand out: basic
recognition inspection, conventional visual inspection and inspection under special conditions.
These techniques vary in complexity and scope, from a quick evaluation of general conditions to the
identification of defects and detailed observations.
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