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RESUMEN

Introduccion: el estudio abordé la problematica ambiental asociada a las aguas residuales generadas por hospitales,
las cuales contienen contaminantes dificiles de eliminar mediante métodos convencionales. En Colombia, la normativa
vigente establecio limites estrictos para su vertimiento, lo que impulsé la busqueda de tecnologias mas eficaces como
los Procesos de Oxidacion Avanzada (POA’s).

Desarrollo: la investigacion describio la clasificacion y composicion de los residuos liquidos hospitalarios, asi como
los parametros fisicoquimicos exigidos por la Resolucién 0631 de 2015. Posteriormente, se exploraron los diferentes
tratamientos tradicionales (primarios, secundarios y terciarios) y se profundiz6 en los POA’s, entre ellos la ozonizacion,
el proceso Fenton y la fotocatalisis. Estos métodos emplearon agentes altamente oxidantes, como el radical hidroxilo,
capaces de degradar compuestos recalcitrantes presentes en los efluentes hospitalarios. Se analizaron las condiciones
operativas y los principios de funcionamiento de cada técnica, asi como su viabilidad técnica y econdmica. Conclusiones:
el trabajo concluyd que los POA’s representaron una solucion eficaz para el tratamiento terciario de aguas residuales
hospitalarias. Las tecnologias evaluadas lograron mejorar significativamente parametros como la DQO, la DBOS y los
solidos suspendidos totales. No obstante, su efectividad dependié de variables operativas especificas como el pH y la
dosis de oxidantes. Se destaco que la integracion de POA’s con tratamientos biologicos podria optimizar los resultados

y reducir costos operativos, promoviendo una gestion ambiental mas sostenible en el sector salud.

Palabras clave: Aguas Residuales Hospitalarias; Oxidacion Avanzada; Ozonizacion; Proceso Fenton; Fotocatalisis.
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INTRODUCTION

Hospitals and health care centers generate large volumes of wastewater on a daily basis as a result of their multiple care,
administrative and laboratory processes. This wastewater contains a complex mixture of organic and inorganic compounds,
pathogenic microorganisms, unmetabolized drugs, radioactive materials and potentially toxic chemicals, making it a major source
of pollution to the environment if not properly treated. Because of its hazardous nature, this type of wastewater cannot be treated
efficiently by the conventional systems used in municipal treatment plants, which poses a significant challenge in terms of both
public health and environmental sustainability.

In Colombia, current environmental regulations, in particular Resolution 0631 of 2015 of the Ministry of Environment and
Sustainable Development, establishes maximum permissible limits for various physicochemical parameters in wastewater discharges
generated by human health care activities. This regulation seeks to prevent contamination of water bodies, protect biodiversity and
ensure the health of communities exposed to these discharges. However, compliance with these standards requires the application
of advanced technologies capable of effectively removing the pollutants present in these effluents.

In this context, Advanced Oxidation Processes (AOPs) have gained relevance as a viable and efficient alternative for the tertiary
treatment of hospital wastewater. These processes are based on the generation of highly reactive species, such as hydroxyl radicals
(-OH), which allow the complete or partial degradation of recalcitrant pollutants. Techniques such as ozonation, the Fenton process
and photocatalysis have proven to be effective in the mineralization of organic matter, the elimination of pathogens and the reduction
of critical parameters such as COD and BOD.

The purpose of this work is to analyze the composition and characteristics of the wastewater generated in a hospital institution
and to evaluate the applicability of advanced oxidation technologies in its treatment. The research is framed within the need to
implement innovative solutions to improve the quality of the final effluent, ensure compliance with environmental regulations and
minimize negative impacts on the environment, thus contributing to the integrated management of water resources in the health
sector.

DEVELOPMENT
Theoretical framework
Hospital Wastewater

Hospitals and medical centers in general are an important source of effluents with hazardous and infectious waste for the
environment, generally the waste streams are classified into 3 classes, namely: municipal waste which is composed of non-hazardous
materials such as kitchen waste and recyclables in which are: paper, cardboard and plastics; medical waste, these are included in
hazardous and infectious waste such as anatomopathological waste, surgery waste and materials such as needles, broken glasses
liquid waste including pharmaceutical, chemical and biological waste from laboratories; and radioactive waste.

Hospitals require large volumes of water per day, generating a similar volume of wastewater containing pathogenic
microorganisms, metabolized or unmetabolized drugs, toxic compounds, among others, which are discharged treated or untreated
into the water, affecting its quality and endangering health.®”

Regulations

The Ministry of Environment and Sustainable Development presents in 2015 Resolution 0631, which aims to reduce and
control polluting substances that reach rivers, reservoirs, lagoons, natural or artificial water bodies of fresh water, and the public
sewage system, to thus, help the improvement of water quality and work on the environmental recovery of the country’s waterways.
® Table 1 shows the parameters evaluated by the current standard, where the units of each parameter and the maximum permissible
limits for each of them are specified.

Table 1. Parameters of resolution 0631®

Parameter Units Human health care activities - medical care
with and without hospitalization

General

pH pH UNITS 6,00-9,00

Chemical Oxygen Demand (COD) mg/O2 200,00

Biochemical Oxygen Demand (BODS) mg/O2 150,00

Total Suspended Solids (TSS) mg/L 50,00

Sedimentable Solids (SSED) mg/L 5,00

Fats and Oils mg/L 10,00

Phenols mg/L 0,20

Formaldehyde mg/L

Active Substances to Methylene Blue (SAAM) mg/L Analysis and Reporting

Phosphorus Compounds
orthophosphates (PO®)#4) mg/L Analysis and Report
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Parameters evaluated in the standard
The following is a description of each of the parameters evaluated by Resolution 631 of 2015 for human health care activities-
medical care with or without hospitalization.®

General

e pH. Itis a measure of acidity or alkalinity of an aqueous dilution that is defined as the logarithm of the activity or molar
concentration of hydrogen ions in water, expressed as the negative algorithm of the molar concentration of hydrogen ion.®

e Demanda Chemical Oxygen Concentration (COD). It is the equivalent amount of oxygen required to mineralize the
organic matter present in a sample. A strong oxidant such as potassium permanganate is used.®

e Demanda Biochemical Oxygen (BODS5): Amount of oxygen required by bacteria to carry out the degradation process
of organic matter that serves as food for bacteria and whose oxidation generates energy under acrobic conditions.®

e Solidos Total Suspended Solids (TSS). Particulate matter that remains suspended in water as colloids due to water
movement.®

e Sedimentable Solids (SSED). Volume of solid particles that are deposited by the force of gravity in a container where
the liquid remains immobile for 60 min.®

e Fats and oils. Substances of vegetable or animal origin, esters formed by fatty acid molecules and a glycerol molecule,
can be solids (fats) or liquids (oils).®

e Fenoles. Phenols or phenolic compounds are organic compounds whose molecular structures contain at least one
phenol group, an aromatic ring attached to at least one hydroxyl functional group, common compounds in effluents from the
petroleum industry, coal, chemical plants, explosives factories, resin factories and others.

e Substances Methylene Blue Active Substances (MAAS). Methylene blue active substances (MBAS) is a cationic dye,
it transfers methylene blue from an aqueous solution to an immiscible liquid at equilibrium. This occurs during the formation
of an ionic pair between the anion (SAAM) and the methylene blue cation. The intensity of the resulting color is a measure
of the substances active to methylene blue.®

Phosphorus compounds
e Orthophosphates (PO4). Advanced phosphates defined as inorganic salt of phosphoric acid.
e Total Phosphorus (P). Total phosphorus is the sum of all existing forms of phosphorus: orthophosphate or phosphates,
condensed phosphates and organic phosphorus.

Nitrogen compounds

Biomolecules containing nitrogen, either macromolecules or waste products such as nitrates (NO3), nitrites (NO2), and
ammoniacal nitrogen (NH3), are called nitrogenous substances or compounds.

https://doi.org/10.56294/evk202249
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Ions

Total Cyanide (CN-). Refers to all groups (CN-) in chemical compounds that can be determined as cyanide ion. Cyanides are
potentially toxic compounds and upon a change in the pH of the medium can release hydrocyanic acid, a compound of maximum
toxicity to humans.

Metals and metalloids

Cadmium (Cd), Chromium (Cr), Mercury (Hg), Silver (Ag), Lead (Pb). As important constituents of many waters, any cation
having an atomic weight greater than 23 g/mol (corresponding to the atomic weight of sodium) is considered a heavy metal; thus,
wastewater contains a large number of different heavy metals. These include nickel, manganese, lead, chromium, cadmium, zinc,
copper, iron and mercury, among others. All of them are classified as pollutants and, due to their toxic nature, they must be taken into
consideration because they have a negative impact on conventional biological treatments as well as on the receiving ecosystems.

Other parameters for analysis and reporting

o Total Acidity (mg/L). refers to the presence of substances that can be dissociated in water and that as a product of
dissociation generate the hydronium ion (H30+), such as strong acids, weak and medium strength acids; also the presence of
certain metallic cations such as Fe (III) and Al (III) contribute to the acidity of the medium.®

o Total Alkalinity. Water’s capacity to neutralize acids or accept protons. This represents the sum of the bases that can
be titrated in a sample of water.®

e Total Hardness (mg/L). Indicates the total amount of alkaline earth ions (group 2) present in the water and constitutes
a quality parameter of water of domestic or industrial interest. It involves all the polyvalent metal ions that may be present
in the sample.®

e Hardness Calcium (Ca2 + and Mg2 +). quantifies only the hardness due to the effect of the calcium ion.®

e Real Color (Absorbance measurements at the following wavelengths. 436 nm, 525 nm and 620 nm). The color in
water results from the presence in solution of different substances such as natural metallic ions substances such as natural
metal ions, humus and dissolved organic matter. The expression true color is considered to be the color of water from which
turbidity has been removed.

Wastewater treatment

The purpose of wastewater decontamination treatments is to mitigate and reduce the level of contamination in order to obtain
an effluent that does not generate negative environmental impacts, in compliance with current environmental regulations. The
traditional treatments are mechanical or also called physicochemical, which are the set of primary, secondary and tertiary treatments.©

Primary treatment

The objective of primary treatment is to remove a significant fraction of suspended solids and floating material from wastewater
by sedimentation.” The suspended solids removed are organic in nature and therefore contribute to the BOD (biochemical oxygen
demand) of the sludge. The floating material can include oil, grease, rags, among others.®

On the other hand, chemically enhanced primary treatment refers to a process that uses chemicals for coagulation, flocculation
and precipitation of particles.”

Coagulation. In this process, destabilization of electrostatically charged colloidal particles occurs. Coagulation is a process that
increases the tendency of particles to aggregate one after the other to form larger particles and thus precipitate rapidly, which can
be aided by the use of coagulants such as alum (aluminum sulfate) and iron chloride. Some organic polymers and clay materials
are also used to stimulate this process. Once coagulated, larger particles are easier to remove than smaller ones. The larger particles
become a material called floc. This fluffy material has a larger surface area and helps more in the clarification process by trapping
smaller particles on its surface.'?

Flocculation. A complement to coagulation, floc formation as a result of collision and adhesion between coagulated particles
consists of the agitation of the coagulated mass, which serves in the growth and agglomeration of coagulated particles.

which serves in the growth and agglomeration of the newly formed flocs in order to increase the size and weight necessary for
easy sedimentation.!'?

Sedimentation. Mechanical separation of solids or liquid droplets through a fluid (at rest or in motion) by the action of gravitational
forces, in wastewater treatment is one of the most used unitary processes, because the specific weight of the suspended particles
is greater than that of water, sedimentation is essentially a purely physical phenomenon and this operation is used for the removal
of sands with the main objective of obtaining a clarified effluent, but it is evident that it is necessary to produce a sludge whose
concentration of solids allows easy treatment and handling.

Secondary treatment

Secondary treatment is the final treatment stage prior to disinfection, usually consisting of biological treatment of primary
effluent wastewater. The objectives of secondary treatment are to decrease the biochemical oxygen demand (BODS5) and suspended
solids in the effluent to acceptable levels.

Secondary wastewater treatment is designed to break down and evacuate material from wastewater before returning it to lakes,
streams, rivers, and oceans.®
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Acrobic treatments. Treatments with aeration are used to decompose organic matter by the action of microorganisms and oxygen
present in the air converting to carbon dioxide and other oxidized species.'?

Anaerobic treatments. Anaerobic biodegradation consists of the transformation, by means of microorganisms, in the absence of
oxygen, of organic matter in wastewater into reduced gaseous compounds such as methane, ammonia and sulfuric acid, in addition
to carbon dioxide. In this treatment, closed reactors are used in a hermetic process.'®

Mixed treatments. These are a mixture of aerobic and anaerobic treatments, either in a continuous or alternating alternating or
both at the same time.'

Facultative treatments. These biological treatments use so-called facultative organisms and are not affected by the presence of
oxygen in the process.¥

Tertiary treatment (advanced oxidation processes)

When the effluent from secondary treatment does not meet regulations or discharge requirements, additional treatment is necessary
to reduce the levels of specific pollutants. This is generally referred to as advanced treatment or tertiary treatment. Advanced
treatment processes are used for removal of nutrients such as nitrogen and phosphorus, removal of residual total suspended solids,
removal of specific heavy or inorganic metals, and removal of emerging pollutants of concern, among others.©®

Advanced oxidation processes (AOP’s) are those tertiary treatments that are based on the generation of strongly oxidizing
species whose main objective is the removal of soluble non-biodegradable compounds present in wastewater, these consist of
chemical oxidation under mild conditions of pressure and temperature, until the complete mineralization of pollutants. If the process
is sufficiently prolonged or remaining in intermediate oxidation states that allow a coupling with other purification methods such as
biological processes.

POA’s rely on physicochemical processes capable of originating important changes in the chemical structure of pollutants,
involving the generation and use of powerful transient species, mainly the hydroxyl radical (OH-), the generation of radicals is
performed from oxygen, hydrogen peroxide and supported catalysts, so the reaction by-products are only water and carbon dioxide.
(14)

POA’s can be classified in different ways, as shown in table 2, as non-photochemical processes and photochemical processes
depending on the participation of light in the process.

Table 2. Most commonly used AOPs%

Non-photochemical processes Photochemical processes

Ozonation Vacuum ultraviolet

Ozonation with O3/H202 UV/H202
Uv/03

Fenton (Fe?/H202) and related processes

electrochemical oxidation UV/03/H202

Radiolysis and electron beam treatment Homogeneous Solar Photocatalysis: Photo-Fenton and
related

Heterogeneous: Photocatalysis with TiO2
Non-thermal plasma

Oxidation in subcritical and supercritical water
Gamma irradiations

Electron accelerators

POA’s use expensive reagents such as hydrogen peroxide or ozone, or consume large amounts of energy (UV, among others),¥
has confirmed that when combined with other processes such as adsorption or biological processes they acquire their potential in
terms of economic efficiency due to savings in chemicals and/or energy.

Ozonation

The ozonation process is a non-photochemical process where highly reactive species are generated mainly the hydroxyl radical
in sufficient quantities to interact with organic compounds in the medium. Ozone can be used for mineralization (TOC removal) of
organic molecules, although in many cases it involves the use of high doses of ozone and the overpricing of the process.

In ozonation, the effectiveness depends on the chemical and biological contamination of the water to be treated, the contact time
and the ozone concentration.

In figure 1, we can observe the components of the ozonation process, which includes the preparation of the feed gas, ozone
generation, ozone contact, which is usually performed either by bubble diffusers or by Venturi type injectors, and ozone destruction,
which is performed by thermal destruction or by catalytic destruction with palladium or palladium oxide catalysts, and ozone
destruction, which is performed by thermal destruction or by catalytic destruction with palladium or palladium oxide catalysts,
palladium, nickel oxide or manganese catalysts.

https://doi.org/10.56294/evk202249
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Figure 1. Ozonation process

Ozone is produced in an ozone generator. The feed gas can be air or pure oxygen. Approximately 1 to 10 percent of the oxygen
flowing through the electrodes is transformed into ozone.!'®

There are different methods for ozone production that can be divided into three categories, depending on whether they are used:
corona discharge, electrochemical discharge and UV methods. Among them, corona discharge or also known as “silent electrical
discharge”, is the most widely used generation method.

Ozone in its industrial use, either from air or pure oxygen, is obtained by high-voltage alternating electrical discharge. On the
other hand, to avoid the formation of an electric arc (silent electric discharge), the two electrodes are separated by a dielectric
medium, usually glass. The corona discharge between the two electrodes causes an electron to flow through the discharge gap, as

shown in figure 2.
Liberacion de gas
Agua sin

ozono I 1
>
Agua con
ozono

Aire con ozono ¥ }

Figure 2. Ozone production'®

These corona discharge devices generate a large amount of heat (about 80 to 95 percent of the energy is converted to heat)
that could lead to the decomposition of the ozone produced. Thus, the cooling system of ozonizers is very important to maintain
a constant temperature of the gas inside the discharge chamber. This system is usually performed by circulating a refrigerant that
could be: water or air."” It is necessary for the ozone to come into contact with the water to be treated and to be dispersed as thinly
as possible. Normally, this is done through fine bubble diffusers in contact chambers. The most commonly used types of diffused
bubble contact chambers are: positive pressure injection, negative pressure injection, mechanical agitation and fixed bed towers.
Baffled chamber diffusers appear to be the most common.

A contact chamber with baffles is shown in figure 3. A typical chamber usually has several compartments in series with bubble
diffusers at the bottom. In the first compartment, the water flows downward in the opposite direction of the bubbles, which rise, and
in the second compartment the water flows upward. The chambers are covered to prevent ozone leakage and increase the ozone
partial pressure in the chamber. The additional chambers ensure the contact time between ozone and water."®
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Figure 3. Contact chamber with baffles!'®

Generally, there is a main reactor where the Fenton process occurs in batch mode, usually in a non-pressurized tank, under
atmospheric conditions, which has a series of external pumps to be able to add the pH adjustment agent (either acid or base), and
to dose the iron (II) sulfate and hydrogen peroxide (35-50 %) in solution. After filling the oxidation tank with the wastewater, the
addition of the reagents is carried out as can be seen in figure 4, through this procedure.

e Add acid or base to adjust the pH to 2,5-4 (2,8 ideally).
e Add the reagents little by little so that no sudden changes in pH or temperature occur temperature.
e Add the iron (II) sulfate and then H202.
e [tis passed to a neutralization tank to add a base.
e Precipitate the iron hydroxide in the form of slurry.
e Coagulate the sludge in a flocculation tank.
Peraxido de hidrogeno—
Sulfato de hierro (Il)j=——
Acido sulfirico —— Hidréxido Agente
de sodio ulante
Agua a tratar ; 4 l
S S S
= S =
Agua tratada
Tanque de oxidacién Tanque de Tanque de
neutralizacion Floculacion
Figure 4. Industrial scheme of the Fenton process!'¥
Photocatalysis

Photocatalysis employs UV and/or visible radiation as the driving force for water treatment. This process causes the acceleration
of a photochemical reaction through the presence of a catalyst (sensitizer), which results in the removal of organic matter and
heavy metals dissolved in the wastewater. Within photocatalysis there are two types of techniques: heterogeneous processes,
mediated by a semiconductor as a catalyst, and homogeneous processes where the system is used in a single phase (i.c., dissolved
catalyst). Photocatalysis is applied when the contaminant itself is not capable of capturing photons, and therefore requires the
use of a sensitizer (the catalyst) that absorbs the radiant energy and accelerates oxidation. The application of solar radiation for
photochemical processes is only possible with certain catalysts and depending on the configuration of the photo-reactor, such as
dissolved iron cations or titanium dioxide in solid phase, for heterogencous or homogeneous catalysis, respectively. Through this

https://doi.org/10.56294/evk202249
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technology, oxidants such as hydroxyl radical are generated which, in aqueous media, react with organic pollutants by degrading
them to carbon dioxide, water and other salts. In addition, water disinfection can be promoted.*!”

CONCLUSIONS

The proper management of hospital wastewater represents one of the main environmental and sanitary challenges in the current
context, due to the presence of recalcitrant compounds, pathogenic microorganisms, pharmaceutical residues and heavy metals
that are not efficiently removed by conventional treatments. The complex nature of these effluents requires the implementation of
advanced technological solutions that guarantee the effective purification of the water before its final disposal in receiving bodies or
its reincorporation into municipal treatment systems.

Colombian regulations, through Resolution 0631 of 2015, establish clear parameters for the discharge of wastewater generated
in the health sector, which forces hospital institutions to adopt more rigorous and sustainable strategies in their environmental
management. In this sense, Advanced Oxidation Processes (AOP’s) emerge as a fundamental tool in the tertiary treatment of these
effluents, by allowing the degradation of persistent pollutants that escape traditional physicochemical and biological processes.

Among the technologies evaluated, ozonation, the Fenton process and photocatalysis demonstrated high potential for the
removal of specific pollutants such as non-biodegradable organic matter, color, phenols and certain heavy metals. These techniques,
although they require controlled conditions and may involve high operating costs, offer important advantages by achieving greater
mineralization of organic compounds and significant improvement in key parameters such as COD, BODS5, and total suspended
solids.

However, the efficiency of these processes is subject to factors such as pH, oxidant concentration, contact time and reactor
configuration, which requires an adequate characterization of the effluent and a technical design adapted to the specific needs of each
institution. The possibility of integrating AOPs with biological treatment or adsorption systems to optimize efficiency and reduce
costs is also highlighted, promoting more sustainable and economically viable hybrid schemes.

In conclusion, the use of advanced technologies such as AOPs represents an effective and environmentally responsible technical
solution for the treatment of hospital wastewater. Their proper implementation would contribute significantly to the protection of
water resources, regulatory compliance and the improvement of environmental quality in the Colombian health sector.
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