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Abstract
Billions of liters of Waste Lube Oil (WLO) are produced every year and affect the environment. Pseudomonas aeruginosa is
a versatile bacterium that can be used in processes to remove pollutants from the environment. Its bioactive pyocyanin (PYO)
is a blue pigment with multiple cellular functions including a role in the assimilation of hydrocarbons. This study assessed the
association of pyocyanin and LED light irradiation (700±10 nm) in the reduction of WLO by P. aeruginosa TGC04. Microcosms
containing 45 mL of mineral medium combined with 5% WLO (v/v) were added to 5 mL of P. aeruginosa TGC04, suspended in
0,9% saline solution, adjusting the turbidity to Optical Density (OD) 0.4 at 600 nm, and different concentrations of PYO (0.1;
1.0 and 10.0 µg/mL). The microcosms were incubated at 29±1°C for 30 days under continuous LED light irradiation (700±10
nm). Control was carried out in the dark. WLO reduction was calculated by gravimetric method. Abiotic losses (≈ 10%) were
determined with uninoculated microcosms. Light stimulated the inoculum, reducing the WLO from 17 to 55%. The process was
PYO concentration-dependent and significantly influenced by the inoculum. There was an important correlation between PYO
and WLO degradation by P. aeruginosa TGC04. In contrast, the interactions between light irradiation and PYO, as well as light
irradiation alone, were insignificant possibly due to photoinactivation. These results highlight the biotechnological applicability of
P. aeruginosa metabolites for ex situ bioremediation.
Keywords: Bioremediation, Oil hydrocarbons, Pseudomonas aeruginosa, Bioactive pigments.

Resumen
Billones de litros de aceite lubricante usado (WLO) se producen anualmente y afectan al medio ambiente. Pseudomonas aeruginosa
es una bacteria metabólica versátil que puede utilizarse en procesos para eliminar contaminantes del ambiente. Su metabolito
bioactivo, la piocianina (PYO), es un pigmento azul con múltiples funciones celulares, incluyendo la asimilación de hidrocarburos.
Este estudio evaluó la asociación de la piocianina y la irradiación con luz LED (700±10 nm) en la reducción de WLO por P.
aeruginosa TGC04. Se añadieron microcosmos con 45 mL de medio mineral combinado con 5 % de aceite lubrificante usado (v/v)
a 5 mL de una suspensión de P. aeruginosa TGC04 (DO600 = 0,4) y diferentes concentraciones de PYO (0,1; 1,0 y 10,0 µg/mL).
Los microcosmos se incubaron a 29±1°C durante 30 días bajo irradiación continua de luz LED (700±10 nm). El control se realizó
en oscuridad. La reducción de WLO se calculó mediante un método gravimétrico. Se determinaron pérdidas abióticas (≈ 10 %)
con microcosmos sin inocular. La luz estimuló el inóculo y la reducción de WLO fue del 17 al 55%. El proceso fue dependiente de
la concentración de PYO y estuvo significativamente influenciado por el inóculo. Se observó una correlación importante entre la
degradación de PYO y WLO por P. aeruginosa TGC04. Por el contrario, las interacciones entre la irradiación luminosa y PYO,
así como la irradiación luminosa por sí sola, fueron insignificantes posiblemente debido a la fotoinactivación. Estos resultados
destacan la aplicabilidad biotecnológica de los metabolitos de P. aeruginosa para la biorremediación ex situ.
Palabras clave: biorremediacíon, hidrocarburos de petróleo, Pseudomonas aeruginosa, pigmentos bioactivos.
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1 Introduction

Lubricant oil plays a role in reducing friction between
engine parts and cooling of their components, essential
for their proper functioning. During these operations,
the lubricant absorbs various contaminants and is
subjected to physic-chemical and thermal processes
that degrade its structure, ultimately leading to oil
breakdown and the formation of waste lube oil (WLO)
(Raţiu et al., 2021). In the beginning of this decade,
more than 30 billion liters were accumulated annually
(Ghannam et al., 2021). In WLO spills, serious damage
is done to the environment, affecting both terrestrial
and aquatic ecosystems (Nowak et al., 2019). The
accumulation of petroleum products in the environment
can have far-reaching impacts, including high toxicity
to living organisms, compromising water and soil
quality, and harm to the physical, chemical, and
microbiological conditions of the ecosystem, leading to
long-term ecological damage (Peraza-Liñan et al.,
2025). WLO may be also derived from chemical
compounds produced from petroleum, often associated
with base oils like mineral oil. Its composition includes
aliphatic and aromatic hydrocarbons, such as phenol,
naphthalene, benzo[a]pyrene, benzo[a]anthracene,
and fluoranthene, which are significant agents in
environmental contamination (Taleshpur et al., 2025;
Ishaya et al., 2023; Imam et al., 2022).

Pseudomonas aeruginosa is widely distributed in
nature and can degrade a wide range of pollutants. Even
though P. aeruginosa is well known as an opportunistic
pathogen related to nosocomial infections (Rodrigues-
Recio et al., 2025), there are many reports on its
capacity to degrade a wide range of hydrocarbons (Hu
et al., 2023, Muthukumar et al., 2023; Ojewumi et
al., 2018). Given the fact of P. aeruginosa dominates
oil-contaminated sites, it is renowned as a keystone
species in the hydrocarbon degradation processes
(Centler et al., 2020). Additionally, the non-pathogenic
nature of most strains of P. aeruginosa recovered from
hostile environments has created industrial interest
because these strains do not exhibit a serious level of
risk to the environment (Jose et al., 2018). This has
encouraged the use of P. aeruginosa in a wide range
of biotechnological processes such as bioremediation
and production of biosurfactants, biopolymers and
pigments (Ruiz-Hernandes et al., 2024; Khan, 2022).

P. aeruginosa also synthetizes pyocyanin (PYO),
a water-soluble blue phenazine with redox potential
(El-Fouly al., 2015). Some studies have suggested that
PYO may be useful in hydrocarbon biodegradation
by P. aeruginosa (Das and Das, 2015; Norman et
al., 2004). PYO acts as a signaling molecule that
modulates multiple functions in the cell, resulting

in hydrocarbon metabolization. PYO regulates the
synthesis of rhamnolipids (Das and Ma, 2013) as
response to the nutritional stress caused by the C:N
ratio disbalance caused by an oil spill (Bahari et
al., 2017). In addition, PYO as an electron acceptor
reacts with molecular oxygen forming free radicals
that promote nucleophilic attacks on hydrocarbons.
Thus, PYO favors transformation and enhances the
bioavailability of persistent hydrocarbons (Unglaube et
al., 2020).

Good results may be achieved using bioremediation
associated with abiotic methods such as ultrasound
(Zhang and Zhuang, 2024) and phosphate-free
mineral detergent (Saucedo-Martínez et al., 2023).
Photodegradation enhances the kinetics and efficiency
of the bioremediation process (Al-Ansari, 2021).
Photolysis is an abiotic degradation of molecules
either by the absorbed radiant energy of light, or
by the reaction initiated by other light absorbing
compounds (Kaing et al., 2024). Photodegradation
methods mainly rely on the use of photons produced
from natural sunlight or artificial lights, e.g., ultraviolet
and fluorescent lamps. Absorption of radiant energy
from photons can trigger physicochemical changes at
the molecular level, enhancing their susceptibility to
degradation (Sarker and Ahn, 2022).

Photodegradation is also the main abiotic
environmental fate of hydrocarbons in nature and
two mechanisms of action are addressed. First, a
direct transformation based on hydrocarbons absorbs
ultraviolet and visible light wavelengths (Frena et
al., 2014). The second mechanism involves the
formation of photosensitizer metabolites that react with
hydrocarbons in the vicinity (Bacosa et al., 2015a).

By assuming that PYO absorbs light at 690
nm (Parsons et al., 2007), we hypothesized that
Light Emitting Diode (LED) red-light irradiation
could contribute to hydrocarbon degradation by
triggering photolysis and increasing the hydrocarbon
bioavailability to P. aeruginosa TGC04 because
light irradiation would also cause PYO to become
more reactive. Therefore, this work aimed to assess
synergistic interaction of these elements in the
reduction of WLO.

2 Material and Methods

2.1 Pseudomonas aeruginosa

The inoculum was prepared with the non-pathogenic
wild-type strain P. aeruginosa TGC04, recovered from
soil samples at a gas station in the city of João Pessoa,
Brazil. The strain is registered in the Brazilian registry
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of genetic heritage and associated knowledge (SisGen
in Portuguese, access number A404D65) and in the
UFPEDA culture collection (1063B). The strain was
maintained on cetrimide agar.

2.2 Pyocyanin production

PYO is a secondary metabolite naturally synthesized
by P. aeruginosa strains under nutritional stress
(Whooley and McLoughlin, 1982). The pre-inoculum
of P. aeruginosa TGC04 was prepared on cetrimide
agar and incubated for 48 h at 29±1°C. Afterwards,
the cells from the fresh culture were suspended in
0.9% NaCl saline solution, adjusting the turbidity to
Optical Density (OD) 0.4 at 600 nm (Mojsoska et
al., 2021). Aliquots of 5 ml of this suspension were
transferred to 1000 mL flasks containing 500 ml of
King A broth. These flasks were incubated at 29±1°C
for 72 h. Then, the aqueous phase was mixed with
chloroform (5:1 v/v) and vortexed for 1 min. The blue
organic phase was separated and acidified with 0.2
mol/L HCl (2:1 v/v) and vortexed for 1 min. The red
acidified phase containing the protonated PYO was
neutralized by few drops of 1.5 mol/L Tris-HCl buffer
solution, restoring the blue color (Peruzzo et al., 2021).
OD was measured at 690 nm (Kasvi, 320-1020 nm,
4NM) and PYO concentration (µg/mL) was determined
by using Equation 1, obtained from a standard curve
prepared by using different concentrations (0.005-0.035
mg/mL) of PYO 98% HPLC purity (sigma-Aldrich,
Saint Louis, USA) hydroalcoholic solutions (1:10) with
OD measured at 520 nm (R2 = 0.999).

PYO (µg/mL) = (8.9968×OD690)+ 0.00004 (1)

2.3 Biodegradation tests

For the biodegradation tests, there were two operational
factors: light irradiation, and concentration of PYO.
Two and three settings were selected, respectively, for
the first and the second factor. A complete experimental
design for testing all combinations of the settings and
their replicates entailed 48 experiments.

Throughout the experiment, the LED red-light
irradiation (700±10 nm) was continuously used. The
light irradiation apparatus consisted of a closed cabin
measuring 50 x 30 cm with a LED lamp (A60-E27-
3-RGB-3B; 100-240 V; 60 Hz; 3 W), 13 cm distant
from the microcosm lower side, exposing the system
to 160.55±2.30 mW/mm2. The control group was
maintained in the dark.

Transparent polypropylene microcosms with a
total capacity of 80 mL (60 × 55 mm) were filled
with 45 mL of minimum mineral, composed of (g/L):
K2HPO4 (0.5), (NH4)2SO4 (0.5), MgSO4 (0.5), FeCl2
(0.01), CaCl2 (0.01), MnCl2 (0.0001), ZnSO4 (0.0001),

supplemented with 0.1 g of yeast extract and one
drop of vitamin B complex solution, pH 7.2 ± 0.2
(Palittapongarnpim et al., 1998). To the medium
was added 2.5 mL of a mixture of WLO previously
characterized (Table 1), containing 448,000 mg/Kg of
the TPH.

Sixteen conditions were tested with three variables:
concentration of PYO (0.1; 1.0 and 10.0 µg/mL), and
with the presence or absence of LED light irradiation,
as summarized in Table 2. Hydrophilic cotton pads
were placed (so as not to seal) on the top of the
microcosms to provide microbial respiration and avoid
oil volatilization. There was no additional oxygen
available to microcosms. The systems were incubated
statically for 30 days at 29±1ºC. As for the control, four
conditions were tested, as follows: with and without
inoculum (abiotic), irradiated and unirradiated.

2.4 Determination of hydrocarbon
biodegradation

The test was carried out using the gravimetric method
(Almutairi, 2022). The mass (g) of WLO was calculated
by Equation 2:

% =
(

P0 − P1

P0

)
× 100 (2)

Where P0 = initial mass; and P1 = final mass
(Shimadzu, ATY224).

2.5 Statistical analysis

All experiments were carried out in triplicate and results
are presented as the average ± standard deviation.
All statistics were performed in R (version 4.2.1)
in R Studio (2023.06.1 Build 524). First, the data
were analyzed for normality and homoscedasticity
based on the results of the Shapiro-Wilk and Levene
tests respectively. Then, two-way ANOVA followed
by Tukey’s post-hoc test, with p-value corrected for
multiple comparisons using the “false discovery rate”
method was carried out. The significance value was
0.05 for all tests.

3 Results, tables and figures

The TPH content reached 448,000 mg/L and, because
of the mixed nature of the WLO, the lubricant fraction
represented 99.3% of the TPH. The remaining portion
contained other hydrocarbon fractions, Polycyclic
Aromatic Hydrocarbons (PAHs), water and impurities.
Three PHAs from incomplete hydrocarbon combustion
were detected, as follows: the majority of two light
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Table 1. Settling Time for Hydrogen Production in Different Phases of Digestion.

Parameter Result Reference
Density (g/cm3) 0.8651 ASTM D1298-12b
Total solids (%) 97.4 ASTM D874-23
TPH (mg/Kg) 448,000.0

USEPA 8015D
Gasoline (C8-C11) < 10,226.0
Kerosene (C11-C14) < 10,226.0
Diesel (C14-C20) < 10,226.0
Lubricating oil (C20-C40) 445,000.0

16 EPA priority PAHs (mg/Kg) 50.1

USEPA 8270CNaphthalene (mg/Kg) 45.3
Pyrene (mg/Kg) 2.7
Phenanthrene (mg/Kg) 2.1

EPA – US environmental protection agency.

Table 2. Test conditions for biodegradation of WLO by P. aeruginosa TGC04
Condition Pyocyanin(µg/mL) Light (700±10 nm) Inoculum (5% v/v) Biodegradation (%)

1 0.0 + + 32.27±0.03
2 0.0 – + 13.34±0.09
3 0.0 + – 9.86±0.17
4 0.0 – – 1.79±0.10
5 0.1 + + 51.32±0.23
6 0.1 – + 48.00±0.11
7 0.1 + – 17.43±0.01
8 0.1 – – 23.94±0.01
9 1.0 + + 44.05±0.05

10 1.0 – + 40.12±0.15
11 1.0 + – 19.73±0.01
12 1.0 – – 24.53±0.01
13 10.0 + + 55.23±0.13
14 10.0 – + 52.40±0.11
15 10.0 + – 21.64±0.01
16 10.0 – – 26.08±0.01

PAHs, naphthalene and phenanthrene; and one heavy
PAH pyrene (Table 1). P. aeruginosa TGC04 grown
in the presence of WLO was positive and the strain
produced 32 µg/mL of PYO. Additionally, a dense
biofilm surrounding the bottom oil layer was observed.
The biofilm layer was up to about twice the oily phase
in height, as seen in Figure 1.

Figure 1. Appearance of the microcosm, highlighting a
dense biomass at the oil phase-aqueous phase interface
contributing to emulsify the WLO (arrow). The more
biofilm formed, the more degradation of the WLO.

Changes in the visual appearance of the WLO were
observed during the process, from a dense and dark
homogeneous fluid into an emulsified light brownish
product. Table 2 shows that after 30 days of incubation,
there was a reduction of oil between ≈ 13 and 55%
(abiotic loss ≈ 11%). Statistical analysis indicated that
the main effect of inoculum size was significant (p <
0.001). When evaluated alone, the inoculum achieved
a biodegradation rate of 13.34±0.09%. Nevertheless,
under LED red-light irradiation (700±10 nm), this
rate increased to 32.27±0.03%, demonstrating that
the interaction between light and inoculum size was
significant (p = 0.039). Additionally, the main effect of
PYO was significant (p < 0.001), with a degradation
between ≈ 24 and 26% when tested alone. When
combined with the inoculum, however, the degradation
rate increased significantly, between ≈ 48 up to
52% in the sample with a higher PYO concentration.
Thus, interaction between the variables of inoculum
size and pyocyanin was statistically significant when
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concentration-dependent (p = 0.010). In contrast, the
other evaluated parameters did not yield statistically
significant results, i.e., the interactions between light
and PYO (p = 0.816); and the interactions between

light, inoculum size, and PYO (p = 0.984); as well as
the main effect of light alone (p = 0.268) (Figure 2 and
Table 3).

Figure 2. Reduction of WLO in relation to the initial mass after 30 days. The different colors in the graph indicate the
different concentrations of pyocyanin (orange = 0.0; green = 0.1; blue = 1.0; and purple = 10.0 µg/mL) tested and
the letters indicate the statistical differences obtained. Below is an indication of which test group presents inoculum
and/or red-light irradiation (700±10 nm). Abiotic loss = 11.75±0.20%.

Table 3. ANOVA and estimated parameters

Factor Sum Sq Df F value p-value
LT 28.04 1 1.2686 0.26841 -
Ino 2181.20 1 98.6640 2.67x10-11 ***

PYO 1211.49 3 18.2667 4.345x10-7 ***
LT:Ino 102.11 1 4.6189 0.03929 *

LT:PYO 20.72 3 0.3124 0,81627 -
Ino:PYO 292.97 3 4.4174 0,01043 *

LT:Ino:PYO 3.44 3 0.0519 0.98410 -
LT: light; Ino: Inoculum; PYO: pyocyanin 0 (***); > 0.01 (*); > 0.1 (-)

4 Discussion

WLO can cause hydrocarbon contamination; its
persistent nature and its derivatives poses a severe
threat to both human health and environmental safety
(Benguenab and Chibani, 2021). This study aimed to
evaluate how the association with a physicochemical
method may be positive for the biodegradation of
WLO by P. aeruginosa TGC04. Further, it assessed
the impact of visible red-light irradiation (700±10 nm)
on the reduction of this pollutant. PYO exhibits two
peaks of light absorption, at ultraviolet and visible
light bands (Reszka et al., 2004). As the study aimed
to use reactive PYO in oxidant conditions under safe
wavelength irradiation, a LED lamp with an available
wavelength close to 690 nm was used. We supposed that

phenazine would be integrated into the process since
PYO is a redox and bioactive compound important
to several functions in P. aeruginosa, such as biofilm
formation (Pierson and Pierson, 2010), a crucial factor
involved in hydrocarbon biodegradation (Dasgupta et
al., 2013). PYO plays a role in regulating the synthesis
of the biosurfactant in P. aeruginosa. Moreover, PYO
also interacts directly with biosurfactant metabolism
since it enhances the emulsification potential of P.
aeruginosa isolates (Das and Ma, 2013). Previous
studies from our group have reported that PYO
participates as an inducer of molecules that emulsify
different hydrocarbons even in low concentrations
(Viana et al., 2018). The more PYO produced by the
strain, the more polycyclic aromatic hydrocarbons
were reduced (Cavalcanti et al., 2019). In addition, we
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also have observed that exogenous phenazines (PYO
and phenazine methosulphate) added to encompassed
inoculum of P. aeruginosa contributed to the removal
of principally 4-6 ring PAHs (Viana et al., 2024).

In addition, the redox-active nature of PYO engages
in electron transfer reactions, playing a pivotal role
in the generation of Reactive Oxygen Species (ROS)
such as superoxide and hydrogen peroxide (Saini et
al., 2025). This could explain the significance of the
variable PYO since electrochemical oxidation process
increase electron transfer capacity of the organic matter.
The result is an increase of WLO bioavailability
as reported in previous studies with different redox
compounds, e.g., humic-like substances (Deng et al.,
2020).

Visible light-induced photocatalysis and
biodegradation have been used to treat some areas
(Sarkar, 2023). Light irradiation in the red spectral
range promotes microbial growth (Yeh et al., 2014).
We assumed that the application of LED red-light
irradiation (700±10 nm) would be incorporated into
the system as a complementary strategy to stimulate P.
aeruginosa TGC04 to degrade WLO. This assumption
was supported by the fact that variable interaction of
red-light irradiation (700±10 nm) and the inoculum
size have a subtle statistical significance in the
biodegradation of WLO. This is further reinforced
by evidence that microbes can perceive differences
in light quality and can also perceive differences
in light intensity with respect to red and blue light
bands (Beattie et al., 2018). According to Crugeira
et al. (2019), LED red-light irradiation significantly
enhanced catabolic responses of a microbial consortium
in their study on degradation of a textile dye. Differently
from this present work, only the consortium was treated
by LED red-light-irradiation.

Light may enhance biological treatment as well as
abiotic transformation of persistent molecules (Sutar et
al., 2020; Bacosa et al., 2015b). Sensory photoreceptors
in microorganisms play a role in converting the
absorbed photons into chromophore biological changes,
which can include alterations in enzymatic activity
or interactions with other macromolecules (Elahi
and Matthew, 2024). Crugeira et al. (2018) reported
that photostimulation by LED red-light promoted
a 2.0-2.5-fold increase of cellular proliferation in a
thermophilic microbial consortium due to microbial
cytochrome absorption in this band. As well, there was
an increase in intracellular ATP levels which activated
metabolic events involving cellular proliferation. Thus,
we presumed that intermittent photostimulation would
support the growth of P. aeruginosa TGC04 influenced
by red-light irradiation, as in the present study.

LED red-light irradiation (700±10 nm) acted in the
degradation of the hydrocarbons present in the WLO.
This was possibly because during the photocatalytic
degradation process, the electrons in the valence band
of photocatalysts can be excited to the conduction
band and release protons (H+) after collecting photons
from a light source such as the LED light used in
the experiment. The electrons and protons may react
with molecular oxygen and generate ROS which
subsequently react with hydrocarbons and increase
their bioavailability (Rayaroth et al., 2023; Zhang et
al., 2022). Based on the findings of this present study
we speculate that the energy emitted by the LED lamp
was not capable of provoking a significant breakdown
of the hydrocarbons of the WLO. In contrast, red-light
LED was found suitable for the biofilm growth and
both inoculum and PYO played a crucial role in the
process.

On the other hand, some heavy hydrocarbons
exposed to light at ≈ 700 nm may act as
photosensitizers and can lead the oxidation of
PYO (Reszka et al., 2006). This oxidation per se
is irreversible and effectively inactivates PYO by
producing 1-hydroxyphenazine (Mudaliar and Prasad,
2024). Additionally, even though a small fraction of
PYO could be oxidized, the stimulation of microbiota
by light irradiation compensated for the losses of
PYO by inactivation and the amount of abiotic loss
reinforced this claim.

In addition, in all concentrations of PYO tested,
a dense layer formed by the biofilm was observed.
PYO is an important factor for cell aggregation in P.
aeruginosa (Jabłońska et al., 2023). Under stressful
nutritional conditions, P. aeruginosa may promote
auto-poisoning of the planktonic cells and PYO in the
reduced state mediate cell lysis and release of eDNA,
influencing biofilm structure and stability (Meirelles
and Newman, 2018). As well, an approximately 400
µm layer with high gradient of reduced state PYO
is maintained close by the upper surface within the
biofilm (Koley et al., 2011). We hypothesized that
this behavior contributed to viable cells degrading the
WLO.

Despite a growing interest in the knowledge
of photodegradation of organic pollutants in the
natural environment, studies using specific visible-
light wavelength are still limited (Guo, et al. 2023).
The level of significance associated with the variables
of inoculum size and pyocyanin have indicated their
crucial role in the process, confirming that strategies
based on these factors can optimize biodegradation of
hydrocarbons. Despite the advances in understanding
PYO as a molecule, its association with light energy
and the use of P. aeruginosa in bioremediation remains

6 www.rmiq.org



Borchardt et al./ Revista Mexicana de Ingeniería Química Vol. 24, No. 2(2025) IA25552

poorly explored. Additionally, the environmental
agenda required the development of sustainable
approaches to solve urgent demands. This present study,
for instance, calls for a possible ex situ application.
Amounts of oily waste transferred from in-shore oil-
spilled zones could be treated at industrial plants,
replacing common hazardous treatments for these cases,
such as incineration.

Conclusions

Under the experimental conditions carried out in this
study, both variables, inoculum size and pyocyanin,
alone or associated, were pivotal for optimizing the
biodegradation of WLO by P. aeruginosa TGC04.
The effect of PYO on the process was concentration-
dependent under the assumption that part of PYO
may be inactivated by light. In contrast, variable
light irradiation (700±10 nm) exhibited some effect
when combined with the inoculum and did not show
a significant impact when used alone. Our findings
highlight the potential for the use of microbial bioactive
metabolite and renewable energy combined to provide
ex situ bioremediation substituting treatments that
negatively impact the environment. Further studies may
elucidate all the mechanisms involved.
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Nomenclature

LED Light Emitting Diode
OD Optical Density
PAHs Polycyclic Aromatic Hydrocarbons
PYO Pyocyanin
ROS Reactive Oxygen Species
TPH Total Petroleum Hydrocarbons
UFPEDA UFPE Department of Antibiotics
WLO Waste Lube Oil
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