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Resumen

Actualmente los suelos presentan alteraciones debido a la presencia de contaminantes de diferentes
origenes. La biorremediacion es una de las areas de mayor investigacion para mitigar el efecto de
los desechos organicos, entre los que destacan los compuestos organoclorados, conocidos por su
alta resistencia a los procesos naturales de biodegradacion.

Las cepas del género Pseudomonas spp. han sido ampliamente estudiadas por su capacidad de
crecer en ambientes con presencia de compuestos organoclorados y degradarlos. En este trabajo se
utilizo la cepa Pseudomona chlororaphis CA-1 aislada de un sitio de confinamiento con presencia
de compuesto organoclorados. Se estudio la cinética de crecimiento en medio tripticaseina de soya
y en un medio minimo en sales con presencia del sustrato organoclorado (Diclorobenceno 84%
(Triclorobenceno 5%, Tetraclorobenceno 10.5%, y Pentaclorobenceno 0.5%) como fuente de
carbono. El crecimiento microbiano se cuantificé mediante, densidad éptica y peso seco. El cultivo
fue incubado por tres dias a 30 °C, y posteriormente se validd la morfologia caracteristica de
Pseudomonas mediante un frotis bacteriano. Se inoculd la cepa en dos concentraciones del sustrato
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organoclorado como unica fuente de carbono, para evaluar si su metabolismo puede asimilar estos
compuestos toxicos. Los resultados demuestran una mayor produccion de biomasa de 3.49x1073
pg/mL. a una concentracion de 100 ppm de sustrato organoclorado, con una remocion del 83.60%;
por otra parte, a concentracion de 1000 ppm se obtuvo una produccion de biomasa de 1.48x1073
pg/mL con un porcentaje de remocion del sustrato de 89.5%. Lo que demuestra que P. chlororaphis
CA-1 es capaz de utilizar a los compuestos organoclorados como fuente de carbono.

Palabras clave: Biodegradacién, Cinética de crecimiento, Sustrato organoclorado, Pseudomonas chlororaphis.

Abstract

Soils are currently altered due to the presence of pollutants from various sources. Bioremediation
is one of the most researched approaches to mitigate the effects of organic waste, especially
organochlorine compounds, known for their high resistance to natural biodegradation processes.
Strains of the genus Pseudomonas spp. have been widely studied for their ability to survive in
environments containing organochlorine compounds and to degrade them. In this study, the
Pseudomonas chlororaphis CA-1 strain, isolated from a confinement site containing
organochlorine compounds, was used. Growth kinetics were studied in Trypticase soy broth (TSB)
and mineral salts medium (MSM) in the presence of the organochlorine substrate (dichlorobenzene
84%, trichlorobenzene 5%, tetrachlorobenzene 10.5%, and pentachlorobenzene 0.5%) as a carbon
source. Microbial growth was quantified by optical density and dry weight. The culture was
incubated for three days at 30°C, and the characteristic morphology of Pseudomonas was validated
using a bacterial smear.

The strain was inoculated at two concentrations of the organochlorine substrate as the sole carbon
source to evaluate whether its metabolism could assimilate these toxic compounds. The results
demonstrate biomass production of 3.49x10° pg/mL at 100 ppm, with an organochlorine-substrate
removal percentage of 83.6%. At 1000 ppm, a substrate removal percentage of 89.5% was
obtained, with biomass production of 1.48x107 pg/mL. This demonstrates that P. chlororaphis
CA-1 is capable of using organochlorine compounds as a carbon source.

Key words: Biodegradation, Growth kinetics, Organochlorine substrate, Pseudomonas chlororaphis.

l. Introduction

Ecosystems have been altered by the Among the most persistent chemical
uncontrolled disposal of inorganic and compounds in the environment are
organic agents. Among them, pesticides, due organochlorine compounds (Pimviriyakul, P.
to their excessive use, have accumulated in et al., 2020), which inhibit the growth of
the environment, showing high persistence microorganisms, hindering their
thanks to their physicochemical properties biodegradation (Kopytko, et al., 2017).
such as their low solubility, which favors their Organochlorine compounds are widely used
bioaccumulation in living organisms (Sierra- as solvents, odorants, pesticides, and flame
Cortés, et al., 2019). retardants, and are highly resistant to
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microbial mineralization due to their
recalcitrant haloaromatic structure (Saibu, et
al., 2020).

There is a wide variety of bacteria capable of
degrading  organochlorine ~ compounds
(Otiniano-Garcia, et al., 2013; Contreras et
al., 2020), among which those of the genus
Pseudomonas spp. stand out. These are
Gram-negative aerobic bacilli, with a
remarkable ability to live in environments
contaminated with petroleum derivatives and
aromatic organic compounds (Saibu, et al.,
2020; Kahlon., 2016).

The genus Pseudomonas sp. can degrade
organochlorine compounds in liquid or solid
systems (Lujan, D., 2019); however, most
studies have focused on liquid cultures due to
their  diversity of  applications in
environmental biotechnology (Huang, et al.,
2019). However, biodegradation in liquid
medium presents certain difficulties (Cui., et
al.,, 2017), since compounds such as
dichlorobenzene, trichlorobenzene, and
tetrachlorobenzenes are highly insoluble in
water, which makes it difficult to prepare
suitable solutions for their bioavailability
(Lu, et al., 2017). This low solubility limits
the ability of microorganisms to use
organochlorine compounds as a source of
carbon and energy for their growth (Gilani, et
al., 2016; Ibafiez-Moreno et al., 2020).

In the present study, a strain of the genus
Pseudomonas chlororaphis CA-1 was used to
study growth kinetics in the absence and
presence of organochlorine compounds to
demonstrate its tolerance and capacity to
degrade these compounds as the sole carbon
source in liquid-state fermentation using a
mineral salts medium (MSM).
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Il. Materials and Methods
2.1 Microorganism studied

The Pseudomonas chlororaphis CA-1 strain
with registration code CDBB 91 (ATCC
9447) was donated by the company
Clorobencenos S.A. de C.V. in the state of
Tlaxcala. This strain was selected for its
ability to grow in environments containing
toxic compounds derived from the company's
waste. It was subsequently preserved by
lyophilization using 10% glycerol as a
cryoprotectant in TSB medium.

For reactivation of the microorganism, a
liquid culture medium of Trypticase soy broth
(TSB) was used, adjusted to pH 7.1 + 0.2 and
sterilized at 120 °C. Subsequently, the
microorganism was inoculated. For its
growth, a King B culture medium was
prepared with the following formulation:
Sabouraud agar (65 g/L), potassium
phosphate (1.5 g/L), magnesium sulfate (1.5
g/L), yeast extract (20 g/L), and glycerin (10
mL/L). The medium was sterilized for 15
minutes at 120 °C.

2.2 Growth kinetics

Twenty-five 125 mL Erlenmeyer flasks were
prepared with 30 mL of sterile TSB culture
medium adjusted to pH 7.1 £ 0.2. Twenty-
four flasks were inoculated with 4 mL of the
primary culture, and one flask served as a
blank containing only TSB medium. The
flasks were incubated at 30°C. Aliquots were
taken every hour for seven days to measure
the optical density in a Thermo Scientific
UV-Vis spectrophotometer (Genesys 10S
model).

Biomass was quantified by the gravimetric
method by measuring the weight per unit
volume (GOmez-Reyes et al., 2017). For this,
cells were separated from the liquid medium
by centrifugation at 13,000 rpm for 5 minutes
(Thermo  Scientific  centrifuge). The
supernatant was removed, and the pellet was
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dried in an oven (model HS-60, Prendo) at 50
°C for 10 minutes. Subsequently, the dried
pellet was weighed on an Ohaus Pioneer
analytical balance.

The cell counting procedure was performed
using a Neubauer chamber to determine the
concentration of cells in the medium. A 10 pL
aliquot of the diluted cell sample (1:2) was
taken and loaded into the counting chamber,
which has a depth of 0.1 mm. The chamber
was allowed to stand for one minute to
stabilize the cell distribution before reading.
The count was performed using an optical
microscope equipped with a 40x objective
lens. The number of cells in each square was
recorded, and the average cell count per
square was calculated. To determine the final
cell concentration in the suspension, the
following formula was applied:

Cell concentration (cells/mL)=(Average
number of cells per squarexDilution
factorx10%)/1

2.3 Degradation Kinetics

The organochlorine liquid substrate used for
this analysis was obtained from the waste of
the Clorobencenos S. A. de C. V. plant in the
municipality of EI Carmen Tequexquitla in
the state of Tlaxcala. Due to the nature of the
substrate, it cannot be sterilized. The
composition of the organochlorine substrate
was analyzed by gas chromatography in the
company's quality control laboratory using its
own analytical methods (Table 1).

The  degradation  kinetics of  the
organochlorine substrate by Pseudomonas
chlororaphis CA-1 was evaluated by liquid
fermentation, using a mineral salts medium
(MSM). With the following composition:
calcium nitrate (60 mg/L), sodium
bicarbonate (125 mg/L), potassium nitrate
(70 mg/L), monobasic potassium phosphate
(100 mg/L), iron sulfate (10 mg/L), zinc
sulfate (1.5 mg/L) and agar 15 (g/L). The

38

Marzo - Abril 2026

medium was inoculated with a bacterial
concentration of approximately 2.48 x10°
CFU/mL. Incubation was carried out at 30
2 °C on an orbital shaker at 130 rpm, with pH
7.2 £ 0.2 at the beginning of fermentation.

Five one-liter Erlenmeyer flasks were
prepared in duplicate, each with 500 mL of
MSM medium. Of these, two flasks were
loaded with a concentration of 100 ppm of
organochlorine substrate, two more with
1000 ppm of the same substrate, and the fifth
flask was used as a control. Over a period of
7 days, two 1 mL samples were taken from
each flask every 2 hours to evaluate microbial
growth, to maintain the homogeneity of the
medium, it was kept in constant agitation at
200 rpm.

Table 1. Concentrations of compounds present in the
organochlorine substrate.
Composition of the liquid organochlorine
substrate
According to a chromatographic analysis
performed

% Concentration Chemical compound

84 +0.3% Dichlorobenzene
5% + 0.2% Trichlorobenzene
10.5% + 0.3% Tetrachlorobenzene
0.5% + 0.2% Pentachlorobenzene

The Kkinetic parameters were determined
using a modified version of the logistic model
proposed by Zwietering et al. (1990), based
on the evolution of bacterial density over
time.

2.4 Determination of the percentage of
organochlorine  substrate  removal by
GC/MSD

Over a period of seven days, one 1 mL sample
was taken daily from each flask to evaluate
the percentage removal of the organochlorine
substrate. The sample was extracted with 2
mL of hexane, and sodium sulfate was added
to the organic layer for drying. Samples were
analyzed on an Agilent 7890A gas
chromatograph coupled with a mass
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spectrometer (triple-axis detector 5975C).
Three microliters (3 pL) of the sample were
injected in splitless mode (50:1) and carried
through an HP 5-MS capillary column (30 m
x 320 pm x 0.25 pm). The injector
temperature was 300 °C, and helium carrier
gas was set at a constant flow rate of 1 mL
min“t. The oven program was set to 90 °C for
5 min, then ramped to 300 °C at 20 °C mint
and held for 2 min. The mass detector was
operated with an ion source temperature of
230 °C and a quadrupole temperature of 150
°C. lon acquisition was performed in scan
mode (m/z 25 to 550 amu) in selective ion
mode (SIM) using the NIST 2.0 library.

The experiment was performed in duplicate
using two generations of the Pseudomonas
chlororaphis CA-1 strain, which were tested
at different  concentrations of the
organochlorine substrate.

I11. Results
3.1 Growth kinetics

Marzo - Abril 2026

In the analysis of the growth of Pseudomonas
chlororaphis CA-1 in TSB culture medium, a
specific growth rate of 0.15 h™* was obtained;
the exponential phase was recorded during
the first 12 hours of fermentation.

Figure 1 shows the correlation between cell
dry weight and optical density (OD) during
the first 12 hours of culture of Pseudomonas
chlororaphis CA-1 in two different media,
TSB and MSM, with organochlorine
substrate. This correlation between both
techniques allows evaluation of bacterial
growth as a function of the medium and the
available carbon source.

For the analysis of Pseudomonas
chlororaphis CA-1 growth, the specific
growth rate was determined. According to
Student's t-test, a value of t = 0.048 was
obtained, which was much smaller than the
tabulated value for a significance level of o =
0.05, indicating that there was no significant
difference between the dry weight and optical
density measurements.

Correlation of Optical Density and Dry Weight
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Figure 1. Linear correlation between dry weight and optical density (OD) for Pseudomonas chlororaphis cultured in
TSB and MSM media with organochlorine substrate at 100 ppm.
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3.2 Growth kinetics with and without
organochlorine substrate

Figure 2 shows the complete growth kinetics
of Pseudomonas chlororaphis CA-1 in the
presence and absence of organochlorine
substrate. Similar growth was observed in
both treatments, although with a slight
decrease in biomass production when the
organochlorine substrate was present. This
suggests that Pseudomonas chlororaphis CA-
1 is capable of growing and using said
substrate as a carbon source.

Significant cell growth was observed at a
concentration of 100 ppm, similar to that
reported by Mohanty et al. (2017). The
authors pointed out that microorganisms of
the genus Pseudomonas maintain growth,
although it is affected when a toxic compound
is used as the sole carbon source. Mohanty

Marzo - Abril 2026

reported a maximum biomass production of
0.079 mg/mL, while in this study a biomass
of 25 mg/mL was obtained after 14 hours of
fermentation in TSB medium (Saibu et al.,
2020). These results indicate that the presence
of the organochlorine substrate affects cell
viability after 30 hours of fermentation
compared to experiments without the
organochlorine substrate.

The difference in means analysis was
performed using the Student t-test. The
results showed an observed difference greater
than the expected random variability,
indicating a significant difference between
growth kinetics with and without the presence
of the organochlorine substrate. This
confirms that the organochlorine substrate
affects biomass production, although it does
not alter the growth profile of Pseudomonas
chlororaphis (Nelson, J., et al., 2014).

Growth kinetics of Pseudomonas Chlororaphis in TSB medium and
organochlorine substrate

14.00

12.00

10.00

8.00

6.00

4.00

biomass, Cells/mL X10 7

2.00

0.00

------ @ TSB medium

20

Time, hr

Bg g -4

30 40

------ @ MMS medium with organochlorine substrate

Figure 2. Growth kinetics of Pseudomona chlororaphis with organochlorine substrate 4

at 100 ppm, and @ TSB medium.

These results are consistent with those
reported by Aswathi (2019), who
documented the use of Pseudomonas for the
biodegradation of chlorpyrifos, observing

40

growth Kinetics similar to those in this work,
with a removal of 97%. However, it should be
considered that chlorpyrifos has a similar
degree of recalcitrance because it contains
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chlorine atoms in its structure, like the
organochlorine substrate evaluated in this
research.

From the growth Kinetics in the presence of
the organochlorine substrate, a modified
version of the logistic model (Zwietering et
al., 1990) was used to obtain Kinetic growth
parameters for Pseudomonas chlororaphis
CA-1, yielding a growth rate of p = 0.16176
cells/mL-h and an R? > 0.94, which indicates
that the model fits the experimental data. This
is similar to what was observed by Aswathi et
al. (2019), who reported Pseudomonas in the
degradation of chlorpyrifos, an
organophosphorus pesticide. In turn, Gilani et
al. (2016) reported 92% removal of
chlorpyrifos at concentrations of 50 ppm at

Marzo - Abril 2026

720 hours. On the other hand, Kong, J. et al.
(2017) studied the degradation of
phenanthrene by a strain of Pseudomonas
stutzeri JP1, showing removal results of
33.23% in the first 24 hours at a concentration
of 20 mg/L.

Figure 3 shows the early stages of biomass
production in MSM at two different
concentrations of the organochlorine
substrate. In both growth curves, the
adaptation and initial exponential phases are
observed. Biomass production was affected
by the concentration of the organochlorine
substrate in the medium, resulting in a higher
biomass yield of 3.49x103 pug/mL at 100 ppm
compared to 1.48x10° ug/mL at 1000 ppm.

Biomass production

Biomass Cells/mL
X10-03

.49
—€— 1000 ppm

1.48
—— 100 ppm

Fermentation time day

Figure 3. Growth of P. chlororaphis CA-1 in MSM, m 100 ppm organochlorine and ¢ 1000 ppm organochlorine.

Similar growth was observed in both
treatments, although with a slight decrease in
biomass production at 1000 ppm of
organochlorine substrate. This suggests that
Pseudomonas chlororaphis CA-1 is capable
of growing and using this substrate as a
carbon source, but at 1000 ppm, it inhibits
biomass production by up to 50%.
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3.3. Degradation of the organochlorine
substrate

The  percentage  removal of the
organochlorine substrate was determined.
The data are presented in Table 2, where the
percentage decrease for each compound
present in the organochlorine substrate and
the total area corresponding to the original
substrate can be observed (Figure 4).
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Figure 4. Overlay chromatograms at different incubation times showing the area reduction in peaks representative of
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the organochlorine substrate.

The data presented in Table 2 indicate the
percentage of degradation by P. chlororaphis,
as well as the ppm corresponding to the
degradation. This percentage removal of the
organochlorine substrate can be explained by
its low solubility, which limits its
bioavailability for cells (Otiniano-Garcia, et
al., 2013).

The data show greater removal of 1,2-
dichlorobenzene (91%), while removal of
tetrachlorobenzene is 33%. These data
coincide with those reported by Sander et al.
(1991), who demonstrated that a strain of
Pseudomonas is capable of dechlorinating
chlorobenzene molecules, including 1,2,3-
trichlorobenzene and 1,2,3,4-
tetrachlorobenzene, to obtain
monochlorobenzene. Their work indicates that
molecules with a higher number of chlorine atoms
are less susceptible to losing chlorine atoms
anchored in the aromatic ring, demonstrating that
the higher the number of chlorine atoms, the

lower the ability of the Pseudomonas strain to

degrade them.

Potrawfke et al.
degradation of
Pseudomonas chlororaphis

(1998) studied
haloaromatics

chlorine  atoms penta-

(e.9.,

hexachlorobenzene), the more resistant the
compounds are to bacterial attack, showing
greater degradation of molecules such as 1,3-
dichlorobenzene, 1,4-dichlorobenzene, and

1,2 4-trichlorobenzene.

These studies demonstrate that Pseudomonas
CA-1 has a greater affinity for degrading
molecules with fewer chlorine atoms. This
effect is observed in the greater removal of
1,2-dichlorobenzene (91%) compared to
which

other organochlorine compounds,
range from 66% to 33%.
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demonstrated that the greater the number of
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The data in Table 3 show that the percentage
of degradation of each peak of the initial
organochlorine substrate was quantified. It
can be observed that Pseudomonas more
easily degrades compounds with fewer
chlorine atoms. Table 3 summarizes

Marzo - Abril 2026

degradation of the organochlorine substrate at
an initial concentration of 1000 ppm by P.
chlororaphis. When comparing these results
with those obtained at 100 ppm, a higher
percentage of removal is observed, despite
the low biomass production.

Table 2. Degradation percent of organochlorine substrate at 100 ppm.

Initial concentration

100 ppm
Compound Initial percent
Dichlorobenzene 83.76
Trichlorobenzene 5.44
Tetrachlorobenzene 10.46

Total

There are no previous reports indicating the
use of an organochlorine mixture similar to
the one used in this study as the sole carbon

7 days fermentation

Degradation percentage

Final percent

37.28 91.66
1.73 66.11
46.66 33.68

83.60

source. Furthermore, bacterial tolerance at the
concentrations applied in this study has not
been documented (Molano et al., 2016).

Table 3. Degradation percent of organochlorine substrate at 1000 ppm.

Initial concentration

1000 ppm

Compound Initial percent Final percent
Dichlorobenzene 83.76 50.36
Trichlorobenzene 5.44 1.53
Tetrachlorobenzene 10.46 42.86

Total

The data obtained were compared with a
previous study in which endosulfan was used
as the sole substrate at a concentration of 4
ppm, achieving 99% removal. However, that
study showed an inhibitory effect attributed
to the presence of the organochlorine
compound. Contreras et al. (2020) reported
that concentrations of 800 ppm cause total
inhibition of bacterial growth. In contrast, the
results of the present study demonstrate that
Pseudomonas chlororaphis CA-1 exhibits
greater tolerance to the presence of
organochlorine compounds, even achieving
removal at higher concentrations.

7 days fermentation

43

Degradation percentage

93.72
63.86
57.23
89.55

Vanitha et al. (2023) investigated the
decomposition of 2,4-dichlorophenoxyacetic
acid, a chlorinated herbicide, at maximum
concentrations of 100 ppm during 12 days of

incubation,  achieving a  maximum
biodegradation of 90%. They used a
microbial ~ consortium  that included

Arthrobacter sp., Sphingomonas sp., and
Stenotrophomonas sp.

Simultaneously, they wused a microbial
consortium containing strains of Bacillus sp.
and Pseudomonas sp., achieving nearly 100%



Vol. 14, No. 79

removal in an incubation time of 4 days, with
an inoculum volume of 10%.

A similar study was carried out by Samiappan
and Ravichandran (2023), who worked on the
elimination of organochlorine compounds
related to chlorpyrifos using two strains, P.
aeruginosa and P. fluorescens. These strains
were the only ones capable of tolerating the
toxic compound, despite increasing the
concentration  of the  organochlorine
compound fivefold. The removal percentages
ranged from 14 to 25% at high concentrations
and approached 100% at low concentrations
of chlorpyrifos during a five-day incubation
period.

This phenomenon has also been observed in
previous studies. Maymd-Gatell, et al. (1999)
used a microbial consortium where slow
biomass growth but high enzymatic activity
was observed, using the chlorinated
compound as an electron acceptor, providing
little energy available for cell growth.

Similarly, Nzila, A. (2013) demonstrated that
Pseudomonas performs cometabolism due to
the high presence of a cosubstrate, showing
effective degradation without an increase in
biomass induced by the contaminant present.
This phenomenon is considered to be
occurring in our experiments with the
increase  in  organochlorine  substrate
concentration. Pseudomonas chlororaphis
CA-1 uses the organochlorine substrate as a
cosubstrate to induce enzymes to transform it.
Cometabolism  allows the chlorinated
substrate to be degraded without it
contributing to significant biomass growth.

These studies support the idea that
Pseudomonas sp. strains have a superior
ability to biodegrade chlorinated compounds.
This assertion is reinforced by studies
conducted by Muhammad et al. (2025), who
studied the biodegradation of butachlor in soil
using a strain of Pseudomonas aeruginosa,
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demonstrating a 90% removal at
concentrations of 100 ppm after 5 days of
fermentation. This indicates that strains of the
genus Pseudomonas sp. are more tolerant to
high  concentrations  of  chlorinated
compounds and can use them as an energy
source, achieving higher removal rates in a
shorter period of time compared to strains of
other genera.

Rodriguez-Orozco et al. (2025) studied
strains of Bacillus cereus and Paenibacillus
lautus for the removal of organochlorine and
organophosphorus  compounds,  showing
removal percentages approximately from 50
to 80% during 12 days of incubation at
maximum concentrations of 80 ppm.

These studies show that the Pseudomonas
chlororaphis CA-1 strain has a higher
tolerance to the presence of organochlorine
compounds at high concentrations and
achieves higher biodegradation percentages,
as reported in these studies.

IVV. Conclusions

The P. chlororaphis CA-1 strain tolerates
high  concentrations of organochlorine
compounds and uses them as a carbon and
energy source to produce biomass. The
results showed higher biomass production,
reaching 3.49x107 pug/mL at a concentration
of 100 ppm, while at 1000 ppm biomass
production of 1.48x103 pg/mL was obtained.

This difference is due to the recalcitrant
nature of organochlorine compounds at high
concentrations in the medium. However, the
P. chlororaphis strain also tolerates high
concentrations of haloaromatic compounds,
achieving removal of 83.6% at 100 ppm and
89.5% at 1000 ppm. This phenomenon has
previously been reported as cometabolism,
where the chlorinated substrate is eliminated
by high enzymatic activity despite low
biomass production, since the microorganism
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does not use it as a source of carbon and
energy.

Future research will focus on this particular
topic, seeking to understand the process of
cometabolism activation in Pseudomonas
CA-1 and modulate enzymatic activity in this
type of degradation.
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