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Abstract: Activated carbon (AC) is widely used as an adsorbent in multiple sectors, including the pharmaceutical,
chemical, beverage, and food industries. This study investigates the removal of organic materials from antibiotic
fermentation effluents using powdered AC at various temperatures. Pristinamycin was synthesized by cultivating
Streptomyces pristinaespiralis with date syrup as a glucose substitute. The fermentation effluent was treated with
activated charcoal to reduce biochemical oxygen demand (BOD) and chemical oxygen demand (COD). Optimal
removal was achieved with 30 mg/L of activated charcoal at 25°C. Under these conditions, COD decreased
by approximately 52%, and 5-day BOD decreased by approximately 9.1% compared to the untreated effluent.
Increasing the AC dose enhanced the efficiency of COD removal. Based on these findings, AC adsorption of
antibiotic pristinamycin from wastewater appears to be a viable treatment option.
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1. Introduction

Wastewater produced by biopharmaceutical facilities
contains high concentrations of organic and microbial
contaminants, substantially increasing the biochemical
oxygen demand (BOD) and chemical oxygen demand
(COD) of the effluent. Cations such as potassium (K*),
sodium (Na*), magnesium (Mg?"), and calcium (Ca?")
ions significantly complicate the treatment process.'?
Adsorption is among the most commonly employed
techniques for treating antibiotic waste effluents in the
industry. Adsorption of lactic or other organic acids
from fermentation broth at room temperature has been

investigated using several anionic adsorbents, including
IRA-92 3 IRA-67,* IRA-425,5 and IRA-400.° as well as
non-polar adsorbents such as activated carbon (AC).*’
AC is widely used as an adsorbent in multiple sectors,
including the pharmaceutical, chemical, beverage,
and food industries.®® Its widespread use is attributed
to its cost-effectiveness, simplicity, non-toxicity, and
low energy requirements.® Adsorption onto AC has
demonstrated significant effectiveness in purifying
industrial wastewaters and improving effluent quality
from biologically treated facilities.” The extensive use
of AC in water and wastewater treatment is attributed
to its vast surface area (approximately 1,100 m?/g) and
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highly porous structure. Its non-polar nature under
varied pH conditions also confers a unique affinity for
organic acids such as lactic, acetic, and butyric acids.”!°

Pradhan et al."' conducted an experimental study
on the separation of lactic acid (<10 g/L) from a
model fermentation solution using granular AC.
Thermodynamic analysis demonstrated that optimal
lactic acid adsorption occurs at a pH below the pKa
of lactic acid (3.86) through a physical adsorption
mechanism. The optimal conditions for using AC to
remove amoxicillin and tetracycline (TC) have also
been examined.'>!* Umrantezcanun et al.'? reported a
maximum COD removal of 91.2% at 20°C and pH 5,
using 0.15 g of AC and an initial TC concentration of
100 mg/L after a 24-h adsorption period. Ranaweera
et al® applied AC adsorption with 200 mL of TC
solution and 200 mg of AC, achieving a high TC
removal efficiency (>95%) from synthetic wastewater.
Spit et al."* investigated the effects of coagulation,
ozonation, and granular AC filtration on the removal of
small organic pollutants from treated wastewater, with
particular focus on pharmaceutical residues. Abbas and
Trari'® identified the optimal conditions for amoxicillin
removal as a dose of 0.124 g, a temperature of 45°C,
and pH 5.03, using the desirability function.

Mullai and Rajesh!® examined the post-treatment of
antibiotic wastewater using AC as the adsorbent. The
findings indicated that the color removal efficiency
of the wastewater increased over time, reaching
equilibrium after 120 min with 100 mg of AC under
shaking conditions. The maximum COD removal
efficiency achieved was 43.3% with 100 mg of AC
after 120 min. Zhanga et al.'* employed an integrated
approach combining powdered AC with ultrafiltration
and reverse osmosis to treat waste liquor generated
from TC production. The study demonstrated that the
performance of ultrafiltration-reverse osmosis was
enhanced by incorporating AC into the waste liquor,
with an optimal concentration of 8.0 mg/L.

BOD represents the total dissolved oxygen (DO)
required by microorganisms to decompose organic
material in a water sample. Elevated BOD levels
indicate reduced oxygen availability in the analyzed
water body."” DO in water samples contributes to the
degradation of both organic and nitrogenous matter.
The BOD curve comprises two distinct components:
Carbonaceous BOD and nitrogenous BOD. The initial
5 days’ demand primarily reflects carbonaceous BOD,
which constitutes approximately 70% of the total BOD.
The 5-day BOD (BOD,) value generally indicates

the oxygen demand associated with organic matter
decomposition.'

In our previous study, the antibiotic pristinamycin was
synthesized by cultivating Streptomyces pristinaespiralis
with date syrup as a glucose substitute. In this study,
the effluent from this process was continuously treated
with different charcoal concentrations at various
temperatures to reduce its BOD and COD.

The present study aims to remove organic materials
from the antibiotic fermentation effluent using powdered
AC at varying concentrations (10, 20, and 30 mg/L) and
temperatures (25, 50, and 75°C), and to determine the
optimal concentration and temperature for effective
removal.

2. Materials and methods

2.1. Samples

The antibiotic fermentation broth was collected from the
fermentative bioreactors as described in our previous
study.”” Samples were obtained from three different
batches, with three replicates per batch for further
analysis.

2.2. Determination of physicochemical properties
The pH of the sample was measured directly using a
pH meter (MP512-03, Hangzhou Tuqi Instrument
Co., Ltd, China). Color of the sample was analyzed
using a colorimetric equipment (CR-400 Konica
Minolta, Japan), and total solids were determined
using a gravimetric approach, which involved drying
and measuring the residue after a specified volume of
material had been evaporated. Sugar content, expressed
as glucose, was determined using high-performance
liquid chromatography (Agilent 1260, infinity,
Germany) based on the method established by Aleid,*
where different concentrations of glucose were prepared
to plot a calibration curve for quantification. Elemental
composition was determined using atomic absorption
spectroscopy (NOVA 300, USA).

2.3. Treatment of antibiotic fermentation effluents
After fermentation, the antibiotic fermentation broth
was treated with three doses of AC (Sigma-Aldrich,
United States [USA]) at 10, 20, and 30 mg/L, under
three temperatures (25, 50, and 75°C). Nine treatments
were analyzed, as presented in Table 1.

2.4. Adsorption treatment
After 144 h of fermentation in a 100-L fermentor,
200 mL of pristinamycin fermentation broth was
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Table 1. Three-level experimental design showing
nine treatments of activated carbon dose and
temperature

Treatments Values

CT, 10 mg/L, 25°C
CT, 10 mg/L, 50°C
CT, 10 mg/L, 75°C

CT, 20 mg/L, 25°C
CT, 20 mg/L, 50°C
CT, 20 mg/L, 75°C
CT, 30 mg/L, 25°C
C.T, 30 mg/L, 50°C
CT, 30 mg/L, 75°C

Abbreviations: C: Carbon; T: Temperature.

added to an Erlenmeyer flask containing the adsorbent
material. The pH of the fermentation broth was 6.8. The
mixture was heated for 120 min in a shaking water bath
at 50 rpm (Gilson, USA). Samples were then collected
for further analysis.

2.5. COD measurement

COD measures the amount of oxidizable organic matter
in a wastewater sample. In an aqueous sample, organic
and oxidizable inorganic substances are oxidized by
potassium dichromate in a 50% (v/v) sulfuric acid
solution. The excess dichromate is titrated with standard
ferrous ammonium sulfate using orthophenanthroline
ferrous complex (ferroin) as an indicator.?! The sample
was reacted with acidic potassium dichromate in the
presence of a silver catalyst and digested for 2 hat 150°C.
Oxidizable organic compounds reduce dichromate ion
to chromic ion. COD values are expressed as milligrams
of oxygen consumed per liter of sample (mg/L).> The
COD was calculated according to the standard method
(Equation I):*!

[(4-B)xCx8000]-50D

COD /L)=
(mg ) Sample volume (mL)

x12 (1)

where A4 is the volume of ferrous ammonium sulfate
for the blank, B is the volume of ferrous ammonium
sulfate for the sample, C is the normality of ferrous
ammonium sulfate, D is the chloride correction from
the calibration curve, and 1.2 is a compensation factor
accounting for the extent of chloride oxidation, which
differs in systems containing organic and non-organic
material.

2.6. BOD measurement

The BOD, was measured following the standard method
established by the American Public Health Association
(5210 B) (http://standardmethods.org).?* BOD measured
in effluent samples over a 5-day incubation period at
25°C is referred to as BOD,. The procedure involves
filling an airtight bottle of the designated size with
the sample until it overflows and incubating it at the
specified temperature for 5 days. DO is measured at the
beginning and end of incubation, with BOD calculated
as the difference between initial and final DO levels.

BOD determination is an empirical test using
standardized laboratory procedures to assess the relative
oxygen demands of wastewater effluents and polluted
waters. It is most commonly applied to assess waste
loadings to treatment plants and evaluate BOD removal
efficiency in these systems.?? The test quantifies the
molecular oxygen consumed during a defined incubation
period for the biochemical degradation of organic
material (carbonaceous demand) and the oxygen utilized
for the oxidation of inorganic substances, including
sulfides and ferrous iron. The measurement may also
quantify oxygen used to oxidize reduced nitrogen forms
(nitrogenous demand), unless an inhibitor prevents their
oxidation. Seeding and dilution procedures yield an
estimate of BOD at a pH range of 6.5-7.5.%

For each test bottle exhibiting a minimum DO
depletion of 2.0 mg/L and a residual DO of at least
1.0 mg/L, BOD is calculated based on the following
formula (Equation II):*

(Dl _Dz)_(S)Vs
BOD (mg/L)= I (I

where D, is the DO of the diluted sample immediately
after preparation (mg/L), D, is the DO of the diluted
sample after 5 days of incubation at 20°C (mg/L), S is the
oxygen uptake of the seed (A DO/mL seed suspension
added per bottle; S = 0 if samples are not seeded), V is
the volume of seed in the respective test bottle (mL),
and P is the decimal volumetric fraction of the sample
used (1/P = dilution factor).

2.7. Statistical analysis

All results are presented as mean + standard deviation.
Figures were plotted using Origin 2022 (developer,
country). Analysis of variance was performed using
SAS version 9.1 (developer, country) to statistically
compare the effects of different doses of AC combined
with varying temperatures.

Volume 22 Issue 6 (2025) 136

doi: 10.36922/AJWEP025240198


https://dx.doi.org/10.36922/AJWEP025240198

Charcoal-adsorption of antibiotic fermentation broth

3. Results and discussion

3.1. Physicochemical properties

The physicochemical properties of the fermentation
broth, containing organic materials and cells of
S. pristinaespiralis, were evaluated (Table 2). The
broth was semi-transparent with a creamy-yellow color.
The total solids and sugars were 6.5 g/L and 3.84 g/L,
respectively, while the concentrations of K*, Na*, Mg*",
and Ca?* were 100, 150, 360, and 560 ppm, respectively.

3.2. Effects of AC dose and temperature on organic
materials

Biopharmaceutical wastewater typically exhibits
high BOD and COD levels due to the presence of
microorganisms and organic compounds. This section
discusses the application of different concentrations of
AC at varying temperatures to reduce COD and BOD
in pristinamycin fermentation broth. The pH of the
fermentation broth was 6.8. However, no significant
change was observed in the pH of treated effluents
following AC treatment (data not shown). Neither
increasing the AC dosage nor temperature significantly
affected pH values. This may be attributed to the use of
relatively low carbon concentrations, with the maximum
being 30 mg/L.

3.2.1. Effects of AC dose and temperature on COD

The application of 30 mg/L AC at 25°C to antibiotic
fermentation broth reduced COD from approximately
172,000 mg/L to 82,300 mg/L (Figure 1). COD
reduction was significantly higher (»p<0.05) at 30 mg/L
than at 10 mg/L. Treatments with 10 mg/L and 20 mg/L
AC did not yield significant reductions in COD relative
to the control group at 25°C (p>0.05). However,
increasing the treatment temperature to 50°C and
75°C for the 20 mg/L treatment led to significant COD
reductions (p<0.05), yielding residual COD values of
100,000 mg/L and 68,100 mg/L, respectively.

No statistically significant difference (p>0.05) was
observed between the 30 mg/L and 20 mg/L treatments
at 75°C, which achieved maximum COD reductions of
66% and 62%, respectively. The reduced adsorption
at elevated temperatures is primarily due to weak
interactions between the active sites of the adsorbent
and the adsorbate molecules.!** Farhadpour and Bono*
reported that acid extraction by granular AC and amine
groups is exothermic and decreases with increasing
temperature due to: (i) decreased adsorption affinity
for adsorbate molecules, (ii) a shift in equilibrium

Table 2. Physicochemical properties of the
fermentation broth effluent

Parameter Value
Color Creamy yellow
pH 6.8+0.11
Total solids (g/L) 6.5+0.20
Sugars (g/L) 3.8+0.15
Calcium ion (ppm) 560+5.46
Sodium ion (ppm) 360+4.89
Potassium ion (ppm) 150+2.33
Magnesium ion (ppm) 100+3.12
Zinc (IT) ion (ppm) 3.0+£0.25
Copper (II) ion (ppm) 0.1+£0.001
Chromium (IT) ion 0.1+0.001
(ppm)
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Figure 1. Effect of activated carbon dosage and
temperature on COD reduction in the pristinamycin
fermentation broth. Dosages of 10, 20, and 30 mg/L
were evaluated, with the control receiving no
activated carbon treatment.

Abbreviation: COD: Chemical oxygen demand.

toward the liquid phase, and (iii) enhanced desorption
in exothermic reactions.

Increasing the AC dosage resulted in greater COD
removal efficiency (Figure 1). Mullai and Rajesh’®
observed a similar trend, attributing the enhanced
efficiency to the abundant active sites present on
the charcoal surface, which facilitate the removal
of organic substances from fermentation broth.'
Umrantezcanun et al.’ investigated the effects of
adsorbent dose, pH, temperature, initial antibiotic
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concentration, and agitation duration on TC removal.
TC removal efficiency was temperature-dependent;
however, it improved with increasing adsorbent dose,
pH, initial antibiotic concentration, and agitation
duration. At 20°C, pH 5, with 0.15 g AC and an initial
TC concentration of 100 mg/L, the COD concentration
decreased from 1,000 mg/L to 88 mg/L after 24 h,
indicating a removal efficiency of 91.2%. Based on
these findings, AC adsorption of TC from wastewater
appears to be a viable treatment option.

3.2.2. Effects of AC dose and temperature on BOD
BOD quantifies the oxygen consumed by bacteria and
other microorganisms during the aerobic decomposition
of organic matter at a designated temperature.?
During the 5-day incubation period, the DO in the
antibiotic fermentation broth is primarily utilized for
the decomposition of organic matter. BOD, represents
the amount of DO consumed by microorganisms while
converting organic matter into carbon dioxide and
water. To reduce the BOD, of the fermentation broth,
samples were treated with AC at concentrations of
10, 20, and 30 mg/L, under temperature conditions of
25°C, 50°C, and 75°C for each treatment. The BOD;
was subsequently measured for each treatment group
and untreated samples. The results are illustrated in
Figure 2.

® Control
560 - ® 10mg/L
A 20 mg/L
—v—30mg/L
540 % /i
’TET s 7
w5204t
o
)
g
Q"’ 500
o
i
480
460 - T T
25 50 75

Temperature (°C)

Figure 2. Effect of activated carbon dosage and
temperature on BOD, reduction in the pristinamycin
fermentation broth. Dosages of 10, 20, and 30 mg/L
were evaluated, with the control receiving no
activated carbon treatment.

Abbreviation: BOD,: Biochemical oxygen demand
over 5 days.

The most significant decrease in BOD; occurred
when the broth was treated with 30 mg/L of AC at 25°C,
where the BOD reduction was significantly higher
(»<0.05) at 30 mg/L than at 10 mg/L. The treatment
reduced the BOD, from 536 mg/L in the untreated
sample to 487 mg/L in the treated sample (Figure 2).
Unlike COD, BOD reduction was temperature-
dependent, as the introduction of charcoal at 50°C or
75°C did not significantly decrease (p>0.05) the BOD;
of the fermentation broth. This may be attributed to
25°C being a biologically optimal temperature for BOD
testing, reflecting the natural decomposition of organic
waste in aquatic ecosystems. Elevated temperatures
(e.g., 75°C) facilitate procedures such as thermal
hydrolysis or COD testing but compromise BOD
analysis by killing the microorganisms essential to the
test.

Elevated BOD values indicate increased oxygen
depletion in the analyzed pristinamycin fermentation
broth. The BOD results indicate the oxygen demand
associated with pristinamycin organic waste discharge,
supporting the assessment of its impact on the oxygen
levels of the receiving water body. Data from BOD tests
may be used to establish treatment criteria for the design
of pristinamycin wastewater treatment facilities.*

Antibiotic fermentation broths produce effluents
containing residual antibiotics, organic byproducts,
and nutrients, which pose environmental risks by
potentially promoting antimicrobial resistance and
disrupting aquatic ecosystems. Pristinamycin, a
streptogramin antibiotic derived from the fermentation
of S. pristinaespiralis, results in effluents that contain
residual antibiotics, organic acids, and macromolecular
byproducts such as proteins and sugars. Effluents
containing pristinamycin pose environmental risks
due to their persistence and potential to disseminate
antimicrobial resistance genes.?” Adsorption using an
adsorbent material provides an effective treatment
method by utilizing its extensive surface area and
chemical affinity to capture pristinamycin and related
organic compounds. The processes involved in binding
antibiotics onto AC include hydrophobic interactions,
hydrogen bonding, and m—m interactions.”® The most
effective adsorption was observed at a pH range of
6—7, which closely aligns with the isoelectric point
of pristinamycin, thereby reducing electrostatic
repulsion.?” In this study, treatment with 30 mg/L of AC
at 25°C resulted in a 52% reduction in COD in antibiotic
fermentation effluent. Although lower than the findings
reported by Umrantezcanun et al.,'” this likely reflects
our ultra-low adsorbent dosage (30 mg/L) compared
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to their dosage (150 mg/L), as well as the resistant
characteristics of antibiotics.

Ranaweera et al.® reported that AC adsorption was
more successful in hospital wastewater, removing 50%
of total organic carbon compared to 34% in ordinary
wastewater. AC adsorption efficiently eliminated
COD from effluent at a dose of 2 g/L, with a clearance
rate of 66.2% in hospital wastewater and 65% in
ordinary sewage. This is consistent with the findings
from previous research, which reported a 55% COD
elimination at 3-5 g/L and over 90% at 16 g/L.»*%
Uniform outcomes across different wastewater types
illustrate AC’s adaptability in adsorbing a range of
organic molecules.

Consistent with earlier research, this study found that
AC effectively removed COD and BOD. According to
several studies, AC can effectively remove dissolved
organic matter (DOM) and can be further optimized
by doping or modifying commercial AC. For example,
Choi et al’' discovered that AC adsorbs TC more
efficiently than sulfonamides in synthetic wastewater,
but DOM interferes in high-DOM conditions. Zhou
et al** proposed that ferroferric oxide nanoparticles
could increase AC’s adsorption capacity. In addition,
Zhang et al** demonstrated that modified AC made
from petroleum coke had twice the adsorption capacity
of commercial AC, lending credence to this finding.
AC adsorption is extensively utilized in sewage
treatment processes. The capital expenditure and
operational expenditure associated with AC adsorption
are significantly influenced by plant capacity, system
configurations, and the removal or management of
the adsorbent.***” Due to the frequent requirement for
adsorbent replacement or regeneration, cost analyses
show that AC adsorption incurs substantial operational
expenditure but modest capital expenditure.*®*

The 52% COD removal achieved at 30 mg/L
demonstrates effective treatment performance; however,
the economic feasibility of large-scale application
is hindered by the costs associated with adsorbents.
Hybrid systems integrating biological pretreatment
with targeted charcoal application may achieve over
80% removal efficiency at approximately one-tenth the
cost. However, charcoal regeneration is feasible only
for facilities with a capacity exceeding 50,000 m*/day.

4. Conclusion

The traditional AC adsorption technique effectively
removed pristinamycin, demonstrating high adsorption

capacity and rapid kinetics. AC adsorption reduced
COD, BOD, and antimicrobial concentrations in
fermentation wastewater. Treatment of antibiotic
fermentation effluent with 20 mg/L of adsorbent material
at 75°C resulted in a maximum COD reduction of 62%.
Increasing the adsorbent material dose further enhanced
the COD removal efficiency. The most significant
decrease in BOD, occurred when the broth was treated
with 30 mg/L of AC at 25°C, achieving a reduction
of about 9.1%. AC effectively removes pristinamycin
from fermentation effluents, but process efficiency
depends on charcoal modification, pH, and effluent
complexity. Further studies are warranted to explore
the integration of adsorption with membrane filtration
or biodegradation, which could enhance selectivity
and cost-effectiveness while mitigating antimicrobial
resistance risks in a sustainable manner.
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