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Abstract

Metformin (MET) is an emerging pollutant that is frequently discovered in aquatic
ecosystems because it is incompletely digested after absorption in the human body, with
some dosages discharged in unaltered form through urine or feces. The study's goals are to
investigate MET stability in water and to assess the possibility of pumice-based zeolite for
treating MET pollutants. The hydrothermal process was used to create zeolites, which were
then characterized using Fourier Transform Infrared (FTIR) and X-Ray Diffraction (XRD).
A simple spectrophotometric approach for assessing the stability of MET in aqueous
solution under various circumstances was proposed. The metformin solution was shown to
be unstable in strong acid conditions (pH 2), as evidenced by the loss of the greatest
absorption peak in the 220-250 nm range. The stable metformin conditions in this
investigation were established at pH levels ranging from 6 to 10 and temperatures ranging
from 14 to 40 degrees Celsius. Furthermore, MET stability can be maintained for up to three
days of exposure. According to the adsorption results, zeolite absorption capacity (196 g/g)
was greater than pumice uptake capacity (87 g/g) in reducing metformin concentration.
Furthermore, the produced zeolite requires further modification to improve its adsorption
ability.
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Introduction

Metformin, also known as dimethyl-biguanide, is an anti-diabetic medication that has been proven
to be beneficial in the treatment of type 2 diabetes, polycystic ovarian syndrome (PCOS), and certain
cancers (Triggle et al., 2022). Metformin has become the most commonly prescribed medicine, with
150 million individuals using it each year as a result of its effectiveness (Bojani et al., 2023; Salovska
et al., 2023; Sayedali et al., 2023). Because metformin is poorly absorbed in the human body,
approximately 70% of doses are eliminated as an unaltered form through urine or feces (Rebecca et al.,
2023). Oosterhuis et al. (2013) previously observed metformin concentrations in home wastewater
ranging from 64 to 98 g/L, whereas its biodegradation product (guanylurea) was detected at 64 g/L.

Surface water concentrations were from 1.8 to 3.9 g/L. Kim et al. (2023) discovered metformin not
only in wastewater effluents but also in surface waters in their research. Metformin has a substantial
impact on aquatic ecosystems due to its potential as an endocrine disruptor, and it has emerged as an
emergent pollutant in the aquatic environment (Adegoke et al., 2022; Gu et al., 2023; Sousa et al., 2023;
Wu et al., 2023).

Adsorption, biological techniques using activated sludge, and advanced oxidation processes
(AOPs) such as ozonation, Fenton reaction, and UV photocatalysis have all been utilized to remove
metformin pollutants in wastewater (Balakrishnan et al., 2022). The biological method using activated
sludge is incapable of completely removing active pharmacological chemicals (PACs).

Martinez-Alcala and colleagues (2017) Meanwhile, ozonation and UV photocatalysis require a lot
of energy, which makes the process expensive (Fast et al., 2017; Liu et al., 2020). Adsorption, as an
alternative, has been regarded as a reliable technology and is widely recommended by experts to remove
PACs from surface waters due to its simple process, low cost, and convenience of operation (El-Fattah
et al., 2023; Nuri et al., 2019). Because it is particularly effective for the treatment of PACs, including
metformin, activated carbon is the most widely employed adsorbent (Ratham et al., 2023; Kalumpha et
al., 2020).
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Depending on the raw material, activated carbon has a wide pore size, an amorphous structure, and
many functional groups including various heteroatoms such as phosphorus, nitrogen, sulfur, hydrogen,
and oxygen (Demiral et al., 2021). These functional groups contribute to activated carbon's adsorption
characteristics for binding organic or inorganic materials. A fascinating study by Kalumpha et al. (2020)
indicated that activated carbon generated from zea mays could be used for metformin elimination with
up to 94% efficiency. Nonetheless, the restricted availability of raw material sources, as well as the high
energy consumption for synthesis, activation, and regeneration, are the limitations of activated carbon
as an adsorbent, making it difficult to apply on a broad scale (Wan Ibrahamin et al., 2021; Moosavi et
al., 2020). As a result, more research into the potential of natural materials with plentiful availability as

adsorbents for removing metformin from water is required.

Pumice is a natural material that has the potential to be utilized as an adsorbent. Because of its
location in the Pacific Ring of Fire, Indonesia has an abundance of pumice. According to earlier
research, the principal components of pumice are SiO2 and Al203, which can be used as starting
materials for zeolite synthesis (Toktams, 2023; Prajaputra et al., 2021). Prajaputra et al. (2019) proved
the capabilities of an Indonesian pumice-based zeolite as a methylene blue adsorbent, resulting in a high
percentage removal when compared to pumice after adsorption and degradation procedures. To the best
of our knowledge, no research has been conducted on the use of pumice-based zeolite to eliminate
medication pollutants in water, such as metformin, particularly in Indonesia. As a result, the potential
of this substance remains unknown. Thus, the efficiency of an Indonesian pumice-based zeolite for
treating metformin in aqueous solution was studied in this study. Metformin stability was first assessed
under a variety of circumstances, including pH, temperature, and exposure time..

Methods

Materials

Pumice samples were collected in Suwung, Bali, Indonesia. According to Prajaputra et al. (2021),
pumice from Suwung includes up to 63.45% SiO2 and 17.24% Al203. The acquired sample was dried
and crushed through a normal 100 mesh screen. It was then employed as a starting material for zeolite
production using the schematic approach shown in Figure 1. Metformin (C4H11N5) and sodium
hydroxide (NaOH) were two compounds obtained at Universitas Syiah Kuala Lumpur's chemistry

laboratory.
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Figure 1 depicts a simplified zeolite synthesis technique

MET Solution and Stability Test Preparation

By dissolving up to 5 mg of metformin in 100 mL of distilled water, a 50 mg/L metformin stock
solution was created. After then, the solution was diluted into numerous concentrations (2, 4, 6, 8, and
10 mg/L). The absorbance of a 10 mg/L metformin solution was scanned in the 220-400 nm range
using a UV-Vis spectrophotometer to determine the maximum wavelength of metformin.

Metformin solution with a concentration of 10 mg/L was tested for stability in numerous test tubes
under various settings, including pH (2, 6, and 10) and temperature (14, 28, and 40 oC) with a three-
day exposure time. A UV-Vis spectrophotometer was used to measure the final concentrations for
each condition. Metformin solution was judged stable if the maximum absorption peak created
matched the maximum absorption peak before the treatment process and the concentration did not

fluctuate considerably.
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Pumice-Based Zeolite Synthesis

According to a prior study conducted by Prajaputra et al. (2021), the synthesis of pumice-based zeolite
was carried out utilizing a simple hydrothermal treatment. In general, 10 g pumice was combined in a
microwave container with 80 mL of 3.0 M NaOH solution. For 30 minutes, the liquid was vigorously
mixed closed conditions, and then cooked for a day in a dried oven at 100 oC. After that, the solid
phase was removed and the solution was washed many times with distilled water until the pH reached
8. The solid phase was heated again for 12 hours at 100 oC to generate zeolite crystals, which were
subsequently analyzed using FTIR and XRD.

Adsorption Test MET
The adsorption test was performed to determine the ability of a pumice-based zeolite to remove
metformin from an aqueous solution. A test tube containing 10 mL of metformin solution with varying
concentrations (2, 4, 6, 8, and 10 mg/L) was filled with 50 mg of zeolite. The adsorption procedure
took three hours. The mixture was then centrifuged at 4000 rpm for 5 minutes before being measured
with a UV-Vis spectrophotometer. The zeolite uptake capacity (ge, in mg/g) to remove metformin was
estimated using Equation 1.

CO - Ce

m

Qe = v

Where CO is the initial metformin concentration (mg/L), Ce is the final metformin concentration in
equilibrium (mg/L), m is the adsorbent dosage (g), and v is the volume of solution (L).

Results and Discussion

pH and temperature effects on MET stability

The first metric we looked into was pH, which is significant in determining the stability of
chemical compounds in solution. Metformin solution has an initial pH of 6 and a maximum
wavelength of 233 nm, according to a UV-Vis spectrophotometer. We used this maximum wavelength
to create the standard metformin curve using a linear correlation between absorbance and
concentration, which produced good linearity with a correlation coefficient of 0.9979. The original pH
of metformin was altered to 2 and 10 by adding a few drops of HCI or NaOH to investigate the
influence of pH on metformin solution stability.

Figure 2 depicts metformin spectra at pH 2, 6, and 10. Metformin solutions at pH 6 and 10
displayed an absorption peak in the area of 220-250 nm, which was the characteristic peak of
metformin, according to the spectra. After increasing the pH of the metformin solution to 10, the final
metformin concentration remained consistent with the initial metformin concentration. Majithia et al.
2020 discovered a metformin absorption peak in the 220-250 nm region, with a maximal wavelength
of 233 nm. However, when the pH was increased to a high acid state, particularly at pH 2, the
absorption peak was lost. The metformin concentration reduced dramatically from 10 mg/L to 2.64
mg/L as a result of this situation. We predicted that the metformin structure would be protonated under
highly acidic circumstances, beginning with the two amino groups, causing the metformin absorption
peak to go undetected.
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Figure 2. pH and temperature effects on MET stability (C;=10 mg/L, T=28 °C, pH=6)
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Figure 3. pH and temperature effects on MET stability (Co=10 mg/L, T=28 °C, pH=6)
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The next parameter to consider when determining metformin stability in solution is time exposure.
The effect of time on metformin solution (pH 6) was studied at room temperature (28 oC) for 1, 2, and
3 days. Figure 3 depicts the absorption spectra of metformin over a period of many days. In general, the
absorption peaks in all of the obtained spectra are comparable. It is reasonable to believe that the
metformin solution stayed steady until the third day. Temperature is the final characteristic utilized to
determine metformin stability. At room temperature, metformin solution has an initial temperature of
28 oC. This temperature was then altered to 14 degrees Celsius and 40 degrees Celsius by placing
metformin solution in a refrigerator and a tiny oven, respectively. Each solution was allowed to sit for
three days. Figure 4 depicts a comparison of metformin absorption spectra at 14 oC, 28 oC, and 40 oC.
Because of the identical creation of absorption peaks, the data show that metformin solutions were stable
at 14 to 40 oC. This finding was supported by Sharma et al. (2010), who discovered that metformin was
stable in water at temperatures ranging from 30 oC to 80 oC and only degraded by 10% after more than
eight days.
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Figure 4. pH and temperature effects on MET stability (Co=10 mg/L, t=3 days, pH=6)

Characterization of Materials

The XRD patterns for both samples are shown in Figure 5. These results revealed that the mineral
phases of the pumice samples had been considerably changed by the alkaline addition. A pumice
sample's XRD pattern reveals that it is primarily made of amorphous components with no discernible
peaks. However, after being treated with alkaline solution and then subjected to a hydrothermal
procedure, the pumice sample produced peaks at 12.460, 17.660, 21.670, 28.100, 33.380, 38.010, 42.20,
and 46.080, which are typical of Na-P1 zeolite with a crystallinity percentage of 55.28%. For
comparison and confirmation, Na-P1 zeolite phases with 2 degree = 12.460, 17.660, 21.670, 25.080,
28.100, 30.840, 35.760, 38.010, 40.150, 42.200, 44.180, 46.080, and 49.720 from the International
Zeolite Association (1ZA) are utilized.

The FT-IR spectra of both materials from 500 cm-1 to 4,000 cm-1 are shown in Figure 6. Peaks in
the pumice sample have been attributed to bending vibration of Si-O-Si bonds, symmetric stretching
vibration of Si-O-Si in (SiO4)2- groups as a characteristic peak, bending vibration of H-O-H bonds, and
asymmetric stretching vibration of O-H bonds, respectively.
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Figure 5. XRD patterns of Na-P1 zeolite and pumice
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Figure 6: FTIR spectra of Na-P1 zeolite and pumice

Adsorption Test MET

Pumice and zeolite were tested for their ability to remove 10 mL of metformin solution (pH 6) with a
concentration of 10 mg/L for 3 hours at room temperature. Figure 7a depicts the adsorption capability
of both materials, as well as their absorption spectra following adsorption (Figure 7b). The findings
demonstrated that pumice has a lower adsorption capacity than zeolite for absorption of metformin from
solution. It is possible that this is due to the presence of contaminants, which also affect the active side
of pumices. This notion is corroborated by a prior investigation that found the original pumice to be
impure and to have a low adsorption capability (Ersoy et al., 2010). Pumice was converted to zeolite,
which resulted in the formation of additional silanol groups, which immediately enhanced the active
side on its surface. As a result, zeolite outperformed pumice in terms of metformin elimination. Pumice
and zeolite had absorption capacities of around 0.087 mg/g and 0.196 mg/g, respectively.
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Figure 7. (a) the adsorption capacity of pumice and zeolite, (b) the change in absorption spectra, and
(c) the influence of MET concentration on the adsorption capacity of Na-P1 zeolite.

The effect of initial metformin concentration was studied utilizing the synthesized zeolite in
multiple metformin concentrations ranging from 2 to 10 mg/L. Figure 7c depicts the results. The figure
shows that increasing the starting concentration enhanced the uptake capacity. In the concentration range
of 8 to 10, there was a marginal improvement, with uptake capacities of 0.185 mg/g and 0.196 mg/g,
respectively.

The Study of Equilibrium

To explore the metformin adsorption process on the adsorbent, two isotherm models, Freundlich

and Langmuir, are used. The Freundlich isotherm model employs heterogeneous adsorbent surfaces,

whereas the Langmuir isotherm model employs homogeneous surfaces. Both isotherm models can be
used to describe whether or not the adsorption process Freundlich equation model:

(3) log ge =1 log Ce + log kF

Where gm is the maximum adsorption capacity (mg/g), kL is the Langmuir equilibrium constant (L/g),
kF is the Freundlich equilibrium constant (L/g), and n is the Freundlich exponent.
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Figure 8: Langmuir and Freundlich adsorption isotherm models.

The equilibrium investigation of metformin adsorption onto pumice zeolite was performed by
mixing 50 mg of zeolite in 10 mL of metformin solution with concentrations ranging from 2 to 10 mg/L
(pH 6) at room temperature for 3 hours. The final metformin concentrations were then determined. The
adsorption isotherm curves of the Langmuir and Freundlich models are shown in Figure 8. The
correlation coefficient value (R2) of the Langmuir equilibrium model (0.9682) was greater than that of
the Freundlich equilibrium model (0.9648). The maximal adsorption capacity (gm) was found to be
around 241 g/g. This data suggested that metformin adsorption onto zeolite was caused by physical
contact on homogenous surfaces. The effectiveness of zeolite in lowering metformin concentrations can
still be enhanced, particularly by altering the pH, adsorbent dosage, and adsorption period in the
adsorption test. As a result, the ability of zeolites to remove metformin needs to be explored further
utilizing these parameters in order to reach the optimal circumstances with a significantly higher
percentage of metformin removal.

Conclusion

Metformin stability in solution was determined using a UV-Vis spectrophotometer, and its
adsorption onto pumice-based zeolite was examined. Metformin solution was shown to be stable at pH
levels ranging from 6 to 10 and temperatures ranging from 14 to 40 degrees Celsius. Metformin solution
stability can be maintained for up to three days; however, this medication proved unstable under high
acid conditions. With an absorption capability of 196 g/g, zeolite was able to eradicate metformin from
the solution, whereas pumice was only around 87 g/g. Although zeolite displayed superior adsorption
to pumice, more modification was required to improve zeolite adsorption. The Langmuir model
(R2=0.9682) accurately characterized the equilibrium model and demonstrated that the adsorption
process was a physical interaction on homogenous surfaces.
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