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Heavymetals create serious health problems, so the practical implementation and

development of low-cost sorbent materials to remove heavy metals from the

ecosystem is a worldwide issue. The purpose of this study is to find a low-cost

ligand that has the potential to adsorb heavy metals from aqueous and soil

samples and also has biological potential. For this, a Schiff base, dimeric

o-toluidine (SBL), has been synthesized through condensation, characterized

by spectroscopic analysis, and had its biological activities measured. We also

studied its adsorption efficiency through a batch technique to remove Zn(II), Co(II),

and Cu(II) from aqueous and soil samples under different conditions such as metal

ion concentration, pH, contact time, and SBL concentration. The adsorption

potential of SBL was analyzed by the Langmuir and Freundlich adsorption

isotherms. The values of correlation coefficients revealed that the Freundlich

isotherm elucidated results that were more appropriable than the Langmuir

model. Adsorption equilibrium was established in 90 min for aqueous samples

and in 1,440 min for soil samples. For the maximum adsorption of all metals, the

optimum pHwas 8, and it showed a capacity to remove 77 to 95 percent of metals

from the samples. The maximum adsorption capacity (qmax) of SBL were 75.75,

62.50, and 9.17 mg g-1 in the case of Cu(II), Zn(II), and Co(II) ions, respectively, from

aqueous samples and 10.95, 64.10, and 88.49 mg g-1 in the case of Zn(II), Cu (II),

and Co(II), respectively, from soil samples. The effectiveness of SBL in the sorption

of the selected metals was found to be Cu+2
> Zn+2

> Co+2 for aqueous samples

and Co+2
> Cu+2

> Zn+2 for soil samples. The antimicrobial activity of SBL was also

investigated. The results revealed that SBL showed moderate inhibitory activity

against Staphylococcus dysentria, C. albican, and Aspergillus niger, whereas it

exhibited weak activity against S. aureus, P. aureginosa, K. pneumoniae, P. vulgaris,
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and E.coliwhen compared to Fluconazole and Ciprofloxacin as the standard. Acute

toxicity of the synthesized compound was measured through its daily oral

administration with various doses ranging from 0.1 to 1,000mg/kg of the mice’s

body weights. Even at the dose of 1,000mg/kg, the SBL showed nomortality or any

type of general behavioral change in the treated mice. Based on preparation cost,

metal removal capacity, toxicity, and antimicrobial activities, SBL is an excellent

sorbent and should be studied at pilot scale levels.

KEYWORDS

Schiff base, low-cost sorbent, metal ion adsorption, antimicrobial activity, acute oral

toxicity

1 Introduction

Heavy metals cause toxic effects on human health and the

environment. They are among the most common environmental

pollutants and release in the environmental segments from both

sources (natural and anthropogenic). Heavy metals are

accumulating, depositing, and distributing in natural ecosystems,

such as water and soil, at a very high rate and affecting organisms of

all kinds (Gong et al., 2009; Kavamura and Esposito, 2010; Udeigwe

et al., 2011; Xu et al., 2012; Hu et al., 2013; Zeng et al., 2013a; Zeng

et al., 2013b; Tang et al., 2014; Chen et al., 2015; Islam et al., 2015;

Das et al., 2022). Therefore, the extraction of heavy metals from

water and soil is a matter of great importance (Bhargava and Uma,

2018; Zhang et al., 2020). There are a wide range of conventional and

modern methods, such as adsorption (Sun et al., 2012; Sun et al.

2013; Sun et al. 2014a; Sun et al. 2015; Zou et al., 2015; Sun et al.,

2016a; Sun et al., 2016b), chemical precipitation (Matlock et al.,

2002; Meunier et al., 2006; Roman-Ross et al., 2006), membrane

(Gao et al., 2014), solvent extraction (Li et al., 2012), electrochemical

treatment (Meunier et al., 2006), electro dialysis (Meunier et al.,

2006), ion-exchange (Oehmen et al., 2006; Azarudeen et al., 2013),

reverse osmosis (Akin et al., 2011), ultra-filtration (Zondervan and

Roffel, 2007), oxidation/reduction (Ramos et al., 2009; Sun et al.,

2014b; Ding et al., 2015), and evaporative recovery (Bouhamed et al.,

2012) that have been used to remove toxic heavy metals (Gusain

et al., 2019; Naeimi et al., 2022). From all of the known treatment

techniques, adsorption is a widely employed method because it

offers flexibility in design and operation and usually produces high-

quality effluent after treatment (Hu et al., 2015; Ihsanullah et al.,

2016). The other reasons for using adsorption methods are:

GRAPHICAL ABSTRACT
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adsorption is usually a reversible process and adsorbent materials

can be regenerated using a suitable desorption method. Therefore, it

is a more economical process (Fu and Wang, 2011). Adsorption is

basically a transfer process in which a material is moved from the

liquid to the solid phase by physical and chemical interactions (Babel

and Kurniawan, 2003). As low-cost adsorbents that develop a more

economical and efficient treatment method (Gupta, Khan, and

Singh, 2021), Schiff bases are great adsorbents for the extraction

of heavy metal ions due to their excellent ligand nature and capacity

of forming complexes (Tighadouini et al., 2021; Cyril et al., 2022). To

remove the dissolved heavy metal ions, a batch technique was used

under various conditions, such as contact time, pH, and temperature

(Shahmohammadi-Kalalagh, 2011; Hassan et al., 2013; Alluhaybi

et al., 2022).

Here, we report the synthesis of a Schiff base (SBL) using low-

cost starting materials, characterization, and its potential to remove

Co(II), Cu(II), and Zn(II) metals from aqueous and soil samples

under the studied conditions. We also report on the antimicrobial

activities of SBL against two fungi, namely, C. albican and A. niger,

and six bacteria, namely, S. dysentria, P. aureginosa, S. aureus, K.

pneumoniae, E.coli, and P. vulgaris, as well as on the in-vivo acute

toxicity on mice.

2 Materials and methods

The dimeric o-toluidine and 3-nitrobenzaldehyde were

purchased from Daejung, Republic of Korea, and acetic acid and

ethanol were purchased from Merck. Thin layer chromatography

(TLC) was performed on a silica gel-coated aluminum sheet and

purchased from E. Merck, Germany. TLC was observed under a UV

lamp at 254 and 366 nm. The FTIR spectrum was obtained using a

Jasco-320-A spectrometer by KBr pellets. 1H NMR spectrum was

recorded on a Bruker-AV-400 spectrometer and reported in ppm

(δ). The FAB-MS spectrum was obtained using a JEOL-600H-

2 spectrometer, in m/z (%).

2.1 Synthesis of Schiff base

3-Nitrobenzaldehyde (141.8 mg, 0.97 mmol) and o-toluidine

(100 mg, 0.47 mmol) were dissolved in ethanol followed by the

addition of a few drops of acetic acid as a catalyst. The mixture was

stirred for an hour and then refluxed for 2 h. Subsequently, the

reaction mixture was cooled to 4°C to obtain the precipitated

product. The product was filtered off, washed with ethanol, dried

in a vacuum oven at 40°C, and then recrystallized with ethanol. The

purity was assessed by thin-layer chromatography Scheme 1.

2.2 Adsorption behavior of metal ions on
Schiff base

2.2.1 Aqueous medium
The adsorption potential of the Schiff base (SBL) for Cu, Co, and

Zn metals in an aqueous medium was measured using various

pH values at room temperature to check the effect of pH on

adsorption. For this purpose, metal ion solutions of 100 mg/L

(10 mL) were agitated with 0.1 g of dry Schiff base for 1 hour at

150 rpm. Solutions of different pH ranges of 2–12 were adjusted

with the help of buffers. Similarly, the contact time required for

metal uptake from the solution was measured by agitating 100 mg/L

of metal ions solutions (10 mL) with 0.1 g of SBL in a series of

stoppered flasks at pH 8, room temperature, and at 150 rpm via

mechanical shaker. For this, various exposure times were studied,

including 5, 15, 30, 60, 120, 300, and 1,440 min. The metal ions

uptake capacity of SBL was assessed using 0.1 g of SBL in a series of

flasks containing different concentrations of metal cations from

10 to 250 mg/L at pH 8. Under the same conditions (agitation speed

and time) the effect of SBL dosage (0.1, 0.25, 0.5, 1, 1.25, 1.5, and 2 g)

on metal ions removal from the solution was also studied. After a

specific time of exposure and agitation, the solutions were filtered off

and digests were prepared to calculate the metal ions concentration.

2.2.2 Soil
The soil used in this study was collected from 0–1.5 m beneath

the ground surface of the Dasht area of the province of Balochistan,

Pakistan. Three soil samples (each weighing 0.5 kg) were separately

spiked with the salt solutions of CuCl2, ZnCl2, and CoCl2. To

prepare synthetic contaminated soil in the laboratory with good

homogeneity having a consistent concentration of heavy metals, the

soil was equilibrated for 2 weeks followed by 2 months of drying in

an oven. The homogenized soil samples were stored in a refrigerator

for experimental studies. The synthetic polluted soil was digested

SCHEME 1

Synthesis of 1E,1′E)-N,N’-(3,3′-dimethyl-[1,1′-biphenyl]-4,4′-diyl) bis (1-(3-nitrophenyl) methanimine.
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with a 3:1 ratio of HCl and HNO3 before and after remediation

experiments for the detection of the total concentration of metal ions

using Atomic Absorption Spectrometry (AAA-1400 Thermo). Batch

experimental procedures were adopted for the heavy metals removal

from polluted soil by keeping at the required exposure time and

metal ion concentration at constant pH and temperature. In the

batch experiments, 25 mL of suspensions were prepared in water

using 1 g of air-dried contaminated soil and 0.1 g of SBL and agitated

at 25°C ± 2°C and 200 ± 5 rpm on a rotary shaker to prevent the

occurrence of any sedimentation.

The % removal in both cases (aqueous and soil) was calculated as

follows:

%Removal � Co − Ce( )/Co × 100

Where Co and Ce are the initial and final metal ion concentrations at

equilibrium, respectively.

2.3 Antimicrobial activities

To assess the antimicrobial potential of SBL, the well diffusion

methodwas adoptedwith somemodifications (Egorov, 1965). The spore

suspension of the test strains, Escherichia coli, Proteus vulgarus,Klebsiella

pneumonia, Pseudomonas aeruginosa, Shigella dysenteriae five Gram-

negative bacteria, S. aureus, a Gram-positive bacteria, and A. niger and

Candida albicans, two yeasts, were prepared in 9.0 mL of 0.9% of a sterile

saline solution. For bacterial growth, a solid nutrient agar (beef extract

3.0, peptone 10.0, and agar-agar 20.0) and, for yeast, Sabouraud dextrose

agar (peptone 10.0, dextrose 40.0, agar-agar 15.0), were sterilized and

divided while warm (45:40°C) in 15mL portions among sterile Petri

dishes with diameters of 9.0 cm. A spore suspension of 1 mL was placed

on the surface of the solid media in the Petri dish and spread all over the

surface. Then each dish was loaded with 20 µL from each concentration

of SBL per 5 mm hole. The Petri dishes were incubated at 5°C for 2 h to

permit good diffusion and then transferred to an incubator at 37°C for

tested bacteria and at 30 °C for 72 h for tested yeast.

2.4 Toxicity test

The acute toxicity was performed by following the test guidelines

of OECD 423, an international organization that develops better

policies and protocols for animal studies (OECD, 2002). Toxicity

studies were carried out at the National Institute of Health (NIH,

Islamabad, Pakistan). The experimental protocol and procedures

used in this study were approved by the IBC (Institutional Bioethical

Committee), SBKWU, Quetta. There were 24 albino mice weighing

32–34 g that were divided into four groups, each consisting of six

animals. Group 1 was the control and these mice were fed daily with

a normal laboratory diet and water, while Group 2–4 were treated

with SBL. The SBL was given orally using the various dosages of1,

500, and 1,000 mg/kg of body weight, respectively. Animals were

observed for their morphological and physical behavior as well as for

mortality. The sub-acute oral toxicity was investigated by measuring

the body weight of each animal of Group 1–4 after intervals of every

5 days. All six animals from each group were euthanized using

ketamine and xylazine (10 mg/kg) after 15 days for hematological

and biochemical studies (Lupașcu et al., 2021; Maia et al., 2022;

Aroua et al., 2022).

The relative weight of organs (kidneys and liver) was also

calculated, by carefully dissecting the organs and weighing them

separately, using the following equation:

Relative organ weight

�
Absolute weight of organ in grams

Body weight of mice on day they were euthanized
× 100

3 Results and discussion

3.1 Characterization of the SBL

SBL was obtained as a yellow powder in 81% yield. The

compound was characterized via UV, IR, 1H NMR, and FAB-MS

spectral measurements. FAB-MS showed the molecular ion peak

[M-H]+at m/z 477.4, confirming the molecular formula

C28H22N4O4. The FTIR spectrum exhibited a new peak at

1,621 cm−1, suggesting the formation of imine moiety. The UV

spectrum displayed the absorption maxima in nm for SBL at 440,

371, 294, and 245. The 1H NMR (AV-400 MHz; DMSO) spectrum

showed the most downfield singlet at δ 8.78 for azomethine proton,

further supporting the successful synthesis of SBL. The aromatic

protons of SBL were displayed at δ 7.26–8.39. Whereas, the methyl

protons of the dimeric o-toluidine appeared as a singlet at δ 2.66.

3.2 Adsorption potential of SBL towards
metal cations

3.2.1 Metal ions removal from aqueous samples
3.2.1.1 Initial solution pH effect on removal efficiency

The initial pH value of the metal ion solution is an important

controlling factor in the adsorption process because it has

FIGURE 1

pH versus the rate of metal ion uptake (operating conditions:

adsorbent dose 0.1 mg, contact time 1.5 h, metal ions concentration

100 ppm, and temperature 25°C).
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considerable influence on the solubility of metal cations, on the

concentration of opposite ions, and the ionization of surface active

sites of the adsorbent (Amin et al., 2020). To examine the initial

pH effect on the adsorption efficiencies of Cu(II), Co(II), and Zn(II)

by SBL, the pH of the test solutions was varied from 2.0 (extremely

acidic) to 12.0 (extremely basic) using suitable buffers. As depicted

in Figure 1 the removal of ionic Cu, Co, and Zn depended greatly on

the pH of the test solutions; the adsorption potential was increased

as the pH was increased from 2–8. However, little change was

observed with increasing pH above 8. This trend was expected, as the

acidic pH can affect the metal ions sorption on the adsorbent

because the H+ ions could compete with the metallic cations for

the binding sites present on the surface of the sorbent material. Also,

under strong acidic environments, the active functional group of the

sorbent becomes protonated; thus creating an electrostatic repulsive

force between positively charged metallic ions and the sorbent’s

active functionality, whichmay prevent the adsorption of metal ions.

On the other hand, a higher basic pH of pH > 8 caused the sorption

potential to decrease due to the formation of hydroxides of the small

metallic cations (Hassan et al., 2013). Considering the deposition of

metal hydroxides at high basic pH, pH 8 was found to be the

optimum pH value for this metal uptake study.

3.2.1.2 Contact time effects on removal efficiency

The sorbent-sorbate interacting time required for the

maximum adsorption potential is another key parameter to be

optimized in order to understand the equilibrium condition. The

effect of exposure time for the sorption of Cu(II), Co(II), and

Zn(II) at pH 8, initial metal ions concentration 100 mg/L, and

0.1 g of SBL was studied as presented in Figure 2 The equilibrium

sorption time was 1.5 h. The maximum uptake efficiency at the

equilibrium time was 90% for Cu+2, 85% for Co+2, and 75% for

Zn+2. Initially, adsorption was rapid due to the easy accessibility

of vacant active sites of the adsorbent. Thereafter, it slowed down

or stayed constant once the equilibrium was reached owing to the

repulsive forces between the adsorbed metallic ions on the

adsorbent surface and bulk phases (Sheikh et al., 2021). The

removal efficiency of Cu (II) was found greater as compared to Co

(II) and Zn (II) with respect to the exposure time. This was

possibly due to the interaction of metallic ions to the surface

functional group of the sorbent as the pollutant removal

efficiency is solely associated with the nature of the

functionalities of the adsorbent (Amin and Chetpattananondh,

2019). Hence, at 90 min, the sorption of the investigated metal

ions was found to be at a maximum level. Therefore, further

experiments were subsequently conducted at this optimized

equilibrium time.

FIGURE 2

Contact time versus percentage of metal ion uptake (operating

conditions: adsorbent dose 0.1 mg, pH 8, metal ions concentration

100 ppm, and temperature 25°C).

FIGURE 3

Schiff base weight versus the rate of metal ion uptake (operating

conditions; metal ion concentration 100 ppm, pH 8, contact time

1.5 h, and temperature 25°C).

FIGURE 4

Initial metal ion concentrations versus the rate of metal ion

uptake (Operating conditions; Adsorbent dose 0.1 mg, pH 8, contact

time 1.5 h, and temperature 25°C).
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3.2.1.3 Adsorbent dosage effects on removal efficiency

The effect of SBL dosage on the selected metal ion sorption was

studied. Different weight values of SBL (0.1–2 g) were used by

adding a definite amount of solid test adsorbent to the 10 mL

solution containing the definite initial concentration of the test

metal ions (100 mg/L). The outcomes of the experiment are

presented in Figure 3. As can be seen, the optimized SBL weight

was 0.1 g and exhibited maximum sorption efficiency of 80% for Co

(II) and 70% for Cu (II) and Zn (II) ions. It can also be seen that the

increased quantity of SBL from 0.1 g did not significantly influence

the sorption percentage. This could be associated with the excess

amount of the sorbent preventing the metallic cations from

approaching the active sites of the adsorbent (Sharef and Fakhre,

2022).

3.2.1.4 Initial solution concentration effects on removal

efficiency

The effect of initial concentrations of metal ion solutions on

the adsorption behavior of the synthesized SBL was investigated

and the data obtained are depicted in Figure 4. The metal removal

mechanism particularly depends on the initial concentration of

the corresponding metal ions. At low concentrations, metal

remedial efficiency is high because at lower concentrations the

ratio of the surface functional group of the sorbent to the total

ions present is high; therefore, the probability of interaction

between sorbent and metal cations is high, hence leading to

the higher sorption rate. Whereas, with increasing metal

cation concentrations the active sites become rapidly saturated

as the quantity of the sorbent remained constant (Ahmed et al.,

2019). Similar outcomes were reported for the sorption of metal

ions on a cross-linked Schiff base (Monier et al., 2010).

3.2.2 Metal ions removal from soil samples
3.2.2.1 Exposure time and initial solution concentration

effects on removal efficiency

Contact time is an important factor because this parameter

determines the equilibrium condition of the adsorption process.

The exposure time for the adsorption of metal ions by SBL was

studied for 120 h. The effect of varying initial concentrations of

adsorbate ions was also investigated using 1, 10, 100, and 500 mg/

L of Zn(II), Cu(II), and Co(II) on SBL at pH 8. Figures 5A–C

demonstrate the removal percentage of metal ions by SBL as a

function of contact time and initial concentration of the

abovementioned metal ions. As shown in the aforementioned

figures, all metal ions follow almost similar adsorption trends.

Also, it is observed that initially the removal percentage of each

metal ion is zero and increases considerably in a short contact

time then ends up with very minor or no change in adsorption.

The quick initial change is because of the presence of several

active sites, which consequently create a concentration gradient

between metal ions in the solution and binding sites at the

adsorbent. Over time, this concentration is decreased due to

the saturation of active sites and hence the adsorption is

decreased (Sheikh et al., 2021).

The time required to achieve equilibrium depends on the

initial metallic ion concentration means; at a lower initial

concentration, the system achieves equilibrium in a short

period of time. At 1 mg/L initial concentration, the time to

reach the equilibrium point is approximately 12 h for all three

metal ions. In the cases of 10, 100, and 500 mg/L initial

concentrations, the equilibrium time was 24 h for Cu(II),

FIGURE 5

(A–C) Percentage removal of Zn(II), Cu(II), and Co(II) versus initial

concentration and contact time from soil samples (Operating

conditions: adsorbent dose 0.1 mg, pH 8, and temperature 25°C).
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Co(II), and Zn(II). Therefore, the recommended experimental

test time for the removal of all three metal ions was 24 h. The

experimental results were in line with the results from a previous

research (Shahmohammadi-Kalalagh et al., 2011).

3.2.3 Adsorption isotherms study for aqueous and
soil samples

The equilibrium adsorption data of Zn(II), Cu(II), and Co(II)

ions on to the test sorbent SBL was analyzed using the Langmuir

and Freundlich models, as demonstrated in Figures 6A–F;

Figures 7A–F for water and soil samples, respectively. As

shown in Table 1 for aqueous samples; Table 2 for soil

samples, the R2 of the Freundlich isotherm was greater than

the Langmuir isotherms for the adsorption of the three

investigated metal ions, indicating that the adsorption data

were well fitted with the F. isotherm. According to the

assumption of the isotherm model, the sorption of the selected

metal ions onto the applied sorbent SBL occurred as a multilayer

on a surface that was heterogeneous in adsorption affinity.

Furthermore, the sorption isotherm of the three metal ions on

the SBL was chemical in nature because the value of n for each

metal ion was greater than 1 (Es-said et al., 2020; Balkaya and

Cesur, 2008; Jiang et al., 2002), and 1/n less than one showed the

SBL had a heterogeneous surface with equal energy in all sites

FIGURE 6

(A–F) Langmuir and Freundlich isotherm sorption models of Zn(II), Cu(II), and Co(II) on SBL from aqueous samples.
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FIGURE 7

(A–F) Langmuir and Freundlich isotherm sorption models of Zn(II), Cu(II), and Co(II) on SBL from soil samples.

TABLE 1 Parameters for Freundlich and Langmuir isotherms (aqueous samples).

Metal ions Freundlich isotherm Langmuir isotherm

1/n Kf(L/g) R2 Qm (mg/g) KL (L/g) RL R2

Zn(II) 0.7436 0.0056 0.9742 −62.5000 −0.0105 −0.9138 0.8529

Cu(II) 0.9145 0.0023 0.9645 −75.7570 −0.0099 −1.0214 0.9230

Co(II) 0.1257 0.1472 0.9799 −9.1743 −0.0236 −0.2867 0.9242
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(Mishra et al., 2008). These findings affirmed the assertions

reported in related studies (Ogbozige et al., 2020; Es-said

et al., 2020).

The most essential parameter of the Langmuir isotherm is the

separation factor (SF), also called the dimensionless constant.

The SF values for the three metal ions on SBL at metal ion

concentrations of 1 mg/L and 2000 mg/L were studied and are

presented in Tables 3; Table 4 for water and soil samples,

respectively. The SF values were less than unity for all the

metal ions from both samples, demonstrating the favorable

potential of the sorbent SBL for the selected metal ions

uptake; similar findings were observed in other studies (Sharef

and Fakhre, 2022).

3.3 Antimicrobial activity

Antimicrobial efficacy of the prepared Schiff base was

checked against P. aeruginosa, S. aureus, K pneumonia, E. coli,

S. dysenteriae, and P. vulgarius bacteria, and against A. niger and

C. albicans yeast, as presented in Table 5. The results showed that

the Schiff base was moderately active against S. dysentriae, P.

vulgaris, C. albican, and A. niger, and slightly active against

P.aureginosa, S.aureus, K. pneumoniae, and E.coli as compared

to the standard drugs Ciprofloxacin and Fluconazole.

3.4 Toxicity

The toxicity of the Schiff base was measured on mice. The 15-

day toxicity study on mice showed that there were no signs of

changes in behavior, skin color, eyelids, food and water intake, and

sleep routine. Table 6

Furthermore, no symptoms of mortality or toxicity were

observed. All experimented groups of mice survived till the

completion of this study (Table 7), which indicates that no

disorder was created in the levels of proteins, carbohydrates, or

metabolism of fat (Jothy et al., 2011).

The gradual increase in body weight was registered in both the

control and treated groups with no significant difference. Table 7

showed that SBL has negligible acute toxicity on the growth of the

mice and similar findings were reported previously on Schiff bases

(Saremi et al. (2020)). Concerning body weight, no significant

variations were observed in organ and relative organ weight of

the liver and kidney (Table 8). The organ weight increase is an

indicator of nephrotoxicity (Kluwe, 1981) but the studied Schiff base

did not exert any harmful and toxic effects on the kidney and liver, as

shown in Tables 9, 10, respectively.

Likewise, no significant changes in the levels of creatinine and

uric acid in the control and treated groups of mice were observed

(Table 10). The results are in line with the studies published by

Ping et al. (2013). Furthermore, total bilirubin, ALP (alkaline

phosphatase), ALT (alanine aminotransferase), and AST

TABLE 2 Parameters for Freundlich and Langmuir isotherms (soil samples).

Metal ions Freundlich isotherm Langmuir isotherm

1/n Kf (L/g) R2 Qm (mg/g) KL (L/g) R2

Zn+2 0.1964 0.0791 0.9436 −10.953 −102.400 0.9368

Cu+2 0.7278 0.0062 0.9711 −64.102 −91.211 0.8829

Co+2 0.7301 0.0087 0.9421 −88.496 −57.566 0.8602

TABLE 3 Separation factor (SF) for sorption of selected metal cations from

water samples on SBL.

Metal ions Initial metal ions concentration
(aqueous)

1 mg/L 2,000 mg/L

Zn(II) 1.0106 0.00059

Cu(II) 1.0100 0.00054

Co(II) 1.0242 0.00054

TABLE 4 Separation factor (SF) for sorption of metal ions from soil samples on

the SBL.

Metal ions Initial metal ions concentration (soil)

1 mg/L 2,000 mg/L

Zn(II) 0.0099 0.0005

Cu(II) 0.0111 0.0006

Co(II) 0.0177 0.0006

TABLE 5 Antimicrobial activity of SBL.

P. aeruginosa S. aureus K. pneumonia E. coli S. dysenteriae P. vulgaris C. albican A. niger

CONTROL (+ve) 28 29 27 30 26 25 26 24

2NBOT 11 10 10 14 15 15 14 18

Ciprofloxacin (20 μg/mL) and Fluconazole (20 μg/mL) Inhibition Zone = 10–14 mm: slight activity, 15–19 mm: moderate activity, 20–29 mm: high activity, >30 mm: excellent activity.
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(aspartate transaminase) levels also showed no significant

variations, however, a slight difference in the latter two was

detected at 1,000 mg/kg body weight in the control group

(Table 10). Elevation of the ALT levels resulted in liver injury,

which is characterized as hepatocellular disease, whereas

increased activity of AST (a mitochondria enzyme) leads to

the severe tissue injuries (Ndrepepa 2021). Hypoproteinemia,

a condition observed in cases of liver damage (Larrey, 2002),

TABLE 6 Acute toxicity study of SBL in mice.

Observation Response

Control 0.1 mg/kg 1 mg/kg 10 mg/kg 100 mg/kg 500 mg/kg 1000 mg/kg

Consciousness + + + + + + +

Convulsion − − − − − − −

Corneal reflex + + + + + + +

Diarrhea − − − − − − −

Food intake + + + + + + +

Water consumption + + + + + + +

Gripping strength + + + + + + +

Grooming − − − − − − −

Hyperactivity − − − − − − −

Lethargy − − − − − − −

Morbidity − − − − − − −

Movement + + + + + + +

Pinna reflex + + + + + + +

Righting reflex + + + + + + +

Salivation + + + + + + +

Skin color + + + + + + +

Sleeping duration + + + + + + +

Sound response + + + + + + +

Touch response + + + + + + +

Tremors − − − − − − −

Note: + = Normal and − = absent.

TABLE 7 Body weight of mice during subacute toxicity.

Initial day After 5 days After 10 days After 15 days

Control 34.33 ± 0.49 35.87 ± 0.67 37.48 ± 0.62 39.28 ± 0.61

0.1 mg/kg 36.33 ± 0.80 37.63 ± 0.68 38.23 ± 0.32 40.15 ± 0.27

1 mg/kg 34.5 ± 0.43 35.53 ± 0.51 36.93 ± 0.49 38.48 ± 0.65

10 mg/kg 38 ± 0.37 39.27 ± 0.39 40.07 ± 0.55 41.41 ± 0.33

100 mg/kg 36 ± 0.77 37.26 ± 0.39 38.33 ± 0.35 39.68 ± 0.43

500 mg/kg 35.33 ± 0.80 35.48 ± 0.85 36.13 ± 0.54 38.88 ± 0.55

1,000 mg/kg 35.33 ± 0.84 36.27 ± 0.65 37.05 ± 0.48 39.18 ± 0.45

Notes: Values are expressed as mean ± SD of six animals.
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was also not observed in the present study; indicating that the

synthesized Schiff base did not cause any kind of liver damage at

the tested dose levels. Similar observations were reported by

Priyadarshini et al. (2014), Maia et al. (2022), and Aroua et al.

(2022).

4 Conclusion

In this research, the Schiff Base (SBL) was synthesized, characterized,

and applied as a sorbent for heavy metal uptake from the prepared

contaminated water and soil samples. With a large surface area and

small volume, SBL effectively removed Cu(II), Co(II), and Zn(II) from

aqueous and soil samples. The experimental data were elucidated using

Freundlich and Langmuir isotherms. In the Freundlich, the R2 values were

0.9711, 0.9436, and 0.9421 and 0.8829, 0.9368, and 0.8602 for sorption of

Cu+2, Zn+2, and Co+2 from water and soil samples, respectively; and were

higher than in the Langmuir model. As reflected by regression coefficients

(R2), the sorption data were well-fitted with the Freunlich isotherms. The

Freunlich model suggests that the sorption was chemical in nature and the

mechanismwasmultilayer on a heterogeneous surfacewith equal energy in

all sites. Furthermore, the separation factor SF values were less than unity,

specifying favorable sorption of investigated metal ions by SBL. The

antimicrobial study revealed that SBL exhibited moderate to weak

inhibitory activity against the tested six bacterial and two fungal strains.

In toxicity of SBL, no signs of acute toxicitywere found in treatedmice even

at its highest dose of 1,000mg/kg. Furthermore, kidney and liver

biomarkers tests revealed that the compound exerted no hepatotoxicity

and nephrotoxicity in the treated mice; however, SBL can be further tested

for its chronic toxicity.

TABLE 8 Organ weight of mice during subacute toxicity.

Kidney Liver

Absolute Organ Weight Relative Organ Weight Absolute Organ Weight Relative Organ Weight

Control 0.37 ± 0.017 0.93 ± 0.01 2.47 ± 0.12 6.20 ± 0.21

0.1 mg/Kg 0.39 ± 0.014 0.98 ± 0.02 2.51 ± 0.11 6.26 ± 0.13

1 mg/Kg 0.38 ± 0.02 0.96 ± 0.02 2.47 ± 0.10 6.44 ± 0.11

10 mg/Kg 0.41 ± 0.015 0.98 ± 0.01 2.52 ± 0.07 6.07 ± 0.27

100 mg/Kg 0.40 ± 0.02 0.99 ± 0.02 2.57 ± 0.08 6.35 ± 0.22

500 mg/Kg 0.37 ± 0.016 0.97 ± 0.03 2.58 ± 0.09 6.63 ± 0.21

1,000 mg/Kg 0.38 ± 0.016 0.97 ± 0.01 2.52 ± 0.12 6.43 ± 0.14

Notes: Values are expressed as mean ± SD of six animals.

TABLE 9 Subacute toxicity study on biomarkers of kidney malfunction in mice.

Serum
biochemical
parameters

Group 1
(control)

Group 2
(0.1 mg/kg)

Group 3
(1 mg/kg)

Group 4
(10 mg/kg)

Group 5
(100 mg/kg)

Group 6
(500 mg/kg)

Group 7
(1,000 mg/kg)

Creatinine (mg/dL) 0.77 ± 0.08 0.68 ± 0.03 0.68 ± 0.04 0.82 ± 0.03 0.73 ± 0.03 0.63 ± 0.03 0.65 ± 0.07

Uric acid (mg/dL) 5.23 ± 0.12 415 ± 0.11 4.45 ± 0.08 4.2 ± 0.07 4.7 ± 0.09 5.2 ± 0.18 4.72 ± 0.07

Notes: Values are expressed as mean ± SD of six animals.

TABLE 10 Subacute toxicity study of biomarkers of liver malfunction in mice.

Serum
biochemical
parameters

Group 1
(control)

Group 2
(0.1 mg/kg)

Group 3
(1 mg/kg)

Group 4
(10 mg/kg)

Group 5
(100 mg/kg)

Group 6
(500 mg/kg)

Group 7
(1,000 mg/kg)

Total billirubin (mg/dL) 0.6 ± 0.06 0.73 ± 0.02 0.65 ± 0.05 0.62 ± 0.03 0.7 ± 0.04 0.58 ± 0.03 0.68 ± 0.05

ALT (U/L) 33.17 ± 0.75 33 ± 0.58 33.5 ± 0.88 33.67 ± 0.88 35.88 ± 0.79 29.33 ± 0.84 35.17 ± 0.83

AST (U/L) 36.33 ± 0.52 33 ± 0.45 33.83 ± 0.60 34.33 ± 0.92 32.17 ± 0.65 33 ± 0.37 37.17 ± 0.48

ALKPhos (IU/L) 23.5 ± 0.55 22.83 ± 0.48 21.67 ± 0.84 18.83 ± 0.6 24.83 ± 0.79 32.83 ± 0.60 20.33 ± 0.88

Urea (mg/dL) 159 ± 4.51 168.33 ± 4.81 158.5 ± 4.39 196.5 ± 2.30 190.33 ± 4.96 188 ± 3.78 223.67 ± 5.49

Notes: Values are expressed as mean ± SD of six animals.
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