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Abstract 

Bioaccumulation of heavy metals in living organisms poses significant health risks, particularly through exposure 

to contaminated food and water. The human stomach is susceptible to bioaccumulation, which can lead to various 

adverse effects. This study aimed to investigate the efficacy of a common fruit, banana in eliminating lead (Ⅱ) and 

chromium (Ⅲ) heavy metals from aqueous and simulated stomach mediums so that further study could be 

performed to identify the chelation capability of that fruit. Synthetic aqueous solutions of lead and chromium were 

prepared, and a stomach-conditioned medium was simulated to mimic human stomach conditions. Bananas were 

introduced into the mediums, and removal rates were measured at specific residence times using AAS. The results 

revealed removal efficiencies of 25-86% for lead and 18-44% for chromium in the aqueous medium. There was 

slight change observed in the result of stomach medium, as the removal efficiencies became 49-86% for lead and 

7-32% for chromium. The formation of new bonds was identified by FTIR analysis. These findings contribute to 

understanding the potential of bananas in reducing heavy metal accumulation in the human body, providing a basis 

for further research in this field. 
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1. Introduction 

Heavy metal pollutants are considered a serious 

problem in modern civilization as they accumulate 

inside organisms and are responsible for a variety of 

ailments (Malode & Shetti, 2023). Heavy metals are 

considered one of the major public health concerns of 

the modern day due to their bioaccumulative capacity 

across the food chain, availability, high toxicity, and 

longevity in the environment, (Santos et al., 2018). 

Among them, the most carcinogenic metals are arsenic 

(As), cadmium (Cd), hexavalent chromium (Cr), and 

nickel (Ni), and exposure to these substances causes 

alterations in the tumor suppressor gene expression, 

damage repair mechanisms, and enzyme functions 

involved in metabolism via damage caused by 

oxidation. (H. S. Kim et al., 2015; Rama Jyothi, 2021). 

Heavy metal poisoning occurs as a result of 

occupational exposure, polluted air, water, food 

chains, medications, and other factors (Verma & Kaur, 

2016).  

 

Chelation therapy is commonly used as a treatment for 

heavy metal poisoning in the human body. 

Deferasirox, deferiprone, EDTA are common 

chelating drugs that were introduced to prevent the 

complications of iron (Fe) and lead (Pb) overload. But 

chelation therapy with these drugs is associated with 

poor compliance due to slow parenteral infusions and 

poor long-term outcome (Ejaz et al., 2015). 

Traditional chelating agents, particularly 

aminopolycarboxylates (APCs) and phosphonates, 

have been widely utilized in both industrial and 

domestic applications. This is primarily preferred 

because of their strong metal-binding capabilities and 

their long-standing presence in the market. However, 

numerous studies have demonstrated that these 

chelating agents are not environmentally friendly 

(Asemave, 2018).  

 

This study is focused to identify the nutraceutical 

value and application of a common fruit, Banana for 

the treatment of heavy metal in human body. The 

components of banana plants are all nutritious and 

therapeutic in nature. (Ranjha et al., 2022) 

Furthermore, banana contains aminocarboxylate 

compounds and these are commonly used to derive 

chelating agents to treat heavy metal contamination in 

the industries (Asemave, 2018).  

 

This study utilizes banana fruit body to assess its 

heavy metal reduction in aqueous and simulated 

stomach mediums. There is future scope to identify the 

specific proteins and components that bind with heavy 

metal so that nutraceuticals can be developed and 

applied for the treatment of heavy metal poisoning. 
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2. Methodology 

For the preparation of the aqueous medium of lead and 

chromium respectively lead (II) acetate, 

Pb(C2H3O2).3H2O, and chromium (III) nitrate, 

Cr(NO3)3.9H2O were selected as they are model 

compounds for lead and chromium related studies. 

(Khanafari et al., 2008). The volume of the aqueous 

medium was selected to be 100mL, based on the 

relaxed state of the human stomach (Li & Jin, 2021). 

The temperature of the aqueous medium was selected 

to be 25°C (room temperature). For the preparation of 

the stomach medium, a gastric buffer of pH 2 was 

prepared by mixing 13mL 0.2M HCl with 50 mL of a 

0.2M KCl and brought to a total volume of 200mL 

with ultrafiltered water (Gawad & Fellner, 2019). The 

volume for the gastric buffer solution was taken to be 

100mL similar to that of the aqueous medium. 37°C 

was selected to be the temperature of the stomach 

medium to mimic the temperature of the human body 

(Chen et al., 2016).  

 

For the removal process for aqueous medium, bananas 

were collected from a local shop in Dhaka and mashed 

into a paste. A predetermined amount of banana paste 

(20g) was weighed and added into a certain 

concentration of lead and chromium solution in the 

aqueous medium. Then the mixture was left to sit for 

1h after which the solid content of the banana was 

separated from the mixture using a strainer, Whatman 

grade 42 filter paper and 0.45-micron filter paper to 

remove any impurities.  

 

The concentration of metal (lead or chromium) in the 

resulting solution was measured using flame based 

Atomic Absorption Spectroscopy (AAS). Then the 

removal percentage was calculated. The procedure 

was repeated varying the concentration of lead and 

chromium from 5 to 900 ppm in an aqueous medium. 

Furthermore, the amount of banana paste was varied 

for different concentrations to study the effect of mass 

variation in the removal process of lead. The 

concentration of lead in the aqueous medium was 

varied keeping the amount of banana constant at 10g 

and 30g as well. 

 

For the removal of lead and chromium in the stomach 

medium, 20g of banana paste was taken for both lead 

and chromium solutions. The gastric buffer was kept 

in an oven at 37°C and the measured banana paste was 

added to the gastric buffer solution of pH 2. Then 

similar procedure of the aqueous medium was 

followed to attain the removal percentage and removal 

capacity. FTIR analysis (455.13-3495.26 cm-1) was 

performed for various banana paste samples. 

 

 

3. Results and Discussion 

3.1. FTIR Spectroscopy  

FTIR spectra of banana pulp sample treated with lead 

in aqueous and stomach medium (Figure 1) shows that 

the peak in the range 860-750 cm-1 disappears. So, 

aromatic rings might be involved in the removal 

process. The shift in the peak 1039 cm-1 indicates the 

involvement of C=O (unconjugated carbonyl) (Azam 

et al., 2021). 

 

Figure 1. FTIR results for untreated banana pulp and 

treated with lead in aqueous and stomach medium. 

 

In the case of both aqueous and stomach medium shift 

in the peak of 1023 cm-1 is observed. This might 

suggest the involvement of carbonyl groups as well. 

Shift in the transmittance of 1631.45 cm-1 establishes 

the participation of carboxyl and amide groups (Basu 

et al., 2017). The reallocation of 1409.74 cm-1 could 

be attributed to involvement of carboxyl groups (-

COO-). The difference between the spectra of lead 

treated banana pulp in stomach medium and in 

aqueous medium do not differ widely. The observation 

of the FTIR spectra of Chromium treated banana pulp 

in aqueous and stomach medium shows that peak 

reallocations, change in transmittance occurs similar 

to lead. 

 

So, the functional groups such as aromatic rings, 

carbonyl, carboxyl, and amide groups are involved as 

well (Figure 2). However, in the case of sample treated 

with chromium in stomach medium, reallocation of 

the peak 3275 cm-1 is greater than other samples. 

Similarly, the disappearance of the 1409.74 cm-1 and 

1248.8 cm-1 peaks might also indicate more 

involvement of carboxyl and O-H groups in case of 
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chromium in stomach medium. It has been reported 

that Cr(III) has affinity to bind to -OH, NH, C=O, and 

C-O (Azam et al., 2021). So, the above findings are 

consistent. 

 

 
Figure 2. FTIR results for untreated banana pulp and 

treated with chromium in aqueous and stomach 

medium. 

3.2 Analysis of experimental data 

Figure 3 depicts stomach condition's impact on banana 

pulp's removal capacity for both lead and chromium at 

the equilibrium concentrations. For lead, the 

equilibrium concentrations for the solutions were 5 

ppm, 50 ppm, 200 ppm, 300 ppm, 600 ppm and 900 

ppm while for chromium, the equilibrium conditions 

were 5 ppm, 50 ppm, 200 ppm, 300 ppm, 600 ppm and 

800 ppm. With minimal difference between them, 

removal capacity rises incrementally with equilibrium 

concentration for both aqueous and stomach mediums. 

In the stomach condition i.e.at lower pH, metals 

compete with H+ for the exchange sites in the system 

causing partial release of the latter. (Annadurai et al., 

2003).  However, there was only a slight difference in 

the removal efficiency of lead (Pb+2) in aqueous and 

stomach medium. So, the change in pH to acidic 

condition presented little effect to the removal 

efficiency. Similar results were found in literature 

where banana peel derived carbon foam (BPCF) was 

used as adsorbent to remove lead (Pb+2) and chromium 

(Cr6+) for varying pH from 2.0 to 7.0 (Y. Li et al., 

2016). It was suggested that although BPCF contained 

pH-susceptible functional groups such as carboxyl and 

hydroxyl, pH alteration resistant ion exchange 

elements such as “K, Ca, Mg” were also present. 

Banana pulp contains these ion exchange elements as 

well (Pareek, 2016) which might explain the 

indifference between the aqueous and stomach 

medium. As discussed in the section of FTIR 

spectroscopy, the effect of functional groups such as 

hydroxyl groups, carboxylate ion, carbonyl groups 

have similar effect on both lead in aqueous and 

stomach medium which might have also contributed 

to the similarity of results in aqueous and acidic media. 

 

 

 
(i) 

 
(ii) 

 

Figure 3. Isotherm plot of (i) lead and (ii) chromium 

in aqueous medium(25°C) and stomach medium 

(37°C). 

 

In Figure 3(ii), the isotherm for chromium in aqueous 

and stomach mediums depicts removal capacity's 

incremental connection with equilibrium 

concentration. Initially, the capacity in stomach 

medium is lower than aqueous, but it surpasses it 

beyond ~230 ppm. The contribution of pH, 

temperature and functional groups might need to be 

considered in this case. The study on BPCF also 

mentioned that the adsorption of Cr6+ was significantly 

influenced by pH unlike Pb2+. The minimum removal 

efficiency was found to be at pH 2.0 for Cr6+. One 

reason suggested for this phenomenon was that the 

size of Cr6+ hydrates (CrO4
-2, Cr2O7

2-, and HCrO4-) at 

pH 2 is larger than that of free metal ions making it 

difficult for them to get through the pores and spread 

to the interior. The speciation diagram for Cr+3 

complexes shows that at pH 2 Chromium complexes 

are in the form Cr3+ and Cr(OH)+2 (Leyva-Ramos et 

al., 1995). Cr3+ in aqueous solutions coordinate six 

water molecules. Thus, the size of the hydrates of the 

Cr+3 at pH 2 might explain the low removal capacity 

at lower concentrations. In a study of the adsorption of 

Cr3+ from an aqueous solution onto activated carbon, 
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the effect of temperature was studied at 25 and 40°C 

(Broadbent et al., 1992). 

 

 
Figure 4. Effect of variation in dosage (10, 20, and 

30g) for 50,200, and 300 ppm lead concentration. 

 

From figure 3, it can also be observed that the removal 

capacity of lead is higher than that of chromium for a 

fixed concentration in case of both aqueous and 

stomach medium. In figure 4, the impact of banana 

pulp dosage on varying concentrations is depicted. As 

dosage increases for a given concentration, percentage 

removal rises, likely due to higher availability of 

binding sites (H. Peli Thanthri et al., 2020). 

 

4. Conclusions 

 

Banana was targeted as one of the alternatives to 

identify the heavy metal remediation capability. The 

study explored the capability of banana to remove 

heavy metals from both aqueous and stomach 

simulated medium. FTIR analysis showed that 

different functional groups such as -OH, amine, 

amide, carboxyl, carbonyl might be involved in the 

removal process of lead and chromium. For the lead 

solution, removal capacity was comparable to the 

aqueous medium. However, for the chromium 

solution, removal capacity was initially lower than the 

aqueous medium. As the concentration increased, 

removal capacity gradually surpassed that of the 

aqueous medium. Additionally, it was found that the 

percentage removal of chromium was significantly 

lower than that of lead both in aqueous and stomach 

medium. The investigation thus successfully 

demonstrated the heavy metal reduction capability of 

the banana pulp in both aqueous and stomach 

simulated medium suggesting the potential of 

developing a natural chelating agent from banana fruit. 

References 

 

Annadurai, G., Juang, R. S., & Lee, D. J. (2003). Adsorption 

of heavy metals from water using banana and orange 

peels. Water Science and Technology, 47(1), 185–190. 

https://doi.org/10.2166/wst.2003.0049 

Asemave, K. (2018). Greener Chelators for Recovery of 

Metals and Other Applications. Organic & Medicinal 

Chemistry International Journal, 6(4). 

https://doi.org/10.19080/OMCIJ.2018.06.555694 

Azam, M., Wabaidur, S. M., Khan, M. R., Al-Resayes, S. I., 

& Islam, M. S. (2021). Removal of Chromium(III) and 

Cadmium(II) Heavy Metal Ions from Aqueous 

Solutions Using Treated Date Seeds: An Eco-Friendly 

Method. Molecules, 26(12), 3718. 

https://doi.org/10.3390/molecules26123718 

Basu, M., Guha, A. K., & Ray, L. (2017). Adsorption of 

Lead on Cucumber Peel. Journal of Cleaner Production, 

151, 603–615. 

https://doi.org/10.1016/j.jclepro.2017.03.028 

Broadbent, R. D., Neilson, G. W., & Sandstrom, M. (1992). 

The hydration structure of Cr 3+ in a concentrated 

aqueous solution. Journal of Physics: Condensed 

Matter, 4(3), 639–648. https://doi.org/10.1088/0953-

8984/4/3/005 

Chen, L., Xu, Y., Fan, T., Liao, Z., Wu, P., Wu, X., & Chen, 

X. D. (2016). Gastric emptying and morphology of a 

‘near real’ in vitro human stomach model (RD-IV-

HSM). Journal of Food Engineering, 183, 1–8. 

https://doi.org/10.1016/j.jfoodeng.2016.02.025 

Ejaz, M. S., Baloch, S., & Arif, F. (2015). Efficacy and 

adverse effects of oral chelating therapy (deferasirox) 

in multi-transfused Pakistani children with β-

thalassemia major. Pakistan Journal of Medical 

Sciences, 31(3), 621–625. 

https://doi.org/10.12669/pjms.313.6972 

Gawad, R., & Fellner, V. (2019). Evaluation of glycerol 

encapsulated with alginate and alginate-chitosan 

polymers in gut environment and its resistance to 

rumen microbial degradation. Asian-australasian 

Journal of Animal Sciences, 32(1), 72–81. 

https://doi.org/10.5713/ajas.18.0110 

H. Peli Thanthri, S., H. Ranaweera, K., & Asiri Perera, B. 

(2020). Adsorption Study of Cu2+ Ions from Aqueous 

Solutions by Bael Flowers (Aegle marmelos). 

Biointerface Research in Applied Chemistry, 11(4), 

11891–11904. 

https://doi.org/10.33263/BRIAC114.1189111904 

Khanafari, A., Eshghdoost, S., & Mashinchian, A. (2008). 

REMOVAL OF LEAD AND CHROMIUM FROM 

AQUEOUS SOLUTION BY BACILLUS 

CIRCULANS BIOFILM. 5(3). 

Kim, H. S., Kim, Y. J., & Seo, Y. R. (2015). An Overview 

of Carcinogenic Heavy Metal: Molecular Toxicity 

Mechanism and Prevention. Journal of Cancer 

Prevention, 20(4), 232–240. 

https://doi.org/10.15430/JCP.2015.20.4.232 

Leyva-Ramos, R., Fuentes-Rubio, L., Guerrero-Coronado, 

R. M., & Mendoza-Barron, J. (1995). Adsorption of 

trivalent chromium from aqueous solutions onto 

activated carbon. Journal of Chemical Technology 

AND Biotechnology, 62(1), 64–67. 

https://doi.org/10.1002/jctb.280620110 

Li, C., & Jin, Y. (2021). A CFD model for investigating the 

dynamics of liquid gastric contents in human-stomach 

induced by gastric motility. Journal of Food 

Engineering, 296, 110461. 

https://doi.org/10.1016/j.jfoodeng.2020.110461 

Li, Y., Liu, J., Yuan, Q., Tang, H., Yu, F., & Lv, X. (2016). 

A green adsorbent derived from banana peel for highly 

effective removal of heavy metal ions from water. RSC 



 

21 

 

 

Advances, 6(51), 45041–45048. 

https://doi.org/10.1039/C6RA07460J 

Malode, S. J., & Shetti, N. P. (2023). Carbon dots-based 

electrochemical sensors. In Carbon Dots in Analytical 

Chemistry (pp. 109–136). Elsevier. 

https://doi.org/10.1016/B978-0-323-98350-1.00024-4 

Pareek, S. (2016). Nutritional and Biochemical Composition 

of Banana ( Musa spp.) Cultivars. In Nutritional 

Composition of Fruit Cultivars (pp. 49–81). Elsevier. 

https://doi.org/10.1016/B978-0-12-408117-8.00003-9 

Rahman, N. N. N. Abd., Shahadat, M., Won, C. A., & Omar, 

F. M. (2014). FTIR study and bioadsorption kinetics of 

bioadsorbent for the analysis of metal pollutants. RSC 

Adv., 4(102), 58156–58163. 

https://doi.org/10.1039/C4RA05931J 

Rama Jyothi, N. (2021). Heavy Metal Sources and Their 

Effects on Human Health. In M. Khaled Nazal & H. 

Zhao (Eds.), Heavy Metals—Their Environmental 

Impacts and Mitigation. IntechOpen. 

https://doi.org/10.5772/intechopen.95370 

Ranjha, M. M. A. N., Irfan, S., Nadeem, M., & Mahmood, 

S. (2022). A Comprehensive Review on Nutritional 

Value, Medicinal Uses, and Processing of Banana. 

Food Reviews International, 38(2), 199–225. 

https://doi.org/10.1080/87559129.2020.1725890 

Santos, D., Vieira, R., Luzio, A., & Félix, L. (2018). 

Zebrafish Early Life Stages for Toxicological 

Screening: Insights From Molecular and Biochemical 

Markers. In Advances in Molecular Toxicology (Vol. 

12, pp. 151–179). Elsevier. 

https://doi.org/10.1016/B978-0-444-64199-1.00007-5 

Verma, N., & Kaur, G. (2016). Trends on Biosensing 

Systems for Heavy Metal Detection. In Comprehensive 

Analytical Chemistry (Vol. 74, pp. 33–71). Elsevier. 

https://doi.org/10.1016/bs.coac.2016.04.001 

 

 

 


