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REMOVAL OF HEAVY METAL Cr (II), Ni (II), Cu (II), Zn (II), Cd (II),  

Pb (II) IONS FROM AQUEOUS SOLUTION BY MENTHA PIPERITA EXTRACT 

Ersin Yücel, Mine Yücel 

Abstract. In this study, the usage of the peppermint (Mentha piperita) for extracting the metal ions [Mg (II), Cr (II), Ni 
(II), Cu (II), Zn (II), Cd (II), Pb (II)] that exist at water was investigated. In order to analyze the stability properties, 
Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherms were used at removing the metal ions and the highest 
correlation coefficients (R

2
) were obtained at Langmuir isotherm. Therefore, it is seen that the Langmuir model is more 

proper than the Freundlich model. However, it was found that the correlation coefficients of removing Ni and Cd is higher 
at Freundlich model than Langmuir and low at Dubinin-Radushkevich isotherm. It is established that the biosorption 
amount increase depends on the increase of biosorbent and it can be achieved high efficiency (95%) even with small 
amount (0.6 mg, peppermint extract) at lead ions. It is also determined that the peppermint extracted that is used at this 
study shows high biosorption capacity for metal ions and can be used for immobilization of metals from polluted areas. 
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INTRODUCTION 

Heavy metals mix to the water systems from 

natural geochemical processes or agricultural, 

industrial and municipal wastewater. Water-soluble 

metal ions cause the deterioration of the aquatic 

ecosystems. The main source for heavy metal 

pollution of the water is agricultural and municipal 

wastewater, rainwater flow. On the other hand, the 

industrial activities such as welding, brazing, 

production of iron, steel, cement, batteries, especially 

the extracting of metals are the important sources that 

cause metal pollution. 

The high amount of heavy metals at aqua 

ecosystems cause potential danger by effecting 

negatively human and hydro organisms. It is known 

that as a result of the usage of the lakes and rivers that 

is polluted with industrial and municipal waste water 

as agricultural aims, there is important amount of 

trace element and heavy metal accumulation at soil. 

The heavy metal ions that penetrate to live systems 

are reached at high concentration by transforming 

with food chain from one organism to another and 

their harm can be remained for years. 

Generally, Pyrometallurgic and hydrometallurgical 

processes are used for extracting the metal ores. at 

applied hydrometallurgical procedures, metal is 

solved by using acidic or basic liquid solvents and 

take it to solution. Then it continues with filtration, 

cleaning and refining steps [1]. Since all the used 

water at these processes includes the chemical 

solvents, suspended solid particles and metal ions 

that solved at low level, the discharged of this 

polluted water to receiving areas should be done 

unless if they are well refined [2]. With the arise of 

the process side effects that is used at extracting the 

metals, bioleaching procedure is started to use of late 

years. At concentration of the leach solutions that 

contains metal ions with low concentration or the 

recycle of the metals from solutions that contains 

waste metal ions, plant organs are used such as 

wood, leaf, bark [3]. 

The procedures used for the removal of heavy 

metals in aqueous solutions generally include 

distillation, coagulation, flocculation, ion exchange, 

reverse osmosis, electrodialysis, precipitation, 

adsorption and nanofiltration [4]. The procedures 

that are used at refining the water and the pollution 

control, make a serious cost to pay by small 

industrial businesses and the developing countries. 

At cleaning the water from the heavy metals, the 

studies show that plants can be used [5] such as 

Pinus halepensis sawdust [6], corncob [7], tamarind 

peel [8], groundnut shell [9], modified corn stalks 

[10]; algaen [11]; cocoa pod husk [12], bean pod 

[13] and so on. Herbal products are providing high 

advantages since they are economic, edible and eco 

friendly. 

The effects of metal based pollution on ecosystem 

become research topic for a lot of researches. For 

example, it is notified that the transition metals cause 

stress by damaging the antioxidant enzyme levels at 

wheat and hordeum varieties [14, 15], prevent the seed 

germination at chickpea [16] and cause different health 

problems at humans [17]. 

The peppermint (Mentha piperita) which is a 

member of Lamiaceae family is the crossbreed of 

water mint (Mentha aquatica) and (Mentha spicata). 

It is a 30-90 cm dyeable, rhizomes and perennial 

herbaceous plant [18]. It prefers half shadow-sunny 

places, favonian and good drainage, sandy soils. 

Peppermint contains phenols, terpenes and tannin. 

Peppermint is consider as medicinal plant by its usage 

as spices, edible leafy vegetable and containing 

volatile oil. Also it is widely used at food, alcohol, 

gum, cosmetic and medicine industries [19] mint 

volatile oil are proved by the result of scientific 

studies [20]. 
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The use of phyto-filtration technologies 

gradually become more common by using organic 

compounds obtained from plant, animal and 

microorganisms [21].Different plant organs such as 

wood, bark, leaf or seed are used to concentrate 

leaching solutions containing low concentrations of 

metal ions or to recover metals from liquids 

containing waste metal ions [3]. Cu, Cd, Pb, Cr and 

Ni were able to successfully removed from the 

solution by using raw materials and agricultural 

wastes from microorganisms, plants and animals as 

biosorbents [22, 23]. On the other hand, it is 

determined that copper can be retained in liquid 

solution by using mimosa tannin and bonito oak 

tannins [24]. 

Especially in the polluted waters of the 

settlements, there are various pathogens and disease-

causing microorganisms. Pathogens thrown into the 

water by urine and feces by humans or animals are 

transported to humans with food that is not well 

washed. For this reason, discharging domestic and 

industrial wastewater to receiving environments 

without sufficiently purifying has great risks for 

human health. Various methods are used for 

disinfection of household waste, and the application 

of metal ions such as copper and silver are just a few 

of these methods. As a result of the use of metal ions 

in disinfection, water is disinfected on the one hand, 

on the other hand metal ions remain in the water as 

an element of pollution. The components of 

peppermint essential oil are clearly proved that have 

antimicrobial [25] and antioxidant [20] effects 

according to the results of scientific studies [26]. 

According to these studies peppermint extract has 

the potential of biologically purifying the polluted 

water. Although there has been a lot of research on 

the antimicrobial properties of peppermint essential 

oil and extract, sufficient resources have not been 

found for the recycling and cleaning of heavy metals 

from liquid solutions. 

In this study it is aimed to recycle the metals that 

exists at industrial waste water of leach and flotation 

plants that process metals and decrease the metal 

contents of leach solutions. According to the 

determined aim, peppermint extract was studied 

which is a fully natural reagent.  

MATERIALS AND METHODS 

Preparation of Biosorbent 

At this study, the leaves of Mentha piperita were 

used as material. The plant material was collected from 

its growth area, brought to the laboratory in sterile 

containers, cleaned and grinded. 40 g plant material 

that was weigh at assay balance was waited in 800ml 

distillate water for 1 hour at 35°C. Then it was filtered 

by filter paper, centrifuged at room temperature at 

1032 g, concentrated at rotary evaporator and become 

lyophilised form. The obtained extract was stored in a 

lightproof glass bottle at +4°C sterile fridge 

atmosphere. The components of the peppermint extract 

is determined with gas chromatography/ weight 

spectrometer (Agilent GC/MS, 7890B GC, 5977B 

MSD) method at laboratories of Anadolu University 

Plant Medicine and Scientific Research Center. 

Adsorbent 

For the biosorption tests, the metal ions (Cr (II), 

Ni (II), Cu (II), Zn (II), Cd (II) and Pb (II) that were 

procured commercially. With the ionized water 

(4H2O), 100 mg/L stock solutions were prepared 

from each metal ions and preserved with glass 

bottles at +4°C to use at experiments. 

Batch experiments 

For biosorption experiments, 50 mL of the 

prepared stock solutions that contains metal ion 

was transferred to eppendorf tubes which has 100 

mL capacity. Then, three different amount (0.6 

mg, 1.6 mg ve 1.8 mg) of lyophilised peppermint 

extract was added at these eppendorf tubes for 

each metal ions separately. Eppendorf tubes were 

shaken on an orbit at 75 rpm for varying 

durations (60 minute), constant temperature 

(25±1°C), pH 6 to study the effect of contact 

time between biosorbent and metals on 

biosorption efficiency. After that the tubes were 

centrifuged at 6000 rpm at 90 minutes and the 

dark colored precipitate was left at the tube while 

the liquid portion which stayed at top was 

transferred at a new tube. Chemical analyzes 

were applied to that liquid portion by using ICP 

(Inductively Coupled Plasma) Spectroscopy 

(Perkin Elmer ICP-OES, Optima 4300 DV) at 

laboratories of Anadolu University Plant 

Medicine and Scientific Research Center. 

Biosorption Isotherm Models 

The isotherm models of Langmuir, Freundlich, 

Temkin and Dubinin-Radushkevich were used to 

determine the removal of metal ions [Cr (II), Ni (II), 

Cu (II), Zn (II), Cd (II) and Pb (II)] by peppermint 

extract [27]. Isotherm and correlation coefficients 

(R
2
) were calculated from the linearized equations of 

these isotherms by using Microsoft Excel program 

[12, 21].  

Langmuir 

qe /qmax = KLCe /(1+KLCe) 
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Freundlich 

qe= KF Ce 
1/n

 

Temkin 

𝑞𝑒 = 𝐵𝑙𝑛𝐴 + 𝐵𝑙𝑛𝐶𝑒 

𝐵 = 𝑅𝑇𝑏𝑡 

Dubinin-Radushkevich 

𝑙𝑛𝑞𝑒 = 𝑙𝑛𝑞𝑚 ‒ 𝛽𝜀2
 

𝜀 = (1 +1/Ce) 

RESULTS AND DISCUSSION 

Different from other research, as a new 

biosorbent, peppermint extract was used for 

purifying water. The main component of peppermint 

extract used as biosorbent; Carvone (51.80%), 

Limonene (11.80%), Sabinen (9%), 1.8-Sineol 

(7.6%), trans-Dihydrocarvone (5.40%), β-

Cariophenylene (2%), β-Burbonen (1.50%), β-Pinen 

(1.40%), α-Terpineol (1.10%), Neodihydrocarveol 

(1.10%), cis-Isodihydrocarvone (0.9%), Mirsen 

(0,8%), α-Pinene (0,6%), Isoamyl alcohol (0,6%); 

Caryafillen oxide (0,5%), (Z) -3-Hexene-1-ol 

(0,5%), trans-Sabinen hydrate (0.5%), Terpinen-4-ol 

(0.5%), α-Terpineol (0.5%) and trans-Carveol 

(0.50%). The findings of the present study resemble 

with the other related research carried out before 

[28, 29]. 

The Biosorption; the pH of the solution varies 

depending on the degree of ionization of the 

biosorbent, particle size, temperature, biosorbent 

dose and type, metal ion concentration and type, 

contact time, solubility of the solution and the rate of 

agitation [30]. In researches, in cleaning metal ions 

from water; different temperatures, pH and contact 

times were found according to metal ion type and 

biosorbent type [23]. 

Ambient acidity (pH) affects the amount of 

metal ions biosorption; The optimum biosorption 

amount for Ni (II) biosorption is pH 6.0 [31]; It is 

reported that Cd (II) and Pb (II) ions change between 

optimum pH 3.5 and 5 [32] and Cu (II) has an 

optimum pH of 6.0 [33]. It was found that the 

temperature is effective on biosorption reactions 

[34] and Cu (II) removal is optimum at 25ºC [9]. 

Coconut shell (6 pH, 120 minutes contact time, 

0.6 g adsorban dose and 10 ppm concentration) Cu 

(II) ion is maximally removed (89%) [35]; It has 

also been shown to be selectable input parameters, 

pH (6.3), biomass dosage (12.3646 g/L) for 

maximum extraction of Cu (II) with a coconut fiber 

from an aqueous solution of 20 mg/L [36]; for Cd 

(II) and Pb (II) with raw peanut shell, pH showed a 

high adsorption capacity of pH ≤ 7.0 and ≤ 8.5 

within 2 hours, respectively [37]; The optimal 

biosorption condition of wastematerials (agricultural 

wastes) and Cu (II), Pb (II) and Zn (II) ions was 

found to be pH 6.0 and 0.1 g at 90 minute 

equilibrium period [33]. 

In this study, the results of similar research 

done previously were evaluated collectively; 

selectable input parameters for maximum 

extraction of metal ions from an aqueous 

solution; biosorbent 0.6 mg, 1.6 mg, 1.8 mg; pH 

6.0; constant temperature 25ºC; 180 minutes 

contact time and 6000 rpm centrifuge speed were 

used. However with the new studies, new results 

can be obtained by using different input 

parameters at biosorption process between 

adsorbate and biosorbent. 

At the studies, a directly proportional increase 

was observed at biosorption amounts depends on the 

increase of biosorbent amount. It is determined that 

the peppermint extracts provide recycling of metal 

ions with these amounts: 46.35% at Cr (II), 41.77% 

at Ni (II), 78.96% at Cu (II), 78.53% at Zn (II), 

82.39% at Cd (II), and 99.13% at Pb (II) ions. Since 

it nearly provides a fully recycle of the lead from the 

solutions, using this method has high importance on 

environmental health and preventing the economic 

loss at these metal related sectors. 

Langmuir and Freundlich isotherms of heavy 

metal removal were used to analyse the equilibrium 

characteristics of sorption. Biosorbent (lyophilised 

peppermint extract) amount varied as 0.6 mg, 1.2 mg 

and 1.8 mg; all constants and R
2
 values obtained by 

both models were given in Table 1. The slope and 

intercept of the Freundlich model constants and 

correlation coefficient were attained by using the 

slope and intercept of log qe versus log Ce plot 

(Table 1). The highest correlation coefficients (R
2
 

values) were obtained from Langmuir isotherm for 

Cr (II), Cu (II), Zn (II) and Pb (II) removal, thus the 

Langmuir model displayed better fit to the sorption 

data than the Freundlich model. This result 

designated that the lyophilized peppermint was 

comprise of homogeneous sorption patches for Cr, 

Cu, Zn and Pb removal. In spite of that, the 

correlation coefficients of Ni and Cd removal was 

found higher for Freundlich model than Langmuir 

model.  
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Table 1. Isotherm constants of Langmuir, Freundlich, Temkin and Dubinin– Radushkevich model for Cr (II), 

Ni (II), Cu (II), Zn (II), Cd (II), Pb (II) biosorption on Mentha piperita 

Model Parameters 
Metal Ions 

Cr (II) Ni (II) Cu (II) Zn (II) Cd (II) Pb (II) 

Langmuir 

model 

R
2
 0,979 0,7355 0,9968 0,9951 0,1267 0,9397 

qmax 
(mg/g) -0,3064 -1,3994 2,5240 2,6434 -2,4606 6,2461 

KL (L/mg) -0,0111 -0,0057 0,0575 0,0516 -0,0203 0,5166 

Freundlich 

model 

R
2
 0,9542 0,9522 0,9467 0,9407 0,354 0,8554 

n 0,1696 0,5755 3,0230 2,8514 0,4784 2,0325 

KF 1,3740E-11 5,7385E-04 5,0874E-01 4,7841E-01 3,2870E-03 2,0802E+00 

Temkin 

model 

R
2
 0,9019 0,9184 0,9664 0,9623 0,2516 0,9339 

B 9,3804 1,7805 0,5509 0,5945 4,9914 1,4265 

bt (J/mol) 0,003786 0,000719 0,000222 0,00024 0,002015 0,000576 

A (L/g) 0,015953 0,024203 0,589543 0,486049 0,072635 4,7437 

Dubinin– 

Radushkevich 

model 

 

R
2
 0,9349 0,9776 0,9973 0,9988 0,3976 0,8554 

qm (mg/g) 27,70464 2,560237 2,062874 2,127824 7,21383 4,625572 

β (mol
2
/kJ) 0,0026 0,0008 3,00E-05 4,00E-05 1,00E-04 2,00E-07 

E (KJ/mol) 0,013868 0,025 0,129099 0,111803 0,070711 1,581139 

        

Thus, lyophilized peppermint performed a 

monolayer sorption with a heterogeneous energetic 

distribution of active sites for Ni and Cd removal, 

accompanied by interactions between adsorbed 

molecules. 

Temkin isotherm is high, so the linear 

dependence of heat of biosorption can be concluded. 

For Dubinin–Radushkevich isotherm, an ε value 

between 8 and 16 kJ mol
-1

 indicates that the 

chemical biosorption prevails and an ε less than 8 kJ 

mol
-1

 shows that the physical biosorption (Table 1). 

As can be seen, the Dubinin–Radushkevich isotherm 

does not fit well to the experimental data as well as 

the calculated value of ε suggests that the physical 

biosorption prevails.  

CONCLUSIONS 

In this study, it was determined that regaining of 

valuable metal ions (Cr, Ni, Cu, Zn, Cd and Pb) 

from low concentrated leach solutions and 

contaminated water is possible by using the extract, 

obtained from Mentha piperita plant. Thereby, it 

was stated that with conventional methods, totally 

harmless and obtained from peppermint as a natural 

reactive, can be used for the prevention of 

generation of the effluents having contamination 

factors occurring during the regaining process and 

for the prevention of economical loss and for 

purification of the contaminated water chemically. 

When considered from an ecological point of view, it 

was also detected that the usage of peppermint extract 

is possible for the purification of contaminated water 

physically, chemically and biologically in purifying 

systems and for the prevention of odour pollution. 

With the result of the studies, the possibility of 

recycling the precious metal ions (Cr, Ni, Cu, Zn, Cd, 

Pb) from the wastewater and low concentration leach 

solutions by using the extracts that are obtained from 

Mentha piperita is detected. Thus, it is determined that 

the peppermint extract which does not have harmful 

effects and is fully natural reactive can be used for 

waste formation which contains pollution factors that 

occurs during recycling by using conventional 

methods, prevention of economic loss, chemically 

purifying the waste water. Although, at purifier 

systems, the possibility of peppermint extract usage 

was determined as an ecological solution for 

prevention of the scent pollution and purifying the 

polluted water by physically, chemically, biologically. 

Consequently, the peppermint extract has high 

potential for using at purifying the wastewater of 

industry, city and that occur during the recycle 

process of metal scrap and wastes of metallurgy and 

mining sectors. 
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