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Abstract: The growth of heavy metals in wastewater is a widespread concern that affects thousands of 

lives and spread diseases worldwide. Its extraction is subject of concert from last few decades. Looking 

forward in the current study, Citrus Limon leaves were used as an adsorbent for the Biosorption of 

Co(II) and Cr(III) in a batch system. Citrus Limon leaves were brought from the local garden of 

Amakhel, Tank, Pakistan. The removal process of Co(II) and Cr(III) was examined under different 

conditions of pH, contact time, and initial concentration to get the optimum condition. It was found 

optimum contact time for Co(II) and Cr(II)  was 20 and 10 minutes. By the increase of concentration of 

adsorbate, the value of qe was investigated for Co(II) and Cr(III)  at 20oC. The optimum initial 

concentration for Cr(III) and Co(II) was 60 ppm and 40 ppm, respectively. The optimum shaking power 

for Cr(III) and Co(II) was found to be 150 rpm and 120 rpm, respectively. 
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1. Introduction 

The term heavy metals refer to any metallic element with a density greater than 4g/cm3. 

Zinc(Zn),  nickel(Ni), copper(Cu), chromium (Cr) lead(Pb), cobalt(Co), vanadium(V), 

mercury(Hg) and  cadmium(Cd) are naturally occurring heavy metals in the environment [1]. 

Pb, Cd, Ni, Cr, and Hg are the heavy metals that are dispersed in the environment due to soil 

erosion in agricultural and industrial processes. In non-industrial areas, the major causes of 

heavy metals are automobiles [2]. Heavy metal deposits are found in the contaminated 

environment, which may accumulate in microorganisms, aquatic flora, and fauna, which in 

turn, may enter into the human food chain and result in health problems. These metals are 

harmful to an organism. They are non-degradable due to which they have a special attraction. 

Various methods are used to remove heavy metal from wastewater, such as membrane 

filtration, ion exchange, ion exchange, chemical precipitation, carbon adsorption, and co-

precipitation/adsorption [3]. These methods are ineffective, especially when metals in low 

concentration or highly expensive. Adsorption is one of the most effective, environmentally 

friendly, and low-cost methods used to remove heavy metals from water. 
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Chromium is a transition metal and the first element of the group (VI) and paramagnetic 

above 38oC. Its common most common oxidation states are +3 and +6. Cr(III) is the 22nd most 

abundant element in the earth's crust, having three stable isotopes Cr52, Cr53, and Cr54. Among 

them, Cr52 is the most stable, and its natural abundance is 83.789 % [4]. Cr is discharged into 

the environment from various sources. The sources included electroplating, leather tanning, 

textile industries, volcanic eruption, metal finishing, nuclear power plants, and chromate 

preparation. The toxicity of chromium is not that effective up to the permissible limit. However, 

when that limit exceeds it, it is harmful to plants, animals, human beings, human kidneys, and 

the liver. At the same time, low concentration causes skin irritation and ulceration [5]. A high 

concentration of Cr(III) causes cancer in the digestive tract and lungs [6]. 

Co is a transition element that belongs to the first transition series lying between iron 

and nickel. Naturally, Co(II) exists in a single isotopic from Co59. The common oxidation state 

of cobalt is +2. Cobalt(II) was introduced into the environment through various sources, i.e., 

from industrial effluents, acid mining, urban wastewater plant. Co(II) can also be exploited 

from metallurgy, mining, pigments, and nuclear power plants [7]. It is also discharged from 

industries such as petrochemical, alloy manufacturing industries [8]. Cobalt ions are toxic and 

cause numerous health issues in plants, animals, and human beings. Co(II) exposure causes 

several harmful effects like neuro toxicological disorder, cancer, and genotoxicity. The cobalt 

presence in the environment leads to numerous health troubles such as vomiting, low blood 

pressure, hair loss, and bone defects [9]. 

The extensive increase in the expansion of industrialization causes water pollution and 

has far-reaching effects on the environment. These activities result in the discharge of various 

chemicals, and water sources get contaminated [10]. It is necessary to remove the heavy metal 

from water bodies. Different conventional methods are used to remove heavy metals from 

wastewater, such as ion exchange, reverse osmosis, filtration, and adsorption. 

Recently, several methods have been studied for the efficient elimination of heavy 

metals from wastewater. Adsorption is a suitable technique for the exclusion of heavy metals 

from wastewater [11]. Adsorption is a process where the substance of dissolved solid sticks on 

the solid surface from the liquid, i.e., the liquid's dissolved solids is accumulated on the solid 

surface through physical or chemical interaction. [12]. Adsorption is the conservative method 

for removing heavy metals and has several drawbacks, such as sludge. Biosorption involves a 

solid part (biosorbent) and a liquid part (water having dissolved adsorbate). The heavy metals 

are accumulated on the adsorbent surface through physio-chemical ways. Due to the greater 

affinity of heavy metals toward adsorbent, efficient removal occurs from wastewater. The 

method has advantages, i.e., low cost, high efficiency; no extra nutrients are acquired [13]. 

Various methods have been performed and available in the literature: 

Glebioniscoronaria L. and Diplotaxisharra were used as adsorbents for removal of 

cadmium(II), cobalt(II), and some more inorganic ions from aqueous solutions [14]. They 

detected that the high adsorption to be at pH 6.5–7.5. With the rise in adsorbent dose, adsorption 

efficiency improved at all temperatures. Metal upload capability rises with a rise in the 

concentration of the initial metal. Sunflower biomass was recycled for the subtraction of cobalt 

(II) in the batch, and a fixed bed column at the various inlet environments studied [15]. Results 

showed that the ANN model method was followed to assess the performance. For the removal 

of Ni(II), Co(II), Cu(II), corn silk (Activated) was used, at 25°C temperature & pH-6, the metal 

uptake was observed maximum. [16]. they effectively reused the adsorbent more than 11 times. 

Cystoseira indicia was used for the exclusion of Co(II) and Cu(II) ions from the aqueous 
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solutions via single & binary methods by various operational parameters (Akbari et al., 2015) 

[17]. Cocus Nucifera shell powder has been applied and reported to remove four ions [18]. 

Heavy metals such as Co(II) and Cr(III) cause serious problems. The heavy metals 

removal catches serious attention. The present research work objectives to develop an effective, 

environment friendly, and low-cost biosorbent for the removal of Co(II)  and Cr(III)  from the 

water with maximum recovery. For this purpose, Citrus limon leaves were used. Various 

parameters (pH, adsorbent dose, contact time, adsorbate concentration, and shaking speed) 

were studied, which influenced the result of selected heavy metals. 

2. Materials and Methods 

 COCl2.6H2O, Cr(NO3)2.9H2O, ammonia (33%), Dimethyl glyoxime (DMG) solution, 

Na2EDTA  solution, HCl (37%) and NaOH (98%), and acetone, used in the current study 

included beakers, spatula, stand, conical flasks, pipettes, cork, cylinder, thermometer, 

graduated cylinder, pestle, and mortar are used in the current study. 

The instruments included UV-Vis Spectrophotometer equipped with 1cm path length, 

Quartz cell (S2100 UV Spectrophotometer, UNICO, USA) Orbital shaker (KJ-201bs, 

Oscillator, South Korea), Oven (IdO-030E, Daihan Lab Tech Co. Ltd. South Korea), digital 

balance (ATX 224, Shimadzu, Japan), hot plate and magnetic stirrer (MS-300Hs, Scientific, 

Ltd. South Korea), Digital pH – meter (3505, Jenway, UK) and heavy-duty electric grinder. 

2.1. Preparation of adsorbent. 

2.1.1. Collection and pre-treatment. 

Lemon leaves were collected from a local garden of Amakhel, Tank, Pakistan. Lemon 

leaves were washed with tap water and then dried in sunlight. For complete dryness, it was 

placed in an oven at a temperature of 50oC for 7 hours. The dry lemon leaves were ground 

using a heavy-duty electric grinder for making their powder. 

2.1.2. Preparation of adsorbate solution. 

1000 mgL-1 of stock solutions of the selected adsorbates were prepared by dissolving 

2.20 g and 7.7 g of CoCl2.6H2O and Cr(NO3)2.9H2O respectively in 1000 mL of double de-

ionized distilled water (DDDW). The dilute solutions were then prepared by using the dilution 

formula; 

𝐶𝑐𝑉𝑐  =   𝐶𝑑𝑉𝑑            (1) 

2.2. Determination of adsorbate concentration. 

2.2.1. Spectrophotometric determination of Co(II). 

A series of Co(II) solution were prepared (60 ppm, 50 ppm, 30 ppm, 20 ppm, and 10 

ppm. For the Spectrophotometric determination of Co(II) five volumetric flasks (50mL) were 

taken. To each volumetric flask 3 mL of adsorbate solution, 1 mL of 1M HCl solution, and 6 

mL of acetone were added. The mixture was mixed and stood for a few minutes. Measured the 

absorbance of the solution at 680 nm [19]. 
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2.2.2. Spectrophotometric determination of Cr (III). 

Various samples of Cr (III) solutions were prepared (60 ppm, 50 ppm, 30 ppm, 20 ppm, 

10 ppm), 5mL of each prepared Cr(III) solution were taken in a test tube and 5mL of 0.5 % 

freshly prepared Na2EDTA  was added to the test tube  (dissolve 0.5 g of Na2EDTA per 100mL 

of distilled water). The test tube was kept in a beaker with boiling water placed on a hot plate 

for 10 minutes. Then the test tube was made cool, and absorbance was found against 552 nm 

[20]. 

2.3. Factor influencing the adsorption.  

2.3.1. Effect of pH. 

For this purpose, 50mL of selected adsorbate solution (each having concentration 20 

ppm) was taken in eight separate 100 mL flasks (Volumetric), with pH ranging from 2 to 13. 

For the adjustment of pH, 0.1 M HCl solution and 0.1 M NaOH solution were prepared 0.1 g 

adsorbent dose were added to each flask and were shaken at 120 rpm for 2 hours using an 

orbital shaker. The concentration of adsorbate was determined in the same way as discussed 

above. The adsorbed amount of adsorbate per unit mass of adsorbent qe was measured with the 

given equation's help. 

𝑞𝑒 = 𝐶𝑖 − 𝐶𝑓 𝑊⁄  × 𝑉                         (2) 

Where Ci and Cf  are the initial and final concentration of adsorbates before and after adsorption, 

respectively. 

V shows the adsorbates' volume, and W represents the weight (g) of the adsorbent (CLL).  

Percentage removal was determined using the formula. 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = 𝐶𝑖 − 𝐶𝑓 𝐶𝑖⁄  × 100         (3) 

For obtaining the optimum value of pH, the results were plotted against pH vs. qe and 

% removal. 

2.3.2. Effect of adsorbent dose.  

For this purpose, 50 mL of selected adsorbate solution (each concentration of 20 ppm) 

was taken in the eight distinct 100 mL flasks with an adsorbent dose ranging from 0.1 to 0.5g, 

keeping pH 2 for both. The mixture was continuously shaken for 2 hours at 120 rpm by using 

an orbital shaker. The rest of the procedure was the same as discussed above. The result was 

plotted as Adsorbent dose (g) vs. qe and % removal to obtain the optimum value of adsorbent 

dose. 

2.3.3. Effect of contact time. 

To obtain optimum contact time 50 mL of selected adsorbate solution (each having 

concentration 20 ppm) were taken in six separate 100 mL volumetric flask with adsorbent dose 

0.3 g and 0.5 (optimized) for Co(II) and Cr(III), respectively, on optimized pH 2 for Co(II) and 

Cr(III). The different solutions were shaken for a different period of time, i.e., 10 min, 20 min, 

30 min, 40 min, 50 min, 60 min, while the orbital shaker's speed was kept at 120 rpm. The rest 

of the procedure was the same as discussed above. The result was plotted as contact time (min) 

vs. qe and % removal to get the optimum value of contact time.  
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2.3.4. Effect of initial concentration. 

To obtain the optimum value of initial concentration 50 mL of selected adsorbate with 

different concentrations (20 ppm, 40 ppm, 60 ppm, 80 ppm, and 100 ppm) were taken in five 

separate 100 mL volumetric flask. Optimized amounts of adsorbent dose (0.3 g and 0.5 g for 

Co(II) and Cr(III)correspondingly were added to each flask at optimized pH. Contact time 20 

min and 10 min were kept for Co(II) and Cr(III) separately. The selected initial concentrations 

for both the adsorbates were shaken at orbital shaker at 120 rpm. The rest of the procedure was 

the same as discussed above. For obtaining the optimum value of initial concentration, the 

result was plotted as initial concentration (mg L-1) vs. qe and % removal. 

2.3.5. Effect of shaking speed.  

For optimizing the shaking speed, 50 mL of selected adsorbate solutions were taken 

with an initial concentration 60 ppm and 40 ppm for Co(II) and Cr(III), respectively. Other 

parameters, i.e., pH, contact time, and adsorbent dose, have their optimized values as discussed 

in the above sections. The different mixtures were shaken at four different shaking speeds 60 

rpm, 90 rpm, 120 rpm, and 150 rpm. The rest of the procedure was the same as discussed in 

the section above. For obtaining the optimum value of shaking speed, the result was plotted as 

shaking speed  (rpm) vs. qe and % removal. 

3. Results and Discussion 

3.1. Spectrophotometric determination. 

3.1.1. Spectrophotometric determination of Co(II). 

Co(II) 's Spectrophotometric determination was made using an already reported method 

with little modifications [12]. To decide Co(II) concentration, solutions of various 

concentrations  (10, 20, 30, 50,  and 60 ppm ) were prepared. 3 mL from each solution, 1 mL 

of 1 M HCl solution, and 6 mL of acetone were added to the flask. The solution was mixed 

thoroughly, and at 680 nm, the absorbance was measured. The result showed that absorbance 

increases with an increase in concentration. 

 
Figure 1. Spectrophotometric determination of Co(II). 
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3.1.2. Spectrophotometric determination of Cr (III). 

The Spectrophotometric determination of Cr(III) was made using the already reported 

method with little remodeling [9]. To determine the concentration of Cr(III) solution of various 

concentrations (10, 20, 30, 50, and 60 ppm) was prepared. 5 mL of Cr(III) solutions were taken 

in a flask, and 5 mL of prepared 0.5 % Na2EDTA solution were added to it to make a total of 

10 mL mixture. The absorbance was measured at 552 nm. The result depicts that absorbance 

increases with an increase in concentration.  

 
Figure 2. Spectrophotometric determination of Cr(III). 

3.2. Factors influencing the adsorption. 

3.2.1. Effect of pH.  

Effect of pH on adsorption of Co(II) and Cr(III) was studied in pH range (2-13). The 

result demonstrates that Cr(III) and CO(II) adsorption depends on pH. The adsorption increases 

as pH increases and % removal are maximum at pH 2 for both Co(II)  and Cr(III). The optimum 

value for both Cr (III) and Co(II) was attributed to the fact that a decrease in pH causing the 

conversion of the entire surface of adsorbent into the positive charge that leads to strong 

interaction that is shown in Fig: 3 (a) and (b). The result was plotted as pH vs. qe and % removal 

[21]. 

Table 1. pH effect on adsorption of CO(II) and Cr(III). 

 

S.No. 

 

pH 

Co (II) Cr (III) 

qe(mg/g) %Removal qe(mg/g) %Removal 

1. 2 9.75 97.5 8.25 82.5 

2. 4 7.25 72.5 5.75 57.5 

3. 5 7.25 72.5 5.75 32.5 

4. 7 4.75 47.5 3.25 32.5 

5. 8 4.75 47.5 3.25 32.5 

6. 10 2.25 22.5 0.75 7.5 

7. 12 2.25 22.5 0.75 7.5 

8. 13 2.25 22.5 0.75 7.5 

3.2.2. Effect of adsorbent dose. 

Adsorption of Co(II) and Cr(III) with different adsorbent doses have been studied. The 

dosage varies from 0.1 to 0.5 g. It saw that the adsorption capacity of Co(II) was increased with 
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an increase in an adsorbent dose up to 0.3 g because more active sites on adsorbent are 

available. Then a saturation point is reached, and hence a decrease was observed beyond 0.3 g. 

The effect for Cr(III) was linear, i.e., increased adsorption was observed with an increase in 

adsorbent dose, and maximum adsorption occurred at 0.5 g. Hence adsorbent dose 0.3 g and 

0.5 g was selected as an optimized adsorbent dose for further experiments, as shown in Fig: 4 

(a) and (b). The result was plotted as adsorbent vs. qe and % removal [22]. 

 
(a) 

 
(b) 

Figure 3. Effect of pH on the adsorption of (a) Co(II) and (b) Cr(III). 

Table 2. Effect of adsorbent dose on Co(II) and Cr(III). 

 

S.No. 

 

Adsorbent dose 

(g) 

Co (II) Cr (III) 

qe 

(mg/g) 

% 

Removal 

qe 

(mg/g) 

% 

Removal 

1. 0.1 7.25 72.5 15 50 

2. 0.2 7.25 72.5 17.8 55.6 

3. 0.3 9.75 97.5 18.7 61.11 

4. 0.4 4.75 47.5 19.3 72.22 

5. 0.5 2.25 22.5 19.44 72.22 
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3.2.3. Effect of contact time.   

To study Co(II) and Cr(III) 's adsorption capacity, various contact timings ranging from 

10 -60 min were selected. It was found that Co(II) adsorption rises with an increase in contact 

time, and maximum adsorption occurs at 20 min of  Co(II). For Cr(III), adsorption was 

maximum at 10 min, adsorption increases when contact time increases as shown in Fig: 5 (a) 

and (b).as a result, 20 min was selected as optimized contact time for further experimental 

parameters. The result was plotted as contact time vs. qe and % removal [23]. 

3.2.4. Effect of initial concentration. 

The concentration effect was investigated in the range of 20-100 ppm for adsorbate 

solutions of Cr(III) and CO(II). The optimized pH 2, adsorbent dose (0.3 g and 0.5 g, 

respectively), and contact time were used during the experiment. The adsorption increases with 

an increase in initial concentration; however, the percent removal decreases at higher 

concentrations. Maximum adsorption occurs at 60 ppm for both Cr (III) and CO(II), as shown 

in Fig: 6 (a) and (b). The decrease in adsorption at higher concentrations is due to the saturation 

of active sites. The result was plotted as initial concentration vs. qe and % removal [24]. 
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Figure 4. Effect of adsorbent dose on (a) Co(II) and (b) Cr(III). 

Table 3. Effect of contact time on Co (II) and Cr (III). 

 

S.NO 

 

Time (min) 

Co (II) Cr (III) 

qe (mg/g) % removal qe (mg/g) % removal 

1 10 4.75 47.5 8.25 82.5 

2 20 9.75 97.5 5.75 57.5 

3 30 2.25 22.5 5.75 57.5 

4 40 7.25 72.5 3.25 32.5 

5 50 4.75 47.5 0.75 7.5 

6 60 2.25 22.5 0.75 7.5 

3.2.5. Effect of shaking speed.  

The effect of shaking speed was studied at various shaking speeds (60, 90, 120, and 150 

rpm). The other parameters were taken as optimized. It was found that adsorption of Cr(III) 

and CO(II) increases with shaking speed because of the number of collisions of adsorbate and 

biosorbent increases. The adsorption is maximum at 120 rpm for Cr(III), and after this, a 

saturation of active sites occurs. The increase in adsorption was linear with shaking speed for 

Co (II). Hence the 150 rpm and 120 rpm were selected as optimum shaking speed for Cr(III) 

and CO(II) separately [25]. 

 
(a)  

 
(b) 

Figure 5. Effect of contact time on the adsorption of (a) Co(II) (b) Cr(III). 
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Table 4. Effect of initial concentration on Co(II) and Cr(III). 

 

S.No. 

 

Shaking 

speed(rpm) 

Co (II) Cr (III) 

qe (mg/g) % 

removal 

qe (mg/g) % removal 

1 60 9,75 48.75 10.75 53.75 

2 90 12.25 61.25 15.75 78.75 

3 120 14.75 73.75 18.25 91.25 

4 150 17.25 86.25 13.25 66.25 

 
(a) 

 
(b) 

Figure 6. Effect of initial concentration on (a) Co(II) and (b) Cr(III). 

Table 5. Effect of shaking speed on Co(II) and Cr(III). 

 

S.NO 

Shaking 

speed(rpm) 

Co (II) Cr (II) 

qe (mg/g) % Removal qe (mg/g) %Removal 

1 60 9.75 48.75 10.75 53.75 

2 90 12.25 61.25 15.75 78.75 

3 120 17.25 86.25 18.25 91.25 

4 150 17.25 86.25 13.25 66.25 
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(a) 

 
(b) 

Figure 7. Effect of Shaking speed on (a) Co(II) and (b) Cr(III). 

4. Conclusions 

 Various adsorption techniques have been studied to eliminate Cr(III) and CO(II) onto 

lemon leaves. The present study shows the pH, adsorbent dosage, contact time, initial 

concentration, and shaking speed affecting the adsorption of both adsorbates Co(II)  and (b) 

Cr(III). The maximum adsorption occurs at pH 2 for both adsorbates. It was found that 

adsorption of selected adsorbates increased with adsorbent dose and got maximum at optimum 

adsorbent dose values (0.3 g and 0.5 g for Co (II) and Cr (III), respectively). The biosorption 

capacity of biomass increases with initial concentration, and maximum adsorption has been 

found at 40 and 60 ppm for C0 (II) and Cr (III), respectively. The optimum contact time for Co 

(II) was 10 min, and that for Cr (III) was 20 min. It was also found that adsorption was increased 

as an increase in shaking speed occur and maximum adsorption occurred at 150 rpm and 120 

rpm for Cr (III) and CO(II), respectively. The results of various parameters confirmed that the 

selected adsorbent is highly suitable for the adsorption of selected adsorbate from water. 
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