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Article 
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Abstract: Given the abundance of kikuyu biomass resulting from the pruning of green areas, the aim of this 

study was to evaluate its use as a biosorbent (BK) for Cr (III) removal from polluted waters. The biomass was 

activated using H2SO4 (1.25%) and, NaOH (3.25%), and then characterized using Fourier-Transform Infrared 

Spectroscopy (FTIR) and, Scanning Electron Microscopy/Energy Dispersive Spectroscopy (SEM/EDS). The 

surface area was measured using the Brunauer-Emmett-Teller (BET) method. The adsorption process was 

carried out by employing a jar test, evaluating the adsorption capacity (q) as a function of biomass 

granulometry, dose (BK) and the pH of the solution. In addition, the kinetic process, BK regeneration and 

adsorption capacity on fur industry effluents were evaluated. Our results confirmed the presence of active 

groups on BK such as: –OH, -C=C-,   -C=O, and -C-O-, with an increase of 1308.58% in specific surface area, 

as well as the presence of chromium. The three variables under study were significant and related in a 

mathematical model. Maximum adsorption capacities (qmax) of 47.9, and 37.6 mg/g were obtained when using 

synthetic waters and fur industry effluents, respectively. The pseudo-second-order kinetic model confirmed 

that the adsorption mechanism is chemisorption. Furthermore, it was possible to regenerate the BK at a pH of 

3 with an adsorption capacity of 28.7 mg/g. The possibility of using kikuyu within the circular economy was 

demonstrated. 
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1. Introduction 

Caring for the environment, is both a necessity and a requirement for sustainable development, 

a responsibility that each society assumes for future generations. Metallurgical, electroplating, 

tanning, leatherworking, pulp production, battery and paper printing ink industries, among others, 

are of high environmental significance due to the presence of Cr (III) and Cr (VI) in their effluents. 

These effluents, ranging from tens to hundreds of mg/L, cause negative environmental impacts 

[1][2][3][4]. The tanning industry has been extensively developed in the south of Peru. 

Leatherworking is other important form of artisanal production in the Cusco Region, generating 

effluents with a pollution load of Cr (III) equivalent to one-third of the chromium salt used [5]. The 

These effluents can be treated via conventional treatment processes such as chemical precipitation, 

flotation, ion exchange, membrane separation, electrocoagulation, and adsorption [6][7]. Among 

these methods, biosorption is a physicochemical phenomenon where solute particles, in solution, 

accumulate themselves on the surface of a biomass (alive or dead) [7][9]. Peru has a wide range of 

plant species that are interesting to study as biosorbents for removing of contaminants in water. There 

have been suggestions to reorient efforts toward species of plants that are typically considered weeds, 

grow during the rainy season, lack potential for medicinal applications, or are not registered as a 

traditional medicine from their country of origin. Kikuyu (Pennisetum clandestinium Hochst) belongs 

to these types of biomasses. Belonging to the Poaceae family and originating of Africa, it has been 

reported in Peru, where it is considered an invader of natural forests, crops, agricultural and coastal 

areas, as well as, roadsides, and in some cases, it is used in dairy production systems [10]. Biomasses 
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contain chemical functional groups in their structures that retain pollutants through electrical 

attractions, van der Waals forces, or their chemical nature [11][12]. Approximately 60-90% of biomass 

is composed of polymeric substances that could form stable complexes with heavy metals through 

their functional groups; for example, carboxylic acids, phosphates, sulfates, amines, and amides 

[13][14][15][16][17]. It is interesting to note that the properties and characteristics of surface biomass 

depend on, among other aspects, the prior treatment of the natural material, which could increase its 

adsorption performance [18]. Thus, acid and/or basic treatment of biomaterials enables an increase 

in their adsorption capacity, as it leads to a rupture of their polymer chains and the emergence of a 

greater number of functional groups from cellulose [19]. Therefore, in this study, we aimed to 

evaluate the biosorption capacity of Cr (III) from polluted waters using the residual biomass of 

kikuyu (Pennisetum clandestinum Hochst) activated via acid and basic treatment. For this reason, we 

conducted a physical, chemical and morphological characterization of the BK biosorbent, evaluating 

the influence of the biosorbent particle size, dose and pH of the polluted solution on the adsorption 

capacity. In addition, we established a mathematical model to relate the variables under study, as 

well as a kinetic model for kikuyu regeneration from the saturated biosorbent with Cr (III), treated 

under various pH conditions. Finally, the Cr (III) adsorption capacity of the effluent obtained from 

the ASAPES fur industry was evaluated using the biosorbent. 

2. Materials and Methods 

Biosorbent Preparation 

A total of 1 kg of kikuyu (Pennisetum clandestinum Hochst), was collected from the gardens at the 

Universidad Nacional de San Antonio Abad del Cusco (UNSAAC), washed with deionized water, 

dried in a KYNTEL forced convection oven at 80 °C for 24 hours, weighed (EUROTECH precision 

analytical digital scale, model FSF-A2204B, repeatability +/- 0.1 mg) and ground. The obtained 

biomass (B) was activated, following the method reported in [7][20] in soxhlet equipment via acid 

treatment with H2SO4 (p.a. 97%, SCHARLAU brand) at 1.25% for 60 minutes and then dried. This 

was followed by basic treatment with NaOH (98.8% SCHARLAU brand) at 3.25% for 60 minutes and 

subsequent drying. Then, the activated biomass was sifted through certified ASTM standard Tyler 

meshes No. 70, 100 and 140 and stored in a desiccator. The resulting product constitutes the 

biosorbent (BK). 

Biosorbent Characterization 

The active functional groups of B, BK and saturated biosorbent with Cr (III) (BKS) were 

identified using Fourier Transform Infrared Spectroscopy (FTIR), in the range of 380 cm-1 to 4000 cm-

1, employing a PERKIN ELMER spectrophotometer with Spectrum 10   software Origin [21].  

The measurement of the specific surface areas and characteristics of the mesopores of B and BK 

were carried out using Brunauer-Emmet-Teller (BET) analysis in a MICROMETRICS surface area 

analyzer. Prior to the N2 sorption experimental runs, each sample was degassed with He through a 

heat treatment at 200 °C for 6 hours under vacuum. 

Using Scanning Electron Microscopy (SEM) [6], the morphology and the presence of 

characteristic elements were elucidated for the BK and BKS samples’ spectra through 

photomicrographs. For this analysis, a scanning electron microscope was used. (SEM/EDS, FEI 

QUANTA 650, detector: EDAX model OCTANE PRO). 

Biosorption Tests with Synthetic Polluted Water 

A standard stock solution with a concentration of 250 ppm Cr (III) was prepared from 

Cl3Cr∙6H2O salt (99%, Merck). The biosorption tests were carried out using jar test equipment 

(DAIHAN SCIENTIFIC, Model JT-M6C), employing synthetic polluted water containing 50 mg/L Cr 

(III) (a concentration that exceeds the concentrations of chromium from fur effluents in the region) 

with a volume of 300 mL. The stirring speed was 150 rpm, with tests conducted for 2 hours. We 

utilized with a Multivariable Factorial Experimental Design 23. Table 1 shows the independent 
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variables and their respective levels. The total number of trials was 33, considering 3 midpoints, and 

2 replications. 

Table 1. Variables and levels. 

Independent Variables Levels 

Biosorbent size, T (μm) 106 212 

Biosorbent dose, D (mg/L) 0.5 1.0 

pH 4.8 5.5 

At the end of each test, the samples were filtered using Wattman N°40 filter paper, where the 

residual Cr (III) content was analyzed via a Flame Atomic Absorption Spectrophotometer (THERMO 

SCIENTIFIC, AA ICE 3300) at 357.87 nm. The number of chromium ions adsorbed (q) in mg Cr/g 

biosorbent, during the series of batch experiments, was determined using the mass balance equation 

[9]: 

𝑞 =
𝑉

𝑚
(𝐶𝑖 − 𝐶𝑓), (1) 

where q is the adsorption capacity of Cr (III) in mg/g, Cf is the final concentration of Cr (III) in ppm, 

Ci is the initial concentration of Cr (III) in ppm, V is the volume of the solution in liters (L), and m is 

the mass of biosorbent in grams (g). The biosorbent size (T), dose (D), and pH conditions that reached 

the highest q were fixed as parameters for the following tests. 

Statistical Analysis 

The data obtained were statistically treated with the Statgraphics Centurion 18 software, to 

determine the effect of the independent variables (T, D and pH) on q. These   variables were 

assessed through ANOVA, the mathematical prediction model, and its goodness of fit. 

Kinetics Study 

The biosorption kinetics of Cr (III) on BK were analyzed by fitting the experimental data to the 

pseudo-first-order, pseudo-second-order, and Elovich kinetic models, as reported in [22]. For this 

purpose, 300 mL of a polluted solution with Cr (III) (50 mg/L) was prepared, with the biosorbent dose 

(D) and pH determined in the previous tests, and stirred at a speed of 150 rpm. At different times, 10 

ml aliquots were taken up to 2 hours and then filtered, and the concentration of Cr (III) was 

subsequently determined via atomic absorption. Two replicates were performed for each test. The 

linearized forms of the kinetic models are expressed using Equations (2)-(4): 
𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡  

(2) 
𝑡

𝑞𝑡

=
1

𝑘2𝑞𝑒
2

+
𝑡

𝑞𝑒

 
 

(3) 

𝑞𝑡 =
1

𝛽
𝑙𝑛(𝛼𝛽) +

1

𝛽
𝑙𝑛𝑡 

 

(4) 

where q is the adsorption capacity at time t (mg/g), t is the contact time (min), qe is the adsorption 

capacity at equilibrium (mg/g), k1 is the constant rate (min-1), k2 is the pseudo-second order rate 

constant (g∙mg-1∙min-1), α is the initial adsorption rate (mg/g min) and β is the ratio with the covered 

surface and the activation energy for chemisorption, (g/mg). 

Saturated Biosorbent Regeneration 

The regeneration tests involved desorbing Cr (III) from the BKS obtained during   biosorption 

process under conditions where higher q values were achieved. To achieve this, 25 ml solutions with 

varying pH (3,4,8, and 9) were added to the BKS in a shaker (ORBITAL, MU-E25-91146), utilizing a 

stirring speed of 50 rpm for a period of 2 hours. Afterward, the samples were filtered and the Cr (III) 
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concentration that was released from the saturated biosorbent was determined via atomic absorption 

(AA). The percentage of desorption was calculated using Equation 5 [23]: 

% 𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = (
𝐶𝑎𝑑 ∗ 100

𝐶𝑑𝑠

) (5) 

where Cad is the Cr (III) adsorbed concentration in mg/L, and Cds is the desorbed concentration in 

mg/L. The regenerated biosorbent (BR) was dried in the environment. The Cr (III) adsorption capacity 

(q) of a polluted solution containing 50 mg/L Cr (III) was tested again, employing a volume of 300 

mL, a stirring speed of 150 rpm, and a duration of 2 h. Regeneration tests were performed in triplicate. 

Biosorption of Fur Industry Effluent 

Finally, the Cr (III) adsorption process using BK was tested in a real sample. This sample was 

collected from the ASAPES fur industry (Sicuani-Cusco-Peru), specifically being an effluent from the 

tanning bath process. A composite sample of 3 L was taken and filtrated using Wattman No. 40 paper. 

Then, 300 mL of water was treated at a stirring speed of 150 rpm for a duration of 2 h. The residual 

concentration of Cr (III) was measured via AA, and the adsorption capacity q was calculated using 

Equation (1). 

3. Results and Discussion 

3.1. Biosorbent Characterization 

Figure 1 shows the FTIR spectra of B, BK, and BKS, respectively, where a large number of 

absorption peaks are observed that characterize the presence of the functional groups -OH (3285 cm-

1), -C=O (1634 cm-1), -C-O- (1041 cm-1), and C=C- (1690 cm-1)), confirming its lignocellulosic nature [23]. 

The first three functional groups, where the oxygen atom is present with its two pairs of free electrons, 

provide the BK points of high electron density, which become active adsorption centers. In the case 

of the group C=C- the electron density arises from the π bond; therefore, the group C=O has a higher 

electronic density [4]. The difference between the spectra occurs with lower values of transmittance 

percentage (higher absorbance percentage), indicating a better arrangement of the negatively charged 

functional groups in BK with respect to B. This is attributed to acid base treatment [24] and its 

screening with Cr (III) cations (BKS), whereby the active attraction of these cations towards the 

surface of the BK in the adsorption process occurs. This is due to complexation with functional groups 

that contain oxygen such as the hydroxyl group and electrostatic attraction using carbonyl, 

confirming effective adsorption of a chemical nature [25]. 
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Figure 1. FTIR spectra. (a) Kikuyu biomass (B); (b) biosorbent (BK), and (c) saturated biosorbent. 

Through BET analysis, it was possible to estimate that 1 g of kikuyu biomass has 0.0303 m2 of 

specific surface area, increasing to 0.4268 m2 (an increase of 1308.58%) due to the acid treatment 

solubilizing the hemicellulose and the basic treatment rupturing its polymer chains, thereby 

increasing the porosity and surface area of the biosorbent and, thus, increasing the quantity of ionic 

functional groups [20][24]. In [26], higher specific surfaces areas for the biomasses of banana piths, 

pineapple stems, and bamboo stems were determined; these results could be attributed to the 

chemical modifications that those biomasses underwent. The morphological micrograph (A) of the 

BK (Figure 2) shows an elongated, striated, laminated solid structure formed by horizontal rough 

plates with the presence of randomly distributed surface undulations and cavities, providing surface 

texture and different levels of microporosity, which, thus, enhances adsorption capacity [21][23]. The 

micrograph of the BKS (a), however, presents an ordered honeycomb-shaped structure, which could 

be due to the saturation of the pores with Cr (III). Similar structures are shown in [27] [28]. 

 s 

(A) (a) 

Figure 2. FTIR spectra. (A) Biosorbent (BK); (a) saturated biosorbent (BKS). 

EDS elemental analysis of the BKS (Table 2) confirmed the presence of Cr (III), aligninig with its 

organic nature, which is due to the high presence of carbon. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 November 2024 doi:10.20944/preprints202411.2113.v1

https://doi.org/10.20944/preprints202411.2113.v1


 6 

 

Table 2. Elemental analysis (EDS) of the saturated biosorbent (BKS). 

Element Unit 
Zone Nº1 Zone Nº2 Zone Nº3 

Area 1 Area 1 Area 1 Area 2 Area 3 

Carbon, C % 54.11 55.88 67.85 68.27 63.73 

Oxigen, O % 42.17 41.27 30.83 30.47 33.47 

Chromium, Cr % 0.48 1.02 0.65 0.65 0.86 

Aluminum, Al % 0.41 - - 0.23 - 

Silicon, Si % 2.82 0.49 0.4 0.39 1.45 

Calcium, Ca % - 0.66 0.27 - 0.49 

The results of the characterization using FTIR spectroscopy, the BET method, and scanning 

electron microscopy (SEM/EDS) show the potential of the biosorbent to remove Cr (III) from polluted 

waters.  

3.2. Biosorption Tests and Statistical Analysis 

Table 3 shows the average results of the adsorption capacity (q). An analysis of the results shows 

that a minimum Cr (III) adsorption capacity was achieved in test 6, corresponding to 21.3 ± 3.6 mg/g 

under lower pH conditions (4.8) of the polluted solution, a higher dose (1 g/L), and higher biosorbent 

size (212 μm). The highest adsorption capacity (47.9 ± 4.5 mg/g) was achieved in test 10, which 

included the highest pH (5.5), a lower biosorbent dose (0,5 g/L) and a lower biosorbent size (106 μm). 

This performance could be due to the fact that at a higher pH, there is less competition between 

hydrogen ions and Cr (III) cations [29]. Similarly, if the particle size is smaller, the active groups are 

more available for the absorbate and facilitates diffusion into the pores. However, a lower dose 

involves the presence of the active sites necessary for the adsorption of Cr (III), with a lower presence 

of unsaturated active sites. In [30], it was indicated that higher doses of biosorbent could cause 

agglomeration or superposition on the active sites, thus preventing the desired electrostatic 

interactions that would affect the decrease in adsorption capacity. The results obtained in this 

research exceed the performance of a Cr (III) biosorbent prepared with Saccharomyces cerevisiae in [31] 

(11.85 mg/g). Higher Cr (III) adsorption capacities were reported by [28], who tested yellow passion 

fruit peel as a biosorbent. 

Table 3. Adsorption capacity (mg/g). 

N º pH Dose (g/L) Size (μm) Cf (mg/L) q (mg/g) 

1 5.15 0.75 150 28.3 ± 2.23 28.9 ± 3 

2 5.5 0.5 212 29.7 ±1.21 40.6 ± 2.4 

3 4.8 0.5 212 31.9 ±1.89 36.1 ± 3.8 

4 5.5 1 106 24.8 ±3.15 25.2 ± 3.2 

5 4.8 1 106 26.0 ±0.53 24.0 ± 0.5 

6 4.8 1 212 28.7±3.62 21.3 ± 3.6 

7 5.5 1 212 26.5 ±3.86 23.5 ± 3.9 

8 4.8 0.5 106 29.8 ±2.95 40.4 ± 5.9 

9 5.15 0.75 150 29.4 ±3.03 27.5 ± 4 

10 5.5 0.5 106 26.1 ±2.24 47.9 ± 4.5 

11 5.15 0.75 150 30.7 ±1.49 25.7 ± 2 

In [7], the authors demonstrated the selectivity of a biosorbent obtained from Pennisetum 

clandestinium for Pb (II) ions (139.35 mg/g). Their result may be due to the relationship between the 

average pore size of the biosorbent and the radius of the ion. Table 4 shows the estimated effects of 

the independent variables on the adsorption capacity (q). 
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Table 4. Estimated effects on adsorption capacity (q). 

Efect Estimated Confidence Int. 

Average 31.01 +/- 1.42921 

A: pH 3.86 +/- 3.3518 

B: Dose -17.74 +/- 3.3518 

C: Size -3.99 +/- 3.3518 

AB -2.11 +/- 3.3518 

AC -0.49 +/- 3.3518 

BC 1.77 +/- 3.3518 

 AB denotes the pH–Dose interaction, AC denotes pH–Size interaction, and BC denotes Dose– Size interaction. 

From Table 4, it can be observed that the effect of pH is positive; thus, by increasing the pH from 

4.8 to 5.5, the adsorption capacity increases by 3.86 mg/g on average.    However, the effect of the 

biosorbent dose is negative, as increasing the dose from 0.5 to 1 mg/L results in an average decrease 

in adsorption capacity of 17.74 mg/g. Similarly, the effect of the biosorbent size is negative, as 

increasing the size from 106 to 212 μm, results in an average decrease in adsorption capacity of 3.99 

mg/g. Regarding the interactions, the effects of the variables are negative in the case of pH-dose (AB) 

and pH-biosorbent size (AC) interactions but positive in the case of dose-size (BC) interactions, where 

the adsorption capacity increases on average by 1.77 mg/g. Figure 3 shows a standardized Pareto 

diagram for the adsorption capacity. 

 

 

Figure 3. Standardized Pareto diagram for q. 

From the graph, it can be inferred that the three variables (biosorbent dose, size, and pH) exhibit 

significant effects with respect to the adsorption capacity. The statistical significance of the effects 

was analyzed using ANOVA, and the results are summarized in Table 5. The results indicate that the 

three variables under study pH, biosorbent dose, and size were significant (p-value <0.05), suggesting 

a significant difference from zero, with a confidence level of 95%. Among these variables, it is 

noteworthy that dose is highly    significant. 

Table 5. Analysis of variance. 

Source Sum of squares LG Square medium F-Ratio p-Value 

A: pH 89.3204 1 89.3204 5.64 0.0258 

B: dose 1888.6 1 1888.6 119.35 0 

C: size 95.6004 1 95.6004 6.04 0.0216 

AB 26.6704 1 26.6704 1.69 0.2065 

AC 1.45042 1 1.45042 0.09 0.7647 

BC 18.9038 1 18.9038 1.19 0.2853 

Diagrama de Pareto Estandarizada para q

0 3 6 9 12 15

Efecto estandarizado

AB

BC

AC

A:pH

B:Size

C:Dose +
-
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Blocks 91.1297 2 45.5648 2.88 0.0757 

Total error 379.787 24 15.8245     

Total (corr.) 2591.46 32       

The pH of the solution has an important role in the adsorption process, as it determines the 

surface charge, degree of ionization, and adsorption process [30]. Thus, in   several studies, higher 

adsorption capacities were reported with a pH in the range of 4.5 to 5.0. [32][33][34][23], despite the 

competition between H+ and Cr (III) ions for active sites on the biosorbent surface at acidic pH [33]. 

Thus, in [32], it was reported that at a pH of 4.15, a greater adsorption capacity for Cr (III) (121.64 

mg/g) was achieved. In addition, in [33], it was indicated that a pH of 5 was adequate to achieve the 

maximum adsorption capacity (200.25 mg/g). In both cases, the adsorption capacities obtained 

exceeded that of the present study (47.9 mg/g). This is probably because higher biosorbent doses were 

tested, for example, 70 g/L of eggshell and 20 g/L of Cymbopogon flexuosus immobilized in alginate 

sodium. At pH values higher than 7, hydrolysis could take place, leading to a decrease in adsorption 

capacity [28]. The mathematical model that relates the variables under study, with R2= 85.34%, is as 

follows: 

𝑞 = −14.1694 + 16.6548 ∙ 𝑝𝐻 + 15.9119 ∙ 𝐷 − 0.0196429 ∙ 𝑇 − 12.0476 ∙ 𝑝𝐻 ∙ 𝐷 −

0.0132525 ∙ 𝑝𝐻 ∙ 𝑇 + 0.0669811 ∙ 𝐷 ∙ 𝑇, 
(6) 

This model explains 85.34% of the experimental uncertainty, demonstrating the goodness of fit. 

3.3. Kinetics Study 

The data from the kinetic study (Figure 4) shows that the adsorption capacity q increases with 

time, with a rapid increase observed at the beginning, with the first minutes, and then equilibrium 

being reached in less than 80 minutes (q = 41.42 mg/g). 

The pseudo-second-order kinetics model best fits the experimental data (k=0.176 g/mg min), 

explaining 99.95% of the uncertainty. These results indicate that the biosorption process depends on 

the metal ion and the biosorbent [28], providing evidence that the adsorption mechanism is 

chemisorption. In addition, it is based on the influence of valence forces through the sharing or 

exchange of electrons between Cr (III) ions and the available sites on the biosorbent surface [30], 

which also indicates that the limiting stage is the adsorption itself, rather than mass transfer [35]. The 

studies developed by [36][33][28][37], which investigated pineapple plant stems, eggshells, yellow 

passion fruit peels, and the residual biomass of roses as biosorbents also reported pseudo-second-

order kinetics as a biosorption mechanism. In comparison, the values of the pseudo-second-order 

rate constants (k) of these studies (0.014; 0.041x10-3; 4.22 x10-3; and 0.75 x10-3 g/mg∙min, respectively) 

were lower than of the biosorbent (BK) under study. 
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Figure 4. Adsorption kinetics of Cr (III). 

3.4. Biosorbent Regeneration 

Through regeneration tests, it was possible to identify that the highest percentage of desorption 

was at a pH of 3 (Figure 5), with 81.41 % desorption. This value represents the percentage of Cr (III) 

that was released from the saturated biosorbent in an acidic medium, while, 18.59% was retained in 

the biosorbent. This result aligns with the results presented in [38], which achieved greater desorption 

at a pH of 4, thus corroborating the evidence that desorption of Cr (III) is more efficient at acidic pH. 

In contrast, the result obtained in [23] was lower, obtaining a 10% desorption rate for Cr (III) using 

0.1 M NaOH. This is due to the greater retention forces between the adsorbent and the metal, 

coinciding with the results of the present investigation in which only 0.10% was achieved with the 

same treatment. Therefore, favorable results are more likely at acidic pH than at basic pH. 

 

Figure 5. Desorption of Cr (III) from saturated biosorbent. 
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The regenerated biosorbent (BR) presented an adsorption capacity of 28.7 mg/g, representing an 

adsorption capacity of 59.92% from the unregenerated biosorbent. In the literature it was found that 

biosorbents could be regenerated and reused, as mentioned by the authors of [39], who reported the 

regeneration of saturated chitosan with Cr (VI) using sulfuric acid at a concentration of 0.1 M, 

achieving two regeneration cycles with a desorption percentage of 88%. In addition, in a study of 

cattails used to capture Cr (III) ions from synthetic waters, 10% desorption of Cr (III) was obtained, 

which was attributed to the greater retention force of this ion by the biosorbent at a pH of 5 [23]. 

3.5. Bioadsorption Tests with Fur Industry Effluent 

In the biosorption tests with samples from the ASAPES fur industry, with 0.5 mg/L dose of 

biosorbent, a pH of 5.5, and a biosorbent size of 106 μm, an adsorption capacity of 37.6 ± 0.2 mg/g 

was achieved, corresponding to 78.5% of the adsorption capacity with synthetic water (47.9 mg/g). 

This result could be attributed to the possible interferences caused by suspended solids, salts, fats 

and other compounds typical of the fur industry, as well as the presence of other ions that compete 

for the active sites of the biosorbent. In addition, in an investigation into a native microalgae 

consortium used to remove Cr (III) from two different sources real tannery wastewater and synthetic 

water it was possible to establish that the Cr (III) adsorption capacity of real wastewater is 91.22% of 

the adsorption capacity with synthetic water, which is attributed to the selectivity of the Cr (III) ion 

by the biosorbent [21]. 

4. Conclusions 

In conclusion, it was demonstrated that activated residual kikuyu biomass, treated with acid 

and basic hydrolysis, is effective for removing Cr (III) from polluted waters. FT-IR and SEM/EDS 

analyses identified the presence of Cr (III) in the biosorbent. In the adsorption process, the three 

variables under study (biosorbent dose, size, and pH) exhibited a significant influence on the 

adsorption capacity at a pH of 5.5, a biosorbent dose of 0.5 g/L, and a biosorbent size of 100 μm. 

Maximum adsorption capacities Ymáx of 47.9 mg/g and 37.6 mg/g in were achieved for synthetic water 

and industry effluents, respectively. The regeneration of the biomass is possible at a pH of 3. The 

results of our study indicate that residual biomass could be utilized for the removal of Cr (III) from 

tannery effluents, thereby reducing the cost of effluent treatments. 
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