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Abstract: This research study focuses at the use of fenugreek seed powder as a bio adsorbent for removing arsenic from aqueous 

media. Metal biosorption research on Fenugreek seed powder has been studied in just a few studies. SEM, FTIR, and XRD were used 

to investigate the constituents and properties of fenugreek seed powder, which revealed the constituents and properties that enabled 

the arsenic biosorption process to succeed. To investigate the strength of arsenic adsorption using Fenugreek seed powder as a 

bioadsorbent, the effects of primary parameters including contact time, dose, concentration, pH, and temperature were used. The 

report of these parameters suggested that as the parameters increased, the efficient removal of arsenic increased until equilibrium was 

reached, but no successful results were seen after gaining the equilibrium. The biosorption process to Freundlich isotherm and pseudo 

kinetic order in liner form with better correlation coefficients was verified by a survey of biosorption isotherms and kinetic results. 

The system was endothermic, random, and favourable with biosorption characteristics at various temperatures, as determined by the 

thermodynamic constants. As a result of these findings, fenugreek seed powder has been modified for arsenic adsorption. 
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1. Introduction 

The continued emission of contaminants is causing a large-

scale destruction of the natural environment, which is a major 

social problem that has diverted people's attention away from 

basic human needs. The various factories in Hyderabad, where 

my research is taking place, produce a large amount of inorganic 

metals, which are then discharged into the water supply, where 

they are consumed by the people in the region, resulting in a 

variety of diseases and deaths. Arsenic is one of those inorganic 

compounds that have a significant toxicological impact on 

human life. Toxicological profiles for arsenic elements have 

been included in standard texts [1] and government findings [2-4] 

referring to the illustration of arsenic's toxico kinetics and 

toxicity. The aim of this study is to aim at the health risks that 

arsenic pollution in water can cause. 

1.1. Characterization of Fenugreek Seed Powder 

The hydrophobic and hydrophilic properties of cellulose, 

hemicellulose, and lignin are found in fenugreek seed 

powder. The FTIR spectrum detects adsorption bands such as 

C-H, C=C, C-O, C-N, O-H, N-H (primary amines), and C-O-

H. At higher temperatures, the carbonyl group releases CO2, 

which causes these bands to vanish (4000oC). The presence 

of hetero atoms (N, O) and some bonds on the surface of the 

biosorbent are thought to be involved in the biosorption 

process, and thus Fenugreek seed powder can be used as a 

biosorbent. 

Alkaloids, amino acids, saponins, steroidal sapinogens, 

flavonoids, fibres, and lipids such as triacylglycerols, 

diacylglycerols, monoacylglycerols, and free fatty acids1 are 

also present and may support with the biosorption process 

[5]. 

2. Results and Discussion 

2.1. Contact Time's Effect 

The biosorption of arsenic with 1 gm of Fenugreek powder 
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varies with contact time from 10 to 50 minutes, as shown in 

Figure 1. From 10 to 20 minutes later, there is a sharp increase 

in biosorption, followed by a sharp decline. In the rate of 

Arsenic biosorption, there is a noticeable difference. Due to the 

presence of more active sites on the surface of the biosorbent, 

the rate of biosorption is high in the early stages. For Arsenic, 

the maximum biosorption time is 20 minutes. Since there are 

n't enough vacant places on the biosorbent after 20 minutes, 

the grade of biosorption would most likely decrease. As a 

result, biosorption appears to be decreasing, and this trend 

continued until the end of the contact period analysis [6]. 

2.2. Dosage Estimation 

The arsenic biosorption potential is tested using a 50µg/L 

Arsenic concentration and varying dosages of Fenugreek at a 

20-minute contact period. The rate of biosorption is 

predominant, denoting 65% arsenic removal at 2 gm of Methi 

powder dosage, owing to the greater accessibility of sorption 

sites on biosorbent. This proximity is retained until 3.5 gm, 

and then the arsenic biosorption is progressively diminished 

due to the overlaying of the biosorbent particles on the sites, 

as shown in Figure 2 [7, 8]. 

2.3. Initial Arsenic Concentration 

Lower Arsenic concentrations of 10µg/L to 30µg/L as 

Arsenic metal ion had the lowest biosorption potential. In 

lower initial Arsenic concentrations (10µg/L to 40µg/L), the 

ratio of Arsenic metal ions to Fenugreek mass is low. As a 

result, the functional groups present in Methi powder occupied 

the binding sites of Arsenic metal, resulting in a higher Arsenic 

removal percentage. Additional metal ions were inferred with 

an increase in initial concentration, i.e., above 40µg/L these 

ions are adhered to the same quantity of Fenugreek powder, 

causing saturation of the biosorbent, resulting in a decrease in 

percent removal, as shown in Figure 3. 

In order to resolve the mass transfer opposition for the 

movement of metal ions from the mixture to the adsorbent 

surface, the saturation of the biosorbent surface may occur at 

higher concentrations as the driving force increases [9]. 

2.4. The Function of PH for Arsenic Biosorption onto 

Methi 

At pH 4.0, arsenic biosorption was highest. As shown in 

Figure 4, there was a steady rise in pH between 2.0 and 4.0 

and from pH 4.0 to 10.0 there was a decrease in arsenic 

biosorption. The concentration of counter ions on the 

functional groups of fenugreek powder such as Alkaloids, 

Amino acids, Saponins, and others, as well as the degree of 

ionisation of the biosorbate during reaction, is influenced by 

pH. The same conclusions were reached by all of the 

participants [10, 11]. 

2.5. Temperature Effects on Methi Biosorption 

As shown in Figure 5, changing the temperature from 

20°C to 80°C influenced Arsenic biosorption using fenugreek 

powder. The chemical components of the biosorbent and 

metal ions gradually bonded up from low to high 

temperatures, resulting in efficient arsenic absorption and the 

mobility of the Arsenic metal ions due to their higher kinetic 

energies. The rate of biosorption was also affected by the 

increase in pore volume of the biosorbent [12]. 

2.6. Biosorption Isotherms of Langmuir, Freundlich, and 

Temkin 

The application of biosorption isotherm models of Langmuir, 

Freundlich, and Temkin senses the strength of Arsenic 

biosorption in their phrases [13, 14]. The biosorption 

capacities are also depicted on the isotherms, which scan the 

interactions of adsorbate molecules with the adsorbent surface. 

The R2 values 0.998-0.989 for Langmuir, 0.954-0.997 for 

Freundlich, and 0.906-0.972 for Temkin generated from the 

slope and intercept by the plot of log qe vs log ce depicted 

Figure 7 that R2 values 0.954-0.997 for Freundlich, are 

higher than Langmuir and Temkin, which denote the highest 

correlation coefficient values as per the records of our study 

in Table 1. The experimental data was well demonstrated by 

the Freundlich isotherm. 

The negative values of Qo in Langmuir and low R2 in 

Temkin did not shed light on the Arsenic biosorptin, 

according to the Temkin and Langmuir plots in Figure 6 and 

Figure 8 and according to Table 1. 

2.7. Kinetic Biosorption Studies 

In this study, the activity of biosorption was investigated 

by fitting kinetic parameters to realistic data, such as pseudo 

first and second order kinetics, Elovich, and intraparticle 

diffusion models. Arsenic biosorption could not follow the 

Pseudo first order, according to the equation [15]. Since it is 

nonlinear as shown in Figure 9 and R2 values are tiny, as 

shown in Table 2 the arsenic experimental data was not apt to 

the Langmuir isotherm. 

The slope and intercept of the plot of t/qt versus t that can 

be seen in Figure 10 were used to estimate the pseudo second 

order kinetic rate constants k2 and qe at various temperatures. 

The calculated qe values agree with experimental qe values, 

and R2 values (0.971) were higher than other kinetic 

parameters, as shown by the results of k2 and qe seen in Table 

2. The linear form, which is experimental proof, revealed that 

Arsenic biosorption is apt to the Pseudo second order kinetic 

and fit well to the data, with the same results recorded by 

Figure 10 [16]. 

Table 3 and Figures 11 and 12 show that the experimental 

results from Arsenic biosorption on Fenugreek powder did 

not match well with the Elovich and Intraparticle diffusion 

models. 

2.8. A Retrospective of Thermodynamics and Equilibrium 

The values of the thermodynamic parameters ∆H°, ∆S°, 

and ∆G° were determined from an analysis of Arsenic 

biosorption at different temperatures (20° to 80°C). ∆G° was 

calculated using the Langmuir equilibrium constant [17, 18]. 

The Vont's Hoff equation can be used to measure the 
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enthalpy and entropy of the biosorption process: 

ln K=
∆�	ͦ

��
 + 

∆�	ͦ

�
                                   (1) 

(1) The following equation was used to calculate the 

activation energy (Ea); 

Ea=∆ H°+ RT                                  (2) 

(2) Positive values of ∆H° and Ea suggest that adsorption 

is an endothermic mechanism that absorbs energy from the 

surroundings, as shown in Table 3 and Figure 13. The 

presence of orderliness in the biosorption process was 

indicated by the negative values of ∆S°. The favourable and 

spontaneous essence of Arsenic biosorption is shown by the 

negative value of ∆G°, which decreased as temperature 

increased. 

(3) The separation factor, RL is calculated from the 

equation: 

�	 =
�

��
��
                                  (3) 

with Co denoting the adsorbate's initial concentration. The 

isotherm's form is either linear (RL=1), irreversible (RL=0), or 

favourable (0 < RL< 1) [19] as indicated by the RL value. If 

the RL value is between 0 and 1, the adsorption process is 

likely to be favourable. The Arsenic biosorption on 

Fenugreek powder is a favourable method, according to the 

RL (Table 4 and Figure 14) results. 

Table 1. Adsorption isotherm constant and statistical comparison values of adsorption isotherm models for Arsenic adsorption by Fenugreek powder. 

S. No Parameters Temkin Adsorption Isotherm 

01. 

Temperature °C 0 20 40 60 80 

R2 0.906 0.940 0.950 0.952 0.972 

ASS 0.048 0.030 0.025 0.024 0.014 

aT 0.195 0.224 0.256 0.280 0.326 

bT 0.991 1.913 0.966 1.017 0.920 

 Langmuir Adsorption Isotherm 

02. 

R2 0.997 0.998 0.995 0.989 0.985 

ASS 0.032 0.020 0.044 0.065 0.076 

aT -0.005 -0.004 -0.004 -0.005 -0.004 

bT 0.415 0.422 0.465 0.499 0.519 

 Freundlich Adsorption Isotherm 

03. 

R2 0.954 0.984 0.992 0.988 0.997 

ASS 0.001 0.000 0.000 0.000 0.000 

aT 0.530 0.600 0.615 0.634 0.697 

bT 0.075 0.017 0.048 0.016 0.016 

Table 2. Kinetic parameters for adsorption of Arsenic by Fenugreek powder. 

S. No Parameters 

Arsenic 

Concentration 

(10 µg/L) 

Arsenic 

Concentration 

(20 µg/L) 

Arsenic 

Concentration 

(30 µg/L 

Arsenic 

Concentration 

(40 µg/L) 

 Pseudo first order kinetic model 

01. R2 0.738 0.903 0.989 0.966 

 ASS 0.025 0.000 0.008 0.004 

 K1 0.008 0.008 0.008 0.006 

 Pseudo second order kinetic model 

02. R2 0.971 0.958 0.895 0.932 

 ASS 0.001 0.000 0.001 0.000 

 K2 0.220 0.264 0.334 0.372 

 Elovich model 

03. R2 0.929 0.986 0.910 0.979 

 ASS 0.000 0.001 0.001 0.000 

 α -9.582 -10.40 -10.82 -9.336 

 β 21.05 22.01 22.56 19.18 

 Intraparticle diffusion model 

04. R2 0.873 0.981 0.967 0.997 

 ASS 0.006 0.000 0.000 0.001 

 kid -1.520 -1.714 -1.858 -1.568 

 I 15.69 16.53 17.26 14.43 

Table 3. Thermodynamic parameters of Arsenic adsorption by Methi powder. 

S. No Temperature ∆G (KJ/mol) ∆S (KJ/mol) ∆H (KJ/mol) 

1. 273 K -61.28 -21.42 0.041 

2. 293K -53.59   

3. 313K -57.25   

4. 333K -55.37   
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S. No Temperature ∆G (KJ/mol) ∆S (KJ/mol) ∆H (KJ/mol) 

5. 353K -49.89   

Table 4. Equilibrium parameter RL values at different concentrations and temperatures. 

S. No Temperature (°C) 
Concentration of Arsenic (µg/L) and RL values 

10µg/L 30µg/L 50µg/L 

01. 0 0.1005 0.033 0.200 

02. 20 0.1004 0.033 0.200 

03. 40 0.1004 0.033 0.200 

04. 60 0.1005 0.033 0.200 

05. 80 0.1004 0.033 0.200 

 

 

Figure 1. Contact time varies with biosorption of arsenic. 

 

Figure 2. Differential Arsenic Absorption capabilities at Different Doses. 

 

Figure 3. The effect of different levels of arsenic on Methi powder. 

 

Figure 4. Arsenic biosorption on Methi as a feature of pH. 

 

Figure 5. Impact of temperatures on by the Langmuir Isotherm. 

 

Figure 6. Shows the elimination of arsenic Biosorption of Arsenic onto 

Methi. 
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Figure 7. Arsenic removal by Freundlich isotherm. 

 

Figure 8. Temkin Isotherm for Arsenic Removal on Fenugreek Powder. 

 

Figure 9. Pseudo-first order kinetic plot for Arsenic on Fenugreek powder. 

 

Figure 10. Pseudo-second order kinetic for Arsenic on Fenugreek powder. 

 

Figure 11. Elovich plot for Arsenic plot on Fenugreek powder. 

 

Figure 12. Intra particle diffusion for Arsenic on Fenugreek powder. 

 

Figure 13. Relationship between ln (qe/ce) and qe ln (Kc) and 1/T for the 

removal. 

 

Figure 14. Relationship between for the removal of Arsenic of Arsenic. 
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3. Conclusion 

Based on few past reported scientific findings, fenugreek 

seed powder possesses the bioactive compounds that succour 

not only in the manufacture of healthy products, but also in 

the biosorption process for the expulsion of metals form the 

contaminated water which has been discussed in this review. 

Optimization of six physicochemical parameters, namely 

contact time of the biosorbent and the biosorbate, biosorbent 

dose, initial arsenic concentration, pH of the solution and 

temperature resulted 60%-70% arsenic removal. Isothrem 

models of Langumiur, Freundlich and Temkin study assured 

that the data is fit to Freundlich with greater correlation 

coefficient. 

Thermdynamic, kinetic and equilibrium constants brought 

out the interpretation that arsenic biosospriotn onto fenugreek 

seed powder is endothermic, spontaneous and favourable at 

various temperatures. 

Since, the research data established better epilogue with 

efficient report with parameters, fenugreek seed powder can 

be used as biosorbent for the metal removal from aqueous 

media. 
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