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Abstract

The heavy metals are very toxic and cause soil and water pollution. The heavy metals include cadmium, lead, zinc, arsenic,
chromium, nickel, mercury, etc. There are physico-chemical methods for the removal of heavy of heavy metals from con-
taminated soils, aqueous solutions, waste water, etc. The biological method, i.e., bioadsorption is most easy, eco-friendly
and economical method for the removal of heavy metals from contaminated soils, aqueous solutions, waste water, etc. The
work here describes the kinetics study for the removal of heavy metals by the agroindustry by-products viz., peanut shell,
corn cob, sawdust, paddy husk and pressmud. The Langmuir and Freundlich equations and constants were determined. The
data shows the Langmuir and Freundlich isotherm models best fit the experimental data for the adsorption of heavy metals
viz., Zn, Cd, Pb and Ni The study indicates second order pseudo kinetics is obeyed.
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Introduction

The heavy metals viz., zinc, cadmium, lead, nickel, mer-
cury, arsenic, chromium, etc. are very toxic (Regine and
Volesky 2000). The heavy metals pollution is due to release
from electroplating, plastics, pigments, mining, fertilizers,
metallurgical industries, etc. The heavy metals enter into
the food web due to leaching from polluted soils and water.
These heavy toxic metals pile up to increase the concentra-
tion which is termed as “biomagnification” (Paknikar et al.
2003). The toxicity of the heavy metals is because their abil-
ity to bind to the protein molecules, which stops replication
of DNA and cell division (Kar et al. 1992). The removal of
heavy metals by ion exchange, membrane filtration, freezing
and evaporation are costly and time-consuming (Beni and
Esmaeili 2020). The bioadsorption technology can be used
to remove pesticides and heavy metals from the aqueous
solutions and soil. There are many reports on the studies of

This article is part of the Special Issue: Indian National Young
Academy of Science (INYAS).

< Aparna Gunjal
aparnavsi @yahoo.com

Department of Microbiology, Savitribai Phule Pune
University, Pune, India

degradation kinetics for the pesticides using microorganisms
(Bhatt et al. 2016, 2019, 2020a, b). The biosorption is a
biological process which makes use of bacteria, fungi, algae
and yeasts for the removal of heavy metals from the aqueous
solutions (Beni and Esmaeili 2020). The biomass (live or
dead) of these microorganisms can be used as biosorbents
(Gunjal et al. 2017). In bioadsorption, the heavy metals are
adsorbed on the surface of the microorganisms (Podstaw-
czyk et al. 2015). The bioadsorption technology is eco-
friendly and economical, easy, and also helps in reuse of
biomass with possibility of metal recovery.

The agroindustry by-products viz., coconut shell, pea-
nut shell, corn cob, wheat straw, rice husk, bagasse, press-
mud, etc. are easily available in large amount, cheap and
eco-friendly. The present work focuses on kinetics study,
Langmuir and Freundlich isotherms for the removal of heavy
metals by the agroindustry by-products viz., peanut shell,
corn cob, sawdust, paddy husk and pressmud.
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Materials and methods
Selection of the agroindustry by-products

Five agro-industry by-products viz., peanut shell, corn cob,
sawdust, paddy husk and pressmud were selected for the
study.

Sources of agro-industry by-products

Peanut shells were obtained from Gurukrupa oil mills, Pune,
Maharashtra, corn cobs from the local markets, Maharash-
tra, sawdust from Punjab sawmill located in Pune, Maha-
rashtra, paddy husk from Surve rice mill located at Karad,
Maharashtra and pressmud from Theur Sugar Factory, Pune,
Maharashtra.

Processing of the agro-industry by-products

The agro-industry by-products were finely powdered using
the mixer. One kg of each material was passed through a
sieve of mesh size of 60 um, packed in polythene bags (bag
size: 100 x 150 mm), and labeled to study the kinetics for
adsorption of heavy metals Zn, Cd, Pb and Ni.

Kinetics study

Batch adsorption tests were done at 38 °C of particle size
60 micron. For each test, 0.5 g of the agroindustry by-prod-
uct viz., peanut shell, corn cob, sawdust, paddy husk and
pressmud was mixed into 50 ml solution of initial metal

concentration ranging from 5 to 25 ppm. The contact time
was 20 min. After 20 min, each mixture is filtered using
Whatman filter paper No. 1 and the metal content of the
filtrate was determined by Atomic Absorption Spectropho-
tometer (AAS) (AAS—Varian SpectraA, Germany) (Gunjal
et al. 2017). The kinetics results are expressed in terms of
Langmuir and Freundlich isotherms, respectively.

Results and discussion

Linear regression equations of Langmuir isotherm
for adsorption of heavy metals by the agroindustry
by-products

The linear regression equations of Langmuir isotherm for
adsorption of heavy metals by the agroindustry by-products
viz., peanut shell, corn cob, sawdust, paddy husk and press-
mud is shown in Table 1.

The linear regression equations of Freundlich isotherm
for adsorption of heavy metals by the agroindustry by-prod-
ucts is represented in Table 2.

Linear regression equations of Freundlich isotherm
for adsorption of heavy metals by the agroindustry
by-products

The essential characteristics of the Langmuir isotherm is
expressed in terms of a dimensionless constant separation
factor or equilibrium parameter R defined as:

Table.l Linear regression Agroindustry Heavy metals
equations of Langmuir isotherm by-products

for adsorption of heavy metals Zn

Cd Pb Ni

by agroindustry by-products
Peanut shell

y=0.0509x+0.277

y=0.0807x+0.1283
y=0.0638x+0.201
y=0.083x+0.1017
y=0.0841x +0.0668
y=0.0907x+0.0417

y=0.0975x +0.0027
y=0.0969x +0.0039
y=0.1001x — 0.0397
y=0.0682x +0.2454
y=0.0951x — 0.0031

y=0.0964x — 0.0375
y=0.0477x+0.561

y=0.0925x — 0.0876
y=0.0922x +0.0291
y=0.0917x +0.0029

Corn cob y=0.0602x +0.2605
Sawdust y=0.0762x+0.0171
Paddy husk  y=0.0704x+0.0397
Pressmud y=0.0958x — 0.0204
Table.2 Linear regre.ssion Agroin- Heavy metals
equations of Freundlich dustry by-
isotherm for adsorption of products Zn

heavy metals by agroindustry

by-products

@ Springer

Cd

Pb

Ni

Peanut shell

y=0.0243x — 0.3813

Corn cob y=0.0268x — 0.3769
Sawdust y=0.0332x — 0.4924
Paddy husk  y=0.0325x — 0.505

Pressmud y=0.0347x — 0.4326

y=0.0305x — 0.382

y=0.0289x — 0.4184
y=0.0316x — 0.3996
y=0.0317x — 0.4069
y=0.0326x — 0.3989

y=0.034x — 0.406

y=0.0339x — 0.4066
y=0.0357x — 0.4379
y=0.0279x — 0.3585
y=0.0337x — 0.4132

y=0.035x — 0.4407
y=0.0305x — 0.4419
y=0.037x — 0.514
y=0.0337x — 0.4156
y=0.0341x — 0.4341
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Table 3 R; values and shape of

the isotherm R, value Type of isotherm
Ry >1 Unfavorable
R =1 Linear
0<R; <1 Favorable
R, =0 Irreversible

Adsorption mechanism based on isotherm
constants and adsorbent material

The adsorption mechanism is based on hydration enthalpies
of the metal ions. If the heavy metal is more hydrolysed, it
will be the least adsorbed. The mechanism also depends on
homogeneous surface.

Table 4 Langmuir isotherm constants for adsorption of heavy metals by peanut shell

Metals Heavy metal conc. (ppm)
5 10 15 20 25
Umax (M) Ry (L/Mg) Gy (mg/g) Ry (L/Mg) Qe (M/g) Ry (L/MY) Gy (Mglg) Ry (L/mg) gy (mg/g) Ry (L/mg)
Zn 0.445 0.797 0.936 0.662 0.999 0.567 1.272 0.495 1.549 0.440
Cd 0.494 0.712 0.976 0.553 1.253 0.452 1.943 0.382 2.028 0.331
Pb 0.481 0.672 0.995 0.506 1.458 0.462 1.956 0.338 2.439 0.290
Ni 0.458 0.674 0.905 0.509 1.407 0.408 1.906 0.341 2.368 0.293
Table5 Langmuir isotherm constants for adsorption of heavy metals by corn cob
Metals Heavy metal conc. (ppm)
5 10 15 20 25
Umax (M) Ry (L/Mg) Gy (mg/g) Ry (L/Mg)  Qpyy (M/g) Ry (L/MY) Gy (Mg/g) Ry (L/mg) gy (mg/g) Ry (L/mg)
Zn 0.455 0.768 0.912 0.624 1.301 0.525 1.465 0.453 1.683 0.399
Cd 0.401 0.758 0.974 0.610 1.250 0.510 1.360 0.439 1.802 0.385
Pb 0.482 0.673 0.981 0.507 1.463 0.407 1.932 0.340 2.429 0.292
Ni 0.398 0.807 0.998 0.677 1.069 0.583 1.498 0.511 1.881 0.456
Table 6 Langmuir isotherm constants for adsorption of heavy metals by sawdust
Metals Heavy metal conc.(ppm)
5 10 15 20 25
Omax (M2/2) Ry (L/mg) g, (Mg/g) Ry (L/mg) Gy (Mg/g) Ry (L/mg) gy (Mg/g) Ry (L/mg) gy, (mg/g) Ry (L/mg)
Zn 0.394 0.921 0.804 0.853 1.135 0.796 1.535 0.745 1.934 0.700
Cd 0.470 0.706 0.974 0.546 1.287 0.445 1.939 0.375 2.062 0.325
Pb 0.443 0.666 0.985 0.499 1.460 0.399 1.970 0.333 2.454 0.285
Ni 0.394 0.683 0.781 0.519 1.331 0.418 1.791 0.350 2.201 0.301
Ry =1/ (1+ bC), (1) Langmuir isotherm constants for adsorption

where (Kadirvelu and Namasivayam, 2003), b Langmuir
constant, C, initial concentration of zinc, cadmium, lead
and nickel.

The R, values and shape of the isotherm is represented
in Table 3.

The R; value indicates the shape of the isotherm as men-
tioned in Table 3.

of heavy metals by the agroindustry by-products

The Langmuir isotherm constants for adsorption of heavy
metals by the agroindustry by-products peanut shell, corn
cob, sawdust, paddy husk and pressmud are shown in
Tables 4, 5, 6, 7 and 8 respectively. The R; values between 0
and 1 indicate favorable bioadsorption (McKay et al. 1982).
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The R; values in the study here were found to be between
0.290 and 0.921 for concentrations of 5-25 ppm Zn, Cd,
Pb and Ni.

The Langmuir isotherm is calculated from the equation

Ce/ QO:l/qmaxRL + (Ce/ qmax) (2)

where, (Langmuir, 1918), C, equilibrium concentration (mg/
lit), Q, amount adsorbed at equilibrium (mg/g), q,,,, and
R; Langmuir constants related to adsorption capacity and
energy of adsorption, respectively.

Freundlich isotherm constants for adsorption
of heavy metals by the agroindustry by-products

The Ky and n are Freundlich isotherm constants affecting the
bioadsorption process, such as bioadsorption capacity and

intensity, respectively. The Freundlich isotherm constants for
adsorption of heavy metals by agroindustry by-products are
shown in Table 9. Ki and n were calculated from the slope
of the Freundlich plots. The constants were found between
28.57 and 41.15 and n=0.306 and 0.438 for 10 and 25 ppm
Zn, Cd, Pb and Ni concentrations, respectively. The n values
between 1 and 10 represent beneficial adsorption (Kadirvelu
and Namasivayam 2000).

The Freundlich isotherm is represented by the equation
(Freundlich 1906)

qe = KFCel/ n, (3)

where ge amount adsorbed (mg/g), C, equilibrium concen-

tration (mg/lit), Ky and n Freundlich isotherm constants.
The Langmuir adsorption study has been reported for

adsorption by modified oak sawdust (Argun et al. 2007).

Table 7 Langmuir isotherm constants for adsorption of heavy metals by paddy husk

Metals Heavy metal conc. (ppm)
5 10 15 20 25
Imax (mg/g) RL (L/l’l’lg) Imax (mg/g) l{L (L/mg) Imax (mg/g) RL (L/mg) Imax (mg/g) RL (L/mg) Imax (mg/g) RL (L/Il'lg)
Zn 0.382 0.739 0.745 0.586 1.110 0.486 1.452 0.415 1.788 0.362
Cd 0.491 0.704 0.889 0.543 1.255 0.442 1.935 0.372 2.070 0.322
Pb 0.478 0.745 0.992 0.594 1.401 0.494 1.588 0.423 1.886 0.369
Ni 0.459 0.684 0.995 0.520 1.403 0.419 1.886 0.351 2.319 0.302
Table 8 Langmuir isotherm constants for adsorption of heavy metals by pressmud
Metals Heavy metal conc. (ppm)
5 10 15 20 25
qmax (mg/g) RL (L/mg) qmax (mg/g) RL (L/mg) qmax (mg/g) RL (L/mg) qmax (mg/g) RL (L/mg) qmax (mg/g) RL (L/mg)
Zn 0.455 0.676 0.948 0.510 1.411 0.410 1.894 0.342 2.378 0.294
Cd 0.495 0.688 0.943 0.524 1.395 0.423 1.892 0.355 2.289 0.306
Pb 0.483 0.677 0.949 0.512 1.401 0.412 1.898 0.344 2.386 0.296
Ni 0.448 0.685 0.938 0.521 1.384 0.421 1.821 0.352 2.298 0.303
Table 9 Freundlich i.sotherm Agroindustry by- Heavy metals
constants for adsorption
products -
of heavy metals by the Zn Cd Pb Ni
agroindustry by-products
£ Yoy Kg n Kg n Kg n Kg n
Peanut shell 41.15 0.415 32.78 0.415 29.41 0.392 28.57 0.362
Corn cob 37.31 0.419 34.60 0.381 29.49 0.392 32.78 0.361
Sawdust 30.12 0.321 31.64 0.398 28.01 0.364 27.02 0.306
Paddy husk 30.76 0.312 31.54 0.391 35.84 0.438 29.67 0.384
Pressmud 28.81 0.369 30.67 0.399 29.67 0.386 29.32 0.368
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Table 10 R? values for Langmuir and Freundlich isotherms
Metals  Peanut shell Corn cob Sawdust Paddy husk Pressmud
Langmuir  Freundlich Langmuir Freundlich Langmuir Freundlich Langmuir Freundlich Langmuir Freundlich
Zn 0.952 0.869 0.958 0.869 0.999 0.946 0.999 0.944 0.999 0.943
Cd 0.961 0.921 0.949 0.842 0.970 0.917 0.972 0.945 0.999 0.950
Pb 0.999 0.942 0.999 0.944 0.999 0.931 0.968 0.876 0.999 0.953
Ni 0.999 0.951 0.961 0.875 0.997 0.946 0.998 0.929 0.999 0.938

There is a report where the Langmuir isotherms were
0.385 mmol Cu (II) g_1 and 0.253 mmol Zn (II) g7} of
corn cob. The adsorption isotherms have a Langmuir affin-
ity character and obey the Langmuir equation (Stefan et al.
2006).

R? values for Langmuir and Freundlich isotherms

The R? values for Langmuir and Freundlich isotherms are
shown in Table 10. The R? values are < 1.

There is a report on kinetics study of cadmium adsorption
from aqueous solution onto rice husk (Kumar et al. 2010)
and iron oxide activated red mud (Khan et al. 2015). Also,
study is done on kinetics study on removal of chromium,
copper, zinc and arsenic from aqueous solutions onto fly-
ash coated by chitosan (Adamczuk and Kolodynska 2015).
There is a report on adsorption studies of Pb (II) onto sug-
arcane bagassemulti-walled carbon nanotube composite
(Hazma et al. 2013). The R? value was reported as 0.763
and 0.978 for Langmuir and Freundlich isotherms (Igwe and
Abia 2007). Study is done on removal of Cu (II) and Pb (IT)
ions form aqueous solutions by adsorption on sawdust of
Meranti wood (Ahmad et al. 2009).

Conclusion

The adsorption kinetics study showed that Langmuir and
Freundlich isotherm models best fit the experimental data
for the adsorption of heavy metals viz., Zn, Cd, Pb and Ni.
The kinetics data are best modeled by a pseudo-second-order
kinetics equation. The Langmuir and Freundlich isotherm
models help to understand in detail the kinetics behind the
removal of heavy metals and the exchange of metal ions in
the process. Also, the isotherm constants will help to know
the curve of the adsorption. The study will be useful in bio-
adsorption aspects on a large-scale.
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