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a b s t r a c t

Heavy metal pollution is caused due to anthropogenic activities and is considered as a serious envi-
ronmental problem which endangers human health and environment. The present study deals with
biosorption, an eco-friendly technique for the removal of heavy metal Zn(II) from aqueous medium.
Various natural materials have been explored for the uptake of metal ions, where most of them are
physically or chemically enhanced. Dry cowdung powder (DCP) has been utilized as a low-cost, envi-
ronmentally friendly humiresin without any pre-treatment, thus demonstrating the concept of Green
Chemistry. Batch biosorption studies using 65Zn(II) tracer were performed and the impact of different
experimental parameters was studied. Results revealed that at pH 6, 94 ± 2% of Zn(II) was effectively
biosorbed in 5 min, at 303 K. The process was spontaneous and exothermic, following pseudo-second-
order reaction. The mechanism of heavy metal biosorption employing green adsorbent was therefore
elucidated in order to determine the optimal method for removing Zn(II) ions. DCP has a lot of potential
in the wastewater treatment industry, as seen by its ability to meet 3A's affordability, adaptability, and
acceptability criteria. As a result, DCP emerges as one of the most promising challengers for green
chemistry and the zero-waste idea.
© 2021 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction but mining, steel production, smelting and petrochemical
Heavy metals are non-biodegradable chemical species that
accumulate in the environment and in living beings, causing
serious damage to the entire ecosystem of the planet [1]. Water
contaminated with heavy metals can easily reach surface water as
well as ground water, and thereby possess significant threat to
aquatic and human life. Thus to tackle water pollution, we have
adopted Green Chemistry [2], which is a sustainable solution and
one of the treatment method and waste disposal strategy.

The present study deals with the metal ion Zn(II), which in low
concentration, is considered as an important micronutrient for
living beings, while in elevated amounts it is highly toxic, leading to
respiratory and abdominal disorders [3]. Although zinc is abundant
in the environment, its deficiency related issues in animals and
humans have been noted in the literature [4e6].

Zinc pollution is caused due to several anthropogenic activities
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manufacturing are the primary activities that generate polluted
remains [7]. There are several reports of water and soil pollution by
zinc and other heavy metals in Nigeria, Brazil, etc. [8,9]. Zhang et al.
[10], studied the effect of zinc smelting and mining on the health of
humans and on the environment. As a result, the ever-expanding
interest and applications of zinc have generated a great demand
for accurate and reliable technique for removal of zinc fromwaste-
waters and effluents.

Several methods have been employed over the years for elimi-
nating heavy metals from waste waters, in particular, physical and
chemical precipitation, ion-exchange, electrochemical treatment,
flotation, coagulation and filtration [11e13]. Most of these tech-
niques, however, have some shortcomings such as high expendi-
ture, poor selectivity, complicated treatment technique as well as
production of toxic chemical sludge [14]. Therefore, in comparison
with these techniques, biosorption is one of the most economical
and environment friendly method, particularly when the concen-
tration of contaminants is not high.

According to literature review, Zn(II) has been removed from
aqueous solutions by employing water hyacinth [15], corn cob [16],
waste green sands [17], crab shell [18], wheat straw [19], lemon
grass [20], papaya wood [21], spent mushroom substrate [22], mi-
crobial cultures like Aspergillus niger [23], Saccharomyces cerevisiae
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[24], Ngella sativa seeds [25], Streptomyces rimosus [26], Bacillus
subtilis [27], Pseudomonas putida [27], etc. Most of these sorbents
need complex pre-treatment procedures and higher reaction
times; some even necessitate the use of living microbial fora for
metal ion adsorption, which increases the amount of sludge
generated and calls into question the process's economic and green
credibility.

Dry cowdung powder (DCP), a biological sorbent has been used
in the present investigationwithout any pre- or post-modifications,
proving its benign composition for wastewater treatment. It pos-
sesses an innate property of sequestering heavy metal ions from
aqueous systems due to the presence of in-active dead biomass like
fungi, aerobic heterotrophic bacteria viz. Acinetobacter sp., and
petroleum utilizing bacteria such as Pseudomonas sp. [28]. It also
has a vital importance in Ayurveda research, owing to its unam-
biguous biological, chemical as well as microbiological properties.
DCP is preferable to the others since it is a humified biological waste
matter that does not require any pre-treatment. Moreover, it im-
proves soil fertility while reducing erosion and acidity. It's also
being looked at as a biofuel, as well as a green and clean source of
energy. Thus, DCP, correctly characterizes itself as "Nothing in Na-
ture is a Waste" and "Waste is a Commodity."

Over the past few years, DCP has been extensively studied as a
green biosorbent for the remediation of several heavy metals and
radionuclides from waste-waters [29,30]. Characterization of DCP
was carried out by N. Barot and H. Bagla [31,32] using SEM and FTIR
techniques, which confirmed the existence of phenol, quinol,
amide, and carboxyl groups in the binding of metal ions. In addi-
tion, it also revealed that DCP has a heterogeneous, permeable and
a rough surface with some holes and small openings, which in-
creases the contact area during adsorption and promote pore
diffusion. Hence, the potential of DCP, as a low-cost, zero-waste
prototype green biosorbent has been proven to be a good alterna-
tive for warding off various environmental problems associated
with heavy metal pollution.

Thus, by following the principles of Green Chemistry, batch
biosorption study was carried out for the uptake of Zn(II) from
aqueous solutions employing DCP as an eco-friendly biosorbent,
and was investigated by using radioactive zinc tracer.
2. Experimental

2.1. Adsorbate & adsorbent

All the chemicals utilized in the experiment were of analytical
grade. Stock solution of 1 mg/mL Zn(II) was prepared in distilled
water using ZnNO3, and was standardized using standard method
of analysis [33].

Keshav Shrushti, Research Center on Cow Product (Thane, India)
provided DCP of particle size of 100 mesh. Appropriate precautions
were taken to avoid contamination of the adsorbent.
2.2. Tracer technique

Radiotracers can either be used qualitatively as a simple process
marker or quantitatively to determine the measure of non-
radioactive species. Besides, there is no substantial interference
from any new species that can hinder the analysis. Compared to
conventional technologies, tracer technique provides many unique
advantages such as simplicity, high-sensitivity, non-destructive
design, and low cost.

65Zn (in HCl) was used as a radiotracer in the present study and
was procured from Board of Radiation and Isotope Technology
(BRIT), Trombay, Mumbai.
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2.3. Batch biosorption mode

Batch adsorption studies were performed to efficiently remove
Zn(II) metal ion using DCP, as a green biosorbent. Known amount of
adsorbent was mixed at room temperature and pressure with
10 mL of solution comprising 65Zn(II) radiotracer and 1 mg/mL
ZnNO3 carrier solution. pH of the solution was adjusted with dil.
HNO3 and NaOH as required, and total volume was made to 15 mL
by using distilled water. The resulting solution was equilibrated
with mechanical stirrer (Remi RQT 127 A/D) for 5 min and then
centrifuged for the next 10 min.

Single channel NaI(Tl) well type gamma ray spectrometer
(PSP649/N, PEA GRS-301) was used to determine the activity in the
solution acquired, after the supernatant was separated.

The effect of various experimental parameters such as pH (from
1 to 10), metal ion concentration (0.1e20 mg/mL), contact time
(0e30 min), adsorbent dose (3.33e53.33 g/L), temperature
(278e363 K), were studied for an efficient adsorption process and
to maximize the amount of zinc that can be recovered from the
solution. Characterization of DCP (before and after biosorption) was
also carried out using Energy Dispersive X-Ray Analysis (EDAX)
technique (Model e XGT 7200, Source e Rhodium; HORIBA Micro
X-Ray Analysis, Japan) for its quantitative as well as qualitative
elemental composition [34]. Thermodynamic and kinetic studies
were also conducted in order to optimize the system and make it
feasible for real time application.

2.4. Statistical analysis of experimental data

To ensure the reproducibility of the experimental data, the
measurements have been carried out in triplet and calculated using
percentage biosorption formula [35] as given below:

% Biosorption¼AðiÞ � AðfÞ
AðiÞ X 100 (1)

where, A(i) is the initial activity taken, and A(f) is the final activity
in the supernatant.

Equilibrium adsorption capacity (qe) was also calculated by the
following formula.

qe ¼
ðCo � CeÞ

m
X V (2)

where, Co is the initial Zn(II) concentration, Ce is its concentration at
equilibrium, m is the mass of the adsorbent used per batch
experiment and V is the final solution volume.

3. Results and discussion

3.1. EDAX (Energy Dispersive X-ray analysis)

For confirmation of the biosorption process, we had carried out
EDAX analysis of DCP, before and after biosorption of Zn(II), as
shown in Fig. 1. The spectral studies clearly revealed that the
mechanism involved in the adsorption process was not ion ex-
change, because themetal ion of interest, Zn(II) was present on DCP
after biosorption, along with all other natural elements that were
present before biosorption, this is obvious from the post-
biosorption EDAX spectra. Fig. 1 (inset).

3.2. Effect of pH

Sorption studies were carried out at pH 1e10. By adding the
necessary amount of dil. nitric acid and dil. sodium hydroxide in the



Fig. 1. EDAX spectrum of DCP before biosorption & (inset) DCP after bisorption of
Zn(II).
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solution, acidic and alkaline pH of the media was retained. Pa-
rameters such as adsorbent dose, initial metal ion concentration,
contact time and temperature remained constant during the
experiments.

Influence of pH on biosorption of Zn(II) was determined and the
results have been presented graphically in Fig. 2. The uptake of zinc
by DCP was maximum in the acidic range and minimum in the
basic, i.e., beyond pH 7. Literature study reveals [36,37] that at low
pH values there is abundance of Hþ ions and at this stage adsorp-
tion becomes unfavorable. However, zinc is divalent and DCP has a
greater affinity for divalent metal ions. Thus, biosorption is not
affected at low pH. In alkaline pH range, Zn(OH)2 is formed in the
solution, which is mildly soluble in water. Since Zn(II) is trapped by
the hydroxide ions, its uptake by the biosorbent decreases, as
shown in Fig. 2.
3.3. Effect of amount of biosorbent and isotherm modelling

Adsorbent dosage has a great impact on the process of bio-
sorption because it provides various binding sites for the uptake of
metals. To attain maximum percentage biosorption, amount of DCP
was varied from 3.33 to 53.33 g/L and their influence on biosorption
of Zn(II) is displayed in Fig. 3.

Sorption of Zn(II) by DCP increased with an increase in the
amount of biosorbent from 3.33 to 26.67 g/L, but stabilized at
Fig. 2. Effect of pH on biosorption of Zn(II).
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higher doses. This may be owing to the absence of metal binding
sites as well as the blockage of sites because of surplus biosorbent,
thereby reducing the effective biosorption surface area. Therefore,
biosorbent dosage of 20 g/L was employed in the succeeding ex-
periments. The findings of Munagapati et al., Subbaiah et al. back up
these assertions [38,39].

Isotherm studies are important for every sorption system
because they can provide insights into the binding reaction
mechanisms. The experimental data was subjected to two impor-
tant isotherm models: Langmuir [40] and Freundlich [41]. A
monolayer sorption process on a homogenous adsorbent surface is
implied by the Langmuir model, while, the Freundlich model pre-
dicts multilayer sorption on a heterogeneous surface [42]. For Zn(II)
sorption on DCP, the Freundlich model was found to be the best fit,
implying that the sorbent surface is heterogeneous and involves
multilayer biosorption.

Equation (3) can be used to express the Freundlich model, as
shown below [41].

log qe ¼ (1/n) log Ce þ log KF (3)

where, KF is the Freundlich constant (L g�1) and n is the Freundlich
exponent (g L�1). Ce is the concentration of metal ions in the su-
pernatant at equilibrium (mg L�1) and qe is the adsorption capacity
(mg g�1). Fig. 4 depicts the plot of the Freundlich isotherm model.

The values of isotherm constants were computed using the
aforementioned graph, as shown in Table 1. The graph displayed a
good Freundlich isotherm plot for zinc removal by DCP, as evi-
denced by the value of the regression coefficient (R2), which is 0.96.

As shown in Table 1, the value of 1/n (binding affinity) is less
than 1, indicating that the process involves chemisorption with
favorable adsorption at low metal ion concentrations

3.4. Effect of contact time and kinetic modelling

Influence of this parameter was determined by varying the
contact time of the equilibrium process from 0 to 30 min and
maintaining all other parameters constant, as obtained above.

Fig. 5 illustrates that as the contact time rises from 0 to 5 min,
percentage biosorption increases and the sorption curve exhibits a
short linear portion, followed by a plateau region, showing that
there is no appreciable change in the percentage biosorption after
5 min. This may be attributed to the instantaneous utilization of the
most readily available adsorbing sites on DCP. The trend in Fig. 5
showed rapid kinetics followed by equilibrium achievement.
Therefore, 5 min of contact time proved sufficient for the system
Fig. 3. Effect of amount of biosorbent on biosorption of Zn(II).



Fig. 4. Freundlich isotherm plot for the biosorption of Zn(II) on DCP.

Table 1
Freundlich isotherm variables for biosorption of Zn(II) on DCP.

Biosorbent Adsorbent dose % Biosorption 1/n R2

DCP 300 mg (20 g/L) 94 ± 2 0.67 0.96

Fig. 5. Effect of contact time on biosorption of Zn(II).

Fig. 6. Ho & McKay pseudo-second order kinetic plot for the biosorption of Zn(II) on
DCP.
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and was taken as the optimum time for further experiments.
Several previous studies on the biosorption of metal ions on varied
biomasses revealed nearly identical trend [43e46].

In addition to establishing minimal time for the removal of
Zn(II), effect of contact time also offers essential information
regarding adsorption mechanism by studying its kinetics. Thus
Lagergren pseudo-first order and Ho & McKay pseudo-second or-
der kinetic models were fitted to the adsorption kinetic data, and
among the two, pseudo-second order model was found to be the
one with the best fit. The linear form of this model was applied to
the experimental data, using the following rate expression [47].

t
qt

¼ 1
ðk2 q2e Þ

þ ð 1
qe

Þ t (4)

where, qe and qt are the metal uptake capacities (mg/g), at equi-
librium and at time t, respectively, and k2 is the equilibrium rate
constant (g/mg min) for pseudo-second order kinetic model.

Fig. 6 illustrates the plot of t/qt versus t. As seen from the figure,
a straight line plot representing a linear relationship was attained
for the biosorption of Zn(II) on DCP, thereby proving the
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applicability of this model. Moreover, the value of regression co-
efficient, R2 was equal to 1 (Table 2), which also proves the same.
Accordingly, this model suggests that the sorption mechanismwas
based on chemical reaction between the metal ion and active bio-
sorbent sites.

The kinetic variables, k2 (rate constant) and qe (adsorption ca-
pacity) were deduced with the help of slope and intercept of the
plot t/qt versus t. As seen from Table 2, calculated qe value was
found to be in good agreement with the experimental qe value,
which also suggests pseudo-second order to be a good fitting
model.

3.5. Effect of temperature

To study the influence of temperature, experiments were con-
ducted by varying the temperature range from 278 to 363 K. It is
clear from Fig. 7 that there is a minimal impact of temperature on
biosorption of Zn(II) by DCP, i.e., it gradually increases from 88% to
95%. These results indicate the occurrence of chemisorption be-
tween DCP and Zn(II) ions, rather than a mere physical interaction.
93.2% of Zn(II) biosorption is obtained at room temperature (303 K).

Therefore, 303 K favors the rate of adsorption and thermody-
namic studies have verified the same. All the further experiments
were carried out at this temperature.

3.6. Thermodynamic parameters

In order to understand the effect of temperature, feasibility and
nature of the biosorption method, different thermodynamic pa-
rameters such as enthalpy (DH�), change in free energy (DG�) and
entropy (DS�) were assessed using the Vant Hoff's equations [48]
given below.

lnKa ¼ DS�

R
� DH

RT
(5)

DG� ¼ � RTlnKa (6)

where, R is the universal gas constant (8.314 J/mol K), T is the ab-
solute temperature (K) and Ka is the distribution coefficient (L/g).

As seen in Fig. 8, a graph of lnKa versus 1/T was plotted. The
slope and intercept were obtained graphically and used to deter-
mine the values of enthalpy change DH� (kJ/mol) and entropy
change DS� (J/mol K), as presented in Table 3.

If the value of DG� is negative, it implies that a reaction, at a
given temperature occurs spontaneously. Thus, from Table 3, it is



Table 2
Kinetic variables for Ho and McKay pseudo-second order model.

Biosorbent k2 qe(Graph)(mg/g) qe(Calc.)(mg/g) R2

DCP 20.57 3.18 3.13 1

Fig. 7. Effect of temperature on biosorption of Zn(II).

Fig. 8. Thermodynamic plot of lnka versus 1/T for the biosorption of Zn(II) on DCP.

Fig. 9. Effect of metal ion concentration on biosorption of Zn(II).
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clear that the biosorption process by DCP was favorable and
spontaneous throughout the temperature range. The negative
value of DH� revealed that the process was exothermic in nature.
Whereas, positive entropy indicated an increase in randomness of
the system, suggesting a favorable reaction with greater affinity of
DCP for Zn(II) ions.

3.7. Effect of metal ion concentration

The influence of initial concentration of zinc ions on the bio-
sorption process was studied in the range of 0.1e20.0 mg/mL.

As demonstrated in Fig. 9, biosorption of Zn(II) was dependent
on the initial metal ion concentration. At low concentration,
number of Zn(II) ions was less than the available sites of adsorbent.
Table 3
Thermodynamic variables for the biosorption of Zn(II) on DCP.

Biosorbent DH� (kJ/mol) DS� (J/mol K) DG� (kJ/mol) R2

DCP �15.38 72.52 �6.61 0.89
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Thus, adsorption became independent of metal ion concentration.
However at higher concentration of Zn(II), the available sites on
DCP became fewer in comparisonwith the available metal ions, and
hence the percentage adsorption decreased. A similar pattern was
discovered by a number of other researchers [49e51]. This was
owing to an increase in the number of ions competing for the
available binding sites of the biomass.
4. Conclusion

In this work, removal of Zn(II) from aqueous solutions by DCP
was investigated. From the above batch biosorption study we
conclude that at pH 6with 20 g/L DCP, at room temperature (303 K),
having 5 min of contact time and 500 rpm of agitation speed,
94 ± 2% of Zn(II) removal was obtained.

Kinetic studies revealed that the process followed Ho & McKay
pseudo-second order model, which indicated that the chemical
reaction between Zn(II) and active sites of DCP was fundamental in
the biosorption process. Thermodynamic studies confirmed the
biosorption to be spontaneous and exothermic chemical process.
It's worth noting that all of the sorption experiments in this study
were set up for a 5-min contact period. As a result, the method's
green nature is underlined by the quicker reaction time, chemical-
free process, and simple adsorbent supply.

From the results and discussions, it can therefore be confirmed
that DCP has a significantly high biosorption efficiency to extract
Zn(II) ions, thereby proving to be an eco-friendly, sustainable and
feasible adsorbent that can play a great role in the treatment of
industrial wastewaters and effluents. This can be achieved by initial
pilot-scale plants and further scale-up depending on experimental
parameters.

There are several areas of research that are yet to be covered. A
major part of our future work will be interference of different
organic as well as inorganic salts, and cationic effect on the metal
ion. To ensure the green nature of the technique, desorptive nature
of the biosorbent will also be taken into account for the complete
remediation of Zn(II).
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