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Abstract

Mining waste dumps are present all over the world. One of the main prob-
lems of these solid deposits is the migration of heavy metals present in them
due to the aqueous solutions flowing through them. The comparison of the
removal of heavy metals from an aqueous solution of a real mining waste
leachate under different conditions by two different agricultural wastes has
been investigated. The effect of pH, contact time and dosage was studied us-
ing coffee grounds (CG) and walnut shells (WS), without pretreatment. The
results obtained in the study showed the potential use of CG and WS for the
removal of heavy metals, although the coffee grounds are the best adsorbents
than the walnut shell.

Keywords

Adsorption, Mining Waste Leachate, Heavy Metals, Walnut Shells, Coffee
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1. Introduction

Some of the solid wastes produced during the mining and obtaining of metal
concentrates may contain large amounts of hazardous substances, such as Zn,
Cd and Nj, and are mostly dumped in the specific area (Owsianiak et al., 2015).
Leachate from these deposits can be a major source of heavy metal contamina-
tion to soil, groundwater, or nearby effluents. The presence of these metals has a
potentially harmful effect on ecosystems because some heavy metals are bio ac-
cumulative in living organisms and are non-biodegradable (Deng et al., 2019;
Begum et al., 2019).

All conventional methods, such as adsorption method and electrochemical
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treatment, coagulation-flocculation, precipitation, liquid extraction, ion ex-
change, reverse osmosis, have been used at some point to remove or minimize
heavy metal ion concentrations in industrial wastewater (Adamczuk &
Kolodynska, 2015, Pujol et al., 2013, Wu et al., 2016). In recent years, research
has also started to investigate the use of various agricultural wastes as low-cost
adsorbents to remove heavy metals from solutions (Johnson et al., 2008; Ramos
et al., 2016; Sladjana et al., 2019, Tharanga Bandara et al., 2020, Hizkeal Tsade et
al., 2020).

Agriculture by-products are usually composed of lignin and cellulose as major
constituents, comprising functional groups such as alcohols, aldehydes, carbox-
ylic, phenolic and ether groups which are capable of binding to heavy. The for-
matter will need to create these components, incorporating the applicable crite-
ria that follow.

The objective of this study is to compare two different low-cost and easily
reusable agricultural wastes for their possible use in the treatment of heavy metal
removal from mining waste leachates. The work presents the comparative results
obtained during the last year, in the removal of several bivalent metals (Zn**,
Cd?** and Ni**) obtained from real multicomponent solutions. The removal of
heavy metal ions was studied under different conditions such as pH, contact

time and adsorbent doses.

2. Materials and Methods
2.1. Materials

Walnuts (Juglans regia) (WS) were collected from a local market and the shells
were subsequently separated, washed, and dried at room temperature. They were
then milled and placed in sealed polyethylene bottles for preservation.

The spent coffee grounds (CG) use, were collected from a coffee shop, dried in
ambient air, and then placed in sealed polyethylene bottles for preservation.

All residues were characterized by means of different instrumental techniques:
X-ray fluorescence (Phillips PW2404), X-ray diffraction analysis (Phillips X’
PERT PRO) and FTIR spectral analysis (Varian 620-IR). The real density was
determined using the pycnometer method (UNE Standard 80105), employing
water as the immersion liquid Table 1.

All the chemical solutions used in this study were prepared using deionized
water and analytical grade chemicals. Stock solutions were prepared containing
1000 mg-L™ of Cd, Ni, and Zn, respectively. Solutions with the desired metal
concentrations were prepared by successive dilutions of the stock solution.

The residual leachate was collected from an abandoned mine in northern
Spain. For its characterization, pH, redox potential, and electrical conductivity
measurements were performed, using a PH2002 meter (Crison®) (pH = 5.18; 362
mV) and an EC-Meter Basic 30 device (Crison®), (518 uS-cm™) respectively, and
elemental analysis by inductively coupled plasma, mass spectrometry (ICP-MS,
Agilent 7700) was performed (Table 2).
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Table 1. Chemical composition of the mineral matter of the walnut shells (WS) and spent
coffee grounds (CG).

KO CaO SOs MgO Na;O Si0, Fe;0s  ALO; CuO P,0Os MnO

Sample
%wt %wt  %wt  %wt %wt %wt %wt %wt %wt  %wt  %wt

WS 3094 36.02 367 0.51 290 10.21 1140 198 1.17 065 0.38

CG 4051 2120 192 311 4.92 2.22 1.34 0.76 070 4.81 0.71

Table 2. Metal concentrations analyzed by ICP of mining waste leachate filtered.

Major component (mg-L7Y) Minor component (ugL™)
Ni 18.1 Mn 24.25
Zn 15.3 Cu 22.73
Cd 68.19 Co 0.47
As 5.8 Se 1.3
Na 13.31 \% 0.77
Mg 1.58 Ag 445
K 19.38 Pb 2.09
Ca 35.98 Tl 0.04
Sb 27.4
B 20
Al 460
Ti 0.06
Cr 11
Mo 4.7
Sr 167
Sn 0.44
Ba 4.9
Fe 0.67

2.2. Batch Adsorption Experiments

Different series of batch experiments were carried out to determine the influence
of pH, contact time, and adsorbent dosage.

These experiments were carried out by mechanically shaking series of 100 mL
polyethylene bottles containing residue samples and metal solutions, employing
an ad-sorbent concentration of 10 g:L™, except in the tests performed to deter-
mine the influence of the amount of adsorbent.

Samples were shaken room temperature (20°C) at 75 rpm, subsequently sepa-
rating the two phases by filtration (Whatman 114 filter). The pH was measured
and the concentrations of metal in the resulting supernatant were analyzed by
atomic absorption spectroscopy.

For each metal solution, one sample was reserved for analysis to determine the
initial metal concentration.

A series of experiments with synthetic solution were carried out to determine
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the influence of initial pH on the removal of metal ions, employing a 50 mg-L!
solution concentration. The initial pH of the solutions was adjusted from 2 to 7
using H,SO, (0.01 and 0.1 M) and NaOH (0.01 and 0.1 M) solutions.

The dosage effect was studied by shaking solutions with different dosages of
residues, ranging from 10 to 40 g-L™*. The amount of metal removed was deter-

mined by mass balances according to Equation (1):

removed

(G, -C.)
The amount of metal ion removed (in milligrams per gram) by each residue

was calculated according to Equation (2).

q=(C, -C, V)W, x100% )

where g is the amount of removed metal ion (mg-g™'); W, the amount of adsor-
bent (g); C, and C, the metal ion concentration (mg-L™) before and after re-

moval, respectively; and V, the sample volume (L) (Farhadi et al., 2021).

2.3. Adsorption Isotherms

Different metal solutions were prepared with different concentrations (2.5, 5, 10,
20, 20, 40, 50, 50, 60, 100 and 150 mg-L™") at pH 5 and with an adsorbent con-
centration of 10 g-L™! in each solution. The samples were left in agitation for 3 h.
They were then filtered and analyzed to determine the concentrations of metals
present in solution.

The data obtained were fitted to Langmuir and Freundlich isotherms to de-
scribe the adsorption behavior of the metals obtained (Farhadi. et al., 2021).

The Langmuir adsorption isotherm is applied to equilibrium adsorption as-
suming monolayer adsorption on a surface with a finite number of identical

sites. The Langmuir isotherm is represented by the following equation (3):

C
AR - )
g, ba a

max max

where C. is the equilibrium concentration of the metal ion in solution
(mg-L™"); ¢., the amount of metal adsorbed at equilibrium (mg-g™'); while b
and am.x are Langmuir constants related to the binding constant and the max-
imum adsorption capacity, respectively. The values were estimated from the
intercept and slope of the regression line for different initial metal concentra-
tions.

The essential feature of the Langmuir isotherm can be expressed in terms of
the dimensionless separation parameter, R;, which is indicative of the isotherm
shape that predicts whether an adsorption system is favorable or unfavorable. R;

is defined as Equation (4):
R, =1/(n(1+bC,)) (4)

where b is the Langmuir constant; and G, is the initial concentration. The R;

value indicates the shape of the isotherm as follows: unfavorable (R; > 1); linear;
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favorable (0 < R, <1); or irreversible (R; = 0) (Cheng et al., 2016, Imessaoudene
et al., 2013).

The Freundlich model is applicable to sorption on heterogeneous surfaces
with non-energetically equivalent sites. The adsorption data were also tested us-

ing the Freundlich isotherm equation:
logq, =logK +1Iog C, (5)
n

where ¢. is the amount of metal adsorbed at equilibrium (mg-g™*); C, the equili-
brium concentration of the metal ion in solution (mg-L™); K; the equilibrium
constant indicative of adsorption capacity; and n is the adsorption equilibrium
constant. If the value 1/ is below unity, this implies that the sorption process is
chemical; if the value is above unity, sorption is a favorable physical process.

The values of the adsorption parameters (Table 3) showed that the adsorption
data obtained can fit both equations and represent favorable adsorption accord-
ing to the coefficient of determination for the case of the heavy metals worked
with. The values of 1/ for the adsorption were found to be less than 0.5, imply-

ing a chemical process.

3. Results and Discussion

3.1. Characterization of the Adsorbent

The mineral composition of the (WS) and (CG) was determined using an X-ray
fluorescence (XRF). Table 1 shows that Ca and K are the most abundant mineral
present in both wastes. Al, S, Mn and Cu were found at low concentrations
(<2 %wt) and Cr, Ni, Zn, Ba, Sr and Rb, as trace elements.

The mineral composition of the walnut shells and the spent coffee grounds
depends on the type of cultivar, growth conditions, fertilizers used and soil
properties as well as the variety grown.

The real density was determined using the pycnometer method. The values

were 1.4 g-cm™ and 1.318 g-cm™ for (WS) and (CG), respectively.

Table 3. Langmuir and Freundlich adsorption isotherm constants (adsorbent concentra-
tion=10gL, t=3h, T=20"C, pH =5).

Langmuir Freundlich
Metal o b
(mgg")  (Lmg™) o K " o
Niws§ 4.28 0.31 0.983 0.434 1.963 0.989
ZnW§S 4.29 0.41 0.992 0.494 1.982 0.969
Cd WS 3.18 0.32 0.947 0.737 3.424 0.993
Ni CG 7.51 0.13 0.988 1.02 1.934 0.962
Zn CG 10.22 0.25 0.982 1.85 2.082 0.974
Cd CG 5.96 0.28 0.994 1.35 2.643 0.98
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3.1.1. X-Ray Diffractometry (XRD)

X-ray diffraction (XRD) analysis was carried out using an X-ray diffractometer
(CuKa radiation). The diffractometer was operated at 45 kV and 40 mA, over
the range of 26 from 5° to 80°, with a detector speed of 1°-min~'. The XRD pat-
tern reveals that walnut shells and spent coffee grounds are mainly amorphous
and shows two peaks corresponding to the crystalline phase of cellulose (Abdo-
lali et al., 2014, Ballesteros et al., 2014).

3.1.2. FTIR Spectral Analysis

FTIR spectra were obtained for solid samples before and after the adsorption
process, Figure 1. Changes in band intensity and frequency after metal binding
can be used to identify the functionalities involved in metal binding.

Many authors have reported the important role of carboxyl and hydroxyl
groups in the biosorption process. The existence of active groups does not guar-
antee good removal of heavy metals, as adsorption depends on other factors
such as how many active groups there are, where they are located, what charge
they have under the working conditions, what affinity they have for a given met-
al, etc. (Nguyen et al., 2013).

Comparing the FTIR spectra of the samples before and after being put in con-
tact with the leachate, it is observed that the peaks attributed to the OH and
carboxyl groups have shifted to lower frequencies and their intensity has de-
creased. Therefore, it seems likely that these functional groups are involved in
metal adsorption (Kante et al., 2012; Ramos et al., 2016; Vazquez et al., 2012).

3.2. Characterization of the Leachate

The physicochemical characteristics of the filtered wastewater were analyzed.
Measurements were made of its pH = 5.18, redox potential = 362 mV and elec-
trical conductivity = 518 uS-cm™'. Moreover, the concentrations of metals in the
leachate were analyzed using the inductively coupled plasma (ICP) technique,
Table 2. The leachate contained significant amounts of heavy metals such as Cd,
Ni, Zn and As, in addition to minor amounts of Pb, Cu, Se, Mn, Cr and Mo.

3.3. Batch Adsorption Experiments

3.3.1. Effect of pH

As can be seen in Figure 2, the metal ions uptake increased with increasing pH.
At pH 2, only 0.16 mg/g, 0.05 mg/g and 0.07 mg/g of Zn**, Cd** and Ni** were
respectively removed by (WS). In the metal ions uptake by the (CG), Zn is the
metal that was adsorbed best, while the worst was Cd for both adsorbents.

On the other hand, the final pH of the solution after the removal of heavy
metals was found to differ significantly from the initial pH Figure 3.

It is observed how the difference between the initial and final pH of the sam-
ple depends on the initial pH. For very acidic solutions, the final pH is close to
2.3, whereas for the other solutions, the final pH is in the range of 5 - 6 for
treated and untreated samples. Srivastava et al. 2009 reported that the increase in

solution pH during the sorption process appears to be the combined result of
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simultaneous and, perhaps, competitive adsorption of metal ions and H+ ions

on the adsorbents.
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3500 2500 1500 0
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Figure 1. FTIR spectra of residues before and after being placed in contact with mining
leachate. (a) CG before and after adsorption; (b) WS before and after adsorption.
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Figure 2. Metals adsorbed versus initial pH (C, = 50 mg/L, adsorbent concentration = 10
gL, t=3h, T=20°C). (a) CG; (b) WS.
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Figure 3. pH final versus initial pH (C, = 50 mg-L!, adsorbent concentration = 10 g-L ™, t
=3h, T=20°C). (a) CG; (b) WS.
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3.3.2. Treatment of Mining Waste Leachate

The adsorption of heavy metals from leachate depends significantly on the
number of contaminants and their relative concentrations. It also depends on
the surface properties of the waste used and on the physicochemical parameters
of the solution, such as pH.

In particular, the presence of other ions in the leachate presents an inhibitory
(antagonistic) sorption for Ni and Zn, which results in a lower sorption yield.
However, it exerts a synergistic effect in the case of Cd, increasing its removal.
Srivastava et al. 2009 studied this result for Ni and Zn in the case of rice husk ash
and reported similar results. These authors suggest that there is a variety of ad-
sorption binding sites on the surface of the adsorbent that exhibit a partially spe-
cific affinity for individual metal.

Table 3 shows the number of cations (meq-g™') that had passed into solution
after the treatment of the leachate using (CG) and (WS) and the amount of
heavy metals removed. The data show that there is ion exchange between heavy
metals and alkali and alkaline earth ions.

The ratio of metal removed to cation released (Rb-r™') is <1; therefore, there
were more Na*, K*, Ca** and Mg?* ions passed into solution than adsorbed met-
als. This is because water can also exchange H* with these metals present in the
residues. This leads to a decrease in these ions, which in turn leads to an increase
in the pH of the leachate after treatment.

This mechanism of ionic change has been suggested by other authors in the
literature in combination with some other types of interactions such as physical
force and/or chelation in the biosorption of metals. As can be seen in Figure 4,
the final concentration of Zn, Cd and Ni can be reduced by increasing the ad-
sorbent dose.

To confirm the ionic mechanisms, the amount of Na*, K*, Ca** and Mg** re-
leased due to the sorption process was calculated by subtracting the amount of
these metals in the supernatant and the amount of these metals present in the
leachate.

Table 4 shows the number of cations (meq-g™*) that had passed into solution
after treatment of the leachate with WS and CG using a concentration of 10 g-L™

of adsorbent, as well as the amount of Zn?*, Cd?**, Ni** and Al** removed.

3.3.3. Effect of Contact Time
The influence of contact time on metal ions uptake in real wastewater can be

shown in Figure 5.

Table 4. Released cations due the adsorption of Zn?*, Cd*" and Ni** onto (a) WS and (b)
CG.

Total metal bound (meq-g™) Amount of cation released (meq-g™')
Zn** Cd* Ni?* AP Na* K* Ca? Mg* Rb/r
a0.0153 0.0589 0.0158 0.0050 0.0103  0.0675 0.0359 0.0277 0.671
b 0.0354 0.0972  0.0337 0.0050 0.0217 0.1838 0.1165 0.532

Rb-r!: Ratio of metal bound to cation released.
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Figure 4. Effect of the amount of metal in solution versus adsorbent concentration (g-L™")
time =3 h, T =20°C, 75 rpm: (a) CG; (b) WS.
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Figure 5. The influence of contact time on metal ions uptake, absorbent concentration 10
gL, T=20°C, 75 rpm: (a) CG; (b) WS.

Experiments showed that the adsorption of metal ions on (WS) and (CG) is a
two-step process. Eliminations of more than 75% of the metal ions were ob-
tained in the first 5 min, reaching the maximum adsorption after 3 h. In the test
performed with (WS), an equilibrium value of 48.7%, 32.8% and 25.4% was
achieved for Cd, Zn and Ni, respectively, and for (CG) of 80.2%, 87.5% and 54%
for Cd, Zn and Ni, respectively.

It is also observed that no adsorption occurs above the equilibrium concentra-
tion when the samples are stirred for 24 hours. The same effect has been re-
ported by other authors (Abdolali et al., 2014). Therefore, 3 h were chosen for
equilibrium studies to ensure that adsorption reached equilibrium.

These results can be explained by the fact that the surface-active sites of the
residues were initially empty, and the heavy metal concentration was high. After
5 min of contact, many of the functional groups, responsible for the adsorption
process, are already bound to the metal ions and therefore the adsorption rate
decreases. This means that the metal ions must be transported from the outside
to the inner sites of the adsorbent particles. Generally, when adsorption involves

a surface reaction process, the initial adsorption is rapid, progressively decreas-
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ing as the active sites decrease.

3.3.4. Effect of Dosage

Figure 4 shows how the amount of adsorbed metal (mg-g™') decreases progres-
sively with increasing adsorbent concentration. The explanation for this is that
metal adsorption is subject to the “particle concentration effect” because of floc-
culation of the solid phase, with a consequent decrease in the available surface
area (Ayala & Fernandez 2016; Petrovi¢ & Simoni¢, 2016; Karimi-Jashni & Saa-
dat, 2014).

4. Conclusion

The objective of this study is focused on the comparison of the behavior versus
their adsorption capacity of heavy metals in a real leachate from an abandoned
mine dump, of two different agricultural wastes. The results obtained show that
both untreated wastes, walnut shells (WS) and coffee grounds (CG), can be used
as adsorbents for the removal of Zn**, Ni** and Cd** from real wastewater.

The adsorption of metals is very fast and highly dependent on pH, with max-
imum removal occurring at pH > 5. The concentration of heavy metals can be
reduced by increasing the adsorbent dosage, with the metal removal request be-
ing Cd > Zn > Nj, for both adsorbents.

On the other hand, the presence of other cations in the solution significantly
reduced the adsorption of metals. Divalent ions present a more negative effect
than monovalent ions on both residues.

Finally, and in view of the differences for both wastes, it can be concluded that
coffee grounds are better adsorbents than walnut shells, although what has been
demonstrated is that both could become an effective alternative for a viable cir-

cular economy treatment.
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