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REMOVAL OF ZINC, CADMIUM AND NICKEL
FROM MINING WASTE LEACHATE USING WALNUT SHELLS

The removal of heavy metals from aqueous solutions using walnut shells was investigated. The
effects of pH, contact time, initial metal concentration, adsorbent concentration, and co-ions were stud-
ied in synthetic solutions. Metal uptake was found to be dependent on the initial pH of the solution; the
removal rate increased upon increasing pH, showing the highest affinity at pH 5-7. The amount of
metal removed improved with increasing initial concentration. Increasing adsorbent dosage enhanced
removal efficiency, but reduced the amount absorbed per unit mass of walnut shells. The presence of
co-ions suppressed the uptake of heavy metals, divalent ions having a more negative effect than mon-
ovalent ions. The adsorption of Zn, Cd and Ni onto walnut shells was found to fit Langmuir and Freun-
dlich isotherms. The results obtained in the tests with mining waste leachate showed the potential use
of walnut shells for the removal of heavy metals.

1. INTRODUCTION

Some of the solid wastes produced during the mining and obtaining metal concen-
trates may contain large amounts of hazardous substances such as Zn, Cd and Ni which
are mostly dumped in the specific area. An important environmental problem is the dis-
charge of leachates that may contaminate soil and groundwater with heavy metals [1].
The presence of these metals has a potentially harmful effect on human and other bio-
logical systems because some of them are not biodegradable and tend to accumulate in
living organisms.

Conventional methods, including coagulation-flocculation, precipitation, filtration,
liquid extraction, ion exchange, reverse osmosis, membrane separation, adsorption
method and electrochemical treatment, have been used to remove or minimize the con-
centrations of heavy metal ions in industrial wastewater and municipal water supplies
[2-5]. In recent years, various agricultural residues have been used as low-cost
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adsorbents to remove heavy metals from solutions [6—10]. Agriculture by-products are
usually composed of lignin and cellulose as major constituents, comprising functional
groups such as alcohols, aldehydes, carboxylic, phenolic and ether groups which are
capable of binding to heavy metals [11]. In this study, walnut shells were used as an
adsorbent for this purpose.

Most of the studies in the bibliography with other agricultural wastes have been
carried out with synthetic solutions. Mine leachate presents several metallic and non-
metallic ions, with different concentrations and which can compete for each other for
active sites. Untreated walnut shell, after only a light grinding, can be as effective as other
agricultural wastes in the adsorption of metals, being necessary, in most other wastes
studied in the literature, modified for increase its adsorption capacity [10, 12—15]. Walnuts
have formed a part of human nutrition since ancient times. According to the Food and
Agriculture Organization (FAO), walnuts are cultivated commercially throughout
southern Europe, northern Africa, eastern Asia, the USA and western South America.
World production of whole walnuts was around 5 053 529 t in 2014, China being the
world’s largest walnut producer, producing 1 602 373 t per year [16].

The aim of this study was to investigate the feasibility of using unmodified walnut
shells as a low-cost treatment for the removal of heavy metals from real wastewater:
a mining waste leachate from northern Spain. The results of the removal of Zn*", Cd**
and Ni*" from single and multicomponent solutions have also been presented. The
removal of heavy metal ions using walnut shells was studied in dependence on pH,
contact time, initial concentrations, and adsorbent dosages.

2. MATERIALS AND METHODS

Materials. Walnuts (Juglans regia) were collected from a local market and the shells
were subsequently separated, washed and dried at room temperature. They were then milled,
sieved to obtain a particle size <100 pm and placed in sealed polyethylene bottles for
preservation. The mass loss rates obtained were determined by drying at 110 °C overnight
and 500 °C for 24 h. Walnut shells were characterized by means of various instrumental
techniques: X-ray fluorescence (Phillips PW2404), X-ray diffraction analysis (Phillips
X PERT PRO) and FTIR spectral analysis (Varian 620-IR). X-ray diffraction (XRD)
analysis was carried out using an X-ray diffractometer (CuK, 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 real density of the walnut shells was determined
using the pycnometer method (UNE Standard 80105), employing water as the
immersion liquid. A gravimetric technique was used to analyze moisture, organic
compounds and mineral compounds content.
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All the chemical solutions used in this study were prepared using deionized water
and analytical grade chemicals (ZnSO4-7H>0, 3CdSO4-8H,0, NiSO4-6H,0) Stock
solutions were prepared to contain 1000 mg/dm’ of cadmium, nickel, and zinc,
respectively. Solutions with the desired metal concentrations (2.5-150 mg/dm*) were
prepared by successive dilutions of the stock solution.

The residual leachate was collected in a mine site in northern Spain. pH, redox po-
tential, and electrical conductivity were measured using a pH2002 meter (Crison™)
(pH 5.18, 362 mV) and an EC-Meter Basic 30 device (Crison®, 518 pS/cm), respec-
tively, and an elemental analysis was conducted by inductively coupled plasma, mass
spectrometry (ICP-MS, Agilent 7700).

Batch adsorption experiments. Treatment of mining waste leachate. Batch adsorp-
tion experiments were carried out by mechanically shaking series of 100 cm® polyeth-
ylene bottles containing walnut shell samples and metal solutions prepared in the labor-
atory employing an adsorbent concentration of 10 g/dm’, except in the tests performed
to determine the influence of the amount of adsorbent. Samples were shaken at 20 °C at
75 rpm, subsequently separating the two phases by filtration (Whatman 114 filter). The
concentrations of metals in the resulting supernatant were analyzed by atomic absorp-
tion spectroscopy. For each metal solution, one sample was reserved for analysis to de-
termine the initial metal concentration.

A series of experiments were carried out to determine the influence of initial pH on
the removal of metal ions from the solution (50 mg/dm?). Initial pH was adjusted from 2
to 7 using HSO4 (0.01 and 0.1 mol/dm?) and NaOH (0.01 and 0.1 mol/dm?®) solutions.
A series of metal solutions (initial concentration of 50 mg/dm?*) at pH 5 mixed with walnut
shell samples in 100 cm® polyethylene bottles were used to evaluate the effect of contact
time on adsorption efficiency at time periods ranging from 5 min to 24 h. The effect of
the initial concentration on metal ion uptake was investigated by varying the initial con-
centration of metal ions from 2.5 to 150 mg/dm’. The dosage effect was studied by
shaking metal ion solutions of two initial concentrations (75 and 150 mg/dm?) with var-
ious dosages of walnut shells ranging from 10 to 40 g/cm’.

A series of binary solutions at pH 5 were prepared by mixing solutions of one of the
heavy metals studied here (Zn, Cd or Ni) at an initial concentration of 50 mg/dm® with
salts of various metals (K, Na, Cu, Ca, Mg, Zn, Cd and Ni) at concentrations ranging
from 0 to 50 mg/dm’, to determine their effect on adsorption efficiency. The experi-
ments were performed under similar conditions as the previous tests.

The amount of metal removed was determined by the mass balance:

(CO _Ce)
Metal A0 el %100% (1)

removed
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The amount of metal ions removed ¢ (mg/g) by walnut shell was calculated as

_ (CO - Ce ) V (2)
T,
where W, is the amount of adsorbent (g), Co and C. the metal ion concentration (mg/dm?*)
before and after removal, respectively, and V is the sample volume (dm?).

Adsorption isotherms. Different metal solutions of the concentrations of 2.5, 5, 10,
20, 40, 50, 60, 100 and 150 mg/drn3 at pH 5 were shaken with walnut shell samples with
an adsorbent concentration of 10 mg/dm? for 3 h since that is the equilibrium time. The
samples were subsequently filtered, and metal concentrations were determined in the
liquid phases.

Treatment of mining waste leachate. Some experiments were carried out at different
reaction times (0.08-3 h) with adsorbent contents of 10 g/dm’. The mixtures were
shaken at 75 rpm, while other tests were performed employing different adsorbent dos-
ages (10-80 g/dm?>).

3. RESULTS AND DISCUSSION
3.1. CHARACTERIZATION OF THE ADSORBENT

The mineral composition of the walnut shells is given in Table 1. It depends on the
type of cultivar, growth conditions, soil properties [17, 18]. Ca, K, Fe and Si were the
main elements (>10 wt. %) present in the walnut shells, while Al, S, Mn and Cu were
found at low concentrations (<2 wt. %) and Cr, Ni, Zn, Ba, Sr and Rb, as trace elements.

Table 1

Chemical composition of the mineral matter of the walnut shells [wt. %]

K20 | CaO | SOs | MgO | NaxO | SiO2 | Fe2Os | AlOs | CuO | P20s | MnO
30.94 | 36.02 | 3.67 | 0.51 | 2.90 | 10.21 ]| 11.40 | 1.98 | 1.17 ] 0.65 | 0.38

The real density of adsorbent was 1.43 g/cm’, determined using the pycnometer
method. The XRD patterns reveal that walnut shells are mainly amorphous and also
show two peaks corresponding to the crystalline phase of cellulose (Fig. 1).

FTIR spectra were obtained for solid samples before and after the adsorption pro-
cess (Fig. 2). Changes in band intensity and frequency after metal binding can be used
to identify the functionalities involved in metal binding.
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Figure 2 shows a broad band between 3600 and 3200 cm ™' including many vibration
modes that may be mainly attributed to OH groups with a minor contribution of NH
functional group. Solid samples containing water exhibit a band in the region of 3450
—3300 cm ™' and also a band near 1650 cm ™. A small broad peak between 2930 and 2887
cm' can be attributed to the asymmetric and symmetric stretching vibration of C-H
bonds and the peak observed at 1734 cm ™' and 1655 cm™, to stretching vibration of the C=0O
bond due to carboxyl groups. The small peaks observed at 1594, 1505 and 1456 cm™' may
be attributed to C=C stretching vibrations or asymmetric and symmetric stretching vi-
brations of ion carboxylic groups (1594 cm™ and 1456 cm™'). The peak at 1369 cm™
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may be attributed to symmetric stretching of COO™, 1230 cm™ deformation vibration of
C=0 and stretching formation of the —OH of carboxylic acids and phenols, while the
peak at 1027 cm™' corresponds to the C—O band in the -OCH3 groups of lignin [19].
Other authors have reported similar results, using untreated coffee grounds [7] or
cashew nut shell [9]. When comparing the FTIR spectra of the samples before and after
being placed in contact with the leachate, it can be seen that the peaks attributed to the
OH and carboxyl groups have shifted to lower frequencies and their intensity decreased.
Therefore, it seems likely that these functional groups are involved in the adsorption of
metals [20, 21].

3.2. CHARACTERIZATION OF THE LEACHATE

The physicochemical characteristics of the wastewater filtered were analyzed; pH
5.18, redox potential 362 mV and electrical conductivity 518 uS/cm.

Table 2

Metal concentrations analyzed by ICP in mining waste leachate filtered

Major Ni Zn Cd |As| Na | Mg K Ca
components, mg/dm® | 18.1 | 153 | 68.19 | 5.8 | 13.31 | 1.58 | 19.38 | 35.98
Mn Cu Co | Se \Y% Ag Pb TIl Sb

Minor 24252273 047 | 1.3] 0.77 |445] 2.09 | 0.04 | 274
components, pg/dm? B Al Ti | Cr| Mo Sr Sn Ba Fe
20 460 | 0.06 | 11 | 47 | 167 | 044 | 49 |0.67

Table 2 shows metal concentrations in the leachate. It contained significant amounts
of heavy metals such as Cd, Ni, Zn and As (68.19-5.8 g/dm?), in addition to lower
amounts of Pb, Cu, Se, Mn, Cr and Mo (24.25-1.3 ug/dm3).

3.3. BATCH ADSORPTION EXPERIMENTS

pH dependence of the amount of metal ions removed (mg/g) is shown in Fig. 3. As
can be seen, the metal ion uptake by the walnut shells increased upon increasing pH
from 2 to 5. In acidic media (pH = 2), the values of removal percentages are low (only
0.16 mg/g, 0.05 mg/g and 0.07 mg/g of Zn>*, Cd** and Ni*", respectively). The efficiency
of the metal ion uptake was not significantly affected in the 5—7 pH range. The final pH
of the solution after treatment had barely changed (Fig. 4). For solutions with the initial
pH of 4 or higher, the final pH falls within the 5.5—6 range for Ni and Zn, being slightly
lower for Cd. pH of the solution has a significant impact on the uptake of heavy metals,
as it determines the surface charge of the adsorbent and the degree of ionization and
speciation of the adsorbate. The FTIR analysis shows that hydroxyl and carboxyl groups
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are involved in almost all the potential binding mechanisms. At lower pH, these groups
become protonated as follows:

R-COOH + H;0" — R-COOH; + H,O
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Fig. 3. Metal removal onto walnut shells versus initial pH;
Co =50 mg/dm?, adsorbent concentration = 10 g/dm?, =3 h, T'=20 °C)

7

pH fianl

0 T T
0 2 4 6 8

pH initial
Fig. 4. Final pH versus initial pH in metal removal onto walnut shells;
Co = 50 mg/dm?, adsorbent concentration = 10 g/dm?, =3 h, T=20 °C

The adsorbent surface area and metal ions in solution are positively charged. Hence,
as there is electrostatic repulsion between metal ions and active sites, there is almost no
adsorption. At higher pH, however, carboxyl and hydroxyl groups are deprotonated
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(R-COQ"), active sites are negatively charged and, therefore, electrostatic attraction of
Cd*" Zn*" and Ni*" ions do exist [7, 22, 23]. A similar pH dependence has been previ-
ously reported for heavy metals adsorbed onto walnut shells and other agricultural waste
[7, 12]. The data shown in Fig. 3 suggest that the initial pH equal to 5 is optimal. As the
leachate to be treated in this study has pH of around 5, the following tests were con-
ducted at this pH.

3
25
©
ERE
©
S
5 1917 ——Ni
©
° —8—7n
s 11
@
2 —A—Cd
0.5 1
0 . . . . .
0 5 10 15 20 25 30

Time [h]

Fig. 5. Metals adsorption onto walnut shells versus contact time;
Co = 50 mg/dm?>, adsorbent concentration = 10 g/dm3, =20 °C, pH =5

4.5

4 4
3.5 A

3 .
2.5 A
—o—Ni
1.5 1 —&—/n
—4—Cd

Metal adsorbed [mg/g]

0 T T T T T T
0 25 50 75 100 125 150

Metal concentration [mg/dm 3]
Fig. 6. Effect of initial concentration on the adsorption of metals;

adsorbent concentration = 10 g/dm?, =3 h, T=20 °C,pH=5

The dependence of metal ions uptake on the contact time is shown in Fig. 5. The
experiments showed that it is a two-step process. The removal of metal ions starts
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shortly after stirring and increases over time. In the first 5 min it was found to be 2.1,
2.59 and 2.02 mg/g for Ni*", Zn®" and Cd**, respectively, reaching equilibrium values
of 2.44 mg/g, 2.7 mg/g and 2.37 mg/g after 3 h. No further adsorption above the equi-
librium concentration was observed within the following 24 h. The explanation for this
behavior is that all the sites on the surface of sorbent are initially vacant, but upon in-
creasing contact time, there is a progressive increase in the bonds between the active
sites and heavy metal ions and the metal uptake process become less efficient [7, 9].
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Fig. 7. Effect of walnut shell dosage on the removal of Ni**, Zn?* and Cd*":
a) metal adsorbed, b) % of metal removal;
Co=75 and 150 mg/dm3, t=3 h, T=20°C,pH=5

The adsorption of metals onto walnut shells was found to be strongly dependent on
the initial concentration. As can be seen in Fig. 6, the amount of adsorbed metal ions
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increased upon increasing initial concentration. Metals removal reached 0.25 mg/g for
the initial concentration of 2.5 mg/dm®, increasing to 4, 3.9 and 3.25 mg/g for Zn**, Ni*"
and Cd*', respectively, when employing an initial concentration of 150 mg/dm®. The
results indicate that the percentage of metal uptake decreases with increasing initial con-
centration. This can be explained by the fact that the adsorbent has a limited number of
activate sites and, above a certain concentration, becomes saturated [7].

As can be seen in Fig. 7a, the amount of adsorbed metal (mg/g) decreased progres-
sively with increasing adsorbent concentration. The explanation for this is that the ad-
sorption of metal is subject to the “particle concentration effect” as a result of floccula-
tion of the solid phase, with the resulting decrease in available surface area. Employing
an adsorbent concentration of 10 g/dm® and initial concentrations of 150 mg/dm’, the
amount of metal adsorbed per gram was 4 mg/g, 3.18 mg/g and 3.63 mg/g for Zn**, Cd**
and Ni*", respectively, whereas the amount of metal adsorbed per gram decreased to
1.65 mg/g, 1.23 mg/g and 1.48 mg/g when employing an adsorbent concentration of
40 g/dm’. In the case of lower initial concentrations (75 mg/dm®), Zn removal reached
3.11 mg/g and 1.17 mg/g for an adsorbent concentration of 10 g/dm’ and 40 g/dm’,
respectively. These results are consistent with the gradual increase in the percentage of
metal removal as the dosage of adsorbent increased from 10 to 40 g/dm’ (Fig. 7b). The
latter value is optimum for the process. Enhancements in adsorption with increasing
dosage can be attributed to the availability of more binding sites for adsorption [7, 9].

Several researchers have studied the uptake of metals from single metal solutions
onto walnut shells as adsorbent [10, 13, 21, 24], though less attention has been paid to
the adsorption of multimetal systems. Mining waste leachate contains several metal ions
at different concentrations. A series of trials were performed to investigate how the
presence of other metal ions affects the removal of one metal ion.

The adsorption capacity of walnut shells in a binary system mainly depends on the
initial concentration of the primary ion, and the initial concentration of other ions in
solution (Fig. 8). The adsorption of Zn, Cd and Ni decreased in the presence of other
metal ions. The adsorption of metal ions decreased when increasing the concentration
of second ions. This is because more ions can compete for the active sites on the walnut
shell’s surfaces.

The presence of alkaline ions (Na" and K*) was not found to have a significant effect
on the removal of heavy metals. Comparing trials with mono-metallic solutions
(100 mg/dm?) with bi-metallic trials (50 mg/dm® + 50 mg/dm’ second ion), Cu and Cd
were found to be the metals that reduce adsorption the most. The amount of Zn removed
by walnut shells in the single metal solution was 3.7 mg/g, while the uptake of Zn de-
creased to only 1.16 mg/g and 1.39 mg/g in the presence of Cu and Cd second ions,
respectively. Similar behaviour was obtained for Ni, the amount of Ni uptake with the
bimetal solution being 0.92 mg/g and 0.94 mg/g for Cu and Cd, respectively.
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The negative effect of other ions on metal uptake followed the order shown below:

Zn removal: Cu> Cd > Mg~ Ca~=Ni>K > Na,

Cd removal: Cu> Mg >Zn > Ca> Ni > K =~ Na,

Ni removal: Cu~= Cd>Mg>Zn~= Ca>Na>K.

The affinity of metal ions for walnut shells could be attributed to different ionic
characteristics of metal ions such as ionic radius, electronegativity, the energy of hydra-
tion and covalent index. Cu is the metal that most inhibits the removal of Cd, Zn and
Ni. This may be because Cu®" ion has a 0.73 A radius, similar to those of Zn*" (0.74 A)
and Ni*" (0.69 A) and slightly smaller than that of Cd** (0.95 A). It has similar electro-
negativity to that of Ni?* (1.9 in Pauling scale) and slightly higher than those of Cd*
(1.69) and Zn** (1.65). The hydration energy of Cu** ion (—2099 kJ/mol) is similar to
that of Ni (—2096 kJ/mol) and higher than that of Zn (2047 kJ/mol) and Cd (-1809 kJ/mol).
The covalent index of Cu (46) is the same as that of Zn (46), slightly lower than that of Ni (48)
and higher than that of Cd (37).

3.4. ADSORPTION ISOTHERMS

In order to describe the behavior of metal ion adsorption on walnut shells, the iso-
therm data thus obtained were fitted to Langmuir and Freundlich adsorption models.
The Langmuir adsorption isotherm is applied to equilibrium adsorption assuming mono-
layer adsorption onto a surface with a finite number of identical sites. The Langmuir
isotherm is represented by the following equation

C_ 1 +C‘, 3)
q, ba a

max max

where C, is the equilibrium concentration of metal ions in solution (mg/dm?), g, the
amount of metal adsorbed at equilibrium (mg/g), while b (dm*/mg) and amax (mg/g) are
the Langmuir constants related to the binding constant and the maximum adsorption
capacity, respectively. The values were estimated from the intercept and slope of the
regression line for various initial metal concentrations.

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:

1

= 4
Yoo (1+06C,) ®
where b is the Langmuir constant, and Cp is the initial concentration. The R; value indi-
cates the character of the isotherm as follows: unfavorable (R; > 1), linear, favorable
(0 <R < 1) orirreversible (R; = 0).
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The adsorption data were also fitted using the Freundlich isotherm equation:

1
log g, =log K +—1log C,
" )

where ¢. is the amount of metal ions adsorbed at equilibrium (mg/g), C. the equilibrium
concentration of the metal ion in solution (mg/dm?), K ((mg/g)-(dm*/mg)"™"), the equilibrium
constant indicative of adsorption capacity, and » is the adsorption equilibrium constant. If
the value 1/n is below unity, this implies that the sorption process is chemical, if it is above
unity, sorption is a favorable physical process [25]. The Freundlich model is applicable to
sorption on heterogeneous surfaces with non-energetically equivalent sites. Adsorption pa-
rameters are given in Table 3. The results showed that adsorption data could fit both equa-
tions, according to the coefficient of determination for the heavy metals studied here, alt-
hough the data for Cd gave a slightly better fit to the Freundlich isotherm.

Table 3

Langmuir and Freundlich adsorption isotherm constants

Langmuir Freundlich
Metal |  dmax b R K n R2
[mg/g] | [dm*/mg] [(mg/g)(dm*/mg)'"]
Ni 4.28 0.31 0.983 0.434 1.963 | 0.989
Zn 4.29 0.41 0.992 0.494 1.982 | 0.969
Cd 3.18 0.32 0.947 0.737 3.424 | 0.993

Adsorbent dose 10 g/dm?, t=3 h, T'=20 °C, pH = 5.

Table 4
Adsorption capacities of various agricultural adsorbents [mg/g]
Adsorbent Cd Ni Zn Reference
Rice husk ash 2.86 4.07 5.07 [15]
Coffee grounds 5.96 7.51 10.22 [6]
Walnut shell 4.29 3.18 4.29 present study

The maximum adsorption capacity onto walnut shells for heavy metals, @max, fol-
lows the order: Zn(II) > Ni(II) > Cd(II). The R; was found to fall within a similar range
for the three cations studied and, therefore, represents a favorable adsorption. The 1/n
values for adsorption were found to be below 0.5 that implies chemical process. The
same conclusions were drawn using different agricultural wastes. Table 4 shows ad-
sorption capacities of various agricultural adsorbents.
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3.5. TREATMENT OF MINING WASTE LEACHATE

The wastewater used in this study contained 18.1 Ni** mg/dm®, 15.3 Zn*" mg/dm’
and 68.19 Cd*" mg/dm’, in addition to other ions such as Ca, Na, K, Mg, etc. (Table 2).
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Fig. 9. Time effect on treatment of leachate with walnut shells;
adsorbent concentration 10 g/dm3, =20 °C, pH = 5.18

The amount of Zn, Cd, Ni ions adsorbed onto walnut shells increased with time
(Fig. 9). The concentration of Cd in the leachate was found to be 39.6 mg/dm’ in the
first 5 min, reaching 35 mg/dm?® after 1 h. The concentrations of Ca, K, Na and Mg
increased after treatment, suggesting ion exchange mechanisms between protons, alkali
and alkaline earth metals and Zn*", Ni*" and Cd*".

Comparing the data obtained with single metal solutions of similar concentrations
with those of the leachate, it was found that the total amount of Zn, Cd and Ni adsorbed
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was 4.425 mg/g (1.3 mg Ni**/g, 1.125 mg Zn*"/g, 2 mg Cd**/g) in single metal solutions,
while the total amount of Zn, Cd and Ni adsorbed in the test with mining leachate was
4.274 mg/g (0.464 mg Ni*'/g, 0.5 mg Zn*'/g, and 3.31 mg Cd*'/g).

Released cations due the adsorption of Zn?*, Cd?* and Ni** onto walnut shells [meq/g]

Table 5

Total metal bound Amount of cation released Ron
Zn** Cd* Ni%* A Na* K* Ca* Mg?* 0.671
0.0153 | 0.0589 | 0.0158 | 0.0050 | 0.0103 | 0.0675 | 0.0359 | 0.0277 )
Ry — ratio of metal bound to cation released.
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Fig. 10. Effect of dosage on the treatment of mining leachate
using walnut shells; =3 h, =20 °C, pH=5.18

These results show that the presence of other ions in the leachate exhibits inhibitory
(antagonistic) sorption for Ni and Zn, thereby resulting in a lower sorption yield. How-
ever, the presence of other ions in the solution exerts a synergistic effect by increasing
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the removal of Cd. Srivastava et al. [15] reported similar results for Ni and Zn adsorption
onto rice husk ash. These authors suggest that there is a variety of adsorption binding
sites on the adsorbent surface exhibiting partially specific affinity for the individual
metal ions.

In order to confirm the ion exchange mechanisms, the amount of Na*, K*, Ca’" and
Mg?" released 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 5 shows the amount of cations which passed into solution after the treatment of
the leachate with walnut shells, as well as the amount of Zn*" Cd*" Ni*" and AI** re-
moved.

The total amount of cations released was found to be 0.1414 meq/g and the uptake,
0.095 meq/g. The ratio of metal bonded to cation released Ry/r < 1; hence the ion ex-
change mechanism is not the only one involved in the removal of heavy metals. The ion
exchange mechanism was suggested by other authors, in addition to some other types
of interactions such as physical force and/or chelation in metal biosorption. Walnut
shells have functional groups (alcohol, ketone and carboxylic) that may be involved in
complexation reaction with metal ions.

Figure10 shows the results obtained employing different amounts of adsorbent. The
heavy metals concentration can be reduced by increasing the adsorbent dosage. The
amount of Cd remaining in the leachate was 14.4 mg/dm’ using an adsorbent concen-
tration of 80 g/dm’. 79% of the Cd present in the leachate was removed, mainly believed
to be due to the exchange with K" ions (Table 4).

4. CONCLUSIONS

The present study demonstrated that walnut shells can be used as adsorbents for
Zn**, Ni*" and Cd** removal from synthetic solutions and from real wastewater. Metal
adsorption is highly dependent on pH, maximum removal taking place at pH > 5. Metal
uptake was found to be very rapid and heavy metal concentration can be reduced by
increasing the adsorbent dosage.

The adsorption data could be fitted to the Langmuir and Freundlich models, demon-
strating that both monolayer and heterogeneous surface adsorption occur during the
treatment with walnut shells. Furthermore, maximum Zn, Ni and Cd uptake of 4.29,
4.28 and 3.18 mg/g, respectively, were obtained when using an adsorbent concentration
of 10 g/dm?®, t=3 h, T=20 °C, pH =5.

The presence of other cations significantly reduced metals adsorption, divalent cat-
ions having a more negative effect than monovalent ones.

The release of alkaline and alkaline earth ions from walnut shells due to the uptake
of Zn, Cd and Ni indicates that ion exchange takes place in the adsorption process.
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Freundlich isotherm parameter 1/x is below unity, this implies that the sorption pro-
cess is chemical.

The results obtained in this study demonstrate that walnut shells can be used to treat
mining waste leachate.

Untreated walnut shells, with only a light grinding, can be as effective as other ag-
ricultural wastes in the adsorption of metals, being necessary, in most other wastes stud-
ied in the literature, modified for increase its adsorption capacity.

Furthermore, the walnut shell is able to capture metals from the leachate without
modifying the pH of the leachate. Therefore, no type of preparation or previous treat-
ment of leachate is necessary.
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