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ABSTRACT

The aim of the present work was to investigate if locally available untreated peat could be
used as filter material for the removal of heavy metals from leachate. The aqueous
solutions containing Cd**, Ni** and Pb** ions in single-metal and multi-metal solutions
were used to study the adsorption of metals on peat. The peat was obtained from
Southern Estonia. The decomposition rate of the peat was H6-H7 on the von Post scale.
In order to assess the adsorption mechanism, the amounts of Ca>* and Mg®* ions desorbed
from untreated peat were measured and compared to the adsorption efficiency of Cd**,
Ni** and Pb*" ions from solution on the peat. The desorption of other cations, such as
AP, K*, Na*, Fe**, Zn®" etc. were negligible during all experiments. Adsorption batch
isotherm studies were carried out by using 10 experimental series with the initial
concentration of 10 — 300 mg/l. The samples were analyzed by using the axial ICP-AES.
Results of the single- as well as multi-metal adsorptions show that peat can be effectivel_)/
used. Adsorption of metals on molar basis was found in the indicated order: Pb** > Cd**
> Ni?*. The removal of single metal ions from ternary-metal solution was less than its
removal from single-metal solution. However, the total adsorption capacity of metals
from multi-metal solution to peat increased. The Langmuir isotherm equation constants
were calculated and isotherms were drawn by using the program of calculating hyperbole
functions. Correlations for Ni** and Cd** with the Langmuir isotherm equation was found
to be good, whereas for Pb?* the plot (amount absorbed vs. the equilibrium aqueous
concentration) was linear.
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1 INTRODUCTION

The composition of leachate from industrial landfills is quite complex, containing heavy
metals and different types of organic pollutants. Conventional sewage treatment methods
may not be suitable for leachate treatment. Difficulties in the co-treatment of leachate and
municipal wastewater include problems whit optimizing the treatment process and
utilizing the excess sludge. In Sweden, the importance of co-treatment has been reduced.
Even though no evidence of significant negative effects on treatment efficiency has been
found, the sludge from co-treatment plants is not attractive for farmers. In many cases
landfills are located far away from the sewerage system; therefore co-treatment may
result in high transportation or pumping costs and environmental risks. Therefore, an
environmentally friendly and economical on-site treatment method should be
implemented.

Peat is an attractive filter-medium, since it is a cheap and widely available natural
material. During the last decades, the use of peat has been investigated in many
laboratory, pilot, and full-scale studies [1, 2]. It has been demonstrated that peat is
capable of removing heavy metals from single-metal ion solutions [3-5], as well as from
binary [6], tertiary [7] and four or even more metal solutions [8].

Since the composition of peat, wastewater and leachate is site specific, investigations of
the suitability of peat as filter material should be conducted in each case. The sorption of
a metal ion from single-metal deionised water solution on the adsorbent is presumably
affected by hydrogen ions and by the anion used in stock solution. The sorption of a
metal ion from multi-metal water solution on the adsorbent is dependent on pH and is
affected by other metal ions and by anions in stock solutions. In order to understand the
process of metal removal from multi-component industrial effluents, both the sorption of
heavy metal from single- and multi-metal solutions should be studied.

The objective of the study was to investigate the adsorption of lead, cadmium and nickel
from single- and multi-metal solution on the peat. Influence of each metal on the
adsorption of other metals was investigated. The possible ion exchange with calcium and
magnesium during the adsorption process of lead, nickel and cadmium were also studied.
These investigations are important for understanding the mechanism behind the removal
process of heavy metals from the multi-component landfill leachate by peat filters.

2 MATERIALS AND METHODS

Batch experiments were made with peat, obtained from the Lange bog, Southern Estonia.
The decomposition rate of the peat was H6-H7 on the von Post scale. The peat contained
51 % organic matter, 2.8 % of N and 41mg of P per kg. The initial concentration of
metals in the peat is presented in 7able I. In many investigations [9-11], peat was pre-
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treated (e.g. dried, washed with distilled water or 1M HCI solutions etc.). However, any
pre-treatment of peat before its use as a filter medium in a full-scale treatment plant will
be time consuming and increase the cost. Therefore, the peat used in the experiments was
untreated.

Adsorption batch isotherm studies were carried out. The peat (1g) was placed in a 250 ml
conical flask, and 100 ml of metal-containing solution was added. The initial pH of
solutions was 5.6 and was not adjusted during the experiment. The flasks were shaken at
110 rpm for 24 hours at 25°C. After shaking the samples were filtered through a 0.45 pm
Himifil polyamide 25-mm membrane filter and metal concentration in the solution was
determined by the Varian Liberty II axial, inductively coupled plasma, atomic emission
spectrometer (ICP-AES).

Table 1. Initial concentration of metals in peat.

Metal mg/g umol/g
Cadmium 0.05-10” 044107
Nickel 4.1-10° 0.070
Lead 1.1-10” 5.3-10”
Calcium 22 550
Iron 1.8 32
Maggesium 1.5 62

The single-metal ion stock solutions for cadmium, nickel and lead were prepared by
dissolving their corresponding nitrate or chloride salts, Cd(NOs);*4H,0, Pb(NOs), ,
NiCl; *6HO in ultra pure water. The concentration of the metal ion in stock solutions
was | g/l. These stock solutions were used for the dilution and mixing of single- and
multi-metal solutions. The solutions were prepared and experiments were set up
according to a method developed by Sag et al. (2001) [12].

Adsorption batch isotherm studies were carried out by using 10 series of experiments
(SE).

The selected initial concentration range of metal ion solution for each metal ion on the
basis of weight is shown in Table 2, SE 1-3. In order to compare the adsorption capacities
of different metals with different molar masses, concentrations by weight should be
recalculated for mol/l. In single-element solutions the initial concentrations of metal ions
(Cd*, Ni** and Pb®") corresponds to 180-1800, 170-3400 and 50-1200 pmol/l,
respectively.
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Table 2. Initial concentrations of metal ions in series of experiments.

Series of  Cc¢q (mg/l) Cni (mg/l) Cpp, (mg/l)

experi-

ments

SE 1 20;40;60;80;100;200 - -

SE 2 - 10,20;40;60;80;100;200 -

SE 3 - - 10,20;40;60;80;100;250
SE 4 20;40;60;80;100;200 20 20

SE 5 20;40;60;80;100;200 40 40

SE 6 20 20 20;40;60;80;100;

SE 7 40 40 20;40,60;80;100;

SE 8 20 20;40;60;80;100;200 20

SE 9 40 20;40;60;80;100;200 40

SE 10 20;40;60;80;100;300 20;40;60;80;100;300 20;40;60;80;100;300

The multi-metal solutions were prepared as follows: the solutions of one metal were
prepared in concentrations of 20, 40, 60, 80, 100 and 200 mg/l, whereas the concentration
of other two metals was 20 or 40 mg/l (Table 2, SE 4-9). One series of experiments
(Table 2, SE 10) consisted of six solutions with equal concentrations of metals (20, 40,
60, 80, 100 and 300 mg/l). In this experiments the residual concentration of Al, Ba,
Ca,Co, Cr, Cu, Fe, K, Mg Mn, Na, P, Zn was measured in order to define the
concentration of desorbed cations and phosphate. All experiments were duplicated.

3 RESULTS
3.1 Desorption of calcium and magnesium from peat

Using the possibilities given by the ICP-AES method, the most important metals
desorbed from the peat were determined in addition to the three metals investigated. The
concentration of desorbed P, Al, Co, Cr, Cu and Mn was less than 0.02 mg/l. Also, the
desorption rate of Fe, Ba, K, Na and Zn was low, staying within the concentration of
0.01-0.5 mg/l. Increasing of the concentration by adding 3 metals lifted the concentration
of the equilibrium state only 2 times (10 times for Zn).
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Figure 1. Desor ption of calcium and magnesium with multielement solutions at different
initial concentrations.

The peat used for the investigations (see Table 1) contained mostly calcium, magnesium
and iron, although the desorption of iron was poor (0.03 mg/l). The best desorption rate
was found for calcium and magnesium - the concentration of desorbed ions in the
equilibrium solution reached 170 mg/l and 15 mg/l correspondingly. In the monoelement
solutions of nickel, cadmium and lead, the desorption of calcium and magnesium
increased linearly at low concentrations, while at higher concentrations the plot became
curved. The same trend was persistent in the case of multi-metal solutions (see Figure I).

According to the molar concentration, the ratio of the desorption of calcium was
equivalent to the adsorption of the three investigated metals. So it could be proposed that
ion exchange is one of most important processes taking place on peat. The same
conclusion was also reached by other researches, working on the adsorption properties of
peat [1, 13].

3.2 Adsorption of cadmium, lead and nickel from single-metal solutions

To investigate the adsorption of Cd**, Ni** and Pb* ions from single-metal solutions the
solutions with 5 different adsorbate concentrations were used in the concentration range
of 10-250 (see Table 2, SE 1-3). The results were used to build the isotherms showing a
correspondence of adsorption ratio with the concentration of the metal in the solution in a
state of equilibrium. The Langmuir isotherm equation constants were calculated and
isotherms were drawn by using the program of calculating the hyperbole functions.
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Correlations for Cd** and Ni** with the Langmuir isotherm equation was found to be
good, whereas for Pb** it was

.__‘__’_l-——"——' <

[wca]
96 |mPo |
|aNi

Cd,Pb.NI ads.; %
.

82

0 50 100 150 200 250 300
ci; mgn

Figure 2. Dependence of adsorption % of Cdé, Ni** and Pb** on the initial concentration
of the solution.

poor. The correlation for lead in the investigated concentrations area was linear, which
indicates that the adsorption of lead is much better than that of other metals.

Experiments showed that peat is a good sorbing material. The adsorption rate of lead was
the highest (99% in the studied concentrations area). The adsorption rate for cadmium
was 92-98% and for nickel 87-97% in the investigated concentrations area. (see Figure
2). Adsorption of metals on molar and weight basis was found to be in the indicated order
- Pb’+ > Cd** > Ni**. This correlates with the data obtained by D"Avila (1992) [14] and
Kapoor et al. (1999) [15].

3.3 Co-adsorption of cadmium, lead and nickel

In the case of multi-metal adsorption, one should take into consideration the role of other
metals in the adsorption process. As was concluded during the investigation, Ca®>* and
Mg®* were substituted for by Cd**, Ni** and Pb*" relatively equally and that means that in
the case of multi-metal solution they should compete for the same adsorption centres. In
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the case of lower concentration, there is literally no reciprocal influence of metals, but by
the increasing of the initial concentration the level of saturation for adsorption centres
seems to be reached and the influence of the presence of other metals is substantial (see
Figure 3). It works for the adsorption of cadmium and nickel. For lead the tendency is
different namely the addition of other metals increases the adsorption of lead at lower
concentrations.
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Figure 3. Influence of adding of other metals on the adsorption of cadmium.

4 CONCLUSIONS

As concluded, locally-available peat can be utilized as filter material, providing low cost
and simple technology for the removal of metals. These investigations show that:

* desorption of other cations except Ca™* ja Mg?* from natural peat was negligible
during all experiments

¢ ions of calcium and magnesium are replaced by ions of heavy metals - ion
exchange could be one of the most important processes taking place during adsorption

* adsorption of metals on molar as well as weight basis was found in the indicated
order: Pb** > Cd** > Ni**. The sorption rate for lead was the best (99%), for other metals
it was 87-98%
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* the removal of single metal ions from ternary-metal solution was less than its
removal from single-metal solution. However, the total adsorption capacity of metals
from ternary solution to peat increased.

Moreover, these studies contribute to a better understanding of the mechanism of the
removal of heavy metals from water solution on peat. Laboratory tests provide
information for the planning of a full-scale filter-bed leachate treatment system.
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