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Abstract

Peat has been used as an alternative, low-cost and efficient
material capable of retaining metals. Most studies of
adsorption have tended to focus on the characterization
and adsorption mechanisms of temperate peats rather than
tropical ones, therefore there is insufficient data about
their characteristics and subsequent use in contaminated
areas. The purpose of this study is to assess the chemical
characteristics of tropical peats from the Mogi-Guagu
river Basin (Brazil), to evaluate their ability to capture
potentially toxic metals in a contaminated mine area in
Brazil. The peats were classified as H5-H6 on the Von
Post scale of humification and had 48% ash content. The
pHy,o. ApH and the point of zero salt effect (PZSE) for
peat 1 was 5.1, —1.0 and 3.6, while for peat 2, the values
were 5.9, —2.4 and 3.1, respectively. These data showed
materials with low acidity characteristic and a predom-
inance of negative charges, which allows great cation
retention. The cation exchange capacity (CEC) was
considered high (91.0 and 116.0 cmol, kg™ "), especially
when considering the organic matter content (520.43 and
510.06 g kg_]). The removal of lead (Pb II) ions from the
aqueous solution, investigated under different experimen-
tal conditions, revealed a satisfactory efficiency of 1/50,
peat/solution ratio. Metals were removed in the descend-
ing order Pb > Zn > Cd, and both peats showed similar
efficiency of lead sorption in high concentrations. The
results show that the tropical peats have good character-
istics to be used as alternative adsorbent materials in
abandoned and contaminated mining areas.
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1 Introduction

Peat has become important as an organic low cost and effi-
cient material for ion metallic adsorption (Gisi et al. 2016).
Peatlands are soils formed by the humification of plant
residues in acidic, moist and environments with low oxygen
such as wetlands, river floodplains, coastal plains and
lacustrine regions (Oliveira et al. 2014; Rezanezhad et al.
2016). Tropical peats are defined as organic soils between
latitudes of 35°N and 35°S, including the whole of Brazil
and Uruguay where there are large areas of peatlands
(Andriesse 1988). The composition and texture of tropical
peats differ from humid temperate peat deposits (Yone-
bayashi et al. 1992). In tropical areas, trees are more
prevalent in peatland composition than in temperate regions,
which are mainly composed by sphagnum moss (Andriesse
1988). The differences in characteristics may also affect
adsorption efficiency. Peat is a material with a large surface
area (>200 m” g~"), high porosity and functional groups
responsible for the polar character of this material. These
characteristics make peat an efficient agent in the adsorption
process (Tripathi and Ranjan 2015).

Adsorption has emerged as an alternative over other
processes due to its effectiveness, safety, flexibility and
economical treatment (Tripathi and Ranjan 2015). It is an
efficient technique often used for soil, groundwater and
wastewater treatment (Kocasoy and Guvener 2009).
Adsorption is a process that is adaptable for both treatment
techniques and containment of pollutants, meaning the
adsorbents could be used not only as impermeable barriers
(sealing soil) but also for permeable reactive barriers
(treatment), controlling the amount of contaminants trans-
ported in a porous medium (Zuquette et al. 2008).
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Numerous studies have attempted to explain the mecha-
nisms of adsorption, controlled by the properties of temperate
peats (Kalmykova et al. 2008). However, there is limited
information available on the adsorption and desorption of
metals of tropical peats, especially their chemical and physical
characterizations for metal retention (Oliveira et al. 2014).
Tropical peats are rarely used in the treatment of contaminated
mining areas due to a lack of knowledge about the material.
This paper will investigate the chemical characteristics of two
tropical peats from the Mogi-Guacu river Basin (Brazil),
including their adsorption pre-test efficiency, in order to assess
peats’ ability to be used as future alternative adsorbent material
in an abandoned and contaminated mining area in southeastern
Brazil (soil and water with high metal concentrations).

2 Materials and Methods

Peat 1 was collected in the Mogi-Guagu river Basin, in city of
Cravinhos (the state of Sdo Paulo), Brazil. The area is a
commercial peat extraction zone. Peat 2 was also extracted
from the Mogi-Guagu river Basin, but at Km 40 of the SP-255
road in Luis Antonio city, Brazil. Both peats were from a
warm tropical climate region, characterized by a dry
fall/winter and a rainy summer/spring. As a commercial pro-
duct, Peat 1 was originally air-dried and homogenized, while
peat 2 was air-dried, homogenized in a porcelain mortar and
sieved through a2 mm mesh sieve, after extraction. Both were
stored at room temperature prior to analysis. Analysis of the
pH in water, the pH in KCI, the degree of decomposition, the
cation exchange capacity (CEC), the point of zero salt effect
(PZSE), ash and organic matter content were carried out for
peat characterization, besides adsorption pre-tests.

2.1 pHy,o, PHka and ApH

The pH of the peats was potentiometrically measured in the
supernatant suspension of a 1/2.5 peat(g)/liquid(mL) ratio
according to Brazilian Public Agricultural Research Corpo-
ration (2011), in triplicate and using a digital pH meter
(Digimed DH 21). The liquid was either distilled water
(pHy,o) or a 1 M KCl solution (pHkcy). The ApH index was
used to estimate the sign of the net charge and it was cal-
culated from the difference between pHkc; and pHy, o values
(Mekaru and Uehara 1972).

2.2 Ash Content, Organic Matter and Degree
of Decomposition

The ash and organic matter content was determined through
ignition in a muffle furnace at 550 °C. The degree of
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decomposition was determined using the Von Post Scale
(Grover and Baldock 2013), which provides a qualitative
classification system of humification ranging from HI (in-
significant or very slightly decomposed peat) to H10 (highly
humified).

2.3 Determining of Point of Zero Salt
Effect (PZSE)

The peats’ points of zero salt effect were determined using
potentiometric titration (Sposito 1984). For each peat, 24
samples of 4 g each were divided into two groups of 12
samples, which distributed in Erlenmeyers containing:
20 mL of KCI 0.1 M, KCI 0.01 M and KCI 0.001 M.
Samples from each of these salt concentration groups
received 0.002, 0.004, 0.008 and 0.016 M of HCI (a total of
12 acid solutions) and 0.002, 0.004, 0.008 and 0.016 M of
NaOH (12 basic solutions). For peat 1, two more concen-
trations were added to the salt concentration: 0.0032 and
0.064 of HCI (a total of 18 acid solutions) and 0.0032 and
0.064 of NaOH (18 basic solutions). The samples were
agitated every 30 min for 24 h. The titration curves were
obtained by plotting the pH values determined at the four
points of each electrolyte concentration (KCI) as a function
of adsorption of OH™ or H*, according to the amounts of
acid/base (HCI/NaOH) added. The common point of inter-
section of the three curves was defined as the pH value
equivalent to the PZSE.

2.4 The Cation Exchange Capacity (CEC)

The CEC in peats were based on the occupation of the
exchange sites with hydrogen- ions from a diluted solution
of hydrochloric acid, the elimination of excess acid, the
displacement of adsorbed hydrogen ions with calcium
acetate solution and then the titration of the acetic acid
formed with NaOH. The procedure was in accordance with
the Brazilian Ministry of Agriculture, Livestock, and Supply
(2013) and it is recommended for organic materials.

2.5 Adsorption Test

The BET analysis test at room temperature was used in
adsorption tests. First, as a preliminary step for adsorption,
peat 1 was tested in order to verify the favorable condition of
peat/solution ratio for the BET equilibrium test (Roy et al.
1992). Five different ratios were tested: 1/5, 1/10, 1/50, 1/80,
1/100. For this first situation, Pb was used at 100 mg L™"
because it is a concentration above the highest value of
Pb leaching (77 mgL™' according to Raimondi
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(Raimondi 2014) from mine waste) in the region intended for
use of the peats as adsorbent materials. Secondly, an adsorp-
tion test was carried out for Pb, Zn and Cd at 150 mg L™"
using the favorable ratio from step 1 for both peats. The metal
contents (Pb, Zn and Cd) were determined using atomic
absorption in PerkinElmer PinAAcle 900F equipment.

3 Results and Discussion

Analytical data for the peat samples are given in Table 1.
According to the Von Post scale of humification degree, the
samples of both peats were between two categories: mod-
erately and moderately highly decomposed peats (HS and
H6). It’s important to emphasize the large amount of rec-
ognizable plant structure (fibres) resistant to decomposition
present in both peats, an unusual characteristic for moder-
ately decomposed temperate peats. However, the fibrous
feature is commonly found in tropical peat soils (Andriesse
1988). Brazilian peats from the Southeast region (including
Sao Paulo state) can be classified as fibric, being composed
by fibers and filaments immersed in a gelatinous and dark
color matrix (Kiehl 1985), in accordance with the results
obtained for Mogi-Guagu peats. The high fiber content may
interfere in adsorption efficiency.

Regarding the organic matter and ash content (Table 1),
there were no significant differences between both peats. For
organic matter, Peat 1 showed an average of 520.43 +
208 gkg™' as well as peat 2, which was 510.06 +
8.26 g kg~'. For ash content peat 1 and peat 2 were
47.9 £ 0.21% and 48.9 + 0.82%, respectively. In terms of
ash content, samples had comparatively higher amounts than
the average values found in other studies (Kiehl 1985; Huat
et al. 2011). And consequently, lower levels of organic
matter (Kiehl 1985; Huat et al. 2011), probably due to the
degree of degradation of the peat. For (Huat et al. 2011),
peats usually have at least 65% organic matter or less than
35% mineral content. However, in the state of Sao Paulo
(Brazil) high levels of ash is an ordinary characteristic for
peats formed near rivers to have, as a consequence of peri-
odic flooding (Cabral Junior et al. 2001). For (Wust et al.
2003) attempted to classify tropical peats in Malaysia based

Table 1 Peats from
Mogi-Guagu river basin
characteristics

Parameter

Organic matter

Ash content

Degree of humification
PHy,0

pHkai

ApH

CTC
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on ash content to divide the peats into a new system. For the
authors, most peat classification schemes are developed in
boreal and humid temperate regions, therefore they fail to
adequately characterize tropical deposits. Both peats ana-
lyzed from the Mogi-Guagu basin were better adjusted to
this new classification system, being classified as very high
ash content peats (40-55%).

The cation exchangeable capacity (CEC) was considered
favorable for future use of the materials in the adsorption of
potentially toxic metals ions (peat 1: 91.0 cmol, kg™' and
peat 2: 116.0 cmol, kg '—Table 1), despite the organic
matter content. To compare results, peats from others
Brazilian states (Santa Catarina and Rio de Janeiro) had
CECs of 140 and 67 cmol, kg~ " for their respective organic
matter contents: 75 and 32.5% (Petroni et al. 2004; Cres-
céncio Junior 2008). The organic matter present in soils and
peats contributes significantly to the cation exchangeable
capacity values (Sparks 1995; Alleoni et al. 2009) and the
main exchangeable sites are the functional acid groups
(humic acids) (Huat et al. 2011). So, the CEC found indi-
cates both materials are favorable for adsorption of metal in
mine contaminated areas.

As the pH of peat increases with increasing humification,
CEC is also pH-dependent and generally raises with an
increase in the degree of decomposition (Delicato 1996). At
pH 7.0, less decomposed peats have CEC values around 100
cmol, kg™'. On the other hand, highly decomposed peats
have CEC values around 200 cmol, kg71 (Andriesse 1988).

Peats can be classified into four broad categories based on
pH (American Society for Testing and Materials 2013)
(Table 2).

Peats usually have low pH, caused by reactions to acid
decomposition (Kiehl 1985). Both peats can be classified as
slightly acidic according to ASTM D4427—13 (Table 2),
with pH values of 5.1 for peat 1 (from Cravinhos city) and
5.9 for peat 2 (from Luis Antonio city) (Table 1). For (Dick
et al. 2009) at 4 and 5 pH values, over 90% of the carboxylic
functional groups of organic matter (COOH of pKa-3) are
already dissociated. And the carboxylic groups are the major
contributors to CEC under natural conditions, since phenolic
hydroxyl groups dissociate at higher pH (pH 8 to 9), limiting
their contribution to CEC.

Peat 1 Peat 2

520.43 + 2.08 g kg™ 510.06 + 8.26 g kg™
479 + 0.21% 48.9 + 0.82%
H5-H6 H5-H6

5.1+ 0.1 594 0.1

41 +00 3.5 +0.1

-1.0 £ 0.1 -2440.1

91.0 cmolc kg ! 116.0 cmolc kg™ !
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Table 2 Peats’ classification

Categories
based on pH values

Highly acidic
Moderately acidic
Slightly acidic

Basic

As shown in Table 1, in relation to the pH in water, the
pH of peat suspension is lower when adding an electrolyte to
it like KCI (pHgcy for peat 1lis 4.1 & 0.0 and for peat 2 is
3.5 £ 0.1). These results are important for providing infor-
mation about whether peats’ colloids possess net negative or
net positive charges (Mekaru and Uehara 1972). The ApH,
calculated by the difference between pHgcy and pHy, , is an
efficient index used for estimating the signal and the mag-
nitude of the net surface charge of tropical soils (Alves and
Lavorenti 2005).

The ApH determined are —1.0 & 0.1 for peat 1 and
—2.4 + 0.1 for peat 2 (Table 1). These results (ApH < 0)
indicate the predominance of negative charges, demonstrat-
ing the peat’s ability to retain more cations than anions—a
favorable feature for ion metallic adsorption.

With respect to the point of zero salt effect (PZSE), Fig. 1
shows the titration curves for the two peats. The PZSE for
peat 1 and for peat 2 were 3.6 and 3.1, respectively. PZSE is
one distinct point of zero charge (Sposito 1984), meaning it
is the pH value in which the ionic concentration of the
solution does not influence the magnitude of the variable
surface charges (Alves and Lavorenti 2005). The pH values
in water for peats (5.1 = 0.1 and 5.9 £ 0.1) were greater
than the value of PZSE. These results indicated that the net
surface charge of the materials is negative, therefore they
have the ability to retain cations from the environment. The
results were consistent with the ApH values of Table 1
(—1.0 £ 0.1 and —2.4 = 0.1). PZSE values generally pre-
sent a positive correlation with ApH, since as ApH approa-
ches zero or becomes more positive, there is a corresponding
increase in PZSE (Silva et al. 1996). Humic substances of
organic soil matter are a major factor in pH-dependent
charges in soils (Sparks 1995) and the functional groups
existing could gain or lose protons, being the cause of the
variation in the superficial liquid charge. At values above 3.6
for peat 1 and 3.1 for peat 2 (pHy, > PZSE), the hydroxyl
groups of the phenolic and carboxylic groups on the surface
of the peat undergo deprotonation, becoming negatively
charged. For the values below 3.6 and 3.1 (pHy, < PZSE),
the inverse occurs. A low PZSE value for any soil (or for
peat) indicates that the material has a negative charge over a
wide pH range and consequently a wide pH action to adsorb
cations (Sparks 1995).

Regarding the favorable condition of peat/solution ratio
for the BET equilibrium test, Fig. 2 provides the results from
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Fig. 2 Comparative analysis of the percentage of removal of Pb as a
function of the peat/solution ratio

the preliminary adsorption test. From the data, it’s possible
to observe the increase in the percentage of Pb removal up
until the ratio 1/50, which is close to the maximum removal
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Table 3 Adsorption efficiency
for peats from the Mogi-Guagu
river (Brazil), at an initial

concentration of 150 mg L' and  pp
a peat solution ratio of 1/50

Elements

Zn
Cd

(being that 99% of removal is at ratio 1/50). For the fol-
lowing ratios (1/10 and 1/5), the efficiency reaches 100%.
Thus, the 1/50 ratio was considered satisfactory and feasible
for subsequent adsorption tests (Table 3).

For the adsorption of Pb, Zn and Cd at initial concen-
tration of 150 mg L™, the ratio of 1/50 was used. During the
test there was no significant variation of pH or electrical
conductivity in any of the samples. Lead ion removal from
solutions was high for both peats (peat 1: 93.2%, peat 2:
93.6%—Table 3). While the removal of zinc and cadmium
were lower (peat 1: Zn-48.2% and Cd-37.8%; peat 2:
7Zn-39.8% and Cd-23.6%). Peat 1 showed to be more
adsorbent for Zn and Cd. Metal ions were removed in a
descending order, Pb > Zn > Cd, for both peats, showing
the affinity of the sorbent surface for lead. For (Kalmykova
et al. 2008), the preference for Pb** could be explained
through the binding of specific chelating groups in peats. In
their studies, (Kalmykova et al. 2008) showed the metal ions
were removed in the following order: Pb > Cd > Zn.

4 Conclusions

Both peats from the Mogi-Guagu River Basin in Sdo Paulo
State (Brazil) have organic matter content considered rela-
tively low, compared with the average content in other
studies about peats. Still, other results like the CEC, the
natural condition of pH (pHy,p), the ApH and the point of
zero salt effect showed a predominance of negative charges
in the material and characteristics favorable for potentially
toxic metal ion adsorption.

The peats were classified as moderately and moderately
highly decomposed peats (H5 and H6), according the Von
Post scale of humification, but with high levels of fiber. They
also had a high ash content. Those characteristics are con-
sidered typical for tropical peats, especially for peats from
Sao Paulo state. However, they are characteristics that may
influence the adsorption efficiency.

Adsorption pre-tests demonstrated that the maximum
efficiency of lead adsorption is reached (or very close to
maximum) at a ratio of 1/50 (peat/solution). The metals were
removed in the descending order of Pb > Zn > Cd, showing
the affinity of both materials for lead. Pb was 93% removed
from the solution at an initial concentration of 150 mg L™"
and a ratio of 1/50.
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Adsorption efficiency

Peat 1 (%) Peat 2 (%)
932 93.6
48.2 39.8
37.8 23.6

The results of this study indicated that both peats are
promising materials to be used in adsorption techniques for
contaminated mining areas. However, only effective
adsorption tests can prove this efficiency and reveal their
potential for future use as protective barriers against
contamination.
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