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Interaction of limestone grains and acidic solutions
from the oxidation of pyrite tailings
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Basaluminite, schwertmannite and jarosite armored the limestone grains, and almost all trace
elements co-precipitated, but the precipitation of As and Pb tended to decrease as the pH rose.
Abstract
To characterise the coatings formed and to analyse element partitioning between the aqueous and solid phase, suspensions were
prepared with four grain sizes of limestone and three diﬀerent amounts of acidic solution from oxidized pyrite tailings. In all cases,
red coatings with three diﬀerent layers covered the grain surface, sealing oﬀ the acidic solution. The inner layer was composed
mainly of basaluminite, the middle layer of schwertmannite, and the outer layer of gypsum and jarosite. Zn, Cd and Tl were coprecipitated by Fe and Al; As and Pb were co-precipitated almost completely by Fe; and Cu formed mainly Cu sulphates. All trace
elements reached almost total precipitation at pH 6.3, but the precipitation of As and Pb tended to decrease as the pH rose.
Consequently, liming should be calculated so that the soil pH does not exceed 6.3. This calculation should take into account that the
armouring of the limestone grains can cause underestimations in the amount of liming material needed.
Ó 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
Soil pollution caused by tailings or acidic water from
sulphide-rich mines is a growing worldwide problem of
biogeochemical complexity involving hydration, hydrolysis and oxidation. When the tailings from a pyrite
mine are exposed to oxygen and water, sulphides oxidize
to sulphates, the pH falls markedly as a result of the
formation of sulphuric acid, and the pollutants solubilize (Förstner and Wittmann, 1983). In the case of
pyrite, the most abundant sulphide in these tailings, the
oxidation can be represented by the following reactions:
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2FeS2(s) C 7O2(g) C 2H2O / 2Fe2C
(aq)
C
C 4SO2
4(aq) C 4H(aq)

(1)

C
3C
4Fe2C
(aq) C O2(g) C 4H(aq) / 4Fe(aq) C 2H2O

(2)

The Fe3C released in reaction (2) may hydrolyse to
form ferric hydroxide:
C
Fe3C
(aq) C 3H2O / Fe(OH)3(s) C 3H(aq)

(3)

or it may oxidize additional pyrite by the reaction:
3C
FeS2(s) C 14Fe3C
(aq) C 8H2O / 15Fe(aq)
C
2
C 2SO4(aq) C 16H(aq)

(4)

Reaction (2) is very slow at pH ! 4.0 and has been
described as the rate-determining step in pyrite oxidation (Singer and Stumm, 1970).
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When this acidic solution from pyrite-tailings oxidation inﬁltrates the soil, the HC are partially neutralized
either by exchangeable bases, by weathering of silicate
mineral or, more intensely, by carbonates (Cravotta and
Trahan, 1999). Neutralization decreases the concentration of dissolved elements due to precipitation, coprecipitation and adsorption processes (Xu et al., 1997).
For this reason, one of the most widespread remedial
actions is liming. In general, the potential acidity of 1 g
of pyritic sulphur is neutralized by approximately 3 g of
CaCO3 (Williams et al., 1982). Nevertheless, when these
acidic solutions, highly concentrated in Fe and S interact
with the carbonate-mineral surface, the carbonate
particle becomes coated with gypsum and amorphous
ferric oxyhydroxides formed from the reaction (Ritsema
and Groenenberg, 1993; Al et al., 2000):

Nevertheless, the interactions of the carbonatemineral surface with the elements released by oxidation
of the pyrite tailings are likely to be very complex, and
the details are partly unknown. In the present work,
limestone of diﬀerent grain sizes were placed in contact
with an acidic solution from the oxidation of pyrite
tailings. The aim is to contribute to the knowledge of the
morphology and composition of the coatings formed, as
well as to analyse element partitioning between the
aqueous and solid phase. The results could be used to
maximize eﬃciency in liming practices for the remediation of soils aﬀected by this type of pollution.

C
2
Fe3C
(aq) C 2SO4(aq) C H(aq) C 2CaCO3(s) C 5H2O /
Fe(OH)3(s) C 2CaSO42H2O(s) C 2CO2(g)
(5)

2.1. Preparation of suspensions

This diminishes the rate of carbonate dissolution and
reduces the neutralizing power of the calcite (Ziemkiewicz et al., 1997), causing inaccuracy in the quantiﬁcation
of the liming material required (Barnhisel et al., 1982).
Evangelou (1995) reported that Fe(OH)3 precipitates
are formed on the surface of limestone through
adsorption of Fe(II), followed by oxidation. However,
under anoxic conditions, where iron oxidation is
negligible, the coatings are formed fundamentally by
Al-hydroxysulfates (Robbins et al., 1999). In addition to
gypsum, the main minerals that form part of the coating
are ferrihydrite, jarosite-group minerals, lepidocrocite,
schwertmannite, goethite and aluminite (Loeppert and
Hossner, 1984; Robbins et al., 1999; Al et al. (2000).
In natural streams, because of the gradient in pH, the
Al- and Fe-precipitates are found spatially separated
(Bigham and Nordstrom, 2000). A similar spatial
separation of the precipitates in the coatings formed
on limestone surface has been found by Hammarstrom
et al. (2003), distinguishing a series of more or less
continuous layers: inner gypsum rind, thin Al-rich layer,
and outermost Fe hydroxysulfate. The sequence of
deposition of these layers appears to be related to the
pH, increasing the molar Al:Fe ratio with increasing pH
(Cravotta and Trahan, 1999).
Many researchers have described the reactions of
some metals with iron-coated. Thus, Cravotta and
Trahan (1999) revealed that Fe- and Al-coated limestone promotes sorption and co-precipitation of Cu, Co,
Ni and Zn. Al et al. (2000) studied the chemical
composition and mineralogy of coatings on carbonate
minerals from mine tailings, and the results suggest that
the Pb and Zn were adsorbed, Cu and Cd co-precipitated, and As was adsorbed and/or co-precipitated
by these coatings formed principally by jarosite-group
minerals, goethite, akaganéite and amorphous Fe oxyhydroxides.

2. Methods

Four diﬀerent grain sizes of limestone were placed in
contact with three diﬀerent amounts of an acidic solution
from oxidized pyrite tailings. The most abundant
elements present in the pyrite tailings were: S (30.0–
40.0%), Fe (30.0–37.0%), Al (0.60–2.95%), Pb (0.60–
1.00%), Zn (0.60–0.85%), As (0.15–0.45%), and Cu
(0.10–0.25%). Other mineralogical and chemical characteristics of the pyrite tailings can be found in Simón
et al. (1998) and López–Pamo et al. (1999). Limestone
containing 96.8% CaCO3 equivalent was ground and
sieved at the following grain sizes: coarse (2–0.5 mm),
medium (0.5–0.1 mm), ﬁne (0.1–0.05 mm), and very ﬁne
(!0.05 mm). The speciﬁc surface area (SA) of each
fraction, determined by weighting the water adsorbed by
the samples from a solution saturated with CaCl2
(Keeling, 1961), was 0.733, 1.031, 2.024, and 2.534 m2/
g, respectively. Next, a pollutant solution was prepared
by adding 1000 cm3 of H2O2 (15%) to 10 g of pyrite
tailings from the Aznalcóllar mine (SE Spain) and after
three days the solution was removed, the pH measured
(1.8) and the sediment discarded. The element concentration in the solution (mg/L) was: SO4 12 335, Fe 3700,
Al 510, Zn 245, Cu 51.9, As 48.5, Pb 5.74, Cd 1.22, and
Tl 0.09. Afterwards, 60, 100 and 200 cm3 of the acidic
solution were added, respectively, to 10 g of each grainsize fraction. After three days, each suspension was
measured for pH and then centrifuged at 3000 rpm for
10 min to separate the solid from the liquid phase. The
suspensions (S ) were labelled by a letter representing the
grain size of the limestone and by a number representing
the cm3 of acidic solution/g dry limestone (e.g., the
suspension SM10 was prepared with 100 cm3 of acidic
solution and 10 g of medium-size limestone).
2.2. Liquid-phase analysis
In the liquid phase of the suspensions and in the
acidic solution, the sulphate was determined by ion
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chromatography in a Dionex model DX-120 instrument,
Fe and Al were measured by atomic absorption
spectroscopy in a PERKIN-ELMER 305B spectrophotometer, and the trace elements by inductively coupled
plasma mass spectrometry (ICP-MS) with a PE SCIEXELAN 5000 spectrometer. The amount of each element
precipitated was calculated by the diﬀerence between the
concentration in the acidic solution and in the liquid
phases of the suspensions.
2.3. Solid-phase analysis
The CaCO3-equivalent content of the limestone and
the diﬀerent particle sizes in suspensions were estimated
from the pressure of CO2 formed after the samples
reacted with HCl:H2O (1:1) (Williams, 1948). The
gypsum content of the solid phases was determined by
dissolution in water of total sulphates followed by
precipitation with acetone (Bower and Huss, 1948). The
limestone grains after reaction with the acidic solution,
as isolated grains and polished samples, were studied by
Scanning Electron Microscopy (SEM) in a CARL
ZEISS DSM 950 instrument with a back-scattered
electron (BSE) detector and a Tracor Northern 523 Xray energy dispersive spectrometry (EDS) with an
Oxford Link ISIS microanalysis system. For X-ray
diﬀraction, a Philips PW-1700 instrument with CuKa
radiation was used.

3. Results
3.1. Weathering of the CaCO3 and coating formed
The interaction of the acidic solution with the
limestone grains partially weathered the CaCO3 (between 0.15 g in suspension SC6 and 0.83 g in suspension
SVF20), and formed continuous red coatings on the
surface of all the grains (Fig. 1). The quantity of CaCO3
weathered (WCaCO3 ) was correlated signiﬁcantly
( p ! 0.001) with the cm3 of acid solution/g dry
limestone of each suspension (S ) and with the Fe
precipitated mg/g dry limestone (PFe) by the multiple
regression:
ÿ

WCaCO3 ðgÞZ0:008S cm3 =g C0:018PFe ðmg=gÞ  0:020
r2 Z0:999

ð6Þ

By SEM-EDS analysis, the coatings (Fig. 2a) showed
tabular crystals composed of S and Ca (gypsum),
aggregated microcrystals of Fe with S, and globules
composed of Fe, Al and S embedded in a cracked
amorphous mass (Fig. 2b). A backscattered electron
scanning (BES) micrograph of a polished section of the
coatings (Fig. 2c) revealed that these coatings were

Fig. 1. Polished section of medium-sized limestone grains in suspension
SM20 showing continuous coatings on the surface. Frame length
500 mm.

composed of three diﬀerent layers: an irregular inner
layer (I), closer to the limestone–grain surface; a middle
layer (M) containing the globules, which appeared to be
hollow; and an outer layer with the much larger gypsum
crystals (Og) together with the microcrystal aggregates
(Om). The distribution map of Al, Fe and S in the
polished section of the micrograph 2c (Fig. 2d, e and f,
respectively) reveals that Al was concentrated in the
inner layer as well as in the fractures of the limestone, Fe
accumulated in the middle layer as well as in the
microcrystals of the outer layer, while S was present in
all layers, especially in the gypsum crystals.
The quantitative analysis of these layers (3 replicates)
by EDS (Table 1) conﬁrmed that the inner layer was
composed fundamentally of Al, and had the highest Zn
concentration, whereas the middle layer and the microcrystals of the outer layer were composed mainly of Fe.
Meanwhile, As was concentrated in the layers where Fe
was the majority component.
3.2. Suspension pH and precipitation of the elements
The pH values of the suspensions (Table 2) were
signiﬁcantly ( p ! 0.01) and directly correlated to the
speciﬁc surface area of the particles (SA) but inversely to
the cm3 of the acidic solution/g dry limestone (S ) by the
multiple regression:
ÿ

ÿ

pHZ0:826SA m2 =g  0:036S cm3 =g C4:36
r2 Z0:793

ð7Þ

The amounts of SO4 and Fe precipitated mg/g dry
limestone (PSO4 and PFe) were relatively high, the PSO4
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Fig. 2. (a) SEM-EDS analysis of the coatings on the medium-sized grain in suspension SM20, showing tabular crystals (g) composed of S and Ca and
aggregated microcrystals (m) of Fe with S; both deposited on a cracked amorphous mass. (b) Detail of the cracked amorphous mass with embedded
globules composed of Fe, Al and S. (c) Backscattered electron scanning (BES) micrograph of a polished section of the coatings around the limestone
grains (C) showing three diﬀerent layers: an irregular inner layer (I); a middle layer (M) containing the globules; and an outer layer with gypsum
crystals (Og) and microcrystal aggregates (Om). The micrographs d, e and f represent the distribution of Al, Fe and S by EDS, respectively, in the
polished section of the micrograph c.
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Table 1
Mean content and standard deviation (SD) of some elements in the diﬀerent layers of the coatings by EDS
Layers

Al (%)

Fe (%)

Zn (%)

As (%)

S (%)

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Inner (I)
Middle (M)
Outer (Om)
Outer (Og)

31.4
6.89
0.88
0.16

3.1
0.24
0.13
0.05

3.20
26.7
32.5
1.53

0.09
1.8
2.6
0.14

0.87
0.34
0.11
nd

0.14
0.06
0.02
–

0.03
2.25
3.02
nd

0.02
0.11
0.18
–

8.51
2.88
11.3
47.0

0.99
0.21
0.6
2.2

nd Z not detected.

PGSO4 ðmg=gÞZ0:63PSO4 ðmg=gÞ  0:12 r2 Z0:997

values ranging from 25 mg/g to 127 mg/g, and the PFe
from 7 to 38 mg/g. Far lower amounts of Al, Cu, Zn and
As precipitated mg/g dry limestone (PAl, PCu, PZn, and
PAs), values ranging between 0.03 and 2.4 mg/g;
meanwhile, the quantities of Cd, Tl and Pb precipitated
mg/g dry limestone (PCd, PTl, PAl) were lowest, ranging
between 104 and 0.11 mg/g (Table 2).
The PSO4 , PFe and PAl values correlated signiﬁcantly
( p ! 0.001) with the pH and the total SO4, Fe and Al
mg/g dry limestone (TSO4 , TFe and TAl, respectively); in
addition, PAl, also correlated with the SA (m2/g) of the
grains of limestone. The multiple regressions were:

ð11Þ
Meanwhile, the SO4 that precipitated in a diﬀerent
form of gypsum, presumably as hydroxysulphates
(PHSSO4 ), was signiﬁcantly related ( p ! 0.001) to PFe
by the linear regression:
PHSSO4 ðmg=gÞZ1:24PFe ðmg=gÞ  1:55 r2 Z0:980
ð12Þ
The trace elements Zn, Cd and Tl precipitated mg/g
dry limestone (PZn, PCd and PTl) were signiﬁcantly
related ( p ! 0.001) to PFe and PAl by the multiple
regressions:

PSO4 ðmg=gÞZ0:43TSO4 ðmg=gÞC25:38pH  134:5
r2 Z0:984

ð8Þ

PZn ðmg=gÞZ0:02PFe ðmg=gÞC1:61PAl ðmg=gÞ  0:17
r2 Z0:995

PFe ðmg=gÞZ0:43TFe ðmg=gÞC8:10pH  42:73
r2 Z0:991

ð13Þ

ð9Þ
PCd ðmg=gÞZ0:26!103 PFe ðmg=gÞ
ÿ

PAl ðmg=gÞZ0:05TAl ðmg=gÞC0:29pHC0:21SA m2 =g
1:67 r2 Z0:972

C9:61!103 PAl ðmg=gÞ  2:53!103 r2 Z0:967 ð14Þ



ð10Þ

PTl ðmg=gÞZ0:02!103 PFe ðmg=gÞ
C0:15!103 PAl ðmg=gÞ  0:06!103 r2 Z0:995 ð15Þ

The SO4 precipitated as gypsum mg/g dry limestone
(PGSO4 ) was signiﬁcantly related ( p ! 0.001) to PSO4 by
the linear regression:

In addition, the As and Pb precipitated mg/g dry
limestone (PAs and PPb) were signiﬁcantly ( p ! 0.001)

Table 2
The pH of the suspensions and elements precipitated in mg/g dry limestone
Sample

pH

SO2
4

Fe

Al

Cu

Zn

As

Cd

Tl

Pb

SC6
SM6
SF6
SVF6
SC10
SM10
SF10
SVF10
SC20
SM20
SF20
SVF20

4.9
5.9
6.1
6.2
4.6
5.9
6.0
6.1
3.8
5.6
5.8
5.9

25.7
45.1
47.8
51.9
40.3
64.2
70.6
75.6
61.7
111.0
120.5
127.1

7.1
14.0
16.7
17.5
11.4
19.0
20.0
23.2
19.2
33.6
36.8
38.0

0.08
0.49
0.57
0.69
0.07
0.55
0.77
0.95
0.07
0.66
0.94
1.14

0.26
0.31
0.31
0.31
0.35
0.52
0.52
0.52
0.31
1.03
1.04
1.04

0.08
0.95
1.12
1.27
0.03
1.17
1.43
1.72
0.28
1.52
2.14
2.38

0.29
0.29
0.29
0.29
0.48
0.48
0.48
0.48
0.96
0.97
0.97
0.97

0.002
0.006
0.007
0.007
0.001
0.008
0.010
0.012
0.003
0.011
0.016
0.020

0.0001
0.0003
0.0003
0.0003
0.0001
0.0004
0.0004
0.0004
0.0002
0.0006
0.0007
0.0007

0.034
0.034
0.034
0.034
0.056
0.057
0.057
0.057
0.106
0.113
0.113
0.113
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PAs ðmg=gÞZ0:03PFe ðmg=gÞ  0:25pHC1:30 r2 Z0:991
ð16Þ

PPb ðmg=gÞZ0:004PFe ðmg=gÞ  0:028pHC0:15
r2 Z0:991

ð17Þ

Finally, the Cu precipitated mg/g dry limestone (PCu)
was signiﬁcantly ( p ! 0.001) and directly related to
PHSSO4 and pH but inversely to PAl by the multiple
regression:
PCu ðmg=gÞZ0:03PHSSO4 ðmg=gÞC0:18pH
0:55PAl ðmg=gÞ  0:97 r2 Z0:960

ð18Þ

4. Discussion
The HC present in the suspensions constituted the
primary agent that caused the weathering of CaCO3 by
the reaction:
2C
CaCO3(s) C 2HC
(aq) / Ca(aq) C CO2(g) C H2O

Thus, Eq. (6) reveals that the CaCO3 was weathered not
only by the HC present in the acidic solution (S ) but
also by that formed during the oxidation and precipitation of iron (PFe, reactions (2) and (3)).
Because the HC interacted with the limestone grain
surface, the weathering increased as the speciﬁc surface
area enlarged, consequently raising the pH of the
suspension (Eq. (7)). Nevertheless, most of the limestone
in all the suspensions resisted weathering (between 99%
of the SG6 suspension and 91% of the SVF20
suspension) despite the acidic pH (between 3.8 of the
SG6 suspension and 6.2 of the SVF20 suspension). This
together with the fact that the pH of the water (with
pressure of CO2 similar to that of the atmosphere
 0.0003 atm) in equilibrium with CaCO3 reaches 8.3
(Lindsay, 1979), seem to conﬁrm that coatings sealed oﬀ
the limestone grains from interacting with the solution.
The high concentration of Al in the inner layer is
consistent with the lower pK1 of Al3C in relation to
Fe2C formed in the oxidation of pyrite (Reaction (1)),
resulting in more extensive hydrolysis and rapid precipitation onto the limestone surface; later, the oxidation of Fe2C to Fe3C (Reaction (2)) would trigger the
hydrolysis of Fe3C (pK1 lower than that of Al3C) and
precipitation onto the existing Al layer.
The mean molar ratio Al:S of the inner layer of the
coatings was 4.4, implying that the mineral formed was
probably basaluminite (Nordstrom and Ball, 1986). The

molar ratio Fe:S of the middle was greater than 5,
indicating the formation of schwertmannite (Bigham
et al., 1996); meanwhile, the molar ratio Fe:S of the
microcrystals of the outer layer was only 1.6, reﬂecting
that the mineral formed was jarosite (Filipeck et al.,
1987). The above results were supported by an X-ray
diﬀractogram of a sample from the outer layer of coated
particles (suspension SM20) gently brushed and
screened (0.05 mm mesh size), indicating the presence
of gypsum and jarosite.
Roughly 43% of TSO4 and TFe, and only 5% of TAl in
the acidic solution was precipitated on limestone grains
(Eqs. (8)–(10)), this quantity increasing with the pH and,
in the case of Al, also with the speciﬁc surface area (SA).
Because pH and SA were directly correlated (Eq. (7)),
the increase in pH tended to raise PAl values more than
PFe, and the PFe:PAl ratio decreased (Fig. 3). Consequently, the ratio between the basaluminite formed in
the inner layer, on the one hand, and the schwertmannite and jarosites formed in the middle and outer layers,
on the other hand, proved to be pH-dependent.
Approximately 63% of the PSO4 formed gypsum (Eq.
(11)). The remaining 37% must have precipitated as
hydroxysulphates (PHSSO4 )dfundamentally as Fe hydroxysulphates, as reﬂected by the higher PFe than PAl
values (Table 2) and by the signiﬁcant linear relationship
between PHSSO4 and PFe (Eq. (12)).
Zn, Cd and Tl were co-precipitated with Fe and Al
(Eqs. (13)–(15)), although in all cases the regression
coeﬃcient of the PAl was higher than that of the PFe,
indicating that per unit of weight the PAl co-precipitated
more Tl (10-fold), and far more Cd (40-fold) and Zn (80fold), than did the PFe. However, the higher PFe values
(mean 21.4 mg/g) with respect to those of PAl (mean
0.58 mg/g), together with the increase in the PFe:PAl
ratio as the pH decreased (Fig. 3), could mask this fact.
Thus, although the ratio between the total amount of
each metal (m) adsorbed by PAl (Alm) and PFe (Fem) in
each suspension (estimated from the Eqs. (13)–(15))
increased as the pH rose (Fig. 4), the PFe co-precipitated
more Tl than did the PAl in all suspensions (Alm:Fem
ratio ! 1) and more Zn in the suspensions with
pH ! 5.0.
350
300

PFe : PAl ratio

and directly related to PFe but inversely to pH by the
multiple regressions:

PFe:PAl = 342074 pH-5,2145
r2= 0,97

250
200
150
100
50
0
3,5

4

4,5

5

5,5

6

6,5

pH
Fig. 3. Ratio between precipitated Fe and Al (PFe:PAl) versus pH.
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16

AlZn : FeZn = 2.5 10-4 pH5.251

12

Alm:Fem ratio

The Cu enabled the formation of more or less
complex Cu sulphates that increased as the pH rose,
although Al appeared to compete with Cu in the metalsulphate formation given that the PCu decreased as the
basaluminite increased (Eq. (18)). In any case, the
percentage of Cu that precipitated, 30% at pH 3.8,
increased by approximately 5% per 0.1 unit pH to 5.3,
whereupon adsorption stabilized at 99.5% (Fig. 5).

AlCd: FeCd = 1.1 10-3 pH5.251

14

AlTl: FeTl = 2.7 10-5 pH5.251

10

71

8
6
4
2
0
3,5

4

4,5

5

5,5

6

6,5

pH

5. Conclusions

Fig. 4. Ratio between the total mg of Cd, Zn and Tl co-precipitated
with Al (Alm) and with Fe (Fem) versus pH.

In any case, the percentage of Zn, Cd and Tl
precipitated with respect to the total dissolved in the
acidic solution increased as the pH rose, although each
element behaved diﬀerently (Fig. 5). Thus, the percentage of Zn precipitated was very low up to pH 5.4
(5%), afterwards increasing by approximately 9% per
0.1 unit of rise in pH until almost total precipitation at
pH 6.4. The percentage of Cd precipitated was also very
low at pH 4.6 (10%), while between pH 4.6 and 5.6 the
values increased roughly 3.5% per 0.1 unit pH, and at
pH O 5.6 the increase was 9% per 0.1 unit pH,
approaching total precipitation at pH 6.3. The percentage of Tl resembled that of Cd at pH 4.6 but then
increased by only 2.5% per 0.1 unit pH, implying almost
total precipitation at pH O 8.0.
Pb and As were co-precipitated with Fe but the
quantity precipitated decreased as pH increased (Eqs.
(16) and (17)), results similar to those reported by Jones
et al. (1997) and Tyler and Olsson (2001). Raven et al.
(1998) indicated that the lower adsorption of As at high
pH was attributable to the more negatively charged
arsenate species repulsing the negatively charged surface
sites. Consequently, although within the pH range of the
suspensions (3.8–6.2) the percentages of As and Pb
adsorbed were very high (O99.9% As and O98.0% Pb),
according to the above, precipitation could decrease at
pH O 6.5, increasing bioaccessibility (Yang et al., 2002).
120

% Precipitated

100
80
60
40
20
0
3,5

4

4,5

5

5,5

6

6,5

pH

Fig. 5. Percentage precipitated of Zn, Cd, Tl and Cu versus pH.

The interaction between limestone and the acidic
solution from the oxidation of pyrite tailings raised the
pH of the solution, inducing the precipitation of more or
less complex sulphates which co-precipitated with
almost all of the dissolved elements when the pH of
the solution was around 6.3. However, the sulphates
formed a grain coating that sealed oﬀ the limestone
grains; therefore, fresh CaCO3 is required to raise the
pH of the solution. Consequently, in the remediation of
soils contaminated by pyrite tailings, it should be taken
into account that it is easy to underestimate the amount
of liming material required. Armouring of the limestone
grains could be counteracted by periodic tilling to break
up the grain coatings.
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