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The restoration technologies in areas degraded by extractive activities are more efficient under the use of their
own spoils. Reducing deficiencies in physical properties, organic matter, and nutrients with a contribution of
treated sewage sludge is proposed. This experiment was based on a controlled study using columns. The work
was done with two limestone quarry spoils, both very rich in calcite. Two biosolid doses were undertaken
(30,000 and 90,000 kg/ha of sewage sludge) in addition to different quarry spoils used as substrates. The
water contribution was provided by a device simulating short duration rain. The leached water was collected
24 h after the last application. Nitrate, ammonium, phosphate, sulfate, and chloride ions were determined,
as well as Ca, Mg, Na and K, the pH and electrical conductivity. The electrical conductivity limit value is
b1000 μS/cm. These values will be met from the fourth irrigation application onward, while the values up to
that point were far superior. Significant nitrate concentrations appeared that may pose an environmental con-
tamination risk. A comparison between the concentrations of the chemical elements obtained in the leachates
from our experiment and the established limit values for water of the third quality group has been performed.
The electrical conductivity correlated well with the cations, with the exception of potassium. For sulfates, signif-
icant correlations were obtained with the Mg2+, Ca2+, and K+ cations. The chlorides showed excellent correla-
tion with the sodium. The good correlations obtained for some physical–chemical parameters can help to
establish indicators of environmental quality of leachates over time.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The restoration of extensive areas degraded by mining activities re-
quires the use or their own waste materials (Jordán et al., 1998, 2006;
Tedesco et al., 1999; Ram et al., 2006; Almendro-Candel et al., 2014;
Galán et al., 2014). Thesematerials do not possess the necessary fertility
to ensure a successful process of restoration (implementation of ade-
quate plant cover). Therefore, it requires the addition of organic amend-
ments to achieve efficient substrate (Jordán et al., 2008). The obligation
to restore abandoned quarries and the correct application of biosolids is
guaranteed by the legislation on waste management, biosolids and soil
conservation (Jordán et al., 2008). Technosols are one of the latest
additions to the World Reference Base for Soil Resources (FAO, 2006).
This new reference soil group contains a large range of artifacts and
materials of natural and anthropic origin. They include a variety of
refuse-based soil-like quarry spoils, landfills, ashes, or sludges, whose

properties and pedogenesis are dominated by their technical origin
(FAO, 2006). An adequate Technosol selection, based on its nature and
intrinsic properties, can constitute a valuable and cost-effective solution
for soil remediation andwastemanagement (Novo et al., 2013). Sewage
sludge application in restoration has demonstrated its efficiency in pre-
vious studies using percolation columns (Clapp et al., 1986; Albiach
et al., 2001; Pond et al., 2005; Jordán et al., 2008; Soriano-Disla et al.,
2014). The use of treated sewage sludge can be a guarantee of success
in the restoration of areas affected by mining activities, but it is impor-
tant to preserve the conservation of the environment with less risk of
contamination of surface and groundwater.Many physical and chemical
properties in soils amendedwith sludge, such as water retention capac-
ity, aggregate stability, contribution of N, P, and other nutrients to crop
growth, depend, to some extent, upon the quantity of organic matter in
the sludge that is added (Roldán et al., 1994). Knowledge about the
quantity of organic matter in the sludge can be used to estimate the
quantities that must be applied to the soil (Giovannini et al., 1985).
Use of sewage sludge and quarry spoils to construct Technosols repre-
sents an innovative strategy of waste management, whose application

Catena 148 (2017) 74–80

⁎ Corresponding author.
E-mail address: manuel.jordan@umh.es (M.M. Jordán).

http://dx.doi.org/10.1016/j.catena.2016.02.027
0341-8162/© 2016 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Catena

j ourna l homepage: www.e lsev ie r .com/ locate /catena

http://crossmark.crossref.org/dialog/?doi=10.1016/j.catena.2016.02.027&domain=pdf
http://dx.doi.org/10.1016/j.catena.2016.02.027
mailto:manuel.jordan@umh.es
http://dx.doi.org/10.1016/j.catena.2016.02.027
http://www.sciencedirect.com/science/journal/03418162
www.elsevier.com/locate/catena


allowed the species to grow and develop (Novo et al., 2013). The mate-
rials resulting from the acquisition of arid particles produced from
crushed limestone present very limited results in restoration because
of their chemical and mineralogical characteristics. The materials
resulting from limestone extraction, with elevated soil stoniness and
low fertility, are usually used in restoration, and the efficiency depends
upon the organic corrections (Jordán et al., 2008).

The studied area, Sierra de Callosa has an area of 8 km2 and a maxi-
mum altitude of 566 masl (Jordán et al., 2008). Geologically, it is found
to be primarily comprised of carbonated rocks. Limestones have been
worked for many thousands of years, initially for building stone and ag-
ricultural lime and more recently for a wide range of construction and
industrial uses. In former days, limestone quarries were small opera-
tions with limited production due to the labor-intensive nature of the
business and restricted markets for stone. Stone quarries can answer
the demand of aggregates for concrete applications (Jordán et al., 2008).

Themain objective is to evaluate the ionmobility and correlations in
columns packed with quarry spoils from a limestone quarry amended
with biosolids. Similar experiments based in columns have been devel-
oped with columns of the same material (Emmerich et al., 1982) but
with 10 cm internal diameters in order to evaluate the potential
movement of metals in soils where sewage sludge was applied on the
soil surface. Esaki et al. (1993) employed glass columns to analyze
the composition of organic materials in leachates, while Smith et al.
(1995) used this same type of column to study water flow in soil.

2. Materials and methods

2.1. Substratum

The experiment was carried out using two different limestone quar-
ry spoils, both very rich in calcium carbonate (450–750 g/kg). The first,
of poor quality, originates from the crushed limestone (Z). It is com-
posed of coarse materials (up to 75% by weight) and sand. The other
tested waste material comes from the extraction of limestone. This
wastewas formed by the levels of interspersed non-limestonematerials
and remains of stripped soils (D). This usually presents more balanced
textures but with elevated heterometry soil stoniness (up to 60% by
weight), and is richer in clays (approx. 25% by weight). Analytical pa-
rameters were determined in accordance with ISRIC (1993). Organic
matter was quantified by wet oxidation, using the method of Walkley
and Black (1974), total nitrogen by the Kjeldahl method, pH in a 1:2.5
soil/water suspension, the CaCO3 equivalent with a Bernard calcimeter,
by atomic absorption (Ca, Mg, Fe, Cu, Mn, Zn) and flame atomic emis-
sion spectroscopy (Na, K). Particle size distribution was determined by
the pipette method.

The characteristics of the mineral substrata employed appear in
Table 1. Both thesematerials were amendedwith the biosolid according
to Alcañiz et al. (1997) quarry restoration methodology.

2.2. Sewage sludge

The biosolid used in this experiment comes fromawastewater treat-
ment plant located near Aspe (Alicante). Prior to the composting pro-
cess, the sludge needs to be mixed with a bulking agent, a supporting
structure that favors aeration, absorbs humidity, and furthermore con-
tributes with organic matter. Chopped hay and sawdust are used as
bulking agents, and silos exist for their storage. Hay favors aeration,
sawdust absorbs humidity, and both materials constitute sources for
carbon. The composition by volume of the sludge-bulking agent mix-
ture is 50% sludge, while the remaining 50% is 1/4 hay and 3/4 sawdust.
This sludge-bulking agent mixture progresses through the composting
tunnel and is simultaneously homogenized by a tumbler, which in addi-
tion to permitting the progress and homogenization of themixture, pro-
motes its aeration. During the first weeks, the mixture is placed upon a
porous base connected to an air injection system using fans or blowers,

which maintains discontinuous forced aeration. Afterwards, the aera-
tion is passive and natural (Clapp et al., 1986; Hernández-Fernández
et al., 1986).

For the biosolid analysis, total content of metals was determined fol-
lowing microwave digestion using HNO3 and analyzed by inductively
coupled plasma mass spectrometry. In the solution thus obtained, the
solubilized elements except for nitrogen were assessed. This was deter-
mined by the Kjeldahl method, which quantifies the organic nitrogen
and ammonium contents within the sample. The easily oxidizable or-
ganic carbon was estimated by sulfochromic digestion and subsequent
assessment with Mohr's salt, while the easily oxidizable organic matter
was calculated by multiplying the organic carbon by 1.72. The total
organic matter was obtained by calcination in a muffle furnace at
500 °C for 2–4 h. Table 2 shows sewage sludge composition.

2.3. Columns

The experiment was based on a controlled study using columns. Fif-
teen columns, each 30 cm tall (Fig. 1), were constructed from 10.5 cm
internal diameter PVC pipe that was cut into two 15 cm lengths. Each
column was divided into two different 15 cm sections, the first one
from 0 to 15 cm and the second from 15 to 30 cm. For each treatment
three replicates were done (Table 3).

Table 1
Characteristics of the substrata used in the experiment (Jordán et al., 2008).

Parameter Z D

Clay b 2 μ (g/kg) 150 210
Silt 2 – 50 μ (g/kg) 160 260
Sand 50 μ − 2 mm(g/kg) 690 530
pH 8.25 8.92
EC μS/cm (25 °C) 257.20 56.32
OM (g/kg) 5.3 2.7
P (mg/kg DM) 2.04 2.07
Ca (g/kg DM) 3.37 3.26
Mg (mg/kg DM) 134.13 337.57
Na (mg/kg DM) 222.15 63.27
K (mg/kg DM) 34.66 64.31
Fe (mg/kg DM) 2.25 1.48
Cu (mg/kg DM) 0.29 0.18
Mn (mg/kg DM) 2.08 1.07
Zn (mg/kg DM) 0.73 0.36
N (g/kg) 0.3 0.2
CaCO3 (g/kg) 450–750 550–700
Active CaCO3 (g/kg) 180 150

Total concentrations.
Z: Limestone spoils; D: Stripped soil; DM: Dry matter.

Table 2
Sewage sludge composition (drymatter, DM) from theAspe
wastewater treatment plant.

Parameter Value

Organic C (g/kg) 430.4
Kjeldahl N (g/kg) 30.8
P (g/kg DM) 3.2
Na (g/kg DM) 2.9
K (g/kg DM) 1.8
Ca (g/kg DM) 1.0
Mg (g/kg DM) 0.7
Fe (g/kg DM) 5.58
Cu (mg/kg DM) 279
Cd (mg/kg DM) 0.98
Ni (mg/kg DM) 19
Pb (mg/kg DM) 123
Zn (mg/kg DM) 778
Hg (mg/kg DM) 1.26
Cr (mg/kg DM) 22

Total concentrations.
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