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Abstract

The heavy metal adsorption capacity of natural stones is important because it has influence on
the dispersion of pollutants. Lead (ll) and zinc (ll) ions removal capacity of two Hungarian stones
(coarse limestone and rhyolite tuff) were analysed under laboratory conditions. Petrophysical
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parameters of rock samples were determined at air-dried and in water saturated conditions:

apparent density, capillary water absorption, ultrasound pulse velocity, open and full porosity.
The powdered rock samples and specimens were put into lead-nitrate and zinc-sulphate solutions
and the amounts of adsorbed lead (ll) and zinc (ll) ions were identified by titration of the residual
solution. According to the tests, the powdered and cylindrical rock specimens could reduce the
concentration of lead (Il) and zinc (ll) ions in the heavy metal solutions. The results suggest that
these two types of rocks could be used in environmental protection technologies such as material

of permeable reactive barrier.
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1. Introduction

Waste water with heavy metal content is considered to be
hazardous both for human life and for the environment due
to their acute toxicity and non-biodegradability. In the last
few decades several technologies have been developed to
remove heavy metal ions from industrial waste water and
prevent the environment from heavy metal pollution. Despite
of the high efficiency of the applied technologies (like using
activated carbon), these are very expensive and in some cases
continuously chemical input and/or pre-treatment is needed.
The removals of metals are not always incomplete and the
follow-up treatment of the used adsorber materials is not highly
elaborated [1]. Therefore, the search of low-cost alternative
adsorbents is essential.

Some materials, like porous natural stones, could immobilize
heavy metals from industrial waste water and from polluted
groundwater according to their chemical and physical
properties. Chemical features (especially mineralogical
composition) of limestone and rhyolite tuff could bind certain
contaminants (with adsorption or chemical precipitation on
the mineral surface), and subtract them from the natural
geochemical cycle. Physical characteristics (porosity,
permeability, and pH) of these two stones could influence
the accessibility of the solutions which contain heavy metals
[2-5]. These properties of natural porous rocks may prefer
to use in many industrial areas, such as waste water and
flue gas cleaning processes, as well as agricultural practices
of soil improvement. Recently, natural stones are used as
an adsorbents in permeable reactive barriers in polluted
groundwater cleaning processes [6-9] and also as host rocks
of hazardous waste deposits [10, 11].
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Lead and zinc are one of the most common contaminants
of industrial waste waters. Storage batteries, printing, painting
dying, mining, metallurgy and fuel combustion are the source
of these heavy metals [12].

Lead and zinc poisoning could cause health problem, such as
the damage of liver and kidney, mental retardation, neurological
problems. Therefore the reduction of the concentration of
lead, zinc and other heavy metal ions in waste water is very
indispensable.

The aims of this paper were to observe the spread of heavy
metal solution in Hungarian porous coarse limestone and
rhyolite tuff, determine the effect of these two rocks on solutions
with lead and zinc content, and recommend environmental
protecting applications of the examined porous rocks.

2. Materials and methods
2.1 Materials

In this study natural rhyolite tuff and coarse limestone were
used as adsorbent materials (Fig. I).

The rhyolite tuff of Demjén, from Biikkalja (southwest of Eger),
is a grey, pumice (centimeter-sized) rich and Miocene pyroclastic
rock. In matrix biotite and quartz could be recognized. Three typical
tuff scattering levels (lower, middle and upper) could be found at
Biikkalja. The examined rhyolite tuff was from the middle tuft level.
The thickness range of this tuff level is between 2-20 m [13].
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Fig. 1. Cylindrical coarse limestone and rhyolite tuff specimens
1. dbra Hengeres durva mészkd és riolittufa prébatestek

The coarse limestone of Soskut is a Miocene sedimentary rock.
According to its mineralogy and texture, several variations could
be identified. During our examination we used the yellowish-
white, fine grained ooid rich version. The typical texture of
Soskut coarse limestone is ooid grainstone/packstone [14] by
microscopic studies. This limestone could be found in two
formations: the most common Tinnyei Limestone Formation
(Sarmation) and Rakosi Limestone Formation (Baden). The
largest volume of this limestone was mined at Soskit, Biatorbagy
and nearby the capital city of Hungary. It used like building
materials of historical monuments in Budapest [15].

2.2 Petrophysical examination of rock samples

We determined basic petrophysical parameters of rock
samples in water saturated and air-dried condition: apparent
density, capillary water absorption, ultrasound pulse velocity,
open and full porosity.

2.3 Preparation of rock samples

The preparation of rock samples was made in two steps. First
of all, the coarse limestone and rhyolite tuff were grounded in
an agate mortal. The grain size was less than 100 pm.

The examinations were carried out by 5 g powdered rock
samples (coarse limestone, rhyolite tuff) in contact with 25
ml of pH neutral heavy metal solutions. The solutions were
prepared from basic salts: lead-nitrate Pb(NO,), and zinc-
sulphate ZnSO,. The concentrations of each solution were 1000
ppm and the temperature was 22 °C. After 24 hours, powdered
samples were filtered through semi-coarse filter paper and dried
at 50 °C. The residual heavy metal solutions were collected in
plastic bottles until analytical examinations.

In the next step the cylindrical rock specimens (height: 8 cm,
diameter: 4 cm) were drilled by diamond drill-bit from coarse
limestone and rhyolite tuff. Dried rock specimens were soaked
into lead-nitrate or zinc-sulphate heavy metal solutions.
The concentrations of the solutions were 1000 ppm, and the
temperature was 22 °C. After the 24 hours retention time, the
rock specimens were dried at 50 °C and the residual heavy
metal solutions were stored also in plastic bottles.

2.4 Wet chemical analysis

After the preparation of the rock samples we determined
the concentration of the solutions with heavy metal content
by titrimetric (chelatometry) analytical method. During the
examination the concentrations of the Complexon solutions
were 0.005 and 0. 01 M.

2.5 Characterization of raw and treated materials

Characterization of untreated and treated coarse limestone
and rhyolite tuft was carried out by X-ray diffraction (XRD). We
used Philips diffractometer (generator: PW 1130; goniometer:
PW1050; npd Control counter: PW3710, copper anode and
monochromator). Accelerating voltage: 40kV, amperage: 30
mA, measuring angle: 3-70°. The evaluation was made by
Philips PW 1877 Automated Powder Diffraction (Version
3.5B) software.

3. Results

3.1 Petrophysical properties of examined porous rocks

According to the petrophysical studies the coarse limestone’s
apparent density, ultrasound pulse velocity and capillary water
absorption were larger than the rhyolite tuff’s, but the full
porosity was less. According to the results, the cause of the
difference is the larger amount of pumice in rhyolite tuff. The
pore system of pumice is closed, so the water could not migrate
so deeply in the stone. This is the reason, why the capillary water
absorption and the full porosity values are lower in rhyolite
tuff than in coarse limestone. Pores of pumice are mainly filled
by air and have bigger pore diameter, so the ultrasound pulse
velocity of rhyolite tuff is reduced. Because of the low density
of pumice (< 1 g/cm’) the high amounts of it, could decrease
the apparent density of rhyolite tuff. Nevertheless, the two rock
open porosity values were high (> 30%) and approximately the
same. This result suggests, that both types of rock are sufficiently
porous to use as migration passage of the experiment solutions
(Table 1).

Tests Coarse Rhyolite
limestone tuff
Apparent density (g/cm?) 2.70 2.45
Ultrasound pulse velocity (m/s) 2580-3165 1921-2255
Capillary water absorption (kg/m?) 27-26.9 21.1-21.4
Open porosity (%) 30.1 30.2
Total porosity (%) 30.2 39.4

Table 1. Results of petrophysical analysis
1. tdblazat Kozetfizikai vizsgalatok eredményei

3.2 Wet chemical analysis

In accordance with wet chemicals analysis 1 kilogram
of powdered rock samples could immobilize 5-10 times
more lead (II) and zinc (II) ions from heavy metal solutions
than 1 kilogram of cylindrical rock specimens (Fig. 2 to 3).
These phenomena could be explained by the greater specific
surface area of powdered rock samples than cylindrical rock
specimens.

It was also found, that powdered rock samples could bind the
same quantity of heavy metals (lead (II) and zinc (II)) against
to rock specimens. The cause is the mineralogical content of
the examined rocks. Rhyolite tuff contains a lot of glass beside
other minerals, like biotite, quartz, feldspars. Glass has several
reactive ligands, which can bind heavy metals, like lead and zinc
also. This is the same situation with pumice. Demjén rhyolite

65. évf. 3. szam = 2013/3 = épitdanyag | 87



KORNYEZETVEDELEM - ENVIRONMENTAL PROTECTION

tuff includes many pumice fragments, which are built up mostly
from glass. This kind of clasts could increase the binding features
of rhyolite tuft. In contrast, coarse limestone is built up only from
calcite minerals. This rock is quite homogeneous. Calcite has less
reactive functional groups, which could bind heavy metals, but
it does not mean that this mineral is not able to do it.

4000

3000

2000

1000 -+

mg Pb (I) / kg rock sample

ay S I - €)

Fig. 2. Lead (II) immobilization from lead-nitrate aqueous solution (1000 ppm) by

rock samples in various physical conditions: a) untreated coarse limestone,
b) untreated rhyolite tuff; c) soaked coarse limestone specimens, d) soaked
rhyolite tuff specimens, e) powdered and soaked coarse limestone, f) powdered
and soaked rhyolite tuff

2. dbra  Kiilonboz6 fizikai dllapotii kézetmintdk 6lom (1) megkits képessége 6lom-
nitrdt oldatbdl (1000 ppm): a) oldattal nem kezelt durva mészkd; b) oldattal
nem kezelt riolittufa, c) oldatba dztatott durva mészké prébatestek, d)
oldatba dztatott riolittufa probatestek, e) poritott és oldatba dztatott durva
mészkd, f) poritott és oldatba dztatott riolittufa
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Fig. 3. Zinc (II) immobilization from zinc-sulphate aqueous solution (1000 ppm) by
rock samples in various physical conditions: a) untreated coarse limestone,
b) untreated rhyolite tuff; c) soaked coarse limestone specimens, d) soaked
rhyolite tuff specimens, e) powdered and soaked coarse limestone, f) powdered
and soaked rhyolite tuff

3. dbra Kiilonbozé fizikai dllapotii kézetmintdk cink (II) megkits képessége cink-
szulfdt oldatbdl (1000 ppm): a) oldattal nem kezelt durva mészké; b) oldattal
nem kezelt riolittufa, c) oldatba dztatott durva mészké prébatestek, d)
oldatba dztatott riolittufa prébatestek, e) poritott és oldatba dztatott durva
mészké, f) poritott és oldatba dztatott riolittufa

mg Zn (IT) / kg rock sample

According to wet chemical analysis, rhyolite tuff specimens
could bind much bigger quantity of heavy metals (lead (II) and
zinc (I)), than coarse limestone specimens (Fig. 2 to 3). It has
a physical explanation. Coarse limestone has much smaller
pore diameter, than rhyolite tuff. That's why pores in coarse
limestone could be clogged by precipitated minerals (nitrate
and sulphate salts) and the migration of heavy metal solution
could stop. In this case high amount of the minerals in coarse
limestone do not have a chance to contact with heavy metals,
and the immobilization will not happen.

It is also important, that both of the examined rocks (in
powdered or in specimens form) could bind more lead (II)
than zinc (II) ions (Fig. 2 to 3). It could be explained by the
difference of mobility between zinc (II) and lead (II) ions. In
aqueous solution zinc (II) ions are more mobile than lead (II)
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ions. The rate of immobilisation on the solid phase (minerals),
in the case of lead (II) ions, is higher than zinc (II) ions.

3.3 Characterization of raw and treated materials

The X-ray diffraction examinations suggest that untreated
rock samples did not contains any lead or zinc mineral phases
(Fig. 4 to 5). After wet chemical preparation it was found that
coarse limestone did not contain heavy metal ions (Fig. 5), but
rhyolite tuff contained lead and zinc mineral phases (Fig. 4). It
suggests, that heavy metal removal was taken place by chemical
precipitation (lead or zinc mineral phases) in rhyolite tuff. Despite
the facts, that lead and zinc mineral phases were not determined
by X-ray diffraction in coarse limestone, it does not mean that
coarse limestone was not able to immobilize heavy metals from
their solution. Wet analysis proved that coarse limestone could
bind heavy metals from their aqueous solutions, but probably
the process did not take place by chemical precipitation,
but adsorption. This type of physical adsorption could not
demonstrated by X-ray diffraction. This method is usable for
phase analysis. This theory needs to be proved by scanning
electron microscope (SEM) observations in the future.
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Fig. 4. X-ray diffractogram of rhyolite tuff
4. dbra  Riolittufa rontgen diffraktogramja
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Fig. 5. X-ray diffractogram of coarse limestone
5. dbra Durva mészké rontgen diffraktogramja

4. Conclusions

Lead (II) and zinc (II) ions could be very successtully
removed from aqueous solutions by chemical precipitation
and adsorption process on Demjén rhyolite tuff and Séskat
coarse limestone. Lead (II) and zinc (II) ions were bound
from aqueous solution by both examined rocks, but heavy
metal removal capacity of rhyolite tuff specimens was greater.
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Lead (II) ion removal efficiency was higher than zinc (II) ion
immobilization in both types of rocks. The binding capacity
of powdered rock sample was greater than rock specimens.
According to X-ray diffraction analysis, heavy metals were
mainly immobilized by chemical precipitation (in crystal
form), but physical adsorption processes are not excluded.

Rhyolite tuft from Demjén and coarse limestone from Séskut
are widespread in Hungary. They are readily available, relatively
affordablerawmaterialsandaccordingtoourinvestigationsthese
natural stones have quite high heavy metal removal efficiency
from aqueous solution, with high concentration. Depending on
the desired reduction of heavy metal concentration in aqueous
systems, we recommended these two rocks as adsorbent
materials in applied environmental processes, such as treating
of polluted ground water by permeable reactive barrier. Instead
of the raw coarse limestone and rhyolite tuff, we also suggest
the application of used building stones and materials too.
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Riolittufa és durva mészké oldott allapotu dlom (ll) és
cink (II) ion megkotoé képességének vizsgalata

A kozetek nehézfém megkotd képessége igen fontos az
eléfordulé kornyezeti szennyezédések terjedésének befolya-
solasaban. Vizsgalataink soran két hazai kozettipus (durva
mészkd és riolittufa) 6lom () és cink () megkotd képessé-
gét vizsgaltuk laboratériumi kértilmények kozott. A vizsgala-
tok soran meghataroztuk a kdzetek kbzetfizikai paramétereit
viztelitett és |égszaraz allapotban: anyagsirlség, kapillaris
vizfelvétel, ultrahang terjedési sebesség, nyilt és 6sszporo-
zitds. A poritott, valamint a kbdzetekbdl firt probatesteket
6lom-nitrat, illetve cink-szulfat oldatba aztattunk, majd
nedves analitikai (kelatometrias) modszerrel meghataroztuk
a visszamaradt oldat 6lom (Il) és cink (Il) ion koncentraciojat.
A vizsgalatok szerint a poritott kézetmintak, és a kdozetekbdl
fart hengeres probatestek is képesek voltak az 6lom (ll) és
cink (Il) ionok koncentraciojat csokkenteni a nehézfém tar-
talm0 oldatokban. Az eredmények alapjan megallapithato,
hogy a vizsgalt két kdzet alkalmas lehet késdbbi kdrnyezetvé-
delmi eljarasokban valé alkalmazasra, tObbek kdzott, mint
reaktiv gatanyag.

Kulcsszavak: 6lom (ll), cink (ll),
kornyezetvédelem

durva mészko, riolittufa,
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