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One of the most critical aspects of the maintenance of canals for water supplying and drainage is the man-
aging of deposited sediments, which must be periodically removed. Deposited sediments, if containing
anthropogenic pollutants with a concentration exceeding specific law limits, must be stored as industrial
wastes, thus raising additional economic and logistic problems to deal with. Our research considers pol-
luted sediments from an area close to the south side of Po river, in order to characterize heavy metals
associated with different mineral species, thus defining effective treatments for their inertization, and
suggesting a possible process for their recycle. Our results demonstrate that the composition of these
sediments is suitable for the production of tiles and bricks. Several tests were thus performed to optimize

Brick sample treatment and other process parameters, finally giving very encouraging results. Releasing tests

Thermal inertization
Sequential extractions

on fired products reveal that all the heavy metals are well retained.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Heavy metals from anthropogenic activities can be accumulated
in sediments, in several chemical forms, depending on environ-
mental physical and chemical constraints [1,2]. If contaminated,
sediments can contribute to a progressive gathering of toxic ele-
ments in the food-chain, and to deep alterations of the eco-system,
with possible noxious effects on human health [3,4]. Therefore in
economically mature countries the laws regulating environment
safeguard are becoming stricter and stricter, both to address criti-
cal hot aspects and to prevent future problems. Clear limits are fixed
to subdivide harmless materials from the potentially noxious ones,
which need to be treated as toxic industrial wastes [5]. This reg-
ulation also applies to the sediments from drainage and irrigation
canals. The sediments, continuously accumulating on canals beds,
need to be periodically removed, in order to prevent the obvious
reduction in flow rate that can either lower the efficiency of the
canals or finally render them completely useless for their intended
function. Sediments, if containing heavy metals (or other pollut-
ing agents) with a concentration exceeding specific law limits [6],
need to be treated as hazardous industrial wastes, thus introduc-
ing a constraint that, also considering the huge areal extension of
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irrigation and drainage canals, is impractical if not impossible to
fulfill. A convenient recycle procedure could be the production of
tiles and bricks. Firing tests at various temperatures demonstrated
that sewage sludge and industrial wastes could be safely employed
as raw material in the production of construction material [7-11].
Similarly wastes from metallurgic industry can be used to produce
inert glass or refractory material (e.g. starting from waste materials
rich in Cr).

This work studies sediments filling drainage and water supply
canals from an area close to the south side of Po river, encompassing
three Italian provinces (north side of Modena, west side of Fer-
rara and south side of Mantova), with a particular focus for canals
serving an intense agricultural and/or industrial activity and also
periodically collecting waste water and urban runoffs. Sediments
are rich in clay minerals, feldspar and quartz and also contain a sig-
nificant amount of heavy metals that can be mobilized, depending
on environmental conditions. For this reason, heavy metals (Zn, Ni,
As, Cr, Pb, Cd and Hg) mobilization was investigated via sequen-
tial extraction procedure. Technologies for the recycle of polluted
sediments were also investigated considering that their mineralog-
ical composition is suitable for the production of bricks and tiles. A
high temperature treatment can additionally lead to the formation
of high temperature phases and glasses, thus significantly improv-
ing the retention of heavy metals in the final product, even at
extreme environmental conditions. Finally, the fired products were
subjected to several treatments to test the release of pollutants in
different environmental conditions.
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SAMPLING
AREA

Fig. 1. Map of the area in which samples were collected.

2. Materials and methods
2.1. Sampling location and collection

Sampling was performed mostly during winter-time, when
most of the canals are at their lowest level, and involved both
drainage and irrigation canals. All the sampling sites are located
in the central-east area of the Padana Plain and a few kilometers
south from Po river (Fig. 1). The presence of heavy metals in canals
is generally related to: (i) composition of the sediment parent-
rock and (ii) anthropogenic impact. In the investigated area the
effect related to parent-rock is not significant because the sed-
iments mostly derive from sedimentary rocks in the Apennine
[12]. Sampling positions were thus placed both close to major
industrial and farming sites or waste waters collectors (group A,
samples from S1 to S6) and as far away as possible from any
site directly contaminated by human activity (group B, samples
S7 and S8). A manual sampler, giving carrots about 60-70 mm in
diameter and 200 mm in length, was used to collect samples of
sediments from eight different canals about 1 m far from the river-
side. The top of each carrot (about 20 mm) was removed. Then,
after quartering, samples were freed from macroscopic organic
matter, suspended in water, shaken, dried at 30°C and finally
powdered.

2.2. Reagents

Perlite, obtained from Perlite Italiana s.r.l, is often used as an
additive in firing procedure. It is a volcanic glass with interme-
diate composition between riolite and dacite; when heated, it
expands and releases water, thus lowering the melting tempera-
ture of the mixture and conferring to the samples good appearance
and mechanical properties.

Chemical treatment of the samples and calibration of the instru-
ments were carried out using analytical-reagent grade and standard
solutions, respectively.

2.3. Analytical methods

2.3.1. X-ray powder diffraction

Mineralogical composition was determined via X-ray powder
diffraction. X-ray patterns were collected in the temperature range
between 25 and 1200 °C using a Philips X'Pert PRO diffractometer
equipped with X'Celerator area detector and AntonPar 16 in situ
heating apparatus (Cu Ka radiation, quartz as standard, 6 range
3-75°).

2.3.2. Thermal analyses

Thermal behavior was assessed via thermal analyses and
evolved gasses mass spectrometry which were carried out on
~25mg of each sample using a Seiko SSC 5200 thermal analyzer
(temperature range from 25 to 1100°C; heating rate 10°C/min,
He gas flow 100 pL/min) equipped with ESS GeneSys Quadstar
422 mass spectrometer (Multiple Ion Detection mode).

2.3.3. Chemical analyses

The collected sediments were subjected to two types of diges-
tion procedures; a nitric-floridric total acid digestion (Table 1a)
and a sequential extraction procedure as described in Section 2.4
and Table 2. On each solution, the amount of Zn, Ni, As, Cr, Pb, Cd
and Hg was determined via an Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES) PerkinElmer Optima 4200DV.

Mayor element analyses (Table 1b) were obtained via X-ray flu-
orescence (Philips PW 1480) on 3 g of finely grained specimen and
are reported only for two samples later, on used as reference for
thermal inertization tests.
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Table 1a
Trace elements content (ppm) in eight selected samples
S1 S2 S3 S4 S5 S6 S7 S8

As 0.557 0.997 0.696 0.539 0.837 0.904 0.139 0.134
cd 3.72 5.84 4.07 3.16 4.90 5.29 1.41 1.83
Cr 452 42.6 37.7 95.0 64.6 449 20.3 39.7
Hg 0.324 0.570 0.398 0.308 0.478 0.516 0.079 0.0771
Ni 70.4 222 714 102 80.2 73.9 19.7 42.7
Pb 38.3 215 47.5 156 194 415 14.2 41.0
Zn 158 938 172 719 1071 1684 61.5 72.8
Table 1b
Majors elements content (oxide %) for the two selected samples

wt (%) N&zo MgO A1203 SiOZ PzOs 1(20 Cao TiOZ MnO FEZ 03
S2 12.7 1.49 3.79 12.6 52.7 0.36 1.95 8.60 0.57 0.09 5.11
S8 15.7 0.75 341 15.0 46.0 0.23 245 9.86 0.61 0.08 5.84

wt (%) indicate the weight loss at 1000°C.

The Cr(VI)/Cr(Ill) ratio on leaching solutions was evaluated by
the 1.5 diphenylcarbazide-colorimetric method [13].

2.4. Sequential extraction procedure

The mobility of heavy metals in sediments depends on sev-
eral factors, such as their chemical form and the environmental
conditions. Sequential extractions are widely used to study trace-
element mobilization from the solid to the liquid phase and the
element speciation in soil and sediments. The technique is partic-
ularly suited for secondary trace elements, such as heavy metals
[14,15]. In fact, heavy metals, when introduced into the environ-
ment through human activities, are usually present as soluble
cations, occupying exchange sites of minerals, and/or associated
to organic matter. The main object of sequential extraction pro-
cedure is to operationally define the fractioning of elements,
which, in many cases, is directly related to their potential lia-
bility or bio-availability. Samples are thus treated with series of
selective reagents that sequentially solubilize the different min-
eralogical fractions or chemical species responsible for retaining
the trace elements, also simulating the various possible natu-
ral and anthropogenic modifications of environmental conditions.
Although sequentially extraction procedure appears as a widely
practical tool to establish elements fractionation in sediment, the
results of this procedure can be affected by a low reproducibil-
ity, propagation error, strong influence of operative conditions. For
these reason a variety of protocols, which use different reagents,
different sequencing of reagents and different experimental condi-
tions, are suggested.

Table 2

In this work the modified BCR protocol [16-18] was carefully
applied. This procedure fractionates the metals into four target
phases, namely: water-acid soluble and exchangeable, reducible,
oxidizable and residual. Considering that clay minerals are the main
constituent of the studied sediments, the step 1 of the modified
BCR protocol was further detailed to determine if heavy metals are
either bonded to the mineral surface (step 1, Table 2), or in the
clay-minerals interlayer sites (step 2, Table 2).

2.5. Thermal inertization of polluted sediments

Samples used for heating and inertization tests are composed
from different phases which well fit tiles and bricks manufac-
ture requirements. The following reference composition can thus
be assumed as a good approximation for all the tested receipts:
namely sample (38%), which represents the raw material collected
in different locations into the canals, water (52%) and perlite (10%).
This mixture is thus powdered for 10m and dried for 24h at
100°C. Afterwards the dried material is powdered again for 5m
and successively re-humidified at a water content of 6% in weight
and filtered (sieve mesh: 1 mm). Fixed amounts of each specimen
are then pressed (11 MPa for 6s) and de-humidified at 70°C for
24h and finally subjected to the high temperature heating cycle.
Extruded samples were also manufactured with a proper device,
when, before the final drying at 70 °C, the raw material, not com-
pletely dried, still shows a good plasticity.

Pressed samples are thermally inertized at two different tem-
peratures: 950 and 1200 °C. Heating speed was calibrated following
thermal analysis and diffractometric evidences. Extruded samples

Chemical reagents and analytical conditions for the optimized BCR sequential extraction procedure with a final aqua regia digestion

Step Separated fraction Chemical reagents and conditions

1 Water soluble and exchangeable To 1000 mg aliquot of sample homogeneously milled add 40 mL of 0.11 M ammonium acetate solution. Shake for 6 h at
room temperature. Separate extract from the solid residue by centrifugation at 3000 rpm for 20 min.

2 Acid extractable To step one residue add 40 mL of 0.11 M ammonium acetate solution acidified up to pH 5.0 with acid acetic. Shake for
16 h at room temperature. Separate extract from the solid residue by centrifugation at 3000 rpm for 20 min.

3 Reducible To step 2 residue add 40 mL of 0.5 M hydroxylamine hydrochloride prepared using as diluents a solution containing
25 ml/L of 2 M HNOj3 solution. Shake for 16 h at room temperature. Separate extract from the solid residue by
centrifugation at 3000 rpm for 20 min.

4 Oxidizable To step 3 residue add 10 mL of H,0, and leave for 1 h at room temperature. Heat to 85°C for 1 h and then add a further
10 mL of H,0, and heat to 85°C for 1 h. Add 50 mL of 1 M ammonium acetate solution acidified up to pH 5.0 with acid
acetic and shake for 16 h at room temperature. Separate extract from the solid residue by centrifugation at 3000 rpm for
20 min.

5) Residual To step 4 residue add 3 mL of distilled H,0, 7.5 mL of 6 M HCl solution and 2.5 mL of 14 M HNOs; solution. Leave overnight

at room temperature and then boil under reflux for 2 h. Cool and filter.

Adapted from Sutherland and Tack [16,17].



726 D. Malferrari et al. / Journal of Hazardous Materials 161 (2009) 723-729

Arsenic Cadmium Chromium
100% 100%- 100%
90% 90% 90%
80% 80%: 80%
70% 70%: 70%
60% 60%- 60%
50% 50%- 50%
40% 40%- 40%
30% 30% 30%
20% 20% 1 20%
10% 10%- 10%
0%- 0% 0%
S1 82 83 S4 S5 S6 S7 S8 S3 S4 S5 S6 ST S8 S1 82 83 S84 S5 S6 S7 S8
Nickel Mercury Lead
S 100% 100% 100%
£ 90% 90% 90%
8 80% 80%- 80%
é‘fg 70% 70%1 70%
-5_5 60% 60% 60%
v 50% 50% 50%
E 40% 40%1 40%
o 30% 30%- 30%
£ 20% 20%1 20%
_g 10% 10% 10%
25 0% 0% 0%
= S1 S? S3 S4 S5 S6 ST S8 ""81 S2 S3 S4 S5 S6 ST S8 ""s1 52 53 S4 S5 S6 ST S8
100% Zinc
90% LEGEND
80%
70% |:| Water soluble and exchangeable
60% [ Acid extractable
0
2802 . Reducible (bond to Fe and Mn oxide and hydroxide)
30% [l oxidizabie cations
fg:f . Residual (strongly bonded cations)
‘o
0%
S1 82 83 S4 S5 S6 S7 S8

Fig. 2. Results of the five steps characterizing the sequential extraction procedure.

were thermally treated at 950 °C, according to a common practice
in brick industry, for a longer heating time than required for the
treatment at higher temperature.

2.6. Leaching tests on fired products

Leaching tests were applied to fire samples to evaluate the effec-
tiveness of thermal inertization process. Several common leaching
methods are prescribed in literature to asses the compliance of
materials with particular applications (i.e. cement-based materials
and different kind of waste [19-21]). Some methods are intended
to represent natural conditions or to obtain information about the
nature of the extractable material within a particular type of solid
material, as reported in Van der Sloot [22] and in references therein
quoted. Leaching methods are usually distinguished into two main
typologies, depending if the leaching fluid is renewed (dynamic
extraction tests) or not (static extraction tests) during the exper-
iments. In this perspective, the objective of our study is not to
propose a new standard leaching test, but to determine the influ-
ence of leaching test conditions on the release of different chemical
species. The efficiency of the thermal inertization process was thus
evaluated via a static leaching method as described by Fleming et
al. [23]. This procedure was preferred also considering that heavy
metal release in natural environments mostly occurs when the sur-
face of the recycled material is in contact with water at slightly acid
pH.

A solution with de-ionized water and nitric acid (simulat-
ing rainfall waters) was thus adjusted to a pH 4. Specimens
(10.0 mm x 100.0 mm x 5.0 mm), obtained from the two inertiza-
tion procedures described before, were treated with 25 mL solution
inside sealed plastic tanks continuously shaken for 7 days in an
orbital shaker. Afterwards the solution was filtered off and analyzed
via ICP-OES.

3. Results and discussion
3.1. Mineralogical and total chemical analyses

Based on XRD data from randomly oriented samples, the sedi-
ments are mainly composed by quartz, feldspar, mica, chlorite, and
clays. Calcite and dolomite are found locally in minor amounts.
The XRD patterns of the clay fraction (<0.1 wm) exhibit the typ-
ical diffraction band of smectitic minerals, i.e., a peak at about
15.2-15.5A on air-dried samples or at 17.5-18.0A on samples
treated with ethylene glycol. Peaks at 10.1-10.2 and 7.4 A were
attributed to illitic materials and to kaolinite, respectively. All the
fine clay phyllosilicates are dioctahedral minerals as indicated by
(060) band at 1.50A.

Samples from irrigation and drainage canals running in inten-
sively industrialized areas show heavy metals concentration above
law prescribed limits. The most diffused heavy metal is Zn,
whereas the most potentially dangerous is Cd. Nonetheless, all the
heavy metals listed in Table 1a, are present, even if at different
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concentrations, in all the samples. Major element analyses
(Table 1b) suggest that samples present a different Ca concentra-
tion because of a different calcite content. Samples are also rich in
Fe (from 5.5% to 6.4%) which, if present as hydroxide (not detected
by XRD analysis because of the low crystalline order), can bind
pollutants.

3.2. Sequential extractions and partitioning of elements

Analyses are based on the optimized BCR (Community Bureau of
Reference) procedure. Details of procedure are reported in Table 2
and in Section 2.4. The results of the five steps, characterizing the
selective extraction procedure, are presented in Fig. 2.

Arsenic can be present in sediments under different forms,
mainly as oxide and as adsorbed cation. In our samples, it is nearly
homogeneously distributed in the five steps of extraction. Its con-
centration is lower than law prescribed limit [5,6] in all samples
and, with the exception of samples from group B, it is not present
as adsorbed cation, which is the most easily removable form. Like
As, Hg is present in low concentrations (below the imposed law
limit, equal to 1 mg/kg) and is mostly bonded to Fe and Mn oxide
and hydroxides. This occurrence was also described by Collins et
al. [24]. Total Cr amount does not represent a major environmental
hazard for the investigated area. Sequential extraction procedure
demonstrates that nearly 40-50% of total Cr forms strongly bonded
compounds which are dissolved only in the fifth step (residual). Ni
behaves similarly.

In samples from group A Cd exceeds the law prescriptions.
Consistently with geochemical considerations and with evidences
from Angove et al. [25], who suggested that this element is mainly
bonded to Fe and Mn oxide and hydroxide, Cd is mostly removed
during the step 3, evenif a not negligible Cd amount is also adsorbed
as exchangeable species and extracted during the step 1.

Lead can react with many sediment constituents (i.e., clay min-
erals, organic matter, colloids, etc.), even if its highest affinity is for
organic matter. However, in group A and group B samples it shows
a different behavior. In group A samples, in fact, it bonds with Fe
and Mn oxides and hydroxides, whereas in group B, it bonds with
organic ligands.

Zinc behaves similarly to Pb. In group A samples, it is mostly
associated to Fe and Mn oxides and, in a minor amount, to organic
matter. Precipitation (i.e., Zn oxides extracted in step 5) is not com-
mon, due to the high solubility of Zn compounds [26].

In both group A and group B samples, at the end of the extraction
procedures the percentage metal removed ranges from 82.3% to
100% of the total content.

3.3. Thermal inertization and valorization of polluted sediments

Thermal analyses, including mass spectrometry on gas phases
evolved during heating, are reported in Fig. 3. Dehydration reac-
tions, occurring from 25 to 100°C and from 100 to 200°C, involve
the interlayer sites of clay minerals. Differences in the intensity of
reactions could be observed in the temperature ranges from 200
to 400 °C (thermal decomposition of organic matter and of hydrox-
ides), and from 400 to 800°C (dehydroxilation and decarbonation
reactions) [27]. SO, release occurring in the temperature range
from 200 to 400°C can be attributed not only to organic matter
decomposition (thiol groups), but also to thermal decomposition
of sulfates or sulfurs, not detected via X-ray diffraction because of
their micro-crystalline or amorphous nature [28,29]. Above 800 °C,
the observed small mass loss are possibly associated to dehydroxi-
lation reactions affecting the illitic component [27]. The formation
of high temperature phases (e.g., mullite) can be observed in the
temperature range from 800 to 1200°C.

Weight Loss (%)
@

S1 S2 S3 54 S5 56 §7 S8
T (°C) Range Evolved gasses and assaociated reactions
O 25-100 H0 . .
O 100-200 Hz0 }Smacme dehydration
E 200-400 Hz0-COz-NO-NOz-S0z } Organic matter and hydroxides thermal decomposition
B 400- 800 H20-COz}Clay mineralsdehydroxilation and decarbonation
M 800-1100 H20-Residual,not detecteable

Fig. 3. Thermal analyses and evolved gasses mass spectrometry main results.

X-ray patterns at controlled temperature values (corresponding
to relative maximum in DTG curve) are reported for samples S2 and
S8, representative of group A and B, respectively; these samples
will be used as references for the inertization tests (Fig. 4). As the
temperature increases, the peaks associated to room temperature
phases disappear from the spectra, and are substituted by the ones
related to higher temperature phases, mostly mullite and enstatite,
which persist up to 1200 °C, thus suggesting a refractory character
for the analyzed material.

Thermal inertization, and a subsequent recycling of the final
product obtained, seem thus to be feasible. In particular: (i) min-
eralogical composition is similar to the starting mixture for the
production of low cost bricks and tiles; (ii) chemical composition
seems to be consistent with the suggested application as well, with
the only exception of Fe content, which is significantly high; (iii) the
presence of a relevant amount of organic matter and amorphous
oxides and hydroxides (especially Fe-rich phases), as assessed by
thermal analyses, could limit the use of this material for ceramic
application, but could be consistent with the production of bricks;
(iv) as assessed by granulometric analyses (non reported), grain-
size distribution shows very high percentages (up to 95 weight %)
of clay and subordinate silt fractions, thus rendering thermal inerti-
zation and the technological processes associated to the recycling of
sediments, more effective; (v) finally, plasticity, which is imparted
to the sediments by the presence of clay minerals, could render
extrusion technology applicable. Keeping in mind this frameset,
two different tests were performed to suggest possible recycling
processes, namely:

(a) Production of ceramic tiles. Our starting composition is con-
sistent with the production of monoporous ceramic products,
albeit a significant (but predictable) shortening is observed
after cooling, due to the presence of organic matter. Heating
times longer than normal are thus required, in order to allow
the removal of reaction gasses. Too short heating times may, in
fact, give bubbles formation within the product.

(b) Production of bricks and decorative gardening objects. Both min-
eralogical composition and particle size appear consistent
with this application. Heating temperature is usually around
950-1000°C and common heating times are long enough to
allow the removal of gas phases produced by the decomposition
of organic matter.
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Fig. 4. X-ray diffraction patterns collected at different temperature values.

The appearance of pressed samples does not vary significantly,
except for a darker color observed in samples treated at higher
temperature. The weight loss ranges from 10% to 12% and the size
reduction is less than 1%, independently from heating tempera-
ture. Extruded samples are more promising for possible application
in building industry. A possible variant was investigated by pour-
ing the mixture, still completely hydrated, into a mould for bricks
that, if subjected to an heating cycle similar to that of pressed sam-
ples (i.e, a faster heating cycle), yielded decorative natural tuff-
and lava-like products showing an appreciable surface porosity and
cavities.

3.4. Effectiveness of the inertization procedure

As previously stated, several studies demonstrate that pH static
leaching experiments constitute a powerful tool for the characteri-
zation of leaching processes in waste materials subjected to specific
environmental conditions. The results reported in Table 3 suggest
that heavy metal concentration in the leached solutions obtained
from high-temperature treated sediments is low, also considering
the large surface to volume ratio of the specimens and the solid to
fluid mass ratio adopted in the experiments. Cadmium and As, both
showing a great environmental concern, are below the detection
limits (i.e., 1.0 and 20 ppb, respectively), whereas Cr release is high

(up to 1.75% and 0.94% of the total content in samples treated at 950
and 1200°C, respectively). These values could constitute an envi-
ronmental hazard in the presence of Cr(VI). However Cr(VI)/Cr(III)
values, always <5, detected on the leaching solution, suggest that
the intertization procedure is very effective. No discussion can be
offered for Hg which, because of its volatility, was removed during
the thermal treatment; its starting amount, however, was below
the legal limit for hazardous materials.

Table 3
Leaching tests results on the polluted selected sample

Firing at 950°C Firing at 1200°C

S22 (ngl/g) Release® (ug/g) Release (%) ReleaseP (ug/g) Release® (%)
As 1.08 - - - -
cd 6.34 - - - -
Cr 53.7 1.80 3.35 1.38 2.57
Hg 0618 - - - -
Ni 88.4 0.638 0.72 0.600 0.67
Pb 497 1.28 0.26 1.11 0.22
Zn 2014 3.69 0.18 2.49 0.12

2 Heavy metals concentration in the sample ready for the firing procedure; respect
to the untreated sample values are re-calculated taking in consideration weight loss
following to drying at 70 °C and the addition of 10% in perlite.

b Metals amount detected in leaching solution normalized to 1g of fired product.

¢ Percentage of metal released as a function of unfired mixture.
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4. Conclusions

This paper addresses heavy metal pollution of sediments from
water supplying canals, and confirms the relevance of metal
chemical speciation for the correct assessment of the associated
environmental hazard. Also considering the huge cost and the com-
plexity of the treatment of samples as toxic wastes, an alternative
procedure, implying the recycle of these materials in brick indus-
try and other technical applications, was considered. Best products
were obtained with relatively long heating times, better fitting
brick industry (usual time scale 8-10h) than ceramic processes
(time scale 60-90 m). From an economic and environmental point
of view, a technical application of polluted sediments from canals is
particularly appealing, because it would provide a definitive solu-
tion to the waste problem and would strongly reduce recycling
expenses, supplying at the same time the brick-tile industry with
low-cost raw material. Several technological processes, aimed to
the realization of products with a commercial value starting from
polluted raw materials removed from canals, were thus suggested,
all implying heating at high temperature. Leaching tests, on final
products, were then performed to assess heavy metal potential
release after treatment. A precise determination of test conditions
and fixed reference values for the interpretation of the results
would be of paramount applicative and scientific importance. In
particular, when running the tests, several critical variables may
affect the results: see, for example, sample size and granulomet-
ric distribution, leaching solution volume and pH, and duration of
the leaching test. Even when tests are performed with the same
methods, noise factors, such as analytical sensitivity and sample
inhomogeneity, may affect the reproducibility of the results. Given
the absence of universally accepted standards and test methods, we
decided to assess the effect of surface water via well calibrated low
pH solutions, following the methodology delineated in the text. All
the elements, but Cr, are released in negligible amounts. The signif-
icantrelease of Cr may be attributed either to its bonding to organic
matter rather than to mineral phases, or to its complete oxidation
during the thermal treatment. In its oxidized form, in fact, Cr is less
strongly retained and, unfortunately, more dangerous as well. Fur-
ther and refined analyses are thus required in order to evaluate Cr
oxidation state in the final products. In conclusion, this work rep-
resents a first step in the definition of a procedure, alternative to
the storage as toxic wastes, for the handling and recycling of pol-
luted sediments from irrigation and drainage canals. This work also
contributes to the definition of potential technological processes
for recycling and of methodologies for the assessment of the envi-
ronmental impact of natural and treated phases, always starting
from a deep mineralogical and crystallographic understanding of
the complex relationships between heavy metals, mineral phases
and natural environment. Moreover our research like many others
devoted to similar aspects may contribute to an overall improve-
ment of standard and legal prescriptions.
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