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ABSTRACT

Contaminated marine sediments from Cantabrian estuaries have been compacted and fired to
produce sintered ceramic materials. The effect of sintering on the leaching behaviour has been
investigated by means of the comparison of concentrations of species proposed by the European
Waste Landfill Directive present in leachates and regulatory limits for them. The impact of the

specimens on the environment is assessed.

In order to reach this objective, unfired and fired samples of marine sediments and clay were
subjected to the Compliance Leaching Standard Tests EN 12457 1-2 using different liquid to
solid ratios (L/S = 2 and 10). The concentrations of Se, As, Cr, Sh, Zn, Cd, Pb, Ni, Ba, Mo, Cu,
fluoride, chloride and sulphate in leachates were analyzed, and the results compared with
regulatory limits collected in 2003/33/CE Directive. The results revealed that the firing process
decreases the leaching of the species analyzed, except for As. The comparison of the metal and
metalloid concentrations in leachates and regulatory limits showed that all species fulfilled
them, excepting As, fluoride, chloride and sulphate in unfired specimens. Thus, the potential
environmental risk in relation to the leaching behaviour associated to the sintered contaminated

marine sediments can be considered to be low versus to commercial clay.
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INTRODUCTION

Coastal sediments act as temporary or long-term sinks for many classes of anthropogenic
contaminants and, consequently, are the source of these substances in the ocean and biota [1].
According to the European Waste Catalogue, dredged harbor sediments are classified as waste
material [2]. Thus, marine disposal has to be avoided and sediments must be dewatered in
drainage ponds, and then deposited in landfills, which is an unsatisfactory solution from both

the economic and environmental points of view [3].

The incorporation of waste materials into production cycles is an interesting alternative in
modern industry, which leads to economic profit and considerable reduction in environmental
impact. The incorporation of waste materials into brick manufacturing has become more and
more consolidated [4-12] Marine sediments can be used as a substitute for clay in ceramic
processes to obtain building materials [13,14]. During the sintering process, organic con-
taminants are destroyed and remaining metal contaminants are either volatilized or converted
into stable immobile compounds. However, homogeneity and sufficient availability are pre-

conditions for using marine sediments as a raw material in any technological process.

Previous studies have shown that sediments from the Santander Bay, Northern Spain, contain
significant concentrations of heavy metals and organic pollutants [15-18]. Thus, the pollution of
these sediments represents a high risk, making their treatment and confined disposal necessary

in order to manage them properly.

Previous works have shown that it is possible to obtain dense sintered compacts from highly
contaminated marine sediments dredged from Cantabrian estuaries [3]. Composition, thermal
and mechanical behaviour of sintered ceramic bodies from contaminated sediments were
evaluated. It was concluded that the studied marine sediments can be used as clay replacement

in brick production.

The feasibility of the manufacturing process using wastes as raw material in the ceramic
industry will be carried out not only in relation to technological and thermal properties, but also

taking into account environmental behaviour.

Therefore, the leaching behaviour of these new ceramic bodies produced gives information
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about different stages of the life cycle of the brick. In this paper, the environmental risk of clay
and sediment samples, before and after of their thermal treatment, has been assessed. In order to
reach this aim, unfired (called granular) and fired (called sintered) samples of clay and
contaminated marine sediment are submitted to the Compliance Leaching Standard Tests UNE-
EN 12457 1-2 [19, 20], proposed in the European Directive on the Landfill of Waste,
2003/33/CE. Leaching tests used two liquid/solid ratios, L/S=2 and 10, which simulate closed
and open landfill conditions, respectively. In this case, leaching data provided information about
the end life stage of ceramic bodies, when a building is pulled down and the bricks become a

demolition waste.

Leachates obtained in these tests were analyzed both to evaluate the influence of L/S ratio and
sintering process over the leaching behaviour and to compare the chromium, zinc, cadmium,
nickel, barium, molybdenum, copper, lead, arsenic, antimony, selenium, fluoride, chloride and

sulphate concentrations against the threshold limitations stated in the European regulation.

MATERIALS AND METHODS

Raw materials and specimens manufacturing

The Santander Bay is a coastal area located in the north of Spain (Cantabrian Sea), which
represents one of the most dynamic natural environments in the Cantabrian Region. Used in this
work were two marine sediments from Raos and Astillero, areas of the Santander Bay. These

sediments were collected, homogenized and dried at room temperature.

The resulting powders, with a humidity of 4%, were compacted at 100 bar to form disc-shaped
specimens (4 cm in diameter and 0.1 cm in height approximately). The compacted specimens
were sintered in a muffle furnace at their optimum sintering temperatures, obtained in previous
work [3], using a ramp rate of 4 °C/min up to 1125 °C for Astillero and clay samples, and 1150
°C for Raos samples, and these temperatures were held for 1 h. The total element content of
fired specimens was determined in Actlabs Ltd. (Ontario, Canada), with the purpose of
characterizing them prior to their leaching behaviour evaluation. Total element content was

extracted by means of an acid digestion with a mixture of hydrochloric, nitric, perchloric and
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hydrofluoric acids. A microwave was employed to attend the extraction. After that, the total

content was determined by using FUS-ICP and AR-MS, depending on the elements.

2.2. Leaching tests

Equilibrium leaching test UNE-EN 12457 is a European Standard batch leaching test for
leaching of granular waste materials and sludges at Compliance Level. In this work, two
procedures have been performed for material with particle size 1-4 mm, at a liquid/solid ratio of
2 l/kg, “EN12457-1” or 10 I/kg, “EN 12457-2". In the two tests, the leachant is demineralized
water and the contact time be tween the leachant-solid material is 24 h. The unfired and fired
clay and sediments, called granular and sintered samples respectively, are subjected to the

leaching tests.

The leachates were analyzed to determine the concentrations of metals and anions considered in

EU Waste Landfill Directive 2003/33/CE, in order to compare them with regulatory limits.

Metal concentrations of chromium, zinc, cadmium, nickel, barium, molybdenum and copper
were analyzed by using Inductively Coupled Plasma-Atomic Emission Spectrometry (Perkin
Elmer Plasma 400). The lead concentration was analyzed by Atomic Absorption Spectrometry
in a Graphite Chamber (Perkin EImer HGA 700). Metalloid concentrations of arsenic, antimony
and selenium were analyzed by Hydride Generation. Amounts of fluoride, chloride and sulphate

were determined by using lonic Chromatography (Dionex DX-120 lon Chromatograph).

RESULTS AND DISCUSSION

3.1. Raw materials characterisation

Sediments and clay samples used in this study were characterized according to Action Levels
(ALs) proposed by CEDEX [21]. ALs represent chemical-specific concentration values that
define the quality of the dredged material being assessed. These approaches establish different
management options depending on the quality status of the sediment under consideration [22].

The approach involving 2 ALs can be summarized as follows: concentrations of contaminants in
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the material below the lower action level AL1 mean that disposal at sea would generally be
permitted; those falling between AL1 and ALZ2 represent moderate contamination, and the
dredged material would require further investigation before disposal could be permitted; those
concentrations above ALZ2 indicate that the dredged material is highly contaminated and
disposal at sea would generally not be permitted. In Table 1 total element content and ALs are

compared in order to establish the category in which the raw material can be included.

TABLE 1 - Action Level (AL1 and AL2) values, total element content of unfired sediments and
quality status of them referred to the species under consideration

Pb Cu
,lAL A2L (mg/L) Quality status AlL A2L (mg/L) Quality status
Clay Raos 18.8 Low 219 Low
120 [ 600 266 Medium 100 [ 400 93 Low
Astillero 125 Medium 231 Low
Zn Cr
AlL A2L (mg/L) Quality status AlL A2L (mg/L) Quality status
Clay 82.6 Low 21.9 Low
Raos 500 300 630 Medium 200 100 59.6 Low
0 0
Astillero 430 Low 48.1 Low
As Ni
AlL A2L (mg/L) Quality status AlL A2L (mg/L) Quality status
Clay 18.8 Low 25.1 Low
Raos 80 200 22.6 Low 100 | 400 25.6 Low
Astillero 68.2 Low 315 Low
Cd
AlL A2L (mg/L) Quality status
Clay 0.2 Low
Raos 1 5 1 Medium
Astillero 15 Medium

The sediments from Raos have amounts of Cd, Cu, Cr, As and Ni below the AL1, while
amounts of Pb and Zn are between AL1 and AL2. Sediments from Astillero have amounts of
Cu, Zn, Cr, As, Ni and Cd below AL1, while amounts of Pb are above AL1, but below AL2.
Although the content of some metals is below ALZ2, it is actually upper AL1, and so the
sediments can be considered as category Il ones, which implies materials with medium con-
tamination. Thus, this dredged material requires a more exhaustive study prior to its controlled
disposal into the sea. In contrast, the metal content of clay is below AL in all the species

analyzed, so this material can belong to category I, less restrictive than category II.
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Leaching behaviour

Leachates from UNE-EN 12457 test are analyzed in order to determine the concentrations of Cr,
Zn, Cd, Ni, Ba, Mo, Cu, Pb, As, Sb and Se, considered in the Waste Landfill Directive. As, Se

and Sb will be treated more carefully, due to their relatively high concentrations.

The influence of L/S ratio and firing process over leaching has been analyzed. Furthermore,

concentrations and regulatory limits collected in 2003/33/CE have been compared.

The firing process has a specific relevance in leaching, varying the quantity of species in
leachates. This variation is due not only to the gaseous release during firing process, but rather
due to the fact that the sintering process can immobilize species in the ceramic matrix and
decrease their leaching. Thus, only the influence of the firing process over the immobilization of

species, without gaseous release consideration, is carried out.

Metal concentrations of Cr, Zn, Cd, Ni, Ba, Mo, Cu and Pb, as well as the pH values obtained in

leaching tests, are shown in Table 2.

In all elements analyzed, the larger the liquid to solid ratio, the less the concentration of metal
leached. Besides, leaching in granular samples is greater than in sintered samples. Thus, the
sintering process decreases the leaching of these species, except that of Ba and Mo. These
parameters have become slightly more mobile after thermal treatment only in case of Raos

sediments.

The comparison between concentrations in leachates and required limits shows that granular
samples from Raos overcome the regulatory limits for Zn, Ni and Pb in leaching tests with
L/S=2, while sintered specimens of this location exceed the limit for Mo in this liquid to solid
ratio. Granular samples from Astillero are above the limits for L/S=2 in Ni, Mo and Pb.
Granular clay samples generate metal concentrations exceeding the required limits only for Mo
in L/S=2 and 10 and for Zn in L/S=10.

Figure 1 shows the results of the analysis of the leachates obtained in the UNE-EN 12457

equilibrium leaching test performed both in granular and sintered specimens for As, Sb and Se.
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If the influence of liquid to solid ratio over leaching is studied in granular samples, it can be
seen that the higher the liquid to solid ratio, the lower the concentration of As, Se and Sb
leached, except for As in clay and Se in Raos, since the values are very similar. In sintered
samples, an increase in the liquid to solid ratio implies a decrease in the concentration of As and

Sh leached, but an increase in concentration of Se, except for the Astillero sample.

Table 2. Metal concentrations (mg/l) and pH values in leachates

L/S=2 L/S=10
Clay Raos | Astillero | Clay Raos | Astillero

G| <0,056 | <0,05 <0,05 <0,05 | <0,05 <0,05
Cr |S| <0,056 | <0,05 <0,05 <0,05 | <0,05 <0,05

L 0,1 0,05

G| 0,62 2,29 0,94 0,45 <0,3 <0,3
Zn |S| <0,3 <0,3 <0,3 <0,3 <0,3 <0,3

L 1 0,4

G| <0,004 | 0,011 0,009 | <0,004 | <0,004 | <0,004
Cd |S|<0,004 |<0,004 | <0,004 | <0,004 |<0,004 | <0,004

L 0,015 0,004

G| <0,04 0,12 0,11 <0,04 | <0,04 <0,04
Ni |S| <0,04 | <0,04 <0,04 <0,04 | <0,04 < 0,04

L 0,1 0,04

G| 0,09 <0,07 <0,07 0,07 <0,07 <0,07
Ba |S| <0,07 0,45 0,07 0,07 0,19 <0,07

L 3,5 2

G| 0,31 |<0,027 | <0,027 0,27 | <0,027 | <0,027
Mo |S|<0,027| 0,63 1,02 <0,027 | <0,027 | <0,027

L 0,15 0,05

G| <003 | 0,31 0,05 <0,035 | 0,09 < 0,035
Cu |S|<0,03|<0,035 | <0,035 | <0,085|<0,035 | <0,035

L 0,45 0,2

G| <0,05 0,13 0,12 <0,05 0,62 <0,05
Pb |S| <0,05 | <0,05 <0,05 <0,05 | <0,05 <0,05

L 0,1 0,05

G| 7,62 7,00 7,42 7,21 7,71 7,74
PH S| 10,50 10,05 10,39 10,39 9,80 10,17

G: granular samples; S: sintered samples; L: Waste Landfill Limit
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As can be seen in Figure 1, the sintering process increases the leaching of As in all locations.
This fact is related to the solubilization of anionic species, such as As, which are highly
dependent on the pH [2, 23]. Leaching of anionic species is favoured in extreme conditions, at
acidic and alkaline pH values. The pH values obtained in the leaching tests carried out in fired
samples are higher than those of granular samples, due to the decomposition of carbonates
during the firing process, generating calcium hydroxides that increase pH values. Arsenic (V) is
the dominant dissolved arsenic-species in natural waters, and has a high adsorption affinity to
oxides and hydroxides of Fe and Al. It has been observed that the strong leaching of Al and Fe
at pH 11 led to mobilization of formerly adsorbed arsenic [24]. Additionally, the As content of
the harbor sediments can be in the same order of magnitude than clays [2]. Therefore, clays and

sediments could cause similar leached concentrations of As.
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FIGURE 1 - Concentrations of As, Se and Sb in leachates obtained in UNE-EN 12457 test for
clay, Astillero and Raos samples.



R. Alonso-Santurde, M. Romero, J.Ma. Rincon, J.R. Viguri, A.Andrés. Leaching behaviour of sintered
contaminated marine sediments
Fresenius Environmental Bulletin, 17 (2008) 10B, 1736-1743

In contrast, the sintering process decreased Sb leaching for all specimens analyzed. The
behaviour of Se is dependent on both the origin of the sample and the liquid to solid ratio
employed. Leaching tests carried out with L/S =2 generate leachates with greater concentrations
of Se leached, related to granular samples from the Raos and Astillero ones. Leaching tests

developed with L/S=10 generate higher amounts of Se leached in clay, Astillero and Raos.

In order to establish the potential risk of both unfired and fired sediments and clay, leaching
values and regulatory limits, stated in 2003/33/CE, are compared. Figure 2 shows a
dimensionless concentration for granular and sintered samples, as well as the required limits.
Leaching tests carried out in granular samples reveal that in most cases leaching rates of As, Sb
and Se are below the required limits both for L/S ratios 2 and 10, excepting Se in clay. Sintered
samples meet required limits for Sb and Se. Even so, sintered samples present concentrations of
As leached which exceed the limits for L/S=2 in all samples, and for L/S=10 in sediments from
Astillero. Therefore, it can be concluded that the firing process reduces the leaching of Se and

Sh, and increases the leaching of As.
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FIGURE 2 - Dimensionless concentrations of As, Se and Sb in leachates obtained in UNE-EN
12457 test for clay, Astillero and Raos samples.
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Figure 3 plots the results obtained in the analysis of the leachates for fluoride, chloride and

sulphate.
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FIGURE 3 - Concentrations of fluoride, chloride and sulphate in leachates obtained in UNE-
EN 12457 test for clay, Astillero and Raos (Chloride concentrations in granular samples are
referred to the secondary axis).

If the relation between L/S ratio and mobility of anions is analyzed, it can be seen that a higher
L/S results in a lower leaching of fluoride, chloride and sulphate in tests performed both in

granular and sintered samples.

The firing process strongly influences the leaching of these anionic species in sintered bodies,
decreasing the transfer of these anions into the liquid phase, except for sulphate in clay. This
latter observation can be attributed to the formation of sulphates (efflorescence potential) in the
clay-based product during firing by exposure to sulphurous gases coming from oxidation of
insoluble sulphides in the product, and reaction of sulphates with silicates [25] However, in

further studies, a gaseous release estimation will be developed due to the relation of fluoride,
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chloride and sulphate with HF, HCI and SOx, which are considered to be pollutants, in the

Spanish Emissions and Pollutant Sources Register [26].

In order to establish the environmental risk of both granular and sintered specimens, anionic
concentrations and regulatory limits from Waste Landfill Directive are compared. Both
dimensionless concentration and required limits are shown in Figure 4. In sintered bodies, the
normalized limit value is slightly exceeded by sulphate present in clay both in L/S=2 and 10.
Nevertheless, in granular samples fluoride concentrations are above the limit in clay in L/S=2
and 10, and in sediments in L/S=10. Chloride concentrations are above the limits in clay in
L/S=10, and in sediments in both liquid to solid ratios. Sulphate concentrations are above the

limits in sediments in L/S=2 and 10.
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FIGURE 4 - Dimensionless concentrations of As, Se and Sb in leachates obtained in
UNE-EN 12457 test for clay, Astillero and Raos sediment samples.

Identification of leaching mechanism and solubility versus availability control, from leaching
tests has been carried out. Data expressed in mg/L reflect solubility control when data for

different liquid to solid ratios coincide. In contrast, when leaching is controlled by species
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availability, this trend is the opposite. In this case, availability is the mechanism responsible for
the leaching of As and Sb, both in granular or sintered samples. However, the controlling
leaching mechanism of Se cannot be established due to the trend which is not clear. With
regards to leaching of fluoride, chloride and sulphate, the mechanism responsible for leaching in

the sintered samples is also availability. In contrast, in granular samples the trends are not clear.

CONCLUSIONS

Marine sediments from Raos and Astillero (Cantabrian Sea) can be considered to be of category
I1, according to Action Levels proposed by CEDEX [19], which implies medium contamination,
whereas the disposal at sea is permitted for clay belonging to category I. Thus, it can be
concluded that sediments need an environmental study prior to their controlled disposal into the

Sea.

The sintering process reduces the leaching of the metals and metalloids analyzed, except for As
in all samples and Ba and Mo only in Raos sample. This fact can be due to the reactions

produced during sintering, which decrease the release of these species into the liquid phase.

The leaching of fluoride, chloride and sulphate is lower in sintered specimens than in granular
samples, except for sulphate in clay. Due to the relevance of these species in gaseous emissions,

a gaseous release estimation will be developed in further studies.

The comparison between the regulatory limits collected in Waste Landfill Directive 2003/33/CE
and the concentrations present in leachates shows that all sintered specimens were in
compliance with European Regulatory Limits. In granular samples, fluoride, chloride and

sulphate are above the required limits.

The larger the liquid to solid ratio, the lower the concentration of species in leachates. This fact
reflects an apparent availability control in the leaching of As and Sb both in granular and
sintered samples, while the controlling mechanism of the leaching of Se cannot be established.
Besides, the leaching of fluoride, chloride and sulphate is controlled by an availability

mechanism in sintered samples, while no trends in granular samples can be appreciated.



R. Alonso-Santurde, M. Romero, J.Ma. Rincon, J.R. Viguri, A.Andrés. Leaching behaviour of sintered
contaminated marine sediments
Fresenius Environmental Bulletin, 17 (2008) 10B, 1736-1743

the environmental risk associated to the sintered sediments can be considered to be lower than
that associated to the unfired sediments, except for As. In general, the results from contaminated
marine sediments and clay are similar. Therefore, the results promote the potential application

of sediments in brick manufacturing.

ACKNOWLEDGEMENTS

This work was conducted under the framework of the Spanish Ministry of Education and
Science Projects CTM 2005-07282-C03/3 and CTM 2006-07960. R. Alonso-Santurde was
funded by the Spanish Ministry of Education and Science by means of an F.P.1. fellowship.

REFERENCES

[1] Guzzella, L., Roscioli, C., Vigano, L., Saha, M., Sarkar, S.K. and Bhattacharya,
A. (2005). Evaluation of the concentration of HCH, DDT, HCB, PCB and PAH in the
sediments along the lower stretch of Hugli estuary, West Bengal, northeast India.
Environment International 31, 523-534.

[2] Hamer, K., and Karius, V. (2002). Brick production with dredged harbour
sediments. An industrial-scale experiment. Waste Management 22, 521-530.

[3] Romero, M., Andrés, A., Alonso, R., Viguri, J. and Rincén, J.M. (2007).
Sintering behaviour of ceramic bodies from contaminated marine sediments. Ceramics
International. In press.

[4] Monteiro, S.N., Vieira, C.M.F., Ribeiro, M.M. and Silva, F.A.N. (2007) Red
ceramic industrial products incorporated with oily wastes. Construction and Building
Materials 21, 2007-2011.

[5] Lin, K-L. (2007). The effect of heating temperature of thin film transistor-liquid
crystal display (TFT-LCD) optical waste glass as a partial substitute partial for clay in
eco-brick. Journal of Cleaner Production 15, 1755-1759.

[6] Lin, K.L. (2006). Feasibility study of using brick made from municipal solid
waste incinerator fly ash slag. Journal of Hazardous Materials B137, 1810-1816.

[71  Jordan, M.M., Almendro-Candel, M.B., Romero, M. and Rincon, J.M. (2005).
Application of sewage sludge in the manufacturing of ceramic tile bodies. Applied Clay
Science 30, 219-224.

[8] Lingling, X., Wei, G., Tao, W. and Nanru, Y. (2005). Study on fired bricks with
replacing clay by fly ash in high volume ratio. Construction and Building Materials 19,
243-247.



R. Alonso-Santurde, M. Romero, J.Ma. Rincon, J.R. Viguri, A.Andrés. Leaching behaviour of sintered
contaminated marine sediments
Fresenius Environmental Bulletin, 17 (2008) 10B, 1736-1743

[9] Demir, 1., Baspinar, M. S. and Orhan, M. (2005). Utilization of kraft pulp
production residues in clay brick production. Building and Environment 40, 1533-1537.

[10] Favoni, C., Minichelli, D., Tubaro, F., Bruckner, S., Bachiorrini, A. and Maschio,
S. (2005). Ceramic processing of municipal sewage sludge (MMS) and steelworks slags
(SS). Ce-ramics International 31, 697-702.

11] Shih, P-H., Wu, Z-Z. and Chiang, H-L. (2004) Characteristics of bricks made from
waste steel slag. Waste Management 24, 1043-1047.

[12] Weng, C-H., Lin, D-F. and Chiang, P-C. (2003). Utilization of sludge as brick
materials. Advances in Environmental Research 7, 679-685.

[13] Baruzzo, D., Minichelli, D., Bruckner, S., Fedrizzi, L., Bachiorrini, A. and
Maschio, S. (2006). Possible production of ceramic tiles from marine dredging spoils
alone and mixed with other waste materials. Journal of Hazardous Materials B134, 202-
210.

[14] Hamer, K. and Karius, V. (2002). pH and grain-size variation in leaching tests with
bricks of harbour sediments compared to commercial bricks. The Science of the Total
Environment 278, 73-85.

[15] Coz, A., Rodriguez-Obeso, O., Alonso-Santurde, R., Alvarez-Guerra, M., Andrés,
A., Viguri, J.R., Mantzavinos, D. and Kalogerakis, N. (2008) Toxicity bioassays in core
sediments from the Bay of Santander, northern Spain. Environmental Research 106,
304-312.

[16] Viguri, J., Irabien. M.J., Yusta, I., Soto, J., Gomez, J., Irabien, J.A. and Coz, A.
(2007). Physico-chemical and toxico-logical characterisation of the historic estuarine
sediments: a multidisciplinary approach. Environment International 33, 436-444.

[17] Gonzélez-Pifiuela, C., Coz, A., Andrés, A., Irabien, M.J., Yusta, I. and Viguri, J.
(2006). PAHs compositions and sources in surface-core sediments from the Santander
Bay (northern Spain). Fresenius Environmental Bulletin 9a, 1031-1036.

[18] Viguri, J., Verde, J. and Irabien, A. (2002). Environmental assessment of
polycyclic aromatic hydrocabons (PAHS) in surface sediments of the Santander Bay,
Northern Spain. Chemosphere 48, 167-175.

[19] UNE-EN 12457-1, Characterisation of waste Leaching Compliance test for
leaching of granular waste materials and sludges — Part 1: one stage batch test at a liquid
to solid ratio of 2 I/kg for materials with high solid content and with particle size below
4 mm (without or with size reduction)

[20] UNE-EN 12457-2, Characterisation of waste Leaching Compliance test for
leaching of granular waste materials and sludges — Part 2: one stage batch test at a liquid
to solid ratio of 10 I/kg for materials with high solid content and with particle size
below 4 mm (without or with size reduction)

[21] CEDEX, Centro de Estudios y Experimentacion de Obras Publicas. 1994.
Recomendaciones para la gestion del material de dragado en los puertos Esparfioles.
Madrid (ES): CEDEX, Puertos del Estado.

[22] Alvarez-Guerra, M., Viguri, J.R., Casado-Martinez, M.C. and DelValls, A. (2007).
Sediment quality assessment and dredged material management in Spain: part I,



R. Alonso-Santurde, M. Romero, J.Ma. Rincon, J.R. Viguri, A.Andrés. Leaching behaviour of sintered
contaminated marine sediments
Fresenius Environmental Bulletin, 17 (2008) 10B, 1736-1743

analysis of Action Levels for dredged material management and applica-tion to the bay
of Cadiz. Integrated Environmental Assessment and Management 3, 539-551.

[23] Gleyzes, C., Tellier, S. and Astruc, M. (2002). Fractionation studies of trace
elements in contaminated soils and sediments: a review of sequential extraction
procedures. Trends in analytical chemistry, 21, 451-467.

[24] Lager, T., Hamer, K. and Schulz, H.D. (2005). Mobility of heavy metals in harbour
sediments: an environmental aspect for the reuse of contaminated dredged sediments.
Environmental Geology, 48, 92-100.

[25] Andrés, A., Diaz, C., Coz, A. and Viguri, J.R. (2008). Physico-Chemical
characterisation of bricks all through manufacturing process in relation to efflorescence
salts. Applied Clay Science, in press.

[26] European Pollutant Emission Register (EPER). Available from: <http: www.eper-
es.es>.


https://www.researchgate.net/publication/233918429



