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Abstract 
 

Reconstitution technology is a pedotechnique whose action supplements soil 

structure with organic and mineral components that are quality and origin certified. 

The treatment procedure performs a mechanical action which forms an organic 

matter lining within the mineral fraction by means of soil structure disintegration 

and subsequent reconstitution. Results produced by the technology in the field of 

agronomy suggest that such method may be employed to remediate contaminated 

soil by altering its properties according to need. 

Key words: reconstitution technology, land remediation, bioremediation, 

reconstituted soils, degraded soils, contaminated soils. 

 

Introduction 
 

Soil is a non-renewable resource which is globally exposed to negative interference 

in relation to human activity: its vulnerability results in degradation processes 

which reveal an imbalance of its properties. Soil decline and loss are caused by a 

number of reasons such as constant landscape transformation, intensive farming, 

aimed at securing high production levels, and contamination. 

Suitable land management policies are not the only special tools for countering 

such interference; it’s necessary to take direct action, thanks to pedology and its 

implementation which are crucial in making a substantial technological 

contribution towards tackling degradation causes and effects. Reconstitution is a 

recently developed pedotecnique which performs a modification in the 

characteristics of infertile, degradation, or desertification affected soils by means of 

a mechanical treatment which takes place through separate stages. The conceptual 

model of the treatment is based on the incorporation of organic matter within the 

mineral fraction. Such organic matter is supplied by a number of matrices of 

fibrous and earthy type supplemented with additional suitable materials. The 

product thus generated, known as reconstituted soil, is a new kind of soil 

characterized by neo-aggregates which have specific properties different from the 

original soil materials. This technology, protected by two patents, is designed to act 

on two main soil conditions: on those soils which have undergone substantial 

modifications in relation to original conditions thus causing a partial or total soil 

loss, or on farmland areas which have suffered agronomic and environmental 

deterioration due to actions that previously impaired its functions. 
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A number of studies and field testing have been conducted over the last decade in 

order to define the agronomic and environmental characteristics of reconstituted 

soils mostly thanks to LIFE +  2010 (Life 10 ENV IT 400 “New Life”) funding 

which has supported both research and technological implementation. The work 

has disclosed some important evidence concerning the effectiveness of the method 

aimed at countering soil deterioration and improving agricultural production. 

This paper summarizes the results achieved by implementing reconstitution in two 

sites whose edaphic conditions were seriously compromised compared to their 

presumed original conditions. The first case deals with the plot of a farm which 

was unsuccessfully rehabilitated after a mining activity (gravel pit). Such plot was 

scarcely productive due to insufficient quantity and poor agronomic quality of the 

soil used for the covering-up layer. The second site is a former landfill area for 

municipal solid waste which was covered up, upon exhaustion of disposal limits, 

with a thin layer of soil from different locations. No renaturalization has occurred 

on such soil  over the years, just a colonization of weed species (Giupponi et al., 

2013; 2014). 

During the experiments it was possible to outline some peculiarities of 

reconstituted soils which may potentially be helpful in the implementation of the 

technology for the remediation of contaminated soils. Reconstitution treatment, by 

generating a modification in the nature of soils may offer the chance to improve the 

efficiency of bioremediation techniques (biopile, landfarming, phytoremediation), 

help reduce contamination and increase the protective power of soil.  

 

Materials and methods 
 

Research areas 
 

The sites to be monitored for testing the technology were selected because of their 

common degradation which had distinct causes. The degraded farmland in 

“Località Matta”, municipality of Gossolengo (PC), is a flat plot of land of 6 ha. 

On-site soil is the result of backfilling operations and excavation-pit refilling which 

took place after a mining activity. Refilling was performed with silty clayey soil 

and subsoil mainly from nearby hills, and only partially with waste from the sugar 

industry (defecation calcium). On this plot crop yields were exceptionally 

compromised. The second area is located within the municipality of Piacenza in 

“Località Campo Santo Vecchio”. It’s a flat area of approximately 20 ha. which 

was used as landfill for municipal solid waste in the 70s. Upon exhaustion of 

disposal limits covering up was carried out using soil from various locations, 

mostly from excavation works. Later various renaturalization processes were 

carried out  (shrubs and tree planting of various species) unsuccessfully. 
 

Treatment  procedures 
 

Both reconstitution procedures were preceded by preliminary assessment of soil 

quality in relation to: superficial stoniness; usable depth – thickness; limitations 

and hindrance to root development; profile of the layer of usable soil; coarse soil 

particles (skeleton) (Costantini, 2007); such observations were combined, when 
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available, with data on the amount of surface waste all along the soil top layer. 

Such parameters supplied the elements for defining treatment procedures, targets 

and final morphological layout. 

At both sites preliminary assessment followed a random line transect sampling 

(Suppl. Ord. G.U. n. 121 del 25/05/1992) carried out by collecting undisturbed 

(Suppl. Ord. G.U.n. 173 del 02/09/1997) and disturbed samples characterized by 4 

samples per hectare. 

Soil characterization was carried out according to the methods of chemical and 

physical analysis of the soil of “Gazzetta Ufficiale Italiana” by analyzing the 

following parameters: bulk density (Method ISO/DIS 11272); particle density 

(Method ISO/DIS 11508); skeleton (Metodo II.1 Suppl. Ord. G.U. n°248 del 

21/10/99; texture (Metodo II.5, Suppl. Ord. G.U. n°248 del 21/10/19999 – ISO/DIS 

11277); reaction (Metodo III.1, Sppl. Ord. G.U. n. 248 del 21/10/1999 ISO/DIS 

10390); organic carbon (Metodo VII.3, Suppl. Ord. G.U. n. 248 del 21/10/1999, 

(Walkley-Black 1934)); total nitrogen (Metodo XIV.2 + XIV.3, Suppl. Ord. G.U. 

n. 248 del 21/10/1999 – ISO/DIS 11261); total limestone (Metodo V.1, Suppl. Ord. 

G.U. n. 248 del 21/10/1999 – ISO/DIS 10693); active calcium carbonate (Metodo 

V.2 Suppl. Ord. G.U. n.248 del 21/10/1999); assimilable phosphorus – Olsen 

(Metodo IV.3 Suppl. Ord. G.U. n. 248 del 21/10/1999). 

As far as salinity (1:2,5), cation-exchange capacity and exchangeable bases 

determination are concerned, they were calculated according to the analytical 

procedures reported in “Methods of  Soil Chemical Analysis” (Colombo and 

Miano, 2015). The choice of additional materials suitable for the production of 

reconstituted substratum was made by calculating the average values of soil 

characterization. Matrices incorporated to natural soil during the pre-blending 

procedure are waste materials such as: pulp and paper mill primary and secondary 

sludges; sludge from the washing process of natural aggregates; dredged sludge 

from waterway sediments, such as hydroelectric reservoirs and acqueducts; waste 

from pruning and landscape maintenance; some types of combustion ashes; 

desulfurization gypsum; organic sewage sludge from the food and agricultural 

industry. 

The characteristics of additional materials were defined from an environmental and 

agronomic point of view prior to their use in order to assess their suitability. 

Environmental analyses were conducted to detect the presence of contaminants and 

on the eluate extracted over a 24 hour time span (UNI 10802:2004); phytotoxicity 

was assessed by carrying out two tests which employed Lepidium sativum (IRSA 

1983); organic testing for agronomic sustainability was carried out employing 

Lactuca sativa (Astorri, 1998). Both methods were modified by applying matrix 

dosages (20 – 50%) higher than the ones stated by previously mentioned methods. 

The agronomic properties of additional materials were identified by applying 

different methods in relation to their nature. Basically fibrous components were 

identified with the same procedures used for substrata: reaction (UNI EN 13037); 

salinity (UNI EN 13038). The same analytical procedures already mentioned in 
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relation to salinity, total limestone, active limestone, ESP (Exchangeable Sodium 

Percentage), total nitrogen, organic carbon, ratio C/N, cation exchange ability, 

exchangeable bases, base saturation, and available nitrogen were used to identify 

the other characteristics and the typologies of materials to be mixed with the soil. 

Analytical data resulting from the characterization of natural soils and additional 

materials were used to set up the blending criteria which regulate the amount of 

components in relation to properties such as: reaction, organic matter supply, 

carbon-nitrogen ratio, salinity, assimilable phosphorus, active limestone, and other 

aspects such as the ratios between exchangeable bases (Mg/K; Ca/Mg). 

The treatment has taken place inside a processing plant located on the edge of the 

plot undergoing rehabilitation (in-situ), whereas on the landfill site it was located 

outside the borders of the site (ex-situ). Soil supply followed different procedures 

in relation to each of the two types of remedial action needed. At the agricultural 

site a suitable layer of soil was excavated and piled up near the plant; at the landfill 

site the thin layer of available soil removed could be reconstituted only partially 

because the amount of waste such as plastic, glass, demolition debris and molding 

sand didn’t allow its complete exploitation. Therefore it was necessary to use silty 

clayey subsoils from quarries. 

Additional matrices were provided thanks to a weekly planning; the choice of 

materials was organized in relation to their characteristics, and to the amounts 

necessary for the first production stage: pre-blending. Increase variations were 

ensured by automatic weighing systems. 

Amounts of additional matrices incorporated to the pre-blend account for, 

depending on the typology, 30 - 50% of the total weight of reconstituted soil. 

Pre-blending, carried out by construction equipment, or by a specific machine 

equipped with a crushing roller, was followed by a disintegration treatment where a 

special mechanic system performed the destructuring of aggregates and the 

defibering of organic components. 

The disintegrated product was then submitted to the next stage of reconstitution 

where mechanical elements conveyed a sequence of pressure shocks of different 

intensity in relation to the nature of the material, thus generating the new 

aggregates of reconstituted soil. After production reconstituted soils were 

repositioned in each respective area according to the instructions of the project. 

Data from preliminary investigation concerning the limitations on both sites helped 

determine the amount of reconstituted soil which was to be produced in order to 

increase the thickness of its layer and its root penetration, and to reduce, by means 

of sieve analysis and fragmentation, the content of skeleton and particle size. In 

addition the greater amount of soil produced contributed to the dilution of inerts as 

the input of additional matrices was on the whole below 2 mm. 

 

Results 
 

Agricultural plot site 
 

The main limitations (Table 1) evidenced by on-site preliminary observations 

indicated a percentage frequency of occurrence of 28% for skeleton and 11% for 
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surface stoniness (medium pebbles, coarse pebbles). Below the horizon involved in 

crop growth (40 cm.) there was a copious amount of demolition debris and 

construction site waste (plastic scraps, bricks and concrete) which reduced the 

depth available and represented a limitation to root penetration which was scarce 

(30-40 cm.). The lower boundary of the soil surface layer was level. 

 
Table 1. Characteristics of the agricultural area (Gossolengo PC) before and after 

reconstitution treatment. 
 

Parameter UM 

Values 

Agricultural soil 

before reconstitution 

treatment 

Agricultural soil 

after reconstitution 

treatment 

Soil depth cm 40 110 

Root penetration cm 35 100 

Texture % Silty clay loam Silty clay loam 

Skeleton % 28 5.5 

Surface stoniness % 11 2.5 

Salinity (1:2,5) dS/m 0.25 0.49 

Slope class % < 0.2 <0.2 

Particle density g/cm
3
 2.42 2.14 

Bulk density g/cm
3
 1.64 1.08 

pH Reaction in water - 8.3 7.8 

CEC meq/100g 18.2 30.1 

Total limestone g/kg 265 180 

Active limestone g/kg 85.3 52.15 

Organic Carbon g/kg 9.3  43.9  

Total Nitrogen g/kg 1.69  3.9  

C/N ratio - 5.5 11.2 

Phosphorus Olsen (P2O5) mg/kg 37.5 129.2 

 

The structure of aggregates was mostly medium polyhedral, and secondarily platy; 

there was a high frequency of occurrence of cemented limestone aggregates, and a 

widespread formation of crusts at the soil surface with resulting cracks; the soil 

appeared very compressed and with low porosity with an average value of 

1,64g/cm
3
 in bulk density and of 2,42 g/cm

3
 in particle density. 

Moderately fine-textured soils (silty clay loam) had an 8,3 pH (moderately 

alkaline) and an irrelevant salinity of 0,25 dS/m (EC 1:2,5); low organic matter 

values (9,3 g/kg) and a low C/N ratio (5,5) revealed an elevated mineralization. 

High levels of total limestone characterized the soil at the site as strongly 

calcareous. The concentration of active limestone at 85,3 g/Kg was considered as 

upper medium. High amounts of the last parameter influenced nitrogen availability 

(P Olsen 37,5 mg/kg P2O5) which was very low. 

Results gathered from observations and analytical characterization evidenced a low 

agronomic yield of the plot. After reconstitution the site doesn’t retain its original 
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features. Conditions have been altered (Table 1). The greater amount of soil 

produced by the treatment allowed to create a crop horizon of 110 cm. 

Such condition assured an equivalent depth suitable for root penetration. 

Repositioning of the soil was carried out following the linear inclination of the 

previously positioned layer. The skeleton is lower (5-6%) and surface stoniness is 

limited (2,5%). Bulk density (1,1 g/cm
3
) and particle weight (1,6 g/cm

3
) are low. 

Soil structure is medium granular, and secondarily polyhedral (fine-medium) with 

rarely occurring cemented aggregates, and surface crusts only occurring in the first 

2-3 months after soil re-positioning. 

The texture remains silty clay loam; from a chemical point of view reconstituted 

soil is characterized by a 7,8 pH medium reaction (mildly alkaline), salinity is 

negligible at 0,49 dS/m (1:2,5); the level of organic matter is high (43,9 g/kg) like 

the 11,2 C/N ratio. Total limestone has a value of 180 g/kg (very calcareous) and 

the concentration of active limestone is  52,1 g/kg (medium). The concentration of 

assimilable phosphorus, expressed in P2O5 is 129,2 (high). 
 

Landfill site 
 

The landfill area (Table 2) where the remedial action took place (UE – Life+2010-

LIFE10/ENV/IT/0400/NEWLIFE) had a very shallow soil depth average (23 cm.) 

with reduced root penetration; the lower boundary of the surface horizon was 

ondulated and in direct contact with a massive amount of waste such as bricks, 

concrete, plastic bags, solid municipal waste and foundry waste. Skeleton (34%) 

and surface stoniness (8,5%) were frequent, namely pebbles, stones and  

demolition debris. Soil in the area was heavily compacted and badly drained, with 

water stagnation in spring and autumn (Cassinari et al., 2015). The soil surface had 

abundant and wide depressions created by waste settlement over decades. There 

was frequently emerging plastic material. 

Superficial cracks, which depending on soil typology were linked to the formation 

of surface crusts, together with even bigger cracks, could be found all along the 

horizon of the landfill cover soil. The structure of aggregates was remarkably 

heterogenuous because of the wide typology of soils used as cover layer. The 

average bulk density of the soil was 1,28 g/cm
3
 , while particle density was 2,23 

g/cm
3
.  

Samples from different soils revealed a medium texture (silt loam) with an average 

alkaline reaction (pH 8,0) and a marginal salinity (1:2,5 dS/m 0,42). 

The presence of organic carbon was high (2,6%) with an average C/N ratio (9,2) as 

the area was affected by a thirty-year long abandonment. 

The soils, being strongly calcareous, (215,2 g/kg) had slightly high concentrations 

of active limestone (66,19 g/kg) and a low concentration (42,9 mg/kg P2O5) of 

available phosphorus (Olsen method). 

Limitations to root development of small to medium size plants (shrubs and trees) 

generated by insufficient soil depth, together with other properties which were not 

liable to be modified by normal soil amendment practices evidenced that it was 

impossible to carry out a renaturalization process at the site, which could only be 

used sporadically as pasture land. 

https://www.researchgate.net/publication/280526960_Relationship_between_hydraulic_properties_and_plant_coverage_of_the_closed-landfill_soils_in_Piacenza_Po_Valley_Italy?el=1_x_8&enrichId=rgreq-3b496b4b87aa1fe728f923ecbdeb956e-XXX&enrichSource=Y292ZXJQYWdlOzMxMTM0NTMwNztBUzo0NDE2NjAwMTEyMjUwODhAMTQ4MjMxMTM2MDM1OQ==
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Table 2. Landfill site (Borgotrebbia PC): characteristics of the soil before treatment, of the 

soil used to partially replace in-situ soil and of the soil after treatment. 
 

Parameter UM 

Values 

Soil of former 

landfill before 

reconstitution 

Subsoil from 

quarries 

Soil of former 

landfill after 

reconstitution 

Suitable rooting depth cm < 23 - 100 

Texture % Silt loam Silty clay loam Silt loam 

Skeleton % 34 9 4,5 

Surface stoniness % 8,5 - 2,5 

Rocciosità  Absent - Absent 

Waste materials ( surface)  Frequent - - 

Salinity (1:2,5) dS/m 0,42 0,38 0,57 

Slope % < 0,2 - < 0,2 

Particle density g/cm3 2,2 2,5 1,9 

Bulk density g/cm3 1,2 1,3 0,9 

pH Reaction in water - 8,0 8,1 7,8 

CEC meq/100g 28,6 26,9 32,5 

Total limestone g/kg 215,2 140,2 149 

Active limestone g/kg 66,1 49,6 48,4 

Organic carbon g/kg 26,0  10,7  53,2  

Total nitrogen g/kg 2,8 0,7 3,85 

C/N Ratio - 9,2 15,2 13,8 

Phosphorus (P2O5) Olsen mg/kg 42,9 25,2 68,8 

 

Due to the significant presence of waste materials, the rehabilitation treatment 

could be performed only on a limited amount of soil. Hence, it was necessary to 

use quarry soil (Table 2) in order to allow production with standard proportions (40 

– 50%). After remediation the soil layer available for root development is about 1 

meter deep, the content of skeleton is limited (4,5%), and so is surface stoniness 

(about 2,5%). Bulk density at 0,95 g/cm
3 
and particle density at 1,95g/cm

3
 are low. 

The structure of aggregates is granular (medium dimensions). There’s also the 

presence of   secondary structures which are generally polyhedral. A fibrous crust 

resulting from poorly degraded cellulose components, which developed after soil 

repositioning and settlement, rapidly disappeared after shallow working operations.  

After reconstitution treatment the chemical fertility characteristics of repositioned 

soil reveal a silt loam texture with a slightly alkaline reaction (pH 7,8), and salinity 

levels of 0,57 dS/m. The soil is rich in organic carbon (5,3%) and has a high C/N 

ratio (13,8). Highly calcareous soils (149 g/kg) have an average to low 

concentration of active limestone of 48,4 g/kg, and a high assimilable phosphorus 

(Olsen P2O3) value (68,86 mg/kg). 

 

Discussion 
 

Both remedial procedures enable to compare soil conditions before and after 

treatment estimating how much agronomic and environmental properties have 
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changed and how, on the basis of these changes,  potential applications may be 

devised in order to use this technology for the remediation of reconstituted soils. 

At both sites the amount per hectare of repositioned soil succeeded in increasing 

the thickness for crop growth and root penetration: soils shifted from a condition of 

shallow or medium depth (23 and 40 cm) to one of greater depth (100 and 110 cm). 

Skeleton and surface stoniness dropped considerably due to sieving which affected 

the coarser fractions, to fragmentation resulting from the treatment, and to dilution 

with aggregate-free materials above 2 mm. in size.   

The increase in thickness of the first horizon allows to extend its protective power 

thanks to a number of factors such as: increase in cation-exchange capacity, high 

levels of organic matter, high water retention, and resulting low water percolation 

and surface runoff (Manfredi P. et al., 2014). It’s worth pointing out that the low 

concentration of heavy metals and other polluting agents, which characterize the 

matrices employed (Table 3), allows the method to be used in soil treatment for 

mitigating the concentration of polluting agents and their availability. 

 
Table 3. Average concentrations of heavy metals in some additional materials used in the 

pre-blending stage. 
 

Parameters 
Dredging 

sludge 

Sludge from 

food and 

agricultural 

industry 

Water 

purification 

sludge 

Lignocellulosic 

sludge and 

matrices 

Cadmium  mg/kg ss < 0,1 0,31 0,1 <0,1 

Arsenic mg/kg ss 0,3 4,2 3,57 <0,1 

Lead  mg/kg ss 13,6 11,5 < 0,1 23,8 

Nichel  mg/kg ss 3,2 0,5 10,7 42,8 

Copper  mg/kg ss 0,7 69,7 12,8 20.6 

Zinc  mg/kg ss 8,6 7,1 20,4 26,3 

Chromium tot. mg/kg ss 15,4 70,6 3,9 115 

Mercury  tot. mg/kgss <0,1 <0,1 <0,1 <0,1 

 

At both sites soil aggregation has been altered compared to original conditions 

revealing an overall granular-porous structure (fine and medium). Such change 

ensures a wider and deeper distribution of the root system in relation to the original 

degradation-affected soils, thus enhancing phytoremediation technologies.(Pilon-

Smits, 2005; Wong, 2003). 

After remedial actions there has also been a considerable decrease in the formation 

of superficial crusts and fractures. The formation of fractures, even broad ones, 

only occurs within a little time after soil repositioning, and is caused by the natural 

settlement of the soil. The decrease in particle and bulk density is the result of 

higher organic matter levels, and of a mechanical process which produces a porous 

structure. Reconstitution tends towards the aggregation of fine soil fractions  

generating new, lumpy-shaped aggregates. (Chenu, 1995) 

The porosity increase of reconstituted soils results in: higher water retention 

capacity (Manfredi et al., 2014), higher water availability, lower percolation water 

and lower wilting point. These conditions influence thermal variations of treated 
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soils, and supply them with properties which increase heat capacity, hence with a 

temperature range more suitable to biological requirements (Manfredi et al. 2014; 

2015). Such hydrological and thermal properties may enhance the efficiency of 

various technologies for the remediation of polluted soil such as landfarming 

(Mikkonen et al., 2012), phytoremediation (Nedunuri et al., 2000) and ex situ 

biopiling treatment (Ta-Chen Lin et al., 2010) because thermal conditions are more 

suitable to the activity of heterotrophic aerobic bacterial populations and to enzyme 

activities (Sulaiman et al., 2015). 

In addition to porosity increase a higher workability was recorded in the soils 

examined, together with a sharp decrease in water for irrigation during ordinary 

agricultural practices  (Tassi D., 2014). Such aspects facilitate management of 

bioremediation treatments such as biopiling, land farming and phytoremediation. 

(Wong, 2003). 

Chemical characteristics of reconstituted soils may be controlled to meet the most 

suitable conditions for in-situ and ex-situ remediation. In order to achieve good 

results in biodegradation, phytoextraction and rhizodegradation of contaminants 

soils must have characteristics which may ensure a good efficiency in such 

processes (Atagana et al., 2003). 

In both soils after the treatment the reaction decreases shifting conditions from 

medium to slightly alkaline. This result is partly due to the choice of additional 

materials (with neutral to slightly acid reaction) and to their high organic matter 

concentrations. Reconstitution allows to control variations in soil reaction, also by 

using other correctives besides additional matrices, making it possible to return to 

the pH range which corresponds to the typology of remediation treatment desired 

(Boopathy, 2000). 

In reconstituted soils salinity, whilst remaining within suitable range values, is 

higher than in original soils which have very low levels of the same,  typical of 

leaching-affected soils. 

A decrease in soil reaction has resulted in lower total and active limestone shifting 

soil conditions at the agricultural plot site from extremely calcareous (265 g/kg) to 

strongly calcareous (180 g/kg), and at the landfill site from 199 g/kg to 149 g/kg; 

active limestone shifts from medium high (85,3 g/kg) to medium (52,15g/kg) at the 

agricultural plot site while at the landfill site the reduction varies from 66,2 g/kg to 

48,4 g/kg. The matrices employed have medium to high concentrations of calcium 

carbonate and active limestone, therefore it must be ruled out that the decrease of 

these two parameters is due to dilution. 

Reconstituted soils have elevated concentrations of organic matter because the 

intended goal was to reach the values mentioned by the Reports of the Technical 

Working Groups (Van-Camp L. et al. 2004) which define the 2,1 – 6,0% organic 

carbon range as average. Such goal was achieved by using specific waste matrices 

with high organic matter concentrations (Corg. 150 g/kg), the organic matter being 

namely: cellulose, lignin and hemicellulose. After the cleavage and defibering 

processes, which take place within the mineral component, the conditions of these 
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organic matrices that are basically fibrous and have a high C/N ratio are favourable 

to carbon stabilization (Oades 1995; Skene et Al, 1996), and to the humification 

process, as demonstrated by the increase of humic acids in reconstituted soils.  

The increase in organic matter of reconstituted soils, together with its even 

distribution mitigates inhibiting processes generated by contaminants (Labud et al., 

2007). 

The increase of available phosphorus (Olsen Method) recorded at both sites 

depends on the matrices selected for incorporation, and on the reduction in the 

amount of active limestone of original soils.    The analytical validation carried out 

on the soil at the agricultural plot site after reconstitution records a shift from low 

and insufficient phosphorus availability (37,5 mg/kg) to medium high (129,2 

mg/kg), and at the landfill site from low (42,9 mg/kg) to medium (68,8 mg/kg). 

The increased phosphorus availability improves growth conditions of microbial 

populations with positive implications on biodegradation of organic contaminants 

(Bossert and Bartha, 1984; Baker and Herson, 1994).  

The characteristics of reconstituted soils and the objectives achieved depend on the 

type of matrices used, and on the treatment they were submitted to with natural 

soils. Materials  added have properties of great interest (Calace et al., 2003; 2005) 

but, if used individually, they are ineffective whereas, if measured out prior to 

treatment, they produce reconstituted soils with the aforementioned properties. 

The use of organic waste to enhance soil remediation has been adopted for quite 

some time (Bradshaw et Al., 1980), but it has never been contemplated to use the 

technology of reconstitution which offers a treatment focused on the nature of 

soils. This is achieved by improving various properties which help those physical, 

chemical and microbiological processes that are potentially most effective in soil 

remediation. Another positive aspect of the treatment of reconstitution is that, 

thanks to the pre-blending and disaggregation procedure, contaminants are evenly 

distributed in the soil. Such procedure helps to avoid the formation of higher 

concentration spots occurring in contaminated soil (hot spots) (Karen et al., 2009). 

The implementation of this technology in view of achieving a better efficiency in 

treating soil degradation processes opens a wide field of study justified by some of 

the important potentialities discussed in this paper. 
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LES SOLS RECONSTITUES: LA TECNOLOGIE E SON POSSIBLE EMPLOYEMENT 

DANS LA REHABILITATION DES SOLS CONTAMINES 
 

Résumé 

La technologie de reconstitution est une pedotecnique qui agit sur la structure du sol en y incorporant 

des composants de nature organique et de la qualité des minéraux et d'origine certifiée. Le système de 

traitement fonctionne par un procédé mécanique qui permet l'enduction de la matière organique dans 

la fraction minérale par la désintégration de la structure du sol et de sa reconstitution ultérieure. Les 

résultats obtenus par la technique dans le champ agronomique suggèrent que le méthode peut être 

utilisée pour faciliter la réhabilitation des sols contaminés par modification de leurs propriétés de 

façon ciblée. 

Mots clés: technologie de reconstitution, restaurer les sols, biorestauration, sols reconstitués, sols 

dégradés, sols contaminés. 

 

I SUOLI RICOSTITUITI: LA TECNOLOGIA E IL SUO POSSIBILE IMPEGO NELLA 

BONIFICA DEI SUOLI CONTAMINATI 
 

Riassunto 

La tecnologia della ricostituzione è una pedotecnica che agisce sulla struttura del suolo integrando in 

esso componenti di natura organica e minerale di qualità e provenienza certificata. Il sistema di 

trattamento opera attraverso un processo meccanico che consente il rivestimento della sostanza 

organica nella frazione minerale mediante la disgregazione della struttura dei suoli ed una sua 

successiva ricostituzione. I risultati ottenuti dalla tecnologia in campo agronomico suggeriscono che il 

metodo possa essere utilizzato per favorire la rimediazione dei suoli contaminati modificandone le 

proprietà in modo mirato. 

Parole chiave: tecnologia della ricostituzione, ripristino suoli, biorimediazione, suoli ricostituiti, 

suoli degradati, suoli contaminati. 
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