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The sludge produced through the sawing and working of stone is still considered an 
inert waste product. Once it has satisfied the required criteria for acceptance, it is 
given to authorised waste dumps (D.M. 03/08/2005). The first fundamental step 
towards evaluating its possible reutilisation is to find out its chemical and 
mineralogical composition and assess any possible compositional variation in time. In 
order to do this, and as part of the PIC INTERREG III A project, a systematic 
sampling was carried out with 11 firms (9 of which are located in the Verbano Cusio 
Ossola area and 2 in the Canton Ticino). 2 samples a month were systematically 
collected for 6 - 8 months from each firm; the two samples from each month were 
then mixed in order to obtain one sample per firm to analyse every month. The 
chemical and mineralogical composition of the sludge was then established; on the 
one hand there were obvious connections between the make-up of the sludge and that 
of the stone from which it came; on the other hand, significant differences from the 
original rock were also highlighted. This was found to be due to the different type of 
processing carried out by each firm.  
 
 
CHEMICAL COMPOSITION 
 
Geochemical analyses are available for 56 elements, including major, minor and trace 
elements, for each of the samples analysed. For obvious reasons, only the data 
concerning elements which give significant information about a possible reutilisation 
of the sludge are presented. The quantities of the most abundant elements are 
expressed in percentages in weight of the corresponding oxide. The quantity for the 
less abundant elements is shown as “parts per million” (ppm). Certain elements 
(marked with an asterisk in the chart) are potentially dangerous. These have limited 
acceptable concentration values (D:M: 471/1999) if they are to be used as 
hypothetical soil/subsoil, depending on their specific use (public or industrial green 
space). The results of the analyses (summarised in the chart and graphs below) show a 
distinct non-uniformity in the make-up of the sludge. 
The graphs show the variations in median values of the various oxides and trace 
elements for the firms involved in the project, according to the working method used. 
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Yellow: Sludge derived from cutting with diamond tipped tools 
Blue: Sludge derived from cutting with metallic grit 

 
 
The silica content usually varies between 54% and 71% depending on the material 
being worked (gneiss, serizzi, granites); very low quantities (34%) of silica (SiO ) 
combined with high quantities of calcium (CaO) and magnesium (MgO) are the result 
of the working of dolomitic marbles (marble from Crevoladossola for example). 
Furthermore, the variation in the concentrations of many elements can be due to the 
different transformation techniques used by the firms taking part in the study. 
 

o In sludge derived from working using diamond tools the amount of iron (total 
Fe2O3)  and calcium (CaO) is relatively low (<5%); metals such as 
molybdenum, chrome and nickel are under 10 ppm; copper varies between 16 
and 100 ppm and arsenic is under 1.5 ppm. Cobalt varies between 69 and 84 
ppm in the samples from Switzerland; those from Italy have a content of 
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cobalt between 100 and 245 ppm. The relatively high cobalt content in the 
Italian samples is due to residues of the binder which is used to fix the 
abrasives to the tools. A greater amount of binder, and therefore of cobalt, is 
found on diamond tipped cutting discs as opposed to that on the diamond 
blades of a cutting frame.  

 
 

o In sludge derived from working with frame saws and metallic abrasive grit the 
content of iron (total Fe2O3) is markedly higher (7- 17%). The same applies to 
CaO (3 – 7%), MnO (0.11 – 0.15%), molybdenum (10 – 36 ppm), chrome (54 
-400 ppm), copper (65 – 230 ppm), nickel (50 -113 ppm) and arsenic (2 – 10 
ppm). The greater amount of these metals is due to the nature of the grit itself. 
Cobalt, on the other hand, is far less present (10 – 33 ppm). 

 
The data obtained shows that there is a greater compositional difference in sludge 
derived from working with metallic grit. A 50 to 90% variation in the total iron 
content of the monthly samples collected from each firm cannot, for example, depend 
on the type of stone worked. Rather, it is probably the result of the non-standardised 
addition of turbid abrasives during the cutting process; the values vary according to 
the experience of the operator. 
 
 
MINERALOGICAL COMPOSITION 
 
Establishing the mineralogical composition allows one to define the relative quantity 
of various crystalline substances present in a sample. In this case these are the 
minerals which make up the stone being worked. In this way it is possible to 
determine and quantify those minerals present and to evaluate how these would vary 
both in time and from firm to firm. Knowing the mineralogical composition and how 
this varies over time is generally important; in a few potential fields of application, 
such as ceramics, it is absolutely crucial. 
Plagioclase, quartz, biotite and alkaline feldspar can always be found in various 
proportions (see chart below). These are the minerals which make up stones such as 
serizzi and gneiss which are predominant in the area. Occasionally small quantities of 
calcite or dolomite can be found. Sometimes the amount of dolomite is abundant; as is 
the case when dolomitic marbles are worked. This technique did not show differences 
between the various types of sludge which could be connected to the two different 
types of working.  
 
 
 
CONCLUSIONS 
 
The results of the analyses enable observations to be made about the different types of 
sludge and their possible effects in terms of reutilisation. 
 

 The quantities of potentially dangerous elements remain below the limits set 
by the DM 471/99. This means that there would not be a problem in this 
respect should the sludge be used, either pure or mixed, in an environmental 
field (such as reclaiming quarry areas and waterproofing inert waste dumps). 
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 A certain variation in the mineralogical and chemical composition was noticed 
over time. The variation from firm to firm in the composition of the sludge 
depends on the type and proportion of stone worked; mainly, however, it 
depends on the different types of tools used. For each firm the variation over 
time may depend on the use of non-standard procedures, for instance when 
dosing the turbid mix which contains metallic grit. 

 
 The compositional variation can be overcome in order to reutilise the sludge in 

an ecological/industrial field. This can be done by homogenising the different 
types of sludge at a common collection point which would be agreed upon 
with the local authorities. Alternatively the various types of sludge can be sent 
to a common collection point but then kept separate according to the different 
types of working from which they come. This would be in order to obtain a 
more specific reutilisation. For the sludge derived from metallic grit working, 
a preliminary magnetic separation of the grit itself could be envisaged. The 
grit could then be reclaimed for industrial purposes in the abrasives sector. It 
could then be mixed with the sludge derived from working with diamond 
tipped tools. 

 
The separation of the metallic grit could take place directly at each individual plant if 
a suitable, low-cost technology were to be available. 
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BIOREMEDIATION FOR THE REDUCTION OF 

HYDROCARBONS IN CUTTING PROCESS SLUDGE 
 

Dr. Germano Righetti, Eng. Gabriele Carraro and Geogr. Stefano Castelli 
Environnement Departement Canton Ticino  -  Dionea SA Locarno – www.dionea.ch 

 
 

Around 30 firms operate in the stone extraction and working sector in Ticino. 
Transforming blocks of stone into finished products produces waste such as cutting 
process sludge. About 5,000 cubic metres of sludge are produced in Ticino each year. 
The use of machinery which requires hydraulic oils as lubricants means thatin some 
many cases the sludge is so contaminated that its direct use in the environment is 
impossible. A study carried out at many firms showed that the quantity of 
hydrocarbons varies from tens of mg per kg to a few grams. Legislation has 
established a limit of 50 mg/kg of hydrocarbons both in Switzerland and in Italy. Any 
amount above this limit means that the sludge must be disposed of in an inert waste 
dump or in a reactor if the quantities of hydrocarbons are in excess of 500mg/kg 
(750mg/kg in Italy). This solution, however, is particularly financially burdensome for 
firms which operate in a sector which is already subjected to strong foreign 
competition. 
 
The following experiment, called ILICO (hydrocarbons, sludge and compost), was 
carried out in order to verify the possibility of reducing the hydrocarbon content in 
cutting process sludge by mixing and composting the sludge with green matter (see 
illustration below). 
 
 
ILICO EXPERIMENT 
 

 
 
 
It should be possible to use the compost thus obtained in various situations: as an 
additive for porous and acidic soils or as a component for creating a layer of artificial 
vegetable soil. Its use would respect the environment and conform to the legislation 
(Federal technical ordinance for waste, 1990; Ministerial decrees 471-99; 748-84). 
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ELEMENTS OF THE EXPERIMENT 
 
The experiment was carried out by mixing cutting process sludge from the Bettazza 
Graniti (Cevio) firm with vegetable waste ground at the Compodino SA firm in 
Locarno. The sludge was enriched with hydrocarbons in order to make it highly 
contaminated (625mg/kg). 
Three mounds totalling 10m3 contained different volumetric percentages of sludge 
(0%, 20%, 40%).  

   
mound 1 (100% green matter) mound 2 (80%green/20%sludge) mound 3 (60%green/40%sludge) 

(foto: 26 march 2004) 
 
The following graph shows the composition of the mounds according to the specific 
weight and particle sizes (Italian translation: limo = sludge, verde = green matter).  
The specific weight of cutting process sludge is more than double that of the green 
matter; therefore, the sludge in mound number 3 makes up 70% of the total weight. 
 
 Composition of the mounds particle sizes 

 
The composting process of the three mounds with different sludge-compost ratios was 
monitored for 14 months.  
Leaving aside the fact that the percentages of sludge added as an experiment varied, it 
is necessary to point out that the raw vegetable matter was treated with exactly the 
same technique as is always used by Compodino SA to produce quality compost. 
The production cycle followed by Compodino SA starts off with the fermentation of 
carbohydrates. This takes place over a period of four complete seasons without the 
addition of artificial activators. 
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Method number 48 of the Federal Department of the Interior (to which the limits in 
Swiss legislation refer) was used to establish the presence of hydrocarbons.  
The results of the analysis showed that hydrocarbons were present in a significant 
quantity in the green matter. This was due to non-polar organic natural compost 
(terpene, essential oils and other aromatic substances). 
These show up as hydrocarbons in the analysis method used which separates the polar 
components before measuring with infrared. 
This method, therefore, proved unsuitable for the mixture containing natural organic 
compost of which some is still found in the final result. 
Generally, essential oils, terpenes and the like - described as non-polar organic natural 
compost - decay progressively during the composting process until they disappear 
altogether in mature compost. 
 
The graph above shows the results of the 
experiment which lasted one year. The 
results refer to the part of the matter which 
has a diameter inferior to 2mm. 
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The results obtained by applying the gas 
chromatographic method EN-ISO 9377-2 
give a final concentration of hydrocarbons 
of around 50mg/kg. 
The method indicated by the Federal 
Department of the Interior (EDI 48) gives a 
final concentration of around 200 to 300 
mg/kg. 
 
The reduction yield of mineral oils lies 
between 70 and 80% in both the mixtures 
tested (20 and 40% of sludge in volume). 
 
 
 
The choice of  the EDI 48 method is due to the fact that it is the official method to 
which the limits fixed in Swiss law refer; it has been used successfully to determine 
the concentration of oil in cutting process sludge. In this case, the method is not 
selective enough when dealing with a substance rich in natural organic compost; 
therefore the extract for analysis showed concentrations which were too high when 
added to the mineral oil component. 
 
Although the EN ISO 9377-2 method of analysis also includes a pre-treatment of the 
sample to analyse which is similar to the EDI 48 method, it differs in that it limits the 
range of hydrocarbons taken into consideration to those with a mass of between C10 
and C40; this is the range to which mineral oils belong. The final concentrations 
obtained by using this method are of around 50mg/kg, an amount which respects the 
limits established by the Federal technical ordinance for waste. 
 
 
CONCLUSIONS AND PROSPECTS 
 
Supposing the green matter does not contain mineral oils (graph below left) and 
recalculating the initial amounts in the mounds containing 20 and 40% sludge with 
the concentrations verified in the contaminated sludge, and excluding the benefits of 
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the diluting effect in the vegetable component (because it is illegal), a net drop of 
between 70 to 85% was observed; this means that the level of contamination in 
the sludge is brought down to legal levels of up to a maximum of 500ppm (the 
level fixed by the OTR, and above which the sludge becomes a special waste product 
which cannot be recycled/reclaimed. 
 
The above is sustainable given that it is 
only hydrocarbons of mineral origin 
which are present in sludge; therefore, 
the EDI 48 method can be used without 
any problems.   
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The analysis carried out on samples of 
sludge which were taken from various 
firms and at different times in Ticino 
showed that the 500mg/kg limit of 
hydrocarbons was exceeded in few 
cases. This means that it is possible to 
dispose of the hydrocarbons by using a 
practical bioremediation process.   
The conclusion shows that the 
experiment produced a sufficient 
reduction of hydrocarbons of mineral 
origin; furthermore, composting the 
sludge with green matter at about 1/3 of 
the initial volume (50-60%of the weight) 
becomes a possible method for its 
disposal. 
 
However, the composting process must be of high quality. 
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Around 70,000 tons/year of sludge are generated from the stone cutting process for 
decorative purposes in the Val d’Ossola basin. 60 – 70% of the sludge is produced by 
frame-cutting with abrasive turbid grit, whilst 30 – 40% is the result of cutting with 
diamond-tipped discs (DINO et al., 2003).  
The disposal of the sludge in Ossola and in the Canton Ticino area causes real 
problems from a managerial point of view. This is in particular the case when looking 
for waste dumps for the sludge. Until 2002 second category waste dumps of the 2A 
and 2B type were used for final storage. Since March 2003, with the adoption of the 
Decree of 13 March, 2003 , which concerns the acceptability of waste in dumps, 
sludge resulting from the cutting process belongs to the category of inert waste. This 
is the case as long as transfer tests done on the material intended for the dump meet 
certain concentration limits. The limits are to be found in article 5, paragraph 2 of the 
Decree of August 3, 2005, which defines the admission criteria for waste in dumps. 
The article can be found in the Gazzetta Ufficiale No. 201 of August 30, 2005. 
If the sludge meets the characteristics, then it is possible to ask authorisation to open a 
dump for inert waste material, art. 27 and 28 of the D. Lgs 22/97; or to deposit the 
sludge at already existing dumps. 
Alternatively it is possible to ask to reuse the sludge classified with the CER 010413 
as presented by art.33 of the D.Lgs 22/97. 
 
The costs of depositing the sludge at a waste dump are on average between 0.02 – 
0.05 euro/kg. This sum depends mainly on: 
 

o Acquisition, depreciation and management of the filter press. 
o Transport to and deposit at the dump (0.022 euro/kg according to the latest 

market analysis). 
 
The differences in the cost of management and transport depend on: 
 

o The modernity of the water purification and sludge thickening plant (filter 
press); 

o The distance from the production plant to the dump; 
o The quantity of sludge delivered. 

 
In order to fully appreciate the importance of the problem it is necessary to stress a 
few critical elements connected to the management/disposal/potential recovery of the 
sludge derived from a cutting process. 
Firstly, problems tied to the fine granulometry of the material need to be considered; 
from a geo-mechanical point of view, cutting-process sludge acts in the same way as 
silt-clay soil, with asphyxiated properties and low permeability characteristics if it is 
compacted. 
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Such properties can be useful if, once all the necessary modifications have been made 
and the limits respected, the material is applied as a waterproofing agent for dumps. 
These same properties can be negative, however, if the material is disposed of in an 
incorrect and uncontrolled way.  
Furthermore, it is necessary to highlight the problems which occur due to the presence 
of heavy metals, such as Cr, Ni, Cu, Mn and Fe, in the metallic grit of the sludge 
which derives from a frame saw cut; as well as Co and Cu which come from using 
diamond tipped discs. In addition to these two problems there is a third: the presence 
of TPH (heavy hydrocarbons) in sludge which is produced both in the quarry as well 
as in the plant. This is mainly the problem in Switzerland (Canton Ticino). In the Val 
d’Ossola, on the other hand, a spot check of the production plants in the area showed 
that 90% of the sludge taken from various plants contained less than 50 ppm of TPH 
(limit set for residential land according to the L. 471/99). 
Such a high level of TPH concentration in the residue from sawing means that the 
sludge must be decontaminated if it is to be reused, properly mixed and treated (ex 
Art. 33 del D.Lgs. 22/97) or disposed of in specially controlled waste dumps. 
This problem could be avoided in part by modernising the machinery in the plants and 
seeing to their constant and careful maintenance. 
 
The research done within the Progetto Interreg III PIC A “Exploitation of cutting 
process sludge in the stone industry” deals with different problems: on the one hand 
those connected to the management of cutting process sludge, and on the other hand 
potential alternatives to depositing the sludge in waste dumps. The latter envisages 
treating and reclaiming the sludge in order to reuse it.  
In order to be able to sysematically reclaim the residue from sawing it is first 
necessary to separate out the heavy metals which are contained in the sludge. 
One possibility would be to mechanically separate out the waste metallic grit in the 
residue in order to obtain, on the one hand material which has a lower concentration 
of heavy metals (Cr, Ni, Cu, Mn and Fe mixed in with the grit); on the other hand a 
waste grit “concentrate” which could be reclaimed for other production processes. 
Two different methods concerning the industrial treatment of cutting process sludge 
are suggested: 
 

o The first method uses a magnetic/gravimetric separation directly at the plant; 
this means that each firm would have to adapt its equipment. This would 
include placing an appliance below the frame saws and the cutting and 
transformation machinery, which would separate the used-up grit from the rest 
of the sludge. Two products would then be obtained: sludge free of grit 
(suitably thickened and filter pressed) and grit concentrate. These two 
products would then be sent to the relevant centralised plants, on the one hand 
for the sludge to be reclaimed; on the other hand for the used metallic grit to 
be refined and marketed. 

 
o The second method means setting up a centralised plant to which all the 

sludge from various firms would be sent. The sludge would then be physically 
treated (magnetic separation) in order to obtain the two products: grit-free 
sludge and grit concentrate. These would then be used in further productive 
cycles. 

 
A problem to which there is still no solution is that of the sludge which derives from 
cutting processes using diamond tipped discs. At first it was thought that the sludge 
did not have any particular critical problems apart from a very fine granularity. 
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As a result of further research and the adherence to stringent criteria, it became clear 
that there were obvious problems connected with the presence of cobalt in the sludge 
derived from cutting with diamond- tipped discs. 
Cobalt, like the heavy metals contained in the sludge derived from frame saw cutting, 
can be separated out with suitable physical techniques which need to be researched 
and evaluated. 
 
During the years of research it has been possible to identify a few promising fields of 
application for the sludge: 
 

a. In the civil-construction field  
• filler for bituminous concrete  
• mixture thinner for brick constructions 
• base for the production of agglomerate stones  
• base material for the production of decorative objects. 

 
b. Treatment for the production of vegetable soil which would be used for 

ecologically reclaiming quarries and other damaged sites. In this case both the 
DM 5 February 1998, and the L. 471/99 for land to be reclaimed would be 
taken into consideration, as well as the L. 748/84 and later alterations for 
additive materials. 

 
c. The use of cutting process sludge as waterproofing material for the subsoil of 

waste dumps (Decreto Legislativo 13 January 2003, no. 36: implementation of 
the 1999/31/CE directive relative to waste dumps). 

 
Two of the above fields of application prove to be the simplest and most feasible: b 
and c. 
  
It would, however, be necessary for all these areas of reuse to introduce a systematic 
treatment to separate out those heavy metals which are problematic for any 
application, even if for different reasons. 
Furthermore, if the sludge which needs to be treated also contains high amounts of 
TPH then it is necessary to decontaminate the material before introducing it into a 
subsequent productive cycle. 
In this case it would be possible to decontaminate the sludge by bioremediation; this 
would make it possible to obtain vegetable material which is useful for reclaiming 
land. 
All the productive cycles which include industrial treatment, nevertheless also require 
the analysis of the raw material in order for it to be treated and reused in the most 
suitable way. 
 
The management/treatment and reuse of cutting process sludge is illustrated below in 
a possible flowchart: 
 

www.aigt.ch  Pag. 13 



APPLICATIONS IN AGRICULTURAL AND 
ENVIRONMENTAL FIELDS 

 
Dr. Stefano Assone 

University of Turin – Department of Agronomy, Forestry and Land Management – 
www.agroselviter.unito.it 

 
The experiment described below hypothesises that the sludge derived from the cutting 
process of ornamental stone can be used for growing plants. In particular the tests 
looked at nursery gardening, environmental recovery and urban green areas (lawns, 
green areas, creation of new soils, using a mixture of ground up demolition rubble and 
compost). 
 
EXPERIMENTS IN NURSERY GARDENING 
 
 
The experiments took place at Azienda Tecnoverde in Verbania and at Vivai 
Reviplant in Moncalieri (To). 
Three types of plants were taken for reference: the Azalea “Kirin”, a shrubby species 
which is particularly interesting for nursery gardening in the Verbano area; Santolina 
chamaecyparissus and Heuchera micrantha “Palace Purple”, perennial species 
commonly used in creating green areas.  
The species were cultivated in pots. Mixtures using different percentages of cutting 
process sludge, vegetable compost and control topsoil (usually used by the nurseries 
where the experiments were carried out).  
The main growth parameters and the presence of any possible physiopathologies or 
fungal pathologies were registered during the cultivation. Furthermore, visual 
evaluations as to the quality of the roots were made. The results obtained were very 
different according to the type of plant treated. 
 
The addition of sludge to the cultivation subsoil proved to be quite unsatisfactory for 
the Azalea; a marked reduction in the growth of the plants was observed. The 
problem, already apparent in the first few months of cultivation, became even clearer 
as the cultivation procedure went on and proved to be in direct correlation to the 
increase in the percentage of sludge. The addition of compost slightly improved the 
situation but not by any significant amount. 
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More encouraging results were obtained with Heuchera. Here the addition of 10-25% 
of sludge only brought about modest reductions in growth. With the cultivation, 
subsoil containing up to 25% of sludge in some cases resulted in a greater increase in 
growth compared to the control topsoil. 
The results are presumably due to the extremely fine texture and the hygroscopic 
nature of the material under examination. These characteristics result in an 
excessively compact soil with an insufficient capacity for air. The consequence is 
damage to the roots. The better results obtained with the Santolina are due to the 
species’ greater tolerance of heavy, under-ventilated subsoils. 
Both the Azalea and the Heuchera plants showed anomalous colouring of the leaves. 
This is probably attributable to a secondary nutritional deficiency brought about by 
the unfavourable root conditions. 
 
 
EXPERIMENTS IN URBAN GREEN AREAS 
 
Construction of lawns 
 
The experiments took place at the Azienda Greenart S.n.c. in Alba (Cn). The firm has 
many years’ experience in creating ornamental lawns and rolls of turf. 
Two different dosages of sludge (0,25 litres/square metre and 0,5 litres/square metre) 
were compared. These were manually distributed over the whole assigned plot and 
manually raked into the top layer (average depth 2 cm) of the soil. Untreated soil 
acted as the control plot. 
A mixture made up of Poa pratensis and Festuca arundinacea was used in a ratio of 
1:1. This was manually sown at a dosage of 20g/square metre. 
Data was gathered regarding germination and growth of the small plants as well as the 
coverage of the soil and the quality of the turf. 
Biometric measurements were taken 15 to 30 days after sowing. These showed that 
the sludge which had been distributed when the land was prepared had not negatively 
influenced the initial germination and growth of the plants. These findings were 
backed up by the data regarding the number of plants per sq.dm. and their average 
linear growth.  
The analysis of the data concerning soil coverage and the visual quality of the turf did 
not show significant differences between the treatments under comparison. 
 
Creation of green areas 
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The experiment took place at the Reviplant nursery in Moncalieri (To) on an area 
which had been specifically created to simulate the soil and climate conditions of flat 
roofs. The position is in a flattish area and on a south facing hillside.  
Two different dosages (1 l/sqm and 1,5l/sqm) of cutting process sludge were 
compared. These were manually distributed and raked into the top layer of the soil. 
An untreated area was used for control (volcanic lapillus). 
Rooted cuttings of Sedum album Coral Carpet and Sedum sexangulare were sown in 
the test areas. The cuttings had been previously cultivated in pots at a density of 30 
cuttings per square metre and then covered with a thin layer of lapillus. 
Plant growth and the possible beginning of physiopathologies and fungal pathologies 
were considered as the main parametres to test the effectiveness of the treatment. 
Preliminary results showed that the addition of sludge had no negative influence on 
the Sedum cuttings taking root. The hydrological properties of the material, as 
expected, led to a growth increase in the small plants treated during the dry summer 
period. The plants had a greater diameter and better coverage of the soil. The 
differences were not great, however, compared to the control areas. In no case were 
symptoms of phytotoxicity or physiopathies observed on the epigeous parts of the 
plants. 
 
Creation of artificial soils 
 
This experiment was also conducted at the Reviplant nursery in Moncalieri (To). The 
test area was in a flattish position facing north-east and was divided into lots over 
which the experimental mixture was spread. 
Two different types of artificial soil were compared: one made up of inert demolition 
waste which had been ground and sifted (pieces of 0 – 10 mm) and differentiated 
compost at a ratio of 80:20; the other made up of inert waste, compost and cutting 
process sludge at a ratio of 70:20:10. Already existing land was used for control. 
Shrubby species (Lavandula angustifolia, Potentilla fruticosa Kobold), which had 
been previously cultivated in plastic pots (13cm diameter), were planted in the plots at 
a density of 5 plants/sqm. During the experiment the growth and visual quality of the 
plants were monitored. 
The results of the test were encouraging. The plants took root satisfactorily in all the 
types of soil mixtures. The mixture containing sludge showed greater water retention 
than the one made up only with compost and inert waste. The latter mixture resulted 
in the plants being more tolerant to a lack of water. 
The differences led to different growth rates which were higher in the mixture 
containing sludge. 
 
Experiments in land reclaim 
 
2 separate experiments were conducted in order to test 2 different methods of use for 
the cutting process sludge: in the first case, the sludge, mixed with inert quarry waste 
and vegetable soil, was spread normally over the whole area; in the second case, it 
was put directly into the hole in which the shrubs were to be planted. 
The first experiment took place at the Ditta Internazionale Graniti in Masera (Vb) on 
land next to the laboratory; the second experiment took place within the flood bed 
area on the banks of the river Tanaro. The area is destined for public use in the 
commune of Alba (Cn). 
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The following situations were compared in the first test with even distribution of the 
material: the filter pressed sludge mixed with about 30% coarse inert quarry waste; a 
mixture of sludge-soil in a ratio of 1:1 and the control soil. 
In the second experiment with the planting holes, which were roughly 20 x 20 x 20 
cm large, 2 dosages of sludge (0,5 l/hole and 1,5 l/hole) were compared to an 
untreated control plot. 
The areas were characterised from an ecological point of view, concentrating on the 
climatic and vegetational aspects, in order to identify the species most suitable for use 
in the experiment. 
The following shrubby species were selected: Corylus avellana, Crataegus 
monogyna, Cornus sanguinea, Ligustrum vulgare, Viburnum opulus, Salix purpurea 
(only in Masera), Prunus spinosa and Viburnum lantana (only in Alba). 
The plants were delivered in pots with a diameter of 13 cm by Vivai Purpurea in 
Piobesi T.se (To). The effectiveness of the treatment was rated by analysing the 
percentage of plants which took root, the biometric calculations (height and diameter 
of the plants) and the possibility of the appearance of pathologies or 
physiopathologies. 
In the experiment in which the sludge was spread over the whole area, the results of 
the first examination, taken 45 days after transplanting, proved to be remarkably 
interesting: the percentage of plants which had taken root was noticeably higher, 
almost 90%, in the plots containing the sludge-soil mixture, compared to those which 
had been planted in the sludge and inert quarry waste or the control plot.  
The result seems to be due to the high sand component of the local alluvial soil (in the 
control plot), and its resulting reduced capacity for water retention. The addition of 
sludge appears to lessen these limits therefore increasing the chances of survival of 
the species planted. 
However, also considering the persistently long period of drought, the plants suffered 
a shock when transplanted. This had a negative effect on their growth which 
prevented any significant differences in the biometric values registered. 
The symptoms of suffering which were evident on the leaves of the plants in the plots 
with the sludge and inert waste material, especially on Corylus, are probably due to 
the excessively compact nature of the soil mixture and the insufficient aeration. The 
latter had already been established during the tests in pots.  
The addition of sludge directly into the hole where the plants would go did not result 
in any problems for the plants treated: the leaves did not infact show any phytotoxic 
symptoms.  
The slightly higher growth rates of the plants which were treated with the higher dose 
of sludge at the end of the summer, show that the soil’s capacity for water retention is 
good. However, the rainy summer prevented any marked differences. 
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INCREASING THE VALUE OF CUTTING PROCESS 
SLUDGE: ARTIFICIAL SOIL AND NICHE USES 

 
Eng. Gabriele Carraro and Geogr. Stefano Castelli 

Dionea Sa Locarno – www.dionea.ch 
 

 
The PELICO (Pedologia-Limo-Compost) project was set up within the INTERREG 
IIIA project, with the collaboration of the AIGT –Associazione Industrie dei Graniti e 
Marmi Ticinesi. Following is a description. Whereas the ILICO experiment (see 
separate summary) showed that it is possible, up to a certain point, to decontaminate 
cutting process sludge full of hydrocarbons by composting it, nothing showed that the 
resulting product was suitable. 
The aim of the PELICO project was then to examine the nature and behaviour of the 
artificial soils. These were the product of mixtures of different proportions of sludge 
and mature compost. The project would result in better knowledge of the product’s 
pedological nature, its physical-chemical, ecotoxicological and ecological behaviour. 
The use of sludge-compost mixtures as an additive (agricultural soil, soil for 
vegetable gardens, grassy surfaces etc.), or for the creation of artificial soils, would 
validate its reuse on an enormous scale. It would allow the increase in value of great 
quantities of cutting process sludge, up until now still classified as simple waste from 
stone working. 
 
Elements of the experiment  
 
At Compodino SA 4 artificial soils were created with different percentages of 
compost and sludge. This was done by finely mixing cutting process sludge (powder 
of siliceous rock – orthogneiss from the “Boschetto” quarry in Cevio, Vallemaggia) 
and mature compost (produced by Compodino and matured for 12-14 months). 
5 boxes of larch wood were built in Losone and held the following soils: 
 

T0 earth from a biological vegetable garden,with minimal fertilizer 
T1 20% sludge  80% compost 
T2 40% sludge  60% compost  
T3 60% sludge  40% compost 
T4 80% sludge  20% compost 
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The soils were sown with a mixture of Insubria® seeds at the beginning of the 
experiment (May 2003); no fertilizer was used. The care was extensive without using 
either fertilizers or herbicides. 
The grass was cut twice, in October 2003 and October 2004. 
Tests on samples of soil, on filtered out rain water and on vegetable biomass (above 
ground) were done periodically in order to evaluate the characteristics and quality of 
the products. The following parameters were analysed: pH, conductivity, organic 
matter, nitrogen, phosphorus, potassium, the principal heavy metals (Fe, Ni, Cb, Cu, 
Pb), total hydrocarbons and structure. 
 
Soil characteristics 
 
The laboratory analyses determined both the characteristics of the soil and the 
similarities or differences between the various artificial soils (T1 – T4) and the normal 
fertilized garden soil (T0). 
The results of the soil analyses which had taken place at various intervals, were 
compared. These all showed that the characteristics of the different soils generally 
remained stable during the whole experimental period. 
 

Terreno T4 (14.10.2004) Compost 80% 60% 40% 20%
Sludge 20% 40% 60% 80%

Prova analitica (su s.s.) unità T0-4 T1-4 T2-4 T3-4 T3-4
Conductivity uS/cm 103 150 130 144 100
pH 6.8 7.4 7.3 7.6 8.1
Total nitrogen % p/p 0.29 0.49 0.34 0.23 0.36
Active lime % p/p 0.9 0.3 0.5 2.3 0.7
total lime % p/p 2.1 0.7 1.3 1 0.3
Organic carbon % p/p 2.32 5.35 3.18 1.27 0.6
Assimilable phosphorus mg/kg 22 23 38 21 9
Exchangeable potassium mg/kg 85 800 500 310 310
Proportion carbon/nitrogen 8 10.9 9.4 5.5 1.7
Organic sbstances % p/p 3.99 9.2 5.48 2.18 1.03
Cobalt mg/kg 7.8 43 41 45 55
Nickel mg/kg 35 11.4 11.7 9.9 7
Lead mg/kg 64 28 24 28 16.5
Total hydrocarbons mg/kg 30 80 300 380 170

TEXTURE
Coarse sand % p/p 40.2 25.8 25.9 21.6 10.7
Fine sand % p/p 30.5 19 21.6 22.6 13.4
Coarse sludge % p/p 11.5 17.6 16.9 14 12.7
Fine sludge % p/p 16.8 34.6 30 36.7 56.2
Clay % p/p 1 3 5 5.1 7  

 
 
Illustrated above are the data concerning all the analyses of T4. The analyses can be 
considered representative as they were done after a whole vegetative cycle of the soils 
(T4), allowing them a sufficiently long period to consolidate their pedological 
structure. 
Hydrocarbons and cobalt in the cutting process sludge were a problem from the 
beginning of the experiment. The analyses regarding these two substances confirmed 
their presence and persistence in high concentrations. Cobalt also has a tendency to 
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migrate into the vegetable biomass where it was found in quantities proportional to its 
presence in the soil.  
It is necessary to mention the difficulties encountered in the analysis of the 
hydrocarbons. These were caused by analytical problems (differences partly due to a 
different analytical approach with regard to non-polar “natural organic composts” 
such as terpene, essential oils and other aromatic substances present in vegetable 
waste). 
The first cut took place in October 2003, 6 months into the experiment. Qualitative 
and quantitative tests were made at this point on the resulting vegetable biomass.  
The tests enabled the characteristics of the vegetable production “produced” by the 
various soils to be quantified: the mixtures containing 40% sludge showed the greatest 
production, just a little less than that of a vegetable garden soil. 
A parallel experiment carried out by Biosfera on courgettes used sludge as an additive 
and showed that it could potentially be used in horticulture. 
 

 
 
As far as the developing species are concerned, the mixtures with less than 80% 
sludge proved to be too fertile for the development of nutrient-poor meadows. A 
number of adventitious nitrophilous species, whose seeds are found in compost, 
prevail over indigenous species and over the species typical of natural meadows. 
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The analyses carried out on the rain water which had filtered through 20 cm of 
sludge-soil mixture showed that in all the types of test soil hydrocarbons were 
practically absent. The same may be said about cobalt. Traces of this substance were 
only found sporadically and in negligible quantities. 
The above information is important for evaluating the ecological impact if a sludge- 
compost mixture were to be used in nature. The information confirms the fact that 
hydrocarbons (present at about 200-400 ppm) and cobalt (around 40-50 mg/kg) bind 
strongly with the organic structure of soil; the two substances, therefore, do not 
migrate downwards to the lower layers and to the water table unless they are present 
in a much greater quantity than found during the PELICO experiment; or, if the 
sludge were used pure, without the addition of compost. 
 
Conclusion and prospects 
 
The observations made during the experiment enabled the following conclusions to be 
drawn: 

o Mixtures of sludge in a proportion not higher than 40-50% of the weight of the 
soil result in greater water retention. This is due to the fact that the sludge 
changes the structure of the soil by enriching it with micropores. 

 
o Cutting process sludge can help to gently plug the pH of acid soil despite the 

lack of carbonates in granitic stone. 
 

o The addition of 20-40% sludge to porous, acidic soils would enrich them with 
potassium, magnesium, phosphorus and a number of other micro-elements 
which are useful for vegetable production. 

 
o In soils with too high a content of sludge (over 60%) the production of 

vegetable matter and the mineralisation processes are noticeably reduced. This 
is due to the asphyxia caused by the fine particles in the sludge. However, it is 
possible, on these not very fertile soils, to develop a nutrient-poor type of 
vegetation on which to sow grass seeds and flowers (indigenous ecotypes). 

 
o Hydrocarbons and cobalt are not washed away by the infiltrated waters (the 

values in the filtered product are negligible). Nevertheless, high levels of 
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hydrocarbons and cobalt are a problem: these should be eliminated before the 
soil is used in nature (see the ILICO experiment). 

 
o The Osost limit for cobalt is 60 ppm and applies to sludge when it is mixed 

with compost. With starting concentrations of 100 ppm max the sludge can be 
used in sludge-compost mixtures at a quantity of up to 30-40% of the volume. 
Cobalt concentrations of less than 60 ppm in “pure” sludge mean that it can be 
used unrestrictedly. 

 
o In the medium term (after 2 years), the physio-chemical characteristics of the 

artificial soils remain stable. The formation of small lumped polyhedral 
structures suggests a long term pedological evolution towards brown soil. 

 
 
We believe that the sludge-compost mixtures would be well applied in the following 
fields: agronomical, fruit and vegetables, gardening and ecological land reclaim; they 
would be particularly helpful as an additive for acidic soils (>>pH increase), for soils 
with little potassium, phosphorus and microelements (>>addition of free cations, 
increase in the exchange ability) or soils which drain too much (>> increase in water 
retention). 
 
The total amount of sludge added must not, however, exceed 40%, depending on the 
type of soil. Ideally it should be added in regular doses over several years, cut up into 
fine particles and mixed in with compost. 
Higher percentages of sludge result in asphyxia, decrease the permeability and reduce 
vegetable production. A greater quantity could, on the other hand, be interesting in 
creating artificial soil for the regeneration of nutrient-poor meadows full of flowering 
species. It is indispensable, in this latter case, to mix it with a high quality compost.  
In order to be able to take advantage of these interesting characteristics, it would be 
necessary to first reduce any concentrations of hydrocarbons (prevention on site at the 
firm; also see the ILICO project), or cobalt (which comes from cutting with diamond 
tipped discs; possible alternatives to reduce the amount of cobalt have already been 
introduced); in this way the sludge would be previously checked and if necessary 
decontaminated to rid it of substances harmful to the environment. 
The study closes with other possible uses for sludge in the green sector; these have 
already been quoted in literature. 
Different mixtures of water and cutting process sludge have been tested successfully 
on three vegetable species over 3 years. The mixture has been shown to act effectively 
as a deterrent for harmful insects such as Lilioceris merdigera (on lilies), and the rose 
aphid and as an anticryptogamic for vines when sprayed regularly on the plants. 
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ECONOMIC ANALYSIS OF DISPOSAL COSTS 
 

Dr. Flaminio Cadlini and Dr. Oscar Gonzalez 
University of Italian Switzerland – Institute of Economic Research – Lugano 

www.eco.unisi.ch 
 
This paper deals with the economic side of the Interreg III project on “Increasing the 
value of cutting process sludge”. It analyses the costs deriving from the disposal of 
cutting process sludge for firms operating in the stone industry in Ticino and the 
province of Verbania-Cusio-Ossola (VCO). 
 
The data for the analysis were collected by giving the firms a questionnaire to fill out. 
The questions mainly concerned the type of machinery used in the firm, the amount of 
sludge produced, the type of stone worked, personnel, disposal plants, disposal costs 
(divided into management and maintenance costs for the disposal plant), on site 
sludge storage costs, loading and transport costs, sludge deposit costs at the waste 
dump and turnover. 
 
The quantity and quality of the data were generally not very good. Many of the firms 
did not fill out important questions such as those concerning turnover or cost of the 
sludge. This meant that it was not possible to make important considerations and 
conclusions regarding these matters. The lack of data but also the different structures 
of the firms in the two areas made it necessary to divide them up as following: 
according to dimension (small and large) in Ticino and type of firm (workshops, 
workshops with sawmill, sawmills) in VCO. 
 
The stone industry in Ticino includes 46 firms with a total of 448 workers; in VCO 
172 firms employ 888 workers. The numbers include firms whose activities produce 
sludge. Quarries for stone extraction have not therefore been taken into consideration. 
12 firms with a total of 219 workers answered in Ticino; in VCO 15 firms with a total 
of 209 workers provided data for the analysis. 
 
The problem of disposal costs for cutting process sludge was looked at following 
three scenarios:  

1. Present cost of sludge: this part of the paper focuses on evaluating the actual 
disposal costs sustained by the firms at present. 

2A. Cost of sludge with a centralised deposit: this scenario estimates disposal 
costs by assuming that all the firms would deposit their sludge in an authorised 
dump. This is already the case in VCO and will be in Ticino in the near future. 

2B.  Cost-benefits of new products: this section deals with the principle of 
recycling the sludge as a component of a new product. It deals mainly with the 
economic impact of sludge as a component in the production of vegetable 
compost. 

 
The graph below shows how disposal costs on the basis of turnover evolve depending 
on the scenario analysed and the type of firm. 
 
In particular, the graph shows: 
-the most important aspect is visible in the general decrease in costs for the version 
which envisages recycling the sludge into a new product. The new product, vegetable 
compost, would require the sludge to be not too polluted. This implies, for example, 
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that the operators maintain the machinery regularly and carefully; care should also be 
taken to keep the different types of residue from the stone working and ordinary waste 
products separate. 
-in Ticino this last scenario enables costs to remain virtually stable at the levels 
preceding the application of the federal law. 
-the tendency is the same in workshops and workshops with sawmills in the VCO. 
The cost of reclaiming iron for sawmills and, partly, workshops with sawmills still 
remains unknown, however. The final cost depends on the process for reclaiming the 
ferrous part used during the cutting. If this were to be just as expensive, then these 
firms might prefer the option of depositing the sludge at a disposal site rather than 
reusing it. 
 
The study demonstrates how the disposal costs are dependent on the volume of sludge 
produced; this depends on the size of the firm and on the technology used in the 
productive process. The greater the quantity of sludge produced, the lower the cost 
per unit; therefore it is the small firms which are faced with the higher costs. 
 
The data collected and the various types of firm only allow a limited comparison 
between firms in different geographical areas; however, it appears that the costs are 
slightly lower in Ticino. It is possible to compare the relatively similar workshops in 
both regions: the cost of disposal per cubic metre of dried sludge is about Sfr.47.- in 
Ticino and Euro 42.- in VCO (scenario 1, present cost; 1 Euro = 1.57 Sfr). Taking 
into consideration the same scenario for both the areas (scenario 2B: cost of sludge 
with centralised deposit) would generate costs of Sfr.57.- per square metre in Ticino 
and Euro 42.- in VCO. 
 
Cost of disposal according to the scenario, rates as a percentage of costs, Ticino and 
VCO 
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¹ Data for the turnover for sawmills, which are the largest producers of sludge, are not available, so it is 
impossible to make the necessary calculations. 
² See the technical reports of this Interreg III study for further information. 
Translation: 
Azienda piccola = Small company / Azienda grande = Large company 
Laboratorio = Workshop  / Laboratorio = Workshop with sawmill 
Scenario 1: present cost / Scenario 2A: cost with disposal / Scenario 2B: new product 
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GUIDELINES FOR THE CORRECT MANAGEMENT AND 
POSSIBLE REUSE OF CUTTING PROCESS SLUDGE 

 
Eng. Gabriele Carraro and Geogr. Stefano Castelli  

Dionea SA Locarno www.dionea.ch 
 
 
7 PRACTICAL SUGGESTIONS FOR THE STONE INDUSTRY (DIAMOND 
TIPPED BLADES – CANTON TICINO) 
 
1. The firm should consider sludge a by product and make the workers and all 

concerned aware of this. Sludge is expensive, equal to 0.5-2 (3)% of the turnover 
and is an important topic which needs to be dealt with seriously and with 
commitment. 

 
2. The use of filter presses should be encouraged and the sludge stored in a clean and 

dry place, sheltered from the rain. 
 
3. If the sludge is very contaminated (Hc > 500 ppm) then it cannot be deposited in 

normal dumps for construction waste. It cannot be reclaimed biologically through 
composting either. The level of hydrocarbons (Hctot) can, however, be reduced on 
site at the firm by limiting leakage in the machinery (maintenance, regular 
servicing, replacement). A quarter of the firms in Ticino already produce quality 
sludge (Hctot < 50 ppm). It is possible to speed up the metabolical processes of 
recovery with compost by using biodegradable oils. 

 
4. The amount of heavy metals present in the diamond tips of the blades, particularly 

cobalt (Co), is sometimes problematic. The quantity could be reduced by making 
the supplier of blades aware of the problem. Blades already exist which are both 
efficient from a production point of view and which release little cobalt. Over half 
the firms in Ticino already produce quality sludge (Co < 60 ppm). 

 
5. Adapt the disposal of sludge to the type of firm and its geographical position. The 

firms which produce little sludge may choose to deposit it at a dump or look for 
synergies with other producers. More organised solutions need to be found for 
larger quantities of sludge. The best known solution is the biological recovery in 
collaboration with qualified composting centres which already produce quality 
soils. The technique of composting is simple but requires experience: it is 
necessary to be suspicious of composting centres which do not aim to produce 
quality products or of salespeople who sell “magic dust”. 

 
6. The associations in the industry and the producers of large quantities of sludge 

should encourage the public authorities to help them financially in order to lower 
the investment costs for biological recovery; furthermore, they should promote 
products using sludge (e.g. composting areas in the vicinity, sponsoring funds to 
finance the start of a project,….). In this way the region would not be used as a 
deposit, something which is particularly counterproductive in areas where land is 
particularly valuable or where tourist activities play an important role. Financial 
help would need to support a sustainable use of the region and of the “sludge 
resource”. Help from public authorities could also be given in other ways: 
orchestrated planning, chemical analyses, consultancy, financing of applied 
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research. They could support the possibility of favouring products using 
regulation quality sludge in public contracts (specific positions in contracts for 
soils, for plantations, for creating urban green areas, promoting sludge-compost 
mixtures to designers….). 

 
7. The conditions for a possible reuse of cutting process sludge are: Hctot < 50 ppm, 

concentrations of Co < 60 ppm, particle sizes smaller than 1cm in diameter and 
authorisation from cantonal authorities. For this reason the associations in the 
industry together with the public authorities should promote the organisation of 
processes for increasing the value of sludge on a 1:1 scale, whether these are in 
the green or industrial sector.  It is important to encourage the use of available 
knowledge and avoid supporting scientific research just for the sake of it. 
Scientific monitoring of the processes and the use of sludge-derived products 
would demonstrate the feasibility of simplifying the legal situation in order for 
sludge not to be automatically considered a waste product. 
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POTENTIAL USES FOR CUTTING PROCESS SLUDGE 
AND SLUDGE-COMPOST MIXTURES IN THE 

GREEN SECTOR 
 
 
Prerequisites: 
 

1. Uncontaminated, reference values: 
- total hydrocarbons < 50 ppm 
- cobalt < 60 ppm 
 

2. Dry and well cut up (granules smaller than 1cm in diameter) 
 
3. Cantonal authorisation for all types of use in the area 

 
 
Pure, dried, in granules, used as an additive. 
The rock dust (better still if derived from different types of stone), is spread 
directly onto the soil. Once it is mixed in it helps to neutralize acidic soils, 
improves water retention and contributes nutritious (micro-) elements both in an 
immediately available form and as a reserve. The addition of pure sludge is only 
possible if it has been dried, cut up and suitably incorporated. Annual quantities, 
5-30 (max 50) m3/ha in the autumn and, according to agronomic necessity, equal 
to a layer of 0.5-3 mm within certain 
limits for suitable soils (acidic, rich in 
humus, porous or stony, as is the case 
in certain vineyards in Ticino). A 
similar use would be possible when 
spreading slurry (2-5% sludge diluted 
in water and dung, not necessarily 
dried): it would reduce the odour, it 
has a stabilising effect and it supplies a 
natural mineral component. 
 
Additive in the form of sludge-compost mixtures. 
E.g the sludge which derives from a process of biological recovery and is well 
mixed with mature compost is ideal for regular use in intensive or valuable 
cultivations and gardening: it allows organic matter to be absorbed, acidic soils to 
be neutralized, water retention to be 
increased and it supplies nutritious 
elements: the proportion of sludge 
should be 20-40% of the volume. 
The annual quantities in agriculture 
should be 50-150 m3/ha (equivalent 
to a layer of 0.5-1.5 cm); according 
to necessity this should be varied for 
suitable soils (intensive cultivation, 
horticulture, soil erosion, acidity, 
lack of organic matter or fine 
particles). 
 

www.aigt.ch  Pag. 27 



 
Subsoil for reclaiming artificial land. 
Mixtures of sludge, compost, rock debris (gravel, stones and waste) or earth fill, 
create fertile “artificial soils” which 
are comparable to vegetable garden 
soils. Depth 30-80 cm, sludge content 
20-40%. Necessary to watch out for 
species of an invasive nature. For 
forest plantations, particularly on dry 
soils, it is possible to use the sludge 
directly in the planting holes by 
mixing it with the soil found on site in 
quantities of 10-50 litres per plant. 
 
Subsoil for the creation of nutrient-poor meadows. 
Using  hydroseed systems for sowing flowering species (indigenous ecotypes), it 
creates drought-friendly subsoils which are poor in nutritious elements (nitrogen) 
with variable humidity levels (wetland meadows like “Molinietum”). Depth 20-50 
cm, sludge content 70-80%. It could also possibly be used in the creation of 
aquatic biotopes (reed beds). Needs regular management and watching out for 
invasive exotic species. 
 
Sprayed as rock dust diluted in water. 
5%, for flowers, ornamental species, 
vines and fruit trees. It prevents and, in 
part, limits the development of fungal 
parassites and harmful insects without 
having to use substances which are 
toxic to man, animals and the 
environment. Use is also tolerated, 
although not promoted, in biological 
agriculture. 
 
 
 
 
 
 
Final recommendations: 
The use of cutting process sludge must be weighed in terms of the real 
agronomical and ecological needs in the context in which it is to be used 
(annual quantities, proportions of sludge-compost in the mixtures, etc.). All the 
types of use for sludge described above must be carefully monitored in order to 
consolidate our knowledge of the potential of this material in the medium to 
long term. 

www.aigt.ch  Pag. 28 


	INDEX
	Dr. Flaminio Cadlini and Dr. Oscar Gonzalez
	University of Italian Switzerland – Institute of Economic Re



