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2. List of key-words and abbreviations
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EASME: Executive Agency for SMEs
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3. Executive Summary
Quartz is one of the most used raw materials in the European industry, irreplaceable in many
occasions due to its unique properties and low price. However, the emission of RCS
(respirable crystalline silica) dust to the workplace environments, supposes a safety risk.
Moreover, the recent inclusion of “Works involving exposure to respirable crystalline silica
dust generated by a work process” as carcinogenic in the European Directive, that regulates
exposure to carcinogens or mutagens at work (Directive (EU) 2017/2398 amending
Directive 2004/37/EC), is a new challenge for European companies potentially exposed to
RCS.
Based on the results of a previous FP7 project (SILICOAT, FP7-SME-2011-2, 285787),
SILIFE project aimed to produce commercial quartz powders that show very little or no
RCS toxicity, feasible to be used in industrial processes. The technical results obtained in
the project revealed that the dry procedure, to treat the quartz with silanes, is technically
viable and effective in reducing quartz toxicity. No significant problems occurred in the
upscaling from laboratory to pilot scale, the coating efficiency was really high and the
feasibility of the use of treated quartzes was confirmed in the industrial plants of the five
end-user associates, in some cases (ceramic pigments and foundries) with some technical
adjustments. Therefore, the main objective of the project has been achieved.
The progress of SILIFE project was in general satisfactory. The technical actions,
coordination among partners, as well as project management and communication activities
have been successfully carried out. A summary of the actions carried out is described below:
Technical work (Preparatory and implementation actions)
Actions A1, B1 and B2 were devoted to baseline data gathering, design of the pilot quartz
treatment and development of the methodology considered in the project. First of all,
relevant data on the processes (exposure hot spots, production, etc.) and raw materials
(particle size distribution, surface area, etc.) were collected and a selection of the best
candidate silanes was made. The conditions for the silane application by a dry method
(using a high shear-rate plow mixer) were established, and the obtained results were similar
to those obtained from the wet application method (aqueous suspension) developed in
SILICOAT project. Then the pilot prototype was designed, and the partner responsible for
the industrial production of the coated quartz (BCL) properly adapted the equipment to the
project requirements. Enough quantities of the different quartzes provided by the end-user
partners were treated with this technology and sent back to their respective facilities.
Action B3 comprised the tests and trials performed by the end users. After the assessment
of the suitability of the treated quartzes for the respective processes and final products, the
end users performed the industrial trials using treated and non-treated quartz, comparing
their process behaviour and final products. In some cases, changes in the equipment
conditions or in the silanes used were required to get successful results. In the end, all results
were successful, except for some aspects in foundry, which for a complete scale-up at
industrial level would require a deeper study in a specific post-project action.
Action B4 consisted of the toxicological assessment of quartzes in the different project
stages. Toxicological in vitro and in vivo screening was performed to a) estimate the adverse
biological activity of different end-user quartzes by selecting sufficiently active samples for
coating trials; b) screen coating efficiency of samples from lab-scale coating trials to select
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coatings for industrial trials; c) test the adverse biological activity of bulk and respirable
fraction of treated and not-treated end-user quartzes from industrial trials, in order to
validate the toxicity reduction.
Main results
The main outcome of the project was to have an operational pilot plant with an output
capacity of 10 – 80 t of treated quartz per year, depending on treatment characteristics. The
treated quartzes exhibited at least a 75% reduction in toxicity compared with the untreated
quartzes and the associated treatment costs (in terms of silanes cost) amount to 25-55 € per
ton of treated quartz. During the project more than 2 tons of coated quartz have been
produced and tested by the five quartz end-user associates.
Monitoring the impact of the project actions
The aim of these actions (C1, C2 and C3) was the assessment of the project impact on
technical, environmental and socio-economic aspects. The methodology for the
quantification of the effectiveness and impact of the project actions has been applied. The
appropriate indicators, to evaluate the project effectiveness and impact, were identified and
quantified in the LIFE Program Indicators Database at the beginning of the project and have
been revised at the end.
Indeed, all indicators established for each project action have been periodically evaluated,
comparing the foreseen values with the results obtained at the end of the project. In general,
the results were consistent with expectations.
Public awareness and dissemination results
The Communication and Dissemination tasks of Actions D have been carried out
successfully. During the project period, some legal changes have occurred relative to the
RCS, which contributed to the great interest shown by the industry on the project results.
The project has been disseminated at different general media, as well as Conferences, Fairs
and Workshops. Two dedicated national workshops were organised (Italy and Spain) and
an RCS International Workshop was celebrated with occasion of the Final Meeting.
Several networking actions have also been performed with different stakeholders. European
OSH, national and regional institutions have been informed of the project results with the
aim to continue to disseminate and exploit the results of the project during the next years.
Project Management and monitoring of project actions
These actions have been also satisfactory: two Monitoring Meetings were held during the
project in which the NEEMO expert was informed about the project issues. The Final
Meeting was held on 18/09/2019, attended by the EASME Project Officer, in addition to
the NEEMO Project Monitor. The communication among the partners was in general fluid,
and numerous internal meetings among different partners were held during the whole period
to discuss different aspects of the project activities. During the reported period, no major
difficulties or problems were foreseen that could affect the progress of the project as
programmed.
The main administrative problem was related to legal restrictions of Italian and German
partners, to provide the information required to justify the incurred cost. The partners
claimed that their national legislation prevent from the delivery to the coordinator of some
documents related to workers’ confidential data. To solve this problem, following the
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EASME proposal (letter dated on 05/12/2017), these associates sent a capped form to the
coordinating beneficiary and in parallel the complete form to EASME and the external
monitoring team directly.
Project results implementation.
The technology developed in the SILIFE project can significantly contribute to the
implementation of the EU legislation in the field of the protection of workers' health.
Furthermore, the project aims at promoting sensible European standards for RCS based on
sound scientific evidence, which will contribute to encourage the companies to adopt
solutions like the SILIFE one.
A European patent has been applied (EP19382177.4 2019): “Industrial process for
producing quartz and other quartz-containing raw materials with reduced toxicity relating
to respirable crystalline silica (RCS)” and an exploitation plan has been prepared, in case
the patent was approved. Different candidates, able to use the developed technology (raw
material processors, silane producers and quartz end-user industries), will be contacted to
explore their actual interest in implementing it in their processes.
To continue the penetration of SILIFE technology in the industry, some demonstration
projects and technical assessment activities will be developed, derived from the knowledge
generated during the project. Specifically, a Concept Note was recently accepted by the
LIFE 2019 Call for proposals for LIFE Action Grants (Use of quartz with reduced toxicity
in the foundry industry (LIFE REDUSIL) - LIFE19 ENV/ES/000292) and a full proposal
is going to be submitted in February 2020. The proposed work is a sectorial initiative
intended to adapt the SILIFE technology to the different types of foundry industry. Indeed,
several public and private initiatives are being studied to extend the knowledge acquired
from the project to other sectors and applications.
Policy implications.
Unfortunately, the success of the implementation of the SILIFE is slowed down by the
current OSH regulatory framework, especially referring to the workplace exposure
evaluation criteria, which are only based on the substance identification and its measured
concentration, but not in the specific toxicity of the substance. The current EU workplace
legislation offers no possibility to distinguish the mechanism and toxicological potency of
carcinogens, and all carcinogenic agents are regulated following the maximum protection
principle.
With these premises, the SILIFE coated quartz will not be distinguished from the raw one
in the eyes of the administration rules, despite the effort of the companies for preserving the
health of their workers. Indeed, this is the main challenge encountered to promote the
embracement of the project results by candidate companies: their technical and economic
effort, to lower the toxicity of quartz present in their plants, cannot be in fact formally
recognised by the workplace legislation.
Thus, future efforts should be done to take into consideration all the scientific (chemical
and toxicological) advances to find out the way to include a kind of “toxicity degree” of
RCS into the regulatory assessment of the RCS exposure in workplaces, which may take
into account both, concentration and degree of toxicity of RCS.
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4. Introduction
It has been known and formally regulated for many years that intensive exposure to Respirable
Crystalline Silica (RCS) in the workplace can lead to silicosis, but it was less well known that
it can lead to lung cancer. When the SILIFE project began, RCS was not legally listed as a
carcinogen, but the debate was on the table. Raw materials containing crystalline silica (mainly
quartz) are widely used in many manufacturing industries, such as cement, ceramics, steelfoundries, glass, mineral wool, aggregates, mortar or concrete sectors, among others. Hence, a
vast number of European workers (≈4 millions) are potentially exposed to Respirable
Crystalline Silica (RCS) at their workplace.
During the last years, a wide number of scientific studies have been developed about the effects
of the exposure to RCS on the human health and its mechanisms of reaction. Silanol groups
(Si-OH) at the silica surface are believed to be the mediators in the pathological effect of RCS.
Therefore, it should be possible to mask these silanol groups with hydrogen acceptor molecules,
so that this coated silica would no longer strongly interact with biological membranes. This
postulate has been repeatedly proven in the toxicological literature al lab scale. Certain
substances were found to coat the crystalline silica particles, rendering them non-toxic.
Examples of such substances are polyvinylpyridine-N-oxide, aluminium lactate, strong Lewis
acids, and a variety of organosilanes, among others.
A previous project (FP7-SME-2011-285787-SILICOAT) was conducted to design a treatment,
based on the above substances, to reduce the toxicity of the quartz contained in the traditional
ceramic compositions at industrial scale. Quartz coating was obtained by adding certain
additives to the aqueous suspensions where the quartz-containing ceramic powders were
processed. The incorporation of the coating treatment enabled the powders obtained after water
removal to be inherently safe from the toxicological point of view. The SILICOAT project
demonstrated that such a treatment was technically and economically viable. The scale-up was
satisfactorily performed in companies producing different ceramic products (tiles, sanitary
wares or tableware), all of them having in common a wet stage. The technology developed in
SILICOAT was not readily transferable to other industrial sectors where quartz is never put in
aqueous suspension or where there are previous stages where quartz-containing materials are
handled.
This SILICOAT limitation was covered in SILIFE project, in which a dry method to coat quartz
powders was developed. Silanes were found to be the most cost-effective coating agents, being
sprayed directly onto the powder into a high shear-rate mixer. Thus, the main objective of the
SILIFE project was the industrial production by a dry method of silane-coated quartz powders
with much less toxicity than the equivalent uncoated quartzes. These coated powders can
benefit from this highly relevant feature of low/null toxicity as well as the ability to be usable
in a broad spectrum of manufacturing industries, using quartz as raw material.
The methodology proposed in the SILIFE project was straightforward, thanks to the previous
knowledge and lessons learnt in SILICOAT. A series of quartz end-user associates were
gathered into the project, belonging to five different industrial sectors (ceramic glazes,
inorganic pigments, rubber, cementitious adhesives and foundry), so that their quartzes and
processes could be used as test cases in the project. The working plan was: firstly to collect the
relevant information about end-user materials and processes; secondly, to establish the
treatment conditions in a small-scale mixer; thirdly, to scale-up the treatments with highest
effectiveness in toxicity reduction at low cost; fourthly, to test the treated quartzes in the
6

industrial facilities of five quartz users and to verify that the treated quartzes are as usable as
untreated quartzes; finally, to validate the toxicity reduction persistence in every process stage
with potential exposure to quartz dust. The validation of the results by toxicological test was
fully integrated in each stage of the working plan.
It is important to highlight that SILIFE addressed a chronic health problem related to the
workplace exposure to RCS (silicosis and associated lung cancer), therefore it was considered
not reasonable to establish quantitative results in terms of health improvement over the project
lifetime; moreover, taking into account the long latency period of these diseases. Therefore, the
quantification of main expected results was proposed to be based on treatment cost, output
capacity of treated quartz, toxicity reduction, potential benefit workers or number of
manufacturing processes in which the dry coated quartz could be implemented. These
achievements are obviously specific to the project activities, but in line with the ultimate goal
of the project: the improvement of health in workplaces handling RCS.
During the development of SILIFE an important event occurred, Directive (EU) 2017/2398
amending Directive 2004/37/EC was published, as a result of which “Works involving exposure
to respirable crystalline silica dust generated by a work process” were included as carcinogenic
at work (Annex I) and a maximum corresponding occupational exposure limit (OEL) of 0.1
mg/m3 was established for this substance (Annex III). Indeed, very restrictive measures
regarding the handling, packaging, marking, disposing, etc. are foreseen to be implemented for
any material containing more than 0.1% of RCS. Furthermore, Directive 98/24/EC sets out the
general principles for the prevention of the risks associated to the exposure to chemicals at the
workplace. This Directive establishes that, by preference, the employers shall reduce the risk to
a minimum by substituting hazardous chemicals by another chemical or process that prevents
the risk from its origin (Article 6). The SILIFE approach relies upon this basic principle. The
substitution principle is not specific to the general framework of Directive 98/24/EC, but it is
shared by other regulations, such as Regulation (EC) No. 1907/2006 (REACH). In this context,
the technology proposed in the SILIFE project can significantly contribute to the
implementation of the EU legislation in the field of the protection of workers' health.
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5. Administrative part
The management structure of the project is detailed in the Quality Assurance Plan (QAP) of the
project, which was the reference document during the project life period.
ITC-UJI (coordinating beneficiary) was responsible for the project management, including the
technical and financial aspects of the project. Indeed, the technical committee was composed
by all partners, while the members of the management committee were the action leaders. The
ethical committee was integrated by ITEM and the coordinating beneficiary.
A permanent contact by e-mail or phone calls with the whole consortium has actively been
promoted by the coordinator. Indeed, different technical and management meetings with the
key actors of each action were encouraged to discuss all aspects of the project. Additionally,
ITC-UJI and CCB visited the industrial partners’ facilities to support them in their technical
tasks and also to emphasise the importance of the administrative issues of the project. The
specific information about the meetings and visits has been reflected in the corresponding
minutes. No significant changes were introduced in the project’s management structure.
Three monitoring meetings were held on 14/07/2016, 08/06/2017 and 14/03/2018 with the
NEEMO monitor expert in which she revised the progress, gave advise to the partners about
the management requirements of the project and reported the assessment to EASME.
In addition, continuous communication by e-mail and telephone has been maintained with the
monitor expert by the Coordinator to clarify any management and financial doubts arisen during
this period.
An amendment (Letter Amendment No. 1) to the Grant Agreement of the project was
communicated to the coordinator by the Executive Agency for Small and Medium-Sized
Enterprises on December 2016, introducing some changes in audit and reporting processes.
Finally, on 17/09/2019, the RCS International Workshop Final Meeting was held, with the
attendance of the NEEMO Monitor and the EASME Project Officer, who took part in the
inaugural act. On 18/09/2019, both attended the Final Meeting of SILIFE project, in which they
had the opportunity to clarify all doubts of the partners about the final project justification,
encouraging them to send the required documentation on time.
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6. Technical part
6.1.Technical progress, per Action
Actions A. Preparatory actions
Action A.1. Baseline data gathering
This action encompasses the activities of collection of data on the end-user processes. In this
action the hot spots, regarding crystalline silica exposure were identified, and quartzes to be
treated were selected. Therefore, each facility was visited to ensure that all the information on
the end-user’s materials and processes was gathered from the start of the project.
To this aim, the following tasks have been carried out:





Visiting the end-user’s facilities (figure 1)
Collection of relevant data on the processes and selected quartzes
Physicochemical and toxicological characterization of the selected quartzes
Elaboration of a datasheet for every end user detailing the relevant processes and the
quartzes involved

Figure 1. Some pictures of end-user facilities

The most relevant information about the progress of the action A1 is summarized in Table 1
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Table 1. Action A1 progress

Action

A1. Baseline data gathering

Description

This preliminary action encompasses the activities of collection of relevant data on the
processes (exposure hot spots, production, etc.) and raw materials (particle size
distribution, surface area, etc.).

Responsible for
implementation

ITC-UJI

Responsibilities

ITC-UJI has been responsible for collecting the data from Spanish partners
CCB has gathered the information from Italian partners
Visits

All end-users’ facilities

Collection of relevant
data on the process

The information about the production process and the location of
the exposure hot spots has been provided by the industrial
partners and gathered by ITC and by CCB
Chemical analysis

Activities

Mineralogical analysis
Characterization of
the selected quartzes

Particle size distribution
Specific surface area
Morphological analysis

Obtained results

All the necessary information about the end-users’ processes and quartzes was properly
gathered. From this information, a datasheet has been designed for every company, which
includes the following information:
1. Process description and quartz role in the process
2. Exposure hot spots identification
3. Selected quartz characterisation
4. Other specifications

Outputs

Deliverable: Description of characteristics and processing of end-user’s quartzes, and
exposure hot spots.

Indicators

Minutes of the meetings with each of the end users (see
table 3)

Beyond the
proposal

The dustiness of the selected quartzes has been determined in order to obtain additional
information about the health issues associated with their handling.
Four additional samples have been included to further investigate the identified hot spots.

Foreseen date

September 2015-December 2015

Actual date

October 2015-December 2015

Status

Completed. No significant deviations have been found in this Action.

Table 2. Deliverable foreseen for action A

Deliverable nº
D3

Name
Description of characteristics and processing of end-user’s quartzes
and exposure hot spots
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Attached to Report
Mid-Term Report

Table 3. Indicators for Action A
Action

Indicators

Final assessment

A1. Baseline data
gathering

Minutes of the meetings with each of the end
users

Reached

Actions B. Implementation actions
Action B.1. Design of the pilot quartz treatment
The objective of this action is to design the treatment conditions to be used at full-scale in
Action B2. Optimal design conditions of course mean a maximum toxicity reduction at the
lowest cost. These conditions are best identified in the laboratory, by identifying the most
favourable ones through systematic testing.
To this aim, the following tasks have been carried out:
 According to the gathered information in A1, the most appropriate silanes were selected
and provided by ABCR.
 The silane application conditions by a dry method (using an appropriate feeding sytem
and a high shear-rate plow mixer) were established.
 The obtained results were compared with the wet application method (aqueous
suspension) developed in SILICOAT project. The dry application method was found to
have a similar performance to that of the wet method (figure 2).
 Instrumental techniques to assess the coating efficiency have been selected.
 Systematic trials were carried out in order to identify the most promising treatments
(table 4).
 20 samples (including 2 quartzes, 4 silanes and 3 proportioned quantities) were prepared
and delivered to ITEM for toxicology testing.
b)

a)

Figure 2. a) Dry method versus wet method, b) comparison between two techniques to assess the coating effectiveness
Table 4. Promising treatments identification

Silane

hydrophilic

hydrophobic

Dosage (%)
AM

Reaction
time (h)
0.5

AC

0.2, 0.4 & 0.6

OC
AP

3
3
0.5

11

The most relevant information about the progress of the Action B1 is summarized in table 5:
Table 5. Action B1

Action
Description
Responsible
implementation
Responsibilities

Activities

Obtained Results

for

B1. Design of the pilot quartz treatment
The objective of this action is to design the treatment conditions to be used at fullscale. Optimal design conditions mean a maximum toxicity reduction at the lowest
possible cost.
ABCR
ABCR has selected and provided the silanes for the trials and ITC has conducted the
tests
More than twenty silanes have been selected and provided by
Silanes selection
ABCR.
The silane application conditions by a dry method (using a high
shear-rate plow mixer) were established
Coarse tuning
(silane: amino
The obtained results were compared with the wet application
silane)
method (aqueous suspension) developed in SILICOAT project.
Similar results were obtained.
Selection of reaction time for each silane: 0.5 h for aminosilanes,
and 3 h for non-aminosilanes were selected.
Fine tuning
(per silane basis)
An evaluation of catalyst effect (required for non-aminosilanes)
was performed.
Charged
Zeta potential was used
silanes
Rahmann spectroscopy (not sensitive enough)
Coating
Hydrophobicity (not sensitive enough)
effectiveness
Neutral
Elemental carbon analysis (selected methodology).
silanes
The results showed a good agreement with the zeta
potential results.
Silane and dosage Systematic testing of different treatment conditions/quartz and
selection
silane were carried out.
Samples of the most promising treatments were prepared and
delivered for toxicological assessment. These reagents and
treatments were based on the following criteria:
Samples
- Cover all the materials and processes (two
preparation
hydrophobic and two hydrophilic coatings)
- Technical effectiveness of coating
- Economic criteria
- Safety and environmental impacts
2 quartzes (coarse and fine) treated with 4 silanes at 3 proportioned quantities have
been selected for toxicological validation.

Outputs

Deliverable: Report on the different tested treatment conditions.

Indicators

See
table 13
September 2015-December 2016
October 2015-December 2016
Completed. No significant deviations have been found in this Action.

Foreseen date
Actual date
Status

12

Action B.2. Pilot production of treated quartz
A treatment pilot plant prototype was set up based on the design specifications established in
action B1. The prototype has a nominal capacity of 130 litres. It is based on the plow mixer
LÖDIGE FM 130 D.
To this aim, the following tasks have been carried out:
 Modification of the plow mixer to incorporate the silane feeding system
 Safety measures implementation. An external audit was performed to assess these
measures.
 Systematic trials to verify whether the small-scale results are reproduced (table 6).
 Industrial production of treated quartzes for the end-users. This production was
conducted at BCL and, therefore, previously the system was transferred to its facility.
Table 6. Scaling up from lab to pilot plant

Lab Scale

Pilot plant

Feeder
system

Mixer

Comparison
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The most relevant information about the progress of the action B2 is summarized in Table 7.
Table 7. Action B2
Action
Description
Responsible for
implementation
Responsibilities

Activities

Outputs
Indicators
Foreseen date
Actual date
Status

B2. Pilot production of treated quartz
This Action deals with setting up a treatment prototype based on the design
specifications established in Action B.1. The prototype has a nominal capacity of 130 l.
BCL
ITC-UJI conducted the prototype tuning with the collaboration of ABCR and BCL.
BCL produced the quartzes.
To carry out the treatment at industrial scale, an existing mixer (LÖDIGE FM 130 D) was
properly modified. The main modifications were:
* General maintenance and replacement of spare parts.
* Design of the silane feeding device (specific spraying system).
* Safety measures (compliance of EU standards): implementation and external audit.
The silane application conditions were stablished
Tuning
The obtained results were compared with those obtained with the lab
mixer (action B1). Similar results were obtained.
According to the obtained results, the use of the mixer with a capacity of
Selection of 130 l was quite similar to those obtained with the lab mixer (2 l). For this
treatments
reason, it would be considered that the optimum treatments selected from
action B1 and B4 could be reproduced with the prototype.
Once the prototype was set up and its applicability and reproducibility
were validated in the ITC’s facilities, the prototype was transferred to
Quartzes
BCL for the production phase and more than 2000 kg of quartz were
production
produced to perform the industrial trials (see table 8).
Deliverable: Report on pilot production of treated quartz.
See
table 13
July 2016-June 2018
July 2016-June 2018
Finished. No significant deviations have been found in this Action

Table 8 summarises the quartz production in the pilot plant, in which the most three
promising silanes (AC, AP and OC) were testes. The use of AM was not included in these
trials because the toxicological results showed that higher dosages were needed to reach the
required toxicity reduction.
Table 8. Quartz production
Quartz

Dosage (%)

Amount (kg)

0.2

300

0.6

300

AP

0.6

300

Q2

AC

0.6

275

Q3

AC

0.6

325

Q4

AP

0.3

75

AC

0.3

525

AP

0.3

25

OC

0.3

25

Q1

Q5

Silane
AC

TOTAL

2150
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Action B.3. Testing treated quartz at end-users’ facilities
This action has two main objectives:
1) Demonstrate that treated quartzes do not affect negatively the manufacturing processes
of the end-users.
2) Verify that the reduced toxicity of the treated quartzes persists after processing.
The most relevant information about the progress of the action B3 is summarized in Table 9.
Table 9. Action B3
Action
Description
Activities

B3. Testing the treated quartz at end-users facilities
This action objectives are: a) demonstrate that treated quartz does not affect negatively the
industrial processes and b) verify that the toxicity reduction remains during the process.
Preliminary
It was agreed with end-users to perform different preliminary industrial
industrial
tests (previously to the final industrial trials) to identify any interference
trials
on the process and/or on the product quality (Table 10). Brief reports of
these preliminary results were elaborated by each end user and presented
in the second annual meeting.
Actions
Based on the results obtained in the preliminary test, the most promising
before
the treatments for each facility were selected (Table 10). Moreover, different
industrial
actions had to be implemented to solve some detected problems:
trials
Reactor modifications
 A pre-existing heat exchanger using water as a cooling agent was
stated up to avoid high temperatures during long-term coating
processes.
 A speed variator was installed. It allowed the choice of the appropriate
rotating speed, depending on the properties and on the amount of
material to be processed.
Treatment modifications
 The autocatalytic silane employed in the case of Eu-5 was changed
because polisiloxane silane seemed to cause problems during the
mould setting process. So, methyltriacetoxy was selected. Indeed, the
reaction time was increased to minimise the amount of unreacted
silane, which also affects negatively the process.
Industrial
trials
Protective
effect
persistence

Obtained results

Output
Indicators
Foreseen date
Actual date
Status

BCL produced enough quartz to perform industrial trials. End-users
received its quartz and the industrial trials were carried out.
Samples were prepared in the prototype system to be assessed from the
toxicological point of view. Moreover, respirable dust generated by a
dustiness test of these treated quartzes was collected and sent to ITEM for
toxicological tests (action B4).
Preliminary
The preliminary test allowed us to know the influence of the treatments on
results
each process and which actions or modifications were required.
Batches
of Table 8 shows a summary of the amount of quartz produced for each end
treated quartz user. In total, around 2000 kg have been produced.
Deliverable: Report on end-users’ trials.
See
Table 13
July 2017-December 2018
July 2017-December 2018
Finished. No significant deviations have been found in this Action.
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Table 10. Summary of industrial trials
EU-1

EU-2

EU-3

EU-2

EU-4

End-users
Stage 1

Selected
treatment
(preliminary
trials)

Industrial
trials

Selected
treatment
or required
actions
Required
amount
Industrial
trials (kg)
Satisfactor
y
(YES/NO)

Stage 2

Stage 1

Stage 2

Not
valid

0.3 AP with
some
process
modification
s

0.6 AC

0.6 AC with
some
process
modification
s

0.6
AC

300

300

300

500

50

YES

YES

YES

YES (with some
process
modifications)

YES

Not
valid

0.3 AC

Action B.4. Toxicological assessment of treated quartzes
The toxicological in vitro and in vivo assessments in Action B4 were performed at Fraunhofer
ITEM, Hannover, Germany, in the departments of “In vitro and Mechanistic Toxicology” and
“Inhalation Toxicology”. For the toxicological characterisation of the untreated (activity
screening) and treated quartzes in vitro, well-established (geno)toxicity assays were applied and
primary rat alveolar macrophages were used as highly sensitive model system. Aluminium
lactate (AL) treatment of samples furthermore serves as indicator for quartz-specific effects in
vitro. For validation purposes all main experiments were done in triplicate. For in vivo testing
the rat model was used; lungs of Wistar rats were exposed to respirable particle fractions
(prepared by water sizing of the bulk dusts) by intratracheal instillation, which is a wellaccepted screening surrogate for inhalation exposure. As toxicity indicators the following
endpoints/assays were chosen:




Lactic dehydrogenase (LDH): Cytotoxicity/membrane damage (in vitro + in vivo)
Alkaline and hOGG1-modified Comet assay: DNA-strand breaks, oxidative DNA base
modifications (in vitro)
Polymorphonuclear cells (PMN): Inflammation and cytotoxicity (in vivo); LDH, total
protein

The experimental work on toxicological characterisation consisted of three modules, tightly
related with previous actions:
 Module 1: A first screening of the toxicity of the previous involved quartzes from Action
A1 and toxicological characterization of the most promising treatments from B1 (labscale reactor), including: 2 quartzes and 4 silanes at 3 proportioned quantities. This
assessment has included in vitro and in vivo tests at 28 and 90 days.
 Module 2: Toxicological assessment of the quartzes treated at industrial scale (B2),
including: 5 quartzes and 2 silanes (in vitro tests).
 Module 3: Toxicological characterization of dust samples from B3 (in vitro tests).
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Table 11. Action B4
Action
Description

B4. Toxicological assessment of treated quartzes
Toxicological characterisation
Identification of the initial toxicity of the quartzes. Identification of silane
Module 1
treatments that, with a minimal dose, reduce in at least 75% quartz initial
toxicity.
Validation in industrial production. Considering the results obtained in the
Module 2
previous action B1 and those obtained in the preliminary test, the most
&
promising samples from B2 were sent to ITEM for toxicological assessment.
Module 3:
Moreover, a sample of respirable dust fraction of each quartz was collected
using a dustiness device and sent to be also tested.
Figure 3 shows, as an example, the results obtained with some of the most promising
treatments (Module 1).
Deliverable:
Toxicological assessment of samples from Action B1.
Toxicological assessment of samples from Action B2.
Toxicological assessment of samples from Action B3.
See
Table 13
October 2015-March2019
October 2015-March 2019
Finished. Some minor delays were produced in this action during the project. Nevertheless,
this delay did not result in any modifications of the project progress.

Activities

Obtained
results
Outputs
Indicators
Foreseen date
Actual date
Status
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Figure 3. In vitro determination of coating efficiency. Left graph: Lactate dehydrogenase release (LDH) assay. Primary
rat alveolar macrophages were incubated for 4 h with 75 µg/cm2 of the different bulk materials, and LDH activity was
subsequently determined in the culture supernatants. LDH activities of Triton-X100 treated cells were set to 100% and
data were expressed as % cytotoxicity. Right graph: Primary rat alveolar macrophages were incubated for 4 h with 75
µg/cm2 of the different water-sized materials and processed for determination of DNA-strand break induction, using the
alkaline comet assay. Mean tail intensities of 100 nuclei per treatment were determined microscopically with the Comet
Assay III software (Perceptive Instruments, UK). In each case, data represent means ± SD of 3 independent experiments.
**/*** and °° Significantly different from the particulate negative control (PNC) and Q1 without coating, respectively: P
≤ 0.01 / 0.001, Student’s t-test for unpaired values, two-sided. Legend: NC = negative control: PNC = particulate
negative control, Al2O3; DQ12 = quartz positive control; Q1: quartz sample; AP: quartz sample coated with AP
(hydrophobic); OC: quartz sample coated with OC (hydrophobic); AC: quartz sample coated with AC (hydrophilic).
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Table 12. Deliverables and milestones foreseen for actions B
Deliverable nº

Name

Attached to Report

D7
D10
D12
D5

Report on the different tested treatment conditions
Report on pilot production of treated quartz
Report on the end-user’s trials
Toxicological assessment of samples from Action B.1

Final Report
Second progress report
Final Report
Second progress Report

D9

Toxicological assessment of samples from Action B.2

Final Report

D14

Toxicological assessment of samples from Action B.3

Final Report

Name

Assessment

Milestone nº

M4

Attainment of 75% reduction in quartz toxicity with a feasible
treatment
Establishment of the design specifications for the industrial
treatments
Treatment prototype fully operational

M5

10000 kg of treated quartz produced with the pilot plant

M6

Use of treated quartz validated at the end-user’ facilities
Validation of the reduced toxicity of samples from end-user
testing

M2
M3

M8

Reached
Reached
Reached
As the results of industrial
trials were generally
successful, a lower amount
(2150 kg) was needed to
complete the foreseen
work.
Reached
Reached

Table 13. Indicators for Actions B
Action

B1. Design of the pilot
quartz treatment

Indicators

Final assessment

Number of technical and
economically feasible treatment
conditions

12 (4 silanes x 3 dosages)

Number of samples delivered for
toxicity testing

24 (2 quartzes x 4 silanes x 3 dosages)

B2. Pilot production of
treated quartz

Number of batches of treated
quartzes prepared for testing in the
end-user facilities

B3. Testing the treated
quartz at end-user’s
facilities

Number of end-users in whose
processes the treated quartzes were
satisfactory introduced.

B4. Toxicological
assessment of treated
quartzes

Number of samples tested in each of
the modules

>80 batches (>2000 kg)
All end-users have performed the agreed
preliminary tests and industrial trials (see
Deliverable D12)
Action A1 and B1

34 samples

Action B2

10 samples

Action B3

5 samples

Actions C. Monitoring of the impact of the project actions
In these actions, the impact of the project was monitored through the main indicators applicable
in terms of environment, health, social and economic issues. These indicators were identified
among
the
Key
Project-level
Indicators
(KPI)
proposed
in
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https://webgate.ec.europa.eu/eproposalWeb/kpi/. The study was carried out in two phases: a
first stage identifying the initial situation at the beginning of the project, and a second stage, to
quantify the improvement. All details have been reflected in the related deliverables (Table 15)
Table 14. Actions C description
Action

D. Monitoring of the impact of the project actions

Actions aimed to monitor the impact of the project in environmental, social and economic aspects.
Action C1.
This action is focused on environmental indicators. In particular, due to the nature of the
Monitoring of
project and the targeted priority area, the indicators dealing with chemical substitution by
the impact of the
safer substances have been monitored.
project in the
An assessment of the environmental situation was conducted, and the KPI values were
targeted
assessed.
environmental
problem
Action C2.
An assessment of the socio-economic impact of the project actions over the project
Monitoring of
lifetime was done. An assessment was conducted, and the Impact indicators have been
the socioidentified and quantified in the KPI website.
economic impact
of the project
The objective of this action was to continuously and timely monitor the progress of the
Action C3.
project in attaining its main results, i.e. to reduce the toxicity of commercial quartzes in at
Monitoring of
least 75%, by means of a treatment that entails an added cost less than 0.025 €/kg.
the effectiveness Technical and economic factors were first evaluated by ITC to identity the most costof the treatments effective treatments. Then, ITEM completed the toxicological assessment of the samples.
See Action B4
Foreseen date
October 2015-March 2016 // October 2018- September 2019
Actual date
October 2015-March 2016 // October 2018- September 2019
Table 15. Deliverables and milestones
Deliverable nº
D16
D17

Name
Assessment of the impact of the project on the targeted problem
Study of the impact of the project on the local society and economy
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Attached to Report
Final Report
Final Report

Table 16. Indicators for Actions C
Action

C1. Monitoring of the
impact of the project on
the targeted
environmental problem

C2. Monitoring of the
socio-economic impact
of the project

C3. Monitoring of the
effectiveness of the
treatments

Indicators

Final assessment

Substitution of 10 000 kg of quartzes
by treated quartzes at five end user’s
facilities.
Additional indicators to quantify the
potential transferability and
replicability of the project outcomes

2150 kg were enough to comply the
industrial trials by the 5 end users.
New projects: 1 LIFE proposal will be
applied to extend the implementation in
foundry sector.
2 more sectors were identified to be
contacted (NACE codes F41 and C23)

Number of job positions

3

Economic growth measured in terms
of expected revenue and investments

Patent exploitation incomes

Maximum reduction in quartz
toxicity attained with feasible
treatments.
Minimum cost of treatments that
fulfil the criterion of reduction in
quartz toxicity

> 75%

Cost of treatment: 25-55 €/ton

Actions D. Public awareness and dissemination of results
No major problems arose during the development of these actions. Numerous posters and oral
communications were released in technical forums to explain the background, legal framework
and technical bases of the project, with the aim to extend the implementation to all affected
sectors. On the other hand, the project maintained frequent contacts with OSH entities, mutual
health organizations, prevention services and business associations as main stakeholders
involved in the project objectives.
A description of the different dissemination actions of the project is given in table 17.
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Table 17. Actions D description
Action
D. Public awareness and dissemination of results
Actions aimed to disseminate the activities and results of the project to related stakeholders and to the general
public.
The project website (www.silife-project.eu) was released, in which all relevant
Action D1.
information about the project was punctually published. It will be maintained and fed
Project website
during the next years.
A notice board was designed showing the main aspects of the project (objectives, main
goals and expected results) in a visual way. This image was printed by inkjet technology
Action D2.
on ceramic porcelain tiles to be shown at the partners’ premises.
Notice boards
A Layman’s Report was published in several languages (English, Italian, German, Spanish
and Layman’s
and French) and uploaded to the website. Printed copies in English (200 copies), Spanish
report.
(200 copies), German (10 copies) and Italian (10 copies) have been distributed to the
partners for dissemination.
Action D3.
Other
dissemination
actions.
Action D4.
Networking
with other
projects.
Foreseen date
Actual date

The project was presented in numerous professional events during the whole project life
by poster exhibition and oral communications (see Deliverable D20).
The main news related to the project and events, meetings, etc. were published in general
media and uploaded to the project website.
SILIFE was presented in networking events organised by other projects and entities.
Indeed, contacts were done looking for synergies with other research teams and companies
interested in the project issues. (see Deliverable D15).
Contacts were also made with OSH entities, which shown their interest on the SILIFE
results and collaborated in the dissemination of SILIFE project, promoting the
participation of SILIFE partners in some events.
October 2015-September 2019
October 2015-September 2019

A list of the deliverables and milestones foreseen for these actions of the project are shown in
the following table. All of them were completed:
Table 18. Deliverables and milestones foreseen for Actions D

Deliverable nº
D2
D4
D13
D15
D20
Milestone nº
M1
M7

Name

Attached to Report

Project website
Notice board
Layman’s Report
Networking actions carried out and main conclusions drawn
Dossier on the dissemination actions carried out over the project
lifetime

First Progress Report
First Progress Report
Final Report
Final Report
Final Report

Name

Assessment

Website released.
Layman’s report released.

Completed
Completed

The description of these actions in the Grant Agreement established a number of indicators of
progress, which final assessment is given in Table 19.
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Table 19. Indicators of Actions D

Action

D1

D2

D3

D4

Indicator

Final assessment

Project website available
on schedule.

Completed

Number of visits to the
project website

1900 visits until 09/09/2016. A problem occurred with the visit-counter,
not available from Nov. 2016 to June 2017, when a new counter was
installed, losing the previous information. The total number of visits
registered by the new counter is available in the website homepage (5940
on 17/12/2019)

Notice board and
Layman’s report printed

The Notice Board was ink-jet printed on 15 porcelain tiles, which were
distributed to the project partners.
440 copies of the Layman’s Report were printed (200 ES, 200 EN, 10
GE and 10 IT).

10 press release

Numerous press releases
Two radio interviews.

2 national workshops on
the project results

National workshops were organised by CCB in Italy (28/05/2019) and by
ITC-UJI in Spain (06/05/2019).
Another specific RCS Workshop took place in Turin (Italy) in which
some SILIFE partners (ITC-UJI and ITEM) had an active participation.

1 European workshop
with the cooperation of
NEPSI

RCS International Workshop (Castellón, 17th September 2019)

10 presentations of the
project in fairs, seminars
or conferences

20 presentations (poster and oral)

1 videoclip

A 2-min videoclip subtitled in five languages was produced

1 project brochure

A project brochure (flyer) was prepared by PESI.
The project was also disseminated by means of 600 USBs with the
project image, in which the main dissemination material was included
(Notice board, website link and Layman’s Report).
Indeed, 150 dedicated copies were edited for the International Workshop
attendants.

2 scientific papers

To be drafted

Other actions to improve
the visibility of the
project for the
stakeholders: networks,
websites, etc

The consortium got advantage of each opportunity to inform about the
project in meetings and events.

Number of networking
events

20 meetings and events registered

The main objective of this project is framed in the field of occupational health. Therefore, the
dissemination activities have been developed in events directed to very different professional
collectives, such as industrial sectors processors or end-users of quartz, toxicologists,
occupational health specialists, etc. Hence, the amount of people awarded about the project
results is extremely high, considering that is dealing with chemical safety.
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Actions E. Project management and monitoring of the project progress
Table 20. Deliverables and milestones foreseen for Actions D

Deliverable nº
D1
D6
D8
D11
D21
D22
D18
D19

Name

Attached to Report

Quality assurance Plan
First Progress report
Midterm report
Second Progress Report
Minutes of the meetings
Final report
Summary of reviews of project progress
After LIFE communication plan

Second Progress Report (v6)
First Progress Report
Mid-Term Report
Second Progress Report
Final Report
Final Report
Final Report
Final Report

Milestone nº

Name

Assessment

M9

Audit

Cancelled

Table 21. Indicators of Actions E

Action

Indicators

Final assessment

E1

Progress of management activities can be monitored
by means of the progress reports, the mid-term and
final reports

QAP released in Deliverable D1
Four annual reports emitted

E2

Milestones and deliverables attained/delivered at
due date

Reported in the description of the different
actions

E3

After LIFE Communication Plan in paper and
electronic format

Released

6.2.Main deviations, problems and corrective actions implemented
Due to a 1-month delay in the actual start of the project and adjustment in the preparatory
actions, there was a minor deviation with respect to the original schedule of some actions
without major effects to the progress of the subsequent actions.
During the project only minor technical deviations have been encountered:


Related with EU-3, taking into account that the results obtained during industrial
tests (preliminary test and industrial trials) were satisfactory in the first round, less
test and, consequently, raw materials and personnel were employed to develop B3
action. Moreover, as the obtained samples were equivalent to the samples obtained
in the standard process with untreated quartz, they could be used in the process to
obtain the final product. For this reason, it has been considered that these costs
should not be included in the project costs.

 It should be highlighted that during the project, EU-2 has performed more laboratory
tests that those provided in the application because of the difficulty to obtain a
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treatment with allow us to obtain a product with the same quality than the standard
product (untreated quartz). For this reason, more hours have been included in B3
action. This additional cost was covered by consumable material budget because, in
general, product employed during the industrial trials could be reused in the process.

6.3.Evaluation of Project Implementation
At the beginning of the project, the methodology to be applied was established in the Quality
Assurance Plan (Deliverable D1), which served as reference document for all partners in
management issues. Some updates of this document were needed to better adapt the procedures
to the specific characteristics of the consortium and project. The last version (QAP v6) was
released on November 2017 and the methodology has been applied during the whole life cycle
of the project.

6.3.1. Actions assessment
An assessment of the objectives and results achieved in the different project actions has been
summarized in Table 22
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Table 22. Summary of actions assessment

Action

A1.
Baseline data gathering

B1.
Design of the pilot quartz
treatment

B2.
Pilot production of treated
quartz

Foreseen in the revised proposal
Objectives:
Ensure all the information on the materials and
processes of the quartz end users.

Achieved

Yes

The obtained information was enough to
properly define the specific problem to
be solved at each of the end-user
facilities.

Yes

There was a wide variety of silanes to
test. Different criteria were defined to
narrow the list of potential silanes.
Specific treatment conditions were
found for each of the tested silanes.
As a result, four viable treatments were
selected.

Yes

The scaling up took place quite
smoothly. The results obtained in the
laboratory were reproduced at large
scale with minor adjustments.
More than 2000 kg of treated quartz
were produced to perform the
preliminary tests and the industrial trials.

Yes

Preliminary tests performed with treated
quartzes allowed to identify some
potential interferences on the process
and/or on the product quality. The
required modifications were
implemented (such as a catalyst
modification or mixing speed reduction).
After these modifications, the industrials
trials were performed with satisfactory
results. See deliverable D12

Expected results:
All the necessary information about the end-users
processes properly gathered.
Objectives:
Define the proper treatment conditions
Enable systematic testing of different treatment
conditions
Expected results:
At least two viable treatments for each end-user
manufacturing process.
Objectives:
Construction of the prototype for performing the
quartz treatment
Production of treated quartzes to be tested by the
end users.
Expected results:
A fully operational prototype plant for the treatment
of quartz powders to reduce their toxicity.
Batches of treated quartz powders provided to the
end users to test in their processes.
Objectives:
Demonstrate that the treated quartz powders are as
useful for the end users as equivalent toxic powders.

B3.
Testing the treated quartz at
end-users facilities

Expected results:
Demonstrate whether the treated quartz powders
work or not in the end-user processes.
Demonstrate that the protective effect of the
treatment persists where airborne is generated.

Evaluation
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Action

B4.
Toxicological assessment of
treated quartzes.

C1.
Monitoring of the impact of
the project on the targeted
environmental

C2.
Monitoring of the socioeconomic impact of the
project

C3.
Monitoring of the
effectiveness of the
treatments

D1.
Project website

Foreseen in the revised proposal
Objectives:
Identify those treatments that most reduce quartz
toxicity
Validation of the reduced toxicity of samples from
end-user testing

Achieved

Yes
Expected results:
Identification of the initial toxicity.
Identification of the effective silane treatments.
Validate the toxicity reduction in samples of treated
quartzes processed in the end-user facilities.
Objectives:
Monitoring of environmental indicators.

Evaluation
The toxicity of pristine quartzes has
been assessed.
Developed treatments were found to
provide more than 75% reduction in
quartz toxicity (in vitro). These results
were verified by in vivo test.
Samples from B2 and B3 were also
tested to validate the industrial
production.
Relative KPI indicators updated.

Expected results:
Report on the environmental impact of the project
on the targeted environmental problem over the
project lifetime.
Objectives:
Identify possible additional socio-economical sidebenefits.

Yes
Deliverable D16 completed

Relative KPI indicators updated.
Yes

Expected results:
Report on the local socio-economic impact of the
project over the project lifetime.
Objectives:
Continuously and timely monitoring of the progress
of the project in attaining its main results.

Deliverable D17 completed

Yes

Expected results:
Sound monitoring of the toxicological outcomes.
Objectives:
Release a website.

The progress of the project was
continuously monitored by the
coordinator.
The toxicological outcomes have been
reflected in Deliverable D14

Yes
Expected results:
Project website
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Website released and continuously
updated

Action

D2.
Notice boards and Layman’s
report

Foreseen in the revised proposal
Objectives:
Describe the project in a simple way to the general
public.
Expected results:
At least one notice board for each beneficiary.
200 copies of the Layman’s report per beneficiary.

Achieved

Ceramic and paper notice boards were
prepared and given out to all partners
Layman’s report designed and printed in
several languages

Objectives:
Make the project visible and have the highest impact
among the target audience

D3.
Other dissemination actions

D4.
Networking with other
projects

Expected results:
10 press releases
2 national workshops on the project results
1 European workshop with the cooperation of
NEPSI
10 presentations of the project in fairs, seminars or
conferences
1 video clip
1 project brochure
2 scientific papers

Yes

In general, all dissemination actions
were successfully reached.
The brochure was substituted by the
emission of USBs, distributed in
different meetings and events.
As the project results were to be object
of a patent, technical details were not
fully disseminated until the application
date. So, no scientific papers were
published yet. This action (papers
drafting) has been included in the AfterLIFE document as a future action.

Yes

SILIFE partners were involved in
several networking events held in Italy
and Spain, in which the project was
presented.
Indeed, contacts with related
stakeholders and companies were
initiated.
Links with other projects to SILIFE
were included in some websites.

Objectives:
Get experiences from other projects
Expected results:
Experiences from other projects dealing with similar
themes.

Evaluation
Apart from the printed paper copies, the
notice board was also printed on several
ceramic tiles by inkjet technology. Each
project partner received one of them to
be show.
Layman’s report English, Spanish,
German an Italian versions are shown in
the SILIFE websites. Indeed, printed
paper copies were published (200 ES,
200 EN, 10 GE and 10 IT).
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Action

E1.
Project management

E2.
Monitoring of the project
progress

E3.
After LIFE communication
plan

Foreseen in the revised proposal
Objectives:
Have a sound management of the whole project
Expected results:
1st. progress report
Mid-Term report
2nd. Progress report
Final report
Objectives:
Ensure the quality of all actions
Expected results:
Assessment of project progress
Objectives:
Production of an “After LIFE communication Plan”
planning to continue disseminating and
communicating the results after the end of the
project.

Achieved

All the expected results have been
achieved

Evaluation

No major deviations have been
identified for this action.

The progress of the project has been
continuously assessed.

No major deviations have been
identified.

An AFTER-Life document has been
drafted, which constitutes Deliverable
D19.

The document includes all future actions
foreseen for the next years:
Project websites
Dissemination actions
Scientific papers
Patent exploitation
Related projects
Sectorial guides
Meetings with stakeholders

Expected results:
After LIFE Communication Plan in paper and
electronic format.
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6.3.2. Visibility of the project and external interest
The last changes in the European regulations relative to the workplace RCS exposure have
focused the interest of industry and other stakeholders towards this matter, including the SILIFE
activities and results. The technical results of the project evidenced that it is possible to reduce
the toxicity of quartz powders with the method developed. With these good results, the
dissemination of SILIFE results has attracted the interest of the concerned industrial sectors and
OSH entities. Several companies (even outside EU, like India), research centres and other
stakeholders have shown their interest about the possibilities of implementing this technology
in different sectors.
In some of these contacts, new scenarios on RCS potential exposure not included in the SILIFE
project have been identified, for example:
- Exposure to RCS released during the replacement of ceramic fibres in ceramic kilns
(thermally modified).
- Exposure to RCS during the dry cutting and/or placing of kitchen worktops or ceramic
tiles (high energy mechanical process).
The realistic possibilities of using methodologies based on the treatments developed in SILIFE
to minimise the RCS exposure in these and other new scenarios should be identified and
explored during the next years. Indeed, thanks to the beforementioned contacts, some proposals
are under discussion when this report is prepared.

6.3.3. Policy impact
As mentioned in the introduction of this report, the new European Directive (EU) 2017/2398
amending Directive 2004/37/EC (that regulates exposure to carcinogens or mutagens at work)
is a new challenge for European companies with environments exposed to RCS. This Directive
includes 'respirable crystalline silica' (RCS) as a 'process generated' substance, meaning dust
created by work processes of silica-containing materials. This amendment includes a
corresponding maximum occupational exposure limit (OEL) of 0.1 mg/m3 for this substance in
Annex III. According to the Directive, if it is not possible to replace the carcinogen agent by
another substance or by a process that renders the carcinogen agent less dangerous, very
restrictive measures will have to be implemented at the exposed workplaces. Moreover,
packaging, marking, disposing, etc. of materials containing more than 0.1% of RCS could also
be affected.
The technology developed in the SILIFE project significantly contributes to the implementation
of the EU legislation in the field of the protection of workers' health. Furthermore, the project
aims at encouraging sensible European standards for RCS based on sound scientific evidence
and further efforts will have to be done in this direction.

6.4.Analysis of benefits
At the end of the project, the following main general benefits can be identified:



An industrial-scale technology has been developed to produce quartz powders of low
toxicity, ready to be used as alternative raw materials.
During the project life cycle, networking actions have been done with numerous OSH
stakeholders’ representatives, who took note of this method as a possible future
contribution to workers protection in many applications.
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The SILIFE project has acted as a thread for dialogue among the different actors
involved (legislators, researchers, quartz processors and providers, end users, etc.). A
debate has been open to discuss the implications of the recent RCS regulative changes
beyond the SILIFE project specific technology discussion.

6.4.1. Environmental benefits
The SILIFE project ultimately seeks to prevent the silicosis and, eventually, lung cancer
associated to the exposure to RCS in European companies that use processed quartz (or
cristobalite) as raw materials. Although the targeted problem is therefore perfectly welldefined, it would not be realistic to consider that this ultimate objective will be attained over
the project lifetime, that is, consider the reduction in silicosis occurrence and associated lung
cancers, since they are fundamentally chronic diseases which result from long-term (years)
exposure. Therefore, for the assessment of the ultimate impact of the project it is in principle
enough and more realistic to monitor how many companies will be willing to implement the
new technology.
Table 14 shows the number of quartz-user companies (>400 000) and workers exposed to SCR
in Europe (>4 millions) in 2011. Even though not all of them will be candidates to use coated
quartz, this information highlights the potential impact of the project on the European industry.
Table 23. Industrial sectors users of quartz
Sector
Quarry
Construction
Foundry
Ceramics
Brick Manufacture
Silica sand Production & Silica Flour
production
Scouring powders
Glass polishing
Composites
Jewellery casting
Stonemasonry
Manufacture of coke, refined petroleum
products and nuclear fuel
Manufacture of chemicals and chemical
products
Electricity, gas, steam and hot water
supply
Total
Reference: SHEcan Report P937/8, 2011

Number of workers
exposed to SCR
69,257
41,128,24
193,379
133,800
66,900

Number of enterprises affected by
an OEL of 0.1 mg/m3
1,058
365,945
3,244
4,719
2,360

13,783

211

66,900
66,900
133,800
6,198
66,900

2,360
2,360
4,719
127
2,360

418

7

1,745

24

10,082

767

4,942,886

390,261

6.4.1.1. Direct / quantitative environmental benefits
The implementation of the SILIFE technology leads to a reduction of toxic crystalline silica in
the industrial environment, by using coated silica. During the project period, a total amount of
2150 kg of coated quartz was needed to perform the trials in the industrial plant of the end users,
in which a total of 870 employees are exposed.
A project replication is expected in other affected companies during the next three years, thanks
to other related projects, i.e. LIFE REDUSIL–LIFE19 ENV/ES/000292 proposal. Treatment
units are expected to be installed in, at least, seven foundry plants during the project period.
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The number of workers protected by this technology will be evaluated based on the foundries
in which this technology could be implemented, which are potentially the great majority. At the
beginning, the 7 companies participating in the project will benefit from the coating technology.
Once the technique is adapted, it will be replicated in other similar facilities. In fact, 7 additional
companies have shown their interest in the project results by means of commitment letters.
Thus, at least 5500 workers would be directly benefit during the project lifetime.

6.4.1.2.

Qualitative environmental benefits

SILIFE allows, in most end-user sectors, the coating step to be implemented at the beginning
of the chain, that is, in the process of the quartz provider instead of in the end-user one. It thus
aims at demonstrating that the coating technology is extensible to any industry that uses dry
quartz powders as raw material. In such a way, a lot of end users of quartz powders will
potentially benefit from a reduced risk associated to the exposure to RCS. Quartz toxicity will
be supressed or reduced when this raw material is first processed so that it is supplied in the
form of a non-toxic material. Therefore, SILIFE will be able to introduce, at industrial scale, a
technology to reduce the workers’ exposure to toxic RCS.
The industrial trials performed at the five end-user’s plants showed that the treated quartz
powders are technically feasible and as good as their equivalent uncoated (toxic) powders and
they could verify that the reduced toxicity persists after processing the powders (when still in
powder form).
Moreover, the RCS contained in the dust emissions and waste derived from the industrial
processes will also be less toxic (regarding to RCS), thus benefitting the environment of the
industrial areas in which coated quartz is used

6.4.2. Economic benefits
It makes nonsense in this project to directly estimate the economic benefit because the main
purpose of the project was to improve the workers protection, hence the health benefit cannot
be readily translated to economic benefit, at least at short term. However, the project is
expected to have an impact on the local economy and population in those regions envisaged
for implementation. It must be noted that, despite SILIFE being a project targeting a healthrelated problem, there is an important business opportunity. Non-toxic quartzes have an
obvious market opportunity in relation to equivalent toxic quartzes and it is expected to
constitute a new market space for the manufacturers of these products. In this sense, a European
patent was applied on March 2019 (EP19382177.4 2019): “Industrial process for producing
quartz and other quartz-containing raw materials with reduced toxicity relating to respirable
crystalline silica (RCS)”. An exploitation plan is being prepared by the applicants of this patent
(ITC-UJI and ITEM) and different candidates to use the developed technology are already
being contacted to explore their interest (raw material processors, silane producers and quartz
end-user industries).
After consultation to the engineering department of the consortium partners, considering the
installation of an adapted plow mixer, reagent feeding system and the required process
modifications, we can contemplate that the industrial average investment could amount
≈180,000 € per plant to produce 5,000 tons/year.
Two new full-time jobs were created by the coordinator beneficiary (ITC-UJI) to perform
technical and management tasks of the project. It is reasonable to think that new jobs will be
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created in some involved companies for their implementation, but at this time it would not be
realistic to quantify them.
SILIFE provides a new application of the appropriate silanes for this use, which could be a
new business opportunity for its manufacturers. Moreover, the beneficiaries responsible for the
implementation of the proposed technology will pioneer its adoption, not only at EU-level, but
worldwide. There is thus a clear competitive advantage.

6.4.3. Social benefits
The SILIFE project targets European social objectives, such as ensuring a safer, more
sustainable use of one of the most thoroughly used raw materials: crystalline silica, which
respirable dust has been included as carcinogenic agent by the Directive (EU) 2017/2398
(works involving exposure to respirable crystalline silica dust generated by a work process).
The project ultimate objective is therefore the improvement of the working conditions of a
substantial part of the vast number (up to 4 million) of European workers potentially exposed
to this carcinogenic agent. A sensible improvement in the well-being of the European workers
may result from the adoption of this project technology.
During the next three years, an approximated scope of to 5500 workers is estimated to be
benefited from the SILIFE technology. Nevertheless, the real implementation of this
technology will mainly depend not only on project results and their exploitation but also on
external factors, in particular on the legal requirements regarding RCS exposure assessment in
workplaces, as discussed in point 5.4.7 of this report.

6.4.4. Replicability, transferability, cooperation
This project has a high likelihood of replication because after the life of the project, treated
quartz will continue being produced and its applicability in other processes and products
different from those included in the project will be studied. In fact, a Concept Note was recently
accepted by the LIFE 2019 Call for proposals for LIFE ACTION GRANTS: “Use of quartz
with reduced toxicity in the foundry industry (LIFE REDUSIL) - LIFE19 ENV/ES/000292”.
The full proposal will be submitted to the next call (February 2020). The proposed work is a
sectorial initiative intended to adapt the SILIFE technology to the different types of foundry
industry.
It seems realistic to think that other affected sectors and applications consider the possibility to
initiate similar actions, adapting the SILIFE solution to their processes, but it strongly depends
on the legal requirements implementation, that is, extend factors that are beyond the scope of
this project. In a more restringing scenario, it would be foreseen that in five years at least 5
plants produce around 25000 tons/year of treated quartz, which will substitute raw toxic quartz.

6.4.5. Best Practice lessons
During the pilot plant design, some safety good practice procedures have been set to be
implemented during the production of coated quartz task. These procedures have been tough to
the workers in charge of this task.
In previous works (SILICOAT), results of in vitro and 30-day in vivo tests were considered
valid enough to take decisions about next steps. Nevertheless, it was latter seen that 90-day in
vivo (stability) test was determinant because some coated quartzes toxicity increases during this
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last period. Therefore, in SILIFE this criterion has been adapted, although is much more
challenging, but it is deemed to be more conservative from the point of view of the protection
of the workers exposed to RCS.
After carrying out the management of a project of this magnitude, with the participation of
eleven partners, ITC-UJI, as coordinator beneficiary, considers that to better control the
economic and financial data it could be advisable to monitor them on a quarterly basis rather
than on a half-yearly basis as has been done during the SILIFE project, in spite of the extra
work required to do so.
In addition, and due to the confidential problems with some associated beneficiaries, it will be
necessary to inform the associate-beneficiary candidates about the need to provide some
sensitive documentation to the coordinator beneficiary and include this point in the standard
Grant Agreement provided by EASME. In case the associate beneficiary was not allowed to
share such information, they must send it directly to EASME and carry out an audit to validate
the information.
In short, since these problems are horizontal to all European projects, a general procedure
established by EASME would be desirable.

6.4.6. Innovation and demonstration value
SILIFE is based on the uptake of the results from a previous FP7 research project (Ref. FP7SME-2011- 285787-SILICOAT) where a technology for coating the RCS particles occurring
in the manufacturing processes of traditional ceramics was developed. This coating was
obtained by adding certain additives to the aqueous suspensions where the quartz-containing
ceramic powders were processed. The incorporation of the coating agent enabled the powders
obtained after water removal to be inherently safe from the toxicological point of view. The
results of this research work were very satisfactory, mainly because it was proven that quartz
toxicity can be suppressed with much less proportioned quantities of the coating agents than
those tested in the toxicological literature.
A very specific coating process was right from the start conceived in SILICOAT: to perform
the quartz coating in the aqueous suspensions occurring at traditional ceramic processes.
However, it has a fundamental disadvantage: while workers' protection is ensured after the
suspensions have been first processed, toxic quartz dust may be generated in all the operations
from the reception of quartz-containing raw materials to the actual preparation of the
suspensions (which indeed usually are dusty operations).
SILIFE overcomes this limitation by introducing the coating step into the quartz producer
manufacturing process, demonstrating that the coating technology is extensible to any other
industry that use separate dry quartz powders as raw materials. In such a way, every end user
of quartz powder will benefit from a reduced risk associated to the exposure to RCS. Quartz
toxicity will be supressed when this raw material is first processed so that it is supplied in the
form of a non-toxic material.
SILIFE has also an innovative (pilot) component owing to the adaptation of the SILICOAT
coating technology to obtain dry powders. Therefore, SILIFE introduced, at industrial scale, a
technology that had never been applied before. Besides the innovative focus, SILIFE also
comprised essential demonstration activities. The end-user beneficiaries, belonging to different
industrial sectors (steel foundries, frits and enamels, plastics, adhesives, and specialty inorganic
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chemicals) performed industrial trials in their facilities to show that the treated quartz powders
are technically as good as equivalent toxic powders, and to verify that the reduced toxicity
persists along the powder processing.

6.4.7. Policy implications
Directive (EU) 2017/2398 amending Directive 2004/37/EC, which regulates exposure to
carcinogens or mutagens at work, includes “Works involving exposure to respirable crystalline
silica dust generated by a work process” as carcinogenic agent (Annex I) and establishes a
corresponding maximum occupational exposure limit (OEL) of 0.1 mg/m3 for this substance in
Annex III. Indeed, very restrictive measures regarding the handling, packaging, marking,
disposing, etc. are foreseen to be implemented for any material containing more than 0.1% of
RCS.
Furthermore, Directive 98/24/EC sets out the general principles for the prevention of the risks
associated to the exposure to chemicals at the workplace. This Directive establishes that, by
preference, the employers shall reduce the risk to a minimum by substituting hazardous
chemicals by another chemical or process that prevents the risk from its origin (Article 6). The
SILIFE approach relies upon this basic principle. The substitution principle is not specific to
the general framework of Directive 98/24/EC, but it is shared by other regulations such as
Regulation (EC) No. 1907/2006 (REACH).
The technology developed in the SILIFE project significantly contributes to the implementation
of the EU legislation in the field of the protection of workers' health. Furthermore, the project
aims at promoting sensible European standards for RCS based on sound scientific evidence,
which will contribute to encourage the companies adopt solutions like the SILIFE one.
Unfortunately, the success of the implementation of the SILIFE is slowed down by the current
OSH regulatory framework, especially referring to the workplace exposure evaluation criteria,
which are only based on the substance identification and its measured concentration, but not in
the specific toxicity of the substance. The current EU workplace legislation offers no possibility
to distinguish the mechanism and toxicological potency of carcinogens, and all carcinogenic
agents are regulated following the maximum protection principle. In the case of RCS, more
information may be considered to evaluate the workplace risk, based on the following facts:






Many scientific studies experimentally support that silica is a complex entity with variable
toxicity.
RCS dust present in the environment of the industries which implement SILIFE technology,
exhibits null or very low toxicity. This fact, however, does not involve an associated
reduction of RCS concentration in their workplaces.
According to the REACH criteria, SILIFE treated quartz will continue to be the chemical
substance “Quartz, CAS: 14808-60-7”, as the raw quartz (since SILIFE treatment provides
a surface coating but the bulk chemical substance is not modified), although its actual
toxicity will be much lower.
The regulatory frame to manage the risk of exposure to RCS released by SILIFE quartz will
continue being Directive (EU) 2017/2398 and the affected workplaces will have to be
managed as users of a carcinogenic substance.

With these premises, the SILIFE coated quartz will not be distinguished from the raw one in
the eyes of the administration rules, despite the effort of the companies for preserving the health
of their workers. This is in fact the main challenge encountered to promote the embracement of
34

the project results by candidate companies: their technical and economic effort to lower the
toxicity of quartz present in their plants cannot be in fact formally recognised by the workplace
legislation.
Thus, future efforts should be done to take into consideration all the scientific (chemical and
toxicological) advances to find out the way to include a kind of “toxicity degree” of RCS into
the regulatory evaluation of the RCS exposure in workplaces, which may take into account
both, concentration and degree of toxicity of RCS.

7. Key Project-level Indicators
The final actual values of the KPIs have been introduced in the online KPI database
(https://webgate.ec.europa.eu/eproposalWeb/kpi) considering environmental, economic and
social benefits reported in the preceding section.
One of the most important conclusions obtained from KPI analysis is the optimal results
achieved in terms of reduction of toxicity of the treated quartz and the good results obtained in
the industrial trials, allowing the possibility to extend the influence of the project by replication
actions in the next years, as shown in the following table:
Table 24. Some KPI’s of the SILIFE project

Indicator
Project area

Humans (protected)

Production

Total cost of treatment

End of the project

Three years later

75,000 km2
(Sum of regions in which end
users and quartz processor are
located)

150,000 km2
(Considering candidate end
users of the next actions)

870
(Potentially exposed workers of
the consortium)

5500
(Considering the foreseen
implementation in 14 plants)

2150 kg
(Quartz coated in SILIFE)

2100 tons
(Expected amount to be coated
in foreseen actions)

150 – 215 €
(Cost of silanes used in SILIFE)

52,000 – 115,500 €
(Considering the replication
actions to be implemented)

Finally, it is remarkable that not only good results have been obtained at technical level, but
also in transversal indicators such as networking activities or awareness-raising actions, with
the active implication of all the project partners.
An evaluation of these activities can be seen in table 13, table 16, table 19 and table 21 of this
report.
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