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RETHINKING THE ENVIRONMENTAL CRITE-
RIUM FOR THE END-OF-WASTE STATUS OF 
INERT WASTE

Facilitating waste recycling is crucial to promote mate-
rials circularity and reach the objectives established by the 
EU Directive on Circular Economy (European Parliament 
and European Council, 2018).

This is particularly important for the management of 
non-hazardous inert waste, which should be aimed at the 
recovery of bulk mineral resources, recently defined as “re-
covered aggregates”, to be used as secondary raw material 
by the civil engineering sector. Hence, the term “recovered 
aggregates” includes both recycled and manufactured 
aggregates as defined by EN 12620 and by EN 13242. To 
understand the scale of the issue, the 2016 major mineral 
waste (i.e. non-hazardous waste from construction and de-
molition, foundry slags and residues from the incineration 
of municipal solid waste) production was estimated in al-
most 1.6 billion tons within the EU28 group, corresponding 
to a pro-capita share of about 3 tons per EU citizen and per 
year (Eurostat 2017 and 2019).

In this context, adopting sustainable End-of-Waste 
(EoW) criteria, which legally establish when recovered ma-
terials cease to be considered as waste and obtain the sta-
tus of marketable products, is a fundamental step to allow 
circular reuse of recovered aggregates while reducing the 
amount of inert waste to be landfilled.

Within the five generic requirements laid down by the 
European Waste Framework Directive (European Parlia-
ment and European Council, 2008a), the compliance as-
sessment of the so-called environmental criterium (“Will 
the use of the material lead to overall adverse environmen-
tal or human-health impacts?”) still represents a regulatory 
issue potentially hindering the stakeholders (both produ-
cers and controllers) involved in the waste recovery sector.

As a general trend, EU Member States regulations esta-
blish that environmental impacts of recovered material 
must be assessed through the comparison of results from 
chemical analyses, performed on the recovered material 
itself or on water extracts obtained through conventional 
leaching tests (e.g. standards from the EN 12457 series), 
with fixed concentration limits (CL). In Italy, this approach 
was originally introduced by a ministerial decree regula-
ting the so-called “simplified procedures” for defined cate-
gories of waste recovery processes (Decreto Ministeriale 
5-02-1998). This decree regulated the achievement of EoW 
status for recovered materials according to proven com-
pliance with a list of fixed CL for several chemical-physical 
parameters, which must be measured in a waste eluate de-

rived through a leaching test performed according to the 
EN 12457-2. The same approach (with identical CL) is in-
cluded in the Italian EoW regulation laid down specifically 
for the so-called “bituminous conglomerates”, recovered 
from asphalt waste (Decreto Ministeriale 28-03-2018).

Lately, several issues have been highlighted by the 
involved parts on the high degree of protection characte-
rizing the aforementioned approach. The use of a set of 
conservative CL reflected the approach used by the regu-
lator to set simplified waste recovery procedures. In fact, 
these latter do not require full and ordinary authorization 
processes but just simple communication to the intended 
authority of the undergoing waste treatment activity.

Besides, in these last years, questions such as the defi-
nition of more realistic CL in the field of aggregate applica-
tions, the necessity of defining approaches able to provide 
information on the real bioavailability of all the chemicals 
of the tested material, etc. have been raised to better clarify 
this technical and regulatory framework.

In this context, a scientific working group was esta-
blished in Italia, aimed at proposing a protocol to update 
current technical procedures approaches, involving the 
Veneto technical round-table on circular economy applied 
to infrastructures, and independent experts. After several 
meetings, preliminary results were presented during the 
technical seminary “Construction and demolition waste” 
held on 27-02-2019 in Padua and the workshop on “Envi-
ronmental criteria for the achievement of end-of-waste sta-
tus for inert waste” held on 6-11-2019 in Rimini, during the 
“Ecomondo”, the green technology expo.

In this document, the scientific committee wants to 
summarize the principles underlying the protocol, addres-
sing the issue of environmental assessment of EoW crite-
ria for inert waste.

• The working group addresses the need to provide a 
scientifically-sound protocol, which will allow the invol-
ved stakeholders (producers and controllers) to verify 
the compliance of environmental criteria to obtain EoW 
status for the so-called “recovered aggregates”, derived 
from inert waste treatment. Both analytical protocol 
and concentration limits will be proposed according to 
the professional experience of the involved stakehol-
ders. The aim is to update the current Italian CL and 
procedures (Decreto Ministeriale 5-02-1998), too con-
servative for certain parameters (e.g. sulfates and che-
mical oxygen demand).

• According to the Waste Framework Directive 98/2008/
EC (European Parliament and European Council, 
2008a), both the protocol and the EoW criteria will be 
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the waste legislation.
• Consequently, the analytical procedures laid down for 

ecotoxicological EoW assessment are independent 
from European regulation establishing criteria for pro-
ducts classification and labeling (CLP 2008/1272/EC, 
European Parliament and European Council. 2008b), in 
accordance with Waste Framework Directive 2008/98/
EC amended by Directive 2008/851/EC (European Par-
liament and European Council, 2008, European Parlia-
ment and European Council, 2018). Indeed, article 6 of 
the WFD currently states that EoW criteria must be met 
prior to the application of the regulation on substances 
and products. The ecotoxicological classification me-
thods of the CLP can lead to a less cautious evaluation if 
compared to the results derived from the analytical me-
thods used for the ecotoxicological characterization of 
the waste HP 14 according to the approach described in 
Hennebert (2018) and Pivato (2019). As an extreme con-
sequence, a recovered aggregate considered compliant 
with EoW criteria established in accordance with the CLP 
methods, could at the same time be classified as hazar-
dous waste according to HP 14 classification method.

•  Interpretation criteria for experimental results (chemi-
cal-physical characterization of solid samples and wa-
ter extracts and eventual ecotoxicological characteriza-
tion) are listed in following Table 1.

LIST OF CONTRIBUTORS

Agusson Eduardo, inter-provincial Association of Che-
mists and Physicists of Veneto; Bonato Tiziano, chemistry 
expert; Cappai Giovanna, University of Cagliari; Clarelli Ser-
gio, ASSOAMIANTO (Italian Association on Asbestos); Da 
Lio Andrea, Chamber of Commerce, Industry, Crafts and 
Agriculture of Venice and Rovigo Province; Devis Caset-
ta, Legambiente (an Environmental Association in Italy); 
Favarin Martina, ICEA Department, University of Padua;  
Lavagnolo Maria Cristina, ICEA Department, University of 
Padua; Mondini Nicola, ANPAR, Cavetest; Peres Federico, 
Butti & Partners.

Alberto Pivato 1, Marco Pasetto 1, Flora Faleschini 1, Giovan-
ni Beggio 1,*, Pierre Hennebert 2

1 Department of Civil, Environmental and Architectural Engineer-
ing, University of Padova, Via Marzolo 9, 35131 Padova, Italy
2 INERIS, French National Institute for Industrial Environ-
ment and Risks, CS 10440, 13545 Aix-en-Provence. Cedex 
03, France
* email: giovanni.beggio@phd.unipd.it

REFERENCES

Decreto Ministeriale (Ministro dell’Ambiente) 28-03-2018, n. 69. Re-
golamento recante disciplina della cessazione della qualifica di 
rifiuto di conglomerato bituminoso ai sensi dell’articolo 184-ter, 
comma 2 del decreto legislativo 3 aprile 2006, n. 152. URL https://
www.gazzettaufficiale.it/eli/id/2018/06/18/18G00093/sg

Decreto Ministeriale (Ministro dell’Ambiente) 5-02-1998. Individuazio-
ne dei rifiuti non pericolosi sottoposti alle procedure semplificate 
di recupero ai sensi degli articoli 31 e 33 del decreto legislativo 
5 febbraio 1997, n. 22. URL https://www.gazzettaufficiale.it/eli/
id/1998/04/16/098A3052/sg (in Italian)

based on the general principles of technical feasibility, 
economic viability and environmental protection.

• The protocol should be detailed enough to be fully 
adopted as a Ministerial Decree or as an authorization 
case-by-case for waste treatment plant operations. For 
this reason, the final document must define both envi-
ronmental criteria to be met to obtain the EoW status 
and technical instructions, laying down precise require-
ments for sampling, transport, storage and sample pre-
paration, together with technical guidelines for required 
analyses and criteria for analytical results interpretation.

• Both protocol and criteria will be developed specifical-
ly for recovered aggregates when applied as unbound 
materials, i.e. not applied in bound-like applications 
containing binders (e.g. hydraulically bound materials). 
When recovered aggregates are used in bound appli-
cation, the protocol should be further developed consi-
dering i) the role of specific binder used, ii) alternative 
leaching test (i.e. monolithic leaching test) and iii) rela-
tive specific CL considering the peculiar features of this 
kind of applications.

• According to the general requirement regulating EoW 
criteria, the proposed protocol should allow the asses-
sment of the overall environmental impact, due to solid 
and leachable fractions of materials constituents and 
the related different exposure pathways. For this rea-
son, the protocol must include chemical analyses (and 
eventually ecotoxicological) both on solid samples and 
on its water extract (derived according to EN 12457-2, 
or EN 12457-4). The established CL for solid samples 
will be related to a limited set of parameters, conside-
red significative for this kind of recovered materials.

• The proposed protocol will include chemical-physical 
relevant analyses on solid samples and leachates, with 
the possibility to conduct ecotoxicological tests, whe-
ther the results from chemical characterization does 
not comply with the CL necessary to obtain EoW status. 
In this latter case, results derived from bioassays must 
prevail, in accordance with the regulation on ecotoxicity 
classification of waste (Regulation 997/2017/EC, Euro-
pean Council. 2017).

• Ecotoxicological assessment will be based on the 
following test battery, according to the proposal 
of Pandard and Römbke, 2013: terrestrial bacteria 
(Arthrobacter globiformis), plants (Brassica rapa) and 
terrestrial invertebrate decomposers (Eisena fetida) 
for solid samples; aquatic bacteria (Vibrio Fischeri), 
freshwater algae (Pseudokirchneriella subcapita), 
freshwater crustaceans (Daphnia magna) for water 
extracts. The experimental results expressed as effect 
concentration (EC50) will be assessed though the com-
parison with proposed ecotoxicological concentration 
limits (EC50,L).

• The proposed methodology will be based, for each 
analytical phase, on technical guidelines currently esta-
blished for the characterization of waste material. In 
fact, the material not showing compliance with all the 
EoW criteria will remain a waste. Procedures aimed at 
labeling and classification of products and substances 
will be evaluated if they are not less precautionary than 
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TABLE 1: Proposed environmental criteria for obtaining the “End-of-waste” status for recovered aggregates. C = Concentration measured, 
specifically for each required parameter, in solid samples and/or water extracts. C = Limit concentration, established for each parameter 
as required by the chemical characterization of solid samples and water extracts. EC50 = Concentration expected to produce 50% of the 
effect measured in each considered bioassay. EC50,L = Limit concentration producing 50% of the effect measured in each considered 
bioassay.

Chemical 
characterization of 

solid sample

Chemical 
characterization of 

water extract

Ecotox 
characterization of 

solid sample

Ecotox 
characterization of 

water extract
OUTCOME

Positive
(C < CL)

Positive
(C < CL)

Not necessary
(-)

Not necessary
(-)

Compliant with EoW 
environmental criteria

Negative
(C ≥ CL)

Positive
(C < CL)

Positive
(EC50 ≥ EC50,L)

Not necessary
(-)

Compliant with EoW
environmental criteria

Negative
(C ≥ CL)

Positive
(C < CL)

Negative
(EC50 < EC50,L) Not necessary Waste status

Positive
(C < CL)

Negative
(C ≥ CL)

Not necessary
(-)

Positive
(EC50 ≥ EC50,L)

Compliant with EoW envi-
ronmental criteria

Positive
(C < CL)

Negative
(C ≥ CL)

Not necessary
(-)

Negative
(EC50 < EC50,L) Waste status

Negative
(C ≥ CL)

Negative
(C ≥ CL)

Positive
(EC50 < EC50,L)

Positive
(EC50 ≥ EC50,L)

Compliant with EoW 
environmental criteria

Negative
(C ≥ CL)

Negative
(C ≥ CL)

Negative
(EC50 ≤ EC50,L)

Positive
(EC50 ≥ EC50,L) Waste status

Negative
(C ≥ CL)

Negative
(C ≥ CL)

Positive
(EC50 ≥ EC50,L)

Negative
(EC50 < EC50,L) Waste status

Negative
(C ≥ CL)

Negative
(C ≥ CL)

Negative
(EC50 < EC50,L)

Negative
(EC50 < EC50,L) Waste status
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