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ABSTRACT
This manuscript describes a full procedure to be used in performing HP 14 classifi-
cation of Automotive Shredder Residue (ASR). Sampling instructions and conditions 
for the transport and storage of ASR samples are included. Additionally, the steps to 
be followed in preparation of test portions (both solid samples and water extracts) 
prior to chemical characterization and subsequent ecotoxicological testing are de-
fined. The established test battery includes all bioassays proposed in Pandard and 
Römbke (2013). Only aquatic bioassays are proposed as mandatory in this paper, 
which leaves the possibility of performing tests on terrestrial organisms based on 
the results of chemical characterization of the solid samples. Finally, the proposed 
set of concentration limits triggering HP 14 classification is fully consistent with 
thresholds described by Hennebert (2018a).

1. INTRODUCTION
Ecotoxicity is acknowledged as the most frequent 

property classifying wastes as hazardous (Hennebert et 
al, 2014). In Europe, wastes are classified for ecotoxicity 
(HP 14) according to the Regulation 2017/997/EC (Euro-
pean Parliament and European Council, 2017). The latter 
introduces a calculation method for the HP 14 classifica-
tion, based solely on chemical concentrations of the haz-
ardous substances occurring in the waste to be classified 
(i.e., classified with a Hazard Statement Code (HSC) H400, 
H410, H411, H412 and/or H413) according to the Regula-
tion on Classification, Labeling and Packaging of Products 
and Substances 2008/1278/EC (European Parliament and 
European Council, 2008a). However, it does not include 
any specific guidance for performing the HP 14 classifi-
cation through ecotoxicological testing. At the same time, 
it states that each Member State can adopt specific ana-
lytical protocols on conducting bioassays and the derived 
outcomes supersede results from chemical composition 
analyses.

The lack of a clearly established testing procedure can 
lead to erroneous waste classifications of those waste 

streams typically classified as mirror entries by the Euro-
pean Waste Catalogue (EWC), which must be declared as 
hazardous based on mandatory compliance assessment 
(European Commission, 2000).

For this reason, the objective of this paper is to pro-
pose a testing procedure allowing for a complete HP 14 
classification of a classic example of a mirror entry, (i.e., 
Automotive Shredder Residues (ASR)), which is classified 
in the EWC with the couple of codes 19 10 03* (hazardous) 
and 19 10 04 (non hazardous). Therefore, ASR is here in-
tended as the so-called “light fluff”, which is the lighter frac-
tion separated through air classification from the shredded 
hulk (Cossu et al., 2014). ASR is a highly heterogeneous 
waste stream, both in terms of granulometry and materials 
composition: it includes plastic, foam, textiles and metallic 
(magnetic, non-magnetic and PVC covered cables) parti-
cles, characterized by broad size distribution (Cossu and 
Lai, 2015). Significant environmental issues related to ASR 
management could arise due to the reported presence of 
trace elements, heavy metals and possible organic con-
taminants (i.e. PAHs, PCBs and mineral oil) (Cossu et al, 
2014).

The choice of addressing HP 14 classification for this 
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specific kind of waste was based on opportunity. However, 
the rationale behind this proposal can be applied to other 
mirror entries by taking care of fine tuning this procedure 
according to observable specific features. These specific 
features mainly relate to sampling and analytical proce-
dures (e.g., particles size distribution and size reduction, 
extreme values of pH in the water extracts, and the need 
to investigate the presence of specific contaminant con-
centration).

This paper also includes detailed instructions about 
sampling, transport and storage of ASR laboratory sam-
ples. Furthermore, it describes stepwise procedures for 
liquid and solid test portion preparation, which will undergo 
further chemical analysis and ecotoxicological characteri-
zation. Also, the rationale behind the various requirements 
is explained. Elements of the whole procedure were not 
proposed from scratch but reference both to specific in-
ternational and European technical standards as well as 
European ongoing regulations.

Regulation 2017/997/EC considers as the appropri-
ate biotest procedures the ones which are consistent 
with the relevant methods established in the Regulation 
2008/440/EC, pursuant to the Regulations 2006/1907/EC 
and 2008/1272/EC on products and substances (naming 
REACH and CLP, respectively), or “other internationally rec-
ognized test methods and guidelines” (European Parlia-
ment and European Council, 2006, 2008a, 2008b, 2017). 
In particular, the proposed ecotoxicological test battery 
includes all bioassays proposed in Pandard and Römb-
ke, (2013). Therefore, the compliance with Regulation 
2017/997/EC is assumed according to the fact that the 
chosen approach relies on technical standards referring to 
internationally acknowledged EN ISO series.

The CLP Regulation classifies products and substanc-
es (both liquid and solid) only for ecotoxicity in aquatic 
environment, thus requiring only chemical characterization 
on the water extracts or biotests performed on aquatic or-
ganisms. Although, chemical investigations on solid sam-
ples and bioassays carried out on terrestrial organisms 
could assess the presence of contaminants able to bind to 
soil particles and related exposure pathways, this behavior 
cannot be investigated solely by analyses on liquid sam-
ples (e.g. non-soluble or non-leachable substances). Given 
this background as well as considering the principle of the 
technical and economic feasibility as sanctioned by the 
Directive 2008/98/EC (European Parliament and European 
Council, 2008,b), the authors propose to include a chemical 
characterization of solid waste, which can trigger the need 
to assess related toxicity patterns through specific terres-
trial ecotoxicity testing. In this context, ecotoxicological 
tests and chemical characterization are assumed to act not 
independently but synergistically for waste classification.

Lastly, the classification criteria of the results from bio-
assays were derived based on the concentration limits list-
ed in Hennebert, (2018), which were proposed consistently 
with the EWC. The authors acknowledge that the EWC is 
not fully based on scientific evidence, as it is partly the re-
sult of political compromises and lobbying. Nevertheless, 
it is currently the only source which can be used as a refer-
ence for classification purposes.

2. METHODOLOGY
2.1 General Procedure

The general objective of the proposed testing program 
is to assess the classification of ASR as hazardous by HP 
14. The consequent level of testing is the compliance test-
ing level. The different phases of the proposed experimen-
tal protocol are outlined in the flowchart depicted in Figure 
1. The stepwise procedure starts from the sampling phase, 
which is aimed at producing two laboratory samples that 
would be assessed by fractional composition analysis and 
chemical- ecotoxicological characterization, respectively. 
The obtained samples are then transported and stored in 
the laboratory where analyses will be performed. One labo-
ratory sample undergoes Fractional Composition Analysis 
without any further preparation steps. Then, the solid test 
portion is prepared from the other laboratory sample to un-
dergo i) chemical characterization and ii) leaching testing 
aimed at obtaining the relative water extracts. Chemical 
characterization and aquatic bioassays are then performed 
on the resulting aqueous test samples (i.e., water extracts). 
Terrestrial bioassays completed on the solid test samples 
are only executed if the results of the chemical characteri-
zation are not compliant with the proposed concentration 
limits for solid samples (outlined in Table 3). Finally, the 
ASR sample is classified for HP 14 based on the results 
of the comparison between the proposed concentration 
limits and the obtained results from the performed aquatic 
(Table 4) and terrestrial (Table 5) bioassays.

The rationale behind the requirements described for 
each phase of the proposed procedure is illustrated in the 
following sections.

2.2 Sampling, Transport and Storage
The proposed protocol defines a Sampling Plan con-

sistent with the standards outlined in EN 14899:2015, UNI 
EN 10802:2013, and EN 15002:2015. Furthermore, instruc-
tions for Transport and Storage are consistent with EN 
14735:2005.

If possible, it is recommended that sampling is per-
formed by picking up the material dynamically from the 
conveyor belt placed downstream of the occurring aerau-
lic classifier. This approach is recommended to minimize 
spatial segregation due to the possible differential gravity 
settling occurring in the waste heap configuration. If dy-
namic sampling cannot be accomplished, sampling ac-
tions should be performed statically, either by stopping the 
conveyor belt or by carrying out sampling from temporary 
storage (heap configuration). Subsampling should be per-
formed according to the “quartering and coning” procedure 
as explained in EN 15002:2015. Also, the so-called “long 
pile procedure” can be equivalently performed for the re-
duction of sample mass, according to EN ISO 14780:2017.

The calculation method used, and the parameters val-
ues assumed to determine the minimum sample mass of 
both primary sample and laboratory sample is described 
in Paragraph SM.1 of the Supplementary Material. Differ-
ent values should be justified according to the results of 
further material investigations (e.g. bulk density) or gran-
ulometric analyses (e.g. definition of alternative D95) per-
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formed on untreated sample (i.e., not size reduced). Here, 
ASR can be characterized by the presence of fines (0-20 
mm) up to 70% (w/w) of the total sample, which can signif-
icantly lead to overestimation of the size of the laboratory 
sample (Cossu et al, 2014).

2.3 Fractional Composition Analysis
Fractional composition analysis is included in the pro-

cedure in order to determine the different material fractions 
making up the laboratory sample. Results of the fractional 
composition analysis are used to determine qualitatively 
the composition of the resulting laboratory sample and 
will not be used for any compliance assessments. This as-
sumption allows us to perform such analysis on test por-
tions which cannot be considered representative because 
of the suggested sample size.

FIGURE 1: Stepwise procedure for HP14 classification of Automotive Shredder Residues (ASR).
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2.4 Test Samples Preparation – Leaching Test
Instructions for the preparation of solid test sam-

ples are consistent with the principles reported in EN 
15002:2015 for chemical analysis and EN 14735:2005 for 
terrestrial bioassays. The leaching test procedure is pro-
posed in line with EN 12457-2 to derive water extracts for 
chemical analysis and aquatic bioassays.

While there is an agreement on the leaching procedure 
to derive water extracts for chemical characterization (i.e. 
EN 12457-2, here adopted), two main approaches are ac-
knowledged for the preparation of waste eluates for eco-
toxicological testing, both related to specific standards:

1. EN 14735 - Characterization of waste – Preparation of 
waste samples for ecotoxicity tests (EN 14735, 2005, 
currently under revision). Here, ASR can be considered 
as "granular waste”. Consequently, specific water ex-
tracts must be derived following the “leaching test” pro-
cedure as laid out in EN 12457-2:2004;

2. OECD Document, nr. 23 and OECD Document, nr. 29 - 
Guidance on transformation/dissolution of metals and 
metal compounds in aqueous media. These standards 
are recalled by CLP Regulation (OECD, 2001, 2019).

Among the different requirements established by the 
cited standards (e.g. test duration, particle size), the fac-
tor most influencing the chemical profile of the obtained 
water extracts is the prescribed loading rate, 100 g/L for 
EN 12457-2 and 100 mg/L for OECD n.29. For the same 
amount of waste material, the consequent L/S ratios (10 L/
kg vs. 10.000 L/kg for EN 12457-2 and OECD n.29, respec-
tively) mimic long term release conditions which differ of 
several orders of magnitude in terms of years of occurred 
percolation or contact with pore water. Consequently, EN 
12457-2 led to water extracts characterized by higher in-
organic chemical concentrations (e.g. Heavy Metals) com-
pared to OECD Documents nr. 23 and 29, when applied on 
the same ASR samples (Pivato et al., 2019). In this situa-
tion, a water extract should likely be considered more rele-
vant to aquatic organism when derived applying the lower 
L/S ratio as practically feasible (Van der Sloot et al., 1997, 
Van der Sloot and Dijkstra, 2004). Besides, the require-
ments laid down in EN 12457-2 results in a more operative 
process to prepare a representative test portion (i.e. less 
efforts for both size reduction and subsampling) (Pivato et 
al., 2019). Finally, chemical and ecotoxicological character-
ization conducted on eluates identically derived allow an 
integrated assessment (Van der Sloot and Dijkstra, 2004). 
For these reasons, the experimental protocol being pro-
posed, adopts the EN 12457-2 for liquid sample preparation 
prior to chemical characterization and ecotoxicity testing.

2.5 Chemical Characterization
Chemical characterization of both solid sample and 

waste eluates should be conducted in triplicate to assess 
the representativeness of the derived solid test portions 
after the subsampling process. In fact, the analyzed sol-
id test portions can be considered representative if the 
coefficients of variation, calculated for each measured 
parameter as standard deviation divided for the mean of 

concentration, is low enough low to represent the lowest 
possible degree of variability, i.e. due to the performed ana-
lytical protocol. In this context, a CV of 0.1 can be taken as 
a reference value (CEN, 2006, Hennebert, 2019).

Results of the bioassays prevail on the assessment 
based on liquid concentration data for the sake of HP 14 
classification (European Parliament and European Council, 
2017). In this context, chemical characterization of ASR 
aqueous samples could allow to evaluate the leachable 
fraction of inorganic compounds (e.g. HMs), which can 
be considered responsible for the effects on the aquatic 
organisms. In fact, liquid concentration data can be used 
to calculate element-specific Toxic Units, by dividing meas-
ured values by the respective EC50 values as found in sci-
entific literature or ecotoxicological repositories, to help 
interpret the outcomes from bioassays. The list of param-
eters which should be assessed on ASR eluates could be 
taken by what is prescribed by European Council, (2003).

Conversely, chemical characterization of solid test 
samples is needed to investigate the presence of non-sol-
uble compounds likely occurring in ASR, i.e. Mineral Oil, 
PAHs and PCBs, whose effect in terms of toxicity can-
not be assessed through aquatic bioassays (Cossu et al, 
2014). It should be highlighted that ASR (as any other mir-
ror entry) could be classified as hazardous for HP 7 and HP 
11 in case concentrations of substances, classified with 
carcinogenic HSCs, are reported over specific thresholds 
established by specific regulations (European Commis-
sion, 2014). Therefore, the presence of one of the listed 
substances below the lowest thresholds specifically estab-
lished by the regulations should trigger the need to perform 
the battery of terrestrial bioassays. In particular, the list of 
parameters which should be investigated in ASR solid test 
samples should include Mineral Oil (as Total Petroleum Hy-
drocarbons) i.e. sum of C<12 and C>12, PCBs and the list 
of PAHs required by the regulation (European Commission, 
2014). This is reflected in the proposed protocol.

2.6 Ecotoxicological Characterization
The choice of the test battery has been determined fol-

lowing method proposed by Pandard and Römbke, 2013. 
Currently, there is consensus within the scientific commu-
nity about this proposition, specifically when performed 
for fully comprehensive ecotoxicological characterization 
of waste (Moser and Römbke, 2009, Pandard and Römb-
ke, 2013, Römbke, 2018). It should be assumed as a mini-
mum set of assays, since it can be proved that the results 
from each ecotoxicological test will not be correlated with 
the other required tests, thus highlighting difference in the 
mechanisms of toxicity.

According to the principle of technical and economic 
feasibility (European Parliament and European Council, 
2008b), each suggested bioassay should be performed 
on a unique test portion, constituted by the combination 
of three equal aliquots of the available test samples un-
dergone chemical characterization (both solid and liquid).

The need to perform the set of terrestrial bioassays is 
triggered only if the derived concentration level of a defined 
list of substances in the solid test samples is not compli-
ant with specific concentration limits proposed in national 
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and international regulations.

2.7 Criteria for HP 14 Classification of ASR
The choice of concentration limits triggering the HP14 

classification of the tested samples were established 
according to the proposition of Hennebert (2018a and 
2018b). At the time of developing this approach, the pro-
posed set of concentration limits were not applied in the 
national or international regulations. However, what is pro-
posed in Hennebert, (2018) is currently the only available 
set of limits which can consistently be compared with the 
results of the proposed test battery, when performed ac-
cording to the cited international guidelines (from EN ISO 
series, e.g. EN ISO 11348-3, EN ISO 8692 and EN ISO 6341).

3. PROPOSED PROCEDURE FOR HP 14 CLAS-
SIFICATION OF ASR
3.1 ASR Sampling
• The technical goals of the sampling plan should be:

1. the production of a laboratory sample representati-
ve of ASR regularly produced in a specific treatment 
plant considering the potential variability of input 
materials and produced waste in terms of both 
composition and granulometry;

2. the production of a laboratory sample characterized 
by a sample size suitable, in terms of mass, to per-
form the planned analysis.

• To achieve the aforementioned technical goals, sam-
pling of ASR is performed according to a probabilistic 
random sampling approach.

•  The laboratory sample is obtained through a stepwise 
procedure:
1. Primary sample (i.e. composite sample) production, 

and
2. Quartering procedure.

• Two sampling techniques can be performed to obtain 
the primary sample:
1. Sampling from temporary storage (see Paragraph 

3.1.1);
2. Sampling from a conveyor-belt (see Paragraph 

3.1.2).
• The proposed methodology ensures that the laborato-

ry samples are representative in terms of both quality 
and composition of each part of a monthly produced 
amount of ASR.

• A primary sample must be characterized by a total 
fresh mass of about 1.300 ± 50 kg.

• At the end of the quartering procedure, the laboratory 
sample which will undergo chemical and ecotoxicologi-
cal characterization should be characterized by a total 
fresh mass of 30 ± 5 kg. The obtained laboratory sam-
ple should be characterized by a D95 ≤ 2 cm. Therefore, 
on-site size reduction (e.g. through portable shredding 
equipment) could be needed before performing the 
Quartering procedure.

• At the end of the quartering procedure, the laborato-
ry sample which will undergo fractional composition 
analysis should be characterized by a total fresh mass 
of 60 ± 5 kg and should not undergo any size reduction 

for any reason.
• Different mass values for both primary and laboratory 

samples should be justified according to the results 
of further material investigations (e.g. bulk density) or 
granulometric analyses (e.g. definition of alternative 
D95) performed on untreated sample (i.e., not size re-
duction).

• Paragraph SM.2 of the Supplementary Material con-
tains the minimum set of information that the sampling 
operator should complete and send to the laboratory 
with the collected sample.

3.1.1 Sampling from temporary storage
• A primary sample from a temporary storage heap must 

be performed monthly.
• The primary sample is a composite sample obtained 

by mixing together at least 20 increments, withdrawn 
from the ASR storage heap. Each increment must be 
characterized by a minimum increment weight of about 
65 kg (i.e. 1.300 kg divided by 20 increments). It is pre-
ferred that increments are withdrawn with a mechani-
cal bucket. Otherwise, increments should be collected 
using a shovel characterized by an opening size of at 
least 30 cm.

•  Increments must be taken from the temporary ASR sto-
rage at different heap heights (see Figure 2 for exam-
ples of sampling locations based on heap subdivision). 
At least 3, 7, and 10 samples must be taken from the 
top, medium, and bottom layers of the heap, respecti-
vely. Additional increments could be obtained but care 
must be taken to maintain a ratio of 2:4:6 between in-
crements withdrawn from the top, medium, and bottom 
layers, respectively. Each layer must be characterized 
by approximately the same height.

• The primary sample is then obtained after homogeni-
zing (e.g., through mixing with shovels) the increments 
collected.

3.1.2 Sampling from conveyor-belt
• A primary sample from the conveyor belt must be col-

lected monthly.
• The primary sample is a composite sample obtained by 

mixing together at least 20 increments, withdrawn from 
the conveyor belt during normal daily operations. Each 
increment must be characterized by a minimum size of 
about 65 kg (i.e. 1.300 kg divided by 20 increments).

•  Each increment is sampled directly from the conveyor 
belt (during normal operation) preferably by use of 
cross stream sampler. Otherwise, a container can be 
used with enough of a capacity (i.e., characterized by 
an opening size of at least 30 cm), handled by a lifter, 
ensuring that a constant velocity is maintained through 
all the cross section of the conveyor belt.

3.1.3 Quartering procedure
• The production of the laboratory sample is achieved 

according to the so-called quartering procedure, as fol-
lows (Figure 3):
I. Distribution of the primary sample of ASR on a ce-

mented pavement and formation of a circular cake;
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II. Superficial subdivision with two perpendicular dia-
metrical lines and complete removal of the material 
belonging to two opposite quadrants with a shovel 
and broom;

III. Mixing of the ASR from the remaining quadrants 
and formation of a new circular cake;

IV. Superficial subdivision with two orthogonal diame-
ters, displaced by 45° with respect to the two pre-
vious tracers and complete removal of the material 
belonging to two opposite quadrants with a blade 
and broom;

V. Mixing of the remaining parts (i.e., about a quarter 
of the original one) and formation of a cake, en-
suring to maintain approximately the same layer 
thickness while reducing the overall diameter;

VI. On the new circular cake, the same steps carried 
out previously on the initial cake are iterated enou-
gh times so that with the last quartering results in 
a sample characterized by a weight of 30 ± 5 kg, 
which is defined as the “laboratory sample”.

• Instead of the quartering procedure as here described, 
the “long pile” procedure can be performed equally for 
the reduction of mass of the primary sample, according 
to EN 14780:2017.

3.2  Transport and storage
3.2.1 Transport
• The laboratory samples should be sent to the laborato-

ry and stored in a resealable container that also ensu-
res that the samples are kept in dark conditions.

• The container material shall be appropriate and not be 
a cause any type of contamination.

• Transport times of the laboratory samples should be as 
short as possible. Transport times shall be included in 
the overall storage time. A transport time of less than 
12 h under refrigerated conditions (4 ± 2) °C shall be 
maintained in order to preserve the original properties 
of the laboratory samples and to avoid the migration 
of volatile fractions. If it is demonstrated that volatile 
compounds are not present in the sample, different 
transportation conditions can be permitted.

3.2.2 Storage
• Storage should be carried out in the same containers 

used for transport. Possible changes may be conside-
red, and storage conditions shall be designed accordin-
gly in order to limit the effects of such changes on the 
results of any tests. Any applicable changes must be 
reported in the final test report;

• Storage time starts from the collection of laboratory 
samples and ends with the start of definitive tests and 
should be as short as possible;

• A storage time of less than two months and at low tem-
perature conditions (4 ± 2) °C shall be established in 
order to appropriately maintain the properties of the 
waste samples.

3.3 Fractional composition analysis
• Fractional composition analysis is performed accor-

ding to the following stepwise procedure:

FIGURE 2: Schematization of ASR storage heap subdivision for increments withdrawal (T = Top layer, M = medium layer, B = Bottom layer).
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I. Three test portions of about 20 kg are obtained 
through the quartering and coning procedure from 
the subsample derived from the previous step. No 
size reduction processes are performed on the 3 
derived test portions;

II. Each obtained test portion is sieved through a 20 
mm sieve;

III. The over-sieve fraction is divided into different ca-
tegories (e.g., plastic foam and rubber, metals, cel-
lulosic materials (wood and paper), textiles, electric 
cables, composites, and undersieve < 20 mm);

IV. Each fraction is weighed to determine the specific 
weight percentages;

• The analysis is performed in triplicate, (i.e., 3 test por-
tions (in total 3*20 kg = 60 kg));

•  An example of the report table to complete while per-
forming the analysis and a exemplificatory figure for 

the graphical representation of the results are included 
in Paragraph SM.3 in the Supplementary Material.

3.4 Preparation of test samples for chemical and 
ecotoxicological analysis
• Chemical analyses are performed on the following 

samples:
o ASR solid test samples (see Paragraph 3.5.1), and
o ASR aqueous test samples which are derived from 

the leaching procedure (see Paragraph 3.5.2).
• Ecotoxicological Analyses are performed on a defined 

mixture of a dilution media (as required by each se-
lected bioassay) and:
o ASR solid test samples for terrestrial tests (see Pa-

ragraph 3.6.1), or
o ASR aqueous test samples for aquatic tests, deri-

ved from a leaching procedure performed on the 
solid test portion of the ASR subsamples (see Para-
graph 3.6.2).

3.4.1 Solid test sample preparation
• The preparation of the solid test sample is a stepwise 

process: each phase must be performed according to 
the following approach:
I. A subsample of the laboratory sample, characteri-

zed by a weight of about 15 kg, must be obtained 
through a quartering and coning procedure.

II. Non-crushable material occurring in the subsample 
characterized by a particle size > 4 mm (e.g. metal-
lic parts such as nuts, bolts, scrap) that can possibly 
damage crushing equipment, must be selected and 
removed from the subsample before size reduction 
occurs. The particles withdrawn must be reported 
and classified according to the material composi-
tion and weight. The removed fraction should not 
exceed 10% (mass) of the total aliquot of the sam-
ple considered, otherwise the selected subsample 
must be discarded.

III. At least 95% (on a weight base) of the ASR test 
sample must be characterized by a grain size of 
less than 4mm. If oversized (i.e. grain size > 4mm) 
materials exceed 5% (on a weight base), the oversi-
zed materials must be reduced in size with an ap-
propriate crushing apparatus (e.g. shredder). Mate-
rials with a high particle size (e.g., plastic foam, long 
electric cables, bigger pieces of textiles) can be cut 
with other kinds of manual or mechanical devices 
prior to crushing, in order to avoid blockages of the 
crushing equipment.

IV. Place the size-reduced subsamples within a contai-
ner of adequate capacity and mix carefully with an 
appropriate tool (e.g. shovel, scoop, or trowel).

V. The size of the prepared test samples must be de-
termined according to the need of the following 
analytical determinations. Therefore, the needed 
test samples are:
o Test sample (about 300 g TS) for aqueous test 

sample preparation through a leaching test (see 
Paragraph 7.2),

o Test sample (about 300 g TS) for chemical cha-

FIGURE 3: Quartering procedure for the preparation of the final lab-
oratory sample (derived from EN 15002:2013).
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racterization of ASR, and
o Test sample (the remaining amount of ASR test 

sample) for ecotoxicological characterization 
on terrestrial organisms.

3.4.2 Aqueous test sample preparation – Leaching test

Leaching test is performed in triplicate and according to 
the following stepwise procedure:

I. Place a solid ASR test portion characterized by a 
total dry mass of 90 (± 5) g TS (i.e., prepared ac-
cording to Paragraph 9.1) in a glass container with 
a nominal volume of 2 L.

II Add distilled water to reach 900 ml of water inclu-
ding the moisture of the sample to ensure a liquid-
solid ratio (L/S) of 10 L/kgTS ± 2%.

III. Agitate the glass container containing the ASR 
solid test portion and the distilled water using an 
end-over-end tumbler at 5-10 rpm at room tempe-
rature (15°C to 25°C) for 24 ± 0,5 h.

IV. Allow suspended solids to settle for 15-30 min and 
centrifuge the eluate for 30 min at 2500 g, whether 
or not incomplete separation of solid and liquid 
phases occurs.

V. Filter the obtained eluate through a 0,45 µm mem-
brane filter using a vacuum or pressure filtration 
device. Rinsing the filter is not permitted after fil-
tration.

VI. Measure and report conductivity in μS/cm (EN 
10523:2012) and pH (ISO 10523:2008) of the re-
sulting water extract immediately.

VII. Do not adjust the pH in any case during the lea-
ching test procedure;

VIII. Take a subsample (e.g. ~1/3 L) from each of the 
water extract replicates to reconstitute the test 
sample to be used in ecotoxicological bioassays 
on aquatic organisms.

IX. The required volume (in ml) of the prepared test 
samples must be determined according to the 

FIGURE 4: Detailed graphical procedure for deriving aqueous test samples through leaching tests for chemical and ecotoxicological anal-
ysis.
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requirements of the following analytical determi-
nations. Therefore, the necessary amount of test 
samples are:
o Test sample (about 100 ml for each water ex-

tract replicate) for chemical characterization;
o Test sample (about 400 ml) for ecotoxicologi-

cal characterization of aqueous test sample 
reconstituted as described in step VIII.

• The proposed procedure is graphically described in Fi-
gure 4.

• Further details of the leaching procedure may be found 
in EN 12457-2 and EN 14735.

3.5 Chemical characterization
• Chemical Analysis are performed on:

o ASR solid test samples, and
o ASR aqueous test samples, (i.e., derived from a lea-

ching procedure (see Paragraph 3.4.2)).

3.5.1 Chemical characterization of ASR solid test sample
Table 1 lists the chemical concentrations that must be 

measured in the prepared ASR solid test samples
Chemical analysis listed in Table 1 must be performed 

on 3 ASR test samples, where each one is characterized by 
an amount of 90 (± 5) g TS.

3.5.2 Chemical characterization of ASR aqueous test sam-
ple 
• The aqueous test samples, derived from each replicate 

leaching test (see Paragraph 3.4.2), must undergo che-
mical characterization for the parameters established 
in Table 2;

3.6 Ecotoxicological characterization
• Compare concentration values obtained from solid test 

samples (see Paragraph 3.5.1) with the concentration 
ranges listed in Table 3. Whether at least one concen-
tration values of non-soluble compounds is within the 
listed ranges, it will trigger the need to implement ter-
restrial bioassays. Otherwise, only aquatic test must be 
implemented.

• Results of ecotoxicological tests are expressed in 

terms of EC50 (%vol/vol and %w/w for aquatic and ter-
restrial tests respectively), which is the tested dilution 
of the test samples (with respect to the specific dilution 
media) generating 50% of the considered effect in the 
specific bioassay.

3.6.1 Bioassays on terrestrial organisms

• The test battery presented in Table 4 must be imple-
mented on the ASR solid test samples prepared fol-
lowing the procedures described in Paragraph 3.4.1.

• The ranking of the sensitivity of the test battery listed in 
Table 4 is: Arthrobacter > Eisenia > Brassica.

• Each test is carried out following the instructions laid 
out in the specific standard listed in Table 4.

Analytes Unit of 
measure Standards

Total Solids % Organics EN 14346:2007

∑ TPH (C<12 + C>12) mg/kgTS EN 14039:2005

Benzo(a)antracene mg/kgTS EN 16181:2018 or EN 15527:2008

Benzo(b)fluorantene mg/kgTS EN 16181:2018 or EN 15527:2008

Benzo(j)fluorantene mg/kgTS EN 16181:2018 or EN 15527:2008

Benzo(k)fluorantene mg/kgTS EN 16181:2018 or EN 15527:2008

Pyrene mg/kgTS EN 16181:2018 or EN 15527:2008

Crisene mg/kgTS EN 16181:2018 or EN 15527:2008

Dibenzo(a,h)antracene mg/kgTS EN 16181:2018 or EN 15527:2008

Naftalene mg/kgTS EN 16181:2018 or EN 15527:2008

∑(PCB/PCT) mg/kgTS EN 12766-1 and EN 12766-2

Analytes Unit of measure Standards

DOC mg/L EN 1484:1997

TDS mg/L EN 14346: 2007

Chlorides (as Cl-) mg/L EN ISO 10304-1:2009

Fluorides (as Fl-) mg/L EN ISO 10304-1:2009

Sulphates (as SO4
-) mg/L EN ISO 10304-1:2009

Metals and metalloids

Antimony mg/L EN ISO 11885:2009

Arsenic mg/L EN ISO 11969:1996

Barium mg/L EN ISO 11885:2009

Cadmium mg/L EN ISO 11885:2009

Chromium Total mg/L EN ISO 11885:2009

Copper mg/L EN ISO 11885:2009

Lead mg/L EN ISO 11885:2009

Mercury mg/L EN ISO 12486:2012

Molybdenum mg/L EN ISO 11885:2009

Nickel mg/L EN ISO 11885:2009

Selenium mg/L EN ISO 11885:2009

Zinc mg/L EN ISO 11885:2009

TABLE 1: List of parameters to be measured in solid test samples.

TABLE 2: List of parameters to be measured in aqueous test sam-
ples.

Substance Unit of measure Concentration rangea

∑ TPH (C<12 + C>12) mg/kgTS 0.001 ≤ x < 1,000

Benzo(a)antracene mg/kgTS 0.001 ≤ x < 1,000

Benzo(b)fluorantene mg/kgTS 0.001 ≤ x < 1,000

Benzo(j)fluorantene mg/kgTS 0.001 ≤ x < 1,000

Benzo(k)fluorantene mg/kgTS 0.001 ≤ x < 1,000

Pyrene mg/kgTS 0.001 ≤ x < 1,000

Crisene mg/kgTS 0.001 ≤ x < 1,000

Dibenzo(a,h)antracene mg/kgTS 0.001 ≤ x < 1,000

Naftalene mg/kgTS 0.001 ≤ x < 1,000

∑(PCB/PCT) mg/kgTS 0.0001 ≤ x < 50b

TABLE 3: Concentration ranges on ASR solid samples that trigger 
the need to perform terrestrial bioassay. a – derived from Europe-
an Council, 2004 and further amendments. b – derived from Euro-
pean Parliament and European Council, 2019.
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Organism Concentration limits 
for HP 14 classification Standards

Soil bacteria
(Arthrobacter 
globiformis)

EC50 < 5% (w/w) ISO 18187:2016

Plants
(Brassica rapa)

EC50 < 15% (w/w) EN ISO 11269-
2:2012

Soil invertebrates
(Eisena fetida)

EC50 < 5% (w/w) ISO 17512-1:2008

TABLE 4: Recommended ecotoxicological test battery on terrestri-
al organisms. Rounded limits are suggested according to Henne-
bert (2018b) based on thresholds proposed in Hennebert (2018a) 
for HP14 classification of waste. Concentration limits are report-
ed as dilution % expressing dry mass of solid test sample on dry 
mass of specific dilution media, as required from the specific test.

Organism Concentration limits  
for HP 14 classification Standards

Aquatic bacteria
(Vibrio Fischeri)

EC50 < 15% (vol/vol) EN ISO 11348-3

Algae
(Pseudokirchneriel-
la subcapita)

EC50 < 10% (vol/vol) EN ISO 8692

Crustaceans
(Daphnia magna)

EC50 < 10% (vol/vol) EN ISO 6341

TABLE 5: Recommended ecotoxicological test battery on aquatic 
organisms. Rounded limits are suggested according to Hennebert 
(2018b) based on thresholds proposed in Hennebert (2018a) for 
HP14 classification of waste. Concentration limits are reported as 
dilution % expressing volume of aqueous test sample on volume 
of specific dilution media, as required from the specific test.

3.6.2 Bioassays on aquatic organisms
• Test battery presented in Table 5 must be implemented 

on the ASR aqueous test samples prepared following 
procedures described in Paragraph 3.4.2.

• Ecotoxicological tests should be carried out within 72 h 
from the preparation of the aqueous test sample, which 
shall be stored in glass bottles with a minimal headspa-
ce at (4 ± 2) °C.

• No pH adjustments of the test sample shall be carried 
out. pH of the mixture should be measured immediately 
at the beginning and at the end of the test.

• The ranking of the sensitivity of the test battery listed 
in table 5 is: Pseudokirchneriella > Daphnia magna > 
Vibrio Fischeri.

• Each test is carried out following the specific standard 
listed in Table 5.

3.7 Classification criteria
• ASR is classified as HP 14 if at least one of the per-

formed bioassays resulted in an EC50 not compliant 
(i.e. strictly lower) than the concentration limits listed 
in Tables 4 and 5 for terrestrial and aquatic tests, re-
spectively.

4.  CONCLUSIONS
This paper proposes an experimental procedure for 

the HP 14 classification of ASR through ecotoxicological 
testing. In addition, this manuscript includes the founding 
principles behind the proposition.

The document includes technical detailed instructions 
for each step of the procedure, from the production of the 
laboratory sample to ultimate classification based on the 
comparison of the results of a battery of bioassays with 
a proposed set of concentration limits. Furthermore, the 
chemical and physical characterization is required for both 
solid test samples and aqueous test samples. These sam-
ples are obtained through the performance of a leaching 
test. The proposed ecotoxicological tests include 3 aquatic 
and 3 terrestrial tests. However, the need to perform ter-
restrial tests is triggered when concentrations of several 
non-soluble and non-leachable contaminants in the solid 
test samples are recorded within proposed concentration 
ranges.

The compliance with European Regulation for HP 14 
classification is ensured through the reference to interna-
tional technical standards derived from the EN ISO series 
for each step of the proposed procedure.

Through this paper, the authors aimed to share with 
the scientific community the principles of this procedure 
and their technical application on a specific waste stream, 
while providing a basis for the development of sound sci-
entific procedures for HP 14 classification by testing for 
other types of wastes, classified as mirror entries in the 
EWC.
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