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Introduction & Background to European 
Legislation Governing Hazardous Waste 

This article considers the current 
European legislation governing the 
classification of hazardous waste in 

the context of mining waste, highlighting 
the possible issues that may be faced and 
how this has the potential to affect envi-
ronmental sustainability. Within Europe, 
assessment of mine waste is governed by 
the Extractive Waste Directive (EWD) 
(2006/21/EC). The EWD enables the char-
acterisation of waste as inert or non-inert 
depending upon sulphide content and metal 
concentrations; however, the classification 
of hazardous waste is governed by a broader 
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legislative scope which encompasses 
all waste types including domestic and 
industrial sources. Classification of mine 
waste should involve a holistic approach 
that considers all aspects of legislation 
collectively, together with a thorough geo-
chemical assessment and predictive model-
ling; applying the hazardous classification 
alone could potentially result in risks being 
under-estimated or issues over-emphasised. 

A number of waste legislation documents 
exist, including key documents summarised 
in Figure 1. Documentation can be fre-
quently amended or updated, so experience 
in applying the most relevant is essential. 
In the mining industry, the classification 
impacts the mine waste management plan 
and has implications for the categorisation 
of waste facilities. Where waste is classified 
as hazardous it must be stored in a ‘Cat-
egory A’ facility, which has administrative, 

economic and social implications on the 
mine in terms of monitoring, construction, 
regulatory scrutiny, financial security and 
public perception. 

A report assessing the performance of 
Member States regarding the implementa-
tion of the EWD (EC, 2017) concluded that 
there were inconsistencies regarding the 
application of the criteria for classification 
of waste facilities as Category A, suggesting 
that the legislation is subjective and open 
to interpretation. A recent technical guid-
ance has been published (EC, 2018) to assist 
with waste classifications and although this 
provides a useful tool, it is not tailored spe-
cifically towards the mining industry, so 
experience in interpreting and applying all 
of the legislation together is essential.  

Waste assessments should be tailored to 
each site from an early stage in order to 
establish an adequate sampling program. 

European mine waste management is 
governed by the Extractive Waste Directive 
(2006/21/EC) but hazardous assessments 
are conducted according to a broader haz-
ardous classification legislation encompass-
ing all waste types. Consequently, there is 
a risk of misinterpretation when using one 
system for all wastes. 
This article assesses potential issues with 
the current approach. Literal interpretation 
of the legislation could over-emphasise or 
under-estimate risks and hazardous classifi-
cation focuses on solid phase compositions, 
with minimal consideration to leachate for-
mation over time. 
Correct designation of waste is essential; 
it influences waste management plans 
and has implications for categorisation of 
mining waste facilities. Tailoring each site-
specific assessment is crucial and a variety 
of information sources and legislative docu-
ments should be consulted to provide the 
most relevant classification. 

La gestion des déchets miniers européens 
dépend de la Directive sur les Déchets 
Miniers (2006/21/EC) mais des évalua-
tions aléatoires sont réalisées selon une 
législation qui porte sur une classification 
très fantaisiste concernant l'ensemble des 
types de déchets. En conséquence, un risque 
d'interprétation erronée existe quand on uti-
lise un seul système, quel que soit le déchet.
Cet article évalue les résultats potentiels 
avec une approche actuelle. Une inter-
prétation littérale des directives pourrait 
surévaluer ou sous-estimer les risques 
tandis qu'une classification aléatoire met 
l'accent sur les éléments en phase solide, 
avec un minimum de considération pour 
la formation de lixiviats, avec le temps. 
Une dénomination correcte des déchets est 
essentielle; elle conditionne les plans de ges-
tion de déchets et conserve une implication 
dans la catégorisation des installations de 
déchets miniers. Effectuer une évaluation 
spécifique propre à chaque site est crucial et 
les sources d'information variées associées 
aux documents législatifs ad hoc devraient 
être consultés pour établir la classification 
la plus pertinente.

Los residuos mineros de Europa están 
regulados por la Directiva de residuos de 
las industrias extractivas (2006/21/EC) sin 
embargo, las evaluaciones de peligrosi-
dad se llevan a cabo de acuerdo a una 
legislación de clasificación de riesgos más 
extensa que incluye todos los tipos de 
residuos.
Este artículo asesora sobre problemas 
potenciales que presenta el enfoque actual. 
La interpretación literal de la legislación 
podría hacer demasiado hincapié o sub-
estimar riesgos, y la clasificación de riesgos 
se centra en composiciones en fase sólida, 
considerando mínimamente la formación 
de lixiviados a lo largo del tiempo.
La denominación correcta de residuo es 
esencial: determina los planes de gestión 
de residuos y tiene implicaciones para la 
clasificación de las instalaciones de residuos 
mineros. Adaptar la evaluación a cada lugar 
es crucial y se deberían consultar diferentes 
fuentes de información y documentos leg-
islativos para obtener la clasificación más 
relevante.
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A variety of information sources should 
be consulted as part of the assessment in 
order to provide the most appropriate cat-
egorisation; these include current legisla-
tion, chemical databases and site-specific 
data. 

To maintain environmental sustain-
ability the EWD encourages recycling, 
reclaiming and reusing of waste rock and 
tailings materials. A separate geochemi-
cal and geophysical assessment is required 
to assess rock suitability for uses such as 
construction materials for waste facilities 
or roads. The hazardous waste classification 
is not sufficient to assess environmental 
impacts and a more thorough risk assess-
ment approach should be used. Ideally, 
the assessment of the suitability of waste 
rock for reuse should be made before the 
materials are officially classified as “waste” 
and enter the waste stream. 

Potential Challenges of Applying the 
Hazardous Waste Assessment to Mining 
and Implications for Environmental Sus-
tainability

List of Wastes

The List of Waste (LoW) (2014/955/EU) 
is a catalogue of waste codes assigned to 
any type of waste. All LoW entries fall 
under one of the following categories:

•	 Absolute hazardous (automatically 
hazardous regardless of any classi-
fication),

•	 Absolute non-hazardous (automati-
cally non-hazardous),

•	 Mirror hazardous or mirror non-
hazardous (potentially hazardous or 
not depending upon the classifica-
tion outcome).

A significant amount of mine waste rock 
can be classified as:

•	 01.01.01 wastes from mineral metal-
liferous excavation 

•	 01.01.02 wastes from mineral non-
metalliferous excavation 

Both of these European waste codes are 
“absolute non-hazardous” entries which, 
in theory, require no further hazardous 
assessment. In the case of mining waste, 
allocation of one of these codes has the 
potential to have significant negative 
impacts on the environment, since waste 
rock can have acid generating and metal 
leaching potential. Whilst the Waste 
Framework Directive (WFD) specifies 
that waste can be considered hazardous 
if it displays hazardous properties, even 

Figure 1: Summary of the current key legislation pertaining to hazardous waste assessments. 

if it does not appear as such on the LoW, 
officially extractive waste is excluded from 
the WFD scope.  

The requirements of the EWD are to 
ensure that waste is managed to prevent 
harm to the environment (including water, 
air, soil, flora and fauna) and prevent any 
negative impact to human health. In which 
case, relying solely on an absolute non-haz-
ardous code is inappropriate and a more in-
depth geochemical and geophysical assess-
ment is necessary. 

Sampling and Analysis

For the majority of industries, the waste 
classification process is carried out on an 
actual waste product generated. However, 
in the case of the mining industry, the haz-
ardous assessment often needs to take place 
at the planning stage before any waste is 
produced. Guidance on material sampling 
and testwork is given in Council Regulation 
440/2008 and European and British Stand-
ard (BS EN 14899:2005) plus supporting 
Technical Reports. Since all mine sites are 
different, it is important to develop a site-
specific sampling program which is tailored 
to include an appropriate suite of analytes, 
number of representative samples and suit-
able limits of detection, low enough to assess 
any potential environmental impacts and 
compare to natural baseline levels. 

An unsuitable sampling plan can lead 
to potentially significant environmental 
impacts if, for example, key parameters are 
not included in the hazardous assessment 
or if the selected samples are not entirely 
representative of the likely future waste. 
Care should also be taken to address mate-
rial heterogeneity. Hazardous assessments 

often focus solely on multi-element assay 
data but consideration must also be given 
to leachate generation under the broader 
extractive waste legislative scope. Miner-
alogy data should be considered, but can 
raise issues through potential false flags, 
discussed further below. It may be nec-
essary to consider particle size distribu-
tion (PSD) to determine grain sizes and 
whether substances are present in respir-
able form, or more specialist testwork such 
as flammability or slake durability testing. 
Processing chemicals must also be consid-
ered in tailings waste.

The hazardous assessment process can 
be undertaken on any number of parame-
ters and there are no specifications for min-
imal detection limits, therefore a high level 
of technical knowledge is crucial to ensure 
that the assessment is robust enough to 
meet regulator/stakeholder requirements. 

Leachate Generation from Mining Waste

Hazardous waste assessment legisla-
tion typically focuses on solid phase 
composition, with minimal attention to 
leachate formation. Generally, solid waste 
is assessed according to hazard proper-
ties HP1 to HP15 and any leachates are 
assessed as separate waste streams. The 
hazardous assessment informs the clas-
sification of mine waste facilities (MWF) 
and, according to the EWD, a MWF must 
be designed to prevent pollution to sur-
face and groundwater. Therefore, a more 
environmentally sustainable approach 
would be to consider leachate generation 
in conjunction with the hazardous waste 
assessment on solids. 

Hazardous assessment legislation makes 
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Parameter Test Method Units Greywacke 
Average Crustal 

Abundance (Mason, 
1966)

Environmental Quality 
Standards (2008/105/EC 

& 2013/39/EU)

Total Sulphur EN 15875 % 4.46 -- --

Sulfide Sulphur EN 15875 % 4.09 -- --

Paste pH s.u. 4.84 -- --

Acid Generating Potential (AP) EN 15875 kg CaCO3/t 128 -- --

Neutralising Potential (NP) EN 15875 kg CaCO3/t <0.25 -- --

Antimony 4 Acid Digest & ICP mg/kg 35.9 0.2 --

Arsenic 4 Acid Digest & ICP mg/kg 80.1 1.8 --

Cadmium 4 Acid Digest & ICP mg/kg 24.7 0.2 --

Cobalt 4 Acid Digest & ICP mg/kg 12.1 25 --

Copper 4 Acid Digest & ICP mg/kg 199 904 --

Lead 4 Acid Digest & ICP mg/kg 62.1 13 --

Manganese 4 Acid Digest & ICP mg/kg 567 950 --

Molybdenum 4 Acid Digest & ICP mg/kg <5 1.5 --

Nickel 4 Acid Digest & ICP mg/kg 50.3 75 --

Tin 4 Acid Digest & ICP mg/kg 350 2 --

Zinc 4 Acid Digest & ICP mg/kg 1137 70 --

Leachate pH EN 12457-4 s.u. 2.17 -- --

Antimony, Leached EN 12457-4 µg/L 0.5 -- --

Arsenic, Leached EN 12457-4 µg/L <2.50 -- --

Cadmium, Leached EN 12457-4 µg/L 5.59 -- 0.9 (*) MAC

Cobalt, Leached EN 12457-4 µg/L 71.5 --

Copper, Leached EN 12457-4 µg/L 60.4 --

Lead, Leached EN 12457-4 µg/L 4.6 -- 14 MAC

Manganese, Leached EN 12457-4 µg/L 4930 --

Molybdenum Leached EN 12457-4 µg/L <0.50 --

Nickel, Leached EN 12457-4 µg/L 63.4 -- 34 MAC

Tin, Leached EN 12457-4 µg/L <10.0 --

Zinc, Leached EN 12457-4 µg/L 6780 --

Notes:

  Indicates concentrations elevated by more than three times the average crustal abundance

  Indicates leachate concentrations exceeding EU Environmental Quality Standards

MAC = maximum allowable concentration

AA = annual average concentration

Where both a MAC and AA guideline exist the more lenient MAC has been used

(*) MAC for Cd (0.9 µg/L) based upon Class 4 hardness (100 to <200 mg/L of CaCO3).   
Hardness in Greywacke calculated at 137 mg/L. 

Table 1: Example of key assay data for greywacke sample.

could lead to a non-hazardous classifica-
tion for wastes capable of leaching metals 
to the environment. Commission Decision 
2009/337/EC also states that facilities con-
taining reactive waste must be assessed to 
evaluate the release of contaminants which 
may result from incorrect operation of the 
facility during operations and post-closure 
regardless of whether materials are haz-
ardous or non-hazardous. This supports 
the hypothesis that a full geochemical and 

geophysical assessment is necessary for any 
material stored in a waste facility; a hazard-
ous assessment alone is not sufficient and 
an integrated approach is required. 

Table 1 gives an example of geochemi-
cal testwork results for a greywacke sample 
taken from a potential mine site in Europe. 
The sulfide concentration is 4.09% and 
antimony, arsenic, cadmium, lead, tin and 
zinc are elevated by more than three times 
the average crustal abundance. Short-term 

limited reference to leachates but there are 
no clear guidance or assessment criteria:

“....... Member States may characterise a 
waste as hazardous by HP15 based on other 
applicable criteria, such as an assessment of 
the leachate.” (1357/2014)

Whilst risks to water bodies are consid-
ered under separate legislation including the 
Water Framework Directive (2000/60/EC), 
there does not appear to be a clear overlap 
with the hazardous assessment process. This 
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of hazardous properties and inappropriate 
waste classification. A multi-element assay 
provides concentrations of individual ele-
ments so it is necessary to apply a good 
level of understanding of the chemical and 
physical properties of various compounds 
likely to be present under the conditions 
anticipated within the waste, considering 
factors such as solubility or reactivity plus 
site-specific geology. 

Mineralogical Data

Mineralogical data can be included in the 
hazardous waste assessment process. How-
ever, a strong understanding is essential to 

leach test results showed that cadmium 
and nickel were leached at concentrations 
exceeding the European Environmental 
Quality Standards (2013/39/EU). However, 
Figure 2 illustrates that the solid sample is 
classified as non-hazardous according to 
hazardous waste legislation, which includes 
an assessment of ecotoxicity (HP14). 

Hazardous Waste Classification of 
Leachates

Chapter 19 of the LoW refers to: wastes 
from waste management facilities, off-site 
waste water treatment plants and the prep-
aration of water intended for human con-
sumption and water for industrial use. In 
theory, leachates could be given a European 
Waste Code from this chapter and assessed 
using the same methodology as is applied 
to solids. In this instance, the leachates are 
considered as a separate waste stream so 
this does not address the issue of whether 
solid waste should be classified as hazardous 
in the first instance based on its potential 
to generate a harmful leachate. 

The hazardous waste legislation does 
not specify separate threshold values for 
leachates, and employing a simple conver-
sion to the solid thresholds is inappropriate 
for assessing environmental impacts. For 
example, the lowest ecotoxic threshold for 
mercury which will trigger a hazardous 
classification by HP14 is currently 0.25% 
(equivalent to 2500 mg/kg or 2500 mg/L, 
with minor adjustments due to density 
effects). This is significantly higher than the 
MAC of 0.07 µg/L (2013/39/EU) (Table 2). 

New legislation governing the classifica-
tion of HP14 Ecotoxic comes into force in 
July 2018 but this will generally result in 
identical or more lenient thresholds.

Over-Estimating Hazardous Risks

Over-estimating hazardous properties 
could initially be viewed as the most con-
servative approach, with more waste facili-
ties being classified as Category A. However, 
considering the triple bottom line (social, 
environmental and financial), it is not nec-
essarily the best approach. For example, the 
emplacement of Category A facilities can 
have huge social implications such as the 
NIMBY (“Not In My Back Yard”) concept. 
There are obvious additional financial and 
administrative commitments for any mine 
constructing a Category A facility. There is 
also a potential for environmental regula-
tory focus to be diluted if everything is clas-
sified as Category A rather than the cases 
where it really is necessary for hazardous 

waste. Inexperience in applying the hazard-
ous waste legislation to mine waste can lead 
to over-estimation of hazards. 

Worst-Case Compounds

In many industries waste chemical com-
pounds may be well known; however, in the 
case of mine waste it may not be possible 
to analyse for all specific substances likely 
to exist, particularly if the mine is still in 
the planning stage. 2018/C 124/01 guid-
ance advises on a ‘reasonable worst case’ 
approach to selected substances. Simply 
opting for an absolute worst-case every time 
can result in a potential over-estimation 

Figure 2: Example of non-hazardous classification.
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Mineral CAS-Number Hazard Statement 
Codes Threshold (%) Harmonised / 

Non-harmonised

Quartz (SiO2) 14808-60-7

H302 25%

Non-harmonised

H319 20%

H332 22.50%

H335 20%

H341 1%

H350 0.10%

H351 1%

H372 1%

H373 10%

Feldspar Group 
Minerals

37244-96-5,  
68476-25-5

H319 20%

Non-harmonised
H335 20%

H372 1%

H373 10%

Muscovite 1318-94-1 H319 20% Non-harmonised

Table 3: Example hazard statement codes associated with common earth minerals. 

ensure that results are applied correctly, as it 
is possible to misinterpret the legislation or 
guidance, which can lead to an unnecessary 
hazardous classification. Some of the most 
abundant minerals within Earth’s crust are 
listed in the C&L Inventory (ECHA) with 
numerous hazardous properties associated 
with them. Table 3 provides some examples 
for quartz, feldspars and muscovite, includ-
ing threshold values at which they would 
be classified as hazardous. 

These minerals may be present in large 
quantities within mine waste, regularly 
exceeding the maximum 25% threshold. 
The average crustal abundance of silica is 
27.7% (Mason, 1966), and a literal inter-
pretation of the guidance could therefore 
result in a hazardous classification for 
what may otherwise be inert waste rock. 
In this instance, it is important to consider 
the physical form of substances. All of the 
hazard statement codes listed in Table 3 
relate to ingestion, eye irritation or respira-
tory inhalation and are therefore related to 
the substances in a dust form rather than 
at the coarser grain sizes likely to occur in 
nature; the hazards for quartz for exam-
ple, would relate to silica dust. Therefore, it 
would be inappropriate to classify all waste 
rock as hazardous based upon a high quartz 
content. There is an opportunity to support 
this with particle size distribution data for 
the waste in question, if necessary. 

It is also important to note that these 
mineralogical entries in the CLP are non-
harmonised; they have not been formally 
classified at EU level. To fully assess the 
risks, a variety of peer reviewed scientific 
data sources should be considered includ-
ing, but not limited to, the Registered Sub-
stances Database, IARC Monographs and 
peer reviewed scientific papers, to present 
a comprehensive case for any hazardous/
non-hazardous classification. 

Summary

European legislation relating to the clas-
sification of hazardous waste is generic to a 
variety of industries and not tailored specifi-
cally to mining. To ensure the protection of 
the environment and appropriate classifica-
tions, assessments conducted on mining 
waste need to use a more holistic approach 
encompassing several pieces of key legisla-
tion relating to hazardous waste classifi-
cation, the EWD and Water Framework 
Directive. Experience in understanding and 
applying the various legislative sources is 
necessary for environmental protection.  It 
can also affect the financial and administra-
tive commitments of the mine and have 
significant social implications.  

The initial aim should be to reuse, reclaim 
or recycle waste even before it enters the 
waste stream. In the case of mining, this 

Parameter Mercury

CAS Number 7439-97-6

MAC EQS 2013/39/EU 0.07 µg/L

Hazard Class & Category Code
Hazard 

Statement 
Code

Hazard 
Properties

Solid 
Threshold 

(%)

Equivalent 
Threshold 

(mg/L)*

STOT RE 1 H372 HP5 1.0 10018

Acute Tox. 2 H330 HP6 0.5 5009

Repr. 1B H360D HP10 0.3 3005

Aquatic Acute 1 & Aquatic Chronic 1 H400 & H410 HP14 0.25 2504

* Includes density conversion factor of 0.99821 g/cm3

Table 2: Example of hazardous assessment thresholds for mercury. could include using waste rock in con-
struction. A thorough geochemical and 
geophysical assessment is required in this 
instance to ensure suitability for use; it is 
not appropriate to rely solely on a hazard-
ous assessment. 

A number of challenges may be faced 
when applying the European hazardous 
waste classification to mining waste if other 
legislation is not taken into consideration 
as part of the process. According to the 
List of Waste (2014/955/EU) there is an 
opportunity to automatically categorise 
waste rock as an absolute non-hazard but 
it is essential that the materials are assessed 
for their potential to generate acid or leach 
metals that could have a detrimental effect 
on the environment. The assessment should 
be in accordance with the EWD and other 
industry-recognised guidance such as the 
Global Acid Rock Drainage (GARD) Guide 
(INAP, 2017). 

Without relevant experience, it is possible 
to conduct an inadequate testing program, 
potentially missing key parameters or using 
unsuitably high detection limits. Minimum 
requirements are not flagged as part of the 
waste assessment and therefore a high level 
of technical knowledge is essential. 

The hazardous assessment process places 
a great deal of emphasis on concentrations 
of hazardous properties within solid waste 
and there is minimal focus on the poten-
tial for that waste to generate leachates that 
may have a negative impact on surface or 
groundwaters. Solely following a hazard-
ous classification approach, it is possible to 
categorise potentially acid generating waste 
with elevated metals content, as a non-
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hazardous waste. It is therefore essential to 
adhere to other legislation such as the EWD 
alongside any hazardous classification. If 
leachates are assessed according to the same 
thresholds as solid waste, the limits offer no 
protection to the environment. 

There are several ways in which hazard-
ous risks may be over-emphasised if the 
waste classification is not appropriately 

applied. For example, not selecting an 
appropriate species within the waste can 
result in an over-estimation if a worst-case 
scenario approach is adopted. Common 
minerals within rock (for example quartz) 
can trigger an unnecessary hazardous clas-
sification if a literal approach is applied. 

In summary, the EU hazardous waste 
assessment process should not be applied 

to mining waste in isolation. Whilst it can 
help inform decisions regarding the cat-
egorisation of waste storage facilities, the 
hazardous assessment legislation alone may 
not provide complete environmental pro-
tection. Mine waste classification requires 
an integrated approach where all aspects 
of the legislation are addressed in unison.  
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