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Abstract

A general scheme for the assessment of dangerousness of waste is presented taking
into consideration the new European and Romanian applicable laws in order to
adequately manage them (storage, elimination with specialized firms - preparation for
disposal/recovery, recovery, and final disposal). Some relevant examples from current
practice will be reviewed emphasizing the interest aspects in applying the current legal
provisions in order to adequately manage the waste in Romania in the spirit of
sustainable development and protection of environment and human health on short,
medium and long term.
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Introduction

The paper presents a general scheme for waste assessment based on current
environmental and waste legislation as a methodological approach to be used in
practice in order to make an appropriate waste management. Following economic
development, our modern society is facing increasing amounts of wastes and
consequently there is a strong necessity to adequately manage them in the spirit of
sustainable development. In this respect, nowadays, any developed wastes’ policies
and strategies should be conceived in order to find balance between continuing
economic development on one hand and decreasing natural resources consumption
and wastes production in order to minimize their environment and human health
negative effects on the other hand.

Materials and methods

The following assessment scheme presented in Figure 1 is based on the current
environmental protection laws dedicated to the waste management. Waste, as is
defined by legislation (Directive 2008/98/EC) is “any substance or object which the
holder discards or intends or is required to discard”. This legislation states that any
waste assessment “should be based, inter alia on the Community legislation on
chemicals, in particular concerning the classification of preparations as hazardous,
including concentration limit values used for that purpose. Hazardous waste should
be regulated under strict specifications in order to prevent or limit, as far as possible,
the potential negative effects on the environment and on human health due to
inappropriate management”. European legislation states also that classification of any
waste should be realized in accordance with the waste types list “as last established
by Commission Decision 2000/532/EC in order to encourage a harmonized
classification of them and ensure also the harmonized determination of hazardous
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waste within the European Union and adequate management”’(Commission Decision
2000/532/EC).

Activities involved in the appropriate waste management are referring to the sorting,
collection, and preliminary storage of waste pending its further collection, transport,
recovery/disposal treatment and disposal. The Directive 2008/98/EC for waste at
Chapter I, Article 2 (1) presents also exceptions from its scope. The proposed scheme
is transposing and summarizing the current waste law requirements. It has been
conceived in order to help waste management taking into account the large variety of
the generated waste. The classification of waste as hazardous should be based on a
series of dangerous properties presented in Annex of Regulation nr 1357/2014 and
also considering the Regulation (EC) No 1272/2008. The Romanian transposing
Waste European Legislation is as follows: Law nr. 211/2011 (republished) regarding
the waste regime, modified through the Governmental Order nr.68/2016 in force from
28 of October 2016, Commission Decision 2014/955/UE, for the modification of
Decision 2000/532/CE to establish a waste list (the European Waste Catalogue), EU
Regulation nr.1357/2014 replacing Annex 11l to Directive 2008/98/EC of the
European Parliament and of the Council on waste and repealing certain Directives.
The EU Regulation nr.1272/2008 gives explanations of the legally used concepts in
assessing “hazardous substances and mixtures and specify the hazard classes”. A
substance or a mixture fulfilling the criteria relating to physical hazards, health
hazards or environmental hazards, laid down in Parts 2 to 5 of Annex | is hazardous
and shall be classified in relation to the respective hazard classes provided for in that
Annex, where, in Annex |, hazard classes are differentiated on the basis of the route
of exposure or the nature of the effects, the substance or mixture shall be classified in
accordance with such differentiation”.

“A substance” means a chemical element and its compounds in the natural state or
obtained by any manufacturing process”.

Note 1: For waste classification purpose, the number from Chemical Abstract Services
(English Abbreviation CAS nr.) for the corresponding element/compound/substance is
recommended to be known so that, properties of interest can be verified.

“A ‘mixture” means a mixture or solution composed of two or more substances”.

Note 2: In the context of waste classification we should mention that usually a non-
homogeneous system (mixture) of two or more substances is called a mixture and a
homogeneous system (mixture) of two or more substances is usually called solution.

Results and Discussion

Any endeavour related to waste characterization means actually a less or more
extensive case study that necessitates organizing documentation from the
producer/holder, in order to evaluate it and to elaborate a sampling plan for analytical
relevant determinations (indicators) and finally, to assess all available data and
information based on the applicable current waste legislation. According to our
proposed presented scheme the waste should first be tested for its origin. If the origin
is not known the branch 1 of the scheme Fig. 1 should be followed. If the origin is
known, we will follow the branch 2 of the scheme. Procedural cassette 2A instructs
to check with the producer/holder for different documents related to the technological
processes where the waste originated. Afterwards, the cassette 2B is followed in order
to check if that waste is subject to law exclusions stipulated in Directive 2008/98/EC;
chapter I; art 2. If this is not the case, the procedural cassette 2D is followed. This
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cassette instructs to ask the waste producer/holder to provide a summary of documents
for possible existing hazardous materials/substances eliciting the hazardous properties
from Annex to the Regulation (EU) nr.1357/2014, in the context of mentioned current
applicable waste laws. Then, assessment continues with the procedural cassette 2E
that requires producer/holder to provide, where it is possible, MSDS (English
abbreviation for Material Safety Data Sheets) or search online information for the
material/substances that might be found in waste in the same or different physical
state with reference to that existing in MSDS. Next, the procedural cassette 2F is
followed. It instructs to compute the concentrations of dangerous substances with
corresponding codes that can impart to the waste dangerous properties according to
Annex of Regulation (EC) nr.1357/2014 and Regulation (EC) No 1272/2008. Those
computations can be done from data and information included in MSDS and also from
the process mass balances information. Following the cassette 2G a selection of
appropriate analytical tests that should be performed can be realized according to the
intended ways for waste management (sorting and storage for transport and
management with a specialized waste management firm, pre-treatment for transport,
recovery or final disposal). An adequate qualitative and quantitative waste
characterization strategy can be planned and applied. That means that, from all
obtained data and information, the relevant hazardous elements/compounds and
substances should be assessed from the point of view of their inter-phases
partition/distribution in the waste batch sample. Depending on the waste physical state
and waste general exhibited properties it is decided the way that sampling program
should be done according to the in place applicable current sampling standards so that
the sample will have relevance for the type of waste or at least for the batch of
analyzed waste. In the current practice, we are receiving waste characterization
applications from a large diversity of clients both producers and holders who are
trying to manage the waste, having a variety of origins according to the current law
requirements. Most frequently encountered waste that can be analyzed for
determination of different indicators is that in solid form with more or less humidity
and of different granularity. In such waste, general indicators that can be usually
analyzed are the so-called aggregated properties indicators such as: pH, humidity,
suspended maters, dry solids, total organic carbon, total inorganic carbon, calorific
power, elemental analysis, TPH, metals/heavy metals, leachable substances etc. All
these indicators complement the MSDS specific information about the substances that
can be finally found in each analyzed waste batch. The literature in the field related
to the analytical balances determination in the waste analysis shows that an error of
10 % in mass analytical balances is usually accepted knowing that in any analyzed
waste, transformations can occur modifying not only the physical state of the entered
substances but also their chemical forms. Complex compounds of heavy metal for
instance, that are found more in the humidity of a waste sample, are the most frequent
case of elements transferable from solid phase in soluble form depending on waste
pH . Analytic protocols allowing the user to gain appropriate knowledge of the organic
and inorganic substances in a waste and to allow the determination of the properties
for the regulatory or recovery purposes have been considered in order to improve the
waste  analytical  determinations approach with a combination of
quantitative/qualitative methods. Qualitative methods are usually applied for organic
parameters. Global (aggregated) indicators determinations are another example that
is used for characterization of parts of waste composition that remain undetermined.
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Another very important issue in the case of analyzing a waste is related to its inherent
heterogeneities which are difficult to be managed in order to have relevant results.
Volatile compounds are those that will always tend to go in the atmosphere depending
on the storage temperature. The relative solubility of different substances can change
over the time along with rheological properties (viscosities and redistributions of
substances between solid or liquid phases of a waste). The literature in the field
(Hennerbert et al. 2013) states that using the combined type of methods, depending
on each specific case, “it is possible to quantify in essential lines the composition of
the waste batch sample in the terms of specific substances” taking into consideration
that when performing computation of the hazardous properties “the level of
concentration that impact the waste classification as hazardous through the contained
present substances, in legislation, varies in a range of 0.1-10 % and at those
concentrations the relative error of the semi-quantitative analysis seems to be
reduced.” Always the pre-assessment waste characterization phase is a work done in
consultation with the client and within a multidisciplinary team of assessors and
analysts. The quality assurance program in laboratory where those determinations are
made is followed in order to have defendable results. (Pascu et al. 2015). The cassette
2 H from the scheme requires to have a short but comprehensive documentation
related to the waste - technological process, raw and intermediate materials that can
be found in waste, process material mass balances, operation technological parameters
influencing the waste properties on short term but also on medium and long term.
However, because in practice we are facing a large variety of waste, very well
illustrated by all the waste codes existing in the European harmonized list of waste,
we are not able to analyze all types of listed waste. For those types of waste that cannot
be analyzed through usually laboratory procedures, the information from the MSDS
of commercial used products’ help us to make an appropriate characterization.

In Table 1 and 2, two examples of waste characterizations are presented next. In the
tables are presented only few components, as an example, of some of the commercial
used products. The used commercial products in the processes from where the waste
is coming from, are more numerous than those presented in the Table 1 and Table 2.
In a usual Report of waste characterization offered to our clients, all the relevant
components are taken into consideration and what is presented in Table 1 and Table
2 for only few commercial products and their components is replicated for all relevant
entered products in the process and their components. Properties HP1+HP15 that
might impart to waste hazardous properties are considered and a resolution for each
property is given according to the made computation for all the found components
with hazardous statements and categories codes. The present legislation especially the
Regulation 1357/2014 is very helpful in summarizing the algorithm for computation
of concentrations of waste compounds that present hazardous statements and category
codes that might impart to the waste the hazardous properties identified as
HP1+HP15.The computed concentrations of those compounds are checked against
the prescribed cut-off-values of each of HP1+HP15 properties.
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1 | Is the origin of waste known? | 2
No ¢4 v :¢ Yes
. : 2A.Check with the producer/holder for
1A. On sit :
for ha;]ai:jse /spc(;te::tlir;? 2C. Find the different documents related to the
hazards substances appropriate technological process where the sample
(radioactive applicable waste originated.
Ibioactive /explosive/ laws for the ¥
fire) emissions of found each Yes 2B. Check if the waste is subject
toxic fumes/smells excluded < to law exclusions - Directive
(volatile substances ) waste 2008/98/EC: chanter I: art 2.
categories; —_—
s 7
- 2D. Ask the waste producer/holder to provide a summary of
1B. Proceed by documents for possible hazardous materials/substances eliciting
isolating and

taking appropriate
safety measures if
the on-site tests
show any such
potential for
adequate
managing the
collection,
storage, transport,
treatment for
recovery or final
disposal with
adequate
organizations

the hazardous properties from Annex to the Regulation (EU)
nr.1357/2014 (R, 2015).

¥

2E. Ask producer/holder to provide, where it is possible, MSDS
(Material Safety Data Sheets) or search online information for the
material/substances that might be found in waste in the same or
different physical state with reference to that e>|<isting in MSDS

\ 4

2F. Compute the concentrations of dangerous substances and their
dangerous properties according to Annex of Regulation (EC)
nr.1357/2014 and Regulation (EC) No 1272/2008.

v

2G. Proceed with a selection of appropriate tests to be performed
according to the intended ways to manage the waste further proposing
an adequate qualitative and quantitative waste characterization

v

2H. Propose in consultation with the producer/holder the sampling plan/program,
assuring that the analyzed sample is representative for the entire analyzed waste batch,
knowing that waste are in general complex heterogeneous system with domains of non-
homogeneous properties that should be minimized as much as possible through adequate
samolina broaram and laboratorv samole pretreatment.

s

21. Depending on the obtained results for the general aggregated indicators (pH, water content,
dry solids, calorific power etc.) and specific indicators, a computation based on percentage
determination of substances possessing hazardous properties based on MSDS, analytical tests,
and a combination of both is performed reportina the results to the waste mass.

Figure 1. Scheme for waste assessment and classification

All existing or estimated substances to be found in wastes according to the entire
available documentation and literature in the field, are screened and assessed for
hazard statements and categories codes either in the presented MSDS or in the
specialty literature according to the CAS number. Next, we give two examples of
waste sediments coming from the physical-chemical step of treatment of the industrial
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waste washing waters, from two industries: car washing and food industries. Each of
them contains detergent solutions. Both wastes have pH around 7 but have different
humidity content. One waste has the humidity of approximately 30% and the sediment
is mostly inorganic with only 2% TOC and the other one has the humidity of over
70% and has a greater organic content expressed as TOC of over 50%. Both wastes
have been analyzed from possible existing dangerous substances considering all
useful information and data obtained from the waste producer/holder. The commercial
used products’ MSDS have been consulted in order to obtain for each
component/substance the CAS nr. (English abbreviation for Chemical Abstract
Services nr.). This allows to check for the hazardous statements and categories codes
and also all other important physical properties such as concentration, solubility, flash
temperature etc.).

Conclusions

The assessed waste according to the scheme Fig. 1 has been done in a methodical way
following the legal requirements. The quantitative determination of assessed
hazardous properties HP4 presented for two examples of waste from two industries
have shown that the waste in the form that has been transmitted by our client has no
hazardous properties imparted by the concentrations of the contained substances
tested against legal cut off values. The greatest challenge in environmental toxicology
is to understand the toxicity of mixture when different pollutants are coexisting and
manifesting synergistic effects that is precisely why the topic of correct classification
is one that should be given the necessary attention both in research studies and in
practice.
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Table 1. Example 1 - Waste from washing and polishing cars activities

Commercial Estimated compound in: | Test (c1+c2)
product | ST | ement . | Weste Hazarous Property | e Tl Soruiblen | SRR v wast
type/Component of o . (HP) according to -lalp g ] -
the comercial commercial | Regulation nr. Requlation nr. 1357/2014 | P) the humidity of the waste | HP 4 - skin conclusions
product identified product % 1357/3014 g ' sample (Kg) '”'tfjm anaeve h accgrdmg e
i - amage azard statement

by CAS nr. (Min, Max )| (cut-off values) c) waste, in weight (%) g

- . H314: al) 0,011
Liquid /Acet <0.25 - "

ACI%UECXSXME%_I;) Skincorr LA | HP 4 ,,Irritant — skin irritant b1) 1,221.10°
(=1 %) and eye damage” waste which c1) 1,221x10° 1.161x10° | No hazardous
Car detergent/ H314: on application can cause skin a2) 10,5 <1% waste
Sodium Hydroxide | (23,<5) | Skincorr1A |iMitation or dam age to the eye b2) 0.0116
(CAS 1310-73-2) =1 %) ¢2) 1,16x10°°
Table 2. Example 2 - Waste from washing equipments and hygiene activities from food industry
. Hazardous Analytically | Estimated compound in: | Test (c1+c2)

Cor&qurmall C%?ﬁco';ﬁnt statement Vgiztee':aialjg;s determined | a) monthly consumption of | against cut — Yes/No
Copnr10 olrllz n?/(?fethe commércial Regulation acc%rdt?/n to element conc.| comercial product (Kg) | off- values for |hazardous waste
come?’cial product| product o¢ nr. Re ulatiog r /Estimated | b) the humidity of the waste | HP 4 - skin conclusions
identified by CAS FMin Ma;) 1357/3014 3357 ola | @ssociated sample (Kg) irritant and eye| according to

' 2 i d hazard statement
nr. (cut-off compound in ¢) waste, in weight (%) amage 7
values) waste
Food detergent H314: HP 4 ,Irritant — Sodium al) 257
/Sodium Hydroxide (5, 10) Skin corr 1 A| skin irritant and /NaOH b1) 59
(CAS 1310-73-2) (>1%) |eye damage” waste c1) 1.03x102 .
Food detergent/- H314: aprl?/izlact?ocr)lncan abZ ))254 9’131)1()}00 N f‘l;;stlédous
Sodium : c e i 2) 58
Hypochlorite (CAS () Skin corr 1 A |cause skin irritation Poltlisoshjm
7681-52-9) (z1%) | ordamageto the ¢2) 8.40x10°2
eye
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