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Summary

The classification of waste as hazardous could seoassessed in Europe using largely the hazapepies of
its constituents, according to the the ClassificatLabelling and Packaging (CLP) regulation. Coafgnsive
knowledge of the component constituents of a givaate will therefore be necessary. An analyticatquol for
determining waste composition is proposed, whickuihes using inductively coupled plasma (ICP) suirege
methods to identify major elements and gas chrognafhy/mass spectrometry (GC MS) screening teclsiqu
to measure organic compounds. The method includesss or indicator measure of ‘pools’ of higherecalar
weight organic substances that are taken to béleastive and less hazardous, and of unresolvedsihduring
the chromatography of volatile and semi-volatilenpounds. The concentration of some elements araifispe
compounds that are linked to specific hazard prtogseand are subject to specific regulation (exaspiclude:
heavy metals, chromium(VI), cyanides, organo-hategand PCBs) are determined by classical quanétat
analysis. To check the consistency of the analffsissum of the concentrations (including unresbheols’)
should give a mass balance between 90 and 110 i#ty-Tho laboratory samples comprising different
industrial wastes (liquids and solids) were testedwo routine service laboratories, to give cifc@00

parameter results. Despite discrepancies in somaarders, a satisfactory sum of estimated or medsur



concentrations (analytical balance) of 90 % washed for 20 samples (63 % of the overall totaljrythis
first test exercise, with identified reasons forsinof the unsatisfactory results. Regular use isfghotocol
(which is now included in the French legislatiomstenabled service laboratories to reach a 90 % baance
for nearly all the solid samples tested, and mbbtjoid samples (difficulties were caused in sosaeples from
polymers in solution and vegetable oil). The protas submitted to French and European normalisdimdies

(AFNOR and CEN) and further improvements are awlaite

Keywords: Waste composition; analysis; substanoess balance; hazard status

1. Introduction

The classification of waste as hazardous is reddoeregulatory compliance. The Seveso Il Diregtbonsiders
the toxicity and ecotoxicity of waste. The last \¢aBirective (Directive 2008) defines 15 hazardpamies,
mainly based on the properties of substances an@ltssification, Labeling and Packaging of sulzstarand
mixtures regulation (CLP 2008). Waste will be cdesed as a mixture of substances, and their piepert
assessed by calculation from the properties of ttenponent substances (total content), or fronsifipaests.
Since tests are not available for all criteria, ¢faessification of waste as hazardous will commdigybased on
computation from the concentration of substancestified in the waste. We have not found in theréiture a
method or a group of methods that provides a ‘tatelasure of the concentration of elements andtanbes in
a waste and evidence that no important elemergshmstances have been left out.. We have not fonalgtecal
mass balances of waste. Authors use different rdstfar different classification. By example, for \WE, the
characterisation uses infrared spectroscopy fompets identification, and ICP for metals (Stanuadle2013).
For household waste, the identification of remnaiitsbjects is used (Dahlén and Lagerkvist 200Bjp8fied
waste index are then proposed as surrogate afdatbosition and classification (i.e. Gupta and B4899).
Another way is to derive mineralogical forms of #lements from leachate composition at differentapid
geochemical modeling (Van der Sloot and Kosson R0A/Zhout that knowledge, the most sophisticated
algorithm for hazard classifications relies upritiw on hypothesis: “To demonstrate the feasibdityhe
proposed algorithm for waste classification, nigpdthetical composite wastes, each containingdhemicals
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with known human toxicity, physicochemistry, ecatity and exposure potential...” (Musee et al 2008).
Another approach is to develop specific human foxibiological) tests (Weltens et al 2012, Depet¢al 2012).
The authors mention that the chemical charactésizas only useful if toxic content is known or pested. For
most of the waste arriving at the eco-industriedifees, there is not enough accompanying infoiorato
suspect with precision toxic substances that cthdd be looked for at the lab. An approach for Ha®roperty
14 is to combine ecotoxicological battery of tesd gartial chemical analysis (Ribé 2012). Neverhkg| the
observed toxic effect exerted by the assessed svdigmot always correlate with measured levels of
contaminants or the chemical measures of bioavlilake.g. leached fraction. This question arifregjuently,
and it is only with a full knowledge and speciatmirelements in water that correlation between eatation of
compounds and ecotoxicity can be found (Postmb20G9). That is why a general and exhaustive netbo
waste analysis, corresponding to the present pedpd$G Environment of the EU for waste classifios, is
proposed here.

In summary, many methods are devoted to the datatimn of the total content of one particular atelyr
some parameters, which are important for the enient and subject to regulation. On the other htdrd,
determination of the leachable content is esseintiatk assessment. Here, the complete composifidime
waste is looked for, to assess the (intrinsic) rihaaith some insurance that some important path@®fvaste
would not have been left over. This paper explthesuse of an analytical protocol to determinetttal
composition of a waste by its component elementssaibstances. The approach has been applied tid5 s
and 17 liquid wastes by two test laboratories. pager presents the analytical results obtainedsimgihe
protocol and discusses some limits and improvenwtse proposed approach and summarizes the
classification of the wastes tested according teeSe Il regulation. The protocol is embedded inSbgeso I
French regulation for waste treatment facilities5¥DTL 2011) and is currently being discussed atRtench
Standard Association (AFNOR 2012). The protocauismitted to European normalisation bodies (CEM) an
improvements are proposed, in particular the usaa® standards (up to 86 in October 2012) to dfyamire
precisely the volatile and semi-volatile compountse protocol can be used for classification acicgrtb the
update of the European Waste Directive and the f&aao List of Waste. Up to summer 2012, more thdh 15
samples have been analysed according to this miptoainly by eco-industries. A second paper wétall the
method for speciation of mineral elements in mihsubstances, and the classification of those wdete

different hazardous properties (H 4, 5, 6, 7, 8,110 13 and 14) of wastes.



2. Methods

2.1 OVERVIEW OF THE METHOD

An analytical protocol is proposed which allows tieer to gain an appropriate knowledge of the degamnd
mineral substances in a waste and enable the datdiom of their properties for regulatory or reliyg
purposes. The protocol has been tested on a nurhlerstes using two test laboratories to ensuefit for
purpose. A number of revisions were made to imptbeeapproach which uses a combination of quaivétat
methods, screening methods and in the case ofioggparameters gross measures of the ‘pools’ afaatved
composition. The mass balance achieved is at 88a%. Using this methodology it is possible essdiyti

guantify the composition of waste samples in teofrspecific substances. The protocol is still ingress.

Hazard classification can then be performed, hystiaming the stoechiometric total element conbetat
appropriate mineral compounds or species and thelyiag the hazard properties for these compouistesd in

the CLP regulations. This approach can be usedoddge an assessment of waste hazard status.

Current practice for waste analysis is predominafioitused on the accurate identification of spegfllutants
for compliance with specific regulations (for exdemolychlorobiphenyls - PCB and total petroleum
hydrocarbons - TPH). An alternative approach isse indicator or gross measures to provide infaonain
groups of substances (for example: total organiobaa suspended solids, extractable substancehdeke
substances and percolating substances). Wherethedocomponents constitute a considerable prapodi

the total full (e.g percent levels) this could irapan the reliability of the resulting waste cldigsition.

This paper presents a more global approach to wésdsification which is outlined in Figure 1. Tihse of
“screening” analytical techniques can be used terdéne elemental and organic composition. Theltesne
commonly presented as “semi-quantitative”, esplcialwaste extracts, because in practice it ispassible to
calibrate the apparatus for all the analytes. Theseniques will be applied here hence the conagatr level
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triggering classification as hazardous are frequéntthe 0.1 — 10 % range, and that at such haitentrations
the relative error of semi-quantification seemsursdl (see Result section). New analytical parametere
defined. For solid waste, “non extractible orgatoenpounds” is the mass lost by calcination of thiecdsolid
residue that remains after the extraction of semhtile substances. The aim is to quantify the eonof
cellulose, lignin, polymers and organic compoundts Wigh molecular weight, which are assumed tobe
hazardous. For solid and liquid wastes, the pammétnidentified volatile compounds” and “uniddietil
semi-volatile compounds” are calculated from theesnlved chromatographic areas of the chromatograms
The water content, the sum of total major elemantbmetals content, the ash content minus the $tine o
metal concentrations, the sum of the volatile amdisvolatile compounds and the sum of unidentifegianic
compounds could represent a large fraction of thesnof the sample. Carbonates are not taken intuat
(Figure 1). Anions (total halogens, free and bocyahides, chromium(VI)) are measured separategy(thay
be present) to compute possible mineralogical ghakthe elements. Elements of importance for lthzar
assessment (for example, heavy metals, chromium€ydnides, organic substances with specific reigua
like PCBs, PAHSs) are measured quantitatively winey tmay be present. CEN standardized methods are
preferred where available. The results allow cfasdion according to different regulations (WaBlieective,

Seveso Il Directive etc.).

During the analytical campaign testing 32 wastesjesamendments were made to the protocol, alththegh

were not always applied by the laboratories, ifipalar the quantitative methods for individual atihated

compounds (necessary for accurate classificatiod)}tlae use of 3 response factors for chromatogeaphi

calibration (necessary for better mass balanced. @&mendment was added after the testing campaign.

2.2 ANALYTICAL PROTOCOL

Quality / Accreditation

It is recommended that analyses should, as faossilge, be carried out under ISO 17025 accreditaiihe
analytical methods should also, where possiblehbeacterized in terms of: range of validity and lthet of

guantification, precision, accuracy, reproducipijlitnearity and specificity. Characterized andradited



methods should be indicated. For data from nondstahmethods, the method of extraction (where agbple)

and the method of concentration quantification gthte summarized.

Sampling

Appropriate standards for waste sampling must bevied to obtain a suitable laboratory sample. Arkework
Standard and 5 associated technical reports whimhde guidance on waste sampling are available fiftee
work of TC 292- Waste Characterisation (EN 14899 @&EN/TR 15310-1 to -5). If a sampling plan is not
developed in accordance with this standard andaguiel the waste producer should follow commonly used
procedures or industry standards for the wastegb®ampled. The sampling program should generatéabke

laboratory sample.

Laboratory sample

The test sample should be prepared from the latiyraample according to the requirements of stahBar
15002. In particular, when multiple immiscible pbagr fractions are present, the analysis shouftEbflermed
on each phase and the results may be recombineddaug to the proportions of each phase in theigig
sample to provide the final result.

A sample with a paste like consistency is considiéoebe a solid sample if after drying in air abetow 40 °C
for 48 hrs maximum, pre-treatment (e.g. sieving @rading) are possible. If the paste like statm@ntained

after 48 hrs it should be considered as a liquairanost be analyzed as such.

Analysis of liguid waste

In case of presence of suspended solids or sedgrhsses, and when it is suspected that the acaliptiethods
applied to the liquid sample may not extract andrdifly the compounds present in any solid phastcpes or
in dual phases, the sample must be separatedsntormponent fractions by a suitable method (filirg
centrifugation, decantation), the mass of eachifraaetermined, and comprehensive analysis osdparated
liquid fraction and solid fraction or each phasefgrened (EN 15002). The measurements required uihaer
protocol are:

- Density



Water content (EN 14346): heating at 105 °C or fésher assay depending on the sample and the
presence of volatile substances. The completidheofest by either method must be able to measure
the water content up to 99.9% (to determine thelteaf substances other than water from 0.1%, which
is a classification limit value)

Ash content by calcination at 550 °C (EN 15169)

pH, redox potential (expressed as pe = Eh (mV)B%hd electrical conductivity must be measured
directly in the water for waste water and aqueoaste: For pastes and oil, the measurements are
performed after a water extraction of the crudepamith a ratio of 10 | K§ dry matter in a closed
container to limit exchange with the atmospheree frfeasurement can then be performed after one
hour of agitation in the liquid phase after simgéeantation. The method (water extraction or direct
measurement) should be clearly identified in thalygital report.

If the waste is saline (conductivity > 0.15 S)mit is preferable, to ensure a correct identtfima of the
speciation of metals, to measure the chloridespaeftrably all the halogens that are soluble irewat
This can be done directly in the liquid waste (emmihated water and aqueous waste) or in the extract
of 10 | kg* DM (pastes and oil). This assay does not interfétie the mass balance because the
halogens are taken into account in the ash content.

If the presence of cyanide is suspected, it issdi/that free and complexed cyanide are determined
separately following EN ISO 14403 or ISO 11262 teeve this is not possible according to NF T 90-
107, or an equivalent method.

A total dissolution method must be used for thedsination of major metals and elements (for
example, silicon, sulphur and phosphorus). Patigsdolution methods like aqua regia EN 13657 are
not appropriate. The measurement of major elen@mde performed by AES-ICP (atomic emission
spectrometry inductively coupled plasma) or othethuds that provide a measure of total mineral
elements or at the very least, a semi-quantitatigasure (with the results expressed as a range of
minimal and maximal concentration) (e.g.. EN 15309)

The 12 heavy metals listed in the “European LahBiilective” As, Ba, Cd, Cr, Cu, Hg, Mo, Ni, Pb,
Sh, Se and Zn) must be determined individually gqumahtitatively, with a total dissolution method.

If the presence of chromium(VI) is suspected, ifeisommended to measure it following NF T90-043,

or an equivalent method.



- Determine the volatile substances and semi-volatitgent byextraction and assay, if possible uaing

method characterized with the following charactarss

(0]

calibration of volatiles: using at least one stadda.g. toluene), 3 standards are preferred (e.g.
toluene, trichlorethylene, hexane).

calibration of semi-volatiles: using at least otendard (e.g. fluoranthene) although three
standards are preferred (e.g. C10, C25 and C40).

identification rate above 70%.

in the case of non-discrimination of isomeric sahses, the result should be expressed as the
sum of isomers and the CAS number of the most tiegimer assigned.

if several substances have not been separatedsshik should be expressed as the sum of the
substances and the CAS number of the most toxistanbe assigned.

the volatile organohalogens should be determindiyinlually and quantitatively.

the parameters "unidentified volatile compoundsd ‘Annidentified semi-volatile compounds”
should be calculated by integrating the unresobl@dmatographic area ‘the mass’ of the
chromatogram of volatile and semi-volatile compaind

if one or more petroleum fractions are presenty 8tould be quantified with the appropriate
standards, excluding the unresolved chromatogregrieia. The mass of unidentified volatile
and semi-volatile compounds without the petrolewmatfon should then be calculated.

if the waste oil contain vegetable oils this shautdesterified before injection so that the fatty
acid products are detected in the semi-volatilerdeination. Otherwise, this oil will not be
detected. Information on the potential presenceegttable oil should be provided in advance

by the holder of the waste.

Particular substances controlled by regulationk Virit values < 1 % w/w should be determined gyhare

suspected to be present by classical quantitatisfysis.

Expression of the results of liguid waste

All results should be expressed as the mass ofesutis per mass of raw sample. The results in mexsgnit

volume (e.g. mg?) should be converted to mass per unit mass (i ksjng the density value. CAS numbers



should be reported where applicable. In case di/siseof separate fractions of a sample, the reslibuld be

issued for each fraction and mention the masstag@roportion of the fraction.

Mass balance of liguid waste

The sum of the water content, ash content (mineisrtetal contribution and other elements), metadsaiher
elements, volatiles and semi-volatiles, "unideetifivolatile compounds" and "unidentified semi-vitgat
compounds", and any oil fractions should reach 96 ¥he gross weight of the test sample. If theawabntent
exceeds 90% of the gross weight, then the sumeddfitrementioned parameters should reach 50% ofdss
of the sample which is not water. This last lineflects the fact that the anions (halogens, oxidadonates
etc.) which in some cases accompany the metalnsatice not all measured in the protocol, to keepptitocol
as simple and cost effective as possible. Labdestanay ideally continue to undertake additionakstigations

to improve the mass balance.

Analysis of solid waste

The test measurements are as follows:

- As an option, measure the bulk density of the latmyy sample without pretreatment (to give more
insight about the nature of the waste).

- Water content (EN 14346): 105 °C drying or KarlHeisdepending on the waste and the rate of volatile
substances.

- Pre-treatment (not for volatile compounds) by aying at 40 °C, grinding, sieving, and measurehef t
content of residual water at 105 °C in the preg@aiample on a separate aliquot (EN 15002). I$ithe
of the larger particle of the laboratory samplgrisater than 5 cm, it is imperative to dry - grirgleve
— and mix at least 30 kg of the test sample folldlwg a second grinding — sieving — mixing operation
to a achieve a particle size of less than 250 pradb-samples of <1 g (see e.g. EN 13656 below).

- Content of the ash (calcinated residue) by calmnat 550 °C (EN 15169). For particularly
heterogeneous waste and that cannot easily be djtol#00 pum, the measurement of the ash at 550 °C
should be performed with a pretreated test sanfdéleast 10 g and ideally 30 g, using a gradisel r

in temperature to avoid rapid burning, and withup with lid pierced with a hole for venting.



pH, redox potential (expressed as pe = Eh (mV)@&%%hd electrical conductivity should be measured
in a water extract of crude sample with a ratid@1 kg* dry matter for solids, pastes and oil. The
measurement can be performed after one hour @ tagitin the liquid phase after simple decantation.
The water extraction method must be clearly deddiiehe report.
If the waste is saline (conductivity of leachat8.25 S rif), it is desirable, to ensure correct speciation
of metals, to measure the chlorides and prefer@bithe halogens in the water extract (see abaud.
assay does not interfere in the mass balance ketaisalogens are soluble in water and are taken i
account through the ash content.
If the presence of cyanide is suspected, it issatiihat the free and complexed cyanide are datedni
separately according to ISO 11262 Soil quality tdbmination of cyanide.
Major Metal content and other elements (silicontfusuphosphorusetc.) a total dissolution method
must be used (for example CEN/TR 15018 or EN 13638ing partial dissolution as aqua regia EN
13657 is excluded. The measure of major elememibegperformed by AES-ICP (atomic emission
spectrometry inductively coupled plasma) or othethad providing total mineral elements in a manner
at least semi-quantitative (eventually under thenfof a range of minimal and maximal concentration)
The 12 heavy metals (listed in the “European Ldhdfrective” As, Ba, Cd, Cr, Cu, Hg, Mo, Ni, Pb,
Sh, Se and Zn) must be determined individually gqumahtitatively, with a total dissolution method.
If the presence of chromium(VI) is suspected, reicommended that this is measured by ionic
chromatography after alkaline extraction (EN 15192)
Determination of the volatile and semi-volatile tam using an extraction and assay, if possibla by
method characterized with the following attributes:

o calibration of volatile: at least one standard (eotuene), 3 standards are preferred (e.g.

toluene, trichlorethylene, hexane);
o calibration of semi-volatile: at least one stand@rg. fluoranthene), 3 standards area preferred
(e.g. C10, C25, C40);
o identification rate above 70%;
0 in case of non-discrimination of isomeric substantiee result is expressed as the sum of

isomers and the CAS number of the most toxic isasheuld be assigned;



o if several substances are not separated, the sdsltd be expressed as the sum of the
substances and the CAS number of the most toxistante assigned

o the volatile organohalogens should be determinddistually and quantitatively;

o the parameter "non-extractable organic substansesiiculated as follows: the solid residue
after extraction of semi-volatile substances igettito evaporation of residual solvent and
eventual remaining water, calcination (EN 15169) eseighed. The mass lost on ignition is
considered as "non-extractable organic substammbisarelated to the dry mass of the aliquot.
The aliquot for the extraction of semi-volatile stdances must not have been subject to water
extraction.

o If one or more petroleum fractions are presenty #feuld be quantified with the appropriate
standards, apart from the unresolved chromatograpbia. The mass of unidentified volatile
and semi-volatile compounds without the petrolewaatfon should then be calculated.

o Particular substances controlled by regulation Virtit values < 1 % w/w should be

determined if suspected by classical quantitatiadyesis.

Expression of results for solid waste

The water content is reported on the wet materiglater) / (water + solid)). The concentration®tifer
substances are reported on dry matter basis (pomdsg to the dry matter at 105 °C). The contémesidual
water at 105 °C of the pre-treated portion sho@dreasured and taken into account to expressshk om dry

matter. CAS numbers are reported where applicable.

Mass balance of solid waste

The sum of the concentration of substances reporiealdry matter basis excluding the water coritent
including ash content less metals and other elesnemtals and other elements, content of voladifessemi-
volatile substances and non-extractable organistanbes, and any petroleum fractions) should ré@éh of
the dry solids of the sample as determined by therttter test. Laboratories may ideally continm@ndertake

additional investigations to improve the mass bagan
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2.3 ANALYTICAL METHODS USED BY THE SERVICE LABORATORIES

As the protocol is intended for routine use, thalgses were intentionally performed by two commadrservice
laboratories. In the protocol the choice of soméhmds is left open to the user, and in the anabyesispaign
some methods that are specified in the protocoéwet followed. Others were more precisely defidedng
the campaign. Some deviations from the protocolsanmde details for the analysis of total elementstaavy
metals are presented at Table 1. Semi-quantiti@iPe MS or AES means that only a few elements are
calibrated using standard solutions and then alsinggponse factor is applied to each element. Mkisns that
spectral interferences between elements are notgletely) eliminated in the calculation.

The pH and pe values were measured by INERIS (itteods Institute) for the solid samples on a le#ehwith
a ratio of 10 | water/ kg DM, for oily/hydrophobiiquid samples on a water extraction at a ratia@f water/
kg waste, and for "waste water" by direct measurgn@hloride was measured by INERIS by ion selectiv
electrode in the same extracts. Chromium(VI) wasdyaed only for samples with high total chromiunmiemt,
and by Lab2 only. The content of chromium(lll) wasculated by difference between total chromium and
chromium(VI). All the concentrations are expresseéo (weight/wet weight) for liquids and % (weigdty

weight) for solids.

For all parameters, results “lower than a limigagntification” were attributed the arithmetic valof their limit

of quantification.

2.4 SAMPLES AND PRETREATMENT

The professional associations for hazardous wastdling (SYVED, SYPRED) proposed, in consultatiathw
the French Ministry of Ecology (MEDDTL), a list @fastes to be studied. They sent laboratory sanples
INERIS. The professional association of hydrauimders (ATILH) added two samples of alternativel§uer
cement kilns. These samples were intended to regeptative of the 'pool' of wastes collected (ttrign of

primary samples, mixing - homogenization, quartgremd so on, to produce a laboratory sample afitahég
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or 5 litres). Among these samples, three shreddellgging and contaminated materials were receinez)0
liter drums. A large range of 15 solid and 17 ldjuiastes covering most types of industrial wadisted in
Table 2) have been studied.

The laboratory samples were pretreated accordifi\Ntd 5002 by INERIS. When two phases (liquid anii$o
were present, they were separated by settlindtmation. Each phase was analyzed separately.dfaiaed
samples (<1 mm) were put in 4-litre pots and milgdotation for at least an hour. Coarse-grainedptes
(with a particle size < 20 cm) were treated aofed:

- raw (as received) fraction without pre-treatmentepresentative aliquot of fresh material wasldain a 4
liters glass bottle, for analysis undertaken onctluele product (volatile compounds and water cdhpten

- fraction pretreatment: a representative sub-sanspdiried in an oven at 40 °C until it is dry egbuo be
ground in a jaw crusher of knife grinder to obtaifine particle size (< 2 mm), is bottled, is miXedone hour
by rotation, and subsample is taken for the analysisidue on ignition, metals, semi-volatile oigan
compounds).

Liquid samples were vigorously mixed by hand umdilvisual heterogeneity was seen, and sub-sampled.
The results of the "raw" and "pretreated" sub-saspke normally simply aggregated. The resultsalyagis of
sub-samples from phase separation were recomhirtbe irelative proportions of the phases in thgioail
sample. In that way, a total of 37 samples andauptes were produced per laboratory. For the sh&kty,

all results presented in this paper are for inBalsamples and we have combined data where sutlesamere

generated.

3. Results and discussion

Full and detailed results are available (Hennel2éx,1).
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3.1 PH, PE, WATER AND ASH CONTENT, ELEMENTS AND METALS

The results of pH and pe (redox potential) aregmre] in Table 3, ordered by decreasing pH. Refrlts
chromium(VI) and (1) are reported for the 7 sapwplvith the highest concentration of total chromiilime

wastes cover a wide domain of acidity/alkalinitglaedox status.

The water contents (by gravimetry or chemiometrg)@esented at Figure 2, with values for Lab2 fametion
of the values of Lab1 on a log/log scale. Resulisawconsistent above 1% of water, but less so bélaw ash
content is the complement of the loss on ignitio@Ij measured according to standard NF EN 1516%. T
results were shown at Figure 3. A good match afltesvas reached for this parameter between the two

laboratories.

The determination of major and minor elements by I€semi-quantitative in the applied protocol wihb
exception of the 12 “heavy metals” and Si whichéhbeen quantified individually. The semi-quantitati
analytical test data for each laboratory are exg@@nto concentration ranges (different for eatiotatory).
The center of the range was taken as the ‘resulthiat parameter. The concentrations were sumoregbich
sample at Table 5 and 6 and used individually &mhesample in Figure 4. Comparison of the two data
showed a difference between laboratory for indigldelement data (bilateral Mann-Whitney tests, grhir
samples, 1088 pairs of data, p < 0.05) but nomiffee for the sum of the elements (same test, 82, pa<
0.05). The correlation between the two laboratonas obvious but could be improved for some tesipdes

and elements. The results of chromium(VI) are preskat Table 3.

Limits of quantification from 0.1 to 10 mg Rgdepending on the waste matrix ) for mercury aridahd 5 mg
kg™ for cadmium have been reported, and have therefeea used . Given the potential impact of the
concentration of cadmium and mercury on the clesdibn of waste hazard status, it is recommentatia

limit of quantification of 1 mg kg is achieved for these elements.
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3.2 NON-EXTRACTIBLE ORGANIC COMPOUNDS (SOLID SAMPLES),

VOLATILE AND SEMI-VOLATILE ORGANIC COMPOUNDS

The “non extractible organic compounds” is the mass at 550 °C (zx 25 °C) of the dry mass of thaga
after extraction of semi-volatile compounds. Laleifprmed a water extraction prior to semi-volaéilgraction
and conducted calcinations at 500 °C instead of°&5(Table 1). The results are presented in Figurad

Table 5. Some results of Labl appeared to be astenates (S1 to S5) or underestimates (S8-TRI).

The volatile and semi-volatile organic compoundseanembined because the same compounds were s@gaetim
assigned by laboratories in different analyticalups. Labl conducted further analysis "Total hydrbons
C10-C40" on the liquid samples, but not the "untidied semi-volatile organic compounds”. Lab2 usieel

bottle "fresh" or "raw" for the analysis of semilatiles, instead of using the pretreated sampléeband

computed the "unidentified semi-volatile organienpmunds" of liquid samples as "integration> C10".
Therefore, direct comparison of "unidentified samilatile organic compounds" was not possible betwee

laboratories.

The results for volatile organic compounds and sestatile compounds are presented individually iguFes 6
and 7, and as a sum in Tables 5 and 6. The ld¢tgitted compounds was not consistent betweewthe t
laboratories. Where there is agreement with comgadentification the concentrations were not caesit
between the two laboratories at concentrationsw8ld %. It is considered that the data could heraved
using a three standard calibration rather thanglesistandard. Comparison of the two data sets sti@awv
difference between laboratory for individual compds data (bilateral Mann-Whitney tests, paired sasmp@24
pairs of data, p < 0.05) but no difference forithdividual compounds > 0.1 % (same test, 62 ppirs0.05)

and for the sum of the compounds (same test, 32,gmk 0.05).

The comparability in the test data between theltboratories should be improved. The combinatiotwof
detectors (MS and FID) in parallel could assidtétter matching. It should be noted that a therépsubstance
was detected by the two laboratories at low comaéohs in a solvent from a pharmaceutical indysthpwing

that a fine detection of specific compounds i¢ ptiksible. If a petroleum mixture is identifietcould be
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qguantified with a corresponding standard, and titeesponding surface subtracted from the respanse f

unidentified compounds.

It should be noted that, for liquid samples, treuteof the “unidentified semi-volatile compoundsin be easily
controlled by a simple test. For each sample, iguad of weighed crude product was heated to 200 &
oven for 4 hours and weighed. The temperature 0f°20was selected because it corresponds to thiadoi
point of n-undecane (n-C11). The computed diffeegnesidue at 200 °C - sum of measured semi-velatil
organic substances - ash content at 550 °C] prdwadgood match with the “unidentified semi-volatile

compounds” (results not shown).

Further analyses of substances important in reteegulation were performed for some samples, byime
guantitative methods at the laboratories. The samphon-halogenated solvent was rich in metha®bb( 4.3

%, mean of the two laboratories), followed by taeple of waste hydrocarbon mixture (S13-SCO, 0.2a84d
the sample of halogenated solvent (S14-SAN, 0.13%g.results were consistent between the two latoes.
Dioxins and furans concentrations between 100 &@dng TEQ/kg were observed for ash, bottom ashAdd
residue of incineration of industrial and municipaiste, except for an APC bicarbonate residue Ebwing a
concentration of 20 000 ng TEQ/Kg in the two lalborias. The following analyses were performed dnly
Lab2. Isocyanates were investigated for samplesPEIM, S14-SAN, S14-SAR and S15 but not detectet (<
mg kg?). Organic lead derivatives (tetramethyl and tetgl® were investigated in samples S9-SAR, S10, S11
S12-SON, S13-SCO, S13-SON and S18 and similarlyleticted (< 25 mg Kg. Total PCBs (sum of 7
congeners) were found in the alternative fuel s(8iti8, 8 mg kd), in a packaging and contaminated materials
(S8-SAR, 1.3 mg k) and a waste of hydrocarbon mixture (S13-SCO, §%g"). The limits of

quantification were relatively high for S9-SAR, SB11, S12-SON, S13-SON (< 35 mg'kgnd S14-PCX (<

46 mg kg') and should be lowered since they were too clase the classification limit (50 mg Ki.
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3.3 ORGANIC COMPOUNDS WITH CAS NUMBER AND ANALYTICAL MASS

BALANCE

The number of organic compounds with CAS numbedstha associated cumulated concentrations are

summarized in Table 4.

For some samples, a significant number of orgamiopounds were detected (up to 117) with a cumulated

concentration from 0 to 82 %. This result is impattto expand the basis for subsequent waste fidasisin.

The analytical mass balances for the solid sanglepresented in Table 5. Values between 90% ad%h Bte
highlighted in yellow. The calculated parameteh'asntent - sum of metals” is highlighted in oramgeen it is

negative.

For Labl, in three out of four cases where the rbatence is less than 90%, the "ash content mireisum of
metal" was negative. This was related to samplehiefdded packaging containing contaminated mégeral
indicated insufficient homogeneity of the laborgtsub-sample as seen by the visual high heterotyeofethe
samples. This also suggested that the sub-sampleetarushed and sieved finely enough and shosvs th
importance of following standard pre-processingntégues and preparation of large test sampleatileast 30
kg of a material. To measure the calcinated resiadest portion of about 30 g of ground matesal i
recommended for shredded packaging and contamingdéetials. For the measurement of metals, a fegito
less than 1 g of secondary crushed sample shoulddxk It is imperative that laboratories conthel value of

"ash content minus the sum of metal" to detectamcect analytical errors.

The mass balance lay between 90% and 110% in B3 cas of 15 samples for Labl and Lab2 (67%). This
seemed satisfactory for a first trial of the pratidey a routine service laboratory which includexvidtions from
the recommended methods. For comparison, a progfamalysis of solid and liquid recovered fuels isd

ATILH in 2009/2010 (Report INERIS DRC-109 459-14290showed that the median of the sum of known

substances (the analytical mass balance) for 6flsamwas 46% by weight.
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The analytical mass balances of the liquid samglegresented in Table 6. Values between 90% adith Hie
highlighted in yellow. The calculated parameteh'asntent - sum of metals" is highlighted in oramdeen it is

negative.

Lab1l reported the volatile hydrocarbons as C5-@blafile Total Petroleum Hydrocarbons) and the sxim
C10-C40 compounds (i.e. TPH) as the results foidkmtified volatile compounds" and "unidentifiedrge
volatile compounds" respectively. The mass balaacesherefore not strictly comparable. On the side
mineral analysis, some results of "ash content sitha sum of metal" are negative. It is imperathat
laboratories ensure strict compliance with the dsath method of calcination, and improve the measarg of

major elements.

The mass balance relied between 90% and 110 % @éadés of 17 for Labl and 9 cases of 17 for Lab2
(respectively 59 % and 53 % of the samples). Algiloencouraging the comparability of these resutgccbe
improved. When the water content is> 90%, the stikmown compounds exceeded half of the dry matté i

out of five samples for Labl1 and 1 case out ofra_&b2.

For hydrocarbons containing vegetable oil (samflé & informed by ATILH after the campaign), thetimoel
needs further development. Oily waste likely totagmvegetable oil should be saponified beforedctpm so
that the fatty acid products are detected in tloegof semi-volatile. Otherwise, this oil will nbé detected.
Information on the potential presence of vegetalllshould be provided in advance by the holdathefwaste.
On the other hand, polar compounds are not meaguredtine in the protocol. If they are suspeaéteing

present, they should be measured by a specificadeth

In conclusion it was possible to complete the niwance using the new pooled parameter approachpitee
discrepancies for some parameters, a satisfact@atytacal balance of 90 % was reached for 20 sasnpli&2
(63 %) during this first trial. Technical improvente to improve the majority of unsatisfying restits/e been

identified.
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3.4 CLASSIFICATION OF WASTE AS HAZARDOUS ACCORDING TO THE

SEVESO Il DIRECTIVE

For hazard assessment according to the Seveseelitdie (using concentration limits of the Dangerou
Preparation Directive — DPD 1999), the total metaidtent must first be converted into relevant nahepecies,
since the hazard properties are defined for miremmadpounds rather than on an elemental basissA fir
conservative estimation was performed by arithraél§idy converting the total content of each elehieto the
most hazardous form, taking into account the stoobiry of the elements in the waste sample (Rebisgh
2011). To do that the hazard properties of the eathe potential for each element in terms of homa
environmental toxicity were used as listed in thd*@egulation (CLP, 2011). For this process a nuralbe
minerals can be excluded on the basis of pH, pe&kaadledge of inputs into the waste stream and the

conditions of its generation.

The content of organic and mineral compounds wera summed according to their intrinsic hazard erogs,
and the total concentrations in each risk groupeveempared with the limit values (taking into aaabtine
additivity of some hazard properties) in the CLBulation. This exercise was done with generic |lvaiues
given by the CLP and also, in a second assessmigintadditional minimal aquatic ecotoxicity valuE€sy
from the literature (no evaluation of thosesg®as performed). The resulting classification & taste
(hazardous for human toxicity — class T+ and T laazhrdous for aquatic environment — class N R50Nand
R51) was as follows:

Using the CLP data without Egdata and M factors of the CLP (M is a multiplieat lowers the limit of
concentration triggering the classification as hdaas), 23 out of 32 samples were not classifiehaasrdous
using the two sets of data (one set per laboratdryere classified as hazardous by both setstaf(dithough
this is largely due to different substances), 1 elassified as hazardous by both sets of dataf¢bat different
hazard), and 4 were classified as hazardous byandyset of data;

Using additional E€ data and the M factors recommended in the CLRuUt ®f 32 samples were not classified
as hazardous for the two sets of data, 14 wersifitasas hazardous by both datasets, and the mérga were

classified as hazardous by only one set of datgglla because different substances were identifiethe two
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test laboratories, and secondly because of theriiff concentrations reported). It is interestimgote that the
studied samples are all classified as hazardousr(wie information is available) with an absoluté'yecode by
the European List of Waste (see Table 2, samplésami asterisk) and that they are not all clasbifie
hazardous by calculations from the elements anstanbes composition from the protocol. In conclngising
the full CLP data and method , 27 samples out B32%) of the samples were classified identichihthe two

laboratory data sets, despite differences in dedestibstances and concentration.

4. Conclusion

A set of 32 samples were analyzed by two test kEtbdes, giving a total of 7 000 data points, framich
chemical mass balances were calculated. Despite demations to the prescribed analytical protott®, mass
balance lied between 90 and 110% for 20 sampleefdhie 32 (63%) of the samples. As a result of thsting
exercise the protocol has been amended during#ieég program to improve on this encouragingahitesult.
A first exploratory classification of 32 wastes wasformed with the protocol data. Twenty-seven@amout
of 32 (84%) of the samples would have been idelhictassified using the two sets of laboratoryadat

A first version of the protocol is included in aeRch application guideline of the Seveso |l DineetfMEDDTL
2011). The eco-industries started in autumn 2014 wider analysis campaign (x 100 samples), whiely give
rise to additional improvements that can be madkeg@rotocol to ensure its effective applicationd wider

variety of wastes (i.e. waste from electric anattetmic equipment - WEEE).
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Table 1: Some analytical methods used by the laboratories

Item

Labl

Lab2

Calcination

Temperature of 500 °C

Total elements
and heavy metalg

Solid samples: bomb combustion
digestion or hydrochloric and nitric
acid (aqua regia) digestion in an op
tube, and semi-quantitative assay b
ICP / MS for 33 elements and Hg. S
was determined after alkali-fusion.
Liquid samples: bomb combustion
digestion and screening (full-scan
semi-quantitative assay) by ICP / M
for 33 elements and Hg was used.

For the 12 heavy metals, an aqua
regia digestion was performed and
ICP/AES assay used.

Solid samples: (i) for major elements,

mineralization of 0.5 g subsample by hydrochlo

erand nitric acids (aqua regia) for 2 h at 99 °C an

y semi-quantitative assay ICP / AES for 40

i elements, or mineralization of 0.1t0 0.2 g
subsample by alkali-fusion with lithium
metaborate and tetraborate, dissolution in dilutg

Sfor 40 elements; (ii) for Si, analysis by
volatilization with hydrofluoric acid gravimetry;
(iii) for Hg, aqua regia digestion, cold vapor
atomic fluorescence; (iv) for As, Se, aqua regia
digestion, graphite furnace atomic adsorption; (|
for other heavy metals, aqua regia digestion, 1C
/AES assay.

Liquid samples: (i) for major elements,
mineralization by hydrochloric and nitric acids
(aqua regia) for 2 h at 99 °C and screening ICP|
AES for 40 elements, (ii) for Si, analysis by
volatilization with hydrofluoric acid gravimetry;
(iii) for S, mineralization in the oxygen bomb an

digestion, cold vapor atomic fluorescence; (v) f
As, Se, aqua regia digestion, graphite furnace

atomic adsorption; (vi) for other heavy metals,

agua regia digestion, ICP /AES assay.

nitric acid and semi-quantitative ICP / AES assay

ric
d

D

~

d

ion chromatography assay; (iv) for Hg, aqua regia

Dr

Chromium(VI1)

Solid samples: colorimetry

Calibration of

Use of one standard (toluene)

volatile

compounds

Unidentified Replaced by volatile total petroleum
volatile hydrocarbon C5-C9

compounds

Unidentified Replaced by total petroleum
semi-volatile hydrocarbon C10-C40

compounds

Non-extractable | The aliquot has been subject to water
organic extraction resulting in an over-
substances estimation of the “non extractable

organic substances”.
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Table 2 : Waste samples

Solid/Name | Waste European List of Waste code, mogiwaste
s1 Air pollution control (APC) 19 01 07* (Wastes from incineration or pyrolysisaaste,
residue, bicarbonate process | Solid waste from gas treatment)
S2 APC residue, lime process 19 01 07* (see above)
S3 MSWI fly ash 19 01 05* (Filter cake from gasatreent)
S4 APC residue industrial waste #1 19 01 07* (dewve@)
S5 APC residue industrial waste #2 19 01 07* (dewve@)
S6 Industrial waste bottom ash 19 01 11* (Bottom asth slag containing dangerous
substances)
s7 Metallic dust from aluminum | 10 03 19 * (Flue-gas dust containing dangeroustanbss)
industry
S8-DON Packages and materials #1 No information
Packages and materials #2 19 12 11* (Other waistelsiding mixtures) from the
S8-GEO mechanical treatment of wastes containing hazardous
substances)
S8-SAR Packages and materials #3 19 12 11* (seeegbo
Packages and materials #4 15 01 10* (Packagingiromng residues of hazardous or
S8-SCO . ,
contaminated by residues).
S8-TRI Packages and materials #5 No information
Pasty waste #1 19 08 13* (Sludges containing dangesubstances from
S9-GEO other industrial water treatment plant)
Pasty waste #2 08 01 13* (Sludges from paint onigArcontaining organic
S9-SCO solvents or other Qangerous substances), S
08 04 11* (Adhesives and sealants sludges contamiganic
solvents or other hazardous substances)
S18 Solid recovered fuel 19 02 09*Solid fuel wasiataining hazardous substance
Liguid/Name
S9-SAR Pasty waste #3 Mix of storage tank
S10 Engine oil 13 02 08* (Other motor oils, gead &rbricating)
S11 Hydraulic oil 13 01 13* (Other hydraulic oils)
S12-SON Hydrocarbon #1 13 07 03* (Wastes of liquid fuelsh& fuels (including
mixtures))
S13-SCO Hydrocarbon #2 13 05 07* (Water mixed with oil frayh/ water separators)
13 07 03* (see above)
Hydrocarbon #3 Mixture of wastes of oils and liqtuels without motor and
S13-SON o : S
lubricating oil and hydraulic oil
Halogenated solvent #1 07 01 03* (Organic halogahablvents, washing liquids
S14-PCX .
and mother liquors)
S14-SAN Halogenated solvent #2 No information
Halogenated solvent #3 14 06 02* (Other solventsraixtures of halogenated
S14-SAR
solvents)
Non-halogenated solvent #1 Other solvents, wadigngls and mother liquors from :
07 01 04* (Wastes from the manufacture, formulation
distribution and use (MFSU) of basic organic cheais;
07 02 04* (Waste from MFSU of plastics, rubber and
S15 synthetic fibers),

07 05 04* (Waste from MFSU pharmaceuticals),
07 06 04* (Waste from MFSU of fats, soaps, detetgen
disinfectants and cosmetics),

07 07 04* (Waste from MFSU chemicals from the fine
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chemicals and chemical products not elsewhere fapci

S16-CHI

Waste water #1

16 10 01* mixture of (Aqueous ligwiaktes destined for of
site treatment, Aqueous liquid wastes containimggdeous
substances).

f

S16-DUC

Waste water #2, mixture of 13
wastes

08 04 16 (Waste from MFSU of adhesives and sealants
(including waterproofing products, Aqueous liquidste
containing adhesives or sealants other than thestiomed
in 08 04 15),

11 01 06* (Wastes from chemical surface treatmadt a
coating of metals, Acids not elsewhere specified),

11 01 11* (11 01, Aqueous rinsing liquids contagnin
dangerous substances),

11 01 13* (11 01, Degreasing wastes containing el
substances) ,

11 01 98* (11 01, Other wastes containing dangerous
substances — note : mirror code of 99 code us€daince for
hazardous waste),

12 01 09* (Wastes from shaping and physical andhangical
processing of metals and plastics, Machining erantsand
solutions free of halogens),

12 01 99 (12 01, Wastes not otherwise specified),

19 07 03 (Landfill leachate other than those mewtibin 19
07 02)

S16-GEO

Waste water #3

19 12 04* Waste from mechanic treatrtby example
sorting, shredding, compacting, granulating) netcsjed
elsewhere. Plastics and rubber.

S16-HOM

Waste water #4

No information

S16-SAR

Waste water #5

16 10 01* mixture of (Aqueous ligwiaktes destined for of
site treatment, Aqueous liquid wastes containinmgdeous
substances).

f

S16-SCO

Waste water #6

Wash water liquids and mother lig/fiam :
07 01 01* (Wastes from the manufacture, formulation
distribution and use (MFSU) of basic organic cheais;
07 02 01* (Waste from MFSU of plastics, rubber and
synthetic fibers),
07 03 01* (Wastes from the MFSU of organic dyes and
pigments (except 06 11)),
07 04 01* (Wastes from the MFSU of organic plant
protection products (except 02 01 08, 02 01 09aid
protection agents (except 03 02) and other bioides
07 05 01* (Waste from MFSU pharmaceuticals),
07 06 01* (Waste from MFSU of fats, soaps, detetgen
disinfectants and cosmetics),
07 07 01(Waste from MFSU chemicals from the fine
chemicals and chemical products not elsewhere faga)ci

S17

Liquid recovered fuel

19 02 08* Liquid fuel weasontaining dangerous substan
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Table 3 : pH, redox potential and chromium(VI) and (lll) concentrations

Samples |pH |[pe pe + pH| Cr(VI) (%) | Cr(lIl) (%)

Solid

S7 12.9§-4.97]8.01

S3 12.86-1.56|11.3 0.0010 0.0289
S4 12.74-1.45]11.32 | 0.0022 0.0248
S5 12.74-1.41]111.35 | 0.0021 0.0652
S2 12.73-1.50]|11.23 | 0.0011 0.0156
S1 12.05-0.99]|11.06 | 0.0004 0.0044
S6 10.81-0.76]13.16 | 0.0004 0.1300

S8-TRI 8.68 | 0.90| 9.58

S8-SAR | 8.49| 1.38] 9.87

S9-GEO | 8.01( 1.43( 9.44

S8-GEO | 7.86( 1.74[ 9.6

S18 7.73[ 3.10f 10.83

S9-SCO | 7.38[ 2.3 9.74

S8-DON | 7.29( 2.18[ 9.47

S8-SCO | 6.84 1.9 8.76

Liquid

S14-SAN| 11.13-0.35]|10.78

S12-SON| 9.71] 0.45 10.16

S16-DUC| 7.76| 12.1}/19.93

S10 7.62( 0.11] 7.73

S16-SAR| 7.43| -3.513.92

S13-SON| 6.75| 1.300 8.05

S11 6.73[ 0.99( 7.72

S16-GEO| 6.72| -1.8%4.87

S16-SCO| 6.65| 0.1 6.75

S13-SCO| 6.60] 1.2 7.82

S16-CHI | 6.40| -1.145.26

S14-SAR| 6.00( 2.98 8.98

S9-SAR | 5.13[ -0.1§4.95

S17 5.11| 3.30] 8.41

S15 3.24| 3.65| 6.89

S14-PCX| 2.78| 6.21] 8.99

S16-HOM| 1.50 | 12.1413.67 | 0.2739 0.4191
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Table 4 : Number and cumulative concentrations of substances with CAS numbers, excluding metal

Labl Lab2

N. of substances with | Cumulated N. of substances with Cumulated
Sample | CAS number concentration (%) CAS number concentration (%)
Solid
S1 1 0.00
S2 1 0.00 1 0.00
S3 1 0.00
S4 1 0.00 16 0.01
S5 1 0.00 14 0.00
S6 18 0.11 35 0.03
S7 13 0.04 43 0.07
S8-DON | 29 0.22 95 0.24
S8-GEO | 35 0.16 59 1.50
S8-SAR | 23 1.96 82 0.58
S8-SCO | 30 0.17 110 0.40
S8-TRI | 49 0.17 69 0.20
S9-GEO | 26 0.09 86 0.13
S9-SCO | 37 1.70 101 4.60
S18 11 2.06 82 2.42
Liquid
S9-SAR | 36 0.44 106 1.02
S10 20 1.90 51 2.55
S11 11 0.05 30 1.73
S12-SON 31 0.30 84 8.23
S13-SCQ 21 2.87 73 13.78
S13-SON 13 0.02 35 0.11
S14-PCX| 17 56.28 45 27.14
S14-SAN| 22 8.86 53 0.31
S14-SAR| 7 62.87 35 81.77
S15 18 43.26 56 23.06
S16-CHI | 14 0.26 80 0.14
S16-
DUC 6 0.05 25 0.10
S16-
GEO 3 0.01 13 0.10
S16-
HOM 1 0.01 4 0.10
S16-SAR| 18 0.19 71 0.25
S16-SCQ 7 0.50 88 0.14
S17 30 11.06 117 15.66

Solid : %w/w dry matter, liquid : %w/w raw matter
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Table 5: Analytical mass balance of solid samples (NEOC = non extractible organic compounds, VOC = volatile organic compounds, SVOC = semi-volatile organic

compounds, TPH = total petroleum hydrocarbons)

Concentration (%] Labl Lab2

Reg Reg

ulate ulat
Sample QZTaTs 2"8“"' NEOC |voc |svoc  |TPH gubs Total @gt‘a'ls S'V'eta' NEOC voc  |svoc :Sbs Total

tanc tanc

es es
S1 43.82 38.88] 43.30 0.00 0.00 0.00]126.00|54.72 39.28] 5.96 0.00 0.00 0.4 99.96
S2 39.32 56.48] 2.90 0.00 0.00 0.00|98.70 | 63.75 36.0§ 0.03 0.00 0.00 0{99.83
S3 41.13 53.771 4.50 0.00 0.00 0.00199.40 | 55.24 4414 0.19 0.00 0.00 0]99.59
S4 58.75 30.25 2.20 0.00 0.00 0.1 0]91.21 | 66.21 33.49 0.10 0.00 0.00 0]99.81
S5 58.66 30.34] 3.30 0.00 0.00 0.01 0[92.31 | 66.17 33.43 0.20 0.00 0.00 0{99.80
S6 46.40 40.60[ 9.60 0.11 0.00 0.6 0]97.26 | 57.97 32.53 5.30 0.03 0.00 0]95.83
S7 32.64 52.96] 9.20 0.00 0.04 0.40 95.05 | 62.47 36.83 1.98 0.00 0.07 0]101.35
S8-DON -7.74 28.14| 40.10 0.22 0.01 4.19 64.91 | 4.02 8.48 | 67.30 0.06 0.07 0] 80.04
S8-GEO -24.03 | 48.73| 43.90 0.13 0.03 6.84 75.60 | 12.33 12.81 62.90 1.40 0.00 0] 89.60
S8-SAR 18.55 27.4 51.00 1.35 0.00 6.24 104.59(27.52 10.58] 52.60 0.06 0.47 0./91.34
S8-SCO 2.33 5.07| 74.20 0.13 0.04 2.5 84.52 | 19.60 3.30( 77.20 0.12 0.18 0/ 100.50
S8-TRI -1.84 21.54] 16.40 0.14 1.32 3.3 40.88 | 15.24 8.11 | 43.90 0.09 0.02 0]67.45
S9-GEO 42.59 40.11 13.50 0.01 0.09 3.Y4 100.03|71.50 13.50| 0.11 0.03 0.11 0.485.24
S9-SCO 2559 | 43.21 19.70 1.53 0.17 10.60 [100.80|37.18 19.12| 18.50 2.53 2.09 0.[79.41
S18 -8.27 26.37| 69.60 1.91 0.15 8.8b 98.61 | 22.69 7.61| 61.50 0.01 2.47 0]94.39
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Table 6 : Analytical mass balance of liquids (SVOC = semi-volatile organic compounds, VOC = volatile organic compounds, vTPH = volatile total petroleum hydrocarbons,
TPH = total petroleum hydrocarbons, USVOC = unidentified SVOC, UVOC = unidentified VOC)

(Ccl)z;’\centranor Labl Lab2

Sample Water Qsert]a_ls Metals| SVOC [VOC |vTPH|TPH ngsliféig Total |Water Qsert]a;Is Metals| USVOC| SVOC | UVOC [VOC ngsliféig Total

S9-SAR 97.77 |-3.50 | 4.80 | 0.00 0.43 0.03 5.2B 0.02 [104.76|/74.74|10.36 | 3.54 | 6.67 0.65 0.00 0.10 0.10 [96.16
S10 5.01 049 | 0.21]| 0.00 1.90 0.00 8d.20 87.80 | 5.00 | 0.08 | 0.72| 0.00 1.69 0.63 0.76 0.11 |84.72
S11 1.76 [-0.10 | 0.10 | 0.00 0.04 0.0§ 85.p0.01 87.36 | 1.40 [-0.31 | 0.31 | 79.40 1.54 0.30 0.09 0.11 [82.83
S12-SON 0.46 0.11| 0.09] 0.19 0.08 0.05 22@O3 23.01 | 0.20 (-0.81 | 0.81 | 61.48 | 7.23 0.48 0.00 1.01 ]70.39
S13-SCO 50.16 | 1.19| 2.61 0.00 2.68 1.56 2809 95.79 | 57.6013.30 | 1.90 | 34.97 13.18| 1.02 0.42 0.36 |112.74
S13-SON 97.24 |-0.15 | 0.15 | 0.00 0.01 0.0 o.0p 0.01 (97.27 | 97.000-0.01 | 0.11 | 0.04 0.01 0.00 0.11 97.25
S14-PCX 0.01 |-0.03 [ 0.03 | 0.21 56.06 0.37 5.51 0.01 (62.17 | 0.10 |-0.04 | 0.04 0.14 26.91 | 0.10 27.25
S14-SAN 81.26 | 3.42| 2.95| 0.00 8.46 0.1 0.3 0.35 (96.58 | 76.552.39 | 4.38 | 0.01 0.00 0.00 0.15 0.15 |[83.63

S14-SAR 6.10 227 0.23| o0.01 62.8f4 0.13 08 0.02 (71.97 | 6.70 |-0.06 | 0.26 | 0.49 0.23 81.44 | 0.10 89.16

S15 10.52 [-0.35 | 0.65 | 0.57 39.38 6.7 5.6/ 3.30 ([66.45 | 10.10-0.16 | 0.36 | 15.04 | 4.19 9.44 13.64 5.28 |57.88

S16-CHI 99.17 | 0.00 ([ 1.80| 0.00 0.21 0.1 0.p3 0.04 |101.47)93.00/1.45 | 1.25 | 0.03 0.01 0.04 0.03 0.10 [95.92

S16-DUC 98.76 |[-0.51 | 0.81 | 0.00 0.04 0.0 o0.0f 0.01 [99.18 | 96.0000.35 | 0.35 | 0.03 0.00 0.00 0.00 0.10 |96.83

S16-GEO 100.00 0.01| 0.09( 0.00 0.00 0.00 0.01 100.11{97.00|0.03 | 0.07 | 0.00 0.00 0.00 0.00 0.10 [97.20

S16-HOM 94.30 | 0.96 | 4.14| 0.00 0.00 0.Jo 0.01 99.41 | 96.0001.36 | 3.94 0.00 0.00 0.10 101.40
S16-SAR 88.15 |-0.26 | 0.26 | 0.00 0.01 0.0 0.0B 0.18 ([88.42 | 97.0000.05 | 0.15 | 0.15 0.04 0.00 0.21 97.60

S16-SCO 87.79| 4.03| 1.37| 0.00 0.42 0.]2 3|89 0.09 |97.70 | 89.000.75 | 0.75 | 0.01 0.00 0.04 0.04 0.10 [90.69

S17 11.59 |-3.39 | 3.49 | 0.00 10.95| 4.64 19F 0.10 (47.00 | 11.094.00 | 0.00 | 39.79 10.21| 0.00 0.98 0.10 |66.18
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Conceptual scheme of wastes compogitiashed line: not measured in the protocol)

Water content (Lab 2 vs Lab1)

Ash content (Lab2 vs Lab1)

Individual element content (Lab2 vs Lpbl

Non-extractible organic compounds (Lab2.abl)

Individual organic volatile and semi-atile substance (Lab 2 vs Lab 1)

Individual organic volatile and semi-atile substance > 0.1% (Lab 2 vs Lab 1) (27 daias)pa
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Loss on ignition 550 °C
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{including mineral O N CI F)

Figure 1
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