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Uvodni slovo Séfredaktora

Vazeni ¢tenari,

v posledni dobé zacinaji prichazet do redakce i ¢clanky
zahrani¢nich autort. (Jako starSi generace nepovazuji
Slovensko za cizinu, ostatné hned od zac¢atku
v nékterych cislech prispévky slovenskych autort
| pfevazuji.) Prvni dojem je radostny, Zze se WASTE
FORUM i po autorské strance stava mezinarodnim
casopisem. Nicméné kdyz se clovék koukne, kde pusobi
autori zaslanych ¢lanku, dojem se trochu pokazi
a vysledek recenzniho fizeni to zatim vZdy potvrdil.

Konkrétné k datu redakéni uzavérky tohoto Cisla byla
z doslych prispévku cela polovina ze zahranici, jenZe nakonec v ¢isle neni ani jeden. Dva
z nich jsem na zakladé doporuceni recenzentu musel odmitnout zcela a dva se mozna po

Vv

prepracovani objevi v pristim cisle (pokud bude recenzent s upravou spokojen).

Dale bych si zde dovolil apelovat na recenzenty, kteri maji naopak to stésti, ze
recenzovany clanek se jim libi a nemaji k nému zadné pripominky: ,,Najdéte v ném
prosim alespon néjaké preklepy, at’ vim, Ze jste jej ¢etli!” Doporuceni bez jakychkoli
prfipominek totiz ptisobi nevérohodné.

Na zavér si dovoluji vsechny ¢tenare pozvat na Tyden vyzkumu a inovaci pro praxi
a zivotni prostredi TVIP 2020, v ramci kterého se kona symposium Vysledky vyzkumu
a vyvoje pro priimyslovou a komundlni ekologii ODPADOVE FORUM 2020. Jak nejspi$
vite, museli jsme jej v disledku koronavirové pandemie v puvodnim bfeznovém terminu
zrusSit a presunuli jsme jej na 11. — 13. listopad 2020. Misto konani v Hustopecich v hotelu
Amande se neméni a naprosta vétsSina drive vystaveného programu by méla byt
zachovana (autori pFfispévku jiz potvrdili svou ucast). Dokonce je mozné, Ze bude
program i jeSté obohacen o par nové prihlasenych prispévku. Vice informaci najdete
jednak v podrobnéjsim textu na konci tohoto éisla, jednak a hlavné na strankach
WWW.tVip.cz.

Ondfrej Prochazka
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Pro autory

WASTE FORUM je casopis urCeny pro publikovani puvodnich védeckych praci
souvisejicich s primyslovou a komunalni ekologii. Tj. nejen z vyzkumu v oblasti odpadld a
recyklace, jak by mohl naznaCovat nazev Casopisu, ale i odpadnich vod, emisi, sanaci
ekologickych zatézi atd. Vychazi pouze v elektronické podobé a Cisla jsou zvefejfiovana na volné
pristupnych internetovych strankach www.WasteForum.cz.

Do redakce se pfispévky zasilaji v kompletné zalomené podobé i se zabudovanymi obrazky
a tabulkami, tak zvané ,,printer-ready”. Pokyny k obsahovému Clenéni a grafické upravé prispévku
spolu s pfimo pouzitelnou Sablonou grafické upravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro autory. Ve snaze dale rozSifovat okruh moznych recenzentll zadame autory, aby
soucasné s prispévkem napsali tfi tipy na mozné recenzenty, samoziejmeé z jinych pracovist nez je autor
Ci spoluautory. Je vzdy dobré mit rezervu.

Publika¢ni jazyk je Cestina, slovenstina a anglictina. Preferovana je angli¢tina a v tom pfipadé je
nezbytnou soucasti ¢lanku na konci nazev, kontakty a abstrakt v ¢eském ¢&i slovenském jazyce, pficemz
rozsah souhrnu neni shora nijak omezen.

Vydavani Casopisu neni nikym dotované. Proto, abychom pfijmové pokryli naklady spojené
s vydavanim Casopisu, vybirame publikaéni poplatek ve vysi 500 K& za kazdou stranku (bez DPH).
V pfipadé nepublikovani prfispévku v disledku negativniho vysledku recenzniho fizeni je tato Castka
poloviéni.

Uzavérka nejblizsiho ¢isla casopisu WASTE FORUM je 8. ¢ervence 2020, dalSi pak 8. rijna.

For authors

WASTE FORUM is an electronic peer-reviewed journal that primarily publishes original scientific
papers from scientific fields focusing on all forms of solid, liquid and gas waste. Topics include waste
prevention, waste management and utilization and waste disposal. Other topics of interest are the
ecological remediation of old contaminated sites and topics of industrial and municipal ecology.

WASTE FORUM publishes papers in English, Czech or Slovak. Articles submitted must
include a abstract in Czech (Slovak) or English language, respectively.

Manuscripts for publication in the journal WASTE FORUM should be sent only in electronic form
to the e-mail address prochazka@cemc.cz. Manuscripts must be fully formatted (i.e. printer-ready) in MS
WORD. The file should have a name that begins with the surname of the first author or the surname of
the corresponding author. More information HERE.

All articles submitted for publication in WASTE FORUM undergo assessment by two independent
reviewers. The reviews are dispatched to authors anonymously, i.e. the hames of the reviewers are not
disclosed to the authors.

All papers that was not subjected to a peer-review are labeled in a header of each page by the
text Not peer-reviewed and commercial papers.

Revenue to cover at least the costs associated with the issuance of the magazine, we select
a publication fee 500 CZK per each new page of the paper.

The deadline of the next issue is on July 8, 2020, more on October 8, 2020.
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Lucia ROZUMOVA: Stabilization and solidification of hazardous waste by using cementation

Stabilization and solidification of hazardous waste by using
cementation

Lucia ROZUMOVA

Centrum vyzkumu ReZ s.r.o., Hlavni 130, 250 68, Husinec — ReZ, Czech Republic
e-mail: lucia.rozumova@cvrez.cz

Abstract

Waste from chemical industry represents a big danger for people and the environment. Mainly
because of its complicated composition and significant amount of heavy metals. Manipulation of
industrial waste has to fully fulfil one basic aim, which is the safety of all liquidation processes. The most
common way of disposing of chemical waste in the Czech Republic is to incinerate it.

The waste from incinerators, such as ash, slag, fly ash and active carbon, contains dangerous
substances. Fly ash is a waste material generated during combustion. It is a heterogeneous material
consisting of particles having various properties, both physical, chemical, mineralogical, morphological
and technological. It is a suitable material for construction purposes, for their significant pozzolanic
properties. Fly ashes are processed by bituminization, vitrification, and cementation.

Fly ash sample was subjected to process of stabilization by using cementation. For stabilization
process of cementation was used cement, which was successfully used to stabilize of soils. Stabilization
of fly ash was assessed applying three different amounts of cement admixture and four distinct
solidification periods in order to decrease the amount of leachable harmful elements or compounds the
waste. The assessment of the observed parameters was performed according to the EU standard
2003/33/EC for waste acceptable at landfills for hazardous waste.

The aim of stabilization of processes were to assess, whether it is a suitable method for treatment of
fly ash from incinerators and hazardous waste if it will reduce their danger.

Keywords: fly ash, cementation, stabilization of waste.

Introduction

A growing number of human populations leads to increasing amount of waste. This fact leads to a
reflection on the re-use, disposal or changing their chemical and physical properties in order to reduce
the hazards and impact on the environment. Disposal site does not represent an environmentally friendly
method of waste disposal because of possible pollution to the environment. Therefore, appropriate
management is required in order to reduce its adverse impact on human population and ecosystems.
Due to limited sites, cost, technology and strict environmental standards for landfilling, waste disposal
has become a major concern in most industrial countries. Application of thermic methods represents one
of the possible ways of waste disposal, with efficient way of hazardous waste disposal being its
controlled incineration in oxidative environment*?,

Waste incineration has been widely adapted as an effective means to sanitize and reduce the volume
of waste before landfilling. During the incineration process, their heat of combustion is utilized, and their
volume is significantly reduced. However, also resulting flue gases must undergo purification: product of
flue gases purification (fly ash) is collected from electrostatic precipitators or bag filters; another product
of combustion is a solid incombustible material (bottom ash). Both materials are evaluated according to
the relevant waste legislative, usually as hazardous materials because of their content of heavy metals
and other substances that are known to be toxic'™.
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Only recently, in 2003, bottom ash was included on the list of dangerous waste materials according to
the Council of the European Union; while fly ash had been listed as a dangerous waste material (code
19.01.13)". Such a waste is necessary to be stabilized as well as evaluated for its toxicity with all the
necessary analysis being carried out in order to assess and minimize the leaching of its possibly
environmentally harmful components when disposed®®.

Stabilization and solidification (S/S) of metals from fly ash by conventional methods is not only
challenging and cost-demanding task, but it is also eco-unfriendly and often technically very difficult to
implement. In view of these constraints, bioremediation of metals from fly ash is thought to be an
alternate technology which is self-sustainable, eco-friendly and cost effective. The main used S/S
technologies include the removal of the contaminated layers, in-situ solidification and stabilization of
reduction in-situ by chemical conversion. The secondary usage of bottom or fly ash from waste has been
suggested as for use as a construction material by cementation or vitrification, but a large portion of the
ash is still disposed of in waste landfill sites”**.

Various technologies have been developed to make the waste non-toxic or to reduce the potential for
the release of toxic compounds into the environment. S/S techniques serve as means of prevention
and/or minimization of leaching of potentially harmful compounds or elements from the combustion
product. Generally, it is the process of conversion of a toxic waste to a physically and chemically more
stable form. Cement is the most adaptable binder currently available for the immobilization of heavy
metals'®. This is done by production of a solidification product that improves handling characteristics,
decreases the surface area (decreasing the contaminant transport and reducing the mobility of the
contaminant as well as its bonding into a non-toxic form). Solidification products also act as a barrier to
the migration of ions*?™*°.

Solidification of the bottom ash by its mixing together with cement material also has proven to be an
easy and relatively low-cost way of reduction of its toxicity*®. Recently, the addition of chemical reagents
into cement mortar mixed with ash has been considered a viable alternative®®.

Cementation was employed to stabilize wastes. This technology is recognized as one of the solutions
to fix contaminants. Fixation of heavy metals of hazardous waste by cementation
solidification/stabilization has been a subject of study.

Experimental part
Materials and methods
Fly ash

The sample of fly ash was taken from a hazardous waste incinerator. Fly ash is dangerous waste
originated from incinerating chemical waste. The sample was homogenous, and grains were fine dust
particles of grey color. This particular material originated through the medical waste combustion.
According to EU standard 2000/532/EC, list of hazardous waste, this waste belongs to the category of
waste from incineration or pyrolysis of waste; in the European Waste List, it is listed as 19 01 13 —fly ash
containing hazardous substances®.

Cement

For the stabilization was used cement GEOROC DOROSOL C50 from Czech company, Holcim a.s.
This cement has been successfully used for the stabilization of contaminated soils. The cement is made
from hydraulic components, Portland cement and quick lime (50%).
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Analytical methods

The chemical composition of the solid sample was determined by X-ray fluorescence spectroscopy
(energy disperse spectrometer SPECTRO X-LAB), the morphology and shape of waste particles were
studied by electron microscopy (PHILIPS XL-30 raster electron microscope with RTG spectrometer
EDAX). The phase compositions were determined by X-ray diffraction analysis (ID3003/URD-6
diffraction unit). The concentrations of metals were determined by GF-AAS (UNICAM 989), by FA-AAS
(UNICAM 969) and by AES-ICP (Spectro Ciros Vision). The proportion of mercury was determined using
an AAS (AMA 254). The concentrations of selected anions in the leachate was determined by ionic
chromatography (WATERS 431). Loss of Ignition was determined according to CSN EN 15935.

Cementation

Samples were mixed with cement with an amount of cement in the final product being 10%, 20% and
30% of the total mass of dry products (cement + fly ash). Water was then added to the mixture to create
a sludgy compound (50 g of the mixture with 25 ml of water). Afterwards, the mixture was stirred for
10 minutes and placed to plastic forms to solidify. The solidification period was set to 1 day, 4 days,
7 days and 28 days at laboratory temperature®®. After individual time intervals of solidification, the
determination of humidity (at 105 °C) was verified for each sample, according to which the amount of
water for the preparation of agueous extracts was determined. The resulting humidity value of all
stabilized samples was already around 1% after 24 hours of solidification time, and therefore it was not
determined for further time intervals.

Preparation of Leachate

The water extracted from the samples studied prior to and after process of stabilization was prepared
in accordance with European Committee for Standardization (2002) characterizing wastes*%.

From the fly ash and stabilization products, the water leachate was prepared according to
EN 12457-4*"% in two parallels. Fly ash sample was sieved by sieving machine to remove major
inhomogeneities. For further experiments, the fraction with the largest proportion (= 1 mm) was selected.

Solid and liquid phase ratio was 1:10, demineralized water was used. After 24 hours of shaking using
flap shaker, the solid phase was separated by vacuum filtration by a membrane filter with 0.45 ym pore
size?™®®, Parameters of the water leachate were set according to EU standard 2003/33/EC for waste
acceptable at landfills of hazardous waste® which sets the Criteria for waste acceptable at landfills of
hazardous waste.

Results and discussion

Characterization of fly ash before stabilization

The chemical composition of the original fly ash sample and cement is shown in Table 1. The fly ash
contained typical elements such as Si, Ca, S, Na etc. but there were toxic elements present as well, for
example As, Cd, Cr, Hg, and Pb.

Determined parameters of the water leachate according to 2003/33/EC standard for waste acceptable
at landfills for hazardous waste are shown in Table 2. After the comparison of the chemical
characterization of the water leachate samples (concentration limits according to 2003/33/EC standard),
concentrations of Cd and Zn exceeded the limit value in the fly ash sample.

The results of phase analysis are shown in Table 3, where the amorphous phase is the predominant
phase in the samples.

Scanning electron microscopy (SEM) images are presented in Figure 1. The particles of fly ash
consisted of particles of various sizes and shapes.
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Table 1: Content of observed parameters in the solid phase

Components | Unit Fly | Cement | Components Unit Fly ash | Cement
ash

Na,O [%] | 14.8 <6 As [mg.kg™] 40 0.20
MgO [%0] 2.30 0.8 Ba [mg.kg™] 1890 3.29
Al,O3 [%] | 4.10 4.1 cd [mg.kg™ ] 1300 1.54
SO, (%] 19.1 <9 Cr [mg.kg™'] 2020 0

P,Os [%] | 0.94 <0.07 Cu [mg.kg™] 7500 1.12
SO, [%] | 9.40 3.9 Hg [mg.kg™"] 330 0.05
] [%] | 7.30 11.0 Mo [mg.kg™ ] 561 0.13
K,O [%] 2.84 11.9 Ni [mg.kg™"] 990 0.43
CaO [%] | 8.00 39.4 Pb [mg.kg™] 4000 2.90
TiO, [%] | 1.89 0.45 Sb [mg.kg™] 588 0.09
MnO [%] | 0.11 0.023 Se [mg.kg™] 8.8 0.87
Fe,O; [%] | 3.79 14.0 Zn [mg.kg™] | 10400 1.90
LOf [%] 20.2 14.0 Vv [mg.kg™"] <50 0.94

1Ol - Loss on Ignition

Table 2: Content of observed parameters in the water leachate

Components Unit Water extract from fly ash Leaching limit
As [mg.kg™"] <0.10 25
Ba [mg.kg™"] 7.90 300
cd [mg.kg™] 280 5
Cr [mg.kg™ "] 12.2 70
Cu [mg.kg™"] 77.3 100
Hg [mg.kg™"] 0.02 2
Mo [mg.kg™"] 28.6 30
Ni [mg.kg™"] 9.60 40
Pb [mg.kg™"] 1.30 50
Sb [mg.kg™"] 0.83 5
Se [mg.kg™] 0.16 7
Zn [mg.kg™] 950 200

Table 3: Mineralogical composition of waste studied

Phase Formula Fly ash [%]
amorphous 75
calcite magnesium (Ca, Mg)CO3 3
C;A cubic 6
hematite Fe,O3 7
plagiOCIase NaA|S|3OS—CaA|25|208 3
quartz SiO, 3
sanidine (K, Na)(Si, A)4Og 3
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Figure 1. SEM images of fly ash particles

Efficiency of the cementation process

The effect of cement addition was evaluated by leaching test. The concentrations of Cd and Zn in
leachate are presented in Figure 2 and 3, respectively, where the dependencies of the metal leaching on
the solidification period are shown. These figures indicate that — according to the determined
solidification period for Cd and Zn — the solidification period of 28 days is inappropriate in the case of
10% addition of cement, because it is above the limit value of leaching limit.

Q

[ R

(=)

a ] —

a - —

e B 10%
08 20%
O 30%

5

1 day 7 days 14days 28 days
salidification period

Figure 2: Cd content in leachate [mg.kg™] prepared from cementation product with 10%, 20%,
30% of added cement depending on solidification period. Data are logarithmically transformed
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Figure 3: Zn content in leachate [mg.kg™] prepared from cementation product with 10%, 20%,
30% of added cement depending on solidification period. Data are logarithmically transformed

When the cement amount in the mixture was 10% and the solidification period 28 days, rapid increase
of Cd in leachate was observed (40.4 mg.kg™) which is significantly over the limit of 5 mg.kg™*. When the
cement amount was 20% and 30%, distinct decrease (under the limit value) was observed in all the
solidification periods.

Similarly, when 10% of cement was applied and solidified for 28 days, increase of leached Zn was
observed (37.4 mg.kg™). When the cement amount was 20%, no significant change in all the
solidification periods was observed, thus are all appropriate for this cement amount. 30% cement
addition leads to rapid decrease of the leached metal with prolonged solidification period.

Conclusion

The aim of the study was to verify the efficiency of the stabilization process and to evaluate the
possibilities of fly ash stabilization by cementation when the fly ash originates from incineration of
medical waste.

According to analyses of the water leachate, the sample under study falls into the category of
hazardous waste because it exceeds concentration limits of Cd and Zn listed in the 2003/33/EC standard
for waste acceptable at landfills for hazardous waste. Efficiency of stabilization by added cement in 10%,
20% and 30% was evaluated by analysis of the stabilized product water leachate after 1, 4, 7 and
28 days of solidification.

Results demonstrate that 10% of cement addition is sufficient only for Cd and Zn immobilization in the
short period (up to 14 days). When 20% and 30% of cement was added, the immobilization of both Cd
and Zn was successful.

For the immobilization of Cd and Zn, the solidification period of 28 days was satisfactory at both 20
and 30%. However, for the immobilization of metals, the amount of cement (20%, 30%) and the
solidification period (1 — 28 days) is very important.
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A comparison of the stabilization efficiency after 1, 4, 7 and 28 days showed that there is a gradual
decrease in the concentrations of the individual monitored indicators, while sufficient insulation occurred
already after 1 day of solidification.

Waste processed in this way fitted the Criteria for waste management for waste acceptable at landfills
for hazardous waste (2003/33/EC) in the observed parameters; the selected process is therefore
suitable for this type of waste originated from incinerating chemical waste.
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Souhrn

Odpad z chemického primyslu predstavuje velké nebezpeci pro lidi a Zivotni prostfedi. Hlavni divod
predstavuje jeho slozZeni, a tedy hlavné vysoké koncentrace tézkych kovi. Manipulace s priumyslovym
odpadem musi plnit jeden zakladni cil, kterym je bezpecnost vSech likvidacnich procest. Nejbéznéjsim
zptisobem zneskodriovani chemického odpadu v Ceské republice je spalovéni.

Odpady ze spaloven, jako jsou popely, strusky, popilky a aktivni uhli, obsahuji nebezpecné latky a dle
toho je pak nutné s nimi zachazet a nakladat. Popilek je odpadni material vznikajici pri spalovani. Je to
heterogenni material sestavajici z castic majicich razné vlastnosti, jak fyzikalni, chemické,
mineralogické, morfologické, tak technologické. Je to vhodny material pro stavebni ucely, pro své
vyznamné pucolanové viastnosti. Popilek se zpracovava bitumenaci, vitrifikaci a cementaci.

V této praci byl vzorek popilku podroben procesu stabilizace vyuZitim cementace. Pro stabilizani
proces cementace byl pouZit cement, ktery byl uspésné pouZit ke stabilizaci zemin. Stabilizace popilku
byla hodnocena pouZitim tfi riznych mnoZstvi cementové smési a Ctyr odlisSnych dob tuhnuti, aby se
snizZilo mnoZstvi vyluhovatelnych Skodlivych prvkid nebo sloucenin odpadu. Komplexni posouzeni vSech
sledovanych parametr(l bylo provedeno podle normy EU 2003/33 / ES pro odpady zafazujici se na
skladky nebezpeénych odpadu.

Cilem stabilizace bylo posouzeni, zda je cementace vhodny zplsob zpracovani popilkt ze spaloven
nebezpecného odpadu, pro pokles koncentraci téZkych kovd, a tedy sniZit jejich nebezpeci.

Kli¢ova slova: popilek, cementace, stabilizace odpadu.
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Summary

Waste tires can be recycled and used as a supplementary material for the preparation of new building
materials. Therefore, the ecotoxicity of waste tire debris was tested in this study. The debris was tested
as a 10% leachate on aquatic organisms and as a 10% tire-reference matrix mix on soil organisms in
accordance with Regulation No. 94/2016 Sb. HP 14 - Ecotoxicity. Based on the results of tests with
freshwater daphnids and algae, the tested waste tire debris can be classified as a material with
a Hazardous property HP 14.

Key words: ecotoxicity, wastes, tires

Introduction

Old, used tires become a waste and pose a problem to deal with. During their burning there is
a leakage of toxic substances, their landfilling is also not a suitable and environmentally friendly way
of solution. One possibility is their reuse in construction. In the form of pulp and granules of various sizes
they are used for the production of pavements and sports grounds™?. However, in the treatment and
recovery of any wastes, consideration should be given to their use and the suitability of their various
applications for health and environmental reasons. Sooner or later, there will be a long-lasting release
of waste particles into the environment, and gradually increasing them in the environment should not
cause unwanted environmental burdens.

Methodologically, the ecological safety of tires can be verified using ecotoxicity tests. There are many
guidelines under which these tests can be performed. More than one test has to be performed, otherwise
the conclusion about ecotoxic effects on the environment may not be satisfactory. The so-called battery
of ecotoxicity tests is used, which includes producers, consumers and destructors. Producers include
plants that use sources of organic and inorganic nutrients released from the environment due to micro-
organisms (destructors). Consumers subsequently feed on producers or other consumers and the
natural cycle is thus closed.

In Czech legislation, ecotoxicity and waste concern Regulation No. 383/2001 Coll. on the conditions
of depositing waste in landfills, as amended (Regulation No. 61/2010 Coll.)* or Regulation No. 94/2016*
on the evaluation of hazardous properties of waste (the property HP 14). The first regulation does not
interest us in this study. Regulation No. 94/2016 is related to European legislation (REACH legislation,
as amended). The aim of this study was therefore to test a 10% leach or 10% mixture of tires on
5 ecotoxicological tests (Daphnia immobilization test, chronic duckweed test, acute algae test, seed
growth and prolonged test with plants, earthworm reproduction test). The obtained ecotoxicological data
were compared with the limit criteria of Regulation No. 94/2016 Coll.
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Experimental part
Materials

Mix of waste tires from personal transports were used as tested material. The rubber parts of the tires
were crushed to less than 10 mm particles and kept in a plastic sample container under laboratory
conditions prior to testing. Agricultural land referred to as loamy sand LUFA 2.2 soil (Speyer Ltd.,
Germany) was used as the reference matrix. This soil has been used as a control soil in some
ecotoxicological studies®®.

Figure 1: Tire particles (left picture) and control LUFA 2.2 soil (right picture).

Preparation of the extract

100 g of rubber particles were used to prepare 1 L of leachate. The prepared mixture was stirred for
24 hours on a head-to-heel shaker Reax 20/4. After 24 hours, the extract was filtered through paper filter
(Whatman, grade 6) and used for the determination of chemical properties or for ecotoxicity tests.

Determination of leachate properties

Oxygen was measured on the oximeter Greisinger GOX 20 and pH values on the multimeter PC 70+
at the start and at the end of experiments. Agilent Technologies 5110 SVDV Inductively Plasma Optical
Emission Spectrometer (ICP-OES) was used for chemical analysis of selected inorganic elements in tire
leachate.

Ecotoxicological tests

Toxicity tests were performed according to relevant international or Czech methodologies.
The conditions of the individual organism tests are given in Table 1.

Evaluation of results

Ecotoxicological data were expressed as inhibition of measured endpoint of 10% eluate or 10% solid
mixture in comparison to control value according to the following equation:

| (%) = ((C-N)/C) x 100

where | ... inhibition, C ... measurable value for control medium, N ... measurable value for medium
containing tire particles or for leachate.
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Table 1: Overview of ecotoxicological tests.

Organism Duration Medium Endpoint Guideline
(species) (hours)

algae 72 eluate (10 %)  specific growth rate, !
(D. subspicatus) biomass

duckweed 168 eluate (10 %)  specific growth rate 8
(L. minor) biomass

crustacea 48 eluate (10 %)  immobilization, o
(D. magna) mortality

lettuce 72 solid mixture root growth of seeds 10
(L. sativa) (10 %)

earthworm 1,440 solid mixture mortality, 1
(E. foetida) (10 %) Ejr\(/)g#ifetfn of cocoons and

Results and discussion

The results of all ecotoxicological tests were analyzed in accordance with the legislation and
they are valid because the validity criteria in the control groups were not exceeded. The resulting
inhibition of the measured parameters compared to the control groups is shown in Table 2.

7,8,9,10,11

Table 2: Results of individual ecotoxicological tests expressed as inhibition (%).

Organism Inhibition (%) £ SD Comparison with criteria
for toxicity

E. foetida 0 (mortality) and 18 (cocoons) and 100 (juveniles) ecotoxicity

L. sativa 23+ 16 partially meets criteria

D. magna 100+ 0 ecotoxicity

D. subspicatus 44 + 6 (specific growth rate) and 69 + 16 (biomass) ecotoxicity

L. minor 22 + 1 (specific growth rate) and 28 + 13 (biomass) ecotoxicity

Table 3: Relevant criteria for selected ecotoxicological tests with tested tires from the point of
view of the hazardous property ,,ecotoxicity — HP 14"“.

Species Duration Criteria for exclusion of tested tires as a ecotoxicological waste of
(hours) hazardous property (HP 14 property)

D. magna 48 The percentage of daphnia immobilization in the test must not exceed 20%

D. subspicatus 72 No inhibition or stimulation of algae growth of more than 20% in comparison
with the control

L. sativa 120 No inhibition or stimulation of lettuce root growth greater than 30% in the
test is demonstrated

D. magna 48 ECs0 <10 ml/l

D. subspicatus 72 ICso <10 ml/l
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The most sensitive organism to the tested samples appeared to be the freshwater crustacean
Daphnia magna, which has not survived the 24-hour exposure. The other aquatic sensitive organisms
were D. subspicatus (growth rate: 44%, biomass: 69% inhibition), followed by duckweed L. minor (dry
matter: 28%, number of leaves: 22% inhibition). The inhibition was negligible compared to control in the
test with lettuce L. sativa (23%). All earthworms survived exposition to tire granulates, an inhibition of
their reproduction was different: production of cocoons was negligible (18% inhibition) but any juveniles
were not born in tire samples (100% inhibition).

In the present study, we tested only 10% leachate or 10% solid matrix with reference soil and
decided to use the possibility of limit values how to assess ecotoxicity for purposes of Regulation No.
94/2016 Coll. We did not test several leachate or solid concentrations and for these reasons, we did not
apply assessment based on LC/IC/ECs, values (Table 3).

The calculated inhibition values are compared with the criteria for ecotoxicity assessment in Table 3.
The comparison indicated that leachates of tires were toxic for D. magna and D. subspicatus. L. minor is
not included in a battery of ecotoxicological tests for purposes of HP 14 property® but this species
belongs to very spread organisms in aquatic ecotoxicology as a representative of plants flowing on the
surface of ponds and reservoirs. For this reason, we included this bioassay into our test battery.
Earthworms are also not in the mentioned Regulation® but they belong to the very important
decomposers in soil environment. Results indicated that 10% mixture was not a problem for old
earthworms but the reproduction was reduced. Earthworms produced cocoons but young earthworms
were not born during the test period™. However, there is a question if some juveniles will turn out of
cocoon in far future (50% tire mixture caused total mortality of old earthworms during 28 days of
exposure, unpublished results). Values for L. sativa were under limits and were not so essential for
ecotoxicity assessment in this study. In a summary, results of daphnia and algae tests led to the decision
of tire granulates meeting the requirements for the recognition of the ecotoxicity property (HP 14).

And what can be the reason for toxic properties of tested tire granulates? It is generally known that
different organisms are of varying sensitivity and the overall toxicity is also influenced by properties of
environment. We added needed nutrients into 10% leachate from tires according to the appropriate
guidelines”®°%. Oxygen levels in the test with daphnia were in a norm and also pH values of eluates
and solid materials were in the range from 6 to 7. Therefore, these parameters were not limiting factors
for model organisms.

The most probable reason for ecotoxicity of studied mixture seems to be the presence of potential
pollutants. Individual inorganic and organic substances interact with each other in the mixture, resulting
in synergistic, antagonistic or additive effects leading to the overall toxicity of the mixture. Tires can
contain various polyaromatic hydrocarbons or metals. Polyaromatic hydrocarbons belong to persistent
organic pollutants but can be less or more volatile and metals are not degradable in the environment.
Organic substances were not analyzed in the present study. The leachate was analyzed after filtration by
ICP-OES method. The following inorganic elements were detected by ICP in decreasing order: Ca, Na,
Zn, K, Cr, Mg, Ba, B, Si in tens or units of mg/l. The biogenic elements (C, O, N, P, H, S) were not
determined by this analytical method. Many scientific papers analyzed ecotoxicity of individual heavy
metals or their mixtures™. However, tested eluate or 10% matrix in the present study must be evaluated
as a complex environment. Two papers were published about ecotoxicity of tires before. Tested
conditions of these results were different, but results from these studies correspond to our conclusions
that aquatic algae and crustacean are very sensitive organisms to such materials*?.

Conclusions

10% leachate prepared from tire granulates and 10% mixture of tire granulates with reference LUFA
soil were tested on five ecotoxicological bioassays. Results from the tests with daphnids (D. magna) and
algae (D. subspicatus) exceeded the permitted criteria for ecotoxicity. The tested waste tires in the
present study can thus be classified as a waste material with a hazardous property HP 14 — ecotoxicity.
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Souhrn

Odpadni pneumatiky mohou byt recyklovany a vyuZivany jako doplrikovy material pro pripravu
novych stavebnich materialt. V této studii proto byla testovana ekotoxicita odpadni pneumatikové drti.
Drt byla testovana jako 10% vyluh na vodnich organismech a jako 10% pneumatikova smés namichana
s referencni pudou na padnich organismech v souladu s vyhlaskou & 94/2016 Sb. pro posouzeni
nebezpecné viastnosti HP 14 - ekotoxicita. Na zakladé vysledkl testu se sladkovodnimi kory$i a Fasami
Ize nami testovanou odpadni pneumatikovou drt’ oznacit za odpad s nebezpeénou viastnosti — HP 14.

Kli¢ova slova: ekotoxicita, odpady, pneumatiky
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Abstract

Worldwide attention is currently focused on the ecological use of secondary and waste materials
because the amount of waste continues to grow up despite the development of new technologies. This
paper comprehensively summarizes different types of materials that could be utilized as additives and
fillers in the production of new composites based on geopolymers. These materials can be of natural
origin or some type of industrial waste (coal fly ash, blast-furnace slag, waste from used tires, etc.), and
geopolymer binder technology enables the inhibition of their potential negative influence on the
environment. The materials mentioned in this article could be incorporated into 3D geopolymer networks
and they could create hard and water-insoluble solids for a wide range of applications (fire resistance,
sound insulation and construction materials).

Keywords: recycling, geopolymer, filler, additive, waste material, raw material.

1. Introduction

Geopolymers are amorphous, solid and water-insoluble materials forming 3D networks. They are
formed by the polycondensation reaction of thermally activated clay precursors (aluminosilicates) with
alkaline silicates in an aqueous medium. The reaction principle has been described in many research
articles.*** Aluminosilicates can be primary raw materials or materials classified as waste or secondary
materials containing a high clay proportion.* The properties of the formed geopolymer matrix are affected
especially by the type of aluminosilicate.

The technology of geopolymer materials is based on two-layered minerals (e.g. kaolinite) with
a defined SiO,/Al,O; ratio, which are thermally activated (with defined temperature and dwell), and their
reaction with alkaline activators. This reaction of geopolymers (i.e. solidification of the mixture) is
influenced by the type and the particle size of clay, increasing temperature, and by the type and
concentration of the alkaline activator.>®

Geopolymer matrices could encapsulate and inhibit a large amount of different (natural or waste)
materials by incorporating them into the 3D network’ and form durable, water-insoluble materials. The
choice of the fillers and additives predetermines or modifies the resulting properties of the geopolymer
composites.?®
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2. Fillers and additives

As mentioned above, geopolymers could incorporate various types of materials in their structure.
These materials can be used as fillers, which are permanently encapsulated in a three-dimensional
aluminosilicate network (e.g. sand, aggregates in general),’® or additives, which are involved in the
reaction and become an integral part of the formed 3D network (e.g. slags, fly ashes).™** Whether the
materials are fillers or additives depends especially on the content of aluminosilicates, particle size,
morphology and mineralogy.’® Fillers and additives can be divided according to the chemical
composition and nature into inorganic, organic and specific cases.

2.1. Inorganic fillers and additives
2.1.1. Natural materials
Pumice

Pumice stone is a structural designation for generally light, volcanic foam glass with low water
content. An igneous material was quickly cooled by the presence of an enormous amount of volcanic
gases and the fused mass solidified in a foamed state. It is characterized by a porous structure which
forms rocks lighter than water.**

This material could be successfully used as an additive in a geopolymer matrix. The idea is supported
by the presence of free SiO, particles, which are probably involved in a polycondensation reaction.'® The
content of simple foamed silica glasses gives a good prospect in the thermal insulation properties of the
formed geopolymers and for the production of a light geopolymer building material.*®*’

Volcanic tuffs

Tuffs are rocks of volcanic origin that were formed by layers of ash deposited with other erupted
materials of different particle sizes. Tuffs are generally found on the slopes of a volcano or sometimes at
a great distance from it, carried away by wind and gradually deposited. Depending on the age, the
method of deposition and the possibility of weathering (by water and by temperature changes), tuffs may
be loose or compact. Compact tuffs are still used as building blocks.*®

The characteristic properties of tuffs are high porosity and low bulk density (1000-1600 kg/m®). They
contain a large amount of silica and usually also aluminosilicates (feldspars). The composition of
a particular tuff depends on the magma and the character of the eruption.*® The utilization of loose or
lightly compact tuffs in the construction industry has been known since ancient Rome. Their specific
properties have been mentioned in Vitruvius’s work De architectura [Ten Books on Architecture].?
Volcanic tuffs could react with alkaline solutions and create geopolymer composites due to their
pozzolanic properties.*

Quartz sand

The quartz sand extracted for building production (concrete, plaster, mortar) can be, for the purposes
of geopolymer reactions, complemented by sands from the extraction of other raw materials. Quartz
sand is often formed as a secondary raw material, e.g. during kaolin washing. However, it is not always
possible to use such sand for classic purposes, i.e. for the production of glass, porcelain or construction
industry. A major role in the glass and ceramic industry is played by the content of coloring oxides in
quartz sand. For example, the high iron oxide content gives greenish or brownish color to glass and
yellowish to brown dots or an overall gray shade to porcelain.?

Generally, three fractions of quartz sand (pebbles) are needed in the construction industry; perfect
concrete requires sand without clay residues.”® If different kinds and types of sand are applied in the
geopolymer matrix, the contamination of sand is insignificant. Residual aluminosilicates, mica or calcium
aggregates are also encapsulated in the 3D geopolymer network.?*
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Simultaneously, the resulting solid is not negatively affected by the presence of mono-fractioned
quartz grains. The geopolymer composition could be filled by sand up to 75-80 wt.% of the total volume
of the resulting mass.? This makes it possible to produce artificial (manmade) sandstones or to repair
damaged natural sandstone fragments of buildings or statues. It is possible to imitate the grain-size
distribution, porosity and structure of the original material in the case of repair and replacement.?

Desert sand

In areas with lack of water and thus also of river sands, geopolymer could incorporate desert sand as
a filler. Desert sand is a material unsuitable for use in the construction industry because of its high
salinity and unique grain size. Desert sand is usually very fine-grained and mono-fractioned, with grains
of 0.1 mm forming more than 50 wt.% and having rounded edges.?’ Desert sand comprises
approximately 85 wt.% of silica sand, 10 wt.% of calcite and 5 wt.% of other minor phases (NaCl, KClI,
CaS0,.2H,0, CaSO0,, etc.).®

The previously mentioned negatives are unimportant for the composites made by the geopolymer
technology. The high salinity of desert sand disrupts neither the geopolymer reaction nor hardening and
solidification. Its granulometry does not have a negative influence on the resultant composites. It is thus
possible to produce composite materials containing up to 75 wt.% of mono-fractioned desert sand.?

Marlstone

Marlstone is a calcareous rock formed by the sedimentation and consolidation of calcareous and
sandy-clay material in the Mesozoic Era. It is characterized by a whitish to sandy yellow-gray color.
Marlstone is lightweight and it can be easily shaped. Therefore, it has previously been used as a building
material (St. George’s Basilica at Prague Castle, the rotunda of Saints George and Adalbert on Rip).
At present, it is mainly used in stone sculpture, the tiling of indoor and outdoor fireplaces, the
construction of ponds and fountains.*

The extraction and subsequent processes generate waste in the form of dust and pulp of various
fractions. The secondary material could be easily utilized in geopolymers. A new possibility is the use of
marlstone dust or pulp as a filler in the preparation of geopolymer composites containing up to 35 wt. %
of marlstone. The fine to clayey nature of the marlstone ensures a good connection between the
geopolymer matrix and the filler. Depending on the expected use, it is possible to adjust the porosity and
thus the mechanical properties of the future product can be adjusted by means of the appropriate
selection of the grain size.***

Limestone

Limestone is a sedimentary rock composed mainly of calcite, or calcite combined with clay
components (Barrandien, Kaisergebirge).**** This material is widely used in the production of lime and
Portland cement. Limestone is also utilized for sculptural work (marble, shelly limestone) and decorative
purposes because of its easy workability.*

Geopolymer matrices offer the possibility to recycle waste generated during the extraction and
processing of stone. Older materials used as fagade cladding could also be utilized in geopolymer
composites. These composites containing up to 35 wt.% of dust or various fractions of pebble limestone
could be used as artificial limestone stones in construction or sculpture.®%

Shale

Shale, layered claystone, is a raw aluminosilicate formed as an overburden of coal beds (Pilsen, West
Bohemian coal basin). Natural shale is produced by the extraction of clay overburden, when the
extracted coal relic in claystone is slowly burned on contact with air.®” Shale is a porous material with
various strength, color and chemical composition. The chemical composition is monitored with an
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emphasis on the presence of undesirable impurities. The application of natural shale is very limited due
to its porosity, color change and content of combustible residues. This limits its application as
a bolstering of roads or as a material for the ceramic industry.®

Composite materials made of geopolymer and shale can replace some refractory materials. The
porosity of shale opens an area for the production of different types of insulated materials. Some
disadvantage could be seen in higher water absorption, which excludes shale composites for use in
exteriors.>**°

Vermiculite

From the mineralogical point of view, vermiculite belongs to the phyllosilicate group. Vermiculite
appears in the form of green-brown flakes, plates or columns. It significantly expands its volume (8 —
30x) when heated. It is used in the construction as a sound and thermal insulation and as a filler in paint
and plaster.** Simultaneously, it could be applied as a filter medium.** A geopolymer matrix filled by
vermiculite could be used as thermal and sound insulation materials.*?

2.1.2. Industrial waste materials
Fly ash from coal combustion

Fly ash is produced in the combustion of brown and black coal in boilers with conventional or fluid
type of combustion. Fly ash is an inhomogeneous material. Its composition depends on the quality of the
burnt coal and the combustion technology, especially on the combustion temperature, which is
significantly higher in conventional boilers than in the fluid ones. The temperature of combustion
determines ash and slag types and classes. The conventional-boiler ash has residual aluminosilicates in
the form of spinels and mullites and SiO, occurs in the form of tridymite and cristobalite. This ash
contains a small amount of calcium and sulfur and a higher quantum of iron.*

Fluidized bed combustion ash (with the combustion temperature of 820 °C) includes crystalline
components (SiO,, CaO, CaSO,, MgO, etc.) and about 30-50 % of the amorphous (aluminosilicate)
phase.*® Occasionally, it is possible to find a trace concentration of heavy metals from the coal used.*®
Because of its composition, fluid fly ash is strongly reactive and has hydraulic properties.*®

In the Czech Republic, the annual production of the fly ash from the conventional and fluid
combustion is approximately 8.6 million tons, which constitutes 71 wt.% of all Czech energy by-products.
Only about 8.3 wt.% of this amount is industrially used in construction (concrete, bricks, cement). The fly
ash from conventional combustion is mainly used in the concrete industry and the production of building
materials (autoclaved aerated concrete). For these purposes, the fly ash can only be used if it meets
Czech and European standards, which strictly determine the limits of chemical composition.
Unsatisfactory or unusable ashes are treated as waste.*’

One possibility of utilizing the fly ash and preventing landfilling is its application in the geopolymer-
based materials. According to its properties, e.g. chemical composition, mineralogy, particle size and
ability to react, fly ash can be used as a filler, an additive or source material for preparation of
geopolymer matrix.***° Consequently, the resulting materials have high strength and are resistant to the
acidic and alkaline environments.*

Fly ash from biomass combustion

When compared to coal ash, this ash contains more alkalis (sodium and potassium) and very little
aluminum oxide. A specific type of cereal-straw ash, in whose case the proportion of potassium and
silicon is almost equal and simple glass is formed on the grates during the combustion. Their chemical
composition is quite diverse, and it depends mainly on the type of crop and the conditions under which it
grew.***! In the Czech Republic, biomass combustion is mainly used for heat and hot water production.*

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020 (11 - 13. 11. 2020, Hustopece)

WASTE FORUM 2020, &islo 2, strana 81



Martina NOVOTNA, Ivana PERNA, Toméa$ HANZLICEK: Review of Possible Fillers and Additives for Geopolymer
Materials

The sources of biofuels include fast-growing crops (poplar, willow, sorrel, oilseed rape, sunflower,
sugar beet) and waste biomass, for instance from crop production (straw), animal waste (excrement,
feed residues), degradable industrial and municipal waste, and waste from logging and wood processing
(bark, sawdust, shavings or defective products).®® Abroad, the waste biomass includes, apart from the
already mentioned types, also e.g. rice husk with high silicon content.**

Because of their content of alkalis, many of these ash types have similar properties to ash from fluidized
bed coal combustion. Biomass ash can be successfully used as an additive in geopolymer materials.>*>*
Partial replacement of precursors by biomass ash improves mechanical strength, but the amount of its
addition is limited to about 35 wt.% relative to the ash particle size. Since the resulting materials are strong,
with low thermal conductivity, they can also be used as a thermal insulation material.*

Slag

Slag is a by-product of many thermal and combustion processes. Its chemical composition is very
variable. This paper focuses only on blast-furnace slag and steel slag that are produced during the
processing of iron and steel. Steel slag plays an essential role in metallurgical processes; therefore, their
chemical composition changes depending on the principle of the metallurgical process.>®

Blast-furnace slag is formed by the perfect melting of the mixture for iron production (iron ore,
limestone, coke). The emergent proportions of the crystalline phases and their occurrence are strictly
related to the type of raw materials and fusing temperature. Slag is usually sprinkled with water when it
leaves the furnace to form slag granulate or slag wool. These products retain a certain glass phase
content.”” Some slag can be used in the production of building materials, especially in the production of
slag blocks or as an additive to cement. Another possible use is in the transport and engineering
construction as part of the stabilizing bottom layer of roads. It could also be applied as a gritting material
for winter maintenance of roads and pavements and the production of fired brick products.*®

However, some types of slag, e.g. deposited, contaminated, with content of water-soluble or heavy-
metal compounds, cannot be used for these purposes. These slags must be stored in special watertight
repositories.*’*° Geopolymers are capable of forming composites with all types of slag. According to
particle size, slag can be applied as a filler, an additive or source material for preparation of geopolymer
matrix. Potential heavy metals are incorporated into the three-dimensional network, and they will not
leach. The resulting geopolymer materials containing up to 50 wt.% of slag have better pore structure
and high mechanical strength.®*®*

Waste rock dust

The working (crushing, sorting, milling, cutting) of various types of stones produces many tons of
waste. This waste, which often contains fine particles, is mostly disposed of in landfills because its
economically favorable treatment is not known yet. Waste stone dust must be thoroughly dried before
use to avoid disruption of solidification reactions with higher water content.®? This paper mentions only
a few possible examples of the use of the most common types of stone dust.

Feldspar dust belongs to the group of aluminosilicates with tectosilicate structure. It is a significant
raw material for the glass and ceramic industry, used as a flux in the ceramic mixture or glass batch and
as a base material for glazes and enamels.® Fine-grained feldspar dust could be successfully
incorporated into the geopolymer matrix to form solid and resistant materials.®

Granite dust is also suitable for geopolymer reaction. Granite is a granular rock made from magma
with different grain sizes, consisting mainly of feldspar, mica, and quartz. Granite is strong, durable and
easy to polish. An incorporation of granite dust into the geopolymer matrix could create a material with
a high strength, low shrinkage and excellent ability to copy mold details. It can be used in the production
of anti-slip tiles, interlocking pavers or embossed panels.®>®
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Another option is to use marble dust. Marble is a metamorphic rock formed by calcite grains.
Geopolymers prepared from the mixture with marble could show a higher mechanical compressive
strength and lower water absorption.®”

Mica dust is a special case. Mica belongs to aluminosilicates with a specific layered structure. It is
fissile, and it has excellent electro-insulating and thermal properties. It is flexible and chemically stable.
Nowadays, mica is used as an insulating material in the electrical and electronics industries, in optical
filters, pyrometers, temperature controllers, etc. The technology of layered mica creates special electro-
insulating paper and ground mica is suitable as a filler for cements, plasters, paints, and rubbers.®
Geopolymer matrices filled with mica dust, which is very light and fine, form solid and dense composites
with minimal porosity. These materials have exceptional thermal insulation properties at temperatures
exceeding 1000 °C.”

Porcelain

Every ceramics industry produces some porcelain waste. This waste material is used in the
production of refractory materials, in construction, or it is disposed of in landfills. Nevertheless, porcelain
waste is a high-quality material with minimal water absorption and porosity, which could be used as an
excellent filler in geopolymers after technological adjustments (crushing, grinding, sorting).®*"

It could be assumed that crushed porcelain will improve the mechanical properties of geopolymer
composites because crushed porcelain is sharp-edged when compared to the rounded grains of quartz
sands.*

Burned red clay

Burnt red clay is produced by milling fragments of baked clay products (tiles, bricks) to defined grain
size. Initially, the debris of demolished houses was used in this manner. After that, scrap in brick
production was utilized. Now, with increasing demand, brick shards are made on purpose. Burnt red clay
was formerly used as a porous aggregate, but nowadays, it is primarily utilized for the surface treatment
of sports fields (with the grain size of 0—3 mm). It is an established practice to export old clay, partially
disintegrated by weather, to landfills when the clay surfaces of the sports grounds are being repaired.*

An innovation could be the incorporation of used burnt red clay waste into geopolymers, which are not
negatively affected by the content of fine fractions or any inorganic- and organic-type impurities.*

Waste glass

Despite the efforts of ecologists to recycle as many glass fragments as possible, some proportion of
glass waste is still landfilled, for instance as a result of incorrect glass sorting by consumers, or it is
waste glass that is difficult to recycle. Moreover, some glass cannot be landfilled but must be treated as
hazardous waste. This includes glass from fluorescent lamps, solar panels, television screens, monitor
glass, etc., containing a large amount of luminescent substances (Ag, Al, Cu, ZnS, Eu, Au, Tb,
Zn3(PO.),, Gd,03, Y503, Y,0,S, YVO,, etc.).”

There is an option to use glass waste in geopolymer materials. This method does not require sorting
glass into colored and clear; potential colored oxides will be incorporated into the geopolymer structure.
A prerequisite is the treatment of the material, particularly its crushing and sorting into individual
fractions. Glass fragments will be incorporated easily into the geopolymer three-dimensional
aluminosilicate network and it could be expected that fine glass dust will take part in the geopolymer
matrix because of its pozzolanic properties.>>"
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2.2. Organic materials

2.2.1. Organic natural materials
Wood

Waste wood chips, shavings and sawdust are already used in composite materials. The binding material
is either an epoxy-based organic binder or an inorganic binder, in particular cement.”*" Firstly, there is a big
danger in the case of fire because most organic adhesives, including epoxide resin, are highly flammable and
produce hazardous and toxic fumes when burned.” Another risk is the possible decomposition of the
incinerated material. When burning wood composites based on inorganic binders, especially cement
(sawdust-concrete, splits-concrete, and wood-concrete), there is no problem with the formation of hazardous
fumes, but there is still a risk of fire and possible breakdown of material (at 300 °C).””

Geopolymer composites with wood waste will not produce any hazardous gaseous substances during
combustion, namely because of the inorganic composition of the geopolymers used. The heating of
geopolymers first leads to dehydration, at higher temperatures to the glazing of the surface, and finally to
crystallographic transformations into mullite and cristobalite phases.””"®

Straw

Straw is a term for dried stems and stalks from all field crops (cereal, corn, rapeseed, etc.).
Nowadays, straw is used as bedding and for feeding livestock as well as for handicraft (mats, brooms,
ornaments), or in the preparation of alternative fuels, etc.”” It used to be mixed with clay for the
production of lightweight bricks and tiles.®

The use of geopolymers to recycle these agricultural waste products opens a wide variety of possible
end products. The materials will resist fire and could be used in thermal and acoustic insulation
applications. In addition, these composites could also be used as building materials in non-load-bearing
structures (interior partitions, protective walls, reinforcement of trade routes).®

2.2.2. Organic waste material
Tires —rubber waste

Tires are difficult to recycle because they contain synthetic elastomers (27 wt.%), natural elastomers
(14 wt.%), carbon black (28 wt.%), steel reinforcement (15 wt.%), fabric and other additives (16 wt.%).%
Used tires can no longer be landfilled in the Czech Republic, because they are subject to take-back.®®
Moreover, they contain heavy metals (Ba, Cd, Cr, Pb, Se, Zn) and other substances that could be
released into the groundwater. Possibility of old tires utilization can be energy recovery, retreading or
recycling. The recycled granulate obtained is used in tire and rubber production, namely the production
of carpet mats for playgrounds, car fenders, and other rubber products. Recycled tires can also be used
in asphalt roadway mixtures for their excellent weathering resistance and partial noise-damping
properties. They could also be utilized as a partial aggregate replacement in concrete ?3848°

The addition of the recycled steel reinforcement into geopolymers increases their strength because of
the bond adhesion forces between the reinforcement and geopolymer matrix.®® Rubber fibers have low
reactivity; they do not absorb water easily, and are low in density. Geopolymers with these fibers are
characterized by higher toughness, impact resistance, and good sound insulation. These products can
be used in heavily stressed floors, in the production of railway buffers and in bridge approach slabs.?"#

2.3. Special cases

Paper

Paper has such versatile properties and possible application that it cannot be classified into one of the
above categories. Its composition and origin make it an organic material, but based on its use, it can be
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classified among fibrous materials. Paper can be recycled only about 5 to 6 times because of the gradually
decreasing length of its fibers. The use of paper as a filler in composites, it depends on the form of the paper
used: paper dust, pulp, thin tapes (e.g. from paper shredders), thin sheets, cardboard, etc.”

Paper geopolymer composites could find application as heat and sound insulation materials.?*

Another possibility is the formation of layered materials with higher flexural strength and the production
of light and thin inner partitions. In a particular case, paper geopolymer composites could create putty by
means of the pate de papier technique, which produces materials like the papier-maché technique.**

Fibrous materials

It is generally assumed that, like current fibrous composites, also geopolymer materials made with
fiber addition should have higher elasticity, flexural strength, and, because of the properties of the
primary geopolymer matrix, higher heat resistance as well. For the sake of simplicity, fibrous materials
can be divided into organic and inorganic.*%

Organic fibers can be subdivided into natural vegetable (cotton, cellulose, shives), natural animal (leather,
wool) and synthetic (nylon, carbon fibers). The advantage is the possible use of old or recycled fibers.*®

Geopolymers can form composites with most of the current inorganic materials in the form of fibers or
wool. It is possible to produce panels reinforced by only one fiber layer or multi-layered composites.
Glass, ceramic, slag and basalt fibers are particularly suitable from today’s production. In special cases,
the geopolymer composites may also be formed from carbon fibers.**

3. Conclusions

The development of geopolymer binder technology has opened the possibility to use materials that have
been referred to as secondary or directly waste materials for many years. The industrial practice of the
geopolymer technology means that large amounts of generated waste can be processed into useful
products. This could reduce the use of new and raw materials. There is also a real presumption that recycled
deposited industrial waste (slag, building rubble and debris, etc.) could be used by means of geopolymer
synthesis.”® Another source material could be the so-called waste clay, which does not comply with the
conditions of commercial manufacture because of its grain-size distribution, color or chemical composition
(pollution by iron oxides or clay with a high content of quartz). This also applies to secondary clay raw
materials obtained by the working of sandstone, where the main product is glass sand.?*

The utilization of the above-mentioned raw materials does not generate much new waste but creates
new, fully-fledged materials with a number of properties that directly reflect the quality of the kind and
type of additive. This results in an extremely wide range of applications, including materials with high
resistance to high temperatures and their changes as well as materials for sports grounds (the use of
crushed rubber residues). Not only are these materials able to replace the ones currently used, but in
some cases they are even superior to them and could open new possibilities for energy saving and
environmental protection.
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Souhrn

V soucCasné dobé je celosvétova pozornost zaméfena na ekologické vyuZivani materidlt, které jsou
oznacovany jako sekundarni nebo jako odpadni, protoZze mnoZstvi odpadu i pres vyvoj novych technologii
neustale roste. Tento ¢lanek pfehledné shrnuje nejriznéjsi typy prisad, které by mohly byt pouZity bud ve
funkci plniva, nebo aditiva pri pfipravé novych kompozitti na bazi geopolymert. Tyto materialy mohou byt
prirodniho pdvodu nebo se muze jednat o nékteré druhy pramyslovych odpadi (popilky ze spalovani uhli,
vysokopecni strusku nebo odpad z pouZzitych pneumatik atd.). Technologie geopolymernich pojiv umoZriuje
inhibici jejich potencialniho negativniho viivu na Zivotni prostfedi. Materialy uvedené v tomto ¢lanku je mozné
zabudovat do 3D geopolymerni sité a vytvofit tak pevné a ve vodé nerozpustné kompozity pro Sirokou Skalu
aplikaci (pozarné odolné, zvukové izolacni a stavebni materialy).

Kli¢ova slova: recyklace, geopolymer, plnivo, aditivum, odpadni material, pfirodni material.
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Abstract

The research of grass for energy utilisation purposes is aimed to find a suitable substitute for derelict
land of the so-called spontaneous fallow land in the Beskydy region using grass for industrial (energy
producing) purposes. It has been found that the most suitable grass types for this purpose under the
conditions of the Czech Republic are RozZnovsky black bent, the Kora tall fescue, and Roznovsky oat
grass. An average yield of dry matter, or green mass respectively, in the above-specified grass types for
three harvest years fluctuates from 7.54 — 9.72 t.ha™, or from 15.96 — 19.61 t.ha™ (with a minimum
amount of fertiliser doses). The highest yield of dry matter in a fertilised option with common black bent
amounting to 9.72 t.ha™ corresponds (based on converted calorific value) to the equivalent of 6.09 t.ha™
of hard coal. The grass calorific value fluctuated in the range from 16 987 — 19 066 kJ.kg™ in 100% dry
matter. At fallow land, dry matter yields fluctuate varied in low values, namely from 0.78 to 1.35 t.ha™,
which corresponds to the equivalent of 0.65 t.ha'hard coal. Spontaneous fallow is a negative
phenomenon in agriculture, landscape, and even economic terms. As another grass type suitable for
energy utilisation purposes under the conditions of the Czech Republic, the reed Canary grass was
found, namely the Chrastava variety cultivated in OSEVA PRO Ltd., Grassland Research Station,
Roznov — Zubfi. In addition, it is pointed out in the article that the most suitable time for grass harvesting
for energy utilisation is the period harvesting for seed, where thrash-out straw is used for energy
producing purposes.

Keywords: grass, dry matter yield, calorific value, net heat value, energy utilisation

Introduction

In the year 2006, 18% of the world’s produced energy came from renewable sources. Out of this
(13% of total consumption), a major part originated in traditional biomass (mostly wood combustion).
Hydroelectric power, accounting for 3% of primary energy consumption, was the second highest
renewable source. Modern technologies using geothermal energy, wind energy, solar energy, and ocean
energy accounted for only about 0.8% of the total production. In March 2007, the representatives of the
European Union agreed that by 2020, 20% of the energy produced by the EU member states would
come from renewable sources in order to limit CO, emissions, which are considered to be a cause of
global warming. Petfikova® specifies that the lack of fossil sources leads to searching for new
unconventional sources, among which biomass belong in the first place. Biomass is suitable for both
power generation as well as alternative heat source. Grass biomass is an important contributor of
renewable energy sources. One of the possibilities of grass (biomass) utilisation for energy-producing
purposes is its combustion in industrial facilities. The research dealing with the grass utilisation has
a widespread support in the Nordic countries and Germany. Cultivation of reed Canary grass for energy
purposes prefers fast-growing trees because of the significantly lower costs of plantation®.
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Strasil® claims that one of the alternative crops, about which enhanced growing for industrial and/or
energetic purposes is now considered, is the tall fescue. In energy producing term, the tall fescue can be
used either for direct combustion or for combined heat and power generation (co-generation)**>®’ or, as
the case may be, for biogas production®.

The possibilities for energy utilisation of the tall fescue and reed Canary grass were compared also by
Strasil®. Reed Canary grass is used for fuel briquettes and pellet production®. The objective of this
research was to evaluate the factors influencing the carbon content of reed Canary grass. The field trials
were conducted using the cultivars Marathon and Bamse sown in a sod—podzolic loam soil in August
2008 (Marathon) and April 2009 (both cultivars). The carbon content of harvested samples averaged
0.37 g.kg™* dry matter. Generally, the older the plant, the greater was the carbon content. Of all the
factors investigated (cultivar, nitrogen fertilizer rates and sowing time), the cultivar had the greatest
impact on the yield and chemical content of reed Canary grass. The sowing time and nitrogen fertilizer
rate influenced the yield, as well as the ash and carbon content.

Martyn'® assessed and compared the energetic properties of selected varieties of energy crops: reed
Canary grass hay and basket willow (Salix viminalis) wood. The basic properties of biomass power and
heat: heat of combustion, calorific value, ash content, potassium, sodium, chlorine and sulphur, were
determined in laboratory analysis. The analysis of energy properties of biomass revealed that biomass of
basket willow is characterized by better energy properties with comparison to reed Canary grass hay.
The hay from reed Canary grass was a less powerful fuel compared with basket willow because of its
chemical composition and poor energy properties.

Other possibilities of utilisation for energy-producing purposes are offered by the Chinese silvergrass
(Miscanthus sinensis), with which Strasil'' dealt with in the Czech Republic. In last twenty years,
experiments with large-area growing the Chinese silvergrass started in Europe. At present, about 500
hectares of the Chinese silvergrass are planted in Europe, out of which 80% of this acreage is in
Germany and Netherlands. Under favourable cultivation conditions, the Chinese silvergrass may yield
about 30 t.ha™ of dry matter of the plant shoot phytomass and year™.

Slepetys™ presents some experimental results with Chinese silvergrass in Lithuania. Field trials were
conducted in Dotnuva, Lithuania (55°24' N, 23°52' E) on Giant Miscanthus (Miscanthus x giganteus)
cultivation for bioenergy. The plant was tested for tolerance of climate and environmental conditions:
over winter survival, growth rate and development characteristics in the first four cultivation years,
biomass potential, and the effect of nitrogen (N) fertilisers on the productivity. Chinese silvergrass
seedlings (2-leaf stage) were introduced from Austria and were planted at a rate of 2 seedlings per m>.
Biomass vyield and its chemical composition were determined at the end of each growing season. The
Chinese silvergrass persistence after 4 years of cultivation was 54%. Chinese silvergrass biomass yield
increased from on average 6 t.ha™ dry matter (DM) in the second year to 11 t.ha™ (DM) in the third year.
Due to the cold and snowy winter of 2009-2010, the 3-year-old Chinese silvergrass stand severely
thinned out and the yield declined in the fourth year of growth to 7.2-7.8 t.ha™*. The concentrations of N,
carbon (C) and sulphur (S) in Chinese silvergrass biomass was more dependent on the stand age rather
than on the level fertilisation. The hybrid Miscanthus can be recommended for growing in Lithuania for
bioenergy purposes.

In the framework of research works performed on the territory of the Czech Republic, the issues of
biomass production, its utilisation for energy-producing purposes, and connected economic aspects
were studied by a wide range of research establishments.

OSEVA Development and Research Ltd. is located in the marginal area of the Beskydy Mountains.
Marginal areas can be characterized as areas with a higher altitude (above 400 m), lower soil fertility,
higher slope and thus erosion risk or higher share of permanent grassland (over 30%). The profitability of
production is lower. Due to the decrease in the number of sheep and cattle, especially in the Beskydy
region, and the decline of agricultural production, a part of the previously intensively-used agricultural
land remained fallow. All negative phenomena in terms of the landscape and agriculture (the presence of
weeds, diseases and pests) spontaneously occurred on this land. Further extensification in marginal
areas would lead to the devastation of the landscape and the spread of negative phenomena such as
fallow land, especially in terms of agriculture and farming. It was, therefore, necessary to find a suitable
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solution to the situation. In the Czech Republic, the expectation is to use part of the land temporarily
excluded from intensive agricultural production for non-food purposes. A combination of food and non-
food land use leads to an optimal solution of the situation. Non-food land enables the cultivation of plants
for energy production. Non-food land needs to be maintained in a cultivatable state due to it being
eventually used for agriculture use again and thus is reserved for the production of food. A form of
organic matter balance in the soil can be supported, for example, by plowing the torified biomass.
Biochar can be applied to modify soil properties. Fallow soil is a source of weeds, diseases and pests.
The cultural condition of the landscape is also important.

Grasses seem very suitable for cultivation in marginal areas™. At present, the protection of soil and
the maintenance of soil fertility and its potential increase are becoming more and more important. Arable
land and permanent grasses significantly contribute to soil protection and soil fertility. The grasses
themselves, combined with various types of legumes, meet the basic requirements for permanent soil
cover, reduce the risk of erosion, reduce secondary weeds, improve the physical and chemical condition
of the soil, promote biological life in the soil and last, but not least, provide a ready condition to enable
the return to common agricultural production. Andert' states that increasing the level and productivity of
agricultural production also increases the area of land not used for food production. These areas can be
used for growing energy crops, including grasses. Grass for energy purposes broadens the usability of
grass use for agricultural and non-agricultural purposes to industrial use in a field such as phytoenergy™.

The aim of the research was to point out a suitable substitution of unused soil in marginal areas of
Beskydy with a suitable cultivation, i.e. grass. Unused grass on fallow land was also compared and
assessed from botanical, economical and landscape perspectives. Three groups of grasses were
examined, cultivation grasses, marginally used grasses and wild grasses®.

Material and methods
The proposed groups of grasses for research are:

e Cultivation grass — tall fescue (Festuca arundinacea), oat grass (Arrhenatherum elatius), black bent
(Agrostis gigantea), Hungarian brome (Bromus inermis). These three are illustrated in Figure 1.

¢ Marginally used grass — reed Canary grass (Phalaris arundinacea), Chinese silvergrass (Miscanthus
sinensis), proso millet (Panicum miliaceum), Canary grass (Phalaris canariensis).

e Wild grass species — bush grass (Calamagrostis epigeios), common reed (Phragmites australis),
erect brome (Bromus erectus), purple moor grass (Molinia arundinacea).

Figure 1: Representatives of cultivation grasses. On the left —tall fescue (Festuca arundinacea),
in the middle — oat grass (Arrhenatherum elatius), on the right — black bent (Agrostis gigantea)

Experiment methodology

The grasses were methodically compared in two fertilization variants, i.e. without fertilization and with
a minimum amount of nutrients in mineral fertilizers. Overall, the crops were evaluated from economic,
ecological and landscape perspectives. Biomass production on fallow soil was observed. Crops were
Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020 (11 - 13. 11. 2020, Hustopece)

WASTE FORUM 2020, &islo 2, strana 92



Jan FRYDRYCH, Lucie JEZERSKA, Jiti ZEGZULKA, Lenka BRADACOVA: Energy grass research in the Beskydy
region in connection with non-food land use

analyzed for combustion heat and calorific value (Mendel University Brno). Values were attained at the
laboratory and are given in 100% of the dry matter. It is the heat of combustion and the calorific value of
100% of the dry matter. Dry matter samples for laboratory analyses showed an average dry matter
content of 92 — 95%. Samples were taken from whole plants prior to harvest ripeness from both non-
fertilized and minimum fertilized land and analyzed for combustion heat and calorific values. The yield
calculated per hectare of biomass of whole plants was found. Whole plant samples were taken from
cultivational and marginal crops. The plants were threshed with a harvester. The seed yield and straw
production were recorded. The straw was sent for combustion heat and calorific value analysis. The
amount of biomass production was recorded for wild grasses and analyzed for combustion heat and
gross calorific value.

The results of fallow observation were compared with the results of cultivation crops of the proposed
3 grass groups (Tables 1, 2). Crops with the highest biomass production at the given fertilization level
were selected with the highest heat production values of combustion heat and calorific values and those
most economically suitable for cultivation as a substitute for spontaneous fallows in marginal areas.
Crops were assessed from three points of view, economical, ecological and landscape.

The experiment consisted of two types, without fertilizer with a minimum input of mineral fertilization
(50 kg N, 36 kg P,Os and 40 kg K,O for 1 ha). A size of 10 m? plots for fertilized and unfertilized variants
was repeated four times. The number of rows in a plot was 9; the width between rows was 14 cm
(Figure 2). Before sowing, 44 kg of N, 48 kg of P,Os and 48 kg K,O.ha™ were used as fertilizer. The
grass was fertilized during the course of the harvest years with a dose of 50 kg N.ha™ per year.

Figure 2: Example of a plot for grass research

Research results

Evaluation of fallow land

The evaluation of fallow land from a botanical view was done using the Braun-Blanquet method.
Couch grass, creeping thistle, curly dock, broad-leaved dock and clustered dock are the most commonly
found plants on all fallow land. The fight against these weeds costs the agricultural industry the most in
helping to protect plants using agrotechnical elimination methods. These weeds cause a loss in yield in
all crops and problems in agrotechnology and harvesting. These weeds have a very dominant position
on spontaneous fallows, which are their source. There is a decrease of fertility due to the drawing of
energy from the soil by these plants. It is important to consider the danger of the transfer of spontaneous
fallow to adjoining land in terms of landscape and agriculture.

Fallows, which today are the source for these weeds, usually border agriculturally farmed land. The
likelihood of the spread of these “outbreaks” to a distance of more than a few kilometers is great. Apart
from this negative phenomenon, there is the presence of a number of diseases and pests on these
spontaneous fallows. It is well known that weeds are great bearers of diseases and pests affecting
crops, enabling their development and further spread. Weeds such as couch grass and creeping thistle
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deprive the soil of moisture and nutrients. Some weeds can even be poisonous for humans and animals
(the seeds of devil’'s snare, henbane, black nightshade, corncockle). Deep-rooted perennial weeds (reed,
field horsetail and coltsfoot) grow in the bottom layers of the drainage and clog them. Sorrel has
a negative effect on forage crops (especially for drying) and reduces the shelf-life of the forage. The yield
of dry matter and energy is very low on spontaneous fallow. Compared to the proposed grass species,
this yield is up to 8-9 times lower.

The results of the determination of dry matter yield and energy value of spontaneous fallows in the third
year of the research are shown in Table 1. The yield results of the proposed grass species in the three
harvest years of the first phase of research (average results over three years) are shown in Table 2. The
results of determined combustion heat and colorific value of 100% dry matter (average of 3 harvest years) in
grasses in the first phase of research are shown in Table 3. The given equivalent of black coal in tons of
production of dry matter from 1 ha that would be needed to replace the given amount of black coal.

Table 1: Results of determination of dry matter yield and energy value of spontaneous fallows in
the third year of research

Variant of Type | Green Dry Yield Combustion Calorific Equivalent
fallow— of mass | matter of dry heat value amount
habitat fallow | vyield yield matter Total Total of black

(t.haty | (tha™) | (t.ha) (MJ.ha™) (MJ.ha™) coal

100% ®)

1 N 1.38 0.99 0.92 18 031 16 894 0.57

2 F 1.97 1.44 1.34 27 493 25 841 0.88

3 N 1.22 0.93 0.87 17 668 16 597 0.56

4 F 1.70 1.21 1.12 22 052 20 675 0.70

5 F 1.63 1.23 1.14 22 561 21 156 0.72

6 N 1.20 0.84 0.78 15 046 14 083 0.48
Average yield F 1.77 1.29 1.20 24 035 22 557 0.77
Average yield N 1.27 0.92 0.86 16 915 15 858 0.54
Average yield | Total 1.52 1.11 1.03 20 475 16 863 0.65

Note: N — Not used pasture, F — Fertile land

Discussion

The greatest yields out of the cultivation grass were attained by black bent, bush grass and oat grass
on average for three harvest years of the first phase of research, as can be seen in Table 2. The
purposeful cultivation of grass for energy-producing purposes appears to be an alternative for farming on
fallow land. This was dealt with*’ similar conclusions for the black bent.

As regards the tall fescue, the phytomass dry-matter yields were in the region of 5-13 t.ha™ under the
conditions of the Czech Republic®. Similarly, the same conclusions for the tall fescue were achieved in
our study (Table 2). However, this is given most probably by the wide range of yields. Concrete data for
an average yield of the tall fescue published Fiala®, for three harvests, at the level of 8.42 t.ha™.
Frydrych* indicate the average hectare yield of dry matter of the tall fescue under suitable conditions in
the Czech Republic in the first utility year in the full ripeness at 5.29 t.ha™, while in the second utility year
10.11 t.ha™. For the conditions in the Germany, Wellie-Stephan'® presented phytomass dry-matter yields
in the range from 11.4 to 13.1 t.ha™, which is also in a good agreement. Lower values were reported by
Kryzeviciene?, who studied poorer localities in Lithuania (the phytomass dry-matter yields of grass
types intended for energy-producing purposes amounted per one harvest a year to approx. 7 t.ha™).

For the Chinese silvergrass, the comparative data are available from Troubsko near Brno™, where an
average yield of the Chinese silvergrass in the third utility year was 16.7 t.ha™. In our study, lower values
were obtained in both fertilised and unfertilised modes (10 respectively 13 t.ha™, Table 2).
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Table 2: Yield results of proposed grasses and millet in the first three years of harvest (average
results over a three-year period)

Types of Intensity Green Dry Yield Combustion | Calorific | Equivalent
grass mass matter of dry heat value amount of
yield yield matter Total Total black coal
(t.ha™) (t.ha™) (t.ha™) (MJ.ha™) (MJ.ha™) )
Tall fescue Unfertilized 13.59 6.56 6.14 114 239 110 056 3.73*
Fertilized 19.61 9.41 8.76** 161 052 156 646 5.31
Oat grass Unfertilized 12.00 5.93 5.59 100 574 96 679 3.28
Fertilized 15.96 8.05 7.54 135 741 130 469 4.42
Black bent Unfertilized 13.23 7.82 7.33 140 040 135 043 4.57
Fertilized 17.34 10.41 9.72** 186 081 155 077 6.09
Hungarian Unfertilized 9.43 4.67 4.37 81181 78 520 2.66
brome Fertilized 13.79 6.83 6.37 118 335 114 456 3.88
Chinese Unfertilized 10.04 491 4.67 91514 88 197 2.99
silvergrass Fertilized 13.29 6.65 6.29 123 186 118 803 4.03
Reed Canary |Unfertilized 10.33 5.12 4.57 83410 80 283 2.72
grass Fertilized 12.83 6.38 5.95 104 255 100 414 3.40
Canary Unfertilized 1.48 0.76 0.71 12 765 12 326 0.45
grass Fertilized 2.17 1.11 1.04 18 809 18 157 0.66
Proso Unfertilized 11.42 6.77 6.33 119 997 116 123 3.94
millet Fertilized 12.17 7.26 6.74 127 770 123 645 4.19
Bush Unfertilized 1.20 0.90 0.86 15 443 14 923 0.50
grass Fertilized 1.67 1.27 1.21 21 819 21 068 0.98
Common Unfertilized 8.34 4.50 4.28 80 604 77714 2.64
reed Fertilized 10.23 5.65 5.34 100 307 96 897 3.28
Erect Unfertilized 7.48 3.90 3.63 69 111 66 336 2.25
brome Fertilized 9.85 4.83 4.47 85 179 81 659 2.76
Purple Unfertilized 1.80 1.29 1.23 21 616 20 805 0.70
moore grass | Fertilized 2.59 1.84 1.76 30 885 29774 1.00

* Hard coal equivalent in tons — dry matter production out of 1 ha replaces the specified hard coal quantity.
** The highest dry-matter yield does not mean, at the same time, the highest green mass yield, for instance with
the common black bent and the tall fescue. The yield is influenced by the dry-matter content in the grass during
harvesting, where the dry-matter con-tent was at the black bent 56.06%, while at the tall fescue 44.70%.

Table 3: Results of determination of combustion heat and calorific value in 100% dry matter
(average of 3 harvest years) for grasses included in the first phase of research®®

Grass Combustion heat Calorific value (kJ.kg™)
(kJ.kg™) Average MAX MIN
Black bent 19 270 18 661 18 825 18 432
Bush grass 18 895 18 281 18 745 17 958
Canary grass 17 979 17 361 18 005 17 065
Chinese silvergrass 19 669 19 066 19 186 18 830
Common reed 18 469 17 852 18 154 17 542
Erect brome 18 516 17 890 18 056 17 468
Hungarian brome 18 577 17 968 18 205 17 654
Oat grass 17 596 16 987 17 356 16 354
Proso millet 19 321 18 716 19 078 18 510
Purple moore grass 18 233 17 625 17 890 17 357
Reed Canary grass 18 120 17 504 17 905 17 085
Tall fescue 18 849 18 245 18 554 17 984
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The greatest yield of dry matter and energy values in comparison with marginal grass was attained by
proso millet. Out of the group of wild grass, most dry matter and energy was yielded from common reed.
The tested types of grass as substitutes for spontaneous fallows in marginal areas are analyzed on two
levels of fertilization, unfertilized and with a minimal dose of industry fertilizer, i.e. 50 kg N.ha™. Greater
yields are always attained in the fertilized variant. The greatest dry matter yield out of all tested grass
and the greatest energy values of a given equivalent of black coal was attained by oat grass in the
fertilized variant.

Data from bibliographic sources show the values comparable with the results specified in Table 3 that
were measured in the course of the energetic grass research focused to the determination of their
calorific values and net heat values.

The energy options of the use of tall fescue and reed Canary grass are also compared by Strasil®. In
year-old crops, the greatest production of dry matter is from proso millet. The highest energy value of
combustion heat and colorific value of marginally used grasses was Chinese silvergrass in the second
harvest year. The energy value was recalculated to production of black coal from one ha as
a replacement for harvested amount of biomass. The calorific value of dry wood pellets is 18 MJ.kg™ and
a calorific value of black bent is about 16.8 MJ.kg™ (Andert?). Frydrych? states the calorific value of
meadow hay is around 15.88 MJ.kg™. Strasil’ gives an average energy value of tall fescue dry matter of
17.77 MJ.kg™, which is equivalent to the values of brown coal used for domestic heating. Combustion
heat is strongly dependent on the humidity of phytomass. At 50% humidity there is only 9.5 MJ.kg™.
At humidity of up to 20% it is suitable for direct combustion in most boilers with lower output, the
combustion heat of the fescue is 14.7 MJ.kg™.

The literature®?* state values of calorific value of dried grasses to be in the range of 15 489 —

18 180 kJ.kg™. The average value of the combustion heat of energy grass in dry matter state was
16 167 kJ.kg™, which is consistent with our findings. The values of sampled humidity in grass was in the
range 32.31 — 54.84%. The average value of grass humidity was 48.9%. The combustion heat value of
freshly collected grass samples was in the range 5855 — 11 487 kJ.kg™. The average value of the
combustion heat of freshly collected grass was 7 173 kJ.kg™. It is evident that humidity lowers the
combustion heat of grass, which is why it is more suitable to dry it.

For perennial grasses, after being sown in a given year, the first year of the harvest is the following
year, since perennial grasses have a heading stage and only form a full-grown crop in the following year
(the first harvest year). The next year is the second harvest year and then there is a third harvest year.
With this first year of sowing and the first, second and third harvest years, the grass is present in the
habitat for four years. The optimal time for growing grass for energetic purposes in the habitat in our
conditions is 4 — 5 years. On the basis of the results, i.e. the yield of green matter, dry matter,
combustion heat and colorific value in the designed group of grass, black bent RoZnovsky, tall fescue
Kora and oat grass Roznovsky seem to be the most suitable. The economics of grass cultivation for
energy purposes in this study is based on the assumption of the use of the proposed grass species in
the first two years of cultivation for seed purposes and the use of straw for combustion. For the next two
years, grass is used for biomass production. The overall use of the proposed grass species would be 4 —
5 years. Another possibility is to torify the straw after harvesting and improve the quality of the soil to
which the torified straw would return.

In the case of cultivated grass types (common black bent, tall fescue, and oat grass), there is possible
to achieve the dry-matter yields as shown in Table 2 for the grass tapes cultivated for seed in agricultural
businesses with the result that the seed material is normally sold on the market and the straw from
thresh-out grass vegetation is used for combustion. By this, the economy of grass cultivation technology
for seed can be significantly influenced.

As another grass type suitable for energy utilisation purposes under the conditions in the Czech
Republic is the reed Canary grass, Chrastava variety. This variety has been cultivated in OSEVA PRO
Ltd., Grassland Research Station, Roznov — Zubfi especially for energy producing purposes. The
Chrastava is the first Czech variety of grass intended for energy utilisation purposes, mainly for direct
combustion. Yields of green and dry matter are comparable with yields of energy-producing grass, the
common black bent and the tall fescue. However, at permanently waterlogged meadows, this variety can
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be used also for fodder purposes. The Chrastava is a perennial plant intended for multiannual crops. If
cultivated for seed, it will be necessary to take into account its significant tendency to seed shedding.

Conclusion

In the first stage of the research, the proposed grasses were evaluated for green matter, dry matter
and dry matter yield. They were analyzed for the heat of combustion and calorific value. At the same
time, the “spontaneous” fallow was also assessed. A botanical evaluation was performed on this soil.
The dry matter yield of these spontaneous fallows was determined. Based on the results, three types of
grasses most suitable for energy use were identified (black bent RoZnovsky, tall fescue Kora and oat
grass Roznovsky). The average yield of these three grass species averaged 7.54 — 9.72 t.ha™ of dry
matter in the conditions of the Zubri area in the fertilized variant in three harvest years. An average green
mass Yyield under the minimum fertilising conditions fluctuated, for the three cultivated grass types, in the
range from 15.96 — 19.61 t.ha™. The yield of dry matter at the spontaneous fallow was very low (up to
2 t.ha™). It is necessary to eliminate spontaneous fallow land and to reduce its area in our landscape,
especially in terms of negative phenomena from the agricultural and landscape viewpoint. The system of
grass harvesting for seed seems the most beneficial in growing grasses for energy purposes and using
grass hay for combustion. In particular, the commercial exploitation of seed enables a favorable
economy for grass growing for energy purposes.

The aim of further research in cooperation with VSB-Technical University of Ostrava and the
Research Institute of Agricultural Technology in Prague will be to verify the combustion of grass biomass
in energy facilities, to find out the properties of grass biomass during combustion and to identify energy
equipment suitable for grass combustion.
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Vyzkum trav pro energetické ucely v oblasti Beskyd v souvislosti
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Souhrn

Viyzkum trav pro energetické vyuZiti si klade za cil nalézt nadhradu ladem leZici pady tzv. spontannich
Uhort v oblasti Beskyd, travou vyuZitelnou pro prumyslové (energetické ucely). Bylo zjisténo, Ze
nejvhodnéjsi trévy pro tento Gdel jsou v podminkach Ceské republiky — psineéek veliky RozZnovsky,
kostrava rakosovita Kora a ovsik vyvy$eny RoZnovsky. Prumérny vynos susiny, resp. zelené hmoty,
uvedenych trav za tfi sklizriové roky se pohybuje 7,54-9,72 t.ha™, resp. 15,96-19,61 t.ha™ (min. davka
hnojeni). Nejvy$$i vynos susiny ve hnojené varianté u psinecku velikého 9,72 t.ha™ odpovida ekvivalentu
derného uhli 6,09 t.ha™ na zékladé prepoctené vyhfevnosti. Vyhfevnost trav se pohybovala od 16 987—
19 066 kJ.kg™ ve 100% susiné. Viynos susiny na ladem lezici pudé se pohyboval v nizkych hodnotéach,
ato 0,78 — 1,35 t.ha™, coZ predstavuje ekvivalent 0,65 t.ha™ éerného uhli. Spontanni uhory na ladem
lezici pddé jsou negativnim jevem z hlediska zemédélského, krajinaiského i ekonomického. Jako dalsi
trédva vhodné pro energetické vyuZiti v podminkach Ceské republiky byla doporucend chrastice
rékosovité odrida Chrastava vySlechténa v OSEVE PRO, s.r.o. Vyzkumné stanici travinarské RoZnov —
Zubri. V ¢lanku je déale také poukazano, Ze nejvhodnéjsi pro sklizeri trav pro energetické ucely je obdobi
sklizné na semeno s vyuZitim vymlacené slamy pro energetiku.

Kli¢ova slova: trava, vynos susiny, spalné teplo, vyhfevnost, energetické vyuZziti
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Souhrn

Prispévek se zabyva skutecnym obsahem pentabromdifenyl ethert, oktabromdifenyl ethert
a dekabromdifenyl etheru ve dvou definovanych skupinach tonerovych kazet — originalnich tonerovych
kazetach a kompatibilnich tonerovych kazetach a provadi komparaci zjisténych vysledk( s maximaini
povolenou koncentraci v zemich Evropské unie. Prispévek dale urcuje rizika dopadd na Zivotni prostredi
Vv pripadé pfekracovani stanovenych limit( a dale dopadut na klimatické zmény. Vysledky vyzkumu slouzi
Jjako vstupni data pro dozorové organy. Dopadem aplikace opatieni k zamezeni prekraCovani
maximalnich povolenych limiti je sniZeni zatéze Zivotniho prostredi.

Klicova slova: dekabromdifenyl ether, globalni oteplovani, klimatické zmény, oktabromdifenyl ethery,
odpad, pentabromdifenyl ethery, perzistentni organické latky, polybromované difenyl ethery, REACH,
RoHS, sklenikové plyny, skladkovani, spalovani, tonerové kazety, zdravotni rizika, Zivotni prostfedi

Uvod

Pouzivani perzistentnich organickych latek v pramyslovych vyrobcich je silné limitovano
mezinarodnimi smlouvami na urovni Uplného zakazu ¢i omezeni maximalni koncentrace podilu
hmotnosti v homogennim materialu. Didvodem pro existenci téchto zakaz( a omezeni je uvolfiovani
perzistentnich organickych latek do Zivotniho prostfedi a jejich akumulace v Zivotnim prostfedi, mimo
dal$i i v prabéhu zivotniho cyklu vyrobku, v€etné uvolfiovani ve fazi likvidace vyrobku skladovanim ¢i
spalovanim. Cilem pfispévku je identifikovat skuteCnou existujici koncentraci retardérd hofeni
perzistentni organické latky pentabromdifenyl ether(i, oktabromdifenyl etherl a dekabromdifenyl etheru
v jednotlivych definovanych typech tonerovych kazet vyskytujicich se v dodavatelském fetézci Ceské
republiky a komparace zjisténych vysledkd s platnymi limity uziti.

Perzistentni organické latky

Perzistentni organicka latka (POPs) je ,chemicka latka, které pretrvava v Zivotnim prostfedi,
bioakumuluje se prostfednictvim potravinové sité a predstavuje riziko zpusobujici nepriznivé ucinky na
lidské zdravi a zivotni prostredi“. (1) Perzistentni organické latky jsou vysoce odolné vici degeneraci
v prostiedi biologickymi, fotolytickymi nebo chemickymi procesy. (2)

Typickou vysoce rizikovou vlastnosti perzistentnich organickych latek je schopnost transportu na
dlouhé vzdalenosti a schopnost biaoakumulace v organismech.

V procesu bioakumulace dochazi k hromadéni latek v organismu. Organismem pfijimané latky jsou
z organismu vyluCovany Ci katabolismem ztraceny. Tento proces je v pfipadé perzistentnich latek
pomalejsi, nez je rychlost jejich pfijmu. Perzistentni organické latky se vyznacuji velmi nizkou mirou
rozpustnosti ve vodé a soucCasné vysokou schopnosti rozpustnosti v tucich. Nedochazi tak k jejich
uplnému vylu€ovani z tél zivocichu, latky se trvale kumuluji v tukovych tkanich. Prostfednictvim tukovych
tkani hospodarskych zvifat dochazi k jejich zpracovani vramci potravinarského primyslu a ke
kontaminaci potravin s obsahem tukd a jejich kumulaci na nejvy3Sim stupni potravniho fetézce, typicky
lidského organismu. (3)
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Perzistentni organické latky jsou schopné v navaznosti na teplotu vstupovat do plynné faze za
souCasné rezistence vl&i rozkladu ve vzduchu. V plynné fazi jsou schopny transportu na velké
vzdalenosti a kumulace v mistech jinych, nez je misto plivodu. Mohou byt vazany na povrchu pevnych
Castic nebo mit formu atmosférické pary. (4)

Zamezeni pouzivani perzistentnich organickych latek

Postupné poznavani rizik spojenych s pouzivanim perzistentnich organickych latek vedla k potfebé
eliminace jejich pouzivani. Rada guvernérl Programu Organizace svobodnych narodd (dale jen OSN)
pro zivotni prostfedi (dale jen UNEP) koordinujici environmentalni ¢innosti OSN vyzvala v roce 1995
k pfijeti u€innych opatfeni eliminujicich globalni pouzivani perzistentnich organickych latek.

Dne 22. kvétna 2001 doslo k podpisu mezinarodni smlouvy o zivotnim prostfedi, tzv. Stockholmské
umluvy o perzistentnich organickych znecistujicich latkach, jejimz hlavnim cilem je zamezeni nebo
podstatné omezeni vyroby perzistentnich organickych latek. (5) Mezinarodni smlouva byla postupné
pfijata 184 stranami, v platnost vstoupila k 17. kvétnu 2004. (5) (6)

Dekabromdifenyl ether

Stockholmska umluva zavazkem smluvnich stran omezuje pouziti dekabromdifenyl etheru (decaBDE)
jako jedné z vysoce rizikovych perzistentnich organickych latek. Dekabromdifenyl ether je synteticka
latka bez znamého pfirozeného vyskytu, kterd se pouziva jako samozhaseci latka (retardér hofeni)
v plastovych polymerech a elektronice (zhruba 90 % globalni spotfeby pfed zdkazem pouzivani) a dale
v textiliich, stavebnich materialech, logistickych pomuckach. (7) Retardéry hofeni jsou latky aktivované
pritomnosti zdroje zazehu. Ugelem téchto latek je podstatné zpomaleni nebo Uplné zabranéni dal$iho
vyvoje zazehu a vzniku ohné. Typicky se vyuzivaji organohalogenové slouceniny (dekabromdifenyl
ether), organofosforové slouceniny, organické slou¢eniny a mineralni latky. (8)

Dekabromdifenyl ether je uvolfiovan do zivotniho prostfedi v procesu jeho vyroby z vyrobkd, které jej
obsahuiji, i pfi likvidaci vyrobk, které jej obsahuji. Dle Fady vyzkumu se jeho velké koncentrace vyskytuji
v pudé, prachu, vodé, usazeninach, v potravé, ale i v matefském mléce zen. Z dlouhodobych méfeni
koncentraci bylo zjisténo, Ze koncentrace dekabromdifenyl etheru ma v Zivotnim prostfedi rostouci
charakter. (9)(10)

Lidska populace pfijima tyto latky zejména ve stravé. Vysoka koncentrace byla zjiSténa v mase
savcl, zejména v mase s vysokym obsahem tuku, v mase rybim, kde je také prokazana souvislost mezi
tuCnosti a koncentraci dekabromdifenyl etheru, v mléce a mlécnych vyrobcich. (11) K pfijmu
dekabromdifenyl etheru dochazi dale dychacimi cestami, kdy je dekabromdifenyl ether vazan na
poletujici prach zejména ve vnitfnim prostredi. (12)

Negativni dopady dekabromdifenyl etheru jsou doloZeny Fadou studii provadénych na zvifatech. (13)
Uginky na morfologii &titné Zlazy, zvétSeni jater a ledvin u dospé&lych zvifat jsou pozorovany od
koncentrace 80 mg.kg™" télesné hmotnosti jedince. Podet ervenych krvinek ovliviiuje az 10x vy3si
koncentrace, tedy 800 mg.kg™ t&lesné hmotnosti. (14) Ve studiich realizovanych na mysich a potkanech
byl pozorovan vyskyt nadorli — souboru samostatné rostoucich bunék bez Fizeni organismem — pfi
vystaveni chronické expozici dekabromdifenyl etheru prostfednictvim stravy po dobu vice nez 100 tydna.
(15) (16) Ve studiich na krysach, vystavenych davkach v rozsahu 1200 — 2500 mg.kg™ télesné hmotnosti
byla prokazana souvislost s koncentraci podavané davky a vyskytem jaternich adenomu a dale
adenomu pankreatu. Dale byl pozorovan zvySeny vyskyt adenomu a karcinomu $&titné Zlazy. (17) (13)
Adenom je nezhoubny nador vznikajici ze zZlazového epitelu, ktery vytvareji zlazy a jednotlivé bunky
sliznic. Karcinom je kategorie typu rakoviny, ktera se vyviji z epitelovych bunék, dochazi ke zméné
v DNA bunky nebo k poskozeni buriky. Dochazi k nekontrolovatelnému mnozeni buriky. (19) (20)
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Pentabromdifenyl ethery

Pentabromdifenyl ethery jsou bromované slouceniny patfici do skupiny polybromovanych difenyl
ethert pouzivané jako zpomalovace horeni. (21) Na zakladé provedenych experimentl na zvifatech bylo
zjisténo ovlivnéni vyvoje §titné Zlazy, vyvoje jater a neurobehavioralniho vyvoje jedince. (9)
Pentabromdifenyl ethery se akumuluji zejména v télesném tuku. (22) Vyznamné riziko pfedstavuije jejich
bioakumulace ve vodé. Zakladni skupenstvi pentabromdifenyl ether( je kapalné, konzistenci pfipominaji
olej. Zakladni vlastnosti je nerozpustnost ve vodé. Jsou toxické pro vodni organismy. Maji dlouhodobé
negativni dopady do vodniho prostiedi. (23)

Oktabromdifenyl ethery

Jedna se o bromované slou€eniny ze skupiny polybromovanych difenyl etherl pouzivanych jako
zpomalovace hofeni. (21) Oktabromdifenyl ethery se vyznacuji vysokym bioakumulacnim potencialem.
(22) Shodné s pentabromdifenyl ethery jsou prokazany dopady na vyvoj jater, S&titné Zzlazy
a neurobehavioralni vyvoj u zkoumanych zvifat. (9)

Zakaz pouzivani polybromovanych difenyl etheri a dekabromdifenyl etheru v zemich
Evropské unie

Uskute¢nénym dopadem Stockholmské umluvy je zakaz pouzivani v ramci zemi Evropské unie.
Omezeni pouziti dekabromdifenyl etheru s dopadem na zafizeni, jehoz spravna funkce zavisi na
elektrickém proudu nebo na elektromagnetickém poli s napétim nepfesahujicim 1 000 voltu pro stfidavy
proud a 1 500 voltd pro stejnosmérny proud bylo zakotveno Smérnici Evropského parlamentu a Rady
2002/95/ES ze dne 27. ledna 2003 o omezeni pouzivani nékterych nebezpelnych latek v elektrickych
a elektronickych zafizenich. Omezeni vychazi z naplfiovani strategie pro nakladani s odpady ze dne
30. Cervence 1996 s cilem sniZit obsah nebezpeénych latek v odpadech a dale z nezbytnosti zmirnéni
probléml v nakladani s odpady spojenymi s dotyénymi retardéry hofeni dle smérnice Evropského
parlamentu a Rady 2002/96/ES ze dne 27. ledna 2003 o odpadnich elektrickych a elektronickych
zarizenich, ktera naplfuje zavazky Stockholmské umluvy. (24) (5)

Nafizeni uklada clenskym statim povinnost zajistit, Ze nova elektricka a elektronicka zafizeni
uvadéna na trh nebudou obsahovat polybromované difenyl ethery (PBDE) v koncentraci vyssi nez 0,1 %
hmotnosti v homogennich materidlech. (24) Polybromované difenyl ethery (PBDE) jsou skupinou
bromovanych organickych latek pfibuznych strukturou a vlastnostmi, ktera je tvofena 209 chemickymi
latkami. Nejastéji pouzivanymi polybromovanymi difenyl ethery jsou pentabromdifenyl ethery
(pentaBDE) obsahujici 5 atomi bromu, oktabromdifenyl ethery (octaBDE) obsahujici 8 atomG bromu
a dekabromdifenyl ether (decaBDE) obsahujici 10 atom bromu. (25) Suma pentabromdifenyl etherq,
oktabromdifenyl etherd a dekabromdifenyl etheru v elektrickych a elektrozafizenich nesmi byt vyssi nez
0,1 % hmotnosti homogenniho materidlu. (24) Rozhodnutim Komise ze dne 13. fijna 2005
(2005/717/ES), kterym se méni pFiloha smérnice Evropského parlamentu a Rady 2002/95/ES o omezeni
pouzivani nékterych nebezpelnych latek v elektrickych a elektronickych zafizenich doSlo k vynéti
dekabromdifenyl etheru z pozadavk(d smérnice 2002/95/ES. (26)

Rozsudek Soudniho dvora (velkého senatu) ze dne 1. dubna 2008 (2008/C 116/04) rozhodnutim
0 zalobé na neplatnost nafizeni 2005/717/ES o vyjmuti dekabromdifenyl etheru z pozadavk( smérnice
2002/95/ES zruSil. (27) Nasledné prepracovani dle Smérnice Evropského parlamentu a Rady
2011/65/EU ze dne 8. Cervna 2011 o omezeni pouzivani nékterych nebezpecnych latek v elektrickych
a elektronickych zafizenich tuto koncentraci neméni, zavadi smérnici RoHS. (28)

Ceska narodni legislativa upravuje pouzivani téchto latek Nafizenim vlady ze dne 20. prosince 2012
0 omezeni pouzivani nékterych nebezpecnych latek v elektrickych a elektronickych zafizenich. Elektro

! smémice zavadi pojem ,Restriction of the use of certain Hazardous Substances in electrical and electronic equipment” —
RoHS. Smérnice plati pro vyrobce sidlici v zemich Evropské unie a pro dovozce vyrobkd pochazejicich ze zemi mimo
Evropskou unii. (28)
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zarizeni uvadéna na trh nesmi obsahovat nebezpecné latky ve vysSich koncentracich, nez je uvedeno
v priloze Ccislo 1 Nafizeni, pficemz pfiloha c&islo 1 Nafizeni stanovuje maximalni koncentraci
polybromovanych difenyl etherd (sumu vSech polybromovanych difenyl etherl) na 0,1 % homogenni
smési a soucCasné definuje elektrickd a elektronicka zafizeni shodné s legislativou Evropské unie.
Uginnost natizeni je od 2. ledna 2013. (35)

Vzhledem k nabyvacim dobam ucinnosti rozhodnuti nesmi nové uvadéné elektro produkty na trh
Evropského spolecenstvi dle smérnice po 1. ¢ervenci 2008 obsahovat sumu pentabromdifenyl
etherd, oktabromdifenyl etheri a dekabromdifenyl etheru v koncentraci prekracujici 0,1 %
hmotnostni v homogennim materialu. (29) Vyjimkou jsou nahradni dily pro opravy nebo pro opétovné
pouziti elektrickych a elektronickych zafizeni uvedenych na trh pred 1. €éervencem 2006, na které se
nafizeni nevztahuje. (24) V narodni legislativé je zakotven zékaz v8ech polybromovanych difenyl etherl
v souhrnné koncentraci pfevysujici 0,1 % od 2. ledna 2013. (35)

Nafizenim Komise EU 2017/227 ze dne 9. unora 2017 méni pfilohu XVII nafizeni Evropského
parlamentu a Rady (ES) & 1907/2006 o registraci, hodnoceni, povolovani a omezovani chemickych
latek. Dne 19. prosince 2012 byl dekabromdifenyl ether zafazen na kandidatsky seznam latek
vzbuzujicich mimofadné obavy s ohledem na mozné zafazeni do pfilohy natizeni REACH?. VVzhledem
k ziskanym védeckym poznatkim o dekabromdifenyl etheru Komise dochazi k zavéru, ze vyroba této
latky a jeji uvadéni na trh samostatné nebo jakou soucasti vyrobkl predstavuje neakceptovatelnou miru
rizika pro Zivotni prostfedi a lidské zdravi a musi byt feSeno na urovni celé Evropské unie a pfijima
nafizeni zavazné v celém rozsahu ve vSech €lenskych zemich Evropské unie, ve kterém stanovi zakaz
vyrabét a ani uvadét na trh dekabromdifenyl ether (polozka 67 pfilohy XVII nafizeni REACH) jako
samotné latky po 2. bifeznu 2019, zakaz pouzivani ve vyrobé a uvadéni na trh jako slozku jiné latky Ci ve
smeési a naposledy omezuje maximalni koncentraci v pfedmétu nebo v jeho ¢asti na maximalni podil
hmotnosti ve vysi 0,1 %. Tato smérnice umozriuje nékteré dil€i vyjimky pro aplikaci v leteckém primysilu,
u motorovych zemédélskych a lesnickych vozidel a jejich nahradnich dild a elektricka a elektronicka
zarizeni dle smérnice 2011/65/EU vychazejici ze smérnice 2002/95/ES. S uCinnosti od 2. bfezna 2019
tato polozka zakazuje pouziti dekabromdifenyl etheru jako latky a omezuje obsah dekabromdifenyl
etheru ve vyrobcich na 0,1 %. (31)

Produkty vyjma elektro produktt® uvadéné na trh po 2. bieznu 2019 nesmi obsahovat

dekabromdifenyl ether v koncentraci vyssi nez 0,1 % hmotnosti

Nafizeni Evropského parlamentu a Rady (EU) 2019/1021 ze dne 20. €ervna 2019 o perzistentnich
organickych znecistujicich latkach z ddvodu jasnosti a souladu s ostatnimi pravnimi pfedpisy zavadi
jednoznacné limity pro polybromované difenyl ethery s platnosti 20. dne po publikovani v Official Journal
of European Union, k uvefejnéni do8lo 25. 6. 2019, platnost je od 16. 7. 2019.

Uvadéni na trh a pouzivani vétSiny perzistentnich organickych latek bylo v Evropské unii omezeno
mimo jiné v nafizenich Evropského parlamentu a Rady (ES) €. 1907/2006 (the Registration, Evaluation,
Authorisation and Restriction of Chemicals — REACH) a dalSimi pfedpisy. Z divodu splnéni zavazki
Evropské unie a za uelem minimalizace unika perzistentnich organickych latek je nezbytné a vhodné
zakazat vyrobu perzistentnich organickych latek a omezit vyjimky na minimum tak, aby platily pouze,
pokud latka pIni nezbytnou funkci pfi zvlastnim pouziti.

Clanek 3 Nafizeni zakazuje pouzivani latek uvedenych v PFiloze &islo | nafizeni, a to jak samotnych,
tak ve formé smeési nebo pfedmétl. Priloha Cislo |, ¢ast A, latky uvedené v imluvé a v protokolu, jakoz

% Nafizeni Evropského parlamentu a Rady (ES) €. 1907/2006 z 18. prosince 2006 — "the Registration, Evaluation, Authorisation
and Restriction of Chemicals", nafizeni vztahujici se na veSkeré chemické latky, jehoz ucelem je zlepSeni ochrany lidského
zdravi a zivotniho prostfedi. Reach nahradil desitky do té doby samostatnych pravnich pfedpisu, naplfiuje ¢innost Evropské
agentury pro chemické latky v Helsinkach (ECHA), u které musi byt vyrabéné nebo chemické latky registrovany. Agentura
posuzuje soulad registrovanych latek s nafizenim. Smérnice dava spotfebiteldm pravo na informace o vyskytu nebezpecnych
latek ve vyrobcich a rizicich téchto latek prostfednictvim bezpeénostnich listt (SDS — Safety Data Sheets ). (30)

¥s vyjimkou pro letecky pramysl, motorova zemédélska a lesnicka vozidla a jejich nahradnich dila
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ilatky uvedené pouze vumluvé, stanovuje zvlastni vyjimku pro tetrabromdifenyl ethery,
pentabromdifenyl ethery, hexabromdifenyl ethery, heptabromdifenyl ethery a dekabromdifenyl ether do
celkové koncentrace maximalné 500 mg.kg™ (koncentrace 0,05 %), pokud jsou pfitomny ve vyrobcich.
Komise je zavazana provést pfezkum limitu do 16. €ervence 2021. Tento pfezkum mimo jiné vyhodnoti
vSechny relevantni dopady na zdravi a zivotni prostiedi.

Pfiloha IV. Seznam latek podléhajicich ustanovenim ¢&lanku 7 o nakladani s odpady stanovy limit pro
sumu koncentraci tetrabromdifenyl ethert, pentabromdifenyl etherli, hexabromdifenyl etherq,
heptabromdifenyl ethert a dekabromdifenyl etheru na 1 000 mg.kg™, tedy na koncentraci 0,1 %, pfi¢emz
nejpozdéji do 16. Cervence 2021 Komise pfezkouma tento koncentracni limit a v pfipadé potfeby pfijme
snizeni této hodnoty na 500 mg.kg™. Vyjimkou je Smérnice Evropského parlamentu a Rady 2011/65/EU
ze dne 8. Cervna 2011 o omezeni pouzivani nékterych nebezpecnych latek v elektrickych
a elektronickych zafizenich. Déle jsou stanoveny vyjimky pro letecky a automobilovy pramysl *. (32)

Produkty vyjma elektro produkti® uvadéné na trh po 16. ervenci 2019 smi obsahovat
tetrabromdifenyl ethery, pentabromdifenyl ethery, hexabromdifenyl ethery, heptabromdifenyl
ethery a dekabromdifenyl ether do celkové koncentrace maximalné 500 mg.kg™.

Alternativou k vyuziti dekabromdifenyl etheru jako zpomalovade hofeni jsou pfirozené nehoflavé
plasty, intumescentni systémy, expandovatelny grafit, polymerové smési, vyuziti technologii vrstveni €i
vyuziti jinych, zejména mineralnich latek. Technologicky je mozné dekabromdifenyl ether zcela nahradit
a vylougit z vyrobku. (7) (8)

Tonerové kazety

Je mozné definovat dva zakladni druhy tonerovych kazet. Originalni tonerové kazety (OEM), jejichz
obchodni nazev je shodny s obchodnim nazvem vyrobce samotného tiskového zafizeni, do kterého jsou
uréeny. Kompatibilni tonerové kazety (nonOEM), jejichz obchodni nazev je odliSny od obchodniho nazvu
tiskarny, pro které jsou urCeny.

Originalni tonerové kazety je mozné na konci zivotniho cyklu kazety opétovné& pouZzit procesem
renovace. Zivotni cyklus originalni tonerové kazety muze byt linearni, kdy je tonerova kazeta pouzita
jednorazové, nebo muize byt cirkularni, kdy je tonerova kazeta kompletné renovovana a znovu pouzita
ke stejnému ucelu. Kompatibilni tonerové kazety nelze technologicky renovovat a v sou¢asné dobé
neexistuje technologie recyklace materiald z kompatibilnich tonerovych kazet. Po skon&eni Zivotniho
cyklu jsou skladkovany nebo spalovany.

Vyroba jedné prumérné tonerové kazety dle studie Dr. Markuse Hiebela, vedouciho Oddéleni
udrzitelnosti a fizeni zdroji Fraunhoferova institutu pro Zivotni prostfedi, bezpecnost a energetiku
UMSICHT, spotfebuje 9 390 gramu primarnich pfirodnich zdroji a vytvofi 4 490 grami vSech typu
sklenikovych plyna. (46) Sklenikovy plyn absorbuje a uvolfiuje energie zafeni v tepelné infraCervené
oblasti. Sklenikové plyny zpusobuiji sklenikovy efekt, jehoz dopadem jsou klimatické zmény zplsobené
¢innosti Clovéka a pramyslové vyroby. (47) Klimatické zmény pfedstavuji neustalé, trvajici a sou¢asné
vyznamné zmény ve statistickém rozlozeni povétrnostnich pomeért, které probihaji v rozmezi deseti az
milionu let. (48) Prispévek kazdého plynu ke sklenikovému efektu je ur€en charakteristikami tohoto
plynu, jeho koncentraci a dale jakymikoli nepfimymi ucinky, které muaze zpusobit. Potencialem
globalniho oteplovani (GWP), vedouciho ke klimatickym zmé&nam, je zavisly na ucinnosti molekuly plynu
jako plynu sklenikového a atmosférické Zzivotnosti toho plynu. Sklenikové plyny s vysokou pozitivni
radiacni silou kombinovanou s kratkou Zivotnosti se vyznaluji vysokym potencialem globalniho
oteplovani v méfitku nizSich desitek let. Molekuly s dlouhou Zivotnosti maji negativni dopad na
klimatické zmény v obdobi vysSich desitek az stovek let i pfi nizké radiacni sile. (49) (50) Plyny
s nejvyznamnéjSim dopadem k celkovym klimatickym zmé&nam vedoucim k oteplovani globalniho klimatu
jsou vyjma vodni pary oxid uhligity (CO,) s pfispévkem tvorby sklenikovych plyna ve vysi 9 — 26 %,

* obecné nazyvané POPS regulation

> s vyjimkou pro letecky priimysl, motorova zemédélska a lesnicka vozidla a jejich nahradnich dild
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metan s pfispévkem ve vysi 4 — 9 %, 0zon s prispévkem 3 — 7 %. (47). Originalni tonerova kazeta mize
byt produktem cirkularni ekonomiky a predchazet negativnim dopadum klimatickym zmén, zatimco
kompatibilni tonerova kazeta je produktem linearni ekonomiky a vzdy vede k emisim sklenikovych plynta
a prispiva ke globalnim klimatickym zménam. (51)

Typem tonerovych kazet se rozumi znaceni konkrétniho modelu originalni tonerové kazety. Toto
znaceni je povazovano za primarni, vyrobci a dovozci kompatibilnich tonerovych kazet oznaduji
obchodni kazety vlastnim obchodnim nazvem dopIinénym shodnym typem originalni tonerové kazety.
Smérnice o omezeni pouzivani nékterych nebezpecnych latek v elektrickych a elektronickych zafizenich
2011/65/EU definuje elektricka a elektronicka zafizeni (EEE) jako zafizeni zavisla na elektrickych
proudech nebo elektronickych magnetickych polich, napétim nepfesahujicim 1 000 voltd pro stfidavy
proud a 1 500 voltd pro stejnosmérny proud a souCasné zafizeni vyzaduje elektricky proud nebo
elektromagnetické pole, pokud ma plnit alespori jednu z funkci, pro kterou je uréeno. (28) Dle stanoviska
mimo jiné Ministerstva Zivotniho prostitedi Ceské republiky jsou tonerové kazety obsahuijici elektronické
soucasti, tedy nikoliv samotné nadoby na toner bez elektronickych soucasti, jejichz funkce zavisi na
elektrickém proudu, povazovany za elektrozafizeni dle § 37g pism. a) zakona €. 185/2001 Sb.,
o0 odpadech. Tonerova kazeta zavisla na elektrickém proudu nalezi do skupiny &. 3 ,Zafizeni
informacénich technologii a telekomunikacni zafizeni“ dle pfilohy €. 7 zakona o odpadech. (33) RoHS
Guide uréuje povinnost plnéni smérnice RoHS v pfipadé, Ze tiskova kazeta obsahuje elektrické soulasti,
které vyzaduji fungovani prostfednictvim elektrického napéti nebo elektromagnetickych poli. Tiskové
kazety, které se skladaji pouze ze schranky a naplné, bez elektrickych ¢asti, RoHS nepodléhaiji. (35)

Kniha ,IT Essentials: PC Hardware and Software Companion Guide*, uvadi na strané 510, bod Cislo
2, v kapitole popisujici princip fungovani laserovych tiskaren, princip nabijeni optického valce, ktery je
soucasti tonerové kazety. Ten je prostfednictvim kabelu, mfizky (primarni korona) nebo valce (kondiéni
valec) rovhomérné nabijen na naboj zhruba o napéti 600 voltl stejnosmérného proudu (DC), pficemz
primarni korona je soucasti tonerové kazety vybavené optickym valcem. Nabity opticky valec na 600
voltl stejnosmérného proudu je osvicen laserovym paprskem, osvicena mista snizuji povrchové napéti
0 zhruba 100 voltl stejnosmérného proudu. Dle typu je pak tonerovy prach pfenesen na osvicena nebo
neosvicena mista optického valce a tim dojde k vykresleni obrazu na papir. Tonerova kazeta tedy
pracuje s elektrickym napétim v fadech stovek voltl. (36) Z vySe uvedeného plyne, ze tonerova kazeta
vybavena optickym valcem spada pod nafizeni RoHS, tonerova kazeta bez optického valce a souasné
bez komunikacniho Cipu (elektronického zafizeni pro fizeni funkce tonerové kazety a fizeni komunikace
s tiskarnou napajeného pfimo z tiskarny) spada pod nafizeni REACH. V praxi jsou tonerové kazety
posuzovany dozorovymi organy dle pfitomnosti Cipu. Za elektrozafizeni je povazovana tonerova kazeta
vybavena komunikaénim €ipem (37). Pokud je tonerova kazeta povazovana za elektrozafizeni, vztahuje
se na ni smérnice RoHS, pokud se nejedna o elektrozafizeni, vztahuje se na ni nafizeni REACH.

Vysledky a diskuse

Byl proveden vyzkum obsahu polybromovanych difenyl etherd v télech originalnich a kompatibilnich
tonerovych kazet stejného typu, a to metodou plynové chromatografie ve spojeni standemovou
hmotnostni spektrometrii typu trojity kvadrupdl (GC-MS [NCI], kéd pouzité metody KM 07, v Metrologické
a zku8ebni laboratofi Vysoké skoly chemicko-technologické v Praze, oznacené kddem LN 676/19, na
zafizeni Agilent série 7000). Byla zjisténa koncentrace polybromovanych difenyl etherd (PBDE) na
vzorku kompatibilnich a originalnich tonerovych kazet a dale byla zjisténa koncentrace pentabromdifenyl
etherl, oktabromdifenyl etherd a dekabromdifenyl etheru. Na shodnych tonerovych kazetach byla
zjisténa spektrometralni analyzou koncentrace bromu ve shodné c&asti plastu a bylo identifikovano
zastoupeni polybromovanych difenyl etherl v zastoupeni bromu a zastoupeni dekabromdifenyl etheru,
ato ur€enim pomérnych hodnot polybromovanych difenyl etherd a dekabromdifenyl etheru vaci
hmotnostni spektrometrii (tabulka 1), ve které je uveden zjistény obsah polybromovanych difenyl etheru
zZjistény metodou plynové chromatografie — hmotnostni spektrometrie (GC-MS [NCI]) na 1 000 gram
homogenni smési. Polybromované difenyl ethery se v pfirodé nevyskytuji. Jedna se o chemické latky
syntetizované vyrobci chemikalii. Latky dostupné na komerénim trhu jsou smeési rdznych
polybromovanych difenyl etheru, k jejichz vytvareni dochazi v procesu syntézy komercnich smési. (38)
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Tabulka 1: Koncentrace polybromovanych difenyl etheru (PBDE) v tonerové kazeté

nonOEM OEM

Oznaéeni | Skupina Piny nazev koncentrace |koncentrace
pg kg™ pug kg™

PBDE 85 |pentaBDE | 2,2',3,4',4-PentaBDE, 2,2',3,4',4-Pentabromdifenyl ether <0,5* <0,5*
PBDE 99 |pentaBDE |2,2'4,4',5-PentaBDE, 2,2',4,4',5-Pentabromdifenyl ether <0,5* <0,5*
PBDE
100 pentaBDE | 2,2' 4,4',6-PentaBDE, 2,2'4,4',6-Pentabromdifenyl ether <0,5* <0,5*
PBDE 2,2',3,4,4'5,5',6-OctaBDE, 2,2',3,4,4'5,5',6-
196 octaBDE | Oktabromdifenyl ether 7919 <0,5*
PBDE 2,2',3,4,4'5,5',6-OctaBDE, 2,2',3,4,4'5,5',6-
197 octaBDE | Oktabromdifenyl ether 12847 <0,5*
PBDE 2,2',3,4,4'5,5',6-OctaBDE, 2,2',3,4,4'5,5',6-
203 octaBDE | Oktabromdifenyl ether 5031 <0,5*
PBDE 2,2'3,3',4,4'5,5',6-NonaBDE, 2,2',3,3',4,4'5,5',6-
206 octaBDE | Nonabromdifenyl ether 134517 <2,5*
PBDE 2,2',3,3',4,4'5,6,6'-NonaBDE, 2,2',3,3',4,4'5,6,6"-
207 octaBDE | Nonabromdifenyl ether 5520 <2,5*
PBDE
209 decaBDE | Dekabromdifenyl ether 71350 <2,5*

* koncentrace je niZ8i neZz mez stanovitelnosti pouZitou metodou

Tabulka 2 obsahuje sumy koncentrace pentabromdifenyl etherdl, oktabromdifenyl ethert
a dekabromdifenyl etheru v téle tonerové kazety.

Tabulka 2: Koncentrace komercnich smési polybromovanych difenyl ethert (PBDE) v tonerové
kazeté

Oznaéeni skupiny Cely nazev nonOEM vysledek pg.kg” | OEM vysledek pg.kg™

pentaBDE Pentabromdiphenyl ether <0,5* <0,5*
octaBDE Oktabromdiphenyl ether 245168 <2,5*
decaBDE Dekabromdiphenyl ether 72750 <2,5*

* koncentrace je niZs§i nez mez stanovitelnosti pouzitou metodou

Typicky je komeréni smés penta-BDE slozena z méné nez 1 % tribromdifenyl ether(, 24 % — 38 %
tetrabromdifenyl etherd, 50 % — 60 % pentabromdifenyl etherd a 4 % — 8 % hexabromdifenyl etheru.
Komerc¢ni smés oktabromdifenyl ether je slozena z méné nez 10 % — 12% hexabromdifenyl etheru, 43 %
— 44 % heptabromdifenyl etherll, 31 % — 35 % oktabromdifenyl ether a 10 % — 11 % nonabromdifenyl
etherd a méné nez 1 % dekabromdifenyl etheru. Komeréni smés dekabromdifenyl ether je slozena
z méné nez 3 % nonabromdifenyl ethert, 97 % — 98 % dekabromdifenyl etheru. (39)

Na vzorku 11 kusu originalnich tonerovych kazet vybavenych €ipem a 11 kusl kompatibilnich
tonerovych kazet shodného typu vybavenych Cipem byla zjisténa koncentrace polybromovanych difenyl
etherl a dekabromdifenyl etheru vyuzitim pomérnych hodnot. Zjisténé hodnoty byly pfepocitany na
procentualni podil detekované latky v homogenni smési. Zjisténé hodnoty a srovnani zjiSténé hodnoty se
stanovenym limitem je uvedeno v tabulce 3. Procentudlni srovnani se stanovenym limitem (P) bylo
stanoveno jako

Z x 100
PzT—lOO

kde Z predstavuje zjiSténou koncentraci dané latky, L pfedstavuje maximalni povolenou koncentraci
dane latky, vysledkem je mira plnéni limitni hodnoty v procentech. Zaporné hodnoty pfedstavuji vysledky
nepfesahujici limit stanoveny pfislusnou normou & smérnici, jedna se o procentualni rezervu dosazeni
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maximalniho limitu koncentrace. Kladné vysledky pfedstavuji procentualni pfekroCeni limitu maximalni
koncentrace dané latky stanoveného pfislusnou normou &i smérnici. Graf 1 je grafickym zobrazenim
dosahovani limitnich hodnot originalnimi tonerovymi kazetami, graf 2 je grafickym zobrazenim

dosahovani limitnich hodnot kompatibilnimi tonerovymi kazetami.

Tabulka 3: Obsah PBDE** a decaBDE v tonerovych kazetach vzhledem k smérnicim RoHS;

REACH; POP
Uvedeni na
Druh Typ trh® PBDE decaBDE poPs® | RoHS® | REACH® | popPS®
OEM TN-2420 2017 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | TN-2420 2017 0,4516051% | 0,1033420% | 0,2160365% | 351,6% 3,3% | 332,1%
OEM CF543A 2017 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | CF543A 2017 0,2976324% | 0,0681080% | 0,1423799% | 197,6% | -31,9%| 184,8%
OEM TN-421 2017 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | TN-421 2017 0,0835804% | 0,0191259% | 0,0399828% | -16,4% | -80,9%| -20,0%
OEM CLT-M404 2017 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | CLT-M404 2017 0,0531581% | 0,0121643% | 0,0254295% | -46,8% | -87,8%| -49,1%
OEM CF410X 2015 0,0004269% | 0,0000977% | 0,0002042% | -99,6% | -99.9%| -996%
nonOEM | CF410X 2015 0,3659729% | 0,0837465% | 0,1750723% | 266,0% | -16,3%| 250,1%
OEM CF540A 2017 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | CF540A 2017 0,4938487% | 0,1130087% | 0,2362448% | 393,8% | 13,0%| 372,5%
OEM CRG-046H M 2017 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | CRG-046H M 2017 0,2519404% | 0,0576522% | 0,1205220% | 151,9% | -42.3%| 141,0%
OEM CRG-046H Y 2017 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | CRG-046H Y 2017 0,6113159% | 0,1398890% | 0,2924382% | 511,3% | 39,9%| 484,9%
OEM CF287X 2015 0,0004274% | 0,0000978% | 0,0002044% | -100,0% | -99,9% | -100,0%
nonOEM | CF287X 2015 0,4999390% | 0,1144023% | 0,2391583% | 399,9% | 14,4%| 378,3%
OEM CF217A 2015 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | CF217A 2015 0,0317918% | 0,0072750% | 0,0152084% | -68,2% | -92,7%| -69,6%
OEM CF287A 2015 <LO* <LO* <LO*| -100,0% | -100,0% | -100,0%
nonOEM | CF287A 2015 0,4501482% | 0,1030086% | 0,2153396% | 350,1% 3,0% | 330,7%

(a) prvni uvedeni originalni tonerové kazety na trh

(b) suma tetrabromdifenyl ethert, pentabromdifenyl ethert, hexabromdifenyl ether(, heptabromdifenyl ether(i a dekabromdifenyl

etheru, ostatni polybromované difenyl ethery nezahrnuty

(c) vztazeno k povolené koncentraci 0,1 % sumy pentabromdifenyl ethertl, oktabromdifenyl etherl a dekabromdifenyl etheru
v homogenni smési, kde kladné procento vyjadfuje procentudlni miru pfekroceni maximalni povolené koncentrace

(d) vztazeno k povolené koncentraci 0,1 % dekabromdifenyl etheru v homogenni smési, kde kladné procento vyjadfuje
procentualni miru pfekroCeni maximalni povolené koncentrace

(e) vztazeno k povolené koncentraci 0,05 % sumy tetrabromdifenyl etherd, pentabromdifenyl etherl, hexabromdifenyl etherd,
heptabromdifenyl ethert a dekabromdifenyl etheru, ostatni polybromované difenyl ethery nezahrnuty v homogenni smési,
kde kladné procento vyjadfuje procentualni miru pfekroceni maximalni povolené koncentrace

* koncentrace je niz§i nez mez stanovitelnosti pouzitou metodou, latka nebyla detekovana v rozliSovaci schopnosti, latka neni
v testovaném vzorku obsazena
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0\3-100,1% TN-242 | CF543 TN-421 CLT- CF410 | CF540 L(-)IZTGLJI-I_ CRG- | CF287 | CF217 | CF287
0 A M404 X A | 04BHY | X A A
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Graf 1: Mira prekroceni limiti polybromovanych difenyl ethert dle RoHS, REACH a POPS OEM
tonerovymi kazetami
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TN- | CF543 CLT-M | CF410 | CF540 | CRG-0 | CRG-0 | CF287 | CF217 | CF287

2420 A TN-421 404 X A 46HM | 46HY X A A

®nonOEM RoHS |351,6% |197,6% | -16,4% | -46,8% | 266,0% | 393,8% | 151,9% | 511,3% | 399,9% | -68,2% | 350,1%
®nonOEM REACH| 3,3% |-31,9% |-80,9% |-87,8% |-16,3% | 13,0% | -42,3% | 39,9% | 14,4% |-92,7% | 3,0%
“nonOEM POPS  |332,1% |184,8% | -20,0% | -49,1% | 250,1% | 372,5% | 141,0% | 484,9% | 378,3% | -69,6% | 330,7%

Graf 2: Mira prekroceni limiti polybromovanych difenyl ethert dle RoHS, REACH a POPS
kompatibilnimi tonerovymi kazetami

Graf 3 predstavuje procentualni zastoupeni originalnich a kompatibilnich tonerovych kazet plnicich
smérnice a nafizeni RoHS, REACH a POPS. Procentualni zastoupeni tonerovych kazet plnicich
smérnice a nafizeni (V) bylo uréeno jako:

V—Sx100
0

kde proménna S predstavuje mnozstvi tonerovych kazet daného druhu pinici stanovené limity
a O predstavuje celkové mnozstvi testovanych tonerovych kazet daného druhu.
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Graf 3: PInéni RoHS, REACH a POPS jednotlivymi druhy tonerovych kazet

Polybromované difenyl ethery jsou obvykle smichany s dominantnim materialem nebo jsou v tomto
materialu rozpustény. V polymeru jsou zapracovany obvykle po jeho polymerizaci, nejsou k polymeru
kovalentné vazany a nestavaji se jeho nedilnou soucasti. Z vyrobeného plastu se mohou uvolfiovat do
okoli v procesu pouzivani vyrobku a zejména v ramci jeho likvidace. (40) (41) Dochazi k jejich akumulaci
v globalnim zivotnim prostifedi. Celkové hladina polybromovanych difenyl etherd v zivotnim prostfedi
trvale roste. (42) Polybromované difenyl ethery se nachazeji ve velmi vzdalenych mistech od mista jejich
puvodu, pouziti ¢i likvidace. PFfitomnost byla zjiSténa mimo jiné i v Arktidé. Pfenos je mozny atmosféricky
a oceanskymi proudy. (40)

Predpokladanym zpusobem emisi polybromovanych difenyl ethert do prostfedi je spalovani vyrobki
obsahujicich tyto latky. Metodou spalovani je jak likvidace ve spalovnach, tak likvidace mimo spalovny
odpadu. (41). Pfi spalovani muze dochazet ktvorbé vyrazné vice toxickych latek, typicky
polybromovanych dibenzo-p-dioxind (PBDD) &i polybromovanych dibenzo-p-furand (PBDF). Skladkovani
vyrobku obsahujicich polybromované difenyl ethery je spojovano s vysokym rizikem vyplavovani latek do
okoli. (43) Skladkovanim muze dale dochazet k dil¢i degradaci na niz$i bromované slouceniny. Ty
mohou byt vice tékavé, vice rozpustné ve vodé a vice bioakumulativni. Jejich toxicita mize byt vyssi,
nez byla toxicita puvodnich polybromovanych difenyl ether(. (41) (44)

Pouzité kompatibilni tonerové kazety mohou byt vyuZity jako vstupni surovina pro jiné odvétvi. Na
bazi odpadnich plastl mohou s vekou perspektivou slouzit, mimo dalSi, k vyrobé stavebnich dilcu
Realnému pouziti brani zjisténa kontaminace polybromovanymi zpomalovaci hofeni. (45)

Zaveéry

Skupina testovanych vzorkd byla slozena z 11 kuslO originalnich tonerovych kazet a 11 kusu
kompatibilnich tonerovych kazet. 100 % z testovanych originalnich tonerovych kazet splnilo limit obsahu
sumy pentabromdifenyl ether(, oktabromdifenyl etherl a dekabromdifenyl etheru v homogenni smési.
82 % neobsahovalo Zzadné identifikované polybromované difenyl ethery, nebo je obsahovalo
v koncentraci nizSi nez detekovatelné. 18 % z testovanych originalnich tonerovych kazet obsahovalo
polybromované difenyl ethery v detekovatelné mife, avSak vyrazné pod stanovenou maximalni
koncentraci. 100 % testovanych vzorkl originalnich tonerovych kazet splfiuje smérnice RoHS a REACH
i regulaci POPS.

Druha skupina testovanych vzorkl byla sloZzena z 11 kompatibilnich tonerovych kazet shodného typu
s originalnimi tonerovymi kazetami. U 73 % tonerovych kazet z této skupiny bylo zjisté€no pFekroceni
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maximalni povolené koncentrace sumy komerc¢ni smési pentabromdifenyl etherl, oktabromdifenyl ethert
a dekabromdifenyl etheru dle smérnice RoHS. NejvysSi zjisténé prekro€eni této hodnoty bylo 0 511,3 %,
tedy byla zjis§téna vice nez Sestinasobna koncentrace oproti maximalni povolené koncentraci. Primérna
hodnota pfekroceni limitu u kompatibilnich tonerovych kazet byla o 327,8 %, stfedni hodnota pfekroceni
byla 350,9 %. Smérnice REACH nesplfiovalo 45 % z testovanych kompatibilnich tonerovych kazet.
Maximalni pfekroCeni smérnice REACH bylo o 39,9 %. Regulaci POPS nesplnilo 73 % testovanych
kompatibilnich tonerovych kazet, nejvy3si prekroeni bylo 0 484,9 %, tedy doslo k témé&f pétinasobnému
prekroceni limitu.

Byl zjistén signifikantni rozdil mezi skupinou originalnich a kompatibilnich tonerovych kazet. Zatimco
skupina originalnich tonerovych kazet splfiovala pfedpisy RoHS a REACH bezezbytku, pouze 27 %
z testovanych kompatibilnich tonerovych kazet splfiovalo smérnici RoHS a 55 % kompatibilnich
tonerovych kazet nafizeni REACH a pouze 27 % kompatibilnich tonerovych kazet splnilo regulaci POPS.

K uvolfiovani polybromovanych difenyl etherd dochazi v procesu likvidace vyrobkl obsahujicich
polybromované difenyl ethery spalovanim i skladkovanim. (43) PrekraCovanim povolenych limitd
dochazi v procesu likvidace vyrokld k uvolfiovani nadlimitniho mnozstvi rizikovych latek do Zivotniho
prostfedi. Zatimco testovana skupina originalnich tonerovych kazet polybromované difenyl ethery
prakticky neobsahovala, ve skupiné kompatibilnich tonerovych kazet byly detekovany u 100 % vzorkd,
z toho zhruba %2 vzorkl prekracovala maximalni povoleny limit koncentrace.

Seznam symboli

decaBDE — dekabromdifenyl ether

EEE — elektricka a elektronicka zafizeni
GWP — potencial globalniho oteplovani
octaBDE — oktabromdifenyl ether

OEM - originalni tonerova kazeta
nonOEM — kompatibilni tonerova kazeta
pentaBDE — pentabromdifenyl ether
PBDE — polybromované difenyl ethery
PBDE 85 — pentabromdifenyl ether
PBDE 99 — pentabromdifenyl ether
PBDE 100 — pentabromdifenyl ether
PBDE 196 — oktabromdifenyl ether
PBDE 197 — oktabromdifenyl ether
PBDE 203 — oktabromdifenyl ether
PBDE 206 — oktabromdifenyl ether
PBDE 207 — oktabromdifenyl ether
PBDE 209 — dekabromdifenyl ether
PBDD - polybromovany dibenzo-p-dioxin
PBDF — polybromovany dibenzo-p-furan
POPs — Perzistentni organicka latka

REACH — Nafizeni Evropského parlamentu a Rady (ES) & 1907/2006 z 18. prosince 2006 —
“the Registration, Evaluation, Authorisation and Restriction of Chemicals”, nafizeni vztahuijici se na
veskeré chemickeé latky, jehoz uCelem je zlepSeni ochrany lidského zdravi a Zivotniho prostredi

ROHS — smérnice Rady 2011/65/EU ze dne 8. Cervna 2011 ,Restriction of the use of certain Hazardous
Substances in electrical and electronic equipment®, plati pro vyrobce sidlici v zemich Evropské
unie a pro dovozce vyrobku pochazejicich ze zemi mimo Evropskou unii
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Summary

The paper determines the actual content of pentabromodiphenyl ether, octabromodiphenyl ether and
decabromodiphenyl ether in two defined groups of toner cartridges - original toner cartridges. The paper
compares the observed results with the maximum permitted concentration in the European Union
countries. The paper determines the risks of environmental impacts in case of exceeding the set limits
and impacts on climate change. The research results serve as input data for supervisory authorities. The
application of measures to avoid exceeding the maximum permitted limits has the effect of reducing the
environmental burden.

Keywords: climate change, decabromodiphenyl ether, environment, global warming, greenhouse
gases, health hazards, incineration, octabromodiphenyl ether, landfilling, pentabromodiphenyl ether,
persistent organic pollutants, polybrominated diphenyl ethers, REACH, RoHS, toner cartridges, waste
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Ceské ekologické manaZerské centrum, z.s. a ¢asopis WASTE FORUM

ZVou na

Tyden vyzkumu a inovaci pro praxi a Zivotni prostiredi (TVIP 2020)

ktery se konéd v ndhradnim terminu

11. — 13. 11. 2020 (netypicky streda-patek) V Hustopecich, hotel Amande.
V ramci TVIP se spolu s konferenci APROCHEM kona tradi¢né symposium

Vysledky vyzkumu a vyvoje pro primyslovou a komunalni ekologii
ODPADOVE FORUM 2020

Symposium je urceno:

k prezentaci vysledku (pfedevsim) aplikovaného vyzkumu z celé oblasti primyslové a komunalni

ekologie,

pro zastupce podnikatelské sféry a vetejné spravy, aby se seznamili s vyzkumnymi tématy a projekty
s cilem eventualniho pfevzeti nebo rozvinuti dosazenych vysledku v praxi,

k seznameni predstavitelll vyzkumné obce s potfebami realného ,,podnikového zZivota® a pripadnému

navazani spoluprace.

Pilivodné vyhlaSeny program po vynuceném piesunu terminu kondni ziistava v naprosté vétSiné
Vv platnosti a aZ do 30. 9. je moZné jej doplnit o nové prihlasené piispévky (v piipadé pirednasek
V omezeném, u vyvések v témét neomezeném rozsahu).

Pavodni piihlasky k acasti automaticky zistavaji v platnosti (pokud Gc¢astnik sam svou tcast nezrusi),
nové se k ucasti Ize prihlasit do 1. 11. 2020.

K tradi¢nim problémovym okruhiim:
Odpady:

Systémové otazky odpadového hospodatstvi
Materialové, biologické a energetické vyuZiti
odpadi

Nebezpecné odpady, odstranovani odpadt
Sanace ekologickych zatézi a nasledki
havarii

Voda:

Cisténi primyslovych odpadnich vod
Ziskéavani cennych latek z odpadnich vod
Recyklace vody

Nakladani s kaly, kapalné odpady

Ovzdusi:

Cisténi odpadnich plynii a spalin
SniZzovani a méteni emisi
Doprava a lokalni zdroje

Kvalita ovzdusi a zdravotni rizika

Véda a vyzkum pro obéhové hospodarstvi:

Sance a bariéry cirkularni ekonomiky

Nov¢ zdroje surovin a energie

Inovativni technologické postupy a inovativni
technologie

Nové materidly a jejich aplikace (bio-

a nanomaterialy)

je po dvou letech ve spolupraci s Centrem vyzkumu ReZ letos opét zafazeno téma Radioaktivni odpady.
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INFORMACE PRO AUTORY

Piihlagky piispévkii lze zasilat do naplnéni kapacity — piihlasovaci formulaf naleznete ZDE. Usp&$né
odeslani ptihlasky je automaticky potvrzeno. Zhruba mésic pfed kondnim konference bude na
WWW.tvip.Cz zvefejnén aktualizovany program. Autoii piispévkt budou pozadani, aby zkontrolovali
spravnost informaci uvedenych v programu.

Abstrakta (souhrn) prednaSek — strucny souhrn obsahu piednasky 1 vyvésky je nedilnou
soucasti prihlasky ptispévku, rozsah textu max. 500 znaki (v€etn¢ mezer). Abstrakt bude zahrnut do
tisténého programu konference.

Plné texty prednasSek — autory vSech prispévkd, tj. prednasek i vyvések, zadame o vcasné predani
graficky upraveného plného textu piispévku v elektronické podobé (MS Word) nejpozdéji do 15. 10.
2020. Po tomto terminu nemiizeme garantovat jejich zatazeni do sborniku na CD-ROM, ktery obdrzi
ucastnici konference pii registraci.

Graficka uprava textu - piispévky pred zarazenim do sborniku konference neprochazeji redakcni a ani
grafickou upravou, pfi jejich psani miizete s vyhodou vyuzit Sablonu, kterou spolu s detailnim popisem
formatovani najdete na www.tvip.cz v sekci Informace pro autory.

Prezentace — je nutné ptedat pfitomné obsluze nejpozdéji 5 minut pied zacdtkem sekce, do které je
zatazena prednaska. Pokud prezentaci obdrzime do 15. 10. 2020, bude rovnéz zatazena do sborniku na
CD-ROM.

Pro vlastni prezentaci prednasky maji piednasejici (pokud neni uvedeno jinak) k dispozici 15 minut
a 5 minut je vyhrazeno pro diskusi. Ve spolupraci s predsedajicimi sekci se budeme snazit o maximalni
dodrzovani vyhlaseného casového rozvrhu.

Pirednaskové mistnosti budou vybaveny dataprojektory, vcetné notebooki. Pouziti vlastniho
notebooku je mozné, funkénost propojeni je tieba na misté pfedem ovéfit ve spolupraci s technikem
a soucasné je nezbytné poskytnout prezentaci obsluze pro dalsi zpracovani na DVD.

Vyvésky — formatu AO (na vysku) budou prichyceny lepici paskou na tvrdy podklad (sklo, dievéné
obklady). Vystaveny budou po celou dobu konference v chodbé pied hlavnim salem nebo pfimo v sale.
V programu bude vymezen Casovy prostor (,,Autorskd prezentace vyvések®), kdy by autofi méli byt
pfitomni u své vyvésky.

Utast autorii: Autofi se rovnéZ prihlafuji k uifasti, na konferenci musi byt pfihlasen a osobné
pritomen alesponn jeden 2z autori pfispévku, anebo jim povéfend osoba. Jednacim jazykem
je Cestina a Slovenstina. Zahrani¢ni hosté jsou srde¢né zvani, tlumoceni vSak organizator nezajist'uje,
prezentace piispévkll v anglictin€ je moznd. Za neodprednasenou prednasku nebo nevystaveny poster
bude dodatecné autorovi fakturovan poplatek 1000 K¢ (bez DPH) za zatazeni ptispévku do programu
a jeho uvetejnéni ve sborniku.

Recenze: Organizator konference nema namitek, aby autofi nabidli sviij piispévek z konference
K uvetejnéni v nékterém recenzovaném Casopise, véetné ¢asopisu WASTE FORUM, ktery je indexovan
v databazi SCOPUS.

Komer¢ni prednasky ¢i kratka sdéleni jsou za Uplatu mozné. Rozsah moZznosti firemni prezentace je
Siroky, stejné jako cenové rozpéti (vice ZDE). Rozhodné neni mozné komeréni sdéleni prezentovat jako
odbornou prednasSku ¢i vyvésku. V ptipadé poruseni této zasady bude dodatecné fakturovana ptislusna
¢astka podle vyse zminéného ceniku.
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Komeréni prezentace | Commercial presentations

INFORMACE PRO UCASTNIKY
Hotel Amande, kde se TVIP 2020 kon4, se naléza na adrese Husova 8, Hustopede.

Vlozné na TVIP zahrnuje vstup na ob& akce (APROCHEM i ODPADOVE FORUM), brozuru
s programem a souhrny vSech pirispévkia a CD-ROM ¢i flashdisk s plnymi texty pfispévkil a predem vcas
dodanymi prezentacemi. Vybirat je mozné ze tii typti vlozného:

PIné vlozné: (4 450 K¢ bez DPH)

Dvoudenni vlozné: (3 950 K¢ bez DPH)

Jednodenni vlozné: (3 450 K¢ bez DPH)

Prihlasky ucasti je mozné zasilat do 1. 11. 2020 (dale mozné po dohod¢ s potradatelem) prostiednictvim
pfipraven¢ho internetového formulare. V piihlaSce specifikujte také veskeré pozadavky na stravu
a ubytovani.

Ubytovani a stravovani zajistuje poradatel. Vzhledem k omezené ubytovaci kapacité hotelu Amande
Hustopece nabizime ubytovani také v tésné sousedicim hotelu Rustikal a v Penzionu pod Radnici.
Ubytovani je mozné v jednolizkovych anebo dvojlizkovych pokojich. V piipadé dvojlizkového pokoje
je nutné v piihlasce ucasti specifikovat jméno spolubydliciho.

Stravovani béhem konference pro ty, ktefi je maji objednano, je zajisténo v hotelu Amande, vyjimkou
jsou snidané, ty ma kazdy ucastnik v tom hotelu, kde je ubytovan.

4

Podrobnéjsi informace, v¢etné cen ubytovani a stravovani, najdete na www.tvip.cz v sekci Informace
pro ucastniky.

Open Innovation Matchmaking in Ecology (Waste Management) Cilem symposia je mj. hapomoci
setkdvani a propojovani ucastnikli za ucelem navazovani novych pfilezitosti ke spolupraci. Abychom
tento aspekt podpofili, pfipravili jsme ve spolupraci s WASTen, z.s., tzv. ,,Open Innovation
Matchmaking in Ecology (Waste Management)*“. Kazdy, kdo bude mit z4jem o asistované propojeni
s jinym ucastnikem, muize tak ucinit pfedem prostiednictvim ptipraveného formulare nebo na misté na
registraci TVIP.

Exkurze probéhnou ve &tvrtek 12. listopadu mezi cca 14,00 — 17,30 hod. Pro rok 2020 se pfipravuji
nasledujici exkurze:

« HANTALY, a.s. - prohlidka skladky, kompostarny a dotiid’ovaci linky plast,

e Vetropack Moravia Glass, a.s. - odborny vyklad s prohlidkou zavodu pfedniho vyrobce obalového
skla v Evropg.

Exkurze, véetné dopravy na misto, jsou zdarma. Zajem o ucast je nutné uvést v piihlasce ucasti nebo
dodate¢né e-mailem na cemc@cemc.cz.

DULEZITE TERMINY na zavér:

Termin konani: 11. — 13. 11. 2020, z toho
Odpadové forum: 11. —13. 11. 2020
Aprochem: 12. —13. 11. 2020

Prihlasky prispévki: 30. 9. 2020 (dale po dohod¢ s potadateli)
Zaslani plnych textii: 15. 10. 2020
Prihlasky ucasti: 1. 11. 2020

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020 (11 - 13. 11. 2020, Hustopece)
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