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Uvodni slovo $éfredaktora

Vazeni ¢tenari,
chci na tomto misté verejné podékovat vsem, kteri
svymi recenzemi prispivaji k tomu, Ze v tomto casopise
vychazeji pokud mozno jen kvalitni ¢clanky. Recenzenty
vybiram prevazné z univerzitnich a akademickych
pracovist' v Cesku a na Slovensku a snazim se, aby méli
k problematice daného ¢lanku pokud mozno blizko.

Pochopitelné ne vZdy se trefim a nemam za zlé
oslovenému, kdyz mi to kvuli tomu nebo kviili
zaneprazdnénosti odmitne, i kdyz jsem radéji, kdyz

- \ dotyény pozada mym jménem o recenzi nékoho
z kolegu kdo ma k problematlce blize nebo mi alespon da na ného tip. Nékdy u zvlasté
specialnich témat sam Zadam autory o tipy na recenzenty a z nich si pak jednoho vyberu.
Druhy ale je vzdy zcela nezavisly.

Pokud se oba recenzenti v nazoru na prispévek shodnou, at’ jiz v tom, Ze je dobry nebo
naopak Spatny, je to dobré. Bohuzel nezridka se stava, Ze jeden ma jen dil¢i pripominky
a druhy navrhuje ¢élanek predélat nebo dokonce odmitnout. V tom pripadé davam vétsi
vahu nazoru toho prisnéjsiho, pripadné oslovuji tretiho recenzenta, nejcastéji z rad
redakcni rady.

Nemam nikomu za zlé, kdyZz mi osloveny recenzent véas odpovi, Zze z ¢casovych Ci
jinych duvodid nemize recenzi vypracovat. Co ale nemam rad, je ,,hra na mrtvého
brouka“, kdy osloveny na mou Zadost neodpovi ani po pripomenuti. Disledkem toho pak
»,hahradni* recenzent ma na posouzeni prispévku méné casu. Obcas se i stane, Ze
doty¢ny recenzi, se kterou jsem uz nepocital, nakonec i posle a ja pak mam k prispévku
posudky hned tri! Copak o to, pro autora je to vyhoda, ale je to zbytecné.

Zaregistroval jsem poptavku po informaci, kolik ¢lanku celkové proslo redakci
v poslednich letech a kolik z nich nakonec vyslo a kolik jich bylo odmitnuto. Ja si
samozriejmé tuto statistiku vedu a najdete ji na tomto misté v pristim cCisle.

Ondrej Prochazka

Patronem tohoto ¢isla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020, 24. - 26. 3. 2020, Hustopece - www.tvip.cz

WASTE FORUM 2019, &islo 3, strana 1 76



Pro autory

WASTE FORUM je casopis urCeny pro publikovani puvodnich védeckych praci
souvisejicich s primyslovou a komunalni ekologii. Tj. nejen z vyzkumu v oblasti odpadu
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, samoziejmé z jinych pracovist nez je autor
Ci spoluautory. Je vzdy dobré mit rezervu.

Publikani 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 pfispévku v disledku negativniho vysledku recenzniho fizeni je tato Castka
poloviéni.

Uzavérka nejblizsiho cisla casopisu WASTE FORUM je 8. fijna 2019, dalsi pak 8. ledna 2020.

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.

All articles submitted for publication in WASTE FORUM undergo assessment by two independent
reviewers. The reviews are dispatched to authors anonymously, i.e. the names 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 charge
a publication fee 500 CZK per each new page of the paper.

The deadline of the next issue is on October 8, 2019, more on January 8, 2020.
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Jarmila VIDOVA: Households as an important part of the circular economy

Households as an important part of the circular economy
Jarmila VIDOVA

University of Economics Bratislava, Dolnozemska cesta 1, 8564 01 Bratislava,
Slovak republic, e-mail: vidova@euba.sk

Summary

Since the first industrial revolution, the economy has worked on a linear approach. Natural resources
have been used to produce goods without considering how to handle them. In a linear economy, raw
natural resources are transformed into products and disposed of in some countries without reuse.
Currently, only 9% of world production operates on the circular economy principle, suggesting that only
9% of the 92.8 billion tonnes of minerals, metals, biomass and fossil fuels entering the economy are
reused every year and the remaining 91% represents a "circular gap". The subject matter of the paper is
a circular economy with an emphasis on the household sector, which will significantly contribute to the
consumption of raw materials through the attitude towards meeting their needs. Monitoring the
development of waste production or recycling rates is an assessment of past developments. In order to
make the transition to the circular economy successful, it is necessary to change the behaviour of
households to the consumption of resources, in the contribution we bring findings obtained from the
questionnaire survey of the attitude of the inhabitants of the Slovak Republic on the selected sample. By
evaluating the answers to the research gquestions, we can say that the inhabitants of the Slovak Republic
are in favour of a greener way of life, which is an important prerequisite for the progress of the next
generation in the area of waste management, but above all in waste prevention, which will have an
impact on the conservation of natural resources. However, in addition to the positive results, we find that
a large group of people do not prefer environmental behaviour and many also for financial reasons.

Keywords: circular economy, households, waste management, recycling

Introduction

The circular economy is characterized by a closed-loop of material and energy, taking into account
natural and human resources, science and technology. The beginnings of the circular economy concept
date back to 1960, when increased interest in environmental protection was noted. A number of
ecologists, economists and other professionals have begun to address the issue of the circular economy
1.2.3.4 Based on their work, the circular economy strategy according to some is based on three®, on four,
six> or up to 9 principles® ’. The principles are an economic code of conduct. For example, the
framework of the four principles is used by the European Union (Principles of "4R" - Reduce - Reuse -
Recycle - Recover). The Reduce principle is the orientation of the economy to scientific and
technological progress and innovation to streamline resource use while minimizing raw material use and
energy consumption. Reuse principle means requiring the manufacture of products and packaging
materials with a reuse requirement. Manufacturers and constructors should prioritize the design of
durable and reusable products, thus extending their life cycle. Recycle means to reuse these products as
available resources at the end of the life of products and products. The necessity to build and support
the development of the recycling industry, which will return waste and scrap (generated intermediates,
raw materials and other materials) to the production process or other uses. The Principle of Recovering
Natural Systems.

Each of these circulation strategies places different demands on socio-institutional changes and
innovations in core or supportive technologies, product design and revenue. In order to make a
successful transition to the circular economy a new product chain is needed, from the extraction and
processing of raw materials, the production of materials through the production of products and the use
of products to the collection and processing of discarded products. There is currently no systematic
method in place to measure the progress of the transformation processes into the circular economy. The
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European Environment Agency (EEA, 2016b) measures the transitional processes of the circular
economy only to a limited extent, focusing on addressing the problems of reducing primary material
consumption, material re-use, reducing the proportion of hazardous substances in products, extending
product lifespan as well as activities related to high-value recycling.

In the following sections, we will focus on the need for material reuse, which is currently possible in
the linear economy process through waste management and recycling because it is one of the principles
of circular economy and society is not. As households are an important subject in the circular economy,
we also examined attitudes to consumption and resource conservation.

The need for efficient use of resources

The priority of the circular economy is the saving and efficient use of limited natural resources,
streamlining the production of products with high efficiency and low resource consumption and low (or
even zero) emission production. This includes preventing and reducing the production of waste and,
consequently sources of pollutants, up to recycling, when the resources are returned to the business
cycle, which is of increasing practical importance. This is mainly related to critical raw materials, which
are found in limited quantities throughout Europe.

Natural resources are a prerequisite for the functioning of the global economy and the foundation of
the quality of our lives. The price of natural resources used in industry has doubled over the past 10
years, a historical shift compared to the 20th century, when resource prices fell. The intensive use of
global natural resources over the past decades has exerted pressure to replace them with other
materials. In the future, it will no longer be possible to use natural resources in the same way as they do
today. If current trends continue and the population by 2050 is in line with forecasts (by 30% worldwide,
to some 9 billion people), the pressure on natural resources will increase as a result of meeting the basic
needs of the population and producing more products. A key instrument for relieving pressure on natural
resources is the transition to a circular economy to make efficient use of natural resources,
manufactured products, streamline waste management and recycling.

Before 1980, the recycling rate was negligible. However, since then recycling and incineration rates
have been increasing slowly. Based on available data, the highest recycling rates are in Europe (30%)
and China (25%). Based on waste management information for 52 other countries, they indicate that in
2014, the rest of the world had a recycling and incineration rate similar to that in the United States.
Regarding the recycling of plastics in the United States since 2012, it is 9%. The incineration rate
gradually increased to 40 and 30% in Europe and China during 2014. In the United States, the fibre-free
combustion of plastics was 21% in 1995 and then fell to 16% in 2014, with a recycling rate of 75% during
this period. So far, end-of-life (fibrous) textiles do not show significant recycling rates and are therefore
incinerated or disposed of with other solid waste. The potential for recycling waste, especially plastic
waste, is largely untapped in the EU. End-of-life reuse and recycling of plastics is very low, especially
when compared to other materials such as paper, glass or metals.

The European Union is keen to deepen cooperation with international partners in resource efficiency.
Encouraging us to move towards a cleaner way of producing and transferring energy. The solution to this
problem is the adoption of several secondary legal acts. Green Paper - A European strategy for tackling
plastic waste in the environment (7. 3. 2013). In December 2008, the European Council endorsed the
European Economic Recovery Plan. In the context of plastic disposal, the European Commission
adopted an EU Circular Economy Action Plan in December 2015. It identified plastics as a key priority
and committed to "develop a strategy to address the challenges posed by plastics throughout the value
chain and their entire life cycle".

By 2025, the proportion of recycled plastic waste should reach 50%, by 2030 it should increase to
55%, the proportion of recycled glass by 2025 will be 70% and by 2030 75%, and by 2025 65% and by
2030 70%. The Directive also introduces mandatory reporting on the negative effects of street discarding
of cigarette sticks with plastic filters, plastic cups or moistened wipes on the environment. The warning
should be on the packaging of these products. In addition, stricter rules for calculating recycling rates will
help to better monitor actual progress towards a circular economy.
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The reason for the new activities of the European Union is above-average waste production. Based
on Eurostat data, the highest waste production in 2017 was in kg / person in the Netherlands (513 kg),
Norway (748 kg), Denmark (781 kg), and Cyprus (637 kg). With these countries, relatively less waste is
produced in Poland (315 kg), Romania (272 kg), the Czech Republic (344 kg), the Slovak Republic
(378 kg). Although waste production in the Nordic countries is high, it is higher compared to post-
socialist countries. Recycling is one of the important preconditions for the proper functioning of waste
management and the circular economy. In 2016, 55% of all waste was recycled across the EU.
Compared to the 2010 level (53%), this is a slight increase. Regarding recycling by waste type, recycling
rates vary. Significant increases in recycling have been reported by Member States for mixed municipal
waste, where recycling rates have increased from 35% in 2007 to 46% in 2017. The recovery rate for
construction and demolition waste reached 89% in 2017 and the recycling of packaging waste exceeded
67% and plastic packaging recycling was 42%. In the case of waste electrical and electronic equipment
(computers, televisions, refrigerators, mobile phones), 41% of the total volume was recycled in 2017,
while in 2010 it was approximately 28%. Despite the increasing share of recycling, however, recycled
materials are still low in the EU. Only about 12% of raw material resources come from recycled products
and materials. Thus, the vast majority of the raw materials we use remain primary natural resources.
Waste production is also associated with higher living standards in the country. In Figure 1 we can see
the amount of waste production in kg / person and the GDP index.
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Figure 1: Waste production (in kg /person) and GDP development (%) in EU countries

Source: graph based on Eurostat data

As far as waste production in the Slovak Republic is concerned, the production of municipal waste is
increasing, the production of hazardous waste has decreased and the production of other waste is
increasing. However, the recycling rate of waste is very low and the number of landfills that pollute the
environment is growing. Most of the waste produced (62%) was landfilled. However, in recent years, the
reported rate of recycled packaging has declined in Slovakia. From a maximum level of 5 7% in 2012 to
almost 52% in 2016. At the same time, Slovakia and some other countries are among those where
recycling of this type of waste has tripled since 2005. Examples include countries such as Belgium,
Denmark, the Netherlands, Germany, Austria and Sweden, where in 2014, for example, almost no
municipal waste was landfilled. In 2017, the European Commission recommended Slovakia to improve
waste management, in particular by increasing recycling, introducing separate collection and reducing
landfill, improving air quality in critical regions of the country, especially in urban areas such as Bratislava
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and KoSice, phasing out harmful brown coal subsidies, and improving water management and
introducing more modern municipal waste water treatment systems.

Municipal waste charging is a necessary measure to ensure that waste is sorted. The average price
for depositing one ton of waste in a landfill is € 25 in Slovakia. Compared to the surrounding countries,
where the rate is 60 — 120 €, the fee in Slovakia is low. The Ministry of Environment of the Slovak
Republic has already put forward a proposal for a decree, which includes an increase in landfill fees.
Fees are based on a real survey of waste management needs. Municipalities that have landfills in their
cadastre also welcome the increase in the landfill fee. They know that if the life of a landfill is extended
by 10-15 years, the landfill contributions will be much longer than if the landfill had ended. In total, this
will be an increase of just a few € per capita, since they no longer pay the collection fees. In EU
countries, the waste fee is EUR 120 — 150 / person / year. The higher the fee, the less landfills in the
country (Figure 2)

£
[ ]
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the amount of landfill fee
Figure 2: Landfill rate (%) (Left axis) versus landfill charge

A frequent counter-argument is the higher average wage in these countries. When recalculating costs
per person per year compared to average wages, Slovaks only pay 0.22%. Other EU citizens, where the
average wage is 2 — 3 times higher, pay up to 4.7% of the average wage. Few communities have well-
defined waste targets and a plan to implement them over the years. Municipalities in Slovakia aim to fulfil
certain obligations under the Waste Act. In the vast majority of cases, changes in self-government
happen after legislation changes. However, it is good to make changes in advance. It is important to set
the right motivation system, e.g. Pay as You Throw, where mixed municipal waste charges are set at
such a high level that they are not liable to be irresponsible to their environment. They reward those
residents by reducing the waste collection fee. A very important condition, which greatly affects the
whole situation, is the level of awareness of the population as waste producers, the quality of the
products they buy about the subsequent sorting of their waste, because the amount of landfilled waste
develops depending on the price of landfilling. Based on the data on fees and landfill rates in different
countries, we have found, using linear regression, that countries with higher fees have lower landfill
rates.

Results and discussions

In addition to businesses, households make a significant contribution to the production of municipal
waste, which was also documented by statistical data. Many factors influence the behaviour of
households in relation to waste production. This behaviour has been investigated by several authors who
have focused on monitoring the relationship between socio-economic characteristics of households (age,
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gender, household members, education, etc.) and waste management. According to Jenkins et al. 8
D’Elia °, Bandara et al.'°, Benitez et al."* household size. Abbott et al.> found a positive relationship
between the size of households and the recycling rate of bio-waste, the relationship was statistically
insignificant when examining the relationship between the size of households and the recycling rate of
other waste. The authors also investigated the relationship between recycling rates and Sidique et al. *3,
Kipperberg™* found a positive relationship between recycling rates and age.

Terry ™ found a positive relationship between recycling rates and the population aged 25 — 44. No
influence of age on recycling behaviour has been confirmed in the works of D’Elia °, Hage and
Soéderholm®. The impact of education on recycling rates was studied by Sidique et al."®* and found that
the higher the proportion of residents studying at university for at least 4 years, the higher the recycling
rate for municipal waste. This fact was also confirmed in research by Miller et al. *" and Jenkins et al.®.
As far as waste production is concerned, in their work the authors dealt with the impact of the age on
waste production® *°. However, they did not confirm the impact of gender on the amount of municipal
waste produced. In her research, Rybova'® explored the impact of 13 socio-demographic variables on
waste production and found that statistically significant are 6 variables (average household size, share of
university graduates, share of family houses, purchasing power parity, share of employed persons)
socio-economic factors also measure economic well-being and quality of life: quality of life is higher with
rising income levels *°, GDP? and purchasing power index®, which positively affects waste production.

In the following section, we present the results of the socio-economic analysis, for which we were
inspired by the work of several authors and ascertained whether the findings we have obtained are
identical, resp. differ from the development in the Slovak Republic. For the analysis we used data from
the Statistical Office of the Slovak Republic, Eurostat and the Human Development Index. We followed
the relationships between socio-economic characteristics of households and also selected
macroeconomic variables and waste management (AGE15-64 - Percentage of population aged 15 — 64
age 15/64, AGE 60 Percentage of population aged 60 years, SEC - Percentage of population with
secondary education UNIV - Percentage of university graduates, WP - Waste production kg / person
MAGE - Median age, WAG Percentage of population working in agriculture, SORTEDSR - Development
of the Sorted Impact in the Slovak Republic in % SR, GDPSR - GDP/person in €). From the found
values we created a correlation matrix. Based on the findings, we can say that in the Slovak Republic
there is a positive impact between university-educated and waste sorting, between the population over
the age of 60 and waste sorting. Also, college and residents over 60 produce more waste. Weak
dependence between people with secondary education and waste production.

Table 1: Correlation matrix

-
E 2 [T g 5]
o =5 o e -t 2 = By
] ] = = s
= = 7% 5 = = = 2 5
AGELS—64 1
AGEGD 0632 1
SEC 0213 0346 1
TN 0.095 0,701 D832 1
WP 0322 0.847 0357 0.656 1
MMAGE 0.010 0.654 D276 0060 0502 1
WAG 0465 | -0718 | -0290 | -0479 | -0699| -0369 1
SORTEDSE 0388 0.268 0.620 0,811 0,038 0.727 | -0.666 1
GDPSE 0210 0.874 0.821 0.873 0.784 0.843 | -0482 0.925 1
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Analysis of questionnaire survey of household attitudes towards circular economy

Circular economy, also called a green economy, is a new economic model, which is the opposite of
the current model - a linear economy, based on high consumption of non-renewable raw materials,
which is an unsustainable state in the long term. The introduction of a circular economy requires the
cooperation of consumers, business, development workplaces, academia and politics. An important
subject in the circular economy is just households, which at the same time have a positive tendency to
consume and increase pressure on the production of goods. In the following section we present the
results of the questionnaire research carried out by us to find out the attitudes of the population or the
households in the Slovak Republic to the circular economy and waste prevention.

The research was carried out in the months of March and April 2019, attended by 482 respondents,
divided into six age ranges (under 18 in 20 respondents, 159 respondents in the age range 18 — 26, 27 —
35 in the age range 147 respondents, 53 respondents in the age range of 36 — 50 years, 47 respondents
in the age range of 51 — 62 years, and 56 respondents in the age range of 62 and more years).
Depending on the level of education attained, the highest number of respondents with secondary
education (%), first-level university education (%), with second level university education (%). Most
respondents were from the Bratislava region (%). Almost equal humbers were from other regions. 259
respondents come from the city and 223 live in the village. A large group of respondents are employed
and self-employed. The largest group according to the income level is respondents with the income of
501 — 1000 EUR. The surveys themselves concerned the survey of respondents' attitudes to waste
management.

The circular economy model is supposed to contribute to stable economic growth and a healthy
environment. As the respondents perceive this model through the research question 1: Do they know the
circular economy model and what is its advantage? Respondents had the opportunity to choose
3 variants (I know, | know little, | don't know). 58% of respondents said they knew little, 26.7% did not
know and 15.3% knew what the circular economy was. At the same time, respondents who said they
knew the circular economy model said they were solving waste problems, protecting the rye
environment.

Respondents' answers to Research Question 2: How often do you get rid of waste? We find that the
highest number of respondents throws out garbage as needed 46.5%, of which the most in the age
category 18-26, employment and household income of 501 — 1000 EUR per month. Most people throw
rubbish as needed in the Bratislava region. The second research question 3: Do you have the possibility
of separate collection in your town / municipality? We have investigated whether respondents have the
opportunity to sort waste at their place of residence. Almost all respondents have the option of separate
waste collection (93.4% of respondents). Only two replied that they were unable to sort waste at their
place of residence.

Consumer behaviour is an important factor in preventing waste production. From the answers to the
research question 4. Do you think when buying goods ecologically? We found that up to 56.8% of
respondents responded negatively, 6.6% of respondents do not care and only 36.6% deal with this
problem. Respondents with completed secondary education had the most negative answers, but we
have to mention that people with a tertiary level of tertiary education and a tertiary level of tertiary
education responded in equal numbers and are not very different from those in secondary education.
Young people in the 18 — 26 age group were the largest group on the one hand in the answer "yes", but
on the other hand in the answer "na". So it may be noted that a group of young people are interested in
whether they are buying products without further waste production. The respondents in the 501 — 1500 €
income group are also thinking about the environment when purchasing.

In research, we also looked for answers to research question 5: What shopping bags do you use?
The answers clearly show that most of the respondents carry their own bag with them (76%). The
second most common answer was the option "depending on the trade offered to me". In most stores we
have a choice of several kinds of bags and so the consumer himself can decide what kind of bag he
chooses. In general, paper bags are more expensive and so the price for a bag can affect consumer
behaviour. However, even in the case of plastic bags, shops are introducing more environmentally
friendly bags with reduced lifetime. In connection with plastic waste, we also investigated through
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research question 6: Would you agree to return used plastic bottles back to the store? Where as in many
countries this method of reducing the production of plastic waste is put into practice. In Germany and
Sweden, recycling rates of up to 98% have been achieved through bottle backup. Up to 85% of
respondents agree to return plastic bottles back to the store, with only 1% disagreeing with bottle
backups. The implementation of this system in Slovakia has been accompanied for many years by
fighting between traders who claim that this system is too expensive.

Since Slovakia is one of the countries with a low recycling rate (28%) and a large number of legal and
illegal landfills, we have researched question 7: Would you agree to increase the fees for municipal
waste? Almost 97.3% of university graduates welcome the increase in these fees. At the same time, they
propose to increase fines for illegal landfill. Only 23.6% of respondents with primary education living in
the village disagree with raising fees. From answers to research question 8: What is your attitude
towards a shared economy? We have found that 25.8% of respondents with primary education over the
age of 62 do not recognize the concept, 56.7% of respondents in the 36 — 50 age range have heard
about the shared economy, but do not use the services offered, 87.4% of those with secondary
education and 88.7% of respondents with a university degree in the 18 — 26 age group living in cities use
the opportunities offered by the shared economy model.

Conclusions

In recent years, the possibility of replacing the current production and consumption model, which is
based on continuous growth and increasing resource consumption, has been increasingly appealing.
The reason for encouraging change to a new production model within the economic system is to
increase resource efficiency, with particular emphasis on urban and industrial waste, in order to achieve
a better balance and consistency between the economy, the environment and society. The intensive use
of the world's natural resources over the past decades has exerted pressure on their substitution by
other materials, and in particular plastics of various kinds. When they started to be used more than a
century ago, no one thought that they would be the enemy of our planet and would endanger the lives of
its people.

Building a circular economy will require a coherent change in the interconnection of activities of
multinational, national, regional and non-governmental entities in the Slovak Republic and other
countries of the world. Such a transition will be very complex and requires changes, which is already
being implemented slowly in the European Union through many measures (energy union, greener
transport, organic farming, new industrial policy) to change people's attitudes (efficient heating, waste
separation) , enterprises (supporting research and innovation activities) to respond to changes in energy,
logistics or financial subsystems. It is also necessary to steer the education system towards education
and understanding these changes and to introduce effective changes, as the transition to the circular
economy is not necessarily “better’ than linear systems. Inefficient circular systems can create many
social, economic and environmental damages (eg due to overexploitation of transport and energy when
production has moved to countries with cheap labour, mineral resources) quality in the production
process, the organization of smart logistics, investment in training processes to acquire the necessary
technical skills, shortening delivery times, maintenance and environmental protection requires a change
in production and business models

It will be very important to change consumer behaviour, as the growth of the world population places
increasing demands on the natural resources, which put more pressure on the environment. Only in the
twentieth century, global population growth combined with welfare growth resulted in increased material
consumption 34 times, mineral more than 27times, and 12times higher fossil fuel consumption. Demand
for consumer products is projected to increase material consumption in 2050 compared to 2000, three
times. Of course, consumers will influence manufacturers and they will be forced to respond to their
needs. The transition to a circular economy from linear can be considered as an innovation. However,
innovation must be accepted by the society. However, this also applies to all other process changes
related to the further functioning of our life on the planet and to the understanding that the beginning of
the circular economy is not just a waste management, as many have presented.
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The transition to a circular economy can be seen as innovation. However, this innovation must be

accepted by the entire society. All procedural changes related to the further functioning of our life on the
planet require an understanding that the beginning of the circular economy is not just waste
management as it is often presented.
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Domacnosti ako ddlezita sucast’ cirkularnej ekonomiky
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Suhrn

Od prvej priemyselnej revolicie fungovala ekonomika na linearnom pristupe. Prirodné zdroje sa
vyuZivali vo vyrobe tovarov bez uvahy o tom, ako sa s nimi bude nakladat. V linearnej ekonomike sa
surové prirodné zdroje transformuju na produkty a likviduju sa v niektorych krajinach bez opéatovného
vyuZitia. V sucasnosti iba 9 % svetovej vyroby funguje na principe cirkularnej ekonomiky, ¢o vypoveda
otom, Ze iba 9 % z 92,8 miliard ton nerastov, kovov, biomasy a fosilnych paliv, ktoré vstupuju do
ekonomiky, sa kaZdy rok opdtovne pouZiva a zvysnych 91 % predstavuje ,kruhovi medzeru®
Predmetom skumania v prispevku je cirkularna ekonomika s dérazom na sektor doméacnosti, ktoré
postojom k uspokojovaniu svojich potrieb vyrazne prispievaju k spotrebe surovin. Sledovanie vyvoja
produkcie odpadov, ¢i miery recyklacie je hodnotenie minulého vyvoja. K tomu, aby bol prechod na
cirkularnu ekonomiku uspesny, je potrebné predovsetkym zmenit spravanie sa domacnosti k spotrebe
zdrojov, V prispevku prinaSame zistenia ziskané z dotaznikového prieskumu postoja obyvatelov
Slovenskej republiky na vybranej vzorke. Vyhodnotenim odpovedi na vyskumné otazky méZeme
konStatovat, Ze obyvatelia Slovenskej republiky st nakloneni ekologickejSiemu spdsobu Zivota, ¢oho
délezitym predpokladom k pokroku je vychova dalSich generacii v oblasti odpadového hospodarstva, no
predovsetkym k vychove o predchadzani vzniku odpadov, ¢o bude mat vplyv na Setrenie prirodnych
zdrojov. Okrem pozitivnych vysledkov, v8ak zistujeme, Ze znacna skupina obyvatelov nepreferuje
ekologické spravanie a mnohi aj z dévodov finan¢nej narocnosti.

Keywords: Cirkularna ekonomika, domacnosti, odpadové hospodarstvo, recyklacia
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Summary

Food and kitchen biowaste can be an environmental and economic problem if not managed properly.
The aim of this study was to uncover the effect of an outdoor vertical-flow vermicomposting system with
continuous feeding by kitchen biowaste on pathogens in relation to the biological and chemical
properties. After one year of outdoor vermicomposting the chemical and biological stability of
vermicompost was found. Pathogens were reduced by 66%, while Salmonella spp. was not present at
all. With the increasing age of the vermicompost, the total microbial biomass and its components (fungi,
actinobacteria, G+ and G- bacteria) as well as enzymatic activity declined. The average activity of
enzymes such as B-D-glucosidase, phosphatase, sulfatase, lipase, chitinase, cellobiohydrolase, in the
bottom layer was less by 53% compared to the top layer. The moisture and EC decreased to 48% and
722 uS-cm™, respectively. On the other hand, the pH increased up to 8.0. The decreasing trends of Cyy
and Ny correlated positively with their available forms such as DOC, N-NOz, and N-NH,", with their
proportions of the total content at 1.1%, 0.9%, and 0.3%, respectively. Among other nutrients, Cay, Ko,
and Fey, exhibited the greatest contents (identically 1.3%) followed by Mg, (0.35%) and Py (0.3%). The
proportion of the available contents of K, Fe, Mg, and P constituted on average in all of the three layers
39%, 2%, 12%, and 16%, respectively, of the total content.

Keywords: vermicomposting, earthworms, kitchen biowaste, layers, pathogens, chemical and
biological properties

Introduction

Only 2/3 of the food products produced each year are utilized, which equates to 1.3 billion tons of
food which is unnecessarily wasted®. In the countries of the European Union, food losses amount to
88 million tons per year, which has a negative impact on the use of primary resources, individual
segments of the environment, and ultimately, the economy?. Food waste contains a wide range of
chemical substances. The chemical composition is affected by the proportion of individual foods. On
average, it contains 60% starch, 30% lipids, and 10% proteins®*.

Besides the avoidance of food loss or waste, a proper re-utilization seems to be the only responsible
way of dealing with wasted food today and in the future®. Food and kitchen biowaste can be an
environmental and economic problem if not managed properly®. The food waste produced from
restaurants and canteens form a major component of the putrefying organic waste that ends up in landfill
sites. High moisture, the requirement for a bulking substrate, and low pH are the main problems
encountered with food or kitchen biowaste composting or vermicomposting”®. Therefore, especially,
constant care with moisture management and a suitable ratio of carbon and nitrogen is required for
successful processing®.
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The earthworms are involved in the vermicomposting process of biowaste by creating small corridors
through which the air can flow. Using microorganisms and their enzymes, they digest organic
substances, creating vermicompost with a high agronomic value®®. From the operational point of view,
vermicomposting unlike classical composting is a mesophilic process. With the use of temperatures
above 35 °C the earthworms will leave the processed biowaste or die. The elevated temperature
maintained for some time is a key factor in classical composting for reduction of human pathogens such
as E. coli, Salmonella spp., helminths, and various human viruses. However, elevated temperatures of
70 °C have adverse effects on the rate of decomposition because the activity of microorganisms
decreases'. The sensitivity of the earthworms to high temperature can be solved by the initial
thermophilic pre-composting without the presence of earthworms and subsequent vermicomposting™?.
However, this combination may not be possible for technical, spatial, or economic reasons. Previously,
there was a view that vermicomposting itself was capable of reducing or completely eliminating the
number of pathogenic microorganisms™**. The mechanisms by which this occurred are not fully known.
These are direct influences (mechanical disruption using ingestion and grinding, microbial assimilation,
enzymatic digestion, effect of microbial antagonists and antimicrobial substances produced by the
earthworms) and indirect influences (phagocytic activity with the participation or absence of earthworms,
production of antimicrobial substances such as humic acids, the stimulation of endemic or other
microbial species leading to competition). The most likely mechanism is probably a combination of these
effects™. It was reported that the inactivation of the pathogenic load largely depends on the earthworm
species involved in vermicomposting, because individual species have different abilities to eliminate
pathogens™.

The aim and at the same time novelty of this study was to uncover the effect of an outdoor vertical-
flow vermicomposting system with continuous feeding by kitchen biowaste on pathogens in relation to
the biological and chemical properties.

Experimental part
Experimental setup

The experiment was conducted in three concrete boxes each with a ground plan 2 m x 2 m placed in
outdoor conditions at the Research Institute of Agricultural Engineering, Prague, Czech Republic
(50°5'11.327"N, 14°18'7.522"E).

The bedding of grape marc with earthworms (Eisenia andrei) was placed first. Next 10 cm layers of
kitchen biowaste were added every 3 weeks. Adding a thin layer prevents the warming which the
earthworms are sensitive to. To reduce evaporation, the surface was covered with special fabrics which
allowed for air exchange while retaining water. If necessary, the vermicomposted material was irrigated
to maintain 80 — 85% moisture content which is optimal for earthworms®’. After one and half years from
the beginning of the experiment, samples were taken up from the cross profiles of different depths, and
the average ages above the bedding from each of the 3 boxes in the three replications was as follows:

A: 0-20cm, 1 -6 months
B: 20 — 40 cm, 6 — 12 months
C: 40 -60cm, 12 — 18 months

The weight of each primary sample was about 5 kg. The resulting vermicompost sample without
earthworms was divided into 3 parts, each of 1 kg, and treated as required for laboratory analyses. One
part of the vermicompost sample was stored for a brief period at 4 °C, the second part was dried at
35 °C to a constant weight, the third part of the vermicompost sample was frozen at -20 °C and then
lyophilized.

Biological and chemical analyses
Pathogenic microorganisms were determined in the fresh sample by cultivation on selective
diagnostic media and confirmed by biochemical tests®. The contents of the containers with the tested
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substrates were first weighted, diluted, and homogenized. Ten-fold diluted suspensions of samples were
used for cultivation of microorganisms. Dehydrated complete preparations (HiMedia) were used for the
initial suspensions, dilutions, and culture media. Thermotolerant total coliform bacteria were determined
by capturing on the surface of the solid soil with lactose. M-FC agar (Membrane Fecal Coliform Agar)
was used as the culture medium. This agar is selective for thermotolerant coliform microorganisms and
contains lactose, bile salts and aniline blue. After culturing for 24 hours at 43 £ 1.0 °C, characteristic blue
colonies were counted. At least 5 characteristic colonies were inoculated onto nutrient agar for
subculture for 24 hours at 36 + 1.0 °C for oxidase testing. Subsequent confirmation was performed by
a negative oxidase assay. To determine the number of Escherichia coli (E. coli), selected colonies from
M-FC agar were inoculated onto 4-methylumbelliferyl B-D-glucuronide-saturated medium (MUG) and
cultured for 4 hours at 37 £ 1.0 °C. E. coli showed a light blue fluorescence under a UV light emitting
radiation of 360 nm wavelength. Enterococci were cultured on solid medium with sodium azide and
2,3,5-triphenyltetrazolium chloride, which reduced the bacteria to red formazan, causing the
characteristic colony staining. Incubation was carried out for 4 hours at 36 + 1.0°C and then 24 hours at
43 + 1.0 °C. Colonies were confirmed on bile-esculin-azide agar by culturing for 4 hours at 43 + 1.0 °C.
For positive or negative finding of Salmonella spp. non-selective cultivation in peptone water was
performed for 20 hours at 36 + 2.0 °C, selective growth in Rappaport-Vassiliadis medium for 24 hours at
41 £ 1.0°C, and growth in soil with selenite and cystine for 24 hours at 36 + 1.0 °C, followed by
cultivation on solid selective soil - phenol red and brilliant green agar and xylosol-lysine-deoxycholate
agar. After incubation of the cultures for 24 hours at 36 £ 1.0 °C, growing colonies were subjected to
confirmation by biochemical assays.

Samples for the phospholipid fatty acid (PLFA) analysis were extracted in triplicate using a mixture of
chloroform-methanol-phosphate buffer (1:2:0.8; v/v/v) from the lyophilized samples. Analyses were done
by the Institute of Microbiology of the Czech Academy of Sciences, Prague, Czech Republic. The
extracts were analyzed by tandem gas chromatography-mass spectrometry (GC-MS; 450-GC, 240-MS
Varian, Walnut Creek, CA, USA). Methylated fatty acids were identified according to their mass spectra
using a mixture of chemical standards obtained from Sigma-Aldrich, Prague, Czech Republic and
Matreya LLC, USA. The gram positive (G+) bacteria biomass were quantified as the sum of i14:0, i15:0,
al5:0, i16:0, i17:0, and al7:0. The gram negative (G-) bacteria were determined by sum of 16:1w7,
18:1w7, cy17:0, cy19:0, 16:1w5. The 10Me-17:0, 10Me-18:0, and 10Me-16:0 were used for
actinobacteria biomass. For the total biomass of the bacteria, the acids for G+, G-, actinobacteria, and
also 16:1 w 9, 17:0, 10Me-18:0, cy19:0 were used. The 18:2w6,9 was used to determine the fungal
biomas?é The total biomass was quantified as the sum of all of the markers together with 16:0 and
18:1w9~.

The enzymatic activity of B-D-glucosidase, acid phosphatase, arylsulphatase, lipase, chitinase,
cellobiohydrolase, alanine aminopeptidase, and leucine aminopeptidase were measured in 96-well
microplates. 0.2 g of lyophilized vermicompost was extracted with 20 mL of acetate buffer (pH 5.0, ¢ =
50 mmol-L™") in an Erlenmeyer flask. The mixture was homogenized using the Ultra-Turrax (IKA
Labortechnik, Germany) for 30 s at 8,000 rev/min. Individual enzyme activities were measured in four
replications. 200 pL of the homogenized sample was pipetted into appropriate wells in the microplate
and then 40 uL of substrate was added. The microplate was placed in an incubator heated to 40 °C for
5min, and after the fluorescence was measured using the Tecan Infinite® M200 (Austria). The
microplate was again placed in the incubator for 2 h and the fluorescence was measured again®. For the
calibration curve 1.0 mmol-L*, 0.1 mmol-L*, 0.01 mmol-L™* methylumbellyferol, and 0.1 mmol-L™,
0.01 mmol-L* 7-aminomethyl-4-coumarin were used.

The pH, oxidation-reduction potential (ORP), and electrical conductivity (EC) were measured in the
fresh samples. Measurements were conducted on samples mixed with deionized water (1:5 w/v wet
basis) using a WTW pH 340 i (pH and ORP) and WTW cond 730, respectively according to BSI EN
13037%'. The CHNS Vario MACRO cube analyzer (Elementar Analysensysteme GmbH, Germany) was
used for the determination of total carbon (C) and nitrogen (Ny) in the dried samples. The total
contents of P, K, and Mg were determined by decomposition utilizing digests obtained by pressurized
wet-ashing (HNOs; + H,0,) of dried sample in a closed system with microwave heating (Ethos 1, MLS
GmbH, Leutkirch im Allgdu, Germany). The contents of ammonium nitrogen (N-NH,"), nitrate nitrogen
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(N-NO3), dissolved organic carbon (DOC), and the available portions of P, K, and Mg were determined
in CAT solution (0.01 mol-L™ CaCl, and 0.002 mol-L™ diethylene triamine pentaacetic acid (DTPA)) at
the rate of 1:10 (w/v), according to the International BSI EN 13651%. The N-NH,", N-NO3, and DOC
contents in the extracts were measured using the SKALAR SANPLUS SYSTEM® (the Netherlands). The
total and available element concentrations were determined using inductively coupled plasma optical
emission spectrometry (ICP-OES, VARIAN VistaPro, Varian, Australia).

Statistical analysis

The results are presented as the mean values of three replicates. Nonparametric Kruskal-Wallis
ANOVA (P<0.05), including testing for normality and homogeneity of data, were performed using
STATISTICA 12 software (StatSoft, Tulsa, USA).

Results and discussion

Total coliforms, enterococci, and E. coli were the most represented pathogens. E. coli is generally found
in animal waste® and food waste*. Salmonella spp. was absent during vermicomposting (Figure 1).
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Figure 1: Distribution of bacterial pathogens in layers A, B, and C during vertical-flow
vermicomposting. The values are the means * SD (n=3). Different letters indicate significant
differences within a group (Kruskal-Wallis test, P<0.05)

A:0-20cm, 1 -6 months; B: 20-40cm, 6 —12 months; C: 40-60cm, 12 — 18 months

All pathogens showed the greatest values in layer A (total coliform bacteria: 8,733 CFU/g of dry
matter; E. coli: 5,100 CFU/g of dry matter; enterococci 7,733 CFU/g of dry matter) and the least values
were in layer C (total coliform bacteria: 3,267 CFU/g of dry matter; E. coli: 1,733 CFU/g of dry matter;
enterococci 1,913CFU/g of dry matter). The oldest layer C contained the least amount of total coliforms,
E. coli, and enterococci by 63%, 66%, and 75%, respectively, compared the young layer A. Statistically
significant differences were found between these two layers (A and C) for all pathogens (except
Salmonella spp., which was not present in all layers). In another experiment, apple pomace substrate
was artificially inoculated with E. coli, Salmonella spp., thermotolerant coliform bacteria, and enterococci
to assess the contribution of earthworms Eisenia andrei during the selective reduction of the pathogens.
The inner side of the intestinal tract of earthworms was changed by the artificial bacterial load. On the
contrary, intestinal activity, reproduction, and earthworm weight were not affected by the addition of
pathogens. The earthworms reduced the amount of E. coli significantly more (63-fold, 77-fold, and 840-
fold) than enterococci (6-fold, 36-fold, and 7-fold) after 2, 4, and 6 weeks, respectively?®. The authors
explain the rapid reduction of Salmonella spp. by the upregulated expression of two pattern recognition
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receptors, which bind lipopolysaccharide-binding protein, lipopolysaccharide, and coelomic cytolytic
factor. Similarly, other authors found a reduction of pathogens during the vermicomposting of the organic
fraction of municipal solid waste using Eudrilus eugeniae, even greater than during in-vessel
composting®. In the case of total coliforms and E. coli a 3.12 log and 6.14 log reduction, respectively,
was found for food waste after 10 weeks of vermicomposting. Both composting and vermicomposting
generated Salmonella-free products. They speculated that the absence of Salmonella spp. in
vermicompost might be caused by the stimulation of an endemic microflora that reduces the pathogens.
In another study, Salmonella spp. decreased by 97.8% to 99.9% compared to the control without
earthworms?®’. Khwairakpam and Bhargava®® exhibited a reduction of 99% in total coliforms using
Eisenia fetida, Eudrilus eugeniae, and Perionyx excavatus after 6 weeks of vermicomposting of sewage
sludge. Yadav et al.*® reported 100% removal of both total and fecal coliforms during 60 days of
vermicomposting of source-separated human feces using Eisenia fetida. Complete sanitization of E.coli,
Salmonella spp., and Shigella spp. during 60 days of vermistabilization of various agricultural wastes,
such as rice straw, sugar cane, and vegetable wastes amended with cow dung was reported by Kumar
and Shweta®. Swati and Hait** summed up the results of 15 experiments with different feedstock and
concluded that reduction varied from 85 to 100% for total coliforms, 93 to 100% for fecal coliforms,
99.7% for fecal enterococci, 97.66 to 100% for E. coli, and 85.7 to 100% for Salmonella spp. In contrast
to previous studies, Cao et al.** found that the E. coli levels decreased slightly during the first 75 days,
while increased levels were observed after 90 days of both lab and field experiments with mixtures of
vegetables, fruits, and paper. At the end of the experiments, E. coli levels were in the same orders of
magnitude as in the initial samples. The results of their study showed that the pathogen reduction in
vermicomposting is uncertain, probably due to low temperature and the insufficient air circulation. The
mechanism for pathogen inactivation might vary with different feedstock and experimental conditions,
which requires improved understanding to consolidate the pathogen inactivation mechanisms in the
vermicomposting process.

During vermicomposting, the pathogens enter the food chain of earthworms and the predator-prey
relationship is established, resulting in the rapid sanitization of wastes. The major sources of nutrients in
the diet of earthworms include fungi and protozoa, whereas bacteria are of the least importance?®,. It is
known that actinobacteria and fungi metabolize products that have antibacterial effects on the
composting process*:. In the current study, the proportion of the sum of fungi and actinobacteria in the
total microbial biomass among the layers (10.7% +1.3) was similar (Figure 2).
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Figure 2: Changes in fungal PLFAs, bacterial PLFAs, and total microbial PLFAs biomass in the
layers of the vertical flow vermicomposting system. The values are the means * SD. Different
letters within a group indicate significant differences (Kruskal-Wallis test, P<0.05)
A:0-20cm, 1 -6 months; B: 20—-40cm, 6 —12 months; C: 40-60cm, 12 — 18 months
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However, with the increasing age of the vermicompost, the total microbial biomass and its determined
components (fungi, actinobacteria, G+ and G- bacteria) declined. The bacteria, especially G- bacteria
were the most represented in vermicompost. The greatest content of G- bacteria (59.8 ug-g™ dw) was
found in the youngest layer A as well as the total microbial biomass. The least total microbial biomass
and its components were found in the oldest layer C, with the exception of the G+ bacteria which had the
lowest value (8.3 ug-g™ dw) in layer B. No statistically significant differences between the layers were
found in microbial biomass, except the fungi PLFAs, where a statistically significant difference between
layer A and layer C was found. The bacterial/fungal ratio increased with the age of the layers (layer A:
5.7; layer B: 6.4; layer C: 9.9). The greatest microbial biomass content was in layer A (164.2 ug-g™ dw)
and it was more than two times greater than the least content of microbial biomass (60.1 ug-g™ dw,
which was found in layer C), but no statistical difference was found. Swati and Hait** compared five
vermicomposted wastes from the point of view of total bacterial, fungal, and actinomycetes population®.
The greatest content of all the populations was found in the case of herbal pharmaceutical waste (initial
total bacterial population: 9,500 x 10" CFU/g, final total bacterial population: 15,000 x 10’ CFU/g, initial
total fungal population: 120 x 10* CFU/g, final total fungal population: 400 x 10* CFU/g, initial total
actinomycetes population: 10,000 x 10* CFU/g, final total actinomycetes population: 20,000 x 10’
CFU/g). The total bacterial population was found during the vermicomposting of paper mill sludge, and
the fungal and actinomycetes populations were found in the case of toxic weeds. Since the above results
were determined by another procedure, they cannot be compared with the results of this study. Aira et
al.?® found 70-fold, 9-fold, and 1.5-fold total, bacterial, and fungal PLFA during the vermicomposting of
cow manure compared food waste in this study.

The greatest values of all enzymatic activities were measured in the youngest layer A (Table 1) and
the least values were for R-D-glucosidase (448.3 uymol MUFG-h*-g?), acid phosphatase (587.4 pmol
MUFP-h*-g™), arylsulphatase (15.0 umol MUFS-h™-g™), lipase (2,233.7 ymol MUFY-h™*-g™?) in the oldest
layer C, and for chitinase (16.4 ymol MUFN-h*-g™?) and cellobiohydrolase (8.6 ymol MUFG-h™*-g?) in
layer B.

Table 1: Enzymatic activity of different layers (A-C) in the vertical-flow windrow vermicomposting
system

Layer A B C

B-D-glucosidase [umol MUFG-h™-g™]

7759 +2523°

683.4 +224.4°

448.3 + 256.3 °

Acid phosphatase [pmol MUFP-h™*-g™]

1707.5 £ 309.6 *

884.1+154.1%

587.4 +57.7°"

Arylsulphatase [umol MUFS-h*-g™]

36.9+16.7 2

28.8+10.5°

15.0+4.3°

Lipase [umol MUFY-h™*-g™]

2977.3+804.4°

24524 £ 32512

2233.7+166.2°

Chitinase [umol MUFN-h-g] 66.1 + 65.1 ° 16.4+8.6° 26.8 + 14.6 °
Cellobiohydrolase [pmol MUFC-h-g™] 431+242°  [86+7.1° 146+86°
Alanine aminopeptidase [umol AMCA-h*-g?] |n.d. n. d. n. d.
Leucine aminopeptidase [umol MUFG-h™-g"] |n. d. n. d. n. d.

Values are the means + SD (n=3). Different letters in a superscript indicate significant differences
(Kruskal-Wallis test, P<0.05). n. d. = no detection
A: 0—-20cm, 1 -6 months; B: 20 —40 cm, 6 — 12 months; C: 40 — 60 cm, 12 — 18 months
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The most active enzymes were lipase and acid phosphatase, which exhibited multiple times greater
activity than the least active enzymes (arylsulphatase, cellobiohydrolase, and chitinase). The activity of
R-glucosidase in the experiment done by Fernandez-Gémez et al.**, who vermicomposted sheep
manure for 210 days using E. fetida, increased (from 1000 ug PNP-g*-h* to 6000 yg PNP-g*-h™)
initially, but after 90 days of vermicomposting decreased (to 500 ug PNP-g*-h™). They also measured
the activity of acid phosphatase, which decreased from 4000 ug PNP-g*-h™ to 1000 ug PNP-g*-h™* as in
our study. The same trend was also observed in a vermicomposting study of winery waste (vinasse
biosolids mixed with vine shoots) in laboratory conditions®. The activity of R-glucosidase increased from
10,000 pg PNP-g*-h™ to 20,000 ug PNP-g™"h™ after 8 weeks of vermicomposting, and then decreased to
5000 ug PNP-g*-h™. The activity of phosphatase only decreased with the time of vermicomposting (from
80,000 pg PNP-g*-h™ to 10,000 ug PNP-g™*-h™). The activities of alanine and leucine aminopeptidase
were below the detection limit. Only one enzymatic activity, in which a statistically significant difference
(between layer A and C) was found, was acid phosphatase activity.

The greatest moisture content (Table 2) was found in the youngest layer (layer A), and it was similar
in the vermicompost from grass clipping, shredded paper, and kitchen waste done by Nair et al® using
Lumbricus rubellus and Eisenia fetida earthworms?®.

Table 2: Select parameters of different layers (A-C) in the vertical-flow windrow vermicomposting
system

Layer A B C
Moisture [%] 52.4+39° 51.3+1.3°% 50.5+3.2°%
pH/H,O 76+02° 7.8+0.2° 79+01°
EC [uS-cm™] 999 + 231 ° 813+125°2 783 +54°
ORP [mV] 254 +5.8° 260+24° 257 +49°
Ciot [%0] 21.3+26° 21.1+27° 179+1.3°
CIN 13.7+1.2° 148+18° 13.0+1.2°
N-NH," [mg N-kg™] 943+382% | 525+326°% | 38.3+x11.0°
N-NH;"/N-NO3’ 0.7+04° 0.3+0.2° 04+0.1°
DOC [mg C-kg™] 2530+417?% | 2184 +105°% | 2118+102°

Values are the means + SD (n=3). Different letters in a superscript indicate significant differences within
a parameter (Kruskal-Wallis test, P<0.05).
A: 0—-20cm, 1 -6 months; B: 20 — 40 cm, 6 — 12 months; C: 40 — 60 cm, 12 — 18 months

In this experiment, the moisture decreased with the age of the layers, but was not statistically
significant. The pH value ranged from 7.6 (layer A) to 7.9 (layer C), which is slightly less than in
experiments done by Hanc and Pliva’, and Nair et al.’, where the pH values were about 8.5. The EC
decreased with the age of the layers, which is also confirmed by Majlessi et al.*®, who vermicomposted
pre-composted food waste for 7 weeks in plastic bags using Eisenia fetida. The ORP fluctuated between
248 mV (layer A) to 262 mV (layer B). The C was the greatest in layer A (on average 21.3%), but the
greatest C/N ratio (on average 14.8) was found in layer B. The Cy, value decreased with the age of the
vermicompost, as well as in the vermicompost from food waste in a study by Arancon et al.*’, where the
Ctot value of the mature vermicompost was 19.5%. The reduction of the C/N ratio can be influenced by
the enzymatic activity®, which was the greatest in layer A (see above). The decreasing trends of Cy, and
Ny: correlated positively with their available forms such as DOC, N-NOj, and N-NH,". The greatest
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N-NH," and N-NH,"/N-NO5  ratio were found in layer A, and these values decreased with the age of the
layers (Table 1). The N-NH," value in the experiment done by Hanc and Pliva’, who vermicomposted
kitchen waste with wood chips for 5 months using Eisenia, first dropped from 160 mg N-kg™ to 40 mg
N-kg™. However, after 3 months of vermicomposting this value increased slightly (to about 50 mg N-kg™).
The least DOC (2118 mg C-kg™) value was observed for layer C, and the greatest DOC value (2530 mg
C-kg™) was seen in layer A. With respect to the total contents of elements, K and Fe were the most
represented (Figure 3).
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Figure 3: Changes in total and available K, P, Mg, and Fe contents [mg-kg'] in layers A, B, and C
of the vertical-flow vermicomposting system. The values are the means * SD (n=3). Different
letters indicate significant differences within a nutrient (Kruskal-Wallis test, P<0.05).
A:0-20cm, 1-6 months; B: 20—40cm, 6 —12 months; C: 40-60cm, 12 — 18 months

The greatest total contents of these two elements (K: 14,971 mg-kg™; Fe: 14,563 mg-kg™) were
measured in the oldest layer (layer C). On the other hand, the total contents of P (3,150 mg-kg™) and Mg
(3,692 mg-kg™) were the greatest in the youngest layer (layer A) (Figure 3). The total contents of these
nutrients were greater in the vermicompost from food waste in the experiment by Arancon et al.*
(P: 27,000 mg-kg™; K: 92,000 mg-kg™; Mg: 4,364 mg-kg™; Fe: 23,264 mg-kg™). The proportion of the
available contents of K, P, Mg, and Fe constituted on average in all three layers 39%, 16%, 12%, and
2%, respectively, of the total content. The greatest percentage of the available P and Mg were in layer A
(P: 17.1% of the total content; Mg: 12.8% of the total content), and of the available K and Fe were in
layer B (K: 40.6% of the total content; Fe: 2.4% of the total content). The least percentage of available
nutrients were in the oldest layer (layer C), but there were not statistically significant differences between
the layers, except layers A and C in the available content of magnesium. Compared to the study done by
Hanc and Pliva’, our study contained a lesser percentage of available phosphorus by 54% and
magnesium by 17%. The percentage of available potassium was greater in our experiment by 22%,
which could be due to the addition of wood chips in the case of the experiment by Hanc and Pliva’.

Conclusions

Although select chemical parameters did not differ significantly in individual layers, the stability of
vermicompost from kitchen biowaste was found after one year of outdoor vermicomposting. This was
evident from the assessment of the biological parameters. The average activity of enzymes such as
B-D-glucosidase, phosphatase, sulfatase, lipase, chitinase, cellobiohydrolase, in the bottom layer was
less by 53% compared to the top layer, and the pathogens were reduced by 66%, while Salmonella spp.
was not present at all.
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Souhrn

Gastroodpad a kuchyrisky bioodpad se mohou stat environmentalnim a ekonomickym problémem,
pokud s nimi nebude fadné nakladano. Cilem této studie bylo zjistit vliv venkovniho vermikompostovani
v systému prubézného krmeni Zizal kuchyriskym bioodpadem na patogeny ve vztahu k biologickym
a chemickym vlastnostem. Po jednom roce venkovniho vermikompostovani byla zjiSténa chemicka
a biologicka stabilita vermikompostu. Obsah patogent byl snizen o 66 %, zatimco Salmonella spp.
nebyla vibec pritomna. S pribyvajicim stafim vermikompostu klesala celkova mikrobialni biomasa a jeji
slozky (houby, aktinobakterie, bakterie G+ a G-) a také enzymaticka aktivita. Primérna aktivita enzymda,
Jako je B-D-glukosidaza, fosfataza, sulfataza, lipaza, chitinaza, cellobiohydrolasa, byla ve spodni vrstvé
0 53 % mensi nez ve vrchni vrstvé. Vihkost poklesla na 48 % a mérna vodivost na 722 uS-cm™. Hodnota
pH se zvysila na 8,0. Klesajici trendy Ci: a Nyt korelovaly pozitivné s jejich dostupnymi formami, jako
jsou DOC, N-NO;s; a N-NH,", pficemz jejich podil na celkovém obsahu ¢inil 1,1 %, 0,9 % a 0,3 %.
Nejvyssi obsahy byly zjistény u Cay, Kt @ Fey (Shodné 1,3 %) nasledované Mgy (0,35 %) a Py
(0,3 %). Podil dostupného obsahu K, Fe, Mg a P pfedstavoval v priméru ve vSech tfech vrstvach 39 %,
2%, 12 % a 16 % z jejich celkového obsahu.

Keywords: vermikompostovani, Zizaly, kuchyrisky bioodpad, vrstvy, patogeny, chemické a biologické
vlastnosti
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Souhrn

V pfehledném ¢&lanku jsou shrnuty zakladni znalosti o biocharu, ktery patfi dle ¢eské legislativy mezi
pomocné pudni latky. Diky jeho viastnostem je biocharu v dne$ni dobé vénovana velka pozornost —
muze totiz pozitivné ovlivnit kvalitu piady a zmény klimatu. V druhé kapitole ¢lanku jsou predstaveny
predni evropské firmy vyrabéjici technologické linky na vyrobu biocharu. V ¢&lanku jsou téz shrnuty
relevantni fyzikalné-chemické a texturni vlastnosti biocharu s diurazem na ,praktické” kvalitativni
parametry, mezi které patfi stabilita biocharu, vodni kapacita, respektive nasakavost, a schopnost
reverzibilni retence Zivin. Pata kapitola ¢lanku se vénuje certifikaci biocharu, pfedstavuje jak ¢eskou
legislativu, tak i dobrovolné iniciativy, které vydavaji certifikaty kvality biocharu — European Biochar
Certificate (EBC) a International Biochar Initiative (IBl). V praci jsou téZ popsany metody a zplusoby
vyuZiti biocharu v zemédélstvi.

Kli¢ova slova: biochar, biouhli, biomasa, termochemicka konverze, karbonizace, pyrolyza, zplyriovani

Uvod

Biochar (biouhli) je pevny material ziskany termochemickou pfeménou biomasy v prostiedi
s omezenym obsahem kysliku. Proces vyroby biocharu je u tradi¢nich (jednodussich) technologii
podobny vyrob& dfevéného uhli, coZ je mozna nejstarsi primyslova technologie vyvinuta lidstvem®.
Biochar je mozné povaZovat za dfevéné uhli, tj. porézni latku bohatou na uhlik.

Vlastnosti biocharu vyrobeného z biomasy v pyrolyznich &i zplyfiovacich reaktorech jsou shrnuty
VvV nize uvedenych bodech:

e Biochar obsahuje cca 10 — 30 % hmotnosti susiny biomasy.

e Hlavni stavebni sloZkou biocharu je chemicky stabilni uhlik (50 — 95 hm. %), ktery nepodléha
dalSimu rozkladu a oxidaci (v ptidé). Jedna se o jednu z metod ukladani (sekvestrace) uhliku.

e Biochar je porézni. Specificky povrch je 150 — 1200 m?/g. Biochar zvySuje zadrZ vody
a vyzivovych latek v pudé.

Nejvétsi vliv na kvalitu biocharu ma kromé samotného zafizeni teplota v pyrolyzni zéné generatoru,
rychlost ohfevu vstupniho materialu, ¢as zdrzeni v aktivni z6né reaktoru a typ pouzité biomasy.
S rostouci teplotou pyrolyzy se snizuje vytézek (produkce). Schopnost zadrzovani vody a zivin v padé se
zvétSuje do kritické teploty pyrolyzy v zavislosti na typu zafizeni. ZvySovani teploty pyrolyzy ma téz silny
vliv na rozklad a volatilitu (t€kavost) organickych latek vzniklych procesem pyrolyzy a organickych latek
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pritomnych v biomase. Prodluzovani doby zdrzeni biomasy/biocharu v pyrolyzni, pfipadné v sekundarni
redukcni zéné reaktoru, a pomala rychlost ohfevu biomasy ma celkové pozitivni vliv na kvalitu biocharu.

Diky jeho vlastnostem je biocharu v dne$ni dobé vénovana velka pozornost — muze totiz pozitivné
ovlivnit kvalitu pldy a mirnit nepfiznivé zmény klimatu. V nadchazejicich, ¢im dal delSich obdobich
sucha pomaha jako porézni latka v zemi zadrzovat vlahu i ziviny a také uzamyka (sekvestruje) v pudé
velké mnozstvi uhliku, které se pak dale neuvolfiuje do atmosféry. Kazda zmifiovana vlastnost biocharu
pfevazuje za jinych vyrobnich podminek, a proto je nutné ur€it jejich optimalni kombinaci.

Vyroba biocharu

Pyrolyza a/Ci zplyfiovani biomasy za cilem produkce biocharu vyuZziteIného v zemédélstvi se da
provadét pomoci mnoha technologii. Biochar tak vznika v zafizenich zalozenych na vyuziti fluidni vrstvy,
nehybné & pomalu se sunouci vrstvy Castic biomasy, ve vertikalnich etazovych pecich s prohrabovanim
etazi, ve vyhfivanych zafizenich s jednim i dvéma 3neky ve Zlabu, ve Zlabu s dutym Snekem (spiralou),
s vyhfivanym Zlabem i vyhfivanou vnitfni trubkou, dale v rotaéni peci, v centrifugalné fungujicim
pyrolyzéru, vicestupfiovém generatoru a v dalSich typech pyrolyznich a zplynovacich zafizeni rdznych
velikosti a zptisobli provozu®™.

Vybér vhodného pyrolyzéru, respektive zplyfiovace, a jeho uspofadani zavisi do zna¢né miry na
povaze vstupni suroviny, na potfebné teploté pyrolyzy (nizko-teplotni, stfedné-teplotni, nebo vysoko-
teplotni pyrolyza), na rychlosti ohfevu, na Case zdrzeni a pracovnim tlaku (podtlak, normalni tlak nebo
pretlak). Pro pyrolyzu velmi vihké biomasy je Casto potfeba pfedsusit vstupni biomasu (upravenou na
vhodnou velikost) v prvnim stupni technologické linky (napf. nizkoteplotni susarnou).

Pro pyrolyzu biomasy za uc€elem vyroby biocharu vyuzivaji zahraniéni evropské firmy obvykle
pyrolyzér s jednim nebo dvé&ma $neky. Jednémi z lidrd na evropském trhu jsou firmy PYREG® a ETIA
s produkty Fady BIOGREEN® vyuzivajici dutych $nekl ve Zlabu pro pyrolyzu i chlazeni vyrobeného
biocharu. Popis technologie firmy PYREG v ¢eském jazyce, v€etné technologického schématu, je v nasi
predchazejici publikaci’ a na strankach Seského zastupce firmy PYREGS.

Hlavni vyhodou produktu firmy PYREG je alotermni ohfev pyrolyzéru spalinami vzniklymi spalenim
primarniho pyrolyzniho plynu, oproti pyrolyzéru firmy ETIA, ktery je ohfivany elektricky. Vyhodou
pyrolyzéru od firmy ETIA je moznost nastaveni optimalni karbonizaéni teploty a vhodného teplotniho
gradientu pro vyrobu vysoce kvalitniho biocharu.

Finalnim produktem pyrolyzy je v pfipadé pyrolyzéru od firmy PYREG biochar a uzitné teplo,
v pfipadé pyrolyzéru od firmy ETIA biochar, pyrolyzni olej, uzitné teplo a pfipadné i elektricka energie.
Pyrolyzni olej z pyrolyzéru BIOGREEN je podle firemnich prezentaci vyuzitelny v potravinafském
prumyslu pro vyrobu potravinarskych aromat, dfevniho octa a dalSich produktl (biomolekul).

Referenénim vstupnim materidlem nejvétSiho komeréniho zafizeni (BGR750) jsou dfevéné piliny
o velikosti astic do 3 mm, sypné hmotnosti cca 250 kg/m® a vstupni vihkosti do 10 hm. %. Jmenovity
hmotnostni tok paliva je 1 t/h a vhodna pracovni teplota je 550 °C. Vytézek biocharu je cca 25 hm. %,
kondenzujiciho podilu (organicka i vodni faze) 35 hm. % a pyrolyzniho plynu 40 hm. %. Schéma
technologické linky Biogreen na vyrobu biocharu je na obrazku 1.
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M Biogreen®

< J Biochar
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Obrézek 1: Schéma technologické linky Biogreen na vyrobu biocharu® (biomass — biomasa,
syngas — plynny produkt pyrolyzy, biooil — kondenzujici produkt pyrolyzy)

Typy biocharu podle pyrolyzni teploty

Biochary mizeme pro zjednodus$eni rozdélit do tfi kategorii podle pyrolyzni teploty pouzité pfi jejich
vyrobé. Kazda kategorie ma své specifické vlastnosti, svoje vyhody a nevyhody. Jedna se o nizko-
teplotni, stfedné-teplotni a vysoko-teplotni biochary.

Nizko-teplotni biochar je vyrabén pfi teplotach do 400 °C. Vyznacuje se malou stalosti v pudé, nizkym
povrchem, vysokym KVK (kationtova vyménna kapacita), niz§im pH, vySSim vytézkem a silnou
hydrofobicitou. Ta je zpUsobena vysokym podilem (alifatickych) funkénich skupin. Péry byvaji zaneseny
primarnimi dehty, které se za téchto nizSich teplot jesté netransformuji na terciarni a kvarterni dehty.
Dehty tvofi tzv. dostupny (rozpustny) uhlik, ktery podporuje rdst mikroorganisma v ptidé®.

Stfedné-teplotni biochar byval v minulé dekadé diskutovan jako kompromisni varianta. V souasné
dobé Ize v3ak konstatovat, Ze tzv. stfedné-teplotni biochar v sob& nenese Zadnou zasadni vyhodu
nizkoteplotniho biocharu (jednoducha vyroba, velka KVK a dostupny (rozpustny) uhlik pro bakterie), ani
vysokoteplotniho biocharu (dlouhodoba stalost, velky povrch, tj. velka vodni kapacita).

Vysoko-teplotni biochar je vyrabén pfi teplotach nad 600 °C. Ma dlouhodobou stalost v pudé, velky
specificky povrch s otevienymi pory, vy88i pH a niz§i hydrofobicitu. Na jeho povrchu se vyskytuje méné
funk&nich skupin.

Fyzikalné-chemické vlastnosti biocharu

Fyzikalné-chemickymi vlastnostmi je minén souhrn vlastnosti plynoucich z technického (zakladniho,
hrubého) rozboru, prvkového (elementarniho) rozboru, texturni analyzy a dalSich specifickych analyz.
Jak je zddraznéno v uvodu ¢lanku, hlavni viiv na vytéZzek a kvalitu biocharu ma, kromé& samotného
zarizeni, teplota v pyrolyzni zéné generatoru, rychlost ohfevu vstupniho materialu, ¢as zdrzeni v aktivni
zOné reaktoru a typ pouzité biomasy.
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S rostouci teplotou a &asem zdrzeni biomasy/biocharu v aktivni zéné reaktoru do teploty 700 °C*:
klesa hmotnostni i energeticky vytéZek biocharu™**,

v pyrolyznim zbytku klesa obsah pfednostné v poradl celulézy, hemiceluldzy a ligninu
stoupa obsah popela*** 1724

stoupa obsah fixniho uhliku
klesa obsah prchavé hoflaviny
stoupa vyhfevnost i spalné teplo do teploty 500 — 600 °C12 14
Stoupa Obsah uh“kull -12, 14, 17, 19-20, 23- 27’

klesa obsah kysliku* 147232227

klesa obsah vodiku
je pfiblizné konstantni obsah dusiku
klesaji molarni poméry H/C,q (H/C) a O/C — obrazek
stoupd aromaticita®®,

stoupa hydrofobicita do kritické teploty a pak slabé klesa®®
je priblizné konstantni sypna hmotnost (vaha, hustota)®**°, 2
klesa zdanliva (objemova, rtutova) hustota®>?

stoupa skutecna (skeletarni, heliova) hustota
stoupa porozita ¢astice® 3,

stoupa specificky povrch (BET povrch) — obrazek 3 a obrazek 4114 20-22. 24, 28, 31, 34-35, 4546
stoupa celkovy objem pora** 3% 35,

stoupa celkovy objem mikropoéra*®,

stoupa vodni kapacita (WHC)/nasakavost do kritické teploty
stoupa pH vodniho vyluhu — obrazek 513 20-21. 2526, 35

od kritické teploty klesa kationtova vyménna kapacita (KVK) i aniontova vyménna kapacita (AVK)
— obrazek 6 10, 13, 20-21, 25—26.

Od 700 °C vyse je vliv teploty na vétSinu uvedenych parametrd obvykle nevyznamny.

15- 16

12,14, 17-19, 21, 23-25
)
11-12, 14, 17-19, 21- 25

b
11-12, 14,17, 19-20, 23-25, 27
b
11, 14, 17, 19-20, 23-25, 27
1
211—12, 14, 17, 19-20, 23-25, 27

31 32

24, 36
1

Jednou z nejdulezitéjSich vlastnosti biocharu je, ze zvySuje pfi vhodné aplikaci jakost pidy. Aby bylo
moZné uvedeného efektu dosahnout, je nutné aplikovat pfislusné mnozstvi kvalitniho biocharu. Mezi

e stabilita,

¢ vodni kapacita/nasakavost,

e reverzibilni retence (zadrz) Zivin (méfenymi veliCinami jsou KVK/AVK).

Stabilita biocharu

Stabilita biocharu ma zasadni vyznam pfi jeho pouziti do pady ze dvou hlavnich divodd: za prvé,
stabilita urcuje, jak dlouho uhlik obsazeny v biocharu zlstane sekvestrovany v pudé, ¢imz pomaha
zmirnit zménu klimatu, a za druhé, pomoci stability mizZzeme stanovit, jak dlouho bude biochar pfispivat
kvalit& pady, rostlin a vody®'.

S rostouci teplotou pyrolyzy a ¢asem zdrzeni v aktivni zéné generatoru se stabilita biocharu zvySuje
z dlvodu zvysujici se aromaticity.

Podle IBlI se rozd&luji testy stanovujici stabilitu biocharu do tfi skupin®: (1) alfa metody —
nizkonakladové rutinni odhady stability; (2) beta metody, které pfimo kvantifikuji stabilitu biocharu
a mohou byt pouzity pro kalibraci alfa metod; (3) gama metody, které mohou poskytovat teoretické
fyzikalné-chemické zaklady pro metody alfa a beta.

Alfa metody jsou definovany jako metody umoZziujici jednoducha a spolehliva méfeni relativni stability
uhliku v biocharu, ktera jsou snadno dostupna za cenu niz§i nez 100 USD a proveditelna v Casovém
ramci minut nebo hodin, maximalné nékolika dni. Mezi alfa metody patfi stanoveni molarniho poméru
vodiku k organickému uhliku (H:Co)* ** a molarniho poméru kysliku k uhliku (O:C)*°. Oba poméry
odrazeji fyzikalné-chemické vlastnosti biocharu spjaté s jeho stabilitou — &¢im niz§i pomér, tim je biochar
stalejsi (viz obrazek 3)*.
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Obrézek 2: Zavislost H/C poméru na pyrolyzni teploté"? (H/C ratio — H/C pomér; HTT — nejvyssi
dosazena pyrolyzni teplota)

Vodni kapacita biocharu

Vodni kapacita, respektive schopnost zadrzovat vodu, se da méfit bud pfimo, nebo nepfimo. Pfimé
méfeni je popsano vnormé& CSN EN ISO 14238 a probiha nasledovné: uréené mnozstvi biocharu
namod&ime na predem uréenou dobu do vody a zvazime, kolik vody do sebe nasakl** **. Tato metoda je
sice jednoducha, ale ma nizké vypovidaci vlastnosti. Proto se vodni kapacita uréuje i nepfimo, a to
méfenim objemu pord a specifického povrchu. Celkovy objem poérd, porozita a specificky povrch
biocharu pozitivné ovliviuji afinitu biocharu k vodé. Hydrofobicita (na kterou maji vliv hlavné alifatické
skupiny na povrchu biocharu) také hraje roli pfi uréovani vodni kapacity 2% 2% 4344,
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Obrazek 3: Zavislost specifického povrchu dfevni biomasy na teploté' (surface area — specificky
povrch; temperature — pyrolyzni teplota; soft wood — mékké drevo; hard wood - tvrdé drevo)
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Obrazek 4: Zavislost specifického povrchu agrobiomasy (pSeni¢né a jemenné slamy)
x12-13, 20, 45-46
&12-13, 20,

na pyrolyzni teplot

Reverzibilni retence (zadrz) zZivin

Zadrz zivin se urCuje podle schopnosti (kapacity) vazat kationty a anionty hlavnich makronutrientt
rostlin. Ktomu slouzi veli€iny nazvané kationtova vyménna kapacita (KVK) a aniontova vyménna
kapacita (AVK). V podstaté jde o pocCet zaporné, resp. kladné& nabitych mist na povrchu biocharu, ktera
funguji jako pfijemce a zaroveni donor kationtd, resp. aniontld. Tim biochar rostlinam usnadfuje
zachycovani Zivin a souéasné je schopen Ziviny z ptidy/hnojiva déle udrzet v blizkosti korenti?.

S rostouci teplotou se zvySuje hodnota pH vyluhu biocharu z divodu vétSiho podilu popelotvornych
latek va&i latkam tékavym™®. Se zvysujicim se pH vyluhu biocharu stoupa KVK a AVK, tudiz i zadrz Zivin
v pudg*’ e,

S rostouci teplotou a ¢asem zdrzeni biomasy/biocharu v aktivni zéné reaktoru vSak klesa KVK
z diivodu stoupaijici aromaticity, respektive klesajiciho podilu alifatickych skupin®® 20212,

10 —

250 300 350 400 450 500 550 600 850
Biochar production temperature (°C)

Obrézek 5: Zavislost pH na pyrolyzni teploté* (Biochar production temperature — pyrolyzni
teplota, oak — dub, pine — borovice, grass — trava)
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Obrézek 6: Zavislost KVK na pyrolyzni teploté®

Na zavér kapitoly o fyzikalné-chemickych vlastnostech biocharu si autofi dovoluji popsat jeden
prakticky test jak poznat ,Spatny“ biochar, tj. biochar obsahujici dehet. Do litrové zavarovacky dejte
priblizné 100 ml biocharu a 500 ml teplé vody, protfepejte a nechte cca pul hodiny stat. Oteviete vicko
sklenice a Cichnéte si. Pokud vzorek nezapacha, mohl by byt biochar pro Vasi zahradku/pole uziteény,
za predpokladu, Zze ho budete fadné aplikovat, Zze je dlouhodobé stabilni a ma realnou schopnost
retence vody &i/a Zivin.

Certifikace biocharu

Kvalitu biocharu, ktery se pouziva jako pudni aditivum, sleduje mnoho narodnich i nadnarodnich
instituci. V Ceské republice registruje biochar Ustfedni kontrolni a zkusebni ustav zemédélsky (UKZUZ).
Dale existuji organizace, od kterych muze vyrobce biocharu po splnéni urcitych podminek ziskat
narodni legislativy (tabulka 1). Na naSem uzemi jde napfiklad o European Biochar Certificate (EBC)
nebo International Biochar Initiative (IBI). Cilem téchto iniciativ je zajistit bezpecny produkt pro zivotni
prostiedi a vytvofit jednotny a spolehlivy znak pro spotfebitele.

Ustredni kontrolni a zkusebni ustav zemédélsky (UKZUZ)

Tento Cesky ufad v dnesni dobé kontroluje pouze nezavadnost biocharu, nikoli jeho kvalitu. Zaméfuje
se tedy na obsah toxickych latek a tézkych kovd, ale nijak nezaruCuje, Ze vyrobeny biochar bude
opravdu zlepSovat kvalitu puady. Certifikace je platna v celé EU.

European Biochar Certificate (EBC)

EBC je, jak uz napovida nazev, evropska iniciativa, ktera zavadi kontrolni mechanismus zalozeny na
nejnovéjSim vyzkumu a praxi. Pravidla EBC se aktualizuji kazdy rok a poskytuji podklady pro tvorbu
legislativy. Tento certifikat cili na umoznéni a garantovani udrZitelné produkce biocharu. Je ur€en
zakaznikim, kterym dava zaruku kvality, ale i vyrobcum, kterym dava mozZnost dokazat, Ze jejich
vyrobek spliiuje definovand kritéria. Iniciativa si dava za cil pfedchazet nebezpedi a zabrarnovat zneuziti
vyroby biocharu od samého pocatku.

Organizace je nezavisla, a tudiz neupfednostriuje zadné partikularni zajmy. Diky této nezaujatosti
a transparentnosti z néj maji prospéch jak vyrobci, tak spotfebitelé. Pro stanoveni chemickych
a fyzikalnich vlastnosti biocharu se pouziva jiz platnych ISO a DIN norem®.
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International Biochar Initiative (IBI)

Jedina organizace, ktera se snazi uplatnit po celém svété, je IBI. IBI poskytuje platformu, kde se
mohou navazovat nové spoluprace mezi zainteresovanymi subjekty, vyvijet kvalitni pramyslové
technologie a nastavovat environmentalni a etickd méfitka tak, aby vznikal bezpecny a udrzitelny
biochar. Jeji vizi je zvySit vyrobu biocharu na 1 miliardu tun ro¢né do 50 let, coz se snazi splnit
nasledujicimi zpusoby:

o podporou mezinarodni spoluprace mezi védou, pramyslem, zemeédélstvim, vladnimi
a nevladnimi organizacemi tak, aby se propagovalo a demonstrovalo pouziti biocharu a aby se
vyvijely snahy o zavedeni kontrol kvality,

spolupraci s primyslem, aby se nalézala ekonomicky vyhodna pouziti pro biochar,

podporou vyzkumu,

poskytovanim jasnych, nezaujatych a spolehlivych informaci o vlastnostech biocharu,

tvorbou standardl a metod prace tak, aby vefejnost duvérovala organizacim zabyvajicimi se
biocharem, a aby byla pfesvédCena, ze biochar vyvinuty t&émito organizacemi je bezpecény
a vhodny pro doporu¢ené pouZiti.

IBl je organizace zaloZena v USA a pouziva mezinarodné znamé ASTM normy™.

Pouziti biocharu

Hlavnim smyslem vyroby biocharu je jeho aplikace do zemédélské pldy. Pfed vpravenim do zeminy
muze biochar projit Fadou jinych Gprav, pfi kterych se méni jeho vlastnosti.

Biochar Ize vyuzit nasledujicimi zpisoby:

primé vyuziti aktivovaného (navlhéeného) biocharu do zemédélské pudy,
aditivum pro vyrobu kompostu,

krmna surovina,

podestylka pod zvifata,

katalyzator pro vyrobu bioplynu.

Pfimé pouziti biocharu na zemédélskou pudu

Pro vyuziti biocharu do pldy je nutné ziskat certifikaci od UKZUZ. Biochar vyrobeny z chemicky
neoSetfené biomasy je zafazen do skupiny pomocna pudni latka.

Aplikaci biocharu do zemédélské pudy lze zabezpeclit standardnimi zemédélskymi stroji, napf.
rozmetadlem — navlhéeny biochar €i secim strojem — granulovany biochar. MnozZstvi davkovaného
biocharu do zemédélské pldy se pohybuje v Sirokém rozmezi: 1 — 50 t/ha (obvykle 5 — 10t/ha),
v zavislosti zejména na sorpénich vlastnostech biocharu, vlastnostech pudy, péstované plodiné a obsahu
Ca. Vyuziva se jak sypaného biocharu (po/bez odstranéni prachové frakce v zavislosti na zpusobu
pfedupravy), tak igranulovaného biocharu o velikosti granuli (pelet) obdobnych, jako ma komercni
kombinované hnojivo. NejCastéji se jedna o pelety priméru 2, 3, i 4 mm. Do pldy se pak aplikuje biochar
pfimo po jeho navihCeni (aktivaci), ktera téz snizuje jeho prasnost nebo ve smési s kompostem, hnojem, €i
podestylkou s hnojem a s digestatem, ¢i fugatem apod, coz je jina metoda aktivace. Po aplikaci biocharu
do zemédélské pudy zUstava biochar v pudé nékolik desitek/stovek let a pIni nize uvedené funkce.

Hlavnim duvodem aplikace biocharu do zemédélské pldy je, Zze zvySuje kvalitu pudy. Pfitomnost
biocharu vyvolava nize uvedené procesy:

e zvySuje zadrz vody v pude,

e ZlepSuje vyuziti biogennich prvkl z hnojiv — zadrZuje je a pomalu uvolfiuje,

e snizuje pranik vyzivovych latek do podzemnich vod,

e  kypfi (zleh&uje) pudu,

e v prvnich misécl:ich po aplikaci upravuje pH pldy z davodu vysSich koncentraci Ca, vhodné pro

kyselé pudy
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Tabulka 1: Seznam sledovanych parametrii biocharu dle UKZUZ, EBC a IBI
(r — pavodni vzorek)

Parametr Veli¢ina Kritérium UKzUz Kritérium EBC . Kritérium IBI
Zakladni Prémium
Zakladni
Sypnd hmotnost kg/m? - deklarace -
PopeI,Ad % hm. v susiné - deklarace deklarace
Vlhkost, W % hm. v susiné - deklarace deklarace
Prchava hoftlavina, ve % hm. v susiné - deklarace volitelna deklarace
pH - deklarace deklarace
% < 0,5mm;
% 0,5—1mm;
% 1—-2mm;
% 2—4mm;
Distribuce velikosti ¢astic % 4—8mm; - - deklarace
% 8—16 mm;
% 16 —25mm;
% 25—-50 mm;
% >50 mm
Elementarni
Obsah uhliku, C* % hm. v suginé - >50% pro vypotet Cqpy
10% minimum
1 o
Obsah organického uhliku, Cc,,g“I % hm. v susiné - vypoctem tFid:;:jazgf‘J;GaOfBO%
tfida 3: 210% a <30%
Obsah vodiku, H* % hm. v suiné - pro vypocet H/Cyq pro vypotet H/Cyyp
Obsah dusiku, N¢ % hm. v susiné - deklarace deklarace
Obsah kysliku, o¢ % hm. v susiné - vypoctem -
Moldarni pomér H/C, - - <0,7 <0,7
Molarni pomér 0/C - - <0,4 -
Obsah siry, S mg/kg susiny - - volitelna deklarace
Obsah fosforu, P g/kg susiny - deklarace volitelna deklarace
Obsah drasliku, K g/kg susiny - deklarace volitelna deklarace
Obsah vapniku, Ca g/kg susiny - deklarace volitelna deklarace
Obsah hofciku, Mg g/kg susiny - deklarace volitelna deklarace
Toxické latky, tézké kovy
Ekotoxicita - inhibice kli¢ivosti - - - splnil
Obsah arsenu, As mg/kg susiny 20 13" 13" 13-100
Obsah kadmia, Cd mg/kg susiny 1 1,5 1 1,4-39
Obsah chromu, Cr mg/kg susiny 50 90 80 93-1200
Obsah kobaltu, Co mg/kg susiny - - - 34-100
Obsah médi, Cu mg/kg susiny 100 100 100 143 - 6000
Obsah rturi, Hg mg/kg susiny 1 1 1 1-17
Obsah molybdenu, Mo mg/kg susiny - - - 5-75
Obsah niklu, Ni mg/kg susiny 50 50 30 47-420
Obsah olova, Pb mg/kg susiny 150 150 120 121-300
Obsah selenu, Se mg/kg susiny - - - 2-200
Obsah zinku, Zn mg/kg susiny 400 400 400 416 - 7400
Obsah boru, B mg/kg susiny - - - deklarace
Obsah chléru, Cl mg/kg susiny - - - deklarace
Obsah sodiku, Na mg/kg susiny - - - deklarace
Suma 12 PAH mg/kg susiny 20 - - -
Suma 16 PAH mg/kg susiny - 12 4 6—300
Obsah dioxind/furant, PCDD/Fs ng/kg susiny - 20 (I-TEQ OMS) 17 (WHO-TEQ)
Obsah bifenyll, PCBs mg/kg susiny - 0,2 02-1
Funk¢ni
Specificky povrch mz/g - deklarace, nejlépe > 150 mz/g volitelnd deklarace
Elektricka vodivost uS/cm - deklarace deklarace
Vapnovy ekvivalent % CaCO, - - deklarace, pokud je pH>7
Vodni kapacita - volitelnd deklarace -
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Biochar mohou jako pudni kondicionér pouzivat i zahradkafi, staCi ho navihéeny (aktivovany) pfidat
ke kofenum rostlin pfi pfesazovani, nebo ho zapravit do vrchni vrstvy zeminy zahonu a dobfe promichat.

Biochar se muze aplikovat i ke stromim, a to rGznymi zpUsoby. Idealni je aplikace okolo kmenu
v priméru koruny dospélého stromu. Biochar se mUze zapravit povrchové do pudy v okoli stromu, nebo
lokalné vsypavanim do sazebnich jamek a zakopu postupné vzdalujicich se od kmene stromu nebo tzv.
svislym mul€ovanim (vsypavanim biocharu do dér vyhloubenych v rliznych vzdalenostech od kmene

stromu). Lokalni aplikace zlep$uje rovnomé&rny rast kofen( a tim i stabilitu stromu** °*.

Aditivum pro vyrobu kompostu
Duvodem pfidavku biocharu k biologicky rozloziteinému odpadu (BRO) pro vyrobu kompostu je:
zkraceni doby kompostovani,
snizeni zapachu,
zvyseni zachytu nutri¢nich prvkd v kompostu,
zvyseni pH kompostu.

Pfi kompostovani se stfidavé vrstvi bioodpad a biochar, pfi€emz se musi dbat, aby byla vrchni vrstva
biocharu dobfe zakryta bioodpadem, popf. smési zeminy a bioodpadu, a aby se zamezilo ztratam
prasenim. Pfidanou hodnotou je aktivace (navihéeni) biocharu b&éhem procesu kompostovani a sorpce
dusi¢nanu. Této nezbytné aktivace je dosazeno tim, Ze neaktivovany (suchy) biochar, ktery ma vysokou
nasakavost, sorbuje velké mnozstvi vody (uvolfiované z kompostované biomasy), ktera je bohata na
rdzné Ziviny®*>,

Krmna surovina

V pfipadé, ze biochar dosahuje vysokeé kvality a vykazuje konstantni vlastnosti, Ize biochar certifikovat
jako krmnou surovinu u UKZUZ. Biochar mlze byt podavan zvifatim samostatné, nebo mize byt
neoddélitelnou soucasti krmiva.

Jiz mnoho studii ukazalo™ *>®°, Ze pridavek biocharu do krmiva hospodafskych zvifat ma pozitivni

(v nékterych pripadech pouze neutralni) ucinky:
e zvySeni pfijmu krmiva,
ezvySeni hmotnosti zvifat,
e zvySeni ucinnosti krmiv,
e zvySeni produkce a kvality vajec u dribeze,
e posileni imunitniho systému zvifat,
o zlepSeni kvality masa a mléka,
esnizeni zapachu,
e snizeni veterinarnich nakladd,
esnizeni umrtnosti,
e stabilizace poporodniho stavu u dobytka,
e celkové zlepSeni zdravi a vzhledu.

Na proces traveni krmiva ve zviteti I1ze pohlizet jako na elektrochemickou reakci, kterou biochar svou
elektrickou vodivosti ulehéuje, a proto mize zvySovat ucinek (zvlasté vysokoenergetickych) krmiv a tim
i hmotnostni rust zvifete. V idealnim pfipadé, kdy ma biochar vhodné vlastnosti, mize UpIné nahradit
antibiotika. Prasata z korejské studie® méla stejny pfirGstek hmotnosti jako ta krmena antibiotiky, ale
bez jejich negativnich vedlejSich ucinkl. Ruzné studie také potvrzovaly vy$Si obsah proteint v mase &i
vice kolagenu ve vejcich® .

V bachoru skotu se potrava muzZe rozkladat na dal nerozloZitelny metan, ¢imz nejenze vznika
energeticka ztrata, ale i jeden z nejaktivnéjSich sklenikovych plynG. PFidavek samotného biocharu
produkci metanu sniZuje jen minimalng, vyzkum v8ak ukazuje, Ze pokud se do krmiva pfidaji i dusi¢nany,
emise metanu mohou byt snizeny aZ 0 40 — 49 %> *°.
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Diskutovany postup pouziti biocharu je pfirozeny zpUsob jeho aktivace (navlhéeni) s inkorporaci zivin.
Je tudiz environmentalné i agronomicky vyhodnéjsi, nez prosté vih€eni biocharu, nebo jeho michani
s hnojem, podestylkou, €i jinym nutricné bohatym materialem pred jeho aplikaci na padu.

Podestylka pod zvirata

Biochar je jako porézni material schopen nasaknout velké mnozstvi vody a s nim i dal$i latky. Pokud
se pfida do podestylky, snizuje jeji vihkost a obsah amoniaku. Pravé voda a amoniak jsou jedny z pficin
zanétu kopyt/paratl u hospodarskych zvifat. Biochar tedy nejen pfedchazi vzniku téchto nemoci, ale
i napomaha Ié¢it jiz postizena zvifata. Pouziti biocharu také umozriuje snizit mnozstvi vapna ve stelivu,
¢imz se snizi pH a emise amoniaku. U dribeze mohou tyto nemoci a zanéty zpusobovat Ubytek
hmotnosti, kanibalismus, sniZzenou kvalitu masa a dokonce smrt zvifat.

Do podestylky by se mélo pfidavat 5 — 10 obj. % biocharu v zavislosti na typu. Biochar mize byt
predem navlhéen, aby se zabranilo prageni. Biochar se také mizZe ptidavat do silaze®®.

Katalyzator pro vyrobu bioplynu

PFidani biocharu do vstupni smésné suroviny pro vyrobu bioplynu mize zvysit vytézek metanu, pokud
se dodrzi doporugené provozni podminky®. Detailni chemizmus neni zcela objasnén. P¥i aplikaci
digestatu i fugatu na zemédélskou plidu jsou Ziviny vazany i na biochar, coZ zvy$uje jejich vyuziti® 2.

Zaver
Biochar je pevny material ziskany termochemickou preménou biomasy v prostfedi s omezenym
obsahem kysliku plnici zakonné a kvalitativni parametry. V Ceské republice registruje biochar Ustfedni

dobrovolné iniciativy vydavajici certifikaty kvality biocharu: European Biochar Certificate (EBC)
a International Biochar Initiative (IBI).

Nejvétsi vliv na kvalitu biocharu ma, vedle samotného zafizeni, teplota v pyrolyzni z6né generatoru,
rychlost ohfevu vstupniho materialu, &as zdrZeni v aktivni zéné reaktoru a typ pouZité biomasy.
vodni kapacita biocharu, respektive nasakavost a reverzibilni retence (zadrz) Zivin (méfena signifikantni
veli€ina je kationtova vyménna kapacita — KVK a aniontova vyménna kapacita — AVK).

Hlavnim smyslem vyroby biocharu je jeho aplikace do zemédélské pudy. Pfed pouzitim biocharu do
zemeédélské puady je biochar nutné aktivovat (navlhéit). Pfed vpravenim do zeminy muize biochar projit
fadou jinych aplikaci, pfi kterych se méni jeho vlastnosti — aditivum pro vyrobu kompostu, krmna
surovina, podestylka pro zvitata, &i katalyzator pro vyrobu bioplynu.

Duvodem aplikace biocharu do zemédélské pudy je, ze zvySuje kvalitu pady. ZvySovani kvality ptdy
je zpusobeno zejména zvySovanim zadrze vody v pidé a zvySenym stupném vyuziti biogennich prvkud
z hnojiva. Mezi lidry na evropském trhu vyrabéjici technologické linky na vyrobu biocharu jsou firmy
PYREG a ETIA s produkty fady BIOGREEN.

Seznam symbolu

AVK — aniontova vyménna kapacita

EBC — European Biochar Certificate

KVK — kationtova vyménna kapacita

IBI — International Biochar Initiative

UKZUZ — Ustfedni kontrolni a zku$ebni Gstav zemédélsky
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CR, projektu AV21 — UCinna preména a skladovani energie a z ucelové podpory na specificky
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Summary

This review article summarizes fundamental knowledge about biochar. Biochar is getting paid a lot of
attention recently for its ability to enhance crop yield and mitigate climate change. Main European
furnace producers for generating biochar are introduced. Relevant physicochemical and textural
properties are reviewed with emphasis on a stability of biochar, pH, water holding, and nutrient retention
capacity. Czech legislation, where biochar is classified as a supplementary soil substance and voluntary
certification initiatives such as European Biochar Certificate (EBC) and International Biochar Initiative
(IBI) are discussed. The methods of application of biochar in agriculture are described as well.
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Abstract

The state of the problem of automotive waste in the Republic of Uzbekistan is discussed in the paper.
In spite of a high growth rate of motorization, the issue of automotive waste disposal is solved very
slowly. To know the fate of automotive waste, a survey of car owners was conducted. It revealed that no
more than 32% of the waste is directly passed to recycling by car owners; but such hazardous waste as
antifreeze is almost completely discharged into water or on the ground. The lack of knowledge among
car owners is the reason of the destruction of catalysts, which leads to a sharp increase in exhaust
emissions. State programs for recycling are not sufficiently advertised, as a result, the car owners are
not aware of the possibility of waste disposal for recycling. It is necessary to increase the interest of
citizens in the delivery of waste for recycling and the development of infrastructure for the collection,
transportation and disposal of automobile waste.

Keywords: end of life cars, waste, recycling, social survey

Introduction

The problem of recycling automotive waste is a priority in many countries around the world. Car waste
is a valuable secondary raw material, recycling of which allows not only to ensure the rational use of
resources, but also to create workplaces [1, 2, 3, 4]. End of life vehicles (ELV) include various materials
(mercury, cadmium, antifreeze, etc.) that have a negative impact on the environment - the portion of
such waste is about 25% [1].

In the EU, old cars already in the early 1990s were considered as a priority waste flow [1, 5].
Recycling and reuse of parts and components of old cars, as well as the extraction of metals and other
materials were very important for governments and manufacturers. The organization of the disposal of
the ELV highly depends on the country's attitude to environmental issues, and it is now one of the main
areas of scientific research in the field of environmental protection. Management of the process of
recycling car waste is a challenging one and it requires a multifaceted approach for the restoration, reuse
and recycling of materials.

At present many countries offer and use the measures for solid waste management. For the
elimination and minimization of waste, the most appropriate measures are the restoration, reprocessing
and recycling, which allow saving money on the production of parts and operational materials from
primary raw materials [1, 6].

A very important aspect is the state regulation of the recycling process. For example, in China, due to
a sharp increase in the number of vehicles (and their waste), the Regulations on Mandatory Standard of
Scrapping Vehicles were introduced in 2013, limiting the possibility of operating private cars to 600,000
km mileage [7].

Solving the problem of waste cars are researchers in various countries. The number of publications
on this issue is growing every year [8], including:
e research in the field of development of methodological approaches for modeling and forecasting of
complex ELV utilization systems [9, 10];
e research in the field of production and operation management, assessment of the impact of
legislation on the choice of the ELV disposal strategy [11, 12, 13, 14];
e the study of the possibilities of the new application of components and parts of the car [15, 16, 17].
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However, in many countries the problem of automobile waste has not yet found a solution [1, 2, 4, 8, 9].

The aim of this paper is to assess the state of the problem of automobile waste in the Republic of
Uzbekistan on the example of the city of Tashkent. The economy of Uzbekistan is developing steadily
and one of its main pillars is the automotive industry; its volume of output growing rapidly.

The growth of motorization leads to a sharp increase in the amount of automobile waste. The fate of
this waste has not been sufficiently studied, since most of the cars are in personal possession by
citizens. In Tashkent, the number of personal vehicles is 431398 units. Since at present there is no well-
established system for collecting and processing waste, and no legislative basis for the rules of car
owners' behavior during waste disposal, the car owners eliminate waste at their discretion: burn tires,
waste oil, pour antifreeze on the ground or down the drain, throw end of life cars in parking lots or keep
them in the courtyards of residential houses, etc. All this causes significant damage to the environment,
in particular to soil and water [6, 18, 19]. Only metal parts of cars and car batteries (accumulators) are
disposed of in official way.

In recent years in the Republic of Uzbekistan, a special attention has been paid to waste recycling;
regulatory documents and programs for their management are being created. Nevertheless, the problem
of automobile waste has not yet attracted appropriate attention.

To take some measures to regulate the waste management system, it is necessary first of all to study
the state of the spontaneously developing process of waste transportation from the car owner to the
place of disposal or recycling. Since there are no statistics of this nature in Uzbekistan, it was decided to
obtain the necessary information by interviewing car owners.

Experimental part
Research method

Car owners of large cities, in particular, the city of Tashkent, present a kind of social communities and
can be the object of sociological research. Thus, a sociological survey method has been adopted as
a research method. Considering the comparative analysis of the types of opinion polls carried out in [20,
21, 22], we chose the method of direct questioning using questionnaires. This method allows us to
involve a large number of people and get results in a short time.

To obtain data on the formation and transportation of waste from car owners to the places of waste
elimination or recycling, car owners were asked a questionnaire in which the questions were divided into
three groups: 1) information about the car owned by the respondent; 2) car owner's handling of vehicle
waste; 3) the awareness of car owner of the programs of recycling of automobile waste.

In the course of the survey, car owners were selected among students and teachers of the Tashkent
Institute of Design, Construction and Maintenance of Automotive Roads and the Tashkent Institute of
Irrigation and Agricultural Mechanization Engineers, among employees of various enterprises and
retirees. The age of the respondents ranged from 18 to 82.

Completed questionnaires were pre-checked, some of them were eliminated due to erroneous data
and incorrectly filled positions. For the statistical analysis of the questionnaires two men were involved in
order to reduce statistical errors.

Determining the sample size

As a rule, sociological studies of such communities are selective, since economic and time constraints
do not allow for a complete survey. Certain difficulties are connected with selective research. The
sample should reflect the common characteristics of the studied population, i.e. have
a representativeness.
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The sample representativeness is characterized by two interrelated parameters - the level of error and
the probability. It is usually assumed that the error of the representativeness of a given sample with
a confidence probability p does not exceed A [23].

When planning a sociological research, a certain level of accuracy of the result is set in admissible
error and confidence probability; a required sample size for these parameters is determined. In
particular, the sample size to determine the portion of some characteristic X in the general population of
more than 5000 units is determined by formula [24]:

n= (1)

where A is the value of the permissible error, assumed as 5% (0.05) with a probability of 0.954.

When planning the sample size, it should be borne in mind that the specified accuracy, when
analyzing the sample as a whole, could not be obtained, so we should divide it on terms. Let us clarify it
on an example: it is necessary to determine the portion of car owners on whose cars a catalyst is
installed. After questioning n randomly selected people, determine the sought for portion with an error
not exceeding 5% (with a probability of 0.95). But if the task is to determine the portion of car owners
who are hampered by the catalyst, i.e. not for the entire array, but only for the part of car owners with
installed catalyst, this means that it is necessary to have n cars with an installed catalyst.

Planning the sample size to determine numerical characteristics of the population (for example, the
averages) is done in the following way.

Firstly, a test survey is conducted (30 or more respondents). Then, based on the results of this
survey, the sample size is determined by formula [23, 25]:

0% -t?
N =—; 2)

where N is the sought for sample size; ¢ is the dispersion of the characteristic, the expected average
deviation of the results obtained from the expected average value; t is the value of the Student criterion
corresponding to the confidence probability level (for 0.954 t = 2, for 0.99 t = 2.7); d is the level of
accuracy for this factor (absolute error of measurements).

The error of representativeness is determined by the formula:

M= 3)

Where ¢ = Vo2 is the standard deviation.
The limit error of sampling is determined by the formula [25]:

A=t-M (4)
The required sample size was determined in the following order:

The required sample size to determine the portion of characteristics X in a general population (for
example, the portion of car owners throwing waste into landfills, etc.) was obtained by formula (1).

The required sample size to determine numerical characteristics of the general population (annual car
mileage, age of cars, gas mileage) was obtained by formula (2).

The absolute error of measurements d was set as follows:
- for the annual mileage of the car dannua = 2 thousand km (8.4%);
- for gas mileage dgss = 0.1 liters per 100 km (1.1%);
- for the age of cars d.g = 0.8 years (9.9%).

Results of calculations based on the preliminary survey, are given in Table 1.
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Table 1: Results of the preliminary survey to determine the sample size

=3 ~ -
o b — c
EG .» T o ? =S o5 | £ES B oo
cEg5 09 c @ 8_ 'g.g oo - 5 20
2985 28 2 | 535 | 8% |ES | E&5
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Annual 86 23.93 thousand km per | 248.98 | 15.7794 | 1.7115 | 3.423 | 497.96~498
mileage year
Gas mileage 78 9.12 liters per 100 km 6.5726 | 2.5637 0.2921 | 0.5843 | 262.8~263
Car age 92 8.02 year 73.946 | 8.5992 0.9014 | 1.8028 | 462.12= 462

From the above calculations it is seen that the largest sample (498 people) is required to determine
numerical characteristics in the general population. For the convenience of conducting a survey of car
owners, a sample size of 500 people was adopted.

Results and discussion

The survey showed that the average gas mileage is very high, since a significant number of powerful
cars are in the property of citizens. This, in turn, leads to the emission of a large amount of exhaust
gases (for example, the CO emission is 12179.6 tons/year from gas running cars, 101.4 tons/year from
methane running cars, 50.4 tons/year from propane running cars. The total is 12331.4 ton/year. If the
cars with low-powered engines were used, emissions could be 12 — 15% less).

The amount of emissions increases due to the inexpert use of catalysts: many owners do not know
whether they have a catalyst and why they need it. About 3% of car owners destroy dead catalyst,
contributing to an increase in emission.

The survey results are given in Tables 2 — 4.

Table 2: Automobile waste management in Tashkent

Waste management Type of waste
method Storage | Antifreeze Oil Glass Tires Metal
battery

Dispatch solid waste to

landfills, discharge into

incineration, %

Storage in the garage

. 4.4 17 4.8 2 7.3 5.1
(cluttering), %
Sending for recycling, % 31.8 2 2.8 4.8 20.3 30.8
Leaving in the car service
centers * % 17 38.6 48.8 27.1 15.9 21.5
Sale on the car markets, % 25.8 2.1 7.8 3,5 28.1 13.2
Use for other purposes, % 0.4 14 38 4,5. 23 14

(repair)

Number of respondents, 519 515 537 399 521 493

persons

* the workers of car service centers give information reluctantly, therefore, further transport of waste left in services
centers can be judged only approximately: some of the waste is managed under contracts (the firms are unknown);
some parts are destroyed (for example, part of the tires is burned due to the complexity of the delivery to the
collection points); part of liquid waste (oil, antifreeze) is poured into cars of a lower class.
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Table 3: Distribution of passenger car fleet by consumed fuel, %

Type of fuel Number of cars
Petrol 75.2
Gasl/petrol 2.3
Gas 14.3
Diesel fuel 1

Table 4: Average numerical characteristics of the car park in Tashkent according to the survey results

Name of the index Value of the index
Age of the car, years 8.3
Mileage, thousand km 148
Annual mileage, thousand km/year 26
Gas mileage, liters per 100 km 9.3

From the presented data it is seen that the most disastrous is the situation with antifreeze, waste oil
and glass; their percentage of processing being very low. It should be borne in mind that if the thrown
glass simply leads to cluttering the area, then the antifreeze and oil poured into the water or to the
ground leads to serious environmental pollution.

Assessing environmental damage according to the method [25] and taking into account price
coefficients operating in the Republic of Uzbekistan, it can be revealed that the damage from an
unapproved draining to the ground and to the water is:

- for electrolyte 1863.4 thousand USD/year;
- for antifreeze 4670 thousand USD/year;
- for used oil 38237 USD/year.

A comparison of the results obtained by the authors with the publications of other researchers shows
that the situation with car waste in Uzbekistan is typical for developing countries.

For example, in Ghana the most of the old parts are immediately reused, or are thrown away or
burned [18]. Citizens are dissatisfied with this situation, but do not have the experience and means to
organize the recycling process.

In India [4] polls show that 54% of car owners exchange or sell their old cars. Only heavily damaged
vehicles that cannot be further exploited are disposed of. 65% of car owners in India operate their cars
from 3 to 8 years, while in Uzbekistan cars are used for 10-15 years. The situation with engine and
transmission oils in Uzbekistan is also analogous to that of India: oils are burned, sent to informal
processing enterprises, modified to obtain grease, or simply poured out to the ground. The situation with
the acid from the accumulator and rubber parts is the same.

It is clear that a poorly organized process of recycling automobile waste is characteristic of states in
which state support for environmental protection is weak and there are no mechanisms for controlling
waste sources (car owners and car services centers).
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Conclusions

Based on the processing of survey results, we can draw the following conclusions:

average fuel consumption is very high, because the citizens own a significant number of cars with
powerful engines used to drive in the city. This, in turn, leads to the emission of large amounts of
exhaust gases. For example, the specific CO emission for cars with an engine capacity of less
than 1.4 liters is 10-12% less than for cars with an engine capacity of more than 2 liters.

the amount of emissions increases due to inexpert use of catalysts: many owners do not know
whether they have a catalyst and why they need it. 8.1% of car owners who have cars with
a catalyst (358 people were polled) destroy it or replace it with an exhaust pipe without a catalyst,
thereby contributing to an increase in emissions. If a car of the Euro-4 class is not equipped with
a catalyst, this moves it from the Euro-4 category to the Euro-1; and leads to a sharp increase in
CO emission — an annual emission increases by 2.74 times (with a specific CO emission of
2.7 g/km for Euro-4 class and 7.4 g/km for Euro-1 class);

currently, half of the waste (from 25% for batteries to 60% for glass) falls into the water, soil, is
burned in organized or unorganized landfills, clogging the environment. Part of the waste just
clutters the area;

the age of the vehicle fleet is quite old, which leads to a noticeable increase in the amount of
emissions at the vehicle motion (for example, emission of vehicles with a mileage of 300 or more
thousand km is approximately 1.39 times greater than emission from vehicles with a mileage of up
to 100 thousand km). The state makes the attempts to "rejuvenate" the car park. The program
“Let's give a chance to nature”, designed to increase the interest of citizens in the delivery of old
cars for recycling, has been developed. However, the survey shows that only 3.2% of the
respondents heard about this program, which indicates poorly organized advertising and
insufficient explanatory work.

Using data from a sociological survey, as well as other initial data obtained using developed and
tested regulatory and statistical methods for recording operational and construction materials consumed
during the operation of the car fleet, data on the content of these materials in abandoned and written-off
cars, end of life vehicles which are out of service and are subject to disposal, will help to assess the
mass formation of certain types of waste from the transport operation for the conditions of the city of
Tashkent.

In conclusion, it can be said that the current situation with car waste is unacceptable. The following
measures can be proposed to solve the identified problems:

introduction of regulatory and legislative documents prohibiting car owners and car service
centers to drain liquid toxic waste (oil, antifreeze, electrolyte) into the sewage system,
watercourse and into the soil and establishing appropriate penalties for such actions;

organization of monitoring and inventory of liquid and solid wastes accumulation in car service
centers;

organization of delivery points for used antifreeze, electrolyte and oils in areas of maximum
accumulation of service stations (Mirabad, Yashnabad, Mirzo-Ulugbek, Sergeli, Chilonzar and
Yunusabad districts);

the establishment of a fee to car owners for the delivery of waste, and wide advertising of waste
delivery points among the population;

introduction of antifreeze processing technologies (for example, in distillation columns) and the
creation of appropriate small enterprises.
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Proces akumulace a pohybu odpadnich vozidel ve mésté Taskent
Maria RADKEVICH, Kamila SIPILOVA

TaSkentsky institut zavlaZzovacich inZenyri a zemédélské mechanizace, 39 Kary-Niyoziy,
100000 Taskent, Uzbekistan, e-mail: maria7878@mail.ru

Souhrn

Clanek pojednévé o problematice naklédani s vyrazenymi automobily v Uzbekistanu. Navzdory
vysoké mife rozvoje motorizace se problém recyklace vyrazenych vozidel fesi velmi pomalu. Pro zjisténi
dal$iho osudu vyrazenych automobilti byl proveden prizkum u majitelt automobilt. Ukazalo se, Ze ne
vice nez 32 % jich je primo pfedano k recyklaci; ale nebezpelné sloZky, jako je napriklad nemrznouci
kapalina, je témér vyhradné vypustén do vody nebo na zem. Nedostatek informaci mezi viastniky
automobilti je pficinou znieni katalyzatoriG béhem provozu, coZ vede k prudkému naridstu emisi
vyfukovych plyna. Viadni program recyklace vyrazenych vozidel nejsou dostatecné propagovany, takze
majitelé automobilti nejsou informovani o této moznosti. Je nutné zvysit zajem oblani o pfedavani
vyfazenych automobili k recyklaci a rozvijet infrastrukturu pro sbér, pfepravu a likvidaci automobilového
odpadu.

Kli¢ova slova: vyfazena vozidla, autovrak, odpad, recyklace, sociélni priizkum
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Vliv vybranych podminek na opakovatelnost potencialové
odezvy stiibrné amalgamové elektrody v priamyslovych
vodach
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Souhrn

Pouziti popsaného zplsobu vyhodnoceni potenciometrickych méfeni s pevnymi stfibrnymi
amalgamovymi elektrodami (AgSAE) umoznilo vyuZit tyto elektrody i pri niz§ich poZadavcich na
mechanické obnoveni jejich povrchl. Opakovatelnost zavislosti zobrazujicich kvaziustalené hodnoty
potencialt E; vs. Vzi (oznacujicich sledované vzorky vody odebrané v poradi od Vz1 do Vz5 jeji
postupné upravy a po pfidavku 1-10? M AgNOs) tykajicich se AGSAE vétsich priméri d nez 1 mm byla
lepsi nez u mensich AGSAE. Vysledky potvrdily, Ze pfi d > 1 mm byl charakter ziskanych zavislosti E; vs.
Vzi v pofadi od i = 1 do i = 5 pfiblizné neménny a potencialné vyuZitelny.

Kli¢ova slova: potenciometrie, stfibrna amalgamova elektroda, tprava vod, iontoménice

Uvod

Mezi nejrozsSifenéjSi metody sledovani kvality upravovanych vod za béznych podminek patfi
konduktometrie pro charakterizaci celkové Cistoty vody a potenciometrie zejména pro zjistovani jejiho
pH nebo obsahu vybranych iontd*2. Jiz dfive byly navrzeny*”’ zpUsoby pouziti potenciometrie se
specialné pfipravenymi stfibrnymi pevnymi amalgamovymi elektrodami AgSAE, poskytujici doplfkové
nebo alternativni ukazatele pro indikaci zmén celkové Cistoty vzorkl vody. Specialni pfiprava AgSAE
a jejich vyuziti se opiraly o dlouhodobé zku$enosti z voltametrie jak se rtutovymi®, tak s podobnymi
AgSAE®™. Pfikladem takové nové potenciometrické aplikace AgSAE v oblasti sledovani obsahu
nanostfibra v roztoku byla prace'®. V navaznosti na zajem Jaderné elektrarny JE Dukovany (CEZ a.s.)
iv ramci souvisejiciho pfedbézného vyzkumu byl obdobny princip sledovani zmén nernstovského
potenciometrického chovani zinkové nebo stfibrné amalgamové elektrody béhem procesu ¢isténi vod
vyuzit v cit.'”*®. AvSak aby mohla byt v budoucnu potenciometricka méfeni na takovych amalgamovych
elektrodach vyuzita v praxi, je tfeba pro kazdou elektrodu i typ aplikace postupné zjistit, jak se tyto
elektrody chovaji pfi rdznych experimentalnich podminkach a jaké podminky jsou pro jejich vyuziti
optimalnimi. Cilem tohoto sdéleni bylo rozsifit dosud shromazdéné poznatky o podminkach zminéné
nedavno navrzené*'® potencialni aplikace potenciometrie na AgSAE, napiiklad pro alternativni zpdsob
kontroly dodrzovani technologickych krok( uvedené vyroby Cisté vody.

Experimentalni ¢ast

Potenciometrickd méfeni probihala s pracovni stfibrnou amalgamovou elektrodou AgSAE,
s referentni merkurosulfatovou elektrodou Hg/Hg,SO, (1M K,SO,) se solnym mustkem 0,5M KNO;
(Elektrochemické detektory, s.r.o., Ceska republika) a s voltmetrem BM 551 (Laboratorni pfistroje,
Praha, Ceska republika) v reZzimu presnosti +1 mV s pfipojenym potenciometrickym modulem. Méteni
byla provadéna pfi laboratorni teploté 298 + 0,5 K v lazni termostatu VWR 210 (VWR International,
s.r.o., Stfibrna Skalice, Ceska republika). V&echny chemikalie, vé. AgNO; (Merck, SRN), byly &istoty p.a.
a zasobni roztoky byly pfipravovany s pouZitim demineralizované vody o vodivosti < 0,1 uS-cm™.
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Pro vybrané podminky testovani byla pouzita fada péti vzorkd vod Vi (i = 1 az 5) dodanych
pracovidtém vyroby demineralizované vody Jaderné elektrarny JE Dukovany (CEZ, a.s., CR). Pochazely
z odbérovych mist péti technologickych krokt poskytujicich konkrétné tyto zminéné vzorky: V1 — vstupni
voda po dekantaci; V2 — voda V1 po Cifeni a filtraci, V3 — voda V2 po aplikaci katexu Lewatit S 100
(Lanxess, Kolin nad Rynem, Némecko) o stfedni velikosti ¢astic cca 650 um, V4 — voda V3 po aplikaci
anexu Lewatit MonoPlus MP 64 (Lanxess, Kolin nad Rynem, Némecko) o stfedni velikosti ¢astic cca 600
um; V5 — vystupni voda ze sbérného zasobniku.

Vyrobce jednak analyticky kontroloval kvalitu vstupni vody V1, jednak konduktometricky
kontroloval*'” pfisné dodrzovani postupu operaci pomoci méfeni zmén vodivosti vod V1 az V5. Proto
pracovisté JE Dukovanydodalo udaje o sloZeni vstupni vody V1 a o specifickych elektrickych
vodivostech k1 az «5 vod V1 az V5. Voda V1 tedy obsahovala: cca 40 mg-I* Ca, 14 mg-I* Mg, 5 pg-I™*
Cu, 40 mgI* CI, 8 mg-I* NO;7, 57 mgI* SO,%, 2 pg* Cd, 10 mg-I* SiO,, 75 pgl* AOX, pH ~7.,4,
0,1 mgI* C10-C40. Pfi postupu od V1 do V5 byl pfitom registrovan charakteristicky priib&h zmén
vodivosti vyplyvajici z nasledujicich zméfenych hodnot & (uS:cm™) odi=1doi=5: k1 ~460; x2 ~430;
k3 ~ 1440; x4 ~ 0,02; ¥5 ~ 0,02. Extrémné& nizkou vodivosti x demineralizovanych vod V4 a V5
o hodnotach « < 0,05 uS-cm™ dokladoval tak vyrobce (bez dal$ich analyz) jejich &istotu, pfi objemu
pribézné vyroby vic nez 600 000 m® za rok. Jak bylo uvedeno, z v&cnych i ekonomickych divodd
pouzival konduktometrii soucasné i pro orientaéni sledovani zmén kvality vod V2 a V3 (rovnéz bez jejich
chemického rozboru).

V tomto sdéleni jsou dale popsana méfeni provadéna ve vzorcich Vz1 az Vz5 pfipravenych tak, Ze do
v8ech vzork(l vod V1 az V/5 byl pfidan AgNO; o vysledné koncentraci 1-102M AgNOs.

Stfibrna amalgamova elektroda byla vytvofena z prasku o velikosti ¢astic 2 um, po jeho napéchovani
do plastové $picky typu ,plastic typ®*® (dale uvedeného priiméru) a po zasunuti $picky do rtuti na cca
8 hod.®"®*17  Aktivni diskovou amalgamovou elektrodu vytvofenou tak na &ele plastové $picky bylo
mozno vylestit pomoci 0,3 um-emulze aluminy (Elektrochemické detektory, s.r.o., Ceska republika).
Vylesténa AgSAE byla aktivovana provedenim série méfeni Ei vs. Vzi od i = 1 do 5, poté byl jeji povrch
otfen o polyethylenovou podlozku a pomoci stficky kratce oplachnut demineralizovanou vodou. Otfeni
povrchu elektrody bylo provedeno vzdy pfed dale popsanou sérii péti méreni ve vzorcich Vzi (i = 1 az 5),
pficemz byl navic povrch AgSAE pfed kazdym jednotlivym méfenim Vzi téZz oplachnut
demineralizovanou vodou. Priaméry pouzitych elektrod oznacenych postupné EL1, EL2, EL3, EL5 a EL6
Cinily postupné 0,4; 0,7; 1,1; 1,5; 2,2 a 2,7 mm.

Vysledky a diskuse

Z podnétu uvedeného vyrobce demineralizované vody o vysledné vodivosti « < 0,05 uS.cm™,
zaméfeného na otazku mozného doplnéni konduktometrické kontroly dalSi v principu nezavislou
kontrolou dodrzovani sekvence operaci od V1 do V5, bylo pfi popsaném pokradovani predbé&zného
vyzkumu v tomto sméru postupovano v souladu se zminénym ucéelovym zadanim uvedené aplikované
vyrobni praxe.

Jak bylo naznageno v pfedchozich sdélenich®®*®, ukazala se potenciometrie s AGSAE potencialné

nadéjnou doplrikovou metodou napfiklad pro jiz uvedené potvrzeni dodrzovani sekvence Cisticich kroku
pfi Cisténi sledovanych typu primyslovych vod. Pfi méfeni potencialu E AgSAE za pouziti dané
sekvence typl vod od V1, pfes V2, V3, V4 do V5, do nichz byl pfidan AgNO; vzdy o stejné koncentraci,
byl — jak citované prace*'® uvadsji — ziskan vzdy stejny typ diagramu E; vs. Vi (i = 1 az 5). Ve zminénych
pfipadech mél vzdy nabéznou ¢ast (V1 az V3) s vrcholem uprostfed pfi V3, nasledovanym sestupnou
¢asti (V3 az V5). Tento prubéh byl pomérné typicky pro danou posloupnost a podminky méfeni, malo
zavisly na jejich citlivosti nebo opakovatelnosti. Podminkou v8ak byvalo pouZiti elektrod AgQSAE, které
byly pfed provadénym méfenim obnoveny didkladnym pfele$ténim jejich povrchu pomoci jiz zminéné
0,3 um — emulze aluminy.

Pozornost byla proto zaméfena na ovéfeni takového dfive navrzeného*'® postupu méfeni, ktery mohl

poskytnout zminény charakteristicky pribéh E; vs. Vzi i jen pfi otfeni mérné AgSAE o polyethylenovou
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podloZku pfed kazdou sérii méfeni a pfi obasném prelesténi jejiho povrchu, napfiklad jedenkrat za dva
az Ctyfi pracovni tydny — v zavislosti na frekvenci méreni. Uvedeny postup byl zaloZzen na ur€ovani téch
hodnot potencialu E;, kterych bylo (v ramci potfebné opakovatelnosti méfeni, napf. £1 az 2 mV)
dosazeno pfi opakovani méfeni v daném vzorku roztoku Vzi pfi daném konstantnim pfidavku AgNOa.
Cilem opakovanych méfeni bylo tedy ziskani hodnoty Ei pro dany vzorek Vzi. Bylo oCekavano, Ze
zejména anionty (halogenidy, sirany, OH™ aj., i jejich nerozpustné produkty s Ag*, Hg,*") vyvolaji na
povrchu AgSAE po jejim zasunuti vzdy do daného Vzi zmény spéjici do kvaziustaleného stavu, navic
jiného nez u jinych Vzi (zcela odlisného slozeni a mj. vyznamné zamérné ovlivhénych vzdy stejnym
pridavkem AgNO3). Po oznaleni Cisla opakovaného méfeni pismenem n s AGSAE daného priméru d ve
vzorku Vzi bylo mozno vynést zméfené hodnoty E proti n. Ukazalo se, Zze z prub&hu E vs. n bylo tak
mozno urcit primérnou kvaziustalenou hodnotu E; mezi n = 5 az 7 pro danou AgSAE o priméru d a ve
Vzi. Popsany postup ilustruje pro vzorek Vz1 obrazek 1, znazornujici pribéh E proti n pro AgSAE
opruméru d cca 1 mm. Potfebna doba kvaziustaleni potencialu cinila 150 s. Odectena primérna
hodnota E; mezin =5 az 7 ¢&inila 491 mV.

0,51 -

0,50 {

E[V]

0,49 A

0,48 T

Obrazek 1: Zmérené hodnoty potencialu E pfi n opakovanych mérenich s vyuzitim AgSAE
pruméru cca 1 mm, ve vzorku Vz1 obsahujicim 0,9-10° M AgNO;

Popsany postup urCovani E; byl pak aplikovan pro potenciometricka méfreni ve vzorcich oznaenych
Vzl, Vz2, Vz3, Vz4 a Vz5, a to postupné s elektrodami EL1 az EL6 o riznych pramérech. Kazdy vzorek
Vzi (i = 1 az 5) pfitom obsahoval pfislusnou vodu Vi s pfidavkem 1:10% M AgNOs. Tato zvolena
koncentrace AgNO; umozrfiovala jak rychlé ustavovani potenciometrické rovnovahy na AgSAE vuci
aktivitam iontd Ag” v Gistych vodnych roztocich, tak potenciometrickou detekci vyraznych zmén téchto
aktivit v roztocich obsahujicich slozky tvofici s Ag® produkty s nizkymi souciny rozpustnosti. Na
obrazcich 2 a 3 jsou pro elektrody EL1 az EL3 s d < 1 mm zobrazeny pribéhy Ei vs. Vzi, a to pro méreni
provedena jak od Vz1 do Vz5 (obrazek 2), tak pro informaci i naopak od Vz5 do Vz1 (obrazek 3).

Z vySe uvedenych principl popisovaného studia vyplyva, Ze série péti méfeni v pofadi vzork( od i = 1
do i = 5 by méla poskytnout jiny prabéh Ei vs. Vzi nez v pfipadé pofadi odi =5 do i = 1 a dale, ze (i za
optimalni velikosti elektrod a v kombinaci s popsanym obnovenim jejich povrchu otérem po kazdé sérii
méfeni od i = 1 do i = 5 nasledované opacnym postupem od i = 5 do i = 1) by mél prabéh Ei vs. Vzi pro
i=1az5abaz1 vykazovat rozdily.

Tento pfedpoklad se opiral zejména o dva davody: 1) Jak jiz bylo uvedeno, pfidavky AgNO;
vyznamnym, komplexnim a pro kazdy vzorek Vzi specifickym zpusobem ovlivnily vétSinou jiz tak velmi
rozdilna sloZeni sledovanych roztokd Vzi (v dusledku uplatnéni soudin rozpustnosti vaci Ag*, Hg,?*
atd.). 2) Zmény iontové skladby a skladby vzniklych (nerozpustnych) produktd na povrchu AgSAE
(ivivem jejich adsorpce az chemisorpce), by mély do ur€ité miry zaviset na experimentalnich
podminkach, na pouzitém pracovnim postupu (v&. pofadi) od vzorku jednoho slozeni ke vzorku jiného
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slozeni, na s tim spojenym pfenasSenim chemisorbovanych zbytkovych produktl z pfedchozich vzorku
(specifickych pro danou posloupnost) na povrchu AgSAE — i po jeho oplachnuti €istou vodou apod.
Pravé tato citlivost ve vysledku umoznila experimentalni hledani postupt umoznujicich (za popsaného
obnovovani AgSAE otérem) ziskat diagramy Ei vs. Vzi, jejichz kvaziustaleny charakter (nehledé na
absolutni hodnoty Ei) by vykazoval rovnéz vyhovujici opakovatelnost, byl by malo zavisly napfiklad na
velikosti AQSAE a bylo by ho — vedle jiz zminéné konduktometrie — mozné rovnéz vyuzit.

Z analogickych divodu bylo téz oCekavano, Ze se charakter diagramu Ei vs. Vzi (opét bez ohledu na
absolutni hodnoty Ei) — byt i jen za jinych sekvenci stejnych vzorkd — mohou vzajemné vice ¢i méné lisit.
Déale uvedené vysledky tyto predpoklady piné potvrdily. Z nich byly v této praci vybrany ty, které
ilustrovaly vliv velikosti priméru d AgSAE a zvoleného poradi vzorkl na charakter Ei vs. Vzi. Pro
informaci byly porovnany prubéhy Eivs. Vziproi=1az5ai=5az1.

Dale prezentované poznatky rozsifuji nedavno publikované vysledky**® v tomto sméru. Obrazek 2

ukazuje, Zze u AgGSAE mensich priméra d < 1 mm, obnovovanych (po jejich aktivaci) vzdy pfed danou
sérii méfeni pouze otérem s naslednym oplachnutim Cistou vodou, nebyly pfi sledovani postupu od Vz1
do Vz5 ziskany charakteristické Ei vs. Vzi s o&ekavanym®'® maximem u Vz3, které by byly malo zavislé
na hodnotach d.

0,49 - —o—EL1
—6—EL2

0,47 - ——EL3
— 0,45 A
2
Wo,43 -

0,41 -

0,39 T T T T 1

Vz1 Vz2 Vz3 Vz4 Vz5

Obrazek 2: Zmérené potencialy E; pro sledované vzorky Vzi v posloupnosti od Vz1 do Vz5
a pri pouziti elektrod EL1, EL2 a EL3

Obdobné diagramy na obrazku 3 zméfené stejnym postupem v opacném poradi vzorkd od Vz5 do
Vz1 vykazaly sice v jednom ze tfi pfipadu u Vz3 oCekavané maximum, avsak jejich opakovatelnost pro
rizné hodnoty d byla rovnéz nevyhovujici.

0,49 - —e—EL1
——EL2
0,47 - —a—EL3
—0,45 -
b
Wo,43 -
0,41 -
0,39 T T T T 1
Vz5 Vz4 Vz3 Vz2 Vz1

Obrazek 3: Zmérené potencialy E; pro sledované vzorky Vzi v posloupnosti od Vz5 do Vz1
a pri pouZiti elektrod EL1, EL2 a EL3
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Jak ukazuje obrazek 4, v pripadé elektrod AGSAE, u nichz Cinila velikost primérd d > 1 mm, byly za
jinak stejnych podminek ziskany zavislosti Ei vs. Vzi s maximem u Vz3, které pro posloupnost od Vz1 do
Vz5 vykazaly jak dostateCné charakteristicky (oCekavany) prabéh, tak vyhovujici opakovatelnost, malo
zavislou na hodnotach d.

0,45 _ —o—EL4
—x%—EL5
——EL6
0,43 A
>,
L
0,41 A
0,39 T T T T 1
Vz1 Vz2 Vz3 Vz4 Vz5

Obrazek 4: Zmérené potencialy E; pro sledované vzorky Vzi v posloupnosti od Vz1 do Vz5
a pri pouziti elektrod EL4, EL5 a EL6

O néco horsi kvalitu téchto parametrd poskytly (ackoliv jiné co do pribéhu) pfipadné rovnéz
vyuzitelné obdobné zavislosti na obrazku 5 pro pofadi od Vz5 do Vz1.

0,45 1 ——EL4
—%—EL5
——EL6

0,43 -

m
0,41 -
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Vz5 Vz4 Vz3 Vz2 Vz1

Obrazek 5: Zmérené potencialy E; pro sledované vzorky Vzi v posloupnosti od Vz5 do Vz1
a pri pouziti elektrod EL4, EL5 a EL6

DalSi aspekty popisovanych experimentalnich podminek a vlivi na méfené nernstovské smésné
potencialy Ei byly jiz dfive diskutovany napfiklad v cit.*®*.
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Zaveéry

Ziskané vysledky potvrdily, Ze pouziti hodnot potenciald Ei, ziskanych popsanym postupem
vyhodnoceni opakovanych méfeni, umozniuje aplikaci AGQSAE pfi obnovovani jejiho povrchu otfenim
o polyethylenovou podlozku pfed kazdou sérii méfeni, s naslednym opakovanym oplachovanim jejiho
povrchu Cistou vodou po méfeni v kazdém vzorku. Soucasné bylo potvrzeno, Ze za téchto podminek
a pfi vyuziti AQSAE pramért d > 1 mm vykazovaly zméfené Ei vs. Vzi charakteristicky prabéh, malo

zavisly na hodnotach d. Uvedené vysledky obohatily vySe zminéné nedavno publikované poznatky v
diskutovaném smeéru.

Podékovani

Tato prace vznikla s podporou projektu SGSFChT 2019 001 a projektu SD373001/82/30352 (2016)
Univerzity Pardubice.
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Influence of selected conditions on repeatability of potential response of the
silver amalgam electrode in industrial waters

Aneta KARASKOVA, Ladislav NOVOTNY*, Renata PETRANKOVA, Abraham KABUTEY
University of Pardubice, Studentska 95, 532 10 Pardubice, Czech Republic,
*e-mail: nvt.|@seznam.cz

Summary

The use of the described evaluation of potentiometric measurements using silver solid amalgam
electrodes (AgSAE) enabled to apply these electrodes even with lesser requirements on mechanical
renewing of its surfaces. Dependences Ei vs. Vzi based on quasi-steady values of electrochemical
potentials Ei of AGSAE in the set of aqueous samples (containing added 1-70°M AgNOs) Vzi,i=1t0 5
and corresponding to the purification steps of the technical waters were registered. Repeatability of
diagrams Ei vs. Vzi concerning AgSAE of diameters more than 1 mm was better than that of lower
diameters. Certain influence of the tested sequences of aqueous solutions on the profile of Ei vs. Vzi has
been observed, as well.

Keywords: potentiometry, silver amalgam electrode, water treatment, ion-exchange
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Estimation of Emissions in the Wastewater Treatment Plant
Operation

Réka CSICSAIOVA, Kristina LUKACOVA, Ivona SKULTETYOVA, Stefan
STANKO, Méria DUBCOVA

Department of Sanitary and Environmental Engineering, Faculty of Civil
Engineering, Slovak University of Technology in Bratislava, Radlinského 11,
810 05 Bratislava, Slovakia, e-mail: reka.csicsaiova@stuba.sk

Abstract

Municipal wastewater treatment plants serve to minimize the negative environmental impacts of
discharged water. Processes and products of wastewater treatment may adversely affect the
environment. The purpose of the submitted case study is to determine the emissions (CH4, N,O)
generated in the ordinary operation of WWTP. In the calculation of individual emissions, we proceeded
according to several authors. In the first part, the direct and indirect emissions of the produced methane
determined during the operation of the WWTP. Furthermore, the potential volume of N,O was calculated
using emission factors. The last part of the case study aimed at determining the potential quantity of
greenhouse gases generated by the final sludge disposal. In that case, the final sludge disposal is
composting. The assessment of the WWTP operation based on the calculation of emission
dependencies. These based on defined relation with the addition of emission factor values occurring in
each relation according to literature retrieval.

Keywords: emissions, wastewater treatment, greenhouse gas, emission factors.

Introduction

Municipal wastewater treatment plants (MWWTPSs) serve to minimize the negative environmental
impacts of discharged water. Processes and end products of wastewater treatment may adversely affect
the environment. The implementation of the Water Framework Directive and Directive 91/271/ECC
concerning Urban WasteWater Treatment increases the volume of sewage sludge produced on a pan-
European scale » 2. Based on Hospodito et al. and Yoshida et al. studies in the wastewater treatment
and processes in the sludge management, several environmental pollutants generated (e.g. greenhouse
gases) > *. Therefore, the optimization of processes in the sludge management is among the priorities of
research tasks. A significant impact on the environment also has a way of disposing of sewage sludge.
The most common methods of disposing of sludge in Slovakia include incineration, composting, and
landfilling. All methods of sludge disposal have a different negative impact on the environment.

Diversion and purification of wastewater represent an environmental load in the form of greenhouse
gases. Direct emissions from WWTPs during sewage treatment as well as sludge treatment and disposal
are methane (CH,4) and nitrous oxide (N,O). Indirect greenhouse gas emissions formed by electricity, the
burning of fossil fuels during transport, the use of chemicals, and the use of sludge. The emissions
produced on the model WWTP split according to the following Table 1.

It can conclude that the highest volume of CH,; emissions arises in the treatment and storage of
sludge, and these also flow in the receiving water. N,O emissions predominantly generated during the
sewage treatment by activated sludge, and we can also monitor their occurrence at the outflow from the
WWTP.
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Table 1: Distribution of emissions from model WWTP >°

Direct emissions Indirect emissions

¢ wastewater discharge,

o WWTP operation,

o discharge of treated waste water into
the receiving water body.

electricity supply,
transportation,
application of chemicals,
sludge disposal.

The content of pollutants in incoming wastewater, wastewater treatment, electricity generation, and
sludge treatment are processed using emission factors typical of the Central European region.

The purpose of the submitted case study is to determine the volume of emissions (CH,4, N,O, and
greenhouse gases) generated in the ordinary operation of WWTP. In the calculation of individual
emissions, we proceeded according to several authors. In the first part, the direct and indirect emissions
of the produced methane determined during the operation of the WWTP. Furthermore, the potential
volume of N,O was calculated using emission factors. The last part of the case study aimed at
determining the potential quantity of greenhouse gases generated by the final sludge disposal. In that
case, the final sludge disposal is composting. The assessment of the WWTP operation based on the
calculation of emission dependencies. These based on defined relation with the addition of emission
factor values occurring in each relation according to literature retrieval.

Material and methods
Description of the model wastewater treatment plant

The calculation of direct and indirect emissions performed for a MWWTP which parameters
correspond to the parameters of MWWTPs with a treatment capacity for an equivalent population
of 25 000 inhabitants in Slovakia.

The WWTP under study is a mechanically-biological treatment plant with anaerobic sludge
stabilization and with gas management. This MWWTP was designed for a population equivalent (PE)
of 50 000 inhabitants, but currently, it works just about half capacity (22 300 inhabitants). The sludge
management consists of a sludge pumping station, thickening tank, digestion tank, storage tanks, sludge
fields.

The water company performed the long-term field measurements, and they provided information
about the influent wastewater flow rate, effluent flow rate, and pollutant load. Specification of the influent
and effluent pollutant load summarized in Table 2 and Table 3. The following processes did not include
in the estimation of direct and indirect emissions:

« Greenhouse gas emissions from the sewage system ’,
« Greenhouse gas emissions produced during the construction/reconstruction of WWTPs °,
« Greenhouse gas emissions produced during long-term sludge storage ®®.

Table 2: Average annual pollutant load of the influent wastewater

Average Content in
Influent 2012 2013 2014 2015 2016 2012-2016 g/PE/day
BODS5 [kg/d] 1827 1726 1862 2219 5537 1862 31033.3
COD [kg/d] 5143 4459 4690 5432 21910 5142 85715
Ptotal [kg/d] 75.6 65.8 82.6 91 421.4 82.6 1376.7
Ntotal [kg/d] 382 324.1 377.3 413.7 287 377.3 6288.3
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Table 3: Average annual pollutant load of the wastewater outflow

Discharge 2012 | 2013 | 2014 | 2015 | 2016 | joroo0s %%t;/g;;/n
BODs [kg/d] 77 | 91 14 | 119 | 126 11.9 198.3
COD [kg/d] 133 | 1554 | 161.7 | 1463 | 168.7 | 1554 2590
Procat [KO/C] 98 | 63 | 91 | 189 | 133 6.3 105
Notar [K0/cl] 854 | 343 | 203 | 3619 | 513 | 36.19 603.16

Estimation of methane production from WWTP

Wastewater and the sludge components can produce CH,; mainly in anaerobic processes. The
production of methane emissions depends on the volume of degradable organic material in the
wastewater, the temperature and the type of treatment °. Methane production can be quantified based
on the following relation. This relation was defined in WSAA 2007 *°:

CH4 production = (BODS influent WW — BODS ww outﬂow) *EF (1)
CH4 in receiving water body = BODS WW outflow *EF (2)

where BODs infiuent ww - BODs in influent wastewater [kg/d]
BODs ww outflow - BODs in wastewater outflow [kg/d]
EF — the used emission factor.

The emission factor used in the calculation can be divided into several groups as shown in Table 4.

Table 4: Emission factors used to determine GWP related to methane emissions

Direct emissions from WWT

Direct methane emissions 0.0025 CH4/kg BODs **

CH, emissions in receiving water body | max. 0.025 kg CH./BOD:s in discharge *

Methane emissions from combustion 0.003 kg CH./kg burned CH, *3

Calculation of nitrous oxide production from WWTP

Nitrous oxide production is related to the degradation of nitrogenous components in wastewater in the
nitrification and denitrification process. N,O emissions occur in both processes, more frequently and in
larger quantities during the denitrification process °. The production of nitrous oxide emissions can be
guantified based on the following relation:

NZO emissions = N influent ww ¥ EF ww discharge * 44/28 (3)

where N inuent ww — total nitrogen in incoming wastewater [kg N/year],
EF ww discharge — €Mission factor for N,O emission from wastewater [kg N,O — N/kg N]
*44/28 - correction of molecular weight N,O/ molecular weight N.

The emission factor is expressed based on emission constants in Table 5:
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Table 5: Emission factors used to determine GWP related to methane emissions

Direct emissions from WWT

Nitrogen oxides emissions from sludge | 0.05 kg N,O/kg NH, **

Emissions of nitrogen oxides direct 0.0157 kg N,O/kg Ngeniui. -

N,O emissions in receiving water 0.0005 kg N,O/kg N in inflow *°

Calculation of greenhouse gas emissions production from sludge composting

Sewage sludge treatment and disposal are one of the most significant aspects of wastewater
purification in terms of emissions formation. Sludge represents 1 to 2% of the volume of purified water in
which 50 to 80% of the original pollution concentrated *°. Currently, two main directions of end-use and
sludge disposal observed in the form of sludge utilization in agriculture and various methods of thermal
treatment. Calculating greenhouse gas emissions from sludge composting is defined by the relation:

Ei=M* EF 4)

where E;— CH,or N,O emissions from composting [kg CH, or N,O],
M — the volume of composted organic matter [kg],
EF;,— emission factor valid for composting,
i - set values CH, or N,O.

The emission factors used in the calculation were defined based on the Intergovernmental Panel on
Climate Change (IPCC) documented in Table 6.

Table 6: Emission factors used to determine GWP related to the production of sludge
composting emissions

Direct emissions from composting
Nitrogen oxides emissions from sludge 0.3 g N,O /1 kg sludge dry residue *’
Methane emissions from sludge 4 g CH, /1 kg sludge dry residue *’
Results

Methane production from WWTP

Based on a defined relationship (1,2) for methane emissions, we obtain CH, values in t CH, for
individual years of the tracking period produced as direct emissions from WWTPs and gas emissions in
the receiving water body. In calculating CH, emissions in the receiving water body, the above
relationship (2) with EF was valid for methane emissions in the receiving water (0.025 kg CH, / BODs in
wastewater discharge). The calculation of direct emissions was made in with accordance EF for
methane emissions (1), namely 0.0025 CH, / kg COD (Table 7).
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Table 7: Emissions CH, of for the tracking period

Emissions of CH, Direct emissions of CH,

Year in receiving water from WWTP

[t CHulyear] [t CHulyear]
2012 0.070 1.66
2013 0.083 1.57
2014 0.128 1.69
2015 0.109 2.02
2016 0.115 5.05

The highest annual production of CH, emissions in the receiving water was recorded in 2014 when
they represented 0.128 t CH,4 per year, which we expect was caused by the high share of BODs at the
inlet to the WWTP (Graph 1). The average emission production in the receiving water during the tracking
period was 0.101 t CH,4 per year.

Direct methane emissions from WWTPs were lower than the methane emissions in the receiving
water. The average emissions produced during the monitored period were 2.43 t CH, per year. As in the
previous case, the resulting average value was significantly affected by 2016, when methane emissions
rose to 5.05 t CH, per year, which is almost four times higher than in previous years. Between 2012 and
2015, methane emissions moved steadily; from 1.57 to 2.02 t CH, per year.

CH, emissions production in tracking period

(2}
c 6,0
°
()
2 5,0
e o
) g 40 = Emissions of CH4
- o in receiving water
8 E* 3,0 = Direct emissions of CH4
20 from WWTP
2 =20 Average of emissions of
S CH4 in receiving water
1,0
_5 = Average of direct
o 0.0 — — — — emissions from WWTP
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Year

Graph 1: CH, emissions production in tracking period

Nitrous oxide production from WWTP

Based on the relation (3) applicable to the calculation of nitrous oxide emissions, we receive the
values of the receiving water and direct emissions over the tracking period in t N,O per year (Table 8).

The emission factors used to calculate the quantity of nitrous oxide emissions have been mentioned
in Table 5 above in relation to the available literature. Furthermore, the calculated emissions were
converted to nitrous oxide emissions in t N,O per year by conversion equivalents.
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Table 8: Emissions of N,O for the tracking period

Year Emissions of N,O in receiving water Direct emissions of N,O from
[t N.Olyear] WWTP [t N,Olyear]

2012 0.11 3.43

2013 0.09 2.84

2014 0.11 3.39

2015 0.12 3.72

2016 0.08 2.58

Direct N,O emissions from wastewater treatment plants were higher than N,O emissions in the
receiving water with minimal deviations in individual years.

From Graph 2 can be seen that the lowest direct N,O emissions record in 2016 (2.58 t N,O / year),
the highest in 2015 (3.72 t N,O / year). The average value of N,O during the tracking period was 3.19 t
N,O per year. The N,O emissions in the receiving water varied from 0.08 to 0.12 t N,O per year. The
average value was 0.10 t N,O per year.

N,O emissions production in tracking period

‘ = Emissions of N20
in receiving water
2 mmmm Direct emissions of N20
from WWTP [t N2O/year]
1,5 Average of emissions of
N20 in receiving water
1 = Average of direct emissions
from WWTP
0,5
|| ||

2012 2013 2014 2015 2016
Year

w
[

w

Production of N,O emissions
[t N,Olyear]
N
o1

Graph 2: N,O emissions production in tracking period

Greenhouse gas emissions production from sludge composting

The calculation of greenhouse gas emissions based on the above relationship (4) in two variants, for
CH, emissions and N,O emissions using defined emission factors based on GWP constants (Table 6).
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Table 9: Emissions of N,O for the tracking period

Year Emissions of CH, Emissions of N,O
[kg CHylyear] [kg N,Olyear]

2013 54.90 4.12

2014 70.72 5.30

2015 77.32 5.80

2016 72.90 5.47

Two types of chief emissions arise in the context of sludge management and sludge composting;
methane emissions and nitrous oxide emissions. Graphical representation (Graph 3) shows several
times the higher share of methane emissions with an average value of 68.9 t CH, per year. The average
value of nitrous oxide emissions in the reporting period was 5.17 t N,O.

Greenhouse gas production in tracking period

= 0 =
= Emissions of CH4
mmmm Emissions of N20
Average of emissions
CH4
= Average of emissions
N20
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o

~
o
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w
o
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Greenhouse gas production
[t N,Olyear, t CH,lyear]

o

Graph 3: Greenhouse gas emissions production in tracking period

Discussion

A research team at the Vienna Technical University deal with the issue of quantifying emissions from
WWTP operations. Greenhouse Gas Emissions from WWTPs describes the process of calculating direct
and indirect emissions by calculating the carbon footprint. Their estimations based on emission factors.
They evaluated two different types of WWTP models: aerobic sludge stabilization model, and sludge
anaerobic stabilization. Unlike this contribution, the volume of emissions expressed in kgCO €,

Zeng, Chen, Dong, and Liu also deal with the number of greenhouse gases produced in the article:
Efficiency assessment of urban wastewater treatment plants in China: Considering greenhouse gas
. . 18
emission .

Long-term research in this area also discussed by a group from the University of Delft in Denmark, who
followed a dynamic change in methane emissions depending on the amount of wastewater flowing *°.
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Conclusions

The values of calculated emissions grew in proportion to increasing concentrations of monitored
parameters at the inlet to WWTP. Emissions analysis showed a higher incidence of direct emissions of
CH,4 compared to emissions in the receiving water body. Conversely, when quantifying N,O emissions,
direct emissions were higher than those in the receiving water body. The sludge composting analysis
showed that a relatively high amount of methane emissions to an environment with an average value of
68.9 t CH, per year produced in the storage of sludge on deposit. The average value of nitrous oxide
emissions in the reporting period was 5.17 t N,O. The analysis suggests that the composting is not
a convenient way to dispose of sludge with respect to the environment.

Acknowledgment

This work was supported by the Scientific Grant Agency of the Ministry of Education, Youth and
Sports of the Slovak Republic and the Slovak Academy of Sciences within the project VEGA 1/0574/19,
co-funded by the European Regional Development Fund and by the Slovak Research and Development
Agency under the contract No. APVV-18-0203.

References

1. Regulation of the Slovak Government 269/2010 defining the requirements for achieving good
status of waters, (in Slovak), 2010.

2.  Council Directive 91/271/EEC of 21 May 1991 concerning urban waste-water treatment.

3. Hospido, A., Carballa, M., Moreira, M., Omil, F., Lema, J.M., Feijoo, G., 2010. Environmental
assessment of anaerobically digested sludge reuse in agriculture: potential impacts of emerging
micropollutants. Water Res. 44 (2010) 3225 — 3233.

4. Yoshida, H., Christensen, T.H., Guildal, T., Scheutz, C. A comprehensive substance flow analysis
of a municipal wastewater and sludge treatment plant. Chemosphere 138 (2015), 874 — 882.

5. Genzowsky, K., Bolle F. W., CO, — Bilanzen und die Bedeutung fir die WasserWirtschaft. Wasser
& Abfall 6 (2014) 15 - 19.

6. Parravicini, V., Svardal, K., Krampe, J. Greenhouse Gas Emissions from Wastewater Treatment
plants. Energy Procedia 97 (2016), 246 — 253.

7. Short, M.D., Daikeler, A., Peters, G.M., Mann, K., Ashbolt N.j., Stuetz, R.M., Peirson W.L.,
Municipal gravity sewers: an unrecognized source of nitrous oxide. Sci Total Environ. (2014) 468 —
469.

8. Lederer, J., Rechberger, H. Comparative goal — oriented assessment of conventional and
alternative sewage sludge treatment options. Waste management 30 (2010), 1043 — 1056.

9. Forster, P., V., Ramaswamy, P., Artaxo, T., Berntsen, R., Betts, D.W., Fahey, J., Haywood, J.,
Lean, D.C., Lowe, G., Myhre, J., Nganga, R., Prinn, G., Raga, M., Schulz and R. Van Dorland,
Changes in Atmospheric Constituents and in Radiative Forcing. In: Climate Change 2007: The
Physical Science Basis. Contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M.
Marquis, K.B. Averyt, M.Tignor and H.L. Miller (eds.)]. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA

10. IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group |
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F.,
D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M.
Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA, 1535 pp.

11. Gustavsson D.J., Tumlin S., ,Carbon footprints of Scandinavian wastewater treatment plants,*
Water Science and Technology 68 (2013) 887 — 889.

Patronem tohoto ¢isla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020, 24. - 26. 3. 2020, Hustopece - www.tvip.cz
WASTE FORUM 2019, &islo 3, strana 23 3



Réka CSICSAIOVA, Kristina LUKACOVA, Ivona SKULTETYOVA, Stefan STANKO, Maria DUBCOVA: Estimation
of Emissions in the Wastewater Treatment Plant Operation

12. IPCC (2006a). Wastewater treatment and discharge. In: Eggleston, H. S., Buendia, L., Miwa, K.,
Ngara, T. och Tanabe, K. (Eds.). 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
vol. 5, Waste. IGES, Japan (Chapter 6).

13. Brown, S., Beecher, N. och Carpenter, A., ,Calculator tool for determining greenhouse gas
emissions for biosolids processing and end use,“ Environmental Science & Technology vol. 44(24),
(2010) 9509 — 9515.

14. Bjorlenius, B., ,Lustgasutslapp fran kommunala reningsverk — Matningar vid tolv svenska
anlaggningar. Utgiven i samarbete med NUTEK och Svenska Vatten- och
Avloppsverksféreningen.,“ Skarvprojektet Rapport 4309. , 1944

15. Foley, J., de Haas D., Hartley, K. och Lant, P., ,Comprehensive life cycle inventories of alternative
wastewater treatment systems,” Water Research, vol.44(5), pp. 1654 — 1666, 2010.

16. Gupta, D., Singh, S. K., ,Greenhouse Gas Emissions from Wastewater Treatment Plants: A case
Study of Noida,“ Journal of Water Sustainability 2 (2012), 131 — 139.

17. IPCC (2006b). N20O emissions from managed soils, and CO2 emissions from lime and urea
application. In: Eggleston, H. S., Buendia, L., Miwa, K., Ngara, T., Tanabe, K. (Eds.).2006 IPCC
Guidelines for National Greenhouse Gas Inventories, vol. 5, Waste. IGES, Japan (Chapter 11).

18. Zeng, S., Chen, X., Dong, X., Liu, Y. Efficiency assessment of urban wastewater treatment plants
in China: Considering greenhouse gas emission. Resources, Conservation and Recycling 120
(2017), 157 — 165.

19. Daelman, M.R.J., Van Voorthuizen, E.M., Van Dongen, U.G.J.M., Volcke, E. |.P., van Loosdrecht,

M. C.M. Methane emission during municipal wastewater treatment. Water Research 46 (2012),
3657 — 3670.

Vycislenie mnozstva emisii pri prevadzke ¢istiarne odpadovych véd
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DUBCOVA

Slovenska technicka univerzita v Bratislave, Stavebna fakulta, Katedra zdravotného
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Souhrn

Komunalne Cistiarne odpadovych véd sluZzia na minimalizaciu negativnych dopadov vypustanych
odpadovych véd na Zivotné prostredie. Procesy a produkty Cistenia odpadovych véd mbzu nepriaznivo
ovplyvnit Zivotné prostredie. Uéelom predloZenej pripadovej Studie je uréit potenciélne mnozstvo emisii
(CHa4, N,O), ktoré vznikaju pri beznej prevadzke COV. Pri vypoéte jednotlivych emisii sme postupovali
podla viacerych autorov. V prvej ¢asti je mnoZstvo priamych a nepriamych emisii vzniknutého metanu
uréené pocas prevédzky COV. Nésledne sa potencialne mnozZstvo N,O vypoéitalo pomocou emisnych
faktorov. Posledna cCast pripadovej Studie bola zamerana na stanovenie potencidlneho mnoZstva
sklenikovych plynov vznikajucich pri konecéneyj likvidacii kalov. V pripade modelovej Cistiarne je kone¢nou
likvidéciou kalu kompostovanie. Postdenie prevadzky COV bola zaloZzena na vypodte podlfa emisnych
faktorov.

Klicova slova: emisie, Cistenie odpadovej vody, sklenikové plyny, emisné factory

Patronem tohoto ¢isla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020, 24. - 26. 3. 2020, Hustopece - www.tvip.cz
WASTE FORUM 2019, &islo 3, strana 2 34



Veronika VELKOVA, Helena HYBSKA, Martina LOBOTKOVA, Marianna PALUGOVA' Toxicity of the waste water
from wildland fires suppression

Toxicity of the waste water from wildland fires suppression

Veronika VELKOVA®, Helena HYBSKA®, Martina LOBOTKOVA®, Marianna
PALUGOVA?

®Department of Fire Protection, Faculty of Wood Sciences and Technology, Technical University
in Zvolen, T. G. Masaryka 24, 960 01 Zvolen, Slovak Republic
e-mail: veronika.velkova@tuzvo.sk, marianna.palugova@gmail.com

Department of Environmental Engineering, Faculty of Ecology and Environmental Sciences,
Technical University in Zvolen, T. G. Masaryka 24, 960 01 Zvolen, Slovak Republic
e-mail: helena.hybska@tuzvo.sk, xlobotkova@tuzvo.sk

Abstract

The issue of contamination of environment caused by extinguishing water from wildland fires
suppression is discussed in the paper. The wildland fire was simulated in the laboratory conditions. The
cellulosic materials such as wood, straw and mixture of both were used. The samples were ignited and
in the third stage of fire (full developed fire) extinguished with the hydrant water. The samples of
extinguishing water were collected and tested using biological toxicity tests: the acute toxicity test on
Daphnia magna, the test of the growth inhibition of the root of Sinapis alba, and the test of inhibition of
the growth rate of Lemna minor L. The obtained results show, that the water from wildland fires
extinguishing, which leaks after fire suppression into environment, has toxic effects on surface and
subsurface waters. In the acute toxicity test all tested samples of extinguishing water were positive and
caused immobilisation of tested organisms Daphnia magna. In the test of the root growth inhibition of
Sinapis alba occurred root growth stimulation in the case of straw and mixed samples. In the test of the
growth rate inhibition of Lemna minor L. all samples were positive, and necrosis and chlorosis were
observed.

Key words: wildland fires, fire suppression, water, ecotoxicity tests, Daphnia magna, Sinapis alba,
Lemna minor

Introduction

In the context of global climate change, the issue of wildland fires is becoming higher importance. Due
to extreme dry and hot periods, the number of wildland fires is increasing. Wildland fires are mainly
encountered in countries around the Mediterranean (Spain, Portugal, Greece), selected areas of the US,
Canada and Australia. But Slovakia is not exception. Depending on the region, the incidence of wildland
fires ranges from 30 to 50% of all fires™*%*,

Wildland fires have a big impact on the environment, human life, and property. Not always negative.
In some areas of North America, forest fires are a significant factor in the generating and functioning of
some ecosystems. However, nowadays, in the anthropically influenced landscape the negative
consequences of wildland fires are most evident*>®.

Not only the fire devastates ecosystems, the fire suppression plays significant role too. Very important is
selection of extinguishing agents and tactics of fire suppression®’. Typically, is for extinction of wildland
fires using of water, water with additives (mostly organic fluorine chemicals), progressive extinguishing
substances (e.g. extinguishing gel Firesorb), exceptionally are used firefighting foams. Residues of used
extinguishing agents remain in the fire place and leak into environment, mostly surface and subsurface
water and soil (Figure 1)*910112
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Figure 1: Scheme of the soil and water contamination at the fire suppression®

The environment contamination due to extinguishing agents is relatively new issue and is related
mostly with the using of new progressive extinguishing agents (extinction gases, powders, firefighting
foams) or additives to the water. The plain water is considered to be a safe extinguishing
medium8’9’12’13’14.

The commonly used extinguishing agent for wildland fire in Slovak republic is the plain water, in 2016
only about 2% of water used for wildland fire suppression in PreSov region was treated with fluoroalkyl
additives™.

The aim of the paper is to investigate the influence of the water after wildland fire extinguishing on the
surface and subsurface waters using ecotoxicological tests with organisms Daphnia magna, Sinapis alba
and Lemna minor.

Experimental part

We used lignocellulosic material (wood and straw) to simulate wildland fire in laboratory conditions.
We chose the wheat straw and spruce wood as representatives of lignocellulosic material in wildland
fires. These materials were used separately and as a mixture of both. Samples were given into metal
container with diameter 30 cm and 6 cm high and ignited. Samples were extinguished in the third stage
of fire (full developed fire). The untreated hydrant water (drinking water quality) was used for
extinguishing. The process is to see in the Figure 2.

After fire extinction the samples of water were taken into glass flasks. The solid fire residues were
filtered from water.

pH measurement

The pH value is one of the basic measured water quality indicators®®.

To measurement of pH value was used potentiometric method. The pH-meter WTW Level 3 with
combined electrode and temperature compensation was used with three-point calibration.
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Figure 2: The process of sample preparing: sample of straw, simulated full developed fire, fire
extinction (from the left to the right).

Ecotoxicological tests

Biological toxicity tests are used to assess the ecotoxicological properties of substances. Toxicity
tests are used to determine the possible toxic effects of substances on the water and soil ecosystems,
especially phytocenosis. They allow a rapid and enough recovery of wastes to assess the potential
negative effects of these substances. The main aim of biotests is to determine the limit concentration at
which the life of selected test organisms is possible®’.

Acute toxicity test on Daphnia magna

Principle of the test is an assessment of percentage of immobilised individuals after 48 hours from the
beginning of exposure of a tested sample to test organisms of Daphnia magna®®. Conditions of the test,
including control of meeting test conditions with a reference substance are shown in Table 1.

Table 1: Preliminary test conditions for Daphnia magna®*

Test organism Daphnia magna Straus (more than the third generation obtained by acyclic
parthenogenesis under the conditions of healthy breeding), individuals
younger than 24 hours since birth (no feeding)

Biotest conditions 20°C + 2°C; 7.8 £ 0.2; laboratory conditions

Control sample Diluting water prepared from Table 2

Reference substance | K,Cr,0;, ECso = 1.02 mg.L™ (limit 0.3 - 1.5 mg L™)

Test duration 48 hours

Preliminary test 20 daphnia/undiluted sample (10 mL), same conditions for a control

Validity of the test Immobilisation < 10%, change of concentration of dissolved O, < 2 mg Lt

Monitored response % of immobilised individuals

Results of preliminary test are:

— positive, if in the test occurred death or immobilization more than 50% daphnia compared with
control sample, is necessary determine value of EC50 using orienting and basic test**?%2°,
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Table 2: Stock solutions for reconstituted water?

Stock solution Chemical substance Concentration of stock solution [g L™]
1 CaCl,.2H,0, p.a. 117.6
2 MgS0QO,.7H,0, p.a. 49.3
3 NaHCOg3;, p.a. 25.9
4 KCI, p.a. 2.3

From stock solutions® (STN 83 8303:1999) a dose of 10 mL was added to a volumetric flask with
a capacity of 1 litre and the solution was refilled with distilled (deionised) water up to the mark and used
as a control. The pH of the diluent water should vary around 7.6 — 8.0.

Test of the growth inhibition of the root of Sinapis alba

The test consists in the cultivation of seeds on pads soaked in solutions of the tested substance in
comparison with seeds growing on a pad soaked in diluent water. Mustard is representative of cultural
crops and higher plants in the toxicity tests. The test conditions are shown in Table 3.

Table 3: Conditions of test of inhibition of growth of root of Sinapis alba®

Testi , Sinapis alba, germination > 90%, per 30 seeds of Sinapis alba L. in Petri
esting organism

dishes
Sample volume 10 ml
Temperature 20 °C £ 1 °C, thermostat TS 606 CZ/2-Var (WTW, Germany).
Control Reconstituted water (Table 2)
Validity of the test Germination in control sample = 99.6% (limit = 90%)

Reference substance | K,Cr,05, ICso, 72hours = 31.5 mg L™ (limit 4.1 -85 mg L™
Measuring root length | Steel calibrated measuring instrument

Exposure time 72 hours
The response Inhibition/stimulation of growth of root of Sinapis alba compared with the
monitored control (1C), preliminary test

Results of preliminary test are:

— negative, if the root growth inhibition is less than 30% or stimulation is less than 75% in
comparison with the control sample. It will be recorded, and no further testing is performed.

— positive, if the root growth inhibition is more than 30% or stimulation is more than 75% in
comparison with the control sample?’.

Test of inhibition (stimulation) of the growth of Lemna minor L.

Test of phytotoxicity, based on inhibition (stimulation) of the growth of Lemna minor L. and
quantification of toxic effects of the sample on its growth'®. Conditions for the preliminary test are
described in Table 4.
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Table 4: Conditions for the test of growth inhibition of common duckweed?

Test organism Lemna minor; 12 —15 leaves at the beginning

Incubation 25°C % 2°C — thermostatic cabinets ST FOT (Eko Pol Poland) with
temperature simulation of day and night; lighting continually, min. intensity of 6 500 lux
Control sample Z-medium (was used as the nutrient solution and prepared in accordance

with the instructions from its supplier - Culture Collection of Autotrophic
Organisms - CCALA, Tiebon, the Czech Republic
Reference substance | 3,5-dichlorophenol, ECs, = 2.80 mg L™ (limit 2.2 —3.8 mg L™)

Exposure 7 days
Preliminary test 50 ml sample

Criterion of validity average number of leaves in the control after the termination of the test >
than octuple at the beginning of the test, pH at the end of the test < than 1.5
in comparison with initial pH

Biomass whole plants of Lemna minor, including root, used for determination;
determination biomass determined gravimetrically by drying into a constant weight at 105
°C (POL-EKO SL, Poland)

Monitored parameters | the number of leaves is counted, and the appearance of the leaves is
evaluated (chlorosis, necrosis) at least three times during the test; growth
inhibition (1) in %;

lu - growth rate

Results in graphs and tables are processed in the programme STATISTICA 12, ANOVA, one-factor
analysis of variance (using 95% intervals of reliability for average values of individual samples).

Results and discussion
pH assessment

pH values were measured in the all water samples using pH-meter WTW Level 3. In the Table 5 there
are shown the obtained values. All water samples were alkali and from the results point view we can say
that the presence of wood in the combusted mixtures influenced increasing pH value.

If the soil is with extinguishing water contamined, it could possess increasing of soil alkalization. Such
soils are poorly fertile, and only salt-loving plants grow on them?®,

Table 5: Results of pH measurement of the water samples

Extinguishing water
Clean water
Wood | Straw | Wood + Straw
pH 7.99 9.01 8.84 9.34

Ecotoxicological tests assessment

All the ecotoxicological tests were performed in accordance with STN and OECD standards The
accuracy check was verified using reference solution K,Cr,O- in both of tests and the obtained values
were within with defined limits.

Acute toxicity test on Daphnia magna

The obtained results of acute aquatic toxicity test on Daphnia magna are shown in the Table 6 and in
the Figure 3.
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Figure 3: Graphical statistics of immobilized Daphnia magna

Table 6: The basic statistical characteristics of immobilized Daphnia magna

sample Immot.)ili.sation,."/cf . N
Average | Standard Deviation | Minimum | Maximum
Straw 100.00 4
Wood 85.00 6.45 64.46 105.54 4
Straw + Wood | 85.00 6.45 64.46 105.54 4

N — number of repetitions

All tested samples of extinguishing water were positive and caused immobilisation of tested
organisms Daphnia magna. Immobilisation in control sample was less than 10%. This value corresponds
with the test conditions in Table 1. Considering the values of the extinguishing water reaction we point
out influence pH value on solubility of solid combustion residues in extinguishing water, what results in
high immobilisation of Daphnia magna. At the end of test neither changes of pH values nor oxygen loss
were recorded.

Test of the growth inhibition of the root of Sinapis alba

By the terrestrial test of the growth inhibition of the root of Sinapis alba was observed impact of
residual extinguishing water on the root’s growth of vascular plants. The increments of white mustard
roots were measured and obtained values were used for the calculation of the root growth inhibition in
comparison with the control sample. Basic statistical characteristics are shown in the Table 7.
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Table 7: The basic statistical characteristics of the growth inhibition of the root of Sinapis alba

sample Inhibition (IC), % N
Average | Standard Deviation | Minimum |Maximum

Straw -13.98 5.09 -30.17 2.21 4

Wood 3.87 3.56 -7.46 15.21 4

Straw + Wood | -84.99 4.24 -98.49 -71.4 4

N — number of repetitions
negative values — stimulation;
positive values — inhibition

The results of this biotest show that the samples of waste water from extinguishing of straw and wood
were negative. In the samples of waste water from extinguishing of mixture straw and wood is the strong
stimulation to see, results were positive. Graphical are test results shown in the Figure 4. We assume
that the dissolved solids in the extinguishing water acted as nutrients in the samples and promoted root
growth compared to the control sample.

40
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Figure 4: Graphical statistics of the growth inhibition of the root Sinapis alba

Test of inhibition (stimulation) of the growth rate of Lemna minor L.

Test of growth of Lemna minor L., as a representative of freshwater vascular plants, allows simple
studies of time dependence on toxicity of substances in the aquatic environment. Lemna minor L.,
together with other representatives of Lemnaceae, is an attractive test organism — not only due to its
important ecological functions (source of food for birds and fish, stand for invertebrates), but also to its
widespread occurrence?®.

The conditions for the aquatic test of growth rate inhibition of Lemna minor L. are in the Table 4. The
required number of leaves at the end of the test was observed. Calculated growth rate inhibition (Iy) is in
the Figure 5 to see, and basic statistical characteristics are in Table 8 presented.
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Table 8: The basic statistical characteristics of the growth rate inhibition of Lemna minor L.

Inhibition of growth rate (l,), %
Standard Deviation | Minimum

Sample

Average Maximum

Straw

68.90

1.90

60.72

77.08

Wood

45.57

2.08

36.64

54.50

Straw + Wood

50.17

0.45

48.24

52.09

I N N

N — number of repetitions
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Figure 5: Graphical statistics of the growth rate inhibition of Lemna minor L.

STN EN ISO 20079 specifies, that the preliminary test is negative, if the growth rate inhibition is less
than 30% in comparison to the control sample, and the test is positive, if growth rate inhibitions more
than 30% in comparison with the control sample. According to this and the results in Table 8 can we
ascertain, that all samples of extinguishing water were positive and are inhibiting on the growth of Lemna
minor L. Visually were indicated necrosis and chlorosis during the test, too. We observed changes of
chlorophyll loss from the fifth day in all water samples and leaf necrosis in the samples from straw
extinguishing.

The samples of extinguishing water are inhibiting the growth of Lemna minor L. leafs although the
same samples are stimulating onto root growth of Sinapis alba.

At the burning of wood, straw and its mixture, which are lignocellulosic materials, are formed gaseous,
liquid and solid compounds. Content of volatiles is approx. 46%, ash content is usually 4 — 7% according
to type of solid fuel (biomass), combustion conditions etc.?® ?’. Part of combustion products is entrapped
by extinguishing water and flow into surface or subsurface water and soil, and plants can use it as a
natural fertilizer.

Dominant elements in the combustion products are carbon, hydrogen and oxygen, but also other
macro- and microelements are present such as nitrogen, phosphorus, sulphur. Chemically, ash from
biomass is mainly composed of a mixture of oxides K,0, Na,O, CaO, MgO, Fe,03, Al,O3, SiO,, P,05°%%°,
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Plants take up these salts in dissolved form through the root system. The results of the root growth
inhibition test of Sinapis alba are in accordance (Figure 4). Lanzerstorfer?’ determined the high
concentrations of potassium in the ash from straw combustion while in the ash from wood combustion
the concentrations of Ca and Mg were higher. These elements are important for plants to build a healthy
root system. The basic mark of the Ca and Mg deficiency is the acid reaction of soil. According the
results of pH measurement of wood and straw extinguishing residual water (Table 5) we do not
anticipate this deficiency and the root growth of Sinapis alba in the samples is proof, too.

Other part of biomass combustion products entrapped by extinguishing water represent volatile
organic compounds such as benzene, toluene, xylenes, formaldehyde and polycyclic aromatic
hydrocarbons®. We assume, that these organic compounds content, alkalinity and salinity of the
extinguishing water could be more demonstrate in the test with Lemna minor (necrosis and chlorosis) in
comparison with the nutrition effect in the test with Sinapis alba.

Conclusions

There are results of toxicity testing of waste water from extinguishing wildland fires presented in the
paper. For the simulation of wildland fires were used samples of lignocellulosic materials such as spruce
wood, wheat straw and mixture of both.

Presented are results of the acute toxicity test on Daphnia magna, the test of the growth inhibition of
the root of Sinapis alba, and the test of inhibition of the growth rate of Lemna minor L. The obtained
results show that the water from wildland fires extinguishing, which leaks after fire suppression into
environment, can have toxic effects on surface and subsurface waters.

In the case of test of root growth inhibition of Sinapis alba the stimulating effect of the nutrients from
the ash from lignocellulosic material combustion entrained by the extinguishing water was shown.

The only way to prevent contamination of environment caused by extinguishing water is to prevent the
wildland fires.
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Souhrn

Clanok sa zaoberd problematikou hodnotenia kontaminécie Zivotného prostredia vplyvom vody
Z hasenia prirodnych poZiarov. V laboratérnych podmienkach bol simulovany poZiar prirodnych
materialov s vyuzitim slamy, dreva a ich zmesi ako paliva. Vo faze pine rozvinutého poziaru bolo horenie
ukoncené hasenim hydrantovou vodou. Boli odobraté vzorky hasiacej vody, ktoré boli testované
biologickymi testami toxicity: test akutnej toxicity na perloocke velkej, test inhibicie rastu koreriov horcice
bielej, test inhibicie rychlosti rastu Zaburinky mensej.

Ziskané vysledky ukazuju, Ze hasiaca voda, ktora unika do povrchovych a podpovrchovych véd po
haseni prirodnych poZiarov, ma toxické ucinky na Zivotné prostredie. V teste akutnej toxicity boli vSetky
skumané vzorky pozitivne a spdsobili imobilizaciu testovanych organizmov perloo¢ky velkej. V teste
inhibicie rastu koreriov horCice bielej preukazali vzorky z hasenia slamy a zmesna vzorka stimulacné
ucinky. V teste inhibicie rychlosti rastu Zaburinky boli vSetky sledované vzorky pozitivne, pricom vizualne
bola pozorovana aj chloréza a nekrdza testovanych organizmov.

Klicova slova: prirodné poZiare, hasenie poZiarov, voda, ekotoxikologické testy, Daphnia magna,
Sinapis alba, Lemna minor
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Abstract

The main objective of this case study was to compare the environmental effectiveness of three
different waste management scenarios for a selected construction — the wooden shelter. The
effectiveness of the scenarios was evaluated in terms of environmental impacts based on Life Cycle
Analysis, supported by SimaPro software. Each scenario included both often used technologies of waste
management applied after the end of life of construction: (1) landfilling and (2) incineration. Differences
among the scenarios consisted in the percentage distribution of single parts (wood and steel) of the
wooden shelter. Various environmental impacts in mid-point categories (climate change, ozone
depletion, human toxicity, etc.) and in end-point categories (human health, ecosystems and resources)
were estimated by ReCiPe method. The waste management scenario with 30% landfiling and 70%
incineration was identified to be the best in terms of the climate changes. The obtained analysis results
differed in dependence on the used mid-point and end-point methodologies.

Keywords: waste, LCA, environmental impacts, landfilling, incineration.

Introduction

Waste production rates are increasing worldwide. With rapid population growth and urbanization,
annual waste production is expected to increase due to a continuous welfare improvement and changes
in life style’. Waste management is a complex process and multidisciplinary problem which involves
different processes and principles too. These include operations and technologies related to
manufacturing, storage, operation, selection, transfer, freight, processing, and disposal of wastes?. The
waste management should be considered from technical, economic and social aspects on
a sustainability basis®. Different waste treatment options are available in the current time with different
waste management capacities®. Integrated waste management system is commonly applied method in
many developed countries. This integrated system offers the flexibility of waste treatment option based
on difl;erent waste fraction e.g. construction waste, paper, plastic, glass, organic waste or combustible
waste”.

Life Cycle Assessment (LCA) is an internationally standardized methodology to access the
environment, which is used to evaluate the environmental impact of a product or system within their
whole life cycle including the end of life®. LCA consists of this four major steps: goal and scope definition,
inventory analysis, impact assessment and interpretation’. The broad system perspective makes LCA
a powerful tool for comparison of different options for waste management of a specific product,
a material, or a complex waste flow?. LCA methodology can be widely used for simulation and modelling
of various waste management scenarios to help find an optimal alternative of waste treatment for
a particular construction.

The main objective of this paper is to evaluate the environmental impacts of construction waste
treatment by using LCA SimaPro software based on life cycle methodology. In this study, two different
waste management technologies at the end of life of a wooden shelter, landfilling and incineration, were
analysed considering three LCA scenarios.
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Experimental part
The analysed object

A real wood shelter, located in a private garden of family house in the village Valaliky near Kosice was
selected to the examination. The wood shelter was made only of wood and some steel (for the nails and
metal parts) materials. It was designed as just a very simply shelter, without doors, windows, heating or
lighting.

Waste management scenarios

Three different scenarios were under consideration. As mentioned above, all scenarios included both
waste management options, landfilling and incineration. The scenarios differ from the percentage of the
material treated in landfilling and incineration. The percentage distribution of the waste treated by the
particular technology, based on the traditional approach in the Central European countries’, is presented
in Figure 1.

Landfill Landfill

50 %
\V:‘S(c | “ as‘c
¥ I Incineration _ Incineration

s, | "v(

M 70 % ﬂ 50 %
a) b)

Landfill

777777 - W as\©
l
| W: 'nte
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Figure 1: Percentage distribution of the waste treated by landfilling and incineration:
a) Scenario 1 (WS 1), b) Scenario 2 (WS 2), and Scenario 3 (WS 3)

The first scenario (WS 1) was based on waste management as follows: 30% on landfill and 70% on
incineration. In the second scenario (WS 2), the end-of-life of total waste of the wooden shelter was
divided into equal parts, i.e. 50% landfiling and 50% incineration. The last scenarios (WS 3) as
simulated in the same way as the first one, with percentages being exchanged by percentages of
individual parts of waste management.

Landfill is the term to describe the physical facilities used for the disposal of solid wastes and solid
waste residuals in the surface soils of the earth™. Landfilling is very old but still one of the extensively
used technologies for waste management. Landfill has the option to collect landfill gas and to use as
electricity production or biofuel. Landfill gas is generated directly from the landfill*. Landfill includes the
dump infrastructure, the use of land and the effect of the landfilled waste. Construction wastes that are to
be landfilled are special wastes disposed of in underground deposits or controlled landfills, inert wastes
are disposed of in inert material landfills and non-special wastes are disposed of in landfills or sanitary
landfills*®. In this paper, parts of all the wastes are calculated to be disposed of in a landfill.
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Raw waste can be used as a feed stock in the thermal incineration processll. In this scenario,
incinerable wastes are disposed of at an incineration. This covers the plant infrastructure, the
incineration process, the electricity generated and the disposal of ashes. Electrical energy recovery and
the amount of residual ashes (which are disposed by landfill) are also considered*?.

System boundaries

The study consisted of a from-cradle-to-grave LCA of a real case of wood including all the life cycle
phases and end-of-life management with three different scenarios of waste management. The lifetime
has been estimated at 30 years. Functional unit of the study has also been defined as amount of used
wood and steel wastes in terms of kilograms. The amount of materials needed to build the shelter was
determined on 1500 kg of wood and 450 kg of steel. Three distinct phases: pre-use, use and end-of-life
were included in the LCA model as presented in Figure 2.

4—— Pre-usephase [ ¥ Use phase > *——| Endoflife/ —>
(30 years) Demolition
;. _____________________________ '\'I
____________ 1 .
" ‘ : ‘ N i !
! Raw materials . Transport Transport \
1 .
- 1
i l l :
Shelter material i !
: : Landfill Incineration \
production ! i
1
1
1
!

Building shelter
construction

—

Figure 2: LCA phases and processes included in modelling

The pre-used phase in this study consists of (1) all the processes of the materials” manufacturing (raw
material extraction and processing, transport to the manufacturer, and proper manufacturing including
provision of all materials, products and energy); (2) transport to the building site and (3) construction
process - installation of the materials into the construction, including provision of all materials, products
and energy. The transport in this phase covered the transportation of the finished wood material from the
plant to the building site, Valaliky village (100 km) and steel (50 km).

The use phase of the shelter, within the lifespan of 30 years, included no maintenance, repair,
replacement or refurbishment processes. No operational energy and no operational water were
considered in the use phase, as the shelter was not heated and no lightening or water sources were
installed in.

The end-of-life phase included the demolition processes, transport to waste processing and energy of
the particular processes. Transport of the waste material from the demolition site (Valaliky village) to the
nearest landfill in (V.O.D.S. - EKO a.s., Kosice-Myslava) (represented the distance of 12.8 km) whereas
from to the nearest incineration plant (ZEVO Kosit, Kosice) (represented 7.5 km). Electricity included in
all processes was selected from the database as Medium Voltage, Production SK.
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LCA method

Every stage of LCA methodology was supported by software SimaPro, version 9 **. SimaPro
calculation were based on a commercial inventory, Ecoinvent, which is a validated database containing
more than 2500 processes™.

In this study, the environmental impacts were evaluated using the ReCiPe impact assessment
method™. This method offers calculation of the impacts by using both mid-point and end-point
indicators®. In the present study, both the problem-oriented methods (ReCiPe mid-point) and the
damage oriented method (ReCiPe end-point) were used with application of the hierarchist approach.

Eighteen impact categories were addressed at the midpoint level (Figure 3):

S
climate human terrestrial
change toxicity ecotoxicity
f photochemical .
ozone oxidant marine
. depletion ) formation ecotoxicity
—— ST PR R VR  E—
terrestrial pallllla%l;fte agnlcalllll;riural water
acidification - : depletion
formation occupation
T -
freshwater palgla?;fte urban land r:élgilerl;eacl e
eutrophication - occupation :
formation depletion
marine freshwater natural land fossil fuel
eutrophication ecotoxicity transformation depletion

Figure 3: Mid-point categories used in the study

At the end-point level, most of these mid-point impact categories were further converted and
aggregated into the following three end-point categories:

1) Damage to human health;
2) Damage to ecosystems and
3) Damage to resources availability™.

Results and discussion

In this paper, the environmental impacts of wood (1500 kg) and steel (450 kg) that were used as a
building material for the wooden shelter were evaluated. The results of three waste management
scenarios, calculated by the ReCiPe mid-point and end-point assessment methods, were used to
compare the environmental impacts.

Midpoint categories

By applying the characterisation factors proposed by ReCiPe to the mid-point impact categories, the
results of the following environmental indicators were obtained: climate change (in kg CO, equivalent),
ozone depletion (in kg CFC-11 equivalent), human toxicity (in kg 1,4-dichlorobenzene equivalent),
photochemical oxidant formation (in kg of non-methane volatile organic compound - NMVOC),
particulate matter formation (in kg PM;, equivalent), ionising radiation (in kg U** equivalent), terrestrial
acidification (in kg SO, equivalent), freshwater eutrophication (in kg P equivalent), marine eutrophication
(in kg N equivalent), terrestrial and freshwater ecotoxicity (in kg 1.4 dichlorobenzene equivalent),
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agricultural and urban land occupation (in m?), natural land transformation (in m?), water depletion (in
m°), metal depletion (in kg Fe equivalent) and fossil depletion (in kg oil equivalent).

The calculated results for the individual waste scenarios are compared in Figure 4.

WS 1 WS 2 WS 3
Climate change
Fossil depletion Ozone depletion

Metal depletion Human toxicity

Water depletion Photochemical oxidant..

Natural land transformation Particulate matter formation

Urban land occupation lonising radiation

Agricultural land occupation Terrestrial acidification

Marine ecotoxicity Freshwater eutrophication

Freshwater ecotoxicity Marine eutrophication
Terrestrial ecotoxicity

Figure 4: Comparison of the results of waste management scenarios in the mid-point
categories

As it can be seen, the waste scenario WS 1 (30% landfilling and 70% incineration) was the worst
alternative due to the highest score in all environmental impact categories, except for the climate change
(Figure 4). This finding, regarding the climate change is surprising at first sight. However, considering
that the global warming indicator is considering a 100-year horizon and taking into account the
greenhouse gas emissions of the technologies analysed, this fact could be clarified by the different time
period of releasing the greenhouse gases into the air. The is responsible for a greater immediate impact
on climate change than landfilling in short-term period, since during the incineration process, there are
intensively produced various harmful emissions: carbon dioxide and monoxide, hydrogen fluoride,
sulphur dioxide, volatile organic carbon, dioxins and furans, heavy metals, etc.). On the other hand,
landfilling is a long-term process. The landfill is designed for a longer period and the production of
greenhouse gases is being continually during the whole lifetime of the landfill. In the first 150 years, the
wood in a landfill slowly decomposes forming methane and carbon dioxide. Approximately 20% will not
decompose and remain in the landfill as a stable material. Moreover, the release of 1 kg methane
contributes over 20 times as much to climate change as the release of 1 kg carbon dioxide.

In the scenario 2 (WS 2), the waste on landfilling and incineration was divided into the equal
percentage (50 / 50). Therefore, the impact category of climate change has higher impact WS 2 than in
WS 1, because the total amount of waste has risen by 20%.

The waste scenario 3 (WS 3) with 70% on landfilling process was identified as the worst alternative in
terms of the climate changes. In order to avoid or minimize the environmental impacts, a landfill needs to
be monitored for centuries. However, comparing all other obtained environmental results, the waste
scenario 3 (WS 3) was the best alternative in this study. The significant differences among the scenarios,
up to 55%, were found in photochemical oxidant formation, terrestrial ecotoxicity, and natural land
transformation. However, there is a need to note that these results do not include the energy recovery
from the incineration process consideration of which could change the final results.
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Endpoint categories

The environmental performance of each scenario expressed damage categories are depicted in
Table 1. The results in end-point damage categories achieved approximately the same values for all
three waste management scenarios in human health and ecosystems (Table 1). Based on that, it is
difficult to make a clear conclusion regarding the best and worst alternative because of the results with
minimal differences. Therefore, the conclusion regarding the WS 3 alternative being identified as the
best, cannot be definitely confirmed using the end-point-category results. A more significant difference
among the scenarios was found in resources where the WS 3 reached the best score.

Table 1: The results of waste management scenarios in the end-point categories

Damage category
Waste management Human health [DALLY] | Ecosystems [speciesxyr] Resources [$]
scenario
WS 1 21.4x10” 7.22x10”" 273.66
WS 2 22.4x10” 8.24x10”" 223.72
WS 3 23.4x10” 9.26x10”" 173.15

The results in end-point damage categories achieved approximately the same values for all three
waste management scenarios in human health and ecosystems (Table 1). Based on that, it is difficult to
make a clear conclusion regarding the best and worst alternative because of the results with minimal
differences. Therefore, the conclusion regarding the WS 3 alternative being identified as the best, cannot
be definitely confirmed using the end-point-category results. A more significant difference among the
scenarios was found in resources where the WS 3 reached the best score. The calculated values were
converted to percentages for a better graphic expression (Figure 5).

=@=\\/S 1 ==@=\NS?2 WS 3

Human Health
50

40
30 4

10

Resources Ecosystems

Figure 5: Comparison of the percentage share of waste scenarios in end-point categories

The difference in the obtained findings regarding the mid and end-point approach probably results
from the assignment of the particular mid-point indicators into the end-point ones. For instance, the
human health category includes: climate change, photochemical oxidant formation, human toxicity,
particulate matter formation, ionizing radiation, and ozone depletion. Thus, in the overall value, the most
negative contribution of the WS 1 in climate changes was compensated with the lowest one in ozone
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depletion. Findings revealed, that a mid-point calculation provided more precise impact of the evaluated
waste management scenarios. On the other hand, the landfilling, which is preferable in the mid-point
evaluation, could have more significant overall impacts to the ecosystem and human health in long-term
perspective as shown in end-point approach.

Conclusions

Three different waste management scenarios of the wooden shelter, including landfilling and
incineration, were compared and evaluated by means of LCA. The analysis, focusing on comparison of
a variation of the materials considered on incineration or landfilling, was performed using the
assessment ReCiPe method. The present research showed that environmental results differed in
dependence on the used mid-point or end-point methodology. Based on the more detailed results
originated from the mid-point approach, the waste management scenario with 30% landfilling and 70%
incineration was identified to be the best in terms of the climate changes which are currently one of the
most important topic in environment protection and in sustainable development. Surprisingly, the
scenario with domination of landfilling was found to be the best in all other environmental mid-point
indicators. However, there is a need to note that these results do not include the energy recovery
benefits from the incineration process consideration of which could change the final results.
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Environmentalne dopady dreveného pristreSku: Porovnanie troch scenarov
nakladania s odpadom po skonceni zivotnosti
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Souhrn

Problematika nakladania s odpadmi nie je v oblasti stavebnictva novinkou a v sti¢asnej dobe, kedy je
tzv. obehova ekonomika predmetom Sirokého zaujmu, je nevyhnutné zaoberat sa koncom Zivotnosti
stavieb a konStrukcii vo védzbe na podporu recyklacie alebo zhodnocovania stavebnych odpadov.
Posudzovanie Zivotného cyklu (LCA) je medzinarodne Standardizovana metodika pristupu k Zivotnému
prostrediu, ktora sa pouZiva na hodnotenie vplyvu vyrobku alebo systému na Zivotné prostredie pocas
ich celého Zivotného cyklu vratane poslednej fazy - ukonéenia Zivotnosti.

Hlavnym cielom tejto pripadovej Studie bolo porovnat environmentalne dopady troch rbéznych
scenarov odpadového hospodarstva pre vybranu stavbu - dreveny pristreSok. Pre porovnanie
a hodnotenie environmentalnych dopadov boli vybraté dva spdsoby nakladania s odpadom, ktoré sa na
Slovensku najcastejSie uplatriuju:(1) skladkovanie a (2) spalovanie. Kazdy scenar zahfrial tieto dve ¢asto
pouzivané technoldgie, a rozdiely medzi scenarmi spocivali v percentualnom pomere, akym sa
jednotlivé technolégie podielali na zavere¢nom spracovani pouZitych materialov dreveného pristresku.

Vplyvy na Zivotné prostredie u jednotlivych alternativ, ktoré zahfriali okrem poslednej fazy Zivotného
cyklu aj dopady pocas vyroby materialov a konStrukcie pristreSku, boli hodnotené na zaklade analyzy
Zivotného cyklu LCA softvérom SimaPro. Dopady boli pocitané metédou ReCiPe a vysledky boli
prezentované pomocou tzv. stredovych kategérii dopadov, ako su zmena klimy, poskodzovanie
ozbénovej vrstvy, toxicita pre fudi atd'., ale aj pomocou tzv. koncovych kategorii, ktoré sumarizuju celkové
dopady a poSkodenie v oblastiach ludského zdravia, ekosystémov a vycerpavania zdrojov.

Ziskané environmentalne vysledky sa mierne liSili v zavislosti od pouZitej metodiky. Scenar
nakladania s odpadom s 30% skladkovanim a 70% spalovanim bol identifikovany ako najlepSi
Z hladiska klimatickych zmien. Prekvapujuce bolo zistenie, Ze scenar s dominanciou skladkovania
(70 %) dosahoval najlepsie skére vo vsetkych ostatnych stredovych ukazovateloch Zivotného prostredia.
Treba vSak poznamenat, Ze tieto vysledky nezahffiaju prinosy z energetického zhodnotenia zo
spalovacieho procesu, ktoré by mohli zmenit konecné vysledky. Vysledky stredovych kategérii dopadov
poskytli podrobnejsie hodnotenie dopadov uvaZzovanych scenarov odpadového hospodarstva. Na druhej
strane skladkovanie ma z dlhodobého hladiska vyraznejSie celkové dopady na ekosystém a ludské
zdravie, ako to vyplyva z hodnotenia pomocou tzv. koncovych kategorii.

Kli¢ova slova: odpad, LCA analyza, environmetalne dopady, skladkovanie, spalovanie
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Abstract

The paper discusses the utilisation of a by-product specifically a fly ash sourced from a landfill where
it had been dumped over a period of several years. The fly ash had been produced from a coal burning
power plant in Malta and landfilled in disused quarries in Benghisa. The landfilled fly ash deposit dumped
in the quarries is considered as an environmental hazard. The research addresses the potential use of
the fly ash for recycling in the production of cement based materials particularly repair mortars. The
paper presents the design and testing of repair mortars in which the fly ash is used as a partial
replacement of cement. In order to improve the environmental resistance, the performance of the
material with the addition of a crystalline admixture was assessed. The stabilisation of the fly ash in the
mixture was verified through the assessment of physical-mechanical properties and through
a microscopic examination of the microstructure of the mortar.

Keywords: Fly ash, repair mortars, secondary crystallisation, stabilisation.

Introduction

Fly ash is currently the most common pozzolan used worldwide and it is widely accepted that using it
as an ingredient in cement mortars and concrete provides benefits the properties of the final product.
Improvement in the properties of the interfacial transition zone (ITZ) between particles of aggregate and
the binder matrix can also be attributed to the addition of fly ash [1]. Research shows that fly ash with
a low calcium content (class F according to ASTM) improves ITZ properties even though it is less
reactive than e.g. silica fume [2].

For several years waste in Malta was landfilled in different waste disposal sites without separation.
The landfill sites did not include measures for the collection of leachate and gases emitted from the
waste, as in the case of engineered landfills. Fly ash produced at the coal-burning power plant in Marsa
Malta had been landfilled in quarries at a cliff-edge in Benghisa in Malta. The two quarries at the
Benghisa site, which were managed by Enemalta Corporation, did not have any environmental
protective measures or leachate collection system [3,4]. Coal was last used in the Marsa power station in
1995, when it was modified to run on heavy fuel oil. Fly ash produced by the Marsa power station when
it was still coal-fired and which was dumped on the cliff-edge in Benghisa, had high levels of radioactivity
[4,5,6]. The Benghisa landfill, containing large quantities of fly ash deposit, presents an environmental
hazard. The Marsa Power Plant has since been decommissioned and the Maltese Islands now rely on
the Dellimara natural gas-fired power plant and an interconnector with Sicily, together with renewable
energy sources, for its energy supply.

The environmentally-conscious course of action is to seek a solution that does not limit itself to mere
stabilisation and landfilling, but utilizes the fly ash as a raw material. Civil engineering is one of the areas
where the ash could be used, particularly in concrete as supplementary cementitious material for partial
replacement of the cement [4]. The benefits of using fine fly ash in cement composites are for e.g.
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improved strength, fewer shrinkage cracks, or better sulphate and other chemical resistance [7], as well
as resistance to high temperatures. A marked improvement due to the addition of fly ash to cementitious
mortars was observed in materials exposed to a high temperature of 900 °C [8].

The goal of the research described in this paper was to design repair mortars using the landfilled fly
ash, which was produced at the coal-fired power plant in Malta. In order to deliver the required
properties, the research referred also to the use of one of the emerging technologies for protecting
cement-based composites against aggressive environments known as “secondary crystallization” or
“crystalline technology” [9]. The mixtures also included components which are available in the Republic
of Malta. The research was conducted through collaborative activity between the Brno University of
Technology, Faculty of Civil Engineering and the University of Malta, Faculty for the Built Environment,
addressing the use of secondary raw materials in polymer cement mortar and concrete.

Experiments

The experiment examined the properties of polymer-modified repair mortars containing a crystalline
admixture and varying amounts of fly ash (FA) at an age of 28, 60 and 90 days after casting. The
mixtures contained the following raw materials: Portland cement, fly ash, dolomite sand, polymer
admixture, cellulose ether, and crystalline admixture. The reference mixture is identified as FOX0 and
contained no fly ash nor crystalline admixture.

The other mixtures differed in the amount of FA, which replaced up to 30% of cement. The
composition of the mixtures is presented in the Table 1. The FA used had a high water-absorption and
the mixes were developed with equal workability as the control reference mix, controlled using a flow
table test. All tested mix formulations had a flow table result (diameter) of 130 mm.

Table 1: Composition of the mortars per m®

Raw materials Mixture ID

[kg-m~] FOX0 FOX F10X | F20X | F30X
Cement CEM1525R 601.5 601.5 533.3 473.2 413.0
Fly ash (PFA) 0.0 0.0 60.2 120.3 180.5
Dolomite sand (0 — 2 mm) 1310.3 1310.3 1310.3 | 1300.3 | 1292.3
Water 261.9 261.9 261.9 2714 278.9
Ethylene-vinyl acetate copolymer (EVA) 6.0 6.0 6.0 6.0 6.0
Cellulose ether 5.0 5.0 5.0 5.0 5.0
Crystalline admixture 0.0 8.0 8.0 8.0 8.0
Superplasticiser 15.3 15.3 15.3 15.8 16.3
WI/C ratio 0.4 0.5 0.5 0.6 0.7
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A. Materials and Properties

A.1 Cement

Portland cement CEM | 52.5 N manufactured in Albania was used as the binder; its basic
properties according to EN 196-1, EN 196-3 and EN 169-6 are presented in the Table 2. Cement is not
produced in Malta and is imported from other countries.

Table 2: Basic parameters of the cement CEM | 52.5 N manufactured in Albania

Compressive strength Flexural strength . Initial Final s
Blaine : . Specific
[MPa] [MPa] fineness Steitrtr:gg Steitrtr'lgg gravity
2 -1 3
7 days 28 days 7 days 28 days | [cm“-g~] [min] (min] [kg-m™]
46.9 53.5 7.9 9.1 5109 150 190 3140
A.2 Fly ash

The Benghisa fly ash (FA) used in the research was produced in the Marsa Power Station and
subsequently landfilled in the Benghisa quarries, on the island of Malta. The fly ash was extracted for the
purpose of this research, directly from the quarry at a depth of 1m below the existing soil cover where
the material was observed to be free from soil and any other contaminants. The sample was sealed in
plastic bags and transported to the laboratory where it was oven dried for 24 hours at 105°C and sieved
on a 250um sieve prior to testing. The fly ash thus treated had a specific surface area of 4120 cm?g™
and specific gravity of 2380 kg-m™. Figure 1 shows the particle size distribution and Figures 2 — 4
Scanning Electron Microscopy SEM images of the fly ash after drying and sieving. Particle size
measurement was performed using the laser diffraction method with the MALVERN Mastersizer 2000
instrument. The pre-treated fly ash was measured through the dry method. The particle size analysis
through laser diffraction is based on the principle that larger particles reflect laser beams at a smaller
angle and with greater laser intensity, and smaller particles have a greater reflection angle and lower
reflected beam intensity. The chemical composition determination conducted according to EN ISO
11885, EN 15410: 2011, CSN 72 0105-1 standards [10-12] carried out on the Benghisa fy ash indicates
that the fly ash contains mainly SiO,, Al,O; CaO and Fe,O; (see Table 3). With regard of the
mineralogical composition, the fly ash (FA) is made up primarily of B-quartz, mullite (3 Al,05-2SiO;) and
hematite (Fe,0s).

Table 3: Chemical composition of the Benghisa fly ash [% wt. dry]

Si 02 Al 203 F6203 CaO Mg O Kzo Nazo
42.0 29.3 3.01 6.77 1.31 0.62 0.25
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Figure 1: Fly ash particle size distribution (Laser Diffraction)
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Figure 2: SEM image of the fly  Figure 3: SEM image: detail of Figure 4: SEM image: detail
ash a fly-ash cenosphere of a fly-ash cenosphere

A.3 Dolomite sand

Dolomite sand sourced in Italy was a major component of the polymer-cement mortar developed in
this research. The dolomite sand was first oven dried and then sieved through a 2.0 mm sieve to achieve
the required aggregate portion similar to a standard sand with a granulometry of 0 — 2 mm. Figure 5
shows the particle size distribution of the dolomite sand. The content of fine particles smaller than
300 ym was approximately 25% and the residue consisted of 0.3 — 2.3 mm grains. The dolomite sand
sieve analysis was performed according to the standard EN 933-1:1997 [14].
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Figure 5: Dolomite sand sieve analysis

A.4 Crystalline admixture

The chemical composition (according to EN 1SO 11885, EN 15410: 2011, CSN 72 0105-1 and CSN
72 0117 [10-13]) of the Xypex crystalline admixture produced by Xypex Chemical Corporation is in the
Table 4.

Table 4: Chemical composition of the Xypex crystalline admixture

Chemical composition of CA [% wt.]
Sio, | AlLO; | Fe,05 | CaO | Mgo | S0, | K,0 | Na,o | cr | ©Organic
2 z-3 Z-3 s 2 2 Substances
11.50 | 2.34 1.74 | 45.70 | 0.73 2.05 0.39 6.61 0.03 7.03

A.5 Ethylene and vinylacetate copolymer (EVA)

The EVA copolymer is used to improve the properties of fresh and hardened mortars. Fresh mortars
benefit through a lower water demand while retaining an extended workability. This is due to the surface-
active compounds in the polymer emulsion, which allow cement particles in the mixture to disperse more
easily. In hardened mortars EVA copolymer creates a polymer film that improves adhesion, flexural and
compressive strength, and water absorption by sealing pores and preventing the ingress of moisture.
The research described herein is based on a copolymer named VINNAPAS 4020N, produced by Wacker
Chemie AG.

A.6 Cellulose ether

Cellulose ether extends the workability of fresh cementitious mortars and, by increasing retention
capacity, prevents the fresh mixture from releasing water into the substrate, which helps improve the
final properties of the hardened mortar. The product used here was Culminal manufactured by Ashland.

A.7 Superplasticiser

Superplasticisers have the ability to markedly reduce the amount of water in the mixture without
reducing workability. The superplasticiser used here was MasterGlenium 51 produced by BASF.
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B. Methods

Six sets of mortar prism specimens with dimensions of 40x40x160 mm were prepared. The first set
was stored for 28 days at a temperature of 23 °C and relative humidity of 95% (23 °C+95% RH), the
second set was stored for 60 days at 23 °C+95% RH and the third set was stored for 60 days at
23 °C+95% RH and then placed for 62 days in a solution representing seawater. The concentration of
the solution was 15%, and a fresh solution was prepared every 21 days. At the age of 28, 60 and
90 days the samples were tested for physical-mechanical properties and their microstructure was
examined. The experiments were carried out through the collaboration between Brno University of
Technology and University of Malta. The three-point flexural strength and the compressive strength were
determined in accordance to EN 196-1 [15] and the dry bulk density of hardened mortar was determined
in accordance to EN 1015-6 standard [16]. The study of the microstructure of selected specimens was
conducted in order to gain a better understanding of the strength test results: DTA analysis was
performed using a Mettler Toledo TGA/DSC 1 (heating rate 20 °C per minute; air atmosphere) and
Scanning Electron Microscopy SEM imaging with a TESCAN MIRA3 XMU. Leaching behaviour of the fly
ash and the mortar mixture, where 30% of cement was replaced with the fly ash was tested in
compliance with Decree No. 294/2005 Coll., Annex No. 2, which defines leachability classes according
to the maximum permissible values of indicators; i.e. concentration of pollutants in the eluate (mg-1™),
according to CSN EN 12457-4 standard [17].

Results and discussion

The results of bulk density, compressive and flexural strength tests of the mortars performed after 28,
60 and 90 days are presented in Figures 6 — 8 below.

2100
2080

2060 L I
2040 I I .

2020

2000 m 28 days

1980 m 60days

1960 90 (28+62 days NaCl)
1940

Bulk density [kg:m3]

1920

1900
FOXO0 FOX F10X F20X F30X

Mixture ID

Figure 6: Determination of the bulk density
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Figure 8: Determination of the compressive strength

As the figures above show, the highest values of bulk density, flexural strength, and compressive
strength were reached in the mortar that contained the crystalline admixture and fly ash as a 10%
cement replacement. Mixtures that contained more fly ash required additional water, which influenced
both bulk density and strength.
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Figure 10: DTA record of mixture FOX after 60 days
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Figure 11: DTA record of mixture F30

X after 60 days

Figures 9 — 11 show DTA records of mortars: FOX0 (reference), FOX (no FA but containing CA) and
F30X (containing both FA and CA). All the mortars underwent three basic reactions: decomposition of

C-S-H phase, Ca(OH), and CaCO;. Mass loss content and mass

content are shown in the Table 5. The

presence of portlandite (Ca(OH),) in the sample F30X was confirmed also by X-ray powder diffraction

(XRD) analysis.

Table 5. Results of DTA — mass loss and mass content

Mixture ID O ecomposition (] - Mass content (%]
C-S-H Ca(OH), CaCO; Ca(OH), CaCO,
FOX0 3.09 0.53 26.28 2.31 59.72
FOX 3.17 0.69 21.99 2.85 49.97
F30X 3.39 0.49 28.41 2.01 64.57

The crystalline admixture in combination with fly ash influences the increase in C-S-H phase content.
The mixture containing FA registered an increase in the C-S-H phase and a decrease in Ca(OH),, which
indicates that a pozzolanic reaction took place; i.e. a reaction between amorphous silicon dioxide and
aluminosilicates with calcium hydroxide, producing compounds similar to those formed during Portland
cement hydration. The chemical reaction between a pozzolan and calcium hydroxide results primarily in
the formation of calcium silicate hydrates (C-S-H) which could vary in composition and structure [18].

The pozzolanic reaction can be presented as follows [19]:
x Ca(OH), + vy SiO, + z H,0O — xCa0-ySiO,-zH,O

(1)
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The mixtures were also examined using the Scanning Electron Microscope SEM. Figures 12 — 17
show images of 60-day old mortars. Mortar F30X containing CA and FA showed crystals formed by the
CA. Clearly visible are the fly ash particles undergoing pozzolanic reaction and being integrated into the
cement matrix.

SEM MAG: 5.00kx | Det: SE MIRA3 TESCAN
SEM HV: 20.0 kV 5pm

B o s i -
SEM MAG: 2.00kx | Det: SE MIRA3 TESCAN
SEM HV: 20.0 kV 20 pm

AdMas - FAST VUT Brno AdMas - FAST VUT Brno

Figure 12: SEM image of mixture F30X — Figure 13: SEM image of mixture F30X —
pore detail of the crystalline formed inside of
pores

‘ SEMM’A(‘;:Z.OOKX | Det: SE o MIR;\;TESCAN SEM MAG: 10.0 kx | Det: SE I MIRA3 TESCAN
L SEM HV: 20.0 kV ‘ 20 pm L SEMHV:20.0kV | 2pm
| AdMas - FAST VUT Brno AdMas - FAST VUT Brno
Figure 14: SEM image of mixture F30X — Figure 15: SEM image of mixture F30X -
detail of a fly ash particle undergoing detail of a C-S-H phase being formed

pozzolanic reaction
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Figure 16: SEM image of mixture F30X — Figure 17: SEM image of mixture F30X —
detail of a fly ash particle integrated in the detail of the fly-ash/cement matrix
cement matrix interface

The effect of the chemical composition of the amorphous and crystalline phases of fly ash on the
compressive strength of fly ash cement mortar has been assessed and reported in literature [20]. The fly
ash cement mortars were made by replacing 25% of cement with 16 types of fly ash. It was found that
the chemical parameters have a higher correlation with the 91-day strength than with the 28-day strength
of fly ash cement mortars, as the pozzolanic reaction progressed further after 91 days. The results
obtained in the present research confirmed that the incorporation of Benghisa fly ash in the mortar
positively influenced the compressive strength in the long term. However, the ongoing pozzolanic
reaction was observed after 60 days. It is reported that it is possible to use 20% of optimized fly ash
instead of 10% non-optimized by changing the particle size distributions of fly ash used [21]. The
experiments in the present research confirmed that the mixture with 10% cement replaced with the
Benghisa fly ash (non-optimized) performed best in terms of strength, corresponding with literature [17].
One of the most effective ways to reduce the environmental burden associated with the production of
cementitious materials is to intensify the wider use of supplementary cementitious materials in cement
composition [22].

The leaching behaviour of the fly ash and mortar F30X (containing the highest amount of fly ash; i.e.
30%) was tested in compliance with CSN EN 12457-4, and it was found that no dangerous pollutants
were leached out of either material. Given the measured concentrations and limits defined by the
standard, the material met the requirements for leachability class lla, making it suitable for surface
applications. Table 6 shows the values of pollutant concentrations in the eluate. The amount of each
dissolved compound in the F30X eluate is influenced by the high amount of hardened cement paste.
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Table 6: Values of pollutant concentrations in the eluate

Parameter Bﬁ;%f::a MI':);;[(;J)EG Limit (lla) Unit Verdict
pH value 7.75 12.5 min. 6 - pass
Dissolved organic carbon 23.8 52.0 max. 80 mg-I™* pass
Chlorides 13.2 10.1 max. 1500 mg-I™* pass
Fluorides < 0.200 < 0.400 max. 30 mg-I* pass
Sulphates e.g. SO, % 8.20 7.96 max. 3 000 mg-I™* pass
Dissolved solids after drying (105°C) 122 1800 max. 8 000 mg-I* pass
Hg <0.00100 | <0.00100 | max. 0.2 mg-I™* pass
As < 0.0500 < 0.0500 max. 2.5 mg-I* pass
Ba 0.0704 1.83 max. 30 mg-™ pass
Cd <0.00500 | <0.00500 | max. 0.5 mg-I™* pass
Cr 0.0193 0.0714 max. 7 mg-™ pass
Cu < 0.0100 < 0.0100 max. 10 mg-I™* pass
Mo <0.0200 | <0.0200 max. 3 mg-I* pass
Ni <0.0200 | < 0.0200 max. 4 mg-I™* pass
Pb <0.0500 | < 0.0500 max. 5 mg-I* pass
Sh < 0.0500 < 0.0500 max. 0.5 mg-I™* pass
Se < 0.0250 < 0.0250 max. 0.7 mg-I* pass
Zn 0.0261 0.0402 max. 20 mg-I™ pass

Conclusions

The Benghisa fly ash produced at the Marsa power plant in Malta and sourced from the Benghisa
quarries disposal site was assessed for the potential partial replacement of cement in repair mortars.
Previous studies had demonstrated the potential use of the fly ash as a supplementary cementitious
material, for the production of cement based materials with improved performance [4]. All the mixtures
tested in the present research possessed the required physical-mechanical properties, namely high
compressive and flexural strength. The results show that the mixture with 10% of cement replaced by fly
ash performed best in terms of strength. Incorporating the fly ash in the polymer-cement matrix with the
crystalline admixture solidified the material, as evidenced by the results of tests of leaching behaviour.
The crystalline admixture also improves the resistance of the mortar against the ingress of seawater.
This research and analysis of the results were performed through cooperation between Brno University
of Technology, Faculty of Civil Engineering and the University of Malta, Faculty for the Built
Environment, addressing the recycling and the use of secondary raw materials in polymer cement
mortars and concrete.
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Spravkova malta vyuzivajici vedlejsi produkt a krystalizaéni prisadu
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Souhrn

Clanek se zabyva moznosti vyuziti druhotné suroviny, konkrétné popilku pochéazejiciho ze skladky,
kde byl ukladan po dobu nékolika let. Tento popilek je vedlejsSim produktem uhelné elektrarny na Malté
a k jeho skladkovani byly vyhrazeny nepouzivané lomy v misté Benghisa. Popilek ulozeny v lomech je
povaZovan za nebezpedi pro Zivotni prostfedi. Vyzkum se zaméruje na potencialni vyuZiti popilku za
ucelem vyroby materialti na bazi cementu, a to zejména spravkovych mait.

V Clanku je predstaven navrh a testovani spravkovych malt, ve kterych se popilek pouZiva jako
nahrada cementu. Pro zlepSeni odolnosti vyvinuté spravkové malty vuci povétrnostnim podminkam byl
posuzovan také vliv pfidavku krystalizacni prisady. Stabilizace popilku ve smési byla ovérovana
posouzenim fyzikalné-mechanickych vlastnosti a sledovanim mikrostruktury spravkové malty pomoci
elektronového mikroskopu.

Keywords: Popilek, spravkové malty, sekundarni krystalizace, stabilizace.
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Properties of Czech deposited high temperature fly ash

Adéla POLONSKA®, Kristyna SOKOLOVA®, Rostislav SULC", Martina
SIDLOVA®, Frantisek SKVARA®

4University of Chemistry and Technology, Department of Glass and Ceramics,
Prague, Technicka 5, 166 28, Prague 6 — Dejvice, Czech Republic
e-mail: Adela.Polonska@vscht.cz

°Czech Technical University in Prague, Department of Building Technology,
Zikova 4, 166 36, Prague 6, Czech Republic

Abstract

Fly ash, a by-product of coal combustion in coal-fired power plants, is a valuable raw material used in
construction industry. At present, the combustion technology is gradually declining and the question
arises as to whether it will be possible to use high temperature fly ash from stockpiles in the future. The
aim of this work was to compare the properties of stockpiled high temperature fly ash (agglomerates)
with fresh high temperature fly ash from the power plant Méinik (CZ). Laboratory tests were conducted to
determine chemical and mineralogy composition, loss on ignition, changes in morphology, densities
(particle, freely settled bulk and tapped), fineness, natural moisture content, standard consistency,
setting times, soundness and strength activity index. Agglomerates from the surface layer of the
stockpile Pansky les (CZ) less than four months old had similar chemical properties as fresh high
temperature fly ash. The behavior of agglomerates with cement slurries and mortars achieve the
standard requirements for fly ash for concrete. Therefore, it would be possible to use the stockpiled high
temperature fly ash for the same purposes as the fresh high temperature fly ash.

Keywords: High temperature fly ash, Stockpile, Deposited high temperature fly ash, agglomerates.

Introduction

Many countries use coal-fired power plants as a source of energy and heat. By-products of burning
coal are fly ash, bottom ash and slag. The properties of these by-products depend mainly on the type
and source of coal and type of burning process. The high variability of chemical-mineralogical properties,
grain composition and the content of combustible carbon is the cause of their small use. However, the
volume of these by-products produced all over the world is huge and large amounts are stored in
stockpiles or lagoonst™ 2. In 2016, the European (EU-15) power plants produced totals 40 million tons of
coal combustion products. In the calculation for the European (EU-28) power plants produced totals
more than 105 million tons®™. They are several applications for fly ash (63.8% of total production of coal
combustion products®) based on requirements in standard methods and national legislation (Table 1),
At present, there is a gradual decline in combustion technology and the European Union is interested in
recycling and reuse of stored by-productst™ Z. Is a big question if it will be possible to use these deposit
resources as fresh. Many researchers try to found ways how should deposited fly ash be used
effectively®™®. Deposited fly ashes could be used in construction industry as part of the concrete**™*,
for road base course construction®, controlled low strength material™, lime-soil stabilization*® and as
part of the bricks™ .,

This work compare properties of deposited high temperature fly ash (agglomerates) with fresh high
temperature fly ash from power plant Mélnik (CEZ production facilities, Czech Republic). Power plant
Mélnik consists of three technological units built up gradually in the 1960s and 1970s as a complex of
condensing power plants burning brown coal from North and West Bohemia mines. Only 10 — 15% of
produced high temperature fly ash is sold. The remaining 80-90% of the high temperature fly ash is
stored in the nearby stockpile Pansky les™” (CEZ production facilities, Czech Republic). Our goal was to
find out if we have a valuable raw material for use in the construction industry from the stockpile Pansky les.
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Table 1: Standards CSN EN 450-1 specifications!®.

Property Limits

loss on ignition category A < 5.0%; category B < 7.0%; category C <9.0%
chloride CI" content <0.10%

sulphate content < 3.0%

free CaO <1.5%

active CaO <10.0%

active SiO, =2 25.0%

total SiO,, Al,O5; and Fe,O3; content | = 70.0%

total alkali content <5.0%

MgO <4.0%

activity index 2 75.0% for 28 days, = 85.0% for 90 days
soundness <10 mm

particle density + 200 kg/m?®

initial setting time < 200% of reference cement

Experimental
Materials

We used tree fly ashes from the power plant Mélnik (Czech Republic). One of them was freshly
produced high temperature fly ash. The other two were agglomerates collected from the surface layer of
the stockpile Pansky les (Czech Republic), which were stored for four months or one day before
sampling. The agglomerate is a mixture of freshly produced high temperature fly ash, Elbe water and
a small fraction of slag. The compared freshly produced high temperature fly ash was not prepared as
an agglomerate. Portland cement CEM | 42.5 R (Mokra, Czech Republic)™® was used as a reference
cement.

Methods

The chemical composition of fresh and stockpiled fly ashes were determined by X-ray fluorescence
(XRF). A spectrometer ARL 9400 XP (Thermo ARL, Switzerland) was used for oxide analysis using
software Uniquant 4. The mineral phases of fresh and stockpiled fly ashes were determined by X-ray
diffraction (XRD). XRD data were collected using a PANanalytical X'Pert3 Powder diffractometer
(PANanalytical, Holland) with parafocusing Bragg-Brentano geometry using Cu Ka radiation. An ultrafast
PIXCEL detector was used to collect XRD data at an angular range of 5 to 90° (20) with a step size of
0.013° 26 and a 180 s/step counting time. The definite amount of ZnO was used as an internal standard
for the determination of amorphous content by the Rietveld method. The data were evaluated using the
HighScore Plus V4.6 software package with the PDF4+ database. A representative sample (about
100 g) of material was taken for both X-ray measurement. The samples were subsequently
homogenized in a laboratory vibration mill BVM — 2 (BRIO Hranice, s. r. 0., Czech Republic).

The standard CSN 72 0103™ method was used to measure the loss on ignition, which was
determined as constant weight loss at 1 100 °C.

The fly ashes morphology were studied using a scanning electron microscope EVO LS 10 (Zeiss,
Germany). A laser-light scattering analyser Mastersizer 2000 MU (Malvern Instruments Ltd., UK) was
used to determine the particle size distribution dispersed in isopropyl alcohol.

The standard CSN 72 2071" method was used for the determination of particle density, freely settled
bulk density, tapped density, fineness and natural moisture content in fly ashes. The particle density was
based on the determination of the specific gravity of the samples by the pycnometric method. The freely
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settled bulk density was determined by pouring the material into a container with defined volume. Then,
after tapping the container, the tapped density of the material was determined. The fineness was
determined by the air permeability method, the Blaine method, which is measured as a specific surface.
The natural moisture content was determined as constant weight loss during drying at 110 °C.

The standard CSN EN 196-3® method was used for the determination of standard consistency,
setting times and soundness of slurries. For the individual tests, different compositions of mixtures are
specified according to the requirements of the standards'® ® %!, The standard consistency and setting
times were measured for slurries containing 25% of dry fly ash and 7 5% of reference cement. Both
methods were tested immediately after mixing with a manual Vicat Apparatus — the plunger was used to
measure standard consistency and the initial set needle with the final setting needle to determine the
setting times. The soundness was measure for slurries containing 30% of dry fly ash and 70% of
reference cement’® according to the Le Chatelier method. The strength activity index was determined by
measuring the compressive strength of mortars at ages of 28 and 90 days* ® 2. The mortars were
prepared according to the standards CSN 72 2071" and CSN EN 196-1" by mixing powders (25% dry
fly ash, 75% cement) and silica sand with continuing grainsize * with binder-to-sand weight ratio 1 : 3
and water-to-binder ratio of 0.5%Y. Immediately after mixing were prepared specimen in size of
40%40x160 mm. The moulds were vibrated for 2 min. Mortars solidified and stored in a humidity
chamber at 95% relative air humidity and 20 + 2 °C. The compressive strength of mortars was
determined on a compression-testing machine Werkstoffprifmaschinen 267/56/17 (Leipzig GmbH,
Germany) on a nominal area 40x40 mm.

Results and discussion

Characterization of fly ashes

Agglomerates from the surface layer of the stockpile less than four months old were a similar
chemical composition as fresh high temperature fly ash (Table 2). All requirements for the chemical
composition of fly ash have been achieved (Table 1)\ The differences between the oxide composition
of the agglomerates and the fresh fly ash were negligible. The slag has a similar oxide composition to
that of fly ash. Thus, the chemical differences were not detectable by XRF. The presence of slag in
agglomerates shows the results from XRD. Cristobalite, a high-temperature form of silica, that does not
commonly occurred in fly ash. In addition, the other mineral phases of the agglomerates from the surface
layer of the stockpile were unchanged compared to the fresh high temperature fly ash (Table 3). All
ashes were classified as category A by loss on ignition (Table 2), the mass loss were below 5.0%.

Table 2: Selected results from XRF converted to oxides and loss on ignition of the high
temperature fly ashes.

Fly ash | AlLO; | SiO, | Fe,05 | Ca0 | Tio, | SOs | K0 | Na,O | Mgo igh?tisosno['; "
fresh 345 | 475 | 76 | 19 | 31 | 05 | 12 | 05 | 10 1.5+ 0.0
1 day 345 | 471 ] 75 | 18 | 28 | 06 | 1.2 | 04 | 09 25+04
4months | 353 | 476 | 70 | 1.6 | 33 | 03 | 11 | 04 | 09 1.9+ 0.2

Table 3: Results from XRD of the high temperature fly ashes. The symbol x indicates that the
mineral phase has not been detected.

Fly Ash | Amorphous | Mullite | Quartz | Cristobalite | Magnetite | Anatase | Rutile | Hematite
fresh 53.7 34.6 6.9 x 2.1 0.6 0.8 1.3
1 day 54.7 34.8 5.6 0.9 1.8 0.5 0.5 11
4 months 53.2 37.3 5.3 0.8 1.6 0.4 0.5 0.9
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The four months storage of agglomerates does not change the morphology of the fly ash particles.
Changes in surface morphology between fresh and deposited fly ash have been studied by Mahlaba
etal” and Eze et al.'l. They reported that changes occurred by leaching or by the presence of
secondary mineral phases. In our case, the chemical composition and the mineral phases of the
stockpiled fly ash did not change during storage, so that the typical rounded shapes, cenospheres, can
be seen in all three images (Figure 1). The fly ashes are mainly made up of spherical particles such as
cenospheres, plerospheres and spheroids!" ® 2. These spherical particles were sintered from the melted
mineral constituents of coal. Small irregular shapes were unsintered parts of coal. Larger irregular
porous shapes in agglomerates images were slag particles (Figure 1b — 1c).

@) (b) (c)

Figure 1: SEM images of (a) the fresh high temperature fly ash, (b) 1 day and (¢) 4 months
stockpiled high temperature fly ash in form of agglomerate.

Three different types of densities were measured. The particle densities of the agglomerates
measured by the pycnometers were only 1.5% lower than the fresh high temperature fly ash. The freely
settled bulk densities of the agglomerates were slightly higher than 1 000 kg/m?®, which was 19.5% higher
than the fresh high temperature fly ash. After mechanically tapping of the container containing the
powder sample, the tapped density increased by 14% for aggregates and 17% for fresh high
temperature fly ash (Table 4). The results of all three densities suggest that the fresh high temperature
fly ash is slightly finer than the agglomerates. As expected, the presence of slag in the agglomerate
increased the densities®. The specific surface of the fresh high temperature fly ash was 268 m%kg,
which were 24 or 32 m?/kg higher than the agglomerates 1 day or 4 months on stockpile. This is in
agreement with the densities and particle size. The agglomerate particles were larger than the fresh high
temperature fly ash (Table 4, Figure 2). Similar conclusions came from other authors®® ™ % 1622 The
agglomerates were 3.3 times higher natural moisture than the fresh high temperature fly ash (Table 4).
Both, the particles size and natural moisture content, were influenced by the addition of slag and water to
the high temperature fly ash. The agglomerates from the surface layer of the stockpile less than four
months old had similar input properties to the fresh high temperature fly ash.

Table 4: Result from densities, specific surface, moisture and ds, of the high temperature fly ashes.

Parti<_:|e Bulk density Tapp_ed Specific Moisture Dso
Fly ash density 3 density surface 0 [um]
[kg/m’] kg/ml [kg/m’] [m?kg] (%]
fresh 2156+ 7 860 + 2 10023 268 + 2 6.0+ 0.1 39
1 day 21317 1020+ 2 115112 244 + 2 20.5+0.2 58
4 months 21314 1035+3 1194 +1 236 + 2 19.2+1.0 70
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Figure 2: Particle size distribution of the fresh high temperature fly ash (full line), 1 day
(dashed line) and 4 months (dotted line) stockpiled high temperature fly ash in form of
agglomerate.

Physical properties

For the standard consistency, where 25% of the cement was replaced by the high temperature fly
ashes!®, the high temperature fly ashes required less water than agglomerated ones with stockpile time
(Table 5). This can be due to the preparation of fly ash for stockpile and due to the effects of weathering
during storage. The agglomerates have higher natural moisture than the fresh high temperature fly ash
(Table 4). The soundness, where 30% of the cement was replaced by the high temperature fly ash!®,
was worse with the stockpile time (Table 5) but still below the standard limit of 10 mm[®.

Table 5: Standard consistency, soundness and the initial setting time of slurries where part of
the cement was replaced by the high temperature fly ashes.

standard soundness initial setting time
slurry . :
consistency, w/b [mm] [min]
CEM1425R 0.30 0.05 170
CEM | + fresh fly ash 0.30 0.37 220
CEM | + 1 day old fly ash 0.29 0.67 210
CEM | + 4 months old fly ash 0.28 0.85 220
40
distance 3 - :'-"1'-* -
from gl fresh ash
the 20 f J_.r—-' - - -1day
ground 10 ,.-'J;‘? """""" 4 months
[mm] o
[ CEMI425R
150 250 350 450
time [min]

Figure 3: The setting times of slurries where 25% of the cement was replaced by the high
temperature fly ashes — fresh (black full line), 1 day (dashed line) and 4 months (dotted line)
stockpiled high temperature fly ash in form of agglomerate and the reference cement CEM |
42.5 R (grey full line).
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The setting times of all three mixtures, where 25% of the cement was replaced by the high
temperature fly ashes™!, were satisfactory (Table 5, Figure 3). The addition of the fly ashes prolong the
initial setting times. The storage time does not play a significant role in the development of setting and
hardening. An important parameter is the fineness of fly ash®?®. The initial setting times of the high
temperature fly ashes were only about 130% of the reference cement. All setting times achieved the
standard requirement that is no more than twice as long as for the reference cement.

The addition of the high temperature fly ash reduced the strength of the reference cement, where
25% of the cement was replaced by the high temperature fly ashes!® (Table 6). The reduction was higher
with stockpile time but the strength activity index of the hardened mortars were still sufficient™.

Table 6: Strengths and the strength activity index of hardened mortars where 25% of the
cement was replaced by the high temperature fly ashes.

28 days 90 days
Mortar compressive strength compressive strength
strength [MPa] | activity index | strength [MPa] | activity index

[%] [%]
CEM1425R 55.38 £ 1.79 100 60.50 + 0.67 100
CEM | + fresh fly ash 46.88 £ 0.22 85 55.00 £ 0.88 91
CEM | + 1 day old fly ash 4556 + 0.18 82 54.04 £ 0.31 89
CEM | + 4 months old fly ash 4512+ 0.11 81 53.54 + 0.33 88

Conclusions

Less than four months old agglomerates from the stockpile Pansky les had similar properties to the
fresh high temperature fly ash. All measured properties of the agglomeretes achieved the standard
requirements for the building industry purposes. Most of the difference was caused by preparation of the
fly ash for storage. Thus, it would be possible to use the stockpiled agglomerates from the surface layers
for the same purposes as the freshly produced high temperature fly ash.

This work serves as the basis for the subsequent study of the agglomerates from deeper layers of the
stockpile Pansky les.
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Vlastnosti ceskych deponovanych vysokoteplotnich popilki
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®Ceské vysoké uceni technické v Praze, Fakulta stavebni, Zikova 4, 166 36, Praha 6
Souhrn

Popilky, vedlejsi produkty ziskavani energie ze spalovani uhli, jsou cennou surovinou pouZivanou ve
stavebnictvi. V souCasné dobé dochazi k postupnému ustupu technologie spalovani a vznika otazka,
zda bude mozné v budoucnosti vyuZit drive uloZzené vysokoteplotni popilky z elektrarenskych deponii.
Cilem prace bylo porovnat viastnosti uloZzenych vysokoteplotnich popilki (aglomerat() s Cerstvym
vysokoteplotnim popilkem z elektrarny Méilnik (CZ). Laboratorni testy byly provedeny za uéelem
stanoveni chemického a mineralogického slozeni, ztraty zihanim, zmén v morfologii, hustot (mérné,
volné sypané a setfesné), jemnosti, pfirozeného obsahu vihkosti, standardni konzistence, doby tuhnuti
a indexu ucinnosti.

Zjistili jsme, Ze aglomeraty z povrchové vrstvy slozisté Pansky les (CZ) mladSi nez 4 mésice mély
podobné chemické slozeni jako Cerstvy vysokoteplotni popilek. Chovani aglomerati v cementovych
kaSich a maltach splriuje standardni poZadavky na popilek pro betony. Proto by bylo mozné uloZené
popilky z tohoto slozisté pouzivat ke stejnym uceliim jako Cerstvé popilky.

Kli¢ova slova: vysokoteplotni popilek, slozisté, ulozeny vysokoteplotni popilek, aglomerat
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Abstract

Czech coal ashes and their hydrated products were characterized primary by X-ray diffraction
analysis (XRD), followed by X-ray fluorescence analysis (XRF) and scanning electron microscopy
(SEM). The aim of this paper was to determine the phase composition including an amorphous content
in the selected pulverized coal combustion ashes (PCC FA), sulfocalcic ashes (SC ash, CFBC ash) and
in hardened SC ash slurries. Amorphous phase was determined by the internal standard method using
XRD. The phase composition of the slurries and its changes occurring during the time-dependent
hydration were studied within 90 days. The results showed different phase composition of both types of
ashes. It was found that the selected PCC ashes had about 55% of amorphous content and the
SC ashes from 47 to 65%. The phase changes could be observed during the first 7 days of hydration by
XRD analysis, then the phase composition remained practically constant until the observed 90 days. For
the hydrated slurries, the amorphous content was time independent and ranged from 57 — 64%.
Furthermore, it was found that the amount of ettringite and the amount of amorphous phase is affected
by the amount of water; the higher the water to binder ration, the higher amount of the ettringite and the
lower amount of the amorphous phase, respectively.

Keywords: Coal combustion products, FBC ash, PCC fly ash, amorphous phase, XRD analysis,
internal standard.

Introduction

Complete recycling of waste and its reuse is a big goal of the European Union nowadays. Great
attention is paid to high-volume waste, including coal combustion products (CCPs) from coal power
plants. The amount of the fly ash, bottom ash and slag represents a major environmental issue. It was
estimated that the amount of produced CCPs was more than 105 million tons in Europe in the year 2012
(28 EU Member States)'. This large amount of CCPs is mostly deposited in the landfills, which results in
considerable land occupation and other problems. PCC FA from high-temperature combustion can be
used as a secondary raw material in cement pastes, mortars or concrete, which reduces the emission of
CO,. The use of SC ash from fluidized bed combustion is still questionable because of the high lime and
calcium sulphate content®®. SC ash has not been used yet in a wider range and mostly it is being
deposited in the landfills. The phase composition of ashes firstly depends on the mineral matter in coal
and on the type of coal combustion. The mineralogical composition of ashes is very diverse; the most
important minerals are listed in Table 1. Czech brown coal contains mainly clay minerals followed by
carbonate minerals and sulfide minerals®.

Two types of the combustion process are the most widespread in the Czech power plants. The first
type is pulverized-coal combustion (PCC) usually ranging between 1100 - 1700°C. The second, newer
type of coal combustion is fluidized bed combustion (FBC) using much lower temperatures around
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850°C. Due to the EU's requirements for reducing SO, and NOy, desulphurization and denitrification
processes play an important role in the ash phase composition. Desulfurization of coal flue gases in FBC
boilers may take place directly in boilers in contrast to PCC process. An additive - the most commonly
finely ground limestone, reacts with SO, to form anhydride All in FBC boilers. The composition of PCC
ash and SC ash is given in Table 1%,

Table 1. Main components of mineral matter from Czech coal mines (left); phase composition of

fly ashes (right).

Group Mineral Formula SC (FBC) ash PCC ash
kaolinite Al;03.2Si0,. Amorphous silicate | Amorphous vitrious
2H,0 and alumosilicate Si-Al phase
illi K20.2A1,0s. Anhydrite All — CaSO mullite
lite 6Si0,.2H,0 y “
Clay ALO-.2Si0 Crystalline silicates Crystalline silicates
minerals halloysite 2 43;_'|20 2 and alumosilicates and alumosilicates
(Na,Ca)(Mg,Al) Quartz Quartz, cristobalite
montmorilonite [(OH),Si,040], Iron minerals Iron minerals
11H,0 (magnetite, hematite) | (magnetite, hematite)
calcite CaCOs Titanium minerals Titanium minerals
dolomite (Ca, Mg)(COs), (TiO, - rutile, anatas) | (TiO, - rutile, anatas)
Carbonate —
minerals siderite FeCOs Calcium compounds: | Calcium compounds:
CaO Carbonates (CaCO; -
ankerite Ca, Mg, Fe, Mn o (t 2 3
(CO3) Carbonates (CaCO; - calcite, vaterite)
minerals pyrrhotine FesSe-Fe1sS 17 Ca(OH), - portlandite CaSO0;, - anhydrite,
basanite, gypsum
gypsum CaS0,.2H,0 : -
Accessory minerals: Accessory minerals:
minerals NSO ericles — MgO, pyrit, ettringit, etc.
90, ettringite, hanebacit,
FeS0O,.7H,0O thaumazite, etc.
quartz SiO,
Oxide hematite Fe,O;
minerals magnetite FesO,
rutile, anatase TiO,
chloride NacCl, KCI
Others X
orthoclase K, Al, SizOg

The composition of an amorphous phase is different for both types of coal combustion ashes. Heating
kaolinite clay minerals (Al,Os 2SiO,- 2H,0), dehydroxylation occurs above a temperature of 500 °C to
produce metakaolinite (Al,O3- 2SiO,), which is the major part of the amorphous content in SC ashes.
Additional heating of metakaolinite above 1000 °C leads to the formation of mullite. This crystalline phase
occurs in PCC ash. The main part of the amorphous content in PCC ash is a vitreous Si-Al phase®.

Several authors deal with the hydration of SC ashes containing free lime and anhydrite AlI'***2,
These ashes have self-cementitious properties that means they harden with the water addition. Sheng et
al.'® showed, the cementing SC process was based on three main reactions: (1) generation of Ca(OH),
from lime, (2) generation of AFt phase - ettringite and (3) generation of amorphous CSH phase. The
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hydration process was studied for 7 days and a gypsum was found as a crystallization product obviously
after 24 h along with ettringite. Ettringite appears after 12 h of hydration and gradually increases due to
the reaction of Ca(OH),, anhydrite and active alumina. In addition Skvara et al.’ showed, the presence of
modified ettringite as well as an amorphouse CASH phase in which Al is incorporated in to the structure
in comparison to CSH phase. Chen et al.*? studied the development of hydration products of the
mixtures consisted of OPC and SC ash within 180 days and they found ettringite and gypsum as the
main crystalline hydration products.

In terms of qualitative and quantitative analysis of coal ashes, there are many methods for their
characterization. The most important methods are X-ray fluorescence analysis (XRF) and X-ray
diffraction analysis (XRD). Quantitative XRD analysis along with amorphous phase determination is
usually performed by the internal standard method. This method has been used by many authors for the
quantitative determination of PCC ashes'*®. Rutile (TiO,), ZnO, ALO; and CaF, are the most
commonly used standards. Homogenizing medium is ethanol or isopropanol.

The aim of this paper was to select a suitable standard for XRD analysis of the Czech brown coal
ashes and their hardened slurries and to determine an amorphous and crystalline content in PCC and
SC ashes. In addition, the crystalline and amorphous phases occurring during the hydration process
were studied and quantified.

Experimental part

Czech coal ashes from pulverized coal combustion (PCC ash) and fluidized bed coal combustion (SC
ash) were studied in this work. Ashes were characterized primarily by XRD, followed by XRF and SEM.

SC and PCC ashes

Elemental composition of PCC ashes from a locality 1 and 2 and SC ashes from a locality 3, 4, 5
and 6 calculated as oxides were determined by XRF analysis. Table 2 shows the composition of ashes
from these six locations in the Czech Republic. The ashes were always taken as fresh samples from the
coal power plant except the ash PCC ash 1S. This ash was taken from the ash landfill from a depth of
3 — 5 m from the locality 1. In addition, there is an elemental composition of the SC ash 3 for 4 different
sampling times; year 2017 (3A), 2018 (3B, 3C) and 2019 (3D).

Table 2: Composition of ashes by XRF analysis.

S|02 A|203 CaO SOg F6203 T|02 Na20+K20 Others LOI*

PCC ash 1 47.5 34.5 1.9 0.5 7.6 3.1 1.7 1.7 15
PCC ash 2 43.1 34.9 1.8 0.0 5.1 9.2 1.1 2.4 2.6
PCCash 1S | 49.6 33.8 1.8 0.0 7.2 2.2 1.7 1.9 1.8

S|02 A|203 CaO SO3 Fe203 T|02 Na,O+K,0O Others LOI*

SC ash 3 354 27.2 17.2 6.3 4.5 2.3 1.3 0.2 5.6
SC ash 4 28.2 22.9 20.0 8.5 6.7 4.2 1.2 1.2 7.3
SCash 5 38.9 27.3 10.3 6.2 3.4 1.7 1.1 1.1 10
SC ash 6 38.0 19.7 15.7 8.3 4.5 0.8 3.8 1.3 8

S|Oz A|203 CaO SOg F6203 T|02 Nago+K20 Others LOI*

SC ash 3A 354 27.2 17.2 6.3 4.5 2.3 1.3 0.2 5.6
SC ash 3B 32.9 25.9 18.8 8.3 4.4 2.4 0.7 1.1 5.5
SC ash 3C 33.7 25.0 18.8 7.6 5.7 2.0 0.8 1.2 52
SC ash 3D 32.6 24.8 20.4 8.0 4.8 2.3 0.7 1.1 5.3

*L Ol according to CSN 72 0103
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All ashes were mechanically treated to obtain the similar granulometry curves, d50 for the ashes was
in the interval d50 = 11 — 21 um.

The ashes for XRD phase analysis were weighted and mixed with standard (ZnO, 7.5 mass %). The
mixture was homogenized using isopropanol in an agate mortar for 10 min. Three diffractograms were
evaluated for each sample and the average phase values for a given location and time are presented
below.

The diffraction patterns were collected at room temperature with an X'Pert> Powder 8-8 powder
diffractometer with parafocusing Bragg-Brentano geometry using Cu Ka radiation (A = 1.5418 A, Ni filter,
generator setting: 40 kV, 30 mA). An ultrafast PIXCEL detector was employed to collect XRD data over
the angular range from 5 to 90° (20) with a step size of 0.013° 26 and a counting time of 180 s/step. The
fixed divergence slit was used for the measurement. The back loading technique was used to eliminate
preferred orientation.

The data were evaluated with software package HighScore Plus V4.6 (PANalytical, Almelo,
Netherlands) and search-match performed in PDF4+ database containing 365.877 experimental and
calculated cards. The qualitative and quantitative phase analyses were done. The Rietveld method was
used to calculate mass content for present crystalline phases and amorphous phase.

ARL 9400 XP sequential WD-XRF spectrometer was used to perform XRF analysis. All peak intensity
data were collected by software WinXRF in vacuum. The generator settings-collimator-crystal-detector
combinations were optimized for all 82 measured elements with analysis time of 6s per element. The
obtained data were evaluated by standardless software Uniquant 4. The analysed powders were
pressed into pellets about 5mm thick and diameter of 40 mm and covered with 4 um supporting
polypropylene (PP) film. The time of measurement was about 15 min.

The morphology of powdered ashes and hydrated products (fracture surface) were studied using the
SEM analysis with the aid of the scanning electron microscope Hitachi S 4700.

Hydrated slurries from SC ash

Four ash slurries were prepared from the SC ash 3A, Table 3. The slurry | contained only SC ash and
water with water to binder ratio 0.4. The slurry Il, lll and IV contained, in addition, a superplasticizer (SP)
based on polycarboxylates, with the water to binder ratio 0.4, 0.3 and 0.36 respectively. The slurries
were prepared in a standard mixer. After mixing, the slurries were immediately filled into 2 x 2 cm metal
molds. Subsequently, these molds were placed into the BS VLH-203 Concrete System humidity
chamber at the relative air humidity (RH) of 95% and 20 = 2 °C. The slurries were unmolded after
24 hours, the samples were then placed back into the humidity chamber.

Table 3: Composition of slurries I, Il, lll and IV, SP - superplasticizer.
w SC ash 3A SP
Slurry | 0.40 X
Slurry Il 0.40 X X
Slurry 1l 0.30 X X
Slurry IV 0.36 X X

At precisely given intervals (1, 2, 3, 7, 14, 28, 56 and 90 days), XRD measurements were performed.
The preparation and measurement of the slurries using XRD was similar to that of ash analysis.
However, the slurries had to be crushed first, and then hydration was stopped with acetone. After the
evaporation of acetone, the specimens were air dried at a temperature of 40 °C.

Patronem tohoto ¢isla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020, 24. - 26. 3. 2020, Hustopece - www.tvip.cz
WASTE FORUM 2019, &islo 3, strana 2 79



Martina SIDLOVA, Jaroslav MAIXNER, Frantisek SKVARA, Martina KOHOUTKOVA, Jana CIBULKOVA, Adéla
POLONSKA' Characterization of Czech coal combustion ashes and their hydrated products

Results and discussion
Standard for XRD analysis

Zinc oxide (ZnO), rutile (TiO,) and CaF, were considered as possible standards for XRD analysis.
The most important criteria for the suitability of a standard are as follows:

* The standard must be fully crystalline or the amount of amorphous phase must be specified.

*  The standard must not be present in the sample.

* The size and shape of the standard particles must be well defined, ideally spherical particles
having the size comparable to the particles of the measured sample.

* The diffraction peaks of the standard must not overlap with those of phases present in the
sample.

Figure 1 shows SEM images of the considered standards. The particles morphology of the individual
standards does not differ significantly. Standards do not have a strictly spherical shape, but neither of
them has a tabular or rod-like character of the particles. Concerning particle size, the smallest are TiO,
particles, the largest are ZnO particles. In terms of the morphology, ZnO standard was chosen as the
most suitable as the size of its particles is comparable to the particles of the analyzed ashes.

y ?
T sV
o
alla. @
e
S4700 15.0kV 15.4mm x3.00k SE(M)

Figure 1. SEM images of standards for XRD analysis: ZnO (a), TiO; (b), CaF; (c).
The XRF analysis showed that some of the ashes contain TiO,. The XRD analysis showed the

possibility of TiO, presence in rutile modification. Therefore, rutile is not a suitable standard for XRD
analysis for the Czech ashes.
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Figure 2: Comparison of diffraction lines for standards ZnO (Z) and CaF, (C) with powder patterns
for the PCC fly ash, SC ash and the hardened slurry.
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Figure 2 shows diffraction lines for ZnO and CaF, standards and powder patterns for PCC fly ash 1,
SC ash 3A and the hardened slurry prepared from SC ash 3A (the slurry |, 7 days hydration). It is clearly
seen that the diffraction lines for both standards have got negligible overlaps with ash lines and therefore
ZnO and CaF, are suitable as internal standards. This conclusion is in a good agreement with the
literature data. The powder patterns of hardened slurries have more diffraction lines (contain more
crystalline phases) compared to ashes and the overlaps among the slurry and standard lines become
more serious. ZnO as a standard seems to be more suitable than CaF, because of a higher number of
non-overlaped diffraction lines.

SC and PCC ashes

Phase composition of ashes was determined by XRD including three measurements for each sample
at a given location at the same time. The phase composition of ashes for each location did not change
significantly. In addition, for the SC ash 3, the composition was also monitored within the time of 2 years
(SC ash 3A, 3B, 3C, 3D). The Rietveld method was used to quantify crystalline phases and an
amorphous content. The results are presented in Table 4.

Table 4. Composition of ashes by XRD quantitative phase analysis (wt. %) of selected PCC and
SC ashes, *the phase is below 1%.

Amorph. | mullit SiO, Fe,Os Fes0, anatas rutil Rw
PCCash 1 55 33 7 * * 2.1
PCC ash 2 56 26 12 2 * 4.0
PCC ash 1S 56 34 8 * * 2.6

Amorph.| SiO, |Anhydrite| CaO |Ca(OH),| CaCO; | Fe,O; | Fe;O, | anatas | Rw
SC ash 3 57 8 11 7 * 4 * * * 3.4
SCash 4 48 8 17 6 9 * 2 3 3 3.1
SC ash 5 65 11 13 3 2 * * * * 3.6
SC ash 6 47 22 12 3 * 0 * * 0 5.0

Amorph.| SiO2 |Anhydrite| CaO |Ca(OH),| CaCO; | Fe,O3 | Fe;0O4 | anatas | Rw
SC ash 3A 57 8 11 7 4 * * * 3.4
SC ash 3B 53 8 15 5 6 * * * * 3.3
SC ash 3C 54 8 14 6 5 * * * * 3.6
SC ash 3D 53 8 14 6 6 * * * * 3.5

Mullite and quartz are the main crystalline phases, while hematite, magnetite, anatas and rutile are
the minor phases in PCC fly ashes. Anhydrite, quartz and lime are the main crystalline phases, while
portlandite, calcite, hematite, magnetite and anatase are the minor phases in SC ashes. Phases such as
muscovite, gehlenite, illite or anortite were also presented in some ash samples. Amorphous content
calculated by Rietveld method was about 55% for the PCC fly ashes and in the range of 47 — 65% for
the selected SC ashes. The SC ash 3A shows a higher content of calcite, which was likely caused by the
reaction of portlandite with air CO,. This was probably caused by poor sealing of the container during the
sample collection. The weighted agreement indice-R,,, was used to judge the quality of a Rietveld
refinement and its value was lower than 4% for all evaluated samples.

Figure 3 shows SEM images of PCC and SC ashes. The morphology of both ashes is very different.
PCC ash contains mostly spherical glassy particles whereas SC ash has the original coal morphology.
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Figure 3: SEM images of PCC fly ash 1 (left) and SC ash 3A (right).

Hydrated slurries from SC ash

SC ash 3A was used to prepare hardened slurries. Four slurries |, 1l, 1ll and IV were prepared and
crystallization kinetics of individual phases during hydration process was studied. Graphs on Figure 4
show changes of selected phases of the hardened slurries [, Il, and Ill in time determined by the XRD

analysis. The quantitative analysis was performed by the Rietveld method.

The content of ettringite (CasAl,(SO.)s(OH)1,- 26H,0) increases with hydration time and between 3™
and 7" day stops at a constant value of 29(1)% in the slurry |, of 28(1)% in the slurry Il, resp. 23(1)% in
the slurry Ill. Simultaneously, the content of anhydrite decreases between 3™ and 7™ day of hydration
and finally anhydrite completely disappears in the sample |, resp. stops at a constant value of 1(0.5)% in
the sample Il and lll. The content of portlandite decreases with time and after 14 days portlandite was
not identified in the hardened slurry | and Il and stops below 1% in the hardened slurry Ill. Quartz,
hematite, magnetite and anatase do not participate in the hydration process. The content of the last
three phases in hardened slurries is about 1%. The amount of quartz is about 6(1)% for all slurries and
reminds practically unchanged. The content of CaCO3; keeps unchanged in the range 4 — 5%. The
amorphous content does not show changes at the time interval of 1 - 90 days and is about 57 — 60% for
the slurries | and Il, and 61 — 64% for the slurry lll. There is no evident time dependence of an
amorphous content on time. The hydration proceeds slower in the slurry lll compared to the slurries |
and Il. The amount of ettringite is lower and the amount of anhydride is higher in the slurry Il during the
entire hydration period compared to the slurries | and Il. The residua of anhydrite in the slurry Il can
cause volume instability of the mixtures as the residual anhydrite can react with the environmental
moisture to the ettringite, which is accompanied by volume expansion. It could be concluded, the phase
changes could be observed during the first 7 days of hydration by XRD analysis, then the phase
composition remained practically constant until the observed 90 days.
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Figure 4: Quantitative changes (wt. %) of selected phases of hardened slurries I, Il and Il by
Rietveld method.

Furthermore, it was found that the amount of ettringite and the amount of amorphous phase is
affected by the amount of water, Figure 5. It can be clearly seen that the higher water to binder ration
leads to the higher amount of ettringite and to lower amount of the amorphous phase, respectively.
Comparing the amount of ettringite in the slurries | and Il, which have the same water to binder ratio and
the different amount of the superplasticizer, it can be assumed that the superplasticizer may affect the
amount of the ettringite during hydration. Further experiments are needed to confirm the effect of the

superplasticizer on the amount of ettringite by XRD.

Patronem tohoto ¢isla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020, 24. - 26. 3. 2020, Hustopece - www.tvip.cz

WASTE FORUM 2019, &islo 3, strana 28 3



Martina SIDLOVA, Jaroslav MAIXNER, Frantisek SKVARA, Martina KOHOUTKOVA, Jana CIBULKOVA, Adéla
POLONSKA' Characterization of Czech coal combustion ashes and their hydrated products

The amount of ettringite for slurries |, II, lll and IV after 56 and 90 days
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Figure 5. The amount of ettringite and the amorphous phase for hardened slurries |, II, [l and IV

after 56 and 90 days of hydration by XRD analyses.

Figure 6 shows SEM images of the fractured surface of hardened slurries | and Il after 14 days. The
ettringite particles are visible on both images. It was found that ettringite particles were presented in
cracks (more evident in the slurry 1) and in pores (more evident in the slurry Ill) where the ettringite
particles had enough space to grow. It is a question if cracks occur due to volume expansion
accompanying ettringite formation (for the slurry 1), or whether ettringite grows predominantly at cracks.
Homogeneous dispersion of ettringite needles in the hardened slurries was not observed.

Figure 6: SEM images of the fractured surface of the slurry | (left) and the slurry Il (right)
after 14 days of hydration.
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Previously, Skvara et al.” showed that binders with Czech SC ashes could be used in the building
industry with respect to flexural strength and long-term volume stability (linear length change
measurements). The present paper showed the phase changes during the hydration process of the
SC ashes and confirmed the phase stability of the hardened slurries within 90 days; further, long-term
monitoring of the phase composition stability will follow.

Conclusions

The phase composition and the amorphous content of selected Czech brown coal ashes and their
hydrated products was determined primary by the XRD quantitative analysis using the internal standard
method. ZnO was chosen as the most suitable standard for the analyses. The Rietveld method was used
for the data evaluation.

The results showed that the phase composition of ashes depends on the type of coal combustion
process. The main crystalline phases were mullite and quartz in the PCC fly ashes and the anhydrite,
lime, quartz, portlandite and calcite in the SC ashes. Iron and titanium-rich phases were also presented
in both ashes followed by muscovite, gehlenite, illite or anortite in some ash samples. Amorphous
content was about 55% for the PCC fly ashes and in the range of 47 — 65% for the selected SC ashes.
Study of the hydration process of SC ashes by XRD showed that the phase changes could be observed
during the first 7 days, then the phase composition remained practically constant until the observed
90 days. The amount of amorphous phase in hydrated slurries was time-independent. Furthermore, it
was found that the amount of ettringite and the amount of amorphous phase is affected by the amount of
water; the higher the water to binder ration, the higher amount of the ettringite and the lower amount of
the amorphous phase, respectively.

This work is a part of a wider effort to find out possible utilization of SC ashes from the fluidized bed
combustion process with limestone addition and reutilization of the PCC fly ashes from ash landfills.
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Souhrn

Ceské popilky a jejich hydratované produkty byly charakterizovény priméarné rentgenovou difrakéni
analyzou (XRD), déle pak rentgenovou fluorescenéni analyzou (XRF) a skenovaci elektronovou
mikroskopii (SEM). Cilem prace bylo stanovit fazové slozeni, véetné amorfniho podilu, u vybranych
vysokoteplotnich popilkéi (PCC FA), fluidnich, resp. sulfato-vapenatych popilkt (SC) a zatvrdlych ka$i
pfipravenych z SC popilku. MnozZstvi amorfni faze bylo stanoveno metodou vnitiniho standardu za
pouziti XRD analyzy. Bylo studovano fazové slozeni zatvrdlych ka$i v zavislosti na dobé hydratace
v horizontu 90 dni.

Vysledky ukazaly rozdilné fazové sloZzeni obou typt popilkt. Amorfni podil pro vysokoteplotni popilky
byl kolem 55 %, pro fluidni popilky se pohyboval v rozmezi 47 — 65 %. Zmény fazového sloZzeni béhem
hydratace pomoci XRD analyzy bylo mozno sledovat béhem prvnich 7 dnu, pak zistalo fazové slozeni
prakticky konstantni az do sledovanych 90 dnd. Nebyla prokazana ¢asova zavislost mnozstvi amorfni
faze na cCase. Dale bylo zjisténo, Ze mnoZstvi ettringitu, resp. mnozstvi amorfni faze je ovlivnéno
mnoZstvim zamésové vody. S rostoucim vodnim soucinitelem kaSi roste mnozstvi ettringitu, resp. klesa
mnoZstvi amorfni faze.

Kli¢ova slova: vedlejsi energetické produkty, fluidni popilky, vysokoteplotni popilky, amorfni faze,
XRD analyza, vnitfni standard.
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Souhrn

Brownfields vznikaju ako vedlaj$i dbsledok priemyslovej alebo inej reStrukturalizacie vyuzivanych
uzemi v ktorejkolvek krajine a v ktoromkolvek Case. Napriek tomu, Ze je tato téma z hladiska existencie
legislativy na Slovensku relativne nova, v priemyselnom aredli v Ziari nad Hronom a predovsetkym
v samotnej spoloc¢nosti ZSNP, a.s. bolo a je vysporadtvanie sa so starymi environmentalnymi zataZzami
beznou sucastou fungovania podniku. VVdaka aktivnemu pristupu spoloénosti ZSNP, a.s., a dobrej
spolupraci s organmi Statnej spravy a samospravy na useku ochrany Zivotného prostredia zaradujeme
dnes Ziarsku kotlinu medzi izemia so slabym znedistenim a nie medzi zatazené (izemia, ako tomu bolo
donedavna. Prispevok sa venuje komplexnému prieskumu a rieSeniu brownfields velkého
priemyselného areélu v Ziari nad Hronom vratane sanaénych préc realizovanych v dotknutom
priemyselnom areali..

Klicova slova: brownfields, sanacie, priemyselné podniky.

Uvod
V suCasnosti sa do popredia Coraz viac dostava problematika rieSenia brownfields ako starych
environmentalnych zatazi. Je to dané stavom Zivotného prostredia a neustalou snahou o jeho zlepSenie.

Nové vyuzivanie brownfields vyzaduje vyznamné finanéné zdroje aj zo strany verejného sektora a doba
napravy moze trvat desatrodia’.

Na Slovensku ale i vo svete existuje cely rad velkych priemyselnych arealov. Z pohladu vyuzivania
ich méZeme rozdelit nasledovne **:

o staré velké nevyuzivané a opustené priemyselné arealy,

o staré velké priemyselné arealy, ktoré prechadzaju postupnou rekonstrukciou,

e nové velké priemyselné arealy.

Z pohladu vztahu k Zivotnému prostrediu su najproblematickejSimi staré priemyselné aredly. Vacsina
z nich vznikala a bola prevadzkovana v obdobi, ked eSte nejestvoval potrebny legislativny ramec
zabezpecujuci ochranu zivotného prostredia, resp. len €erstvo vznikal. V su€asnosti je vSak nevyhnutné
takéto arealy prispdsobit poziadavkam platnej legislativy v oblasti ochrany Zivotného prostredia, ¢o si
vyZaduje nemalé finan¢né naklady. Mnohi investori preto radSej uprednostriuju investovanie na zelenej
luke, tzv. greenfields®. Toto je na Ukor zaberu kvalitnej polnohospodarskej pddy, pricom pévodné
priemyselné arealy ostavaju opustené a bez nalezitej starostlivosti.

Priemyselny areal v Ziari nad Hronom vznikal postupne od roku 1951. Vtedy boli vybudované prvé
prevadzky, ktoré sa postupne rozrastali a zaroven pribudali dalSie, ktoré priamo alebo nepriamo suviseli
s vyrobou a spracovanim hlinika. Cely areal bol znamy ako Zavod slovenského narodného povstania
Ziar nad Hronom. Postupom rokov, predovsetkym v poslednych 25 rokoch presiel areal rozsiahlymi
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zmenami. V prvom rade to boli zmeny vlastnickych vztahov a obchodnych foriem az po kone¢né
rozdelenie jedného velkého podniku na niekolko mensich so strategickymi investormi. Tak sa postupne
z narodného podniku Zavod slovenského narodného povstania stal ZSNP, a.s. s rozlohou 1 673 612 m?.
A pokial v minulosti areal tvoril jeden podnik s jednym vedenim a teda aj strategickymi rozhodnutiami,
v suc€asnosti v areali podnika takmer 50 spolo&nosti. V ramci toho je nesmierne obtazne robit akékolvek
spolo¢né rozhodnutia. AvSak rieSenie environmentalnych problémov sa tykalo celého arealu a zacalo sa
s nim davno pred rozdelenim podniku.

Velky priemyselny areal v Ziari nad Hronom patri medzi staré priemyselné arealy, ktoré prechadzaju
postupnou rekonstrukciou, ¢im vznikaju priestory pre nové investicné akcie. V celom areali prebehli
rozsiahle prieskumy zamerané na kvalitu zloziek Zzivotného prostredia. PredovSetkym sa jednalo
o prieskumy horninového prostredia a prieskumy a nasledné monitorovacie prace v oblasti kvality
podzemnych véd. Na zaklade uvedenych prieskumov boli identifikované kritické miesta arealu, ktoré
bolo potrebné riesit Upravami, revitalizaciou, pripadne sanaciou. Po realizacii takychto zasahov bolo
mozné pokraCovat vo vyrobe produktov modernejSim spésobom, resp. tak vznikli priestory pre
roz8irovanie povodnych prevadzok alebo priestory pre novych investorov, ktori mohli zagat podnikat
v dotknutej priemyselnej zéne. Prispevok sa venuje komplexnému prieskumu a priebehu rieSenia
brownfields velkého priemyselného aredlu v Ziari nad Hronom vratane sanaénych prac realizovanych
v dotknutom priemyselnom areali po€as 25 rokov.

Material a metodika

Metodika vyskumu vyplyva predovSetkym z platnej legislativy upravujucej problematiku sanacie
environmentalnych zatazi.

Samotnou zaujmovou lokalitou je priemyselny areal Ziar nad Hronom, ktory bol v minulosti tvoreny
spolocnostou ZSNP, a.s., pripadne jej dcérskymi spolo¢nostami. Dnes v tejto priemyselnej zéne
podnika zhruba 50 va&sich ¢i mensSich pravnickych subjektov. Ich zameranie je predovdetkym na vyrobu
a spracovanie hlinika, ale aj na obsluzné &innosti suvisiace s vyrobou a spracovanim hlinika (vyroba
a distribucia réznych druhov energii, strojarska vyroba, stavebné ¢innosti a pod.).

Vysledky a diskusia

Prieskum stavu zivotného prostredia v roku 1994 vykonali na zaklade poZiadavky EBRD holandské
spolognosti IWACO B.V., DHV Consultant B.V* a slovenska spolognost GEOS, a.s.” Audit jednotlivych
prevadzok vykonala rovnako holandska spolo¢nost HASKONING. Celkovo bolo zo zaujmového uzemia
odobratych 70 vzoriek podzemnych véd a 60 vzoriek zemin. Kvalita vzoriek bola vyhodnocovana na
zaklade odporu¢ania byvalej Komisie pre Zivotné prostredie, dnes Ministerstvo Zivotného prostredia,
ktoré stanovovalo parametre a normy pre sanaciu kontaminovanych péd a podzemnych véd oznacené
ako hodnoty A, B a C. V sledovanych vzorkach boli na réznych lokalitadch prekroCené tieto ukazovatele:
Cd, Mo, As, olej, F, PAU, VOX, BTX, benzo(a)pyrén, chryzén.

V ramci prieskumnych prac bola cela zaujmova lokalita rozdelena na nasledovné oblasti:

Al Nova elektrolyza
A2 Nova anodaren
A3 Nova odlievaren
B1 Kysli¢nikaren

B2 Stara elektrolyza
B3 Stara anodaren
B4 Stara odlievaren
B5 Zlievarne

B6 Povrchové upravy
B7 Teplaren
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Prieskum firmy IWACO potvrdil, Ze na vaésine tizemia areélu je vrchna vrstva do hibky 0,5 az 1,0 m
antropogénne porusena. Dalej presne stanovil rozsah zisteného znegistenia. Rovnako bola za pomoci
programu HESP uréena aj miera zdravotnych rizik z jednotlivych druhov znedistenia a dennej expozicie
pdsobeniu tychto faktorov.

Dalsi prieskum vykonavala firma Hydros®, ktora sledovala problematické vrty, ktoré v prvom cykle
vzorkovania v roku 1994 urcila firma IWACO ako problematické, to znamena, Ze niektory zo
sledovanych ukazovatelov dosahoval v ramci hodnotenia hodnotu B alebo vyS$Siu. Tieto ostali zaradené
do dalSieho monitoringu, ktory bol realizovany na vybranych pozorovacich objektoch jedenkrat za
Stvrtrok v obdobi rokov 1995 az 1998.

V tomto obdobi monitoringu sa preukazalo, ze velky rozsah a stuperi znedistenia podzemnej vody
fluoridmi sice za Stvorro¢né obdobie poklesol, ale i napriek tomu je zostatkoveé znecistenie presahujuce
C limit znac¢né. Taktiez sa preukazalo, ze znecistenie podzemnej vody PAU pokleslo od roku 1994
natolko, ze v marci 1998 bolo mozné podzemnu vodu povazovat za nekontaminovanu tymto druhom
znedistenia. Znecistenie podzemnej vody benzo(a)pyrénom sa znizilo uCinkom likvidacie zdrojov
znecistenia a autosanacie do takej urovne, Ze v marci 1998 boli vSetky hodnoty pod detekénym limitom
pouzitého analytického laboratérneho pristroja.

Nasledne boli od roku 1999 do roku 2001 monitorovacie prace realizované na 12 vybranych
monitorovacich objektoch. Vyhodnotenie analytickych vysledkov uskuto¢nila v maji 2002 spolo¢nost
EnviGeo, s.r.o., Banska Bystrica7. Monitorovanim bolo zistené, Ze z monitorovacej siete sa mdzu vylucit
vrty, v ktorych koncentracie fluoridov po€as celého monitorovania v rokoch 1999 az 2001 dosahovali
aroveri kategérie A. Bolo vypustené sledovanie POX, As, Mo a NEL v podzemnej vode. Dalej sa
sledovali iba koncentracie fluoridov. Od roku 2002 sa teda pravidelne monitoruje lokalita na obsah
fluoridov v podzemnej vode.

Vroku 2003 realizovala spolo¢nost GEOS, a.s., Bratislava geologicky prieskum zamerany na
znecistenie zemin v areali spolo¢nosti SLOVALCO, a.s. a VUM. V ramci prieskumu odobrali
a analyzovali 22 vzoriek. V ukazovateloch As, Ba, Cd, Cr, Cu, Hg, Ni, Pb, Sn, V, Zn, CN’, EOX, PAU
(BaP a chryzén) a NEL bolo celé uzemie v roku 2003 na hranici kategérie A, resp. B. a preto navrhli
realizaciu sanacie kontaminovanych zemin a vypracovanie rizikovej analyzy.

Pri prevode niektorych Casti vyrobnych oblasti si niektori strategicki investori dali posudit stav
kontaminacie podzemnych vdd a horninového prostredia (environmentalny audit)®. Napriklad v jali 2001
vykonala spolognost HES-COMGEO, s.r.o., Banska Bystrica environmentalny audit® pre spolo&nost
Rautenbach ZSNP, s.r.o. s cielom zhodnotit mieru znecistenia Uzemia (pbda, podzemna voda)
z hladiska vplyvu na zivotné prostredie v SirSom okoli a stanovit primerané revitalizaCné opatrenia.
Prieskum bol realizovany v oblasti BS (na uzemi zlievarni — dne$né uzemie spolo¢nosti NEMAK).
V ramci prieskumu zhodnotili predchadzajuce vysledky prac a vybudovali 2 monitorovacie vrty do hibky
7,0 a 10,0 m a 10 vrtov na odber vzoriek zemin. Stanovili obsahy NEL, EOX, fenoly, As, Cd, Cr, Hg, Ni,
Pb, F, Al v zeminach a NEL, EOX, As, Ba, Be, Cd, Co, Cr, Cu, Hg, Mo, Ni, Pb, Sn, V, Zn, NH,, B, F, CN
a S v podzemnej vode. Kontaminacia podzemnej vody a zemin nebola zistena, sledované polutanty
dosahovali koncentracie, ktoré zodpovedaju fonovym obsahom.

V roku 2004 vykonala environmentalny audit v oblasti B6 (povrchové upravy) — pri vstupe spolo¢nosti
SAPA — spolo¢nost Golder Associates, Turin, Taliansko®. Predmetom auditu bolo aj posudenie stavu
kontaminacie horninového prostredia a podzemnej vody. Spolo¢nost zhodnotila stav danych zloZiek
zivotného prostredia (voda, pdda) ako uspokojivy a nepozadovala Ziadne financné prostriedky na
sanaciu péd, resp. podzemnych véd.

V roku 2008 bol aredl skupiny spoloénosti ZSNP, a.s., Ziar nad Hronom zaradeny do Registra
environmentalnych zatazi SR s vysokou prioritou rieSenia. Zaradenie bolo vykonané na zaklade
prieskumu znecistenia realizovaného spolo¢nostou IWACO B.V. z roku 1994 pre EBRD. Na zaklade
uvedenej skuto&nosti zadal ZSNP spolo&nosti B & J ESO, s.r.o., Bratislava'® geologickd ulohu ,Prieskum
znecistenia horninového prostredia a podzemnej vody v priestore arealu skupiny spolo¢nosti ZSNP, a.s.,
Ziar nad Hronom* a spracovanie rizikovej analyzy.
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Pre prehladnejSiu interpretaciu rozsahu moznej kontaminacie (hlavne ¢o sa tyka podzemnej vody)
bola cel4 lokalita spojena do dvoch vaésich skupin **:

+ VYCHODNEJ SKUPINY - oblasti B7, B1, B5 a B6
+ ZAPADNEJ SKUPINY - oblasti A1, A2, A3, B2, B3 a B4.

V jednotlivych oblastiach bola realizovana inventarizacia jestvujucich hydrogeologickych objektov
a na zaklade ich prehodnotenia boli vybraté jestvujuce vrty ako monitorovacie objekty pre podzemné
vody a jednotlivé oblasti boli doplnené novymi vrtmi.

Na zaklade zhodnotenia skutkového stavu na lokalite sa realizator geologickej ulohy rozhodol doplnit
monitorovaciu siet o novych tridsat hydrogeologickych objektov (monitorovacich vrtov). Na zaklade
rekognoskacie lokality a po zosumarizovani vysledkov doterajSich prieskumnych prac boli uréené miesta
odberov vzoriek zemin a vyty¢ené miesta novych monitorovacich vrtov tak, aby bolo mozné ziskat
komplexny obraz o kvalite podzemnej vody (vstupujucej aj odchadzajucej).

Z existujucich vrtov, po ich precisteni a zaCerpani, bolo odobranych 29 vzoriek podzemnej vody a 30
vzoriek vody bolo odobranych z novovybudovanych monitorovacich vrtov. Na zaklade vyhodnotenia
doterajSich prac a zohladniac novy skutkovy stav jednotlivych oblasti bolo odobratych 58 vzoriek zemin
na stanovenie vybranych ukazovatefov. Vacsina vzoriek bola odobrana z tzv. podstatnej kontaktnej zony
(hibka do 1,0 m) a realizator sa snazil dodrzat hibkové intervaly ako v roku 1994. V&etky odobrané
vzorky (zemin a podzemnej vody) boli analyzované v akreditovanom laboratériu INGEO-ENVILAB, s.r.o.
v Ziline. V podzemnej vode boli stanovené obsahy As, Ba, Cd, Cr, Cu, Hg, Mo, Ni, Pb, Sn, V, Zn, F,
PAU, NEL, BTX, VOX a EOX. V zeminach bol stanoveny obsah ukazovatelov cielene, na zaklade
vyhodnotenia doterajSich skuto¢nosti. Stanovené ukazovatele boli fluoridy, As, PAU, NEL, Cd, Hg, Pb, Cu.

Vsetky novovybudovane vrty, ako aj existujuce starsie vrty, boli polohovo a vySkovo zamerane firmou
Geodeticka spolo¢nost, s.r.o., Ziar nad Hronom.

V zavere hodnotiacej spravy realizator geologickej ulohy konStatuje, Ze pod vrstvou navazky sa
nachadza tesniaca vrstva ilov ahlin, pod nimi je niekolko metrova suvisla vodonosna vrstva
Strkopieskov a pod nimi sa nachadza nepriepustné neogénne podlozie. Prieniku kontaminacie z povrchu
do podzemnej vody brani niekofko metrova tesniaca vrstva ilov vyvinuta skoro v celej sledovanej oblasti
(chyba v severnej Casti oblasti B5 a B6).

Na obrazku 1 az 4 je vizualizacia oblasti A1, A2, A3, B2 a grafy vyvoja koncentracii fluoridov v danych
oblastiach.

Vyvoj koncentracii fluoridov v oblasti A1
vrt A1-03

35

1994 1995 1996 1997 1998 2001 2005 2008 2010 2011

Obrazok 1. Vizualizacia oblasti A1 — nova elektrolyza
a graf vyvoja koncentracii fluoridov v oblasti Al
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Obrazok 2. Vizualizacia oblasti A2 — nova anodaren
a graf vyvoja koncentracii fluoridov v oblasti A2

Vyvoj koncentracii fluoridov v oblasti A3
vrt A3-05

Obrazok 3: Vizualizacia oblasti A3 a B4 — nova a stara odlievaren
a graf vyvoja koncentracii fluoridov v oblasti A3

Vyvoj koncentracii fluoridov v oblasti
vrt B2-04
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Obrazok 4. Vizualizacia oblasti B2 — stara elektrolyza
a graf vyvoja koncentracii fluoridov v oblasti B2
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Realizaciou vyznamnych ekologickych opatreni dos$lo k vyraznému zlepSeniu (netyka sa to oblasti B1-
KYSLICNIKAREN) kvality podzemnej vody v danej oblasti. Z 58 vzoriek podzemnej vody bolo zistené
prekroCenie kategérie C metodického pokynu iba v 3 vzorkach. V zapadnej skupine (A1-nova
elektrolyza, A2-nova anodaren, A3-nova odlievarefi, B2-stara elektrolyza, B3-VUM a B4-stara
odlievaren) vo vychodnej oblasti sice doznieva este znecistenie fluoridmi (prekroCenie kategorie C iba
v okoli vrtu A3-05), ale vyvoj znecistenia ma vyrazne klesajucu tendenciu (porovnanim s rokom 1994)
a podzemna voda v zapadnej skupine si nevyZaduje realizaciu sanaCnych opatreni. Vo vychodnej
skupine (B5-zlievarne, B6-povrchové upravy a B7-teplarefi) nebola zistena Ziadna kontaminacia
podzemnej vody, ktora by si vyzadovala aplikaciu sanacnych opatreni. V oblasti B1-kysli¢nikaren sa od
roku 1997 (odstavenie vyroby) neudiali ziadne pozitivne zmeny tykajuce sa ekoldgie a dana oblast’ bola
vyhodnotena ako vysoko rizikova. Ako v jedinej z oblasti skupiny spolo¢nosti ZSNP, a.s. tu dochadza
k narastu kontaminacie podzemnej vody (fluoridy, As, Mo). Preto bolo stanovené, ze je potrebné
realizovat komplexné opatrenia na zlepSenie jej kvality a zabranit Sireniu kontaminacie do oblasti B6,
pripadne B5. Oblast B-1 predstavovala vysoké riziko pre Zivotné prostredie.

V zaujmovej lokalite bolo odobratych 58 vzoriek zemin a iba v 4 vzorkach bola prekroCena kategoria
C metodického pokynu. V troch pripadoch sa jednalo o kontaminované miesta identifikované v roku
1994. Kontaminované miesta boli viazané na pochované polohy uhlikatych materialov. V zapadne;j
skupine sa prekrogenie povolenej hodnoty pre sanaciu zistilo v oblasti A1 v hibke do 0,5 metra pod
terénom (ukazovatele fluoridy a PAU benzo(a)pyrén) a v oblasti B3 v hibkovej trovni do 0,4 metra pod
terénom (ukazovatel PAU). V oblasti A1 bola kontaminovana zemina v okoli miesta vrtu A1-03. Oproti
roku 1994 vSak bol pozorovany vyrazny pokles znecistenia (o cca 90 %). Znecistenie v oblasti B3 v okoli
miesta vrtu B3X-16 bolo spdsobené nespravnym uskladnenim uhlikatych zvySkov na skladke &.5. Vo
vychodnej skupine sa kontaminacia zeminy nad povolené hodnoty preukazala v oblasti B7 a B1.
V oblasti B7 bola kontaminacia zeminy zistena do hibky 0,7 m v okoli miesta odberu B7-05 (obsah As
a fluoridy). Aj v tejto oblasti bol pozorovany pokles znecistenia oproti roku 1994 (cca 50%-ny pokles
v obsahu As a 60%-ny pokles v obsahu fluoridov). V oblasti B1 bola potvrdena kontaminacia v okoli vrtu
B1-01 v ukazovateli PAU. Aj v tejto oblasti bol pozorovany pokles znecistenia v obsahu PAU (zhruba
0 25 % oproti roku 1994).

Rozsiahle prieskumné a monitorovacie prace zlozZiek Zivotného prostredia prebiehali v areali
priemyselnej zony v podstate od zacCiatku 90-tych rokov minulého storoCia. Na zaklade vysledkov tychto
prac bolo v areali realizovanych niekofko menej naronych, ale aj vefmi rozsiahlych projektov
revitalizacie a sanacie. Bola to hlavne sanacia p6d v okoli prevadzky VUM, sanacia podzemnych vod
znecistenych fluérom v priestoroch byvalého zavodu KysliCnikaren a najrozsiahlejSou akciou bola
sandacia odkaliska kalové pole.

Posledna menovana sanacia pozostavala z troch samostatnych uloh, a to konkrétne z vybudovania
podzemnej tesniacej steny okolo odkaliska, vybudovania technoldgie na spracovanie alkalickych véd
a z izolacie odkaliska proti priesakom zrazkovych véd do telesa odkaliska. Realizacia tychto, ale aj inych
sanacnych prac menSieho rozsahu, prispela k tomu, Ze momentalne sa v celej priemyselnej zone
nachadza iba jedna Gast opustenej vyrobnej prevadzky, ktora nie je vyuzivana®.

Zaver

Prehlad vysledkov preukazuje, Ze preskumanost Uzemia velkého priemyselného arealu Ziar nad
Hronom je dostato€na na ziskanie relevantnych vysledkov potrebnych pre zhodnotenie kvality zloZiek
zivotného prostredia (predovSetkym sa jedna o pddy a podzemné vody) a navrh pripadnych dalSich
revitalizacnych ¢i sanacnych opatreni, ktoré by mohli prispiet k zvySeniu vyuzitelnosti uzemia
predmetného brownfield z pohladu rozSirenia jestvujucich priemyselnych €innosti, resp. realizacie uplne
novych vyrobnych a prevadzkovych investicnych zamerov.
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Summary

Brownfields are formed as a by-result of an industrial or other restructuring of the used territories in any
country and at any time. Despite the fact that this topic is relatively new in terms of the existence of
legislation in Slovakia, in the Ziar nad Hronom industrial site and especially in the company ZSNP itself,
dealing with old environmental burdens has been and it is also now days considered as a normal part of
the business. Thanks to the active approach of the company ZSNP and good cooperation with the state
administration and self-government authorities in the field of environmental protection, today we rank
Ziarska kotlina between the territories with weak pollution and not between the burdened areas as has
been the case until recently. The paper focuses on the complex research and investigation of the
brownfields of the large industrial complex in the locality of Ziar nad Hronom, including the remediation
works carried out in the concerned industrial area.

Keywords: brownfields, remediation, industrial enterprises.
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CESKE EKOLOGICKE MANAZERSKE CENTRUM, vydavatel éasopisu WASTE FORUM,
zve vSechny na dalSi roCnik
Tydne vyzkumu a inovaci pro praxi a zivotni prostredi - TVIP 2020,
ktery prob&hne ve dnech 24. — 26. bfezna 2020 opét v Hustopecich

TVIP zastfeSuje dve tematicky specializovana odborna setkani: konferenci APROCHEM
a symposium ODPADOVE FORUM.
APROCHEM 2020

Konference tematicky pokryva oblast fizeni rizik a bezpecnosti. Zaméfuje se zejména Fizeni
pramyslovych rizik a rovnéz na rizika pri spravé regionti, mést a obci.

RIZIKOVY MANAGEMENT A PREVENCE A ODSTRANOVANI HAVARIi

O Posuzovani a fizeni rizik O Rizika souvisejici s nanomaterialy (napf.ve vztahu
O Prevence zavaznych pramyslovych havarii k potravinam)
O ZkuSenosti z odstrafiovani nasledkd havarii O Rizika vyplyvajici z novych vyzev (zména klimatu, nastup
O Rizika pfi nakladani s chemickymi latkami chytrych technologii, vyuziti alternativnich zdrojd energie
a pripravky a dopady geopolitickych zmén)
O Bezpec€nost a hygiena prace

ODPADOVE FORUM 2020

15. ro¢nik symposia, jehoz plny nazev je ,Vysledky vyzkumu a vyvoje pro priamyslovou
a komunalni ekologii", pokraCuje ve svém rozSifeném zabéru na celou oblast primyslové
a komunalni ekologie:

VODA OvZDUSI

O Cisténi prumyslovych odpadnich vod O Cisténi odpadnich plynt a spalin

O Ziskavani cennych latek z odpadnich vod O Snizovani a méfeni emisi

O Recyklace vody O Doprava a lokalni zdroje

O Nakladani s kaly, kapalné odpady O Kvalita ovzdusi a zdravotni dopady znecisténi ovzdusi
ODPADY VEDA A VYZKUM PRO OBEHOVE HOSPODARSTVI
O Systémové otazky odpadového hospodarstvi O Sance a bariéry cirkularni ekonomiky

O Materidlové, biologické a energetické vyuziti O Nové zdroje surovin a energie

O Nebezpecné odpady, odstrarfiovani odpadu O Inovativni technologické postupy a technologie

O Sanace ekologickych zatézi a nasledkd havarii O Nové materialy a jejich aplikace (bio- a nanomaterialy)
O Radioaktivni odpady a jejich ukladani

KLICOVE TERMINY
PFihlagky prispévk 15. 1. 2020 | | Prihlasky udasti 1. 3. 2020
PRIHLASKY A PREZENTACE PRISPEVKU

Prispévky na TVIP mohou mit povahu pfednasky v odborné sekci (15 min. pfednaska a 5 min.
diskuse) nebo vyvésky. Termin pfihlasek pfispévku, véetné jeho abstraktu, je 15. 1. 2020. Pfihlasky
je mozné zasilat vyhradné prostfednictvim elektronického formulafe na www.tvip.cz.

Jednaci jazyk je CeStina a slovenstina. Zahrani¢ni prednasejici (i posluchadi) jsou vitani, ale
tlumoceni nezajisStujeme. Komeréni prezentace na konferenci je mozna, vice na www.tvip.cz.
PRIHLASKY UCASTI

K ucasti na TVIP se pfihladuje prostfednictvim formulafe na www.tvip.cz, termin je 1. 3. 2020.
K ucasti se pfihlasuji (a vlozné plati) i autofi pfispévkl, pfednasky nejsou honorované.
PUBLIKACE VE WASTE FORUM

Casopis WASTE FORUM je dlouholetym medialnim i odbornym garantem TVIP.
V pripadé zajmu aktivnich uc¢astnikd TVIP o publikaci pfispévku v ¢asopisu je toto mozné.


http://www.tvip.cz/

