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PREDGOVOR

7. medunarodni znanstveno-stru¢ni skup Voda za sve odrzan je povodom Svjetskog dana voda u
organizaciji SveuciliSta Josipa Jurja Strossmayera u Osijeku i Europske udruge za higijensko
inzenjerstvo i dizajn (EHEDG) te Dunavskih parkova, Hrvatske agencije za hranu, Hrvatskih voda,
Prehrambeno-tehnoloskog fakulteta Osijek, Poljoprivrednog fakulteta u Osijeku, Gradevinskog
fakulteta Osijek, Odjela za biologiju Sveucilista Josipa Jurja Strossmayera u Osijeku, Odjela za
kemiju Sveuéilista Josipa Jurja Strossmayera u Osijeku, Javne ustanove Park prirode "Kopacki rit",
Osjecko-baranjske zupanije, Zavoda za javno zdravstvo Osjecko-baranjske zupanije i Vodovoda-
Osijek d.o.o.

SrediS$nja tema Svjetskog dana voda 2017. godine, a 1 7. medunarodnog znanstveno-stru¢nog skupa
Voda za sve bile su otpadne vode ¢ime se Zeljela naglasiti vaznost i utjecaj pro¢is¢avanja otpadnih
voda na globalno okruZenje i okolis.

Medunarodni znanstveno-struéni skup Voda za sve odrzava se s ciljem okupljanja i razmjene
iskustava znanstvenika i stru¢njaka koji se u svom radu bave problematikom zastite, koriStenja i
oCuvanja vodnog bogatstva Hrvatske, ali i drugim aspektima povezanosti vode i covjeka. Skup se
odrzava od 2011. godine.

Oko 300 znanstvenika i stru¢njaka sudjelovalo je u radu 7. medunarodnog znanstveno-stru¢nog
skupa Voda za sve s 95 sazetaka, od kojih su 33 rada prezentirana usmeno, a 62 rada u obliku
posterskih prezentacija. Znanstveni odbor Skupa zaprimio je ukupno 47 cjelovitih radova, od kojih
je 38 publicirano u ovom Zborniku radova 7. medunarodnog znanstveno-stru¢nog skupa Voda za
sve, dok je 9 radova prihvaceno za objavljivanje u ¢asopisima Croatian Journal of Food Science
and Technology i Electronic Journal of the Faculty of Civil Engineering Osijek - e-GFOS.

U ime Organizacijskog i Znanstvenog odbora 7. medunarodnog znanstveno-stru¢nog skupa Voda za

sve srdacno zahvaljujemo svim autorima, sudionicima, recenzentima i sponzorima na njihovom
doprinosu kvaliteti 7. medunarodnog znanstveno-stru¢nog skupa Vode za sve.

Predsjednica Znanstvenog i Organizacijskog odbora Skupa

//%m. S’

izv. prof. dr. sc. Mirna Habuda-Stani¢



PREFACE

The 7" International Scientific and Professional Conference Water for all is organized to honour
the World Water Day by the Josip Juraj Strossmayer University of Osijek, European Hygienic
Engineering & Design Group (EHEDG), Danube Parks, Croatian Food Agency, Croatian Water,
Faculty of Food Technology Osijek, Faculty of Agriculture in Osijek, Faculty of Civil Engineering
Osijek, Josip Juraj Strossmayer University of Osijek Department of Biology, Josip Juraj
Strossmayer University of Osijek Department of Chemistry, Nature Park “Kopacki rit”, Osijek-
Baranja County, Public Health Institute of the Osijek-Baranja County and ,,Vodovod-Osijek*“-water
supply company in Osijek.

The topic of World Water Day 2017 was "Wastewater" emphasizing the importance and influence
of wastewater treatments on global environment.

The international scientific and professional conference Water for all is a gathering of scientists and
experts in the field of water management, including chemists, biologists, civil and agriculture
engineers, with a goal to remind people about the significance of fresh water and to promote an
interdisciplinary approach and sustainability for fresh water resource management. The Conference
has been held since 2011.

About 300 scientists and engineers submitted 95 abstracts to the 7" International Scientific and
Professional Conference Water for all, out of which 33 was presented orally and 62 as posters.
47 full papers were accepted by the Scientific Committee. 38 full papers became the part of the this
Proceedings while 9 papers were accepted for publication in Croatian Journal of Food Science and
Technology and Electronic Journal of the Faculty of Civil Engineering Osijek - e-GFOS.

On behalf of Scientific and Organizing Committee, I would like to cordially thank all authors,

participants, reviewers and sponsors for their contribution to the quality of 7" International
Scientific and Professional Conference Water for all.

Chairperson of the Scientific and Organizing Committee

/,%m. Sawre’

Mirna Habuda-Stani¢, PhD, Associate Professor
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HRVATSKE VODE

Publiciranje Zbornika radova 7. medunarodnog znanstveno-stru¢nog skupa Voda za sve
sufinancirano je financijskim sredstvima Hrvatskih voda.

The publication of the Proceedings of the 7" International Scientific and Professional Conference
Water for all is financially supported by the Croatian Water.
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Summary

In order to achieve the adequate level of removal of heavy metal ions from wastewater by using
alternative adsorbents with a price that justifies their implementation in industrial systems, in addition
to their high efficiency, the research was conducted in a continuous fixed-bed adsorption column.
Based on the results obtained previously, within batch adsorption studies, the dynamics of the
adsorption process were investigated using the mass transfer zone concept in a fixed-bed column filled
with granular activated carbon prepared from apricot kernels. The uptake capacity of the Pb** ions
was studied. The initial concentration of Pb** was 50 mg/L, while the average flow rate during the
experiment was 4 mL/min. 5.32 g of the adsorbent gave a total effective bed depth of 2 cm. The
experiment lasted for 700 min and the exhaustion point came after 620 min. The adsorbent retained
exceptionally high efficiency (90%) during the experiment, 220 min from the start. The Thomas
model was used for further analysis of the experimental data and high correlation coefficient (r>=0.91)
has been obtained. We have determined the value of the Thomas rate constant (Ku= 0.203
mL/mg/min), as well as the uptake capacity of the Pb?" ions (16.618 mg/g).

Keywords: adsorption, dynamic system, biosorbent, lead
Introduction

The presence of pollutants in aquatic environments, pronouncedly hazardous heavy
metals and metalloids, is an important environmental and health issue. Many of these
elements are stable and bio-accumulative, which is why the assessment of their safe
limits is very difficult in the ecosystem (Nica et al., 2012). Many metallic elements
play an essential role for the function of living organisms; they constitute a nutritional
requirement and fulfil a physiological role. Metals, such as Fe, Zn, Cu, Co, Cr, Mn and
Ni, are required for biological metabolism in trace amounts, however, in higher doses
they may cause toxic effects. Imbalances or excessive amounts of a metal species along
this route lead to toxicity symptoms, disorders in cellular functions, long-term
disabilities in humans, and eventually death (Wright and Baccarelli, 2007). Other
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metals, such as Pb, Hg, Cd and As, are not suitable for biological functions and are
extremely toxic. These toxic metals are not metabolically degradable and their
accumulation in living tissues can cause serious health threats or death. Furthermore,
these metals, dissolved in wastewaters and discharged into surface waters, will be
concentrated as they travel up the food chain (Mudgal et al., 2010). Metals that seep
into groundwater will contaminate drinking water wells and harm the consumers of
that water. In recent years, increasing concern about the effect of toxic metals in the
environment has resulted in more stringent environmental regulations for industrial
operations that discharge metal-bearing effluents (Acheampong et al., 2013).

Lead is the most common of the heavy elements. Lead compounds are used as a pigment in
paints, dyes, and ceramic glazes and in caulk. Lead and lead alloys are commonly found in
pipes and storage batteries. The amount of lead used in these products has been reduced in
recent years to minimize the harmful effect of lead on people and animals. Tetraethyl lead
and tetramethyl lead were used as gasoline additives to increase its octane rating (Adamovic,
2015). During the last century, lead emissions to ambient air have further polluted our
environment, over 50% of lead emissions originating from petrol. Over the last few decades,
however, lead emissions have decreased markedly due to the introduction of unleaded petrol
(Abadin et al., 2007).

The general population is exposed to lead from air and food in roughly equal proportions.
Earlier, lead in foodstuff originated from pots used for cooking and storage. Lead can enter
the environment through releases from mining lead and other metals, and from factories that
make or use lead, lead alloys, or lead compounds (Abadin et al., 2007). It is released into the
air during burning coal, oil, or waste.

Disposal of lead-containing products contributes to lead in municipal landfills. Small
amounts of lead may enter rivers, lakes, and streams when soil particles are moved by
rainwater. Small amounts of lead from lead pipes may be released into water when the
water is acidic or soft. Lead may remain stuck to soil particles or sediment in water for
many years. Movement of lead from soil will also depend on the type of lead compound
and on the physical and chemical characteristics of the soil (Li et al., 2009). Sources
of lead in surface water or sediment include deposits of lead-containing dust from the
atmosphere, wastewater from industries that handle urban runoff, and mining piles.
Lead is commonly found in soil, especially near roadways, older houses, old orchards,
mining areas, industrial sites, near power plants, incinerators, landfills, and hazardous
waste sites (Murgueytio et al., 1998). People living near hazardous waste sites may be
exposed to lead and chemicals that contain lead by breathing air, drinking water, eating
foods, or swallowing dust or dirt that contains lead.

The symptoms of acute lead poisoning are headache, irritability, abdominal pain and various
symptoms related to the nervous system. Lead encephalopathy is characterized by
sleeplessness and restlessness. Children may be affected by behavioural disturbances and
learning and concentration difficulties. In severe cases of lead encephalopathy, the affected
person may suffer from acute psychosis, confusion and reduced consciousness. People who
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have been exposed to lead for a long time may suffer from memory deterioration, prolonged
reaction time, and the reduced ability to understand. IARC classified lead as a ‘possible
human carcinogen’ based on sufficient animal data and insufficient human data in 1987.
Since then a few studies have been published, the overall evidence for lead as a carcinogen
being only weak, the most likely candidates are lung cancer, stomach cancer and gliomas.
There is also evidence that certain genetic and environmental factors can increase the
detrimental effects of lead on neural development, thereby rendering certain children more
vulnerable to lead neurotoxicity (Lidsky and Schneider, 2003).

The effects of lead are the same whether it enters the body through breathing or
swallowing. The main target for lead toxicity is the nervous system, both in adults and
children. Long-term exposure of adults to lead at work has resulted in decreased
performance in some tests that measure the functions of the nervous system (Rosin,
2009). Lead exposure may also cause weakness in fingers, wrists, or ankles. It also
causes small increases in blood pressure, particularly in middle-aged and older people.
Exposure to lead may also cause anaemia. At high levels of exposure, lead can severely
damage the brain and kidneys in adults or children and ultimately cause death (Lidsky
and Schneider, 2003).

EPA has set the maximum contaminant level goal for lead in drinking water at zero because
lead is a toxic metal that can be harmful to human health even at low exposure levels. Lead
is persistent, and it can bio-accumulate in the body over time.

Materials and methods

All these facts point to the need for effective removal of lead from all segmentsof the
environment. The primary objective of this paper is the removal of lead from
wastewater. Various industries produce and discharge wastes containing different
heavy metals into the environment. Methods for removing metal ions from an aqueous
solution mainly consist of physical, chemical and biological technologies. During the
past few decades scientists, have been developing cheap and environmentally friendly
technologies for the treatment of wastewater generated at the household and up to the
industrial scale. In this regard, methods like ion-exchange, membrane filtration,
catalysts, including photocatalysts and photocatalysis, microbe-assisted
phytobioremediation and adsorption over low-cost biosorbents and nanomaterials have
been developed and demonstrated to be successful. Ion exchange, membrane
technologies and the activated carbon adsorption process are extremely expensive
when treating large amounts of water and wastewater containing heavy metals in low
concentration, they cannot be used on a large scale (Volesky, 2001). Recently,
attention has been focused on cheap agro-industrial wastes and by-products such as
biosorbents (Bhatnagar et al., 2015; Bhatnagar and Sillanpdd, 2010). Because of the
demand for water to feed the growing population and the needs for industrial
processing, the separation and purification of generated wastewater by adsorption
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phenomena is gaining major relevance. Adsorption over biomass-derived biosorbents
has provided the capability to treat wastewater on a large scale. Reuse of biosorbent is
also possible, which makes the treatment process cheaper and more sustainable. A lot
of low-cost biosorbents have been synthesized and successfully applied to remove
toxic metals and metalloids from wastewater.

The main aim of this study was to examine chemically modified apricot kernels in a packed
bed column. Its biosorptive potential for removing heavy metals in a batch system has been
documented in previous studies (Pap et al., 2016). In the present study, the influences of bed
height, flow rate and initial concentration on packed bed reactor performance have been
investigated. Moreover, the Thomas model was applied for experimental data to simulate
the breakthrough curves and to find the column capacity in order to predict the scale-up of a
unit plant.

The synthetic stock solutions containing lead were prepared by dissolving lead salt,
Pb(NO:3), in deionised water. All the reagents used for analysis were of analytical reagent
grade. The concentrations of Pb** ions before and after passing through the column were
determined by using an atomic absorption spectrophotometer (AAS), Thermal Science S
Series. The initial concentration in the model solution was 50 mg/1.

Preparation of adsorbent

In this research, apricot kernels were used as a precursor for the preparation of granulated
activated carbon. The kernels were washed with distilled water, crushed in a mechanical mill
and dried for 2 hat 105 °C. Phosphoric acid, as a chemical reagent added during the
activation process, helped in producing a larger specific surface. Apricot kernels were
impregnated with 50 wt% H3PO4 at 22 °C, at the ratio of 2.66:1 (weight). After 24 h of
impregnation, the suspension was filtered to remove the residual acid (Pap et al., 2016).
Subsequently impregnated samples were air dried at room temperature for 2 h, which made
the samples ready for the column experiments.

Continuous column experiment

The continuous sorption of Pb** ions was done in a 100 ¢cm long mini glass column with an
inner radius of 22 mm. 5.32 g of biosorbent packed into the column formed the bed height
of 2 cm. A sponge layer disk was placed on the bottom of the glass column to support the
biosorbent and also to prevent any loss. The column was packed with a defined amount of
biosorbent (5.32 g), to achieve the desired bed height. A schematic view of the experimental
apparatus is shown in Fig. 1.



7" International Scientific and Professional Conference
WATER FOR ALL
9" and 10" March 2017
Osijek, Croatia
Proceedings

Il

Valve

Effluent ] Effluent

Tank ..

an +++| Distributor
Glass
Beads
Sorbent
Sponge layer

Valve

Treated v

Effluent =

Tank

Fig. 1. Schematic diagram of the lab-scale column study

Once the column was filled, the biosorbent bed was fully immersed in distilled water, and
then the bed was left to swell, to ensure complete air bubble expulsion. Following this, the
column was compacted by gravity. The fixed bed’s packing was kept at a constant density
during the experiment. The column leaching experiment was conducted at room
temperature, and the leaching rate was maintained at 4 mL/min. The feed solution containing
the Pb?* concentration of 50 mg/L passed through the column in a downward direction at the
flow rate of 4 mL/min. 10 mL samples were collected at predefined time intervals to assess
the residual concentration of metal and to determine the retained amount of the heavy metal
by AAS. In order to ensure the formation of a complete breakthrough curve, the experiment
was run for approximately 12 h. The samples were taken at 15 min intervals.

One of the most important factors in measuring the feasibility of a biosorbent in a real and
practical application is the performance of the biosorption process in a continuous fixed-bed
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column. Therefore, in order to predict the performance of apricot kernels in removing Pb**
ions in the continuous mode, the experiments were carried out in a continuous reactor. Based
on the results obtained from batch studies (Pap et al., 2016), metal adsorption onto apricot
kernels was strongly pH dependent and the optimum pH value was observed at 5.0 + 0.1.
Thus, in the continuous mode experiments, the pH value of the synthetic solution was
adjusted to 5.0 £ 0.1.

The Thomas model

In continuous sorption systems, the concentration profiles in the liquid and adsorbent phases
vary in both space and time. The mathematical and quantitative modelling approaches are
applied for the design and optimization of fixed-bed columns. Consequently, from the
perspective of process modelling, the dynamic behaviour of a fixed-bed column can be
described in terms of the effluent concentration-time profile, i.e. the breakthrough curves
(Chu, 2004). Several models have been applied to predict the breakthrough performance,
calculate the column kinetic constants and evaluate the fixed-bed columns adsorption
capacity.

The Thomas model (Th)
C 1

“ 1+€Xp{(kQT”)-(thM —C,-Qt)}

(1

where k7 is the Thomas rate constant (mL/mg min) and g7 is the maximum adsorption
capacity for heavy metal ions (mg/g).

Results and discussion

The breakthrough curve shows the relative concentrations (Ct/Ci) on the y-axis versus time
(¢ in min) on the x-axis. The column studies were conducted at the optimum pH value of 5.0
+ 0.1 (from the previous batch system studies). All the breakthrough curves follow the
typical S-shape curve for column operation as the ratio of the effluent concentration at time
t (Ct) to the influent concentration (Ci) versus time. The breakthrough curve’s shape is
determined by the shape of the equilibrium isotherm and any individual transport process
can change it. The experiment lasted for 700 min and the exhaustion point came after 620
min. The adsorbent retained the exceptionally high efficiency (90%) during the experiment,
220 min from the start. The breakthrough curve is shown in Fig. 2, where: C; is the effluent
concentration at time ¢, and C; is the influent concentration.
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Fig. 2. The breakthrough curve of Pb?" adsorption onto activated carbon prepared
from apricot kernels

The Thomas model was used for further analysis of the experimental data. A high correlation
coefficient (r* = 0.91) has been obtained. The value of the Thomas rate constant (ks = 0.203
mL/mg min) was determined, as well as the uptake capacity of the Pb*"ions (16.618 mg/g).

Conclusions

The Thomas model explained the dynamic behaviour of the breakthrough curve quite well,
with the data correlation of > = 0.91. This study also indicated that activated carbon prepared
from apricot kernels could serve as a biosorbent for the removal of Pb*" ions from an aqueous
solution in a continuous column mode. The obtained results offer an excellent basis for future
research in this field.
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