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Anna CHRZAN, Maria MARKO-WORLOWSKA, Gabriela WW\TOR!
Tomasz LACIAK' and Ryszard KOZIK

THE PINE BARK AND TOPSOIL
AS AN INDICATOR OF POLLUTIONS CAUSED
BY INDUSTRY AND TRANSPORT

ZASTOSOWANIE KORY SOSNY | WIERZCHNIEJ WARSTWY GLEBY
DO OCENY ZANIECZYSZCZE N PRZEMYSLOWYCH | KOMUNIKACYJNYCH

Abstract: Concentrations of Pb, Cd, Ni were determined jpstdl and in samples of necrotic bark Rifhus
sylvestrisL. collected along transects around the Skawimlustry center and in parts of Bielansko-Tyniecki
Landscape Park in Krakow (southeast Poland). Thatslity of bark and topsoil for monitoring of the heavy
metals and acidifying gases pollution was investidaAfter comparing the concentration of heavyaiseand pH
value in pine bark with topsoil, it was observedtttopsoil is better biomonitor for lead and nickedn bark of
Pinus sylvestriend that bark appear to be suitable bioindicat@tmospheric deposition only for cadmium and
acidifying components.

Keywords: Pinus sylvestrid.., necrotic bark, heavy metals, topsoil, pinekb@action, biomonitoring

Introduction

Intensive development of industry (metallurgy, bngnof energetic raw materials) and
steadily increasing car transport constitute thénnsamurce of contamination by heavy
metals and acidic compounds ($80; and NQ) of soils adjacent to the industrial areas
and traffic paved roads.

The consequence of the accumulation of metals heid toxic impact is biological
deactivation of the soil subsystem. Additionallgrréstrial ecosystems productivity
decreases [1-3]. Heavy metals and acidifying compsware one of the most durable and
toxic contaminates of the soil subsystem.

The anthropogenic processes that cause the emskaxidifying compounds are the
cause of the spreading of many metals and the frafttheir toxic impact on living
organisms [4]. Respectively, the content of heaejats (especially Pb, Ni or Cd) in soils
can be treated as an indicator of the environmetgtgtadation of different branches of the
industry and car transport.

Tree bark is an ideal natural absorbent as it é&ldissue that does not grow anymore.
The pine bark surface is very porous and the alesefianetabolic processes makes it
highly unreactive for inorganic and organic subs&n[5, 6]. The changes in the chemical
composition of the surface layers can be documemteitt and Wolterbeek [7] and another
[8, 9], proposed the use of tree bark samples@sdniitors of heavy metals. Monitoring of
the environment with the use of bark not only eaal#valuation of present layer of the
accumulation of elements and polluting compoundsalso evaluation of the course of the
process in the previous years. Adjacent trees ampposed to demonstrate
a similar degree of pollution accumulation s ang/tm@ used consequently to determine the

! Institute of Biology, Pedagogical University of dkow, ul. Podchagych 2, 30-084 Krakow, Poland,
phone +48 12 662 66 81, fax +48 12 662 66 82, emaiachrzn871@gmail.com
Contribution was presented during ECOpole’'l6 Canfee, Zakopane, 5-8.10.2016
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extent of the pollutants. Similarly the resultstbe bark of model trees analysis taken on
surfaces at different distances from source emissam illustrate the problem of the spread
of pollutions. Tree bark is a good bioindicator &ese it remains in place for an extended
period of time, it is easily accessible and sangpliles not damage the tree [9]. What is
more, sampling and analysis of necrotic bark is &asl economical. Kuik and Wolterbeek
[7] study demonstrated the potential of bark agpanbnitor on a larger scale.

The aim of the present work was the recognitioraitamination by Pb, Cd and Ni
and acidifying compounds of the surface soil (tdpsand tree bark of approximately
similar aged trees at localities situated at défferdistances from industrial and transport
emitters.

Materials and methods
Characteristic of area analyzed

The samples were taken in spring 2012 at 5 diffedistances from the source of
emission. The 3 sites (1, 2, 3) examined are sitbat Skawina - a city characterized by
heavy industrialization (aluminium-works, power mii@nd others), densely populated and
situated approximately 18 km southwest from thetereaf Krakow and the 2 sites (4, 5)
situated in the Bielansko-Tyniecki Landscape PdrKrakow - park encompassed by the
Krakow city limits.

Samples collection and analysis

For evaluation of pollutions of air and soil by figanetals and acidifying compounds
necrotic pine barkRinus sylvestrid..) and topsoil from the pines’ surroundings wased
as the accumulative cumulative bioindicators. Témperature, soil moisture and pH of
topsoil and bark were examined and the contentbofG® and Ni was determined. The
topsoil reaction (pH) was examined on place witpHameter- WTW pH 330, placed into
the soil to a depth of 5 cm. The topsoil samplesewaken by forcing a 5 cm diameter steel
cylinder to a depth of 5 cm. At each site the 4 samples were taken at eastern side
(before the trees) and the 40 samples of bark 3timck from the trunk of 4 trees at the
high of around 1.5 m from the soil, 5 in the eastside of each tree and 5 on the western
side. The trees analyzed were from 2 to 4 m distdram each other, had similar breast
height diameter (35 to 40 cm) and had a similar(ageund 30 years).

The samples were dried in a temperature of 65 degfer 3 hours, then milled to
a powder. One gram of powdered bark from each samplk weighed and mixed with
5 cnt of distilled water. After 48 hours the pH reactivas measured using a ELMETRON
type CPC-401 pH-meter. Chemical analyses of heagtalsin the topsoil and bark were
conducted by mapping the content of the generahdoof Cd, Pb, Ni, determined by the
FAAS method. Dried samples of topsoil and bark (#agh) were mineralized. For this
purpose dried samples of soil and pine bark wepeechiwith 3 cm of 65% HNQ, the
solution was heated to a temperature of 110°C afiddr 4 hours to cool. The filtered
liquid was poured into measuring flasks and filleith distilled water. In the solutions of
soil and bark prepared, the content of heavy metals determined by atomic absorption
spectrometer (AAS-Cole-Parmer, BUCK 200A).
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Statistical analysis

As variances showed no parametrical distributionafsro-Wilk test,p > 0.05), we
used non parametric Kruskal-Wallis ANOVA. The ctatons between metal
concentrations, pH and sites were calculated ugiagPearson correlation coefficient and
Students’ test. Statistical significance was deffiap < 0.05. All analyses were performed
using STATISTICA 12 computer program.

Results and discussions

The pH value is subjected to the quickest chandesnvwexposed to external factors
and, among others, it directly and indirectly iefices many mechanisms releasing heavy
metals in soils [10]. In normal conditions the pHRinus sylvestribark is 3.5 [8], whereas
the average pH of pine bark at sites analyzed atelit high acidity and fluctuated from
2.68 to 3.44. The average value of soil pH fluadatom 4.31 to 6.04 (Table 1).

Table 1
pH value in studies sites
Cardinal Site 1 Site 2 Site 3 Site 4 Site 5
directions
. East 3.14 2.68 3.18 3.29 3.12
Pine bark (2.98-3.24) | (2.60-2.82) | (2.63-3.94) | (3.05-3.46) (3-3.23)

pH West 3.28 2.99 3.44 3.14 3.02
(3.05-3.59) | (2.61-3.49) | (2.78-3.78) | (3.01-3.27) | (2.88-3.23)

Top soil pH East 6.04 4.25 4.4 4.61 4.69
(5.34-6.79) | (3.79-5.47) | (4.01-5.03) | (4.37-5.05) | (4.52-5.21)

Site 1 - Skawina 700 m from the aluminium works abhdut 5 meters north of a heavy used road

Site 2 - Skawina 2400 m from the power plant andnalium works

Site 3 - Skawina 1200 m from the power plant andm3rom the aluminium works and approximately 200 m
from the road

Site 4 - Bielansko-Tyniecki Landscape Park 4 kntmeast from the power plant and 5 km from the abium
works

Site 5 - Bielansko-Tyniecki Landscape Park 5 kntmeast from the power plant and 6km from the athiunn
works, and around 200 m west from the ring road

Comparison of the pH reaction indicated considgrabigher acidity of pine bark
verses topsoil at each sites, and these differamess statistically significant (Table 2).

Table 2
Statistical significance of pH value and of heawtafs concentrations
pH Pb Cd Ni
Pine bark East-West 0.0040 0.000013 0.019198 0.000001
Pine bark East - Topsoi 0.000000 0.000000 0.000046 0.000000
Pine bark West - Topsoi 0.000000 0.000000 0.078504 0.000000

“differences statistically significant pt< 0.05

The highest acidity (pH lower than 4.5) was obsérivesoils at sites 2 and 3. At the
same time similar, almost parallel increasing ocrdasing tendencies of pH of bark and
topsoil were noticed regarding all sites. The pHigaf pine bark on the eastern and on the
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western side did not differ much, however at slte®, 3 situated at the closest distance and
west of industrial emitters, a slightly higher atjdon the eastern side of trunk was
observed. The lowest average pH value of bark &sdibwas recorded at site 2 (Table 1).
It is probably that here polluted air touched wiitle north-east winds from the north-east
part of Krakow, where is located a steelworks aletteo-thermal power plant. Site 5
situated furthest away from the industrial emittdost approximately 200 m from a ring
road was characterized by high bark acidity, ad althe highest content of Pb in the
topsoil (Fig. 1). This result proves a big impadt tmnsport pollutions flowing with
frequently occurred natural wind currents blowingnfi the ring road.

The low soil pH is negative from the ecologicalgperctive - in acidic soil the mobility
of heavy metals (mainly Cd and Ni) increases wifédilitates transfer of these metals into
the circulation of matter. The results of presentesearch indicate that the pH value of
pine tree bark must be regarded as an indicataifacidification.

The content of xenobiotic elements

Amongst the metals examined Ni is the only one thahdispensable (for humans
25-35 pgl/day) for the proper functioning of theamigms. Its overdose, however, can have
very negative consequences. Cd and Pb do not hgvpasitive influences on organisms
and constitute some of the most dangerous heavglsnéhe accepted dose determined by
the WHO is: Pb - 415-550 pg/day, Cd - 57-71 pugfddy. The occurrence of heavy metals
in soil and plants can be treated as an indicdttmeoquality of the environment aiinus
silvestrisis commonly used in fitoindication [12]. Intensiéyd scope of the contamination
of soils and plants by trace elements depend onynfaotors at local conditions.
Additionally, the important source of heavy metatsumulated on the surface of soils and
plants is so-called long distance emission relatethe spreading of pollutions over large
distances.

The climatic conditions (rainfalls, temperatureredtion and wind speed) play an
important role in dispersion and deposition of pallutants. For an estimation of the
environmental health and threat of heavy metalse\aiuation of their mobility, that is,
possibility of their transmission to biogeochemicéiculation, is necessary [13]. High
mobility of Cd, Ni and the relatively low mobilitgf Pb in soils is regulated by their pH
and modified by the other soil qualities such asteot of organic substances, occurrence of
other metals and humidity. In oxidative environnsewith acidic reactions, Cd and Ni are
characterized by high mobility, to the lesser etea mobility of Pb increases as well [14].
Among metals measured in topsoil the concentratfoRb was the highest and its amount
was higher than the average natural occurrendeeisdils of Poland [15] (Fig. 1).

Lead - a component of commonly used, until recently,dash petrol is the
contamination attributed to transport and to vasiidustrial activities. The other main
sources of Pb emission are coal burning and megathi industries. It is a metal typical
for low emitters and non-organized emissions. Riolhs from this source do not spread
over long distances [16]. According to the literatyil1l] natural concentrations of this
metal should not exceed 20 mg/kg for most soilse Hb content in soils analyzed
fluctuated from 29.37 mg/kg at site 4 furthest avirayn industrial emitters, ring road and
busy road to 62.26 mg/kg at site 5 which is renfoden industry, but situated close to
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a ring road (Fig. 1).The highest Pb content waendesl in topsoil (site 5) approximately
200 m away from the ring road and in bark (at &ieadjacent to the busy road (Fig. 1).
Soils of habitats analyzed contain slightly higlaenount of Pb that the natural average
content in soils in Poland. However, only in sdils#te 5 the amount of Pb is averagely
2 times higher than in soils of remaining sites ardeeds acceptable content according to
the standards of soils and earths qualities [1Bg Jreatest effect of traffic Pb pollution on
the soil subsystem was observed up to a distancg00fm away from the motorway
(Fig. 1), which proves higher influence of busydsahan in the results presented by
Ruhling and Tyler (2004) [17]. Their studies of Btcumulation in many plants growing
next to busy roads in Sweden, show the most intersccumulation of Pb up to 150 m
from the road. Observations of Jaworska and MurawaB] stating the impact of distance
up to 300 m from the road on plants are similah®results of presented research.

The content of Pb spanning from 2 to more tham@si higher in soil than in bark was
detected here, the exception is site 1 (Fig. 1§ Righest Pb concentration in pine bark at
site 1 can be explained by the proximity to thevigetaaffic road. With increasing distance
from the emission center (car transport and povantpthe Pb content of bark decreases.
The lowest Pb content in bark as well as in topsedls observed at site 4 situated furthest
away from roads (Fig. 1). Therefore it is probatilat the main emitter of Pb on area
analyzed is car transport.

Pb

N pinebarkE Epinebark W W topsail

nmo@ o~
o 2 o o
[

30+

concentration [mg/kg]
£
=

Fig.1. Pb concentrations in studies sites

Cadmium, that is emitted by metal works, is one of the na@gerous heavy metals
for the environment [19]. What is more, along rqatle source of contaminations are for
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example greases used in vehicles, tyre abrasion adher parts of vehicles. Cd is
accumulated mainly in surface soil levels and thghdr the reactivity (pH) of sail, the
more readily it is absorbed by it. Cadmium is measily activated and mobile in soils of
pH 4.5-5.5. With higher pH values Cd is immobilizedming carbonates [20]. In soils
examined it occurs in natural amounts or slightévated ones and fluctuated from 0.41 to
0.97 mg/kg (Fig. 2). In 6-degree IUNG classificati0.5 mg/kg d.m. is considered as
natural amount of Cd in soil. On this basis it vsated that topsoils at sites 1, 4 and
5 exceed this amount (Fig. 2). The highest Cd catnaton was detected in soil with the
least situated near a ring road. Whereas in trdetha highest Cd content was detected at
site (3) situated nearest to the aluminium works power plant (Fig. 2), and the highest
content of the general forms of this element waed®n the eastern side of tree-trunks.
Higher Cd content on the eastern side of tree-tr{glifferently than in case of Pb) can
prove that the main source of emission of this elenis industry. As the research indicate,
Cd accumulates best in bark - according to Sam&gkaerman et al. [21] they state that
bark is a better accumulator of Cd compareRitas schreberiwhereas in soil its content
is considerably lower. However in soils at sitéaatied near roads (1 and 5) the Cd content
is similar to the content observed in barks atsdmme localities (Fig. 2).
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Fig. 2. Cd concentrations in studies sites

In spite of the statement presented in literathisg £missions released at the height
[16] can be observed in case of Cd and Ni, bec#usg are emitted mainly from tall
smokestacks. The results prove that apart fromsitnidli emissions, car transport influences
heavily the content of Cd. The results obtainedviayko-Worlowska et al. [22] confirm at
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the same time, that motorways are the main emit&éRRb and big emitter of Cd, in the
immediate vicinity nearest and up to 200 m awaynftbe motorway.

Nickel is emitted mainly by the metallurgical industrydaduring coal burning and
petrol use [23]. In the case of Ni considerablyhieigamounts were observed in soils at all
sites analyzed (from 2.73 to 4.41 mg/kg), whereabdrks the amount was from 0.4 to
1.9 mg/kg (Fig. 3).
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Fig. 3. Ni concentrations in studies sites

Natural concentrations of this metal in soil aren2/kg d.m. [10]. In all soils analyzed
its content was much lower. In tree-bark the higlcestent of Ni (different than in case of
Pb, and similar to the case of Cd) was noted on déhstern side of the trees
(Fig. 3). It proves the significant influence oflirstry on Ni emissions.

In most circumstances, a positive correlation isevbed between lead and cadmium
concentrations in soil and pine bark, which preditie higher the lead content the higher
the cadmium concentration. Concentrations of Cd Bbdin topsoil and in bark were
influenced by the distance from industrial emittansl busy roads. Concentration of Ni in
topsoil was not influenced by these distances, adeconcentrations of Cd, Pb, Ni in bark
were not influenced by concentration of this eletiesoil (Figs. 1-3).

Conclusions

1. The results obtained confirm the negative impaalominium work, power plant and
transport on quality and number of environmentdlupants at the sites situated near
these industries and road with intensive traffibefiefore, the constant monitoring of
these localities is necessary.
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Anna Chrzan, Maria Marko-Wortowska, Gabrielatdf, Tomasz taciak and Ryszard Kozik

Topsoil is better biomonitor for lead and nickednipine bark.

Pine bark appears to be better bioindicator of apheric acidifying compounds and
cadmium deposition and with comparison with anotb@accumulators can be
suitable biomonitor for environmental pollution bgavy metals.
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ZASTOSOWANIE KORY SOSNY | WIERZCHNIEJ WARSTWY GLEBY
DO OCENY ZANIECZYSZCZE N PRZEMYSLOWYCH | KOMUNIKACYJNYCH

Instytut Biologii, Uniwersytet Pedagogiczny im. KEKrakow

Abstrakt: W wierzchniej warstwie gleby oraz w probkach kepsny zwyczajnePinus sylvestrid.. zebranych
wokot centrum przemystowego w Skawinie oraz na niereBielaisko-Tynieckiego Parku Krajobrazowego
w Krakowie, potaonego w potudniowo-wschodniej Polsce, oznaczoggzesta takich metali eikich, jak, Pb,
Cd, Ni. Celem bada bylo wykazanie przydatsoi kory martwicowej i wierzchniej warstwy gleby do
monitorowania zanieczyszczerfiamdowiska tymi metalami eikimi i zwiazkami zakwaszagymi. Na podstawie
poréwnania szenia metali gizkich w wierzchniej warstwie gleby i korze sosnyoreartgci pH kory sosnowej
stwierdzono,ze gleba jest lepszym biomonitorem dla otowiu i njkhatomiast kora sosny zwyczajri@nus
sylvestrisL. wydaje s¢ by¢ odpowiednim bioindykatorem depozycji atmosferygzyiko dla kadmu i sktadnikéw
zakwaszajcych.

Stowa kluczowe:Pinus sylvestrid., kora martwicowa, metale ¢gkie, wierzchnia gleba, odczyn kory sosny,
biomonitoring
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MODELLING OF THE AIR PURIFICATION FROM VOLATILE
ORGANIC COMPOUNDS IN A TRICKLE-BED BIOREACTOR

MODELOWANIE PROCESU OCZYSZCZANIA POWIETRZA Z LOTNYC H
ZWI AZKOW ORGANICZNYCH W BIOREAKTORZE STRU ZKOWYM

Abstract: The biodegradation of styrene by bacterial stRgaudomonasp. E-93486, coming from VTT Culture
Collection (Finland), was studied. The kinetic expents with the presence of styrene as the onlgaraand
energy source were performed both in batch andreanis cultures at optimal environmental conditiforsthe
growth of the tested strain (pH = 7 and 30°C). Haédane inhibitory model was found to be the bedittthe
kinetic data, and the estimated kinetic equatiomamaters wereu, = 0.119 h% K, = 5.984 g-rit,
Ki= 156.6 g-1it. The experiments conducted in a chemostat atusudiution rate ® = 0.035-0.1 ) made it
possible to determine the value of the coefficfenimaintenance metabolismn{= 0.0165 i) and the maximum
yield coefficient value {{xgmax= 0.913). The determined complete model of growtlE€33486 strain in the
presence of styrene was verified by comparisorhefdomputed and obtained in batch experimentslgsofif
changes in biomass and styrene concentrations. thextested strain was immobilized on the packifig o
a pilot-scale trickle-bed bioreactor operating etcarrent down-flow of gas (air contaminated byreiye) and
liquid (mineral solution) phases. The effect okindtyrene concentration on its degradation wadieddufor initial
concentration in the air changing in the range.2fDg-m?>. The recirculation rate of liquid medium was &h
whereashe gas flow rate was changed in the range 50-T56"mThe conversion degree depended on operational
parameters and changed in subsequent experimehis iange of 75-95%.

Keywords: styrene, kinetics, trickle-bed bioreactor

Introduction

Volatile organic compounds (VOCs) are emitted irttee atmosphere in large
qguantities from chemical and petrochemical indastriAs styrene is included in this
category, the economic and effective removal ofesty from waste gas and waste water
from chemical plants is needed. It is released itie environmental during the
manufacturing and application of its isomers inabgd polystyrene, styrene-butadiene
rubber, acrylonitrile and copolymers resins. Stgrememployed in the chemical industry as
a starting material for synthetic polymers as veslla solvent in the polymer processing
industry and is, therefore, present in many indaiseffluents. The world production
capacity of styrene amounts to about 32.5 Tg amdteotly increase, on average by 2-3%
a year. Such common and quantitatively big styremesumption considerably affects its
emission into the atmosphere, estimated at 25 @gaa In general, the concentration of
styrene in industrial waste gases may reachniq1], and average range varies between
0.15 and 0.4 gn™ [2]. Styrene has been listed among the 189 hamarémd toxic
atmospheric contaminants under Clean Air Act Ameeiais [3].

Chronic exposure to styrene in humans results irariety of discomforts such as
mucous membrane and eye irritations, headachguétiweakness, depression, central
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nervous system dysfunction, hearing loss, and perg neuropathy [4]. Styrene is
suspected to be potentially carcinogenic, mainigough pulmonary and percutaneous
arterial absorption (solvents generally modify thytoplasmic and external membranes).
Styrene oxide, which is an oxidation product of #ide chain and the majon vivo
metabolite of styrene, may also have an immunonaadry effect on workers exposed to
gaseous emissions in an industrial setting [bherefore, before discharge to the
environment, both the liquid and gaseous efflueftsdustrial complexes should undergo
an appropriate treatment to decrease the condenti@tstyrene to below toxic level [4, 6].

Many different methods have been used for thertreat of styrene laden waste gas
streams. The use of physicochemical processes asidatalytic and thermal oxidations,
wet scrubbing and activated carbon adsorption,rinbigh capital and operating costs and
usually results in the production of secondaryuedffits and does not always reduce the
pollutant concentration in the air or wastewater atceptable levels. Therefore, the
biotreatment has proven to be an effective and@woa@al technology with minimal energy
requirements and low waste production among tHereifit air pollution control techniques
for reducing VOCs and odors in air.

Biotreatment provides significant advantages owarventional techniques, such as
adsorption, condensation, activated carbon adsorpéind thermal and catalytic oxidation,
in terms of large air volumes and low gaseous pemiiconcentrations.

Biofiltration is the cost effective and reliabletmm in treating VOCs emitted from
processes with large off-gas volume but low comegioin of pollutants [7]. Three types of
biofiltration such as biofilter (BF), trickle-beddseactor (TBB) and bioscrubber (BS) have
been developed for the treatment of waste gaséickde-bed bioreactor (TBB) consists of
an inert packed bed on which microbial biofilm geand a nutrient-trickling system.
TBBs often exhibit higher treatment performancentlds, because more active biomass
can be accumulated and reactor operation conditansbe effectively controlled. One
drawback of TBBs is excess biomass accumulatioa packed bed. This produces a high
pressure drop and reduces removal efficiency obtbfiter [8].

Before proceeding with the research associated thvéldetermination of efficiency of
the process of biopurification of the air from stye, the optimal environmental conditions
for growth of the selected microorganisms were @rath and next kinetic equation
describing both the rate of the growth of the wstgrain and styrene degradation were
developed. The worked out kinetic model was vetifi|asing on our own experimental
data-base, obtained in batch experiments. Thasdties of experiments of biopurification
of air from styrene was carried out in pilot sctiekle- bed bioreactor. The aim of the
experiments was to determine the range of the tipeed parameters for which maximum
elimination capacity was achieved.

Materials and methods

Microorganisms

The culture of gram-negative bacteria used in $higly, coming from VTT Culture
Collection (Finland), showed 97% homology witseudomonas putidand 97% with
Pseudomonas stutzefiom 16SrDNA analysis The strain, marked as E-93486, was
isolated from the activated sludge enriched withieste [9]. Proliferation of the cells and
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pre-incubation with styrene in the concentratior96fgm™ was performed as described
previously [10].

Analytical methods

The concentration of biomass was determined by ongasthe optical density (OD)
of the fluid culture ¥ = 550 nm). Next, the suspension absorbance wageded into
grams of dry mass of microorganisms according te dalibration curve. Styrene
concentration was determined by gas chromatograpsing Varian 3800 (USA)
chromatograph as described previously [10].

Results and discusion
Effect of temperature and pH on E-93486 growth

Before proceeding with the research associated stjttene biodegradation the effect
of pH and temperature on the growth of the selestein was examined. Pure cultures of
Pseudomonasp. E-93486 were inoculated into a triplicate st$00 cmi Erlenmeyer
flasks containing LB medium. Part of them was atdjdgo pH of 5, 6, 7 or 8 and incubated
in a shaker at 30°C, another part was adjustedit@ pnd incubated at 21, 25, 30 or 35°C
(Fig. 1). Optimal environmental conditions for tp@wth of tested strain were pH = 7 and
30°C and all experiments presented below were pagfid maintaining these parameters.
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Fig. 1. The rate of growth of E-93486 strain afatiént temperatures (a) and pH values (b)

Kinetic experiments

The kinetic model parameters are usually obtainexinfbatch experiments by
observing the biomass growth rate with time atffeidint initial concentration of substrate.
Microbial growth tests in the presence of styresi¢ghe sole carbon and energy source were
conducted in Biostat B fermenter (Sartorius, USWjth working volume of 2.7 dr
operating both in batch and continuous mode. Bexgferiments were carried out for initial
styrene concentration in the liquid phase changinthe range 5-90-g7> A InX = f(t)
graph K [g-m™ is concentration of biomass, [h] is time) was plotted for every
experimental point. In the exponential growth phdke dependence is a straight line of
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slope (l,e)- The compiled data-base made it possible to @hdasetic model and to
determine its constants. The Haldane inhibitory ekod

Hnet = LSISZ 1)
K5+51+K_li
was found to be the best to fit the kinetic datmaetuation (1) [N is net specific
growth rate S [g-m7 is concentration of styrene in the liquid phagg[h™] is the model
parameter,Ks and K; are the half saturation constantrfg®] and substrate inhibition
constant [gm 7], respectively.

The kinetic equation parameters were estimatechgasi the own database using the
least-square error method with the help of NLReggmmme, and they were:
um=0.119 A% K= 5.984 g- ¥, K; = 156.6 g- Nt

The developed equation with a mean relative error:

1yn
ey = — iz
Y Nzl_l Hexp,i

not exceeding 5.5% approximates the experimental dia Eq. (2) subscriptsxpandcalc
denote experimental and calculated values, resdgti

The conducted experiments made it possible alsaetermine the value of the
observed biomass yield coefficient{fons = 0.72) (Fig. 2).
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Fig. 2. Specific growth rate (circles) and obserygld coefficient (triangles) as a function oftial styrene
concentration (solid line correspond to the modetijztion)

The experiments conducted in a chemostat at vadiuson rate D = 0.035-0.1 i)
enabled us to determine the value of the coefficitar maintenance metabolism
(my = 0.0165 hY) and the maximum yield coefficient valueY¢Qmax = 0.913). The
determined complete model of growth of E-93486irstiia the presence of styrene allows
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to calculate the profiles of the changes of bionsss$ growth substrate concentrations in
the periodic cultures. For this purpose the sysiédifferential equations must be solved:

dx 0.1195X t
—=——|(1-exp(—= ) 3)
de (5.984-+Sl+ St )( ( t’)

156.6

as; 1

dx
= m(a) 4+0.0165 - X 4)

whereX is the concentration of cell§, is concentration of styrene in the liquid phasnd

t, are time and duration of lag phase, respectivbly;last term on the right hand side of
Eq. (3) considers the existence of an adaptati@slof durationy. The above system of
equations with the initial condition:

whent = 0, thanX = X, and§ = Sy (5)
was solved by Runge-Kuttd'4rder method.
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Fig. 3. Profiles of changes in concentration ofniéss (circles) and styrene (diamonds) for differiaitial
concentrations of growth substratgen symbols experimental valuedilled symbols values computed
using set of eq. (3)-(4): §=15gm=,b)S=30gm=,¢)S=70gm=> d)S = 90gm™

In Figure 3 the profiles of changes in biomass stytene concentration calculated and
obtained experimentally for a few periodic cultucé®seudomonasp. E-93486 cells were
compared. It is worth emphasizing that the resaftsiumerical simulations performed
using set of eq. (3)-(4) fit the experimental valugth good accuracy.
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Purification of the air in pilot scale trickle-bduloreactor (TBB)

The experiments of the air purification were perfed in a pilot scale installation
shown schematically in Figure 4.
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Fig. 4. Scheme of the experimental set-up: 1 -ilbdof 2 - sprinkler, 3 - vaporizer, 4 - mixer, Feservoir of
mineral salt solution

Its main part was a cylindrical column of 1.084 .m.lIfilled with polypropylene Ralu
rings up to the height of about 1.8 m. The air hqdid phases (mineral medium) flowed
co-currently downward through the packing covereithwa thick layer of the
microorganisms. During experiments the concentnatibstyrene both on the inlet and the
outlet of bioreactor was controlled in the gas baadid phases. The detailed qualitative and
quantitative analysis of microorganisms in the madating mineral solution was also
performed every day. The effect of inlet styrenecamtration on its degradation was
studied for initial concentration in the air chamgiin the range of 0.2-1->. The gas
flow rate was changed in the range of 50-150hm whereas the liquid flow rate was
maintained at the level 8 %h™. The experiments were performed during the pedbd
more than six months (Fig. 5).

It must be emphasized that conducted experimemtaesh high activity of examined
bacterial strain in the styrene biodegradation; ¢haversion degree obtained for tested
operational parameters changed in the range o5%6-% means that for the tested range
of changes of pollutant load the high eliminati@pacity of the process was achieved; for
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maximum pollutant load (80-gi>h™) about 2500 g styrene was removed from the air
every day.

100
140 - PR K
Ry Woiss e HORE L g0
X
X X P
120 X X%WX X X KRR 180
T oo * "
e " f g
= o o o0 000 oo | 0y
S 080 5 g
=1 T (0]
£ 000900000 %0000 %0 gs2%0 eoge0 020 S
g 060 140 3
5 o
o %900 gov0ey 99000 0000 1 30 g
£ 040 - °
2 900 otesed © 120
0.20 |
3 RROP o 0 110
OO
0.00 %0 Gunng 00 00 W0, 000 70 0000000 op P X 0
35 45 55 65 75 85 95 105 115 125
time [days]

Fig. 5. Changes in the concentration of styrentaénair at the inlet (black circles) and outlet f@hdiamonds) of
the reactor as well as conversion degree of thetmatb (stars) during operation of the plant

Conclusions

The paper presents the issues associated with ghakanof microorganisms to remove
the selected volatile organic compound which wasathly source of carbon and energy for
the examined strain. As a result of the kineticegipents the equation describing the rate
of the biological reaction of styrene oxidation Bgeudomonasp. E-93486 bacteria were
determined. The developed kinetic model was vetifiasing on our own experimental data
base. It should be emphasized that the rate oefradiation of the growth substrate is one
of the most important stages of the processesdapiace in bioreactor. The formulated
relationships are necessary to verify the mathemlatnodel of the bioreactor since
drawing up mass balance of the compound removed fhe air or sewage, regardless of
the type of a bioreactor, always requires a knogdedf an expression determining the
biodegradation rate of the removed pollutant. Téstetd strain was immobilized on the
inert packing of TBB and for several months effeely decomposed styrene contaminating
big stream of air. The created data-base will bedfsr verification of the mathematical
model of the process of gas purification carrietliod BB.

The experiments showed high activity of tested adocganisms in the process of
biodegradation of styrene and relatively low séwisjt to the inhibitory influence of
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styrene at higher concentrations in solution (tiggn Ivalue ofK;). Due to such feature, the
examined microorganisms may be recommended fomigahapplications as biological
material in the processes of removing styrene fn@ste air and sewages.
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MODELOWANIE PROCESU OCZYSZCZANIA POWIETRZA Z LOTNYC H
ZWI AZKOW ORGANICZNYCH W BIOREAKTORZE STRU ZKOWYM

! Samodzielna Katedradgnierii Procesowej, Uniwersytet Opolski
2|nstytut Inzynierii Chemicznej Polskiej Akademii Nauk, Gliwice

Abstrakt: Badano proces oczyszczania powietrza ze styremstancji zaliczanej do grupy lotnych zakow
organicznych (LZO), prowadzony w pilotowym bioreaize strukowym (TBB). Poniewa najwaniejszym
etapem procesu oczyszczania powietrza z LZO w akboeze strikowym jest biologiczna reakcja jego rozktadu,
zatem, projektuic proces, naley przede wszystkim starannie wyselekcjonéwaikroorganizmy efektywnie
rozktadajce usuwane z powietrza zanieczyszczenie, sbkrevarunki najkorzystniejsze dla ich wzrostu oraz
wyznaczy kinetyke reakcji. W wyniku testéw poréwnawczych wyselekgwano szczep efektywnie
wykorzystupcy styren jako jedynerddio wegla i energii. Byt to, pochodey z kolekcji VTT (Finlandia), gram-
ujemny szczep z rodzajiPseudomonaspznaczony symbolem E-93486. W testach ¢pisych okrélono
najkorzystniejsze dla jego wzrostu parametry (p30PC,DO = 5 mg-dn) i zaréwno eksperymenty kinetyczne,
jak i proces oczyszczania powietrza w TBB prowadzontrzymujc wyznaczone, optymalne dla reakcji
biochemicznej warunki. Pierwszsert eksperymentéw kinetycznych przeprowadzono w rea&tokresowym,
zmieniajc w kolejnych eksperymentach patkowe stzenie substratu wzrostowego w zakresie 5-907g-m
Badania wykazaly inhibitgpy szybkd¢ wzrostu mikroorganizméw wplyw substratugdstdo opisania kinetyki
wzrostu E-93486 w obeckd fenolu wybrano model Haldane. Zgromadzona baaaych déwiadczalnych
umazliwita estymacg statych tego rownanigu= 0,119 h*, K= 5,984 g-1¥, K; = 156,6 g-17f). Hodowle cigte,
prowadzone przy tdej szybkéci rozcigiczania D = 0,035-0,1 H), umadiwily okreslenie wartdci
wspéiczynnika metabolizmu endogennegg £ 0,0165 hY) i maksymalnej wartai wspétczynnika wydajnii
biomasy (Yxgmax= 0,913). Otrzymane pelne rownanie kinetyczne wzregtzepu E-93486 w obedd styrenu
zostalo zweryfikowane przez poréwnanie obliczonyabtrzymanych eksperymentalnie profili zmiarezetnia
biomasy i styrenu. Badania procesu oczyszczaniagi@a ze styrenu przeprowadzono w pilotowej irasdjal
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ktorej gtéwnym elementem byt bioreaktor skawy o srednicy 1,084 m, wypetiony na wysckol,84 m
inertnym wypetnieniem (polipropylenowe pieienie Ralu), na powierzchni ktérego unieruchomiarostat
testowany szczep. W badaniach strumigzyszczanego gazu zmieniano w zakresie 50-15@ matomiast
stezenie styrenu w powietrzu doprowadzanym do reaktarniano w zakresie 0,2-1 g-inPodczas trwagych
ponad 6 miegty eksperymentoéw uzyskano stapikonwersji styrenu kdu 75-95%, co oznaczage przy
maksymalnym obagizeniu ziza (80 g-r-h?) kazdego dnia usuwane bylo z powietrza ~2500 g styrenu.
Potwierdzona zostata w ten sposéb skutegztestowanej technologii oczyszczania powietrza ©LZ

Stowa kluczowe:styren, kinetyka, bioreaktor sitkowy
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CHANGE IN SELECTED PROPERTIES OF SEWAGE SLUDGE
IN MEDIUM-TERM WASTE STORAGE
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Abstract: In recent years, a number of relatively largedlistions for thermal disposal of sewage sludge was
built. Despite that fact, its management is stikt unsolved problem for large area of the courbye of the
phenomena caused, inter alia, by still underdeeglogewage sludge management is the need of itotamp
storage. Such storage occurs, for example whee fhano possibility of current management of sewslgdge
produced by the wastewater treatment plant. Thredottion of the paper briefly outlines the issoésewage
sludge management in Poland and the genesis akfisarch. In the following parts, the paper focuseshe
methodology of the study. The research includedideeof dewatered sewage sludge, stabilized ipribeess of
anaerobic digestion, from three municipal wastemagatment plants. Sewage sludge was subjectsmitage for
six months. The storage took place on a specialhsitucted place, in layers with a thickness ofraximately
1 meter. The study included, inter alia, the charafehe properties of sewage sludge depositedndéme on the
depth from which it was taken. The paper presdr@gésults concerning the changes in selected ggrsmical
parameters of the sewage sludge.

Keywords: sewage sludge, storage, physicochemical parametgrsrimental research

Introduction

Sewage sludge from municipal sewage treatment lanstill one of the major and
unsolved problems of waste management in Polanfficliies in managing sewage
sludge result, inter alia, from the fact that itgisnerated across Poland in relatively large
guantities. In 2014, over 550,000 Mg of sludge mhatter was produced in Poland. Sludge
has a relatively high moisture content (over 70%herefore, the actual weight of the waste
that needs to be managed is much larger. It capstimated that it exceeds significantly
2 million Mg per year. In addition, due to the féitat in Poland 39.4% of population live in
rural areas and only 36.6% of population live itiesi with population over 50,000 [1],
there is significant territorial dispersion of theurces of sewage sludge generation.

Another property of the sludge, contributing to tfaet that its neutralisation is
troublesome, is its content of heavy metals andqmmns. Heavy metals content is
significant particularly in the sludge derived fréange urban agglomerations.

Currently applicable legal regulations restrictnéiigantly the natural use of sludge
and prevent their storage (from 2016 onwards). &ig010, there have been 9 sludge
thermal treatment plants constructed in Poland.sTtai present, there are a total of
11 plants operating in the country that incinematéy sewage sludge. Other plants where
sewage sludge is managed are cement kilns. In thikse sewage sludge that has been
previously dried is incinerated (there are seveliadge drying plants operating in Poland).

! Department of Technologies and Installations foast® Management, Silesian University of Technology,
ul. S. Konarskiego 18, 40-100 Gliwice, Poland, phord8 32 237 11 23, fax +48 32 237 11 26,
email: michal.koziol@polsl.pl
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All'in, in 2014, over 84,200 Mg of sludge dry matteas managed by thermal methods
in Poland [2]. It was over 15% of the total weiglisludge generated.

Currently, in highly-developed countries, we carsate two clashing concepts of
sewage sludge management. In such countries asafpbDenmark, the UK, over 70% of
sludge is managed in a natural manner. And in sumintries as the Netherlands and
Switzerland, over 90% of the generated sludge weaggmanaged with the use of thermal
methods.

However, in the case of using each method of sewhgije management, it may be
necessary to store the sludge for some time. Irctise of using thermal methods, it may
result from the very fact of the sludge treatmesstesm organisation. Therefore, the need to
store sludge may result, for instance, from thednecollect a larger weight of sludge
derived from a small sewage treatment plant poits further transportation, the need to
store sludge in summer time when the thermal fleugt a heat-generating plant) does not
operate or operates with smaller output. The needdre sludge may also occur as a result
of a failure of a thermal sludge treatment plant.

In the case of a natural sewage sludge managethentieed for the sludge storage
may also occur when it is required to collect agdar quantity of sludge before
transportation, but also in the periods of the absef recipients or in winter season, when
its natural management is at least hampered.

Further in the paper, the results of tests on chsumgcurring in the sludge stored for
the period of 6 months are presented.

Testing methodology

This paper presents the results of testing condumtethree samples of sewage sludge
from large municipal sewage treatment plants (witiiput of over 30,000 ffday). All
sewage treatment plants were mechanical biologiestment plants. In the plant, the
sewage sludge was subject to anaerobic fermentatidrmechanical dewatering processes.

In testing, batches of sludge were sampled fromagewreatment plants and put in
special containers. The capacity of each contaivees over 1 rh The objective of the
conducted tests was to replicate the process dfiliimg sludge under actual conditions,
that is occurring under conditions as in industpabcesses. Under such conditions, the
landfilled sludge is exposed to, among others, exatg factors. For this reason, the
containers were open from the top. Additionally,order to simulate interaction of the
neighbouring batches of sludge, the sides of thdagmers were insulated. Moreover, the
effluent could flow downwards the sludge layer dather on. This was executed with
permeable layers of sand placed at the bottomeottimtainers. When the test was started,
the thickness of the sludge layers was 1.2 m (witho 0.05 m accuracy). Within the test,
samples for laboratory determination were colledtedh various depths (measuring from
the top surface of the sludge layer in the contqirend the results presented below refer
only to the samples collected from the depth ofeéten (with tolerance as stated earlier).
Samples were taken preferably from the central pathe landfilled mass of sludge (the
centre of the horizontal cross section of the daety. Due to the depth of sampling, the
effect of meteorological conditions was includedha test as a disturbing factor.
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The samples for laboratory determinations wereectdld in monthly intervals for
a period of six months, starting with the time wHandfilling sludge began. Thus, the
paper presents the results related to the seves dasampling.

The following part of the document presents theultssof the following sample
analyses from the group of several determinatidpamameters:

» determination of combustible matter content (debeation made by gravimetric

method, according to PN-G-04516:1998 [3]),

» determination of total nitrogen content (total ogen was determined by the Kjeldahl

method [4]),

» hydrogen content (pursuant to standard PN-87/C-D43)).

It should be noted that all values presented furthehe paperd.g.on graphs) are
mean values obtained based on the threefold rigpetif each determination. The mean
values of analysed parameters obtained in this srameferring to individual sludge
samples, were subsequently used to determine neaesvreferring to all sludge samples.
These values were then used for the analyses oélation between the lapse of time and
tested parameters. Determined Pearson’s lineaglation coefficients were compared with
critical values of the correlation coefficient fitre significance level of 0.05 (for 5 degrees
of freedom amounting tq, = 0.7545).

As part of the presented tests, tested parametesanalysed calculated to dry matter.

Test results

Figure 1 presents the results of tests on the &andime of sludge storage of its
combustible matter content. The figure presentsviilae of combustible matter content
reported in subsequent months in all samples afgslustored. The values were used to
determine mean values. For mean values, the tieadefiuation and the linear correlation
coefficient were determined (it was similar in tbase of analysis of other parameters
tested).

Combustible matter content in the analysed slutigaughout testing amounted from
slightly more than 51% up to about 73% (dry matt@ifle greatest variation range was
characteristic for measurement results of comblestitatter content in sample “Sludge I".
Readings for this sample demonstrated nearly 4.B%aton range. It was, however,
mostly due to the value of the combustible mattertent reported in the third month. The
value of this measurement, clearly lower than the @ported in earlier and later months,
is probably the result of the heterogeneity of shenple stored. In the case of other sludge
samples, the variation range was approx. 3.3%.

Table 1 presents values of tested parameters lfalualge samples at the beginning
and end of tests. In addition, a ratio of the ealli& to the initial value is presented. As the
data in the table demonstrate, differences in thsecof combustible matter content
amounted from the value of 0 (“Sludge I") to ovét §'Sludge III"). In the case of mean
values, the discussed difference was 1.7%.

The determined trend line for mean values had dhewiing form:y = 0.2% + 63.92.
The linear correlation coefficientr (= 0.780) leads to the conclusion that there is
a correlation between the analysed values.

Figure 2 presents the results of tests on the ehamtyme of the total nitrogen content.
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Total nitrogen content in the analysed sludge thhout testing amounted from over
2.8% up to about 5.8% (dry matter). The greatesiatian range was characteristic for
measurement results of total nitrogen content impda “Sludge 1”. Readings for this
sample demonstrated nearly 1% variation range.skomple “Sludge 11" it was 0.7%, and
for sample “Sludge 111" 0.9%. No correlation wasnfiomed between the analysed factors
during testing. The mean values determined fob#ginning and end of tests have nearly
identical values. Table 1 presents the values wbgen content reported in the case of
individual sludge samples at the beginning andadriie analysed testing period.

The analysis of the presented data (in the graph ianthe table) leads to the
conclusion that the reason for failure to confitme ttorrelation is large heterogeneity of
sludge samples in terms of the parameter analysedproved by the fact that for “Sludge
I”, in the case of the last two readings, a sudderease in the nitrogen content is clear. In
the case of this sample, the total nitrogen corftarthe last determination is larger by over
25% than in case of the first one. And, in the aastsludge II” we observe for the whole
time a visible downward trend of nitrogen contealtue during storage. And in the case of
“Sludge 11" for the first and last measurementrywsimilar values of the tested value were
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reported. Thus, in the case of each of the sludggtke tested, a different trend in changes
of the total nitrogen content was reported durit@yagye: drop, increase and a constant

value.
Table 1
Initial and final values of analysed parameters3fefudge samples
Combustible matter content [%)] End of testing/start
Sample - - : -
Start of testing End of testing of testing ratio
Sludge | 54.5 54.5 1
Sludge Il 73.0 71.4 0.98
Sludge Il 65.1 61.7 0.95
Share of total nitrogen [%]
Sludge | 3.4 4.3 1.26
Sludge Il 35 2.8 0.80
Sludge Il 4.9 4.8 0.98
Hydrogen content [%)]
Sludge | 3.2 2.6 0.81
Sludge Il 5.2 5.7 1.10
Sludge I 4.7 4.0 0.85

Figure 3 presents the results of tests on the ehamggme of the hydrogen content.
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The hydrogen content in the analysed sludge throuigtesting amounted from nearly
2.5% up to almost 6% (dry matter). The greatestatian range was characteristic for
measurement results of hydrogen content in sanfpliedje 1”. Readings for this sample
demonstrated the variation range of over 1.5%.hin dase of other sludge samples, the
variation range was approx. 0.7%. In the case d&iid&e 11" the reading at the end of
testing was higher than at the beginning (TableNb).correlation was confirmed between
the analysed factors during testing. It was propatdused by insignificant impact of
storage time on the hydrogen content in sludgetéakcat the depth of 1 m, as well as by the
heterogeneity of sludge samples (resulting in greadriation of hydrogen content then the
impact of the analysed process).
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Conclusions

As it was presented in the introduction to the fattion, irrespective of the
management method of sewage sludge, its mediumsinage may be required.

Testing conducted leads to the conclusion thatelepdr layers of the sludge stored
(at the depth of 1 m), the physical and biologisaicesses occur relatively slowly. The
expected change in the combustible matter contanthfs period is less than 3%. In the
case of other discussed parameters (total nitrdgeirpgen content), testing conducted do
not lead to the confirmation of a correlation beswehe storage time and a change in their
value. Thus, if there are changes occurring forpttrgod of 6 months, they are smaller than
those resulting from the heterogeneity of sludge @scuracy of determinations performed.
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ZMIANA WYBRANYCH WEA SCIWO SCI OSADOW SCIEKOWYCH
W TRAKCIE SKEADOWANIA SREDNIOOKRESOWEGO

Katedra Technologii i Ueglzern Zagospodarowania Odpadéw, Politechrikgska, Gliwice

Abstrakt: W ostatnich latach zrealizowano w Polsce szerepuskowo duych instalacji termicznego
unieszkodliwiania osadoéwsciekowych. Pomimo powjgszego, ich zagospodarowanie #ici stanowi
nierozwiazany problem na znacznym obszarze Polski. Jednynjarésk wynikajcym m.in. z wciz nie w peni
poprawnej gospodarki osadatiekowymi jest konieczrnig ich okresowego skltadowania. Sktadowanie to ma
miejsce np. w sytuacji, kiedy nie ma #iwosci biezacego zagospodarowania osadéw wytwarzanych przez
oczyszczalrd $ciekbw. We wsipie pracy krétko zarysowano problematykzagospodarowania osadéw
sciekowych w Polsce oraz gereprezentowanych bada W dalszej cgci pracy oméwiono metodyk
przeprowadzonych baflaW ramach badawykorzystano ustabilizowane w procesach fermentagtlenowej
odwodnione osadyciekowe, pochodce z trzech oczyszczalkeiekéw komunalnych. Osady zostaty poddane
skladowaniu przez 6 miesy. Osady skladowano na specjalnie zbudowanych mw ¢glu stanowiskach,
w warstwach o grubigi ok. jednego metra. W badaniach uwggliono m.in. zmiany wikgiwosci sktadowanych
osadéw w zalmosci od gkbokaici, z jakiej je pobrano. W pracy przedstawiono viyndotyczice zmiany
wybranych parametréw fizykochemicznych osadéw.

Stowa kluczowe:osadysciekowe, sktadowanie, wdaiwosci fizykochemiczne, badania eksperymentalne
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APPLICATION OF MEMBRANE PROCESSES IN UTILIZATION
OF WASTEWATER GENERATED IN BIOMASS GASIFICATION

WYKORZYSTANIE TECHNIK MEMBRANOWYCH W UTYLIZACJI SCIEKOW
POWSTAJACYCH W PROCESIE ZGAZOWANIA BIOMASY

Abstract: Gasification of biomass is always accompanied withgeneration of highly loaded wastewater. Those
streams are formed during cooling and cleaningro€gss gas and comprise of tars, condensed waier gad

a range of organic and inorganic compounds. Nowadénere are no treatment systems of those wastewat
especially dedicated to small and medium size igasidn plants, what is the main limitation in ttechnology
popularization and industrial commercialization. @® other hand, conventional methods proposedttfer
treatment characterize with the narrow spectruracbibn dedicated, mainly to the removal of tar sahses. In
the presented paper the possibility of utilizatimhbiomass gasification wastewater by means of neng
processes is proposed. The technology was bastx ¢wo stage treatment system enabling the sépautttars
by spontaneous sedimentation/floatation and lowsue drive aqueous phase filtration. Polymerigafiltration
membranes of various cut off were investigatedtdube contaminants removal effectiveness and dgp#ovas
shown, that the use of membrane processes ashkeresricentration of soluble organic contaminanthéorate
enabling their recycle to the gasifier. The fileatbtained during the process characterized witbhnuecreased
load of contaminants and after the proper poliskeimgld be directly deposited to the environment.

Keywords: wastewater, tars, gasification, biomass

Introduction

The process of biomass gasification is energeticafficient and economically
attractive thermal operation, which is regardecdas of the most promising method for
renewable energy production [1-4]. The process cm®p of several stages, which usually
occur in one reactor, called gasifier, organizeddrcurrent or counter-current flow, which
is schematically presented in Figure 1.

The mechanism of gasification process can be difazea series of thermochemical
reactions, which occur during pyrolysis and comioustAs a results of those reaction and
at the use of a proper gasification agent (air,gexy water vapor, hydrogen, carbon
dioxide, etc.) and increased temperature (abové@0e conversion of solid substrates to
combustible gaseous products, which is a mixtureanlbon oxide and dioxide, hydrogen,
methane and water vapor, takes place [5-7].

The gas obtained during the gasification processept of the gaseous products,
contains also a range of contaminants, which nedwstremoved in case, when further gas
processing,e.g. in chemical synthesis or cogeneration, is predicfBwo gas cleaning
methods are used for this purpase wet and dry. In the former method, the contamisiant
are usually washed out from the gas by means afrvaatoil absorption in scrubbers and
the simultaneous cooling of gas due to its coniattt the scrubbing medium occurs. In the

! Institute for Chemical Processing of Coal, ul. Zama 1, 41-803 Zabrze, Poland, phone +48 32 62385
email: akwiecinska@ichpw.pl
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latter method, the condensable contaminants présegas stream appear in the form of
aqueous-tar mixture, while solids (dusts and ashesysually removed on filters [8-10].
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Fig. 1. Fixed bed reactor for biomass gasificatidn:counter-current mode, B - co-current mode
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Fig. 2. Places of formation of wastewater streaareated during biomass gasification process

Regardless of gas cleaning method, the highly ldadgstewater containing tars and
aqueous stream contaminated with water solublenargasompounds is formed (Fig. 2).
The proper management of the stream is said tonbeobthe most important condition for
popularization of biomass gasification, especiatiycase of medium and small systems.
Nowadays, only large installations equipped witbhtelogically complete wastewater
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treatment plants are found to be commercially abtddl, and the lack of the method for
proper utilization of smaller amount of wastewaseone of the main reason [11, 12].

In the paper, the technique for the treatment afmaiss gasification wastewater
obtained during the dry cleaning of gas.(tar-water condensate) is discussed. The system
was based on the membrane separation, and diffigqee® of membranes were used.

Methods

The process of membrane filtration was carried inuthe laboratory installation by
KOCH Membrane Systems, model KMS Cell CF1. The a&¥$ equipped with the feed
tank of volume 0.5 drfand two membrane cells arranged in a series ofremmseparation
area of 56 c The construction of the device enables to runpiioeess in the cross flow
mode. The scheme and the photography of the iastallis shown in Figure 3.

INERT GAS INLET (for AP>0.8 MPa)

CONCENTRATE RECIRCULATION | —

FEED | |HEATING/
X < TANK | | cOOLING

(") R

—
MEMBRANE MEMBRANE 4 ’

CELL 2 CELL 1 NS
v
' | FEED  RETENTATE
PERMEATE  PERMEATE PUMP

Fig. 3. The scheme and the photography of labgrastallation for membrane filtration KMS Cell CF1

In the study two types of membranes differ in meamler material and molecular
weight cut off,i.e. polyether sulfone membrane of cut off 5 kDa (UFSPE and composite
membrane of cut off 1 kDa (UF-K-1), were used. Tilieation of gasification condensate
was preceded by both, membrane conditioning anchctexization with deionized water at
transmembrane pressure of 0.1 MPa as well as witioval of tars from the treated
medium by means of spontaneously occurring sedatientand floatation of the fraction.
Next, the filtration of the aqueous phase of thendemsate was carried out at
transmembrane pressures equal to 0.2 MPa for UFEP&S81 1.0 MPa for UF-K-1. The
difference in process pressures resulted of therdignces observed during the membrane
conditioning. Both process were carried out uri#8of the feed volume was recovered in
the form of permeate. After the process, the strehdeionized water was again measured,
in order to evaluate the character of fouling of thembrane and possible interactions
between membrane materials and contaminants prieséng treated wastewater.

The feed and the filtrates obtained during the @sscwere characterized due to the
value of pH, specific conductivity, chemical oxygdamand, ammonia nitrogen and dry
mass content. pH and specific conductivity were suesd with the use of dedicated
probes, chemical oxygen demand and ammonia nitragemre indicated by means of



442 Anna Kwiechska, Tomasz lluk and Stawomir Stelmach

HACH Lange methodology, while dry mass content wasalyzed by means of
conventional thermal method at 105°C temperature.

Results and discussion

In Figure 4, the capacities of clean membranesessed as the volumetric deionized
water flux at 0.1 MPa transmembrane pressure anpared.
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It was noticed, that despite the small differeneeneen particular membranes cut off
(5 kDa and 1 kDa), the difference in their capasitivas significant. It was explained by the
hydrophilicity of particular membrane materials, igéh was found to be higher for
polyether sulfone membrane.

In Figure 5 the results of biomass gasificationtesaater filtration at 0.2 MPa pressure
for UF-PES-5 and 1.0 MPa pressure for UF-K-1, ab agefluxes recalculated for 0.1 MPa
transmembrane pressure are shown.

The much higher capacity at both, process and (Ph ldressure, was obtained for
UF-PES-5 membrane. However, when values of relgtareneate fluxes, calculated as the
ratio of the permeate flux to the deionized watex,fwere compared, it was noticed that
UF-PES-5 membrane operated at 0.25 of initial cépaevhile UF-K-1 membrane
at 0.87 of the initial capacity. The phenomenon wgglained by both, membrane cut off
responsible for fouling and membrane material hgtilacity and affinity to compounds
present in the treated membrane. The former reassuited of the blockage of pore
membranes, as probably they were wide enough,sa cdUF-PES-5, to enable only the
entrance of the contaminant and its remaining enge pores. The latter reason resulted of
the deposition of contaminants on the membranaseyfwhich protected membrane pores
from the entrance of smaller particles inside thembrane. Hence, forming the washable
filtration cake layer was formed. In order to comfi the described phenomena, the
investigation of the change of deionized water fluxs made. The results are shown in
Figure 6.
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Fig. 6. The comparison of water fluxes and relatixager fluxes measured for UF-PES-5 and UF-K-1rdfie
process

It was noticed, that despite higher capacity rea@aluring the wastewater filtration, it
was UF-PES-5 membrane, capacity of which decrebge8B% after the process. Hence,
the conclusion on the penetration of membrane poyeontaminants present in the treated
medium and irreversible fouling occurrence was itonf On the other hand, and
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interesting observation was made for UF-K-1 meméyéor which 175% of initial capacity

was noted. It was explained by the fact, that thesence of the filtration cake, which
formed on the membrane surface during the wastewai@ment, modified the membrane
material and increased its hydrophilicity.

The operation of membranes was also evaluated duthet rate of contaminants
removal. In Table 1 the comparison of parameteedyaed in feed and particular process
filtrates is shown, while in Figures 7 and 8 theotolgraphy’s of process streams and
membrane after process are shown.

Table 1
The values of parameters of process streams aralamates of contaminants
Parameter Unit Feed UF-PES-5 UF-K-1 UF-PES-5 UF-K-1
permeate permeate | removal rate | removal rate
pH - 3.51 7.63 7.61 - -
Specific [mS/cm] 401 3.08 233 232 41.9
conductivity
COoD [mg Q/dnT] 67 000 1049 896 65.7 70.3
N-NH,4 [mg/dnt] 610 209 181 93.3 94.2
Dry mass [mg/dri) 593 5 2 99.5 99.7

Fig. 8. Feed, permeate and concentrate and memaft@ne¢he process - UF-K-1membrane filtration

It was observed, that in both cases membranetifiitraesulted in the efficient removal
of organic contaminants indicated as chemical orydEmand. The obtained removal rates
were 98.4 and 98.7 for UF-PES-5 and UF-K-1 memimanespectively. The membrane
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filtration also enabled the removal of suspendedtaminants, as the dry mass content in
the permeates was 5 and 2 mgidfor UF-PES-5 and UF-K-1 membranes, respectively,
what corresponded to the removal rates above 99f.cbntent of ammonia nitrogen was

also decreased, but only by 70 and 65%, while fipexinductivity was reduced by 23 and

42%. Additionally, the pH of permeates was muchhhig that the one noted for the feed,
what suggested, that acidic contaminants presettieinwvastewater were rejected by the
membranes and remained in the concentrate.

Considering both, membrane capacity, its affiniby fouling and effectiveness of
contaminants removal, it is suggested, that thatrirent of aqueous phase of biomass
wastewater should be carried out at UF-K-1 membrdie obtained permeate can be
directed to municipal sewage system, or after polgs by means oé.g.activated carbon
absorption, it can be directly deposited to theiremment. The retentate generated during
the process, as an aqueous stream highly loadédsaitible organic compounds, can be
recycle to the gasifier in order to assure both, ghoper humidity of the gasified biomass
and thermal decomposition of the remaining contamis

Summary and conclusions

The wastewater generated during biomass gasificagguipped with the dry gas
cooling and cleaning system, is a highly loadedatareous mixture of a wide range of
contaminants. The proper management of the strea@id to be crucial for popularization
and commercialization of small and medium biomaasifigation system. In this paper,
a study on the treatment of aqueous phase of thanstby means of membrane filtration is
discussed. The feed to the membrane process wawdter fraction of the tar-water
condensate, from which tar fraction was removednaans of spontaneous sedimentation
and flotation. Two types of ultrafiltration membesn were used, polyether sulfone
membrane of cut off 5 kDa and composite membraneubbff 1 kDa. It was found, that
both membranes effectively removed contaminantsemitein the process stream, and the
obtained permeates could be deposited to the npahisewage systems, or, after a proper
polishing, directly deposited to the environmengviirtheless, considering the capacity of
the process and the affinity of membranes to fgylibh was concluded, that the process
should be carried out at the composite membrane.
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WYKORZYSTANIE TECHNIK MEMBRANOWYCH W UTYLIZACJI SCIEKOW
POWSTAJACYCH W PROCESIE ZGAZOWANIA BIOMASY

Instytut Chemicznej Przerébki 8fla, Zabrze

Abstrakt: Proces zgazowania biomasyawé st z powstawanie wysoko olagbnych cieklych strumieni
odpadowych. Wody te formowang godczas chtodzenia i oczyszczania gazu procesoinstgoowi mieszanin
smot, skroplonej pary wodnej oraz szeregu azwdw organicznych i nieorganicznych. Brak odpowietn
rozwigzah systemowych, przede wszystkim w przypadku malyckrednich instalacji, powodujeze ich
popularyzacja i komercjalizacja na skarzemystow s3 znacznie ograniczone. Obecnie proponowane metody
utylizacji ciektych strumieni odpadowych charakiary sic zawezonym spektrum dziatania, skupiajsi na
jednym z aspektéw problemu, jakim jest obecnsubstancji smolistych. W niniejszej pracy zaprapeano
mozliwos¢ zagospodarowania ciektych strumieni odpadowychozgsu zgazowania biomasy z wykorzystaniem
technik membranowych. Rozyzanie oparto o dwustopniowy system oczyszczaniazliniajacy separagj smét
poprzez samoistnie zachade procesy sedymentacji i flotacji oraz nisko@niowg filtracje membranow.

W badaniach wykorzystano polimerowe membrany lltratyjne o rénych granicznych masach molowych.
Wykazano, ze zastosowanie procesow membranowych aimi@ zakzenie rozpuszczonych zawkéw
organicznych w stopniu pozwadaym na ich zawrdcenie do reaktora oraz powstawdliratu o znacznie
obnizonym tadunku zanieczyszaze ktéry po odpowiednim podczyszczeniu #mozostéa odprowadzony
bezpdrednio dosrodowiska.

Stowa kluczowe:scieki, smotly, zgazowanie, membrany



Proceedings of ECOpole
DOI: 10.2429/proc.2016.10(1)046 2016;10(2)

Matgorzata NABRDALIK!

PRODUCTION AND OPTIMIZATION OF EXOCELLULAR
LIPASES PRODUCED BY Proteus mirabilis

PRODUKCJA | OPTYMALIZACJA ZEWN ATRZKOMORKOWYCH LIPAZ
Proteus mirabilis

Abstract: Lipases are produced by plants, animals and mgamisms, but only those produced by the
microorganisms are important to industry due tdrtharious enzymatic properties and substrate ipigi
Despite the fact, that such enzymes are synthedigethany species of microorganisms, new environedent
strains able to synthesize exocellular lipasessaegched for. The aim of conducted research wasdess the
lipolytic activity of Proteus mirabilisdepending on pH and temperature. The activity wadyaed in the pH range
between 4-9 and temperatures 5-60°C. The lipobgiivity was assessed by means of titration andrebelts
were presented as the amount of released pmolttyfacids. The analysis of pH influence showeat tthe
highest amount of umoles of fatty acids was rekkdse the strain under study at pH 4 (264.75 pmdlcm
Synthesized lipases were most active at 35-45°Granedmount of released pmoles of fatty acids rduggween
264.75 and 116.25 umol/éniipases produced H¥. mirabilisdue to their biological activity showed in the wide
range of pH and temperature may be an alternaiilipdlytic products currently applied in the indys

Keywords: Proteus mirabilis)ipolytic activity, culturing conditions

Introduction

The global industrial enzymes market is projectedetach USD 6.30 billion by 2022
in terms of value [1]. In the forthcoming years sfeall withess a significant increase in
enzymes production due to their expanding appticadis detergents, pharmaceuticals, food
and beverages. Lipases constitute third groupr pfieteases and carbohydrases, in terms
of their total sale number [1]. Lipases catalyze tireakdown of ester bonds between
glycerol and fatty acids in different lipids. Thezgmes are responsible for the breakdown
of triglycerides which provide energetic substanéms living organisms. The reaction
catalyzed by lipases is carried out between thid Bpd aquatic phase, which dissolves the
enzyme. The products of hydrolysis are fatty adiliscylglycerols, monoacylglycerols and
glycerol. Due to their versatile catalytic propesti lipases have wide range of industrial
applications including detergent, textile, and gairdustries, oil processing, production of
surfactants and synthesis of chiral pharmaceutj2ag.

Many different lipases have been identified in @&ulated from bacteria belonging to
the following speciesAcitenobacter PseudomonasBacillus Geobacillus Burkholderig
Serratiaand StaphylococcudBacterial lipases are exocellular enzymes of mdégoveight
19-75 kDa [6], isolated to the growing medium ie {ate phase of logarithmic growth and
produced in the process of submerged fermentat®)n At present, bacterial lipases
belonging to these from Family |, Subfamily I.1 an? are perhaps studied most closely.
Lipases from Subfamily 1.1 and I.2 are nearly exnlaly found inPseudomonasnd
Proteusspecies [4, 7]. The process of their synthesissmmletion is influenced by many

! Chair of Biotechnology and Molecular Biology, Uaisity of Opole, ul. kard. B. Kominka 6a, 45-032dkp
Poland, phone +48 77 401 60 56, email: mnabrdaliki@pole.pl
Contribution was presented during ECOpole’'l6 Canfee, Zakopane, 5-8.10.2016
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environmental factors, such as: sources of carbwh rmitrate, ions, the presence of
polysaccharides which are not metabolized by bactmperature and pH. Therefore, the
latest trend in lipase research is the developwienovel and improved lipases.

The aim of the research was an assessment ofatiffenvironmental factors such as:
temperature, pH, incubation time on the lipolytictigty of the new strainProteus
mirabilis KMN16.

Materials and method
Isolation and identification

Proteus mirabilisstrain KMN16 was isolated from meat waste contateid soil. The
isolation process was performed on tributyrin agkates incubated at 30°C. Colonies
showing clear zones around them were picked outterdferred to nutrition agar. The
Identification of the isolate was performed withethapid miniaturised system API 1D
32GN and APl 20E (bioMérieux, France), followingethsuppliers instructions.
Complementary tests used for the final identifmatiof the isolate were as follows:
macroscopic and microscopic morphologies and bimite analysis following Bergey's
manual of determinative bacteriology.

Lipase production

The ability of P. mirabilis KMN16 to produce lipase was tested in tributyriedium
containing [%]: tributyrin oil 1.0, pepton 1.0, NB@5, CaCj 0.01. The pH was maintained
at 7. The strain was suspended in 5 ofrsterile water and used as the inoculum forpitee
culture to obtain an initial cell density to adjake turbidity of 0.5 McFarland standard.
The suspension of bacterial culture was incubatetdD cni of liquid medium on a rotary
shaker at 100 rpm and incubated at 30°C. Afterd7lahdays of incubation, the culture was
centrifuged at 10,000 rpm for 15 min at 4°C anddék free culture supernatant was used
as the source of exocellular lipases.

Qualitative assay

Lipolytic activity of P. mirabilis KMN16 was determined by the diffusion plate
method in tributyrin agar medium containing tritnityoil 1%. To perform the assay, the
holes of 5 mm diameter were bored in agar and 200 of supernatant was introduced to
each. The media were incubated at different tentpess ranging from 5 to 60°C for
7 days. Lipolytic activity of tested strain was efenined by measuring the diameter of
hydrolytic zones around each hole.

Assay of lipase activity

The lipase activity was assessed by means of &trimanalysis and determined with
tributyrin emulsion as a substrate. The reactiortuné contained 1 cfrof the enzymatic
suspension, 4 chrof respective buffer and 5 ¢énof tributyrin emulsion. In the control
treatment the supernatant was replaced with sterlier. The mixture was incubated for
30 minutes and the reaction was terminated by gddi cni of acetone-ethanol (1:1)
mixture. The amount of liberated fatty acids wasedained by titration with 0.05 M
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NaOH solution against 2% phenolphthalein as arcatdr, and calculated as a subtraction
between the proper treatment and the control trettmesults. The result was presented as
the amount of liberategmoles of fatty acids. One lipase unit (U) was dediras the
amount of enzyme which liberated 1 pmol of fattidager minute.

Effect of pH and temperature on lipase activity

For determination of optimal temperature of thevétgt the supernatant containing the
enzyme was incubated at different temperaturesimgrfgom 5 to 60°C, at pH 7.0 (0.05 M
phosphate buffer). The optimal pH was determine2ba€ in buffer solutions of pH values
from 4 to 9 using different buffers (0.05 M citrdiaffer pH 4-6; 0.05 M phosphate buffer
pH 7-8; 0.05 M Tris-HCI buffer pH 9). Enzymatic &ty was measured according to
a standard titrimetric protocol.

Results and discussion

The sample of meat waste contaminated soil showgdbacterial count. The colony
described as KMN16 showed maximum zone of clearartten plated on tributyrin agar.
Morphological and biochemical studies were caroetl on KMN16 isolate. The analysis
clearly demonstrated that strain KMN16 belongs ke genusProteus and exhibited
maximum biochemical similarity witR. mirabilis (99% of biochemical similarity).
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Fig. 1. Lipase activity on tributyrin agar platéexf7 days

P. mirabilisKMN16 was tested in terms of its ability to syntizesexocellular lipases
in different environmental conditions concerningéi temperature and pH of the culturing
medium. The first phase of the research consistestreening tests on the medium with
tributyrin incubated at temperature ranging frono %0°C (Fig. 1). The ability to produce
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lipases by strain KMN16 was assessed accordincheohtydrolytic zones. They were

observed only after 7 days of incubation around libkes containing supernatant. The
biggest hydrolytic zone of 18 mm was obtained &C35lightly smaller zones were noted
at temperatures ranging from 20 to 30°C (ca. 10 rauna) between 40 and 50°C (14 mm).
At the lowest and the highest temperatures amogiatih5°C and 55-60°C respectively the
strain KMN16 did not produce lipases or synthesizhdm at a low amount. The

differences between obtained hydrolytic zones vetagistically insignificant in this case

(Fig. 1).

The results obtained in screening tests proved lipalytic activity of P. mirabilis
KMN16 was noted after at least 7 days of culturiferefore, the amount of liberated
pmoles of fatty acids was measured after 7 anday4 dnd the most optimal conditions for
culturing was 35°C and pH 7.

The analysis of lipolytic activity dP. mirabilisKMN16 shows that the highest amount
of fatty acids was liberated under the most optio@iditions after 7 days of incubation
(Figs. 2 and 3). Strain KMN16 synthesized the haglaamount of umoles of fatty acids at
35°C and pH 4 which amounted over 260 umoles. A&spH was getting higher, the
amount of fatty acids was decreasing rapidly toahmunt of 107.25 umoles at pH 5 and
gained constant value of 58 pmoles in the pH rari@:9. After 14 days of incubation, no
influence of pH was noticed in the process of lggmsynthesis. Analyzed range of pH
showed that the amount of liberated pmoles of fatigs remained at a constant level and
mounted between 49-47 umoles (Fig. 2). The highewtunt of liberated fatty acids at pH
7 optimal for P. mirabilis KMN16 was noted after 7 days of incubation at 35%@
amounted over 94 umoles. Further rise of temperataused reduction in the amount of
pmoles of fatty acids. However, in the temperattaiege between 40 and 45°C these
differences were statistically insignificant andeliated pumoles of fatty acids amounted 90.
Regardless of the incubation time, no ability tathesize fatty acids was noted under
psychrophilic conditions - below 15°C (Fig. 3).
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Fig. 4. Lipolytic activity ofP. mirabilisKMN16 after 7 days incubation

In Figures 4 and 5 lipolytic activity d?. mirabilis KMN16 is shown in the units of
lipolytic activity in the full range of analyzed thotemperatures and pH. After 7 days of
incubation, regardless of the pH value, in the terafure range between 5-30°C no
lipolytic activity or the lowest activity was noted@he significant increase in the activity
was noted at the temperature over 30°C. The stf@mwed the highest activity at pH 4 and
temperatures between 35-40°C (8.83 Ujcroinder test conditions at pH between 5 and 9
and at temperature range from 35 to 55°C the enzyaw stable. The lipolytic activity
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measured at various pH levels (pH 5-9) was stediltyi insignificant (Fig. 4). After 14 days
of incubation, no enzymatic activity or only lowlua of it was noted at the temperatures
between 5 and 15°C. The results obtained in thée @&re ambiguous, as regardless of the
pH, increased enzymatic activity was observed etdmperature range of 25 and 45°C.
The highest lipolytic activity amounting 3.45 U/tmas noted again at pH 4 at the lowest
temperature amounting 25°C (Fig. 5).
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Fig. 5. Lipolytic activity ofP. mirabilisKMN16 after 14 days incubation

On the basis of obtained results it may be condutiat optimal conditions for the
strain P. mirabilis KMN16 to synthesize lipases is pH amounting 4 amal temperature
range between 35-45°C. However, in an alkaline gmretmophilic environment, strain
under study KMN16 showed low lipolytic activity r@glless of the incubation time.

Conclusions

The effect of pH on the lipolytic activity was deteéned in six different buffers
covering the range of pH 4 to 9. In conducted nedgahe enzyme was most active at pH
4. In general, bacterial lipases are stable indewange of pH from 4 to 11 [9]. However,
the optimum pH value will vary greatly from one gnme to another. For example the
optimum value of pH for pancreatic lipase amountfoBgastric lipases it ranges between
4-5 and for lipases used in the process of bioHipseduction pH amounts 4.7 [10].
However, the majority of other research papers @rthat the optimal pH value in the
process of bacterial lipases production is newtralkaline. The research papers on lipases
produced by straiR. fluorescen$IK W1 show that it prefers an acidic optimum of pi8.
Whereas, in the research of Bradoo et al. [11]sth@nsB. stearothermophilu§B-1 and
B. licheniformisSB-3 retained their lipolytic activity at pH 3.0.
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Bacterial lipases generally have temperature optimthe range of 30-60°C, which
was proved by the authors’ own research. Accordmg<orman and Bowie [12] and
Korman et al. [13] bacterial lipases from Subfaniily and 1.2 catalyze the hydrolysis of
triacylglycerol at the temperature range betweemZ% and are used extensively as
biocatalysts. As the authors show, the lipase fr&n mirabilis belongs to the
Proteugpsychrophilic family of lipase Subfamily 1.1 and & promising catalyst for
biodiesel production because it can tolerate higlownts of water in the reaction. In
conducted research, the enzyme was most active°ar, 3vhich allows to include lipases
produced by strain KMN16 in Subfamily I.1. An amaition of new psychrophilic lipase
produced byP. mirabilisKMN16 in an industrial process of biodiesel prodactenables to
reduce the costs as it decreases the temperattine pfocess and thus reduce the demand
for energy.

The results obtained in this study show that thbibty of P. mirabilisKMN16 lipase
at pH 4 and at temperature 35°C have proved ieta Ipotential psychrophilic and acidic
lipase and a candidate for industrial applicatisnsh as biodiesel production. Further
studies are needed to enhance lipase productistnaim KMN16.
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PRODUKCJA | OPTYMALIZACJA ZEWN ATRZKOMORKOWYCH LIPAZ
Proteus mirabilis

Samodzielna Katedra Biotechnologii i Biologii Motg&rnej, Uniwersytet Opolski

Abstrakt: Lipazy @ wytwarzane przez gbny, zwierzta i mikroorganizmy, ale tylko te pochodzenia
mikrobiologicznego $ wazne dla przemystu ze wzglu na zrénicowane wiéciwosci enzymatyczne
i specyficzné¢ substratow. Mimo ze enzymy te & syntetyzowane przez wiele gatunkéw mikroorganizmtowv
nadal poszukuje sinowych, srodowiskowych szczepéw zdolnych do syntezy zgwakomorkowych lipaz.
Celem przeprowadzonych badhayta ocena aktywriai lipolitycznej Proteus mirabilisw zaleznosci od pH oraz
temperatury. Aktywn& lipolityczna analizowano w zakresie pH 4-9 oraz w temperatur@g0°C. Do
oznaczenia aktywriai lipolitycznej postuaono sé metody miareczkow, a wyniki podano jako ik& uwolnionych
pmoli kwaséw ttuszczowych. Analizig wptyw pH, stwierdzono,zi najwigcej pmoli kwaséw ttuszczowych
badany szczep uwolnit przy pH 4 (264,75 umoficrhipazy syntetyzowane przez badany szczep wykalyw
najwickszz aktywnd¢, gdy reakagj prowadzono w zakresie temperatur 35-45°Cs¢llowolnionych woéwczas
umoli kwaséw tluszczowych mieifa sic w przedziale od 264,75 do 116,25 pmoficiipazy P. mirabilis ze
wzglgdu na aktywnéc biologiczra w szerokim zakresie pH oraz temperatury metgt sic alternatyvy dla
obecnych na rynku preparatéw lipolitycznych stosoyea w przemgie.

Stowa kluczowe:Proteus mirabilis aktywnd¢ lipolityczna, warunki hodowli
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MODELLING OF CHLOROPHYLL-A CONTENT
IN RUNNING WATERS

MODELOWANIE ZAWARTO $CI CHLOROFILU-A
W WODACH PLYN ACYCH

Abstract: Chlorophyll-a is one of the key parameters for sssent of trophic status of surface waters. However
Polish standard environmental monitoring procedassume a low frequency of chlorophyll measuremints
running waters, which does not provide the possitif permanent control of eutrophication processl taking
the appropriate preventive and protective measufigiently in advance. The article is focusing @mstructing
of predicting model of chlorophyll-a content basen data obtained within monitoring realized by Regil
Inspectorates for Environmental Protection. Multiaee linear regression (MLR) model for chlorophkgltontent
prediction was formulated on the base of chosemrpeters like: pH, oxygen saturation, different ferof
nitrogen and phosphorus. Formulation of the modas$ followed by a test of the applicability of eaahthe
individual components of the regression equatidme main purpose was to develop an algorithm allgvior
quick adaptation of model to local conditions i tfivers in order to make a reliable predictioncbforophyll
content.

Keywords: eutrophication, chlorophyll-a, running waters, pcgdn models

Eutrophication

Anthropogenic eutrophication is a priority globavonmental problem. The negative
consequences associated with this process are isherbdince of ecological balance,
deterioration of water quality, loss of aesthetiogerties and decline of biospheric role of
aquatic ecosystems [1]. For effective preventioeutfophication development, its control,
prediction and management the properly designedtarorg procedures based on reliable
methods of water trophic status assessment aratieds€lassical methods for assessing of
trophic status are based on the measuring of mitraand phosphorus content in surface
waters, which are considered to be the major cafseutrophication, as well as
chlorophyll-a content which represents the levehlgfal biomass production and informs
about ecosystem reaction on water enrichment igdriic matter and the intensity of the
process. These parameters are used most freqientlynitoring of eutrophication [2].

There are various methods for measuring the chlylbp content: weight methods
(Polish Norm), optical methods.d. Algaltorch®) or spatial analysis from planes or
satellites. Unfortunately, measurements of chloytipbonducting by Polish monitoring
services (Regional Inspectorates for EnvironmeRtaitection - RIEP) in the frames of
surface water state monitoring program are perfdriraely and in small nhumber of
measuring points. The situation worsened after 2088n the part of the measurement
point was liquidated and the number of measureddstal parameters was reduced. The
reason was the high labor- and cost-consuming measmts of chlorophyll. This is an

! Department of Environmental Management and PriotectAGH University of Science and Technology,
al. A. Mickiewicza 30, 30-059 Krakéw, Poland, phord8 12 617 47 04, email: kowalew@agh.edu.pl,
elenad@agh.edu.pl
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argument for developing a more pragmatic and logt-coethods for monitoring based on
the results of forecasting models. Most of the dasting statistical models are developed
for the lentic systems; in the case of streamsramuals they are less common but equally
necessary. The complexity of chlorophyll modellingrunning waters is conditioned not
only by the specifics of these ecosystems, maiitilignfactors and water movement, but
also by the annual variations of flow intensity sadi by the floods [1]. The primary
objective of this study is to develop an algoritfon creation of "high-speed" model of
chlorophyll-a content, based on data obtained withoutine, monthly monitoring
measurements carried out by RIEP. Such model ieaag to predict the chlorophyll
content and fill a gap in the research.

Existing solutions for modeling of chlorophyll-a

In the modern practice of modeling of chlorophyléantent, there are the different
approaches used. The first one is the determinafiehlorophyll content based on images
obtained from aerial or satellite photography. eeond approach is the method in which
the selection of the components of the model amdoitmulation are implemented using
artificial neural networks or similar algorithmshé third approach are methods based on
statistical modeling using mainly the regressioalygsis.

Aerial and satellite methods

Among the wide use of spatial applications thereMiERIS satellite, designed to
control the state of the oceans. It has also becaménportant tool in estimating the
qguantities of chlorophyll and biomass in freshwatf8]. On the basis of satellite NIR
measurements (near infrared) the direct correlatiodels were formulated [4] as well as
the models consisting of several parameters with donstruction similar to the
construction of the aggregate indicators of euticgiion [5, 6]. Previously, the direct
measurements were conducted with the help of gatelike: Adeos and Orbview-2 [7].

Artificial neural network§ANN)

The use of artificial neural networks (ANN) is quitommon in the modelling of
chlorophyll-a content and other biological compdsern aquatic environment. In
modelling process there are used the differentalengtworks and different methods of
recognition, so there is no one universal algorifomchlorophyll content modelling. It is
popular to use the ANN in comprehensive modelgfedicting chlorophyll changes using
the range of parameters including hydrological, rbyehorphology, meteorological data
and physical and chemical parameters of the exatranea [8]. Next to the neural network
it is possible to use heuristic evolutionary algori (HEA). This algorithm could create
a model that is changing in time simultaneouslgneironmental data changing [9]. There
are also the models based on fuzzy logic co-worlitly neural networks and evolutionary
algorithms [10].
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Statistical modelling

Among the statistical models the linear regressioould be distinguished. The basis
of this method is the least squares method. Intiaddio the selection of the parameters the
correlation analysis can be used (Pearson or Sp@arank) or variance inflation factor
(VIF). For determining of coefficients for regremsiequations there is frequently used the
so-called stepwise regression: backward, forwargss often bidirectional. With a limited
number of suggested parameters it can be usedkai&eAinformation criterion (AIC) [11,
12]. The formulation of statistical models of cldphyll content can be based on Principal
component analysis (PCA) and Principal componegression (PCR), in particular for the
choice of model parameters [13]. There are alsiis8tal methods based on the values of
biotic indicators and their coefficient of variat® allowing for the formulation of
chlorophyll prediction model [14]. An interestingsue is the use of phytoplankton growth
model BLOOM Il to estimate the chlorophyll contefit5]. According to specialist
literature the ANN and statistical methods, pridyakilultivariate linear regression (MLR)
will finally give similar results [16]. High com@ice of prediction, both for the test data
values as well as for real values of parameteesgyer real possibility to use both of these
methods in practice of routine monitoring.

Assessment of model adjust to real values

The basic estimation test for the convergence efliption values with factual values
is correlation analysis. The most common indicégothe Pearson coefficient, which can
range from —1 to 1. The best fit is observed whgralue is a positive integer and equal 1,
while the minimum accepted level is usually detewdi individually [14]. Other
parameters describing the degree of predictioralvidiiy are: Theil Index (TI), Mean
Absolute Error (MAE), Standard Uncertainty, Root afeSquare Error (RMSE), Mean
Relative Error (MRE) [13, 17, 18], Occasionally R&tng Operating Characteristic (ROC)
curve (AUC) [10] or even scatterplots [19].

Research area

The object of research is the river Ner, locateddrth-western Poland, in the province
of Lodz. Together with its tributaries, such as Pxyka, Pisia, Beldowka and Nida the
river Ner is monitored by the Regional Inspectorfate Environmental Protection (RIEP)
located in Lodz city, within the framework of stat®nitoring. Ner is a river of abiotic type
20 - lowland gravel river. The rivers of this tymee characterized by varying flow
intensity, with mainly gravel and sand bottom stdist It was necessary to select the
appropriate measurement point where the measureofenhlorophyll was conducted
regularly. The research was based on data obtdnoed monitoring provided by the
Inspectorate in the period of years 1992-2014 inseh measurement point located at
111.7 km of the Ner river, where the content obotibhyll was measured in the period of
1993-2006. During overall multi-year monitoring tReEP measured the values of more
than 60 parameters, but there are only about 2&npeters were measured regularly every
year. The main of them are: water and air tempegaficolor of water, solid substances, pH
value and dissolved oxygen, BOD and COD measureivbymethods, total nitrogen and
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total phosphorus, conductivity, hardness, concéatra of chlorides, calcium and
magnesium and others. The set of 25 values of adguheasured parameters was used to
construct a predictive model of chlorophyll-a cante

The regression prediction model of chlorophyll-a cotent
Algorithm of statistical analysis

Statistical analysis was carried out in stagesguSiatistica software version 10.0
developed by StatSoft. The first step of the anslygas to verify the compliance of
distribution of the parameters derived from the wminmonitoring with the normal
distribution. Confirmation of the normal charactértheir distribution allowed for further
statistical analysis. Globally for multi-year datawas created the Pearson correlation
coefficient matrix to pre-eliminate the parametdgepending on each other. It assumes two
methods of its creation and verification. The fins¢thod is the separation of data groups
forming the model and the test group, the seconthadepresupposes that all data will be
used for construction of the model, and the whdlehe verified by comparing the data for
individual years. For formulation of the model thaultiple stepwise linear regression
(MLR) was used. Then the validity of the model edets was tested by the AIC criterion.
The parameters of the model were selected usintind&r regression provided the correct
final model. For the assessment of conformity Vétttual values the Pearson's correlation
coefficient and root main squared error (RMSE) wased. The elaborated algorithm
applied for statistical analysis and further foratidn of the model is shown in the
Figure 1.

RIEF dat=

Validstion
P=arson r, RMSE

ila

P - )
i e Stepwise regression,

——
backward , forward btk Formmnd i P e )

Fig. 1. Algorithm of model creation

Model calculation

The database was formed by the results of measuteréselected 25 parameters in
the measurement point located at the 111.7 km efritber Ner, carried out during the
monitoring period 1993-2006. In total, there weonducted 136 series of measurements
and 346 values of different parameters were deterthiThe values of 21 parameters were
selected as the model input data: chlorophyll4aaiadl water temperature, water color, total
suspended solids, pH, oxygen saturation, BODODy,, ChZT., ammonia, nitrates,
nitrites, total nitrogen, phosphates, total phospsototal hardness, sulphates, chlorides,
calcium, magnesium. The data was characterized hjstibution similar to normal
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distribution. The highest coefficient of Pearson € 0.744) characterized the
interdependence of chlorophyll-a and C@Dvalues. Then stepwise regression analysis
was applied, both backward and forward. The obthiesults of statistic test F (Fisher test)
allowed the selection of the following parametensrhodel formulation: suspended solids,
BODs, CODy, nitrites, nitrates, total hardness, dissolvedstanes, sulfates, calcium and
magnesium. The applied AIC analysis made it posdiblrank the selected parameters in
the following order of priority: sulphates, C@R nitrites, total suspended solids,
magnesium, total hardness, dissolved substandegjroaBOD;. Then, the construction of
appropriate model based on MLR method of five-stagekward analysis were conducted.
The last stage of the analysis allowed for findéstion of following parameters for model
formulation: solid substances (SS), B§DCODy,, nitrates (N-NG@) and dissolved
substances (DS) Finally the statistical model fadjction of chlorophyll content (Chh)
takes the form of following equation (1):

ChP-a =-27.4835 + 0.1678 SS + 3.2788 BOD + 6.9097 GOD
(-33.6520) N-N@+ (—0.0695) DS (1)
The graph in Figure 2 shows the values of chlortghygoncentrations obtained by
modelling during the subsequent stages of the aisalggainst the factual values of
chlorophyll- a concentration. Table 1 shows thaigalof selected parameters of the model
in each of five steps of statistical analysis.

Chlorophyl-a [ug/dn?]

b
.**’Af’ \"“\ff“M"‘{ kA ’\H“‘/j“

days

-=-Chlorophyl-a (R step 1 MLR step 2 MLR step 3 MLR step 4 MLR step 5

Fig. 2. Chlorophyll values - real and predicted

Using backward linear regression algorithm, witlesting the key parameters of the
model using AIC criterion and using the MLR anadyisiwas possible to formulate the final
variant of the model and to achieve the satisfgctesults. Table 2 presents the values of
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Pearson correlation coefficient and root main sedaerror RMSE. In each step they
achieved a high degree of correlation between dlotuél values of chlorophyll-a content
and the values obtained on the base of formulatedei Due to the fact that all the
parameters used for the final MLR analysis are ggheameters regularly monitored by
RIEP, there is the possibility to formulate the dictive models based on the maximum
amount of parameters. The research also justified possibility of application of the

elaborated algorithm for selection of the paransetdr predictive model. The permanent
application of mentioned algorithm would help tcomlthe problem of remodelling and
ensure the satisfactory level of model adjustmeméal aquatic conditions.

Table 1
Parameters of linear regression of each steptatatianalysis
MLR stages Step 1 Step 2 Step 3 Step 4 Step 5
Absolute term —46.146 —45.996 —46.061 —37.916 237.4
Suspension 0.199 0.199 0.198 0.178 0.167
BOD 3.278 3.274 3.240 3.071 3.278
CODwn 7.271 7.269 7.284 7.127 6.909
Nitrate —34.760 —34.840 —35.054 -30.914 —33.65pR
Dissolved substances —0.092 —0.092 —0.09% —0.098 .0690
Hardness 0.119 0.121 0.132 0.071 out
Sulphates -0.161 -0.162 -0.159 out out
Calcium 0.036 0.034 out out out
Magnesium 0.052 out out out out
Table 2
The values of statistical characteristics at eéep sf MLR
MLR step Number of Mean deviation St_an'dard Pearsonr RMSE value
parameters deviation SD
1 9 14.539 25.20 0.79 18.43
2 8 14.539 25.20 0.79 18.43
3 7 14.534 25.20 0.79 18.43
4 6 14.392 25.01 0.79 18.52
5 5 14.380 24.93 0.79 18.60

Summary and conclusions

The increasing pollution of rivers and the contirquthreat of eutrophication problem
forces to expand, optimize and improve water mainigpprograms for eutrophication. It is
therefore the prior necessity for regular controthe value of such parameters as various
forms of nitrogen and phosphorus and chlorophydbatent. Under the conditions where
the key parameters of eutrophication are not stdglet routine monitoring it is the need
of other ways of obtaining the necessary informmatio the absence of information on the
monthly values of chlorophyll-a concentrationssifossible to obtain the necessary values
on the base of mathematical modelling. In ordesréate a model that would be readily and
widely used by monitoring authorities (RIES) thedabmust be easy to use and based on
regularly measured parameters. The elaboratedithgoof statistical analysis presented in
the article allows for the selection of key modeput parameters and formulation of
a simple mathematical model which is characteriagchigh degree of reliability of the
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obtained results. Application of the developed dthm of statistical analysis which
provides the base for formulation of prognostic matatical models allows the prediction
of chlorophyll-a content in order to forecast thaamics of trophic status changes and to
take the appropriate decisions on the integratatagement in river basins.
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MODELOWANIE ZAWARTO $CI CHLOROFILU-A
W WODACH PLYN ACYCH

AGH Akademia Goérniczo-Hutnicza w Krakowie, Katedtsztattowania i Ochrongrodowiska

Abstrakt: Chlorofil-a jest jednym z kluczowych parametréw zgttych do oceny stanu troficznego wéd.
W Polsce w ramach standardowego monitoringu rzet jednak badany rzadko. Artykut skupia sia
skonstruowaniu modelu predykcji zawdndb chlorofilu-a w oparciu o dane pochade z rutynowego
monitoringu realizowanego przez Wojewddzkie Inspekly OchronySrodowiska. W tym celu na podstawie
parametréw jakéi wod, takich jak pH, nasycenie tlenem orazneformy azotu i fosforu, zostat sformutowany
model regresyjny, a nasinie przeprowadzono test zasad@astosowania w nim poszczegdlnych sktadnikéw
réwnania regresji. Ostatnim etapem bylo opracowaigmrytmu pozwalagego na szybkie dostosowywanie
modelu do lokalnych warunkéw w rzekach w celu dakwoa wiarygodnej prognozy zawadtd chlorofilu.

Stowa kluczowe:eutrofizacja, chlorofil-a, wody ptgte, modele predykcyjne
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IN MUNICIPAL WASTEWATER IN JAWORZNO-DAB WWTP
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Abstract: The role of municipal wastewater in the developnoéreutrophication processes due to high contént o
nutrients will be increasing correspondingly witoromic development. However, treatment technotod@not
always provide an effective protection of surfagexs against eutrophication. Biogenic substanndber way
from the place of their origin to the discharge water receiver undergo significant transformations.
The knowledge about it is essential to understanaestheoretical issues and to develop the methibplotection
against eutrophication. In recent decades, manytdes have introduced an advanced wastewatenrtest
technologies for increased nutrients removal. Hareregardless of the fact that load of biogenlstances was
significantly reduced, the substantial successgsréwenting of eutrophication processes has faiedchieve.
Moreover, as research has shown, wastewater tr@ateshventional biological technologies can acede the
process of eutrophication, because it charactebyeal high content of mineral forms of nitrogen qmsphorus,
which are easily absorbed by aquatic vegetatiorrofigan and national requirements in terms of tdeate
wastewater quality discharged into receivers contleg contents of total nitrogen and phosphorudevthe most
available to algae are their dissolved inorganicn® Knowledge about the content of bioavailablemfo of
nutrients in wastewater discharged into receivieowal to make rational decisions when choosing weestier
treatment technologies, as advanced technologietegd nutrients removal are an extremely capitahisive
investments. In view of the above consideratiomsrésearch was undertaken on the content of vaftwos of
nitrogen and phosphorus in municipal wastewaterhdigged from wastewater treatment plant Jaworzrn-be
results of which are presented in this article.

Keywords: eutrophication, municipal wastewater, biogenicterabioavailability of nutrients

Introduction

The assessment of influence of various wastewaygest on eutrophication
development in surface waters allows to concludat tmunicipal wastewaters have
prevailing role in surface water pollution. From ®090% of phosphorus compounds are
delivered in that way to water receivers from whighto 20% represents phosphorus
contented in detergents. On the other hand, detesrgef older generation in 50% are
composed of phosphorus [1, 2]. The role of wastemiatthe acceleration of eutrophication
process will increase with the economic developmestill wastewater treatment
technologies cannot always provide the proper pfigie against eutrophication.

Removing biogenic substances from wastewater be@meap-to-date problem when
it appeared, that conventional treatment technekgre not effective enough in the matter
of nitrogen and phosphorus elimination. In the piestades in many countries the advanced
technologies of wastewater treatment were impleateint order to achieve the increased
removal of nutrients. However, regardless of that fhat the load of biogenic substances
was significantly reduced, the substantial suceesse preventing of eutrophication
processes has failed to achieve. Moreover, as ses@archers have shown, wastewater
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treated in conventional biological technologies aaoelerate the process of eutrophication,
because it is characterized by high content of raln®rms of nitrogen and phosphorus,
which are easily absorbed by aquatic vegetatiod][3:uropean and national requirements
in terms of treated wastewater quality discharged receivers concern the contents of
total nitrogen and phosphorus [5]. Various numbérpuoblications on eutrophication
process development shows, that just dissolvedjamoc forms of nitrogen and phosphorus
are the most available to algae [6-9]. Differenja@l species have specific demands
concerning bioavailable forms of nitrogen and ptasps. For example, orthophosphate
P-PQ is concerned to be the most assimilable form ofsphorus compounds for
phytoplankton. Its content depends on water pH eialWhen pH value amounts
3-7 dihydrogen phosphate anionR®, dominates, when pH = 8-12 hydrophosphate ion
HPO, prevails. The most bioavailable nitrogen form igrate nitrogen which can be
consumed, for example, bZyanobacteriarepresentatives likeAnabaena variabilis
Nostoc paludosumand Nostoc coeruleum Such species aMlicrocystis aeruginosa,
Calothrix elenkinj Hapalosiphon fomtinaligtc. reproduce better consuming the ammonia
nitrogen [10]. The majority of green algae absartwst actively the nitrate nitrogen. Some
species of higher aquatic vegetation, for exampie teed, also absorb better the
ammonium nitrogen. The least assimilable form aferal nitrogen is nitrite nitrogen.

The specificity of mineral nutrition of aquatic \etgtion is not fully investigated due
to the high degree of complexity of the studiest tlequire the interdisciplinary team of
specialists involvement.

Knowledge about the content of bioavailable fornfs notrients in wastewater
discharged into receiver allows to make rationatisiens when choosing wastewater
treatment technologies, as advanced technologieleed nutrients removal are extremely
capital-intensive investments.

In view of the above considerations the research walertaken on the content of
various forms of nitrogen and phosphorus in mumicipiastewater discharged from
wastewater treatment plant Jaworzno-Dab, the seefillvhich are presented in this article.

Materials and methods

Municipal wastewater treatment plant (WWTP) JaworPab is located between two
cities Jaworzno and Chelmek in the eastern paSilesia Region of Poland. Untreated
wastewater is transported to wastewater treatmkamit lpy two canalsThere are also
sanitary sewage being transported by septic tankers the areas without access to
municipal sewage system. The maximum wastewater rfite is around 25,000°mper day
and the maximum load according to operative watermi equals the population
equivalent PE = 87,500. Due to the modernizatiosesfage system the forecasting load is
going to rise up to 125,000 PE [11]. Treated waatewis discharged to the river Przemsza
in the point located at km 9+518.

Jaworzno-Dab WWTP operation is based on low-loaatdivated sludge technology
with advanced nutrients removal and possible phmgsh chemical precipitation. The
currently valid water permit [11] obligates to e\ the following parameters in discharge
from the WWTP: BOD - 15 mg £in?, COD - 125 mg @dn?, TSS - 35 mg/df total
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nitrogen - 15 mg N/df total phosphorus - 2 mg P/dnThe technological scheme of the
WWTP is shown in Figure 1.

influent PST / AN AX AE effluent
—ar 7 Y —>\ SST /——

HC PDC

Fig. 1. Technological scheme of Jaworzno-Dab WWWBT( - primary settling tank, HC - hydrolysis chambe

AN - anaerobic chamber, AX - anoxic chamber, AEerohic chamber, SST - secondary settling tank,
PDC - recirculated sludge pre-denitrification chamb

Table 1
Concentration of different forms of nitrogen andgphorus in raw wastewater
N-NH N-NO N-NO N Kj TN Norg TP P-PO,

Year 4 2 3 3 3 3 e

[mg/dm?] | [mg/dm?] | [mg/dm?] | [mg/dm®] | [mg/dm®] | [mg/dm®] | [mg/dm®] | [mg/dm?]
2013 41.40 0.00 0.31 64.49 64.80 23.10 8.48 6.49
2014 43.08 0.00 0.30 71.19 71.49 24.64 11.48 8.40
2014 41.50 0.00 0.27 69.86 70.13 21.55 10.24 7.58

“results for months I-VI with primary settling ta®N. ™ results for months VII-XIl with primary settling ri&
OFF.

Table 2
Concentration of different forms of nitrogen andgphorus in wastewater after mechanical treatment
N-NH N-NO. N-NO N Kj TN Norg TP P-PO,
Year 4 2 3 3 3 3 %
[mg/dm?] | [mg/dm?] | [mg/dm?] | [mg/dm®] | [mg/dm®] | [mg/dm?] | [mg/dm’] | [mg/dm?]
2013 41.40 0.00 0.33 65.83 66.16 24.44 8.69 6.98
2014 44.00 0.00 0.81 68.36 69.17 24.36 11.8Y 9.58
2014 n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e
n.e. - not examined
Table 3
Concentration of different forms of nitrogen andgphorus in wastewater after biological treatment
N-NH N-NO N-NO N Kj TN Nor, TP P-PO
Year 4 2 3 3 3 9 . 4
[mg/dm? | [mg/dm? | [mg/dm? | [mg/dm?] | [mg/dm?] | [mg/dm? | [mg/dm? | [mg/dm?
2013 0.30 0.00 7.87 1.63 9.50 1.33 0.70 0.55
2014 0.49 0.00 8.29 181 10.10 1.32 0.35 0.23
2014 2.00 0.00 7.07 2.85 9.92 0.85 0.73 0.57

Data used for analysis were obtained from the tesdilwastewater quality monitoring
conducted by WWTP laboratory. The values of exathiparameters were systematized,
organized and prepared for analysis. Basis wastitatiesl from the average annual values
of concentrations, of different forms of nutriemighin the period of 2013 and 2014. The
analysis concerned the quality of raw wastewatestewater after mechanical treatment
and after biological treatment. Due to the neegrirhary settling tank modernization it
was turned off the operation in June 2014. Owinghie the parameters relating to the
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examined period between July-December 2014 werb/zeth separately. The results of
analysis on the content of different forms of bioigesubstances in wastewater after
different steps of treatment are shown in Tabl&s 1-

After analyzing the data shown in Table 3 it canstaed, that exclusion of primary
settling tank did not affect seriously on the ims®e of neither total nitrogen nor total
phosphorus. However it brought to the changesarsthucture of content of different forms
of nitrogen compounds, which is especially distifmt the concentration of ammonia
nitrogen and Kjeldahl nitrogen.

Taking into account, that the main objective oksesh is the content of mineral forms
of nitrogen and phosphorus in treated wastewatkictware immediately bioavailable for
water vegetation, the next step was to assesstitert structure of particular bioavailable
nutrient forms of biogenic compounds.

Results and discussion
Content structure of nitrogen compounds in wastewat

One of the main component of raw wastewater in JaneDab WWTP is ammonia
nitrogen (64%) and organic nitrogen (35%). It sigggehat the ammonification processes
had already started in sewage network. Technolbgictem of wastewater treatment plant
provides the stabile effect of total nitrogen remipwo WWTP meets the requirements of
existing Regulation [12]. The average level of totidrogen removal is about 86% and its
maximum concentration in the effluent not excee@isng/dnf.

80

70

60 - — —

50

40 Norg
N-NOs
30
m  N-NH,4
20
10
0

RW  WAMT RW  WAMT RW  WAMT
2013 2013 2013 2014*  2014* 2014* 2014** 2014** 2014**

Nitrogen concentration [mg/dm?3]

Fig. 2. Nitrogen compounds in wastewater after ipaldr treatment stages (RW - raw wastewater,
WAMT - wastewater after mechanical treatment, TWielogically treated wastewater),results for
months I-VI with primary settling tank ON, results for months VII-XII with primary settlingnix OFF

The percentage content of particular nitrogen camps (N-NH; N-NOs; Ngg) in
wastewater discharged to Przemsza river in 201@résented as follows: 3.18; 82.86;
13.95% respectively. In the first half of 2014 @®were changes were not observed and the
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content structure of these compounds were theviolig: 4.86; 82.10; 13.04. However in
the second half of 2014, when the primary settlank was turned off, the concentration of
ammonia nitrogen increased and content structurdiftfrent nitrogen forms mentioned
above changed as following: 20.21; 71.23; 8.56%peaetvely. It can be assumed that
turning off the primary settling tank caused sesi@mlhanges in the structure of nitrogen
compounds in effluent from WWTP.

The results of analysis of wastewater quality aftechanical treatment had shown the
slight increase of organic nitrogen amount, whi@n de an effect of a number of
difficulties connected with primary settling tankpdoitation. Figure 2 presents the content
of nitrogen compounds in wastewater after particiksatment stages.

Content structure of phosphorus compounds in wagw

Phosphorus in raw wastewater is generally repredeby phosphates (74.59%) and
organic phosphorus (25.41%). Wastewater after giold treatment consists mainly of
orthophosphateBO, (79.07%) and organic phosphorus (20.93%). In ifs¢ half of 2014
the phosphates amount was around 66.65% and orghogphorus - about 33.35%. After
turning off the primary settling tank in June 2Ghé concentration of phosphates increased
to 78.66% and the concentration of organic phosghaccordingly dropped to 21.34%
(Fig. 3). Wastewater treatment technology providee average reduction of total
phosphorus up to 94% (against required min. 80%) i maximum concentration is
0.7 mg/dm which means that WWTP Jaworzno-Dab meets the memeints of current
Regulation [12] in case of total phosphorus redurcti

12

10 —

Porg
m P-PO,

Phosphororus concentration [mg/dm?3]
()]

RW  WAMT TW RW  WAMT TW RW  WAMT TW
2013 2013 2013 2014* 2014* 2014* 2014** 2014** 2014**

Fig. 3. Phosphorus compounds in wastewater afteticplar treatment stages (RW - raw wastewater,
WAMT - wastewater after mechanical treatment, TWiclogically treated wastewater), results for
months I-VI with primary settling tank ON, results for months VII-XII with primary settlingnix OFF
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Amounts of immediately bioavailable nitrogen andgghorus compounds

Results of analysis of concentrations of organid amneral forms of nitrogen and
phosphorus are presented in Tables 4 and 5. Tlesis are relating to the period with

primary settling tank operating and turned off.

Table 4
Nitrogen compounds in raw and treated wastewater
. TN Nor, Nmin. Bioavailable N | NOs/ NH,/
NItrOGeN | [mg Nidmr] | [mg Nidm] | (mg Nidm] | Moo "N 1 | ™ g N [%] | Nows, [%]
Raw wastewater
2013 64.80 23.10 41.71 55.38 64.36 0.74 99.26
2014 71.49 24.64 43.38 56.79 60.69 0.6 99.31
2014" 70.13 21.55 41.77 51.60 59.56 0.64 99.36
Biologically treated wastewater
2013 9.50 1.33 8.18 16.21 86.05 96.30 3.70
2014 10.10 1.32 8.78 14.99 86.96 94.41 5.59
2014 9.92 0.85 9.07 9.36 91.44 77.9 22.10
* results for months I-VI with primary settling ta@¥\. ™ results for months VII-XIl with primary settling &
OFF
Table 5
Phosphorus compounds in raw and treated wastewater
TP Por Prin. Bioavailable P
Phosphorus | 104y [mg P/dnT] [mg Pld] | Poro/ Prn [%0] %]
Raw wastewater
2013 8.48 1.98 6.49 30.52 76.62
2014 11.48 3.08 8.40 36.72 73.14
2014 10.24 2.66 7.58 35.12 74.01
Biologically treated wastewater
2013 0.70 0.15 0.55 26.47 79.07
2014 0.35 0.12 0.23 50.03 66.65
2014 0.73 0.16 0.57 27.13 78.66

OFF

" results for months I-VI with primary settling taG@\. ” results for months VII-XII with primary settling &

The analysis of data presented in Tables 4 andowslto sum up, that the ratio
between organic nitrogen and mineral nitrogen éateed wastewater decreased about 1.8
times during the period with operating primary lgggt tank and 5.5 times when it was
turned off. The content of bioavailable nitrogenmpmunds increased 1.4 times with
operating primary settling tank and 1.5 time whemwas turned off. The dominating
bioavailable nitrogen form in biologically treatecstewater is nitrate nitrogen, contrary to
raw wastewater, where the main bioavailable forrmibfogen is ammonia nitrogen. It
should also be noted, that turning off the secondattling tank has led to the reduction of
nitrite nitrogen share by 12.8% and correspondimygeiase of ammonia nitrogen share by
17.5% in treated wastewater.

The ratio of organic phosphorus and mineral phogmhdon raw wastewater has
averaged 34.0%, while in treated wastewater in 20iBunder the settling tank turned off
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in 2014 it decreased slightly and accounted foramarage of 26.8%. There was one
exception before June 2014 when this ratio inciebayel 3%.

Amount of bioavailable phosphorus compounds indgmally treated wastewater
increased by 3.6%, but in the first part of 201¢ ¢share of mineral phosphorus was lower
due to different content of phosphorus forms in keastewater. The results are presented
in Figures 4 and 5.

100.0
— 90.0
£ 900 m Bioavailable nitrogen
% ' content in raw
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E 60.0 -
.8 50.0 -
2 400 -
3 30.0 - i Bioavailable nitrogen
c . .
g 20.0 - content in treated
5 : wastewater
© 100 -

.0 A

2013 2014* 2014** year

Fig. 4. Content of bioavailable nitrogen forms (sof NO;, NO, and NH) in raw and treated wastewater;
“ results with primary settling tank ON, results with primary settling tank OFF
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L 400 -
% 30.0 - m Bioavailable
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10.0 -~
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Fig. 5. Content of bioavailable phosphorus form®,Pforms in raw and treated wastewateresults with
primary settling tank ON;," results with primary settling tank OFF

Conclusions

The analysis of the state of knowledge on treateshicipal wastewater impact on
trophic status of receiving surface waters and yaiglof wastewater quality treated in
low-loaded activated sludge technology with advdngetrients removal in Jaworzno-Dab
WWTP allowed to draw the following conclusions:
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Eutrophication manifested by intensive developmeft aquatic vegetation is

accelerated mainly by excessive amounts of mirferais of nitrogen and phosphorus
introducing into receivers together with biologlgateated wastewater.

Biologically treated wastewater, meeting the legdise requirements concerning total
nitrogen and total phosphorus content, are enriah@dineral forms of these biogenic
elements immediately bioavailable for aquatic vatien.

The above mentioned statement was confirmed byattedysis of raw and treated
wastewater content from Jaworzno-Dab WWTP.

The content of bioavailable forms of nitrogen atbgphorus in biologically treated
wastewater from WWTP Jaworzno-Dab has increaseregondingly by 22% and

3.6%. This fact shows the growth of biologicallyated wastewater potential for
intensification of surface water eutrophication.

Further research in undertaken direction would valldhe optimization of

decision-making process in the sphere of wastewatetment technologies taking into
consideration the eutrophication processes meafmanis
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ANALIZA BILANSU ZWI AZKOW BIOGENNYCH W SCIEKACH
KOMUNALNYCH OCZYSZCZANI JAWORZNO-D AB

AGH Akademia Gérniczo-Hutnicza, Katedra KsztattowarnOchronySrodowiska, Krakow

Abstrakt: Rolasciekéw komunalnych w rozwoju proceséw eutrofizagiwzgtdu na dug zawartg¢ substancji
biogennych bdzie wzrasté wraz z rozwojem gospodarczym, a technologie ichlysmczania nie zawsze
zapewniaj skuteczg ochrore wod przed eutrofizagj Substancje eutrofizafe na drodze od miejsca ich
powstawania do miejsca zrzutu do odbiornika ulpgapcznym transformacjom, ktérych znajdihgest bardzo
istotna do zrozumienia niektérych zagadniéeoretycznych oraz opracowania sposobéw ochrorsedor
eutrofizach. W ostatnich dziescioleciach w wielu pastwach wprowadzono zaawansowane technologie
oczyszczanidciekdw w celu wzmgonego usuwania substancji biogennych. Jednak bgledwna toze tadunki
substancji eutrofizggych znacznie sizmniejszyly, nie udalo siosagna¢ znacznych sukceséw w zapobieganiu
procesom eutrofizacji. Co wiej, jak pokazaly badanigcieki oczyszczone w konwencjonalnych uktadach
biologicznego oczyszczania przyspieszajocesy eutrofizacji, poniewaawierag duze ilosci mineralnych form
azotu i fosforu, tatwo przyswajalnych przezlmnos¢ wodry. Wymagania europejskie i krajowe w zakresie
jakaosci $ciekdbw oczyszczonych wprowadzanych do odbiornik@yclzs zawartéci ogdlnego azotu i fosforu,
natomiast najbardziej destng dla glonéw form tych pierwiastkéw $ ich rozpuszczone nieorganiczne formy.
Wiedza o zawartwi przyswajalnych form zwizkéw biogennych wsciekach, odprowadzanych do wdd
powierzchniowych, pozwoli na podejmowanie racjogeln decyzji przy wyborze technologii oczyszczania
sciekéw, poniewa zaawansowane technologielmbkiego usuwania substancji biogennych stanomyjatkowo
kapitatochtonne inwestycje. Mg na uwadze powgze rozwaania, podjto badania nad strukturzawartdci
réznych form azotu i fosforu wciekach komunalnych odprowadzanych z oczyszczalekéw Jaworzno-Bb,
wyniki ktérych przedstawiono w niniejszym artykule.

Stowa kluczowe:eutrofizacjascieki komunalne, substancije biogenne, bioprzyswegal
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PHYSICOCHEMICAL, THERMAL AND KINETIC
ANALYSIS OF SEWAGE SLUDGE
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Abstract: Sewage sludge (SS) is the residual matter gewefeden waste water treatment. Current treatment
methods consist of mechanical dewatering and themermical treatment, which have become expensive,
inefficient and energy consuming. Furthermore, paem Union (EU) laws prohibit landfilling, agricutal and
storage utilization of sewage slude (SS). Consdfyyennovative and sustainable treatment, manageraad
utilization technologies for SS are urgently reqdirThe pyrolysis of sewage sludge can be potgnédtress the
outlined challenges. Therefore, the main aim of thivestigation was to examine the physicochemibakmal
and kinetic properties of selected sewage sludgeples (SS1 and SS2). Thermogravimetric analysis was
examined to provide comprehensive description efdcomposition behaviour and kinetic charactessif SS1
and SS2 under pyrolysis conditions at heating raieslO, 20 and 40°C/min from 30-800°C. The Kkinetic
parameters such activation enekgyand pre-exponential factok were calculated using the Kissinger model. The
E. andA values for SS1 are 205.87 kJ/mol and 9.68" whereas SS2 are 320.40 kJ/mol and 7.4@“. The
general conclusion based on experimental studiéisaisthe physicochemical and thermal kinetic proge of
SS1 and SS2 are comparable with other pyrolysdsteek and suitable for pyrolysis conversion.

Keywords: physical and chemical properties of sewage sluitigemal analysis, kinetics

Introduction

Sewage sludge (SS) is the residual matter genefratedthe treatment of waste water
plants. Currently, SS treatment methods are mechbhrdewatering, biological and
chemical treatment techniques [1] aimed at reduchmaisture content, microbial load,
hazardous substances and volume density [2]. Hawéwe high cost, low efficiency and
energy consumption of current treatment processesept significant challenges to sewage
sludge management. Furthermore, European Union (Eelvage Sludge Directive
86/278/EEC as well as regulations on health, safetyenvironmental (HSE) seeks to limit
landfilling, agriculture utilization and long terstorage of sewage sludge [3].

Consequently, there is an urgent need to explove dost, energy efficient and
sustainable solutions for the treatment, manageamhfuture utilization of sewage sludge.
There are several thermal technologies for utidjzienewable fuels to obtain useful forms
of energy through the correct pre-treatment (tacgbn, slow pyrolysis, and hydrothermal
carbonization processes) [4-9]. The valorisatiorsefvage sludge through pyrolysis can
potentially address the challenges related to sevehgdge treatment and management.
Pyrolysis is considered as the most practicalciefiit and sustainable technology for the
synthesis of liquid, solid and gaseous fuels frarious feedstock [6]. However, pyrolysis
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requires comprehensive knowledge of the physicoa®m thermal and kinetic
decomposition characteristics of the feedstock.[T0jis is an essential requirement for
assessing the feasibility of implementing thermah@rsion as well as process design,
engineering economics and materials considerationaddition, feedstock properties can
be used to optimize operating conditions and impreeglectivity of thermal conversion
products during conversion [11].

Thermal techniques, in particular thermogravimetitalysis (TG, DTG) provide
information about the thermal behaviour, reactivityd kinetics of sewage sludge in
a simple and straightforward way [12]. The mostamt@nt applications of thermal analysis
is for evaluating kinetic parameters such as atitimeenergye, and pre-exponential factor
A through non-isothermal solid-state kinetics [13-1Blumerous researchers have
successfully investigated the non-isothermal thgmaaimetry (TG, DTG) [16, 17] and
kinetic analysis of various feedstock under pyrislygonditions. Furthermore, the
characterization of the physicochemical propertiag] thermal behaviour of mechanical-
biologically treated SS through gasification, pysié and combustion has been
investigated. However, this is lack of comprehemsimderstanding of the properties of
mechanical-biological-chemically treated SS samplee scientific data of SS fuel
properties will potentially improve the efficienof conversion technologies [18] products
optimization [19] and reduce pollutant emissiond][2

Consequently, this study aims to investigate: l{@)ghysicochemical properties of two
types of sewage sludge (b) the thermal behaviodh@fselected SS using non-isothermal
thermogravimetric (TG, DTG) analysis (c) the kineparameters; activation enerdy.X
and pre-exponential facto”) according to conversion degree) (Using the Kissinger
method under pyrolysis conditions.

Experimental
Materials

The sewage sludge samples investigated in thig stede acquired from wastewater
treatment plants (WWTP) in Poland.

a) b)

Fig. 1. Sewage sludge samples: a) Sewage slud@@r mechanical and biological wastewater treatnpéamts
(WWTP); b) Sewage sludge 2 - mechanical, biologiaad chemical WWTP with simultaneous
phosphorus precipitation
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Sewage sludge 1 (SS1) was obtained from mechabickgical treatment while
Sewage sludge 2 (SS2) was collected after mecHabiaagical-chemical treatment with
simultaneous phosphorus precipitation. Subsequertlg sludge was subjected to
fermentation, dewatering, and drying. SS1 was drieadcylindrical drier on shelves heated
up to 260°C while SS2 was dried using hot air &2°C5in a belt drier. Therefore, SS1
appear as granules whereas SS2 as irregular tagtd’pshaped crumbs (Fig. 1).

Methods

The chemical qualitative analysis of the dried sgavsludge samples SS1 and SS2 was
examined using an automatic IR (Infra-Red) analysedetermine the concentrations of
major elements: carbon, hydrogen, nitrogen, chigrfltuorine, sulphur and oxygen. Next,
physicochemical analysis was conducted to determmoisture, volatile fractions and ash
content using the gravimetric standards [21-23peetively. The higher heating value was
determined by the calorimetric method while the dowweating value was calculated using
the mass fractions of the major elements in the&@ples.

The thermogravimetric analyses were conducted usiMgettler Toledo TGA/SDTA
851 apparatus with accuracy 1@. The instrument was calibrated using indiumg zind
aluminium. For each TG run, 15 mg of sample wageqdain an alumina crucible and
heated from ambient temperature to 800°C at conhstdreating rates,
B =5, 10, 20 and 40°C/min under argon atmosphetkeaflow rate of 40 cffmin. Each
sample was measured under exactly the same cargitincluding temperature range,
atmosphere, and heating rate, to determine theatoconditions. The TG/DTG curve for
each sample was obtained as the outputs for pysglyscesses.

The derivative thermogravimetric (DTG) is basedtlom rate of mass loss as deduced
from the mathematical transformatiot(dt = f(t), wherea - mass of sampld, - time).
DTG profiles present vital information such as timass loss taking place at a given
temperature during thermal conversion. Consequettily resulting weight loss [%] and
corresponding temperature was analysed and nurihgricenputed for kinetic analyses of
the SS samples using the Kissinger kinetic model.

Kissinger kinetic theory

The most important applications of thermal analisisinetic calculations. The kinetic
parameters could be obtained by methods for amajysbn-isothermal solid-state kinetics.
Solid-state kinetic data are the major interesttiarmal processes. In non-isothermal
kinetics, the Friedman (F), Flynn-Wall-Ozawa (Fw@hd Kissinger-Akahira-Sunose
(KAS) methods are the most often used isoconveasimethods [14, 24-26].

The kinetics of SS1 and SS2 decomposition undeslysis conditions was evaluated
using theKissinger model. The kinetic parameters, activation endigyand frequency
factor A can be determine using the model. The decompositfosewage sludge (SS)
during pyrolysis can be represented as:

k(T
Sewage Sludge Lz Volatiles + Liquid + Char (1)

Consequently, the rate of sewage slude decompositider pyrolysis conditions can
be expressed as:
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= = k(Df (@) 2)

Where the ternf(a) is the reaction model for SS pyrolysis (decomipms), andk(T) is
the temperature dependent rate constant defingaebirrhenius law in Eq. (3):

k(T) = Aexp (— i—;) 3

The termsE,, A, R and T denote activation energy [kJ/mol], frequency fadtoin™,
universal gas constant [J/mol K] and temperaturg pespectively. Consequently, by
substituting Eqg. (3) into Eq. (2), an empirical mbdlescribing SS pyrolysis can be
propounded Eq. (4):

da

2 = k(D f (@) (@)
Subsequently, Eqg. (4) can be rewritten to accaumEf)s. (2-4):
%= exp(—22) f(a) (5)

For SS pyrolysis at multi-heating rate, the tefns dT/dt must be introduced after
separation of variables, therefore Eq. (5) caneheitten as:
da A Eq
% = Eexp (— E) daT (6)
By integrating Eq. (6) the functiog(a) describing the SS pyrolysis at a given heating
rate can be deduced:
a da A T Eq
g(a) = |, %_Efo eXP(—E) ar (7)
The solution to the Eq. (7) for the pyrolysis of @& temperaturel,, yields the
expression for th&issingermodel in Eq. (8):

BY _ AR Eq
n(z) = (5) - ) ®
The termT,, is the peak decomposition temperature obtaineoh filee DTG curve.

Consequently, the kinetic parametdtg;andA, for SS pyrolysis can be obtained from the
slope and intercept of the plotlof (5/T%,) against 1T, at different heating rates.

Results and discussion
Physicochemical properties

Table 1 presents the chemical qualitative charatites of two sewage sludge (SS1,
SS2) samples examined by ultimate, proximate alatifia analyses.

Analysing presented data it can be concluded that ¢$ludge collected after
mechanical-biological-chemical treatment (SS1) hiaracterized by the lower content of
carbon, hydrogen, nitrogen, oxygen and chlorineamparison to sludge obtained from
mechanical-biological treatment (SS2). The mairsoeafor this, is a chemical reaction of
precipitation realized during the chemical stageva$tewater treatment process.

In addition, the results indicate the lower sulligbiof the sludge SS2 as a fuel in
comparison to sludge SS1, This is based on the amatipe empirical evidence from the
volatile matter (VM) and ash content. The higher \@dntent of SS1 indicates lower
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ignition temperature and reactivity during pyrof/sompared to SS2. Similarly, lower ash
content of SS1 points to low potent for agglomeratiand slagging during thermal
conversion, Furthermore, the results submit thaéndbal precipitation process of
wastewater treatment significantly affects on thalokfic value and overall
physicochemical of the properties treated SS.

Table 1
Proximate and ultimate analysis of studied sewagiye samples

Element/Parameter Sewage sludge 1 (SS1) Sewagdgh? (SS2)
. o Moisture 5.30 5.30
Proximate analysis [%6] ;e matter 51.00 49.00
(as received) Ash 36.50 44.20
C 31.79 27.72
H 4.36 3.81
. . N 4.88 3.59
0,
Ultimate analysis [%] & iference) 20.57 18.84
(dry basis) S 167 181
F 0.013 0.003
Cl 0.22 0.03
. HHV" [MJ/kg], dry basis 14.05 11.71
Calorific value 30313751y basis 12.96 10.75

"HHYV - Higher Heating Value® LHV - Lower Heating Value

Thermogravimetric analysis

Figure 2 a,b shows the derivative thermogravimgiitG) profiles for sewage sludge
samples (SS1 and SS2) at heating rate$, 10, 20 and 40°C/min. The thermal conversion
of sewage sludge under argon atmosphere takes\piitenass loss. The impact of heating
rate is evident for both samples, but for SS1 tifferénces of mass loss rate are more
significant with wider endothermic peaks and higtstes of thermal decomposition.

a) b)
-0.05 -0.05
L5 i --5°C/min
; -=-10°C/min I e
-0.04 =20 °C/min -0.04 10 °C/min
ooy 40 °Cimin 220 °Clrmin
:‘ £ R —— oclm
-0.03 1 £ 003 40 °Clmin
' 2 o
[a]

DTG [%/min]

-0.01

0.00

200 300 400 500 600 700 800
Temperature [°C]

Temperature [°C]

Fig. 2. DTG plots for SS1 from 5, 10, 20, 40°C/maimder argon atmosphefa) and DTG plots for SS2 from 5,
10, 20, 40°C/min under argon atmosph@e
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The DTG curves indicate the pyrolysis of SS1 an@ 8&urred in three stages. The
first stage (< 200°C) corresponds to drying antypécally attributed to the loss of moisture
and devolatilization of low molecular weight compolg [27]. The moisture content of
sewage sludge samples are similar which accoumtghfo similar mass loss, albeit at
different rates. The main decomposition during plyeolysis process is in the temperature
rage 200-580°C. This is mainly attributed to theateposition of organic matter in sewage
which comprises proteins, polysaccharides, celland polymers that typically
decompose below 600°C. The DTG curves also inditagedevolatilization of the SS
samples occurs in two stages as depicted on tHepdotaberances on the devolatilization
peaks in Figure 2a,b. Two main peaks appear for 88d SS2, with the first at
approximately 290°C, and the second is at appraein@10°C indicating the occurrence
of two separate but simultaneous chemical reactionsing this stage, the pyrolysis of SS
and breakdown of combustible volatilesg, CH,, CO, H) results in the release of non-
condensable gases,H,0, CG, and CH [7]. The final decomposition takes place above
580°C, for sewage sludge SS2 is not significant glight weight loss is observed. An
increase in heating rate does not significantlyuerice the shape of DTG curves, but
weight loss rate is increasing in higher tempeestur

Kinetic analysis

The kinetic analysis of SS1 and SS2 was carriecusimg the Kissinger model from
the plot of Ing/T,2) against 1T, at different heating rate®)( The termT,, is the peak
decomposition temperature of the samples derivad the DTG curve.

a) b)

8.0 8.0

y = -24.762x + 31297 _
z y=-38.538x + 53,617
90 R?=09978 904 R2=0.9617

-10.0 -10.0

In(IT?) [

-11.0

In (BITm?) [-]

-12.0 120 x Temperature Profile Kinetics for
o Temperature Profile Kinetics for Kissinger Model Kissinger Model (NR2)

-13.0 -13.0
1.62 1.63 1.64 1.65 1.66 167 1.68 169 170 171 163 164 165 1.66 167 1.68 169

1000Tm [1/K] 1000 m [1/K]

Fig. 3. Kissingekinetic plots for: a) SS1, b) SS2

Consequently, the kinetic parameteks; and A, were deduced from the slope and
intercept of the plots for SS1 and SS2 presenteBigares 3a,b. Table 2 presents the
calculated kinetic parameters for the pyrolysishef SS samples.

The results indicated the kinetic parameters of 88&de lower values comparing to
SS2 sample. The difference in thg andA values for the samples can be ascribed to the
effect of chemical treatment on the SS2 sample. chenical treatment of SS2 is clearly
responsible for the loss of volatile organic matted reactive components. Consequently,
the SS1 higher proportions of reactive componeidisdarapid decomposition of the sample
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compared to SS2. This is corroborated by the higater of devolatilization (higher mass

loss) observed for the SS1 sample in Figure 2acéleit can be inferred that chemical
precipitation decreases the thermochemical fuellametic properties of sewage sludge as
feedstock for pyrolysis. This suggests that SSpfmspective utilization in pyrolysis can

only undergo mechanical-biological treatment.

Table 2
Kinetic parameters of sewage sludge samples SS$3a2d
Sample E. [kd/mol] A [min 7 R?
SS1 205.87 9.6810" 0.9978
SS2 320.40 7.4410% 0.9617
Conclusions

The study was aimed investigating the physicochalnibermal and kinetic properties
of two types of sewage sludge SS treated via meéchlaniological and mechanical-
biological-chemically methods. Thermal analysighe sewage sludge SS was carried out
under pyrolysis conditions to determine the theekinparameters; activation enerds,)
and pre-exponential factoA)Y using theisoconversionalKissinger method. The results
showed the chemical precipitation treatment deee#se thermochemical fuel and kinetic
properties of sewage sludge as feedstock for psimlfonsequently, prospective pyrolysis
of SS utilization requires mechanical-biologica¢ated feedstock for efficient thermal
conversion.
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ANALIZA OSADOW SCIEKOWYCH
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Abstrakt: Osady $ciekowe g stalym produktem procesu oczyszczaniaiekéw. Obecne metody
zagospodarowania osadéw obejarej mechaniczne odwadnianie oraz termiczne wykamyststaj sie drogie,
nieefektywne i energochtonne. Cog¢agj, prawo Unii Europejskiej ogranicza sktadowaaiaz wykorzystanie
rolnicze osadéw sciekowych. W efekcie znalezienie innowacyjnych orazéwnowaonych metod
zagospodarowania i utylizacji osadéeiekowych jest niezwykle istotne. Proces pirolizydaje s¢ odpowiedni,

by sprosta tym wymaganiom. Celem pracy jest a#temie fizykochemicznych, termicznych oraz kinetygzm
wihasciwosci wybranych probek osadéwciekowych (SS1 i SS2). Zastosowano araliermograwimetryczn

w celu przeprowadzenia analizy poréwnawczej optjj proces przemian termicznych oraz ich kinetyki
w warunkach pirolizy dla statych szyhlab grzania wynosgcych 5, 10, 20 i 40°C/min w zakresie temperatur od
30-800°C. Parametry kinetyczne: energia aktywBgjoraz czynnik przedekspotencjalAyzostaly wyznaczone
przy wyciu modelu KissingeraNartas¢ E, orazA dla osaduciekowego SS1 wynosi odpowiednio 205,87 kJ/mol
i 9,680, podczas gdy dla osadu SS2 odpowiednio 320,400kJ/M4410%. Wyniki analiz zostaly poréwnane
z innymi materiatami poddawanymi pirolizie.

Stowa kluczowe:wtasciwosci fizykochemiczne osadésciekowych, analiza termiczna, kinetyka
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ASSESSMENT OF ENVIRONMENTAL POLLUTION CAUSED BY
EDCs FROM EVERYDAY OBJECTS

OCENA ZANIECZYSZCZENIA SRODOWISKA ZWI AZKAMI EDCs
POCHODZACYMI Z PRZEDMIOTOW CODZIENNEGO U ZYTKU

Abstract: Endocrine-disrupting compounds (EDCs) are a sjgetdtegory of chemicals that attracted a grealt dea
of public and scientific attention in the past fdecades. They are proved to interfere with the erm® system,
and thus affect the growth, reproduction, homeastasd metabolism of living organisms. They apeaa threat
not only for humans but also for the wildlife. ED@se present in plastics such as plastic food phcga
detergents, pesticides, fire retardants, heavylsjgiharmaceuticals. They are also components rsbpel care
products, for example cosmetics like creams, soapsV filters, oral contraceptives, analgesics amthy more.
They are not always detected and eliminated in gewieeatment plants and because of that they géteto
environment and with the running water into the dehwolds. In order to eliminate different contamisan
appropriate techniques have to be chosen.

Keywords: EDCs, PPCPs, wastewater treatment

Introduction

In the past few decades a specific category of atamattracted a great deal of public
and scientific attention. They appear as a threatamly for humans but also for the
wildlife. EDCs (endocrine-disrupting compounds, ecrhe-disrupting chemicals) are
proved to interfere with the endocrine system, dhds, may affect the growth,
reproduction, homeostasis and metabolism of licirganisms [1].

In 1997 the US Environmental Protection Agency (BBA) defined an EDC as
“an exogenous agent that interferes with the syishsecretion, transport, binding, action,
or elimination of natural hormones in the body tha responsible for the maintenance of
homeostasis, reproduction, development, and/onhatig2].

The list of EDCs includes: pesticides.d. DDT - 2,2-bisp-chlorophenyl-1,1,1-
trichloroethane, vinclozolin, atrazine), organochies and organohalogens.d. dioxins
and furans produced during the incineration of Ghided aromatic compounds, paper and
in production of PVC plastic, brominated fire retants), alkyl phenols used in production
of phenol resins and plastic additivesg.nonyphenol, nontlphenol etoxylate, octylphenol),
bisphenol A, phthalates: higher-molecular-weighthghates ¢.9.DEHP - bis(2)ethylhexyl)
phthalate, PVC - polyvinyl chloride, DBP - dibutghthalate, BBP - butyl benzyl),
lower-molecular-weight phthalates (DMP - dimethyitimlate, DEP - diethyl phthalate),
heavy metalsg.g.Cd - cadmium, Cu - copper, Pb - lead, Hg - mergushytoestrogens
(isoflavones, lignans), natural hormones excreteg bumans and livestock
(e.g. (E1) - estrone, (E2) - BPBrfestradiol, (E3) - estriol), synthetic hormones
(e.g.(EE2) - ethinyl estradiol) [3-6].

! Chair of Biotechnology and Molecular Biology, Uaisity of Opole, ul. kard. B. Kominka 6a, 45-035dkp
Poland, phone +48 77 401 60 46, email: a.pacia@o02.p
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Endocrine disrupting compounds

Phytoestrogens are natural products classifiedndeagine-disrupting compounds -
isoflavones, such as: daidzein (Dai) present in gmpistein (Gen) found in soybeans,
lupin, fava beans, kudzu and psoralca, kacmpfekacin) isolated mostly from tea,
broccoli, grapefruit and apples. Flavonoides: apige(Api) is used to dye wool,
coumesterol (Coum), classified as a coumestanglse able to bind to the estrogen
receptors.

Bisphenol A (BPA) is widely used in the manufaatgriof polycarbonate and other
plastic products, epoxy resin-based food can lin#asne retardants, dental fillings and
rubber chemicals. The annual production of bisphéngs about 3 Tg, of which nearly
100 Mg are released to the atmosphere.

Bisphenol AF (BPAF) is used in production of polsmanate copolymers in
high-temperature composites and electronic maserial

Data shows that bisphenols are detectable in wamaples in more than 90% of the
U.S. population.

Higher-molecular-weight phthalates,g. DEHP, PVC, are widely used in consumer
goods, such as food packaging, plastics, detergetsesins.

Widespread exposure for these chemicals (fooddast and other goods) may result
in adult living beings in reduced fertilization sess, miscarriage, premature delivery,
reduced sperm quality, gene expression and mamy sénious disorders [3, 4, 7-10].

Pesticides, including herbicide®.g. alachlor, aminotriazole, atrazine, metribuzin,
nitrofen), fungicides €.g. benomyl, carbendazim, hexachlorobenzene, pyrimidine
methanol, ethylidene double dithiocarbamate zimecticides €.g. (Endo) endosulfan,
(Kep) kepone, lindan@{666), chlordane, endosulfan, triazine), nematiig¢eg. temix,
carbofuran, dibromochloropropane (DBCP)) are vexryersively used in agriculture.
Recently, the usage of herbicides and pesticidieireloping countries has been increasing
alarmingly. They are present in food and water, what is the most important, some of
them are proven to affect the male reproductivdesysand to cause cancers. Statistics
show that every year there are around 20,000 demshs result of acute pesticide
intoxications. Because of that, usage of some gide have been restricted or banned in
industrialized countries. Unfortunately they ardenfexported to developing countries
where such restrictions do not exist [3, 4, 9, 11].

Another group of compound interfering with estrogeneptors are metaloestrogens,
commonly used in industrial mining and metallurgych as: cadmium, cobalt, copper,
nickel, lead, zinc, mercury, tin, chrome and alwmin Among them cadmium belongs to
the most wide spread. It is used in production aitdries, dyes, plastics and is a part of
cigarette smoke. Also popular nickel is able toamphe proper thyroid functioning, while
zinc, lead and mercury cause reproductive distudsfil0-12].

Pharmaceutical and personal care products

Another group of EDCs, which biological effects riontarget organisms are being
currently studied is big group of pharmaceutical aersonal care products (PPCPs) used
for both humans and animals for daily personal ,cdigease treatment and prevention.
They include: pharmaceutical products, such astgas&s and anti-inflammatory drugs
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(e.g. acetaminophen, diclofenac, ibuprofen, ketoprofennd a naproxen),
antibiotics/antimicrobials g.g. sulfonamides, chlortetracycline, tetracycline, &toprim,
erythromycin), antiepilepticse(g. carbamazepine), beta-blockers, blood lipid regusato
used to lower cholesterol and triglyceride levelghie blood €.g. clofibrate, bezafibrate),
cytostatics, contraceptives, antiseptics - cheméggnts that slow or stop the growth of
microorganisms on external surfaces of the bedy.{riclosan), synthetic musk fragrances
commonly used in perfumem@. nitromusks, galaxoline, tonalide), sun screen agent
(e.g.benzophenone, methylbenzylidene camphor, octylmgtlionamate), parabens used
as preservatives in most cosmetics and other palrsane productse(g. methyl-, ethyl-,
propyl-, butylparagen), surfactants/alkyl phenolsedi in emulsifiers production
[3, 10, 11, 13].

Parabens are a group of p-hydroxybenzoicacid (PHRB#&ely used in cosmetic,
pharmaceutical and food industries. The most comnsomethylparaben due to its
antibacterial activity and the fact that it doe$ mwdify the physical properties of the final
product, such as taste, color or texture. Parabeasfound in almost all categories of
cosmetics and many pharmaceuticals: soaps, lotishampoos, conditioners, creams,
tonics, gels, toothpastes, sunscreens, make upetiosmointments, syrups and aerosols.
Studies have proved that long-term exposure tethempounds may affect the growth and
development of cancerous tissue by absorbing imdodical tissues. It can also interfere
with secretion of testosterone and functioninghef females’ reproductive system [14].

UV filters that provide the protection against thermful effects of the ultraviolet
radiation coming from the sun, are used not onlgdametics, such as: creams, lotions, lip
balms, hair sprays, hair dyes, shampoos, nail lpedibut also in tires and inks. Sun screen
agents can get into the surface waters directlyelsyeation activities when cosmetics are
rinsed off of the skin by swimming pool or lake emtEven more important is the indirect
way - some UV filters stay on clothes and toweld arhile washing, they get into the
domestic sewage. Sun screen agents are commomgtebtin samples of surface waters
and freshwater fishes [15, 16].

Many of these xenoestrogens enter waste treatnhemispvia household and industrial
waste streams, and due to their insufficient remhpracesses, they are released to streams
and rivers, where they often resist degradatiomimrobes and ultraviolet light. While the
toxicities of other compounds can be reduced hytidih of the effluent in surface waters,
EDCs can elicit biological effects at very low centrations. Except this one, other
important factors are persistence, bioaccumulatexposition time and mechanism of
biotransformation. Some compounds in the envirorimedter biotransformation give
metabolites or by-products more harmful than thgimal substances. Researches show
that measurable levels of hundreds of substances frharmaceutical and personal care
products are found in the pg/dmange in sewage-treatment plant effluents anchén t
ng/dn? range in surface waters. A lot of endocrine disstgare hydrophobic, have low
vapor pressures, high octanol-water partitioningfiicients, partition into sediment and
sewage sludge and have been detected in bios@wkx. 3 million metric tons of these
biosolids are applied to agricultural fields, paskel other areas each year.

Xenoestrogens such as bisphenol-A may leach intkidg water from infant bottles
and coatings in food cans. Alkylphenols, phthalates polyaromatic hydrocarbons can get
into drinking water when plastic pipes are usesupply lines [1, 3, 6, 11, 13].
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Effect of endocrine-disrupting compounds on humanand environment

Endocrine disrupting compounds are widely distifoutin the biosphere by
precipitation, surface runoff, the usage of pedésiand through enrichment of food and
drinking water. Even if the content is low, afteng) time of continuous exposure, the
organism response can be similar to that produgezkposure to a higher dose of a single
endocrine disruptor. Such compounds cause abn@anthkven toxic effects. Exposure to
xenoestrogens during critical periods, such asétielar differentiation period may result
in permanent character changes in the mature liveiggs. Children’s developing systems
are delicate and they may not be able to repaid#mage triggered by EDCs exposure.
Reports show frequent occurrence of childhood aanesd congenital malformations
among children, whose parents had contact witligigs$ at work. Endocrine disruptors in
adults may be associated with reduced fertilizagoncess, sperm and embryo quality,
implantation failure, miscarriage, premature delyeendometriosis, altered hormone
concentrations, obesity. But xenoestrogens affettonly reproductive function, but also
a range of tissues which are steroid sensitivejn&tance, the central nervous system and
thyroid. They can also interfere with immune systgincose homeostasis, alter epigenetic
markers and gene expression, causing breast/|eestid prostate cancers [3, 6, 9, 11].

It is evident now that exposure to endocrine disngp compounds is almost
unavoidable. Having the potential to bio-accumuiatbody fat, they may be released later
and enter infants during pregnancy or through lredl&. The effects associate with the
presence of xenoestrogens in the environment edeiced sperm count in males, reduction
in the breakage of eggs of birds, fishes and twrdeminization of male fishes, sexual
abnormalities in alligators (due to exposure toaoaghlorines), reproductive problems in
fishes, reptiles, birds and mammals, prostate gafaent in male mice, obesity in offspring
and changes in immunologic system of marine mamnhalsome cases, these disorders
can lead to decline in population [1, 3, 11, 16].

Anadromous salmon population decline is an effdcexposure to anthropogenic
disturbances, such as endocrine disruptors, asath@ns pass through some most polluted
areas of larger rivers and estuaries during theiwrgtream migration to the sea. The
biggest threat seems to be nonylphenol (NP) whickidely used in manufacture of paper,
plastic, agricultural chemicals, pesticides, comgiarand household cleaning products,
detergents, cosmetics, contraceptives and paimd, ia commonly released to the
environment. Along with other pollution and envirental disturbances, nonylphenol can
elicit stress response affecting both metabolic iandregulatory processes. What is more,
polychaetes as feeders in aquatic ecosystemskatg tb accumulate xenoestrogens, such
17B-estradiol, nonylphenol, bisphenol A and octylpHetfimm sediment through dietary
uptake. It is important, because benthic invertidlsrare main food source for some bottom
feeding fishes.

Another big problem is increasing resistance inrtatural bacterial population due to
misuse and overuse of antibiotics, their over thenter availability together with crowding
and improper sewage disposal [17, 18].
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Endocrine-disrupting compounds removal from wastewder

Data from recent researches shows that conventtosatiment processes removal of
endocrine disruptors are sufficient only in arol#6 and dependent upon its intrinsic
chemical properties such as molecular weight, ixeatydrophobicity, aromatic carbon
content and functional group composition. The hptiabic and nonpolar nature of EDCs
allows them to absorb onto particulates. This sstgythat the general effect of wastewater
treatment processes would be concentration of argasilutants and their removal from
the aqueous phase to primary and secondary slbggmechanical separation techniques.
Wide range of PPCPs, pesticides and alkyl phtheled® be removed using nanofiltration
or reverse osmosis. Nanofiltration membranes renttvdy size exclusion and others by
adsorption, however, the membrane retention deeseagth increase in the amount
of E1 accumulated on the membrane surface.

Effective is application of coagulation by catiorpolyacrylamide in water supply,
which enhance the removal of phthalate esters addce water turbidity. Flocculation is
sufficient in dioctyl phthalate removal, and undmtimized conditions its effectiveness
reaches 82%.

More advanced water treatment technologies, sugiaamilar activated carbon (GAC)
adsorption or ozonation are recommended as betigrta/ remove many xenoestrogens
including methoxychlor, endosulfan, DDT, dioxin, lyzhlorinated biphenyls and many
others. Even though adsorption, using granulavaigtd carbon is sufficient in removing
most organic contaminants (from 60 to 99% for emns 1PB-estradiol and
170-ethynylestradiol), some of them, for instance:rapide, analgesics like ibuprofen,
naproxen, dichlofenac, sulfamehtoxazole and mepnaka are recalcitrant for this method.
Ozonated activated carbon would oxidize endocritengdcals into small organic
molecules, and thus increase the efficiency of G#l€orption.

Advanced oxidation processes (AOPs) is a group hefmical-oxidative processes
which are characterized by the generation of hygroadicals. Hydroxyl radical, as one of
the strongest radicals, is able to oxidize and raliEe almost every organic pollutant into
CO,, H,O and mineral acids. Light oxidation techniquestase which are characterized
for the use of UV radiation and the presence oflaxis as hydrogen peroxide and ozone.
UV/H,0, and titanium dioxide photocatalysis are efficiemtremoving up to 98% of
estrogens, bisphenols and antiepileptics. Ozonatsom dark oxidation treatment eliminates
90% of estrogens, antibiotics, pesticides, antamfnatories and antiepileptics from
wastewaters. Ozone is considered to be more effiéte PPCPs control than Clj@r Cl,
which are used in the most widespread conventibeatments.

Activated sludge biological treatment, commonly duse large cities, as numerous
studies showed that the majority of endocrine gisrts are biodegradable, is considered as
the cheapest available process of removing andadewy compounds. Conventional
biological processes, such as activated sludgdiltidtion and soil aquifer treatment
exhibit some degree of EDCs removal. They are mefficient in disposing of
alkylphenols, bisphenol A and natural estrogensnfithe aqueous phase than primary
treatment. Data indicates that this process caoveraround 85-88% @2, 85% EE2, up
to 95% of E3, however, the removal performance Ear appears to be less and more
variable. Further studies show that the highestokainrates of estrogenic activity were
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obtained at plants with comprehensive treatmenhrntglogies, for instance combined
biological and chemical ones [3, 5, 9, 11, 19].

Conclusions

This paper presented that most of the everyday cthjesuch as cosmetics,
pharmaceuticals, plastic food packaging, pesticidesl many more are sources of
compounds interfering with natural endocrine systeausing diverse disorders. Due to the
inefficient wastewater treatments, they are widelgased to the environment, and even in
“acceptable” concentrations, resulting in abnorafenges in wildlife. In order to eliminate
different contaminants, appropriate techniques Havee chosen. That is why control and
proper removal of endocrine disrupting compoundmfsludge should be further studied.
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OCENA ZANIECZYSZCZENIA SRODOWISKA ZWI AZKAMI EDCs
POCHODZACYMI Z PRZEDMIOTOW CODZIENNEGO U ZYTKU

Samodzielna Katedra Biotechnologii i Biologii Molg&rnej, Uniwersytet Opolski

Abstrakt: Zwiazki modulupce prae hormonéw estrogenowychy grup zwiazkéw chemicznych, ktére przez
ostatnich kilka dekad zwrdcity uwagaréwno spoteczstwa, jak i naukowcoéw. Dowiedzionge substancje te
ingerup w prawidlows prag ukladu hormonalnego i zaburzajozwdj, reprodukej, homeostagz i metabolizm
zywych organizméw. Zagraja nie tylko ludziom, ale tale wszystkimzywym organizmom. $ obecne w:
plastikach, mjdzy innymi plastikowych opakowaniach rigwnos¢, detergentach, pestycydach, tworzywach
ognioodpornych, metalach ¢gkich, a take farmaceutykach i produktach codziennej higiergkich jak
kosmetyki - kremy czy mydta, filtry UV, doustrigodki antykoncepcyjne i przeciwbolowe, a zakw wielu
innych produktach. Nie zawszag svykryte i usunjte zesciekdw, a w ten sposéb dostagie do srodowiska

i gospodarstw domowych wraz z bieg wody. W celu eliminacji powyszych substancji zanieczyszegajch
musz by¢ uzyte odpowiednie techniki oczyszczada@ekow.

Stowa kluczowe:zwigzki modulupce pra¢ hormondéw estrogenowych, farmaceutyki i produktydaennej

higieny, oczyszczanigiekow
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APPLICATION OF PERVAPORATION
IN GASOLINE DESULFURIZATION - VARIOUS SULFUR
COMPOUNDS REMOVAL EFFICIENCY

ZASTOSOWANIE PERWAPORACJI DO ODSIARCZANIA BENZYNY -
EFEKTYWNO $C USUWANIA ROZNYCH ZWI AZKOW SIARKI

Abstract: In order to adapt to new and more rigorous requérgs and to satisfy higher environmental
expectations, specifications on sulfur content asaline demands a reduction of its level to 10 pBuifur in
gasoline is a considerable source of sulfur oxielasssions. SQ which are formed during the combustion of
sulfur-containing fuels, are sulfates precursorbjctv contributes to the formation of acid rains dndher
acidification of soils and surface water. Sincdsuk present in gasoline in a form of differemngounds (such
as thiophene and its derivatives, mercaptans dfidegs) and different sulfur species show differaffinity with
membrane materials, it is very important to ingtié the efficiency of their removal separatelye Bim of this
research was to recognize the influence of typotedsen sulfur compounds present in gasoline on meemab
pervaporation behavior and the efficiency of suffpecies separation. The influence of process meamsuch as
feed temperature, feed concentration and downsti@a@ssure on the efficiency of thiophenes removainf
modeln-octane/sulfur compound mixtures by means of vacpamaporation method was also examined. During
the test, the hydrophobic PDMS-based composite memebwere applied. Binary mixtures of thiopherattane
and 2-methylthiophene/octane were used as a model gasoline. The cawftentfur from thiophenes varied from
0.05 to 0.13 mas. %. Feed temperature was ranged 30 to 50°C. The feed flow rate (80 m) was kept at
constant level.

Keywords: vacuum pervaporation, desulfurization, thiophegaspline

Introduction

Nowadays a lot of attention is being paid to théuation of sulfur concentration in
transportation fuels. In order to adapt to new mnmle rigorous requirements and to satisfy
higher environmental expectations, specificationssalfur content in gasoline demands
a reduction of its level to 10 ppm [1].

Sulfur oxides, which are formed during the comharstf sulfur-containing fuels, are
sulfates precursors which contributes to the foimnadf acid rains and further acidification
of soils and surface water, as well as the formatibphotochemical smog. Moreover, their
presence in exhaust gases from vehicles contritotdbe larger emission of NCand
VOC'’s caused by the reduction of low-temperatutalgtc converters activity.

Trade gasoline is a blend of gasoline fractionsiognfrom various refinery processes
such as light straight run, catalytic reformingprigerization and fluid catalytic cracking
(FCC). Streams derived from reforming and isomeiora processes are generally
characterized by low sulfur content, as feedstdokthose units are light fractions from the
atmospheric distillation of crude oil [2]. Sulfurganic compounds tends to accumulate in
higher-boiling fractions like atmospheric residuedafractions obtained from vacuum
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distillation, which are feedstocks for FCC unitshefefore, FCC gasoline is the main
contributor of organosulfur compounds [3]. Althoughlfur is present in gasoline in the
form of different compounds, it occurs mainly indjhenes, sulfides, mercaptans and
disulfides [2, 3].

A lot of effort is now spent on developing noveldaefficient hydrogen and
non-hydrogen desulfurization technologies, such sadective extraction, catalytic
extraction, selective oxidation, biodesulfurizatiafkylation-extraction, improved selective
hydroprocessing and pervaporative desulfurizatvi¥S) [4, 5]. It should be noted, that
some of them, including pervaporation, has alreaahgressed beyond the lab-scale tests
stage. In comparison with the traditional and othen-hydrogen separation processes,
membrane separation offers many advantages ingudwer energy consumption and
operating cost, simple operation and control schemasy scale up and adaptability to
changes in process streams [6].

Pervaporation is a membrane technique, in whichistedrder phase transition takes
place. In pervaporation separation a dense nondgomembranes are applied. The liquid
feed is contacted with the surface of the membrand a specific compound is
preferentially dissolved and transported acrossnieebrane and then removed as vapour
at the downstream side of the module. As a re$ulieoseparation, feed solution is divided
into permeate and retentate streams. The vapoungage is enriched in the component
selectively transported through the membrane, wihiéeliquid retentate in the component
retained by the dense separation barrier. The wacparvaporation is carried out by
maintaining the downstream pressure, lower thars#teration pressure of the permeating
liquid solute at operating temperature [7]. Theralleaccepted mechanism explaining the
mass transport across the dense membrane is setlitiosion model [8].

Separation in the case of pervaporation is basetheraffinity between compound
being removed and membrane material. According he tass transport model,
pervaporation process can occur only when a ceat@iount of a compound is dissolved in
the membrane material in the first stage of perraipmn separation. In the second stage,
diffusion through the membrane combined with ptazastion of its amorphous parts takes
place. Diffusion step with a step of the sorptietedmine the selectivity of the process.
The permeated compounds are then removed on thesiopgide. The driving force for the
separation processe. the partial pressure gradient between feed anthgme site, is
maintained by constant withdrawn of the permeatedpounds from the membrane [8].

To ensure the efficient process performance, thienah of an active layer needs to
show high affinity toward removed component. Here@ubility parametes ((MPa)'?)
and membrane polarity are the two main factors dieethe preliminary evaluation of the
interaction between the polymeric membrane and oompts of the mixture, as well as
development of the novel membrane materials. Theeaimnilar the solubility parameters
of the polymer and solvent, the more soluble sdluethe polymer [9]. In order to remove
a specific component or group of compound from atuné, the polarity of those species
must be close to the polarity of the polymeric mateaised [10].

The aim of this research was to recognize the émite of typical chosen sulfur
compounds present in gasoline on membrane penégotzehavior and the efficiency of
sulfur species separation. The influence of progesameters such as feed temperature,
feed concentration and downstream pressure onffibeecy of thiophenes removal from
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modeln-octane/sulfur compound mixtures by means of vacpemaporation method was
also examined.

Experimental
Materials

To prepare the model gasoline, thiophene (99.5%a gure, benzene free) obtained
from Acros Organics, 2-methylthiophene (98% puritytained from Sigma-Aldrich and
n-octane (pure p.a.) obtained from Chempur were .u3d@ physical and chemical
characteristics of the investigated are listedabl& 1. Composite membranes consisting of
a porous support with thin and dense poly(dimetlodane) separating layer were obtained
from PERVATECH, Netherlands.

Table 1
The physical and chemical characteristics of thestigated
Structural Molecular Vapour
Compound formula weight Bp [°C] pressure | é [(MPa)Y}
[9/moal] [hPa]
Hydrocarbon n-octane CH(CH,)sCH; 114.23 125 14.7 15.5
thiophene Z/ \> 84.14 84 53 20
Sulfur S
compound 2. I\
methylthiophen Q\CHa 98.17 113 634 18.6

Bp - boilling point;é - Hansen solubility parameter

Feed and permeate samples analysis

During studies, SRI 8610C Instruments Gas Chromapdg equipped with a dual
FPD/ FID (flame photometric/flame ionization detaytdetector and a Restek DB-1 MTX
capillary column company (0.om, 0.53 mm x 60 m) was used. The sample volume was
0.6 um°. Samples were injected manually using a SGE AitalyScience micro-syringe
with a capacity of 5um®. Retention time for thiophene was 3.45 min, for
2-methylthiophene was 6.73 min. The retention tiime n-octane presented in samples
from PV desulphurization process was 7.98 min. Tdémperature of the injector and
detectors was 100 and 200°C, respectively. Themuolwas conditioned each time before
starting analysis. To ensure high purity of gaseflitional air and hydrogen filters were
installed.

Pervaporation experiments

The Sulzer lab-scale pervaporation setup, equippida test module with a diameter
of 9 cm and a membrane effective area of 55 was used for vacuum pervaporation
measurements (Fig. 1). To prevent the mechanigabda of a membrane, it was kept on
highly porous stainless steel support. The feedutispl, maintained at a constant
temperature by a thermostat (Thermo Electron CodehHaake DC 30), was circulated to
the upstream side of the cell using a recirculapamp. The permeated vapours were
condensed by a cold traps cooled by immersion wdbdlasks filled with liquid nitrogen,
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while retentate was returned to the feed tank. Bates were collected within a specified
time interval. The cold traps were then broughtaiom temperature prior to measure their
weight using a balance (RadWag PS 210/C/2). The breme upstream side was kept at
atmospheric pressure. A vacuum pump (Alcatel, m&dalcal 2015 SD) was used to create
a vacuum in the downstream side of the module arehsure the pressure gradient across
the membrane. The temperature was controlled thraugID controller device (Greisinger
Electornics GTH 1100/2 DIF). Sufficient feed floate was maintained using a circulation
pump. Total downstream pressure was measured byelactronic vacuum gauge
(Vacuubrand DRV 2).

12

@
£
3

10

Fig. 1. Schematic diagram of the pervaporationesystl - thermostat, 2 - feed tank, 3 - circulatfmmp,
4 - pump regulator, 5 - rotameter, 6 - membraneul®d - vacuum pressure gauge, 8 - valve, 9 - cold
trap, 10 - liquid nitrogen bath, 11 - valve, 12acuum pump

Efficiency and selectivity of sulfur removal werevatuated basing on the
dimensionless separation facf(2). Yield of the pervaporation process was evaluated on
the basis of the permeation flux determined ad &otd partial one:

Jm=g2 (1)
where: m, - permeate weight [kghk, - membrane effective area Aot - time [h].
_ v/
=g ?

where: wf,wh - weight fractions of thiophenes and hydrocarbmspectively, in the
permeate [-]wf, wh - weight fractions of thiophenes and hydrocarlyespectively, in the
feed [-].

Results and discussion

Effect of sulphur content in feed

Differences in crude oil sulfur content mined fraorarious sources made it very
important to investigate the impact of the concatiin of this element on membrane’s
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selectivity and transport properties and in consega - on the efficiency of sulfur
compound removal.

Two of typically presented in gasoline sulfur spgscii.e. thiophene and
2-methylthiophene, were selected to investigatedifferent sulphur compound removal
efficiency fromn-octane/sulfur species mixtures with PDMS-basedpmsite membranes.
The effect of sulfur concentration in the feed dm® tpervaporation performance was
investigated in the range of 0.05-0.13 mas. %.

The impact of thiophenes concentration in modeblijas on the total permeate flux
for both binaryn-octane/sulfur specie mixtures at the feed tempezabf 30°C and
permeate-side pressure of 100 Pa is shown in Fiukes it can be seen, the variation in
thiophenes concentration in the feed had pracyical influence on the transport of
permeating compounds through the membrane. Thasiaekhip resulted most likely from
the narrow scope of the concentration of thiophand the fact, that the thiophene
concentration was very low as compared to hydragadontent. Taking into account the
solution-diffusion theory, the separation in pemagtion process is determined by the first
two stagesj.e. the sorption and diffusion of mixture component$. [Most likely the
concentration of sulfur compound was beyond theggarwhere the effect of swelling
caused by thiophene surpass the swelling phenomesnlied from hydrocarbon sorption in
PDMS layer [10, 11]. Nonetheless, partial fluxesolfur compounds were proportional to
the sulfur concentration, which leads to nearlyhamged values of thiophenes separation
factor (Fig. 3).

n-octane/T M n-octane/2MT

Al

0.07 0.09 0.11
Thiophene concentration in feed [mas. %]

o 0o
tn n

i
i

Total permeate flux [kg/m?h]

Fig. 2. Effect of feed concentration on the totatrpeate flux at feed temperature of 30°C and pesmassure
of 100 Pa

Experimental results also showed, that PDMS menabrisn more selective to
thiophene than to 2-methylthiophene (Fig. 3) andmiy be mainly because of the
difference in molecular size and structure but alge to the difference in partial vapour
pressure, which is lower for 2-methylthiophene. tRemmore, thiophene shows higher
chemical affinity to the poly(dimethylsiloxane)pfn which the membrane active layer was
made (the solubility parameter for thiophené s 20.0 (MPa)?, for 2-methylthiophene is
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5 = 18.6 (MPa)?and for PDMS isy = 21.1 (MPa)?). Obtained results correspond with
results presented in the literature [11, 12].

W n-octane/T M n-octane/2MT

- P fia s fle[ls

1.0
0.07 0.09 0.11
Thiophene concentration in feed [mas. %]

Separation factor B [-]

Fig. 3. Effect of feed concentration on the sepamafactor at feed temperature of 30°C and perenpessure of
100 Pa

Effect of feed temperature

The effect of operating feed temperature on thdcieficy of thiophene and
2-methylthiophene separation from model binary ore$ was investigated in the range of
30-50°C. Temperature dependence of total perméateahd partial fluxes of individual
compound for model mixtures are illustrated in Fegu4-6.
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Fig. 4. Effect of feed temperature on the totahpeate flux at feed concentration of 0.07 mas. % @ertheate
pressure of 100 Pa

Experimental data indicated an increase in the fata (Fig. 4) and partial fluxes
(Fig. 6) with the rise of the feed temperatureFlgure 5, separation factors decline with
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the increase of feed temperature for bwbctane/sulphur compound mixtures. During the
pervaporation experiments, a trade-off phenomenetwéden flux and selectivity was
observed- as the feed temperature increased, the total fhexeased but the sulfur
separation factor shows a digressive trend.

® n-octane/T B n-octane/2MT

@

E - - 2.68 251

&> 56 43 . 2.30 5 22
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o 30 35 40 45 50

Feed temperature [°C]

Fig. 5. Effect of feed temperature on the sepamatéwtor at feed concentration of 0.07 mas. % aemnpate
pressure of 100 Pa
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Fig. 6. Effect of feed temperature on thiophenes &t feed concentration of 0.07 mas. % and peer@assure
of 100 Pa

Above mentioned relationships are thought to berseguence of two simultaneously
occurring phenomena [7]. First, operating tempeeataffects the driving force for
the mass transfer - the increase in the temperatstdts in higher partial vapour pressure
of components in the upstream side of the membaadeprovide a greater driving force
for the permeation of components since the dowastrgressure remains practically
unaltered. Secondly, rise of the temperature amuitly enhance the swelling of the
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membrane active layer, which, on the one hand i&aural” consequence of feed
components dissolution and on the other - can ggoresible for the decrease in thiophene
separation factor.

Effect of downstream pressure

Since the driving force of components permeatiopénvaporation is the difference
between the vapour pressure at feed and permekteotihe membrane, the downstream
pressure is an important parameter that affectpénmrmance of the PV process. On the
basis of the above statement, it can be expedtat partial fluxes will increase with the
decrease of the downstream pressure. It also dietedrithe component concentration in the
permeate stream and affected the membrane setedfiyi Downstream pressure impact
on the total permeate flux and sulfur separatiatofafor model mixtures are illustrated in
Figures 7 and 8.

W n-octane/T M np-octane/2MT

100

5.0

0.0

100 500 1000

Downstream pressure [Pa]

Total permeate flux [kg/m?h]

Fig. 7. Effect of downstream pressure on the tdi@ at thiophenes concentration of 0.07 mas. % and
temperature of 30°C

The influence of permeate-side pressure on theaperation performance at 30°C and
thiophenes concentration of 0.07 mas. % was inyattd in the range of 100-1000 Pa.
Experimental results indicated, that maximum phyi@ssure gradients obtained for the
minimum downstream pressure was the most benefidiglthe permeate pressure of
n-octane/thiophene angoctane/2-methylthiophene mixtures was increadesl tatal flux
decreased significantly. At the same time, theusudeparation factor was declined more
gently. Figures 7 and 8 indicates, that high vacuiloaw downstream pressure) had
a greater impact on total flux in comparison witiffer separation factor.
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Separation factor [-]

I n-octane/T M n-octane/2MT

2,
3.0
2.0
1.0
100 500 1000

Downstream pressure [Pa]

Fig. 8. Effect of downstream pressure on the séipardactor at thiophenes concentration of 0.07 .n¥asand

temperature of 30°C

Conclusions

Experimental results indicated, that higher feadperature yielded higher total flux
and lower sulfur separation factor.

Simultaneously, the increase in total permeatior fesulted in the separation factor
decrease, which was caused by the decrease inetbetigty of the active layer
resulted from its enhanced swelling.

Partial fluxes of thiophenes were proportional te c€oncentration in the feed.
However, the variation of thiophenes concentratiad almost imperceptible impact
on the total flux and selectivity.

Differences of chemical affinity of the investigdte thiophenes to
poly(dimethylsiloxane) leaded to various seleciigtthereof within PDMS membrane
for both separated mixtures.

As the permeate pressure in desulfurization-ottane/thiophenes using a PDMS was
increased, the total flux was decreased signifigamhile the sulfur separation factor
was declined gently.

Acknowledgements

The scientific work carried out within the framewoof grants for young scientists

BK-M/547/RIE4/2015.

References

(1]

[2

Directive 2009/30/EC of the European Parliamemd of the Council of 23 April 2009 amending Dtree
98/70/EC as regards the specification of petra@seli and gas-oil and introducing a mechanism toitaron
and reduce greenhouse gas emissions and amendingciC®irective 1999/32/EC as regards the
specification of fuel used by inland waterway véss@d repealing Directive 93/12/EEC. Official Juairof
the European Union. 5.6.2009;L 140/88. http://extduropa.eu/eli/dir/l2009/30/0j.

Brunet S, Mey D, Perot G, Bouchy C, Diehl F. pA\p Catal A. 2005;278:143-172.
DOI:10.1016/j.apcata.2004.10.012.



498 Katarzyna Rychlewska and Krystyna Konieczny

[3] Leflaive P, Lemberton JL, Perot G, Mirgain Car@at JY, Colin JM. Appl Catal A. 2002;227:201-215
DOI:10.1016/S0926-860X(01)00936-X.

[4] Song C. Catal Today. 2003;86:211-263. DOI:1068/80920-5861(03)00412-7.

[5] Ito E, Veen R. Catal Today. 2006;116:446-46@100.1016/j.cattod.2006.06.040.

[6] White LS. J Membr Sci. 2006;286:26-35. DOI:1@16/j.memsci.2006.09.006.

[7] Basile A, Figoli A, Khayet M. Woodhead Publiski Series in Energy: Number 77, 2015.

[8] Huang J, Li J, Zhan X, Chen C. J Appl Polym .Sck008;110:3140-3148. DOI:
10.1080/01496395.2014.944619

[91 Mortaheb HR, Ghaemmaghami F, Mokhtarani B. Chdéing Res Des. 2012;90:409-432. DOI:
10.1016/j.cherd.2011.07.019.

[10] Lin L, Zhang Y, Kong Y. Fuel. 2009;88:1799-8BM®MOI: 10.1016/j.fuel.2009.03.031.

[11] Zzhao C, Li J, Qi R, Chen J, Zhaokun L. Sep ifPufechnol. 2008;63:220-225. DOI:
10.1016/j.seppur.2008.05.003

[12] Qi R, Zhao C, Li J, Wang Y, Zhu S. J Membr.$06;269:94-100. DOI: 10.1016/j.memsci.2005.0B.02

ZASTOSOWANIE PERWAPORACJI DO ODSIARCZANIA BENZYNY -
EFEKTYWNO $C USUWANIA ROZNYCH ZWI AZKOW SIARKI

Instytut Inzynierii Wody i Sciekéw, Politechnikslaska, Gliwice

Abstrakt: Ze wzgbdu na rosgca $wiadoma¢ ekologiczm duza uwag pcswigca se jakasci paliw
transportowych, w tym zawakti siarki. Spalanie zwizkéw siarki obecnych w benzynie stancwbddto emisji
SO, Co wicej, obecné tlenkéw siarki w spalinach przyczyniagsido zwikszonej emisji NQ i lotnych
zwigzkdw organicznych (VOC), spowodowanej atamiiem st niskotemperaturowej aktywdd katalizatorow.
Dlatego regulacje prawne wprowadzone w krajach Weagaj redukcji poziomu siarki w benzynie do 10 ppm.
Jakoze siarka wysfpuje w benzynie w postaciadych zwazkéw (takich jak tiofen i jego pochodne, merkaptany
i siarczki) oraz réne zwizki siarki wykazuj rézne powinowactwo wzgtem materialu membrany, bardzo
wazne jest, aby zbadaefektywnd¢ ich usuwania oddzielnie. Celem badaylo okrdlenie wptywu typowych
wybranych zwazkéw siarki obecnych w benzynie na selekty®éinanembrany oraz wydajié separacji
zwiagzkOw siarki w procesie perwaporacji pniowej. Zbadano réwniewptyw parametréw procesu, takich jak
temperatura nadawy,egenie usuwanych zanieczyszazecisnienie po stronie odbioru permeatu na skutegzno
usuwania tiofenéw z modelowych mieszamioktan/zwizek siarki. W czasie badastosowano hydrofobowe
membrany kompozytowe na bazie poli(dimetylosilok§arNadaw stanowity dwuskladnikowe mieszaniny
n-oktan/tiofen i n-oktan/2-metylotiofen. Zawart6é siarki obecnej w tiofenach wahatag si granicach od
0,05 do 0,13% mas. Wplyw temperatury nadawy zbadarmakresie 30-50°C. Przeptyw nadawy (753t
utrzymywano na statym poziomie.

Stowa kluczowe:perwaporacja pediowa, odsiarczanie, tiofeny, benzyna
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NITROGEN REMOVAL FROM FISH FARMS WATER
BY Lemna minor AND Wolffia arrhiza

USUWANIE AZOTU Z WODY GOSPODARSTW RYBNYCH
Z WYKORZYSTANIEM RZ ESY DROBNEJ | WOLFII BEZKORZENIOWEJ

Abstract: It is extremely important for the productive figrming with closed water systems to treat the water
the level allowing its reuse for fish productiorhi§ paper presents studies considering the pasgibfl water
embryophyte application to assimilation of polluta¢mainly nitrogen compounds) solute in wateregfinculation
systems in fish farms. The results of experimestatlies covering ammonium nitrogen removal fromytet
water of fish farms by the testé@mnoideaeepresentatived émna minorandWolffia arrhizg were presented.
The obtained results confirmed the usefulness gfgobactors application in wastewater treatmenttglén fish
farms.

Keywords: pollution of water in fish farms, nitrogen remoMaémnoideaén water treatment

Introduction

The general tendency of decrease in aquatic ressuesulting in decreased fishing,
numbers and diversity of fish as well as amountfisfiless water reservoirs in the
environment stimulates the development of aquaailioa the artificial water reservoirs,
especially a fishing farms utilizing re-use of wafgRAS, Recirculation Aquaculture
Systems). Ukraine may be characterized by relativelv volumes of industrial fish
breeding which is related to the general unsatisfgcstate of economy and production in
the country as well as the general archaic attitoseards fish farming [1, 2]. But on the
other hand, problems related to fish and seafoqubitn caused by money devaluation,
stimulate the development of domestic productioh jastify the advisability of creation of
the highly-productive fish farms based on the modechnologies of production.

The successful fish production in RAS requires fiveper living and feeding
conditions [3, 4], so the main factors influencitg farming efficiency are composition
and amount of feed and characteristics of watarves - the quality of water available for
fish farming and effectivity of its treatment forogsible re-use. Thus, omitting the
economic factors and availability of water sour¢he, main problem of RAS is the quality
of aquatic environment for fish farming - assurtreptment for water allowing its reuse.

The main tasks of RAS’ treatment plants is remafasolute and non-reconstituted
nutrients, especially ammonium and phosphates .[3a7rder to remove the undissolved
pollutants the mechanical filters are used. Remof/ablute pollutants and the fine-grained
dispersed phase, which is unable to be filteredeiformed due to application of biological
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methods of treatment [8-10]. Concentration of mjgo compounds may be treated as the
main indicator for water treatment quality assesgme RAS because most of the
pollutants is available as ammonium nitrogen [11].

Biotechnologies allowing transformation of nitrogeompounds due to bacterial
microflora (by nitrification and denitrification)rpsent several negative issues for RAS.
The most important are: required considerable amsoofnitrificators and denitrificators
for bioreactors, necessity of the outside carbamrcas €.9. methanol) for denitrification
and required stabilization of water parameters §5,9, 11-15]. The application of
embryophyte is more perspective manner of nitroganoval from water in fish farms
[16-19]. There are known several advantages of s@eliment, as related to the processes
using nitrobacteria: resistance to higher concéntra of nitrogen compounds, direct
assimilation of ammonium nitrogen without the imediate processes and high ratio of
metabolism in favourable process conditions [17,208.

The experience with embryophyte application to R#&er treatment was gained by
European and Asian countries. In our opinion, isecaf Ukrainian conditions, the
application of the freely floating plants to RAS telatreatment may be quite effective.
Validity of embryophyte application in order to t@® the required quality of water in RAS
is justified by typical characteristics of fish ffaing in artificial and controlled aquatic
ecosystems. The ability of plants to consume miisienay be assessed basing on their
composition and dynamics of biomass growth. Theurasge of the optimal farming
conditions, including the proper lighting and thgtimal temperature for given species, is
the important condition for the maximum growth oatf plants. So, it is important to
utilize plants characterized by the rapid growtd aapable to adjust to artificial conditions
of farming.

Thus, the aim of presented research covered detatiom of possible application of
LemnoideadLemna minorand Wolffia arrhizg to breeding water treatment in fish farms
of water closed circuit.

Materials and methods

The experiments ofemnoideaecultivation included in this paper were performed
during 10 weeks in tilapiaQreochromis aureysfish farm and under the laboratory
conditions. The cultivation was located in phytatea integrated with the unit of biologic
treatment of wastewater from the fish farm. The efisions of the reactor were
130x55x40 cm. Two lamps of 36 W of power each were appéiedighting devices. The
time duration of water detention in the device wgsal to 35-40 min.

During the parallel experiment under the laboratmmgditions the reservoirs of 45 8m
volume operating in the sequential layout were u3ée untreated water from RAS after
Oreochromis ureusnd Clarias gariepinusbreeding was used. The laboratory setup was
not additionally illumed. The cultures of studiddmisLemna minoiL. andWolffia arrhiza
(L.) Horkel ex Wimm developed under the artificadnditions were dosed into all tested
volumes. The weighing of raw plants’ mass was peréa daily using electronic scale
TBE (0.21-0.001 accuracy EN ISO 45501-2) with 0.00&ftrerror. Ammonium, nitrites
an nitrates content were determined by the laboradm meter I-160-M equipped with the
ion selective membrane electrodes.
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Results

The results of our studies confirmed the rapid éase in biomass dfemnoideae
under the favourable conditions (which can be eddatn phytoreactor for treatment of
wastewater RAS (Fig. 1).emna minorand Wolffia arrhizaplaced in the flow reservoirs
increased their mass approx. twice (88-110%) dwihgours.
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Fig. 1. Dynamics oEemnoideagyrowth under conditions of flow phytoreactor

The studied species were resistant to presencéfefeshit forms of nitrogen in water.
In one of the tested samples the noted concemtrafi@mmonia was equal to 32 mgi&im
while usually the ammonium concentration in samplethe outflow from the reservoirs of
fish farming was 0.6-2.8 mg/dimThe range of presented concentrations is acdeptab
most of floating plants, especiallgemnoideae Thus, no problems related to their
cultivation under the flow and stationary condisowere noted. The predicted ratio of
plants growth was unchanged, which was relatetléatnstant concentration of pollutants
at the inflow from farming tanks.

The parallel series of experiments under the statip conditions was performed in
volume of 45 driireservoirs of bioreactors. The initial concentnasi of ammonia nitrogen
at the inflow to bioreactor was 30-32 mgfimwhile nitrates and nitrites were observed in
the lower concentrations (0.8 and 11.5 mg/dmspectively).

During the experiment four technological lines wesed, two of them were used as
the frame of reference - one without aeration,sseond one intensively aerated by the air
compressor. The remaining two were used to deteriia dynamics of nitrogen removal
by Lemna minomandWolffia arrhiza(Fig. 2).

The presented results confirmed the possibilityp@aftial ammonia nitrogen removal
due to intensive aeration of the tank. It was albeerved that the high concentration of
ammonia nitrogen in water had no negative influenceliving conditions and plants
biomass increase.
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Fig. 2. Changes of ammonia nitrogen concentraticstatic conditions

Only the partially decrease in nitrate concentratio the aerated samples was
observed. Generally, aeration allowed to reduce @miem nitrogen concentration for
approx. 50%. Despite the positive effect of reduttdf ammonia concentration in water,
the intensive aeration may present some serioagdigtages, including the considerable
energy consumption and changes in heat balancezdver, in order to ensure the process
operation, the usage of appropriate devices (aimperessors, fittings, valves and pipelines)
is required. The increase of ammonia nitrogen imeuated sample, by approx. 2.5 mgidm
after 48 hours may be explained by transformatioime grained pollutants into the solute
phase. Under the conditions of RAS water treatnfi@ntvhich the efficiency of dispersed
phase removal no filters may reach the level 08@%, the fine suspended phase is usually
present.

Determination of water treatment efficiency (astetl to ammonia nitrogen presence)
of the phytoreactor with aquatic embryophyte maypbgormed basing on the results of
the presented experiment an theoretical data coimgemorphology and biochemistry of
plants. According to the experimental studies If §@mna minorand Wolffia arrhizais
capable to remove from 2.6 to 6.0 mg Nper day, under the conditions of the bright daily
light, without artificial illumination. Basing orhe data concerning nitrogen content in dry
mass of plants, in range of 4.2-6% (at water cdritethe plants reaching the level of 90%)
and possibility to double its mass during time a2 #lays, it may be assumed that daily
nitrogen assimilation capability may reach the lenfe2-6 g per 1 kg of raw mass, which
reflects 1.64-4.94 g of ammonium. The obtained drpental data proved the theoretical
calculations. However it should be noted that maximpossible capability of nitrogen
assimilation may be obtained only at favorable terafure (24-30°C) and under the
required light as well as presence of macro- aimlaalements.
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Summary and conclusions

The tested plant speciekemna minor and Wolffia arrhiza showed good
accommodation to the conditions of flow phytoreactsed in RAS waste water treatment.
The experimental studies concernibhg@mnoideaecultivation in phytoreactor treating
circulating RAS water confirmed the high capabilitiythese plants in ammonium nitrogen
removal. The ability of ammonia ion assimilationymaary in a quite wide range and
results from the conditions of the specific physmter. But it may be approximated
as 2 g NH" daily for 1 kg of raw mass.

The efficiency of phytoreactor in ammonia nitrogaasimilation may be highly
dependent to biomass of the cultivated plants (gsoaess factor). But the settlement
density of several types bEmnoideaénside the phytoreactor is limited by their bidkeg
characteristics. Under the artificial conditiongthathe intense artificial illumination, the
settlement density dfemna minorand Wolffia arrhizamay reach the value of 5-8 kg per
1 nf. So, the ammonium assimilation capability.einnoideaghytoreactor may reach the
level of 16 g NH* daily at the area of 1 hof the device.

Determination of the boundary load of the testetewaeatment may be performer by
the experimental method - measurement of main taoita concentration before and after
the treatment, as well as the theoretical onengustcommendations for loads proportional
to amount and quality of applied feed. However, tthsults of theoretical determination
may be only treated as preliminary and approxim@i@.remove the solute pollutants
introduced to water with the 1 kg of dosed feedtaiming 40% of proteins, 10-20 kg of
raw plants mass are required, corresponding taree of phytoreactor equal to 0.7-2. m
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USUWANIE AZOTU Z WODY GOSPODARSTW RYBNYCH
Z WYKORZYSTANIEM RZ ESY DROBNEJ | WOLFII BEZKORZENIOWEJ
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Abstrakt: Dla wydajnej hodowli ryb w uktadach z zamktyim systemem obiegu wodnego niezwyklezne jest
wlasciwe oczyszczanie wody do poziomu, ktéry pozwala jejaponowne wykorzystanie. W opracowaniu
przedstawiono mdiwos¢ zastosowania wgzych rélin wodnych do asymilacji zanieczyszézeozpuszczonych
w wodzie, gtdwnie zwizkéw azotu. Zaprezentowane wyniki badeksperymentalnych dotygazisuwania azotu
amonowego z zanieczyszczonej wody gospodarstw cybmyzedstawicielami ¢gowych [emnoideap rzesa
drobry i wolfig bezkorzeniow. Wyniki te potwierdzaj zasadn& wykorzystania fitoreaktoréw w obiektach
oczyszczalni gospodarstw hodowli ryb.

Stowa kluczowe:zanieczyszczenia wody gospodarstw rybnych, usuwan@u, Lemnoideaew oczyszczaniu
wody



Proceedings of ECOpole
DOI: 10.2429/proc.2016.10(1)054 2016;10(2)

Monika SPORER

THE USE OF BARK OF SCOTS PINE IN ENVIRONMENTAL
IMPACT ASSESSMENT OF CEMENT AND LIME DUST

WYKORZYSTANIE KORY SOSNY ZWYCZAJNEJ
DO OCENY ODDZIALYWANIA NA SRODOWISKO
PYLOW CEMENTOWO-WAPIENNICZYCH

Abstract: The study analysed bark of Scots Pine exposedkadira pollution from the cement factory Chelm.
The range of impact of cement-lime dust on envirenimwas determined based on water extracts of bark.
Relationships between pkb of bark and the distance from the dust emitterewstudied using analysis of
regression and linear correlation. These resulte weferred to the results from a forest contralt gtee of
alkaline pollution. Precipitation of cement-limestwlecreased with the distance from the sourceobitjon,
which was confirmed by the values of b of pine bark. The greatest impact on environmémusts from the
cement factory Chelm was recorded at NE, ES andiB&¥tions, where pH of the bark was < 6.0 at 3dtraven

5 km from the emitter. Multiple correlation coeféiat between the distance from the emitter and dist
precipitation was from —0.66 to —0.98%.

Keywords: pine bark, cement-lime dust, bioindicators

Introduction

A cement factory emits gases and dusts to envirahrm@ment dusts that get to soil in
excess enrich their genetic levels in calcium caalb®, which causes many consequences in
phytocenoses [1]. Oligotrophic communities of piaeests are especially sensitive to even
small changes. The range of the effect of alkali@gosition depends ang.the source and
type of emission, distance from emitters, landefelirequency and direction of winds [2].
Assessment of deterioration in the quality of fomrsvironment caused by cement industry
includes determination of the range of dust defmsind its amount that exceed the norm,
and identification of qualitative and quantitatislanges in the studied ecosystem. Bark is
a good indicator of air pollution with cement-lindest, as shown by papers of Sporek [2]
and confirmed by other authors [3, 4]. But in tliterature of the topic pine bark is
mentioned mainly as a bioindicator of air pollutionith compounds that cause
acidification, mainly of sulphur and nitrogen, aoflheavy metals [5-9]. The study was
aimed to determine the range of impact on envirortroéthe cement factory Chelm using
pine bark as a bioindicator.

Material and methods

Bark of the Scots Pind’{nus sylvestrit..) collected within 12 km from emitters of the
cement factory Chelm was analysed. Fifty five sitese selected along eight directions of
the wind rose, with the cement factory acceptedhasmiddle in calculations. Bark was
collected using draw-knife at the height of 1.50ancording to the method of Sporek [2].

! Ecology and Nature Protection Unit, Chair of Bateology and Molecular Biology, University of Opple
ul. kard. B. Kominka 6A, 45-035 Opole, Poland, dmmaebis@uni.opole.pl
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Samples were collected at each site from five tusésy the envelope method. The distance
from the central tree was 10 m. In total, 275 sasplere collected from standing trees.
Additionally, a 0.25 ha plot exposed to strong effef the cement work was delimited,
where samples of bark were collected from 83 trees.

Bark was dried in room temperature, washed witlorised water and dried in a drier
at 65°C for 24 hours. Dried plant material was gibin a mortar and milled into a powder
in a percussion grinder. From each sample 4 geobtlrk powder was taken, weighted with
0.001 g accuracy, placed in a beaker and filleavith 40 cn? of distilled water. After 48
hours the content of each beaker was mixed amHigo was measured up to two digital
places. The electrode was calibrated using tweebusfilutions of pH 4 and 7.

The relationships between pid of bark and the distance from the source of dust
emission were studied using analysis of regresaiuch linear correlation. These results
were referred to the results from the forest cdnplot free of alkaline pollution. The
control plot was an experimental area in Niemoftiirests where monitoring of pollution to
forest ecosystem has been conducted since 199§. fivié-years-old pine stands at this
plot, which grows on podzols, is of good conditiand correct height, without clear
anthropogenic effects. Samples of bark for comparastudies were collected from
50 standing trees.

Results and discussion

Bark of the Scots Pine collected at the controk plad natural pHho in the range
3.2-3.97 and low coefficient of variatian= 6.07%. The increment of this trait was 0.77 of
the pH unit. The mean of these measurements w#s (84,0 and the mode was 3.63
(Table 1). These values are typical of pine barkmfr areas free of industrial
imissions [2, 5, 10].

Table 1
Variation in reaction (pkbo) of bark of the Scots Pine at the control plotriBNiemodlinskie) and at the plot
polluted with alkaline dusts (near cement factohelt)

Parameter Plots
control polluted

pHi20 range 3.2-3.97 7.12-7.76
XpH 3.63 7.38
SD 0.22 0.18
Median 3.63 7.36
Mode 3.64 7.24
CV% 6.07 2.47

n 50 83

The pine stand at the plot exposed to strong aptigenic pressure was in bad health
condition. Despite similar age as at the contrait,ppines at the study plot had weaker
growth and considerable defoliation of canopiese Témction of pine bark in 83 samples
from a uniform plot is shown at Figure 1. Both tbentrol and the polluted plots had
common features such as low coefficient of varragmd small standard deviation of the
bark reaction. But the plots differed in reactigndopH unit. At the polluted plot pH was in
the range 7.12.-7.76, the mean pH was 7.38, anadhficient of variation was 2.47%
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(Table 1). The distribution of pH values of bark swaght-skewed and showed that
measurements were above 7.36 (median) for 50% eofsmples. Other authors [2, 3]
obtained similar distributions of bark pH.

v X > © < A o

/\ o /\ K /\ o /\ . /\ o /\ by /\ .
o o N & N o o
AY AY A? AP A% A% A%
pH []

Fig. 1. Distribution of the reaction of bark of $&®ine at the plot exposed to strong anthropogaessure from
the cement factory Chelm
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Comparison of the control plot free of alkaline Ipbn with the plot polluted with
alkaline dusts (Table 1, Fig. 1) confirmed that teaction of pine bark is with no doubt
a bioindicator of air pollution with alkaline dusfBhus it can be used to draw isolines of
the range of impact of the cement factory on emvirent.

Based on that, sites for collecting samples of bhagke chosen within 12 km from
emitters of the cement factory Chelm. Precipitatibrcement-lime dust decreased with the
distance from the source of pollution. The distano&impact of alkaline dusts from the
cement factory Chelm were determined based on riterion of the reaction of bark by
Sporek [2]. According to this author [2] pH of bawnkthin the range 4.1-4.9 should be
considered as vestigial. Swiercz [3] determinedh@la range and distinguished ecotone
zone where phbo of bark is in the range 4.0-4.9. Alkalinisation fofest habitats occurs
when pH of bark i 5.0. Values> 4.0 pH are accepted as a lack of alkaline poltutio

Table 2
Distances at which dust precipitated determinedrmiicg to changes in the reaction of pine bark
The range of effect of alkaline dusts [m] Multiple -
Directions Areas trace | clear | prominent correlation cﬁe(:gfrlw::ilr?:ttigrf\
pH 120 coefficient 2
5.0 5.5 <6.0 r
NE | 7400 5000 2700 —0.66 0.43
EN Il 5800 4300 2700 -0.83 0.68
ES 1] 7400 6000 4400 —0.90 0.81
SE \Y 5300 4300 3300 —0.96 0.91
SW \Y 8100 6200 4600 —0.66 0.43
WS Vi 4300 3100 1900 —0.83 0.68
WN Vil 4400 3500 2500 —0.90 0.81
NW VIl 4100 3500 2900 —0.96 0.91
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Analysis of the collected material showed a cotigfabetween the distance from the
emitter and the precipitation of dust determinednfr bark reaction. The multiple
correlation coefficient was from -0.66 to —0.98%alfle 2). The coefficient of
determination showed that participation of dustarfrthe cement factory Chelm in the
gualitative changes was 43 to 91%, according ®ittdicator (Table 2).

Meteorological data (from the Institute of Meteagy and Water Management) shows
that in the vicinity of Chelm winds that blow fromest to east, (W-E), from northwest
(NW) to southwest (SW) and from southwest (SW)dalmeast (NE) are the most frequent.
Thus the wind rose has an irregular half-oval shdjme largest distance of the impact of
dust from the cement factory Chelm on environmeast wecorded at NE, ES and SW
directions. The departure of distribution of dusliytion from the wind rose was caused by
location of other sources of unorganised emissiothe arase.g. heaps, mines, access
roads to mines, and by a lack of trees that wogldlaie these emitters from the
surroundings. Analysis of regression and corretatithowed that compact forest areas
reduce movements of dusts from ca 12 kroad km.

Conclusions

1. Isolines of the zones of eutrophic effect in forlabitats can be drawn based on
changes of bark reaction, which may be appliedeteminination of damage caused by
deposited cement dust and in assessment of thigygpiafiorest habitat.

2. Forest areas reduce movements of dusts from caml2okca 1 km. The negative
impact of the cement factory on the vicinity canrbduced and even eliminated by
appropriately located tree belts.
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WYKORZYSTANIE KORY SOSNY ZWYCZAJNEJ
DO OCENY ODDZIALYWANIA NA SRODOWISKO
PYLOW CEMENTOWO-WAPIENNICZYCH

Pracownia Ekologii i Ochrony Przyrody, Samodzieizedra Biotechnologii i Biologii Molekularnej
Uniwersytet Opolski

Abstrakt: Analizie poddano ker sosny zwyczajnej znajdigej sk pod presj zanieczyszcze alkalicznych
cementowni Chetm. Na podstawie wodnych wgow z kory okrélono zasig oddzialywania pytdw
cementowo-wapienniczych seodowisko. Zalenosci pomigdzy pHio kory a odlegtécia od zrédta emisji pytow
badano metaganalizy regresji i korelacji liniowej. Wyniki badaodnoszono do wynikéw uzyskanych nénlej

powierzchni kontrolnej - wolnej od zanieczysatzgkalicznych. W miar oddalania odirédta zanieczyszcae
opad pylbw cementowo-wapienniczych alanisk, co jest zrozumiate, i znajduje potwierdzenie wienmych
wartasciach pHipo kory sosny. Najsilniej odnotowano presy kierunku NE, ES i SW, gdzie w odlegéd 5 km

od emitora pH kory byto wisze od 6,0. Wspoiczynnik korelacji wielorakiej peddy odlegidécia od emitora
a opadem pytu wynosit od —0,66 do —0,98%.

Stowa kluczowe:kora sosny, pyt cementowo-wapienniczy, bioindykato
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ANALYSIS OF THE SEWAGE TREATMENT SYSTEM
OF THE SILESIAN AGGLOMERATION

ANALIZA SYSTEMU OCZYSZCZANIA SCIEKOW
MIASTA AGLOMERACJI SLASKIEJ

Abstract: The construction of the technological treatmenénplis closely related to the amount and
physicochemical parameters of incoming sewage. &tenomic aspects and the principles of sustainable
development also should be taken into account etsthge of sewage treatment plant constructionnpign
Moreover, in large cities, there is often greateamber of sewage treatment plants, which shouldteraa
effective system for wastewater treatment. Municipastewater treatment system should not distud th
ecological balance of the area and cannot con&ribotthe deterioration of the living conditions péople
(especially those living in the immediate vicindf/the sewage treatment plant). The paper complheegrocess
lines of three wastewater treatment plants locet¢de city of Bytom: “Centralna” plant, “Miechowe¢ plant and
“Bobrek” plant. The paper also compares the maitcators of the efficiency of the described wastewa
treatment plants and the selected parameters afethiage sludge. Based on the above data, an attesphade
to assess the proper operation of the sewage gaasystem in the city of Bytom.

Keywords: wastewater treatment plant, efficiency of wastewaatment technology

Introduction

The issue of sewage treatment is one of the mgsdritaint problems of contemporary
water and sewage management. According to theitiefina sewage treatment plant is
a system of technical and biological facilities whadunction is to remove and neutralise
sewage.

The most common division of sewage treatment plantgerms of the treatment
methods used, is the distinction of mechanicalpgbal, biological treatment plants and
plants with increased biogene removal. In practicese systems are operated in specific
combinations, often concurrently, as complemenitaeyhods. This leads to the increase in
the effectiveness of the sewage treatment pro€assently present technologies, such as
A2/0 or UCT, allow for the reduction of the polloti load size in sewage. Basic pollutions
present in sewage include: organic compounds atdents (nitrogen and phosphorus
compounds) [1]. In the Polish law, the level of age pollution reduction is governed by
the Regulation of the Minister of Environment ore tleonditions to be met when
discharging sewage to water or to soil and on smgsts which pose a special hazard to
aquatic environments [2].

Bytom is a city located in the southern Poland dredonging to the Silesian
agglomeration. The area of the city is 6944 ha poplulation density amounts to 2516
inhabitants per ki The percentage of population using sewerage rmsyste 2012
amounted to 90.1%, which places Bytom on the 32gitipn among the cities with district
rights in Poland [3].

! Faculty of Environmental Engineering and Enegeitesian University of Technology, ul. S. Kondesjo 18,
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First references to the sewerage system networtheofcity date back to the 19th
century; however, the construction of a developatiesage system took place in the period
1900-1904. Along with the construction of the netikydhe construction of the city sewage
treatment plant was also commenced. The plant wesigied for the needs of
70,000 people. Treated sewage was discharged ®ytioenka River. With an increase in
the city population, starting from 1933, the treatmplant was being modernised. In the
subsequent years, there were 10 new smaller treatplants established, frequently
located within city districts.

At present, Bytom Municipal Company supervisesulagéer and sewage management
of the city of Bytom. The main investment of theest years, supported with the EU
funds, was the project “Improvement of the wated aawage management of the city of
Bytom”. Under the project, in the period 2004-20ih@er alia, the sewage treatment system
was modernised. Instead of five treatment plan@eritralna”, “Miechowice”, “Bobrek”,
“Rozbark” and “Stolarzowice”, the first three argrently operated. They were subject to
substantive extension and modernisation. In liedRdzbark” treatment plant, the main
sewage pumping station was created [4, 5].

The treatment plants existing in the city: “Cenmtedl “Miechowice” and “Bobrek”,
differ both in terms of their size and the sewagatment technology used.

Further in the paper, process systems of threeBydewage treatment plants are
presented and their effectiveness is analysed.

Sewage treatment technologies of the city of Bytom

“Centralna” sewage treatment plant is the largesatinent plant in Bytom. It is
situated near the Szarlejka River. Its total aseahiout 11 ha, and the design flow rate is
equal to 30 thousand®d. There is also a laboratory at the premiseb@frieatment plant.

The process line is composed of a typical mechapiae (encapsulated grates; grit
chamber; horizontal flow, radial primary sedimeiaiattank) and a biological part (three
activated sludge chambers in the form of oxidatiitnhes with partly immersed aeration
brushes) with increased treatment of nutrients ifima@l dephosphatation by adding PIX
coagulant to oxidation ditches). Primary and excelssige produced in the process is
concentrated separately and then it is combined saject to fermentation. There are
3500 ni of biogas generated in “Centralna” treatment ptaily. The obtained methane is
first subject to desulphurisation, and then itrensferred to two power generators. The
sludge remaining after fermentation is transpotteéilter presses and then it is sanitised
with lime and exported outside the treatment plant.

Treated sewage is discharged to the Szarlejka RiMez total time of sewage flow
through the treatment plant amounts to about Z}.h |

“Miechowice” sewage treatment plant is the secargdst treatment plant in Bytom,
occupying the area of about 6 ha, with sewage defigv rate of 12 thousand ¥d. The
total amount of sewage entering the treatment iglaierived from Miechowice district, and
the average sewage flow rate is 3.5-8 thousatid. m

Like “Centralna” treatment plant, it belongs to rauoical and biological treatment
plants with increased treatment of nitrogen, phosph and carbon compounds.
Downstream the classic mechanical part, biologieattors are used in the form of radial
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Biomixes where denitrification and nitrification quesses occur subsequently. Moreover,
the dephosphatation process is supported by thiticaaddf PIX coagulant upstream the

reactors. A sedimentation chamber serves as tlindary settlement tank. The produced
sludge is subject, in sequence, to aeration anéigeivg, which leads to the form of sludge
that can be used for agricultural purposes or faste/ land reclamation. After treatment,

sewage is transported to Row Miechowicki.
“Bobrek” treatment plant is the smallest and at $laene time the oldest operating

treatment plant in Bytom. The sewage entering titegttment plant comes from Bobrek -
one of the smallest districts of Bytom; thus, tlenfrate designed for that treatment plant
has much smaller values in comparison to othetrireat plants in Bytom - 800 .

The process line is based on basic elements ahdwhanical and biological treatment
plant: a system of a sieve and grit chamber; Imtafk; three-chamber biological reactors.
Settled sludge is transported to the sludge deimgtstation, sanitised and then exported to

the storage yard.
Treated sewage, as in case of “Miechowice” treatnpéemt, is discharged to Row

Miechowicki [4].

Analysis of basic operating parameters of the treatent plant

Table 1 below presents requirements for efficiemeythe reduction of selected
pollutions in sewage acc. to [2].
Table 1
Minimum percentage of pollution reduction [2]

Indicator name Minimum percentage of pollution reduction [%)]
“Centralna” “Miechowice” “Bobrek”
COD 75 75 75
BODs 90 90 90
Niotal 85 80 70-80
Poota 90 85 80
Total suspended solids 90 90 90

As part of the presented testing, two basic pararsatere analysed determining the
effectiveness of the treatment plant operation: Cé@ml BOR. The analyses were
conducted for the period January-June 2014. Dad fos analyses purposes were obtained
from “Centralna” and “Miechowice” treatment plafdg.

Table 2

COD and BORindicators of raw and treated sewage in “Centfadma “Miechowice” treatment plants [4]
“Centralna” “Miechowice”
Month Raw sewage Treated sewage Raw sewage Treated sewage
COoD BODs CcoD BODs CoD BODs COoD BODs

[mg/dm®] | [mg/dm?] | [mg/dm?] | [mg/dm?] | [mg/dm?] | [mg/dm?] | [mg/dm?] | [mg/dm?]

January 1732 446 48.9 6 1137 627 61.7 16
February 1270 535 32 5 1062 351 19.1 4
March 822 275 49.1 7 2268 637 34.1 5
April 1100 323 57.5 6 1172 421 42.1 5
May 1019 453 71.3 13 670 308 19 2
June 1300 346 34.8 7 898 341 16.6) 2
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Figure 1 presents in a graphic form COD valuegder and treated sewage determined
in the case of both analysed treatment plants.
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Fig. 1. COD values for raw and treated sewage ohited in the case of both analysed treatment plants

The highest value of COD in raw sewage in “Centalmeatment plant was recorded
in January (1732 mg/diy and the lowest one of 822 mgflin March. The mean
parameter value at inlet amounted to 1207 md/de maximum BOBvalue occurred in
February - 535 mg/diand the minimum one in March - 275 mg/ ‘drithe average
amount of BORwas 376 mg/ dfh While compiling analogically parameter valuesatlet
we obtain: the highest COD value in sewage in “Gdn&” treatment plant in May
(71.3 mg/dm), and the lowest one in February (32 mgidriThe mean parameter value
amounted to 48.9 mg/dimThe maximum BOBvalue occurred in May - 13 mg/drand
the minimum one in February - 5 mg/iinthe average amount of B@Das 7.3 mg/ drh

The above considerations demonstrate that in edctheo months analysed, the
indicator of reduction in COD and BQ@Wvas higher than the one required in [2]. The mean
value of COD reduction indicator amounted to 95.688 of BOR to 98.7%. Sewage
parameters of “Miechowice” treatment plant werejsabto a similar analysis. The highest
value at inlet, amounting to 2268 mgfimas reached in March, and the lowest one,
amounting to 670 mg/din in May; the mean was 1201.2 mgA&ifithe maximum BOD
value at inlet was 637 mg/dn{March), and the minimum one - 308 mgAliMay).
The mean value was 447.5 mgfdmhe maximum COD value at outlet was 61.7 mg/dm
(January), and the minimum one - 16.6 mg/ddune). The mean value was 32.1 mg/dm
The maximum BOB value at outlet amounted to 16 mgfidanuary) and the minimum
one was 2 mg/di{May and June). The mean value was 5.67 mgy/dm
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The above indicates that in each of the monthsyaed| the percentage reduction in
COD and BOIR was higher than the one required under regulaf@ing he mean indicator
value for COD amounted to 97.2% and for B{®98.9% [4].

For other main indicators, “Centralna” and “Miecho&’ treatment plants obtain
reduction levels higher than those provided fareigulations.

Conclusions

The sewage treatment system of the city of Bytotvaised on the functioning of three
sewage treatment plants: “Centralna”, “Miechowicgihd “Bobrek”, which are
characterised by the following flow capacities, pextively: 30 thousand Y,
5.5 thousand fd, 800 ni/d. Process lines of each treatment plant are basethe
mechanical and biological part, and the two largéshese treatment plants are adapted to
increased removal of nutrients.

In the analysed period (January-June 2014), “Chkrwttaand “Miechowice” treatment
plants obtained the reduction level of main paramsetharacterising sewage that was
higher than the standard one.

And the current management of sewage sludge frarséwage treatment plants of
Bytom cannot rather be seen as a target solutiothd case of large city agglomerations,
such as the city of Bytom, neutralisation of sewahedge should not be based on
agricultural use or on storage (unacceptable frot6nwards), but on thermal methods.
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ANALIZA SYSTEMU OCZYSZCZANIA SCIEKOW
MIASTA AGLOMERACJI SLASKIEJ

Wydziat Inzynierii Srodowiska i Energetyki, Politechnil§aska, Gliwice

Abstrakt: Budowa cagu technologicznego oczyszczalni je&tisle powhzana z ilécia i parametrami
fizykochemicznymi doplywaicych sciekow. Na etapie planowania nale rozway¢ takze kryteria
zrbwnowaonego rozwoju oraz aspekty ekonomiczne. Ponadtodusych miastach na skuteczny system
oczyszczanigciekow sklada si czesto wiksza liczba oczyszczalni. Miejski system oczyszizdoiekdéw nie
moze zakiocéd réwnowagi ekosystemowej danego obszaru ani przyazysic do pogorszenia warunkéw
bytowania ludzi (szczegdlnie tych mieszi@jch w bezpérednim gsiedztwie oczyszczalstiekow). W artykule
poréwnano cigi technologiczne trzech oczyszczaléiiekéw znajdujcych sé na terenie miasta Bytom:
Oczyszczalni ,Centralna”, Oczyszczalni ,Miechowicefaz Oczyszczalni ,Bobrek”. Zestawiono takgtowne
wskazniki efektywndci oczyszczania oraz niektore parametry osadu enymrNa podstawie povwgzych danych
podito prék; oceny prawidtowego funkcjonowania systemu oczyasaiagciekdw w Bytomiu.

Stowa kluczowe:oczyszczalnidciekow, skuteczni technologii oczyszczanigiekdw
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SIMPLIFIED SAMPLING OF BENTHIC
MACROINVERTEBRATES FROM SMALL STREAMS

UPROSZCZONE POBIERANIE PROBEK MAKROFAUNY BEZKR EGOWEJ]
Z NIEWIELKICH STRUMIENI

Abstract: European Union legislation requires achievemengaufd ecological status of European streams and
rivers. Because of that, the ecological statusllofteeams has to be assessed and evaluated réf itha status
identified less than good the remedial measureg brispplied. For effective remediation it is nseeyg to find
the cause of worse than good status classificaliparbanized areas is a number of urban drainagiets with
consequences in a necessity of very detailed bidgororg. Due to time and money demands of suchiléeta
monitoring, it is not possible to make standardieeatroinvertebrates field sampling and processingvaluate
the ecological status. Therefore, admissible siioption of field sampling of macroinvertebratesrgared to the
standard AQEM method was searched for. Both thecefff the subjectivity of multihabitat samplingdathe
effect of the reduction of the number of samplirgngs and their uncertainties were studied withphaf field
experimental work and probabilistic Monte Carlo siations. It was proved, that a substantial reductf the
number of sampling units (from 20 sampling unitguested by European protocol AQEM) is possible doty
ASPT and saprobity index (7 sampling units is sigfit) and diversity (9 sampling units is suffidlerA certain
reduction (to 14 sampling units) is also possilde the number of individuals, % EPT and IBI indext Ino
reduction can be applied in case of number of ExdaBMWP, where already the replicate 20 unit semplere
biased by an unacceptable uncertainty.

Keywords: benthos, macroinvertebrates, sampling metBorkening, uncertainties

Introduction

European Union legislation - Water Framework Dirext2000/60/EC [1] requires
achievement of good ecological status of Europé@asis and rivers. For this reason, the
ecological status of all streams has to be asse3$mdassessment of ecological status is
based on several indicators, benthic macroinvetebraeing one of them. However, the
realization of extensive macroinvertebrates momitpprograms requires a lot of effort and
time. Thus, it is not always possible to evaludie ecological status by the detailed
macroinvertebrates field sampling and processing][Zor this reason, studies searching
for a simplification of this procedure are necegsard urgent [5].

The biomonitoring process contains several stegschwcan be simplified to save
time, and hence money: field sampling, laboratorsocpssing and taxonomical
identification. Most studies of possible simplifican have focused on the laboratory
processing by subsampling when only a part of #tmapde is processed. However, the
minimum number of individuals that has to be tak&on account to obtain a valid result
varies widely between 100 and 700 [6, 7]. Littleeation has been paid to the possibilities
of the field sampling simplification. Only Vlek at [3] studied the effect of the sample size
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on individual benthic metrics and final bioassesstnué the streams. Metrics dependent on
the absolute abundance were more sensitive toathple size than those dependent on the
relative abundance. Also the effect of the varigbibf multihabitat samples has not been
investigated systematically. Lorenz and Clarke $#jidied the similarity of replicate
samples on one sampling site and found out thatried 83-100%.

Comparing various countries, field sampling protscdiffer substantially. Some
methods require multihabitat sampling when the dmmite is covered by sampling units
distributed relatively to the microhabitats occage. Other methods doesn’t use a certain
number of sampling points but the sampling is pengxd for a certain times.g.3 minutes
AQEM [8], PERLA [9]. In 2006 the comparison and erdalibration of the national
methods within EU with the AQEM one was performadttie STAR project [10]. This
project found that some methods were compatibldy WiQEM and their variance was
< 10% €.g.Czech method PERLA) [9].

Thus, in our study on admissible simplificationfiefd sampling of macroinvertebrates
of standard AQEM method was searched for includhioty the effect of the subjectivity of
the multihabitat sampling and the effect of theuaibn of the number of sampling points
and their uncertainties.

The requirements on the uncertainties imposed bysiimplification of the sampling
method are that the simplified sampling must be ablreveal stream disturbances caused
by discharges from the urban drainage system. @ isitconsidered to be significantly
disturbed by urban drainage if the difference imltabundance from reference conditions
(usually a site upstream of the disturbance souschjgher than 30% or the difference in
number of taxons greater than 20% or 3 or moreispatith at least mean abundance or
one highly abundant species do not overlap [11j.dHeer metrics the uncertainty of about
15% reflects the natural variability [12]. Thusettelative error of the simplified sampling
method compared to the standard method must be knare these values.

Materials and methods

Seven streams of different morphological qualityaveampled. Three of the streams
were in urban areas affected by combined sewerflowey, four were natural streams. The
stream morphological status was assessed accdodihg Swiss methodology [12].

In order to find the multihabitat sampling subjeitii the AQEM procedure (reach
length 20 m at least, multihabitat sampling, 9 sesoper unit) was applied with the
exception of the number of units. Contrary to 2@surequired by AQEM, 34 to 41 units
were sampled in individual streams. It allows bathdetermine the uncertainty of the
subjective selection of 20 sampling units in theEMD method and to study the possibility
of a further simplification in a screening method.

Organisms from each sampling unit were collectexpt lseparately and preserved in
90% ethanol. In the laboratory all organisms weentiified to the lowest practicable level
(usually species) except Oligochaeta, Nematodapdiaria, Acarina, Chironomidae,
Ceratopogonidae, Psychodidae which were not idedt#ny further.

In order to identify uncertainties introduced b tleduction of sampling units, Monte
Carlo method was used. In each simulation (randatioiz) a desired number of sampling
units x was randomly chosen and benthic metricewafculated. The randomization was
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repeated y times (y = 500). It resulted in y pdssimalues of each benthic metrics, which
were statistically analyzed to obtain probabilitgndity functions (PDF) (log-normal
distribution was considered).

The process described was applied to x values mgrigpbm 8 to 20 in order to find
a relation between the number of sampled unitstheduncertainty of individual metrics.
The values of metrics from the original sampile.(from all sampled units) served as
a reference.

In order to ensure that selected sampling unitsnatesimilar (as a biologist selects
different representative habitats) criteria resitng the selection were implemented.
A maximum difference of 40% from the original samplas set for all criteriae(g.in case
30% of sampling units in the original sample hawhflvelocity of 1 m/s, then 18-42% of
units had to be in the same category in the redeaetple). To allow a comparison of this
restricted selection with a non-restricted oneg@oad run of simulations was done for the
random selection without restrictions.

Eight metrics were evaluated: number of individuatmimber of taxa, metrics
describing general degradation: % of EPT taxa amdrsity, and metrics characterizing
organic pollution: Si (Saprobity Index), ASPT (thgerage Score per Taxon) and BMWP
(Biological Monitoring Working Party) [7]. Also BHI (Benthic Index for Biological
Integrity) describing general and morphologicalrdegtion was calculated [13].

Results and discussion

In our study on admissible simplification of fiekhmpling of macroinvertebrates of
standard AQEM method was searched for. Both thecefbf the subjectivity of
multihabitat sampling and the effect of the reduttdf the number of sampling points and
their uncertainties were studied with help of fiegperimental work and probabilistic
Monte Carlo simulations.

Simulations showed that the restriction criteriplegnl on the sampling units selection
had only a minor influence on results as they cdusss than a 3.5% decrease of
uncertainty (less than 2% in most cases). Therethee results of random selections are
presented.

Figure 1 shows two typical patterns of behaviobefithic metrics: 1. nearly no effect
of the systematic error, and 2. a pronounced effettie systematic error.€. a systematic
under- or overestimation of the metrics due to itteifficient number of sampled units).
Number of individuals, Saprobic Index, diversitydaASPT belong to the first group as
they are not affected by a systematic error lathan 2%. Percentage of EPT taxa is
systematically overestimated by up to 4% and IBbveh no systematic error until
15 sampling units (if the number of sampling urigsfurther reduced, the systematic
underestimation increases). Number of taxa and BMAMéPrepresentatives of the second
group as they are highly affected by the systematior caused by the increased
probability of missing rare species when numbesashpling points is reduced.

The full line in Figure 1 represents the mean vabfemetrics in unrestricted
simulations, dotted line mean value of metricsdatricted simulation, dashed lines mean
random error as 90% uncertainty of unrestrictedukitions. Relative uncertainty of 0%
corresponds to the reference value of metiiesftom all sampled units).
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Fig. 1. Course of metrics uncertainties in relatiorthe decrease of the number of sampled unitsrierstream
sampled

The minimum number of sampling units needed to ntieetcriteria for the relative
uncertainty of individual metrics can be derivednir the courses of uncertainties of the
individual metrics (Table 1).

Table 1
Number of sampling units needed to meet criteniadtative uncertainty
§‘ > Q © © © g T C =
S| 8§ || 3| 8| 2| ¢g| & |8e]|8¢
i o © > = T ©
Metrics é § js % 3 E 8 § § = § ‘2
E o} T 2 ho | §=
Individuals 13 20 11 12 13 16 10 13.6 3.2 19
Taxa 20 20 20 20 20 20 20 20.0 0.0 20
%EPT 6 16 6 8 11 20 20 12.4 5.8 ~20
Saprobity index 6 11 6 6 6 6 6 6.7 1.7 1
ASPT 6 6 6 6 6 8 6 6.3 0.7 8
BMWP 20 20 20 20 20 20 20 20. 0.0 2(
Diversity 6 20 6 6 9 7 6 8.6 4.8 17
IBI 7 20 6 6 6 20 19 12.0 6.7 ~2(
Conclusions

No sampling simplification is admissible for thermoer of taxa and BMWP, where
already the replicate 20 units samples were bilgean unacceptable uncertainty. On the
other hand, only 7 sampling points are in averaggessary for ASPT and Si and 9 points
for the diversity. 14 sampling points should beawerage sufficient for the number of
individuals, % EPT and IBI. However, standard dgeizs of the necessary number of
sampling units are quite high for some metrics éeggly IBI, % EPT and diversity).

Benthic metrics studied exhibited a different dejecy on the samples size as also
confirmed by [3, 7, 10]. A further reduction of theamber of sampling units is possible for
metrics, for which the calculated relative uncertaibased on the 20 units sample is lower
than the requested uncertainty. Thus, a substamtihiction of the number of sampling
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units is possible only for ASPT and saprobity indeshich are very robust. A certain
reduction is also possible for diversity, numberimdividuals, % EPT and IBI index.
However, in case of the number of taxa and BMWPabherage uncertainties are higher
than the requested ones even for replicate 20 saitgles no reduction can be applied.

As a conclusion, no screening method of the figlthgling reducing the number of
sampling units from the original 20 unites usethim AQEM method can be recommended.
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UPROSZCZONE POBIERANIE PROBEK MAKROFAUNY BEZKR EGOWEJ
Z NIEWIELKICH STRUMIENI

Abstrakt: Normy legislacyjne Unii Europejskiej (Ramowa Dyngka Wodna 2000/60/WE) wymagaj
osiagnhiecia dobrego statusu ekologicznego rzek i strunmarmbszarze patw cztonkowskich. Z tego zgpowodu
status ekologiczny rzek i strumieni krajow Unii goien by¢ okreslony i oceniony. W przypadku gdy status ten
zostanie oceniony jako mniejzndobry, powinny zostapodgte odpowiedniesrodki zaradcze. Dla wdéenia
efektywnych dziata polepszajcych stan ekologiczny strumieni najenajpierw zidentyfikowa powody, dla
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ktorych jest on niezadowalgy. Na terenie obszaréw zurbanizowanych zlokalizoxgh jest zwykle wiele
wylotéw z systeméw odprowadzalch wody opadowe, ktére powinny dpoddane odpowiednim procedurom
biomonitoringu. Ze wzgdu na znaczne naklady finansowe i czasochtéhmie jest maliwe prowadzenie
standardowych procedur pobierania i analizy prahekrofauny bezkgowej dla kadego z tak licznych punktow
wraz z wymaga# ocery statusu ekologicznego. s8ttez poszukiwane gsposoby dopuszczalnego uproszczenia
metod pobierania prébek makrobegiowcéw w odniesieniu do standardowych metod AQEM.r&khach
przeprowadzonych baflaza pomog terenowych prac eksperymentalnych oraz symulacjiykorzystaniem
metody Monte Carlo, analizowano efekty subiektyvanegrobkowania siedlisk wielogatunkowych oraz
zmniejszenia liczby punktéw pobierania prébek paane z niepewrigia probkowania. Dowiedzionoze
znaczne zmniejszenie liczby prébek (z 20 wymaganyginotokole AQEM) jest mdiwe tylko dla indeksu ASPT

i indeksu saprobowvégsi (wynosi 7 probek) oraz indeksu zriorodndci (wystarczajca liczba 9 probek).
Zauwaalne zmniejszenie liczby (do poziomu 14 prébek) peazliwe réwniez dla ilosci osobnikéw oraz % EPT

i indeksu IBI. Jednate niemdliwe jest zmniejszenie liczby probek w celu prawidégo okrélenia liczby
taksonéw oraz warfci BMWP, gdzie ju w przypadku liczby powtérze na poziomie 20 prébek wynik
obarczony jest wysokim poziomem niepewcio

Stowa kluczowe:bentos, makrobezigowce, testy przesiewowe, niepedfipomiarow
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EXAMINATION THE HEAVY METAL CONTAMINATION
OF MUNICIPAL WASTE INCINERATOR
AND M3 MOTORWAY IN BUDAPEST

POROWNANIE ZANIECZYSZCZENIA SRODOWISKA METALAMI CI  EZKIMI
PRZEZ SPALARNIE ODPADOW ORAZ AUTOSTRAD E M3 W BUDAPESZCIE

Abstract: Soil is one of humanity's most valuable treasufgich is a biotope for plants, animals and humans.
There are two big threats for the soil resourcks: 40il degradation and soil pollution. The accwatioh of
a variety of harmful and/or toxic substances ingbiés is well-known. This includes heavy metasw&ll. Many
of these heavy metals are indispensable, howewae s them may be toxic even at low concentratidiee
heavy metals may come to contact with the livinghge through the food chain. The metals in the aml in
balanced state. This balance depends on the tyfhe ofietal, the pH value, the cation binding abitit the soil,
and also on the redox conditions and the concémtraf the cations within the soil. In order to &gle to handle
with the metal contaminated soils, it is importaméxamine the form of metal contaminants, the iptessextent of
its within the soil, and the magnitude of the concation. Only with the help of detailed and thggbu
investigations can one form a description of tlaesof the environment (soil, plants, pollutantrses, etc.) and
design the necessary interventions. In the prestedy, a comparison was made about the problem istrabre
dangerous to the environment: heavy metal contamh fthe traffic of from the waste incineration? Rbe
sampling spots the surroundings of the Budapestidihal Waste Incinerator and the area around ttredactory
section of M3 motorway were chosen. 22 suspectedaounated soil samples were taken from the area of
Budapest Municipal Waste Incinerator, by use ofthimt sampling method. Along the M3, "linear erossarea
sampling” methods were used, and 18 soil samples ta&en. The GPS coordinates of the sampling pdiatve
been determined, and can be used later on assafbagirther researches and comparative studiefiel samples,
the concentrations of six heavy metals were medslgad, cadmium, zinc, copper, manganese and aring
the measurement preparation process, the samptesigested by a Milestone 1200 Mega Microwave Bliga
System. The determination of the concentrationthefheavy metals was performed with an ATI UNICABR9
FAAS device. For both the soil samples, that waleet along the Budapest Municipal Waste Incineratat
those which are from the area of M3 it is valichttthe copper and zinc concentrations were lowntheganese
concentration is average, while the cadmium, lemtlien concentrations were high.

Keywords: heavy metals, municipal waste, monitoring, efféfanotorway

Introduction

The disposal of waste by burning is a one and adeaitury old procedure. In USA
was burned “municipal solid waste (MSW) since tB&80s" [1].

The burning decreases the volume of the settlewaste to one third of its initial
value, while 4000-6000 frwaste gas is created pro 1 metric ton, contaimingolluting
and dangerous materials. The most important are fibdowing ones: dust,
carbon-monoxide, nitrogen-oxide, chlorine- and flme compounds, sulphur-dioxide and -
trioxide, mercury and cadmium from heavy metalg8]2polichrolized dibenzo-dioxine and
- furans (PCDD, PCDF), polychrolized biphenyl (PCBgliaromatic hydrocarbon (PAH).

!Institute of Environmental Engineering, Obuda Wmsity, Doberdé u. 6, H-1034 Budapest, Hungary,
phone +3616665940, emalil: balint.agnes@rkk.uni-athlud szaniszlo.albert@rkk.uni-obuda.hu

2Szent Istvan University, Pater K. u. 1, H-2100 @d Hungary, phone +3628522000,
email: krytad@freemail.hu
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The economic development of a country or a partsffundamentally depends on
traffic conditions and expansion of the transpatworks. During planning and building
the motorway constructions and buildings, the sgists paid and are paying special
attention to the protection of the environment. iBgrdetermination of places of the traffic
paths and institutions, the designer is in a straogperation with the competent
environmental authorities. In the areas, which saesitive from the point of view of the
environment, the planning of the conservation - amdironmental buildings and the
protecting actions are realized on the base ofrenmiental impact assessments.

Building up of a motorway is also not without disadtages. The most of the
problems are caused by different contaminationdygoed environment destroying effects.
The poisonous materials emitted by vehicles (sulploxide, nitrogen-oxides, volatile
organic compounds, carbon-dioxide, smut, heavy Isgth 5], etc.) accumulate on the
riding-surfaces, and arrive into the environmeningevashed down by precipitates or
arrive directly into soils, atmosphere or livingtess, where they cause difficult loads.

The heavy metals are recognized as dangerous amént pollutants and big efforts
are made for their questing, indication and deauirtation of the environment from them.
The examinations [6] are rarely oriented to detgctf only one type of heavy metals, but
usually concentrations of 3-4 (or even more) medadsindicated in the given medium. The
most of the available data are about lead (Pb)ause its concentration, mobility and
biological availability were mainly investigated eduo its toxic character. Besides, the
analyses have also been extended to cadmium (Qgpec (Cu), nickel (Ni), chrome (Cr),
zinc (Zn) and other metals, too.

The Budapest Municipal Waste Incinerator in Raktspa Budapest, Hungary, as
well as the M3 motorway (part of the all motorwagsBudapest) could also be potential
waste sources. This fact has motivated us to iigastthe heavy metal content of the soll
in our surrounding. Accordingly, we collected ssamples in the 1 km zone of the
incinerator and the introductory sector of the M8tonway. We would like to compare, if
the heavy metal content emitted from waste inciiemnaor those emanating from traffic
(i.e. the matter emitted by cars) are more dangerous filoenpoint of view of the
environment.

Materials and methods
Sampling
Sampling of different soil samples

First sampling place (Fig. 1)

Fig. 1. Soil sampling sketch diagram near Budabksticipal Waste Incinerator
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The contaminant source (chimney of Budapest Mualdiidaste Incinerator (BMWI))
was considered as center, the sampling was madg atmcentric circles [7] according to
the main and extension compass points. The cethterpolluter source was drawn onto
a map with 1:10,000 scales.

Second sampling place (Fig. 2)

20m

10m
Sm
p——i— . SOWICE of

| pollution

1 T— |

b mesh points

— "
% L .  sampling
F =¥ points

Fig. 2. Soil sampling scheme near motorway M3 id#&aest

Linear emission sampling was applied near motorigy (part of all motorway in
Budapest) [7].

Sample preparing
Soil samples

Preparation of soil: in order to remove pieces aity the samples were sifted with
sieve (diameter: 2 mm). Then these were left to dry

Moisture content and pH determination: determimatid moisture content and pH
were made according to standards No. MSz-08-0208;19Sz-08-0206/2-1987.

All analytical measurements were done in 3 repdisat

Determination of soil pH value

The pH value characterized the acidity of the sdifjuid phase. A lot of Hungarian
and National standards specify 2.5:1 liquid sdié far water suspensions, and this is used
in the present method, too. The advantage of usimple/dni KCI suspension is that the
result values are more permanent and more repiaéudihe acidity caused by:8" ions
is the real or actual acidity in distilled water anen and the potential acidity can be
measured in neutral saline solution (source).

6 g air dry soil was used for the determinatiorkefl and distilled water pH in test
tubes. Soil was measured into 4 test tubes, theenf@listilled water was put into 2 test
tubes and 10 ¢l mole/dmi KCI solution was given to 2 test tubes, then thesee
homogenized and the method was repeated for apleanmThe samples were let to stay 12
hours at room temperature. The measurement was witnheADWA AD8000 pH meter.
WTW Technical Buffer T = 25°C, pH = 4.01), HANNA Instruments HI7007 £ 25°C,
pH = 7.01), HANNA Instruments HI7010 & 25°C, pH = 10.01) were used for three point
calibration.
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Digestion of the soil samples by Milestone 1200 El&tjcrowave oven

Soil microwave digestionfhe samples were digested by a MILESTONE 1200 Mega
Microwave Digester with the following process:

Digestion of soil samplesabout 0.5 g dry matter soil was put into each bontien
5 cnt 65% HNQ and 2 cri30% HO, were added and let to stay in the solution fof &al
hour and then put the bombs into the microwave deerhalf an hour. After that, the
bombs were put into water cooled for half an hond avhen they cooled down, they
opened under a fume hood. The suspension madeilteasd into 25 cri standard flask,
then it was filled up with high purity distilled wex. The samples were stored in refrigerator
until the instrument measuring. The digestion wasedaccording to the ,Cook-book”
recipe of Milestone mega 12000 microwave oven. &dbtontains the recipe of digestion
in microwave oven.

Table 1
Digestion program for soil samples
Steps Time [min] - Soil Process [Watt] - Soil

1. 5 Digesting, 250
2. 2 Ventilation

3. 5 Digesting, 400
4, 5 Digesting, 250
5. 7 Digesting, 700

Heavy metal detection

The concentration of measured heavy metals wagsndieted by atomic absorption
spectrometry (Soil: "ATI Unicam 939 FAAS") with sidard addition method.

Statistical analysis
Statistical analysis was done by SPSS 19.0 for @firsd

Results and discussion

The pH value of the soil samples was examined haddsults are given in Table 2.
All the pH values of spoils were between 6.60 arf@9Generally it is true, that mobility of
the heavy metals increase in soil, if pH is moreiacand more available for the plants. It
can be said, that the acidic pH is not favorableirenmental point of view. But in this
case, the pH value is rather neutral or basic.

Table 2

The pH value of the soil samples
Number of soils pHcci PHk20
M3-1 7.58 7.91
M3-2 7.12 7.03
M3-3 7.66 7.35
M3-4 7.3 7.44
M3-5 7.94 7.85
M3-6 7.12 6.93
M3-7 7.20 6.99
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Number of soils pHc« pHu20
M3-8 7.28 7.28
M3-9 7.40 7.26

M3-10 7.06 6.92

M3-11 6.64 6.60

M3-12 7.64 7.51

M3-13 7.26 7.17

M3-14 6.62 6.68

M3-15 7.16 6.93

M3-16 7.20 7.09

M3-17 7.68 7.70

M3-18 7.02 7.12
BMWI-1 7.83 7.69
BMWI-2 8.05 7.98
BMWI-3 8.22 7.98
BMWI-4 8.05 7.92
BMWI-5 7.74 7.68
BMWI-6 7.87 7.80
BMWI-7 7.87 7.69
BMWI-8 7.94 9.78
BMWI-9 7.86 7.51
BMWI-10 8.03 7.87
BMWI-11 7.48 7.32
BMWI-12 7.78 7.94
BMWI-13 7.6 7.39
BMWI-14 7.88 7.89
BMWI-15 7.56 7.38
BMWI-16 7.88 7.77
BMWI-17 7.81 7.69
BMWI-18 7.74 7.68
BMWI-19 7.7 7.60
BMWI-20 8.00 7.89
BMWI-21 7.96 7.84
BMWI-22 7.64 7.72

Cadmium concentration in soil samples

According to ANOVA, the cadmium concentration doex depend significantly on
sampling placef = 5%). LSy, = 0.34.

30

24

pollution limit

||II||||||IIIf|||||

7 8 9 10 11 12 13 14 15 16 17 18
Samplmg places near motorway

Cd concentration [mg/kg d.w.|

Fig. 3. Cadmium concentration in soil samples m&motorway
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Figures 3 and 4 show cadmium concentration in diffe sampling places in soil
samples is near M3 and near BMWI and the pollutiomit value according to Hungarian
regulation (“6/2009. (IV. 14.) KvwWM-EUM-FVM”). Thepollution limit for cadmium is
1 mg/kg dry weight (d.w.). In all cases was the dodicentration over the pollution limit
value. There were not any differences in Cd comeéinnh at two sampling places.
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Sampling places near Budapest Municipal Waste Incinerator

Fig. 4. Cadmium concentration in soil samples Batapest Municipal Waste Incinerator
Copper concentration in soil samples

According to ANOVA, the copper concentration depersignificantly on sampling
place p = 5%). LSy = 2.30. Figures 5 and 6 show Cu concentrationffierdint sampling
places in soil samples near M3 and near BMWI. Thadlufpon limit for Cu is
75 mg/kg d.w. (according to Hungarian regulatid®2009. (IV. 14.) KWWM-EUM-FVM").
In all cases the Cu concentration was under thietimi limit value. There were significant
differences in Cu concentration in two samplingcpk& It was found higher Cu
concentration near M3 (average concentration wa243fg/kg d.w.) than near BMWI
(average concentration was 31.15 mg/kg d.w.)

8 8 &

Cu concentration [mg/kg d.w.g|

-
o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Sampling places near motorway

Fig. 5. Copper concentration in soil samples neamibtorway (pollution limit is 75 mg/kg dry weight)
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Fig. 6. Copper concentration in soil samples neadadpest Municipal Waste Incinerator (pollution kini

75 mg/kg dry weight)

Zinc concentration in soil samples

According to ANOVA, the Zn concentration does na&pdnd significantly on the

sampling placef = 5%). LSQy, = 2.82.
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Fig. 7. Zinc concentration in soil samples nearmt&orway (pollution limit is 200 mg/kg dry weight)
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Fig. 8. Zinc concentration in soil samples near &hebst Municipal Waste Incinerator (pollution limig

200 mg/kg dry weight)
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Figures 7 and 8 show Zn concentration at diffesamhpling places in soil samples is
near M3 and near BMWI and the pollution limit valaecording to Hungarian regulation
(“6/2009. (IV. 14.) KWM-EUM-FVM”). The pollutionimit is for Zn 200 mg/kg d.w. In all
cases the Zn concentration was under the pollufimit value. There were not any
differences in Zn concentration in two samplingcpla

Lead concentration in soil samples

According to ANOVA, the Pb concentration dependghgly on sampling place
(p = 5%). LSDQy, = 6.67. Figures 9 and 10 show Pb concentrationiffierdnt sampling
places in soil samples near M3 and near BMWI amdpidilution limit value according to
Hungarian regulation (“6/2009. (IV. 14.) KwWM-EUMMM™). The pollution limit is for Pb
100 mg/kg d.w. Near M3 the average Pb concentratiast 99.77 mg/kg d.w. (almost the
limit value). Near the BMWI the average Pb concatiin was 92.87 mg/kg d.w. It can be
seen from the results: near the motorway the Pleesdration was slightly significantly
higher. This result can be explained, that the cemed earlier leaded gasoline (it was
banned in 01.04.1999). The lead dropped to thergfmext to the highway, but it has not
cultivated these lands. This would be necessagause in many places produce plants or
grazing animals, therefore the food may still lead.
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Fig. 9. Lead concentration in soil samples neamiBorway
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Fig. 10. Lead concentration in soil samples neatapest Municipal Waste Incinerator
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Conclusions

All the soil samples near BWMI and M3 have low QudaZn concentrations and
relative high Pb concentration and very high Cdcesrtration. All the soil samples have Zn
and Cu concentrations under limit value accordinthe Hungarian role (“6/2009. (1V. 14.)
KWwWM-EUM-FVM”). The examined area is not pollutegt Bn and Cu.

Unfortunately, this cannot be said for the contehttadmium and lead in the soil
samples. The cadmium pollution limit values setauthe soil samples exceeded most of
the contamination was five-fold and seven-foldyed.

If we compare the Pb concentration in soil samgkr$ved immediate area of BMWI
and M3 than it can be said, that Pb concentratepedd significantly on the place € 5%;
LSDsy, = 6.67). The Pb concentration derived from thesesv area of the M3 has
significantly higher Pb concentration (average Bhoentration is 95.48 mg/kg d.w.), than
the samples from BMWI (average Pb concentratioB4id5 mg/kg d.w.). It can be said
about similar in case of Cu concentration. Cu catreion depends significantly on the
place p = 5%; LSDy., = 0.96), if the closest soil samples to M3 and BMBAE compared.
The Cu concentration derived from the closest afeae M3 has significantly higher Cu
concentration (average Cu concentration is 38.04kgnd.w.), than the samples from
BMWI (average Pb concentration is 32.65 mg/kg d.w.)

The pollution emanating from the vehicles is higtiexn in case of BMWI in case of
Pb and Cu, which was confirmed of ANOVA.

Since the soil samples have very high Cd concéaotraand relative high Pb
concentration that is why should forbid the agtiaxdl production. Therefore, the heavy
metals cannot get into food chain. The final soluttould be the cleaning of the soils.
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POROWNANIE ZANIECZYSZCZENIA SRODOWISKA METALAMI CI  EZKIMI
PRZEZ SPALARNIE ODPADOW ORAZ AUTOSTRAD E M3 W BUDAPESZCIE

Abstrakt: Gleba jest jednym z najémiejszych skarbéw ludzkoi, bedacym biotopem dla idin, zwierzt i ludzi.
Istniejs dwa wielkie zagreenia dla gleby: degradacja oraz zanieczyszczehiemiilacja raénych gragnych i/lub
toksycznych substancji w glebie jest dobrze zn8matych substancji zaliczagic rowniez metale ajzkie. Wiele
z nich jest niezédnych, jednak e#¢ z nich mae by toksyczna nawet w niskichegeniach. Metale eizkie mog
mie¢ kontakt z organizmamiywymi poprzez tacuch pokarmowy. Metale w glebie znajglusic w stanie
réwnowagi. Ta rébwnowaga zale od typu metalu, wartai pH, zdolndci wiagzania kationéw w glebie, jak
réwniez od warunkéw redoks i @tenia kationbw w glebie. Aby mdéc kontrolotvaich zawarté¢
w zanieczyszczonych glebach, niedhe jest zbadanie formy tych zanieczysiczaaliwy zaseg w obgbie
badanej gleby oraz wadbstzenia. Tylko z pomagszczegbtowej i dogbnej analizy ména stworzy opis stanu
srodowiska (gleba, d&iny, zrédla zanieczyszcseitd.) oraz zaprojektowaniezlgdne dziatania. W tej pracy
poréwnano zagrenia srodowiska stwarzane przez metalezkie pochodzce z ruchu drogowego i ze spalania
odpadow. Probki do baflapobrano dookota spalarni odpadéw komunalnych wapedzcie oraz w okolicy
zjazdu na autostrgdM3. Przy uyciu metody prébkowania punktowego zebrano 22 prdibdtencijalnie
zanieczyszczonej gleby z obszaru spalarni odpadimukalnych w Budapeszcie. Wzdtautostrady M3 #yto
metod ,probkowania liniowego obszaru emisji” i zaho 18 probek. Wyznaczono wspéltne GPS miejsc
pobierania prébek, ktére modpy¢ wykorzystane w péniejszym czasie jako baza do dalszych bacley bada
poréwnawczych. W prébkach oznaczon@zshia széciu metali cizkich: ofowiu, kadmu, cynku, miedzi,
manganu orazelaza. Podczas przygotowania do liagadbki zostaly zmineralizowane przyyeiu systemu
mikrofalowego Milestone 1200 Mega. Oznaczenigest metali cizkich wykonano przy zyciu aparatu FAAS
ATI UNICAM 939. Dla prébek pochodeych z obydwoch obszaréw stwierdzono niskigestia miedzi i cynku,
srednie s§zenia manganu oraz wysokieznia kadmu, otowiu zelaza.

Stowa kluczowe: metale ajzkie, odpady komunalne, monitoring, wplyw autostrady



