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Dariusz BARAN, Stanistaw FAMIELEG, Malgorzata KONCEWICZ-BARAR
Mateusz MALINOWSKF and Zygmunt SOBOL

THE CHANGES IN EXHAUST GAS AND SELECTED WASTE
PROPERTIES DURING BIOSTABILIZATION PROCESS

ZMIANY SKLADU GAZOW PROCESOWYCH
ORAZ WYBRANYCH WLA SCIWO SCI FIZYKOCHEMICZNYCH ODPADOW
PODCZAS STABILIZACJI TLENOWEJ

Abstract: In recent years mechanical-biological waste treatnfiacilities increasingly apply the biostabilipat
process to treat the undersize fraction (most #atjy less than 80 mm in diameter) obtained fronmicipal
solid waste. The process lasts at least 14 daglesed but aerated chambers. The process gasgetkigrchamber
is transferred to biofilters filled with biomasshieh ensure odours elimination. The aim of the wtuds to
analyze the aerobic biostabilization process oéctetl waste groups using a laboratory BKB 100 oeact
especially in the aspect of exhaust gas compositttanges. The bioreactor was equipped with a 1&-li
thermally insulated chamber, controlled air flondeam system of gases and temperature analyzersaridigzed
parameters were: GGand Q concentration in the emitted gases, the temperathanges during the process,
waste density, C:N ratio, organic matter contentvah as moisture content. As a result of the nededt was
stated that the temperature changes in the pratessse vary in different seasons and might depenthe share
of fine and biodegradable fractions in waste. i ¢thse of waste collected in summer or autumnhigrenophilic
phase began during th&%2r 3¢ day of the process and lasted about 5-6 days,ntpas considerable GO
emission (with the maximum between tifeamd 4" day). The changes in,@nd CQ concentration were directly
connected with the process intensity. Waste cateduring winter or spring and subjected to thegss didn't
reach the temperature which would ensure wastdizgtdion and hygienization.

Keywords: municipal solid waste, undersize fraction, aerdhastabilization

Introduction

Mechanical-biological treatment (MBT) facilities tégrate mechanical processes,
(such as comminution, separation, sieving, clasgifin) and biological processes, which
occur in aerobic and/or anaerobic conditions [1A3].a result of the mechanical processes,
which in most cases include waste separation imdscreens (with 80 mm square-shaped
meshes), two fractions are obtained: undersize ewetsize. The undersize fraction
contains the considerable share of organic subssand is subjected to biological
treatment [2]. Among most commonly used biologigedcesses applied at this stage are
aerobic biostabilization and biodrying process [Rlese processes consist in autothermic
self-heating of treated material, which resultsrfrthe heat released during organic matter
decomposition [2]. Thus, they seem to be an intergslternative of waste treatment from
the economical point of view. Biological treatmenethods for biodegradable municipal

!nstitute of Machinery Management, Ergonomics anmdBction Processes, University of Agriculture
in Krakow, ul. Balicka 116b, 30-149 Krakéw, Polaptione +48 12 662 46 66, email: rtbarand @cyf-kr@du

2 Institute of Agricultural Engineering and Inforriza, University of Agriculture in Krakow, ul. Baka 116b,
30-149 Krakéw, Poland, phone +48 12 662 46 60, emaiteusz.malinowski@ur.krakow.pl

% Department of Agricultural and Environmental Chstnyi, University of Agriculture in Krakow,
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waste bring about decrease in microbial activityvadl as reduction of gaseous emission
(CO,, SO, NO, and CH) in case of subsequent landfilling of processedtavdl-7].
Regulation of the Polish Minister of the Environm@&oncerning MBT determines that
biological treatment of waste can be executedalrttial stage in a closed bioreactor with
an aeration system and post-process gas ventilatibiofilters, for the period of 2 weeks
at minimum in the processes of aerobic biostahitrd8].

The main aim of the research was to analyze thebaebiostabilization process of the
undersize fraction (particle size less than 80 mseparated from municipal solid waste,
especially in the aspect of exhaust gas compoditiamges. The process was carried out in
the laboratory bioreactor (type: BKB 100). Analyseere repeated four times. The
analyzed undersize fraction was collected at thgid®eal Installation for Municipal Solid
Waste Treatment.

Materials and methods

This study was conducted at the Faculty of Prodactand Power Engineering
(University of Agriculture in Krakow, Poland). THaoreactor (type: BKB 100) with the
chamber volume of 116 dmvas used for the experiments (Fig. 1). Tests warded out
using aerobic biostabilization process of organiatter. The waste for research (the
undersize fraction separated from municipal solaste (3 < 80 mm)) was obtained from
a mechanical and biological waste treatment plamtK( Recycling Ltd.), located in
Krakow (southern Poland). To determine temperatin@nges during the process, which
lasted for approx. 14 days, a PT1000 temperatursosevas used. Analyses were carried
out for the period of 14 days (or more, in someesgswhich is required by the Regulation
on the MBT for biological processes of waste treait[8]. In spring and summer the
experiments were conducted for 14 days. In caseaste collected in autumn and winter
the process time was longer - 16 and 22 days, cagply. It was possible to regulate the
air flow into the investigated waste, to displag tiecorded temperature changes occurring
in stabilized material, as well as to analyze exditfjases (oxygen content, carbon dioxide
content, methane content and hydrogen sulphideenbiimi exhaust gas). The air supply
was maintained at 0.5-1.5°m (kg d.m.- d)™. The aeration intensity was regulated
according to the Schultz rule, which states that dltygen demand depends on process
temperature as follows [9]:

W =0.1-1067"

where:W - oxygen demand [mg£3g d.m: h)™], t - temperature in a range 20-70°C.

The average temperatures of air supplied to theedator differed in each season and
were as follows: 15°C in winter, 17°C in spring®@6n summer and 19°C in autumn.

The analyzed waste originated from rural outskatsKrakow agglomeration. The
samples were collected once a quarter (in Jandgl, July and October), the mass of
each sample was 60 kg at minimum. The laboratanptes were prepared according to the
standard [10]. For each sample following charasties were determined: morphological
composition [2], moisture content [11], dry orgam@ss content [12], C:N ratio, waste
density (at the beginning and at the end of thegss®) as well as Kjeldahl nitrogen content.
The latter analysis was conducted in presence lehisen mixture using Kjeltec 1026
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System Il analyzer (producer: Tecator) and wasquted by the sample mineralisation in
concentrated 580,. Total organic carbon content was determined higiative titration.

Fig. 1. The BKB 100 bioreactor used in the research

Results

Table 1 shows the morphological composition of timelersize fraction from waste
processed at MIKI Recycling Ltd in Krakow betweeamdary and October 2015. As the
results reveal, the fraction of fine material (€t size less than 10 mm) constitutes
a predominant share in analyzed waste, indeperatetihie season. In waste collected in
July (summer) there are considerable shares ohargeaste and glass, as well. In Table 1
a sum of biodegradable waste, calculated accordingWMP and [2, 13], is also given.
The least shares of such waste were noticed inafassEmples collected in January (winter)
and April (spring), the highest - for samples take@®ctober (autumn).

Table 1
Morphological composition of undersize fractiordifferent seasons
Winter Spring Summer Autumn
No. Waste group +SD* +SD* +SD* +SD*
[%0] (%] [%0] [%0]
1. Fine fraction 43.145.1 34.7 1.0 22.4 2.7 3fe4l
2. Organic waste 14.8 +4.4 5944 20.8 +0. 3.8
3. Wood 0.2+0.1 0.9+0.3 1.2+0.7 2.2+0.4
4. Paper 8.1+4.4 14.2+4.1 9.9+2.7 16.1 +3.8
5. Textiles 3.8+2.0 2916 2.8+2.0 33+1.1
6. Plastics 8.8+2.4 14.7 +4.7 7.4+2.3 8.6 +4.5
7. Glass 12.5+0.5 17.8+2.9 18.0 +3.4 13.1+6.0
8. Metal 1.1+0.6 3.6 +2.0 1.1+05 0.4+0.1
9. Composite waste 0.2 +0.1 1.4+1.2 3.8 +0.9 DB+
10. Hazardous waste 0.4 +0.1 0.6 £0.2 1.1 +0.4 +0.2
11. Personal hygiene product 0.3+0.1 0.4 +0.] +0.8 0.8 +0.3
12. Inert waste 6.7 5.0 2.9+0.3 9.7+13 6.4 +2.2
Total Sharewcg S?('fdegradab'e 38.0 +4.2 33.6 5.1 419429 46.2 433

*3D - standard deviation
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The changes in temperature values during biologigakte treatment processes
indicate the occurrence of three subsequent piadésThe most important is the second
one - the thermophilic phase [15], in which a sudtiemperature increase is observed.
It ensures stabilization and hygienization of wd$& 17]. Figure 1 presents the changes in
temperature measured inside the bioreactor (incdéstral area) during the analyzed
processes. The thermophilic phase for waste celfieict summer or autumn was observed

already in the @ or 3% day of the process and lasted approx. 5-6 days.ifitrease in

temperature to the level of 60 or more degreesi@els supposed to ensure proper
stabilization and hygienization of the processedeniw. For waste collected in winter or
spring the thermophilic phase occurred much lasdte 13 and 6 days of the process,
respectively), which might have been caused by filghfraction content and low share of
biodegradable waste in the processed material ratieeof temperature changes during the
process and temperature values measured in sunmeh@ugumn tests resembled the results

presented in [2].

\
/
\

o 5 10 13 20
Time [days]

Fig. 2. Temperature changes during biostabilizationndersize fraction
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To ensure that the process is carried out propleeyanalyzed waste has to be supplied
with a sufficient amount of air. It is necessary fganic matter decomposition, which
results from intense growth of aerobic microorgansig18]. CQ content in exhaust gas is
the best indicator for assessing the intensityiaiblical processes in waste. Figures 3 and
4 present the changes in @nd CQ concentration in emitted gases. For samples delliec
in summer and autumn the changes in gaseous emissi® observed in first days of the
process, which resembles the temperature curvéggimre 2. In spring the changes were
less intense and £Zoncentration did not lower to less than 4%. Duéethnical issues it
was not possible to measure exhaust gas compositiaminter. The presented curves
(Figures 3 and 4) do not include ¢éhd HS measurements - concentrations of these gases
were below 0.2%, which is less than inaccuracy ratethe analyzing instrument
(BIOTEX-XL).

20

18

16 +—=

14 -
12 A

&
&
E 10
= —Cpring
2 8 Surmmer
E m— A utUmn
L
g
g *
g 2-
o+
0 2 4 ] 8 10 12 14 16 18
Time [days]
Fig. 4. Changes in Goncentration in exhaust gas during biostabilaatf undersize fraction
Table 2
Changes in selected properties of stabilized waste
No. Property Unit Season Before the procegs After the process
Winter 539.7 611.9
. . Spring 520.9 551.3
1| Wastedensity [k Summer 490.0 530.7
Autumn 466.9 475.9
Winter 38.3+1.4 26.9 6.8
. Spring 29.0 £6.2 26.5 +4.1
0,
2. | Moisture content|  [%wWW] g ner 35.6 2.3 309 2.1
Autumn 27.6 +4.8 24.2 +3.8
Winter 47.6 0.9 44.5 +0.6
3 Organic matter [% d.m.] Spring 52.8 #1.9 42.3+2.1
content Summer 53.6 +1.4 44.5 +0.9
Autumn 55.0 0.9 42.3 7.0

As a result of the biostabilization process, sonmaserable changes in waste
properties were observed (Table 2). In each cytlests waste density increased - the
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values varied from 466.9 kg (the minimal density of processed material) to
611.9 kgm™ (the maximal density), while waste volume and mdssreased about
11 +3% and 2.3 £0.4%, respectively. Apart from wintests, in all experiments the
occurrence of leachate from the bioreactor wasrebde Average carbon content in waste
dry mass varied from 19.8 to 25.1% before the me@nd from 17.9 to 22.3% after the
process. Average nitrogen content in waste dry na@ss changed - from the range
0.6-0.94% before the process to 0.8-0.82% aftemptibeess. C:N ratio in analyzed waste
decreased during biostabilization from approx. 8026. Moisture and organic matter
content in the processed waste decreased sligtitife ash content increased. In each test
minor changes in pH occurred - the average valoss from 7.3 (close to neutral) before
the process to 7.9 (more basic conditions) afteptiocess.

Conclusions

The main conclusions drawn on the results preseatiede are:

1. The morphological composition of waste, especiéilhe fraction (particle size less
than 10 mm) and biodegradable waste content, darente the intensity of aerobic
biostabilization.

2. Temperature changes in processed waste duringabilization are not the same in
each season. The thermophilic phase, which cornelspto the highest Gmission,
for waste collected in summer and autumn occurhehdy in the ¥ or 3¢ day of the
process and lasted approx. 5-6 days.

3. The changes in £and CQ concentration in exhaust gas were directly coratetd the
intensity of the process. In case of tests camwigidin summer and autumn the highest
CO, emission was measured between tharid 4' day of the process.

4. In case of waste collected in winter and springds not possible to reach the process
temperature which would ensure proper stabilizatiot hygienization of the material.
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ZMIANY SKEADU GAZOW PROCESOWYCH ORAZ WYBRANYCH
WEA SCIWO SCI FIZYKOCHEMICZNYCH ODPADOW PODCZAS
STABILIZACJI TLENOWEJ

!Instytut Eksploatacji Maszyn, Ergonomii i Proces®mdukcyjnych
ZInstytut Inzynierii Rolniczej i Informatyki
3Katedra Chemii Rolnej$rodowiskowej
Uniwersytet Rolniczy w Krakowie

Abstrakt: W zaktadach mechaniczno-biologicznego przetwaezadpadéw komunalnych do przetwarzania
biologicznego frakcji podsitowej (najgxiej o uziarnieniu pormej 80 mm), wydzielonej ze strumienia
zmieszanych odpadéw komunalnych, corazsaej wykorzystuje si proces stabilizacji tlenowej. Proces ten
przebiega przez okres co najmniej 2 tygodni w zagtkeh i napowietrzanych kontenerach. Powietrze moce
odprowadzane jest do biofiltra wypetnionego biom&sdra ma zapewniredukcg uciazliwych zapachéw. Celem
bada byta analiza przebiegu procesu stabilizacji tleejow laboratoryjnym bioreaktorze BKB 100 ze
szczegllinym uwzgtinieniem zmian w skladzie emitowanego powietrza cgsowego. Bioreaktor byt
wyposaony w termicznie izolowan komok o pojemnéci 116 dndi, system pozwalagy na kontrolowane
wprowadzanie powietrza do procesu, system czujnikémvperatury oraz analizator gazéw poprocesowych.
Analizom podlegat udziat CQO O, w objetosci emitowanych gazéw procesowych, zmiana temperatuczasie
trwania procesu, a ta& gstas¢ odpadéw, stosunek C:N, zawadosubstancji organicznej i wilgotéa

W wyniku przeprowadzonych analiz stwierdzon® przebieg zmian temperatury w stabilizowanej masie
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wsadowej nie jest jednakowy w poszczegolnych porakh i maze ona zalge¢ od udziatu frakcji drobnej oraz
zawartdci odpadow ulegapych biodegradacii. Faza termofilna dla odpadéwraoych w okresie lata i jesieni
nasgpita juz w 2-3 dniu procesu, trwata okoto 5-6 dni i spowedta dua emisg CO,. Zmiana zawartei O,
oraz CQ byla bezpérednio powyzana z intensywrigia procesu. Odpady pobrane w okresie zimy i wios®y ni
osiagnely temperatury, ktéra mogtaby wskazyivaa stabilizag i higienizacg materiatu. Odpady pobrane latem
i jesieni charakteryzowaly sinajwigksz emisp CO, pomigdzy 1 a 4 dniem procesu.

Stowa kluczowe:odpady komunalne, frakcja podsitowa, stabilizaéleiaowa
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THE INFLUENCE OF REED Phragmites australis
ON AN EFFICIENCY OF OIL-DERIVATIVES REMOVAL

WPLYW TRZCINY POSPOLITEJ Phragmites australis NA SKUTECZNOSC
USUWANIA ZANIECZYSZCZE N ROPOPOCHODNYCH

Abstract: Constructed wetlands are the effective mean ofrst@ter management, also in a case of runoff from
highways, parking lots and other surfaces contaméhawith oil-derivatives, which are potential rigkr
environment, human health and biological wastewaéatment units. The mechanisms of oil-derivatiggsoval
on wetland beds are complex and not fully undedstbowever the most important role seem to be pldye
adsorption on mineral filling, the activities of emdorganisms and higher plants. The goal of theqmied
research is to evaluate the role of macrophytesl-derivatives removal processes, as well as sessthe plants’
resistance to the high concentrations of theseifaoits. The research was conducted as pot expeasnveth the
usage of reedPhragmites australis and model solutions, simulating runoff from sudgaccontaminated with
oil-derivatives, in three concentrations (0.01,20.8nd 0.05% of diesel fuel) and three detectionesim
(24, 48 and 96 h). Both in raw and treated solstidollowing parameters were measured: pH, condttithe
sum of aliphatic hydrocarbons C7-C40 and theiniialdial concentration. The research results werd tséefine
the removal efficiency of the studied contaminat=mecially oil-derivatives, on constructed wetlhads, as
well as to assess the macrophytes’ influence osetlpeocesses. The state and conditions of plants also
observed to assess their reaction on the examorezbntrations of oil substances.

Keywords: stormwater treatment, constructed wetlands, gikdgves, aliphatic hydrocarbons, reBtragmites
australis

Introduction

One of the most urgent challenges of the sustanadter management, both in
Poland [1, 2] and world-wide [3, 4], is to develtpe rational methods of stormwater
treatment and management. In recent years, ault ofsurbanization processes, changes
in the patterns of land-use and land-cover, anda@alty sealing of the municipal surfaces,
a significant increase of stormwater amount has ldserved [5]. The problem of proper
management of stormwater is especially complex iemmbrtant in case of run-off from
roads, parking lots and other kinds of road transpdrastructure [6, 7]. Due to the
presence of specific contaminants, especially eilvaitives and other petroleum products,
it is necessary to pre-treat stormwater from suaas before it is discharged to the
municipal wastewater system or into the environment

In case of countries with a developed network @dsand motorways, constructed
wetlands and other natural based solutions ardempjpicreasingly more often to treat and
manage stormwater coming from the road infrastreci8, 9]. They guarantee the effective
stormwater treatment in-situ, therefore minimizithg@ costs and negative environmental
effects.

! Department of Environmental Management and PriotecEaculty of Mining Surveying and Environmental
Engineering, AGH University of Science and Techggloal. A. Mickiewicza 30, paw. C-4, 30-059 Krakow,
Poland, phone +48 12 617 47 57, email: tbergier@salgtpl
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Despite the simplicity of these objects, the medmaa and dynamics of pollutants’
removal by constructed wetlands are complicated @mdplex, and not fully understood
and studied [10]. It is particularly difficult toomprehend and describe these mechanisms
in a case of oil-derivatives, however the main paih removing, which are reported for
these compounds, are volatilization, biologicahterobial degradation with the activity of
macrophytes and microorganisms, sorption and sedatien in mineral filling [11].
However there is a limited number of articles agskarch reports, which would allow us to
predict the effectiveness and role of these meshamifor different oil-derivatives and
constructed wetlands technical parameters, thei@tagcurately plan and design such the
facilities.

The goal of the pot experiments presented in thjgep was to evaluate (and isolate)
the influence of plants on effectiveness of thedeitivatives removal, and also to determine
the plants resistance towards high concentratiohsghese compounds. They were
complementary studies to the research project omi-teehnical objects, treating
stormwater from the gas filling station and cavisr [12].

Materials and methods

The experiments, mentioned in the previous pardgragre carried out in pots in
a form of glass vessels, with volume of 3%mhe studies were conducted on model
solutions, which were produced with Ekodiesel bie@®rThe whole quantity of diesel fuel
was purchased once, thus the identical fuel wad tmeall experiments. Three types of
model solutions were prepared with following cortcations of oil-derivatives: 0.01
(by adding 0.1 crhof diesel fuel per one liter of water), 0.02 anfl3%. The experiments
were performed with common reeBhfagmites australis) and were performed for three
values of retention time: 24, 48 and 96 h.

The following parameters were measured both in ead treated solutions: pH,
conductivity, the concentration of all individudipdatic hydrocarbons C7-C40, the total
concentration of sum of aliphatic hydrocarbons GID@n-alkanes). The extraction of
aliphatic hydrocarbons was conducted with liqugldd method with n-pentane used as
solvent. Then they were analyzed with gas chronmmapdg with mass spectrometer
(GC-MS) - Trace Ultra DSQ-Il by Thermo. The capilacolumn Rxi™5ms by Restek
company was used (film thickness 0.5 pm; colummgter80 m; diameter 0.25 mm) and
helium as carrier gas (flow rate 0.6 ¥min). The analysis of each sample lasted
90 minutes and the following temperature progranwiae used: from 35°C (6 min) to
130°C (0 min) with temperature increase 8°C/miml taen from 130°C (0 min) to 250°C
(0O min) with temperature increase 5°C/min and f&@s08°C (0 min) to 335°C (10 min) with
temperature increase 1°C/min. The detection liotitelach individual analyzed alkane was
0.02 pg/dmi

Results and discussion
Total concentration of aliphatic hydrocarbons

Figure 1 presents the total concentration of @ihaltic hydrocarbons in a function of
retention time. The values &h-alkanes for model solutions with the initial centrations
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of 0.01, 0.02 and 0.05%, were respectively 28.8915and 121.32 mg/dinAs a result of
treatment in experimental pots, the decrease imdogadbons concentrations was observed.
For the solution with the initial concentration 6f01%, the concentration of aliphatic
hydrocarbons dropped to the level of 17.08 md/dmthe pots without plants, and to
5.48 mg/dm in the pots with plants, which is respectively atd 81% lower than for the
raw model solution (28.69 mg/ dinThe higher decrease in the concentration okarals
was observed after 48 h. For the pots without plattie hydrocarbons concentration was
12.48 mg/dm (a decrease by 56% in compare with the initial cemtration), and
2.77 mg/dm for the pots with plants (90%). After the longssidied retention time (96 h)
the lowest concentrations of the aliphatic hydrboas were observed - in case of pots
without plant, this concentration decreased to 3n2dn? (88%), and in case of pots with
plants to 0.68 mg/di Generally the higher values Bh-alkanes removal efficiency were
observed for the longer retention times.

---O--- without plants, 0.01%
—&— with plants, 0.01%
------ without plants, 0.02%
—a— with plants, 0.02%

100.00
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Fig. 1. The total aliphatic hydrocarbons conceigratzn-alkanes) in a function of retention time, forwgmns
with the initial concentrations of diesel fuel: 0,@.02 and 0.05%

The similar relationships were observed for the ehablution 0.02%, in which the
initial concentration on-alkanes was 52.12 mg/dnin case of the pots without plants,
¥n-alkanes concentration for 24 h retention time @289 mg/dr (increased by 37%), for
48 hours - 26.39 mg/di(49%), and for 96 h - 16.12 mg/drt69%). In case of samples
collected from the pots with plants, greater lewlgffectiveness in hydrocarbons removal
were observed. For 24 h retention time the conagatr of n-alkanes decreased to
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10.31 mg/dm, for 48 h - 7.09 mg/di for 96 h - 0.98 mg/dih what correspond to the
effectiveness of 80, 86 and 98%, respectively.

For the model solution with the highest initial centration 0.05% 3n-alkanes
121.32 mg/dr), the significant decrease in the oil-derivativasncentration was also
observed. In a case of samples without plants,rébention time of 24 tEn-alkanes
concentration decreased to the level of 84.96 my/@0% lower than the initial
concentration), for 48 h to 64.37 mgRi@7%), and for 96 h to 34.99 mg/drv1%).

In a case of samples with plants, these values vespectively: 46.01 mg/dh(62%),
27.58 mg/dm (77%) and 12.67 mg/dh{90%).

It is clearly visible from the above results, thaltints caused the more efficient
removal of oil-derivatives. To evaluate and isolaeir role in these processes, the
percentage share of their influence was calculatsdthe effectiveness of hydrocarbons
removal in a pot with plants minus this effectivesién a pot without plants. For the model
solution of 0.01%, the plant isolated influence ks highest for 24 h (40%), and it was
decreasing along with the longer values of retentime, reaching 34% for 48 h and 10%
for 96 h. The similar patterns were observed fer higher initial concentrations, thus for
the initial concentration of 0.02% the isolatedni¢ainfluence on n-alkanes removal was
32% for 24 h, 30% for 48 h, 18% for 96 h. While fbe initial concentration of 0.05% they
were respectively: 43, 37 and 29%. These resulte karified the thesis that plants have
important role in n-alkanes removal, especiallydoort retention times this effect was very
clear and strong. However the plants influencehenhydrocarbons removal depends not
only on retention time, but also on the initial lkeanes concentration.

Sensitivity of plants towards the presence of petroleum products

During and upon completion of the studies presenabdve, there were also
observations over the plants condition carried dhey were realized for 8 pots, subjected
to regular inspections: two pots for each diesel ftoncentration in the model solutions
(0.01, 0.02, 0.05%), and two control pots, whichrevplanted with macrophytes, but only
watered (without model diesel).

Table 1 presents the results of these observatienplants upon completion of the
studies. In majority of cases, presence of mold diedoloring of the plants tissues were
observed. Conditions of the experiment were handi¢iul the worst by the plants from one
of the pots with the highest initial diesel concation (0.05%) - it dried out, mildewed, its
leaves and stems became yellow-brown, its rhizome bvown-green, with only one new
sprout. No significant differences were observedase of conditions of the plants from the
control pots (without the petroleum products), drmm the pots with the lowest studied
concentration (0.01%) - they handled the experialeziinditions in a similar good way.
First signs of yellowing became visible in both gps, but just the leaves' tips were dried
out. The mold appeared on the plants regardlesmitied diesel concentration. It may be
generally stated that the laboratory conditionsenmeot advantageous for the plants, and
they were the main factor shaping the plants camdit although negative influence of the
petroleum products was observable in case of fitialiooncentration of 0.02%, and even
more observable for 0.05% concentration.
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Within the course of the studies discussed abadwe, évaluated plants were also
weighted in order to determine their loss in wejight a result of exposure to toxic
petroleum products. However, no unambiguous relatigps were observed, and the loss of
weight resulted rather from the conditions, whibb pot studies were carried out in, or it
was accidental, it did not depend on the oil-deives concentration in a pot, which is why
it was decided not to present or discuss thosdtsesu

Table 1
Plants condition upon completion of the pot studiesr removal of the petroleum products
Pot; Initial concentration Condition
* N0 new sprouts
Control sample 1, 0.00%  the rhizome started to get moldy
* new roots

* leaves tips started to dry out, their other patsained green

* no mold on the plant

* No new sprouts

 the rhizome started to get moldy

 the rhizome started to get moldy

* no new sprouts

* leaves tips started to dry out, their other patsained green

* no mold on the rhizome, however it is dry, yellovetn in color

Pot 2, 0.01% * no mold on the plant

* No new sprouts

* new roots

 leaves tips started to dry out, their other patsain green

 the rhizome is green-brown

* no mold

* new roots

« yellowish leaves and the stem

Pot 2, 0.02%  the rhizome is green-brown

* 3 new sprouts, on covered with mold

 the plant dried out

* mold on the stem, leaves and the rhizome

Pot 1, 0.05% » the leaves and stem are yellow-brown

 the rhizome is brown and greenish

* anew sprout at the greenish rhizome

* no mold

* brown-green rhizome

Pot 2, 0.05% * NOW new sprouts

« from the old sprouts: 2 dried out, 1 started do alny;, 1 remained
green

Reference sample 2, 0.00%

Pot 1, 0.01%

Pot 1, 0.02%

Conclusions

Results of experiments on assessment of the irfluef reedPhragmites australis
on an efficiency of aliphatic hydrocarbons remo¥edm the model solution with
oil-derivatives allow to draw the following conclass:

» The high values of removal effectiveness was oleskefor the experimental pots. The
macrophytes play the important role in these peee®f n-alkanes’ removal. They
were responsible for removing 10-43% of alkanesiclviwere originally in treated
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solutions. The stronger plants influence were olekifor higher values of retention
times, however it also depends on the initial cofration of hydrocarbons
in a solution.

The higher initial hydrocarbons concentrations #&mper retention time caused an
decrease in plants influence on alkanes removal these cases the process of
hydrocarbons vaporing to the atmosphere are prgbafdre intensive than their
biological degradation processes driven by thetplan

While analyzing the removal effectiveness of indiral aliphatic hydrocarbons, it may
be observed than an increase of retention time esausore effective removal
of a wider range of hydrocarbons; for short reantimes C14-35 hydrocarbons were
effectively removed, and elongation of this timéwakd highly effective removal of
even the heaviest C39 and C40 hydrocarbons.

The relatively low sensitivity of plants on the lugnce of oil-derivatives, they
survived the experiments in a relatively good ctiads for all analyzed initial diesel
concentrations. However some negative changes wbeervable for the initial
concentration of 0.02%, and even more observable.G5%.

These results have positively verified the theka plants play an important role in

n-alkanes removal, especially for short retentiores (24 h) this effect was very clear and
strong. It is of great utilitarian importance, besa in case of difficult weather conditions
(high flow rates and short treatment time) it guéeas the effective removal of
oil-derivatives.
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WPLYW TRZCINY POSPOLITEJ Phragmites australis NA SKUTECZNOSC
USUWANIA ZANIECZYSZCZE N ROPOPOCHODNYCH

Katedra Ksztattowania i Ochrorfyodowiska, AGH Akademia Gorniczo-Hutnicza w Krakewi

Abstrakt: Oczyszczalnie hydrofitoweasefektywnym sposobem zagospodarowania wéd deszcipwy tym
réwniez spltywéw powierzchniowych z drég, parkingéw i inhypowierzchni zanieczyszczonych zmkami
ropopochodnymi, ktére stanawizagraenie dlasrodowiska naturalnego, zdrowia ludzi, a #aksystemow
biologicznego oczyszczanigiekdw. Mechanizmy usuwania zwekéw ropopochodnych przez z# hydrofitowe
sa zlozone i nie w pelni poznane, jednak naiwejsz role wydaje s¢ pelnié adsorpcja na wypetnieniu
mineralnym ziéa, dziatanie mikroorganizméw w nim bydaych oraz aktywn&@ roslin wyzszych. Celem
prezentowanych bada jest okrélenie wptywu ralinnosci na skuteczni@ usuwania zanieczyszare
ropopochodnych, a tak ocena odporsoi roslin na wysokie sfzenia tych zwizkéw. Badania przeprowadzono
w formie déwiadczéd wazonowych z wykorzystaniem trzciny pospolitBhiagmites australis) oraz sciekow
modelowych, symulagych sptywy powierzchniowe z powierzchni zaniecegsmych ropopochodnymi, o trzech
stezeniach (0,01, 0,02 i 0,05% oleju rapwego), dla trzech czas6w retenéfiiekow (24, 48 i 96 h).
W $ciekach surowych oraz ¥ciekach po odpowiednim czasie zatrzymania oznacreasbpujace parametry:
odczyn pH, przewodr6 elektryczm wiasciwa, sune weglowodoréw alifatycznych C7-C40 orazestnia
pojedynczych wglowodorow z tej grupy. Wyniki tych baflgpostuyty do okrélenia efektywnéci usuwania
badanych zanieczyszazew szczegolnéci ropopochodnych, przez za hydrofitowe i do okrdenia wptywu
roslinnosci w tym zakresie. Poza tym prowadzono obserwagjeusi kondyciji rélin, co pozwolito okréli¢ ich
odpornd¢ na badane stenia zwizkéw ropopochodnych.

Stowa kluczowe: hydrofitowe oczyszczanie wod deszczowych, ropopdnb, wglowodory alifatyczne, trzcina
pospolitaPhragmites australis
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BIOCONTROL ACTIVITIES OF Pseudomonas fluorescens
AGAINST ASPARAGUS PATHOGEN

AKTYWNO SC BIOLOGICZNA Pseudomonas fluorescens
WOBEC PATOGENA PORAZAJACEGO SZPARAGI

Abstract: Pseudomonas spp. and their metabolites present environmenfaigndly alternative to chemical
products to improve plant growth in many differagplications. Extensive studies have shown thasethe
microorganisms and their metabolites could havérgortant role in agriculture and horticulture mgroving
crop productivity. The aim of the research wassgeas a potential biological activityRPdeudomonas fluorescens
againstFusarium oxysporum isolated from the spears of asparagus. The anttgoproperties of metabolites
were assayed with a dual culture plate method oA &l Czapek media for supernatants obtained froh2 624
and 48-hour culture dP. fluorescens. The culturing process was conducted at 26°C fdays and the fungal
linear growth was measured every 1-2 days and cadpa control. The fungistatic activity Bf fluorescens was
estimate on the basis the growth rate index. Thgadst inhibition of the linear growth of myceliumeaching
61%, has been found for 48-hour supernatants at=GD0 and lowest for 12-hour supernatants on Czapek
medium compared with the control trial. Signifidgntveaker linear growth of mycelium within the rang
of 4.0-33.0% was observed on PDA medium with a marn inhibition for 48-hour supernatants at OD = 2.0
(33.0%). Promising method to asparagus protectiminatFusarium sp. may be the use Bf fluorescens as the
biocontrol agents.

Keywords: asparagudiusarium oxysporum, antifungal activity,Pseudomonas fluorescens

Introduction

Asparagug(Asparagus officinalis L.) is a vegetable (spears) grown worldwide, with
well documented knowledge on its nutritional valddiey are known as a source of
vitamins, microelements, protein. It is essentisldonsumers to have asparagus spears free
of pathogenic fungi and toxins produced by themrmdtwf Fusarium genus are one of the
most significant pathogens of asparagus [1-3]. Sofmthe pathogens are able to form
mycotoxins - secondary metabolitesy (fumonisin, moniliformin, trichothecenes) with
possible health hazards and significant influentéood safety [1, 4, 5].

Fusarium oxysporum, F. proliferatum occurring and occasionally occured
F. culmorum and F. solani in asparagus are known as the most importantalung
pathogens worldwide causing crown and root rotsgfazagus [1, 3, 6]. Asparagus plant
protection is particularly difficult. Currently the are no safe chemicals for protection of
asparagus against agrophages. Promising methoohtmok of Fusarium spp. may be the
biological resources of the group of bacterial gatasts. ThereforeRseudomonas spp. and
their metabolites may be an ecofriendly alternatiee chemicals for plant growth
enhancement. Many research has demonstrated tkae tmicroorganisms and their
metabolites could have an important role in agticel and horticulture in enhanced crop
productivity. They may be useful as potential antagt towards phytopathogenic furaj

! Chair of Biotechnology and Molecular Biology, Uaisity of Opole, ul. kard. B. Kominka 6a, 45-035dkp
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Rhizoctonia solani, Verticillium spp., Aspergillus niger, Fusarium spp. [7-12].
Pseudomonas species have been demonstrated to show antifiaadity with varying
degrees of antagonism. The production of Iytic emzy (chitinase, glucanase, pectinase),
salicylic acid, iron (Fe)-chelating siderophoresndole-3-acetic acid (IAA), HCN and
secondary metabolites including antibiotics is pidlp one of the most important
mechanisms oPseudomonas antifungal properties. Many effective antibiotiggighesized
by Psudomonas spp. has been detect, such as pyoluteorin (Rtyolpitrin (Prn) and
phenazine-1-carboxylic acid (PCA) [11, 13-16]. lamg instances the production of these
compounds has been directly correlated with bicobractivity [11]. Therefore, it is
presently believed th&seudomonas can play a significant role in biological control.

The purpose of this study was to evaluate thefuargal of Pseudomonas fluorescens
againstFusarium oxysporum isolated from the asparagus.

Materials and methods

Due to the fact that many of the factors deterntiigeactivity of the microorganisms in
the carried out tests taken into consideration ethrihe bacterial cell density, the
composition of the medium and the cell-free supmta In this study the fungistatic
properties of thé. fluorescens supernatants were determined against the growehimdex
and the rate of mycelial growth inhibition &usarium oxysporum. The strain of tested
fungus was isolated from the white spears of agpsra

Mycelium growth. Fungistatic activity ofP. fluorescens was determined witlihe
culture-plate method on PDA and Czapek media. Hunggaelial-discs (diameter of
7.0 mm) obtained from growing cultures of testedgi isolates were placed in the centre
of this media containing 0.5 ¢nsupernatants (inoculum) obtained from 6, 12, 8d a
48-hour culture oP. fluorescens at different optical density (OD = 1.0 and OD =)2.Dhe
control plate contained onlly. oxysporum cultures and aseptic broth medium in place of
the supernatant. All plates were incubated at 28Ctfor 8 days and the fungal linear
growth was measured every 1-2 days until the myoelof F. oxysporum in the control
plate, reached the edge of the plate and compardtet control. The experiment was
conducted in four replicates, where one repeat nepsesented by a one plate containing
the growth medium with one mycelia disc. The influe of metabolites secreted by
P. fluorescens on the growth of. oxysporum was estimated as the growth rate index [17].
The inhibition of fungal growth was described as fiercentage reduction of the growth
rate index in the treated plate versus the groath index in the control plate.

Results and discussion

The involvement of antifungal activity compoundsoguced by Pseudomonas
fluorescens in the inhibition of fungal growth was confirméy the ability of cell-free
culture filtrate of this strain to inhibit the hyglhgrowth ofF. oxysporum. Conducted tests
revealed the direct influence Bf fluorescens on the growth rate of the tested fungus under
study. Studies shows that prolonging the bactemigduring time and at the same time
increasing the amount of secondary metabolitesctatfee inhibition the growth of the
fungus.
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On the PDA medium the reduction of the growth iatkex increases as the culturing
time of bacteria is longer. The measured valueshefindexes for the control ranged
between 56.6-59.9. However, in the trials testedvilue of the growth rate index for the
bacterial inoculum at initial optical density equaD amounted 38.4-57.5 and 38.4-46.9
(for OD equal 2.0) (Fig. 1).

B control BO0D 1.0 BOD 2.0

growth rate index

6 12 Time [h] 24 48

Fig. 1. Influence oP. fluorescens on the growth rate index &% oxysporum on PDA medium

The highest inhibition of the growth rate indexFofoxysporum was noted in case of
48-hour culture ofP. fluorescens at OD equal 2.0 (33.2%), while the lowest in ca$e
metabolites obtained after 6-hours culture of #ltiain at OD equal 1.0 (3.98%) (Fig. 2).
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Fig. 2. Reduction of the growth rate indexrofoxysporum on PDA medium

The highest measured value of the growth inhibitindexes were noted on the
medium with sucrose (Czapek medium). The valuehef growth rate index amounted
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21.8-27.6 (for OD equal 1.0) and 20.5-26.9 (for ®@ual 2.0) compared to the control
(54.8-63.2) (Fig. 3).

The most effective was the 48-hour culturd®ofiuorescens at OD equal 2.0, while the
lowest in case of 12-hour culture at OD equal Tie decrease in the growth rate index
amounted 61.4 and 51.4%, respectively. Despiteyévieg they were the best results the
influence of P. fluorescens on the F. oxysporum obtained during these tests
(Fig. 4).

B control BO0D 1.0 BOD 2.0

growth rate index

6 12 Time [h] 24 48

Fig. 3. Influence oP. fluorescens on the growth rate index &% oxysporum on Czapek medium
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Fig. 4. Reduction of the growth rate indexrofoxysporum on Czapek medium

Selective activity ofP. fluorescens against of phytopathogens has been described in
many research papers. The researchers reporhthantifungal properties of Pseudomonas
largely depend on the capability of secretion ofoselary metabolites, notably lytic
enzymes and antibiotics [15, 18]. Koche et al pgrfd thatP. fluorescens isolate Pf, was
most efficient in inhibiting the mycelial growth up 38.88%. Whereas, research by Toua
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et al [8] demonstrated restricting the growth led two formae speciales Bfoxysporum
from 8.33 to 49.33% by five strains Bf fluorescens. Moreover conidial germinartion and
germ tube elongation were inhibited and reducede Tdsults of the experiments by
Jankiewicz et al [15] indicate the importance sgsthed byP. fluorescens of salicylic acid

in reducing of fungal phytopathogens. The leastsisigr to salicylic acid proved to
F. graminearum, and growth inhibition was found fdf. culmorum. The inhibition of
mycelial growth amounted to successively from 5086 F. greaminarum, next between
80-90% forF. avenaceum andF. solani and in the range 80-100%, depending on the tested
Pseudomonas strain [15]. The inhibitory properties d®. fluorescens obtained in our
research could be probably due to the productiomy strain of secondary metabolites
and/or lytic enzymes that can degrade cell walthédigh Jankiewicz [19] reported that
fungal lysis need not necessarily be caused by giizymes capable of decomposition of
glycosidic bonds - chitinase afid1,3 glucanase but also by other substances which a
manufactured by bacteria from tReseudomonas genus which include intensively secreted
siderophores, hydrogen cyanide as well as exoggmotsases.

Conclusions

Conducted research confirmed fungistatic propertidsP. fluorescens against
F. oxysporum strains and prove that growth inhibition of thediudepends not only on the
biological properties and age of the bacterialureltand also susceptibility of the fungus to
bacterial metabolites. Based on the data obtaindtid these studies it can be concluded
that the highest inhibition of the linear growth wifycelium, reaching 61%, has been
observed for 48-hour supernatants on Czapek mediustightly weaker linear growth of
mycelium have been observed on PDA medium with &imma inhibition of 48-hour
supernatants (33.0%). Therefore, promising methodasparagus protection against
Fusarium sp. may be the application Bf fluorescens as the biocontrol agents. However,
antagonist Pseudomonas with the antagonistic cfivivitro may not act in vivo due to
environmental conditions and competition with othmicroorganisms. Therefore, it is
important that biocontrol potential under field d@ions should be further evaluated.
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AKTYWNO SC BIOLOGICZNA Pseudomonas fluorescens
WOBEC PATOGENA PORAZAJACEGO SZPARAGI

Samodzielna Katedra Biotechnologii i Biologii Molg&rnej, Uniwersytet Opolski

Abstrakt: Pseudomonas spp. oraz ich metabolity magtanowt alternatyw dla zwiazk6w chemicznych w celu
poprawy wzrostu rdin. Moga one odegra istotry rolg w rolnictwie i ogrodnictwie w poprawie wydajém
upraw. Celem przeprowadzonych badata ocena wkiwosci przeciwgrzybowychPseudomonas fluorescens
wobec F. oxysporum, wyizolowanego z podstawye@ow szparaga. Ocenwtasciwosci antagonistycznych
metabolitow bakteryjnych (6-, 12-, 24- i 48-godzinh) przeprowadzono metpdhodowlano-ptytkow
z zastosowaniem podip Czapka i PDA. Hodowl prowadzono w temp. 26°C przez 8 dni, dokgayomiaréw
co 1-2 dni i poréwnywano w stosunku do kontroli. pladstawie indeksu tempa wzrostu dloao aktywnéé
fungistatyczg P. fluorescens. Najwigksz inhibicje wzrostu liniowego grzybni wynosea 61% obserwowano na
podicru Czapka po zastosowaniu supernatantéw z 48-goejziodowli bakterii o gstasci 2.0, a najmniejszdla
12-godzinnej hodowli. Znacznie stahsnhibicje wzrostu grzybni, w zakresie od 3,98 do 33,2%eoliswano
na podigu PDA. Maksimum aktywni@i (33,0%) stwierdzono dla supernatantéw pozyskargae8-godzinnej
hodowli bakterii o gstcci 2.0. Efektywn metod, zmniejszenia pot&nia szparagbéw przdzusarium sp. mae
by¢ zastosowanie baktef. fluorescens jako czynnika biologicznej ochrony.

Stowa kluczowe:szparagifFusarium oxysporum, aktywnd¢ przeciwgrzybowaPseudomonas fluorescens
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SELECTED ECOLOGICAL ASPECTS OF CO-INCINERATION
OF GLYCERIN PHASE WITH COAL IN GRATE FURNACES

WYBRANE ASPEKTY EKOLOGICZNE WSPOLSPALANIA
FAZY GLICERYNOWEJ Z W EGLEM W PALENISKACH RUSZTOWYCH

Abstract: The prospect of depletion of reserves of fossélduand concerns about the environment have
significantly increased the interest in renewalriergy sources and have consequently led to a iacgease in
their use, both in Poland and in other EU count@se of the important sources of renewable enisrgjomass,
which can be used, inter alia, for the productibmiofuels and bioliquid, including esters. The bgable rules
impose increasing consumption of such substanagsasna result, increase in their production. Bsteduction

is accompanied by the production of glycerol phaksese management in an efficient manner poses demof
problems. The problems arise from the large vditghin the glycerol phase depending on the tecbggland
materials used in the production of esters, as agthe relatively large mass of glycerol phaseevasoduced in
the country. The paper presents the results ofarelseon selected environmental aspects of co-irgiioa of
glycerin phase with coal in grate furnaces. Thei§igéty of national power utilities is the existes of a relatively
large number of boilers with travelling grates. Theearch which was done includes the study ofnitieeration

of compounds with the mass fraction of the glycesbhse ranging from 5 to 20%. The paper presems th
methodology of the study and the outcomes of theltiag emissions of CO and NO.

Keywords: glycerin phase, co-incineration, grate furnacesssion

Introduction

The prospects of the depletion of fossil fuel reses and concerns for the condition of
the environment have significantly increased theragst in renewable energy sources.
Consequently, it led to a significant increaseha tise of renewable energy sources in
Poland and in other highly-developed countriessThcrease has also forced measures of
a legal nature, including obligations arising fostance from Directive 2009/28/EC [1]
obliging Poland to reach in 2020 at least 15% sldrenergy from renewable sources in
the consumption of gross final energy (20% at thé [Evel). Apart from the main
objective, Poland is to achieve intermediate objest 9.54% until 2014, 10.71% until
2016 and 12.27% until 2018.

An important source of renewable energy in Polasakilable for quick use, is
biomass. One of biomass applications is the proaluadf biomass-based liquid fuels.
In the case of this biomass application, therease legal regulations that enforce the
increase in its application. Pursuant to the piowis of the “Act on Biocomponents and
Liquid Biofuels” [2], entrepreneurs operating bwese activity within the scope of
manufacture, import or purchase of fuels or ligoiofuels, who sell them in the territory of
Poland, have been obliged (since 2008) to ensuaegiven year at least a minimum share
of biocomponents and other renewable fuels indke uantity of fuels and liquid biofuels

! Department of Technologies and Installations foast® Management, Silesian University of Technology,
ul. S. Konarskiego 18, 40-100 Gliwice, Poland, phomrd8 32 237 11 23, fax +48 32 237 11 26,
email: michal.koziol@polsl.pl
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sold. And the minimum share, as mentioned herewmbis calculated according to the
calorific value of individual biocomponents. The nimium share of biocomponents in
subsequent years is stipulated in the Regulatioth@fCouncil of Ministers on National
Indicative Targets for the years 2008-2013 [3]. drckingly, National Indicative Targets
(ie minimum shares of biocomponents) amount to: fré@h3- 7.10%, in 2017 - 7.80% and
in 2018 - 8.50% (in 2008 - the first year when thgulation came into force, it amounted
to 3.45%). The implementation of the provisionghe aforementioned legal acts resulted
in the increase in the production of bioethanol aestérs. Figure 1 presents changes in the
production volume of biocomponents and biofuelBatand in the years 2008-2014.

It is worth mentioning that in Poland up to 5 pertcef bioethanol is added to standard
petrol and up to 7 percent of esters is addedesetioil.
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Fig. 1. Production volume of biocomponents andu®éf in Poland in the years 2008-2014 (own worletam
data [4])

From the point of view of the research presenteth&paper, the volume of esters
production is important, as their production isaopanied by the creation of the glycerine
phase. As a result of the process of vegetablestdrification for fuel purposes, a relatively
considerable quantity of glycerine phase is produckhe glycerine phase production
amounts from several to twenty percent of the weiddlesters produced.

According to the data presented in Figure 1, inltist five years in Poland there has
been a rapid increase in the production of esférsir production increased from the level
of about 200 000 Mg to the value of nearly 700 00 Due to the further increase in
obligatory National Indicative Targets, further liease in ester production is to be
expected. With the increase in the quantity of posdi esters, the quantity of produced
glycerine phase will be also increasing.

It can be estimated that during the productionhefihass of esters produced in 2014,
about 80-130 thousand Mg of glycerine phase wastetde The issue of effective
management of the currently produced glycerine pleasises a number of problems. They
result both from high changeability of glycerineaph properties depending on technology
and raw materials used for ester production, anthfthe relatively high weight of this
waste produced at the national level. There areraévpossibilities of managing the
glycerine fraction. However, for majority of thethge glycerine fraction needs to be treated
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to pure glycerine first, and this is an expensiugcpss. Other applications include the use
in agriculture or in thermal processeg,in co-combustion processes.

In Poland, hard coal is still the basic fuel argl share in the structure of covering
demand on primary energy will continue to be sigaifit for a few decades.

One of the technologies for using coal is its costimm in stoker fired boilers,
including with a mechanical grate. Boilers with rhaoical grates are basic structures in
Poland used for combusting coal in medium outpatlifees. They are present in boiler
rooms, heat generating plants and municipal andsinil heat and power stations. A large
tolerance of these boilers for parameters of comeluisiel causes that they are predisposed
to carry out processes of fuel co-combustion. lditazh, their prevalence causes that they
can be used in the place where biomass or wagtediiced. It is also relatively easy to
perform modernisation in these boileeg, of the fuel feeding system. The weak point of
this type of structure is the relatively low eneggfficiency and problems with adapting to
the growing legal requirements in terms of envirental protection.

Testing methodology

As part of the testing presented, technical po#s#si and selected environmental
effects of the co-combustion process of hard co#h wthe glycerine phase in the
stoker-fired boiler furnace were checked. Testivas conducted at a laboratory station
allowing for conducting laboratory testing in aatilely large scale as the fuel mixture
combusted at the station can have the maximum igge@ver 40 dmand the weight of
over 20 kg.

The basic element of the laboratory station is ilebwith a special design that allows
for the simulation of combustion processes occgriin water boilers with a permanent
grate and with a mechanical travelling grate. Toieb is composed of two basic parts:

» the lower one, with adjustable temperature,
» the upper one, equipped with a water jacket.

The lower part of the system, in connection with gossibility of being heated up to
the assumed temperature, allows, inter alia, fer $hmulation of the operation of the
ignition arch of the stoker-fired boiler. The hehtthamber walls also simulate the impact
of further parts of the boiler on the combusted &anple.

The upper part of the boiler allows for flue gaslaw in a manner similar to the one
occurring in the upper part of combustion chambrergater boilers.

To ensure quick feeding of the fuel sample intoftheace chamber and to allow for
the placing of fuel on the grate, it is possibléngert the grate into the lower chamber.

The combustion chamber is equipped in a number a#zlas, which enables
performing temperature measurements and samplitigeidifferent points of the chamber.
The installation is equipped with a system of emept, which makes it possible to control
the size of the air stream supplied and to measure

Before starting tests, samples of the combustetl iieee prepared. The glycerine
phase was mixed with coal in proportion by weightld and 20%. Then the prepared
mixture was poured on the travelling grate. Aftes tower part of the furnace was heated
up to 900C, the grate was inserted into the combustion cleanithe fuel was combusted
in a 50 mm-thick layer. As a result of the combustthamber cooling during the insertion
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of the fuel sample, the process was carried oun ftioe temperature of about 700-760
The temperature measurement was registered agvibedf 200 mm above the combusted

fuel layer.

Table 1 presents basic fuel parameters of substarssal in testing.

Table 1
Selected fuel parameters of substances used imgest
Item Unit Hard coal* Glycerine phase*

c 63.88 43.12

h 3.71 7.15

n 1.17 0.03

S 0.94 1.75

cl (%] 0.11 -

o] 6.34 48.02

p 18.47 0.12

w 6.51 0.29
Calorific value [MJ/kg] 25.3 16.4

* Over 100% summary contents of components resaih funcertainty in measurement and from the faat th
oxygen was measured and not calculated

Further in the article, combustion results for caal mixtures with 10 and 20% of
glycerine phase content are presented. These geseltcompiled with the results obtained
during hard coal combustion. Every fuel (coal angtunes) combustion was repeated three
times. These processes were defined respectivelyest 1", “Test 11" and “Test I11”.

During presented testing, the mixture was obtaibgdthorough mixing of the
glycerine phase with coal. As a result of such ngxithe glycerine phase occurred only on
coal grains, providing them with clear gloss. Tlere, the phenomenon of the flow of the
glycerine phase down the fuel layer did not octlwreover, such creation of the mixture
caused that, de facto, there was no increase indhapacity (in relation to the combustion
of coal alone). The glycerine phase filled the gufarity of grains and spaces between
them.

Measurements were started at the moment of thédgnfadopted to be the moment
when over 0.5% of COin flue gas was reported); testing was conduatedte period of
90 minutes. During testing, air was supplied to ¢toeenbustion chamber in the quantity
ensuring the mean value (for the entire combugtimtess) of the excess air rati@qual
to 1.5.

Test results

Ones of the most important flue gas parametersrimg of environmental protection
are their concentrations and emissions of CO and Nf@ese combustion process
compounds are largely affected by control factstgsh as,eg quantity and time of air
supply.

A more detailed analysis of changes in these cdrat@ms during the combustion of
tested fuels (coal and mixtures) is presented helow

Figure 2 presents changes in time of CO conceatratireported during the
implementation of three repetitions of the comtarstf the mixture with 20% of glycerine
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phase content. In the figure, there is also a cpresenting changes in time of the mean
concentration values from these three repetitions.
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Fig. 2. CO concentrations during the combustiothefmixture with 20% of glycerine phase content

According to the data presented in Figure 2, fotesits we can observe that after the
initial very significant increase in concentratiptisey decrease very quickly (this stage
lasts until c. 15th minute). At this stage, for thitee repetitions of the mixture combustion
process, maximum values were observed. Then, tlsethe stage of relatively low
concentration values, and then their repeatedasereHowever, the duration of the last two
stages of CO concentrations are very diversifiedrfdividual tests.

Despite relatively significant differences in thepes of individual curves, the mean
values of concentrations observed during indivichegletitions are similar. These values
are presented in Table 1.

Figure 3 presents mean CO concentrations obtainedgdthe combustion of tested
fuels.
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Fig. 3. Mean CO concentrations during the combosiiftested fuels (g. ph. - glycerine phase)
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According to the data presented in Figure 3, ireaafscombustion of all tested fuels,
a sudden increase and a very fast drop in CO ctmatiems in the period of the first
10 minutes is visible. In the second period, lagfor about 15 minutes, concentrations are
of relatively low values. Then, there is an incee@s concentrations, which continues till
the end of testing.

The initial increase in CO concentrations resuttsnf the very intense process of
volatile matter releasing. At the second stage,ftieé is combusted intensely, and CO is
burned to CQ@ At the third stage, hydrogen radicals necessarypdirning CO to Cghave
already been used up. At the same time, theretésnperature drop, which also affects
significantly CO burning.

Figure 3 also demonstrates that during the comtnusti coal and mixture with 20% of
glycerine phase content, starting from the 10thuteinwe can observe relatively similar
changes in concentration values. For the combustidhe mixture with 20% of glycerine
phase content, increased (in relation to combuspimcesses of the other two fuels
compared) CO concentrations at the first and atabiestage (from about 45th minute) of
the combustion process were observed.

When comparing the mean values of concentratiopserted during combustion of
individual fuels (values presented in Table 2jah be concluded that the least repeatable
CO concentration results were characteristic ferdbal combustion process, for which the
relative error was over 30% (for the combustiomtbier fuels 11.0 and 7.3%). Along with
the increase in the glycerine fraction content, @Dcentrations are growing, and in the
case of the combustion of the mixture with 10% lgEgrine phase content, the increase is
insignificant. For the combustion of the mixturettwk0% of glycerine phase content the
increase is over 30% (in relation to the conceiutngtobserved during coal combustion).

Table 2
Mean values, standard deviations and relative robraracteristic for the course of fuel combustimrtesses
(coal and mixtures with 10 and 20% of glycerineggheontent)

Mean values [mg/ni,] Mean value Standard Relative
Gas for tests deviation error
Test | Test Il Test Il I to Il [mg/m 3] [mg/m?,] (%]
Coal
CO 1462 951 1831 1415 442 31.2
NO 90 99 59 83 21 25.3
Mixture with 10% of glycerine phase content
Cco 1423 1323 1636 1460 160 11.0
NO 92 50 57 66 22 33.3
Mixture with 20% of glycerine phase content
Cco 1741 1904 2014 1887 137 7.3
NO 40 67 92 67 26 38.8

As in the case of CO, analyses conducted for N@ teathe conclusion that mean
concentration values obtained are characterisethigh less repeatability (relative error
amounted from about 25 to nearly 40%). At the séime, adding the glycerine fraction
resulted in the reduction in observed concentratibyp about 20%. And concentrations
observed during the combustion of mixtures withatidl 20% of glycerine phase content
were similar.
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Conclusions

In Poland, in recent years, we have been obserairdynamic increase in ester
production. The growing ester production is accomgxh by an increasing production of
the glycerine phase. Thus, the problem with the agament of the glycerine fraction in
a cheap and effective manner starts to occur. @mtieeomethods meeting these criteria is
the possibility of co-combusting the glycerine phagth coal. Testing conducted leads to
the conclusion that combustion of mixture basedcoal, characterised by a significant
glycerine phase content (20% mass fraction), ingtete furnace, is possible. Glycerine
does not cause the filling of spaces among thengradnd the co-combustion of the
glycerine phase stabilises the process and in@getseepeatability. Unfortunately, this
co-combustion process is accompanied by an incri@asencentrations, and thus, in CO
emission.
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WYBRANE ASPEKTY EKOLOGICZNE WSPOLSPALANIA
FAZY GLICERYNOWEJ Z W EGLEM W PALENISKACH RUSZTOWYCH

Katedra Technologii i Ueglzern Zagospodarowania Odpadéw, Politechrikgska, Gliwice

Abstrakt: Perspektywa wyczerpaniagstapasow paliw kopalnych oraz obawy o stamdowiska naturalnego
znacznie zwikszyty zainteresowanie odnawialnydrbdtami energii i w konsekwencji doprowadzity dozdgo
wzrostu ich wykorzystania zaréwno w Polsce, jak pazostatych krajach Unii Europejskiej. Jednymtatisych
zrodet energii odnawialnej jest biomasa, ktéra zenoby wykorzystana m.in. do produkcji biopaliw
i biokomponentéw ptynnych, w tym estréw. Obawmijace obecnie przepisy wymuszajosrce zuycie tych
substancji, a wic i rosmcg ich produkcg. Produkcji estréw towarzyszy produkcja fazy gliceswej, ktorej
zagospodarowanie w sposob efektywny przysparza@gzeoblemow. Wynikajone zaréwno z digj zmienndci
wiasciwosci fazy glicerynowej w zalaosci od technologii i surowcéw wykorzystywanych dogukcji estrow,
jak i stosunkowo diej masy tego odpadu powsieggo w skali kraju. W pracy przedstawiono wynikdaanad
wybranymi aspektamirodowiskowymi procesu wspéispalania fazy gliceryepw weglem w paleniskach
rusztowych. Specyfik krajowej energetyki komunalnej jest wysbwanie stosunkowo dej liczby kottow
z rusztami témowymi. W ramach prezentowanych baddadano proces spalania mieszanek o udziale masowy
fazy glicerynowej wynosym od 5 do 20%. W pracy przedstawiono metgdgytowadzonych badaoraz wyniki
dotyczce powstajcych emisji CO i NO.

Stowa kluczowe:faza glicerynowa, wspotspalanie, paleniska ruset@misja
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SUPPORT VECTOR MACHINES AND NEURAL NETWORKS
FOR FORECASTING OF FAILURE RATE OF WATER PIPES

METODA WEKTOROW NO SNYCH | SIECI NEURONOWE
DO PRZEWIDYWANIA WSKA ZNIKA AWARYJNO SCI
PRZEWODOW WODOCI AGOWYCH

Abstract: The failure rate of water pipes was predicted usingport vector machines (SVMs) and artificial
neural networks (ANNSs). Both algorithms are reg@ssnethods of so called machine learning. Openatidata
from the time span 2001-2012 were used for foramggurposes. The length, diameter and year oftoacton

of the distribution pipes and the house connectivee treated as the independent variables. Thewa@tions
were carried out using the Statistica 12.0 software

Keywords: pipelines, prediction, radial basis functions

Introduction

Failure frequency is one among other indicatorsenalnto account during the
assessment of the reliability level of water supplstems [1, 2]. Nowadays, typical
analysis of exploitation data related to the numbed kinds of damages should be
concerned together with the mathematical modelliigere are a lot of models which could
be used for failure rate prediction [3-5]. Theyphek to assess the deterioration level of
water conduits relatively quickly. The regressiomthods, for example support vector
machines (SVMs) and artificial neural networks (AfJNare nowadays very popular in
solving many complex engineering problems [6-8]isithe reason why such algorithms,
based on radial basis functions (RBF), were usethis study to predict the values of
failure rate of distribution pipes and house comioes. The principal aim of this research
was to find out, if an artificial neural networkdasupport vector machine of the RBF type
would predict (with an error acceptable for engiimeg purposes) the failure frequency
indicator of water conduits

Materials and methods

The failure rate/, fail./(km-a)] of the house connections and tteritiution pipes was
predicted using the RBF-SVM and the RBF-ANN methdd®e two approaches were based
on radial basis functions. Exploitation data foe tfears 2001-2012 received from the water
utility were used for forecasting purposes. Intiefato SVM modelling, the whole data set
was randomly divided into two equal (50%) subsEle training and the testing sample had
147 data each for the house connections as weltspectively 124 and 125 data for the
distribution pipes. The model was built using th&ning data and then it was tested on

Faculty of Environmental Engineering, Wroclaw Usisity of Science and Technology,
Wybrzeze S. Wyspiaskiego 27, 50-370 Wroctaw, Poland, phone +48 71 320 84, email:
malgorzata.kutylowska@pwr.edu.pl
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different sample. In relation to ANNs, the methadpl was a little bit different because of the
peculiarities of such kind of modelling. The adiél neural network learning process
consisted of several stages: a training stage (6D%e data), followed by a testing stage
(25% of the data) and finally, the validation (2%¥6the data) of the created models. In the
considered case, the whole data set (294 dathddnduse connections and 249 data for the
distribution pipes) was used to learn the ANN. Titaéning, testing and validation samples
were chosen randomly from the whole data set. Thgnosis was done on the basis of the
unknown previously data set (created separately@. Models were built separately for the
distribution pipes and house connections. The tatlons were done in the programme
Statistica 12.0.

The relation between the dependent variables (théiqied value) and the independent
variable need not to be known because the SVM rdatha kind of nonparametric regression
algorithm. V-fold cross validation was used to fihé optimal model parameters [9]. Tenfold
(V = 10) cross validation was used in the consid@rettlem, whereby it was possible to
select proper values for such parameters (leaongtants) as capacitZ) and epsilon §),
since they are not knowapriori. In relation to artificial neural networks, mogerameters
(eg the number of hidden neurons and the type of @iiv functions) are determined during
ANN learning using a suitable training algorithmaiy ANN models, for which the number
of hidden neurons ranged from 1 to 30, were te§thd.model characterized by the smallest
mean-square error and the best fit between thede¢aland the predicted ones was selected.
The results presented later in this paper arenferchosen optimal ANN model.

In both the methods the independent variables vemgth (., L), diameterD,, Dy) the
year of constructionY, Yp) of the distribution pipes and the house connastio

Results and discussion

The parameters of the built ANN and SVM models thoe different kinds of water
pipelines are presented in Table 1. The validatiwar was considered for selecting an SVM
model most accurately forecasting the failure rdtbe validation error for the house
connections and distribution pipes equalled toeetgely 0.11 and 0.08. Nevertheless, the
failure rate prediction on the basis of the testdagnple was not satisfactory from the
predicted/real data fit point of view. Moreovere thumber of SVMs for the distribution pipes
was high and as much as 82% of them were locafxéds, ie with weights equal to + the
capacity value (Table 1), indicating a more congiédd model structure. In the case of any
kind of modelling, it is necessary to answer thegion whether the aim is to obtain a perfect
data fit at any coste at the expense of model architecture complicatonather to reveal the
correlations between the dependent and indeperdeables.

In the case of the ANN models, Pearson’s corralatioefficient R), a determination
coefficient &) and a relative mean-square prediction error (aiog to about 20% for the
distribution pipes and the house connections) wbeldompared. The value of this error is
rather high in comparison to other results obtainsihg multilayer perceptron instead of
radial basis functions. According to the literat{t®] RBF ANNs were also less useful for
hourly water demand prediction than the multilagerceptron. Despite the fact that there
were three times more hidden neurons in the hourseections model than in the distribution
pipes model (Table 1), the prediction results arers& and characterized by larger
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discrepancies between the experimental and foestakstta (Figs. 1 and 2). Because of the
nature of RBF ANNSs, the activation functions and thaining method were pre-imposed,
which also can have a bearing on modelling quaditgomparison witheg artificial neural
networks using the multilayer perceptron, wherasitpossible to use several different
functions, such as the sigmoidal function, the egotial function and so on [11].

Table 1
Parameters of SVM and ANN models
Type of conduit/parameter | Distribution pipes | Houseconnections
SVM model
Gamma 0.333 0.333
Capacity (C) 3 1
Epsilon €) 0.2 0.5
Number of support vectors (localized) 56 (46) Mm (7
Cross-validation error 0.081 0.110
ANN model
Number of hidden neurons 8 27
Activation functions: hidden/output layer Gausdiarar Gaussian/linear
Training algorithm RBFT RBFT
Correlation coefficient (learning/prognosis step) .956/0.859 0.997/0.897
Determination coefficient (learning/prognosis step) 0.914/0.737 0.994/0.805

The results of failure rate prediction for the fag sample are presented in Table 2
while the ones for the testing sample (the SVM moded the prognosis stage (the ANN
model) are shown in Figures 1 and 2. Such distinctbetween the testing sample for the
SVM model and the prognosis stage for the ANN motdehecessary to draw, since the
testing sample data and the prognosis stage data uméknown to the model previously.
Using such approach it is possible to establishytladity of the model and its applicability to
failure rate prediction.

Table 2
Results of failure rate prediction - learning step

Year House connections Distribution pipes

Experimental ANN-RBF | SVM-RBF Experimental ANN-RBF | SVM-RBF
2001 0.94 0.95 1.17 0.34 0.36 0.38
2002 0.84 0.84 1.16 0.34 0.36 0.38
2003 1.59 1.58 1.26 0.50 0.47 0.48
2004 1.07 1.07 1.32 0.37 0.39 041
2005 1.00 1.00 1.32 0.57 0.48 0.52
2006 1.15 1.15 1.33 0.42 0.42 0.42
2007 0.83 0.80 1.12 0.31 0.30 0.33
2008 0.65 0.63 0.79 0.22 0.21 0.22
2009 0.61 0.62 0.70 0.25 0.25 0.24
2010 0.50 0.50 0.63 0.27 0.26 0.24
2011 0.23 0.33 0.57 0.10 0.21 0.20
2012 0.38 0.38 0.51 0.24 0.25 0.24

An analysis of Table 2 clearly shows that predictiof failure rateA of house
connections using the RBF-ANN model is better tf@nthe RBF-SVM model. For the
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distribution pipes the differences in failure rgieedictions between the two modelling
methods are not so significant and one can sayhbsaé two methods are equally effective, as
indicated by the fact that coefficierfis= 0.96 and?* = 0.92 are identical for both methods.
Considerable errors (over 100%) occur in the estimaf the failure rate for the distribution
pipes only in 2011, which is undoubtedly due to fhet that this indicator is very much
different from the values for the other analyzedrggcould be treated as outlier). A similar
situation is observed during forecasting the failate for the house connections in 2011.
Parallel correlations (as the ones described alimt®)een real and forecasted data were
found at the testing step (the SVM model) and tlogimosis step (the ANN model), as shown
in Figures 1 and 2. In relation to the house conmes, good agreement between
experimental and predicted values is generatech®ANN model, but for some yearg(
2003, 2006 and 2009) the discrepancies are mugérltran the ones observed at the learning
step. Despite many divergences, the trend in thagds of the forecasted values is similar to
the trend in the variation of real values. In thleang 2006-2008 a similar configuration is
observed for the SVM model, but most of thealues are much higher than the real ones.
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Fig. 1. Prediction results of house connectiondlfe rate - testing-SVM/prognosis-ANN

The estimation of the failure rate of the distribatpipes (Fig. 2) by the SVM method
and the ANN method was characterized by acceptainieement between the forecasted
and real values in both cases. The Pearson caoreledefficient for the SVM model and
the ANN model equalled to respectively 0.96 and0iBdicating that the SVM method is
slightly better for predicting the failure rateditribution pipes than the ANN method. The
different situation is observed for house connexgtiat should also be noted that the results
of predicting the failure rate of the distributipipes and the house connections (Table 2,
Figs. 1 and 2) by means of the SVM-RBF model ang wémilar for both the learning
sample and the testing sample. Whereas the restiltsarning and prognosis by the
ANN-RBF model show larger discrepancies for bothety of pipelines. Even though at the
learning stage the agreement between the experinertd forecasted values is
satisfactory, the prognosis stage (using new dgites a larger (but still acceptable from
the engineering point of view) error. This is evide of greater effectiveness of RBF-based
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training by means of SVMs than ANNs. However, a firesent step of the studies it
cannot be explicitly pointed out which of the aligfom is better and should be widely
adopted in the modelling of the failure rate of evaipelines. Further research in this area
is needed, also on operational data from other rwatiéities, permitting more in-depth
analyses and broader generalizations.
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Fig. 2. Prediction results of distribution pipeailfire rate - testing-SVM/prognosis-ANN

Conclusions

Support vector machines and artificial neural neksavere used for the prediction of
the failure rate of the house connections andildigton pipes in one of the Polish city.
Exploitation data for the time span 2001-2012 wehesen for prediction purposes. The
problem is quite important for the correct and guapproximation of the reliability level.
Both methods can be used to establish the failatee of municipal systems. A relatively
large database must be available in order to ifyetiie relevant correlations between
dependent and independent variables.

The optimal SVM model had gamma coefficient equhlte 0.33 for both the
distribution pipes and the house connections. Bpacity C and the number of SVMs were
respectively 3 and 4 times greater in relationht® model describing the failure frequency
of the distribution pipes. The error of the V-faddoss validation amounted to 0.110 and
0.081 for the model describing the failure rateredpectively the house connections and
distribution pipes. The length, diameter and yefalaging the water pipes in the ground
were treated as independent variables. The op#i¥-RBF model contained 27 and 8
hidden neurons for respectively house connectioidsdastribution pipes. The coefficients
R and R are slightly higher at the step of learning thariry prognosis of ANN model.
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METODA WEKTOROW NO SNYCH | SIECI NEURONOWE
DO PRZEWIDYWANIA WSKA ZNIKA AWARYJNO SCI
PRZEWODOW WODOCI AGOWYCH

Wydziat Inzynierii Srodowiska, Politechnika Wroctawska

Abstrakt: Wskaznik awaryjndci przewodéw wodoggowych przewidywano za pompanetody wektorow
nosnych (SVM) i sztucznych sieci neuronowych (SSN).aOalgorytmy naly do metod regresyjnych,
nazywanych metodami uczenia maszyn. Dane ekspigatae lat 2001-2012 zostaly wykorzystane w celach
predykcji. Dlugaé¢, srednica i rok budowy przewodéw rozdzielczych i pgzgy bylty zmiennymi niezaimymi.
Obliczenia przeprowadzono w programie Statistic@.12

Stowa kluczowe:rurockgi, przewidywanie, radialne funkcje bazowe
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NATURAL BACKGROUND GAMMA RADIATION
IN THE URBAN SPACE OF WALBRZYCH

NATURALNE TLO PROMIENIOWANIA GAMMA
W PRZESTRZENI MIEJSKIEJ WALBRZYCHA

Abstract: Walbrzych is the second most populous city of dslaskie voivodeship, with the population of over
117 000 inhabitants. It is one of the largest sitigthin the Sudety Mountains with the area of agpnately

85 kn?. From the geological point of view it is situatedthe junction of three units: the Gory Sowie Niagke
Swiebodzice Basin and the Intra-Sudetic Basin. Exdihis unit consists of various rocks which aharmacterised

by various natural radionuclides content, resultmgarious gamma dose rates in air within Walbhzgcea. The
landscape of the city largely is formed by an asptbgenic activity, mainly coal mining. Within théycthere are
thirty two heaps of wastes after the coal mininige §amma spectrometric research of natural backgrggmma
radiation in the urban space of Walbrzych was edrout.In situ measurements were performed by means of
portable gamma spectrometer RS 230 with a BGO tetaad dimensions of 259 mm x 81 mm x 96 mm. The
device displays potassium K [%], equivalent uranietth [ppm] and equivalent thorium eTh [ppm] contemis
well as absorbed gamma dose rate in air at thénhefdl meter generated by these radionuclidea@wh]. The
investigations were divided into two stages. Inftha one, the content of K, eU and eTh in varityges of rocks
was examined. Measurements were performed on Ietopst of various aged rocks within all the threé@sun
(from Proterozoic gneisses of the Gory Sowie MatssPleistocene sands and gravels covering thel®dzce
Basin) and on a heap. In the second stage theakpafribution of natural radionuclides and gamduse rate
within the city was examined. Forty measuremergeevperformed in the nodes of regular grid withrtresh size

of 1.5 km. Taking into account that gamma dose irat&r mostly is formed by radionuclides presenthe top
30-centimetres ground surface, the type of matasering the ground in measurement points wasdnote
Performed investigations showed that among rocksurdog within Walbrzych city, late Carboniferous
trachyandesites, outcropping in the old quarry adddrze Il district (the Intra-Sudetic Basin), wéhe most
radioactive. The mean content of K, eU and eTh @880, 4.0 and 18.3 ppm, respectively which gendrate
absorbed gamma dose rate equal to 121.2 nGy/h.Qateoniferous conglomerates and sandstones @lthi
Formation (the Intra-Sudetic Basin) are charaatdrisy the lowest radioactivity. The mean conten,0éU and
eTh was 0.6%, 1.5 and 5.1 ppm, respectively whigmegated absorbed gamma dose rate equal to
29.6 nGy/h. The analysis of spatial distributiorabSorbed gamma dose rate showed that Srodmidstietcand

the vicinity of Ksiaz Castle are characterised ly highest natural background gamma radiation. Atesbdose
rates with values of over 100 nGy/h were notedlatgs where the ground was covered by granite estuie.
The lowest natural background gamma radiation wesemed in points situated on the outskirts ofditg in
places with relatively natural soils.

Keywords: natural background gamma radiation, gamma radigtiotassium, uranium, thorium, Sudety Mts.

Introduction

Potassiuntk and radionuclides of uraniufi®U and thorium?**Th decay series are
the main contributors to natural background gammdiation. Contents of and
radionuclides of3®U and ?Th decay series vary depending on the type of rivtAny
papers describe radionuclides content in varioaks@and analyse results in the context of
human exposure on an open space depending onthbéodjy [1-5]. Whereas estimating

!Institute of Geological Sciences, University of asaw, pl. M. Borna 9, 50-204 Wroclaw, Poland,
email: kamila.nowak@ing.uni.wroc.pl
" Contribution was presented during ECOpole’15 Canfee, Jarnoltowek, 14-16.10.2015
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gamma dose rate on an open space is relativelylesipgrause of an open field geometry,
urban areas are much more complex and less staidiesarried out in these environments.
Urban areas are places with various geometriesltirsufrom an urban structure.
Furthermore, in urban areas the environment is fieadby numerous and various building
materials used for the construction of buildinggds and pavements [6-9].

Urban areas are very important for estimating humgmosure to gamma radiation.
According to data from 2014 published by the Cdritatistical Office [10] over 60% of
total population in Poland lives in urban enviromtse The aim of this study was to
estimate natural background gamma radiation iruthan space of Walbrzych, the second
most populous city of dolnoslaskie voivodeship, hwithe population of over
117 000 inhabitants and one of the largest citieSudety Mountains with the area of
approximately 85 ki Strzelecki et al [11] estimated gamma dose raW/albrzych on the
basis of measurements performed in 900 measurnwémtsp The lithological type of the
bedrock was assigned to each measurement pointreBudts were analysed taking into
account the geological structure of the area baiirtfluence of building materials used in
the urban space was not considered. Koperski [fi2lyaed background gamma radiation
in cities of southern Poland, including Walbrzytéking into account a type of material
covering the ground. This paper presents the asalys natural background gamma
radiation in Walbrzych taking into account the tygferocks outcropping on this area but
also considering the influence of building materiabvering the roads and pavements.
Furthermore, the spatial distributions of radioides$ and gamma dose rate were examined.
Radioecological maps of Walbrzych were preparedaaagresented in this paper.

Study area

The geology structure of Walbrzych area is very pl@x The city is situated at the
junction of three units: the Gory Sowie Massif, 8wiebodzice Basin and the Intra-Sudetic
Basin. Each of this unit consists of various roeksch are characterised by various natural
radionuclides content, resulting in various gamrmsgedrates in air. The Gory Sowie Massif
is the oldest geological unit on the Walbrzych ate& built of strongly metamorphosed
Precambrian, Proterozoic and Archaic rocks whichewhe protoliths for gneisses. Some
of the gneisses were exposed to high pressureseamzbratures forming migmatites. The
Swiebodzice Basin is a part of early Variscan seditary basin, filled in by coarse-grained
sediments in late Devonian and early Carboniferdishin the Swiebodzice Basin there
are four formations, two Devonian: (1) Pogorzalanfation (consisted of mudstones,
claystones and sandstones with insertions of comglates) and (2) Pelcznica Formation
(consisted of mudstones and sandstones), and twibofigerous: (3) Ksiaz Formation
(consisted of conglomerates with approximately 8@ gneiss boulders) and (4)
Chwaliszow Formation (consisted of conglomerateth veipproximately 32% of gneiss
boulders). The Intra-Sudetic Basin consists ofyeard late Carboniferous sediments:
conglomerates, sandstones, mudstones and claysWithi the Intra-Sudetic Basin in the
Walbrzych area there are two formations of earlyb@aiferous (Lubomin and Szczawno
Formations) and five of late Carboniferous (WallotzyBialy Kamien, Zaclerz, Glinik and
Ludwikowice Formations). Within late Carboniferossediments of Intra-Sudetic Basin
there are igneous rocks, such as rhyolites, rhytatac/olcanic tuffs, pyroclastic breccias,
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trachyadesites and trachybasalts. Quaternary satinf&gom Pleistocene and Holocene)
are the youngest rocks of Walbrzych area. The kzapts of the city is largely modified by
an anthropogenic activity, mainly coal mining. Whitlhe city there are thirty two heaps of
wastes after the coal mining [13].

Fourteen outcrops of various aged rocks (from Poatic gneisses of the Gory Sowie
Massif to Pleistocene sands and gravels coveriagsthiebodzice Basin) characteristic for
the Walbrzych area and one heap of mineral waste ebal mining were selected (Table
1). Not all of the outcrops were located within iNalbrzych area (Fig. 1).

Table 1
Location and stratigraphic position of the outcrops
ID LorEgllzt]u de La[t;:\l:]de Unit Rock type System Epoch Formation
1 | 16.2788| 50.7543 Intra-Sudetic Bagin™ '3 WaSIES | 4 yincene
after coal mining
2 16.3114| 50.8253 Swiebodzice Basin Sands and Igna\ﬁeistocene
3 | 16.3259| 50.7931 Gory Sowie Massif ~ Boulder clays
4 | 16.3057| 50.7409 Intra-Sudetic Basin  Trachyaneggit
5 [ 16.2732] 50.7397 Intra-Sudetic Bagin Rhyodacitgs
6 | 16.2188| 50.7756 Intra-Sudetic Bagin Rhyolites
4 ’ . Conglomerates, . )
7 16.2596 | 50.7383 Intra-Sudetic Basin sandstones Glinik Formation
Conglomerates, Late
8 | 16.2847| 50.7673 Intra-Sudetic Basin sandstones, Zaclerz Formatiop
claystones
. . Conglomerates, . Bialy Kamien
q - k
9 | 16.2477| 50.7889 Intra-Sudetic Basin sandstones Carboniferous Formation
10 | 16.2849| 50.7879 Intra-Sudetic Bagin_S2ndstones, Walbrzych
f conglomerates Formation
| . . Sandstones
v ~ )
11 | 16.2320( 50.799 Intra-Sudetic BameongIomerates ?g;:nzqz\:\ilgr?
12 | 16.2296| 50.8004 Intra-Sudetic Basin Claystonep Earl
13 | 16.2979| 50.8384 Swiebodzice Basin  Conglomergtes Y [Ksiaz Formation
14 | 16.2808| 50.8189 Swiebodzice Basin  Conglomerdtes Chwaliszow
) ) i 9 9 Formation
15 | 16.3404| 50.7959 Gory Sowie Mashif CNE1SSES and | by e r60ic
migmatites

To examine the spatial distribution of natural cadliclides and gamma dose rate
within the city, forty measurement points were etdd within the city borders.
Measurements were performed in the nodes of reguidrwith the mesh size of 1.5 km

(Fig. 2).

Measurements not always were performed strictlp inode of designed grid. Some

points were planned on private properties or plaeedly available so measurements were
conducted as close designed points as possiblénd ako account that gamma dose rate
in air mostly is formed by radionuclides presenthe top 30-centimetres ground surface
[14] and a bedrock in a city often is covered bluilding material, the type of material
covering the ground in measurement points was n@teble 2).
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Fig. 1. Location of outcrops on the geological niper Haydukiewicz et al [15] simplified)
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Fig. 2. Location of measurement points
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Table 2
Coordinates and ground coverage in measuremertispoin
ID |Longitude [°E] |Latitude [°N] Ground ID |Longitude [°E] | Latitude [°N] Ground
coverage coverage
1 16.2579 50.8425 Soil 23 16.2783 50.7802 Asphal
2 16.2795 50.8470 Soil 24 16.2580 50.7802 Soll
3 16.2976 50.8433 Granite 25 16.2578 50.793 Aspha
4 16.3197 50.8453 Soil 26 16.2376 50.7931 Crustwtes
5 16.3405 50.8308 Soil 21 16.2378 50.7805 Soil
6 16.3185 50.8303 Asphalt 28 16.2361 50.767¢ Soil
7 16.2981 50.8297 Asphalt 29 16.2581 50.766 Asphal
8 16.2779 50.8306 Soil 30 16.2783 50.7678 Granitg
9 16.2591 50.8309 Soil 3] 16.2981 50.7674 Crustwtes
10 16.2782 50.8182 Asphalt 3P 16.3211 50.768 Soil
11 16.2987 50.8184 Asphalt 38 16.3388 50.767% Soil
12 16.3163 50.8157 Soil 34 16.3160 50.7569 Soil
14 16.3389 50.8060 Soil 3 16.2975 50.7547 Asphal
15 16.3180 50.8055 Soll 36 16.2789 50.7543 Soil
16 16.2972 50.8057 Concrete 37 16.2609 50.755[7 Soil
17 16.2782 50.8057 Asphalt 38 16.2376 50.7539 Soil
18 16.3002 50.7924 Soil 39 16.2588 50.742(Q Soil
19 16.3184 50.7926 Soll 4( 16.2782 50.7425 Soil
20 16.3386 50.7929 Soll 4] 16.2976 50.7435 Soil
21 16.3181 50.7804 Soil 43 16.2732 50.7294 Asphal
22 16.3018 50.7796 Soll
Methods

Portable gamma spectrometers are convenient detdcestimate natural background
gamma radiation in urban environments with complggometry of the source.
Measurements of terrestrial background gamma iiediatwere conducted by
means of gamma spectrometer RS 230 with a BGO tdeteand dimensions of
259 mm x 81 mm x 96 mm. The device displays patas$ [%], equivalent uranium eU
[ppm] and equivalent thorium eTh [ppm] contentsyad as absorbed gamma dose rate in
air at the height of 1 meter generated by thesemadlides [nGy/h]. Potassium K content
is calculated on the basis of gamma photons emtiye'®K (1461 keV). Uraniunt>®U and
thorium **Th contents are calculated on the basis of gamnodoph emitted by “Bi
(1765 keV) and®TI (2615 keV), respectively. The secular equilibnibbetween all of the
radioisotopes within the decay series is assumeghilim and thorium contents obtained in
this way are denoted as equivalent uranium (eU) equivalent thorium (eTh) content,
respectively. Measurements on outcrops were peddrpiacing the device directly on
a rock. The result is representative for a sampke dius of 0.5 m, a thickness of 25 cm
and a mass exceeding 100 kg [14]. On each outtr&e tmeasurements were performed.
Measurements in regular grid were performed atsthadard height of 1 meter above the
ground. At this height 90% of photons reaching gaenma spectrometer originates from
the area of a radius of 10 m [16]. In each poine aneasurement was performed.
Additionally, equivalent gamma dose rafS{//h] generated by both, terrestrial and cosmic,
radiations was measured in each point by mearedadmeter ECO-D.
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Results and discussion

Results of K, eU, eTh content in examined wasteraftoal mining and rocks,
characteristic for the Walbrzych area, as well bsogbed dose rate in air generated by
these radionuclides are presented in Table 2. Regatied in wide ranges depending on
a type of rock. Mean K content varied from 0.6% émnglomerates and sandstones of
Glinik Formation to 4.4% for Carboniferous rhyodasi Mean eU content ranged from
1.5 ppm for conglomerates and sandstones of Ghniknation to 6.5 ppm for sandstones
and conglomerates of Walbrzych Formation. Mean edittent varied from 5.1 ppm for
conglomerates and sandstones of Glinik Formatiddtd ppm for Carboniferous rhyolites.
Mean absorbed dose rate in air ranged from 29.6m€y conglomerates and sandstones
of Glinik Formation to 121.2 nGy/h for Carbonifestrachyandesites. Contribution of K,
eU and eTh in forming absorbed dose rate variechiges 13.7-51.5%, 17.7-33.7% and
25.6-66.0%, respectively. According to Strzeleckiak [11] absorbed dose rate at the
Walbrzych area ranges between 24.1 and 138.5 nGlgéy. observed the highest absorbed
dose rates on heaps of wastes after coal miningraKezice district, in a place with the
uranium mineralization within gneisses.

Table 3
Results depending on the bedrock lithology
Terrestrial K eU eTh
ID* absorbed Contri- Contri- Contri-
doserate | [%] | [nGy/h] bution | [ppm] | [nGy/h] | bution | [ppm] | [nGy/h] | bution
[nGy/h] [%] [%] [%]

1 109.5 3.1 42.2 38.5 4.9 26.2 23.9 15.3 411 37.5
2 53.5 1.7 22.9 42.8 2.1 11.2 20. 78 19.6 36.4
3 66.5 1.9 25.1 37.8 3.0 16.1 24.2 9.4 25.8 38.0
4 121.2 3.8 50.7 41.8 4.0 21.4 17.7 18.3 4911 40.5
5 114.2 4.4 58.8 51.5 4.4 23.2 20.3 12.0 32.2 28.2
6 118.3 12 16.2 13.7 4.5 24.1 20.4 29.1 7811 66.0
7 29.6 0.6 8.1 27.3 15 8.0 26.9 5.1 13.4 458
8 83.6 3.0 40.8 48.8 3.7 19.6 235 8.6 23.1 27.7
9 87.9 3.2 42.6 48.5 3.0 15.8 17.9 11,0 29.6 33.6
10 102.8 2.7 36.3 35.3 6.5 34.7 337 11.9 318 30.9
11 52.0 1.6 22.0 42.3 2.3 12.2 235 6.6 178 34.2
12 111.4 3.7 49.3 44.3 4.6 24.3 21.8 14.1 378 33.9
13 78.5 2.7 36.3 46.3 3.3 17.3 22.1 9.3 24.8 31.6
14 90.5 3.1 41.3 45.6 4.4 23.4 25.8 97 25.9 28.6
15 94.4 33 44.4 47.1 4.9 25.8 27.4 90 24.1 25.6

*Description of the lithology in Table 1

Table 4 presents results of measurements performertasurement points of regular
grid. Among 40 measurements, 26 were performed elbelatively natural soils, 9 above
a ground covered by an asphalt, 2 above a crusbed,2 above granite cobblestones and
1 above a ground covered by a concrete (Tableuth & large contribution of places with
soils is a result of a large contribution of farmda and forests (almost 70%) and low
contribution of urban areas (about 13%) within Wzjlch area [17]. The lowest absorbed
dose rate was observed in the places with relgtimatural soils. Nevertheless, absorbed
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dose rate above soils ranged in wide limits, fréit®81 nGy/h with a mean of 47 nGy/h.
The highest absorbed dose rate was observed piabes with granite cobblestones (mean
absorbed dose rate equal to 106 nGy/h). Resultngot by Koperski [12] are similar to
the results obtained in this study. The highestodiel dose rate was noted in places
covered by granite cobblestones, lower in place®grea by an asphalt and a concrete and
the lowest in places with soils.

Mean terrestrial absorbed dose rate in Walbrzychiaiobd on the basis of
40 measurement points of regular grid was equ@2nGy/h. This value is lower than
mean absorbed dose rate estimated by Strzeleak[Et] which was 72.35 nGy/h.

Table 4
Results depending on the ground coverage
. .| Crushed
Soil | Concrete | Granite stone Asphalt | Total
Number of measurements 26 1 2 2 9 40
Mean terrestrial absorbed dose rate [nGy/h] 47 42 06 1 62 53 52
Standard deviation [nGy/h] 11 - 5 1 9 16
Min [nGy/h] 22 - 100 61 50 22
Max [nGy/h] 81 - 111 63 56 111
Mean contribution of K [%] 38 35 38 37 38 38
Mean contribution of eU [%] 27 33 25 30 26 27
Mean contribution of eTh [%] 35 32 37 33 36 35

Terrestrial and cosmic equivalent
gamma dose rate [uSv/h]
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Fig. 3. Spatial distribution map of terrestriadagosmic equivalent gamma dose rai8\j/h] measured by means
of ECO D radiometer
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Figures 3 and 4 present radioecological maps ofbY¥gth area. The analysis of
spatial distribution of gamma dose rate showed Sinatimiescie district and the vicinity of
Ksiaz Castle are characterised by the highest alabhackground gamma radiation. Also
contents of K, eU and eTh are the highest in tipdmees. It is a result of the presence of
granite cobblestones used for a construction oflsand pavements. The lowest natural
background gamma radiation was observed in poitutated on the outskirts of the city, in
places with relatively natural soils.

a)
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K content [%]
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Fig. 4. Spatial distribution maps of: a) terredtabsorbed gamma dose rate [nGy/h], b) potassiumenb [%],
) equivalent uranium content [ppm], d) equivalérdrium content [ppm] measured by RS 230 gamma
spectrometer



Natural background gamma radiation in the urbatspf Walbrzych 55

Conclusions

Natural background gamma radiation in Walbrzychgesnin wide limits as a result of
a complex geological structure of this area. Nédwadetss, the type of the ground coverage
plays a significant role in forming gamma dose mteurban areas. High dose rates are
observed on urban areas with a ground covered dyitgrcobblestones and on heaps of
wastes which means that people largely form backgtagamma radiation in which they
live.
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NATURALNE TtO PROMIENIOWANIA GAMMA
W PRZESTRZENI MIEJSKIEJ WALBRZYCHA

Instytut Nauk Geologicznych, Uniwersytet Wroctawski

Abstrakt: Walbrzych jest drugim najludniejszym miastem wadjeatwa dolnélaskiego, licacym ponad
117 tys. mieszkecow. Jest jednym z najgliszych miast Sudetéw, o powierzchni ok. 85%kiPod wzgdem
geologicznym ley na styku trzech jednostek geologiczno-struktyetin bloku sowiogérskiego, depres;ji
Swiebodzic oraz nieckirddsudeckiej. Kada z tych jednostek budujréznorodne skaly, charakteryzog s
zréznicowary zawartéciag naturalnych pierwiastkéw promieniotwérczych, corasga, ze moc dawki
promieniowania gamma w powietrzu pochgoiz od naturalnych radionuklidéw rozproszonych watta podiaga

i glebie waha si w szerokich granicach na terenie Walbrzycha. Knap miasta w diej mierze uksztaltowany
jest przez dziatalné czlowieka. Pozostadoia po eksploatacji wgla kamiennegoas32 hatdy. Przeprowadzono
gamma spektrometryczne badania naturalnego tla ipnmmtworczego w przestrzeni miejskiej Watbrzycha.
Pomiary in situ byly wykonywane przy pomocy przefmego spektrometru gamma RS 230 o wymiarach
259 mm x 81 mm x 96 mm, wypasmego w detektor BGO. Usdzenie podaje zawa#d potasu K [%] oraz
rownowane zawartéci uranu eU [ppm] i toru eTh [ppm], a tak moc dawki pochtortej w powietrzu na
wysokaci 1 metra generowanej przez te radionuklidy [nGy/Badania skiadaty si z dwoch etapow.
W pierwszym zbadano zawasto K, eU i eTh w rénych typach skat podia, wykonujc pomiary na
14 wychodniach rowiekowych skat w olgbie trzech jednostek geologiczno-strukturalnych (od
proterozoicznych gnejsow bloku sowiogorskiego pejgpbcéskie piaski i zwiry pokrywapce depres
Swiebodzic) oraz na hatdzie odpadéw pavewych. W drugim etapie zbadano przestrzenny saldawartéci
naturalnych radionuklidéw oraz mocy dawki promievémia gamma na terenie miasta, wykaowO pomiaréw
w weztach regularnej siatki o wielkoi oczek 1,5 km. Uwzgtniajc fakt, ze moc dawki promieniowania gamma
w powietrzu ksztaltuj gtéwnie radionuklidy znajdage sé w 30-centymetrowej wierzchniej warstwie pagio
zanotowano rodzaj pokrycia gruntu w badanych putkt#®rzeprowadzone badania wykazady, wsréd skat
wystepujacych na terenie Walbrzycha najbardziej radioaktywnpd&znokarbdiskie trachyandezyty odstariag
si¢ w starym kamieniotomie w dzielnicy Podgorze lldckasrodsudecka). Zawardé K, eU i eTh wynosgrednio
3,8%, 4,0 18,3 ppm, odpowiednio, gengeujnoc dawki pochtogtej w powietrzu réwa 121,2 nGy/h. Najrisz
radioaktywndcia charakteryzuj sie p&nokarbdiskie zlepiéce i piaskowce formacji z Glinika (niecka
srédsudecka). Zawargé K, eU i eTh wynoskrednio 0,6%, 1,5 i 5,1 ppm, odpowiednio, gengrunoc dawki
pochtonitej w powietrzu réwa 29,6 nGy/h. Analiza przestrzennego rozktadu manyld pochtongtej wykazata,
ze najwy:szym tlem promieniowania gamma charakteryzujedgielnicaSrédmiecie oraz rejon zamku Kegi.
Moc dawki pochionjtej o wartdci ponad 100 nGy/h odnotowano w miejscach, w kidrgount pokryty zostat
kostka granitows. Najnizsze tlo promieniowania gamma zaobserwowano natomigminktach znajdggych sé
na obrzeach miasta, w miejscach wypbwania wzgidnie naturalnej gleby.

Stowa kluczowe:naturalne tto promieniotworcze, promieniowanie ganpotas, uran, tor, Sudety
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ASSESSMENT OF CHEMICAL TRANSFORMATION MODULES
FOR SECONDARY INORGANIC AEROSOL FORMATION
IN CALPUFF MODEL

OCENA MODULOW PRZEMIAN CHEMICZNYCH TWORZENIASI E
WTORNYCH AEROZOLI NIEORGANICZNYCH W MODELU CALPUFF

Abstract: Air quality impact assessment is usually carried with the application of simplified stationary
dispersion models, which omit the chemical tramafaiion process of air pollutants. Omission of #gffect in the
calculation process increases the uncertainty efditained results, and hinders the decision magiogess,
related to air quality management. The paper ptesenomparison of atmospheric dispersion modeéfaged to
pollutants emitted from high industrial emittergrformed with and without consideration of variatemical
transformation modules pertaining to the formatifrinorganic aerosols, available in the CALMET/CAULPF
modeling system. A mechanism of inorganic aerosmimétion in a liquid phase, considered in the
ISORROPIA/RIVAD+AQUA module was observed to exerbag influence on calculation results referring to
concentration levels of some air contaminants. fblewing was found out: more than a double deazeafsthe
annual average concentration of ;S@nd even more significant increase (from 7 totifiies) of the annual
average concentration of PM10 (as a sum of priraag/ secondary particles) in comparison to othesidened
chemical transformation modules (MESOPUFF, RIVADMR ISORROPIA/RIVAD), and a variant with
a chemical transformation module switched off (withtaking into account the secondary inorganiosar
formation).

Keywords: air pollution, chemical transformations, secondamprganic aerosols, atmospheric dispersion
modeling, CALPUFF, ISORROPIA, RIVAD, MESOPUFF

Introduction

A significant role in the system of air quality na@ment is played by methods of
mathematic modeling of air pollutant dispersion.efigh are plenty of atmospheric
dispersion models applied around the world, withiotes characteristics, and each country
usually possesses its own model for regulatory qaep. Here, some stationary models,
characterized by simplicity of spatial data prefiara which encompass, among others:
AERMOD, ISC3, CTDMPLUS, OCD, ADMS, OML or AUSTAL [12], as well as
non-stationary models, capable of simulating metiegical conditions, variable in space
and time, out of which the most popular are: WRE@h CAMX, CMAQ, UAM-V and
MCCM [3, 4]. The first group is usually applied the system of air quality impact
assessment, and it treats the chemical transfayngmtiwhich apply mainly to NO
chemistry, with simplicity, and omits reactionsitak place on the boundary of the gas -
liquid - solid states. The second group is charamtd by a high level of requirements
related to preparation of input data and high lexfetalculation costs. There are usually
applied in the performance of complex air pollutadispersion simulation in
a mesoscale [2].

1 AGH University of Science and Technology, Deparitmef Environmental Management and Protection,
al. A. Mickiewicza 30, 30-059 Krakow, Poland, emaleniacz@agh.edu.pl
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Particular attention is deserved by the CALMET/CALIFF modeling system [5, 6],
which may be successfully applied in the two casestioned above, and it is additionally
provided with a relatively comprehensive module abfemical transformations, when
compared to stationary models. As suggested by swfrk 8], the application of this
module in a current version 6.42, should refleet phocesses of chemical transformations
taking place in the atmosphere in a more favorahémner. The CALMET/CALPUFF
modeling system itself is recommended by the US HBAcalculations carried out in the
area not exceeding 50 km. In a specific situatiadmen a research field is characterized by
a complicated landscape and meteorological comditmhanging in time, this model may
be applied in areas smaller than 50 km [9].

This paper includes an initial analysis of the imaonce for air quality impact
assessment of chemical transformation modules ef ghcondary inorganic aerosol
formation, available in the CALPUFF model. The siations were carried out for a real
object (a heat and power plant in Krakow, Polamd} variants, to compare the effects of
various modules of chemical transformation appiicet, and to determine the uncertainty
level pertaining to the omission of this effecewaluation of air quality influence. Previous
works were mainly focused on validation and adjesthof the input settings of the model
[10-13], and they did not pay any attention to @mpugences pertaining to evaluation of the
influence exerted by the analyzed object on theaadity.

Purposeful and correct application of advanced spheric dispersion modeling
systems, which consider chemical transformation utesj may bear special significance
for areas, where standards for air quality arefoltawed, as it happensy in the Krakow
urban area [14]. In such a case, it greatly impsaediability of evaluation of influence on
air quality, carried out for a given object, espdlgi when it may pose the cause for
excessive air pollution.

Methods

In calculations of atmospheric dispersion of palhis performed within the scope of
this work, the real data related to air emissiagnsftwo high point emitters that belong to
the heat and power plant EDF Poland S.A. BranchINio. Krakow, located near the city
center of Krakow (South Poland), were applied. Reigg the character of the combusted
fuels (mainly hard coal) and the installed powe&Q4MWe and 1118 MWt), this combined
heat and power station constitutes one of the irdast and gaseous emission sources,
located in the vicinity of Krakow. Thus it has anportant role in shaping the air quality in
Krakow, especially in situations of abnormal boitgyerating conditions (boiler startups)
[15]. For the needs of this work, the data comirgrf the continuous emission monitoring
system (pertaining to emissions of particulate emattSQand NQ, and parameters of flue
gases) from 2012 were applied, with a one-hour. Stbp results of manual measurements
posed a basis for the assumption of air emissionistallations (boilers) startup phases.
The basic data of the considered emitters are piedén Table 1.

The calculations were carried out in the CALMET/QAUFF modeling system [5, 6],
with and without consideration of various chemidednsformation modules for the
formation of secondary inorganic aerosols, inclgdihe ISORROPIA/RIVAD+AQUA
module, available in the latest version of the CAIBF program (ver. 6.42) [7, 8]. The
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basic calculation domain was the 38 km x 26 km,angth grid resolution of 200 m. The
topography and land cover data were obtained r&sphcfrom SRTM3 and CLC2006
databases. The spatial data were processed itidhe ArcGIS software, and in so called
preprocessors of geophysical data, according tpitheedure described in papers [16, 17].
Results of meteorological parameters observatios® wbtained from numerous sources
for 2012. In total, 18 surface stations locatechimitKrakow and its boundaries, together
with 3 upper stations (Poprad, Legionowo, Wroclawgye employed.

Table 1
Dimensions of the analyzed emitters, average paemef flue gases and total air emissions in 2012
. . Average parameters Total annual emissions to air
' Stack dimensions of flue gases Mgy~
Emitter Stack 0as
number high diameter velocigty temperature dust S0, NO
m] [m] (m s [K] (PM) "
El 225 6.5 7.57 415
E2 260 7.0 7.77 406 700 6505 4178

Afterwards, the three-dimensional fields of winddatemperature, together with
a two-dimensional field of micro-climate parametéPs stability class, mixing height,
Monin-Obukhov length, friction velocity, convectiveelocity scale) were generated
through the CALMET diagnostic model. CALMET modaltput data were then used as
input for the CALPUFF model.

Table 2
A comparison of calculation variants, and theiresponding settings, input data, name of modelssancce
materials
Settings Background concentrationg NO
Variant MCHEM MAQ NHs 0s H,0, | emission Model Reference
CHEM
V1 0 0 - - - NQ - -
V2 1 0 month| 1-hour - NO MESOPUFF [21-23]
V3 3 0 month|  1-hour - NO/NO| RIVAD/ARM3 [24]
V4 6 0 month|  1-hour - NO/NO ISORROPIA/
RIVAD [7, 8, 25-27]
V5 6 1 month| 1-hour| seasopn NO/NQ ISORROPIA/ T
V6 6 1 month| month season NO/DO RIVAD+AQUA

Calculations of atmospheric dispersion of air palits were carried out in 6 variants,
including the variant without application of theethical transformations module. The
remaining variants differed among each other witipligation of MCHEM (chemical
transformation module selection) and MAQCHEM (natluding or including liquid state
for the conversion of S and the introduced input data (Table 2). Vasads required
determination of separate emission of NO and,.NEmission of these substances was
estimated on the basis of results of Némission measurements, assuming percentage
shares of NO and Nn the level of 95 and 5% respectively [18]. Raifite matter grain
size fractions were determined on the basis ofalitee data [19]. Monthly average
background concentrations of BHndispensable during the process of calculatiorese
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determined on the basis of data coming from contigsumonitoring carried out in stations
of urban background in various European cities, thedH,0, concentrations were assumed
on the basis of a measurement campaign perform&tirgtiaw [20]. Concentrations of
ozone were introduced with 1-hour (variants V2-\@)1-month (variant V6) temporal
resolution, on the basis of data coming from thkbanorbackground station situated in
Krakow, at Bujaka street.

There were calculations of maximum 1-hour, 24-hoamd annual average
concentrations in the air at the land surface,i@drout for NO, NQ (and/or NQ), SQ,,
primary particulate matter (PPM), secondary inorgarerosol (N@, and SQ), and the
sum of secondary particulate matter (SPM), as wslltotal primary and secondary
particulate matter (PPM+SPM) with consideratiorfrattions below 10 um (PM10). The
calculations results obtained for particular vaisaimderwent a comparative analysis.

Results and discussion

Results of calculations of the highest values faaximum 1-hour and 24-hour
concentrations and maximum and average annual wotatens of the analyzed
substances, for a given area, obtained in the as$womputational field for particular
variants, are presented in Tables 3 and 4.

Table 3
The highest values of maximum 1-hour and 24-honcentrations in the air, obtained within the asslime
computational area for particular variants

Air The highest 1-hour average concentration| The highest 24-hour average concentration|
ollutant in the variant [ng n in the variant [ng
P V1 V2 V3 V4 V5 V6 V1 V2 V3 V4 V5 V6
NO - - 53.6| 62.4| 624 66.5 - - 3.2 328 328 391
NO, 165.8| 162.71 162.6 138l6 - 20.51 20j50 20.20.30

NO« (NO;) [ 241.3] 230.1] 240.3 240{1 240.1 240.4 2162 21.57.602 21.60[ 21.60 21.6

L
SO 582.1| 576.8 581.]1 5812 4913 4924 34.09 383.72013434.03| 33.23 33.2p
PPM (PM10)[ 449.1| 449.1] 449.1 4491 449.1 449.1 2909 29.09092929.09| 29.09 29.09
SPM (NQ) - 7.0 4.6 5.3 5.3 4.9 - 04y 025 028 0.8 0|33
SPM (SQ) - 13.3 3.2 25| 2646 2634 - 0.78 0.21 o016 23.88.00
SPM (total) 20.3 5.6 5.7| 2646 2634 . 1.18 03®.33 | 23.66] 24.01

PPM+SPM | 449.1] 449.8 449]1 449.1 466.4 466.0 29.02114 29.10] 29.10 31.87 31.78

It should be noticed that the highest values of imarm 1-hour and 24-hour
concentrations, listed in Table 3, could existamious spots of the computational area, and
at a various time. Nevertheless, in case of athary pollutants, maximum values of those
concentrations for variants V1-V4 were obtainedtloa similar level, and in case of PPM
and NQ - the same or similar concentration values wese abtained for V5 and V6
variants.

As suggested by the presented data, applicatiovabus chemical transformation
modules usually does not influence significantlg tibtained results of calculations of the
maximum 1-hour and 24-hour concentrations of NO K@} in the air. However, it is
possible to obtain an understated value for thedsgof maximum 1-hour concentrations
of NO, during application of the latest version of the LPAJFF model with the
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ISORROPIA/RIVAD+AQUA module in ozone background,drform of monthly average
concentrations (variant V6), instead of 1-hour agerconcentrations (variant V5).

Table 4
The highest and mean values of annual average ewatens in the air, obtained within the assumed
computational area for particular variants

The highest annual average concentration| The mean of annual average concentrations

pom{ant in the variant [ug m™ in the variant [pg m™|
V1 V2 V3 V4 V5 V6 V1 V2 V3 V4 V5 V6
NO - - 0.369| 0.371 0.371 0.429 - - 0.0p4 0.025 9.0pD.027
NO, - - 1.443| 1.438 1.439 1.397 - - 0.198 0.196 0.196192
NO, (NO;) | 1.999| 1.980 1.993 1.992 1.993 1.993 0.240 0[)22235) 0.234] 0.234 0.2338
SO 3.108| 3.104 3.106 3.104 2.610 2.625 0.363 0/36@610. 0.361| 0.172 0.174
PPM (PM10)| 0.307| 0.307] 0.307 0.307 0.307 0.307 0.028 0)028280.00.028| 0.02§ 0.028
SPM (NQ) - 0.019| 0.010 0.00%5 0.005 0.006 g 0.J06 0.p03 0D|00.001| 0.002
SPM (SQ) - 0.013| 0.008 0.006 1.955 1.9%2 0.005 0.003 2J00.250| 0.249
SPM (total) 0.03] 0.017y 0.041 1956 1.954 0.p01006| 0.003 0.251 0.251

o

PPM+SPM | 0.307 0.32p 0.313 0.310 2.130 2.127 0]028390 0.034| 0.032 0.279 0.2§

Application of chemical transformation modules foe analyzed objects did not exert
any greater influence on the maximum 1-hour or @drh PM10 (PPM+SPM)
concentrations measured in the air. It was caugedl fact that the maximum values were
recorded in a situation of abnormal operating ctimas of the installation (the boiler
startup, with an electrostatic precipitator turiodfl, which was accompanied by significant
dust emission, resulting in extremely high maximuatues of PM10 concentration in air
(PPM). In such a situation, omission of chemicahsformation modules in the evaluation
of this object impact on the air quality is not temed with a high level of error, regarding
an insignificant share of the secondary inorgaei®sols in the total level of PPM+SPM
concentration in the air in that period. If theipds of boilers startups are not considered in
calculations, it is possible to obtain great diparies between the calculations results of
the maximum 1-hour and 24-hour concentrations ofL@Nh the air, obtained with and
without consideration of chemical transformationdules.

Great disproportions between the analyzed variamése obtained in case of
calculation results for annual average concentnafits PM10 and maximum 1-hour and
annual average concentrations of,SOmission of the chemical transformation module
causes that results of evaluation of influence iom@ality, carried out for sources, which
emit these substances in significant amounts, alillays be burdened with considerable
uncertainty, and they may bear great differencesrmdbpmpared to the modeling results
obtained with consideration of the inorganic aer@seation module. In this case, special
role is played by a module of chemical transforovaiin a liquid state, implemented in
version 6.42 of the CALPUFF model, which intengifthe conversion process of St
sulfate forms. Omission of this effect in the prse®f atmospheric dispersion modeling
may contribute to overprediction of $@oncentration calculations (to various degrees,
depending on the average period), and significaderprediction of annual average PM10
concentrations in the air. For the object in coasation, the maximum 1-hour and annual
average concentrations of g®@ere overpredicted on the level of ca. 15-16%areqg the
reference variants (V5 and V6). More than doublesrprediction of annual SO
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concentrations, and underprediction of maximum avefage (in the computational area)
annual average PM10 concentrations,cay7-10 times, was also obtained for the variant
V1, V2, V3, and V4, in comparison with the variaféi or V6. In particular variants, there
were maximum annual concentrations of those subssaim the air recorded also in other
places, what is illustrated on the example of ahRM10 concentrations obtained for V1
and V5 variants in Figures 1 and 2.
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Fig. 1. Spatial distribution of annual average PNMIRBM) concentrations in the air, obtained fortheant V1

SPM share in the total annual concentration of PEPM+SPM) is elevated along
with an increase of distance from the emission eguwhat is especially observable in
areas located along dominating wind directions,ciwtdre exposed to the influence of the
analyzed object to the highest extent. Within tHel computational area, average SPM
share in relation to the sum of annual average PFRM concentrations for variants V2,
V3, V4, V5 and V6 was as follows: 38.45; 25.70;7177.90.08 and 90.10% respectively.
Even greater shares of SPM in relation to PPM+SRivevpresent in case of the maximum
values of annual concentrations, which were a®¥dl for the variants mentioned above:
72.26; 53.28; 48.15; 95.96 and 95.95%. It provegelanfluence of SQand NQ emission
of the analyzed object on the caused total levelaofual concentrations of PM10
(PPM+SPM) in the air. In case of V5 and V6 variaatsurge of this influence was caused
first of all by secondary inorganic aerosols, fodhaes a result of chemical transformations
of SG in the air, in a liquid state. What is more, irrigats V4-V6, in comparison to
variants V2 and V3, annual concentrations of seapnditrate aerosols were significantly
reduced. It results from the reduction or elimioatof the phenomenon of overpredicting
their concentrations, characteristic for MESOPURE RIVAD/ARM3 modules, presented
among others in the paper [28].
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Fig. 2 Spatial distribution of annual average PMEPM+SPM) concentrations in the air, obtained foe t
variant V5

Conclusions

Application of advanced atmospheric dispersion n®der air quality impact
assessment, allows to consider chemical transfawmatodules available in the model for
air pollutants emitted from the analyzed emissioarse, including reactions that lead to
formation of secondary inorganic aerosols. In tRIET/CALPUFF modeling system,
several features of chemical transformation modutesy be applied for this purpose,
including the following modules: MESOPUFF, RIVAD/AR, ISORROPIA/RIVAD and
ISORROPIA/RIVAD+AQUA.

Calculations of pollutant dispersion in the ainriad out for a large combustion plant,
with consideration of the CALMET/CALPUFF modelingstem, allow to conclude that
the chemical transformations modules exert no Baamit influence on calculations results
for concentrations of NO, NQand NQ in the air. However, they may influence the
calculation results for SOCand PM10 concentrations significantly, especiaflycase of
applying the version 6.42 of the CALPUFF model wtitle ISORROPIA/RIVAD+AQUA
module, taking conversion of $@ a liquid phase into consideration [7, 8]. Iiccdations
applying the model version mentioned above, maxidunour and annual average SO
concentrations were higher lma 15-16%, and the annual average PM10 (primary and
secondary particle matter) concentrations wereadtl7 times higher, when compared to
the remaining analyzed variants, including the tmet does not consider the chemical
transformations.

Therefore, omission of chemical transformationthefsecondary inorganic aerosols in
the process of atmospheric dispersion of air patite may lead to a wrong conclusion in
the scope of evaluation of the emission sourcesdtnpn air quality, if S@emission from
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those sources is significant. If the CALPUFF modehbpplied for this evaluation, it is
recommended to apply the ISORROPIA/RIVAD+AQUA magjulallowing better
reflection of the sulfate aerosol formation, hetwebtain more probable air concentrations
of SO, and secondary particle matter. In this modulés &dvisable to consideration of the
ozone background with 1-hour temporal resolutibrsuch data are available. The use of
monthly average concentration values may causeaigetinderprediction of maximum
values of 1-hour and annual concentrations of MQhe air. Moreover, application of the
ISORROPIA/RIVAD or ISORROPIA/RIVAD+AQUA modules alvs elimination the
phenomenon of overprediction of secondary inorgamitcate aerosols concentrations,
characteristic for MESOPUFF and RIVAD/ARM3 modules.
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OCENA MODULOW PRZEMIAN CHEMICZNYCH TWORZENIASI E
WTORNYCH AEROZOLI NIEORGANICZNYCH W MODELU CALPUFF

AGH Akademia Goérniczo-Hutnicza w Krakowie, Katedtsztattowania i Ochrongrodowiska

Abstrakt: Ocena wptywuwzrrédet emisji na jak& powietrza wykonywana jest zwykle przyyegiu uproszczonych
stacjonarnych modeli dyspersji, pomidjgych procesy przemian chemicznych zanieczyszcpewietrza.
Pominkcie tych efektéw w procesie obliczeniowym powodayeickszenie niepewrigi uzyskanych wynikéw
oraz utrudnia proces podejmowania prawidtowych dgewiazanych z zamdzaniem jakécia powietrza. Praca
przedstawia poréwnanie wynikébw modelowania dyspemosferycznej zanieczyszézeemitowanych
z wysokich emitoréow przemystowych prowadzonych bezgkdniania i z uwzgidnianiem rénych modutéw
przemian chemicznych tworzenia ¢ sinieorganicznych aerozoli, dgpnych w systemie modelowania
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CALMET/CALPUFF. Wykazano istotny wplyw mechanizmaarzenia s; wtérnego aerozolu nieorganicznego
w fazie wodnej, uwzghnianego w module ISORROPIA/RIVAD+AQUA, na wynikbl@zenr pozioméw sfzen
niektorych zanieczyszcaew powietrzu. Stwierdzono m.in. ponad 2-krotny sglaéredniego poziomu aten
sredniorocznych SQi jeszcze wkszy (od 7 do 10 razy) wzrostednich wartéci stezen sredniorocznych pytu
PM10 (suma cwstek pierwotnych i wtérnych) w poréwnaniu z innymaizpatrywanymi modutami przemian
chemicznych (MESOPUFF, RIVAD/ARM3, ISORROPIA/RIVAD)raz wariantem z wyetzonym modutem
przemian chemicznych (bez uwgdhiania tworzenia giwtérnego aerozolu nieorganicznego).

Stowa kluczowe:zanieczyszczenie powietrza, przemiany chemiczngdrne@ aerozole nieorganiczne,
modelowanie dyspersji atmosferycznej, CALPUFF, IRQWRIA, RIVAD, MESOPUFF
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SORPTION PROCESS OF ACID YELLOW 36
ON SLUDGE-BASED ACTIVATED CARBON

SORPCJA BARWNIKA ACID YELLOW 36 ZA POMOC A WEGLA
AKTYWNEGO WYTWORZONEGO Z OSADU CZYNNEGO

Abstract: The study of sorption of dye Acid Yellow 36 on SA€ludge-based activated carbon) was conducted.
For this purpose, anaerobically digested and deeatsewage sludge was dried at 105°C to constaghivélext

this sludge was milled to a particle with a diamei€ 0.5-1.0 mm and subjected to chemical activatoy
hydrogen peroxide. After oxidation process the géudias subjected to thermal transformation in dlmfifrnace

at 600°C. In this way obtained a powder activatathon based on activated sludge (so-called SA&e@ on the
results of the study the most favorable parametes®rption process was achieved as follows: ptieva&iqualed

to 2.5 and reaction time equaled to 30 minutes. lifrearized forms of Freundlich and Langmuir isethe
showed that the highest value of correlation faetas obtained in the case of Langmuir model. Howewethis
case, the negative value of constant isotherm whiewed. Therefore, it can be assumed that moreraiedy in

this case is the Freundlich model or other modétiwivas not examined during that studies.

Keywords: sewage sludge, activated carbon, dyes, sorptiothdem, sorption kinetic, Freundlich isotherm,
Langmuir isotherm

Introduction

The synthetic dyes are widely used in differentdkiof industry such as textile,
leather, paint, etc. therefore during productionodored wastewater are generated. That
wastewater has to be purified and uncolored. Soyes dsed in industry are toxic to the
water environment. The can also be carcinogenie. filocess of photosynthesis may be
disturbed as a result of the discharge the untleaikred wastewater into the receiver.

The Acid Yellow 36 is one of that kind of dye whitlas negative impact on water
environment. It has the very toxic and carcinogguimperties. Moreover the dye involves
negatively on fishes. The mortality, the loss ofigh# changes in body colours and
restlessness of fishes during the toxicity testeevabserved. Moreover, it has an adverse
effect on the nervous system of fishes causinglimtary movements of their body. The
Acid Yellow 36 is widely used in paper, soap, tagneosmetics, wax, polishes and many
others industries [1, 2].

There are many different methods used for treatroértolored wastewater. These
methods include: membrane techniques [3, 4], smmp{b] and advanced oxidation
processes [6, 7]. The sorption has high efficiedow-cost, availability, and is easy to
design. The most often applied sorbent is the atett carbon. It has a very high efficiency
however this sorbent is also very expensive. Theeefthe adsorbents produced from
wastes are more and more often examined. That diirebrbents are much cheaper. The
wastes such as waste paper [8], kernel plum [8§ hull [10], olive cake [11], corncob

! Faculty of Energy and Environmental Engineeringgesgan University of Technology, ul. S. Konarskie@s,
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[12], apricot stone [13], date stone [14] and catdmusk [15] may be used as sorbents.
During the last few years the studies of applicatid sewage sludge as a sorbent are
carrying out. The digested sewage sludge (bothrahaally and aerobically) can be used
to produce so called “sludge-based activated cadrfdme kind of application of the sewage
sludge is also the new way of utilization of thadste. Nowadays the sewage sludge is
mainly used as a fertilizer for soil amendment. ldger, the amount of the sites at which
the sewage sludge can be applied is limited. Ttmesuse of sewage sludge for production
of activated carbon can be an alternative methdohaf management of that waste.

The isotherm of sorption is used in order to examthat process. Equilibrium
relationships between sorbent and sorbate areidedcby sorption isotherms. The ratio
between the quantity sorbed and that remainindnénsolution at a fixed temperature at
equilibrium describes the sorption isotherm [16, 17

There are several isotherm models available fotyaimgy experimental data and for
describing the equilibrium of adsorption. The mo@tnmonly models used for examination
of dye adsorption process are the Freundlich isotlend Langmuir isotherm [18-21]. The
Freundlich isotherm is the earliest known relatiopsdescribing the sorption equation.
This fairly satisfactory empirical isotherm can ued for non-ideal sorption that involves
heterogeneous sorption. The theoretical Langmuwthé&m is often used to describe
sorption of a solute from a liquid solution. Thevelpment of the Langmuir isotherm
assumes monolayer adsorption on a homogenous surfac

The results of the studies of sorption processyef Acid Yellow 36 are presented in
that publication. During the tests the most favgapH value and reaction time were
established. Moreover as a result of the studiesightherm of sorption was examined
according two models: Freundlich and Langmuir.

Experimental
Material of sorbent

During the sorption process an anaerobically degesind dewatered sewage sludge
(mixture of excess and raw sludge) was used. It wassformed into sludge-based
activated carbon by chemical activation and nexrtlmastion in muffle furnace. The sludge
was dried into constant mass in 10%8@ milledin laboratory grinder to a particle with
a diameter of 0.5-1.0 mm. A hydrogen peroxide waedufor chemical activation. Next the
sludge was combusted in two stages in muffle fuend€irst step was carried out in
temperature of 300°C and next a temperature was g to 600°C. The combustion in

both temperatures was carried out by 45 minutes.

5
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Fig. 1. The chemical structure of Acid Yellow 3&]2
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During the studies an anionic dye Acid Yellow 36swased (Fig. 1). The working
solution of the dye had a concentration equalesigfiny.

Sorption process

The tests of sorption of the dye Acid Yellow 36 veasried out in a static system. The
sample of activated carbon (based on the sewadgejlin a weight of 0.1 g was placed in
a closed Erlenmeyer flasks with a capacity of 50. during the study a working solution
of Acid Yellow 36 witch concentration was equalarl 3 g/dmi was used. A suitable
amount of working solution of the dye was addea idistilled water to obtain required
concentration of the Acid Yellow 36. The flasksrevglaced on a laboratory shaker to
ensure constant stirring the contents. The coratmitr of the dye after sorption process
was determined by photometric measurement on tsis b&ithe calibration curve.

Impact of pH value

During the first stage of study the most favorgiitevalue of the process was chosen.
The tests were conducted by using six differenteadf pH of the dye solutions: 2.5; 4.0;
5.5; 8.5. During that tests the solution of the eygs the same for each sample and was
equaled to 70 mg/dinThe sorption process was conducted by one haligéier that time
the concentration of Acid Yellow 36 was measuredach sample.

Contact time

In order to choose the most favorable sorption time tests were carried out in
different contact times. During that phase of sttlthy concentration of the dye and the pH
value of each samples were the same and were dcal® mg/dmand 2.5 respectively.
The value of pH was chosen during the first stéfgbestudy.

Sorption isotherm

In the last phase of the tests the isotherm ofteorpf the dye on SAC (sludge-based
activated carbon) was conducted. In order to olttah goal, sorption process was carried
out for different concentration of Acid Yellow 3Blowever the sorption time and value of
pH were the same for each sample (chose duringesttps of study).

Based on the results of sorption isotherm, two r®odd sorption process were
analyzed. The Freundlich isotherm is expressed&ydllowing empirical equation (1):

qe = Kp - C¢' 1)
whereKe is the Freundlich adsorption constant fiishandn is a measure of the adsorption
intensity. This equation is usually linearized ier to determind: andn constants. As
a result of taking the logarithm of both sides @@i&tion a linear form is obtained (Eq. (2)):

log g, =log Kp + n-log C, (2)
The Langmuir isotherm is expressed by the followengation (3):

_ qm Ce Kq
T 14Kg Ce 3)

de
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whereC, is the equilibrium concentration [mg/ding. the amount adsorbed [mg/gj, is
ge for complete monolayer adsorption capacity [mgagllK, is the equilibrium adsorption
constant [driimg]. The linear forms of that equation are expedsas equations (4), (5)
and (6):

Ce _ 1 1

E_Qm Ce+Ka'Qm (4)

1 1 1 1

=)t ®
1) e

Ge = qm — (K_a) 'Z_e (6)

Results and discussion
Impact of pH value

The tests has shown, that the value of pH of smiutiuring sorption process is very
important. It can be observed that as the valyg-bincreased the effectiveness of sorption
process decreased. The smallest concentratioreafyth was obtained when the pH value
was equaled to 2.5 (Fig. 2). An increase of pH @dtu4.0 caused an increase of content of
Acid Yellow 36 up to 69.8 mg/dinin the case of other pH value the concentratfofoid
Yellow 36 did not significantly change and weretlie range of 69.6-69.9 mg/dm This
phenomenon could prove that the SAC (used duriag thsearch) has negative electric
charge of its surface. The Acid Yellow is also amoaic dye. Therefore the use of such
a low pH value (what is connected with large amafrttydrogen ions) caused the change
of electric charge of SAC surface. The sorptiorihef dye was thus possible by obtaining
a positive surface charge of the SAC.

3
*
*
*
*

[mg/dm?]
8

concentration of Acid Yellow 36

pH[-]

Fig. 2. The impact of pH value on efficiency of dy@sorption

Impact of contact time

Based on the results obtained during the firstestafgthe study, the impact of contact
time of the dye solution with SAC on sorption eifficcy was examined.

It could be observed (Fig. 3) that after 30 minutéontact the SAC with the dye
solution the effectiveness of dye sorption obtaitres very high level and was equaled to
83.4%. Further increasing the contact time didsignificantly improve the efficiency.
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Fig. 3. The impact of contact time on color remaefdiciency

Sorption isotherm

During the third stage of the study the isothernsafption was examined. Following
process parameters were used at that testsi&igr, pH 2.5 and contact time equaled to
30 minutes. The concentration of the dye was irrange of 10-160 mg/din

Table 1
Parameters of sorption isotherms
Freundlich Langmuir
Ke [dmg] 1.1071 Ka[dm®/g] —0.019
n[-] 1.4622 O~ [ma/g] -133.3
R[] 0.9314 R[] 0.9677
80
70 <
60 .’
3 s0 2
{‘3 40 * ®
.%,: 30 Py d
S 20 <+
10
0 *
0 5 10 15 20
C. [mg/dm?]

Fig. 4. Sorption isotherm

As a result of that tests the graph of isotherm piasted (Fig. 4). Moreover, the
models of Freundlich and Langmuir were examinece @raph of linearized forms of that
models were plotted (Figs. 5a-d). In the case loppared graph, the correlation factors
were calculated. In the case of Langmuir modelghécomplete monolayer adsorption
capacity [mg/g]), and, (the equilibrium adsorption [dify]) were established for that
linearized form which graph obtained the highestralation factorR?. The correlation
factors and other parameters for Freundlich andgbmasir isotherm are presented
in Table 1.
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Fig. 5. The linearized forms of isotherm models:Fag¢undlich, b) Langmuir according eq. (4), ¢) Lagy

according eq. (5), d) Langmuir according eq. (6)

Conclusions

1.

The study showed that the sewage sludge may beeriaidrom which an activated
carbon can be produced. It was also proved thatkind of activated carbon may be
used for removal the dye Acid Yellow 36 from itaiaqus solution.

The most favorable pH value was equaled to 2.8artbe concluded that the electric
charge of SAC is negative. Therefore it was neecgdsachange the surface charge of
the SAC by decreasing pH value.

Based on the results of the study it is observad tiie adsorption of the dye on the
SAC occurred in the first 30 minutes of the process

The study showed that the highest value of coitglaactor of linearized forms was
obtained in the case of Langmuir model. Howevethiat case the value af, was
negative. Therefore, it can be assumed that mooeiraely in this case is the
Freundlich model or other model which was not exediduring that studies.

References

(1]
[2

(3]
(4]
(5]

Malik PK. Dyes Pigments. 2003;56:239-249. D00.1016/S0143-7208(02)00159-6.

Clarke CE, Kielar F, Johnson KL. J Hazard Mater2013;246-247;310-318. DOI:
10.1016/j.jhazmat.2012.12.018.

Buonomenna MG, Gordano A, Golemme G, Drioli Eeact Funct Polym. 2009;69:259-263. DOI:
10.1016/j.reactfunctpolym.2009.01.004.

Saffaj N, Persin M, Alami-Younssi S, Albizane, Bouhria M, Loukili H, et al. Sep Purif Technol.
2005;47:36-42. DOI: 10.1016/j.seppur.2005.05.012.

Ko DCK, Porter JF, Mcka. Adsorption. 2002;8:171-188. DOI: 10.1023/A:1223731952.



Sorption process of Acid Yellow 36 on sludge-baaeiivated carbon 73

[6] Hsing HJ, Chiang PC, Chang EE, Chen M. J Hazakiater. 2007;141:8-16. DOI:
10.1016/j.jhazmat.2006.05.122.

[71 Szpyrkowicz L, Juzzolino C, Kaul ~SN. Water Res.2001;35:2129-2136. DOl:
10.1016/S0043-1354(00)00487-5.

[8] Okada K, Yamamoto N, Kameshima Y, Yasumori ACdlloid Interface Sci. 2003;262:179-193. DOI:
10.1016/S0021-9797(03)00107-3.

[9] Juang RS, Wu FC, Tseng RL. J Colloid Interf&o& 2000;227:437-444. DOI: 10.1006/jcis.2000.6912.

[10] Guo YP, Rockstraw DA. Micropor Mesopor Mater. 2007;100:12-19. DOI:
10.1016/j.micromes0.2006.10.006.

[11] Aljundi IH, Jarrah NJ. Anal Appl Pyrolysis. 28;81:33-36. DOI: 10.1016/j.jaap.2007.07.006.

[12] Tseng RL, Tseng SK, Wu FC. Colloids Surf ADB(279:69-78. DOI: 10.1016/j.colsurfa.2005.12.042.

[13] Karagozoglu B, Tasdemir M, Demirbas E, Kobya. NI Hazard Mater. 2007;147:297-306. DOI:
10.1016/j.jhazmat.2007.01.003.

[14] Bouchelta C, Medjram MS, Bertrand O, Bellat. JP Anal Appl Pyrolysis. 2008;82:70-77. DOI:
10.1016/j.jaap.2007.12.009.

[15] Tan IAW, Ahmad AL, Hameed BH. J Hazard Mater2008;154:337-346. DOI:
10.1016/j.jhazmat.2007.10.031.

[16] Turabik M. J Hazard Mater. 2008;158:52-64. D00.1016/j.jhazmat.2008.01.033.

[17] Crini G, Badot PM. Prog Polym Sci. 2008;33:3897. DOI: 10.1016/j.progpolymsci.2007.11.001.

[18] Hameed BH, El- Khaiary MI. J Hazard Mater. 8(1564:639-648. DOI: 10.1016/j.jhazmat.2007.10.081.

[19] Ho YS, Chiu WT, Wang CC. Biores Techn. 2005]285-1291. DOI: 10.1016/j.biortech.2004.10.021.

[20] Carrilo F, Lis MJ, Valldeperas J. Dyes and gMments. 2002;53:129-136. DOI:
10.1016/S0143-7208(02)00007-4.

[21] Tehrani-Bagha AR, Nikkar H, Mahmoodi NM, MagiaM, Menger FM. Desal. 2011;266:274-280. DOI:
10.1016/j.desal.2010.08.036.

[22] http://lwww.worlddyevariety.com/acid-dyes/agidHow-36.html.

SORPCJA BARWNIKA ACID YELLOW 36 ZA POMOC A WEGLA
AKTYWNEGO WYTWORZONEGO Z OSADU CZYNNEGO

Instytut Inzynierii Wody i Sciekéw, Wydziat Irtynierii Srodowiska i Energetyki, Politechniléaska, Gliwice

Abstrakt: Przeprowadzono badania sorpcji barwnika Acid YelRfz wyciem wegla aktywnego bazagego na
osadziesciekowym.W tym celu ustabilizowany beztlenowo i odwodniorsad czynny wysuszono w 105°C do
statej masy. Nagpnie osad ten zmielono do ziarerérednicy 0,5-1,0 mm i poddano chemicznej aktywaaji z
pomog nadtlenku wodoru. Po tym procesie osad spalonéeaupmuflowym w 600°C, uzyskag w ten spos6b
pylisty wegiel aktywny bazujcy na osadzie czynnym (tzw. SAC - czyli ,sludgedshactivated carbon”). Dla tak
spreparowanego ¢gla aktywnego przeprowadzono badania procesu safatycznej wzgidem barwnika Acid
Yellow 36. Na podstawie przeprowadzonych eksperydvenstwierdzono,ze najkorzystniejsza wagé pH
wynosi 2,5, a czas kontaktu jest rowny 30 minuttoNaast bazujc na graficznych formach zlinearyzowanych
modeléw sorpcji wedtug Langmuira i Freundlicha, istdzono,ze najwiksz wartds¢ wspotczynnika korelaciji
odnotowano w przypadku zlinearyzowanej formy réwaalbangmuira. Jednak w tym przypadku uzyskano
ujemne wartéci statych izotermy, dlatego mwa przypuszcza ze jednak bardziej prawidiowy jest model
Freundlicha lub inny rodzaj izotermy, ktory nie laytalizowany w toku tych bafla

Stowa kluczowe:osad czynny, wgiel aktywny, barwniki, izoterma sorpcji, kinetykaorpcji, izoterma
Fruendlicha, izoterma Langmuira
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INFLUENCE OF SELECTED COAGULANTS OF INDICATOR
AND DIOXIN-LIKE PCB REMOVAL FROM DRINKING WATER

WPLYW WYBRANYCH KOAGULANTOW NA USUWANIE
WSKAZNIKOWYCH | DIOKSYNOPODOBNYCH PCB
Z WODY PRZEZNACZONEJ DO SPOZYCIA

Abstract: The aim of the research was to compare selectadutants efficiency in indicator and chosen
dioxin-like PCB removal from surface water. As colagts, there were used aluminium sulfate and $diyzied
polyaluminium chlorides, with trade names: PAX-XIRAX-XL10, PAX-XL19, PAX-XL60, PAX-XL69. For
the research, surface water was used, collected d@am reservoir. The water composition was modifiéith
standard mixtures PCB MIX24 and MIX13, in order @btain concentration of each congener equal to
300 ng/dm. The PCB MIX24 mixture was composed of indicatongeners solution: 28, 52, 101, 118, 138, 153,
and 180, whereas the MIX13 mixture - solution afethdioxin-like PCB 77, PCB 126, and PCB 169. Iswa
demonstrated that the application of aluminiumatelfallowed for reaching better effects for purifyiwater of
PCB, than with the usage of pre-hydrolyzed salifgluminium chlorides. Out of the studied coagtsdathe best
effects for indicator PCB removal were obtained hwihe application of aluminium sulfate, total PCB
concentration was decreased by 65%. The highésieefty for indicator congeners removal (90%) whtamed

for PCB 138 and 153. After the application of hygzed polyaluminium chlorides PAX-XL1, PAX-XL10
decrease in higher chlorinated PCB concentration etdained, in the range of 23 to 74%. Selectioftghosen
PCB congener removal, depending on applied coaguas demonstrated; with the usage of aluminiutiatsy
removal of heptachlorobiphenyl PCB 180 at the leseB4% was obtained, whereas with the applicatbn
PAX-XL1 and PAX-XL10 higher reduction efficiencyrfthis congener was obtained,83 and 74% respectively.
For dioxin-like PCB, after application of aluminiusulfate, total concentration reduction by 74% whtined,
efficiency of this congeners removal amounted tonfis4 (PCB 77) up to 72% (PCB 126), similar resulése
obtained after the usage of PAX-XL1. The lowest P@Boval from water rate was stated for coagulants
PAX-XL60 and PAX-XL69.

Keywords: polychlorinated biphenyls, coagulation, aluminiunpdate, hydrolyzed polyaluminium chlorides,
removal efficiency, drinking water

Introduction

In recent years, significant increase in interasmicropollutants present in water can
be observed. For this purpose, further normativaityuindicators for drinking water and
water for economical purposes are being introdutedroper pieces of legislation.
Moreover, worldwide tendency can be observed taigedheir permissible concentration
to a level, at which no pathological changes in ewatonsumers are discovered.
Micropollutants occurring in water are divided inweveral categories, one of the
classification is division into organic micropolluits €g polycyclic aromatic
hydrocarbons, polychlorinated biphenyls, surfacdivac substances, pesticides) and
inorganic micropollutants, primarily heavy metalsy].
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209 polychlorinated biphenyl (PCB) congeners arevkm a number of which are
characterized by high bioaccumulation, toxicity @otential carcinogenicity, and
simultaneously high persistence in the environm&ut. called dioxin-like PCB, which
include coplanar congeners with codes: 77, 81, 186, are considered to be the most
toxic [4]. Three of them (PCB 77, PCB 126 and P®B)lare spatial analogues of the most
toxic dioxin, ie 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Acciomgl to the
U.S. Environmental Protection Agency, 7 indicatongeners should be determined in the
environment, with codes: 28, 52, 101, 118, 138, Hsi8l 180. Water ecosystems pollution
occurs indirectly (from the atmosphere) or diredtyscharge of waste water containing
PCB, run-off from fields, leakages from transformand condensers, landfills). Because of
hydrophobic properties, PCB have a strong tendéactransition from liquid phase to
phases with higher hydrophobicitsg through bioaccumulation or sorption, by binding to
sediment particles or to suspended solids preseméaier [5].

Negative influence of micropollutants on water ammsrs health causes the need to
remove these substances from drinking water. Thaicehof micropollutant removal
processes is determined by their type, properdied,form of occurrence. Current literature
reports emphasize the need for basic researchdiagathe removal mechanism of trace
organic pollutants, using different coagulants.récent years the use of new generation
coagulants, with high efficiency, can be observddl [These coagulants reflect the
properties of trace organic pollutants which are¢peemoved €g hydrophobicity, charge,
polarizability, the presence of particular funcibigroups). It was also demonstrated that
combined processes have a high efficiency in remofarganic micropollutants from
water [6, 7]. In the literature there are few ex#spof research regarding PCB removal
from contaminated surface water. Due to the siitidggrin chemical properties of PCB and
PCDD, for removing polychlorinated biphenyls fromater, research developments in
PCDD/Fs removal [7] can be used.

PCB pollution monitoring is particularly importafar reservoirs, which are sources of
drinking water for supplying the population. Restaconducted in 2009-2011 for chosen
water reservoir in Poland, which is the source afew for water treatment plant, showed
that the water and the bottom sediments are con&ed with PCB [8]. The scope of PCB
concentration in the reservoir water ranged frord 1o 8.1 ng/dmy whereas the
concentration of these compounds in the bottonmsexlis ranged from 0.12 to 2.78 pg/kg.
The most commonly used coagulant in water treatnpdamits in Poland is aluminium
sulphate AJ(SQ,)s. Also, there are studies conducted regarding tpplication of
pre-hydrolyzed coagulants,ia polyaluminium chlorides with general formula
Al ,(OH),,Clsh.v The mechanism of coagulation with aluminium salten-hydrolyzed and
pre-hydrolyzed, is the same, however the presefficaluminium polymeric forms in
polyaluminium chloride solutions cause them to lmerstable in water, resulting in more
efficient removal of pollutants [1, 9].

The aim of this research was to compare the efftgieof chosen coagulants in
removal of indicator and dioxin-like PCB from swéawater.
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Materials and methods
Research material

Kozlowa Gora water reservoir is created by damntiiegriver Brynica. It is located on
the south-eastern edge of Swierklaniec municipalityccupies an area of approx. 5.5%km
its capacity equals to approx. 13 millions, rand its average depth is 4.5 m. Currently it
constitutes water source for water treatment plantWymyslow, which belongs to
Gornoslaskie Przedsiebiorstwo Wodociagow. The vegerlso fulfils flood prevention
objectives, and it is used, to a limited extend téaristic and recreational purposes.

Water from the reservoir, sampled in November 2044s used for the research.
Positions were situated in southern, outlet (by dlaen) part of the reservoir. At each
measuring point, 20 diof water was collected. The water composition waslified in
order to obtain concentration of each PCB congesmual to 400 and 300 ng/dm
respectively, by introducing to water appropriatgoants of standard solutions - PCB MIX
13 and MIX 24.

As the coagulants there were useg(®30,)-18H0 produced by Przedsiebiorstwo
Handlowe Polskie Odczynniki Chemiczne in Gliwicaddive hydrolyzed polyaluminium
chlorides with trade names Kemira: PAX-XL1, PAX-XL,1PAX-XL19, PAX-XL60,
PAX-XL69 produced by KEMIPOL in Police. Commercisblutions of polyaluminium
chlorides were characterized by alkalinity equal respectively 70 *5%; 70 *10%;
85 £5%; 40 £10%; 60 *10%; 85 +5%, and containegeetvely 10.0 £0.6%; 9.4 +0.4%;
9.4 £0.4%; 14.4 +0.6%, and 11.3 £0.9% of®@{ [10]. For the research, 1% solution of
aluminium sulphate, and solutions of polyaluminiaghiorides were prepared, by diluting
commercial products so that they contained 1.0/gml

Coagulation process

The coagulation process was conducted in glaselgess each 2 dirof studied water
was measured. The coagulants were introduced imnieunt of 4 mg Al/dr and fast
stirring was performed for 2 minutes (applying 2pf) with the use of mechanical stirrer.
Next slow stirring (20 rpm) was conducted for 15uates. After this time the samples were
subjected to 1-hour sedimentation. Then 0.7 dfrwater was decanted. Before and after
the coagulation process, water analysis was peégdrrincluding determination of: pH,
turbidity, colour, total organic carbon (TOC), dA@B analysis [8, 11].

Analysis methodology

For the PCB analysis, hexane was added to 0.5adnsampled water, and it was
stirred with magnetic stirrer. Next, after sepamatbf hexane fraction in a separator, the
solution was mixed with fresh batch of hexane. Hhex@xtracts were combined. The
extract was dried by seeping it through a layeraohydrous N0, Hexane was
evaporated near to dryness from the dried extradeuvacuum, and it was poured into
a tube. The flask was further washed with hexane cambined with the solution, and then
transferred into the tube. For mineralization ajanic compounds, obtained solution was
shaken with concentrated,$00,. After separation of the mixture, 5% solution 0®K in
ethanol was added to hexane layer. The tube wasdalightly and heated in a water bath.
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After cooling, ethanol-water solution was addedl(N/v). Next, the hexane layer was
separated, which was concentrated in a vacuum ea@pao a volume of 1 ctThe
obtained extracts were analyzed qualitatively andngjtatively by means of capillary gas
chromatography with mass spectrometry (CGC/MS) ating to literature data [12]. For
the chromatographic analysis there were used stsday dr Ehrenstorfer company,
ie PCB MIX24 mixture, which was a solution of indioatongeners: 28, 52, 101, 118, 138,
153 and 180, and PCB MIX13 solution, which contdinieree coplanar PCB congeners
with codes: 77, 126 and 169. For their chromatdgapgeparation, a DB-5 column was
used. For detection, quadrupole mass spectrome®e80d by Fisons was used, which was
operating in a selective ion monitoring mode. PGRification was achieved by single
ion monitoring (SIM) [13].

Results and discussion

The analysed surface water had slightly alkaline pH9), colour equal to
30 mg Pt/dry and turbidity of 17 NTU [8].

Total concentration of indicator and dioxin-like B@ sampled water was low and
amounted to 32.3 and 4.7 ngfimespectively. Research results of PCB removal from
water, for the coagulant dose of 4 mg Alftwith additional amount of standard solutions
of indicator and dioxin-like PCB are presented able 1.

Table 1
PCB concentration in modified surface water aftsgulation process

Congeners Concentration [ng/dn]
Al)(SO)s | PAX-XL1 | PAX-XL10 | PAX-XL19 [ PAX-XL60 [ PAX-XL69

Indicator
PCB 28 165.7 178.9 186.3 285.9 290,4 287.9
PCB 52 159.2 174.4 180.4 261.9 272.5 274.8
PCB 101 62.0 146.4 157.5 185.5 210.8 215.6
PCB 118 44.1 125.6 138.9 164.0 195.3 202.7
PCB 138 31.4 89.0 95.3 134.9 180.5 192.6
PCB 153 31.3 240 235.9 230.0 252.0 263.0
PCB 180 198.0 52.1 78.7 118.8 164..6 170.3

Dioxin-like
PCB 77 138.0 140.6 179.7 236.3 262.1 260.0
PCB 126 84.5 74.9 119.4 179.5 211.7 214.3
PCB 169 90.0 110.7 173.2 180.3 184.9 187.5

Out of studied coagulants better effects of indic®CB removal were obtained after
the usage of aluminium sulphate, total PCB conetiott decreased by 65%. The highest
efficiency of indicator congener removal was oblgdinfor PCB 138 and 153, which
amounted to 90% (Fig. 1). The concentrations oéofICB were reduced in the range of
85 (PCB 118) to 34% (PCB 180).

Among hydrolyzed polyaluminium chlorides, the bestsults of indicator PCB
removal were obtained after application of PAX-Xldnd PAX-XL10. For these
coagulants, decrease in total PCB concentratioh3bgnd 50% respectively was obtained.
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Greater reduction of higher chlorinated congeieeRCB 180, 138 and 118, concentration
was achieved, in the range of 54 to 83%.
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Selectivity in removal of chosen PCB congenerseddmng on applied coagulant, was
demonstrated; the usage of aluminium sulphate tegbih achieving heptachlorobiphenyl
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PCB 180 removal rate at the level of 34%, whilengdPAX-XL1 and PAX-XL10 resulted
in obtaining higher reduction efficiency for thisrggenerje 83 and 74% respectively.

For dioxin-like PCB after the application of alurnim sulphate total concentration
reduction by 74% was obtained, congener removaiefifcy amounted to from 54 (PCB
77) to 72% (PCB 126) (Fig. 2). Similar effects wahieved after the usage of PAX-XL1,
total PCB concentration decreased by 73%, reducténPCB 77, 126 and 169
concentration amounted to 53, 75 and 63% respégtive

The smallest degree of removal from water, bothitfidicator and dioxin-like PCB,
was stated for coagulants PAX-XL60 and PAX-XL69.tekfthe application of these
coagulants, decrease in PCB concentration in thgeraf 3 to 45% (indicator PCB), and
13 to 38% (dioxin-like PCB), was obtained.

According to the literature data, the coagulationcpss with aluminium sulphate,
apart from desirable effects, may cause negatiamgds in physico-chemical composition
of purified watergg an increase in aluminium ion concentration orrisiéication of water
corrosivity [1]. Increased aluminium ion concentratin drinking water may also pose
a potential threat to human health. Therefore, itkeslemonstrated in the research, higher
efficiency of aluminium sulphate in PCB removal rfrowater, it is suggested to use
polyaluminium chlorides PAX-XL1 and PAX-XL10, whiclhave alkalinity equal to
70 +5%, 85 5% respectively, and which contain agprl0 and 3% of ADs;. The
application of polyaluminium chlorides as coagutafdr organic pollutant removal, is
recommended by many authors [1, 2]. Higher efficiems explained by the fact that
polyaluminium chloride solutions contain more palgionic and polymerized products of
controlled prehydrolysis than aluminium sulphate.the pH range of natural waters and
with their alkalinity, hydrolysis of aluminium catis present in aluminium sulphate occurs
almost immediately after their contact with treatedter, therefore the precipitation of
aluminium hydroxide occurs faster than the desiredction of colloids and organic
pollutant anions neutralization [2].

The obtained results suggest that in case of remfean water indicator and
dioxin-like PCB using polyaluminium chlorides, theikalinity is important, which should
amount to approx. 70%. Alkalinity of PAX-XL60 and\R-XL69 was lower and amounted
to approx. 40 and 60%, which can explain lowercédficy of these coagulants in PCB
removal. PAX-XL1 coagulant efficiency in congenemoval is confirmed by results
obtain for dioxin-like PCB. Also the literature datconfirm the effectiveness of
polyaluminium chloride in dioxin and dioxin-like ogound removal. Li et al [7]
demonstrated 99% efficiency in PCDD/Fs removalradigplication of ferric chloride and
polyaluminium chloride, slightly lower (97-98%) warbtained for aluminium sulphate.
Applied coagulants were selective in removal ofssimoPCDD/Fs. The literature data and
own research indicate that significant improvenwdrolyaluminium chloride efficiency in
PCB removal from water is achieved by applicatidrc@agulation process enhancement
with powder-activated carbon. Liyan et al. [14] dewstrated the effectiveness of
powder-activated carbon (PAC), granular-activatatben (GAC) in hydrophobic organic
chemicals (HOCs) removal, in the range of 73.49®%, which is the next stage of own
research.
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Conclusions

Conducted research allowed for formulating theofelhg conclusions:

good effects of indicator and dioxin-like PCB rerabWrom surface water were
obtained after the application of aluminium sulghand hydrolyzed polyaluminium
chlorides PAX-XL1 and PAX-XL10,

after the coagulation process using aluminium satpland coagulants PAX-XL1 and
PAX-XL10, total concentration of indicator PCB deased in water by 65, 53, and
50% respectively,

for dioxin-like PCB, after using aluminium sulphaed hydrolyzed polyaluminium
chloride PAX-XL1, total concentration reduction B¥ and 73% was achieved,
selectivity in chosen PCB congener removal was destnated, depending on applied
coagulant; with the usage of aluminium sulphateaeahof heptachlorobiphenyl PCB
180 at the level of 34% was obtained, whereas thi¢happlication of PAX-XL1 and
PAX-XL10 higher efficiency of this congener reductiwas obtainedge 83 and 74%
respectively.
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WPLYW WYBRANYCH KOAGULANTOW NA USUWANIE
WSKAZNIKOWYCH | DIOKSYNOPODOBNYCH PCB Z WODY
PRZEZNACZONEJ DO SPOZYCIA

Katedra Chemii, Technologii WodyStiekéw, Wydziat Infrastruktury $rodowiska, Politechnika Ggtochowska

Abstrakt: Celem bada byta poréwnanie efektywdoi wybranych koagulantéw w usuwaniu z wody
powierzchniowej wskanikowych i wybranych dioksynopodobnych PCB. Jalkaadulanty wykorzystano siarczan
glinu oraz 5 zhydrolizowanych chlorkéw poliglinunazwach handlowych: PAX-XL1, PAX-XL10, PAX-XL19,
PAX-XL60, PAX-XL69. Do bada wykorzystano woe¢ powierzchniow. Skiad wody zmodyfikowano
mieszanig wzorcowy PCB MIX24 oraz MIX13 w celu uzyskaniagsenia kadego kongeneru 300 ng/dm
Mieszanig PCB MIX24 stanowit roztwoér wskaikowych kongeneréw: 28, 52, 101, 118, 138, 15380,1
a mieszanig MIX13 roztwér trzech dioksynopodobnych PCB 77, PCB6 oraz PCB 169. Wykazanze
zastosowanie siarczan glinu pozwolito na uzyskdepszych efektdw oczyszczania wody z PCB pizy
wykorzystaniu wsipnie zhydrolizowanych soli, chlorkéw poliglinu. Zrzebadanych koagulantéw najlepsze
efekty usuwania wskaikowych PCB otrzymano po zastosowaniu siarczamuglsumaryczne stenie PCB
zmniejszylo sj 0 65%. Najwysz efektywnd¢ usuwania wskanikowych kongeneréw (90%) uzyskano dla PCB
138 i 153. Po zastosowaniu zhydrolizowanych chliarlgbliglinu PAX-XL1, PAX-XL10 uzyskano obaenie
stezenia wyzej chlorowanych PCB w zakresie od 23 do 74%. Wykazselektywn& usuwania wybranych
kongenerow PCB w zataosci od zastosowanego koagulantu; przy wykorzystai@uczanu glinu uzyskano
usuntcie heptachlorobifenylu PCB 180 na poziomie 34%omgast przy wykorzystaniu PAX-XL1 i PAX-XL1o
uzyskano wksz efektywna¢ redukcji tego kongeneru, tj. odpowiednio 83 i 749a dioksynopodobnych PCB
po zastosowaniu siarczanu glinu uzyskano regugmarycznego gtenia o 74%, efektywr$é usuwania tych
kongeneréw wynosita od 54 (PCB 77) do 72% (PCB 1®@dobne rezultaty otrzymano po zastosowaniu
PAX-XL1. Najmniejszy stopig usuwania PCB z wody stwierdzono dla koagulantow(fA.60 i PAX-XL69.

Stowa kluczowepolichlorowane bifenyle, koagulacja, siarczan wlinzhydrolizowane chlorki poliglinu,
efektywna@¢ usuwania, woda pitna
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Abstract: The article presents the laboratory examinatiditti® basic physical parameters of gravelite-caecre
modified by municipal sewage sludge and graveliteerete, obtained of light aggregates, commonlyliegpn
Polish building market. To decrease water absatptof the concrete blocks, the admixture of wagerulsion of
reactive polisiloxanes was applied. For the preskibiocks, capillary rise process was monitorectttogr with
moisture influence on heat conductivity coeffici@rdetermined using TDR probes and plate apparatualysis
of heat-moisture properties of concrete confirmeefuiness of gravelite with sewage sludge addiborfurther
production.

Keywords: capillary rise, heat conductivity coefficient, gedite-concrete, hydrophobisation

Introduction

Production of energy-saving and ecological buildmgterials becomes a common
technology to improve energetic effectiveness @& Huildings according to European
Union Directive 2006/32/WE3. One of the popular en@ls applied for the energy-saving
civil engineering is gravelite-concrete, especiatlye to its thermal and moisture
parameters.

Increased environmental and economic benefits canabhieved only if for
gravelite-concrete production waste materials wile used [1-3]. To product
gravelite-concrete, more often light aggregategifieal with municipal sewage sludge.

Sewage sludge may threat human health and thuddsheuwsuitably proceeded. Acts
and regulations imposed by European Union limit agsvsludge deposition on landfills
and its reuse in agriculture. One of the commotization methods is application for
production of ceramic materials [4, 5] and energyisg gravelite-concrete blocks [6, 7].
Unfortunately sewage sludge is characterized by higisture absorptivity, being the
result of the structure of light aggregates. laiserious problem in composition of the
gravelite-concrete mixtures and ready-products leedt intensifies transport of water due
to capillary forces. It essentially influences hélatv process by the increase of the heat
conductivity of the materials.

Differences between volumetric densities of thdntligggregates and cement mortar
cause the aggregates to flow out when cement mdwdar no suitable viscosity. To
minimize unfavorable phenomenon of water subtractequired for hydration process by
the gravelite, several procedures should be coadudne of them is initial wetting to

! Faculty of Environmental Engineering, Lublin Unisiéy of Technology, ul. Nadbystrzycka 40B, 20-@islin,
Poland, email: Z.Suchorab@pollub.pl

2Civil Engineering and Architecture Faculty, Lublibniversity of Technology, ul. Nadbystrzycka 40,
20-618 Lublin, Poland, email: d.barnat-hunek@popijm.franus@pollub.pl
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protect the aggregates from autogenic contrac@ther solution is to cover the aggregates
with cement grout, that provides lower water abaity of the aggregates, increases the
density of particles and thus essentially influencencrete strength. A new technology is
aggregates impregnation, that closes air gaps ptiegethem from water penetration with
constant adherence of the particles to the cemetrtxf8, 9].

The results of the present research can be possigijed to establish guidelines for
practical applications of lightweight concrete slgppented with sewage sludge foamed by
hydrophobic agent, which has slightly different graeters compared to traditional
lightweight concrete.

Materials and methods

Two types of gravelite-concrete samples were pexhathat differed in aggregates
type. First type of aggregates were hand-made af frbm Light Aggregates Company
“Keramzyt” in Mszczonow, Poland and from 10% addii of sewage sludge from
municipal wastewater treatment plant “Hajdow” inblin, Poland. Sewage sludge from the
Sewage Treatment Plant "Hajdow" in Lublin was diésad by following parameters:
moisture content of sludge was 80.43%, alkalini360 mg CaCg@dm’, pH 7.68, VFAs -

92 mg/dmi, COD - 136.423 mg £dn?, dry mass - 19.57%, loss on ignition - 60.65%, the
residue on ignition - 39.35%, density - 0.795 gicBewage sludge samples were taken
from the temporary storage site, and then drieal ¢onstant weight at 110°C. Dried sludge
was ground and then added to clay (90% by weighthé amount of 10% by weight. The
process of making the substance homogeneous wad basmixing components with the
corresponding portion of water until a plastic detecy was achieved. Then the formed
balls of 16 mm coarse fraction were dried to aestditair-dry and kept in a laboratory oven
at 110°C for 2 h. Dried samples were placed inardter furnace and fired at 1150°C for
30 minutes.

Second type of aggregates came from Ligth Aggreg&tempany “Keramzyt” in
Mszczonow, Poland. Basic characteristics of the liegpgpaggregates are presented
in Table 1.

Table 1
Basic characteristics of gravelite applied for eesh
Density Apparent density Absorptivity Porosity
Type of aggregates [g/cm] [g/cm] (%] [%]
Gravelite from Mszczonow 2.48 1.050 20 30.0
Gravelite with sewage sludge 2.59 0.812 16.2 40.0

Samples with the following dimensions: 150x150xb&® were formed directly after
concrete compounds had been mixed. They were ceadein two layers by vibrations
until cement grout appeared at the surface of thetan The samples were disassembled
after 24 hours of maturation and placed in watairbaccording to the PN-EN 206:2014-4
[10] standard until full average strength was reacfexamined samples age - 28 days).

Within the experiment the following measurementseamnducted:

* Real density was determined using PN-EN 1936:2010 $tandard A - method with
pycnometer, in laboratory conditions, at the terapee of 20°C.
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* Apparent density determination were conducted &8udays of concrete maturation.
Apparent volume was determined using the followstgndards: PN-EN 1389:2005
[12], PN-EN 12390-7:2011P [13].

e Absorptivity.

e Porosity.

e Capillary rise, determined using the TDR (Time DamReflectometry) technique,
previously described in the following papers [18].1

»  Microstructure of gravelite-concrete using SEM (8dag Electron Microscope).

* Heat Conductivity Coefficient using FOX 314 by La§®mp, plate apparatus.

It is worth mentioning in here, that the applied RFig. 1) technology required
modification of the traditional reflectometric sens which in standard version are small
and not stiff enough to be inserted into the hamacture of gravelite-concrete. For that aim
there were intentionally developed TDR sensors tmild be used in this particular
experiment. Heads of the manufactured sensors mvade of polyamide cylinders with the
diameter of 46 mm and the measuring elements waderof steel rods 50 mm long and
5 mm wide in diameter. Spacing between the rodsegasl 24 mm. Probes were inserted
into the examined sample in the following levelsb above water table and 10 cm above
water table. Duration of the whole experiment waste 350 hours until no significant
water increase was observed. Capillary suction xeat was conducted on both samples
(i) gravelite-concrete with aggregates from Mszawwrand (ii) gravelite concrete with
aggregates from sewage sludge.

T T T =TT _TDR 10cm |'—S
======  TDR 5cm

Fig. 1. Capillary uptake process determination ebprused for experiment and schematic view of measu
setup

To measure heat conductivity coefficient using F@pparatus, 3 plates of each
gravelite-concrete type were prepared. The dimensiof each plate was
300 x 300 x 50 mm. Examinations were conductedbfith dry samples and 3% moist
(achieved by concrete saturation in a space witiitive humidity about 70%). Period
assumed for concretes saturation was established ageeks. To determine heat
conductivity coefficient of the material it was $ké temperature gradient of 20°C between
heating and cooling plate. For that aim the follogviemperatures were applied: 20°C for
heating plate and 0°C for the cooling plate. Aversgmperature was equal 10°C.
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Results and discussion

Obtained results are presented in Table 2.

Table 2
Physical properties of the examined gravelite-cetesr
. Apparent - . Heat conductivity 4
Type of concrete I[D?gri;]y density Absc[)(;p)]t|V|ty Po[g/o ]S ity [W/mK]

9 [g/cm?] ° ° Dry 3% moist
With aggregates from

MS2CZONow 2376 1442 7 39.3 0.67 0.72
With aggregates from

sewage sludge 2450 1344 4 45.1 0.52 0.58

According to the above described measurements aodlations, the real mass of the
concrete unit (volumetric density) equalg = 1344-1442 kg/th Determined with
pycnometer real density equalss 2376 and 2450 kgfinPercentage volume of pores in
concrete with sewage sludge reaches 45.1 and 8&%2greater from light concrete with
aggregates from Mszczonow.

Heat conductivity coefficient of gravelite-concrete with aggregates from Mszczon
in dry state is about 7% smaller comparing to moisterial (3% of moisture) and 10%
smaller comparing to concrete with sewage sludiijference between examined light
concretes with moisture equal 3% is about 19.44¢biadicates better thermal parameters
of gravelite-concrete with sewage sludge.

Results of capillary rise phenomenon determinedgu$iDR method are presented on

Figure 2. Conducted research confirmed the deadeaswillary parameters of the
examined concretes.

ase]

ase]

|

Gravimetric water content [%,,

—5cm

10 cm

—5cm
10cm

T

Gravimetric water content [%,,

3

o 0 100 150 200 250 300 350 o s0

Duration [hours]

100 150 200 250 300 350

Duration [hours]

Fig. 2. Capillary rise phenomenon determined witttie described research. Left - gravelite-concreiti
aggregates from Mszczonow, right - gravelite cotecvéth aggregates from sewage sludge

In case of the sample with aggregates from Mszoaahe progress of the process was
slow. The first moisture increase readouts wereeesl by the probe placed at level
of 5 cm above water table. It was noticed afteruatddl hours since the beginning of the
experiment. Within next 150 hours the progresdiefghenomenon was significant to reach
the level of 5%. Maximum water content read by Iloétom probe was reached after the



Analysis of heat-moisture properties of hydrophebigravelite-concrete with sewage sludge 87

period of about 250 hours and it was still below. 62should be mentioned that this value
was close to maximum material absorptivity (7%)cése of the second probe, mounted at
the level of 10 cm above water table, moisturegase was significantly slower. The first
water appearance was read after about 150 houce she experiment was started.
Maximum moisture read by the reflectometer was aBdfo.

In case of the second sample - with aggregates fsemiage sludge almost no
significant water increase was observed. Readdutgmoprobes were unstable and varying
between 0 and 2%. This ought to be consideredaasiatd uncertainty of the TDR method,
which according to many literature sources is al28ai16, 17].

Scanning Electron Microscope (SEM) research wasdwded on samples of
gravelite-concrete obtained from aggregates matlifith municipal sewage sludge and
aggregates from Mszczonow. SEM photographs of reiquoture of cement mortars are
supplemented with EDS diagrams. Hardened cemertamfbom Portland cement consists
of 70% of hydrated calcium silicates, so called -6&-$hases. About 30% are calcium
hydroxide and products of aluminate hydration aaldiam aluminate-ferrate. Microscopic
research confirmed good adhesion in contact pdietsveen gravelite aggregates and
cement mortar. No empty gaps, cracks or scratclege woticed in the above mentioned
contact points (Fig. 3).

pm kerbel mszcz 4 10.00 KV 74.6 ym k ad

Fig. 3. SEM investigation in contact point: leftoetween gravelite aggregates from Mszczonow andecem
mortar supplemented with spectrum of chemical casitipn; right - between gravelite with sewage
sludge and cement mortar supplemented with speatfushemical composition (1 - mortar, 2 - gravélite

Conclusions

By the use of gravelite-concrete modified with sgevaludge it is possible to produce
lightweight concrete with the apparent densitie4430-1960 kg/rh

Supplementation with sewage sludge caused the akericf material apparent density
for about 7% and the increase of total porosityl186% comparing to the concrete from
gravelite available on building market. This wasoatonfirmed by verifications using SEM
technique. Microscopic observations of contact fsolmetween gravelite aggregates and
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cement mortar confirmed good adhesion. No emptg,geacks or scratches were noticed
in above mentioned contact points.

Absorptivity of both gravelite-concretes is betwekmand 7%, especially because of
the application of hydrophobic preparation as ceteciadditive. It should be emphasized
that gravelite with sewage sludge, due to greatspmptivity and porosity absorbed more
impregnate which decreased the total absorptivitiight concrete for about 57%. Time
Domain Reflectometry measurement of capillary peenomenon proved total inhibition
of capillary rise process.

Sewage sludge additives in gravelite-concretes lenabdecrease heat conductivity
coefficient for about 7-10%.

Presented examinations proved that sewage sludgbeapplied as an additive for
light concretes production. Anyhow, to completelgrify this conclusion it should be
supplemented with strength examinations of consrefth sewage sludge additives.
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ANALIZA CECH CIEPLNO-WILGOTNO S$CIOWYCH
HYDROFOBIZOWANYCH KERAMZYTOBETONOW Z OSADEM  SCIEKOWYM

tWydziat Inzynierii Srodowiska, Politechnika Lubelska
2\Wydziat Budownictwa i Architektury, Politechnika halska

Abstrakt: Produkcja ekologicznych i energoosgtzych materiatbw budowlanych staje¢ spowszecha
technologi poprawy efektywngri energetycznej budynkéw zgodnie z przepisamikdtymey UE 2006/32/WES3.
Jednym z materialdbw stosowanym w budownictwie emesgczdnym ze wzgidu na swoje wisciwosci
cieplno-wilgotndgciowe jest keramzytobeton. Do otrzymywania keramwizgtonu coraz eZciej stosuje si
kruszywa lekkie modyfikowane komunalnym osadéciekowym. Osadysciekowe stwarzaj zagraenie dla
zdrowia ludzi isrodowiska naturalnego, dlatega tausz by¢ poddawane odpowiedniej przer6bce. Jerimetod
ich utylizacji jest zagospodarowanie do produkejemyooszcadnych bloczkéw keramzytobetonowych. eS8
jednak charakteryzaj sic one wysol nasikliwoscia, co powoduje transport wody pogdganej kapilarnie.
Whplywa to w istotny sposéb na proces przeptywu teiefym samym zwkszapc kilkukrotnie przewodnictwo
cieplne materialéw. Artykut przedstawia badania gtadiowych cech fizycznych keramzytobetonu
modyfikowanego komunalnym osadefoiekowym oraz keramzytobetonu uzyskanego z krusziekiego
powszechnie stosowanego na rynku. W celuzama nasikliwosci betondw jako domiesgkzastosowano wodn
emulsg reaktywnych polisiloksanéw. Dodatkowo wykonano ey podcigania kapilarnego oraz jego wptywu
na wspoétczynnik przewodzenia ciegtaw prébkach modelowych przy wykorzystaniu sond TDRparatu
plytowego. Analiza cech cieplno-wilgotémowych betonéw potwierdzita przydattokeramzytu z dodatkiem
osadusciekowego do ich produkciji.

Stowa kluczowe:podciganie kapilarne, wspétczynnik przewodzenia ciejpdmamzytobeton, hydrofobizacja
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ENERGY CROPS AS LOCAL ENERGY CARRIER

ROSLINY ENERGETYCZNE JAKO LOKALNY NO SNIK ENERGII

Abstract: The experimental investigation of energy cradsstanthus x giganteus, Sda hermaphrodita, Spartina
pectinata, Panicum virgatum) gasification was carried out. The influence ofess air ratioA) on lower heating
value (HV) was investigated. Downdraft fixed bed gasifieswaed. For all types of biomass, the highety
value was achieved for = 0.18. Compositions of gases obtained duringetkgerimental study were used for
thermodynamic and economic analysis of CHP systétin @as piston engine. The system quality indiced a
input data for economic analysis were calculatedt.tRe economic analysis the net present valuehaodevas
adopted. Given the assumptions, despite biomass tipNPV indice did not reach positive values. Break even
price of electricity and break even cost of fuelevealculated. The economic viability of such systés strongly
influenced by economic and legal environment. Tapep includes sensitivity analysis of change ofgblected
parameter such as annual availability of the syspeioe of fuel and price of green certificates.

Keywords: biomass, gasification, cogeneration, energy crgas piston engine

Introduction

Energy crops are in the area of interest becausmultiple ways of advantageous
utilization. They can be used for biofuels (soliquid and gaseous) and biocomponents
production. Examples of commonly used plants &kx L., Miscanthus x giganteus,
Spartina pectinata, Panicum virgatum, Sda hermaphrodita, Rosa multiflora [1].

In Poland, agro-biomass is not widely used, whichcdmes a reason for
underdeveloped cultivation techniques, lack of mdthof preventing crop diseases and
other detrimental external factors. That has atgnepact on the volume of production and
the quality of fuel. Other factors that affect ajm@fuel production are soil fertility, quality
of agricultural treatment and field preparati@g tumber of weeds). However, the current
state of the Polish agro-energy sector gives nurbepportunities for relatively easy and
quick progression.

Energy crops utilization can be useful in more tbae field. Phytoremediation is one
of the techniques used for remediation of contatathareas. Soil contamination can be
found close to landfills, heavy-metal/oil industeiyeas. There are energy crops which can
be grown on contaminated areas and have a potéatiatcumulate contaminants. The
reasonable method of contaminated biomass utibizasi gasification [2].

Gasification is a thermo-chemical conversion ofdsdtedstock into a gaseous fuel.
Because of the low amount of the oxidizer usedéngrocess and the reducing atmosphere,
gasification prevents sulphur and nitrogen oxidegssion, also it is possible to accumulate
part of the contaminants in the solid residues.ifiéation is a way to utilize contaminated
biomass while useful syngas is produced. Syngasesastly low-calorific gases (depends

! Institute of Power Engineering and Turbomachin&ilgsian University of Technology, ul. S. Konaesio 18,
44-100 Gliwice, Poland

2 Institute of Thermal Technology, Silesian Universif Technology, ul. S. Konarskiego 22, 44-100wate,
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on the feedstock and gasification agent) that canuged in power boilers, industrial
furnaces, gas turbines or piston engines [3]. Beswgasification gases, as a fuel that might
be received from local energy sources shows a gaantial as fuel for combined heat and
power (CHP) plants [4]. Combined heat and eledyrigeneration in distributed energy
systems with internal combustion piston enginesd®od option for local communities due
to a relatively low investment cost and the higlicefncy of electricity production. What is
more, the market of commercial solutions for lovsdéic value gasesefy biogas, syngas)
is constantly growing [5].

In this study the experimental investigation ofrfdypes of energy crops gasification
was carried out. Compositions of gases obtainethgluhe experimental study were used
for thermodynamic and economic analysis of CHPesyswith gas piston engine.

Feedstock and apparatus

Four types of energy crops were gasifieMiscanthus x giganteus, Sda
hermaphrodita, Spartina pectinata andPanicum virgatum. Picture of the feedstock samples
is presented in Figure 1. Main properties of thelistd plants are presented in Table 1.

Table 1
Properties of the analyzed energy crops (dry basis)
Unit Mig:anthusx Sida _ P_anicum Spa_rtina
giganteus hermaphrodita virgatum pectinata
C [%] 46.6 44.8 45 45.8
H [%] 7.16 7.4 6.9 7.28
N [%] 0.16 0.37 0.55 0.26
S [%] 1.35 1.4 1.43 1.45
0] [%] 44.73 46.03 46.12 45.21
] [ppm] 417.4 98.3 343.4 174.4
Pb [ppm] 35 56.84 88.96 92.66
Cd [ppm] 1.55 5.2 1.34 1.25
Zn [ppm] 83.28 146.5 1224 147.7
Ash [%] 1.36 2.6 3.23 3.24
Volatiles [%] 75.4 78.8 78.1 77.5
Moisture [%] 7.6 9 8.5 8
LHVyio [MJ/kg] 19.45 19 18.35 19.29

Fig. 1. Samples of gasified energy crops
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The experimental study was conducted using laboratale fixed-bed gasification
facility. The scheme of the installation is showrFigure 2.

as burner

fuel container gas to analysis

gasifier

drop separator

scrubber

PRRER

thermoelement //

= DA

flowmeter/

pressure fan

Fig. 2. Scheme of the gasification installation

The main part of the system is a fixed-bed gasifigh the maximum weight of the
feedstock of 5 kg. The gasified material was few ithe reactor form the fuel container
above. Gasification agent (air) was fed from thé&tdo by pressure fan. Air flowmeter
allows to set the desirable air excess ratio ingasifier. Produced gas passes basic gas
cleaning equipment and the sample to analysikentalhe internal temperature profile in
the reactor is measured by six thermoelementsddaalbng the vertical axis of the reactor.

There are four main zones in the reactor: dryingez(water is evaporated), pyrolysis
zone (thermal decomposition to volatiles and salidr), reduction zone (where main
combustible gas components are produced) and cadimbusone (where part of the
biomass is combusted to generate heat for endoithesactions).

Gasification process was carried out for six aicess ratios: 0.12, 0.14, 0.16, 0.18,
0.23, 0.27.

Results of experimental investigation

Figure 3 shows the dependence of lower heatingesaltHV) on air excess ratio in
reactor during the gasification. Gas with the highé{V, 3.68 MJ/ni,, was produced using
Miscanthus x giganteus. It can be seen that for particular type of biosnéere is a certain
range of the lower heating value of the syngas taait be obtained in the gasification
process. Also, there is an optimal air excess fatigtudied energy crops gasification (the
highestLHV). It is caused by the best thermal conditionsendothermic reactions that
result in CO, CHand H.

The lower heating value depends on the amount wiestible gases in the syngas.
The main combustible gas in the syngases is caskiole. Figure 4 shows molar fraction of
the main components of the gases for the optimurexaiess ratia = 0.18, but the relation
between the amount of particular compounds waslainfior the air ratios used in the
experiment. Also, minor differences in the gas cosijions are related to minor
differences in biomass composition. Analyzing tiggire it can be confirmed that the gas
with the highest.HV consists of the highest amount of CO and,.CH
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Temperature in the gasifier is an important pareamethich allows to define where
the particular zones of gasifier are. Figure 5 shotlwe temperature profile in the reactor
(4 = 0.18). Despite the biomass type, the higheapé&zature is about 110 mm above the
grate where the oxidation zone is located. Thisezgenerates heat for the drying,
devolatilization and endothermic gasification réats.

Energetic analysis of the CHP system with gas pisteengine

Calculations of CHP unit were based on the gas oaitipns delivered by the
experimental investigation. Gas compositions witle tighestLHV for each type of
biomass were used.

Most manufacturers of gas piston engines for CHRResys does not provide detailed
information about engines parameters fuelled witbraative fuelseg low-calorific value
gases. Common way is to use the indicators desngrithie relative change in the engine
parameters. For the purpose of the analysis, tthedtors were adopted following [5] and
defined by equations (1) and (2). The indicatoesratios of the parameter with alternative
fuel to the parameter with nominal fuel. The indicaof the relative change in the
electricity generation efficiency was defined as:

Nel
c, = — 1
by 1)
The indicator of the relative change in exhausttgagperature was defined as:
T.
Cry, = Ts—f 2

sp

The superscript “*” refers to the values of chaesistics of the engine operating at
nominal conditions.

For the calculations the following values of theligators was assumed, = 0.909,
cr,, = 0.979 [5].

The database of the engines available on the Paiggket (with electric power under
2.2 MW) was created. The transition functions thdow to estimate the electricity
generation efficiency and the exhaust gas temperais a function of nominal electric
power were made. The functions are described bgdnations:

Ty, = 618.07 - N3, % (3)
ni = 0.2967 - N °0*°® (4)

For all types of syngases, thermal efficiency & émgine was calculated. The thermal
efficiency describes the potential of generatingfuisheat. Heat produced within gas piston
engine can be classified into two groups: high- lamdtemperature heat. Low-temperature
heat is obtained from the engine body and intesroobf the turbocharger.
High-temperature heat is generated in the heatasgdr powered with exhaust gases.
It was assumed that the efficiency of low-tempemtweat generation is the same as with
the nominal fuel.

To determine the high-temperature generation efiicy, it is necessary to calculate
the amount of heat obtained from the heat-exchawb@h is expressed by the following
formula:
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Qn = msp "Nhe * (haz — hs3) (5)
The efficiency of the heat exchanger,) in equation (5) was assumed at 98%.
Calculations of the enthalpy for semi-deal gasaatts 32 and 33 require the knowledge of
the exhaust gas composition and its temperaturkalst gas temperature was calculated
using equations (2) and (3). Exhaust gas compaositomes from stoichiometric
calculations wherein the following assumptions werade: combustion is complete, air
excess ratio i$ = 1.5 and the fuel is syngas with the highgsV for each type of biomass.
Temperature of the exhaust gas leaving the he&ibexer was assumed at 120°C.
For the annual biomass consumption the gasificagiffitiency was needed. Cold
gasification efficiency was defined as follows:
_ Eehpeve _ mucveLHVicva
Mece = Echy,  TioLHVpio 6)
Assuming the cold gasification efficiency at 60%e tmass stream of used biomass
was calculated.
The overall performance of the CHP system integratih biomass gasification is
characterized by several indices:
- Energy Utilization FactoEUF:

EUF = Net? )
EChb
- Cogeneration index:
= Net
o= ®
- Primary Energy Saving inde3eS;
1
PES = (1 - W) - 100% (9)
NMrefe Mrefc
- Energy Replacement Ind&RI [6]:
ERl = 2 Tel g Tel (10)
NEk Nelref

According to the methodology described earlierfrifmynamic analysis for CHP unit
with electric powerNyg = 500 kW and electricity generation efficiengy, = 38% was
made. Results of the analysis are presented ireTabl

Table 2
The results of energetic analysis for CHP systeegnated with biomass gasification
" . Miscanthus Sida Spartina Panicum
Quantity Unit X giganteus | hermaphrodita | pectinata virgatum
Q [kW] 658 711 697 711
g [%] 0.5 0.54 0.53 0.54
LHVy [MJ/m®] 3.679 2.838 3.000 2.769
LHVhio [MJ/kg] 19.45 19 19.29 18.35
EUF [%] 53 55 55 55
PES [%] 42 43 43 43
ERI [GJIGJid] 0.84 0.91 0.89 0.91
o [ 0.76 0.70 0.72 0.70
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The results of calculations match the data avalablthe literature [4, 7]. Systems
fuelled with gases obtained froBida hermaphrodita and Panicum virgatum present the
highest value of thermal efficiency (54%) what effe in the highest value of the
ERI = 0.91 GJ/Gy},. TheEUF andPES index are similar for most energy crops, the only
exception is system fuelled witHliscanthus x giganteus syngas, with the indices lower by
2 and 1 percentage point respectively. The samteraypresents the highest value of
cogeneration index = 0.76.

Methodology of economic efficiency analysis

One of the commonly used indicators of economiiefficy is a Net Present Value
(NPV) described by the following formula [8]:
= CF,
NPV = X020 e (11)
The NPV depends on the net cash flo@H), the discount rater and the number of
working yearstf). The net cash flow can be determined as:

CF, =[] +5 = (Kop + Pa+ Kopr) + A+ L], (12)

wherelJ is the investment cosgis the value of sold production (electricity areht),Ko, is
the operating costPy is the income taxKy, is the change of working capital (not
considered in this work} is the amortization, is the salvage value of the company [10].
Using theNPV as an indicator of economic efficiency allows &dcclate a Break Even
Point [8], which, for the purpose of this analysis be defined as the minimum price of the

electricity (3F) or the maximum price of the bioma#$§), from the condition:
NPV =0 (13)

Investment cost formulas were adopted from [7]. aldhvestment cost of the
installation consists of the gasification systerasffier with the gas cleaning unit) cost and
the CHP system cost. Unit investment cost of thefigation system, expressed in €/kW,
can be estimated using following equation:

iy = —59.72 ln(Echb) + 895.95 (14)
and the unit CHP system cost, expressed in €/ld&n be described by the equation;
iy = —144.80In(N;;) + 1802.87 (15)

The unit cost of biomass was assumed to be 246 iiMhich can also be expressed
in PLN for gigajoule of chemical energyMiscanthus x giganteus 12.65, Sda
hermaphrodita 12.95,artina pectinata 12.75,Panicum virgatum 13.41. The delivery cost
for 100 km transportation distance was assumee 20b€.

Table 3
Fuel annual consumption for all energy crops

. . Miscanthus x Sida Spartina | Panicum

Quantity Unit giganteus | hermaphrodita | pectinata | virgatum

Syngas annua g 7,725,000 10,014,000 9,474,0p00,264,000
consumption

Biomass annual |\, 2,435 2,493 2,456 2,581
consumption
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Table 3 shows the biomass annual consumption, Talleows selected assumptions
for economic analysis of all types of studied bisma

Table 4
Selected assumptions for the economic analysis
Specification Unit Value
Annual working time [h] 6,000
Exploitation time [years] 15
Construction time [years] 1
Share of own resources [%] 35
Share of commercial credit [%] 65
Commercial credit rate [%] 6
Payback time of the commercial credit [years] 7
Income tax rate [%] 19
Discount rate " [%] 5
Depreciation rate [%] 6.67
Investment cost [PLN] 5,776,000
Gasification system [€/kW] 436
CHP system [€/K\W] 903
Exchange rate [PLN/€] 4.1
Number of employees [pers.] 2
Monthly salary including related cost [PLN/pers./m] 4,000
Cost of using the CHP system (% of the investmest)c [%] 1
Unit cost of repair (% of the investment cost) [%] 2
Unit cost of water [PLN/GJ] 0.13
Unit cost of sewage treatment [PLN/GJ] 0.02
Unit price of the sale of useful heat [PLN/GJ] 30
Unit price of the sale of electricity [PLN/MWHh] 160
Green certificate price [PLN/MWHh] 114
Yellow certificate price [PLN/MWHh] 115

Results of economic efficiency analysis

According to methodology described earlier the eoaic analysis of the CHP system
with gas piston engine integrated with biomassfigasion was made. Figure 6 shows the
values of the Net Present Value for all system#ddewith all types of produced gas which
did not reach positive values. Given the assumpfitire smallest loss after fifteen years of
operation was achieved for the installation fuellgth Spartina pectinata. However, there
is an important element which may strongly influertkese calculations. In this work, the
gas cleaning unit was considered as a part of #séication system and the investment
cost was calculated with the unit cost method. Syst have different annual gas
consumptions which may strongly influence the itwesnt and operating costs of the gas
purification installation.

Results of the Break Even Point calculations aesgmted in Tables 5 and 6. Break
even price of electricity represents the minimuricerof the product that prevents the
investment from being unprofitable (which relatésoao the break even price of biomass
as the maximum price of fuel).

The economic viability of such systems is stronigijuenced by economic and legal
environment. The sensitivity analysis of selectedameters on the break even price of
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electricity was carried out. The following paramsteere selected for the analysis: annual

operating time of the system),( price of the fuel K,), price of the green certificates

(Keert). The parameters varied in the range of —20 tds-28lative to the values assumed in
previous calculations. Results of the sensitivitalgisis are presented in Figure 7. Figure 7
was drawn forSpartina pectinata but the same dependencies were noticed for the

remaining energy crops.
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Z-1.50 1 -1.50 -1.46
-1.65
2.00 -1.79
Miscanthus x Sida Spartina Panicum
giganteus hermaphrodita pectinata virgatum
Fig. 6. The values of thdPV indicator for studied cases
Table 5
Break even price of electricity
. . Miscanthus x Sida Spartina Panicum
Quantity Unit giganteus hermaphrodita pectinata virgatum
kBE [PLN/MWHh] 221.82 216.22 214.83 226.88
Table 6
Break even cost of biomass
. : Miscanthus x Sida Spartina Panicum
Quantity Unit giganteus hermaphrodita pectinata virgatum
kBE [PLN/GJ] 9.12 9.74 9.63 9.59
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Fig. 7. Results of the sensitivity analysis for @dP unit fueled with th&partina pectinata syngas
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The analysis shows that the most influential fagdomnnual working time. It was
assumed that the installation operates 6,000 royear because of the limited availability
of an innovative technology. Break even price @fceicity decreased by 24.4 percentage
points when the operating time was extended to(7}20urs. Change of the price the
biomass influenced the change bff in the range of +20.8%. Change of the price of the
green certificates caused the changé&#f in the range of +10.6%.

Conclusions

Utilization of energy crops gasification gas awual ffor CHP system with gas piston
engine analysis was carried out. The influenceradxcess ratio on the lower heating value
was investigated. The results shows there are aptionditions of the gasification process
- in this case the amount of the gasification agEat all types of biomass, the maximum
value of theLHV was achieved fot = 0.18. The theoretical part of the work consigtthe
energetic effectiveness indices calculations ofGhH® unit and its economic analysis. The
thermodynamic calculations were focused on deténgithe streams of electricity and
useful heat produced in the system and the anrarsduenption of the biomass. These
guantities allow to carry out the economic analysisne of the presented system reach the
positive value of thé&\PV. However, it was assumed that the systems opéra@® hours
per year as the CHP unit integrated with biomassfigation is an innovative technology
and it is not validated in many real facilities. éTkensitivity analysis shows that annual
operating time is very important factor of changihg values of economic indices. The
advantage of the energy crops utilization is theyt@emediation process. The
environmental aspects of such technology may peosighport mechanisms that will have
strong impact on the economic effectiveness.
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ROSLINY ENERGETYCZNE JAKO LOKALNY NO SNIK ENERGII

Instytut Maszyn i Urgdzeh Energetycznych, PQIitechniI&hqska, Gliwice
2 Instytut Techniki Cieplnej, Politechnikiaska, Gliwice

Abstrakt: Przeprowadzono badania eksperymentalne wieloletrmidin energetycznych (miskanta olbrzymiego,
slazowca pensylwiskiego, spartyny preriowej, prosa rézgowatego) adazslono wplyw stosunku nadmiaru
powietrza w reaktorze na waftoopatows gazu palnego. Wykorzystano reaktor dolagoivy ze zigem statym.
Najwyzsz wartags¢ opatows gazu uzyskano dla = 0,18 niezalenie od rodzaju biomasy. Sktady otrzymanych
gazow postiayty do obliczeér termodynamicznych i ekonomicznych uktadu kogengrego z gazowym silnikiem
tlokowym. Wyznaczono wskaiki efektywndgci energetycznej uktadu CHP oraz szereg danychciegyych do
analizy ekonomicznej. Rachunek ekonomiczny przepdaeno w oparciu 0 metodvartaici zaktualizowanej
netto. Dla zalgen przyjetych w obliczeniach dla uktadéw zasilanych wielbleti roslinami energetycznymi nie
uzyskano dodatnich wat wskanika NPV. Wyznaczono graniczne ceny sprzadanergii elektrycznej oraz
graniczne ceny pozyskania biomasy z waruNRY = 0. Efektywné¢ ekonomiczna instalacji zasilanych biomas
silnie zaley od otoczenia ekonomiczno-prawnego, dlatego paegdzono analizy wediwosci granicznej ceny
sprzeday energii elektrycznej ze wzglu na czas pracy instalacji, koszt pozyskania atmaz ceg zielonych
certyfikatow.

Stowa kluczowe:biomasa, zgazowanie, kogeneracjalimg energetyczne, gazowy silnik ttokowy






