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Agnieszka CHMIELEWSKA', Marcin K. WIDOMSKI>,
Anna MUSZ?, Grzegorz LAGOD* and Wojciech MAZUREK®

QUANTITATIVE AND QUALITATIVE
NUMERICAL ANALYSIS OF OPERATIONAL CONDITIONS
OF STORM WATER SYSTEM

ILOSCIOWA 1 JAKOSCIOWA ANALIZA NUMERYCZNA
FUNKCJONOWANIA SIECI KANALIZACJI DESZCZOWEJ

Abstract: Operation of storm water systems in urbanized catchments, affected by increased size of drainaged
area and its relative surface sealing, significant variability of rainfall events and increased usage of transport
vehicles is connected to changes of sewage flow, pollutants concentrations and loads entering the sewage
receiver. Thus, the application of numerical modeling to multi-variant analyses of storm water systems
operation and its influence on the natural environment is reasonable and becomes a standard procedure
nowadays. This paper presents the numerical modeling application to quantitative and qualitative analysis of
storm-water sewer system in conditions of the selected urbanized area in the town of population reaching
40 000. The US EPA’s (United States Environmental Protection Agency) software SWMM 5 was applied to
our studies. Three different rainfall events of various time and intensity were applied to our research. The
presented analysis was based on sewage flow velocity, wastewater table height in the pipelines and the load of
pollutants leaving the sewerage system. The sewage flooding from several chambers was observed. Our
studies reveals also the fact that the studied system is partially undersized and the observed concentration of
TSS entering the receiver exceeds the maximum value allowable by the local standards. According to the
lacking model calibration, our observations should be treated as the preliminary studies.

Keywords: storm sewer, numerical modeling, quantitative analysis, qualitative analysis

Operation of the municipal storm water systems, in accordance to variable rainfall
events, possible increase and development of urbanized area, changes in sealing of
drainaged surfaces and increased usage of road transportation vehicles may result in
variable hydraulic conditions of sewage flow and pollutants concentrations and loads
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entering the sewage receiver. Additionally, periodical and temporal gathering of water
in various types of manholes, in some cases resulting in flooding, may appear.
Possibility of periodical flooding of drainaged areas should be certainly treated as costly
disadvantageous phenomena, seriously affecting the everyday life of municipal settle-
ment. Increase of concentrations and loads of pollutants transported by storm sewage
may deteriorate the quality of water in the storm wastewater receiver [1-4].

Storm wastewaters, as it was frequently reported in literature, according to type and
manner of drainaged urbanized area usage contain significant concentrations of
pollutants eg: total suspended solids (TSS), chemical oxygen demand (COD), bio-
chemical oxygen demand (BOD), total nitrogen (TN), total phosphorus (TP), heavy
metals and oil derivatives [5—7]. As a result, according to European Water Frame
Directive [8], in many European countries, the application of storm water drainage
directly discharging untreated storm wastewaters into surface receivers, ie, usually
rivers, is being limited in favour of solutions based on collection and treatment of storm
sewage in location of their generation [9, 10]. Hence, the analysis of the influence of
storm sewage discharge on receiver’s water quality seems to be requisitive.

Management of the complex storm water systems for different rainfall events and
various possible manners of network development for basins of variable degree of
sealing may be supported by numerical modeling. One of the most popular models
applied in multivariate calculations is SWMM 5 (Storm Water Management Model)
developed and supported by United States Environmental Protection Agency (US EPA).
This model allows the dynamic quantitative and qualitative calculations of storm water
network operation — the quality of offered calculations were repeatedly positively
verified [4, 11, 12].

Presented studies focused on quantitative and qualitative analysis of storm water
sewer system operation for the city of Swidnik, Poland. Our researches were based on
numerical calculations performed by SWMM 5. Flow velocity of storm wastewater,
storm water table height in links and nodes of the system, possible flooding as well as
concentrations and loads of TSS, TN and TP at discharge location were selected as
factors of our analyses.

Materials and methods

The considered urbanized catchment of area 2.47 km? covered the municipal system
of storm water drainage the town of Swidnik, Poland. The total length of storm water
system reached the value of approx. 48 km, the network is constructed of concrete pipes
of diameters from DN 200 to DN 1600. Storm wastewaters are delivered directly to
melioration drainage open ditch and then transported to the Stawek-Stoki river.

Numerical modeling of studied storm water network operation were performed by
SWMM 5 [13]. The developed numerical model of existing network, based on
documentation accessed by system operator, is consisting of 500 subcatchments, 473
nodes, 476 links and a sewage receiver. Geometrical characteristics of the existing
system and hydraulic parameters of pipes were read from the map and assumed basing
on the SWMM 5 documentation [14]. The described model was presented in Fig. 1.
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Fig. 1. Scheme of modeled basin
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Our numerical calculations were conducted for three different rainfall events (various
time duration and intensity of rain). The characteristics of applied rainfall events were
obtained from the local weather station in Felin, district of Lublin, Poland, approx. 3.0
km from the Swidnik city limits.

Unit runoff for rain No. I of duration # = 15 h was assumed as 2.67 dm’ - s - ha_l,
rainfall event No. IT # = 15 h 4.33 dm’ - 57" - ha_l, and event No. III 7 = 4 h 1847
dm® - s - ha'. The precise information about rainfall events assumed to the numerical
calculations are presented in Table 1 while its time-varied distribution is shown in Fig. 2.

Table 1
Characteristics of applied rainfall events
Rainfall characteristics Rain No. I Rain No. II Rain No. III
Rainfall event time duration [h] 15 15 4
Total rainfall height [mm] 14.40 23.40 26.60
Mean rainfall intensity [mm - h™'] 0.96 1.56 6.65
Unit runoff [dm® - s - ha™'] 2.67 433 18.47

Qualitative numerical calculations were based on implemented in SWMM 5
equations of pollutants buildup and washoff on the basin surface. The exponential
model of pollutant buildup and event mean concentration (EMC) model of pollutant
washoff were selected [13, 14]. Input data were applied according to literature studies
for three various types of land use (residential, undeveloped and transportation)
distinguished in the studied catchment [5, 15, 16].

Rainfall event No. | Rainfall event No. Il Rainfall event No. IlI
4.0 9.0 20.0 1
_ 35 _ 80 T _ 180
E 30 A E 7.0 £ 16.0 n
e £ n E 140
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Fig. 2. Time-varied intensity of rainfall events applied to numerical calculations

Event mean concentration is a flow-weighted average value of selected pollutant
concentration for a studied rainfall event. Definition of EMC may be described as
follows [17]:

EMC I

ZQ:’

where: C; — concentration of studied pollutant,
0O; — storm water volumetric flow rate.



Quantitative and Qualitative Numerical Analysis of Operational Conditions... 1401

The input data set for TSS, TP and TN transport modeling was based on literature
studies [5, 15, 18-22].

The presented numerical model of storm water network in Swidnik, Poland requires
further empirical calibration based on multiple in sifu measurements of qualitative and
quantitative characteristics of studied system.

Table 2

Models and input data applied to TSS, TP and TN modeling

Type of data Pollutant buildup Pollutant washoff
C,t _ C,
B=C(l-¢?) W=GC-0
B —pollutant buildup [mg - m ?] W — concentration of pollutant
C; — maximum buildup possible in surface runoff
Model of pollutant [mg-m™] C; — washoff coefficient, equal
C, — buildup rate constant [d '] to EMC [-]
t  —time [d] C4 —exponent, C; =1 [-]
O - surface runoff flow rate
[dm®-s™]
C;=50[mg - m’z] _
TSS G:=03[d ] TSS |EMC=119.5[-]
Residential Co-pollutant to TSS _
area i 58 mg TP per kg TSS L EMC=047[-]
Co-pollutant to TSS _
™ 550 mg TN per kg TSS N | EMC=201T]
C; =100 [mg - m™] _
TSS G=03[d ] TSS |EMC=206.5 [-]
Applied| Undeveloped Co-pollutant to TSS _
values area i 60 mg TP per kg TSS b EMC=028[]
Co-pollutant to TSS _
™ 420 mg TN per kg TSS ™ EMC=246-]
C,=70[mg - m?] _ :
TSS G=03[d ] TSS |EMC=89.0[-]
Transportation Co-pollutant to TSS _
area P 26 mg TP per kg TSS TP |EMC=0.39T]
Co-pollutant to TSS _
TN 1430 mg TN per kg TSS N EMC=2461-]

Results and discussion

The results of our calculations were presented in Figs. 3-9 and in Table 3. Our
calculations showed that for all the cases studied, the velocity triggering self-purifica-
tion of storm water pipelines is achieved in the significant number of pipes — from
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Fig. 7. TP concentration on subcatchments surface and in storm water pipelines
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Fig. 8. TN concentration on subcatchments surface and in storm water pipelines
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approx. 60 % for the rain No. I (Fig. 3) to the over 80 % for the most intensive rainfall
No. IIT (Fig. 5).

Figure 3 shows the case of rainfall event of the lowest height and intensity for which
the velocity of flow below 0.3 m - s~ were noted in 14.1 % of pipelines and between
0.3-0.6 m - s ' in 19.3 %. The modeled flow velocity above 0.6 m - s~ was achieved in
66.6 % of pipelines.

The light improvement of hydraulic conditions of flow was observed in case of
rainfall event No II. The velocity of flow below 0.3 m - s”' was observed in 13 %
pipelines and between 0.3-0.6 m - s in 14.7 % of pipes.

The best conditions of flow were observed in case of the extreme rainfall event
No. III. The velocity of flow below 0.3 m - s was observed in 4 % pipelines and
between 0.3-0.6 m - s in 10.5 % of pipes. However, the extensive modeled flooding
from 34 chambers was noted in case of rain No. III (see Fig. 3). Flooding for the others
applied rainfall events was of lesser significance, it appeared only in one and three
chambers for rain No. I and No. II, respectively.

Table 3
Results of quantitative and qualitative calculations for studied storm water network
Results Unit Rain No. I Rain No. IT | Rain No. IIT

Flow velocity [m - s '] < 0.3 [%] 16.60 11.14 6.30
Flow velocity [m - s™']> 0.6 [%] 59.66 77.31 78.99
Number of chambers endangered by flooding [-] 1 3 34

TSS max concentration [mg - dm™] 142.16 149.98 128.18

TP max concentration [mg - dm™] 0.41 0.42 0.51

TN max concentration [mg - dm™] 2.37 2.42 2.94

Results of our qualitative calculations presented in Fig. 6, 7 and 8 showed that, the
maximum observed TSS concentration, reaching the value close to 150 mg - dm™
exceeds the values allowable by Polish standards (100 mg - dm™) [23]. The graphical
presentation of time dependant changes of TSS, TP and TN loads is shown in Fig. 3. It’s
clearly visible, that time-varying loads of tested pollutants reflect, to some extent, the
shape of rainfall events intensity curves. Changes in shape are caused by the time delay
from the moment in which rain achieves drainages surfaces, enters storm water network
and finally, reaches its outflow.

TP loads TP loads TP loads

9000

500 000
450 000 — — RainNo. | 1400 e —RainNo.| |{ 8000 — Rain No. |
400 000 :' |-~ Rain No. Il 1200 1 == RainNo. Il || 7000 ‘— - Rain No. Il
£ 350000 o Lo Rain No. M =~ 0 ' Rain No. ]| = 6000 4| Rain No. Il
«» 300 000 tt » T »
. i 7 i 5000
& 250 000 - & 800 b 2 4000 ]
£ 200000 5 £ 600 Y £ N
& 150 000 A o e \A o 3000 o
= - \ = L = [ ’\"
[ 400 5 .
i 73 Ton 2000 3
100 000 PR BV 200 Ja JAL ) 1000 o\
L N 4 T
50003 TN ) TN Y o PN Ty
2 9 9 2 9 9 9 9o 9 o 9 29 9 2 9 9 9 9 o 9 2 9 9 9 9 9 o
2 2 9 o o o o 9o 9 e 2 2 2 9 o o o o 2 9 9 2 o o o o o
G B 08 B B B W B O 6 8 B B B W B W B 6 8 B B O W B W B
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Fig. 9. Time-varying TSS, TP and TN loads at the outflow of modeled system
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The exceeding of allowable concentration for calculated values of TTS along the
main pipeline during the time of maximum network load for the rainfall event No III is
clearly visible in Fig. 6.

The calculated TSS, TP and TN maximum concentrations for all applied rainfall
events are in good agreement with values presented in literature reports [5, 17, 20, 21,
24], including EMC (Event Mean Concentration) values for various low and medium
density urban catchments compiled by Park et al [12].

Summary

Our studies proved suitability of numerical modeling application to quantitative and
qualitative analysis of storm water network development in conditions of Swidnik city,
Poland. The obtained results show the satisfactory hydraulic conditions of storm
wastewater flow in the clear majority of pipelines for every tested rainfall. But we
observed also the insufficient capability of the modeled network in sewage disposal for
the rain of the highest intensity. As the result, the intensive flooding significantly
disturbing the life of urbanized community was observed. The excess of acceptable by
actual local standards concentration of TSS along significant part of pipelines and in
storm water discharged to the receiver was observed for the each studied variant of
numerical calculations. The calculated concentrations and loads of TN and TP reflects
the modeled changes of TSS concentration, according to the assumption of assigning
TN and TP as the co-pollutants of TSS, which, reflects the fact of high absorptive
surface of suspended soils accumulating various adsorbents. We consider further studies
focused on assessment of retention tank application as location of introductory
wastewater treatment, also by decrease of storm water flow rate, allowing to reduce the
loads of pollutants entering the receiver. Additionally, we plan to perform the
monitoring of exiting storm water system allowing the future model calibration.
According to the lack of model calibration the presented researches should be treated as
preliminary studies.
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ILOSCIOWA I JAKOSCIOWA ANALIZA NUMERYCZNA FUNKCJONOWANIA
SIECI KANALIZACJI DESZCZOWEJ

! Wydzial Inzynierii Srodowiska, Politechnika Lubelska
% Instytut Agrofizyki Polskiej Akademii Nauk w Lublinie

Abstrakt: Funkcjonowanie miejskich systemow kanalizacji deszczowej, na ktore wplywa wzrost powierzchni
odwadnianej, zmienno$¢ opadéw, zmiana stopnia uszczelnienia odwadnianych powierzchni oraz wzrost
wykorzystywania transportu kotowego, zwiazane jest z cigglymi zmianami w przeplywie scickow, a takze
stezeniach 1 tadunkach zanieczyszczen trafiajacych do odbiornika. Dlatego tez standardem staje si¢ wyko-
rzystywanie modelowania numerycznego w wielowariantowej analizie warunkow pracy oraz oddziatywania
na $rodowisko kanalizacji deszczowej. W pracy przedstawiono probe zastosowania modelowania nume-
rycznego do ilosciowej i jakosciowej analizy warunkéw pracy kanalizacji deszczowej dla miejskiej jednostki
osadniczej o liczbie mieszkancow wynoszacej 40 000 osob. Model sieci kanalizacji deszczowej rozpatry-
wanego miasta wykonano w programie SWMMS5 opracowanym przez USEPA (United States Environmental
Protection Agency). W badaniach modelowych wykorzystano trzy opady atmosferyczne charakteryzujace si¢
rézna intensywnoscia oraz czasem trwania opadu. Przedstawiona analiza zostata oparta na predkosciach
przeptywu $ciekdéw, mozliwosci wyptywu podpigtrzonych w studzienkach $ciekéw na powierzchnie terenu
oraz tadunkach transportowanych zanieczyszczen. Przeprowadzone badania wykazaty mozliwos¢ wyptywu
Sciekow ze studzienek potaczeniowych lub rewizyjnych na powierzchni¢ odwadnianego terenu wynikajace
z czg$ciowego niedowymiarowania badanego uktadu kanalizacyjnego. Odnotowano takze przekroczenie
aktualnych wartosci dopuszczalnych stgzenia zawiesiny ogoélnej we wszystkich analizowanych wariantach
obliczen symulacyjnych. Ze wzgledu na brak kalibracji modelu otrzymane wyniki nalezy traktowac jako
wyniki badan wstepnych.

Stowa kluczowe: kanalizacja deszczowa, modelowanie numeryczne, analiza ilosciowa, analiza jako$ciowa
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Abstract: Copper and zinc cations sorption kinetics by water plants Elodea canadensis L. and Ceratophyllum
demersum L. was studied under laboratory conditions. The research was carried out under static conditions —
at constant concentration and volume of the solution. The influence of the biomass preparation method on its
sorption capacity was assessed. The model of pseudo-second-order reactions was applied in description of the
heavy metals sorption kinetics. It was established that the dynamic equilibrium between the solution and
biosorbent is achieved after approximately 50 minutes into the process, and that the applied preparation
method of the plant biomass had a considerable influence on heavy metals sorption kinetics. The biomass
Elodea canadensis L., dried and conditioned in demineralised water, showed the best sorption qualities. The
carried out research results also show that Elodea canadensis L. and Ceratophyllum demersum L. are capable
of sorbing a large part of heavy metal cations present in the solution, which allows for their use in water and
effluent phytoremediation and in biomonitoring studies of aquatic ecosystems. In the experiment conditions,
maximum 90 % cations of copper and 98 % of zinc were sorbed from the solution with Elodea canadensis L.

Keywords: water plants, heavy metals, sorption kinetics, model of pseudo-second-order reaction

Water plants (macrophytes) are a diverse group of organisms, which are difficult to
define due to the links of the higher and lower water plants with the transient forms of
land plants. One of the definitions assumes that macrophytes are the group of plants,
which include vascular plants, water moss and algae generating macroscopic thallus. In
Poland, the group of water plants includes all chara (Charophyta), some mosses
(Bryophyta), a few ferns (Pteridophyta) and a small group of spermatophytes (Sper-
matophyta) [1-3].
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The research on the possibility of using certain species of water plants in
phytoremediation processes of water and effluent polluted by heavy metals has been
carried out for many years, as well as the biomonitoring research of water ecosystems.
The studies asses their accumulation properties, resistance to high concentrations of pol-
lution and the possibility of their repeated use in the processes of waters and sewage
treatment. The research focuses mainly on the kinetics and equilibrium of the sorption
process, interrelations between the concentration of pollution accumulated in plants and
their environment as well as the influence of biotic and abiotic factors on these
processes.

The pseudo-second-order reaction model is most frequently applied to describe the
parameters of heavy metals sorption kinetics in biomass [4—6]. The studies of kinetics
allow to define the constant reaction rate which, in turn, allows to assess sorption
efficiency as a function of time. The Langmuir isotherm model is most frequently
applied to describe the equilibrium parameters. The research authors emphasised good
matching of this model to the obtained experiment data [4, 7].

The carried out research frequently focuses on defining the sorption capacity of
specific types of macrophytes. The available data in literature show large differences
in sorption characteristics between different species of water plants or within the
same species. It may be caused by different research conditions or failure to consider
all the factors, which influence the sorption processes [8, 9]. The most frequently
studied species of water plants include: Myriophyllum spicatum L., Lemna minor L.,
Elodea canadensis L., Ceratophyllum demersum L. and the macrophytes of Pota-
mogeton species [10-14]. The results of biomonitoring research, with the use of
the above mentioned water plants species, show good correlation between con-
centrations of the pollution accumulated in plants and the environment, in which they
live [15-17].

Two species of water plants present in Poland have been used in the research
presented in this article. One of them is Ceratophyllum demersum L. (rigid hornwort).
This is a common plant living in the Polish lowlands and uplands. It grows in stagnant
and slowly flowing waters. It can be found both in large bodies of water and small
ponds or water holes. It lives most often in degraded euthropic reservoirs with alkaline
reaction. Another macrophyte species used for the research is Elodea canadensis L.
(Canadian waterweed). The plant originates from North America and it spread
throughout most European continent, including Poland. It is a very expansive type of
plant, present in various aquatic ecosystems: ponds, lakes, deeper ditches and slowly
flowing rivers. It can be most frequently found in waters with medium fertility, which
can be described as mesotrophic or sometimes eutrophic [18-20].

The objective of the carried out research was to asses the parameters of copper and
zinc cations sorption kinetics by the prepared biomass Elodea canadensis L. and
Ceratophyllum demersum L. The results can be used to determine a method for
assessment of pollution of aquatic ecosystems by heavy metals and during planning of
water and effluent remediation processes with the use of biomass.
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Materials and methods

Water plants Ceratophyllum demersum L. obtained from a not much polluted water
reservoir, previously a gravel and sand pit in the outskirts of Opole (PL), were used in
the study. The plant Elodea canadensis L. was taken from the rivulet Czarnka, also
flowing within the borders of Opole town. The water plants samples were cleaned from
mechanical impurities and rinsed in demineralised water (conductivity k = 1.0 uS/cm).
The research was carried out with cleaned live plant samples and the biomass, which
was dried at the temperature of 323 K. The dried biomass was stored in tightly sealed
polyethylene containers.

The analysis and results interpretation method

The macrophyte samples with the mass of 0.5 g d.m. (d.m. — dry mass). were placed
in a perforated container of approximately 15 cm’ volume and immersed in a 200 cm® of
copper sulfate or zinc sulfate solution. Prior to the experiment, the dried plant biomass
was conditioned in demineralised water for 30 minutes. For comparison, the solutions
from which sorption was carried out, were acidified to pH = 4, using hydrochloric acid.
During the sorption process, the solutions were stirred vigorously with a magnetic
mixer. In order to determine the short-term copper concentrations in the solution by the
AAS method, samples of the solution (approximately 1.0 cm®) were taken during the
process duration, straight from the container in which the sorption process was in
progress. The sorption process was carried out for 50 minutes.

The kinetics was described with the use of the pseudo-second-order reaction model
[21]:

t 1 1

-t (1

* = " * 2 *
CM(s,1) k '(CM(s,l)) CM(s,1)

where: index M means concentration of the sorbed metal in the sorbent (s) after time () and
in equilibrium (1), £ — pseudo-second-order reaction constant rate. The value c*y; 1)
should be treated as the maximum concentration of cations of the analysed metal,
sorbed in water plants, being in equilibrium with the cations present in the solution.

Equipment and reagents

An atomic absorption spectrometer iCE 3500 (series 3000) made by Thermo
Scientific, USA was used to determine heavy metals. The equipment was calibrated
with the use of calibration standards from the company ANALYTIKA Ltd. (CZ). The
value of the highest reference concentration of the copper and zinc solution used for the
calibration, of 5 mg - dm ™ was assumed as the limit of linear dependence between the
signal and the concentration.

The appliance made by Elmetron Sp.j. from Zabrze (PL): a pH meter CP551, which
absolute reading error is o ApH = 0.02, was used to determine pH of the solutions in
which water plants were immersed. MERCK reagents were used to prepare the
solutions.
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Quality control

Table 1 shows heavy metals concentrations, determined in the certified reference
materials as BCR-414 plankton and BCR-482 lichen, prepared by the Institute for
Reference Materials and Measurements, Belgium.

Table 1
Measured and certified values of heavy metals concentration in the BCR 414 plankton
and BCR 482 lichen reference material
BCR 414 plankton BCR 482 lichen

Metal | Certified AAS D* Certified AAS D*
value +Uncertainty (%] value +Uncertainty (%]

[mg/kg d.m.] Mean| #SD | " | [mg/kg d.m.] Mean | +SD | '”°

Cu 29.5 1.3 278 19 | 5.8 7.03 0.19 6.54| 0.18 | 7.0
Zn 112 3 103 4 -8.0 100.6 2.2 939 |25 | -6.7

* Deviation: the relative difference between measured by AAS and certified concentrations in [%].

Results and discussion

The research carried out under static conditions, with constant solution volume and
the sorbent mass, aimed at assessment of the sorption kinetics, depending on the method
of plant biomass preparation.

Figures 1-4 show changes of the concentration of copper and zinc in Ceratophyllum
demersum L. and Elodea canadensis L. [mmol/g d.m.], referred to the concentration of
the analysed metal in the solution, from which the sorption was carried out [mmol/dm?].
The research was carried out with the use of differently prepared biomass. Initial
concentration of metal ¢,;, was stated in the figures description.
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Fig. 1. Changes of copper concentrations in Ceratophyllum demersum L. (cy) referred to copper concentra-

tion in the solution (cs); ccup = 0.016 mmol/dm®
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Fig. 4. Changes of zinc concentrations in Elodea canadensis L. (c)) referred to zinc concentration in the
solution (cg); ¢zn0 = 0.020 mmol/dm*
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When comparing the sorption parameters of the prepared plant biomass of the two
analysed species, it should be stated that Elodea canadensis L. had much better sorption
parameters. Of the two species, the biomass from Elodea canadensis L., dried and
conditioned in demineralised water, showed the best capacity to accumulate cu*,

Whereas in the case of Ceratophyllum demersum L., Cu®" accumulated best in the
biomass dried and conditioned in demineralised water, immersed in the solution with
pH = 4. Special attention should be paid to the dried and conditioned in water biomass
Elodea canadensis L., in which the ratio of the concentration of copper in the plant to
its concentration in the solution is 5 times higher than in biomass Ceratophyllum
demersum L., dried and conditioned in water, immersed in the solution with pH = 4. In
the case of Elodea canadensis L., the equilibrium between the solution and biosorbent
was achieved after approximately 20-30 minutes and, in the case of Ceratophyllum
demersum L., the equilibrium was not achieved after 50 minutes. On the basis of the
carried out research it can be stated that under the conditions, the initial concentration of
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Fig. 5. Changes of the solutions pH during sorption of copper cations on the prepared biomass: a — Elodea
canadensis L., and b — Ceratophyllum demersum L.
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the copper solution (0.018 mmol/dm?®) during the sorption of 0.5 g of the dried and
conditioned biomass Ceratophyllum demersum L. immersed in the solution with
pH = 4, decreased by 64 %; whereas in the case of dried and conditioned in water
biomass Elodea canadensis L., by 90 % (¢, = 0.018 mmol/dm3).

In the case of zinc, the concentration of the sorbed metal versus the final
concentration of the solution with Elodea canadensis L. was over 10 times higher than
in the other plant (the biomasses were dried and conditioned in water). It can be stated
that the initial concentration of the zinc solution (0.018 mmol/dm?) during the sorption
of 0.5 g of the dried and conditioned biomass Ceratophyllum demersum L., decreased
under the conditions by 76 %; whereas in the case of dried and conditioned in water
biomass Elodea canadensis L., by 98 % (c, =0.020 mmol/dm3).

The graphs in Figs. 5 and 6 show pH changes of the solutions during the Zn*" and
cu* sorption process by the prepared biomass Elodea canadensis L. and Cerato-
phyllum demersum L.
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Fig. 6. Changes of the solutions pH during sorption of zinc cations on the prepared biomass: a — Elodea
canadensis L., and b — Ceratophyllum demersum L.
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It results from the graphs shown in Figs. 5 and 6, that the process of sorption of cu*
and Zn”" ions on the prepared water plants biomass, is accompanied by the sorption of
H" ions. During the sorption of the analysed heavy metals, pH of the solutions increased
in all analysed cases to the level within the values of 6.0-7.0.

The graphs in Figs 7-10 show kinetics of the sorption of copper and zinc cations,
described by a pseudo-second-order equation (relation 1).

The presented graphs do not show the first 10 minutes of the sorption process
because the kinetics changes are not linear. A similar phenomenon can be noticed in the
case of copper cations sorption by alga Palmaria palmata. This is probably the result of
the parallel sorption of hydrogen cations, which is intense during the first 10 minutes of
the process [22].
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Fig. 7. Kinetics of the sorption of copper cations by Elodea canadensis L.
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Fig. 8. Kinetics of the sorption of zinc cations by Elodea canadensis L.
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Fig. 9. Kinetics of the sorption of copper cations by Ceratophyllum demersum L.
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Fig. 10. Kinetics of the sorption of zinc cations by Ceratophyllum demersum L.

Table 2 shows a summary of statistical parameters of slopes of the straight lines
presented in Figs. 7-10 and the calculated values of the constant reaction rate k”
[mmol' - dm’ - s7'].

The data included in the table show the appropriate application of the pseudo-
-second-order model to the description of copper and zinc sorption kinetics by Elodea
canadensis L. and Ceratophyllum demersum L. The standard error of the slope of
the straight line does not exceed 2 %. The standard error of the absolute term is
much higher, within the range from 5 to 70 %. Constant rates of ion exchange described
by the pseudo-second-order reaction model are within the range from 2 to 812
mmol ' - dm® - s'. Due to the considerable uncertainty of the absolute term
determination, these values are approximate.
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Table 2

Statistical parameters of slopes of the straight lines y = a - x + b presented in Figs. 7-10
and the calculated values of the constant reaction rate

Preparation method ‘ a ‘ +SD,, ‘ b ‘ +SD, ‘ R? ‘ k"

COPPER

Elodea canadensis L.

Dried biomass 184.5 3.2 2167 103 0.997 424
Dried and conditioned in water biomass 169.1 1.5 177,0 48,0 0.999 2.70
Sorption from the solutions with pH = 4 161.1 2.0 139,0 66,0 0.998 2.00
Ceratophyllum demersum L.
Dried biomass 305.1 8.8 3856 340 0.996 812
Dried and conditioned in water biomass 213.6 6.1 2254 198 0.994 509
Sorption from thelOsolutions with pH = 4 163.2 3.5 167,0 116 0.996 286
ZINC

Elodea canadensis L.

Dried biomass 157.3 4.3 1656 139 0.994 290

Dried and conditioned in water biomass 125.8 0.9 162,0 29,0 0.999 3.50

Sorption from the solutions with pH = 4 118.0 0.4 133,0 13,0 0.999 2.50
Ceratophyllum demersum L.

Dried and conditioned in water biomass 185.7 5.0 567 164 0.994 29

Sorption from the solutions with pH = 4 160.0 3.8 620 124 0.996 40

SD — standard error, R* — coefficient of determination, " — constant reaction rate [mmol” - dm® - s].

Summary and conclusions

The presented research results show that the dried and conditioned in water biomass
Elodea canadensis L. had the best kinetic parameters. Thus, it was proved that the plant
biomass preparation method considerably influences its sorption characteristics. Prior
conditioning of plant samples in demineralised water considerably improves the
capacity to accumulate copper and zinc. Thanks to good sorption properties, the studied
plants can be used in future in phytoremediation of waters and effluent polluted with
heavy metals and, thanks to the proportional sorption versus the concentration in
a solution, in biomonitoring research of aquatic ecosystems.
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SORPCJA KATIONOW MIEDZI I CYNKU PRZEZ ROSLINY WODNE
— Elodea canadensis L. 1 Ceratophyllum demersum L.

Samodzielna Katedra Biotechnologii i Biologii Molekularnej
Uniwersytet Opolski

Abstrakt: Zbadano w warunkach laboratoryjnych kinetyke sorpcji kationéw miedzi i cynku przez rosliny
wodne: Elodea canadensis L. 1 Ceratophyllum demersum L. Badania prowadzono w warunkach statycznych —
przy statym stezeniu i objgtosci roztworu. Dokonano oceny wptywu sposobu preparowania biomasy roslinnej
na jej wilasciwosci sorpcyjne. Do opisu kinetyki sorpcji metali cigzkich wykorzystano model reakcji
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pseudo-drugiego rzedu. Stwierdzono, ze stan réwnowagi dynamicznej pomigdzy roztworem a biosorbentem
ustala si¢ po okoto 50 minutach trwania procesu oraz, ze sposob preparowania biomasy roslinnej istotnie
wplywa na kinetyke sorpcji metali cigzkich. Najlepszymi wiasciwosciami sorpcyjnymi charakteryzowata si¢
suszona i kondycjonowana w wodzie zdemineralizowanej biomasa Elodea canadensis L. Wyniki przepro-
wadzonych badan wskazuja réwniez, ze Elodea canadensis L. i Ceratophyllum demersum L. sa w stanie
zasorbowac duza czg$¢ kationow metali cigzkich obecnych w roztworze, co pozwala na ich wykorzystanie
w fitoremediacji wod i $ciekow oraz w badaniach biomonitoringowych ekosysteméw wodnych. W zadanych
warunkach prowadzenia eksperymentu z roztworu, w ktérym umieszczono Elodea canadensis L. zasor-
bowano maksymalnie 90 % kationow miedzi i 98 % kationow cynku.

Slowa kluczowe: rosliny wodne, metale cigzkie, kinetyka sorpcji, model reakcji pseudo-drugiego rzedu
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CHROMIUM CONTENT IN SOILS AND PLANTS
IN THE AREA UNDER INFLUENCE
OF MMP “BOLESLAW” ENTERPRISE
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Abstract: Chromium belongs to the group of trace elements. Plants take it up from the substratum passively,
therefore Cr content in plants is usually correlated with its concentrations in the soil solution. Toxic effect of
chromium on plants depends both on its degree of oxidation and on the kind of compound in which it occurs.
Due to the hazard of excessive chromium accumulation in plants in the areas with its elevated contents,
particularly post-industrial and transformed areas, an on-going monitoring of this metal content in soils and
fodder plants is recommended. The investigations were conducted to define and describe chromium transfer in
the soil-plant system in the areas with various degrees of heavy metal pollution, using Surfer 8.0 programme
for the presentation of spatial distribution of the metal in plants and soil in the area under investigations. The
investigated area covered 100 km? in the vicinity of MMP (Mine and Metallurgical Plants) “Boleslaw” SA in
Bukowno near Olkusz. Samples of soil and plant material were collected in 139 localities, during the period
from June to August 2008. In each investigated point soil was sampled from two layers: 0-10 cm and 40-50
cm, together with the aboveground parts of mono- and dicotyledonous plants. In dissolved samples of plant
and soil material chromium content was assessed using atomic absorption spectrometer with inductively
coupled argon plasma (ICP-AES).

Soils from the investigated area revealed diversified contents of chromium, however no diversification
was observed between the analysed soil layers. Slightly higher values occurred in the soils from 0-10 cm
layer, particularly in the immediate vicinity of “Boleslaw” enterprise. Chromium accumulation in the mono-
and dicotyledonous plants growing around MMP “Boleslaw” enterprise revealed weak diversification. No
significant differences were observed either in the chromium accumulation in both analysed plant groups.

Keywords: chromium, mono- and dicotyledonous plants, MMP “Boleslaw” SA
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Introduction

Chromium belongs to trace element group. It is passively absorbed by plants from
the substratum, so Cr content in the individual plant parts is the resultant of its
concentration in the soil solution. Plants tolerate chromium in the amounts between 1
and 24 mg - kg~' d.m. Chromium toxicity for plants depends on both the degree of its
oxidation and the kind of compounds in which it occurs [1].

The soil reaction [2], organic matter content and soil redox potential [3, 4] are the
main factors affecting this element availability to plants and the form in which it occurs
in the soil environment [1]. In the soil environment chromium occurs on two levels of
oxidation C*" — the form hardly absorbed by plants and Cr'® — the easily absorbed form
[5], but in excessive amounts both forms become toxic for plants and animals [2, 6, 7].

Excessive quantities of chromium in soil may occur in places of chromate containing
waste storage, on wood calcination sites, in places of textile manufacturing, electric and
thermal energy generating, as well as in the areas where sewage sludge are used for
fertilization [8]. Besides, soils formed from metamorphic rocks may have naturally high
concentrations of chromium of geochemical origin [1].

Due to the hazard of excessive chromium accumulation in plants and its considerable
toxicity, an on-going monitoring this metal concentrations in soils and plant material
meant for animal feed is recommended. It applies to areas with elevated heavy metal
content in soils, particularly in post-industrial and anthropogenically transformed areas,
such as among others the region in the vicinity of MMP (Mine and Metallurgical Plants)
“Boleslaw” SA in Bukowno.

Presented investigations aimed at defining and describing chromium transport in the
soil-plant system in the area under the influence of MMP “Boleslaw” SA in Bukowno
near Olkusz, using Surfer 8.0 programme for spatial distribution of the analysed metal
in the soil and plants.

Material and methods

The investigated area is situated in the southern part of Poland, on the border of the
Malopolska and Silesia regions (Fig. 1). It covers the area of 100 km? surrounding
MMP (Mine and Metallurgical Plants) “Boleslaw” SA in Bukowno near Olkusz.

The area of samples collection was divided into two zones: the first in the immediate
vicinity of the enterprise, in which two sampling points were chosen at random for
collecting 2 samples per 1 km? and the second situated at a longer distance from the
enterprise, where 1 sample was collected per 1 km”. The sampling method was so-called
square net. Soil samples were collected in 139 points determined as above from the
0-10 cm and 40-50 cm soil layers. Moreover, the above-ground parts of mono- and
dicotyledonous plants were sampled.

The following basic properties were determined in soils from both analysed layers:

— pH by potentiometric method in a suspension of 1 mol - dm™ KClI solution,

— granulometric composition by Bouyoucose-Casagrande’s method in Proszynski’s
modification,
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— organic carbon content by Tiurin’s method,
— soil sorption capacity (hydrolytic acidity and base exchange capacity by Kappen’s
method [10].

0 1 2km

Fig. 1. Sampling sites in the region close to MMP “Boleslaw” SA [9]

Also total chromium concentrations were assessed in all collected soil samples. The
samples were dissolved in a mixture of nitric and perchloric acids (2:1, v/v), after
previous organic matter mineralization in a muffle furnace at 450 °C [10].

The next stage of research involved determining the content of analysed element in
collected plant material samples. Dried and ground plant material was dry mineralized
in a muffle furnace at 450 °C for 12 hours. Incinerated samples were dissolved in nitric
acid (1:2) [4].

Each sample of both soil and plant material was analysed in two replications and to
each analysed series a blind sample was attached. If the analysis results from two
parallel replications differed from each other by more than 5 %, subsequent two
analyses of the same sample were conducted. In the dissolved plant and soil samples
chromium content was assessed using atomic emission spectrometer with inductively
coupled argon plasma ICP-AES JY 238 ULTRACE (Jobin-Yvon).

Statistical analysis and presentation of the obtained results were conducted with
the use of Microsoft Excel 2007 calculation sheet, Statistica 9.0 programme and
SURFER 8.0 programme for data visualisation. It was used to create the maps of
spatial distribution of chromium content in the analysed samples of soil and plant
material.
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Results and discussion

The soil samples presented in this paper, collected from the area of 100 km? around
MMP “Boleslaw” SA in Bukowno near Olkusz, are characterized by a diversified
cadmium, lead and zinc accumulations (from the concentrations close to assumed as
natural to very high ones [11].

Chromium contents in the vicinity of MMP “Boleslaw” SA assessed in both analysed
soil layers: 0—10 cm and 40-50 cm were within a similar range 1.46-18.12 mg and
0.97-16.18 mgCr - kg' d.m., respectively. However, diversification of the analysed
element content in the lower soil layer was clearly higher and in both layers it was
described by coefficients of variance 51.3 and 70.90 %, respectively (Table 1).

Table 1

Statistical parameters of total Cr content in soils and plants from the vicinity of MMP “Boleslaw” SA

Cr content [mg - kg ' d.m.]
Parameter Soil Plants
0-10 cm 40-50 cm Monocotyledonous | Ddicotyledonous
Minimum value 1.46 0.97 0.49 0.01
Maximum value 18.12 16.18 5.36 3.96
Arithmetic mean 7.18 4.83 1.57 1.32
Geometric mean 6.30 3.81 1.42 1.07
Median 6.23 3.52 1.35 1.07
Variation coefficient [%] 51.3 70.9 50.1 59.4

Numerical data sets describing polluted environment are usually characterised by
skewed left data distribution [12, 13], therefore the characterization of chromium
contents in the samples gathered in the vicinity of MMP “Boleslaw” SA used geometric
mean, which is more approximate to median of a data set than arithmetic mean
(Table 1). At a similar range of chromium occurrence in both investigated soil layers,
geometric mean and median of its content in the top layer (6.30 and 6.23 mg - kg_1 d.m.,
respectively) are much higher than in the samples collected from the 40—50 cm layer. If
one assumes the above-mentioned statistical characteristics for the top soil layer as 100,
then with the reference to the lower analysed soil layer they would be: 60 and 57,
respectively (Table 1). It suggests that some quantity of chromium contained in the top
soil layer might have originated from the atmosphere, from fallout of dust abundant in
this metal. The hypothesis seems additionally supported by the spatial distribution of
this element content in the soils of the investigated area (Fig. 2).

The highest Cr contents were assessed in the samples collected in the immediate
vicinity of MMP “Boleslaw” SA and in the north-western part of the investigated area,
ie in the direction of a nearby “Katowice” ironworks and other energy plants and
industries of the Upper Silesia. On the other hand, analysing values of simple
correlation coefficients between chromium accumulation in both layers of the studied
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0-10 cm soil layer 40-50 cm soil layer

Fig. 2. Spatial distribution of chromium in soils from the vicinity of MMP “Boleslaw” SA

soils and their various physical and chemical properties, one should notice the strongest
relationship between the content of analysed metal and occurrence of the finest soil
fractions, described by correlation coefficients 0.72 and 0.78 in the upper and lower soil
layer, respectively (Table 2). These values are substantial at the significance level
o < 0.001. On the other hand this relationship indicates that a big part of chromium in
the studied soils may have its source in natural processes of bedrock transformations.

Table 2

Effect of soil properties on total Cr content in both analysed soil layers and in top parts
of mono- and dicotyledonous plants — expressed as simple correlation coefficients (r)

Cry content c
. Soil layer K Tior COntent
Soil property [om] Soil layer [em]
0-10 40-50 | monocotyledonous | dicotyledonous
0-10 | 0.22%* — —0.003 —0.09
pHka
40-50 — 0.25%* —-0.03 0.03
. 0-10 | 0.72%** — —0.14 —0.33%**
Content of < 0.02 mm fractions
40-50 0.78%*** —0.09 —0.20%*
. 0-10 | 0.52%** — —-0.12 —0.17*
Content of organic matter
40-50 0.22%* —0.10 —0.08
Sorofi ity [T] 0-10 | 0.43%** — —0.06 -0.18%*
orption capaci
P pacity 40-50 — 0.39%** —0.11 —0.01
0-10 0.58%** —0.21%* —0.15
Cr content
40-50 | 0.58%** — —0.04 —0.11

Simple correlation coefficient r significant at: * o < 0.05, ** o < 0.01 and *** a < 0.001.
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If the value of 20 mgCr - kg_1 d.m. of soil suggested by Kabata-Pendias et al [14] is
assumed as the highest permissible content of this metal in agricultural soils, all
analysed soil samples meet this criterion. However, it should be noted, that many areas
in the investigated terrain, a particularly in the immediate vicinity of MMP “Boleslaw”
SA, should be excluded from cultivation because of excessive accumulation of heavy
metals.

In order to determine bioavailability of chromium present in the studied soils, its
concentrations were also assessed in mono- and dicotyledonous plants, which were
growing in places where the soil was sampled.

Mean Cr contents in the analysed top parts of mono- and dicotyledonous plants were
1.42 and 1.07 mg - kg_1 d.m., respectively (Table 1). The greatest content of the studied
element, 5.36 mg - kg_1 d.m. was assessed in a sample of monocotyledonous plants; it
was about 1/3 bigger than the maximum content of this element determined in the
dicotyledonous plant top parts. Assuming 20-30 mg - kg_1 d.m. [13, 14] as the
permissible chromium content in fodder, it should be stated this value has not been
exceeded in any of the studied plant samples, so the analysed material may be used for
fodder.

Spatial distribution of the analysed element in both plant groups was approximate,
the highest Cr contents were registered in plants of both plant classes growing in points
in various places of the investigated area (Fig. 3).

W
® S o

@ Boleslaw

&9
©I» .

8 Bukowno 5

Monocotyledonus plant Dicotyledonus plant

Fig. 3. Spatial distribution of chromium content in top parts of mono- and dicotyledonous plants in the
vicinity of MMP “Boleslaw” SA

The places do not overlap the zones where the highest total chromium content in the
studied soils was registered. It means that the assessment of total chromium content in
soil cannot be an indicator for estimating its concentrations in plants growing in this
soil. Considering the monocotyledonous plants, even a significant negative correlation
(r=-0.21, o £ 0.01) was registered between this element concentrations in plants and
soil (Table 2).



Chromium Content in Soils and Plants in the Area under Influence of MMP “Boleslaw”... 1429

No apparent effect of the analysed properties of the studied soils on chromium
accumulation in plants was registered (Table 2). A slightly lower uptake of this metal by
plants growing in more compact soil, more abundant in organic matter was observed for
the dicotyledonous class. If, following Kabata-Pendias et al [14], one assumes that
chromium is passively absorbed from the soil solution by plants, its solubility in soil
must be affected other soil properties not investigated in the presented research or it is
a simultaneous resultant effect of several soil properties.

Conclusions

1. The analysed soils in the area of influence of MMP “Boleslaw” SA engaged in
extraction and processing of lead-zinc ores, are characterized by a diversified chromium
content which does not exclude agronomic use of these soils. Increased chromium
concentrations were assessed in the soil around MMP “Boleslaw” SA and north-west of
the enterprise.

2. Solubility and bioavailability of chromium in soil to a greater extent depends on
various soil properties than on its total content in the substratum.

3. Chromium accumulation in monocotyledonous plants growing in the areas to
various extent polluted with cadmium, lead or zinc was slightly higher than in
dicotyledonous plants and in all cases did not lower the fodder value of these plants.
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ZAWARTOSC CHROMU W GLEBACH 1 ROSLINACH
W REJONIE ODDZIALYWANIA ZAKEADOW ,,BOLESLAW”
W BUKOWNIE KOLO OLKUSZA

Katedra Chemii Rolnej i Srodowiskowej
Uniwersytet Rolniczy im Hugona Kolfataja w Krakowie

Abstrakt: Chrom nalezy do grupy pierwiastkow $ladowych. Jest on pobierany z podtoza przez rosliny
biernie, przez co jego zawarto$¢ w roslinach jest zwykle skorelowana z zawartosciag chromu w roztworze
glebowym. Toksyczne dziatanie chromu na rosliny zalezy zardwno od jego stopnia utlenienia, jak réwniez od
rodzaju zwiazku w jakim wystepuje. Ze wzgledu na zagrozenie nadmierna kumulacja chromu w roslinach
w terenach z podwyzszona zawartoscia chromu, szczegdlnie poprzemystowych i przeksztatconych, zaleca si¢
stalty monitoring zawartosci tego metalu w glebach i roslinach przeznaczonym na pasz¢. Celem przepro-
wadzonych badan bylo zdefiniowanie i opisanie transferu chromu w ukladzie gleba-roslina w terenach
w roznym stopniu zanieczyszczonych metalami cigzkimi, z wykorzystaniem programu Surfer 8.0 do
prezentacji przestrzennego rozmieszczenia metalu w roslinach i glebie na terenie objgtym badaniami. Obszar
badan obejmowat 100 km® w sasiedztwie Zaktadéw Gérniczo-Hutniczych ,,Bolestaw” SA w Bukownie koto
Olkusza. Probki gleby i materiatu roslinnego zebrano w 139 miejscach, w okresie od czerwca do sierpnia
2008 r. W kazdym punkcie badan pobrano gleb¢ z dwoch poziomdéw: 0-10 i 40-50 cm oraz czgséci nadziemne
ro$lin jedno- i dwulisciennych. W roztworzonych probkach materiatu roslinnego i glebowego oznaczono
zawarto$¢ chromu przy uzyciu spektrometru emisji atomowej z indukcyjnie wzbudzong plazma argonowa
(ICP-AES).

Gleby z badanego obszaru wykazywaly zroznicowane zawartosci chromu, jednak nie stwierdzono
znacznego zroznicowania jego zawartosci pomigdzy badanymi warstwami gleb. Nieco wigksze zawartosci
wystgpowaly w glebach z warstwy 0-10 cm, zwlaszcza w bezposrednim sasiedztwie ZGH ,,Bolestaw” SA.
Zawartos¢ chromu w czegsciach nadziemnych ro$lin jedno- i dwuliSciennych rosnacych wokot ZGH
,Bolestaw” SA wykazywata stabe zréznicowanie. Nie stwierdzono takze znaczacych réznic w nagromadzeniu
chromu w obu badanych grupach roslin.

Stowa kluczowe: chrom, rosliny jedno- i dwuliscienne, ZGH ,,Bolestaw” SA
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CONTENT AND FRACTIONAL COMPOSITION
OF NICKEL IN ARABLE SOILS
DEPENDING ON PHYSICOCHEMICAL PROPERTIES

ZAWARTOSC 1 SKEAD FRAKCYJNY NIKLU
W GLEBACH UPRAWNYCH
ZALEZNIE OD ICH WELASCIWOSCI FIZYKOCHEMICZNYCH

Abstract: The aim of this study was estimation of pseudo-total nickel content and its fractional composition
in arable soils depending on their physicochemical properties.The research material consisted of samples
taken from arable soil in 81 points of Podlasie Province. The content of pseudo-total nickel in soils and its
fractional composition was determined with BCR method. The correlations between pseudo-total content of
nickel, as well as its individual fractions and physicochemical properties of soils were evaluated.

It was found, that pseudo-total content of nickel was typical for uncontaminated soils and ranged from 2.0
to 14.4 mg - kg™, The share of acid soluble and exchangeable fraction was above 20 %, as compared to
pseudo-total content. Reducible fraction comprised 2040 %. The most of nickel was bound to organic matter.
The factors which influenced fractional composition of nickel were determined. For the light soils it was
content of soil fraction < 0.02 mm, granulometric composition and pH, while for medium-heavy soils, organic
carbon and magnesium content, granulometric composition and content of soil fraction < 0.02 mm. The
factors related to the changes of Ni content in light soils in fraction II and IV and for medium-heavy soils in
fraction I, were not determined.

Keywords: nickel, soil, BCR method, metal fraction

Introduction

The natural content of elements, including trace elements, in arable soils is dependent
on lithogenesis and pedogenesis [1]. The other sources of trace elements, such as
mineral and organic fertilization, plant pesticides, irrigation, as well as wet and dry
precipitation, are related to anthropogenic activity [2, 3]. It is well known, that they
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occur in soil in different forms, which are more or less mobile, that means bioavailable.
Trace elements of anthropogenic origin are, in general, more mobile, than these of
natural origin [4]. Mobility of metals is influenced mainly by physicochemical
properties of soil, pH, content of organic matter, granulometric composition and
management practices [5].

There are many methods for estimation of metal forms and their changes in soil,
sequential extraction for example [6, 7]. There are a lot of schemes of this method [8].
For unification purposes the BCR method [9, 10] with its modifications [11] is
increasingly used.

Nickel is essential for proper plant growth and development (it forms the active
metallocenter of the enzyme urease) [12]. Excessive Ni amounts inhibit a large number
of plant enzymes, cause disturbance of cation-anion and water balance in plant as well
as inhibit development of lateral roots. Its total content in non-contaminated soils is up
to 35 mgNi - kg ' (in sandy soils about 15 mgNi - kg’1 and in heavy textured soils about
30 mgNi - kg ") [13]. The total content of nickel is not adequate to estimate its behavior
in soils. It’s necessary to identify quantitative changes of its chemical forms.

The aim of this study was estimation of pseudo-total nickel content and its fractional
composition in arable soils using BCR method, depending on their physicochemical
properties.

Materials and methods

The research material consisted of samples taken from arable soil in 81 points of
Podlasie Province. One point was selected in the majority of its districts. Each point was
located on mineral soil used as arable land, without external source of contamination,
like roads or industrial plants. The samples were collected from arable layer (0-30 cm)
after plant harvest. Maize was cultivated in 14 points, cereals in 53 points, rape in
2 points, buckwheat in 2 points and the rest was taken from under grass on field
cultivation. Basic physicochemical properties of soil samples there were determined:
granulometric composition by Cassagrande’s method with Proszynski’s modification,
organic carbon content by Tiurin’s and pH in 1 mol - dm™ KCI solution by
potentiometric method. Available phosphorus and potassium by Egner-Riehm method,
as well as magnesium by Schachtschabel method in soils were also determined. Based
on the content of soil fraction < 0.02 mm, soils were divided into two groups: very light
and light and medium-heavy soils. Heavy soil was not taken into account, because this
type does not occur in Podlasie Province. The pseudo-total nickel content was
determined, after previous digestion in aqua regia, by means of FAAS technique using
Varian AA-100 apparatus.

Modified BCR method with usage of ultrasonic probe Sonics VCX 130 was used to
evaluate fractional composition of Ni in soil samples. Extraction included four stages
(fractions):

1. Acid soluble and exchangeable fraction (fraction I) — 1 g of soil in 100 cm’
centrifuge tube with 40 cm® of 0.11 mol - dm ™ acetic acid was sonicated for 7 minutes
(power — 20 W) at temperature 22 + 5 °C. Then, the mixture was centrifuged for 20
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minutes at 3000 g. Extract was separated for analysis. Residue with 20 cm? of deionized
water was sonicated for 5 minutes (power — 20 W) and centrifuged for 20 minutues at
3000 g. Water was discarded.

2. Reducible fraction, bound to Fe/Mn oxides (fraction II) — to the residue from the
first step was added 40 cm® of 0.5 mol - dm™ hydroxylamine hydrochloride fresh
solution, pH = 1.5, and sonicated for 7 minutes (power — 20 W) at temperature
22 + 5 °C. Then, the mixture was centrifuged for 20 minutes at 3000 g. Extract was
separated for analysis. The residue was rinsed with deionized water, like in the first step.

3. Oxidizable fraction, bound to organic matter (fraction III) — to the residue from the
second step was added 20 cm’® of 30 % hydrogen peroxide and sonicated for 2 minutes
(power — 20 W) at temperature 22 + 5 °C. Then, the volume of H,O, was reduced to
approx. 1 cm’ using water bath. To the moist residue was added 50 cm’ of 1 mol - dm™
ammonium acetate and sonicated for 6 minutes (power — 20 W) at temperature
22 + 5 °C. Then, the mixture was centrifuged for 20 minutes at 3000 g. Extract was separat-
ed for analysis. The residue was rinsed with deionized water, like in the previous steps.

4. Residual fraction (fraction IV) — the residue from the third step was extracted
using concentrated HNO; with addition of 30 % H,0,. Extract was separated for
analysis.

The content of studied element in fractions was determined by means of GFAAS
technique using Varian AA-100 apparatus. The share of individual fractions in
pseudo-total content of nickel was calculated.

Pearson correlation coefficients between all sets of data were calculated. It was
assumed that they are significant above 0.65 or below —0.65. Since the correlation
coefficients were non-siginificant, canonical factor analysis was made. Based on this
analysis, for both groups of soil, factors which influenced fractional composition of
nickel were determined.

Results and discussion

The content of soil fraction < 0.02 mm in very light and light soils ranged from 4 to
19 % (12 % on average) and in medium-heavy soils from 21 to 28 % (22 % on average)
(Table 1).

The pH of the first group of studied soils was very differentiated and varied from 4.0
to 7.6. Among 35 soil samples, twelve were very acidic (pH < 4.5), eight were acidic
(pH = 4.6-5.5), nine was slightly acidic (pH = 5.6-6.5) and the rest soils were neutral
(pH = 6.6-7.2). The most of medium-heavy soils was characterized by higher pH
values: only three samples came from very acidic soils, eleven samples were acidic and
the rest were light acidic and neutral. Investigated soils were typical for Podlasie
Province, that is light and acidic.

The content of organic carbon in both groups of soil was differentiated. In very light
and light soils ranged from 8 to 37 g - kg' (18 g - kg' on average), and in
medium-heavy soils from 7 to 42 g - kg™’ (24 g - kg'' on average). The most of soils
contained average amounts of phosphorus and magnesium, as well as low amount of
potassium.
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Table 1
Physicochemical properties of soils
Share qf soil P,0s K,0 Mg Pseudo-total.
Studied soils fraction i Core content of Ni
<0.02mm | P |[g-keg!] -
[%] [mg-kg ]
Very light and | Fange 4-19  |4.0-7.6| 837 | 43-440 | 25-290 | 7-150 2.0-9.1
light soils X 12 5.3 18 155 107 47 5.5
n=35 median 13 52 15 121 9.5 38 5.5
Medium-heavy | Tange | 2128 | 41-7.8| 7-42 | 22-420 | 32-484 | 17-226 | 2.6-144
soils X 22 6.1 24 137 132 97 7.8
n=46 median 2 6.1 21 115 106 93 75

The pseudo-total content of nickel in very light and light soils ranged from 2.0 to 9.1
mg - kg’1 and in medium-heavy soils from 2.6 to 14.4 mg - kg’l. It means that studied
soils contained natural amount of nickel, which is mainly influenced by parent rock.

Many authors report high differentiation of pseudo-total content of nickel in soils.
According to Terelak et al [14] the content of nickel in soil ranged from 0.10 to 173
mg - kg’l, in contrast, Gworek and Misiak [13] report that content ranged from 0.2 to
35.0 mgNi - kg’l. The higher amounts of nickel can be found in soils derived from
igneous and sedimentary rocks and the lower ones in soils derived from loams and
sandy deposits [15]. The total content of metals indicates only degree of possible threat
of soil, but not the binding forms of each element. That’s why the sequential analysis is
made, which shows the type of chemical binding forms of an element and potential
threats related to its high bioavailability.

The percentage of nickel in fraction I of very light and light soils (Fig. 1) was
increasing simultaneously with pH value and ranged from 17 to 25 %, as compared to
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Fig. 1. Percentage of nickel fractions in pseudo-total its content in light and very light soils, depending on pH
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pseudo-total content. Sloot et al [16] stated that the increase of nickel content in soil
solution of soils with high pH values might be connected with the rise of solubility of
organic matter. Due to this process the nickel can be released, what causes its content
increase in soluble and exchangeable fraction in soils with neutral and alkaline reaction.
In medium-heavy soils opposite trend was observed (Fig. 2).
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Fig. 2. Percentage of nickel fractions in pseudo-total its content in medium soils, depending on pH

In the most of light soils with very acidic, acidic and slightly acidic reaction the
percentage of nickel bound to Fe/Mn oxides and hydroxides was increasing with pH
value and decreased in soils with pH > 7.2.

In medium-heavy soils with pH < 7.2 the percentage of Ni in fraction II was
decreasing with increase of pH value. In soils with pH > 7.2 the rise of percentage of Ni
in fraction I and II was noted. Rooney et al [17] are reporting that sorption of nickel by
Fe/Mn hydroxides is increasing simultaneously with decrease of soil acidity, what is
proved by obtained results.

The organic matter applied to soil in large amounts causes the decrease of content of
available for plants forms of metals, such as nickel [18]. The organic fertilizers are
applied to soil in Podlasie Province even each year, due to the well developed cattle
farming. It may contribute to decrease of mobility of trace elements, mainly in
medium-heavy soils, what can be seen in the results of our studies.

The most of nickel was bound to organic matter (Figs. 1 and 2). The percentage of
nickel in fraction III was influenced in small degree by soil reaction. It was similar in
very light and light soils with very acidic, acidic and light acidic reaction. Among soils
from this group with higher pH values the decrease of share of Ni about 10 % in
discussed fraction was noted. The opposite trend was observed in medium-heavy soils
(Fig. 2). The share of nickel in residual fraction of both groups of soils was mainly
lower than 30 % of pseudo-total content.
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Investigating distribution of nickel in individual fractions in dependence on content

of organic carbon in soil, can be stated, that more of nickel in exchangeable fraction was
in light soils (Fig. 3).
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Fig. 3. Percentage of nickel fractions in pseudo-total its content in light and very light soils, depending on
organic carbon content

The percentage of nickel in this case was about 20 % and was similar in all the

investigated soils. In medium-heavy soils it was lower than 20 % (Fig. 4) and
differentiated by content of organic carbon.
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Fig. 4. Percentage of nickel fractions in pseudo-total its content in medium-heavy soils, depending on
organic carbon content
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The share of Ni in fraction II in very light and light soils was about 30 %, increasing
with rise of organic carbon content. In medium-heavy soils such tendency was not
observed and percentage of nickel in this fraction was lower. The most of nickel was in
fraction III, bound to organic matter. The percentage in this case was increasing at the
same time as the content of organic carbon in both groups of soil was rising and reached
the most 50 %. The percentage of nickel in residual fraction, in both groups of soil, was
the highest in soils which contained below 10 gC,, - kg of soil and was decreasing
simultaneously with increase of carbon content.

Many authors [17, 19, 20] emphasis, that availability and mobility of nickel in soil is
dependent on lot of factors, including content of organic matter and iron compounds, as
well as reaction. Canonical factor analysis, for both groups of soil, explains the above
mentioned statement (Tables 2 and 3). In very light and light soils determined two
factors which influenced the percentage of nickel in fraction I and III.

Table 2
Factor analysis of nickel fraction contents in light and very light soils
Content of Ni
Factor
Fraction I Fraction IT Fraction III Fraction IV
pH 0.02 —0.11 —0.69 0.10
Corg 0.45 -0.32 -0.01 0.40
P,05 —-0.10 —0.09 —0.46 0.47
K,O -0.13 -0.03 —0.09 —0.09
Mg 0.21 0.47 -0.28 0.32
Content of soil fraction < 0.02 mm 0.88 0.06 —0.57 —0.12
Granulometric composition -0.82 -0.01 -0.51 -0.53
Table 3
Factor analysis of nickel fraction contents in medium-heavy soils
Content of Ni
Factor
Fraction I Fraction II Fraction I1I Fraction IV
pH —0.51 -0.25 0.08 0.53
Corg -0.53 -0.72 -0.21 0.24
P,05 0.12 0.17 0.52 0.04
K,O -0.02 0.00 0.02 0.12
Mg -0.24 —0.16 —-0.10 0.80
Content of soil fraction < 0.02 mm —0.62 -0.25 -0.91 0.45
Granulometric composition 0.56 0.08 -0.91 0.58

The factors which explain the content of nickel in fraction I consisted of content of
soil fraction < 0.02 mm and granulometric composition. The factor which affected the
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Ni content in fraction IIT was pH of soil. The factors conditioning the changes of Ni
content in fraction I and IV were not determined.

In studied medium-heavy soils were determined three factors which influenced the
percentage of nickel in fraction II, III and IV. The content of organic carbon was the
factor conditioning the changes of percentage of Ni in fraction II. The factors which
explain the content of nickel in fraction III consisted of the content of soil fraction
< 0.02 mm and granulometric composition. The factor which affects the Ni content in
fraction IV was the content of magnesium. The factors which influenced the changes of
nickel content in fraction I were not determined.

Conclusions

1. The studied soils were characterized by natural content of pseudo-total nickel.

2. The percentage of nickel in studied soils was the highest in fraction bound to
organic matter and similar in other fractions.

3. The percentage of nickel in fraction I, in very light and light soils, was affected by
content of soil fraction < 0.02 mm and granulometric composition, while in fraction III
by pH. The percentage of nickel in fractions II, III and IV in medium-heavy soils was
determined by organic carbon, granulometric composition and content of soil fraction
< 0.02 mm, as well as magnesium content.
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ZAWARTOSC I SKEAD FRAKCYJNY NIKLU W GLEBACH UPRAWNYCH
ZALEZNIE OD ICH WLASCIWOSCI FIZYKOCHEMICZNYCH

! Katedra Technologii w Inzynierii i Ochronie Srodowiska
Politechnika Biatostocka
% Instytut Chemii, Uniwersytet w Biatymstoku

Abstrakt: Celem niniejszej pracy bylo okreslenie catkowitej zawartosci niklu i jego frakeji w glebach upraw-
nych Podlasia oraz okreslenie zaleznosci migdzy zawartoscia niklu i jego frakcji a wlasnosciami fizykoche-
micznymi gleb. Materiat badawczy stanowity probki pobrane z gleb uprawnych w 81 punktach wojewodztwa
podlaskiego. Oznaczono zblizong do ogélnej zawarto$¢ niklu i jego frakcji metoda BCR. Obliczono
zaleznosci korelacyjne migdzy zawartoscig ogdlna niklu i jego poszczegdlnych frakcji, a wlasciwosciami
fizykochemicznymi gleb.

Stwierdzono, ze zawarto$¢ niklu ogétem byta typowa dla gleb uprawnych niezanieczyszczonych i wahata
si¢ w szerokich granicach od 2,0 do 14,4 mg - kg '. Udzial frakcji wymiennej w ogélnej zawartosci niklu
w badanych glebach wynosit ponad 20 %. Frakcja redukowalna stanowita 2040 % zawartosci ogdlnej.
Najwigcej niklu byto zwiazane z substancja organiczng. Wyodrgbniono czynniki wptywajace na udziat niklu
w poszczeg6lnych frakcjach. Dla gleb lekkich byt to sktad granulometryczny, zawartos¢ frakcji sptawialnej
i pH, a w przypadku gleb $rednich zawarto$¢ wegla organicznego, sktad granulometryczny, zawarto$¢ frakcji
sptawialnej i zawartos¢ magnezu. Nie wyznaczono czynnikow warunkujacych zawartosé niklu w II i IV
frakeji gleb lekkich, a w przypadku gleb srednich zawarto$¢ tego metalu we frakeji 1.

Stowa kluczowe: nikiel, gleba, metoda BCR, frakcje metali
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HEAVY METALS SOIL CONTAMINATION INDUCED
BY HISTORICAL ZINC SMELTING IN JAWORZNO

ZANIECZYSZCZENIE GLEBY METALAMI CIEZKIMI
ZWIAZANE Z HISTORYCZNYM HUTNICTWEM CYNKU W JAWORZNIE

Abstract: The initial study of heavy metals (Cr, Cu, Ni and Mn) contamination was carried out on the 22
samples taken from 4 forest soil (podzol) profiles and 5 waste samples taken from 3 points of the historical
zinc smelting area in Jaworzno, Southern Poland. XRD and pH analyses on the soil samples were done. The
trace element concentrations were measured with the inductively coupled plasma optical emission spectro-
metry (ICP-OES) after mineralisation in concentrated HNO; (65 % Suprapur) and HCI (30 % Suprapur).
Examined materials were ultra acidic to neutral, mostly very strong acidic. Total accumulations of trace
elements in the soil varied from 21.91 to 119.32 mgCr, from 1.4 to 51.16 mgCu, from 2.15 to 36.16 mgNi and
from 16.33 to 869.19 mgMn - kg '. In waste samples quantities of the same elements equalled 45.55-67.38
mgCr, 19.5-244.74 mgCu, 4.96-22.15 mgNi and 30.75-369.11 mgMn - kg'. Vertical distributions of
examined metals were determined in each of soil profiles. The research revealed heavy metal pollution of
studied soil. Influence of the historical smelter on the pollution is inferred, which changed soil environment to
dangerous for humans, especially due to close proximity of abandoned industry to built-up and recreation
areas as well as community gardens.

Keywords: zinc smelting, heavy metals, soil contamination

Introduction

Chromium, copper, nickel and manganese are natural and common components of
the Earth’s crust. The four elements account for 83 mgCr - kg ', 25 mgCu - kg,
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44 mgNi - kg_1 and 600 Mn - kg™' of upper continental crust mass [1]. Natural and
anthropogenic sources contribute to the presence of these elements in environmental
compartments, such as air, water, soil and plant. The mentioned elements are known as
microelements and they are essential in metabolic processes for plants and animals [2].
However, they may also appear toxic for living organisms if their concentrations in soil
environment increase over maximum tolerable values [3-6].

From among number of factors controlling availability of trace elements in the soil
environment [7, 8], these of the crucial importance are the pH value and oxidation-
-reduction potential.

Anthropogenic activities, such as ore mining and smelting, power industry, waste
dumping sites, and transport, are thought to be sources of the heavy metals — Cr, Cu, Ni
and Mn — pollution in the industrially changed environment [9-12]. The areas
characterised by strong development of the present-day or historical mining and
metallurgy production, constitute a hazard of the heavy metal contamination in many
countries [13-16], also in the Jaworzno town vicinity [17-19]. The transfer of toxic
elements from industrial wastes, soils, water and air to plants is of great concern eg
[20], particularly in the surrounding of community gardens or agricultural area.

The aim of this study is to find out if an abandoned long time ago zinc smelting
factory and its partly reclaimed waste heap left still recognisable imprint on local soil.
Cr, Cu, Ni and Mn abundance is assumed as an indicator of former Zn processing
effect, and inefficient coal combustion that powered smelting as most probable source
of Cr, Cu, Ni and Mn immission to environment. Preliminary results on the
concentration and distribution of the analysed metals in the soil are presented. Impacts
of the metal contamination on the ecosystem have not been widely discussed.

Materials and methods

The scope of research is anthropogenic transformed area in the town of Jaworzno,
located in the NE part of the Upper Silesian industrial region, Southern Poland. Many
portions of the town have been mined for Zn-Pb ores since 12t century [21] and for
coal since 18™ century. Centuries-old mining and industrial activity has left numerous
traces in the landscape of the town [22]. In the area of present study the exploitation
resulted in founding the zinc smelter which started working in the 19t century. It was
converted to zinc white (ZnO) plant afterwards and completely ceased in the middle
70’s of the 20" century due to the concern of environmental pollution associated with
outdated smelting technology [23]. Nowadays, the relics of the zinc historical
metallurgic processes are tailings deposited on the old heap, situated in close vicinity of
built-up area and community gardens (Fig. 1).

Research was conducted on 4 forest soil profiles of the podzol, which has developed
on the fluvio-glacial sediments, and 5 waste samples collected from 3 waste locations
(Fig. 1). Each soil profile was divided into separate horizons, what gave 22 soil samples
(Table 1). All soil and waste samples, about 2 kg weight each, were collected with small
spade and stored in plastic sacks. Samples were collected in September of 2012.
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Fig. 1. Location of the study area and sampling sites in Jaworzno

Analyses were preceded by samples oven drying at 105 °C to constant weight,
sieving to 2 mm through a stainless steel sieve and milling into fine powder. Soil pH
was determined using a 1 : 5 (w/v, g : cm®) ratio of soil/waste and 1 mol - dm™> KCI
solution, with pH meter ELMETRON CP-315m.

The phase composition was provided by X-ray diffraction. The analysed material
was manually ground in an agate mortar to grain size between 5 and 10 pm.
Measurements were carried out in range from 2.5 to 65°2 ® using 100 s time limit and
0.02°2 © step size. Generator settings were 45 kV and 30 mA. The divergence and
antiscatter slits with 1/8° gap were applied. The XRD data were obtained at room
temperature and were collected using a Panalytical X’Pert PRO MPD PW 3040/60
diffractometer with a Theta-Theta geometry and X’Celerator strip detector.

Results were processed by HighScore + computer programme of Panalytical
company in combination with ICDD, PDF 4 + (version 2012) newest standard base. The
mineralogical phase quantitative participations were automatically estimated with
Rietvelda module of HighScore + programme.

Total contents of Cr, Cu, Ni and Mn were determined in the soil and waste samples.
Samples were digested wet in closed system in a mixture of 6 cm’ of concentrated nitric
acid (65 % Suprapur) and 2 cm® of hydrochloric acid (30 % Suprapur). Digestion
proceeded with the use of a Multiwave 3000 Microwave Digestion of Perkin Elmer, in
two steps according to the program of mineralisation recommended by equipment
provider — power: 1400 W, recovery time: 5 min, hold: 25 min in the first step, 10 min
in the second, fan speed: 1 in the first step, 3 in the second. After mineralisation the
samples were removed to measuring flasks (10 cm3) with 1 % solution of Suprapur
nitric acid.

The contents of studied heavy metals in the prepared solution were determined using
atomic emission spectrometer ICP-OES Optima 7300 Dual View Perkin Elmer. Each
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soil sample was analysed in two replications. If the results of these replications differed
one from another by more than 5 %, another two analyses of that sample were
conducted.

Results and discussion

The main focus of this study is to give initial information about the contents of Cr,
Cu, Ni and Mn in soil and distribution pattern of the metals in soil profiles. Examined
forest soil (podzol) developed on the Pleistocene glacial rocks, mainly sand or clay,
whereas the waste under study is the material left over after the metallurgical process of
Zn and ZnO production.

The pH values measured in the soil varied from 3.85 to 7.59, with median 5.55. The
pH value detected for waste material in 1 mol - dm KCI solution ranges from 2.83 to
4.28, with median 3.15. It can be concluded that examined materials are ultra acidic to
neutral, mostly very strong acidic. According to Kabata-Pendias and Pendias [2], Cr,
Cu, Ni and Mn are highly soluble in the acidic soil environment with pH value between
2 and 4.

Mineralogical characterisation of soil profiles and waste materials

Crystalline phases in the topsoil are mainly represented by low-temperature quartz
with the highest reflex d;;o = 3.343 A and P3,21 space group (80-98 wt.%). The other
minerals identified in this part of soil profile are kaolinite, mica or illite and chlorites.
K-feldspars and plagioclases occur there as the accessory minerals. In some samples,
larger concentrations of mullite phase (6—15 %) were recognised, accompanied by iron
oxides (magnetite, hematite) and rarely akermanite from melilite group. The jarosite-
-alunite family phases were also documented, which might form by replacing iron
sulphides.

The eluvial zone is characterized by similar assemblage of rock-forming minerals
and occurring in the same proportion as in the topsoil. The additional phases that appear
there are dolomite and trace substances closely related to melilite (akermanite-gehlenite
group).

The samples from the illuvial zone can be divided into two types: clayey (samples le
and 3f) and sandy (samples 2e, 2f and 4d, 4e). In the first type an increase in
participation of the clay minerals to over 30 wt.% and the feldspars to 5-7 wt.% is
observed. The most frequent clay mineral — kaolinite (about 18 wt.%) is accompanied
by mica/illite (12—14 wt.%) and chlorite close to klinochlorite (~10 wt.%). The second
type consists of phases similar to those described for elluvial zone with a little addition
(3—4 wt.%) of material closely related to microcline. Quartz dominates in both types.

The representation of the jarosite-alunite group phases in diffraction pattern informs
about possible oxidation of the iron sulphide minerals in the soil. These sulphides might
originate in ore-bearing dolomites, the main source of zinc for Zn-smelting, which
naturally have included quantity of iron minerals in their composition.

Apart from natural components of the soil, the mullite, melilite and iron oxides have
been identified, which are considered to be anthropogenic. As they are typical



Heavy Metals Soil Contamination Induced by Historical Zinc... 1445

high-temperature minerals, their occurrence can be derived from processes set during
Zn-ores smelting.

Phase composition of collected waste is comparable to that in illuvial zone of clayey
soil samples; quartz (> 60 wt.%) is there accompanied by clay minerals — mainly
kaolinite (~25 wt.%), illite, mica and chlorite (< 10 wt.%). Moreover, Ca and
Fe sulphates — gypsum (~2 %), rozenite (~3 %), and phases from alunite-jarosite
series (4 % in total) were found in sample I. In material of the sample II, with
mineralogical composition similar to that mentioned before, jarosite content is elevated
to ~6 %. The III waste sample differs from others because of dolomite (25 %), calcite
(~2 %) and hematite (~2 %) presence. It is probable that this material is enriched with
ore-bearing dolomite (Zn ore host rock) which contains sizable amount of iron oxides.

Cr, Cu, Ni and Mn contents in soil and waste

Total heavy metal contents in the soils from study area ranged as follows:
21.91-119.32 mgCr - kg ', 1.40-51.16 mgCu - kg’l, 2.15-36.16 mgNi - kg’1 and
16.33-869.19 mgMn - kg’l, with geometrical means 63.67 mg - kg’l, 8.62 mg - kg’l,
6.13 mg - kg’1 and 71.78 mg - kg’l, respectively (Table 1).

Whereas total contents of the same elements in collected waste samples were
comprised in different scopes and ranged as follows: 45.55-67.38 mgCr - kg ',
19.5-244.74 mgCu - kg ', 4.96-22.15 mgNi - kg ! and 30.75-369.11 mgMn - kg ', with
geometrical means 56.06 mg - kg ', 38.10 mg - kg ', 6.13 mg - kg ' and 71.78 mg - kg ',
respectively (Table 2).

The geometrical means of Ni and Mn accumulation are higher in the topsoil than in
the tailings, but those of Cr and Cu are the exact opposite.

The geometrical means calculated for the topsoil samples were compared to
corresponding values reported by Kabata-Pendias and Pendias [2] for topsoils of the
Polish podzols. And medians obtained for the topsoil were correlated with the medians
determined by Pasieczna [24] for topsoils in Silesia-Cracow region. The data taken from
reference materials [2, 24] were used as regional baseline concentrations. Levels of
metal concentrations in the examined topsoil are, except Mn, elevated compared to the
baseline values. The Ni contents scarcely exceed mentioned baseline parameters. But
the chromium and copper contents are strongly increased, 4—8-fold and 3-fold higher
than the baseline concentrations, respectively. Our results are supported by previous
research on the Ni contamination of soils in the Olkusz Zn-Pb mining area and in the
vicinity of the Tadeusz Sendzimir Steelworks in Krakow [25].

Contents of metals (Cr, Cu, Mn and Ni) in soil seem to be dependent on the distance
from the former Zn-smelter. The highest contents of Cu, Ni and Mn were detected close
to heap (profile 1), while the lowest ones of Cu, Ni (profiles 2 and 4) and Cr (profile 4)
were found in the outermost locations. The highest chromium amount was reported
from the profile 2 (for profile localisations see Fig. 1). Similar lateral distribution of
heavy metals (Cr, Cu, also Pb, Zn, Cd and As) was observed in other areas impacted by
former Zn-smelting eg [13, 26].
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Table 1
Total heavy metal contents in sampled soils (n = 22)
Soil profile Sample I?:Elt]h « ‘ e | M Mo
[mg - kg dm.]
la 0-2 107.27 45.49 22.89 673.57
1b 2-8 97.24 51.16 21.66 340.80
1 lc 8-16 71.97 9.74 3.60 35.40
1d 16-30 62.11 4.85 3.42 32.45
le 30-60 85.94 24.30 36.16 869.19
2a 04 119.32 9.15 5.11 61.96
2b 4-28 81.85 21.30 6.70 77.05
2c 28-38 102.65 5.04 3.23 33.65
? 2d 3843 96.98 3.08 3.02 31.43
2e 43-53 96.14 3.80 4.02 36.15
2f 53-70 75.54 2.47 391 31.90
3a 0-2 40.57 21.78 7.66 163.64
3b 2-10 47.32 38.62 16.72 185.18
3c 10-20 65.58 24.00 6.79 3221
’ 3d 20-28 54.37 2.03 2.15 21.28
3e 28-40 26.98 1.40 2.64 16.33
3f 40-65 56.72 5.06 8.71 34.38
4a 0-2 24.33 12.21 7.86 166.78
4b 2-8 21.91 10.82 8.53 132.50
4 4c 8-18 62.55 5.63 3.44 40.91
4d 18-30 61.77 5.63 4.23 79.20
4e 30-73 79.56 4.10 4.40 60.99
Geometric mean 63.67 8.62 6.13 71.78
Median 68.78 7.39 4.75 50.95
Relative standard deviation [%] 26.81 14.29 8.30 214.25
Geometric mean for studied topsoil 53.62 21.84 11.17 191.73
Median for studied topsoil 47.32 21.78 8.53 166.78
Reference materials
Median for topsoils in South Poland* 6 7 5 224
Geometric mean for Polish podzol topsoils** 12 8 8 240

Explanations: n — number of analysed samples; * median for topsoils (0-0.3 m) according to geochemical
map of Southern Poland (sheets: Slawkow, Olkusz, Nowa Gora, Myslachowice, Chrzanow, Dabrowa
Gornicza, Strzemieszyce, Jaworzno and Libiaz) (after 24); ** geometric mean of trace element contents in
topsoils of the Polish podzols (after 2).
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Table 2
Total heavy metal contents in sampled waste (n = 5)
Wasttizrlloca_ Sample ]?: glt]h Cr Cu ] Ni Mn
[mg- kg dm.]
Ia 0-10 45.55 20.77 13.11 30.75
I Ib 10-90 54.72 19.50 14.40 42.50
Ic 90-120 67.38 22.40 4.96 40.73
I 10 60.76 36.14 15.75 101.56
11 50 54.24 244.74 22.15 369.11
Geometric mean 56.06 38.10 6.13 71.78
Median 54.72 22.40 14.40 42.50
Relative standard deviation [%] 7.27 88.22 5.52 128.53

Explanations: see Table 1.

Vertical distribution of examined metal contents in soil is presented in profiles
(Fig. 2). Most of the soil profiles exhibits decreasing contents of nickel and copper with
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depth (except profile 2), followed by little enrichment close to bedrock in case of
profiles 1 and 3.

Cr distribution similar to that of Cu and Ni is presented only in profile 1 as
non-monotonic decrease of Cr level with depth can be observed in profile 2. On the
other hand, an increase of Cr content with depth is reflected in profile 4. The biggest
enrichment of chromium near the bedrock is seen in profile 3, where Cr concentration
can also be considered as growing with depth.

The manganese behaviour is also complicated. Profiles 3 and 4 demonstrate huge
depletion of Mn content with depth, while profile 2 shows little growth of Mn quantity
in subsoil, and profile 1 reveals strong Mn enrichment close to the bedrock.

According to Ullrich et al [13], distribution pattern exhibited by heavy-metal
contents decreasing from topsoil to subsoil generally indicates a non-lithogenic source
of the contamination, while higher metal concentrations found at lower depths may
reflect the influence of underlying parent rocks or result from downward migration
of contaminants related to historic human activity. Evaluating possible reasons of
elevated Cr, Cu, Ni and Mn it is important to remind about acidic soil reaction measured
for studied soil, which is responsible for heavy metals mobility in environment [2].

Strong correlations are found between studied metals content in soil samples, eg Mn
and Cu (r = 0.65), Ni and Cu (r = 0.75), Ni and Mn (r = 0.95), while the correlations
between Cr and other studied metals are rather weak (r = 0.19-0.24). The strong
correlation coefficients between Ni versus Cu and Ni versus Mn may indicate genetic
relations of these elements to industrial processes.

The smelter emissions, as well as dust wind-blown from factories, tailings and
smelter slag dumps are obviously the main point sources of soil pollution [27]. But role
of the smelting-related fuel combustion as a source of soil contamination must not be
underestimated. About 10-20 % of ash particles are released to the atmosphere because
of coal combustion related to mineral processing [2]. The metal contents in the coal
ashes are higher than average concentrations in the Earth’s crust: 10-1000 mgCr,
50-150 mgCu, 50-10000 mgNi and 200-1200 mgMn - kg ' what results in large Cr,
Cu, Ni and Mn contamination in coal-ash dumps [28] and adjacent sediments [29].
Likewise, high quantities of Ni and Cr could be released to soils during a fast burning of
sulphides. Superiority of Cr compared with Ni observed in such soils [30] may
document a combined impact of coal combustion and metal smelting processes. Effect
of coal burning on the increase of chromium contents in atmosphere and soil is also
noted in the vicinities of several power plants in southern Poland [31].

It is reasonable to conclude that metal contamination of the topsoil results from the
atmospheric deposition of particles emitted by Pb/Zn smelter. Smelting, converting and
fire-refining of base metal concentrates can generate considerable volumes of dust and
gases which now are usually passed through electrostatic precipitators to remove almost
all of the entrained particulate matter. But in the past, even in 1970’s, industrial fumes
was not enough purified. And the former, low efficient smelter in Jaworzno needed
18 kg of coal to get 1 kg of clear zinc [32].
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Conclusions

The vertical distribution pattern of Cr, Ni, Mn and Cu contents in studied profiles
suggests an anthropogenic origin of soil contamination. High concentrations of analysed
metals together with occurrence of man-made high-temperature phases point to
smelting-related fuel combustion as a possible source of the metals in soil. Lateral
dispersal of the metals, from the highest concentrations detected close to heap to the
lowest found in the outermost profiles enables locating the former Zn-smelter in the
positive anomaly center.

The soil is still polluted by hazardous trace elements (HTEs) even though the Zn
smelting and the ZnO production became closed more than forty years ago. Contents of
chromium, copper and nickel in the examined topsoil are up to 8-fold elevated
compared to the baseline values, and strong acidity at the site activates Cr, Cu, Ni and
Mn high solubility. Thus, soil environment has been changed to dangerous for humans,
especially due to close proximity of abandoned industry to built-up and recreation areas
as well as community gardens.

Sequential extraction of trace elements should be done in the next step of the
research to precise heavy metals behaviour in the soil. Potential harm of the pollutants
to eco-environment and human health in the vicinity of the zinc historical industry area
in Jaworzno should also be examined in greater detail.
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ZANIECZYSZCZENIE GLEBY METALAMI CIEZKIMI
ZWIAZANE Z HISTORYCZNYM HUTNICTWEM CYNKU W JAWORZNIE

! Zaklad Geofizyki Stosowanej, Uniwersytet Slaski, Sosnowiec
% Katedra Chemii Rolnej i Srodowiskowej, Uniwersytet Rolniczy im. Hugona KoMataja w Krakowie
3 Katedra Geochemii, Mineralogii i Petrografii, Uniwersytet Slaski, Sosnowiec

Abstrakt: Przeprowadzono wstgpne badania zanieczyszczenia metalami cigzkimi (Cr, Cu, Ni i Mn) w 22
probkach pobranych z 4 profili lesnych gleb bielicowych oraz 5 probkach odpadéw pohutniczych pobranych z
3 punktéw w rejonie historycznego hutnictwa cynku w Jaworznie (potudniowa Polska). Wykonano pomiary
pH oraz analizy XRD. Zawarto$¢ pierwiastkow $ladowych oznaczono, stosujac optyczny spektrometr
plazmowy (ICP-OES) po wczesniejszym zmineralizowaniu probek w stezonym HNOs (65 % Suprapur) i HCI
(30 % Suprapur). Badane materialy mialy odczyn od ekstremalnie kwasnego do oboje¢tnego, w wigkszosci
bardzo kwasny. Catkowita zawartos¢ pierwiastkow sladowych w badanych glebach wahata si¢ w szerokim
zakresie: od 21,91 do 119,32 mgCr, od 1,4 do 51,16 mgCu, od 2,15 do 36,16 mgNi i od 16,33 do 869,19
mgMn - kg '. W materiale odpadowym zawartosci badanych pierwiastkow wynosity: 45,55-67,38 mgCr,
19,5-244,74 mgCu, 4,96-22,15 mgNi i 30,75-369,11 mgMn - kg’l. W badaniach okreslono réwniez pionowa
zmienno$¢ zawartosci metali w poszczegoélnych profilach glebowych. Wykryte zawartosci metali cigzkich
$wiadcza o silnym zanieczyszczeniu gleb. Wskazano na dawng dziatalno$¢ hutnicza jako na zrédto tego
zanieczyszczenia, ktore moze stanowi¢ zagrozenie dla mieszkancow, ze wzgledu na bliskie sasiedztwo
zamknigtej huty z obszarami zabudowanymi i rekreacyjnymi oraz ogrodami dziatkowymi.

Stowa kluczowe: hutnictwo cynku, metale cig¢zkie, zanieczyszczenia gleby
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EMISSION OF VOLATILE FLUORINE COMPOUNDS
FROM PARTIALLY ACIDULATED
PHOSPHATE ROCKS PRODUCTION PROCESS

EMISJA LOTNYCH ZWIAZKOW FLUORU
Z PROCESU OTRZYMYWANIA FOSFORYTOW
CZESCIOWO ROZLOZONYCH

Abstract: Emission of volatile fluorine compounds is considered to be the major environmental concern of
the phosphate fertilizers manufacturing process. The results of presented studies indicates that the use of
PAPR technology as an alternative to conventional superphosphatic fertilizers reduces F~ total emission. For
the assumed production capacity of 800 Mg/day of PAPR products a decrease in npapr value from 1.0 (SSP)
to 0.3 causes a reduction in F~ by average: 6045 — 1675 kg/day and 1545 — 506 kg/day for H,SO4 and
H;PO, respectively as the mineral acids used for acidulation process, while decrease in npapr value from 1.0
(SSP) to 0.5 causes a reduction in F by average: 6045 — 1865 kg/day and 1545 — 660 kg/day for H,SO,
and H;PO,, respectively. Reducing the F~ content improves environmental and economic profile of the
installation, limits the amount of resulting silica, and allow a reduction in off-gas flow intensity, or spraying
density.

Keywords: phosphate fertilizers, partially acidulated phosphate rocks (PAPR), volatile fluorine compounds

Introduction

Manufacturing of phosphate fertilizers involves emission of significant amount of gases,
which consist particularly of a mixture of HF and SiF,, causing the problem of acute
phytotoxicity near the fertilizer manufacturing plants [1, 2]. Furthermore, the contamina-
tion level of fluoride in fertilizer formulations can reach up to 3 % by weight, what may
cause the risk of increased concentrations of fluoride in the soil to phytotoxic values at
the long-term application (for example SSP application of 10-30 kgP - ha' - year '
cause introduction into the soil of 1-6 kgF - ha ' - year ') [3]. It is strictly dependent on

! Institute of Inorganic Technology and Mineral Fertilizers, Wroclaw University of Technology, ul. J. Smo-
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the method of purification of waste gases collected from the mixer and reaction den,
which typically are scrubbed by a two-stage fan system comprising scrubber, a packed
absorption column — sprayed with fluosilicic acid solution and water separator cyclone.
Moreover, in conventional superphosphatic technology, periodically stored fluosilicic
acid, evolved from the absorption unit of fluorinated gases, is recycled to the powder
fertilizer production, where is used as a substitute for the phosphate rock acidulation
reaction. It concurrently reduces the consumption of sulfuric or phosphoric acid, and the
cost of H,SiF¢ neutralization [4, 5]. However, this loads fertilizer products with
additional fluoride amount, generating a risk of accumulation of its toxic levels in crops
[6]. PAPR (Partially Acidulated Phosphate Rock) technology seems to be a sustainable
solution for the production of phosphate fertilizers in terms of these aspects. It is based
on the use of portion of stoichiometric amount of sulfuric acid, phosphoric acid or
mixtures thereof, required for the complete dissolution of phosphate rock apatitic
structure to form a water-soluble Ca(H,POy), [7-11]. Given the current economy, it is
profitable and at the same time reduces the adverse environmental aspects. The unit
which defines fertilizer formulations of PAPR-type is a degree of PAPR stoichiometric
norm (Npapr) expressed as the ratio of amount of mineral acid actually used to the
stoichiometric quantity of acid required to fully acidulate a particular phosphate rock to
single superphosphate (SSP):

a
_ M min.ac
MpapR =5

min.ac.

where: npspr — degree of PAPR stoichiometric norm,
— amount of mineral acid actually used in the acidulation process,
— the stoichiometric quantity of acid required to fully acidulate

a particular phosphate rock to SSP.

a
N min. ac.

N min. ac.

Conventional SSP in this convention reach npapr = 1. The npapr value determines
the content of both available and insoluble phosphate forms. Insoluble forms represent
mainly unacidulated parts of phosphate rock. After application to the soil, chemical
processes and microbial mineralization take place and turn them into a reserve of
phosphorus compounds [12].

Materials and methods

Fertilizer preparations of a PAPR-type were obtained in the model-type Atlas
apparatus (Syrris Ltd.) consisting of the following units:

— The ellipsoid bottom experimental reaction vessel made of Teflon, developed with
working volume of approximately 0.8 dm®, equipped with a cover with openings that
enabled feeding the batch;

— Mechanically controlled stirrer IKA RW 28 BASIC;
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— Volatile fluorine compounds absorption system in an alkaline solution (NaOH 1 M)
comprising a laboratory scrubber with a capacity of 500 cm’, in series with a reaction
vessel containing 250 cm® of a solution of an alkali;

— Diaphragm vacuum pump NS6KN.18 Laboport® combined with absorption system
forcing the process gas flow.

Technical specification of applied apparatus and a process parameters (Fig. 1)
enabled in a high degree to imitate the unit processes that occur in the technological line
to manufacture single superphosphate (SSP).

H,S04 (95 % wiw) Water
or HsPO, (85 % wiw) ¢
Phosphate ?ocl;prolcessing and Mineral acid processing and feeding:
1.7IN piislgﬁéte rock 1. H,SO, analytically pure
; 2. H3PO, analytically pure Energy
(P05 30.32 % wiw) ; . =
2. Moroceo Il (P,0s 30.99 % wiw) Acid norm: a‘:]eq”a\';:’e‘he assumed
= PAPR
Tsieli%%)g (diluton, heating, cooling)
Oversize Phosphate rock H,S0, (70 % wiw), T = 50 °C

Fineness: 125-630 um Lor H3PO, (75 % wiw), T = 50 °C

Single-stage absorption

Acidulation in the batch reaction vessel: . .
of volatile fluorine

1. Stirring intensity: 150 rpm Volatile | Emission to

2. Residence time 1= 1h fluorine compounds: W
3. Temeperature of the process: 100-110 °C  |compounds 1-'“'[@'8& 510:\;"“0”-

PAPR — type
fertilizer

A
Curing of PAPR — type fertilizer

Fig. 1. Schematic diagram of laboratory installation for production of PAPR-type fertilizer formulations

“Morocco II” and “ZIN” phosphate rock samples were used for investigations. The
selected raw materials have been widely used by the national phosphate fertilizer
manufacturers. Morocco’s enormous measured phosphate rock resources are hosted in
upper cretaceous, palacocene and eocene sediments. Sequences comprising clays, marls,
limestones and cherts contain several phosphate-rich beds. Phosphate rock mining
centres are operated by Office Chérifien des Phosphates (OCP). Moroccan phosphate
rock are enriched by simple mechanical processes [13]. “ZIN” phosphate rocks are
being extracted from deposits located in the eastern desert Nagev in Israel. As a
commercial product is available in processed form as a result of hydraulic and washing
beneficiation [14]. The results of chemical analysis of tested phosphate rocks samples
are summarized in Table 1.

The free F ions content in the investigated samples was determined by po-
tentiometric method using a fluoride ionplus sure-flow solid state combination electrode
connected with the multi-parameter laboratory meter 5-STAR (Thermo Scientific
Orion). The device allowed the measurement of the concentration of free fluoride ions
in range of mg/dm3 against the calibration curve. Calibration of the equipment was
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Table 1

Chemical composition of tested phosphate rocks samples

Results for given type of phosphate rock
Parameter Unit
Morocco II ZIN

P soluble in mineral acids P,0s5 % w/w 30.99 30.32
P soluble in 2 % citric acid (20 g per dm®) P,05 % wiw 2.02 5.69

P soluble in 2 % formic acid (20 g per dm?) P,0s5 % wiw 1.49 5.52

P soluble in neutral ammonium citrate P,05 % w/w 291 3.66

P water-soluble P,05 % w/w insoluble insoluble
F % w/w 3.44 3.61
CaO % w/w 54.80 49.59
ALO; % w/w 0.12 0.24
Fe 05 % w/w 0.41 0.40

performed based on the measurement of the potential of standard solutions with
concentrations of 100, 250 and 500 mg/dm3 F~. The procedure for measuring the
concentration of F~ ions, developed on the basis of Al-Othman’s research, was shown
schematically in Fig. 2 [17].

Sampling NaOH 1 M
alkaline solution from
single-stage absorption
of volatile fluorine
compounds:

— Volume of the sample
taken for determination
Ve=10 cm?

v

Weighing the sample of
phosphate rosk or PAPR
— type fertilizer into
the beaker (V = 100 cm?)
ms=0.05¢g

Fluoride extraction from the
investigated sample using
citric acid solution (0.5 M)

Vea =50 cm3
t =45 min
(shaking: 150 rpm)
T=22°C

Filtration of the mixture to
a volumetric flask
(V=100 cm?)
(distilled water addition)
— The volume of extract
taken for determination
V=10 cm?

Determination of F~ions
in the extract:
— Volume of citrate buffer
pH = 6.0 Vs = 10 cm?
— 9609 BNWP ion selective
measurement

Fig. 2. Schematic diagram of the procedure for determination of the F ions in the examined samples

Results and discussion

Table 2 depicts the simplified material balance for the absorption of volatile fluorine
compounds evolved from the products of Morocco II phosphate rock dissolution using
PAPR technique with H,SO,. The results were recalculated for an industrial plant with
the production capacity of the assumed 800 Mg of PAPR-type fertilizer product per day.

In the course of investigations it was found that the amount of volatile fluorine
compounds emitted from the PAPR manufacturing system increases with higher values
of Mpapr along. The reference product npapr = 1 was characterized by the maximum
level of emissions of volatile fluorine compounds, revealing the highest absorption
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Table 2

A simplified material balance for the process of absorption of the volatile F compounds
from the products of Morocco II phosphate rock acidulation by PAPR technique using H,SO,

Results for given type of fertilizer product

Parameter Unit depending on Mpapr value

0.1 ‘ 0.3 ‘ 0.5 ‘ 0.7 ‘ 1.0
Fertilizer output Mg 800.0
Phosphate rock (Morocco II) consumption | Mg/day | 772.0 699.6 626.8 571.9 509.0
F content in phosphate rock Mg/day 26.6 24.1 21.6 19.7 17.5
F content in product Mg/day 26.1 214 18.7 17.8 13.7
F total emission kg/day 480.0 2630.0 | 2840.0 | 1910.0 | 3750.0
F organised emission kg/day 237.4 182.6 188.1 358.0 5223
F~ unorganised emission kg/day 242.6 24474 | 2651.9 1552.0 | 3227.7
Gas flow rate Nm'/h 0.4 0.4 0.4 0.4 0.4
Absorption performance % 52.8 50.8 59.7 78.9 86.3
F removal kg/day 125.4 92.7 112.2 282.5 450.5
Waste F~ emission kg/day 111.9 89.9 75.8 75.5 71.8

performance and concurrently the lowest F~ content in the fertilizer product. Analysis
of the absorption performance results for the mixture of HF and SiF, showed a
declining trend with decreasing values of nppr in the laboratory conditions. This may
be caused by too low flow rate of exhaust gases which achieves the optimum value of
approximately 30000 Nm?/h in an industrial conditions. The rapid growth of emissions
of volatile fluorine compounds was observed for fertilizer products of npspr > 0.5.
Table 3 depicts the simplified material balance for the absorption of volatile fluorine
compounds evolved from the products of ZIN phosphate rock dissolution using PAPR

technique with H,SO,.

Table 3

A simplified material balance for the process of absorption of the volatile fluorine compounds
from the products of ZIN phosphate rock acidulation by PAPR technique using H,SO4

Results for given type of fertilizer product

Waste F~ emission

Parameter Unit depending on npapr value

0.1 ‘ 0.3 ‘ 0.5 ‘ 0.7 ‘ 1.0
Fertilizer output Mg 800.0
Phosphate rock (ZIN) consumption Mg/day | 774.1 693.7 636.2 583.2 516.9
F content in phosphate rock Mg/day 27.9 25.0 22.9 21.1 18.7
F content in product Mg/day 27.3 243 22.1 18.5 10.3
F total emission kg/day 670.0 720.0 890.0 2570.0 | 8340.0
F~ organised emission kg/day 195.5 174.1 156.2 169.4 550.0
F~ unorganised emission kg/day 474.5 545.9 733.8 2400.6 | 7790.0
Gas flow rate Nm*/h 0.4 0.4 0.4 0.4 0.4
Absorption performance % 55.6 54.8 53.4 60.1 87.4
F~ removal kg/day 108.8 95.4 83.3 101.8 480.7

kg/day

86.7 78.7 72.8 67.7 69.3
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A comparison of material balances of volatile fluorine compounds for both
phosphate rocks made us able to observe that the F~ content in PAPR-type fertilizer
products acidulated with H,SO, of npapr values in range of 0.1-0.7 were higher for
ZIN phosphate rock sample. This correlates with the higher content of F~ in the raw
mineral of approximately 0.5 % w/w against Morocco II phosphate rock. Waste F~
emission values were lower by 5-15 % when ZIN phosphate rock was applied for the
dissolution process, particularly for fertilizer products of mpspr Vvalues in range of
0.1-0.5. Other parameters indicated comparable values.

In order to determine the influence of the type of mineral acid applied in the
acidulation process (H,SO, or H;PO, in this case) on F  emission profile, the
PAPR-type fertilizers were also manufactured using H3;PO,. It was crucial to determine
whether there is resemblance in F~ content trends in the particular range of the npapr
values of PAPR products obtained in the laboratory conditions. Table 4 depicts the
simplified material balance for the absorption of volatile fluorine compounds evolved
from the products of Morocco II phosphate rock dissolution using PAPR technique with

Table 4

A simplified material balance for the process of absorption of the volatile F compounds
from the products of Morocco II phosphate rock acidulation by PAPR technique using H;PO4

Results for given type of fertilizer product
Parameter Unit depending on npapr value

0.1 ‘ 0.3 0.5 0.7 ‘ 1.0
Fertilizer output Mg 800.0
Phosphate rock (Morocco IT) consumption Mg/day | 727.8 583.4 528.9 431.3 359.7
F~ content in phosphate rock Mg/day 25.0 20.1 18.2 14.8 12.4
F content in product Mg/day 24.6 19.8 17.9 14.2 10.7
F total emission kg/day | 480.0 230.0 280.0 680.0 1660.0
F~ organised emission kg/day 268.6 178.2 116.1 90.1 79.5
F~ unorganised emission kg/day | 211.4 51.8 163.9 589.9 1580.5
Gas flow rate Nm*/h 0.4 0.4 0.4 0.4 0.4
Absorption performance % 71.5 64.6 51.0 50.7 52.5
F removal kg/day 192.2 1143 59.2 45.7 41.7
Waste F~ emission kg/day 76.4 63.9 56.9 44.4 37.8

Potentiometric analysis for fluoride content determination revealed that the amount
of volatile fluorine compounds emitted from the laboratory PAPR manufacturing
system based on H;PO, increases with higher values of npapr along, likewise in PAPR
products acidulated with H,SO4. Moreover, the reference product mpapr = 1 was
characterized by the maximum level of emissions of volatile fluorine compounds and
concurrently the lowest F~ content in the fertilizer product. However, unlike PAPR
product acidulated with H,SOy,, it had the lowest absorption performance result for the
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mixture of HF and SiF, while indicating an upward trend with decreasing values of
Npapr in the laboratory conditions. Table 5 depicts the simplified material balance for
the absorption of volatile fluorine compounds evolved from the products of ZIN
phosphate rock dissolution using PAPR technique with H;PO,.

Table 5

A simplified material balance for the process of absorption of the volatile fluorine compounds
from the products of ZIN phosphate rock acidulation by PAPR technique using H;PO4

Results for given type of fertilizer product
Parameter Unit depending on 1papr value

0.1 ‘ 0.3 ‘ 0.5 0.7 ‘ 1.0
Fertilizer output Mg 800.0
Phosphate rock (ZIN) consumption Mg/day 726.9 603.5 514.0 445.2 376.4
F content in phosphate rock Mg/day 26.2 21.8 18.6 16.1 13.6
F~ content in product Mg/day 25.5 20.9 17.5 14.9 12.2
F total emission kg/day 720.0 910.0 1040.0 1190.0 1430.0
F~ organised emission kg/day 153.0 130.7 110.5 98.6 84.7
F unorganised emission kg/day 567.0 779.3 929.5 1091.4 13453
Gas flow rate Nm*/h 0.4 0.4 0.4 0.4 0.4
Absorption performance % 52.5 52.4 50.9 52.1 52.0
F removal kg/day 80.3 68.5 56.3 51.4 44.0
Waste F~ emission kg/day 72.7 62.2 54.2 47.2 40.7

The F~ content in PAPR-type fertilizer products acidulated with H;PO4 were higher
for ZIN phosphate rock sample in the whole spectrum of mpapr values, just as in the
case of products acidulated with H,SO,4. Again, it may be correlated with the higher
content of F~ in the raw mineral of approximately 0.5 % w/w against Morocco II
phosphate rock. Waste F~ emission values were virtually at the same levels for both
phosphate rocks, whereas the average values were significantly lower in comparison
with PAPR fertilizer formulations manufactured using H,SO,. Other parameters
indicated comparable values.

Conclusions

The study indicates that the use of PAPR technology as an alternative to con-
ventional superphosphatic fertilizers reduces F~ total emission. For the assumed
production capacity of 800 Mg of PAPR fertilizer products per day a decrease in npapr
value from 1.0 (SSP) to 0.3 causes a reduction in F~ by average: 1545 — 506 kg/day
and 6045 — 1675 kg/day for H,SO,4 and H3PO, respectively as the mineral acids used
for acidulation process, while decrease in npapr value from 1.0 (SSP) to 0.5 causes
a reduction in F~ by average: 6045 — 1865 kg/day and 1545 — 660 kg/day for H,SO,
and H3PO, respectively. The influence of the type of mineral acid applied in the
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acidulation process (H,SO, or H;PO, in this case) on F emission profile was
particularly shown by indicating an upward trend in the absorption performance results
for the mixture of HF and SiF, with decreasing values of mpapr for PAPR products
acidulated with H;PO,. Furthermore average waste F~ emission values were signi-
ficantly lower unlike in PAPR fertilizer formulations manufactured by using H,SO, for
acidulation process. A reasonable conclusion to draw from these results is that F~
emission is highly dependent on the amount of phosphate rock feed into the
manufacturing process. Thus, in case of PAPR products acidulated with H;PO, the
amount of volatile fluorine compounds evolved will be lower for particular npapr value
for the specified mass unit as the part of P,Os is introduced with H;PO,. Despite
improvement of environmental protection issues, the lower content of F~, which leads
concurrently to reduce the amount of resulting silica, may allow also a reduction in
off-gas flow intensity, or spraying density, which could potentially lead to decrease the
cost of purification of 1 m® of the off-gas.
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EMISJA LOTNYCH ZWIAZK()W FLUORU
Z PROCESU OTRZYMYWANIA FOSFORYTOW CZEéCIOWO ROZLOZONYCH

Instytut Technologii Nieorganicznej i Nawozéw Mineralnych
Politechnika Wroctawska

Abstrakt: Emisja lotnych zwigzkoéw fluoru jest uwazana za podstawowe zagrozenie srodowiskowe proceséw
wytwarzania nawozow fosforowych. Rezultaty przeprowadzonych badan wskazujg, ze stosowanie technologii
PAPR jako alternatywy dla konwencjonalnych nawozéw superfosfatowych, powoduje zmniejszenie emisji
catkowitej F. Dla zatozonej zdolnosci produkcyjnej 800 Mg/dobe produktow nawozowych typu PAPR
obnizenie wartosci Mpapr z 1,0 (SSP) do 0,3 powoduje redukcj¢ F~ $rednio: 6045 — 1675 kg/dobg oraz
1545 — 506 kg/dobe dla odpowiednio H,SO, i H;PO, jako kwasow mineralnych zastosowanych w procesie
roztwarzania; podczas gdy obnizenie wartosci Mpapr z 1,0 (SSP) do 0,5 powoduje redukcj¢ F $rednio:
6045 — 1865 kg/dobg oraz 1545 — 660 kg/dobg odpowiednio dla H,SO4 i H;PO,. Obnizenie zawartosci F-
poprawia profil srodowiskowy oraz ekonomiczny instalacji, prowadzac jednoczesnie do ograniczenia ilosci
powstajacej krzemionki, pozwalajac na zmniejszenie natgzenia przeptywu gazéw odlotowych lub gestosci
zraszania.

Stowa kluczowe: nawozy fosforowe, fosforyty czg¢sciowo roztozone (PAPR), lotne zwiazki fluoru
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INVESTIGATIONS OF BIO-DRYING PROCESS
OF MUNICIPAL SOLID WASTE

BADANIA BIOSUSZENIA ODPADOW KOMUNALNYCH

Abstract: Operation analysis of the mechanical-biological stabilization reactor was presented. Minicipal
waste undergoes mechanical pretreatment and then the fraction 0—80 mm rich in organic matter is treated by
oxidic method in the reactor. Results of investigations of raw MSW (0-80 mm) and stabilat (0-20 mm,
20-80 mm) which are the resulting material after the 7" days bio-drying processes, were discussed. The loss
of ignition (LOI), humidity, pH, the amount of sulfur, chlorides, heavy metals and the biologically stable state
are the main investigated parameters. To evaluate the material stabilization, the determination of the O, uptake
and CO, production was measured. The results allowed to evaluate the work effectiveness of the industrial
reactor constructed for MSW treatment. The experiments were led using an OXYMAX respirometer ER-10
(Columbus Instruments), an ion chromatograph 883 Basic IC plus, spectrometer with plasma ICP.

Keywords: mechanical-biological stabilization, biodrying MSW, respirometry

Introduction

The mechanical-biological treatment (MBT) is an integrated process which includes:
the mechanical processing (crushing, screening, separation and compaction) [1] and the
biological (aerobic and anaerobic methods) [2]. MBT systems are led to treatment
municipal solid waste (MSW) for reducing the amount of waste going to landfill. As
a result, this method provides the energy recovery (energy, electricity) or the material
recovery (organic recycling). Generally, two aerobic methods are available: the
composting and the mechanical biological stabilization (MBS) also called a biodrying
[3]. The MBS is a relatively new direction. Produce of residual derived fuel (RDF) is
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the main idea of biodried technologies. Alternative option for using MBS is stabiliza-
tion/preparing of waste going to landfills. Preparing waste for disposal is a result of law
requirements [4].

Evaluation work effectiveness of industry reactor for biostabilization organic fraction
was the main aim of the analysis. The reactor is an element of technology for
mechanical-biological treatment of waste (MBT).

Mechanical-biological stabilization plant

The analyzed MBS technology includes: screenings, the reactor, module of active
acration with stove and finally bio-filter which removes odors. The scheme of biodrying
technology was presented in Fig. 1. The reactor has rectangular shape and was made of
galvanized steel. The reactor treats the 0—80 mm fraction of MSW. The biodrying bed is
approximately 2/3 of total height of the reactor. The retention time is 7-14 days. The
downcast ventilator (air flow) and the exhaust ventilator (moisture removal) work
continuously. Engine power of the downcast ventilator is 7.5 kW. The maximum
amount of air flow to the reactor is 4500 m*/h. Exhaust ventilator with motor power 4.0
kW, which is both moisture removal and air flow for biofilter, works with a yield of
3000 m*/h.

Exhaust ventilator 3000 m3h

MSW

0-80mM | gjopRAYER Stove B0
REACTOR FirER
Stabilat V=158 m3

0-80 mm Downcast

ventilator
\ ; 4500 m%h
TROMMEL SCREEN

€. D

m 20-80 mm

0-.

fraction fraction
Landfills RDF

Fig. 1. The scheme of MBS plant with active aeration for stabilization MSW

The MBS idea involves the separation of waste after biological drying to fraction
20 mm and 20-80 mm. According to the technology concept, dried fraction 0-20 mm
(code 19 12 12 — wastes from mechanical treatment) goes to the landfill. Fraction 20-80
mm (code 19 12 10 — combustible waste, refuse derived fuel) is treated by the thermal
methods, which is in accordance with § 5.6. Regulation [5].

In connection with the technology concept, which assumes that fraction 0-20 mm are
going to landfill, measurement of loss on ignition was made. The results were compared
with requirements of the Minister of Economy [4]. Biodried 020 mm fraction can be
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classified with code 19 12 12*. According to the Regulation [4] waste code 19 12 12
may be taken to a landfill for non-hazardous and inert waste if they fulfill the
requirements set out in the annex 4 [4]:

— loss of ignition (LOI) < 8 % d.m.,

— total carbon organic (TOC) < 5 % d.m.,

— heat of combustion max. 6 MJ/kg d.m.

Based on § 7 [4] these criteria will be obliged from 1.01.2016, however, selective
control parameters of waste going to landfill will be realized, how difficult it is to fulfill
these stringent parameters. These requirements will help to reduce the amount of
landfilled waste significantly.

The criteria for stabilat

MBS technologies treated the municipal solid waste. Process of biological drying
should take place in closed reactor with active aeration for minimum 7 days, which is in
accordance with § 4.4. Regulation [5]. Finally, waste after MBP technologies should fill
one of following criteria [5]:

— Loss of ignition (LOI) < 35 % dry mass, and the amount of total carbon organic
(TOC) < 20 % d.m., or

— The loss of organic matter in processes before and after stabilization should be
higher than 40 % d.m., or

— Respiration Activity RA; < 10 mgO,/g d.m.

In order to assess the correctness of MBS process, there were analyzed LOI and
respiration activity of 0-20 mm fraction and LOI of 20-80 mm fraction.

There are three types of measurement biological stability. The reactivity/stability of
the MBT products can be determined by aerobic and anaerobic methods [6]. The
acrobic indices are based on respiration techniques, while the anaerobic on biogas
production. Respiration techniques are based on the measurement of the loss of O, in
the reactor and are the most accepted because of the precise information about the real
biological activity of the samples [6]. One of respirometric parameter is RA,, that
presents microbiological oxygen consumption for 4 days. RA, parameter determines the
ability of waste for further biological decomposition [3]. The respiration activity is
measured in an oxygen atmosphere, for a 30 g minimum sample weight and the
humidity of 40-50 % [6]. The amount of oxygen consumed by microorganisms can be
determined by methods: the static (without a continuous supply of air during the assay)
and the dynamic (with a continuous supply of air). The most popular equipment for
determining RA, are Sapromat and Oxitop (static method). In these equipments may
occur the anaerobic atmosphere and disturbing of the final result. Moreover, products of
the biological decomposition led to next mistake which equipment register as CO,.
Micro-Oxymax and Costech are respirometry equipment working basing on dynamic

* Other wastes (including mixtures of materials) from mechanical treatment of wastes other than those
mentioned in 19 12 11.
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methods [7-9]. Figure 2 presents the test stand for dynamic measurement O, uptake and
CO, production.

Fig. 2. The test stand for measuring biological activity — respirometer Oxymax ER-10

Materials and research methods

Investigations included two phases: the study of waste going to the stabilization and
testing of the biodried waste MBS, which called stabilat. Table 1 and 2 present the
characteristic parameters of investigated materials. The probes of 0-80 mm MSW
fraction were taken according to the standard procedure — the method of quartering [10].
Investigations of humidity were determined by weight loss mass of dried waste at
105 °C [11]. The weights of the dried waste samples were approximately 1000 g.
Measurement of loss on ignition was determined by 5 g samples according Polish
Standards [12].

The basis for the analysis of chlorides, sulphates and heavy metals Cd, Cu, Cr, Ni,
Pb, Zn was a procedure for preparing the water extract of solid wastes according to
procedure presented in Fig. 3 [13]. Samples taken to water extraction tests were in
natural size. The liquid used to prepare the extraction test was distilled water. Testing
procedure was carried out at room temperature.

Three extracts should be treated separately. The amount of determined element in
first water extract should be calculated from formula [13]:

V,-c
g =——" (1)
m
where: ¢g; — the amount of determined element [g/kg d.m.],

V1 — volume of water extract in first step [cm3],
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¢, — concentration of determined element [mg/cmB],
m — weight of dry mass [g].

The amount of determined element in water extract in second step should be
calculated from formula [13]:

Vo

92 2

m

where: ¢, — the amount of t determined element [g/kg d.m.],
Vy — volume of water used to extract in second step [em?],
¢, — concentration of determined element [mg/cm3],
m — weight of dry mass [g].

The amount of determined element in water extract in third step should be calculated
from formula [13]:

Vo

q3 3)

m

where: g3 — the amount of determined element [g/kg d.m.],
Vo — volume of water used to extract in third step [cm’],
¢; — concentration of determined element [mg/cm’],
m — weight of dry mass [g].

The total amount of determined element in g/kg d.m. should be calculated from
formula [13]:

O=q, +q, +q; “4)

The elutes obtained in above mentioned procedure were the object further investiga-
tions.

The amounts of anions were measured by ion chromatograph 883 Basic IC plus,
while the heavy metals by ICP plasma spectrometer.

The biological stability was determined by dynamic tests using a respirometer
Oxymax ER-10. The respirometer took a series of gas measurements with 5 minutes
interval, recording the net increase or decrease in the concentration of the monitored
gases. Research sample weight for 0-80 mm fraction was 100 g, input moisture
41.39 %, shredding < 9 mm.

The idea of technology is based on biological stabilization municipal solid waste
0-80 mm fraction with continuous aeration for 7 days. After processes the stabilats
were directed to a rotary screen. Two output streams 0-20 mm and 20-80 mm were the
separated products. Stabilized fraction 0-20 was tested analogously to the 0—-80 mm
fraction. The oxygen uptake and production of carbon dioxide were measured only for
0-20 mm fraction with parameters: probe mass 300 g, input moisture 42 %, shredding
< 9 mm.
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Results

Average values of moisture, loss on ignition (LOI), chlorides and sulphates anions
are presented in Table 1. Results presented in Table 1 were averages from three
investigations.

Table 1

Humidity, LOI in probes and chlorides, sulphates ,pH in elutes from waste taken before
and after 7-days stabilization

lnv&?stlgatlons directly Investigations in extraction test
in waste probes
Sample Fraction
mm] ) umidity | . DO Chiorides I | Sulphates
(%] of ignition LOI [mg/ke d.m.] SO, pH
0 [% d.m.] g/ke d.m. [mg/kg d.m.]

Before stabilization 0-80 45.00 62.10 1135.41 1347.83 7.39
After stabilization 0-20 30.48 24.80 2339.20 7614.69 7.5
After stabilization 20-80 35.61 49.20 458.08 1416.26 7.6

Table 2 summarizes the data respiration activity of the raw MSW 0-80 mm fraction
and the 0—20 mm stabilized fraction. Respirometric activity was examined for stabilat
0-20 to verify work of the reactor that must achieve requirement level AT; < 10
mg0,/g d.m. [5]. The oxygen consumption measured for 4 days for fraction 0—80 mm
was 47.85 mg0O,/g d.m. Results of analysis were compared with law requirements for
waste disposal [5].

Table 2
The measurment gases for 0-80 mm and 0-20 mm fractions after bio-drying process
in industrial reactor
Fraction Accumulative con- | Accumulative pro- Averge ratio Consumption
[mm] sumption O, duction CO, CO,/0, 0,/96 h
[mg/96 h] [mg/96 h] [-] [mgO,/g d.m.]
0-80 2870.89 3578.19 1.16 47.85
0-20 1633.23 1939.48 1.04 8.17

Figure 4 and 5 illustrate values of heavy metals tested by spectrometry methods in
elutes. The following wavelengths in [nm] were taken to analyze the elements:

— Cd 228.802 — Cu 327.393 — Cr 267.716
— Ni 231.604 — Pb 220.353 — Zn 206.200
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Fig. 4. Heavy metals analysis in elutes in the waste before stabilization in the bioreactor with active aeration
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Fig. 5. Heavy metals analysis in elutes in the waste after 7-day stabilization in the bioreactor with active
acration

Conclusions

The 7-days biodrying processes were completed with decreased 10.61 % of moisture
content in the 20—-80 mm fraction, and 14.52 % decrease in the 0-20 mm fraction. The
amounts of chlorides, identified in water extract, increased 1.5 times in stabilized waste.
However, the amount of CI” is lower than limit values of 15 000 mg/kg of dry matter
determined by Decree of the Minister of Economy [4]. There is a noticeable dominance
7 614.69 mg/kg d.m. of SO,” anions in the water extract fraction 0-20 mm, but it is
still below the acceptable level of 20 000 mg/kg d.m. defined in law regulation [4].

Decomposition of complex substances into simpler and partly mineralizated matter
are results of stabilization processes [14]. Therefore, the amount of heavy metals in
stabilat fractions was decreased. The largest increase, up more than 75 %, was observed
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in the case of chromium. As a result of the changes taking place in the stabilat, a
significant increase in the content of copper was detected, that amounted to 69.55 % for
the 0-20 mm fraction and 61.44 % for the 20-80 mm fraction. The smallest average
increase of 10.82 % was observed for nickel. The metal content in the waste is
conditioned by the presence of unwanted materials for example: ferrous and non-ferrous
metals and hazardous waste such as batteries, fluorescent lamps. Segregation of waste
,,at the source” is needed solution to reduce the content of heavy metals in the waste
directed to biological treatment [15].

The amount of heavy metals is in the limit of detection. Limited values in accordance
with annex 3 [4] are in [mg/kg d.m.]: Cd = 1, Cu =50, Cr = 10, Ni = 10, Pb, and Zn =
10 = 50.

Loss on ignition of raw waste was 62.10 % d.m. After stabilization LOI was much
lower (24.80 % d.m for 020 stabilat fraction and 49.20 % d.m. for 20-80 mm fraction).
According to requirements for MBS technology [5] LOI should be lower than 35 %.
Therefore, only the fraction of 0-20 mm had been properly treated in MBS technology.

In accordance with the criteria in the Regulation [4], none of the stabilized fraction
can’t be landfilled. Losses on ignition are much higher than the limit value of 8 % d.m.
In conclusion, to fulfill the criteria set out in polish legislation [4] and [12], the
biodrying process of MSW in the industrial reactor, should be extended to the point
where the fraction directed to the landfill (0-20 mm) will reach LOI values lower than
8 % d.m.

The maximum 10 mgO,/g d.m. respiration activity is the another criteria for MBS
technology what was compared with results presented in Table 2. The 0—80 mm fraction
was the most biologically active. The total oxygen consumption for 4-days of 0—20 mm
fraction was 8.17 mgO,/g d.m. It allows to make the conclusion that the investigated
0-20 mm fraction had been properly treated in the MBS because the respirometer
activity was < 10 mgO,/g d.m. [5].
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BADANIA BIOSUSZENIA ODPADOW KOMUNALNYCH

! Katedra Inzynierii i Ochrony Srodowiska, Zaklad Gospoadrki Odpadami,
Wydzial Inzynierii Srodowiska, Geomatyki i Energetyki
? Katedra Inzynierii i Ochrony Srodowiska, Zaktad Gospodarki Odpadami,
Wydzial Inzynierii i Ochrony Srodowiska
Politechnika Swiqtokrzyska

Abstrakt: Artykul prezentuje analiz¢ pracy reaktora stuzacego do mechaniczno-biologicznej stabilizacji
odpadow. Odpady komunalne poddawane sa wstgpnej mechanicznej przerdbcee, a nastepnie frakcja 0-80 mm
najbogatsza w materi¢ organiczna poddawana jest obrobce tlenowej w reaktorze. Przeprowadzono badania
odpadow komunalnych kierowanych do reaktora (0-80 mm), a takze stabilizatu (0-20 mm, 20-80 mm)
powstatego po 7-dniowym suszeniu. Wyznaczono nastgpujace parametry: straty prazenia (LOI), wilgotnosé,
pH, siarczany, chlorki, metale ci¢zkie oraz aktywnos$¢ oddechowa. W celu okreslenia stabilizacji materiatu
mierzono ubytek O, i produkcje CO,. Uzyskane wyniki pozwolity oceni¢ efektywnos¢ pracy reaktora zgodnie
z kryteriami prawnymi. Badania prowadzono z uzyciem urzadzen zakupionych ze $rodkéw unijnych:
respirometr OXYMAX ER-10, chromatograf jonowy 883 Basic IC plus, spektrometr z plazma ICP.

Stowa kluczowe: mechaniczno-biologiczna stabilizacja odpadéw, biosuszenie odpadow komunalnych, res-
pirometria
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RUDZINSKI Krzysztof J. (9) 935, 86

RUSIN Milena (4-5) 545, 51

RUTKOWSKA Ewa (7-8) 833, 77

RYBACKI Michat (6) 663, 61

RYBARSKI Stawomir (12) 1451, 131/

RYMS Michat (10) 1223, 712

SAWICKA Barbara (2) 213, 22; (6) 689, 64

SCHROETER-ZAKRZEWSKA Anita (6) 701, 65

SENZE Magdalena (1) 55, 6

SIDORUK Marcin (3) 391, 38

SIKORA Jakub (10) 1103, 100

SIKORSKI Mikolaj (9) 961, 88

SIMEONOV Vasil (4-5) 585, 55

SIVITSKAYA Veranika (3) 323, 3/

SIWIK-ZIOMEK Anetta (1) 21, 2; (3) 363, 35

SKORBILOWICZ Mirostaw (10) 1127, 102

SKUT Jakub (4-5) 555, 52; (9) 1049, 96; (12)
1451, 131

SKWIERAWSKI Andrzej (11) 1275, 115

SLAVOVA Miglena (4-5) 585, 55

SLOMNICKI Artur (1) 47, 5

SMOCZYNSKI Lech (10) 1143, 104

SOBCZYNSKA-WOJCIK Katarzyna (4-5) 491,
46, (10) 1115, 101; (11) 1265, 114

SOBIANOWSKA-TUREK Agnieszka (4-5) 573,
54; (7-8) 909, 85

SOLEK-PODWIKA Katarzyna (2) 187, 19; (11)
1335, 121

STOINSKA Renata (4-5) 503, 47

STUDZINSKA-SROKA Elzbicta (6) 675, 62

SUTKOWSKA Katarzyna (12) 1441, 130

SZCZEPANIAK Wiodzimierz (4-5) 573, 54; (7-8)
909, 85

SZELAG Bartosz (11) 1305, 118

SZELAG Maciej (7-8) 899, 84

SZELAG-SIKORA Anna (10) 1103, 100

SZEWCZYK Wojciech (10) 1135, 103

SZMIGIELSKI Rafat (9) 935, 86

SZULINSKA Elzbicta (7-8) 847, 79

SZYMCZYK Stawomir (4-5) 491, 46

TABAK Monika (6) 631, 58; (11) 1351, 123; (11)
1359, 124

TARNAWSKI Marek (11) 1295, 117

TEPER Lestaw (12) 1441, 130

TKACZYNSKA Anna (1) 63, 7
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TOKARZ Matgorzata (3) 401, 39
TOMCZAK Elwira (11) 1255, 113
TRZASKOWSKI Kamil (3) 333, 32
TUCHOLSKI Stefan (3) 391, 38

URBANSKA Katarzyna (10) 1173, 107

WASYLEWICZ Réza (10) 1213, 111

WERLE Sebastian (2) 279, 28

WIATER Jézefa (12) 1431, 129

WIDLAK Matgorzata (7-8) 867, 81

WIDOMSKI Marcin K. (1) 89, 10; (1) 99, 11; (12)
1397, 126

WIECZOREK Jerzy (1) 109, 12; (10) 1173, 107;
(12) 1423, 128

WIERZBA Stawomir (7-8) 875, 82

WILCZEWSKI Edward (6) 663, 61

WISNIOWSKA-KIELIAN Barbara (9) 987, 90;
(11) 1359, 124

WOIDYLA Adam T. (2) 175, 18
WOLNA-MARUWKA Agnieszka (6) 701, 65
WOLEJKO Elzbieta (7-8) 885, 83; (9) 1009, 92
WOLOSZYK Czestaw (9) 1019, 93
WRZESIEN Robert (3) 333, 32

WYDRO Urszula (7-8) 885, 83
WYSZKOWSKI Mirostaw (3) 323, 3/

Z.ADROZNY Pawet (9) 1039, 95; (11) 1327, 120
ZAMORSKA-WOJDYLA Dorota (4-5) 573, 54
ZARABSKA-BOZEJEWICZ Daria (6) 675, 62
ZAWISZA-RASZKA Agnieszka (7-8) 847, 79
ZAWISLAK Maciej (4-5) 453, 42; (4-5) 461, 43
ZIELINSKA Maria (11) 1317, 119

ZIELINSKI Marcin (1) 117, 13; (4-5) 469, 44
ZIEMBIK Zbigniew (9) 999, 91; (11) 1317, 119
ZYCH-WEZYK Iwona (6) 709, 66

ZYGADLO Maria (12) 1461, 132
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accumulation (1) 55, 6

accumulation of zinc (1) 109, /2

acid soils (11) 1335, 7121

actinomycetes (4-5) 443, 41

activated carbon (6) 731, 68

actual thickness (1) 63, 7; (7-8) 771, 70
agricultural anthropopressure (9) 951, 87
air dustiness (4-5) 443, 41

algae (10) 1089, 99

alkaline extraction (2) 261, 26

amylolytic activity (1) 39, 4

anaerobic digestion (1) 117, 13
anti-oxidative system (9) 987, 90

apparent thickness (1) 63, 7; (7-8) 771, 70
aquaculture (10) 1103, 700

aquatic environment (4-5) 481, 45
arginine deaminase activity (6) 663, 61
arsenic (3) 351, 34

arylsulphatase (3) 363, 35

arylsulphatase activity (1) 21, 2

ascorbic acid (9) 987, 90

ash from sludge (9) 1019, 93

Aspergillus (11) 1369, 125

atmospheric processes (9) 935, 86
autochthonous microorganisms (6) 643, 59
available form of heavy metals (2) 251, 25
available fractions (10) 1163, /06

Bacillus sp. (1) 39, 4; (6) 653, 60
barium (2) 203, 21

bay (11) 1265, 114

BCR method (12) 1431, 129
bentonite (3) 323, 31

benzene (1) 99, /1

berry fruits (9) 1009, 92
bioaccumulation (10) 1103, 700
bioaccumulation factor (10) 1185, 7108
bioaerosol (4-5) 443, 41
biobutanol (1) 77, 9; (9) 1065, 98
biodrying MSW (12) 1461, 132

bioethanol (10) 1223, 712

biofuels (10) 1223, 772

biogas (1) 117, 13

biogenic substances (7-8) 779, 71

biological activity (10) 1195, 109

biomass of phytoplankton (7-8) 779, 71

biomonitoring (10) 1089, 99

bioremediation (2) 157, 16; (4-5) 525, 49; (4-5)
545, 51

biosorption, copper (7-8) 875, 82

bisulfite addition (9) 935, 86

bleaching earth (BE) (6) 643, 59

Bledow (9) 1039, 95

BODs (2) 271, 27

boron (6) 611, 56

bottom sediments (1) 55, 6; (7-8) 757, 69; (10)
1127, 102; (10) 1185, 108; (11) 1295, 117

brown coal (4-5) 453, 42

BTEX (3) 415, 40

cadmium (1) 47, 5; (1) 55, 6; (4-5) 535, 50; (4-5)
573, 54; (7-8) 807, 74; (9) 1019, 93

calcium (3) 383, 37; (7-8) 827, 76

calcium oxide (3) 323, 3/

Carabidae (4-5) 545, 51

carbonyls (9) 935, 86

Carlson’s TSI (11) 1275, 115

carp (10) 1103, 100

catalase (10) 1163, 106

cellulose (11) 1343, 122

Cetraria (6) 675, 62

CFD modeling (4-5) 453, 42; (4-5) 461,43

chlorophyll (6) 701, 65; (7-8) 839, 78; (7-8) 885,
83

chlorophyll a (7-8) 779, 71

chlorophyll meter (7-8) 839, 78

chlorosis (6) 621, 57

chromium (12) 1423, 128; (6) 731, 68

Cladonia (6) 675, 62

clinical data (4-5) 585, 55
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cluster analysis (4-5) 585, 55

BC NMR (2) 193, 20

coal combustion (4-5) 453, 42

COD (2) 271, 27

coefficient of graining non-uniformity (1) 63, 7
combustible properties (2) 279, 28

common radish (6) 621, 57

compost (3) 323, 31; (7-8) 807, 74; (10) 1173, 107
computational fluid dynamics (1) 99, 7/
control (2) 175, 18

conventional (7-8) 833, 77

copper (1) 55, 6; (9) 975, 89; (10) 1185, 108
corn starch (1) 39, 4

crude fiber (6) 681, 63

7Cs (9) 999, 91

cultivar (2) 213, 22; (6) 689, 64

cultivar of timothy (6) 681, 63

dam reservoir (4-5) 481, 45; (7-8) 779, 71; (11)
1295, 117

data treatment (4-5) 585, 55

decrease of hydraulic capacity of membrane (11)
1285, 116

dehydrogenase activity (11) 1335, 721

dehydrogenases (6) 701, 65; (10) 1163, 106

density (9) 1057, 97

deratisation (3) 333, 32

diazotrophs (7-8) 819, 75

diesel fuel (2) 157, 16

dietary supplements (11) 1369, 125

Diplocarpon rosae (2) 175, 18

Diptera larvae (9) 1057, 97

disinfection (3) 333, 32

disinsection (3) 333, 32

diversity (9) 1057, 97

dose of iron electrocoagulant (10) 1143, 104

drinking water quality (11) 1255, 713

dry weight (6) 621, 57

earthworm Lumbricus terrestris (7-8) 847, 79

ecotype (3) 315, 30

effective grain size (1) 63, 7

effective microorganism (6) 701, 65

effective weighted dose (9) 999, 91

Eisenia fetida (Sav.) (11) 1343, 122

electrospray mass spectrometry (9) 935, 86

engine oil (2) 157, 16

entomopathogenic nematodes (2) 157, 16; (4-5)
565, 53

enzymatic activity (6) 611, 56

enzymes (45) 525, 49

esterase (7-8) 847, 79

European Odour unit (4-5) 469, 44

eutrophication (3) 401, 39; (7-8) 779, 71; (11)
1275, 115

exchaneable aluminum (7-8) 867, 81

exploitation of water (11) 1255, 713

faba bean (1) 71, 8

family (6) 681, 63

farmyard manure (10) 1163, 7106
fermentation solutions (11) 1285, 716
fertilization (3) 373, 36

fertilizers (7-8) 827, 76; (9) 1049, 96
fish ponds (3) 391, 38

flax (7-8) 899, 84

flowering (1) 71, 8

food (9) 999, 91

food chain (10) 1103, /00

forest soil (7-8) 791, 72

fouling (2) 239, 24

fruits (7-8) 833, 77

Fusarium (11) 1369, 125

Galleria mellonella (4-5) 565, 53
gardening mineral wool (7-8) 827, 76
germination capacity (3) 315, 30

glucose (1) 39, 4

glutathione (9) 987, 90

grain size distribution (1) 109, 12
granulation (9) 1049, 96

grasses (7-8) 885, 83

groundwater table fluctuations (7-8) 771, 70
growth biostimulant (10) 1205, 770

hard coal (4-5) 453, 42

hard coal ash (3) 303, 29

heat shock (6) 709, 66

heating oil contamination (3) 323, 3/

heavy metals (1) 31, 3; (1) 47, 5; (1) 123, 14; (2)
251, 25; (4-5) 481, 45; (4-5) 515, 48; (4-5)
555, 52; (4-5) 565, 53; (6) 689, 64; (7-8) 757,
69; (7-8) 791, 72; (9) 961, 88; (9) 1057, 97;
(10) 1089, 99; (10) 1173, 107; (11) 1295, 117,
(12) 1411, 127; (12) 1441, 130

heavy metals extraction (2) 251, 25

heavy metals in Odra river (1) 31, 3

herbs (11) 1369, 125

high temperature (1) 71, 8

HPLC (2) 193, 20; (2) 225, 23

humic acids (2) 261, 26; (3) 339, 33

hydraulic conductivity (1) 63, 7

hydraulic head (7-8) 771, 70

hydrodynamic modelling (11) 1305, /18

hydrogen peroxide (45) 525, 49

hydromorphic soils (9) 1039, 95

industrial soil (2) 251, 25
infrared (IR) spectra (2) 193, 20
inner catalyst (7-8) 909, 85
integrated (7-8) 833, 77
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Integrated Trophic State Index (ITS) (11) 1275,
115

ionic liquids (1) 77, 9; (6) 621, 57; (9) 1065, 98

iron (2) 203, 217; (7-8) 827, 76; (9) 975, 89; (10)
1103, 100

isoprene (9) 935, 86

jerusalem artichoke (2) 213, 22; (6) 689, 64

YK (9) 999, 91
Krakow (4-5) 443, 41

Laka dam reservoir (9) 951, 87

lakes (1) 7, I; (3) 401, 39

lakes: Warnowo, Rabiaz, Czajcze and Domyslo-
wskie (1) 7, 1

land superior plants (6) 621, 57

land use (4-5) 481, 45

landfill (3) 383, 37

LC/MS (9) 935, 86

leachate (2) 149, 15; (3) 383, 37

lead (1) 47, 5; (1) 55, 6; (4-5) 535, 50; (4-5) 555,
525 (7-8) 807, 74; (9) 1019, 93

lead ions (4-5) 565, 53

leaf area (1) 71, 8

lignocellulosic biomass (1) 117, 13

lime binder (7-8) 899, 84

lipases (6) 653, 60

liquid-liquid extraction (1) 77, 9

lithium (2) 203, 21

lithium content (11) 1359, 124

live and dead cells (7-8) 875, 82

LNAPL (1) 63, 7; (7-8) 771, 70

Lodz water supply system (11) 1255, 113

long-term experiment (10) 1195, 709

low emission (7-8) 909, 85

luvisols (2) 225, 23; (3) 339, 33; (6) 663, 61

IMacroelements (6) 689, 64

magnesium (3) 383, 37; (7-8) 827, 76; (7-8) 885,
83

maize (3) 323, 31

makroelements (1) 21, 2

maltose (1) 39, 4

manganese (2) 203, 21; (9) 975, 89

meadow sward (6) 631, 58; (10) 1205, 7110

mechanical-biological stabilization (12) 1461, /32

membrane (9) 1065, 98

membrane surface cleaning (11) 1285, 716

mercury (4-5) 573, 54

metal fraction (12) 1431, 129

metal industry (10) 1213, 771

methacrolein (9) 935, 86

methyl vinyl ketone (9) 935, 86

microelements (6) 689, 64

micronutrient feeding (7-8) 839, 78

micronutrients (7-8) 885, 83

mineral fertilization (6) 611, 56

mineral soil (7-8) 867, 81

Miscanthus sacchariflorus (2) 193, 20; (2) 203, 21

MMP “Boleslaw” SA (12) 1423, 128

mobile phosphorous (4-5) 503, 47

model of pseudo-second-order reaction (12) 1411,
127

model wastewater (10) 1143, 104

modification (6) 731, 68

moisture (7-8) 827, 76

molds (11) 1369, 125

molybdenum (2) 203, 27; (6) 611, 56

mono- and dicotyledonous plants (12) 1423, 128

mountain catchment (4-5) 481, 45

municipal landfill (2) 149, 15

municipal sewage sludge (9) 1019, 93

Nanofiltration (11) 1285, 716

natural watercourses (2) 271, 27

nature protection (6) 675, 62

necrosis (6) 621, 57

necrotic bark of pine (7-8) 791, 72

newspaper (9) 1029, 94

N-fixing activity (7-8) 819, 75

nickel (1) 55, 6; (7-8) 807, 74; (9) 987, 90; (9)
1019, 93; (12) 1431, 129

nitrate reductase (6) 663, 6/

nitrates nitrogen (7-8) 807, 74

nitrogen (3) 323, 31; (3) 373, 36; (7-8) 827, 76;
(10) 1163, 106

nitrogen accumulation (7-8) 799, 73

nitrogen fertilization (11) 1351, /23

nitrogen plant emissions (7-8) 799, 73

NO, (3) 415, 40

numerical modeling (1) 99, 11; (12) 1397, 126

0Odour nuisance (4-5) 469, 44

oil (45) 525, 49

oil derivatives (4-5) 545, 51; (7-8) 857, 80

olfaktometric measurements (4-5) 469, 44

Olszewski’s Pipeline (4-5) 469, 44

organic and conventional crops (9) 1009, 92

organic compounds (2) 271, 27

organic farms (3) 333, 32

organic fibers (7-8) 899, §4

organic kitchen refuse (11) 1343, 122

organic matter (2) 193, 20; (4-5) 515, 48; (7-8)
867, 81

organic production (7-8) 833, 77

outdoor air pollutants (3) 415, 40

oxygen saturation (10) 1115, /01

PAHs (2) 225, 23; (3) 339, 33
partially acidulated phosphate rock (PAPR) (4-5)
555, 52; (9) 1049, 96; (12) 1451, 131
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passive samplers (3) 415, 40

Pb-210 (11) 1317, 119

pedofauna (9) 1057, 97

Peltigera (6) 675, 62

pervaporation (9) 1065, 98

pesticide residues (7-8) 833, 77; (9) 1009, 92

petrol (2) 157, 16

petroleum contamination (7-8) 847, 79

pH (1) 109, 12; (7-8) 827, 76; (7-8) 867, 81

pH index (6) 719, 67

phacozem (6) 663, 61

phosphate fertilizers (12) 1451, 131

phosphorus (3) 373, 36; (7-8) 827, 76; (10) 1127,
102

phytotoxicity (6) 621, 57

pig slurry (2) 239, 24

pine needles (7-8) 799, 73

plant development (1) 71, &8

plants (9) 1019, 93; (9) 1029, 94

Poa pratensis (3) 315, 30

pollution (1) 47, 5; (4-5) 535, 50

pollution indicator (11) 1317, 119

polycyclic aromatic hydrocarbons (4-5) 535, 50;
(10) 1153, 105

polymer (10) 1173, 107

post-floatation sediment (10) 1173, 107

potato starch (1) 39, 4

principal components analysis (4-5) 585, 55

prolactinoma (4-5) 585, 55

protein proper (2) 213, 22

Pterostichus sp. (4-5) 545, 51

Qualitative analysis (12) 1397, 126
quality and nutritive quality (10) 1205, 710
quality of water (4-5) 481, 45; (9) 951, &7
quantitative analysis (12) 1397, 126

radiation model (4-5) 453, 42
radish (6) 709, 66

rain wastewater (9) 961, 88

rate constants (9) 935, 86

rearing of animals (3) 333, 32

reed bed systems (10) 1153, 105
renewable resources (1) 77, 9
reservoir (7-8) 757, 69

reservoir basin (7-8) 757, 69
respirometry (12) 1461, 132

restored lakes (11) 1275, 115
restored retention basins (4-5) 491, 46
restored water bodies (10) 1115, 101
reverse osmosis (2) 239, 24

rivers (10) 1127, 102

road traffic (3) 415, 40

root vegetables (11) 1359, 124

rose (2) 175, 18

Salt stress (6) 709, 66

sanitary sewage (1) 89, /0

sanitary sewage system (1) 89, /0

saponins (11) 1343, 122

secondary metabolites (6) 675, 62

secondary organic aerosol (9) 935, 86

security of biomass (6) 689, 64

seepage water (10) 1135, 703

selenium (10) 1163, 106

sequential extraction (10) 1173, 107

sequential extraction procedure (3) 351, 34

sewage (10) 1127, 102

sewage quality (1) 89, 10

sewage quantity (1) 89, /0

sewage sludge (2) 193, 20; (2) 279, 28; (4-5) 515,
48; (7-8) 885, 83; (10) 1153, 105

share of proper protein in total protein (2) 213, 22

sheep grazing (10) 1135, 103

sheepfold (10) 1135, 103

Skald cultivar (2) 167, 17

small-scale water retention (4-5) 491, 46

small-scall boiler (7-8) 909, 85

SO, (3) 415, 40

soil (1) 21, 2; (1) 109, 12; (3) 351, 34; (3) 363, 35;
(45) 525, 49; (4-5) 535, 50; (4-5) 545, 51; (6)
631, 58; (7-8) 819, 75; (9) 1019, 93; (9) 1029,
94; (10) 1173, 107; (10) 1195, 109; (10) 1213,
111; (11) 1327, 1205 (11) 1359, 124; (12) 1431,
129

soil acidity (7-8) 867, 81

soil contamination (11) 1317, 719; (12) 1441, 130

soil enzyme activity (1) 123, 74

soluble forms (10) 1185, 108

sorption (6) 731, 68

sorption kinetics (12) 1411, 127

SPAD (2) 167, 17; (6) 701, 65

SPAD readings (7-8) 839, 78

spatial variability (6) 663, 61

speciation (4-5) 503, 47

spent bleaching earth (SBE) (6) 643, 59

spinach (9) 987, 90

spring (7-8) 819, 75

spring barley (6) 621, 57

spring thaw event (9) 961, 88

spring wheat (7-8) 807, 74; (9) 975, 89

statistical analysis (6) 719, 67

Steinernema feltiae (4-5) 565, 53; (7-8) 857, 80

storm sewer (12) 1397, 126

stormwater (11) 1305, 7718

stress induced by acrolein (6) 709, 66

strontium (2) 203, 2/

sulfur dioxide (9) 935, 86

sulphates(VI) (3) 363, 35

sulphur (1) 21, 2; (11) 1327, 120

sulphur fertilization (11) 1351, /23

sulphur mine (11) 1335, /21
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surface and groundwater (2) 149, 15

surface waters (10) 1089, 99

suspended particulate matter (SPM) (1) 31, 3
suspended solids (11) 1305, 778

sustainable development (7-8) 899, 84

swine manure (11) 1343, 722

SWMM (11) 1305, 118

technology of production (10) 1223, 112

temperature and oxygen profiles (11) 1265, 174

the city of Krakow (2) 187, 19

the content of nitrogen uptake and coefficient of ni-
trogen utilization (3) 303, 29

the Ojcow National Park (11) 1327, 120

the Szczytnicki pond (1) 55, 6

thermal analysis (2) 261, 26

thermal stratification (11) 1265, /714

thermal treatment (2) 279, 28

thermal-oxygen profiles (10) 1115, 10/

timothy-grass (2) 167, 17; (7-8) 839, 78

titanium (2) 167, 17; (2) 203, 21

TOC (2) 271, 27

total antioxidant capacity (6) 709, 66

total protein (6) 681, 63

total protein content (2) 213, 22

total-N (6) 663, 6/

toxic substances (10) 1135, 103

trace elements (2) 187, 19; (3) 323, 31; (6) 631, 58;
(9) 1029, 94

traffic pollution (6) 631, 58

transitional peat bog (9) 1039, 95

tributyrin (6) 653, 60

trophic state (11) 1275, 115

trophy level (3) 401, 39

turf and forest soils (2) 187, 19

Turkusowe Lake (3) 401, 39

Tween (6) 653, 60

Ultrafiltration (2) 239, 24
ultrasound (1) 117, 13
urea phosphate (7-8) 819, 75

urease (6) 611, 56; (6) 663, 61
utilization (6) 643, 59

Vegetable and mineral oils (2) 175, 18

vegetables (7-8) 833, 77

vehicle interior (4-5) 461,43

vermicompost (11) 1343, 122

volatile fluorine compounds (12) 1451, /31

volatile organic compounds (4-5) 461,43; (7-8)
909, 85

voltammetry (4-5) 555, 52

Waste (2) 149, 15

waste activated sludge (2) 203, 27; (3) 303, 29
wastewater (3) 391, 38

wastewater sediments (4-5) 503, 47

water body use (9) 951, 87

water contamination (3) 373, 36

water damming (4-5) 491, 46

water plants (12) 1411, 127

water pollution (3) 383, 37

water quality (1) 99, 71; (3) 391, 38

water recovery (2) 239, 24

water reservoir in excavation peat (3) 401, 39
water saturation by O, (1) 7,

water supply systems (1) 99, /1

Wolin Island (3) 401, 39

Wolin National Park (1) 7, /

Yarrowia lipolytica (7-8) 875, 82
yield (6) 621, 57; (6) 681, 63
yielding (1) 71, 8

yielding of tested plants (3) 303, 29

Zeolite (3) 323, 31

zinc (1) 47, 5; (1) 55, 6; (1) 109, 12; (9) 975, 89;
(10) 1185, 108; (10) 1213, 111; (11) 1351, 123

zinc smelting (12) 1441, 130

zinc-carbon batteries (4-5) 573, 54






INDEKS RZECZOWY

Sposéb zapisu odnosnikow haset — (nr zeszytu) pierwsza strona artykutu, nr artykutu

(w spisie tresci rocznika).

addycja wodorosiarczynu (9) 935, 86

aktywnos$¢ amylolityczna (1) 39, 4

aktywnos¢ biologiczna (10) 1195, 109

aktywnos$¢ dehydrogenaz (11) 1335, 121

aktywnos$¢ enzymatyczna (6) 611, 56

aktywnos$¢ enzymatyczna gleby (1) 123, 74

akumulacja azotu (7-8) 799, 73

akumulacja cynku (1) 109, /2

akwakultura (10) 1103, /00

analiza gtéwnych sktadowych (4-5) 585, 55

analiza ilosciowa (12) 1397, 126

analiza jakosciowa (12) 1397, 126

analiza skupien (4-5) 585, 55

analiza statystyczna (6) 719, 67

analiza termiczna (2) 261, 26

antropopresja rolnicza (9) 951, 87

arsen (3) 351, 34

arylosulfataza (3) 363, 35

arylosulphataza (1) 21, 2

Aspergillus (11) 1369, 125

azot (3) 323, 31; (3) 373, 36; (7-8) 827, 76; (10)
1163, 106

azot azotanowy (7-8) 807, 74

Bacillus sp. (1) 39, 4; (6) 653, 60

bar (2) 203, 21

baterie cynkowo-weglowe (4-5) 573, 54
bentonit (3) 323, 3/

benzen (1) 99, 11

benzyna (2) 157, 16

bezpieczenstwo biomasy (6) 689, 64
biatko ogolne (6) 681, 63

bioaerozol (4-5) 443, 41

bioakumulacja (10) 1103, 700
biobutanol (1) 77, 9; (9) 1065, 98
biodostgpne formy metali cigzkich (2) 251, 25
bioetanol (10) 1223, 712

biogaz (1) 117, 13

biomasa fitoplanktonu (7-8) 779, 71
biomasa lignocelulozowa (1) 117, 13

biomonitoring (10) 1089, 99

biopaliwa (10) 1223, /12

bioremediacja (2) 157, 16; (4-5) 525, 49; (4-5)
545, 51

biosorpcja (7-8) 875, 82

biostymulator wzrostu (10) 1205, 710

biosuszenie odpadéw komunalnych (12) 1461, 132

Bledow (9) 1039, 95

bobik (1) 71, 8

bor (6) 611, 56

BTEX (3) 415, 40

BZTs (2) 271, 27

Calkowita zdolnos$¢ antyoksydacyjna (6) 709, 66

Carabidae (4-5) 545, 51

celuloza (11) 1343, 122

Cetraria (6) 675, 62

chlorofil (6) 701, 65; (7-8) 839, 78; (7-8) 885, 83

chlorofil a (7-8) 779, 71

chlorofilometr (7-8) 839, 78

chloroza (6) 621, 57

chow zwierzat (3) 333, 32

chrom (6) 731, 68; (12) 1423, 128

ChZT (2) 271, 27

ciecz jonowa (9) 1065, 98

ciecze jonowe (1) 77, 9; (6) 621, 57

Cladonia (6) 675, 62

3C NMR (2) 193, 20

¥7Cs (9) 999, 91

cynk (1) 47, 5; (1) 55, 6; (1) 109, 12; (9) 975, 89,
(10) 1185, 108; (10) 1213, 111; (11) 1351, 123

czarna ziemia (6) 663, 61

czg$ciowo roztozone fosforyty (9) 1049, 96

czyszczenie powierzchni membran (11) 1285, 7116

dane kliniczne (4-5) 585, 55

dawka elektrokoagulantu zelazowego (10) 1143,
104

dawka skuteczna promieniowania jonizujacego (9)
999, 91
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dehydrogenaza (6) 701, 65; (10) 1163, 106
deratyzacja (3) 333, 32

dezynfekcja (3) 333, 32

dezynsekeja (3) 333, 32

diazotrofy (7-8) 819, 75

Diplocarpon rosae (2) 175, 18

ditlenek siarki (9) 935, 86

dhugotrwate doswiadczenie (10) 1195, 7109
dzdzownice Lumbricus terrestris (7-8) 847, 79

efektywne mikroorganizmy (6) 701, 65

Eisenia fetida (Sav.) (11) 1343, 122

ekotyp (3) 315, 30

eksploatacja wody (11) 1255, 713

ekstrakcja alkaliczna (2) 261, 26

ekstrakcja ciecz-ciecz (1) 77, 9

ekstrakcja metali cigzkich (2) 251, 25

ekstrakcja sekwencyjna (3) 351, 34

emisje zaktadow azotowych (7-8) 799, 73

enzymy (45) 525, 49

esterazy (7-8) 847, 79

europejska jednostka zapachowa (4-5) 469, 44

eutrofizacja (3) 401, 39; (7-8) 779, 71; (11) 1275,
115

fermentacja metanowa (1) 117, 13

fitotoksycznos¢ (6) 621, 57

formy rozpuszczalne (10) 1185, 108

fosfor (3) 373, 36; (7-8) 827, 76; (10) 1127, 102

fosfor mobilny (4-5) 503, 47

fosforan mocznika (7-8) 819, 75

fosforyty czesciowo roztozone (4-5) 555, 52

fosforyty czg$ciowo roztozone (PAPR) (12) 1451,
131

fouling (2) 239, 24

frakcje metali (12) 1431, /29

frakcje przyswajalne (10) 1163, 7106

Fusarium (11) 1369, 125

Galleria mellonella (4-5) 565, 53

gleba (1) 21, 2; (1) 109, 12; (3) 351, 34; (3) 363,
35; (45) 525, 49; (4-5) 535, 50; (4-5) 545, 51;
(6) 631, 58; (7-8) 819, 75; (9) 1019, 93; (9)
1029, 94; (10) 1173, 107; (10) 1195, 109; (10)
1213, 111; (11) 1327, 120, (11) 1359, 124; (12)
1431, 129

gleba mineralna (7-8) 867, 81

gleba ptowa (6) 663, 61

gleby hydrogeniczne (9) 1039, 95

gleby kwasne (11) 1335, 121

gleby lesne (7-8) 791, 72

gleby ptowe (2) 225, 23; (3) 339, 33

gleby zadarnione i lesne (2) 187, 19

glin wymienny (7-8) 867, 81

glony (10) 1089, 99

glukoza (1) 39, 4

glutation (9) 987, 90
gnojowica trzody chlewnej (2) 239, 24
granulacja (9) 1049, 96

HPLC (2) 193, 20; (2) 225, 2
hutnictwo cynku (12) 1441, 130

igty sosny (7-8) 799, 73

ilos¢ sSciekow (1) 89, 10

intensywnos¢ wiazania azotu (7-8) 819, 75
Izopren (9) 935, 86

jako$¢ pokarmowa (10) 1205, 110

jakos¢ sciekow (1) 89, 10

jakos¢ wody (1) 99, 11; (3) 391, 38; (4-5) 481, 45;
9) 951, &7

jakos¢ wody pitnej (11) 1255, 113

jeziora (1) 7, I; (3) 401, 39

jeziora: Warnowo, Rabiaz, Czajcze i Domystow-
skie (1) 7, 1

jezioro Turkusowe (3) 401, 39

jeczmien (6) 621, 57

jony ofowiu (4-5) 565, 53

K (9) 999, 91

kadm (1) 47, 5; (1) 55, 6; (4-5) 535, 50; (4-5) 573,
54; (7-8) 807, 74; (9) 1019, 93

kanalizacja deszczowa (12) 1397, 126

kanalizacja sanitarna (1) 89, 10

karp (10) 1103, 100

katalaza (10) 1163, 106

katalizator wewnetrzny (7-8) 909, 85

keton metylowo-winylowy (9) 935, 86

kinetyka sorpcji (12) 1411, 127

kompost (3) 323, 31; (7-8) 807, 74; (10) 1173, 107

komunalne osady sciekowe (9) 1019, 93

kopalnia siarki (11) 1335, 721

kora sosny (7-8) 791, 72

koszar (10) 1135, 103

kotty matej mocy (7-8) 909, 85

Krakow (4-5) 443, 41

kukurydza (3) 323, 3/

kumulacja (1) 55, 6

kwas askorbinowy (9) 987, 90

kwasowos¢ gleby (7-8) 867, 81

kwasy huminowe (2) 261, 26; (3) 339, 33

laguna trzcinowa (10) 1153, 105
larwy Diptera (9) 1057, 97

ladowe rosliny wyzsze (6) 621, 57
LC/MS (9) 935, 86

len (7-8) 899, 84

lipazy (6) 653, 60

lit (2) 203, 21

LNAPL (1) 63, 7; (7-8) 771, 70
lotne zwiazki fluoru (12) 1451, 131
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lotne zwiazki organiczne (4-5) 461,43; (7-8) 909,
85

tancuch pokarmowy (10) 1103, 700

Imagnez (3) 383, 37; (7-8) 827, 76; (7-8) 885, 83

makroelementy (6) 689, 64

makrosktadniki (1) 21, 2

maltoza (1) 39, 4

mata retencja (4-5) 491, 46

mangan (2) 203, 2/; (9) 975, 89

martwe komorki (7-8) 875, 82

materia organiczna (2) 193, 20; (4-5) 515, 48;
(7-8) 867, 81

mechaniczno-biologiczna stabilizacja odpadow (12)
1461, 132

membrana (9) 1065, 98

metabolity wtorne (6) 675, 62

metakroleina (9) 935, 86

metale cigzkie (1) 31, 3; (1) 47, 5; (1) 123, 14; (2)
251, 25; (4-5) 481, 45; (4-5) 515, 48; (4-5)
555, 52; (4-5) 565, 53; (6) 689, 64; (7-8) 757,
69; (7-8) 791, 72; (9) 961, 88; (9) 1057, 97;
(10) 1089, 99; (10) 1173, 107; (11) 1295, 117;
(12) 1411, 127; (12) 1441, 130

metoda BCR (12) 1431, 129

miasto Krakéw (2) 187, 19

miazszos¢ pozorna (1) 63, 7; (7-8) 771, 70

miazszos¢ rzeczywista (1) 63, 7; (7-8) 771, 70

miedz (1) 55, 6; (7-8) 875, 82; (9) 975, 89; (10)
1185, 108

mierniki pasywne (3) 415, 40

mikroelementy (6) 689, 64; (7-8) 885, 83

mikroorganizmy autochtoniczne (6) 643, 59

Miscanthus sacchariflorus (2) 193, 20; (2) 203, 21

model reakcji pseudo-drugiego rzedu (12) 1411,
127

modelowanie CFD (4-5) 453, 42

modelowanie hydrodynamiczne (11) 1305, 718

modelowanie numeryczne (1) 99, 77; (12) 1397,
126

modelowanie przeptywow (4-5) 461,43

modyfikacja (6) 731, 68

molibden (2) 203, 21; (6) 611, 56

Nadtlenek wodoru (45) 525, 49
nanofiltracja (11) 1285, 116
nasycenie tlenem (10) 1115, 101
natlenienie wod (1) 7, 1

naturalne cieki (2) 271, 27

nawozy (7-8) 827, 76; (9) 1049, 96
nawozy fosforowe (12) 1451, 131
nawozenie (3) 373, 36

nawozenie azotem (11) 1351, 723
nawozenie mikroelementami (7-8) 839, 78
nawozenie mineralne (6) 611, 56

nawozenie siarka (11) 1351, 723

nekroza (6) 621, 57

nicienie entomopatogeniczne (4-5) 565, 53

nicienie owadobojcze (2) 157, 16

nikiel (1) 55, 6; (7-8) 807, 74; (9) 987, 90; (9)
1019, 93; (12) 1431, 129

niska emisja (7-8) 909, 85

nitroreduktaza (6) 663, 61/

NO, (3) 415, 40

N-ogétem (6) 663, 67

Obliczeniowa dynamika ptynéw (1) 99, 1/

obnizenie wydajnosci hydraulicznej membrany (11)
1285, 116

obornik (10) 1163, 106

obornik od trzody chlewnej (11) 1343, 122

obrobka danych (4-5) 585, 55

ochrona przyrody (6) 675, 62

odciek (2) 149, 15

odczyty SPAD (7-8) 839, 78

odmiana Skald (2) 167, 17

odmiana tymotki (6) 681, 63

odmiany (2) 213, 22; (6) 689, 64

odnawialne zrédla energii (1) 77, 9

odpady (2) 149, 15

Odra (1) 31, 3

odtworzone jeziora (11) 1275, 115

odtworzone zbiorniki (10) 1115, 101

odwrdcona osmoza (2) 239, 24

odzysk wody (2) 239, 24

ogrodnicza welna mineralna (7-8) 827, 76

Ojcowski Park Narodowy (11) 1327, 120

olej napgdowy (2) 157, 16

olej silnikowy (2) 157, 16

oleje roslinne i mineralne (2) 175, 18

otdéw (1) 47, 5; (1) 55, 6; (4-5) 535, 50; (4-5) 555,
52; (7-8) 807, 74; (9) 1019, 93

organiczne odpady kuchenne (11) 1343, 122

osad poflotacyjny (10) 1173, 107

osady denne (1) 55, 6; (7-8) 757, 69; (10) 1127,
102; (10) 1185, 108; (11) 1295, 117

osady $ciekowe (2) 193, 20; (2) 203, 21; (2) 279,
28; (3) 303, 29; (4-5) 503, 47; (4-5) 515, 48;
(7-8) 885, 83; (10) 1153, 105

OWO (2) 271, 27

owoce (7-8) 833, 77

owoce jagodowe (9) 1009, 92

OXY (4-5) 453, 42

Papier gazetowy (9) 1029, 94

Pb-210 (11) 1317, 119

pedofauna (9) 1057, 97

Peltigera (6) 675, 62

perwaporacja (9) 1065, 98

pH (1) 109, 12; (7-8) 827, 76; (7-8) 867, 81
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pierwiastki sladowe (2) 187, 19; (3) 323, 31; (6)
631, 58; (9) 1029, 94

plesnie (11) 1369, 125

plon (6) 621, 57; (6) 681, 63

plonowanie (1) 71, &

plonowanie roslin (3) 303, 29

Poa pratensis (3) 315, 30

pobranie (3) 303, 29

podpigtrzenie wod (4-5) 491, 46

pomiary olfaktometryczne (4-5) 469, 44

popiot z osadoéw (9) 1019, 93

popiot z wegla kamiennego (3) 303, 29

powierzchnia lisci (1) 71, &

poziom deaminacji argininy (6) 663, 6/

pozostatosci pestycydow (7-8) 833, 77; (9) 1009,
92

procesy atmosferyczne (9) 935, 86

produkcja konwencjonalna, integrowana, ekologi-
czna (7-8) 833, 77

profile termiczno-tlenowe (10) 1115, 107; (11)
1265, 114

prolaktynemia (4-5) 585, 55

promieniowce (4-5) 443, 41

przemyst metalowy (10) 1213, /71

pszenica jara (7-8) 807, 74; (9) 975, 89

Pterostichus sp. (4-5) 545, 51

radiacyjny model spalania (4-5) 453, 42

respirometria (12) 1461, 132

rolnictwo ekologiczne (3) 333, 32

ropopochodne (45) 525, 49; (4-5) 545, 51; (7-8)
857, 80

rosliny (9) 1019, 93; (9) 1029, 94

ro$liny jedno- i dwuli$cienne (12) 1423, 128

ro$liny wodne (12) 1411, 127

roztwory fermentacyjne (11) 1285, 7116

rozwdj rolin (1) 71, &

rod (6) 681, 63

réza (2) 175, 18

réznorodnos¢ (9) 1057, 97

rte¢ (4-5) 573, 54

ruch drogowy (3) 415, 40

run takowa (6) 631, 58; (10) 1205, 710

rurociag Olszewskiego (4-5) 469, 44

rzeki (10) 1127, 102

rzodkiewka (6) 621, 57; (6) 709, 66

Saponiny (11) 1343, 122

sekwencyjna ekstrakcja (10) 1173, 107
selen (10) 1163, 106

siarczany(VI) (3) 363, 35

siarka (1) 21, 2; (11) 1327, 120

sieci wodociagowe (1) 99, 71

sktad granulometryczny (1) 109, 12
sktadowiska odpadow (3) 383, 37
sktadowisko komunalne (2) 149, 15

skrobia kukurydziana (1) 39, 4

skrobia ziemniaczana (1) 39, 4

stonecznik bulwiasty (2) 213, 22; (6) 689, 64

SO, (3) 415, 40

sorpcja (6) 731, 68

SPAD (2) 167, 17; (6) 701, 65

spalanie pylu weglowego (4-5) 453, 42

specjacja (4-5) 503, 47

spektrometria mas z detekcja elektrosprej (9) 935,
86

spoiwo wapienne (7-8) 899, 84

state szybkosci (9) 935, 86

stan troficzny (11) 1275, 115

staw Szczytnicki (1) 55, 6

stawy hodowlane (3) 391, 38

Steinernema feltiae (4-5) 565, 53; (7-8) 857, 80

stratyfikacja termiczna (11) 1265, 114

strefy przemystowe (2) 251, 25

stres solny (6) 709, 66

stres wywotany akroleina (6) 709, 66

stront (2) 203, 21

substancje toksyczne (10) 1135, 703

sucha masa (6) 621, 57

suplementy diety (11) 1369, 125

SWMM (11) 1305, 118

system antyoksydacyjny (9) 987, 90

szok termiczny (6) 709, 66

szpinak (9) 987, 90

Scieki (3) 391, 38; (10) 1127, 102

$cieki deszczowe (11) 1305, 118; (9) 961, 88
$cieki modelowe (10) 1143, 104

$cieki sanitarne (1) 89, 10

$rednica miarodajna (1) 63, 7

srodowisko wodne (4-5) 481, 45

technologie produkcji (10) 1223, 712
termiczna utylizacja (2) 279, 28
tlenek wapnia (3) 323, 3/

torfowiska przejsciowe (9) 1039, 95
trawy (7-8) 885, 83

tributyryna (6) 653, 60

trofia (3) 401, 39

TSI Carlsona (11) 1275, 115

Tween (6) 653, 60

tworzywa polimerowe (10) 1173, 107
tymotka takowa (2) 167, 17; (7-8) 839, 78
tytan (2) 167, 17; (2) 203, 21

Uciazliwo$¢ zapachowa (4-5) 469, 44

udziat biatka wlasciwego w biatku ogétem (2) 213,
22

ultradzwigki (1) 117, 13

ultrafiltracja (2) 239, 24

uprawy ekologiczne i konwencjonalne (9) 1009, 92

ureaza (6) 611, 56; (6) 663, 61
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utylizacja (6) 643, 59
uzytkowanie terenu (4-5) 481, 45
uzytkowanie zbiornika wodnego (9) 951, 87

Wahania zwierciadta wody podziemnej (7-8) 771,
70

wapn (3) 383, 37; (7-8) 827, 76

warto$¢ pokarmowa (10) 1205, 710

warzywa (7-8) 833, 77

warzywa korzeniowe (11) 1359, 124

wermikompost (11) 1343, 122

wezbranie roztopowe (9) 961, 88

wegiel aktywny (6) 731, 68

wegiel brunatny (4-5) 453, 42

wegiel kamienny (4-5) 453, 42

widma IR (2) 193, 20

wielopiercieniowe weglowodory aromatyczne
(4-5) 535, 50

wilgotno$¢ (7-8) 827, 76

wiasnosci palne (2) 279, 28

wlokna organiczne (7-8) 899, 84

wiokno surowe (6) 681, 63

wngtrze pojazdu (4-5) 461, 43

wodociag todzki (11) 1255, 113

wody odciekowe (3) 383, 37; (10) 1135, 103

wody podziemne (2) 149, 15

wody powierzchniowe (2) 149, 15; (10) 1089, 99

Wolinski Park Narodowy (1) 7, /

woltamperometria (4-5) 555, 52

wskaznik (11) 1317, 119

wskaznik ITS (11) 1275, 115

wskaznik pH (6) 719, 67

wspotezynnik bioakumulacji (10) 1185, 108

wspotezynnik filtracji (1) 63, 7

wspotezynnik nierdwnomiernosci uziarnienia (1)
63, 7

wspotezynnik wykorzystania (3) 303, 29

wtorny aerosol atmosferyczny (9) 935, 86

WWA (2) 225, 23; (3) 339, 33; (10) 1153, 105

wypasanie owiec (10) 1135, 7103

wysoka temperatura (1) 71, 8

wysokos¢ hydrauliczna (7-8) 771, 70

wyspa Wolin (3) 401, 39

Yarrowia lipolytica (7-8) 875, 82

Zageszezenie (9) 1057, 97

zanieczyszczenia gleby (12) 1441, 130

zanieczyszczenia komunikacyjne (6) 631, 58

zanieczyszczenia organiczne (2) 271, 27

zanieczyszczenia powietrza zewngtrznego (3) 415, 40

zanieczyszczenia ropopochodne (7-8) 847, 79

zanieczyszczenie (1) 47, 5; (4-5) 535, 50

zanieczyszczenie gleby (11) 1317, 119

zanieczyszczenie olejem opatowym (3) 323, 3/

zanieczyszczenie wod (3) 373, 36; (3) 383, 37

zaolejona ziemia bielaca (ZZB) (6) 643, 59

zapylenie (4-5) 443, 41

zatoka (11) 1265, 114

zawartos¢ azotu (3) 303, 29

zawartos¢ biatka ogdlnego i wiasciwego (2) 213, 22

zawarto$¢ litu (11) 1359, 124

zawiesina (1) 31, 3

zawiesina ogolna (11) 1305, 718

zbiornik (7-8) 757, 69

zbiornik w wyrobisku kopalnianym (3) 401, 39

zbiornik zaporowy (4-5) 481, 45; (7-8) 779, 71,
(11) 1295, 117

zbiornik zaporowy Laka (9) 951, &7

zbiorniki odtworzone (4-5) 491, 46

zdolno$¢ kietkowania (3) 315, 30

zeolit (3) 323, 31

ZGH ,,Bolestaw” SA (12) 1423, 128

ziemia bielaca (ZB) (6) 643, 59

ziota (11) 1369, 125

zlewnia (7-8) 757, 69

zlewnia gorska (4-5) 481, 45

zmiennos¢ przestrzenna (6) 663, 6/

zrownowazony rozwoj (7-8) 899, 84

zwalczanie (2) 175, 18

zwiazki biogenne (7-8) 779, 71

zwiazki karbonylowe (9) 935, 86

Zelazo (2) 203, 21; (7-8) 827, 76; (9) 975, 89; (10)
1103, 100

zywe komorki (7-8) 875, &2

zywnos$¢ (9) 999, 91






INDEX OF LATIN, POLISH AND ENGLISH SPECIES NAMES
OF MICROORGANISMS, PLANTS AND ANIMALS
AND THEIR ANATOMICAL PARTS

WYKAZ LACINSKICH, POLSKICH I ANGIELSKICH NAZW
MIKROORGANIZMOW, ROSLIN I ZWIERZAT
I ICH CZESCI ANATOMICZNYCH

Meaning of the digits in the index entries — (no. of issue) first page, no. of the article

(in the volume contents).

Sposob zapisu odno$nikdw haset — (nr zeszytu) pierwsza strona artykutu, nr artykutu

(w spisie tresci rocznika).

actinomycetes (4-5) 443, 41
algae (10) 1089, 99
Aspergillus (11) 1369, 125

Bacillus sp. (1) 39, 4; (6) 653, 60
berry fruits (9) 1009, 92
bobik (1) 71, &

carp (10) 1103, 100
Cetraria (6) 675, 62
Cladonia (6) 675, 62
common radish (6) 621, 57

Diplocarpon rosae (2) 175, 18
Diptera larvae (9) 1057, 97
dzdzownice Lumbricus terrestris (7-8) 847, 79

earthworm Lumbricus terrestris (7-8) 847, 79
Eisenia fetida (Sav.) (11) 1343, 122
entomopathogenic nematodes (2) 157, 16

faba bean (1) 71, 8

flax (7-8) 899, 84

Fusarium (11) 1369, 125
Galleria mellonella (4-5) 565, 53
glony (10) 1089, 99

grasses (7-8) 885, &3

igty sosny (7-8) 799, 73

jeczmien (6) 621, 57
jerusalem artichoke (2) 213, 22; (6) 689, 64

Kora sosny (7-8) 791, 72
kukurydza (3) 323, 31

larwy Diptera (9) 1057, 97
len (7-8) 899, 84

maize (3) 323, 3/

meadow sward (6) 631, 58; (10) 1205, 7110
Miscanthus sacchariflorus (2) 193, 20; (2) 203, 21
molds (11) 1369, 125

Necrotic bark of pine (7-8) 791, 72
nicienie entomopatogeniczne (4-5) 565, 53
nicienie owadobojcze (2) 157, 16

owoce jagodowe (9) 1009, 92

Pedofauna (9) 1057, 97

Peltigera (6) 675, 62

pine needles (7-8) 799, 73

plesnie (11) 1369, 125

Poa pratensis (3) 315, 30
promieniowce (4-5) 443, 41

pszenica jara (7-8) 807, 74; (9) 975, 89
Pterostichus sp. (4-5) 545, 51
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radish (6) 709, 66

rose (2) 175, 18

réza (2) 175, 18

run takowa (6) 631, 58; (10) 1205, 110
rzodkiewka (6) 621, 57; (6) 709, 66

Stonecznik bulwiasty (2) 213, 22; (6) 689, 64
spinach (9) 987, 90
spring barley (6) 621, 57

spring wheat (7-8) 807, 74; (9) 975, 89
Steinernema feltiae (4-5) 565, 53; (7-8) 857, 80
szpinak (9) 987, 90

timothy-grass (2) 167, 17; (7-8) 839, 78
trawy (7-8) 885, 83
tymotka takowa (2) 167, 17; (7-8) 839, 78

Yarrowia lipolytica (7-8) 875, 82



INDEX OF ACRONYMS

Meaning of the digits in the index entries — (no. of issue) first page, no. of the article

(in the volume contents).

BTEX — the volatile aromatic hydrocarbons (3)
415, 40

CFD - computational fluid dynamics (4-5) 453,
42; (4-5) 461,43

C NMR — nuclear magnetic resonance spectros-
copy to carbon (2) 193, 20

COD - chemical oxygen demand (2) 271, 27

HPLC - high-performance liquid chromatography
(2) 193, 20; (2) 225, 23

ITS — integrated trophic state index (11) 1275, 115

LC/MS - liquid chromatography — mass spectro-
metry (9) 935, 86

LNAPL - lighter-than-water non-aqueous phase li-
quids (1) 63, 7; (7-8) 771, 70

MSW — municipal solid waste (12) 1461, 132

NO, — nitrogen dioxide (3) 415, 40

PAHSs — polycyclic aromatic hydrocarbons (2) 225,
23; (3) 339, 33; (10) 1153, 105

PAPR - partially acidulated phosphate rocks (12)
1451, 131

SO, — sulfur dioxide (3) 415, 40

SPAD — greening index of leaves (2) 167, 17; (6)
701, 65; (7-8) 839, 78

SPM — suspended particulate matter (1) 31, 3

SWMM - the Storm Water Management Model
(11) 1305, 118

TOC - total organic carbon (2) 271, 27






WYKAZ AKRONIMOW

Sposob zapisu odnosnikdw haset — (nr zeszytu) pierwsza strona artykutu, nr artykutu

(w spisie tresci rocznika).

BTEX — lekkie weglowodory aromatyczne (3) 415,
40

BZT; — biochemiczne zapotrzebowanie na tlen (2)
271, 27

ChZT — chemiczne zapotrzebowanie na tlen (2)
271, 27

3C NMR — magnetyczny rezonans jadrowy wegla
(2) 193, 20

HPLC — wysokosprawna chromatografia cieczowa
(2) 193, 20; (2) 225, 23

ITS — integralny wskaznik troficznosci (11) 1275,
115

LC/MS — chromatografia cieczowa i spektrometr
mas (9) 935, 86

LNAPL — rzeczywista migzszo$¢ lekkiej cieczy or-
ganicznej (1) 63, 7; (7-8) 771, 70

CFD — komputerowe modelowanie przeptywow
(4-5) 453, 42

MSW — municipal solid waste (12) 1461, 132

NO, — ditlenek azotu (3) 415, 40

OWO - ogélny wegiel organiczny (2) 271, 27

PAPR - fosforyty czgsciowo roztozone (12) 1451,
131

SO, — ditlenek siarki (3) 415, 40

SPAD — indeks zzielenienia lisci (2) 167, 17; (6)
701, 65; (7-8) 839, 78

SPM — zawiesina (1) 31, 3

WWA — wielopier$cieniowe weglowodory aroma-
tyczne (2) 225, 23; (3) 339, 33; (10) 1153, 105
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INVITATION FOR
ECOpole 14 CONFERENCE

o A S

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part in the 23™ annual Central European
Conference ECOpole ’14, which will be held in 15-18.10.2014 (Wednesday—Saturday)
in Hotel Ziemowit in Jarnoltowek, PL.

The Conference Programme includes oral presentations and posters and will be
divided into four sections:

— SI Chemical Pollution of Natural Environment and Its Monitoring

— SII Environment Friendly Production and Use of Energy

— SIII Forum of Young Scientists and Environmental Education in Chemistry

— SIV Impact of Environment Pollution on Food and Human Health

The Conference language is English.

Contributions to the Conference will be published as:

— abstracts on the CD-ROM (0.5 page of A4 paper sheet format),

— extended Abstracts (6—8 pages) in the semi-annual journal Proceedings of ECOpole,

— full papers will be published in successive issues of the Ecological Chemistry and
Engineering/Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.) ser. A or S.

The deadline for sending the Abstracts is 15™ July 2014 and for the Extended
Abstracts: 1°* October 2014. The actualized list (and the Abstracts) of the Conference
contributions accepted for presentation by the Scientific Board, one can find (starting
from 31% July 2014) on the Conference website:

ecopole.uni.opole.pl

The papers must be prepared according to the Guide for Authors on Submission of
Manuscripts to the Journals.

At the Reception Desk each participant will obtain abstracts of the Conference
contributions as well as the Conference Programme recorded on electronic media (the
Programme will be also published on the Conference website).

After the ECOpole 14 Conference it will be possible to publish electronic
version of presented contributions (oral presentations as well as posters) on this
site.
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Further information is available from:
Prof. dr hab. inz. Maria Wactawek
Chairperson of the Organising Committee
of ECOpole ’14 Conference

Opole University

email: Maria.Waclawek@o02.pl

and mrajfur@o02.pl

phone: +48 77 401 60 42

fax +48 77 401 60 51

Conference series

1992 Monitoring 92 Opole

1993 Monitoring 93 Turawa

1994 Monitoring *94 Pokrzywna

1995 EKO-Opole 95 Turawa

1996 EKO-Opole *96 Kedzierzyn Kozle
1997 EKO-Opole 97 Duszniki Zdroj
1998 CEC ECOpole 98 Kedzierzyn-Kozle
1999 CEC ECOpole 99 Duszniki Zdroj
2000 CEC ECOpole 2000 Duszniki Zdrdj
2001 CEC ECOpole 01 Duszniki Zdroj
. 2002 CEC ECOpole ’02 Duszniki Zdrdj
. 2003 CEC ECOpole ’03 Duszniki Zdrdj
. 2004 CEC ECOpole ’04 Duszniki Zdrdj
2005 CEC ECOpole ’05 Duszniki Zdroj
. 2006 CEC ECOpole ’06 Duszniki Zdrdj
. 2007 CEC ECOpole ’07 Duszniki Zdrdj
2008 CEC ECOpole ’08 Piechowice

. 2009 CEC ECOpole 09 Piechowice

. 2010 CEC ECOpole ’10 Piechowice

. 2011 CEC ECOpole ’11 Zakopane

. 2012 CEC ECOpole ’12 Zakopane

. 2013 CEC ECOpole ’13 Jarnottowek

NNk W =

[ NS T N T N R I T e T e T



ZAPRASZAMY DO UDZIALU
W SRODKOWOEUROPEJSKIEJ KONFERENCJI ECOpole ’14
W DNIACH 15-18 X 2014 r.

Qi
e A S

e

SUBSTANCJE CHEMICZNE
W SRODOWISKU PRZYRODNICZYM

Begdzie to dwudziesta trzecia z rzedu konferencja poswigcona badaniom podstawo-
wym oraz dziataniom praktycznym dotyczacym réznych aspektow ochrony srodowiska
przyrodniczego. Odbedzie si¢ ona w Hotelu Ziemowit w Jarnoltowku.

Doroczne konferencje ECOpole majg charakter migdzynarodowy i za takie s uznane
przez Ministerstwo Nauki i Szkolnictwa Wyzszego. Obrady konferencji ECOpole 14
beda zgrupowane w czterech Sekcjach:

— Chemiczne substancje w Srodowisku przyrodniczym oraz ich monitoring

— SII Odnawialne Zrédla energii i jej oszczedne pozyskiwanie oraz uzytkowanie

— SIHI Forum Mlodych (FM) i Edukacja prosrodowiskowa

— SIV Wplyw zanieczyszczen $rodowiska oraz zywnos$ci na zdrowie ludzi

Materiaty konferencyjne beda opublikowane w postaci:

— abstraktow (0,5 strony formatu A4) na CD-ROM-ie,

— rozszerzonych streszczen o objetosci 6—8 stron w poétroczniku Proceedings
of ECOpole,

— artykuléw: w abstraktowanych czasopismach: Ecological Chemistry and Engineering/
Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.) ser. A 1 S oraz w potroczniku
Chemistry — Didactics — Ecology — Metrology (Chemia — Dydaktyka — Ekologia —
Metrologia).

Termin nadsylania angielskiego i polskiego streszczenia o objetosci 0,5-1,0 stro-
ny (wersja cyfrowa) planowanych wystapien uplywa w dniu 15 lipca 2014 r. Lista
prac zakwalifikowanych przez Rad¢ Naukowa Konferencji do prezentacji bedzie sukce-
sywnie publikowana od 31 lipca 2014 r. na tej stronie. Aby praca (dotyczy to takze
streszczenia, ktore powinno mie¢ tytut w jezyku polskim i angielskim, stowa kluczowe
w obydwu jezykach) przedstawiona w czasie konferencji mogta by¢ opublikowana, jej
tekst winien by¢ przygotowany zgodnie z wymaganiami stawianymi artykutom druko-
wanym w czasopismach Ecological Chemistry and Engineering ser. A oraz S, ktore sg
dostgpne w wielu bibliotekach naukowych w Polsce i za granica. Zalecenia te sa row-
niez umieszczone na stronie webowej Towarzystwa Chemii i Inzynierii Ekologicznej

tchie.uni.opole.pl
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Po konferencji zostang wydane 6—8-stronicowe rozszerzone streszczenia wystapien
w polroczniku Proceedings of ECOpole. Artykuly te winny by¢ przestane do 1 pazdzier-
nika 2014 r. Wszystkie nadsytane prace podlegaja zwyktej procedurze recenzyjnej.

Streszczenia oraz program konferencji zostang wydane na CD-ROM-ie, ktory otrzy-
ma kazdy z uczestnikow podczas rejestracji. Program bedzie takze zamieszczony na
stronie webowej konferencji:

ecopole.uni.opole.pl

Po konferencji bedzie mozliwo$¢ opublikowania elektronicznej wersji prezen-
towanego wystapienia (wykladu, a takze posteru) na tej stronie webowej.

Prof. dr hab. inz. Maria Wactawek
Przewodniczaca Komitetu Organizacyjnego
Konferencji ECOpole ’14

Wszelkie uwagi i zapytania mozna kierowac¢ na adres:
Maria. Waclawek@o2.pl lub mrajfur@o2.pl

tel. 77 401 60 42

fax 77 401 60 51
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The Editors would like to express their gratitude to the following Reviewers who hel-
ped in the peer-review process of the papers considered for publication in the journal

Ecological Chemistry and Engineering A:
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Jolanta MOLAS
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| Volodymyr G. ZINKOVSKYY |

Editorial Board of Ecological Chemistry
and Engineering A



GUIDE FOR AUTHORS

A digital version of the manuscript should be sent to:

Prof dr hab. Witold Wactawek,
Editor-in-Chief of Ecological Chemistry and Engineering A
Uniwersytet Opolski
ul. kard. B. Kominka 6
45-032 Opole
Poland
phone +48 77 401 60 42, +48 77 455 91 49
fax +48 77 401 60 51
email: maria.waclawek@o02.pl
mrajfur@o?2.pl

The Editor assumes, that an Author submitting a paper for publication has been
authorised to do that. It is understood the paper submitted to be original and unpub-
lished work, and is not being considered for publication by another journal. After
printing, the copyright of the paper is transferred to Towarzystwo Chemii i InZynierii
Ekologicznej (Society for Ecological Chemistry and Engineering).

“Ghostwriting” and “guest authorship” are a sign of scientific misconduct. To counter-
act them, please provide information, for the Editor, on the percentage contribution of
individual Authors in the creation of publications (including the information, who is the
author of concepts, principles, methods, etc.). Editorial Board believes that the main
responsibility for those statements bears the Author sending the manuscript.

In preparation of the manuscript please follow the general outline of papers published
in Ecological Chemistry and Engineering A, available on the website:

tchie.uni.opole.pl

a sample copy can be sent, if requested.

Papers submitted are supposed to be written in English language and should include
a summary and keywords, if possible also in Polish language.

Generally, a standard scientific paper is divided into:

— Introduction: you present the subject of your paper clearly, indicate the scope of the
subject, present state of knowledge on the paper subject and the goals of your paper;

— Main text (usually divided into: Experimental — you describe methods used;
Results and Discussion);

— Conclusions: you summarize your paper;

— References.
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The first page should include the author’s (authors’) given name(s) without titles or
scientific degrees like Prof., Ph.D., etc., their affiliations, phone and fax numbers and
their email addresses however, with the corresponding author marked by an asterisk.

It is urged to follow the units recommended by the Systéme Internationale d’Unites
(SI). Graph axis labels and table captions must include the quantity units.

Symbols recommended by the International Union of Pure and Applied Chemistry (Pure
and Appl Chem. 1979;51:1-41) are to be followed. Graphics (drawings, plots) should be
supplied in the form of digital vector-type files, eg CorelDraw v.9, Excel, Inkscape or at
least in a bitmap format (TIF, JPG) 600 DPI. In the case of any query please feel free to
contact with the Editorial Office. Footnotes, tables and graphs should be prepared as se-
parate files. References cited chronologically should follow the examples given below:

[1] Lowe DF, Oubre CL, Ward CH. Surfactants and cosolvents for NAPL reme-
diation. A technology practices manual. Boca Raton: Lewis Publishers; 1999.

[2] Fasino CR, Carino M, Bombelli F. Oxidant profile of soy standardized extract.
In: Rubin R, Stryger CS, editors. Joint Meeting 2001 — Book Abstracts ‘2001
Year of Natural Products Research’. New York: Harper and Row; 2001.

[3] Wosinski S. Effect of composition and processing conditions of ceramic and
polymer composites on the electric field shielding ability [PhD Thesis]. Poznan:
Poznan University of Technology; 2010.

[4] Trapido M, Kulik N, Veressinina Y, Munter R. Water Sci Technol.
2009;60:1795-1801. DOI: 10.2166/wst.2009.585.

[5] Caiizares P, Lobato J, Paz R, Rodrigo MA, Sdez C. Chemosphere.
2007;67:832-838. DOI: 10.1016/j.chemosphere.2006.10.064.

[6] Hakala M, Nygard K, Manninen S, Huitari S, Buslaps T, Nilsson A, et al.
J Chem Phys. 2006:125:084504-1-7. DOI: 10.1063/1.2273627.

[7] Kowalski P. Statistical calibration of model solution of analytes. Ecol Chem Eng
A. Forthcoming 2015.

Please remember that every sign in the references counts.

Journal titles should preferably follow the Chem. Abst. Service recommended

abbreviations.

Each publication is evaluated by at least two independent Reviewers from outside of
the unit. In the case of paper written in a foreign language, at least one of Reviewers is
affiliated to a foreign institution other than the Author’s work.

As a rule double-blind review process is used (the Author(s) and Reviewers do not
know their identities). In any case Editor must be sure that no conflict of interest (direct
personal relationships, professional relationships, or direct scientific cooperation in the
past two years) occurs between the Reviewer and the Author. Reviewer has to fill in the
Reviewers report. On its end must be an explicit request to the approval of the article for
publication or its rejection.

Receipt of a paper submitted for publication will be acknowledged by email. If no
acknowledgement has been received, please check it with the Editorial Office by email,
fax, letter or phone.

In the case of any query please feel free to contact with the Editorial Office.

Editors
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