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Anna BUCIOR1 and Gorzys³aw POLESZCZUK1

WHAT HAPPENS IN THE WATERS

OF THE WARNOWO, RABIAZ, CZAJCZE

AND DOMYSLOWSKIE LAKES

IN THE WOLIN NATIONAL PARK

DURING SUMMER STAGNATION?

CO SIÊ DZIEJE W WODACH JEZIOR WARNOWO,

RABI¥¯, CZAJCZE I DOMYS£OWSKIE

W WOLIÑSKIM PARKU NARODOWYM

PODCZAS STAGNACJI LETNICH?

Abstract: In 2007, 2008 and 2010, water temperature and water saturation by O2 profiles were determined in

summer in the Warnowo, Rabiaz, Czajcze and Domyslowskie Lakes interconnected by inlets being situated

within the Wolin National Park in the Warnowo-Kolczewo Lake District on the Wolin Island. The occurrence

of homothermy and practically constant water oxygenation from 0.5 m below the surface to 0.5 m above the

bottom, with the waters under analysis being characterised by strong oxygen deficiency which differed

however in consecutive lakes. The results of determinations of general parameters, biogenic substance

concentrations and mineralisation indices also showed small but yet clear differences in the chemistry of the

lakes under analysis, which was connected with different anthropogenic pressure on respective ecosystems

and limitation of the water flow through consecutive lakes down the drainage basin. It was showed that the

occurrence of low water saturation by O2 in the body of water of the lakes under analysis was connected with

progressive dystrophication of the analysed ecosystems, being manifested as exuberant growth of rush

vegetation and, first of all, floating plants.

Keywords: lakes, water saturation by O2; lakes: Warnowo, Rabiaz, Czajcze and Domyslowskie; Wolin

National Park

Introduction

During summer stagnation, a characteristic profile of changes in water-dissolved

oxygen concentration for a given lake ecosystem is being formed in lake waters as

depth increases. In eutrophic lakes with clearly marked epilimnion and the metalimnion

and hypolimnion being more or less sheltered from the wind, the oxygen curve takes

DOI: 10.2428/ecea.2013.20(01)001 ECOL CHEM ENG A. 2013;20(1):7-20

1 Chemistry and Water Environmental Protection Chair, Faculty of Biology, Szczecin University, ul.

Z. Felczaka 3C, 71–412 Szczecin, Poland, phone: +48 91 444 15 71, email: polesz@univ.szczecin.pl
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shape of a clinograde, whereas in shallow lakes, frequently polymiction ones, where in

fact only epilimnion occurs, the water often stays saturated with oxygen almost to the

bottom provided that phytoplankton, most generally, finds good habitat conditions in

the body of water [3].

This was also the case as far as water saturation by O2 during summer stagnation in the

Warnowo, Rabiaz, Czajcze and Domyslowskie Lakes in the Wolin National Park (WNP)

on the Wolin Island is concerned (eg [4]) (Fig. 1 and 2). However, from 2005 onward, clear

oxygen deficits in the waters of the aforementioned lakes during summer stagnation

being maintained practically constantly were more frequently observed (eg [5]).

This paper is dedicated to the analysis of the causes of this phenomenon and the

attempts to explain them.

Characteristics of the lakes of the Warnowo-Kolczewo Lake

District situated within the Wolin National Park

The Warnowo, Rabiaz, Czajcze and Domyslowskie Lakes, situated in the western

part of the Warnowo-Kolczewo Lake District within the Wolin National Park, are

What happens in the waters of the Warnowo, Rabiaz, Czajcze and Domyslowskie Lakes.. 9
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shallow, ribbon glacial lakes being fed by rain and subsoil waters flowing down from

the heights of the Wolin Island. All these lakes, starting from the Warnowo Lake, are

connected by narrow inlets the course of which is being presently called the Lewinska

Stream (formerly known as the Pojezierna Stream – [6]), rising in the Warnowo Lake

and having its mouth in the Kamien Bay. Spring melt waters flow down the Lewinska

Stream from the aforementioned lakes successively, starting with the Warnowo Lake,

through the Rabiaz and Czajcze Lakes, to the Domyslowskie Lake and further to next

lakes of the Warnowo-Kolczewo Lake District on the flow path of the Lewinska Stream

water being situated already outside the Wolin National Park. The morphometric

characteristics of the lakes under analysis is presented below in Table 1.

Table 1

Morfometric characteristic of lakes: Warnowo, Rabiaz, Czajcze, Domyslowskie [7]

Lake
Altitude

[m a.s.l]

Surface

[km2]

Depth [m]
Volume

[thousand m3]

Max.

length

[m]

Max.

width

[m]

Cryptode-

pression

[m]max. average

Warnowo1 1.4 0.127 2.1 1.3 160.70 470 411 0.7

Rabiaz1 1.4 0.182 2.8 1.5 280.10 654 362 1.4

Czajcze 1.3 0.812 6.0 2.9 2316.70 1520 830 4.7

Domyslowskie 1.3 0.529 3.1 1.9 1018.00 1200 600 1.8

1 Lakes Warnowo and Rabiaz in the past [6] was called Warnowskie Lake with partitions: Warnowskie

Western (now Warnowo) and Warnowskie Eastern (now Rabiaz), or generally warnowskie lakes.

Material and methods

The analyses conducted in arbitrary chosen time periods in summer in 2007, 2008

and 2010 included determination of vertical temperature and oxygen profiles, with

measurement of water temperature and dissolved oxygen concentration as well as

calculation of water saturation by O2, at chosen gauging stations on the aforementioned

lakes being situated near sink bowls (Fig. 3) down to the depth of 0.5 m above the

bottom. Selected water quality parameters of the surface water (0.5 m below the water

surface) and the benthic zone (0.5 m above the bottom) were also determined,

particularly – apart from water temperature and dissolved oxygen concentration – the

redox potential Eh, indices describing the quantity of dissolved organic matter

(COD-Mn, COD-Cr and BOD5), mineral nitrogen concentrations (NO3
–, NO2

–, NH4
+)

and Ntot, as well as PO4
3–

dissolved and Ptot, and selected indices describing the

mineralisation of the investigated waters (concentrations of Ca2+, Mg2+, Cl–, SO4
2–,

HCO3
– as total alkalinity, and Fetot and Mntot). All determinations were performed based

on the analytical procedures currently being in force in the Polish Standards [8], apart

from the redox potential Eh which was measured according to the procedure described

by Koelling [9].

Also the extent of coverage by macrophytes and floating plants of the surface area of

the aforementioned lakes was estimated from the boat’s deck.

10 Anna Bucior and Gorzys³aw Poleszczuk
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Results and discussion

Selected results of the surface and near-bottom waters of the Warnowo-Kolczewo

Lake District lakes in the Wolin National Park are presented in Tables 2–5.

Table 2

Results of researches surfaces and near bottom waters from Warnowo, Rabiaz, Czajcze

and Domyslowskie lakes in Wolin National Park (sampling date: 14.09.2007)

No. Indices

Warnowo

Lake

Raciaz

Lake

Czajcze

Lake

Domyslowskie

Lake

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

I. General parameters

1 Temperature [oC] 17.5 17.4 17.5 17.3 16.0 15.6 16.5 16.3

2 pH [pH units] 7.28 7.18 7.45 7.28 7.34 7.16 7.38 7.12

3 Eh [mV] 402 398 401 376 402 368 402 359

4 COD-Mn [mgO2 � dm–3] 10.2 11.1 10.1 10.0 9.3 9.8 10.0 9.7

5 COD-Cr [mgO2 � dm–3] 38.7 48.6 22.9 37.1 21.5 29.4 30.1 35.6

6 BOD5 [mgO2 � dm–3] 1.4 1.7 1.6 1.4 2.6 2.3 7.9 6.4

7 O2(diss) [mgO2 � dm–3] 4.3 3.7 4.2 3.9 5.8 4.6 9.6 6.7

8 Water saturation by O2 [%] 44.6 38.2 43.6 40.2 58.3 45.8 97.5 67.6

II. Content of biogenic substances

9 NO3
– [mgN-NO3 � dm–3] 0.11 0.08 0.08 0.06 0.07 0.05 0.07 0.04

10 NO2
– [mgN-NO2 � dm–3] 0.14 0.090 0.044 0.023 0.010 0.016 0.007 0.006

11 NH4
+ [mgN-NH4 � dm–3] 0.06 0.14 0.08 0.12 0.03 0.08 0.04 0.07

12 Ntot [mgN � dm–3] 0.24 0.49 0.23 0.35 0.19 0.27 0.20 0.15

13 PO4
3–

diss [mgPO4 � dm–3] 0.33 0.37 0.25 0.31 0.36 0.43 0.31 0.51

14 Ptot [mgPO4 � dm–3] 0.91 0.59 0.71 0.89 0.44 0.64 0.62 0.78

III. Mineralization indices

15 Ca2+ [mgCa � dm–3] 62 63 54 60 60 64 58 62

16 Mg2+ [mgMg � dm–3] 11 14 15 12 12 14 11 15

17 Cl– [mgCl � dm–3] 20 22 24 28 20 23 24 27

18 SO4
2– [mgSO4 � dm–3] 27 31 16 24 23 26 24 29

19 Total alkalinity

[mmol HCl � dm–3] 3.10 3.20 2.70 2.75 3.20 3.30 3.00 3.10

20 Fetot [mgFe � dm–3] 0.05 0.10 0.05 0.08 0.01 0.10 0.17 0.20

21 Mntot [mgMn � dm–3] 0.20 0.24 0.15 0.19 0.03 0.10 0.17 0.20

12 Anna Bucior and Gorzys³aw Poleszczuk



Table 3

Results of researches surfaces and near bottom waters from Warnowo, Rabiaz, Czajcze

and Domyslowskie lakes in Wolin National Park (sampling date: 25.06.2008)

No. Indices

Warnowo Lake Raciaz Lake Czajcze Lake
Domyslowskie

Lake

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

I. General parameters

1 Temperature [oC] 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0

2 pH [pH units] 8.07 7.93 7.97 7.54 7.85 7.67 8.01 8.02

3 Eh [mV] 509 498 509 516 492 466 460 455

4 COD-Mn [mgO2 � dm–3] 10.4 11.6 11.2 12.0 9.3 10.6 8.5 10.3

5 COD-Cr [mgO2 � dm–3] 72.0 89.3 52.2 69.9 32.4 43.6 30.6 68.4

6 BOD5 [mgO2 � dm–3] 1.2 1.8 2.5 1.8 1.1 2.9 2.5 0.7

7 O2(diss) [mgO2 � dm–3] 4.2 3.7 4.4 1.8 4.1 2.9 4.6 3.1

8 Water saturation by O2 [%] 46.7 41.2 48.9 20.0 45.6 32.3 51.2 34.5

II. Content of biogenic substances

9 NO3
– [mgN-NO3 � dm–3] 0.06 0.08 0.11 0.07 0.07 0.08 0.07 0.11

10 NO2
– [mgN-NO2 � dm–3] 0.012 0.020 0.005 0.019 0.010 0.021 0.007 0.010

11 NH4
+ [mgN-NH4 � dm–3] 0.11 0.18 0.18 0.24 0.14 0.20 0.06 0.20

12 Ntot [mgN � dm–3] 0.29 0.42 0.47 0.53 0.36 0.49 0.23 0.51

13 PO4
3–

diss [mgPO4 � dm–3] 0.06 0.15 0.03 0.12 0.20 0.28 0.14 0.15

14 Ptot [mgPO4 � dm–3] 0.22 0.29 0.14 0.20 0.25 0.36 0.30 0.28

III. Mineralization indices

15 Ca2+ [mgCa � dm–3] 84 71 68 70 68 71 68 72

16 Mg2+ [mgMg � dm–3] 7 11 12 16 10 14 10 10

17 Cl– [mgCl � dm–3] 23 25 31 36 21 24 20 20

18 SO4
2– [mgSO4 � dm–3] 51 54 55 59 53 56 54 53

19 Total alkalinity

[mmol HCl � dm–3] 3.20 3.20 3.40 3.20 2.80 3.10 3.00 3.00

20 Fetot [mgFe � dm–3] 0.17 0.20 0.11 0.18 < 0.01 0.10 0.11 0.05

21 Mntot [mgMn � dm–3] 0.22 0.28 0.21 0.24 0.18 0.22 0.24 0.20
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Table 4

Results of researches surfaces and near bottom waters from Warnowo, Rabiaz, Czajcze

and Domyslowskie lakes in Wolin National Park (sampling date: 9.08.2008)

No. Indices

Warnowo Lake Raciaz Lake Czajcze Lake
Domyslowskie

Lake

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

I. General parameters

1 Temperature [oC] 23.0 22.9 23.0 22.9 23.0 22.7 23.0 22.9

2 pH [pH units] 8.78 8.65 8.38 7.98 8.44 8.12 8.54 8.14

3 Eh [mV] 398 412 411 435 412 416 407 409

4 COD-Mn [mgO2 � dm–3] 10.5 11.7 10.0 11.9 8.5 10.4 8.5 9.9

5 COD-Cr [mgO2 � dm–3] 182.8 179.3 215.4 198.6 73.4 81.7 39.2 47.6

6 BOD5 [mgO2 � dm–3] 1.0 1.4 0.6 1.2 2.0 2.3 1.5 1.8

7 O2(diss) [mgO2 � dm–3] 4.3 3.9 3.8 3.1 4.2 3.7 4.6 4.2

8 Water saturation by O2 [%] 49.5 44.8 43.8 35.6 48.4 42.4 53.0 48.3

II. Content of biogenic substances

9 NO3
– [mgN-NO3 � dm–3] 0.10 0.08 0.15 0.10 0.13 0.09 0.09 0.07

10 NO2
– [mgN-NO2 � dm–3] 0.009 0.012 0.013 0.018 0.014 0.016 0.006 0.009

11 NH4
+ [mgN-NH4 � dm–3] 0.10 0.18 0.21 0.31 0.19 0.26 0.12 0.19

12 Ntot [mgN � dm–3] 0.44 0.65 0.54 0.71 0.48 0.59 0.57 0.71

13 PO4
3–

diss [mgPO4 � dm–3] 0.11 0.16 0.13 0.17 0.06 0.10 0.45 0.51

14 Ptot [mgPO4 � dm–3] 0.20 0.25 0.27 0.31 0.43 0.45 0.47 0.53

III. Mineralization indices

15 Ca2+ [mgCa � dm–3] 60 58 60 61 84 76 72 63

16 Mg2+ [mgMg � dm–3] 7 16 10 14 10 12 12 14

17 Cl– [mgCl � dm–3] 25 26 38 40 21 23 20 21

18 SO4
2– [mgSO4 � dm–3] 49 51 74 75 56 60 57 59

19 Total alkalinity

[mmol HCl � dm–3] 3.40 3.50 3.90 4.00 4.00 3.90 4.10 4.00

20 Fetot [mgFe � dm–3] 0.31 0.36 0.27 0.35 0.23 0.28 0.15 0.19

21 Mntot [mgMn � dm–3] 0.37 0.40 0.35 0.38 0.41 0.40 0.34 0.38
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Table 5

Results of researches surfaces and near bottom waters from Warnowo, Rabiaz, Czajcze

and Domyslowskie lakes in Wolin National Park (sampling date: 30.07.2010)

No. Indices

Warnowo Lake Raciaz Lake Czajcze Lake
Domyslowskie

Lake

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

surface

waters

near

bottom

waters

I. General parameters

1 Temperature [oC] 24.5 22.0 24.0 22.5 23.0 19.0 23.0 24.5

2 pH [pH units] 8.08 8.00 7.58 7.49 7.60 7.62 7.90 7.85

3 Eh [mV] 165 161 165 162 158 210 165 173

4 COD-Mn [mgO2 � dm–3] 10.9 9.9 8.4 9.7 8.0 8.2 8.6 9.0

5 COD-Cr [mgO2 � dm–3] 82.1 79.3 90.1 78.3 62.1 63.7 42.1 43.7

6 BOD5 [mgO2 � dm–3] 1.5 1.8 1.2 1.0 1.5 2.0 1.8 2.1

7 O2(diss) [mgO2 � dm–3] 4.6 4.2 5.0 4.8 4.6 4.3 4.7 4.2

8 Water saturation by O2 [%] 55.0 48.0 58.7 55.0 52.6 46.3 53.7 47.6

II. Content of biogenic substances

9 NO3
– [mgN-NO3 � dm–3] 0.13 0.10 0.18 0.16 0.12 0.12 0.18 0.18

10 NO2
– [mgN-NO2 � dm–3] 0.035 0.020 0.025 0.027 0.014 0.016 0.018 0.020

11 NH4
+ [mgN-NH4 � dm–3] 0.51 0.59 0.32 0.43 0.18 0.22 0.20 0.21

12 Ntot [mgN � dm–3] 0.98 0.96 0.74 0.80 0.46 0.49 0.30 0.48

13 PO4
3–

diss [mgPO4 � dm–3] 0.44 0.60 0.35 0.40 0.50 0.48 0.58 0.61

14 Ptot [mgPO4 � dm–3] 0.75 0.91 0.80 0.63 0.59 0.57 0.69 0.73

III. Mineralization indices

15 Ca2+ [mgCa � dm–3] 75 63 69 58 60 62 62 64

16 Mg2+ [mgMg � dm–3] 24 18 20 18 18 24 12 28

17 Cl– [mgCl � dm–3] 18 22 24 26 25 26 23 29

18 SO4
2– [mgSO4 � dm–3] 45 50 55 63 48 88 46 48

19 Total alkalinity

[mmol HCl � dm–3] 3.50 3.60 2.50 2.00 3.40 3.50 3.30 3.20

20 Fetot [mgFe � dm–3] 0.25 0.35 0.35 0.46 0.25 0.26 0.24 0.26

21 Mntot [mgMn � dm–3] 0.07 0.04 0.07 0.04 0.06 0.08 0.02 0.04
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Example water saturation by O2 profiles are presented in Fig. 3, whereas selected

bathymetric cross-sections of the Lewinska Stream within the section between the

Warnowo Lake and the Domyslowskie Lake with the distribution of water layers of

different water saturation by O2 being marked on them in the longitudinal cross-section

along the water flow path are presented in Fig. 4.

16 Anna Bucior and Gorzys³aw Poleszczuk

Fig. 4. Bathymetric section of Lewinska Stream on fragment from Warnowo Lake to Domyslowskie Lake

with show water layers by different water saturation by O2



The distribution of rush vegetation and floating plants in the Warnowo lakes being

situated within the Wolin National Park in July 2010 is presented in Fig. 5.

The collected research data, being illustrated by the results mentioned above, allowed

determination that the waters of the Warnowo Lake (average depth 1.6 m) were mostly

always practically homothermic and similarly oxygenated (40–45 % water saturation by

O2) in the whole vertical profile, whereas those of the Rabiaz Lake (average depth

1.4 m) – while being homothermic – were characterised by different oxygenation

(surface water ca 50 % water saturation by O2, near-bottom water < 20 %). The waters

of the Czajcze Lake (average depth 2.9 m) – being also homothermic – were of different

water saturation by O2 on the surface (ca 50 %) and the bottom (ca 30 %), like those of

the Domyslowskie Lake (average depth 2.1 m), also homothermic and with similar

water saturation by O2 like in the Czajcze Lake. At the same time, the waters of the

lakes under analysis were characterised by an appreciable content of organic matter

which, in consecutive lakes under analysis, was characterised by the COD-Cr values

amounting, respectively, to ca 50, 50, 30 and 30 mgO2 � dm–3 in the surface water and

ca 50, 95, 30 and 70 mg O2 � dm–3 in the near-bottom one. According to the data from

Tables 2–5, the waters under analysis were usually characterised in the measuring times

by high values of the redox potential values (on average 400–450 mV), indicating their

high oxidative status, and high concentrations of mineral nitrogen and dissolved

orthophosphates(V), being considerably higher than nutritional minima for the most
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requiring alga species [3]. High supply of assimilable nitrogen and phosphorus was

most obviously connected with the inflow of biogenic substances from the drainage

basin (probably the inflow of effluents with subsoil waters being polluted with

municipal sewage discharged to the ground), as well as above all with the processes of

organic matter mineralisation taking place in the lake ecosystem. The investigated

waters contained small quantities of biodegradable organic matter, which is indicated by

low BOD5 values for the analysed waters amounting maximally to 2.5 mgO2 � dm–3.

Differences in water saturation by O2 in the vertical profiles of consecutive investigated

lakes were noteworthy (Table 2–5 and Fig. 4), which is also the proof of slight water

exchange between the investigated lakes, being confirmed as well by findings of

Burchardt et al [10] from the study carried out in spring 2008 which showed essential

differences in dominant species of the phytoplankton of the investigated lakes. And

thus, in the Warnowo lakes (ie in the Warnowo and Rabiaz Lakes) prevailed

Ochromonas sp. with a large participation of Fragilaria pinnata, Asterionella formosa
and Cyclotella radiosa, in the Czajcze Lake – Asterionella formosa and Fragilaria
crotonensis, whereas in the Domyslowskie Lake – Limnothrix redeckei, Dinobryon
bavaricum, Fragilaria ulna and Fragilaria ulna var. angustissima. This points to the

maintenance of water exchange between the Warnowo Lake and the Rabiaz Lake,

affecting the phytoplankton phytocenoses, as well as to the limitation of water exchange

between the Rabiaz Lake and the Czajcze Lake and further on between the Czajcze

Lake and the Domyslowskie Lake, which was confirmed by field observations. This is

undoubtedly a consequence of drainage of the eastern part of the Wolin Island by

complex drainage system with a drainage water pumping station in Darzowice (Fig. 1),

pumping over to 20 m3/s drainage water to the Dziwna Strait. This induced the lowering

of ground water level in the eastern part of the Wolin Island and the lowering of water

level in the Warnowo-Kolczewo Lake District lakes by about 0.5 m, considerably

affecting this way the functioning of ecosystems of these lakes [11].

The acid-base equilibrium and the content of mineral substances in the waters of

analysed lakes were very similar on all water bodies in successive study times. This is

obvious given that all water bodies being analysed were “flushed” by the waters flowing

down from under the heights in the western part of the Wolin Island during the spring

flow of melt waters.

The authors of this paper judge that low water saturation by O2 in the investigated

lakes was a consequence of exuberant growth of plants with floating leaves of the plant

community Nupharo-Nymphaeetum albae (yellow water-lily and European white

water-lily) which, according to the authors’ estimates, occupied approximately 50 % of

the area of the water table in each lake. Exceptionally low water saturation by O2 of the

near-bottom water in the Rabiaz Lake was probably a consequence of the flow of

anthropogenic pollutants from the village of Warnowo, like in the Domyslowskie Lake

being polluted due to vicinity of the village of Domyslow. Both these factors cause that

hopes for spontaneous reclamation of water ecosystems of the investigated lakes are

illusory. Unfortunately, the “initiation” of oligotrophication processes usually requires

artificial interventions [3]. In the opinion of the authors of this paper, leaving the lakes

of the Warnowo-Kolczewo Lake District in the Wolin National Park to their own
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devices would rather induce dystrophication than oligotrophication. Bringing the waters

of the Warnowo, Rabiaz, Czajcze and Domyslowskie Lakes to the state of oligotrophy

is a task deriving from the Water Framework Directive of the European Union. This is

exactly the trophic status of the investigated lakes in the time period prior to increased

anthropogenic pressure which is evidenced by the remains of underwater meadows

in the Warnowo and Rabiaz Lakes, being still colonised by stoneworts Chara
tomentosa L. (eg [12]).

Conclusions

The occurrence and the maintenance of water homothermy during summer stagnation

being found based on the analyses conducted in 2007, 2008 and 2010, particularly

specific considerable oxygen deficiency being practically constant in vertical profiles of

the waters (from 0.5 m below the water table to 0.5 m above the bottom) of the

Warnowo, Rabiaz, Czajcze and Domyslowskie Lakes situated within the Wolin

National Park belonging to the Warnowo-Kolczewo Lake District on the Wolin Island

was induced by the maintenance and even by the increase of anthropogenic pressure on

the ecosystems of the lakes under analysis, being connected with settlement in areas

around these lakes, which contributed to the development of dystrophication of the

investigated lakes being manifested as exuberant growth of rush vegetation and, first of

all, floating plants which significantly reduced surface water aeration and limited the

development of water-oxygenating phytoplankton during proliferation of phytoplankton

biomass.
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CO SIÊ DZIEJE W WODACH JEZIOR WARNOWO, RABI¥¯,

CZAJCZE I DOMYS£OWSKIE W WOLIÑSKIM PARKU NARODOWYM

PODCZAS STAGNACJI LETNICH?

Katedra Chemii i Ochrony Œrodowiska Wodnego, Wydzia³ Biologii

Uniwersytet Szczeciñski

Abstrakt: W latach 2007, 2008 i 2010 w okresach letnich wyznaczano profile temperaturowe i natlenienia

wód w po³¹czonych ze sob¹ przesmykami jeziorach Warnowo, Rabi¹¿, Czajcze i Domys³owskie le¿¹cych

w granicach Woliñskiego Parku Narodowego na wyspie Wolin na Pojezierzu Warnowsko-Ko³czewskim.

Wykazano wystêpowanie homotermii i praktycznie sta³ego natlenienia wód od 0.5 m od powierzchni do

0.5 m powy¿ej dna, przy czym badane wody cechowa³y siê zdecydowanym niedotlenieniem, które by³o

jednak¿e w kolejnych jeziorach zró¿nicowane. Wyniki oznaczeñ wskaŸników ogólnych, stê¿eñ biogenów

i wskaŸników mineralizacji, wskazywa³y tak¿e na niewielkie, niemniej wyraŸne zró¿nicowanie chemizmu

badanych jezior, co by³o zwi¹zane ze zró¿nicowaniem antropopresji na poszczególne ekosystemy oraz

z ograniczeniem przep³ywu wód przez kolejne ww. jeziora w dó³ zlewni. Wskazano, ¿e wystêpowanie

niskiego natlenienia wód w toni wodnej badanych jezior zwi¹zane by³o z postêpuj¹c¹ dystrofizacj¹ badanych

ekosystemów jeziornych, uwidaczniaj¹c¹ siê jako bujny rozwój roœlinnoœci szuwarowej i przede wszystkim

roœlinnoœci p³ywaj¹cej.

S³owa klucze: jeziora; natlenienie wód; jeziora: Warnowo, Rabi¹¿, Czajcze i Domys³owskie; Woliñski Park

Narodowy
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Anetta SIWIK-ZIOMEK1, Joanna LEMANOWICZ and Jan KOPER

EFFECT OF FERTILISATION

WITH NITROGEN MACROELEMENTS

ON THE CONTENT OF SULPHUR AND THE ACTIVITY

OF ARYLSULPHATASE IN SOIL

WP£YW NAWO¯ENIA MIKROSK£ADNIKAMI NA ZAWARTOŒÆ SIARKI

ORAZ AKTYWNOŒÆ ARYLOSULFATAZY W GLEBIE

Abstract: The aim of the present research was to determine the effect of mineral fertilisation only on the

activity of arylsulphatase (EC 3.1.6.1.) and the content of total sulphur and its fraction in soil under winter

wheat. The soil was sampled from a field experiment set up on the area of the Agricultural Experiment Station

at Grabow on the Vistula by the Institute of Soil Science and Plant Cultivation (IUNG) in Pulawy twice in the

vegetation period of winter wheat in 2008. The experiment involved only mineral fertilisation: increasing

rates of ammonium nitrate (0, 40, 80, 120, 160 kgN � ha–1) and fertilisation with P – 70 kgP2O5 � ha–1, K – 90

kgP2O5 � ha–1, Ca – 200 kgCaO � ha–1, Mg – 70 kgMgO � ha–1 and S in fertilisation forms with other elements.

The activity of arylsulphatase was determined following the Tabatabai and Bremner method, and sulphate

sulphur – compliant with the Bardsley–Lancaster method modified by COMN-IUNG. The fertilisation with

ammonium nitrate determined the content of total sulphur and its fraction as well as the activity of

arylsulphatase in Luvisol. The optimum nitrogen rate for the application of which the soil was identified with

the highest content of total and organic sulphur was the rate of 80 kgN � ha–1. The Luvisol investigated

demonstrated a low richness with sulphur and it should be enriched with that nutrient to facilitate the plants

producing the yield adequate in both the quality and the size. A decrease in the activity of arylsulphatase when

exposed to complete fertilisation with nutrients in a form of mineral salts points to an inactivating effect of

ions of those elements on the activity of the enzyme in the soil.

Keywords: arylsulphatase activity, sulphur, soils, makroelements

In the early 1980s numerous ecological actions were taken to reduce the emissions of

sulphur compounds to the atmosphere. As a result of its decreased supply from the air

accompanied by a limited consumption of sulphur-containing fertilisers there were

observed deficits of that element in field crops, eg in Great Britain, Germany and

Denmark [1–3]. Similarly in Polish agriculture there occur symptoms which point to
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sulphur deficits [4–6]. There is a risk that the NPK fertilisation applied will not be

balanced and that sulphur deficit can limit the use of the other nutrients, mostly

nitrogen. The metabolism of those elements is interconnected and the deficit of one of

them inhibits the effect of the other. An insufficient nutrition of plants with sulphur is

seen in the plant look, similarly as when exposed to nitrogen deficit [7]. The difference

in the comparison to the nitrogen deficit symptoms is that with nitrogen deficit older

leaves get lighter in colour and yellow initially and when exposed to sulphur deficit –

those are young leaves which yellow. In such plants there are found considerable

amounts of nitrogen in a non-protein form, the content of reducing sugars decreases and

the content of starch and hemicelullose increases [3].

The aim of the present paper was to determine the effect of exclusively mineral

fertilisation with nitrogen, potassium, phosphorus, calcium, magnesium and sulphur on

the content of total sulphur and its fractions as well as the activity of arylsulphatase (EC

3.1.6.1.) in the soil under winter wheat.

Material and methods

The soil was sampled from a field experiment set up at the Agricultural Experiment

Station at Grabów nad Wis³¹, by the Institute of Soil Science and Plant Cultivation

(IUNG) in Pu³awy twice in the vegetation period of winter wheat in 2008. The soil is a

very good rye complex soil. The experiment involved only mineral fertilisation:

increasing rates of ammonium nitrate (0, 40, 80, 120, 160 kgN � ha–1) and fertilisation

with P – 70 kgP2O5 � ha–1, K – 90 kgP2O5 � ha–1, Ca – 200 kgCaO � ha–1, Mg – 70

kgMgO � ha–1 and S in fertilisation forms with other elements. The experiment was

performed as a split-plot design, the first factor involved increasing rates of nitrogen

fertiliser, the second factor – fertilisation with the other macroelements. There were

applied six levels of the second factor; the first level involved a fertiliser combination of

all the minerals and then one of them was absent in each, respectively; hence the

following six treatments:

1. P, K, Ca, Mg, S;

2. –, K, Ca, Mg, S;

3. P, –, Ca, Mg, S;

4. P, K, –, Mg, S;

5. P, K, Ca, –, S;

6. P, K, Ca, Mg, –.

Mineral fertilisation was applied only. In the treatments with S there was used single

superphosphate and potassium sulphate, while the treatments without S involved triple

superphosphate and high-percentage potassium salt.

The activity of arylsulphatase was determined following the Tabatabai and Bremner

method [8], and sulphate sulphur – according to the Bardsley–Lancaster method

modified by COMN-IUNG [9]. Organic sulphur was calculated from the difference

between the content of total sulphur and S-SO4
2–. For the results of the content of

sulphur and the activity of the enzyme, there was performed the analysis of variance

with the Tuke’y semi-intervals of confidence (p = 0.05).
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Results and discussion

The reaction of the soil ranged from 6.37 to 6.84 units for the soil sampled from soil

from soil was sampled from a field experiment at Grabów nad Wis³¹ (Table 1). The

reaction of the soils analysed ranged from slightly acid through acid to neutral.

Table 1

Reaction (pH in 1mol KCl � dm–3) of soil the years of investigation

Treatments
Nitrogen fertilization [kg � ha–1]

0 40 80 120 160

1. P, K, Ca, Mg, S 6.78 6.77 6.68 6.84 6.62

2. –, K, Ca, Mg, S 6.81 6.76 6.65 6.68 6.65

3. P, –, Ca, Mg, S 6.69 6.63 6.69 6.77 6.58

4. P, K, –, Mg, S 6.67 6.84 6.63 6.65 6.54

5. P, K, Ca, –, S 6.72 6.77 6.61 6.64 6.56

6. P, K, Ca, Mg, – 6.56 6.49 6.42 6.63 6.37

The content of total sulphur in the Luvisol investigated was, on average, for all the

experimental treatments 0.05 g � kg–1. The range of occurrence of that element in the

soil was quite wide and ranged from 0.015 g � kg–1 to 0.103 g � kg–1 (Fig. 1a, b). The

contents of sulphur recorded in the present research classified the soil, applying the

grading scale developed by IUNG, as showing a natural (� 0.150 g � kg–1) sulphur

content [5, 10].

There was observed an effect of the mineral fertilisation applied on the concentration

of that nutrient in the soil analysed. The highest contents of total and organic sulphur

were determined in the soil sampled from the plots where complete fertilisation with all

the macroelements was applied, where the content of Stot was, on average, 0.066 g � kg–1

and Sorg 59.00 mg � kg–1 (Fig. 1b, 2b). The lowest amounts of total sulphur and organic

sulphur compounds in the soil, on the other hand, were determined for the treatments

with sulphur fertilisation, however, without Ca and Mg fertilisation (Fig. 1b, 2b).

Total sulphur covers a total content of organic and mineral compounds of that

element which occurs in soil. In Polish soils organic sulphur is a dominant form of

occurrence of that element and its content ranges a lot from 6 to 688 mg � kg–1 [5]. The

share of that sulphur fraction in total sulphur in the humus horizons of mineral soils

accounts for 50–80 % [3]. Liming enhances the release of sulphur eg by accelerating the

decomposition of organic compounds, leading to the transformation of sulphur into

soluble sulphates [9]. Earlier Williams [12] found that the application of CaCO3 results

in an increase in the concentration of soluble sulphates and sulphur mineralization up to

the value of pH 7.5, above that pH value there occurs a fast process of chemical

bonding of sulphates.

The transformations of organic sulphur to the mineral form do not always result in

a considerable increase in the content of sulphates in soil [13]. Most probably

considerable amounts of inorganic sulphur are leached deep down the soil profile in

winter and at the beginning of the vegetation period, especially in light soils [7, 15].
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The fertilisation with ammonium nitrate also modified the content of both sulphur

forms. Their lowest amount was reported in the soil sampled from the treatments with

the rate of N 40 kgN � ha–1 (Fig. 2a, 3a).

The content of the sulphur form available to plants ranged from 2.368 g � kg–1

to 14.42 g � kg–1 (Fig. 3a, b). In most soils under agricultural use the content of

sulphate sulphur in Poland does not exceed 25 mg � kg–1 of soil. In most soils, namely
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70 % of the agricultural acreage, the content of that sulphur fraction ranges from 5.0 to

20.0 mg � kg–1 [14]. The content of sulphate sulphur was, on average, 8.219 mg � kg–1.

Such soil richness with available sulphur is considered low and wheat, although found

to represent the group of plants of low sulphur requirements, needs supplementary

sulphur fertilisation [15]. There was noted an effect of the mineral fertilisation applied

on the content of that sulphur fraction in the soil from Grabow. The highest content of
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sulphate sulphur was recorded in the soil sampled from the treatments with nitrogen

fertilisation at the rate of 80 kg � ha–1 (Fig. 3a).

The increase in the nitrogen rate to 120 and 160 kg � ha–1 resulted in a decrease in the

content of the sulphur form available to plants. There was observed an effect of

fertilisation with the other macronutrients on the content of S-SO4
2–. The highest

content of sulphur available to plants was noted in the soil sampled from the treatments
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without P fertilisation (treatment 2), a slightly lower – for the treatments without K and

Ca (treatments 3 and 5) (Fig. 3b). The lowest amount of S-SO4
2–, on the other hand, was

obviously reported in the soil where no fertilisation with that nutrient was used

(Fig. 3b).

There was observed an effect of the mineral fertilisation on the activity of

arylsulphatase (Fig. 4a, b). The activity of the hydrolase investigated in the soil sampled
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from the plots fertilised with nitrogen at the rate of 120 kg � ha–1 was highest, while its

lowest activity was noted in the soil sampled from the treatments fertilised with

ammonium nitrate at the rate of 40 kg � ha–1. As for the control treatment, the activity of

hydrolase was 5 % higher. One can thus assume that there must have occurred an

inhibition of the activity of that enzyme. The applicable literature [16, 17] reports on a

negative effect of ions (NO3
–, NO2

–, PO4
3–, SO4

2–, Cl–) on the enzymatic activity of soil.

The present research also report on an inhibiting effect of mineral salts on the activity of

arylsulphatase. Its lowest activity was assayed in the soil sampled from the treatments

with complete mineral fertilisation.

Conclusions

1. The fertilisation with ammonium nitrate determined the content of total sulphur

and its fraction in Luvisol. The optimum rate of nitrogen in a form of mineral salt was

the rate of 80 kg N � ha–1. Higher amounts of that macroelement introduced into soil did

not result in an increase in the content of sulphur and its fraction in soil.

2. Complete balanced fertilisation with nitrogen, phosphorus, potassium, magnesium,

calcium and sulphur created favourable soil conditions to the occurrence of sulphur of

organic compounds and total sulphur in soil.

3. The highest amount of sulphate sulphur (VI) was noted in the soil samples

fertilised with potassium, magnesium, calcium and sulphur, however, non-fertilised

with phosphorus.

4. The Luvisol investigated showed a low richness with sulphur and, as such, it

should be enriched with that nutrient to make it possible for the plants to produce the

yield adequate in both the quality and the size.

5. A decrease in the activity of arylsulphatase when exposed to complete fertilisation

with nutrients in a form of mineral salts points to an inactivating effect of the ions of

those elements on the activity of arylsulphatase in soil.
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WP£YW NAWO¯ENIA MIKROSK£ADNIKAMI NA ZAWARTOŒÆ SIARKI

ORAZ AKTYWNOŒÆ ARYLOSULFATAZY W GLEBIE

Katedra Biochemii, Wydzia³ Rolnictwa i Biotechnologii,

Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: Celem pracy by³o okreœlenie wp³ywu wy³¹cznie mineralnego nawo¿enia na aktywnoœæ arylosul-

fatazy (EC 3.1.6.1.) oraz zawartoœæ siarki ogó³em i jej frakcji w glebie spod uprawy pszenicy ozimej. Próbki

gleby pobrano z doœwiadczenia polowego za³o¿onego na terenie RZD w Grabowie nad Wis³¹, przez IUNG

w Pu³awach dwukrotnie w sezonie wegetacyjnym pszenicy ozimej w 2008 r. W doœwiadczeniu zastosowano

tylko nawo¿enie mineralne: wzrastaj¹ce dawki saletry amonowej (0, 40, 80, 120, 160 kgN � ha–1) oraz

nawo¿enie P – 70 kgP2O5 � ha–1, K – 90 kg P2O5 � ha–1, Ca – 200 kgCaO � ha–1, Mg – 70 kg MgO � ha–1 i S w

formach nawozowych z innymi pierwiastkami. Aktywnoœæ arylosulfatazy oznaczono wg metody Tabatabai i

Bremnera, a siarkê siarczanow¹ zgodnie z metod¹ Bardsleya–Lancastera w modyfikacji COMN-IUNG.

Nawo¿enie saletr¹ amonow¹ determinowa³o zawartoœæ siarki ogó³em i jej frakcji oraz aktywnoœæ arylosulpha-

tazy w p³owej glebie. Optymaln¹ dawk¹ azotu, przy zastosowaniu której stwierdzono w glebie najwiêksz¹

iloœæ siarki ogó³em i organicznej, by³a iloœæ 80 kgN � ha–1. Badana gleba p³owa wykazywa³a nisk¹ zasobnoœæ

w siarkê i powinna byæ wzbogacona w ten sk³adnik, by umo¿liwiæ roœlin wydanie plonu o odpowiedniej

jakoœci i iloœci. Zmniejszenie aktywnoœci arylosulfatazy przy pe³nym nawo¿eniu sk³adnikami pokarmowymi

w postaci soli mineralnych wskazuje na inaktywuj¹cy wp³yw jonów tych pierwiastków na aktywnoœæ enzymu

w badanej glebie

S³owa kluczowe: arylosulphataza, siarka, gleba, makrosk³adniki
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SUSPENDED PARTICULATE MATTER

AS AN INDICATOR OF METALS POLLUTION

IN RIVERIN SYSTEM

CHARAKTERYSTYKA ZAWIESINY

JAKO WSKA�NIKA ZANIECZYSZCZENIA ANTROPOGENNEGO

METALAMI SYSTEMÓW RZECZNYCH

Abstract: Content of heavy metals is strongly dependent on the composition of suspendend particulate matter

(SPM). Metals contamination of the aquatic environment can be natural origin as well as is a result of human

activities. SPM is an important indicator of processes occurring in the basin. Mineralogical and geochemical

identification and determination of the origin of the suspension components is necessary to evaluate the role

of SPM in the accumulation and transport of trace metals in Odra river. Research were carried in the Upper

and the Middle Odra River and its tributaries. SPM samples were analyzed with SEM-EDS application and

metals in water and SPM were determined by ICP-MS. Result of SEM-EDS shows the presence of carbonates

– mainly calcite, silicates – especially quartz and feldspars as well as illit. Obtained results allowed to

recognize a variety of plankton species. It should be noted that very common in SPM feldspar and quartz

contain relatively low amount of metal, as opposed to clay minerals that are responsible for the pollution. In

SPM samples the presence of significant quantities of anthropogenic dust were recognized. Observed metal

pollution of the Odra river basin is dangerous because of their toxic nature and the threat to living organisms.

Suspended matter seems to be one of the best indicator of antropogenic pollution in riverin system.

Keywords: suspended particulate matter (SPM), heavy metals in Odra river

Trace metals are present in aqueous systems in the form of soluble, colloidal and

associated with the solid phase – suspended particulate matter (SPM) and river

sediment. Clear identification of the SPM transport in the river system is very complex

and requires accurate diagnosis of lithological and geochemical basins and a detailed

assessment of its impact on the course of chemical reactions in the rivers [1–4]. Quality

and quantity of SPM depending on the shape and geology of the river bed (riverbed

erosion), of the catchment area (surface denudation) as well as the climate and seasons

[5]. In order to determine the degree of contamination by heavy metals of anthropogenic
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origin it should be taken into account geochemical background and suggested

the adoption of geochemical background values for clay rocks (similar to SPM

mineralogical and chemical composition and physical properties) determined by

Turekian and Wedephola [6]. In the SPM similar to sediment – metals accumulate in the

finest fraction mainly constructed of clay mineral, iron oxides and manganese and

organic matter. Detailed research of heavy metals sources of in river suspended matter

are presented by Jedwab [7–8] and Van Maledern et al [9]. Jambers et al [10]

determined the high content of organic matter in a particle-rich in Mn, Cr, Zn, Ni. The

strong correlation between organic matter and particles rich in heavy metals proves its

sorption capacity. These studies have shown the presence of high content of kaolinite in

the spring and increased the content of chlorite and biotite during the rainy season. In

the spring time the amount of organic matter increasing few times. It is important to

mentioned that aluminosilicates can be coated with organic and then be recognized as

organic matter. Organic matter can play an important role in the formation and

aggregation of minerals [10]. It also confirms that the amount of organic matter in the

spring is much higher and variable and the total amount of the SPM during the year

is relatively constant. The objectives of this preliminary study were to identify

mineralogical and geochemical composition of the suspended matter in the Odra River.

Furthermore, discus mobility and potential bioavailability of metals in comparison with

the total amount. The Odra River catchment area is 136 528 km2. In total, there are

about 1700 sources of pollutions at the Odra River catchment area, out of which 700

significantly influence the conditions of river system. In the past, in the catchment area

of the upper and middle Odra exploited large amounts of iron ore, copper, uranium,

arsenic and minor amounts of gold and pyrite. Currently in operation are turoszowskie

lignite, copper ore and clays, carbonates and natural aggregates and rock materials,

fluorite, barite, gypsum and anhydrite deposits, and having only metallogenic importance

of chromium, copper, arsenic, gold, tin, cobalt, nickel and other metals ore. The

geological structure, industrial and agricultural activity and localisation of main

industrial centers, which are: mining (coal, copper), metallurgy (non-ferrous), electro-

plating plants, production of dyes, pigments production, pesticides, anticorrosive

materials and power industry caused many environmental problems in the Odra

Catchment Area. There are many publications about the effect of mining and processing

industry on environment in Poland [11–14]. Information on total concentration of

metals in SPM is not sufficient to assess their potential toxicity, which depend on their

chemical forms [15–16]. Metal speciation are widely used to determined different forms

of metals in river system [17–18]. Nevertheless, chemical extraction procedures have

been applied mostly on sediments but rarely on SPM. All presented results are supposed

to confirm that metals and their forms in suspended particulate matter seems to be be

one of the best indicator of antropogenical pollution in riverin system.

Sampling and methods

Research were carried in the Upper and the Middle Odra River. In order to identify

the composition of SPM in Chalupki, Scinawa nad Bytom Odrzanski samples of SPM
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were taken in June 2000 and were analyzed with SEM-EDS application. For the

sampling of SPM-samples water from a depth of about 1m was taken to PE-bottles and

PE-barrels. After sedimentation a part of the cleared water were decanted. Concentrated

suspended matter were filtrater (membrane filter d = 0.45 �m) and freeze dried.

Furthermore this material were used for mineralogical and geochemical analyses. The

SEM-EDS (HITACHI S-4200 VOYAGER acceleration voltage: 15 keV) was used for

preliminary analysis. Samples were dusted with carbon before observation. SEM-EDS

analysis were used for identification of individual mineral grains, plankton species and

for qualitative information about SPM samples. Detection is possible at certain points.

Results and discussion

SEM results show the presence of carbonates, mainly calcite, silicates – especially

quartz and feldspar, illit (Fig. 1).

It should be noted that very common in SPM feldspar (Fig. 2) and quartz (Fig. 3)

contain relatively low amount of metal, as opposed to clay minerals that are responsible

for the pollution. Fine fraction is composed mainly of silicates, including ilit, smectite

and other clay minerals.
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Fig. 1. SEM photo – Illit Chalupki

Fig. 2. SEM photo – Feldspar Bytom

Odrzanski

Fig. 3. SEM photo – Quartz – Bytom

Odrzanski [19]



Obtained microscopic analyses results allowed to recognize a variety of plankton

species, the most common are Navicula lancelot (Fig. 4), Cyclotella meneghiniana and

Nitzschia acicularis (Fig. 5). Among others are Asterionella formosa, Aulacoseira
granulata, Cyclotella radiosa, Cymbella silesiaca, Diatoma vulgaris, Melosira varians,

Meridion circulare, Navicula cryptocephala, Nitzschia dubia.

In SPM samples the presence of large quantities of anthropogenic dust and grain

were recognized (Fig. 6, 7).

Additionally Ca, K and Mg studies were carried out. Obtained concentrations were

respectively (average amount mg/dm3) 71.5, 8.77, 18, 37. In meantime author carried

out the detailed study of the amount of SPM and metal content in water and SPM. Over

150 samples of water and SPM were taken from Chalupki to Krosno Odrzanskie during

5 sampling Campaigns from November 1997 to June 2000. Concentration of suspended

matter varied significantly from 0.88 to 115.8 mg/kg. Studies showed that Odra River
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Fig. 4. SEM photo – Navicula lanceolata
– Chalupki

Fig. 5. SEM photo – Cyclotella meneghiniana,

Nitzschia acicularis – Scinawa

Fig. 6. SEM photo – Antropogenical fly ash

– Chalupki [19]

Fig. 7. SEM photo – Aluminosilicate Mn-Ca

Anthropogenical origin [19]



was significantly polluted with Cd and Zn and moderately with other heavy metals (Pb,

Ni, Cr, Fe, Cu, Mn) and As, both in the case of water and SPM. Highest Cd, Cu and Zn

concentration in water were observed in the middle Odra River. Average concentrations

for Cd, Pb, Cu, Zn and As in riverin water were respectively (�g/dm3) 0.14, 1.77, 8.24,

55.4 and 2.33. Metal contents in SPM varied in wide ranges (mg/kg): 8.0–302 As,

1.75–39.8 Cd, 24.4–401 Pb, 22.1–1287 Ni, 42.4–351 Cr, 6.2–399 Cu, 351–31369 Zn,

1152–11010 Mn and 23881–121316 Fe. Above results and discussion are presented in

[19–20]. In case of Cd, Zn, Cu the detected levels of metals in both water and SPM

exceeded LAWA targets value [21]. The enrichment factor calculated according to the

background values proposed by Turekian and Wedephol [6] and by Martin and

Maybeck [3] for As, are as follow: 28.4 (Cd) > 22.8 (Zn) > 11.2 (As) > 8.4 (Pb) > 2.2

(Cu) > 1.5 (Ni) > 1.3 (Cr), [21].

Observed metal pollution of the Odra river basin is dangerous because of their toxic

nature and the threat to living organisms. Suspended matter accumulates metals mainly

in the fine fraction – clay minerals, iron and manganese oxides and organic matter. In

order to determine the metals mobility and the different forms of metal binding in the

suspension sequential extraction procedure was applied. In June 2000 – 9 SPM samples

from river and 6 from tributaries were taken in order to estimate the mobility and

potential bioavailability of metals in SPM. Detailed results were published in [19]. After

selective chemical extractions procedure according to Calmano [22] metals were

analyzed by ICP-MS. In order to estimate accuracy of the analytical method, reagent

blanks and certified reference materials (riverine water 1643d, Lake Sediment LSKD-4)

were used to assure criteria related to quality of the analytical results. Unambiguously

of ICP-MS technique was confirmed by TXRF.

Considering the mobility of metals in the suspended matter, the exchangeable and

bound with carbonates, easily and moderately reducible, sulfidic and organic as well as

metal in residuum were estimated using the sequential extraction procedure. Results

show that about 25 % of As is bounded to carbonates. As is mainly associated with Mn

oxides (60 %). Cadmium is easily exchangeable and associated with carbonates and Mn

oxides. Most Pb associated with sulfides, organic substances and / or in residum. Zinc is

bounded in the first two extraction steps respectively; 24 % and 18 % of Zn in the Odra

River and its tributaries is exchangeable and carbonates associated up to 26 % and 14 %

respectively in the tributaries of the Oder river. Other quantities mainly in the presence

of organic substances and/or sulfides of amorphous (approximately 20 %) and related

oxides of Mn, (about 26 % in the Odra tributaries 11 %). Copper is present mainly as

associated with amorphous Fe oxides, both in the Odra River (34 %) and in its

tributaries (53 %) and bounded with organic substances and/or amorphous sulfides or in

residum (about 20 %). Chromium is present in SPM mainly in the form of amorphous

Fe oxides (about 30 %). Detailed results were published in [19].

Conclusions

Metal pollution of the aquatic environment can be natural – caused by geology and

geomorphology and/or is a result of human activities, therefore it is so important to
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analyze geology of the river bed and the catchment area as well as determine

anthropogenic sources in the basin. Suspended matter seems to be the important

indicator of the processes occurring in the basin and provide relevant information about

anthropogenic metal pollution in riverin environment. The composition of river water is

conditioned by a number of physical, chemical and biochemical processes. The most

important mechanisms defining the migration of heavy metals between the solid and the

solution are: sorption – desorption, precipitation – dissolution (treated as a special case

of sorption), flocculation-agglomeration and the formation of complexes. Clay minerals,

oxides and hydroxides of Fe and Mn, carbonates, organic matter and biological

components are responsible for the accumulation of metals in the SPM. Result of

SEM-EDS shows the presence of carbonates, mainly calcite, silicates – especially

quartz and feldspars as well as illit and other clay minerals as well as antropogenical

grains eg fly ash, Mn-Ca aluminosilicates in suspended matter of the Odra River.

Obtained results allowed to recognize a variety of plankton species, most common are

Navicula lancelot, Stephanodiscus hantzschiin, Cyclotella meneghiniana and Nitzschia
acicularis. Widespread feldspar and quartz contain relatively low metal content, as

opposed to clay minerals (fine fraction) and heavy minerals, which contain much higher

concentration. Granulomeric SPM analysis shows that fine fraction (< 20 �m)

dominates with average values of individual campaigns from 67 mass % in June 2000 to

84 mass % in November 1997 (after flood) [23]. TEM-EDX analyses identified

following minerals in the SPM of the Odra River (fraction < 2 �m) – smectite/illite,

beidellite, beidellite/montmorillonite, illite, kaolinite, chlorite, nontronite, montmorillo-

nite and montmorillonite/vermiculite [23].

There were no significant changes depending on the season in the suspended matter

concentration and metals amounts in the Odra river and its tributaries. High levels of

metals in SPM, in particular, As and Cd were found in the upper course of the river

from Chalupki to Raciborz and in the middle – from Glogow to Krosno Odrzanskie.

Above-mentioned metals can be a significant threat to aquatic ecosystems due to

harmfulness, toxicity and high mobility. The study showed extremely high Cd

contamination of the river in all compartment – water, suspended matter and in

sediment of the Odra River [19]. The significant source of metal in water and suspended

matter seems to be the agricultural and industrial activity that takes place in the Odra

Catchment Area. Analyzing metals in water and SPM (constant parameters of river

water Eh, pH, salinity) it is evident from earlier studies of the Odra River that Cu, As,

Cr, Ni and Zn was mainly transported by river water, while Cd, Pb and Fe by river

suspended matter [19, 21]. It should be noted that highest concentrations of metals in

the riverin water were found in the same locations where there are high contents of

these metals in SPM. Comparison of metal content in SPM and sediment of the Odra

river revealed similar values for the content of average concentrations in these

components. My earlier research based on 5 Sampling Campaigns and over 50 sampling

points during each sampling campaigns allow to conclude that changes in the

concentrations of metals in sediments are “insignificant” in comparison with the

suspended matter [24]. Suspended matter is more “flexible”. Therefore, it is proposed to

consider SPM as the indicator of metal pollution of anthropogenic origin in the river
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system. Another reason it is less complicated procedure for collecting a representative

sample compare to sediment as well as better homogeneity and less time-consuming

analytical procedure. Information on total concentration of metals is not sufficient to

assess their potential bioavailability and mobility, which depend on their chemical

forms and transport phases. Selective chemical extractions are widely used to determine

the different forms of metals in aquatic systems despite some uncertainties eg
re-adsorption onto other phases during extraction. It seems very reasonable to measure

the amount of mobile forms of selected metals – in particular metals that can be easily

released into water eg Cd, As, Zn.

Acknowledgement

The studies were carried out within the research activities of the Faculty of Geology, Geophysics and

Environment Protection at the AGH University of Science and Technology. Department of Environment

Protection, Project no. 11.11.140.199.

References

[1] Babrowski M, von Tuempling W, jr. Friese K. Behavior of suspended particulate matter (SPM) and

selected trace metals during the 2002 summer flood in the River Elbe (Germany) at Magdeburg

monitoring station. Hydr Earth Sys Sc. 2004;8(2):135-150.

[2] Degens ET, Kempe S, Richey JE. Biogeochemistry of major world rivers. New York: Wiley; 1999;356.

DOI: 10.1002/aqc.3270010209.

[3] Martin JM, Meybeck M. Marine Chem. 1979;7:173-206. DOI: 10.1016/0304-4203(79)90039-2.

[4] Xuyin Y, Jizhou L, Changping M, Junfeng J, Zhongfang Y. Int J Geosc. 2012;3:81-92.

DOI: 10.4236/ijg.2012.31010.

[5] Zwolsman JJG, Van Eck GTM. Marine Chem. 1999;66:91-111. DOI: 10.1016/S0304-4203(99)00026-2

[6] Turekian KK, Wedephol KH. Bull Geol Soc Amer. 1961;72:175-184.

DOI:10.1130/0016-7606(1961)72[175:DOTEIS]2.0.CO;2.

[7] Jedwab J. Earth Planet Scientific Letters. 1980;49:551-564. DOI: 10.1016/0012-821X(80)90095-3.

[8] Jedwab J. Geophys Monography. 1991;63:399-418. DOI: 10.1029/GM063.

[9] Van Malderen H, Hoornaert S, Van Griken RR. Environ Sci Technol. 1996;30:489-498.

DOI: 10.1021/es00035a013.

[10] Jambers W, Dekov V, Van Griken RR. Marine Chem. 1999;67:17-32.

DOI: 10.1016/S0304-4203(99)00046-8.

[11] Helios-Rybicka E. Geochem Approaches to Environ Eng Metals. 1996;47-53.

DOI:10.1144/GSL.SP.1996.113.01.14.

[12] Helios-Rybicka E. Appl Geochem. 1996;11:3-9. DOI:10.1016/0883-2927(95)00083-6.

[13] Helios-Rybicka E. Environmental impact of mining and smelting industries in Poland. In: Environmental

Geochemistry and Health. Apelton JG, Fuge R, McCall GJH, editors. Geol Soc Sp Publ.

1996;13:183-193 DOI: 10.1144/GSL.SP.1996.113.01.14.

[14] Aleksander-Kwaterczak U, Helios-Rybicka E. J Soils Sediments. 2009;9:13-22.

DOI:10.1007/s11368-008-0051-z.

[15] Helios-Rybicka E, Wilson MJ, McHardy WJ. J Environ Sci Health A. 1994;29(3):531-546.

DOI:10.1080/10934529409376053.

[16] Siepak J. Analiza specjacyjna metali w próbkach wód i osadów dennych. Poznañ: Uniwersytet A. Mic-

kiewicza; 1998.

[17] Campbell P, Tessier A. Metal Speciation in Natural Waters: Influence of Environmental Acidification.

Washington: American Chemical Society; 1987; 185-205.

DOI: 10.1021/ba-1987-0216.ch007

[18] Förstner U, Salomons W. Trace elements speciation in surface waters and its Ecological Implications.

Burlington Canada: National Water Research Institute; 1983:245-273.

Suspended Particulate Matter as an Indicator of Metals Pollution... 37



[19] Adamiec E. Rola zawiesiny w zanieczyszczeniu metalami œladowymi rzeki Odry. Kraków: Uczelniane

Wydawnictwo Naukowo-Dydaktyczne AGH; 2004.

[20] Adamiec E, Helios-Rybicka E. Heavy metals distribution in water of the upper and middle Odra river in

period 1998–2000. Polish J Environ Stud. 2002;11(6):669-673.

[21] Salomons W, Förstner U. Metals in the Hydrocycle. Berlin: Springer-Verlag; 1984.

DOI: 10.1002/aheh.19850130225.

[22] Calmano W. Schwermetallen in kontaminierten Feststoffen. Köln: Verlag TÜV, Rheinland, GmbH;

1989:51-54.

[23] Henning KH, Damke H, Kasbohm J, Puff T, Breitenbach E, Theel O, Kiessling A. The state of

suspended particulate matter in the Odra River system – Final Raport. Greifswald: University of Greifs-

wald; 2001: 21-22, 30-31.

[24] Adamiec E, Helios-Rybicka E. Assessment of total and mobile heavy metals content in the suspended

matter and sediments of the Odra river system recommendations for river chemical monitoring. Polish

J Environ Stud. 2002;11(6):675-688.

CHARAKTERYSTYKA ZAWIESINY JAKO WSKA�NIKA

ZANIECZYSZCZENIA ANTROPOGENNEGO METALAMI SYSTEMU RZECZNEGO

Katedra Ochrony Œrodowiska, Wydzia³ Geologii, Geofizyki i Ochrony Œrodowiska

Akademia Górniczo-Hutnicza im. Stanis³awa Staszica w Krakowie

Abstrakt: Zawiesina jest wa¿nym wskaŸnikiem procesów zachodz¹cych w dorzeczu. Zanieczyszczenie

œrodowiska wodnego metalami mo¿e byæ pochodzenia naturalnego, g³ównie jednak ma charakter antropo-

genny. Naturalnym Ÿród³em metali w systemie rzecznym s¹ okreœlone formacje skalne i minera³y ulegaj¹ce

wietrzeniu i erozji. Jakoœæ i iloœæ zawiesiny jest uzale¿niona od ukszta³towania i budowy geologicznej koryta

rzecznego, wielkoœci dorzecza, jak równie¿ klimatu oraz okresów wegetacji. Rozpoznanie mineralogiczne

i geochemiczne zawiesiny oraz okreœlenie jej sk³adu i genezy sk³adników j¹ buduj¹cych jest niezbêdne do

oceny roli zawiesiny w akumulacji i transporcie metali œladowych w rzece. W tym celu przeprowadzone

zosta³y badania SEM-EDS sk³adu zawiesiny. Stwierdzono wystêpowanie wêglanów – g³ównie kalcytu oraz

krzemianów i glinokrzemianów, a w szczególnoœci kwarcu i skaleni potasowych. Uzyskane wyniki pozwoli³y

rozpoznaæ ró¿norodne gatunki planktonu, a w szczególnoœci, takie jak Navicula lancelota, Stephanodiscus
hantzschiin, Nitzschia acicularis oraz Cyclotella meneghiniana. W próbkach stwierdzono obecnoœæ znacznej

iloœci py³ów antropogennych. Dodatkowo przeprowadzono badania Ca, K i Mg. Stê¿enia pierwiastków

wynosi³y odpowiednio 71,5 mg/dm3, 8,77 mg/dm3, 18,37 mg/dm3. Równolegle autorka prowadzi³a szcze-

gó³owe badania iloœæ zawiesiny i zawartoœæ w niej metali. Badania wykaza³y znaczne zanieczyszczenia Cd,

Zn i umiarkowane pozosta³ymi metalami ciê¿kimi (Pb, Ni, Cr, Fe, Cu, Mn) i As. W celu okreœlenia

mobilnoœci przeprowadzono badania form zwi¹zania metali w zawiesinie. Badania wykaza³y, ¿e Cd, Zn i As

stwarzaj¹ najwiêksze zagro¿enie dla systemu rzeki Odry. Badania SEM-EDS oraz metali i ich form zwi¹zania

z wykorzystaniem ICP-MS pozwoli³y na kompleksow¹ ocenê zawiesiny jako potencjonalnego wskaŸnika

zanieczyszczenia antropogennego metalami systemu rzecznego.

S³owa kluczowe: zawiesina, metale ciê¿kie, Odra
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EFFECT OF DIFFERENT CARBON SOURCES

ON AMYLOLYTIC ACTIVITY OF Bacillus sp.

WP£YW RÓ¯NYCH �RÓDE£ WÊGLA

NA AKTYWNOŒÆ AMYLOLITYCZN¥ Bacillus sp.

Abstract: Studies on the amylolytic activity were carried out with used ten (10) Bacillus strains (B. pumilus,

B. cereus, B. mycoides and B. subtilis), isolated from soil samples and water of Turawa Lake. The amylolytic

activity was estimated on the basis of reduction in the intensity of the blue colour resulting from enzymatic

hydrolysis of starch, in depending on the carbon sources and their concentration. The cultures were

maintained at 30ºC with the following substrates as carbon sources: potato starch, corn starch, maltose and

glucose. Conducted research indicate, that among an analyzed strains the most active appear the B. mycoides
G3 and B. subtilis G2. They preferred the maltose as the source of the carbon. Moreover, in comparison with

all examined strains, B. subtilis G2 showed the amylolytic activity on all tested media.

Keywords: Bacillus sp., amylolytic activity, potato starch, corn starch, maltose, glucose

Enzymes, including amylases have been reported to occur in microorganisms,

although they are also found in plants and animals [1]. Most enzymes today (and

probably nearly all in the future) are produced by microorganisms, such as bacteria,

yeast and fungi. Among bacteria several species of Bacillus (B. subtilis, B. licheni-
formis, B. cereus, B. amyloliquefaciens) produce very active enzymes with ability to

degradation of substrates such as cellulose, pectin, chitin and starch. All these bacteria

are easily isolate from the natural environment. Amylase represent of the most

important enzyme group and are great significance in present day for biotechnology

[2–4].

Spectrum of applications of amylases has used in many sectors such as medical, and

analytical chemistry [4–5]. They have also applied in the food processing, textile, paper

and distilling industries, in agriculture and environmental protection [4, 6–7]. These

enzymes account for about 30 % of the world’s enzyme production [8].

The effect of the medium composition (the source of carbon and his concentration)

on the level of amylase synthesis by selected Bacillus strains was examined.

DOI: 10.2428/ecea.2013.20(01)004 ECOL CHEM ENG A. 2013;20(1):39-46
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Materials and methods

The amylolytic bacteria were isolated from soil samples and water of Turawa Lake

and screened for amylase production on Waksmana medium consisting of (g � dm–3):

agar – 20, soluble starch – 10, K2HPO4 – 1, NaCl – 1, (NH4)2SO4 – 2, CaCO3 – 5,

pH 6.2. Amylolytic isolates were selected by flooding the agar plates with Gram’s

iodine solution. The selected strains (only the positive and the better zone formed

strains) were taken for further experiments and kept on the nutrient agar at 4 oC.

Bacterial phenotypic characterization by physiological and biochemical tests were

performed according to the Bergey’s Manual of Systematic Bacteriology [9] and API

50CHB system (bioMerieux, France).

Various carbon sources such as potato starch (P), corn starch (C) or maltose (M) in

the range 1–5 % and glucose (G) (1 %) were evaluated for their influence on amylase

production by supplemented as individual components to the production media. The

medium (50 cm3) was inoculated with a concentrated suspension of Bacillus strains

(optical density of 2.0 at � = 560 nm) and incubated at 30 oC on a rotary shaker at

110 rpm. After centrifugation at 4000 rpm for 20 min the supernatant of the culture was

used to determine the amylolytic activity.

The amylolytic activity was estimated on the basis of reduction in the intensity of the

blue colour resulting from enzymatic hydrolysis of starch according to the modified

Fenela method [10]. The reaction mixture containing 0.2 % starch dissolved in

potassium phosphate buffer (pH 7.0) and 2 cm3 0.85 % NaCl was incubated at 30 oC for

5 min, following was added 1 cm3 or 0.1 cm3 of culture filtrate, then incubated at 37 oC

for 30 min in a water bath. To this, 5 cm3 of Lugols iodine was added and amylolytic

activity was estimated after appropriate dilution and the absorbency was measured at

� = 560 nm against substrate blank with a spectrophotometer. On the basis of the

obtained results, the amount of degrading of starch per 30 min at 37 oC was evaluated.

One enzyme unit [U/cm3] was defined as the amount of enzyme that catalysed the

degrading of starch per min under the assay conditions.

Results and discussion

In this paper, Bacillus strains that are capable of growing on starch as the sole carbon

source have been isolated. Based on its ability to production of amylase, Bacillus strains

were chosen to study the performance of amylase during degradation of starch. The

bacterium were identified as strains of B. mycoides (2 strains), B. cereus (3 strains),

B. pumilus (4 strains) and B. subtilis (1 strain).

Potato starch, corn starch, maltose and glucose are major substrate considered for

enzyme production in this study. The effect of different carbon sources on amylase

production showed that each bacteria behaved differently. Figure 1 shows the enzymatic

activity of the amylolytic Bacillus species that are capable of decomposition of potato

starch.

From Bacillus cereus “group”, the B. mycoides G3 showed high enzyme release and

2.5 % concentration of potato starch was found to be optimum for the production of
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amylase (9.66 U/cm3). The amount of starch degrading was from 0.12 to 0.29 mg/cm3

(Table 1). In the case of Bacillus subtilis “group” strain B. subtilis G2 produced the

highest yield of amylases (9.33–11.0 U/cm3), spreading from 0.28 to 0.33 mg/cm3 of the

starch (Table1). In contrast to the other Bacillus strains, B. pumilus G8 and A115 strains

did not produced amylase on this medium, whereas B. pumilus marked M1 and G4
appear the ability to degradation of starch only at 1 % concentration of potato starch

(0.53 U/cm3 and 0.33 U/ cm3, respectively) (Fig. 1).

Table 1

Effect of different concentrations of potato starch and corn starch

on amylolytic activity of Bacillus strains [mg/cm3]

Bacillus strains
Medium with potato starch Medium with corn starch

1 % 2.5 % 5 % 1 % 2.5 % 5 %

Bacillus mycoides G3 0.25 0.29 0.12 0.23 0.22 0.36

Bacillus mycoides A134 0.15 0.11 0.14 0.20 0.07 0.17

Bacillus cereus M15 0.12 0.09 0.02 0 0.03 0.04

Bacillus cereus A 96 0.15 0.14 0.16 0.14 0.12 0.11

Bacillus cereus G10 0.20 0.18 0.06 0.12 0.07 0.12

Bacillus subtilis G2 0.28 0.32 0.33 0.29 0.26 0.25

Bacillus pumilus M1 0.02 0 0 0.03 0.01 0.03

Bacillus pumilus G4 0.01 0 0 0 0 0

Bacillus pumilus A115 0 0 0 0 0 0

Bacillus pumilus G8 0 0 0 0 0 0

The studies with different concentrations of corn starch were similar to the results

obtained on the medium enrichment in potato starch. The effect of corn starch on

amylase synthesis by Bacillus sp. was also investigated (Fig. 2).

Among the all Bacillus sp. tested, only two strains B. mycoides G3 and B. subtilis G2
revealed the enzymatic abilities in the highest degree. The enzymatic activity ranged
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from 7.33 U/cm3 to 12.0 U/cm3 and from 8.33 U/cm3 to 9.66 U/cm3, respectively. The

maximum degree of starch decomposition were observed in the presence of 5 %

(0.36 mg/cm3) and 1 % (0.29 mg/cm3) concentration of corn starch, respectively. It has

also been found that B. pumilus strains marked A115, G4 and G8 did not secrete of the

enzymes on this medium (Fig. 2, Table 1).

The influence of the maltose on the decomposition of starch by Bacillus sp. are

presented in the Fig. 3 and Table 2. Based on the obtained results, the highest ability to

the amylase synthesis were found for B. subtilis G2 and B. mycoides G3. The

decomposition of starch by this strains were from 0.18 mg/cm3 to 0.40 mg/cm3 and

from 0.30 mg/cm3 to 0.40 mg/cm3, respectively. Moreover, the maximum level of

amylase synthesis was observed on the medium supplemented with 1 % (13.33 U/cm3)

and 5 % (13.33 U/cm3) maltose, and it proved to be a good substrate for this enzyme

synthesis. It was found that the decrease in the release of the enzyme by B. mycoides G3

and increase in the case of B. subtilis G2, occurred when the concentration of maltose
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was increased. However, strains of B. cereus M15 and B. pumilus G8 revealed the

enzymatic activity when maltose was added at 5 % concentration (2.46 U/cm3 and 4.33

U/cm3, respectively). Other Bacillus strains showed 2–3 fold lower amylolytic activity

than two the most active strains.

Table 2

Effect of different concentrations of maltose and glucose

on amylolytic activity of Bacillus strains [mg/cm3]

Bacillus strains
Medium with maltose

Medium

with glucose

1 % 2.5 % 5 % 1 %

Bacillus mycoides G3 0.40 0.30 0.18 0.23

Bacillus mycoides A 134 0.13 0.05 0.14 0.11

Bacillus cereus M15 0 0 0.08 0.07

Bacillus cereus A 96 0.11 0.09 0.04 0.15

Bacillus cereus G10 0.14 0.09 0.09 0.15

Bacillus subtilis G2 0.03 0.35 0.40 0.46

Bacillus pumilus M1 0.14 0.06 0.05 0.11

Bacillus pumilus G4 0.01 0.05 0 0.27

Bacillus pumilus A115 0 0.10 0.06 0.16

Bacillus pumilus G8 0 0 0.13 0.08

Figure 4 presented the yield of amylase produced by Bacillus sp. on medium with

glucose.

Among the all strains of Bacillus, B. subtilis G2 demonstrated the highest activity on

the medium with glucose (15.33 U/cm3). Bacillus mycoides G3 that belong to the

“cereus group” showed 2-fold lower activity (7.66 U/cm3) than stated in case of

B. subtilis G2. The amount of starch decomposed was 0.49 mg/cm3 and 0.23 mg/cm3,

respectively. Moreover, we observed an over 3-fold decrease in the amylolytic activity
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of the B. cereus strains marked A96 and G10 and B. pumilus A 115, but almost 4–5 fold

decrease in the activity of the B. cereus strains marked M15 and G8 towards glucose as

a substrate, compared with the most active strains (Fig. 4, Table 2).

The addition of carbon source in the form of either monosaccharides or poly-

saccharides could influence on the production of enzymes [4, 6, 11]. Use of media

differenting in composition of nutritive component for cultivation of bacteria has

allowed establishing that in the media rich in available monomers (glucose, amino

acids) the bacteria absorb these monomers, whereas in poorer media they produce

hydrolytic enzymes for degrading of highly molecular substrates [12]. Santhos et al [13]

showed that with some carbon sources an inverse relationship exists between the growth

and the amount of amylase produced. Maltose, starch and citrate did not conform to this

relationship in that these substrates stimulated amylase formation. Similarly, it has been

reported by Saxena et al [14] and Ajayi et al [6], that amount carbon sources, soluble

starch, maltose, corn starch and xylose were found to support amylase production.

These results are in agreement with the report of many authors [eg 2, 4] who reported

maximum amylase production eg by B. cereus, Bacillus K-12, when starch was used as

carbon source.

The reports of many authors show that the efficiency of the amylase synthesis of

some microorganisms is significantly inhibited by the presence of monosaccharydes or

disaccharydes. The enzyme formation with the other carbon sources (glucose, lactose,

mannose, galactose) were much lower compared with that with starch and maltose [13].

Sudharhsan et al [15] observed that glucose and fructose represses the production of

amylase. Similarly, it has been reported by Santhos et al [13] and Lin et al [16] that

synthesis of carbohydrate degrading enzyme in most species of genus Bacillus sp. leads

to catabolic repression by readily metabolizable substrates such as glucose and fructose.

Teodoro et al [17] found, that the addition of glucose (0.5 %) to the culture diminished

greatly the synthesis of amylase. These results are similar to the findings of Aiyer [18],

who observed that nonmetabolizable sugars like arabinose, raffinose, sucrose and

galactose did not support amylase production.

Ability to the degradation of the starch depends not only on the kind of the source of

carbon and its concentration, but also from species or the Bacillus strain. The effect of

different carbon sources on amylase production applied in own investigations showed

that each bacteria behaved differently. Similar results have also been obtained by other

researchers. Jamuna et al [19] reported that �-amylase production by B. subtilis was

higher with glucose than with starch. According Sarikaya et al [20], B. amylo-
liquefaciens I intensively produces amylolytic enzymes with starch, moreover B. amylo-
liquefaciens II with sucrose as the sole carbon source. In contrast, carbon sources such

as glucose, maltose and starch did not enhance �-amylase production by thermophilic

B. coagulans [21]. Moreover, Aiyer [18] using 1 % of different soluble sugars, amylase

production by B. licheniformis was highest in fructose and maltose medium and in using

1 % of potato starch. Therefore, our results are in good agreement with the findings in

these studies.
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Conclusion

The obtained results indicate that ability to the decomposition of the starch depends

not only on the kind of the source of carbon and its concentration, but also from species

or the Bacillus strain. The effects of potato starch, corn starch and maltose in the range

1–5 % and glucose (1 %) on the enzyme production showed that each bacteria behaved

differently. In the medium containing potato starch, corn starch, maltose or glucose the

maximum production of amylase were archived for B. subtilis G2 and B. mycoides G3
from all Bacillus strains tested. Among the carbon sources added to basal medium,

maltose was found as the best substrate for enzyme production by B. mycoides G3,

however glucose and maltose for B. subtilis G2. Whereas, the lowest activity were

observed for B. pumilus A115 and G8 strains. They demonstrated the lowest activity

only on the medium with maltose, but did not show any activity on the medium

containing of potato starch or corn starch.
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WP£YW RÓ¯NYCH �RÓDE£ WÊGLA

NA AKTYWNOŒÆ AMYLOLITYCZN¥ Bacillus sp.

Samodzielna Katedra Biotechnologii i Biologii Molekularnej

Uniwersytet Opolski

Abstrakt: Celem badañ by³a ocena aktywnoœci amylolitycznej 10 szczepów Bacillus sp. (B. pumilus, B. ce-
reus, B. mycoides i B. subtilis) wyizolowanych z gleby i wody z jeziora Turawa. Na podstawie stopnia

zmniejszenia siê zabarwienia z jodem oznaczono iloœæ roz³o¿onej skrobi, w zale¿noœci od Ÿród³a wêgla i jego

koncentracji. Hodowle prowadzono w temperaturze 30 oC z zastosowaniem nastêpuj¹cych Ÿróde³ wêgla:

skrobia ziemniaczana, skrobia kukurydziana, maltoza oraz glukoza. Uzyskane wyniki badañ wykaza³y, i¿

spoœród badanych szczepów Bacillus sp. najbardziej aktywnymi okaza³y siê B. mycoides G3 i B. subtilis G2,

które preferowa³y maltozê jako Ÿród³o wêgla. Ponadto, w porównaniu do wszystkich szczepów, Bacillus
subtilis G2 wykaza³ najwiêksz¹ aktywnoœæ na wszystkich testowanych pod³o¿ach.

S³owa kluczowe: Bacillus sp., aktywnoœæ amylolityczna, skrobia ziemniaczana, skrobia kukurydziana, malto-

za, glukoza

46 Katarzyna Grata and Ma³gorzata Nabrdalik



Marta KANDZIORA-CIUPA1, Aleksandra NADGÓRSKA-SOCHA1
,

Ryszard CIEPA£1, Artur S£OMNICKI1 and Gabriela BARCZYK1

SOIL CONTAMINATION WITH ZINC, CADMIUM

AND LEAD IN THE CITY OF ZABRZE

ZANIECZYSZCZENIE GLEBY CYNKIEM, KADMEM

I O£OWIEM NA TERENIE ZABRZA

Abstract: Heavy metal concentrations were evaluated in topsoil (0–10 cm) in the city of Zabrze. Soil samples

were taken from 71 sites distributed evenly throughout the city, in the vicinity of emitters, roads, residential

areas and parks, representing various biotopes – mainly green belts, squares, fields, brownfields, lawns,

forests and meadows. Average Zn concentrations ranged from 31.7 mg � kg–1 (meadows) to 2057.1 mg � kg–1

(brownfields). The highest Cd concentrations were also found in brownfields. The average Cd concentrations

ranged from 0.15 up to 13.1 mg � kg–1. The Pb concentrations ranged from 31.5 to 520 mg � kg–1 and were the

lowest in meadows. The highest heavy metal pollutions were in soil samples collected in the vicinity of roads

and industrial plants. Results indicate the necessity of soil pollution mapping in cities, especially for proper

human risk assessment and for the prevention of further pollution spread.

Keywords: heavy metals, zinc, lead, cadmium, pollution

Introduction

Urban soils are known to have peculiar characteristics, such as unpredictable

layering, poor structure and high concentrations of trace elements [1]. Soils in urban

environments have a highly variable and often unknown history as a result of

differences in land use, transfer between sites and mixing in connection with

excavations, addition of new soil material etc. [2].

In urban soils the anthropogenic sources of heavy metals include traffic emissions

(vehicle exhaust particles, tyre wear particles, weathered street surface particles, brake

lining wear particles), industrial emissions (power plants, coal combustion, metallurgic-

al industry, auto repair shops, chemical plants, etc.), domestic emissions, weathering of

buildings and pavement surfaces, atmospheric deposition and so on [3].
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Heavy metals are considered to be one of the main sources of environmental

pollution and have a significant effect on soil ecological quality [1]. An assessment of

the environmental risk due to soil pollution is of particular importance because heavy

metals, which are potentially harmful to human health, persist in soils for a very long

time [4]. Cadmium, lead, and zinc are good indicators of contamination in soil because

they appear in gasoline, vehicle exhaust, car components, industrial emissions etc. [5].

The aim of this study was to investigate the concentrations of selected heavy metals

(Zn, Cd, Pb) in topsoil samples in the city of Zabrze (southern Poland, Silesia province)

as a basis for assessment of the degree of anthropopressure.

Material and method

The investigation was carried out on topsoil in the city of Zabrze in 2010. Samples of

soil (from the level 0–10 cm) were taken from 71 sites (Table 1) located evenly

throughout the city in the vicinity of emitters, roads, residential areas and parks. The

investigated areas represented various biotopes (green belts, squares, fields, brown-

fields, lawns, forests and meadows).

Table 1

Sampling sites

Sampling

sites no.
Latitude Longitude

Sampling

sites no.
Latitude Longitude

1 50o17�54.17�N 18o47�18.14�E 36 50o22�46.51�N 18o48�39.20�E

2 50o18�7.83�N 18o47�18.45�E 37 50o21�43.26�N 18o49�0.06�E

3 50o18�18.86�N 18o46�57.42�E 38 50o22�5.36�N 18o47�25.30�E

4 50o15�36.98�N 18o45�36.36�E 39 50o17�27.57�N 18o47�33.83�E

5 50o15�20.97�N 18o46�9.51�E 40 50o16�59.18�N 18o47�21.50�E

6 50o17�55.97�N 18o47�58.09�E 41 50o16�37.13�N 18o47�1.36�E

7 50o17�39.65�N 18o48�30.99�E 42 50o16�18.92�N 18o46�37.75�E

8 50o17�41.04�N 18o49�27.14�E 43 50o15�56.83�N 18o45�58.89�E

9 50o18�6.31�N 18o50�15.07�E 44 50o16�26.80�N 18o47�42.71�E

10 50o18�12.63�N 18o49�36.53�E 45 50o16�8.10�N 18o47�45.96�E

11 50o18�15.95�N 18o48�53.73�E 46 50o16�48.51�N 18o47�51.75�E

12 50o18�2.84�N 18o48�14.33�E 47 50o17�53.67�N 18o46�47.49�E

13 50o18�25.81�N 18o46�27.11�E 48 50o17�28.41�N 18o46�57.95�E

14 50o18�19.17�N 18o46�0.86�E 49 50o16�49.49�N 18o48�29.50�E

15 50o18�17.62�N 18o45�26.63�E 50 50o16�51.30�N 18o49�24.12�E

16 50o18�20.73�N 18o44�25.18�E 51 50o17�18.39�N 18o48�55.67�E

17 50o18�41.32�N 18o44�45.44�E 52 50o19�5.03�N 18o46�35.59�E

18 50o18�40.21�N 18o45�19.93�E 53 50o19�37.93�N 18o46�25.38�E

19 50o18�43.01�N 18o46�2.93�E 54 50o20�2.83�N 18o46�1.52�E

20 50o18�40.40�N 18o47�8.24�E 55 50o19�41.77�N 18o51�43.02�E

21 50o19�1.03�N 18o47�5.76�E 56 50o20�15.90�N 18o49�36.41�E
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Sampling

sites no.
Latitude Longitude

Sampling

sites no.
Latitude Longitude

22 50o19�29.31�N 18o47�10.53�E 57 50o20�35.53�N 18o49�12.37�E

23 50o19�56.08�N 18o46�51.09�E 58 50o19�40.10�N 18o49�18.64�E

24 50o20�21.10�N 18o46�46.38�E 59 50o16�58.24�N 18o46�44.39�E

25 50o20�46.48�N 18o46�11.33�E 60 50o16�51.58�N 18o46�1.09�E

26 50o21�8.73�N 18o46�7.72�E 61 50o17�4.51�N 18o45�19.46�E

27 50o21�37.18�N 18o46�11.06�E 62 50o17�40.55�N 18o45�52.87�E

28 50o22�20.77�N 18o46�49.93�E 63 50o17�58.27�N 18o46�8.32�E

29 50o18�40.62�N 18o47�53.36�E 64 50o17�58.35�N 18o44�45.30�E

30 50o19�6.49�N 18o48�55.57�E 65 50o19�13.39�N 18o44�35.09�E

31 50o19�29.44�N 18o49�50.37�E 66 50o19�19.56�N 18o45�27.68�E

32 50o19�51.08�N 18o50�34.86�E 67 50o19�42.02�N 18o45�37.10�E

33 50o21�29.03�N 18o47�43.74�E 68 50o20�11.64�N 18o45�4.94�E

34 50o21�49.80�N 18o48�4.17�E 69 50o19�36.38�N 18o44�54.99�E

35 50o22�21.57�N 18o48�13.26�E 70 50o20�18.77�N 18o46�15.90�E

71 50o20�53.80�N 18o48�7.33�E

The topsoil samples were air-dried and sieved through a 1 mm sieve. Metals were

extracted with 10 % HNO3 [6]. The concentrations of metals (Zn, Cd and Pb) were

measured by flame absorption spectrometry (Unicam 939 Solar). The quality of the

analytical procedures was controlled using reference material (Certified Reference

Material CTA-OTL-1 Oriental Tobacco Leaves). Fig. 1–3 were drawn using the Surfer

8 program.

Results and discussion

Zn, Pb and Cd contaminations in Zabrze based on metal content in soil was presented

by means of isolines in the Fig. 1–3. The lowest values of concentration were marked

with the bright color and the highest with the dark color. Contents of Zn, Pb and Cd in

upper layer of the soil in various biotopes were presented by Fig. 4–6.

The average Zn soil concentrations in different countries fall within the range of

30–120 mg � kg–1. The average Zn content for non-polluted soils in Poland is

40 mg � kg–1 and the permitted Zn concentration in soil is 300 mg � kg–1 [7].

In our study, Zn concentrations ranged from 31.69 to 2057.16 mg � kg–1. The mean

Zn soil content was 242.27 mg � kg–1. The lowest Zn content was observed in the soils

from meadows and forests, and the highest Zn content was recorded near the defunct

landfill of the Zabrze smelter, with the limit value exceeded many times. The allowable

concentration of zinc in Polish soils was also exceeded in 16 of the 70 research sites.

For comparison, Indeka and Karaczun [8] in the city of Katowice reported significant

exceeding of the soil limit values (680.0 mg � kg–1). In the Krakow conurbation, the

average Zn soil concentration was 104.2 mg � kg–1, ranging from 36.1 to 732.0 mg � kg–1

Soil Contamination with Zinc, Cadmium and Lead in the City of Zabrze 49
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Fig. 1. Zn contamination in Zabrze based on metal content in soil [mg � kg–1 d.m.]

Fig. 2. Pb contamination in Zabrze based on metal content in soil [mg � kg–1 d.m.]



[9]. Average Zn content obtained in our study was much higher than that found by

Grzebisz et al [4] in Poznan (72.98 mg � kg–1) and Greinert [10] in the soils in the city of

Zielona Gora (18.30 mg � kg–1). Also Marjanovic et al [5] in Belgrade, Linde et al [2] in

Stockholm and Lee et al [11] in Hong Kong observed lower Zn soil concentrations than

in our current paper.

Pb content in soil closely depends on mineralogical and granulometric composition

and derivation of soil bedrocks while at the same time occurrence of this element in

topsoil is primarily connected with anthropogenic factors. Pb content in unpolluted soils

should amount to 20 mg � kg–1, although Gambus and Gorlach [9] increase this range to

25 mg � kg–1, giving also Pb content for the polluted soils within 4560 mg � kg–1.

Permissible Pb concentration in soil is 100 mg � kg–1 [7], while the average Pb

content in topsoils in Zabrze was 134.27 mg � kg–1. In the majority of biotopes

admissible Pb concentrations were exceeded. Also Lukasik et al [12] in studies on the

area of Piekary Slaskie found a 4–25 times greater Pb concentration than permissible

standards. Kabata-Pendias, Pendias [7] state that in Upper Silesia Pb concentration can

reach from 6000 to 8000 mg � kg–1 of soil. A much lower Pb content was observed in

soils in Krakow conurbation by Pasieczna [13] – 45.52 mg � kg–1.

To the most Cd polluted soils can be found in southern Poland, especially Silesia and

Malopolska Districts. From monitoring studies of Terelak et al [14] it results that soils

of higher Cd content than natural make up 67.3 % of soils in Silesia and 45.3 % in

Malopolska. The range of mean Cd content in world soils is within the 0.2–1.05

mg � kg–1 range, and in Poland it is 0.2 mg � kg–1 [7]. The maximum limit for Cd in soils
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is 4 mg � kg–1 (Polish Journal of Laws). At low pH values (4.5–5.5) Cd becomes very

soluble and mobile. In surface environments, more than 90 % of Cd comes from

anthropogenic sources [13, 15]. In our study, the average Cd content in soils was 2.87

mg � kg–1, with the highest accumulation, exceeding the permissible content, near the

defunct Zabrze Smelter (13.14 mg � kg–1) and north of the “Makoszowy” coal mine. At

the other sites and biotopes Cd did not exceed the permissible limit. Definitely lower

cadmium content than the obtained in our study, was recorded by Arasimowicz [16] in

Krakow conurbation (0.85 mg � kg–1), Grzebisz et al [4] in soils in Poznan (0.755

mg � kg–1), Linde et al [2] in Stockholm (0.40 mg � kg–1) and De Miguel et al [17] in

Madrid (0.14 mg � kg–1).

The content of Zn, Pb and Cd in the soil within the city of Zabrze is highly variable.

The highest heavy metals pollution was found in the soils samples collected in the

vicinity of roads and industrial plants in the city. In general, pollution level mapping is

necessary especially for proper human risk assessment and for further pollution spread

prevention.
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ZANIECZYSZCZENIE GLEBY CYNKIEM, KADMEM

I O£OWIEM NA TERENIE ZABRZA

Katedra Ekologii, Wydzia³ Biologii i Ochrony Œrodowiska

Uniwersytet Œl¹ski

Abstrakt: Oceniano zanieczyszczenie wierzchniej warstwy gleby na terenie Zabrza. Próbki gleby pobierano

z 71 stanowisk równomiernie roz³o¿onych na terenie tego miasta: w pobli¿u emitorów zanieczyszczeñ, tras

komunikacyjnych, z terenu osiedli mieszkaniowych, parków. Stanowiska badañ reprezentowane by³y przez

ró¿ne biotopy m.in. pasy zieleni, skwery, pola uprawne, nieu¿ytki, trawniki, lasy i ³¹ki. Œredni poziom Zn

mieœci³ siê w granicach od 31,7 (³¹ka) do 2057,1 (nieu¿ytki) mg � kg–1. Najwy¿sze stê¿enia Cd stwierdzono

w próbkach gleby pobieranych na terenie nieu¿ytków. Œrednia zawartoœæ Cd waha³a siê od 0,15 do 13,1

mg � kg–1. Najni¿sze koncentracje Pb stwierdzono w próbkach gleby pobieranych na ³¹kach. Œredni poziom

zanieczyszczenia tym pierwiastkiem mieœci³ siê w granicach od 31,5 do 520 mg � kg–1. Najwy¿sze poziomy

analizowanych metali ciê¿kich wykazano w próbkach gleby pobieranych w pobli¿u emitorów zanieczyszczeñ

i tras komunikacyjnych. Tworzenie mapy zanieczyszczeñ wydaje siê byæ konieczne i pomocne w oszaco-

waniu ryzyka nara¿enia zdrowia ludzi, a tak¿e mo¿e pos³u¿yæ w zapobieganiu dalszego rozprzestrzeniania siê

zanieczyszczeñ.

S³owa kluczowe: metale ciê¿kie, cynk, o³ów, kadm, zanieczyszczenie

54 Marta Kandziora-Ciupa et al



Monika KOWALSKA-GÓRALSKA1, Magdalena SENZE1,

Wojciech DOBICKI1 and Monika JASTRZEMSKA1

ACCUMULATION OF SELECTED METALS

IN THE BOTTOM SEDIMENTS OF THE POND

IN SZCZYTNICKI PARK IN WROCLAW
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STAWU W PARKU SZCZYTNICKIM WE WROC£AWIU

Abstract: The study was designed to establish the pollution of the water and bottom sediments as well as the

accumulation rates of selected metals (lead, cadmium, zinc, copper, nickel) in the bottom sediments of the

pond in Szczytnicki Park in Wroclaw, Poland. Samples for the study were taken from eight locations on four

occasions during a 12-month period: in spring (24 April 2008), summer (19 July 2008), autumn

(18 November 2008), winter (10 February 2009). The following were determined for the water: temperature,

reaction, total hardness and selected metals (Zn, Cu, Cd, Pb, Ni). For the bottom sediments the content and

accumulation of the above metals were established. The accumulation rates of the studied metals in the

bottom sediments were found to be arranged as follows: Ni > Cu > Zn > Pb > Cd, whereas metal

concentrations in the bottom sediments were: Zn > Cu > Ni > Pb > Cd. Lead and cadmium had the lowest

accumulation rates and contents in the bottom sediments. The water and bottom sediments covered by the

study were found not to be polluted with metals.

Keywords: lead, cadmium, zinc, copper, nickel, bottom sediments, accumulation, the Szczytnicki pond

The pond in the Szczytnicki Park in Wroclaw forms part of the Odra old river-bed. It

may be supplied with water from the Odra indirectly, via the Japanese Garden pond.

Most pollutants carried by water are deposited in bottom sediments. Knowledge of the

phenomena and processes occurring between water and bottom sediments, which are in

constant contact with each other, is of extreme importance. Sediments act as a regulator

of the physicochemical properties of water. The chemical composition of sediments is

affected by many factors, the most important of which is the geological structure of soil

[1, 2]. The composition is also influenced by chemical compounds present in the water

that accumulate in the sediments. Water often acts as a receptor of particles of organic

matter from plants growing nearby. The pond covered by the study is located in a park
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and surrounded by deciduous trees, which periodically feed organic matter into the

reservoir, which sometimes leads to blooming [3].

Both the water and the sediments retain and accumulate biogens, suspensions and

highly toxic substances, such as metals, which seriously deteriorate the water environ-

ment [4–6]. Whether accumulation poses a threat may be assessed by calculating the

accumulation rate and the amounts of metals accumulated.

The study in question was to determine metal accumulation in the bottom sediments

of the pond in the Szczytnicki Park in Wroclaw.

Material and methods

The study material consisted of the water and bottom sediments from the pond,

which has an area of 0.18 ha and the average depth of 1 m, and is located from 51o06�

north and 17o04� east to 51o06� north and 17o04� east. Analytic material was collected in

four seasons between 2008 and 2009 on eight different sites:

– Site 1 – 51o06�49.61� N 17o04�58.70� E

– Site 2 – 51o06�47.33� � ��
o04�58.48� E

– Site 3 – 51o06�47.83� N 17o04�56.55� E

– Site 4 – 51o06�45.09� N 17o04�51.88� E

– Site 5 – 51o06�42.82� N 17o04�48.52� E

– Site 6 – 51o06�43.77� N 17o04�47.45� E

– Site 7 – 51o06�43.77� N 17o04�47.45� E

– Site 8 – 51o06�38.79� N 17o04�46.58� E.

The following parameters were measured directly on the sites:

– temperature using a Slandi TC 204 electronic thermometer;

– electrolytic conductivity using electrometer [7];

– reaction using electrometric method [8];

– dissolved actual oxygen using Hanna Instruments 9143 oxygen probe [9].

The other parameters were measured under laboratory conditions:

– total hardness [10];

– Zn, Cu, Cd, Pb, Ni [11].

Bottom sediment samples were collected at the same sites by means of an Ekman

grab. Hydrated sediments were dried in room temperature, sieved through a 1-mm mesh

sieve and pounded in a porcelain mortar. The sediments were then subjected to wet

mineralization with a mixture of acids in a MARS-5 oven. Metal contents (Ni, Cd, Pb,

Zn, Cu) in the mineralizate were determined using an atomic absorption spectro-

photometry unit AAS-1N (Zeiss Jena) [12]. Obtained results were statistically analysed

using Statistica 8.0 programme.

Results and discussion

Water temperature in the pond was ranging between 1.7 oC and 20.5 oC which is

a standard temperature for Polish waters. The surface water temperature depends on the

season (in summer 20 oC and more while in winter 0 oC) [13].
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Water reaction of the Szczytnicki pond was ranged between 7.4 and 7.6. The average

water hardness of the Szczytnicki pond was between 178.5–196.3 mg � CaCO3 � dm–3.

The average zinc content in water of the Szczytnicki Park pond was 0.0176

mg � dm–3 (Table 1), which is ten times less than that determined for south-west Poland

in the 1980s by Szulkowska-Wojaczek et al [14].

Table 1

The metals concentration in water of the Szczytnicki pond

Metal Season Average Min Max
Standard

deviation

Zn

spring 0.0175 0.0058 0.0367 0.0114

summer 0.0085 0.0012 0.0235 0.0070

autumn 0.0158 0.0012 0.0387 0.0114

winter 0.0288 0.0161 0.0487 0.0120

Cu

spring 0.0076 0.0062 0.0117 0.0017

summer 0.0026 0.0014 0.0037 0.0008

autumn 0.0036 0.0018 0.0070 0.0017

winter 0.0074 0.0038 0.0112 0.0027

Cd

spring 0.0004 0.0000 0.0011 0.0004

summer 0.0002 0.0000 0.0004 0.0001

autumn 0.0007 0.0000 0.0010 0.0004

winter 0.0019 0.0013 0.0032 0.0007

Pb

spring 0.0026 0.0000 0.0126 0.0047

summer 0.0004 0.0000 0.0015 0.0006

autumn 0.0038 0.0012 0.0075 0.0020

winter 0.0092 0.0060 0.0136 0.0029

Ni

spring 0.0007 0.0000 0.0012 0.0004

summer 0.0011 0.0001 0.0023 0.0007

autumn 0.0042 0.0032 0.0048 0.0005

winter 0.0045 0.0025 0.0065 0.0015

In 2000 Karczewska et al [15] conducted a study regarding the presence of heavy

metals in the soils in the Szczytnicki Park in Wroclaw. Individual metal concentrations

in 2000 were as follows: 60–435 mgPb � kg–1, 170–720 mgZn � kg–1, 0.05–4.5

mgCd � kg–1, and 40–570 mgCu � kg–1. The values found for individual metals did not

meet the criteria set by the State Environmental Inspection (PIOS) as permissible for

public or recreational areas [15–17].

Zinc is necessary for organisms to grow, but its excess is harmful, also to fish.

According to Liebmann [18] zinc is toxic to fish at concentrations of 0.1–2.0 mg � dm–3,

while at a concentration of 0.1 mg � dm–3 it hinders self-purification [18]. At the

concentration discovered in the pond, zinc is not a threat to fish. The average zinc

concentration in the water was the highest out of all the metals examined.
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Tests done by PIOS in 2007 showed that the arithmetic mean zinc concentration in

125 lakes amounted to 92 mgZn � kg–1. During the study in question the measured

concentration at eight sites was four times smaller, at nearly 25 mgZn � kg–1 (Table 2).

Table 2

The metal concentration in bottom sediments of the Szczytnicki pond

Metal Season Average Min Max
Standard

deviation

Bottom

sediments

concentration

Zn

spring 17.88 6.56 29.69 8.44 BBC

summer 25.44 5.89 49.04 14.98 BBC

autumn 28.61 8.13 54.33 16.74 BBC

winter 25.88 7.53 70.90 21.08 BBC

Cu

spring 6.40 3.48 10.86 2.80 0

summer 7.89 3.47 12.74 3.41 0

autumn 13.20 2.74 49.67 16.32 +

winter 4.76 1.88 8.04 2.61 0

Cd

spring 0.56 0.50 0.63 0.04 0

summer 0.60 0.45 0.72 0.08 0

autumn 0.16 0.00 0.27 0.11 BBC

winter 0.21 0.15 0.32 0.07 BBC

Pb

spring 3.66 1.35 6.30 1.76 BBC

summer 5.64 2.49 10.26 2.72 BBC

autumn 6.06 1.39 11.22 3.63 BBC

winter 5.88 0.00 25.52 8.31 0

Ni

spring 8.26 3.20 12.90 3.75 0

summer 12.23 5.65 17.33 3.79 +

autumn 5.03 1.18 9.79 2.93 0

winter 3.87 1.43 6.99 2.30 0

BBC – below background concentration; (0) – unpolluted sediments; (+) – little polluted sediments; (++) –

polluted sediments; (+++) – heavy polluted sediments.

The presence of metals in soils in the Szczytnicki Park in Wroclaw is also of

importance to surface and underground water, to bottom sediments and plants. In 2000

Karczewska et al [15] showed that zinc concentration in the soil ranged between 170

and 720 mgZn � kg–1. In a 2005 study by Licznar the metal content in the humus

oscillated between 46 and 750 mgZn � kg–1 [16, 17]. The concentration of the element in

the bottom sediment samples collected for the study was lower than that in the soil. This

may be caused by its poor permeation from the soil into the park plants and so by bigger

amounts of it than of other metals being carried into the water, and by poor leaching by

the water over the sediments. According to the bottom sediments classification based on

geochemical criteria, in terms of zinc content the sediments in question belong to purity

class I, because at none of the samplying sites did the concentration exceed 200
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mgZn � kg–1 [19] and was almost like in bottom sediment from Dubai creek [20] lower

then in bottom sediments of Black Sea [21] or in the Selenga River sediments [22],

mostly lower then in bottom sediments from estuary in Argentina [23].

The average annual rate of Zn accumulation in bottom sediments was calculated at

1.4 � 10–3.

The research done in the 1980s by Szulkowska-Wojaczek et al [14] showed that

waters in south-west Poland had an average Cu concentration of 0.011 mgCu � dm–3,

which is approximately the same as that found in the Szczytnicki pond in question in

2008/2009.

Only sometimes the Cu content values recorded throughout the year only slightly

exceeded 0.01 mgCu � dm–3 (Table 1) and were about five times lower than the

threshold set for surface waters [24].

Copper is a biogenic element and in water reservoirs is to be found in the form

assimilable by organisms. It is necessary for plants to grow. At a concentration higher

than 0.1 mg � dm–3 it hinders growth of aquatic plants, which is not a problem in the

pond under study. The element is also very toxic to fish [18, 25]. The most harmful Cu

compounds include Cu salt solutions and copper(II) hydroxide Cu(OH)2, which forms

an insoluble deposit. It may accumulate on fish gills and may cause fish to die [26]. Its

toxicity largely depends on water hardness and pH. Copper toxicity is diminished by

complexing substances [27]. Copper excess in water is highly toxic to biological

activity, which in turn adversely affects self-purification [28]. According to Liebmann

[18], copper is toxic to fish at concentrations of 80–800 �g � dm–3 and hinders

self-purification at a concentration as low as 10 �gCu � dm–3. The average content of the

element found in the water was 0.0053 mgCu � dm–3 (Table 1) and as such does not

pose any threat to aquatic organisms [18].

The copper concentration in the Park soil in 2000, as given by Karczewska et al [15],

was 40–570 mgCu � kg–1. The figures determined by the study in question were lower

(Table 2) and almost like in the Selenga River sediments [22] mostly lower then in

bottom sediments from estuary in Argentina [23].

According to the bottom sediments classification based on geochemical criteria, in

terms of copper content the sediments in question belong to purity class I, because there

was less than 20 mgCu � kg–1 of the metal in them, whereas the sediments from sites 7

and 8 in the autumn meet the requirements for purity class II (> 20 mgCu � kg–1) [19].

The average annual rate of Cu accumulation in bottom sediments was calculated at

1.5 � 10–3.

The water in the pond may be classified as belonging to surface water purity class I,

as none of the cadmium concentrations recorded throughout the year exceeded 0.005

mgCd � dm–3 [18]. Most probably cadmium mainly occurs as CdS and CdCO3, although

in surface waters it may also be found as Cd2+ ion or it may form complexes [Cd(OH)]+,

[CdCO3]
0, [CdSO4]

0 and [CdCl].

According to Liebmann [18], cadmium is toxic to fish at concentrations of 3–20

mg � dm–3 and it hinders self-purification at 0.1 mg � dm–3. In the pond examined the

mean concentration of the metal amounted to 0.0008 mg � dm–3, ie it was much lower

that the threshold value quoted as harmful to fish [18].
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The average cadmium concentration in the water was the lowest out of all the

remaining metals covered by the study (Table 1).

Cadmium content in the bottom sediments of the pond covered by the study was

much lower (Table 2) than that quoted by Dojlido [18], as 0.100 mgCd � kg–1 to over

3.000 mgCd � kg–1.

According to the bottom sediments classification based on geochemical criteria, in

terms of cadmium content the sediments in question belong to purity class I, because at

none of the samplying sites did the concentration exceed 1 mgCd � kg–1.

Tests done by PIOS in 2007 [29] covering 125 lakes showed that the arithmetic mean

of the metal amounted to 0.8 mgCd � kg–1. In a 2008–2009 study done on the pond,

which had 8 sampling sites, the arithmetic mean of Cd was by 50 % lower than that

calculated for the lakes [18]. The concentration of Cd in bottom sediments was lower

then bottom sediment from Dubai creek 3.83–7.20 mgCd � kg–1 [20] and like in bottom

sediments of Black Sea [21] mostly lower then in bottom sediments from estuary in

Argentina [23]. In 2000 Karczewska et al [15] determined that cadmium concentration

in soil was from 0.05 to 4.5 mgCd � kg–1. In a 2005 study by Licznar et al [30] cadmium

concentration in the humus fell within the range of 0.2–1.0 mg Cd � kg–1 [15, 16].

Gardiner claims that the cadmium accumulation rate ranges from 5 � 103 to 50 � 103

[18]. Cadmium does not remain long in water and precipitates as carbonates or is

absorbed by suspensions and bottom sediments. In the study concerning the problem the

accumulation annual rate amounted to nearly 0.5 � 103, ie was much lower than the

figures given by Gardiner [18].

Cadmium was the metal with the lowest concentration both in water and in the

bottom sediments. Its accumulation rate was also the lowest when compared with the

other metals.

Lead at higher concentrations is toxic to fish. It accumulates in the food chain, in the

liver and the kidneys. Toxicity to fish is acute at concentrations of 200–10 000

�g � dm-3. According to Harrison [18], acute toxicity to fish is observed at con-

centrations ranging from 100 to 15 000 �g � dm–3. Lead concentration in the pond water

was below the range given above (Table 1).

The soil had much more of lead than the sediments. The low content of the element

may have been caused by two factors: a significant number of trees and bushes in the

park, which captured the metal very effectively and did not allow it to permeate from

the nearby roads to the water, and by leaching of the metal by the water over the bottom

sediments. Lead content in the park’s soil in 2000 ranged from 60.0 to 435.0

mgPb � kg–1 [15]. A 2005 study by Licznar et al [28] showed that its concentration in

the humus oscillated between 39.5 and 202.0 mgPb � kg–1 [15, 16].

Because at none of the samplying sites did the concentration of Pb-toxic metal

exceed 50 mgPb � kg–1, according to the bottom sediments classification based on

geochemical criteria, the sediments in question belong to purity class I [19]. The tests of

125 lakes done by PIOS in 2007 showed that the arithmetic mean lead concentration in

them amounted to 37 mgPb � kg–1 [29]. The pond analysis conducted in 2008/2009 at 8

sampling sites showed a concentration seven times smaller than that in the lakes

(Table 2). The concentration of lead was lower then in bottom sediment from Dubai
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creek 35.75–53.50 mgPb � kg–1 [20] and in bottom sediments of Black Sea [21] but

almost like in the Selenga River sediments [22] mostly lower then in bottom sediments

from estuary in Argentina [23].

The average annual lead accumulation rate in the bottom sediments in the

Szczytnicki Park pond amounted to 1.3 � 103, and was 1000 times smaller than that in

Ontario Lake (1.4–3.0). The accumulation rate of the element oscillates between

0.1 � 103 and 1 � 103 [18], ie it is higher in the sediments studied, as it amounted to

1.5 � 103.

According to Liebmann [18], nickel at concentrations of 25–50 mgNi � dm–3 has a

toxic effect on fish and at 0.1 mgNi � dm–3 it hinders self-purification. The obtained

results indicated that the element posed no threat to fish [18]. Nickel concentration in

water of the Szczytnicki pond (Table 1) may be affected by its leaching from soil [31].

Nickel had the highest average annual rate of accumulation in the bottom sediments,

amounting to 2.8 � 103. The lowest nickel concentrations were measured in the autumn

and winter, oscillating around 5.0 mgNi � kg–1 (Table 2).

In 2008/2009 the arithmetic mean nickel concentration at 8 sampling sites on the

pond was over 7 mgNi � kg–1 dry mass, ie it was similar to that established in the 2007

PIOS study [29]. The concentration of lead was lower then in bottom sediment from

Dubai creek [20] and in bottom sediments of Black Sea [21].

A statistically material correlation (p < 0.05) between the content in the sediments of

Zn and Cu, Ni, Pb and between Cd and Ni was found.

Conclusions

The water and bottom sediments in Szczytnicki Park should be regarded as

unpolluted with metals.

The accumulation rates of the studied metals in the sediments should be ordered as

follows: Ni > Cu > Zn > Pb > Cd.

The metal concentrations in the sediments should be ordered differently: Zn > Cu >

Ni > Pb > Cd

Pb and Cd had the lowest accumulation rates and concentrations in the bottom

sediments. The order of the average concentrations of the studied metals in the water

(except for Pb) corresponds to that of their contents in the bottom sediments.
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KUMULACJA WYBRANYCH METALI W OSADACH DENNYCH STAWU

W PARKU SZCZYTNICKIM WE WROC£AWIU

Zak³ad Hydrobiologii i Akwakultury, Instytut Biologii

Uniwersytet Przyrodniczy we Wroc³awiu

Abstrakt: Celem pracy by³a ocena stopnia zanieczyszczenia wody i osadów dennych oraz ocena stopnia

kumulacji wybranych metali (o³ów, kadm, cynk, miedŸ, nikiel) w osadach dennych stawu po³o¿onego

w Parku Szczytnickim. Próbki do badañ pobrano z 8 stanowisk, czterokrotnie podczas roku: wiosna (24 IV

2008), lato (19 VII 2008), jesieñ (18 XI 2008), zima (10 II 2009). W wodzie oznaczono: temperaturê, odczyn,

twardoœæ ogóln¹ oraz stê¿enie metali (Zn, Cu, Cd, Pb, Ni). W osadach dennych analizowano zawartoœæ oraz

kumulacje powy¿ej podanych metali. Wspó³czynniki kumulacji badanych metali w osadach dennych

uszeregowane s¹ w sposób nastêpuj¹cy: Ni > Cu > Zn > Pb > Cd, natomiast szereg stê¿eñ tych metali

w osadzie dennym wygl¹da nastêpuj¹co: Zn > Cu > Ni > Pb > Cd. Najni¿sze wspó³czynniki kumulacji

i najni¿sz¹ zawartoœæ w osadzie dennym stwierdzono dla o³owiu i kadmu. Badana woda oraz osady denne

nale¿a³y do niezanieczyszczonych metalami.

S³owa kluczowe: o³ów, kadm, cynk, miedŸ, nikiel, osady denne, kumulacja, staw Szczytnicki
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Iwona DESKA1 and Anna TKACZYÑSKA1

INFLUENCE OF THE INHOMOGENEOUS

SOILS PROPERTIES ON THE DIFFERENCE

BETWEEN APPARENT AND ACTUAL

THICKNESS OF LNAPL

WP£YW W£AŒCIWOŒCI GRUNTÓW NIEHOMOGENNYCH

NA RÓ¯NICÊ MIÊDZY MI¥¯SZOŒCI¥ POZORN¥

I RZECZYWIST¥ LNAPL

Abstract: The paper presents the results of laboratory experiments conducted with use of the inhomogeneous

soils. The focus of these experiments was to investigate if the hydraulic conductivity plays an important role

in the case of such soils. Another aim of the research was to investigate the influence of the coefficient of

graining non-uniformity and the effective grain size on the difference between apparent and actual

thicknesses. The obtained results indicate that the hydraulic conductivity influences the difference between

apparent and actual thickness of LNAPL in the case of inhomogeneous soils. The results confirmed that the

product of the hydraulic conductivity of soil and the coefficient of graining non-uniformity can play an

important role in the model describing the relationship between apparent and actual thickness of LNAPL on

the groundwater table.

Keywords: LNAPL, actual thickness, apparent thickness, hydraulic conductivity, coefficient of graining

non-uniformity, effective grain size

The light non-aqueous phase liquids (LNAPL) infiltrating into the subsurface from

underground storage tanks, pipelines and cisterns pose a threat to soil and groundwater

[1–4]. If the layer of LNAPL floats on the groundwater table the initial remediation step

should be its recovery [1, 2, 5]. In order to a proper design of this operation an

assessment of the contamination plume volume is required. To assess this volume

observation wells are commonly installed in the contaminated porous medium to

measure the thickness of LNAPL layer [1]. However, the actual LNAPL thickness (the

thickness on the groundwater table) is different from the apparent thickness (the

thickness observed in the monitoring well) [5–7]. This difference depends on the

properties of soil and the amount and properties of LNAPL released to the soil [6,
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8–10]. A number of methods exist for estimating the actual thickness from the apparent

thickness data, but the results obtained with different formulas are inconsistent, and in

many cases inaccurate [6, 11].

The results of laboratory investigations conducted previously with use of homo-

geneous soils [9] indicate that the appropriate model for estimating the actual LNAPL

thickness should include the properties of soil and LNAPL. The results show that

the key parameter of soil is hydraulic conductivity and the important parameters

of LNAPL are the density and dynamical viscosity. An additional important parameter

that depends on properties of both: soil and LNAPL is the soil permeability of

LNAPL [9].

The goal of this paper was to investigate if the hydraulic conductivity can play an

important role in the model of relationship between apparent and actual thicknesses in

the case of the inhomogeneous soils. Another aim of the research was to examine the

influence of the coefficient of graining non-uniformity and the effective grain size of the

inhomogeneous soils on the difference between apparent and actual thicknesses.

Materials and methods

The laboratory experiments were carried out in 10 cm diameter Plexiglas columns

with filter-tubes as monitoring wells (Fig. 1).
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The experiments were performed with use of four model soils (Table 1) and one type

of LNAPL – the rape oil (Table 2).

Table 1

Properties of soils used in the experiments

Soil
Effective grain size d10

[mm]

Hydraulic conductivity

at 10 oC k10

[m/d]

Coefficient

of graining non-uniformity

U [-]

1 0.19 1.12 � 101 2.53

2 0.17 1.04 � 101 2.18

3 0.33 3.46 � 101 1.64

4 0.18 0.78 � 101 1.56

Table 2

Properties of LNAPLs used in the experiments (at temperature of 20 oC)

Type of LNAPL
Density �o

[kg/m3]

Specific gravity �o

[N/m3]

Dynamical viscosity �o

[kg/m·s]

Rape oil 918 9005.58 0.07

In each experimental column was inbuilt the equalizing column with perforated

bottom. The columns were packed with the soil samples (soils 1–4) and filled with tap

water until the water table reached the assumed elevation. After 3–4 days first rations

(about 100 cm3) of diverse LNAPLs, coloured with the pigment – Sudan III, were

injected directly above the capillary fringe zone. After subsequent 3–4 days, the

apparent and actual LNAPL thicknesses were measured in the well and in soil. The

actual thickness was the distance between LNAPL-water interface in the soil and

air-LNAPL interface in the well (without the capillary fringe of LNAPL in the soil).

This procedure was repeated at least 10 times. The water table in each equalizing

column was kept constant during experiments. The top of each experimental column

was protected against LNAPL evaporation by the cover.

Results and discussion

On the base of results of laboratory experiments the point graphs were plotted, which

show the relationships between apparent and actual thicknesses of LNAPL (Fig. 2). The

previous findings show that such relationships are approximately linear [6, 11]. For

each plot the linear trend line was fitted. The obtained values of R-squared coefficient

were high (R2 = 0.8428–0.93) in each case.

On the base of the obtained equations (see Fig. 2) the apparent thicknesses were

derived for actual thicknesses equal to 5 cm. Next the differences between apparent and

actual thickness were calculated (Table 3).
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Table 3

Differences between apparent and actual LNAPL thicknesses at actual thicknesses

of 5 cm for soils 1–4

Soil
Actual thickness Hm

[cm]

Apparent thickness H0

[cm]

Difference between thicknesses H0 – Hm

[cm]

Soil 1 5 78.71 73.71

Soil 2 5 66.13 61.13

Soil 3 5 60.08 55.08

Soil 4 5 140.38 135.38

Fig. 3–6 show the influences of selected properties of soils 1–4 on the difference

between apparent and actual thicknesses. The graph in the Fig. 3 shows the influence of
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the hydraulic conductivity at 10 oC (k10) on this difference. The logarithmic trend line

was fitted for the graph. The value of R-squared coefficient is in this case moderate (R2

= 0.4333). It means that the hydraulic conductivity influences moderately the difference

between apparent and actual thicknesses.

Figure 4 shows the influence of the effective grain size (d10) on the difference

between apparent and actual thicknesses. The linear trend line was fitted for this graph.

The value of R-squared coefficient is in this case low (R2 = 0.2086). This value suggests

that the effective grain size influences narrowly the difference between apparent and

actual thicknesses.

Figure 5 shows the influence of the coefficient of graining non-uniformity of soil (U)

on the difference between apparent and actual thicknesses. In this case the linear trend

line was fitted for the graph. The value of R-squared coefficient is in this case low
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(R2 = 0.212). This value suggests that the coefficient of graining non-uniformity of soil

influences narrowly the difference between apparent and actual thicknesses.

The graph presented in the Fig. 6 shows the influence of the product of the hydraulic

conductivity and the coefficient of graining non-uniformity of soil (k10 � U) on the

difference between apparent and actual thicknesses. In this case the logarithmic trend

line was fitted for the graph. The value of R-squared coefficient is in this case quite high

(R2 = 0.7154). This value suggests that this product (k10 � U) influences considerably the

difference between apparent and actual thicknesses.

Conclusions

1. The results of laboratory experiments conducted with use of inhomogeneous soils

show that the hydraulic conductivity has an impact on the difference between apparent

and actual thicknesses, but it is not the only one parameter that influences this

difference.

2. When the effective grain size increases, the difference between apparent and actual

thicknesses decreases narrowly. The obtained value of R-squared coefficient is in this

case low. It means that the effective grain size of soil can not play a significant role in

the model of relationship between apparent and actual thicknesses.

3. The results confirm that the coefficient of graining non-uniformity does not

influence significantly the difference between apparent and actual thicknesses. On the

base of linear trend line it is observed the narrowly decrease of the difference between

apparent and actual thicknesses with the increase of the value of graining non-

-uniformity of soil.

4. The results of the investigations show that the product of the hydraulic

conductivity and the coefficient of graining non-uniformity of soil considerably

influences the difference between apparent and actual thicknesses. This parameter can
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play a significant role in the model of relationship between apparent and actual

thicknesses in the case of the inhomogeneous soils.

Acknowledgements

The work was financially supported by BS-401/301/10.

References

[1] Cooper GS, Peralta RC, Kaluarachchi JJ. Optimizing separate phase light hydrocarbon recovery from

contaminated unconfined aquifers. Adv Water Resour. 1998;21:339-350.

DOI: 10.1016/S0309-1708(97)00005-5.

[2] Cooper GS, Peralta RC, Kaluarachchi JJ. Stepwise pumping approach to improve free phase light

hydrocarbon recovery from unconfined aquifer. J Contam Hydrol. 1995;18:141-159.

DOI: 10.1016/0169-7722(94)00047-L.

[3] Malina G. Wielofazowa migracja zanieczyszczeñ ropopochodnych w strefie aeracji i saturacji. In¿ Ochr

Œrodow. 1998;1(1):85-105.

[4] Newell CJ, Acree SD, Ross RR, Huling SG. Light Nonaqueous Phase Liquids. Ground Water Issue.

EPA/540/S-95/500. 1995.

[5] Hernández-Espriú A, Martínez-Santos P, Sánchez-León E, Marín LE. Free-product plume distribution

and recovery modeling prediction in a diesel-contaminated volcanic aquifer. Phys Chem Earth.

2012;37–39:43-51. DOI: 10.1016/j.pce.2010.12.00.

[6] Lenhard RJ, Parker JC. Estimation of free hydrocarbon volume from fluid levels in monitoring wells.

Ground Water. 1990;28(1):57-67. DOI:10.1111/j.1745-6584.1990.tb02229.x.

[7] Dippenaar MA, Sole MD, Van Rooy JL, du Toit GJ, Reynecke JL. Determining actual LNAPL plume

thickness: review and case study in a fractured aquifer. Bull Eng Geol Environ. 2005;64:347-360.

DOI: 10.1007/s10064-005-0278-5.

[8] Deska I, Malina G, Rad³o A. Wp³yw uziarnienia gruntu oraz cech paliwa na ró¿nicê miêdzy mi¹¿szoœci¹

pozorn¹ i rzeczywist¹ LNAPL na zwierciadle wody podziemnej. In¿ Ochr Œrodow. 2003:6(2):203-220.

[9] Deska I, Malina G. Estimation of actual free product thickness on the groundwater table based on soil

and LNAPL properties. Proceedings of ECOpole. 2008:2(2):303-308.

[10] Golder Associates Ltd., Report on guidance on assessment of light non-aqueous phase liquid mobility for

site classification purposes in British Columbia. Report Submitted to BC Ministry of Environment,

October 9, 2008, 45 pp. (no 08-1436-0016).

[11] EPA: How to effectively recover free product at leaking underground storage tank sites: A guide for state

regulators. EPA 510-R-96-001; 1996.

WP£YW W£AŒCIWOŒCI GRUNTÓW NIEHOMOGENNYCH

NA RÓ¯NICÊ MIÊDZY MI¥¯SZOŒCI¥ POZORN¥ I RZECZYWIST¥ LNAPL

Instytut In¿ynierii Œrodowiska

Politechnika Czêstochowska

Abstrakt: W niniejszym artykule zaprezentowano wyniki badañ prowadzonych z zastosowaniem gruntów

niehomogennych. Badania mia³y na celu sprawdzenie, czy w przypadku tego typu gruntów wartoœæ

wspó³czynnika filtracji ma wp³yw na ró¿nicê miêdzy mi¹¿szoœci¹ pozorn¹ i rzeczywist¹ LNAPL. Przeanalizo-

wano tak¿e znaczenie innych parametrów, takich jak œrednica miarodajna i wspó³czynnik nierównomiernoœci

uziarnienia. Na podstawie wyników badañ laboratoryjnych ustalono, ¿e wspó³czynnik filtracji gruntu mo¿e

mieæ wp³yw na obserwowan¹ ró¿nicê miêdzy mi¹¿szoœci¹ pozorn¹ i rzeczywist¹ LNAPL w przypadku

gruntów niehomogennych, zbli¿onych do rzeczywistych. Zauwa¿ono równie¿, ¿e iloczyn wspó³czynnika

filtracji gruntu i wspó³czynnika nierównomiernoœci uziarnienia mo¿e odgrywaæ znacz¹c¹ rolê w modelu

zale¿noœci miêdzy mi¹¿szoœci¹ pozorn¹ i rzeczywist¹ LNAPL na zwierciadle wody podziemnej.

S³owa kluczowe: LNAPL, mi¹¿szoœæ rzeczywista, mi¹¿szoœæ pozorna, wspó³czynnik filtracji, wspó³czynnik

nierównomiernoœci uziarnienia, œrednica miarodajna
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EFFECT OF HIGH TEMPERATURE

IN THE FLOWERING PERIOD

ON GROWTH, DEVELOPMENT AND YIELDING

OF FABA BEAN (Vicia faba L. spp. minor)

WP£YW WYSOKIEJ TEMPERATURY

W OKRESIE KWITNIENIA NA WZROST, ROZWÓJ

I PLONOWANIE BOBIKU (Vicia faba L. spp. minor)

Abstract: The research was conducted in the growth chambers and in a greenhouse of Institute of Soil

Science and Plant Cultivation – State Research Institute in Pulawy. Faba bean var. Nadwislanski was

cultivated in Mitscherlich pots. An experimental factor was air temperature during flowering: optimal and

higher. After flowering pots with plants were transferred from growth chambers to the greenhouse where they

stayed up to full maturity. Too high temperature at flowering caused decrease of leaf area, leaf greenness

index, plant height and changed the course of some phenological phases of faba bean. High temperature

decreased yield which resulted from a lower number of pods per plant, number of seeds per pod and a lower

mass of a thousand seeds.

Keywords: faba bean, high temperature, flowering, plant development, leaf area, yielding

Legumes are characterized by very large dependence on the course of weather

conditions. This consequence is greater than yielding variability in the years of some

other crop species [1]. Availability of water conditioned by the amount of precipitations

and irrigation is a factor which in the greatest degree influences the size of seed yields

obtained by this plant group. Legumes are particularly sensitive to water shortage in the

soil at two phenological phases: at germination – emergence and at flowering [2].

Various genotypes of each species show different sensitivity to periodic water deficit in

the soil [3, 4]. However, in some years there is observed a considerable reduction of

seed yield in spite of sufficient water supply in plants. It can be supposed, therefore that

temperature, as another important weather factor, has probably a restrictive effect on the
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level of obtained seed yield. This is all the more so as these observations concerned the

years in which air temperature during flowering considerably exceeded values of means

from many years. In attainable literature there is only some papers with results of

experiments concerning studies on the response of a particular legume plant species to

high temperature during flowering [5–8]. Most often it possible to find this information

in relation to wheat [9–11], maize [12] or oilseed rape [13–14].

The aim of the present research was evaluation of the effect of high temperature in

the flowering period on growth, development and yielding of faba bean.

Material and methods

Research was conducted at growth chambers and in a greenhouse of the Institute of

Soil Science and Plant Cultivation – State Research Institute in Pulawy, in Mitscherlich

pots contained mixture of soil and sand in the amount of 5 and 2 kg, respectively. The

soil in the pots was slightly loamy sand with pHKCl 4.8 and granulometric composition

of 76, 16 and 8 %, for sand, silt and silt and clay, respectively. An experimental factor

was air temperature in the period of flowering and pod setting: optimal (14 oC – night,

24 oC – day) and higher (18 oC – night, 30 oC – day). Relative air humidity at growth

chambers was 85 %, and lighting 300 mikromol � m–2
� s–1. Ten seeds of faba bean var.

Nadwislanski were sowed to every pot, and after emergence plants were thinned to 5 at

each pot. Plants in the experiment were fertilized with the following NPK doses

(g � pot–1): 0.1 N, 1.1 P and 1.4 K. Fertilizers were applied in a liquid form during plant

watering at two terms: after emergence and at stage of 1–2 leaves. Moisture of soil

during the vegetation was kept on the level 60 % of field water capacity. In the

beginning of flowering plants were placed in growth chambers. After the end of this

phase pots with plants were transferred to a greenhouse where stayed up to full

maturity. Detailed observation of growth and plant development were conducted in the

vegetation period. At green pod stage (BBCH 80) the measurement of leaf area was

done by using leaf area measurer AM 300 (ADC BioScientific Ltd., UK) and

measurements of SPAD index were performed with using Minolta Chlorophyll Meter

SPAD-502. Values of SPAD units were measured on the first, second and third, fully

developed leaf, counting from the top of a plant. Every measurement of SPAD index

was a mean from 30 measurements performed on each plant. Just before the harvest of

the plants, the measurement of their height was made and during the harvest the yield of

particular faba bean organs as well as the following features of its structure were

estimated: number of pods and number of seeds per plant, number of seeds per pod,

a thousand seed mass and seed moisture content. Results of the research expressed as

a mean from 3 pots were worked out statistically by using analysis of variance with the

help of Tukey’s confidence interval at the significance level � = 0.05.

Results and discussion

The emergence of plants occurred after 9 days from sowing. Faba bean seeds were

characterized by germination capacity on the level 95 %, so it was possible to obtain
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very good emergence which was measured as the number of seedlings per pot.

Seedlings were characterized by good forming and big vigor. Faba bean plants grew

from these seedlings produced a great mass of vegetative organs at initial stage of

development. Placing the plants during flowering period in high temperature caused

significant reduction of leaf area, decrease of leaf greenness and height of plants

(Table 1).

Table 1

Mean values of chosen features of faba bean plants

Air

temperature

Green pod [BBCH 80] Full maturity [BBCH 90]

Leaf area

[cm2 per plant]

Leaf greenness index

[SPAD]

Height of plants

[m]

Optimal 628b* 584b 1.12b

High 514a* 445a 0.97a

* Numbers in columns denoted with the same letters do not differ significantly.

The same changes caused by higher temperature were found in case of lupine and

barley [8]. Previous studies showed that thermal stress appearing in flowering period

significantly restricts plant leaf area size as result of enhanced leaf senescence at

conditions of higher temperature [6, 8, 15]. It was observed also that heat stress reduces

chlorophyll content what was explained as effect of enzyme inhibition in this conditions

[16]. In the case of faba bean, as legume plant, probably occurred disturbed supplying

with nitrogen because high temperature affects nitrogen fixation [17]. Furthermore, in

our experiment was observed a change the course of some developmental phases. The

plants which at flowering grew in higher temperature conditions considerably earlier

ended flowering and started pod setting as well as ripened about 3–4 days earlier than

the plants cultivated at optimal air temperature. Mian et al [18] also observed changes of

developmental phases of wheat caused by high air temperature. According to Rahman et

al [15] higher temperature enhances plant growth and forces the maturity, so different

growth and development stages occur earlier compared with optimal temperature.

Thermal conditions had also an effect on dry matter yield accumulated by particular

organs of plants (Fig. 1). High temperature during plant flowering influenced negatively

the size of vegetative and generative organs yield, while positively affected root mass.

The decrease of the dry mass yield of faba bean which was grown during flowering at

higher temperature was: 25.2, 32.5, 28.3 and 34.8 %, for stems, leaves, siliques and

seeds, respectively, while the increase of roots dry mass yield was 10.3 %.

Roots play an important role in plant adaptation to high temperature by their

significance in water and nutrient uptake, as well as their involvement in hormone

synthesis affecting shoot growth and development [19]. However, physiological

processes that are essential for root growth include carbohydrate metabolism. Maintain-

ing high carbon-use efficiency at high temperatures is of fundamental importance,

because roots depend solely on shoots for the supply of assimilates. Carbon supply to

roots typically decreases while root respiratory carbon consumption of assimilates

increases at high temperatures. So, excessive consumption of assimilates for the
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maintenance of roots may be a significant factor limiting plant productivity, particularly

under stressful environments [20]. It is in accordance with studies of Lahti et al [21],

who found that in the higher temperature treatment, carbon allocation to root growth

may have been favored at the expense of shoot growth.

The results of experiments with pea, lupine and barley [6, 8] demonstrate that a short

period of thermal stress causes aboveground biomass yield reduction in consequence of

photosynthetic productivity decrease. Photosynthesis is closely related to plant growth

and crop yields, and photosystem II (PS II) is considered as the most heat-sensitive

component of the photosynthetic apparatus [22]. As an effect of higher temperature was

observed the decrease of transpiration and stomatal conductance values [8]. According

to Yan et al [22] photosynthesis is mainly limited by stomatal conductance and reduced

transpiration led to increase in leaf temperature and subsequent negative effects on

photosynthesis. The studies of Podlesny and Podlesna [8] and Rahman et al [15]

showed that the final biomass and grain yield of wheat and lupine-barley mixture

significantly decreased in high compared with optimal temperature.

The main indicator of plant productivity is seed yield which is depended on genotype

and different stresses during vegetation period. At our studies was found the negative

effect of higher air temperature conditions on faba bean seed yield and its structure

features (Table 2). The decline of the seed yield was caused by decreasing of the pod

number per plant and the number of seeds per pod as well as a lower mass of a thousand

seeds.

Table 2

Mean values of faba bean yield structure

Air

temperature

Full maturity [BBCH 90]

number of pods

per plant

number of seeds

per pod

number of seeds

per plant

weight of 1000 seeds

[g]

Optimal 4.2b* 3.3b 13.9b 382b

High 3.3a 2.1a 8.9a 337a

* Numbers in columns denoted with the same letters do not differ significantly.
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Research by other authors also prove the negative effect of high temperatures during

flowering on generative development of plants, which in consequence, is a reduction of

size and yield quality as well as yield structure features [6, 10, 12]. The negative effect

of high temperature is probably, the disturbance of assimilates transport and, most of

all, changes of direction of its distribution which decreases of their export to flowering

branches and fruit [23]. The periods of flowering and seed set are clearly critical stages

for exposure to heat stress. Development of male (pollen, anthers) and female (stigma,

ovary) parts are the most sensitive organs to abiotic stress in reproductive biology [17].

So, high temperature effects at flowering are related to another development, pollen

sterility and pollen production what reduce pollen germination. According to Porch and

Jahn [24] pollen sterility is one of the key factors limiting legume yield under high

temperature. Therefore flower abortion is caused by male sterility resulting from

abnormal pollen development. Studies of Rahman et al [15] showed that high

temperature may effects the pollen viability and fertilization and thereby reduce

the number of set fruit and developed seeds. Individual seed weight which is considered

as one of the major yield components is also significantly influenced by higher

temperature because it enhances plant maturation causing reduction in seed growth

duration which ultimately resulted in smaller seeds.

Conclusion

1. Too high temperature at flowering caused reduction of leaf area and decrease of

plants height as well as changed the course of some phenological phases of faba bean.

2. Plants which grew at higher temperature conditions considerably earlier ended

flowering and started pod setting and ripened a few days earlier than plants cultivated at

optimal air temperature.

3. High temperature at flowering negatively influenced on yield of vegetative and

generative faba bean organs, limited in the greatest degree the size of seed yield.

4. Decline of faba bean seed yield at higher air temperature conditions was a

consequence of a lower number of pods per plant, a lower number of seeds per pod and

weaker filling of seeds.

References

[1] COBORU. Lista opisowa odmian. S³upia Wielka; 2008.

[2] Jasiñska Z, Kotecki A. Roœliny str¹czkowe. Warszawa: PWN; 1993.

[3] Podleœny J. J Appl Genetics. 2001;42(3):283-287.

[4] Podleœny J. Acta Physiol Plantarum. 2007;29:94-95.

[5] Gan Y, Wang J, Angadi SV, McDonald CL. Proc of the 4th Int Crop Science Congress, Brisbane,

Australia; 2004.

[6] Guilioni L, Wery J, Tardieu F. Ann Bot. 1997;80:159-168.

[7] Jansen G. Proc of the 12th Int Lupin Conference, Fremantle, Western Australia,14-18 Sept;2008.

[8] Podleœny J, Podleœna A. J Food Agric. Environ. 2012;10(2):500-504.

[9] Stone P. The effect of heat stress on cereal yield and quality. In: Basra AS, editor, Crop Responses to

Temperature Stress, Food Products Press, Binghamton. New York; 2001.

[10] Tahir ISA, Nakata NJ. Agron Crop Sci. 2005;191:106-115.

[11] Viswanathan C, Khanna-Chopra RJ. Agron Crop Sci. 2001;186:1-7.

Effect of High Temperature in the Flowering Period on Growth, Development and Yielding... 75



[12] Wilhelm EP, Mullen RE, Keeling PL, Singletary GW. Crop Sci.1999;39:1733-1741.

[13] Morrison MJ, Stewart DW. Crop Sci. 2002;42:797-803.

[14] Young LW, Wilen RW, Bonham-Smith PC. J Exp Bot. 2004;55(396):485-495.

DOI: 10. 1093/jxb/erh038.

[15] Rahman MA, Chikushi J, Yoshida S, Karim AJMS. Bangladesh J Agril Res. 2009;34(3):361-372.

[16] Almeselmani M, Deshmukh PS, Chinnusamy V. Plant Stress. 2012;6(1):25-32.

[17] Devasirvatham V, Tan DKY, Gaur PM, Raju TN, Trethowan RM. Crop Pasture Sci. 2012; 3:419-428.

http://dx.doi.org/10.1071/CP11218.

[18] Mian NA, Mahmood M, Ihsan M, Cheema MN. J Agric Res. 2007;45(4):269-277.

[19] Huang B, Rachmilevitch S, Xu J. J Exp Bot. 2012;10:1-11. DOI: 10.1093/jxb/ers003.

[20] Rachmilevitch S, Lambers H, Huang B. J Exp Bot. 2008;59(14):3803-3809. DOI: 10.1093/jxb/ern233.

[21] Lahti M, Aphalo PJ, Finér L, Ryyppo A, Lehto T, Mannerkoski H. Tree Physiol. 2005;25:15-122.

[22] Yan K, Chen P, Shao H, Zhang L, Xu G. J Agron Crop Sci. 2011;197:400-408.

DOI: 10.1111/j.1439-037X.2011.00469.x.

[23] Koz³owska M, editor. Fizjologia roœlin – od teorii do nauk stosowanych. Poznañ: PWRiL; 2007.

[24] Porch TG, Jahn M. Plant Cell Environ. 2001;24:723-731. DOI: 10.1046/j.1365-3040.2001.00716.x.

WP£YW WYSOKIEJ TEMPERATURY W OKRESIE KWITNIENIA

NA WZROST, ROZWÓJ I PLONOWANIE BOBIKU (Vicia faba L. spp. minor)

1 Zak³ad Uprawy Roœlin Pastewnych, 2 Zak³ad ¯ywienia Roœlin i Nawo¿enia

Instytut Uprawy Nawo¿enia i Gleboznawstwa

Pañstwowy Instytut Badawczy w Pu³awach

Abstrakt: Celem podjêtych badañ by³o okreœlenie wp³ywu wysokiej temperatury w okresie kwitnienia i zawi¹zy-

wania str¹ków na wzrost, rozwój i plonowanie zró¿nicowanych genotypów bobiku. Badania prowadzono

w fitotronach oraz w hali wegetacyjnej Instytutu Uprawy Nawo¿enia i Gleboznawstwa – Pañstwowego

Instytutu Badawczego w Pu³awach, w wazonach Mitscherlicha zawieraj¹cych mieszaninê 5 kg ziemi

ogrodowej i 2 kg piasku. Wysiewano bobik odmiany Nadwiœlañski. Czynnikiem doœwiadczenia by³a

temperatura powietrza w okresie kwitnienia: optymalna (noc: 14 oC, dzieñ: 24 oC) oraz podwy¿szona (noc:

18 oC, dzieñ: 30 oC). Nastêpnie wazony z roœlinami przeniesiono do hali wegetacyjnej i utrzymywano je do

dojrza³oœci pe³nej. Przez ca³y okres wegetacji utrzymywano wilgotnoœæ gleby na poziomie 60 % ppw. Zbyt

wysoka temperatura w okresie kwitnienia powodowa³a redukcjê powierzchni liœciowej i zmniejszenie

wysokoœci roœlin oraz zmianê przebiegu niektórych faz fenologicznych bobiku. Roœliny, które przetrzymy-

wane by³y w warunkach podwy¿szonej temperatury, znacznie wczeœniej koñczy³y kwitnienie i rozpoczyna³y

zawi¹zywanie str¹ków oraz dojrzewa³y o kilka dni wczeœniej ni¿ roœliny rosn¹ce w optymalnej dla bobiku

temperaturze powietrza. Wysoka temperatura zmniejsza³a plon co by³o konsekwencj¹ mniejszej liczby

str¹ków na roœlinie i liczby nasion w str¹ku oraz istotnego zmniejszenia masy 1000 nasion.

S³owa kluczowe: bobik, wysoka temperatura, rozwój roœlin, powierzchnia liœci, plonowanie

76 Janusz Podleœny and Anna Podleœna



Artur KUBICZEK1* and W³adys³aw KAMIÑSKI1

IONIC LIQUIDS FOR THE EXTRACTION

OF N-BUTANOL FROM AQUEOUS SOLUTIONS

CIECZE JONOWE W EKSTRAKCJI N-BUTANOLU

Z ROZTWORÓW WODNYCH

Abstract: The article describes the extraction of n-butanol from four-component aqueous solutions, also

containing acetone and ethanol. All of these three chemicals are the main constituents of the so-called

fermentation broth – a product of ABE (Acetone-Butanol-Ethanol) fermentation process. Nowadays, ABE

fermentation, which is one of the oldest butanol production technologies, seems to be a viable alternative to

petrochemical methods that have so far dominated the industry. Such considerations are driven by the steady

depletion of fossil fuels, and thus, worldwide tendencies to use renewable resources instead, but also by the

popularization of clean production and green chemistry principles. The physicochemical properties of

biobutanol are very similar to that of gasoline and diesel fuel. Therefore, there exists a real potential for its

widespread use as a fuel additive, if not a direct application in internal combustion engines. For that reason,

the effective separation of biochemically derived butanol may have a great impact on fuel production

technology, which is by far crude oil oriented. The main challenges of applying traditional solvents in

liquid-liquid extraction are their toxicity and usually high volatility that prevents an economically justified

partitioning of the extract components. Hence, there arises a growing interest in non-volatile, thermally stable

and water immiscible ionic liquids. Properties of these new ‘designer solvents’ have not been fully recognized

yet, but the full range of their possible applications may appear as unlimited. In this study, phase separation

research has been made in five-component systems of water, acetone, butanol, ethanol and ionic liquid. Two

different ionic liquids have been used: 1-hexyl-3-methylimidazolium hexafluorophosphate [Hmim][PF6] and

1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide [Bmim][Tf2N]. Experimental results confirm

the efficient recovery of n-butanol from aqueous solutions when volumes of both liquid phases are

approximately equal.

Keywords: liquid-liquid extraction, ionic liquids, biobutanol, renewable resources

Introduction

Butanol is a chemical capable of numerous industrial and non-industrial applications,

but, first and foremost, it should be considered as a viable alternative to gasoline. It

DOI: 10.2428/ecea.2013.20(01)009 ECOL CHEM ENG A. 2013;20(1):77-87

1 Faculty of Process and Environmental Engineering, Lodz University of Technology, ul. Wólczañska 213,

93–005 £ódŸ, Poland, phone: +48 42 631 37 00, email: arturkubiczek@wp.pl

* Corresponding author.



displays favourable combustion characteristics and, as a fuel additive, it is superior to

widely used ethanol in many aspects (eg, lower volatility, higher energy content, better

miscibility with diesel fuel and gasoline). From a technical standpoint, appropriate

modifications in the existing combustion engines are also possible [1]. Comparison of

butanol with other fuels is shown in Table 1 [2, 3].

Table 1

Properties of fuels

Property Butanol Gasoline Diesel fuel Ethanol Methanol

Energy density [MJ/dm3] 29.2 32.0 35.9 19.6 16.0

Air-fuel ratio (AFR) 11.2 14.7 14.6 9.0 6.5

Heat of vaporization [MJ/kg] 0.43 0.36 0.23 0.92 1.20

Research Octane Number (RON) 96 91–99 — 129 136

Motor Octane Number (MON) 78 81–89 — 102 104

Since the 1950s butanol has been produced almost solely from fossil fuels. However,

one of the oldest industrial biochemical techniques of butanol production, which has

been superseded by crude oil processing, is the ABE fermentation exploiting certain

types of anaerobic Clostridium bacteria. In view of the steady depletion of non-renew-

able resources and recent proecological regulations this method is certainly worth

looking into again.

Of all the applicable bacterial species, the genetically modified strain Clostridium
beijerinckii is the most butanol selective – the total concentration of products (ie, acetone,

butanol and ethanol) obtained in the fermentation broth ranges between 15–26 g/dm3

depending on the substrates, with butanol yield approaching 19–20 g/dm3 [4].

Separation of biobutanol from the fermentation broth poses a complex technical

problem. First of all, it must be carried out in a continuous manner, because an

excessive concentration of products inhibits the bacteria [5, 6]. Secondly, the applied

technique should not be demanding in terms of energy and costs. Finally, classical

extraction solvents might be of practical use, but they are mostly toxic and volatile, in

other words, not environmentally friendly.

A variety of methods have been proposed for the stated purpose, such as gas

stripping, adsorption, liquid-liquid extraction (LLE), pervaporation and membrane

solvent extraction. However, liquid-liquid extraction, along with pervaporation, appear

to be the most suitable techniques [7]. Therefore, ionic liquids, which recently gained

some notable recognition in science and industry, may turn out to be highly appropriate

for the recovery of biobutanol.

Ionic liquids (ILs) are liquid substances composed solely of ions (in a general sense,

molten salts). However, most salts melt in high temperatures. Therefore, contemporary

ionic liquids are molten salts with a melting point below 100 oC [8]. There are also salts

melting in temperatures lower than 20 oC and they are called room-temperature ionic
liquids (RTILs). Ionic liquids are often described as designer solvents. Because of
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practically unlimited number of combinations between anions and cations, their

properties may be “adjusted” to suit certain process requirements [9, 10].

The main attributes of ionic liquids making them useful in separation of mixtures are

very low volatility and wide liquid range (often exceeding 200 oC) [11, 12], which may

allow their relatively easy regeneration (via low pressure distillation) and recirculation.

A lack of toxic fumes is the additional benefit.

It is of fundamental significance that the ionic liquid employed as the extracting

solvent should be hydrophobic, ie, immiscible with the aqueous phase. It has been noted

that some of the ILs are water-miscible while others are not, even if their chemical

structures are not much different [13]. Nevertheless, hydrophobicity is the main quality

determining the choice of ILs for this study.

Materials and methods

The study of phase equilibrium was conducted in five-component two-phase systems

of water, acetone, butanol, ethanol and ionic liquid, corresponding to the fermentation

broth composition. Acetone, butanol and ethanol used in the experiments were of at

least 99 % purity (CHEMPUR, Poland). Two hydrophobic ionic liquids, 1-hexyl-3-

-methylimidazolium hexafluorophosphate [Hmim][PF6] and 1-butyl-3-methylimidazolium

bis(trifluoromethylsulphonyl)imide [Bmim][Tf2N] (IoLiTec, Germany), whose chemical

structures are shown in Figs. 1 and 2, were applied as extractants.

The experiments were carried out with four-component feed solutions containing

water, acetone, n-butanol and ethanol. Mass fractions of acetone, butanol and ethanol

varied between 0 and 6 %. Volumes of solutions ranged from 0.5 to 2.0 cm3.

Approximately 1.0 cm3 of ionic liquid was added to each feed solution. Then the

mixtures were placed in a thermostated water bath and shaken for about 1.5–2.0 hrs. At

the end of that period they were centrifuged to expedite phase separation (Fig. 3).

The extraction was conducted at temperatures of 10, 30 and 50 oC.
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Fig. 1. Structural formula of 1-hexyl-3-methylimidazolium hexafluorophosphate

Fig. 2. Structural formula of 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide



Concentrations of acetone, butanol and ethanol in the raffinate (water-rich phase)

were measured with a gas chromatograph (TraceGC ThermoFinnigan with Quadrex

Corp. column) using internal standard (methanol).

Water content in the extract (IL-rich phase) was determined by Karl-Fischer titration

(Mettler Toledo T70 Titrator).

Measurements showed that the presence of solvents, especially butanol and acetone,

as well as temperature augmented solubility of water in both ionic liquids. Likewise,

solubility of ionic liquids in water was enhanced by the same factors.

ILs content in the raffinate was calculated based on a separate set of experiments, in

which all mixture components, but ionic liquid, were evaporated.

Preliminary tests revealed that both ionic liquids were practically non-volatile at the

boiling point of the highest boiling component of the mixture, in this case butanol

80 Artur Kubiczek and W³adys³aw Kamiñski
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Fig. 3. Mixtures containing water, 1-hexyl-3-methylimidazolium hexafluorophosphate, acetone, butanol and

ethanol



(BP = 116–118 oC). Therefore, ionic liquid was the only component that did not

evaporate from the solution of known mass and content.

Complete compositions of both phases were calculated on the basis of the above

mentioned measurements.

Results

Phase equilibrium of five-component systems has been described by distribution

coefficients, extraction efficiency and selectivity defined as follows:

– Extraction efficiency

� � �
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�

�
�

�

�
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(1)

where: CF – concentration of a component in the feed solution (aqueous phase)

[g/g],

CW – concentration of a component in the raffinate (water-rich phase)

after separation [g/g].

– Distribution coefficient

� �

C

C
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W

(2)

where: CIL – concentration of a component (also water) in the IL-rich phase after

separation [g/g],

CW – concentration of a component (also water) in the water-rich phase

after separation [g/g].

– Selectivity

�
�

�
�

W

(3)

where: � – distribution coefficient of a component,

�W – distribution coefficient of water.

Calculated distribution coefficients and selectivities are given in Tables 2 and 3,

where mIL/mW is a mean ionic liquid and water mass ratio for a given set of experiments.

This ratio’s value results from the differences between densities of ILs and water.

Assuming approximately equal volumes of both phases, the IL-rich phase is heavier.

The experiments have been done with ca 0.5, 1.0 and 2.0 cm3 volumes of aqueous

solutions.
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Table 2

Distribution coefficients and selectivity of [Hmim][PF6]

Temperature

[oC]
mIL/mW �A �B �E �W �A �B �E

10.0 0.609 1.043 1.089 0.181 0.024 45.77 47.44 7.32

10.0 1.201 0.917 0.889 0.124 0.022 41.32 39.85 5.48

10.0 2.575 0.999 0.912 0.111 0.021 47.38 43.70 5.20

30.0 0.625 1.122 1.371 0.200 0.029 39.43 43.92 7.01

30.0 1.219 1.110 1.242 0.162 0.027 41.14 47.23 6.03

30.0 2.478 1.081 1.178 0.169 0.025 43.84 46.16 6.91

50.0 0.601 1.269 1.808 0.237 0.033 39.73 56.31 7.19

50.0 1.206 1.176 1.546 0.214 0.031 38.85 50.63 6.99

50.0 2.475 1.205 1.492 0.190 0.027 45.68 56.67 7.15

Table 3

Distribution coefficients and selectivity of [Bmim][Tf2N]

Temperature

[oC]
mIL/mW �A �B �E �W �A �B �E

10.0 0.789 0.907 1.153 0.145 0.023 40.62 51.04 6.28

10.0 1.574 1.065 1.330 0.154 0.022 48.45 60.54 7.02

10.0 3.140 0.935 1.247 0.124 0.021 45.02 60.31 5.96

30.0 0.787 1.124 1.695 0.215 0.028 39.50 59.05 7.57

30.0 1.570 1.037 1.516 0.192 0.027 39.00 56.37 7.25

30.0 3.154 1.040 1.464 0.169 0.024 43.76 61.56 7.06

50.0 0.789 1.167 2.053 0.257 0.034 35.77 62.61 7.73

50.0 1.578 1.097 1.869 0.228 0.031 36.03 61.12 7.44

50.0 3.165 1.249 1.970 0.239 0.027 46.87 74.31 8.96

Distribution coefficients of butanol are presented below in form of diagrams,

where mIL/mW on the horizontal axis are overall mean ionic liquid and water mass

ratios corresponding to each of the three different volumes of feed solutions (as noted

above).

In general, rise in temperature causes the increase of distribution coefficients, and

thus extraction efficiency, which is illustrated with the example of butanol in Figs. 4

and 5. At the same time, at constant temperatures distribution coefficients tend

to diminish, or at least remain within quite a narrow range, when mIL/mW ratios are

higher. Similar tendencies may be observed for acetone and ethanol. It is important to

mention that both the accuracy and number of experiments that have been performed

may be insufficient to draw unequivocal conclusions about the nature of these changes.

Of course, very low distribution coefficients of water reflect its bad miscibility with

ionic liquids used as extracting agents, in other words both ILs are strongly

hydrophobic.
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Selectivities, which are dependent on distribution coefficients, also show erratic

behaviour. For butanol and perhaps ethanol they seem to grow with increasing

temperature, but this relation is not visible in case of acetone. Both ionic liquids provide

comparable selectivites for acetone (in the range of 35.0–50.0) and ethanol (in the range

of 5.5–8.5), but [Bmim][Tf2N] seems to be more butanol-selective than [Hmim][PF6],

especially at higher temperatures.

Comparisons of the extraction efficiencies are presented in Figs. 6–11.

As can be seen from the diagrams, [Bmim][Tf2N], compared with [Hmim][PF6],

provides slightly better separation of all the three substances from aqueous solutions,

but still the efficiency for ethanol is quite low. Under economically reasonable

conditions, that is at room temperature and with volumes of ILs equal to the volumes of

feed solutions, it does not exceed about 20 %. Under the same conditions separation

efficiencies for acetone and butanol are much higher reaching up to ca. 55 % and 58 %,

respectively after extraction by [Hmim][PF6] and ca 60 % and 69 % after extraction by

[Bmim][Tf2N]. The highest efficiencies for all components have been obtained with
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Fig. 6. Efficiency of acetone separation by [Hmim][PF6]
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Fig. 8. Efficiency of ethanol separation by [Hmim][PF6]
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Fig. 9. Efficiency of acetone separation by [Bmim][Tf2N]
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Fig. 11. Efficiency of ethanol separation by [Bmim][Tf2N]
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maximum relative volumes of ILs at 50 oC, the lowest efficiencies – with minimum

relative volumes of ILs at 10 oC. Both of these factors, namely the amount of IL and

temperature, influence the extraction process in the most significant way. However, the

separation of butanol as well as ethanol seems to be more temperature-dependent than

the separation of acetone.

Conclusions

From the results presented it is evident that there are two main factors having a

decisive influence on the extraction efficiency, namely temperature and the amount of

extractant. The highest efficiencies of butanol separation for both ILs studied, ca 77 %

and 85 %, respectively, were reached at 50 oC with volumes of ILs approximately

two-fold greater than volumes of feed solutions. Distribution coefficients for all

substances essentially grow as temperature rises, but their variations resulting from

different mIL/mW ratios at constant temperatures cannot be explained at this stage of the

study. Also, an increase in temperature appears to favour separation of butanol over

acetone and ethanol, which is reflected by growing selectivity (not so obvious for the

other two substances). The extraction of butanol and ethanol seems to be more

temperature-sensitive than the extraction of acetone, for which the efficiency relies

mostly on the amount of extracting agent.

Generally speaking, both ionic liquids, when used in quantities comparable with the

amount of feed solution, ensure about 50–65 % efficiency of extraction at room

temperature for both acetone and butanol, which is of some significance from an energy

consumption standpoint. At the same time, ethanol gets separated rather poorly. It is

necessary to note that butanol, besides being the key product of ABE fermentation, has

the strongest inhibitory effect on bacterial metabolism and, as such, needs to be

removed from the fermentation broth in the first place. However, an excessive

accumulation of by-products should also be prevented. Hence, further studies will be

conducted to find ionic liquids most suitable for ABE extraction.
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CIECZE JONOWE W EKSTRAKCJI N-BUTANOLU

Z ROZTWORÓW WODNYCH

Katedra Termodynamiki Procesowej, Wydzia³ In¿ynierii Procesowej i Ochrony Œrodowiska

Politechnika £ódzka

Abstrakt: Przedmiotem artyku³u jest proces ekstrakcji n-butanolu z czterosk³adnikowych roztworów

wodnych zawieraj¹cych ponadto aceton i etanol. Wymienione substancje s¹ g³ównymi sk³adnikami tzw.

brzeczki fermentacyjnej stanowi¹cej produkt fermentacji ABE (acetonowo-butanolowo-etanolowej). Fermen-

tacja ABE, jako jedna z najstarszych metod uzyskiwania biobutanolu stosowanych na skalê przemys³ow¹, jest

obecnie rozwa¿ana jako alternatywa dla dominuj¹cych w przemyœle procesów petrochemicznych. Znacz¹co

przyczynia siê ku temu perspektywa wyczerpania dostêpnych zapasów paliw kopalnych, jak równie¿

podejmowane na szerok¹ skalê próby wdra¿ania zasad czystej produkcji i korzystania z odnawialnych Ÿrode³

energii. Z uwagi na bardzo korzystne w³aœciwoœci fizykochemiczne istniej¹ realne mo¿liwoœci bezpoœred-

niego zastosowania biobutanolu w silnikach spalinowych, b¹dŸ wykorzystania go jako dodatku do oleju

napêdowego i benzyny. Skuteczna separacja biobutanolu pozyskiwanego przy pomocy metod bioche-

micznych mo¿e mieæ zatem ogromny wp³yw na rozwój technologii produkcji paliw p³ynnych. Problemem

przy stosowaniu klasycznych rozpuszczalników w ekstrakcji ciecz-ciecz jest czêsto ich toksycznoœæ, jak

równie¿ wysoka lotnoœæ uniemo¿liwiaj¹ca op³acalny ekonomicznie rozdzia³ ekstraktu. Dlatego te¿ w krêgu

zainteresowania pojawiaj¹ siê niskolotne i stabilne termicznie ciecze jonowe nierozpuszczalne w roztworach

wodnych. W³aœciwoœci cieczy jonowych jako substancji stosunkowo nowych nie s¹ jeszcze dok³adnie

poznane, jednak z uwagi na szeroki wachlarz potencjalnych zastosowañ budz¹ one coraz wiêksze

zainteresowanie, a mo¿liwoœci ich „projektowania” mog¹ wydawaæ siê nieograniczone. Przeprowadzono

badania równowagi ekstrakcyjnej w uk³adach zawieraj¹cych wodê, aceton, butanol, etanol i ciecz jonow¹.

Wykorzystano w tym celu dwie ciecze jonowe: heksafluorofosforan 1-heksylo-3-metyloimidazolu oraz

bis(trifluorometylosulfonylo)imid 1-butylo-3-metyloimidazolu. Wyniki eksperymentów potwierdzaj¹ wysok¹

skutecznoœæ procesu ekstrakcji n-butanolu przy zbli¿onych objêtoœciach roztworu surowego i ekstrahenta.

S³owa kluczowe: ekstrakcja ciecz-ciecz, ciecze jonowe, biobutanol, odnawialne Ÿrod³a energii
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Abstract: A basic kind of engineering activity improving quality and comfort of citizens’ life is maintenance

of the suitable sanitary state. The above may result from suitable devices and buildings of sewage transport

and treatment. The correctly designed sewer system assures the uninterrupted intake of sewage at the

minimization of the negative impact on human health and the environment. The existing sewer systems are

frequently extended for new lines causing the growth of the quantity and load of pollutions in sewage entering

the wastewater treatment plant (WWTP). This paper shows the results of the quantitative-qualitative analysis

of sanitary sewage from the newly designed sanitary sewage system in the west site of Rejowiec Fabryczny.

Our analysis was conducted to determine the increase of the pollutants load entering the WWTP. The analysis

was based on the pollutants load in average-twenty-four hours samples of raw sewage sampled in the screens

chamber in mechanical-biological WWTP. The results of sewage qualitative analyses from the period of years

2008–2009 were adopted to our research. The pollutants loads in the newly designed network in the west of

Rejowiec Fabrycznego were defined basing on the research of the inequality of the water demand in seven

household. This analysis allowed the pollutants loads prediction in raw sewage inside the newly designed

network of the sanitary sewage system. The proposed analysis demands validation permitting for confirmation

of assumed simplifications.

Keywords: sanitary sewage, sewage quality, sanitary sewage system, sewage quantity

The quantity and quality of sewage originated from households mainly depends on

personal habits and standard of households accessory. It is assessed that the largest

loads of pollution are generated in the toilet bowls and the least – in the handbasins [1].

The load of pollution in sewage is often determined by its origin. The municipal,

industry or agricultural wastewaters often need individual approach in the decontamina-
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tion process in regard of their specific composition [2]. The composition and the

quantity of sewage entering the wastewater treatment plant (WWTP) are often modified

by infiltration and coincidental water (rainwater, meltwater, groundwater) getting to the

sewage system [3]. Moreover, physical and biochemical processes occurring in the

system affect the quality of sewage entering the WWTP. The developing biomass of

heterotrofic microorganisms causes the process of sewage self-purification, or loss of

the pollution load in the WWTP inflow against the load getting to the system [4–6].

Thus, designing of a WWTP should be more often integrated with designing of

a sewage system. These objects should be treated as a whole instead of individual

objects, because the sewage decontamination process occurs as early as the stage of

sewage transport in the system [7–11].

The quantitative-qualitative characteristic of sewage is a necessary element both at

the stage of designing of new WWTP and during extending or modernization existing

objects [12].

The aim of this work was to conduct the quantitative-qualitative analysis of the

sewage flowing in the WWTP from five newly designed parts of the sanitary sewage

system in Rejowiec Fabryczny, Poland and to show the quantitative-qualitative

distribution of this sewage in the successive hours during a natural day.

Material and methods

Characteristics of research object

A newly designed sanitary sewage system in the west part of Rejowiec Fabrycz-

ny city was used as a research object, on the basis which the quantitative-qualitative

analysis of the sewage was conducted. The system includes the regions of Chelm-

ska, Dworcowa, Lubelska and Boczna streets and it contains 90 individual house-

holds.

The Rejowiec Fabryczny city is located in the south-east of Lublin province. Its area

amounts about 14 square kilometers [13]. Nearly 5 thousand citizens live there and

population density amounts 342 persons per square kilometer [14]. The length of the

combined sewer in-service is equal to 9.3 kilometers and the length of connections – 2.0

kilometers, that denotes 85 % households conected the sewage system. Sewage from

both, existing and newly designed sewers will flow into the mechanical and biological

WWTP with efficiency 800 cubic meters per a natural day. The WWTP has been

existing since 1991 and it was modernised in 2003 [13, 15].

The newly designed sanitary sewage system, used in the our studies, consists of 5

parts including main sewers and connections. Each part will be connected with the

existing system. The designed sewer is going to be made of PVC SN 4 pipes, overall

length 4085 m. There will be chambers made of PE (425 mm in diameter) and concrete

chambers (1200 mm in diameter) as an accessory of the system. Details on quantitative

and size parameters are presented in Table 1 [13].
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Table 1

The characteristics of the newly designed sanitary sewage system in Rejowiec Fabryczny

No.

of sewer

part

System length L [m] /

Number of segments [unit]

Number of chambers

[unit]
Number

of segments /

chambers

[unit]
PVC 160

[mm]

PVC 200

[mm]

PVC 315

[mm]

PE 425

[mm]

Concrete

1200 [mm]

1 71 / 7 588 / 21 985 / 23 22 30 51 / 52

2 37 / 3 69 / 3 — 5 2 6 / 7

3 154 / 10 825 / 28 257 / 12 32 19 50 /51

4 62 / 5 222 / 9 — 11 4 14 / 15

5 104 / 6 711 / 26 — 20 13 32 / 33

The route of newly designed gravity sanitary sewage system was determined by

ground slopes and existing subterranean and aerial infrastructure [16]. Pipes will be

assembled below ground freezing depth, which is equal to 1.0 m for the second climate

zone [17]. The scheme displaying the structure of the system (part no. 4) is presented in

Fig. 1.
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Investigation method

The quantity of sewage flowing in the newly designed system was determined on the

basis of average standards of water intake and number of citizens living in the area

served by the new sewer.

It was assumed that 4 residents live in each household and the building is connected

to a water supply system and there are toilet and bathroom and local source of hot water

in the building.

On the basis of these assumptions the value of 100 dm3
� person–1

� d–1 was accepted

as a the water intake standard [18]. Average quantity of sewage was calculated as:

Q q LMd
œr

j� � (1)

where: qj – unit daily quantity of sewage as a result of quantity of water

consuming by one citizen [dm3
� person–1

� d–1],

qj = 80–100 dm3
� person–1

� d–1,

LM – number of citizens living in the area served by the new sewer

[person].

Hourly and daily irregularity coefficients were assumed as Nh = 2.0 and Nd = 3.0,

respectively, because the number of citizens is less than 5000 persons [19]. Maximal

daily and hourly quantities of sewage were calculated taking into account daily and

hourly irregularity of water intake:

Q Q Nd d
œr

d
max

� � (2)

Q
Q

Nh
d

h
max

max

� �

24
(3)

where: Nd – daily irregularity coefficient of water intake [-],

Nh – hourly irregularity coefficient of water intake [-].

To provide for infiltration and case water maximal hourly quantity of the sewage

from households was enlarged 25 %. On the basis of sewage quantity for particular

segments of the system it was calculated the overall quantity of sewage flowing in the

WWTP from the newly designed system as 11.25 m3
� h–1. Details of calculations are

presented in Table 2.

Analysis of sewage quality was conducted on the basis of results of investigation of

raw sewage flowing in the WWTP accessible by courtesy of Zaklad Wodociagow i

Kanalizacji in Rejowiec Fabryczny, conducted by Laboratorium Zakladu Inzynierii

Srodowiskowej Eko-Projekt Sp. z o. o. Accessible results include analyses of sewage

quality conducted in consecutive quarter of years 2008 and 2009. As parameters as

BOD (Biochemical Oxygen Demand), COD (Chemical Oxygen Demand) and TSS

(Total Suspended Solids) in average-day swage samples were tested. Results of analysis

of sewage quality are presented in Table 3 (analysis according to [20–22]). Average
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pollutant load in raw sewage flowing in the WWTP was determined discounting the

first measurement.

Table 2

The compilation of the sewage quantity from particular parts of the newly designed sewage system

No.

of part

Citizens

number,

LM
[person]

Sewage quantity

Unit daily, qj

[dm3
� person–1

� d–1]

Average

daily, Qd
avg.

[dm3
� d–1]

Maximal

daily, Qd
max

[dm3
� d–1]

Maximal

hourly, Qh
max

[dm3
� h–1]

Maximal

hourly, Qh
max

[dm3
� h–1]

1 112 100 11200 22400 3500 3.50

2 16 100 1600 3200 500 0.50

3 120 100 12000 24000 3750 3.75

4 36 100 3600 7200 1125 1.13

5 76 100 7600 15200 2375 2.38

Sum 11.25

Table 3

The quality of sewage flowing in the WWTP in years 2008 and 2009

No. Quarter Day

Sewage quality

BOD COD TSS

[mg � dm–3]

1 I 14.03.2008 95.7 200 40

2 II 19.06.2008 781 1660 1100

3 III 12.09.2008 388 1107 258

4 IV 12.12.2008 579 2283 994

5 I 01.04.2009 534 1503 560

6 II 16.06.2009 320 985 594

7 III 12.09.2009 511 1500 1070

8 IV 11.12.2009 345 1193 544

Average load determined discounting result

of measurement in 1st quarter of year 2008
494 1462 731

To provide for irregularity of quantity and quality of sewage flowing in the WWTP,

the sewage inflow pattern determined on the basis of water intake in seven selected

households in consecutive hours during a day was used [15]. Measurement of quantity

of water intake was made using household water-meter. Investigation was conducted in

2009. Obtained results of sewage inflow irregularity are presented in Table 4.

Quantitative irregularity of sewage inflow was determined multiplying maximal

hourly quantity of sewage (11.25 m3
� h–1) by coefficient of inflow irregularity in

consecutive hours of a day.
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Table 4

Coefficients of irregularity of inflow of sewage to WWTP

Hour
Coefficient of sewage inflow

irregularity [-]
Hour

Coefficient of sewage inflow

irregularity [-]

1:00–2:00 0.02 13:00–14:00 0.25

2:00–3:00 0.00 14:00–15:00 0.38

3:00–4:00 0.00 15:00–16:00 0.61

4:00–5:00 0.00 16:00–17:00 0.34

5:00–6:00 0.00 17:00–18:00 0.22

6:00–7:00 0.38 18:00–19:00 0.15

7:00–8:00 0.45 19:00–20:00 0.37

8:00–9:00 0.35 20:00–21:00 1.00

9:00–10:00 0.42 21:00–22:00 0.67

10:00–11:00 0.33 22:00–23:00 0.59

11:00–12:00 0.33 23:00–24:00 0.51

12:00–13:00 0.23 24:00–1:00 0.06

Qualitative irregularity of sewage inflow was calculated multiplying average

pollutant load determined on the basis of calculation presented in Table 3 by maximal

hourly quantity of sewage, analogously to the method described by J. Adamek i K.

Kudlik [23], taking into account coefficients of inflow irregularity (Table 4). Analysis

was conducted treating all segments of newly designed sewer as one system, for which

sewage quantity and pollutant load in consecutive hours of a day were determined.

Obtained results analysis

Calculations conducted for newly designed gravitational sanitary sewage system in

the west part of Rejowiec Fabryczny enable maximal hourly quantity of sewage,

average pollutant load and both quantitative and qualitative irregularity of inflowing

sewage to be determined. It was established that maximal quantity of sewage flowing in

the WWTP during an hour will be equal to 11.25 m3 and average pollutant loads for this

sewage will be as follow: BOD = 494 mg � dm3, COD = 1462 mg � dm3, TSS = 731

mg � dm3. Distribution of quantitative inflow irregularity is presented in Fig. 2. Maximal

quantity of sewage was observed at 8.00 p.m. Simultaneously, three other crests – at

7.00 a.m., 9.00 a.m. and 3.00 p.m. – were observed. The sewage flow for the mentioned

hours amounted 5.06 m3
� h–1, 4.73 m3

� h–1 and 6.86 m3
� h–1, respectively. Lack of

WWTP inflow was observed at night between 2.00 a.m. and 5.00 a.m.

Distribution of pollutants load flowing in the WWTP in consecutive hours is

presented in Fig. 3. Because qualitative pattern analogous to inflow pattern was used,

the largest pollutant loads were obtained for an hour 8.00 p.m. Values of the pollutants

were following then: BOD = 5.56 kgO2 � h–1, COD = 16.44 kgO2 � h–1, TSS = 8.23

kgO2 � h–1. For the first crest for an hour 7.00 a.m. there was observed BOD = 2.50

kgO2 � h–1, COD = 7.40 kgO2 � h–1, TSS = 3.70 kgO2 � h–1. For an hour 9.00 a.m. less

values of pollutants concentrations were noticed: BOD = 2.33 kgO2 � h–1, COD = 6.91
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kgO2 � h–1, TSS = 3.46 kgO2 � h–1. In turn, larger values were observed for an hour 3.00

p.m.: BOD = 3.39 kgO2 � h–1, COD = 10.03 kgO2 � h–1, TSS = 5.02 kgO2 � h–1.

Analogously to qualititative distribution, there is not any changes in pollutant load

between 2.00 a.m. and 5.00, because sewage does not flow in the WWTP in this time.

Conclusions

Results of conducted qualititative-quantitative analysis of sewage flowing in the

WWTP from newly designed sanitary sewage system forecast both sewage quantity and

pollutant load in row sewage flowing in the WWTP. They give a notion of a distribution

of sewage quantity and pollutants concentration in consecutive hours of a natural day.

They point out hours connected with quantitative-qualitative culmination of sewage in

Rejowiec Fabryczny and display the time of lack of sewage flow in the WWTP. Thus,

obtained results of the analysis enable operating, repairs, modernizations or possibly

changes of sewage treatment technology to be better planned. Conducted analysis also

improves that larger sewage flow after extending of the system in the city will not cause

passing of maximal efficiency of the WWTP.

Simultaneously, the conducted analysis involves some errors, that can be caused by

used simplifications and assumptions. Thus, its verification in real conditions is

necessary to support accurateness of used patterns and assumed simplifications.

Moreover, it is necessary to investigate that the pattern displaying irregulation of

inflowing sewage quantity can be used to display irregulation of pollutants con-

centration in sewage.
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ANALIZA ILOŒCIOWO-JAKOŒCIOWA ŒCIEKÓW

DLA NOWO PROJEKTOWANEJ KANALIZACJI SANITARNEJ

W ZACHODNIEJ CZÊŒCI MIASTA RAJOWIEC FABRYCZNY

Wydzia³ In¿ynierii Œrodowiska

Politechnika Lubelska

Abstrakt: Podstawowym rodzajem aktywnoœci in¿ynierskiej pozwalaj¹cym na poprawê jakoœci i komfortu

¿ycia mieszkañców jest utrzymanie odpowiedniego stanu sanitarnego. Mo¿liwe jest to dziêki urz¹dzeniom

i budowlom pozwalaj¹cym na odprowadzanie i unieszkodliwianie œcieków. Prawid³owo zaprojektowana sieæ

kanalizacyjna zapewnia nieprzerwany odbiór œcieków przy minimalizacji negatywnego wp³ywu na zdrowie

i œrodowisko naturalne. Coraz czêœciej istniej¹ce ju¿ sieci kanalizacyjne s¹ rozbudowywane, co powoduje

wzrost iloœci i ³adunku zanieczyszczeñ w œciekach dop³ywaj¹cych do oczyszczalni. Niniejsza praca

przedstawia wyniki analizy iloœciowo-jakoœciowej œcieków sanitarnych z nowo projektowanej kanalizacji

sanitarnej w zachodniej czêœci miejscowoœci Rejowiec Fabryczny. Analiza mia³a na celu okreœlenie wzrostu

³adunku zanieczyszczeñ dop³ywaj¹cych do oczyszczalni. Przeprowadzono j¹ na podstawie analizy ³adunku

zanieczyszczeñ w próbkach œrednio-dobowych œcieków surowych, dop³ywaj¹cych do kraty w istniej¹cej

mechaniczno-biologicznej oczyszczalni œcieków. Do analizy przyjêto badania jakoœci œcieków z okresu

2008–2009, przeprowadzanych w kolejnych kwarta³ach. £adunek zanieczyszczeñ w kolejnych godzinach

w ci¹gu doby z nowo projektowanej sieci w zachodniej czêœci Rejowca Fabrycznego okreœlono na podstawie

badañ nierównomiernoœci rozbioru wody w siedmiu gospodarstwach domowych. Przeprowadzona analiza

pozwala na okreœlenie ca³kowitego prognozowanego ³adunku zanieczyszczeñ w œciekach surowych, do-

prowadzanego przez nowo projektowan¹ sieæ kanalizacji sanitarnej. Jednoczeœnie okreœla ona ³adunki

dop³ywaj¹ce w poszczególnych godzinach w ci¹gu doby. Zaproponowana analiza wymaga przeprowadzenia

weryfikacji w celu potwierdzenia b¹dŸ odrzucenia prawid³owoœci zastosowanych uproszczeñ.

S³owa kluczowe: œcieki sanitarne, jakoœæ œcieków, kanalizacja sanitarna, iloœæ œcieków
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COMPUTATIONAL FLUID DYNAMICS

MODELING OF BENZENE PROPAGATION

IN WATER PIPE

OBLICZENIOWA MECHANIKA P£YNÓW

A MODELOWANIE JAKOŒCI WODY

Abstract: Modeling of water quality in distribution systems becomes nowadays a very popular tool applied in

the processes of systems design and operation. Usually, according to everyday practice and literature reports,

the chlorine propagation is one of the most frequently reported subjects of modeling. Meanwhile, literature

presents many examples of pollutants originated in polymer pipes’ material seriously deteriorating the quality

of water in distribution systems. In this case, the computational fluid dynamics (CFD) may be applied to

numerical calculations of simultaneous transport of several organic and non-organic pollutants in drinking

water supply systems constructed of metal or polymer pipes. This paper contains the presentation of

recognized pollutants migrating to drinking water from plastic pipes, possibilities of CFD application to water

quality modeling and basic set of necessary input data as well as range of simulation results. The numerical

calculations for dynamic benzene propagation inside the close loop pipe model was performed by Fluent,

Ansys. Inc. for the three selected values of velocity flow. Our modeling attempt was performed as the

preliminary step in the assessment of dynamic migration of pollutants originated from high-density
polyethylene (HDPE) pipe and the input data and initial and boundary conditions were based on the available

literature reports.

Keywords: water quality, numerical modeling, benzene, computational fluid dynamics, water supply systems

According to the rapid development of computing technologies and availability of

various commercial and open source software, modeling of water quality flowing

through the distribution systems has recently gained wide popularity among scientists,

designers and operators of water supply systems. Numerical simulations focused on

water quality modeling allow to predict the propagation of selected pollutant, or several

pollutants simultaneously, along the whole system of drinking water distribution in

various operational conditions. The modeled pollutants of different kinds may enter the

water distribution systems in the source (ie disinfectants) or in any given point of

distribution system, including wall reactions or migrations from pipe material [1]. Thus,
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modeling of contaminants transport helps to understand the movement and behavior of

pollutants resulting in possibility of proper network planning and management.

The initial water quality, after processes of treatment and disinfection may be

changed due to different causes leading to its deterioration – oxygen decay, disinfectant

decay, the formation of disinfection by-products (trihalomethanes, THMs), change of

color, smell and turbidity [2] as well as by leakage of organic or inorganic compounds

from pipes materials during its contact with water [eg 3–5]. The strict regulations

concerning the proper level of disinfectant cause the necessity of studies and monitoring

of chlorine propagation and decay along the drinking water distribution systems – the

decay of disinfectant agent may result in the degradation of microbial conditions of

water supply network, causing thus a possible risk to the consumers’ health [eg 6]. The

recent literature studies show, however, that many different, organic and inorganic

compounds creating possible danger to water quality (eg discoloration and fouling),

customers complains as well as threats to public health may migrate from pipe material

to drinking water during the distribution process through the water supply systems

consisting of polymer pipes [eg 3–5, 7, 8] – eg metals and heavy metals, organotins

compounds, volatile organic components (VOCs) or thermal stabilizers such as Irganox

10XX series. The mentioned problem becomes more serious due to the rapid increase of

polymer pipes (PE, PVC) application to construction of water distribution systems.

Recent reports show that plastic pipes make up over 50 % of all pipes installed

worldwide [5]. In Poland approx. 70 % of newly constructed pipelines is made of

polymer pipes [9]. The most popular recognized pollutants originated from polymer

materials migrating to drinking water and influencing its quality and organoleptic

properties [4, 8, 10–12] are presented in Table 1.

Table 1

The most popular recognized pollutants migrating to drinking water from plastic pipes

Metal stabilizers Lead, organotins compounds, cadmium

Antioxidants
Irganox 1010, Irganox 1035, Irganox 1076,

2,6-di-tert-butyl-4-methyl phenol (BHT)

Products degradation

of antioxidants used

in polymer production

4-ethylphenol, 4-t-butylphenol,2,6-di-t-butyl-p-benzoquinone,

2,4-di-t-butylphenol,3,5-di-t-butyl-4-hydroxy styrene,

3,5-di-t-butyl-4-acetophenone, 3,5-di-t-butyl-4-hydroksy aceto phenone,

1,5-bis(t-butyl)-4-(2-carboxy-ethylidene)cyclohexa-1,4-dien-6-on,

3-(3,5-di-t-butyl-4-hydroksyphenyl)methyl propanoate,

3-(3,5-di-t-butylo-4-hydroksyphenyl)propanoic acid

VOCs

Esters

Butylacetate, Ethylhexanoate, Hexylacetate, Propylhexanoate, Butyl-

hexanoate, Ethyloctanoate, Hexylhexanoate, Hexamethylbutanoate,

Isobornylacetate, Ethyldecadienoate, 2,2,4-Trimethyl-1,3-2,2,4-TPD

Aldehydes Nonanal, Decanal

Ketones 2-Decanon, 2-Undecanone, 2-Dodecanone

Terpenoids Alpha pinene, Delta carene, Limonene, Alpha terpinolene, Alpha farnesene

Aromatic

Benzene, Toluene, Ethyl benzene, m- and p-Xylene, o-Xylene, Styrene,

Isopropyl benzene, n-Propyl benzene, 1,3,5-Trimethyl benzene,

1,2,4-Trimethyl benzene, p-Isopropyl toluene, Naphthalene
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Nowadays, the EPANET-based (by EPA, USA) chlorine propagation modeling, as

the main disinfectant applied worldwide, is very popular and is being reported

frequently [eg 13–20]. Usually, the following set of assumptions is required: distribu-

tion network is consisting of sources, pipes and nodes; flow directions in pipes are

fixed, all hydraulic parameters and chlorine concentration in all outer sources are known

[17]. Usually, the obtained results cover predicted chlorine concentrations in modeled

systems nodes and pipes. However, these models have many disadvantages limiting the

proper assessment of water quality in distributional systems (eg in some EPANET-

-based models propagation of studied pollutant may be studied only in system nodes) or

just limiting their usage only to small networks as well as, which seems to be fairly

important, simulating changes of narrow group of pollutants in fixed hydraulic

conditions [2] – these may not be problematic for engineers and network operators but

may be insufficient for more complicated hydraulic analyses.

Computational fluid dynamics and water quality modeling

More precise numerical calculations of water quality inside distribution systems

covering different, not only chlorine, pollutants propagation in various, dynamic flow

conditions (laminar or turbulent), chemical reactions inside the water body with

different kinetic rates as well as migration of organic and non-organic compounds of

pipe material to water are possible when computational fluid dynamics (CFD) methods

are applied [eg 10, 21].

The development of CFD was started in the first two decades of XXth century and it

has recently reached high popularity, due to the rapid development of computational

techniques. CFD is now being applied in many branches of science and technology,

from dynamic hydraulic of water supply and sanitation systems, water and wastewater

treatment [22–24] to food industry [25], different technological processes [26], heating

and ventilation [27, 28] and modeling of flow in rivers [29]. This popularity is reflected

by availability of many open source and commercial CFD software.

One of the most popular commercial CFD software applied to water quality

calculations is FLUENT developed by Fluent Inc., which was required by Ansys in

2006. Since then Fluent is a part of ANSYS engineering modeling software package.

FLUENT was frequently reported as a successful tool in various simulation calculations

of fluid flow [25, 29–32].

Fluid flow modeling in CFD is based on the following governing equations [eg 29, 33]:

– Conservation of mass:

�

�

�
�

t
div� �u 0

– For incompressible fluid flow:

div �u � 0
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– Conservation of momentum:
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where: � – fluid density,

t – time,

u – velocity,

u – velocity tensor,

�ij – stress tensor.

These equations, with the proper set of computational simplifications, boundary

conditions and support of numeric techniques provide for comprehensive modeling tool

for various laminar and turbulent, compressible and incompressible fluid, steady state

and transient fluid (gas, liquid or multi-phase) flows analyses.

Qualitative calculations in CDF covering transport and mixing of reactive and

non-reactive chemical species are usually based on the conservation equations of

considered species. The mentioned equation general form for i species may be presented

as follows [34]:

�

�
� �

t
Y uY J R Si i i i i( ) ( )� � � �� � �

�

�

where: Yi – local mass fraction of i species,
�

J i – vector of diffusion flux of species i,
Ri – production rate of i species by chemical reaction,

Si – creation rate of i species by addition from dispersed phase or any

other possible source.

Thus, the CDF calculations of multiple species transport and mixing in different flow

conditions reflect convection, diffusion and reaction sources for each component

species. The involved chemical reactions of transporting, mixing and migrating may

occur in the bulk phase of fluid, on pipe/tank walls or particle surfaces as well as in

porous media. So the most important advantages of CFD application to modeling of

water quality in distribution networks should be now visible – the wide choice of

pollutants, possibility of simultaneous calculations of multiple chemical processes

occurring in water body and on pipe walls as well as in porous filtering bed,

concentration of studied pollutants may be observed in any, freely selected, points of

studied water system.

Usually, to apply CFD to engineering calculations the finite element method (FEM)

or finite volume method (FVM) is required. Thus, the standard regime of the
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above-mentioned techniques are enabled: preparing the spatial mesh of finite elements/

volumes and assignments of medium parameters, initial and boundary conditions in

pre-processor, numerical calculations in model processor (solver) and results viewing

and exporting in postprocessor. The appropriate skills represented by software users are

required. Generally, CDF software is not suitable for beginners – some level of

experience in computer modeling in FEM or FVM is necessary.

In Table 2, the exemplary necessary set of basic input data for flow and species

transport-mixing model as well as the possible results of calculations by commercial

software Ansys, Fluent [34] are presented.

Table 2

Input data and calculation results of CFD

Input data
Results

Material properties Flow inputs

Density, molecular weights,

Viscosity,

Mass diffusion coefficients

– Fickian or full multi-

component diffusion,

User defined scalar diffusivi-

ty, isotropic or anisotropic

Flow type: laminar/turbulent,

single or multiphase flow,

turbulences model and its input data,

Transport equations,

Source and sink terms,

Species transport type: mixing

or non-mixing, species volumetric

reactions,

Constant or time and space dependant

boundary conditions: inflow, outflow

and wall: mass flow, pressure

gradient or distribution, temperature,

velocity distribution, species inlet

mass fraction, wall surface reactions

Pressure and velocity of flow

distribution,

Mass and mole fraction of species,

Concentrations and molar concentra-

tions of species distribution,

Laminar and effective diffusion

coefficient of species,

Kinetic and turbulent rate of reaction

Modeling assumptions

The numerical calculations of time-dependent benzene distribution inside the closed-

-loop pipe system was performed by Flunet, Ansys Inc. The developed modeled domain

reflected the water body of 30 m long closed loop HDPE pipe of diameter 25 × 2.0 mm

with internal surfaces absolute roughness assumed as 1 � 10–6 m. The developed three-

-dimensional model consisted of 635112 nodes and 537959 elements, its volume was

equal to 10.855 dm3. Our modeling attempt contains several simplifications. The modeled

movement of the whole water body with constant flow velocity was achieved by

assigning the constant value of axial velocity to the selected small volume of fluid,

transferring the movement to the rest of the model domain – our calculations were

performed for three various values of water flow velocity magnitude: 0.5, 1.0 and 1.5 m/s

(Reynolds number, respectively, 10445, 20900 and 31350). Time duration of our simula-

tion covered 6 hours and was partitioned into 360 constant time steps of 60 s each.
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Our modeling was performed for the turbulent flow of the viscous liquid, the

realizable k-epsilon model of turbulences [35, 36] was adopted to our calculations. The

following properties of water were assumed to modeling: density 998.2 kg/m3, relative

molecular mass 18.0152, dynamic viscosity 0.001003 kg/(m � s); while the benzene

properties applied to numerical calculations were as follows: density 875.0 kg/m3,

relative molecular mass 78.11472 and coefficient of diffusion in water equal to 1 � 10–9

m2/s [10]. The initial benzene concentration was assumed to be equal to 0.0 g/dm3. The

boundary condition for benzene concentration applied to the outside boundary of the

modeled domain (the outer surface of water body filling the studied HDPE pipe, border

of the diffusive layer) was accepted as the concentration of benzene in water reported

by Skjevark et al [4] equal to 500 ng/dm3 (5 � 10–7 g/dm3 which means the benzene vs
water mass fraction in our model domain 5.01 � 10–10).

Results and discussion

Analyzed results of our preliminary simulation of benzene migration and propagation

inside the water body of closed loop covered mainly tested species distribution and

time-dependent mean mass fraction and concentration for all three water flow velocities

tested.

Figures 1–3 present the exemplary benzene distribution inside the selected part of the

modeled domain – the pipe elbow.

Figure 1 shows the modeled distribution of benzene inside the selected part of the

modeled water body. It is clearly visible that the distribution of the pollutant

concentration depends to the water flow distribution inside the water stream – the

locations of the highest benzene concentration zones are close to the pipe wall. The

mean benzene mass fraction for the presented time step was equal to 1.859606 � 10–10,

which means 1.86 � 10–7 g/dm3.

The benzene distribution presented in Fig. 2, according to the higher flow velocity,

shows higher values of the pollutant concentration and better mixing of benzene inside

the water body. The mean benzene mass fraction for the presented time step was equal

to 2.473962 � 10–10, while its concentration was 2.47 � 10–7 g/dm3.
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Figure 3 presents the distribution of benzene concentration during the same time

duration, 600s, but for the higher value of mean flow velocity, shows the highest

concentrations of the tested pollutant and nearly total mixing of the pollutant inside

the water stream. The mean benzene mass fraction for the presented time step was equal

to 4.99121 � 10–10, so its concentration in the modeled water body was equal to

4.98 � 10–7 g/dm3.

Figure 4 presents the comparison of the results of all tested variants of benzene

concentration modeling inside the close loop water body moving with the three various

flow velocities: 0.5, 1.0 and finally 1.5 m/s.

Figure 4 shows that propagation ratio of benzene inside the flowing water stream

of various flow velocity clearly depends to the flow speed and the Reynolds number.

The higher flow velocity, the grater increase of the tested species concentration inside

the water body. In all tested cases, the benzene concentration reaches the same,

based on literature reports [4], maximum level, the accepted concentration equal to

5 � 10–7 g/dm3, assumed as the boundary condition, but in the different time. In case of

flow velocity equal to 0.5 m/s the level of maximum concentration was achieved after

100 minutes, while it was observed 70 min. and 20 min. for 1.0 m/s and 1.5 m/s,
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respectively. It’s shows the clear relation between the velocity of flow (as well as

Reynolds number) and concentration of benzene in all tested cases. Moreover, the shape

of curves presented in Fig. 4, showing the time-dependant concentration of BHT for

various tested flow velocities, resembles the curves reported for the different pollutants

migrating from pipe material to water, eg butylated hydroxytoluene (BHT) or dibutyl tin
(DBT) [37, 38].

Summary and conclusions

The presented literature review shows a high potential of CFD application to water

quality in distribution systems modeling. One may compute different scenarios, from

the simplest ones (eg non-mixing transport of species in simple system) to the most

complicated cases (eg mass transport of n-species with volumetric and wall surface

reactions inside the complex distribution systems). The presented above advantages of

CFD application allow numerical modeling of probably all engineering cases and

problems encountered in practice. The popularity of CFD modeling among water

distribution systems’ designers and operators may be limited by its disadvantages:

usually complex structure of open source software, high cost of commercial programs,

required experience in data management and simulation calculations, high system and

hardware requirements, full range of necessary input data (in dependence to the level of

problem simplification). Nonetheless, the CFD’s capabilities and range of possible

application make it a worthy tool in modeling of water quality in distribution systems.

The presented preliminary modeling of dynamic, time-dependent benzene distribu-

tion inside the water body of closed loop water pipe, resultant from the migration of the

pollutant from the HDPE pipe wall material to water, shows the good agreement with

the concentrations of benzene in tap water reported in literature. Our calculations

showed the clear relation between the calculated benzene concentration and velocity of

flow and its Reynolds number – higher value of flow velocity (as well as Reynolds
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number) caused increased rate of benzene migration to the main zone of water stream

resulting in quicker reaching the maximum observed concentration and more intensive

mixing.

The next, planned step in development of our experiment is the laboratory

experiment allowing to observe the process of benzene migration for HDPE pipe to

water which would permit to adjust and validate our numerical modeling.
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OBLICZENIOWA MECHANIKA P£YNÓW A MODELOWANIE JAKOŒCI WODY

Wydzia³ In¿ynierii Œrodowiska

Politechnika Lubelska

Abstrakt: Modelowanie parametrów jakoœci wody w systemach dystrybucji jest obecnie stosowane zarówno

w procesie projektowania, jak i w eksploatacji sieci wodoci¹gowych. Najczêœciej stosowanym w modelo-

waniu wskaŸnikiem jakoœci wody w sieci jest rozk³ad chloru. Badania literaturowe wskazuj¹, i¿ istnieje du¿a

grupa zanieczyszczeñ pogarszaj¹cych jakoœæ wody a pochodz¹cych z materia³u przewodów. W celu

numerycznego okreœlenia transportu tych zanieczyszczeñ w sieciach wodoci¹gowych wykonanych z ró¿nych

materia³ów mo¿e byæ zastosowana obliczeniowa dynamika p³ynów (CFD). W artykule przedstawiono

najczêœciej identyfikowane w wodzie zanieczyszczenia pochodz¹ce z materia³u przewodów wykonanych

z tworzyw sztucznych, mo¿liwoœci zastosowania CFD do modelowania jakoœci wody oraz niezbêdne w tym

celu dane wejœciowe. Zaprezentowano numeryczne obliczenia rozprzestrzeniania siê benzenu w wodzie

wype³niaj¹cej uk³ad zamkniêty wykonany z przewodu HDPE. Obliczenia modelowe przeprowadzono za

pomoc¹ programu Fluent, Ansys Inc. dla trzech ró¿nych prêdkoœci przep³ywu przez modelowany przewód.

Przedstawione obliczenia zosta³y wykonane jako wstêpna ocena zachodz¹cej w warunkach dynamicznych

migracji zanieczyszczeñ organicznych z materia³u rur HDPE, w zwi¹zku z czym dane wejœciowe oraz

warunki pocz¹tkowe i brzegowe ustalono na drodze badañ literaturowych.

S³owa kluczowe: jakoœæ wody, modelowanie numeryczne, benzen, obliczeniowa dynamika p³ynów, sieci

wodoci¹gowe
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ASSESSMENT OF POSSIBLE ZINC ACCUMULATION

IN SOILS IN THE ZONE

OF POTENTIAL ZINC-WORKS INFLUENCE

OCENA MO¯LIWOŒCI AKUMULACJI CYNKU W GLEBACH

W STREFIE POTENCJALNEGO ODDZIA£YWANIA CYNKOWNI

Abstract: The work aimed at determining the susceptibility to zinc accumulation of soils exposed to potential

influence of zinc-works. Estimation of soil zinc binding ability was conducted by a modified method

suggested by H.P. Blume and G. Brummer, according to which soils are divided into 5 classes differing with

heavy metal accumulation ability depending on their physicochemical properties. The most important

parameter of this division is soil pH, whereas the content of organic matter and < 0.02 mm particles fraction

content in soil play an auxiliary role. Conducted assessment of zinc binding ability in soils revealed that in the

area of potential influence of zinc-works, soils with low zinc accumulation ability have the biggest share.

Among all analysed soils, 68 % of samples collected from the 0–10 cm layer and 58 % from the 40–50 cm

layer reveal low or medium zinc binding abilities. Such high percentage of soils with these disadvantageous

properties is mainly due to the fact that in these areas there is the highest number of acid soils with granular

size distribution of loose sands. In case when the zinc-works starts operation, there is a serious potential of

introducing excessive zinc amounts to food chain.

Keywords: soil, zinc, accumulation of zinc, pH, grain size distribution

The natural environment is constantly exposed to the effect of industrial emission,

which to a considerable degree contributes to pollution of soil and other elements of the

environment. Zinc is a component of many compounds emitted to the environment.

Elevated zinc concentration in the environment is often connected with motorization,

however industry also has its share in zinc emission [1]. Zinc compounds, such as:

ZnCl2, ZnO, zinc dust and ash are the main components of pollution created by

zinc-works. Excessive industrial emission of zinc may contribute to a serious soil

pollution with this metal. In some areas zinc pollution is considerable, which results

among others in this metal accumulation in the close to the surface arable soil levels.
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The highest content of zinc occur in the areas where its ores are excavated and

processed [1]. Zinc is one of more mobile metals in soil and its bioavailability is high

due to very good solubility of its compounds. Higher plants take up zinc proportionately

to its concentration in soil, therefore soil pollution with this metal may pose a hazard of

its increased amount in food chain [2–4]. Apart from anthropogenic factor, zinc

concentration in soil is also affected by a number its properties like: the kind of parent

rock, grain size composition, soil pH or organic matter content [5].

Many authors have demonstrated that increase in soil acidity has a decisive influence

on zinc solubility and therefore on its accumulative abilities in soil [3, 6]. It has been

shown that in soil with neutral pH or slightly alkaline reaction zinc undergoes

chemisorption on metal oxides and aluminosilicates and largely occurs in the form of

organic complexes, so-called stable, hardly bioavailable zinc forms [7]. In case of

slightly acid and acid soils, zinc is hardly complexed by organic substance, becomes

mobile and is present in the soil solution as free ions, so-called labile zinc forms [8].

Other authors reported that a high solubility of zinc falls on soil pH below 4.5, whereas

its strong binding in soil occurs when pH exceeds the value of 7 [9, 10]. The research

aimed at determining possible zinc accumulation in soils in the zone of potential

zinc-works influence.

Materials and methods

Field research was conducted in July 2010 in Trzcianka district, the area of potential

influence of newly constructed zinc-works where production did not start until the end

of 2011. In compliance with the Environmental Decision [11], planned yearly volume

of production conducted by means of zinc flame spraying will be between 25 000 and

40 000 Mg of steel, at the maximum productivity reaching 10 Mg � h–1.Trzcianka

district is situated in the north-eastern part of Wielkopolska region, on the border of

Pojezierze Waleckie and Pradolina Notecka, in the czarnkowsko-trzcianecki county. It

is the area of high natural and tourist values, of which 50 % is covered by forests,

whereas its western and central parts are interspersed with numerous lakes. The eastern

part of the district, about 10 km from the zinc-works is a part of the Natura 2000

area [11].

The sampling places were planned so as to make possible estimating the extent and

range of the zinc-works under construction influence on the natural environment.

Square net was chosen as the method of sample collection in the immediate vicinity of

the investment. Soil samples for analyses were collected from two layers (0–10 and

40–50 cm) in 19 points (Fig. 1) distanced from the centre of the zinc-works area by

a 0.5, 1 and 5 km to the north, east, south and west and from the points situated at the

distance of 0.7 and 1.4 km in the indirect directions of the first degree (NE, SE, SW,

and NW). The sample collection points were localised using Garmin GPSap62s satellite

receiver.

Basic physicochemical properties were assessed in the collected soil material: grain

size distribution (Casagrande’s method in Proszynski’s modification), pH (by potentio-

meter in 1 mol � dm–3 KCl suspension) and organic matter content (by Tiurin’s method).
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In order to determine total zinc content, the soil material was dissolved in the mixtures

of HNO3 and HClO3 acids (3 : 2). Zinc content in the obtained filtrates was assessed

using ICP-OES method on Optima 2300 DV apparatus (Perkin Elmer).

Soil capability for zinc binding was assessed using the technique suggested by Blume

and Brummer [12] and Gambus et al [7]. The assessment considers three basic

physicochemical soil properties: pH (KCl), organic matter content and granular size

composition. These parameters allow to classify a soil to a scale from 0 to 5. Class 0

denotes lack of zinc binding possibility, whereas class 5 comprises soils with a very

high capability of this metal accumulation. The way of assigning a soil to a determined

class was presented in Table 1.

Table 1

Influence of soil properties on its zinc accumulation ability (Zn acc)

pHKCl Zn acc
Content of organic matter

[%]
Zn acc

Content of fraction < 0.0

[%]
Zn acc

2.5 0.0
0–2 0.0 < 20 0.0

3.0 1.0

3.5 1.5
2–8 0.0 20–35 0.5

4.0 2.0

4.5 2.5
8–15 0.5 35–50 0.5

5.0 3.0

5.5 4.0
> 15 0.5 > 50 1.0

> 6.0 5.0
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The determining parameter is soil pH, while an adequate content of organic matter

and floatable particles may correct the class number by 0.5 or one unit.

The results were verified statistically using Statistica 10 packet.

Results and discussion

Selected properties of analysed soils were presented in Table 2. In the vicinity of the

zinc-works, soils with acid pH prevailed in the in the 0–10 cm layer (47 %), soils with

slightly acid pH constituted (32 %). Neutral or very acid soils constituted 11 %. In the

40–50 cm layer, slightly acid soils prevailed (42 %), acid ones made up (32 %) and

neutral ones (16 %). Very acid soil made up only 5 %. Analysis of grain size

composition revealed that 79 % of soils from the 0–10 cm layer and 74 % from the

40–50 cm layer were very light soils, whereas the other 11 % and 16 % were light soils

(Table 2).

Table 2

Selected physico-chemical properties of soils from the area of galvanizing plant

No.

of sample

pHKCl
Fraction < 0.02

[%]

Organic matter

[g � kg–1 d.m.]

Zn

[mg � kg–1 d.m.]

0–10 cm 40–50 cm 0–10 cm 40–50 cm 0–10 cm 40–50 cm 0–10 cm 40–50 cm

1 4.82 5.40 8 6 10.5 12.5 36.1 20.4

2 5.45 5.80 9 7 34.6 38.5 25.1 111.6

3 5.86 6.05 11 4 19.2 28.3 50.8 163.4

4 5.85 5.96 10 4 12.2 16.4 25.1 19.0

5 4.69 5.29 6 11 12.2 11.1 46.1 84.3

6 4.06 4.22 7 6 6.9 16.2 19.3 47.4

7 6.89 6.95 15 13 28.7 5.5 29.7 96.8

8 4.23 4.98 7 5 5.3 4.5 20.2 19.7

9 5.16 5.54 5 5 34.8 33.2 27.8 36.3

10 5.23 5.30 7 4 33.5 32.0 50.6 39.4

11 5.25 5.45 5 3 15.4 15.9 43.6 32.0

12 6.54 6.98 15 10 6.0 5.6 248.1 228.0

13 4.96 5.08 12 16 14.5 15.6 27.6 209.7

14 6.42 6.65 8 10 20.5 18.9 25.0 22.8

15 4.29 4.39 5 5 25.7 24.5 17.6 14.6

16 4.45 4.66 8 13 33.0 28.9 55.2 31.0

17 5.94 6.00 6 4 42.2 27.8 40.7 60.6

18 4.97 5.23 9 15 9.7 8.7 39.0 27.8

19 5.21 5.23 3 7 14.5 13.2 17.7 20.5

Minimum 4.06 4.22 3 3 5.3 4.5 17.4 14.6

Maximum 6.89 4.98 15 16 42.2 33.2 248.1 228.0

Mean 5.28 5.53 8 8 19.7 17.5 44.6 57.5

Median 5.21 5.40 8 6 15.4 16.1 29.7 36.3

VC [%] 15 14 40 53 58 55 89 82
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Organic matter content in the soil samples from both analysed layers was similarly

diversified. Its average content in the top layers was higher than the content noted in the

subsoil, respectively 19.7 and 17.5 g � kg–1 d.m. (Table 2).

Among the analysed physicochemical parameters, zinc content proved the most

diversified. The research revealed highly varied concentrations of this metal in soil

collected in the vicinity of zinc-works V = 89 % (0–10cm) and 82 % (40–50 cm). Mean

content of zinc in the topsoil of the studied soils was 44.6 mg (median 29.7 mg) and

fluctuated from 17.4 to 248.1 mg � kg–1 d.m. In the deeper layer, ie 40–50 cm zinc

content ranged from 14.6 to 228 mg, at average content 57.5 mg � kg–1 d.m. (median

36.3 mg). Such big difference between arithmetic means and values of medians results

from the fact that among the studied samples were single soils with definitely higher

content of zinc than the others. Large quantities of this element were assessed

particularly in the soil from point 12 (Fig. 1), situated in the strongly urbanized area in

the immediate vicinity of industrial plants and communication routes (Table 2).

Similarly, a relatively high concentrations of zinc in the subsoil samples from points 3

and 13 is probably due to human activities. It is also worth mentioning that in almost a

half of studied soils, higher zinc content were registered in the 40–50 cm layer in

relation to its content in the topsoil, which might have been caused by the grain size

composition of the analysed soils, low pH and considerable mobility of the metal.

Classification of zinc accumulation ability in soils in the zinc-works neighbourhood

was presented in Fig. 1 and Table 3.The assessment of zinc binding in soil in the

0–10 cm level indicates a prevalence in the area of soils with low zinc binding ability

(42 %). Soil with medium zinc binding ability constituted 26 %, whereas those with

high and very high ability, respectively 16 % each. The main reason of this state is

prevalence of light and very light soils with acid pH in this area. In the 40–50 cm layer,

soil with medium zinc binding ability predominated (43 %), the next were soils with

high and very high ability (21 %) and those with low ability (16 %) (Table 3).

Table 3

Classification of zinc accumulation ability in soils from the area of galvanizing plant

Zn accumulation

ability
Soil class

Soils

0–10 cm 40–50 cm

number % share number % share

Slight 2 8 42 3 16

Medium 3 5 26 8 42

High 4 3 16 4 21

Extreme 5 3 16 4 21

Spatial distribution of individual classes of zinc binding ability in the studied soils

indicates a certain dependence on the metal distribution in the topsoil. In the immediate

vicinity of the zinc-works (points 1–7), in the 0–10 cm level soils with low zinc binding

ability prevail (43 % of samples), which at the same time are soils with low total content
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of this metal (Fig. 1, Table 2). In the 40–50cm layer in the same points soils with very

high, high and medium zinc accumulation ability constituted, respectively 29 % each

and those with low ability 14 %. At the same time, soil in this layer revealed a higher

zinc content than soil in the 0–10 cm layer (Fig. 1, Table 2).

Zinc is an element commonly occurring in the earth’s crust, its mean content in soils

fluctuates from 30 to 125 mg � kg–1 [2]. High concentration of zinc in soil negatively

affects its properties. Zinc content over 100 mg � kg–1 d.m. of soil hinders nitrification

processes, whereas concentrations over 1000 � kg–1 d.m. of soil negatively affect

a majority of microbiological processes [1]. Research conducted by other authors [5]

revealed that zinc toxic effect on plants, depending on their species and soil properties,

appears at the concentrations of between 100 and 500 mg � kg–1. Among the analysed 19

soils only one sample from the 0–10 cm layer and 4 from the 40–50 cm layer contained

more than 100 mg Zn � kg–1 d.m. According to the assessment suggested by the

researchers from IUNG-PIB in Pu³awy, which distinguished a 6-degree soil classifica-

tion with respect to heavy metal content, considering the soil reaction and grain size

distribution, 3 % of the analysed soils revealed natural (0 degree) Zn content, 37 %

elevated concentrations (degree I), 34 % a weak pollution (degree II), 16 % medium

pollution (degree III) and 11 % showed strong pollution (degree IV) [13]. On the other

hand, according to the Decree of the Minister of the Natural Environment of

9 September 2002 on the soil standards and earth quality standards [14] the analysed

soils were not polluted with zinc.

Conclusions

1. Assessment of zinc binding ability in soils in the 0–10 cm layer in the area of

potential influence of zinc-works indicates a prevalence in the region of soils with low

zinc binding ability with simultaneous low total content of this metal.

2. Due to prevalence in the area of potential zinc-works influence of acid and very

acid soils characterised with low abilities to mobilise heavy metals, once the production

starts in the zinc-works, there is a high probability of excessive amounts of zinc

penetrating the food chain.
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OCENA MO¯LIWOŒCI AKUMULACJI CYNKU W GLEBACH

W STREFIE POTENCJALNEGO ODDZIA£YWANIA CYNKOWNI

Katedra Chemii Rolnej i Œrodowiskowej

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem pracy by³o okreœlenie podatnoœci na akumulacjê cynku gleb nara¿onych na potencjalne

oddzia³ywanie cynkowni. Oszacowanie zdolnoœci gleb do wi¹zania cynku przeprowadzono zmodyfikowan¹

metod¹ zaproponowan¹ przez Blume i Brümmera, zgodnie z któr¹ gleby dzieli siê na 5 klas ró¿ni¹cych siê

zdolnoœci¹ akumulowania metali ciê¿kich w zale¿noœci od ich w³aœciwoœci fizyczno-chemicznych. Najwa¿-

niejszym parametrem tego podzia³u jest odczyn gleby, zaœ pomocnicz¹ rolê odgrywaj¹ zawartoœæ materii

organicznej i frakcji o œrednicy cz¹stek < 0,02 mm w glebie. Przeprowadzona ocena zdolnoœci wi¹zania cynku

w glebach wykaza³a, ¿e na terenie potencjalnego oddzia³ywania cynkowni najwiêkszy udzia³ maj¹ gleb

o ma³ej zdolnoœci akumulowania cynku. Spoœród wszystkich przeanalizowanych gleb a¿ 68 % próbek

pobranych z warstwy 0–10 cm i 58 % z poziomu 40–50 cm charakteryzuje siê ma³ymi lub œrednimi

mo¿liwoœciami wi¹zania cynku. Tak du¿y odsetek gleb w³aœnie o tak niekorzystnych w³aœciwoœciach jest

spowodowany g³ównie tym, ¿e na badanym obszarze najwiêcej jest gleb kwaœnych o sk³adzie granulo-

metrycznym piasków luŸnych. W przypadku uruchomienia produkcji cynkowni istnieje du¿e prawdo-

podobieñstwo wprowadzenia nadmiernych iloœci cynku do ³añcucha troficznego.

S³owa kluczowe: gleba, cynk, akumulacja cynku, pH, sk³ad granulometryczny
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EFFECTS OF ULTRASOUND DISINTEGRATION

OF MAIZE SILAGE ON THE EFFICIENCY

OF METHANE FERMENTATION

WP£YW ULTRAD�WIÊKOWEJ DEZINTEGRACJI

KISZONKI KUKURYDZY

NA EFEKTYWNOŒÆ FERMENTACJI METANOWEJ

Abstract: This article analyses the impact of using ultrasound in the pretreatment of maize shoots on the

process of anaerobic digestion. The analysis was conducted to demonstrate the impact of ultrasound to

improve the methane fermentation of maize silage by the anaerobic degradation of structural lignocellulose.

Tests were performed on a test bench consisting of a two-stage reactor system, the first stage of which served

as a control, while the substrate used in the second stage was exposed to ultrasound. In the present two-stage

methane fermentation system, a significant decrease in COD values from baseline values was observed

(84 %), while in the case of the control system not treated with ultrasound, a pollutant removal efficiency of

77 % was observed. In the test system, an increase of 30 % in the amount of biogas produced was observed

compared with the control system.

Keywords: anaerobic digestion, biogas, ultrasound, lignocellulosic biomass

The development of the renewable energy industry is of crucial importance for

implementation of the basic aims of the energy policy in Poland. Energy production

from renewable sources ensures positive ecological effects and contributes to the

growth of under-developed regions. Currently, renewable energy resources make up

about 14 % of globally-consumed energy, of which up to 10 % is derived from biomass.

This source is considered to be an alternative to fossil fuels [1]. As regards biomass

transformation, a commonly-applied method is methane fermentation, which is a cost-
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-effective and environmentally-friendly method of energy generation [2]. In order to

increase the efficiency of the fermentation process, it is necessary to perform

preliminary treatment of substrates. Obtaining the highest possible decomposition of

lignin and cellulose structures during the pretreatment process is very important for

achieving the best results. Numerous studies have been carried out to improve the

fermentation process, with the focus on examining the effects of various factors leading

to obtaining methane-rich biogas [3]. The research described in this paper concerns the

effects of pretreatment of maize shoots with ultrasound on the process of methane

fermentation. The performed analyses aimed at demonstrating the effects of ultrasound

on improvement of the methane fermentation of maize shoots through abiotic

degradation of lignin and cellulose structures.

Ultrasound waves are acoustic waves in the frequency range from 16 kHz to 100

MHz. Ultrasound, due to its specific interaction with matter, is widely applied in

medicine, technology, industry and cosmetology. In nature, it is used by animals for

echolocation purposes and has both a passive and active impact on the environment in

which it propagates. The most important passive applications include ultrasound

defectoscopy, hydrolocation and (extremely important in modern medicine) ultrasound

diagnostics. Passive application consists of generating and detecting ultrasound waves

with an intensity which does not destroy the structure of the given medium. Each

change to the status or the properties of the medium brings about a change in the

conditions for acoustic wave propagation. A sufficiently high intensity of ultrasound

waves can trigger cavitation capable of disintegrating microorganisms, viruses, bacteria

as well as plant and animal cells [4, 5].

Ultrasound is increasingly often applied in the disintegration of plant structures to

accelerate their hydrolysis [6]. As a result of ultrasound activity, intracellular substances

are degraded and released to water. Ultrasound waves cause changes in the chemical

structure and efficiency of biological membranes, which leads to disintegration of

intracellular substances. It also has a favourable effect on releasing sugars from lignin

and cellulose structures, making those sugars more easily accessible to microorganisms

performing the fermentation process [4].

Materials and methods

Maize, previously ground and dried at 80 oC, was used as a substrate in the

experiment. The substrate prepared in this manner was hydrated to 95 % and placed in a

15 dm3 tank. The content of the tank was continuously mixed with the use of an electric

mixer. From the tank, the hydrated substrate was pressed with the use of peristaltic

pumps into two anaerobic reactor systems. In the reactors, the introduced substrate was

heated to 37 oC by means of electric heaters.

The test stand (Fig. 1) was composed of two two-stage reactor systems: the first

system was used for control purposes, while the substrate used in the other system was

subjected to ultrasound. The device emitting ultrasound waves was placed on a glass

flow cylinder, into which the substrate was inserted before being sent to the reactor

systems. The inflow of sewage to the reaction chambers was periodic. During a 2 h
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cycle of sewage supply, the pumps operated for 8 minutes at a specified efficiency

level. The reactor load averaged 1600 g/m3d.

The analyses were carried out after operating the reactors for 24h. The scope of

analyses included examination of COD values, pH analysis and a quality and quantity

examination of the biogas produced.

Results

The level of chemical oxygen demand (COD) in the test systems is presented in

Fig. 2. The control system was characterized by a 21 % lower value of COD in

untreated sewage than the test system, in which sewage was subjected to ultrasound. In

the test system, reduction of COD in the first reactor was 54 % in comparison with

sewage subjected to ultrasound, while in the control system it was only reduced by

35 % in comparison with untreated sewage. The value of COD at the end of the systems

was 456 mgO2/dm3 for the control system, which was 77 % lower than the initial value,

while for the test system it amounted to 400 mgO2/dm3 and was 84 % lower than the

initial value.

The pH in case of both systems in the reactors fluctuated around 6 and in reactor 2 –

around 7.

The quality analysis of the biogas (Fig. 3) revealed that the quality of biogas

produced was better in the test system, for both sequences, in both the first and second

reactor.
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The quantity analysis of the biogas demonstrated that an average daily increase of the

gas produced in the test system in reactor 1 was 1.7 dm3, while this value for in the

same reactor in the control system amounted to 1.2 dm3, ie it was by 30 % lower. In

reactor 2 in the system with ultrasound, the average daily increase was 1.6 dm3, and in

the control reactor it was 1.1 dm3, which was lower by 31 %.

Results and discussion

The application of ultrasound is a very efficient pretreatment method commonly

applied to increase sludge susceptibility to biodegradation. This method has been

successfully used to solve problems related to the sludge management of sewage

treatment plants. Alastair et al reported that as a result of ultrasound, the production of

biogas grows by 34 % compared with sludge not treated with USG [7]. Similar
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conclusions were drawn by Benandallah et al who, observed that ultrasound was able to

remove harmful benzopyrene and naphthalene from sludge, in addition to an increase in

daily production of biogas by 23 % [8]. These phenomena were observed while carrying

out fermentation under both thermophilic and mesophilic conditions. Bougrier et al

examined the effect of ozoning, ultrasound and thermal treatment on increases in the

efficiency of anaerobic sludge fermentation [9]. The three kinds of treatment mentioned

above were carried out under the same conditions, on the same sludge samples.

Ultrasound proved the most efficient as regards susceptibility to anaerobic decomposi-

tion. Taking into account methane production, the results obtained with ultrasound were

similar to the thermal treatment; in both cases methane production grew by about 34 %.

Erden et al examined the application of low frequency ultrasound for pretreatment of

sewage originating from meat production. The application of this type of treatment

improved methane production by 24 % [10]. As follows from the data quoted in the

literature and from results of own research, the application of ultrasound is justified in

the case of pretreatment of sludge, sewage and biomass before the process of biogas

production.

Conclusions

The analysis of the results demonstrated that ultrasound had a favourable effect on

quality improvement and on an increase in the amount of biogas produced during

fermentation of maize shoots.

A significant drop in the COD values (84 %) was observed in the analysed

two-staged system of methane fermentation. In the case of the control system not

subjected to ultrasound, the recorded efficiency of impurity removal was 77 %. The test

system revealed an increase in the amount of the produced biogas (by 30 %) in

comparison with the control system. The composition of the gas obtained for both

sequences was very similar.
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WP£YW ULTRAD�WIÊKOWEJ DEZINTEGRACJI KISZONKI KUKURYDZY

NA EFEKTYWNOŒÆ FERMENTACJI METANOWEJ

Katedra In¿ynierii Ochrony Œrodowiska

Uniwersytet Warmiñsko-Mazurski w Olsztynie

Abstrakt: Badania opisane w artykule dotycz¹ wp³ywu wstêpnej obróbki kiszonki kukurydzy za pomoc¹

ultradŸwiêków na proces fementacji metanowej. Prowadzone analizy mia³y na celu wykazanie wp³ywu

ultradŸwiêków na poprawê fermentacji metanowej pêdów kukurydzy poprzez abiotyczny rozk³ad struktur

lignino-celulozowych. W analizowanym dwustopniowym uk³adzie fermentacji metanowej zaobserwowano

znaczny spadek wartoœci ChZT w stosunku do wartoœci wyjœciowej, by³o to 84 %, w przypadku uk³adu

kontrolnego nie poddanego dzia³aniu ultradŸwiêków zanotowano sprawnoœæ usuwania zanieczyszczeñ na

poziomie 77 %. W uk³adzie badawczym zaobserwowano wzrost iloœci produkowanego biogazu o 30 %

w porównaniu z uk³adem kontrolnym.

S³owa kluczowe: fermentacja metanowa, biogaz, ultradŸwiêki, biomasa lignocelulozowa
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Ryszard CIEPA£, Damian MUSIALIK and Gabriela BARCZYK

THE ACTIVITY OF SELECTED SOIL ENZYMES,

AND SOIL CONTAMINATION WITH ZINC,

CADMIUM AND LEAD IN THE VICINITY

OF THE ZINC SMELTER “MIASTECZKO SLASKIE”

AKTYWNOŒÆ WYBRANYCH ENZYMÓW GLEBOWYCH

ORAZ ZANIECZYSZCZENIE GLEBY CYNKIEM, O£OWIEM I KADMEM

W S¥SIEDZTWIE HUTY CYNKU „MIASTECZKO ŒL¥SKIE”

Abstract: Heavy metals are a serious source of soil pollution, especially in the vicinity of metal smelters. This

study examines the effect of selected heavy metals on the activity of soil enzymes (acid phosphatase,

dehydrogenase, �-glucosidase, urease and protease) in topsoil (0–30 cm) in the vicinity of the zinc smelter

“Miasteczko Slaskie”. Soil enzyme activity in the polluted site was compared with a non-polluted site in the

outskirts of the Pazurek nature reserve (near Olkusz). Soil samples were collected in coniferous communities.

The activity of soil enzymes were compared at distances of 0.5 km, 1 km and 1.5 km from the emitter. In the

vicinity of the emitter (all distances) Cd, Pb and Zn levels in topsoil exceeded acceptable limits. Also, Pb

content at a non-polluted site (Pazurek nature reserve) was higher than permissible levels. Zn (HNO3

extracted) were the highest in the topsoil samples collected at a distance of 1.5 km from the Miasteczko

Slaskie plant, Cd (HNO3 and CaCl2 extracted) and Pb (CaCl2 extracted) contents were highest at the distance

1 km from the emitter. However, the pollution index in the superficial soil layer (0–10 cm) was similar at all

three distances from the emmiter. The Zn, Cd and Pb bioavailable concentrations (CaCl2 extracted) ranged:

15–220, 0.1–7.2, 2.8–55.7 mg � kg–1 respectively. The greatest decreases were found for acid phosphatase,

dehydrogenase and protease activity at the distance of 0.5 km from the emitter. Results show that soil

enzymatic activity should accompany basic chemical analysis to track disorders and adverse effects in

polluted soil.

Keywords: soil enzyme activity, heavy metals

Heavy metal pollution is a major environmental concern. In recent decades there has

been an increasing interest in the long term effect of heavy metals at high concentration

due to their persistence in soil for tens or even thousands of years [1, 2]. The presence

of heavy metals in soil may influence biochemical processes by affecting both microbial
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proliferation and enzyme activity. Comparative studies have reported reductions in

microbial biomass or soil enzyme activity in acidic forest soils exposed to long-term

atmospheric deposition of metals from smelters [1, 3]. Microbiologically mediated

processes, catalyzed by enzymes, are essential for the functioning of soil, providing the

basis of carbon, nitrogen, phosphorous and sulfur cycles in soil. Therefore soil enzymes

can be used as responsive indicators of the impact of metals on soil biochemical

properties involved in carbon and nutrient cycles [4, 5]. In this study, we investigated

the effect of soil pollution by Zn, Pb and Cd on the activities of acid phosphatase,

dehydrogenase, �-glucosidase, urease and protease in topsoil of coniferous sites along a

deposition gradient in the vicinity of the zinc plant “Miasteczko Slaskie”. Soil enzyme

activity in the polluted site was compared with a non-polluted site in the outskirts of the

Pazurek nature reserve (near Olkusz). To this end, we determined and compared soil

levels of Zn, Pb and C (acid extracted and potentially bioavailable).

Material and methods

Five topsoil samples from soil layers 0–10 cm, 10–20 cm and 20–30 cm were

collected from the vicinity of the zinc smelter “Miasteczko Slaskie” (at distances of

0.5 km (M1), 1 km (M2) and 1.5 km (M3)). In June 2009 samples were collected from 5

random sites from an area of 50 m2, each from a eastern direction. Soil was also

collected from a coniferous forest ecosystem on the perimeter of the Pazurek nature

reserve near Olkusz (P), selected as a potentially contamination-free control area. The

soil enzyme activity was determined in soil samples at field moisture, sieved through

a 2 mm sieve and stored at 4 oC before microbial analysis. The activity of alkaline and

acid phosphatase was measured according to the method of Schinner et al [6]. The

p-nitrophenol (NP) released by phosphomonoesterase activity was extracted and colored

with sodium hydroxide and determined photometrically at � = 400 nm. The phosphatase

activity was expressed in �g p-nitrophenol (p-NP) g–1 d.m. h–1 (d.m. – dry matter). The

urease activity estimation was based on the colorimetric determination of ammonium

formation after enzymatic urea hydrolysis (10 % solution, � – 630 nm). Urease activity

was expressed as �gN � g–1 d.m. [6]. Protease activity was determined using casein as

substrate. Aromatic amino acids react with Folin-Ciocalteu’s phenol reagent in alkaline

solution to form a blue complex which was determined colorimetrically at � = 700 nm.

Protease activity was expressed in �g tyrosine g–1 d.m. h–1. Saligenin released from

salicin (�-glucosido-saligenin) was determined colorimetrically after coloring with

2,6-dibromchinon-4-chlorimide, at � = 578 nm in �-glucosidase activity estimation.

�-glucosidase activity was expressed as �g saligenin g–1 d.m. h–1. Triphenyltetrazolium

chloride was the substrate which was used for the dehydrogenase activity determination.

Triphenyl formazan (TPF) was extracted with acetone and measured photometrically at

� = 546 nm. The dehydrogenase activity was expressed in �g triphenyl formazan (TPF)

g–1 d.m. h–1 Schinner et al [6]. The metal concentrations in the soil samples were

estimated according to the method of Bouwman et al [7] and Ostrowska et al [8]. The

air-dried soil samples were sieved through a 1 mm sieve and used for metal extraction

with 0.01 M CaCl2 (potentially bioavailable elements) or with 10 % HNO3 (acid
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extracted elements). During CaCl2 extraction, 5 g of soil with 50 cm3 of 0.01 M CaCl2
solution was shaken for 5 h. An HNO3-extractable fraction was obtained by shaking a

sample (10 g) with 100 cm3 of 10 % HNO3 for 1 h. The contents of metals were

measured in the filtered extracts. The soil pollution index (SPI) was calculated for each

locality according to the equation given below [9] and was based on limit values as

reported in [16]. The limit values (permissible concentrations) of heavy metals in soils

were: Zn – 300 mg � kg–1, Pb – 100 mg � kg–1, Cd – 4 mg � kg–1.

SPI
n

VS

LS
i

i

n

� � � �

�

�
1

100
1

were: n – number of elements,

VS – content of an element in the soil [mg � kg–1],

LS – limit value for an element in the soil [mg � kg–1].

The results are presented as means of five replicates of each estimation, together with

standard deviation (SD) of the means. The data was processed using Statistica software

to compute significant statistical differences between samples (p < 0.05) according to

Tukey’s multiple range test and to compute Pearson’s correlation coefficients.

Results and discussion

In most cases heavy metal concentrations in the fractions of soil extracted with

HNO3 and in the fractions of soil extracted with CaCl2 decreased with soil depth.

Generally the highest investigated metal content were found in the superficial soil layer

(0–10 cm). The highest Zn contents (acid extracted) were found 1.5 km from the emitter

– the zinc smelter “Miasteczko Slaskie”. The highest Pb (CaCl2 extracted) and Cd

contents were found at a distance of 1 km from the emitter. In acid extracted soil

fractions heavy metal contents ranged for Zn 19.7–1062.3, for Cd 0.8–27.3 and for Pb

37.1–2518.5 mg � kg–1, respectively. Several to almost two hundred times lower

concentrations of the metals examined were measured in the potentially bioavailable

fractions (CaCl2 extracted) (Table 1). However the pollution index (estimated for acid

and CaCl2 extracted metal concentrations) in the superficial soil layer (0–10 cm) was at

a comparable level at all distances from the emitter (except M2, HNO3). HNO3-extraced

heavy metals in the vicinity of the emitter (at all distances 0–10 cm) were higher than

acceptable limits for soil according to the Environmental Regulation (2002) (Zn 300

mg � kg–1, Pb 100 mg � kg–1 and Cd 4 mg � kg–1). In our study Pb content in the samples

collected in the similar coniferous forest ecosystem on the perimeter of the Pazurek

nature reserve in the soil layer 0–20 cm was above the permissible concentration [10].

In our previous study in the vicinity of the former “Szopienice” plant in Katowice, we

found higher Zn and Cd concentration and lower Pb concentration [4]. In the superficial

soil layer in the vicinity of the Szopienice plant and at a calamine site in Dabrowa

Gornicza and in zinc wastes heap located in Katowice, the bioavailability of the metals

was low and at comparable levels to this present study. Olszowska et al found similar

levels of heavy metals in the soil of the pine coniferous forest of age class III in threat
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zone III in the region of the activity of the smelter “Miasteczko Slaskie” (Zn – 437

mg � kg–1 d.m., Pb – 1002 mg � kg–1 d.m., Cd – 3.90 mg � kg–1 d.m.) [11].

The concentrations of Zn, Pb and Cd extracted with 0.1 M NaNO3 (considered as

bioavailable) in the study of the upper layer of the 100-year-old zinc-lead waste heap

were also low and accounted for no more than 0.5 % of total concentrations in the heap

material [12].

Determination of soil enzymatic activity can serve as a basis for evaluation of soil

quality as enzymes are particularly susceptible to changes in the environment [13]. In

this present study the greatest decreases were found for acid phosphatase, dehydro-

genase and protease activity at a distance of 0.5 km from the zinc smelter “Miasteczko

Slaskie”. The activity of �-glucosidase was lowest at a distance of 1 km from the

emitter. Urease activity in soil collected at the distance of 0.5 km from the emitter was

at a comparable level with the urease activity in the soil of non-polluted site. Many

reports demonstrated significant inhibition of enzymatic activities by heavy metals.

However, the effects of heavy metals on enzyme activity may vary considerably among

the elements, enzymes and soils [1, 14]. The negative correlations between particular

extracted heavy metal content and enzyme activity were found only in some cases

(especially between Pb content (HNO3 extraction), Zn content (CaCl2 extraction)

pollution index (HNO3) and acid phosphatase, dehydrogenase and protease activity in

the superficial layer (0–10 cm) (Tables 4, 5).

Table 5

Correlation coefficients between pollution index (established for acid extracted

and bioavailable metals content) in studied soil samples and enzyme activity. (Significant for p < 0.05)

Pollution index (HNO3) Pollution index (CaCl2)

Soil layer 0–10 10–20 20–30 0–10 10–20 20–30

Acid phosphatase –0.54 0.6

Dehydrogenase –0.7 –0.59 –0.5

Urease –0.89 –0.56 –0.88 0.53

�-Glucosidase –0.71 –0.56 –0.71

Protease –0.87

In many cases positive correlation coefficients between organic matter content and

examined soil enzyme activity were stated (Table 6).

Some studies demonstrated a significant relationship between soil enzymes and other

soil characteristics, but the relationship is largely dependent on the species of enzyme

and environmental variables [15]. The content of organic substance or the soil pH can

have a significant influence on the decrease of available forms of heavy metals and their

biological inactivation [16, 17]. There are reports indicating that enzymes involved in

the C cycle are less affected by heavy metals in contaminated soils than enzymes related

to N, P, and S cycles and the expected reduction of activity is often not observed [1].

�-glucosidase activity was less affected in our study. However, intracellular activity of

dehydrogenase involved in the C-cycle, was decreased in the emitter vicinity.
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Extracellular enzymes adsorbed onto clay minerals can act for a long time in the soil

because of increasing durability and denaturation and proteolysis resistance [18].

Table 6

Correlation coefficients between pH and organic matter content in studied soil samples

and enzyme activity. (Significant for p < 0.05)

pH Organic matter content

Soil layer 0–10 10–20 20–30 0–10 10–20 20–30

Acid phosphatase –0.79 –0.49 –0.94 0.89 0.83

Dehydrogenase –0.47 –0.75 –0.83

Urease –0.52 –0.72 –0.78 0.88

�-Glucosidase –0.83 0.8 –0.84 0.95

Protease –0.93 –0.58 0.92

Some authors proposed reduced enzyme activity (especially dehydrogenase, urease

and phosphatase) as indicators of soil contamination with heavy metals [1]. This

statement has been confirmed by our study in the case of acid phosphatase and

dehydrogenase activity.

Conclusions

The dynamics and differences in the compared soils can be tracked by measuring

enzymatic activity. The low bioavailability of the studied metals may be one of the

reasons for their lower effect on the enzymatic activity. The greatest negative impact of

examined metals was found for dehydrogenase and acid phosphatase activity. These

enzymes activity were better in estimation of negative changes in soil. Hence, the study

of enzymatic activity should be conducted in forest ecosystems and especially in those

under anthropogenic pressure.
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AKTYWNOŒÆ WYBRANYCH ENZYMÓW GLEBOWYCH

ORAZ ZANIECZYSZCZENIE GLEBY CYNKIEM, O£OWIEM I KADMEM

W S¥SIEDZTWIE HUTY CYNKU „MIASTECZKO ŒL¥SKIE”

Katedra Ekologii, Wydzia³ Biologii i Ochrony Œrodowiska

Uniwersytet Œl¹ski w Katowicach

Abstrakt: Zanieczyszczenie gleby metalami ciê¿kim zw³aszcza w pobli¿u hut metali to powa¿ny problem.

Oceniano wp³yw metali ciê¿kich na aktywnoœæ enzymatyczn¹ gleby. Celem badañ by³a ocena aktywnoœci

enzymów glebowych: fosfatazy kwaœnej, dehydrogenaz, �-glukozydazy, ureazy i proteazy w wierzchniej

warstwie gleby w najbli¿szym s¹siedztwie huty cynku Miasteczko Œl¹skie. Aktywnoœæ enzymatyczn¹ gleby

na stanowiskach zanieczyszczonych porównywano z aktywnoœci¹ na stanowisku niezanieczyszczonym,

próbki gleby pobierano równie¿ w pobli¿u rezerwatu przyrody Pazurek ko³o Olkusza ze zbiorowisk

borowych. Aktywnoœæ enzymatyczna w glebie najbli¿szego s¹siedztwa emitora by³a porównywana w od-

leg³oœci 0,5, 1, 1,5 km od emitora. Wykazane zawartoœci Cd, Pb i Zn przekracza³y dopuszczalne normy

przyjête dla gleby. Zawartoœæ Pb w próbkach gleby pobieranych w pobli¿u rezerwatu Pazurek by³a wy¿sza ni¿

dopuszczalne wartoœci dla gleby. Zawartoœæ Zn (ekstrakcja HNO3) by³a najwy¿sza w odleg³oœci 1,5 km od

emitora (0–10 cm), z kolei zawartoœci Cd (ekstrakcja HNO3 i CaCl2) i Pb (ekstrakcja CaCl2) by³y najwy¿sze

1 km od emitora. WskaŸnik zanieczyszczenia wykazany dla wierzchniej warstwy gleby (0–10 cm) by³ na

porównywalnym poziomie w glebie w s¹siedztwie emitora. Koncentracje biodostêpnych form metali

(ekstrakcja CaCl2) mieœci³y siê w przedzia³ach odpowiednio: 15–220, 0,1–7,2, 2,8–55,7 mg � kg–1. Najni¿sze

aktywnoœci fosfatazy, dehydrogenazy i proteazy wykazano w próbkach gleby pobieranej w odleg³oœci 0.5 km.

Badania aktywnoœci enzymatycznej gleby obok analiz chemicznych powinny byæ prowadzone w celu

œledzenia zmian w glebach zanieczyszczonych.

S³owa kluczowe: aktywnoœæ enzymatyczna gleby, metale ciê¿kie
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the Forum of Young Scientists. But the colleague has to deliver earlier the Extended

Abstract (5–8 pages) of his/her contribution (deadline is on 15.08.2013), and a recom-

mendation of his/her Professor.

Fees transferred after 1
st

September 2013 are 10% higher.



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 ECOpole ’13 website).

After the ECOpole ’13 Conference it will be possible to publish electronic version of

presented contributions (oral presentations as well as posters) on the website.

Further information is available from:

Prof. dr hab. in¿. Maria Wac³awek

Chairperson of the Organising Committee

of ECOpole ’13 Conference

University of Opole

email: Maria.Waclawek@o2.pl

and mrajfur@o2.pl

phone: +48 77 401 60 42

fax +48 77 401 60 51

Conference series

1. 1992 Monitoring ’92 Opole

2. 1993 Monitoring ’93 Turawa

3. 1994 Monitoring ’94 Pokrzywna

4. 1995 EKO-Opole ’95 Turawa

5. 1996 EKO-Opole ’96 Kêdzierzyn KoŸle

6. 1997 EKO-Opole ’97 Duszniki Zdrój

7. 1998 CEC ECOpole ’98 Kêdzierzyn-KoŸle

8. 1999 CEC ECOpole ’99 Duszniki Zdrój

9. 2000 CEC ECOpole 2000 Duszniki Zdrój

10. 2001 CEC ECOpole ’01 Duszniki Zdrój

11. 2002 CEC ECOpole ’02 Duszniki Zdrój

12. 2003 CEC ECOpole ’03 Duszniki Zdrój

13. 2004 CEC ECOpole ’04 Duszniki Zdrój

14. 2005 CEC ECOpole ’05 Duszniki Zdrój

15. 2006 CEC ECOpole ’06 Duszniki Zdrój

16. 2007 CEC ECOpole ’07 Duszniki Zdrój

17. 2008 CEC ECOpole ’08 Piechowice

18. 2009 CEC ECOpole ’09 Piechowice

19. 2010 CEC ECOpole ’10 Piechowice

20. 2011 CEC ECOpole ’11 Zakopane

21. 2012 CEC ECOpole ’12 Zakopane
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ZAPRASZAMY DO UDZIA£U

W ŒRODKOWOEUROPEJSKIEJ KONFERENCJI

SUBSTANCJE CHEMICZNE

W ŒRODOWISKU PRZYRODNICZYM

w dniach 23-26 X 2013, w Hotelu Ziemowit w Jarnó³tówku

Bêdzie to dwudziesta druga z rzêdu konferencja poœwiêcona badaniom podstawo-

wym oraz dzia³aniom praktycznym dotycz¹ca ró¿nych aspektów ochrony œrodowiska

przyrodniczego. Doroczne konferencje ECOpole maj¹ charakter miêdzynarodowy i za

takie s¹ uznane przez Ministerstwo Nauki i Szkolnictwa Wy¿szego. Obrady konferencji

ECOpole ’13 bêd¹ zgrupowane w piêciu Sekcjach:

– Chemiczne substancje w œrodowisku przyrodniczym oraz ich monitoring

– SII Odnawialne Ÿród³a energii i jej oszczêdne pozyskiwanie oraz u¿ytkowanie

– SIII Forum M³odych (FM) i Edukacja proœrodowiskowa

– SIV Wp³yw zanieczyszczeñ œrodowiska oraz ¿ywnoœci na zdrowie ludzi

Materia³y konferencyjne bêd¹ opublikowane w postaci:

– abstraktów (0,5 strony formatu A4) na CD-ROM-ie,

– rozszerzonych streszczeñ o objêtoœci 5–8 stron w pó³roczniku Proceedings
of ECOpole,

– artyku³ów: w abstraktowanych czasopismach: Ecological Chemistry and Engineering/

Chemia i In¿ynieria Ekologiczna (Ecol. Chem. Eng.) ser. A i S oraz w pó³roczniku

Chemistry – Didactics – Ecology – Metrology (Chemia – Dydaktyka – Ekologia –
Metrologia).

Termin nadsy³ania angielskiego i polskiego streszczenia o objêtoœci 0,5–1,0 stro-

ny (wersja cyfrowa) planowanych wyst¹pieñ up³ywa w dniu 15 lipca 2013 r. Lista

prac zakwalifikowanych przez Radê Naukow¹ Konferencji do prezentacji bêdzie sukce-

sywnie publikowana od 31 lipca 2013 r. na stronie webowej konferencji:

ecopole.uni.opole.pl

Aby praca (dotyczy to tak¿e streszczenia, które powinno mieæ tytu³ w jêzyku polskim

i angielskim, s³owa kluczowe w obydwu jêzykach) przedstawiona w czasie konferencji

mog³a byæ opublikowana, jej tekst winien byæ przygotowany zgodnie z wymaganiami

stawianymi artyku³om drukowanym w czasopismach Ecological Chemistry and Engine-

ering ser. A oraz S, które s¹ dostêpne w wielu bibliotekach naukowych w Polsce i za



granic¹. Zalecenia te s¹ równie¿ umieszczone na stronie webowej Towarzystwa Chemii

i In¿ynierii Ekologicznej:

tchie.uni.opole.pl

Po konferencji zostan¹ wydane 5–8-stronicowe rozszerzone streszczenia wyst¹pieñ

w pó³roczniku Proceedings of ECOpole. Artyku³y te winny byæ przes³ane do 1 paŸdzier-

nika 2013 r. Wszystkie nadsy³ane prace podlegaj¹ zwyk³ej procedurze recenzyjnej.

Koszt uczestnictwa w ca³ej konferencji wynosi 1600 z³ (w tym 23% VAT) i pokrywa

op³atê za udzia³, koszt noclegów i wy¿ywienia oraz materia³ów konferencyjnych. Jest

mo¿liwoœæ udzia³u tylko w jednym wybranym przez siebie dniu, wówczas op³ata

wyniesie 1100 z³ i bêdzie upowa¿nia³a do uzyskania wszystkich materia³ów konferen-

cyjnych, jednego noclegu i trzech posi³ków (œniadanie, obiad, kolacja).

Op³ata dla magistrantów i doktorantów oraz m³odych doktorów bior¹cych aktywny

udzia³ w Forum M³odych mo¿e byæ zmniejszona do 1000 z³ (w tym 23% VAT) przy

zachowaniu takich samych œwiadczeñ. Osoby te winny dodatkowo dostarczyæ: rozsze-

rzone streszczenia (5–8 stron) swoich wyst¹pieñ (do 15.08.2013 r.). Jest tak¿e wymaga-

na opinia opiekuna naukowego.

Op³aty wnoszone po 1 wrzeœnia 2013 r. s¹ wiêksze o 10% od kwot podanych

powy¿ej.

Wszystkie wp³aty powinny byæ dokonane na konto Towarzystwa Chemii i In¿ynierii

Ekologicznej w Banku Œl¹skim:

BSK O/Opole Nr 65 1050 1504 1000 0005 0044 3825

i mieæ dopisek ECOpole ’13 oraz nazwisko uczestnika konferencji

Streszczenia oraz program konferencji zostan¹ wydane na CD-ROM-ie, który otrzy-

ma ka¿dy z uczestników podczas rejestracji. Program bêdzie tak¿e zamieszczony na

stronie webowej konferencji

Po konferencji bêdzie mo¿liwoœæ opublikowania elektronicznej wersji prezen-

towanego wyst¹pienia (wyk³adu, a tak¿e posteru) na tej stronie.

Prof. dr hab. in¿. Maria Wac³awek

Przewodnicz¹ca Komitetu Organizacyjnego

Konferencji ECOpole ’13

Wszelkie uwagi i zapytania mo¿na kierowaæ na adres:

Maria.Waclawek@o2.pl lub mrajfur@o2.pl

tel. 77 401 60 42

fax 77 401 60 51
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GUIDE FOR AUTHORS

A digital version of the manuscript should be sent to:

Prof dr hab. Witold Wac³awek,

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@o2.pl

mrajfur@o2.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

unpublished work, and is not being considered for publication by another journal. After

printing, the copyright of the paper is transferred to Towarzystwo Chemii i In¿ynierii
Ekologicznej (Society for Ecological Chemistry and Engineering).

“Ghostwriting” and “guest authorship” are a sign of scientific misconduct. To

counteract 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.

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 separate files. References cited chronologically should follow the

examples given below:

[1] Lowe DF, Oubre CL, Ward CH. Surfactants and cosolvents for NAPL

remediation. 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] Wosiñski S. Effect of composition and processing conditions of ceramic and

polymer composites on the electric field shielding ability [PhD Thesis]. Poznañ:

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] Cañizares P, Lobato J, Paz R, Rodrigo MA, Sáez C. Chemosphere.

2007;67:832-838. DOI: 10.1016/j.chemosphere.2006.10.064.

[6] Hakala M, Nygård 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] Simeonov D, Spasov L, Simeonova P. Statistical calibration of model solution of

analytes. Ecol Chem Eng A. Forthcoming 2012.

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.

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.
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