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THE ASSESSMENT OF HEAVY METAL CONTAMINATION OF
THE CULTIVATED SOILS IN THE ODRA RIVER FLOODPLAIN

Abstract: The aim of the study was to assess the contamimafiselected heavy metals in cultivated soilthef
Odra river floodplain. The heavy metals Mn, Fe, Zu, Ni, Cd and Pb were determined in soil sampt#ected

in the autumn of 2020 - after the vegetation peabglants from designated measurement points. €drations

of the analytes were measured using an atomic ti@orspectrometer (F-ASA). A comparison was made
between concentrations of heavy metals in soil $esnpollected from areas flooded in 1997 and froeas
flooded as a result of rainfall, snowmelt and wirfteods. The results of the studies were compavitid the data

for soils taken from non-flooded areas. The studiesfirmed enrichment of soils subjected to preatpmn,
snowmelt and winter floods in heavy metals. Alsongles taken from two measurement points located on
floodplains of the Odra river were characterisedhigh concentrations of Zn, Cd and Pb.
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Introduction

With increasing industrialisation, the contentarfjong others, heavy metals in various
components of the environment is successively &sing, posing a great threat to flora and
fauna [1-3]. Heavy metals, which belong to the gratfi basic environmental pollutants,
pose a particular threat to human health and méthyem are carcinogens [4-7]. The target
organs and clinical manifestations of chronic expes to the metal are given
in Table 1 [8]. The distribution of heavy metals $oils is differentiated and their
concentrations depend on the composition of theemiarock and on natural and
anthropogenic pollution sources, e.g. traffic roandustrial plants, agricultural activities or
on floodplains/watercourse analyte pollution [9].1Dhe chief toxic metals in industrial
effluents are shown in Table 2 [8].

From a physiographic point of view, Opole voivogslts a part of the upper Odra river
basin with a relatively high frequency of flood et® In the upper Oder basin the
occurrence of major floods is favoured by meteayiwial and topographic conditions, the
shape of the drainage basin and the layout ofitlee network. The semi-circular shape of
the river basin causes simultaneous inflow of fleaders from all directions of the basin.
The Popielow and Lubsza Communes are especiallgrggded by rainfall, snhowmelt and
winter floods [11]. These areas were also floodediily 1997.
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Table 1
Clinical aspects of chronic toxicities [8]
Metal Target organs Primary sources Clinical effecd
Perforation of nasal septum,
A . Pulmonary, nervous Industrial dusts, medicinal uses of respiratory cancer,
rsenic . . .
system, skin polluted water peripheral neuropathy:
dermatomes, skin, cancer
) Renal, skeletal Industrial dusts and fumes and polluted proteinuria, glucpsuna,
Cadmium osteomalacia,
pulmonary water and food . S .
aminoaciduria, emphysemia
. Industrial dusts and fumes and pollutedJlcer, perforation of nasa|
Chromium Pulmonary ;
food septum, respiratory cancer
. Central and peripheral
Manganese Nervous system Industrial dusts and fumes neuropathies
Nervou_s system, Industrial dusts and fumes and pollut E(Ij:_ncephalopathy, peripherpl
Lead hematopoietic system), food neuropathy, central nervous
renal disorders, anemia
Nickel Pulmonary, skin Industrial dusts, aerosols an€er, dramatis
Central nervous system
Tin Pulmonary system, Medicinal uses, industrial dusts disorders, visual defects and
nervous EEG changes,
pNeumoconiosis
Industrial dusts and fumes and polluted I
Mercury Renal, nervous system Proteinuria
water and food
Table 2
Toxic metals in industrial effluents [8]
Metal Manufacturing industries
Arsenic phosphate fertiliser, metal hardening, paints antlée
Cadmium phosphate fertiliser, electronics, pigments andtgai
Chromium metal plating, tanning, rubber and photography
Copper plating, rayon and electrical
Lead paints, battery
Nickel electroplating, iron steel
Zinc galvanising, plating iron and steel
Mercury chlor-alkali, scientific instruments, chemicals

The problem of soil pollution is very important die the possibility of direct or
indirect negative impact on human health [12]. TRegulation of the Minister of the
Environment of 1 September 2016 on the manner afdecting the assessment of
contamination of the earth’s surface defines thatlivalues of concentrations of heavy
metals and other pollutants in soil or land. ThegRation takes into account the current
and planned functions of soils and land, and gealithem for appropriate management,
taking into account the limit values of analyte centrations given in this Regulation [13].

Contaminants from soils can enter the human bodiyaatly through the consumption
of plants that have taken up harmful componentsfomntaminated soils, or have been
contaminated by atmospheric deposition of partielestted by industrial plants, or have
been subject to wind erosion or rain ablation [14]. The physicochemical properties of
soils influence the uptake of elements by plantstheir incorporation into the food chain.
Of these, soil pH is the most important for heawgtahaccumulation in plants. In an acidic
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environment, plants can take up large amountsasetelements, especially Cd, Zn and Ni,
even from poorly polluted soils [14, 15].

The aim of the study was to assess the contammatith selected heavy metals of
cultivated soils of floodplains in the Opole voiastip located in the Odra river basin.

Research methodology

Soil samples for the study were collected in théuaun season of 2020 after the
vegetation period of the plants. The material wallected from four areas, each with
6 samples of topsoil (Fig. 1). Study area no. lgi@elowice village, Lubsza commune) is
the area which was flooded in the so-called flobthe millennium in Poland in 1997. Soil
collected from area no. Il (Nowe Kolnie, Lubsza eoume) was regularly flooded during
rainfall, snowmelt and winter floods. Study sité (Kurznie, Popielow commune) was not
affected by floods. Area IV (Koscierzyce, commurfeLabsza) is located in the direct
vicinity of the Odra river.

2)

@ Stobrawa river

Fig. 1. Areas from which soil samples were taken:Caepielowice, b) Nowe Kolnie, c) Kurznie,
d) Koscierzyce

The GPS location of the measurement sites is shiovwable 3.

Apparatus and reagents

Representative (averaged) soil samples of 0.500040g d.m. (d.m. - dry mass) were
mineralised in a mixture of nitric acid(V) and pgaiol (HNO; 65 % : HO, 30 % = 3:1) in
a Speedwave Four microwave mineraliser from BergbB&. The mineralisation process
was carried out at 180 °C. Solutions were prepasitlg MERCK reagents. Heavy metals
(Mn, Fe, Ni, Cu, Zn, Cd and Pb) in mineralised sk®pwvere determined by atomic
absorption spectrometry (AAS) using an iCE 3500rimeent from Thermo Electron
Corporation (USA). The calibration of the apparaies performed using standards from
ANALYTIKA Ltd. (CZ).
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Table 3
GPS location of measurement points
Number of )
measuring site GPS location
| Czepielowice, commune of Lubsza, Opole voivodeshi
1 50°52'21.8"N, 17°34'20.9"E
2 50°52'42.7"N, 17°33'29.8"E
3 50°52'41.9"N, 17°33'16.7"E
4 50°52'11.6"N, 17°34'19.9"E
5 50°52'10.7"N, 17°34'36.7"E
6 50°52'36.4"N, 17°34'42.9"E
Il Nowe Kolnie, commune of Lubsza, Opole voivodgshi
7 (1) 50°51'44.3"N, 17°35'37.3"E
8 (2) 50°51'41.6"N, 17°35'32.4"E
9 (3) 50°51'43.9"N, 17°35'23.8"E
10 (4) 50°51'38.3"N, 17°34'56.7"E
11 (5) 50°51'37.2"N, 17°34'53.8"E
12 (6) 50°51'40.0"N, 17°34'52.7"E
Il Kurznie, Popielow Commune, Opole voivodeship
13 (1) 50°52'51.0"N, 17°39'25.1"E
14 (2) 50°52'47.1"N, 17°39'07.1"E
15 (3) 50°52'50.7"N, 17°40'23.5"E
16 (4) 50°52'41.3"N, 17°40'23.6"E
17 (5) 50°53'36.5"N, 17°39'55.8"E
18 (6) 50°53'48.2"N, 17°39'38.2"E
IV Koscierzyce, commune of Lubsza, Opole voivodpshi
19 (1) 50°50'40.3"N, 17°37'32.0"E
20 (2) 50°50'44.9"N, 17°37'21.8"E
21 (3) 50°51'14.7"N, 17°35'32.2"E
22 (4) 50°51'24.1"N, 17°34'14.2"E
23 (5) 50°51'06.3"N, 17°31'08.2"E
24 (6) 50°51'09.7"N, 17°30'35.0"E

Quality control

Table 4 shows the detection and quantificationtinfior heavy metals characterising
the iCE 3500 spectrometer [16].

Table 4
The instrumental detection limitdJL) and instrumental quantification limiteQdL)
for the spectrometer iCE 3500 [mg/grfi6]

Metal IDL QL
Mn 0.0016 0.020
Fe 0.0043 0.050
Ni 0.0043 0.050
Cu 0.0045 0.033
Zn 0.0033 0.010
Cd 0.0028 0.013
Pb 0.0130 0.070
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The values of the highest concentrations of thendsteds used for calibration
(2.0 mg/dni for Cd, 5.0 mg/drhfor Cu, Zn, Ni and Pb, 7.5 mg/drfor Mn and 10 mg/dfh
for Fe) were taken as the limit of the linear degmte of signal on concentration.

Table 5 shows the heavy metal concentrations détedmn the certified reference
material BCR-482 lichen, produced by the Institfter Reference Materials and
Measurements, Belgium.

Table 5
Comparison of measured and certified concentratioBCR-482 lichen [17]
BCR-482lichen AAS .
Metal Concentration * Measur(_ement Average 4D Dev.
uncertainty

[mg/kg d.m.] [%]
Mn 33.0 0.5 31.70 0.68 -3.9
Fe 804 160 771 154 -4.1
Ni 2.47 0.07 2.16 0.32 -13
Cu 7.03 0.19 6.63 0.17 5.7
Zn 100.6 2.2 95.1 2.3 -5.5
Cd 0.56 0.02 0.53 0.03 -5.3
Pb 40.9 1.4 38.2 1.0 -6.6

" Standard deviation
™ Relative difference between the measungdand certified &) concentration 100%g;, — ¢.)/c.

Results and analysis

Table 6 shows the concentrations of heavy metalsritdined in the analysed soil

samples.
Table 6
Concentrations of selected analytes determinediisamples [mg/kg d.m.]
Number of Mn Fe Ni cu Zn cd Pb
measuring site

1 565 10688 5.51 17.0 111 1.15 28.1
2 964 12600 10.2 20.2 167 0.98 40.6
3 472 13506 5.04 9.85 48.0 0.87 25.3
4 649 13931 5.46 11.2 58.3 0.92 24.2
5 442 9657 3.52 8.91 38.9 <0.65 25.1
6 213 10282 2.62 7.67 55.6 0.97 20.3
7 1552 50170 45.9 104 1575 6.66 229
8 1754 50809 46.6 107 1486 6.80 217
9 1849 49564 44.6 90.7 1199 5.64 219
10 1861 51417 47.3 83.4 1104 5.06 213
11 1391 41409 374 68.0 861 4.25 200
12 1540 43840 43.5 78.4 1071 4.88 221
13 485 7055 3.96 7.43 49.8 0.67 30.0
14 478 7945 3.21 6.13 42.8 0.78 27.6
15 406 6889 3.49 7.23 64.9 1.02 31.8
16 505 9431 <250 11.8 74.0 0.71 24.7
17 757 12318 7.05 10.0 53.9 1.15 29.1
18 376 6661 2.55 5.20 37.4 < 0.65 21.1
19 413 18784 17.7 29.8 482 2.02 91.9
20 983 32287 31.9 63.0 1004 4.34 172
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Number of Mn Fe Ni Cu zn cd Pb
measuring site
21 659 22177 21.2 41.6 604 3.00 114
22 1270 43513 46.4 92.5 1534 6.88 151
23 621 20097 17.9 19.1 211 1.66 43.9
24 782 19294 18.1 23.8 329 1.91 61.6

Table 7 presents minimum

and maximum values of eatnations of analysed
elements determined in soil samples collected femtected areas differing in degree of

exposure to flooding by the Odra river. The coéfit of variationCV and standard
deviation for the measured concentrations of ttayées were also calculated.

Table 7

Values of min., max., standard deviation of conaitns of selected analytes determined in soilgesmand
value of coefficient of variatio@V

Parameter | Mn | Fe | Ni [ cu ] Zzn | cd ] Pb
| Czepielowice, commune of Lubsza, Opole voivodgshi
Min. 213 9657 2.62 7.67 38.9 <0.65 20.3
[mg/kg d.m.]
Median 518 11644 5.25 10.51 56.9 0.94 25.2
[mg/kg d.m.]
Max.
[mg/kg d.m] 964 13931 10.2 20.2 167 1.15 40.6
+SD 250 1801 2.63 5.00 49.7 - 7.00
CV [%)] 45.4 15.3 48.7 40.1 62.3 - 25.7
I Nowe Kolnie, commune of Lubsza, Opole voivodgshi
Min.
[mg/kg d.m] 1391 41409 37.4 68.0 861 4.25 200
Median 1653 49867 452 87.1 1151 5.35 218
[mg/kg d.m.]
Max. 1861 51417 47.3 107 1575 6.80 229
[mg/kg d.m.]
+3D 191 4180 3.60 15.2 269 1.02 10.0
CV [%] 115 8.73 8.17 17.1 22.1 18.4 4.55
Il Kurznie, Popielow Commune, Opole voivodeship
Min. 376 6661 <2.50 5.20 37.4 <0.65 211
[mg/kg d.m.]
Median 482 7500 <3.35 7.33 51.8 <0.75 28.4
[mg/kg d.m.]
Max.
malkg dun] 757 12318 7.05 11.8 74.0 1.15 31.8
+SD 135 2179 - 2.48 13.7 - 3.90
CV [%)] 26.9 26.0 - 31.2 25.4 - 14.3
IV Koscierzyce, commune of Lubsza, Opole voivodship
Min.
[mg/kg d.m] 413 18784 17.7 19.1 211 1.66 43.9
Median 720 21137 19.7 35.7 543 2.51 103
[mg/kg d.m.]
Max. 1270 43513 46.4 92.5 1534 6.88 172
[mg/kg d.m.]
+D 302 9927 11.6 28.1 494 2.01 50.0
CV [%] 38.3 38.1 45.2 62.5 71.2 61.1 47.2

- not calculated
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The highest concentrations of the analysed elemegets determined in soil samples
collected from the second study site (Nowe Kolnab$za commune). This area is
systematically flooded during rainfall, snowmeldaninter floods. The soil taken from the
area flooded in 1997 (Czepielowice, commune of zapsvas characterised by much lower
concentrations of analytes.

The graphs in Figure 2 show the mean values of yhaaetal concentrations
determined in soil samples taken from the four gites.
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Fig. 2. Mean values of heavy metal concentrati@terdhined in soil samples taken from the four study
sites

Analysing the results of the conducted studiesait be clearly stated that the study
site No. Il was characterised by the highest avegcentrations of all analysed elements
in the topsoil: Mn, Fe, Ni, Cu, Zn, Cd and Pb. Ttwest concentrations of Cd and Pb were
determined in soil sampled from study site | (Ce&pvice, Lubsza commune) and of the
remaining analytes in topsoil samples from stutky bi (Kurznie, Popielow commune).
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For all soil samples taken from Site Il, the pesitike values for Zn, Cd and Pb, as
specified in the Regulation of the Minister of Eraviment on soil and land quality
standards, amounting for soil group B: for Zn - 386/kg, for Cd - 4 mg/kg and for Pb -
100 mg/kg were exceeded [18]. Exceeding of perblissioncentration of Zn, Cd and Pb
was also found in soil collected from measuremernts No. 20 and 22 located in the
study area IV. No exceedances of Ni, Cu concenptrativere found in all analysed soil
samples [18].

The study confirmed enrichment of soils subjectedptecipitation, snowmelt and
winter floods in heavy metals. Also, samples talkem two measurement points located in
floodplains of the Odra river (study area IV) weteracterised by high concentrations of
Zn, Cd and Pb, and the influence of the river ftsel the level of contamination of
agricultural soils is also confirmed by literatwtata [19]. Soil sampled from study site lll,
not subjected to flooding, was characterised byldhest concentrations of Mn, Fe, Ni, Cu
and Zn. On the other hand, the lowest concentratiérCd and Pb were determined in soll
taken from study area I, flooded in 1997.

Conclusion

Heavy metals include both elements essential ¥omdi organisms and elements with
as yet unknown physiological roles. Their commoatiee is that even those which are
essential in trace amounts have a toxic effectlantp and animals when the permissible
dose is exceeded. The most toxic metals are cadnm@rcury and lead.

Soil sampled from all sampling points located ia tlilage of Nowe Kolnie, commune
of Lubsza and from two sampling points locatechia tillage of Koscierzyce, commune of
Lubsza, was characterised by exceeding permissiloleprding to [18] concentrations of
Zn, Cd and Pbh. According to our research, theirrcasiin soils used for agricultural
purposes are among others the processes of frefioeding as a result of periodic floods
as well as enrichment by river flood waters.
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