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THE EFFECT OF ABIOTIC ENVIRONMENT ON Cu CONTENT IN SOIL ON THE EXAMPLE OF AN URBANIZED AREA

The aim of this paper is to asses the effect of the geographical environment featured in an urbanized area on the example of Bochnia in the South of Poland surroundings on Cu content in the soil. The resistance of a soil on chemical pollution depends not only on soil absorption capacity, reaction, capacity buffer but also on other components of the environment and anthropogenic factors. The Cu content higher than average is ascertained particularly near steelworks, in LGOM – 500 ppm, in the town centers and along the communication roads [1]. Some researchers consider that the increased Cu concentration reaches 5m from the road edge [2]. It also depends on the direction of a wind and the traffic level. The Cu content is different in the neighborhood of the road [3]. Urbanized environment has different effects on the level of soil pollution [2,4,5].

RESEARCH AREA AND METHODS. 

The mechanical composition of mantle rocks in the vicinity of Bochnia differs significantly. Alluvial soils, light sandy soils and locally swampy soils are found on the terraces of Raba river and in the forests of Puszcza Niepołomicka. Vast loesss-like dust formations are characteristic in the Carpathian Foothills Marginal Zone. The largest area is covered by Haplic Luvisols and Stagnic Luvisols [6]. Smaller area within foothills is covered by brown soils and dust fraction content (50-70%) and colloidal clay up to 20%. The soil reaction ranges from 4,0 pH in the forests to 7,4 pH in arable levels. Humus content changes from 0,5 to 1,6% however. Both absorbing and buffer prosperities testify large resistance of these soils on the chemical degradation [7]. The Cu content and soil reaction (in KCl) was investigated in 77 samples taken from the depth of 15 cm with the method of atomic absorption with the help of an atomic spectrometer Elmer Perkins 2000.
RESULTS AND DISCUSSION. 

The Cu concentration in the soil in Bochnia surroundings is 9,7 ppm and does not diverge from Polish average (8,2 ppm). Most samples showed concentration below 3 ppm (tab. 1). In the class to 5 ppm 43 cases were recorded. The weighted average from these values is 1,3 ppm and it was accepted as a background for Bochnia. 
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Tab. 1. Statistical parameters of Zn and Cu content in soil and shamrock in Bochnia and its Vicinity.

	Metal
	Median 
	Mean  arithmetic
	Standard deviation 
	Mean content in grass

	 Cu in ppm
	8,0
	9,7
	9,2
	4,4


The background oscillates around the lower border for not populated areas in Poland. The highest content of this element, above 30 ppm, was recorded near the roads, especially in the long drive ways, and in areas fertilized with sewage.
More concentration was recorded by the samples taken just near the road in the distance of 5 m from the northern leeward side. From this side of the road the Cu content is twice as large as in drive ways of Bochnia by-pass and in Łapczyca village (E-4). More Cu concentration occurred in the samples from areas located near large boiler-room in Kampi housing estate, near the salt mine shafts and in the vicinity of a bus station in the center. On the level of a set background, Cu occurs in soil in the vicinity of “Stalprodukt”, sewer refinery and a refuse dump. Local boiler-rooms in housing estates and at glasshouses insignificantly increase Cu concentration in the soil. This regularity also concerns straight lines of roads (Kazimierza Wielkiego street), the area of a petrol station, market square and asphalt alley in the forest (fig. 1). The lowest recorded Cu content in soil was on the northern slope of Uzbornia slope, in a few dense housing estates and in the flatnesses of ridges in woods in the southern part of the town (fig. 1).

Not always the highest content in the soil occurs just near the road. Both in the north of E-4 road and near the by-pass in Bochnia , going far from the road, situated in an embankment, Cu content decreases followed by an increase on similar height in the distance of 60 m from the road. The Cu content decrease along with the distance has different causes depending on the location. In both sides of  the high by-pass embankment, the soil contains smaller quantities of the investigated element. The increase of pollution takes place on the side of the valley at Uzbornia developments, on the northern side from the by-pass, in the distance of about 250 m. However, smaller Cu content was recorded in the distance of 500 m from the road in Uzbornia, behind the buildings. Additional factor favoring this changeability of Cu content in soil was noted behind the developments of Łapczyca village, in the distance of about 100 m to the north from E-4 road (tab. 2).

Tab. 2. Cu content in soil in selected sites in Bochnia and vicinity.

	    Cu content classes in ppm
	Number of samples
	Selected sites with characteristic contents of Cu in soil

	0–3
	39
	Uplands, in Foothills forests, even near climbing sections of roads, on N slopes of Uzbornia, in downtown and neighbouring quarters (except for road vicinities), around Stalprodukt factory, sewage treatment plant and refuse dump.

	3–5
	4
	Away of roads, from 100 m in flat areas to 250 m near steep, long uphill sections.

	5–10
	8
	Near local roads (Kolanowska and Kazimierza Wielkiego Streets), near pedestrian routes in Puszcza Niepołomicka woods, near feet of long uphill sections of roads.

	10–30
	23
	Bus station, bus stops in the downtown, near steep sections of busy roads, up to 250 m north from Bochnia bypass road, up to 100 m south of E-4 road, near heating plant at Kampi

	> 30
	3
	The upper part of a long uphill section of Wiśnicka Street, lee side of near close vicinity of the bypass road on a long uphill section, areas fertilized with sewage.


Another distribution of Cu content, as we go far from the road, is in Łapczyca to the south from E-4 road. The escarp from the southern side is not high and in the distance of 100 m there is a forest barrier located on the side of the valley. The content of given element increases along with the distance from the concave bend of the escarp and is the highest near the forest, 90 m from the road. Considerable decrease of the content occurs on the side of the forest. It is because of the forest barrier as well as soil prosperities. In the open space between the by-pass on the drive-way in Kolanów and Kolanowska street, the Cu concentration in soil decreases from the road with heavy traffic – drive way of the by-pass – to Kolanowska street with less traffic, located on a gentle slope about 250 m far to the north.    

Smaller Cu quantities occur near the road on the drive ways of roads with less traffic running through in Dołuszyce and Kopaliny. Along the road, in the forest on the shorter and gentler drive ways, the concentration of investigated element is lower than their average in Bochnia. It is lower closer to the road than in the distance of 100 m from it. Along with the further increase of the distance, the Cu content decreases. 

On the flat area the results of investigated samples taken from different distances from the road show the decrease of Cu content in the distance from 20 to 40 m. The increase of the concentration of this element occurs in the distance of 50 m from the road. Further increase of the distance is marked with significant decrease of the content. Such changeability of Cu content along with the distance from the road is similar to the changes in the concentration of this element to the south of the road E-4 in Łapczyca and Bochnia. Particularly worthy of notice is Cu content increasing up the long (about 1 km) and steep drive way (to 10 %) in Wiśnicka street (tab. 2). This changeability is connected with the reduction of the gear and larger combustion of gasoline in buses and vans driving up. In the upper part of this drive way the content of this element, on the same side of the road, is several times higher in comparison with the gentler line of its beginning (8,7 ppm; 31 ppm).

Small differences between the average content of investigated element in the dependence on the soil reaction were calculated in the small research area. The Cu concentration changes insignificantly in the dependence on the reaction by about 2 ppm of average contents. Considerably lower values were measured in the town center, around dense developments, outside the stretch along the roads. The samples were taken from the lawns where grass is cut down and removed, by which the elements are carried away partially outside the investigated area (tab. 1).

Conclusions:

Large share in Cu differentiation as one goes away from the road is contributed to the geographical environment - particularly relief, winds, the density of anthropogenic forms and to a lesser extent to soil prosperities. Obtained results allow to draw attention to the need of taking into account showed environmental factors on the stage of spatial planning and developing, for example in the case of:

· the necessity of building covers, particularly a stripe of dense bushes between dwelling-houses, gardens and fast roads, suitable to the ground morphology and prevailing winds directions (it particularly concerns road embankments),

· keeping suitable space between the source of contamination and applied barrier, taking care of suitable surfaces for contamination dropping and water off-taking from these places,

· setting suitable zones free from consumption crops around heavy contamination sources (roads, boiler rooms, sewage treatment plant etc.), particularly on the leeward side taking into account the ground morphology,
· excluding from consumption plants growing on the slopes of road scarves or narrow valleys which bottom is used as a fast road.

This issue, however, requires further detailed investigation.
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Summary

This paper presents special distribution of copper in soil in geographically differentiated area of Bochnia. It was found that in this area the average copper content was untypical in comparison with other regions. The higher contents Cu but contained in standard, were found near communication lines. The change of contents in this element was found with  the distance from the street. The influence of wind direction speed and land morphology on content of Cu was shown. It was proved that local barriers like forests or dense development are important for pollution displacement. Attention was also paid to lack of cooper amount in housing estates in the centre of dense development. In this part of Bochnia the lawns are not fertilized, but the grass is often cut and the green mass is carried away outside the lawn.
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Streszczenie

Artykuł ten przedstawia przestrzenną zmienność zawartości miedzi w glebie w zróżnicowanym środowisku geograficznym Bochni. Przeprowadzone badania potwierdziły dużą zależność zawartości Cu, nie tylko od właściwości gleby, ale także od środowiska geograficznego. W badanym terenie pomierzono wyższe zawartości Cu w pobliżu dróg. Wraz z oddalaniem się od nich zmieniała się zawartość Cu w zależności od środowiska. Zwrócono również uwagę na zależność zawartości Cu od kierunków przeważających wiatrów i morfologii terenu. Zauważono, że depozycja zanieczyszczeń ma miejsce przed lasem albo przed zwartą zabudową. Natomiast względnie małe zawartości Cu pomierzono na osiedlowych trawnikach i w centrum miasta. W tych miejscach trawa jest często koszona i odprowadzana do śmietnika.
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