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Composted municipal waste might be used in agriculture as a soil improver and a source of nutrients in plant production. However, heavy metals in the waste composts added to the soil could be a risk to the food chain, human health and the environment. This study aimed to investigate the effects of heavy metals in municipal waste composts on the quality of soil and on the metal uptake by the crops in grass cultivation in conventional and organic farming in Finland.

All the field experiments were conducted during 2000-2002 in Eastern Finland. The experiments on grass cultivation in conventional farming were carried out in Mikkeli (fine sandy soil, pH 6.1, C 5.4%) and the experiments on red clover and grass mixture cultivation in organic farming in Juva (fine sandy till, pH 6.5, C 3.0%). Soil samples were taken from the experimental fields before compost applications in spring 2000 and afterwards each autumn and spring. The municipal waste composts studied were biowaste compost (BW) and biowaste-sewage sludge compost (BWS). They were given in a single application in spring 2000 and compared to mineral fertilization in the conventional farming and to cattle manure compost (CM) in the organic farming. A split-plot experimental design with phosphorus (P) fertilization level in the main plot and compost type in the sub-plot (four replicates) was used with a zero control (no fertilization). Compost samples were taken at the time of application. Two rates of compost application were tested and they corresponded to the two- and four-year P fertilization levels needed for grass or red clover-grass mixture established with a cereal cover crop. The cereal cover crop was harvested in 2000 and 2-3 cuts of grass and red clover-grass mixture were collected in 2001 and 2002. The crops were sampled at harvest. 
Mineral N (NH4 and NO3) in the compost and soil samples was determined by extracting the samples with 2 M KCl and by measuring the concentrations from the extracts by a spectrophotometer. The samples were also analysed for total N content using a dry combustion method (Leco CN-2000 auto-analyser). Compost and soil samples taken in spring and autumn 2000 were digested in aqua regia (ISO 11466). The cadmium (Cd) and lead (Pb) contents were determined by GFAAS, and the chromium (Cr), copper (Cu), nickel (Ni) and zinc (Zn) contents by ICP-AES. In addition, all the soil samples were extracted in acid ammonium acetate-EDTA (1 M ammonium acetate + 1 M acetic acid, pH 4.65, 1 h; 0.02 M EDTA). Heavy metals in the extracts were measured by ICP-AES. A wet combustion (nitric acid) method was used for the determination of Cd, Cr, Cu, Ni, Pb and Zn in the plant samples and concentration measurements were made by ICP-AES.

The heavy metal contents of all the municipal waste composts were below the national limit values, but clearly higher than the metal contents of CM. The amounts of the heavy metals added to the soil with the municipal waste composts were considerably higher than those added with the cattle manure compost or the mineral fertilizers. In both farming systems, heavy metal uptake by the harvest products was not markedly affected by the heavy metal doses supplied by the compost applications. At the higher rate of compost application, the metal uptake percentages by the crops were about half of those of the lower rate. Only minor changes in the total contents of heavy metals in the soil were observed after compost applications. The total contents are not very sensitive to the metal doses supplied by a compost application. Instead, a better indicator might be the concentration of readily soluble metals in the soil.

Only a minor part of the heavy metals added to the soil in the composts was taken up by the harvest crops which means that a major part of the added metals remained in the soil. It appears that some immobilisation of soluble metals in the soil occurred after the compost applications. Most probably this resulted from the increase in organic matter content in the soil due to the compost applications. Organic matter is known to immobilise effectively soluble heavy metals in soil. Long-term agricultural use of municipal waste composts would increase total contents of heavy metals in cultivated soils. Metal accumulation in soil is likely to gradually generate health and environmental risks. In order to guarantee the safety of agricultural products and to protect arable land, the heavy metal concentrations in composts and particularly the heavy metal loading rates into the soil have to be followed up in detail both in conventional and organic farming. 
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