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a problem arising from the disposal of ashes. In the case of some types of biomass, the 
ash can be a valuable replacement for calcium fertilizers used on arable soils [1, 8, 26]. 
This paper presents the results of studies on the effects of soil fertilization by light ash 
from the incineration of biomass, and its effect on the speed of migration of heavy metals 
in the experiment simulating short period fl ood conditions.

MATERIALS AND METHODS

The experiment used soil samples (type: mud river) from arable layer, with grain 
size characteristic for loamy soils. Before the experiment, the soil was dried at room 
temperature and sieved through a 2 mm diameter mesh.

The ash was obtained from the incineration of oak biomass in an open small 
furnace (waste code 10 01 03 according to Polish Waste Catalogue 2001 nr 112 pos. 
1206), and was then incinerated at 600°C for 2 hours for small of incompletely burned 
particles removal and then sieved through a sieve with a mesh diameter of 2 mm. For 
experimental purposes, the amount of fertilization used is 5.52 Mg to ash/ha (GP), 
what was calculated on the base standard amount of mineral fertilizing 2 Mg CaO/ha. 
The same soil without the ash (series G) was used as a reference sample. The test 
soil was placed in a glass cylinder with dimensions of 3 × 15 cm (106 cm3). Then on 
the surface of the soil in the cylinder, some “fl ood sediment” was placed containing 
heavy metals in the amount of 2.00 g/cylinder. The “fl ood sediment” was prepared by 
mixing sapropel sediment derived from the dam reservoir Turawskie Large Lake, LRM1 
certifi ed reference material (Gdansk University of Technology, Poland) and certifi ed 
reference material LRM-CC013a (BAM, Berlin, Germany) in a 1:1:1 ratio (m/m). 
For the simulation of fi ne-grain fl ood sediment, the sediment, before it was used, was 
thoroughly ground in an agate mill and sieved through a sieve with a mesh diameter 
of 0.5 mm. The cylinder’s edges were secured with quartz wool. Cylinders were fi lled 
completely using the rainwater with capillary ascension method and incubated in the 
dark at a constant temperature of 22 ± 0.2°C for a period of 7 days. On the 7th day after 
fi lling, the water was removed. Then, simulating the precipitation, cylinders with soil 
were washed with rain water in the amount of 30 mm/week , and the analysis of metals 
in the soil cores were made on days 7, 14, 28 and 42 after fi lling the cylinders. After 
removing the soil from the core glass cylinder, it was separated for analysis into sections 
A, B, C and D corresponding to the depths 0–3, 3–6, 6–9 and 9–12 cm profi le, in order 
to capture the metal penetration into the deeper layers of soil.

Heavy metals (Zn, Cu, Cr, Ni, Pb, Cd, Mn) were determined in averaged samples for 
each segment, by taking 4 independent samples from the tested core layer. In addition, 
the following parameters in the soils were determined: pH, electrolytic conductivity 
(EC), the content of organic matter and organic carbon (methodology according to Polish 
Standards). The content of calcium, sodium, potassium and lithium was ascertained in wet 
mineralizates by FES method using BWB-XP apparatus. The content of other analysed 
metals (Zn, Cu, Cr, Ni, Pb, Cd, Mn) was determined by using a spectrophotometer Thermo 
AAS iCE 3500 after wet microwave assisted mineralization in aqua regia using MARS-X 
device. Analytical procedure quality was checked with LRM1 certifi ed reference material 
(Gdansk University of Technology, Poland). Relative standard deviation (RSD) values 
calculated for metals determined in experimental layers (A–D) were acceptable and did 
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The addition of ash to the soil (series GP) resulted in an increase of not only the value 
of pH and conductivity, but also of calcium, sodium, potassium and lithium. The usage 
of ash also caused a slight increase in the content of heavy metals, except for manganese. 
The increase in the content of this element by more than 27% was due to its previous 
signifi cant content in the ash. The prepared fl ood sediment contained several times more 
heavy metals than the mineral and mineral-organic deposits which are commonly seen 
after fl ooding or Sapropel sediments from unpolluted waters. However, the only exceeded 
limit values, referring to Journal of Law No 165 item 1359, were noted in the case of zinc 
[11, 17]. 

Rainwater (Table 2) used both for fi lling cylinders with soil and washing cylinders 
with sediment (simulated rainfall) was contaminated with material from the roof and 
gutter pipe. It is characterized by alkaline reaction, a small electrolytic conductivity and 
relatively high levels of ammonium, sulphate and chloride.

Table 2. Rainwater characteristics used to fi ll the cylinders with the soil and the effl uent from the cylinder G 
and GP after 7 days of the experiment

Before fi lling Effl uent G Effl uent GP

pH 8.97 7.25 7.97

EC [∝S/cm] 100.4 594 689

NH4
+ [mg/dm3] 1.40 3.32 6.04

NO2
- [mg/dm3] 0.029 0.03 0.03

NO3
- [mg/dm3] 0.785 – –

PO4
-3 [mg/dm3] 0.135 – –

SO4
-2 [mg/dm3] 45.27 – –

ChZTMn [mg O2/dm3] 5.8 56.2 76.2

Cl- [mg/dm3] 47.04 – –

– not analyzed 

The content of heavy metals in rainwater was low – the highest concentration 
reported for zinc and copper was respectively – 0.66 and 0.08 mg/dm3. The effl uent from 
the cylinders obtained after 7 days of soil incubation had a reaction close to neutral (G) 
and slightly alkaline (GP). This was due to the high content of ammonium ions, indicating 
the process of reducing nitrate ions, more intensive than in the soil G fermentation of 
organic matter and ash additive used [2]. A higher content of soluble organic matter 
(DOM) expressed by CODMn value and twice the ammonium ion content, provides 
a more intensive process of decomposition in the cylinders with the addition of ash (GP). 
This can be explained by fi lled pores of the soil with the ash, and therefore accelerated 
decomposition of the solution enriched in macro- and trace elements necessary for the 
proper development of anaerobic bacteria. On the 7th day of the experiment, in samples 
of soil a slight decrease in the content of the studied metals was observed. This may be 
caused by the removal of soluble organic matter (DOM) with fl oodwater of the studied 
profi les. Flood sediment used in the experiment contained high amounts of the analysed 


















