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Abstract 

Soils and ground waters have been extensively exposed to pollution by heavy metals from various 
anthropogenic sources. The presence of these metals in soils poses a significant environmental hazard, and 
one of most difficult contamination problems to solve. Description of some sorption and migration phenomena 
involving Pb, Zn, Ni and Cu in the surface layer of soil and sewage sludge compost was the primary 
objective of this work. A wide range of pH (3.0 - 5.5) of simulated acid rains, used to study the elution of 
metals from these matrices allowed a qualitative description of these metals' behaviour. 
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Introduction 
The transportation mechanisms of heavy metals 

through the soils and other environmental matrices have 
long presented great interest to both environmental and 
soil scientists because of the possibility of groundwater 
contamination through metal leaching [1-3]. In general, 
many types of soil contain a wide range of heavy metals 
at varying concentrations depending on the surrounding 
geo-chemical condition and anthropogenic and natural 
activities (occurring at present or in the past). Metal 
transportation depends not only on the physiochemical 
properties of soil, but also on the physical and chemical 
properties of the soil, which collectively determine the 
binding ability of soil [4]. The complexity of the soil 
matrix makes it difficult to identify the interactions deter-
mining the adsorption of a specific metal. This problem 
becomes more difficult in the process of formulating ef-
fective soil models for the prediction of metal transporta-
tion. Therefore, it is necessary to fully understand the 

metal binding properties of the soil, develop and validate 
procedures for metal speciation in soils and carefully 
choose the appropriate models, to understand the ad-
sorption and migration of heavy metals in the soil ma-
trices [5-9]. 

In 1998 in Torun a new waste water treatment plant 
was built. This plant produces a large amount of sewage 
sludge (90 t/day), formed as a result of mechanical, bio-
logical and chemical sewage treatment. The composition 
of the sewage sludge is very complex; it is rich in micro-
and macroelements useful in agriculture, but can contain 
toxic compounds, i.e. heavy metals and pathogenic organ-
isms. There is a large variety of methods of neutralisation 
of the sewage sludge, of which the most preferred is com-
posting [10]. In Torun composting is applied to soil recla-
mation of the area adhering to this plant, which had been 
destructed by sulphuric acid rain from a near factory. The 
main aim of this work is investigation of the sorption and 
migration phenomena of selected heavy metals (Cu, Zn, 
Ni, Pb) in sewage sludge compost profiles. 
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Experimental 

Reagents and Instruments 

Soil samples were extracted with 0.5 M HNO3 (pure 
for analysis, Polskie Odczynniki Chemiczne - POCh; Lub-
lin, Poland) or aqua regia (pure for analysis, POCh; Lub-
lin, Poland) by 0.5h mechanical shaking (shaking water 
bath GFL 1086, Burgelwedel, Germany). The acid rain 
was prepared as a mixture of HNO3 and H2SO4 (pure for 
analysis, POCh; Lublin, Poland).Total concentration of 
metals in solution was determined by flame atomic ab-
sorption spectrometry (FAAS) or graphite furnace 
atomic absorption spectrometry (GFAAS) using a PU 
9100X Philips spectrometer (Cambridge, Great Britain). 

Methods 

In this work we apply a column leaching experiment 
to predict behaviour of selected heavy metals (Pb, Zn, Ni 
and Cu) and check the possibility of ground water pollu-
tion with these metals. Two columns (100 cm length and 
85 mm diameter) were used. One of them was filled with 
40 cm layer of soil and 40 cm layer of the compost, while 
the second one was filled with 80 cm layer of soil only. 
Both soil and compost samples were taken from the same 
place of the area under reclamation. Before filling, the 
samples were dried for 7 days at room temperature. The 
elution of the so-prepared profiles was carried out with 
a HNO3 and H2SO4 mixture (3:7 v/v ratio). After elution 
each profile was split into 10 cm parts. Each sample from 
these profile pieces was extracted by mechanical shaking 
or heating for 0.5h. The total concentration of metals in 
the extracted solution was determined by flame atomic 
absorption spectrometry (FAAS). In the leaching experi-
ment, the volume of the eluent and the concentration of 
Pb, Zn, Cu and Ni were also measured. 

Results and Discussion 

The first step of our experiment was the optimisation 
of the extraction procedures. This optimisation relied on 
the use of different extraction solvents: 0.5 M HNO3 (30 
min. shaking 10g sample with 50 ml of solvent) and aqua 
regia (30 min. heating 5g of sample with 30 ml of sol-
vent). Tables 1 and 2 show the results and their residual 
standard deviations. 

Table 1. A comparison of soil extraction solutions. 

In the case of soil samples with regard to reproducibil-
ity of results and recovery of metals, extraction with 0.5M 
HNO3 rather than an extraction with aqua regia was 
chosen. The extraction with aqua regia mixture was more 
effective for compost samples. Because of the presence 
of large amount of organic matter in compost. Mineraliz-
ation of compost samples gives much higher recovery of 
metals than simple extraction. 

The second part of the experiment was elution of 
heavy metals with acid rain. The concentrations of all 
metals were relatively small. In the case of copper the 
elution surfaces have similar shape (Figs. 1, 2). The maxi-
mum concentration of this metal was at pH 5.3, but for 
soil profile we observed two maxima: at first millilitres of 
eluent and at a volume equal to 400 ml; for compost 
profile the maximum was at 200 ml volume. 

  

Table 2. A comparison of compost extraction solutions.

Fig. 1. Soil profile -elution surface for Cu. 
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Fig. 2. Compost profile -elution surface for Cu. 

The maximum concentration of zinc in the soil profile 
was observed at lower pH (3.0) in contrast to the com-
post, where this maximum appears at a higher pH 
(5.0).The concentration of zinc in the eluent in both 
cases was 0. 

The final step of our experiment was extraction of 
metals in 10 cm parts of profiles. The total concentra-
tions in each profile depth gives us information about the 
residual amounts of these metals. In the case of soil pro-
file almost constant decreases of metal concentrations 
were observed (Fig. 9). Its goes to show that the metal 
ions are strongly bound at the binding sites of the soil. An 
interesting situation was in the compost profile (Fig. 10). 
Metals were transported from the compost layer through 
the soil. This means that a soil layer is a natural barrier 
for these heavy metals. 

  

 

Fig. 3. Soil profile -elution surface for Ni. Fig. 5. Soil profile -elution surface for Pb. 

  

 

Fig. 4. Compost profile -elution surface for Ni. Fig. 6. Compost profile -elution surface for Pb. 
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Fig. 7. Soil profile -elution surface for Zn. Fig. 9. Soil profile - sorption curves after elution step. 

  

 

Fig. 8. Compost profile -elution surface for Zn. Fig. 10. Compost profile - sorption curves after elution step. 

 

Explicit influence of acid rains on the metals leeching 
from the compost layer was observed. The metals were 
transported to the soil layer, where there were im-
mobilised. The concentration of the metals in the eluents 
shows that only their inconsiderable amounts exist in 
forms capable of being transported across the soil profile. 

Conclusions 

1. Optimisation of extraction has shown that for the 
soil better recoveries and higher repeatability has been 
obtained with 0.5 M. HNO3 extraction, however, the ex 
traction aqua regia was more effective for compost 
samples. 

2. Analysis of the extracts from different depths of 
profiles allowed us to describe the metal contents at each 
depth and give a quantitative description of their trans 
portation across the profile. Only insignificant changes of 
metals concentrations across the soil profile were ob- 

served, in contrast to the compost, where metal transport 
from compost to soil layer has been observed. 

3. Only insignificant concentrations of the metals were 
transported through the deeper layers of soil. Analysis of 
metals in eluents has shown also that there are no signifi 
cant differences between leeching with acid rains at vari 
ous pH. 

4. This work focused on the study of only one type of 
compost sample, but estimation of the influence of com 
post on the soil environment is difficult on account of 
different compositions of this material. The composition 
of the compost changes with the composition of the sew 
age and depends on the season, time, amount of rain, 
temperature, etc. 
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