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ABSTRACT. Environmental pollution, urbanization and development of technologies have lead to the fact 
that in the last few decades’ emission of heavy metals has been multiplied. Their pernicious effects can be 
experienced globally at a highly increased rate which reduces quality of life all over the globe. In our 
research buffering ability of sediments derived from the upper part of the river Tisza, Hungary, was 
examined. Sediment samples were collected a few meters away from the river on the riverbank, and from the 
river basin around one meter away from the riverside. The sediments were treated with copper. Copper is an 
essential heavy metal, in small quantity it is an important element of several proteins, but in high quantities it 
has a toxic effect on plants as well as on animals. Copper, bound especially to organic matter, can be 
adsorbed rapidly to sediments thus it takes its toxic effects fast. The aim of our research was to assess the 
copper buffering ability of sediments of different origins. The buffering ability of sediment samples derived 
from the riverbank were compared at each site to the ones derived from the river basin. The average length 
of seedlings grown in sediment suspensions of different copper concentrations was also compared to 
average length of seedlings grown in sediment suspensions with distilled water. The used seed germination 
test was the Sinapis alba ecotoxicological test, which shows the rate of the pollution emerges due to the 
treatment. Relationships between concentration of organic matter and metal content of sediments were also 
studied. Results were evaluated statistically. 
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INTRODUCTION 

It is well known that due to technology and 
urbanization environmental pollution tend to be a 
serious problem (Olade, 1987). Plants easily take up 
heavy metal ions which accumulate in them and 
become nutrient source for animals. In this way heavy 
metal ions can become risk factors for humanity, so 
they have to be monitored (Clemens, 2006). Copper is 
an essential heavy metal, it is a co-factor of many 
enzymes and important element of many proteins 
(Amiard et al., 1987). In low concentrations diseases 
evolve but in high concentration it can be toxic (Riedel, 
2008). The copper, especially bounded to organic 
materials, adsorbs easily in sediments therefore it takes 
its harmful effect fast (Bird et al., 2005). Copper is on 
of the most important metals that humanity uses for 
thousands of years (Macklin et al., 2003). Due to 

mining it can be found in a high concentration in the 
environment (Osán et al., 2007). It is especially true 
near copper mines, which have an increased 
environmental risk (Mighall et al., 2002). During the 
last decades several environmental accidents happened 
on the catchment area of river Tisza, of which most of 
them are in relation with metal mines. The aim of our 
experiments was to assess the copper buffering ability 
of sediments derived from the upper part of river Tisza. 
 
Description of studied sites 

Samples are derived from the upper part of river 
Tisza, Hungary (Table 1). Sediment samples were 
collected a few meters away from the river on the 
riverbank, and from the river basin around one meter 
away from the riverside.  

 
      Table 1

Sampling sites and their codes 

Sampling sites 
C1 C2 C3 C4 C5 C6 

Tiszabecs Kisar Aranyosapáti Lónya Tuzsér Dombrád 

 
MATERIALS AND METHODS 

Ecotoxicological seed germination tests study how 
the polluting heavy metals affect germination. In our 
experiments 10 mass percent of sediment suspensions 
were shaken for one hour using 50, 100, 250, 500 and 
1000 ppm concentrations of copper ions. Shaking 
period illustrates the period of interaction of sediment 

and water phases. The experiments were carried out 
with Sinapis alba seed germination test. 

 
RESULTS AND DISCUSSION 
      Germination tests in untreated sediments 

Sediments samples derived from the upper part of 
the river Tisza were mildly toxic or took no toxic 
effects on the seeds. Comparing the sediments derived 
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from the riverbasin and the riverside, samples from the 
riverbasin buffer the copper ions better except in 
sample C3, it can be said that the average length of 
seedlings were significantly larger in samples from the 
riverbasin than the ones from the riverside (Figure 1.). 
Probably due to shaking matters dissolved that blocked 
the growth of seedlings. 

Germination tests in treated sediments 
Under laboratory circumstances 50 ppm, 100 ppm, 

250 ppm, 500 ppm and 1000 ppm copper ions were 
added. Treated sediment samples were compared to the 
same untreated ones. On figures the average length of 
seedlings grown in distilled water is also showed. 

 

Fig. 1 Effects of sediment samples derived from the upper part of the Tisza on seedlings growth 

Fig. 2 Length of seedlings in treated sediments derived from the site C1 from the riverside 

Fig. 3 Length of seedlings in treated sediments derived from the site C2 from the riverbasin 
 



 
 

Comparing the buffering ability of sediment 
samples along the upper part of Tisza River 
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Fig. 4 Length of seedlings in treated sediments derived from the site C2 from the riverside 

 

Fig. 5 Length of seedlings in treated sediments derived from the site C3 from the riverbasin 
 

Fig. 6 Length of seedlings in treated sediments derived from the site C3 from the riverside 
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Fig. 7 Length of seedlings in treated sediments derived from the site C4 from the riverbasin 

 

 
Fig. 8 Length of seedlings in treated sediments derived from the site C4 from the riverside 

 
Fig. 9 Length of seedlings in treated sediments derived from the site C5 from the riverbasin 

 



 
 

Comparing the buffering ability of sediment 
samples along the upper part of Tisza River 
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Fig. 10 Length of seedlings in treated sediments derived from the site C5 from the riverside 

 

Fig. 11 Length of seedlings in treated sediments derived from the site C6 from the riverbasin 

 
Fig. 12 Length of seedlings in treated sediments derived from the site C6 from the riverside 
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Fig. 13 Loss of ignition of sediments derived from the riverside 
 

Fig. 14 Loss of ignition of sediments derived from the riverbasin
 

As the amount of copper ion increased the length of 
seedlings were decreased (Figure 2-12). When the 
organic matter was at present in a higher concentration 
significant difference could not be observed at 50 ppm. 
According to our experiments it can be said that 
sediments have a significant buffering ability. While 
seedlings in copper solution, which did not contain 
sediments, were not able to germinate, seedlings length 
in sediment-copper suspension always reached the 20 
mm length. Sediments have significant buffering 
ability. 

Comparing the sediments derived from the 
riverbasin and the riverside it can be said that the ones 
from the riverbasin have a better buffering ability. It 
can be explained by their organic matter content. From 
C1 site it was not possible to get samples. 

 
The organic matter content and buffering ability 

Positive correlations were found between metal 
concentration and organic matter content of sediments 

(1984, Gerriste; 1981, Förstner). The higher the initial 
metal concentration is, the more the amount of the 
adsorbed heavy metal is in the organic matter because 
of the directing power of the higher concentration-
gradient. (1997, Jain). The organic matter content of 
the sediment can also be used to establish the rate of 
pollution of different sediments. The more the amount 
of the sediment is, the more the amount of the adsorbed 
metal is, which means that the more is the organic 
matter content of the sediment is, the better the buffer 
capacity of the given sediment is. 

This statement was underpinned by our experiments 
as well (Figure 13-14.). Samples containing more 
organic matter had better buffering ability. In samples 
with low organic matter content seedlings were not 
able to germinate even in the suspension containing 
250 ppm copper ion. In samples with high organic 
matter content the length of seedlings reached even 10 
mm. 

 



 
 

Comparing the buffering ability of sediment 
samples along the upper part of Tisza River 
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CONCLUSIONS 
The copper produced a more or less retarded 

germination. Due to our results it can be established 
that comparing the sediments derived from the river 
basin and the riverside, the average length of seedlings 
were significantly larger in samples from the river 
basin than the ones from the riverside. It can be 
explained by their organic matter content. Experiments 
in untreated sediments suggested the same. As the 
amount of copper ion increased the length of seedlings 
were decreased, although sediments with higher 
organic matter content buffered the copper ions better. 
Between the metal content and the organic matter of 
the sediments positive correlation was found. The 
higher the initial metal concentration is, the more the 
amount of the adsorbed heavy metal is in the organic 
matter. The organic matter concentration of sediments 
can be used as a potential toxic index of the sediment 
as well. 
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