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Abstract: This study aimed to assess effects of heavy metals and different 

environmental factors on microbial activity and microbial communities in forest 
soil in two long term polluted areas. One gradient was Zn/Pb mining and smelting 
region near Olkusz (Poland) and another was Pb/Zn smelter at Miasteczko 
Slaskie (Poland). Respiration rate and active microbial biomass were measured 
as substrate-induced respiration. Results of multiple regression analysis indicate 
that a Toxicity index have significant negative effect on both BAS and Cmic but 
this negative effect is more pronounced for Cmic, organic matter and Mn 
positively affect on these parameters. As a result of long term exposed to metals 
in long term polluted area microbial indexes affected by pollution but in some 
extent these response mediated by soil properties. Because of pollutant 
concentrations are correlated with other soil parameters it is a challenge to 
assess effects of metals on soil microbial communities in natural conditions.  
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INTRODUCTION 

The response of soil microbial functional diversity and microbial activates to 
heavy metals in natural conditions are confounded by natural soil properties, 
because of these factors are also directly affecting soil microorganisms, 
regarding that it is challenge to assess effects of metals on microbial 
parameters (BOIVIN 2005). Soil properties such as organic matter, pH and 
essential nutrients influenced soil microbial parameters. Many authors have 
concluded that soil type (BUYER et al. 1999) and other environmental factors 
largely determine microbial community composition. In this study, we evaluated 
the impacts of different mixtures of several metals and soil properties such pH, 
organic matter and essential nutrients on respiration rate and active biomass of 
soil microbial communities along two heavy metal-polluted gradients in 
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coniferous forests ecosystems. We addressed the following hypotheses 
whether exposure of microorganisms in long term polluted area would affect on 
their activity and metabolic diversity and which environmental parameters 
mediate microbial resistance response. 
 
 

MATERIAL AND METHODS 

To understand how contaminates and soil characteristics effects on microbial 
indexes 12 location in two long term polluted area (Olkusz and Miasteczko 
Slaskie) were investigated. The Olkusz area is the major zinc and lead industry 
region of Poland. The large-scale exploitation and processing of minerals over 
such an extended period of time has led to widespread environmental 
deterioration in Miasteczko Slaskie. In the Olkusz area, the transects were 
established from 2.6 to 34.8 km away from the smelter and in Miasteczko 
Slaskie from 2.1 to 52 km away from the source of pollution. The total 
concentrations of metals were measured after wet digestion in concentrated 
HNO3 (Merck, Darmstadt, Germany) with a gradual temperature increase from 
50 to 150 °C. Content of K, Ca, Mn, Zn, Cd, Pb, Cu, Na and Fe in soil were 
measured by graphite furnace atomic absorption spectrometry (AAnalyst 800; 
PerkinElmer, Boston, MA, USA). Because these two forest ecosystem were 
polluted with different mixtures of several metals (Zn, Cu, Pb and Cd), the 
pollution level was expressed as a toxicity index (STEFANOWICZ et al. 2007): 
Toxicity Index (TI) = ∑ (Ci /EC50i). In this equation Ci is the concentration of 
metal i in soil (mg/kg dry wt) and EC50i is the concentration of that metal 
causing a 50% reduction in dehydrogenase activity (WELP 1999). The pH was 
measured in H2O at a 1:10 ratio (humus: liquid, w: v) using a digital pH-meter 
(Nester Instr.). To measure basal respiration (BAS) and microbial biomass 
(Cmic), fresh humus samples (20 g d.w.) were adjusted to 70% of their maximum 
water holding capacity (maximum respiration response was observed at 75% of 
water-holding capacity; personal observation). Subsequently, samples 
unamended for BAS measurements and amended with glucose monohydrate 
(5-10 mg/g dry wt soil, depending on soil organic matter content) for substrate-
induced respiration (SIR) measurements were incubated at 22 °C in gas-tight 
jars. The incubation time was 16 h for the determination of BAS and 4 h for Cmic. 
Respiration rate were measured four times and the average values of the four 
measurements were used in further statistical analyses. The jars contained 
small vessels with 5 ml 0.2 M NaOH to trap the evolved CO2. After opening the 
jars, 2 ml BaCl2 was added to the NaOH and the excess hydroxide was titrated 
with 0.1 M HCl in the presence of phenolphthalein as indicator (NIKLINSKA et al. 
2005). Microbial biomass (Cmic; µg/g) was calculated as Cmic = 40.04x + 0.37 
(1). Where y is respiration rate given in ml CO2 h

-1
g

-1
. 

 
 

RESULTS 

In these study pollution level was expressed by Toxicity index. The areas near 
the smelters were the most metal-contaminated in two gradients (Fig. 1).  

The multiple-regression models for BAS (Fig. 2) was significant (p = 0.0001) 
and explained 88.64% of variance. For Cmic this model was significant (p = 
0.0044) and explained 71.10% of variance. The value of BAS was negatively 
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affected by TI (p = 0.0172, ß = -2.99526) and positively affected by Organic 
matter (p = 0.0000, ß = 8.88611) and Mn (p = 0.0127, ß = 3.19485). In case of 
Cmic, TI has negative effect (p = 0.0027, ß = - 4.2849) and Organic matter (p = 
0.0026, ß = 4.29284) and Mn (p = 0.0087, ß = 3.44737) have positive effect on 
this parameter.  

 

 
Fig. 1:  Pollution levels expressed by Toxicity indices (TI) along two forest ecosystems  

 
 

 

Fig. 2: Multiple regression analysis for BAS and C mic: model fit (observed vs. Predicted 

values). The percentages of variance explained by the fitted models R
2
 adj and 

levels of significance (p) for the models are also presented.  

 
 

DISCUSION  

Environmental factors, such as nutrient contents, soil acidity and organic matter 
influenced soil microbial parameters as revealed by multiple-regression analysis 
(NIKLIŃSKA et al. 2005). In this study BAS and Cmic were negatively influenced 
by pollution level (PENNANEN 1996). Mn is a crucial component of Mn 
peroxidase, which is an important ligninolytic enzyme produced by fungi 
(STEFANOWICZ et al. 2007). 
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CONCLUSION  

It is a challenge to assess effects of metals on soil Microbial communities in 
natural conditions when pollutant concentrations are correlated with other soil 
parameters, false positive responses may occur (BOIVIN 2005). 
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