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Abstract: The microbiological and biochemical analysis of two urban soil samples, from Swietokrzyskie
province (Kielce, Rudki), were performed. The aim of this study was the quantitative analysis of aerobic
bacterial microflora and determination of total enzymatic activity of soil from area with high level of street
traffic (Kielce) and from former pyrite mine region (Rudki), where uranium ore were extracted. The
commercial media (TSA, LB, MacConkey, M9 and King B agars) and soil extract agars were used for soil
microorganisms isolation. The bacteria were cultivated in two temperatures: +25 °C and +4 °C. From Kielce
urbicenose, amount of soil bacteria cultivated on commercial media were higher in case of culture in +25 °C
(from 10 to 108 times more depending on used medium), whereas on soil extract agar almost 2 times more
microorganisms were found in +4 °C. For soil contamined by uranium (Rudki), abundant bacterial growth in
both temperatures were observed only on soil extract agar. The total ureolytic, proteolytic and lipolytic
activities of soil samples were also defined. In case of soil sample from Kielce all from the determinated
activities were found, whereas for soil from Rudki only lipolytic activity was noted.
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Pollution of environment by uranium is a serious problem because this element in the
oxidized U(VI) form is soluble and highly toxic [1]. Its toxicity concern not only plants
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and animals, but also bacteria [2]. However, there is known, that soil microorganisms
are much more sensitive to other heavy metals. In uranium polluted environments, the
relatively numerous bacterial microflora, including Proteobacteria, Acidobacteria and
Bacteroidetes, were observed [3]. There is known, that microorganisms naturally
occurring in such areas influence on migration of heavy metals, including uranium [2].

There is no papers about amount of cultivable bacterial microflora and total
biochemical activity of uranium contaminated soils.

The aim of thise work was the quantitative analysis of aerobic cultivable bacterial
microflora as well as determination of total enzymatic activity of soil from area with
heavy traffic (Kielce) and former piryte mine region (Rudki), where uranium ore was
extracted.

Materials and methods

Soil samples – samples from the surface soil layer were collected aseptically into
sterile containers by triple puncture with Egner’s stick, on depth 20 cm. The research
material was collected on November 18th, 2010 and consist of two soil samples: the first
was from degraded urban soil from Kielce (marked as G10 sample) while the second
was from pyrite mine area in Rudki (marked as G12 sample) (Fig. 1).

Chemical analysis of the soil samples – heavy metals content in the sample G12 were
determined by ICP-MS, while in sample G10 – by FAAS method.

Soil bacteria isolation – 1 g of soil suspension (G10 or G12, respectively) in 100 cm3

sterile Winogradsky solution was intensively stirred (20 min 500 rpm). After sedimentation
of soil particles solutions were diluted up to 10–6 and plated on Petri dishes with media:
Luria-Bertani (LB) agar, minimal M9 agar, tryptic-soy agar (TSA), King B agar,
MacConkey agar and soil extract agar (SEA). Cultures were incubated at +25 °C up to 7
days and at +4 °C up to two weeks. Amount of bacteria (cfu/1g of wet soil)
was determined based on the number of bacterial colonies grown on particular media.

Determination of the total biochemical activity of soil samples – ureolytic activity
was determined according to Moreno et al method by detection ammonium ions
in phenol-hypochloride assay [4]. Proteolytic activity of soil samples (suspension of
0.5 g soil and 0.4 cm3 of toluene, incubated 15 min at room temperature) was
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Fig. 1. Localization of the soil samples G10 (n) and G12 (·) collection



determined in azocasein test. Azocasein (20 mg) suspension was incubated with soil
samples (G10 or G12, respectively) by 24 h at +25 °C. One unit of proteolytic activity

was defined as ability to hydrolyze 1 mg of azocasein per hour [5, 6]. Lipolytic activity

was defined according to Margesin et al using p-nitrophenyl butyrate (pNPB) as a

substrate [7].

Results and discussion

The number of soil microorganisms strictly depends on soil conditions [8]. For the

cultivation of aerobic bacteria from two urban soil samples six different microbiological

media were used. Those media allow for growth of microorganisms with high as well as

low nutritional requirements. The amount of microorganisms cultured from soils was

varied. In the case of sample G10 (Kielce), microbial growth on all media was

observed, but most abundant was on soil extract agar (SEA). Amount of bacteria ranged

from 105 to 109 cfu/g of soil and was higher (except for MacConkey agar) when the

cultivation temperature was +25 °C. In other studies, similar amounts of micro-

organisms cultured from various urban soils were observed [9, 10]. A completely

different situation was observed for the G12 sample (Rudki). In this case, bacteria were

grown only on SEA medium (at both temperatures) and on King B agar (only at

+25 °C) (Table 1).

Table 1

The quantity of aerobic bacteria (cfu/g of soil) cultivated from G10 (Kielce)

and G12 (Rudki) sample, on different microbiological media

Soil

sample

Temperature

of culture

Microbiological medium

TSA LB M9 MacConkey King B SEA

G10
25 °C 2 × 108 2.7 × 108 1 × 107 2.2 × 106 1.2 × 108 6 × 108

4 °C 1 × 105 2.5 × 105 7 × 105 2.2 × 106 1 × 107 1 × 109

G12
25 °C ng ng ng ng 5 × 106 N

4 °C ng ng ng ng ng 2.2 × 106

N – unable to count number of microorganisms, ng – no growth.

Investigated soil samples were chemically analysed. In the G12 soil sample the

presence of various metals was identified. There were also heavy metals (nickel, copper,

zinc, cobalt and others) among them. Attention is paid on high content of iron and

manganese ions (Fig. 2).

Presence of the increased concetration of heavy metals in soil from Rudki (G12

sample) probable affects the amount and structure of bacterial microflora occuring in

this environment. It is known, that such pollution can reduce intensity of the majority of

biochemical reactions in soil [11, 12]. Heavy metals decrease activity of enzymes

produced by soil bacteria like: urease, acid and alkaline phosphatase, amidase and

nitrate reductase [13].
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For the analyzed soil samples the total ureolytic, proteolytic and lipolytic activities
were determineted (Fig. 3).

Ureolytic activity was totally inhibited in soil highly contaminated by heavy metals
(G12 sample). This observation is consistent with previous data [13]. Also Nawaguo et

al observed, that bacterial urease is especially sensitive to heavy metals presence [14].

In both soils very weak (in G12 at the detection limit) proteolytic activity was noted.
Blaszak and Nowak [15] observed the opposite phenomenon. In their studies after soil
contamination, only proportions of proteolytic bacteria, which maintained its activity,
was varied. However, in this case, in the laboratory conditions only copper ions added
to soil samples had toxic activity [15]. In presented studies soil was contaminated by
different metals in varying degrees already at the time of samples collection. Therefore,
is impose here conclusion, that the presence of various toxic agents is significant. This
is confirmed with studies Lopez et al, where the inhibitory effect of heavy metals on
bacterial proteolytic enzymes activity was also observed [16].

In G10 and G12 samples lipolytic activity was observed, however in G12 sample this
activity was significantly lower. In G12 sample, collected from pyrite mine area in
Rudki, the presence of cobalt, nickel and zinc was detected. It is known, that presence
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Fig. 2. Chemical analysis of soil samples; * – 156274 ppm.

Fig. 3. The total ureolytic, proteolytic and lipolytic activities of G10 and G12 soil samples
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of heavy metals inhibits the activity of this enzyme, and cobalt and nickel have a very
strong inhibitory effect [17].

There are data, where negative effects of heavy metals on biochemical activity as
well as the number and growth of soil bacteria was observed. However, the presence of
a relatively rich bacterial microflora (on soil extract agar) allow to hope for the possible
bioremediation of these soils.

Conclusions

1. Soil bacteria present in environment highly contaminated by heavy metals
have specific nutritional requirements, what causes that they can not be effectively
cultured on standard microbiological media. For efficient cultivation of these micro-
organisms is necessary to supplement the media with compounds found in their natural
habitat.

2. The presence of heavy metals, including uranium, have an inhibitory effect on the
general soil biochemical activity.

3. Heavy metals presence abolish urease activity in soil.
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Abstrakt: Wykonano badania mikrobiologiczne i biochemiczne dwóch próbek gleb miejskich województwa

œwiêtokrzyskiego (Kielce, Rudki). Celem pracy by³a analiza iloœciowa tlenowej hodowalnej mikroflory

bakteryjnej oraz okreœlenie ca³kowitej aktywnoœci enzymatycznej gleby z okolic o du¿ym natê¿eniu ruchu

drogowego (Kielce) i terenów by³ej kopalni pirytu (Rudki), sk¹d wydobywano rudê uranow¹. Do izolacji

drobnoustrojów zastosowano po¿ywki komercyjne (TSA, agar LB, MacConkey’a, M9 i King B) oraz pod³o¿a

z ekstraktami glebowymi. Hodowlê prowadzono w dwóch temperaturach: +25 °C i +4 °C. W przypadku gleby

urbicenozy Kielc, na po¿ywkach komercyjnych zaobserwowano wiêksz¹ iloœæ drobnoustrojów hodowanych

w temperaturze +25 °C (od 10 do 108 razy wiêcej w zale¿noœci od stosowanej po¿ywki), natomiast na pod³o¿u

z ekstraktem glebowym niemal 2 razy wiêcej bakterii ros³o w temp. +4 °C. W glebie zanieczyszczonej

uranem (Rudki) obfity wzrost drobnoustrojów hodowanych w obu temperaturach wystêpowa³ jedynie na

agarze z ekstraktem glebowym. Oznaczono równie¿ ca³kowit¹ aktywnoœæ ureolityczn¹, proteolityczn¹ i li-

polityczn¹ próbek glebowych. W przypadku próbek gleby z Kielc obserwowano wszystkie badane aktyw-

noœci, natomiast dla gleby z Rudek tylko lipolityczn¹.

S³owa kluczowe: bakterie glebowe, metale ciê¿kie, ca³kowita aktywnoœæ enzymatyczna
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