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Effect of copper, zinc and lead acetates on
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The impact of a mixture of Cu, Zn and Pb acetates on several soil
microbial groups in model columns filled with natural soil monoliths was
investigated. Moraine sandy loam on clay loam Calcari-Endohypogleyic
Luvisol (LVg-n-w-cc) 0-100 cm deep taken from the site located 350
meters from the roadside of Vilnius—-Kaunas—Klaipéda highway (Kaunas
distr., Giraité) was used for the investigation. Metal acetates reduced
the counts of all investigated microbial groups: organotrophic, spore-
forming, mineral nitrogen assimilating, oligonitrophilous bacteria, acti-
nomycetes and micromycetes. Actinomycetes, mineral nitrogen assimila-
ting and oligonitrophilous bacteria were most susceptible to metals. The
highest tolerance towards metal acetates was shown by micromycetes
and spore-forming and cellulose-degrading bacteria. The influence of
the test metals was most negative in the Btkg horizon 56-61 cm deep,
where no actinomycetes, mineral nitrogen assimilating bacteria and oli-
gonitrophylic bacteria were found.
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INTRODUCTION

Heavy metals are known as harmful pollutants in
soil having a negative effect on soil biota including
microorganisms. Some heavy metals, e.g. Pb, even
at low levels are toxic, while others such as zinc
and copper at low concentrations are essential for
microorganisms (Hughes, Poole, 1989; Morselt et al.,
1986; Ross, 1975). Nevertheless, high metal concen-
trations of the latter metals can exert a harmful
effect on microorganisms. The physico-chemical pro-
perties of a particular environment determine metal
speciation and consequently their biological availa-
bility and toxicity (Baath et al., 1998; Babich,
Stotzky, 1982; Duxbury, 1985; Martino et al., 2000;
Vangronsfeld, Clijsters, 1994; Winkelmann, 1992).
The presence of organic matter, other ions, clay mi-
nerals may reduce the toxicity of heavy metals. On
the other hand, toxicity may be exerted also by ma-
ny inorganic and organic metal complexes (Bewley,
Stotzky, 1983). Additionally, mixtures of heavy me-
tals often show a more pronounced effect on mic-
roorganisms (Vargha et al., 2002).

Heavy metals affect microorganisms in soil mul-
tisidedly: they shift the structure of microbial popu-
lations, impoverish their diversity, affect species com-
position, reproduction and activity of indigenous mic-

roorganisms (Arnebrant, Baath, 1987; Frostegrad et
al., 1996; Gadd, 1986, 1993). A general reduction
in fungal numbers was notices in soils polluted with
Cu, Pb, Zn and other metals (El-Sharouny et al.,
1988; Gadd, 1993; Nordgren et al., 1983; Ruhling
et al., 1984). Nordgren et al. (1983) reported that
along a gradient of Cu and Zn in soil towards a
brass mill, fungal biomass decreased by 75%. The
numbers of bacteria Rhizobium leguminosarum were
reduced by several orders of magnitude in soil pol-
luted with Zn, Cu, Ni and Cd (McGrath et al.,
1995). A harmful influence of heavy metals was ob-
served on the physiological activity of microorga-
nisms in natural habitats. A considerable reduction
was reported in litter decomposition in sites pollu-
ted with zinc and other heavy metals (Freedman,
Hutchinson, 1980; McGrath et al., 1995). They found
an evident inhibition of N, fixation by free-living he-
terotrophic bacteria in soil polluted with Zn, Pb,
Cd and Ni.

Many works deal with the effect of metals on
microorganisms in the upper soil horizon, while not
much investigations concern the metal impact on
microbial groups in deeper horizons. The aim of
the work was to evaluate the effect of the combi-
ned effect of Zn, Cu and Pb acetates on the survi-
val of microbial groups in different soil horizons.
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MATERIALS AND METHODS

Investigation site. Moraine sandy loam on clay lo-
am Calcari-Endohypogleyic Luvisol (LVg-n-w-cc) was
selected for the investigation. The representative ex-
perimental plot (10 x 10 m) was 350 m far from
the roadside of Vilnius—-Kaunas—Klaipéda highway
(Kaunas distr., Giraité). Soil samples from 0-10, 20-
25, 39-43, 56-61, 78-83 and 95-100 cm layers (re-
flecting the main horizons of the soil) were taken
for the assessment of microorganism distribution in
situ. The description of the soil profile from the
soil pit is presented in Table 1.

Table 1. Description of the soil profile (350 me-
ters from the roadside of Vilnius-Kaunas-
Klaipéda highway, Kaunas distr., Giraité)

Horizons
Ap 0-30 cm

Description of soil

Dark grayish brown with
yellow shade (10YR 4/2),
fluffy dampish sandy loam
with medium crumby
structure

Yellowish brown (10YR 5/4),
fluffy dampish sandy light
loam with medium cloddy
structure

Brownish yellow (10YR 6/6),
hard dampish sandy light
loam with medium nutty
structure

Yellowish brown (10YR 5/6),
hard dampish sandy light
loam with slaty—nutty
structure

Brown with white spots and
bluish fibres (7.5YR 5/3),
hard dryish medium loam
with medium prismatic
structure

Brown with white spots and
bluish fibres (7.5YR 5/4),
hard dryish sandy clay loam
with nutty-slaty structure

Ael 30-37 cm

EIBt 37-50 cm

Btkg 50-72 cm

Bkg 72-93 cm

BCkg 93-120 cm

The soil Ap horizon pH was 6.9, base saturation
98.2%, organic C and total N content 1.47% and
0.14% phosphorus and potassium 113.0 and 71.0
mg kg? respectively, gleyic properties occurred in
deeper layers — from the Btkg horizon >72 cm.

Arrangement and assessment of metal sorption
in soil. To investigate metal sorption and metal im-
pact on soil microorganisms, special columns were
constructed. In situ four columns were filled with
natural monoliths of soil and taken to a laboratory.
Soil in three columns was treated with a mixture of
Zn, Pb and Cu acetate solutions (1 g of each me-

tal/l), and to the soil in the control column distilled
water was added. The treatment was performed
when a full sorption of metals in soil was achieved.
Measurements of metals were conducted using an
atomic absorption spectrometer (Perkin Elmer
M403). Soil samples for detection of the total metal
content were treated with HF, HNO, acids, and for
mobile phase of metals 1IN CH,COONH, was used
for extraction.

Isolation of microorganisms. The prepared su-
spension of soil (10 g/90 ml 0.9% NacCl), when ne-
cessary, was diluted with H,O to concentrations of
microorganisms proper for plating. Soil suspensions
were plated on growth media suitable for specific
microorganism groups in Petri dishes. The following
microbial groups were investigated: organotrophic,
spore-forming, mineral N assimilating, cellulose de-
grading and oligonitrophilous bacteria, actinomyce-
tes and micromycetes. To cultivate these microorga-
nisms, the following media were used: nutritive pep-
tone agar (Oxoid) for organotrophic bacteria, starch—
ammonia agar for bacteria assimilating mineral nit-
rogen and actinomycetes (Naie, 1983), Eshbi me-
dium for oligonitrophilous bacteria, a medium with
cellulose as the only C source for cellulose-degra-
ding bacteria (N&3@, 1983) and wort agar for mic-
romycetes. To investigate spore-forming bacteria, soil
suspensions were heated at 80 °C in a water bath
for 10 min and plated on nutrient peptone agar
(Oxoid).

RESULTS AND DISCUSSION

Distribution of microorganisms in the soil in situ.
Results of the investigation of microorganisms di-
stribution in the soil showed the highest numbers
of microorganisms at a depth of 0-25 cm with a
gradual decrease in deeper layers (Table 2).

Organotrophic bacteria represent a huge group
of bacteria that use organic substances as a source
of carbon and nitrogen. The total content of these
bacteria was 2.12 mill. in the upper layer. A very
similar number of these bacteria was found at a
depth 20-25 cm, while in deeper layers bacterial
count decreased significantly. A particularly sharp
decrease (100 times) was noticed from the BCkg-
56-61 to BCkg-78-83 layers. The count of organot-
rophic bacteria was lowest in the deepest 95-100
cm layer (5.78 thousand cfu/g dry soil).

Spore-forming bacteria in the investigated soil
profile showed approximately by one order of mag-
nitude lower counts than organotrophic bacteria. The
highest counts (410-420 thousands cfu/g) were found
at a depth of 0-25 cm while the lowest (600-900
cfu/g) at a depth of 78-100 cm.

Bacteria assimilating mineral nitrogen were de-
tected in huge amounts in the Ap horizon. In the
upper 0-10 cm layer their count was 108 mill. cfu/
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Table 2. Counts of microorganisms of different groups in the soil in model columns after treatment

with copper, zinc and lead acetates

Group of | Depth Count of Count of microorganisms in soil in model columns
micro- of soil micro- after 6-month exposure, x103
organisms | samples, | organisms Control Soil treated with heavy metals |Percentage
cm in natural column, 1 2 3 of counts
soil,x103 soil treated | column | column |column |(average)
with H,0 compared
with the
control, %
0-10 2128.0 += 7157.0 + 266.0 = 8331 = 1555 + 2.35
680.5 596 115 24.74 24.5
= 20-25 2117.0 = 1736 + 57.70 = 85.79 = 1146 % 4.94
2 895.0 388 11.4 19.70 21.9
8 39-43 327.7 = 3025 + 2390 = 0.63 = 4750 x 7.93
L 81.0 36.0 4.4 0.25 6.8
S 56-61 129.8 + 469.0 + 48 + 018 = 042 = 0.38
= 13.7 89.9 0.8 0.02 0.05
% 78-81 6.2 + 2124 + 037 = 018 = 24 + 0.98
o 0.6 14.5 0.0 3 0.05 1.7
o 95-100 5.8 =+ 296.4 + 024 =+ 027 £ 119 + 1.38
1.6 40.7 0.01 0.1 0.76
0-10 410.24 + 6145 + 1476.0 = 50.99 = 27.20 =+ 12.25
- 31.8 1565 84.0 5.46 17.36
= 20-25 42049 + 2312 + 99450 = 2.89 + 52 + 144.53
g 79.9 405 1622.0 0.26 2.6
< 39-43 9.28 + 89.1 + 16.10 = 0.12 = 0.05 + 603.40
£ 2.0 14.9 1.63 0.005 0.004
S 56-61 14 + 59.4 + 022 = 540 = 0.06 = 1.85
£ 0.5 7.2 0.03 10.0 0.002
8 78-81 06 *+ 6.30 = 021 = 021 = 0.002 = 23.8
S 0.07 1.0 0.05 0.03 0.007
@ 95-100 0.9 =+ 470 = 012 =+ 011 =+ 174 = 138.30
0.1 0.2 0.01 0.01 0.34
0-10 108570.0 + 318500 =  3964.0 = 2226.0 + 2188.0 *+ 0.88
2300.0 23300 181.0 900 216.0
= 20-25 78310.0 + 163300 =+ 9450 = 1353.0 = 2349.0 + 9.5
s 2 3000.0 14200 108.0 71.0 175.0
28 39-43 138.3 =+ 1400 + 90.0 = 1532 =+ 0 5.79
g =3 66.0 160 4.4 19.2
- = 56-61 129 =+ 41.00 + 0 0 0 0
b E 0.3 1.60
£z 78-81 03 =+ 1888 + 0.035 + 0 0.47 = 0.95
25 0.2 156 0.003 0.01
95-100 0.4 *+ 0.1 2447 = 170 0.33 = 0 0.058 + 0.05
0.036 0.008
0-10 46.1 + 13.3 16.53 = 2.04 0.229 = 0.183 = 0.131 =+ 1.09
2 0.024 0.008 0.011
g 20-25 41.1 + 14.0 8.46 = 0.66 0.188 = 0.117 =+ 0 1.46
= 0.013 0.013
o 39-43 40 = 1.2 1.20 = 0.3 0.084 + 0 0.072 + 2.33
> 0.005 0.0065
= 56-61 3.7 =038 1.0 £ 0.2 0 0 0 0.63
E 78-81 0.67 = 0.2 0.08 = 0.01 0 0.015 = 0.050 + 6.13
S 0.003 0.0045
6 95-100  0.09 * 0.01 0.087 + 0.011 = 0.0097 =+ 0 0
0.015 0.0015 0.0015
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Table 2 (continued)

© 0-10 6420.0 + 0.047 + 0.0029 = [0.0055 + |0.005 =+ 9.57
S 1483 0.002 0.001 0.001 | 0.0024
5 20-25 | 37200 = 87.1 |0.022 + 0 0 0.0033 =+ 5.0
g 0.001 0.0005
£ 39-43 | 850.0 = 1100 |0.017 = 0 0.0008 =+ 0 15.89
= 0.002 0.0006
5 56-61 | 380.0 = 9.6 00045 =  |0.004 + 0 0 29.33
2 0.0016 0.0005
= 78-81 | 120.0 = 40.0 |0.005 + 0.004 + [0.0033 =+ 0 43.00
D 0.0009 0.0008 | 0.0005
2 95-100 | 25.7 =+ 103 0.008 + 0.005 + [0.0012 + | 2.69 + 36.25
0.002 0.0006 | 0.0006 2.34
0-10 236230 =+ 115.0 | 4480 + 180 0 0 0 0
8 20-25 | 14819.3 + 208.0/ 14300 + 370| O 0 0 0
3 3943 | 9143 + 173 |150 = 1.0 0 124 + 0 0.27
= 35
2 56-61 | 120.7 = 153 |44.2 =+ 32.2 0 0 0 0
g 78-81 09 + 0.1 0.47 *+ 0.17 0 0 0 0
95-100 | 1.3 =+ 0.1 0 0032 + 0 0 _
0.009
0-10 31400 + 4640 | 2556 + 91.9|56.29 + |31.81 + | 582 = 12.25
256 255 0.27
2 20-25 | 2240.0 + 231.0 | 72.8 + 42.4 | 8.04 + [33.47 + [17.49 = 27.02
£ 1.41 8.13 0.4
S 39-43 | 648 = 147 2115 + 0.49] 021 + | 018 = |0.072 + 4.78
5 006 | 003 | 0017
S 56-61 | 16.35 = 2.3 049 + 0.14 |0.048 + |0.081 + | 235 =+ 10.82
= 0.017 0.014 5.8
78-81 | 59 +.2.0 0.388+0.057 | 0.04 + |0.014 + | 059 =+ 13.66
0.0068 | 0.006 0.12
95-100 | 5.6 = 1.1 0.206 + 002 + | 085 + |012 = 160.19
0.072 0.0046 0.28 0.008

g, while starting from the depth of 39-43 cm their
counts decreased and were lower than those of or-
ganotrophic bacteria. The lowest counts of bacteria
assimilating mineral nitrogen (32-35 thousand cfu/
g) were found at a depth of 78-100 cm.

Oligonitrophylic bacteria able to grow under con-
ditions of nitrogen deficit were detected in low
amounts: 46 thousand cfu/g in the upper layer and
only 90 cfu/g at a depth of 95-100 cm.

Cellulolytic bacteria able to decompose cellulose
were most abundant in the 0-10 cm horizon (6.4
min. cfu/g). At a depth of 95-100 cm, the count of
cellulolytic bacteria decreased by 102 — 25.7 thou-
sand cfu/g.

The distribution of actinomycetes and bacteria
in soil was similar. Very high numbers of these mic-
roorganisms (236 mill. cfu/g) was found in the up-
per layer. In deeper layers the count of actinomy-
cetes decreased significantly; the decrease being es-
pecially sharp in BCkg-78-83 cm layer (only 900
cfu/g were detected).

Micromycetes in soil comprised from 3.14 mill.
cfu/g at a depth of 90-10 cm to 560 cfu/g at 95-100
cm.

It should be mentioned that the decrease of
counts of microorganisms from the upper to the
lowest soil horizon differed among the groups of
microorganisms. The highest decrease in counts was
shown by actinomycetes and bacteria assimilating mi-
neral nitrogen (10° times), while counts of the ot-
her groups of microorganisms decreased 102-10° ti-
mes.

Sorption of heavy metals in the soil. The expe-
riment on accumulation of zinc, lead and copper in
soil showed that the highest amounts of metals we-
re sorbed in the upper soil horizon rich in organic
matter. The total content of zinc, lead and copper
at a depth of 0-10 cm was 844.24, 838.76 and 773.38
mg/kg soil respectively (Fig. 1). An evident decrea-
se in the total amount of metals started in the EIBt
39-43 c¢cm horizon, and the lowest concentrations
were detected in the BCkg 95-100 cm horizon -
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410.69 (Zn), 278.33 (Pb) and 428.89 (Cu). The con-
tent of the mobile phase of the metals was much
lower than their total concentrations. In Ap 0-10
cm horizon zinc, mobile lead and copper were de-
tected at concentrations of 247.87, 239.17 and 209.93
mg/kg, while in the BCkg 95-100 cm horizon their
amounts decreased to 111.67, 72.70 and 112.80 res-
pectively. The total and mobile amounts of these
metals were similar; only the concentrations of total
and mobile lead were significantly lower than those
of other metals in 39-43 and 95-100 cm soil hori-
zons.

of microorganisms in the control column during ex-
posure also decreased in comparison with those in
the natural environment.

In the soil of the control column treated with
distilled H,O the count of organotrophic bacteria
reached from 7157.0 to 296.4 thousands cfu/g dry
soil (Table 2). Copper, lead and zinc acetates redu-
ced the amounts of organotrophic bacteria (Fig. 2).
At a depth of 0-25 cm, bacterial counts after tre-
atment with the metals reached only 2.35-4.94% of
their counts in the control column. A slightly lower
decrease of organotrophic bacteria as compared to

the control was observed at a

E== Zn mobile C—— Cu mobile s Pb mobile —e— Zn total —3— Cu total —a— Pb total ‘

depth of 39-43 cm: they amoun-

900

ted to 7.93%. A more severe dec-
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600 \f7§3\\”\ by 3 orders of magnitude and re-
500 o S ached only 0.38-1.38%. The diffe-

rences between bacterial counts in

different columns were more evi-
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dent than in the upper layers; this
could be related to differences in
soil composition as well as the
abundance of initial communities
of indigenous microorganisms in
situ.

Fig. 1. Total and
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mobile copper, zinc and lead in soil layers in model co-

Spore-forming bacteria in the
control column were not affected
negatively during the exposure; on

the contrary, their counts were
found about 10 times higher than
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forming bacteria was mostly noti-
ced in soil layers at a depth of 0-
10, 56-61 and 78-83 cm (Fig. 2).
pa— The lowest number of spore-for-
ming bacteria was found at a depth
of 56-61 cm — only 1.85% versus
with the control. Meanwhile in the
other soil layers an enhancement
= of bacterial counts was detected.
A particularly high increase (up to
603.40%) of spore-forming bacte-
ria was found in the 39-43 cm la-

Fig. 2. Counts of organotrophic (1), spore forming (2), mineral nitrogen
assimilating (3) and oligonitrophylic (4) bacteria in soil treated and untre-

ated with copper, zinc and lead acetates

Impact of metals on microorganism counts in
the soil in model columns. Exposure of microorga-
nisms to copper, zinc and lead acetates resulted in
a significant count decrease of all test groups of
microorganisms. It should be noted that the counts

yer. Rather high amounts of these
bacteria were found the 20-25 and
95-100 cm layers (144.53% and
138.30%, respectively).

Bacteria assimilating mineral nitrogen were se-
verely affected by heavy metals (Table 2, Fig. 2).
The most significant reduction in their counts was
noticed in the upper 0-10 cm soil layer and in de-
eper horizons 56-100 cm deep. The content of these
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bacteria in the 0-10 cm layer was only 0.88% in
comparison with the control. The highest numbers
of bacteria assimilating mineral nitrogen were found
in the 20-43 cm layer (9.50-5.79%). These bacteria
were totally absent in the Btkg 56-61 cm horizon;
in the BCkg 95-100 cm horizon their count was
reduced 10* times and in the soil treated with the
metals decreased significantly (Table 2). The grea-
test reduction in their counts under the influence
of heavy metals was found in the Btkg 56-61 cm
layer, where bacteria were inhibited absolutely (Fig.
2). A rather significant reduction in the counts of
these bacteria was noticed in the 0-43 cm layers
where only 1.09-2.33% of bacteria survived. The sur-
vival of oligonitrophylic bacteria was higher at the
depth 78-83 c¢cm (6.13%), while in the 95-100 cm
layer their amount decreased to 0.78%.

In the 95-100 cm layer the count of actinomycetes
was low (32 cfu/g in one column), while in the con-
trol column actinomycetes were not detected (Table
2). Occurrence of microorganisms in the lowest soil
layer in higher counts than in the above layers could
be due to a constant percolation of metal solutions
through the soil profile, and microorganisms could
have been carried down to the lowest layer.

Fungi were affected by metals not so significant-
ly as many bacteria and actinomycetes (Fig. 3). Their
number decreased to 4.78-27.02%, except the lo-
west layer where the fungal count was higher than
in the control (Table 2). The most evident influence
of metals on fungi was noted at a depth of 39-61
cm, while just above this horizon (at 20-25 cm) the
survival percentage of micromycetes was rather high.

Microbial survival after metal treatment in dif-

ferent soil horizons. The metal im-

pact on microorganisms in different
horizons of the soil varied. In the
Ap horizon 0-10 cm, the inhibito-
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fungi (9.57-12.25%) (Table 2). In
the Ap horizon 20-25 cm, much
, | higher counts of spore-forming bac-

teria and fungi were detected, whi-
le other microorganism groups dif-
fered significantly less from those

Fig. 3. Counts of cellulose degrading bacteria (1), actinomycetes (2) and
micromycetes (3) in soil treated and untreated with copper,

acetates

The number of cellulolytic bacteria in the co-
lumns was not high even in the soil treated with
water (Fig. 3). Evidently conditions for this group
of bacteria were unfavorable. Under the influence
of heavy metals the number of cellulolytic bacteria
decreased even more. The most significant reduc-
tion in the counts of these bacteria was found in
the upper soil layers (0-25 cm), where they reached
9.57-5.0% in comparison with the control (Table
2). However, in the deeper soil horizons cellulolytic
bacteria were comprised 15.89-43.0%.

Actinomycetes after treatment with heavy metals
were inhibited most severely; they were not found
in most of soil horizons (Fig. 3). These microorga-
nisms were found only in two soil samples. In the
39-43 cm layer of soil the number of actinomycetes
decreased to 0.27% in comparison with the control.

in the upper layer (Fig. 2). The Ap
horizon is rich in humus, plant re-
sidue and other organic matter,
which can chelate high amounts of
metals (Baath et al., 1995; Gadd, 1993). Both the
total amount and the amount of the mobile phase
of the test metals were very high in this horizon
(Fig. 1). In the 0-10 cm layer, the metal levels we-
re somewhat higher than in the 20-25 cm layer and
could have resulted in a more severe inhibition in
the upper layer. In the EIBt horizon 39-43 cm de-
ep, the response of microorganism groups to the
metals was rather similar. Notably the occurrence
of actinomycetes, which were inhibited absolutely in
most layers, was observed in this horizon (Fig. 3).
The total amount of metals and of their extractable
phase (especially Pb) was much lower than in the
Ap horizon. However, poorer nutritive resources,
which could have probably been bound with heavy
metals, did not allow microorganisms to develop suc-
cessfully and reach a higher abundance in this lay-

zinc and lead
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er. The most evident negative effect of metals on
microbes was noticed in the Btkg horizon 56-61 cm
deep. Microorganisms of even three bacterial groups
were inhibited absolutely, and organotrophic bacte-
ria were detected in negligible numbers. Neverthe-
less, other microorganisms such as spore-forming and
cellulose degrading bacteria and fungi were more
tolerant and survived in higher numbers (43.0-
27.2%). The total amounts of metals and mobile
Pb in this layer were higher (except Zn) than in
the 39-43 cm layer. Thus, high metal contents in a
soil poor in organic matter resulted in an absolute
inhibition of some groups of microorganisms. In the
Bkg 78-83 cm and BCkg 95-100 cm horizons, the
inhibition of the most groups of microorganisms was
lower than in the higher 56-61 cm layer; metal con-
tents in these deepest layers were lower, too.

The inhibition of microorganisms in soil horizons
could have been determined by several factors. The
toxic effect of metals depends on metal species and
concentrations, the organism and physico-chemical
factors of the environment (Gadd, 1993). Toxicity of
a metal may be exerted by different forms of the
metal. Free metal ions can directly affect microbial
cells, and a multiplicity of interactions can occur bet-
ween microbial cells and heavy metal ions (Chater-
jee et al., 1990; Gadd, 1986; Gadd, White, 1989).
Nevertheless, organometals are generaly more toxic
towards microorganisms than the corresponding free
metal ions, and their toxicity varies with the number
and identity of the organic groups (Cooney et al.,
1989; Gadd, 1993). Reduction in viable counts of
microorganisms indicates that essential functions ha-
ve been affected or even damadge of microbial cells
occured. Metals exert an effect on several functions
of microorganisms at the same time resulting in the
influence on the whole metabolism (Chaterjee et al.,
1990; Gorbunova, Terekhova, 1995). Toxic effect of
metals include blocking of functional groups of bio-
logically important molecules, the displacement and
substitution of essential metal ions from biomolecu-
les, conformation, modification, denaturation and inac-
tivation of enzymes and disruption of cellular and
organellar membrane integrity (Gadd, 1993; Tomsett,
1993). Microbial survival in the presence of toxic me-
tals depends on availability of metal speciation, which
is greatly determined by physical and chemical pro-
perties of the environment (Joho et al., 1990; Roane,
Pepper, 2000). Additionaly, sorbed metals to soil mat-
ter also influence indirectly survival of microorganisms
eventualy, since they bind to soil elements, which
serve as nutritive sources for microbes and, thus, ma-
ke them hardly available (Morley, Gadd, 1995). Mic-
robial survival in the presence of toxic metals de-
pends on availability of metal speciation, intrinsic bio-
chemical and structural properties, physiological and/
or genetical adaptation (Joho et al., 1990; Roane,
Pepper, 2000; Tomsett, 1993).

To sum it up, our results indicate that the inhi-
bitionary effect of the test metals on the survival of
microorganisms was high almost in all microbial
groups. Actinomycetes were the most susceptible
among investigated microorganisms: they were al-
most totally inhibited by heavy metals. A very high
suppression of survival after metal impact was found
in oligonitrophylic and mineral N assimilating bac-
teria, despite the fact that their counts in control
colums differed very much. The percentage of sur-
vived organotrophic bacteria was also similar, howe-
ver, these microorganisms, contrary to those discus-
sed above, were found in all soil horizons studied.
Cellulose-degrading bacteria withstood the impact of
metals rather well. Nevertheless, it should be noted
that very low numbers of them remained in the
control column. In comparison with other microor-
ganisms, the survival of micromycetes was rather
high. Quite a high fungal tolerance towards heavy
metals is related to the intrinsic properties of fungi
that can determine their survival, such as posses-
sion of impermeable pigmented cell walls, extracel-
lular polysaccharide and metabolite exretion, which
lead to binding or precipitation of metals (Caesar-
Tonthat et al., 1995; De Groot, Woodward, 1999).
The response of spore-forming bacteria to metals
differed from that of the other microorganisms: it
varied from clear inhibition to high enhancement of
their counts.

Such a variable response of microbial groups to
heavy metals could be predetermined not only by
their constitutional biological structure and functions
but also by defence mechanisms, which include ex-
tracellular precipitation, complexation and crystalli-
sation, transformation of metal species by oxidation,
reduction, methylation, dealkylation, biosorption to
cell walls, decreased transport or impermeability, ef-
flux, intracellular compartmentation and sequestra-
tion (Atlas, Bartha, 1993; Gadd, 1993; Gadd, Whi-
te, 1989; Joho et al., 1990; Martino et al., 2000;
Ono et al., 1988). Adapting peculiarities (physiolo-
gical or genetic) are very important in microbial
survival strategy under stress conditions. Continuous
exposure of microorganisms to heavy metals selects
for resistant strains that adapt to the presence of
metals and develop metal resistance mechanisms by
inducing physiological or genetic changes in the or-
ganisms (Margesin, Schinner, 1996; Tomsett, 1993).

To conclude, our investigation shows that the im-
pact of heavy metal acetates on microbial groups is
related to metal concentrations and the properties
of soil as well as to the biological peculiarities of
microbes of different groups. The high susceptibility
of such microorganisms as actinomycetes and oligo-
nitrophylic and mineral N assimilating bacteria sug-
gest low adapting possibilities of these microorga-
nisms, while fungi and spore-forming bacteria seem
to possessing much more effective defence mecha-
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nisms leading to higher survival under environmen-

tal

stress. Such different response of microorganisms

to heavy metals indicates a shift in the ratio of mic-
robial groups and suggests changes in the structure

of

particular microbial communities directed to se-

lection of more tolerant microorganisms.

ACKNOWLEDGEMENT

This work was supported by Lithuanian State

Science and Studies Foundation (N KO070).

Received 18 October 2004
Accepted 24 November 2004

References

1.

10.

11.

12.

Arnebrant K., Baath E. Nordgren a Copper tolerance
of microfungi isolated from polluted and unpolluted
forest soil. Mycologia. 1987. Vol. 79. P. 890-895.

. Atlas R. M., Bartha R. Microbial Ecology. The Ben-

jamin/Cummings Publishing Company, INC, Redwood
City, California, USA, 1993. P. 410-412.

B&ath E., Frosfegard A., Pennanen T, Fritze H. Mic-
robial community structure and pH response in soil
organic matter quality in wood ash fertilised, clear-
cut or burned coniferous soils. Soil Biology and Bio-
chemistry. 1995. Vol. 27. P. 229-240.

. Baath E., Diaz-Ravina M., Frostegard A., Campbell

C. D. Effect of metal-rich sludge amendments on the
microbial community. Applied and Environmental Mic-
robiology. 1998. Vol. 64. P. 238-245.

. Babich H, Stotzky G. Nickel toxicity to fungi: influ-

ence of environmental factors. Ecotoxicology and En-
vironmental Safety. 1982. Vol. 6. P. 577-589.

. Bewley B. R., Stotzky G. Effects of cadmium and

zinc on microbial activity in soil: influence of clay
minerals. Part 1. Metals added individually. Science of
the Total Environment. 1983. Vol. 31. P. 41-45.

. Caesar-Tonthat T. C., van Ommen Kloeke F., Geesey

G. G, Henson J. M. Melanin production by a fila-
mentous fungus in responce to copper and localisa-
tion in copper sulfide by sulfide-silver staining. Ap-
plied and Environmental Microbiology. 1995. Vol. 61.
P. 1968-1975.

. Chaterjee C., Nautiyal N., Pathak A. Some enzymatic

changes at variable zinc in three Aspergillus species
differing in zinc requirement. Mycological Research.
1990. Vol. 94. P. 511-513.

. Cooney J. J.,, De Rome L., Laurence O. S., Gadd G.

M. Effects of organotins and organoleads on yeasts. Jour-
nal of Industrial Microbiology. 1989. Vol. 4. P. 276-288.
De Groot R. C., Woodward B. Using copper-tolerant
fungi to biodegrade wood treated with copper-based
preservatives. International Biodeterioration & Biodeg-
radation. 1999. Vol. 44. P. 17-27.

Duxbury T. Ecological aspects of heavy metal respon-
ses in microorganisms. Advances in Microbial Ecology
(ed. Marshall K. C.). New York, 1985. P. 185-235.
El-Sharouny H. M. M., Bagy M. M., El-Shanavany
A. A. Toxicity of heavy metals to Egyptian soil fungi.
International Biodeterioration. 1988. Vol. 24. P. 49-64.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Freedman B., Hutchinson T. C. Effects of smelter
pollutants on forest leaf litter decomposition near
a nickel-copper smelter at Sudbury, Ontario. Ca-
nadian Journal of Botany. 1980. Vol. 58. P. 1722-
1736.

Frostegrad A., Tunlid A., Bdath E. Changes in mic-
robial community structure during long-term incuba-
tion two soils experimentally contaminated with me-
tals. Soil biology and Biochemistry. 1996. \Vol. 28.
P. 55-63.

Gadd G. M. Fungal responses towards heavy me-
tals. Microbes in Extreme Environments (eds. Her-
bert R. A, Codd. G. A.). London, 1986. P. 90-
102.

Gadd G. M. Interaction of fungi with toxic metals.
New Phytologist. 1993. Vol. 124. P. 25-60.

Gadd G. M., White C. Heavy metal and radionuclide
accumulation and toxicity in fungi and yeasts. Metal-
Microbe Interactions (eds. Pool R. K., Gadd G. M.).
Oxford, 1989. P. 19-38.

Gorbunova E. A., Terekhova B. A. Heavy metals
as a stress factor towards fungi manifestation of
their action on the cell and organism level. Mico-
logiya i phitophatologiya. 1995. Vol. 29. P. 63-69
(in Russian).

Hughes M. N., Poole R. K. The functions of metals
in microorganisms. Metals and microorganisms. Lon-
don: Chapman and Hall, 1989. P. 22-27.

Joho M., Inouhe M., Tohoyama H., Murayama T. A
possible role of histidine in a nickel resistant mecha-
nisms of Saccharomyces cerevisiae. FEMS Microbial Let-
ters. 1990. Vol. 66. P. 333-338.

Martino E., Turnau K., Girlanda M., Bonfante P, Per-
roto S. Ercoid mycorrhizal fungi from heavy metal
polluted soils: their identification and growth in the
presense of zinc ions. Mycological Research. 2000. Vol.
104. P. 338-344.

McGrath S. P, Chaudri A. M., Giller K. E. Long-
term effects of metals in sewage sludge on soils, mic-
roorganisms and plants. J. Ind. Microbiol. 1995. Vol.
14. P. 94-104.

Margesin R., Schinner F. Bacterial heavy metal-tole-
rance — extreme resistance to nickel in Arthrobacter
spp. Strains. J. Basic Microbiol. 1996. Vol. 36. P. 283—
288.

Morselt A. F. W, Smits W. T. M., Limonard T. His-
tochemical demonstration of heavy metal tolerance in
ectomycorrhyzal fungi. Plant and soil. 1986. \Vol. 96.
P. 417-720.

Morley R. F, Gadd G. M. Sorption of toxic metals
by fungi and clay minerals. Mycological Research. 1995.
Vol. 99. P. 1429-1432.

Nordgren A., Baath E., Soderstrom B. Microfungi and
microbial activity along a heavy metal gradient. Ap-
plied and Environmental Microbiology. 1983. Vol. 45.
P. 1829-1837.

Ono B., Ohue H., Ishihara F. Role of cell wall in
Saccharomyces cerevisiae mutants resistant to Hg**.
Journal of Bacteriology. 1988. Vol. 170. P. 5877-
5882.

Roane T. M., Pepper I. L. Microbial responses to
environmentally toxic cadmium. Microbial ecology.
2000. Vol. 38. P. 358-364.



Effect of copper, zinc and lead acetates on microorganisms in soil 69

29.

30.

31.

32.

33.

34.

35.

Ross 1. S. Some effects of heavy metals on fungal
cells. Trans. Brit. Mycol. Soc. 1975. Vol. 64. P. 175-
193.

Ruhling A., B&ath E., Nordgren A., Soderstrom B.
Fungi in metal-contaminated soil near the Gusum
Brass mill. Ambio. 1984. Vol. 13. P. 34-36.

Tomsett B. A. Genetic and molecular biology of
metal tolerance in fungi. Stress tolerance in fungi
(ed. D. H. Jennings). M. Decker, New York, 1993.
P. 69-95.

Vangronsfeld J., Clijsters H. Toxic effects of metals.
Plants and the Chemical Elements: Biochemistry, Upta-
ke, Tolerance and Toxicity (ed. M. E. Farago). VCH
Verlagsgesellschaft, Veinheim, 1994. P. 150-177.
Vargha B., Otvos E., Tuba Z. Investigations on eco-
logical effects of heavy metal pollution in Hungary by
moss-dwelling water bears (Tardigrada), as bioindica-
tors. Annals of Agricultural and Environmental Medici-
ne. 2002. Vol. 9. P. 141-146.

Winkelmann G. Structures and functions of fungal si-
derophores containing hydroxamate and complexone
type iron binding ligands. Mycological Research. 1992.
Vol. 96. P. 529-534.

Cern Y. Y. MeToasl MOYBEHHOH MHKPOGHOIOTHIL.
Mocksa: Komoc, 1983. 296 c.

Albinas Lugauskas, Loreta Levinskaité, Dalia Pegiulytg,
Jaraté Repeekiené, Algirdas Motuzas, Rimantas
Vaisvalaviéius, Igoris Prosyéevas

VARIO, CINKO IR BVINO ACETAT@ POVEIKIS
DIRVOPEMIO MIKROORGANIZMAMS

Santrauka

Tirtas bendrasis Cu, Zn ir Pb acetatg poveikis kelioms dir-
vopemio mikroorganizmg grupéms modelinése kolonose, up-
pildytose natdraliais dirvopemio monolitais. Tyrimams pasi-
rinktas 0-100 cm gylio karbonatingasis giliau gl&jidkas idplaut-
pemis (IDg4-k), paimtas i6 tyrimg vietos, esaneios 350 m nuo
automagistralés Vilnius-Kaunas—Klaipéda (Giraité, Kauno r.).
Nustatyta, kad metalg acetatai sumapino visg tirte mikroor-
ganizmg grupig — organotrofinig, sporinig, mineraling azota
asimiliuojaneig ir oligonitrofilinig bakterijg, aktinomicetg bei
mikromicetg — gausuma. Jautriausiai 4 metalg poveiki reagavo
aktinomicetai, mineralini azota asimiliuojaneios ir oligonitro-
filinés bakterijos. Atspariausi metalg acetatams buvo mikro-
micetai, sporinés ir celiulioze skaidangios bakterijos. Rydkiau-
sias tirtg metalg neigiamas poveikis pastebétas Btkg horizonte
56-61 cm gylyje, kur visidkai idnyko aktinomicetai, minerali-
nd azota asimiliuojaneios ir oligonitrofilinés bakterijos.

Raktapodpiai: dirvopemis, mikroorganizmai, sunkieji
metalai



