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Abstract 

The object of study was the effect of metal ions Hg+2, Cu+2, Zn+2 on tbe deyelopment of neustonic and 
planktonic bacteria from Lake Jeziorak Maly. It was found that planktonie bacteria were more susceptible to the 
heayy metal ions used in the experiment than neustonic bacteria. The bapteria showed higher tolerance to yarious 
concentrations of heayy metals in spring and summer than in autumn and winter. Neustonic bacteria isolated Erom 
sites exposed to municipal and industrial pollution showed higher tolerance to inereased concentrations of heayy 
metals. Bacteriacultured in trophicaltyrich medium were less susceptible toyarious concentrations of heayy metals 
than those cultured in trophically poor medium. The effect of toxicity of heayy metal ions on bacteria increased 
with the increase in their concentration and decreased in the following succession: Hg>Cu>Zn. 
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Introduction 

At the boundary between the phases air - water in 
water basins there forms a surface film, often called 
biofilm, from seyeral to seyeral hundred .tm in thick-
ness, with increased surface tension. That microlayer 
shows considerable physico - chemical and biological 
distinctness from the subsurface water [1]. The abun-
dance and actiyity of the microorganisms liying in it, 
much higher than those found in subsurface water [2, 
3, 4, 5], are maintained by thc richness and diyersity of 
chemical compounds: carbohydrates, lipids and pro-
teins [6, 7, 8], in spite of the presence among them of 
heayy metals [9, 10, 11], usually occurring here at 
higher concentrations than in deeper water layers. 

The effect of heayy metais on the microorganisms 
liying in that extreme ecotope depends on a number 
of factors, and in particular on the pH of the enyiron-
ment and on the interactions of other ions and com-
pounds, which may act synergistically or antagonisti-
cally [12]. In acid enyironment heayy metals can occur 
as free cations, whereas at pH changed to basie there 
form insoluble oxides and hydroxides [13]. At bw pH 
of the enyironment there oecurs an increase in bioac-
cessibility of heayy metal ions to organisms and in the 
possibility of their bioaccumulation, and at the same 
time in their toxicity, while higher pH reduces their 
toxic effect. The toxicity of heayy rnetals also depends 
on their chemical reactiyity. They can form complexes 

with the suspension and organie compounds, such as 
nitriltriacetic acid, citrates or cysteine [14], and in the 
course of migration in surface waters a significant part 
is also played by humus compounds. Their function 
groups (carboxylic, ketone, amino and thionic) bind 
metals into complexes, thus immobilizing them tempo-
rarily [15, 16]. A serious problem is biomethylation of 
metals and their transportation in the enyironment 
related with it. It constitutes an essential mechanism, 
playing an important part in yarious processes occur-
ring in the organism"s cells, responsible for the capacity 
of heayy metal ions to moye in the enyironment and 
for their bioaccumulation to a toxic leyel. Many heayy 
metal ions, including Hg2, Cu2 and Zn2, tend to 
combine with proteins, particulary with their sulphhy-
dryl groups. Those ions are responsible for the forma-
tion of harmful substances, causing disturbances in the 
funetioning of enzymes and of the genetic apparatus in 
bacteria [17, 18]. 

Due to progressing industrialization, high eon-
centrations of heayy metals oecur more and more 
frequently in natural enyironment with toxic effect 
on the bacterial mieroflora. That has led to a situ-
ation where microorganisms haye been forced to 
deyelop yarious protectiye mechanisms. Here be-
longs the ability of bacteria to change the yalence of 
metais [19], to methylate or demethylate them, 
which leads to their inactiyation and adoption of 
neutral or yolatile form. 
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Thc ocurrence in water enyironment of higher eon-
centrations of heayy metal ions can lead to their 
biosorption and accumutation in the bacterial cells. 
Biosorption is related to the formation of bonds of 
metals with actiye groups of chemical compounds oc-
curring in the cdl enyelopcs, walis and membranes of 
bacteria [20, 21]. As a result of the microorganisms 
metabolic processes, thc heayy metals on the one hand 
cumutate and form complexes inside the cells, which 
causes their temporary inactiyation and immobi-
lization [22, 23], but on the other hand they arc re-
teased frorn organic and mineral compounds, which 
makes their presence in the enyironment dangerous. 

Considering that the ability to moye about as wcil 
as the progress of the transportation and bioaccumu-
lation of heayy mctals arc of high importance for the 
situation of the naturat enyironment, the objcct of the 
present work is to estimate the effcct of some heayy 
metals on the deyelopment of heterotrophic bacteria, 
liying in the surface and subsurface water layer of the 
lake, depending on the concentration of thc metal ions 
as weB as on the site and time of year in which thc 
bacteria were isolated. 

Materials and Methods 

Study Arca 

Thc studies were carried out in Lake Jeziorak Maty, 
which is a part of the Rawa Lake District. It is a smail 
mid-town take, about 26 ha in arca, with a mcan depth 
of 5 m, strongly polluted, classified as a highly eutro-
phized ake [24]. Municipal sewage, industrial waste 
and rain-water from the town of Ilawa run into the 
lake. Water samples werc taken from three stands 
(Fig. 1.). 
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Fig. 1. Cutline of Lake Jeziorak Maty 

Stand 1 was situated off shore close to a built-up area. 
Stand 2was in the central part of the lake. Stand 3 was 
situated near a lumber mili. 

Sampling 

The studies includcd the water surface microiayer 
and subsurface water 5cm deep. Samples ofsubsurface 
water were taken with stenIe gtass pipettes. The sur-
face water microlayer was collected by means of a 
50x50 cm Garrett net with 50 tm mesh. The water was 
collected into stenIe glass bottles and stored in an 
ice-box, where the temperature did not exceed 7°C, 
until it was taken for analysis. 

Strain Isolation 

In order to isolate neustonic and planktonic bacte-
na, the water samples were dituted with buffer water 
[25], then using the spread plates method, plated in 5 
replicates on iron-peptone agar medium after Ferrer, 
Stapert and Sokolski [26]. Incubation was conducted 
for 6 days at 20°C. Next, 25 random colonies from each 
sample were picked up and transferred into a semi-tiq-
uid iron-peptone agar medium. After checking the 
colonies for purity, they were stored at 4°C for further 
study. 

Before starting to study the effect of heayy metals 
on the deyelopment of bacteria, the isolated strains 
were protiferated on slants of the iron-peptone agar 
medium for 72 hours at 26°C. Then they were washed 
off with 2.5 ml of stenite buffer water. The suspension 
thus obtained was used as inoculum for study. 

Heayy Mctats 

The following heayy metais in the form of their salts 
were used in the experiment: HgCl,, CuSO4, ZnSOą. 
The mother liquors of the heayy metal salts were pre-
pared in distilled water. Thc final concentrations of 
ions of particuiar metais in culture media were as 
follows: 

Hg2- 0.5 ppm, 1.5 ppm, 5.0 pprn, 7.5 ppm 
Cu2- 0.5 ppm, 2.0 ppm, 6,0 ppm, 10.0 ppm 
Zn2- 50 ppm, 500 ppm, 1000 ppm, 2000 ppm 

Micnobiological Experiments 

In the study of effect of heayy metals on the deyel-
opment of heterotrophic, neustonic and planktonie 
bacteria were used: a) the diffusion toxicity test after 
Różycki [27] and b) the spectrophotometnic measure-
nient of the bacteria"s deyetopment in liquid culture. 
The cuitures of bacteria in the presence of heayy met-
ais were run in a trophicalty rich medium containing: 
casein hydrolyzate (Difco) - 5.0 g, yeast extract (Difco) 
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- 1.0 g, glucose - 2.0 g, NaCI - 10 g, MgSO4 - 2.8 g, KCl 
- 0.3 g, distilled water 1000 cm3, pH 7.0-7.2 and in a 
trophicatly poor Czapek medium, modified by Dox and 
Thom [28], composed of saccharose 3.0 g, NaNO3 
2.0 g, K,HPO4 - 1.0 g, MgSO4 - 1.0 g, KC! - 0.5 g, FeSO4 
x 7H20 - 0.01 g, distilled water - 1000 cm3, pH 7.0-7.2. 

a) The diffusion toxicity test was carried out using 
two-layer plates, in which the lower iayer was iron-pep-
tone agar, and the upper layer consisted of 5 ml agar-
ized medium, trophically rich or trophicaliy poor. After 
being inoculated with 0.1 m! bacteriat suspension pre-
pared as described aboye, the media were immediately 
placed in a refrigerator at 4°C for 30 min for quick 
solidification and inhibition of possible growth of the 
tested bacteria. Then fiye cylindrical holes were cut out 
in the media (® 3,2 mm). Into four of them were 
poured 20 pd each of yarious concentrations of the 
heayy metais under study, and into the fifth (contro!) 
stenie distilled water. The plates with the inocula were 
incubated for 5 days at 26°C, after which the diameters 
of the bacterial growth inhibition round the holes were 
measured. Ali expeniments were carried aut in triplicate. 

b) For the spectrophotometric measurement ofbac-
teriai deyelopment, the bacteria were incubated in 
iiquid media, one trophically rich and one trophically 
poor, with yarious heayy metais concentrations added 
(as aboye). Test- tubes containing 4 ml medium were 
inoculated with a one loopful of the bacterial suspen-
sion, prepared as aboye. After 7 days of incubation 
at 26°C, light absorption in the bacterial cultures at 
560 nm wayelength was measured using a Specol 
221 spectrophotometr (Carl Zeiss Jena) relatiye to 
the control (blind) sample, which was uninoculated 
media. 

Resu!ts and Discussion 

The experiments demonstrated that all heayy met-
1-  + +2 als used in them (Hg -„ Cu -„ Zn ) had a toxic effect 

on the neustonic and planktonie bacteria Erom Jezio-
rak Mały. Their effect depended on the kind of the 
metal, its concentration, the kind of medium as weil as 
on the site and time of year when the bacteria were 
isolated. The experiments demonstrated that the tox-
icity of metais progressed in the following order: 
Hg>Cu>Zn (Figs. 4 and 5). The toxic effect of mer-
cury was many times higher than that of copper and 
zinc. At 0.5 pprn concentration it allowed yery good 
growth of only 10% of strains on trophicaily poor 
medium (Fig. 5) and of 26% of strains incubated on 
trophicaliy rich medium (Fig. 4). Those data confirm 
the resuRs obtained by Qadd and Griffiths [29] and 
Whitton [30]. According to Coogan [31], besides caus-
ing disturbances in the genetic apparatus of microor-
ganisms, mercury in the form of competitiye inhibitors 
can also substitute ions of other important metals, e.g. 
Mg2, in the actiye centres of enzymes. 

The lowest susceptibility to the heayy metal ions 
used in the experiment was found in bacteria isolated 
Erom the stand situated in the yicinRy of a lumber mili 
(Figs. 2 and 3). The toxic effect on the populations of 
bacteria isolated from the other stands was slightiy 
higher. Bacterial susceptibility or insusceptibility to 
heayy meta! ions seems to be directly related to the 
presence of those elements in the enyironment as eon-
stituents of enyironmental pollution. That is in line 
with the nesu!ts of studies conducted by MilIs [32] and 
Kim [12], which demonstrated a high leye! of adapta-
tion in bacteria liying in polluted enyironments. Toler-
ance of microorganisms to higher heayy metais eon-
centrations in tbe enyironment is also manifested as 
the ability to form extracellular polymers. The resutts 
of studies conducted on media enriched to yarious 
degrees with organic substances, described in the pre-
sent paper, point to a dependence of the toxicity of 
metals on the concentration of the organic complex 
(Figs. 2 and 3). In media richer in organic compounds 
there probably forms an organic complex with heayy 
metals, which causes temporary detoxication of the 
enyironment and a limitation of bioaccessibility of 
heayy metals. The inhibitory effect of Cu and Zn was 
considerably reduced when they occurred in a trophi-
caRy rich medium. That is confirmed by the results 
obtained by Kim [33] and Niewolak [34]. According to 
those authors, the decrease in biologica! toxicity of 
heayy metal ions may be due to the effect of other ions, 
e.g. Mg2, whose concentration in the trophically rich 
medium used in the experiment was twice as high as in 
the trophically poor medium. It foliows from the data 
obtained in the present work that this rule does not 
concern mercury, which shows high toxicity both in 
organic complexes and in inorganic compounds. 

Differences in the effect of heayy metal ions were 
found between the planktonie strains isolated from 
5-cm depth and the neustonic strains from the surface 
microlayer water of the lake. It follows from the data 
that the bacteria liying in the surface film are less 
susceptible to the toxic effect of the metals under study 
(Figs. 2,3,4 and 5). Kim [33] has found thatneustonic 
bacteria"s tolerance to heayy metals is due to their 
adaptation to the higher concentrations occurring in 
the surface film than in subsurface water. That is inline 
with the results of Waldichuk [35], who found that the 
concentrations of pollutants, including heayy metais, is 
100 to 1000 times higher in the surface microlayer than 
in the deeper water iayers. 

The most tolerant to heayy metais were strains iso-
lated in spring and summer, the least those isolated in 
winter (Figs. 4 and 5). That difference is probably due 
to the phenomenon of adaptation of the neustonic and 
planktonic strains to higher ieyeis of poliution in spring 
and summer, caused by the influx of tourists and more 
rainfail introducing atmospheric pollution from the 
catchment area into the lake. 
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Fig. 2. Percentage of strain incubated in trophicalty rich medium, 
susceptible to particular concentrations oS heayy metals (annual 
mean) 

Data concering the tolerance of neustonic mieroor-
ganisms of inland waters to the presence of heayy 
metals arc yery scarce. More attention has been fo-
cused on studies of microorganisms liying in the sur-
face layer of seawaters [1,3,5,9, 31],which iswhy there 
is only limited possibility of awider discussion concern-
ing the neustonic microflorą of inland basins. It is 
therefore necessary to continue intensiye studies in 
order to obtain fuller data about neustonic bacteria 
and their role in the detoxication of heayy metals in 
inland waters. A better understanding of the physiolo-
gical and biochemical properties of that group of bac-
teria can also help to understand better their role ańd 
importance in the processes of self-purification ofwa-
ters. 

Conclusions 

Summing up the results of the present work, the 
following conclusions can be drawn: 

a) the ions of the heayy metals used in our work, 
yiz. mercury, copper and zine, bad a toxic effect 
on most planktonic and neustonic bacteria of 
the lake under study 

b) the effect of heayy metal ions on the microflora 
depended on the kind of metal, its concentra-
tion and the presence of organie substances in 
the culture medium 
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Fig. 3. Percentage oS strain incubated in trophicalty poor medium, 
susceptible to particular concentrations oS heayy metais (annual 
mean) 

c) the toxicity effect of heayy metal ions increased 
with an increase in their concentration and dc-
creased in the following order: Hg>Cu>Zn 

d) bacteria isolated from stands exposed to mu-
nieipal or industrial pollution were more toler-
ant of inereased coneentrations ofheayymetals 

e) planktonie bacteria were more susceptible to 
high concentrations of heayy metal ions than 
neustonic baeteria, 
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