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RESISTANCE LEVEL TO HEAVY METALS OF MICROBIAL
COENOSES OF THE BLACK SEA SHOREFACE 1

The minimal concentrations of Hg2+ Pb2+ Cd2+ions that inhibit the growth of
heterotrophic marine bacteria on dense nutritious medium has been determined.
There has been shown that the quantity of bacteria that are resistant to the
investigated metals is higher an order in regions with high technogenic load (the
Datcha Kovalevskogo and the Oil terminal of the Odessa port).
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Chemical pollution by heavy metals has become one of the actual problems of an-
thropogenic influence on marine environment. Their characteristics are high bioaccu-
mulation ability, formation of new complex compounds, toxicity in small concentra-
tion and gradual accumulation in the environment that results in ecosystem degradation.

Mercury, lead and cadmium, which enter at direct pollution, through atmosphere and
with continental drain, are the most dangerous for water biocoenoses [2]. It is supposed
that toxicants by rendering pressure on the genetic apparatus form conditions for mi-
croorganisms’technogenic microevolution in direction of increasing their aggressiveness
[1]. Therefore, for understanding of the processes that determine assimilation capacity
of the system it is interesting to study an ability of microbial coenoses with various le-
vels of toxic agents’ action to react on stressing concentrations of prior toxicants.

The purpose of the present work has been to determine the levels of resistance to
Hg2+ Pb2+rand Cd2+ions for heterotrophic marine bacteria of microbial coenoses in
Odessa region shoreface.

Materials and methods

The samples of marine water have been selected at the Delfin Beach, at the mooring
Ne 138 in the region of Datcha Kovalevskogo, at the Central Oil terminal of Odessa
Port at the mooring Ne 1(The Oil terminal), and also from the Dniester river in region
of the settlement Mayaki. The selection has been carried out from superficial water
horizon (0—50 cm) in July 1999.

The quantity of heterotrophic bacteria has been determined by inoculation method
on op6eHko solid culture medium [4]. 9 ml of the culture medium has been brought
into a petri dish and 1 ml of concentrated solution of the toxicant in the experiment (or
sterile marine water in the control) has been added, so that each of 10 ml of the culture
medium would contain the needed concentration. The range of heavy metal concentra-
tions has been selected on the basis of preliminary research. Salts of heavy metals HgCI12

1 This research has been supported by INTAS—UKRAINE 95-0116 project.
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(Hg2y, Pb (N032(Pb2y and CdCI12(Cd2y have been used as toxicants in the following
dilutions: Hg2+(0,005; 0,01; 0,05; 0,1; 0,5 mmol eliter')d, Pb2+(0,1; 0,5; 1; 1,5; 2 mmol x
x liter") and Cd2+(0,05; 0,1; 0,5; 1; 1,5 mmol e liter-1).

Cultivation of bacteria has been carried out at temperature 22 °C during 48 hours.
The minimal concentration of the toxicant, at which the growth of microorganisms has
not been observed, is assumed as minimal inhibitory concentration (MIC) of the toxi-
cant. The contents of toxicants in water samples have been determined with the help of
atom-adsorption determination according to the method [3].

Results and discussion

The study of contents of the toxic metals (Hg2+ Pb2and Cd2) has shown, that they
have been present in natural water of the investigated region in the minimal concentra-
tions that do not exceed levels of Maximum Concentration Limit (MCL) [5] (Table 1).
Mercury has been found in trace quantities, and the maximal content of lead and cad-
mium has not exceed 1,5 ¢« 10 5mmol e liter-land 2,8 « [IO”mmol «liter-1, corresponding-
ly. The received results confirm the opinion that at this moment there is normalization
of the ecological situation concerning the contents of heavy metals in the North-W est-
ern part of the Black Sea and the Dniester river [6].

Table 1
Contents of heavy metal ions (mmoMiter-1) in water of investigated regions
lon MCL* t-gpnii(r?gl Thge;)g*ﬁn Kovg?;\(j?liogo Dniester
Ph2+ 1,5* 10-4 1,5 m10-5 6,3 * O~ 13 «io-5 1,4- 105
Cdz 8,9 /10-6 2,6 « 10-* 1,6 * lo-6 2,8 * 10-* 2,2- 10-*
Hg2+ 2,5+ 10-6 trace trace trace trace

Note: *— Maximum Concentration Limit.

Inoculation of the selected water samples on cultural medium, containing the given
concentration ofone or another metal, enables to determine what share of microorgan-
isms from the total number contained in the sample isresistant to this concentration of
the metal and is able to grow in its presence.

The analysis of the data that is presented in Tables 2, 3 and 4 testifies that in the
investigated water microbial coenoses there are representatives that are resistant to
high concentration of toxic metals.

So, the complete absence of bacterial growth has been observed at inoculation of
water samples from the Delfin Beach and the Dniester on the medium with lead in
concentration of 1.0 mmol e liter-land from region of the Datcha Kovalevskogo and
the Oil terminal in concentration of 1,5 mmol «liter-1(Table 2). That is, these concen-
trations of metal ions should be considered as MIC for all bacteria contained in water
samples without exception. Shares of bacteria that have grown on the medium with
Pb2+in concentration below MIC (0,5 mmol «liter") has been 29,2% for bacteria from
the Dniester, 15,5% for bacteria from water of the Delfin Beach, and on the medium
with Pb2+in concentration 0,1 mmol -liter-1lit has been 51,7% and 78,0% corresponding-
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Table 2
Quantity of bacteria (CFUfl- ml-1) during growth on media with Pb2+
Concentration of The Oil terminal ~ The Delfm Beach Kov?i?et\i:lfogo Dniester

Pb2+(mmol - liter-1) Abs Num b Share Abs Num h Share Abs Num h Share Abs Num b Share
(%) (%) <%) (%)
Control 9540+£319 100,0 2710+373 100,0 36931393 100,0 27701287 100,0

0,1 9165+215 96,1 14001190 51,7 31521255 85,4 21601285 78,0

0,5 40751200 42,7 420148 15,5 12701210 34,4 810162 29,2

1,0 2120+ 95 22,2 0 0,0 100116 2,7 0 0,0

1,5 0ocC 0,0 0 0,0 0 0,0 0 0,0

Note: a— Abbreviations: Colony Formation Unit;b— Absolute Number. Results are reported
as the means * standard deviations of three determinations;c— MIC.

Table 3
Quantity of bacteria (CFU mml']) during growth on media with Cd2+
. The Oil terminal ~ The Delfin Beach Datcha Dniester
Concentration of Kovalevskogo
Cd2+(mmol siter-1
( ) Abs Num Srlare Abs Num Sflare Abs Num Share Abs Num Share
() (%) (%) (%)
Control 95401319 100,0 27101373 100,0 36931393 100,0 27701287 100,0
0,05 92001353 96,4 12301251 45,4 31501299 85,3 25101120 90,6
0,10 48901378 51,3 6901102 255 18101163 49,0 17901262 64,6
0,50 10101117 10,6 2012 0,7 470183 12,7 0 0,0
1,00 0 0,0 0 0,0 0 0,0 0 0,0
Table 4

Quantity of bacteria (CFU  ml-1) during growth on media with Hg2+

Concentration of The Oil terminal  The Delfin Beach KovZ?éflrs]liogo Dniester
Hg2+(mmol -liter) Abs Num Share Abs Num Share Abs Num Share Abs Num Share
%) (%) (%) )
Control 95401319 100,0 27101373 100,0 36931393 100,0 27701287 100,0
0,005 94901419 99,5 16801177 62,0 25501153 69,0 22101207 79,9
0,010 87201329 914 1013 0,4 400126 10,8 930139 33,6
0,050 62101236 65,1 0 0,0 9019 2,4 0 0,0
0,100 0 0,0 0 0,0 0 0,0 0 0,0

ly. Resistance of microbiota is significantly higher in the region of the Datcha Kova-
levskogo and the Oil terminal and higher MIC levels testify about that.

The shares of resistant representatives in microbial cenosis are especially great in
the Oil terminal. 22,2% of microbial representatives from the Oil terminal have dis-
played an ability to grow at concentration of Pb2+ 1.0 mmol mliter'], which is MIC for
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microbiota in the region of the Delfin Beach and the Dniester. As it isshown in Table 3,
the microbiota from water of the Dniester river has appeared to be the least resistant to
Cd2-ions. MIC of Cd2+has appeared to be 0,5 mmol eliter-1for it. Microbial coenoses
of the Delfin Beach, of the Datcha Kovalevskogo and of the Qil terminal have shown
two times higher resistance.

MICs of Cd2+for them has been at the level of 1.0 mmol* liter-1 It is interesting to
note that resistance to such Cd2concentration has been shown just by 0,7% of micro-
bial cenosis from the Delfin Beach water, while in region of the Datcha Kovalevskogo
and in the Oil terminal it has been shown by 12,7% and 10,6% correspondingly.

As it follows from Table 4, MIC of mercury for microbial communities in the region
of the Delfin Beach and the Dniester river have been 0,05 mmol «liter-1, and for the
Datcha Kovalevskogo and the Oil terminal MICs of Hg2+as well as of Pb2+have been
0,1 mmol wmliter"l which is two times higher. Thus, at concentration of Hg2+ below
minimal inhibiting concentration of 0.01 mmol e liter-1, the share of the resistant repre-
sentatives from water of the Delfin Beach and the Dniester river has been 0,4% and
33,6% correspondingly. The highest contents of resistant bacteria has been revealed in
the Oil terminal microbial cenosis. At equal values of MIC of Hg2+ (0,1 mmol - liter-1)
for microbial population in region of the Datcha Kovalevskogo and of the Qil termi-
nal, significantly larger share of resistant microorganisms has been revealed for the Oil
terminal bacteria. The quantity of resistant microorganisms, that have grown on medi-
um with Hg2+rconcentration following MIC, has been 2,4% for the Datcha Kovalevsko-
go, while it has been 65,1% for the Oil terminal.

While analyzing the presented results, it is possible to ascertain that microbial
coenoses of the investigated regions show resistance to ions of lead, cadmium and mer-
cury in a similar way. The level of microbiota’s resistance to all of the three metals
grows in the following sequence ofregions: the Delfin Beach, the Dniester river, Datcha
Kovalevskogo and the Qil terminal.

Thus, regardless of the fact that in water of the investigated regions the contents of
Pb2+ Cd2+ Hg2+are insignificant and even below than Maximum Concentration Limit,
microbial coenoses show their ability to grow at concentrations of the given metals,
which are 5-6 orders higher. It can be a manifestation of genetically determined natu-
ral mechanisms of bacterial resistance to heavy metals.

At the same time, in our opinion, the distinctions in resistance to Pb2+ Cd2+and
Hg2+ which have been shown by microbial coenoses of the investigated regions, are
very important. The greatest resistance to heavy metals has been revealed for the mi-
crobial population of the shoreface of the Oil terminal and the Datcha Kovalevskogo,
that is quite in accordance to the fact that microbial coenoses in these regions are sub-
ject to significant anthropogenic pollution. Waste water of biological treatment station
“Yuzhnaya” is dumped in region of the Datcha Kovalevskogo, and there is an exit of
the municipal collector and technogenic influence of the Port in the Qil terminal.
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PIBEHb PESNCTEHTHOCTI O BAXKWMNX META/TIB MIKPOBHWX LLEHO3IB
MPUBEPEXHWMX BOJ YHOPHOIO MOPHA

Peslome

Bun3HayeHi MiHIManbHi KOHLeHTpaLii ioHiB Hg2 Pb2+ Cd2+ wo iHriéytoTb picT reTepoTpod-
HWX MOPCbKMX BakTepiil Ha LW iNbHOMY XWUBUAbHOMY CepefoBuLli. BusasneHo, Wwo KinbKicTb pe-
3UCTEHTHUX 0 AOCNIMXKEHNX MeTanis 6akTepili Ha NOpPAJOK BULLE Y palloHaX 3 BUCOKUM TEXHO-
reHHMM HaBaHTaXeHHsAM (paiioH [ayva KoBanescbkoro i HagtoraBaHi Ogecbkoro nopry).

KntouoBi cnoBa: Mopcbki 6akTepii, ioHn Hg2+ Pb2+ Cd2+ pe3sucTeHTHICTb.
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OfeccKkuin rocylapCTBeHHbIN YHUBEPCUTET, Kal. MUKPOBMONOTMK U BUPYCONOTUN,
yn. ABopsaHckas, 2, Ofecca, 65026, Y kpauHa

YPOBEHb PESBVUICTEHTHOCTW K TAXENBIM METATNAM
MWKPOBHbIX LLEHO30B NPUBPEXHbLIX BOJ4 HEPHOIO MOPA

Pesiome

OnpefeneHbl MUHUMaNnbHble KOHLEHTpauum noHos Hg2+ Pb2+ Cd2+ nHrmbupytowme poct
reTepoTpodHbIX MOPCKUX 6GaKTepuii Ha NNOTHOI NUTaTenbHON cpefe. MokasaHo, YTO Konye-
CTBO PE3UCTEHTHbLIX K NCCNefyeMbIM MeTannaMm 6aKkTepuii Ha MOPSAJOK Bbllle B palioHaX C BbICO-
KON TeXHOTeHHOW Harpyskoi (Jaya KoBaneBckoro n HegterasaHb Ofecckoro nopra).

KntoueBble c/ioBa: MOpCKMe 6akTepumn, MoHbl Hg2+ P2+ Cd2+ pe3aUCTEHTHOCTb.



