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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 pollu tion by heavy m etals has become one o f the actual problem s o f an ­
thropogenic influence on m arine environm ent. Their characteristics are high bioaccu­
m ulation ability, form ation  o f new complex com pounds, toxicity in small concentra­
tion and gradual accum ulation in the environm ent that results in ecosystem degradation.

M ercury, lead and cadm ium , which enter at direct pollution, through atm osphere and 
with continental drain , are the most dangerous for w ater biocoenoses [2]. It is supposed 
that toxicants by rendering pressure on the genetic appara tus form  conditions for mi­
croorganism s’ technogenic m icroevolution in direction o f increasing their aggressiveness 
[1]. Therefore, for understanding  o f the processes th a t determ ine assim ilation capacity 
of the system it is interesting to  study an ability o f m icrobial coenoses with various le­
vels of toxic agents’ action to  react on stressing concentrations of p rior toxicants.

The purpose of the present work has been to  determ ine the levels of resistance to 
H g2+, Pb2+ and C d2+ ions fo r heterotrophic m arine bacteria  o f m icrobial coenoses in 
Odessa region shoreface.

Materials and methods

The samples o f m arine w ater have been selected at the Delfin Beach, at the m ooring 
№  138 in the region o f  D atcha  K ovalevskogo, at the C entral Oil term inal o f Odessa 
Port at the m ooring №  1 (The Oil term inal), and also from  the Dniester river in region 
o f the settlem ent M ayaki. The selection has been carried out from  superficial water 
horizon (0— 50 cm) in July 1999.

The quan tity  o f  heterotrophic bacteria has been determ ined by inoculation m ethod 
on Горбенко solid culture medium [4]. 9 ml o f the culture medium has been brought 
into a petri dish and 1 ml o f  concentrated solution of the toxicant in the experiment (or 
sterile m arine w ater in the control) has been added, so tha t each of 10 ml o f the culture 
medium would contain  the needed concentration. The range of heavy metal concentra­
tions has been selected on the basis o f prelim inary research. Salts of heavy metals HgCl2
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(Hg2+), Pb (N 0 3)2 (Pb2+) and C dC l2 (Cd2+) have been used as toxicants in the following 
dilutions: H g2+ (0,005; 0,01; 0,05; 0,1; 0,5 mmol • lite r '1), Pb2+ (0,1; 0,5; 1; 1,5; 2 mmol x 
x liter"1) and C d2+(0,05; 0,1; 0,5; 1; 1,5 mmol • liter-1).

Cultivation of bacteria has been carried out at tem perature 22 °С during 48 hours. 
The minimal concentration o f the toxicant, at which the growth o f m icroorganism s has 
not been observed, is assumed as minimal inhibitory concentration (M IC) o f the toxi­
cant. The contents of toxicants in water samples have been determined with the help of 
atom -adsorption determ ination according to the m ethod [3].

Results and discussion

The study o f contents o f the toxic metals (Hg2+, Pb2+ and C d2+) has shown, that they 
have been present in natural w ater o f the investigated region in the m inimal concentra­
tions that do not exceed levels o f M aximum C oncentration Limit (M CL) [5] (Table 1). 
Mercury has been found in trace quantities, and the maximal content o f lead and cad­
mium has not exceed 1,5 • 10 5 mmol • liter-1 and 2,8 • lO^mm ol • liter-1, corresponding­
ly. The received results confirm the opinion that at this moment there is norm alization 
of the ecological situation concerning the contents of heavy metals in the North-W est- 
ern part o f the Black Sea and the Dniester river [6].

T a b le  1
Contents of heavy metal ions (mmoMiter-1) in water of investigated regions

Ion MCL* The Oil 
terminal

The Delfin 
Beach

Datcha
Kovalevskogo Dniester

Pb2+ 1,5* 10-4 1,5 ■ 10-5 6,3 • Ю-* 1,3 • io - 5 1,4- IO 5
Cd2+ 8,9 Л0-6 2,6 • 10-* 1,6 • lo-6 2,8 • 10-* 2 ,2 - 10-*

Hg2+ 2,5 • 10-6 trace trace trace trace

N ote: * — Maximum Concentration Limit.

Inoculation o f the selected water samples on cultural medium, containing the given 
concentration o f one or another metal, enables to determine w hat share o f m icroorgan­
isms from the total num ber contained in the sample is resistant to this concentration of 
the metal and is able to grow in its presence.

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

So, the complete absence o f bacterial growth has been observed at inoculation of 
water samples from the Delfin Beach and the Dniester on the medium with lead in 
concentration o f 1.0 mmol • l ite r-1 and from region o f the D atcha Kovalevskogo and 
the Oil terminal in concentration o f 1,5 mmol • liter-1 (Table 2). T hat is, these concen­
trations o f metal ions should be considered as M IC for all bacteria contained in water 
samples without exception. Shares o f bacteria that have grown on the medium with 
Pb2+in concentration below M IC (0,5 mmol • liter"1) has been 29,2% for bacteria from 
the Dniester, 15,5% for bacteria from  water o f the Delfin Beach, and on the medium 
with Pb2+ in concentration 0,1 mmol - liter-1 it has been 51,7% and 78,0% corresponding-
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T ab le  2
Quantity of bacteria (CFUfl- ml-1) during growth on media with Pb2+

Concentration of 
Pb2+ (mmol • liter-1)

The Oil terminal The Delfm Beach Datcha
Kovalevskogo Dniester

Abs Num b Share
(%)

Abs Num h Share
(%)

Abs N um h Share
<%)

Abs N um b Share
(%)

C o n tro l 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 0 C 0,0 0 0,0 0 0,0 0 0,0

N o te : a— Abbreviations: Colony Form ation U n it;b— Absolute Number. Results are reported 
as the means ± standard deviations of three determ inations;c— MIC.

T ab le  3
Quantity of bacteria (CFU ■ ml'1) during growth on media with Cd2+

Concentration of 
Cd2+ (mmol ■ liter-1)

The Oil terminal The Delfin Beach
Datcha

Kovalevskogo Dniester

Abs Num Share
(%) Abs Num

Share
(%) Abs Num Share

(%)
Abs Num Share

(%)
C o n tro l 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 25,5 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

T ab le  4
Quantity of bacteria (CFU • ml-1) during growth on media with Hg2+

Concentration of 
Hg2+ (mmol • l i te r1)

The Oil terminal The Delfin Beach Datcha
Kovalevskogo Dniester

Abs Num Share
(%)

Abs Num
Share
(%) Abs Num Share

(%)
Abs Num Share

(%)
C o n tro l 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 91,4 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 o f m icrobiota is significantly higher in the region o f the D atcha Kova­
levskogo and the Oil term inal and higher M IC levels testify about that.

The shares o f resistant representatives in microbial cenosis are especially great in 
the Oil term inal. 22,2% of microbial representatives from the Oil term inal have dis­
played an ability to grow at concentration of Pb2+ 1.0 mmol ■ l i te r '1, which is M IC for
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m icrobiota in the region of the Delfin Beach and the Dniester. As it is shown in Table 3, 
the m icrobiota from  water of the Dniester river has appeared to be the least resistant to 
C d2+ ions. M IC of C d 2+ has appeared to be 0,5 mmol • liter-1 for it. M icrobial coenoses 
of the Delfin Beach, o f the D atcha Kovalevskogo and  o f the Oil term inal have shown 
two times higher resistance.

M ICs o f C d2+for them  has been at the level o f 1.0 mmol* liter-1. It is interesting to 
note that resistance to such C d2+ concentration has been shown just by 0,7% of micro­
bial cenosis from  the Delfin Beach water, while in region o f the D atcha Kovalevskogo 
and in the Oil term inal it has been shown by 12,7% and 10,6% correspondingly.

As it follows from  Table 4, M IC of mercury for m icrobial communities in the region 
o f the Delfin Beach and  the Dniester river have been 0,05 mmol • lite r-1, and for the 
D atcha Kovalevskogo and the Oil terminal M ICs o f H g2+ as well as o f Pb2+ have been 
0,1 mmol ■ liter"1, which is two times higher. Thus, at concentration o f Hg2+ below 
minimal inhibiting concentration of 0.01 mmol • liter-1, the share o f the resistant repre­
sentatives from w ater o f the Delfin Beach and the D niester river has been 0,4% and 
33,6% correspondingly. The highest contents o f resistant bacteria has been revealed in 
the Oil term inal m icrobial cenosis. A t equal values o f M IC of H g2+ (0,1 mmol • liter-1) 
for microbial popu lation  in region o f the D atcha K ovalevskogo and o f the Oil term i­
nal, significantly larger share o f resistant m icroorganism s has been revealed for the Oil 
term inal bacteria. The quantity  o f resistant m icroorganism s, that have grown on m edi­
um with H g2+ concentration following M IC, has been 2,4% for the D atcha Kovalevsko­
go, while it has been 65,1% for the Oil terminal.

W hile analyzing the presented results, it is possible to ascertain that microbial 
coenoses o f the investigated regions show resistance to ions o f lead, cadmium and m er­
cury in a similar way. The level of m icrobiota’s resistance to all o f the three metals 
grows in the following sequence of regions: the Delfin Beach, the Dniester river, D atcha 
Kovalevskogo and the Oil terminal.

Thus, regardless o f the fact that in water o f the investigated regions the contents o f 
Pb2+, C d2+, Hg2+ are insignificant and even below than  M axim um  C oncentration Limit, 
m icrobial coenoses show their ability to grow at concentrations o f the given metals, 
which are 5-6 orders higher. It can be a m anifestation o f genetically determined n a tu ­
ral mechanisms of bacterial resistance to heavy metals.

A t the same tim e, in our opinion, the distinctions in resistance to Pb2+, C d2+ and 
H g2+, which have been shown by microbial coenoses o f the investigated regions, are 
very im portant. The greatest resistance to heavy m etals has been revealed for the mi­
crobial population  o f the shoreface o f the Oil term inal and the D atcha Kovalevskogo, 
that is quite in accordance to the fact that microbial coenoses in these regions are sub­
ject to significant anthropogenic pollution. W aste w ater o f biological treatm ent station 
“Y uzhnaya” is dum ped in region o f the D atcha Kovalevskogo, and  there is an exit o f 
the municipal collector and technogenic influence of the Port in the Oil terminal.
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РІВЕНЬ РЕЗИСТЕНТНОСТІ ДО ВАЖКИХ МЕТАЛІВ МІКРОБНИХ ЦЕНОЗІВ
ПРИБЕРЕЖНИХ ВОД ЧОРНОГО МОРЯ

Резюме
Визначені мінімальні концентрації іонів Hg2+, Pb2+, Cd2+, що інгібують ріст гетеротроф­

них морських бактерій на щільному живильному середовищі. Виявлено, що кількість ре­
зистентних до досліджених металів бактерій на порядок вище у районах з високим техно­
генним навантаженням (район Дача Ковалевського і Нафтогавані Одеського порту).

Ключові слова: морські бактерії, іони Hg2+, Pb2+, Cd2+, резистентність.
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УРОВЕНЬ РЕЗИСТЕНТНОСТИ К ТЯЖЕЛЫМ МЕТАЛЛАМ
МИКРОБНЫХ ЦЕНОЗОВ ПРИБРЕЖНЫХ ВОД ЧЕРНОГО МОРЯ

Резюме
Определены минимальные концентрации ионов Hg2+, Pb2+, Cd2+, ингибирующие рост 

гетеротрофных морских бактерий на плотной питательной среде. Показано, что количе­
ство резистентных к исследуемым металлам бактерий на порядок выше в районах с высо­
кой техногенной нагрузкой (Дача Ковалевского и Нефтегавань Одесского порта).

Ключевые слова: морские бактерии, ионы Hg2+, Pb2+, Cd2+, резистентность.


