
Introduction

The Baltic Sea is a semi-closed and low salinity sea. 
It is very sensitive to anthropogenic pollutant areas. [1, 
2]. Anthropogenic hazards occur especially in bays and in 
coastal zones like the Gulf of Finland [3] or Gdańsk Bay 
[4]. In Gdańsk Bay toxic substances are introduced from 
atmospheric air, land effluents coming from wastewater 
treatment plants, and from harbours [5-7].

In coastal seawaters and shoreline sandy sediments 
the contamination  of specific pollutants (such as mineral 
ship motor oils and heavy metals) may influence the com-
position of the microbial community and therefore inhibit 
the decomposition of organic pollutants [8]. 

The effect of heavy-metal pollution on bacterial com-
munities has already been studied [9, 10]. Bacteria iso-

lated from natural habitats may show metal tolerance and 
antibiotic resistance, which provide them with selective 
advantages [11]. Such mechanisms of resistance  may 
be based on metal retention on the surface of a cell, on 
intracellular transformation into less toxic forms, on the 
release of metal from a cell with the help of  polymers, 
and lowering the permeability of a cell membrane [12-
15]. Many bacterial-resistant systems for toxic metals are 
encoded by plasmids [16]. The presence of the organisms 
that possess specific mechanisms of resistance to heavy 
metals increases destruction or transformation of toxic 
substances in the natural environment [17-20].

Oil derivatives that are found in the waters of the Bal-
tic Sea are mainly of anthropogenic origin and are derived, 
first of all, from sea transport. Total mass of oil derivative 
substances  which annually enters the Baltic Sea is twice 
the amount released into the waters of the North Sea and 
three times higher than that released into the North At-
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lantic [21]. Oil derivative substances in the sea environ-
ment occur mainly as particles floating on the surface or 
are dissolved in water. In sediments they may also occur 
as agglomerates adsorbed on particle surfaces [22]. The 
presence of oil-derivative substances in water causes dif-
ficulties in gas exchange, limits transmission of solar ra-
diation and may lead to deficiency of oxygen [23].

Contamination of the Gdańsk Bay region by oil deriv-
atives is mainly connected with runoff. Concentrations re-
corded for open waters of Gdańsk Bay oscillate between 3 
to 10 µg/l. In the streams flowing to Gdańsk Bay in Sopot 
(Swelina, Kolibianka, Kacza), clearly higher concentra-
tions of oil derivatives (up to about 7.0 mg/l) were found 
just after rainfalls and spring thaws [24].

Oil derivatives present in the environment are gradu-
ally neutralized due to physico-chemical and biological 
processes. Biological degradation is based mainly on the 
utilization performed by chemoorganotrophic bacteria. In 
the regions contaminated with hydrocarbons an increased 
number of microorganisms adapted for degradation of 
such types of substances is observed [25, 26]. The oc-
currence of heavy metals together with oil derivatives in 
the environment may intensify their toxic activity. In this 
study the sensitivity of bacteria towards heavy metals, in 
the presence of mineral ship motor oil, in coastal marine 
sediments and waters of Sopot beach, Gdańsk Bay, Po-
land was studied.

Materials and Methods

Samples

Samples of water and sandy sediment were collected on the 
coast of Gdańsk Bay in Sopot (54o27’N.18o33’E) between the 
mouth of Grodowy Stream and Kamienny Stream (Fig.1).

Water samples were collected directly into sterile 100 
ml glass bottles. A sterilized stainless steel sampler 10 cm 
in diameter was used for collecting sediments. Samples 
were collected at site I approx. 1-2 m from the waterline 
at the bottom about 30 cm deep.

Sand samples were collected at the three sites 
localized at different distances from the coastline 
(Fig.2): site I – app. 1-2 m from the waterline (water 
approx. 0.5 m deep), site II – at the water and the land 
boundary, and site III – in the sheltered region of the 
dune (approx. 60 m from the waterline, 2 m above 
the waterline). At site I, sandy sediment samples were 
taken on the surface layer (0-5 cm). At site II, sandy 
sediment samples were taken on the surface layer (0-5 
cm) and 10-15 cm below. At site III sandy sediment 
samples were taken on the surface layer (0-5 cm) and 
50-55 cm below. Three parallel samples were col-
lected from each of three sites at a distance of about 
50 m, and an average sample was obtained by mixing 
corresponding layers.

All samples were transported to the laboratory in a 
cool container (10oC±2oC). Microbiological analyses 
were performed within two hours of collection.

Physical and Chemical Determinations

A wet sand sample (2 kg) was sieved through a 63 
µm plastic mesh for 60 min. Fine fraction (< 63 µm) was 
dried at 800C for 24 h, homogenized in a porcelain mortar, 
and was wet mineralized with the mixture of HClO4, HF 
and HNO3 acids [27, 28, 29]. The determination of heavy 
metals (Pb, Cu, Cd) was performed in the Thermo Jarrel 
Ash atomic absorption spectrophotometer. The experi-
ments were performed in triplicate.

Bacteriological Determinations

R2A Medium with 0.01 mM, 0.1 mM and 1.0 mM of 
Heavy Metals (Cd, Cu, Pb)

Appropriate volumes of stock 10 mM CdSO4, 10 mM 
CuSO4 and 10 mM Pb(NO3)2 solutions, sterilized via fil-
tration, were added to a 100 ml liquid sterile R2A medium 
15 minutes prior to inoculation.

Fig.1. Study area. Fig. 2. Location of sampling point
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R2A Medium with 0.1% and 1% of Mineral Ship Motor Oil

1g of mineral ship motor oil was dissolved in 30 ml 
of ethyl ether and mixed with 1 g silica gel. After ether 
evaporation appropriate amounts of mixture were added 
to R2A medium and then sterilized in an autoclave at 
121°C for 20 min.

Sample Preparation

100 g sediment samples were mixed with 100 ml of 
Ringer solution (diluted 1:4) with 0.28% sodium pyro-
phosphate additive [30]. The solution was vigorously 
shaken for 20 minutes with a type 358S laboratory shaker 
and decanted for 2 minutes. Serial dilutions were prepared 
in Ringer solution (diluted 1:4) [31, 32].

Heterotrophic bacteria in water and sediment samples 
were enumerated by spread plate count. Plates were incu-
bated at 20°C for 7 and 14 days. 

Two cycles of bacteriological examination were con-
ducted. In the first cycle (September 1997 – April 1998, five 
series), the influence of three heavy metals (Pb, Cu, Cd) as 
well as mineral ship motor oil towards bacteria growth was 
examined. The number of colony forming units of bacteria 
growing on a reference R2A medium [33] was compared 
to the number of bacteria growing on R2A medium supple-
mented with: 0.1 mM Pb and 1.0 mM Pb; 0.1 mM Cu and 
1.0 mM Cu, 0.01 mM Cd and 0.1 mM Cd or mineral ship 
motor oil in concentrations of 0.1% and 1%. In the second 
cycle (September 1998 – April 1999; six series) heterotro-
phic bacterial growth was examined using R2A medium 
supplemented both with mineral ship motor oil in two con-
centrations (0.1% or 1%) and heavy metals: cadmium (0.01 
or 0.1 mM) or lead (0.1 or 1 mM). 

Calculation of Results

The results of bacteriological analyses are presented 
in semi–logarithmical scale denoting the colony-forming 
units (CFU) of heterotrophic bacteria per 1 g of dry sand 
mass or per 1 ml of water. All results were expressed in 
the form of the geometrical mean, maximal and minimal 
values, 50 percentiles, standard deviation and for the total 
time of investigation, testing site and layers. The results 
were analyzed using Statistica 5.0 software.

Results and Discussion

Concentrations of Cd, Cu, Pb mg/kg dry wt. of 
Sandy Coastal Sediment

Concentrations of heavy metals in fraction < 63 µm of 
sediment (Table 1) have been observed by other authors 
within the same range [34, 35]. Similar concentrations of 
heavy metals were supplied to R2A medium.

The Number of Heterotrophic Bacteria in the 
Presence of Heavy Metals 

In many metal toxicity studies the importance of 
the time at which a metal is added to a medium is of-
ten overlooked [36, 37]. Hoffman has reported [38] that 
the degrees of inhibition did not change when cadmium 
was added 24 h before inoculation rather than when add-
ed within one minute after inoculation and variability in 
degrees of cadmium inhibition appeared to be somewhat 
dependent on cadmium bioavailability, which was lower 
after 12h in two of three media.

Taking into consideration the importance of the time 
at which a heavy metal is added to a medium in metal tox-
icity studies, metal salt additive was applied 15 minutes 
prior to inoculation in our experiment.

Bacteria isolated from water and sandy sediments 
were  sensitive to metals supplied to the medium 
in the following concentrations: 0.1 mM Pb and  
1.0 mM Pb; 0.1 mM Cu and 1.0 mM Cu, 0.01 mM  
Cd and 0.1 mM Cd. 

In sand the largest inhibition of bacteria growth 
was observed in the case of copper in concentrations 
1.0 mM (log10 2.4 ± 0.6) and in the lower concentra-
tion (0.1 mM Cu) inhibition of bacteria growth is not 
so significant (log10 0.3 ± 0.3). In the case of cadmium 
in concentrations 0.1mM and 0.01mM inhibition of 
bacteria growth was respectively log10 2.3 ± 0.4 and 
log10 0.9 ± 0.2 and in case of lead in concentrations 
1.0mM and 0.1mM, respectively, log100.7 ± 0.4 and 
log100.3 ± 0.3.

However, in the presence of metals the number of bac-
teria isolated from water significantly decreased in cases 
of both concentrations of copper (in concentration 1.0 mM 
Cu about log10 2.6 ±0.7 and 0.1 mM Cu log10 0.8 ±0.6) and 
cadmium (respectively in concentration 0.1 mM Cd log10 
1.7 ± 0.6 and in 0.01 mM Cd log10 0.9 ± 0.5). Lead did not 
so strongly influence the growth of bacteria isolated from 
water: in concentration 1.0 mM log10 0.9 ± 0.5 and in 0. 1 
mM log10 0.2 ± 0.1 (Fig.3).

Also, other authors have published the evidence of 
metal-resistant bacteria in water and sandy sediments in 
different locations: along the Bay of Malaga, and the Gua-
dalhorce River mouth in Malaga, Spain [39], as well as in 
the coastal environment at Gdańsk Deep [40, 41].

Table 1. Concentrations of Cd, Cu, Pb (mg/kg dry wt.) of sandy 
coastal sediment (fraction < 63 µm).

Site deep (cm) Cd Cu Pb

I 0 – 5 0.8 ± 0.1 9.4 ± 0.8 9.6 ± 0.3

II 0 – 5 1.1 ± 0.2 22.3 ± 4.1 12.6 ± 0.9

II 10 – 15 0.3 ± 0.1 5.9 ± 0.5 5.0 ± 0.5

III 0 – 5 1.3 ± 0.2 60.5 ± 18.2 45.8 ± 6.1

III 50 – 55 1.5 ± 0.1 26.3 ± 6.1 44.9 ± 4.3
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Mineral Ship Motor Oil Influence on Bacterial Growth

Generally no harmful influence of oil concentrations 
(0.1% and 1%) was observed on the number of hetero-
trophic bacteria isolated from water. The geometric mean 
number of bacteria growing in the presence of 0.1% oil 
was 0.5 ± 0.2 log higher than in the reference and in the 
presence of 1% of oil was close to the reference. This 
indicates that bacteria occurring in the oil-contaminated 
water have the ability to utilize these substances as a 
source of carbon.

Bacteria isolated from sandy sediments were more 
sensitive towards petroleum-derivate substances pres-
ent in their growing medium. The growth of bacteria 
in a lower concentration of oil (0.1%) was close to the 
reference. However, at ten times higher concentrations 
a reduction of bacteria number was recorded (Fig.4).

The toxic influence of oil derivatives on microorgan-
isms in the sea water environment is stated by Atlas [42], 
LaMontagne [43] and Grant and Brigs [44].

Aggregate Influence of Mineral Ship Motor Oil and 
Heavy Metals on Bacteria Growth

Both  metal and mineral ship motor oil contamination 
clearly have aggregated impact on growth inhibition of 
bacteria isolated from water. The primary factor was the 
mineral ship motor oil concentration. The bacteria grow-
ing in the presence of oil at a concentration of 0.1% were 
much more sensitive to the growing concentration of lead 
(from 0.1 to 1.0 mM) and cadmium (from 0.01 to  0.1 
mM), compared to the bacteria cultivated in the presence 
of ten times higher oil concentrations (Fig. 5).

Fig.3. The number of heterotrophic bacteria in the presence of heavy metals (Pb, Cu, Cd) in 1; 0.1; 0.01 mM concentrations.

Fig.4. The number of heterotrophic bacteria in the presence of mineral oil in 1% and 0.1% concentrations.
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The number of bacteria isolated from sandy sediments 
grown in the presence of both oil concentrations (0.1% 
and 1.0%) decreased along with the growing concentra-
tion of lead in the medium. Conversely, a small stimu-
lating impact of 1.0% oil concentration on number of 
bacteria resistant to 0.1mM cadmium concentration was 
observed.

Stronger inhibition of bacteria growth by heavy met-
als in simultaneous presence of mineral ship motor oil can 
be explained by:
	 a.	The toxicity of oil which is a result of their sorption 

and solubilization through cell membrane, causing the 
disruption of membrane functioning as a physiologi-
cal barrier [45].

	b.	The increased sensitivity of actively metabolizing 
cells in the presence of a stimulating growth concen-
tration of a new available carbon source to the toxic 
substances.

	 c. The interaction between heavy metals and the oil it-
self affecting the availability of the metals to bacteria 
cells. However, the potential decrease of toxic metal 
influence in the presence of mineral ship motor oil, 
as a result of metal binding by reduced sulphur com-
pounds in oil, cannot be omitted.

Summary

 Different degrees of metal inhibition growth of het-
erotrophic bacteria isolated from the coastal environment 
in Gdańsk Bay in Sopot were observed.

The research has proved that heterotrophic bacteria 
isolated from the water and the sandy sediment are resis-
tant to lead in 0.1mM, and only some of them are resis-
tant to cadmium 0.01 mM.  It has been proved that 0.1% 
and 1% oil concentration did not influence the growth of 
bacteria isolated from water. However, bacteria appear-
ing in sediments are adopted to 0.1% oil, while 1% oil 
concentration insignificantly inhibits their growth (Fig.4). 
Our results have indicated that the bacteria in the presence 
of mineral ship motor oil showed increased sensitivity  to 
lead and cadmium. The number of bacteria resistant to 
both metals depended on the mineral ship motor oil con-
centration of metal concentration.

The bacteria isolated from water, growing in the pres-
ence of oil in stimulating growth concentration (0.1%), were 
showing increased sensitivity  to lead (0.1 and 1.0 mM) and 
cadmium (0.01 and 0.1 mM) compared to 1% oil concentra-
tion. Similarly inhibiting influence of increasing cadmium 
concentration on bacteria isolated from the sediments was 
stronger in the presence of 0.1% oil concentration (Fig.5).

The number of bacteria resistant to lead, which were 
isolated from sandy sediments, was decreasing along with 
the growing concentrations of metal and oil.

It can be expected that bacteria grown under optimal 
laboratory conditions can react differently to stress com-
pared to bacteria grown under natural conditions.

Acknowledgements

The authors thank Anna Cieśla, Monika Szpakowska 
and Monika Skuza for their help in collection of materi-
als and laboratory work. The authors also thank prof. Ja-
nusz Pempkowiak for enabling performance of analyses of 
heavy metals in the Marine Biogeochemistry Laboratory 
in the Marine Chemistry and Biochemistry Department at 
the Institute of Oceanology PAS, and Andrzej Staniszewski 
and Anna Malenga for help in performing these analyses. 
This work was financed by the State Committee for Scien-
tific Research grant No. PO4 G06718.

References

	 1.	 NEHRING, D. The Baltic Sea – An example of how to protect 
marine coastal ecosystems. Oceanologia 43 (1), 5, 2001.

	 2.	 SZEFER, P. Metal pollutants and radionuclides in the Baltic 
Sea – An overview. Oceanologia 44 (2), 129, 2002.

	 3.	U SSENKOV S.M. Contamination of harbor sediments in 
the eastern Gulf of Finland (Neva Bay), Baltic Sea. Environ. 
Geol. 32 (4), 274, 1997.

	 4.	 GLASBY, G.P., SZEFER, P. Marine pollution in Gdansk 
Bay, Puck Bay and the Vistula Lagoon, Poland: An over-
view. Sci. Total Environ. 212 (1), 49, 1998.

	 5.	 WALKOWIAK A. A Raport on Environmental condition 
in Pomeranian Province. Province Inspectorate of Environ-
mental Protection. Gdańsk. 198, 2000, (in Polish).

Fig.5. Number of bacteria resistant to heavy metals in the presence of mineral ship motor oil.



Jankowska K., et al.940

	 6.	KUL BAT, E., OLANCZUK-NEYMAN, K., QUANT, B., 
GENEJA, M., HAUSTEIN, E. Heavy metals removal in the 
mechanical-biological wastewater treatment plant “Wschod” 
in Gdansk. Pol. J. Env. Stud. 12 (5), 635, 2003.

	 7.	OL AŃCZUK-NEYMAN, K., MAZURKIEWICZ B. Con-
tamination of costal water sediments. [In:] Green 2. Con-
taminated and derelict land. by Sarsby R.W. Thomas Tel-
ford, London, pp. 3-9, 1998.

	 8.	 MARTINEZ, J., SOTO, Y., VIVES-REGO, J., BIANCHI, 
M. Toxicity of Cu, Ni and alkylbenzene sulfonate (LAS) on 
the naturally occurring bacteria in the Rhone River plume. 
Environ. Toxicol. Chem. 10 (5), 641, 1991.

	 9.	 RASMUSSEN L.D., SORENSEN S.J. The effect of long-
term exposure to mercury on the bacterial community in 
marine sediment. Curr. Microbiol. 36 (5), 291, 1998.

10.	NIES D.H. Microbial heavy-metal resistance. Appl. Micro-
biol. and Biotechnol. 51 (6), 730, 1999.

11.	NAIR S., CHANDRAMOHAN D., LOKA BHARATHI 
P.A. Differential sensitivity of pigmented and non-pigment-
ed marine bacteria to metals and antibiotics. Water Res. 26 
(4), 431, 1992.

12.	MACASKIE, L.E., DEAN, A.C. Microbial metabolism, de-
solubilization, and deposition of heavy metals: metal uptake 
by immobilized cells and application to the detoxification of 
liquid wastes. Advances in Biotechnological Processes 12, 
159, 1989.

13.	TOBIN J.M., COOPER D.G., NEUFELD R.J. Investigation 
of the mechanism of metal uptake by denatured Rhizopus 
arrhizus biomass, Enzyme Microb. Technol. 12, 591, 1990.

14.	BRIERLEY C.L. Microbial Mineral Recovery. Mineral im-
mobilization using bacteria. McGraw-Hill Publishing Com-
pany, 1990.

15.	NIES D.H. Efflux-mediated heavy metal resistance in pro-
karyotes. FEMS Microbiol. Rev. 27 (2-3), 313, 2003.

16.	SILVER S. Bacterial resistances to toxic metal ions – A re-
view. Gene 179 (1), 9, 1996.

17.	HERRERA-ESTRELLA L.R., GUEVARA-GARCIA A.A., 
LOPEZ-BUCIO J. Heavy metal adaptation. Nature. Ency-
clopedia of Live Science, pp. 1-6, 2001.

18.	PHILP J.C., ATLAS R.M., CUNNINGHAM C.J. Bioremedi-
ation. Nature. Encyclopedia of Live Science, pp. 1-10, 2001.

19.	JENSEN-SPAULDING A., CABRAL K., LION L.W., 
SHULER M.L. Predicting the rate and extent of cadmium 
and copper desorption from soils in the presence of bacterial 
extracellular polymer. Water Res. 38 (9), 2230, 2004.

20.	JENSEN-SPAULDING A., LION L.W., SHULER M.L. 
Mobilization of adsorbed copper and lead from naturally 
aged soil by bacterial extracellular polymers. Water Res. 38 
(5), 1121, 2004.

21.	ANDRULEWICZ E., KANIEWSKI E. Oil contamination 
of Baltic Sea, the demands and the evaluation according to 
the Helsinki Conventions. In: Technical and ecological as-
pects of oil substances occurrence in Baltic Sea. Gdynia. pp. 
58-62, 1993, (in Polish).

22.	OLAŃCZUK-NEYMAN K., MAZURKIEWICZ B. Inves-
tigation of harbour bottom sediments and the possibility 
of their bioremediation. In: Analysis and utilisation of oily 
wastes AUZO’96. Gdańsk, pp. 316-321, 1996, (in Polish).

23.	RÓŻAŃSKA Z. Sea water stocks and their contamination 
and protection in particular Baltic Sea. Warszawa, PWN. pp. 
80-146, 1987, (in Polish).

24.	OTREMBA Z., STELMASZEWSKI A. The content of oil 
hydrocarbons in the inflows of Gdańsk Bay. In: The envi-
ronmental and technical sciences and the problem of oil de-
rivative substances contamination of the sea and the inland 
water. Szczecin, pp. 167-174, 1995, (in Polish).

25.	MACIEJOWSKA M. The microorganisms mineralizing hy-
drocarbons in the marine environment. Institute of Environ-
mental Engineering. Warszawa, pp. 139, 1980, (in Polish).

26.	FARBISZEWSKA T., FARBISZEWSKA-BAJER J., �����SZPA-
LA K�������������������������������������������������������        . Optimization of the conditions and the experiment of 
biodegradation of the oil derivative substances in situ. In: 
Analysis and utilisation of oily wastes. Gdańsk, pp. 292-
296, 1996, (in Polish).

27.	TESSIER A., CAMPBELL P.G.C., BISSON M. Sequential 
extraction procedure for the speciation of particule trace 
metals. Anal. Chem. 51 (7), 844, 1979.

28.	 FUHRER G.J., MCKENZIE S.W., RINELLA J.F., SKACH 
K.A. Effect of geology and human activities on the distribution 
of trace elements in water, sediment, and aquatic biota, Yakima 
river basin, Washington (1987 to 1991), In: River Quality: Dy-
namic and Restoration, Ed. By A.Laenen and D.A.Dunnette, 
Lewis Publishers, Boca Raton, New York, pp. 187-204, 1997.

29.	FACETTI J., DEKOV V.M., VAN GRIEKEN R. Heavy 
metals in sediments from the Paraguay River: a preliminary 
study, Sci. Total Environ. 209, 79, 1998.

30.	CHAPELLE F.H. Water microbiology and geochemistry, 
John Wiley and Sons, New York, 141, 1993.

31.	OLAŃCZUK-NEYMAN K., JANKOWSKA K. Bacterio-
logical investigations of the sandy beach ecosystem in So-
pot. Oceanologia 40 (2) 137, 1998.

32.	OLAŃCZUK-NEYMAN K., JANKOWSKA K. Bacterio-
logical Quality of the Sand Beach in Sopot (Gdansk Bay, 
Southern Baltic). Pol. J. Env. Stu. 10 (6), 451, 2001.

33.	American Public Health Association Standard Methods for 
Examination of Water and Wastewater. 17th ed. American 
Public Health Association, Washington, D.C. 1989.

34.	PEMPKOWIAK J., CISZEWSKI P. Concentration of some 
heavy metals in water and bottoms of the Puck Bay. Archives 
of Environmental Protection, 1-2, 153, 1990, (in Polish).

35.	SZEFER P., GLASBY G.P., PEMPKOWIAK J., KA-
LISZAN R. Extraction studies of heavy-metal pollution in 
surficial sediments from the southern Baltic Sea off Poland. 
Chem. Geol. 120, 111, 1995.

36.	 LAGE O.M., SOARES H.M.V.M., VASCONCELOS 
M.T.S.D., PARENTE A.M., SALEMA R. Toxicity effects of 
copper (II) on the marine dinoflagellate Amphidinium carterae: 
influence of metal speciation Eur. J. Phycol. 31, 341, 1996.

37.	TWISS M.R., ERRECALDE O., FORTIN C., CAMPBELL 
P.G.C., JUMARIE C., DENIZEAU F., BERKELAAR E., 
HALE B., VAN REES K. Coupling the use of computer 
chemical speciation models and culture techniques in lab-
oratory investigations of trace metal toxicity Chem. Spec. 
Bioavailab. 13, 9, 2001.

38.	HOFFMAN D.R., OKON J.L., SANDRIN T.R., Medium 
composition affects the degree and pattern of cadmium in-



The Sensitivity of Bacteria... 941

hibition of naphthalene biodegradation. Chemosphere 59, 
919, 2005.

39.	AVILES M., CODINA J.C., PEREZ-GARCIA A., CAZOR-
LA F., ROMERO P., DE VICENTE A. Occurrence of resis-
tance to antibiotics and metals and of plasmids in bacterial 
strains isolated from marine environments. Water Sci. and 
Technol. 27, (3-4), 475, 1993. 

40.	MUDRYK Z.J., DONDERSKI W., SKORCZEWSKI P., 
WALCZAK M. Effect of some heavy metals on neustonic 
and planktonic bacteria isolated from the deep of Gdansk. 
Oceanological Studies 29 (1), 89, 2000.

41.	MUDRYK Z.J., DWULIT M. Laboratory studies on effect 
of heavy metals on the survival and respiratory activity of 
estuarine neustonic and planctonic bacteria. Baltic Costal 
Zone 8, 67, 2004.

42.	ATLAS R.M. Petroleum biodegradation and oil spill 
bioremediation. Mar. Pollut. Bull. 31 (4-12), 178, 
1995.

43.	LaMONTAGNE M.G., LEIFER I., BERGMANN S., VAN 
DE WERFHORST L.C., HOLDEN P.A. Bacterial diversity 
in marine hydrocarbon seep sediments. Environ. Microbiol. 
6 (8), 799, 2004.

44.	GRANT A.B., BRIGGS A.D. Toxicity of sediments from 
around a North Sea oil platform: are metals or hydrocarbons 
responsible for ecological impacts? Mar. Environ. Res. 53 
(1), 95, 2002.

45.	SIKKEMA J., POOLMAN B., KONINGS W.N., DE BONT 
J.A., Effects of membrane action of tetralin on the function-
al and structural properties of artificial and bacterial mem-
branes. J. Bacteriol., 174 (9), 2986, 1992.


