
�����������	�
������
������
���������������
���
����������
���


���������
���
�������������������	
�������

A. V. Gudimov1, * and S. S. Malavenda2

�������	
������	
�������������	
�����
������
���

��	�����
���������
	�

��������������
����������������	
���� !"�"����

��	

#
�
�����	
$������	
������
�%
��	�����&	�'
�
������!���(����'	���������������	
��� !"�"����

��	�#
�
�����	

�
������� Environmental control in the Arctic ecosystems needs to be changed to hi-tech monitoring
technologies with IT systems for actual and ecologically effective 'arctic safeguard'. In circumstances of
the fragile  arctic  ecosystems,  priority  bioassay of  possible  toxic  hazards in  natural  seawater  must  be
undertaken. It was considered useful to examine toxic responses of some indicator species. Bivalves are
well-known indicators of pollution stress arising from the activities of man, such as off-shore drilling and
oil transportation, dredging or the release of pollutants. Toxic effects of some drilling fluids on energy
balance, behavior and survival of the common mussel Mytilus edulis L, were estimated in long-duration
bioassays  of  about  30  days  each.  The  highest  sensitivity  of  behavioral  responses  to  any  changes  in
chemical water composition was found. Mussels of the Barents Sea had significant differences from the
control by four behavioral parameters even at 0.01 g/l of the ferrochrome-lignosulfonate drilling fluid,
while the significant differences from the control in oxygen consumption and filtration rates were observed
only at the 10 g/l. Even small concentration of another standard water-based drilling fluid with barite (of
about 0.05 g/l) had a lethal effect on M. edulis.
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Environmental impact in the Arctic marine ecosystems is
associated with increasing human activity on the shelf
and seashore related mainly to exploitation of the oil and
gas deposits, transportation and transhipments of mineral
raw  materials,  including  oil  and  condensed  gas,  with
following harbour and terminal operations.
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Fig. 1. Daily averaged total closure time in mussels during bioassay with 0.01 g/l concentration of DF
(dark bars).
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Fig. 2. Oxygen  consumption  (R)  and  filtration  (F)  rates  in  mussels  under  10  g/l  concentration  of  the
ferrochrome-lignosulphonate drilling fluid (DF).
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Table 1. Average shell gape size (% of the complete shell closure) in mussels (Mytilus
edulis) subjected to 0.01 g/l concentration of the ferrochrome lignosulphonate drilling
solution (DF) for 2 weeks of the exposure: n.s., not significant at the P < 0.05 level.

Conditions  SD ANOVA
(t- test)

Control (C) 52.4 13.44 (C - 1DF)
n.s.

1st exposure day in DF 
(1DF)

51.4 15.26 (1DF - 7DF)
P < 0.001

7th exposure day (7DF) 71.6 16.20 (C - 7DF)
P < 0.001

15th - end exposure day
(15DF)

37.8 25.12 (C - 15DF)
P < 0.001
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The results of our bioassays revealed that blue mussels
possess  a  sensitive  detection  system  and  behavioral
mechanism for  the  avoidance  of  pollution stress.  This
mechanism  is  responsible  for  both  survival  and
permanent  physiological  activity  of  mussels  under
fluctuated conditions coupled with hazardous  levels  of
contaminant in the environment

A  close  correlation  between  the  duration  of  rest
periods  (valves  almost  or  full  closed)  and  level  of
contamination has been observed.

Shortening  the  active  periods,  increasing  the  rest
time, and then alternating the active and rest periods is
the main mechanism of regulation for increasing oxygen
demand caused by the pollution stress.

Important to note, that the first sublethal response in
blue  mussels  is  the  significant  change  in  their  shell
moving  activity  and  gaping  (behavior).  Behavioral
changes followed by physiological responses such as the
rate of oxygen consumption, filtration or cardiac activity
with their significant changes at higher concentration of
toxic substances. 

Starting  with  behavioral  responses  the  toxic  stress
ends up with the affected survival  indicating the most
harmful or lethal conditions.

Priority  setting  of  hazards  in  water  is  the  main
advantage of using bioassay as a means for prevention of
environmental impact and ecosystems degradation in the
Arctic.
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