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ASSESSING  BUTYLTIN COMPOUNDS IN COASTAL SEDIMENTS OF THE SOUTHWESTERN COAST OF SPAIN

R. Anton-Martin1,2 , M. Castillo-Sancho2, A. Garg3, P. Lopez-Fernandez 2 , E. Garcia-Luque2, I. Riba1,2, T.A. DelValls 1,2
1 Instituto de Ciencias Marinas de Andalucia, Unidad Asociada de Calidad Ambiental y Patologia (CSIC & UCA);  Poligono Rio San Pedro s/n. 11510 Puerto Real (Cadiz), Spain.

2 Catedra UNESCO/UNITWIN/WiCop, Facultad de Ciencias del Mar y Ambientales. Universidad de Cadiz,  Polígono Río San Pedro s/n. 11510 Puerto Real (Cadiz), Spain.

3 National Institute of Oceanography,Dona Paula 403004, GOA, India. 

Distribution of butyltin compounds (BTs) and derivatives (monobutyltin, MBT; dibutyltin, DBT and tributyltin, TBT) was analysed in surface sediment samples from then southwestern coast of Spain, including six estuaries located in the Gulf of Cadiz (Guadiana, Huelva, Guadalquivir, Cádiz, Barbate and Algeciras), were analyzed for Tributyltin (TBT) and its degradation products (DBT and MBT). Total BTs concentrations, expressed as ng Sn per gram of dry weight of sediment, ranged from undetected to 1580. TBT was found to be the most abundant butyltin compound, which gives evidences of fresh inputs of butyltins and/or less degradation of TBT. Several localized areas of contamination have been pointed, suggested by the wide range of total butyltin concentrations observed. The levels of butyltin compounds at some of the sites are much higher than what would be required to induce toxic effects on marine organisms suggesting that these sediments were polluted with butyltin compounds. The highest concentration of TBTs has been detected in fishing and recreational ports and places subject to industrial discharges. The relationship between the different chemical species of total butyltin (TB) is an useful tool to identify recent and historical contamination. Also, it allows to address different sources of contamination (mainly fisheries and industrial discharges) in the studied area. 
SELECTED BIBLIOGRAPHY ON SOME KEY ISSUES OF ECOLOGICAL, ENVIRONMENTAL AND BIOSPHERIC SCIENCES: 100 REFERENCES

G.R. Berg (pages 7-18)
The goal is to present some selected references of recent scientific literature in relevant areas of the science of ecology, environment and the biosphere. Those references are given below. Among many topics covered, the publications deal with the following issues:

New steps in the studies of the biosphere  (e.g., [1-5, 12-14, 35, 36]);

Man-made impacts (e.g., [27, 29, 37, 53, 79, 83, 84]);

New science of biochemical ecology [48 ] and further relevant developments (e.g.,  [70, 81, 87]);

Water quality (e.g., [7, 9, 10, 49, 59]) and the new theory of biocontrol of water quality [52, 54, 55, 59, 80]; the theory is relevant to water self-purification [15, 33, 42, 49, 52, 54, 55, 59, 80];

The abovementioned theory of biocontrol of water quality was supported by authoritative experts [1-5, 11-16, 35, 36];

Theory of conservation of biodiversity [27, 29, 77, 78] and of soils [96];

Biotesting of chemicals (e.g., [28, 57, 68, 69, 85];

Role of filter-feeders in ecosystems [52, 55, 56, 58, 71, 74];

Bioeffects of surfactants (e.g., [51, 57, 58, 82]), detergents [6, 43, 51, 57, 58, 82 ], and other pollutants (e.g., [21, 44, 67, 86, 89]). Among those effects we emphasize the new discovery of ecologically important phenomenon, namely the inhibition  by synthetic surfactants and detergents of water filtration by bivalves [49-59]. The importance of that discovery of the inhibition of filtration by bivalves was underlined by many authors [14, 39, 82].

Last minute addition. Another relevant paper was published [90]. The paper formulates some basics of the modern ecological theory of the polyfunctional role of biota in the molecular-ecological mechanism of water quality formation and self-purification of aquatic ecosystems. The theory covers the following items: (1) sources of energy for self-purification mechanisms, (2) the main structural and functional units of the self-purification system, (3) the main processes involved in the system, (4) contributions of major taxa to self-purification, (5) system reliability and supporting mechanisms, (6) the response of the system as a whole to external factors, (7) particulars of the operation of water purification mechanisms, and (8) conclusions and recommendations for biodiversity preservation practice. The paper continues the line of formulating the fundamental theory of biocontrol of water quality started in [49, 50, 52, 54, 55, 59,80].

A valuable book on biogeochemistry was published recently (Ермаков  В. В.,  Тютиков  С.Ф. Геохимическая экология животных. – М.: Наука, 2008;  = Ermakov  V. V.,  Tjutikov  S.F. Geohimicheskaja jekologija zhivotnyh. – M.: Nauka, 2008) [91].

References 

1. Abakumov V.A. Development of some concepts and issues of ecology and hydrobiology. — Ecol. Studies, Haz., Sol., 2006,  v. 11, p. 34-38. 

2. Abakumov V.A. Innovative approaches to remediation and restoration of polluted aquatic systems. – Water: Technology and Ecology. 2007. No. 4. p. 69-73. [Citing: 'Problems of Biogeochemistry and Geochemical Ecology, 2007, 1(3): 83-97].

3. Abakumov V.A. New achievements in the studies of aquatic ecosystems and organisms: the concept of ecological repair. - Water: Technology and Ecology. 2007. No. 2. p.70-71. [Citing: Siberian Ecological Journal. 2006. No. 3. p. 339-343;  the concept of ecological repair].

4. Abakumov V.A. New advances in remediation and restoration of polluted aquatic systems. – Problems of Biogeochemistry and Geochemical Ecology. 2007, No. 2 (4), 98-100.

5. Abakumov V.A. New concept in the development of the theory of water self-purification: ecological repair. – Problems of Biogeochemistry and Geochemical Ecology. 2007, No. 2 (4), 45-46.

6. Aizdaicher  N. A.,  Zh. V. Markina. Toxic effects of detergents on the alga Plagioselmis prolonga    (Cryptophyta)  // Russian Journal of Marine Biology [MAIK Nauka/Interperiodica, distributed  by Springer Science+Business Media LLC.  ISSN1063-0740 (Print) 1608-3377 (Online)] Vol. 32, No. 1. 2006. P. 45-49.

7. Ali, A.M.M. 2007. Water quality enhancement in Sloterbinnenpolder (Amsterdam, the Netherlands) by adopting ecological engineering approaches. M.Sc.Thesis EC 07.17. UNESCO-IHE (Institute for Water Education). 92  p. (Citing: IJOO, 2006, v.1, No.1, p.111).

8. Beacham W., C. J. Moseley.  Beacham's Guide to Environmental Issues & Sources. Washington:  Beacham Publishing, 1993. – 3335 p. [ISBN: 0933833318]  [Сiting on р. 327:  Conservation of Living Nature and Resources.  Berlin: Springer - Verlag, 1991. 271 p.].

9. Brooks, B.W., Riley, T.M., Taylor, R.D.  Water quality of effluent-dominated ecosystems: Ecotoxicological, hydrological, and management considerations.-    Hydrobiologia, 2006, 556 (1), pp. 365-379.  

10. Carr G. M. Water Quality for Ecosystem and Human Health. United Nations Environment Programme Global Environment Monitoring System/Water Programme. 2006. 122 p. (ISBN 92-95039-10-6). [Citing: On the multifunctional role of the biota in the self-purification of aquatic ecosystems. - Russian Journal of Ecology. 2005. 36: 452-459]. [http://www.gemswater.orghttp://www.gemstat.orgtel;  http://www.gemswater.org/digital_atlas/digital_atlas.pdf.]

11. Danilov-Danil’yan V. I., M. V. Bolgov, V. G. Dubinina, V. S. Kovalevskii, A. G. Kocharyan and N. M. Novikova.  Assessment of admissible runoff withdrawals in small river basins: Methodological principles  // Water Resources (MAIK Nauka/ Interperiodica, distributed by Springer Science+Business Media LLC). 2006, Vol. 33, No. 2. P.205-218. (Original Russian Text:   V.I. Danilov-Danil’yan, M.V. Bolgov, V.G. Dubinina, V.S. Kovalevskii, A.G. Kocharyan, N.M. Novikova, 2006, published in ‘Vodnye Resursy’ 2006, Vol. 33, No. 2, p. 224–238).          

12. Dobrovolsky G.V. About development of some concepts of the teaching on the biosphere (the 80th anniversary of the publication of the book 'Biosphere' by V.I.Vernadsky).— Water: Technology and Ecology.   2007. No. 1, p. 63-68. [Citing the concepts and terms: ecological chemoregulators, ecological chemomediators, the biosphere as ecological-biochemical continuum; types of migration of the matter in the biosphere, including the stochastic, vectorial, cyclic, and acyclic types of migration].

13. Dobrovolsky G.V. On the 80th anniversary of the book 'The Biosphere' by V.I.Vernadsky. Developing some important parts of the teaching on the biosphere. – Ecological Chemistry (Ekologicheskaya Khimiya). 2007, v.16(3),  p.135–143. [Citing the following concepts: ecological chemoregulators and ecological chemomediators, ecological-biochemical continuum of the biosphere, new definitions of ecosystem and biogenocoenosis, the new typology of migration of matter in the biosphere etc.].

14. Dobrovolsky G.V., G.S.Rozenberg, I.K. Toderas (Editors). Discovery of a New Type of Hazardous Anthropogenic Impact in Ecology of Animals and the Biosphere: Inhibition of the Filtration Activity of Bivalves by Surfactants. 2nd edition. Moscow. MAX Press. 2008. 108 p.

15. Dolgonosov B.M., Gubernatorova, T.N.  A nonlinear model of contaminant transformations in an aquatic environment,  2005, Water Resources, 32 (3), pp. 291-304 [MAIK Nauka/ Interperiodica distributed by Springer Science+Business Media LLC. ISSN 0097-8078 (Print) 1608-344X (Online)];  Translated from ‘Vodnye Resursy’, Vol. 32, No. 3, 2005, pp. 322–336. Citing the following 2 papers:  (1) The concept of aquatic biota as a labile and vulnerable component of the water self-purification system, Dokl. Akad. Nauk, 2000, vol. 372, no.2, pp. 279–282 [Dokl. (Engl. Transl.), vol. 372, no. 2, pp. 286–289;  (2)  Biodiversity protection and quality of water: Role of feedbacks  in ecosystems (2002) Doklady Akademii Nauk, 382 (1), pp. 138-142 [Dokl. (Engl. Transl.), vol. 382, no. 1, pp. 18–21].  

16. Dolgonosov B.M., Gubernatorova, T.N.  Kinetics of the enzymatic decomposition of macromolecules with a fractal structure.  -  Theoretical Foundations of Chemical Engineering, 2007, 41 (6), pp. 868-877  [Citing: On biotic self-purification of aquatic ecosystems. Elements of theory (2004) Doklady Akademii Nauk, 396 (1), pp. 136-141].  
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ENVIRONMENTAL RISK ASSESSMENT BY METALS OF COASTAL AND ESTUARINE ECOSYSTEMS FROM THE SOUTHWEST OF IBERIAN PENINSULA
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Coastal and estuarine ecosystems are polluted by metals due to natural erosion, metal transport through the air and water and human activities (mining, industrial and urban sewage). Metal concentrations are quite high in many coastal environments from the southwest Iberian Peninsula as result of the impacts produced by mining activities from many centuries ago. Furthermore, several significant ecological ecosystems which are protected by different administrative institutions are located in this area.

In order to examine the status of these coastal areas, a review of metal levels: Cd, Cu and Zn in sediment and fauna has been carried out and some hot spot areas have been identified. The usefulness of a biomarker approach to evaluate the effect of this contamination and quality guidelines will be examined. In addition, a proteomic approach will be developed to improve and complement the tools for environmental risk assessment.
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ASSESSMENT OF SEDIMENT QUALITY IN TWO DIFFERENT AREAS OF SPAIN COAST IMPACTED BY ACUTE AND CHRONICS SPILLS USING BIOMARKERS IN FLAT FISH (SOLEA SENEGALENSIS)
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Littoral owns an important potential biological, its habitats comprise significant nurseries for juveniles of numerous fish species. However, actually these zones are in hazard. The main factor influencing contamination in coastal systems arises from anthropogenic activities near the littoral.
Spanish coast is affected by different sources of contamination: acute and chronic impact. The Prestige tanker shipwreck, dumping heavy fuel oil, caused wide-spread contamination along the Galician Coast. In contrast, during several decades the Bay of Algeciras suffers the input of oil and other contaminants from the various industries located in the area.
The aim of this work is to assess, through chronic bioassay, sediment toxicity in samples collected in Galician Coast and in the Bay of Algeciras and to compare the damage caused in benthic fish, S. senegalensis, by means of histopathology methods and enzymatic activities study.

Chronic bioassay was carried out in laboratory to determine the toxicity of the crude oil using juveniles of S. senegalensis. Organisms were exposed to different sediments from Galician Coast  (Corme Laxe-CO-; Cies-CI-) and Bay of Algeciras (ALG1, ALG2), during 60 days and each sample was analysed in duplicate in glass aquaria. Clean sediment from the Bay of Cadiz (BC) was collected to use as a negative control. At the end of the bioassay, histopathological diseases were analysed in the target organs as gills. Likewise, stress parameters as ethoxyresorufin-O-deethylase (EROD), the glutathione S-transferases (GSTs) and glutathione reductase (GR) activities were determined in the liver. Variation in results was obtained among responses in fish exposed to different concentrations of oil spill. Results showed a significant positive correlation between the biomarkers of exposure (EROD, GST and GR) and biomarkers of effect (histopathology) with the values the concentration of PAHs obtained in the sediments.

a battery of biomarkers as a new achievement in dredged material characterization and management

Martin-Diaz, M.L.1,2,  Rodriguez, A. 2 , DelValls, T.A2  
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Recently the biomarker approach has been incorporated into several pollution monitoring programs in Europe and the USA. Likewise, different methods for biological effect measurement have been evaluated in a series of practical workshops organized by the International Council for the Exploration of the Sea (ICES) and the Intergovernmental Oceanographic Commission (IOC), such as those in the North Sea (Stebbing and Dethlefsen, 1992. The United Nations Environment Programme has founded a biomonitoring programme in the Mediterranean Sea including a variety of biomarkers (UNEP). Recently biomarkers have also been included in the Joint Monitoring Programme of the OSPAR convention where Portugal and Spain are members. Nevertheless, the biomarkers approach has not been included in the guidelines for the management and monitoring of dredging and disposal activities. The current guidelines for the control of these activities are based on the several approaches which take into account chemical measurements, analysis of benthic communities and toxicity tests. Biomarkers have come of age, and there is now enough scientific evidence to apply biomarkers in a regulatory framework provided the essence of this regulation is a weight of evidence approach. Biomarkers may be applied to modern pollution problems such as chronic exposure (Galloway, 2006).
Biomarkers applied in a tier-testing approach for sediment management could allow the performance of more sensitive SQGs for dredged material assessment and management. Here it is discussed their inclusion in a tier- testing approach, starting with screening biomarkers together with chemical characterization on TIER I. Then, it is advised the determination, on TIER II, of oxidative stress responses (cytochrome P450 enzymes, lipid peroxidation…) and metallothionein like-proteins (MTLP) as biomarkers of exposure to organic and metallic contaminants, together with biomarkers of effect (genotoxicity, endocrine disruption, inmunotoxicity…). Finally, it is proposed the verification of these responses in situ assays on a TIER III. 

USING A CLASSICAL WEIGHT-OF-EVIDENCE APPROACH FOR 4-YEARS MONITORING OF THE IMPACT OF AN ACCIDENTAL OIL SPILL ON SEDIMENT QUALITY

C. Morales-Caselles1,3,*, I. Riba1,3, C. Sarasquete1,3, P. Lopez 2 T. A. DelValls2,3

1Instituto de Ciencias Marinas de Andalucia (ICMAN-CSIC), Avda. Republica Saharaui s/n, Puerto Real 11510, Cadiz, Spain

2UNESCO UNITWIN/WiCop, Facultad de Ciencias del Mar y Ambientales, Universidad de Cadiz, Poligono Rio San Pedro s/n, Puerto Real 11510, Cadiz, Spain.

3 Unidad Asociada de Calidad Ambiental y Patologia (CSIC & UCA), Avda. República Saharaui s/n, Puerto Real 11510, Cadiz, Spain

Corresponding author: Carmen Morales Caselles

carmen.morales@uca.es
Phone: 956016740

Fax. 956016040

In the present report, the success on applying a Weight of evidence approach (WOE) to sediments quality assessment during four years of impact after an oil spill is discussed. The study assesses the sediment quality in the Galician Coast (NW Spain) which was impacted by an accidental spill associated with the sinking of the tanker Prestige (2002). The assessment is based on three lines of evidence: physicochemical characterization of the sediments; determination of acute toxicity by conducting sediment toxicity tests; benthic alteration including taxonomic identifications and community descriptive statistics. The data obtained were integrated using a WOE by means of two different methodologies:  multivariate analysis and ANOVA-based pie charts. Results confirm that PAHs related to the Prestige oil spill are the main contaminant associated with the biological effect in the area which has been recovered from the initial acute impact to nowadays. Also, the WOE permitted to identify a metal contamination not previously described in the area that produced toxicity in sediments analyzed. In addition, the methodology proposed to link the 3 lines of evidence results show the use for the first time of objective index based on factor analysis that permits to qualitatively and quantitatively address the pollution in the sediments studied and permit to recommend the WOE approach for monitoring environmental quality. 
ENVIRONMENTALLY VITAL ASPECTS OF INTERACTIONS BETWEEN CHEMICAL CONTAMINANTS AND ORGANISMS: FROM A NEW SYSTEM OF CRITERIA FOR ENVIRONMENTAL HAZARDS OF MAN-CAUSED EFFECTS TO ECOLOGICAL REPARATION OF WATER QUALITY

S.A.Ostroumov (pages 22-25)

The goal of this publication is to comment on some new developments in studying interactions between aquatic organisms and chemical pollutants. First, the action of the chemical pollutants on organisms produce a variety of bioeffects that need evaluation as environmental hazards. Reciprocally, the effects of organisms (the biota) on the molecules of chemical pollutants lead to partial elimination and transformations of the molecules of the pollutants that may be considered as water self-purification.

1. THE NEW SYSTEM OF CRITERIA FOR ENVIRONMENTAL HAZARDS OF MAN-CAUSED EFFECTS INCLUDING EFFECTS OF CHEMICAL POLLUTION.

To combat environmental deterioration,  it is necessary to determine the level of the potential environmental hazards from any new synthetic chemical. There is a set of the classification criteria for environmental hazards which is used in some countries - e.g., the states of EC (European Community), in order to decide in what classification category a substance will fit.  That system, when considered critically, is not completely adequate. We proposed a new system of criteria for environmental hazards. The proposed system includes four blocks according to the four levels of man-caused disturbances in living systems. As an example of a non-lethal but potentially important effect produced by a man-made chemical, we consider some new data on the inhibitory effects of  surfactants, detergents, and heavy metals on bivalves that we have generated. E.g., the non-ionic surfactant Triton-X100, the anionic surfactant SDS, and  the cationic surfactant TDTMA (tetradecyltrimethylammonium bromide) inhibited the water filtration by mussels. Various ecologically important consequences of the inhibition of water filtration were analyzed in our publications. The efficiency of the proposed system of criteria was demonstrated (for more detail see: S. A. Ostroumov. Some Approaches to the System of Criteria for Environmental Hazards of Man-Caused Effects on Organisms and Ecosystems. - Siberian Journal of Ecology, 2003, No. 2, p. 247–253).

2.   THE NEW THEORY OF THE POLYFUNCTIONAL ROLE OF THE BIOMACHINERY IN MAINTAINING WATER  SELF-PURIFICATION AND WATER QUALITY.

We formulated some basic elements are for a qualitative theory of the polyfunctional role of the biota in maintaining self-purification and water quality in aquatic (freshwater and marine) ecosystems. The elements of the theory covers the following: (1) the sources of energy for the mechanisms of self-purification; (2) the main functional blocks of the system of self-purification; (3) the list of the main processes that are involved in water self-purification; (4) analysis of the degree of participation of the main large taxons; (5) degree of reliability and the main mechanisms providing the reliability; (6) regulation of the processes; (7) the response of the system towards the external influences (man-made impacts); (8) the analogy between ecosystems and a bioreactor; and (9) conclusions relevant to the practice of biodiversity conservation. As a contribution to the fundamentals of the theory, the results are relevant of the author's experiments which demonstrated the ability of some pollutants (surfactants, detergents, heavy metals, and some others) to inhibit the water filtration activity of marine filter-feeders (namely, the bivalve mollusks Mytilus galloprovincialis, Mytilus edulis, and Crassostrea gigas) (for more detail see: S.A.Ostroumov. Biomachinery for maintaining water quality and natural water self-purification in marine and estuarine systems: elements of a qualitative theory. - International Journal of Oceans and Oceanography, 2006, Volume 1, Issue 1;  Print ISSN : 0973-2667) and water filtration activity of freshwater bivalves (S.A.Ostroumov. Bioeffects of Surfactants. CRC Press. 2006).

3. BIOTIC PURIFICATION OF WATER AND ECOLOGICAL REPARATION.
It is of fundamental interest to analyze the theoretical consequences of the new facts that we  have obtained discovering that one of the most important processes of reparation at the ecological level (restoration of water quality in the course of elimination of suspended matter from water by hydrobionts) is inhibited by a number of  pollutants (xenobiotics).  This points to an element of analogy to reparation processes at the genetic level which can also be disturbed by xenobiotics and are characterized by some different properties analogous to those of ecological reparation. Xenobiotics that displayed a negative influence on the processes important for ecological reparation of water quality included various surfactants, detergents, heavy metals, and oil hydrocarbons. E.g., for the first time, new experimental data on the effect of tetradecyltrimethylammonium bromide on marine mussels (Mytilus edulis / M. galloprovincialis) are presented (for more detail see: S. A. Ostroumov. On Biotic Purification of Water and Ecological Reparation. - Siberian Journal of Ecology, 2006, v. 13, No.3, p.339-343). See also some comments by V.A.Abakumov in his paper: The new in the studies of aquatic ecosystnes and organisms: the concept of ecological reparation // Water: Technology and Ecology (=Вода: технология и экология). 2007. No 2, p. 70-71.

Some additional evidence in support of the abovementioned innovations was presented in other publications (see the references 1-21 below).
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MACROPHYTES AND PROSPECTS FOR THE PHYTOREMEDIATION OF WATER SYSTEMS POLLUTED WITH MEMBRANOTROPIC POLLUTANTS

Solomonova E.A.,  Ostroumov S.A.,  Kotelevtsev S.V.,  Novikov K.N.,  Chernova T.L.  

Faculty of Biology, M.V.Lomonosov Moscow State University, Moscow 119991, Russia

(published: pages 33-34)
Recently a theory has been developed that analyzes the multifaceted role of aquatic organisms in formation of water quality [1-2; 6-9]. When taking steps to remediate polluted sites, one must consider the important role of both microorganisms and higher plants. We have studied the tolerance of several species of aquatic plants when incubated in aquatic microcosms  where membranotropic xenobiotics (synthetic surfactants) have been added.  Some data of the first period of the studies were reported in [4]. The species studied included Potamogeton crispus, Elodea canadensis and some others. A new method that provides a quantitative measure for the tolerance of the aquatic plant species has been developed [3] and successfully applied. This approach, which has been dubbed the method of recurrent additions, has shown that P. crispus was more tolerant than E. canadensis. Moreover, we have discovered that another plant species features a high level of tolerance, and are in process of developing a technique of using it to remediate polluted water. The latter species was cultivated for 2 years and adapted to tolerate the long-term influence of an anionic surfactant, sodium dodecylsulphate (SDS). The resulting clone of the plant species was named OST-1. This clone  is currently under study to remediate waste waters polluted with detergents. In conclusion, a new method of recurrent additions was developed and successfully used to quantify the tolerance of 5 species of aquatic macrophytes given the conditions of long-term presence of the anionic surfactant, SDS. The results confirm the prediction [5] that plants are prospective tools to remediate sites polluted with surfactants and detergents, which are hazardous membranotropic pollutants.  

LITERATURE:  1. Ostroumov S.A. Aquatic ecosystem: a large-scale diversified bioreactor with a water self-purification function. —Doklady Biological Sciences, 2000.  374: 514-516. ISSN 0012-4966.   2. Ostroumov S.A. On the biotic self-purification of aquatic ecosystems: elements of the theory. — Doklady Biological Sciences, 2004, 396: 206–211.  3   Ostroumov S.A. Model ecosystem under the conditions of recurrent (reiterated) additions of a xenobiotic or pollutant: an innovative method for studying tolerance, the assimilation capacity of the system, the maximal allowed discharge (load) of pollutants, and the phytoremediation potential. —  Ecol. Studies, Hazards, Solutions, 2006,  11: 72-74.  4.  Solomonova E.A., Ostroumov S.A. Tolerance of an aquatic macrophyte Potamogeton crispus L. to sodium dodecyl sulphate. - Moscow University Biological Sciences Bulletin, 2007,  62 (4): 176-179;  ISSN 0096-3925; 1934-791X.   5. Ostroumov S.A. Biological Effects of Surfactants. CRC Press. Taylor & Francis. Boca Raton, 2006. 279 p.   6. Ostroumov S.A. Biological filtering and ecological machinery for self-purification and bioremediation in aquatic ecosystems: towards a holistic view. — Rivista di Biologia/ Biology Forum. 1998. 91: 247-258.  7. Ostroumov S.A. Inhibitory analysis of top-down control: new keys to studying eutrophication, algal blooms, and water self-purification. — Hydrobiologia. 2002. 469: 117-129.   8. Ostroumov S.A. Polyfunctional role of biodiversity in processes leading to water purification: current conceptualizations and concluding remarks. —  Hydrobiologia. 2002. 469: 203-204. 9. Ostroumov   S. A. Aquatic ecosystem as a  bioreactor: water purification and some  other functions.   Rivista di Biologia / Biology Forum.  2004.  vol. 97.  p. 39-50.

THE PHYTOREMEDIATION SYSTEM OF THE AQUATIC PLANT Myriophyllum aquaticum: FATE OF PERCHLORATE

S. A. Ostroumov (1), S. C. McCutcheon (2), D. Yifru (3), V. Nzengung (4)
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Perchlorate [1] is being used for many purposes including the role of oxidiser for fuel, and some other purposes as well. This study defined the fate of perchlorate [1],  when exposed to the laboratory aquatic microcosm that included the plant species Myriophyllum  aquaticum. Myriophyllum  aquaticum was collected by S. McCutcheon and S. Ostroumov from a wetland in Shaking Rock Park, Lexington, Georgia (USA), cleaned of debris and extraneous species, and acclimated in greenhouse aquatic microcosms. After acclimation, water levels were adjusted to achieve a Myriophyllum aquaticum biomass of 226.3 to 285.7 g per 6 L of water and perchlorate was added to each reactor to achieve different initial concentrations. The same additions of perchlorate were made to the identical control microcosms without plants. Over the course of 19 days, several aliquots were taken from all microcosms to determine changes in concentrations of perchlorate. In the presence of Myriophyllum aquaticum, the decrease in the concentration of perchlorate in water of the microcosms with time was faster than in the control microcosms. 

In continuation of the studies of aquatic plants, the phytoremediation potential of another species, Potamogeton crispus L., was studied as applied to water systems polluted with a synthetic surfactant [2].
The results confirm the significant potential and important role of aquatic plants in increasing water quality. This is in accord with the theory of multifunctional role of organisms in the formation and control of water quality [3-8].
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Studies of the effect of an anionic surfactant on the biomass of the aquatic macrophytes Najas  guadelupensis
Ostroumov S.A., Solomonova E.A.
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The new experimental data are presented of the studies of effects of an anionic surfactant, sodium dodecylsulphate (SDS) on the survival of the aquatic plants (macrophytes) Najas  guadelupensis  L., and on the biomass of the plants of this species in the microcosms. The quantitative data were generated on the threshold values of the loads of SDS which produced the death of the plants of Najas  guadelupensis  L. when the duration of the incubation was 7 – 372 days. Addition of total amount of 65 mg (and larger amount) of SDS per 1 liter of the aquatic medium during the entire period of incubation (weeks to months) led to a decrease in the biomass of N.  guadelupensis. At the end of the incubation with the total load of 65 mg (and larger) per 1 liter of water, the biomass of the macrophytes was 68 – 90%  of the biomass at the beginning of the experiments. 
This study is a continuation of our research projects on bioeffects of surfactants and the interactions between SDS and plants [1], including  aquatic plants. Some of the previous findings were published in:  E.A. Solomonova, S.A. Ostroumov. Studies of the tolerance of aquatic macrophyte Potamogeton crispus L. to sodium dodecylsulphate. -  Vestnik of Moscow University. Ser.16. Biology. 2007. No.4. p. 39-42. (English edition: E.A. Solomonova, S.A. Ostroumov. Tolerance of an aquatic macrophyte Potamogeton crispus L. to sodium dodecyl sulphate. - Moscow University Biological Sciences Bulletin [ISSN 0096-3925 (Print) 1934-791X (Online)]). 2007. Volume 62, Number 4.  176-179.   Some other results of the studies of the interactions between surfactants and aquatic plants were reported in  [2-7].  We consider this an example of application of the general theory of biocontrol of water quality that was formulated and developed in [8-12].
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STUDYING THE ROLE OF ORGANISMS IN WATER SELF-PURIFICATION AND THE MIGRATION OF ELEMENTS IN AQUATIC  ENVIRONMENTS
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The goal of this is to provide a short summary of some of our studies leading to a better understanding of the role of hydrobionts (aquatic organisms), including mollusks, in biogenic migration of elements and water self-purification. Both freshwater and marine organisms (including mollusks) were studied. On the basis of new experimental results and the database that we developed, elements of the theory of biotic mechanisms for water self-purification and biotic regulation of biogeochemical flows in aquatic ecosystems were developed, with special insight into the role of mollusks. The polyfunctional role of biota, including mollusks, in self-purification of aquatic ecosystems was specified while analyzing the following: (1)  the main structural-functional blocks of the biotic mechanism of water self-purification; (2) sources of energy for the mechanisms of self-purification; (3) conceptualization of the main processes that are involved; (4) analysis of the degree of participation of the main large groups of organisms, including mollusks; (5) degree of reliability and the main mechanisms providing the reliability; (6) the link between the reliability of the system of self-purification and  the stability of the aquatic ecosystem; (7) the attitude of the system towards the external (anthropogenic) influences/impacts  [1, 2]. 

As for the role of mollusks in the biogenic migration of elements, a number of lines of research are relevant. Accumulation of elements including metals in freshwater and marine mollusks was studied. Some results of those studies were presented in [3]. Some examples of the  recent data on several elements in  Mytilus galloprovincialis are given in table 1.

Table 1. Metals in the shells of Mytilus galloprovincialis, μg/g dry weight. Method: AAS. "0" means that the concentration of the metal was below the ability of the method to detect the element in the sample.

	Parameter
	Cd
	Ni
	Cr
	Zn
	Pb

	Scope of variation
	0 - 0,44
	6,9 – 25,8
	0,03 – 11,8
	28,8 – 333,3
	0 – 96,6

	Average
	0,27
	19,42
	6,50
	134,92
	49,68


It was shown that some membranotropic xenobiotics (surfactants) inhibited the water filtration activity of bivalves [1, 2, 4, 6].

Further studies of how hydrobionts accumulate elements including heavy metals may contribute to better use of aquatic organisms in control and remediation of water bodies contaminated under conditions of man-made pollution. Those directions of applications are based on the theory of water self-purification (in other words, biocontrol of water quality) [1, 2, 4, 5, 7].
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USE OF BIOMARKERS IN Arenicola marina TO ASSES SEDIMENT TOXICITY
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A 14 days in situ assay to assess sediment toxicity was carried out per replicate in two sites from Guadalete River (Guad1 and Guad2) (South-West, Spain) using the polichaete Arenicola marina (n=20) in benthic cages. Organisms were collected before the test was started (as controls) and the days 2, 6, 10 and 14. Afterwards, a battery of biomarkers of exposure and effect were determined to asses the sediment toxicity,  five of them were exposure biomarkers ethoxyresorufin O-deethylase (EROD),: dibenzylfluorescein (DBF), gluthation reductase (GR), gluthation-S-transferase (GST) activities and metallothionein concentrations (MT); and one of them was effect biomarker, lipid peroxidation (LPO). EROD and DBF activites exhibited a significant increase during the first 10 days of the test at the site Guad1 and had no significant variation in Guad2. Otherwise, GR and GST activities significantly increase in Guad2 together with LPO. Results show an organic and pharmaceutical sediment contamination, as EROD and DBF activities respectively indicate, but not high enough to cause cell damage and lipid peroxidation. However, individuals exposed to sediments from Guad2 were found to show no organic contamination, since EROD level does not stand out, but, as is indicated by GR and GST, there may show the presence of  metal contamination which, furthermore, causes cell damage.

THE USE OF BIOMARKERS TO EVALUATE REPAIR PROCESSES IN FISH AFTER EXPOSURE TO SEDIMENT CONTAMINATED BY AN OIL SPILL
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A chronic bioassay was carried out in our laboratory using juveniles of the fish Solea senegalensis to determine the toxicity of contaminants from an oil spill (Prestige) and to evaluate the repair processes in fish affected by the contaminants after the oil exposition.

During 30 days, individuals were exposed to different concentrations of PAHs and other contaminants from the oil under controlled conditions of salinity, temperature, pH and dissolved oxygen in the laboratory. Clean sediment from the Bay of Cadiz was used as negative control reference and also mixed with different proportions of fuel oil to made different dilutions (0.5%, 2%, 8%, 16% and 32%, w:w dry-weight). After the exposition, the fishes were put in clean tanks, in order to study the repair of some stress parameters: the ethoxyresorufin-O-deethylase activity (EROD activity, a phase I detoxification biomarker enzyme), the glutathione S-transferases (GSTs, a phase II detoxification biomarker enzyme) and glutathione peroxidase and glutathione reductase (GPX and GR, two oxidative stress parameters) in the liver; and the histopathology damages in gill, liver, kidney, intestine and gonad tissues.

Individual exposed to different fuel concentrations showed significant induction (p<0.05) of biomarkers of exposure (EROD, GST, GPX and GR) and present histopathology damages higher than controls after 10, 20 and 30 days of exposure. The measure of biomarkers of exposure and effect (histopathology) after 5 and 10 days of recovery in clean tank allowed the evaluation of repair process of induced damages after the oil exposition.

MACROPHYTES AND PROSPECTS FOR THE PHYTOREMEDIATION OF WATER SYSTEMS POLLUTED WITH MEMBRANOTROPIC POLLUTANTS
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Recently a theory has been developed that analyzes the multifaceted role of aquatic organisms in formation of water quality [1-2; 6-8]. When taking steps to remediate polluted sites, one must consider the important role of both microorganisms and higher plants. We have studied the tolerance of several species of aquatic plants when incubated in aquatic microcosms  where membranotropic xenobiotics (synthetic surfactants) have been added.  Some data of the first period of the studies were reported in [4]. The species studied included Potamogeton crispus, Elodea canadensis and some others. A new method that provides a quantitative measure for the tolerance of the aquatic plant species has been developed [3] and successfully applied. This approach, which has been dubbed the method of recurrent additions, has shown that P. crispus was more tolerant than E. canadensis. Moreover, we have discovered that another plant species features a high level of tolerance, and are in process of developing a technique of using it to remediate polluted water. The latter species was cultivated for 2 years and adapted to tolerate the long-term influence of an anionic surfactant, sodium dodecylsulphate (SDS). The resulting clone of the plant species was named OST-1. This clone  is currently under study to remediate waste waters polluted with detergents. In conclusion, a new method of recurrent additions was developed and successfully used to quantify the tolerance of 5 species of aquatic macrophytes given the conditions of long-term presence of the anionic surfactant, SDS. The results confirm the prediction [5] that plants are prospective tools to remediate sites polluted with surfactants and detergents.  
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New effects of the anionic surfactant, sodium dodecylsulphate (SDS), on the aquatic macrophyte Potamogeton crispus L. were studied. The concentrations 83-133 mg/l induced fragmentation of the stems of the plants. The tolerance of the plants to the negative effects of the surfactant was higher in spring (April) than in autumn (September). More details were given in:  E.A. Solomonova, S.A. Ostroumov. Studies of the tolerance of aquatic macrophyte Potamogeton crispus L. to sodium dodecylsulphate. -  Vestnik of Moscow University. Ser.16. Biology. 2007. No.4. p. 39-42. (English edition: E.A. Solomonova, S.A. Ostroumov. Tolerance of an aquatic macrophyte Potamogeton crispus L. to sodium dodecyl sulphate. - Moscow University Biological Sciences Bulletin [ISSN 0096-3925 (Print) 1934-791X (Online)]). 2007. Volume 62, Number 4.  176-179.  New effects of SDS on some  other species of macrophytes were studied as well, including: Elodea canadensis Michx. (fam. Hydrocharitaceae), Potamogeton crispus L. (fam. Potamogetonaceae), Fontinalis antipyretica  L. (fam. Fontinalaceae), macrophyte  ОSТ-1, Salvinia natans L., S. auriculata Aubl. (fam. Salviniaceae) and other species.  SDS produced some effects on the biomass of macrophytes measured at the end of the sublethal experiments. Among the species mentioned, macrophyte OST-1 was especially promising as a component of phytotechnologies.

It should be underlined that in the microcosms with macrophytes, there are many species of living organisms that are involved in control of water quality and in water purification. Heterotrophic bacteria are among them. Aquatic plants may produce effects on the bacteria and their activity in several ways including the production of polysaccharides (e.g., [1]).   The complexity of the ecosystem involved in water purification is important to develop the scientific basis of phytotechnologies.
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