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ABSTRACT. A new analysis of author’s data on ecotoxicology and biological effects of synthetic surfactants, detergents 
and other chemical pollutants helped to formulate an innovative theory of water self-purification in aquatic ecosystems. 
Fundamental elements of this theory were presented and revisited in this article. In addition to this theory, a discussion of 
transformations of chemical pollutants is presented. Author’s experiments discovered new facts on how chemical 
pollutants can decrease water self-purification as exemplified by water filtration by aquatic organisms. 
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1. INTRODUCTION. 
In this article, in a condensed form the basic elements are 
generalized and systematized of the theory of the 
multifunctional role of the biota  in improving water 
quality, in the self-purification [1–6] and ecological 
remediation [7] of aquatic ecosystems using the results of 
previous analyses [3, 4, 7,  8-14] and the theory of the 
functioning of aquatic ecosystems [2]. It is expected that on 
the basis of this theory some efficient ecotechnologies will 
emerge to remediate and restore polluted aquatic systems. 
The paper is based on the presentations that the author 
made at scientific seminars in the V.I. Vernadsky Institute 
of Geochemistry and Analytical Chemistry, Russian 
Academy of Sciences, and at the conferences of the series 
‗Aquatic Ecosystems and Organisms‘. The paper is based 
on several previous author‘s publications including those in 
refereed journals: ―Ecologica‖ (Republic of Serbia), 
―Russian Journal of General Chemistry‖,  ―Doklady 
Biological Sciences‖, and other publications. 
2. FORMATION OF WATER QUALITY: THE MAIN 
PROCESSES OF WATER PURIFICATION  IN 
AQUATIC ECOSYSTEMS. 
Many physical, chemical, and biotic processes are 
important for the formation of water quality and water 
purification in aquatic ecosystems [1–6]. Earlier the author  
published the list of these processes; a revised list of the 
most important processes and factors is given in Table 1. 
Many of these physical and chemical processes are either 
controlled or affected to a certain degree by biological 
factors. For example,  (1) the rate of the sorption of 
pollutants by settling particles of suspensions depends on 
the concentration of phytoplankton cells; (2) photo-
chemical decomposition of substances is only possible in 
transparent water, and the transparency is ensured by the 
filtration activity of  aquatic organisms (hydrobionts that 
are filter-feeders). Thus, biotic processes are pivotal for the 
entire system of water self-purification. 
3. THE MAIN FUNCTIONAL BLOCKS OF THE 
SELF-PURIFICATION BIOMACHINERY  OF 
AQUATIC ECOSYSTEMS 
Let us distinguish the following main functional blocks 
covering the major part of the entire biological mechanism 
of the self-purification of aquatic ecosystems: (1) filtration 
activity or ―filters‖; (2) mechanisms of transferring or 
pumping chemical substances between ecological 
compartments (from one medium to another); and (3) 
degradation of pollutant molecules. 
3.1. Filters (see also [4, 17]). The following functional 
systems can perform the function of filters:  
(a) the aquatic invertebrates that are filter feeders [18];  
(b) aquatic plants (macrophytes), which take up part of 
nutrients (N, P)  and pollutant substances entering the 
ecosystem from adjacent areas;  

(c) benthos (the community of bottom-located organisms), 
which takes up and consumes some part of nutrients 
(nitrogen N, phosphorus P) and pollutant substances that 
can migrate at the water–bottom sediment interface;  
and  
(d) microorganisms adsorbed on suspended particles 
moving relative to the mass of water due to the 
sedimentation of the particles caused by gravity; as a result, 
the mass of water and the microorganisms move relative to 
each other, which is equivalent to the situation where water 
is filtered through granular substrate with attached 
microorganisms, the latter remove a part of dissolved 
organic compounds and nutrients (N, P) from the water [4]. 
3.2. Mechanisms of transferring of pumping chemical 
substances from one ecological compartment to another 
(pumps). The following functional systems may serve as 
pumps:  
(a) Sedimentation of particles through a water column:  the 
functional pump facilitating the transfer of part of 
pollutants from the water into sediments (sedimentation 
and sorption are involved); 
(b) Evaporation: the functional pump transferring part of 
pollutants from the water to the atmosphere;  
(c) Migration of organisms from water: the functional 
pump determining the transfer of part of nutrients (the 
compounds that contain N, P)   from the water to the 
surrounding terrestrial ecosystems; examples are provided 
by all migrations of organisms related to the emergence of 
imago insects whose larval development to occurs in water; 
the biomass of the bodies of these organisms contains some 
amount of chemical elements including nitrogen (N) and 
phosphorus (P); other examples of migration of organisms 
can be also considered as factors to transfer of chemical 
elements; 
and  
(d) a similar functional pump transferring part of nutrients 
from water to the surrounding terrestrial ecosystems 
because of some birds' feeding on aquatic organisms 
(hydrobionts): e.g., fish-eating birds remove biomass from 
the aquatic ecosystem; they inhabit the areas adjacent to the 
water bodies or streams. 
3.3. Decomposition of pollutants (“mills”). The 
functional systems decomposing pollutants are (a) the 
―mill‖ of intracellular enzymatic processes;  
(b) the ―mill‖ of extracellular enzymes that are present in 
water;  
(c) the ―mill‖ of photochemical processes sensitized by 
substances of biological origin; and  
(d) the ―mill‖ of free-radical processes involving ligands of 
biological origin (Yu. I. Skurlatov, cited in: [4]). 
3.4. Sequestration of pollutants. In addition to the three 
groups of processes mentioned above, we consider 
sequestration or immobilization of pollutants by aquatic 
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organisms or by biogenic organic matter as other important 
processes to remove pollutants from water. The 
accumulation of heavy metals by aquatic organisms is an 
important example. E.g., the accumulation of heavy metals 
by plants and bivalves is well documented. We have 
performed and currently we run new experiments to further 
characterize the processes of metal (Cu, Fe, Cd, Zn, Co, 
Mo, Ni and others) uptake and accumulation by aquatic 
organisms, namely, bivalves (freshwater mussels Unio 
pictorum, and others). In our experiments, the author has 
found relevant new facts on immobilization of chemical 
pollutants by biogenic material including detritus. 
4. ENERGY SOURCES OF THE BIOTIC 
MECHANISMS OF AQUATIC ECOSYSTEM SELF-
PURIFICATION 
Ecosystems receive energy for biotic self-purification from 
photosynthesis, oxidation of autochthonous organic 
compounds, and other redox reactions. Thus, almost all 
available sources of energy are involved. 
Some energy is obtained from the oxidation of the 
components (dissolved and suspended organic matter) that 
have to be removed from the ecosystem. In other words, the 
energetics of self-purification resembles energy-saving 
technologies invented by engineers. 
5. THE ROLES OF THE MAIN LARGE TAXA IN 
AQUATIC ECOSYSTEM SELF-PURIFICATION 
Microorganisms, phytoplankton, higher plants, 
invertebrates, and fish are involved in the self-purification 
of aquatic ecosystems and the formation of water quality 
[4, 8, 10, 12]. Note that each of these groups is involved in 
more than one or two process (see Table 1 in [7] for 
details). All of these groups are almost equally necessary 
for normal self-purification.  
E. g., we are currently running a new series of experiments 
that help to elucidate the potential of aquatic plants 
(macrophytes) to remediate the polluted water. In our 
group, the graduate student E.A. Solomonova conducted 
innovative experiments that quantified the ability of several 
species of macrophytes (Elodea canadensis, Potamogeton 
crispus, Salvinia sp. and some others) to remediate the 
aquatic environment polluted with organic pollutants. 
6. RELIABILITY OF WATER SELF-PURIFICATION 
SYSTEMS 
In technology, the reliability of a system is often ensured 
by doubling many components of the system. Analysis of 
the functions of ecosystems shows that they employ the 
same principle. For example, the filtration activity of 
aquatic organisms (hydrobionts) is doubled (duplicated): it 
is performed by two large groups of organisms: the 
plankton and the benthos. Both groups filter water rapidly 
[1, 5]. 
Benthos also additionally doubles the activity of planktonic 
organisms residing in the pelagic zone, because the larvae 
of many benthic filter-feeders are components of plankton. 
In the plankton, two groups of invertebrate multicellular 
filter-feeders, crustaceans [5] and rotifers [4, 6] duplicate 
(double) each other‘s functions of water filtration. Another 
large group of organisms with a different type of nutrition, 
protozoa, also filters water as crustaceans and rotifers do. 
Some other organisms also filter water (for the list of these, 
see Table 3 in [12]). 
Enzymatic decomposition of pollutants, another component 
of water self-purification, is simultaneously performed by 
bacteria and fungi. Almost all hydrobionts that, to different 
extents, can take up and oxidize dissolve organic 
compounds also fulfill this function (although the activity 
of each group of organisms has certain specificity). 

Thus, the reliability of water self-purification in ecosystems 
is ensured by the multiplicity of the processes involved, 
which are performed simultaneously and secure each 
other‘s function. In turn, water purification and permanent 
restoration (repair, upgrading) of its quality is among the 
most important elements of the self-sustaining stability of 
the entire aquatic ecosystem. 
The permanent recovery of water quality is absolutely 
necessary for the stability of ecosystems, because it 
constantly withstands the constant inflow of autochthonous 
and allochthonous organic compounds and nutrients 
(including substances that contain N and P) carried from 
the adjacent land and tributaries (by water currents), as well 
as by precipitation and settling waterborne particles. 
Therefore, water self-purification is as crucial for the 
stability of ecological systems as DNA reparation (repair) 
is for heredity; therefore, water self-purification may be 
regarded as ecological reparation (repair) of aquatic 
ecosystems [7]. Another important element of the reliability 
is biota self-regulation. 
7. REGULATION OF SELF-PURIFICATION. 
Almost all organisms involved in intense self-purification 
activity are under the double control of the preceding and 
the next links of the food chain. Earlier [9, 17], the author 
proposed inhibitory analysis of regulatory interactions in 
food chains as an effective method for studying the 
regulatory functions of different organisms. 
Various types of signals, including chemical information 
carriers, play considerable roles in the regulatory 
mechanisms of ecosystems. It has been suggested that these 
chemical substances be termed ecological chemoregulators 
and ecological chemomediators [3]. 
The influence of regulatory factors on the organisms 
involved in water quality self-restoration explains why the 
observed rates of some self-purification processes are 
considerably lower than the maximal rate that the 
hydrobionts are capable of. For example, the rate of water 
filtration in natural water bodies is not high enough to 
remove suspended organic matter from the water. In many 
filter-feeders, the filtration rate has been demonstrated to 
decrease with an increase in the concentration of sestonic 
particles [5]. 
8. THE RESPONSE OF THE ENTIRE SELF-
PURIFICATION SYSTEM TO EXTERNAL 
FACTORS AFFECTING AN ECOSYSTEM. 
The system of self-purification and water quality formation 
is labile (easily changeable) [4, 8, 10] and is readily 
rearranged as the environmental condition change, which 
makes it difficult to determine its general functional 
patterns. Experiments of the author  [4, 8, 10, 17] have 
demonstrated the existence of an important element of the 
vulnerability of a specific process, namely, the process of 
water filtration by hydrobionts (mollusks and rotifers). This 
is exemplified by the results of our experiments on the 
treatment of the mollusks, marine mussels Mytilus edulis 
and M. galloprovincialis, and the rotifer Brachionus 
calyciflorus with a synthetic surfactant,  
tetradecyltrimethylammonium bromide (TDTMA), and 
synthetic detergents. Our experiments proved that these 
filtration processes were inhibited by sublethal 
concentrations of man-made chemical pollutants, namely, 
surfactants and surfactant-containing mixed preparations.  
We have published new data on similar inhibitory effects of 
various chemical pollutants (including synthetic surfactants 
and detergents) on mollusks and zooplanktonic filter 
feeders [4, 19, 20, 21]. These data (Table 2; see [4, 21] for 
the experimental methods) demonstrate that a decrease in 
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the effectiveness of the self-purification (ecological 
remediation) system of the water is hazardous under the 
conditions of anthropogenic impact on aquatic ecosystems 
[4, 7, 17]. In addition to the data presented in Table 2, we 
have recently shown that some other pollutants inhibit 
water filtration by filter-feeders.  Several heavy metals (not 
only Cu, but also Cd, Cr, Co as well as other chemical 
elements) are among those pollutants (S.A. Ostroumov, 
new data, in preparation). 
9. AN AQUATIC ECOSYSTEM AS AN ANALOG OF 
A BIOREACTOR WITH A WATER PURIFICATION 
FUNCTION. 
The specific features of the water self-purification system 
invite analogies with a bioreactor. This analogy seems 
attractive and substantiated. However, it illustrates only one 
essential aspect of aquatic ecosystems. It is justified and 
useful in certain respects [8]; however, it by no means 
reflects comprehensively the essence of aquatic 
ecosystems, with all their diversity and variability.  
In our analysis, it is possible to apply one of scientific 
terms that were often used by the prominent Russian 
scientist, who was ahead of his time, V.I. Vernadsky (1863-
1945, one of the fathers of biogeochemistry), namely the 
word ‗bioinert‘. The word ‗bioinert‘ in transliteration of the 
original Russian word is ‗biokosny‘. This unique word 
means an integral combination of biotic and abiotic factors. 
The regulation of many important processes involved in the 
transfer of chemical elements in aquatic ecosystems is 
bioinert, i.e., combines the effects of biotic and abiotic 
factors. It seems useful to pay attention to the bioinert 
nature (in transliteration of the original Russian word 
combination is: 'biokosnaya  priroda', it means summation 
and integral unity of biotic and abiotic factors) of the 
regulation of the transfer of chemical elements in aquatic 
ecosystems. Using this terminology helps to emphasize the 
significance of both biotic and abiotic factors as equally 
important and interacting factors that regulate the 
movement of chemical elements and mass transfer in water 
bodies and streams.  
Aquatic ecosystems are characterized by considerable 
variability of almost all main parameters. In these systems, 
an almost complete absence of constant quantitative 
characteristics is noticeable.  
We consider some analogy between aquatic ecosystem and 
a multifunctional bioreactor, but we understand that the 
analogy with a technological device is limited  and not 
complete. With this important caveat, we may conclude 
(again, with some reservations) that the system of processes 
involved in the self-purification of an aquatic ecosystem is 
similar to a high-technology  device and may be regarded 
as a bioreactor fulfilling functions that are important for the 
ecosystem. However, this analogy involves only one 
essential aspect of an aquatic ecosystem. 
10. IMPLICATIONS FOR ENVIRONMENTAL 
PROTECTION AND ECOLOGICAL ENGINEERING. 
Taking into account the theory described above, as well as 
the results of my earlier experimental studies [7, 8, 12, 13, 
17] and data published by other researchers [1, 5, 6], the 
author consider possible to formulate the following notions 
and recommendations. It is possible that they could be 
useful for mitigation some issues related with the protection 
of biodiversity and environment.  
(1) The conservation of the self-purification capacity of 
water bodies and water streams should be an essential 
element of environmental protection programs [13], and of 
projects to remediate and restore polluted or damaged 
aquatic ecosystems. 

(2) Almost all species of hydrobionts are involved in the 
formation of water quality and self-purification of aquatic 
ecosystems or the regulation of these processes. This is one 
more argument in support for the conservation of the entire 
biodiversity in aquatic ecosystems [12]. 
(3) Many of organisms that are part of the terrestrial 
ecosystems adjacent to water bodies and water streams are 
largely involved in water purification; therefore, the 
conservation of biodiversity in these coastal terrestrial 
ecosystems is also necessary for sustaining the quality of 
water [13]. 
(4) The environmental protection measures and regulations 
in the protected terrestrial and aquatic areas should include 
not only the conservation of populations and gene pools, 
but also the maintenance of the functional activity of these 
populations (specifically, the functional activity that 
contributes to the maintenance of water quality and, hence, 
the stability of the entire ecosystem) [13]. 
(5) New hazards related to the chemical pollution of 
aquatic ecosystems have been identified [7]. 
(6) When solving the problem of the eutrophication of 
aquatic ecosystems, my earlier suggestions on the 
synecological approach should be taken into account [11]. 
(7) The assessment of the anthropogenic damage to the 
environment should take into account, among other factors, 
the damage due to the decrease in the self-purification 
capacity of water bodies and waterways. This brings a new 
element into the interpretation of environmental legislation, 
including both international laws and regulations and the 
national environmental legislation. 
(8) The theory offers a new approach to a more 
comprehensive economic assessment of the anthropogenic 
damage to aquatic ecosystems and organisms involved in 
the self-purification of aquatic ecosystems [14]. 
(9) According to the theory described above, we may 
expect new examples of chemicals hazardous for the 
capacity of aquatic ecosystems for self-purification.  
(10) The theory presented above arrange a broad diversity 
of facts on how various organisms assist each other in 
cleaning water and up-grading water quality. The theory 
may help to develop efficient projects that involve 
bioremediation, phytoremediation and other types of 
ecotechnologies to clean aquatic systems including water 
bodies and water streams. The author used this theory in 
developing elements of new phytotechnologies for water 
purification. Several studies were published (some of them 
coauthored with the graduate student, E.A. Solomonova). 
11. VERIFICATION OF AND SUPPORT FOR THE 
THEORY FROM THE STUDIES OF VARIOUS 
AUTHORS 
A number of additional studies by other authors and by the 
author of this paper gave additional support to the theory 
presented above.  
Examples of publications of international researchers who 
mentioned abovementioned results of analysis of 
ecosystems and ecotoxicological hazards of chemical 
pollutants are the articles [22-32].  
Some other publications of the author of this paper 
provided more facts and considerations in support of the 
author‘s theory of biotic water self-purification [33]. 
12. FINAL COMMENTS AND  CONCLUSION. 
We consider what is said above as elements of theory of 
improving of water quality – or, in other words, the theory 
of biomachinery of water self-purification. If we consider 
the pathways of molecules of pollutants and of their 
transformations and migrations within aquatic ecosystems 
and organisms, we may see an analogy with pathways of  
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.Table 1. Some key processes and factors performing a role in purification, remediation and  upgrading the quality of water in 

aquatic ecosystems. In reality many of these processes and factors are overlapping. 

Types  Processes and factors 

1. Physical 1.1 Dilution. 

1.2 Adsorption. 

1.3 Sedimentation. 

1.4 Evaporation. 

 

2. Chemical 2.1 Hydrolysis. 

2.2 Photochemical reactions. 

2.3 Oxidation. 

2.4 Free radical-dependent destruction. 

2.5 Sorption or related types of immobilization. 

2.5 Complexation by and binding to other molecules. 

 

 

3. Biological 3.1 Organism-dependent oxidations and biotransformations. 

3.2 Transformations performed by enzymes excreted into aquatic medium. 

3.3 Accumulation by organisms, incorporation into biomass. 

3.4 Filtering  of water by filter-feeders and suspension-feeding organisms. 

3.5 Excretion of molecules which are instrumental in increasing the rate of some 

chemical processes of degradation of pollutants (e.g. photodegradation). 

3.6 Excretion of organic molecules which are instrumental in decreasing the toxicity of 

pollutants as a result of binding of the pollutants to those organic molecules. 

3.7 Producing oxygen that is involved in chemical oxidation of pollutants. 

3.8 Regulation of biological processes of water purification by other organisms. 

 
Table 2.: Some chemicals that have an inhibitory effect on the filtering activity of the marine filter-feeders. As a 
result, the amount of suspended matter removed from the water by the filter-feeders decreased.  Therefore the 
amount of suspended matter left in the water was more than that in control. Original data of the author. The 

method described in [7, 21]. Abbreviations used in the table: LD – liquid detergent;  SD - synthetic detergent; SDS - 
sodium dodecylsulfate (a synthetic surfactant); TDTMA - tetradecyltrimethylammonium bromide (a synthetic 

surfactant) 
Measurement 

No. 

Chemical 

(described in the 

text) 

 

Concentration 

of the 

chemical,  

mg l-1 

Organisms 

 

Effect of the chemical (the ratio of   

the concentration of suspended 

matter in the system with the 

chemical to that in the control), % 

1.  heptane 16 Marine mussels Mytilus 

galloprovincialis 

209.1 

2.  CuSO4·5H2O 2 Marine mussels Mytilus 

galloprovincialis 

140.0 

3.  surfactant 

TDTMA 

0.5 oysters Crassostrea  gigas 344.2 

4.  synthetic detergent 

SD1 (laundry 

detergent 'Lanza') 

20 oysters Crassostrea gigas 261.7 

5.  liquid detergent  

LD2 ('Fairy') 

2 Marine mussels Mytilus 

galloprovincialis 

218.8 

6.  liquid detergent  

LD2 ('Fairy') 

2 oysters Crassostrea gigas 1790.0 

7.  synthetic detergent 

SD2 (laundry 

detergent 'IXI') 

10 Marine mussels Mytilus 

galloprovincialis 

157.8 

8.  synthetic detergent 

SD3 (laundry 

detergent 'Deni')   

30 oysters Crassostrea gigas 5800.0 

9.  surfactant 

Triton X-100 

1 Marine mussels Mytilus 

edulis 

236.2 

10.  Triton X-100 4 Marine mussels Mytilus 

edulis 

1505.6 

11.  surfactant 

SDS 

1 Marine mussels Mytilus 

edulis 

 

271.1 

12.  SDS 4 Marine mussels Mytilus 

edulis 

1473.2 
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metabolism of molecules inside cells. What is common is 
the complexity of pathways, many transformations of the 
molecules, and the vital role of biotic processes. On the 
basis of that analogy we propose to consider the traditional 
term ‗metabolism‘ as inner metabolism or 
endometabolism. By contrast, we propose to consider the 
pathways of molecules in the aquatic medium of 
ecosystems as external metabolism or exometabolism. If 
we accept the terms endometabolism and exometabolism, 
we can consider their sum as the integral metabolism of 
pollutants in aquatic ecosystems. 
Using the proposed terminology, we can consider the 
entire material of this paper as elements of the theory of 
the integral metabolism of pollutants. This is an 
explanation for the title of the paper. 
All in all, the results of the analysis performed allows the 
community of aquatic organisms to be regarded as a 
device for ecosystem self-purification – a device that 
constitute an essential part of what V.I. Vernadsky (1863-
1945, one of  
the fathers of biogeochemistry) called the ―biosphere 
apparatus.‖ The notions put forward in this paper have 
further developed and detailed some of V.I. Vernadsky‘s 
concepts (on the biogenic migration of chemical elements, 
and the biosphere apparatus). 
 
13. SUMMARY.  
Fundamental elements of a new theory for the biological 
mechanism for water self-purification are presented. 
Aquatic organisms are actively involved in various 
processes leading to water purification. Not only 
microorganisms (bacteria, cyanobacteria and fungi), but 
also algae, plants, invertebrates, and many other groups of 
organisms are involved, which is discussed and analyzed 
in the paper. Results of the author's experiments that study 
the effects of various pollutants on aquatic organisms 
(freshwater and marine bivalve mollusks) are given. The 
theory is an innovative basis for developing ecological 
technologies to clean water and to upgrade its quality by 
using organisms and ecosystems 
 
ACKNOWLEDGMENTS. 
The author is grateful to Members of the Russian 
Academy of Sciences A.F. Alimov,  V.V. Malakhov, and 
T.I. Moiseenko for the valuable discussion of and 
comment on the study. The author thanks Professors  J. 
Widdows, N. Walz, and G.E. Shulman for the assistance 
in experiments with filter feeders. This study was 
supported  in part by the Russian Foundation for 
Fundamental Research (06-04-90824).  
 
REFERENCES:  
[1] Alimov, A.F., Functional Ecology of Freshwater 

Bivalves. Leningrad, Nauka Press, 248 p. (1981). 
[2] Alimov, A.F., Elementy teorii funktsionirovaniya 

vodnykh ekosistem (Elements of the Theory of 
Functioning Aquatic Ecosystems), St. Petersburg: 
Nauka, 148 p. (2000). 

[3] Ostroumov, S.A., Vvedenie v biokhimicheskuyu 
ekologiyu (Introduction to Biochemical Ecology), 
Moscow: Mosk. Gos. Univ., 176 p. (1986). 

[4] Ostroumov, S.A., Biologicheskie effekty pri 
vozdeistvii poverkhnostno-aktivnykh veshchestv na 
organizmy (Biological Effects Observed Surfactants 
on Living Organisms), Moscow: MAKS Press, 116 
p. (2001). 

[5] Sushchenya, L.M., Kolichestvennye zakonomernosti 
pitaniya rakoobraznykh (Quantitative Patterns of 
Crustacean Feeding), Minsk: Nauka i Tekhnika, 208 
p. (1975). 

[6] Wetzel, R.G., Limnology: Lake and River Ecosystems, 
San Diego: Academic, 1006 p. (2001). 

[7] Ostroumov, S.A. ―Identification of a new type of 
ecological hazard of chemicals: inhibition of 
processes of ecological remediation‖.  Doklady 
Biological Sciences,  385: 377–379. 
https://www.researchgate.net/publication/266193942 
(2002).  

[8] Ostroumov S. A. ―An aquatic ecosystem: a large-scale 
diversified bioreactor with a water self-purification 
function‖.  Doklady Biological Sciences,  374: 514-
516. 
https://www.researchgate.net/publication/12225361 (
2000). 

[9] Ostroumov, S.A., ―Inhibitory analysis of regulatory 
interactions in trophic webs‖.  Doklady Biological 
Sciences, 377. 139–141. 
https://www.researchgate.net/publication/216167167 
(2001). 

[10] Ostroumov, S.A., ―The concept of aquatic biota as a 
labile and vulnerable component of the water self-
purification system‖.  Doklady Biological Sciences,  
372: 286–289. 
https://www.researchgate.net/publication/215906004
; (2000). 

[11] Ostroumov, S.A., ―The Synecological Approach to 
the Problem of Eutrophication‖.  Doklady Biological 
Sciences,  381: 559–562.  
https://www.researchgate.net/publication/10614405 
(2001). 

[12] Ostroumov, S.A. ―Biodiversity Protection and Quality 
of Water: The Role of Feedbacks in Ecosystems‖.  
Doklady Biological Sciences,  382:18–21. 
https://www.researchgate.net/publication/11371556; 
(2002). 

[13] Ostroumov, S.A. ―System of principles for 
conservation of the biogeocenotic function and the 
biodiversity of filter-feeders‖.  Doklady Biological 
Sciences.  383: 147-150. 
https://www.researchgate.net/publication/11319346; 
(2002). 

[14] Ostroumov, S.A., ―The functions of the living matter 
in the biosphere‖, Vestnik Rossijskoj Akademii Nauk, 
73 (3): 232–238. 
https://www.researchgate.net/publication/262184572 
(2003). 

[15] Ostroumov, S.A., ―On the Biotic Self-purification of 
Aquatic Ecosystems‖.  Doklady Biological Sciences,  
396: 206–211. 
https://www.researchgate.net/publication/200567576
; 
https://www.researchgate.net/publication/259579685 
; (2004). 

[16]   Ostroumov, S.A., ―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.   1 (1):111-118. (2006).   

[17] Ostroumov, S.A.,  ―Inhibitory analysis of top-down 
control: New keys to studying eutrophication, algal 
blooms, and water self-purification‖.  Hydrobiologia. 
469:117-129; 



308 ISSN 1013-5316;CODEN: SINTE 8 Sci.Int.(Lahore),30(2),303-308 2018 

March--April 

https://www.researchgate.net/publication/200587396 
(2002). 

[18] Ostroumov, S.A. ―Some aspects of water filtering 
activity of filter-feeders‖. Hydrobiologia. 542 (1): 
275 – 286. 
https://www.researchgate.net/publication/226902807 
(2005). 

[19] Ostroumov, S.A.,   Walz N., and Rusche R. ―Effect of 
a cationic amphiphilic compound on rotifers‖.  
Doklady Biological Sciences,  390: 252–255. 
https://www.researchgate.net/publication/200578650 
(2003). 

[20] Ostroumov, S.A., and Widdows J. ―Inhibition of 
mussel suspension feeding by surfactants of  three 
classes‖. Hydrobiologia.  556 (1): 381 – 386. 
https://www.researchgate.net/publication/215586803 
(2006). 

[21] Ostroumov, S.A., Biological Effects of Surfactants. 
CRC Press. Taylor & Francis. Boca Raton, London, 
New York. 279 p.  
https://www.researchgate.net/publication/200637626 
(2006). 

[22] Okay O. S., Karacik B., Gungordu A., Ozmen M. , 
Yilmaz A., Koyunbaba N. C., Yakan S. D., Korkmaz 
V., Henkelmann B., and Schramm K. W. ―Micro-
organic pollutants and biological response of mussels 
in marinas and ship building / breaking yards in 
Turkey‖.  Science of The Total Environment, 496:165 
(2014). 

[23] Rebello R., Asok A.K., Joseph S.V., Joseph B.V., 
Jose L., Mundayoor  S., and Jisha M.S. 
―Bioconversion of Sodium Dodecyl Sulphate to 
Rhamnolipid by Pseudomonas aeruginosa: A Novel 
and Cost-Effective Production Strategy‖.  Applied 
Biochemistry and Biotechnology,  169 (2): 418. 
(2013). 

[24] Stabili L., Terlizzi A., and Cavallo R. A. ―Sewage-
exposed marine invertebrates: survival rates and 
microbiological accumulation‖. Environmental 
Science and Pollution Research,  20 (3): 1606 
(2013). 

[25]  Stabili L., Schirosi R., Parisi M., Piraino S., and 
Cammarata M. ―The Mucus of Actinia equina 
(Anthozoa, Cnidaria): An Unexplored Resource for 
Potential Applicative Purposes‖.  Marine Drugs, 13 
(8): 5276 (2015). 

[26]   Sineva A. ―Adsorption of Synthetic Surfactants from 
Aqueous Solutions on Natural Adsorbents, Chapter 6 
in: The Role of Colloidal Systems in Environmental 
Protection; p. 143-171, doi:10.1016/B978-0-444-
63283-8.00006-5; (2014). 

[27]  Stabili  L.,  Gravili C.,  Tredici S.  M.,    Boero F.,  
and  Alifano P.  ―Association of a luminous Vibrio 
sp., taxonomically related to Vibrio harveyi, with 
Clytia linearis (Thornely, 1900) (Hydrozoa, 
Cnidaria)‖.  Journal of Experimental Marine Biology 
and Ecology, 396(2): 77 (2011). 

[28]  Li, K., Su, Y., Ying, J., Wang, X., and Mu, J., 
―Environmental capacity of petroleum hydrocarbon 
pollutants in Jiaozhou Bay, China: Modeling and 
calculation‖.  Journal of Ocean University of China, 
12(1):70-76. (2013). 

[29] Poulard, C., Lafont, M., Lenar-Matyas, A., and 
Łapuszek, M., ―Flood mitigation designs with respect 
to river ecosystem functions—A problem oriented 
conceptual approach‖.  Ecological Engineering, 
36(1): 69-77. (2010). 

[30] Stabili, L., Licciano, M., Longo, C., Corriero, G., and 
Mercurio, M., ―Evaluation of microbiological 
accumulation capability of the commercial sponge  
Spongia officinalis var.  adriatica (Schmidt) 
(Porifera, Demospongiae)‖.  Water Research, 
42(10):2499-2506. (2008). 

[31] Stabili, L., Licciano, M., Longo, C., Lezzi, M., and 
Giangrande, A., ―The Mediterranean non-indigenous 
ascidian Polyandrocarpa zorritensis: 
Microbiological accumulation capability and 
environmental implications‖.  Marine Pollution 
Bulletin, 101(1):146-152. (2015). 

[32] Galimany, E., Baeta, M., Durfort, M., Lleonart, J., 
and Ramón, M., ―Reproduction and size at first 
maturity in a Mediterranean exploited Callista 
chione bivalve bed‖.  Scientia Marina, 79(2):233-
242. (2015). 

[33] Ostroumov S.A., ―New aspects of the role of 
organisms and detritus in the detoxification system of 
the biosphere‖.  Russian Journal of General 
Chemistry,  87(13): 3190–3198. 
https://www.researchgate.net/publication/322861119
; (2017). 


