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NOTATIONS Symbol B BOD C C CA Cmax CPHY CS DP DPHY f fBOD fN fP fr H I0 Is ka KAM KC KDN ke KL KN KOA KOR KPP KSL KSP LIMNUT m1 m2 n NH4 NO3 Norg P PHY PO4 Porg R RAY RP SDN SDP t α δN



river bed width BOD5 concentration dissolved oxygen concentration dissolved oxygen concentration catchment area maximum algae growth rate growth rate of phytoplankton dissolved oxygen concentration at saturation decay rate of phytoplankton decomposition rate of phytoplankton oxygen produced by photosynthesis expressed in chlorophyll-a and per day fraction of BOD5 due to the degradation of phytoplankton fraction of nitrogen in phytoplanktonic cells fraction of phosphorus in phytoplanktonic cells oxygen consumed by phytoplankton respiration expressed in chlorophyll-a and per day water depth solar light intensity saturation light intensity coefficient of solar right reduction by algae mineralisation rate of nitrogen aeration coefficient denitrification rate coefficient of solar light extinction in water degradation rate of BOD5 nitrification rate oxygen produced by photosynthesis expressed in chlorophyll-a concentration oxygen consumed mineralisation rate of phosphorus sedimentation rate of BOD5 sedimentation rate of phosphorus coefficient of nutrients availability mortality rate of phytoplankton mortality of phytoplankton mass of oxygen consumed for nitrification ammonia concentration nitrate concentration organic nitrogen concentration oxygen produced by photosynthesis chlorophyll-a concentration orthophosphate concentration organic phosphorus concentration oxygen consumed by respiration influence of solar light on algae growth respiration of phytoplankton sedimentation of nitrogen sedimentation of phosphorus time influence of water toxicity on algae growth fraction of mineral nitrogen in just degraded phytoplankton
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coefficient of grazing of nitrogenous compounds distribution coefficient for mineral nitrogen consumption for algae growth fraction of mineral phosphorus in just degraded phytoplankton



OSHU3 08 ECOLOGIE DES MILIEUX AQUATIQUES - 30/11/2006



-



J.-L. Bertrand-Krajewski, URGC Hydrologie Urbaine, INSA de Lyon



4



1. INTRODUCTION The main objective of this chapter consists to give basic information and knowledge about ecology and quality of urban receiving waters, with a particular attention devoted to rivers. This choice is explained by two main reasons : i) many European cities are along rivers where their effluents are discharged, ii) this course is limited to basic information and can not account for all cases (sea, lakes, rivers, stagnant water, groundwater). However, it is important to mention here that many cities are built along lake and sea shores or discharge their runoff into groundwater, and that these aquatic environments are also very important and require specific models and approaches. Some basic models are presented that describe how physical, chemical and biological processes interact (biogeochemical cycles) and are affected by urban discharges. This basic knowledge will then be used in Module 16 to build methods and models to assess the impact of pollutant emissions on receiving water quality. The word “ecology”, created in 1870 by the German naturalist Ernest Haeckel (1834-1919), refers to the study of relations between all living organisms and the environment where they live (Deléage, 1991). This systemic approach will be applied to the aquatic environment, and especially to rivers. As any other scientific domain, ecology uses a specific vocabulary. Some basic terms (appearing in italic) are presented hereafter to build a common language and to facilitate the understanding of the processes described. An ecosystem is an ecological unit comprising the natural environment (i.e. biotope) and the animals and the plants (i.e. biocoenosis) living in this biotope. An ecological factor is any element of the environment that may have effects on living organisms. These effects are numerous, for example : -



eliminating some species from territories whose characteristics are not appropriate to their life; modifying the reproduction and mortality rates of species; modifying the development cycles; promoting the appearance of physiologic and/or morphologic modifications.



A typical example of the effect of an ecological factor is illustrated on Figure 1. It may be a limiting factor if it is absent or present below or above a threshold value. density of the species



tolerance area optimum area
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A ecological factor intensity



A : absent species



B : rare species



C : abundant species



Figure 1 : density of a species according to the intensity of an ecological factor



One distinguishes usually between abiotic (physical and chemical) and biotic (linked to the presence of living organisms) ecological factors : -



abiotic ecological factors in rivers are e.g. light intensity, temperature, dissolved oxygen in water, atmospheric pressure, flow depth and velocity, concentration of various chemical species, etc.;
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biotic ecological factors correspond to the interactions between living organisms from the same species (i.e. intraspecific : modifications of metabolism and of behaviour, competition, etc.) and from different species (i.e. interspecific : predation, parasitism, symbiosis, commensalism, etc.).



In the case of a river, the effect of an ecological factor can be illustrated by the density of different fish species (expressed e.g. by the number of organisms per km of river) according to the phosphorus concentration (Figure 2).
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[P] (mg/L) 50 200 400 Examples of fishes : Salmonids : salmon, trout, pike, grayling; Percidae : perch, black-bass; Cyprinidae : carp, tench, bream, goldfish. Figure 2 : density of three freshwater fish species as a function of the phosphorus concentration (from Barroin, 1991)



This figure shows that there are permanent interactions between ecological factors and living organisms : this is an important part of the study of any ecosystem, which can be described through biogeochemical cycles (section 3). External inputs into the aquatic environment, urban discharges may affect theses cycles (section 4). As a result of all these interactions, the diversity and the state of the biocoenosis reflect the ecological state of the environment : based on this, biotic indexes are useful to assess the river water quality (section Erreur ! Source du renvoi introuvable.). Figure 2 also illustrates clearly that water quality is not an absolute value. This aspect will be discussed further in section Erreur ! Source du renvoi introuvable..



2. CONCEPT OF HYDROSYSTEM Rivers are open ecosystems which have been be classified according to numerous criteria based on morphology, geography, hydrological regimes, etc. For example, using the river bed width (BW) and the area of the corresponding catchment (CA) criteria, one commonly distinguishes between : - small streams (BW < 1 m, CA < 2 km2); - large streams (1 < BW < 3 m, 2 < CA < 50 km2); - small rivers (3 < BW < 10 m, 50 < CA < 300 km2); - large rivers (BW > 10 m, 50 < CA < 300 km2 in mountains, 300 < CA < 500 km2 in plains). However, such usual morphological classifications are not adapted to describe and fully understand the complex interactions characterising the river ecology. Strahler (1952) proposed a simple hierarchical classification for quantitative analysis of flows at catchment scale. In such a classification illustrated on Figure 3, all headwater streams are first-order streams (rank 1). Two first-order streams join to form a second-order stream (rank 2), and so-on. Two streams of ranks n and m join to form a stream ranked max (n, m). This originally hydrological classification has been correlated with both physical and biological features of rivers. Considering rivers as a continuum, Schumm (1977) ;suggested to distinguish three zones : - the production zone, i.e. headwater catchments, with rivers up to about 4th order (sources, streams), with great slope, high velocities, low temperature and high (even oversaturated) oxygen concentration. - the transfer zone, i.e. relatively wide and shallow rivers (creeks, small rivers) where lights and nutrients favour benthic algae production, with well oxygenated water and relatively high flow velocities and slopes. - the storage zone, i.e. downstream large rivers, with slow velocities and less oxygen concentration, where fine organic particles are present.
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Figure 3 : three zones concept for river hydrosystems (from Petts 1992)



The main abiotic factors which determine the ecology of rivers are linked to morphology, hydrology and hydraulics : water depth, flow velocity, flow regime (high and low water), and erosion and sedimentation processes, and also temperature and light. According to these factors, river ecosystems may be analysed by taking into account four dimensions : - three space dimensions : length, width, depth (see Figure 4); - one time dimension : daily and seasonally cycles. Such an ecosystem analysed along these four dimensions is called a hydrosystem (Amoros and Petts, 1993; Ramade, 1998).



Figure 4 : three space dimensions in a river hydrosystem (from Amoros and Petts 1993)



2.1 LONGITUDINAL DIMENSION This dimension refers to all one-dimensional phenomena from upstream to downstream, for example : - increase of flow rate, of river depth and width; - decrease of flow velocity, of slopes, of dissolved oxygen concentration, and of bed sediment grain size.
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7 Along this upstream to downstream gradient, one observes different ecological conditions leading to progressive changes of flora and fauna species. These changes are linked i) to the adaptive ability of species facing to various ecological factors (nature of bed, flow velocity, temperature, oxygen, …) and ii) to available food resources (algae or aquatic plants, organic matter, accessible preys, …). These longitudinal changes of ecological conditions have been used to develop new river classifications based on associated biotope and biocoenosis. Reciprocally, the observed species of living organisms can be used as indicators of the environmental quality.



2.2 TRANSVERSAL DIMENSION This dimension deals with interactions between rivers and adjacent environments. These interactions are due especially to surface runoff, flood and low water. They are characterised by horizontal fluxes. The most famous example is the Nile river with its associated flood plain. This dimension is also very important for lateral ecosystems with close links and interactions with the river, like wetlands or alluvial forests.



2.3 VERTICAL DIMENSION The vertical dimension corresponds to the interactions and fluxes between rivers and groundwater, including the river bed itself. Depending on the season and on local conditions, the groundwater can be discharged into the river or the river can loose water towards the groundwater. The significance of this dimension depends on two main criteria : the permeability of the river bed and the porosity of the ground. The interface between the river and the ground (i.e. the bed itself and the ground below, also called the hyporheic zone) plays a very important role as a refuge for many species, especially invertebrates, in case of pollution or during low water periods.



2.4 TIME DIMENSION The time dimension is very significant. Indeed, yearly floods and low water periods influence the physical and morphological structure of the river and modify the organisation and the functioning of the ecosystems. Other long term (10 to 100 years or more) processes like erosion, sedimentation, meandering, modifications of river morphology and laying-out, strongly affect the biocoenosis.



3. BIOGEOCHEMICHAL CYCLES IN RIVERS The permanent interactions between abiotic ecological factors and living organisms within an ecosystem are linked to a continuous flux of organic and mineral substances between biotope and biocoenosis. Living organisms look for and absorb the substances necessary for their maintenance, their growth and their reproduction. Simultaneously, they discharge mineral and organic wastes produced by their metabolism. At the scale of the biosphere, the biogeochemical cycles describe the transfer of and/or transformations of elements and substances within ecosystems between the inorganic environment and the living matter through successive steps. Stricto sensu, the trophic cycle is the only one that is really a cycle. The other biogeochemical cycles for carbon, oxygen, nitrogen, phosphorus, etc. are also called cycles but correspond more to mass balances and to transformations linked to the biocenosis and to the trophic cycle. These cycles contribute to the self-regulation, the dynamic equilibrium and the perennity of ecosystems. They are present in any ecosystem. In the following sub-sections, the most important cycles for river ecosystems are briefly presented in a diagrammatic format, in order to give a general and integrated overview of their organisation and of their interactions. Each cycle could be presented with a lot of detail, but this is not the objective of this course : the interested reader is invited to go back to the scientific literature. The cycles presented in this course have been chosen according to three main criteria : - their significant importance to understand the basic ecology of rivers; - the possibility to get access to data and to measurement results; - the state of the art in modelling, in order to facilitate simulations and comparisons. Examples of equations used to describe the processes and transfers are given for each cycle, with notations given after the Table of content.
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3.1 THE TROPHIC CYCLE Any ecosystem comprises animal and plant species which may be classified in three categories depending on their feeding mode (see Figure 5). solar energy
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Figure 5 : scheme of the trophic cycle



The producers are autotrophic plants, especially chlorophyllian plants (this is the reason why the chlorophyll-a concentration is frequently used as an indicator of the phytoplanktonic production). They need water, CO2 and other mineral compounds (especially nitrogen and phosphorous) for their growth and reproduction. These substances are transformed into plant cells and oxygen thanks to the energy of the solar light : this is the photosynthesis process. For their metabolism, these plants consume oxygen and produce CO2 : this is the respiration process. The consumers are heterotrophic organisms which need organic matter for their metabolism. Two main categories are distinguished according to their feeding mode : - primary consumers (i.e. inferior aquatic fauna), whose feeding is made of vegetation. These consumers are zooplankton, larva of insects, fresh water crustacean, fishes, etc. - higher order consumers, i.e. superior aquatic fauna, whose feeding is made of primary consumers. These consumers are mainly fishes. All consumers consume oxygen and produce CO2 for their respiration. They also produce other mineral and organic compounds. Other heterotrophic organisms (bacteria, mushrooms, worms, etc.) are growing thanks to the degradation of dead organic matter that they transform into mineral substances which can then be (re-)used by primary producers. These organisms also consume oxygen and produce CO2 and other mineral compounds. This step allows the closure of the cycle. It appears from the above description that other biogeochemical cycles are connected to the trophic cycle, especially the oxygen, carbon, nitrogen and phosphorous and chlorophyll-a cycles which are presented hereafter. Mineral substances are present in the river water and in the river bed. External inputs comprise natural inputs (transfer of substances from upstream, from the bed river, from the surface runoff, from atmospheric exchanges, from adjacent ecosystems, etc.) and anthropogenic inputs (discharges from sewer systems and treatment plants, agricultural runoff, etc). Organic substances in rivers originate from two main sources :
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internal sources issued from the metabolism of chlorophyllian plants (autotrophic producers) external sources, which comprise natural inputs (leaves, trees, insects, etc.) and anthropogenic inputs (discharges from sewer systems and treatment plants, agricultural runoff, etc).



The trophic cycle is characterised by fluxes of substances during a time period. If the cycle is equilibrated, all input and output fluxes at each step are equal. In the absence of external inputs, the mineral compounds present in river bed and water are usually the limiting ecological factors (however, this not always the case : in some upstream watercourses, the limiting factor may be the light which is limited by the vegetation and the trees along the narrow river bed; in some downstream reaches, the amount of mineral compounds (N, P) may be limited but this limitation could be counterbalanced by their very rapid recycling along the trophic cycle) . If external inputs are present, they lead to an increase of the primary production of aquatic vegetation. Feeding becomes more abundant for primary consumers. The consequence is an increase of the fauna population. The mass of organic matter also increases, which results in an increased mass of available mineral matter to close the cycle. Different types of ecosystems are distinguished depending on the origin of organic compounds : - lentic (or autotrophic) ecosystems, where organic matter is mainly endogen (i.e. from autotrophic primary producers); - lotic (or heterotrophic) ecosystems, where organic matter is mainly exogen, usually from terrestrial origin after transfer by surface runoff. The normal evolution of a river ecosystem corresponds to the progressive intensification of the fluxes along the trophic cycle until an ecological factor becomes a limiting factor (usually, the limiting ecological factor is the solar light or the temperature, very rarely a limited resource of external mineral compounds). This natural evolution, which takes centuries or even millenniums, is named eutrophication. The successive phases are called oligotrophic (a few aquatic life, very limited fluxes), mesotrophic (life is relatively abundant, which increasing fluxes), and eutrophic (life is very abundant, fluxes have reached their maximum intensity). This slow evolution is controlled by daily, seasonal and yearly cycles. A dynamic equilibrium is observed for all steps of the cycle. In presence of external anthropogenic inputs of mineral and organic compounds, the cycle will be modified. The natural and slow eutrophication will be accelerated, and the eutrophic phase can be reached after only some decades. This phenomenon is particularly significant in lakes (e.g. the Annecy lake in France) which are relatively closed ecosystems where nutriments accumulate over long periods. It also occurs in slow plain rivers (e.g. the Saône river in France). The various species present in the ecosystem have different life cycles and have not a sufficient time to adapt themselves to the new ecological conditions. This phenomenon is called the hypereutrophication (or dystrophication) : it will be described further in section 4.



3.2 THE BOD5 CYCLE Organic matter in river ecosystems is made of very diverse substances that can not be easily described and analysed individually. The parameter BOD5 (Biological Oxygen Demand after 5 days) is used to represent them as a whole. Contrarily to specific elements like nitrogen, phosphorus or carbon, BOD5 do not strictly corresponds to a conservative parameter. However, and also for historical reasons (many models have been derived from the initial model proposed by Streeter and Phelps in 1925), this assumption is frequently made in order to allow calculations and modelling. BOD5 is also frequently assumed to represent carbonaceous matter : as such, the BOD5 cycle is assumed to represent conceptually the carbon cycle. More recent approaches consist to describe as realistically as possible the biological processes involved and to use various species of organic carbon (a conservative parameter) instead of BOD5 . As shown on Figure 6, BOD5 in the water column of river ecosystems has three (two external and one internal) major origins. The natural external source (11) correspond to organic matter coming from river edges, surface runoff on adjacent soil, groundwater transfers. It includes compounds resulting from degradation, leaves, trees, animal cadavers and wastes. The anthropogenic source (12) correspond to discharges from sewers and treatment plants, and runoff from cultivated soils. The internal source (10) corresponds to wastes and cadavers the from aquatic living organisms and to the resuspension of deposited organic matter. Usually, at relatively short time scales, one considers only the degradation of phytoplanktonic organisms. The dissolved and suspended particulate BOD5 (6+7) is transformed into mineral compounds by aerobic degradation. Another fraction disappears from the water column by sedimentation (13).
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(11) natural and (12) anthropogenic discharges
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(10) degradation of organic matter



(13) sedimentation



Figure 6 : scheme of the BOD5 cycle



Examples of equations used to describe the BOD5 cycle are given in Table 1. In this table, the BOD5 concentration refers only to the BOD corresponding to the short-term oxidation of carbonaceous matter and not including the fraction corresponding to the long-term oxidation of nitrogen. Process Degradation of BOD (6+7) Degradation of organic matter (i.e. phytoplankton) (10) Sedimentation of particulate BOD (13)



Equations dBOD = − K L BOD dt dBOD = + f BOD .DPHY dt



dBOB = − K SL .BOD dt



Table 1 : basic equations used to simulate the BOD5 cycle



3.3 THE OXYGEN CYCLE The oxygen cycle in river ecosystems (Figure 7) is very critical, especially for life and survival of fish populations. Dissolved oxygen in rivers has two mains sources : the re-aeration of water through exchanges with atmosphere (1) and the photosynthesis (2). It is consumed by respiration of all organisms (plants and animals) living in the water column (3) or on the river bed (4). The bacterial degradation of organic matter (expressed as BOD5) is an aerobic biological process which consumes oxygen. It concerns the degradation of organic matter deposited on the bed (5), particulate (6) and dissolved (7) organic matter in the water column, and also the processes of nitritation (8) and nitratation (9) of ammonium.
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Figure 7 : scheme of the dissolved oxygen cycle



All these processes are usually modelled by means of zero or first order kinetics relationships. Some basic equations are given in Table 2. Many authors have proposed their own alternative equations usually established for specific cases (see e.g. Wolff 1994 for a review), but in the frame of this course only simple approaches are presented. Process Re-aeration (1) Photosynthesis (2)



Algae respiration (3)



Benthic demand (4) Degradation of organic matter (6+7) Nitrification (8+9)



Equations dC = K C (Cs − C ) dt dC = +P dt dC or = + K OA PHY dt dC = −R dt dC or = − K OR PHY dt dC dC BEN = − B or =− dt dt H dC = − K L BOD dt dC = −n.K N .NH 4 dt



Table 2 : basic equations used to simulate the oxygen cycle



3.4 THE NITROGEN CYCLE The nitrogen cycle, illustrated on Figure 8, is more complex than those for BOD5 and oxygen. Due to its complexity, it is essential to distinguish the most important processes according to the specificity of the studied river and to the time scale of the processes to be analysed (see section 4). The ammonification process (15) consists to transform organic nitrogen into ammonium. It is an enzymatic reaction. The biological aerobic process of nitrification is made of two successive steps : nitritation (8) and nitratation (9). But it is usually described globally as one single process. The denitrification (16) consists to transform nitrates into gaseous nitrogen. This is an anaerobic biological process that depends mainly on the dissolved oxygen concentration. The nitrification process consumes oxygen, while the denitrification process
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12 releases oxygen. But, in many models, as their kinetics are significantly slower than those of the other terms of the oxygen cycle, these oxygen input and output are usually ignored. The primary production, i.e. growth of plants and phytoplankton, needs nitrogen as nitrates and ammonium. This nitrogen is incorporated as cell material of the organisms. This is the assimilation process (17). The decomposition of the phytoplankton (18), through successive phases, leads to inputs of organic nitrogen and ammonium. Other internal sources of nitrogen are the wastes and the decomposition of animals, and also the release of nitrogen from bed sediments. But these processes are usually neglected compared to the other ones. The sedimentation of particulate nitrogen (19) may also be considered in some rivers. terrestrial and anthropogenic inputs (14)
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Examples of equations used to describe the nitrogen cycle are given in Table 3. Process Nitrification (8+9)



Equations dNH 4 = − K N .NH 4 dt dNO3 and = + K N .NH 4 dt



Ammonification (15)



dN org dNH 4 = ( K L + K DN ).N org = − dt dt dNO3 = −0,35 K DN BOD dt dNO3 or = − K DN NO3 dt dNH 4 = − f N .η A .CPHY dt dNO3 and = − f N .(1 − η A ).CPHY dt aNH 4 NH 4 with η A = or NH 4 + NO3 aNH 4 + NO3 and 0 < a < 1 dNH 4 = +0,075 DPHY dt dN org SDN =− N org dt H



Denitrification (16)



Assimilation (17)



Decomposition (18) Sedimentation (19)



Table 3 : basic equations used to simulate the nitrogen cycle
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3.5 THE PHOSPHORUS CYCLE The phosphorus cycle, illustrated on Figure 9, is also a complex cycle with numerous interactions. As for the nitrogen cycle, it is essential to distinguish the most important processes according to the specificity of the studied river and to the time scale of the processes to be analysed (see section 4).



terrestrial and anthropogenic inputs bioavailable P



mineralisation (22) P inorg. release



release



org. P



non bioavailable P adsorption



photosynthesis (20) plants + phytoplankton decomposition (21) consumption



suspended solids



wastes cadavers



sedimentation (23)



sedimentation (23)



death animals



bacterial degradation



P in sediments Figure 9 : scheme of the phosphorus cycle



The four basic and essential processes usually considered to assess the impacts of urban discharges on river are mineralisation, assimilation, decomposition and sedimentation. The biological process of mineralisation (22) transforms organic phosphorus into orthophosphates. The primary production, i.e. growth of plants and phytoplankton, needs bioavailable phosphorus. Orthophosphates (PO4), which are assumed to represent this bioavailable fraction, are incorporated as cell material of the organisms through photosynthesis (20). This is the assimilation process. The decomposition of the phytoplankton (21), through successive phases, leads to inputs of organic phosphorus and to orthophosphates. Other internal sources of phosphorus are the wastes and the decomposition of animals, and also the release of phosphorus from bed sediments. But these processes are usually neglected compared to the other ones, at least at relatively short time scales of hours and days. The sedimentation of particulate phosphorus (23) may also be considered in some rivers. Examples of equations used to describe the phosphorus cycle are given in Table 4. Process Mineralisation (22)



Assimilation (20) Decomposition (21) Sedimentation (23)



Equations dPorg = − K PP Porg dt dPO 4 = + K PP Porg and dt dPO 4 = −0,010 CPHY dt dPO 4 = +0,010 DPHY dt dPorg dt



=−



SDP Porg H



Table 4 : basic equations used to simulate the phosphorus cycle
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3.6 THE CHLOROPHYLL-A CYCLE The chlorophyll-a is a parameter used to represent the whole phytoplanktonic activity. It is a reliable indicator of the vegetation production and gives information about the fluxes intensity of the trophic cycle and of their variations. This is the reason why the chlorophyll-a cycle, represented on Figure 10, is frequently introduced in models. The growth of algae (24) depends on solar light, on temperature and on availability of basic mineral compounds like nitrates, ammonium and orthophosphates. The photosynthesis (2) produces oxygen during the diurnal period. The respiration (3), during the nocturnal period, consumes oxygen. The decomposition of algae, through successive steps, leads to inputs of organic matter (expressed as BOD) and to nutrients in both organic (Norg, Porg) and mineral (PO4, NH4, NO3) fractions. There is no real consensus among scientists about the order of the kinetics of growth and decomposition. This is the reason why many different equations have been proposed to simulate these processes. Some of them are given in Table 5.
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Figure 10 : scheme of the chlorophyll-a cycle



Process Equations Growth first order CPHY = PHY .C max (24)



Decomposition first order (25)



I 0 e − k a PHY



I 0 e − k a PHY + k mc



DPHY = − DP.PHY



Table 5 : basic equations used to simulate the chlorophyll-a cycle



4. IMPACTS OF URBAN DISCHARGES ON HYDROSYSTEMS Impacts are direct and indirect consequences of discharges on : - the biotope; - the biocoenosis; - the water uses. This generic term correspond to various phenomena which themselves depend on numerous factors like the diversity of pollutant and of their sources, the physical, chemical and biological interactions and the definition of water quality.
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15 Anthropogenic discharges from sewer systems bring into the river ecosystem significantly larger amounts of naturally present compounds and new compounds which were not present naturally in the river. In both cases, the biogeochemical cycles may be disturbed. This disturbance is usually considered as a degradation or as a negative phenomena, because it leads to a degradation of the ecological quality.. Toxic effects due to the discharge of micropollutants (metals, organic compounds like pesticides, hydrocarbons, chemical and pharmaceutical products, etc.) are also very important causes of ecological degradation. Two different approaches may be distinguished to assess the quality of aquatic ecosystems, their degradation and, consequently, the impacts of urban discharges : - the ecological approach, which refers to the general ecological equilibrium and especially the equilibrium of the biocoenosis. The quality is assessed in comparison to a natural reference state, which is not easily defined; - the environmentalist approach, which considers the aquatic environment as part of the human environment. The quality is assessed in comparison to the human uses : drinking water production, bathing, fishing, etc. During many decades, the second approach was the most frequently used one, especially by technicians, regulators, politicians and the public. More recently, since the 1980s, the ecological approach started to be really considered and taken into account in regulations and policies. The new European Water Framework Directive (OJEC 2000), published in 2000, clearly bases the water policy on ecological quality, for all freshwater aquatic environments (rivers, lakes, groundwater) The most simple way to define impacts of discharges on a river ecosystem consists to measure the difference between the state of the ecosystem without discharges (i.e. before discharges, upstream discharges, or under theoretical natural equilibrium conditions), and the state of the ecosystem after or downstream discharges. Impacts depend closely on the discharge dynamics. Dry and storm weather discharges bring different compounds into the river, with very different dynamics. Discharges from wastewater treatment plants are continuous and relatively permanent : they have durable impacts, with some cumulative effects. Storm weather discharges are intermittent, with some potential acute impacts. Two basic types of impacts are usually distinguished (see Figure 11) : - acute or short term impacts : they are characterised by a temporary degradation of the ecosystem quality. The biotope usually recovers rapidly its initial state, but the biocoenosis may be affected and disturbed for longer time period. These impacts are due to intermittent discharges like storm weather or accidental spills. - cumulative or long term impacts : they correspond to pollutants which have durable impacts (e.g. heavy metals, micropollutants, etc.) or to the accumulation of pollutants in the river sediments, with delayed impacts and potential release. Acute impact



Long term impact



quality



quality
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time



Figure 11 : illustration of the two basic types of impacts



Assessing impacts requires adapted time and space scales depending on discharges dynamics and types of pollutants, as shown on Figure 12, initially drawn by Driscoll and Mancini (1979) and completed by Aalderink and Lijklema (1985).
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Figure 12 : time and space scales of impacts depending on pollutants



Three levels of impact may be distinguished and should be evaluated : - the physical and chemical level (e.g. increase of flow velocity and bed shear stress, increase of pollutant concentration, etc.); - the biochemical level (all biochemical processes in the biotope, e.g. oxygen depletion, degradation of organic matter, nitrification, etc.); - the biological or ecological level (consequences of impacts on the biocoenosis, resulting from the two first levels). These impacts are summarised in Table 6, according to the three above mentioned levels and by considering separately short and long terms. The city and the urbanisation process have themselves many effects on the water cycle and its ecology and uses. Some of them are illustrated on Figure 13.
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17 urbanisation Increase of water demand Increase of effluent discharges



Increase of organic and nutrients loads



Soil impermeabilisation and decrease of concentration time



Decrease of water transfer into the soil



Increase of runoff flow rates



Decrease of low flows (rivers and groundwater)



Increase of oxygen demand



Decrease of number of species



Increase of pollutant concentrations in watercourses



Reduction of river beds



Increase of flooding frequency



Losses of potential water uses Figure 13 : some impacts of the urbanisation process on the aquatic environment (from Chocat et al., 1997)



4.1 LA SOUS-OXYGENATION DES MILIEUX ET LES CHOCS ANOXIQUES Certains milieux ont tendance à être naturellement sous-oxygénés. Il peut s'agir soit d'eaux relativement chaudes, soit d'eaux profondes, dans lesquelles la stratification thermique conduit à une sous-oxygénation des couches inférieures, soit encore de milieux peu brassés. Les apports urbains en matières organiques contribuent également à diminuer le taux d'oxygène dissous. Ces milieux peu oxygénés sont particulièrement sensibles aux désoxygénations brutales provoquées par les rejets urbains de temps de pluie. Ce phénomène est susceptible de produire des mortalités piscicoles importantes. A titre d'exemple, Chebbo et al. (1995) notent que dans l'agglomération Parisienne, des mortalités piscicoles consécutives à des orages adviennent tous les 2 à 3 ans.



4.2 LES IMPACTS DUS AUX APPORTS DE MICROPOLLUANTS Les micropolluants, qu'ils soient organiques ou minéraux ont les particularités suivantes : – l'activité des produits dépend de leur forme physico-chimique qui est elle-même fonction de conditions extérieures ; – les micropolluants sont souvent stockés dans les sédiments et relargués de façon lente ; – ils ont une rémanence et une influence spatiale très grandes ; – ils peuvent être toxiques à de très faibles concentrations. Les rejets urbains de temps de pluie sont particulièrement mis en cause pour les apports en métaux lourds (plomb, zinc, cuivre et parfois cadmium). La présence d'eaux d'origine industrielle, ainsi que la variété des produits phytosanitaires à usage domestique expliquent la diversité des molécules que l'on rencontre dans les eaux usées. Les concentrations atteintes restent généralement trop faibles pour provoquer des toxicités directes. En revanche il existe un risque réel d'accumulation dans la chaîne alimentaire susceptible de contaminer les animaux prédateurs supérieurs.



4.3 LES IMPACTS HYDRAULIQUES ET MORPHODYNAMIQUES Les rejets urbains de temps de pluie ont un impact hydraulique et morphodynamique parfois notable sur les cours d'eau, de par l'importance des débits pouvant être déversés. Cet impact est d'autant plus fort qu'il s'agit de petits cours d'eau ou de rivières sujettes à de forts étiages. Du point de vue de la qualité de l'eau, il est responsable de la remise en suspension des sédiments et donc de la disponibilité des polluants accumulés. Un autre impact du même type est l'impact morphodynamique : l'apport important de matières en suspension peut engendrer un envasement du lit et donc une modification de l'écoulement entraînant des zones de ralentissement ou d'accélération hydraulique.
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4.4 L’HYPER-EUTROPHISATION L'hyper-eutrophisation des milieux peut-être définie comme une accélération du phénomène naturel d'eutrophisation, liée à des apports extérieurs en nutriments. Ce phénomène, considéré initialement comme un problème spécifique aux plans d'eau, s'avère être également un problème préoccupant pour certains cours d'eau et zones littorales. La contribution des rejets urbains à ce type d'impact est importante. On estime généralement que les rejets urbains contribuent pour un tiers aux apports en nitrates et pour deux tiers aux apports en phosphates, ces derniers provenant principalement des lessives. Impact level Level 1



Level 2



Short term impact



Cumulative or long term impact



Physical and chemical impacts Sedimentation and clogging (solids) Increase of following pollutants concentrations in water column and Accumulation process in sediments for : in sediments : - organic matter - turbidity (suspended solids) - nutrients - organic matter and nutrients - heavy metals - pathogenic bacteria - hydrocarbons - dissolved and easily bioavailable - micropollutants. micropollutants. Scouring, re-suspension and transport of Visual impact : pollutants (during floods or strong - floatables rainfall events). - hydrocarbons. Evolution of pollutants and of their activity (e.g. bioavailability) Biochemical impacts Oxygen depletion due to the degradation Decrease of dissolved oxygen of released or scoured organic matter concentration due to : -



hydrocarbons layer over the water surface degradation of organic matter



Transformation of ammonium into toxic non ionised ammonia if pH is increasing



Level 3 On aquatic flora



On aquatic fauna



Growth of pathogenic bacteria in favourable locations in the aquatic environment Biological impacts Decrease of light intensity and increase of turbidity during storm events leads to a decrease of the photosynthesis activity, and, probably, of a decrease of the dissolved oxygen concentration. Mortality, especially fish kills, during strong storm events : - by asphyxiation due the oxygen depletion and/or to the clogging of gills by suspended solids - by acute toxicity (usually due to industrial effluents).



Disturbance of the phytoplanktonic growth equilibrium : hypereutrophication and/or disappearance of some species due to the excessive input of nutrients Introduction of toxics into the trophic cycle by worms (bio)accumulation of pollutants in some organisms Mutation of some species Disappearance of some sensitive species



Table 6 : classification of impacts according to three levels and to time scale (from Chocat et al., 1997)
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5. PROBLEMS TO LINK ECOLOGICAL QUALITY ASSESSMENT AND POLLUTANT DISCHARGES The ecological quality of a hydrosystem is assessed by means of bioindexes or bioindicators. These indicators are themselves based on representative organisms of the biocenoesis, which integrate the water quality itself but also many other parameters like intra and interspecific relationships, the quality of the biotope, etc. This integration corresponds to medium (some days and weeks) to long (years) or very long (decades) time scales for environmental quality. Up to now, the discharges from sewer systems are monitored or evaluated usually on short time scales (from hours to days) during storm events, or on longer terms (years) for dry weather or permanent discharges. There are consequently no direct and simple links between pollutant discharges from sewer systems and the ecological quality of a hydrosystem. Some detailed models can contribute to assess the impact of sewer discharges on the various biogeochemical cycles, which should be considered as a first step. But the links between discharges, biogeochemical cycles and ecological indicators are not yet fully understand and modelled.



6. LES IMPACTS ENVIRONNEMENTAUX ET SOCIAUX La préservation de la qualité de l'environnement dépasse largement la défense désintéressée de milieux ou d'espèces menacées. La dégradation des milieux a en effet un impact économique non négligeable par la perturbation des activités qu'elle peut engendrer. Chocat et al. (1993) ont proposé de regrouper ces usages en trois catégories : le captage d'eau, notamment pour la fabrication d'eau potable, la pisciculture et la conchyliculture, les activités de loisirs. Le captage d'eau concerne l'abreuvement, l'irrigation, l'industrie et la fabrication d'eau potable. Les deux derniers usages sont les plus contraignants en ce qui concerne la qualité physico-chimique de l'eau. Les contraintes pour la production d'eau potable sont strictement réglementées et doivent être respectées 100 % du temps. Les rejets urbains de temps de pluie perturbent fréquemment les captages en rivière, en particulier du fait de leur forte charge en matières en suspension qui colmatent les filtres. La production d'eau potable peut également être gênée par la présence de nitrates, de produits phytosanitaires, d'hydrocarbures et par le développement de certaines algues (algues bleues). La pisciculture et la conchyliculture sont également deux activités très sensibles aux dégradations de la qualité du milieu. La pisciculture en eau douce est généralement pratiquée dans des zones relativement préservées, dans un milieu bien oxygéné et rarement à l'aval de rejets urbains importants. La conchyliculture semble par contre plus exposée et plus sensible à la pollution urbaine de temps de pluie qui entraîne des rejets importants de bactéries pathogènes. Les coquillages, en filtrant de grandes quantités d'eau, se comportent en effet comme de véritables éponges à polluants. Cette accumulation dans la chair des coquillages peut provoquer l'intoxication d'un nombre éventuellement important de personnes et des pertes d'exploitation pour les conchyliculteurs. Les pollutions visuelles (la présence de flottants, de laisses de crues, d'irisations, une turbidité ou une eutrophisation excessives) et les pollutions olfactives constituent des impacts forts pour différentes activités de loisirs : la promenade, les jeux d'eau, la baignade, la pêche, et sur les côtes le ramassage des coquillages et la pêche à pied. Les lieux de baignade sont essentiellement sensibles à la qualité bactériologique de l'eau. Ces espaces doivent également être préservés d'une trop forte turbidité et d'une eutrophisation excessive. La Figure 6.1, issue d'une enquête effectuée à la demande du ministère de l'environnement, met en évidence le rôle des rejets urbains comme cause de pollution des baignades en mer comme en eau douce (Meaudec, 1994) .
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Figure 6.1 : causes identifiées de pollution des baignades en mer (164 cas étudiés) et en eaux douces (228 cas étudiés) en pourcentage de réponses reçues (nombre de réponses > 100 car plusieurs réponses possibles), d'après Meaudec (1994)



La pêche est une activité de loisirs très révélatrice de l'état de l'écosystème. La qualité des poissons présents constitue un bon critère intégrateur de la qualité du milieu. La vie piscicole est notamment sensible aux chocs anoxiques, à une trop forte turbidité et à la présence de toxiques dont l'ammoniac non ionisé, altérations qui sont toutes liées aux rejets urbains. La pratique de la pêche à pied nécessite pour sa part les mêmes précautions que la conchyliculture. On peut imaginer que l'impact des rejets sur l'ensemble de ces activités de loisirs ait des répercussions économiques non négligeables par la baisse de fréquentation des sites touristiques. Si aucune étude précise ne permet de valider cette supposition, la médiatisation et les moyens d'information sur la qualité de l'eau mis à la disposition des vacanciers laissent présager une évolution vers une plus grande exigence de leur part.
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Mécanique des milieux continus 

Même si l'on s'est référé au point de vue lagrangien pour asseoir quelques démons- trations, c'est évidemment le point de vue eulérien qui se révèle le mieux ...
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Des milieux agricoles à risque 

Observez les photos projetées. À partir des indices fournis par chaque photo ou de vos connaissances, précisez si le milieu agricole représenté est « à risque ».
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ugarit - JLBK 

great capital of the kingdom of Ugarit, with fortifications, a Royal Palace, temples, houses and ... Not only famous as the place where the ... a mythological water cycle was associated to Baal*, the god of rainfall and storm (Calvet, 1989, 2001).










 


[image: alt]





chanakya - JLBK 

economic organisation, and is very famous for its political philosophy: the ... from Chanakya, can not be considered as fully written by Chanakya due to many.
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bouqras - JLBK 

Short Historical Dictionary on Urban Hydrology and Drainage. Â© Jean-Luc Bertrand-Krajewski - 08/2006. 1. BOUQRAS. Discovered by W.J. van Liere in the ...
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