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Abstract

Risk assessment methodology the baseof EU environmentaldirectives (Water
Framework Directive 2000/60/EC and REACH- Registration, Evaluation and
Authorisation of CHemical$irective (EC) No 1907/200Q&onsistsin the calculation of

the Risk Quotient (RQ), that is the ratio between Predictive Environmental
Concentration (PEC), calculated with fugacity and/or transpordetsy and Predictive

Non Effect Concentration (PNEC) calculated on the basis of standardized eco
toxicological laboratory test, extrapolating individual effects to effects on the
ecosystem by using assessment factors that can have a value between 5 to 1000
depending on the ecotoxicological knowleddéis approach is the one most favoured

at present but, in spite of being developed in great detail by the European Commission,
it is somewhat simplistic and further development to take better account of ecesyst
complexity is to be expected [ll]h& weakness of this index lies in the fact that PNEC
refers to direct effects on a specific organism studied in laboratory and, even if it is a
conservatory approach, information about indirect effects of a chemitahgathe
trophic web are neglected.

According to these considerations, in this thesis work, a modelling approach to the
aquatic risk assessment is considered, trying to mathematically simulate with
AQUATOX (USPA) software the fate and effects of partaouchemicals (Triclosan and
LAS- Linear Alkylbenzene Sulfonateontained inhome and personal care products
released in the aquatic environment of the largest Italian river, the Po river, with
particular focus on the food web simulation.

A control ecogstem (with no chemicals) is developed and calibrated with observed
data. The ecosystem control model is then used to test changes in organisms biomasses
due to different input concentrations of the two chemicals LAS and Triclosan.
Problems encountered itne thesis work regard mainly the lack of observed data on Po
river biota. To improve the model, a better quantitative knowledge of organisms
biomass variation in time and of organisms diet is needed.

The results validate the thesis idea thelhemical efects on organisms cannot be
attributed only to individual toxicity effects (expressed with LC50 and EC50 toxicity
parameters) but also to biota interactions with the entire ecosystem (indirect effects).
The ecotoxicological model of the Po river developethis thesis can be considered as

a draft useful for future development in order to reach the broader objective to built an
ecotoxicological modelling of the Po rivieased on accurate observed datath the
potential to became a tool for the achievemenf protection aims and requirements of

the chemical and environmental directives of the EU.
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1 Introduction

1.1 Overview

Over the pasyears,Europe environmental polidyas beertaking measures torganize

and standardize methodologies to presermer water bodies. Basically there are two
types of regulationfields closely related to one anotheregulatiors on environment
management ananonitoring status (that concern Member States responsibilitytioe
water bodies status@and regulatios on chemicals released in the environment (that
concerns industry responsibility for the chemical producete key directive for
environmental management and monitoring status is thvater Framework Directive
(WHD; 2000/60/EC)With WFDa new view of water resources management in Eerop
has been developedVFD requires Member States to evaluate tBeological Quality
Status (EQ)f water bodies and its final goal is to redgoodchemical and ecological
status' for all waters by 2015l]. The wordecologicakepresents the innovatioaspect

of the Directive the water management has to be based mainly upon biological and
ecologicalfactors with ecosystems being at the centre of the management decision
(Borja, 2@5). To reach WFD objectived is important toassesghe actual and futire
ecosystem state and to finstandardized method to "measure” &everal indices have
beentested and discussed durimyevious years and currently lots of methodologies
are being developed for the evaluation of ecologtate. In this dynamic European
contest, aquatic environment risk assessment plays an important asleit is a
procedure that permits to evaluate or predict the effects of different inputs scenarios
on the eosystem and, thus, to evaluate the actual or future ecological stdtne.key
directive for the control ofgenericchemicas (for non generic chemicals as biocides,
pesticides and pharmaceutical there are other directives)the so calledREACH
(Registration, Evaluation and Authorisation of CHemicals), proposed by European
Commission (E@nd entered into force on 1st June 2007 promotes a systenmn
which industries that produce a certain generic chemical are responsible for the
assessment anchanagement of the human and environmental risk of that chemlgtal [
Regarding aquat risk assessment, both key directives rdfera specific methodology
based on the calculation ahe Risk Quotient (RQdhat is the ratio betweerPredictive
Environnental Concentration (PEC) amtedictive Non Effect ddcentration (PNEC)
PEC is calculated with fugacity ardtransport models, PNECdalculated on the basis

of standardized ecdoxicologicallaboratory test, extrapolating individual effects to
effects on the ecosystem by using assessment factors that can have a value between 5
to 1000 depending on the ecotoxicologikalowledge.



This approach is the one most favoured at present but, in spite of being dewkiope
great detail by the European Commission, it is somewhat simplistic and further
development to take better account of ecosystammplexity is to be expected]. In
fact, the weakness of this index lies in the fact that PNEC refed&dot effectson a
specific organisnstudied in laboratoryand, even if it is a conservatory approach,
information aboutindirect effectsof a chemical along therophic web are neglected.
Rossaro (1993)n his consideratioson Po rivermanagementsays that real effectef
chemicalson the environment are not egsto predict, andecotoxicological studies in
laboratory do not necessdy reflect thecomplexityof reality. Also Galic et al. (2010)
underline the fact that current EU risk assessmeritesges focus on individuals, but
most of the protection goals focus on population, thus, there is the need for more
"population oriented approaches". To assess the impact of a chemical taking in
consideration the entire ecosystem requires the knowledge @fesal aspectsof
fundamental ecologysuchas species lifehistory traits, population structure, densty
dependent regulation, species composition and interactions, landscape structare et
Ecological and toxicological data and processes have to be itgdgend in this
context ecological models are a very powerful tool also becausg allow extensive
testing of various scenarios with low casfhus, the usage of ecological models in
regulatory risk assessment should be promo(€ailic et al., 2010).

According to theseconsiderationsin this thesisa modellingapproach to the aquati
risk assessment is consideradying tomathematicallysimulate the fate and effects of
particular chemicalgTriclosan and LASLinear Alkylbenzene Sulfonateontained in
home and personal care productsleased in the aquatic environment of thargest
Italian river, the Poiver, with particularfocuson the food websimulation Inspired by

the paper of Ghc et al. (2010), the challenge te® establish if ecotoxicological
modeling of the Po river hathe potential to became a tool for the achievement of
protection aims and requirements of thehemical and environmental directives of the
EU.

The first step will be to derivenaecologial model of the river that is able to simulate
the most important physicehemical and biologicgirocessesvithout consideringhe
effect of chemical release (control model), thémxicological data on LAS and Triclosan
will be integrated in thenodelthat will be utilize to "test" the effects athanges in the
concentration ofthe two chemicals (perturbed model).

In doing this, there is the complete awareness that the biological respormganisms
inhabiting the ecosystem is influenced by a complexeseoi facbrs that acttogether,
often synergistically, thust is difficult tounderstand what happens in the system in a
mechanistic fashionMoreover, the interactions between different factors make often
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difficult to interpret observed data But a deerministic analgis and a simplified
modelling approach are necessary whehe complexity of the nature has to be
reduced to numbersand used to make decisions, for examfaderegulatory use.

In the following paragraphs the background and the objectives of the thmss
de<cribed in detas. Chapter 2s dedicated tanaterials and methodst contains all the
information aboutthe data sets used for the calibration of the control modehnd
physicochemical and ecotoxicological parameters of LAS and Jaiclased in the
perturbed model;alsqg all the methodologies applied ithe studyare described In
Chapter 3, the results of control and perturbed simulations are presented. In Chapter
results arediscussed trying to assess the risk of chemicals in the modeled environment
and to evaluate the vality of the use of a modellingpproach in aquatic risk
assessment.

1.2  Background

1.2.1 Sate of the art on risk assessmemtethodologiesn Europe

With Directive 92/32EC and EC Council Regulation (EC) 798&@8&uropean Union
requires risk assessment of new and existing substances (Vermeire, T9@non
June 2007 the European Union REACH regulation (EC) No 190¢4066to force,
forcing companiedo present reports about the features of chemicals produced and
related risk assessment. The level of detail of the report depends on the quantity of
substance produceRisk assessmemhethodologyand proceduresare laid down in
detailed Technical Guidaedocuments (TGxnd the implementation is helped with
the decision support tool EUSEBufopean Union System for the Evaluation of
Substances)The general methodologgt the base ofTGD and EUSES softwére a
guantitative assessment oénvironmental risk is summarized in Figurel and is
characterized by the following stefgermeire, 1997)

1) Exposure assessment: knowing emission rates of a chemical in the environment
(observed or evaluatedyyith fugacity and dispersion modetise local and regioal
distributions of the substance in the various environmental compartmeantsl in
the considered systems is evaluated. The result is the calculation of the PEC
(Predicted Environmental Concentratido)y each environmental compartment

2) Effects asses®nt: it comprises hazard identification and dessponse assessment
mainly derived fromlaboratory ecotoxicological studies on single spediedividual
ecaoxicological parameters (LC50, NOEC, LOEC) found in laboratomheare
extrapolated to the entire ecosystem through assessment factors in order to
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calculate PNE@r each compartment (soil, sediment, wateBNEC is calculated by
dividing the lowest toxicity value with the relevant assessment fatable 1.1).
PNEC agabe also calculated using statistical extrapolation techniques. The technical
guidance documents provides information on the calculation of secondary poisoning
through the bioconcentration factor (BCF) and concentration in food.

Table 1.2 Assessment fdor for the derivation of PNEC in water (from ECHA, 2008).

Available data Assessment
factor
At least one shorterm L(E)C50 from each of three trophic levels 1000

(fish, invertebrates (preferred Daphnia) and algae)
One longterm EC10 or NOEC (either fish or Daphnia) 100
Two longterm results (e.g. EC10 or NOECs) from spe

representing two trophic levels (fish and/or Daphnia and/or alga 2
Longterm results (e.g. EC10 or NOECS) from at least three spec 10
(normally fish, Daphnia and algae) representing three trophic le\
Species sensitivity distribution (SSD) method 5-1
Reviewed on
Field data or model ecosystems a case by
casebasis

3) Risk characterizatiorfor a quantitative evaluation of environmental risk the ratio
between PEC and PNEC is calculattdhe PEC exceeds the PNEC, there is
considered to be risk of environmental damage in proportion to the ratio of PEC to
PNE.

DATA EVALUATION

EXPOSURE ASSESS Data FFECT ASSESSMENT

— Single
Emission . i
Technical species
v Guidance v
Distribution Docume Extrapolatio
PEC

PNEC
QI‘SK CHARACT?
PEC/PNEC
Figure 1.} Basic scheme of ecological risk assessment with TGD and EUSES (modifitrireire, 1997)
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This rsk assessmentnethodologyis also mentioned in the WFD as a tool for the
calculation of the so calledcobgical Quality Ratio (EQR) for water bodies (see
Paragrapl?.10).

As written in the overviewthis scheme of evaluation does not take into account the
numerous ecological processes thedn act unpredictably orin a synergic way and
influence the risk evaluation.

1.2.2 Case studiebackground

A similar thesis project was done bylAdmbardo(2013 on the river Thames. He used
the USEPAAQUATOXnodelto simulatea 4 km segment ofiver ecosystem, testing

the effects ¢ different input concentrations of Triclosan and LAS chemical compounds.
Key challenges identified during the river Thames project include a) the limited bio
monitoring data available for a proper calibration/validation of the trophic web model
and b) thelimited relevance of standard ecotoxicological datasets in the context of the
studied ecosystem.

In order to face all the other key challengéss thesis will further explore the potential

of ecologicalmodels for e in chemicals risk assessméwilding uponthe learning

from river Thames case study.

1.3  Objectives

1.3.1 Thesis objectiveandwork procedure

In this thesis workan ecetoxicological model of the Po Rivisrdeveloped. This model

has to beable to simulate thadirect and indirecteffects of home and personal care
productson the ecosystenstate anddynamics. The go#éto understand the relevance

of ecological processes in the assessment of the risk produced by a chemical release in
a riverine ecosystem, with particular attention to thedirect effects due to biota
interaction. The case study will focus arsegment of thdower Po riverin Italy. The
presence of monitoring networks argkveralresearches on this riveshould make it
possible to create gatisfactorymodel andcalibrateit against field observations. This
addresses one of the key challenges identified in the river Thames project.
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The thesis project will comprise the following steps:

Review and collection otydrological, climatic,environmental and bio
monitoring dda from the Po river basjn

Choice othe modelling tool to be used;

Selection of the study area model boundaries and construction of an ecological
model of the Po river ecosystem, with a focus on its food web. The temporal
and spatial scale of th@nalysis will be chosen based data availability

Model calibration against field observations such as biomass time series;

Reconstruction of the concentration of selected ingredient(s) of home and
personal care products in the Po river, e.g. by recartstng inputs to the river
system; the selected chemicals will be the same used in the river Thames
project, in order to compare the effects of these compounds in different
ecological systems.

Simulation of the effect of changes in the concentration oflesied
ingredient(s) on the ecosystem dynamics, and assessment of the consequent
ecological risk.

1.3.2 Broader modelling study objectives

Other broader objectives underlie the thesis work:

)l
)l

14

To compare modellingnd indiceshased approaches in risk assessment;

To understand if the risk assessment methodologgdcan beapplicableas a
decision support tool for real problems of river ecosystem management or
chemicals testing

To highlight any shortcomings with regards to the knowledge monitoring of

Po Riveecosystem.



2 Materials and methods

2.1  Modellingtool: AQUATOX program

The firstimportant step of the thesis workis the choice of thenodellingtool to use
according to the goal to achievén this casdhe intent is tosimulate the fate and
effects of chemicalreleased irthe aquatic environment of th&o Riverwith particular
attention to the roleof the trophicnetwork, so that thefinal modeling toolwill surely
include the main features offugacity modek (e.g. modelling tool as RAIDARBETR,
AquaWeb etc., see Mackay D. et al. 2008k modes$ (e.g. TRIMmodellingtool [I11])
and trophic mode$ (e.g. ECOPATHhodelling tool [IV]). The modelling tool which
incorporates satisfactorily the previous ones and that is applicable to aquatic
environmentis US EPAQUATOXoftware (available on the web site
<http://water.epa.gov/scitech/datait/models/aquatox/>)it is asimulation model that
predicts the fate and effect of chemicals in aquatic environmertisodgh a graphical
interface the user can specifythe physio-chemicalfeatures of the study area the
parameters of themain organisms constituting the food web and their diets, the
toxicological parameters referring to a particular chemical to be testedthe basis of
the input datag the programcansimulatenumerous processes that regatige partition
of chemicas between dfferent media and along the trophic weland thedirect and
indirect effects of this chemical on the entire ecosystamterms of variation irbiota
biomass during the time.

2.1.1 Model conceptualizatioand data needed

With AQUATOX is possible to model a riverine ecosystem considering one or more
connected segmentsf the stream The segment can be view as a reach of tieer
that is homogeneous in spadem the physicechemical and ecologitpoints of view
Each segment to be modeled requires the collection ofstecific data for the model
construction and the calibration, thus, given the availability of data initaeature and
the effort required by the timeconsuming activity of data search, for this study only
one segment is considered (see paragraph 2.2 for segment description).

The reach streanis modeled asa CSTR, in whidhe following main compartments
(state variables) arsimulated:organisms, nutrientsdetritus (bacteria and non living
organic matter), sediments (inorganic matter) and chemic@gure 2.1) State
variablesare quantifiedin terms of concentratioror densityvariationsin time (in mgL

or g/m?) and depend onforcing ordriving variablesviater flow, temperature, light,
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nutrients loading,) biotic/abiotic parametervaluesand inputs to the systemP@ark R.A.
and Clough J.S., 20).2.

Temperature Light wind Evaporation
Width (constant) \ \ \ f Flo
Flow, . AW X M / W
i - Nutrients,
Nutrients, R o 06 u=t
. Q¢ e A e 0o i ;
Inorganic Qo Q0OEé 0 6 4 Inorganic S;Ohd,%t
. g Qo Chemicals;
Chemicalg 06 } Q6 >
i g Q¢ Qo— Q¢ Organismg;
Organismg (o] o) 0 y t

Length (constant)

Figure 2.2 Model conceptualization scheme.

AQUATOX has a user friendly interfacel a wizard which may work aschecklist of

data needed for simulation. Table 2.1 summarizes the main categories of parameters
and data input used irthe Po river simulation. Almost every input data can be chosen
to be constant or variable (dynamic) in tim€he following paragraphs describe in
details the available starting data on biotic and abiotic factors referring to Po river
segnent under consideration and the initial conditions chosen for the state variables.
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Table 2.2 Summary of principal AQUATOX input dataffierPo river model simulation.

Length
Average width
Average surface area
Segment morphology
Average slope
Altitude
Bottom roughness
Bottom surface composition
Flow rate
Water depth and bathymetric
Segment hydrology .
approximations
Water volume
Latitude
Climate wind
Light
Water temperature
Water pH
Oxygen
CcQ
Nutrients (N & P)
Detritus

Water physice
chemical properties

Inorganic solids

Timevarying biomass series for calibratio
Biota Growth, respiration, excretion parameters

Diets

Physicechemical parameters

Chemical compound _ .
Ecotoxicological parameters

2.1.2 Temporal resolution and numericstlability

The Po river model is run for 3 years, from 1988 to 19B8cause theobserved
available daa for calibration refer to thiperiod.

AQUATOX integrates differenti@quations over time to evaluatestate variables
changes In order to avoid numerical instability and reduce truncation errors from the
discretization time stepsshould be small enougln this case the model is too complex
for a stability analysis to be done, atite smallest time step poss (0.01 d) is chosen

to achieve a predetermined accuracy in the solution.
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2.1.3 Calibrationstrategy

The objective of thealibrationphaseis to modifyinput parametersand constantauntil
model outputs matchin a satisfactory wayhe observed set of dataAQUATOX does
not have an automatic calibration system thainfl the best set of parameters
corresponding to theminimum error between the observed and simulated curvesjt

it provides graphical and tabular outputs with the possibility to impand plot
external observed data for a graphicaland mathematicalcomparison with the
simulated ones.n addition it includes several tools for uncertainty and sensitivity
analysis that can help durinand after calibration step.Evaluation is limited byhe
quality and quantity of observedata, for this reason Park &lough(2012 suggest to
follow a weightof-evidence approach with a sequence of tests, avoiding a stringent
measure of goodness of fit.

The Po River model is iteratively calibrated on awéé observed biomass time series
that refer to the years from 1988 to 1990, some time series relate only to a year, or are
seasonal trends, for this reason the model results will be more accurate for some biota
and less for others.

Calibration is donechanging manuallypoorly defined parameters such as light
saturation levels, maximum photosynthetic rates, and nutrient limitation parameters
for plants and half saturation feeding, maximum consumption rate, minimum biomass
for feeding, and carrying cap#&gcior zooplankton, macroinvertebrates and fish.

For each calibration ryra series of tets suggested by Park@ough(2012)are done

1 Is the modebehaviourreasonableaccording to general experienge
1 Do model curves fit in a reasonable way the observed ones?

1 Are annual biomass averages respected by model curves?

1 Do model curves fall within the errors band of observed data?

After the calibrationwith visual inspectionsthe goodness of the model has to be
mathematicallyassessedoing a comparison between simulated and observed biomass
time-varying series through four main calculations:

1) Comparison of the average annual biomass simulated and observed:

- —7nn (33)
Where:
- =percentagevariation of the simulated average annual biomasth respect
to the observed one;
0 = average observed annual biomass of the organisms "i";
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0 = average simulated aoal biomass of the organisms "i".

Values of lower that 1 are considered acceptable and it means that the model
simulates in a good way the average annual biomass of the organism "i", values of
largerthan 1should becommented taking in comderation also the quality of observed
data set (i.e. the magnitude of uncertainties).

2) Comparison of the average annual biomass simulatéldeiil year model andhe 3
years model:

- —PTnm (34)
Where:
- =percentagevariation of the simulated average annual biomass in 1 year
modelwith respect tothe average biomass in 3 years model;
6 = average simulated biomass of the organisms "i" in 1 year model;

6 = average simulated biomass of the orgamss'i" in 3 years model.

The value of- will necessarilyoe high, in factlie marked difference between the
average biomass of 1 year and 3 years models is due to the fact that in 3 years model
inputs change from one year to another and influetice simulation results. Moreover

the average reference biomass is referred to a specific year (1989) and it is not an
absolute mean done over many years, so that is not a valid reference value, but it is
used, in this case, to verify that three years diaion average biomass is at least of

the same order of magnitude of 1 year simulatien ( <100%).

3) Comparison of observed and simulated biomass data points thrBeghson linear
correlation coefficient:

i (35)

Where:
i = Pearson coefficient;
¢ = number of observations;
w= observed data;
W= simulated data.
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It measures the strength and sign of the linear relationship. If the value of r is positive
and close to 1 it means that whesrmulated data values increase, observed data values
increase too with the same proportion, and the model behaviour is correct.

This coefficient can assume values freinto 1. A values ofl means that between
observed and simulated data there is a petfewgative correlation, the perfect
positive correlation is present when the value is equal to 1 and if the value is O it means
that there is no correlation. In Table 3.1 the conventional interpretation of Pearson
coefficient values is shown [XIV].

Table3.1- Conventional interpretation of Pearson coefficient values [XIV].

Pearson coefficient

value Correlation
0.00-0.20 Very low
0.20-0.40 Low
0.40-0.60 Regular
0.60-0.80 High
0.80-1.00 Very high

4) Comparison of observed and simulatbbmass data points througthe Nasit
Sutcliffe efficiency (NSE) coefficient:

0P v+ (36)
Where:
"Q = observed value at time t;
"Q = predicted value at time t;

0Q O average of the observed data.

This index compares model prediction to the mean of observed values. While the

square of Pearson coefficient is based on the dispersion of the variates around the
regression line, Nag/sutcliffe coefficient is based on thigsspersion of variates around

the line of equal values. It is sensitive to extreme values because of squared differences
6{SEl2YSE HAnnTtO0®d 9FFAOASYOASa Oly EN})y3aSs
corresponds to a perfect match of modeled output teetbhbserved data and indicates

that the model is a better predictor of observed data than the observed mean. An
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efficiency of O E=0) indicates that the model predictions are as accurate as the mean
of the observed data, whereas an efficiency less tham ZE<0) occurs when the
observed mean is a better predictor than the model or, in other words, when the
residual variance (described by the numerator in the expression above), is larger than
the data variance (described by the denominator). Essentitiily,closer the model
efficiency is to 1, the more accurate the modellfsE is negative, it means that the
model is performing badly (a straight line performs bettdr) Table 3.3 an
interpretation of NSE coefficient values by Moriasi et al. (200sH)aw/n.

Table 3.3- Genera performance ratings for recommended quantitative criteria from Moriasi et al. (2007) (see
Sexton, 2007).

NSE coefficient value Model performance

<0.50 Unsatisfactory
0.50-0.65 Satisfactory
0.65-0.75 Good

0.75-1 Verygood

It is important to underline that the calibration is done turning off the inputs of the
chemicas to be tested (control modg and onlywhen calibration is finishedthe
system is perturbed with chemical inputs. this waytwo scenarios can be cqrared:
the reference unperturbedscenarioand the one exposedto realisticand hypothetical
concentrationsof chemicals.

2.1.4 Sensitivity analysis

The sensitivity analysis gives a measuréhefvariation inmodel outputs with respect

to changes in the values ofodel inputs It can be carried out either beforer after the
calibration step. If before, it allows a prelimary assessment of parametersievance,
driving the choice of the proper range of value to be explored duriegctidibration; if

after, it can be used as a check for the goodness of calibra¢isnlts A doublestep
sensitivity analysis can be also done in oriegain even higher precision.

In modelling the Po rivethe sensitivity analysigs not done becausevith the help of
AQUATOX technical documentation the user is able to understand what are the most
important parameter to changand in what proportion they influence output.

2.1.5 Validation strategy

The calibration and sensitivity analysis should always bewetl by a validation step,
with the intent to get an outline of the reliability of the model by testing it against an
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independent set of dataValidation step is not possible in this case study because of
the lack ofindependent set oflata.

2.2  Study area

The river Pois located inNorthern Italy and flows 642 knfrom West to East along the
whole Pianura Padana before entering thdriaticSea with a delta of 380 kfnlt is the
longest Italianriver, the one with the largestatchmentbasin @pproximately 7800

km?) and also the one with the maximuamnualaveragedischarge(1450 m’/s). Along

its course are 141 tributaries, in its watershed inhabit approximately 16 million people
and is concentrated more than a third of industries and of the Italian agri@iltu
production. Water withdravals amounted on average to 20.5 billion cubic meters per
year, of which 12 % are for drinking use, 7 % for industrial uses, 81 % for irrigation use
(Autorita di bacino del fiume R@006).This makes the Paver and its basima crucial

area for the Italianeconomy andat the same timegan importart natural system to
preserve.

The spatial heterogeneity of the Poiver, in terms of hydreclimatic, morphological
factors and ecosystem structurejust be reconciled with the requirement, dictateg b
AQUATOX program, to model tegstem as aort of continuous stirreetank reactor in
which variables change in time but not in spde& exception is made for stratified
systems) Thisrequire amodeling approach that considerthe river ideally divided into
segments (reactorshomogeneousn space angbossibly linked to one another.

After a careful analysis of the available data, in this study is considered only one
segment approximately 4km long, stretching from the closing section of tRe iver
catchment, Pontelagoscuro, up to Serravalle, immediately before the branching section
of the deltg the average latitde is 44.9° in North hemisphe(Bigure2.2 and 2.3 The
segment belongs tthe final part of the river characterized by high flowgla bed with
modest slope, fine bottom substrate subjectedhmh solid transport (Fenoglio 8o,
2009).

This segment is considered to be homogeneansspace because the following
elementsare approximatelyconstant lengthwise:

1 The morphological features of the channel (slope, shapparian vegetation
etc.)see Par. 2.3.1)

1 The dschargebecause there are no tributaries avater withdrawals;

1 The biotic factors, becausbdé segment is quitéar from abiotic factors that can
alter the functional dynamics and composition of biological communities
according to the River Continuum Concept/annote et al. (see FenoglioB,
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2009 p98). For example it igar enough @bout 275 km) from Serafiniisland
that represents a sort of barridor biotain the river. It is far enough also from
the sea, so that saline wedgpenetration does not affect the segment

ecosystem.

700
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0 40
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(b) Serravalle
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Figure 2.2  Study area: (a) Po river basin (study area highlighted with the rectangle), (b) studied segment of the Po
river from Pontelagoscuro to Serravalle (maps from SINANet web[\¢jte download section,

modified with Quantum Gis program).
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Figure 2.3- Particulars of Pontelagoscuro (a) and Serravalle (b) sections (in red) (from ADBPO web site
http://www.adbpo.it/on-multi/ADBPO/Home/articolo952.htmi Carta fiume Po ifiormato raster-
Maps PO045 and PO048, scale 1:10,000).
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2.3  River segment morphology

The knowledge of egyment morphology is essential for modelling water depth
distribution (5) and water volume 7), thus, indirectly, it affects water velocity,
washout, residence time andight penetration all factors determining the biomass
trend of animal and plantdt is assumed, as a simplification, that teegment of the
river Pogoing to be modééd represents the main chann@loodplain excludeddf the

river and thatit is characterized byhomogeneous morphological features. Width
between banks and section shape change (a little) along the river segment but it is not
important in the modelling because the changes of state variables in space are no
under consideration, moreover the river segment analyzed is part of a longer stretch
considered in literature as thdower part' of the Po river, thatan be considered as
homogeneousfrom the morphological point of viewFenoglio &Bo, 2009).All the
morphological features and datourcesassociated are here described in detail

2.3.1 Segmentength

Segment length is measured withe "ruler tool" of Google Earth and it idaut 41km
measuringhe river path fom Pontelagoscuro to Serravalle (Fig@r4.

cendinara

Serravalle i

- S
ErattalPolesine Berra

‘Crespino~"

‘Canaroy—

; OCopparo

: "-.;;FQcchlobello
" gRontelagoscuro

.

013)DigitalGlobe : (?:ormignana
013iGoogle

Figure 2.4 Po river path (in blue) from Pontelagoscuro to Serravalle with Google Earth.

25



2.3.2 Segment width

Average segment width is calculated doing the mean of the average swdthesof

two river segment from Autorét di bacino del fiume Po (2010)he width measure
refer to bankfull stageas define by Leopold (196#)is associated with the flow that
just fills the channel to the top of its banks and at a point where the water begins to
overflow onto a floodplairlll]. The analyzed segment attee following:

1 The segment that goes frorRoad bridgeAl3 Occhiobello toRoad bridge
Polesellaaverage width between banKbankfull)of 510 m

1 The segment that goes frorRoad bridgePolesellag tributary Po di Goro
average width between banks (bankjudf 460.

Averaged width between banks then calculatedavith the following formula:

OLQI OGQAD —— 1T Ym (3

Measures refers to the bankfull, but river widthnot constantwerticallyin the section,

thus averagewidth is probably overestimated More accurate data can be obtained
with an analysis of Po river sections drawings that are available, on request, from
Autorita di bacino del fiume Po.

2.3.3 Surface area

Average segment surface area adctilatedfrom averagdength and width:

50 QI OER OMMILAOMT YX prinpwPPpd mm 4)
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2.3.4 Channel slope

Poriver slope has a constant value about0.03’ > efrom the section that corresponds
to the entering of the Panaro river into Po river, to the beginning of the delta area
(Colombo A. and Filippi F., 2008) (FiguB.

|
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.20 + : | | | |
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progressiva ufficiale [m]
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Figure 2.5 Po River bed profile, from 2005 survey. From Colombo A. and Flippd08. Section "I" corresponded
to the Po river segment studied.

2.3.5 Altitude

Site altitude iscalculated consideringhe distance of hydrometric zero from the
medium sea levelFrom Ufficio Idrografico e Mareografico di Parm@acino del Po
(19881989)the altitude of the hydrometric zero is 8 m m.s.1..

2.3.6 Channel roughness

Channel roughness is modelled in AQUATOX with Manning's coeffiCiemtv et al.
(1988) suggest for this type of riveldanning coefficients around 0.98.04 s/nt’® for

the main channel.Di Baldassarre and Montanaf2009) done an hydraulic model
focused on a 330 km reach of the Po river from Sant'Anttsiaondto Pontelagoscuro
YR F2dzyR GKIG GKS 0Sa&ad LISNF2NXIyYyOS 41 a
0.03 s/t for the mainchanneland 0.09s/m** s for the floodplainThus in this study
Manning coefficient iset t00.03s/mY>,

2.3.7 Bottom surface composition

A mixture of flows and dep#provides a variety of habitats to support fish and
invertebrate life.In AQUATOXthere is the possibilityo subdividethe environment
modeled in different habitats by assigning a percentage of occurrence of run, riffle and
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pool. Pools are deep with slow water. Riffles are shallow with fast, turbulent water
running over rocksRuns are deep with fast water anitle or no turbulence [lll]
(Figure 2.%.

Figure 2.6 River labitat types. From EPA web site [IH{tp://water.epa.gov/type/rsl/monitoring/vms41.cfm.

Regarding the Po river, its habitat diversification has beesatly reducedafter
rectificatiors and canalizationAutorita di bacino del fiume R@008).Bortoluzzi et al.
(1998)classify the Po river morphology from Ostiglia to the Deltmaandering(Figure

2.7), with 53 % of straight section, 36 % of bends and 11% of meandriform stretches.
Each type of river stretch is characterized by differfeottom types and morphologies,
reflecting a different erosion hydraulic regime, a different section of the channel and
different relationships between suspended load and base load. In particalgvold et

al. (1964) defined a meander as a band with sinuosity greater or equal to 1.5 (see
Bortoluzzi et al., 1998, cap.3, p. 39) composed by a deep and concave bank (p@ol) and
shallower zone between two pools called riffle the study of Bortoluzzi et al. is
specified the position of this meanders in the study area (Table 2.2)

Table 2.2 Meanders position, sinuosity index and radius of curvature from the study of Bart@tal., 1998.

Meanders Sinuosity Index Radius of Curvature

Osidlia 2
Bergantino 2
FoceTarente Panao 1
Corbola 1
Bottrighe 1

PRPowo

As showed in Figure 2.8n the Po river segment modk (segment between the
yellow points)there are not meandergcircled in red) for this reasorpool and riffle
percentage are set to @and run t0100%
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Figure 2.7 Walker and Cant (1984) thraimensional representation of morphological asttatigraphic elements

of a meandering river system (sBertoluzzi et al. (1998)

Ostiglia Bergantino ! L

Bottrighe

Figure 2.8 Localisation of meanders (circled in red) in therRer segment from Ostiglia to the beginning of the

delta area. Yellow points show the borders of the Po river segment modeéMeghs(from SINANet web
site[V] - download section, modified with Quantum Gis program).
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In Table 2.3 the main morphologidfeatures of the river segment analysed are shown.

Table 23 - Main morphological features used in the model of Po River segment.

Description Value unit
measure
Length 41000 m
Width 485 m
Surface area 19885000  m?
Slope 0.00003 unitless
Manningcoefficient 0.03 s/im*?
0% pool
Bottom surface compositior 0 % riffle
100 % run
Latitude 44.9 °

2.4  River £gment hydrology

2.4.1 Flow rate

Po river flow rates are monitored since 1911 in various sections of the Foer.data
set used (Figure 2.9is the one published in the hydrological annals and referring to
the section of Bntelagoscuro from 1988 to 1990 (Appendix A, Table A.1).

——Flow rate (Mm"3/s)
5000

4000 £ I ]

3000

2000 - R 1 Iy 1. 1
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0O +—————— e ey
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Figure 2.9 Flow rate trend from January 1988 to Dicember 1990 in the section of Pontelagoscuro (Pdé-rorer).
Ufficio Idrografico e Mareografico di ParmaBacino del Po (1988989) andAgenzia Regionale

Prevenzione e Ambiente Regione Emilia RomagnaServizio ldrometeorologice Area idrologia
(1990).
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2.4.2 Water depthand bathymetric approximations

Water depth is very important whenmodelling light extinction into water,
sedimentation, reaeration, photolysis and volatilizati@aily dynamic deptieannotbe
calcdated directly fromhydrometric measure®ecause theyare not available in the
hydrologi@l annals of 1988990 of the Po riveiDailydepths are then calculated from
Manning equation rearranged to yield:

A — 5)

Where:
0 = flow rate (n¥/s). From Ufficio Idrografico e Mareografico di Parm&acino
del Po (1988.989) and Agenzia Regionale Prevenzione e Ambiente
Regione Emilia RomagnaServizio ldrometeorologice Area idrologia
(1990);
D ¢ & "@MARning's roughness coefficientd.03s/m*?;
YaEmM O SN IS aS3AVYSyld at2LIS I ndno eT
W "Q@B average segment width (1) = 485 m.
For the Po river segment analyzed average and maximum depth vakidtedto be:

Mean depth: 5.15 m
Maximum depth:12.32 m

Depth values found with Manningare calculated considering the river as a block with
verticals walls and flat bottom. In reality riveection is not rectangulaso thatwater
depth changesaccording to the bottom and walls shap¥®¥alues calculated with
equation (1) can be considering approximate secticaveraged daily depths, more
precise values can be calculated using bathymetric approximations.

In AQUATOXivers section is approximated, according to Junge (1966), to ertrem
elliptic sinusoids (Figure 2.J,&hen the fraction of he total volume that is at a given
depth is calculated (sefeark& Clough2012,p.44).

Transverse river section

N " _ Bathymetric approximation

N — »
X o —>

Figure 2.10 Extreme elliptic sinusoid as bathymetric approximation of Po River section.
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Bottom river forms (ripple, magaripples, dunes) are not simulated because they do not
influence significantly water depth, a refaxce can be made to understand the
sediment transportin Po river bed. In this regarBortoluzzi et al. (1998)id a
bathymetric suvey of the Po Rer from theDelta to Ostiglia and the examination of
the river longitudinal profilehighlights the great morphological variabilitpf the
bottom: about the 13 % of the studied segmemteahave a flat bottom, 32 %ave
ripple formspresenting a dominance of sand ripples of average height of less than 0.2
m, 35 % have megaripple forms characterized by a dominance of sand ripples with
average height between 0.2 ar@l5 m, 19 % have dune forms characterized by sand
ripples of average hght between 0.5 and 1 m and 1% have sand ripples of average
height of 1 m(Figure 2.11L

T
RIPPLE |

bl boaikae

MEGARIPPLE

32



| corDONIi[% b

T3 3 T i 5“' 'z;’ %
el K

PUEARLL IR T

Figure 2.1t Examples of Po River bottom profiles obtained with acoustic systems variable frequency between
2 and 16 khz ("Sub Bottom Profiler"SBP), fidontoluzzi et al. (1998).

2.4.3 Water volume

Timevarying water volume ismathematically representedn AQUATOXby the
following differential equation:

—  "0& "Qd $00QIET QMU wn (6)
Where:
— = volume variation in time;

"0¢ "Qoévater enteringvater body(m®/d);
0'Qi@x "@Water exiting fronwater body(m?*/d);
'O0 Grrwater evaporated ((Aid).

Water evaporationfrom AQUATOX available studies is about 15 in/year-ml§) is
negligible respecting the higow modelled (on averagel540 ni/s), so in this study
mean and daily evaporation is set to O.

The user is given several options for computing volum®@p river simulations chosen
to calculateit for each time stepvith Manning's equation:

DOE & 0t Qe - ® 0 Q EXWQ D @)

Where the flow Qshould bethe sum ofknown dischargevalueat actualtime step and
daily evaporation other parameters are the same described equation (). Average
system volume results to be 1.02 *19°,
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2.5  Study area climate

2.5.1 Latitude

Average latitudeof the segment is computed by calculated the mean between
Pontelagoscuro and Serravalle latitudes defined from Google Earth:

Pontelagoscuron nc p 0 QM49® o0 pQ QT
Serravallen ncpy Qd49p n QQT

50 Q1 HVRQO 699> 1 B ®)
2.5.2 Wind loadings

In AQUATOXwind works as a drive variable for reaeration and volatilization. Time
varying wind data are not available from literature, then is used the default AQUATOX
function that allows the assessment of variable wind speeds through a Fourier series of
sine and osine terms, the user must only specify wind annual mean P& and
Clough,2012, p. 59).Average annual wind can be derived from Figurg&2Zhat
represents the values for Emilia Romagna Region. Assuhanglimate changesvere
negligible from 1988d 2009, an average value 8im/s can be chosen for the studied
area.
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Figure 2.12 Annual average wind intensity for Emilia Romagna Region, years220@3 Study area circled in red.
Map fromARPAweb site V1.



2.5.3 Light loadings

Light is the drivingariable for photosynthesis and photolysis processes. Average daily
incident light intensity values are calculated in river Po model with AQUATOX default
function @) derived from a variation of temperature function of Ward (19&3e(Park

and Clough2012, p. 5556):

"YE & o0 D QeE——DETBip X T OWow p& 9I0i O @ (9)
Where:

"Y¢ a=waverage daily incident light intensity (ly/d);

0 "0 Q & aiser input mean annual light intensity @dy/

0 "('Y O £="Q%er input annual range in light intensity (ly/d);

'O @ @ day according to Julian date (day numerated from 1 to 365,25);

"Oi & ® = fraction of site that isotshaded p T®o yDd O£ & 1N &

0 ¢ €=ueer input fraction of site that is tree shaded = 0.08.

Monthly averaged daily light data are available for the years 11988 for the
Municipality of Ferrarafrom Petrarca et al. (1999Annex A, Table .8); thus mean,
maximum, minimum values anchaual range can be calculated:

Mean annual light intensity: 333.6 Ly/d
Maximum annual light intensity:  556.6 Ly/d
Minimum annual light intensity:  102.7 Ly/d
Annual range light intensity: 453.9 Ly/d

The solution of gquation @) for Po riversegmentis shown in Figure 231L(Annex A,
Table A2).
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Figure 2.13 Daily light intensity function, computed with AQUATOX.
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2.6  Water physicechemical properties

2.6.1 Water temperature

Temperature state variable is at the lmf all the modeled phenonma as it can

influence processates based on optimum temperature and biota mortality that

depends in parts on minimum tolerated temperatuMonthly river water temperature

in the section of Pontelagoscuro is available frBattegazzore (1991)(Figure 2.4)

(AppendixA, Table A), thus,these observed temperature loadings are entered into

the model as a timearyinginput. During the simulation, if the date that is being

simulated does not appear on the input list da®@QUATOX usesiterpolation to

determine thecorrect loading value. Moreover AQUATOX assumes that the loadings

Go NI L) F NBdzyRE GAGK Ly Fyydadt O80tS AT (GKS aa
first or last date of the loading time series.
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Figure 2.14 Timevarying water temperaturdrom 13 December 1988 to 24 July 1990 in
Pontelagoscuro section. From Battegazzore, (1991).

2.6.2 WaterpH

According toPark &Clough (2012)water pH state variable is importariecause it
affects the following processes:

1 ammonia ionization which results anpotential toxicity;
1 organic chemicals hydrolysis and ionization which results in a potential toxicity;
1 decay of organic matter and denitrification of nitrate
1 calcite precipitation (if pH > 7.5) which has a significant effect on the food web.
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In AQUATQ®, the user can us®bserved timeseries of pH or can make the program
calculate it.Monthly water pHvaluesare availablefor the section of Pontelagoscuro

from Battegazzore(1991) Figure 2.5) (Appendix A, Table 4), thus a time-varying pH

input is chosenAs fortemperature,if the date that is being simulated does not appear

on the input list date AQUATOX usansterpolation to determine the correct loading

value. Moreoverthe programl 4 & dzySa GKI G0 (K& R RAYRAl W o1
cycle if the simulation date occurs before or after the first or last date of the loading

time series.Average pH value is 8.1 (similar to river Thames pH found by Lombardo,
2013), this alkaline pH can be attributed to geologic featwkethe riverthat is in an

area withpresence of limestone rocks (source of calcium bicarbonate).
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Figure 2.15 Timevarying pH from 13 December 1988 to 24 July 1990 in Pontelagoscuro
section. From Battegazzore, (1991).

2.6.3 Dissolved rygen

Dissolved oxygen is a vital element for plants and animals, low oxygen concentrations
can result in two main important phenomeii@ark& Clough 2012)

1 fish and other organism mortality;
i decreased degradation of toxic organic chemicals.

AQUATOX simulatetaily average dissolved oxygen by solving a differential equation
(Park & Clough 2012 p.169)that includes terms as reaeration, photosynthesis,
respiration, decomposition and nitrification
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Usercan give a dynamic or constant input loading and initial conditiondissolved
oxygen.nthe Po river modelit is chosen to turn off the effect of loadings and washout
(by selecting this option in oxygen check hoa¥suming that upstream processes
goverring oxygen are producing water concentrations identical to the current stream
segment beingnodeled; in this wayn stream processes can be analyzed without being
dominated by upstream loadings.

Initial conditionfor dissolved oxygen concentration is setlt® mg/Lcorresponding to

the date 13/12/19880f datasetof Bategazzorg1991)

2.6.4 Carbon dioxide

Carbon doxide can be &miting nutrient for plants It is simulated in AQATOX similar

to other nutrientswith an equation thatincludesterms as carbon dioxide produced by
respiration and decomposition, assimilation of carbon dioxide by plants, interchange of
carbon dioxide with atmosphereRark & Clough2012 p.169).

No observed time series are available for Po river, thusnstant inpubf CQ equal to

0.25 mg/Land an initial condition of 0.01 mg/L are chos&hese values are calibrated

in order to guarantee a complete availability of @@ plants, assuming thaQ is not

the limitation factor for plants.

2.6.5 Nitrogen

According toPark & Clough (2012), in AQUATOXwo nitrogen compartments,
ammonia and nitrateare modeledwith differential equatiors including processes as
remineralisation, nitrification, assimilation by plants, denitrification.

Dynamic inflow loadings of NHNH;" and NGz are put in the modesimulating nutrients
coming from upstreamMonthly values are available for the section of Pontelagoscuro
from C.NR. Istituto di Ricerca Sulle Acque Reparto Sperimentale di Idrobiologia
Applicata - Archivio dati fiume Po (Figur@.16) (Appendix A, Table 3). Initial
conditions are chosen on the basis of this observed datasidering the values of
08/01/1988: NH-N = 0.29 mg/L, N§&N = 3.02 mg/L.
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Figure 2.16 Timevarying NFand NQ input loading from 08 January 1988 to 20 December 1990 in Pontelagoscuro
section.FromC.N.R. Istituto di Ricerca Sulle AcquReparto Sperimentale di Idrobiologia Applicata
Archivio dati fiume Po.

2.6.6 Phosphorous

In AQUATOXphosphate concentration is simulated taking into account various
processes as decompasih, excretion and assimilation.

Dynamic inflow loadings dbtal solublephosphorusare put in the model simulating
nutrients coming from upstreamMonthly values are available for the section of
Pontelagoscuro fronBertonati& loannilli (1991)Figure 2.7) (Appendix A, Table &).

Initial conditions are chosen on the basis of this observed data considering the ¥alue o
14/10/1988 TSP =0.12 mg/L.
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Figure 2.17 Timevarying total soluble phosphorus input loading in the months of October 1988, April 1989 and
April 1990 in Pontelagoscuro section. FrBertonati & loannilli (1991).

2.6.7 Detritus

In AQUATOX the terrfdetritus” refers to "nonliving organic matterand associated
decomposergbacteria and fungi)*Rark& Clough,2012) In fact since the nonliving
organic matter substrate anthe metabolizing micreprganismare never isolated from
one another in streamsconsideration of these components as functionally separate
compartments seems mengl academic (Cumminsl974). They are modeled as
refractory and labile: refractory detritus doesnot decompose directly butt is
converted to labile through colonisatiomhile, labile detritus is readily decomposed.
Both refractory and labile detritus can be dissolved, suspended, sedimented or buried,
so that eight detritus compartments are modeled.

Dynamic inflow loadings of suspenddetritus (particulateand dissolvellare put in

the modelas TOC concentratiothen AQUATOX will make the necessary conversions
of TOC in OMsimulating organic matter coming from upstreaMonthly values are
available for the section of Pontelagoscurom Bertonati & loannilli (1991) (Fige
2.18) (Appendix A, Table A. Initial conditions are chosen on the basis of this observed
data considering the value @#4/10/1988 TOC = 2.36 mg/L.
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Figure 2.18 Timevarying suspended and soluble TOC input loading in the months of October 1988, April 1989
and April 1990 in Pontelagoscuro section. Fidentonati & loannilli (1991).

For the calculation of the deposition of suspended detritus and remusipn of
sedimented onesthe user haso specify initial conditions for total labile and refractory
detritus in river bed and water columnQuantitative data on detritus irPo river
sediment led are not found in literature. Thuasitial condition of detritus in sediment

bed areset equal to the values of two AQUATOX studies Blue Earth River and Ohio
stream (see AQUATOX software documentatioRpr detritus in water column
literature data are foundTable 2.4).

Table 24 - Bounday conditions for detritus in stream bed and water column.

Initial conditions

o _ Labile detritus (g dry /) 0.3
Detritus in sediment bed )
Refractory detritus (g dry /f) 1
Labile + refractory (mg /L) 0.01%
Detritus in water column | % of initial concthat is particulate 30°
% of initial conc. that is refractory 60°

& Initial condition from TOC data.
b percentage calculated from data on suspended and dissolved TB&Etonati& loannilli (1991).
¢ from suggested detrital boundary conditions based on literatur@ank& Clough (2012), p. 140.

Burial detritusare not modelled because in this study it is considered only the part of
detritus directly accessible by ecosystem organisms.
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2.6.8 Inorganicsolids

Inorganic sedimentsinfluence light penetration in waterand can affect biota
consumption and mortality. For tlese reasors, it is important to model in an
appropriate way their formation and concentration in the water column.

Data on TotalSuspended Solids are available from monthly surveys done by ARPA
Emilia Romagna in the section of Pontelagoscuro for the years-2000[VI]. From
these data, average monthly values are thus calculated (Figu@® (Appendix A, Table
AB8) and used inthe Po river model as dynamic input loadings for TSS, assuming that
the hydrological regime affecting the sedimentation and resuspention and detritus
formation are not so different from conditions in 198890. AQUATOX will calate
inorganic sediments conao&ation by subtracting to TSS input loadings the simulated
phytoplankton and suspended detritus concentrationitial conditions are chosen on

the basis of TSS observedta considering the value 1SS = 36.5 mg/L.
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Figure 2.19 Time varying TSS o river section of Pontelagoscuro. Monthly averages taken
from data of 2012011 observed by ARPA Emilia Romagna [VI].
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2.7 Biota

In AQUATOXiota are subdivided iplants and animal. Rants includemacrophytes,
periphyton and phytoplanktonanimals include zooplankton, macrmvertebrates,
insects and fish.

For each biota categorfive main steps ardollowed before starting the calibration
phase

1) Collectionand analysi®f observed data on biota of the Po river segment
from literature;

2) Chace of the most representative group or species
3) Derivation oftime-varying series dbiota biomass for thecalibration;

4) Choice of default AQUATOX organisms to represent the ohthe Poriver
andpossiblydefinition of biota parameters values frortiterature;

5) Choice of input loadings and inittainditions for biota.

Data collection andlata analysishave beenthe longest procedurg of this study Po

river does not haveraorganizedbiota monitoring network and the only data available

in literature are fromstudiesencouraged by ENEL company near Caorso and from CNR
in 1991 to assess the quality of Po river waies.remedy this paucity of data, during

the study, data from other periods or from other sections of the Po river are used,
specifyingand analyzing the feasibility of the assumptions done.

To chase the most representative specjelse following considerations must lwone:

1 On the basis of the observed biomass from literatusethe group/species
significant in term of abundanamnd in terms of individual weigft
The abundance discriminating value is chosen time to time for each biota
category modelled. Individual weight is important too because AQUATOX works
with biomass and if a species has fewdividuals with high weight, teimust be
taken in consideration.

1 Amongthe non abundahspeciesis there some one that is important in the
food web?

If the trophic role of some rejected species is irreplaceable by others, this specie
must be selected.

1 Are there available data ontime-varying biomassand parametersof the
group/species?
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If there are not sufficient observed biomass data, or values about the annual
average density biomass on a group/species, this must be rejected.

On the basis of these consideration the algorithmHFigure 220 is used for the
selection of most representative species to simulate.

PO RIVER
SPECIES/FAMILY

YES

Relative abundanc
among the biota
group > 5%7?

NO

Trophic role
irreplaceable b
other
organisms?

A

YES

Timevarying biomass NO
series and parameter
available?

A 4

\ 4 v
SPECIES SPECIES

Figure 2.20 Scheme of the algorithm used for the selection of the species to simulate.

Species chosen to be modeled are summarized in Tabl&R.the principal and most
representative functional groups of the Po river ecosystem are modelled.

To calibrate the model on biomasme series, iis fundamentato have observed data
with the same unit of measurement of the simulated ones (mg/L ory/therefore

data set found sin literature for Po River segment are modified in step 3 to be used for
calibration.
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Before calibbating it is appropriate to start frordefaultparameters valuesf organisms
similar to the ones present in Po river, or todifrom literature parameters ranges
Default AQUATOX organisms chosen to represent Po river ones are summarized in
Table 2.5.

Table 2.5 Po river organisms modeled and default AQUATOX organisms chosen to represents the Po river ones.

Biota category PoRiver AQUATOX
Cyclotella Cyclotella
Phytoplankton .
Chromulina Isochryses
Zooplankton Brachiuonus Brachiuonus
Amphipoda Ampelisca
Young .
_ Chironomus
Chironomus
Macroinvertebrates Oligochaeta Oligochaeta
Trichoptera Trichoptera
Gastropod Gastropod
Odonata Odonata
Bleak from River
Bleak
Thames
_ Chub Dace
Fishes
Young Wels
_ Perca flavescens
catfish

Adult Wels catfish Perca flavescens

Regarding biotaipstreamloadings,of course, they could be significant inputs to the
reach. Loading itinflow water" are closely related to the volume of water entering the
system(Park & Clough, 2012)n Po river the discharge is abol®® m*d and even a
very low upstream loading concentration can result in a huge biomass input that can
exaggeratedlyinfluence the model outputsFor this reasorit is chosen toset plants

and animals loadings equal to zaroorderto simulateonly the initial biomass present

in the system (specified with initial conditions) and analyse its behaviour that will not
be ifluenced by upstream inputs but only by ecosystem intern processes.

In the followingparagrapls, for each biota categorysteps from 1 to %re described in
detailsjustifying the choices made.
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2.7.1 Plants

Data analysis andlpnts species selection

In riverine ecosystems there could be three main categories of plants: macrophytes,
periphyton and phytoplankton.

Aquatic macrophytesharacterized by macroscopic dimension are found both near and
within surface freshwater. They are very important in strearnsystems for two main
reasons: they provide shelter for invertebrates and food sources for many species. As
analysed by Fenoglio e Bo (2009), in lotic systems the direct consume of macrophytes
is not so important and this kind of plants enter the tropthieb almost exclusively at

the time of dieback, as detritus.

Regarding the Po river, information about macrophytes biomass are almost absent, a
very useful study was done by Pellizzari (2009) which analyzecttiegation of the Po

River and its right bdg between Porporana and the Bianca Island (Province of Ferrara).
Results emerging from the analysis can be summarized in the following points:

1 Hydrophytic(that are free floatingand helophytiqperpetually submerged with
only the root) communities are limited in the riverbed because of the current;

1 The muddy and sandy banks host some different annual pioneer vegetation rich
in alien species

1 Hygrophilous tall herb fringe communities colonize the river borders and dams
with varying degees of nutrient uptake; they are followed dynamically and
structurally by bushy or woody riparial formatians

Thus,in Po Riveronly banks have a rich marginal vegetatiwhile in the riverbed
macrophytes have @imited and not constant presencas docunented by Pellizzari
Moreover, no dataon macrophytegime-varying biomassre available At the same

time macrophytes represents an important source of food and shelfEhe
contribution of macrophytes to streams has been reviewed by Westlake and Risher
Carpenter (see Andersof Sedell 1979) which concluded thahe contribution of
macrophytes to the productivity of stream ecosystems ranges from 1% in the River
Thames, to 43% in intermediatesized rivers, and up to 30% in springs, and it may be
almaost 100% of the primary production in polluted unshaded sections of some rivers.
These plants are not usually grazed upon and thus represent a source of autochthonous
detritus. The decomposition of macrophytes is quite rapid (ca 50% weight loss in a
week) ompared with terrestrial leaf materialcé 525% weight loss in a week)
(Anderson& Sedell, 1979)-or these reasonis is chosen to modehacrophytes shelter
function, considering a constant presence &fg dry weghtm? (modified on a
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qualitative andsubjective basisrom Anderson& Sedell, 1979 that considey10 g dry
/m? for deep waters)in order to simulate invertebrates protection from predation
when Po river water reachegegetated areagnd avoiding an accuratenacrophytes
biomass assessmehecause of the lack of data for calibratiofo simulate the trophic
role of macrophytesijt is assumel that they are represented in the trophic web by
labile and refractoryletritus input(TOC)

Periphyton

Periphytonis a mixture of algae and cyanobacteria that are attached to submerged
surfaces.Regarding the specific case of the Po riveritsriower sections there is a
modest primary productivity because of the high depth and turbiditgnoglio& Baq
2009, in addition no data on observed periphyton biomass are available from Po river,
for this reasons periphyton is not modelled.

Phytoplankton

Phytoplanktonis a mixture of algae and cyanobacteria that are floating in the water
column. It is the main group of primary producerHo riverecosystem (Fenogli& Bg

2009).

For the Po river segment analyzed, data on phytoplankton concentrations are available
from Garibaldi(1991). He studied the phytoplankton community examining 30 samples
collected monthly (from September 1988 to March 1990) from Po river at
Pontelagoscuro. Abouine hundredspecieshad beenobserved,but is not possible to
model every one becag of the increase in model complexity, then a selection is made
based on the most abundamgroups that result to be Diatom&82%)and Chrysophytes

(4.4 %)(Table2.6 and Figure 21). For each modeled group, the most representative
species, according to the abundance, is chosen: Cyclotella for the Diatoms group and
Chromulina for the Chrysophygroup.

Table 26 - Total rumeric densityof phytoplanktonic speciesn Pontelagoscuro séon of the Po river from
10/9/1988 to 27/031990 (modified from Garibaldl991).(In orangethe species chosen to simulate in
Po river model).

Numeric
Taxa density %
((ind/1073)/L)
Diatoms 321532 823
Cyclotella 272377 69.7
Nitzschia 16271 4.2
Fragilaria 11899 3.0
Diatoma 8319 2.1

a7



Asterionella
Melosira

Navicula
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Surirella linearis
Chrysophytes(Other
Algae)
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Chrysococcus sp.
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Figure 2.21- Phytoplankton species percentages in Po river section of Pontelagoscuro in the period
between10/9/1988 and 27/03/1990 from Garibaldi L. surveys.

Time-varying biomass serieslaboration

Timevarying biomass sewgeare availablefrom Garibaldi(1991) in (Ind /10"3)/L
(Appendix BTableB.]). To calibrate phytoplankton biomas has to be converted in mg
dry/L because this is the unit measure of AQUATOX outpatthe dry weight of
phytoplankton species cell has to be knowmTable 2 Cyclotella and idomulinacell
dry weights are shown, they are calculatéfdm a regression equationlf) from
Reynolds(1984). Itis the equation of the line that best approximate datacafl dry
weights againstcell volumesof a selection of planktonic algae from ligdure or
author's unpublished records. The equation of the regression is:

O @ Y8 (10)

According to the calculated weights, the tinaarying biomass for the calibration is
derived by multiplying the cell number by the cell weight (Figu&2)2(Appendix B,
Table B2). The average daily biomass density over one year is assessed considering
data of 1989, and it results to be 1.042 mg/L for Cyclotella and 0.042 mg/L for
Chromulina.

Table 27 - Cell volumes and dry weights Gf/clotella (Diatomdnd Chromulina (Chrysophyte).

Cell Volume Dry weight

Taxa .
(micro m**3/cell) (pg/cell)
Cyclotella comensis 400° 177
Chromulina (value refers to sp. 440 195°

@ Jgrgensen et all1991).
® Reynoldg1984).
¢ calculated from regression equatiod: @ Xa» & from Reynoldg1984).
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Figure 2.22- Timevarying iomass density of Cyclotella (Diatom) and Chromulina (Chrysophyte) in the Po river
section of Pontelagoscuro from 10/9/1988 to 27/03/1990.

Phytoplanktonmodel assumptions

Residence time

An important aspect tde considered in modelling phytoplankton is the phytoplankton
residence time. In fact, as themoves with the waterphytoplankton residence tima
the system is equal to water residence tirfid):

o o  PBIYQE EHD QI H'QQ
(11)

Phytoplanktonbiomassremains one day in the river segment and then exit the system,
thus if no input load is addedwashout is much biggethan load, phytoplankton
biomass goes to zero and primary productivity is not modeled.

As the intent is to model variati@in phytoplanktonbiomassdue to predation and
water physicechemical condition, the idea is that the initial phytoplankton biomass
works as a seed for the all simulation perioddathat phytoplankton enteringhe
system during the simulation periodpproximatelyequals phytoplankton exiting, in
this way input and output flows do not affect variation in biomass in the system. To do
this, AQUATOX tool called "Enhanced Phytoplankton Retention" is chosen.
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This allows tacalculated the load as a function of washowith the following formula
(12) (seePark and Clough 2012, p. 91)

D€ WQMEQ W@ 00 —_— (12)

Where:
0 € ©QQ¢ "Q =loading of plankton due to upstream production (mg/L);
Wwi@ 6 6 =washout of plankton from theurrentreach (mg/L);
“Ye 0 0 dRe t@al river length (km);
"Y'Qo Q 0CR Eerigih of the modeled reach (km).

In order to make) € ®'QNQVE Q wWWI@ 6 0 the"Y¢ 0 O WesTHald ideally
tending to infinity. Thus the To#ingth is chosen to bec00000000 kmThis is of course

a modelling device essential to better simulate the segnyotcessesand reach the
objectives of this studyf the real TotLenght (of order of magnitude of 100 km) is used,
the input load of phytoplankton isegligible andhe washout is much bigger than load.

Light extinction

Analyzingdata on Secchilepth and on phytoplankton mortality, it is visible thigght
penetration into the water column is widely daced by turbidity of thewater and
therefore phytoplankton daot survive.This is due to the fact that, in AQUATOX, TSS
and phytoplankton vertical distributions are constant, thus they are considered as well
mixed variablesbut in reality TSS concentration decreases in increasing water depth
and phytoplankton conadration decreasesn increasing water depth, but at the same
time most of phytoplankton population avoid the surface layer, variously forming its
peak concentration at depths between 1.5 and 2 times Seticki extinction
(Reynolds, 1984).

To reduce erras caused by this TSS vertical distribution simplification, the extinction
coefficients modified as parameters to calibrate (Table 2.8).
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Table 28 - Extinction coefficient modified for Po river model.

AQUATOX ,
Parameter River Po
default values

Extinction coefficient water

0.02 0.02
(1/m)
Extinction coefficient
] 0.17 0.1
sediment (1/m g/nA)
Extinction coefficient DOM
c 0.03 0.03
(1/m g/m°)
Extinction coefficient POM
3 0.12 0.06
(1/m g/m°)

Moreover, in conditions with high TSS concentration, phytoplankton distribution over
depth is strongly shifted towards the surface. For this reason it is absurd to assume that
phytoplankton is equally distributed all over the water column depth. In AQUATOX
there isthe possibility to modeled phytoplankton not as mixed throughout all the
water column, but as mixed in a 3 m surface layer. This option is chosen for the Po river
simulation by using some modelling devices that consisktttingthe wind value to 3

m/s (Imulation of downward transport by Langmuir circulation) and in specifying
phytoplankton as surface floating by checking the "surface floating" option.

Plants parameters

To compute calibrationit is appropriate to define in advance a range of variation of
Cyclotella and Chromulineapameters or, in alternativestarting valus from literature

or from previous AQUATOX studi@sis way of working ensures a proper calibration

and avoids choosing pameters values that may satisfy calibration but have no real
meaning.

Thus, for each modeled species, it is chosen the most similar one in AQUATOX plants
library (Table &), and the default values of the parameters are chosen as starting
values for calitation (Table 2).
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Table 29 - Cyclotellaandlsochryses AQUATOX default parameters.
Parameter Species

Cyclotella  Isochryses

Saturating light (Ly/d) 22.5 67
Max. saturating light (Ly/d) 300
Min. saturating light (Ly/d) 22.5
Phalf-saturation (mg/L) 0.055 0.046
N halfsaturation (mg/L) 0.117 0.006
Inorg. C halkaturation (mg/L) 0.054 0.054
Temp. response slope 1.8 2
Optimum temperature (°C) 20 25
Maximum temperature (°C) 35 35
Min. adaptation temperature 5 5
°C)
Max. Photosynthetic rate (1/d) 1.87 2
Photorespiration coefficien
(/d) 0.026 0.026
Respiration rate at 20°C (gt 0.08 0.2
Mortality coefficient (g/gd) 0.001 0.01
Exponential mortality
coefficient (g/gd) 0.05 0.04
P : Organics 0.007 0.007
N :Organics 0.059 0.059
Light Extinction 0.14 0.144
Wet to Dry 5 5
Sedimentation rate (KSec

0.005 0.31
(m/d)

Exp sedimentation coefficient 0.05 0.693



2.7.2 Zooplankton

Data analysis and species selection

The term "zooplankton” indicates a grouplwéterotrophic organisms of small size that
can live in the water column for all their life (oloplanktonic) or that can also live for a
period as benthos (meroplanktonic), the group main include protozoa, rotifers, micro
crustaceans, diptera Chaoboridae Breissena polymorpha larvae (Fenoglio & Bo
2009).

Rotifers are one of the principal components of the zooplankton in middle Po river
(Rossetti et al. 2009and the family Brachionidae results to be the@shabundant, in
particular the specieBrachionusalyciflorus This is demonstrated particularin two
studies: one fromAntonietti et al. (1995and the other from Ferrari et al. (1989).the
study ofAntonietti et al, a series ofvater samples were taken in two sections of river
Po, Torricella dbissa (PR) and @émaggiore (CR) from February 20 to October 30 1990
with a 15 L Patalas tragnd the rotifers species presented were analyzed (Figui8) 2.
(Appendix B, Table 3.

Brachionus calyciflorus
Polyarthra sp.
1 Synchaeta sp.

m Filinia gr. Longiseta
terminalis

Figure 2.23- Rotifers species percentages averaged between the $ample sections of
Torricella di Sissa and Casalmaggiore from 20/02 to 30/10 1990. Data from
Antonietti et al. (1995).

Inthe study offerrari et al.zooplankton samples from the middle reach of the Po River
were collected daily from 27 July to 24 Augu€t88 from a station located near
Viadana with a 15 L Pagaltrap (Figure 24) (Appendix B, Table 8.
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Brachionus calyciflorus

Brachionus Bennin

52% )
m Brachionus

Quadridentatus

m Brachionus Angularit

m Brachionus
Budapestinensis

Figure 2.24 Rotifers species density (ind/L) in the section of Viadana from 27/07 to 24/08
1988. Data from Ferrari et al. (1989).

On the basiof the availabledata set, it is chosen to model the speciBsachionus
calyciflorusbecause it is the most abundant in Po river.

The studief Antoniettiand Ferrarare chosen athe referencepoint for zoglankton
simulation in Po rivemodel, even ithe samples are taken in sections about 125 km far
from Pontelagoscuro. This is acceptalfigt is demonstrable that factors affecting
Rotifers biomass variation do not change very much ftbmViadana section tahe
Pontelagoscuro section. A study from Battegazzorre et al. (168@%ins data on
spacevariability of temperature, pH, DO, POC, DQ@tCten sections along the River Po
pathway in June 199Grom these data it is evident that abiotic variables do not have
sensitive variations from Pontelagoscuro (600 km from source) to
Casalmaggiore/Viadana (400 km from sourElgure 225). Moreover the water
velocity is high (about 1.5 m/s) and water takes about 3 days to reach Pontelagoscuro.
The continuumof the riveris not interruptedfrom Viadana to Pontelagoscur.e.
Serafinilsland is upstream of Casalmaggiore).
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Figure 2.25 Spacevarying temperature, pH, DO, Secchi disk transparency, POC, DOC from Battegazzorre et al.
(1992).

Timevarying biomass series elaboration

To deriveBrachionus calyciflorusiomass series for calibration, data from Antonietti e
Ferrari are usednultiplyingeach numerical density (Ind/L) for the average dry weight
of the specieghat is found o be 0.3 pg/ind Ralomares et al. 1993Result is shown in
Figure 2.8 (Appendix B, Table B.3)he average daily biomass density over one year is
assessed considering data of 1990, and it results to be 0.0481 mg/L .
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Figure 2.26 Brachionuscalyciflorus timevarying biomass from 27/07 to 24/08 1988 and from 20/02 to 30/10
1990. Data used for calibration.

Antonietti points out that the net decrease of Brachiomagasured or27/07/1990 is
due to the increase of the density of its predator Rschna.

Zogplankton model assumptions

Residence time

As zooplankton moves with the water, in the same manngytgftoplankton the same
assumption done for phytoplankton in Paragraph 2.7.1 are used.

Parameters

Brachionus calyciflorusitial parameters values are taken from Brachionus data in the
animal library of AQUATOX (Table®@.1
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Table 2.0 - Brachionus calycifloruslefault parameter from animal AQUATOX librdsearch scientific name
Brachionus).

Brachionus
Parameter ) Reference
calyciflorus
Half saturation feeding (mg/L) 1 Walz. 1995, p. 441
Fom sev. papers,
Maximum consumption (g/g*d) 3.4 extrapolated from
growth
Min. prey for feeding (g/) 0.1 Walz. 1995, p. 441
Temp. response slope 2 Default
Optimumtemperature (°C) 18 Walz. 1995, p. 443
Maximum temperature (°C) 25 Expert judgment
Min. adaptation temperature . cold-adapted (see
(°C) Walz, 1995)
_ 1.2 *10"¢
Mean wet weight (g wet) 2 Walz. 1995, p. 441
o Leidy &Ploskey, 1980,
Endogenous respiration (1/d) 0.34
p. D20
Specific dynamic actio _
_ 0 Incl. in endogenous
(unitless)
Excretion : respiration 0.17
N : Organics (frac dry) 0.09 Sterner & Elser 2002
P : Organics (frac dry) 0.014 Sterner & Elser 2002
Wet to dry 4.7 default
Gametes :biomass 0.18 Walz. 1995, p. 445
Gamete mortality (1/d) 0.06 Expert judgment
, . Walz. 1995, p. 443
Mortality coefficient (1/d) 0.25
(0.25)
o ) Default-- no sediment
Sensitivity to sediments zero
effect
LeCren & owe
Carrying capacity (g/fh 4 McConnell, 1980, p.
260
Vel max. (cm/s) 400 Default
Mean lifespan (d) 4 Walz. 1995, p. 442
Fraction that is lipid (wet wt.) 0.012
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2.7.3 Macronvertebrates

Data analysis and species selection

Macroinvertebratesof the Po river are aheterogenic group of organisms that
constitute the zoobenthos, they ararger than amillimetre at the end of the larval
development and they can be sampled witletworks or sieves with a 500 micron
mesh In riverine ecosystems the macroinvertebrates aqoomities include many phyla
as: Porifera, Arthropods, Molluscs, Crustaceans, Anellid¢retnoglio &80, 2009).
Regarding the river Po, a study on macroinvertebrates community was conducted by
Battegazzore in 199He used artificial substrates Hesteendyto sample organisms

in the section of Pontelagoscuro from December 1988 to July a8dhe listed the
time-varying numerical density ot31 species.Battegazzore data are referred to
organisms that are found in the substrates after the average gesfdl month, data on

the abundance are interpreted as a daily average vatwer a month, because
organisms do not remain in the substrate for all the sampled period, in other words,
the numbers found by Battegazzore are not cumulative biomasses buagsismed
that the number of organisms found in the substrate in the day of sample extraction
from the river, is equal to the average daily number of individuals that have populated
the substrate in the previous days of the monfhis is the starting dataet for the
macroinvertebrateselection for Po river simulation.

The first step is theliscardingof thosegroupsthat during the sample period (about 2
years) are foundot to be significantly presenih terms of individuals sampleg 50

ind. sampled)put also in terms of biomasbecause AQUATOX works with biomasses (if
a species have few individuals but with high weight, this must be considered in the
model). he followinggroupsare rejected: Plecoptera, Coleoptera, Bivalvia, Hirudinea,
Lepidoptera ad Bryozoa. Of the remaining groypsnly the most abundant> 50 ind.
sampled)and weightsignificantspecies (> 50 ind. sampled) are selected (Tabl®).2.1
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Table 2.1 - Selection of the groups with a significant number of individugdsi(p with n° of ind> 50) andfor each

group, selection of the most abundant speciepécies with n° of ind> 50).

Group

Amphipoda*

Diptera

Trichoptera*

Oligochaeta*

Gastropoda*

Tricladida

Hemiptera

Decapoda

Ephemeroptera

Odonata*

Isopoda*

Species

Echinogammarus veneri

HELLER

Rheocricotopus fuscipes
(K)

Rheopelopia ornatéMc.)
Chironomus*
Polypedilum*
Cricotopus*
Dictrotendipessp.
Orthocladiussp.

Hydropsyche

Stylaria lacustrigLINN.)
Tubificidaegen. sp.

Physa
Lymnea

Dugesiasp.

Aphelocheirus aestivalis

(F.)

Atyaephyra desmaresti
(MILLET)

Caenis luctuosBurm.

Pyrrhosoma nymphula
(SULZER)

Asellus aquaticuk.

Total n°
of ind.
sampled

3118

321

286
254
183
149
81
65
1334

490
73

181
63

173

153

143

108

80

55

* species or group present in AQUAT&Mmallibrary.

% over the total
number of
macroinvertebrates
sampled

39.0

4.0

3.6
3.2
2.3
1.9
1.0
0.8
16.7

6.1
0.9

2.3
0.8

2.2

1.9

1.8

1.3

1.0

0.7

% over the
total
number of
species
belongingto
that group

100

19.7

17.6
15.6
11.2
9.1
4.97
3.99
98.96

74.8
111

65.1
22.7

100

100

100

56.25

67.8

100

On the basis of this first data skimming, another selechas to be done, otherwise

the model will become too complex. The second selection is based on the trophic

function of organisms and their presence in AQUATOX library, in particular all the
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trophic functions should be included in the model. For each feebggaviour it is
chosen the most abundant organisms and the ones present in AQUATOX library. In
particular the following groups/species are simulated: Amphipoda, Gastropoda, Diptera
(Chironomus species), Oligochaeta, Trichoptera, Odonata (Table 2.12) ridogdbe
insects as Diptera, Trichoptera and Odonata, they are modelled as larvae, because in
adult life they have wings and they are supposed not to be part of the aquatic system
and also because the sample refers to the aquatic life stage. The adetttsnare
model all together as an external compartment.

Table 2.2 - Second selection based on feeding behaviour and presence in AQUATOX library.

Feeding Selected % over total
: Taxa . .

behaviour organism macroinvertebrates

Amphipoda(Echinogammarus)* \% 39.0
Shredders Decapode(Atyaephyra 1.8

Desmaresti)

Isopoda(Asellus acquaticus) 0.7

EphemeroptergdHeptageniidae) 0.2
Scrapers GastropodgPhysa, Limnea)* \% 3.0

Diptera(Chironomus)* \% 3.2
Collectors EphemeroptergBaetis, Caenis,

. 2.2

gatherers Ephemeridae)

Oligochaeta* \ 8.2
Filterers Diptera(Simuliidae) 0.5

Trichoptera(Hydropsychidae)* \% 16.7
Predators Odonata(Nymphs)* \% 1.5

* species or group present in AQUATOX library.

----- organismrejected.

Timevarying biomass series elaboration

To compute calibration with AQUATOX is necessary to convert the numerical density
(ind/sampl@ in biomass densitgmg/m?).

The first step is to derive the number of individuals over surfate number of total
individuals sampled (Table 2.11) is divided by 0.8 (5*Ccb@sidering that organisms

are sampled with 5 substrates with a free surface of 0.f&ath one(8 square plates

10 x 10 cmfTable 2.B).
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Table 2.8 - Individual density averaged over time calculated from Battegazzore dataset.

Average density
Taxa

(ind/m?%d)

Amphipoda(Echinogammarus} 243.59
Ditteri (Chironomus) 19.84
EphemeroptergCaenis) 8.44

Oligocheti 43.98
Tricotteri (Hydropsychidae) 104.22
Odonata(Nymphs) 6.25

Gastropoda 19.06

The problem is that these density measures are very uncertain because Bestdy is

a selective sampler, so some organisms are attracted and others are not. To solve the
problem it is necessary to foundraliable density reference, in order to compare it
with the observed data from Battegazzore, in this regards the data from Cironi and
Ruffo (1981) are analysed. In 19Y876 they sampled every month macroinvertebrates

of the Po river in 14 sections befoamd after Serafini island, in the river bottom, with a
dredge and in the banks, by drying up an area of 9G7amd cutting macrophytes
(Appendix B, Table B.4). Average density for the station of Monte isola de Pinedo
(before the obstruction of Serafinilénd) are listed in Table 2.14. For Trichoptera and
Gastropoda no data are available so for these organisms data of Battegazzore are
maintained.

Table 2.4 - Average densy values of macroinvertebratéa Po river bottom and banks at station of Monte isola de
Pinedo (modified from Cironi and Ruffo, 1981).

, Banks
Bottom density )
Taxa _ ) density
(ind/m</d) . ’
(ind/m</d)
Amphipoda
p. > - 110.21
(Echinogammarus)
Diptera (Chironomus) 504.24 126.09
Oligochaeta 57110.91 -
Trichoptera
(Hydropsychidae)
Odonata(Nymphs) - 100.49
Gastropoda - -
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Thus,individualtime-varyingdensiies of AmphipodaDiptera, Oligocaetand Odonata

are calculated doing a simple proportion between averages from Battegazzore and
from Cironi and Ruff@Appendix B, Table B.5).

The second step is to transform the individuals densities in biomass densities. To do
this dry weights in Table Bhre used.

Table 2.5 - Macroinvertebrates dry weights used for the timrarying biomass series calculation.

Min Dry ~ Max Dry

Dry weight _ _ Mean
Taxa _ weight weight ]
(mg/ind) _ ) (mg/ind)
(mg/ind) = (mg/ind)
Amphipoda
A . 0037

(Echinogammarus

Diptera( Young 0.14

Chironomus) 0.007-1.5>  0.007 1.5 0.754

Oligocheti 0.005

Trichoptera 0.026-

. 0.026’ 0.768 0.397
(Hydropsychidae) 0.768

Odonata(Nymphs) 0.4
Gastropoda 0.05’
®Palomares et al. 1993

b Jgrgensert al. 1991
¢Smock 1980

Resulted ime-varying biomass serider calibrationare shown in Figure Z7ZAAppendix

B, Table B.6)Data are average daily biomass density for every momtie average
daily biomass density over one year is assessed considering data of 1989, anlisit resu
to be 0.0037 g dry/m for Amphipoda, 0.1486 g dry/mfor Chironomids, 0.1467 g
dry/m? for Oligochaeta, 0.0476 g dryAmfor Trichoptera, 0.00156 g dry/mfor
Gastropoda, 0.0656 g dry/nfior Odonata.
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Figure 2.27 Resulted average daily biomadsnsity for every month from December 1988 to July 1990,
data used for calibration.

Macroinvertebrates model assumptions
Drift

As the intent is to model variations in macroinvertebrates biomass due only to
predation and water physicohemical conditionthe idea is that the initial animal
biomass works as a seed for the all simulation period and that organisms entering the
system during the simulation period equals organisms exiting, in this way input and
output flows do not affect variation in biomass ihme system.To do this the
macroinvertebrates drift is set to zero for all simulated organisms.

Adult insects

Observed biomass series for calibration do not include adult insects because of the
nature of the sample device (HestBendy or dredge), thus iorder to compare
observe with simulated data, the macroinvertebrates have to be modeled excluding
adult stages. At the same time adult insects are preyed by some fishes, so they have to
be included in the model food web. To do this an adult insects cotmgent is added,

so that it represents a constant source of food of 1 g dAfavalue obtained through
calibration), but adult insects biomass variation is not modelled because of the lack of
observed data for calibration.
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Parameters

For each modeledpecies, it is chosen the most similar one in AQUATOX animal library

(Table 2.5), and the default values of the parameters are chosen as starting values for
calibration (Table 24).

Table 2.8 - Starting parameters values for macroinvertebrates.

Parameter

Half saturation
feeding (mg/L)
Maximum

consumption (g/g*d)
Min. prey for feeding

(g/m’)

Temp. response
slope

Optimum
temperature (°C)
Maximum
temperature (°C)
Min. adaptation
temperature (°C)

Mean wet weight (g

wet)
Endogenous
respiration (1/d)
Specific dynamic
action (unitless)
Excretion :
respiration

N : Organics (frac

dry)
P :Organics (frac

dry)
Wet to dry

Gametes : biomass

Gamete mortality
(1/d)

Mortality coefficient

(2/d)
Sensitivity to
sediments

Carrying capacity

(g/m’)
Vel max. (cm/s)
Mean lifespan (d)

Fraction that is lipid

(wet wt.)

Amphipoda
0.25

13

ol

0.005

0.005

0.18

0.17

0.09

0.014

0.01

0.01

0.02

Zero

400
182

0.05

Oligochaeta Gastropoda

Species

Chironomus | Trichoptera
(larvae) (larvae)

0.25 0.25 0.25
0.5 0.25 0.5
0.2 0.1 0.1
1.62 2.4 2.4
25 20 20
37 35 28.7
5 5 5
0.0075 0.06 0.06
0.035 0.013 0.01
0.18 0 0.18
0.17 0.17 0.17
0.014 0.09 0.014
0.014 0.01 0.014
5 5 5
0 0 0.09
0 0 0.01
0.01 0.004 0.001
Zero Zero Zero
25 1 10
125 250 200
365 365 1000
0.05 0.05 0.05

0.01

0.05

0.7

1.4

20

38

5

0.33

0.004

0.25

0.17

0.09

0.01

0.1

0.9

0.0038

Zero

30

400
1825

0.05

Odonata
(larvae)

0.5
009
0.1
24
30
40
11
0.08
0.019
0.18
0.17
0.09

0.014

0.002

Zero

400
365

0.05
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2.7.4 Fishes
Data analysis andpecies selection

Fishes constitute an important trophic and ecological group in riverine ecosystems.
Several qualitative and semuantitative studies on the fish community of the lower
river Po has been conducted, merely quantitative studies are veficudif to find
because there is not an active monitoring network for biota in river Po.

In order to have a first idea of what are the main species presented in the lower part o
GKS t2 NAGSNE (KS CAaK al LJWAy3a oa@eta NIl LidGAC
s.d.) is analyzed. The samples are taken with electric stunner in six sections (Figure
2.28) of the river Po in two days 6/7/1990 and 12/06/198ampled points differ from

one period to another: in 1990 the sampled stations are Crespino, PapBoiesella,
Villanova Marchesana, in 1991 the sampled stations are Ficarolo and MEted&ish
Mapping presents for each station the Moyle index resulted for the sampled species.
For the use in Po river study, a spaoerage index is calculated for éageriod(Table

2.17). In Table 28 the spaceaveraged Moyle indices are shown.

Melara

: 0 30
Villanova r 1 km

Marchesana
. Papozze
Crespino PO. k.
—— el NN

. Polesella
Ficarolo

Serravalle |

Pontelagoscuro

b
- A2OIVoLN, % pRm

Figure2.28! yI f 84SR al YLX S &dl GA2ya FTNBY CA&K al LIWAyYy3 o4/ NI LGG

Table 2.7 - Moyle index meaningMoyle e Nichols, 1973)

Abundance index of Moyle (19y¥
1 =scarce 1-2 individuals in 50 linear meters
2 = present 3-10 individuals in 50 linear meters
3 = frequent 11-20 individuals in 50 linear meters
4 = abundant 21-50 individuals in 50 linear meters
5 = dominant >50 individuals in 50 linear meters
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Table 218- Moyle index of fishes species found in tBsections of Crespino, Ficarolo, Melara, Papozze, Polesella,
Villanova Marchesana (from Turin et al., 1999).

Sampling Date 06/07/1990_ 12/06/1991_
(4 sampled point) (2 sampled points)
Percentage Percentage
Samples of stations Samples of stations
Taxa (Moyle in which (Moyle in which
index) the specie index) the specie
appears appears
Ciprinids
burnus alburnusiborella 575 100% o5 100%
(Beak)
Cyprinus carpiodarp) 0.25 25% 0.5 50%
Gobiogobio Gudgeon) 0.25 25% 15 100%
*Carassius carassiud(cian) 0.75 25% 2.5 100%
Leuciscus cephalu€iub) 2.75 75% 3 100%
Chondrostoma genelL§ose) 0.25 25% 1.5 50%
Chondrostoma soettaSavetta) 0.25 25% 15 50%
(?%J)t;gs)erythrophthalm 0 0% 1 100%
Barbus plebejusBarbel) 0.25 25% 0.5 50%
(SF;:JELrg)mlus erythrophthalmus 0 0% 1 50%
Tinca tincaTench) 0 0% 0.5 50%
Sunfishes
*Micropterus salmoides
(Larger'?]outh base) 0.75 75% 0.5 50%
*Lepomis gibbosuBueqill) 0.75 75% 15 100%
Blennidae
Salaria fluviatilisKreshwater 0.25 25% 05 50%
Blenny)
Pleuronectidae
Platichthys flesugEuropean 05 2506 0 0%
flounder)
Siluridae
*Silurus glanisWels catfish) 0.5 25% 2 50%
Anguillidae
Anguilla anguillagel) 0.5 25% 1 100%
Mugilidae
Liza ramadaTthinlip mulle} 0.5 25% 0 0%
Ictaluridae
*Ictalurus melasatfish) 0.5 25% 0.5 50%
Gasterosteidae
Gasterosteus aculeatus 0 0% 05 50%

(Sickleback

* allochthonous species
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On the basis of these data, first selection of organisms to be modelled is dpne
preferring animals with higMoyle index The following specie are chosehleak,chub,

wels catfish. In particular the latter is not so abundant but is chosen because of its
importance in the trophic wie (it is a tertiary predatorand for its high weightCrucian

is not selected even if it is present with a not negligible Moyle index becaus&ie of
average annual biomass density is not available for the Po river. This does not create a
gap in the tophic web because Crucian has more or less the same trophic function of
Chub, as both have the same omnivorous diet.

Timevarying biomass series elaboration

One of the main difficulés encounteed duringmodel elaborations to find observed

data on timevarying biomass of fishing in Po rivéys already said, there is not a
monitoring network of Po river biota andinfortunately,several existing observed data
havenot been published. Literature data onlé&ak are found in Vita& Braghieri (981),

for Chub in Vitali& Braghieri,(1984), and for Wels catfish in Rossi et al1991.Data of
Vitali & Braghieri refers to the zone of Caorso that is before Serafini Isthigdis an
area that can have different ecological features respertto the Po river segment
analysed. 6r this reason they are used only to assess relative seasonal vasiation
biomass that are then compared with average annual biomass evaluated for Po river
segment.

Bleak

Monthly surveys on Po river fishes werenducted by Vitali & Braghieri (1981) in the
zone of Caorso from June 1974 to May 1977 in 18 stations with a fishing net. Bleak
results to be 65 % of the total number of sampled fishes in a year and 4 % of the total
weight of the sampled fishes in a ye&dlonthly number of organisms sampled and
relative total weight are available, thus is possible to calculate an approximate estimate
of the monthly bleak wet weight sampled for each section:

D¢ £B 0 Qb QWO ‘8

(13)

Where:
0 ¢ &€ w Qb Q"W wet weightof the bleak sampled in a month in a station

(9);

YeDE ED o Qb QW wet weight of the total fishes sampled in a month
in all the station);
0.04= fraction of total weight that is bleak;
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18 = number of sampled stations.

To find a time varying biomass density in terms of g/aproportion is made using the
annualaverage value of 2 g wet/of bleak in the Po riverom Turin et al. (1999):

ODQQE | Qo0 (14)

Where:
W Q® Q¢ i =@ionthly bleak wet density (g/f)
¢ = averagannualwet density in Po river from Turin et al. (199§jm?);
0L Qi OO WWENDO calculated average annual weight in a section.

Then wet weight is transformed in dry weight according to Holmes and Donaldson
(1969) hat say: "The relation between wet and dry weight is fairly constartealthy

fish, since the relative amount of water in a fish is mostly around 72 % for both
Osteichthyes and Chondrichthygsée Braunbeck et al., 1998, p. 28Bable 219).
Timevarying biomass density use for calibration is shown in Figureé E@ every
month it is calculated a daily average biomabke average daily biomass density over
one year is assessed considering data of Table 2.19, and it results to be 0.56 dry/m

Table 219 - Calculation results oflbak time varying dry densitstarting from total monthly weight sampled from
Vitali & Braghieri (1981).

Total weight ) )
Wet Density | Dry Density
Season Date of sampled ) )
(g wet/m*) (g wet/m9)
bleak (g wet)

01/06/1976 220.2 3.04 0.85
Summer 1976  01/07/1976 222.58 3.08 0.86
01/08/1976 212.04 2.9 0.8
01/09/1976 209.04 2.9 0.8
Autumn 1976 01/10/1976 11.45 0.16 0.04
01/11/1976 156.8 2.17 0.6
e R 01/12/1976 75.7 1.05 0.3
G 01/01/1977 74.8 1.03 0.3
01/02/1977 124.6 1.7 0.5
01/03/1977 92.7 1.3 0.36
Spring 1977 01/04/1977 176.6 2.4 0.7
01/05/1977 159.7 2.2 0.6
Average monthly A >

value
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Figure 2.29 Time varying biomass density of bleak, data use for calibration.

Chub

Monthly surveys of chulwere done in 12 locations before Serafini Island (middle Po
river) by Vitali& Braghieri from June 1974 to May 1977. TableDZ@mmarized the
number of chubs captured for every season, and number of male and females.

Table 2.D - Number of male, female antbtal chub sampled from June 1974 to May 1977 in 12 locations before
Serafini Island (middle Po river) (from Vi&alBraghieri 1984).

N° of chubs N°
Season N° Males
sampled Females
Summer1976 83 57.436 25.564
Autumn 1976 132 83.688 48.312
Winter 19761977 83 53.95 29.05
Spring 1977 108 64.152 43.848

Male and female weights of different age classes are also reported in the study and
from these datamale and female weight average over age are calculated: 236 f@ind
male, 394 g/ind for female (Annex B, Table BJ&jng these results, for evergonth is
possible to calculate the total wet weight of chubs samgtadevery station:

P P —— J z J z
Y OO0XOE®D QO Q "@Q

(15)
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Where:
Yé OCXNED @ Qi 'Q '@ monthly wet weight of chub sampled in a station
(9);
0 W= average weight of chub female (g/ind);
¢ o waverage weight of chub male (g/ind);
p & number of stations;
0 = number of months in a season.

To find a time varying biomass density in terms of g/aproportion is madaccording

to formula (#), using the average value of 9 g wet/raf chubin the Poriver from

Turin et al. (1999).

Then wet weight is transformed in dry weight according to Holmes and Donaldson
(1969) as done witbleak(Table 2.2). Timevarying biomass density use for calibration

is shown in Figure 20. The average daily biomass density over one year is assessed
considering data of Table 2.21, and it results to be 2.52 g dry/m

Table 2.2 - Calculation results of chub time varying dry density, starting from total monthly weight sampled from
Vitali & Braghieri (1984).

Total weight Wet .
. Dry Density
Season of sampled  Density (g (g wet/m?)

bleak (g wet) wet/m?) Y
Summer 1976 796.4 7.5 2.1
Autumn 1976 1232.9 11.7 3.3
Winter
19761977 781.08 7.4 2.07
Spring 1977 989.8 9.4 2.6
Average 950.04 9

monthly value
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Figure 2.30 Time varying biomass density of chub, dase for calibration.

Wels catfish

The only data available from literature are from a study o$dR et al. (1991) in which
the results of 23 samplesollectedin the lower Po river from March 188to October
1989 are presented, togethawith data onmonthly sales of welgatfish in terms of
weightscollected in the fish market of Donata (R@able 2.23).

Two age classes of wetatfish are modelled,on the basis of the fact that in gut
analysis done by Rossi et al., organisms with a length less3th@m do not contain
fish in their guts Wek catfish are modelled as young 82 cm) and adult(> 32 cn). This

are two distinct compartments in the model, so the growth of young fishes that

became adults is not simulated and there are no biomass excha®jegen the two
ageclasses.

The first stego doin order toderive timevarying biomass density series isctculate
the average individual weight of young and adult s\etfish. Thus, it is calculatede
weight of wes catfish of different lengthaccording to the following weigHength
regression from Rossi et al. (1991)

W'Q W0 18 T oD Q EBCE (16)
Where:

W 'Q "(@WIF Wek catfish weight (g);
0 'Q €dQ Wek catfish length (cm).
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According to this calculationthe average wet weight of young and adult wehtfish

on the basis of the percentage of young and adult sam@etkrived(Table 2.2).

Table 2.2 -

Individual
length
(cm)

5
15
25
35
45
55
65
75
85
95

105
115
125
135
145
155
165

Length distribution of sampled wetatfish, weight calculated on the basis of regressid8) @nd

average weights of young and adult organisms.

Number

sampled
organisms

19.00
56.00
17.00
20.00
18.00
14.00
17.00
17.00
8.00
3.00
5.00
0.00
4.00
2.00
0.00
0.00
1.00

201.00

% of

total

sampled

9.45
27.86
8.46
9.95
8.96
6.97
8.46
8.46
3.98
1.49
2.49
0.00
1.99
1.00
0.00
0.00
0.50

100.00

Weight
from
regression
(9)
1.145
29.977
136.763
371.672
784.263
1423.675
2338.733
3578.004
5189.836
7222.397
9723.688
12741.563
16323.751
20517.855
25371.373
30931.701
37246.140
1997.377

Average Average
% Young % Adult

weight < weight >
<32cm >32cm
32cm(g) 32cm (Q)

45.77 43.76

44.28 3646.3

The second step is werive biomass density timgeries. The only timeeries available

on Wels catfish presence in Po rivedaa collected in the fish market of Donata (RO)

from Rossi et alstudy (Table2.23). This data set presents the monthly satdsWels
catfish from 1983 to 1987.
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Table2.23 - Monthly sales of welcatfish in terms of weights. Data collected in the fish market of Donataf(B®)
1983 to 19871Rossi et al. 1991).

Month Monthly sales(kg)
1983 1984 1985 1986 1987

January 25 37 30 25 125
February 0 25 20 15 30
March 75 137 100 100 165
April 120 162 450 240 300
May 200 180 270 55 250
June 50 160 215 55 80
July 130 412 85 180 50
August 40 240 10 112 75
September 50 115 150 180 70
October 75 120 240 125 60
November 40 75 90 112 75
December 40 80 85 20 35

First of all an average monthly value is calculated from Tabk ZI#n, to find a time
varying biomass density in terms of ¢fjma proportion is made according to formula
(14), using the average value of 45vgt/m? of wels catfish in the Po rivefrom Turin et

al. (1999).Biomass of young and adult organisms are found multiplying the total
monthly biomass density by the percentageflsyoung and adultén Table 2.2. Then
wet weight is transformed in dry weiglaiccording to Holmes andonaldson (1969) as
done with Beak (Table 24). Timevarying biomass density use for calibration is shown
in Figure 231. This monthly values are not referred to model years 12880 and
moreover they are derived from sales dafar these reasons during calibration they
are used as a guide for the curves trdmat are not considered as real observed data.
The average daily biomass density over one year is assessed considering data of Table
2.19, and it results to be 5.767 g dny? for young wels catfish and 5.579 g dry/for
adult wels catfish.
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Table 2.2 - Calculation results of young and adult sedifish time-varying dry density.

Monthly voung Adult wels voung Adult
Monthly wels : wels wels
average . catfish . .
Date value average  catfish (>32cm) catfish catfish
(kg density (<32 cm) (g (<32 cm) (>32cm)
(gwet/m?) (g 2 (9 (9
wet/month) wetm?) UMD 4vim? dryim?)
January 60.00 215 9.8 9.5 2.76 2.7
February 21.67 17.77 3.6 3.4 0.996 0.96
March 121.67 43.6 19.96 19.3 5.6 5.4
April 288.00 103.2 47.3 45.7 13.2 12.8
May 188.75 67.65 30.97 29.96 8.7 8.4
June 127.50 45.7 20.9 20.2 5.9 5.7
July 181.75 65.1 29.8 28.8 8.3 8.08
August 109.25 39.16 17.9 17.3 5.02 4.9
September 128.75 46.15 21.1 20.4 5.9 5.7
October 136.25 48.8 22.4 21.6 6.3 6.05
November 88.00 31.5 14.4 13.97 4.04 3.9
December 55.00 19.7 9.02 8.7 2.5 2.4
14 o + Young wel catfish
12 = (g dry/m2)
£ 10 Adult wel catfish
S 8 NS (g dry/m2)
(@]
)
s 6 > o &
c ’ «‘,
8 4 : &
o | R oS
0 I’ T T T T T T T
QA A X D AN NG L & & &
\,bo‘)é Q‘P&fé V@" & & W "@ QQJOééoe\\% ‘oe&@\"z
< & S

Figure 2.3% Time varying biomass density of wels catfish, trends use for calibration.
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Parameters

For each modeled species, it is chosie® most similar one in AQUATOX animal library
(Table 2.5), default values of some parameters are chosen as starting values for
calibration, other values are taken in literature (Tables?.2

Table 2.3 - Starting parameters values for fishes.

Parameter Species
Young Adult
Bleak Chub Wels Wels
catfish catfish

Half saturation feeding (mg/L 0.21 0.025 1 1
Maximum consumption 011  0.29 0.07 0.07
(9/g*d)

Min. prey for feeding (g/f) 0.05 0.05 0.2 0.2
Temp. response slope 2.4 2.4 2.3 2.3
Optimumtemperature (°C) 18 29 23 23
Maximum temperature (°C) 20 32 30.9 30.9
l(\ﬁllg). adaptation temperature 10 10 11 11
Mean wet weight (g wet) 3.6 329 43.76 3150

Endogenous respiration (1/d) 0.025 0.026  0.0004 0.004
Specific dynamic action 015 015 0.172 0172

(unitless)

Excretion : respiration 0.05 0.05 0.05 0.05
N : Organics (frac dry) 0.01 0.097 0.1 0.1
P : Organics (frac dry) 0.025 0.0149 0.031 0.031
Wet to dry 3.7 3.7 45 3.7
Gametes : biomass 0.09 0.09 0.3 0.3
Gamete mortality (1/d) 0.9 0.9 0.01 0.01
Mortality coefficient (1/d) 0.006 0.01 0.0001  0.0001
Sensitivity to sediments Zero Zero Zero Zero
Carrying capacity (g/fh 12 0.8 0.9 0.9
Vel max. (cm/s) 400 400 400 400
Mean lifespan (d) 730 365 730 730
Fraction that is lipid (wet wt.)  0.02 0.02 0.03 0.03
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2.7.5 Foodweb

Riverine ecosystems have a complex food yieht can be explainedoing a functional
categorization of streantiota on the basis othe way of feed and the character of
food. According to Cummins K.W., (19#d¢rine trophic web includes:

1 primary producerswith two functiondly distinguishable componentajgae(or
microproducer$ and vascular plantof macroproducerf they representhe
internal energy supply for the system.

1 microconsumersin AQUATOX modeled as detritus together with rioe-living
organic matter They constitute the food for the majority of invertelbea and
they can be divided itwo broad categoriesaccording to Cummins and Klug
(1979) CPOM (coarse particular organicatter >1 mm) and FPOM (fine
particular organic matter < 1 mm) that represents intermediates in the
progression from CPOM to DOM (dissolved organic matte®.5 pm) In
AQUATOX there is not a granulometric classification of detritus but only a
classificatio in terms of particulate suspended, particulate sedimented and
dissolved; the quantification of detritus in the three compartments is not done
according to particle size but using mass balance.

1 macroconsumersin AQUATOX modeled a®oplankton, invertebrates and
fishesand classified according to the way of feed d@etritivores (shredders,
sedinent feeders, suspended feeders, snails which feed mainly on detritus),
grazers (which feed mainly on plants), primargdator (which feedmainly on
other invertebrateg, secondarypredators {ishesthat feed on invertebratesor
plants), tertiarypredators(fishes that feednainly on other fishes).

In AQUATOXhe trophic web is modeled with preferenceor diet matrix, in which for
each predator the usemust indicates the potential prey preferences inrrtes of
percentages and definegegion coefficients.Egestion is the expulsion of that portion
of ingested food notassimilated (feces) and shoulet dstinguished from excretion,
which isthe elimination ofnitrogenouscompounds produced from assimilated material
(Cummins, 1973).

Regarding the Po river ecosystem, it is very difficult to simulate the real trophic web,
first of all it is impossible to simulate every animahlly present in the sgment
because of the lack of observed datspecially on fish biomasseand, thus, the
impossibility to calibratesecond information about diet habits are qualitative in most
cases andot quantitative as required in AQUAT(r these reasons seletion of
plants and animalss done according to the available datend animal importance in
the food weh trying to reach an optimum level of complexity
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To built thepreference matrix several qualitative and quantitative information about
feeding habits of macroconsumers are collected for each bidaen information are

few, initial value percentages are chosen and then changed during calibration in order
to reach more precisevalues. In the following sectionthe diets and egestion
coefficientsof each biota modeledre described in detailgustifying the percentage
chosen for the preference matrix.

In general egestion coefficient assessment is based on Math@®83)that considers

the food assimilation equal to 0,8 for each category of food except the detritus one.
Table 226 summarizedbiota modeled in Po River study affeir role in the trophic
web, Figure B2is a schematic drawing of the Po river segment trophic web.

Table2.26 - Biota simulates in Po river model and their trophic role.

Biota modeled Trophic role

Cyclotella Primary producer
Chromulina Primary producer
) Filter feeder of phytoplankton
Brachionus _ . . :
and fine particle of labile detritus
Amphipoca Shredder of detritus
Oligochaeta Collectors gatherer of labile
(larvae) sedimented detritus
Young
Chironomus Filterfeeder of detritus
(larvae)
_ Filterfeeder of detritus,
Trichoptera .
phytoplankton and invertebrates
Gastropod Scraper of detritus
Primary predator of macro
Odonata _
invertebrates
Secondary predator:
Bleak :
Planktivorous
Chub Secondary predator: Omnivorou:
YoungWels .
. Secondary predator: Carnivorou:
Catfish

AdultWels Catfish Tertiary predator: Carnivorous
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Young W catfish
Silurus glanis)
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(Insect
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Figure 2.32 Po river model foodveb scheme.
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Rotifers(zooplankton)

No quantitative data on feeding preference of Po river zooplankton are found in
literature, thusinitial percentagevaluesare chosen onhe basis of qualitative data and
then they are treated in the calibration phase as parameter to calibr&teording to
Ricci andBalsamo (2000), because of their small dimensi®wifersfacilitate energy
transfer from bacteria and algae to higher trophic levels by feeding on particles of a size
not efficiently grazed by larger invertebratefiussize of food appears to be the most
discriminating factor. Arndt (1993) says that filter feeding spe@e Brachionudeed

on yeasts, bacteria and flagellatésee Ricc&k Balsamo, 2000, p. 24AIso Obertegger

et al. (2011) classify Brachionus as microphagous (see Bertani et al., 2012 ph2$]).

in deriving the preference matrixabile detritushavwe a higher preference percentage
respect to refractorydetritus, because of the higher presence of bacteniahe first,

and Chromulindnave a higher preference percentage respecCyxlotella because it is
flagellate.

According to theseualitative information, Brachionus feeding behaviour sanulated

in Po river modehssuming arequal highpreference forlabile detritus and flagellates
(Chromulina) and a little preference for diatorasd refractory detritus simulating the
accidental ingestionin Table 2.2 the preference matrixfor Rotifersis showed.
According toPark and Clough (2012), because ro$ifgigest bacteria and defecate the
remaining organic material, they have an assimilation efficiency different from zero
only for labile detritusthat are those detritus conditioned through microbial
colonisation, while for refractory detritus the egestion efficiency is set to 1, because no
bacteria are present on that type of detritus. The following egestion efficiencies are
chosen: 1 for refractoy suspended particulate detritus, 2.for labile suspended
particulate detritus, @ for Chromulinaand 02 for of Cyclotella.

Table 2.27 - Preference matrix for Rotifers ithe Po river.Percentage chosen on the bases of qualitative data

analysis.

Prey Preference
(%)

Labile Suspended Detritus 40

Chromulina 40

Refractory Suspende .

Detritus

Cyclotella 10
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Amphipoda(crustacean)

No quantitative data on feeding preference of Po river Amphipoda are found in
literature, thus initial percentage values are chosen on the basis of qualitative data and
then they are treated in the calibration phase as parameter to calibtatthe segmen

of the Po River analysed, the most abundaspecies of Amphipala is the
Echinogammarus eneris, whichbelongs to the family Gammaridaddttegazzore
1991). Fenoglioand Bo (2009) classify Gammaridae Amphipods as shredtiezse
organisms feed on coargearticulate organic matter (CPOM) &saves, wood, plant
tissues in decompositiorcgnditioned through microbial colonisation). Several studies
demonstrate that shredders prefer CPOM colonized and conditioned by bacteria
because microbes make the detritusmore digestible and increase bioavailable
nutrients. Thus, in deriving the preference matrix, labile detritus will be selected over
refractory detritus Cummins & Klug, 1979

According to these information, Echinogammarus veneris feeding behaviour is
simulated in Po River model assuming the higher preference for labile suspended and
sedimented detritus, and a low consumption of refractory detritus and phytoplankton
simulating the accidental ingestion. In Table 2.28 the preference matrix for Amphipoda
is showed. The following egestion efficiencies are chos@r® for labile suspended
particulate detritus, 0.2 for labile sedimented particulate detritus, 1 for refractory
suspended particulate detritus, 1 for refractory sedimented particulate detritusfod.2
Cyclotella and 0.2 for Chromulina.

Table2.28 - Preference matrix for Amphipoda in Po river.

Prey Preference
(%)

Labile Suspended Detritus a7

Labile Sedimented Detritus a7

Refractory Suspended Detritu 2

Refractory Sedimente

Detritus

Cyclotella

Chromulina

Oligochaeta

No quantitative data on feeding preference of Po riv@ligochaetaare found in
literature, thus initial percentage values are chosen on the basis of qualitative data and
then they are treated in the calibration phase as parameter to calibr@tgjochaeta
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are simulatedin Po rivermodel as a group and not as a single spedtesoglio &Bo
(2009) classify Oligochaeta as collectarsl gatherers, organisms that feed on fine
particulate organic matter (FPOM) and associated bacteria, collecting them directly
from the substrateThus in deriving preference matrixabile sedimented detriis will

be selected over othedetritus types.In Table 29 the preference matrix for
Oligochaeta is showedlhe following egestion efficiencies are choser® for labile
sedimented particulate dettus, 1 for refractory suspended particulate detritus.

Table2.29 - Preference matrix for Oligochaeta in Po river.

Preference
Prey
(%)
Labile Sedimented Detritus 99
Refractory Sedimented Detritu 1

Chironomidaginsects)

The most abundant Diptera family in the studied segment of the Po River is the
Chironomidae (or Chironomids). Several species are present but for simplicity they are
clustered in a unique modeled group called Chironomids.

Usually the Chironomids larvae gipupa are aquatic and speritbm less that 2 to 7
weeks in water, depending on water temperaturbefore transforming in adults.
Suspended organic matter in the water and in the mud is used as food by the
developing larvaeBecause they do not feed, adsillive for only 3 to 5 day#\pperson

et al., 2006). In the Po River model, only aquatic stages of Chironomids are simulated in
order to be consistent with observed data.

According to Anderson & Sedell (1979), Chironomids in their larval stage are benthic
organisms that feed by pumping suspended particulates. Berg (1995) says that,
although the functional group categories are based partially on the morphology of the
species, there is considerable flexibility in the mode of feeding among Chironomids and
mary factors, such as larval size, food quality and type of sediment might influence the
larval feeding behaviour (see Henrigu@$veira et al., 2003 p. 281). During a study on
chironomid larvae feeding behaviour conducted in Rio da Fazenda, situated in the
Parque Nacional da Tijuca, Rio de Janeiro, Brazil, the following percentage of ingested
materials were found in Chironomus guts: 88 % of detritus, 12,6 % of leaf and wood
fragments, 4.3 % of algae (Henrige@Bveira et al., 2003). Considering detritudasle
organic matter and leaf and wood fragments as refractory organic matter, percentage
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summarized in Table 2.30 are chosen. AlImost the same percentages are found by Naser
and Roy (2012) omuddy habitats of Curzon Hall campus of University of Dhaka.
Qummins (1973) points out that "very little is known about the digestive capabilities or
efficiencies of aquatic insects. Although similaritregght be foundwith terrestrial
forms for aquatic representatives of orders that are predominantly terrestrial
(Hemiptera, Lepidoptera, Coleoptera, Diptera), extension of such generalizations to the
truly aquatic orders (Plecoptera, Ephemeroptera, Odonata, Trichoptera, Meaged)p

is not warranted".For refractory detritus aregestion efficiency equal tt is chosen,
considering that they are not digested because of thefractory properties. For other
items an egestion efficiency equal @@ is chosen according to the default herbivores
and detritivores valuetound in Ecopath user's guide (Christenséale 2000).

Table2.30- Preference matrix for Chironomids in Po river.

Prey Preference (%)
Labile Suspended Detritus 44

Labile Sedimented Detritus 44
Refractory Suspended Detritus 6.3
Refractory Sedimented Detritus 6.3
Cyclotella 2.15
Chromulina 2.15

Trichoptera(insects)

According to Cianficconi & Moretti (1992) (see Fenogli®o% 2009, p.73), Trichoptera

is an order of insects with aquatic larvae and adults with wings. In the Po river segment
analysed, the specsHydropsyche is the most abundant and, thttee modeled one.
Fenoglio &80 (2009) classify Hydropsyche as filterers feeders, organisms that filter the
suspended particulate detritus byuilding very finemeshed nets, consisting of silky
material secretedyy themselvesWallace &WNebster (1996) describe &fydropsychids

feed on larger particles and select highkeprality food items such as diatoms and animal
drift. This selectivity suggests that their major impact is on the quantity and type of
particulate organic matter (POM) in suspensidaxperimental studiesf Georgian&
Thorp (see Wallace and Webster, 1996, p. 12®stimated that two Hydropsyche
species in riffles of a New York streammoved18%of drifting invertebrate prey per
meter. Theirresults suggest that when largenet-spinning caddisfly populations are
present in shallow streams, their predatiomay suppress streamirift. A studydone by
Coffman (1967pn macroinvertebrates of a woodlandream in Pennsylvanjgives the
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percentages of foogreferences forthree species oHydropsyche(Table2.31), the
analysis are based on theercentagesf each category in the giseeCummins, 1973,
p. 201).

Table2.31 - Hydropsychidadood habits from astudy of Coffman (1967) on a woodland streanPennsylvania
basing on the % of each category in the @e&eCummins, 1973, p. 201).

Taxon Food habits (%)
_ Live vascular _ _
Hydropsychidae  Algae , Detritus Animals
plant tissue
H. bettenl 2 0 1 97
H. bronta 39 0 6 55
H. slossonae 18 0 3 79

Animals percentages inguts are high because probably prey drift is high and
Hydropsyche select highguality food items. InPo river model animal drift is not
simulatedand asHydropsychdeed on animal drift, animal predation by Trichoptera is
not modelled. For this reason Hydropsyche preferences in Po river model are
subdivided only between algaand labile suspended detritus (Tab32. The
following egestion efficiencies are chosérfor refractory detritus, 0.2 for other items.

Table2.32- Preference matrix for Trichoptera in Po river.

Preference

Prey

(%)
Labile Suspendeetritus 32
Cyclotella 32
Chromulina 32
Refractory Suspende
Detritus

Gastropodgmollusca)

No gquantitative data on feeding preference of Po river Gastropoda are found in
literature, thus initial percentage values are chosen on the basis of qualitative data and
then they are treated in the calibration phase as parameter to calibrateording to
Fenoglio & Bo (2009), Gastropoda feed mainly on plants and fouling orgahismagst
gastropods, food is eventually engaged by the radula, which is controlled by the buccal
muscles. These muscles cause the radula to protract out of the mouth towardsatie

and then to pull the food into the buccal cavity, or to rasp the food, with a retraction
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movement, thus they can be considered scrapers ( Elliott and Susswein, @002)e

basis of these considerations, high percentages are chosen for labile seéimen
detritus as they represent macrophytes and dead organisms in the model. Percentage
summarized in Table 2.33 are used in the preference malie. following egestion
efficiencies are chosen: 1 for refractory detritus @n@ for other items.

Table2.33- Preference matrix for Gastropoda in Po river.

Preference

Prey

(%)
Labile Suspended Detritus 5
Refractory Suspende 3
Detritus
Labile sedimented detritus 79
Refractory sedimentec
detritus
Cyclotella
Chromulina

Odonata(insects)

Odonata is an order of insects belonging to the group of Paleopldray are aquatic

or semiaquatic when juveniles and terrestrial when adultsAccording to Cummins
(1973), the presence of a modified labium in all nymphal Odonata is considered
sufficient evidence to conclude that all species are predaceous, even though the food
habits of onlyan insignificant number of species have actually been studizdbnata
larvae extendheir unique large lower lip in front of the body to catch prey whichy
include,in the early stages, very small Crustaceans, Copepods and Cladoceri. In more
advanced stageghey hunt any prey that is suitable in size. Some large larvae of
Aeshna canatch even small vertebrates such as tadpoles and juver{N&H $ection
"sviluppo e maturaziorig.

In Po river modelonly Odonata aquatic stage is simulated arfidr simplicity,no
distinction on age basis is donk is assumed an equal preference fdt the possible
animalpreys(Table2.34). It is chosen an egestion efficiency equal to 0.2 for all items.
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Table2.34- Preference matrix for Odonata in Po river.

Prey Preference (%)
Amphipodh 20

Youn

Chiro?lomids 20
Oligochaeta 20
Trichoptera 20
Gastropods 20

Bleak(fish)

Bleak belongs to the family of Cyprinids, a wide variety of specialists and generalists fish
feeding onall trophic levels (Lammens I&oogenboezem, 1991According to several
authors as Politou (1993), Herzig (1994) afwahiet (2000), bleak is a specialised open
water feeder, foraging primarily on zooplankton throughout its entire INe evidence

for filter feeding ability in bleak has been found in literatdred SS + I OS] | yR Y dzo

2004).Lammens and Hoogenboezestudied the diets of the most common European
cyprinids and concluded that micustaceans and adult dipteran are the preferred or
very highy consumed prey for the bleak.

Turin et al.(1999)studied the fish population of the inland freshwatef the province

of Rovigo Po river included, androte that bleak diet is various: very important is the
phytoplanktonic component, although theegetable diet is supplemented by insect
larvae(Odonata, Trichoptera, Chironomigd€)igochaeta andxustaceans.

Acording to these informationgiving more weight to data referring t®o river,
percentages in Tabl2 35are chosenlt is chosen an egestion efficiency equal to 0.2 for
all items.

Table2.35- Preference matrix fobleakin Po river.

Prey Preference
(%)
Cyclotella 32
Chromulina 32
Amphipoca 6
Young
Chironomids °
Oligochaeta 6
Trichoptera 6
Odonata 6
Rotifer 6
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Chub(fish)

Chub belongs to the family of Cyprinids as bleak. Mafi®76) studied feeding
behaviour of chub in the river Stour and analysed the contents of the anterictiorte

of the alimentary canal othree sizegroups of chub (Tabl2.36). Chironomids larvae
appear to be the most important constitute of the diet.

Table2.36- Contents of foregut of chub from River Stouaveraged from three sizgroups.

Prey Preference (%)
Ephemeroptera nymphs 5.13
Ephemeroptera adults 1.63
Trichoptera larvae 6.47
Coleoptera 4.43
Simulium larvae 6.73
Choronomidae larvae 17.23
Tipulidae larvae 15
Hemiptera 12
Astacus pallipes 2.9
Gammaris 2.07
Cladocera 9.7
Mollusca 0.73
Pisces 12.13
Anas platyrhynchos 0.73
Other aquatic organisms 10.3
Other terrestrial 6.2
organisms

Occurrence (%)
Macrophytes 15.23
Algae 8.5
Empty stomachs 29

Turin et al.(1999)studied the fish population of the inland freshwater of the province
of Rovigo, Po river included, and wrote that chub is an omnivorous fish with a diet that
includes: insect larvae, insect with wings, macrophytésh feggs and, for larger
organisms, other fishes.

According to these informationgiving more weight to data referring to Po river,
percentagesn Table2.37 are chosen.
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Table2.37- Preference matrix for chub in Po river.

Prey Preference (%)
Chironomids larvae 29
External insects 14
Trichopter (larvae) 14
Odonata (larvae) 14
Retractable

suspended detritus 10
(macrophytes)

Labile suspendel

detritus 10
(macrophytes)

Bleak 9

It is chosen an egestion efficiency equal to 0.2 for all items.

Wels catfisk(fish)

Wels catfish is modelled as youn@32 mm)and adult(> 32 mm)according to the
different diets.For Turin et al(1999)it is a ravenous predatoparticularly active at
night during which moves from the riverbed to rise to therface where it hunts for

fish of all kinds, but also for other vertebrates as mice, amphibians and aquatic birds.
Young organisms hunt only tadpoles and small fish and complement the diet with
benthic macreinvertebrates.

Rossi et al. (1991) studied WBeatfish population in the end part of the Po river and
determinate young and adult diets on the basis of guts analysis (Z&&e
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Table2.38 - Preference matrix for Wekatfish in Po river, from guts analysis of Rossi et. al. (1991).

SpringSummer  Autumn-winter Average
Prey Young Adult Young Adult Vawii Adult

(<32 (>32 (<32 (>32

(<32 mm) (>32 mm)

mm) mm) mm) mm)
Amphipoda 61.0 7.1 78.4 69.7 3.55
Isopoda 2.4 7.8 10.0 5.1 5
Decapoda 2.0 10.0 1 5
Trichoptera (larvae) 13.8 0.7 7.25
Ephemeroptera

4.9 2.45
(larvae)
Etheroptera 5.2 2.6
Diptera (larvae) 5.7 7.1 1.3 3.5 3.55
Gasteropoda 8.9 10.0 4.45 5
Nematoda 2.4 3.3 2.85
Others macreanv. 0.8 1.3 1.05
Bleak 21.4 10.0 15.7
Chub 32.1 10.0 21.05
Crucian 3.6 20.0 11.8
Chondrostoma soetta 3.6 1.8
Roach 14.3 7.15
Flounder 10.0 5
Others fishes 10.7 20.0 15.35

Average percentage are chosen for the preference matrix of Po river n{ddéle

2.39). In particular the Isopoda and Decapoda percentages are clustered in Amphipoda
group, Ephemeroptera and Eteroptera percentages are divided between Trichoptera
and Diptera Chironomidae, Nematoda percentages are censitlas Oligochaetand
percentages ofigh that are not modelled are clustered in Bleak and Chub group
keeping constant the relative percentages between thve species Moreover, a small
percentage of bleak is added in young organisms accordingheoprofessional
judgment of AQUAPROGRABOmMpmnNy of Vicenza expert in fishes of Neihast Italy)

and a percentage of external insect is added for adult organisms according to Turin et
al. (1991).
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Table2.39 - Preference matrix for Wekatfish in Po river model.

Young Adult

Prey

(<32 mm) (>32mm)
Amphipoda 75.8 13.5
Trichoptera (larvae) 10.7
Chironomuglarvae) 5.1 3.6
Gasteropoda 4.4 5
Oligochaeta 2.8
External Insects 5
Bleak 12 30.5
Chub 42.4

The complete preference matrand the egestion coefficients ashownrespectivelyin
Table2.40 and Table 2.4.

Table2.40- Initial preference matrix for Po river model (humbers are %).

Predator

Yonu Adult
Prey Esternal = Chiron. ¢

Amph. . Oligoch. = Trich. | Rotifer Gastrop. = Odon. Bleak | Chub = wels wels
insects (larvae) i .
catfish catfish

Rdetr sed 2.0 6.0 1.0 3.0

L detr sed 47.0 42.0 99.0 79.0

R detr part 2.0 6.0 4.0 10.0 3.0 10.0
L detr part 47.0 42.0 32.0 @ 50.0 5.0 10.0
Cyclotella 1.0 2.1 32.0 | 10.0 5.0 32.0
Chromulina 1.0 2.0 32.0 | 30.0 5.0 32.0

Macrophyte
s

Amphipoca 20.0 6.0 75.8 135

Esternal

. 14.0 5.0
insects

Chironomid 20.0 6.0 29.0 5.1 3.6
Oligochaeta 20.0 6.0 2.8
Trichopter 20.0 6.0 14.0 10.7

Rotifer
(Brachionuy

Gastropod 20.0 4.4 5.0

6.0

Odonata 6.0 14.0
Bleak 9.0 1.2 30.5

Chub 42.4
Young wels

catfish

Adult wels

catfish
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Table 2.4 - Initial egestion coefficient for Po river model.

Prey Esternal | Chiron. )
Amph. insects | (larvae) Oligoch.

R detr sed 1 1 1

L detr sed 0.1 0.2 0.3

R detr part 1 1

L detr part 0.1 0.2

Cyclotella 0.8 0.2

Chromulina 0.8 0.2

Macrophytes

Amphipoda

Esternal insects
Chironomid (larvae)
Oligochaeta
Trichopter (larvae)
Rotifer (Brachionus)
Gastropod

Odonata (larvae)
Bleak

Chub

Young wels catfish

Adult wels catfish

Trich.

0.2
0.2
0.2

Predator
Rotifer | Gastrop.
1
0.2
1 1
0.2 0.2
0.2 0.2
0.2 0.2

Odon.

0.2

0.2

0.2

0.2

0.2

Bleak

0.2
0.2

0.2

0.2

0.2

0.2

0.2
0.2

Chub

0.2
0.2

0.2

0.2
0.2

Yonug
wels
catfish

0.2

0.2

0.2

0.2

0.2

0.2

Adult
wels

catfish
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2.8  Organic chemicals properties

Sincethe objective of this thesis is to assedate and effectan Po river ecosystem of
Linear Alkylbenzene SulfonateA$ and Triclosar(TCS)it is importantto define and
analyzed all theompoundspropertiesinvolved in thephysicechemicalgeactions tha
take place irwater, detritusand biota.

Regarding the fate aspectAQUATOX ¢eulates time-varying non-equilibrium
concentration of the compoundh different means (water, detus, biota);thus, for
every meanseveral processess microbial degradatig biotransformation, photolysis,
hydrolysis, volatilisatiomre smulated with kinetic equations and for every time step a
balance between chemical mass entering and exiting the mean is done.

Regarding gantification of chemical mass that goe® detritus (nondissolved),
AQUATOX distinguishes partition between refractory detritus (relatively-pober,
used as a surrogate for sediments in general) and labile detritus. Both calcalation
require the knowledge ofoctanol water partition coefficient(kow), sorption rate
constant (k per) and desorption rate constant {Kkey) of the compound (sed’ark &
Clough2012.

The assessment @hemical mass that goes twota involvesthree main parameters:
BCF (bioconcentration factork; (uptake rate constant) and, (desorption rate
constant). This parameters are related (in steady state conditions) with the following
formula:

66 0— — 17)

Where:
6 0 "© bioconcentration factor (L/g);
0 = concentration ofthe chemical in water (mg/L);
0 = concentration of the chemical in the biota (mg/g);
"Q = uptake rate constant (L/g d);
"Q = desorption rate constant (1/d).

Involved parameters aBCEFk; andk, can be recovered on the basis ofy,KAccording

to Lombardo (2013);ompounds behaviouin the environment is highly influenced by
other factors and an assessment based g \alue can be meaninglegsspecially for
LAS that is a surfactanthus data used in this study are recovered aghmas possible
from literature.

Regarding effects, AQUAT@quires, for each modelled organisms, LC50 and EC50
with the relative exposure timédpr each testeccompound.As ecotoxicological dataf

LAS and TCS are not available for some modelled organisimsjecessaryo take
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parameters from similar biota(readacross procedure).lf only chronic toxicity
parameters as LOEC and NOEC are available for an organism, these are converted in
LC50 or EC50 using the samationshipsused by Lombardo (2013) ihis study on

river Thames:

1 Theaverageacute/chronic ratio (ACRbr LASexpressed as the ratio between
LC50 value and chronic toxicity val{e®EC and NOE®Gund for several tests
on different animals. This value is abdut(SeeTable CIp. 1040f the ECETOC
technical report 91) (ECETOC, 20@%)R for plants is not availaple

1 The average ratio between lethal acute toxicity and effect acute toxicity ratio
for animals or plants (LC50/EC50). For plants this ratio value chosen is about 10
(AQUATOX defaudtudies) for both the pollutants. It was used to estimate LC50
because only data of EC50 were found in literature for both the toxicants.
Animal average LC50/EC50 change from Linear alkilbenzene sulfonate (LAS) and
Triclosan (TCS). For LAS is equal to dn@ for TCS is equal to 3.86;

1 The ratio between acute effect toxicity (EC50) and chronic toxicity (CT) (LOEC or
NOEC). This value is unknown. A single constant value equal to 2 has been
chosen for both the pollutants to simplify the assumptions. This value was
chosen byexpertjudgment(Marshal, 2013) to guarantee that the ACR founds
for the two Chemicals were as close as possible to the median value of 6

The following equation shows the relation between the three ratio:

66'Y —o— (18)

LC50 and EC50 vatuare the basis for several calculations that lead to assess internal
concentration causing 50% mortality for a given period of exposure by knowing BCF
(bioconcentration factor)k; (uptake rate constant) and,kdesorption rate constant).

In this paragraph LAS and Triclosghysicechemicals, ecotoxicologicahnd
bioaccumulatiorproperties are going to be described in detail.

2.8.1 LAS

The acronym LAEAS No. 684130-3) stands forLinear Alkylbenzene Sulfonaigjs a
syntheticsurfactant ands the primary cleaning agent used in laundry detergents and
cleaners at concentrations up to 25 percent in consurpeoducts and athigher
concentrationsin industrial/commercial productfUNEP Chemicals, 200mhe LAS
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molecule (Figure 233) contains anaromatic ring sulfonated at the para position and
attached to a linear alkyl chain at any position except the terminal carktbeslinear

alkyl chain has typically 10 to 13 carbon uf=RA, 203). LASis manufacturedoy
reaction betweenlinear alkyl benzene (LAB)(proceeds by reacting paraffins with
benzene) and sulphuric acid. This reaction produces sulphonic acid that is neutralized
with sodium hydroxide (NaOH) to give the final molecsledium salt of LAS.

=

T

SO; Na*t

Figure 2.33 LAS representativenolecular structure (alkyl chain; 3G 3). Fromwww.scienceinthebox.com.

It is an anionic surfactant, thus in water solution its molecule dissociates toagive
amphiphilic organic anion (negatively charged ion) and a small inorganic cation
(positively charged ion: N§. Amphiphilic anion consists of two differepiarts a
hydrophilic head diven by the presence &Q) and a hydrophobic tafgiven by the
presence oflinear alkyl chain)This combined structure gives them a tendency to
collect at aqueas/organiephase boundarie§EOSCA, 2000) and make it difficult to
give a standard interpretation of.l{laboratory values.

2.8.1.1Physicechemical properties

Physicechemical properties of a substance, such as solubNi#pour pressureand
sorption properties areparameters that can be used early in an evaluation process to
assessts likely fate and to determinéhe environmental compartments into which it
will partition.

Physicechemical parameters of commercial;GLASare summarized in Table 24
(HERA, 2013).
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Table 2.2 - Commercial G ¢LAS physicehemicals parameters (HERA, 2013).

LAS Value/Range Notes
Molecular weight (¢ M) 342.4 (Ci16H242)GH,SQNa
Vapour pressure at 25°C(Pa) (3-17)- 10" Calculated as C.
Boiling point (°C) 637 Calculated asC,,
Melting point (°C) 277 Calculated as C,
Octanol-water partition
coefficient (logKow) (L/kg) 3.32 Gllculated as Gy ¢
Organic carbon-water partition
coefficient Koc (L/kg) 2500 Caloulated as Gy 6
Water sdubility (/L) 250 Expeimental

Sorgion coefficient between
sal/sediment and water, Kd

(L/kg) 2-300 Expeimental

Densty (kgL HEB((rEEE) Expeimental
0.55 (tulk)

HenryQ éonstant (Pa* me/ mole) 6.35.10°3  Calculated asC,,

Not present. It i
salt.

Dissociation constant

2.8.1.2Degradation properties

LAS does not undergo significant degradation by abiotic mechanisms under
environmentally relevant conditionsecausephotolyzable and hydrolyzable groups are
absent from the chemical structur@JNEP Chemicals, 2007).

Regading LASlegradationoperated by biotic factorsan extensive database of studies
demonstrates rapid and complete (ultimate) biodegradation of LAS in many of the
available aerobic biodegradation tests, including soil and the aqueous environment
(UNEP Cheimals, 2007)While LAS degrades rapidly under aerobic conditions, it does
not degrade under anaerobic conditions, except under special conditigks."Primary
Biodegradation" is the transformation induced by microorganisms with formation of
sulphophenylcarboxylates (SPC#jigure 235) as biodegradation intermediates. This
biodegradation stage corresponds to the disappearance of the parent molecule and the
loss of interfacial activity as well as the toxicity to aquatic organisms. Biodegradation
proceeddurther with the cleavage of the aromatic ring and the complete conversion of
LAS and SPCs into water,,d@organic sulphates and biomass. This step is also known
as "Ultimate Biodegradation" or mineralizatipwll].
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e COOH
C-oxidation

SO;Na SO;Na

LAS SPC (sulfo Pheny| Carboxylic Acid

Figure 2.35 Molecular structureof Sulphophenyl Carboxylates (SPCs), LAS primary biodegradation product [VIII].

Most relevant data on LAS biodegradabiitg summarized in Table 2.43ERA2013).

Table 2.43 Most relevant data on LAS biodegradability (HERA, 2013).

Half-life = Degradation

Biodegradationproperties . Notes
time rate
. (prim.
Die-away 12 h 0.06 1/h biod.)
. o . (ultim.
Biodegradation in river = Die-away 18 h 0.04 1/n biod.)
water : '
River (prim
monitorin ~ 1-3h  0.69-0.231/h b "
biod.)
g
Field study 1-7d  0.69-0.10 1/d g?;';")
Biodegradation in soil Laborator (ultir.n
2-26d 0.35-0.031/d .
y study biod.)
Bloc_iegradatlon in oxic 74 0.1 1/d
sediments
B|OQegradat|on in bulky 70 d 0.011/d
sediments

In the present risk assessment study, protective primbaigdegradation values are
considered by choosing the highest values for -hitdf and the lowest values for
degradation rates. Ultimate biodegradation values, that are inherent to metabolite
(SPCsylegradation, are not considered becausecording toKimerle et al. (1977),
SPCs are not persistent and their toxicities are several orders of magnitude lower than
that of the parent molecule
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2.8.1.3Bioconcentration

LAS bioaccumulation factehould notbe predicted on the basis of itsctanol/water
partition coefficient (Ky), in fact, such predictions are not applicable to surfactants
because of their surface active properties (HERA, 20i3) difficult to obtain reliable
partitioning (logKow) or bioconcentration factor (BCF) data for inclusion in current
models used in performing environmental risk assessments. The difficulties revolve
largely around the intrinsic property of surfaeetive substances to adsorb to surfaces
and to accumulate at phase interfaces, so that bulk concentration of a surfactantw

not be in equilibrium between the water and octanol phases but in equilibrium with
octanolwater interface concentrationfOSCA, 2000) (Figure 2.34). For this reagpn K

is not used in assessing BCF.

T~
<
s
o
<

N-OCTANE

Figure 2.34 Representation of LAS micelle structure fr&a@SCA (2000).

Thus,experimentalliterature valles are used as much as possible, eveasifindicated

by Tolls et. al. (1995)ery few studies can differentiate between parent compounds
and metabolites or other breakdown products. Because of this limitation, many
reported concentration factors are probably significant overestimates.

Moreover studies of Comotto et al. (1979) and Kimerle et al. (1975) suggest that a
slight increase in the letig of the alkyl chain (from C12 to C13) significantly increases
the bioaccumulation potential of the compound (EOSCA, 20@0}his study BCF
referring tocommercial G sLASs chosen.

Plants

For algaeBCRry andk, Renaulditerature values from Lonmdrdo @013) are considered
(Table 2.4% k; is calculated by AQUATOX with equation (20) (the option "entané
BCF, calculatie” is chosen in the Chemical toxicity parameter screen).
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Table 2.44 BCh,, uptake rate (K and desorption rate gkof LASor phytoplankton(Lombardo, 2013).

BChiy Lipid
Taxa ki (L/kg d) ko (1/d) _

(L/kg) fraction
Cyclotella 5450 52320 9,6 0.005°
Chromulina 5450 52320 9,6 0.005

® from Lyndall et al. (2010

Animals

For animals BCEB values are adapted from the river Thames modebf Lombardo
(2013) k; is calculated by AQUATOX from Barber equatidnile k; is calculated from
equation (20. An exception ismade for Rotifer and Amphipodan fact, asBarber
equation is based on individual weighhe very lowRdifer and Amphipoda weights
(smallerrespectivelythan 1mg/L and 1 g dry/f) resultin highk, estimated values that
cause an ovestimation of toxicant effects and are unredl.is chosen to set Rotifer
and Amhipodak, equal to the highst one calculated with Barber equation (it results
equal to 77,8 1/h, the same of Chironomids).

In fish most surfactants are rapidly taken up and distributed within the body,
moreover, as demonstrated by Tolls et al. (1994) (EOSCA, 2§18)are an imprtant
uptake site for dissolved surfactants from the aqueous ph&sa from a study of
Versteeg & Rowlings are used by Lombardo, in particulaweBiGF all fishes is set
equal to 80 L/kg that is an average value of a study carried out on mirfPlonméales
Promelas).

Regarding invertebrates, data frowfersteeg & Rowlings (2003) study are considered by
Lombardo, on the basis of these data in Po river model the following choices are taken
BChet of Hyallellaequal to 73.7 L/kg is used for thamphipoda,BCket of Corbicula
equal to 21.29 /kg is used foGastropodaand feeders Trichoptera, Chironomids and
Oligochaeta), while BGé of Elimiaequal to 27 L/kg is used for invertebrate predators
(Odonata). For ZooplanktdBCHetis expressed as ¢haverage value of the BCF found

in this study: 37.6 L/Kkg.

The BCidyare then found multiplying the BGéfrom literature for the wet/dryweight

ratio characterstic of each species (Table 24%Vet/dry ratio for Odonata and
Chironomus are set equal to Trichoptera ratio because they belong to the same group
of the aquatic insects. For Chub and Wels catiisly average wet weights are available
from Rossi et al. (1991) and Vitali & Braghieri @98nowing fronLyndall et al. (2010)
that the average water percentage in young fish is 77.8 and 73 % for adult fishes, the
wet/dry ratio can be calculated.
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Table 2.45 BCh,, for LAS calculated on the basis of literature data on BCF and wet/dry watight

BCRet Wet/dry BChy

Taxa (L/kg)  ratio (L/kg)
Brachionus 37.6 4.7° 176.7
Amphipoch 73.7 3.642 268.3
Chironomus 21.25 4.7 99.9
Oligochaeta 2125 4.83°  102.6
Trichoptera 2125 4.7° 99.9
Gastropoda 2125 4.7° 99.9
Odonata 27 4.7 126.9
Bleak 80 3.7¢ 296
Chub 80 3.7 296
Wels catfish 80 45¢ 360
(yOtlmg) -

Wels catfis c

(adult) 80 3.7 296

& Jgrgensen (1991)

® from Lyndall et al. (2010)

4rxin

© calculated from data of Rossi et al. (1991)

" calculated from data of Vitali Braghieri (1994)

Table 2.46showsk, values calculated by AQUATOX with Barber equation, and the
calculated values df; from equation R0).
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Taxa

Brachionus

Amphipoda

Chironomus

Oligochaeta
Trichoptera
Gastropoda

Odonata

Bleak
Chub

Wels catfish

(young)
Wels catfish

(adult)

#Lyndall et al., 2010.
®| ombardo, 2013.

K1
(L/kg d)

208182.3

71103.9

15206.6
10143.3
15206.6
4072.5

6839.1

48985

1006.3

1821.1

4299

° AQUATOX default value.
dvitali & Braghieri, 1981.
©Vitali & Braghieri, 1984.

"Rossi et al., 1991.

ko
(1/d)

77.8

77.8

85.91
98.86
85.91
40.77

53.89

16.55

3.40

5.06

1.45

Average
wet weight
(@)
1.2*10'°

3.7 *10°°

0.0075°
0.06°
0.06°
0.33°

0.08°

3.6

329°

43.76'

3150'

Table 2.46 LA, (uptake rate constant) ankl, (desorption rate constant) for animals in Po river model.

Lipid
fraction

0.0122
0.0122
(same of
zooplankton)
0.013
(same of
Trichoptera)
0.007%
0.013
0.013
0.013?
(same of
Trichoptera)
0.02°

0.02°

(from Dace)
0.03

(from Perch)
0.03

(from Perch)



2.8.1.4Ecotoxicological data

According to the reviewof EOSCA (2000), surfactants generally seem to impact on
higher aquatic organisms via their respiratory structure by changing the epithelial
membrane permeability, with the result of cellular lysis and impairment of cellular
respiration. Also in lower orgasmssurfactant toxicity appears to result from an initial
disruption of normal membrane function followed by physical disruption of the cellular
membrane.

In the aquatic environment, different LA mologues and isomers are present. Each of
these componerg has a different degree of ecotoxicity, with the shorter chain lengths
being less toxic than the longer ones (HERA, 2013). If ecotoxicological data on different
chain lengths are available, the higher value is taken in orderaximizethe assessed
risk

In Table 247 the organisms associations for the ecotoxicological parameters
assessment are summarizelssociations are madeomparing organisms used in LAS
ecotoxicologtal tests from the web site [Kand Po river modeled organisms.
Information for fish comparisonsare taken from web siteslf] and [X]. Fathead
minnow Phimphales Promelasoxicity records are used for Bleakiijurnus Alburnygs
because they have sirail size(5-8 cm), weight (5 g) and alimentarybehaviour
(omnivorows).For the same reason Tilap@reochromis niloticyss associated to Chub
(Squalius cephalysboth have same size (on average 30 @nyl almost same diet
(omnivorous), Bluegill (Lepomis macrochirjisis associated to young Wels catfish
(Silurus glanis in fact both are carnivorous and of small dimensigmax 40 cm)
Rainbow trout Oncorhynchus mykiss associated t@adult Wels catfish because both
are carnivorous and have large size (max 120 dr@garding macroinvertebrates, all
groups or species ateled are found in available ecotoxicological tests except for
Trichoptera and Odonata

The invertebrate predatolLimnodrilus Hoffmeisteris associated to Odonata, while
ecotoxicological data ofhironomusare usedfor Trichopterabecause it ian aquatc
insect too. Tests on Corbicula are associated to Gastropoda and Oligochaeta because
they are filter feeders.For phytoplankton, association from Lombardo (2013) are
considered.
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Table 247 - Organisms associations for the ecotoxicological parameters assessment.

Toxicity
. - parameter
AQUATOX state Group/family = Species Taxonomic Toxicity available
variable type record
from
ECHA
Diatoms1 Diatom Cyclotella | Phytoplankton SRR EC®pnoto

capricornutum
Microcystis EC50hoto

Other Algael | Chrysophyte | Chromulina Phytoplankton aeruginosa and NOEC

. : Pelagic Brachionus

Grazerl Rotifer Brachionus Invertebrate calycifiorus EC5@onth

Shredderl Amphipoda Crustacean Hyalella LC50
azteca

SedFeederl Chironomids | Chironomus Benthic insect Sg;rr(i):somus LC50

SedFeeder2 Oligochaeta Aquatic worm | Corbicula LC50

SuspFeederl | Trichoptera Benthic insect (_:hlr(_)nomus LC50
riparius

. Benthic .

Snaill Gastropoda invertebrate Corbicula EC5Qowth

Predinvtl Odonata Benthic insect lenod_r 'IUS. LC50
Hoffmeisteri
Pimephales LC5Gand

SmForageFishl Cyprinids Bleak Fish romZIas NOEC,
P LOEC

LgBottomFish1 Cyprinids  Chub Fish SCTENRIME  prarge
niloticus

SmGameFishl | Siluridae Wels catfish Fish Lepom|s_ LC5and

(young) macrochirus = EC5@uth
LgGameFishl | Siluridae Il EEtiE Fish Oncprhynchus NOEC
(adult) mykiss

Data expressed as NOEC or LOEC have to be converted in LC50 and EC50 with the
relation described before. For plants the only data available are EC50, according to
many AQUATOX studies (Ohio stream in the U.S. and Skensved str&ammark)

(Park & Clough, 2012)C50 is estimated as ten times EC50 for plants. Regarding
animals, for chub andadult wels catfish only NOEC values are available, thus the
conversion in ECg@uwn is made by using the relation NOEC x 2, and Li€3%0en
calculatedby using the relationEC5@ow X 1.67. When only LC50 is known for an
animal the EC5 is calculated with the relation ECafn X 1.67.

Results for LC50, EGRAn and ECS5@prduction are summarized respectively in Tables

248, 249, 250.
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Table 248- LC50 values for LAS used for organisms in Po river model.

Organism

Cyclotella
Chromulina
Brachionus

Amphipodh

Chironomus
Oligochaeta
Trichoptera

Gastropoda

Odonata

Bleak

Chub

Wels catfish
(young)
Wels catfish
(adult)

LC50
(mg/L)

290
9.1
3.34

7.6

8.6
1.02
8.6
1.02

2.4

3.2
0.835

1.67

0.77

Exposure

time
(h)
96
96
48

48

48
768
48
768

48

48
2160

96

1728

Referencécalculation

EC50hoto X 10

EC50hoto X 10

EC5@owth X 1.67

Test onHyalella azteca
(ECHA)

Test onChironomus riparius
(ECHA)

EC5@owth X 1.67

Test onChironomus riparius
(ECHA)

EC5@owth X 1.67

Test onLimnodrilus
HoffmeisteriECHA)

Test onPimephales promelas
(ECHA)

EC5Qowth X 1.67

Test onLepomis macrochirus
(ECHA)

EC5@owth X 1.67
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Table 249 - EC5@.ouin values for LAS used for organisms in Po river model.

Organism
Cyclotella
Chromulina
Brachionus
Amphipoch

Chironomus

Oligochaeta
Trichoptera
Gastropoda
Odonata

Bleak

Chub

Wels catfish

(young)
Wels catfish

(adult)

EC5Qrowth/photo
(mg/L)

29
0.91
2
1.7

8.0

0.61
5.15
0.61
1.44

2.4

0.5

0.46

Exposure
time (h)

96

96

48
576

672

768
48
768
48

4704
2160
672

1728

Reference/calculation

Test onSelenastrum
capricornutum(ECHA)

Test onMicrocystis
aeruginosg ECHA)

Test onBrachionus
calyciflorugECHA)

Test onHyalella azteca
(ECHA)

Test onChironomus riparius
(ECHA)

Test onCorbiculaf ECHA)
LC50/1.67

Test onCorbiculf ECHA)
LC50/1.67

Test onPimephalepromelas
(ECHA): LOECx2

Test onOreochromis niloticus
(ECHA): NOECx2

Test onLepomis macrochirus
(ECHA):NOECx2

Test onOncorhynchus mykis
(ECHA): NOECx2

Table 250- EC5Q,, values for LAS used for organisms in Po river model.

Organism

Brachionus
Amphipodh
Chironomus
Oligochaeta
Trichoptera
Gastropoda
Odonata
Bleak

Chub

EC5Qp

(mg/L)
2
1.7
8.0
0.61
5.15
0.61
1.44
2.4
0.5

Wels catfish (young) 2
Wels catfish (adult) 0.46
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Exposure

time (h)
48
576
672
768
48
768
48
4704
2160
672
1728

Reference/calculation

Set equal to EC3Quwth
Set equal to EC3Qutn
Set equal to EC3Quwth
Set equal to EC3Quwth
Set equal to EC3Qutn
Set equal to EC3Quwth
Set equal to EC3Quwth
Set equal to EC3Qutn
Set equal to EC3Quth
Set equal to EC3Qutn
Set equal to EC3Qutn



2.8.1.5Load and concentration

LAS loads (tonnes/d) in river Po catchment and LAS concentration (mg/L) in
Pontelagoscuro section have to be estimated in order to evaluate the perturbed model
behaviourunder realistic chemicals loads and to have starting point values to increase
or redue analyzingnodel response.

Data on LA$oadsreferring to theperiod 19881990 arefew, a study conducted by
Bruna & Divo (1988) documents that the LAS production in 1987 in Europe amounts to
485000 tons and in Italy to 94000 to(see Capri et al., 1991), but no other information
are given,for this reason LAS loads will be calculated on theisbas actual
consumption valueand sewage treatment plamemovalefficiencies (Figurg.36).
LASentering the treatment plant igestimaied considering the total laundry products
consumptionin a yeardivided by 365 days/yeaand asuming an average inclusion
level of 15% in laundry formulatiori$9).

i T
DLOY .J

P v (19
Where:
00°"Y = per capita daily LAS mass down the drairtering in the
treatment plant (g/cap/d);
0 WO & Qi ®per capitaannual Italian consumption of products containing
LAS (g/caplyear).

The quantity of LAS exits the sewage treatment plant is then calculgteaultiplying
the quantity of LAS exiting the treatment plant the fraction of total sewage that is
not treated (6%)and the fraction of LASat remainsin the treated effluent asgssing
from Franco et al. (201320).

00°"Y
06"y Op Oi Wd QEAEW®O 006 °Y o)
Oi @ QGAWITHOI DE'QQH 6 Q¢ o (20)
Where:
00°7Y = per capita daily LAS mass exiting the treatment plant and

entering Po river catchment (g/cap/d);
"Oi Bd QoLAXfraction treated in Sewage treatment plant (STP);
"Oi D "QQa & DASdraction remains after treatment.

105



Overall LAS load into Po river catchment is then calculated multiplying the per capita
Load by the total basin populatio@1).

Y€ OUOANAYE W 0 Y DwifENSGGwWO QE ¢ (22)

Where:
"Yé oldxdvé oF@aily LAS mass entering Po river catchmiemingsd);
0 wi EN 6 a xES&2er catchment popation.

Resulting LAS logdable 2.51)s of the sameorder of magnitude of the values found
from Price et al. (2009) of 2.16 g/cap/d for the UK.

LASrreaTED LASro eFFLUENT
(94%) (1.06% OLAS treated)

(6.46 a/cap/d (0.068 a/cap/d)

LAS pown THE LOAD NTO PO

CATCHMENT ~

DRAIN

»
>

\ 4

LAS\oT TREATED
(6%)
(0.41 g/capl/d)

Figure 2.36 Scheme of the LAS load assessment model.
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Table 2.51- Data and calculation of LAS loads in Po river catchment.

Value Unit Reference Comments

Po basin Autorita di bacino | Referedto

population LSV 2 del fiume Po (2006) 2001

Po flowat 1,450 m¥s  [XI]

Pontelagoscuro

Frac treated in Referedto

STP AL Xl 2005

% LAS in laundry 15 Unilever estimate
Emission in
EU(value for

Laundry use 16714 g/caply | Price et al 2010 Italy)
referred to
2008

LAS STUe 6.87 g/cap/d = Calculated

drain

Faction to

effluent STP 0.0106 Franco et a] 2013

LAS into Po

catchment 0.48 g/cap/d = Calculated

LAS load into Po 7.65 tonnes/d Calculated

catchment

Data on LAS concentrations in the section of Pontelagosautize periodSeptember
1988 - Septemberl989 are available from a study @alasset al. (1991).Samples of
water were taken near the water intake of the aqueduct and LAS molecules were
extracted by means of XAR resinsResiits are summarized in Table 2.52

Table 2.52 LAS concentration in the section of Pontelagoscuro from September 1988 to September 1989 (Galassi et
al., 1991).

LAS ¢ LAS G | LAS Gs
(ng/L)  (ng/L) | (ng/L)
09/1988 174 164 104

Date

11/1988 118 16 0
01/1989 266 48 0
02/1989 98 0 0

04/1989 246 132 74

05/1989 500 228 108
06/1989 138
07/1989 126
08/1989 150
09/1989 126

o O O O
O O O o
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Actual LAS concentratidn Pontelagoscuro (final catchment sectiaan be calculated
knowing the average #iver removal rate and the tention time of the chemical into
Po river before reaching Pontelagoscuro.

Average iriver removal rateis chosen to be& =0.058 1/h (the lowest value from
those poposed by Price etl., 2009), that correspond to an haiime of 11.95h. This
value is very closed to biodegradation constant (0.0&h), in fact biodegradation
should be the principal LAS elimination process in water.

LAS retentiortime in an ideal system that godsom STBto Pontelagoscursection
can beassessedavith the following formula:

Y'Y (22)
Where:

Y ¥ retention time (d);

0 Q¢ (Maverage length of route (m);

wQa ¢ ©&eragavater velocity in Po river (m/s) = 1 m/pq(]).

The retention time varies on the basis of the distance of the loading point from
Pontelagoscuro. In this case it is considered a subdivision of the river basin in-12 sub
basins, theLASoad from each subegion is calculated on the basis of the population
distribution data (Marchetti, 1991 Residence time is then evaluated witi2{2where
length is the distance sdbasin/PontelagoscuroLAS that arrive at the closure section
can thus be calculated &sllow:

00"Y'YQOD O ¥n° (23)
Where:
0 0 "Y"Y'®LAS load that arrives in the closure section after RTi (g/d);
Y "Y=etentiontime of the LAS load coming from shbhsin i (h);
0 0 "¥YAS load from stitmsin i (g/d);
(= dissipation rate (1/h).

LAS concentratioim Pontelagoscuro section is calculated with the following formula:

0 (24)

Reslts are summarized in Table 2.53
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Table 253 - Calculation for the LAS loads and concentration in Pontelagoscuro section.

Basin distance

Sub ] ] ) LAS load
i Basin from Subbasin LAS Load @ Reention )
basin ] ] remained
Name | Pontelagoscuro population (g/d) time (h)
number (g/d)
(km)
1 Alto Po 608.6035 477268.30 229359.12  166.29 14.86
Dora
2 L 546.733 1728104.88 830469.18  149.38 143.40
Riparia
Dora
3 496.125 495058.15 237908.33  135.55 91.61
Baltea
4 Sesia 445.75 542294.14 | 260608.36 %  121.79 222.96
5 Tanaro 411.241 881536.00 & 423636.60 112.36 626.22
6 Ticino 368.268 1714603.92 823981.07 100.62 2406.58
7 Lambro 315.348 3965376.23 1905626.7 86.16 12874.49
8 Adda 290.978 1962445.36 = 943085.35 79.50 9374.84
9 Taro 203.973 569899.95 @ 273874.78 55.73 10808.27
10 Oglio 166.176 1405426.85 @ 675400.95 45.40 48517.10
11 Mincio 135.739 822029.42 = 395039.74 37.09 45967.34
12 Panaro 54.906 1352663.80 650044.80 15.00 272311.38
Total river length 652 15916707 @ 7649034.95 403359.07

Remained load is about 5 %
Pontelagoscuro section result8.22 pg/L, that is slightly higher respecting the

of the initial total load. Actual concentration in

concentration measured in the section in 1988 (Table 2.52) and slightly lower

respecting the corentration in UK rivers (288 ug/L, from Price et al., 2009).

2.8.2 Triclosan

Triclosan (TCS) is thEClI(International Nomenclature of Cosmetic Ingredientgme
of the molecules-chloro-2-(2,4-dichlorophenoxyphenol (CAS number 33&3-5). It is
a synthetic antimicrobial that is used in personal care produassoaps,deodorants,

toothpastes, cosmeticsince the 1970s, when it began to be use in US in s0&ss.
molecule (Figure 36) can be classify as phenylether, or chlorinated bisph€¢ABIUA,

HAaMMUO YR Al A& LINE RichD®R-meétRoxydiphdhyl éthéSmthi

aluminum chloride in benzene under reflux (NICNAS, 2088rording to Levy et al.

(1999) Triclosan blocks the active site of the ENR enzyme which is esserltial
synthesis of fatty acids in bacteria (sees APUA p. 4).
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Formula: @H7CkOz

Figure 2.3 - TCS molecule structural and empirical formula (from web site [XI]).

Typically it occurs in aquatic ecosystem because a percentage variable between 30%
and 2% remains in the effluent of waste water treatment plaritgr(dall et al., 2010).
There is a current debate on the safety, and regulation of ugeicibsan.

2.8.2.1Physicechemical properties

Triclosan appears as a white to-efhite crystalline powder with &int aromaticodour
(NICNAS, 2009} is hydrophobiavith an high octanbwater partition coefficient Ko),

it is ionisable because it contain thghenolic group(OH) Lyndall et al., 2010)In
particular in water with pH 7, TCS is present mainly in its neutral form, while in water
with pH 8about 55% off CSwill be in its neutral form and 45% in its ionized (anionic)
form (values based oMultispecies Model calculationfvironment Canad2012).In
Table 2.8 the main physica&chemical parameters are summarized.

Table 2.8 - Triclosan physicohemicals parameters (HERA, 2013).

TRICLOSAN Value/Range Notes
Molecular weight (¢/ M) 289.54 C12H7CI302
Vapour pressure at 25°C(Pa) 1810 " Experimental data
Boiling point (°Q) i Decomposes before

boiling
Melting point (°C) 56.4° Experimental data
Octanol-water partition coefficient ) _
(logKow) (L/kg) 4.76 Experimental data
Organic carbon-water partition ) _
coefficient Koc (L/kg) 4.28 Experimental data
Weter sdubility (mg/L) 12° In neutral form

Sorgion coefficient between

d .
sal/sediment and water, Kd (L/kg) 1.73 Experimental data
Densty (kg/ m®) 1550° At 22 °C
HenryQ éonstant (Pa* m/ mole) 23.1073 ’ Low
Dissociatiorconstantpka =-Log Ka 8.14° lonisable

NICNAS, 2009.
I[’Lyndall etal., 2010.
4.

d Environment Canada, 2012.
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2.8.2.2Degradation properties

Regarding abiotic degradation processes in water, it is demonstrate by several studies
that TCSs suseptible tophototransformation(primarily half life 3 hours, in laboratory
conditions, summer sunlight, 46 3Njegradationproductsare 2,4-DCP and 2,7/2;8
DCDD given their probable transient state in the environment and low toxicity, these
DCDDs are not likely to be of environmental concénvironment Canada, 2012)
Thus as a conservative assumptigohoto transformation is notconsidered in river Po
simuldion, moreover considering the turbidity of the river photodegradation process
can be neglected.

Considering biotic degradation processesyaitten byLyndall et al. (2010), TCS can be
biodegraded under aerobic conditionBroducts of degradation ar24-dichlorophenol

and 2,8dichlorodibenzep-dioxin, they are notconsidering in this risk assessment
model because it is demonstrated by several studies that they do not accumulate in
fishes and are less toxic th&rCS moreover they occurs at lower concentrations (see
Lyndall et al., 2010)able 255 summarizes the main biodegradation properties useful
for the model, they are the samef the study of Lombardo (2013), half tinetaken

from Lyndall et al. (2010) whildegradation rate(k) is calculated with the following
formula:

Q — (25)

Table 255 - Most relevant data oT CSiodegradability.

, _ _ Half-life Degradation
Biodegradation properties

time 2 rate (1/d)
Biodegradation in water 60d 0.012
Biodegradation in soil 120 0.006
Biodegradation irsediments 540d 0.001

Lyndall et al. (2010).
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2.8.2.3Bioconcentration

Bioconcentration factor (BCRnd lipid fraction for phytoplankton, zooplankton,
invertebratesare adaptedfrom the study of Lombardo (2013yishBCF are calculated
from BCHpigfor fish equal to 165000 L/kgRudel et al., 2012and applying the same
formula used by Lombardo:

560 6860 IDO— (26)

Where:
6 0 "O =bioconcentration factor on drweight basis (L/kg,);
6 6 'O =bioconcentration factor on lipid weight basis (L{k9;
"= lipid weight fraction (Kghia/KQwet weighy);

—— =biota wet todry weight ratio (kget/kQary)-

Values fork, are calculated by AQUATOX with Barber equation, langaluesfrom
equation @0) (Table 256).

Table 256 - BCRy,, uptake rate K;), desorption rate k;), average wet weight, lipid fraction and wet/duyeight
fraction of TCSor simulated orgaism.

Average
BChy wet Lipid a
Taxa (Lkg) ki (L/kg d) k. (1/d) weight fraction® Wet/dry
)3
Cyclotella 36332 563289 15.5 0.005 -
Chromulina 36332 563289 15.5 0.005 -
Brachionus 1700 50589.34 29.76 1.2+*107  0.012 4.7
0.012
Amphipoda 1700 48110.85 9.62 3.7*10° (same of 3.64
zooplankton)
0.013
Chironomus | 1700 s, Sl 0.0075 (same  of 4.7
Trichoptera)
Oligochaeta 1700 17947.46 3.59 0.06 0.0075 4.83
Trichoptera 1700 3520.5 2.07 0.06 0.013 4.7
Gastropoda 1700 7540.91 1.51 0.3 0.013 4.7
0.013
Odonata 1700 3326.50 1.96 0.08 (same  of 4.7
Trichoptera)
Bleak 12210 | 7336.42 0.60 3.6 0.02 3.7
Chub 12210 1507.16 0.12 329 0.92 3.7
(from Dace)
Wels catfish o075 61223 0.12 43.76 0.03 45
(young) (from Perch)
Wels catfish 0.03
(adult) 18315 @ 263.66 0.05 3150 (from Perch) 3.7

2See Table 2.46.
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2.8.2.4Ecotoxicological data

Data on TCS ecotoxicology are available only for dmpte, thus values from similar
organisms areconsidered(Table2.57). The starting pint are data from Lombardo
(2013). Cyclotellaand Chromulina are associated Besmodeus SubspicRegarding
zooplankton data onParamecium Caudatumare used.Amphipoda is associated to
Hyalella aztecabecause are both microrustaceans,Gastropoda toPerna Perna
because they are mollusesid ajuatic insects as chironomids, trichoptera, odonata are
associated toChironomus Tentants-atheadminnow Phimphales Promelagdoxicity
records are used for Bleaklpurnus Alburnysbecause theyave similar size (8 cm),
weight (25 g) and alimentary behavior (omnivorous). For the same reason Tilapia
(Oreochromis niloticygs associated to Chutsualius cephaljsboth have same size
(on average 30 cngnd almost same diet (omnivorous), Blue@liepomis macrochirjis

is associated to youngnd adult Wels catfish $ilurus glan)s in fact both are
carnivorous No data on Oligochaatis available,it is associated witfPerna Perna
becausehey are both filter feeders.

Table 2.5 - Organisms associations for the ecotoxicological parameters assessment.

AQUATOX state . . : Toxicity
variable Group/family | Species Taxonomic type record
Desmodeus
Di 1 Di lotell Ph lankton .
iatoms iatom Cyclotella ytoplankto Sl
Desmodeus
her Algael h h h li Ph lank .
Other Algae Chrysophyte | Chromulina ytoplankton Subspica
Grazerl Rotifer Brachionus Pelagic Paramecium
Invertebrate Caudatuma
. Daphnia
Shredderl Amphipoda Crustacean P
magna
SedFeederl Chironomids = Chironomus Benthic insect Chironomus
Tentants
SedFeeder2 Oligochaeta Aquaticworm Perna Perna
. . Chironomus
SuspFeederl | Trichoptera Benthic insect
Tentants
. Benthi
Snaill Gastropoda . enthic Perna Perna
invertebrate
. hi
Predinvtl Odonata Benthic insect Chironomus
Tentants
SmForageFishl Cyprinids Bleak Fish Pimephales
promelas
. - . Oreochromis
LgBottomFishl = Cyprinids Chub Fish L
niloticus
SmGameFishl @ Siluridae Wels catfish Fish Lepomls.
(young) macrochirus
. o Wels catfish _. L i
LgGameFishl @ Siluridae els catlls Fish epomls.
(adult) macrochirus
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All ecotoxicological values are taken from Lombardo (2013) and summamiZzble
2.58 259, 2.60

Table 2.8 - LC50 values for TCS used for organisms in Po river model.

' LC50 Exposure _
Organism time Reference/calculation
Cyclotella 16.1 72 Test onDesmodeus Subspica
Chromulina 16.1 72 Test onDesmodeus Subspica

Brachionus 1544 4 TestonParamecium
Caudatuma
Amphipoda 200 240 Test onHyalella aztecdECHA)
Chironomus 400 240 Test onChironomus Tentants
Oligochaeta 1260 48 Test onPerna Perna
Trichoptera 400 240 Test onChironomus Tentants
Gastropoda 1260 48 Test onPerna Perna
Odonata 400 240 Test onChironomud entants
Bleak 260 96 Test onPhimepales Promelas
Chub 260 96 Test onPimephales promelas
Wels catfish 370 96 Test onLepomis macrochirus
(young)
Pl 370 96 Test onLepomignacrochirus
(adult)

Table 259 - EC5@ouin values for TCS used for organisms in Po river model.

EC5@owthiphoe ~ EXposure

Organism Reference/calculation

(ng/L) time (h)
Cyclotella 1.61 72 Test onDesmodeus Subspica
Chromulina 1.61 72 Test onDesmodeusubspica
Brachionus 400 109  estonParamecium

Caudatuma

Amphipoda 250 240 Test onHyalella aztecdECHA)
Chironomus 280 240 Test onChironomus Tentants
Oligochaeta 135 48 Test onPerna Perna
Trichoptera 280 240 Test onChironomus Tentants
Gastropoda 135 48 Test onPerna Perna
Odonata 280 240 Test onChironomus Tentants
Bleak 67 96 Test onPhimepales Promelas
Chub 67 96 Test onPimephales promelas
Wels catfish 96 96 Test onLepomis macrochirus
(young)
LD 96 96 Test onLepomis macrochirus
(adult)
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Table 260 - EC5Q,, values for TCS used for organisms in Po river model.

EC5Q Exposure

Organism (ug/L) time (h) Reference/calculation
Brachionus 400 120 Set equal to EC5@un
Amphipoda 250 240 Set equal to EC3Qu
Chironomus 280 240 Set equal to EC5@Quin
Oligochaeta 135 48 Set equal to EC3Qwn
Trichoptera 280 240 Set equal to EC5@Quin
Gastropoda 135 48 Set equal to EC3Qwn
Odonata 280 240 Set equal to EC5@Quin
Bleak 67 96 Set equal to EC3Qwn
Chub 67 96 Set equal to EC3Qun
Wels catfish (young) | 96 96 Set equal to EC5@un
Wels catfish (adult) 96 96 Set equal to EC3Qun

2.8.2.5Loadsand concentration

Data on TCS loads referring to the period 2880 are absent, for this reasofCS
loads will be calculated on the hasf actual consumption values in the same manner
done for LASTCS use per capita in a year is estimated considering a consumption equal
to 350 tonnes/yin Europe(Von der Ohe et al., 2011). The quantity of TCSsekié
sewage treatment plant is then calculated by adding the fraction of total sewage that is
not treated (6%) and the fraction GiCShat remains in the treated effluent assessing
from Franco et al. (2013) (Table62). ResultingTCSload is comparableto values
estimate for UK 0.632.74mg/cap/dby Price et al. (2000

Table 261- Data and calculation of LAS loads in Po river catchment.

Value Unit Reference Comments
. . Autorita di bacino del Referred
Po basin population 15,916,707 cap fiume Po (2006), {0 2001
Po flow Pontelagoscuro 1,450 m/s [A1]
) Referred
Frac treated in STP 0.94 i 0 2005
TCSuse 350 tly Von der Ohe et al., 2011 In Europe
TCS down the drain 1.2958 | mg/cap/d | TCS use/365/Europe caf
Faction to effluent STP 0.055 Franco et al., 2013

TCS down the

drain*(Fraction treated in
STP*fraction teeffluent +

(1-frac treated)

TCSoad into Po LAS into Po catchment *Po basin

0.0023  tonnes/d )
catchment population

TCS into Po catchment 0.145 mg/cap/d
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Actual TCS concentration in Pontelagoscuro (final catchment section) can be calculated
in the same manner used with LAS. Averagevier removal rate is chosen to be 0.06

1/h (the lowest value from those proposed by Price et al.,, 2010). The average
residential time is the samas the vale used for LAS: 99 h (Table 3.62

Table 262 - Calculation for the LAS loads and concentration in Pontelagoscuro section.

Basin distance

Sub _ . _ TCS load
i Basin from Subbasin TCS.oad Retention )
basin ] ] remained

Name | Pontelagoscuro population (g/d) time (h)
number (g/d)
(km)
1 Alto Po 608.6035 477268.30 69081.1 166.29 3.342854
Dora
2 o 546.733 1728104.88  250130.5 149.38 33.2362
Riparia
Dora
3 496.125 495058.15 71656.05 135.55 21.75347
Baltea
4 Sesia 445,75 542294.14 78493.11 121.79 54.2358
5 Tanaro 411.241 881536.00 127595.9 112.36 154.8723
6 Ticino 368.268 1714603.92 248176.4 100.62 607.5657
7 Lambro 315.348 3965376.23  573959.2 86.16 3333.786
8 Adda 290.978 1962445.36  284049.6 79.50 2456.088
9 Taro 203.973 569899.95 82488.85 55.73 2952.196
10 Oglio 166.176 1405426.85 203425.3 45.40 13494.31
11 Mincio 135.739 822029.42 118982.7 37.09 12973
12 Panaro 54.906 1352663.80 195788.2 15.00 79887.91
Total river length 652 15916707 2303827 115972.3

Remained TCS load is about 5 % of the initial total load. Actual concentration in
Pontelagoscuro section resul®s926 ng/L, that is smallerthan the concentration in UK
rivers 60 ndL, from Price et al., 2D).
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2.9 Initial conditions, inputloadings and chemical scenarios

Initial conditions and input loadings used in Po river modeled are summarized in Table
2.63.

Table 2.63 Main input loadings and initial condition in Po river model.

Initial Initial
Variable Loading from upstream F:Oﬂdltlon poqdltlon
in water in river
column bed
DO Oxygen loads and washot 10 mg/L /
turned off
COo Constant input: 0.12 mg/L 0.01 mg/L /
) Time varying from
NH-N observed data S 4
i Time varying from
NFe-N observed data 3.02mg/L /
TSP (Totaoluble Time varying from
Phosphorous) observed data S T /
Time varying from
TOC observed data 2.36 mg/L 0 mg/L
Time varying from
TSS observed data 36.5mg/L /
Cyclotellalmg dry/L) Equal to washout 0.12 /
Chromulinamg dry/L) Equal to washout 0.0296 /
Brachionugg dry /nf) Equal to washout 0.1 /
Amphipoda (g dry /nf) 0 0.003 /
Chironomugg dry /nf) 0 0 /
Oligochaetgg dry /nf) 0 0.3 /
Trichoptera(g dry /nf) 0 0.054 /
Gastropodgg dry /nf) 0 0.0002 /
Odonata(g dry /nf) 0 0.006 /
Bleak(g dry /nf) 0 0.3 /
Chub(g dry /nf) 0 2.07 /
Wezls catfish (youndy dry 0 57 /
/m*)
)/r\llqezl)s catfish (adultjg dry 0 58 /
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The model is run for 1 year (from 01/01/1989 to 01/12/1989) and then for 3 years
(from 01/01/1988to 01/12/1990). For both run periods and for each of the two
chemicals tested (LAS and TCS) four scenarios are simulated:

1 Control scenario: no chemical input;

1 Scenario 1constantdaily chemical input equal to thactual assessed chemical
concentration irriver Po;

1 Scenario 2cconstantdaily chemical input concentration equal to the lowest
EC50 of Po river modelled organisms;

1 Scenario 3: constandaily chemical input concentration equal to the lowest
LC50.

Table 2.64 summarized the input values of tber scenarios.

Table 2.64 simulation scenarios for LAS and TCS.

Chemical Control Scenario 1 Scenario 2 Scenario 3
» Constant » Constantdaily " Constantdaily i Constantdaily
Initial . Initial . Initial . Initial .
. inflow » inflow » inflow » inflow
condition . condition . condition . condition .
concentration concentration concentration concentration
LAS
- - 3.22 3.22 460 460 770 770
(Ho/L)
TCS
- - 0.00026 = 0.000926 1.61 1.61 16.1 16.1
(Ho/L)

2.10 Ecological risk assessment indicators

River health definition is one of the mostomplicate, debated and subjective
environmental challenges. Karr (1999) defines river quality concept as composed by
two factors:

1 ecologi@al value:a river has an high value if there is an high biodiversity, if it is
resistant to stress, if it is in goddnctional and structural conditions;

9 anthropic value: a river has an high value if it has a good cgptaciprovide
services and goods to society.

The instruments for "measure” in a conventional way the river quality are the indices
or indicators.Theycan be based on the evaluation of the composition and structure of
the biota community, or on the evaluation of the functionality of the river from an
anthropic point of viewSeveral indices have been derived during these years (i.e. IBE
(Indice Bioticdesteso), LIM (Livello di Inquinamento da Macrodescrittori), IBNRcE
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Biologiqgue Macroftitique en Riviére), IFF (Indice di Funzionalita Fluviale), Il (Indice
Ittico)), butcurrently, in practice, many uncertainties are present, especially concerning
the choice of the indicator, and the monitoring procedyfenoglio & Bo, 2009).

To compare the control with perturbed simulation results apdntify the effectsand
the risk of xenobiotics on the ecosystem, the same indicators used in river Thames
study byLombardo are chosefsee Lombardo, 2013):

1) Objective variatioof averagebiomass
For each species the average biomasscontrol simulationis compared with the
average biomass in perturbed simulation:

B — & (27)

Where:
- [F average objective perturbation in the system;
0 = number of biological speciggoupsmodelled in the system;

0 = average biomass of species "iI" during the perturbed simulation (g
dry/m?);
0 = average biomass of species "i" during the control simulation (g
dry/m?).

2) Ecosystem maturity indicator

AQUATOX calculates the total primary production of the system and the community
respiration. By comparing production/respiration ratio (28) of eohtand perturbed
simulation, an idea on the change in maturity level of the system is given.

- (28)

Where:
OTY = productionrespiration ratio;
"O0 & gross primary production (g@m? d));
Y = community respiration (gZ{m? d)).
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3) Shannon indecommunity diversity indicator)

It is a diversity index that mathematically meastine relative abundance of a species
or group over the otherg29). Compared the index values of control apdrturbed
simulations will give an idea of the xenobiotics effects on community diversity.

"YO B n/d h (29)

n — (30)

5 2 (31)

6 B 6 (32)

Where:
"Y'G= Shannon index;
0 = number of biological species/groups modelled in the system;
0 = average of the values of biomass of organism "i" at the time "t" for the
entire period of simulation;
0 = total average biomass of the system.

4) Ecological Quality Rat{®VFDindex)

The overall rationale of the WFD is to set the values of several biological,-hydro
morphological, physicehemical and pollutants parameters so that, through them, it is
Ll2aaArotsS G2 RSOSNXYAYS g1 GSN) 02Re aalSadz
for all water types. In Annex V, Section 1.1.1 of the Directive the quality elements for
the classification of the rivers are listed as follows:

1 Biological elements: composition and abundance of aquatic flora, benthic
invertebrates, fish fauna,

1 Hydranorphological elements: hydrological regime, river continuity,
morphological conditions;

1 Chemical and physiechemical conditions;

1 Specific pollutants: pollution by priority substances and other important
substances discharged in the water body.

For each quality element, the Directive provides a definition of high, good and
moderate status. This is based on the calculation of the Ecological Quality Ratio (EQR),
that is the relationship between the observed biological parameters and the reference
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optimum vales. Ratios are classify into five classes, the boundary values should be
decided by Member States on the basis of intercalibration exercise that currently is not
yet completed EQR equal to 1 representhggh status, EQR equal to O representaa b
status (Annex V, Section 1.4.EQRs simplify the ecosystem into a single number that

is an indicator of quality and it ensures the comparability between results from
different assessment methods.

Regarding the specific case of the Po river, on thasbasthe WFD indications and
according to the Italian Environmental lalx.Lgs. 152/06a management plan was
elaborated in 2010. The objective of this plan is to reach by 2015, and in some cases by
2027, a good quality status of the Po river and of otaificial or natural channel into

the catchment (Autorita di bacino del fiume Po, 2010b).

The Directive does not provide reference values for this calculation, thus, as done in
Thames river study, the control simulation is considered the reference stHti®o

river, to compared with perturbed system statu€rganisms are grouped in Plants,
Zooplankton & Macroinvertebrates and Fishes according to Annex V of WFD. The
comparison is done evaluating organisms biomass variation from control and perturbed
simukbation and to each relative biomass variation value is associated a EQR (Table 2.65).

Table 2.65Ecological quality ratio value classification.

Relative biomass = Ecological Quality o
Classification

variation Ratio
No visible
0+5% 05+1 _
perturbation
5+15% 0.25+0.5 Low perturbation
Moderate
15+25% 0.15+0.25 _
perturbation
Moderate-High
25+50 % 0.05+0.15 _
perturbation
50 + 100 % 0+ 0.05 High perturbation

5) Ecological service index

To evaluate the differences between the level of quality of control and perturbed
systems from a human services point of view, two indicators are chosen according to
river Thames study: Secchi depth and Fish catch quality. Secchi depth is a measure of
water turbidity and it could be used a measure of thieasantness of the ecosystem

from the human point of view. Fish catch quality is a measure of the goodness of the
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ecoystem as a service for fishery and it is evaluated calculating the overall fishes
biomass variation between control and perturbed simulatidinfish biomass decreases
because of a system perturbation, less fishes remain tocdmeght and the fishing
service of the river gets worse.
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3 Results

Results ofcontrol (with no chemicals) an@erturbed(with chemicals) simulations are
presented in this Chapter.

The control simulation results consist in the biota thwaaying biomass wves,
correspondingtoagivea 0 S& G ¢ a S thathestdpprikinfadeths kBrved

data points. The goodness of the calibration results is measoathematically with
Pearson linear correlation coefficient and witNaskgSutcliffe efficiency (NSE)
coefficient. This control model represents the unperturbed river Po model thabwiill
compared with the perturbed one in order to assess the chemical risk through the
calculation of various biological and ecological service indicesbgxtive biomass
variation indicator, ecosystem maturity indicator, Shannon indeeological Quality
Ratio, Ecological service index. In Paragraph 3.1, control simulation results are
presented and discussed for each organism simulated, in Paragraph 3.2, perturbed
simulation results are presented for LAS and TCS chemicals and risk analysis is done.

3.1  Controlecosystem

The control ecosystem is the reference point, it represents the Po river segment
without chemicals and it will be compared with the perturbed system in order to assess
the effects of different LAS and TCS concentrationghe aquatic systemData
discussed in Chapter 2 are useditgplement the control ecosystem that is stabilized
and calibrated for periods of time of 1 year and 3 yeadise goodness of calibration is
mathematically assessed witloefficients described in § 2.1.3.

Because offte huge amount of parameters to calibrate aschrce data availability, for
some organisms the calibration is done trying to simulate at leasictheect annual
mean. Also aiomassvariation patternover the yearshould be present for each
organisms, ithe biomass results to be constant this is a sign of a gap in the model.
Pearson andNaslgSutcliffe efficiency (NSE) coefficients are not calculated for three
years model becaustnere are fewobserved datan 1988 and 1990 to compared with
simulated ons.

In this paragraph calibration resultd 1 year simulatiorare commered for physice
chemical data and for each organism simulafEke year chosen is the 1989 because to
this year are referred most of observed datResults of 3 years simulation are
presented in the last paragraph.
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3.1.1 Physicechemical data

Calibrated physicechemical data referred to 1989 are here presented in order to
facilitate the discussion of biomass calibration results. NutrientNE8 N-NH,), CGO,,

NG;, and Oxygen are plotted in Figures 3.1 and 3.2. Total soluble phosphorus and
nitrate are more or less constant during the year with an average concentration
respectively of @5 mg/L and 2.3 mg/L. The Carbon dioxide has values between 0.2 and
0.8 ng/L, with an average value of 0.5 mg/L, it hageakin July, probably due to a
bloom of some organisms that increase community respiration (see Figure 3.3). The
presence of nutrients NH& N-NH, in the Po river can be due to the use of fertilizers
generdly applied in AutumsWinter or to the sewage discharges. N& N-NH, has
values between 0.02 mg/L and 0.7 mg/L, with an average value of 0.3 mg/L. The higher
concentrations in the cold period can be related to the higher discharge in the basin in
condition of low water flowand also to the reduced bacterial activity as assessed by
Tartari et al. (1991)Nutrients decrease appreciably in April and September when
temperatures are mediumgrganisms consume mor@nd inputs are loweras well as

due to the dlution effect of the peak flow of the Po river observed in these months
Dissolved oxygen has values between 5.5 and 13 mg/L, with an average value of 9.14
mg/L, denoting a discrete oxygenation leyélincrease in low temperature periods
probably becausef the temperature effects on the digsiation process of the oxygen
(saturation is higher in cold water).

NH;, NH,
CQ and Tot. Sosp. P
0.8 ‘
07 || : .l
0.6 LA e AVl NH3 & NH4+ (mg/L
05 - 1§ ATy VAR CO2 (mg/L)
3 0.4 =S el 10 — Tot. Sol. P (mg/L
€ 0.3 - -
0.2 - — Al
0.1 NP
0 1 T |
O O o o o OO O O O O O O O
0O O 0O O 0 W 0 0 W W W W o
S233333233333 33
O 9 O IS 00 N B O O 4 N
S S gL eLeeddd
— I O O O 0 0 I~ I~
™ M MO MO N N N N N
Date

Figure 3.1 NH;& N-NH,, CQ and total soluble Phosphorous trenatsone year control simulation
(on the xaxis labels are every 30 days).
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Figure 3.2 NG;and oxygen trend@ one year control simulation (on theaxis labels are every 30 days).
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Figure 3.3 Community respiration (g O2/md) in 1 year control simulation (on theaxis labels arevery 30 days).

Inorganic solids and detritus trends are plotted in Figures 3.4 tlexesulting Secchi

depth is reported in Figure 3.6. The total suspended solids are mainly composed by
inorganic solids, in fact particulate detritus concentrations aeey low. Sedimented
detritus are mainly labile, while particulate and dissolved detritus are more or less
labile and refractoryin the same proportion. Detritus have @ck in April probably
because there is a high consumption and more organic material is egested. According
to Secchi depth, water turbidity is reduced in July when TSS decreased, and it increases
overthe rest of theyear when Secchi depth assumes an averagigevaf 20 cm.
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Figure 3.4 Total Suspended Solids and Inorganic Sediments triendse year control simulation
(on the xaxis labels are every 30 days).
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c) Particulate detritus
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Figure 3.5 Trends in one year control simulation of a) Sedimented detritus, b) Dissdbteitlis
and c) Particulate detritus (on theaxis labels are every 30 days).
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Figure 3.6 Secchi depth trenith one year control simulation (on theaxis labels are every 30 days).

127



3.1.2 Food web

Preference matrixpercentages arealibratedtogether with organisms parametets
stabilze the model. Substantiallghanges of the precalibration valuesinvolve
phytoplankton predation, in fact the preference percentage of organisms that feed on
phytoplankton (mainly Bleak, Rotifer, Trichopterd)ave been reducedto avoid
collapse of primary producerénother change ishe addition of particulate detritus

and Odonata in adult Wels catfish diet and Rotifers in the young Wels catfish diet
(Table 34), in order to stabilize macroinvertebrates angctella predation (by
reducing the biomass of their predators Odonata and Rotifer) that would otherwise be
too high.

Regarding egestion coefficients, for several organisms the value of 0.2 is decreased to
0.15 in order to enhance biomass productithvat otherwise would not have achieved

the observed ongTable 3%).

Table 34- Calibrated preference matrix for Po river model (numbers are %).

Predator

Yonug Adult

Prey , | Esternal | Chiron. _ . _
Amph. . Oligoch. = Trich. | Rotifer Gastrop. &= Odon. Bleak | Chub = wels wels
insects (larvae) ’ )
catfish catfish
R detr sed 2.0 5.6 10.0 3.5
L detr sed 47.0 38.9 90.0 69.2
R detr part 2.0 5.6 2.6 9.7 35 13.4 0.9
L detr part 47.0 38.9 56.1 | 43.7 5.8 134 0.9
Cyclotella 1.0 9.3 25.2 3.0 9.3 8.5
Chromulina 1.0 1.9 16.2 43.7 8.7 53.1
Macrophyte
s
Amphipoda 29.6 4.7 27.2 11.9
Esternal
insects 1.9 20.8 12.0 4.4
Chironomid 19.3 40 201 10.2 3.2
Oligochaeta 19.1 1.8 13.2
Trichopter 13.9 3.8 10.7
Rotifer
(Brachionus) 13.9 15.7
Gastropod 18.0 9.0 4.4
Odonata 8.3 16.7 111 29
Bleak 4.9 1.6 445
Chub 26.9
Young wels
catfish
Adult wels

catfish

+Unchangecfrom the initial preference matrix
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Table 35- Calibrated egestion coefficient for Po riveodel.

Prey

R detr sed
L detr sed
R detr part

L detr part
Cyclotella
(Diatom)
Chromulina
(Chrysophyte)
Macrophytes
Amphipoda
Esternal insects
Chironomid
(larvae)
Oligochaeta

Trichopter
(larvae)
Rotifer
(Brachionus)

Gastropod
Odonata (larvae)
Bleak

Chub

Young wels
catfish
Adult wels
catfish

+Unchanged from the initisdgestion coefficients

Amph.”

0.1

0.1

0.8

0.8

Esternal
insects

Chirol

(larvae

+

0.2

0.2

0.2

0.2

n.

)

Oligoch.

0.3

Predator
Yonug
. . Gastrop. = Odon.
Trich. | Rotifer . Bleak Chub = wels
catfish
1
0.1
1 1 1 1
0.2 0.2 0.2 0.2
0.35 0.3 0.2 0.15
0.30 0.3 0.2 0.1
0.2 0.15 0.2

0 0.15

0.2 0.15 | 0.15 0.2

0.2 0.15 0.2

0.2 0.15 | 0.15 0.2

0.16 0.2

0.2 0.15 0.2
0.15 | 0.15 0.15

0.2 0.15

Adult
wels
catfish

0.2

0.15
0.15

0.15

0.15

0.15
0.15
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3.1.3 Phytoplankton

The new calibrated parameters of phytoplankton disted in Table & for Cyclotella

(Diatom) and Chromulina(Chrysophyte For both organismsyespiration rate is

decreasedn order toreducebiomass losses due the respiration processotherwise

biomass will rapidly go to zerdight extinction coef@iient is reducd assuming that

light extinction processis alreadyaccountedby site-specific parameters chosen in
chapter 2 (Table 3.6). Cyclotel@ppears strictly correlated to Bleak (predator),

increasing Bleak biomasSyclotella decreases. Chromulivaries very little when

predator biomass varies because its concentration is on average 0.04 mg/L and most

organisms start feed at higher prey concentrations.

Table 3.6 Cyclotella and Chromulina default and calibrated parametersgtiwehighlightschangedparameters.

Parameter

Saturating light (Ly/d)

Max. saturating light (Ly/d)

Min. saturating light (Ly/d)

P half-saturation (mg/L)

N halfsaturation (mg/L)

Inorg. C hatkaturation (mg/L)
Temp. response slope

Optimum temperature (°C)
Maximum temperaturg°C)

Min. adaptation temperature (°C)
Max. Photosynthetic rate (1/d)
Photorespiration coefficient (1/d)
Respiration rate at 20°C (gh
Mortality coefficient(g/g-d)
Exponential mortality coefficien
(9/g-d)

P : Organics

N : Organics

Light Extinction

Wet to Dry

Sedimentatiorrate (KSed) (m/d)
Exp sedimentation coefficient
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Cyclotella

Initial Calibrated
22.5 22.5
300 Not used
225 Not used
0.055 0.06"
0.117 0.117
0.054 0.0%4

1.8 1.8

20 235

35 30"

2 7"

1.87 1.87
0.026 0.026
0.08 0.0752°
0.001 0.001
0.05 0.01"
0.007 0.007
0.059 0.059
0.14 0.02

5 5
0.005 0.005
0.05 0.05

Chromulina
Initial Calibrated
67 67
Not used
Not used
0.046 0.046
0.006 0.006
0.054 0.054
2 1.8
25 20"
35 35
2 2
2 2
0.026 0.026
0.2 0.0483"
0.01 0.009
0.04 0.01°
0.007 0.007
0.059 0.059
0.144 0.01"
5 5
0.31 0.31
0.693 0.693



Calibration results are graphically represented in Fig@:& and 38 for one year and
three yeas simulation period. Cyclotella has biomassbserved values between 0 mg
dry/L and 3.7 mg dry/L, while the simulatedluesare between0 mg dry/L and 5.7 mg
dry/L, the average biomass is 1.042 mg drylhe observedpeaksin June and
September are shifted in July and October in the simulat@momulina has biomass
observed values between 0 mg dry/L and 0.16 mg dry/L, while the simulated values are
between 0 mg dry/L and 0.13 mg dry/L, the average biomass is 0.042 mg lthgls.
peaksin June and October and decreases in Spring, this trengbisdeced also in the
simulation.As assessed by Garibaldi (1991), algae concentration variation seems to be
independent from the water flow and from temperature, in fact theakof Cyclotella

is observed in Summer and Autumn, but in general Diatames peculiar of cold
seasons.This can be due to the interaction of many factors including nutrients
availability or predation.This trend is in line with pH variation (Figure), in fact the
increase of pH in Summer can be caused by the increase in consume loy @Qae,

this shifs the balancebetween carbonate ion (G9), deriving from the calcium
carbonate of limestone rocksand carbonic aciqHCQ), deriving from the dissolution

of CQ in water, towards right (37). Thus more hydroxide ions are formaad pH
increases.

CQ%+Hh T I5#@H (37)

For both species, seasonal trends amre or lessmaintained in three years
simulation. For Cyclotella thegeaksare in July in every year but their values increase
respect oneyear simulationuntil reaching the value of 9 mg dry/L in the second year
(1989). For Chromulina in every year there igeak of biomass in Autumn as in one
year model, but thepeakdecrease progressively during years until reaghhe value

of 0.017 mg dry/L. For both species, analyzing the year 1989, it can be found that there
are changefrom one to three year simulation periods. This is probably due to different
upstream value®f nutrients or planktorthat are generated in théhree-yearsmodel

with respect to one year simulation.
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Figure 3.7 One year (1989) control simulation results for a) Cyclotella and c) Chromulina.
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Figure 3.8 Three years (1988990) control simulation results for a) Cyclotella an€bjomulina.

In Table 3.7 the resultingpdices- | - , rand E are shown and in Figur® the

linear correlation between observed and simulated valussgraphically represented.
Regarding one year simulation,is less than 1 for both Cychita and Chromulina, this
means that the model simulatesorrectly the average annual biomass. According to
Table 3.3,r (1) Cyclotella value indicates that the correlation is regular, while for
Chromulina is high. The model efficiency measured with NSE is not satisfactory for both
Cyclotella and Chromulina, this can be caused by the fact that NSE coefigient
sensitive to etteme values because of squared differences.

Regarding three year simulation, the average biomass is of the same order of
magnitude of one year average biomask:( <100) for both Cyclotella and

Chromulina, this means that the e years model iat least stake.
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In conclusion, the model simulates in a satisfactory aigylbiomass trends in 1 year
and 3 years.

Table 37 - Indices for the assessment of the goodness of the model for plants.

1 year 3 years
Observed | . ] ] )
simulation | simulation
average Eu { 7
Taxa _ average average I Eqw
biomass _ _ (%) (%)
biomass = biomass
(mg dry/L)

(mg dry/L) | (mg dry/L)

Cyclotella 1.0421 1.0418 1.198 0.0249 15 0.396 -1.815

Chromulina  0.04205 0.04202 0.014 0.078 67.6 0.642 0.297
6 .
_n a) Cyclotella
> 5
©
2 4
£ y = 0.7082x + 0.4884
@ 3 R2=/0.157
g 2 E====
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Figure 3.9 Graphical correlation between observed and simulated biomasg @fyclotella
and b) Chromulina for-¢ear model.
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3.1.4 Zooplankton

The new calibrated parameters aboplanktonare listed in Table 8.for the rotifer
BrachionusParameters modified are mainthose connected to consumption as half
saturation feeding maximum consumption and minimum prey for feeding carrying
capacity, andalsothe temperature. Zooplankton consumption is strictly cootesl to
detritus formation, thus, if community consumption neases, more sediments are
produced and also rotifer biomass increases. Moreovesfifer biomass varies
accordingly tahe variation of Cyclotella biomabgcausehey feed on algae.

Table 3.8 - Brachionus calyciflorudefault parameter from animaRAQUATOX librarysearch scientific name
Brachionuspnd calibrated parameters valuéthe asterisk means parameters changed).

Parameter Initial Calibrated
Half saturation feeding (mg/L) 1 0.5
Maximum consumption (g/g*d) 3.4 3.355
Min. prey forfeeding (g/nf) 0.1 0.09°
Temp. response slope 2 2
Optimum temperature (°C) 18 23"
Maximum temperature (°C) 25 29°
Min. adaptation temperature (°C) 5 4"
Mean wet weight (g wet) 1.2 * 107N €7) 1.2 * 101N €7)
Endogenous respiration (1/d) 0.34 0.33
Specific dynamic action (unitless) 0 0
Excretion : respiration 0.17 0.17
N : Organics (frac dry) 0.09 0.09
P : Organics (frac dry) 0.014 0.014
Wet to dry 4.7 4.7
Gametes : biomass 0.18 0.18
Gamete mortality (1/d) 0.06 0.06
Mortality coefficient(1/d) 0.25 0.25
Sensitivity to sediments Zero Zero
Carrying capacity (g/fi 4 8
Vel max. (cm/s) 400 400
Mean lifespan (d) 4 4
Fraction that is lipid (wet wt.) 0.012 0.012

Calibration results are graphically represented in Fig@r&0 and 311 for one year and
three yearssimulation period. Brachionus has biomass observed values between 0 mg
dry/L and 0.3 mg dry/L, while the simulated values are between 0 mg dry/L and 0.52
mg dry/L, the average biomass is 0.048 mg drifA.biomass has @eakin July that
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corresponds to the Cyclotelfzeak in fact as said beforeRotifer feeds on algae and its

trend is strictly related toCyclotella biomass trendBrachionus biomass slightly

increases in April, this is due tioe particulate detritugpeak In three years simulation

the peakin July is maintained in every year, but in the second year it reach the value of

0.75 mg dry/L that is higher than relative simulated value in one year model (0.52 mg

dry/L). As observed for phytoplankton this is probatilye to different upstream values

that are generated in the thregears model respect to one year model.
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Figure 3.100ne year (1989) control simulation results for Brachionus rotifer.
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Figure 3.1% Three years (1988990) control simulation resulBrachionus rotifer.
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In Table 3.9 the resulted indices - , rand E are shown and in Figure 3.12 the
linear correlation between observed and simulated values is graphically represented.
Regarding one year simulation,is about 2 %thus the model slightlyunderestimates

the average annual biomass, this means that parameters values must be corrected, but
in this case the result is satisfactory considering that observed biomasses are subjected
to measure errors and also are referred to 199@ aot to 1989. Thus it is satisfactory
that at least the trend is reproduced by the mode}y) value indicates that there is no
correlation between observed and simulated data, thus the model has to be improved
from the point of view of seasonalitffficiency measured with NSE is not satisfactory,
this can be caused by the fact that NSE coefficisnsensitive to extreme values
because of squared differencesnd can also be related to the abovementioned
problems with seasonality

Regarding threeyear simulation, the average biomass is of the same order of
magnitude of one year average biomaks ( <100), this means that the three years

model is at least stabile.

Table 39 - Indices for the assessment of the goodness of the model folerdBfachionus.

1 year 3 years
Observed | ] ) ]
simulation | simulation
average £
Taxa _ average  average (o Eqw
biomass ) ) (%) (%)
biomass @ biomass
(mg dry/L)

(mg dry/L) | (mg dry/L)

Brachionus 0.048177 0.047075 0.054941 2.29 14.04 | -0.0132 -1.956

0.45 4
0.4
0.35
0.3
0.25
0.2
0.15 y=
0.1
0.05

Brachiuonus

YRR

NS00
UToX +HUo
2= 2

Simulated biomass (mg dry/L

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Observed biomass (mg dry/L

Figure 3.12 Graphical correlation between observed and simulated biomass of Brachionus rotifer.
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3.1.5 Macroinvertebrates

The new calibrated parameters for macroinvertebrates are listed in Tadle. 3.

Changes regard mainly parameters related to consumption and temperature.

Table3.10- Calibratedparametes values for macroinvertebrates (the asterisk means parameters changed).

Parameter

Half saturation
feeding (mg/L)
Maximum

consumption (g/g*d)
Min. prey for feeding

(g/m?)

Temp. response
slope

Optimum
temperature (°C)
Maximum
temperature (°C)
Min. adaptation
temperature (°C)

Mean wet weight (g

wet)
Endogenous
respiration(1/d)
Specific dynamic
action (unitless)
Excretion :
respiration

N : Organics (frac

dry)

P : Organics (frac

dry)
Wet to dry

Gametes : biomass

Gamete mortality
(1/d)

Mortality coefficient

(2/d)

Sensitivity to
sediments
Carrying capacity
(g/m?)

Vel max. (cm/s)
Mean lifespan (d)

Fraction that is lipid

(wet wt.)

Species

. Chironomus  Trichoptera . Odonata
Amphipoda (larvae) (arvae) Oligochaeta Gastropoda (larvae)
09 04 0.05 0.5 0.5 0.2
0.12 06 0.23 0.36 0.074 1.4
0.9 09 0.1 0 0.9 0.05
2 1.62 2 1.7 1.4 2
20 23 22 9 20 22
28 35 35 23.9 38 25
5 4 7.35 5 3 7.35
0.000037  0.0075 0.06 0.06 0.33 0.08
0.005 0.035 0.013 0.01 0.008 0.0286
0.18 0.18 0 0.18 0.25 0.18
0.17 0.17 0.17 0.17 0.17 0.17
0.09 0.014 0.09 0.014 0.09 0.09
0.014 0.014 0.01 0.014 0.01 0.014
3.64 4.7 4.7 4.83 4.7 4.7
0.01 0 0 0.09 0.1 0
0.01 0 0 0.01 0.9 0
0.02 0.001 0.0004" 0.001 0.000189 0.002
Zero Zero Zero Zero Zero Zero
0.1 25 10° 117 30 5
400 125 250 200 400 400
182 365 365 1000 1825 365
0.012 0.013 0.0013 0.0075 0.013 0.013

Calibration results are graphically represented in Figures 3.13 and 3.14 for one year and

three year simulation period.
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Analysing 1 year simulation, Amphipoda have biomass observed values between 0.001
g dry/m? and 0.01 g dry/my while the simulatedsalues are between 0.002 g dry/m

and 0.0063 g dry/f the average biomass B00376 gdry/m? There is geakin
November and December, and a decrease in March. Amphipoda tresttoisgly
influenced by the maximum consumption parameter value, whilasitslightly
influenced by predation because Amphipoda concentrations are most of time lower
than the "minimum prey for feeding” value dheir predators.In three years simulation

the annual average biomass is not maintained, an evigamaumulation of bimass
takes place followed by #&loom occured in April 1990when the concentration
increases up to 0.05. This behavioupisbablyconnected to the fact that Amphipoda
predation is underestimatg by the model and thus it is connected to immum prey

for feeding" value of predators.

Chironomidshave biomass observed values between 0 g dfyamd 1.44 g dry/m

while the simulated values are between 0 g drg/amd 1.05 g dry/my the average
biomass i90.15 gdry/m? The simulatecbeak does not corresponda the observed

one, this is because in the model Chironomids feed mainly on detritus and in fact the
modelledpeakis in May when system detritus increase. In three years simulation the
annual biomass trend is maintained.

Oligochaeta have biomass obserwedues between 0 g dry/frand 0.7 g dry/m, while

the simulated values are between 0 g dnf/amd 0.65 g dry/m the average biomass is
0.15 gdry/m® The simulatecbeak does not correspond to the observed one, this is
because, as said before for Chironomids, in the model Oligochaeta feed mainly on
detritus. In three years simulation th@eakin May is maintained in every year but its
value increases progressively in ttheee years until reaching 1.§dry/m?in the last

year.

Trichoptera have biomass observed values between 0.0065 g @rgfd 0.098 g
dry/m?, while the simulated values are between 0.03 g di&md 0.06 g dry/m the
average biomass 8.047 gdry/m?. There is a decrease in June angeakin August,

this behaviour is probably due to Odonata predation. In three years simulation there is
a biomass decrease in the first year, in the second year the trend is similar to one year
simulation and in the thirdgar there is geakin July.

Gastropoda have biomass observed values between 0 g & 0.0053 g dry/m

while the simulated values are between 0 g dryand 0.0055 g dry/f the average
biomass i0.0015 gdry/m% Observed biomass trend is not wediproduced by the
model for the same reasons written for Amphipoda, in fact biomass increases
exponentially because predation is not simulated as organism biomass concentration is
too low. In three years simulation the annual biomass trend is not maintiafoe the
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same reasons written for Amphipoda, and Gastropoda biomass have an high increase
from January to May of the second year, then it stabilizes.

Odonata have biomass observed values between 0 g drsfrd 0.33 g dry/, while

the simulated values arbetween 0 g dry/rhand 0.4 g dry/m, the average biomass is
0.066 gdry/m® It has apeakin May 1989. Observed biomass trend is not well
reproduced by the model. | the simulation biomass concentration is influenced by prey
concentration, in fact Odonatecurve has the same behaviour of Chironomus,
Oligochaeta curves. In three years simulation the annual biomass trend is maintained in
the first year when there is @eakin March, while in the third year thpeakis in
January, moreovepealks values are higer than those simulated in the ongear model.
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Figure 3.13 One year (1989) control simulation results for a) AmphipdjaChironomus.
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Figure 3.13 One year (1989) control simulation results @rOligochaetal) Trichoptera, efsastropoda.
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Figure 3.14 Three years control simulation results for a) AmphipdgaChironomus.
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Figure 3.14 Three yeargontrol simulation results fof) Odonata.

In Table 3.11 the resultingdices- , - , rand E are shown and in FigureS3the
correlation between observed and simulated values is graphically represented.
Regarding one year simulation,is less thanl % for Amphipoda, Trichoptera,
Oligochaeta, Gastropoda, Odonathjs means that the model simulates at least the
average annuabiomass. Only for Chironomids is about 3 %, the moddlightly
overestimates the average annual biomass, this means that parameters values must be
corrected, but in this case the result is satisfactory considering that observed biomasses
are subjeted to measure errors.For Amphipoda, Trichoptera, Oligochaeta and
Gastropoday (1) value indicates that there igery lowcorrelation between observed

and simulated datawhile for Chironomids and Odonata that there is no correlation,
thus the model has to be improvedith regard to seasonalityHficienciesmeasued

with NSE arenot satisfactory, this can be caused by the fact that NSE coeffiment
sensitive to extreme values because of squared differences.

Regarding three year sirfation, for Chironomids, Trichoptera, Oligochaeta and
Odonata the average biomass is of the same order of magnitude of one year average
biomass £ <100), this means that the three years model is at least stable. For
Amphipoda and Gastropoda inrdee years simulation there isrelativelylargebiomass
overestimation that is due to the bloom of the two species described before
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Table 311- Indices for the assessment of the goodness of the model for macroinvertebrates.

Taxa

Amphipoda

Chironomus
(larvae)

Trichoptera
(larvae)

Oligochaeta

Gastropoda

Odonata
(larvae)

Observed
average
biomass

(g dry/m?

0.00376
0.1486
0.0475

0.147
0.001563

0.065604

1 year 3 years
simulation = simulation
average average
biomass biomass
(g dry/m® (g dry/m?
0.003801 0.0161
0.153 0.269
0.0473 0.0423
0.153 0.139
0.001547 0.0329

0.066104 0.086

%)

1.00
2.95
0.63
4.40
0.985

0.76

ke
(%)

323
76
10.6
9.1
2003

31.6

M

0.205

-0.082

-0.0695

0.145

0.263

-0.036

-0.049

-0.211

-0.117

-0.592

0.008

-0.204
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3.1.6 Fisles

The new calibrated parameters for fishes are listed in Tade. 3/ariations involve
mainly consumptiorrelated parameters and temperature values.

Table3.12 - Calibratedparameters values for fishes (the asterisk me@arameters changed).

Parameter Species
Young
Bleak Chub Wels Adult Wels
catfish catfish

Half saturation feeding (mg/L) 0.05 0.01 0.9 1
Maximum consumption (g/g*d) 0.14447 0.54 0.733 20
Min. prey for feeding (g/f) 0.3 1 0.05 2.25
Temp.response slope 2 2 2 2
Optimum temperature (°C) 24 17 20 17
Maximum temperature (°C) 30 30 30 28
Min. adaptation temperature . . .

3 3 2 3
°C)
Mean wet weight (g wet) 3.6 329 43.76 3150
Endogenous respiration (1/d)  0.025 0.008 0.0004  0.004
Specific dynamic action (unitles 0.15 0.1 0.172 0.172
Excretion : respiration 0.05 0.05 0.05 0.05
N : Organics (frac dry) 0.01 0.03 0.03 0.03
P : Organics (frac dry) 0.025 0.0149 0.031 0.031
Wet to dry 3.7 3.7 4.5 3.7
Gametes : biomass 0.09 0.09 0.1 0.3
Gamete mortality (1/d) 0.9 0.9 0.9 0.01
Mortality coefficient (1/d) 0.006 0.0008 0.01 0.0003
Sensitivity to sediments Zero Zero Zero Zero
Carrying capacity (g/fi 4 0.8 0.1 0.1886
Vel max. (cm/s) 400 400 400 400
Mean lifespan (d) 730 365 730 730
Fraction that is lipid (wet wt.) | 0.02 0.02 0.03 0.03

Calibration results are graphically represented in Fig@r&6 and 317 for one year ad
three years simulation periods.

Analysing 1 year simulation, Bleak has biomass observed vbhktesen 0.044 g
dry/m? and 0.86 g dry/my while the simulated values are between 0.24 g diamd
1.07 g dry/m, the average biomass &56 gdry/m® There is geakin August and
September,possiblyconnected to the bloom of diatoms, as Bleak feed on them. In
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three years simulation there is a pick in July of the first year, another in September of
the second year and the last in July of the third year. Chub has biomass observed values
between 2.07 giry/m? and 3.27 g dry/m, while the simulated values are between 2.07

g dry/mfand 2.7 g dry/my the average biomass 52 gdry/m® Simulated trend has
slightpeaksin Spring and Autumn, aligned with obseryaehksthat arehowevermore
accentuated. Inthree years simulation the annual biomass trend is maintained as
biomass remains almost constant. Young wels catfish has biomass observed values
between 1 g dry/mand 13 g dry/m, while the simulated values are between 2.75 g
dry/m?and 8.8 g dry/my the average biomass B.73 gdry/m®. There is geakin April

due to thepeakof preys (macroinvertebrates), anothgeakresults in November but

this is in contrast with observed data, thispiessiblya modelproblemdue to error in
calibrating Young welsatfish consumption parameter®r to some ecological process
relevant for describing its biomass dynamics which is not included in the mindel
three years simulation the annual biomass fluctuate with slight variation around the
value of 8 g dry/mwith a peakin November of the first year. Adult wels catfish has
biomass observed values between 0.96 g diy/and 12.8 g dry/My while the
simulated values are between 2.3 g dry/and 25 g dry/m, the average biomass is
5.58 gdry/m? Biomass has peakin April that corresponds to thepeak of preys
(macroinvertebrates). In three years simulation the annual biomass trend is maintained
with a peaksin April in every year, with the exception of a pick in October of the first
year.
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Figure 3.16 One yeai(1989) control simulatio results for a) Bleak.
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Figure 3.16 One year (1989) control simulation results fyr Chub,c) young and d) adult
Wels catfish.

150



a) Bleak
3 years

== Simulated (g dry/m2)
Observed (g dry/m2)

AN

3

< N o
—

(ewyha

)
o
p

@
o o o

B) ssewoig

< o o

066T/0T/vC
066T/8/9
066T1/50/6T
066T/C/T
6861/CT/CT
6861/60/7¢
686T/L/L
6861/v0/6T
6861/10/0€
886T/1T/CT
8861/80/5¢
886T1/9/L
8861/€0/0¢
886T/T/T

Date

S -
[qV]
£ E
=)
o]
2g 2@
O O
O3 o B
Om & 2
2 3
E o
e

n o u N n 4 W1 o

™

N i o
(gw/Aip B) ssewolg

066T/0T/vC
066T/8/9
066T1/50/6T
066T/E/T
6861/CT/CT
6861/60/¢
686T/L/L
6861/v0/61
6861/10/0€
886T/TT/CT
8861/80/5¢
8861/9/L
886T1/€0/0¢
886T/T/T

Date

0 —~
Y= N
© mm
o s £
vy 5 2
[T ©
=3 2=

> o
[@)) ©
L o
S 5 2
o S o
[72]
> E 29
) n O

4

[e0]
—

O < NOowO<SNO
— A

(zw/A1p B) ssewolg

066T/0T/vC
066T/8/9
066T1/50/6T
066T/E/T
6861/CT/CT
6861/60/v¢
686T/./L
686T/v0/61
686T/T0/0E
886T/IT/CT
8861/80/5¢
886T1/9/L
8861/€0/0¢
886T/T/T

Date

Figure 3.17- Three years control simulation results for a) Blebk Chub, cyoung Wels

catfish.
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