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Ahstract This work hos been develaped inthe frame of the MANPORIVERS reszarch project funded by the Furopenn
Commissson. The gaal is 1o identify effective and susiainabls policies for the mapagement of surface and ground water
polfutants, taking account of their refationships with food production and buman bealth, A methodology hased on the
combination of fuzzy lapics and multicritersa anakysis Is proposed &5 a decision aid ool for the development of such
palicles. An exampbe of applicstion in the Hual river basin is given,

Koy words: Rivers, pollutast, methedology, management, policy

OBRIECTIVES AND ACTIVITIES

The gaoal of the MANPORIVERS progect is 1o identify effeciive and sustainahlz policies for the management of
surface and ground water pollutants, oking coount of their relatfonships with food produoction ard haman bealth, The
nim is the definition of palicies with a very broad mnge of applicability that could be used for many river basins. They
can be nsed intetactively for different basins exchanging water. They can also be used 21 different scales in o recursive
manner, from small tribunny basins in large basins.
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The sctivities presemied in this paper are sumnwarized in Fig. | and Table 1, Although we mainly concenirate here on
task WG, it is worth piving some information on the work schieved in tasks WL 1o WPS as ibey constitute a supporn
foe WP,

METHOBH.GGEES FOR THE ANALYSES OF FACTS
WPIL,WPL WP, WP, WP

METHEFMILOGIES FOR THE CHOMCE OF FRIDRITIES IN
THE MANAGEMEST OF POLLLUTION I RIVER BASING
WS

— e e

Figure I: General Organization of the activities

METHODOLOGIES FOR THE ANALYSIS OF FACTS

1. Methadologies for the evaluathon of accldental and non accidental pallutant inpat (WP} [1] Pollutant searces
are classifbed inbo fvo categones: non accidental pollutamt input 2nd sccidenal pallutant input,

The research woek complessd consisis of two pams: (1) Development of evalustion methodelogies for the tae
categories: (2} Applicatson to the Xuyi Coanty (Huai river basin) and to the Xizhijinng River basin (Pear] River delia),

L Methodologies for the choice of models for the transpord of pollagant by surface water and groundwater
(WF2) [2-5] The pbjective @s to evaluabe exisling models for pollutant transport, both for surface walers amd
groundwater, a5 tools comtribuling to the managemend policies of water pellotants.

1y Transpart af pofivar by susface warers The analysis of different softeares has been perfommed. The following
omes were considersd nnd o methodology for their selection and wse developed: () Mike 11 D] Danish Hydraulic
institute from Denmark; (k) U5, Geological Survey (LUSGS) from LSA: 0 set of 42 sofwares for diffenent purposes;
(2] SOHEK Delft Hydraulics from Netherlands; (d) InfoWorks RS; Wallingford from Great Brimin; (e) HEC-RAS
(Amny Caorps of Engineer's Hydraulic Engineering Cemter (HECH; (f) River Analysis System (RAS) from USA; ()
WOILF software from Belgiam

The: required paramelers, tbe basic characlersise and we Hmitsthons ar exammed

1) Troesport of pailitamd by grovadwaéer The application capabilities of several Aow amsd polltant transpoct moedels
available an the Intermel are shadied, aiming at creating o methedology for their selection and wse: (o) FEFLOW
(Diersch, 1998); {h) MTID (McDonald ¢ Harhaugh, 1988) {c) ASMWIN [Chiang e al., [998); (d) RBCA Tiers
Amnalyser (Roy et al, 2000); {e] AQUAID {Vaimazkil Coosulting Engineers, 1988); () FLOWPATH [T {Eviksowv et al,
1962; (g} WINTRAN (Rumbaugh & Rumbaugh, 1695).

Comclusicns an the possibilities, dota reguiremenss ardd accuracy comesponding 1o ihese softwares are summarized in
twhles ihas help decision makers to chose the approprinte model accarding o the sile o be sudied.

3, Methodalegies for the chofee of sanitation and remediation techabgues (WP3) (6] The objective 15 10 ety
arul evaluale existing techniques o decrease pollution levels in waters, due o acsidemal and mon socidental mput in
ardier Lo suppart management policy decisiond by appropriabe selection chans and methodology.

11 Non accidereel poffufant imput Warious sanitatson technigoes are exammed according, fo the specific pollaants.
Their working mechanisms and characierislics, the advantages and dissdvanlages, the suitable applicabion domains,
1he equipments and technologies used as well 25 the costs ane considered, The emerging innovative lechnigues ane also
idertifizd nnd their potentials are evaluxied. The technical specifications and the financisl aspects are alsa taken mto
consideration so thed they could be epplied in real industrial cases.

21 Aecidenral poltutant inpur This pant recapitulaies and analyses some of the major sccidenis in drinking waber as well
&5 surface and groundwater pollution in order io gaim a better understanding of the causes of accidental pollutant inpui,
It ks found that traffic accidenis and vehicle overloads are the two maln factors causing the release of some toxic
chemicals dnto water body.

A vanety of remediation teckmologies ane nect ded for hazard minimizalion, amoeog which chemecal and
hiological melbhinds provide sm:l.r'.mﬁl.llig.I teckmigques, Biclogical degradation mwthods are alse holding promisiog
perspectives,

)

4. Methadalogies Tor the evaluation of water use {WP4) [7] In onder 1o develop snd apply an effective and
sustzinable policy for the management of waler use, it is necessary to bave clear and quanisative responses o the
following goestions: {2} What is Lbis watler used for? (b Where does this water come GomT (¢} What are the quintities
used for different purposes? (d) How do these quantities evolbve ina year Gme? (2] What is the foresoen evelution in the
fisture?

The chjective of this work package is ta develap methodobagies o answer these questions and demonstrate their
applicsbility in the chosen case areas. The following methodologies have heen developed: (a) Methodology for
evaluating the present water use; (b} Methodology for evaluating water demand in future; (c) Methodolegy for
evaluation of the rationality of waler use strachare,

5. Methodologies for the evaluation of relationships of pollatants with human health (WPS) [B] The objective is
& build 2 quantitative and qualitative datsbase on the infleenos of various pallulants in dver basing on human bealth.

Ta reach this gaal different complementary approaches bave been used.

{13 Various human healih risk pssessment methodpdogies have been evalusted. The datm and information oo buman
eaposure to polluinnds end their potentinl healh effects hove heen comlogued The realistic health risks that
envimmmeninl pollutards impose on human have been evaluated by comparing their gxposurs concenimtion and their
e patency, beading to a pricnity list of main pollutants in river basins,

12y Comsadering that almest all datk on bealth effect and toxicobogical information ane based on animal studies and that
thire bs gpreat dafference beracen andisal and Fuman beimgs, & shorm-tenm i viro Microneclel Assay based on buman
peripheral blood Iymphocytes micronuclel bss been developed and applied 1o dircctly evaluare the human health effect
of pollulants. Toxie potensies of some smamslic compounds bave been neated by this assay,

{3} Important efforts have been devaled o dovelop the Chaantilative Structure Activity Relaticaships (05 AR ) models.
These are mathemsiical models (kat relate the biclogical activity {ep toxicity) ol malecules w their chemdcal
structures and o the comesponding chemical and physicochemical properties. This develapment aims al Glling in the
data gap for some pallukanis. They can be nsed as indicatars of the human health effect of pollutass and alse For the
developmern of to predicl health effect of other pollutanis.

METHODOLOGIES FOR THE CHOICE OF PRIORITIES IN THE MANAGEMENT OF POLLUTHON
I RIVER BASING BASED ON MULTICRITERLIA ANALYSIS AND FUZEY LOGICS (WPG)

1. The MANPORIVERS methodulogy [9-11] Based on the combmed use of multicriteria analysis and of luzzy
lagics, a general methadology has been developed to help decision makers extablish sustainshle maragement policies
fior priarity walcr polluimnts and their effects oo foods and human bealth. [t is called the MANPORIVERS methodalogy
(Fig. 2%
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This metbodology is o major ariginal contribution of this research preject and constitates an efficient o0l 1o help
decirion makers to undertake envireamentally, socially and economically sustainable actiong in & river hagin.

I1is applicable tw any river basin and 1akes account nod only of the envircamental impacts (typically toe concentratbons
af pallutanis in water) but glso ol the soctal and economical aspects of the prablem.

The MANPORIVERS muibodalogy is a tool that is able to rank different Actions or Sconarii {i.e. combinations of
Actions) in order (o maximize their positive effects and minimize their negative effects.
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The terminology wied = Fig. 2 i detadled below:

Actions: any type of mdasitial, cconoimical, politicsl, . stion of event

Sln_i'.:: dilferem| entilivs possibly alfected by the impacts of ke considemed stirategic socin-reonomic development in the
Tegion.

Action daza: specific o a given nction {economic, secial, pelluticn daca).

Repivms! dare specific io o reghon, we consider varlable reghoral dete {pogsalation, migration...) and permanest
megional data (gealogy, snfall sopography.. ).

Jmparis: the different effiects of aclioos, o.g. mvestment, annual oost, modificetion of podlutant lovels, migration of
popealation, aspect of landscape, . .; each fmpact must be expressad by & quantifier which can be quamtitative (2g.
amount of maney mvested, polloiess concentration or mass, ...) o qualietive (e.g. good, neuirel or bad effect an
Bandscipe)

Methodiningres: all the means (software, data bases, seloction chars, moommendations ...} by which the impacts
quantifiers of different actions can be obiained.

Inrergfuce: imiegration of differesd impacts in three singes: a geographic integration, an integration witkin the set of all
major pallucants and e invegration witkin the s af sinks.

Seemarid: differes combinations of Actions and differem weaghts for the social, sconomical and pollution impacis,
Evaluanon oo soflwares based on multeriteria amalvais and fuzry logics Waking accousd of the impacts sad e
respective weights to give a classification of different actions.

Ranking: ardering from the best 1o the waorst action.

0 corse, this global methodelogy makes we of the speeific houdolosgies for the analysss of facis | d in
acelion 3 above,

I messt be noted thal the MANTORIVERS methodology is capable to take account of: () the different wses of waler;
{b) thee effeces of polioiants on bamen health; () the direct and indirect costs of Actons (investmenss, maindemance,
functicning, _;, (d) tee effects of Actions an popolsticn {creaton or |oss of jobs, change of wiier price, change of water
CONBUTPLHM, ...} (&) e elfects ol Actions on lesdsaape, on the quality of Bife, 2 (1) the cohérence and Feasibility of
Actions

It is able o consider not oaly deterministic quantitative criteria bug also foxy criteria as well os gualitative crileria
{such as linguistic siassmenis).

The MAMPORIVERS methodology Is alse ch d by the (et that if alloss decision makers 0 estimale the
rubustness of ther docision: by maudify the wwvights given % the different critera, ey can soe 1T their decision =
madified by slight weight changes (no robust decision)ar i, on the contrary, the decision is not affecied by reasonsblo
weight changes | robest decision)

T use dhis methodology, it is necessary mo be shle to evaluste the different seenarii on the hesis of different criterin. In
oitwers wopds, il is neerssary W quantily or galily the impadts of the sctions ona se of comparison indicators that must
be defined by the decision makers. After having quantificd‘palificd those differom impacts (using the specific
methodologies presented in the |ost section), it i possible to wse a decigion xiding softeare based on mueHicrieria and
firzy laguos g select the hem sosnarh Leooddg 1o the weight given o the differene compasisan cnterin.

For commples management prajess, iE S neecssany & bave 2 global view, 18, 115 imporast fo songader soml, comomic
and environmental aspects bul alsa, the concept of the coheromee and the fmasibality of the messaes. The sclection of tho
best soenario must be made acconding tothese different pepecis. We hove i evnhuare the different impecis of the measures
oft the cfitena. Homever, the evalietion of some iegacts i goite difflosh heeause of the lack of deta o the complexity of
the: realigy. Then, the use of quanztative model is imposable sod we have W0 e qualisnive models,

This 15 wiwere fuzey logics enlor imto the picture: i classical multicrileria analysis. impacts aro nommally oapressed by
figures, womlly some amoum of money.

Inthe methodology, fuzzy logics has bees istrodbaced: it Is possihle wo consider eriterin expressed by fuzry expressions
and even iy g egaisic seiles (s Fig, 30,

Furttermine, the imporancs of the different comparison ertéra is also edgenlial i e seloction. The decisson makers
will choome apcording io their convictions, their pmnu of view. So, the methodology allows them to weigh the
differend criteria accerding to their comvictions. Then, it is clear that the final choice will be different according in Iire
spealic weights given o each sorparison enitéricn. e [Bel, we can say that the weightsag iz the
trarsslation af the convictions of the decision makers.
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Figurs 3: Examiples of Messuremen! Saales or Quastificns

Amung the comparisen crilera, the differsnt pollutants of woler constitube very important indscators for the final
selection of o manogement serategy for the basin. However, there gre masy pollutants that are imparie in the onelysis.
The large nummber of pall cnaghd e an obeacle wo the darity of the sessaning.

Thal i why ke MANPORIVERS methodology containg a fundtionality allowing 16 “integrate™ the effects ol the
different poliutams. This functiomality invedves 3 levels of integration:

i1} Integraisom of the immact of o polluiant aver the emlire basin: s iskes scoount of their poteniial danger of the
pllutant over the considered period of e and of the papulation poiemiolly affecisd.

(2] [ntcgration &m the pallwtants © this takes accounl of te mlstive onidties of the dilfeenl pollutanis present in the
Feasin.

{3} Incegration on the sinics: the sinks cormespond io the different fields of water use: consumption, irrigation, fishing,.
ol mmed domiestic use. The methodology proposes a binguistic scale i give o weight o ench of them

Thanks 1o this fusciiceality, it 13 possible 1o ch ize the poll af the dered basin by & simple resalt
imcgrating not only the comcamirations of the different pallutants bt also their taxicily amd the populations potentislly
affectad.

Far the eponamic criteria (dirsct oost, investmerds, mainienance costs, imverest rates, .. ) classical meshads of ecanamy
e B used i miegmmie them in ceder to pes the global cost of an Action. So, teis point is conshdered as classieal and
well kniwn,

Far the social oriteria and for the oriteria of coherence and frasibility, no aticmpl = made e try o “Dtegrate” them.
Thizy are cansidered one by ome. Indeed, the “aggregatien” of eriteriz like number of johs created or Iost, modificetion.
o waler commumpiios, chasge of waser price, chesge of land wse, .. dosg not seem reasonahle and is not easily feasible
i praetice sinee linguistic scales ang ol wsad Tor some of thess erileris

Chmce all the criteria defined, evakmited on e s of the methodologies [or the analysi= of Tscts and integrated o
neressary, a misHicritenia mhle is chained (see an example in Table 8).

Then, a multicriterie decision ziding sofrware can be wsed. [n this research, we use the software Decisios Lob using the
PROMETHEE methadalogy, 1t &8 & mallicrilena deciion alding softwar including fuzzy loghc sspecta. 11 allows the
ramiking of diferent Actions ar Scenarmi taking sccount of the diffcrent criteria and of their mespective weights,

1. Integration of poll the global Envir i Pall Risk Criterion (EFRC} Among the comparison
crilggia, the different pollutanis of water constitune very imgomant indseators dor the final selection of a mapagement
smnlegy for the Gormsidened mver basn, However, thens ars many pallstasts thit arc impartant i the analvais. Thi lengs
number af pollutants could be an absiscle to the clarity of the reasoning.

That is why the MANPORIVERS methodology comains & functionality allowisg to “imegrale” the effects of the
differesq pollutancs, This fundionality i the global Envisenment Poiliics Risk Crileson (EPRC)
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It Emvolves 3 levels of inlegroiion:

{17 Inpegrarian of the wpact of & podluien over the entize basin: this mkes aceount of their potestinl disgper ol e
psllutant sver the considered period of timse and of the populason potenizally affeced.

({21 Inlegration on the pollulanis: this tekes accoomt of the melative toxicities of the diffenmt polbotants present m the
lasin.

{3) Integratkon on the sinks: e sinks cormespend 1o the differesi fields of water wee: drinking waler, e gmiics, fish
Bereeding, water Ry T imdesstries and water for non foad indusines. The methmdelogy proposes a lisguishis seale W
Eive o weight o wach of them.

Thanks ta this EPRIC, il is passible e chamcterize the pallution of the considered basim by & simple result integrating
mod anly the cancenirations of the different polietanss but also their doxicicy and the popalstions polemialiy affecred.
1} Chgmgregahaic aneprarniow The goal of this firss stiep & i evalse the effect of each pollutant ca the conssderad hasin,

T i suggested by Evide the hasin in dilTenent 2ones. i onder o detemaine the impact of o polTatan oo the hasin with
presision. Actlly, il woull be dangerous 1o consider the basin as & whole bocause, in thal Gase, the @lculated impact
would show an unrealistic homogeneity. We have to inke the diversification of the area into 2cocounl, particularly for
the dessity of populmtien end fer the pollutants concentmtion. The proposed methodology is hied oo these basic
considerations, The wdeal would be o Bave o division highlighiisg pone will vamous pollutants concentmalions and
dirnsitics of population in onlir g have am oplimal nepresentation o nealily.

Concemning the polkotants concentration distribution and the evelulion of these concentralions with time, they can be
cbaized hy the complementary use of pollulam irenspont medels and im field dolo apalysis. Given thke pedluiant inpa
daln, they enable to predict the corcentration cix, p. ) of 2 given pollutant &t point 4z p) of the considered basin 2
time &. These models can be calibrated with the help of in situ measuremends.

Goographic imegratian fiwrmnda [oonder 1o oggregate the impact of @ pollumnt over te entine basin, we propose the
followwisg expressian in wivich the noution » peer s mdicanes the corsidensd year {we cannot forgs: the evialuion with
Iaiie The “sustimeble develogemnmeil™ condbpl B very Spafast]

Talyear] = f I la o o ) F 2,y v
/

L&t us clasify g contemt of this expresséan:

{1y The subscripis & § azed k represent the action or scenario &, the sink J, and the considered polfuiani &.

{2} A i the area of the considered hasin entire basin.

(3} Dy fx, . peaw ) defines the « poienstizl danger w of podlutant & for one year. i s based on the concentmiion of the
considered pollulant cg(x, v, i and is expressod m g A1 i is defined bolow;

(4] Fu s p vy is a Tingtion of the destribution of pepulaton dessiry in the considencd yeas expressed i pers fm';
il i alse defined below,

(50 The integrated empuct is enpressed in: pors s /7

Diefinision of function Dy (x. p. pear) The delinitton of the potential danger of a pollutant must be considensd

with care.

A Tirsd idiea is e b imdegrane 1he concentration ever | year: this glves an idea of the averape senount of pedlutant 10
which the po'p'ululm is ouposed during the year wnder comsideration. Howwver, this spproch ermses potenial
c pezis | ing severe danger for human health. That is why we propose o consides another elerwent:
the nex s of the p-nlll.l.an concenirstion.

Then, the quistions 10 ssewer are: “Whes should we use the maximus?" “When sheuld we use the avenage™
Usmlly, gach pollutemt is characierized by a ¢rtical Shreshodd that sannot by exeogdied; pwer this eritical threshold, (ks
consequences far buman beahh could bo very serious.

This threshald is wsed as discriminant.

Let us consider the twn Fallowing ceses for & given pollwmne.

Firsr, wie eommider the case whens the vearly resd of the pollusant concentratian is guie smhle (Fig. £)

I this case, there = mo neiscn $inchede the masimum o the concentraliom becanss i1 13 lewer than the critical
concentration, and tereforc. the avemge ropresents fairly coough the roality.

— -

Then, we consider the fodlowing case {Fig. 5).

The maxinvem concentration of pallutant k is higher tham the critica] level. By iself, the average docs mot represent
comeely e reality hecruse it doesn'n reflect tais peak. Then, the use of the maximn of the comcentration weukd he
Tavourable, That is why: we prigse the Tollowmy expredsion o Gilédlale the p gl et al pall &

3
i)

Lommcal

EEessssss s s s e e

Figure 4: Stable ovolution of pollutant concentration

Figure 3: Evolmion of pofiutant conceniration with peak
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This s that we gy [SE==1] the p §oelanger by the svermpe i the yeaely resd of the pollutant
cuneeninlion dogs nof exeetd the critical concenteafion, or by the maximem of concentramso i the trend exceeds the
critical threshald.

Dleflniriore o Fx v, wear] A power function of the density of the populilon s chosen io iake sccount nos only of the
mumiher of people exposed but also of the epidemic sk ek d by high pogvalation densicy.

F kv, poar) = dy x| . ’;}W]

L



whese d{x, p, wear) is the populstion density at point (xy for the considered year, d, & o nomralinng fectar:
d, =100 pers ! km”, and mr= 1 if the polbstion dees not Jead to an epiden:sc risk( e;p: mineral pollusion), m =1 if
there is a risk of epidemy (c.g. vimal polkation).
We siress the fact that m depends on the subscipts ¢ and & since the type and imponance of contamination is a function
af the pollueint fansse (k) ad of e siak (7 considered (5. o poliuinnt @5 commidened differently in drisk warer or in
waber used for car washl
Then, we obtain the imgact [ { pear) of polletant & on sink / for the entire basin, for the shedied year end for the
commsidered sctwom 4.
Z) Mnregrarion over (be different paitstants [n this parsgraph, we proposs to calculsbe te impact ol ali the polhianis on
the basin. Having the indrvidusl impacis of each polhriant on the whole area, we can perform 2 weighted integraion of
thess isngucts,
I tvea) =5 0, (wear) =T,

=

s o weiphting foactor, we propose b use te oty facior I representing the toadcrty of polbatant £

Due o the limétation of time and money, the toxicity specorum of most chemicals is still unknown aed there = not
enouph mivaration on their hazands amd their potential kealth effem, How can we know whech pollstssas are woxke?
Which chemical are dangerous? What levels dio we expose to 2 pellutam? What ane the potentis] health risks of bamen
exposure 1o pollstant? To answer thes: questions, & health risk assessment mrast be performed. The koy points of bealth
rish assessment ore:

Effeer ines the capacity of & agem 1o cause pdverse health effets i humans or asdmals. It & &
qualiEtive deseriplios hased on the T:.lp¢ arl quality of the data, complersentary mlonpalo (&g SEUchre—smviy
mralysis, penetic toxicity, phammeokinetivy, and the weight of evidence from thuse varioes sources,

Effect masessment wes animal daie {ioxicological methods), hemen deis (epidemiclogical methods when groops of
peogile are involved, or texieologicsl methods when using case studies and acue chamber studies) or other dara,
| structare-activity dafa or m vitre dala)

aré- Feipavene ERAT expmines the quantiimive relationships betwesn axpasure and the effecis of concem. There
s oflen Birnited barran exposure deta and anlimal his-assay data see mast ofien used lor dose-response mssament. The
use of these duts roquires extrspolations from animals 1o hursans and smerpolations from high doses to low doses,

from effect

Risd cdveraererization is the final siep in the risk I s, |1 (B} mieg the i
wind 3 :b]pro-'-ﬂﬁn-nwnlwlmﬂmtv-:rlﬂwnwfﬂ:wmtnlwm-ﬁ:nru

af comfidence the mk asses=ors have dn the estimates of risk and emclusions drawn. This approach i3 the ¢lassical

‘asis an which 1oxicity data can been oboained.

Ir the presens waork, existing detz bave been collected from literabere, from commercial or non-commercial deizbase,

leom laborstory snafies, Trom properics or Ioxicity estimaton methods and from Qeantitstive Strugture-Activiy

FRolationships (AR ) appross hes.

Table I below gives an exsmple of daia collecticn on the cancer potency of orgenic pellmens present in the Huai

Riveer in 213,

The cancer ramking score (last column) means the rnkimg of 2 chemscal Tased on #s cancer potency resalls, Amis

aszay resulis and of its presence in the US EPA Bist or CPB hist

Irdetadl, if for o chemical, the Ames assay resh is negative, there is no evidence indicating that if is carceinogenic and

it belongs oo peicher of the promay lises, it ranked a5 G;

If fior @ chemical, the Ames assay resslt 5 neg#tive, there I8 i evidence imdicatiog that 1 is canceinogensc but it

eelmgzs b dsither oF B prioeity L, of is rasked a8 1)

If for a chemical, WHO's opinsom om ils carcinogenicily is silber Gacinoganic of fon: inepenic &l 0 belongs o

ither of a prierity pallutanis list, it is ranked as 2;

I fora chemical, there is one evidence of carcinogenicty bt il does oot belong o cither of priorty Bst, it is mmbed @5 3

1f fior o chemscal, there i one cacinogeric evidence, and it belomgs 1o either of & pricnity |ist, it is racked ax 4;

If fior o chemical, there ane 2 carcinogenic evidences and it belongs 1o either of 2 priosity list, it is anked as 5;

—_f—

Tukbile T Camer patesay o the crgand pollutenis in water of Huak River (7003}
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cbumm msara this pollatane belongs in CPH fis.
3. uTets BSEY v The iragen binies of these poliuamts bassd on Ammes sssy's reselis “+" velers 1o poaliive, and =" refirs
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[f for & chemicel, there in no camcinogenic experimental data bul it belongs ta either of a poiority list. it &5 ranioed as 5
|prmciple of precaution).
Hased an the Cancer Ranking Score, the voncicity dector T af pollutant & & calculaied by
{CRS),
L= e

Of course, the suthors ame awems thet the camcir msk i3 nol the only oee o b considercd o charctenzs the foxicity of
o pollutant. Om the other hand, the list of chemicals considered in the tble sbove is not exhaustive.

Therefare, the proposed formula st be considered 25 a temporary resutt that should be emproved as che knowledge
o B ity of polluranis mereases,

3} fetegection of the rinks The sinks eonsidered in 185 paper caineide with the dilTement waler s classifod @z
follows: J = 1: drinking water; § =2 rpoiioe; [ = 3 fish beeedieg; § = 4 warer for food industres: § = 5
wser Far pom Tood industries,

The method ta give & weight Fy o each of them i inspired from the risk mamagemen! approsches where the weight
essociated with a category of acoidental events is given by:

“weight” = “frequency of ceommence” % “importance of the consequences™

In the gresent context, the weight ¥, essocised with sink § is defined by:

Fi= o= (5EF)

where ¢ is the amount oF waser wsed For sink § during the corsiderad yar (in m' per yeark. This data is indeed an
sdequaie guantilstive measure of te “froquency of oocurmence”

|SEFY is o socio-econome: factor messuring the “impormnce of the consequences” on human population of the
pollgion of the wier wed by sink §. This facior 15 chosen fnoa seale from 1 o 5, Teble 3 gives a propeas) thar, of
sy, dxan b mvoad ified by Rodal eapserts 0 Bk gceoun! of the sio-coimamic paticalistics of the conssderod hasin,

Tabk 3 Propodal of the sosd-coanamis faciors

i | Atk I"lmscqm:nni:! SEFY
] i drinking watcr very high 3
2| irregation high 4
1 fish hreeding high 4
4 | wonerforfood industries | veryhigh | [
2 | waser for pon food industries | loow [ 2

The mulative weight of sink § 53 then given by:
I
[ P —
TOR+R Rt EF,

Hence, the Environment Pollulant Bk Criterium 3= defined by:
EPRC (year) = 51, vear) v,
I

This expression cabeulates the globel impact of &1l the pollutants dor all the woier use fields {the sicks) on the
eongidensl fver Tusin (oF 8 given action &

L Application to a case study im the Hluad river basin The case area is the Xuyi County in the Huai nver basin.
Thres types of actions 1o manzge the pollotion in the basin are coesidered. In each tvpe, vorious sob-actions are
comgldered {Tahles 4-01, including a refi jon sl as usunl™p coaresponding 1o the cusrent simuation.
o It of cossidired critens o given in Tehle 7,

Each sctiom i3 evalumied scanding to Be abong memicned metesdology (Table 8] This cvaluaton @ b made Tor
three time horizons 2001, 2005 and 2000,

— ] —

The last siep & thus the construction of scenarii, Le. is different combizanons of Actons in ceder &0 mansge dwe
pollation in the basin, The following ones aee consadered: (a) Scesario 500 AD + OO+ DO (ghe presesa sibwlion with
no change), (B) Seenario S0 A2 + BCL 4DV, (¢) Seenario 510 A2 + BCT +D2, (i) Scenario 83: A1 « BC2 + D2, (2}
Sconaric S4: A + B4 4+ D2

Table 4 Sub-actioms &: w in ind

W* | Shan Titke | Shoet description
| Dwom't ciange amything o tho present situstion: the enviroemesdal
L | mamagement strategy in the future is the same one as now.
i Iepase stricter regulniions o et (Eh d} i
1 5 . all mdusiries in the reglon, which means the plases must sdop
AL SR s | vechnical senovatios 1o meet bt siriceer disehanpe anmset and
| discharge standands.
1 Cerlain bypes of | Iepose sdvancud wastewaler vabment to chemdcal industry® in the
_Llu.d:.lsl.m: | mgion and primary treatment g the other fypes of industries

L Inmﬁm&udmﬁmba.wmdmln&mnymdnmmﬂnuhmmm
shmply the <l | irhstries e e et i peait of the industral il i this county.

All | Busincis s usual

Takle § Sub-actions B agriculiire regulanos

N® | Shcat Tille | St descriptiam

Toant change anything o the present situetion, The pesticides e

- ferivlizers mansgerent ginsation m fatune i the ime oo a8 nw,

. Application of resources reuse such as full usage of dejections in
order o limit the use of chemical pesticides and limit the use of
chemazal ferilizars wilh no change m agriculnsal niode {keep the
e k Eind "‘EP“' anid nub]um;: Lrl'ﬁl.rrn d.rumqe treatmunl.

BCO | Business as weml

BC | Resources reuss:

F];C_ZF‘;IJHIIB& the usige rlt‘l %J.\p;a':isu:n of chemica! fenilizers nnd. pcsh-cﬂ:s with no change s
I Lgnral prcdle (Kesp the s Kind ol craps)
.5 | Changr the 1 A |
B4 irrigation methed | Dinly chisge he mrigalcn methd sl nallig el

Tuble & Sub-actioes [ Wastewmier treptment aulssds mdusiries
N° | Shart Title | Short description
| Do | Bsiness &5 usuzl :ng_'tchmgrnn;mingmﬂrmwm sitmation

| E | Renowvation in sewnpe treatment decheodagy, lremo primary o
i e secomdary treatiment echnulogy.

il o R Ry g s A R
f Senandary |‘.'n.'all.= wstewaler retment plants for all big citics. The plants will

e | by R all big 'he designed for sccondary treaiment Level.

| GilwE

Table 7 List of Critezia

il Azl wales condumption of fvers i the cast arca []ﬂ"ﬂl"l‘)‘ﬁﬁl
2| COD discharge intensity (kg!10° yuan GDEY

o« " Ratio of urban sewape dischanged afier Iresatment (%)
Cid | Ratio of country side sewnpe discharged after trestment (%)
%] T deseharge e sily (k107 yuisn GOP)

(=] Cohemence with Bistoric lerdscape {linguistic sale)




[ ) Agrhhuﬂmﬂlﬂm:hngﬁ}(lin@ui;ﬁcuu]ﬂ

=] Waber comsurmption per unit GODP (m’/ 107 yusn)

L] 'Wa.ber]:lrmﬁarrhlmslu:mm’ |ndush'nlns-'u:rmhnn I'J.-um'l."rn.'m]:#

€10 | Emplayment (persan)

CII | Inereased demand fir water (AT pessondyear)
T
13 Diegendence an public founds and ssbwventions (lisgulscic scale)

Cld Rizk of cunflit between neighbour zoaes (linguistic scaleh

Teble & Example of Evalumion Table

o Envirmmmental Critesis Soese Feonira: Crilerin E::irh#;
Shen Cl 02 ) 4 cs Ch o7 CE Co [ Cie | Cil | €2 | CIY | Cla
@en
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Fig. il lustrates e fimal rankong of the scenarii for the boongon 2005 if we give ol the criterin the same weight We can
itmsgrve: Bl The best sgenisio # the purih one,
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Figure 6: The final ranking of the scenario for the korizon 2005 with all crileria i same weight

W gan comtinue the analyss and compare the rankmg of the scensn iF we chings the wwighes ol the criteria,

Fuor exssrple, if we put emphasis on the social point of view, we gnee more imporiance (o the soczal crileriz B s jusi an
example to iflusirste the possible different final resulis according to-the different podris of view of the decsion makers.
In fact, we keep the weight | for all the criteria excegn for the three socinl crilena: we give tee weight 3 1o the
crmplovment snd the mmeeesed demargd of walir, sod 5 w0 the poblic heslth misks, The nesult for te horigon 2005 is
shown in Fig. 7.

c .
tm'
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= e T

ol [

Figure 7: The fisal ranking of the scenario for the hosizon 2000 with sl eritera in diffenent weight

Im the presemt case, the best scenario is the scenamo 3 while scenario 4 is placed a2 the second mnk. The result is
different compared o 2 koo genenus distribution of weights.

This demseestranes thal s MANPORIVERS methodolegy makes it pessible 1o snalyre the mb al the best
SCENETIO.

To summarize, we can sy that the MANPORIVERS methodalogy makes possible to construct pallution management
SCenati, by compare them acconding o critenia defined previcusly and o propose a final mnking indicating which
HCENEAD k5 the hess,

CONCLUSION

The MANPORIVERS mwthodalogy it bised om the combined use of mallicriveria anglysis and of hiey logics. T
constitutes a decision aid toof 1o help decision makers osisblish envirommentally, socially and economically
susizinable manzgement policies for priomity waser polbstanss tnking account of their effects on foods end human
Beglih,

T isapphicabli b any river basin and lakes account fol oily of the environimental impacts {fypically the concenbalons
of pollutants in water) bui also of the social and economical aspects of the problem.

This methodobogy can be used imemctively for different basing exchamging water. [t can abso be used m differem
seale i 0 fecarsive manner, fram small ribuzary hesing to lange bising. These properiies cosstinge o sirong incesitive
to harmimize and coondinate the pelicms of differenl basing bt thise ﬂullm <z ba applied progressively aceonding
tao the circumstances and available budgets, starting from smazll basins, simce the resulis of small basins can be directhy
urilized dor larger ones.
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