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SPVXPp

/ID SUpVHQFH GH FRQWDPLQDQWYV GDQWNX®WWRROL IEX [H
WR[LFLWp SRXU OHV RUJDQLVPHV RIDA\H PH QWIDIX DAWH\R ® | G
FRQWDPLQDWLRQ VXU GHV RUJDQLVRMVGIDEWR U DXOXk \p \W R
WR[LFR FLQPWLTXH 7. GX FRPSRVp @GWDEWpUr\WHDOQHIPX H
FRQFHQWUDWLRQ GJH[SRVLWLRQ HWOJR UPQEN®W U BIML FOT
XQH pWXGH WR[LFR G\QDPLTXH 7' HQVWQUWDID LOMp H FS@RKHIQ M
FRQWDPLQDQW ELRDFFXPXOp GDQV OJRUJDQLVPH HW VD W

/D ELRDFFXPXODWLRQ HVW XQ SKpQRRSQHpWRPVLOEWH FI
FKLPLTXHV GHV FRQWDPLQDQWYV GHWQRWS HFH IFIRRYQ BB H |
'HV RXWLOV PDWKpPDWLTXHVY FRPPH SPNVSRREqOFS\OZTXRQ\
YDULDELOLWp HW SDUDLVVHQW GRIXQMHWRIWNH D $ DRSO HRH B MM
PRGGOHY LPSRVH GH OHYHU GHV YHUGR X\ RFRPIPGIV OR| YR/ DWL E
GHYHQLU GHV PpWDEROLWHY HW GAHNV @ H K HUD 8 B XFLW BRHH/QS
WR[LFR FLQPWLTXHV

&HV WUDYDX[ GH WKqVH RQW SHUPLM GH BRGHORSBWUR
GILQIpUHQFH DVVRFLpH SRXU GpFULGH HRPSRYEGVYUFHODL V¥
KH[DFKORURELSKpQ\O KH[DEURPRF\FORWRBPFDIHqQ3H QW
GLIIpPUHQWHY HVSQqFHV GYLQY HOAvqneéhup ipaEitsQ WK K VYXWHD\F p L (
D P S KLGd&@barus fossarum PR O O XV T X H Rddiy¥ &vincul&ig R G H

/ID GpPDUFKH DGRSWpH DX FRXUV GWH FHHQV YWKH WHK GVTHH \DV B
ELRDFFXPXODWLRQ DX ODERUDWRLWHLPHOWDQDWHVREHQPEPW W
GpYHORSSHU OH FDGUH GH PRGpOLVIRWKRQY HW VEH WHY W
GYfH[SRVLWLRQ GHV RUJDQLVPHV /THWYDRODLWARR QS BW W GIp|
%D\pVLHQQH TXL SHUPHW HQWUH DYXWUWUNVSG YHD\PWYW WRJHHY VY LS
WRXWHYV OHV GRQQpHYV GLVSRQLEOMWQWHOTYTKQFFHIIWIHWXGHF
OHXU YDOHXU HW GHV SUpGLFWLRQV GX PRGqOH

/HV GLIIpUHQWHY K\SRWKqVHV WHWNPMDYOHS/D ERULWHE B R ¢
DXWDQW GH PRGgOHVY GRQW RQ SHXW QAR POIDIQNB PE\H O©f
PRGGOHY RQW SHUPLV GYREWHQLU XQHV HHWW GRD /HRQ ISQUPBF
'H SOXV OHXUV SUpPGLFWLRQV V{DMXH[\§pPUHRNMQ WROWHNF WD
OH FDV GH O7+%&' 8QH IRQFWLRQ GHpRWRWRIDMM RQ WD W L
VXFFqV VXU OD EDVH GH GRQQpPHV \LVIVKK\KMAM SKD DD OH. YWWL
PPpGLFDPHQWY +$3 /JLQIpUHQFH %D\ppQHQQHXH B CBHTUXRL
GITREWHQLU XQH LQFHUWLWXGH UpNGRUWHWLR@F 8D Q DUIVS STRA
GHV PRGqOHYV RULJLQDX[ UHSRVDQW VXU XQH LQIpUHQEFEH F

&H FDGUH JpQpULTXH GH PRGpOLVDWL@®RRS HW GBRIRLW KO
DSSURFKH %D\pVLHQQH HW SRXYDQW FRRD®DFPWH D QGWF KX HX
VRXKDLWH pWXGLHU VH UpYgOH r'WAUH X\ QLRXOQWEIDOVSWRHE[RER [

5pVXPp LLL



GH FRQWDPLQDQWYV DLQVL TXH GDQM OfyYSOXDW4WRQHEH
SUPpGLFWLRQV

ORWV FOpPYYHUWPEUPVY EHQWKLTXHV + FRPRRNV VL QRPUBQETF
%D\pVLHQQH *+ PRGgqOH WR[LFR FLQpPWLTXH + ELRWUDQVIRU

LY SpVXPp



SEVWUDFW

7KH SUHVHQFH RI FKHPLFDOV LQ WKHIHDHXWDUWRE RQ WK
WR[LFLW\ WR RUJDQLVPV ,Q HQYLUR®©WNQRIDID AR YW DIP\L\DH
RUJDQLVPV DUH HYDOXDWHG LQ WER VIWHBN WKH \FRO5RWE&
LQWHUHVW DUH VWXGLHG WKDW HYSW R XH\HWREQDR NG WKV
ELRDFFXPXODWHG FRQFHQWUDWLRQ EGWRILREUJIJD Q VWX GB F
FDUULHG RXW WR HVWDEOLVK WKW KH &R @&MVZIHHM W KEL R R
LQ WKH ERG\ DQG LWV WR[LFLW\

%LRDFFXPXODWLRQ LV D YDULDEOH SKXKK\@RPR GRE P ZKD:
SURSHUWLHV RI FKHPLFDOV WKH VSHFHEW DR Q-\RLQEGH WHL(
ODWKHPDWLFDO WRROV VXFK DV 7. RPEGBIOY WKIDLYHYDRH Q EG
VHHP WR RYHUFRPH WKLV GLIILFXOWK PIRHGHOW KIQOHM\O HLA §
VHYHUDO OLPLWDWLRQV VXFK DV BQWLAFPHDWDLEBR OB LVRMMYID IPW
FXUUHQW OLPLWDWLRQ RI 7. PRGHOVWDLKW \L QY HDONV HDG/ V
SDUDPHWHUYV

7KLY WKHVLV KDV GHYHORSHG D JHQUYN LIR P RGHF WDLEG
DQG VLPXODWLQJ WKH ELRDFFXPXODWLRRKORIU REH 9 X HWW
KHI[DEURPRF\FORGRGHFDQH SHQWD E URRRXEL BIKHHVQK D DAWHKIH E
LQYHUWHEUDWH €ltréhbroks Vipaiu® D Q \CHFRS®am& R @& fossarum D Q G
D JDVWUR S R&aliaRriodara/ N

7KLV WKHVLV ZDV EDVHG RQ D VHULHWKRIS OREIRGHM
ELRDFFXPXODWLRQ GDWD VXLWDEORURWHRRNGH)A FDOLRXDW
RQ H[SRVXUH SDWKzZD\V ORGHO 7. SD U BoMHNMNHIDVQ DLURH HHWHW
ZKLFK VLPXOWDQHRXVO\ HVWLPDWHWDYDQO D¥EKOH SHWDIP HMWH
REWDLQ SUHFLVHO\ WKH XQFHUW BELG-WAL B Q@ R XRJI GWW K HRLRJGYHX

(DFK K\SRWKHVLY WHVWHG RQ WKH E®PYGV RIRHDSPRGF
DOORZLQJ WKHQ WR FRPSDUH WKH SHDCRDFBRBEWRHKHVW LA
WKH PRGHO SDUDPHWHUV DQG WKHIOW XQWHZHNDBOL QWK\H  BIY Sik
GDWD H[FHSW IRU +%&' $ ELRWUDQNFRY R DX\OLAR\QL PXSMH/PIHRX
WKH EDVLV RI GDWD IURP WKH OLWHUYVDWBEYH ,SKWKRIK IFl
%D\HVLDQ LQIHUHQFH DSSOLHG WR WKB FHUQWLLEWR RIBUHROX
ELRWUDQVIRUPDWLRQ UDWH FRPSDHBGFWRVWKFHDRULQ LKWDHQ

7KLV JHQHULF PRGHOOLQJ DQG LQIHBHQFWLRXYPHIRBN
FRQWDPLQDQW SDLUV DQG DSSHDUWQJDVRIW B PILHFMQW HN G
ZHOO DV IRU DVVHVVLQJ WKH XQ F RHURWDA IQRD\WULHRGEDD VR ) Gl RAUR S

H\ZRUEHQWKLF LQYHUWHEUDWHY = RUJB@Q@LIRVAKOHP LDDIOWHX
+tWR[LFRNLQHWLF PRGHO + ELRWUDQVIRUPDWLRQ

$EVWUDFW Y






SHPHUFLHPHQWYV

“H UHPHUFLH WBXMDG T®BRWWDRI®YRLU DFFXHLOOLH GDQ
/\RQ 9LOOHXUEDQQH SRXU FHV WORBYHRGM BUHD QODMH BE
%LRGLYSRXUWMH ILQDQFHPHQW GH FHV WUDYDX]

“H WHQDLV pJDOHPHQW j UHPHUFLH W VLVQHIOW®LHP H R $\H 2 OHLW
%DEXW GLUHFWHXU HW FR GLUHRXYVXEHURDB 8 XV BUL @& RO B X\
OH MRGUYLPHWUFL SRXU WD GLVSRQLELOLW p UjHWIRHXPMHK BKHIX U
FRQVHLOV VXU © OfDSUQV WKgVH D CPHD D\ FRP/S/MLI O R QW VORIQY
OfpTXLSH OH PLGL HW DXVVL&EHQGIMIWOGW R XK OUR QW @ DI
HQFRUH LPSUHVVLRQQpH SDU WD RRQWXGHNUVRW XQHL @ QH 5&
GX FRPPXQ -TDL SX EpQpILFLHU GH WRQ Q¥R ¥ WSSO VO KH
prioi @ OHUFL SRXU WD SUpVHQFH GDQ\RQ@ MRXALDLGWHHS HQMD G
WHV HQFRXUDJHPHQWYV *UKFH j WR LW WM DLX B HDK PRX\D VLS
ULIJXHXU HQ PRGPOLVDWLRQ HW LQVMHYHRHW QWRMA\R QW UHR X M
PRODUFPHUFL GH PYDYRLU IDLW FRQILD®F H RIR OWWRQ®BR QH
PD FRQILDQFH HQ PRL -H WH UHPHU VISR QL BIOMHPMHED WV R X
OTKXPRXU TXL UHFKDUJH HQ ERQQHQKRPNXRX \DXURRRDQNFD O
PRGqOH SDV PDWKpPDWLTXH FHWWH LR/IDWLRQ@XHS RAQW HM §
PILQVSLUHU OHUFL pJDOHPHQW GHP®TILYSRL UH Q WAJHH DEONWH
SUpPOqYHPHQW HW OfYKRPRJpQpLVDWLRQ GX VPGLPHQW

-H UHPHUFLH pJDOHPHQW OHV PHPEUHYV Q®X VPRFNILWp HG
DFFRPSDJQpH SHQGDQW RHDW MWHIR L&D DIHFRIQHNOWRODWEDGLH
20LYLHU 3HWFAHYWH 0D U MRQNVHUD RIS SSRRUWWMWPOUWPL Q D\WWR XUV
DYRLU DFFHSWp GH MXJHU FH WUDYDLO

&HWWH DYHQWXUH QYDXUDLW SDV piQp ®HD PTRHX VDD \G X
PFRWR[ SDU OHV GLIIpUHQWHV SHUVR® GKVYB R GRIPGR \PDG\
H UHPHUFLH OHV WHFKQLFLHQV VD®X DXL MR PHWQLSR X
VXSSRUWp PHV © WRF/\XPELEW PRROWDIHWDJIH GH WUXEV HW
HW VXU OHV JURVVHV FKDXVVHWWBX |HEN MDG ERIPSPY Q LADG
DYHQWXUHV © SpULOOHXVHV 2 GXH@MWUSRXQ ODQBEFK H B H\p
HQFRUH OYDUEUH j GpSOUFROPFNHWWRQ@ BREHaVXU OHV PLC



VpGLPHQW HQ SDUWLFXOLHU GI1DVRGY OPYLRL O HW PR DALKW E3LLC
GH PD SHWLWH WDLOOH KDKD TXXQGLXPWBYSRXODBNVV 306U
SHWLWV WUXFV HW DVWXFHV TXL XVYNBEOIRKXMQWR G HG LR X X0/t
© JHHN 2 /JLOQX[+HWYBRWUHRVRQ LQWpPpJUDWLRQ GDQV OfpTXL
VRUWLH IHXLOOHV GgV OH OHQGHPSDY RKXEPRQ DUHW WypB Vi
FIHVW YUDL TXYLO \ D XQ YLGH TXP®NWRHUFPBDQUHAM.GDYV
EHDXFRXS DSSUpFLp FHV PRPHQWY SDVVpV DYHF YRXV

-H WLHQV pJDOHPHQ®D}®KBHUFLEBWUHFWLRQ GH OfpTXL:
YRORQWp TXYTRQ VH VHQWH LPSOLTWHGFR®Y \OHpJT X LIBEHU ¢PD !
© SRVLWLYH KHGWGHRGH WD ERQQH KXPHXU HW WRQ VRXUL
SUPYLHQV PRL VL WX WH PHWV | WR ® UIPRP\S W1 QMNSIREHAN G L
OHV pFKDQJHV TXYRQ D SX DYRLU HWH®Y RAF IDHGW L HWW XMV &
XQ SUpOQYHPHQW GH PD PDQLS JDPPDWXDGEURQPHS D UrXy D\ F
YDFDQFHV DX VN3iDMWW ISBRGWUBWY GLVFXVVLRQV pFKDQJpHYV
GLIIpUHQWYV ILOPV HW VpULHND®OBRP Y@W ToHYW RREQ LSHWU
GHV SUpPpVHQWDWLRQV DX ODER P D\ \HQ XPHM WSHR S ULARG B HON
HQ SDVVDQW SDU OH EXUHDX GHV GREFWRERXWVO®RRKIUV B SH
SODFH GX -RXUQDO &OXE HW OHV p® KDWY B K QNXRDIERIRWW IR Q'
FRPPXQH SRXU OD PD\R HW VDQV RXBEWSHGQIDE RORDGY G H
OTHQFRXUDJHPHQW PXWXHO GX IRRWKRSS DGV HW VAR VLRI
DYRLU SDUWDJp FH VHQWLPHQW GJTBYRHQ RFWISHSRR ®RIpV
PIDYRLU VRXIIOp OfLGpH GX 5DGL[DIDQRBVGTXNY ADIHIRIVLW P
SRXU WD P\WKLTXH WDVVH ODPD ©6WQ PXFXEQL BREXWHN Y\RW D J
DVVXUp OTH[SPULHQFH %'( JDPPDUH GHW WI®L[G H WD >G 1&®
SDUWLFLSp DX[ DQDO\VHV DX #8H&Q M CH¥K® P DMWY GRV V&'GREV
VRQW SDVVpV SDU OH ODER HQ SDUWLFXOLHU (ORGLH OD |

“H QH VHUDLY SUREDEOHPHQW SDWDUWH Y pGHMBRATKE KF IS &
GH FULPHV VFLHQWLILTXHV RXL YRMYLBIPI3K'GRPWRDXQW\X I
$OLFH 3DXOLQH 1DWDFKD 1RsOOH MWQIM L-PW YRS\ BR X U
WD SDVVLRQ SDUWDJpH GH OD SKRWRBUDEXWHD ® rPXH V L PR
'XDUWW WD VpUpQLWp ORUV GH OD $RBVIIR G WP GCHAWY 8 DGH
UpXQLRQ ODER OH PDWLQS$PIPFN{HX GHUHQVBEUBWH AW SDV D\
OH VRXWLHQ DSSRUWpP GDQV OHV DUFR@SH Y KHHWMRIQR DXD @}



GX URXJH SDUWRXW GDQV OHV G LMHIRMWHWR LGDPOYV OGHNQNR
UDJH FRQWUH OJDGPLQLVWUDWLRQHWYQIADR VED@AR W VOHVF
/JLOOH ORQWSHOOLHU HW 5RPH PDIOW DRUML \BD GRQ®N RRP
SHUVRQQDOLWpP HQWLqUH pWDLW HQG IP\DS M @ERBEE RRARX U O
DYRLU SDUWDJp FHWWH © FRXUVED WRKNHWI DD WHRQ/ B PR®
SRXU 7HUUH $GHOLFH DORUV W{DVWWHVWMW VBRXW GHHV &R
SVFKLLLLW TXDQG WX RXYUHV XQN FBDVHH/WRNRHY AL @H \G HR/XE
FH QTHVW SOXV OJDSSOLFDWLRQ LUV LITRXHM IGHHW3DK 3FDXL ¥ T
TXYRQ LQVWDOOH SRXU PYDYRL B RPRMIQFHUj KDKBE SOHQ G
SUpVHQWDWLRQ j OD 6(7$& GH 5RPH THKQ Pr S DFEPISIX VI
EHDXFRXS HQFRXUDJpH OHV GLYHHUW SRVERXVW D WRPHD i T
1IDWDFBRPPDJH TXH WX QfDLHV SDV pW K WGHIVXOGHE pE R AWERL
7X HV YUDLPHQW VXUSUHQDQWH KDKDTXH XGPRRS BH EXW HPD.
EODJXHV VXU 5 HW FRPSDJQLH OD SXWbRQPBBHRKHO H FIR(
PRLQV TXDQG WJHV ODQFpH \ D SDV GBUW® JHWDEPD G UHIW \
IDEULTXH j FRRNLHV (W WHV PXIUHFR @XHQWR)V WQ HQM P RIL
MH VHUDLV XQH FOLHQWH ILGQqOH 'G WK FRIRMN\D HD \H GRRW IO |
QRXYHOOH HW DXVVL OD FRQILDXQGH TMKB OWNDLR RAGT PQPYL Q'
FKHYHX[ WDV WURBsGA HRDUMKD®FIHIH GH ER[H HW GH IRX
WHV SRVW LW WHV IDPHXVHV TXHWQLB®VYRPDESDROVHH B L
LGPHV XQ SHX IROOHV SDUIRLV GHHXW OW RMMR/X SR VEOH.L Q H
OH VW\OR © FRXS GH SRLQJ @ MH ONDIEBR B Hp WKQ MR KWKDX D
GH WUDYHUVHU FH ORQJ FRXORLU W U XL QUHH P Bl QW SROVU FIF
GpFULUH SRXU WH UHPHUFLHU PDWYX WK BDUD\GMjWIRXW I
EODJXHV j IDLUH DX[ FROOQJXHV GHHWULYROQMY /XYW ROX\
OD[LPHDOLDV ODPDVLWD RX UD\RQ GH VRGSHL O p GIKF Wi BQ RAHD
i PD GURLWH HW WHV VDQGZLFKV GWRPOMWEIQV M VDV \8 DA/X/Y
VRXULUH WD ERQQH KXPHXU QRWUKBWRAFDSNEWDLWH®VYDQ
ERQV PRPHQWY 7X DV SX FRPSUHQ®@D \FH T KRR MOMR H U
j TXHO SRLQW 0D SHXW SUHQGUH G® WHPEW P H UWHQDLPHD
OHUFL j WRXV DXVVL SRXU OHV VRILWpdD/ DIRXRW 7TRMV & R XNV
KDKD 1DWY 1RsOOH HW OD[ MH YR}V SARXK EUVDN HURG WV S
GX 3K' FYHVW SDV .RK /DQWD PDLV .[RKV'BBWFRUH WR XP DLW H/
YRXV DOOH] UpXVVLU



“H UHPHUFikL OXYSHHMHBAHHY DFRO\WHV SRXU DYRLU PLV
© LQIPUHQFH %D\pVLHQQH 2 SDUFH ARHQN G\Q FROWH S MU G\
FRGDJH

-H WHQDLV pJDOHEBQ®WUSLHIHPHHWVLAKHUFL SRXU WD SUpVHC(
OD WKgVH GH PYDYRLU FRQYLpH DXFRPROLR@OXW RXTUX IGFH I
GHV URLV HW DXVVL SRXU WRQ VRXWLIPQ LORXYLY RKBTHD OB U &\
HQFRXUDJpH

“H UHPHUFLH pJDOHPHQW OH /37& H\) COgHAM S HLDARNLQSIR/ X O}
VXSHUYLVLRQ VXU SODFH SRXU PYDWPDLY IHDNVYEIMRKX Y OKpO)
PHUFL SRXU PYDYRLU LQYLWpH j ODHWR BRXLY GH VI IGQ \GHD\DH\
VFLHQWLILTXHY SHUWLQHQWBVH U-BIHEWDKSR U FSLRHX Up WY € M P i Q|
UHPDUTXHV HW FRQVHLOV W RXW @HX 0OGIR@F IG 15 FEXY W D GQ@ GHD
QH SDV DYRLU SHUGX SDWLHQFH OHR P ¥ XX W \MH UQW DARG DUHHQ
LPSUHVVLRQQpH S D/D XWRIGHIDIX KFHWF WM WRQ LPPHQVH SDWLFE
GLVSRQLELOLWpP SRXU OHV PDQLSW 8&24 HMW HQXEGWUBR XY WDF
OHV DQDO\VHV VH SDVVDLHQ W6 ELHEH B WQ HIORMNEW N 8 REX VF
SRXU YRV GLVSRQLELOLWpPV SRXU OWH\RQQDDLQMNY T ¥ 'WHRX \
SHUPDQHQWY HW FRQWUDFWXHOV RWY MWD3DXX H\W FEIDV pi U VD
OHV GRFWRUDQWY SRVW GRFV VWD YIRDLIUPHIW HS\D V& b DK IV Bo)
HQ SDUWDRRIRXIWWBULOGBUDKDQBRPDGHRIIURIPISPpOLH
$XUpGI&KULVWHROBH OH FUDED

-H WLHQV DXVVL j UHPHUFLHU OF, QVXOLVHQW DeERHREFQW R\ H
6\OYDIS@&XU PYDYRLU HQFRXUDJpH j SRVWXOWIWU Q HF NWHW B V|
PDQTXDLW

/HV DPL HV MH QH SRXUUDLWQBBRXWRWD FRRVWDRQ\WMH S
GLVSRQLELOLWpP GH %)) WX HV WRXOMRXUXHUMYDVp H XQ DV \N pl
SDULVLHQQH ODLV FHV PRPHQWYV SUpPBHHX[WRBQ@VIBRYpD S
SKRWR ORBRXU QRWUH HVFDSDGH j 5RPH HWX W VI )G YU V
SHX[ QRXV UDFRQWHW MR B RXH DIW RTBHQG RQ VIHVW WRXWH
DXWRXU GI{XQH FUrSH GX EUXQFK RXVRRHEXWWWYRXL I
GRQQp HQ HVFDODHOM @HVIDFFXHLOV j *UHQREOH OH WHPS
UDWWUDSHU OH WHPSV &K DU O qQHDHMR RIR \G H WFLDYS.DHG HW R



SRVLWLYH WRQ ULUH WD IROLH URRLV [IBXV\PIHWHY SRXIH V
PRPHQWY HW FHWWH EXOOH GIR[\JqGH GDWLI ®W R XRR AHQ W
SDVVLRQ GX FDIp OD VHXOH j PH FRPG PHPIE WHRFSV FHHYRIL
PIDV HQWUDVQpPH GDQV FH GDUNVLGHXHRY BRIUHWLHID QHOWH V
GLVFXVVLRQ\&KSRUMBYBIMOOH GXR GH FKRF YRXV P{DYH]
YRWUH OLYUH HQ FDGHDX O] 3DV]EWMVRY CE IGH® @ XG YR XS\O .
IROOHV HW TXH MH YRXV DLPH SRXUGOHAH WKEPYREWRQH\SR
GLYHUVHV GLVFXVVLRQV DXWRXU ®H DBWRRLV D GIOP ¥ HIH 16 \8 [
HWGLBRXU QRV DYHQWXUHV j %HUF\ SRX.P DW UWKIFO GS W RIGYLC
GLYHUV WHPSV GH YDFDQFHV F{pWD LMW K]QH HERRYOWM) PRIP
MXVTXYj PrPH SDUIRLV HQ RXEOLHU @A ¥XW BWUYHISGHKD WK g\
IRXLV TXH GIYDYHQWXUHV HW GH HRIXH Q LIUMH 8 HXMS RW ¥ HEH
LWDOLHQ HW GX UpFKDXG VXU OHGPPBIKYV &H MMHTL WWH [
O\RQQDLVH YRXV VHUH] OHV SURPRHU\8§ORH RIDQUHXH LR L VDR
SX YRXV YRLU oD PYD IDLW XQ ELHRDNRXWRXYWRXMRASO B
SUHQGUH GHVY QRXYHOOHV GH FKDFK®SVH UHYRLU FRPPH D

ORQ FKpWMX PH VXUSUHQGUDV WRXMRXUV BEDEPBRMQVBY C
PLOOLRQ GH PHUFLV YRLU SOXV HERWURWD St \QHD PH D YW
OKkFKpH PrPH TXDQG MH UDFRQWDLN QW LFPIS@LUIW YWWITXIRAL  HWX \
PWp Oj GYDYRLU pWp GDQV WHV BWDVH®G GV SBXURRFS AW P
WX DV ERRVWp PD PRWLYDWLRQ SRXU OD UpGDFWLRQ

8Q PQRUPH PHUFL j WRXWH @D P ®H@DMOD HH © URDN UKW FOXD LE
VXU YRWUH PDULDJH HW OHV ZHHNVHQTGXL DXD WINLH S U/DR\C
7LIQHV WRXV FHV H[FHOOHQWY PRPMRDWY NBRQW LYRW XD
ODXULFHPDQ HWP3DBAL SRXU YRV SUpPFLHX[ HQFRXUDJHPHQ!
SRXU DYRLU VXSSRUWpP OHV KDXWV HOQR® HWL EBXVE HRRHN MR
GIKHXUH DXWRXU GH OD IDPHXVH WM BQHY BOISDY BRKRPGSE
EODJXHV HW OH ZHHN HQDBSU WG RBRAKBPR WYRS W{W DYDC
OYDERXWLVVHPHQW GH FHWWH WKpg VIHH PO G\H MH WIDULD/Y DX B
QRXYHOOMHRGBHMQ WURS MHXQH SRXU TXH WDrWUH WIDRQGW H |
VRQQpH HW SHUGXH PDLV PHUFL SD®®MXVTXKXHWXRXWMD T XEB LI
MRXU GRLW rWUH YpFX SOHLQHPHQMW QKN DQ Ql DQHN QWRK U HDFE
OfHVVHQWLHO TXL GXUHUD pWHUQHOOHPHQW OYDPRXU






(DEOH GHVY PDWLqQUHYV

5pVXPp LLL
$EVWUDFW Y
SHPHUFLHPHQWYV YLL
7DEOH GHV PDWLQUHYV [LLL
/ILVWH GH YDORULVDWLRQV DVVRFLpHV YLL
JLVWH GHV )LIXUHYV [L]
ILVWH GHV 7TDEOHDX] [[LLL
JLVWH GHV $EUpPYLDWLRQV [y

 QWURGXFWLRQ

&RQWH[WH

2EMHFWLIV

2UJDQLVDWLRQ GX PDQXVFULW

&KDSLWUH (WDW GHV FRQQDLVVDQFHV

(YDOXDWLRQ GX ULVTXH HQYLURQQHPHQWDO
'"PILQLWLRQ
([HPSOHV GYDSSOLFDWLRQV
L QYHUWPEUpPY EHQWKLTXHV GTHDX GRXFH
&RQWDPLQDQWY RUJDQLTXHV HW LPSDFWV HQYLURQQHPH

ORGPOLVDWLRQ HW HVWLPDWLRQ GHV SDUDPgqWUHV WR[LFR F
*pQpUDOLWpPY GHV PRGGOHY WR[LFR FLQPWLTXHV 7.
(VWLPDWLRQ GHV SDUDPqQWUHV GI1XQ PRGQqOH 7.

5pVXPp
&KDSLWUH ODWpPULHOV HW PpWKRGHYV

30DQ ([SHULPHQWDO JpQpUDO
$SSURFKH JOREDOH
BWUDWPpPJILHV

3UpOqQYHPHQW HW GRSDJH GH OD PDWULFH GTH[SRVLWLRQ
3UpOqYHPHQW VWRFNDJH HW GRSDJH GHV VpGLPHQWYV
3UpOgYHPHQW VWRFNDJH HW GRSDJH GHV IHXLOOHYV

3UpOqYHPHQW HW pOHYDJH GHV RUJDQLVPHVY GIpWXGHYV
&KLURQRPHYV
*DPPDUHV
5DGLJ

([SRVLWLRQ GHV RUJDQLVPHV FLQpPpWLTXHV GH ELRDFFXPXO
&DUDFWpPULVWLTXHV SK\VLFR FKLPLTXHV GHV VpGLPHQWYV

'RVDJHV FKLPLTXHV
3UpSDUDWLRQ GHV pFKDQWLOORQV
$QDO\VHV
AXDQWLILFDWLRQ

7DEOH GHV PDWLqUHV [LLL



&RQWU{OH TXDOLWp

ORGPOLVDWLRQ HW LQIpUHQFH
ORGPOLVDWLRQ
$MXVWHPHQW GX PRGqOH DX[ GRQQpPBWW[SIQUIHPHQWDOHYV

&KDSLWUH &DGUH %D\pVLHQ SRXU HWGWOPMHU OHV SDUDI
7. JpQpULTXH SDU OHV LQYHUWpPEUpV BNEWIKOH XHV SUHXY
3&%

2EMHFWLI
$UWLFOH
ODWpULHO VXSSOpPHQWDLUH

1 R W HRadix auriculia H[SRVp DX 3&%
L, QWURGXFWLRQ
ODWpULHOV HW PpWKRGHYV
5pVXOWDWY HW GLVFXVVLRQ
&RQFOXVLRQ

&KDSLWUH 3ULVH HQ FRPSWH GH CIUBLKRW UDQVIRUPDWLI
PRGpOLVDWLRQ HW GYLQIpUHQFH GpYHORSSp

2EMHFWLI
$UWLFOH
ODWpULHO VXSSOpPHQWDLUH

1 R W Ksammarus fossarunH[SRVp DX S\UgqQH
,QWURGXFWLRQ
ODWpULHOV HW PpWKRGHYV
5pvVXOWDWY HW GLVFXVVLRQ
&RQFOXVLRQ

&KDSLWUH (([HPSOHV GYDSSOLFDWLRQV GX FDGUH GH PR
GILQIpPUHQFH GpYHORSSp

2EMHFWLI

$UWLFOH

ODWpULHO VXSSOpPHQWDLUH

1RWH &RPSDUDLVR@ MY HF GHVY GRQQpHV
,QWURGXFWLRQ
ODWpPULHOV HW PpWKRGHYV
5pVXOWDWY HW GLVFXVVLRQ
&RQFOXVLRQ

1RWH 7DX[ GILQJHVWLRQ HW HIILFDFLWp GYDVVLPLODWLR
,QWURGXFWLRQ
ODWpPULHOV HW PpWKRGHYV
5pVXOWDWY HW GLVFXVVLRQ
&RQFOXVLRQ

1RWH OLVH HQ °XYUH GHV GLUHF\WSOHVG X HW
%HQ]R D 3\UqQH
,QWURGXFWLRQ
ODWpPULHOV HW PpWKRGHYV
5pVXOWDWY HW GLVFXVVLRQ
&RQFOXVLRQ

I+

([

[LY 7TDEOH GHV PDWLQqUFE



&KDSLWUH 'LVFXVVLRQ JpQpUDOH
9DOLGDWLRQ GX PRGQOH JpQpULTXH HW GX FDGUH GTLQIpUH

9DULDELOLWpP LQWHUVSpPFLILTXH PRQWDRLQDQWY HW IDFWH:
9DULDELOLWpP GHV HVSQFHV
/JHV FRQWDPLQDQWYV
/HV IDFWHXUV HQYLURQQHPHQWDX]

SHUWLQHQFH GH OfRXWLO GDQV OP®WYDOXDWLRQ GX ULVTXH
'LIILFXOWpV UHQFRQWUpPHYV

SHUVSHFWLYHV

SplpUHQFHY ELEOLRJUDSKLTXHYV

$QQH[HYV

7DEOH GHV PDWLqUHV [y






/ILVWH GH YDORULVDWLRQV D

$57,&/(6
3XEOLpV
5DWLHU $ /RSHV & /DEDGLH 3 %XE@BDXQWNL 3HOXKIDWR
*HIIDUG 2 %DEXW 0 $ %D\HVIQDQS DUDPRHARK M VI RU B \L
WR[LFRNLQHWLF PRGHO IRU WKH ELRDEVFEPXQOIKYE R RH LRW
SURRI RI FRQFHSW ZLWK 3&% D Q G(F R\ZR [ LIURIYR Z\D \D 1Y

(QYLURQPHQWDO 6DIHW\
(O SUpSDUDWLRQ

5DWLHU $ /RSHV & 'XYLOODUG 9*HICDADGSLH 86D BoXWE ] 10Q
%LRDFFXPXODWLRQ RI %URPLQDWHG )ODPHSFRWWQWGDQ
ELRWUDQVIRUPDWLRQ E\ IUHVKZDWHU LQYHUWHEUDWHV

S5DWLHU $ /RSHV & *HIIDUG 2 RDEXKRWUODQVIR U\PW MWALIRV
RUJDQLF FRQWDPLQDQWY LQ DTXDWRHFLERNHQMWM ER CPVRIGH (
%D\HVLDQ LQIHUHQFH

5$33257 6&,(17,),48(

%DEXW O G5DWLHU $ 'HORUPH 1/RPHEDGEH 3 0RESELIOAD
ELRG\QDPLTXH GH O DFFXPXODWLRQHVHLO¥YENUWDPEBKHY EHQ
G HDX GRXFH S FRQYHQWLRQ URGNN B SV H\W F HD)RW QR LC

&20081,&%7,216 25%/(6

5DWLHU % IRSHV & %XG]LQVNL +%DHEXBEDGOH 3 $SSHIRF
ED\pVLHQQH SRXU HVWLPHU OHV SDUDF&WUHWH\G XQYRBWE(
EHQWKLTXHYVY G HDX GRXFH 6()$ ORQWSHOOLHU MXLQ

5DWLHU $ /RSHV & %XG]JLQVNL +%DEXEDGOH 3 $SSHIRF
ED\pVLHQQH SRXU HVWLPHU OHV SDWUDRHWRKH] GHX¥QLPREAY
EHQWKLTXHV GIHDX GRXFH *'5 pFROWFMPFRORJILH ,UVWHD

S5DWLHU $ /RSHV & %XG]LQVNL %DERBDG@LH $8Q DWMWMHU
DFFRXQW IRU ELRWUDQVIRUPDWLRQ DRWLELRQ ¥R XMHEMD MR
6(7$& +HOVLQNL )O PDL

5DWLHU $ /RSHV & %XG]JLQVNL %DEXDNED®GLH3WBLVHHHO FR
OD ELRWUDQVIRUPDWLRQ GDQV XQ PR&EQIOHXpPNRKI[FREG Y @ /W
DTXDWLTXHV 6()% /\RQ MXLQ

/[LVWH GH YDORULVDWLRQV DVVRFLpHYV



&20081,8&$7,216 $)),&+((6

5DWLHU $ DEXW O IRSHV & WNGHUGVNL +0REPEODFLE
ELRG\QDPLTXH GH O DFFXPXODWLRQ GWH FRPLE RO/HY IRUYD Q!
EHQWKLTXHVY G HDX GRXFH = 6()$ /LOOH -XLQ

5DWLHU $ IRSHV & %XG]JLQVNL +%DEXBADGOLH $ %THHWDI
DSSURDFK WR HVWLPDWH ELRG\QDPLR@PRRGH®D&BDUDPHWHKE
IUHVKZDWHU FUXVWDFHDQ *DPPDUXV IRFPADMDUXP +6(7%$& 5RPF

5DWLHU $ /RSHV & %XG]LQVNL %DEWDGLH %3 R D HFPORI
DQG ELRWUDQVIRUPDWLRQ RI +H[DEUR RRPKDRW R G HRDQ/W
*DPPDUXV IRVVDUXP D %D\HVLDQ DSSUROCHIO 8RUBPYWWRHL
6(7$& 5RPH PDL

5DWLHU $ /RSHV & %XG]LQVNL %DE/OWDGLH %3 R D RAFIRX
RI EURPLQDWHG IODPH UHWDUGDQWEUDRFW E|SWRYR GUH\VEL
URXWHV 6(7$& +HOVLQNL )O PDL

[YLLL /I[LVWH GH YDORULVDWLR



ILVWH GHV )LIJXUHYV

JLIXUHBULQFLSDOHY pWDSHV GH OffpYDOXDWLRQ GX ULVTXH
J)LIXUBRUPDOLVPH GHV PRGqQOHV 7. 7' HILVWDQWV &KDUOH
JLIXUBURFHVVXV GH ELRDPSOLILFDWLRQ

JLIXUH/HV WURLV LQYHUWPpPEUpV VpOHFWLRQQpPV SRXU Fl
C.riparius DX PGQdsshlUmHW | G.lawicwatk ,UVWHD

JLIXUH&\FOH GH YLH GX FKLURQRPH RHXI ODUYH
DGXOWH $OL HW ORUULV

)LIXUHKWRUSKR CGuthmBarugfelssarum3LVFDUW HW %ROODFKH

JLIXUHXUpH MRXUV GHV GLIIpUHQWX fassdmeHY GX F\FOH G
WURLVY WHPSpUDWXUHYV HW f& &RXODXG

JLIXUBpSDUWLWLRQ Ra®dauliradia T ON -GHWW DLUH 1DWLRQDO GX
SDWULPRLQH 1DWXUHO

JLIXUHBFKpPD GX GHYHQLU GHV 323 GDQV OBHPLOLHX DTXD
6DLQW 4XHQWLQ HQ <YHOLQH

JLIXUH6WUXFWXUH FKLPLTXH JpQpUDOH GTXQ 3&%
JLIXUH6WUXFWXUH GX 3&%

JLIXUH &DUWRJUDSKLH GH OD FRQWDPLQDWLRQ GHV Vp
HVWXDULHQV 0 U UDHWF 13 &% W U R SRO L WRDQL.@pH V—J N J
GH i GX SODQ QDWLRQDO GipFKDQWLOORQQDJ

JLIXUH6WUXFWXUH FKLPLTXH GH OfKH[DEURPRF\FORGRGpPFI
JLIXUHS5HSUpVHQWDWLRQ GHV VWUXFWXWHKY FKLPLTXHV GX

JLIXUHOpWDEROLVDWLRQ GX %'( SDU GLIODUHQWHY HVSq
F D WCQdrinus carpi® OD W U X L WOtc@®hyRchdsQnykissi BW OH
V D X P R QOhcBrhinGhus tshawytscha 5 R Egdal. W Vv

JLIXUH6WUXFWXUH FKLPLTXH GX 3\UqQH

JLIXUHBXLYL WHPSRUHO GHV pPLVVLRQV DWPRVSKpPULTXHV
GHV +$3 UQJOHPHQWpPV EHQ]R D S\UgQH EHQI]R |
EHQJR N IOXRUDQWKQgQH LQGHQR qQHS S\UgQH EH
IOXRUDQWKQQH GLEHQ]JR D K DQWKUBPWgQH EHQ]R D
&,7(3%$ )RUPDW 6(&7(1 = $YULO

JLIXUH6WUXFWXUH FKLPLTXH GX SULQFLSDO PpWDEROLWE
S\UgqQH 2+ S\UqQH

JLIXUH([HPSOH GIDMXVWHPHQW VpTXHQWLHO 2&'(
JLIXUH([HPSOH GIDMXVWHPHQW VLPXOWDQp 2&'(

/JLVWH GHV )LIXUHV [L[



JLIXUH ([HPSOH GH GLIIpUHQWY DMXVWHPHQWY GfXQ PRG
PHLOOHXU DMXVWHPHQW HVW FHOXLVT®D SUpVHQWH
SOXV IDLEOH

JLIXUHS5HFKHUFKH GDQV OH © :HE RI NQRZORWJH @ G DUWLF
© ED\HVLDQ 2 GDQV OH WLWUH 6 R\Wd¢d enrl 0O / '"HOLJQ
oeuvre de l'inférence bayésienne avec JAGS etrjags PDUV

JLIXUH'LVWULEXWLR@sRMWIGIFROIDUDPqQWUH DYHF — OD YL
PR\HQQH HW OJLQWHUYDOOH GH FUMHELELOHWp | G
HW

JLIXUH3ULQFLSH JpQpUDO GH OfLQIpUHQFH %D\pVLHQQH

JLIXUH ([HPSOH GH GHX[ FKDvQHY ODUNRY SRXU XQ SDUDI
VRXUFH )DELHQ 6XEWLO

JLIXUH7DPLVDJH GX VpGLPHQW | JDXFKHJ GHWH GH SUpOc
JLEHOOXOHV HQ KDXW j GURLWH VEBM jGH SUpOQqYH
GURLWH

JLIXUH +RPRJpQpLVDWLRQ GX VpGLPHQW j OYDLGH GI1XQH
UDWWDFKpH j XQH SHUFHXVH pOHFMRWL BRKUJDXFKH
OH GRSDJH GX VpGLPHQW HW GHV IHXLOOHV GURLWH

JLIXUH5HIRUPDWLRQ GHV FRXFKHV R[LTXH HW DQR[LTXH D
GpFDQWDWLRQ

JLIXUH&ROOHFWH GHV IHXLOOHV GYDXOQH SDU OfpTXLSH (
JLIXUH&KDPEUH GYfH[SRVLWLRQ YLD OHV IHXLOOHYV

JLIXUH&UHVVRQQLQUH GH 6W ODXULFH GH 5§PHQV SUpOQY
HW GH UDGL]

JLIXUH &KLURQRPHV DX VWDGH / WUDQVYDVpV GDQV OHV
FRPSWDJH GH FKLURQRPHV DX VWDGHV/OMXU XQH WDE
GPEXW GH OJH[SPULPHQWDWLRQ j GURLWH

JLIXUH3rFKH GH JDPPDUHV JDXFKH FROBQ @®GH GH WDPLV |
OD FRORQQH GH WDPLV FROOHFWH GDQV OHV VHDX]

JLIXUHOHVXUH GH OD ORQJXHXU GIXQH FRTXLOOH GH UDGL
JLIXUHOHVXUH GH OD WDLOOH GHV FKLURQRPHV VRXV ORXS
JLIXUH([SRVLWLRQ GHYV UDGL[ DX PpODQJH 3&% %" (

JLIXUH/HV GLIIpUHQWHY pWDSHV GH SUpSDQBWLRQ GYpFK
DQDO\VH

JLIXUH3UpSDUDWLRQ GHVY pFKDQWLOORQVY DYDQW DQDO\VH
JLIXUH6\VWgPH GH ILOWUDWLRQ GHV pFKDQWLOORQV GYHD:

JLIXUH ([HPSOH GX *& —(&' XWLOLVp ORUV GHV DQDO\VHYV
JDXFKH HW GH OD FKDVQH GH FKURPDWRIUDSKLH Ol
DQDO\WHYVY GH OT+%&' j GURLWH

[ /JLVWH GHV )LIXUHV



JLIXUH '$* GX PRGQOH 7. OH SOXV FRPSOHW DYHF WURI
FRQWDPLQDWL®R QD KHERWO @pLRHWWWIRLY VRXUFHV
GIpOLPLQDWLRQ H[FUPWLRQ GLOXWLRQ SDU O
ELRWUDQVIRUPDWLRQ

JLIXUH &LQPWLTXHV GYDFFXPXODWLRQ HW GYpOLPLQDWLR
UDGL[ /H WUDLW YHUWLFDO SRLQR\)LG®p ODpOLPLWH ¢
SKDVH GH GpSXUDWLRQ /H WUDLW OQUHLQ UHSUpVEH
PR\HQQHV SUpGLWHV GDQV OH UDGY.D ®IWH G3H/ WUDLW

FUPGLELOLWDP j GHV SUpPGLFWLRQV
JLIXUH 1ILYHDX[ GH FRQFHQWUDBWLBRQMQEJ SRLQWV HW VF
PoPWDEROLWH 2+ S\UqQH GVoss&@ISRHW BHVXUpV GDC

FRQGLWLRQV ( HW ( &KDTXH SRLQWXRM WULDQJOH
GDQV XQ pFKDQWLOORQ Q

JLIXUH'LVWU L& priofiL RWQR/X Jdpostevioi QRLUH GHV SDUDPQWUHV
GX PRGQqOH (TV HW

JLIXUH $MXVWHPHQW VLPXOWDQp GHV SUpGLFWLRQV GX
REVHUYpHV GHV FRQFHQWUDWLRQV K@ GVUqQH HW 2
G.fossarumGDQV OHV FRQGLWLRQV ( URXJH HW YLROHW
PDULQH

JLIXUH3UpPGLFWLRQV GH OD ELRDFFXPXODWIIRQ GX %D3 HW
C.tentansH[SRVp SHQGDQW SMEBEHUWpPGLEHQW FRQWDPLQ¢
E SDditecaH[SRVp | QI GH VpGLPHQW FRQWDPLQpP SHC
MRXUV HMazidea S[BIRVp SHQGDQW  MRXGW | QJ J
VPGLPHQW FRQWDPLQpP /D OLJQH SRHQWHO®MH KRUL]F
14(.reH Q&1J /D OLJQH YHUWLFDOH SRLQWLOOpPH QR
ILQ GH OD SKDVH GJH[SRVLWLRQ GHV RUJDQLVPHYV

JLIXUH'LVWULEXWLRQ GHV YDOHFSRXWU GV 3RDUDPgWUYHV M
HW S\Ug® fossakilfHQ IRQFWLRQ GH OHXU FDUDFWqUH K
/IRJrz /HV SRLQWYV UHSUpVHQWHQW OHV YDOHXUV PR
GfHUUHXUV OHXUV LQWHUYDOOHYVY GH FUpGLELOLWp j

/JLVWH GHV )LIXUHV [[L






ILVWH GHV 7DEOHDX]

7TDEOHDBXEVWDQFHYVY SULRULWDLUHVY GRQW/'BD 14( HVW DS
7TUDQVSRVLWLRQ DX FRQWH[WH IUDQ@WI¥ GH OD GLUI
GRFXPHQW JXLGH &RPPLVVLRQ (XURSpHQQH

7DEOHDXYHDX[ GH FRQFHQWUDWLRQ HQ 3&% GDQV OHV
OHV LQYHUWPpPEUpPV VDX| LQGLFDWHRQ GLVSRQLEOHV

7TDEOHDOXYHDX[ GH FRQMRo@W WMDXLR@GEGIFDWLRQ GLVSRQLE
GDQV OD OLWWpUDWXUH GDQV OHKDWhGEXPHQWY HXURS

7TDEOHDXLYHDX[ GH FRQFHQWUDWLRQ HQ X¥WH GLVSRQLEOH
GDQV OHV VpGLPHQWY HXURSpHQV HW OH ELRWH DTXD

7TDEOHBEVXPp GHV QLYHDX[ GH FRQFHQWUDWLRQV HQ S\Uq
OD OLWWpUDWXUH GDQV OHV VpWGPRFHQWY IUDQoOoDLV H\

7DEOHDMHPSOH GIpWXGHV XWLOLVDQW OH FRQFHSW GH PR
7DEOHDRHVXPp GHV H[SPULHQFHYV UpDOLVpHV DX FRXUV GH

7DEOHDMXWDW GHV HDX[ GH OD VWDWLRQ © 5L]DQ j OH\]JLHX

(WDW ELRORJLTXH 7%( WUqQVERQ pWDW  %(

eWDW LQGPWHUPLQp DEVHQFH DFWXHOOH GH OLPL

SDUDPQWUH FRQVLGpUp RX DEVHQFWHFWXHOOH GH

FRQVLGpUp ELRORJLH RX GRQQPHKW LpQWDMWILVDQWH V

SK\VLFRFKLPLH (WDW FKLPLTXH SRXU ,QIRUPDWLR
DWWULEXHU XQ pWDW <« (DX JUDQFH

7TDEOHORPEUH GH EODQFV GH PDQLSXODWLRQ UpDOLVpV SI
TDEOHDXHQGHPHQWY GH UpFXSpUDWLRQ SRXU OHV PDWULF

TDEOHDXHQGHPHQWY GH MXVWHVVH RX CGHVHXYDQWLILFDWL]
PDWULFHYVY GH UplpUHQFH 650 RX GRSpHV

7TDEOHDXpVXPp GHV GaApriWmiULEXWLRQV

7DEOHDXpVXPp GHV GLIIpUHQWHY GRQQpPHY FROOHFWpHYV t
WHVWpV GDQV OHV GLIIpUHQWHY H[SPULHQFHYV

7DEOHDXR\HQQHYVY HW LQWHUYDOOHV GH FUpPGLELOLWp j
SDUDPqW WHUssaruBH[SRVp DX S\UgQH

7TDEOHDXR\HQQHVY HW LQWHUYDOOHYV GH AURDPXSLLELOLWp |
GH ELRWUDQVIRUPDWLRKR GRXB\UWQRLVNHVSqFHV
GILQYHUWPEUpPYVY DTXDWLTXHV

7TDEOHDXRQWDPLQDWLRQ REVHUYpH HW SUpGLWH PR\HQQ
FUpPpGLELOLWpP | H Giv U B pFALFRPHKHW VLQYHUWPEUpV
DXWRFKWRQHY HW HQFDJpV SRXU OWMpo&' HW OH %' (
Q G QRQ GpWHFWp

7TDEOHDXpVXOWDWY H[SpPpULPHQWDX[ GHV WDX[ GYLQJHVW
FKLURQRPHYV

/ILVWH GHV 7DEOHDX] [[LLL



7TDEOHDXDUDPQWUHY 7. HVWLPpV SRXU OH FKLURQRPH H[SI
SDUWLU GH OfpTXDWLRQ HW UDDSGH®BHY YDOHXU\
GH OfDUWLFOH

TDEOHDXAVWULEXWLRQ GHV VXUIDFHV GH IHXLOOH FRQVRP
M SDU OHV JDPPDUHV WpPRLQ

7TDEOHDXDUDPgQWUHV 7. HVWLPpV SRXU OH JDPPDUH H[SRV
UDSSHO GHV YDOHXUV HVWLPpHVIDBEWUWOQH GHV (TV

7DEOHDXpVXPp GH OJHQVHPEOH GHV YDOHXUV PpGLDQH\
WR[LFR FLQPWLTXHV HVWLPpV j SDUWLU GHV H[SpU
ODERUDWRLUH HW GX FDGUH GH PRGYDQOBIWLRQ HW C
GH FUPGLELOLWDp | VRQW LQGLTXpV HQWUH FURFKH

7DEOHDBULQFLSDOHV GLIIpUHQFHY GH ELRDFFXPXODWLRC
PWXGLpV FKH] OHV WURLV HVSQFHV GILQYHUWPpPEUpPV V

[[LY /LVWH GHV 7DEOHDX



ILVWH GHV $EUpYLDWLRQV

2+ S\UqQH K\GUR[\ S\UqQH
$&K( S$FpW\OFKROLQH HVWpUDVH
$( $VVLPLODWLRQ (IILFLHQF\ HIILFDFLWp GYDVVLPLODWL
$)% $JHQFH )UDQODLVH SRXU OD %LRGLYHUVLWp
%$3 EHQ]JR D S\UqQH
%" ( EURPRGLSKpQ\O pWKHU
%" ( EURPRGLSKpQ\O pWKHU
%)5V 2% URPLQDWHG IODPHV UHWDUG®R@®WPW  5HWDUGDWH X
&$* &KDUERQ DFWLI HQ JUDLQ
&%5 &ULWLFDO %RG\ 5HVLGXH FRQFHQWUDWLRQ WLVVXO
&( &RPPLVVLRQ (XURSpPHQQH
&2 &DUERQH 2UJDQLTXH
&<7 3 F\WRFKURPH 3
'&( 'LUHFWLYH &DGUH VXU Of(DX
'&0 GLFKORURPpPWKDQH
‘& 'HYLDQFH ,QIRUPDWLRQ &ULWHULRQ
(& (IIHFW &RQFHQWUDWLRQ + FRQFHQWUDWLRQ HIILFDFH
()6$ (XURSHDQ )RRG 6DIHW\ $XWKRULW\
(, pWDORQ LQWHUQH
(5( pYDOXDWLRQ GX ULVTXH HQYLURQQHPHQWDO
*& — (&' &KURPDWRJUDSKLH JD]JHXVHURREIPPHPYWQUBROW HFW
*& 06 06 &KURPDWRJUDSKLH JDJHXVHGHRROONYH GHX[ VSHF\
+$3 +\GURFDUEXUH DURPDWLTXH SRO\F\FOLTXH
+%&' +H[DEURPRF\FORGRGpPFDQH
+3/& 06 06 &KURPDWRJUDSKLH OLTXL GGIHKKD XS H FMHWRRJ R/DI
PDVVH
5 WDX[ GILQJHVWLRQ © LQJHVWLRLQ UDWH 2
/IRJ.RZ FRHIILFLHQW GH SDUWDJH RFWDQRO HDX
/IR /LPLWH GH GpWHFWLRQ
/R4 [/LPLWH GH TXDQWLILFDWLRQ
0&0& ODUNRY &KDLQ ORQWH &DUOR
02 PDWLQUH RUJDQLTXH
050 © OXOWL 5HDFWLRQ ORQLWRULQJ 2
P] UDSSRUW PDVVH VXU FKDUJH
12%$(/ 1R 2EVHUYHG $GYHUVH (IIHFW /HYHO
12(& 1RQ 2EVHUYDEOH (IIHFW &RQFHQWUDWLRQ
14( 1RUPH GH 4XDOLWp (QYLURQQHPHQWDOH
2&'( RX 2(&' 2UJDQLVDWLRQ GH &RRSYUBRQRPLAWHEH 'pY
2&1 RSKWDFKORURQDSKWDOQQH
3%'( 3RO\EURPRGLSKpPQ\O pWKHUYV

/LVWH GHV $EUpPYLDWLRQV [y



3% SRO\FKORURELSKpPQ\OHYV

3&% 3&% LQGLFDWHXUV

3% '/ 3&% GLR[LQ OLNH 3&% SUpV@OGWDGW RQH D QD &R WL
FKORUR GLEHQ]R GLR[LQH HW XQ SURILO WR[LFRORJLTXH V
3&% 1'/ 3&% QRQ GLR[LQ OLNH 3&% HW
SI SRLGV IUDLV

31(& 3UHGLFWHG 1R (IIHFW &RQFHQWUDWLRDQ

33 SRO\SURS\OQQH

SO SRLGV OLSLGLTXH

SV SRLGV VHF

46 QRUPH GH TXDOLWp VWDQGDUG

5($&+ HQUHJIJLVWUHPHQW pYDOXDWHR Q/XEXWRQIPHDMAKRLP L
5%V S5HWDUGDWHXUV GH JODPPHV %URPpV

USP URWDWLRQ SDU PLQXWH

6,0 6LQJOH ,RQ ORQLWRULQJ

63( 6ROLG 3KDVH ([WUDFWLRQ H[WUDFWLRQ VXU SKDVH V
630' 6HPL 3HUPHDEOH OHPEUDQH 'HYLFH

630( B6ROLG 3KDVH OLFFUR ([WUDFWLRQ

61 UDSSRUW VLJQDO VXU EUXLW

650 PDWPpPULHO GH UpIpUHQFH VW IFGIGPRMEHVRDO YWDQGDU
7' 7R[LFR G\QDPLTXH

7(4 TXDQWLWpP pTXLYDOHQWH WR[LTXH

7(& 7UHVKROG (IIHFW &RQFHQWUDWLRQ

70) WURSKLF PDJQLILFDWLRQ IDFWRWRSREWHXU GH ELRDP
7. 7R[LFR FLQPWLTXH

86 (33 8QLWHG 6WDWHV (QYLURQPHQWDO 3URWHFWLRQ $JF
8( 8QLRQ (XURSPHQQH

83/& 8OWUD 3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\

[[YL /LVWH GHV $EUpYLDWLR



L, OQWURGXFWLRQ

&217(;7(

/TPWXGH GH OD ELRDFFXPXODWLRQ [GH\HWVRUWDOLYPD
DEVRUEHU HW j FRQFHQWUHU FHUWDXWHRXVSDUWDREFBW
RUJDQLVPH FRQQDLW XQ UHJDLQ GHFRLWPIH VB GLHTSOH. B TXGHH
XQ LQWpUrW FURLVVDQW FRQFHUQDI®BW. OHV H\R QAN DIPX.\Y D B V8
SDU OD UpJOHPHQWDWLRQ TXL LPSR\OHD @PH PGMW PIQO XX
GLUHFWLYH &( HW OfpYDOXDWWRDX[GHKY( UGWTMWHRK\
VXEVWDQFHV DYDQW OHXUV PLVHV VXU OH PDUFKp

'DQV OfpYDOXDWLRQ GX ULVTXH HQRQWR®QE P MWQ RO O/ X
RUJDQLVPHV VRQW pYDOXpV HQ GHXGHN BPSWR FIRPRNVFGQP WR
GX FRPSRVp GILQWpUrW D OLHX ®PHNVR\Q FIGQ WH PW DEQ LGN O]
FRQFHQWUDWLRQ ELRDFFXPXOpH SIVX®H RIH D@L WRH L BR (G \
7' HVW UpDOLVpH SRXU pWDEOLM PRQW.MHRL @ Q@W HE 0D FRX
OYRUJDQLVPH HW VD WR[LFLWp DFIHW WXHGHR\D L ¢HVAV b V@ Q@D
OH ULVTXH HQ FDUDFWpPULVDQW OHVH jIBWNO ISRQONU FOIpO*
SXLVTXH OJDFFXPXODWLRQ HW OH RHMNHQIMP I WV @ QY WEIHPL ¢
HVVHQWLHOV TXL DJLVVHQW VXU OD WR[LFLWp

/D ELRDFFXPXODWLRQ GpSHQG GHV SBRS WIDP D GW W L
OYHVSQFH FRQVLGpUpH HW GHV FRQIGNWR® QAH W ®RIGLHFOHYH P
FRXUDPPHQW XWLOLVpV SRXU GpFDEW® LWUBBOQ B HEL RIDWF S
GHV FRQWDPLQDQWYVY /D FRQVWUXFWLR®SRUMILRHDOM SXU
OTK\SRWKgVH TXH OD FLQPWLTXH GHGEH BUHPLRNORWERE Q
WURLV SURFHVVXV FRQFXUUHQWY /DQGIXPD HW0 BD.IDQ EHR\

OYDEVRUSWLRQ VRXV IRUPH G DOLRX\QM DQ JBIE R\ SOV
&HOOHVFL SHXYHQW SURYHQLU ®HFORHVAMDPQFLR CE LR IS LODX ¢
HW +DPHOLQN HW GH SURFHYVWXYXFpWKJER G K THKRIYWARRG
ELRWUDQVIRUPD&VAIRQ .XK@HMUWRGQqOH UHSRVH LPSOLFLW
K\SRWKgVHXH SRXU FKDTXH YRLH GYH[SRVLWLB QI IXVLREXP >
WUDYHUV XQH PHPEUDQH iEUDXH K@D OH SBUMWHMWWIRH GX F

,QWURGXFWLRQ * &RQWH[WH



XQLIRUPH GDQV OJRUJDQLVPH PRGJXHMLOXQDFRRONHWY P W(Q
PDVVH HQ GIDXWUHV WHUPHV TXH DGpFRPS OVR D EVRINEDHQ

&KH] OHV LQYHUWpPEUpV EHQWKLTXHV GGTHRW PR®&GD 8 R XRX

PpWDX[ /XRPD HW 5DLQERZ PrPH \8lO X ¥ VH Q H3UGX\G LEH\H \
FRQFHUQHQW OHV FRPSRVpV RUJDQIKXPHN HWH O &%V TRKH BC
al. -D Q ¥tval Q RX OHV K\GURFDUEXUHV DURPDWLTXH®

%RXUJHDXOW HW *RXUOD\ )UDQFp FRPSRYpRQRUGOQUD R |
SDUDLW HVVHQWLHO GH GpYHORS SIHRW RECHO/L FIR@ FOHSW D LHV®
FRQWDPLQDWLRQ GH OJHQYLURQQHPH®MN RDJXDQWLY®HRH C
ELRDFFXPXODWLRQ HW OH GHYHQLU @GN F&HSHARBORW V X@I
OLPLWDWLRQV LPSRUWDQWHVY GHV PREOBIWLR.QH\GWVVRK
WURSKLTXH VRQW UDUHPHQW SULVH \G NV R R WSIWHA D IQPAX WD
YRLH GIHQWUpPH GHV SROOXDQWYV AKBX®BQW UODQY R PH WD
GIXQH LPSRUWDQFH QRQ QpJOLJHDEBW IS\RXUR HKIR/E FIR QGD Pl
OHXU IRUWH FDSDFLWp GYDGVRUSWRRQ UVLWXOB BtRM VYUGRR

'"f{DXWUH SDUW OH SURFHVVXV BWp¥LRWIDIQW RN H
FRQVLGPUHU SXLVTXH FH SKpQRPqQFREGRBGWIUD \J LARDD GELP IF
SDUHQW ORUVTXH FH GHUQLHU HNWVPP WRDERTN D SBW OHWV |
$XMRXUGTKXL PRLQV GTXQH GL]DLQF.GIHWREB R WHHNSRDIWHL
GH OHXUV PpWDEROLWHY GDQV OKMNIL.LQYHSWpPEUpPY EHQWKL

/HV SDUDPqWUHV GIXQ PRGQqOH 7. VRQNSHVMWLHFQW DOS
FLQPpWLTXHY FRPSRUWDQW GHX[ SKDYWMNVWH BKL8RVE YL
RUJDQLVPHV SHQGDQW XQ FHUWDLQ WOWSW |/BHQSRIXVISOG
GpSXUDWLRQ FRQVLVWH j WUDQVIp BHRY OH & IRQM XQL F PO VHX
GH WRXWH FRQWDPLQDWLRQ SRXU TXH LFCRG g O HPH QW QHQ \DXIL
DX[ GRQQpPHVY H[SPULPHQWDOHYV j OFDL G VEIP R P WKHR\G 13D Ud
HJ WDX[ GIDFFXPXODWLRQ WDXV GPUOILAPG\® DML R X B PRU
GHX[ JXLGHV HXURSPHQV VRQW XWLOLWPRPRBEQGP GTHVWLF
SDUDPQWUHV VXLYDQW XQH UpJUHWHWR QH QW QPO MQFRIL Wh TH
RX VLPXOWDQpPPHQW 'H QRV MRXUV XGWDOLNpWKRSRHKW GIM\
SDUDPQWUHY OfLQIPUHQFH 1UpTXHOMMW WW LDXLY -V WH WL @
%D\pVLHQQH /YLQIPUHQFH IUpTXHQWRSW HG D plILHIN V L WHHU \®@
SDUDPQWUHY ORUVTXH WRXV QH SH®WH QW GICLW DY WHXIQVEWLD

,QWURGXFWLRQ &RQW



FHV SDUDPgQWUHV VRQW FRUUpOpV GHpDLWDQD\EYREOF XX S0
FHWWH DSSURFKH LO QfHVW SDV S&WWDLE®PH GWM G H W QRRUN
QDWXUH GLIIpUHQWH HJ GRQQpPHWGHHELR DGF XX\ IWXIGR
SDUDPQWUHVY GX PRGgOH HW GRQF VSOWN WMAU IS U G RIOW HFE Q/
HVWLPpH XQ SRLQW SRXUWDQW F U XFEHD® K& SV FOH\WS G H TQ !
YHUURXV etHIOPDQ %HUQLOORQ HW i%RLOVOH SDRDALH OH S
GIHVWLPDWLRQ VLPXOWDQpH GH WRMNWLQH G HS BRORPMYHE I
GLIIpUHQW®OH XWLOLVH O LQIRUPDWLRQU®L\SREELED HD MX W
GIH[SPULHQFHV SUpPOLPLQDLUKY REOETDRXVQGWH PSHU WV W
LQFHUWLWXGHYV | WU D Hdsterio® HB\H GLK\DW M HE SWURGOYWUH L\
GLVWULEXWLRQ MRLQWH GH WRXV OMV SQEORQHYWHE RV
FRUUPODWLRQV pYHQWXHOOHYV

3DUPL OHV DSSOLFDWLRQV RSpUDW RRODHPE® QW GHMW PR
SRLQWV VXLYDQWV

/D PHVXUH GH FHUWDLQHV VXEVWDRQHEFW ISYUHL R UL W DALHIW
SOXV SHUWLQHQWH GDQV OH ELRWH/ TS OX\WWX H % H G B
$LQVL OD PLVH j GLVSRVLWLRQ GH FRG §\OHD/G XL UH I XB HO
DFFXPXOpH SDU XQ RUJDQLVPH HQ FRQSRRWUDW LIRGD\AL)
FRPSDUpH GLUHFWHPHQW j OD 14( DWOQRFULDP W ITKQ 81WVHOI b

'H PrPH OHV VpGLPHQWYV VRQW VRXHH@WUXWILOQ B Q|
PLOLHX[ DTXDWLTXHV SRXU OHV VXEVIWD QVMRAK\EHR 8 KR EH
HQ FRQFHQWUDWLRQV GDQV OH ELRRMW S$ARIWL GGH WAUHD@W
14(LrwPX VPGLPHQW VRLW GH SUpGLUH OH (UL\BDXHNIGH (
GIREVHUYDWLRQV GX VpGLPHQW

3DU DLOOHXUV OD ELRDFFXPXODWWRQXGHGRPRPRORV f
GpYHORSSp GH OfpYDOXDWLRQ GHV ULYRWBVPEAW \SDGLF
VXEVWDQFHV ELRDPSOLILpHVY GDQV OHVOQERBDKHQGUMPSK
GpYHORSSHU GHV RXWLOV SHUP HWW.L/YWO®H BHMD G LAULH | DUHRV/C
WURSKLTXHVY HQ FRPPHQODQW SDU OHV LQYHUWPEUpPV EHQ

,QWURGXFWLRQ * &RQWH[WH



2%-(&7,)6

/D SUREOpPPDWLTXH JpQpUDOH GH PD WKIpQH HVW HG B H
PRGPOLVDWLRQ HW GYLQIpUHQFH DISSYCHWWEBUWpY GLUERVHQ)
FRQWDPLQDQWY RUJDQLTXHV HQ LOEGRDIQW GLLIIpUWHIQWIH \
FRPPH OD GLOXWLRQ SDU OD FURLVVDQFH HW OD ELRWUDQ

3RXU FHOD OH WUDYDLO HIIHFWXp MHFHWIMVDUWQFRBE M
PPWKRGRORJLTXH GH GpYHORSSHPHQ®I p@A)H G BIG U HH \B HX © RRSE
PEFRWR[LFRORJLTXH GipWXGH GH OD QY WL IFRRIQON. VL GBHIQ W
GLIIpUHQWHY HVSQqFHV

ITREMHFWLI PpWKRGRORJLTXH FRPSUHQ®QPHLTGYMHOR S
PRGPOLVDWLRQ 7. HW GTLQIpUHQFWY EDH\OW D) GW UMR X GEML K
GIH[SRVLWLRQ GLVVRXWH HW WURSKRQTXHFURLWYVDRFH
ELRWUDQVIRUPDWLRQ DGDSWp j GHVp EGDIQWVXERRKBGHNM BY
FRQVLGPUDQW VLPXOWDQpPPHQW O fHRHNUHPH\Y W IGHW G R QX DH
LQFHUWLWXGHV 3RXU UpSRQGUH j GBHRQV REM FSEMAIPIL HLLO WDH
FDOLEUHU FH FDGUH JpQpULTXH GH RRGEGVWDIDAHLR R CHWp &P
SRXU GLIIpUHQWHY HVSQFHV GILQYHWMpEURW U'DQWI KQRD @&
LQWpJUpH DX EDGUH JpQpULTXH SUpRpG MAPAHEYW @ DOE RV
FDGUH GH PRGpPOLVDWLRQ HW GILQISUNGENHY PWEOLED
ITHVWLPDWLRQ VLPXOWDQpH GHV SWHI@®RPH) WolDH vV D HIQAH H | 1041
ORJLFLHO 5 j SDUWLU GH GRQQpH\W BI\\SplULH HREWDLOH\R @ [EFAC
OLWWpPUDWXUH VELHQWLILTXH

/ITREMHFWLI pFRWR[LFRORJLTXH FRQWWWHQHQYLODXpWX
ELRDFFXPXODWLRQ SRXU SOXVLHXUV BRXSOHM DQ XIQUHWSD E k
VPpULH GYH[SPULHQFHV D pWp U p OCBitoNoorids FiausGa@etu® W O T H [
fossarum H Radix auricularia D X . . e KH[DFKORURELSKpQ\OH
GLIIpPUHQWHY YRLHV GYfH[SRVLWLR@W BQFR GHWXYMyFPH W@ U H
GAa. fossarumj XQ +$3 OH S\UgqQH DILQ GIpWXGHHW NRDJIBPIRWBB
(QILQ XQH WURLVLqgPH VpULH GYH[SRVLWURWYV | C
OfKHIDEURPRF\FORGRGpPFDQH +%&' HWQE8 pWKHU %SHQW
pPWp HIITHFWXpH VXU OHV LQYHUWPEUpPV pWXGLpV

,QWURGXFWLRQ 2EMHF



25*$1,6%$7,21 '8 0$186&5,7

&H PDQXVFULW HVW RUJDQLVp HQ  EHNSIQWH D 1B8WDS
FRQQDLVVDQFHV VXU OfpYDOXDWLRQ GV WAPWKRGHQY
PRGPOLVDWLRQ WR[LFR FLQPWLTXHV GHWWRL@QHYUHQFH G

/IH FKDSLWUH VXLYDQW FKDSLWUH GUpPW B IQA\CHH  QOHD
H[SPULPHQWDWLRQV UpDOLVpPHV HW POM KRGH OGH F\LW H DR |
SDUDPqQWUHV

/HV FKDSLWUHYV HW UDS SR UWH®QLW pO/H VG H p& KOMXBHW
SUHPLgQUH H[SRVLWLRQ GHV RUJDQLVPHYL\DHK HB® %FRPSWKID
SKPQRPgQH GH ELRWUDQVIRUPDWLR @ GH@NHO H PIRGM DB GV
GLVSRQLEOHYVY GDQV OD OLWWpUDWXH H HHW RYLID QUWHR SR VL \
FKDSLWUH MXVTXT] GHV LOOXSWWODM LR QM G H K/IRHL O § &I
OHV H[SPULPHQWDWLRQV UpDOLYV pHM VSV p\SKQW HDN PRIGY O
OfLQIPUHQFH HQ WUDLWDQW | FKDRXW IRILIVERQB TEHY W LOR
OD PpWKRGH GTHVWLPDWLRQ GHV SDWIRGHV UGD/QX WD LPKICHS
TXHVWLRQ GH OD SULVH HQ FRPSWH) GO GV RHHV¥D BV HG H pBLp
pWp DERUGPH (QILQ OH FKDSLWUBLVOWLRHDWW U RIQQ VP H
PYDOXDWLRQ GX ULVTXH HQYLURQQHPFHSHU B Q W/ N UF KADUSRIW
GRQW OH SUHPLHU HVW SXEOLp GDQ¥DIFRWR FLKHIRSIeRAMUY HD Q G5 |
al.

/H FKDSLWUH SUpVHQWH XQH GLVWXVREWRBQ@H OTHQVHF

,QWURGXFWLRQ * 2UJDQLVDWLRQ GX PDQXVFULW



&SKDSLWWDW GHV FRQQDLVVDQFFE

&H FKDSLWUH GpYHORSSH OHV QRWWKQVHPOHVH K B A K HIDPD
SDU OD QRWLRQ GTIpYDOXDWLRQ GX ULXIT ¥R HSUWHQPR YQHE® pil
VHFWLRQ GHV H[HPSOHV GH VR QXD S®H VDWLSRL R
LQYHUWPEUpPY EHQWKLTXHV GTHDX \GBRPH XMW VO I/ HIR & H RC
OHV LPSDFWV GHV FRQWDPLQDQWYV R WBIDHLGHKX qFP\W XSD P’
SUpVHQWH OD PRGPOLVDWLRQ WR[LHRVEP@IWLIRTX K H7 V H \D IS\
DLQVL TXH OfXWLOLVDWLRQ GH WHONFRREHOHV HQ QD @0

UpVXPH OHV SULQFLSDOHV LGpHV FRQFHSWXHOOHV j UH'

(9$/8$7,21 '8 5,648( (19,5211(0(17$/

/JH GpPYHORSSHPHQW GH OfpFRWR[LFRORJLMR UW¥ PRI VDD
GpFRXYHUWH GH OD SHUVLVWDQFH GHIJDOREGXIOWRWY p8KGA
OfHQYLURQQHPHQW HW OHV HITHWOHPpREVEDYFYRQY XU G HW ¥\
GpILQLWLRQV SRXU © OfpFRWR[LFRORJILEHDP RGMW pW pYUSURS

ORULDUW\ _.HQGDOO /\ GO R 1HZERXV H
UHWHQRQV OD VXLYDQWH SRXU FHOWMWUPR GRD L&V X'Q K& N FALRHQE
GH O HQYLURQQHPHQW SDU OHV D JHHOWY SIRRBONX YW SD QD
KXPDLQH DLQVL TXH GH OHXUV P pH\D QWY YE YCDFQWAL YR @ YW
ELRVSKqQUH 2 5DPDGH ,O VTDJILW GIROWWL GYN Q AXGLYE DS
HW OD WR[LFRORJLH HW TXL D SRMNUHREMIGHW LSRR ®DXBRY
PFRV\WWPHV HQ VJ{HIIRUODQW GHOBSU@RUPH GB BIDW K Ul W
PLHX[ pYDOXHU OHV ULVTXHV DVVRRIQpY HW GTHQ SHUPHWW

'PILQLWLRQ

/TpYDOXDWLRQ GX ULVTXH HQYLURQBHPHWYWBQD EHV ISG
OfHQYLURQQHPHQW HQ SDUWLFXO LOHEL VOBIW VR H WD QWP I8 ¥R
OXUDOLNULVKQD HW ODQLFNDP | HMVQ FIDXR/®IQ HB HQ WP H
PXOWLSOHV GYRULJLQHV QDWXUHQO H/ KXV LDALW B WR RIQT XGH
FKLPLTXHV HVW DXMRXUGYKXL VRXPLVIE jHQQFRRDWOH PO
FRQVPTXHQFHYV GH OHXU SUpVHQFH WW OHVS §JLUO/H RQ®/D B(M
HQUHJLVWUHPHQW pYDOXDWLRQ DYWREHWD RKIRRL THWM VU HA

&KDSLWUH (WDW GHV FRQQDLWLRNRRHIH P HDADXD \



YLJIXHXUYMXH Q 5qJOHPHQW /H ULVARMP AKQBLT X
© SUREDELOLWpP GJRFFXUUHQFH GIXQOHHOWLGRIQYRPDE W HL
GIXQH H[SRVLWLRQ GRQQpH j XQH VXEWWD®FNXEKMPLQKI
FKLPLTXHV @ /HHXZHQ (Q pYDOXDREMRLY XGX QUL VSTKRIE D
FRPELQpPH GHV GDQJHUV HW GH O WWDPS\WR\RLQV GRQQ H HB (pMQDFSOHX
O LGHQWLILFDWLRQ GX GDQJHU O fip MD/D\K DMAM RA@D GA-D O AN
ULVTKHHXUH

Identification
du danger

Evaluation de Evaluation des

I'exposition effets

Caractérisation
du risque

JLIXUHBULQFLSDOHY pWDSHV GH OfpYDOXDWLRQ

JILGHQWLILFDWLRQ GX GDQJHU
/H GDQJHU GpVLJQH © OD FDSDFLWpPTXEBKRX HIW B BHROQE
GH VXEVWDQFHV FKLPLTXHV j FDXVIPEHGRX HIOMWYYGP QYR
VHORQ OHV FRQGLWLRQV GTH[SRVLWLRQ 2 /HHXZHQ
/TpYDOXDWLRQ GH OTH[SRVLWLRQ
JTH[SRVLWLRQ GpVLJQH OH FRQWDF W QH WR SIXOQK VXEG \F
LQGLYLGX GDQV OH WHPSV RX SOX®HYUpFLVVRRQW @ H\D K
HPSUXQWpV GHV TXDQWLWpV GH VXEYWDQ FEH\V UD\G DEH. RAD
GIHVWLPHU OHV FRQFHQWUDWLRQV RRXV GRAIHD\L Q BX [ TR¥H C
FRPSDUWLPHQWY HQYLURQQHPHQWDX[ /MRIXWHRX R QW/DS X
FRQFHQWUDWLRQ RX GRVH H[WHUQHLTHOQW®WWHWRQ GHR § WD\FM
EDUULqQUHY GH OJRUJDQLVPH SDU GIHMWYQILKYHGEH[ORVERQ
LQWHUQH TXDQWLWp GH VXEVWDQF®LRK[FELRMR TXTX 8 VQ ¥
SDVVpV OHV WLVVXV VpSDUDQW MV HNISPEHY LQWpULHXUYV

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



/TpYDOXDWLRQ GHV HIIHWV
/THIITHW HVW OD FRQVPTXHQFH GH OffSHSFOOLRPLHRDN j GH
FDUDFWpPULVWLTXHY GH OYRUJDQLVPH VHISIRNW YV 'BO X Y6 D
H[HPSOH VH WUDGXLUH SDU OD P RUSWIRGVEW LBRQURXQHW B
FURLVVDQEH
/D FDUDFWpULVDWLRQ GX ULVTXH
/D FDUDFWpPULVDWLRQ GX ULVTXH SBXWOrWUH WY KR pH
HITHWV LQGPVLUDEOHV VXVFHSWLEOHRHQOW FIRPSWRIG X\LH®
O H[SRVLWLRQ j XQH VXEVWDQFH FKLPLTXH

/1(5( HYW GRQF SDU GpILQLWLRQ GlppHQJL B D8 QB W HR/QQMRHA!
YDULDELOLWp GHV UpSRQVHV HW G N ULDEHOWWW X\GH \U (G &
GHVFULSWLRQ TXDQWLWDWLYH GH OBQNMPEO R G B H DDH X L
(3% HW HOOH HVW VRXYHQW H[SHLPpW UL WD YFHRIRP K
YDULDQFH OfpFDUW W\SH RX HQFRUMHVOHEX WLRQ@WGE B \G RIQ
OTpYDOXDWLRQ GH OTH[SRVLWLR QS DHDPH WSHKXW H@NILH BQ @
S+ WHPSpUDWXUH HWF RX HQFRUHM GDQW OHYHI DG PKKE KU Y
YDULDELOLWpP QH SHXW SDV rWU Hp UpGXH W/H \P I Q\F HHUDVD LHW X I¢
HOOHV UHQYRLHQW j XQ PDQTXH GH QGRRMHE YWRIX CXT XQ B VFH
OfpYDOXDWLRQ HOOHV SHXYHQW rV8BH(3®XDQW LWDIQVLYH
OTpYDOXDWLRQ GH OJH[SRVLWLRGD ®'D @HIW KNSR WG YV H 'V XX
MXJHPHQW GYDQDO\WHV LQFRPSOqW HW LOTHRIQUMXIH HOM @
SUPGLFWLRQV GYXQ PRGQOH /HV LQKHWWNVWXGHN SGXW HR
PHLOOHXUHY GRQQpPHV /D TXDQWILRLBMWRERQFGHY §REH UL
PYDOXDWLRQ GX ULVTXH

([HPSOHV GYDSSOLFDWLRQV
Modéles toxico-cinétiques/toxico-dynamiques (TK/TD)

*pPQPUDOHPHQW DERUGpPHV HQ SUHPLQUHHY pROFDH L& VI
SHUPHWWHQW GH GpFULUH OHV SURFHVARQYF HQMOLDDWY MF
HQYLURQQHPHQWDOHY GRVH H[WHUWOLR QG GO@Y \ORWW D Q EY
LQWHUQH MXVTXTj VD WR[LFLWp GD QW pPH WO RE@ . RQUMF |

/H OLHQ HQWUH OYH[SRVLWLR@Wp XYW FGRW 50O HQHD W LI
WR[LFLWp HVW GpWHUPLQpH SDU O HME SR USOH R @ LLIQPAUHHDMH
GH PpWDEROLVDWLRQ RX GH GpWR[$KDRHVLRRQSW RORW Y G

&KDSLWUH (WDW GHV FRQQDLWLRNRRHIH P HDADXD \



GDQV FHWWH UHODWLRQ OD SKDWRQWR[QWRDPWDRYLHQXH R
GDQV OJRUJDQLVPH HW VD GLVWULED®PWIRE R[SGHVBDROK
WR[LFLWp RX OfHIIHW GIXQH VXEVWDNQHFRHSWXT' OTRVJRRQW)
PDWKpPDWLTXHV DXVVL DSSHOpV PRGGAMNY TRUPDRQWH i\
SURFHVVXV YDULDEOHV TXL GpSHSUERSQUM pGVH \B GXWL A R Q W DI
OTHVSgFH FRQVLGpPUpH HW G H\ JSXOUD&ENM BIRGH DTHVH 8 HEY HPQ
rWUH XWLOLVpV SRXU FDUDFW p ULR/GINJ ®H QN[ LFRDRID B q

Concentration Concentration Effets

externe TK interne TD observés

(dans le temps) (dans le temps) (dans le temps)

Un L Effets létaux > e.g., GUTS
compartiment

. Effets
Multi- sub-létaux

compartiments
Croissance 5
e.g., modéles

pour les
plantes pour plantes

Croissance et

reproduction e.g., DEBtox
pour les
animaux

J)LIXUHRUPDOLVPH GHV PRGQqOHV 7. 7" HILVWDQWV &KD

(Q SDUWLFXOLHU OHV PRGQOHV 7.LRRQG\D QW FRRIDQQ ®\D >SIR\
ULVTXH HQYLURQQHPHQWDO ()6$% DW OR QS HIP HAW@QWH KGN
SUPGLFWLRQ HW OH WHVW G K\SRWKQqVHYV

LOV DPpOLRUHQW OHV SUpPGLFWLRQV OGH\E LRR\DHV HRYL
FRQVLGPUDQW OJLPSRUWDQFH UHODRWIRK VG H\D QGIL IHp
JLVKHU IXRPD HW 5DLQERZ

LOV H[SOLTXHQW DXVVL OD YDULDEQ®DPL@EH WY EDR
ELRWH j OfpWDW GYpTXLOLEUH VWDVDRQEBEZUH /XRI
'DQJ HW 5DLQERZ

LOV VRQW XWLOLVpPVY FRPPH RXWQD\G BV pGL[FWHUQ HG H X
LQWHUQH H[WUDSRODWLRQV HQVRUWHVOBYHQSERVDW [ R
OfpFKHOOH GH OJLQGLYLGX RX HQWUGITpYBQRPW ERE@
OfLPSDFW GH VpGLPHQWY FRQWDPLLT XHRRWXDW LR
/R Sét¥l. $VKDXHU HW -DJHU

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



LOV SHXYHQW SUpPGLUH OJHIIHW G pVWUOLW H P H@W HIH
-DQ\evaH Q

LOV VRQW XWLOLVpV SRXU HVWLPHV IOHYVHH [ BRW I{ WHK:

SOXV UpFHPPHQW LOV SHXYHQW rWUEBHXWGRVpV S
FRQFHQWUDWLRQ SeRa{U OHItRBRIpWDX{DQUQHW 7DQ

LOV SHUPHWWHQW pJDOHPHQW GH VXBRROWHRQODX
ODERUDWRLUH HW VXU OH WHU U BINVQHH®p B RPN Q &/DUNDLF
ODERUDWRLUH HW GHV FRQGLW&RQV HQYLURQQHPHQV

Directive Cadre européenne sur I'Eau (DCE)

/D SUpVHQFH GH FRQWDPLQDQWYV G DRX\O IOgHPYH QR QGIHD
PLOLHX DTXDWLTXH VRXOgYH OD TXHWIDRQVEBHVOHXQV W

SHUVSHFWLYH GH JHVWLRQ GX UL VIIXGHUHQWAW RPJEBRHQW D (
RX '&( DGRSWpH HQ RFWREUH SDUX ORS P B QO HHR/MQ \B HH
PDMHXU GH OD SROLWLTXH GH OTHDIXUGDRY PNEQHRQW(XXHA
HQJDJH FKDTXH pWDW PHPEUH GDQW KBRREMHFEM IGHGE DS URI
HDX[ HW GHV PLOLHX[ DTXDWLTXHYV

&RQFHUQDQW OHV HDX[ GH VXUIDFH)VERDX\H QOHOMW BIOE
VRXWHUUDLQHYV OD '&( FUpH GHV RB®WDWLMR @H GH Ph V&
UHSRVH VXU GHV SODQV GH JHVWLRQDHW \G R XSW XIQHD FPH
SpPULRGH /TpWDW GTXQH PDVVH GITHBWVG K YXWDWHpFRPRUL
pWDW FKLPLTXH

[fpWDW pFRORJLTXH WLHQW FRPSWHHG H V@ \NoHF R\D'V W/ oM
GHV SDUDPgWUHV ELRORJLTXHV H RQNVERQGCEH FUH YA H\N
WRXW HQ WHQDQW FRPSWH GH SDUDRBQ®W UGLW B8R XWL. 6B
OfHDX WHPSpUDWXUH HWF GH GX PROBEKRORJLH H\

/TpPWDW FKLPLTXH HVW pYDOXp HQ PWDUDLREY GD GW
PLOLHX DTXDWLTXH G{XQH OLVWH GHHQOWEVWDOQFH\
PpPWDOOLTXHV 3&% +$3 &HW pWDWOYH[R¥UWWR QD

%UXLW GH IRQG GpVLJQH O H[GVXQ SKHQRPYWRHHGAR R X @ HW IM LgFHHOK
O LPSRUWDQFH SRXU PHVXUHU HIILFDFHPHQW O LPSDFW G XQH DFWLYL

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



FDGUH GH Of(5( PDLV QH SHUPHW SOBX XUQN TRCH D AW p
FODVVHV VRQW GpILQLHV SRXU TXDOLHDKU ERWBHW E
FRQIRUPH RX PDXYDLV 6L OD FRQRHMWIDIWM RO PH®
GpSDVVH XQH YDOHXU OLPLWH QRUP4( G B ORWD\O LODp
PDVVH GIfHDX QJfHVW SDV FRQVLGpUpH GDQV XQ ERQ ¢

/JHV 14( VRQW pWDEOLHV VXLYDQDWAIRQp G HY WRVP DOV
ULVTXH HJ HDX VpGLPHQW ELRMMPV GK\G HBRVE KLAFOLW XF
VXEVWDQFHV HW OD FROOHFWH GHRERDWpPRY BFHRARLERQGE
FRQFHQWUDWLRQ VHXLO RX QRUPH GHRSRVDOMLRE \GSIPEQH
VIDSSOLTXDQW DX FRPSDUWLPHQW (j ULYTYH HW GRXGpOD
SOXSDUW GHV VXEVWDQFHV SULR FIRPBSDWHWL POI) M4 kil BIX/ WL pH/
PDLV SRXU XQ FHUWDLQ QRPEUH GHEWNXE ¥ MDQAEHRVD SABI(R UL
14 (ELrWXL VIDSSOLTXH &( 'LUHFWLYH

/JHV Lb&VRQW GplILQLHV SDU XQH YDOHXUPRIKQR@QHOD F
QRWpH H%A6HFXL SUHQG HQ FRPSWH OHV GRQ @RV FE&WWF R\
FKURQLTXH GLVSRQLEOHV SRXU FKWHXBIXVXEYMPX@FW DR LQ
WURSKLTXHV OHV SURGXFWHXUV BSUXRDLUGNYV DQIHUMNRK
SRLVVRQV &HV GRQQpPHV VRQW VRXOTHGGW OMRILW QP\ AR G PN
REVHUYDEOH 12(& VRLW OD FRQFHQWVDL\QGRY LIBOD W H V \
6L FHV GRQQpPHV VRQW HQ QRPEUH \DWILR/@ QW DXWQ N VP Lp KK
XWLOLVpH SRXU GpILQLU OD YDOHXWWDHOWBY @GLORHV GRY
GYH[WUDSRODWLRQ j SDUWLU GH BRWE @KW \G HKMR [& R MWD §
RX GHV RLVHDX[ VRQW DSSOLTXpQOD SDXDCHEWIBH 12 (& R

/D GpILQLWLREL:&INBHAG GHVY GRQQpHV pFRWR[LFRORIJL
OHV RUJDQLVPHV EHQWKLTXHV TXLVYGLIREOWWH QSR K Q WIHAT X
IDFWHXU GYH[WUDSRODWLRQ HVW DBSROQIKQ H 610 H XFRHI H. R
SDUWDJH HVW DORUV XWLOLVp SWH @FLGHX G XHWp DKL Op G Ul
GpILQLU Q& ¥Hd (

8QH 14( HVW GpWHUPLQpPH j SDUWLU BW VFR B SHIUWELXFOHMW VS RMUQF& B F
FRPSDUWLPHQW OH SOXV VHQVLEOH O®D DI EDOR BMHWH 4 8 HAPWRQDUP VQHIUH.
FRPSDUWLPHQW

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



/D 14(rWHLLVH] SURWpPJHU OHV JUDQGYV SUpGDWIXWY L H
ULVTXHV GIHPSRLVRQQHPHQW GXV jLORIQQIHNMQAR Q/BFHRQB)
i ] SURWpPJHU OHV RUJDQLVPHV EHQWKRSRHVR QIITHPHHRHA
VHERQGDLUH (Q JpQpUDO OD QRUP R DRPPW HQXHN $HRK (G HO\D RS
HVW FRQVLGpPUpH VXIILVDPPHQW SURMHEWMYLFE SRROB XOH VI
OH ELRWH FRUUHVSRQG j OD FRQ FHQWSIDPGLIORMDH X U VGV XS W
46 rwoBvHI RBRGPILQLWLRQ GH FHWWH YDOHXWDHWW EDR$ 8 LVIX
PYDOXDQW OHV HIITHWV WR[LTXHV PKD vQLHY BDX P D@ W BLAXV p
OfLQJHVWLRQ GJRUJDQLVPHV DTXDWRSKHWVXHAR QDD PW D X U]
GRQQpPHVY pFRWR[LFRORJLTXHV UHWHQWHRYLFHWPDRHR®H VXK
PDPPLIQUHVY HW OHV RLVHDX[ © 1R 2EVHIRSHG H®&Y ©OWDVH
FRQFHQWUDWLRQ GH WR[LTXH GDQVREN HWRMWHSRXU FH\D G)
12(& /D 12(& SHXW rWUH GpGXLWH GH GB ER$)Y HSDAL RG
HPSLULTXHV YDULDEOHV VHORQ OMAD H WS\ PHV WX B M VWGITHHW VO

IHV 146LpiW 2&k(@HUPHWWHQW GH TXDQWLILHU OD FRQ!
K\GURSKREHV TXL VRQW GLIILFLOH P RIQW FXK\. XIWD EX0H W XG. Y (
ELRWH VIDSSOLTXH DXMRXUG TKXLQjJH UHXEAMNVDRUFIHR/U § WIDR. W
FKLPLTREOHDX

/JH GRFXPHQW JXLGH HXURSpPHQ SR UMDYHIL O/XNQEH FKV R
GDQV OH ELRWH &RPPLVVLRQ (XURSp&E DRI D QL WKH Y qDGIWOH]
SRLVVRQ SRXU OLPLWHU OfpSXLVH® HOWD GX¥D WD RIH GWHR & J-\h
GIXQ VLWH HVW QRQ FRQIRUPH D WHIRJ \W PERPW U LIFGIR D ® WHHUXG
GH OfpWDSH GH FRQILUPDWLRQ OHRQUPRYDHO®HQWN HW OQN
GIHDX GRXFH VHPEOHQW rWUH XQH ERRQH GPXDWLLWFHT ®Y
UHSUPVHQWHQW SOXV GH GH OMRERRGL%BPOVYDWp DQLAD
LOV VRQW VXVFHSWLEOHV GY{rWUBT®E W LSTOOHV § R Q/\DLPEPGHHOWV |
OHXU PRGH GH YLH HQ SUR[LPLWp DYB¥ GHVVEBQMDPWQ
RUJDQLTXHV K\GURSKREHV 3DU DL@BWXUWFH @HY HIRQ QLR
SHUPHWWHQW XQH PHLOOHXUH FRPSWIXWMQ VERQV GOXH W UPLDQ
VXSpULHXUV GH OD FKDVQH WURSKLTHXH XYOEM ERRBROQ P H
/D ELRDPSOLILFDWLRQ GpVLJQH O DXJWHQWDRQR QG FOQPHK O/D
SHUVLVWDQWH j FKDTXH VWRG¥XUGH OD FKDVQH WURSKLTXH

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



7DEOHBXEVWDQFHYV SULRULWDLUHV GRQWHO D URQ WYRW D\8 5|
FRQWH[WH IUDQoDLVY GH OD GLUHFWLGH &RP MM VAR @
(XURSPHQQH

6XEVWDQFH. 4 (eELrwWH
6XEVWDQFH GDQJHUHXWH JSRLG¥LRWH FRQFHUQpP
SULRULWDLIWHDLY SI

OHUF %UH RXL 3RLVVRQV HQWL
+H[DFKORUREHQ]qQHXL 3RLVVRQV ILOH\
+H[DFKORUREXWDGL{&H SRLVVRQV HQWL

BQLTXHPHQW WpWUD
SHQWD KH[D HW KHSWD 3RLVVRQV ILOHW
%" (

3%'( ™ %' (

$FLGH SHUIOXRURRF%Q%QH
VXOIRQ@LZ&H
+%&" VRPPH GHV WURLYV

SRLVVRQV ILOH!'

RXL 3RLVVRQV HQWLI
LVRPQUHV
'LR[LQHV HW 3&% GH W\SH 3RLVVRQV ILOHW
GLR[L®KB&" RXL 7(4 &UXVWDFpV
3&') HW 3&% GO OROOXVTXHV

+HSWDFKORUHFMNpS§QPH
GIKHSWDFKORUH

SRLVVRQV ILOH

JOXRUDQWKgQH 1RQ &UXVWDFpV

OROO

+$3 )] HW DQQHDX]

%HQ]R>D@S\UqQH
%HQJR>E@IOXRUDQWKgQH &UXVWDFpV
%HQ]JR>N@IOXRUDQWKqgKQH OROOXVTXHV
%HQ]JR>J K L@SpU\OqQH
,QGpQR> FG@S\UgQH

'LFRIRO RXL SRLVVRQV HQWL

7(4 FROQFHQWUDWLRQ pTXLYDOHQWH WRTXTXH &RQWW WEFR{HDXHDXFHDFW 8 K
ORQGLDOH GH OD 6DQWp

SRLVVRQV HQWLHU FH VXSSRUWIBL RPWHSDUNWWRSOEWY GPDRWRXDOODOH @I
FDGUDJH SRXU OD VXUYHLOODQFH HWG R LML \QRYWH VEHIFEDPHOXHURQ QHPHQW
FUXVWDFpV PROOXVTXHYV XWLOHVOWDRRHGENVFHRXYXIWBR QW ISRXQWIDO M X U
OHV HDX[ OLWWRUDOHYV

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



aurey)

daiejuduIIfe

uone.uaduo;
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Filtreurs :
— (mollusques, brouteurs) '
Producteurs végétaux #
(macrophytes, diatomées)

JLIXUBURFHVVXV GH ELRDPSOLILFDWLRQ

/JH VXLYL VXU LQYHUWPpPEUpPV GDQV OXE ®BGREMEARAWLD '&3
SDUW j DQDO\WHU OHV VXEVWDQFHNQERXUGO BV TKH O\H R Q H
SDUW GIpWHQGUH OD FRXYHUWXWIHWRIDWLDOH GX VXLYL EL

,QYHUWPpPEUpYV EHQWKLTXHV GfHDX GRXFH

B3OXVLHXUV WHVWYV VWDQGDUGLVpWRQ@HO pIW pS B K Y HORDSS
HITHWV GHV SROOXDQWY DX QLYHDX OGEYILGEHYOLGXUDLVEY R
HVSqgFHV PRGgOHV OHV SOXV XWLOILW®QFOXHQWp BRWD[RFRQVY
XQLFHOOXODL U PseudlokirchKeri€l&r Xubehpitata O H F K L UORiQ@ROMES
riparius Chironomus tentans O H JD V Ropph&8rjuUS &htipodarum GHYV FUXVWDFpV
TXH OD ®apdaQrhagna KLVWRULTXHPHQW OD SOXV XWLOLVpH
J D P P DGa&imarus pulexGammarus fossarum RX HQFRUH OHD&BLViY RQ JgEUL
&H VRQW GHV HVSgFHV FRXUDPPHQWORWLODXNYHIYRRXRB UWVH &Y
G pOHYDJH DX ODERUDWRLUH HW GHUWPWDRDLEXOMD\SHRQGHD AR
HW OHXU UHSUpVHQWDWLYLWp G1X@® WV BOLHD 6 R Q UGHH GAHD OFK D&
FKLPLTXH HVW HQ SDUWLH DVVXUp SDQWHOGH QMW LSYLUGHIIVH QG D
Gammarus fossarum 1RWH WHFKQLTXH

'DQV OH FDGUH GH FH WUDYDLO WU RO HFEWRGERBPWpV C
Chironomus riparius OH F UGamivalus fossarumHW OH P Radi®© Xwidukatih
JLIXUH &HWWH DSSURFKH PXOWL VSpFLILTXHLMHX$REHVRE

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



GLIIDPUHQFHV GH VHQVLEHWDLMAPS IFHVUBUHVEB @MH/QW XQH (
ELRORJLTXHV HW pFRORJLTXHV HW DSS\DWUWRRQQX\DMX HjV
DUWKURSRGHY TXL UHSUpVHQWHQWH®HX]LQMNHUGNp BURX S K
FKH] OHV LQYHUWpPEUpPV GYHDX GRXFH HQWHP EIWIVQ FKHOPH.
DUWKURSRGHYVY FRPSWDQW SRXU HQYQMRRQF O X®H W DO BIRIG]
FUXVWDFpV /H GHX[LqgPH HPEUDQFKHPHQWHDHP BORX VUK H
RFFXSH HQYLURQ GH OD ELRGLYHUWRXFH QbPDQHEQGH\
%RLVVHDX |

JLIXUHHV WURLYV LQ YRIQOWPE S R WHi-GIFVRARHK FKKHg
C.riparius DX PG.fossarur HW | (R. auricularie ,UV

Chironomus riparius

Taxonomie et répartition géographique

'DQV OTRUGUH &HndnohiuS ppusMDLW SDUWLH GH OD 1ID
Chironomidae HW GH OD VR XGhildbdhiinaed H DG-H W W ,O VYIDJLW
RUJDQLVPH SRVVpGDQW XQH ODUJH\D WP SHU P HS DA DWK R
1RUG PDLV DXVVL GDQV OHV UpJLRQV DUFWLTXHYV 5DVPXV\

Position écologique

$XVVL DSSHOp © PRXVWLTXH QRQ SHYXEXQV OWHNVODFWY |
HW ULYLQUHV VH QRXUULVVDQW GEDQN BPBW LLOH \R LBIDUWQNL
VPpGLPHQW 5DVPXVVHQ OROOHU SLOBWRW XEHYV (DROHSR Y
JUDLQV GH VDEOBMiparlRXWBBOKNH OHV HQYLURQQHPHQWYV
WHPSpUDWXUHYV ODUJH JDPPH GH S+ XMOLEOPILWDYHDX HC
IDLVDQW GH OXL XQ GHV RUJDQLVPHWKUPXHWY WG BRNVUA
MRXHQW XQ U{OH LPSRUWDQW GDQW QM FKDWHHWWQR'SK DT
LPSRUWDQWH GH QRXUULWXUH SRXMDOHYV SRLVVRQV HW OH

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



Morphologie

/HV FKLURQRPHVY RQW XQ F\FOH GH WY H FRAP&U W RPIHNHQ D
TXDWUH)pWOBHWH VWDGH °XI ] MRXUV OHMWRXDGH OBU
VWDGH Q\PSKDO MRXUV HW OH RROMDOILWLBGXOWHHP NARA&HV
PDVVH JpODWLQHXVH j OD VXUIDFH GH°QIMHDOXL FRFOWHRD Y
TXHOTXHV MRXUV GHX[ j WURLV MRRWVQOD IHFRHOBH KIOW hpi
SHWLW :LNOXetal. 3pU\

JLIXUK\FOH GH YLH GX FKLURQRPH RHXDIGXOWB U¥®IL
HW ORUI

/H F\FOH ODUYDLUH VYHIIHFWXH HQ @XDMHU KV P B Q HV Xl
GRX]DLQH GH MRXUWVHHMPYWRGH /DSUqVY OD SRQWH FRUU
REWHQXH MXVWH DSUqV pFORVLRQX&EMAH PENWMAH BIBXYM Y|
GDQV OH VPpGLPHQW HW FRQVWUXMIH X&XIRWDGHDX MR DGV
OD ODUYH DFTXLHUW OYKpPRJORELRH WXQHOWIU DV % B HWDG\
OXL SHUPHWWDQW GH YLYUH GDQV GBOW H@YQODR B HAH G WY
GDQV OH VPpGLPHQW MXVTXYTj OD ILQLGK WARDXGH / jGHURTE
VWDGH ODUYDLUH TXH OH FKLURQRPGIL PINQWH B WF R®IW DAFDW
VXVSHQVLRQ VH QRXUULVVDQW GHVODL CPDWhRWYHHPRQINDWQL
WHPSpUDWXUH LQIOXHQFH OH WDX[ BHVFQRL\SLDWQ B HG HH \F
UHSURGXFWLRQ HW OD VXUYLH SRWOHY &V 3P B p HIWWHOUHM. |
/D ODUYH GX VWDGH / SHXW PHVXUHW M X\QICXLTY L G 0% R
WKRUD[ VH FRPSRVH GH WURLV VHJPH @DV UG RZHN SO H XSARE
/ITDEGRPHQ SUpPpVHQWH TXDQW j OXL \@B®@WVHIPWQ W W XEX GH
LPSOLTXpV GDQV OD UHVSLUDWLRQ BRIWW XESD G MIHIAW L& UD

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



Pertinence en écotoxicologie

/H FKLURQRPH HVW XQ RUJDQLVPH R®Q@L®H WR 8 QF pFFGRHW B F
FRXUW VD FURLVVDQFH UDSLGH Wi HMN VDL W QA/EQ Y. VIH
VPGLPHQWY FRQWDPLQpPVY SDU OHV UXERQ DOSRVWRIQB B LpTRF
GDQV OD FKDvVvQH WURSKAQ Tipgadus HFOMPN WOQJI HRUJDQLVPH SDUWI
DSSURSULp GDQV OD SHUVSHFWLYH EGR (@®W DR IpQDADN L RIDPBIC

&HW RUJDQLVPH HVW OH SOXV VRXQYMHOQDD KRMHOWVp BRX )
SRXU pYDOXHU OD WR[LFLWp DLJIXsVHQYWK GR@NT OH \G M pFeRL@
DXVVL GDQV OfHDX GH VXUIDFH (3$ &BIVEWRY&V FRQELV
OfpWXGH GH OJLPSDFW GHV SROOXH WNWWVRUJIGQILYPHQ W R
VXUYLH HW OD FURLVVDQFH GHV PDW Iy PIHLUQJWIQ FX HD R WV W R
SRXU FH TXL HVW GX WHVW GH WR[LFLWHOBWM+HH 1D\ORU
&RQFHU QROMFIOMY LAK H & H Y WO ¥ WIVWIRRQN GpYHORSSpPV Re (
WUDLWY GH YLH VRQW pYDOXpV GHWE R PERMU VORIW DE®H & [l R |
OHV VH[ UDWLRV DLQVL TXH OH Q RRREGMFH¥MIW QDD DIW UR/Q O L/\K
WHPSpUDWXUHV FODVVLTXHPHQW XWLOLVRK/ SREU3PHV R
*DUULF

'"fDXWUHV WHVWYV RQW pWp GpYHORSIPWG IELHQ $ R KIUONY
ELRGLVSRQLELOLWp HW OD ELRD FMKPLXOD WELR QD G\W VG §IROD ¥
GH VRQ VWDGH ODU XCDriptrids ©Y WWULOAXIDMH BB XCBH pYDOXHU C
GHV SROOXDQWV &HW RUJDQLVPH BUWERNW IRUD PoWh HKWV
FLQPWLTXHV Getal3&% /GH FRPSRVpV SHWAO XR U BaHaMHOW L Q
al. GH SURGXLWYV SK\WRSKDd@.DFHXWIXTHBW¥R UK G P DRRP
PpWDOOLTXeHal. )H U USDXWL O Hn itk U O H@ F D JE& Ridr@VSE W P H W
GIpYDOXHU OD TXDOLWp GHV VpGLB8HQMEV®D GHHG LSWH. FOWDL

GLUHFWLYH 8( GDQV OHV SRLFY@DI\ FDOIDR.G WV G R SIIDLET
%DEXW D RX HQFRUH GH PHVXUHU O DinBittR DFHFX @R W W L R
al. JHWBUED UL HW GHV VXEVWDQFHVeRUJIJDQDTX&MVDBIGR %
0D U Wet §1.H]

Gammarus fossarum

Taxonomie et répartition géographique

'‘DQV OYHPEUDQFKHPHOQWanud s BMWKNRSRGBGIVH GH FU
DPSKLSRGHVY GH OD IDPLOOH GHV JBVBDRPRHG Epal @ H[LVWH !

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



GRQW OD PDMRULWpP pYROXH HQ HDWIBRXAH GDWOQR/LY HHW & RP
GT(XURSH RFFLGHRQaWDOH 0DFQ®EnImANIS ®Bsarum . RFK

Gammarus pulex /LQQDHXV GammartsWbeseli *HUYDLV /HXU GLVW
HVW LQIOXHQFpH SDU GHV IDFWHXUW B E IORW Y DXOH Q LW/ O \O
GLVVRXV O DFLGLWp HWIL.OD SROQXWIHREDGDHQEHH FHWWH W
LQWpUHVYVHURGWMMAarS fddda®mAHHERQGDQWH VXU WRXW OH WH
OfH[FHSWLRQ GH OD %UHWDJQH GRU® D QR HV H3 IHNW DWW QHHW

Position écologique

Gammarus fossarumHVW XQ RUJDQLVPH TXL YLW VXU OH VXE
PLOLHX[ DTXDWLTXHV RUJDQLVPH p\6IREHQWXLITEKKHYV BRX @Y
EU\RSK\WHV YpJpWDX[ ULYXODLUHal. HW YDIHRKNHDW LR Q RPRXL
HVSpUDQFH GH YLH HVW GfXQ j GHX[ DQWR QAWM FKHIMW R X Sp\
SRSXODWLRQV GH IRUWH GHQVLWp \SRPXODQWUDNWWRIUQG QH
PqQWUH FDUUp )HOWHQ ,OV YL YMHRQ VWD B BMHWP SHIVD WIXXI[HHQ
XQH SRSXODWLRQ pWDQW GH f& BRX[ HW 5RX]

/HV JDPPDUHV MRXHQW XQ U{OH LPSR(QNBQWWGILOW VR
WUDGLWLRQQHOOHPHQW FODVVpV GD@GM ROH GHN\R XGBiH K RTE
JHOWHQ GX IDLW TXYLOV UHF\R/DQW OBU RXWHQWH &
RUJDQLTXH HW LQJQUHQW GHV SDUWSBROHQDQWHBGHG B pSH
VPGLPHQWW¥taDDFQHBOXVLHXUV pWXGHV RQW PRQWH GKQH L
Gammarus spHW OD GpFRPSRVLWLRQ GHV IHXLOEgdd. +LHEHU H\
'D QJ etHa/ 'H FH IDLW LOV SDUWLFLSHQWH RDJCQLURE
WHUUHVWUH IL[pH GDQV OHV UpVHDBDXD QW MXK E TEXAHY &X HADA
GHV QXWULPHQWY DLQVL TXYTj OM DG DWW UL HE XGDLQRQ OGH @
DTXDWLTXHVY ODOWE\ HW &UDQH X'V V3O X & RISDVHHP KQWF RLRCB
GH SUpGDWLRQ YLV j YLV GYDXWUHW FDRUR EQC&BER\H E.LHHOVO

/IHV JDPPDUHV UHSUpVHQWHQW XWXUHP SR W BQWWLWURX
GH PDFUR LQYHUWPpPEUpPV SRLVVRQVetBILVHDX[QHWIIBMSKQHBL
SRLVVRQV QRW DDA QWA X O\HJ BdimEebW FRQVRPPHUDLHQW
GH GH OD SURGXFWLRQ DQQXHOOHH®W RDP A WU&® D&M HO
&HOD VIH[SOLTXH QRWDPPHQW SDWpHOBHY LM AIXPHUW R XWR @W
GDQV OHV PLOLHX[ SRXYDQW SDOGLHW \OH \PRO@MTaf. BID € @ HQ X

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



Morphologie
/ID WDLOOH GHV FUXVWDFpV DPSKLSBGKYHSHX®gFRQVQ B
] PP OD WDLOOH PD |[Gannarts fadsartin/w pi \§ RGKHU PP 3LQN
/[HXU FRUSV HVW FDUDFWpULVpP7BBPKHWQ DSODW IGAWHR
TXDWUH AD¥MWHHWFDUW HW %ROODFKH OPHWHWH Ol
OTXURVRPH

Urosome

Ce ;& Mésosome ———> <4 Métasome —»4+—>

Gl G2 P3 P4 P5 Po P7 Ple
Al A2 Pmd Pmx

-Al-A2 : antennes 1 et 2 -G1-G2 : gnathopodes 1 et 2 -Ulau3 uropodes | a3

- Pmd : palpe mandibulaire -P3aP7 : péréiopodes 3 a 7 -t : telson

- Pmx : palpe maxillaire - Ple: : pléopodes -Ce . capsule céphalique
-Pcl a Pc4  :plaque coxales 1- 4 -Epi 1 a Epi3 : plaques épimérales 1 43

)LIXUHKWRUSKR CGathmbBru&feissarum3LVFDUW HW %ROODFKH

/H JDPPDUH HVW XQ RUj QISWFARG KBWURSQDWH XpH JUDQG
VXFFHVVLYHV /HV QRXYHDX QpV JU DWQLGALY WHHD ¥WH 6 @/H DX B
SOXVLHXUV PXHV j HQYLURQ PRLV j /HfRFHDGERQ HSWRG
GHV IHPHOOHV HVW SDUIDLWHPHQW R/ QHX UREILVH QF ¥ H i Q-
SRQWHV HVW FRQWUDLQWH SDU OD IUpTXHQFH GHV PXHYV

/H F\AFOH GH PXH VH VXEGLYLVH HQ MW DGH®S p$H GR IS H
GHV HPEU\RQV SHXW TXDQW j OXL jWUH*IGIeBUGp HQ/D VWD G
GXUpH GHV F\FOHV GH PXH HW GH UB SWRBXFWLRQUWR QOWR !
WHPSpUDWXUH DXJPHQWH OD GXUpH GXUpHEGHGLPDOXEH F
GH GHX[ PRLVY HQYLURQ j f& GYXDHOWUWHQ@WWDQH HV A K UWR)X

6H GLW GIXQH HVSgFH GRQW OHVWVIHRPIHNMOGEQYWB HHSEYRBXLVHQW SOXV

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



YJLIXUHHIIBEIG &RXODXGH F\FOH GH UHSURGXFWLRQ G
i OXL QIHVW SDV FRQQHFWp GLUHPVFRKISQID OX FRXQM GHK H
OD IHPHOOH MRXUV DSUqV O DFFRESOBRMH@W ©XIIVWH
VSHUPDWR]RWGHV /DFD]H

OB
@ C1

16°C

= C2
= D1
= D2

12°C

7C

Temps (jours)

JLIXUHXUpH MRXUV GHV GLIIpUHQWMossavunG MWJ 8 XVF\F O
WHPSpUDWXUHYV HW f& &RXODXG

Pertinence en écotoxicologie
ORGgOH ELRORJLTXH

/JHV JDPPDUHV VRQW XWLOLVpV FRPP HHHNSBUYLFHV P\RRGQW H
IDFLOHV j SUPOHYHIU H®/Vj POW LDSXOHWDUJIJH UpSDUWLWLRQ
DERQGDPPHQW UHWURXYpV WRXWH OfiDQQWHRRN XHLH) JBT
LPSRUWDQFH ipFRORIJRPMWHXQ F\FOH GH YLH FRQQMXHW UHO
OHV I10X[ GH FRQWDPLQDQ@WNOV&HWFEXRROHQW XQH ODUJ
FRQWDPLQDQWY QRWDPPHQW GH¥ &RPSRWW ®HW FRE SR
RUJDQLTXHV FRPPH OHefaSHUIOXORWp8RGHEWRPEGLSKpQ\O p)
%H¥NAH E /HELXQ RX HQFRUH GH PXOWLSOHMI[pQRELR

5| Ve K. Vi LOV SUPpVHQWHQW XQ GLPRUSKLMWMRH VH[XH
VH[XHOOH GHWilLQ®W VERRWHMWHQVLEOHYV | GtHI.QRPEWB X[ VW
HITHW OD UHYXH ELE®UaRJUDSKHIXNRXSH.®B]QRPEUHXVHV S
UDSSRUWHQW OfHIIHWGam@ailé spS ROXY/XDRQ WIVH & XDX QLYHDX
FRPSRUWHPHQW VD UHSURGXFWLRQ WR® GYYH U RIXH M
SRSXODWLRQQHOOH TXH OHV FRQWHWXIBSQOBFBDYWKNUMY LQWI

2XWLOV SRXU OTpYDOXDWLRQ GHO6EB WHRVYLFLWIpHXYW SRXU OI

/IHV JDPPDUHV VRQW XWLOLVpV GDXW\WHEFELpMIXGX \OPERW
TXH VXU OH WHUUDLQ GDQV GH PXIOQVIGI® MU O MWL RWR

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



VPGLPHQWY GTHDX RX GTHIIOXHQWYV |SRWHR® LHOOHPH\Q'
ELRPDUTXHXUV RQW pWp GpYHORS SIp@WSR MdapumD OXHU O LP ¢

GHV PDUTXHXUV GH WR[LFLWp JpQpUDOMH VXRP®B S
UHSURGXFWLR@. *HIIDOBLQKLELWLRQ DOLPHQWDLUH
FRPSRUWHPH@Wa. 8RXODRKWDPPHQW LO D pWp PRQWU
PWXGHV TXH OHV FRQWDPLQDQWYV SBHIX[YE DPMO L BIbQ WD
FKH] OH JDPPDUH SURYRTXDQW XQHGELOHR®XWhRRQGH
HW GH OHXU VXUYLH :HEVWHBta8W %HGQRXHD ®HVXUBIL
OfHIIHW VXU OfDOLPHQWDWLRQ O BRUDRIQMKRPPRWLIRIG
OfHIIHW GH OD WDLOOH HW GH O-DWW HPSp DDWXHISIU RBG
GHV PHVXUHV ELRPpPWULTXHV SHXFEBVEHWXH HYIXHSAUA
GHV °XIV etdlIDUG

GHV PDUTXHXUV GH SHUWXUEDW LR QG § GRAULRQ H\QDOM
GH SURFHVVXV SK\VLRORJLTXHV WHNOWQ AKX HR ORF P B L O
OH GpYHORSSHPHQW HBIEU\RQQDXKHEMHAXHIIDUG

GHV ELRPDUTXHXUV GH OD QHXURWRI[WERW pG i RPIFOH &
HQJ]\PDWLTXH DFpW\OFKROLQH HVWpPpUDVWLREZRKDX[VS
LQVHFWLFLGHa. ;;XHU3FREXU PHVXUHU OfHIIHW QHXURMW
ELRFKLPLTXH GH OfDFWLYLWpPp HQ]J\MMDAWLTXH GH Of$&K

'"f{DXWUH SDUW GHV ELRHVVDLV DBWYIVIVYDEHPHBXKVp
ELRDFFXPXODWLRQ GH VXEVWDQFHVHFKR © WIDQHQ &/DQ@W \D HRF
H[HPSOH OfHI®RMIGAHQJWPPDUHY $)125 ;3 7 0ODUV
SHUPHWWEBWXDOLILFDWLRQ HW XQH SUHL RUWXWD RR@W DRH ) [
ELRGLVSRQLEOH HW &XH) OKXYLWRHVFWME@GDQFHY GH FRQWEL
HW GH WIR[LDFQW@PHVXUH GH VXEVWDQFHV SUIDRRULWDBHUBD
'&( HW RX GH VXEVWDQFeét¥|l.VSpFLSIETaKHFY %HVVH

3DU DLGuOIHAUISp.HVW GH SOXV HQ SOXV XWLOLVPpHSRXU p\
GLYHUV FRQWDPLQDQWY FRPPH SDU LHPXH\S OHd&8ERXQ® OHV FF

/ H E UeX&). 8 UdtdIQ OHV +$3 &DUWD¥.FR 1D@BVYUWFRPSRVp\
SHUIOXRUp al% HUWIOHYV 3%'( efHIEUXQ RX HQFRUH GH PXO!
[PQRELRWLTXeétd. $VKB NEEH. *DUFLDEtaDODQ 0L @t@lH U

) &t al.

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



Radix auricularia

Taxonomie et répartition géographique

'‘DQV OTHPEUDQFKHPHQW GHV PROOXWHKS$WpVHD WE DY H
FODVVH GRQW OHV UHSUpVHQWD Q@WN FRQX\F F@E@IRF@IS\DpWDH P L
(QYLURQ HVSqgFHV GH JDVWpURSRGHNV VWERIXD XO KB\R XRH) W I
OfH[FHSWLRQ GH OY$QWDUFWLTXHHWWGCSKREOW (W GXQWLFI
et al. /TR U GUIMHoatdVIDVWpPpURSRGH SRVVpGDQW GHV VWUXF
SRXPRQV FRPSUHQG DXMR XBasofnkhzthophdlaWRAW RDUHEUW URHY |
SULQFLSD O H WhygiBa® WO Plafibidae HW L¢nihakeidae /HXU SRXPRQ HV
ULFKHPHQW YDVFXODULVp SRXYDQOWD VHFHLYSHRGDEIWUOGWDHLH QR
GLVVRXV OFODKRQ 'D Q VLYDadob&HWDI PROIAOBG OGHNMVW VS
IDPLOQkmra¢idde HVW FDUDFWpULVpH SDU XQH WRURQRQ GH
KRULJRQWDO (OOH FRPSRUWa&tix QORQWHRWWRQW BPRQJVMQWAF
GL]IDLQH GYfHVSqFHV &LQT HVSqFHVWR VO 1R RBIEY pHV GLC
Radix auricularia Radix balthica Radix labiata HREdix lagotis )H O G ReHAH U
3IHQQleQalH U 6 FKQLHEV (OOHV VRQW FDUDFWpPULVpPHYV
PFRORJLTXH pOHYpH HW SUpVHQWHNQG®D/QW\S H ¥t &0 \D\DHIW N

Radix auricularia HVW SUpVHQWH VXU OfHQVHREKOHHGX SWKXWV U L
JpQpPUDOHPHQW SRVVgGH XQH Up8tRDUWLWLRQ KRODUFWLTXE

Position écologique
/IH U{OH GHVY PROOXVTXHV GXOFLFRKWW DI HRIMWp FRV H /4 P S Q
PDUHV pWDQJV ODFXVWUHYV ODFVSODA QSRWR PUIXHU HF
FRXUDQW OHQW (Q HIIHW LOV SHXQYD GWRPHYYHY WRW B H
LQYHUWPpPEUpPV EHQWKLTXHymna@ida\SRRQYLFLSH/W j OD VWDE
GpYHORSSHPHQW GH OD FRXYHUWXWGHQBOHdD®H GIV ORXF RdJUF

IRQGV HW GRQF OD IDEULFDWLRQ GR[QWYQHGCB@NV ODH SR
&RHXUGEGDaVVLHU

+DELWDW GXOFLFROH HDX GRXFH

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



JLIXUBpSDUWLWLRQ Radxdauirsaia TN tGAHWDLUH 1DWLRQDO
SDWULPRLQH 1DWXUHO

R. auriculaia HVW XQH HVSgFH GXOoDTXLFROH VWH TXHWWURXY |
IDLEOH GpELW GTHDX VWDJIQDQWW W VWEHLQWKY TXOHOM XH Y F
DTXDWLTXHV PDWLqUH RUJDQLTXHRSEWLEBDX S BRIV QI Q6
DYHF XQH ODUJH DPSOLWXeHl * f&HWS RWUWNWBDWWLPH VH
HYVVHQWLHOOHPHQW GH PDFURSK\WPBYX GIRYXOFHWWL VY EJPAV P O
HW GH SpULSK\WRQ PpODQJH FRPSOH[®H GFRDBXHYQR®H |
PLFUREHVY KpWpURWURSKHYV HW GHXGpWDEWEKW IDLVDQW G

&HW RUJDQLVPH HVW XQ FRQVRPPDWHXHQSULRDHUSURE
DSSUpFLpH GHV RLVHDX[ FDQDUGV KSRRYVRPRXBDWWIKWVF
PFUHYLVVHY DQQpPOLGHV SODQDLRMHSK IHEAL HCDQ J\HX FFYA 1D\
FRQVWLWXH XQ pOpPHQW QRQ QpJGXDFINEOH GHQOW IFW vIX
LPSRUWDQW HQWUH OHV SURGXFW HXKNRSELCPLDLN V+ B B/G O I

O SRVVGH pJDOHPHQW XQ U {GEH FDIPHIQUW & HOWO B G
VPGLPHQW UHPRQWDQW UpJXOLqUWSHOANW | © D+ XXUDLEH GH

Morphologie

/HV UDGL[ VRQW GHV RUJDQLVPHV WHR®RWWOMUIMPHY GKT PN
IRUWHPHQW LQIOXHQFHU OHXU PpWRBRREBLNPHV /$SIXW XQRIR
WA\SLTXHPHQW HOOH HVW SOXV IRUMH BX SULQWHPSV pWp

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



/D FRTXLOOH GHV PROOXVTXHV HVWHODORKHWWQ GiD WHR X D
ELR PLQPUDOLVDWLRQ FRPSOH[H 0D WU HVWsHRsRIEB-H D HV
VRQW GRWPpPHV G XQ SRXPRQ PDLV QWWDQSRXBEW BVBXBD
O HDX /HXU PRGH GH YLH pWDQW SUYE&PMS DGR RQYPM D TXD ¥
j OD VXUIDFH SRXU UHVSLUHU /H\HV DGP[QYH\GEDW LMH XY G\
HW OHXU OgYUH H[WpPULHXUH T X LWHUNP LSIEODW L R3O & N H DILH
WRXMRXUV UpDOLVpH VHORQ OD P RUWSRXRICHPIH GIWG H WD [ HF FOTL
OTRXYHUWXUH (Q S aumtulaso/IHHGLIOFUMOEEH SDU VD FRTXL
HW XQH SRLQWH DFpUpH &HW RUJDQBDRN HFp \GHIQ BHHW X @/ \
EODQFKKWUHV 6HV \HX[ VH VLWXH®WQWIDF EOMHK 6 DN FXX
OfDQLPDO ,0 VH QRXUULW JUKFH H ORSSXpAHH GBFUH \GHIXWH V
YHQWUDOH GH OD ERXFKH FRQVWLWXQW H \D\DHQ RVA.RIFOFOM PRI

R. auricularia FRPPH OD P DlyhRiakideép HWAMW XQH HVSqFH KHUPI
VLPXOWDQpH TXL VH UHSURGXLW SIURQp USRXNW HHOOHIP HD@QW
(Q FRQGLWLRQ GH VWUHVV ODUMRSORG BFW DRIH G6iDY LG
YLH HVYW GH | DQV HQ IRQFWLRQHWHVORR QGIP\8 h B QW X¥LOHY |
GH OfHDX HW OJDERQGDQFH DOLPHQWBLYHHFR®WGY D LRDXS;
UHSURGXFWULFH :Dynhéeidae SROHBHQW VXU XQH SODQWH R)
FLQTXDQWDLQH G °XIV JURXSpV GDQV KP H IR DOR/QI J O D WQ R
D\DQW OLHX DSUQV XQH TXLQ]DLQH GH MRXUV .XSIHU

Pertinence en écotoxicologie

/IH GHX[LgPH HPEUDQFKHPHQW OH SOV GHSWXY VGRANFH H
FHOXL GHV PROOXVTXHV ,0 VHPEOH|] GRHYF RRHDWL QAW
PFRWR[LFRORJLH DTXD WuUymxakidag DH WD PSLADXOWH VG FLILTXHPHQ'
Lymnaea IDLW OTREMHW GIXQH OLJQH GLUHRMDWLRR GHV O
'PYHORSSHPHQW (FRQRPLTXHV 2&'( SRMUWRIPYRIDWX DWKLR |
UHSURGXFWLRQ %DQGRZ Haval: HOW M Xet . % R%PWDU G
$WOL HW *URVH G@tQl. EAEOUOHYV S5Hi&/HIXQD HW 6DOLFH
DLOOHXUVY OD UpFHQWH UHYXét aELEOLRGYWP BIQWXH TN P
Lymnaeidae VRQW GHV ERQV PRGQqQOHV HQ pFRWRYRKRVHREBLN RO
DPpOLRUDWLRQ GHV FRQQDLVVDQWHYV HQ SDUWLFXOLHU W|

30XV VSpFLR BXidwH QMW LW SDUWLH GHV HVSqQFHV OHV I
SROOXWLRQV VHORQ OfpFIOHORWVGEHO RRWKAIRMUJIJH UpSDUWL

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



DYHF XQH LPSRUWDQFH pFRORJLTXH BHHWDX @ B-RV DVDRIL E
DLOOHXUV FHW RUJDQLVPH HVW (D BLQR Y SRMIOGW HUN H WK W
OTpYDOXDWLRQ GHV HIIHWV GH ODWWIDIRQ RYGALGDH B R[QEE
DLJ*H GH PpWDX[@ORXE G$OLXEMVHQ HW GX EHQJqQH )DULG

GH OJLPSDFW GH QDQRSDUWLFXORYQDILWHO H WG B
HPEU\RQQDLUKta$KPDGBYQV OH GpYHORSSHPHQW GIXQ ELF
GH OD WR[LFLWp GH PpWDsK[ ORYWDGEV $SIP\DWPIRBDQY OD ELRE
GIpOpPHQWY WUDFHV PpWDOOLTXHV WRQGBRPRAU et +RIQJJ
al. (Q UHYDQFKH j PD FRQQDLVVDQOQFHLDSRRQHEOHQ MU
OfpWXGH WR[LFR FLQPWLTXH GH FR QPPN QDMIOMW RRIQ DXL T
QRWUH pWXGH D SHUPLV GTDSSRUWRULGXHERXYHXQHRROR
HQFRUH SHX pWXGLp

&RQWDPLQDQWY RUJDQLTXHV HW LPSDFWV HQYLURQQHF

8Q FRQWDPLQDQW RUJDQLTXH GTRULJYEHYVEDWXUIMIONQ!
KXPDLQHV DJULFXOWXUH LQGXVWULB®WURXWHRGD QW EDHL
FRPSDUWLPHQWY GH OfHQYLURQQ HFOHIQMW L CLIFD WWLRRA) G B XG D
OTHQYLURQQHPHQW GH VXEVWDQFHYV GK LSFHI X IHWWEEFHQ G &
OHQWH OD ELRDFFXPXODWLRQ DFGRPWROWLRQ GIHV HOH-
VXU OTHQYLURQQHPHQW OH ELRWHDBWSBHW ORIV G HW
SROOXDQWY RUJDQLTXHV SHUVLVWDRWAN GDI VS B KD R Q/H G
SURSULpWpPV /HV SOXV FRQQXV VRQWOGINV3RROOEURPRIGR S
PWKHUV 3%'( HW FHUWDLQV SURGXLWVOBXUNRBKDWLIPROF +
GLIIpPUHQWHY VRXUFHV DQWKURSLTXHVY OTXID X R X SDW P PG
OHV VROV OH PLi fite X0 B TIKDWHLUTYRL B WWH U PLQROHGH FHV SR(

'H SDU OHXUV SURSULpWpPV SK\VLFRLEKHW L DXNVFRGWR B
RUJDQLTXHV K\GURSKREHV VH UHWURX YSHDQW LEFXDR FlUp \G [T
VPGLPHQWY /HV RUJDQLVPHV EHQWKEHRXHVHULMHUW B R GFWRE
VH UHWURXYHQW DLQVL DYHF GH I\RUR\G M OGN XUVKHQL B®
OHXU PRGH GH YLH /HV LQYHUWpE DV GHRWQ RUS D Q LIVIP H/\X LOM|
WURSKLTXHV SOXV pOHYpV TXL SHXDRQ®D GWRDREFEBROKE
SULQFLSDOHPHQW DX QLYHDX GH OHXUV WLVVXV DGLSHX]

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



'‘DQV OH FDGUH GH FHWWH pWXGH TWDMW\WpH FKARQ W ID\P LS
GLYHUVHV UDLVRQV TXL VHURQW X5 3% RS SpH \G H X [GUHH/W B ¥
GH IODPPH TXH VRQW Of+%&" HW OH %$8 DLQVL TXH OH S

a Pollution directe

=asm "‘ Pollution indirecte

URBAINES INDUSTRIELLES

acricotes (00 ;,.

Transformations
chimiques et biologiques
Capture par Volatilisation
les organismes

Absorption
L‘ et relargage w Micro-organismes

Contamination 88  Déposition et

: l T W resuspension

Stockage dans le lit

JLIXUBFKpPD GX GHWBH®LRLQVGBIN BPOLHX DTXDWLTXH
S8QLYHUVLW X H6QIWALDL ®IWY 4 YHOLQH

PCB 153

Propriétés physico-chimiques

/IHV 3&% FRQVWLWXHQW XQH IDPLOOH DBDERFKGTGRPBR VL
IRUPXOH EUXXHD &¥HF Q7 ,OV VH FRPSRVHQW GYXC(C
ELSKpQ\GH MXU OHTXHO XQ jJ GL[ DWRPHV GH FXORUH \
GIK\GURI4RWUH

1 T SRVLWLRQ RUWKR
1 1T SRVLWLRQ PpWD
T SRVLWLRQ SDUD

JLIXUH6WUXFWXUH FKLPLTXH JpQpUDOH GT1XQ

&KDSLWUH (WDW GHV FRQQDLYYDQREQHHRMQ WO



/HV FRQJpQQUHV GH 3&% VRQW U pQDXDWQMY OHDOR @ | GLH
XQ UpFHSWHXU ELRORJLTXH VSpFLERQH S$ERKSW B XD FG/ DY
HQWUDVQH GLYHUV HITHWYV GRQWHOMN\S Hi IGH W M. @ UDAWR Bi (R
RX 3&% '/ HW OHV DXWUHV 3&% 3&% QRKVGLRI&® OLNH
3&% VROQMWFRPSDUDEOH!
SRO\FKORUR GLEHQ]JRGLR[LQHV SXLD/X PfPGVUYRBSWHXID E B
TXH FHOOHV FL 1pDQPRLQV FH VRE®WOOBVHPR L QG XDV/ERWQLGT
OHV PDWULFHV HQYLURQQHPHQWDOHV (QSDUPL O38% LQ
FRQJpQqUHVY RQW pWp VPOHFWLRQQPV SPlpUBIKFHXGHDX I
&RPPLVVLRQ (XURSpHQQH FRPPH pWDQWSOHRUEWPRSBDRW
DQDO\WHV GH PDWULFHV RUJDQLTXW\O TERY Y PETRE \BKF W3 H
3% VDQV SDVVHU XQ WHPSV H[DJpWh G W EEBPEQHU PSR/URK
FRQJPQQUHM VRIGWB®ERQGDQWY GDQV OTHQYLURQWQISPHQW
OHV 3&% HW 30XV SDUWLFXORQ&SIPHQW OH &%
FRPSRVH GH DWRPHV GH FKORUH&O 6D/ WWSUWQRM QMM K LP L

JLIXUHBWUXFWXUH

JHV 3&% RQW SRXU SURSULpWpPV SK\VHUREKLRP HQMV
f& VWDEOHV FKLPLTXHPHQWDVEHVX WM R LEDHW VD X H ¢
LQLQIODPPDEOHY GfRe OHXU XWLOLYDWRLRY \MQD QWVRFOWPN
POHFWULTXHV GH SXLVVDQFH /H 3&%DQWHWAM gX QK FRDRASE
ORJDULWKPH GX FRHIILFLHQW GKkz; SDUWDJH{5BFWDQRO H
SUDWLTXHPHQW LQVROXEOH GDQV GYHDX VRO PDLVLWY oG
VROXEOH GDQVa@ihth QRSLBHWDERWLVDEOH SDU OHV LQYHU
GRXFH GFXXOHWW SDU OHV &RILVVRQV %RRQ

S5pFHSWHXWURBRMPLQH j OTLQWpPULHXU GIXQH BHEROXD H V$U FR PS O] IV Q DV ¢
QR\DX GH OD FHOOXOH &H FRPSOH[RGRQWR®D H HGCHORWP HQE R\ DX R @M
DVVRFLpHV j OD FURLVVDQFH FHOOXODRHSW HU\O DR @GW | | \WHEHLOFWL B
SRO\FKORURGLEHQ]R GLR[LQHV HW DX[ G&% 'FKOXLHBHRXWWQWDRYWOQP
JPpQPWLTXH D\DQW DLQVL GHV U pSRHIUPRK VW RP®VIR@BWILIR @ Q R PY\DMQ Bifl VC
FHWWH UDLVRQ TXH OHV 3&% '/ SHXMHMW rWUH FDQFpULJgQHV RX WpUL

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



Historique, applications et usages

(Q 6FKPLGW HW 6FKOXO] RQW OWMY GEB% STUHPLEHM YV |
$ SDUWLU GHV DQQpHV OHV SUR G %MWHIX U 8 O@RHP\DD) Q W
Of2XHVW HW 3URGHOHF ))UDQFH ROGWWUPYHORHSpPHWYHZIRE&
SULQFLSDOHPHQW pWp XWLOLVpV GPpQNFOHM TXHNVX VOWT XH\G |
FDORSRUWHXU GDQV OHV WUDQVIRQPRWHXBY FHHNVOXHEV LHR Q
OHV WXUELQHYVY HW OHV SRPSHV OH\WQMXGHKW HWHXQNV SDE
SK\WVLFR FKLPLTXHVY RQW SHUPLV QOHXHODWBVYRBUYHYV XWLOLV

Réglementation

'H QRPEUHXVHYV LQTXLpWXGHY HW FGPEXW HWVHR DD @ tpV?
SDU OD GpFRXYHUWH GHV 3&% GDQV OfHXLMWIHR QR HPHG NG |
HPSRLVRQQDQW OD SRSXODWLRQ SDEHWGBRBREKXIOHNSEBRY BDOL
SURYLQFH GH )XNXRND HQ HWetjal7 DWZDRLOYL TXH DWHWLF
HQYLURQQHPHQWDX[ REVHUYpV OD UhQOSHPHEHN D WRRIH GBI
(Q )UDQFH OfLQWHUGLFWLRQ GHY&GDWMH REGX F WV R/X EV WD/
TXH OHXU pOLPLQDWLRQ UpVXOWW GH O&WUDQVERVHWLF

(& FRPSOpWpH SDU GHV UqJOHPHQWR DM®AAL HW X% M E X W

/D WUDQVSRVLWLRQ GH FHV WH[WHVW pIOHP Q@WBILWH ¥ |
SUPFLVDQW OD PLVH HQ °XYUH GX VRL¥XHGEMVVNEXWDBEFW
GDQV OH ELRWH (OOH SUpFLVH OB8 PFRGXIHOLWpV GGHVGDY'L

&( 8QH YDOHXU VHXLO SRXU OYBBIYW RAHW DM GR O HG!
GUDJDJH D pWp pWDERLGYV] VHFQBY SRXU O JHRINDPEH G|
G DFWLRQV 6XLWH DX[ GRQQPHWX G X HXOLIDQ SRXW LR
GH QJSY SRXU OD p3&HSURSRVpH ODWKLHX HW %DEXW
VSPFLILTXHPHO®W. /RSHRQW SUpGLW XQH FRQFHQWUDWLR
VPGLPHQWY HQWUKBY VHWRQ @PHVSgFH GH SRLVVRQ FRQV
SRLVVRQ SHXW rWUH H[SRVp VDQ VIFXHQFHODR & P S\DIV \FHR @\HR |
&HWWH YDOHXU HVW FRQILUPpH SDUWF RO RHKQWX DHWL RaD B/ XWX L
VPGLPHQW GH SV DQpWp FDOFXOpH SRXU OH 3&% X FDOLE
EDUEHDX

'‘DQV OH FDGUH GX 5qJOHPHQW Qf XQH QRGHHOD pWR
pPWDEOLH SRXU OHV FRQFHQWUDWLRQV HQ 3&% 1'/ GH&%
QJ JSI SRXU OD FKDLU PXVFXODLUH GHSURKGBLDMWRO \G AWM

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



GHVWLQpH j OD FRQVRBPBWXRQD FIODLU PXVFXODLUH GH
VDXYDJH FDSWXWpg BRXU @O BKDLU PXVEXODLUH GTDQJXLOC(
Impacts et risques environnementaux
ODOJUp OHXUV LQWHUGLFWLRQV G#% \WDHEWLHARWLWQ q&HSEX
GDQV OYHQYLURQQHPHQW FDU LOV ORQW VEHIXSELEB pAHPIG ¥
SOXVLHXUV GL]DLQHV YRLUH FHQWDLEPWY ¢ RODXEhBY W EQ GUDL
WR[LFLWp DLIJXs GHV 3&% VIDYqQUHDAWDWIULUDKHUYH SRXU OHV
Niveaux de contamination dans les sédiments et le biote aquatique
8QH FDUWRJUDSKLH D pWp UpDOLVpH QRGHDXDQWH J

FRQFHQWUDWLRQV HQ 3&% GDQV OHV2VEI®BLPHQWYXUMXYLD)
3DU DLOOHXUV Of2EVHUYDWRLUH GUHIVV&HFPLERHD BN VGE R

GHV SROOXWLRQV VpGLPHQWDLUHWtaARXU OTHQVHPEOH GX

A
L .
e
A &
i 'L\_-r.':
= o »® gy T
S o
.: ; : T
o, |
P H\‘,r'\.-'c_lu. ]
i i
i
L]
“\LHN\—'P
a
II;} 1/'
D 5
5 g .
«+°= , <
(R 3
i <’
| = L.
a {
o
>
/ o
.--'/ \__‘_J_B-:. 4_,[
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J)LIXUH&DUWRJUDSKLH GH OD FRQWDPLQIXWURRBRQ/HSFDWp G HF

3&%HQ JUDQFH PpWURSROLVRMIAPH V—GIHNJ | GX SODQ
GIpFKDQWLOORQQDJH 3&% <21(0$

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



/HV GLIIpUHQWY QLYHDX[ GH FRQFHQGLWPHEYMRQ Y VH @G BR
ELRWH DTXDWLTXH D\DQW IDLW O SREMHW BGIDEQ/HOBDYL HQ
DLOOHXUV SOXVLHXUV pWXGHV W RQLFHR SFROQLPMLLRTX HEV LRIQWH |
3&% 0e¢t Bl. 3LQBAIH + Z DeQal. 6FKXOHU HW /\G\

6 F K Xe®©aH U 6DOPBHIOLQ 6L GaH\

7TDEOHDIXYHDX[ GH FRQFHQWUDWLRQ HQ 3&%HV LGDHW W HEU
VDXl LQGLFDWLRQ GLVSRQLEOHV GDQV OD O

1LYHDX[ GH 1LYHDX[ GH

(WXGH FRQFHQW UBRQRHQW UD
B e Wk BOORBY Lr

C. S C. S
7KRGOHWR\HQQH %DVVLQ 50&
al.
ORXUdt HU +
al. B &% PHAeH
&KLUR'QRPH
/RS B\l ! 5pJLRQ
*DPPIPUH O\RQQDLVH
&RUEP
&KDLUH GH
21(0% PR\HQQH %DVVLQ 50&
*
$0 etlaF PRIHOOH  'RQQPHV
QDWLRQDOHYV
Q. S
0,
HUXQHW $OOHPDJQH

P&RQFHQWUDWLRQV SUpGLWHYV

Hexabromocyclododécane

Propriétés physico-chimiques
[T+%&" KHIDEURPRF\FORGRGHVIVQXQ &#BWDUGD'
GH IODPPH SUpVHQW GDQV OHV PpODRIJWVRIRPBHDWVIWDX[pRE
PDMRULWDLUHY |j VDYRLWXOWHH. , 0 VHWFRRIRVH GTXQH VWUX
GH FDUERQHYV DX[TXHOV VRQW UDBDWMID BKOWR Q COMDRPHW KRKE
IDEULFDWLRQ HW GH SURGXFWLRQ Of+%4&&' FRPIP HUO/FAL DO@H
GLDVWpUpRLVRPqQUH DYHF OHV SURSRUWHR@Y .OH%&OXVjp
HW GX +% &' ] etal &S RYIDFL&H FRQWDPLQDQW HVW
K\GURSKREH ORJ.LO SRVVQGH XQH IRUWH DIUHM W@ DOQHP

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



IDLEOH VROXELOMWR' GDQVPOTEBRRFHUQDQW OHV GLDVWpL
VROXELOLWpP GDQV OfHDX HVW H@®RXW OEXFHE WURLV IR

P JOD Uet &IQ /TLVRPpULVDWLRQ GHV GLDVWp
+%&' HQ . +%&' D pWp GPpPRQWUpPH VReta. KDXWMW \VOBSQ X P My
6 W Xrmal W

DOSKD +% &' EHWD +%&"' JDPPD +%&'
&$ &$ &%
JLIXUHE6WUXFWXUH FKLPLTXH GH OfKH[DEURPRF\FC

Historique, applications et usages

$X QLYHDX LQGXVWULHO Of+%&' VIHVMVMD WGHW URXF p HWX U
ID VRFLpWpP %$6) IXW OD SUHPLqUH | BWVORRX\WY DY +12J&) L 64
DQWL IHX GDQV OD ILQ GHVY DQQpHMURSHO-BSRQSHW GDOL|\
8QLV (Q ONT+%&" IXW OH WURLVIRg;PH QHH WO XNG BXWH X UVQ HI
DX FRXUV GH OD GpFHQQLdtlalSU p F p @HQQWHHH WAL B LRV PIEA VINQQ p H
pWDLW OH SOXV JURV FRQVRPPDWHXU G+ PRYWEpPXQHK GH
GX PDUFKp LQWHUQDWLRQDO eBatl vV REMRQQHYV %LOI
,O D pWp XWLOLVp FRPPH UHWDUGDWHZEURGHYVMXD/P R GXY
SURGXFWLRQ IRUPXODWLRQ HW XWMOIOUHWPMQAW QG D Qv \OHH W
GYLVRODWLRQ GHV EKWLPHQWV HW G{HFPEQW ODHMYV W IHWN
GYDPHXEOHPHQW OH WH[WLOH DL@QWRIQOTXHGDHW mOHF WTUXL
WpOpYLVLRQV HW UplULIJpUDWHXUW F,ROP PIHL W GSOLWN LY G M
TXTLO HVW DMRXWp GDQV OHV PDWRDLOXH jMDQYIR®ILBDWU WRRX
/ D Bt al. D (&+$

Réglementation

(Q MXLQ OD 1RUYqJH D VXJJpUp GEDMRIAVBHEDQY+ DI
OLVWH GH OYDQQH[H $ GH OD FRQYHOPWQWQpWH bQ\RFUWNLKR Q
/ITXWLOLVDWLRQ HW OD SURGXFWLR@EWH OF+GREOWHWOWSQQ

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



(XURSpPpHQQH 5qJOHPHQW Qf 'DQV &H POWHHHAGH OD
GH QBUD pWp GpWHUPLQPpPH

3 R Xuwnbriculus variegatusHONironomus riparius OD SOXV IRUWH FRQFHQW
j ODTXHOOH DXFXQ HIIHW VXU O RUPMPLGPRW HQUP L R E V HR
SV QRUPDOLVp j GH FDUERQH RUJDRLWXH S32 PGMMNAMNHQH
et al. 3 Riyal¢lla azteca OD 12(& HVW GH SV QRIURDOLVp j GH
GDQV OH VpGLPHQW VRYW7kERP&EAVPJ NIJSLQVL OD SOXV
FRQFHQWUDWLRQ GH OD VXEVWDQFHKHMRQBRMXLY TOHH VX P H
pWp IL[pH j SVQRX BNVNJRUPDOLVDP j GH &2

Impacts et risques environnementaux

/IRUV GH VD SURGXFWLRQ HW GH VD GHEWUPMW SRQ WP 0L
XWLOLVDWLRQ HW GH VRQ VWRENDJHQOI Y RBA&Q B A M QYW H RIH
EKWLPHQWY GRWpV GH PRXVVHV GYLVRODWIRD FFRBGW KIBD
VHURQW GpWUXLWYV RQ SHXW VXSSRVYMUXHXB IPRODVLAGXGE
GDQV OfHQYLURQQHPHQW $XVVL OYXWRQIOXVBWAIR@V GIH Y &
SHXW PHQHU j XQH FRQWDPLQDWLRI® GK OMHIVX G VX UIDFF

$ FDXVH GH VHV SURSULpWpPV SK\VLMR GKLBDUXND [RW
K\GURSKRELFLWp Of+%&' VH OLH IRUWWP HREMDFX[DSDUWLF
/1+%&' HVW SHUVLVWHQW GDQV OfHQYLH\RGBHVPHWRQN VRIL ¥l
PDPPLIQUHY 'Y{DLOOHXUV OHV WHQH XXV FKHWOW\ HIL HHD X ¥
FKDVQH WURSKLTXH GDQV OHV UpJLRRRP F R XUORL QHIR 8 R X
XQH SUpRFFXSDWLRQ LPSRUWDQWH SRKBHQW VDIGWA' KXWV
UHWURXYp GDQV OH VDQJ OH SODVUPDXHWPEBW \&pWHRWP (
SURGXLWY DQLPDX[ YLDQGHV °XIVDOBPW QW HQWHM H XCUHW
SRLGV OLSLGLTXH SO HW VDQV ULVTXH PIIR)XWU GOHDY W@IDWp
VRXUFH PDMHXUH GH O H[SRVLWLRQ GHVY FRQVRPPDWHXUYV

Niveaux de concentration dans les sédiments et le biote aquatique

/IH7TDEOHDXpVXPH OHV QLYHDX|[ G &R GBHYWUBW VR LHP(
HXURSpHQV HW GDQV OH ELRWH DDWBWHT XBPIQYVF LY B R QUEZLHPV
+%&" HVW OH SOXV TXDQWLILp FRUUHVGRD ERBMH BIKI C5QU RSF
al. =K Bt@lJ =K Bt@lJ

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



7TDEOHOXYHDX[ GH FRQFPMHWAQAWVYVDWLRQGLFDWLRQ GLVSRQL
OLWWpUDWXUH GDQV OHV VpGLPHQWY HXURSpHQV

I1LYHDX[ GH1LYHDX[ GH

FRQFHQWBR@RERQWUDW
(WXGH S G W BB RERILL OW RS, EPOYA o

QJ S Q. S
[LE&E oy vTxy] 5K{QH )UDQFH
SXCGHD v 1x9] 5K{QH )UDQFH
FKLIGRUD x $QIJOHWHUUH
LOHPDGH UODQGH
(OMBLAUD Wy \ 1y g (VSDJQH
SHPEHIHU 6% 4G H
7KRUSWHQ QJ J $00HPDIQH
&27

-RK@taU 6XLVVH
/IDX]THQW JIDPPDUHV HQFRRIPYE

MXVTXT]

9HUV @ FNH

al Neomysis intege 3D\V %DV

FUHYHWWHYV IJQI)J(1H\</|_\|/\>/GH

0 1
- +HE OfHVWXDLUH GH
OT(VFDXW
3D\V %DV

- D Qthal "

%8
XV T X

3DU DLOOHXUV OHV pWXGHV GH ELRQFHAXRXEWY R XGH
VRQW GTXQH IDoRQ JpQpUDOH SHXHWRBRUWXREV RRPGSWUP
DX SURILO VPGLPHQWDLUH OF. +%&' GV VELRWN R BPWHV POV
GDQV OHV SOXV KDXW QLYHDX[ GH ODZ&kKDVQH DOLPHQW
ELRWUDQVIRUPDWLRQ GH O7+%&' SUH®EDHD Q/HRN QWS gD | C
OfHVSQFH éalDQGVRV Ot IJHU S$EGRIAODK 3DU DLOOHXUV

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



PWp PRQWUp XQH GpEURPLQDWLRQ SWRFUMBWHHDOH &X7
3 SDU UDSSRUW j Of. +%&' @&KH] OD BRXYDQW+BDNXBIpUH!
H[SOLFDWLRQ SRXU OD SOXV IRUW I GRHR\E BT WD W) TXK® V. + R &

AXHOTXHV pWXGHV WR[LFR FLQPWLTXHW+PBH] VBBW SR
GLVSRQLEOHYV GDQV OD OLWWpUdal X UHD HGQRW WEH D XWKLY i @ LD
WUXLWHY DUF HQ FLHO RQW pWp B[BRMWS X UIH DREQ\W VP L QW RIX
SUHPLHUV j DYRLU PLV HQ pYLGHQFH+®»R EH® LV RRp UFIKH) VOL
SRLVVRQ 3DU OD VXkWMaH OfpWKBH G3H SRLVVRQ ]JqEUH V
ELRDFFXPXODWLRQ GpSHQGDQWH | OD FHR@WH R WUDHN LER@
LVRPpULVDWLRQ GX DX . +%&' FKHIGHHWePJIJDQLVRH 'DQ"
OD FDUSH FRPPXQH HVW H[SRVpH SHQGD QK XU MRXXWHj BRQ
OHV QLYHDX[ HQ . +%' VRQW SOXV pOHYRINQWXPHOQ OH PHMD W
SURFHVVXV GH ELR LVRPpULVDWLRQ FKH] FHWWH HVSqFH

&KH] OHV LQYHUWPpPEUpPY EHQWKLTXH Ua @ifiH DX S R KB HD X
MXVTXTj SUpVHQW 'H SOXV OD EILR H \BRXAU E ¥ DYLLYRI® X J\DU &

&RQFHUQDQW OHV LQ¥HUWpEURYW BIJSRVp TEK4pIHER SpSRG |
japonicus j GH OfHDX FR®%/& PRQPHWHSOURSRUWLRQV HQ . HW
SURFKHVY GH FHOOHV UHWURXYpHV & FQY FOHU FRIDX W VR QJ G U]
DEVHQFH GH ELR LVRPpULVDWLRQ FKH] FHWWH HVSqgFH

Polybromodiphényl éthers

Propriétés physico-chimiques
/IHV 3%'( SRO\EURPRGLSKpQ\O pWKHUXU R R&HNW UW WHDQWE DA
IODPPHV EURPpPV ,0V SHXYHQW FRQWH®MW VRHW D& L FDRER

SULQFLSDOHPHQW GLVWULEXpV VRAV /HW FR QGEH QRUGVQ
SOXV UHSUpVHQWpPpV GDQV FHVY PpODQJHV VRQW OHV VWWYD

$16(6 3DUPL FHV FRQJpQqUH VD UWBMLXA XQ@R KMHPEHNVQM H

OH %'( SHQWDWR ( 1& &$6 HW WpWUI
& +%Q2 1f &$6 &H VRQW GHV FRP SROMREDLSRS
O RalL HW SRXU OH %'( HW UBHOVES\H VD IQWH © i 1) VX

—Jj f& UHVSHFWLYHPHQW

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



JLIXUHS5HSUpVHQWDWLRQLE®H VYV XNAW UGOR WDX Wk HW E

Historique, application et usages

'HSXLV OHV DQQpHV OHV 3%'( pWWLBIOW POMLIOIUM
SODVWLTXHV OHV WH[WLOHV HWRQN VP p ODLBEHF/H QOVE/X ¥ @/HUA\
FRXUDQW pWDLHQW QRPPpV GYDSUqV OH FRQJpQQUH SUpGR

/IH PpODQJH SHQWD %'( PDMRULWDLUH®H W RGHHV 3T9K'L(
VHUYDLW SULQFLSDOHPHQW j LIJQLIXA&HU OHV PRXVVH\

/H PpODQJH RFWD %'( PDMRULWDLUHPHQWRFAH F%L( |
VIXWLOLVDLW SULQFLSDOHPHQW GD®YH ®WVYU PN LG
RUGLQDWHXUV HW GHV DSSDUHLOV pOKBRYRPRQDJF

/IH PpODQJH GpFD %'( PDMRULWDLUHPB®WE GRIRH3 % A Lj
VIXWLOLVDLW SULQFLSDOHPHQW GDQVFWIUH TSRO \VHW
POHFWURQLTXHYV GHV WLVVXV GI{DPHXEOHPHQW HW G

/ID SURGXFWLRQ WRWDOH GH 3%'( HVW HWYR.PQHVHGMIXL V
MXVTXT] 81(3

Réglementation

(Q UDLVRQ GH OHXU SHUVLVWDQFH DAWDLRQ CHNHY YLLQMWR IDq
OfLPSRUWDWLRQ OfYXWLOLVDWLERQ HR\Q @ B Q'THQW 1 KE\H B CBXUNR
GTHQWUH HX[ SHQWD HW RFWD %'K &RQDVG DHHNW GHHLSQXW ¥ U
DX[ ewDWYV 8QLV /D PLVH VXU OH PHRUFAKHQ®W DDWILRQWW X8|

HQ PDVVH GHV PpODQJHV FRPPHUF VMK QMW®W B L% H HVD
GHSXLV &( 'DQV Of$QQH[H % RHN KR OPR QYHM WA R
3HQWD %'( RQW pWp LQVFULW GHSXLWYJDOHRHQW OWMp' umps 144

'DQV OH FDGUH GH OD GLUHFWLYH SUL\WH HRQDISBO(LFDW
HVW GpILQLH TXL GRUUHVSRQG DX PpODQJH GHV %'(
8QH 14 &W: pJDOHPHQW pWp GplEiQUXU] OD EMVIHIGHY UHFRPP

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



O71()6$ HQ PDWLqQUH GH SURWHFWLRQ 0GPV V¥R IQAMR VP GWPKQ
DXFXQH 14( QYD pWp GpILQLH PDLV W® R DYDFOXH) B WKW JL Q (
FRQFHQWUDWLRQV VRQW VRXYHQW %R{QHVS$DE H Bt IDTEXHAP +

BHUFHYDO HW %&BXW E HMWHSRHKU VL[ ULYLqQUHV DOOH
GH TXDOLWp RQW pWp GpSDVVpV SRXHLN PHWX B%p(V VEXQWUTH Q V
JOLH&@IHU 'X IDLW GH OHXUV FDUDFWpRRQWUPXHXHOQH
SURGXLWY DOLPHQWDLUHV WHOV TXH @ HOV SLRALH\W FERD R B Q
FRQFHQWUDWLRQV UHODWLYHPHQW pREBMpMRLBHG 344SR VAF
LPSRUWDQWH SRXU OetttRPPH )JUHGHULNVHQ

Impacts et risques environnementaux

'DQV OTHQYLURQQHPHQW OHV 3%'( IRVVGHPW QMW FEIVRPPHR
GpEURPLQDWLRQ HQ FRQJpQQqUHV PRALXQGL R WERPQVY O&H/ SURR.F
OHV %'( HW SUpVHQWHQW OHWGDBUWRSRYWQRRBNEOHYVGHC
GDQV OH ELRWH DTXDWLTXH (Q HIIHW pOQLH Q@ EM RAAKLIHI DSAOL
HVSgFHV FRPPH OD Gprin&sHampiB PIPYXHOFH XQH PpWDEROLVDWLRQ
%" ( 6WDR0OMWRQ OH WSHakd€iius& hamaycush OD WUXLWH DUF T
Oncorhynchus mykissR X OH VDXPRQet@R\DCE 7ARBHhUWYV )LIXUH

Niveaux de concentration dans les sédiments et dans le biote aquatique
/HTDEOHB®RQQH DX QLYHDX HXURSpPHQ OHV FRB@RWQWUD
OHV VpGLPHQWY HW OH ELRWH $ O9pBFRKRQIDQ {RIQ ®UDOSE XY
GDQV OHV VpGLPHQWY UHIOpWDQW QXJ3HHFRW PE U¥VD V@ R @ FLDP
TXL GYDLOOHXUV IXW OH SOXV ORQWHORBNMQ D X,WERBIQOVp VXU
&KH] OHV LQYHUWPpPEUpPV OHV FRIICFEHIHNVEIERYPGY HQ 3
/ D Zet al. 9D Qefal.O 6 X Wt\WIR Q 8Q SURILO GHV 3%'( DFF
GDQV OHV LQYHUWpPEUpYVY VHPEOH UHMVPRMRUUWBIW QRO P
SURYHQDQW SRWHQWLHOOHPHQW GH OBREUWLRPLIDWRBQ
O pWXGH 6€&HdH./HEUXYW OD VHXOH UDSSRUWDQW GHV GRQQp

/ID YDOHXU VHXLO GDQV OHYV Vp G DRIV VGHHY @/DXYQIHO HIXO HXHUX E D OGFIX@W HD

>96HDX@ | .RF &LUFXODLUMD' &(pILQLWLRQDGX YERQ pWDW H
FRQVWLWXWLRQ GHV UplpUHQW L HOY BRXOLE B W IHDX [G6 RXIF HGVL GHIF WXL IHD R
'&( GX RFWREUH DLQVL TX B BQCIPW WHAKI$SKIVGRSWMW UDQVLV

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



JLIXUHOpWDEROLVDWLRQ GX %'( SDU GLOpURCHBIY HVSqF
carpio® OD W U X L WOthc@hyfchdsQnykissi BW OH V DGrR®RIQnehEs\ D O
tshawytschf 5RE letal

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



7TDEOHDIMLYHDX[ GH FRQFHQWUDWLRQ HQ »88H( GDLQ % ROHLME O
VPpGLPHQWY HXURSpHQV HW OH ELRWH DTXDW

1LYHDX[ GH 1LYHDX[ GH
(wxeH TROEHQWLY DV ERQ SN R F R0 VBN LR Q

VPGLPHQW  OH ELRWH
QJ BV QJ JSI
3% (
/[DED@LH . H W (VVRQQH
al.
%'
7Hata@.  %'( MXVTXTj
% s 2UJH HW 6HLQH
- 0‘
LHwa % RO
JRL]HD X% ( /pPDQ 6XLVVH
al. %" ( )UD QFH
GH (LW  %'( MXVTXT] ULYLQUHYV
%'(  MXVTXT] HXURSpPHQQHYV
0,
HDYR 5400 (VSDJQH
IXLétal. s MXVTX | ,WDOLH
TE@®. %' ( MXVTX |
%" ( MXVTX | (VSDJQH
9RRUVSRHOV LQYHUWPEUpPV 3%"(
etal j HVWXDLUH GH
Of(VFDXW
%HOJLTXH
9DQ $HO FUXVWDFpV 8B4\ %DV
al. +
FUHYHWWH YV
:IHUVCMFNH %" ( i SD\V %DV
' %" ( j
9L J DeQat. JDPPDUHV %' (
" oys0 | HWDOLH
7 O &t@IL WUL KHSWDIBRPDUHV %' ( ,
x £+  QBV
JDPPDUHV HQFDJpV
% H \etaH QJ BV
5 %" ( ., 5K{QH $OSHYV
%" ( x
Ukt al HVEDUJRWYV HDX GRXFH
i %" ( &KLQH

%"

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



Pyréene

Propriétés physico-chimiques

/IHV +%$3 VRQW GHV FRPSRVpV RUJDQLTXHRQ\DWRW K W
JpQpPUDOHPHQW GH FDUERQH HW GITKH\RKRQQRWGR/HK pK\6 DB KDDL E
QRPEUH YDULDEOH GH F\FOHV DURPDYWIONX BR V Vg@WH @ RQMX X
F\FOHV HW © ORXUGYV 2 ORUVTXTL®W X RDPWX W RQHNOWWL WO KXW &l
SURSULpWpV SK\WWLFR FKLPLTXHV HM UHRWHRORJILTXHV UHO

(Q JpQpUDO OHV +%$3 VRQW K\GURSKRKHVFRPRHQWHSR
QDSKWDOgQH TXH SRXU OHV ORXOIBRH QW GMHY ¥ HONHWR X Y G IQP
JUDLVVHV GHV RUJDQLVPHV 3DUPLSOHVO86$33%00MVIW SV
&$6 GH IRUPXOH +FKBRIVMg H& )EIXOQMHY ,0 HVW
SDUWLFXOLqQUHPHQW LQWPUHVVDQW USROUWERH VF MM W VHDH
FDQFpPURJPQqVH QRQ FRQILUPpPH WRBXW HER FKIL\PH @ WHD\Q W R
GH +$3 ORXUGV TXL VRQW SOXV WRALGMHV /RPISAUBQHW XQ
XQ ORGH ,1(5,6

)LIX 6WUXFWXUH FKL

Historique, applications et usages

/HV +$3 VRQW LVVXV PDMRULWDLUHPH@MR EBEFHYVH SWR FHD/W
YROFDQV IHX[ GH IRUrwyv RX DQWWURBIUTXHW HWUDRGXS
DJULFXOWXUH UpVLGHQWLHO 6HORWY HXH X®H R[ULFD\WWQpJIRU
S\URO\WLTXHV FRPEXVWLRQ GH OD XDW LIGRWH RMURQLJT 2B L
SURGXLWYVY RX GpULYpV SpWUROLHON VREUBD @GR Y VLR QF
VHFWHXU UpVLGHQWLHO HW WHRXNOMVMDIXUH HWX GYH XK. /& 00QW |

Réglementation
8QH UpJOHPHQWDWLRQ j OfpFKHO O HI DLLQW BWQ D IV LRWQID/D
XELTXLVWH GHV +$3 GDQV OfHQYLURRPMHP BRI GgWV R QMM
0786 (3$ D pWDEOL XQ FULWQUH SRIXUXPORWpPJIJBHYH OBDI
KXPDLQH GHV HIIHWV FDQFpURJqQHVREHNVDPEI DAV QIR WD X0

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL
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UQJOHPHQWpPV EHQJR B ISOXRE QB QBH dUDH VEKQQR N QGRQ R
FG S\UgJQH EHQJR J K L SpU\OgQH LUDRQHQ\EK QPR DGR E W& ]
6RXU&LH(3$ )RUPDW 6(&7(1 + $YULO

D S\UqQH %D3 D pWpS$IlOPpFKHQ@OH HXURSHW QCHNrGHY 14
RQW pWp pWDEOLHV SDU OD GLUHFWUDHGQH )@&XRBSRQYW
1IDSKWDOQQH %D3 %HQ]JR E IOXRUD QWK QH O XRUD|GWKK Q
,QGpQR FG S\UGQH /HV YDOHXRYD ®HYWS Q ¥W QR Y WEDXQ W
14(oxPR\HQQH DQQXHOOHHWVODGEHI  @8IJ

3RXU OH S\UQQH VSpPpFLILTXHRHKR@WHBW LG § MIJDDH XXQ@H 1% D
HQ DFFRUG DYHF OD FRQFHQW U D WLRHQ WHHNAW LVHXILTOX pH &
SV SRXU OHV pFRV\VWQPHVeDa,XDWLTRHY pODpF IRV j OL
VXEVWDQFHYV SRWHQWLHOOHPHQW SUBRWBXQFHYW H MV BInR H)
SUpPRFFXSDQWHY DXWRULVDWLRQ QDD QU LW pH®X M DX LODNOF
S\UqgQH GDQV OD VPOHFWLRQ GHV VXEXW DONHNVQYHUWIEGH (
GRXFH D pWp pWDPOQNL TXFXDH 31(& GH5,6 —J /$ WLWUH

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



LQGLFDWLI OD YDOHXU VHXLO GH\Q S FOXH VpE Ll B M R WD WK o33
+$3 UHODWLYHPHQW SUR F&KRW®XVSGHqRIK JHW, 6/D 14 (

Impacts et risques environnementaux

/D PDMRULWpP GHV +$3 UHWURXYpV G MHPW QM \G VRGILPLH
S\URO\WLTXHet & X G]LOVQ@AH Q 8QH DFFXPXODWLRQ GX S\U
WLVVXV GIRUJDQLVPHV EHQWKhiXHY viieganip . K ENRQWHEH H WK
/IDQGUXP /JHSSIQHQ HW E&bhMR@dE) - Det)dil W &HV
DXWHXUV RQW PRQWUp TXH OYJDEVRMHPWMORQ SE®X I \QIHO\HW L
QRXUULWXUH SOXW{W TXH SDU YRLH GLVVRXWH

/H S\UJQH SHXW SURYRTXHU GHV HINSM¥F HW $HRW W B Q R/
FRQGLWLRQV 3DU H[HPSOH LO D PWR IGW\PIR@QWH ¥ XX JQ ©VDP;
EHQWKLTXHV VRXV UD@tlaDW L R Q0VHS®EdBHWH UR/G\V® FRQVWDWp
OH WHPSV XQH GLPLQXWLRQ GX WDXKIGH SKBNDIVELRQ GH
variegatus VXJJpUDQW XQ VLJQHeGH QDU RRWH REVPHRNQWQH GL
GH OD VXUYLH HW GH OD FURLVVDQFH pRXHIH QWY VK | RO O
FRQWDPLQpPVY 3DU DLOOHXUV LO MWMWOMNUSB KM QMR [LH KRIYC
SOXVLHXUV +$3 VH PDQLIHVWHQW DISRREY BWX/W FEK RW U D3IDW |
OD ELRWUDQVIRUPDWLRQ GX FRPSRNRQSDIYKQW BWHNWP PG RD
WR[LTXH FRPPH OH FDV GX %D3 HW WH ®HY 1G poEEMPHVQINS R |

&KH] OHV LQYHUWPpPEUpV DTXDWLTXHYXQBDSKDRWUD RY IR
S\UgQH HVW PDMRULWDLUHPHQW WUDQQRUWKXI H Q DKACIHR[\

&<3 6WURSRKEHUJI,NHE&BIND /D SKDVH ,, FRQVLVWH j OD
GIDXWUHV PROpPFXOHV DX 2+ S\UQOGH JWNKPRGIT X KHR R HH QC
VXOIDWH 6&/al.RRPEHNH @taN D &DUUDVFRtdDYDUUR YV

JDVWPURSRGHY VRQW JpQpUDOHPHQWHGE pjSRXGYRXODEH W \ ¥V
SHXW HQWUDVQHU XQH SOXV IRUWH DDFIPXPH\EDMW DR GHV +
IHZVWHG HW *LHV\ /HV RUJDQLVPKMVGRIGWK DQWVPEL®
FDSDFLWp j ELRWUDQVIRUPHU OHV RROFWPRLQYD QMW ERRS
SDUHQWYV 6 &.WRGRDBWR 'HV PROpFXOHV SOXWVROXE
DLQVL IRUPpPHY HW VRQW SOXV ELR®PIBRGDEREQHAHR WD X
OH S+ OD WHPSpUDWXUH OD VDOLRX. W@ FRDHFR Q F$DHNWYD W

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL



GLUHFWHPHQW VXU OHV PpFDQLVPHV Gl EHRGBLYH&NN
REVHUYDWLRQV Of(5( QH SUHQG SIHB8 HRHFROLS B/HHX @/H R HRYpHAU
VXU RX VRXV HVWLPDWLRQ GH OD R®ALFLWp GX FRPSRVp S

OH

JLIXUHBWUXFWXUB X ISURIQIMISDO PpWDER®ISWHIGN S\UgQ|
2+ S\UQQH

Niveaux de concentration dans les sédiments et le biote aquatique

/IHTDEOHD®UpPpVHQWH OHV QLYHDX[ GH FRQFHQHQWIW LRQ
HXURSpHQV HW OH ELRWH 2pa#aHPPHQWSRYMIWMHXBEEO W DXP U HF
GX S\UgqQH j VXU OfHQVHPEOH & XOWHQRDL YWHRPIHIHNVI GHQDHD
GpPRQWUDQW OD SUpVHQFH XELTXLVMAMS ¢&HH \F H5 BLROYCHUDAD
PpPWDEROLVDWLRQ GX S\UgQH HQ 2+3B W HQHP B i pOPIW HLI®
FRUUHVSRQGDQWHYV RigaEllgpastecar EMHEIQ X H \GadnRmxrlus setosus
&DUUDVFRetl®.Y D U URbriculus variegatus 01HQ St lal. HN@reis
diversicolor *LHVat alQJ

/TpPYDOXDWLRQ GX ULVTXH SRWHQWLHOTBEYEHRQTXIPM
LPSOLTXH XQH PHLOOHXUH FRPSUpKHQNQRB [GH¥DITXSD W )
WURSKLTXH GH OD FKDVQH DOLPHQWDIBLDUHNUDDH | A H WO GHH
FRQWDPLQDQWY GDQV OHV PDLOORQM LMD UDHXUYQGHUW
EHQWKLTXHVY SHUPHWWUD GH PLHX[ DEBQYKBEEHPD O
WURSKLTXHV SOXV pOHYpV HJ OHNLSRWVYVRBWR[HNVRPR®
7.7 VRQW VXVFHSWLEOHV GH GpFULDWGLB®OIRW MMO ERR B CF

&KDSLWUH (WDW GHV FRQQDLYYDQREQHRMQ DD



7TDEOHBYVXPp GHV QLYHDX[ GH FRQFHQWUDVDLER QY WAMDp B DUV
GDQV OHV VpGLPHQWY IUDQoDLYVY HW GDQV OHV LQYHUWPpPEU

Niveaux de

. Niveaux de
concentration :
concentration L
Etude dans le d le bi Localisation
sédiment ans ?1 lote
(ng & ps) (ng g ps)
Cachotet al. 1418 Oise
(2006) 44 - 162 Seine
Bassin
Ifremer (2018) 713 Adour-
Garonne
Fauches (2017) 31-9033 e-de-
rance
moyenne : 65 Région de
Lauzent (2017) 10-150 Bordeaux
Sciences et
‘Tec'hnlques de 494 Bourget
I'Environnement
(2014)
Besseet al. gar;n(;;g:]ensee_nzc %ges Données
(2013b) 0.4-48 nationales
Bourgeault et moules encagées
Gourlay-Francé 481 - 6899 Seine
(2013)
gammares encages Données
Alric et al.(2019) 10,5 nationales
1,59 - 47,8
. N gammare
V'gé%%% al. autochtone Po, ltalie

790-1500 ng g pl

&KDSLWUH (WDW GHV FRQQDLVVDRGEMPHMDPODADWLRQ GX ULVTXH HQYL
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*PQpUDOLWpPV GHV PRGqOHV WR[LFR FLQPWLTXHV 7.

(Q pPFRWR[LFRORJLH OHV PRGQqOHV 7.XHW RQWOGWYV RX
PYDOXHU OH ULVTXH HQYLURQQHPHQS\IDDIQ \8 HWH V X £ ¥ DVIDXIRA
OTH[SRVLWLRQ HW GHV HIIHWV 'DTQVHX®HXS\ULHOAIMpH SRXIIS
FRPSUHQGUH OD ELRDFFXPXODWLRQ GBX FROWWD BLIXQ WG WS\
PRGGOH 7. HVW GRQF XQ pOpPHQW FRIXFLWN® GBHRY PR OWDG
SUpFpGDQW OH PRGQgOH 7' TXL GpF QLR QFHW LIRIQHGHN GHRWQ F R
ELRDFFXPXOpHV 'fXQ SRLQW GH YXH JORIFF XPXOPWGR C
SROOXDQWY FRPPH OD UpVXOWDQW B POXH DWH R § HHP\E OGHY (SCHLM
Re OHV SURFHVVXV REVHUYpV VRQW GpFULWYV SDU GHV K\SH

/IHV PRGQOHV 7. HQ pFRWR[LFRORJLpVVH QOISR UPDMR GR Y
UDGLRpPFRORJLH (Q 7HRUHOO D\l @MURKRGIXQ L SHRXGH TFBi
7HRUHOO 3¥tlaV /DQGXPVL TXH /XRPD HW 5DLQERZ
FRQFHSW HQ OH GpYHORSSDQW GDQVIXOHW GRPH L OHH VB HU P |
© PRGGOH WR[LFR FL@EBWLTXHUERKQGUXRLOLVp GDQV OD O
VELHQWLILTXH SHXW DXVVL DSSDUMBAVRGHQDRXY X®IHY IXIREPP
5DLQERZ © PRGGOH ELR FLQPWLTXRKG GO HDBURWEHUIQW L
/H &t al. RX HQFRUH © PRGQqOH j EDVH &lRpQHUJHWLTXH
PRGGOHV 7. VRQW JpQpUDOHPHQW GLYLVpPY HQ GHX[ JUDQG

x OHV PRGQqOHV 7. ] XQ FRPSDUWLPHQWRRPIDMPRWJIDQ
FRPSDUWLPHQW XQLTXH HW KRPRJqQ@KBUBHSRVDQW \

x OHV PRGQOHV 7. j FRPSDUWLPHQWYV PKQ®/ SHOHV
GLIIpUHQWY FRPSDUWLPHQWY FRPPH $®H GfRBBWH
DORUV OHV IOX[ GH FRQWDP L QngniMaH BMWU IR RIBH\D HF R
VRQW FRPSRVpPV GH GHX[ FRPSDUWLPHQXW XOQ
GIDEVRUSWLRQ OfDXWUH RetBl. OLHX 80T MOUWLR L \DLDG\R E
FRPSDUWLPHQW SHXW rWUH HQYLVDJpHSRKRGQE HW\
FLQPWLTXHV j EDVH SK\WLRORJLTXH ORH UV BRQWTI G}
VIDJLW GH PRGQOHV PXOWL FRPSDpWHRMQWRUTBIQH
GH OfRUJDQLVPH FRQQHFWpPV SDU XTXDWLT®H VILH
PRGGQOHVY VRQW HVVHQWLHOOHPHQWeGHhYHORSSpV S|

&KDSLWUH (WDW GHV FRQQDLWLRQFEMV 8SRG PO HWWMVRWYRHMF



'f{XQH IDORQ JpQpUDOH XQ PRGQOH RDW® plRIDW WILRH G
RX SOXVLHXUV DXWUHV YDULDEGINV OD® H\DW WIRH \GW WM X P
SDUWLH VWRFKDVWLTXH (T /DIBRUQILWM G P WHORHDQUL \RVX
PR\HQQH GpFULYDQW OD UHODWLRRFHKRWWHT®H VG X DRRG®GED
TXDQW j HOOH WRXW FH TXTRQ QH $IHXBAL CSIDW pSYWRIXW @R\
PR\HQQH

CLE:T c; E /)
3DUWLH G 3DUWLH V'
DYHPD IRQFWLRQ OLQpDLUH RX QRIGWTXD GPBUD®OGDRENE |

OD YDULDEOHOA R QWBEYWAHPHHJ GHV SDUD®KHW WhHY LGXYWDL @ pWH
VWRFKDVWLTXHV

/ID ORL GH GLVM/ GPpBX\WGR®HGOIY QDWXUH GHV GRQRPMV REV
FROQWLQXHV RQ FRQVLGQqUH JpQpUDREMKPY QW OTRK@ XGIN OBRYL
GH PR\HQQH HW GI{pFDUW W\SH 1 WDQIYFRH. BBV (TOfpTXDWL
L1e:E:7¢; F

3RXU IRUPDOLVHU OD ELRDFFXPXODWRRRHFKH) ®OWWVOL
JPQPUDOHPHQW OH PRGQOH 7. j XQ FFPIRWUWQRMBPMW HRWOHN
Hyalella azteca 6 F K XtCaH U Gammarus pulex $V K DeKadl U RDéphnia
magna 0DV VdD&.LQ /IH PRGqQOH 7. VIHVW FRQVWUWXpIWWL VXK O
GH ELRDFFXPXODWLRQ UpVXOWH GHWG&RX[ W RFH\OWPWL Q p @/
GITHX[] SRXYDQW UHSUpVHQWHU GLIEMRUGW\. FISQ) FSHEK\WW X\ H BIL
YRLH GLVVRXWH RX SDU YRLH WURSKWBHUWMKMRPIDHNMWHRDIN @
GH OYfHI[FUpWLRQ GH OD GLOXWLRM@MGIDANOD FUHRLWGMD QBRF
PPWDEROLTXHY PRGLILDQW OD IRUPRQGX.RRQWDWLQDQW E|

'DQV OfK\SRWKgVH GH FLQpPWLTXHV GHRQ@GWHEBpPHULWWVG.
OTpTXDWLRQ SDUWLH GpWHUPLQLVWH GX PRGQqOH

B
@—@L1:(él-9é:l;;EI#'l-+ FOr:lyaoFICGECQECGCFO:T;
DYBE OD FRQFHQWUDWLRQ GX FRPSRYp GH QWD B[ RBY DEY RWE

SDU CHD&D FRQFHQWUDWLRQ@ AEDQWHONHDKL DY MHPBWVLPLC

&KDSLWUH (WDW GHV FRQQDLVV® GHVSD URE g O IUHDMW R L FHRV FH\DW WR.IFWH R



WDX[ GILQJHVWLEB® GB PREEMWQWXNDMWLRQ G DIQY GH VQERX[U UL
GIpOLPKQOWWMRIMX[ GH RURHWDXQFEHHBLRWUDQVIRUPDWLRQ

'DQV FHWWH pT X DkW ke @ HAEHWR YWUWPHPFLILTXHY GX FRQW
OTRUJDQLVPH WD QR IHWVRI G HAD WIHFWPHWLVWLTXHV GHV RU
VRXV UpVHUYH W RKWGHHRERQTKMP LSRXQW QIDLW SDV GTHIIHV
FHWWH H[SUHVVLRQ LO Qf\ D TXTX@NW IDXVH VIDXUPH GH @
PRGGOH VXU FH SRLQW VYILO \ D S8 XG/H XY P H/ RMHWPAHY G3H C
JDUGHUD OD PrPH IRUPH PDLV WLHQRDDXFRPEBXH BB DEBY
GDQV OfDOLPHQWDWLRQ :DQJ HW 5DLSERFELWHP HQW P\WRGY
K\SRWKgVHXH SRXU FKDTXH YRLH GYH[SRVLWLB QI IXVLREXP >
WUDYHUV XQH PHPEUDQH EiUDIXMKODO B FRQWNUWYLLW L RIQWG |
GIDXWUHV WHUPHV TXH OH FRPSRVPR DR WPH Q&H VW DLW
UHJURXSHQW OfHQVHPEOH GHV SHUWHY FSWRL \GCWSEHD WLOR
FRQVWDQWH; XRLOGH j OD VRPPH @tV GHX[ -DQVVHQ

'"HSXLV OJDUWLFOH IRQGDWHXU GH /X RR\DX @ WV50WQERYI
FRQFHSW HW FLEODQW OHV LQYH UM pBUHQMW RWL QR[S CEOKHER
pPOPpPHQWY WUDFH DUVHQLF PpWDX[QLHAXHMEHHODRGHY FRQ
OfH[FHSWLRQ GHV QDQRSDUWLFXOHVF%YDRRPRRW p=RDRD AL
GILQWpPUrW pPHUJHQW QD pWp pWXGRX |y \VON QWG HO B HG FW H
FRPSUPpKHQVLRQ GH OD ELRDFFXPXODWHRQVEQWV GOINV p R/
FULWLTXHV GX © SDUFRXUV 2 GH FHVDERWSRVpV &HI L\QROQP
HVVHQWLHOOHPHQW TXHOTXHV FRPSRQ®W RIXIDROQMX W D X
+$3 RX 3&% /HV RUJDQLVPHV SRXU OMY TPHFQV VE\H V PRV oG
SRO\FKgQWHY GHV PROOXVTXHV ELYDOXMWDREW PR UQY FILLSD
DPSKLSRBEHWHD X

&KDSLWUH (WDW GHV FRQQDLWLRQFEMV 8SRG PO HWWMVRWYRHMF



7TDEOHRMHPSOH GIpWXGHV XWLOLVDQW OH FRQFHSYV

6XEV\' 2UJDQ" 5HPDU 5ppUH
3&% +$DBreissena 'RQQpHV FLOQpPWLTXHYV WKpRULM%RIREIM OTREMHW S LU
polymorpha, GH OfpWXGH FRQFHUQH OHV PHPEUDQHYV 6HPL
Mytilus edulisHW 3HUPHDEOH OHPEUDQH 'HYLFH 630
M. californianus,
Elliptio complanat:
3&% Macoma balthica ORGHYV GYDOLPHQWDWLRQ GLIDFUHRBR®&LY (IIHW GX |
Corbicula fluminea DFWLI HQ JUDLQ &%$* VU OD ELRGLVSRQLELOLW
situ
$J &G Ar@nicola marina &RPSDUDLVRQ PRIiGstOHH VMH\DXBIBHWD G R
8. ODUWdtg.H]
|
$J &G AQnarina ,VRWRSHYV UDGLRX;WRMXUOPINYRVHB &R
GHX[ YRLHV GTAEHSRRPWDR QL WRRQJ Wdt g.H ]
P H V Xrusiiuv E
$V A. marina ,ZVRWRSHVkgkPERXUHOWHY GHX[ ¥BRVBE&R
GITH[SRIRLZhBIQYp GH OD WDLOQOOH \Mangl.H& 2 7
&RPSDUDLVRQ DYH&tuGHY PHVXUHV
3&% Neanthes ko HDX VpGLPHQW HITHW &$* VBRI \evaH Q
arenaceodentata ELRGLVSRQLELOLWp FURLVVDQFH HW DX[ GH OLS
1DQR Daphnia magna $EVRUSWLRQ GpSHQGDQWH GHIKIDRFRWEBQWUDWL
SDUWLFXOHYV GIH[SRVAEWAFRSH QG GH OD VSpFLDWLRQ
G1%$J QDQR$J!'$Y GHKkPrFOHLFXGIDWLRQ SDU
GHX[ YRLHV
3&% N. arenaceodentata 7UDLWYV ELRpFRORJLTXHV IDYRDQ\WHPY OTJH[SRVL!'
M. balthica OLHQ DYHF OYDFFXPXODWLRQ HQ IRQFWLRQ GHV
Mytilus edulis GH VFpQDULRY GTH[SRVLWLRQ LPSOLTXDQW &%$* R
1L Gammarus pulex $FFXPXODWLRQ j SDUWLU GH OMEBXD GpWHUPLQCL
H[SpULPHKWAOYI GXHHQFH GHV LRQV
PDMHXUV /H PRGgOH HVW PRGLILp SRXU WHQLU F
GH OD GpSHQGDQFH j OD FRQFHQWUDWLRQ VDWX
& X G. pulex $FFXPXODWLRQ j SDUWLU GH (HHEHEHEQ GpWHUPLQI
H[SpULPHKQWIVOYI GXHQFH GHV LRQV
PDMHXUVY /H PRGgOH WLHQW FRPSWH GH OD VDW
HQ FDV GH IRUWH H[SRVLWLRQ
+$3 D. polymorpha ([SRVLWLRQ iORQ 0 WE@PH S\WERKUJIHDXOW HW
K\SRWKgVH TXH OH QLYHDX GYOX¥XUAd b X DWDMIRRQ Gp
GH OfpwDW SK\WWLRORJLTXH GHV RUJDQLVPHYV
$J $V A marina ([SRVLWLRQ DX ODERUDWRLUKBDVPGIRPHQWY QDWW
&G &X =Q FRPSDUpV | DHrstir X30ODDMLHROIDX QRQWdL &l.H ]
DWWHLQW HQ MRXUVY DX ODERUDWRLUH
&G &G Hyalella azteca ([SRVLWLRQ DX ODERUDWRLUHRDHBWAQIDPLQ S YV
SpULSK\WRQ IUDLV FRPSDUDLVRQ $( ,5 HIILFDF
GX PRGgOH
3% "' ( G. pulex ([SRVLWLRQ HQ PLFURFRVPH /HEXHEHIYW QRXUULWX
$EVRUSWLRQ PDMRULWDLUH SDU OYfHDX 'pWHUPL
HI[SpULPHRQW®O HDGEHOH PpWDEROLVPH GX
%' ( OH SOXV
3E G. pulex $FFXPXODWLRQ SDU OfHDX B U MG X &D

FRPSDUDLVRQ nstWwJDQLVPHYV

&KDSLWUH

(WDW GHV FRQQDLVV® GHVSD URE g O IUHDMW R L FHRV FH\DW WR.IFWH R



8QH GHV OLPLWDWLRQV LPSRUWDQWHVp\GKQWRIBY®H O
ELRWUDQVIRUPDWLRQ GHV FRPSRVpVQRAWI DVQLDTEHW P & W Q P
SHXYHQW rWUH SDUWLHOOHPHQW RWHMMHQ FK®D XiG SLLPR GW
et al. /D IRUPXODWLRQ JpQpUDOH GQYLRREqQH j OTPNKN®O
YDODEOH VL OH PpWDO OXL PrPH QHK\OW BROpFXDOVRRUBD QL
FRQWUH OH PRGQgOH SHXW WHQLU URRP W HQ BFHH @DDE URIG L&V
/IXRPD 3RXU OHV FRPSRVpV RUJDIQUHQW VO [5 HEX RAN P VG Bt
FKH] OHV LQYHUWPEUpPVY EHQWKLTXHVQGE TE PHXWX B XFH G 1§ HOXIDE
VRQW UHSRUWPpPHV GD@M.OD O I Mt&lp UD W X IUHHVEV/AIG \J
6 F K XeDat U 01H Qes &l. $VKBISHU &DUUDVF&alDYDUUR
. XR HW &KHQ etal. 0LO OéfHl. &H PDQTXH GH GRQQpHV SR
LPSRUWDQFH SULPRUGLDOH GDQV OHWQYRLWRGBWPGERINDO X
VIH[SOLTXHU SDU XQH DEVHQFH ROUDKEBY GBQV YLDV P BMWD
GH FRPSRVpV FKH] OHV LQYHUWPpPEUpW FARWUODUG PH QX
FRQFHYRLU HW UpDOLVHU GHV H[Sp UH[FSHOQWBKML RFH/ FSIHQ
GILQIRUPDWLRQ FKH] OHV LQYHUWEKEBpN D QDMNWNIWT XBHG LK
SRXU TXDQWLILHU OHV PpWDER O LOMHVROQRWY W XNV ERHUG \OHP P
GH GPWHFWLRQ GYIDXWDQW SOXV GXQ®HDWWEWYMLYDPWP HQ
SXLVTXJLOV VRQW GH SOXV SHWOWHVWD PO WH RIX i O 15D (SRR
OD ELRWUDQVIBUPMWQRG MHUWDLQHV OLPLWHV URRWPH O
SDUDPqQWUHV GX PRGQOH GDQV FHUWD@WHXXWDW @®RXJ B ERKN
ELRWUDQVIRUPDWLRQ QYHVW SDV SUDFWXHOVFRRKMHYZEDRQV
GHV GRQQpPHV SUpPGLWHV GH ELRDFFXFROODW IORQ FIDIW ToHH
WUDQVIRUPDWLRQ GX FRPSRVp SDWHXQW AR PYWBRROUWHW
OD IRUWH VXUHVWLPDWLRQ GHV FRS&BHQWHYD ®U R QWY 6G&H
GDQV OfH[SPULPHQWDWLRQ UpDOLVEFb SDU /HERMKEDI HD X O W

FRQFOXHQW j OfLQYHUVH TXH @P SRILRWIUD/QN I&D BB WL
JDPPDUH HW GX %' ( PDLV FH 3%'( SR XD ®@WWDERCHYIDW C
FRPSRVpV SOXV EURPpV +DNN HW /H\WRKHWVVDQW G DEV M
VILQWPUHVVHU DXVVL j GIDXWUHV FRQJpQQqUHYV

&HWWH VXUHVWLPDWLRQ SHXW p JIDEDRGRAMHDNY XWRYCHYIpY GX QYL &VHTXRIGQR
PWXGH RQW pWp HVWLPpV j SDUW MIL BQN [ 5 RQMHEDH ¥ W pl\W KHRE W K Q G R §
GRQ@iLY IDFWHXUV HQYLURQQHPHQWDX]|

&KDSLWUH (WDW GHV FRQQDLWLRQFEMV 8SRG PO HWWMVRWYRHMF



3RXU OHV FRQWDPLQDQWY RUJDQLTRBDVYRICH RSKRSIEKHN X
GIXQH SOXV JUDQGH LPSRUWDQFHXWXOD LPD \GHg O H XRU IRWQW
DOLPHQWYV *U®RMV 6RURNLPSRUWDQFH GH O DEVRUSWLRQ
LQYHUWPEUpPY DTXDWLTXHV D pW pHGS/HGSHUIQL dHQH § OBYQp\W X G §
al. E $VK&XHU &DUUDVFRet &DY D UURY J @tHdl W
*DQpPUDOHPHQW ORUVTXH GHV pWXGH VY RHI$S RUWRBKWTEHV H
FRQVLGQUHQW TXIXQH VHXOH YRLHWG MRBWRVSOXRQ DYURIPWM C
POPpPHQWY GH OD OLWLQUH eFRPPH OHEAI MX L O OHY GIVCKD R HL
PLOLHX OHV LQYHUWPpPEUpPV VRQW @DXWVR CEIYHQ P 8 DXR @Mp)
OHV pOpPHQWY GH OD OLWLQUH VLPXOWDQpPPHQW

'H SOXV j F{Wp GH FHV OLPLWHV © RRQBFWQLRQ @IBSOH YV X
FRPSRVpV RUJDQLTXHV OYfHVWLPDWLR® USHp FRLLMHp VBLHTVK HWE
GLIILFLOH j REWHQLU

(VWLPDWLRQ GHV SDUDPgQWUHYV GTXQ PRGqOH 7.

/HV SDUDPgWUHV GfXQ PRGQOH 7. VRQWSHVMWLHPQW DjOS
FLQpWLTXHVY FRPSRUWDQW GHX[ SKDYHWNVWH BKI8RVE YL
RUJDQLVPHV SHQGDQW XQ FHUWDLQ WOWSW |/BHQSRXVISOG
GpSXUDWLRQ FRQVLVWH j WUDQVIp BHRWY OVH & IRQUM XQL F PO VHX
GH WRXWH FRQWDPLQDWLRQ SRXU TXH LFRG g O HPH QW QHAQ DXL
DX[ GRQQpPHVY H[SPULPHQWDOHY j OFDL GV VEIP R P WKHR\G 13D Ud
FDOLEUDWLRQ GX PRGqOH

Recommandations de 'OCDE

3RXU HVWLPHU OHV SDUDPqQWUHV GTRE FRGHO KWL O GWX
OfHVSQFH DTXDWLTXH FRQVLGpUpH( & (OLJQH GLIREWULF
OHV SRLVVRQV HW OD OLJQH GLUHAWVLFB GpPDUFRRXUGRS
GIDXWUHV LQYHUWPpPEUpPV HVW VLPIROATKGIWH M F B0 R BKRARLPGPLD
HVWLPDWLRQ GHV SDUDPQWUHV VXLWROGWUXQpWRGHVH H\RA
VPTXHQWLHOOH RX XQH HVWLPDWLRGE QL XSDWUDGHN 6 HXL
GLIIpUHQWLHOOHY GH SUHPLHU RUGUWHWBREPHWVRUIFRQLVp

Estimation séquentielle
I THVWLPDWLRQ VPpTXHQWLHOOH GHVW)DH R W HNWMN YBITHR VP R
HVWLPDWLRQ GX WDR[ M p@H VY LEQQEAWQRHLY N[SpULPHQWD

&KDSLWUH (WDW GHV FRQQDLVV® GHVSD URE g O IUHDMW R L FHRV FH\DW WR.IFWH R



GpSXUDWLRQ (T SXLV FH SDWDW®WU B THD\EW B Y[HRATRIQY N
GRQQpPHV H[SPULPHQWDOHY GH OD SKDVH GIDFFXPXODWLR
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JTHVWLPDWLRQ VPTXHQWLHOOH D ®RIQFDEMX P B LIPILWHG HL
SDUDPqWUH SRXU HQ HVWLPHU GYDBXW UHMW HOMVTWIX EH B L VH
HOOH QH FRQVLGQqUH SDV OfHQVHPERGWDHM) RO p DO RS
SDUDP gq¥HWHW RQW FRUUpPpQHWWHWVIKLP ©H MDUWLU GHV GRQ
XQLTXHPHQW DORUV TXH OH SURFHVVXVORYOGPLQ@DWSR
GIDFFXPXODWLRQ LO HVW FRPPXQ DMOF@HX[L PRG qDHW GHX
(TV HW 'H FH IDLW OHV G RKI)WHI\G H) S FXPXIOQWDR & \Q
SULVHV HQ FRPSWH SRXU HVWLPHU FH SDUDPgqWUH

Estimation simultanée
/I THVWLPDWLRQ VLPXOWDQpH VXJJqUH TXDQW j HOOH GH

/IHV SDUDR#HWYMRWYW HVWLPpV VLPXOWDQPPHQW PDLV |
GRQQpHYVY H[SPpULPHQWDOHY GH OD SKDVH GIDFFXPXOI

/JHV SDUDROMMINNRQW HVWLPpV HQ PrPH WHPSV HQ I
VLPXOWDQpPPHQW j OfHQVHPEOH GHV GRIQRPHNWHI[:

&KDSLWUH (WDW GHV FRQQDLWLRQFEMV 8SRG PO HWWMVRWYRHMF



GpSXUDWKXR® YLD OF(TXDWLRQ

JLIXUH([HPSOH G{DMXRX\CHPBIQMW 2&'(

8QH OLPLWH DSSDUDVW SRXU OD SUHPHV UGBRSORYMVE G
GpSXUDWLRQ VRQW QpJOLJpHV 'TRIMLOMHXPN THKOOMHRQ VHXW
VIpOLPLQH WUQV OHQWHPHQW /D SBIURIPK B WLHPXEGVH Dr\bBH
DGDSWpH GDQV OH FDGUH GH O (5FRDWKRIQ L XX JURE X ¥DWIH
XQH XQLTXH PHVXUH GLUHFWH GH OV IDXFWRIXWUL \8 K@ HS U K G L E
PRGQOH 'H SDU OHV SURJUQV PpWKRWGRMDRIQTE B Y VHIHB HX
LQIRUPDWLTXHV FRXUDQWY FHWWMpHSSHREKHIBYEWEBMW BQF

'H QRV MRXUV GHX[ PpPWKRGHV GTLO HW OGNHSDRQ W qXWULE
PRGGQOH VLPXOWDQpPPHQW RX VpTXHODWMHO TKP HYW KO IWF
OD SOXV XWLOLVpH HW OJLQIpUHQFH %D\pVLHQQH

Inférence fréquentiste

Principe

/TLQIPUHQFH IUpTXHQWLVWH HVW IRQGPHWNWURXWQY
GIpFKDQWLOORQQDJHV 3RXU HVWL@pLLOHW %DYUD® QO QH D L
OH FDGUH IUpTXHQWLVWH OD PpWKRGM *®XW W RE QEXM VG K |
VLqQFOH UHVWH OD SOXV XWLOLVpEHURMWEDRVUYHNPNM @R QY DVRHAV
OYLPSDFW GHV HUUHXUV H[SpULP HQMDBRRE LHQD®D MpRG FAML K C
SDUDPqQWUHV TXL PD[LPLVH OD YUDLRHPEDODIQ¥FpH GHY GRRQ!
VDFKDQW OHV SDUD PRIgWWHHV GX PRGqOH

/IHV LQWHUYDOOHYVY GH FRQILDQFH j XU FREWHH 5D UDP g\
HQFDGUHQW XQH YDOHXU UpHOOH TEH © HMX UKW WERKH HVWH

&KDSLWUH (WDW GHV FRQQDLVV® GHVSD URE g O IUHDMW R L FHRV FH\DW WR.IFWH R
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&RQFHQWI !

THPSV M

JLIXUH([HPSOH GH GLIIpQWgVE XOMRRE®H DX[ GRQQpt
PHLOOHXU DMXVWHPSQMW HYW H N QXL\CRP BB XOHM UB O HG

SURFpGp DOpDWRLUH EDVp VXU GHWQWKG QW L O/Q RR® DHSW R
JUDQG QRPEUH GH IRLV OfpFKDQWLOH/RQP®DIW GHWK BRGQR p
SDUDPqQWUH HW VRQ LQWHUYDOOH GBHFRQQRIDQOPHH FDOF
FRQWLHQGUDLHQW OD YUDLH YDOHX3X GX. \BDUDPIONUHRQQF
OHV LQWHUYDOOHV GH FRQILDQFH VR@WL IYHYHPHYW. QHFE
7RXWHIRLY OHV LQWHUYDOOHV GHRFRBIGRQFH QRE W\N QN VFF
DYHF SUPpFDXWLRQ SXLVTXH OHV FIR VRRWD WD R GW HOHAWUHQOFR

Avantages et limites

/TLQIPUHQFH IUPpTXHQWLVWH D OfD® D QMBLIM®HP|D MRS BH
GDQV XQ ORJLFLHO GYDXWDQW SOXIWFKH PRPDOOGH G HM
FHWWH PpWKRGH GILQIpUHQFH HV\RXAQ\OL GO XNV BW L @ WM_PIHEK HDV
ODUJHPHQW GpYHORSSpV (OOH UHSRWH XQDRVXHRRBYWG VX!
FRQQODL¥MDQF®OVH[LVWH WURLV JUDQGHV OLREWHIV GDQV Of

/JHV GRQQpPHVY GH QDWXUH GLIIpUHQWMW RRHX 6 MDYQHH® W
VXUWRXW SRXU GHV PRGQqOHV GIHUGH XUWH Q RH UW DY
SDUDPqQWUHV SRXU HVWLPHU OHV DXWDEV GHI D QX
GHV LQFHUWLWXGHV

/JHV SDUDPQWUHV VRQW GpFULWYV SD W WAH\E XWDIORHXW \
SUREDELOLWp SRXYDQW UHSUpVHQWHUFDGUH QFERQ )
OfpYDOXDWLRQ GX ULVTXH HQYLURQQHPHQWDO

&KDSLWUH (WDW GHV FRQQDLWLRQFEMV 8SRG PO HWWMVRWYRHMF



/HV LQWHUYDOOHYV GH FRQILDQFH SRXQ GKPHG DPPHD
OHV XQV GHV DXWUHV QpJOLJHD QW VDWUB\VAHY DS B R WP
GRQF VXUHVWLPDQW OHV FRPELQDLVRQV GH SDUDPqgW

Inférence bayésienne

Principe

'"HS XLV OH SURMHW © %D\HVLDQJI®IFBH&Q FH SNU LV
OH GpYHORSSHPHQW HW OD PLVH j \GLLISWERPHWWRQ WG K5 TR
OLQIpPUHQFH %D\pVLHQQH VXU GHV RREYy GBOW FHR 530 HIHHSY U F
PWXGHYVY GLVSRQLEOHYV GDQV OD OLWXNMPpHJDWXUH QH FHVVHC
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JLIXUHSHFKHUFKH GDQV 08J3& - HGE RUWQRZBMWRQWHQD(
© ED\HVLDQ 2 GDQV OH WLWUH ©6NRiseérdtuvr®€de/ 'HOLJIJQHYV
I'inférence bayésienne avJAGS et rjag PDUV

/ITLQIpUHQFH ED\pVLHQQH VIDSSXLH VXU OH WKpRUQgPH ¢
3 13

3 <
DYHF 3 _< OD SUREDELOLWpPp GHV G DWW BapBSAvibivRYED F KD Q W
OD SUREDELOLWp GHV SDddiPgWHYV OCIL\SWREBPXWORQ®p GH
VDFKDQW OHV SDUDPgQWUHYV Y U D LG/HP ESARODAMAPHH VH WD 3G VOV
posterioi GHVY SDUDPqQWUHV HVW GRQF SUR3SEXW hRQQHHWOH DX
OHV SDUDPqQWUHV HW GH OD YUDLVHPEODQFH (T

&KDSLWUH (WDW GHV FRQQDLVV® GHVSD URE g O IUHDMW R L FHRV FH\DW WR.IFWH R



3 £ 3 F3 <_

/H FDGUH %D\pVLHQ SHUPHW GH SUHQGliod MRUFRASWH
SDUDPQWUHYV j SDUWLU GH GRQQpHD BH\R YG ) BQRW @pHH B WGpLR
GDQV OD OLWWpUDWXUH HW GH FRPAWLYYDQRFPNQWGGYH
VLPXOWDQpPPHQW GLIIpUHQWYV PRGqO® \FBRKXY® QWX D YRLL Up @
WV\SHV GH GRQQpPHV H J ELRDFFXPXGGDWDRQWHUW VF IV RIQW O
VLPXOWDQpPPHQW FH TXL SHUPHW GHOB URHRQUAULHHD DMVQL RRP Sk
GLVWULEXWLRQ MRLQWH SHXW rWUWHa pdgteviariD GW HF IODT XGH. V \
SDUDPqQWUH TXH OTRQ SHXW UpVXPHUNSTH) HWD LPRWVHQQ B C
FUPGLELOLWDp | SRXU FEDPXUHGPBQ\SDYDBSWRHAKNH %D\pV
HVW TXHVWLRQ GJLQWHUYDOOH GH KIQBHETLOH WH SXRVD K
WURXYH GDQV FHW LQWHUYDOOH

GH SUR

'"HOVLW

JLIXUH'LVWULEXWL&QsLDWGTRQEHDUDPgWUH DYHF — O
PR\HQQH HW OfL®WEHOY WO gH SIH3 REOHY V8 HOH V HW

/HV SUpPGLFWLRQV GX PRGQOH SHXYHQW G PHR GIEOMHQ XHF
GLVWU aposiioR @EWHQXHV /H SULQFLSH GH OJLQINUBIDFH %
JLIXUH

Avantages et limites
&HWWH DSSURFKH SUpVHQWH SOXVRHXXUV DYDQWDJHV F

'LVWULBHWLEBAY SDUDPqQWUHYV

/JHV GLVWUELlpEXIWERQRHWWHQW GH UpVXPHU OfLQIRUPD
SDUDPqQWUHV &HV LQIRUPDWLRQV VRIW Wp@Q PWDXAHP N OMH @
ORUV GTXQH SUpPFPGHQWH H[Sp UL HRLDH DXWHIVE 8 H RYWHRQW HG |
prioi VXU OD GLVWULEXWLRQ TXH SHXYH®P80SU HQXE EH ROHRV |

&KDSLWUH (WDW GHV FRQQDLWLRQFEMV 8SRG PO HWWMVRWYRHMF
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JLIXUH3ULQFLSH JpQpUDO GH OfLQIpUHQFH %D\p

SRXUUD LQIRUPHU TXfXQ SDUDPgWUHWAX ®R GWH \QCH GSH K
ELRORJLTXH 6HORQ OD VRXUFH HWRWRHD/WERQS L WIQRQ G L
SUpDODEOH LQIRUPDWLYH VHPL LQ IRWUPHD WWY I LR I REL XY |
D GpMj pWp HVWLPp GDQV GHV pWXG DY \WPPEREHEWNRQRK G
XQH GLVW pioE SBRVOLHQQH SHXW rWUH XWLOLVpHWDXMHF OL
SUPFLVLRQ GYXQ pFDUW W\SH pJDXY @WHIXLIR ER FODNHDG HX (¢
SRWHQWLHOOHYV HQWUH OHV FRQGLWLRRXNQ H [EQ URP M W/IDR
GLVSRQLEOH PDLV XQ RUGUH GH JUDHRSOH SRVHWWI SR\
GTDSSO LaTpfidtiU KQEOHPHQW LQIRUPDWLI YLD XQH HGL&IWULE X
DXFXQH LQIRUPDWLRQ QfHVW GLVSQQ@EEWOHP YyWUH RBQUIHUI
rWUH GpILQL VXU O pFKHOOH GX ORJYD WPUr\WHKP$UREBERDQ WY
YDOHXUV SHWLWHV RX JUDQGHV

'LVWULEXVd pds@rict RLQWH

/D GLVWULEXWLRQ MRLQWH SURYLHRXWV G \O TS-DUADLPRDW
SUHQDQW GRQF HQ FRPSWH OHV pYHRXHDLOMH QW Ujp O L
IUpTXHQWLVWH TXL QH OHV SUHQG BQV HR GERPWWHERZWQR
SHUPHW DXVVL GYH[WUDLUH OfLQPRGWQMW XGH DXWRXU GHYV

'RQQpPHY GH QDWXUHV GLIIpUHQWHYV

ITLQIPUHQFH %D\pVLHQQH SHXW FRQVLGIHUGLU I pURXOW D\

&KDSLWUH (WDW GHV FRQQDLVV® GHVSD URE g O IUHDMW R L FHRV FH\DW WR.IFWH R



HJ FRQWLQXHV ELQDLUHV TXDQWDIOHYVFHIHQYER QpOUHH
HVWLPDWLRQV SOXV SUpFLVHV GHV SDW CHY¢\N B @iMal. . GGOR (

RQW XWLOLVp VLPXOWDQPPHQW WRXWWYVGDWHS/R QLR
UHSURGXFWLRQ FURLVVDQFH HW W)X XDHP B® KO HH\ WWHRH LG
GX FDGPLXP VXU OD GDSKQLH GRQWXH WO K@ VHXWYDW {\b U
PRGqQOHV GpFULYDQW FKDFXQ GHV W GLILMYHRWYW LGHVSP
JDXVVLHQ

3DUWLHV VWRFKDVWLTXHVY QRQ FRQYHQWLRQQHOOHYV

JRUVTXH GHV GRQQpPHV GH QDWXUHYLGIQVp WAVRF KB VWR
GLIIgUHQW VHORQ OH W\SH GH GR ®Ip8IHESRWYD@RWS R QN
FROQYHQWLRHQQOHOREBYOH VWRFKDVWLTXH VXLYDQWWVQH OR
0X O etilU RX ELQRPLDO FRQGLWL&QQHO/TRWLDIW D WERE
PRGGOHY VWRFKDVWLTXHV SHXW V IIDXHQUWUVRRP SOLTXpH HC

/JHV GHX[ JUDQGHYV OLPLWHV GH O 1QQWLRD BH Wal LpAWL B Ol
prioir LQIRUPDWLYHVY RX QRQ LQIRUPDWLY HWWHWDOSUREX
SDUWLEXOLQUHPHQW DX QLYHDX @HWVXRXWRIQOW R/R\LW LY R/
SRXU OfLQIPUHQFH IUpTXHQWLVWH

Méthode de simulation (Chaine de Markov-Monte Carlo)

JTLQIPUHQFH %D\pVLHQQH XWLOLVH ODLINRNR 0 RW WRH &B K
0&0& SRXU DSSOLTXHU OH WKpRUGQqEMNVGLR @ PARE@HWH REW H
8QH FKDVQH GH ODUNRY HVW XQH VXFFHVVIMRMOGH YRHLOE
GLVWULEXWGROHQG TXH GH OD Y.DO K XK DDX BORKUBRBH QWM H
HVW DMXVWp DX[ GRQQpPHV GH VRUWM FXXV OGRIQOWDH GUD B/S.
G LQWpUrW FRUUHYVSRQ®GHBIQIVGXRX GHWSDERWEWRQH V  FR
OPLJIXUH

/HV OLHQV VWRFKDVWLTXHV GpFULYHRM WRRWD P R HTQY RAD QWD S HIXEW G
WHQGDQFH PR\HQQH YRLU (T

/HV GLVWULEXWLRQV FRQYHQWLR QQ® GHVW SIRECUNCRQ SR QA PHU CEH GI
SRXU GHV GRQQpPHV GH FRPSWDJH TKDQRWD OHW SKRXH GLHAW G REYQ) HR/ Q!
GLVWULEXWLRQ JDXVVLHQQH

/JHV 0&0& RQW GRQQpPHV XQ QRXYHO H G BIMIOO®HWWINDERW V. ¥ & BOE BV LG
ORLV XWLOLVpHV QH VH UHVWUHLJQDEWWSR®®HW ORID KR @WRXYXPE R QIRXIX
YUDLVHPEODQFH I \_ VLI _\ HVW GH OD PrPH IRUPH TXH I

&KDSLWUH (WDW GHV FRQQDLWLRQFEMV 8SRG PO HWWMVRWYRHMF



6L OH FULWQUH j PLQLPLVHU SDUPH[RS/ORDOMY W GWLVG X
HVW SOXV SHWLWDDXRL ¥ HIDHK IS ISRBHIV VIX\E ORIVM B jHVSDFH GH
i SDUWLWIGBH FULWQUH j PLQLPLVHU HVW SOKW BIUDMREU HO
OfHVSDFH GHV SDUDP@®XUEHRXWSGUXWQL FHIHVDLQ QRPEUH GT
GX SURFHVVXV OH FULWQUH j PLQLPLY HUH @ WHUDRBX WD RC
SURFHVVXV UHVWHUD'GROQPBUQUNOHD @ IRWLWKPHY SHXYHQ
OTpFKDQWLOORQQDJH DOpDWRLUH F@PWHRSRO LWV[HMS/NMH
OTpFKDQWLOORQQHXU GH *LEEV (Q0&qVeBW pXQUDIO\WH HW ULF
YDOHXUV LQLWLDOHV WUQV GLIIpUHRQWHY OB VFRQWNU GHIQ
OfDOJRULWKPH VXSHUSRVLWLRQ GBW\GHY WIWDEKWNCLHR G\H \G |
FKDVQPIHIKUH RX OH FDOFXO GH FULWQqUHV G HHFRQOMUQY HHQF H
5XELQ SHUPHWWHQW GH YpULILHU OD FRQYHUJHQFH G

w |
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JLIXUH([HPSOH GH GHX[ FKDVQHYV ODUNRY SRXNBHXQ)BEBUB®(
6XEWLO

&KDSLWUH (WDW GHV FRQQDLVV® GHVSD URE g O IUHDMW R L FHRV FH\DW WR.IFWH R



5(680(

/D SUpVHQFH GH SROOXDQW GDQV OJ H-QiY DBIR Q QMR H.G WW)
OHV RUJDQLVPHV YLYDQWV (Q pY DIOIXCHNQR QS G R EUDLEV.TOXHV pC
GHV GDQJHUV HW GH O H[SRVLWLR® WUH® H @Ok USDIEW OH DATL
FRQWDPLQDQWY OH ORQJ GH OD FKDNIQH MURYKYIXHQ\ELR)
GHV VpGLPHQWY (Q HIIHW OHV VpGQRDPW Y DYRQW ROHD C
K\GURSKREHV SULQFLSDOHPHQW GHW SRIBOXDX WS\RVRHIQ IV
ELRDFFXPXODWHXU PRELOH WRI[LTXHVIHVX CBLHHWV IGHND BRWQ W
GILQWpPUrW WHOV TXH OHV 3&% OHW 30"\ RXGHDOFHRUHV OJ[H %
HW OHV +$3

'HV RXWLOV PDWKpPDWLTXHV RX PRE\Y MV p7Y.DO X B WX Rk
ULVTXH HQYLURQQHPHQWDO SRXU UHOQB UGRDH GIRY\M H i [Q\H
OTRUJDQLVPH 7. MXVTXTj] VD WR[LGFJOWH BRXY SHUBMLFX B L
SUHPLQUH pWDSH GDQV OfpYDOXDWLRQIGX SHWVANKW B0 YLRF
HW GpFULUH FH SURFHVVXV FRPSOHX©®HW R® UDDHQHHDXMW
HIWHUQH HW GRVH LQWHUQH /H PR G®UHHP HQW. OIS\ DKW
PpWDX[ HW FRPPHQFH j VH UpSDQG WHFRRXWD P HYDmMXG RV JF
7RXWHIRLY OH GHYHQLU GHV FRQWD FOLHDWD BIVR RULIDOM I TRUHP
OHV RUJDQLVPHVY HVW SHX pWXGLp DYHF FHV PRGqOHYV

'H SOXV OHV SDUDPGWUHV GX PRGqQOHD 7S OXRQ W XIHh\D pWO
QpJOLJHDQW DLQVL OHV FRUUpODWQRQNQIHYDS QD QMg WQ HW
LQFHUWLWXGHV 'HX[ DSSURFKHV G$RQLp HVQFHP 1SB YOHQ B/DH
OTLQIPUHQFH IUPpTXHQWLVWH HVWHB®D )V ® T R HPHOUWF K \W6DA b\
OTHVW SOXV UDUHPHQW /1DSSUR KM HM LRISQWW\D\Y W DV F H)
FHOOH GH QH SDV FRQVLGpPUHU VLPX®WDYHRHOWW GHV QG R
%D\pVLHQQH VHPEOH SRXYRLU GpSDVVHUX[F DY DMWPL WNHW
DSSOLFDWLRQ HQ VFLHQFH HVW UpFH@®WSOH[QWpHBH FDC
$XMRXUGTKXL VRQ XWLOLVDWLRQ HVWXDWERQHGWUJVV
HQYLURQQHPHQWDO

&KDSLWUH (WDW GHV FRQQDLVYV



&KDSLWADHNpULHOV HW PpWKRGH)

&H FKDSLWUH GpFULW OH GHVLJQ HYSXWILPH @ WH\O MFRERS
WUDYDLO SRXU UpSRQGUH DX[ REMMNBWLDS PH®R T ®ODV SHHR EQ|
JpQPUDOH GH FHWWH WKqVH HVW GIHR Q pt\W ORILSH pUXQ FFHD G
DSSOLFDEOH j GLIIpPUHQWHY HVSqFHV G RIQUWIHRLVQDEINS VHRSF
DILQ GYDPpOLRUHU OfHVWLPDWLR @ \GH & JS-DANDLFRGHUU AR UGHH FF
LQFHUWLWXGHV DXWRXU GHV SUpG M WMRQ W Q YL VDUt € W HD.
UpSRQGUH j FHWWH SUREOpPPDWLTXH

HI[SRVLWLRQ GHV WURLV HVSqFHV GHGQPHQWNERRKVOE
IHXLOOHYVY GDQV OH EXW GH FDOLBWHB @ H W U I
XQH VXEVWDQFH QRQ PpWDEROLVDEOH SRXU GLIIpUHC

H[SRVLWLUes@ar@®H XQ +$3 OH S\UgQH DILQ GYREWHQLU
j VD ELRWUDQVIRUPDWLRQ HW GITLQWIpXH W FHp SGHRFPFH
pPODERUpPp

H[SRVLWLRQ GHV WURLV HVSQFHV @ fLQYRRMW EBRPD \
OT+%&' HW OH %'( GDQV OH EXW GJVD3WORDXHW
GILQIPUHQFH j GIDXWUHV FRQWDPLQDQWV

I NTHVWLPDWLRQ VLPXOWDQpH GHV SBHD®DQWWYVHMQWIHH Ijl HFVDX
ORJLFLHO 5 j SDUWLU GH GRQQpHW BI\WSpLULH HRXWDLO/FH\R R [EB/C
OLWWpUDWXUH VFLHQWLILTXH

'DQV FH FKDSLWUH OD VHFWLRQ JORED®DR B BYHOMY S/OL
DGRSWpHV SRXU FHWWH pWXGH /D VWMFWHRGRSD GH FGHW K
GIH[SRVLWLRQ VpPpGLPHQWYV IHXLOH HRFD ®ID\QHS MX U YXa-D CFIR
pPOHYDJH GHV RUJDQLVPHV FKLURQRERAWLBDPP R UMVE RIILDGN
VHFWLRQ SUPVHQWH OHV GLIIpUBQ\DX[ GV LRDNVQM[IS Y UHL VP
FRQWDPLQDQWY /HV VHFWLRQV WHWKQLTFXSIRVBQNNO OMVT B
SRXU OD FDUDFWpPULVDWLRQ SK\VLFHRR SRKPLDXHGRNYD J\Hp GK
FKLPLTXH GHY FRQWDPLQDQWY GD Q@G LPH\WQ WL Illg ¥ HQOHH VRIPIL
/D VHFWLRQ GLVFXWH GX FDGUH\GMLPRBLRIQ BWV RSD DD P

&KDSLWUH ODWpULHOV HW PpWKRGHV



3/$1 (;3(5,0(17%$/ *(1(5%/
$SSURFKH JOREDOH

7TRXW DX ORQJ GH OD WKgqVH OH PrBRXSIOPIQDH XS B 8 piQL
UpDOLVpH FRPSRUWDQW GLIIpPUHQWHY pWDSHYV

"'PILQLWLRQ GHV K\SRWKgqVHV ELRORJLTXHYV

3UpOqQYHPHQW HW GRSDJH GH OD PDWWVLFKDPBHEHHSR)
GIH[SRVLWLRQ

3UpOqYHPHQW RX pOHYDJH GHV RUJDQLVPHV WHVWYV
([SRVLWLRQ GHV RUJDQLVPHYV DX[ PDWULFHYV FRQWDRPI
'‘RVDIJHV GHV FRQWDPLQDQWYV GDQV OHV GLIIpUHQWHYV

ORGpOLVDWLRQ HW HVWLPDWLRQ GHV SDUDPgQWUHV 7.

6WUDWPJILHYV

'PYHORSSHU XQ FDGUH GH PRGpPOLVDWLR®HOWIRQpV
EHQWKLTXHV GTHDX GRXFH QpFHVVLVMWWH FROWW ANVRDQWI &
GLIIpPUHQWHY K\SRWKQqVHV VRQW pP IDWHMR @ RKID GRSWOH jFOQ
TXHO FRXSOH HVSqFH FRQWDPLQDQVR QM ¥ WH B GDBWHYSHQLI
GHV K\SRWKqVHV j WHVWHU FRPPH GpYHORSSp GDQV FHWW

Choix des organismes tests

/IH FKRL[ VITHVW LQLWLDQghHwrH QW SSIBHVWQ WXQWWGERY VKD
GYfH[SRVLWLRQ HW GHV BDpS8dFGWpYy UPERMWIHBEROLXXHVODUY
Chironomus riparius XQ FUXV WD F pCabh&WLIBRaBUHh HW XQ PROOXVT
Radix auricularia (Q HIITHW OH FKLURQRPH DX VWOD®GHSOXSDDWJI B
WHPSVY GDQV OH VpGLPHQW DORUVHVXRUQ B QLWHHDW H SH. & HOI
/IH FKRL[ GX FKLURQRPH SHUPHW G {pPRRPHUWRQ HK CIRI\NKR WL
PDMRULWDLUH HW GH FRQVLGpUHU DODOXMMLRIQ GBHQGH FREWH
/ID VPOHFWLRQ GX JDPPDUH SHUPHW GH [BFRYVYMWARUHUHOBKI I
HW RX VpGLPHQW HW FHOOH GX HD/PIGLREODWKHPHQW SDU C

Choix des substances et leurs concentrations d’expositions
IH 3&% IDLW LFL RIILFH GH FRPSPWLEBR GHH[SRYEWLI
RUJDQLVPHV VRXKDLWERY KS\DWQVGBOHY QgGEGLPHQWY HW pOpPI

&KDSLWUH ODWpULHOV HW PpWIK&®&GHV % 30



FRQFHQWUDWLRQ D pWp FKRLVLH W& QMIUDMWLIR®DNV YXW GR XY
VPGLPHQWY HXURSPHQV SUpVHQWpPHHQHBPWWREGLSD QW XO & k
PYHQWXHOOHVY ORUV GX GRSDJH

JTKH[DEURPRF\FORGRGpPFDQH +%&' HVINQXQ XDHBPW B QW
GH ELR LVRPpULVDWLRQ HQ . +%&' FKH] OM\FRQFHHQW/E
QRPLQDOH GYH[SRVLWLRQ SDU OH V) GIVP HIQNVFREKQ H AW E R QDX
WHQHXUV HQYLURQQHPHQWDOHYV pQXPpUpHYV HQ VHFWLRQ

/H e« « SHQWDEURPRGLSKpPQ\O pWK&UUHWEO UG HW WX |
IODPPH VXVSHFEWpP GfrWUH PpWDERCH Y (HQ X& FRIPEE@®V p PR
&KDSLWUH /H WHVW JDPPDUH LP SWGHVIVX D Q VE HVAWY RV H \'S R BA
FRQFHQWUDWLRQ VRXKDLWpH GJ{H[SRWVR@WRPLOGHHRWIGEL)
SV FRPPH OH VXJJqQUH OD YDOHXU VHXLO LQGLEDWLYH

(QILQ OH S\UqQH D pWp FKRLVL pMDOGHPHRW SR VI RUHR/
VRQ PpWDEROLWH PDMRULWDLUH ORWLRQS\U(qQG®X RKIDISDW
/D FRQFHQWUDWLRQ QRPLQDOH GHI[ISRMX HR @ SV HRE J DIQ
FRKpPUHQFH DYHF OHV WHQHXUV HQINRQR QQHPH @ WIDSILWWU SIU [

Hypothéses testées

‘X IDLW GHV SURSULpWpV K\GURSKREHVp GHNW ERQ Q/D
GLII pUHQWHY YRLHV GTH[SRVLWLRQTMMWRGKHT X8 HRKQ WF B Q/\}
UHVSHFWLYH 8QH YRLH GYH[SRVLWLRHVWRRPIRXU GOHR X\ |
H[SPULPHQWDWLRQV UpDOLVpHYV ORUW[SRWVHWSERQMIDW Q8 F
pJDOHPHQW pWp WHVWpPH SRXU OH BIDPRDIWAL RHJ FHS W6 & D Q
GHV UpVXOWDWY REWHQXV SRXU OH 3RMMWMLOOHW OGHV%GRC
SHUPHWWDQW GYHVWLPHU OHV WD GVLL QD X \PD [ RFX P, 5W (GRIL
GTH[SRVLWLRQ HDX VpGLPHQW IHXR@OH[FHPW MWRIRLV¥URR
ELRWUDQVIRUPDWLRQ RX ELR LVRPY KNS RWKRBEOINRQW HQYL

&KDSLWUH ODWpPULHOV HW PpWKRGHV + 30DQ ([SHULPHQWDO JpQpUDO



7DEOHDBOVXPp GHV H[SPULHQFHV UpDOLVpHV DX FRX

&RQWDPLPDQW 38&% +% &' %" ( BU qQJH
(VSqFH &KLURQRPH ADPPDUH 5DGL[ &HLURQRPH *DPPDUH | *DPPDUH 5L
+\SRWKqVH |G D X DX
q Ep R bHow(RW (DX H ( (DX Hw (
GH FRQWDPLQDWAHRQ IHXLODHV HW (DX HW VpGIRHQWOPHV H IHXLOPHV HW
VpGLPHQW VPpGLHHQW
VPpGLPHQW VPGLPHQW VpGLPAHQW
"XUpH WRWIDOH
MRX UV MRXUV MRXUV MRXUV MRXMRXUV MRXUV
OfH[SPULHQFH
"XUpH GH
MRXUV MRXU V| MRXUV MRXUV MRXUV MRXUYV
OfH[SRVLWIR
"XUpH GH Ob
MRXUV MRXUV IRXUV MRXUV MRXU
GpSXUDWLRI|Q
DWULFH GRSpH HXL HV HXL HV
’ ’ ° SGpGLPH ;)\)VHXLO)'E;'VGHLVI\DIAQW 6 GLPI)-|Q-|\M/CO6 GLPH()gvm 1
w
P VpGLPHQpW P P
VPGLPHQW VPGLPHQW
&RQFHQWUQWLRQ Q1 BV QJ ] Q1 BV QS\ QJ J
QRPLQDOH SV SV
2EMHFWLI 9DOLGDWLRQ GX FDGUH GH PRGpOLVI}WL (?_ HW
%LR LVRPpULVDWLRQ %LRWUDQVIRUPDYV
GILQIpPUHQFH
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3UpOqYHPHQW VWRFNDJH HW GRSDJH GHV VpGLPHQWYV

Prélevement et stockage

/IH VPGLPHQW XWLOLVp SRXU OHV HVSpPULBBQW IBML B QWL

-RQDJH

&HWWH

JRQH GH SUPOQYHPH@®WpHBWLROW®pRIQB QL

SUR[LPLWp GHV FKDPSV GH FDSWDJH GYH&KNWIARWDIEQH I&
FRQVLGpUpH FRPPH XM@HEQROQMWURBVYH PGLPHQWY UHFXHLC
FRQVLGpUpVY FRPPH QRQ FRQWDPLQBWYXHX[SEBREDOH SO DR @

$ OYpWDQJ GHV

fo

T9(

H[SRVpV DX 3&%

ILEHOOXOHV
&H VPGLPHQW D XQLTXHPBOW @M\ KKLLURQRF

VLWXp DX[T FRIRUGRQ (

'DQV XQ FRXUV GTHDX SKUpDWLTXH BHXRSUWRLRQG *36

f
QDW

1
LRQDO

f (

(DX JUDQFH

BHORQ OHV GRQQPH\GBXVXPYHD®OJ
OD ULY p DM Q¥ O RIQ TXU

FKLPLTXH HQEOHDZXH VpGLPHQW D pWp XWLOLVp SRXU
H[SpPULHQFHV SDU VLPSOLFLWp GYDFFgqV DX VLWH GH

&KDSLWUH

ODWpPULHOV HW PpWH R®HR/DW B FE & HHPB@W L



7DEOHDOWDW GHV HDX[ GH OD VWDWLRQ © 5L]DQ j OMDWH X
ELRORJLTXH 7%( WUQV ERQ pWO®pWHUPLERQ pMEINVN QF,IQ ®
OLPLWHV GH FODVVHV SRXU OH SDHDPHWEH FRIQYVH@FWp SR
FRQVLGpUp ELRORJLH RX GRQQpH\W LIQWDX\M L BB QWL IF R FSRPUL
FKLPLTXH ,QG ,QIRUPDWLRQ LOQWXkI(BRQWBQFRXU DWWUL

Années (1)

spécifiques
Invertébrés
henthiques
Diatomées
Macrophytes
Poissons
Hydremorphologie
hydromorphologiques

ETAT

ECOLOGIOUE
POTENTIEL
ECOLOGIQUE

ETAT

CHIMIGUE

Bilan de
I"exygens
Température
Hutriments
Acidification
Polluants
Pressions

nts N | Nutriments P

2018
2017
2016

2015

7URLVY VHPDLQHV DYDQW OH GpEXW BHHQYY HUSRpQ HRHQ W R QY
GH VPGLPHQW HVW SUpOHYp j OTDLGHQRIYGD-E G DERKLPFR
&RTXHU\ /HV SUHPLHUV FHQWLPQW UWRQ®WHDQ R W.X BRIDRH
WDPLVpPV j PP DX GHVVXV GH ELGRQW H® VSROHBURISVOGQ!
RUJDQLVPHV H J OHV FRUELFXOHNVWBM[J®EHMW pMHY BEULBRQV C
VRQW VWRFNpV GDQV XQH FKDPEUH IGRRE H Lj Q B XPR X UK XOQv
XWLOLVDWLRQ

JLIXUH7DPLVDJH GX VpGLPWQWH |G >SFIpHIqgBHRHQW | O
JLEHC HO KDXW | GURLVHH®P HYWWHK GH 18 Q!

&KDSLWUH ODWpPULHOV HW PpWKR GHDWY BRH GV 8RQMVHRQGRSDJIJH GH O



Homogénéisation et dopage
/IH MRXU GX GRSDJH OfYH[FqV GTHDX SKRRQOBHEV G RP HV

SXLV OH VpGLPHQW HVW KRPRJpQpLVPXH CPPOQIGH GSIX@HH Ko+
SHLQWXUH SHQGROMWUH PLQXWHYV

JLIXUHFRPRJpQpPLVDWLRQ IGXKHV@ $X O H KW Q LAFDD
XQH SHUFHXVH pOHMWULTXH GIIDNEKHEW 5R QHS®
GHV IHXLOOHV GURLWH

8QH IRLV OH VPpGLPHQW KRPRJpQpLVPOBBVOGBHUYBDUW.L
3\UH[ HQ YHUVDQW i / GH VpGLPWHRWW GDYONL UFK® T XM
VPGLPHQW IUDLV 'DQV FKDFXQH G XRYRXAMHQ D OHRO B WIWRWD
SUpDODEOHPHQW PLVH VRXV DJLWD WRRE HQ@WQ PWILLRH VR R
7DEOHDX8Q VPpGLPHQW WpPRLQ VROYDQW HVW RO FHQ W
VROYDQW XWLOLVp GDQV OD VROXWLHRQ ERX\VBRISOOH V DFROQ@\
VPGLPHQW VRQW HQVXLWH PLYIHWKUHDSHWYBWQRQ KRUL]R Q\

+] RICRIKRJIp QPDVHRQWD P LLPEW ERRPBRWYWLRQ GX VpGLPE
ERXWHLOOHVY VRQW SDU OD VXLWH BHWQH\D QWpFIXQVEAH MO
DYDQW OH GpEXW GH OfH[SpULHQFHR DY LWPFLBHQYR/X GRI
PLQXWHV SXLV UpSDUWLY GDQV OHWDTXDULXPV HQ 33 [

Préparation des solutions de dopage

/HV GLIIpUHQWY FRQWDPLQDQWYV HRQWR @ WH GUBWR BW/L\O L \
$OGULFK 6W 4XHQWLQ )DOODYLHU )UDQBHVRPPBEIAV LNRW
+%8&' ™MUHE' ] OH %" ( HW OH S\UgqQH j HVWGHpWRD®GH
+3/&

&KDSLWUH ODWpPULHOV HW PpWH R®HR/DW B FE & HHPB@W L



PCB 153

$ SDUWLU GH OD SRXGUH 3&% HWWQHHVRIXWHRQDQV O
3RXU OTH[SRVLWLRQ GHV FKLURQRPHYVGHWF BVRWPH UWHRO XKMQ
ERXWHLOOH GH VPpGLPHQW IUDLV XX ¥ FARMFN QDVMWIDIQ R XQH Q
VPGLPHQW VILO QY\ D DXFXQH SHUWIHW SDBRBW GRIY &R XK
H[HPSOH VRLW H®AURQ QJ J

3RXU OfH[SRVLWLRQ GHV UDGL[ FRPPHD LRp O/MQJIHWS [l
VLPSOLFLWp GIDQDO\VHV FKLPLTXHV 3&% GH HOW %ROXW N

J/VRQW DMRXWpV GDQV FKDTXH ER KMHIOHH G3pH gVUpHGRLHPC
FRQFHQWUDWLRQ GTH[SRVL®V R®QWREMWUMMYLURQ QJ J

HBCD
$ SDUWLU G PR SRABUHROXWLRWW] SUpPSDUpH GDQV OfI
DMRXWDQW —/ GH FHWWH VRO BRWVY RRQFD BREHF X\ MLUIDOMNL K

GH QBUHVW DWWHQGXH GDQV OH VpGUOUPHSMN VDQV SHUWI

BDE 99

- SDUWLU GH OD SRXGUH GH %'(D pW® I$ WFSDXM HR®DjQ V (
/H VpPGLPHQW D pWp FRQWDPLQp HQ DMRXW ERWWHLOSOH
FRQFHQWUDWLRQ QRPRUIQGPWHWUDBHW r@UH DWWHLQWH VDQV
FRUUHVSRQGDQW HQYLURQ | QJJ

Pyrene

- SDUWLU GH OD SRXGUH GH S\UqQB pX\pH SVURCSRWMh R C
OfDFpPWRQH /H VpGLPHQW D pWp FRQWRPDRRXVEDQW LU GH
VROXWLRQGSPUIERXWHLOOH GH VpGLPHQW OD BRGHHQWN UWD V
rwWUH DWWHLQWH VDQV OHV SHUWHY pYHQWXHOOHYV QJ .

Préparation des aquariums tests

(QYLURQ [/ GH VpGLPHQW FRQWU{O®VRKXKBDR XM DFX@H L
DX[TXHOV VRQW DMRXWpV GpOLFDWHPHQMUUDLQ@GNMHDNK @H
GIpTXLOLEUDWLRQ GX VpGLPHQW GDQWPRPAV DL DDRWUOX P WU
GHV RUJDQLVPHV SRXU OH GpEXW GIHRWQ WEHHWW N R >SHUPH W LI
DQR[LTXH /YpTXLOLEUDWLRQ VH IDLWHFrEQUDVOXED LT MISI
YLIXUH

&KDSLWUH ODWpPULHOV HW PpWKR GHDW 4 3R GIHH B RQMVHRQGRSDJH GH O



€— &RXFKH R[LTXH
€— &RXFKH DQR[LTXH

JLIXUHS5HIRUPDW L R \G RYLF R MEHNYV COSQURIM. X@H VHPDLQH G
GpFDQWDWLRQ

3UpOqYHPHQW VWRFNDJH HW GRSDJH GHV IHXLOOHYV
Prélévement et stockage

/HV IHXLOOHV RQW VHUYL GH QRXUURQ@XUWpPBRKQV O
FRQWDPLQpPHV /H VAhHXgL@nosd W B @ BVX 8 QO H YappHori § X B SXUMH V LW
XQH IRLV SDU DOQLJXUBBWRRFQHD FRPPXQH GHV $UGLOODW)
HQVXLWH PLVHV j VPFKHU SHQGDQW KD HE DIVFHWP IDLYDH) W WK \W R (
3RXU FHV H[SPULPHQWDWLRQV OHHQRW GHpMW X LXGACLKD\L \&(] D X

JLIXUH&ROOHFWH GHV IHfpTXLSH (FRV

Dopage

3RXU OH GRSDJH GHV IHXLOOHV DY D QO YOH. HHPUEK VD RAM
IHXLOOHV RQW pWp SHVpV HQWUH pWHWQFH BW KBQ RRFE
JDPPDUHV SDU DTXDULXP DYDQW GHRIUHMHW SKAGGDYWU BIRE
GHV VHDX[ /YHDX D pWp UHQRXYHOHhH KDRXKWH O@HRW GNHR KHUXY
WUDQVIpUp GDQV GHV ERXWHLOO W RRWH/UUHGIH DX @K [R
VROXWLRQ GRSDQWH /HV ERXWHLO®R VLYRQW DIOG\PHLQWH S3H
KHXUHV j USP /YHDX GHV ERXWHBAWH\D WR B O/ MDA GHR Q

&KDSLWUH ODWpPULHOV HW PpWH R®HR/DW B FE & HHPB@W L



YLGpH GDQV OHV ELGRQV GH GpFK HW X WHSLSQUMRBW LR/Q W, W\A!
QRXYHDX SDU GH OfHDX GH IRUDJH JSWDSMWLHR © HIY GO @V p®H. R
WUDFH GIDFpWRQH HW DLQVL pY LGS SAHRMNDHF H. CBIROXKUH @ FHHY
3RXU FKDTXH H[SPULHQFH XQH FRQOGLMWLR® MRPRLY FROY
OfLPSDFW GH OD FRQWDPLQDWLRQWRQGLVEXHYTGH SIHMWHQE
JDPPDUHYV

Solutions de dopage
3RXU OH GRSDJH GHV IHXLOOHV J SKR/ G EXIEHV R O XWLK
—J /IGDQV OYDFpWRQH HVW DMRXWp | /| BRE@DKNQVEQDWR)
QRPLQDOH GHI GRQV OHV IHXLOOHV GIIWOQH HQYLURQ

3RXU OH GRSDJH GHV IHXLOOHV J BW GHX QM (VR OXW YR
—J /GDQV OfYDFpWRQH HVW DMRXWp | | FRIGIPXQ VWD WR
QRPLQDOH GH GRQV OHV IHXLOOHYV GSUXOQH HQYLURQ Q

Préparation des aquariums tests

/IHV ITHXLOOHV WpPRLQV HW FRQWDPKQPEVH B W[ DRWVRXN
TXHOTXHV PLQXWHYV DSUqQV O)LOQXMURGXFWLRQ GHV JDPPDU

JLIXUH&KDPEUH GTH[SRVLWLRQ YLD OHV IHXLOOH

&KDSLWUH ODWpPULHOV HW PpWKR GHDW 4 3R GIHH B RQMVHRQGRSDJH GH O
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/H FKLURQRPH IDLW OYREMHW GIXQRMWR{YPRBRGDOV OH
GHSXLV GH QRPEUHXVHV DQQpHV VHORQ XQ$PLFBWRFROH V
FH TXL SHUPHW GH PHWWUH HQ SO DXRHJDDW® HRW EGHIV G H
/YDSSURYLVLRQQHPHQW HQ JDPPDUHWGLHME XON FROp B DY $U
FUHVVRQQLQUH SUpVHUYpH GH ARGWD BMWQ D WX IRIQAH OBGWSKHPR
GpSDUWHPHQW GH Of$LQ f T T9( HWYHF KQIFKHSBKKEX
/(+1$ (PLOLHQ /XTXHW 8QLYHUVLWp /\HRODIJHTEH BKGWMWOE
DGXOWHV RQW pWp SUpOHYpHV GDQWIXQ pWIBWJLE X ODIUNFp
ODERUDWRLUH $YDQW GH PHWWUHLRQ SREBH BWW N HV®&YF
HVVHQWLHO GH VWDELOLVHU O p QHRCXIHV LFROQ QRWH GBIHQ € B WG
PRGDOLWpPV GIH[SRVLWLRQ &HSHQG®®W DGO W HRLD QLFFHK COM
HVSqFH DX ODERUDWRLUH RQW FR QGIXQWGjHDE PIPCRRFMHU F|
HVSqQFH DOWHUQDWLYH D G R RadixpWipulafipO FRW IURQ QP X¥H @®IHUILL
SRVVLEOH GH FROOHFWHU GHV DGXQWHVGH QSBURYWY WHQY
JDPPDUHYV

J)LIXUH&UHVVRQQLQUH GH 6W ODXULFH GH 5YPHQ\GH SIDpEL] Y
&KLURQRPHV
8QH TXLQ]DLQH GH MRXUV DYDQW O R DG/p/EXWGGEHF& | H RSp!
VRQW UpFXSpUpHV VXU OHV SDURLVFBHW @IXIRLXPVXIUT:
PDVVH HW VRQW GpSRVpHV GDQV GX\G IS LIGRUMLIKU MW RS
f& 'L[ MRXUV DYDQW OH GpEXW GRIQW®WHDSQWLHMHAH P DW
FKLURQRPHV VRQW WUDQVIpUpV GDQ\& SO GIQFW LMY WR

&KDSLWUH ODWpPULHOV HW PpWHKR/GRUVJID QUY PRIV HPTHQWKX



GHPL 4XDQG OHV ODUYHV RQW pF®&RWRKO ® HWD QR QG\H ‘% CSIDMY
HQWUH  HW PDVVHV SDU SODW D/XREOBWHQW WDhSmH
OfHQFHLQWH WKHUPRVWDWpH DYHF XQH IPQHSHFRXRKHUGW
FRPPHUFLDOH ILQHPHQW EUR\pH 7HW WVBWP UG LEPUS AR GDK
KHXUH OH WHPSV TXH OHV FKLUR QFAHW SSXVV HQW L\WT B QL ¢
OH ULVTXH GYDQR[LH &HV SODWV \CRQWUVRXOOXDQH BRIQW W
DYHF XQH SKRWRSpPULRGH GH K MRMW GHRLQED®V $BHM V.
JUDWLQV OHV FKLURQRPHV RQW DWWHDQW. ML K6 HFOR[Q WRHHQ |
ODUYHV HVW HQWLQUHPHQW WUDQVYDVWNHEDONUGWHDNX[L
SUpDODEOHPHQW SUpSDUpV HQ EDLQ PPUGH YLOIFRBHHW PR
7pWUDPLQS SDU ODUYH HW UHPSOLVpDREWLRBYHPRQEWDQW
EXOODJH j VXFUH DYHF XQH $KRWRSPHVYRGHUBEHY VRQW Q
TXRWLGLHQQHPHQW DYHF PJ GH 7pWWPPLQBVSDDUYBIVY Y
TXDWULgPH VWDGH ODUYDLUH / HVHWHDRUSBY WD@WVDOR U
j PP FRPSWpPHV j OJDLGH GIXQH WISHWM HXWP L QKXW HVH I
GDQV OHV DTXRUWXMAYV WHVWYV

JLIXUH&KLURQRPHV DX VWDEDHQN QWD QWDPXYpj JDXFKH
FRPSWDJH GH BXKLWWRARHE K UOX® HQMDOVH @PEDXQV G H
OfH[SpLLI j GU

*DPPDUHYV
/HV JDPPDUHV VRQW FROOHFWpPV | QUIXIO®H UHI X Q[ WURKE
PDLOOH —P HQ UHPXDQW OH VXEQYWUMWEDMWMHRB UDHY LSH.WH

YpJpWDX[ EULTXH SRXU OHV GpOHRDKL XWH QHVFROMWHQ XGB)
WURXEOHDX HVW GpSRVp VXU XQHHRPORQQH GHWDWDPLGD.
HW WDPLV PP SRXU QH VpOHFWLR®®&NKDLX\H 6 HKRPIRIRD b
FRORQQH GH WDPLV HVW SODFpH GDQVRLY SN X FG GHIVXVHD
SRXU LQFLWHU OHV JDPPDUHV | GHWRB®BDHHID®@X \U B P& N UG

&KDSLWUH ODWpPULHOV HW PpW K RGHWD @ LAAPHIG G PWEHHYW pOHYDJH GHV



VRQW WUDQVYDVpV GDQV XQ VHDX HPRRDUR®Q SRQUEYABKNU
ODERUDWRLUH OHV JDPPDUHV FROOBFWDVLXREGWS H Q VX LMQ
JDPPDUHV SDU DTXDULXP SURJUBYHNDX HPH ORW DHQ R ¥ DI

I K j “ f& 8Q EXOODJH HQ FRQWLQX X~/ \DIBQ DFD &R QWY
OYR[\JgQH GLVVRXV j VDWXUDWLRQU HWSKRWRKSWM DRER X W
OXPLQHXVH FRPSULVH HQWUH HW R X Laeifuny W HRAU BIHQL V F
IHXLOOHYV GIDXOQHV SUPDODEOHPHRWHP BQHRXj GHIX{ PRI X UG
OH GPEXW GH OfH[SPULPHQWDWLRQ WV¥XOHPWMORWQ QpY SBRRE
GLOXWLRQ GH OJDFFXPXODWLRQ GIHWPHBQMADPLQDQWYV SDU

YLIXUH3rFKH GH JDPPDUHRQ QB XFHK MW DPRY JAHRM OB HW |
FRORQQH GH WOGPIQN CFHRO ©

5DGL]

(QYLURQ UDGL[ VRQW FROOHFWpWBPRBQMDWXE HIQHN W
OHXU WDLOOH LQGLYLGXHOOH | 00D LCRQGNNRUGE ALPRWXULHD
HW  )EBXUHVRQW UDPHQpPVY DX ODERUDWRLURXHUW BDWQY V)
GHV DTXDULXPV GH [/ RUJD QL YV PHRHRMM MHNX DT XXORJ L X3R
UHQRXYHOpPV DYHF GH OJHDX GjH IRUDf& JRXDLXR® GHKRW R

K K 8Q OpJHU EXOODJH SDU S H$XW X QSD DWW M M U L MAXU
GRQQpH HQ VXSSRVDQW TXH OHV URGHQWHVERXOHYVSBQ
OYDTXDULXP /HV DTXDULXPV VRQW HRRX)Y FYW VO BYXRUEBR
VIpFKDSSHQW

JLIXUHOHVXUH GH OD ORQJXHXU GTXQH FRTXLOOF

&KDSLWUH ODWpPULHOV HW PpWHKR/GRUVJID QUY PRIV HPTHQWKX
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/IHV GLIIpUHQWHYV H[SpPpULHQFHV VRQWOZVp&B QW pA-HAW @&/
FKDSLWUHYV HW

%ULqQYHPHQW OHV H[SRVLWLRQV GHWHNKDXRQRPGN NH
VWDGH D\DQW XQH GXUpH UHODWLY BBHQ@\ FFRXH WX B YWDHPU
WRXW DX SOXV VHORQ OD WHPSpUBRXCPXO B\WLEDH D Xp WY HXQ
3RXU OD FLQPWLTXH GX 3&% O M \WHVWR DJPW p \HP HYF RIQXW
DYHF GH OD 7pWUDPLQS 3RXU OD FLOQPMRTDXN TG MW HH V&R

f& SRXU UHWDUGHU OfpPHUJHQFHp BWXOHVVRUDDDXWY P HA
PHVXUpH j OD ILQ GH OTH[SPULHQFHHYI FRI® LK D QF\N p HWX
PHVXUDQW TXRWLGLHQQHPHQW OD WDHO GHR JAH LHGDBUYMDN
3URXLJIJXUH

JLIXUHOHVXUH GH ODRQRPHIVHVENHV PRIXSEH ELQRFXOD

/HV H[SRVLWLRQV GHV JDPPDUHV VH IRQN IOXXV IGHNU \F
FRQGLWLRQV RQW pWp PLVHV HQ SIODIFWLERUY H&HR UK DSPIM.R
IHXLOOHV FRQGLWLRQ ( FRQWDPRIQOWLRQ GRQWDPPQDW
IHXLOOHV SDU OH VpGLPHQW VDQV RELQOWVPKH GH ©HX% @b
WHPSV GYH[SRVLWLRQ D pWp UDOORMWh VX BDXY0HMRMXNOI
PWp WHVWpH /D VXUYLH D pWp PHW\W BH QW X biDOVIL B® D V HF
OD ILQ GH OfH[SPULHQFH - RX - JBRAXNUPN VjXUHUWOHXU \
SODFpV GDQV GH OTpWKDQRO SXLV ISKHRWRJIBHYKUpY \BRXV
6FDQ 3UR $QQH[H $

&KDSLWUH ODWpPULHOV HW PpWKRGHY pW ([BRW VBIHRBL & B ¥ FRP XIDDLW PRIY



3RXU OfH[SRVLWLRQ GHV UDGL[ DX PRODQLMW &% QDo
GRQQpH 6HXOHPHQW OYJH[SRVLWLRQ GPNQBHGXPEHPEBW E
JLIXUH j f& VRXV OpJHU EXOODJH /D GPIOUBWLRORS PH
VPGLPHQW QRQ FRQWDPLQp SHQGDRHV HMWXRINV XD pWHX U DD
OD SPULRGH GTH[SRVLWLRQ HW j OD/RUY GHi \O B UPOULYRIGHH (
UDGL[ VRQW GpFRTXLOOpPV YLYDQWY DYDQW GfrWUH VWRFN

JLIXUH[SRVLWLRQ GHV L3&% %"'(

3RXU FKDTXH H[SpPULHQFH HVSqFH FRQW ML @ PG MP HRHW
IHXLOOHV HW GIRUJDQLVPHV RQW H VBR WUDIHF G X P VF B RQIKDR L
DLQVL GIREWHQLU GHV FLQPWLTXHVRGN ERRMF FX\PRFNPW LjR
DWWHQGDQW OHXUV DQDO\WVHV P DMWUIREHRF DOWIXAH\H W RRX C
DQDO\WHV /HV VFKpPDV H[SpULPHQWDXWVBQ®VSOHVHADRWjJ
VXSSOpPHQWDLUH GHV DUWLFOHV

&$5$&7(5,67,48(6 3+<6,&2 &+,0,48(6 '(6 6(',0(176

$X FRXUV GH FH SURMHW SOXVLHXU\W GIDPE@WQR Y WG I
HITHFWXpHVY SRXU OHV GLIIpUHQWHVGHHSQH P H QW B WDLGRIDV\
FDUDFWpPULVWLTXHV SK\WLFR FKLPXPKMVDGH D BRIGRAALRQ BN F
GHV PLOLHX[ DTXDWLTXHV /$0$ 85 5LR® ONOQWXWHDQQFH
WHQHXUV HQ PDWLQUH VgFKH HQERJRWR USIDQWT K K OCLUWW L\
RQW DLQVL pWp PHVXUpHV VHORQ OHV QRUPHYV,BRUUHVSRQ

&KDSLWUH ODWpPULHOV HW PpWKRKGHPVY X & D UDHW W p GV WH



1) (1 /D WHQHXU HQ HDXSGEBQVIWHW pAHKDRKLYD
GH OD WHQHXU HQ PDWLQUHV VgFKHY VHORQ OJpTXDWLRQ
| soF | 3
6AJAA A= L sr 22 _a=
Iéae
DYHF OD WHQHXU HQ KDO H{BVUYFApEHHHYpGLPHQW KX%PLGH SI
OD PDVVH GH VpGLPHQW VHF SRLGV VHF J

/I TDQDO\WH GH JUDQXORPpPpWULH GHVHVjpEHPMRXW VMW H
SDQQHV VXFFHVVLYHV GH OfDSSDUHLO

'26$*(6 &+,0,48(6

/HV GRVDJHV GDQV OHV GLIIpUHQVOID\E PDIWUREBN &B V8 K\
WR[LFR FKLPLH GH OJHQYLURQQHPHQW/DO®HRFIHLYHUVLWp

SUpSDUDWLRQ GHV pFKDQWLOORQV

'f{XQH IDORQ YpIXgUHD OHYV pFKDQWLOORQV VROLGHV O\R
OfDLGH GX$EWREHXOULOO j FDSVXOH LRBUYQD XMKQAWHH GHQH BUL
DXWRXU GH J HVW HITHFWXpH SN WHFWDD MR YW | DODW\V. RO X
LQWHUQH (, RX OD VRDEWLR®HGH PD@®HMIVROYDQW GLFKO
ITH[WUDFWLRQ VIHIIHBWXH WRQH SHEFRSBQWH PLQXWHV 3D
OHV H[WUDLWV VRQW ILOWUpPV | QNH GH & HHUQ HH QSR Y QRH |
VRXV 10OX[ DJRWH | f& HW UHSULWG®GBB VG B HS ®Y L MADRMNLR
3%'( HW +%&' OHV H[WUDLWV VRQW G SRV N XOF X®LIH LR IHF
SXLV pOXpV IRLV DYHF P/ GH '&0 RXWHGRBIQNNLY ORFR Y
VRXV IOX[ GID]JRWH HW UHSULV GDQ\WB H OW KD RROW BQok& ' 3
SXULILFDWLRQ GHV +%$3 VH IDLW HQ IGAHDX\W LRQDSNW IBQHFS
GpSRVDQW OTH[WUDLW VXU XQH PLRWR FRQOGRWHRGNPOIXPY
GH '&0 SXLV pOXp WURLV IRLV DYHF PHBRIQRHQWHM \H [WRX
GYDJRWH HW UHSULV GDQV GH OTLWRRFWDBHHBW KX p& HXYIH
VLOLFH SUpDODEOHPHQW FRQGLWLRBKQPOWRLVHRQ PHV®H p¢
SUHPLQUH IRLV DYHF P/ GH SHQWD QB ADVQRIMW [B\X IS\R X\@ Hp Q&L
IRLV DYHF IRLV OH PpODQJH 3HQWDVHQ L&D OTH[WUDLW TX
QRXYHDX UHFRQFHQWUp VRXV 10 X[HG /BI\R M HWK\D LWHS U L V—G

BROXWLRQ GH QDWLIV VROXWLRQSPRQYWISQRQWRXORRLFKRPSRVpV G LQW

&KDSLWUH ODWpULHOV HW PpWKRGHV = 'RVDJHV FKLPLTXHV



HQVXLWH PLV HQ YLDOV SRXU DQDQVGAD NG X WYQ RIQDWHRXLVD
SRXU Of+%&' HW OTJK\GUR[\ 3\UqQH

JLIXUH/HV GLIIpUHQWH B pWLSRY GTH SHHD/QVD OR QD \WRIO L ¢

3RXU OfDQDO\WH GX PpWDEROLWH SU @ LOBO$IUBW SRR
SUpSDUDWLRQ GHV pFKDQWLOORQV) IHWW HG 124 LpLLijkY ®I W HRNW B
SULVH GYHVVDL GH J GH PDWULPMWHI GDADVF p HP /GE THRQ X\
DFpWDWH S+ /TPWDORQ LQWHUQHD LW ® R QFMR FDSVRRPW
PFKDQWLOORQYV —/ DLQVL TXH PHU BHS WRPXFKRIURRD G/
SODFp HQ LQFXEDWLRQ j f& SHQGDRWWN WUD®V IpWp pFEDQ
)DOFRQS P/ SRXU rWUH FHQWULIXJpXUQPUBRQYWVYP VXEL
SXULILFDWLRQ VXU FDUWRXFKHV 63(HQWUDWLRQ R/RNW DOXH
i VHF 3RXU FKDTXH pFKDQWLOOR QKDXREXSRM/ HWW D KARKRA|
GDQV XQ EDLQ DX[ XOWUDVRQV SHQ8&DHWHX[RLOKWHY WD
HITHFWXpH HQ D\DQW SUpDODEOHFRDV BXIORWGHX R R & WHID}
OYDMRXW GH —/ GIXQ PpODQJH OH'¥XUQ@BI2HD QW ¥ W

—/ GH OH2+ DX[ pFKDQWLOORQV GH I FXORN H X\DH SPOULWM
1+ VpSDUPPHQW SRXU OH VXUQDJHIPXIWM KW FRIQ FFHX@VRWD WL

BROXWLRQ VHULQJXH HOOH HVWJIBMW®XGW H XD W.IQI LGHH FCHIL § WO DR DR
FDOFXOHU OH UHQGHPHQW GIH[WUDRPWLR Qi XFE HIVX 5 FSWW R M VO RBUHV YG H LD DF

&KDSLWUH ODWpULHOV HW PpWKRGHV



VRXV IOX[ GID]JRWH SXLV GIXQH PLVIDMOXWpPDGHY pFKkD G
DYDQW DQDO\VHV

JLIXUH3UpPpSDUDWLRQ GHIOQMW KOIMWLDID BV 2+ S\UqQH

'DQV XQH GpPDUFKH FRQWU{OH T XD ON VDM RXW f GEIDIFY GHr
VPpULH GH SUpSDUDWLRQ GYpFKDQWLDPRIDBRXKY ORDVV !
GLIIpPUHQWHY pWDSHV RX WRXW DXX®RpEOKD@M LODO RRDGQM |
JRQWDLQHEOHDX GRSp HVW pJDOHPHIQMHGWpSHHPNEIBXW L\
VPULH GTpFKDQWLOORQ (QILQ TXDH) G H HpDpUNQFISRBBDE
pJDOHPHQW DMRXWpH j OD VpULH GOKHPKRAWG®OR\QUID S\ K|
VHFWLRQ

3RXU OHV PDWULFHV OLTXLGHV OH\OpFKDQYWR S ©OURIDV>
DPELDQWH TXHOTXHV KHXUHV DYDQWHCHRXW |k O MPULIW URQ D\
SDUWLFXODLUH j OJDLGH GIXQ HQWRQOQRQUDLSWp 6 DEDBIPH
SDSLHU ILOWUH PLFURILEUH GH YHUUHQGWHXQH PGpP)D)U F KK
FRQWU{OH TXDOLWp GHV EODQFV OKQHW pdD R HPAIOQW DU @SA
OfHDX GRSpH SRXU FKDTXH VpULH GYDQDO\VH

&KDSLWUH ODWpULHOV HW PpWKRGHV = 'RVDJHV FKLPLTXHV



)LIXUHG\VWgPH GH ILOWUDWLR

$QDO\VHV
PCB 153 et PBDE

/JHV pFKDQWLOORQV GTHDX[ SUpDODPEOHEPR G\W LLIDPALR
SKDVH VROLGH 630( FRXSOpH j XQH FKEWPBRW RjJFDSRALX
GIpPOHFWURQWVJX&H&D GXUpH GH OJH[WUDFWLRQ HVW GH
GXUH PLOQXWHV /D WHFKQLTXH 1(I&' UV L8 DFV XIQHX I ROU B
UD\RQQHPHQW EHWD LQWHUDJLVVDQWOE YGIF G VHRAWH. B p
POHFWURQLTXH YD rWUH IRUPp R+ \ORR PERVPW URDOR Y RPNV L
GDQV OHV pFKDQWLOORQV UpGXLVPWWR QW FOSLREWMHMI HPHVDWY/
WHPSRUDLUH HVW PHVXUpH SDU O HVGLPIW HIR&'HBN VUWH WQRHR @Y YA i
DQDO\WLTXH WUQV VHQVLEOH DX[ PRI®pFKD HR RDORVFMWUR QO
SHX FREWHXVH PDLV TXL QH GRQQBRXDVOGIYL @ FKDRDIWLOFOR
OHV PpWKRGHV RQW pWp RSWLPLVpBYLRRWW OD GRW HF W MR
HW $LQVL OH WHPSV GIDQDO\VH VD ST UWAUHHV G3L9%P' [ QHK\
PLOQXWHV SRXU OH 3&%

JLIXUH([HPSOH &X&&XWLOLVp ORUV GHV DQDO\VHV
FKDVQH GH FKURKDLWR IJXIWIISELWpE LS ®RAY YEHV jDAALRAWHY G

&KDSLWUH ODWpULHOV HW PpWKRGHV



HBCD

/IHV LVRPQUHV GH Of+%&' GDQV OHV PDMULFBIY VR
FKURPDWRJUDSKLH OLTXLGH XOWUD JXHUI FRXBOPH j8X@H
VSHFWURPpWULH GH PDVVH HQ WDQGH® HOBNOGH /H PWERW
%ULqQYHPHQW / 83/& UHSRVH VXU O HEFEREBRVOHXGH SBDWH
LQIPULHXUHV j —P /H GpELW HVW DIORWLY TDX BRQYALPN HR U ¥
VDQV DOWpPUHU OHV SHUIRUPDQFHV F®&DRPIDHNFRVIWDRSHKW T X H
HQ WDQGHP FRQVLVWH HQ OD VpO$FW XRQSE HPQ HIR @ VDD\E
HQ OYDQDO\VH GHV LRQV LVVXV GH GDQWpORPSHRYQWQR G B
SDU XQ VHFRQG DQDO\WHXU ,FL OHV D\DRP qRH W G B QW1 M4
TXDQWLILFDWLR@DVVH VXWz)FKKW JJBD PrPH WUDQVLWLRQ G

I miz 6HXO OH WHPSV GH UpWHQWLRQSKKURFMXR/LGH O
SULPRUGLDO GYDYRLU XQH ERQQH VpSDUDWLRQ GHV FRPSF

3RXU OHV pFKDQWLOORQV GYfHDX XM E&JDeheHH +3/& SO
,QILQLW\ %LQDU\ 3IXWSNHPSYWGIYDFTXLVLWLRQ HVW GH PLQ

Pyréne et 1-OH-Pyrene

'DQV OHV PDWULFHV VROLGHV OH SVUWEKLUH pHAp IKDD
JDJHXVH FRXSOpH j OD VSHFWURPpWULHFBKSROPVVKHQ *&606 \
$IJILOHQW 7THFKQRORJLHV /LWWOH )D/VQ@ONLRQ HBWW GH WRE
%ULqQYHPHQW OHV FRPSRVpV VRQW RpFPOPDNUAHMW DEKORXQH BGH X
SURSULpWpV FKLPLTXHYV GHV FRPSRNVNRORQWVWBHSQQVIKOMM F
RQW GHV WHPSV GH UpWHQWLRQ GLIIpBFHQWNL WHIPBNWS
VSHFWURPgWUH GH PDVVH GH FDSWROHBXQRYQLVBRF pIQUDUIH
GpWHFWHU OHV PROPFXOHV LRQLV DHS\G XWXV pAK D P IVXO |
GYfHDX RQW TXDQW j HX[ pWp DQDO WPV RBOWUG PLKRWRFKUARPDR
HQ SKDVH JD]JHXVH FRXSOpH j XQ VSHFWURPRIWWUR @& HVRJID\FVY
VIHIIHFWXH DYHF XQH ILEUH 630( 3'06SKDWH OILAKHGWL @ QL
GIpFKDQWLOORQ OH WRXW SODFp HQ@&& QHXEPMKIRIWEBQGRI
SDU OD VXLWH H[WUDLWV SHQGDQWGpWVROQXWIHR/Q] HVW & /
/TfPFKDQWLOORQ D pWp LQMHFWp GDQY¥ 9D *& & $SHROPIRGH 7
© SXOVHG VSOLWOHVV 2 DYHF XQ WWHAPLY/ 5 19 I SEKKNUMIHR QHG HPS
pWDLW GH SVL SHQGDQW PLQXWGOGIVXP YIHVFH FRP@ HG BIL

P/ PLEXU XQH FRORQQH +3 06 8, $JLOHQW 7HRXKWRIORXp!

&KDSLWUH ODWpULHOV HW PpWKRGHV = 'RVDJHV FKLPLTXHV



GH GH 3KHQ\O OHWK\O 6LOR[DQH PPH GTp8PLEVBRKGYWGE
SKDVH /D WHPSpUDWXUH LQLWLDOWY ®XDVWD @Wp PEXISHQ

f& SDU PLQXWH MXVTXYj] DWWHLQ®RWHHVW & H/H WIHPXSW H
VSHFWURPqWUH GH PDVVH $JLOHQW UWDPHARPRIKXOW AR QL)
SDU LPSDFW pOHFWURQLTXH j  HO9 X XXHD @UHLPSS[OUHD W X UHWG H
UHVSHFWLYHPHQW HQ PRGH GH GpWHV¥XW R® /W DELQLMIHR Q

m/z

/IH 2+ S\UqQH HVW DQDO\Vp SDU FRXSODVH RK 0B pI6® WIC
,QILQLW\ /& 7ULSOH 4XDG /& 06 /PIIFRIORW Q7HH FXKAQLF
SRXU OHV DQDO\WHV HVW XQH $FTXLW\ [83/&Po(:DWHUV —OF
WHPSpUDWXUH GH OD FRORQQH HVWIH[WH DLWfRUJDB QrLROCK!
—/ /HV VROYDQWY GTpOXWLRQ VRHW Y RIARL kb $ P pi\D K DXQO
JUDGLHQW FKURPDWRJUDSKLTXH GINW j XRLGFHpBLMWGH YRV
SHQGDQW OHV SUHPLqQUHV PLQXWHNV YRILWHE KBQHD @IV SOQH/
YRLH % SHQGDQW PLQXWH HW HQILWSHQGYTRLW %P LB XMH-
GYDFTXLVLWLRQ HVW GH PLOQXWHWDWYRSDVBRYW OHY &M
WHPSpUDWXUH GX JD] GH GpVROYDWYYPMA RQ ORMWWH BHYV W BRI
SUHVVLRQ GX QpEXOLVHXU HVW GHSRXV IO HX QM| WRDAEHRH DXV
GpELW GH HWP&BY WHQVLRQV GH FDSLOODLWH\R @W & 18 XEXN\
5HDFWLRQ ORQLWRULQJ 2 050 UHFKm2BRXHYVOWHRQ®W+ S\UqgQ
DYHF XQH pQHUJLH GH FROOLVLRQE GHH9 HRRXHWOH 2¥HI\NU
GHXWpUp

AXDQWLILFDWLRQ

/D TXDQWLILFDWLRQ SDU pWDORQQFRP IRWH p\@ B OREF I
VWUXFWXUH SURFKH GH FHOXL j GRDRWL RAY pRAARIARG! L B VWM L
GPpEXW GH PDQLSXODWLRQ SHUPHWXBQRWRH ROH YAH SR
GIpFKDQWLOORQ HW DQDO\VH

$YDQW FKDTXH DQDO\WH GH VpULH GW GHpRKBR®WYEOE
FRPSRVp | GRMHW GpWHUPLQp SDU UDSSRUW DHXD URQXWG R C
FRQFHQWUDWLRQV FRQQXHV (T

| aocutvfiza
I % faocuu

&KDSLWUH ODWpULHOV HW PpWKRGHV



DYhmi OD PDVVH GX FAR PGSO B DAML D frip\WDD R Q VIMGHWGI ) @H] p W
LQWHAR O HDM.U GX FRPSRVp QDWLI

8QH IRLY OD YDOHXU GX FRHIILFLHQWH GH. QHY RQIN H BRY
FRPSRVp  DQDO\WHU GDQV FKDTXH pFKDQWLOORQ (T

fiy, A

baoguly - F 1 ouab 7——
40¢0U

&KDTXH FRQWDPLQDQW DQDO\Vp GDQNpF$IVUWILDSYIRU WG |
PWDORQ LQWHUQH DVVRFLp $LQVL PHW3®% 3&%VW TXDE@W
DVVRFLp j OD VROXWLRQ VHUR®RIXHORIVKW'D FK €& R/UR QBSH WD
%'( 10OXRUp ) %'( OXL PrPH DVVRHALPE&|1 OD Y\HEO G W/ LARRYJ L\
ODVVO\Q[ OHV WURLV LVRPQUHV &H +Q¢& % & Y BB UOHDGSE RIL
ODVV+XQWHU OH S\UgqQH SDU UDSSRBW DXVRPLRUDQW K/RJ
VHULQJXH S\UgqQH G HW OH 2+ S\Uj @H pNWDXD R G DEHAXIW IpJ
3\UqgQH DYHF OH ORJLFLHO *&06 GDWD DQDO\VLYV

8QH VROXWLRQ VHULQJXH GH FRQFH®WED WLRRQV BRI
UpFXSpUDWLRQ HVW DMRXWpH HQ®HLQQGHL B R UG HMW P WHKRQW
DYDQW OfDQDO\WH SRXU OH FDOFXO G¥HUMQBHPHROW G&
FRPPH OHV pWDORQV LQWHUQHV VREWVGBPERVLRQ VKOVOYKE
PrPHV SHUWHV TXH OHV FRPSRVpV GWQWDLLY WU Q WQHF \8 H R
UHQGHPHQWY GJH[WUDFWLRQ SDU OHV pWDORQV LQWHUQH

$ILQ GTpYDOXHU OD MXVWHVVH GHppPRLHILFSK 6 B WWR QL\p V(
PDWULFHVY GRSpHV VRQW XWLOLVpW VR RPSBL\pWHH] FFEVD B G X\
(T

[ A
NAJ@A @MQ=JPEB " : L —22288, o,
I 6vaec
&RQWU{OH TXDOLWpP
Limites de détection et de quantification

/IHV OLPLWHV GH GpWHFWLRQ /R'" HWK®HXHXPQWKRGE
DQDO\WWLTXH RQW pWp GpWHUPLQpHRW S B XAHFKDW XH FHM GH S
GH )RQWDLQHEOHDX GRSp HW j SDUWRLUFBYXUHOBRR G iH @D
SHWLWH FRQFHQWUDWLRQ SRXYDQW DN¢EHSWDVEDHW pPHD LDVY
TXDQWLILDEOH /D /R4 FRUUHVSRQGSRXXDD Q WX MV HWILX\DHQ W

&KDSLWUH ODWpULHOV HW PpWKRGHV = 'RVDJHV FKLPLTXHV



IDORQ ILDEOH 'DQV OHV PDWULFHYRGERBQBYH HEOXOW W P'RQ &/H!
GX FRPSRVp j DQDO\WHU j SDUWLU GXRUDSSHRU WM VW IJQRQQ\}
XQ 6 1 HW OD /R4 SRXU XQ 6 1 DH KD XMDHDXOU FRX US-
FKURPDWRJUDSKLTXH GX FRPSRVp D QD0 WX WX O HP [E[W R DX
YDULDWLRQ GX EUXLW GH IRQG 'DQV ®HWHEP®RQEMV GV PR
OfpFDUW W\SH GHV FRQFHQWUDWLRQRA PHMYUPHYHKXDY RER
VRQW SUpVHQWPHV HQ $QQH[H &

Blancs de manipulation

/JHV EODQFV GH PDQLSXODWLRQ VXEENNEAWWOORWY \P r®BY)
SUpPSDUDWLRQV MXVTXTj OHXU DQD®WWH DB EHD @ K DS/IVX Uvt
ERQQH PDQLSXODWLRQ HW SRXU VXQH HLROWOM G HO D DF B Q Pl
PFKDQWIDPROMX3IRXU WRXV OHV EODQFV GH PDQLSXODW
FRPSRVp GILQWpUrW pWDLHQW LQIpULHXUHV j OD /R4

7TDEOHORPEUH GH EODQFV GH PDQLSXODWLRQ UpDOlI

38 % F%&" %" ( 3\UqQH 2+ 3\UQqQH
oD WULEGY Q Q Q Q
(DX[ Q Q Q Q Q

Rendements de récupération

/HV UHQGHPHQWY GH UpFXSpUDWLRQ@RORB H/T N [RANQUND RV VF
GDQWDIHDHDX QRWHU TXH SRXU Of+%&' XQ SRLRM FRQW
FRQQXH HVW XWLOLVp SRXU FRQWUWPH s OXOUJ JOP PTHX lEGIWREL
SHUPHWWDQW pJDOHPHQW GH FDOFXOHMHW X QUIEHPGHHPW\Q \
UpFXSpUDWLRQ FDOFXOpV VRQW FRBSWLH XYIIWBERQQH W p F X
GHV pWDORQV LQWHUQHYV

&KDSLWUH ODWpULHOV HW PpWKRGHV



TDEOHDXHQGHPHQWY GH UpFXSpUDWLRQ SRXU OHV F

SHQGHPHQW GH
&RPSRVp DQDO\Vp
UpFXSpUDWLRQ

3&%
%" (
%" (
+% &'
+%&'
+%&'
3\UgQH

2+ 3\UqQH

Rendements de quantification

'LIIpDUHQWHY PDWULFHV GH UplpUHQRH RIHN ODW M XALHD
PDQLSXODWLRQ

650 E VpGLPHQW PDULQ FHUWLILp SRXU OHV +$3 H
650 D P RitiddHedulis FHUWLILpH SRXU FHUWDLQV 3&% |
650 WLVVX GH SRLVVRQ FHUWLIEBP&RXU FHUWDLQ'

3RXU OHV DQDO\WHV GRQW DXFXQH ®RIUTPAWDLWELVSRG
VDEOH GH )RQWDLQHEOHDX GHV JDP RIDWH W WPN GIRIXEL\D OHR/)
PDWULFHV VPGLPHQWDLUHY OHV UHQGHPHQWEOWR®W ERQ
3RXU OHV RUJDQLVPHV OHV UHQGHRWQWYV VRRXW FRIMHUDKF
UHQGHPHQWY VRQW FRPSULV HQWUH HW

&KDSLWUH ODWpULHOV HW PpWKRGHV = 'RVDJHV FKLPLTXHV



7DEOHDXHQGHPHQWY GH MXVWHVVH RX GHNVHXDRMN ULFHW LG
UplpUHQFH 650 RX GRSpHV

-XVWHVVH
(DX 6DEOH *DPPDUH )HXLOOH 650 E 650 D 65
3&% 0 o o Q Q
% “ e o Q
o Q o Q
we o 0
f%& Qo 0
TRE 9 g
3\Uq QH Q“ ©Q
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02'(/,6%7,21 (7 ,1)(5(1&(
ORGpOLVDWLRQ
Cadre générique

/JHV PRGQOHV 7. VRQW GLW JpQpULTKHRDQRYWH X T8 ONGVR
GHYHQLU GIXQ HQVHPEOH GH VXEVWB®BEHY GDQV GLIIpUHQ

3RXU OHV LQYHUWPEUpPV DTXDWLTXHV WDIRW JDLYAW IPGIF W
RUJDQHV 'DQV FH FDV OH SURFHVVXY GB GLRPBRREXODNM
XQ RX SOXVLHXUV IOX[ HQWUDQWNO XJ EMRIVBIVQWR Y  pHOW PLQ B
PTXDWLRQV GLIIpUHQWLHOOHYV JpQpWHNVX R LHYVH G5 DR EW RIDS
GIpOLPLQDWLRQ GLVWLQJXDQW O 5 BSODWIHWE RDF AXP X & D WA
FLQPWLTXHV GH SUHPLHU RUGUH SHXYHQW V{pFULUH (TV

p
(‘dCt’_ 'n o] i 4 . I3
f'T__I IkixCi.I,(-.I kxC it/ —r C 1| Clp
i=1 =1
. E
C@® )
¢ L Fi@@a %A o —="PP P
¢ @ ¥t

DYBE OD FRQFHQWUWDIWGRQVQITRUIDQLVPHHBQWRXIUWWDX W
QRPEUH GH VRXUFHV GH FRQWD®HQW QXWVGIREY RONRWUR Q LS/
GH FRQWDP MQMWILRD FRQFHQWUDWLRQ GX FIRQW MAHRDQW
QJ JS\p OH QRPEUH GH YRLKHDH WDXP GIPWLRIQDWLRQ FR
SURFHW/MWOH WHPSV FRUUHVSRQGDQW j ODRIXQVGH OD SKEC

(Q FRQVLGPUDQW TXH OHV FRQFHQWWDRQ QR \G CFR\Q D\ |
FRXUV GX WHPSV FEDV SDUWLFXOLHWHGH TRFOUGLRMDNVR QV  Gif

SHXYHQW rWUH LQWpJUpHY DQDO\WLTXHPHQW (TV HW
: 3 ~ - (A K axt
r. L AL kxCy; A kxCi LELE
(Ctz —p—— +1Co —p——(xe SREYUL<t
Ak Rk
¢ A kxCs - A ke xCo -
‘Cty - .:?_pk.xc,_, x g Fulix i g —F{;pk'—xc"’qx e kAt g R pett,
C Flk" j=1ki

DYBF RXt& OD FRQFHQWUDWLRQ HQ FRQWDFRL@I@W GDQV
DX GPEXW GH OJH[SPULHQFH
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/H PRGQOH JpQpULTXH FL GHVVXV SHXQ r\RQHAWLERDS W E
FRQQDLVVDQFHV GLVSRQLEOHV VXU ®WRWH CFRIOAR B P PRIZHIWG

Prise en compte de la croissance

/D FURLVVDQFH SHXW rWUH FRQVLGpWphRQ@FRPPEVXQDSPR
Re HOOH FRQGXLW j XQH GLOXWLRQ R PR DWDFP\L QDHX\D GBIl
HVW VXSSRVp JUDQGLU SHQGDQW OH® HH JDpMILL[H @FH ¥ URRX
QpJOLJpH SRXU OD GXUpH GHV H[SPULHQFHV

/IH PRGgOH GH FURLVVDQFH OH SOXQIRWLOLVp HVW FHOXL C

@:l; y ..
—@L(( H .a0e 11352 L oot wpr i HEH
Ret HVW OD WDLOOH GHt OM RIXMD@D WVWPHLO® WAPRWDOH GH

PPLo OD WDLOOH j OD QDLV VD &FGIHGW DX RAH FQ RLRN DOFE HH \

/IH WDX[ GH KUBHXWDRBRUYV r'WUH LQWpJUp GDQV OHW pTXELC
SRXU OTHQVHPEOH GHV RUJDQLYPEW OYREVKRWSWH PR (
OHV IHXLOOHYVY HW OH VpGLPHQW QE& VIHKXWH DIR G Y OXW E B QU

%f ke TGy k 1C. ke 1C; k Kk, Tt SRXYt<t,

e

Rke OH WDX[ GIDFFXPXOQWLR § FE@AHQ ZWHIDW IMRQ WRWDOH G
—J /k OH WDX[ GYLQJHVWLRQCSIDJ FRM RHRXW UDWXBEB WR WD
GDQV OD QRXUSNKWOM W DX] BILQJIJHVWLR Qs SD UF ROIFWERGN. B BI\G
WRWDOH GJH[SRVLWLR Q S¥/XPWDOW VYCGR QW LQDWLRQ M

Prise en compte de la biotransformation

/ID ELRWUDQVIRUPDWLRQ HVW FRQVLGIODMHRGRBRMKUXQ
FRPSRVp GDUQWYIDMRXWH D XK GVX[/18 Upd-W € HDR ®/QMMAD X [
GTIDEVRUSWLRQ TXL HVW VXSSRVp PO IKkRD OMHLEQW LD X XW B & [ WA
GITPOLPLQDWLR eletRUUHVSRQGDQW

$ SDUWLU GH OTJpTXDWLRQ O 1P TKIDWMRLY YOHD GBYO ¥ R FFRAP\S
FRPSUHQDQW OfYDEVRUSWLRQ SDU DNEDKX TEGH ODGGREOEWLI
FURLVVDQFH HW OfpOLPLQDWLRQJ®BULBHMRWUDQVIRUPDWLR

Ct

ky TCw ks1Cs kTG Kk, ky Aler(ye Tt SRMOKt<

Rkmx FRUUHVSRQG DX WDX[ GH ELRWUD GVQRWPP K xRHMWERXO E R/

&KDSLWUH ODWpULHOV HW PpWKRGHV £ OF



z HVW OH QRPEUH GH PpWDEROLWHYV

ID FLQPWLTXH GX RX SGHWProyWJIHE RPWMWMY GH OD PDQLQqUH VX

Rl | P ok -k F R (paget Yagel: 8 R b,

x¢

R*%gp.4fP ;0D FRQFHQWUDWLR®I GX PIpXV BVEHPBY/ WM, « IOW W D X |
GYpOLPLQDWLRR GIRPPWDEROLWH

/IHV pTXDWLRQV HW SHXYHQW rGWJ B 0. @WhH U PR @
OfpTXDWLRQ

$MXVWHPHQW GX PRGgOH DX[ GRQQpHVDNpSThBIQRHQ WD O H
/TLQIPUHQFH %D\pVLHQQH HVW XWLOGXpRARSR)OW HWXLL P
DMXVWpH j WRXWHY OHV GRQQpPHV H [ pU/LRPTH® WIDIDHW VD Pt
OHV PRGQOHYV 7. VRQW FRQVWEW X 0BDQYXQH TSDUWHMW G
SDUWLH VWRFKDWHEMKIHRQ SUpFpGHQWH D/ VB p& ¥ Q W |
PRGqQOH 'DQV FHWWH VHFWLRQ GQHW rOVHQ 8 LW R DRADOW L T X

Stochasticité

/D FRQFHQWUDWLRQ REVHUYpH GX FRPGW 3MIQQEDRW GIHY.
H[SPULHQF KM OQRWPHX&H ORL QRUPDOH (T

&etv Ct H DYHHE O, B

Re FRUUHVSRQG j OP GRUUWRMBRIOH | &®D FRQFHQWUDWLRC
OYRUJDQLVRHSDNGUWMRSSDU OH PRGQOH VHOR® TpH\D p WX\ WBL
GH OD FRQFHQWUDWLRQ GX FRQWDPLQDQW GDQV OJRUJDQ

/ID FRQFHQWUDWLRQ REKVE8DYKY¥HOXR WPIDQR ERE] GEHOWH P 8§V
H[SPULHQFH Y. s QR WL W pJDOHPHQW XQH ORL QRUPDOH (T
Cavaoell Cagelll Mt DY BE O, Inet?

R*%ye:R FRUUHVSRQG j OD FRQFHQWDQWLRIR BIO @ pWAIHE DXL
SUpGLWH SDU OH PRGQgOH WHOROQpPNUYWXDWIHR GH ODHMRQF
PpWDKR®LGM OTRUJIJDQLVPH

/D WDLOOH REVHUYpH GHV R UtJB 8 Q\GRHMW DXHNR N [B\b GLH ©
/retv VXLW XQH ORL QRUPDOH (T

&KDSLWUH ODWpPULHOV HW PpWKRGHV + ORGpOLVDWLRQ HW LQIpUHQFH



Lobst Lt H D\HHBE O, la

R4t OD WDLOOH SUpGLWH SDU OH PRGEOH G HHSWR®F BWBW W L
W\SH GH OD WDLOOH GH OfRUJDQLVPH

Représentation graphique

3RXU LOOXVWUHU OHV OLHQV GpWWURLIQALWYWANAHVHNWY B WL
SDUDPqQWUHV GX PRGgOH GHV JUDSKMMHGHMW\BRPWFROEFEDRISYK R
VRQW XWLOLVpV /HV GRQQpPHV REWHVHQW VH W % DAR GHWYL D E
DORUV TXH OHV YDULDEOHV DO pDWERIOIHAY HB RSDAD KB\HY SO
VRQW OHV Q°XGV GX JUDSKH OHV QXX @D QX REOP HDIBLUHH DIH
GpWHUPLQLVWHY RX ORJLTXHV FRWYVHVEBABRGW QWX HD X[H VC
VWRFKDVWLTXHYV VRQW UHSUpVHQWH\WQWDW IORHY JOQBEKH YV X3$HC
OH SOXV FRPSOHW (TV HW GRYHMP D KHMD EOO H\D VS W\
V X U) lOIX U H

Définition des priors

/IHV GLVWWELpEXKWRRQYVpWp GpILQLHVY VHORQ OHV GRQQr
OLWWpUDWXUH HW VHORQ OHV FRGQDLWOFRHVEOHGXVSRQL
UpVXPH OYfHQVHPEOH @istiv XCULLVONLYVIpEHXWIRXQYW OHV GLIIpUHQ!
PRGgOHV DX[ GRQQpHV REWHQXHV DX LQDEBPDWIRRQ Hp WMQ
GLVSRQLEOHY GDQV OD OLWWpUDW M UMHR POQH WK NV (GLpE X /D
GRQF pWp GplILQLH SRXU OD SOXSDWIWXHGOD SDhVD/RGW XWV R
REWHQXH pWDLW SURFKH G HavpriorL P DWIHQI pGJHH QDFCH GOL \pW/p L 6 K
UpDOLVpH DYHF XaQptioriG ISRVVYPEDPWMR GHY ERUQHV SOXV C
XQLI i 3RXU OHV SDUDPqWU DV VAR ¥ WP H ¥QiRvNV UIBE X QY
JDPPD QRQ LQIRUPDWLYH P¥DWLDRAH GG RWY XD
FODVVLTXHPHQW 2dAW.LOLVPHFKDRPBENUNW &KDORXSND

&KDSLWUH ODWpULHOV HW PpWKRGHV £ OF



JLIXUH'$* GX PRGQOH 7. OHHWSDXMNFFRRIRQV VRXUFHV G
FRQWDPLQDW b RDX H LD \P W W R RLY VRXUFHV GYfpOL
HIFUPWLRO GLOXOAHR @ V8 EW FOVD!

&KDSLWUH ODWpPULHOV HW PpWKRGHV + ORGpOLVDWLRQ HW LQIpUHQFH



7TDEOHDXpVXPp GHV GadprictiULEXWLRQV

&RQWDPLQDQW 2UJDQLVPH 3DUDPQWUH 3ULRU

3&% &KLURQRPH N QRUPDO | R J
6 F K XeOal U
H QRUPDO / R J
J QRUPDO / R J
PDJ QRUPDCQO R / J
5DGL[ v N XQLI | / R J
H XQLI i / R J
*DPPDUHo N XQLI i / R J
v XQLI i / R J
H XQLI i / R J
%" ( 5DGL[ v N XQLI i / R J
H XQLI i / R J
*DPPDUHo N XQLl i / R J
v XQLI i / R J
H XQLI i / R J
3\UqQH *DPPDUHv N XQLI | / R J
H XQLINI / R J
p XQLI i [ R J
HPHW XQLl i/ R N J

Implémentation du modéle : simulations MCMC

/IHV ORJLFLHOV -$*6 HW 5 SDFNDJNK U UpWMWDIW A URMM iYW P
SDUDPqQWUHV GHV PRGqQOHV D\DOWQQHRKRXGM *LEEVOIJRULWI

&KDSLWUH ODWpULHOV HW PpWKRGHV £ OF



'HV YDOHXUV LQLWLDOHV VRQW DVPWR G b DXpSRXIR KK D)
FKDVQHV ©&0& 3DU OD VXLWH XQH SKDVH GH GKDKOMH DX\
HVW QpFHVVDLUH SRXU DPRUFHU OWRQM ISPNq B H VVWHIVP K Q DR
OD VXLWH 3RXU FHOD XQ QRPEUHrGYHWVD X DRHLERQY RX \G LB
IRQFWLRQ GH OD YLWHVVH GH FRQWHWMHGRHSDH O &0 JRRQ
OHV FKDVQHV 0&0& VRQW JpQpUDOHROW LIRQVR ¥ RUW PG SHLVI
LO HVW FRQVHLOOp GIDXJPHQWHU OHU QR E OfD GIMHA
GIDPLQFLUMYEPMQWUJIXPHQW SHUPHW GH FKRLVLBBEUMHH VLP;
thin SDU H[HPROGITXXXH YDOHXU JDUGHUD XtiH GHPX®QWLRC
VLPXODWLRQ VXU GL[ HWE  GYR+-qOHFPHBRW VOBIQE R P& LIHX GM |
/ID PPWKRGH GH 5DIWHU\ HW /HZLV OHU Dk WYR R B LGAPLHN §
PLQLPDO HW O iR LFRALYNWESRQM@D GWDFXQ GHV PRGgOHV \
PPWKRGH SHUPHW GH GplL@lW XQHYYQWHOSRNULFDWHPHAU |
GLVWUddx}aNdriRGH FKDEXQ GHVY SDUDPqQWUHV TXDRDRBWBURS!
GILWpUDWIbRQV HW G X

3RXU YpULILHU OD FRQYHUJHQFH GH\R@KDMMEKL & &S H)
WRXW GIDERUG rWUH XWLOLVpH SRRMLWQRYHEM\H W Y RV X HRK
OHXU FRQYHUJHQFH YHUV GHV YDOHXBYWRRPP X'®IHYOXR/X UG
FULWQUHY GH FRQYHUJHQFH VHUR&GW. XWLOHWpOH ®H LRWGLLY
*HZHNH /H FULWQUH GH *HOPDQ BIMVBREGH YPDODRQH]
FDOFXODQW SRXU FKDTXH SDUDPgqWUMHODDUFPUQB QFHU G
GLVW U4 foXtsidrRRD UJLQDOH SDU UDSSRUW j OD YBUWDQW¥FBIHL Q
pJDO j SRXU VI{DVVXUHU TXH OD NDEQHEQPH H Q \WDUYMDKIDDQ
FKDVQH /H FULWQUH GH *HZHNH TXDDQWJPOXWpVBHDPR\MR
YDOHXUV VLPXOpHV HQ GpEXW HW HYD OHX B\H AIKDRQMp H\C
FRPSULVHV HQWUH HW SRXU VI{DVVXUHU GH OD FRQYHU

$SUQV FRQYHUJHQFH OHV YDOHXUW R QRX O®OHRW \G DYV HP
GDQV XQ PrPH MHX GH GRQQpPHV GD QW IOPHXTOMOHOL R Q WH WY
SRXU DOOpJHU OHV UHSUpVHQW D ValRgevordM R B&WTHX HW G H W
GLVWULE X W Lfesgerivi RLIQWH LVVXH OD GLVWULEXWLRQ PDUJ
SDUDPgQWUHV TXL SRXUUD rWUH UpVXR@HL S B/ VDDROR\H GHH

j
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Pertinence des estimations obtenues et comparaison des modeles

/I fpYDOXDWLRQ GH OD SHUWLQHQFH GHV HVWLPDWLRQV

HQ FRPSDUDQW O i \prids L W/ posFeXoli LRDWILQDOHV GH
SDUDPQWUHYV /RUVTXH OD VX 8pHorS RIVMWNVS 8 RVGHIN UG H!
OHV GLVW pds@ioWPRQYLQDOHY GH FKDFXQ GHV SDUD
FHOD PRQWUH TXH OHV GRQQpPHV H[SpQWPHQWL
GILQIRUPDWLRQ SRXU HVWLPHU SUpHYVHRKHGW OHV

a priori

HQ VLPXODQW OHV SUpPGLFWLRQV 6% PIRVGGOWM HPRHQUN
SUPGLFWLRQV DX[ GRQQpHV REVHUYpHYV

BHORQ OH PRGH GH YLH GH OfHVSqgH Hs HVH JER B /PP LG B
GLIIpUHQWHY K\SRWKgVHV SHXYHQWSMWLRH pHPW VG O XRILQ B V
SRXU XQ PrPH FRXSOH HVSqFH FRQWDEXDRWAW SHOXVILIH XU
PRGqQOHV RQW pWp WHVWpPpHV $ILQ RXWRRSQOOHNV WHWY VDWW
PrPHVY GRQQpPHVY OHV YDOHXUV GX ©'HYLDREW pQVR UFRP\S DR
&H FULWQUH SHUPHW GH TXDQWLIVHLD ODPIWIFHY LHRQ GBI DH]
SUpPGLFWLRQV /H ',& FDOFXOH OD GlpW h D3XF R RRBQMHO LIV piH S E
GH SDUDPqWUHV /HV VRXV PRGqO HVXD\DQ W OV VNRIDWH X H X
© PHLOOHXU @ FRPSURPLV HQWUH OHXUFFEPSOR[LMWpp GH GBI
OLWWpUDWXUH OD GLIIpUHQFH GH MMWSRRQWURKRUWYIpWY 2
DXWHXUV DIILUPHQW TXH GHX[ PRGYHD BV | VIRV FH. IGHU H Q W §
SDUWLU GIXQH GLIIpUHQFH GH /HP1SQWQ FWPHDG S OO X BL FF
SHUPLV GH VPpOHFWLRQQHU OH VRXV BRGEHVH DXD QMR QM \PX
SRXU H[SOLTXHU OHV GRQQpPHV REVHUYpHYV

/HV VWUDWDPJIJLHYV H[SPULPHQWDOHV I pRRKGRIGCH.\W DM DROD\
GILQIPUHQFHY RQW pWp SUpVHQWPHVpGDTXH FHWF KB QL WL
GILQIpPUHQFH VHUD DMXVWp HQ IRQFWILRWOW G HL GHR GPp FOM
WHVWpH GX FRQWDPLQDQW DXTXHO HWOB8WDHXULNRXWEHM
FRQWDPLQDWLRQ HVEGHPRLPLQDWLRQ

&KDSLWUH ODWpULHOV HW PpWKRGHV £ OF



TDEOHDpVXPp GHV GLIIpUHQWHY GRQQpPHYV H\RW®DH W QH/V OH
GLIIpUHQWHY H[SpULHQFHYV

o . Données Equation(s) du modele
Expérience  Hypothese _
produites (pour O <t <t¢)
Chironome  Exposition par
, leau ; dilution dc
exposé au oar Ia, Cuw, Cobq(1), e ku X Cy - (K, +kg) x C(t)
: Lobt
PCB153  (roissance () DL ape F olageF gk sPPOHC
(Aticle 1) K= 0
Exposition par
le sédiment dc® _ K C
o ' Cs, Condt), g (e Gkt kg xCOH
dilution par la Lob(t)
croissance ” L Laes F fiageF .4 F 47POH S
kw=0
Exposition par
'eau et le dc(
-l Cur G — =KX Gtk x Gy (k, + ko) X COY)
sédiment,
dilution par la Cond), LondD) . . ?Po H ¢
. p .:|;L.a()éF..QOéF .4,|"/'
croissance
Radix exposé Exposition par Cuw,rcs 153
4 I'eau Cw,BDE 99, dc(t)
au mélange ' 7 - -
PCR 153 / ks= 0 Cobs,pca 156t), dt ko X G - e ¥ (Y
Cobs,BDE 9ft)
BDE 99 .
Exposition par Cspcs 153
(Note 1, le sédiment Cs,BDE 99 dC(t) _ ke x C, -k x C(t)
Article 3) kw=10 Cobs,PcB 156t), dt
Cobs,BDE 9ft)
Exposition par  Cw,pcs 153
'eau et le Cw,BDE 99
sédiment Cs,pcB 153 dc(t)
' —— =k wX Cmw E.xC,-k x C(t
Cs,BDE 99 dt c C.-kpx C
Cobs pc 156t),
Cobs BDE oft)
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Expérience

Hypothese

Données

Equation(s) du modele

produites (pour 0 <t <t)
Gammare  Exposition par AdCg4(t)
r P P Cuw.e1, Cw,E2, e s; = kyXCy g1~ keXCgy(t)
exposé au 'cau Cobs.c (1)
El:ketki=0 OS=\7 44 Cey(t)
PCB153 5. at=0 Copsefl) ot kuXCy g2+ keXCea(t)
(Article 1) Exposition par
les feuilles ACg (1)
E1 - ketky= 0 g.,El, c{:t.,)Ez, ; di = kixCy g1 - keXCey(t)
E2 : ketky=0 °FL “dCey(t
Cobs,E£1) fCE—Z() = KixC g2 - keXCpa(t)
¢ dt
Exposition par Cies, G,
les feuilles Cobs E{1), ACe ()
(E1) ou le Cobs A1) Tt = kixCie1 - kexCea()
sédiment (E2) dCey(t)
1=
El: ketkw=0 E—dt = kgxCs - kxCpa(t)
E2 : ketkw=0
Exposition par Cie1, Gz, Cs,
les feuilles Cobs Eq1), ACe(0)
(El)oule Cobs E41) gt~ KXCier - kexCe()
sédiment et les
) 2dCey(t
feuilles (E2) fcs—:() = kXCy + kXC g7 - kX Cey(t)
El: ketky=0 ¢
E2:kv=0
Exposition par Cie1, Gz, dCey(t)
l'eau et les Cuw.e1, Cw .2, ot kyXCy g1+ KXCj 1 - keXCry(t)
feuilles Cobs,E{1), )
“d t
El:k=0 Cobs e4t) A C;f() = kyXCy g2t KXC g 49,k Cea(t)
E2: k=0 ¢
Exposition par Cs Ciks,
I'eau et les Cw.e1, Cw.E2, dCey(t)
feuilles (E1) ou Cobse{t), Tt = kyXCy g1+ lﬁ"cl,El - kexCeal(t)
¥ t C t
p:f\r. eau et le obs, A1) “Ceslt)
sédiment - KuXCy g2+ keXCs - keXCeo(t)
El:k=0 ¢ d
E2:k=0
Exposition par Cs, Cie1, Gz,
I'eau et les Cwey, Cwea A4Cw(t)
feuilles (E1) ou  Cobseft), o = kuxCugr+ KXCigr - kexCea)
par I'eau, le Cobs 1) .
L JdCeo(t) _
sédiment et les & at = kwXCu g2t keXCstk XC g2 - keXCea(t)

feuilles
El: k=0

&KDSLWUH
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Données

Equation(s) du modele

Expérience  Hypothese .
produites (pour 0 <t <t)
Gammare Exposition par Cies, G,
A les feuilles Cobs e11), ACeq (1)
exposeé au Abelll) _ )
(El)oule Cobs A1) Tt Kix Cier - ke x Caa(D)
BDE 99 sédiment (E2) “dCes(t) y .
(Atticle 3) El: ketkw=0 cat s % Cs- k,x Cea(t)
E2: ketkw=0
Chironome  Exposition par  Cs, Cobqt),
4 3 le sédiment, Lobg(t) dc(t)
exposé a b WA -
" dilution par la dt k.xC. (ke kg ) xC(D)
HBCD croissance o _ _ TUE
) k :O ..P, Laoe FaoeF ' H °
(Article 3) W
Gammare Exposition par  Cs,
43 le sédiment Cobs,eHacD (1),
exposé a =0 do()
I BHBCD gt KX Cs-kx CO
(Article 3)
Gammare  Exposition par Cie1, G, ~0Ce (1) _ KXCyy - (Kt ()X Coa®)
exposé au  les feuilles Cobs £41), T dt LR et TaltE
2ne (E1) ou le Cobs EA1), “dCh zea(D) _ e Pk c
Py sédiment (E2) Cobsmecefl). ¢ gt K-<C 57 Pk XCmeta &)
(Note 2) kw=0 Cobs,met E£L) dCer ()
=g = kexCs- (k+ G)xCez ()
7dCer e4Y)
EgittE =knXCg2 115~ Ko XCrnete2(t)
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&KDSLWEMGUH %D\pVLHQ SRXU H\
SDUDPgQWUHV G XQ PRGQgOH 7. Jp
LQYHUWpPEUpPY EHQWKLTXHV SUH
OH 3&%

2%-(&7,)

/I TREMHFWLI GH FH FKDSLWUH HVW%IH pYURYRWHH I RXQ HIV!
VLPXOWDQPPHQW WRXV OHV SDUDPQqW WHINAS FHWQ GPIR @y BIK W
3RXU FHOD GHV FLQpPWLTXHV GIDFFXPXODMKIHRQOHW GHK!
L QY HU W pipddysV HG®Vfossarum RQW pWp UpDOLVpHVY DX ODERUDWR
SUpVHQWpPYV GDQV OfDUWXE GIR GDWILW XABRMIDERFRBdWHI H 3
for estimating parameters of a generic toxicokinetic model for the bioaccumulation of
organic chemicals by benthic invertebrates: Proof of concept with PCB 153 and two
freshwater species”, SXEOLp E6GiXxwlogy and Environnemental Safety/HV
LQIRUPDWLRQV VXSSOpPHQWDLUH\pHWY RO pHM \\V I 1®H W ] B
UpVXOWDWY FRPSOpPHQWDLUHYV RQKD 51 WWHIP HERW HhWp S W
OfYDSSOLFDELOLWp GH FH FDGUH GH DPRWP B LWDS\GLIFRIQ G WQ &

Radix auricularia

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + 2EMHFWLI



$57,8&/(

$ %D\HVLDQ IUDPHZRUN IRU HVW
SDUDPHWHUYV RI D JHQHULF WRJ[LFR
WKH ELRDFFXPXODWLRQ RI RUJDQL
EHOWKLF LQYHUWHEUDWHY SURRI
3&% DQG WZR I[UHVKZDWHU VS

$XGH 5PW&KULVWHCGOBILRSYY /'DEDPOGLBH
%XG]LOVNLFRODV 'MORIWPH 4XPDXUHQW

SHOXKZHOL YLHU PHODBGoBEXW

PUVWHD 85 5LYHU/\ FHQWUH GH /\RQ 9LORMDXUED QQH $YHQXI
9LOOHXUEDQQH &HGH[ )UDQFH

ESQLY /\RQ 8QLYHUVLWp /\RQ &156 /DERYWDRGRRUIH GMR® KRR
805 ) 9LOOHXUEDQQH )UDQFH

F&156 (QYLURQQHPHQWYVY HW 3DOpRHQYLURQ@HPWOWN @F=DQLT
805 /IDERUDWRLUH GH 3K\VLFR HW 7RHPFHR)WKLBL& GHQOYHQV
GH %RUGHDX] FRXUV GH OD /LEpPUDWLRQ 7DOHQFH )UDQ

&RUUHVSRQGLIFXIJUDXWHKEBOH ORSHV#XQLY O\RQ IU

&KDSLWUH &DGUH %D\pVLHQ SRRRGH QW L7P Hlp @pHM. BXOH) [3BDAIWOQIHHY I
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



+LJKOLJKWYV

+$ JHQHULF 7. PRGHO LQ D %D\HVLDQ IUDPHZRUN ZDV SURS
$+(DFK XSWDNH DQG HOLPLQDWLRQ URXWHWRN FRGMOGHUH:(

+tORGHO SDUDPHWHU HVWLPDWHY DUH WHHOQHYDQW UHJDUGL

*UDSKLFDO DEVWUDFW

&DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V

&KDSLWUH
+ $SUWLFOH

EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&%



SEVWUDFW

7TRILFRNLQHWLF 7. PRGHOV DUH UHOHYDRW MBKHFP LEID®H (
FRQFHQWUDWLRQV LQ ELRORJLFDO RUUID XISWIWNHKRU DIRD
LQOYHUWHEUDWHY KDV EHHQ LQFUHDVL@IOHAYIHWUOV HWKH @ RQH
SDUbPHWHUY DUH HVWLPDWHG RQ OLPWWHGKDSHDBPUHFERR®
E\ VHYHUDO XQFHUWDLQWLHY 7KH DLP RW \WK®%WD\MWLXIQ

IUDPHZRUN IRU VLPXOWDQHRXVO\ HVWLPDWE I WKEHSD URDL
EHQWKLF LQYHUWHEUDWH VSHFLHV | URPNBORX G DDABLS UFARIMAK
WKH ELRDFFXPXODWLRQ RI 3&% E\ WZRVUBDHAMWHD ZGE WKK B
H[SRVXUH ChRofehdsvriparius ODUYDH H[SRVHG WR VSLNHG VHGL]
D Q&@mmarus fossarum H[SRVHG WR VSLNHG VHGLPHQW DQG RU Ol
WKHQ WUDQVIHUUHG WR D FOHDQ PHGLDVIRVNVXPRQH IGDWA\
RUGHU NLQHWLFVY ZHUH ILWWHG WR WKHKGDRMMDG KN QQR RY% B\
SUHGLFWLRQV DQG WKHLU FUHGL E IPQRIGM\OL QL WH W K Bl OG&/D WK
JURP D PHWKRGRORJLFDO SRLQW RI YLWZVMWKIOWBDRDSERX YV
HVWLPDWLQJ DOO PRGHO SDUDPHWHUWLDRPLQOKUB QP HO ZK
FRQVLGHULQJ WKH FRUUHODWLRQ EHWEZH\H R ISGED\N P H WW WDV U
DGGHG YDOXH IRU 7. PRGHOLQJ ORUHRYHN\ RIHDGHHPQRHWY/ LMW U7
PRGHO FRQVLGHULQJ XSWDNH DQG HOLBIGQD RARLG UG X W/HRV \
DYDLODELOLW\ RI WKH GDWD PHDVXUH®GW )RIRPLBIQ HHR WIRRL
GLITHUHQFHYVY LQ 3&% ELRDFFXPXODWLRQ DPHPWPHOHEEY FK
H[SODLQHG E\ WKH GLIITHUHQW OLIH WUDLWV RI WKHVH WZR
.H\ZRUGWLRDFFXPXODWLRQ +*+ %HQWKLF LQYHUWHEUDWH

LQIHUHQFH = 7R[LFRNLQHWLF PRGHO

&KDSLWUH &DGUH %D\pVLHQ SRRRGH QW L7P Hlp @pHM. BXOH) [3BDAIWOQIHHY I
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



, QWURGXFWLRQ

,Q HQYLURQPHQWDO ULVN DVVHVVPHQW LGEWLPFRRGHOV
DSSURDFKHY DUH ZLGHO\ UHFRJQL]JHG DV OVRYRGLQJ
XQGHUVWDQGLQJ DQG SURJQRVWLFV PRBHOWHBUESUH
GHFLVLRQ PDNHUV HJ 3DYDQ (3$7. PRGH®&Y DUH
UHOHYDQW DQG ZLGHO\ XVHG WR SUHELRWD EXHMLF RO JTREL
IURP WKRVH WR ZKLFK WKH\ DUH H[SRV B GRFH WK HLO VIRQFND C
ELRDFEXPXODWLRQ GHSHQGY RQ HQYLURQPHQWBEB® FRRRX
DYDLODELOLW\ FRQWDPLQDQW SURSHWRMLHVELHOWDQZRW
VROXELOLW\ GLVVRFLDWLRQ DQG YRAGDWDOP)NDWLRQDQGXRU
ELRORJLFDO FKDUDFWHULVWLEFV RI WKH\FSHFLHY P@GIHO
GHVFULEH WKH SURFHVV RI ELRDFFXP XOLHQL RIG HD X SMKIHN B F
FRQWDPLQDQWY IURP GLIIHUHQW VRXPEBDWEIBW HE\ Gl HWW
SURFHVVHV H[FUHWLRQ JURZWK DQG RIMQBLRIMWWBQVIRUPD
'LIlTHUHQW 7. PRGHOV KDYH EHHQ SURSRVHBGHWX¥KDQRG F
SK\WLRORJLFDOO\ EDVHG WR[LFRNLQHWLFD BGIXPPRGHOV
&RPSDUWPHQWDO PRGHOV GHVFULEH WR [IQRD\Q W2 KQ KKH R DE H
RU PD\ QRW KDYH D SK\WLRORJLF RU D QDWRFELGFL PHEQL QUK
ERG\ LQWR FRPSDUWPHQWY UHSUHVHQWH®GW G D/DK WR X YK F
IOXLG XVXDOO\ EORRG %RLV DQG %URFKRMAIEUDWHYV)R
FRPSDUWPHQWDO PRGHOV ZHUH RULJLQDRIB® GRLY HORPIHG
RUJDQLF FRQWDPLQDQWYV ZKHUH WKH RUJDDLVPQLWHRIV
FRPSDUWPHQW

JRU VROXEOH FRQWDPLQDQWY LW LV XROX®Q\ LDN WX

PDLQ H[SRVXUH DQG XSWDNH URXWH IHYHRWKHODMHVH D (

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



LPSRUWDQFH IRU K\GURSKRELF FRQWDP ISOMLGRWVRGXR UWRQ\
PDWWHU RU IRRG *URVVG6RURNLQ ORUHRY HWHY HWD LI
DTXDWLF LQYHUWHEUDW H \Chirohgraus ripariusV KWK DQW HESWR V X U H
VHGLPHQW FDQQRW EH LJQRUHG /HSSIQHQ DQG 7XKMNRQH
LPSRUWDQFH RI GLHWDU\ XSWDNH IRU DTKQMWULHD YV RQY HW\V
DVVHVVHG LQ UHFHQW \HDUV $VKDXHU (QXIDHUWMDVFR 1D
OLOOHU 5|V F®hironomus V BQGammarus VS DUH IUHVKZDW
LOQYHUWHEUDWHY ZLGHO\ XVHG LQ HFRWHR{DEBR GR HYV H®&XH
WKURXJKRXW WKH 1RUWKHUQ KHPLVSKHUHODWKEB WXWHUIRIXW
RUJDQLF DQG LQRUJDQLF FRQWDPLQDQWV %$HPUWUGQG $
/IHEUXQ /[ySH] '"RYDO NG\ 7 KWW HD RVYWR DQAQ VF
LPSRUWDQW IRRG VRXUFH IRU ILVK DPSKLEKBQWVHD Q& HEL
WUDQVIHU RI FRQWDPLQDQWYV ZLWKLQ WKH DTXDWLF IRRG .
1RzZzDGD\V 7. PRGHO SDUDPHWHUV DUH RIVAHE® GHWH
H[SRVXUHV RI RUJDQLVPV XQGHU FRQWYRRDXIKKUODERUDW
2(&" *XLGHOLQH 2(&' VXJIHVWY WZR WKW KRSWDWN R
DQG HOLPLQDWLRQ UDWHYVY 7KH PRVW |IRIBT KN QYWRD WKW GV
HOLPLQDWLRQ UDWH XVLQJ QRQOLQHDBKUHVUMKNQRIQ[BBS
HVWLPDWH WKH XSWDNH UDWH ZLWK VOWHR RFWRNW G B WD J4
DFFXPXODWLRQ SKDVH VHSDUDWHO\ HVQWR G WIRMIN SORM FDH
WDNLQJ LQWR DFFRXQW WKHLU FRUUHONDKWLRBSQY HFQVXREOH!I
SDUDPHWHU HVWLPDWHYV LV D UHOHYDQAOWSRL Q WV W\RV R MQ\
/ILQ SLFKDUGYV DQG &KDORXSND KREHYWRROWHY
ERWK WKH XSWDNH DQG HOLPLQDWLR®® DWHRNWM R IWHVDKOHDU

UHOLDEOH DQG PRUH UHDOLVWLF PRGHO 2@Q@OOHBHQW VYV

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



KDYH DSSOLHG VLPXOWDQHRXV PHWKW®RGRQIR&HS X H Q WH.\
RU VLPXOWDQHRXV PHWKRGV FDQ EH GHISORMAGDISG URDEK"
$SDUW IURP WKH SUREOHP RI WKH FRU §¥ CSIDW DRP® VEHUWAZ HW
IUHTXHQWLVW DSSURDFK VHTXHQWLDO RQHRXRXOWO\QH R
GLIIHUHQW NLQGV RI GDWD HJ ELRDWRXAXWDWRR® BRBP
SDUDPHWHUV %D\HVLDQ LQIHUHQFH E\SDL\QIH\D O/OK HPRIG HADI
SDUDPHWHUV IURP DOO NLQGV RI GDWD GHWPDQPRUH D
FRPSUHKHQVLYH DSSURDFK DQG D EHWWHULDX B QWD PHVDA
HVWLPDWHY DV ZHOO DV D EHWWHU FRRBHG HUDHGLEQ LR
%HUQLOORQ DQG %RLYV 7KH DSSGHFI\RLR.QPRIGHOVHV
DTXDWLF LQYHUWHEUDWHY UHPDLQV OLPLWHG /LQ

7KH DLP Rl WKLV VWXG\ ZDV WR SURSR PN @®WHQHR/XDQ\
HVWLPDWH DOO WKH SDUDPHWHUV RI D QG GIHOUIPAE D WRB @ CC
WRJHWKHU $V D ILUVW GHYHORSPHQW WRH®ZRHDDSSWLI
LQYHUWHEUDWH VSHFLHV 7KH UHVXQWL@I1QMRWEW S&R B
GLVWULEXWLRQ RI DOO SDUDPHWHUV W RWHWEWVUHXNVEPG G
XQFHUWDLQW\ DURXQG HVWLPDWHV DQG WRRXVI UDRGH R
DSSURDFK ZLWK WKH ELRDFFXPXODWLRQ FI%WVKH\ZWZR NQ
IUHVKZDWHU EHQWKLF LQYHUWHE U DWW V S/HKFEL BPASAA WUKDG L | |

DQG WKH DPSKLS RGntmaxis/fegsafrim D Q

ORGHO

2.1 Generic TK model
$ ILUVW RUGHU NLQHWLF ELRDFFXPXODWILRQJHQRG HOS WMXN

SDWKzZD\V DQG HOLPLQDWLRQ SURFHVVHM FDQ EH H[SUHVV]

dct;_

——= LAKxCi:P;: B, kxCt;;

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



ZKHG#H LV WKH FRQWDPLQDQW RRGBMQWQDWK R QZ RO W/ LRPUH
QJrJs ZKHUH WKH PDVV RI WKH RUJDQLVP LV H{SWHWKHG LC
QXPEHU RI FRQWDPL®DMWUR @ SVMRXNIFEHMWH [URP WKH FRQWTLE
Ci() WKH FRQWDPLQDQW FRQFHQWUDWLRQW QVIVMKBI\WFRQWDP |

WKH QXPEHU RI HOLPLQDRVWRB BORFHYDPWVYR@GDWH UHODW

| ZH FROQVLGHW WK FWQVWDQW RYHU WLPH (T EDQ EH O
E\ GLVWLQJXLVKLQJ XSWDNH (T IURP HOLPLQDWLRQ SK
ALy kxCi; ALy kixCi; -@llkjp‘t
’Ct— + 1Co- e forO<t<t
431 0 qjlkj px C
’C‘t— A{llkqxcnxe@f_lk,/xttc_k ICy- q‘lth.,pxe-@}’:lkj/xt fort>t,
¢ 'B})ll 'Ele

ZKHOHLY WKH FRQWDPLQDQW FRQFHQWUDW ERQLIQ® MKHRAK |
H[SRVXUhuQD@GWKH WLPH DW WKH HQG RI WKH XSWDNH SK

2.2 Application of the model to the two species studied
2.2.1 Chironomids

JRU FKLURQRPLGYV ZH FRQVLGHU WKDW WKW H[SRV
UHVSLUDWLRQ DQG VHGLPHQW LQJHNVW@XR QVR ZK[IFQJHH W DR ®

JURZWK GLOXWLRQ (T FDQ WKXV EH UHZULWWHQ DV IRC

dC(t)
—= = kyXCy+kexCe @tk AC(1) (4)

ZKHUKH LNV WKH XSWDNH UDWH [tURP GW KHWEKBIWFHRIQW DP L QD (
FRQFHQWUDWLRQ LGQNWEBWHKSWDPNH UDWH [URRAWKEH VHGLPH
& WKH FRQWDPLQDQW FRQFHQWUHDO®ZIRMWKE WOGPRPERWLRQ
G DQSWKH JURZWK UDWH G

7KH FKLURQRPLG JURZWK UDWH LV REWDLQH®R ZURR
HTXDWLRQ (T RQH Rl WKH PRVW ZUGHIQJIXWKE PRFEZO!

EHQWKLF LQYHUWHEUDWHY YRQ %HUWDODQII\ . 1DND

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



- ?7R He;
max Lo)xe

L(t) = Linax (L
ZKHUH / W LV WKH FKLURQRPLGPpVLIWY WAKPH D W\ RSP RWAL FGQV L]/
/ LV WKH VLI ®DW @EUWWKH JURZWK UDWH G
*LYHQ WKDW IRU KLJKO\ K\GURSKRELF FPRE®RWHUGV
FRXOG EH UHVWULFWHG D VXE PRGHO FRQNRGWODPQ D DW GI
VRXUFH ZDV DOVR ILWWHG

dc(o)

—= = kxCe(k kg xCO)

2.2.2 Gammarids

*DPPDULGY IHHG RQ GHWULWXV VXFK DV OLWWWBU )RL
FRQVHTXHQFH H[SRVXUH WR FKHPLFDOVHBRXOH® YRAF XD QIG
VHGLPHQW FRQVXPSWLRQ VLQFH VHGLPXQM F$D BW IOFHDHAH \
ZKHQ JDPPDULGY IRUDJH %HUWLQ )EKDW KIIDWPPRWH G ¥ I
ZRXOG QRW JURZ GXULQJ WKH H[SHULPHHWVN DV VKRZQNKWH*
DGXOW VL]H FRQVLGHUHG KHUH $V HOQHDWXRWMORZYV (ADQ E

dc(t)
—g = koxCutkexCork ¥C GXC()

ZKHUGILM WKH XSWDNH UDWH |G’RFG WE 8 GO HAVR QWD P L Q D (

FRQFHQWUDWLRQ LQ OHDYHV QJ J

ODWHULDOV DQG PHWKRGYV

3.1 Chemicals, reagents and quality control

6ROLG . .  KH[DFKORURELSKHQ\G5 BWRP ZL
6LIJPD $OGULFK 6W 4XHQWLQ )DOODYLHU ZDVDBEHSDY H®R U
DFHWRQH DW IRUJWKH FRQWDPLQDWLRQ RI VHGLPHQW D(

650 VROXWLRQ DQG WKH LQWHUQDO VWDQGCDWKEH 3&%

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



TXDQWLILFDWLRQ RI 3&% ZHUH SURYLGHGDRG /8O VBURPF

6FLHQWLILF UHVSHFWLYHO\ 1DWLYH 3&%XVLOQHFR¥HNMN G|

VDPSOHV IRU ZDWHU “ WHFKQLFDW VD®BG 650° E VHC
2UJDQLFV LQ ODULQH 6HGLPHQW “ D @GI H L WIKF K1, B0 Q6 5
JLVK 7LVVXH “ UHIHUHQFH PDWHULRQV /RFKHZODLP L\

GHWHUPLQHG DV WKH FRQFHQWUDWLRQ ZRWK D VIQDDO WF
IRU ZDWHU EHWZHHQ ODGRU VHHGLPHQW OHDYHV DQG
S5HSOLFDWH SURFHGXUDO EODQNV Q LHZHWRH DRPHOHNG
ZKHUH WKH 3&% FRQFHQWUDWLRQ ZDV DOZD\V EHORZ WK
3.2. Matrix spiking

3.2.1 Sediment spiking

,Q -DQXDU\ DQG ODUFK / Rl QDWXWIBOIVRB LIPHQ\
ZDWHUFRXUVH LQ WKH OLULEHO -RQDJH HIDMWMHIHY SAHUNW U
YJUDQFH QHDU /\RQ f =« Z( DQG f o Z1[SRHW WKV KDLQA
f « Z( DQG f « Z1 IRU WKH JDPPDULG PHSHW LPHQW
FROOHFWHG XVLQJ D PDQXDO GUHGJHU RONBEYRS\OMQHPB3
MDU DQG VWRUHG DW f& XQWLO WKIBQEBHUMP XVUIGG |
H[SHULPHQWY UHVSHFWLYHO\ WKH VHGAPWAW EZRYWHDW |

DQG D SDUWLFXODWH RUJDQLF GDUERQQFRBEQ@WHQYV
ZHLJKW PDWWHU DQG DQG S D UWW LFEKHD DAM B L® IHVQ W
ZDV KRPRJHQL]JHG DQG PL[HG ZLWK PHFKBQ LF®P®QHB FW HREQW
DQ HOHFWULF GULOO IRU PLQ

7KHQ / Rl VHGLPHQW ZDV DGGHG LQ /DQRBUQW®H 3\
FKLURQRPLG DQG JDPPDULG H[SHULPHQWIVV WIBVEHBWALWHIO)

VROXWLRQ RI 3&% LQ DQ DFHWRQH FDWURBURDW DDQR&P

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



QJ JGU\ ZHLIJKWUGEKLURQRPLG DQG JDPPDULG H[SHULPH
7KH DPRXQW RI FDUULHU DGGHG WR WKRHGLPHERW ZDV P
FKLURQRPLG DQG JDPPDULG H[SHULPHQWW WG N SA0RFW U R M@
IRU K FKLURQRPLGV WR K JDPPDUL®GYQBWH WS RD
URRP WHPSHUDWXUH fé& $IWHU K WWHRSU U BikG LDPW Q Wf &
HDFK ERWWOH ZDV WUDQVIHUUHG LQ D BROBYR LV BWVE B HW
ZLWK PHFKDQLFDO DFWLRQ IRU PLQ EHIRUH EHLQJ DGGHC

3.2.2 Leaf spiking
$OGHU QathDsYyhitinosa ZHUH FROOHFWHG LQ 1RYHPEHU
SODVWLF ER[HV 3ULRU WR H[SRVLQJ JDORADYHGVZWW®RH3&®D F
LQ D EXFNHW ILOOHUVYLRNKIVRX@GDADWBW IRY & G/IXKH ZDWH
ZDV UHQHZHG HYHU\ GD\V WR UHPRYH WIcH YHH X G D WEHDWV IRKR-
RI cdOHDYHV ZHUH SODFHG LQ 3\UH[ ERWWRRBEGZDWHARQQ®O
ZHUH VSLNHG DW D QRPLQDO FRQFHQWX:EW NRQoRALZHW ZHL
D VROXWLRQ RI 38 / LQ DFHWRQH 7KHVH EDWFKHV ZHUH
Usp DW URRP WHPSHUDWXUH f& 7K B Q RXHOGY A U WZHHW Hi F
GD\V LQ 3\UH[ ERWWOHYVY EHIRUH EHLQJ SODFHG LQ DTXDU

3.3 Organism exposure to PCB153

3.3.1 Chironomid exposure
$ WRWDO RI VHYHQ DTXDULD FPSMUBROAVWKU I
/ R KRPRJHQL]JHG VSLNHG VHGLPHQW D®GDTX/DRIL ¥ B R2DYG.
DOORZHG WR VHWWOH IRU GD\V EHIRUH ERQWBR® FL.DXDW
ZDV SUHSDUHG LQ WKH VDPH zZD\ ZLWK UADJHQW FRQWURO
%YHQWKLF LQYHUWHEUDWH & ULSDULXAXOMWXHW REWDUQH

RXW DFFRUGLQJ WR VWDQGDUG PHWKRGV WRWDO RI$)125

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



IRXUWK LQVWDU ODUYDH GD\ ROG OD DIEHH GSRVRV KD WK
DTXDULXP &KLURQRPLGV ZHUH H[SRVHGWIRW SLNHGf%HIGLP
DHUDWHG DQG VWDWLF ZDWHU $ KQ®IIGI KWK GRXIINK FEXR\O
H[SHULPHQW /DUYDH ZHUH IHG HYHU\ GR\GZTLMWW UDPRD § RAP
DTXDULXP 7KH ZDWHU TXDOLW)\ SDUDPHWHWHQIWHG IRR QW
6 &KLURQRPLG VXUYLYDO OHQJWK DQ®\WHMDRZK IMEKMS @HQ
WLPH 7R GHWHUPLQH WKH WRWDO OHGQIGY KV IMHIQ D@D (YD H

'LIJLWDO &&' FDPHUD ) )2FXOXV *HUPDRBXWPRXQWHG |
OLJKW DQG 6=; VWHUHR ]JRRP PLFURVFRKHW BWQO®H QR VI
ZHUH GHWHUPLQHG XVLQJ GLJLWDO LPDQH3DR YRIWADVRIW Z

3.3.2 Gammarid exposure

7KUHH ZHHNV EHIRUH WKH VWDUW RI WKH BHPSBULBNQW
ZHUH FROOHFWHG ZLWK D KDQG QHW DWHDGHHIHRHQWH \
YJUDQFH f « Z( f  Z1 *DPPDULGV ZOIER HEDRRIKWD Q/
DFFOLPDWHG ZHHNV LQ DTXDULD ZLWK HARQNIL QXRXWWD \
FRQVWDQW DHUDWLRQ D K OLJKW GIHEGN DSKR WRISH U |
WHPSHUDWXUH ZDV NHSW DW f& 2UJDWKVPYGHW IO HBEH
2Q0\ PDOH JDPPDULGV “ PP ZHUH O HRHFDWHG S RQV IRC
ELDVHV GXH WR QHRQDWH UHOHDVH E\ IHPDOHYV

*DPPDULG H[SHULPHQWY ZHUH FRPSRVHG Rl WZR ¢
HOLPLQDWLRQ )RU WKH XSWDNH SKDVWH GIH MVWHI® W BIF 8 R V.
ZHUH H[SRVHG WR VSLNHG OHDYHV ( FRQWLWLRRQRUWWR
IRU GD\V DW “ f& XQGHU D KD © Q HKGNV WEKDULRNK FK RG( MW/
H[SHULPHQW $ WKLUG FRQGLWLRQ (W ZDDW WRIX'W HRG JD QR V¢

RUGHU WR GHWHUPLQH ZKHWKHU WKHUHREZBDWHMBGERR Y\ PW!

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



OHDYHV )LJ 6 7KH RYHUO\LQJ ZDWH RQ@DW DU HDZAHID B DE
FRQWURO DTXDULXP IRU ( ZDV SUHSDUHIBGZIPMRQWRPRJIHQL
RI DFHWRQH J

$W WKH EHJLQQLQJ RI WKH H[SHULPHQWHU DITQGUYKXEX!
WHVW DQG FRQWURO *DPPDULGV H[SRVNG (WRZMWKH FR
GLVWULEXWHG LQ WKUHH DTXDULXPV HBHRK PRGWDQ [E@MW F
SUHYLRXVO\ VSLNHG OHDYHV SHU DTXD WP VHEBILPHIOM V (H
ZHUH GLVWULEXWHG LQ WKUHH DTXDUHGPVHELPKH GRQWDLR
JURXQGZDWHU DQG RQH EDWFK RI SUHYVYR%MWON UFOHIDQVURI
H[SRVXUH JDPPDULG VXUYLYDO IRU HDF®GFR®E LRI ZDN
ZHUH WUDQVIHUUHG WR D FOHDQ PHGLXELWK RWRXDL/PDWS
IRU WKH ( FRQGLWLRQ RU ZLWK FOHDQ WKB LP HHQRW @LQ\GE R |
'XULQJ GHSXUDWLRQ JDPPDULGVY ZHUH |IHTGKELADKWHWHDXQD Ot
SDUDPHWHUV ZHUH PRQLWRUHG DQG DUH SIUG WHKQW HGD DQ
OHQJWK DQG ZHW ZHLJKW ZHUH GHWHUPDQIGGHDWP WXBIWHLE
SKDVHYV

3.4 Sample collection

7KH RYHUO\LQJ ZDWHU 2: ZDV VDPSOHG RQ®WQHSRO\
6XEVDPSOHV IURP VHGLPHQW ZHUH GHSRVDWHGPNQZHUR/ :
FROOHFWHG LQ P/ )DOFRQS WXEHV (YRIQOHKMWHBKEURQRYP
VHGLPHQW DW —P 7KH 2: DQG VHGLPHRW DP\SOHVDIHU |
7KH 2: VHGLPHQW DQG RUJDQLVP FROQOWIMWMRG NMDPSOBG ZH
$W GD\V DQG J D FER\DHUG. GR/UZ H D AKF RR QG|
( DQG ( 7KH 2: VHGLPHQW OHDI DQG \RUZBD®LFRORRIWU

DW GD\V DQG $00 VDPSOHV ZHUH WOMRWEG DWW if & &

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



&KULVW $0SKD I" %LREORFN 6FLHQWLIREDMQRHU X SBH)
RUJDQLVPYV KIRU OHDYHV DQG GD\V IRU VHGLPHQW
3.5 PCB153 analyses

:DWHU VDPSOHV ZHUH ILOWHUHG XVLQJ LPRVHYY JC
:KDWPDQS DQG DSSUR[LPDWHO\ P/ RIWUDWWHBGXVDGS$
630( SURFHGXUH $SSUR[LPDWHO\ J Rl UHRSILOHQ WHVDPGG
RUJDQLVPV ZHUH H[WUDFWHG E\ PLFURZDMHRRWYVLE\BWH G
6RULVROH ,WDO\ ZLWK P/ Rl '&0 DW UDFW\RAH U HP LLQD WH
FRQFHQWUDWHG XQGHU QLWURJHQ IORZXPWV FRQWQGQREQ!
DFWLYDWHG FRSSHU DQG DFLGRILHG VIWHFDRAMO\ FRGGLV
ZLWK P/ Rl SHQWDQH DIWHU H[WUDFWZOWRB GNIQUH 1B &8l P H:
P/ RI D SHQWDQH '&0 Y Y 7KH HOXBWBWHE XRONKH
H[FKDQJHG WR LVRRFWDQH DQG WDNHQ WR D ILQDO YROXP

3&% ZDV DQDO\]HG XVLQJ 1 $JLOHQW 7HFK

FKURPDWRJUDSK\ 0ODVV\ )J)UDQFH FRQQHFRMMNHMRRDQ (KOH

$QDO\WHV ZHUH LQMHFWHG —/ LQ SXWODMWIBGVIBIOWW MH V V
+3 06 FROXPQ SKHQ\O = PHWK\OSROPH.OR[D @®H P 1
+HOLXP YHFWRU JDV DQGPQIPNQRJIJHQ DX[LOLDU\ZBMWW f

XVHG 7KH LQMHFWRU WHPSHUDWXUH ZIRW WHKNP BMU D W K& H
f& 7KH NLOQ WHPSHUDWXUH SURJUDP &DWRU ZGWHRU
VDPSOHYV fFRVRPLQ f& FAWRLQ [& fAWRLQ f&
fa& f& PLQf& PL@R fé& f& IRU PLQ PLQ
ZDV TXDQWLILHG UHODWLYH WR LQWHQ®DO VWDQGDUG 3&

3.6 Data analysis

6LIJQLILFDQW GLIITHUHQFHYV ZHUH FRQVRQHUHGWD EIEWR K D

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



ULVN RI *UDSKLFDO UHSUHVHQWDWLRQY FDHOU M RR /G B Uz

YHUVLRQ 5 &RUH 7HDP

ILQN EHWZHHQ PRGHO DQG GDWD %D

4.1. Stochasticity

J)RU ERWK FKLURQRPLGY DQG JDPPDULGV LEMNWM/XRHG
WKH FRQWDPLQDQW FRQFHQWUDWLRQ LQ WKH RUJDQLVP
Cobdt)~N(C(t), 1/&)
ZKHUH 1 VWDQGV IRU WK#WILRFRDOHYBRQ&Y WR WKH FI
FRQFHQWUDWLRQ LQ WKH RUJDQLVP DWW WLIPRHQ W VP HD WX W N C
FRQWDPLQDQW FRQFHQWUDWLRQ DW WLPH WWXHH & WD/QHE®
GHYLDWLRQ RI FRQWDPLQDQW FRQFHQWUDWLRQ LQ WKH R
JRU FKLURQRPLG VL]H ZH DOVR DVVXPHG D QRUPDO GL
Lobdt)~N(L(Y), 1/u’)
ZKHUKEW LV WKH OHQJWK PHDVXUHG DW WLMRH WV GXKHQJ
OHQJWK SUHGLFWHG E\ WKH YRQ %HUW DIOD @IK\H P\RVEBI QG D\

GHYLDWLRQ RI RUJDQLVP VL]H

4.2. Graphical representation

J)LIXUH UHSUHVHQWY WKH GLUHFWHG DBWOLPD JUD:
FKLURQRPLGV E DQG JDPPDULGV F ZKVRKL ¥ \C EROV | HHWK
SDUDPHWHUYV DQG YDULDEOHV IRU WKHLBERREROH®NMH JHQHUI
DQG JDPPDULGV (T PRGHOV DQG WKWKRMWRENBUWHE OL

SUHGLFWHG GDWD

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



4.3. Definition of priors

%HIRUH FRQGXFWLQJ DQ H[SHULPHQWDINOGWHWLXEHG D RS
HDFK SDUDPHWHU DFFRUGLQJ WR LQIRWPDXNILR Q & RIUO P E D
H[SHULPHQWY 'HSHQGLQJ RQ WKH VRXUFH D@I®UW RM LRRX
FRPHV IURP LQIRUPDWLYH VHPL LQIREBDMLIVMWHURBXOWRRIQ F
XVHG ,I D SDUDPHWHU ZDV DOUHDG\ HRW LIPIDSWHGY ILRX 8 UGID
DUH DYDLODEOH D QRUPDO SULRU GHWHDICEXWORE HU QY LEHH
DQG WKH SUHFLVLRQ ZLWK D VWDQGDU® DM EDWR RMD WH LL
DFFRXQW WKH SRWHQWLDO GLIITHUHQFHWRZKY HHYS HW L RHRQ"
LQIRUPDWLRQ LV DYDLODEOH EXW DQRRUIMBHURRKI HP[DPGEIOMX Gl
SRVVLEOH WR DSSO\ D ZHDNO\ LQIRUPDWIEXWISRQRUYI D®
LQIRUPDWLRQ LV DYDLODEOH RQ WKH RWGHWWRISRILRYL WIXC
GHILQHG RQ WKH GHFLPDO ORJDULWK PH VFWRED E Q OR WG HWR W
RU KLJKHU HVWLPDWHYV )RU YDULDQFH $SDWWIPHWHUYV ZH

JDPPD SULRU DV LV XVXDOO\ GRQH D/D®@ EBKDWR XSNIDL

JRU FKLURQRPLGY SULRUV ZHUH GHILQFIGX OURP HWK HD O

ZKHUH &KLURQRPXV WHQWDQV ZHUH H[G RRHIGWW R K3& %
IRXQG D RHMDPXNH RlvicduJK DQG D PHDPRONXH RI  :HK
WKXV DVVXPH® RU PR SULRUEIBRU GN DQG D ORJ
QRUPDO i SULRUGIHRW MH DVVXPHG XQOIRUP i
SULRU :H XVHGRL RRJY SULRUBDIRARNGLQJ WR 3pU\ H

FRUUHVSRQGLQJ WR D JUR Z3WK RWIYWDRUSH{ ZH UG

DVVXPHG WR |IRQROWRZDORGLVWULEXWLRQV DQG ZHUH VHW

LQ GD\V FRUUHVSRQGLQJ WR DQ LQLWLDOLQLBEDWI F

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



FRUUHVSRQGLQJ WR D PHDQ OLPLW VL]HDRNXPHBPD 3pRQ

LQIRUPDWLYH JDPPD SULRU IRU WKH SUHFLVLRQ
)RU JDPPDULGYV OLWWOH LQIRUPDWLRQUHEDWVDDDLOL

FRQVHTXHQFH ZH XVHG D QRQ LQXRUPDUWPLBSHWLRU IRORYISWI

HOLPLQDWLRQ UDWBN-RQVMVDQWR DNVXPHG D QRQ LQIRUPD
JDPPD SULRU IRU SUHFLVLRQ

4.4. Implementation of the model — MCMC simulations

ORGHO FRPSXWDWLRQ ZDV SHUIRUPHG ZLWK7+$D® DQG E

3OXPPHU 7KH PRGHOV ZHUH ILWWBG/DNRVEQRD I
%D\HVLDQ LQIHUHQFH YLD ODUNRY &KDLQ ORRMHH&OBFHWOR
PRGHO WHVWHG ZH VWDUWHG E\ UXQQ@WIDWNLER K DUWHWD P FO
SKDVH RI LWHUDWLRQV XVLQJ WKRHWKWRAEUW D Y6 WH &
QHFHVVDU\ WKLQQLQJ DQG QXPEHU RI HWHWWDLWDR\VQ\R @ R |UHH
PRGHO SDUDPHWHU

JRU FKLURQRPLGV 0&0& VDPSOLQJ ZDV EDRUBGVRQHH
FKDLQV DIWHU GLVFDUGLQJ WKH ILUWNHYHUYNYWHDDWRQQ
ZHUH VWRUHG WR UHGXFH DXWRFRUUHEBDINWRRQYRIHUMHP BB
DIWHU GLVFDUGLQJ WKH ILUVW AWHUY BQWKQMNV I8 D B 9/@ R
VWRUHG WR UHGXFH DXWRFRUUHODWLRQ LQ WKH VDPSOH

7R PRQLWRU WKH FRQYHUJHQFH RI WKH FWDRRQVD VY H XU
DV WKH *HOPDQ FULWHULRQ *HOPDQ OH7IKMH BWXERBRBHW L
LQIRUPDWLRQ $QQH[ 6
4.5, Posterior distributions and relevance of model predictions

JURP WKH MRLQW SRVWHULRU GLVWULBDONSRQWHAM LRR

GLVWULEXWLRQ IRU HDFK SDUDPHWHU ZRHPBPK) ROQ PHHG VIX®

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



DQRG VWDQGDUG GHYLDWLRQ 7KH DFFXUDER@®IFBRGHB S
YLVXDOL]HG E\ FRPSDULQJ SULRU DQGQSERWHHURRUGE VWAV
UHIOHFWV WKDW WKH GDWD FRQWULEXWH®G HERXPO WH)
SDUDPHWHUYV

7R FKHFN WKH UHOHYDQFH RI PRGHO SUHM®GBGEFKWLRQV
H[SHULPHQW REVHUYHG GDWD VXSHULPSRVNK G/RIQP MHGL PRC
WKH SRVWHULRU GLVWULEXWLRQ IRU HBERLSDUDIPGG/HU W
SUHGLFWHG GDWD FRQVLGHULQJ SDUDRHWWU XR FRAEMMDLL

FUHGLELOLW\ EDQG WKH SUHGLFWH& BR®HO ZHRWH HOLAPK

0&0& LWHUDWLRQ DQG WKH VWRFKDVWLFGPR@®H QTAR Q V LIEGE

4.6. Model comparisons

6HYHUDO K\SRWKHVHYV ZHUH FRQVLGHUHGVDQG DWHE/ W H (
DQG IRU JDPPDULGY 7DEOH 6 DFFRGDBDW®J DNB LMDHOHE BHH S
FRPSDUH WKH GLITHUHQW VXE PRGHOV ILMROQH®RI HAH FEKQD
SDUDPHWHU HVWLPDWLRQ DQG WKH UHEKYD WHH RG HPPRGIQE
LQIRUPDWLRQ FULWHULRQ ',& D %D\HVLORHPHRDQUWP H
PRGHO ILW ZLWK LWV FRPSOH[LW\ 6XE AFRGHGOGYSHAEWIK GO RV
HITHFWLYHO\ EDODQFH EHWZHHQ SUHGLFVWSYH JADOSCCFAW M D C
JRU %D\HVLDQ LQIHUHQFH -$*6 MR :BQERRBYHDIQR® \

VRIWZDUH ZHUH XVHG

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



SHVXOWYV

5.1. Chironomus riparius

5.1.1. Sediment, water and chironomid contamination

7KH 3&% FROQFHQWUDWLRQV LQ FRQWURO ZHQUG VSLN
UHVSHFWLYHO\ “ DQG vhe YHUVXQJ WiQJ GIZ
H[SHFWHG $W WKH HQG RI WKH H[SHULPKQWQ WEHNH&%
VHGLPHQW ZDV Vie GZQJ 1R VLJIQLILFDQW GLIIHUHQFH ZD
WKH FRQFHQWUDWLRQV LQ WKH VHGLPHQWH@VRQLIWRUH
YDOXH

$W WKH EHJLQQLQJ RI WKH H[SHULPHQW ADRK\HH B&2Z4 U HF |

! QJ / DQG : QR /WKH FRQWURO DQG H[SRVI
UHVSHFWLYHO\ ZKLOH WKH\ ZHUHQG “©o QJQJ /
UHVSHFWLYHO\ DW WKH HQG RI WKH H[SHULPHQW
3&% FRQFHQWUODWaALEBQN[ERVHG WR VSLNHG VHGLPHQW L

“ WR “  RQLQ GD\V

5.1.2. Chironomid survival and growth

$Q DFFHSWDEOH VXUYLYDO UDWH ZDV RIERMH WYHHG WGDMIN
FRQGLWLRQ DQG IRU WKH FRQWURO/SLNHGRVBGYPIHYW
FKLURQRPLG JURZWK ZDV REVHUYHG S YDOXH

5.1.3. Parameter estimates

7ZR PRGHOV ZHUH ILWWHG WR XSWDNH IG®HD/ ZDX\CHAUL
DQG VHGLPHQW H[SRVXUH URXWHV DQG (MEKGMPHIW R QDK
6LPLODU PDUJLQDO SRVWHULRU GLVWUSEXMMHRWNUZAUWKRE

PRGHOV 7DEOH 6 )LJ 6 6LQFH WKH "% IVPLRODERWK RRG

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



(T DQG IRU (T ZH VHOHFWHXGYVWVH PRVWKSW Y
IHZHVW SDUDPHWHUYV (T ZKLFK DRARFRRERHOQWIRQ A\[SRVX

7KH LQIHUHQFH SURFHVV TXLFNO\ FRQWHUEN®W LEBQE XK
REWDLQHG IRU HDFK SDUDPHWHU PHDOLBQW KDW GHDMWNDL R
DFFXUDWHO\ HVWLPDWH PRGHO SDUDPH@WGUV HUBHGAELOHW
LQWHUYDOV IRU HDFK SDUDPHWHU ZHUH Q@WVWEPHWHG DQG I

5.1.4. Model predictions

7KH PRGHO SUHGLFWLRQV ILW WKH ELRBBPRXPXODWLRC
JRU ELRDFFXPXODWLRQ )LJ D WZR RIUWKRKXWVNILIGW RHKHV X
FUHGLELOLW\ EDQG RI WKH SUHGLFWHG GPWDVXOUHP HRW I
)L E

5.2. Gammarus fossarum

5.2.1. Leaf, sediment, water and gammarid contamination

38&% FROQFHQWUDWLRQV LQ WKH GLIIBQIBQWH 6 DMHQ \WH
DUH VXPPDUL]JHG LQ 7DEOH 7TKHUH ZDV QRRQEHRKWH@MHL B |
LQ VHGLPHQW WKURXJKRXW WKH H[SRVXDH HKDWBGHGHS WD
VSLNHG VHGLPHQW ZLWKRXW JDPPDULGV QWO'\R@EAWLR
FRQWDPLQDWHG WKDQ OHDYHV LQ VSLNHGRWHEAMWIHRQQYV 24!
YDOXH

$V VKRZQ LQ )LJIXUH ZH REWDLQHG VLPLODW® 3&%
JDPPDULGY RYHU WLPH IRU WKH WZR FRQGKWLRQV WH
FRQFHQWUDWLRQV LQ * IRVVDUXP H[SRVHG GLR HMMBWNHG C
LQFUHDVHG IURP DQ LQLWLDO FRQFHQWUDWLRQD®G

‘ QkudJ UHVSHFWLYHO\ DW WKH HQG RI XSWDNH SK

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



ZHUH WUDQVIHUUHG LQWR D FOHDQ PHGLRWWRWLR®QG
RUJDQLVPV GHFUHDVHG WR “ RUDQHSY SHFWLYHXA\JDW G

5.2.2. Growth and survival

+LJK VXUYLYDO UDWHYV ZHUH REVHUYHG Y®OU IDQW HUK H
XSWDNH DQG HOLPLQDWLRQ SHULRGYV ZHBRQWHROHEB WADHIO
DQG IRU ( DQG DQG IRU (
5.2.3. Model parameters

6HYHUDO PRGHOV ZHUH ILWWHG DFFRUGLQLIGMERHGVKH
7TDEOH 6 7KH PRGHOV ZLWK VLPLODU HORRHVUWV'S& QG IOXH
K\SRWKHVHV DQG LQ 7DEOH 6 1@ YDBDEHVWDU® WK
6, 6LPLODU PRGHO SDUDPHWHU HVWLP DALVRNQM BDDXQNGL PO
HDFK SDUDPHWHU ZHUH REWDLQHG IRU K\&RWIKH V6V
+RZHYHU ZKHQ WKH ZDWHU H[SRVXUH URXWH ZPW UFRQ\DLA5
SRVWHULRU GLVWULEXWLRQV GLVSODWWWGDWMIRO@SHRIY IRU
6 DQG WKH PHGLDQ YDOXHWQWGNVWQYDGHILED EROY GHFUHDVH¢
6 ‘H FRQFOXGHG DFFRUGLQJO\ WKDW HFIR@QDW GRIQ LIMRIXDDBW H
QRW FRQWULEXWH UHOHYDQW LQIRUPDW LD DWRH W HEBEXU DF'\W
FRQFOXVLRQ LV FRQVLVWHQW ZLWK WKR VIDFHD WKKPHE B8&°
OHDYHV DQG VHGLPHQW ZHUH DURXQG Q F MW HMWILR®& HI
ZDWHU LQ DFFRUGDQFH ZLWK WKH K\GURYKRELFH FKD
&RQVHTXHQWO\ WKH PRGHO FRUUHVSRQGL®DLPRQROWR B K
%HWZHHQ K\SRWKHVHV DQG ERWK FRQOHDHUWHM D FRQ
VHGLPHQW ZH GHFLGHG WR NHHS WKH PRGWO FRUAHHGR C
WKLV PRGHO LV VLPSOHU WKDQ WKH RQH LKR WUKHWS R Q/GLLIZVF

WKDW 3&% WUDQVIHUV IURP VHGLPHQWLWRWHDYHV ZKLC

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



7KH LQIHUHQFH SURFHVV IRU WKH JDPPDWRAWNRRBHWOD F

TXLFNO\ FRQYHUJHG DQRG WKLQ SRVWHWHI IEUVWOIO
SDUDPHWHUV )LJ 6 OHGLDQ YDOXHWONQ@E&U HBBK GIDALDAN
ZHUH HVWLPDWHG DQG DUH VXPPDUL]JHG LWLRDQERBW 7KH
DURXQG ILYH WLPHV KlbJKHU WKDQ WKDW RI N

5.2.4. Model predictions
7KH PRGHO SUHGLFWLRQV ILW ZHOO ZLWK XBWDNH DQGQG
ELRDFFXPXODWLRQ LQ WKH ( FRQGLWLRDHWHZRXRN WKH F
FUHGLELOLW\ EDQG RI WKH SUHGLFWHG W DWDRUD @& HWEZR

FRQGLWLRQ

'LVEFEXVVLRQ

6.1. Robustness of Bayesian inference

‘H XVHG %D\HVLDQ LQIHUHQFH WR VLPXOVRBGORXV O
SDUDPHWHUV WRJHWKHU WR HQDEOH D PRUW DOLFRPXWU DWRXE
PRGHO SUHGLFWLRQV 2QH RI WKH PDMRD QDY QW D YHW KF
SRVVLELOLW\ RI XVLQJ GDWD IURP G LXMAAHIQ\G H{ % H Q L® HIQHV
W\SHV RI GDWD HJ XSWDNH DQG HORWLADWLER® JARE IV KRG
WR HVWLPDWH SDUDPHWHUV FRPPRQ WR L\ KK \GALUIBIW H G K H
HVWLPDWLQJ WKH HOLPLQDWLRQ UDWEHE IRBPIXSRDNHIG D QX .

7DEOH DV ZHOO DV E\ HVWLPDWLQJ HWKHREKLUR
ELRDFFXPXODWLRQ DQG JURZWK GDWD )LJ 7DEOH
7R HYDOXDWH WKH PRGHO SHUIRUPDQIFHP DAHI LXQ\DHG |

SRVWHULRU GLVWULEXWLRQV IRU HDFK ORRSUHROY IS®HN\D FPHRWH

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



LQIRUPDWLRQ FRPSDUHG WiR BRRKRQHVMV RIUILEX WIRR @ YSHULP
i ',& YDOXH DQG LY WKH SULQFLSOH RI SDUVLPRQ\

)RU ERWK FKLURQRPLG DQG JDPPDULG RRGRQV 2AMKIHQ
REWDLQHG PHDQLQJ WKDW GDWD SURYPGWG ISQRRPK W E LF
SUHFLVHO\ )LJ 6 D DQG 6 D 7KH VLPXHWDQBIRXKHMNAWI
DVVHVVHV WKH XQFHUWDLQW\ RQ SDUDPR@ EHW ERIQY LVE KR
7KLV LV DQ LPSURYHPHQW FRPSDUHG WR VGKHDE@P PRKQHD 8 S
PRGHO SDUDPHWHUV DUH RIWHQ HVWLPDWB®L@HB TXROW
DXWRFRUUHODWLRQ RU FRQIRXQGLQJ FOF\WRUDP AN b [LD W,
GHULYHG IURP WKH OLWHUDWXUH FDQWXV B HI HQD FFLRRXD W H
GLVWULEXWLRQV ZKLFK LV QRW WKH FDWRH HRY MKHLBRW®KI
FRPPRQ IUDPHZRUN LW LV QRW HDV\ WR F\WQ RI GSHUH GULKHW R
DV UHFRPPHQGHG LQ WKH FRQWH[W Rl HOMIWRQPHQWDO UL

JRU ERWK VSHFLHV PRGHO SUHGLFWLRGDWDRW 7EKHO O
PHDVXUHPHQWY RXW WKH FUHGLELOLWRLE EQ® KR IV B/HKFL IS
FRXOG LQGHHG EH GXH WR WKH ORZ QXPHEHJLRLVBDWRUS
FKLURQRPLGY 6FKXOHU HW DO ks PHDREWDAXH RO

“ WHekuis G DQB PHDQ YDOXH RI | RChirono@ius
tentans H[SRVHG WR 3&% VSLNHG VHGLPHQW +KWBIKN ZH R
HVSHFLDQ OTKRW FRXOG K\SRWKHWLFDOO\ EH GXH WWH L W
VSHFLHV WHVWHG LL WKH GLIIHUHQFWKRQWHS Hi[LSFRH/QMW
GXUDWLRQ DQG ORZHU VHGLPHQW FRQFHQUED WILR Q JIUR B\
GLOXWLRQ ZKLFK ZDV LJQRUHG LQ 6FKXOHWB® ®WPRQVWL
WKH LPSRUWDQFH Rl FRQVLGHULQJ WKIDUYREWK E B IWMHR RU

3pU\ %HUWLQ ,Q WKH SUHVKQW PR\GHID 2B UDWPMHIY

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



D ky > + @IcQ WKH OLWHUDWXUH WKH YDOXHV YD

3pU\ %YHUWLQ ) XUWKHUPRUH REWHUBDRBG 3I
WKDW IRXUWK LQ.\faméany OHDUH PHXFK ODUJHUCWigabud WRRVH R
RXU NQRZOHGJH WKLV VWXG\ LV WKHDMUR®/ RIHB&KR%W W LIQIR P
VHYHUDO SRWHQWLDO IRRG VRXUFHV IRULWHKPPDRRDBWVL GW
HIDPLQHG 3&% XSWDNH IURP ZDWHU H[SRVXUH /\QFEGHUV
DQG -RKQVRQ ZKHUHDV DFFXPXODWLRH[BERRKGK
BLQNQH)

6WDWLVWLFDO PRGHO VHOHFWLRQ LV FRPEPRRLCSOHD VEH (
ZKLFK K\SRWKHVHV VKRXOG EH NHSW DV MW M\SKIDHNV DBEA DR\GWLL
SDUDPHWHUVY WR D PRGHO ZH FRXOG LPE&EXRY B W KMKHLWD®
wLPH SDUDPHWHU HVWLPDWHYV ZRUVHQ RRFDXVHOWEKBHHSLE
SDUDPHWHU ,Q DGGLWLRQ WKH FRPSXWOWHRV DMGGSLEOD
SDUDPHWHUV ,Q WKLV VWXG\ ZH DS®UOLH&VWHKLWHSREW B IL K
VR WKH PRGHOV ZLWK WKH OHDVW SDUDPHWHUV ZHUH VHO|
6.2. Modeling and biological implications

2Q0H DGYDQWDJH RI WKH JHQHULF PRGHIOD &/HLW CCROBMHRGZ
XV WR FRQVLGHU HDFK XSWDNH RU HODBIGQ D WHRWGUR X WIR I
DYDLODELOLW\ RI WKH GDWD PHDVXUHKD Q7 KK I6Q | IGIHIW I WP |
ZKLFK URXWHV DUH WKH PRVW LPSRUWDDPL QI W KHE\ DVHAHEX
RUJDQLVP 6LGQH\ HW DO VKRZHG WXDWW LFFW K N\IGQIRHSK
ZDV WKH GRPLQDQW XSWDNH URXWH ZXK Dpaftidsy HyaleNaSHFLHV
azteca, Lumbriculus variegatus D Q$phaerium corneum 7KLV LV FRQVLVWHQW .
UHVXOWY IRU FKLURQRPLGY DQG JDPPDURB®WZKVY. AMKKHRBDL\

3% FRQWDPLQDWLRQ VRXUFH

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



7KH PRGHO FRQVLGHULQJ WKH ZDWHU DQG VH®BLRHQW
VLPLODU UHVXOWY WR WKH PRGHO FRQWUIUGHURQWRQON WK
L H VLPLODU PDUJLQDO SRKWHME RIUBGYVYWWHBXRPRERHQ VR
DQG '",& YDOXHYV $V D FRQVHTXHQFH ZH WBRQFD XG®MGI W
H[SRVXUH LQ WKH FKLURQRPLG PRGHO RRDO FRXQQWLHI/P @ RVR
VHGLPHQW LV WKH PDMRU H[SRVXUH URXWH

JRU JDPPDULGY VHYHUDO K\SRWKHVHV Z2\HIPHR @IHRXWH G
PRGHO zZzDV WKH RQH WKDW GLG QRW DEFEXWKQW\SRW WHMNWL¥YD'
JXUWKHUPRUH FRQVLGHULQJ RU QRW WIKRHH QYW DWR | 8 HDRIHY.
( FRQGLWLRQ GLG QRW FKDQJH WKH YDOXHMU DRHW M/UKWH
K\SRWKHVLYV DQG 7TDEOH 6 GHPR @RV QB W LR QWHID &
DGGLWLRQDO YDOXDEOH LQIRUPDWLRQ L VK FSHH® | CGBXURHYYLLQRD
DON\O FRPSRXQGV K\SRWKHVL]J]HG WKDW Q& HGRS DDJPAPIDRA HS
FRQWDPLQDWHG VHGLPHQW ZHUH GHSRVL@YWGE G HRWH WKKH @ X
LQJHVWHG E\ JDPPDULGY %HUWLQ W7 K HGH PBIKWX Q@ W W\
PDMRU FRQWDPLQDWLRQ VRXUFH
6.3. Species comparison

ORGHO SDUDPHWHU HVWLPDWHY DUH WKMUDIILRYHRF RMQKH
WZR VSHFLHV DQ XSWDNH UDWH IURP VHGELKHQRHWIKRUR
FKLURQRPLGYV OLYLQJ LQ WKH VHGLPHQWKHWYXDQI DI PRO |
VHGLPHQW DQG VLPLODU HOLPLQDWLRQ UDWH FRQVWDQW\
6.4. Model limitations and implications for future use

7ZR OLPLWYV FRXOG EH KLJKOLJKWHG L®D¥FKHLRVH. RI
PRGHOVWKH FRPSOH[LW\ RI FRPSKWIOAMRREHDRIGSULRU GLV

'‘XH WR LWV FRPSOH[LW\ WKH XVH RI WWHHG %0 HN LPRGB ®Y

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



+RZHYHU IRU LQYHUWHEUDWHY 7. PRGHO\D©RBXIO/GVENDRR QL
FRPSXWDWLRQ DOVR VWHP IURP WKH RUXBIQRERPSBDHIMPRIHBRAC
7KH PDMRULW\ RI WKH SUREOHPV HQFRXBPKVKDMB U8B VWRM K
IURP WKH FKRLFH RI SULRU GLVWULEXSUWIRRW G LW W.WL EXN
DFFRUGLQJ WR SUHYLRXV GDWD VLPLOQUWW RFRXWAL GlIHSH 8 U
GLVWULEXWLRQV VHOHFWHG LQ WKLV FRH/UW OHULIHIQSUHF
GDWPRrioi LQ WKH 7. PRGHO FRXOG EH XVHIXO VERIWDRRLW W
H[SHULPHQWV

)XUWKHU LQYHVWLIJDWLRQV ZLOO DSSOURNKRPIHHVL
SURFHVVHV LQFOXGLQJ ELRWUDQVIRUPD)FLRQ@KRUHFRKAFH
IUHTXHQWLVW DSSURDFK FRXOG KDYH QIQPLVSDWGREOW L RO
LQWHUYDOV KDV DQ DGYDQWDJH LQ W KIDUR X\DKCH V EP)XQO D @/\L
ZLWK IOXFWXDWLQJ LQSXW FRQFHQWUD®ILIRQWY |HRP QW KR
FDOLEUDWLRQ H[SHULPHQWY DQG LQ WHWWUW K PREFRXQD
IRU $VKDXHU HW DO ,Q SDUW LRFX\D DWKIRW NS S RBBEBK F
PDNH LW SRVVLEOH WR SUHGLFW WKHXFRQFKB VVFRQWHR® WL

LQ VHGLPHQW LV NQRZQ DQG XQFHUWDLQWLHY DUH WKXV

&RQFOXVLRQV DQG SHUVSHFWLYHYV

,Q WKLV SDSHU ZH SURSRVHG D JHQHUIPHZRPR GMHRO L (
HVWLPDWH WR[LFRNLQHWLF SDUDPHWHUVO 1KLVRIDGBURWEF
FDOFXODWH D PRUH DFFXUDWH HVWLPIHNG R ® RRAVS\VUHIBA H W LV
DELOLW\ RI %D\HVLDQ DQDO\VLV WR VLPXOQW P g WRIXJWO \
FRQVLGHULQJ VHYHUDO H[SRVXUH URXWHV HIBRVRUB&%

HISHULPHQW XQGHU FRQWUROOHG FRQGH®Vtigaua¥ DQGWZR L

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



G. fossarum )URP D PHWKRGRORJLFDO SRLQW RI WIHE WKL
FRQVLGHULQJ WKH FRUUHODWLRQ EHWZHW®ISGDWPHMWHD W
DGGHG YDOXH IRU 7. PRGHOLQJ :H GHPHR@QYVWWFDW HR GHGI \B
FRQVLGHU XSWDNH DQG HOLPLQDWLRQ GWRN® H&HBH @8 GYD A
WKH DYDLODELOLW\ RI PHDVXUHG GDVQIW RURHM DD HHARWKR[Z}
GLIIHUHQFHV LQ 3&% ELRDFFXPXODWLRIPEHBWZGHQZRKEKF
FRXOG EH H[SODLQHG E\ WKH GLIIHUHOQMQIOAAKY WH DDLOWR |
FRQILUPHG WKDW VHGLPHQW LV WKH PWDWIHREU D RXW HH RS RIS
KLJKO\ K\GURSKRELF RUJDQLF FRQWDPL@QWYVDSXOW KHU
%D\HVLDQ IUDPHZRUN WR RWKHU EHQWKLWKHQY RUWMNEIUD
FRQWDPLQDQWY VR DV WR DGGUHVV PRUH JERPSOH

ELRWUDQVIRUPDWLRQ

$FNQRZOHGJPHQWYV

7KLV VWXG\ ZDV VXSSRUWHG E\ WKH )UHDBDKHK BIXMWXRUN D W
WKDQNIXO WR *UDQG 3DUF OLULEHO -RQDWH XRHGSUQYL
H[SHULPHQWY 7KH DXWKRUV DUH DOVR)HWMNWHHOIXO OMRJ 0 DA
805 &156 JUDQFH IRU %D\HVLDQ LQIHUM@HAH ALVERVVI
$UKURU DQG ODWWKLHX ODVVRQ ,UVWHD HKIRULD FYWHUWAHNVL
DQEQDO\VWLY 7KH DXWKRUV DUH DOVR JUDWH)EO WRRODQRC

/' IRUWKUXS IRU HGLWLQJ WKH PDQXVFULSW

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



SHIHUHQFHYV

$)125 '"HWHUPLQDWLRQ RI WKH 7R[LFHQWRI| WBH&KL UIRWQRPE R
5LSDULXV 3DUW I1DWXUDO 6HGLPHQWY :DWHU 4XDOLW\

$PLDUG - & & $PLDUG 7ULTXHW % %HUMRKIS\DUDWGY& \DW WG\
WKH SDWWHUQV RI ELRDFFXPXODWLRQ RIVHEWHOWLRBG &€ WN\Q
PHWDOV LQ YDULRXV HVWXDULQH DQG [SRV\RBQWILJ DQIUMRH YR
DQG (FRORJ\

$VKDXHU 5 $ +LQWHUPHLVWHU , &DGDYDWWIVRKHWHWYVFK
7R[LFRNLQHWLF DQG WR[LFRG\QDPLF PR[&RDW® J URB OH[ISRW XALDHJ
GLD]LQRQ E\ VORZ RUJDQLVP UHFRYHU\ HPRRQRRRPHQWDO 6FLHQ

%HUQLOORQ 3 DQG ) < %RLV B WIDO\HW WAL PIRG HO VY H V$LG T
SHUVSHFWLYH (QYLURQPHQWDO +HDOWK 3HUVSHFWLYHV

%HUWLQ ' % - ' )HUUDUL 3 /DEDGLAHXG]LOVSILQ 0- +FDXGEH. FDQ
% DEXW %LRDFFXPXODWLRQ RI SHUIDKRYIRIDURD RPKR/P S RIMG
ODUYDH H[SRVHG WR VHGLPHQW (QYLURQPHQWDO 3ROOXWLRQ
%HUWLQ ' 3 /DEDGLH % - ' )HUQDWHII®UED SL P %G FIDQVNIEE D (
%DEXW 3RWHQWLDO H[SRVXUH URXWWVIRWGSRMDAFXBRGD

SHUIOXRULQDWHG DON\O FRPSRXQGV IRU IDXVUWYE&ZD&UKY VP SKI
&KHPRVSKHUH

%RLV ) < DQG & %URFKRW ORGHOHYJ 3ik DU POHRR NIQ@NWLL F V
HGLWRU ,Q 6LOLFR OHWKRGV IRU 3UHGIHAVLRUNUXB Z RRFNW1<6S

&DUUDVFR 1DYDUUR 9 , -JHU - 2 +RAONBDOHARDUUROO .XQG
&DP XV %LRFRQFHQWUDWLRQ ELRWQ IRQVSRWHQHV LLRIQ WOKQHG DH
FUXVWDFHDQ *DPPDUXV VHWRVXV $PSKLSRGLDQ HD \Q YALZMAR Q\PHHROM
5HVHDUFK

(QIOHUW ' =XEURG -3 3LHW] 6 6WHIDQLW DQDXVV 5HOTFK X!
LPSRUWDQFH RI GLHWDU\ XSWDNH DQG ZNMWHMGRBUQH MHRSRVIR
HISRVHG WR WKLDFORSULG FRQWDPLQDWHG OHDYHV 6FLHQWLIL

(33 (3% 8 $SSURDFKHV IRU WKH $S SLFIDFDO L RED VRIG :
3KDUPDFRNLQHWLF 3%3. ORGHOV DQG 6XSBROWLQLQDWEHRRY
'DVKLQJWRQ ' &

JRUURZ ' 0 DQG / ODOWE\ 7RZDUG DQBHBOKD®RLVWL
FRQWDPLQDQWLQGXFHG FKDQJHV LQ GHWUHEWXVYQSURGBVVHGW LH)
GHWULWLYRUH IHHGLQJ (QYLURQPHQWDO 7R[LFRORJ\ DQG &KHP

*DOLF 1 DQG 9 ( )RUEHV (ITHFW\S RUMHP SIQFBWX UH | R € WKE
DPSKLSRG +\GURELRORJLD

*HOPDQ $ - &DUOLQ + 6WHUQ DQG DWIXBIQ®O\VL WA kRQ N
86%

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



*UHFK $ & %URFKRW - / 'RUQH 1 4XLJGRWXGRXLQ6HRLV I
7R[LFRNLQHWLF PRGHOV DQG UHODWHGVWRRPNQIM RH QFK HIMRLIFD
6FLHQFH RI WKH 7RWDO (QYLURQPHQW

*URVV BRURNLQ 0 < ( 3 0 *ULVW 0 &RBNMDBI ® QG &GHSHU DV
RI QRQ\OSKHQRO E\ WKH EHQWKLF LQY HUMPSRUDWIH WD P ¥ DIBIX\C
UDWH" (QYLURQPHQWDO 6FLHQFH DQG 7THFKQRORJ\

, 3&6 , 3 R & 6 &KDUDFWHUL]DWLRQ D@R®RSESDOPDWhRQFH
SKDUPDFRNLQHWLF ORGHOV LQ 5LVN $VVHVVPHQW *HQHYD 6ZLW

IDPEHUW 3 & $ - 6XWWRQ 3 5 %XUWR®RQHW S$EUBRY YDJEH
LV YDJXH" $ VLPXODWLRQ VWXG\ RI WKSIULRSDGE W WIU WEHWX RID \R IL
XVLQJ :LQ%8*6 6WDWLVWLFV LQ OHGLFLQH

IDQGUXP 3 ) 0 - /\G\ DQG + /HH D TR WALEN  QHMHFFY D@ (
FRPSDULVRQV DQG XVH LQ KD]DUG DVVHVRPHOQWG (QKHBROWHYQ

/IHEUXQ - ' 0 3HUUHW ( 8KHU 0 + Z&AVREKXODBDXNODAPLQ DC
:DWHUERUQH QLFNHO ELRDFFXPXODWLRQ IRQ PBIFRDQXV VEIXFO RR G
DQG LQIOXHQFH RI ZDWHU FDWLRQLF FRPSRVLWLRQ $TXDWLF 7F

/JHSSIQHQ 0 7 DQG - 9 . .XNNRQHOQ H FBSIHO@IMMWH GP 8 R G WD
DQG SRUH ZDWHU DV ELRDFFXPXODWLRQ HRMHW HAX PIERUL FX\Q X\
YDULHJDWXV O0XOOHU (QYLURQPHQWDO 6FLHQFH DQG 7HFKQRO

/ILQ + , ' : %HUJLQV / O\HUV : - *HRQE .$ +$EGW D QOES
$ %D\HVLDQ DSSURDFK WR SDUDPHWHU HVDIPEDWIXRQ VIRSU D
ELRDFFXPXODWLRQ PRGHO (QYLURQPHQWDO 7R[LFRORJ\ DQG &K

/ySH] 'RYDO - & - 9 . .XNNRQHQ 3 B5RGULJIRIIHFQG/ ,RI0XX
LQGRPHWKDFLQ DQG SURSUDQRORO RQ &R L WBRRYR\PXW HOIOID UD K)
(FRWR[LFRORJ\ DQG (QYLURQPHQWDO 6DIHW\

NG\ 0 - - % %HOGHQ DQG 0 $ 7HHRSNUDWXUUHHRQ WRH WR]
0SDUDWKLRQ FKORUS\ULIRV DQG SHQWDWKQRIDREHQ$HEKL YWR/
(QYLURQPHQWDO &RQWDPLQDWLRQ DQG 7R[LFRORJ\

IN\QFK 7 DQG + -RKQVRQ $YDLODEKI®QW\ IRVRP HH U RKBDRY
DPSKLSRGV IURP H[SHULPHQWDOO\ FRQW PRHQLFW VG 6 R PIWHXAD CR
7HVWLQJ DQG ODWHULDOV 673 3KLODGHOSKLD 3%

ODF.D\ ' DQG $ )UDVHU %LRDFFXP XQDLLRFQ FR H PLHWD\DL\A
OHFKDQLVPV DQG PRGHOV (QYLURQPHQWDO 3ROOXWLRQ
ODFQHLO & - 7 $ 'LFN DQG 5 : (OZRRGRI SUHKHWGRQDR
*DPPDUXV VSS &UXVWDFHD $PSKLSRGD %LRORJLFDO 5HYLHZV
ODP\ / ' 3DWXUHDX ( %DUULXVR & %KIWRW ) &HYWDE /P XRK
OLHJH DQG 3 %HQRLW 3UHGLFWRRG RRAIQGKHLIDWKHRHRYIDR

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



IURP WKHLU PROHFXODU SURSHUWLHV(Q$ IUHRQPIHQ\&WDOW&EFIDHQ B
7HFKQRORJ\

OLOOHU 7 + * /[ OF(QHIl / & B6WRWW BPQEB R2ZBQ%DUBR®X
$VVHVVLQJ WKH 5HOLDELOLW\ RI 8SWDNGBHDQGQ(O$BEQRWERIQV
(VWLPDWLQJ %LRFRQFHQWUDWLRQ )DFWRWW L&D RPKOH XV HIXKT DV
6FLHQFH RI WKH 7RWDO (QYLURQPHQW

OLOOHU 7 + 1 5 %XU\ 6 ) 2ZHQ BOWDNH ®DRWBRQVIRUPDW
HOLPLQDWLRQ RI VHOHFWHG SKDUPDFHYNWHDPNDVXWHGINVKQDV
FKURPDWRJUDSK\ WDQGHP PDVV VSHFWURPHWU\ &KHPRVSKHUH

2(&' :DWHU &KLURQRPLG 7R[LFLW\ 7HWV ,&V LI &' '6 SXINGHHO 6D E |
IRU WKH 7HVWLQJ Rl &KHPLEDOV

2(&' 7THVW 1R LRDFFXPXODWLR®H@QWEHGE LPEIIQIVR FaKZDHONOH
2(&" *XLGHOLQHV IRU WKH 7HVWLQJ Rl &KHPLFDOV 6HFWLRQ

3DYDQ 0 $ 3 :RUWK DQG 7 , I1HW]HYD R GHHIOWL HHR UR |
%LRFRQFHQWUDWLRQ (XURSHDQ &RPPLVVLRQ -RLQW 5HVHDUFK

3pU\ $§ 5 5 5 ORQV 3 )ODPPDULRQ /LHFDJDGL$ PRGGOGLQDL
DSSURDFK WR OLQN IRRG DYDLODELOLWGXFVRIZRWK | RWP HWUK H QFFL
&KLURQRPXV ULSDULXV (QYLURQPHQWDO 7R[LFRORJ\ DQG &KHP

3LONQH\ $ ( * 9 3RMH 5 0 6DQVXY &RQDRWBH DQ&ESWMDMNH DQ
SHWHQWLRQ RI & $URFOKWS$SPSKLSRG *DRPDHBV&RQWDLRXQDW F
)XQJIXV )XVDULXP R[\WSRUXP $UFKLYHV RW[RQLDRGP ARWBPRORK

3O0XPPHU O UMDJV %D\HVLDQ *UDSKLFDO ORGHOV XVLQJ 0&

5 &RUH 7HDP 5 $ ODQJXDJH DQG HO@YERRSPW QW | FU) R/XAVDGADL
IRU 6BWDWLVWLFDO &RPSXWLQJ 9LHQQD $XVWULD

5DIWHU\ $ ( DQG 6 0 /HZLV >3 U RRWLHF B0 WOR® R & RAKMH QW
/RQJ 5XQ ZLWK 'LDJQRVWLFV ,PSOHPHQWRBRWKDRQ 6R/Q\WUWHIDY U I
BWDWLVW G6FL

SLFKDUGY 5 * DQG 0 &KDORXSND 7THR B HERXORNOODHVG RQHFE
FRSSHU LQ DQ HVWXDULQH R\VWHU 6FLHQFH RI WKH 7RWDO (QY

5|VFK $ 0 *RWWDUGL & 9LJQHW 1 GHGHUJUKWHBKD@IG/W LH#ROC
8QGHUVWDQGLQJ RI WKH 6\QHUJLVWLF L3R WHG®WILTDXD R L 5 ],ROOYHH U X
*DPPDUXV SXOH[ (QYLURQPHQWDO 6FLHQFH DQG 7THFKQRORJ\

6DQGHUV + 2 DQG - + &KDQGOHU RQY%RIRORSRPODPOK ®RUQ DI
ELSKHQ\O $URFORUS IURP ZDWHU BEAODHMDLVOL R I L QQHLUNRDE!
&RQWDPLQDWLRQ DQG 7R[LFRORJ\

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



6FKXOHU / - 0 :KHHOHU $ - %DLOHU 7RRGRNLQHWIGRV F
VHGLPHQWVRUEHG EHQ]R>D@S\UHQH DQQ UHH[PFKW R U REYLGH HI\Y HE
+\DOHOOD D]WHFD &KLURQRPXV WHQWDQV (DYGURQPH®DLVFRO
7R[LFRORJ\ DQG &KHPLVWU\

6LGQH\ / & 1 - 'LHSHQV ; *XR DQG ¥UPLWHONFEQVPRGHOOL
ELRDFFXPXODWLRQ E\ IUHVKZDWHU EHQWRORIQYHUWHEUDWHYV

6SLHJHOKDOWHU ' - 1 * %HVW %QGH&DUOLED\BYGD® BHDV/XL
RI PRGHO FRPSOH[LW\ DQG ILW -RXUGQRFQ HRV\WEHUERND @ 6BAD B
OHWKRGRORJ\

YRQ %HUWDODQII\ / $ TXDQWLWDWKL Y H QIKH RIBWY RR R U URQ WH
., +XPDQ %LRORJ\

DWWV 0 0 DQG ' 3DVFRH $ FRP S RWPXW LYIHS B WXOGX RH BRKH Q|
&KLURQRPXV WHQWDQV IDEULFLXV 'LSWUWRJDF&ML\UWR QRWIVG DHHU F K (
(QYLURQPHQWDO &RQWDPLQDWLRQ DQG 7mRdst FRIO R315:
Bioaccumulation in Sediment-Dwelling Benthic Oligochaetes

GRL GRL KWWSV GRL RUJ HQ

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



7TDEOH6XPPDU\ RI WKH WR[LFRNLQHWLF PRGH® G® UDHUH VWM O
YDOXHV GHWHUPLQLQJ WKH FUHGLELOLW\ LQWHUYDO

2UJDQLVPV 3DUDPHWHUYV 3ULRUV OHGLDQ S3HUFHQWLOHYV

Chironomus Ks QRUPDO / R J

riparius

/IRJ QRUPDO

Ke /IRJ QRUPDO
Lo /IRJ QRUPDO
Lmax /RJ QRUPDO
1 *DPPD
1
*DPPD
Gammarus ki Ks /IRJ XQLI i
fossarum
/IRJ XQLI i
Ke XQLI i / R J
1 *DPPD

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



7DEOHSXPPDU\ RI 3&8% FRQFHQWUDWLRQV LQ ZDR¥RU GD®D YAHR/
JDPPDULG H[SHULPHQWY FRQWURO ( RQVQ®G D&WIFO®FXG BN

DQDO\WLFDO UHSOLFDWHV Q ZKHQ VGQDUH BQGHLQVLIR[EHIW ARU
IRU VHGLPHQW LQ ( FRQGLWLRQ DW GD\ ZKHUH Q

‘DWHU QJ JHDYHV &@dvdv BHGLPHQWheQJ J
'D\V

&RQWURO “ “ :

2 spiked leave?; spiked sediment spiked sediment without gammarids

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH



JLIXUH'LUHFWHG DF\FOLF JUDSK '$* IRU D Q®GHGHWDPPHUEKLU
PRGHOV 2EVHUYHG YDULDEOHV VXFK DRQWIHRAR@\WDYPYDQYMWGEI
DQG OHDYHV DUH UHSUHVHQWHG E\ UHFWDRQGHY QR GHEO H\WR ®!
UHSUHVHQWHG E\ FLUFXODU QRGHV 'RWWMHLGF DULQRZINV UH/SUHVHQ

ZKLOH VROLG DUURZV UHSUHVHQWL¥WREKDY & IREQHQNM CE 6\l

&KDSLWUH &DGUH %D\pVLHQ SRRPBR GIWVOH. PHUpQIH YV LIXBDP D W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF O



JLIXUH 2EVHUYHG GDWD GRWV DQG PRGHO SWH®HRWLRQV DVR
3&8% FRQFHQWURWLR@¥KQURQRPLGYV (T DQG E FKLURQRP

IURP GD\V WR 7KH REVHUYHG GDWD DUHXVHQJD HPHDMX W]
DW HDFK GD\ DUH V\PEROL]JHG E\ ILOOHG GRWYV

JLIXUHOHDVXUHG GRWV DQG WULDQJOHV D @FX SYHNG LIFVRIFG(TVRO

DQG 3&% FRQFHQWUDWURE®PDQLGY GXULQJ WKH XSWDN
DQG WKH HOLPLQDWLRQ GD\V +  SKDWIEWDVKHSDYHWWHIG B DWKL QY
PHDVXUHG GDWD DUH VLQJOH YDOXHV Q

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW DYHF OH 3&% + $SUWLFOH






0$7e5,(/ 6833/e0(17$,5(

6XSSRUWLQJ LQIRUPDWLRQ

$ %D\HVLDQ IUDPHZRUN IRU HVW
SDUDPHWHUV RI D JHQHULF WRJI
IRU WKH ELRDFFXPXODWLRQ RI F
E\ EHOWKLF LQYHUWHEUDWHYV S
3 &% DQG WZR IUHVKZDWHU VS

$XGH 5DPW&KULVWHGCORBLREUY /'DERPGHRAH % XG ALG\RNOLD V
'"HORWPPHHUYp 4XpPDXUHQW BHEHOKKHMNU PHOIMWRS %D E X W

D UVWHD 85 5LYHU/\ FHQWUH GH /\RQ PLE®BXBEDQQH $YHQXFE
9LOOHXUEDQQH &HGH[ )UDQFH

E8QLY /\RQ 8QLYHUVLWpP /\RQ &156 /DERIULRWRUIUH GHR GoX\REYW

805 ) 9LOOHXUEDQQH )UDQFH

FS8QLYHUVLWpP %RUGHDX[ (QYLURQQHPHOMWWQHWXBNOPWHQYLURC
&RQWLQHQWDX[ (32& 805 &156 /DERUBWERRU&KGRALHKOH FR |
OfHQYLURQQHPHQW /37& FRXUV G H KD D) UIDEPFRIHD W LR Q 7D

& RUUHV SR Q Gdh@xtellB.MpHaRitiv-lyonl.fr

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHY SUHXYH GH FRQFHSW PHN@W DIHJ B& % + ODWpULHO VXSSOp



7TDEOH &XPPDU\ RI WKH GLIITHUHQW VXE PR G HSRWIKMVWHNGWIHARAR Y G
JDPPDULG H[SRVXUH SDWKZD\V (  VSLMGGVGIKDIPARWGERQEBDW LR

Hypothesis Model according to available data
El:ks=0 .
1. 1-If only water ' A7 i
y k|:0 ~ L ’erL ™4 S‘_’{-IL 5:'; (10)
exposure route
is considered E2:ks=0, A LenF mgz. o H ;- (12)
k=0 C ’
El: k<=0 L
2. If only leaf ' A1 cie
g kw =0 "—7- Lot s5s°:F - (12)
exposure route "
is considered 2+ k=0, { 7o Lot 550 0H .- (13)
" . ;
kw=0 C
3. Ifleaf (E1) or E1: k=0, ’ .
sediment (E2) =g = f LoeF zastib s (12)
exposure routes go. |- z =
. E2:k=0, LI oiH i (14)
are considered | —q ¢ 7
4. |Ifleaf (E1) or
sediment and Tl A1 s
E1ik=0, P L H i @M s (12)
leaf (E2) ky =0
2t =
exposure routes g3: =0 T LM ErH g @ s (15)
are considered
5. If water and -
leaf exposure  £1.1=0 p f Loenk wab A zastih s (16)
routes are E2: k=0 e
' - L e rM/L ™ 5 4 4 3, H . '; 17
considered ¢ t ak*d wanesH . (47
6. If water and
leaf (E1) or -
water and E1:ke=0 L wH g Bt 5 @k i (16)
sediment (E2) E5.y=0 e
' ‘ L oeH mgEH . @M 18
exposure routes ¢ 7- K ak 7t (18)
are considered
7. If water and
leaf (E1) or ;o
water, leaf and 2 ;_ L oot mgh et 756 @M s (16)
sediment (E2) El'k=0 FF o=
’: L MH ™ 5 ‘.H.E’ > 4 /’I’ i 7
exposure routes ¢ 7- K ak A 25 @M (7)
are considered
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&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHY SUHXYH GH FRQFHSW PHN@W DIHJ B& % + ODWpULHO VXSSOp



JLIXUH 6[SHULPHQWDO GHVLJQ IRU JDPPDULGV DFHFXWXOD

VSLNHG OHDYHV ( VSLNHG VHGLPHQW Z4LWRQW®GS I DNHF&P
VHGLPHQW ZLWKRXW JDPPDULGV (

$QQH[ + 5 &RGHV RI WKH WZR PRGHOV 5 VRIWZDUH YHUVI

5 &RGHV DQG FRUUHVSRQGLQJ FVY GDWD ILOHVY DUH DYDLC
JHORGR

&KDSLWUH &DGUH %D\pVLHQ S®RRR GYWL PHUpQIHYV LIXHDPD W DHIW ¢
EHQWKLTXHV SUHXYH GH FRQFHSW PG W DL B& %



TDEOH3®@UDPHWHU HVWLPDWHG

IRU FKLURQRPH&Y GHSHQGL

SDUDPHWHUORGHO (T

L&

ORGHO (T

L&

Ks
kw

Ke

Lo

Lmax

J)LIXUH BULRU

UHG FXUYH

DQG SRVWHULRUXWQREN RXUY

PRGHO SDUDPHWHUYV IRU FKLURQRPLGV (T

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHY SUHXYH GH FRQFHSW PHN@W DIHJ B& % + ODWpULHO VXSSOp



JLIXUH YRU WKH FKLURQRPLG PRGHO (T PV VEHU RRIU U
EODFN FXUYH PDUJLQDO GLVWULEXWLRHGLEWREDVROHG
GDVKHG FXUYHV WRS 3&% FRAFHQWKLWRRARYLQV G XU
DFFXPXODWLRQ SKDVH IURP GD\ WR PPQGERWRNF K RI FKL

&KDSLWUH &DGUH %D\pVLHQ S®RRR GYWL PHUpQIHYV LIXHDPD W DHIW ¢
EHQWKLTXHV SUHXYH GH FRQFHSW PG W DL B& %
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J)LIXUH B3ULRU UHG FXUYH DQG SRVWHULRU WOREM RXUY
PRGHO SDUDPHWHU IRU JDPPDULGV (T

JLIXUH)RU WKH JDPPDULG PRGHO (T [3 R Y WLHRUL RWH
EODFN FXUYH PDUJLQDO GLVWULEXWLRUHGLEWREDVROWG
GDVKHG FXUYHV 3&% FRQFHZYW UMW UIRPRDUWQIGV GXULQ.
DFFXPXODWLRQ SKDVH IURP GD\ WR EOWRNWKBV® H GNORIQW |
WKH GHSXUDWLRQ SKDVH IURP GD\ WR{IGWLFDOVROWKN GLC
OLQH

&KDSLWUH &DGUH %D\pVLHQ SRRBRGVOWH PHUpQKHY LIXHDPD W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW PHNQW D B&%



J)LIXUH )RU WKH JDPPDULG PRGBIOS(ULRU UHG FXUYH DQG
EODFN FXUYH PDUJLQDO GLVWULEXWLROHGLEWREDVROKHG
GDVKHG FXUYHV 3&% FRQFHZYW UMW UIRPRDUWQIGV GXULQ.
DFFXPXODWLRQ SKDVH IURP GD\ WR EOW RNWKBMV® HGNORIQW

WKH GHSXUDWLRQ SKDVH IURP GD\ WRHGWLFDOVROWKN GLC
OLQH

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHV SUHXYH GH FRQFHSW PHN@W DHIB&% + ODWpULHO VXSSOp



JLIXUH 6XSHUSRVLWLRQ RI SRVWHULRU EODFN FXUYHV
GLVWULEXWLRQV IRU JDPPDULG GRWWNG \FROIYG \F XD 8 VFK
D WKH XSWDNH UDWH FRQVWDQW |URR @ H®DLVPH R QDD EW

&KDSLWUH &DGUH %D\pVLHQ SRRBRGVOWH PHUpQKHY LIXHDPD W DHHW (
EHQWKLTXHV SUHXYH GH FRQFHSW PHNQW D B&%



127( RADIXAURICULRIA (;326( $8 3&%

,QWURGXFWLRQ

8QH WURLVLgPH HVSgFH GYTLQYHUW RedikpadriddlapaV pOH[SR V|
VIDJLW GTXQ PROOXVTXH JDVWpURSBBMUIXNANRYHM HOVHQ
H[SRVp YLD OH ELRILOP HQ VXUIDFH/fREW M FNpIW CLF[L HHV V& HO
OYDSSOLFDELOLWpP GX FDGUH GILQH HVSEHRHGN[SRGmID HD X p
FRQWDPLQDQW 3&% TXH OHV GHX[ HVSQFHV SUpFpGHQW

ODWpULHOV HW PpWKRGHYV
Design expérimental

/JH GHVLJQ H[SPULPHQWDO FRPSOHW DNPWp Glp@EQ WD OW
GRSDJH GX VpGLPHQW VHFWLRQ HWOH VSIEMARHPHQ\
OYH[SRVLWLRQ GHV UDGL[ DX 3&% RV DYHFWKRBLTXHNL QALF V
/D ILJXUH % SUpVHQWH OH VFKpPD H[SPULPHQWDO $QQH|

%ULqQYHPHQW OHV UDGL[ RQW pWp H{SREPV | GXXYHGL
FRQFHQWUDWLRQ QRBVODGGE®IPW QIRXUV 3DU OD VXLWH
PLOLHX QRQ FRQWDPLQp SHQGDQW LIVYWUHVf & PXYB\F X
SKRWRSpULRGH GH K K VRXV XQV OpPRIQWE SO ©DAWp /®
SXLVTXH OfRQ VXSSRVH TXJLOV VH QRHNMUWLY VOIQW SEX REL
DTXDULXPV RX HQ VXUIDFH GX VpGLPW®RM PHQYWp FKD GWR O
FRTXLOOH HW FRUSV VpSDUpV RQW pWp SUpPOHYpWWX|[ MB
VXUYLH GHV RUJDQLVPHV D pWp PHVSRMIHNLRO® HWQ j GHD O D
SPULRGH GH GpSXUDWLRQ /RUV GHVGPBRODYYEBPHQWYY DO
GIrWUH VWRFENDV | fé&

Modélisation et inférence

3RXU FHWWH HVSQFH OH VpGLPHQW RLHMWG THRR/\IGW U
LQJHVWLRQ DORUV TXH OfpOLPLODVRIRQ @ HILHW XFRAX\M |
FDUDFWqQUH K\GURSKREH GX 3&% DY B HSRVILQH @RWW HS BRP®
PRQWUp OHV UpVXOWDWY GH OfDUWRKOHOHW IGFHW [ DX W U HG
GILQYHUWPEUpPV pWXGLpHV 3DU DER@WAHXGHM pBIDSKURT X M D@
OYRUJDQLVPH QYD SDV YDULp GXUDR@ OHV gruSIRXUV GH OF

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHY SUHXYH GH FRQFHSW MDXWIFFRE WBLDNH[SRVPRIWVH 3& % DGL[



/IHV pTXDWLRQV HW SHXYHQW VG R@N rWUH WppF UMM
K\SRWKgqVHV FRQVLGpUpHYV

@:l;
—— LG FO  F:i( FO:l;; —r C 1 C I
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$XFXQH LQIRUPDWLRQ QfpWDQW G LW R IQEENBIHRERIX B UFFHHW H
RQW pWp GplksQlaBV  ORW O&R] /D FRQFHQWUDWLRQ F
3&% GDQV OH UDSHQ ®XQWHEBN[SPULHQFH VXLW XQH ORL

SpVXOWDWY HW GLVFXVVLRQ
Taux de survie

/IHV WDX[ GH VXUYLH GDQV OHV DTXDAH XPV SNHPERDL QWH @
SKDVH GYH[SRVLWLRQ DX VpGLPHQW HWULFKUHYSHV¥WLHX®
SHQGDQW OD SKDVH GH GpSXUDWLREO gPUHR & B ETOHDRH QWY 16
UpDOLPHQWDWLRQ GHV DTXDULXPV FRXSXUH GTHDX GH t

Niveaux de contamination

'DQV OHV pFKDQWLOORQV GY{HDX OQR BRENREW GHNQR Q
GH TXDQWLILFDWLRQD FRQFBRDWUDWLRQ GDQV OH VpGLPF

“ QBVY TXL UHVWH VWDEOH GXUDQW PHWQIK BAHH FELIR [ ©
FRQFHQWUDWLRQ GH 3&% WpPRLJQH GX EUXQW\WEH IRQG
3DU DLOOHXUV OHV PHVXUHV IDLWHWHGWE QVQOSK B WE LB H QAN
VRQW SHX YDULDEOHV HW UHVWSMW DDLEDSSRUW DX[ FRQ.
GIH[SRVLWLRQ

/JHV WHQHXUV HQ 3&% GDQV OHV NRWXNOMWOHY GIM UD GV
UHVSHFWLYHPHQW GH SV HW HOO®MN JVRQW OpJqUHPHQW
FRTXLOOHV GHV UDGL[ H[SRY¥¥YV jHV UDGLJJWPPRLQ SUp\
FRQFHQWUDWLRQ IDLEOH GDQV OHSIWIWVXVSPRXV - HRA4
- UHVSHFWLYHPHQW 3RXU OHV UDGIDXJIIISQ&WH\NQ WO B X
FRQFHQWUDWLRQ LQLWLDSIHj OMRA4LQ GHQJIDI SKDVH GTH[S
VWDELOLVHQW HQWIUMXVTHW| ORJIUQ GH OD SpYLRGI GH G

/TDUUrW GH OJH[SRVLWLRQ GHV WR®IXDW \GFOQLP BQW |
GLPLQXWLRQ GHV FRQFHQWUDWLRQV WLVVXODLUHYV

&KDSLWUH &DGUH %D\pVLHQ SRRBRGVOWH PHUpQKHY LIXHDPD W DHHW (
EHQWKLTXHY SUHXYH GH FRQFHSW DXWLIFFX & WLED6H[S R VIPRIVH 3 & ¢



JLIXUH&LQPWLTXHV G Y DEFFRCPLPQ QDK WR @ GF W8 B P33 H[

WUDLW Y®WWQ 6P CCHEILVPH VEH HIB RK/D WH. FIBQH G SXMOUUBWLRQ  /H

WUDLW SOHLQ UHWUPWH@R®YN © R VHRRGMHBD GG [ \M WVOGIVQW U D
SRLQWLOOp®HO G HIBMGY|E GHV SUpPGLFWLRQV

Parametres toxico-cinétiques et prédictions

'"HX[ VRXV PRGQqOHVY RQW pWp WHVWPM REVWHH DX pQ/L GIDE
RUJDQLVPHV FRRQVREpQPQWM FpOLPLQDWLRQ GX 3&% (T
DYHd&z NRX N /IH SURFHVVXV GYLQIpUHQFH D GRXQYWRIXdW UD
PRGqQOHV /YLQGLFH GH *HOPDQ IXWDUJDDQJFH EQWHKU BB RQ
QpJOLJHDEOH SDU UDSSRUW | OD YXWL& Qdétdrioti QG\HV/D FKD
SDUDPqQWUHV PRQWUHQW GHV GLVWULERWERQW DD GWYV WH
priori HIFHSWp SRXU OH MRXV PRGQHODXD®R®W NTXH OHV GRQQ
VXIILVDPPHQW GTLQIRUPDWLRQ SRXMW REWHQLU GHV HVWLP

/JHV ',& REWHQXV VRQW LGHQWLTXHYVSRXU OHV &RPHAHR
OHV UpVXOWDWY REWHQXV VRQW VNP LEDAWWHIE 3R X B QWHR L
SRXU FKDFXQ GHV SDUDPQWUHV FRGH H@W UDN VREY BRBG!
SOXV SDUFLPRQLHX[ DYHF OH PRLQV GRD 5 FHIPOQWTUXL FRE
XQH pOLPLQDWLRQ QXOOH GX BR%[ GIINFFXPXODWLRQ HV\
VPGLPHQW FKW}@H UDSL[ N @WV GH OJRUGUH GH JUDQG
JDPPDUWHbrMbuH > @EMHQ TXH SOXV IDLEOH &HOD -
PRGH GH YLH DQDORJXH GH FHOXL GXVWWPRQUGH BLRIERE
UHYDQFKH DORUV TXH OHV WDX[ G FFRKP XGHX\V IHR/G FRIYW
GIpOLPLQDWLRQ HVW IL[p FRPPH QWKHJ] SSRXX HDSRIDIGRFNRH B

&KDSLWUH &DGUH %D\pVLHQ SRXGgiOWHNTL.PHIR PUIVT S B UDIPYWHNVL G YHU WRE Up V
EHQWKLTXHY SUHXYH GH FRQFHSW MDXWIFFRE WBLDNH[SRVPRIWVH 3& % DGL[



GDQV XQ W\SH VSpFLILTXH GH OLSLGHWH TDQK GE LM URQGE HJ I
IRQFWLRQV ELRORJLTXHV UHVSRQVDGG D WY REH CHMH FRIQWD R [
i XQ SURFHVVXV GH GpWR[LILFDWLRYLWURY OHSWLT XD
PpFDQLVPH GH FRQFHQWUDWLRQ Gp8tHiQ G D Q PHP B QW LbpN K)GH
Lymnaea stagnalisDFFXPXOH HW UHWLHQW OfDOXPLQRRW IB\D X G
QLYHDX GHV JODQGHV GLJHVWLYHV TXH SRXU OHV WLVVXV

(Q FRQVpPTXHQFH OYDEVHQFH GYfpOLHLOQMIMLRY HID 3\ 9%
ELRDFFXPXODWLRQ GH FH FRQWDPLQW®WUSOXYV LPSRUWDQ\

JIIDMXVWHPHQW GX PRGQqOH DX[ GRQQpHIVE @ EWRW D ©OH & HH
SRLQWV H[SPULPHQWDX[ VXU OHV  ORGHV XA \F WG IVE MOXLHW (§
PRQWUDQW XQ DMXVWHPHQW FRUUHFW GX PRGQqOH DX[ GRC

&RQFOXVLRQ

/IH FDGUH GTLQIpUHQFH HW GH PRGpOGN DWW D@ OG[@KHHO Y
DXVVL ELHQ DX JDVWRWRiSRHaGHT XMHO KCQRMiEEsWHN DX FUXVWD
DPSKLG.RdSddrum &H FDGUH SHXW GRQF rWUH FRQVLGPWp FRPF
] OTREMHFWLI DVVLJQp

3RXU UpVXPHU OYDSSURFKH XWLOLVpH GDQV FH FKDSLWUF
Gf{HVWLPHU VLPXOWDQpPHQW GHV SDUDPqQWUHV WRIJ[LF

GH SUHQGUH HQ FRPSWH GH GLIIpUHQWN PB\GH VO BY
GRQQpHY GH FURLVVDQFH HW GH ELRDFFXPXODWLRQ

GTREWHQLU OCaDpoSerigiWWIREG@WHR@XL SUHQG HQ FRPSWH
SDUDPqQWUHV GX PRGQqOH

GIREWHQLU OHV LQFHUWLWXGHV VXM QGKVPRBYORQV

&KDSLWUH &DGUH %D\pVLHQ SRRBRGVOWH PHUpQKHY LIXHDPD W DHHW (
EHQWKLTXHY SUHXYH GH FRQFHSW DXWLIFFX & WLED6H[S R VIPRIVH 3 & ¢



&KDSLW3H VH HQ FRPSWH GH OD
ELRWUDQVIRUPDWLRQ GDQV OH F
HW GILQIpUHQFH GpYHORSSp

2%-(&7,)

/H FDGUH GH PRGPOLVDWLRQ HW GYLQIpH HSUIHF pGHQME
GpPRQWUp VD SHUIRUPDQFH HQ SDWWPHQON HU GIRRSK FOEH/
PPWDEROLVDEOHYVY &HSHQGDQW ODDBIR®D EQ RIRFFPTPN O
FRQWDPLQDQWY FKH] OHV LQYHUWQPEU@DP BIRDWXWXRYQ Gl
ELRDFEXPXOp GX FRPSRVp SDUHQWLORXWH IRLIVL FED®VGTHR |
HVWLPDWLRQ SUpPFLVH GX SDUDP qWW®RKR WR]Y VFRUPLIIORJ X N
GHYRLU IL[HU GYDXWUH V SDUDPqQWUH V GX PRGQqOH

&H FKDSLWUH SUpPpVHQWH GTXQ SRLQW RBM &XH PR AH\RGX
ELRWUDQVIRUPDWLRQ GDQV OH PRGgOQIpPYPOEPBHTRMVRWL &5
GIREWHQLU XQH HVWARDS\WDURQLGSUPHLMHXEXGN GRQQpPHV G
OLWWpPUDWXUH &HV UpVXOWDWYV R@RWPXWhFOWLMVHD \R\D O/
FRQIPUHQFH 6(7$& (XURSH j +HOVLQN D HDQ Bstinfa®EOT IRQW O
biotransformation rates for organic contaminants in aquatic invertebrates using a generic
toxicokinetic model and Bayesian inferencg”, VR X P HW VRduatic @axi@ology T XL
FRQVWLWXH FH FKDSLWUH /HV LQIRVYRKNRW MR Q WV pWXSIB/DmHPWH @'
FHW DUWLFOH 'H SOXV XQH QRWM D HW U pWXROWDRW V 1HR[\S piU
OTH[SRVGMWERQMGMN S\UqQH

&KDSLWUH 3ULVH HQ FRPSWH GO GEHPWGDQVYPWAIRQLRY GHRYIOUHHREFH Gp
2EMHFWLI
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(VWLPDWLRQ RI
ELRWUDQVIRUPDWLRQ |
RUJDQLF FRQWDPLQDQW)
LQYHUWHEUDWHY XVLQJ
WR[LFRNLQHWLF PRGHO L
LQIHUHQFH

$XGH 5PW&KULVWHGCOR ORSHMUP*HIIDUG
ODUF %BEXW
P UVWHD 85 5LYHU/\ FHQWUH GH /\RQ BL®BBXB®EDQQH $YHQXH
9LOOHXUEDQQH &HGH[ )UDQFH
E8QLY /\RQ 8QLYHUVLWp /\RQ &156 /DERILRWRIUH GH GX\RP¥W
805 ) 9LOOHXUEDQQH )UDQFH

&RUUHVSRQGLIFXUDXWHKBOH ORSHV#XQLY O\RQ 11U

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRIFD&MI RVYP Y WR Q@ QH W DA @I
$UWLFOH



Abstract

7R[LFRNLQHWLF 7. PRGHOV GHVFULEH R/®&HD % UR FEHD\OW ®F H
EHWZHHQ FRQWDPLQDQW XSWDNH IURP GLGHHWWNMQW ¥R XW I
HOLPLQDWLRQ E\ GLIIHUHQW SURFHVVHRW UWHDRWHRMLRIW LR
,QGHHG ELRWUDQVIRUPDWLRQ PD\ VLJIWH ADY\ROYDMLNP
HVSHFLDOO\ WKHLU GLVSRVLWLRQ U H \LIQGHHQRAHH EVULIPW H \D C
SURFHVV LV JHQHUDOO\ QHJOHFWHG DWVXPRDH YDB LD RZRP H
VSHFLHV VXFK DV VWkhmdwR SKLSBEB FDSDEOH WR PHWDEROL
UDQJH RI RUJDQLF FKHPLFDOV ,Q WKH OD@WOBEEQH HN KWV
ELRWUDQVIRUPDWLRQ PHFKDQLVP ZHUH GHIYWO®RSRG NEXQW \
SDUDPHWHUV HVWLPDWLRQ VXFK DV QHJDDWDRWL HYD ORMH
ELRWUDQVIRUPDWLRQ UDWH HVSHFLD@® 5 OMKAH Q WP IR Bo\l KH W/
IUDPHZRUN IRU VLPXOWDQHRXVO\ HVWLPBHWLRJ WRRGSDU I
DFFRXQWLQJ IRU ELRWUDQVIRUPDWLRQ HD S/SILFH® VW RH EH
LOOXVWUDWHG WKLV DSSURDFK E\ |LW VGIDQDW K MWW JBHQDHOLIF]
WKH OLWHUDWXUH IRU VHYHUDO L Q YHWHMVE FIX\W A LEBIOFN/L H)\R
GDWDVHWY WKH PHGLDQ PRGHO SUHG\FAVVRWY DQE@ WKRZA
WKDW WKH PRGHO ILW WKH GDWD ZHOGUBRWH R QY DUIWH. HA
UHGXFHG LQ FRPSDULVRQ WR WKH RULJERO OSRMQWE\R I) YR P
WKLY SDSHU LOOXVWUDWHY WKDW V L PSXBCDUNDIPGIMRXIMO | RHV \B
SDUHQW FKHPLFDO DQG LWV PHWDERQ® L9%H HV LIDGR R @GO HXY
ZKLOH FRQVLGHULQJ WKH FRUUHODW L R@® \E HMABH{IIVQR $ DEUDDAPE
D UHDO DGGHG YDOXH IRU 7. PRGHOLQJ VIKH/ 9%DK\H \OLLDPQ. W

SUHYLRXV PRGHOV VLQFH DQ\ PRGHO SDUDWHWHI YYD @XH H HL

&KDSLWUH 3ULVH HQ FRPSWH GO GEHPWGDQVYPWAIRQLRY GHRYIOUHHREFH Gp
$UWLFOH



REWDLQHG %HVLGHV WKH FUHGLEUMIGLKLFWQ RGOV ZHOWW DL

ZKLFK JDYH WKH XQFHUWDLQWLHY HVVHQWLDO LQ WKH (5%

H\ZRUGYQYHUWHEUDWH * %LRWUDQVIRUPDWLR®ALEHMLAVL
PRGHO
+LIJKOLJKWYV
$ 7. PRGHO FRQVLGHULQJ ELRWUDQVIRUPDWLRDVLQ C
GHYHORSHG
W ZDV DSSOLHG WR GLIIHUHQW LQYHUWHEUDWH VSHFLH
ORGHO SDUDPHWHUV ZKLWKRXW KDYLQJ WRQHF X WE\H L
HVWLPDWHG
8QFHUWDLQWLHY ZHUH UHGXFHG DURXRGLMHMWLF SDUL

4XDQWLILFDWLRQ Rl XQFHUWDLQWLHQWUD®RXQG(FPIRGHO

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
$UWLFOH



1. Introduction

%LRWUDQVIRUPDWLRQ PD\ VLJQLILFDQW®IDRQLWFEW FK
HVSHFLDOO\ WKHLU GLVSRVLWLRQ UHVOQGM@RHHWLPH I
.QRZOHGJH RI WKH PDMRU TXDQWLWDWLXYGIGD®IG | A X BIQEW D
ELRWUDQVIRUPDWLRQ SDWKZD\V EHWZHH®HVS BHE LRIV W.R/[ LGFH
WHVWV GHYHORSPHQW RI ELRPDUNHUV HFRGHNOWHBY RIQ6
XQGHUVWDQGLQJ Rl WKH VHOHFWLYH UPROH HRFIRE@RRW DRG
HYROXWLRQ J/LYLQJVWRQH ,Q WKRJOBVW KBDUEH HX
REVHUYHG LQ PHDVXULQJ DQG HVWLPDWA QUR & LR WIDDQQ\FIF
FKHPLFDOV LQ DTXDWLF BGJIDQLVPVRRINLFKROSUQRW

E .DWDJL 7KLV SDUDPHWHU KD W VW\Q LOP)SHRQMHD R BH
FKHPLFDO ELRDFFXPXODWLRQ LQ RUJDQLVPWLURGRHGWDQ ¢
$VVHVVPHQW (5% PRGHOV EDVHG RQ WR[DARNXYHGLWR7
SUHGLFW FKHPLFDO FRQFHQWUDWLRQVKL®KHJIDQH VNS RVR
LQ WKHLU HQYLURQPHQW 7KH\ GHVFULERQVRM BURFGD Y FF
EHWZHHQ FRQWDPLQDQW XSWDNH IURP GUIIBUHQW BREU
SURFHVVHV FRQFXUULQJ WR ORZHU WK RV LRQW H®IQDXON ERQ
JURZWK RU ELRWUDQVIRUPDWLRQ 0D FWUDHW I RUDPCHULRQ L
DGGLWLRQDO ZD\ Rl HOLPLQDWLRQ WR W QGRAYCHGEH WQ PD.WRLR
LQWHUQDO FRQFHQWUDWLR®@W.LQ ELRWD 9DQ GHU /LQGH

'"HVSLWH WKH LQFUHDVH FRQFHUQ DERXW VPNW DAEKRHOLLUN |
LQFOXVLRQ LQ (5% LV VWLOO OLPLVHGEG PPLQPHORFROMLEG R
7. PRGHOV ®aFKROV$SUG@RW D $UQEW E .DWDJL
%HVLGHVY ELRWUDQVIRUPDWLRQ PHFKDQDWP EBFAHDTRDWH.®

DVVXPHG WR EH RI OLPLWHG LPSRUWD#&FH XQORARHYHWKHYV

&KDSLWUH 3ULVH HQ FRPSWH GO GEHPWGDQVYPWAIRQLRY GHRYIOUHHREFH Gp
$UWLFOH



IURP VRPH VWXGLHV FRQGXFWHG GXULQV WRHUOB & W RGJH WKt
HILVWHQFH Rl ODUJH GLIIHUHQFHV LQ EL@WHID/QNER DRCHN U
$ VKD HtHlU - H RMQ. 5|V EKal. 0L @OaH U ) %t al.

,Q RUGHU WR JDLQ NQRZOHGJH R Q@ DPMNUDERRWDHNG G |
PHFKDQLVWLF XQGHUVWDQGLQJ Rl GLIIRUHQRHW¥ ISRWISEFL
FKHPLFDOV IHZ VWXGLHV SURYLGHG LRGRBWNWRYHUDWGIXH)
H[DPSOH GXH WR WKH ODFN Rl H[SHULRWOWROL &BW D 9ID@®
/L Q @Hal. ZHUH WKH ILUVW WR UHSRUW DOWBUWRMLY
GLIIHUHQFH PHWKRG WR HVWLPDWH WKH ELRWRDFKI R WK
ELRWUDQVIRUPDWLRQ UDWH LV FDOFXORWW& HD Y DMKH FARRLQ M
RI RWKHU GLVVLSDWLRQ SURFHVVHV | BRRFN WXMHWVW R WHIOU GZH
ZDV IROORZHG @&\a$UQRW DQG &KHQ HW .XR Z K
ELRWUDQVIRUPDWLRQ UDWH ZDV HVWLPOWWD RYWKOWEE H:
GDWDEDVHV %ULHIO\ WKH\ HVYWLPDWHGDWHMW DFOWL JBI G BLIR)
DW f& EDVHG RQ PROHEXODUDOWURRWMKBKODORZHLIKW
FKHPLFDO &KHQ DQG .XR DOVR FD O EXDOHV HER FE LR MH
ZKROH ERG\ ELRWUDQVIRUPDWLRQ KDOKI®UIUD EWILRQ ZDI VI PH
GLVVROYHG FKHPLFDO WKH $EUDKDP SDUBRHENMMHIV DQGJH
XQFHUWDLQWLHY DQG SRVVLEOH QHJDWLYHDSWEXBWDWAH
PRGHOLQJ DSSURDFK IRU GHWHUPLQLQJ IWRE VHPRGCHP QW
ZDV LQYHVWLIDWHG $VKPRHW &KHQ XR HW &KHQ
WKH ILUVW WR UHSRUW D JHQHULF W KEHRWH\DIQRD R UIRJDW HE
YDOXHV IURP H[SHULPHQWDO XSWDNH GDWD LR Q/HW Kb OMN
IRFXVHG RQ ZRUP VSHFLHV IXUWKHU YDRQRBDVFDRQV SBHIFU

ZRXOG EH XVHIXO
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7KH SXUSRVH RI WKH SUHVHQW VWXG\ LOLQYR IUDSPOHHZRRRUQ\
WR DFFRXQW IRU ELRWUDQVIRUPDWLRXDYFWR DQYHQ WUWHIERJ |
‘H XVHG %D\HVLDQ LQIHUHQFH IRU HVWLPDWLR) D PRREHDWSIO
SRWHQWLDO FRUUHODWLRQV DPRQJ WKHYVHYPHQGV REIWDL
XQFHUWDLQW\ :H ZLOO LOOXVWUDWH RWMYUF DFSFSGIRO FW RE\
H[ISHULPHQWDO GDWDVHWY DYDLODEOHQLY® UMWKHE WD W H U\DSA
H[ISRVHG WR GLIIHUHQW FKHPLFDOV ZLWK WHKYHRXXOGQXN RE

DQG WURSKLF URXWHV RI H[SRVXUH

2. Material and methods

2.1 A generic TK model taking into account biotransformation
$ JHQHULF ILUVW RUGHU NLQHWLF ELRDH¥XHBODWLRC
IROORZV (T etal5DWLHU
o T+ Al Hics a&CELIg-EH =0
ZKHQ® LV WKH FRQWDPLQDQW FR @GHH Y WIU® WIKRQ ZIX\R OML R H J
QJrJs RU QPROZMKHUH WKH PDVV LV H[SUHVVHG@G LQ WHW ZH
QXPEHU RI FRQWDPLK®DIMKHRRSWONHHDOWH I URP WKH FRQWD
Cit) WKH FRQWDPLQDQW FRQFHQWUDWLRDW. @ MPRBY WWRKMWDP L (
QXPEHU RI HOLPLQDWLKRY KSHJ RBMAHY HY MWOMEH G WIR HKOLWP L QD V
JHQHULF PRGHO LV YDOLG IRU SDUHQWERRKRBWRIXQGYV DV ZHO
%LRWUDQVIRUPDWLRQ LV FRQVLGHUKGIBRY WRHHOSDPHQ!

FRPSRXQG LWV VSHFLILF WODWKXW UHIHUBR&OMGREBIVFRP SO

IROORZV (T

| C >
19:0; 41 L be b L FI bep b il F O (v b ils Bk rClCl
N g@s b@5 v@s
X
19:0; 11 L Fi (opav b 14 Bk I Flg

\(EE
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ZKHYAMVKH QXPEHU RI HOLPLQDWLRQ SURFHR®HW KRHWVHK B W HV K
UHODWHG WR HOLRLRWWHBQNEDRFEHVRW UNQWIKRH RDXWERQ R
PHWDERQRUWVHWKH ELRWUDQVIRUPDWLRQGDD W@&GRNV DNRHWDE
WLPH GD\V DW WKH HQG RI WKH H[SRVXUH SKDVH

7KH ELRDFFXPXODWLRQ NLQHWRKAORUEW KHSROHHW D BR OD.W KT V

1'1—:'; Lo F :l;F'ckcr\I' kery -l BkrClCl
]
T o8 1-L iegos H (405 BkIF I

ZKHWWhkx ) LV WKMHWDEROLWH FRQFHQVWDDWLRQ@ \WKWH WIKPRL
RUJDQLVP RQJ QPRDZND @&@ix LWKH HOLPLQDWLRQ UDWH RI Wi
GD\

‘H DVVXPHGI WKDWDEROLWHY RULJLQDWH RQG\ IURP S
WKH\ DUH QRW iiwWDWKH) KBXOG EH HOLPBEQDWOW BRBSRXQ
FRQFHQWUDWLRQ LQ PHGLD LV FRQVW DYWZ RYH U5 WR PIHG H®
ERWK XSWDNH DQG HOLPLQDWLRQ SKDVHERRUSWGDWHQW FF
6 6,

2.2. Datasets from literature and associated inference methods
‘H IRXQG LQ VHYHQ VWXGLHV GHVFULEL QB (W RAMRPB®XIRE\P
LQFOXGLQJ 3$+V SODQW SURWHFWLR&aSUR G XoHFWYeHG GU)
al. 0IHQ Sdtlal. $VKDetHU &DUUDVFRetBLYDUUR
OLO&@HU JeXal. 7KH JHQHULF PRGHO (TV DQG
ILWWHG WR WKHVH ELRWUDQVIRUPDWHLREWR]JQHRENUR B ®ILG.
JUDSKLF RU IURP UDZ GDWD GLUHFWO\DIKMNHVH \VY D LRGDE ORI
HISRVXUH URXWH ZDV FRQVLGHUHG E\ VHWKRAHQWE®DWH E\ ZD
,Q PRVW FDVHVY RQH VLQJOH PHWDEROCALWH ZbNKXKIHWX U H

et al. 0l HQ Slal. $V KDet&l.U &DUUDVFRelt@&®.YDUUR
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0L O etHU LQ D IHZ FDVHV WZR RU WKUHH PHWDEROL
PHDVXUHG WKURXJKRXW WHKH WHVOLZOSNK D X Hlet al.

7DEOH 2QH VWXG\ UHSRUWHG RQO\ H[SHMEILPHQWDO GLC
ZKLOH WKH RWKHUV DWWHPSWHG WR HS$WUPRDWHFRPBREBG
DQG PRUH UDUHO\ WR WKH ELRWUDGVIRUPRDUBRVBRWH
1DYDetdlR ) %t al.

%ULHIO\ et0dAlOOHU H[SR\GHM@arus pulex WR GLD]HSDP DQG
SURSDQRORO VSLNHG ZDWHU IRU WZR @&DB\VFRDKWEBQWLPDW
GHSXUDWLRQ UDMH ZPRQBWDIRWPHG XVLQJ D FXUYH ILW
VHTXHQWLDO\ DQG VLPXOWDQHRXVO\

$V K D XtHhU H[S R@af@arus puex IRU  KRXUV WR VSLNHG
LQ DOGLFDUE FDUEDU\O FDUERIXUDQ WPK&RBERIKRQR
VHDQLQH GLFKORURDQLOLQH GREKERBRS K HIQRO RE
FKORULGH 7KH\ FRQVWUDLQHG WKH PREHOQ SKUBR HAHHIWBV
HVWLPDWHG E\ OHDVW VTXDUHV PLQLPL]DRVWLRNX P/HXH\QER X
ZHLJKWLQJ Rl GDWD $V\PSWRWLF VWDQIGOHGLMH G RIWR MR IW-
FRYDULDQFH PDWUL[ IROORZHG E\ FD @R/X GIWLKRQUBIP FRVWH U X
JLYHQ FRPSRXQG ZHUH HVWLPDWHG VLPXOWDQG RXYIONUR |
EHQJ\O FKORULGH ZKHUH WKH XS\WQBIMNIG H® WHR IEHR N EZSW H U] H
YDOXH IURP D SUHYLRXV VWXG\ LQ RUGHMAWR MFKLHYH D J|

&DUUDVFR &l DUURHI[SR@ah@arus setosus WR S\UHQH VSLNH
ZDWHU IRU IRXU GD\V 7KH\ FKRVH D PR®H®KMR6 LW B F
OLEUDU\ LQ RUGHU WR HVWLPDWH WKB PLHWMWULYD G HIRWXH W F
WKH LQIHUHQFH SURFHVV 7KHQ D WZR FRAD bBWSHLUQ W HRR\G

YDOXHV RI WRWDO ERG\ EXUGHQ WKH VXPQWI| SDOKQ P H \
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FRQFHQWUDWLRQV DQG WR FDOFXO DWHOMDWRWTLXQHWHM 1§ |
VLPSOH 5XQJH NXWWD PHWKRGYV

6 F KX CeH @l. H[S R Vi@nomus tentans D Q Gumbriculus
variegatus IR U DQG GD\V UHVSHFWLYHO\ WR EHQWR D. S\UH
SDUDPHWHUY ZHUH HVWLPDWHG WKURXHKX®SWDAR VUDMEH SIU
VHGLPHQE®DODWHVWLPDWHG IURP WKH XSWDNH SRKRDMHQBW XP
LPSRUWDQW GXULQJ WKH LQLWLDO SROWWKM RIREHKE VX3ML
ILWWHG WR GDWD E\ DSSO\LQJ DQ LWHUB VVY\H. ©HD M WV K A >
7. PRGHO SDUDPHWHUYV

OIHQ S it al. HISRVHG IR Wumbr@Eds Variegatus WR S\UHQH
VSLNHG ZDWHU 7KHLU H[SHULPHQW ZDV WHWUKRWHG
FRQFHQWUDWLRQ RI S\UHQH LQ WKH WE&R QOR QHDQAL VR\ WHDW
XVLQJ D RQH FRPSDUWPHQW NLQHWLF PRGHGDAKHRFHHNRQ Q)
ZHUH HVWLPDWHG 2QO\ WKH H[SHULPHQWDR®URB B @Y ID\ERRVO Z W U
JLYHQ UHODWLYH SDUDPHWHUV ZHUH QRW HVWLPDWHG

*LHV Vdt g.J H [ S R Ndte® diversicolor IR U GD\V WR S\UHQH V.
VHGLPHQW 2QO\ WKH H[SHULPHQWDO FRWQWDQRNVN@LNQXH U C
DYDLODEOH WKH PRGHO SDUDPHWHUV ZHUH QRW HVWLPDW

) Xet al H[S R GhahGnarus pulex D Ry&ela azteca W R Z D W H
VSLNHG ZLWK D]JRVWURELQ DQG SURFKIXXRVBHGRBHWERMKQWWA\
WLPH FRXUVHV RI WKH SDUHQW FRPSRXQGW¥ SRILPDKHN V)
PHWDEROLWHY GLUHFWO\ IRUPHG IURP WHKHVS$P URIQWOBPRF
GHWHFWHG VHFRQGDU\ PHWDEROLWHY 7 KH VRMRAPIDNHH GV K+
PRGHO SDUDPHWHUV VLPXOWDQHRXVO\WV FRQG WU U IWMHEGE LW

ILWWLQJ DSSURDFK E\ IL[LQJ WKH XSHWD R R GUHIDW & D W B PHWWY
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ZHUH D VWURQJHU ZHLJKW ZDV JLYHQ WR VBKHALXDW DUNHHV ¥ O
ZHUH REWDLQHG IRU WKH ERWK DSSURDFKHYV
7TDEOHXPPDU\ RI WKH VHOHFWHG OLWHUDWXWHR®@DNID HWEF

LQ LQYHUWHEUDWHYV

6SHFLH 6WXG\ &KHPLI’—( PR AUH SDUDPHWHUV
M WH DYDLODELOLW\
,QFRPSOHWH N
OLOOHU HW DQURSDQRORO ZQ®@/rM@HUH
. PLVVLQJ
73 $OGLFDUE
2 DUEDU\O
>
E SVKDXHU HW D£§(DUERIXUDQ ZDWHU $00
£ ODODWKLRQ
T 8 3BHQWDFKORURSKHQRO
% Carrasco-
o Navaro et al., 3\UHQH ZDWHU $00
o 2015
w m
g gg Schuler et al QFRPSOHWH
- c & 2003 %HQ]R D 3\UHQH V H G NP #h@ W
o £8 PLVVLQJ
(@]
,QFRPSOHWH
%]
R SChuz'gggta"’ %HQ]R D 3\UHQH VHG NP @ W
2% PLVVLQJ
g,i'} Méenpas et ,QFRPSOHWH N
58 b 3\UHQH ZDWBQGrMaUH
a3 al., 2009 PLVVLOJ
S
o8 Giessing et al
25 g K 3\UHQH VHGLPHQW 1RQH
g5 2003
> =
T ©
= % &KORUS\ULIRV
5‘ S $VKDXHU HW D@LFKORURDQ#@W $00
. o GLFKORURSK
w = WULFKORURSKHQRO
o
£
= £ $]R[\WWURELQ
= 5 )X HW DO 3URFKRORUD]ZDWHU $00
o
> S g
I 2% )X HW DO SIRMNVWURELQ 5y $00
= SN BURFKRORUD]
- Im
= < $00
w = $VKDXHU HW DO6HDQLQH Hyu M IL[HG IRU
o = QLWUREHQ]\O FEBWULGQLWUREHQ]\O
= > FKORULGH
> £
o
£ OLOOHU HW DQ gFRPSOpHWH N
g LDJHSDP ZDWEH,, PLVVLOJ

*: The second metabolite originated from first metabolites, not from the parent compound.
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2.3. Link between model and data: Bayesian inference
2.3.1 The TK model

&RQVLGHULQJ RQO\ RQH H[SRVXUH URXWHWRD®®MHW DR U
DQG DFFRUGLQJ WR WKH QXPEHU RI PHWBBROHMEGHBYV (MROOF

IRU D SDUHQW FRPSRXQG DQG LWV PHWOERGKWWN (T | F

( dcd_:: kW x Gy - lke"‘ km,l"'---"'km,x oxCt;

¢ Lmtio X C 1 KameytX GnendlD)
€ dGneuxt .
¢ T:kin,xxCI"kemet,xx Cretx(t)
ZKHUWH Rk LWKH XSWDNH UDWH RI WKH SDUHQW FRPSRXC
VHGLPHQW C,GRGs LWKH SDUHQW FRPSRXQG FRQFHQWUD
VHGLPHQW -OPRO® #J P/—J RU QdcJ
2.3.2 Stochasticity and graphical representation

‘H DVVXPHG D *DXVVLDQ GLVWULEXWLRQWURW KIHQ F\R R M/
RUJDQLVP SDUHQW RU PHWDEROLWH

Cobqt) ~ N(C(t), U

ZKHWHVWDQGV IRU WKH 1RUBH)OFBUVWUSERWYRWR WKH F|
FRQFHQWUDWLRQ LQ WtKPHRWXUMHLG/ 5 XOWL Q\IL RVEKHH LV S\HKUHL P H G
FRQWDPLQDQW FRQFHQWUDWLRG WKGWKWN HGU ED QWLH/HP VIDR\G M/Q
WKH VWDQGDUG GHYLDWLRQ RI FRQWDPLWDQW FRQFHQWUL
7KH JHQHULF GLUHFWHG DF\FOLF JUDSK G$*WRRL PQURQW
FRPSRXQG DQG LWV PHWDERDUWIWHH 6LY SUHVHQWHG LQ
2.3.3 Definition of priors

7KH SULRU GLVWULEXWLRQV IRU HDFK OEDOMWHD 8 BIMRWU ZH U

GLVWULEXWLRQV IRU HDFK PRGKQkSK WD, FMKRAIkeMER HVWLP
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Kemetz kemets ZHUH GHILQHG DV QRQ LQIRUPDWLYH GRIERPDO C
GLVWULEXWLRQ H[FHSW LI D SDUDPHVHYUW RPON \DIDXUGILCHAA R
SUHYLRXV GDWD DUH DYDLODEOH D QRUDXP H® AW IG LW K
PHDQ YDOXH HVWLPDWHG DQG WKH SU HJF DM RIH B VWKW VAW
YDOXH HVWLPDWHG WR WDNH LQWR DFERX®WS HUKR HRRWDI
FRQGLWLRQV 3ULRUV ZHUH GHILQHG RLID VRKIHG KBUWH AN R DIQ YRR
VDPH SUREDELOLW\ WR ORZHU RU KLJKHWYVWHYVLVEXRDLVRIQW Z|
FORVHG WR WKH ORZHU RU KLJKHU ERLXRQGEG DWKHY LRI HWKI
SURFHVV ZDV UXQ DJDLQ ZLWK ZHDNHUi.kR URQWD BDOD VEKILRQ

GLFKORURSKHQRO WULFKORURSKHQR® HIQ ® |\R® Q
LQIRUPDWLYH JDPPD SULRU IRV RUKH{ FSIUWKIHY PRC

FRPPRQ SULRUV IRU YDULDQFEt&DUDPHWIKDVGAD PEHEMDOR

2.3.4 Implementation of the model — MCMC simulations

,QIHUHQFH FRPSXWDWLRQ ZDV SHUIRUPHG Z&WK H$*6
7THDP 3O0XPPHU 5 &RUH 7HDP MKW HRGR B/HRO G DA
XVLQJ %D\HVLDQ LQIHUHQFH YLD ODUNRY &KIAIQDRIRVUH &
HDFK GDWDVHW WHVWHG ZH VWDUWHG ELWHQRWQR @V VIKIRML
EXUQ LQ SKDVH RI LWHUDWLRQV XVLQPNWKRED WRHUM)
WKH QHFHVVDU\ WKLQQLQJ DQG QXPEHWXURDWHAVHYDMWERQV R
HDFK PRGHO SUODDEPHWHAR PRQLWRU WKH FRQYHUJHQFH RI
XVHG D YLVXDO LQVSHFWLRQ DV ZHOO @V WKHRUHGREZBQ H UL
FULWHULD *HZHNH 7KH 5 FRGHV DBHPIDRWHRB@QHP VXSS

6
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2.3.5 Posterior distributions and relevance of model predictions

JURP WKH MRLQW SRVWHULRU GLVWULEXVERR/QVHUHRWRE
GLVWULEXWLRQ IRU HDFK SDUDPHWHU ZKHBR PRQ®G EN WXMRI

FUHGLELOLWYKIHQWHBEXDODF\ RI PRGHO SDUDPHWHU HV\
YLVXDOL]HG E\ FRPSDULQJ SULRU DQG LSRYNH WBERUWN KWV
GLVWULEXWLRQ LQGLFDWHV WKDW WKHLRDWDR FRWHAFU N E?
HVWLPDWH SDUDPHWHUV 7R FKHFEN WKHK UAD HHBQ HN HRQ VWIR
IRU HDFK GDWDVHW REVHUYHG GDWD VX®MH®E SARWHKE WRKYX
PHDQ RI WKH SRVWHULRU GLVWULEXW L RRU HGL HIDGIKWS CEDBRC
WKH SUHGLFWHG GDWD FRQVLGHULQJ SDUDNPIHWWUY XRFRBEW
WKH FUHGLELOLW\ EDQG WKH SUHGLWKHGPEGCWO FRHW M C

0&480& LWHUDWLRQ DQG WKH VWRFKDVWLFGPRM@XHJTFRQVLGHU

SHVXOWYV

ORGHO SDUDPHWHUY DQG SUHGLFWLRQV

JRU DOO GDWDVHWY WKH LQIHUHQFH SURBRVV FRC
SDUDPHWHU DQG WKLQ SRVWHULRU GLVWKWLEXWYLRWHBAH
PHDQLQJ WKDW GDWD FRQWULEXWH VXOM AVAMQW DWHRRRG
SDUDPHWRHUY :KHQ WZR RU WKUHH PHWDEROLWHYV ZHUH L
SURFHVYV ZDV VORZHU WKDQ IRU RQH P HWROE RMWKH URW WIKGE
PLQXWH JRU HDFK FRXSOH VSHFLH FRQWDPRLIKQHD QW  WKHFE
FUHGLELOLW\ LQWHUYDO IRU HDFK PRGIHXSHD UDPHWHMH\G Zt

DQGDEOH 6
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JLIXUHORGHO SDUDPHWHUV HVWLPDWHG E\ %DMWDOH) LQI
RULJLQDO VWXG\ JUH\ 'RWV UHSUHVHQWKPHDQFYBMGXIEY CD

%D\HVLDQ LQIHUHQFH RU FRQILGHQFH RULJLQDO VWXGLH

7KH ELRWUDQVIRUPGWEBYHYVDWRZ PXFK ELRWUDQVIRUPDYV
UHGXFWLRQ RI SDUHQW FRPSRXQG ELRDFEXAXCERWLRQO7KHE
GDWDVHWY ZHUH EHWZHHLJ WKH KLIXHVW YDOXHV ZHUI
| R&GAmmarus sp
%YHVLGHWHNQ YDOXH YDULHV DFFRUGLQJ WR WKH FKI
KLIKHVW YDOXHVYHRIREWDLQHG IRU FDUERIXLAK® RURGKHAQ
G WULFKORURSKWHBROQLWGREHQ]\O FKORULGH

PRVWO\ SK\WRSKDUPDFHXWLFDO SURGXFW
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JLIXUHLVWULEXWLRQ RI WKH YWD/OWXH\D WRI CoPHDUWQYLMNQ LQIHL

DFFRUGLQJ VSHFLHV LQ WKH VHYHQ VWXGLHV VI

,Q WKH EHQ]R D S\UHQH VSLNHG VHGLPEQW H[SHWLPH
REVHUYHG WKDW FKLURQRPLGVY KDG D BN WWBI@RJELRWUDQVI
N DQG UHVSHFWLYHO\ DV WKH DXWKRUV KDG DOL
VWXG\ RI )X HW DO VLPLODU ELRWW D Q HGU PROUV S B R FIK
DQG D]JR[\WWURELQ LQ JDPPDULGY DQG KVDIGRMHBGLAY WK}
RULJLQDO VWXG\ $GG LW \aReymB OD QAGR&10s8s UKDQEH D KleJKHU N

W K D Qdiversicolor DQG UBVSHFWLYHO\ SRVVLEO\ C
H[SRVXUH URXWH VHGLRHDMICHIPSRVKNYM IRKH ELRWUDQVIR
LV VSHFELHV FKHPLFDOV VSHFLILF

,Q JHQHUDO WKH PRGHO SUHGLFWLR @D WD W HIBQBHO O

6 JRU DERXW KDOI Rl FKHPLFDOV FKKRORURBKHQROD
PDODWKLRQ SHQWDFKORURSKHQRO FKQRWRIKHIIRD FNEORC
SURSUDQRORO DQG D]JR[LVWURELQ RQ SRBVRSIRW IWWHLSD
FRPSRXQG ZDV REVHUYHG PHDQLQJ DQ X QUL VRQ FED WALIR
PRGHO FRPSDUHG WR REVHUYHG GDWD 7RHG RQVX\OW Z

UHVSHFWLYH FKHPLFDO SRVWHULDRU 8 U}HREL PWMUWIHE R RH A/NH V:
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PRGHO SUHGLFWLRQV ILWWHG ZHOO ZZKWKQHRDOU LRPKID B W I
GDWD ZDV JLYH@taFLHVVIOQHQ Sét al. IHYHUWKHOHVYV Ol
XQFHUWDLQWLHY ZHUH REWDLQHG DURMXQGEDRRG HX SR U &\IWA

PDODWKLRQ WULFKORURSKHQRO BMQRSUDQRORO GLD]

JLIXUH([DPSOHV Rl REVHUYHG GDWD GRWV DQG PRGHO !
FRORUHG DUHD IRU HDFK FRQWDPLQDQWQIEQG LD# ¥ RPUHG\LIDE
WLPH GD\V 7KH XSWDNH DQG GHSXUDW LVRIQHSKONVHN ®DWKV

YHUWLFDO OLQH

3.2. Comparison of parameters values between original estimation and
Bayesian inference

KHQ SRVVLEOH Z/H FRPSDUHG PRGHO SDUDPHWHUYV
%D\HVLDQ LQIHUHQFH ZLWK WKRVH HVWMBDWHG ,QQ RUL
SDUWLFXODU RQO\ WZRt MWXGLHXt &sVKDXHU WKH VHYHQ

VHOHFWHG KDG UHSRUWHG DOO WKH PHD®HD @AQAHV WKUY LI
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FRUUHVSRQGLQJ FRQILGHQFH LQWH UYRRHW V( YHR) H.\V W\LKPH
DOO WKH PRGHO SDUDPHWHUV ZDV QRW WWKXGVBY HD @ B WROE
VWXG\ LW ZDV WKH VDPH GDWD FRQVLG HIWWHI 1 QACR WHK/NV VP E

7KHPNPHDQ YDOXHV ZHUH VLPLODU EHWZHHQ WKH %D\
DSSURDFKHV H[FHSW IRU FKORUS\ULIRVWULBHKGERORIRISER Q
VWLOO LQ WKH UHVSHFWLYH FRQILGHRWKGLAQWRU YD\WW QL
G.setosus) SURFKORUD] D]R[\WWURELQ O @@®aBH QyKHDUBQUHQ!
YDOXH RDM RXW Rl WKH FRQILGHQFH LQW H WY®LONRR QV KW KR
HVWLPDWHG YDOXHV Rl PRGHO SDUDPHWHUARARWL®BIVHQ
GLIIHUHQW IURP WKH RULJLQDO VW X]&\S DFFK ORWSK K DIFRRWD |PD
DIR[\WWURELQ ,Q DGGLWLRQ ZH QRWLRKHG ZNKIXW WKKH
XQFHUWDLQWLHY DURXQG WKH PRGHO S FIRFPH\R K Q G \Z RUKHD
IRU PHWDEROLWHY H[FHSW IRU FKHPLBROKHQRDUEF
SHQWDFKORURSKHQRO QLW URGE Helpu® F KSUREK®HR U 3} UBI Q!
DIR[\WVWURELQ %HVLGHV $VKDXHU HW DOERIXUD®DG IR
GLFKORURSKHQRO DQG WULFKOR URBXHD RQWHKYBDIOVH
XSWDNH DQG HOLPLQDWLRQ UDWHV 7KXVLQWKHY SLUGH R/ D RVH
PRGHO SDUDPHWHU SUHVHQWHG LQ W OHIH WWIRWNV HRY SHAULD
DQG QLWUR EHQJ\OFKORULGH ZKLFK QHUBIWHVHEI PRGDMK
SHQWDFKORURSKHQRO FKORUS\ULIRV LQH WDPKRK®GR WKSK

UHDFKHG WKH QXOO YDOXHYV

'LVFXVVLRQ

7KLV VWXG\ SURSRVHV D XQLILHG IUDPHARURDWHR RHV V
UDWH ZLWK H[SHULPHQWDO 7. GDWD IRUG DWRDWUBDDRQFF}

FKHPLFDOV
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4.1. Computational performance

2QH RI WKH DGYDQWDJHV RI WKLV JHQHUWL AV B SFISRIG\DLFKH
HDFK XSWd®NADWHU VHGLPHQW d&gU H[G UMWIIRQL ROU R ZW K
ELRWUDQVIRUPDWLRQ URXWH DV D PRGKOBEWRLDG R D WKRH
PHDVXUHG WKXV LW FDQ EH DGDSWHG DERRUW®WIHYJ WR WKH

%HVLGHY ZH GHPRQVWUDWHG WKDW %DMHHM.WDLF L7QIHU
PRGHO DFFRXQWLQJ IRU ELRWUDQVIRUPDWIHX)HUDHDYHIO® S
ZKDWHYHU WKH VSHFLH WKH FRQWDPLQDHQW XPRBEHJ HHSERV
PHWDEROLWHYV

7TKH FRPSXWDWLRQ WLPH ZDV IDVW IHZ BLWRWWKHWR
QXPEHU RI PHWDEROLWHYVY 7KH XVH RI WXH H FHOVRNWREZQHI
FRXOG UHDGLO\ PDNH DFFHVVLEOH WKLVIRHQHYIHDUFRRGW
IRU UHJXODWLRQ RIILFHV

,Q SUHYLRXV VWXGLHV VRPH OLPLWV UDPRIBGORU V
SDUDPHWHUV DFFRXQWLQJ IRU ELRWUDHNXRWH® WILR QL[ LD
SDUDPHWHU WR HVWLPDWH DOO WKH RWKMH FRGKBVSDHLU
REWDLQHG IRU VRPH PRGHO SDUDPHWHWU VW KH QRY¥ HUW D IDQ
DURXQG SUHGLFWLRQV ZHUH PLVVLQJ 7KWH WIOHNWLDQPLY
VLQFH ZH GLG QRW IL[ VRPH PRGHO SDUHDBPWWWYH W POXIBE LKL
DQG ZH JDYH WKH FUHGLELOLW\ LOQWHIW RQVDDGRWQ G &
FRUUHODWLRQV EHWZHHQ SDUDPHWHUYV

Aprioi LQIRUPDWLRQ LV LPSRUWDQW WR FRQULRBHWHLQ V
WR DYRLG IL[LQJ PRGHO SDUDPHWHU )RUKH[DH JHH XEVIKIBXV
IL[zNIURP SUHYLRXV H[SHULPHQWY D $VRDXWUZR FKHPLFDO\

HVWLPDWH WKH RWKHU PRGHO SDUDPHW HWV AMLH@ HHWAOH/ KFR

&KDSLWUH 3ULVH HQ FRPSWH GO GEHPWGDQVYPWAIRQLRY GHRYIOUHHREFH Gp
$UWLFOH



DFKLHYHG ,Q WKH %D\H\ptidiQL QISRCUPRDFIKRQ LV DOZD\V FR
DYRLGLQJ WKHVH NLQGV RI UHVXOWYV DIQV.L R@INHAAQ W HQH
PRGHO SDUDPHWHU YDOXH WHQGV WR ]JBX®F DARR HD WW X G RH
FRQILGHQFH LQWHUYDO LQWURGXFLQJ OGHBL 3D UDP HMKHHU \
&RQYHUVHO\ %D\HVLDQ LQIHUHQFH DY RAIGAMNVW REKRMQL\RQU D L
8QFHUWDLQWLHV ZLWKLQ (5% QHHG W RQHHE G H RBLHWNOM WD P |
WR EH XVHG DV D VRXQG EDVLV IRU ULVN FPRGHIH®HQW
IUDPHZRUN ZH DGGHG WKH FUHGLELOLWWERQ® VZ B IURK
JDYH WKH XQFHUWDLQWLHY HVVHQWLDG 0OQ UN K HX (BSH U \R DH ¢
DURXQG PRGHO SUHGLFWLRQV IRU VRPHREKSEUFDOW 7 OPRG |
SDUDPHWHWQONME ®QG VRPHWLPHYV DQ RXW ULOFRPS RUN® QKR \
WKH FRUUHVSRQGLQJ RULJLQDO VWDQGCOE & I R DLW L RIQS T
E\ D ODFN RI LQIRUPDWLRQ RQ H[SHULPHEHNVDO OGRW IV KF
PHWDEROLWHY ZHUH QRW PHDVXUHG DQG GR H. QMARH JWKDHN |
K\SRWKHVLV RI ELRWUDQVIRUPDWLRQ PHFKMQD\OP). DV VXJ
,QGHHG WKH PRGHO GLG QRW FRQVLGM PHWH PRIOGENEHRD LM E
PHWDEROLWHY EXW RQO\ |URFAVIGBHINVQ WKHPRFRXOQBYDO\VF
NH\ UROH LQ 7. PRGHOLQJ VLQFH LW JRYRW RV KWK R ERVHHW ¥ B B
KDYH QRW VWDQGDUG PDWHULDO LQFUBBWHFWXQBHDY® L
LGHQWLILFDWLRQ RI PHWDEROLWHY GRENHWRKH WK\ SIRW K HARKV
WKH PRGHO ZKLFK FRQVLGHU D FRQVWD QWK H [BRVXRISHWERC
WKDW WKHUH ZDV QR GHJUDGDWLRQ LQ MKW FRPBRXQIE R

PHWDEROLWHYV

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
$UWLFOH



4.2. Significance and implications of taking into account biotransformation in
aguatic invertebrates

(QYLURQPHQWDO DQG KHDOWK DVVHVVPH®ORD R WHH) |
HQVXLQJ UHJXODWRU\ JXLGHOLQHV IRU FKERMUERA G PR WO
WR WKH ELRDFFXPXODWLRQ SRWHQWLDQGR&KNKH SDUHTRN F
JDLQ NQRZOHGJH RQ ELRWUDQVIRUPDWLR®YWR W IQH BIN W.IVJ DW
FKHPLFDOV DQG LQYHUWHEUDWHY VSHFLHNSSH\D WD WIRU \EW
VSHFLHVY WR EH WHVWHG SUHIHUDEO\ VLQHW BBWBDEWRIOI W
DELOLWLHYV IRU YDULRXV RUJDQLF FRPSRXQAQV FRRRABDUHG
HIDPSOH ELRDFFXPXODWLRQ WHVWYV FRX»WGE RIQQ VRAUSR\U DR/
JDPPDULGYV EXW WKDW PLJKW EH OHVV HVVHQWLDO IRU RW

%HVLGHY ZLWK WKH SUHVHQW IUDPHZRUN GRWWULGH
VLPXOWDQHRXVO\ FRXOG OHDG WR IXQWRHPDODWYRY W QI DWX
LQYHUWHEUDWHY VXFK DV WKH UHODWWYW URRSXW B LHPSWR VE
URXWHYV

$ EHWWHU XQGHUVWDQGLQJ RI ELRWUDDQMARVUPDWLR®®
DFFHVV D EHWWHU HYDOXDWLRQ RI FKHPWNDIOY HKOILQG& HWKW L
OHYHOV pKHRXOM EH LQFRUSRUDWHG LQ DTXDWLF IRRG

FRPSOHWH GDWDEDVHV LQ RWKHU PRGHO IGHOILUDIP HZURRNW Y

DO , W DOVR FRXOG EH DGGHG LQR/. RUPRIFIB CP\R GHXEF K
()63 LQ RUGHU WR REWDLQ D PRUKHAMRUWBEWW\ HRMDE
FKHPLFDO

,Q WKH IXWXUH FKHPLFDO OLPLWV FRX®®VHURDIDYVFR
PHWDEROLWHY ZLOO EH DYDLODEOH DQKDQ@I SWRM RFHROHO

PHDVXUHG DQG TXDQWLILHG PHWDEROLWHYLAGH OEEROIRRIEE

&KDSLWUH 3ULVH HQ FRPSWH GO GEHPWGDQVYPWAIRQLRY GHRYIOUHHREFH Gp
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LOQYHVWLIDWLRQV VXFK DV WKH GHYHOHBWH QWK HR IN B IRRZFEOHUG

RQ ELRWUDQVIRUPDWLRQ FDSDFLW\ LQ LQYHUWHEUDWHYV

&RQFOXVLRQV

,Q WKH SUHVHQW VWXG\ ZH SURSRVHG R XQLWLHP® PR G
WKH HOLPLQDWLRQ DQG ELRWUDQVIRUPDWRRE® QJ S b DIPQ! \I |
ZHUH VLPXOWDQHRXVO\ HVYWLPDWHG LQ \DR%D \FXO.QWLIUBB Y
RI XQFHUWDLQWLHY DURXQG PRGHO SUHXGHRWLRAQQZHKQ WK G
DVVHVVPHQW $ WRWDO RI FRXSOHV HM DFKEBWILFDIOYY B
WHVWHG HQFRPSDVVLQJ YDULRXV HFRCREGLADOUBQW BDRAJ
FRQWDPLQDQWYV VXFK DV SK\WRSKDUP D F HXWILFORO R Q 8 UX RV
WKUHH PHWDEROLWHV 7KXV ZH GHPRQVWWUDMHHRXV®\K D
ELRWUDQVIRUPDWLRQ DQG RWKHU SURFHW WHWD QG DU G H]®iH
H[SHULPHQWV LV IHDVLEOH DV LW ZDW\WSESWOSHBLKNWR D\H
FKHPLFDOV 7KLV DSSURDFK OHDGV WR VDOD R FFHXU D BGHH HW R
VSHFLHV FKHPLFDOV FRXSOH ,Q IXWXUH EWKMVHG\NVR D (
VLPXOWDQHRXVO\ HVWLPDWH PRGHO SDUSRWWHI W RNV
VXFK DV VHGLPHQW DQG ZDWHU 7KH PRGHODWRRO GS GV H
H[SRVXUHV DQG VHFRQGDU\ PHWDEROLW QW W LGHWKRAPLBR
DQDO\WHV DUH UHTXLUHG HVSHFLDOOPIDWREROLWBYGDRVYIG|
D EHWWHU XQGHUVWDQGLQJ Rl ELRW UDPHRHRYP DWWRQDE® H.\
EHWWHU ULVN DVVHVVPHQW RI FKHPLFD®VHIHWSWHFLDQ (
LQYHUWHEUDWHY DQG LQ KLJKHUW\WEHR BKIGH G HYH D' PHRIGH
DGGHG WR FRPSOHWH H[LVWLQJ GDWDEDPWHR U HGXER BWI

46%$5 PRGHOLQJ

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
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$11(; 6 5 FRGHV 5 VRIWZDUH YHUVLRQ

5 &RGHV DQG FRUUHVSRQGLQJ FVY GDWGOGRZQEBRIGUR @ YD L (

),*85(6 +* 3ULRU DQG 3RVWHULRU GLVWULEXWLRQV IRU HDFK

&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQW R WRRW LHRWY GPIAMpQUHH @BIE GpY
ODWpULHO VXSSOpPHQWDLUH



&KDSLWUH 3ULVH HQ FRPSWHHGHDG U HE IGRHWRJFD@&QMVA RVYPWWR Q (H B
GpYHORSSp £+ ODWpULHO VXSSO



&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQW R WRRW LHRWY GPIAMpQUHH @BIE GpY
ODWpULHO VXSSOpPHQWDLUH



),*85(6 + ORGHO SDUDPHWHUV HVWLPDWHG E\ %DQHWKMHQ LC
RULJLQDO VWXG\ JUH\ 'RWV UHSUHVHNQWKRPHD QFYMGX &Y oo
%D\HVLDQ LQIHUHQFH RU FRQILGHQFH RULJLQDO VWXGLH

&KDSLWUH 3ULVH HQ FRPSWHHGHDG U HE IGRHWRJFD@&QMVA RVYPWWR Q (H B
GpYHORSSp £+ ODWpULHO VXSSO



&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQW R WRRW LHRWY GPIAMpQUHH @BIE GpY
ODWpULHO VXSSOpPHQWDLUH



&KDSLWUH 3ULVH HQ FRPSWHHGHDG U HE IGRHWRJFD@&QMVA RVYPWWR Q (H B
GpYHORSSp £+ ODWpULHO VXSSO



).*85(6 * 2EVHUYHG GDWD GRWV DQG PRGHOHSUBGHMBWLRC
IRU HDFK FRQWDPLQDQW DQG LWV PHWBEBGL®/HWLPHTVGD\

7KH H[SRVXUH DQG HOLPLQDWLRQ SKDV HIV GIDUH WG SYOHLUDNLH
OLQH

3DUHQW &DUEDU\O
$OGLFDUE 0
0 3DUHQW
3DUHQW

&KORUS\ULIRYV
&DUERIXUDQ

S3DUHQW 0

GLFKORURDQLOLQH

GLFKORUSKHQRO

0

3DUHQW

3DUHQW 0

&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQW R WRRW LHRWY GPIAMpQUHH @BIE GpY
ODWpULHO VXSSOpPHQWDLUH



ODODWKLRQ

3DUHQW
0
WULFKORUR
SKHQRO
0
0
3DUHQW
3\UHQH
0
3DUHQW

3HQWDFKO

3DUHQW

6HDQLQH

3DUHQW

3URSD

3DUHQW

&KDSLWUH 3ULVH HQ FRPSWHHGHDG U HE IGRHWRJFD@&QMVA RVYPWWR Q (H B

GpYHORSSp £+ ODWpULHO VXSSO



'LD]H¢ BURFK

3DUHQW
0
3DUHQW
0
0
0
$|R[\VWURELQ BURFKORUD]
3DUHQW
3DUHQW
0
0

&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQW R WRRW LHRWY GPIAMpQUHH @BIE GpY
ODWpULHO VXSSOpPHQWDLUH



).*85(6 * SBRVWHULRU SUHGLFWLYH FKHFN REVWIOLQ@GRESI®RH HI

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
ODWpPpULHO VXSSOpPHQW



&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQWW R WRRW LHRWY GPIAMpQUHH @BIE GpY
ODWpULHO VXSSOpPHQWDLUH



&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
ODWpPpULHO VXSSOpPHQW



127( GAMMARUS FOSSARUM (:326( $8 3<5(1(

 QWURGXFWLRQ

/D ELRWUDQVIRUPDWLRQ GHV +$3 D SN pWHOHVANVVHVISQF
GILQYHUWPpPEUpPYV EHQWKLTXHV FRPPHVFKIAWHY SRX\FKqgW
HQFRUH FKH] GHV FUXVWDFpV DREIKLSRGH¥AWDUUDQFR 1D Y
SDUWLFXOLHU OH S\UgQH HVW W UD QOHR UR\SG HR[X O\ B g Q/H EC
2+ S\UgQH SDU OD VXLWH FRPPH LO &DIIUDWHRPEDYWD U p RS |

JTREMHFWLI GH FHWWH QR W HG. FoSsarurG i Y BVDXEHRWD LOHW F
+$3 OH S\UQqQHG. B&XUMPHOMp H[SRVp DX ODERUDWRLUH j GH
RX | GX VpGLPHQW FRQWDPLQp 3DU Q@B QDQWHIQOHRRPS @/
ELRWUDQVIRUPDWLRQ HW VRQ FDGUER® Q@HN¥U B QLRH @ b VW |
SDUDPQWUHVY GX PRGGOH HQ SDUWLFXOLHU OH WDX[ GH EL

ODWpULHOV HW PpWKRGHYV
Design expérimental

/H GHVLJQ H[SpULPHQWDO FRPSOHW DNPWp Glp@HQ WD OW
GRSDJH GX VpGLPHQW VHFWLRQ HYOH VSIEMARHPHQ\
OfH[SRVLWLRQ GHV JDPPDUHV DX S\GRQHBJHAHFWLRIQTXHVD I

%ULGJYHPHQW OHV JDPPDUHV R@W WIVL @PSIRV pV jRE Hj\
VPGLPHQW FRQWDPLQp ( HQ S\UgQHKH XQ& B R GHOG\D QDWW L
MRXUV )JLIJXUH %  $QQH[H % 3D W pWDHWOXPWEILHO \DR® W Ry
SHQGDQW DXWUHV MRXUV /H WHVWQDB SWRWRBPUNVRGH G
/D VXUYLH GHV RUJDQLVPHV HVW PHSRVUpWLRQDHWQ] @B OL
SPULRGH GH GpSXUDWLRQ 'HV pFKDQWLGWMRQ WG THIRUJIC &
PWp SUpPOHYpV DX[ MRXUV V pFKDQWLOORQMWRQMW HQ

f& DYDQW OHV DQDO\VHYV

Modélisation et inférence

/JH PRGgQOH D pWp DMXVWp VLPXOW D Qp\PHRWL. § OHNH QRAH-P.
GLUH OHV FRQFHQWUDWLRQV HQ S\UDQHV HG H[SQ VR WL R BF
GpSXUDWLRQ GDQV OHV GHX[ FRQGRW LROQM H [EpH PH @ WLIK
YRLH WURSKLTXH L H IHXLOOHV VQOLPHXMWH DR\ pGRRIQYR
IDLW GHV SURSULpWpV SK\VLFR FKLPLDOHIVLBQ B\O¢@N X0
SDU H[FUpPWLRQ HW ELRWUDQVIRUPDWLHRQ p BRXWLERRY FRQE

&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQWW R WRRW LHRWY GPIAMpQUHH @BIE GpY
1RWH *DPPDUXV IRVVDUXP H[SRVp DX S\UgQH



SHXYHQW GRQF rWUH UppFULWHYVY FRPPH VXLW (TV HW

”—g‘ L CF 94 FiC E (s F 9l
N SRXU t
“ﬂ+ga'f9'|_ (o F%::l; Flgagk Sagoel

’371]_ TG

L GFO F (¢ EG; F %¢:l;

<

S R X Ut

L(?"‘;L (o F%eili Flgagk %apge:l;
DYB&Et OD FRQFHQWUDWLRQ HQ S\UgQH G@® @V DOXHW HRRISI\D Q L
Ce2t OD FRQFHQWUDWLRQ HQ S\UgQH QDQ\W O MMERRENDQLVPH
OD FRQFHQWUDWLRQ HQ 2+ S\UgqgQH WDRRY OHDXRMMHPSIV F

Cmetezt OD FRQFHQWUDWLRQ HQ 2+ S\UqGHVWELIRIY (OtBX RVUHITK

/HV GLVWaIBIK WRRQVOHYV S BDWY WK QW pWp GpILQLHV VX
ORL XQLIRUPH ORJ a 8 /HVHRR S FUH(QMWU B W L\RRQQ/ AR
GDQV OH JDPPDPSH @XDWMPSYH[SPULHQFH VXLYHQW XQH ORI

5pVXOWDWY HW GLVFXVVLRQ
Survie

/D VXUYLH GHV JDPPDUHV HVW GH HAW W L R QS RO \O [
FRQGLWLRQV ( HW ( UHVSHFWLYHP BGWG pBW UDHV L REQW /HV }
RQW XQH VXUYLH GH HW SR X UGBIHWp S XWIDR\GLHRQ GJTHH S R
FRQGLWLRQ ( HW GH HW FRQGLWLRQ (

Niveaux de concentration

'DQV OHV pFKDQWLOORQV GYHDX GHVRR¥FWHGMUDDVIOR @
TXDQWLILFDWLRQ $QQH[H & GDQV OFNQBEHQAW FRWGR Y LRI
VPGLPHQW SHQGDQW OD SKDVH G TH{\SRMLMW pRQOHHVW YD U LDJ
SV 'DQV OH VpGLPHQW WPpPRLQ OD pFWRIHPHIHW JDOVDL RQ PH X
TXDQWLILFDWLRQ $QQH[H &

/JHV ITHXLOOHV WpPRLQ RQW XQH FRQFHMQWQDBN R PR\H:
FRQFHQWUDWLRQ GDQV OHV IHXLOKWHW ERQWDBNVQEBEVGH O
OD FRQGLWLRQ ( VpGLPHQW FRQWPBPFADQV OB VFRHXAID®WM Y L
MXVTX j SWJjJOD ILQ GH OD SpULRGH G H[SRVLWLRQ

/D FRQFHQWUDWLRQ HQ S\UgQH GDQV OHV JDPPDHUMV H

( QJ S GX GPEXW GH O H[SPULHQFH MXRVKWLRD |HW

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
I1RWH *DPPDUXV IRVVDUXP H[SRVp



GLPLQXH MXVTX | /R'SHWQ SKDIVH GH GpSXUDWLRQ UHVS
FRQGLWLRQVJYLUXHW (HV JDPPDUHV WpPRLQV SUpPpVHQWHQW
S\UqQH GH HW SIf- -QHW - UHVSHFWLYHPHQW 1
i FHOOHV PHVXUpHV GDQV OHV RUJD®DWAHN WVHIBRNVNQ@V RBYV
WHQHXUV VXSpULHXUHV DX EUXLW \®p GROLR D 5N URMHDD FRQ
PHVXUpHV GDQV OHV JDPPD W HriériHQFED JpR/SDK&/ad.V \ELONH ¥

(Q HIITHW OHV JDPPDUHV WpPRLQV GH FRQMHD WSPWLR QFMR
SRLGV VHF GH SV FRQWUH PLQ SADERXU 0O@Y
JDPPDUHV HQFDJpV

JLIXUHLILYHDX[ GH FRQFHGW UHHIDVERIGV HQ BRLQWYV HW VRC
2+ S\UqQQH WULDQJG.H¥saBHYRXPVOEDFPRQGLWLRQV ( HW
SRLQW RX WULDQJOH UHSUpVHQWH XQH PHVXUH GD(

Biotransformation

'‘DQV OHV pFKDQWLOORQV GYHDX OHNWR GWNW QIFH @ WLIUHDWIHR
OLPLWH GH TXDQWLILFDWLRQ $QQH[HGHV$XD B8P EXWVGWH p®R-
XQH FRQFHQWUDWLRQ GH 2SHIBVUGRBFEQWUDRLRQV GX Pp
OHV JDPPDUHV H[SRVpV DXJPHQWHQW MX\WIIXY] DEYVWYHLQGU
FRQGLWLRQ ( HW FRQGLWLRQ (KDKHX®&H \GpSXIUD \WE LR QC

HW GJ WUHVSHFWLYHPHQW SRXU OHV FRHGDWARQN (
PRQW W foB¥aHMPpWDEROLVH OH S\UqQH HQ 2+ S\UqQH

Parametres toxico-cinétiques et prédictions
IHV PRGqOHV (TV HW RQW YW@ ROMYOHW p R EW/IHRUXY

&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQWW R WRRW LHRWY GPIAMpQUHH @BIE GpY
1RWH *DPPDUXV IRVVDUXP H[SRVp DX S\UgQH



GHV FRQGLWLRQV ( HW ( HQ VXSSRVDDW POQUH \F RIQp/PRE
& z /H SURFHVVXV GYLQIpUHQFH D FROMBB DN IBIOGH F
GpPRQWUH XQH YDULDQFH LQWHU FKDOv@®b V&0 & DRI L DHADUEL
/HV GLVW W lpBstevibti RGNV SDUDPgQWUHV RQW PRQWUp GHV GL
UHVVHUUpPHY SDU UDSSRp%i DIE LT X\DWWL EDXML PGY GRQQp
VXIILVDPPHQW GTLQIRUPDWLRQ SRXMJLREWHQLU GHV HVWLP

YLIXUH'LVW U LEpSityi L RIGRK BHpostéNdri QRLUH GHV SDUDPqWL
PRGqOH (TV HW

/JHV YDOHXUV HVWLPpHV GHV SDUDPqQWEHYHDXMRQW Sl
PR\HQQHV HVWLPpPHV GHW WDHMHXY -GMR Q WP QBIPWWLHRRH QW SO XV
FHOOHV GHV WD X[ oGifMD INFHX B Q- WM RHQ YN URQ WURLWVHRLV V;
TXL VXJJgUH TXH OD ELRWUDQV IR U REPpWIRE QI HAVDW DRIQS G R FH \

G. fossarum

7TDEOHDXR\HQQHYV HW LQWHUYDOOHYVY GH FBPGDRPIOVIHNV j7. G
G.fossarumH[SRVp DX S\UgQH

3DUDP:]BV|-\U\HHQQH,QWHUYDOOH GH
M FUpPpGLELOLWpPD |
N/ > + @
No > + @
N4 > + @
[\ > + @
NiPHW > + @

JIDMXVWHPHQW GHV SUPpGLFWLRQV G SPWRIBIKIHWVB X[ GRQ
3RXU OH S\UqQH HW OH 2+ S\UqQH BR¥SHOWUDHPLHRIN R BN
VLWXHQW GDQV OJLQWHUYDOOH GEHRBUDEXEMHPHRQW GH\GS

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
I1RWH *DPPDUXV IRVVDUXP H[SRVp



GX PRGQGOH DX[ GRQQpPHV PHVXUpHV SRXRXOHORpB\DERGLY
SUPGLFWLRQV HQ SKDVH GH GpSXUQWLR) GR Q/JPHNK \RE W W
UpVXOWDW SHXW VJH[SOLTXHU GX |DLDMW XXE IOHKLYWIg QE
OfHQYLURQQHPHQW VH WUDGXLVDQWQYDO HVHR URRQEN Q WW
FRPPH OHV FRQFHQWUDWLRQV PHVXWpPHRL QY GHUYRBW BRV
LO SRXUUDLW rWUH VXVSHFWp XQH PREDVD P OMHNWILHRXQ C8DH
VPGLPHQW /fK\SRWKgVH GIXQH FRQW®LPRLQ@W LRHX\S Drw O |
SXLVTXH OD FRQFHQWUDWLRQ HQ S\RQYHWHFRLQVRGHG BBV
PDWULFHV (Q UHYDQFKH OTK\SRWKq¥HLOPHYH HRVRQ MR N LY
SXLVTXH OHV WHQHXUV PR\HQQHV GIXQW\WHN DERHYOHV*© W
SV HW TXH FHV IHXLOOHV VRQW GRIQWPHW PRRFH ©RKQ B
SPULRGH GH VWDEXODWLRQ DYDQW H I K& SE»SW UDHVQ RID[ S p U L

JLIXUHSMXVWHPHQW Vi@ XFOWLIR@D GV PRG qlOBIYD XV GRQ/Q p |

FRQFHQWUDWLR Q4 QUS| \QH ®H \SgsatnGDQV OHV FRQGLWL
URXJH HW Y IERDIKWH W \EQHX PDULQH

/D VHXOH pWXGH UDSSRUWDQW GHVD®RQ QpH %\ WRJIHFRW
PPWDEROLWH SULQFLSDO FKH] XQH BWBYFR GBYDIRFOHW Y
DYHF OTHVSqFH D G&WhamX setddly/&PIDW RQHDQLVPH D pWp H[SR
FRQWDPLQpH HQ S\UgQH DYHF FRPPH @XHWRO XR©D WDROWD G H
OfHQVHPEOH GHV SDUDPQWUH\W BX HREGPBIWY BRIV SIRRAB QD
POHYpHE, i@ TXH G.Rétdsus 'DQV WRXV OHV FDV GX IDLW G
GIXQ WLHUV VROYDQW GDQV FHV SVRBWp WL RAW X@H X G DI
FRQGLWLRQV UpDOLVWHYV GIXQ SRHQWHGEHY & fiHH RO LUHRIFHH
GDQV FHWWH WKqVH

&KDSLWUH 3ULVH HQ FRPSWH GHUMDGEH. RRG PQWW R WRRW LHRWY GPIAMpQUHH @BIE GpY
1RWH *DPPDUXV IRVVDUXP H[SRVp DX S\UgQH



&HOD PHW HQ H[HUJXH OYLQFLGHQFHUPKHHSHXOWVDYRL
GTH[SRVLWLRQV VXU OHV SDUDPgWUHW/XUYV SEBXDXWQ HFVR QW
GILQYHUWPEUpVY DTXDWLTXHV RQW pWhHHASRWpBOYRDX JBW
Lumbriculus variegatus 0| H Q 8tl&l. HW OH SI&ds\dversidbldr *LHVVLQJ
et al. TXL SUpVHQWHQW pJDOHPHQWWXQWXEDN SMDRQMHy | DRY
PWXGHYV GYRULJLQHYVY OH WDX[ GH IHALRWHSMHQE D Q /W IHRXQ X
OfDSSURFKH GpYHORSSpH GDQV OYDUWUFOHVY YDO® HXWUN $H
HVWLPpHNWGBHXUV LQWHUYDOOHY GH FUPGRLEQBDWDp | St

7TDEOHDXOR\HQQHV HW LQWHUYDOOHV GH FUpWDELOGMp |
ELRWUDQVIRUPDWIMR Q@ RBXXU SWWARQAN HNVSqFHV GILQYHUWPpPEUPp\

9DOHXU PR\H@QWHUYDOOHYV GH FUpG

(VSgFH 9RLH GTH[SRVLWLRQ
GHp NM
G. fossarum JHXLOOHV HW VpGLPHQW
L. variegatus (DX +
N. diversicolor 6pGLPHQW +

(Q WHUPHV GH ULVTXH OH JDPPDUH DVHUD pXQLHP LRDHSD A
ELRWUDQVIRUPHU OH S\UgqQH TXH ISBBUWREN BRIX)\DXWOEpU
FH FRPSRVp (Q UHYDQFKH OD TXH¥WQRWQEERXM S\HR[WF LW p
OpJLWLPHPHQW VH SRVHU WRXWHRHRIWJIBDDIHOQID SDV pWp

&RQFOXVLRQ

G. fossatumPpWDEROLVH OH S\UqQH HQ 2+ S\IPHQHWED®Y O
WHVWpHYV SURFKH GH FRQGLWLRQVOHYYERRQQ HPTH@W D O B ¢
FDGUH GH PRGPOLVDWLRQ HW GYLQIplUHORAHOBISSORFHYN jX
ELRWUDQVIRUPDWLRQ GX S\UqQH SPRWp FHDAWAID \M VB\GW HS HXO R |

(Q UpVXPp OfYDSSURFKH XWLOLVpH GDQV FH FKDSLWUH
GTHVWLPHU SSFRXAY EALHF@WSQMAW HVSqFHY FRQWDPLQDQ

Gf{HVWLPHU VLPXOWDQpPHQW GHV SDUDRgWMWWH®REX |
SRXYRLU HVWLPHU OHV DXWUHYV

GIREWHQLU OHV LQFHUWLWXGHYV pVXHW OWHW SDOHND BdMW G E
GX PRGgOH GX FRPSRVp SDUHQW HW BEEXOHWMQP(BWDERC

GH PRQWUHU TXH OHV LQYHUWpPEUpRQRQWI GIHMH BPBS BV
SDUWLFXOLHU OHV JDPPDUHYV

&KDSLWUH 3ULVH HQ FRPSWHHGHDG D HE IGRHWRJIFDEHVO RVYPWWR Q (H W DGV @I
I1RWH *DPPDUXV IRVVDUXP H[SRVp



&KDSLWUYPHPSOHY GIDSSOLFDWLR!
GH PRGpOLVDWLRQ HW GYLQIpUH

2%-(&7,)

/H FDGUH GH PRGPOLVDWLRQ HW GTLOVNWHNQEHpEPGEHQ!
GpPRQWUp VD SHUIRUPDQFH HQ SDUWFKQ@WH K\GRKIK FOH
PPWDEROLVDEOHV RX QRQ &HWWH DISSIUR¥FEK HT OH @ WYHGPR
FRQWDPLQDQW HVSqFH VHXOHPHQW W BROMEMWQ W GRUQH »
DSSOLTXDQW FH FDGUH j GIDXWUHV GXEWWDRFGNVEXW GE
PDQXVFULW OHV PRGQOHV 7. SHXYHGQWpOLEWDROL OGRQW AR
rWUH LQWpUHVVDQW GJTHQ LOOXVWUHU TXHOTXHV H[HPSOH

&H FKDSLWUH SURSRVH GRQF GHV H[E8SRHKHG {TH S/RLU
XWLOLVDWLRQ SRXU LQYHVWLJXH®HOGHHXRWHQYWD UIEO V& HXELR
MXVTXYTj] VRQ DSSOLFDWLRQ FRPPH WXKRQQY RKXIUHpGKBWLWGB C
GDQV XQ SUHPLHU WHPSV OTpWXGH G»H SGRHXH QUMHIWAIDU G B\WH
IODPPHV EURPpPpV OT+%&" HW OH %'( H BLRNEFXPK OBDIWURRKL @
WURLV HVSqFHV GILQYHUWPpPEUpPV VpOpHFWQAWR QWO pE N Q V& HO
3Bioaccumulation of Brominated Flame Retardants (BFRs) and their potential
biotransformation by freshwater invertebrateg’, VR X P H W BhMitdnr@eDt§) Yollution
/HV LQIRUPDWLRQV VXSSOpPHQWDLUVHEWPHAR F LB W X LOM D U
VHFRQG WHPSV XQH QRWH FRPSOpPHQWHDUWLQ@BQW N D IB\OR
SUpGLFWLYH GX PRGqQOH HW GH VR #iDSBNMUGKH@ | BUHEXQ FPH Pj
FRQWDPLQDQWY Of+%&' HW OH %'( RW3DD PWpPpVXQWHR &R HW
SRXU pWXGLHU OD ELRGLVSRQLELGUW pG@ ¥HRRREBVE P P HQD\QIWV
HVWLPDQW OH WDX[ GILQJHVWLRIQ WK QHHWIURD YL 4 pHGQ B WY
pPWp DMRXWpH SRXU LOOXVWUHU GUIR®QV St GILIFGWULHY HG 16 YO B
PRGpOLVDWLRQ HW GILQIpUHQFH GpYHORSSp GDQV FHWWH
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$57,8&/(

WLRDFFXPXODWLRQ RI %
JODPH SHWDUGDQWYV %
WKHLU SRWHQWLD
ELRWUDQVIRUPDWLRQ E!
LOQOYHUWHEUDWHYV

$XGH 5PW&KULVWHCGCOHWPERBAYTXH 'XYLOODUCG
SLHUUH /DEDEBLHIH % X'G A@LWN.IH U P*HD LDRU G
% D EX W

© UVWHD 85 5LYHU/\ FHQWUH GH /\RQ 9LDORXDE®®QH $YHOQXFE
9LOOHXUEDQQH &HGH[ )UDQFH
E8QLY /\RQ 8QLYHUVLWp /\RQ &156 /DE RN PWRDRHLGIH( VRERWW'

805 ) 9LOOHXUEDQQH )UDQFH

F&156 (QYLURQQHPHQWY HW 3DOpPRHQYLURQQBPQPAWDK[2FpD QLT X
(32& 805 IDERUDWRLUH GH 3K\VLFR FMQYR [LFE@QHAHPQW G H
/37& 8QLYHUVLWpP GH %RUGHDX] FRXUVDGH QBH/ L EpOMH. R Q

&RUUHVSRQGLIFKXUDXWHKBOH ORSHV#XQLY O\RQ IU
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SEVWUDFW

%LRWUDQVIRUPDWLRQ LV DQ DGGLWLRIQO® ZD\PRIGHOVPWG
SUHYHQW RYHUHVWLPDWLRQ RI LQWHUWDRQFWR R AM IQDWY DWKLH
FRXOG QRW EH FRPSOHWHO\ H[SODLQH'®G \ES LWVKIHWSKOHU H Q AU H!
FRQFHUQ DERXW PHWDEROLWHY LQ DTXDWEBEE RY MQLYE \O LV
PDLQO\ IRFXVLQJ RQ WR[LFLW\ DQG VFDMUFHOD\DFRQDQWILEG HELHR
HVSHFLDOO\ IRU LQYHUGVHE VWDRVIEBVRPIUIHIMDVBHE IODPH UHWLEL
ZRUOGZLGH HQYLURQPHQWDO FRQWD P LRQDPWIORDQV HIEH WLR/ @J BIW
RU EDQ WKHLU SURGXFWLRQ DQG XVH 1HOHOUGEBKWEHWW G\
YDULRXV LQYHUWHEUDWHY DQG ILVKHVRGRHEHHNQM X FBo &'V
DQG WHWUD DQG SHQWD %' (V PDLQO\ UHSUHVHQWHG
'HEURPLQDWLRQ PHFKDQLVP OHDGLQJ %'( QJWR WK'YSHRW¥YIG
LQ ILVKHVY ORUHRYHU SUHYLRXV VWXGLDWYRKD R IVHE&H VUIWRR
VHGLPHQW +%&' WR ILVK . +%&' 7R GDEOH R GIBONVI
ELRDFFXPXODWLRQ NLQHWLFV RI %)5V KK DUFRV KZDWHKLY L\QWN
DUH WR LQYHVWLJDWH WKH SRWHQWhRODEI®R GMEBR B L {IDVL
Rl %' ( LQ WR %' ( LQ WKUHH L @K X@hoHdEIUDpadusy SHFLHV
Radix auricularia D Q@ammarus fossarum ZHUH H[SRVHG LQ DTXDWLF PLF
+%&' FRPPHUFLDO PL[WXUH DQG %'( VSLNHGR OHDYH
ELRLVRPHUL]DWLRQ QRU GHEURPLQDWLROQHY HUMHGRBEBVWHWN
H[SHULPHQWDO FRQGLWLRQV $GGLWLR®DD @RW HH ® ENIHYDY
%" ( DQ®% &' OHYHOV GR QRW H[FHHGLQ RQIDRLVPV 7. PR
SDUDPHWHUV IRU UDGL[ DQG JDPPDULG HWHRE HEG %/MR\H/ LD Q

LQIHUHQFH 7KHLU PHGLDQ DQG WKH FWER®@ G LZEHLIDOH WL YLHDQV F
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.H\ZRUGYV ELRDFFXPXODWLRQ WR[LFRNLQHW®BPB \ HP\RLAHXO

LQIHUHQFH ITUHVKZDWHU LQYHUWHEUDWHY ELRWUDQVIRUFE

+LIKOLIKWYV
X IRZ ELRDFFXPXODWLRQ RI +%&' ZDV PHDVXRBGLGY FKLL
x 1R ELR LVRPHUL]DWLRQ RI WR . RU +HHoveH ZDV
LOQYHUWHEUDWHYV
X 1R GHEURPLQDWLRQ RI %'( LQ ZDVPRPHOVHWBYHG LQ L
x 7. PRGHO SDUDPHWHUV ZHUH HVWLPDWHG IRU JDPP

H[SRVXUH
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QWURGXFWLRQ

,Q (QYLURQPHQWDO 5LVN $VVHVVPHQW (6i$\ SEIRRAMHYNQV
ZKLFK DIIHFW WKH ELRORJLFDO DFWLYKMLU RG LFSHRR/ILFDL
UHVLGHQFH WLPH DQG WR[LFLW\ /LYLQJVWRGHOV DUHR]
XVXDOO\ XVHG DV D ILUVW VWHS LQ (5$DWR RSQ\N GDFRUBRBE
IURP WKRVH WR ZKLFK WKH\ DUH H[SRREGQUQWX KHIWRIKE VV
XSWDNH IURP GLIIHUHQW VRXUFHV HPDWARWQHDQRSUH®LHWOQ I
Rl WKH FRPSRXQG ODF.D\ HW )UDVHU Q LAK®Q EGBWW DR
ZD\ Rl HOLPLQDWLRQ WR LQFOXGH LQ 7DWRBO OR/ W@WHUWH
FRQFHQWUDWLRQV LQ E&RWD 9D®HOHGHUQ®HKH OLQN EHW
H[SRVXUH FRQFHQWUDWLRQ DQG WKH WR[ISELDN\Q FARX B\G WKF
SDUHQW FKHPLFDO RQO\

'HVSLWH WKH LQFUHDVH FRQFHUQ DERXW VPW DAEKRHOLLUN |
LQFOXVLRQ LQ (5$ LV VWLOO OLPLVDKG PPLQPHNORFROMLEG R
7. PRGHOV IRU DTXDWLdt aELRWD$UIGRAWROVD $UERIW

E .DWDJL ORUHRYHU ELRWUDQVIRUPPDM/RE P}
LOQYHUWHEUDWHY KDV EHHQ RIWHQ DVVXRHGQ WLRN H H LR K HD
ORUULV&.Q +RZHYHU IURP VRPH VWXGLHV FRQGXFWH
HYLGHQFH KDV HPHUJHG IRU WKH H[LVWH®MU RQ\JRUPD W
UDWHY DPRQJ LQYHUWHEUDWH WD[D ZKLSHKF LLHV R/SHKFOL L\F

$V KD &tHlU - H RtQAl. 5|V Etal. OLeHU ) %t al.

2WKHUZLVH %URPLQDWHG )ODPH 5HWDUGDF®WWFHYWQP5M KL
VHYHUDO GHFDGHV GXH WR WKHLU LQWRHQW DYHG XXWRHX Y § KRRRO

SURGXFWYV @&lalQFL QHCHEWLEX&). 7KH\ DUH XVHG WR LQKL
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LQIODPPDWLRQ RIWHQ LQFRUSRUDWHGWQRI@DLIFA/P D/ED[HV SO IF
SODVWLFV GH LW 'DWDQDEH Ktl. 6DNDL2YHU $\BKGD S DD\
IHZ GHFDGHV %)5V EHFRPH XELTXLWRXV GRQRWWP RY B R MWL
WUDQVSREWI. =KD RK K. /&t al. 20XNXQOH HW 2NRQI
$V D UHVXOW WKHLU HQYLURQPHQWWDDFFRQ\WMD® L Q
ZRUOGZLGH LQ YDULRXV VSHFLHVY DQG HQYWURQPEIZWDO FI
al. /D 2t al. E .Lé& al /D 2t al. $PRQJ WKHVH
FKHPLEDOV  WKH 3RO\%URPLQDWHG 'LSKHQ\O (WKHU
+H[D%URPR&\FOR'RGHFDQH +%&' DUH WKH PRUW WKMPRQ
HQYLURQPHQW
'HVSLWH WKDW 3%'(V KDYH EHHQ EDQQHG WRYHXURSH VL
WHWUD DQG SHQWD %'(V PDLQO\ UHSUH VIHQHNV VB LED O%G(H W B

LQ YDULRXV DTXDWLF LQYHUWHEUDWH DQNGNRIOWHOQ VSHFLH!

6WDSGHMWRQ 7 R Pet al. E &RYeD&L E %LeRKOOL
9LJDE& al. 7 @tad L 9DQ &HlO % H \éewvaH E /HEUXQ
et al. $ GHEURPLQDWLRQ PHFKDQLVP OHDGLEHH®" ( W

VWURQJO\ VXVSHFWHG LQ UDLQERZ WURKaAN DQG7RRPPRQ F

et al. E 7R GDWH WKHUH LV VWLOO IHRGPWY DEYRQIOLPE €
3%'(V LQ LQYHUWHEUDWHY /HSSIQHQ H¥ aXNNRQ@RBP\ 6\
et al. E 'URXlEODDUG 6FKX0aW] 7 @D L /HE& %.Q

WKRXJEKEtalOLOL KDG QRW H[FOXGHG D SRVVLEOH ELR
%" ( WR Gam@arus pulex
,Q VSLWH Rl +%&' ZDV DGGHG LQ WKH OLDW RMKI2BSWRENWD
&ERQYHQWLRQ LWV FRPPHUFLDO PL[WXUH VWVBOXNHGP DMWKRIU

GLDVWHUHRLVRPHUV . DQG LQ YDULRMXVVHYQNUDR QWMDY
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/D Zt al. 'R Qet al. W LV ZHOO GRFXPHQWHG WKDW W
UHODWLYH GLDVWHUHRLVRPHU GLVW U LEXWWR@®SK LVWFROH¥YH
DTXDWLF IRRG 2BtHhEV T7IRP&R¥DaFL D /[DeFal D &RYDFL

HW 0DODUYDQQDQ )XUWKHU VWXGLHV VKOHPWWLYG XS
6RE al. GLDVWHUHRLVRPHU VSHFLIHtE.PHWDERABLF UDW
al. RU ELRLVRPHUL]DWLRQ RletaWR . +%®al. 6]DERVR

H[SODLQ WKH HOHYDWHG FRQWULEXWLRWHRI .7 R%&D \&H W\N K
K\SRWKHVHY DUH VWLOO XQH[SORUHGFHSGWURIY K 2\BA\X3) LEKV
al. ZKLFK UHSRUWHG WKH H[SRV X UThyriRpusvjalidnicBsD WIRQH F R
D +%&' FRPPHUFLDO PL[WXUH VSLNHG ZDWHDQGKHA%RXQG

SURSRUWLRQV ZHUH FORVHG WR WKRVH IRXQIH VY MDKIHDFAE

RI ELRLVRPHUL]DWLRQ

7KH DLPV RI WKLV VWXG\ DUH WR LEQRHVWRRBDWHDMWKLHR @
WR . +%&" DQGHEURPLQDWLRQ RI %'( LQ WR %'( LQ W
VSHFLHV :H HJSHparid$s R. auricularia D QG. fossarum LQ DTXDWLF
PLFURFRVPV WR +%&' RU %'( VSLNHG OHDYBWYRIWDW HRG L
FKHPLFDOV ZHUH UHJXODUO\ PHDVXUH®BQD DVNKIBD VILFINSH M
Chironomus riparius, Radix auricularia D Q Gammarus fossarum DUH XELTXLWRXV
(XURSHDQ IUHVKZDWHUY DQG HDVLO\ VRDPSRHEDRLQWVKHRIQR.
UROHY DV OLQNVY EHWZHHQ WKH EDVH RQRREBEHIDNEWXDB R D ¥
ILVK RU ELUGYV $UPLWDaH $AHEWRLE %YHVLGHYVY WKHYV
RUJDQLVPVY KDYH EHHQ UHSRUWHG WR DRRWRAGFDSROPHWD
OLQJ $VKDaXHU E /HEBIXQ 7@LaE L + R @tJal.

7TKHQ 7. PRGHO SDUDPHWHUV ZHUHUDWKHEZRMWHG LQ D
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ODWHULDOV DQG PHWKRGYV

&KHPLFDOV UHDJHQWY DQG TXDOLW\ FRQWURO
6ROLG 1 T SHQWDEURPRGLSKHQ\O HWKHU

KH[DEURPRF\FOR GRGHFDQH FRPPHUFLDO RLRWXUHMRU WR
DQG W R IRU +%&' &RYDFL HW DO IURP &HPIH SXL
$OGULFK 6W 4XHQWLQ )DOODYLHU )UBPGERHQVRUMNLML ¥R @
+%&' ZHUH SUHSDUHG LQ DFHWRWHYBMWFWL DG IRU FKLURC
JDPPDULG )RU %'( H[SHULPHQW ZRUNL®DWROXBRURQV Z|
WKH FRQWDPLQDWLRQ Rl VHGLPHQW IRULER®QW \JDRFD DMG
—J/ IRU WKH FRQWDPLQDWLRQ RI OHDYHV IRU' WKH JC
GLDVWHUHRLVRPHUV . DQG DQG WKHE @WHHQIUR Y MDHD
E\ :HOOLQJWRQ /DERUDWRULHV YLD %&3 , Q¥O\COU XZARHIQIW @ J
VROXWLRQV ZHUH SUHSDUHG LQ OHRBFBEWRU WRH . QJ+%&
PLIWXUH DQG DWRU IQQWHHUQDO VWDQGDUG 7ZR 3%'(V ZHUHI
DQG DQG WKH\ ZHUH TXDQWLILHG ZLWK WXSISOQWE UKD C
&KLURQ YLD %&3 ,QVWUXPHQWYVY 2XOOLMVHQHDQEH ZDPWL
SURYLGHG E\ 80WUD 6FLHQWLILF 1RUWKOX\VQURQRZDH Ui
SUHSDUHG LQ LVRRFWDQH IRU ) %'(UHDSHFWLDGI®\ IRU ZD W
VROLG VDPSOHV DQRUDM:1 QRAXWLRQV ZHUH VWRUHG DW
(32& /37& XVHV VWDQGDUG UHIHUHQFH P DWHWH PG VR ®@W¥\R
DXWKHQWLF VWDQGDYSHQGHRRUNISRUYLQJ LQIRUPDWLRQ
OLPLWV Rl GHWHFWLRQ /R' DQG TXDQWLILFDWLRQ /R4

ODWUL[ VSLNLQJ

2.2.1 Sediment
,Q $SULO DQG 6HSWHPEHU DQG LQ -DQXDUDWXQU® @D

VHGLPHQW ZDV FROOHFWHG IURP D ZDW@& DWRXJUWHV & DILUN WKIHX

&KDSLWUH ([HPSOHV GYDSSOLRDRWLR GV LGN pRIHIAFH GH WHRGR DT |



HQ 9HOLQ HDVWHUQ FHQWUDO )UDQFH QHDUW1/VRQ WK He
JDPPDULG H[SHULPHQW 7KH VHGLPHQW Z®OWHBRIGIOH KWHGH)
DW PP SRROHG LQ D SRO\SURS\OHQH 88 XNMpDW. ODW &HY VZ R
XVHG )RU FKLURQRPLG DQG JDPPDULG H[SIRYG G DPR >-Ud&s T
H[SRVHG WR %"'( UHVSHFWLYHO\ WKH VHGBLPHRDWERAHUH
FRQWHQW RI DQG D SDEWQFKRQ@WHQRW RD Q
DQG RQ GU\ ZHLJKW PDWWHU RI SDUWLFXQ® W
QLWURJHQ FRQWHQW 7KHQ VHGLPHQW ZHUPHEKRPRILIFQD]H
DFWLRQ SDLQW SURSHOOHU FRQQHFWHQ WRHDQ HQOQHRWU
VHGLPHQW ZDV DGGHG LQ VHYHUDO 3\UH)VER ®IMNBIHEY ZL W K
VROXWLRQ Rl +%&' FRPPHUFLDO PL[WXUHURMU%DW DLQ RFQ Q@
FRQFHQWUDWLRQ IRU +%&' R6GZ IRQUGFKLORQRPLG DQG JD
H[SHULPHQWY UHVSHFWLYHO\ GXH WROMKHLUQZOGL UWRH FO\L IFR
ZLWK VHGLPHQWY ZKLOH JDPPDULGVY OLYHGRQIRMK®GLU VXUI
IRU ERWK UDGL[ DQG JDPPDULG H[SRVXUBVPRXQRML®D UF XDV L
DGGHG WR WKH VHGLPHQW ZDV PLQLPDO EHWHOHHDFK D
ERWWOH ZDV URWDWHG IRU DW OHDVWWH KUBW D W HYRRROF
WHPSHUDWXUH f& $IWHU K VWRUMGLPMQW fI&Q FHDEV
ERWWOH ZDV WUDQVIHUUHG LQ D SRO\SQRSUMHYVQWD W\DW 7 (
PHFKDQLFDO DFWLRQ IRU PLQ EHIRUH EHLQJ DGGHG WR L

2.2.2 Leaves
$OGHU OAMmY igivtinosa ZHUH FROOHFWHG LQ 1RYHPEHU

HDVWHUQ FHQWUDO )UDQFH QHDU WR /\RQEHIRGHVBHRIGIG
LQWURGXFHG LQ DTXDULD DV IRRG IRU JDPPDULGYV
3ULRU WR H[SRVLQJ JDPPDULGV WR +%&"' RWU%'S O D MG LDPO

EXFNHW ILOOHG ZLWK VHYHUDO OLWHUV&RI 7HURX0Q @ HWD ¥ B\
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UHQHZHG HYHU\ GD\V WR UHPRYH WKH NHKKGDWHBWBRRVWI

J GZ OHDYHV ZHUH SODFHG LQ 3\UH[/ RRWWRXYG Z D WHRJQ IV
ZHUH VSLNHG DW D QRPLQDO FFRPAMH@WLILIKWL EQ VRN X4 JZ
VROXWLRQ RIRI %0/ LQ DFHWRQH —/ RI WKLV VROXWLR
ZDWHU 7TKHVH EDWFKHYV ZHUH URWDWH®G SRUD W K UHW RS
7TKHQ OHDYHV ZHUH ULQVHG ZLWK JURXRW®WOWW & HRRJUH G&»
SODFHG LQ DTXDULD

2UJDQLVPV H[SRVXUH

2.3.1 Chironomid exposure
$ WRWDO RI IRXU DTXDULD FP $QUEROYLWWI HQHRI
KRPRJHQL]JHG VSLNHG VHGLPHQW DQG /| RIXBURXWGZDV
DOORZHG WR VHWWOH IRU GD\V EHIRUH ER@W BB ® FIL QX DW
ZDV SUHSDUHG LQ WKH VDPH ZD\ ZLWK)WUHD$ H@W QFRIQLVF U R
LQYHUWHipaghfDWWHHUH REWDLQHG IURP ODERUDWRU\ FXOWXU
WR VWDQGDUG PHWKRGV 2(&' D $)125 XUWEK MWERW\CDO
ODUYDH GD\ ROG ODUYDH SRVW KDWFKLQ@QITXDULXHKUH
&KLURQRPLGV ZHUH H[SRVHG WR VSLNHG VA& LRHQWUIIRWH G
DQG VWDWLF ZDWHU $ K OLJKW GDUNXJIJERPOWMH WERM |
H[SHULPHQW 1R GHSXUDWLRQ H[SHULPHQWKRDW L@QMMHWWE
WKH ODUYDO VWDJH / /IDUYDH ZHUH QRMQWHG7 K\VHK ZR X\IHK B
TXDOLW\ SDUDPHWHUYV ZHUH PRQLWRWEHR GIRI$SIDWRHQBBHSG H
VXUYLYDO VL]JH DQG ZHW ZHLJKW ZHUH WHWHURYEQHG DW
KRXUV 7R GHWHUPLQH WKH VL]H WHQ QIDD@DK(ZHUH SKF
'LJLWDO &&' FDPHUD ) J2FXOXV *HUPDQ\ PRXQWH&WRQ
DQG 6=; VWHUHR J]RRP PLFURVFRSHV DW DR 2/ P|BIYVQ EZ HUFHD W

GHWHUPLQHG XVLQJ GLJLWDO LPDJH DQMWVBVWADVRIWZDUH
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2.3.2 Radix exposure
7KUHH GD\V EHIRUH WKH VWDUW RIRW&titulBilesS ZUWRKHQ W L

VKHOO OHQJWK EHWZHHQ DQG PP ZHKBIQEDDWIXDO!
UHIHUHQFH VLWH 6DLQW ODXULFH GH 5pfPHQVY-1)UBRGH[ f
ZHUH EURXJKW WR WKH ODERUDWRU\ [RDGVDE KA XK DW H & QH)
JURXQGZDWHU XQGHU FRQVWDQW DQGEDONJEWRIHRISHWLRG
PDLQWDLQHG DQG WKH WHPSHUDWXUH ZDVYLRHSADVDMU ZDV
UHQHZHG GDLO\ XQGHU FRQVWDQW DHUDWUIRQV 7ZZKHUHZD
PRQLWRUHG DQG D W SHOIGHQMWBGLV®Y ZHUH QRW IHG WKU
DFFOLPDWLRQ DQG WKH H[SHULPHQW 5DGR[ W[SH SKPNGW V
H[SRVXUH DQG GHSXUBWISRM WKH EHJIJLQQLQJ RI WKH
KHUPDSKURGLWH LQGLYLGXDOV ZHUH H[SRVRG QIRQ%'GD\VS
WKUHH DTXDULD HDFK FRQWDLQLQJ / RV RI(JURSQEHDBWHL
DQG RUJDQLVPV $ FRQWURO DTXDULXPLIBG SBHBSPQWG
VHGLPHQW / R DFHWRQH SHU J RIVVRIGHPSFOMX U IWBG
VXUYLYDO ZDV GHWHUPLQHG DQG WKH REDMHDLY PHGEHH W
RUJDQLVPV E\ DTXDULD ZLWK FOHDQ VHGQLH® HQRWHD GB\YUR
5DGL[ VXUYLYDOV ZHUH GHWHUPLQHG DBM S\KUD WQ B QR § K\MIKWH

2.3.3 Gammarid exposure
7KUHH ZHHNV EHIRUH WKH VWDUW RI WKH H[SPHDWHHQW

JDPPDULGV ZHUH FROOHFWHG UHVSHFWLYHPNQRW Z%\&'K DI
KDQG QHW DW D UHIHUHQFH VLWH 6DLQWfOBXWIFH GH
f o e+1 *DPPDULGV ZHUH EURXJKW WRPW WH ® D BRD DXDRA
ZLWK FRQWLQXRXVO\ UHQHZHG JURXQGZDWH WK XOQGKW BRQ)
SKRWRSHULRG ZDV PDLQWDLQHG DQG WKK WHRSKUDRKU F

ZHUH ddHIBitum ZLWK DOGHU OHDYHV 2QO\ PDOH JDPPDULGYV
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“ PP IRU +%&' DQG %'( UHVSHFWLYHO R USHIH WHR
HOLPLQDWH SRWHQWLDO ELDVHV GXH WR DRMRIRQW\EH Ul
H[SHULPHQWY ZHUH FRPSRVHG RI WZR SKDMWHN WXSIWHDIMN& D
H[SHULPHQW JDPPDULGY ZHUH H[SRVHG GMRW ®SMNHG* VHGLI
f& XQGHU D K OLJKW GDUN F\FOH PO HQMAH@MWME WKURX.
$W WKH EHJLQQLQJ RI WKH H[SHULPHQWE XWH G QLG YIIRGOUL
DTXDULXPV HDFK FRQWDLQLQJ / Rl +%&' WMSRXGGZD WGP+
*DPPDULGY ZHUH IHG ZLWK RQH EDWFK RIGSOHBYRXVO\ FC
GZ 7KH RYHUO\LQJ ZDWHU ZDV UHQHZHGREDLO\FRQBHR C
DTXDULXP ZDV SUHSDUHG ZLWK KRPRJHQLJHRSI WDH BIWHRMH V
SHU J RI VHGLPHQW $IWHU QLQH GD\V RIL & ¥ G/LAHQW DHY SF
GHWHUPLQHG DQG WKH RUJDQLVPV ZHUHRW UDLGOH HAUDANG W |
RUJDQLVPV E\ DTXDULD ZLWK FOHDQ VHGILPGHDWK DIVELR QR
JDPPDULGY ZHUH IHG ZLWK FOHDQ OHDYHV J Gz

JRU WKH %' ( H[SHULPHQW JDPPDULGV ZHWHY H(SRVHG
FRQGLWLRQ RU WR VSLNHG VHGLPHQWW( FRQGLAWXRGHLIRD

K OLJKW GDUN F\FOH PDLQWDLQHG WKURXJIJKRKW WK
RYHUO\LQJ ZDWHU ZDV UHQHZHG GDLO\ XWGRO B RRYNWLIXPW
( ZDV SUHSDUHG ZLWK KRPRJHQL]HG UHFHWRWD N HGLIPE Q V§\
WKH EHJLQQLQJ RI WKH H[SHULPHQW DI®DBUYKB X WMHW \&HR
FRQWURO *DPPDULGV H[SRVHG WR WKH H REQW D/RILEXWHG
WKUHH DTXDULXPV HDFK FRQWDLQLQJ FKIRUIBRMYERXWE
VSLNHG OHDYHV SHU DTXDULXP 2UJDQLVPW H(SRMHIH WR
GLVWULEXWHG LQ WKUHH DTXDULXPV HDAK FRWWDLQILRYJ

JURXQGZDWHU DQG RQH EDWFK RI SUHWYW.RXWMH UF©QHDIQQUE DK
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RI H[SRVXUH JDPPDULG VXUYLYDO IRU HOBFKD FRQWKWLR
RUJDQLVPV ZHUH WUDQVIHUUHG WR D FOHDQ RHGDRPVRWY \
SHU DTXDULXP ZLWK JURXQGZDWHU IRU QVKH GL PAHRQ/G LDALG
JURXQGZDWHU IRU WKH ( FRQGLWLRQ ZXWIH IHGHBXWIO \F ORI
OHDYHYV J GZ 7KH ZDWHU TXDOLW)\ SPG DRKWSHILHN BB WH ¢
$QQH[ 6 *DPPDULG VXUYLYDO VL]H DQG&DW ZHLH KMQ G HR
WKH XSWDNH DQG HOLPLQDWLRQ SKDVHYV

6DPSOH FROOHFWLRQ IRU DQDO\VLV
7KH RYHUO\LQJ zZzDWHU 2: ZDV VDPSOHG R@YWWOQOHSRO\

6XEVDPSOHV IURP VHGLPHQW ZHUH GHSRVDWHGPNVQZHUR/ :
FROOHFWHG LQ P/ )DOFRQ § WXEHV (YHRQRMUIGV ZHUH
FROOHFWHG E\ VLHYLQJ VHGLPHQW DW VHGLFKEW VDPGIOH
ZHUH DOVR FROOHFWHG HYHU\ GD\V 7KH RQWWUHR®L VD@ ®ODI
ZHUH FROOHFWHG DW GD\V DQG $W GWKW 2: VHGLPHQMW
VDPSOHV DQG UDGL[ ZHUH FROOHFWH G DNQ B HPRE\HHGT RH C
HDFK RUJDQLVP )RU WKH +%&' H[SRVXUH HG IDW BDUYGV ZH
DQG DV ZHOO DV WKBPXSOMHYG AMHGRPHQ
VHGLPHQW OHDI DQG RUJDQLVP FRQWWRY VDMSOHYV ZHRUH
WKH %'( H[SHULPHQW DW GD\V JDPPDULGW@BUH
FROOHFWHG IRU HDFK FRQGLWLRQ ( DQGDQG RHKHDXQLWH
FRQWURO VDPSOHV ZHUH FROOHFWHG DWZBDMVVWR WHEGG D
i f& DQG O\RSKLOL]JHG DW i f& &KULBPALIQWKLOLF XQ®GHF
SUHVVXUH RI PEDU IRU K IRU RUJDQGVP\GD\VKIRRU
VHGLPHQW
&KHPLFDO DQDO\VLV

2.5.1 Water samples
:DWHU VDPSOHV ZHUH ILOWHUHG XVLQJ PEWHU)V JO
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:KDWPDQS +%&' LVRPHUV ZHUH DQDO\]HG XWH®J 8QWIFT >
BHUIRUPDQFH /LTXLG &KURPDWRJUDSK\ FRQUW HF WHGE SWR
TXDGUXSROH PDVV VSHEWURPHWHU :DWH UM DEOFLHY W ) RYXH Q
3%'(V DQDO\WLV LQWHUQDO VWDQGDUG ZDVQDG®HRGW Kb (
P/ RI ILOWHUHG VDPSOHV DQG WKHQ VD®30qHW RFH B XOUHD C
FRXSOHG WR D JDV FKURPDWRJUDSK\ 1 V&\J LYQHD@W H7 H F K
FRQQHFWHG WR D PLFUR HOHFWURQ FDSWHKWH ICOHWHHRWHRAU
SXOVHG VSOLWOHVV PRGH DQG VHSDUDWHG 3KHMAQKOD +- : +:
PHWK\OSRO\VLOR[DQH P PP [ DUR SORUYHGGIBWIL
DSSHQGL][ &

2.5.2 Sediments, leaves and organisms samples
%HWZHHQ J RI VROLG VDPSOHV ZHWHD Y HLQ K HW KIH®

VSLNHG ZLWK LQWHUQDO VWDQGDUGY RQJ)IBY & DQG%&'
H[WUDFWHG E\ PLFURZDYH DVVLVWHG HYWOBFWLRQ\ 0D\WHV
GXULQJ PLQ SHUIRUPHG ZLWK P/ RI GABRGWURPH\MKD/H
RQ JODVV ZRRO DQG FRQFHQWUDWHG X Q@&H & MH DHQWSO BDYL
SHUIRUPHG RQ FROXPQV FRQWDLQLQJ DFNWQYPWHKHBOFRSSH
+ 62 ZZ SUHYLRXVO\ FRQGLWLRQHG ZLWW UDEMWR O FBHRM
+%&' LVRPHUV DQG 3%'(V ZHUH HOXWHG ZIHVQKV VK HH QW L P |
YY 7KH HOXDWH ZDV IXUWKHU PRQRABQWR D\WMR6E | VR

+%&' DQDO\VLV RU LVRRFWDQH IRU 3%'(V QD®D®RAXP B QRS
/ )RU 3%'(V DQDO\VLV WKH V\ULQJH VWDQGDUMXY&/1 Z
EHIRUH DQDO\VLV +%&' LVRPHUV ZHUH DQDSOWMGNMFLQJ
FRQQHFWHG WR D 4XDWWUR 3UHPLHU ;(RPUMSOH THBDBUR®R
RI DQDO\WHV ZDV DFKLHYHG XVLQJ D & RIHYHUVHP®KDVH F

SFTXLW\ 83/& %(+ & ORUH GHWDDGS §HQUWH B RW LZGHHUG L Q
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DQDO\]HG XVLQJ D JDV FKURPDWRJUDSK\ SW®QH FOHMEH F\R |
*& (&' $QDO\WHV ZHUH LQMHFWHG LQ SKSIDAHIBNWSOZ MWK
- : +3 06 FROXSBHQGL[ &

7TRILFRNLQHWLF PRGHO DQG VWDWLVWLFDO DQDO\VLV
$ ILUVW RUGHU NLQHWLF ELRDFFXPXODWLHRUHEWGCXOWW K

SDWKZD\V DQG HOLPLQDWLRQ SURFHVVHVTFDQ EHHRW[ISHUHYVV
al.

@®We@R [ k#H ;Roae | @ :5A 'S
<Ls ELs

ZKHGECH LV WKH FRQWDPLQDQW FRQ@GHOWUQ WLKRH ZKWR ONHL RH .
QJrdy ZKHUH WKH PDVV RI WKH RUJDQLVP LV HMSWHWKHG L(
QXPEHU RI FRQWDPL®DWUR @ SARXNIFEHMWH IURP WKH FRQWE
Cit WKH FRQWDPLQDQW FRQFHQWUDWLR®QW QVWXBAM RQWD P
WKH QXPEHU RI HOLPLQDWWK® SHORPHQDOMM . PQ ®DWH UHODW
JRU FKLURQRPLG ZH FRQVLGHU WKDW WWK HL € JSHR/WXURHD V
ZKLOH HOLPLQDWLRQ RFFXUV GXH WR H)BUHWLRKQUDRIGIKC
K\GURSKRELF FRPSRXQGV FRQWDPLQDWRWR&BEURP7KBIWHU F
VHGLPHQW FRQFHQWUDWLRQ LV FRQVLGHKHGOBERRVYD\DR W
FRQGLWLRQV (T FDQ WKXV EH UHZULWWHQ DV IROORZV
@b uaaaatR¥@ R Laoovaaakad® dacovaaaka® HoBuaaaadvx
ZKHUHMA 5 o« tWKH XSWDNH UDWH IURPHcWEH "GHGLWKRW J
FRQWDPLQDQW FRQFHQWUDWL B D +44G V- H@/KHHB L PQDDW LR Q
G DQ&WKH JURZWK UBWH KGURQRPLG JURZWK UDWH LV R
YRQ %HUWDODQII\ JURZWK HTXDWLRQ ON XVHGRPRGRIOWHKR

GHVFULELQJ WKH JURZWK RI EHQWKLF LQYHUWHEUDWHYV Y|
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=L s Foess Fry HEF 9+

ZKHUH,LV WKH FKLURQRPLG ¥LGH.ssAR \WHWLWP\IR SWRWLF VL]
Lo LV WKH VL]H DW B&UWNKMHPJWDRZNK UDWH G

JRU UDGL[ H[SRVHG WR %'( ZH FRQVLGHWH WYXDW W
VHGLPHQW LQJHVWLRQ ZKLOH HOLPLQDPWHHG R FR M UR/L IXKX
K\GURSKRELF FRPSRXQGY FRQWDPLQDWLRWH&RP ZDWHU
*URZWK zZDV QHJOHFWHG WKH PHDQ ZHLXH HIFBWH WRWPHIM \
EHLQJ “ Rruy 47 (T FDQ WKXV EH UHZULWWHQ DV I

VHGLPHQW FRQFHQWROQWWRQW RYHU WLPH XQGHU RXU ODE

QxR P@R Laaodtedt draoxdedb«ob

ZKHWHix LV WKH XSWDNH UDWHHdRLR B VAKGIUPHH @WK HJIPDVYV
RI VHGLPHQW LV H[SUHVVHGCL W IGH \FRIDWEBML Q®OW FRQFHC
VHGLPHOQWoe @dadx LV WKH HOLPLODWLRQ UDWH G

JRU JDPPDULG H[SRVHG WR %'( HISRVXUDHI WBRPKHPL
OLWWHU OHDYHYV FRQVXPSWLRQ HISHURPWGIWDP®H@W Q C
HISHULPHQWDO FRQGLWLRQ ( DVVXPLQIJFRBEDWWPVHDWRIR(
VRXUFH LQ WKH ( FR@GLWLRQS5DNELUNML Q 8QGHU RXU
ODERUDWRU\ FRQGLWLRQV %'( FRQ@RHDIWY YWGERDNOVD GH
FRQVLGHUHG FRQVWDQW RYHU WLPH 0O6GBGYRV WRONTWQG
HISRVXUH E\ VHGLPHQW RQO\

1%.5506RP@QR & Hss @180 sa %P W

P
7%.6:a06RP@ R Geauold 8@ 8% M 14 %/ SX;

ZKHWHLY WKH XSWDNH UD ¥idwi P DKHHDWYHH W KIH PDVYV RI OHD
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H[SUHVVHG LQ GU\ ZHCJIKMKHGERQW®®LQDQW FRQFHQWUD
QJodipyH
JRU JDPPDULG H[SRVHG WR +%&' ZH FRQVIUGHULWKDW
VHGLPHQW GXH WR WKH KLJKO\ K\GURRSKRELKHSVRGS HRAQ W
FRQFHQWUDWLRQ LV FRQVLGHUHG FRQW\WDQWRRYGHW MR@WH
(T FDQ DOVR GHVFULEH WKH FRQFHQWYBDWMR@HI +%&"' L
$00 WKH K\SRWKHVHV DQG FRUUHVSRQGLQDWRGHOV

VXPPDUL]HG LQ 7DEOH

7TDEOWMWXPPDU\ RI WKH H[SHULPHQWDO GDWD FRXDWHMWHSG K
DFFRUGLQJ WR DYDLODEOH GDWD

RGH
[V%HULPHQWDO ORGHO
+\SRWKHVLYV DFFRUGLQJ WR

DWD FROOHFWHG
DYDLODEOH GDWD

ﬂSHULPHé

&KLURQRPLGE:z W

2QO\VHGLPH§W
%" %MW H[SRVXUH URXWH (T
LV FRQVLGHUHG
&rkLur: )
*DPPDULG & W 2Q0\ VHGLPHQW
& W H[SRVXUH URXWH (T
+%&' & W LV FRQVLGHUMG
&ipprpp !
& ( W ., OHDI ( RU
*DPPDULG & ( W VHGLPHQW ( N
& (W H[Svaué (T
%" ( & W URXWHV BUH N
&pppoutc W  FRQVLGHUHG
&ioppp ()
5DGL] & W 2Q0\ VHGLPHQW

HISRVXUH URXWH (T

& W LV FRQVLGHUHG

0 1
% ( &upbeL W

,QIHUHQFH FRPSXWDWLRQ ZDV SHUIRUPHGOXPWKU $*6 I
5 &RUH 7HDP 7KH PRGHOV ZHUH I RWWGDON W RX \ELL@RJ
%D\HVLDQ LQIHUHQFH YLD ODUNRY &KDLQ ORRWHHOFHWOR
PRGHO WHVWHG ZH DSSOLHG WKH XQLIHGGEN BBWILBQ [UDTF

)XUWKHU LQIRUPDWLRQ LV DYDLODE®$SHQGLXSSOHP
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UHODWLYH WR WKH GHILQLWLRQ RI SQGRWYH RW $HDH KHRRNCD

Rl WKH PRGHOV

6LJQLILFDQW GLIIHUHQFHV EHWZHHQ WA LRFD@G UW WRHQYV RZ
FRQVLGHUHG DFFRUGLQJ WR WKH :LOFR[RQ UW B KW DA WK
UHSUHVHQWDWLRQV ZHUH PDGH ZLWK WRB VWDWL\&\R UFD O
7HDP JRU %D\HVLDQ LQIHUHQFH -$6fags SDRNDJIH) GR Z

IRU 5 VRIWZDUH ZHUH XVHG

SHVXOWYV
+%8"

3.1.1 Growth and survival
JRU FKLURQRPLG D KLJK VXUYLYDO UDSWUEZPN QRNE VRIU YAHKEH (

FRQGLWLRQ DQG IRU WKH FRQWURO/SLNHGRVBGYPHYW
FKLURQRPLG JURZWK ZDV REVHUYHG S YDOXH

JRU JDPPDULG VXUYLYDO UDWHV DIWH® WHKWWH PSTEXUDLLPLHDQ ¥V
UHVSHFWLYHO\ DQG DIWHU WKH XSWDDBNHNEBWDWHKHD C
HOLPLQDWLRQ SKDVH

3.1.2 Water, leaves, sediment and organisms contamination
,Q DOO ZDWHU VDPSOHV HDFK +%&' GLD®BDWHUWHORZA RVIKHHU

IR 4

7KH PHDQ YDOXH RI ™M+%& FRQFHQWUDWLRQXS® DANHGLP
SKDVH ZDV “ Q DQG G'Z QQJ JRU FKLURQRPLG
JDPPDULG H[SHULPHQW 2QO\ +%&' ZDV D@P RYMH DWW ZRWY I
WZR FKLURQRPLG H[SRVXUH DQG RQH JDPPBOLGDHYSRV XU
+%&' ZDV WKH GRPLQDQW GLDVWHUHRLVRPH#6&QIRHGLPH

FKLURQRPLG DQG IRU JDPPDULG H[SHULPRHOQWHM Q 7RH
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DOZD\V TXDQWLILHG LQ VHGLPHQW VDPSIOAHHWQW DIR® FKLU]
IRU JDPPDULG LQ SURSRUWLRQV PXFK ORZHMQWKDQ WKRVI
RI WHPh&' IRU FKLURQRPLG DQG JDPPDULG H[SRVXWH 7KF
EHORZ WKH /R4 IRU VHGLPHQW VDPSOHV URD HOHGKL RHH M
VDPSOHVY QRQH RI +%&' GLDVWHUHRLVRRH BN UWHPHO WXD QW L
™1+0&' OHYHOV LQ OHDYHV UHDFKHG VWH BI®\GVRDWKIH Z|
XSWDNH SKDVH*“ & GZ Qv & * QJGZ Q VLQFH
VHGLPHQW SDUWLFOHV GHSRVLW RQ WKHGWXURDBHHR | %0-HLUDA
HW DO 5DWLHU HW DO $V 4 BE ' VADOL RHKHWP D MRS,
GLDVWHUHRLVRPHU TXDQWLILHG LQ OHDYHMUH QHYHU T
TXDQWLILHG 1R +%&' GLDVWHUHRLVRPHUK DO ILKDQIMNLIR
SKDVH DV LW ZDV REVHUYHG WRR LQ FRQWURO OHDI VDPS
$ VLPLODU RU ORZ ELRDFFXPXODWLRQ RI PDWA&G ZDVFEKL
PHDVXUHG FRPSDUHG WR WKH H[SRVXUHLBRQEHO@WRZDWLRQ
DQG QG2 EHORZ DQG ZZ QDJRUJIJDQLVPV ZKLOH DU
DQG QXZ LQ VHGLPHQW
7KH ™+%&' FRQFHQWUDWLRQV LQ FKLURQRPDGV LQF
FRQFHQWUDWLRQ EHORZ WER /BW WKH H@G RI WKIH H[SHUL]
D . +%&' ZDV TXDQWLILHG RQO\ DW GD\ ILHG&GZIND Q@MY
VKRZQ EXW D VDBISHIDEOHRNQ\ +%&' ZDV TXDQWLILHG DW HE
WLPH H[FHSW DW GD\ WKXV +%&' ZDV WXBIQRMOLMRLUG GLD
RI WKRM6&' DV LW ZDV DOVR REVHUYHG IRU WKH VHGLPH
7KH ™+9%&' FRQFHQWGDWédaRIQY LQBUHDVHG IURP DQ L
FRQFHQWUDWLRQ EHORZ WKH /R4 WR LWYZPDJLPXR RQH

GD\ DQG WKHQ GHFUHDVHG WR EHORZ WKIKBKRB¥IDWBVKH HQ
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%HVLGHY ZH REVHUYHG D VOLJKW GHFUMBP%KE' RIQWWKHFR
XSWDNH SKDVH IURP GD\ 7KURXJK WKH&HBR BE® QWIUDW BR
LQ JDPPDULGY VWD\HG EHORZ WKH /R4 7EBPPDPWE&G VRADAH Q
DOZD\V EHWZHHQ WKH /R' DQG WKH /R4 WHKHRXIBRXW WK
FRQFHQWUDWLRQ ZDV DOZD\V XQGHU WKMN FR QHFH-®\S W D DW |
ZDV EHWZHHQ WKH /R' DQG /R4 GDWD QRWWHKR®WEG TRHW K-
DFFXPXODWLRQ SHULRG EXW RQO\ TXDQWFEZ@A HBG D W KGO\

+%&' ZDV WKH RQO\ GLDVWHUHRLVRPHU DRERFAFWKEWRIR U

W R RI™P48H TXDQWLILHG $Q\ +%&' GLDVWHUHRLVRPH
FRQWURO JDPPDULG VDPSOHV H[FHSW DV& WM FVZK B UHX W KQ
TXDQWLILHG

3.1.3 Toxicokinetic model and potential of bioisomerization
7TKH XSWDWMPH&RIZDYV ORZ FRPSDUHG WR WKH H[SRVXUH

VHGLPHQW HVSHFLDOO\ I'R%b&WKHRQHIMEWUPWLRQV LQ ERWI
ZHUH YHU\ FORVH WR WKH /R4 ODFNPRGHGC HDLMW QRWDIDS S &
WR WKHVH H[SHULPHQWDO GDWD %HVt®GRW QMM}&tius DWLRYV |
D QG fossarum ZHUH YHU\ VLPLODU WR WKRVH LQ WKM/ KWRFN
VHGLPHQW WKURXJKRXW WKH ZKROH XSWBWXYWLDRQ GWG& B B/X W

WKUHH GLDVWHUHRLVRPHUV GLG QRW WRBWYH VRZBR QWX SHLRLHAF
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JLIXUH&RQFHQWUDWLRQV RI WRWDQ@AZ . PBIQ8X +%&' QJ J
DChironomus riparius D Q G Gdnmarus fossarum DFFRUGLQJ W
7KH YHUWLFDO OLQH LQGLFDWHYV WKH R GDRI

HISRVXKH JUD\ SRLQWYV V\PEROL]JH WKH FRQFI
/R4
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3%"(

3.2.1 Growth and survival
5DGL[] VXUYLYDO UDWHV LQ WKH FRQWUR®G X0JJQ®@ JWWN ¥ W

H[SRVXUH SKDVH EXW RQO\ DQG LQ XVIKUHL XFPRQ W U
UHVSHFWLYHO\ GXULQJ WKH GHSXUDWLRQ SKDVH

)RU JDPPDULG H[SRVXUH VXUYLYDO UDMRIQVSBIWLIRIG \X Z\M D
UHVSHFWLYHO\ DQG LQ ( FRQWURO DTXROQWMDURO D
DTXDULD DQG IRU VSLNHG OHDYHV FRGOGLWIRD (
VSLNHG VHGLPHQW FRQGLWLRQ (

3.2.2 Water, leaves, sediment and organisms contamination
,Q DOO ZzDWHU VDPSOHV WKH %"'( D QA RZ AMRIQH HRY'W LD W

VHGLPHQW VDPSOHV PHDQ %'( FRQFHQWUDWRAQV ZHL

“ QJJ Gz ( FRQGLWLRQ O U HIV@ @ F ZWOLFYRHODU L GR L
H[SHULPHQWY OHDQ YDOXHV RI %'( FRQRMHKQNW UDIVR R@W
H[SHULPHQW ZHUH " DQG “ QJIRU GZDQWVEHFW
FRQGLWLRQV Q

6LPLODU %'( OHYHOV ZHUH PHDVXUHG QG LVDIPRP@W MGHN W
( DQG JLJ DLQFUHDVLQJ IURP DQ LQLWLDO FRQFHQWUDY
“ QkuW;ZZ Q DW WKH HQG Rl WKH XSWDNH SKDVH GD\
ZKHUH WUDQVIHUUHG LQWR D FOHDQ PHGROQLWPY GHRQWEBQ
W R “ RQUIZZ Q DW GD\ IRU VSLNHG OHDI DQG V
FRQGLWLRQV 7KH %'( ZDV GHWHFWHG DL QBEBPHHQRBZVW R
/R4 DOO WHRHIWLPRAKH %'( FRQFHQR dDidWarRQMQEQHDVHG
IURP DQ LQLWLDO FRQFHQWUDWLR@ BHO R ZFAWMK HV KRH MORG R |
WKH DFEXPXODWLRQ SHULRG GD\ ZKUHMBIFKKB VWHDG\ VW

,Q WKH UDGL[ VKHOOV %'( OHYHO ZDAU;GRZDBQGDUHD FK

DIJDLQVW rusiQ@QZ2 LQ FRQWURO VKHOOV 7KURXJKRXW WKH
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%" ( FRQFHQWUDWLRQ ELRDFFXPXODWHG LQXDBZ[ VWDEI
Q 6WRSSLQJ WKH H[SRVXUH RI UDGW WHRVXSMNHG b H3GLR
LQ WLVVXH FRQFHQWUDWLRQV 7KH %'( WAWRQRJRQHU ZDV [

QJrVys LRauricularia WKURXJKRXW WKH H[SHULPHQW

J)LJIXUHD OHDVXUHG GRWV DQG WULDQJOHV H
FXUYHV [URP (TV DQG %'( FROQFPQWRMWLRQV QJ
GXULQJ WKH DFFXPXODWLRQ GD\ WRWRDQGS
VHSDUDWHG ZLWK WKH EODFN GDVKHG%HUWLFDO OLQ
FRQFHQWUDWULRIQY JQRPRDULGY GRWYV DQGHWMYXDQJIJOHV DG
GRWVY DQG SUHGLFWHG SODLQ DQG GBWKHG FXUYHV
FROQFHQWUDWULRIQY URKBWLQJ WKH DFFXPXODWLF

GHSXUDWLRQ GD\ WR SKDVHV VHSPLIWDWHQHZLWK WKH

3.2.3 Toxicokinetic data
YRU JDPPDULG WKH PRGHO ZDV ILWWHG [PR¥RUKGLQJ

VRXUFHV DFFRXQWLQJ IRU DFFXPXODWLRQ EQ ®HD Y HIVWRU U

HW DO
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*LYHQ WKH OHYHOV RRhuféllgria IR WKH GHSXUDWLRQ
HOLPLQDWLRQ FRXOG RQVR EHOREGQABWHGDQRWKHU VXE F
(T 7KXV IRU UDGL[ WZR VXE PRGHONUZU HV WGELVPHHQGY
WKH RQO\ XSWDNH URXWH DQG WKH HOLPLQDWIGR®W KRH R K
FRQVLGHULQJ WKH VHGLPHQW XSWDNHSZRE®GNW JQRULQZILW
Ni ubsiy )RU DOO WKH WHVWHG PRGHOV WXHKDH O P DZX EFK W
VKRZHG D QHJOLJLEOH 0&0& LQWHU FKDLRFMIVLDRIEAN ORK
FRQYHUJHG DQG WKLQ SRVWHULRU GL\DFELBSOWDROW HH
PHDQLQJ WKDW GDWD FRQWULEXWH V X0\ FVMQ\W DMWH RRIRG
SDUDPHWHUY $ VXPPDU\ RI PHGLDQ PRGHO SDUDPHWHU YL
GLVWULEXWLRQ\DBOH JLYHQ LQ

JRU WKH WZR WHVWHG FRQGLWLRQV L QXPDRPDVILREQHDPRR
HOLPLQDWLRQ NLQHWLFV ZHUH REWDLQH® KBHYVGV WK W&KHN
OHDYHV ZHUH WLPHV KLJKHU (* FRQGIBWLRWKDE %' (
OHYHOV LQ VHGLPHQW ( FRQGLQLRBE &RGHO SDUDPHW,
Kigammarid D QkSgammaria ZHUH HVWLPDWHG DW > @ DQG

@ J & UHVSHFWLY HM@ahmaid KIDWH WZR WLPHV KhmddfdH U W KD G
7KLV UHVXOW ZDV DOVR REVHUYHG SUHRLIRW O\ |EDWDHR® D
HW DO 7KH HOLPLQDWLRQ UDWPHNRQVIMBQWEDY XS$R
UDWHVY IURP OHDYHV DQG VHGLPHQW ZKLFK FRXOG

ELRDFFXPXODWLRQ LQ RUJDQLVPV
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7TDEOH6XPPDU\ RI WKH 7. PRGHO SDUDPHWHUV IRU WKH
HISRVHG WR %'( SULRUV PHGLDQ DQGQBRUMPMRMVLOH Y

FUHGLELOLW\ LQWHUYDO

2UJDQLVORGHO 3DUDPHV3ULRU OHGLLEL 3HUFHQWLOHYV

(TV Ki,gammarid /IRJ XQLI
IRU ( bkus G
F R Q G L \ks gammarid /IRJ XQLI
Gammarus DQG 1 kus G
fossarum  IRU ( Kegammaria /IRJ XQLI
FRQGL\Y G
1 *DPPD
Ks /IRJ XQLI
J kus G
(T Ke /RJ XQLI
G
Radix 1 *DPPD
auricularia
(T Ks /RJ XQLI
ZLWK J kus G
NubeLy ! "bPPD

)RU UDGL[ WKH ',&V YDOXHV IRU WKH EFREWIKQ W XED®RGH O\
IRU (T DQG IRU { TooL 5D0MMKHN HW DO $V VLPL
ZHUH REWDLQHG L H VLPLODU PDUJRQDMcSRNMGH BUWRIG
FRQFHQWUDWLRQV DQG ',& YDOXHV ZH X\H QREFW G WKK W KP
IHZHVW SDUDPHWHUV (T ZKLFK QHJIOHNWOWHG7T KM LPLQL
HVW L PkMkH G > J@us; G ZDV VLPLODU WR WKH RQH H\
JDPPDULG H[SHULPHR AricH&iz H¥IH& QRW HOLPLQDWH %'( L

PHGLD XQOLNH JDPPDULGYV
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ORGHO ILWV WR H[SHULPHQWDO GDWD REWDRQHGQIRL
JDPPDULG DQG UDGL[ DUHXSHBHXHYHWHG7K® PRGHO SUHGLFW
ELRDFFXPXODWLRQ GDWD ZHOO IRU ERWKDMUHGE FLHYVI WLKHF L
PHDVXUHPHQWY IRU JDPPDULG DQG UDGLYH REKGLWFMELIHR QWK

FUHGLELOLW\ EDQG RI WKH SUHGLFWHG GDWD

$V %'( ZDV EHORZ /R4 IRU ERWK VSHFLHWLRQRXW OB

K\SRWKHVL]HG GHEURPLQDWLRQ RI %'( WR %' ( ZDV QRW

'LVFEXVVLRQ

%LRWUDQVIRUPDWLRQ LV DQ DGGLWLRQIDI®D 7Z DR RRA HHOYL RLF
SUHYHQW RYHUHVWLPDWLRQ RI LQWHUV DROQFR R PM QDWW MWK LH
FRXOG QRW EH FRPSOHWHO\ H[SODLQH® \ES LWHKIHWSKOHU H Q U F
FRQFHUQ DERXW PHWDEROLWHY LQ DTXRQWEE RV MWLY® \O L\
PDLQO\ IRFXVLQJ RQ WR[LFLW\ DQG VF DU FRIWD\DFR R WILE HELHR
HVSHFLDOO\ IRU LQYHUWHEUDWHY $W BGUY HPLH) GHRU L QWKHHV B
WKH SRWHQWLDO ELR LVRPHUL]DWLRQ RQ RW®R'( +%& WEG
%'( LQ WKUHH LQYHUWHEUDWH VSHFLHV

+% &'
JHZ VWXGLHV KDG UHSRUWHG +% &' WR[LFRALQHWLF GDW

6] D EdRal. 6 D Q @GtHhU VvV DQRG PRUH UDUHO\ LQ DTXDWL
et al. D 'Htal =K Depdl. 6 ketal. 7TKH VWXGet RI 6KL
al. LV WKH RQO\ RQH ZKLFK UHSRUWVHUWHBEWDWHQ W E

PDULQH FHRigregR @ponicus. )RU ITUHVKZDWHU LQYHUWHEUDWHYV
UHSRUWHG LQ OLWHUDWXUH WR RXU NRRXOHGEHH GHNWWDBE
XSWDNH WKLV VWXG\ LV WKH ILUVW DBWRUWHKGE HOVWEHRNWUDY

WURSKLF URXWH &KLURQRPLGY%&K'G WEALRIHF IDX\P XRARDMWAH @&/ K D
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JDPPDULG GHVSLWH WKH WZLFH ORZHU +%&IRBR@KHQW L
FKLURQRPLG H[SHULPHQW 7KLV UHVXOW MW DARMW LV MG
FKLURQRPLGYV DUH OLYLQJ LQ WKH VHGYPBQ WDV KIHM\H VX WD
DQG FRXOG EH GXH WR WKHLU SK\WLR® RJQ BX U H S QB HRVHIX
ORZ OHYHOV RI +%&' ZHUH ELRDFFXPXODWIHG GV EKIWMHR ¥R
HQYLURQPHQWDO FRQFHQWUDWLRQ H[SRWOWH SIDIDPLH/GH U7
ZHUH QRW HVWLPDWHG +LJKHU H[SRVXUIHGAR® BH QW UXOWWN K
H[SHULPHQWV

,Q RXU VWXG\ +%&' ZDV EHORZ WKH /RER®VDOWHDP IQ
PRQLWRULQJ VWXGLHV ZKLFK LQGLFDW H G5 W\W B ®WW LRQEO ZP
ELRWD ef&P\ D -DQiAl. 7RRtal 6 ReQal. 7KH

+%&' LV WKH PDMRU GLDVWHUHRLVRPHU IBG WHREWRDGU LG
ODERUDWRU\ FRQGLWLRQV D \apoméuZ D&KeR&.V HU Y HBK LR'U
FRXOG EH H[SODLQ E\ WKH URXWH RI H[SRVXRML QDKQNUH
GLDVWHUHRLVRPHU LQ WKH PHGLXP 7KRW KIHHWV X @/W GLIVH 1V Q I
WKH PHDVXUHPHQW RI +%&'V LQ WKH HQY L URI®P NRWRZHZ® W |
WKDW +%&' ZDV WKH PRVW DEXQGDQW +P& P B WRM\MHW HR 2\
et al. .RFeal. IDX]HQW +RZHYHU VHYHUDO PRQL
KDG UHSRUWHG DQ LQFUHDVH RI WKH SURSFUMMRQV RI

DQG ELYDOYHV /D *XDUGLD HW DO DQG BXG\HFR® DHWH [

+%&' SURSRUWLRQV ,W KDV EHHQ REV QFYH® WHKCD WL WK LW
WURSKLF OH&tBHIO 7RP\DQG FRXOG EH H[SODLQHG E\ WKH I
K\SRWKHVLV RU E\ D VHOHFWLYH XSMIDNH DDV VXJIJHVWHG E

,Q RXU H[SHULPHQWV ZH FRQFOXGHG QR'EZRVWRRHUL]L

PDMRU GLDVWHUHRLVRPHU PHDVXUHG $CGCLWARQDOON
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FRQFHQWUDWLRQ LQ JDPPDULG DW GD\ SR RPWWRHDIQWE.
/R4 ZKLOH WKH SUHVHQFH RI . +%&' GRHWWBEDNWYRQ\ AL\
DOZD\V EHWZHHQ WK/ 4 RV HDWDREX WKKRHX W W K KU & H U PIRIJBIW 6 R C
et al. KDG REVHUYHG WKDW ORZ WURS KH A @ UHW® HAEW. D/
VKRZHG D KLJK UHODWLYH SURSRUWLRQ XIRUNR +86K&H I[ER P/ST
HIITHFWLYH ELRWUDQVIRUPDWLRQ WR UHRRYHVWXGV GHD
VXSSRVHG WKDW WKH SURFHVV RI ELRLSRREDE@WGERI) XAV
UHODWLYHO\ ORZ OHYHOV RI +%&' ELRDFRXPRRXROW®WHBH LQ
H[SODLQHG E\ D FRQFHQWUDWLRQ GHSHRGHQF\RDVEVXVSHF
KLJK VWHULF KLQGUDQFH DQG LL WO LQKLELWLRQ RI &<3

39%"(
1RZDGD\V IHZ VWXGLHV DERXW 3%'( NLQBDWILFVEDR W DD

6WDSG@HWRQ 7RRial E 'URXlDaDDUG 6FK »al]
DQG SDUWLFXODUO\ IRU IUHVKZDWHU RQWQU W H E&IDSMDHRNV. V/H
+DOH / HEE &).X Q 7KH H[SHULPHQWYV RI /HSSIQHQ HW .XI
DQG &LSDULV HW +DOH DUH WKH RE®QWRIDW X SWARD X IHUWR
IRU 3%'( H[SRVXUH ZLWK |UH YV KZmbNcHIls \lageyatus W H B B D W V
et al. UHSRUWHG IRU WKH ILUVW WLPH 7. GDWD IRU 3%
DQG LQ JDPPDULGV BSHFIWKADOO\ |
HVWLPDWHG ERWK WKH XSWDNH DQG HIOU FOL@® W HRY HMD W H V
7R RXU NQRZOHGJH RXU VWXG\ LV WO RDUVW D& SRWWAL
H[SRVHG WR VSLNHG %"( WURSKLF URXWHMFHH WR/HG
VLPXOWDQHRXVO\ HVWLPDWH DOO WKH PREGID [3DRDWPH W
DFFXUDWH DVVHVVPHQW RI XQFHUWDLQXM [DUR KRG H{R B SOH

ZH FRQILUPHG WKDW VHGLPHQW LV WKH IRDMRUP RJIRXMGEH
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H[SRVHG WR KLJKO\ K\GURSKRELF FRPSRXQGVVVRKEK DV 3&
ZDV KLJKHU WKDQ

6LPLODU XSWDNH UDWHV ZHUH REVHUYHG IRU |
Ks J kuG ZKLFK LV FRQVLVWHQW ZLWK WKHILWMQDOR
LQJHVWLRQ 7KHVH UHVXOWYV FRXOGQMMW ER F.RPWR G HIEVWR
UHSRUWHG IRU DTXDWLF JDVWURSRG WRDWRXHSRQWREGH R
JDPPDULG H[SRVHG E\ VSLNH&E ZDWHBUVAdGasQH[SRVHG
WR %'( VSLNHG VHGLPHQW /HSSIQHQ HWNHXNRRGHIQURP
VHGLPHQW ZDV DURXWQGSZKLFK 1V VLPLODU ZLWK RXU YDOXFE

J)RU UDGL[ WKH HOLPLQDWLRQ UDWH ZW'Y |L MDD WQMWR R
WKH RUJDQLVP 7KLV REVHUYDWLRQ LVWK®OX®W B NHR UB W |
VHGLPHQW RI UDGL[ LV VLPLODU ZLWKGW KKLR QHXiHNBW MWP\D W H
RWKHU HOLPLQDWLRQ URXWH DV E\ |D®DRHV FR K DEK SFONHQR\
OHDGLQJ WR DQ XQGHUHWOLPRWLRIOVRRQ RI VRPH ELROR.
UHVSRQVLEOH IRU WKH H[FUHWLRQ Rli GH¥YRDG DM LRQVBH F
W\SH RI OLSLGV ZKLFK GLIIHW DUR®RID BROWR[GIDEOIBWLRQ SU|
GRVH RI H[SRVXUH LPSO\LQJ D FRQFHQDW DR\ P FCKHTEH.Q/®
$V D FRQVHTXHQFH WKH QRQ HOLPLQDMRRQGRLPSQ\ DLBRW
LPSRUWDQW ELRFRQFHQWUDWLRQ RI WKLY FRQWDPLQDQW

2Q DQRWKHU VLGH WKH HOLPLQDWLRQ DUDPDN LRE ZDV
WZLFH ORZHU WKDQ WKH. RaQedattsV WiINSP DW HGDIQR&  WLPHYV

KLIJIKHU WKDQ WKH RQH HVWL puley HQ WRKUH %/ W X GriUR.] /HE U XC

N G $FFRUGLQJ WR H[LVWLQJ $PHULFDQ
UHJXODWRU\ DXWKRULWLHV WKH %'( LXP ¥GRWLEHUHG
JDPPDULGY $UQRW HW *ReE&LV ,QRIXGIG LWLRQal. 6 FKXOW
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KDYH GHPRQVWUDWHG WKDW WKH HISDPQ QDM IPRIG RN D/
ZDV YHU\ VORZ )XUWKHUPRUH WKHUHQN RQYWKHORKPWWDNHRB:
Rl 3%'(V DQG WKHLU WUDQVIRUPDWLRAIL.LLQ WKHEBQYLURQPI
+RZHYHU ZLWK RXU VWXG\ ZH EULQJIJHWKRPAHVH QIR
LQYHUWHEUDWHY ZH PHDVXUHG QR VLJQLIDNVNDINS HHFQMHLG- K
GHVSLWH WKH SRWHQWLDO GHEURG.LGQESWTLGNARI %' ( WR
DQG LQ VRPH ILVK VSHdtlaHV 6WR$P&Q HIWRQ D 7TKXV RXU
UHVXOWYVY VXJJHVW D OLPLWHG FDSDFLGMbssRrum%OQG PHWD
R. auricularia SRWHQWLDOO\ H[SODLQHG E\ WKH VDPH +%
K\SRWKHVHV WKDW LV ORZ RU LQKLEPEWILRQWRI VDKW KEH\RHW U
RU GXH WR D FRQFHQWUDWLRQ GHSHQGHQF\ SURFHVV
%YHVLGHY WKHVH UHVXOWY DQVZHU WR H/® EN aRAILVOKH DV \
ZKLFK ZHWHKWUHIHUHQWLDO PHWDEROLVP RI %'( UDW
i D SUHIHUHQWLDO XSWDNH RI %"'( : L WAKK RIVHH DRJIG WK IR
OLWHUDWXUH DVVXPSWLRQV OHDG WR DUBWKIHHW HQRADLD C
SUHIHUHQWLDO PHWDEROLVP RI %'( KROWHHAIHQIWEOY( WK
FRQFHQWUDWLRQV PHDVXUHG LQ LQYHWWRHBUDAG HR PIKH R B RF
ILUVWO\ E\ WKH SUHIHUHQWLDO XSWDN3%RI PRQJHQIQGY W K
GHJUDGDWLBRP Ho X RU ZKLFK LV VWLOOHW DMZXU®Y H\
7KLV VWXG\ GRHV QRW H[FOXGH WKH KBWRWHADWW.RQ WKRHR9
PHWDEROLWHYVY HJ 2+ O0H2+ 3%'(V ZKLFK6WHDUYANdAR W VW)

<D (tJal.
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&ERQFOXVLRQV DQG SHUVSHFWLY

1R ELR LVRPHUL]DWLRQ RI WR . +%&' RUQGWRURPLQDW
ZHUH REVHUYHG LQ WKH WKUHH LQY H UW#EE UDHAYHH O\ HOFR. HQ\R
H[FHHG QX2 LQ RUJDQLVPV 7KHVH UHVXOWV DUH F
HQYLURQPHQWDO FRQWDPLQDWLRQ |RKKGVKBVE LW WD MXWI
EDQQHG RI XVH $GGLWLRQDOO\ 7. PRGID® PLOULIEP H MEHRWW GF
WR %'( ZHUH HVWLPDWHG E\ %D\HVLDQGLQ | HFRNHGIHE L DKL
LQWHUYDOV SUHGLFWLRQV ZHUH JLYH® L @HRL OPW X3 @&/ NB
JDPPDULG EXW VQDLOV GLG QRW HOLPLQDWXGW BH(U
LQYHVWLIJDWLRQV DUH UHTXLUHG WR HYSQR UHVWEH ¥XFRWI
KLJKHU +%&' OHYHO RI H[SRVXUH PHDVXUBPHBEBWLRIWA<BEC

RUJDQLVPV DQG PHDVXUHPHQW RI %'( OHYHOV LQ UDGLJ |

&RQIOLFW RI LQWHUHVW
7TKH DXWKRUV GHFODUH QR FRQIOLFW RI LQWHUHVW

)XQGLQJ VRXUFHV
7KLV ZRUN ZDV VXSSRUWHG E\ WKH J)UHQFK $JHQF\ IRU %LR

$FNQRZOHGJIJPHQWYV
7KH DXWKRUV DUH WKDQNIXO WR *UDQG I3@JU W RHUY HB OP-HR

XVHG LQ H[SHULPHQWY 7KH DXWKRUV DU D ®OWRG JUDWW KX d
ODVVRQ ,UVWHD /\RQ )UDQFH IRU VHGLVPHEW BKMKRRWHDL
DOVR JUDWHIXO WR DQRQ\PRXV UHYLHZHUW@O.OMNE QY RWK\H

PDQXVFULSW
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UHIOHFWV WKDW GDWD EURXJKW HQRRDRVHQIRUPDPWWRIQ WV |
FKHFN WKH UHOHYDQFH RI PRGHO SUHGIKFWILRQWLPAHD W H
REVHUYHG GDWD VXSHULPSRVHG WR WKIB ® RG MK N LIPRNOVD AU
GLVWULEXWLRQ IRU HDFK SDUDPHWHU DWXG!I VMKH G L FMHHGG G
FRQVLGHULQJ SDUDPHWHU XQFHUWDLQ@QWWHKW D Q& WHNGRFEK D\
EDQG WKH SUHGLFWHG GDWD ZHUH VLPOXDBWMGUJZDWK RDK B

WKH VWRFKDVWLF PRGHO FRQVLGHUHG IRU REVHUYHG GDW
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 QWURGXFWLRQ

(WDQW GRQQp TXH OH FDGUH GH PRBYPOWVID WWRQG BYHOR
VIDSSX\DQW XQLTXHPHQW VXU GHV ®RBORQGNVWH[BQ V LAPRI@WU
TXHVWLRQ VH SRVH GH VD SHUWLQURIE® sNLV R EAW M QGXHH \G RIC
FRQGLWLRQV QRQ FRQWU{OpHV &HVWSWHN DILYWH \HVQL B Q L QIXIRSLH
DERUGpH GLUHFWHPHQW GDQV OH FORRQGPEM EWWIYHN \GKRE
GH WHUUDLQ VRQW GLVSRQLEOHV ®RaKU OHV 33 'R IBWSDY X
LQWpUHVVDQW GH FRPSD lihtsith ® MV OGIR/Q@R B'Q pAHHW RE pWHMQ X H V
DUWLFOH 3DU DLOOHXUV LO RYOHWHPEGgCSHW W h QHQR\S §
FDGUH GH FH FKDSLWUH JDPPDUHV H[BHRVIPNUDGHY' (FRQBHQ
REVHUYpHVY GDQV OHV VpGLPHQWV WPVihEiti OOHV PHVXUpPHV G

ODWPULHOV HW PpWKRGHYV
/HV GRQQpPHV GLVERQLEDHNR QMHEXWHQW

GHV PHVXUHV SRQFWXHOOHV Gf+%&' GD®YV OHV \
$QGUpP]JLHX[ %RXWKpPRQ /8< [/X\QHV 7,- 7LJQLHX -

GHV PHVXUHV SRQFWXHOOHV GH 3%7,GDEV OHNV Vp(
%RXUJHW GX /DF )/2 )OHXUH\ VXU 2XFKH GD%) 6V
9%$7 9LULDW PDLV GRQW VHXOHPBQQWHGEGEMX[R®pSDV

GHV PHVXUHV G1+%&' HW GH 3%'( GDQV ®PHW RUJDC
VLWHV | VDYRLU G HpdritsK IHWR GRIF/H YB. A&t R X

P p O D® fbsarum/G. pulex $ QRWHU TXH OHV RUJDQLVPHV H
H[SRVpPVY GLUHFWHPHQW DX VpGLPHQWL@HIWN VH@/ H
VXVSHQVLRQ

GHV PHVXUHV GT+%&' HW GH 3%'( GRQVWEUDPN %'(

FROOHFWpPV VXU FHV PrPHV VLWHV DBDBV OMDEBYQ
SUPVHQWY VXU WRXV OHV VLWHV XRHV FBIRSQFEH
LQGPWHUPLQpPH VXU XQ VHXO VLWH

3RXU SUpGLUH OHV FRQFHQWUDWLRQRPREWNUNQANJIPD
SDUWLU GH FHOOHV PHVXid stV GPpIX DIHIR ¢/ p G GHH QWIVU W |
GLVWULEXWLRQV PDUJLQDOHV GHV $WUOPWHM VW RR U IDHMWSIE
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5pVXOWDWY HW GLVEXVVLRQ

/HV FRQFHQWUDWLRQV PHVXUpHV G DSQU\ VOHQW BH VI p& BIQ)
7DEOHDXHVY FRQFHQWUDWLRQV PHVXUpHYVQ@GWD\Q V LOHWN WREQ W
IDLEOHV IDFWHXU j TXH FHOO B WL YV H G ISRHIBR XHQ O HF
%" ( WDQGLV TXH SRXU O7+%&' GHX[QMWVGHW BRE FMQ 8K D
PrPH RUGUH GH JUDQGHXU TXH OD FRO®%BKEQW U MWIIRQ HW Vp
OH WURLVLqPH VLWH HVW HQFRUHXSOXV FRQWDPLQp HQYL!

7DEOHDXRQWDPLQDWLRQ REVHUYpH HW SUFQIPVGHE IPGRLWE G
HQWUH MUWIRFKIBEVPHQW LQYHUWPEUpPY DXWRFKMWRQHV F
%" ( QD QRQ DQDO\Wp Q G QRQ GpWHFWp

Site™ Sédiment Chironome Gammare

(ng g ps) (ng g* pf) (ng g* pf)

in situ encagé insitu  encage Prédictions
(jour 7)

HBCD
ADB 9,19 0,33 9,13 na 1,05 -
LUY 10,35 0,44 0,21 2,74 0,84 -
TIJ 39,95 na 9,83 2,76 0,69 -
BDE 99
BOL n.d 0,151 0,078 0,175 0,119
FLO n.d na 0,019 n.d 0,012
MRG n.d na n.d 0,025 0,052
TIJ 0,32 na 0,396 0,887 0,387,039 [0,034-0,043]
VAT 0,70 na 0,237 0,513 0,2840,085 [0,075-0,095]

/JHV WHQHHNW& BPQV OHV FKLURQRPHV HW JDPPDUHV HJ
JLIXUH GH OYDUWLFOH RQWS D W MAHIHDRW LY HPHHVQ W D R JE R
MRXUV /HV FRPHQWRBDWLRQWHY FKH] OHV FKLURQRPHV DX
QLYHDX GH FRQWDPLQDWLRQ OpJqgUHPSQW X QF RQLFHPQUN U D \
REVHUYpHV DX ODERUBWRLRH OH WpGLPHQW pWDLW PR

“ QXY /HY FRQFHQWUDWLRQV GDQV OHMFKHQWQR |

QJ Bl HW RAJ $OXV pOHYpHV IDFWHXU SR/XU GHX
FKLURQRPHV H[SRVpV DX ODERUDW g WU WA IRHQ GTDXJ D YO M LW\pk
HQYLURQ IRLV SOXV pOHYpH TXYDXODMAR Q8RK DJHY HYL ¥ KD
HQFDJpV VXU FHV GHX[ VLWHV VRQW VLPLODLUHYV

/IHV FRQFHQ@WWRWIRREYWHUYpHY FKH] OHV JDPPDUHYV DXWE

/H GpWDLO GHV GLIIpUHQWYV VLWHWH\WADEXWSRQLEOH GDQV OH UDSSF

&KDSLWUH ([HPSOHV GTDSSOLRDWLR @GV LGN pRUCHEQUFHH GSHb YPHRG
1RWH &RPSDUDLVRQ DYHF GHV GF



GH 7,- HW /8< TXL SUPVHQWHQW XQ LPLHQMWD X/ XEFHip B RPXUD RIXC
GH FHOXL GX VpGLPHQW HQULFKL DSV ODERRUMVBRXWHpOHY (it
GH QSIJTXH OHV FRQFHQWUDWLRQV R EWHILD\ HR QIVX GIDIE
JDPPDUHV HQFDJpV VRQW FRPISHWWVHV SHQWRIHN jQJ JRLV Ft
PHVXUpHVY DX ODERUDWRLUH

'H PrPH OD FRQFHQWUDWLRQ PHVXUpH HSRWpY DXGDQ
ODERUDWRLUH HVWSIp DXOERXW @HJ MRXUV FI )LIJXUH GH
( SRXU XQ VpGLPHQW FRQWDSYQN¥RLW XQH RRQFHQWUDW
SOXV EDVVH TXH OHV JDPPDUHV DXWREGWRW HXHHWH G X PR |
HQFDJIPEOHDX

/IHV SUPpGLFWLRQV GX PRGqOH FRQFHPQMWAWIQHV JBRXRID
GHX[ VLWHV 7,- HW 9$7 OD FRQFHRWHDXWLROQ GDEM COH W
XWLOLVp OHV GLVWULEXWLRQV PDUX.L®RGI{QHGBUPKPEK®P
REWHQXHV GDQV OYDUWLFOH SRXU SEPQNUEBHODRERDGH
HQFDJpV DSUqV MRXUV HQ UHPSODO®QW pGD PHRWE KAWL O
ODERUDWRLUH Sib &ituF HIOWD HF PIEKQWH DWLRQV SUpGLWHV VR
OHV VLWHV 9$7 HW 7,- HW  |IRLVpSI®X¥DIQVY ECHN JDPH FH B
7DEOHDX'H SOXV OHV FRQFHQWUDWLRQV PHVXQKHHAWR QVQVL
GDQV OHV LQWHUYDOOHV GH FUpGRIGEJMH W p j GHV SUpGL

B3OXVLHXUV K\SRWKgVHV SHXYHQW rWUHIpUYRJKRIEMY GS8|
G\QDPLTXH GIDFFXPXODWLRQ

/JHV FRQGLWLRQV GYH[SRVLWLRQ QH ®BRQGXSILH/ OHW
JDPPDUHV DXWRFKWRQHV SRXUUDLE B VP LDOYLRIU pDWDVQ ML G WR(
H[SRVpVY SOXV ORQJWHPSV ELHQ TXFRRFXQ G ERQ @HX Q KL
YLH HW OHXU WHPSV GH UpVLGHQFHGHN 803D Q D\HPH & ROXQ\R
VRQW GHV GRQQPHV SRQFWXHOOHV XupH R BRVERUWUBD)
GpILQLH /HV GRQQpPHV GHV RUJDQLGR\Q plIDF RYVF WG\ GH
IDXGUDLW GHV GRQQpPHV DX FRXUVL@RXKHW HPYXSW R BRW RO\ H
SHXYHQW DYRLU GHV VRXUFHV GH FRQIBPQIQDW LRH)Y GAF
GIDOLPHQWDWLRQ H[SORLWpHV  FH UHRXLF HS/R X3HJ DQ MY HHDDS]
FRQWDPLQDWLRQ
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/H WDX[ GH PDWLQUH RUJDQLTXH GH®LWYSG IGRHH/Q WR/P BR
K\GURSKREHs&tal!L 7TRURDOKHXUHXVHPHQW QL OD SRIQWVH DX
RUJDQLTXH QTRQW pWp PHVXUpV SRMNWFHHYHWL WHWD Q W IPR® R
PLVH HQ SODFH GHV RUJDQLVPHV HQRBIJS B UL AYOXIP LGHH FDX
XWLOLVp SRXU OHV WHVWV DX ODERWDWR IMHD R Y DAKNW FRP
SUpOqYHPHQW PpGLDQH VRLWLEIKVYWPDRH¥RPOSSRE
VLWHV /8< HW 7,- GDQV OH FDGUH ®X QN HIHX CHpD Y\ Q MAU { C
IDFWHXUV HQYLURQQHPHQWDX[ SHXYHRMW OpfID0BRHQWH r'W |
WHPSpPpUDWXUH VXU OHV WHQHXUV PHVXUpHV GDQV OHV RU.

8Q HIIHW GH OYHVSgFH RX GH OD GWR SKEWMHULYR® W Sb
pJDOHPHQW rWUH VXVSHFWp GDQV QLYY pVHRWKHY LYW R
G.fossatumSURYHQDQW GTIXQ VLWH H[HPSW G FpRMR@BWDE® H QDNVLY
OHV JDPPDUHVY HQFDJpV SURYHQDLH QRRR KGO BEICMBKAAMIH B/H X R X
G. puex DORUV TXH OHV JDPPDUHV DXWRFKWRGNVHYSXYF B W H
J H QGamarus

&RQFOXVLRQ

/JHV JDPPDUHV HW FKLURQRPHV VXU OHOM/HAJUDL® W HF
Of+%&' GH PDQLQUH SOXV LPSRUWDQWH T&RHOMHW[D W[ SRMp \C
GLVSRQLEOHV LO QYHVW SDV SRWEBYHS GHpRRQFGIXU I8 Q/H |
H[SORUDWRLUH SRXUUDLW QpDQPRNGRQWHELHD WY \GpIN 1F R Q\
WUDYHUV OD YDULDWLRQ GX WDX[ GAL®D LHW® X\WHOIOWD GWY
GDQV FHWWH WKqVH

/JHV GRQQpPHV GX WDX[ GH 02 GDQV OHWRQGL BHYWRQEHE® WAL WMV (BH WAL
VXLYBR@WS VLHUP HDXUPF IU VXUYHLCK®DQFH HDX[ VXSHUILFLHOOHV L

&KDSLWUH ([HPSOHV GTDSSOLRDWLR @GV LGN pRUCHEQUFHH GSHb YPHRG
1RWH &RPSDUDLVRQ DYHF GHV GF
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 QWURGXFWLRQ

/IH FDGUH GH PRGpPOLVDWLRQ GpYHORSRQED®NWUDHW Bk
GYDEVRUSWLRQ j SDUWLU GH OD QRWHU OMXEIHY AR DX@QW ¢
GILQIJHVWLRQ HW OfYHIILFDFLWp GUBBRIVRLG D QYN FOH FFRRAGPGHD |
(T

/H WDX[ GILQJHVWLRQ ,5 FRUUHVSRRGUL WU XDQN IS\
LQJpUHU XQ LQGLYLGX /H WDX[ G9D@LIPHQMRIONY R QLEHWHB
DXVVL VHORQ OD FRQFHQWUDWLR Q QAN RHR XIlaVH OB HRX OD
8QH IRUPXOH HPSLULTXH UHOLDQW ,5 PDDVARWXH GBVPR
RUJDQLTXH (T HVW SDUIRLV X@UpWIDWPW SRXUSOHW LA
VPGLPHQW SRXU VH QRXUdlLU IRDVDGR ODUWLQH]

+ Lrvu F9“i3p /174764

RMO GpVLJQH OD IUDFWLRQ GH PDWLQUWBpR B M G )SH LGDQ V
VHF GH OfRUJDQLVPH PJ

'IfDXWUHV DSSURFKHV LPSOLTXHQW OGHNDRRXPRVIpE HUDGLE
+LUDED\DVKL RX IOXRMWHVFHRYW WV QFRRIIHWWED GLVVHFWLF
WXEHYV GLIJHVWLIV VXUetaLFUREDODQFH %URRNH

/THIILFDELWp GIDVVLPLODWLRQ $( HNWXOW BQRF B XVXE
GIXQ FRQWDPLQDQW j WUDYHUV OD PRHPEW DR} GH. JOIVHWLSYGH
FRQWDPLQDQWa5HLQIBBGDWDPqWUH HVW GLIILFLOH j HVW
SXLVTXH FHOD QMIKWLBILULWDWLRQ GH FRPSRVpV PDUTXpV Q
VSPFLDOLVpPY HW TXL D VXUWRXW 5HA® I0882830H.T X 8B VDG Ry O p
ODUWdt@H] E -D@VAW/HQ RiX OfDQDO\WH GX FRQWDPLQDQW
IgFHV FROOHFWpPV Of$( HVW DORUVOKEWBQXWHp SHDW GH |1 O
'DQJ HW )LVKHU &HWWH DSSURRWHDIQVWPIHS BB QWKD E R
OHVTXHOV OHV IqgFHV VRQW LPSRVVLEQWVHQGLIIp&MWDFLHL
GLIILFXOWpPVY RQW FRQGXLW GDQV FSHIWD '@V H DIW W IERREHV |
OfpTXDWLRQ GX PRGQOH GpFULW SRV OMVTERWURY SDUG®
PRGGOH VRQW FRQQXYV

&KDSLWUH ([HPSOHV GIDSSOLFDWLRTLWQ X HOQBN 6 SYHHPRGSBEPLVDWLRQ H
1RWH 7DX[ GILQIJHVWLRQ HW HIILFDFLWp GIDVVLPLODWLRQ



/| REMHFWLI GH FHWWH QRWH HVW GIKQF EFQQMEPRIHUD QW
GLIIpUHQWHY VRXUFHV GH QRXUUUWXUB G3R ©®Y $F HODQ \R Q 15+
GHV SDUDPgWUHVY GX PRGqOH JpQpUHDX\WD QHID B BW b @GBXH G RS
/JHV PpPWKRGHVY UHFRXUDQW DX PDUTXQYpWIDQWGCHVVFRPSR IVF
ODERUDWRLUH GYpFRWR[LFRORJLH jHYUWRWMD pVBH W BSEF

Chironomus riparius H3&mmarus fossarum

ODWpULHOV HW PpWKRGHYV
Taux d’ingestion

Chironomus riparius

/D PpPWKRGH FKRLVLH FRQVLVWH j GLVVPTR¥W ORX&HU
ELQRFXODLUH SRXU UpFXSpUHU OHXON M/REBW OIHHYRALLW
GLVVHFWLRQ RSpUpH VXU ERVWH GIHV &HW U ID LSWpDIOHLE GDHDP
FKLURQRPH SRXU UpFXSpUHU OH WRBNW GSRROPAM ISDHYV WHE K
VXU XQH PLFUREDODQFH PR\HQQH GHOD WHWHXW PRLE Q®*
QRXUULWXUH TXJLOV FRQWLHQQH®W RAHUW\DKXR QBT LDQXI HADVE ST
OYDFFURLVVHPHQW GH PDVVH GX W)OEH. GRHHYWLSIPJ SI H

Gammarus fossarum

/H WDX[ GILQJHVWLRQ GHV JDPPDUHVWS KW T XD QY LGN W
IHXLOOHV GIDXOQH FRQVRPPpHV SDU ®X W BHIYRP BB D L\PHIQ
SURWRFROH VWDQGDUGLVp LQtvVdHUQH D % Q@DER UDVBRIQWH O
DTXDULXPV H[SRVpV DX FRQWDPLQDQWR X% ULY HPIHPWE D QH\V'

GLVTXHV GH IHXLOOHV GTDXOQH FDOAEWIEDQV XBP VEH
GIHQFDJHPHQW  UpSOLFDWV SDU rfRIHS DWIMRIDT X gHV B-DXUL @
RUJDQLVPHV LO FRQYLHQW DXVVL GHGRNWXHWHGH | ERDGE H
JDPPDUHV $ OD ILQ GX WHVW OHQQBNVOWD\Q &R WXbipBDDPS
JDPPDUHV HVW DXVVL PHVXUpH /HVRORMD GI\D\GH W 8 LW UM W |
ORJLFLHO GYDQDO\VH GYLPDJH ,PDJHPPDWLRMOH®GLFRGX
H[SULPpH HGPPAQIGLYLGX SHXW rWUH FRQYHUWWHUHG HP DD\
PDVVH PR\HQQH SV GHV GLVTXHV GHi[BHXIPPOHQ MPJI WD X [
FRUUHVSRQG j OD PDVVH FRQVRPPpH UMDMBIRUGEEH /BXWSR
GYDOLPHQWDWLRQ GRLW rWUH UpDO WP RIIQQ S\DIUP\O G QY [BH
GDQV OHV DTXDULXPV H[SRVpV DX FROWNPBERQYWD YRL U | X

&KDSLWUH ([HPSOHV GTDSSOLRDWLR @GV LGN pRUCHEQUFHH GSHb YPHRG
1RWH 7DX[ GILQIJHVWLRQ HW HIILFDF



LQKLELWHXU VXU OH WDX[ GTLQJH\W\@ IRV OFOWUNRE\ HW 0DOW

Modélisation et inférence
3RXU OH FKLURQRPH H[SRVp DX 3&%LVpHOFRKXD®HILRWYL C
07,5 GH O93%(

X Yol

xC
3RXU OH JDPPDUH H[SRVp DX 3&% pHOJRXXDALMNL QJIXE
GH OT%(

L#" F+ FO FIN(GEQCRES;" SRXU ¢ W W

HI(;:(:L#'I-‘F FOse F G FS%e, SRXU ¢ W W

N

—xl‘i‘;‘;;L(zl-QzF(gl-%,eil; SRXU s W W

/IH SURFHVVXV GILQIpUHQFH TXL DD P§M UHVL CULRN CEBFRPHQ M
$( HVW LGHQWLTXH j FHOXL SUpVHQWp GDQV OYDUWLFOH

SpVXOWDWY HW GLVFXVVLRQ

Chironomus riparius

IR expérimental
/HV UpVXOWDWYV H[SPULPHQWDX|[] GXGXDXH GH\D IW]N WW R

UHSRUWpPADED A D XOH
7DEOHDXpVXOWDWY H[SPULPHQWDX[ GHV WRARBHYQJIJHVW

ODVVHV GHV RUJDEOW\WHHW GHV WEEHWRXUV
([SPULHQFHV
HQWLRHUW R\ GLJHVRWULIFR\ PJ PJM

3&%
+9%&" l C l
D MRXUV GTH[SRVLWLRQ SRXU OTH[SRVLWLRQ j +%&"

BHORQ WWRRNH OH WXEH GLJHVWLI GX FKLURQRPH UH.
GH OD PDVVH WRWDOH GH OD ODUYH&®BRXU @H{ W REHUBRR
UHSUpPpVHQWH HQ PR\HQQH + O DAHY 1® DFRIDVX/IH HAWRW E
DYHF OD OLWWPpPUDWXUH /HV UpVXEW®DWAHWWWWROWK FEGIS
VXUHVWLPHU OH WDX[ GILQJHVWLRWLIGQDHNV WDSPNVEHH RV
YLGH DX GpEXW GH OfH[SRVLWLRQ

&KDSLWUH ([HPSOHV GIDSSOLFDWLRTLWQ X HOQBN 6 SYHHPRGSBEPLVDWLRQ H
1RWH 7DX[ GILQIJHVWLRQ HW HIILFDFLWp GIDVVLPLODWLRQ



Estimation de IR et AE
'‘DQV OH FDV GH OfTH[SpPULPHQWDWLRQ GXQ F,KkLpPpRMRAH
PJ PJMD pWp SULV HQ FRPSWH GDQV OH PRREQVIHGpPOAR
SRXU FH SDUDPgWUH XQH GLVWULEXWLER JDXNWLXQ @ H DGRV
/IHV VRUWLHY GX PRGQqOH LQFOXHROW DFRPVYHQOQR® VH
SUpFpGHPPHQW GDQV OYDUWLFOH PYTXH p OO HFRHQIWF LC
GI{DEVRUSWLRQ j SDWUWWNW GXD\Pp®XPBORGNLW GH Of,5 HW
REWHQXV VR QAD BJHESIRX) W@ i\ DX V

7TDEOHDXDUDPqQWUHV 7. HVWLPpV SRXU OH FKMJRIQEBRH HJ:

OTpTXDWLRQ HW UDSSHO GHV YDOGHK DOV HIVWILP@EHYV |
ORGQqOH (T ORGQqOH (T GH OfDUWLHE
3DUDPgWUH 0 pFHWOHRWLOHYV 3DUDPgWUH OpGLDQH
$(
N M
,5 M
N+ M N M
N M N M
/I PP /I PP
Ipoy PP lpp; PP

/[HV HVWLPDWLRQV GHV SDUDPqQWUHV | GBVYWILRQ GXH W
H[SpULPHQWDOHYV SRXU Of,5 (T UVHXYR Q XXWWL LR HUVRIX DD
OH SURGXLW GHV YDOHXUV PpGLDQHNGBD GMHIBWINRF H pSD O
OfpTXDWLRQ G7'HD EOTHDDDW(IQF QHHYDQFKH GH JUDQGHV LQ
REVHUYpHV DXWRXU GHVY SDUDPqQWUWMNVRE)Y GMV, 5 QR A USOLXW XE&
DXWUHV SDUDPgQWUHV GX PRBOOHDRALDNG CRXUVLPLODWLRC
FKLURQRPH H[SRVp DX 3&% HVW pJDO4H jGH OYHNOS®HFH H
FRQWDPLQDQW 5DVPXVVHQ R Q WC Higahius P X X D\M DS HG H
H[HPSW GI{XQH FRQWDEQDWLRRQWMWMVIQRFHHB®RXU OHV 3&%
SOXVLHXUV FRQJpQQqUHV XQH $( KeHnthgs arenabdédeptadeH SRO\FKq

&KDSLWUH ([HPSOHV GTDSSOLRDWLR @GV LGN pRUCHEQUFHH GSHb YPHRG
1RWH 7DX[ GILQIJHVWLRQ HW HIILFDF



Gammarus fossarum

IR expérimental

/IHV GRQQpHV GH FRQVRPPDWLRQ GH RBOUMN GHYW R@/W{
H[SpULHQFHV HIIHFWXpHV DX FRXUVHQMW PHPAWHPWRE WHKQ@XH V WL
GXUpH GHV WHVWV SKDVH GTH[SRW.HAVVERRQNW LBHK\DWHHU G H. Bly
GLUHFWHPHQW H[SORLWDEOHYV SRXUFOHWWW LEPIDUHL RO VG B R C
JDPPDUHV H[SRVpV HW OHXUV WpPRLRN QWG H ¥ VRIEIW H (HAH @
JDPPDUHV WpPRLQV VRQGUWESWHD/ARQWPKN GBQWXWHIDFHY FRQ
OHV JDPPDUHV WpPRLQV VRQW FRPSDPYHWHVRAHODUH WEMW
GLIIpUHQFH QYD pWp REVHUYpH SRXUHOD FBRRGHWXRQ FF
OfH[SRVLWLRQ DX[ FRQWDPLQDQWWLRTD GHW DX BHFHHWW V:

TDEOHDXVWULEXWLRQ GHV VXUIDFHV GH ITHMLIDAOHCGCHMW VRF
JDPPDUHV WpPRLQ

38 % T%& %' ( 3\UqQH
EpPSOLFDWV
OR\HQQH
>PLQ PD[@ @ > @ > @ > @
9DOHXU

D PRGqQOH GpYHOR&Sp SDU &RXODXG

$ WLWUH LQGLFDWLI FRPSWH WHQX GY¥XGGH W IBMLWH XHR X

IHXLOOH GYXQH VXUIDFH GH PPd HGHGIXQH P®WVEBDWq
JDPPDUH 'XYLOODUG 07,5 PR\HQVSWRXW IV DHY EFRQ |
HVW pJDO j : WpPRLQV RXGHV YDOHXWHYSIRYIpWLHX!I

HVWLPpH S&@./HEUXSRXU GHV JDPPDGE HNexCHRBOYHVBgFHHF G
IHXLOOHVY GH FKDUPH HW H[SRVpV pJDROHH PRV WL GHE J3BoW
ODOWE\ DYDLHQW SRXU OHXU SDUWJOQRWIHF KHY] GBHMIDC
WpPRLQV GH pOl&HI/BQFHOH FDGUH GYXQH H[SRVLWLRQ DX ]LCQ

Prise en compte dans le cadre de modélisation et inférence

'‘DQV OH FDV GX JDPPDUH H[SRVp DX 3&®P0o6 JREPBWHDO
MD pWp PHVXUp VRLW UHODWLI j OD PIPMVHAJ®N XXMHWWRP D L
GRQQpH SHXW rWUH SULVH HQ FRPSQWH GUDWQ WHSRR G qPOHH S
XQH GLVWplbE YWKRQLHQQH GRQW OD PR\HQQH HWSO®YpFDUYV
:LOGLQJ HW ODOWE\ /IH FRHIILG HN QIW X& DENWRIDMNDWL B R
SURGXLW GH OY,5 HW GH Of$( /HVWOVWLEDEDRIPX REWHQXF

&KDSLWUH ([HPSOHV GIDSSOLFDWLRTLWQ X HOQBN 6 SYHHPRGSBEPLVDWLRQ H
1RWH 7DX[ GILQIJHVWLRQ HW HIILFDFLWp GIDVVLPLODWLRQ



7TDEOHDXDUDPQWUHV 7. HVYWLPpV SRXU OH JBMEPDGHW[SRYV

YDOHXUV HVWLPpHV j SDUWLU GHV (TV HW
ORGQOH (T ORGQOH (TV HW GH OfDUWL

3DUDPqQWUH 0pFHBRHQWLOHV 3DUDPqQWUH OpGLDQH

$(

VDQV XQLWp N M

5 M

N, M N M

Ny M Ni M

/IH PRGqQOH WHQDQW FRPSWH GHV GROQPHREMSHQW G®
GLVWULEXWLRQV GH SDUDPgqWUH VHY HR\VODEL UHWWLPHB XS RK K
3&% HVW pJDOH j &HWWH YMOHXKN ®N W RUHYWHWIHP IH Q M
JDPPH GT1$( GT1XQ KH[DFKORURELSKpQ\O HW )LVKHRPSLO BHR
OYDPSKDprEHp. (Q UHYDQFkHal-DQVVHYWLPHQW Of$( GX SH
N. arenaceodentataH[SRVp | XQ VpPpGLPHQW FRQWDPLQp SBIV GHV 3
UpVXOWDWY REWHQXV VRQW GRQRARKRQUWYDMKD Q WHTXHHKIH
HVW j OD IRLY GpSHQGDQW GX FRQWDPLQDQW HW GH OfHVSES

&RQFOXVLRQ

/H PRGQOH OH SOXV SDUFLPRQLHXDRVZWPKIOOXLRRQOMOE
WURSKLTXH XQLTXHPHQW FYHVW j GLU&H ¥DQ&D QW WLKA R
VLWXDWLRQV LO SHXW rWUH XWD®NUWHGHR @0 D VvGHIM B K UDI
H[HPSOH LO SHXW rWUH SHUWLQH@W B $DNWLOTRRGQBILE WL
GHV YDOHXUV GY$( VL O RQ VRXKDGWH 0 $SQIpTUXHIFFHD P RBE
RXWLO GH SUPGLFWLRQ j XQH VLW)XIHWVEBQLEUHO RQYHFN VG
H[SPULPHQWDOHY H J DEVHQFH GH OGRIRIPHM GRWUI QHOE
WURSKLTXH 3DU DLOOHXUV FH FRPGUH SBXBLRGUWSRYLBD
FRQWDPLQDQW GDQV GLIIpUHQWH YV WRX ULEFHD/F G\ pQ& KM IWPX

&KDSLWUH ([HPSOHV GTDSSOLRDWLR @GV LGN pRUCHEQUFHH GSHb YPHRG
1RWH 7DX[ GILQIJHVWLRQ HW HIILFDF
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, QWURGXFWLRQ

'"HSXLV XQ FHUWDLQ WHPSV HQ )UDQFH OODHW +BBQVRQ
VPGLPHQW GDQV OH FDGUH GH VXLYLNFH D@ ®XWSNLV UpVH
© 5&6 5&2 3&HSHQGDQW OD GLUHFWLYH O DV © RFELA HHG HX
TXDOLWp HQYLURQQHPHQWDOH 14( FFHRGR M UQ@H IOBWEERW W
GHV PROOXVTXHV &HSHQGDQW PRGHILMHW O SSCRO¥RF B
SOXVLHXUV DQQpHV FRQGXLUDLW | XKW SHLQN & HG IF ROR/@IW
OTKLVWRULTXH GHV GRQQpHV WR X\ U DDSLSROQ TXIDY W p& X
UDSSRUW DX ELRWH OHV PRGQqOHVFH WBOXVFXHW BRXIUU GF
HPSOR\pV (Q HIITHW LiOWISY X ROFNMSWPBWLRQYV GDQV OH V
14(erwlh H OD FRQFHQWUDWLRQ GDQV OW IMp GIXIQGIWF R Q HHE)
FLEOH GDQV OfRUOMNYL¥RFH@WUDWLRQV GDQV OH ELRW
GRQQpPHV PHVXUpH Mn6&ith QWQOFR ¥ S® UMH)QW F HW WiHkwsiU p G L FW L R

/ REMHFWLI GH FHWWH QRWH HVW G DOXN WSKH F DG H
PRGpOLVDWLRQ HW GTLQIpUHQFH GpRMNOBBSYIBOANWYHPDO
GIXQH pWXGH WR[LFR FLQPWLTXH GL\SIRPLHEWWUGDQYHOW
GLVWULEXWLRQV PDUJLQDOHV GHVU$DBUD FqO AR @CPH B G HA
VPGLPHQW j QH SDV GpSDVVHER®RXRFUPKNSHEWBEIPR FOAX ULU
EHQJR D S\UgQH QRWp %D3 VIDGVRUEHSLRUYWP FH®X VD K§ US
TXH OH 3&% 6FKXOHU HW D@z LQIpURBRUUPDQY GRWWH
POPWDEROLWHY GX %D3 FKH] OD K\DDXH O [FWDBROQRPORQ G
D PRQWUp GHV FDSDFLWpV LPSRUWDQWHY j ELRWUDQVIRUP

ODWpULHOV HW PpWKRGHYV

Données expérimentales

/HV MHX[ GH GRQQpHV XWLOLVpV V RRBNoordd teBtihss F K X O H
HAyalella aztecaRQW pWp H[SRVpV WURLV MRXUV j & XVVUPRLA BlQWW
GDQV XQ PLOLHX QRQ FRQWDPLQpP SHIGLOTX\M VWGE R LAR Q K WQ!

51% 5pVHDX 1DWLRQDO GH %DVVLQ
5&6 5&2 5p®H ERQWX{OHH GBIODQFH 5pVHDX GH &RQWU{OH 2SpUDWLR

&KDSLWUH ([HPSOHV GIDSSOLFDWLRTLWQ X HOQBN 6 SYHHPRGSBEPLVDWLRQ H
1RWH OLVH HQ °XYUH GHV GLUHFWBOHVGX %HG@W D 3\UqQH



PHVXUpHV HQ %D3 HW VHV PpWDERQLRHEW HIDMW GNW XML L
DMXVWHU OH PRGqgOH HW VRQ FDGUH GTLQIpUHQFH

Modeélisation et inférence

ITpTXDWLRQ D pWp XWLOLVpH SBoOB PHR\G VOIVV P WIDHEV
GDQV OD K\DOgOOH HW OH FKLURQR®MU DF HDXS SIRWD @ MQ R X
UDLVRQ GH OD IRUWH K\GURSKRELFLWY GKVW¥PBEXORLIRQV
XQLIRUPHV RQW pWp GpILQLHYV SRB8U OHV SQBRWHWUTKN GO
PWXGH OHV PpWDEROLWHY GX %DBVFKE&D 0. KNW®GIqgG B Hc pWB
TXH OHV FKLURQRPHY RQW PRQWUpREHWHDSTH EWRP8 R\PE R U

/JHV GLVWULEXW b RE3ridki DAY QIDOHWP gWUHY DLQVL REWH ¢
XWLOLVpHV SRXU SUpGLUH XQH FRQFBQMRXWW DPJ XGDQW
RUJDQLVPHYV SUPpVHQWHUDLHQW XQH FR QERHN@QUIUDIWLRQ LQIj

SpVXOWDWY HW GLVFXVVLRQ

(Q DSSOLTXDQW OH FDGUH GH PRGpDDVYWERQHHIX [GG RQ
H[SPpULPHQWDOeHAl. GH 6 FIGHXHUW QYHUWPpPEUpPY FKLURQRPH H
GX VpGLPHQW FRQWDPLQRQH@WVWDOHY SDUDPgWUHV RQW p
H[HPSOHC. &@Ray GHHVWHRW pJDO j > ke jt @ M *

@ M j > + HERALM | > + @HW GLVWULEXWI
PDUJLQDOHVY GH FHV SDUDPgWUHV VRQW®HWQY¥XphGIH WKIVRIQ
FRQFHQWUDWLRQV GDQV OHV RUJDRUVIPHIWT X B GYREgey HOAW K4
SDV GpSP\MXpHH 3RXU FHOD MYDL IDLW YDULHU BD FRQF
FRQFHQWUDWLRQ GH %D3 GDQV OH WHEAH QWX VG & OV REM |
FRQFHQWUDWLRQ j QH SDV G psS RaMV BolD 3 RXSW dWH V SIRKW M UG Q1B
&HV SUpGLFWLRQV FRUUHVSRQGHQWH j \Vp@H PAHREW HHOMMLP\WH |

QJ JSV SR htans HAV azteca UHVSHFWLYHPHQW /D FDSDFLWp
PpPWDEROLVHU OH %D3 HVW WHOOH VTG @\H \O FopMXER CELIWR
DWWHLJQHQW j HX[ VHXOV XQH FRQFH®MWUDWIL B R XTUX DL FRF
SDUHQW FRPPH)IOIK PR QMM PXOODWLRQ VXU GHafddX VWDFp
LH VDQV PpWDERIHLVDED®W j HOOH PRQWUH TXJLO QH |

QJ BV GH %D3 SRXU TXH FHWWH HVSqFH Qi D6 XPXHD B 1Hm
GYpTXLOLEUH QH VRLW SDV DWW HD ®MWFDXHERXW GIHF WMREG WY V

&KDSLWUH ([HPSOHV GTDSSOLRDWLR @GV LGN pRUCHEQUFHH GSHb YPHRG
1RWH OLVH HQ °XYUH GHVY GLUHFWBOHVGX %H@WMR D 3\Uq(Q



DC. tentans EH. azteca

14 (eLrwH

FH. azteca

%D 3

%L

JLIXUH3UpPpGLFWLRQV GIHWQR E ICRO%BPBPXW GIDWPpWDEROLW
C.tentansH[SRVp SHQGDQW SMEUWpGDPHQW FRQIDU
H.aztecaH[SRVp | SWJGH VpGLPHGW FRIAWD P IMRXUV HW F S
H.aztecaH[SRVp SHQGDQW MRXGN YpGLPHQ@W FRQWDPLQp /L
SRLQWLOOpPH KRN WRWDVGID@HH OPIL4A(D OLIQH YHUWLFDOH
SRLQWLOOpPH QRLQ HGHHBL B\KHDYW HRMSRMLRHAR Q G HV

3RXU SUpGLUH OD FRQFHQWUDWLRQ VipGHPSIDW GHRS)OW \FH
HVSqFH j OTpWDW GIpTXLOLEUH [ RV VBRRF jl DLW RXUWL HLL
FRQFHQWUDWLRQ GYH[SRVLWLRQLIRXH REVVFRQVP TOHINQ S p S
OD K\DOgOOH LO QH IDXGUBVWGEDVDGpSPXNY HXH FHWWH HV
SDV SOXV TeXkiy@BpMWDW GIpTXLOLEUH

'DQV FHWWH DSSOLFDWLRQ j OD Up}OM PFRGH WRIVQWQILA|
LQFHUWLWXGHV DXWRXU GHV SUpGLFIVQLRMW L F@ LGXRQMY TLQ-
OYDSSURFKH GpYHORSSpH LFL HVWinsRiX YAHI®IWWD B SQ UHXY R X]
DX[ FRQGLWLRQV HQYLURQQHPHQWD ®HW HP $p WDDAXKX UGIH PIT
LQFHUWLWXGHVY DXWRXU GHV SUpGLFWLRQV GHYUDLHQW S|

&KDSLWUH ([HPSOHV GIDSSOLFDWLRTLWQ X HOQBN 6 SYHHPRGSBEPLVDWLRQ H
1RWH OLVH HQ °XYUH GHV GLUHFWBOHVGX %HG@W D 3\UqQH



&RQFOXVLRQ

3RXU UpSRQGUH DX[ EHVRLQV GTLQW®OBQFW DAHMR @ pGH
GDQV OH FDGUH LPSRVp SDU OD GLUH¥WHFWLYHV H$(VWH
OfXWLOLVDWLRQ GH FH FDGUH GHLPRG XUMBEHWILVR 4% HWQG KL
SRXU OH FRPSRVp SDUHQW DORUYV STOXKHV OMR [ IPHXVHD/E R O L WHHU
SHUWLQHQW GITHEXEMXDMRLWQGpL4QLH VXU OHV PpWDEROLW
FHV GHUQLHUV RQW GHV HIITHWV WR[LTXHV

(Q UpVXPp FH FKDSLWUH D LOOXVWURDGHW BHPRGHO LG
HW GILQIpUHQFH GpYHORSSp ORWBIVDGIS FRIFWK DYSHOP (W U H

GIrWUH DSSOLTXpH j GIDXWUHV PRQWDH LQDRMMN ERRH

GH SUpGLUH GHV FRQFHQWUDWLRQW GDWVRQK BIfRINWIR )
situ

GYHVWLPHU OfHIILFDFLWp GTDVVQRPRODMQAIRP & 1S RAR!
OD YRLH WURSKLTXH

GH SUpGLUH GHV FRQFHQWUDWLRQ\H G BERWX W K BAPSSH P&

14 (eELrwH

&KDSLWUH ([HPSOHV GTDSSOLRDWLR @GV LGN pRUCHEQUFHH GSHb YPHRG
1RWH OLVH HQ °XYUH GHVY GLUHFWBOHVGX %H@WMR D 3\Uq(Q



&EKDSLWUHFXVVLRQ JpQpUDOH

JTREMHFWLI JpQpUDO GH FHWWH WEKQYH LoTWB L&HGHR G p ®H
HW GYLQIpUHQFH DSSOLFDEOH j GLIRMHQWENVYHVUSqFR QW
RUJDQLTXHV HQ LQFOXDQW GLIIpUHB@WYV SBRFEMVGEXN[SRR
GLOXWLRQ SDU OD FURLVVDQFH HVQ ®WH E IGRHX [ IREWM REW D W
SURSRVpPV XQ PpWKRGRORJLTXH HW X\@ KFRFGRRVORR 1 ERYOHR FLRTOX\
GpYHORSSHU XQ FDGUH GH PRGpOLWIRXWEVI OHW SRV QLEWE
j GLUH SOXVLHXUV YRLHV GTH[SRVL@WLRMLPGQUWRRWH H{W
FURLVVDQFH ELRWUDQVIRUPDWLRQ@F HYGDSEWIWD GEHY U i QW
OTLQIPUHQFH %D\pVLHQQH TXL FRQVHS q®&R QDLpRA-NO & IDVQSRP®IIC
TXL SHUPHW GH TXDQWLILHU OHV QRFIHTXMLWXGBW j J0REM +5
OfpWXGH GH OD YDULDELOLWp GH OSD & LRLD FFFXHP &\ Bl W LHRWS «
VH WUDGXLVDQW SDU XQ DSSRUW GLR 6R®H FRQWDIAFIHYD G W/
LQYHUWPEUpPY QRWDPPHQW VXU Of+%&H\SRXGLOHRQAHDO I3
SDUWLFXOLHU VXU OHV GLIIpUHQWHR QY RRX \H GRRIPSR VK W LARD
GHV FLQPWLTXHV VHORQ OH FRXSOH HVSqFH FRQWDPLQDQV

'‘DQV FH FKDSLWUH OHV UpVXOWDWW XU WDRHQAWREG R @ F VGLLINY
GpYHORSSpV GDQV FHWWH WKqgVH

9$/,'$7,21 '8 02'(/( *(1(5,48( (7 '8 &$'5( '1,1)(5(1&(

'(9(/233(

'LIIpUHQWY PRGQOHV 7. RQW pWp DGBHWpY \GHOIRQHQN
K\SRWKqVHV j WRXV OHV FRXSOHV XW S @K A R®W B ANVQW Q v
WKgVH HVW GIDYRLU XWLOLVp OYTLKVpBBQBAgWDWW LG I&
PRGGOHYV &HWWH DSSURFKH D QRWDPBHQ W SGIW PV VH LI Vg
FRPPH OfHVWLPDWLRQ GHV SDUDPqWQH\QUHOBWLIOJL @D
%D\pVLHQQH SRVVgGH SOXVLHXUV DM IPQW DHIQ A [ 16 RIWA FHRUX
GH FH PDQXVOHI BR®DIQipHY OD GLVW U LEPOMELRIQ QWRLIQW B W O
FRUUPODWLRQ HQ WiUHODHW SWH DRy WBASWH VLPXOWDQpPH
GLIIpUHQ@WHY MW H HQ DSSOLFDWLRQ

&KDSLWUH 'LVFXVVLRQ JpQpUDOKH BIOG K FWGRG GXLRREJBEFH GHIMHIORSSp



/D SULVH HQ FRP S#/HioG \D G\R @BIpSUYRFHVVXV GILQIpUH
SHUWLQHQWH SRXU UpVXPHU OJLQIRWBEWLRBQUGHVSRIQAHE C
FHUWDLQHY pWXGHV GIRULJLQH WHODOHXWBW K \OMDLE p R W BIX
N pWDLHQW QpJDWLYHV DORUV TX{mYptibh ODH 8 LIQMWMHHQY FRE
YDOHXUV SRVVLEOHV L H YDOHXUV SRVLWLYHV RQW SX r\

/D GLVWULE X¥\pdsRrpri REWGWHH SRXU FKDEXQ GHV PRGq
SUHQGUH HQ FRPSWH OHV FRUUpODWDRQW XHIHN HM WA VS|
SUPFLVH HW © MXVWH @ GHV LQFHUWLHDXOG B VS DLW L K66 QML
PLV HQ H[HUJXH GDQV OfDUWLFOH HVORNWVD B §WNMH \F RiR/S\DL
LQIPUHQFH %D\pVLHQQH HW OHV YDOIBXHY G DFRHM WP IOHY B
GIRULJLQH OYDSSURFKH %D\pVLHQW i H\R CSQ H DR W WHNVW D
DSSURFKHV XWLOLVpHYV GDQV OHW pPWSGKV ®NVHFA FIHOHNV®!
OHV LQFHUWLWXGHV VXU OHV SDUPHRYW UKW RIHV IDFLGIHA
PRGGOH SRXU REWHQLU © VDQV GLELGFX@W Y XUOGIN VL © WHILYFI

&RQVLGPUHU VLPXOWDQpPPHQW GHV GWREYpARQKE[SKEURP
SHUPLV GYHVWLPHU VLPXOWDQp PR HDMW HOW \G WX [P EHDHRRORROX (
OHV GRQQPHV GTH[SRVLWLRQ HW G If URLS/X/\DO/F MROYV DETHP\HD
DYHF OHV GRQQpHV GH ELRDFFXPXOGDWLR® MW GNVURGYME
WDX[ GH ELRWUD QNFRUPDWNQRRHQNW DYHF OHV GRQQPHV
FRPSRVp SDUHQW HW GX PpWDERORWMNG BV VEBLRWH JL Q H PHIQ
GDQV OYDUWLFOH OHV YDOHXUV GH IE[HHWDERXU SBYUW I
FRUUHFWHPHQW OHV DXWUHV SDUDP®MURADVGXY FAR G@PLHY | {4
%D\pVLHQQH SXLVTXH FHWWH GHUQLQqUY DR HIPXVL KXY
SULQFLSDOHPHQW JUKFH j OTHVWLPDWLRQ VLPXOWDQpH GF

/H SURFHVVXV GILQIpUHQFH D pWpBVUPD®G LW S D IH CCHRVI IOF
HVW ODUJHPHQW XWLOLVp SDU XQH YVHWWFRERRP XQYDRWY
IDFLOHPHQW j GLVSRVLWLRQ 'H SOXW L YOHHR/HY WPBR/XE MW ¥ D L
HQ SODFH GX PRGQOH 7. JpQpULTXH BQFHORDBDY IG-DRYH XKDV A
HW DFFHVVLEOH SDU GLIIpUHQWH W EIQNWIKMFHEX UHHD X[OB K
DJHQFHV UpJOHPHQWDLUHV ()6$%

&KDSLWUH 'LVEXVVLRQ JpQ@pQPULE XHD 6 MG O W EFRG GHK ® RIGYIQ HH



&HSHQGDQW ORUV GH OfXWLOLVDWIXRE OX PKGQ N HQF
SUPFDXWLRQV GRLYHQW rWUH SULE XYaREJ H&¥HS O D DPm| W I
GX PRGQOH (Q HIIHW a @idri FKRL [XQHVp@/PIS\H IRQGDPHQWDO
ED\pVLHQQH HW SRXUWDQW GpOLEPMWHQREWDRRHRPIWQRHYV
XWLOLVpHV 3DU H[HPSOH GDQV FH@LWBRYDWLR®W WHORQ
SDUIRLY GH IL[HU GHV OLPLWHV VWOREMGiYVYORXYNPBEWOL
LQIRUPDWLYHYV

9$5,$%,/,7( ,17(563(&,),48( &217$0,1$176 (7 )$&7(856

(19,5211(0(17$8;

/ID ELRDFFXPXODWLRQ GHV FRQWDPLQDQWVSRWJIDEKTU;
ELRGLVSRQLELOLWpP GDQV OH PLOLMXQDQWE IGRHGHER Q LED O
OfHVSQFH H[SRVpH GHV SURSULpPWpPDQXKVYVLFR FKICPUR SKRE
DLQVL TXH GHV FDUDFWpPULVWLTXHXUHQ YLIWRIQQHHP R Q WIDQDLH
7R BtRal. ,O VHPEOH GRQF SHUWLQHQW HGXR WF RIF/S\DLUPH) bI \G {
SDUDPqQWUHV 7. GIXQ PrPH FRQWDPLQDI}WWSREUUB LpI\WXE
OTLQIOXHQFH GH OfHVSQFH H J WOUHHW WU DIMVE T®KWUH S/IXW
HVWLPpHY GHV SDUDPQWUHV 7. GIXQB VWDPH QG-DBW FH 3R F
7DEOHD®UpPVHQWH SRXU OHV VXEVWDQFHVL@WXJIXHH\OH®
LQWHUYDOOHY GH FUPGLELOLWDpP j XHVGHYWLIPYYP WDV C
PRGqQOHV7DEOHDXYpVXPH OHV SULQFLSDOHV GLIIpUHQFH
ELRDFEFXPXODWLRQ GHV GLIIpUHQWYV G REMXOGPH.\D DRMAY VF K HJ
WUDGXFWLRQ ELRORJLTXH GHV YDOHXUV GHV SDUDPqWUHYV

&KDSLWUH 'LVFXVVLRQ JpQpUDOAR®WDBLD DR W HW QWAHWNSPFLHIQNYH RQQHP|



7DEOHDXpVXPp GH OfHQVHPEOH GHV YD OHXR ¥ LRGN IDTHHW C
HVWLPpPV j SDUWLU GHV H[SpULHQFBG Wk 0501 P RIG\D DLXV O WVE

GILQIpUHQFH

/IHV LQWHUYDOOHV\GHQ@Wp 8 LAEURERHWV

6 XEVWDQKHM ki M k¢ M ke M km M Kemet M
Chironomus 3&% >
riparius % & 1$ 1%
3&% S @ > @ S @
Gammarus '* % &’ 1% 1%
fossarum ,
% ( > | > ( >
3\UqQ H> > > > >
0 .
Radix &% > ' Lip
auricularia % ( YLIp ]

> |

/1+% &' D pWp IDLEOHPHQW DFFXPXWIplLEFDREKRK GHIV PRIGPIOVHH @ THSDIDRYWp DSS

FRQWDPLQDQW

7TDEOHD3RULQFLSDOHYV GLIIpUHQFHV GH ELRIGEPRXPXOOWLHRQ
WURLY HVSqQFHV GILQYHUWPpPEUpPV VPOHFWLRC

Gammare

Chironome Radix
PCB 153 Accumulation Accumulation
rapide a moyenne
Pas d’élimination
Elimination rapide
BDE 99 - Accumulation lente
Pas d’élimination
Absence de
débromination
(BDE 47)
HBCD Accumulation trés -
faible
Absence de bio-
isomérisation
Pyréne - -

lente Accumulation

moyenne
Elimination rapide

Accumulation lente

Elimination rapide

Absence de
débromination
(BDE 47)
Accumulation  trés
faible

Absence de bio-
isomérisation

Accumulation lente
Elimination lente

Biotransformation
rapide

&KDSLWUH

'LVFXVVLRQ JpQpURB HFR QUMDLLEXDOQ WY HQW B B WSIpAELY L



ODULDELOLWpP GHV HVSgFHV

3RXU XQ PrPH FRQWDPLQDQW OHV GRYQRYPHNUWRYDRR F
HVSQFHV VJH[SOLTXDQW DX PRLQ\GHOQpSBEQWVHPSDVYV BXWVVY
SK\WLRORJLH /RUV GH FH WUDYDLW®W PMpRpW XBADGHHV TGH LR
EHQWKLTXH OH JDPPDUH HW OH UBDGIGFHSY LE® QY WKWT K HS R
PrPH FRQWDPLQDQW HOOHV RQW SDEDHOMMDHED BBIX SURILO

JHV SOXV JUDQGHV GLIIpUHQFHV RQW P Wlp REPAHLQW H VX §
GIDFEXPXODWLRQ SDU OH VpGLPHQW XEHWMHRHQ W FEKSY U LC
DXWUHV RUJDQLVPHV GDQV OH FDV GH r®fHHPIRMLGVIHR QS 3
Of+%&' PrPH VL OH PRGQqOH QYD SDV p3\l LIPM QWD HAX U
FRQFHQWUDWLRQ PHVXUpH GDQV OHWR @ KMWIIRIQR RHOWY | LRI I
SOXV pOHYpH TXH GDQV OHV JDPPBUHMVSHFRROWRHQW PJ
FRQFHQWUDWLRQ GYH[SRVLWLRQ GDQQHO G DWDNG LOPTHJP B/p Ut
FKLURQRPH FROQSWMHVSKBWLYHPHQW &HV UpVXOWDW
IDLW TXH OHV FKLURQRPHV VRQW H[WRFW SHWP ¥QHQ W D
VPGLPHQW FRQWDPLQp LQJHVWLRQ GHV SDUWLFXOHYV

(QWUH OH JDPPDUH HW OH UDGL[ DREXBHY@HI IPRXQ FOHH
GIDFFXPXODWLRQ GX 3&% HW GX %'(RQ PPOJU p PHIDHNV ES
LPSRUWDQWH GX 3&% FKH] OH JDPPBLMHD VEIHSH GIQDMQMA FO
HVSqFHV VRQW WUQV GLIIpUHQW VFH® Hs HB[GE R QW D/RHREIDHWS/I
K\SRWKqVHV pYRTXpHV GDQV OH FISBSMWHH  WHFRWLIRRXQ
SODXVLEOH VHUDLW TXH OHV UDGIURSUIH SRXV WD DEPSXU |
FRQWDPLQHUDLHQW SDU OHXUV IqFHYDSSFRUWMLKG QP
VWDWLRQQDLUH HQ SKDVH GH GpSXWDRQWR ¥ RPN ®LLOSRHNE
JHVWLRQ GH GpWRI[LILFDWLRQ GH FRIQWDPLQIP@WV RWODOQ
SRXUUDLW rWUH XQH K\SRWKqgVH | H[®W LTXHU OPH JODXQQG I$ U
GIXQ DXWUH L.Btgnatid) DFFEAXOH HW UHWLHQW FHUWDLQV
LPSRUWDQWH TXH GDQV OBMILWLVVXV PRXV (ODQJRYDQ

'fXQ DXWUH F{Wp OHV WDX[ G pOHPLIIPDILURQ VHR@WU & XOF
RUGUH GH JUDQGHXU SRXU OH 3&%

3DU DLOOHXUV OHV SDUDPGWUHV 7. GKH VPBEPHE W [SHRY
rWUH FRPSDUpPV j FHX[ GIDXWUHV HVSOFBYFH[SRY MLV GHF |
H[HPSOH OH SR O.\#EMoler PDH Vet AR J /IH WDX[ GIDFFXPXO

&KDSLWUH 'LVFXVVLRQ JpQpUDOAR®WDBLD DR W HW QWAHWNSPFLHIQNYH RQQHP|



SDU OH VPpGLPHQW H VNV dSedsikMon RNGiRddoMy D K WesaR XHW SUpPVHQW |
XQ WDX[ GTpOLPLQ DWdsaRrQd Bl@ ool D ISEHSHH QMG D QW OH JDPPDU|
XQH PHLOOHXUH FDSDFLW prd. ipWDHERQi¥HU OH S\UgqQH N

$LQVL OHV GLIIpUHQFHV REVHUYpHW BRKQDQDV\E L\R-DIF!
HVSQFHV VIH[SOLTXHQW HQWUH DXRQHW LRIW B PHRW I SDHQYF
GH FHV WURLV RUJDQLVPHV HW GDEVRORIIPRRLOQGUH PHVXL

/JHV FRQWDPLQDQWYV

3RXU XQH PrPH HVSgFH JDPPDUH RX UBGXY EQR D3FPKP X
TXH OH %W3a% 'NNw( (Q UHYDQFKH OH WDX[ GIpOLPLQDWLF
GHX[ FRQWDPLQDQWYV (Q VH IRFDOENDRW XHW GHW FRORGIF
FHV UpVXOWDWYV SRXUUD®QH QD WIIFWSOHT KH®WUBBIKREB GH C
ELRWUDQVIRURDIWIPR@QDQJH GH FRQWDPLQDQWW RXY® HIIH\
GpSHQGDQFH j OD FRQFHQWUDWLRQ H® W | BHOXV Ok GIERS K
O RelL TXH OH %'(rz ORJ. HW PRLQV VXMHW j XQt
ELRWUDQVIRUPDWLRQ ELHQ TXH FH BSURGH WYXV QIDQY DY
H[SPULHQFHY 30XV OH FRQWDPLQDQW QHWDW KRG U RBXK RAEL
GIDFFXPXODWLRQ SDU OH VpGLPHQWSRKVSDGIOHYOHXUY OF
REVHUYp FKH] QHJXDPPmRWHM%! Nw( ! NswgoQ UHYDQFKH O
PR\HQQH HVWLBBMUGRHNS\UgQH HVW EHDXFRXS SOXV IDL
FRQWDPLQDQWY TXL VRQW SOXV K\GWRISKBEHL\RWXID §YHRE®

JLIXUH'LVWULEXWLR @GBW\E DYDDMPBRUWHOH M & % %" ( HW S
FKB]fossarumHQ IRQFWLRQ GH OHXU FD&ZDHFWY WBHR KQGWRSKREH
OHV YDOHXUV PR\HH\Q GH M UHW XOUHW GIBXRW/p GQ

&KDSLWUH 'LVFXVVLRQ JpQpURB HFR QUMDLLEXDOQ WY HQW B B WSIpAELY L



3DU DLOOHXUV SRXU OfH[SPULHQFH BWDULB®W HH BROL
SRXYDQW LQIOXHQFHU VXU OHV FLORPWILR X H/HGAHD\F FRRVODR
XQ HIIHW GH FRPSpWLWLRQ &HFL OW IO\WVH UWHPIHERW HLD X X H R
TXH OH %'( GDQV FHWWH HVSqFH VSGH E[IDRYARN P XK RAYDQ
GH VWRFNDJH $XVVL OD GpSHQGDQFHVXGDp ARRFGD \WH U W
PDLV SRXUUDLW DYRLU XQH LQFLGHQMH DRW\OHKH STHJ BRIG
GIDFFXPXODWLRQ PHW HQ MHX GH\Y YWLIMKH @ H3/H POILPIELVIRIH V
RUJDQHV GH VWRFNDJH OD FRQFHQWUDMXRO® PHIERAXP&B p
FRQFHQWUDWLRQ GTH[SRVLWLRQ PRX\G pJDDHPIHQXNW BGW LRD
GH OLDLVRQ &H PpFDQLVPH D QRWDPPHOQEUZ\®p GpHRMULW S
SRXU GHV FRPSRVpataBHUIOXRUpV /LX

'"f{DXWUH SDUW OH S\UqQH SUpVH@WW]XBF 3P ROH CEHDQUW
FKH] OH JDPPDUH GX PrPH RUGUH GH BEXXRCHXWLRQHHVM 9
GIXQH ELRWUDQVIRUPDWLRQ UDSLGWLR® £+ B\BRQY HW \T
i OTH[FHSWLRQ GH OfpWXGH SUpVHQDXFX QD QW XGH PO XV
FLQPWLTXH QYD p@fossBrthQHHSRAMPU j GHV +$3 HW OHXU
ELRWUDQVIRUPDWLRQ

&HV WUDYDX[ RQW PRQWUp TXH SRXOU\PHW VOHHP F/@ B L H\
OD YRLH GIDFFXPXODWLRQ SULQFLSDEMH BHKO MH. VB DAH O 1S
K\GURSKREHV GHV FRQWDPLQDQWYV pOWXGL@N LEUQXHQBH W
FLQPWLTXHV GH ELRDFFXPXODWLRQ Hs DO UDH 8 URRBIDLD MWPWH
FKLPLTXHV

JHV IDFWHXUV HQYLURQQHPHQWDX]

/TLQIOXHQFH GHV IDFWHXUV HQYLUR® QH B HSDWD XV IV W X
LFL ELHQ TXH FH YROHW DLW WRXW BXWVSHRQOL QPSR W B C
OfpWXGH GH OD YDULDWLRQ GH FHW IDFSHKRIFK 16D GVH D OF F
HQYLURQQHPHQWDOHY REVHUYpPHV BXPpWOHPRGWUPLTXH(® |
WURSKLTXH HVW OD YRLH GYH[SRWW p R GLHHYF CHMVHF S RVX
SDUWLFXOLHU SDU OH VPpGLPHQW O®IMNGHWH XKX¥L O R HYG U&H
WHQHXU HQ PDWLQUH RUJDQLTXH 02 H®IVBLR G XDHRQILE SRI
FRQWDP(@DHOMAW OD 02 pYROXH DX FRXUV GIXRWHPSV TSUR
FRQGXLW j OD UpWHQWLRQ FURLVVD®YWHOAHY FRPSRVpV K\(

3DU DLOOHXUV GDQV OH FRQWH[WHHQWYV F®ORWB W WILHH

&KDSLWUH 'LVFXVVLRQ JpQpUDOAR®WDBLD DR W HW QWAHWNSPFLHIQNYH RQQHP|



YDULDWLRQ GH OD WHPSpUDWXUH \WJIWD IOM WWUHHQ pIW X G LHh® K
SUpVHQWH OD FDSDFLWp j PRGLILHU VAHT&GHYBRVUSGRWFH
ELRORJLTXHV GHWtHVSqFHV 1R\HV

3(57,1(1&( '( /1287,/ '$16 /1(9$/8$7,21 '8 5,648(

(19,5211(0(17$/

/JHV PRGQOHV 7. SHUPHWWHQW G TpWDIE@L B UXI® @LLVHH H G
FRQWDPLQDQW GDQV OH PLOLHX HW WDL¥RROVHGRQDWIL
SUHPLqQUH pWDSH HQ (5( &HSHQGDQWYV\®Dp YDRIKPFHWHDQYXQ
WR[LFR G\QDPLTXH TXL SUpGLW OHVIOQLNMWH {5 DRRQID R
FRQFHQWUDWLRQ LQWHUQH 3DU FRGHWPTH HOWW SO XNLOHD |
VHURQW OHV SUPGLFWLRQV GHV HWHKGMYV /BVIKXQWILR L DM E
XQH PHLOOHXUH pYDOXDWLRQ GX UISBPXHF L/ HH VW GERIQE 1818
GDQV VRQ XWLOLVDWLRQ HQ (5( FRRBHWLFRRDW SR XQ O/UH
G Xp N

')),&8/7(6 5(1&2175((6
$X FRXUV GH FHV WUDYDX[ GH WKqWH QE8RWIHXHW GLpl
RUJDQLVPHV HW PROpPFXOHV pWXGLpV

JTXWLOLVDWLRQ GX FKLURQRPH D UPVWQGH KR FFRHUW
GH YLH DX VWDGH ODUYDLUH / GHH EBRXENXPRPLIPWPRQVH)
PWXGLpH $LQVL OH WDX[ GIpOLPLQBWLRRQQppW pGHMIBIRP
SRXYDQW LQWURGXLUH XQ ELDLV GOX % UREO ¢R/HY GRHD WD RQ
O D ER U DRWR& atltaGAF-R UWDOLWp VA\VWpPDWLTXH GHV DEXOWHYV
FKRLVLU XQ DXWUH JDV\RadikReSiR@ara GAIRIDXH GRXGHOH GIpW
3O0XVLHXUV K\SRWKgVHV RQW pWp HIQWNh V®H p8 TH DU LRFL\BH
FXLYUH DXTXHO OHV PROOXVTXHVY VRQW SDUWLFXOLQUHPH

3DU DLOOHXUV OH GRVDJH GHV F RiIQRIQPLLRDIDHW \H QWY FJHHV

J FH TXL PYD FRQWUDLQW GDQXQOVHIOXSRIUGW GEI MH S
SRLQW GH SUpOQYHPHQW 'H SOXV X@R®KI FIUQIMYW M Vp @
GLVSRQLELOLWpP GX SURWRFROH G YHI[W WBOHAWG R Q GH\W UBH B YH
PWp GpYHORSSpV DX /37& SRXU OfHQVHRMEPHS\EHVSRRQ W
POPWDEROLWH GX S\UgQH TXL D pWp XOQULFHWHBRQWVEBQRY HB R/
GIDGDSWDWLRQ GX SURWRFROH G fH{WWPPW URIQV &M Vb W P I
SHX SOXV ORQJ TXH SUpYX

&KDSLWUH '"LVFXVVLRQ JpQplODOE T BHOXNO\Y HRF H & HJ IOWTRXHWVH Q



SHUVSHFWLYHYV

3OXVLHXUV SHUVSHFWLYHV SHXYHQW OWUSHGOGWRQRQFHYV
PRGqOH HW VRQ FDGUH GYLQIpUHQFH GDYRWVY DXI$HWVRY
RSpUDWLRQQHOV HW UpJOHPHQWDLUHYV

'"f{DXWUHV SRLQWYV GTRXYHUWXUH FRGUOHLHQW RWRH FB
H[HPSOH OH SURFHVVXV GH GpSHQGD &RHO DO DDRR QMH @V UD
WHPSV GHV FRQFHQWUDWLRQV GTH[SRYLOD RFRRQFHQWX0OW
SKpPQRPQQH GH VDWXUDWLRQ SHUPHWWHBVWV GGH PWHIX[Q ¥
PHPEUDQDLUHV RX GH VWRENDJH GHV VFRQWHDWPWQBDQWW\V HRA
LQFLGHQFH VXU OHV FLQPWLTXHV GH DFEXWPKOD WV RRR QFHH O
GIH[SRVLWLRQV pWDLHQW VXSSRYVpHWR¥RIQYW DQMUH\D EEDAHR
OTHQYLURQQHPHQW

3DU DLOOHXUV OD SULVH HQ FRPSWHIQ®HMV UM W & WV U
PRGGQOH WHOV TXH OD PDWLQUH RUJQQLITHW QO SBIPSpWD
GIH[SORUHU OJLQIOXHQFH GH OD MRI\EDQWHY RV XDQQ M X HF LR
ELRDFFXPXODWLRQ GH FRQWDPLQDQWW O6lV G-IR @& D F XQ D)\
LQJpUpH SDU OHV LQYHUWPEUpPV EH®WKHDXHVXHW HFSALHEX
FRQWDPLQDWLRQ &H GpYHORSSHPH®W DAMUDQW XD GHR G\N
OfpYDOXDWLRQ GH OD GDQJHURVLW p pGHDW VRGLBHQ®/R/Q R
VXUYHLOODQFH VIDIIUDQFKLU GHPOIR WD WXVDMOLR/Q \G B DQ VH
ODERUDWRIL &tH ISWLNHXHQ FRPSWH GH OD 02 GBHEW3DL WUD
DLOOHXUV OD WHPSpPpUDWXUH SHXW @WIWFEWRW DPH HRKW H
GpJUDGDWLRQV DLQVL TXH OHV SWRFHNMYKIMVEDR® R J LD IHR/F
,O VHUDLW GRQF SHUWLQHQW G YpWXGLHEURDRK SO XIPXSIDAML R &
LQYHUWPEUpPV 'H SOXV OH S+ SHXWDDILMPW HHUN O®DD 8 K\ XIQRK
PHVXUH OD IRUPH FKLPLTXH VRXV ODTXHRIOpH XOM VF BRW D
VHXOHPHQWetabtDPHOLQN

/INDETXLVLWLRQ GH GRQQ LIPS CHLTXDMAW XGNYV RUJDQLVPH
OfTHVWLPDWLRQ GHV SDUDPgWUHV 7X@H PDRUJDHQIpQ@IKHYD
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GLPLQXHU OTLQFHUWLWXGH LQKpU.HMTE j VO B X WOLIDE R/ DDWL R G
G R Q QskLV

/ID PLVH ] GLVSRVLWLRQ GX FRGH GHY/DGIRNVIHELIW Y WR XSV

FH FDGUH GH PRGpOLVDWLRQ HW GWLQ TDRXMQUAHY | VXIED/XWDUH
SDU H[HPSOH j GHV PpODQJHV GH FRQUMWRFPPANVNQY XY VGH FRPYSH @A

/H PRGgQOH 7. SRXUUD rWUH XWLOLYVpUFRPIPGH B XOM.\D F&H
H[SPULPHQWDX[ GHVLJQ H[SpULPHQW DHK[H PEIDMV D¥H F DR
REMHFWLI GH JDJQHU GX WHPSV HW DOQ HH G PULIPXH/DLVRIWGE IR D

7RXMRXUV GDQV XQ REMHFWLI GYpYDOXBEWURA[IGRSOHLI
LQWpJUp j OD SODWHIRUPH 026%,& S UpTPpiG D&EBIOGEQ D O\V H
'H SOXV GDQV FHWWH SHUVSHFW MWpH I\ Y5H{U Lj GO B VEAL RSIHRUS/DLL
FHV VXEVWDQFHV GDQV OD FKDVQH WWUREKIWXE8H $ARYVL
OfRUJDQLVPH FRPPH XQ HQVHPEOH GBHW BYLIHXHYWR PREWDL
FRQVWLWXDQW RUJDQRWURSLVPHWERQDVSRIGRHWWHUGLWS
OHV SUPpGDWHXUV RX OHV FRQVRPPDWKXLUYFRBD\G PLHI/H QW
RUJDQHV GH VWRFNDJH SDUWLFXO HNWW \D DH@p S/IRYMI L F R Q/ILIR(]
SUPGLFWLRQV GHV HIITHWV VHURQW SOXV SUpFLVHV

SHUVSHFWLYHV



SpIpUHQFHY ELEOLRJUDSKLTXHYV

((& 'LUHFWLYH ((& GX  MULPWHRQ GH VXL YOHDQ WHH!
GH FHUWDLQHV VXEVWDQFHV WRI[LTXHIR GBPH @E K $ OO
LOQWHUGLFWLRQ GpILQLWLYH GHV 3&%((HQ 6XLYDDH®DO
GLUHFWLYH (& SUpPYR\DQW OfpOLPLQDWLRQ GH FH\
&( ' 'LUHFWLYH &( GX 3DUGHKPHQRFWRE GK &R
PWDEOLVVDQW XQ FDGUH SRXU XQHBRDQW IGTHK I FHRIPXP X
&( ' 'LUHFWLYH (XURSpPHQQH QfGX 3DGXHPIHGWLEUWRS
GX &RQVHLO SRUWDQW YLQJW TXDWULQPH&PRGIXILFDW
&RQVHLO UHODWLYH j OD OLPLWDWDRKP §6RQ DG PILFHUW

VXEVWDQFHYV HW SUpSDUDWLRQV GDQJHUHXVH
RFWDEURPRGLSKpQ\OpWKHU

&( ' 'LUHFWLYH ILOOH GH OD ®HWHMMLYHXDOLW
HQYLURQQHPHQWDOH GDQV OH GRPDQUWH BY G BIBDXW P¥
&RQVHLO & (( & (( & (( &(&(HW
PRGLILDQW OD GLUHFWLYH & (

&( ' 'LUHFWLYH 8( GX 3DUGRPNOGWOHG K RS PHRE W
PRGLILDQW OHV GLUHFWLYHYV &( KWWHUQH O8H{V t
VXEVWDQFHV SULRULWDLUHV SRXWDBD SROLWLTXH GDQ

$ +XVVDLQ 4 ODFURLQYHUWHEWRWHVHERORNUFD®\V DBV
$EGDOODK O $ ( & B8FKHD - . &KLSPMP®QWQBVE OHBV

ELRWUDQVIRUPDWLRQ RI KH[DEURPRFWORGR &HESDH. FE
FHOOXODU IUDFWLRQV (QYLURQPHQWDO 6FLHQFH DQG

$)125 "HWHUPLQDWLRQ RI WKH 7RHEGWW\ VRR RXKLWKR QIR
SLSDULXV 3DUW IDWXUDO 6HGLPHQWY :DWHU 4XDOL
$KPDGRY 1 $JD\HYD DQG 1 6DGLIJRPQRSDUWLUIKMHVYPRC

HPEULRQDO DQG SRVWHPEULRQDO GHYHQRSGHQWD LC
(XURSHDQ -RXUQDO RI %LRPHGLFDO DQG /LIH 6FLHQFH\

$NVHQRYD 2 0 9LQDUVNL , %RORWRY 3RPRQBIFRNRY DG
DQG 0 *RIDURY 7ZR 5DGL[ VSS *RGWMBRESRER
WKHUPDO VSULQJV DURXQG /DNH % D LGNHD\OS WHHIS® HVDHEQ.\
DXULFXODULD -RXUQDO RI =RRORJL5AHDMMHBWAKHPDWLFV

$0 +DVVHQ 6 $ -DIDU DQG , $0 GDERMRINUDW L Y(N VDIERXDWH
RI VRPH KHDY\ PHWDOV RQ WZR IUHVKZDWHU VQDLOV

$OL $ DQG & ORUULYV ODQDJHPHGWHRI QRB® BBLOVIYQ JR
JORULGD OHGLFDO (QWRPRORJ\ /DERUDWRU\ 7THFKQLFD(

$OPDPRRUL $ . $0 ORUVKLG\ 5 %DQDRIOHMXO® $ % DRSKD ¢
RI KHDY\ PHWDO WR[LFLW\ LQ /\PQDHREWHK W[ERYRUHD , 2
(67)7

$OULF % 2 *HIIDUG $ &KDQGHVUALV3IHUPHYNERO 3ILI)DE
9LOOHQHXYH DQG $ &KDXPRW OBl © WRLQY X&ELVIWDEQ F
*DPPDUXV %LRDFFXPXODWLRQ 5HYHDO WIK®D WL R HRF
6WUHDP ODFURLQYHUWHEUDWH $EXQ G D® FeH\L HIDFFHR V V
7HFKQRORJ\

$PRULP - , $EUHX 3 5RGULJXHV 6DBBLMNONR & EIDQKHL]
*XLPDUmMHV DQG / 20LYD 7HOHYV VKPRQWHD WR®HC
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LQYHUWHEUDWH IRU HFRWR[LFROR JIQPOLQJ RFAVPHIAW YV 6 F

$16(6 eWXGH GH OfDOLPHQWDWLRQ WRWDOH LQIDQWL

$UPLWDJH 3 ' & 36 3LQGHU / &9 %LRORKMN BEE UHRFRRCP)
QRQ ELWLQJ PLGJHV /RQGRQ

$UQRW - $ DQG ) $ 3 & *REDV WUBWIHRQHDFRNRALRFE
ELRDFEFXPXODWLRQ IDFWRU %$) DVVHYQPB®DJWNWLRU
RUJDQLVPV (QYLURQPHQWDO 5HYLHZV

$UQRW - $ ' ODFND\ DQG 0 %RQQEROLF EDRWVWDRRDRW
UDWHV LQ ILVK IURP ODERUDWRU\ G3D®KHRRQWWURQPHQ!

$UQRW - $ ' ODFND\ 7 ) 3DUNHUWRKQ GDWOGE®D YV RRIQH
ELRWUDQVIRUPDWLRQ UDWHV IRU RUJDRORPRBKHPQED
&KHPLVWU\

$VKDXHU 5 , &DUDYDWWL $ +LQWHURHRIMAXP XDO® R Q
RI RUJDQLF [HQRELRWLF SROOXWDQWNPPEQUWYHS XOHIY |
PRGHOHG ZLWK SUHGLFWLRQ LQWHUYDGKHRPQYWWRQF

$VKDXHU 5 DQG % , (VFKHU $GIY QG WDR H\F RRG \ QADFP)
PRGHOOLQJ LQ DTXDWLF HFRWR[LFRP®JJRMQ® ULVN DV

$VKDXHU 5 $ +LQWHUPHLVWHU , GDWDYDWWEKH$ .UHV
7R[LFRNLQHWLF DQG WR[LFRG\QDPLF HRBIHD\LQURR[S
H[SRVXUH WR GLD]JLQRQ E\ VORZ RUJDBOLNOFHHBRGHI
7HFKQRORJ\

$VKDXHU 5 $ +LQWHUPHLVWHU ,HD®GRQQRYG P (O X(RHF@NK |
6LIJQLILFDQFH RI [HQRELRWLF PHWDERPWL VPl IRWIEQRK
FKHPLFDOV LQ JDPPDUXV SXOH[ (QYLMWRQPHQWDO 6FLH

$VKDXHU 5 DQG 7 -DJHU 3K\VEBERRVL¥SOFPRG H\Q 8 | WD
WKH NH\ WR SUHGLFWLYH HFRWR[LFRWRHV (Q,PISIDEEGPH C
$WOL * DQG 0 *URVHOO & K D U IDFOMHRL] | TEWD IQRAQ VD QW HP

WLVVXHV RI WKH IUHVKZDWHU SRQG \WFXMOH RARQSOHL
H[SRVXUH $TXDWLF 7R[LFRORJ\
%DEXW 0 &RQFHSWLRQ G XQH GHWVUBPRPWIDH LGIHD @ WIVO DR
GDQV OH EDVVLQ 5K{QH OpGLWHUUDQQpH ,UVWHD /\RQ
%DEXW 0 % )HUUDUL 0 /DX]JHQW &L L MR®EQHMW %BRSE LD
D $FFXPXODWLRQ GH FRQWDPLQIDEQWY BWLBRLWDQV |
GRXFH )DFWHXUV GYDPSOLILFDWLRQ GWXRSFOLJTKH OSF
SHUIOXRURRFWDQH VXOIRQDWH HW OHIDIRU\BURPREL S
%DEXW O % - ' )HUUDUL 0 /DX]HQDEIDXGLH PRQ®@ HW %XS
E $FFXPXODWLRQ GH FRQWDPLQDEENVY VS HMR SIRW DY E
GIHDX GRXFH )DFWHXUV GYDPSOLRED\WORG R\GHR S IQIHT
SHUIOXRURRFWDQH VXOIRQDWH HW OHV SRO\EURPRGLS
%DEXW O $ 5R\ & /RSHV DQG 6 BQDGHINDSRLVVR@RGWD
SDU OHV 3&% HW G DXWUHV FRQWD BKQ®H Wp/G § Wb WILDIQ
'PWHUPLQDWLRQ GH IDFWHXUV GYDFBXRXX®6DWLRX V p'GH
GDQV OH VpGLPHQW DX GHOj GH ODTpSHDO/VH U0 BV S/RILX
UpJOHPHQWDLUH GH FRQVRPPDWLRQ & HPLDIDMALR Q' 5G $i/
EDVVLQ /\RQ
%DOLDQ ( 9 JUHVKZDWHU $Q L PID@J HLY H H WKW U \D\QGHOAV P
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%DQGRZ & DQG / :HOWMH "HY H /R S\PHHNQW ZR.IWIKQWHRE S |
/\APQDHD VWDJQDOLV XVLQJ WKH PRGMRQVXEYWHD@WH
7RWDO (QYLURQ

%DUYQ ( * 6DQWtQ ( (OMDUUDWHQ®H Rl %OD¥MDF DQG B
KDORJHQDWHG IODPH UHWDUGDQWYV QG WOIFSH B H DWW DU
EDVLQV 6SDLQ -RXUQDO RI +D]JDUGRXV ODWHULDOV

%DUVL $ &RXSODJH GIDSSURFKNWI IHFEFUSRNQ WD OW X
PpFDQLVPHV G HIIHW GH SHUWXUEDWHXWWBQGRFUPQDI
VWD JIQDPRORILH (QYLURQQHPHQW $JURFDPSXV 2XHVW

%DXGULPRQW 0 6 $QGUHV * 'XUULHX NDMOGURO H%RXG
PHWDOORWKLRQHLQV LQ WKH ELYDBSXUDRWLERF XSKD V € X
LQ VLWX H[SRVXUH WR &G DQG =Q $TXDW 7R[LFRO

%HUQLOORQ 3 DQG ) < %RLV RN LBQWDMLFY AR E B O LIQ/IV X3H §
SHUVSHFWLYH (QYLURQPHQWDO +HDOWK 3HUVSHFWLY!

%HUWLQ ' % - ' )HUUDUL 3 /DEBINGDHUS$ 56 EH DX G RPLEL
- *DUULF + %XG]JLQVNL DQG 0 %DEBWGHSXUBMWILR]
FRQVWDQWY IRU IOXRURDON\O FKHPLHDROQY WRH&EDVRY
H[SHULPHQWDO UHVXOWV DQG PRGHOOQWDO (BRWRYL I

%HUWLQ ' % - ' )HUUDUL 3 /BEBKIGHLGVEDSQQ+RXEGHUU
% DEXW %LRDFFXPXODWLRQ RI SHWiIO&RIUURRDMDRAR R VF
ULSDULXV ODUYDH H[SRVHG WR VHGLPHQW (QYLURQPI

%HUWLQ ' 3 /DEDGLH % - ' )RUUDURUG 6D SoX3 ]EQVINLU
%DEXW 3RWHQWLDO H[SRVXUH WRXRWH\S DG DFGE

SHUIOXRULQDWHG DON\O FRPSRXQGV IRUXD VISISVKZI
&UXVWDFHD &KHPRVSKHUH
%HUYRHWY / * OHUHJDOOL : 'H &RRPON % *R&GBHHI PV |
ODUYDH &KLURQRPXV ULSDULXV |RUXRWKOD\WVR @ VMPRH
VHGLPHQWY LQ VLWX (QYLURQPHQWDO 7R[LFRORJ\ DQC
%HVVH - 3 0 &RTXHU\ & /RSHV $ /DEMGLRIW DO G%X GJH IQ
D &DJHG *DPPDUXV IRVVDUXP &UXVWDFH® K DHV
FKDUDFWHUL]DWLRQ RI ELRDYDLO D-EDMDORDIWDIRUQ D WR.
WKH GHWHUPLQDWLRQ Rl WKUHVKROG YDOXHV :DWHU '
%HVVH - 3 0 &RTXHU\ & /RSHV $ /DEDGRRW DO GY%X GHIQ
E &DJHG *DPPDUXV IRVVDUXP &UXVWDRHDH DV
FKDUDFWHUL]DWLRQ RI ELRDYDLO D-EQDMDPORDIWDIRUQ D WR.
WKH GHWHUPLQDWLRQ Rl WKUHVKROG YDOXHV :DWHU '
%LOLWHZVNL % 5 0 'DUEUD DQG '%®DHWGHIDRQDJIJHPHQWR
&KHPLFDO $GGLWLYHV , 3URGXFWLRIH@RDJIH DQG (QY
%LOORLU ( + 'HOKD\H % &OpPHQW 60 &KDHOHM HW W ¥ D X
PRGHOOLQJ Rl GDSKQLG UHVSRQVHV WRQWQP HRUDW RQ
DTXDWLF PLFURFRVPV (FRWR[LFRORJ\ DQG (QYLURQPH
%LQHOOL $ / *X]]JHOOD DQG & 5RVFL@OU SURILOHNH
SRO\EURPLQDWHG GLSKHQ\O HWKHUV \BRUYK DL QI G:-RIFE U
/IDNH ODJJLRUH ,WDO\ (QYLURQPHQWDO 3ROOXWLRQ
%RLVVHDX[ 3 'PYHORSSHPHQW G HFRDEKKH®H VJ BVMWPPXR
G HDX GRXFH /\PQDHD VWDJQDOLV HW DSSOLFDWLRQV |
%RRLM . ) 6PHGHV ( 0 9DQ :HHUOHH DQCGLBROPKQWR
PRQLWRULQJ RI K\GURSKRELF RUJDQLFVHRYWDRUYRQ
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VHPLSHUPHDEOH PHPEUDQH GHYLFHV RORUVURQPHQWDC

%RRQ - 3 - YDQ GHU OHHU & 5 JMROBKIBQ (5/HRQDI GV
6SOLLG ( 6WRUU +DQVHQ & OF.HQ]LHQFMN@G® UD LRI
GHSHQGHQW FKDQJHV RI 3&% SDWWHWXRWDIOQ HY V& HHITPM
LQGXFWLRQ RI F\WRFKURPH 3 $UFK (QYLURQ &RQWDF

%RXpWDUG $ & 1RLURW $ / %HVQDUBREH %R X.KRES '/
/IDJDGLF DQG 0 $ &RXWHOOHF B LIS RARPILDFHQIFY R X U
LQ WKH SRQG VQDLO /\PQDHD VWDJQDYH® LDLWROMHAR
UHVSRQVH WR GLTXDW LQGXFHG VWUHVV (FRWR[LFROF

%RXUJHDXOW $ DQG & *RXUOD\ )UDQBPLQDW IOR® LMVOR @ DG
&RPSDULVRQ RI ELRORJLFDO DQG SK\VLWFRHFKHPNLBOC
(QYLURQPHQW

%UDQGVPD 6 + [/ 7 9DQ GHU 9HQ UGVH %RH,GHQW&IZFDW
K\GUR[\ODWHG PHWDEROLWHVY RI KH[DBQRPRFGIORGR
H[SRVHG :LVWDU UDWV (QYLURQ 6FL 7THFKQRO

%URRNH / 7 * 7 $QNOH\ ' - &DOXWDBORBQIVHIQ W RZRINJK
FOHDUDQFH UDWH IRU WKUHH VS HFLHM R P HQHWIX@ DI\R HLLF
DQG &KHPLVWU\

BUXQHW - ) (WDW GHV OLHX[SDOXUOMY SR GHOEWQR ® I&
$FWLRQV GHV SRXYRLUV SXEOLFV ([HPSOHV GH GpFRQ
%XG]LQVNL + , -RQHV - %HOORNT & 3(LYpUDMXDBW IDRUGS Rl V|

FRQWDPLQDWLRQ E\ SRO\F\FOLF DURHDNMWMVFXD\WB\U RPLJUE
&KHPLVWU\

NXWOHU * SBULQFLSOHV RI HFRWRILNRORJ\ :LOH\ HGL\
&DFKRW - 2 *HIIDUG 6 $XJIJDJIJQHXU BHMFEKURW|[ -. & R XOMH;
'"HQLHU O + 'HYLHU ' 3RWWLHU DQBH+RI%IXHIJR@\RNLF

UHODWHG WR KLJK 3%+ FRQWHQW RIKHHGHPE&BWAW W& D!
1RUPDQG\ )UDQFH $TXDW 7R[LFRO

&DUUDVFR 1DYDUUR 9 , - JHU - HQ®RQEDQHROO 9IDQG.XN

%LRFRQFHQWUDWLRQ ELRWUDQVIHRWH DWLREH QG

FUXVWDFHDQ *DPPDUXV VHWRVXV $PSKLSRIGDH DW
(QYLURQPHQWDO 5HVHDUFK

&DUUDVFR 1DYDUUR 9 0 7 /HSSIQHQ. -.XRNRRE®RKRDQHQ
7URSKLF WUDQVIHU RI S\UHQH P HWIDER OU R/M \2 DLYIR FKRX(
IXPEULFXOXV YDULHJDWXV WR MXY&QHPRVEBHKRD® WUR

&DUULHU * 0 %RXFKDUG 1 + *RVVISQRQOD®QBNLRQ COHWM |
WR[LFRORJLTXHV GHV ELSKpQ\OV SR OVBKMRU pFXE QV WX
AXpPEHF

&DUVRQ 5 BLOHQW 6SULQJ) IMWHLNQ HGLWRU 5DFKIH
&KDOOHQJLQJ $XWKRUV 6HQVH3XEOLVKHUV 5RWWHUG

&DVDGR ODUWLQH] 0 & / ORODQR /$GHRQ F D YWDIRG M HIHY Q/H

% - ' )HUUDUL ,PSDFW GHV VEGHPX QXU YKXUOOI
PFRWR[LFRORJLTXH GH OD TXDOLWp GH OD ULYLqUH 9H
&DVDGR ODUWLQH] 0 & % ' 6PLWK D7 DBQGH® 9P OBINL QER

D %LRG\QDPLF PRGHOOLQJ DQG WKHDSHHBHRWIOR
FRQFHQWUDWLRQV LQ WKH SRO\FKDHWH 3RIHD{\WRRQ
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&DVDGR ODUWLQH] 0 & % ' 6PLWEDIZQERZHO 9D B\D WKZ®
RI WUDFH PHWDO XSWDNH LQ WKH OORJZRRORUHQLFROD
&DVDGR ODUWLQH] O & % ' 6PLWK 6 QERZXRPD DQ
%LRDFFXPXODWLRQ RI DUVHQLF IURPIEB®IHUW BRO \FKO L
$UHQLFROD PDULQD $ ELRG\QDPLF RRERHDROILQJ DSSU

&DVDGR ODUWLQH] 0 & % ' 6PLWK DWGHW/LEJ SMHWYE
ELRDFFXPXODWLRQ IURP HVWXDULQH WBIG LLPHNQVDW V& RFP
SRO\FKDHWH $UHQLFROD PDULQD -RXUQDO RI 6RLOV D

&KDUOHV 6 9 'XFURW ' $]DP 5 %HQWWHBGP S KK QDWW F
*RQFDOYHV - : *UHHQ + +ROEHFK DRG® L7PL4LGXWHKK
GHVLJQ RI D UHSURGXFWLRQ WR[LFLW\HY HYWD ZQ V&L
5HIJXODWRU\ 7R[LFRORJ\ DQG 3KDUPDFRORJ\

&KDUOHV 6 DQG & /RSHV 7.7 PRIBMWQIRXSH TH R L
UHFKHUFKH (FRWR[LFRORJLH $TXDWLTXH ,UVWHD $QWHF

&KDUOHV 6 3 9HEHU DQG 0 / 'HOKRJQMWEWH OXWHAHIDFH
VWDWLVWLFDO DQDO\WHV LQ HFRW B[ L3FRROCRIW L RIY EHR €

&KDUURQ / %LRPDUTXHXUV pQHUJHWX TXRXFFKH]PPQ
IRVVDUXP 'pYHORSSHPHQW OLHQ DYGIFF D W LVRXF Fd/ VL
&KHQ & & DQG ' 7 ) .XR % L R RRFREERIDQQW UBRQRQ FIF

LRQL]J]DEOH RUJDQLF FRPSRXQGV LQ DR ISKQGS R HRLYMW B

&KHQ ' 5 & +DOH 0 - /D *XDUGLD + I1IXHEODWQ 6 .LF
+H[DEURPRF\FORGRGHFDQH IODPH UHMWDWARQW DY ¥YRW
(OYLURQPHQWDO 3ROOXWLRQ

&LQFLQHOOL $ ) 3LHUL 7 ODUWHKXEEDQI6 OH G DOMVIVER QIVQ

.DWVR\LDQQLYV $WPRVSKHULF R RAXWLRHQRH RO G % T
LQ DQ LQGXVWULDOLVHG DQG XUEDQDQGH®LR |4 XDROU K
5HVHDUFK

&LSDULV 6 DQG 5 & +DOH % LLRDK G LOIDIKHOQ VD\ HRW KSH

UHWDUGDQWY LQ ELRVROLGY DQG RBKNHW®W H H&PERQ RX
YDULHJDWXV (QYLURQ 7R[LFRO &KHP

&OpPHQW % 1 &DX]]L 0 *RGGH . &URIHM QBQWR]L FELKAH
DTXDWLF SHODJLF DQG EHQWKLF RURBFGNWPPW H\QMVLQJO |

&RHXUGDVVLHU 0 $ GH 9DXIOHXUG 3 GF®%BGRWU ( ORIk
RI &DGPLXP RQ WKH B6XUYLYDO RI 7KUHUY 3XI®IPRQDIHY
/\PQDHD VWDJQDOLY OROOXVFD *DV@QWRGS RRRDW®ROQH
DQG 7R[LFRORJ\

&RPPLVVLRQ (XURSpPHQQH &RPPRQ WPKSHD HIP\M B W DWDLARH)Z F
'LUHFWLYH (& *XLGDQFH 'REXPHOQRWULL®I 7K
LPSOHPHQWDWLRQ RI (46%,27$% XQGHU VBIOH D&V HU )UD
(XURSPHQQH HGLWRU

&RXODXG 5 &RXODXG ORGHOOLQRR W | [ FIRKDRQILHF DRO
DVVHVVPPHQW PHWKRGRORJLFDO G HYUHRLRYMHUQWH\E UR
*DPPDUXV SXOH[ FUXVWDFHDQ DQG FORGP RSQUYXW DIQ
&ODXGH %HUQDUG /\RQ ,

&RXODXG 5 2 *HIIDUG % ;XHUHE ULFDFD]RKBU@XPD Q
&KDXPRW ,Q VLWX IHHGLQJ DVVD\ XVWRFHDPPD
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ORGHOOLQJ WKH LQIOXHQFH Rl FRQIRXQGKQODLWD\FWI
ELRPRQLWRULQJ :DWHU 5HVHDUEK

&RYDFL $ $ & *HUHFNH 5 - /DZ 5 QRRHNBRHOMVDLHRKE
$O0OFKLQ DQG - 'H %RHU D +H[DEURIP®FWHORGR
HQYLURQPHQW DQG KXPDQV $ UHYLHZ KQRDWROQPHOC

&RYDFL $ $ *KHRUJKH 2 +XOHD D@ DQEFIGHYMLE XW
RUJDQRFKORULQH SHVWLFLGHV SRQ®RFKQRW HGD @&/IHIXK HE
HWKHUV LQ VHGLPHQWY DQG ELRWD |WQRR URIQHW HQ Q/DE
3ROOXWLRQ

&RYDFL $ DQG * 0DODUYDQQDQ VW URCPIHQDWHG 1O
+DQGERRN RI (QYLURQPHQWDO &KHPLVWU\ 6SULQJHU ¢
&RYDFL $ 6 9RRUVSRHOV DQG - GRI %RRBLQDWHE&WO!

UHWDUGDQWY ZLWK HPSKDVLV RQ SRO{EURPQQDWH
HQYLURQPHQWDO DQG KXPDQ VDPSOHR®DOHYLHZ (QYL

&UDLJ $ D + / DQG &KDUHVW 3HFW @G H[ISRWIXHUH SHJILP
LQWHUQDO GLVWULEXWLRQ RI FDGPLXQFNHRWHKLURYR A
$TXDWLF 7R[LFRORJ\
&URWHDX 0 1 DQG 6 1 /XRPD U A B LLFAL MQ J | ULIRHPW EHR\
,QIOX[HV (QYLURQPHQWDO 6FLHQFH 7HFKQRORJ\
&URWHDX 0 1 / +DUH 3 * &DPSE HIOHQWV CDAQAER W K& RQLHL QD
ELQGLQJ SURWHLQ LQ WKH ELRPRQIDMRRGKIDIRE RURX YD P E
PHWDO FRQFHQWUDWLRQV LQ ODNHV (QYLURQ 7R[LFRC

'DQJOHV 2 0 2 *HVVQHU ) *XHURO®SDREY (R I1&KBHUH
DFLGLILFDWLRQ RQ OLWWHU EUHDRBRAW HFP $0Q F VWR &
-RXUQDO RI $SSOLHG (FRORJ\

GH LW & $ $Q RYHUYLHZ RI EUR®LYHKWHIEQ YQDRIQ PL
&KHPRVSKHUH

'"HOLJQHWWH OXOOHU 0 / & /RSHV 36WHEBHWWREBO6 KRR
UHSURGXFWLRQ GDWD IRU H[SRVXUH WHKWGRQ@VH PRGH

'L TRUR ' 0 & 6 =DUED ' - +DQWVDYUW] -& %HWBRZDQ &6
3DYORX + ( $OOHQ 1 $ 7KRPDV DQGFPOSEBDIXL®
HVWDEOLVKLQJ VHGLPHQW TXDOLW\ FPULEMBYLXVLRU
HTXLOLEULXP SDUWLWLRQLQJ (QYLURQPHQWDO 7R[LFR

'LUHFWLYH 8 'LUHEFWLYH Rl WKH &RMUREHO QR BIKMH. DR
8QLRQ IRU (QYLURQPHQWDO 4XDOLW\ BRORQPBDUGY LQ
2IILFLDO -RXUQDO RI (XURSHDQ &RPPXQLWLHV

'RQJ / | =KHQJ 6 <DQJ = <DQ : 'HUQYDQSG [YHYKZEDWHU
WKUHVKROGYV IRU KH[DEURPRF\FORGR\GRF EQR PLLQ® VFR
IODPH UHWDUGDQWY (FRWR[LFRORJ\ DQG (QYLURQPHQ

'URXLOODUG . * 6 &KDQ 6 2 5RXUNB * JRXIFKMHW +DII
(OLPLQDWLRQ RI SRO\EURPLQDWHG G LIBEE Qi B OHH\N W I
SRO\FKORULQDWHG ELSKHQ\OV 3&%\OLISMRIPR WRHP S0 B Q!
&KHPRVSKHUH

'X 0 / /LQ & <DQ DQG ; =KDQJ G HQDWQWHBRRUVRPH
DFEFXPXODWLRQ GHSXUDWLRQ DQG ERGRGRFEDQHW WIC
=HEUDILVK 'DQLR UHULR (QYLURQPHQWDO 6FLHQFH D
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'XYLOODUG 9 EGLQPWLTXHV GIGARKQPYAGIWURBQ MMXG IGE
GH VRQ VHV PpWDEROLWH V SDU XQHLOQYHAPRPWYXW pV EH
8QLYHUVLWp 3DULV "HVFDUWHYV

(DX JUDQFH JLEKH pWDW GHV HDX[ WBWISRQS$ 0(<=,(8 |
3DJH &RQVXOWp OH
(&+$ OHPEHU VWDWH FRPPLWWHH VX$FHRUWRQ GRFX

KH[DEURPRF\FORGRGHFDQH DQG DOG: FIDW B W GEDWWE Bl
YHU\ KLJK FRQFHUQ

(&+$ 5HSRUW RI WKH 3HUVLVWHQRPPUWNHIF BROWKK 2
LWV VHYHQWK PHHWLQJ $GGHQGXP 5LVN PDQ]
KH[DEURPRF\FORGRGHFDQH 3HUVLVWHQW P2WIDIQH. F
81(3 3236 3235&

O6s () 6 % 6FLHQWLILF 2SLQLRQ DR® WKH
7R[LFRNLQHWLF 7R[LFRG\QDPLF 7.7' HILNRWDRRBWORH
RI SHVWLFLGHV IRU DTXDWLF RUJDQLVPV ()6$ -RXUQDC

(IVD 3 R & L W ) & 6FLHQWELIEP RS RGHED RV + H PRE'L
JRRG ()6$% -RXUQDO
(ODQJRYDQ 5 . 1 :KLWH DQG & 5 OPWIRRK®®| DOX®BLEAL

WKH IUHVKZDWHU vQDLO /\PQDHD V@ /D@D BR ¥ MW DRI V

(QJOHUW 1 %DNDQRY - 3 =XEURE&EXIK 6FKXR]GCHDQAL® J
S5HPRELOL]DWLRQ RI 1HRQLFRWLQRLW BHNE® X HV S5IRIPYT
(ISRVXUH 3DWKzZD\ LQ 5LVN $VVHVVPHQWFK@RLARIQPH

(3% 8 D &KLURQRPXV WHQWDQV IR 8 X6HALFHR VY G O*HUA
IRU OHDVXULQJ 7KH 7R[LFLW\ DQG %LRFEDXWPK®OW
&RQWDPLQDQWY ZLWK JUHVKZDWHU ,QYHUWHEUDWHYV

(3% 8 E J/LIH F\FOH 7HVW IRU OHDVXRHQW BAKHR K LD
&RQWDPLQDQWYV RQ &KLURQRPXV WHQWRQV¥LVWHWDREBG
%LRDFFXPXDOWLRQ Rl 6HGLPHQW DVVRFLDWHG®& &R
' QYHUWHEUDWHYV

(VWOLQJHU 6 5 %HFNHU 5 O0ODXO D@ F\FORGIRGNFDQ
HQDQWLRPHUV PLFURVRPDO GHJUD G DAV PRHQV IDERO LS/DHN
(QYLURQ 6FL 7THFKQRO

)DULG : $ DQG : $ )DULG $ F XQV W 2/RR VIO MWD\ VR I REK ] H
$O0 $UDE ULYHU $/ 7$4%1,

)DXFKHV 5 O 7UDQVIHU Rl SRONBIWRKBIW L FFK\ISWIRFAD K @
VRXUFHV E\ VWDEOH LVRWRS\ 36/ 5HVHDUFK 8QLYHUVL

JHOGPH\HU % & : :KHDW 1 .UH]GRUM@JI%U 5RW W6KR U G
,OOXPLQD GDWD IRU WKH GH QRYR DAL\HWP @Q\DRN PUQRVY
5DGL] EDOWKLFD %DVRPPDWRSKRUD 8 XI\P\RHFIEVOBI U
SHUIRUPDQFH %0& *HQRPLFV

JHOWHQ 9 (IHIHWV GH O DFLGIQYFDXWLRQ & HROWRIILWY HD
O pFRSK\WLRORJLH GH *DPPDUXV IRVVDUKIPSRREPBK
$SSURFKH LQWpJUpH j GLIIpPUHQWY QLYHDX[ G RUJDQLV

JHOWHQ 9 * &KDUPDQWLHU 5 0RIQ\&R$ X*+HUD U G* D3J UBLREX \D\
*HIIDUG 3K\WLRORJLFDO DQG EHKDIX\RXSMMH [UH
&UXVWDFHD $PSKLSRGD H[SRVHG WR FDGPLXP $TXDV
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JHUUDUL % - ' ' $ / 9LJQDWL DRFXP-XORMLERIN NLQH Wb
HITHFWV RI VHGLPHQW ERXQG FRQWDPW®D YWY HZQL BK/ILL
XVLQJ D ORZ GLVWXUEDQFH LQ VLWX V\VWHP (QYLURQ!

JHUUDUL % - ' ' $ / 9LJQDWL ¢ 6]BAKQUND 8§ &HREXHRZ
&]DSOLFND DQG - 'RPLQLN & K U ALK PF E\L\R/MWHDALY
LPSDFWHG E\ WDQQHU\ ZDVWHZDWHUWDWBUWD QG HZQ LV
WHVWLQJ ZLWK &KLURQRPXV ULSDULXV6PHHQRA RLSWMK
7RWDO (QYLURQPHQW

JLVKHU 6 ' *RVVLDX[ . %UXQHU DQWL 3D W/IDR®BUXP W
WR[LFRNLQHWLFV RI K\GURSKRELF FRQWDRLQDHWDV
SRO\PRUSKD =HEUD PXVVHOV ELRORJ\ LPSDFWV DQC

JOLHGQHU $ 1 /RKPDQQ + 5¢GHO G -7THREGKBUWHFHOOP
&XUUHQW OHYHOV DQG WUHQGV RI VHO¥RWSHA R8LW\
VXEVWDQFHV LQ IUHVKZDWHU ILVK [URRPWRHEDHUP D (
(QYLURQPHQWDO 3ROOXWLRQ

JRUIDLW 'XEXF & 6 &KDUOHV ( %DOORLW DQG6HXUY LY
DQDO\WHV LQ HFRWR[LFRORJ\ FULRVG¥ DDOQ @ | PHRFG\H B R Q F
VKRXOG ZH XVH" (FRWR[LFRORJ\

JRUURZ ' 0 DQG / ODOWE\ 7 R Z IDUQ3G DQ P HEIK PRQ W\D P E (
LQGXFHG FKDQJHV LQ GHWULWXV S WQRFHMFAM JH LIGI P
GHWULWLYRUH IHHGLQJ (QYLURQPHQWDO 7R[LFRORJ\ I

JUDQN $ 3 3 ) /DQGUXP DQG % DURPDBWHF K\GBRPDRAERC
XSWDNH GHSXUDWLRQ DQG ELRWURGWRWPD \KHRQQEWL I
&KHPRVSKHUH

JUHGHULNVHQ O . 9RUNDPS 0 7KRPVHQXPDQGLOQWHUDD®V
HIWHUQDO H[SRVXUH WR 3%'(V D UH Y B Z QRY LQHRYQH -OH/D DX

)X 4 $ G5|VFK ' )JHGUL]IL & 9LJQHW %LQR® F-FXPROO WQ
%LRWUDQVIRUPDWLRQ DQG 6\QHUJDYWMLFUH WM EQY \+ \RIOH
DJWHFD DQG *DPPDUXV SXOH[ +RZ 'LIIHHFQWVELPLC
(QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\

*DUFLD *DODQ 0 - 0 6RUGHW $ OXIOHHWp - {FDOXDWLR
LQIOXHQFH RI VXUIDFWDQWYV LQ W KB PEHLROR D RXOGID IV
R[D]JHSDP LQ EHQWKLF LQYHUWHEUPW®W 6FLHQFH RI W

*HIIDUG 2 % ;XHUHE $ &KDXPRW $R&BIIDUKEEDFHLDIEDC
* &KDUPDQWLHU DQG 0 &KDUPDQWLHWEGD XPEV\RQLF:
GHYHORSPHQW LQ *DPPDUXV IRVVDUXP WS[EGLRADWL
DVVHVVPHQW (QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPL

*HOPDQ $ - &DUOLQ + 6WHUQ DQIWND SRBIOQAVLV 1HBZ\H
1< 86%

*HOPDQ $ DQG ' % G5XELQ ,QIHODQYERQUERA QW HX DX
6HTXHQFHYV 6WDWLVW O6FL

*HZHNH - %D\VHVLDQ ,QIHUHQFH LER QFRI) RPOW\G B L WRIG |

(FRQRPHWULFD

*LHVVLQJ $ 0 % /0 OD\HU DQG 7RORMRWEGBGXRUHYVFH!
VSHFWURPHWU\ RI K\GUR[\S\UHQH $GUHDSVIG L¥ BUWHRQI
3$+ H[SRVXUH LQ WLVVXH IURP PDULQH QSARIA F X BDWHACHM
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*ROGLQJ / $ 8 %RUJPDQQ DQG ' *HRHEIRDYPR@DELOLSA
+\DOHOOD D]JWHFD IURP D SHULSK\\WR®LBWHWQEBRPSBOH
RI D ELRNLQHWLF PRGHO $TXDWLF 7R[LFRORJ\

*UDPDJOLD & DQG 0 %DEXW /TH[S AR QYWWHR Y H UV
HQYLURQQHPHQWDOH HW VDQLWDLVWH JQRD BURGX F V8 UR
GHV 3&% GX 5K{QH )UDQFH O9HUWLJ2 FLBOFHWYGH
O HQYLURQQHPHQW

*UHFK $ & %URFKRW - / 'RUQH 1 54XhHQR®RXYLQ %R
7R[LFRNLQHWLF PRGHOV DQG UHODWHGHWRPRI@W LRI
FKHPLFDOV 6FLHQFH Rl WKH 7RWDO (QYLURQPHQW

*URVV 6RURNLQ O < ( 3 0 *ULVW 0 SRRDNMH DQG @G HSXD)
RI QRQ\OSKHQRO E\ WKH EHQWKLF LD YHS\R H BDIHWH L
IHHGLQJ UDWH" (QYLURQPHQWDO 6FLHQFH DQG 7HFKQR

*XQGDFNHU & &RPSDULVRQ RI KI@DNNHRHKED WY HAL AR ROFOO
XUEDQ ULYHU KDELWDWV LQ 9LHQQD (QYLURQPHQWDO
*XVW 0 0 )RUWLHU - *DUULF 0 )RXUGEMY RIQ&KR UDJ

H[SRVXUH WR HQYLURQPHQWDOO\ UH\D FHYKDUW DFR G AH.G
PLIWXUHV RQ WKH LPPXQH UHVSRQVH ®L W KHF LS-RIFG \RQ |
7RWDO (QYLURQPHQW

+DEGLMD , - /DMWQHU DQG , %HROLORLYWURSR®HERBN
ODFUREHQWKLF &RPPXQLWLHV RI D .DXWWHE FHWHDWP W,
+\GURELRORJLH XQG +\GURJUDSKLH

+DNN + DQG 5 - /HWFKHU 0 HW B FDAQLG/ R DLYQH WRK HE WIRR
IODPH UHWDUGDQWY D UHYLHZ (QYLURQ ,QW
+DNN + ' 7 B]DER - +XZH - 'LOPEHUWRRDBG DQ& &L\

PHWDEROLWHY LGHQWLILHG IROORZLQJ D VLQJOH
KH[DEURPRF\FORGRGHFDQH LQ PLFH (®YLURQPHQWDO

+DPHOLQN - 3 ) /DQGUXP + %HUJPDQ % DREYDLGD RhB(
SK\WLFDO FKHPLFDO DQG ELRORJLFDO LQWHUDFWLRQ'
+DQVHQ ' ' 'L 7RUR - OF*UDWK 5UJGHADWU\VE] 2] OHRWIQRK 5
DQG 7 /LQWRQ BURFHGXUHV IRUX®KID GWUWY R Q!

VHGLPHQW EHQFKPDUNV (6%V IRU WKW S8RWHPWLRKV
1DUUDJDQVHWW

+LHEHU 0 DQG 0 2 *HVVQHU SIRYRUHLVE YWQRIQ BIQ GWII
WR /HDI %YUHDNGRZQ %DVHG RQ %LRPDVV (VWLPDWHV |

+LUDED\DVKL . 2UJDQLF PDWWHU DSUYROAHVVL)WHED
&KLURQRPLGDH +\GURELRORJLD

+RQJ 6 - 6 .KLP - 3DUN + 6 B6RQ56X '&&KRLLP &KRL
&KDQJ DQG - 3 *LHV\ 6SHFLHWFR®GO DM VR Q@ HR

DUVHQLFDOV LQ YDULRXV DTXDWLF @& UG LDAPWD IURPYV
3RKDQJ &LW\ .RUHD (QYLURQPHQWDO 3ROOXWLRQ
+RQJ 6 + 1 .DQQDQ < -LQ - + :ROGKIFPO +DQ@HPRRUDC
WUHQG VSDWLDO GLVWULEXWLRQQ® Q&%NVHIUQ BDWDQ %G
.RUHD ODULQH 3ROOXWLRQ %XOOHWLQ

+ZDQJ + 6 : )LVKHU DQG 3 ) /DQREXRHVLGXBW QRN L4E
DVVRFLDWHG ZLWK G PRUWDOLQ \WKHGPETUMW LRKLORIQP
ULSDULXV $TXDWLF 7R[LFRORJ\
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FKLKDUD 0 $ <DPDPRWR . L 7DNBXGRD 1 'DXWWDEXW
DQG SROOXWDQW ORDG RI KH[DEURPR B HDRBHRGW FHMDH
DQG ZDWHU IURP -DSDQHVH 5LYHUV &KHPRVSKHUH

JJUHPHU 9DORULVDWLRQ GHV GIRTXQp HY( GH @WD O VPHL
GIHDX GX EDVVLQ $GRXU *DURQQH

,NHQDND < + (XQ 0 ,VKL]DND DQ®IVPORDSEDJHQH E\ DA
FUXVWDFHDQ 'DSKQLD PDJQD $TXDW 7R[LFRO

,1(5,6 3RUWDLO GHV VXEVWDQFHY FKLPLTXHV 3DJH &R

,1(5,6 5DSSRUW G pWXGH 0pW pRGIR® R QLDHN K RVQ OGN pHR
TXDOLWp HQYLURQQHPHQWDOH 14( 9HUQHXLO HQ +DC

J,QRXH < 1 +DVKL]XPH 7 <RVKLGD +RJXUBDNDPNH K L6 X
.LNXVKLPD 1 <DNDWD DQG 0 2WVXNIFHQW UHRPLIRIU D\
%LRPDJQLILFDWLRQ )DFWRUV IRU 3RRUOARPMRHY SROX E
&\SULQXV FDUSLR / $UFKLYHV Rl (@GLZRQPARIVRD O

,TEDO 0 - + 6\HG $ .DWVR\LDQQLY %BXWWODOLN *$ PD®
&LQFLQHOOL DQG . & -RQHV /W DIJFS DIDVGV H PFHWU JILQ
IUHVKZDWHU HFRV\VWHP $ UHYLHZ (QYLURQPHQWDO 5

“DJHU 7 ) $ $ 6iQFKH] % OXLMV ( *BRYWKXPHU 9HO
7R[LFRNLQHWLFV Rl SRO\F\FOLF DURP®WHLF ROGURFRDH
XVLQJ VSLNHG VRLO (QYLURQPHQWDO 7R[LFRORJ\ DQG

-DQiIN . $ &RYDFL 6 9RRUVSRHOV URPRF\FBRERIBWBIFDQ
ODULQH 6SHFLHV IURP WKH :HVWH U QH&F KOHIGS (\Q D\OWMHXLIRWP
6SHFLILF $FFXPXODWLRQ (QYLURQPHQWDO 6FLHQFH 7

“-DQVVHQ ( 0 / 0 1 O &URWHDX K\ 1 /XRPDVXOWQHPBEQW I
ORGHOLQJ RI 3RO\FKORULQDWHG %LSKH®DW® %RRDFKKX
ODULQH 3 RNEBAtKB Brevidteodentath QG 5SHVSRQVH WR 6RUEHQW
(QOYLURQPHQWDO 6FLHQFH 7HFKQRORJ\

-DQVVHQ ( O / - . 7KRPSVRQ 6 1 /XRPB&BQQ® GXFHG
FKDQJHV RI D EHQWKLF FRPPXQLW)\ D QRO 8 RZHLRW HE H/H
VRUEHQW DPHQGPHQW (QYLURQPHQWDO 7R[LFRORJ\ D¢

“HQVHQ 6 5HSRUW RI D QHZ FKHPLFDO KD]DUG 1HZ VF

“HQVHQ 6 7KH 3&% VWRU\ $PELR

“HRQ - ' .XUWK 5 $VKDXHU DQGWLY¥ROMOR{QBRINLQHW L&RF
PLFURSROOXWDQWY LQ IUHVKZDWH UHFD®@WTHFKIDRO R(

LQ ; ) /LX < :DQJ / =KDQJ = /L BZQGD®J:DQB *LHV
B3UREDELOLVWLF HFRORJLFDO ULVN DNVKRVYAHBPBU IRQH
HQYLURQPHQWYV IURP W R ODULQH 3ROOXWLRQ %

-RXDQ\ - 1XLVDQFHV HW (FRORJHW $FWXDOLWpV 3KDU

-RXUQDO 2IILFLHO $UUrWp GXDPRHKIQD W LRQH@D® IDIF VXL

OD SROOXWLRQ GHV PLOLHX[ DTXDQVMHTIUXHW BBU FHUWDL
-XEHDX[ * 5 6LPRQ $ 6DOYDGRU + 4XHDRUG &KDXP
9LWHOORJHQLQ OLNH SURWHLQV LQ WKWV DUH\PK Z.RW K U
IXQFWLRQDO FKDUDFWHUL]DW LHRQY WKRMRKXQKRODWD Ul
DV DQ LQGLFDWRU RI RRF\WH TXDORWNHWGQHPGRIFV L &
7R[LFRO
.DWDJL 7 %LRFRQFHQWUDWLRGQLVPLRDBFHXYRKIFLEHRQ Q
RUJDQLVPV 5HY (QYLURQ &RQWDP 7R[LFRO
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.HOO\ ' : - 7 $ 'LFN DQG : , ORQ@WBWPRQDO UROK
*DPPDUXV &UXVWDFHD $PSKLSRGD VKWGHGRELRWY R $IUM

.HQGDOO 5 - $ 7RGG $ %DNHU 5REBUW -DPHNVQYV &KW
IRXLV $ &REE *HRUJH 3 ,,, 'LFNHUVROWKLFKDUG P/H
/AQQ 7 +RRSHU OLFKDHO - ODUWLQ ZDWLIQR 5@FPXO

6PLWK (UQHVW ( DQG 7KHRGRUDNRV\ &%8J$ I\D R/ RIQWD O
‘LOGOLIH 5SHVHDUFK&HQWHU 6WDIlI 3XEOLFDWLRQV
LP 8 - 1 7 + <HQ DQG - ( 2K KR[\OBWREOD®YE GSD
SRO\EURPLQDWHG GLSKHQ\0 HWKHUV V%' (RUHDD WEE
SRWHQWLDO 2+ DQG OH2 %'( VRXUFH (XQRGRPHQW

.RFK & 7 B6FKPLGW .|WWHUV 5 5XSS DIQG R% 6X
KH[DEURPRF\FORGRGHFDQH +%&' ZLWRHIWR BXY¥ RJF DM
FRQFHUQLQJ WR[LFRNLQHWLFV DQGQG\QDPLFV (QYLUR

.RKOHU 0 0 =HQQHJJ & %RJIJGDO $ 9& +HHIEH PN H W3X UFF K+
9RQPRQW + 3 ( .RKOHU DQG : *LJARQJHQ HWHBDRUDHK
DQG VRXUFHV RI RFWD QRQD DQG GHFDEGRPRG
KH[DEURPRF\FORGRGHFDQHV +%&' LQ BZQWD ODBSFLNMAE
DQG 7THFKQRORJ\

. XKOPDQQ - $ & .UHWVFKPDQQ . %HNOWRUI 8DQG %R/
&HGHUJUHHQ (QDQWLRVHOHFWHYH @LL WIXGH LWPR[D
ZLWK WKH LQVHFWLFLGH . F\SHUPHW KHMVL JOQV &KL UWR
LPSRUWDQFH RI WR[LFRNLQHWLFV DQ@& HQJ]\PH LQWHUD

XKQHUW $ & 9RJV 5 $OWHQEXUJHQWBQQDO .KRQWFHD W L
RUJDQLF VXEVWDQFHV LQ ILVK HPEQVYRWRI) WR[LFR® L&K

. XNNRQHQ - DQG 3 ) /DQGUXP |IQADWQ ELIQV DRV VAL
ERXQG 3%+ DQG 3&% FRQJHQHUV E\ EHR®KLF RUJDQLVP

.XQ] 3 < & .LHQOH DQG $ *HUKD USSTW D W L F *(0FRR\DRJ X I RVCBR
‘DWHU 4XDOLW\ $VVHVVPHQW 7RZD U HYWHIUDWHG 0X
'KLWDFUH HGLWRU S5HYLHZV RI (QYL[LFE@PHRIWDROXKRE

6SULQJHU 1HZ <RUN 1HZ <RUN 1<

XR ' 7 ) DQG & & &KHOQ 'H U UVYIDQVL RQ YIDWRHEE R @M
PHWDEROLWH SDUHQW FRQFHQW U DM IRPQEILCRDNFE X PXNDDA
DQG ELRFRQFHQWUDWLRQ H[SHULPHQXPXOPW LLRQ XG/DWN
(QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPLVWU\

XSIHU 0 + - 3 5DGL[ DXULFX®BULD /LQQDHXV

IDEDGLH 3 . 70LOL ) $OOLRW & O6hR&KWHWVHXLO'HVSR
'HYHORSPHQW RI DQDO\WLFDO SURER QXRIHSRIR\E WRPL RH
GLSKHQ\O HWKHUV DQG WHWUDEURPRERMN S WH GR® G\ W Q
DQG %LRDQDO\WLFDO &KHPLVWU\

IDFD]H ( $ ELRPDUNHU RI JHQRWRPLFL®HNYIHORBPRAD!
IXQFWLRQQDO VLJQLILFDQFH DQG H®WLORX® HMHWDO LD
OHW]

IDPEHUW 3 & $ - 6XWWRQ 3 5 %XUWRGYV. 5 $ERDNDJ

LV YDJXH" $ VLPXODWLRQ VWXG\ RISWKR U RF3.IVRWW LRE XW/H
0&0& XVLQJ :LQ%8*6 B6WDWLVWLFV LQ OHGLFLQH
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IDQGUXP 3 ) %LRDYDLODELOLW)\ FDRGLF7R{URR B MQ}
+\GURFDUERQV 6RUEHG WR B6HGLPHQWV IRUL WKH !
(QOYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\

IDQGUXP 3 ) 0 - /\G\ DQG + /HHV LLQ DTXDRLF RNV QW V
FRPSDULVRQV DQG XVH LQ KD]DUG DRVHDQBHKH PLOML L

IDX]JHQW 0 BWXG\ Rl HFRG\QD P DR WN UIVQ & WHPQW JR Q IDL
KDORJHQDWHG PLFURSROOXWDQWYV GE& ByRUBMDXHQYLU

/IDZ . 9 3 3DODFH 7 +DOOGRUVRQ/DRQVDQH®®DH H : D&X W IDH
DQG * 7 7RP\ D 'LHWDU\ DFFXPXODMHFO®HRI K
GLDVWHUHRLVRPHUV LQ MXYHQLOH UDLQERZ WUR
%LRDFFXPXODWLRQ SDUDPHWHUV DQG YL LRHRMHMHW RO
7R[LFRORJ\ DQG &KHPLVWU\

/IDZ 5 - 0 $ODHH & 5 $OOFKLQ/HSBP%BRA®G *0 $/HEEMIXU Q3
/JHYHOV DQG WUHQGV RI SRO\EURPLQRW®IHED\®HSKHID P
UHWDUGDQWYV LQ ZLOGOLIH (QYLURQPHQW ,QWHUQDWL

/IDZ 5 - & 5 $OOFKLQ - GH %RHU /HMSRPRYOFORUUEWU]
7URQF]\QVNL DQG & $ GH :LW E LDDMONG DQDBPW
UHWDUGDQWY LQ WKH (XURSHDQ HQYLURQPHQW &KHPF

/IDZ 5 - $ &RYDFL 6 +DUUDG ' +HUJNHBQDH $/ (0 $EGIRPY
DQG + 7DNLJDPL JHYHOV DQG WUH@EW RO RBEDQ
HQYLURQPHQW 6WDWXV DW WKH H@® RI (QYLURQP

JHEUXQ - ' ' JHUR\ $ *LXVWL & *RXKA@Pp)UDQFp

%LRDFFXPXODWLRQ RI SRO\EURPLQDWRBDGXYKSRO® [H\
5HODWLYH LPSRUWDQFH RI GLIIHUHDWPR[SHRYXQUH $ RN
7R[LFRORJ\

/JHEUXQ - ' 0 3HUUHW $ *HIIDUG DQIRGHOGKQD FR)SHS
ELRDFFXPXODWLRQ LQ *DPPDUXV SXOHPHDDE RO WP U
(FRWR[LFRORJ\

/JHEUXQ - ' 0 3HUUHW ( 8KHU 0 & FRXUBDX )X Q@FpHPL
':DWHUERUQH QLFNHO ELRDFFXPXODWLRRQ P& FHOP@DWXY
PRGHOV DQG LQIOXHQFH Rl ZDWHU FDMRA®I\F FRPSRV

/JHH - + 3 ) /DQGUXP DQG & + .RKQG 7LPHRI[HER R GGIQWL
7R[LFLW\ LQ WKH $PSKLSRG +\DOHOOD DVMFHKFIR OFML U

IJHH - + 5 * BLFKDUGV DQG * ) WHGFELRNLQHWRK HIO XA
PRGHO WR FDSWXUH R\WWHU PHWDO HM\RDX¥EXP XO\B\Y HP
HVWXDU\ $XVWUDOLD (QYLURQPHQWDO ORGHOOLQJ

/JHH 5 3KRWR R[LGDWLRQ DQG 3HMR@HRGWR BISWD RV & U X

IJHHXZHQ & - 9 *HQHUDO ,QiW& RS X¥WLHRHX ZHII D\ G 7
9HUPHLUH HGLWRUV B5LVN $VVHVVPHQW R$U&RHRUFI
IHWKHUODQGY 'RUGUHFKW

/JHILHUVH . & + 0 ' 7 + 0 6LMP &HLQHQRQDEBXZHQ 0
+HUPHQV %LRFRQFHQWUDWLRQ NLQHWKKV RI
RUJDQRSKRVSKRUXV SHVWLFLGH FKOR UAWKLIR® ALV W K$
FRPSDULVRQ ZLWK WKH JXSS\ 3BRHFIOLD UHWLFXODWD

/JHSSIQHQ 0 7 DQG - 9 . .XNNRQHMH RI LGBODWHGEH HBSRI
SRUH ZDWHU DV ELRDFFXPXODWLRQ URXMEHM FIORWX\B\!
YDULHJDWXV OXOOHU (QYLURQPHQWDO 6FLHQFH DQG
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/IHSSIQHQ 0 7 DQG - 9 . . XNNRQHQ VHGLPHQW RNVRHAMW
SRO\EURPLQDWHG GLSKHQ\OHWKHUV | OHDLPVA H EUUHDWAMEHLY
IXPEULFXOXV YDULHJIJDWXV ROLJRFKDHWDG (& XKLHRQ

/L 3 + :X 4 /L - -LQ DQG < :DOQRH UHWAWRMLODDWHG |
HQYLURQPHQWDO VDPSOHV IURP D SDR/GRPWLRQGDK XM
H[SRVXUH DVVHVVPHQW (QYLURQPHQWDO ORQLWRULQJ

JLX & . < + *LQ 9 : & &KDQJ % QGKDUGRK DQ®RYHC
SHUVSHFWLYHVY RQ WKH ELRDFFXPXODWLR®HRGEGHQEV
(QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\

/LX 3 ' BHQ * 'X < =KDR < =KDQJFMPXPXODWILRXY R
3RO\EURPLQDWHG 'LSKHQ\O (WKHUV 3%'(XGLQD 0X¢
FDKD\HQVLV 'LG 1RW ,QFUHDVH ZLWX &R WPRQQBWLRQ
7R[LFRORJ\

JLX 7 - 0 .RHQH ; 'RQJ DQG 5 )XVROEWHBQWLWLRL\ER G
D QHZ PHWKRG IRU WR[LFLW\ DVVD\\QWQOG 0RQN VDRV HYJ
$VVHVVPHQW

ILYLQJVWRQH ' 5 SHFHQW GHY HUOIRGHP HRUN D QLT PBQR
PHWDEROLVP 7R[LFRORJLFDO DQG (FRWR[LFRORJLED
ILYLQJVWRQH ' 5 7KH IDWH R D R/ FDHRER V)N QRIEPLR W XFD\

DQG TXDOLWDWLYH GLIIHUHQFHV LQ HELRWQGDQVVYRUF
&RPSDUDWLYH %LRFKHPLVWU\ DQG 3K\VLHRIFIWLYBIUW
3K\WVLRORJ\

/JRLIHDX - / 6 ODNUL 3 $USDJDXWWhkQMH] U @D %IH Q& MOPV L
ODUFKDQG OLFURSROOXDQWYV PpWDO VIpTXLHW QAW
VXSHUILFLHOV GX /pPDQ 5DSSRUWWUKIUOWN VP BXGW\O |
/JpPDQLTXH &RPPLVVLRQ LQWH U Q DDXL RGO P @ ¥R QN
OD SROOXWLRQ &,3(/ 1\RQ 6XLVVH

IRSHV & + 3HUVDW DQG 0 %DEXW ERWWRPQYV HGLFH Q3
IUHVKZDWHU ULYHU ILVK $ IRRG ZHR®RBGHWBOO L QUDDFSU
VXSSRUW RI VHGLPHQW PDQDJHPHQW GBRAMR[LFRORJ\ L

IX * $ =KX + )DQJ < 'RQJ DQG : VKLOQEDVHOLMNDEODHF
LQ PDULQH ELYDOYHV LQ &KLQD DQG ZHRUIOEIZ DGISUBRDWR
6FL 7RWDO (QYLURQ

IXLJL 9 0 *LXVHSSH DQG 5 &ODXGURW)\ FR QRILPIL@D QMK
HQGRFULQH DFWLYH SRWHQWLDOV UQ3RHGWPBQW VQI QL
6FL 3ROOXW 5HV ,QW

IXR ; - : 5XDQ < + =HQJ + < /DX BBQG % KHQODL 3
7URSKLF G\QDPLFV Rl KH[DEURPRF\FORGR/GRPBQN GQD\
LQ D ODERUDWRU\ IHHGLQJ VWXG\ (PLVWRQPHQWDO

IXRPD 6 1 DQG 3 6 5DLQERZ 'KLRQY PR WD LBLERD
%LRG\QDPLFV DV D XQLI\LQJ FRQFHSWKQEDRURQPHQWD

/AG\ 0 - : |/ +D\WRQ $ ( 6WDXEXV MLRGERBQEHRPWHKHBWLRQ
WULFKORURELSKHQ\O DQG SHQWDFKORURIISHQRROV L@
PHDVXUHG E\ D SKDUPDFRNLQHWLF P R&ROW $RJIFGD WH R
DQG 7R[LFRORJ\

5pIpUHQFHYV ELEOLRJUDSKLTXHYV



/N\G\ 0 - - |/ /DVDWHU DQG 3 ) /DWQIGRUXMRI '"'( DIRGLFR
FKORURELSKHQ\O LQ &KLURQRPXV WH@RRDGAD P$ QDRALLYR
DQG 7R[LFRORJ\

JNQFK - : $ 'H /HLM )$%$0 (FRWRJLRRURYLHIDJHE LW
(QF\FORSHGLD Rl ELRG\YHUVLW\ $PVWHUGDP
ODF'RQDOG ' ' / 0O 'LSLQWR - )IBHORQ&E& DQEQ3IHEVRZDU

'HYHORSPHQW DQG HYDOXDWLR QI RFW RFRRGQFHDIWUDD
IRU SRO\FKORULQDWHG ELSKHQ\OV (PYVWRQPHQWDO

ODF.D\ ' DQG $ )UDVHU %LRDFFXBRQDW LRCH PRLIF 3¢
OHFKDQLVPV DQG PRGHOV (QYLURQPHQWDO 3ROOXWLR
ODFQHLO & - 7 $ 'LFN DQG 5 : (QGEZFRRORJ\ Rl THHVWDE

*DPPDUXV VSS FUXVWDFHD DPSKLSRGMRQ RBRIWREICQHIP W K
IXQFWLRQDO IHHGLQJ JURXS FRQFHQSW %LRORJLFDO

ODFQHLO & - 7 $ 'LFN DQG 5 : (OZRRGSUHGDWKLIRGGE
*DPPDUXV VSS &UXVWDFHD $PSKLSRGD %LRORJLFDC
OIHQSII . 0 7 /HSSIQHQ DQG - 9 . WXNMR@HRPLFLW)\ @

ELRWUDQVIRUPDWLRQ RI S\UHQH LQHWMPEUBFXBOQNHYRU
7RWDO (QYLURQPHQW

ODOWE\ / 6 $ &OD\WRQ 5 0 :RRG DYDBOXDOW/RRJIROLV
*DPPDUXV SXOH[ LQ VLWX IHHGLQJ DNIO®LW\WV DR E XK MG
UHVSRQVLYHQHVV DQG UHOHYDQFH PIQMLURQPHQWDO

ODOWE\ / DQG 0 &UDQH 5HVSRQWHL\E RG D'DP B RVWD F3
PHWDOOLIHURXV HIIOXHQWYV ,GHQW IWKFDWRRRU RID Q/fRH
LQWHUSRSXODWLRQ YDULDWLRQ (QYLURQPHQWDO 3RO

ODULH % (YROXWLRQ RI QDFUHRXWF\ELRPILYHUNOW]L
%RXUJRJIQH

ODUWHOOLQL 7 * 'LOHWWL * 6RRUMLFELQDLW YR VIRIOQ@ILV
&LQFLQHOOL 2FFXUUHQFH RI SROBRURPLQDWHG
IRRGVWXIIV LQ ,WDO\ DQG LPSOLFDWHRQAR|RFERRXPDQ |

ODUYLQ & + * 7 7RP\ - 0 SUPLWDUW)\ -$ $&RBYDQRW DIQG
3DODFH +H[DEURPRF\FORGRGHFDQHMHKERUWMQW |
(QYLURQPHQWDO )DWH DQG 7R[LFRORJ\DR®OQGH PPN FL
(QYLURQPHQWDO 6FLHQFH 7HFKQRORJ\

ODVVDULQ 6 5 %HDXGRXLQ ) =HPB3QRQ]ROPQID GL5 55 * I3

%LRORJ\ %DVHG ORGHOLQJ 7R $QDOQ]H DSKmQDX P
PDJQD LQ D OXOWLJHQHUDWLRQ 6WXGRORMLURQPHQW

ODWKLHX $ DQG 0 %DEXW &RQWR PG R RRAH RSD G HOH
FRQWDPLQDQWY SHUVLVWDQWYV  (38X%G H 9& ¥ HUGH@HDWV L R |

OF(OUR\ $ ( $ %RJOHU ' :HLVEDXPPDDQ 1RUGHWORZ9 DOGG
'LQQ 8SWDNH PHWDEROLVP PXWDQW SHHREWUDQE
ODPEGD WUDQVJHQLF PHGDND HPEU\RIRNHR WVHGE WPRI G\
ODULQH (QYLURQPH@WBBOO5HVHDUFK

OF/HRG 3 % 6 1 /XRPD DQG 5 * /XRGKHOLQJ RILB&¥Q RB
E\ ODFRPD EDOWKLFD DQG &RUELFXOD X\ QHFW LY R
FDUERQ (QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\

OFODKRQ 5 ) 3K\WLRORJLFDOQFRQRBRWHRI BDHWKZ D W
in : ' 5XVVHOO +XQWHU HGLWRU (FRORJ\ $FDGHPLF 3
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OLOOHU 7 + 1 5 %XU\ 6 ) 2ZHGSWOQOGH EBLBWUDRQIRUP
HOLPLQDWLRQ RI VHOHFWHG SKD U REPHXW PHDWWX WG DX
OLTXLG FKURPDWRJUDSK\ WDQGHP PDVV VSHFEWURPHW L

oLQJ 6 - + %LRDYDLODELOLW\ RDWHDY3XUHWFOW I
7HFKQRORJ\

OROOHU 3LOORW + . 0 &KLURQRRIMG BNVOBBEKRWH .119

ORULDUW\ ) (FRWR[LFRORJ\ WRM WWHPG\ BFBE B PLXFNV B (
IRQGRQ

ORULDUW\ ) (FRWR[LFRORJ\ +XPDQ 7R[LFRORJ\

ORUULVRQ + $ ) $ 3 & *REDV 5 /D]DUHYDH)@BRSPHQW ILX

9HULILFDWLRQ RI D %LRDFFXPXODWLR® QRG#%E&QMKLRP
' QYHUWHEUDWHVY (QYLURQPHQWDO 6FLHQFH 7HFKQRC
ORXULHU % 0 'HVPHW 3 & 9DQ 0BWQH* %RX[0DKDHWHGH

/IHIHYUH DQG 0 %DEXW +LVWRDWDDOUWBRQGY R/I
DORQJ WKH 5KRQH 5LYHU )UDQFH 6FL TRWDO (QYLUR(
ORXWKRQ - /IHV PROOXVTXHV GXO/FHWMRPHRORRQQApPNV I

GPpWHUPLQDWLRQ GHV SULQFLSDX[ BHMWBWY GUD BIEYD O
)U 3LVFLF

ORXWKRQ - OROOXVTXHV GXOFLBROHV @&WV SRROOMW Gl
PFKHOOH GH VHQVLELOLWpP GHV HWSHFHY $IARGUHYV SIW |
OXP ' & * % ( 7RZQVHQG DQG : / LIRFRIKDWMW RI VL% IRR

FKHPLFDOV WR &KLURQRPXV 7HQWDQV QU URDHP HLOW D §
7R[LFRORJ\ DQG &KHPLVWU\

OXUDOLNULVKQD , 9 DQG 9 ODQLFNDAURQPHEKDIW H
$VVHVVPHQW 3D0dHV 9 OXUDOLNULVKQD DQG 9 0DQL
(QYLURQPHQWDO ODQDJHPHQW %XWWHUZRUWK +HLQHF

1D\ORU & DQG & 5RGULJIXHV '"HYRO RKRHWGW RPIXD WIHS
XVLQJ D IRUPXODWHG VHGLPHQW &KHPRVSKHUH

1HHUDWDQDSKDQ ':DWHU TXDOLVRQDIQE WKHDLYP HROHW D Q &
PROOXVNV DW %HXQJ -RGH UHVHUYRLUWFKKRQRB®KR SUR

1HZPDQ O & DQG < =KDR (FRWR[LFROR&\ 1RRHQFOD
0$& 3DJHV in 6 ( -iUJHQVHQ DQG % ' )DWK HGLWR
(FRORJ\ $FDGHPLF 3UHVV 2[IRUG

1HZVWHG - / DQG - 3 *LHV\ BWRH. ®LCHWFIHYGH CPARXGAHHD W R
SRO\F\FOLF DURPDWLF K\GURFDUER Q3R WHU D S KQX.\DWFDIF
(QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPLVWU\

1) (1 &DUDFWpPULVDWLRQ GHYW ERKHYH X p W B UPD W D4
HW GH OD WHQHXU HQ HDX $)125

1) ,62 AXDOLWp GX VRO 'R VHD HW GXX FIDDUERRYHH RWR E
FRPEXVWLRQ VgFKH DQDO\VH pOpPHQWDLUH $)125

1) ,62 AXDOLWp GX VRO 'RVPWH RIIH GG B]RMWHHO @&
PRGLILpH $)125

1LFKROV - : 3 1 )LW]VLPPRQV D®GWUR L®QXVUINKRDHEWUD S

TXDQWLWDWLYH KHSDWLF ELRWUDIQ® IR UPB W VRRQ GIKMID
ELRDFFXPXODWLRQ (QYLURQPHQWDO 7R[LFRORJ\ DQG

IRUVWURP 5 - $ ( OF.LQQRQ DQGS$$%BRHQBUYJHMWLWWD
ORGHO IRU 3ROOXWDQW $FFXPXODW LR QHEKN\OWPKH UFLXPUX(
5HVLGXH /HYHOV LQ 2WWDZD 5LYHU <HR®RZDIHRFKW K
JLVKHULHV 5HVHDUFK %RDUG RI &DQDGD
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1RWH WHFKQLTXH 1RWH WHFK@LTVH HIX RH XY U HJ KBOXD WX
VXEVWDQFHV GH OfpWDW FKLPLTXH GBIQVHO N[ F®K WX W3
GLUHFWLYH FDGUH VXU OfYHDX FRQBRU®X P3IQUDHPGID W
HXURSpPHQ HW GX &RQVHLO GX DREW

1R\HV 3 ' 0 . OF(OZHH + ' 0LOOBQ PLHP &OBUNDQF R W
1 (UZLQ DQG ( ' /HYLQ 7KH WRHL FRQRLY RRQ PFHOQ\A
FRQWDPLQDQWY LQ D ZDUPLQJ ZRUOG (QYLURQ ,QW

28&"( 7HVW 1R %LRDFFXPXODWALRQWIL EH®LPROMDE Y

28&"( (VVDL Qf %LRDFFXPXODWRRQWHLRHJ 0D SQRHL VF
DTXDWLTXH HW YLD OD YRLH DOLPHQWDLUH

28&"( (VVDL Qf (VVDL GH UHSURGOFOMNVRQ FKH] /\PQD

2(&' D 6HGLPHQW :DWHU &KLURQRPLBG7RHGLMHQWH VW
2(&' *XLGHOLQHV IRU WKH 7HVWLQJ RI &KHPLFDOV 3DJI

2(&' E 6HGLPHQW :DWHU &KLURQRPHG FRWRUW\Q HXY(& ' ¢
*XLGHOLQHV IRU WKH 7HVWLQJ RI &KHPLFDOV 3DJHYV

2(&' BHGLPHQW :DWHU &KLURQRP LS L/ QIH 685\ [EMHIG7 RO WHHL
6SLNHG 6HGLPHQW ,Q 2(&' *XLGHOL®WV 3RUHWKH 7HVW

2(&' *XLGDQFH GRFXPHQW WR 2(&' 7* QG '5%$)7

2HWNHQ 0 . 8 /XGZLFKRZVNL DQG Bl WX} GUHO L PADYDLG
FRQFHSW RI DVVHVVLQJ WKH LPSDFWGRRHRXMH PE\F X NVQ\
VHOHFWHG VXEVWDQFHV QVWLWXWHNR R k\GHRELROMR]
'UHVGHQ *HUPDOQ\

20XNXQOH 2 , DQG 2 - 2NRQNZR EURKR QOB Q\M G D VOLD
UHWDUGDQWY DQG +%&' LQ OHDF KD WML DI0E0 WHEQ PG Q@
ODQGILOO VLWHV LQ *DXWHQJ 3URYHQMH B6RXWK $IULFI

206 %URPLQDWHG GLSKHQ\O HWKHWMU LD Y, QUARKUPHI W
3URJUDPPH RQ &KHPLFDO 6DIHW\

21(0$ &RQWDPLQDWLRQ GHV VpGLBBQWW YOX&%DKD HW
POWURSROLWDLQH 'RQQpHYV i ORBRRQDOBIQ3IQRBWER
&RQVXOWp OH OLQLVWqQUH GHVRD LVGDD QWL WS RH
IUDQoDLVH SRXU OD ELRGLYHUVLWp

3DUDVKDU % 0 .DXVKLN $ *XSWD 5 7®RIDPLWD @G VRBE
PROOXVFLFLGHV WR IUHVKZDWHU V@ RL® Q\PRDM DDV X UR
DQG WR QRQ WDUJHW RUJDQLVPV 3URF $FDG (QYLURQ

3HOHG 0 5 6FKDULD DQG ' 6RQGDFHMQW RI KKH{DED® PL
F\FORGRGHFDQH +%&'

3HUFHYDO 2 DQG 0 %DEXW 3 U R MSHWL RGJH. WADLLUHPAW L

(YDOXDWLRQ GH O LPSDFWQGRD 1A{VEXRWH HQ

3pU\ $ 5 5 DQG - *DUULF 0 RIBWIOWH. @I B 1 IH FI\8 V. QRII QH-

OLIH F\FOH RI WKH PLGJH &KLURQRP)G\H@QEQ I LIXS/S URD
+\GURELRORJLD

3pU\ $ 5 5 5 ORQV 3 )ODPPDULRQF/ /DJBGRRGIBQIGJ
DSSURDFK WR OLQN IRRG DYDLODERGK®W LREGR ZRAK WH PIH
&KLURQRPXV ULSDULXV (QYLURQPHQWDO 7R[LFRORJ\ D

3HWHUVHQ ' * ) S5HLFKHQEHUJ D@FGW\ MKOWORIQH DIIBHERW
DOJDH DQG EDFWHULD IURP WKH $UFWLF (QYLURQ 6FL

3IHQQLQJHU 0 0 6DOLQJHU 7 +DXQDFIWRG \W DQHOSBREH
VKDSLQJ WKH SRSXODWLRQ VWUXFWXLHV DRG BRWRWIL
VSHFLHVY UDQJH RI WKH IUHVKZDWHUW:DQRPPDWRSIKRDL
%0& (YROXWLRQDU\ %LRORJ\
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3LQNQH\ $ ( * 9 3RMH 5 0 6DQ¥XRQHRY /HH HIWEDN H
SHWHQWLRQ RI & $URFORUS LQ WKHVS$PBKESRG
&RQWDPLQDWHG )XQJXV )XVDULXP R[\WSRWPR $UI
&RQWDPLQDWLRQ DQG 7R[LFRORJ\

3LQNVWHU 6 2Q PHPEHUV RI WK HNVDIFRHDD UBP\S ISIXSORHG DJ Ul
ZHVWHUQ (XURSH %LMGUDJHQ WRW GH 'LHUNXQGH

3LVFDUW & DQG / %ROODFKH DSEWHX V WIDFFR Y UBRY/S & LISR)G |
$VVRFLDWLRQ )UDQoDLVH GH /LPQRORJLH

30XPPHU 0 UMDJV %D\HVLDQ *UDSKLFDO ORGHOV XVL

318( 30DQ GHV 1DWLRQV 8QLHV RN \®DIQUH W REHYH B &
SRLQW GH GpSDUW 3DJH 3(1 0DJ

3RPD * $ %LQHOOL 3 9ROWD & 5RV(FDRXDWRBG RI*XE
GLVWULEXWLRQ DQG DFFXPXODWLRQ QRWVQRNAHE BQRP I
3%'(V LQ DQ ,WDOLDQ VXEDOSLQH O DN H RW¥LFRU SHKBU C
(QYLURQPHQWDO 6FLHQFH DQG 3ROOXWLRQ 5HVHDUFK

3URJUDPPH G DFWLRQV 5DSSRIRWVLQDO GG % ERMMD
5K{QH OpGLWHUUDQpH '5($/ 5K{QH $OSHV

5 &RUH 7HDP 5 $ ODQJXDJH DQ® ARFENMRQPHQWN )RQ G
IRU 6WDWLVWLFDO &RPSXWLQJ 9LHQQD $XVWULD

5DIWHU\ $ ( DQG 6 0 /HZLV > 3RIPW W LEDWDO R EU N&R/P E
2QH /RQJ 5XQ ZLWK 'LDJQRVWLFV P SINHRPH & KVDLVD L RROQ &N
&DUOR 6WDWLVW B6FL

5DLQERZ 3 6 7UDFH PHWDO ELRBPEXPR®DWLRELOLR
WR[LFLW\ (QYLURQPHQW ,QWHUQDWLRQDO

5DPDGH ) (FRWR[LFRORJLH ODVVRQ HGLWLRQ 3DULV

5DVPXVVHQ - % &RPSDULVRQ RLRQW IFRFAWMBBWRI D@

LQVWDU ODUYDH RI WZR FRH[LVWLQJ BHKLURQRPQGYV
*O\SWRWHQGLSHV SDULSHV (GZDUGV &DQDGLDQ -RXU
5DWLHU $ & /RSHV 3 /DEDGLH + 4%KBXLQVNHOXKHWR
*HIIDUG DQG 0 %DEXW $ %D\HV I DED UDPRAZHRUNN R |
JHQHULF WR[LFRNLQHWLF PRGHO IRAKMKLF EQRDIFFKR® U
LQYHUWHEUDWHY 3URRI RI FRQFHSW ZLWSKIFR&%Y%
(FRWR[LFRORJ\ DQG (QYLURQPHQWDO 6DIHW\
5HIWBLDUHQD ( * DQG & - 6DOLFH U\ R DHGIOWALIVOR G MHAM |
SRQG VQDLO /\PQDHD VWDJQDOLV H[SRDIG WR LFEDGP\L
(QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPLVWU\
5qJOHPHQW 5gJOHPHQW &( Qf FRQFHUQ@DQW
O HQUHJLVWUHPHQW O pYDOXDW LARQ FHW X3 \D X BVIRQM.LV ')
UHVWULFWLRQV DSSOLFDEOHV | FHYHVEEN QMDD AKXV RS (5
GHV SURGXLWV FKLPLTXHV $QQH[H ;9,,
5qJOHPHQW Qf 5qJOHPHQW QFRQ GX GH ODY &RH
PRGLILDQW OYDQQH[H :,9 GXfUQJOHPGXQVBDWBOHPH
HXURSpHQ HW GX &RQVHLO FRQFHUXEBEQYWO O NYBH LV\DW
VXEVWDQFHV FKLPLTXHV DLQVL TXHFBWVVXIENWQFM
5($&+ -RXUQDO RIILFLHO GH O 8QLRQ (XURSpHQQH
5qJOHPHQW Qf 5qJOHPHQW QUqJOHPHRRWGLI&ED
Qf HQ FH TXL FRQFHUQH OHV WY QH® U3\& %P B H. R\D\C
GLR[LQH HW HQ 3&% DXWUHV TXH FHXP IGPHH GWSH. WGH\R [ L
(XURSpHQQH HGLWRU -RXUQDO RIILFLHO GH Of8QLRQ
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5HLQIHOGHU - 5 1 6 )LVKHU 6 G :/XRPDQJ : 1LFURPH
HOHPHQW WURSKLF WUDQVIHU LQ D THXINW QN WRLUF) DPQRLG/H
DSSURDFK 6FLHQFH RI WKH 7RWDO (QYLURQPHQW
5LFKDUGY 5 * DQG 0 &KDORXSND LRDFFXPKODWXRIQ) GH 9
LQ DQ HVWXDULQH R\WWHU 6FLHQFH RI WKH 7RWDO (Q°
5REHUWY 6 & 3 ' 1R\HV ( 3 *D®QDJKHUB6IHFEHN USSR
GLIIHUHQFHY DQG VWUXFWXUH DFWLYRWLRQH®D WBLOR Q \
FRQJHQHUV LQ WKUHH ILVK VSHFLHV (QYLURQ 6FL 7HF
5RPLWR $ 0 6 / (JJHUW - 0 'LH] DQGHFWAMIRFHWHDORD
DQG UHVRXUFH OLPLWDWLRQ RQ RUJGDHF 'PBWWUHDL W
VRXWKHUQ $SSDODFKLDQ KHDGZDWHU SMAUHDPV /LPQ

5/IVFK $ 6 $QOLNHU DQG - +ROOHQDBWURQ ,QIORHQF
7R[LFRNLQHWLFV RI $]ROH )XQJLFLG HIPPQ UW K HS X DX \
(QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\

5RVVHWWL < / 5RVVHWWL DQG OWEREGDRIDFUHIHUBEGXWB
LQ WKH IUHVKZDWHU VQDLO /\P QD BDWIHPSIHRXIDWXUD  $iq
%HKDYLRXU

5RX[ & DQG $ [/ B5RX] 7HPSpUDW X DMW RLW HP BWHD\ERY
VIPSDWULTXHV GH JDPPDUHV GX *URXSH@ 3XOHJOY&U:
JLPQRO

5XGHO + - O0XOOHU - 1RZDN 0 5LFNW®XRB .OHLQ

+H[DEURPRF\FORGRGHFDQH GLDVWHUHRPXONWH PIDWKN
IURP VHOHFWHG (XURSHDQ ZDWHUV WOU R BOR RQ LWWRIIQ.(
FRPSOLDQFH (QYLURQ 6FL 3ROOXW 5HV ,QW

SXQFN & ODFURLQYHUWHEUDWH SHWRGXFWL D@ DQG AR
FRQWDPLQDWHG VWUHDP (FRORJLFDO $SSOLFDWLRQV
5Xvw $ - 5 0 %XUJHVV % - %URZQDZHOGPOMDMWIR @VKI

EHWZHHQ PHWDEROLVP DQG ELRDFFX®X0QDP W RR G WRW HEHLC
(QYLURQ 7R[LFRO &KHP

6DOPHOLQ - $ . .DUMDODLQHQ + +IPIDYLQPDQWD 7 fH°
. XNNRQHQ DQG . 0 O9XRUL %LRORUKEDRQBHAXSR

ULSDULXV DQG ODPSUH\ /DPSHWUDLWO XDAL\DRWACPLN/Q WO
3&'"") 3&% DQG +J FRQWDPLQDWHG UIOY8BLYMOGHPBQ®
3ROOXWLRQ 5HVHDUFK

6DQGHUV - 0 * $ .QXGVHQ DQG / 6 WBLBREDXP
KH[DEURPRF\FORGRGHFDQH LQ IHPDOHLBQ®HY PLFH 7R

6DQWRGRQDWR - 3 +RZDUG DQG ' J%BDX® $VVHYNDAYWK
3RO\QXFOHDU $URPDWLF +\GURFDUERQV 3DUN )RUHVW

6FKLDYRQH 6 DQG 0 &RTXHU\ *& HG B U 6 W B D\@ MR DD
VPGLPHQWY HQ PLOLHX FRQWLQHQWDRHSREH OHV &YQ
&HPDJUHI

6FKOHQN ' 0 &HODQGHU ( *DOODJKEBOPPQ*HR WD GHDFR
DQG . :LOOHWW %LRWUDQVIRUPDWLRQ LQ )LVKHYV

6FKQLHEV . 3 *OHU 0 9LQDUVNL , ®W GD$ S+}¥Q GLWFG RR U SHL
DQG JHQHWLF YDULDELOLW\ LQ WH[WLWSD\G JERBRE DL
%DVRPPDWRSKRUD /\PQDHLGDH ZLWK PRU SKKR®SHLIF® C
WH[WLW5DGL[ VSHFLHV

5plpUHQFHV ELEOLRJUDSK



BFKXOHU / - DQG 0 - /\G\ & KBIlPQ B BDODR QG FEIL R B & 11 P
EHQ]R>D@S\UHQH DQG KH[DFKORURELSKEG\@KHO VY WR(

6FKXOHU / - 0 :KHHOHU $ - %DIZ®HLFRNQGHWLFV\®R! VH
VRUEHG EHQ]R>D@S\UHQH DQG KH[DFHKORIUREHISWHE UD
+\DOHOOD D]JWHFD &KLURQRPXV WHQW@IXY\LURQEBH QWP E
7R[LFRORJ\ DQG &KHPLVWU\

BFKXOW] , 5 6 5HHG $ 3UDWW [DQVGLW D'W BN HORPD® GRV
VROXEOH DQG OLSRSKLOLF FRQWDPLQDO®WVODW L\ KM
&RPSDUDWLYH %LRFKHPLVWU\ DQG 3K\VPPFERDRI\& 7

6FLHQFHV HW 7HFKQLTXHV GH O (QYQDRQ GHRER W X6SUR J U
VXUYHLOODQFH GHV EDVVLQV 5K{QHHOIBR QW H \ DEQUW H
LQWHUSUpWDWLRQV /DF GX %RXUJHW

6KL ' ' /Y : /LX 5 6KHQ ' /L DORX®DWRRD DQGS$GEHXHOF
WR[LFLW\ Rl KH[DEURPRF\FORGRGHFDQRG 7#l%&'IVR SKY
MDSRQLFXV &KHPRVSKHUH

6LGQH\ / $ 1 - 'LHSHQV ; *XR DQGBLVW ERWO® PRGHO
ELRDFFXPXODWLRQ E\ IUHVKZDWHU [ERR®WKRLF LQYHUWH
6RQ 0 + - .LP ( 6 6KLQ 6 + 6HR 'DRVWHUMHRENBOBU

VSHFLHV VSHFLILF GLVWULEXWLRQ RLEHLVMEKURGEG RPOR
LQYHUWHEUDWHY -RXUQDO RI +D]DUGRXV ODWHULDOYV

6SDFLH $ DQG - / +DPHOLQN FIOLWE HQ D DWKIHY BELRREG B © \
RI RUJDQLFV LQ ILVK (QYLURQPHQWDO 7R[LFRORJ\ DQC
BWDSOHWRQ + 0 5 - /HWFKHU DQGWLRQYINIRD\EURPE

'LSKHQ\O (WKHU &RQJHQHUV %'( DQG UREW RLQNMHK
&RPPRQ &DUS &\SULQXV FDUSLR (QYLORIQPHQWDO 6F

6WDVNDO ' ) + +DNN ' %DXHU LUQEDIX®PLEHUW/MR[DFERN LQ
Rl SRO\EURPLQDWHG GLSKHQ\O HWKHU HRRQIHGHUV
7TR[LFRORJLFDO 6FLHQFHYV

6WHJHPDQ - - DQG - - [/HFK & \MVQROF\KHU R/RVAW3H P V LROQ B
VSHFLHY FDUFLQRJHQ PHWDEROLVP DG@GG SRIOFOPXDNIINGIV
HISRVXUH (QYLURQ +HDOWK 3HUVSHFW

BWURQJ ( ( 2 *DUJRPLQ\ : ) 3RQGHWDREQG & L YHRXFIKV
JDVWURSRGV *DVWURSRGD OROOXVFD LQ IUHVKZDWH
BWURRPEHUJ * - ) $ULHVH & $ *HYMOVDOKRW VWD VD\QGP 1
6WUDDOHQ 3\UHQH ELRWUDQVIBDWRSDREG UNDPF RL
LVRSRG 3RUFHOOLR VFDEHU $UFK (QYLURQ &RQWDP 7R
BWURRPEHUJ * - - $ GH .QHFKWWHGUREGHL & 9 HD WIDRU

3\UHQH PHWDEROLWHY LQ WKH KHSMRREBQPWRDWFDBHE
QHZ ELRPDUNHU IRU SRO\F\FOLF DURPDMUWFH\KWVGWURE
HFRV\VWHPVY (QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPLV

6WXDUW + & ,EDUUD 0 $ ( $EGD@OBK &RYDFRRQ +
&RQFHQWUDWLRQV Rl EURPLQDWHG HX®DPHQUGRM FGD Y
KRPHVY DQG RIILFHV &DXVHV RI YD KXPDLD IHFS RVXE HL
(QYLURQPHQW ,QWHUQDWLRQDO

BXWWRQ 5 ' &KHQ - 6XQ ' - *UWFWHDWGEDWLRQ RI E&AKR
FKORULQDWHG DQG SKRVSKDWH [0DPBQUKWDL®G HIYWX I
6FLHQFH Rl WKH 7RWDO (QYLURQPHQW

5pIpUHQFHYV ELEOLRJUDSKLTXHYV



6]DER ' 7 - - 'LOLEHUWR + +DNNQEDXPXZH DR[GFRELQO
RI WKH IODPH UHWDUGDQW KH[DE UR RBRRF O RG R GOIF DR
UHSHDWHG H[SRVXUH DQG PHWDEROLVP 7R[LFRORJLFI

6]DER ' 7 - - 'LOLEHUWR + +DMNQEDXPXZH DRG&HREL®
RI WKH IODPH UHWDUGDQW KH[DEUR®R ¥ ORIGFRGH F DJRE
UHSHDWHG H[SRVXUH DQG PHWDEROLVP 7R[LFRORJLFI

7DFKHW + ,QYHUWPpPEUpPV G HDX Hs ROFFROR 6LWW BR B &V (G X
HGLWLRQ 3DULV

7DQDEH 6 3&% SUREOHPV LQ WKHJIHRWXMNQRZRHBV
(QYLURQPHQWDO 3ROOXWLRQ

7HLO O - . 70LOL O %ODQFKDUG 03 &PEDGHXLO) $O
3RO\FKORULQDWHG %LSKHQ\OV 3R O3SKWKOLADWHAG L' Q SK
IURP WKH 6HLQH 5LYHU %DVLQ )UDQG H$U HPYD FHW FRIL YH-
RI (QYLURQPHQWDO &RQWDPLQDWLRQ DQG 7R[LFRORJ\

7HRUHOO 7 .LQHWLFV RI GLVWWIHXWL RUR RN KHX ERE D C
LQWHUQDWLRQDOHY GH SKDUPDFRG\QDPLH HW GH WKpl

7KROOHW ) & /H %HVFRQG 0 /DERY\ 0 &R TXHWLWRWHSD

6 *DLURDUG - & *DWWDFFHFD - B $PEWREWIHUYQGRL
GHV 6pGLPHQWY GX 5K{QH ,UVWHD
7KRPDV 6 + 2 .UHXJHU DQG 7 = .AQRO®RO®HFDQHH{®HERU

SURORQJHG VHGLPHQW WR[LFLW)\ WHN\NGWV HIGL R H-Q BVO HIOWD
WRWDO RUJDQLF FDUERQ (DVWRQ O0DU\ODQG 86$%
7KRUVWHQ 6 $ .JUQHU 0 B5LFNLQJ XFNURZZIDA®G( 3:D/HIBR
3%'( DQG +%&' OHYHOV LQ VXUIDFH WWHGLPHQWYV IUF

2UJDQRKDORJHQ &RPSRXQGV

70LOL . 3 /DEDGLH & %RXUJHV I1$0 'HV S RWMRHD\F F B O &OM W\
SRO\EURPLQDWHG GLSKHQ\O HWKHUR G \J BVKR-D UXHNV B XD W
$UFKLYHV Rl (QYLURQPHQWDO &RQWDPLQDWLRQ DQG 7

7RP\ * 7 : %XGDNRZVNL 7 +DOOGRUNRQ & @D WLLQWO®
ODFLQQLY DQG 0 $ODHH D %LRPDJQLILFDW
+H[DEURPRF\FORGRGHFDQH ,VRPHUV LQ DR/DPMNHQ Y®\WD
6FLHQFH DQG 7HFKQRORJ\

7RP\ * 7 9 3 3DODFH 7 +DOOGRW®AQ. (:D¥WRMHNH ¥H QWD
%ULQNZRUWK DQG $ 7 )LVN E % LDRDLIFFEQ P XOODGN
%LRFKHPLFDO (IIHFWV Rl %URPLQDWHGD N KHDREW(W
6DOYHOLQXV QDPD\FXVK (QYLURQPHQWDO 6FLHQFH D

7RP\ * 7 . 30HVNDFK 6 + )HUJXUBPLQQEDUB * 6WHUYIC
/ /IRVHWR 7URSKRG\QDPLFV RI VRMH Q)& D QDA DO
$UFWLF PDULQH IRRG ZHE (QYLURQPHQWDO 6FLHQFH D

81(3 7HFKQLFDO UHYLHZ RI WKH RPRSIUFDMOL RG\Q \R D
RFWDEURPRGLSKHQ\O HWKHUV *HQHYD

8QLRQ (XURSpPHQQH (XURSHDQ 8 QAIRQ SHIOMDBVRRRERI
HWKHU &$6 1R (,1(&6 1R YUD B 8S RWW
5R\DXPH 8QL DX QRP GH O D&((

S8ULHQ 1 - ' /HEUXQ / & )HFKQHUA4XpBKHO &RTUBQbRS
&KDXPRW DQG 2 *HIIDUG (Q Y L U ROQWPRID\WEDHU LUYHHQ
NLQHWLF PRGHOV WR SUHGLFW WUDFHLGWHW PLO{OFLR
H[SHULPHQWDWLRQ DW D ODUJH VERWLDO VFDOH )UDQ

S8ULHQ 1 ( 8KHU ( %LOORLU 2 *HIIDUBEUX® )HFK®H
ELRG\QDPLF PRGHO SUHGLFWLQJ ZDWBBEPRURW ®XDKE[ E
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' QIOXHQFH RI ZDWHU FKHPLVWU\ DQWDDQ3RIOWX W DROQ G L

86 (3% ([SRVXUH IDFWRUV KDQGERRMSHSRUMG (38LRQ5 ||
) 86 (QYLURQPHQWDO 3URWHFWLRFKS$IHOF\
'HYHORSPHQW 1DWLRQDO &HQWHU IRUQUMVRQR@EPHQWD
9ILQ|OlI 5 - ' 6 :LWW 0 *UDERZVBLHZVNL %@ EX UAN H W
*OREDO GLYHUVLW)\ RI DPSKLSRGV $WIKLSRGDREURDW

9DQ $HO ( $ &RYDFL 5 %OXVW IVQI®W BUHIDRHWS/R OO X W
BFKHOGW HVWXDU\ (QYLURQPHQWDO G(LQMV WU REXPVHIQRAD
,QWHUQDWLRQDO

9DQ GHU /LQGH $ $ -DQ +HQGULNV DQGVWLPDWLQO
ELRWUDQVIRUPDWLRQ UDWH FRQVWD@MG/ RY R B HDYLXFU
HOLPLQDWLRQ UDWHV &KHPRVSKHUH

9HUVO\FNH 7 $ $ ' 9HWKDDN . $ULMMDPOGUS& WD UGHQ
VXUIDFWDQWY DQG RUJDQRWLQV L Qs NKIEQE WQNW W& B UR\
1IHWKHUODQGY (QYLURQPHQWDO 3ROOXWLRQ

9LJDQz / $ )DUNDV / *X]]JHOOD & 5RVFLRIOIDFBEREX&®DW
OHYHOV RI 3$+V 3&%V DQG '"'7V DUHWKHDDMWHGRLO EAQ
DPSKLSRG (FKLQRJDPPDUXV VWDPPHULQ.PH BRP DX HL DRWY
(QYLURQPHQW

9LJDQz / & B5RVFLROL & (UUDWLFR / *X3JRHDOBWRPLQ® W
GLSKHQ\O HWKHUV 3%'(V LQ JDPPDRHGWYV FOGWKNIORHA!
5LYHU 3R %XOOHWLQ RI (QYLURQPHQWDO &RQWDPLQD\

9LQDUVNL 0 6 $QGUHHYD DQG 1 $MQMWHBVWURSROVWRI I
BLEHULD OROOXVFD *DVWURSRGD 9VF *DVDWPULREREI
$FUROR[LGDH DQG /\PQDHLGDH >,Q 5XVVLDQ@

9RRUVSRHOV 6 $ &RYDFL DQG 3 GF&HSKIQY\O HWEROWE U/
VSHFLHV IURP WKH %HOJLDQ 1RUWKDEHD /BI@ B ONK IS URVIV
DQG GLVWULEXWLRQ (QYLURQPHQWDO 6FLHQFH DQG 7}

'DQJ : : DQG 3 6 5DLQERZ &R P SOQU®NMUWWD R SS BRI
ELRDFFXPXODWLRQ LQ DTXDWLF DQLBD®KAVER®G RBDWU BDIML
& 7R[LFRORJ\ 3KDUPDFRORJ\

'DQJ : : DQG 4 * 7DQ $SSOLFDW LRX\8 URH GG FQVILRLIF
ELRDFFXPXODWLRQ WUDQVSRUW DQGWWR[RELDQ LR/IP W
(QYLURQPHQWDO 3ROOXWLRQ

'DQJ : : DQG 1 6 )LVKHU $VVILPKBPMFIR® AR QVFDR DG
DTXDWLF LQYHUWHEUDWHY $ VI\QWKHELEKHPIYWWRQP

'DWDQDEH , DQG 6 L 6DNDL HXODLYULRQP R IQ BADROP U®I D\ E
UHWDUGDQWY (QYLURQPHQW ,QWHUQDWLRQDO

'D\QH 1 / 5HIJXODWLRQ RI VHDVRD O WIHSW B &YFKPA\R Q

"HEVWHU - 5 DQG ( ) %HQILHOG 9$6&8/$5 3/$17

)5(6+:$7(5 (&26<67(06 $QQXDO 5HYLHZ RI (FRORJ\ D

HOWMH / + 5XIOL ) +HLPEDFK -HERMAOBQGO0 9+HDPHILHYV
7KH FKLURQRPLG DFXWH WR[LFLW\ WM\H® CGCHWHOWR $OQ ML
$VVHVV 0DQDJ
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‘HOWRQ - 6 DQG 5 7 &ODUNH 5H3ERGXWWUR G WHXQGL MW
WKH $PSKLSRG *DPPDUXV SXOH[ / -RXUQDO RI $QLPI

'LHVW / 5 %DXGRW ) /DID\ ( %RQM®BXSXELQ HF RXPH/TC
%DUUDXG * / .RX\L & B6pEDVWLDQLWQ G XE VWKEDDAHHW
DFFXPXODWHG VHGLPHQWY LQ D VWR QR2OMHIUL DEH \I H |
(QYLURQPHQWDO 3ROOXWLRQ

'LNOXQG & K\ GR PDOHV HPHUJH ¥HVYRWR H{BDOH§"
LQFLGHQFHRI SURWDQGU\ LQ EXWWHUIOLHV 2HFRORJL
:LOGLQJ - DQG / ODOWE\ S5HOQWH YRH WRAHRXKYRD DD G

PHWDO H[SRVXUH WR D IUHVKZDWHUNFDXWWBFRBQW
(QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPLVWU\

'XHUHE % ( /HIHYUH - *DUULF DRIGRQLOHMWBIGDVH DFF
*DPPDUXV IRVVDUXP &UXVWDFHD $PSKLSRGDQG OLQ
EHKDYLRXUDO DOWHUDWLRQ $TXDW 7R[LFRO

<DQJ - + =KDR DQG . 0 &KDOQ URPR[QEBWH HBW S KRIQSE
%" ( DQG DQG ORFDOL]DWLRQ Rl %'Q ]HEQOKXRHG
ODUYDH 7R[LFRORJ\ 5HSRUWYV

=DSDWD ) * :LOVRQ 1HULGD 0 +RZLV-RQJHY 6D V$QIEWLIDIH
6FKU|GO ( *RHW] )UH\D * *LULEHW KQ®BRJIHORPQF&L
DQDO\WHV RI GHHS JDVWURSRG UH O D3W RE®WIGLLSMI W HRM H
5R\DO 6RFLHW\ % %LRORJLFDO 6FLHQFHYV

=HJHUV % 1 $ OHWV 5 9DQ %RPPHO - &+ OLDAVMIEBI U 7
3LHUFH DQG - 3 %RRQ /HYHO VLRI KMHJ B RURPRFSRA
DQG FRPPRQ GROSKLQV IURP ZHVWH U R U % WR-SUHHDR)L W RI D
VSHFLILF ELRWUDQVIRUPDWLRQ E\ F\WRHARGRP D QE
7HFKQRORJ\

=KDQJ < < /X 3 :DQJ 4 /L 0 =KDQJ DX WSRRWKQR
+H[DEURPRF\FORGRGHFDQH +%&' LQWRIUNRKHDVRDWJHI
SURGXFHU LQ &KLQD

=KDQJ < < 5XDQ + 6XQ / =KDR DQRF\ ¥ ORBRGHFDQHM
VXUIDFH VHGLPHQWY DQG D VHGLPHQWWKRU I RUWR Hi
&KLQHVH FLW\ Rl 7LDQMLQ &KHPRVSKHUH

=KDQJ < + 6XQ DQG < 5XDQ (ROQDWLROHWGMSKED
PHWDEROL]DWLRQ DQG LVRPHUL]DWLRQ GRIDK/WBEEHRPRE
LQ PLUURU FDUS IURP ZDWHU -RXUQDO RI +D]DUGRXV (

=KDR & 0 DQG : ; :DQJ % LRNLRHWLFYXSIWDPNGIRSQ G W
'DSKQLD PDJQD (QYLURQPHQWDO 6FLHQFH DQG 7HFKQF
=KDR * = :DQJ 0 + 'RQJ . 5DR - G@XRXDQDQI ;X =IKPG C
0D 3%%V 3%'(V DQG 3&%V OHYHOM G QH KDMW IR |

GLVDVVHPEO\ VLWHV LQ =KHMLDQJLDUR YRQEH HEK B DH ¢
WKH 7RWDO (QYLURQPHQW
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SQQH[HYV

$QQH[H $ OHVXUH GH OD WDLOOH GHV JDPPDUHYV

$QQH[H % &RPSOpPPHQW GHV VFKpPDV H[SPULPHQWDX]
$QQH[H & /LPLWHV GH GpWHFWLRQ HW GH TXDQWLILEFDWLRC
$QQH[H ' 7THVW GIDOLPHQWDWLRQ GHV JDPPDUHV WHVW $/

$QQH[HV



$QQH[H $
OHVXUH GH OD WDLOOH GHV JDPPD

3RXU FKDTXH H[SPULHQFH OD WDLOQXHPRQHPIQWHXG B QW DPD I
LQGLYLGXV SODFpV GDQV GH OJDOFRRW DR PRFWXQMW G «
SRXU FKDFXQ GHV RUJDQLVPHV VJHIIHFWXH HQ GHX[ pWDSt

3ULVH GH SKRWRYV

/IHV SKRWRV VRQW SULVHV j OYDLGH GHK@H KRR EDYR
JURVVLVVHPHQW GH [ SRXU REVHUYHUFOTRESDOQEDWH RIDQ
/$6 SRXU FKDTXH VpULH GH SKRWRWRQY PSKOLOR Q@ XWGILUAC

PP GH F{Wp 3DU OD VXLWH OHV JDWLP®XHO/OWRO W VS IDBW R\
GLVSRVpV VXU XQH ODPH

OHVXUH GHV WDLOOHYV

$YHF OH ORJLFLHO 6LJPD6FDQ 3UR OIi6W O DDEPDH BH ROJW
MXVTXT] OFTH[WUpPPLWp GX GL[LGPH QWBPSIQUL HDK HG P EXQV GHA
OD FURLVVDQFHLEGNVHGGLYLGXV

)LIXUH®HVXUH GH OD WDLOOH GHV JDPPDQHV MM} WWXHQRH
4PHVHIPHQW

$QQH[H $



$QQH[H %

&RPSOpPHQW GHV VFKpPDV H[SpULPH

JLIXUH'PBVLIQ H[SpULPHQWDO GH OYH[SRVLWHBRQ GHV UDG

JLIXUH'PAVLIQ H[SPpULPHQWDO GH OYH[SRVLWLRQ GHYV .

$QQH[H %



$QQH[H &
I[ILPLWHY GH GpWHFWLRQ HW GH TXDC

7TDEOHDXL®LWHYV GH GpWHFWLRQ HW GH TRKDWWILFHWDWLR

(D X 6pGLPHQW )HXL@®HU RIS H

/R'" QJ /IRX QJISY
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$QQH[H &



$QQH[H '
HVW GIDOLPHQWDWLRQ GHVY JDPPDUH\

/I THQVHPEOH GX SURWRFROH XMWU®BLVp HVW UpVXPp GDQ\

JLIXUH 6\QWKgVH GX PRGH RSpUDWBuUrdg HiIrseed \WHM¥HWmB OLPHQWDWLHF

/JHV IHXLOOHV SRXU OD SUpSDUDWIHRQ GHVXGYVTWH P SHRJ
DPELDQWH GDQV GH OTHDX QRQ FR QWRIDPL QREHW H B X VG | \OTHOH
HPSRUWH SLgFHV GH PP GH GLDPHW WS DHW \GHI\KX ® VP DULFOXQJ HH\

$QQH[H '



i SURVFULUH WRXW HQ pYLWDQW Q\WOBE®H@WH ®HD $ K XIQWAH
ODLVVHU GH WURXV j OTLQWpULHXD U3 R LGALHVA K& WH W REI® Y/RIL
GLVTXH QpFHVVDLUH SRXU OfH[SpULI®KHK OHSRXWLSOHADW
JDPPDUHV HVW SODFp GDQV XQ SLOHOX IGW pRW D XH VANV HRAR

f& 3RXU FKDTXH FRQGLWLRQ WHWOWPHQ®WOXWREWVUYPDC
JDPPDUHV H[SRVpV VRQW GHV PKkOHWERBLEWpPYV RRP RKPIH
UpSOLFDW FRQWLHQW JDPPDUHV MW XDXHWD @W &I PRIL\DT X
IHXLOOH HVW pJDOHPHQW DMRXWW BXDXEX® JPREDWHWXp C

D E

JLIXUHB6\YRWHY GX WHVW DOLPHQWDWLRQ GD
GH IHXLOOHV H[HPSOHSRVLW%®%'( E

/D GXUpH GX WHVW HVW GH MR XU W\J\WQRH\DXOUHRH G WU DHQY
OD GXUpH GX WHVW j OfDLGH GYXQHD N RRHA/H BHD MR W H X H
UpVXOWDW GX WHVW VIREWLHQW NG UPRAHS LOD QWH P S/Ap LSIHW X
$QQH[H $ HW OD VXUIDFH GHV GLWPDHY REWEIDMIHEDU SKF
E YLD OH ORJLFLHO ,PDJH- /D FRPSLORWLR® IGAKLBR QQ
GLVSRQLEOH HQ LQWHUQH DX ODERMDWIRRQH,5/ TR&VHPEIDH
IHXLOOHV FRQVRPPpHY REWHQXV DXVP R XTVDEDHOBKWWH WK

$QQH[H



7TDEOHDX\'QWKqVH GHV VXUIDFHV GH IHXLOOHV FRQVRP

7pPRLQ IEXLOOHY VpPpGLPHQW
FRQWDPLQPHARQWDPLQp
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