
HAL Id: tel-00731536
https://theses.hal.science/tel-00731536

Submitted on 13 Sep 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Transferts des contaminants organiques dans les bassins
versants du Pays du Roumois et du Plateau du

Neubourg
J. Raux

To cite this version:
J. Raux. Transferts des contaminants organiques dans les bassins versants du Pays du Roumois et du
Plateau du Neubourg. Interfaces continentales, environnement. Université de Rouen, 2012. Français.
�NNT : �. �tel-00731536�

https://theses.hal.science/tel-00731536
https://hal.archives-ouvertes.fr


 
 
!

"#$%$!!!

&'()*+,(*!-./'!01.2,*+,3.+!4/!5'64*!4*!!

789"$:;!7$!<1:=>?$;%>"$!7$!;8:$=!

-6'!

@/03*!;6/A!

73)B3-03+*!C!D(.0.53*!!
%-(B3603,(!C!#E4'.5(.0.53*F!#E4'.0.53*!

!
!

"'6+)G*',)!4*)!B.+,6H3+6+,)!.'56+3I/*)!46+)!0*)!
26))3+)!J*')6+,)!4/!&6E)!4/!;./H.3)!*,!4/!

&06,*6/!4/!=*/2./'5!!

!
KL!MJ'30!NOKN!

!
!

!"#$"#"%&"'()#F!9P*'BP*/'!Q!01:%D%!RM/),3+F!"*A6)S! ! ! ;6--.',*/'!
&"#*%+),-).F!&'.G*))*/'!Q!01:+3J*')3,(!4*!"./')! ! ! ;6--.',*/'!
/0),%1)##)..)2%9P*'BP*/'!Q!01:+3J*')3,(!4*!%6J.3*% % % $A6H3+6,*/'!
3)"45&"#6)%&78*')(2!&'.G*))*/'!Q!01:+3J*')3,(!4*!&6'3)!T! ! $A6H3+6,*/'!
!"#$"#"%9)#7:F!9P6'5(*!418-('6,3.+)!Q!01M$%=! ! ! ! U*H2'*!3+J3,(!
/7"44%;7<"#=F!U6V,'*!4*!B.+G('*+B*)!Q!01/+3J*')3,(!4*!;./*+!! 73'*B,*/'!4*!"PW)*!
1'6(6<<)%>?#6.?F!&'.G*))*/'!Q!01/+3J*')3,(!4*!;./*+! ! ! 73'*B,*/'!4*!"PW)*!
3)"451"8(%+8<74.F!&'.G*))*/'!Q!01/+3J*')3,(!4*!;./*+! ! ! 73'*B,*/'!4*!"PW)*!



!N!

 



!X!



!Y!

 

 

 

 

 

 

 

 

 

 

 

S 

 



!Z!

"'6+)G*',)!4*)!B.+,6H3+6+,)!.'56+3I/*)!46+)!0*)!26))3+)!J*')6+,)!4/!&6E)!
4/!;./H.3)!*,!4/!&06,*6/!4/!=*/2./'5! 

!
<*)! H3B'.-.00/6+,)! .'56+3I/*)F! -*),3B34*)! *,! #M&F! ).+,! 3+)B'3,)! )/'! 06! 03),*! 4*)!
)/2),6+B*)! -'3.'3,63'*)! 4*! 06! 73'*B,3J*! 964'*! $6/! R79$S! -./'! 06! -'.,*B,3.+! 4*)! *6/A!
)./,*''63+*)[!%130!+1E!6!-6)!41*+\*/!I/6+,3,6,3G!H6\*/'!B.+B*'+6+,! 0*)!*6/A!)./,*''63+*)!
4/!&6E)!4/!;./H.3)!*,!4/!&06,*6/!4/!=*/2./'5F!.+!6))3),*!Q!/+*!4(5'646,3.+!4*! 0*/'!
I/603,([! $+! *GG*,F! 06! '*))./'B*! *),! *A,'WH*H*+,! J/0+('620*! 6/A! -.00/,3.+)! 43GG/)*)! ./!
-.+B,/*00*)F! 41.'353+*! 65'3B.0*F! 4.H*),3I/*F! 3+4/),'3*00*! ./! './,3W'*F! 4/! G63,! 4*)!
B.++*A3.+)! '6-34*)! *+,'*! )/'G6B*! *,! )./,*''63+[! M3+)3F! 30! *),! +(B*))63'*! 41(,/43*'! 0*!
4*J*+3'!4*!B*)!H.0(B/0*)!46+)!0*)!26))3+)!J*')6+,)!4*!)/'G6B*[!!
<*!,'6+)G*',!4*)!-.00/6+,)!6!(,(!(,/43(!-6'!0*!)/3J3!4*!01(J.0/,3.+!4*!06!I/603,(!BP3H3I/*!
4*)!*6/A!R(0(H*+,)!H6\*/')F!#M&!*,!&*),3B34*)S!41/+*!-6',!*,!-6'!06!B6'6B,('3)6,3.+!4*!06!
B6-6B3,(!4164).'-,3.+!4*)!G.'H6,3.+)!)/-*'G3B3*00*)!416/,'*!-6',[!<*)!'()/0,6,)!-'()*+,*+,!
/+*! J6'362303,(! )-6,360*! *+,'*! 0*)! 4*/A! 26))3+)! J*')6+,)! *,! /+*! J6'362303,(! ,*H-.'*00*!
*+,'*!0*)!)63).+)[!<13+G0/*+B*!4*)!B.+43,3.+)!B03H6,3I/*)!*,!PE4'.5(.0.53I/*)!6!(,(!H3)*!
*+! (J34*+B*! Q! 06! G.3)! )/'! 0*)! B.+B*+,'6,3.+)! ,.,60*)! *+!-.00/6+,)! *,! )/'! 06! B.+,'32/,3.+!
'*06,3J*! 4*! BP6B/+! 4*)! B.H-.)()! (,/43()[! :+*! G.3)! 4(-.)()! Q! 06! )/'G6B*! 4*)! ).0)F! B*)!
H.0(B/0*)!).+,!4162.'4!,'6+)G('(*)!46+)!06!].+*!+.+!)6,/'(*!4*)!).0)!-/3)!46+)!06!].+*!
)6,/'(*! -./J6+,F! 4W)! 0.')F! 6,,*3+4'*! 0*)! B6-,65*)! 41603H*+,6,3.+! *+! *6/! -.,620*! -6'!
(B./0*H*+,!06,('60!46+)!0*)!B.+4/3,)!^6'),3I/*)[!>0!(,63,!4.+B!3+43)-*+)620*!41(,/43*'!0*!
,'6+)G*',!4*!B*)!-.00/6+,)!6/!)*3+!4*)!26))3+)!J*')6+,)!*,!0*!'_0*!4*)!-6'6HW,'*)!-PE)3B.`
BP3H3I/*)!4*)!H.0(B/0*)!I/3!\./*+,!)/'!0164).'-,3.+[!9*,,*!(,/4*!6!)./035+(!013H-.',6+B*!
4/!),.B^65*!4*)!-.00/6+,)!46+)! 0*)! ).0)!65'3B.0*)!4/!&6E)!4/!;./H.3)!4.+,! 06! G'6B,3.+!
H.2303)620*! -*/,! '*-'()*+,*'! \/)I/1Q! LOa!4/! ),.B^! B.+,*+/! 46+)! 0*! ).0[! 9*)! '()/0,6,)!
+./)!.+,!-*'H3)!41(,6203'!/+!)BP(H6!B.+B*-,/*0!4/!,'6+)G*',!4*)!-.00/6+,)!Q!,'6J*')!0*!
)/3J3! 4*! H.0(B/0*)! B320*)F! G0/.'6+,PW+*! R#M&S! *,! 43G0/G(+3B6+30! R-*),3B34*SF! 6/! )*3+! 4/!
B.+,3+//H!).0!b!*6/A!5'6J3,63'*)!b!6J60!PE4'6/03I/*[!!
!
U.,)!B0()C!#M&F!&*),3B34*)F!"'6+)G*',)F!c6))3+!J*')6+,F!d/603,(!4*!01*6/F!64).'-,3.+!



!T!

"'6+)G*'!.G!.'56+3B!B.+,6H3+6+,)!3+!,P*!e6,*')P*4)!.G!,P*!;./H.3)!6+4!
&06,*6/!.G!=*/2./'5!

!
8'56+3B! H3B'.`-.00/,6+,)F! -*),3B34*)! 6+4! &M#)F! 6'*! .+! ,P*! -'3.'3,E! 03),! .G! ,P*! f6,*'!
g'6H*e.'^! 73'*B,3J*! Rfg7S! G.'! 5'./+4e6,*'! -'.,*B,3.+[! >G! ,P*'*! 3)! +.! H6\.'!
I/6+,3,6,3J*! BP600*+5*! G.'! 5'./+4e6,*'! .G! ,P*! ;./H.3)! 6+4! &06,*6/! .G! =*/2./'5F! 6!
4*,*'3.'6,3.+! .G! ,P*3'! I/603,E! 3)! P.e*J*'! .2)*'J*4[! >+4**4F! ,P*! '*)./'B*! 3)! *A,'*H*0E!
)*+)3,3J*! ,.!43GG/)*!B.+,6H3+6,3.+)!B6/)*4!2E!).H*! G6),! B.++*B,3.+)!2*,e**+!)/'G6B*)!
6+4!/+4*'5'./+4!6+4!.'353+6,3+5!3+!65'3B/0,/'*!h!3+4/),'360!6B,3J3,3*)!6+4!'.64!,'6GG3BF[![!
"P/)F!3,!3)!+*B*))6'E!,.!),/4E!,P*!G6,*!.G!,P*)*!H.0*B/0*)!3+!,P*)*!B6,BPH*+,)[!
"P*! ,'6+)G*'! .G!H3B'.`-.00/,6+,)!e6)! ),/43*4! 2.,P! 2E!H.+3,.'3+5! ,P*! *J.0/,3.+! .G! ,P*!
BP*H3B60!I/603,E!.G!e6,*'!RH6\.'!*0*H*+,)F!&M#)!6+4!-*),3B34*)S!6+4!2E!BP6'6B,*'3]3+5!
,P*! 64).'-,3.+! B6-6B3,E! .G! )/'G3B360! H6,*'360)[! "P*! '*)/0,)! )P.e! 6! )-6,360! J6'362303,E!
2*,e**+!,P*!,e.!e6,*')P*4)!6+4!,*H-.'60!J6'362303,E!2*,e**+!)*6).+)[!"P*!3+G0/*+B*!.G!
H*,*.'.0.53B60!6+4!PE4'.5*.0.53B60!-6'6H*,*')!P6)!2**+!4*H.+),'6,*4!2.,P!3+!,P*!,.,60!
B.+B*+,'6,3.+)!.G!-.00/,6+,)!6+4!3+!,P*!'*06,3J*!B.+,'32/,3.+!.G!*6BP!.G!,P*!B.H-./+4)!
),/43*4[! 8+B*! 2*3+5! 4*-.)3,*4! .+! ).30)F! ,P*)*! H.0*B/0*)! 6'*! G3'),! ,'6+)G*''*4! ,.! ,P*!
/+)6,/'6,*4! ].+*! .G! ).30! 3+! ,P*! )6,/'6,*4! ].+*! 6+4! B6+! '*6BP! ,P*!e6,*'! '*)*'J.3'! G.'!
4.H*),3B!-/'-.)*)!2E! 06,*'60! G0.e)! ,P'./5P!^6'),!B.+4/3,)[[!"P3)!),/4E!P35P035P,*4! ,P*!
3H-.',6+B*!.G! ,P*! ),.'65*!.G!-.00/,6+,)! 3+! ,P*!65'3B/0,/'60! ).30)!.G! ,P*!;./H.3)!eP.)*!
H.2303]620*!G'6B,3.+!B6+!'*-'*)*+,!/-!,.!LOa!.G!,P*!),.B^!3+!,P*!).30[!8/'!'*)/0,)!6))3),!3+!
*),6203)P3+5!6!B.+B*-,/60!,'6+)G*'!.G!-.00/,6+,)!2E!H.+3,.'3+5!).H*!,6'5*,!H.0*B/0*)F!6)!
G0/.'6+,P*+*! R&M#S! 6+4! 73G0/G*+3B6+! R-*),3B34*SF! e3,P3+! ,P*! B.+,3+//H! ).30! `! e6,*'!
5'6J3,E!`!PE4'6/03B!4.e+),'*6H[!
!
i*Ee.'4)C!&M#F!&*),3B34*)F!"'6+)G*'F!f6,*')P*4F!f6,*'!I/603,EF!64).'-,3.+!
!
!



!j!

 



!L!

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



!k!

>+,'.4/B,3.+!D(+('60*!! ! ! ! ! ! ! ! ! KY 
!
!
1"#.6)%@%A%;"=#)%=)%(B?.8=)%% % % % % % % % CD%
!
! 9P6-3,'*!>!C!D(.H.'-P.0.53*!'(53.+60*! ! ! ! ! ! NN!

K[!M+60E)*!50.260*!4/!'*03*G!C!U="!*,!'()*6/!PE4'.5'6-P3I/*! ! NN!
N[!i6'),!4*!06!B'63*! ! ! ! ! ! ! ! NY!
! 6[!d/1*),`B*!I/1/+!^6'),!l! ! ! ! ! ! NY!
! 2[!<16I/3GW'*!4*!06!B'63*! ! ! ! ! ! NZ!
X[!8BB/-6,3.+!4/!).0!! ! ! ! ! ! ! NT!
!

! 9P6-3,'*!>>!C!9.+,*A,*!5(.0.53I/*!'(53.+60!! ! ! ! ! NL!
! ! K[!<3,P.0.53*! ! ! ! ! ! ! ! ! NL!
! ! ! 6[!<*)!0.*))! ! ! ! ! ! ! ! NL!
! ! ! 2[!<*)!6'530*)!Q!)30*A! ! ! ! ! ! ! Nk!
! ! ! B[!<*!)/2),'6,!! ! ! ! ! ! ! XO!
! ! N[!9.+,*A,*!),'/B,/'60! ! ! ! ! ! ! XN!
!
! 9P6-3,'*!>>>!C!#E4'.5(.0.53*!'(53.+60*! ! ! ! ! ! XY!
!
!
1"#.6)%C%A%&".?#6)(,%).%-?.'7=),%% % % % % % % EF%
!
! 9P6-3,'*!>!C!&'()*+,6,3.+!4*)!)3,*)!41(,/4*)! ! ! ! ! YO!
! ! K[!<*!BP.3A!4*)!)3,*)! ! ! ! ! ! ! ! YO!
! ! N[!U(,P.4.0.53*! ! ! ! ! ! ! ! YK!
! ! X[!<*)!B6-,65*)!41603H*+,6,3.+!*+!*6/!-.,620*! ! ! ! YX!
! ! ! 6[!<*!B6-,65*!4*)!?6''6)! ! ! ! ! ! YX!
! ! ! 2[!<*!B6-,65*!4/!9Pm,*6/!41*6/! ! ! ! ! YX!
!
! 9P6-3,'*!>>!C!&'()*+,6,3.+!*,!-'.-'3(,()!-PE)3B.BP3H3I/*)!4*)!B.+,6H3+6+,)!YY!
! ! K[!<*)!PE4'.B6'2/'*)!6'.H6,3I/*)!-.0EBEB03I/*)!! ! ! YY!
! ! ! 6[!D(+('603,()!! ! ! ! ! ! ! YY!
! ! ! 2[!%./'B*)!*,!8'353+*)! ! ! ! ! ! YT!
! ! ! ! 3[!8'353+*!-E'.0E,3I/*! ! ! ! ! YT!
! ! ! ! 33[!8'353+*!-(,'.5(+3I/*! ! ! ! ! YL!
! ! ! ! 333[!8'353+*!4365(+(,3I/*! ! ! ! ! YL!
! ! ! B[!>4*+,3G3B6,3.+!4*)!)./'B*)!-6'!01/,303)6,3.+!4*!'6,3.)! ! YL!
! ! ! 4[!&'.-'3(,()!-PE)3B.`BP3H3I/*)! ! ! ! ! Yk!
! ! ! *[!7*J*+3'!46+)!0*)!*+J3'.++*H*+,)! ! ! ! ZO!
! ! ! G[!U(,P.4*)!416+60E)*)! ! ! ! ! ! ZN!
! ! N[!<*)!-PE,.)6+3,63'*)! ! ! ! ! ! ! ZN!
! ! ! 6[!D(+('603,()!! ! ! ! ! ! ! ZN!
! ! ! 2[!&'()*+,6,3.+!4*)!-PE,.)6+3,63'*)!(,/43()! ! ! ZX!
! ! ! B[!&'.-'3(,()!-PE)3B.`BP3H3I/*)! ! ! ! ! ZY!
! ! ! 4[!7*J*+3'!46+)!0*)!*+J3'.++*H*+,)! ! ! ! ZT!
! ! ! *[!U(,P.4*)!416+60E)*)! ! ! ! ! ! Zj!
!



!KO!

! 9P6-3,'*!>>>!C!96'6B,('3)6,3.+!4*)!G.'H6,3.+)!)/-*'G3B3*00*)! ! ! ZL!
! ! K[!<6!5'6+/0.H(,'3*!06)*'! ! ! ! ! ! ! ZL!
! ! N[!<6!43GG'6B,.H(,'3*!Q!'6E.+)!n! ! ! ! ! ! ZL!
! ! X[!<6!)-*B,'.H(,'3*!41(H3))3.+!6/!-06)H6!>9&o8$%! ! ! Zk!
! ! Y[!<6!-E'.0E)*!;.B^`$J60!T! ! ! ! ! ! ! Zk!
!
! 9P6-3,'*!>?!C!96'6B,('3)6,3.+!-PE)3B.`BP3H3I/*!4*)!*6/A! ! ! TN!
! ! K[!<*)!H6\*/')! ! ! ! ! ! ! ! TN!
! ! N[!<6!,/'2343,(!*,!013+*',3*!4/!)E),WH*! ! ! ! ! TN!
! ! ! 6[!<6!,/'2343,(! ! ! ! ! ! ! TN!
! ! ! 2[!<13+*',3*!4/!)E),WH*!! ! ! ! ! ! TX!
! ! ! ! 3[!<16/,.B.''(06,3.+! ! ! ! ! ! TX!
! ! ! ! 33[!<13+,*'B.''(06,3.+!! ! ! ! ! TY!
! ! X[!<6!B.+4/B,3J3,(!(0*B,'3I/*! ! ! ! ! ! TY!
!
! 9P6-3,'*!?!C!D(.BP3H3*!.'56+3I/*!!! ! ! ! ! ! TT!
! ! K[!$A,'6B,3.+!*,!B.+B*+,'6,3.+! ! ! ! ! ! TT!
! ! ! 6[!<*)!(BP6+,300.+)!4*!).0)! ! ! ! ! ! TT!
! ! ! 2[!<*)!(BP6+,300.+)!41*6/A! ! ! ! ! ! TT!
! ! ! B[!<*)!(BP6+,300.+)!4*!H6,3W'*)!*+!)/)-*+)3.+! ! ! TT!
! ! N[!M+60E)*)!*+!D9`U%! ! ! ! ! ! ! TT!
! ! ! 6[!%,6+46'4)!6+60E,3I/*)! ! ! ! ! ! TT!
! ! ! 2[!>+),'/H*+,6,3.+!*,!B.+43,3.+)!6+60E,3I/*)!! ! ! Tj!
! ! ! B[!>4*+,3G3B6,3.+!*,!I/6+,3G3B6,3.+! ! ! ! ! Tj!
! ! X[!M+60E)*)!*+!<9`U%oU%! ! ! ! ! ! ! TL!

6[!%,6+46'4)!6+60E,3I/*)! ! ! ! ! ! TL!
! ! ! 2[!>+),'/H*+,6,3.+!*,!B.+43,3.+)!6+60E,3I/*)!! ! ! TL!
! ! ! B[!>4*+,3G3B6,3.+!*,!I/6+,3G3B6,3.+! ! ! ! ! TL!
!
!
1"#.6)% E%A% ;"#"*.?#6,".674% =),% G7#-".674,% ,8<)#G6*6)((),% ).% =8% G74*.6744)-)4.%
':=#7(7H6I8)%=),%$",,64,%0)#,"4.,%% % % % % % % JD%
!
! 9P6-3,'*!>!C!96'6B,('3)6,3.+!4*)!G.'H6,3.+)!)/-*'G3B3*00*)! ! ! jK!
! ! K[!<*)!B06))*)!5'6+/0.H(,'3I/*)! ! ! ! ! ! jX!
! ! N[!<6!B.H-.)3,3.+!6'530*/)*!! ! ! ! ! ! jZ!
! ! X[!<6!5(.BP3H3*!4/!B.',W5*!6'530*/A! ! ! ! ! jT!
! ! Y[!<6!,*+*/'!*+!H6,3W'*!.'56+3I/*! ! ! ! ! ! jL!
! ! Z[!9.+B0/)3.+!-6',3*00*! ! ! ! ! ! ! LO!
!
! 9P6-3,'*!>>!C!g.+B,3.++*H*+,!PE4'.0.53I/*! ! ! ! ! LN!
! ! K[!;(6B,3J3,(!4*)!26))3+)!4/'6+,!06!-('3.4*!(,/43(*! ! ! LN!
! ! ! 6[!<6!-0/J3.H(,'3*! ! ! ! ! ! ! LN!
! ! ! 2[!<*!+3J*6/!41*6/! ! ! ! ! ! ! LX!
! ! ! B[!$J.0/,3.+!4*!06!B.+4/B,3J3,(!(0*B,'3I/*! ! ! ! LZ!
! ! N[!>+*',3*!4/!)E),WH*! ! ! ! ! ! ! Lj!
! ! ! 6[!<6!,/'2343,(!6/!G.'65*! ! ! ! ! ! Lj!
! ! ! 2[!<1*GG*,!H(H.3'*!6/!G.'65*! ! ! ! ! LL!
! ! ! B[!<6!'(-.+)*!3H-/0)3.++*00*!6/!G.'65*! ! ! ! Lk!



!KK!

! ! X[!D(.BP3H3*!4*)!*6/A! ! ! ! ! ! ! kO!
! ! ! 6[!g6B3W)!5(.BP3H3I/*)!4*)!*6/A! ! ! ! ! kO!
! ! ! 2[!$J.0/,3.+!4*!06!B.+B*+,'6,3.+!*+!=3,'6,*)! ! ! kN!
! ! ! B[!$J.0/,3.+!4*!06!B.+B*+,'6,3.+!*+!9P0.'/'*)! ! ! kZ!
! ! ! 4[!$J.0/,3.+!4*!06!B.+B*+,'6,3.+!*+!%.43/H! ! ! kZ!
! ! Y[!9.+B0/)3.+!-6',3*00*! ! ! ! ! ! ! kL!
!
!
1"#.6)%K%A!L.8=)%=8%=)0)46#%=),%*74."-64"4.,%="4,%(),%$",,64,%0)#,"4.%=),%>"##",%
).%=8%!)*%%! ! ! ! ! ! ! ! ! ! ! @DD%
!

9P6-3,'*!>!C!M+60E)*)!4*)!#M&!46+)!0*)!B.H-6',3H*+,)!4*!01*+J3'.++*H*+,! KON!
! ! K[!<*)!)./'B*)!-.,*+,3*00*)!4*)!#M&!46+)!01*+J3'.++*H*+,! ! KON!
! ! ! 6[!<*)!6H*+4*H*+,)!65'3B.0*)! ! ! ! ! KON!
! ! ! ! 3[!<*!B6B3BP6-!! ! ! ! ! ! KON!
! ! ! ! 33[!<*)!B*+4'*)! ! ! ! ! ! KON!
! ! ! ! 333[!<*!B.H-.),! ! ! ! ! ! KOX!
! ! ! 2[!<*)!'*,.H2(*)!6,H.)-P('3I/*)! ! ! ! ! KOX!
! ! ! ! 3[!<*)!4(-_,)!P/H34*)! ! ! ! ! KOX!
! ! ! ! 33[!<*)!4(-_,)!)*B)! ! ! ! ! ! KOY!
! ! N[!M+60E)*)!4*)!#M&!46+)!0*)!).0)! ! ! ! ! ! KOZ!
! ! ! 6[!<*!26))3+!J*')6+,!4/!c*B! ! ! ! ! ! KOZ!
! ! ! 2[!<*!26))3+!J*')6+,!4*)!?6''6)! ! ! ! ! KOT!
! ! ! ! 3[!<6!B6H-65+*!4/!KjoOkoKO! ! ! ! KOT!
! ! ! ! 33[!<6!B6H-65+*!4/!KKoKKoKO! ! ! ! KOL!
! ! ! ! 333[!9.H-6'63).+!*+,'*!0*)!4*/A!B6H-65+*)! ! KKO!
! ! ! B[!%./'B*)!4*)!#M&!46+)!0*)!).0)!! ! ! ! ! KKK!
!
! ! X[!M+60E)*)!4*)!#M&!46+)!0*)!*6/A! ! ! ! ! ! KKN!
! ! ! 6[!<*!26))3+!J*')6+,!4/!c*B! ! ! ! ! ! KKN!
! ! ! 2[!<*!26))3+!J*')6+,!4*)!?6''6)!! ! ! ! ! KKZ!
! ! ! B[!%./'B*)!4*)!#M&!46+)!0*)!*6/A! ! ! ! ! KNK!
! ! ! 4[!>H-6B,!6/A!B6-,65*)! ! ! ! ! ! KNN!
! ! ! ! 3[!<*!BPm,*6/!41*6/!! ! ! ! ! ! KNX!
! ! ! ! 33[!<*!B6-,65*!4*)!?6''6)! ! ! ! ! KNX!
! ! Y[!M+60E)*)!4*)!#M&!46+)!0*)!H6,3W'*)!*+!)/)-*+)3.+! ! ! KNZ!
! ! Z[!73)B/))3.+!-6',3*00*! ! ! ! ! ! ! KNZ!
!
! 9P6-3,'*!>>C!M+60E)*)!4*)!-*),3B34*)!46+)!0*)!B.H-6',3H*+,)!4*!01*+J3'.++*H*+,!!
! ! K[!<*)!)./'B*)!4*!-*),3B34*)!46+)!01*+J3'.++*H*+,! ! ! KXO!
! ! N[!M+60E)*)!4*)!-*),3B34*)!46+)!0*)!).0)!! ! ! ! ! KXO!
! ! ! 6[!<*!26))3+!J*')6+,!4/!c*B! ! ! ! ! ! KXK!
! ! ! 2[!<*!26))3+!J*')6+,!4*)!?6''6)! ! ! ! ! KXK!
! ! X[!M+60E)*)!4*)!-*),3B34*)!46+)!0*)!*6/A!! ! ! ! ! KXX!
! ! ! 6[!<*!26))3+!J*')6+,!4/!c*B! ! ! ! ! ! KXX!
! ! ! 2[!<*!26))3+!J*')6+,!4*)!?6''6)! ! ! ! ! KXT!
! ! ! B[!>H-6B,!6/A!B6-,65*)! ! ! ! ! ! KYY!
! ! Y[!M+6E)*)!4*)!-*),3B34*)!46+)!0*)!H6,3W'*)!*+!)/)-*+)3.+! ! KYY!
! ! Z[!73)B/))3.+! ! ! ! ! ! ! ! ! KYZ!



!KN!

! 9P6-3,'*!>>>C!9.+B0/)3.+!&6',3*00*! ! ! ! ! ! ! KZO!
!
!
1"#.6)%M%A!N#.6*()%)4%<#?<"#".674%<78#%!"#$%&"'(")*+,-.$(".(,*"/,0(.1"&+&23! KZY%
!
73)B/))3.+!D(+('60*F!9.+B0/)3.+!*,!&*')-*B,3J*)!! ! ! ! ! KjT!
!
c3203.5'6-P3*!! ! ! ! ! ! ! ! ! ! KLT!
!
<3),*!4*)!G35/'*)! ! ! ! ! ! ! ! ! ! NON!
!
<3),*!4*)!,620*6/A! ! ! ! ! ! ! ! ! ! NKO!
!
M++*A*)! ! ! ! ! ! ! ! ! ! ! NKY!
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!
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!
!
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;74.)O.)%).%1#7$(?-".6I8)%=)%(B?.8=)!
!
$+! NOOLF! 0*! D>$9! RD'./-*! 41*A-*',)! >+,*'5./J*'+*H*+,60! )/'! 01$J.0/,3.+! 4/! 903H6,S! 6!
-/203(!/+!4.B/H*+,!,*BP+3I/*!)/'!0*!,PWH*!4/!p!BP6+5*H*+,!B03H6,3I/*!*,!R4*S!01*6/!q[!
9*,,*! 4(H6'BP*F! 3+3,3(*! *+! NOONF! 6! -*'H3)! 4*! G63'*! /+! -.3+,! )/'! 0*)! B.+)(I/*+B*)!
-.))320*)! *,! -'.2620*)! 4/! '(BP6/GG*H*+,! -06+(,63'*! )/'! 0*)! '*))./'B*)! *+! *6/! *,! ).+!
6BBW)[! $00*! 6! 63+)3! )./035+(! 0*)! 03*+)! (,'.3,)! *,! B.H-0*A*)! *A3),6+,)! *+,'*! 4('W50*H*+,!
B03H6,3I/*!*,!H.43G3B6,3.+!4/!BEB0*!PE4'.0.53I/*!Q! 01(BP*00*!50.260*!H63)!-*'B*-,320*!Q!
01(BP*00*! 0.B60*[! M3+)3F! 06! '*B'/4*)B*+B*! 41(JW+*H*+,)! B03H6,3I/*)! *A,'rH*)!
R-'(B3-3,6,3.+)SF! -'(J/*! -6'! 0*)!H.4W0*)! 4/!D>$9F! -./''63,! 60,('*'! )35+3G3B6,3J*H*+,! 06!
I/603,(! 4*! 01*6/! *+! 6/5H*+,6+,! 06!H.2303,(! *,! 06! B.+B*+,'6,3.+! 4*)! -.00/6+,)! 46+)! 0*)!
6I/3GW'*)! 0.')! 4*! -'(B3-3,6,3.+)! 3+,*+)*)! R%*B,3.+! X`N`K`Y!C! d/603,(! 4*! 01*6/F! -[ZK! 4/!
'6--.',!4*!NOOLS[!
!
M3+)3F!*+!NOOjF!46+)!0s.-,3I/*!4*!G63'*!G6B*!6/A!B.+)(I/*+B*)!4/!BP6+5*H*+,!B03H6,3I/*F!
0*)! '*)-.+)620*)! -.03,3I/*)! G'6+t63)! .+,! 3+3,3(! 0*! P#)4)(()% =)% (BL406#744)-)4.[! 9*!
D'*+*00*!'(/+3,!-./'!06!-'*H3W'*!G.3)! 01$,6,!*,! 0*)!'*-'()*+,6+,)!4*!06!).B3(,(!B3J30*!6G3+!
4*! 4(G3+3'! /+*! G*/300*! 4*! './,*! *+! G6J*/'! 4*! 01(B.0.53*F! 4/! 4(J*0.--*H*+,! *,! 4*!
016H(+65*H*+,! 4/'620*)[! <*)! -'.20(H6,3I/*)! 03(*)! Q! 01*6/! +1.+,! -6)! G63,! 01.2\*,! 41/+*!
6,,*+,3.+!,P(H6,3I/*!)-(B3G3I/*F!B*-*+46+,!*00*)!).+,!'(-6',3*)!6/!,'6J*')!4*)!43GG('*+,)!
5'./-*)! 4*! '(G0*A3.+F! +.,6HH*+,! 6/,./'! 4*! 06! -'()*'J6,3.+! 4*! 06! 23.43J*')3,(! *,! 4*)!
'*))./'B*)!+6,/'*00*)! RD'./-*!NS! 63+)3!I/*! 0*)!-'.20WH*)!*+! 03*+!6J*B! 0165'3B/0,/'*F! )6!
-'.4/B,3.+!*,!)6!B.+).HH6,3.+!R5'./-*!YS[!!
!
$+! NOOkF! 0*)! H3+3),W'*)! *+! BP6'5*! 4/! 7(J*0.--*H*+,! 4/'620*F! 4*! 06! %6+,(! *,! 4*!
01M5'3B/0,/'*!.+,!63+)3!)(0*B,3.++(!/+*!03),*!4*)!p!ZOO!B6-,65*)!D'*+*00*!q!-6'H3!0*)!-0/)!
H*+6B()! -6'! 0*)! -.00/,3.+)! 43GG/)*)F! +.,6HH*+,! 0*)! +3,'6,*)! *,! 0*)! -*),3B34*)[! MG3+!
416))/'*'! 06! )(B/'3,(! )6+3,63'*! 4*! 01*6/! *,! 63+)3! 56'6+,3'! 06! )6/J*56'4*! 4*! B*)! )3,*)!
R-'3+B3-60*H*+,! J3)`Q`J3)! 4*)! -.00/,3.+)! -.+B,/*00*)! *,! 6BB34*+,*00*)SF! 30! 6! (,(! 4(B34(!
+.,6HH*+,! 4*! H*,,'*! *+! -06B*! 4*)! -('3HW,'*)! 4*! -'.,*B,3.+! 6/,./'! 4*)! -.3+,)! 4*!
B6-,65*[! :+*!H*)/'*! )/--0(H*+,63'*! 4*! -'(J*+,3.+! 4*)! ].+*)! )./H3)*)! Q! B.+,'63+,*)!
*+J3'.++*H*+,60*)!Ru%9$SF!4(G3+3*!-6'!06!0.3!)/'!01*6/!*,!0*)!H303*/A!6I/6,3I/*)!R6',[!NKF!
NOOTSF!J3*+,!B.H-0(,*'!*,!(06'53'!0*!43)-.)3,3G!4*)!-('3HW,'*)!4*!-'.,*B,3.+F!6G3+!4*!0/,,*'!
B.+,'*!0*)!-.00/,3.+)!43GG/)*)[!9*,,*!4(H6'BP*!)13+)B'3,!63+)3!46+)!0*!B64'*!41/+*!-.03,3I/*!
50.260*!4*!'*B.+I/r,*!4*!06!I/603,(!4*!06!'*))./'B*[!
!
MG3+!416,,*3+4'*!)*)!.2\*B,3G)F!0*!D'*+*00*!4*!01$+J3'.++*H*+,F!46+)!0*!4.H63+*!4*!01*6/F!
)16--/3*!)/'!/+*!43'*B,3J*!4*!NOOOF!06!+6#)*.60)5;"=#)%L"8!R79$!NOOOoTOo9$S[!9*00*`B3!
4(G3+3,! /+! B64'*! -./'! 06! 5*),3.+! *,! 06! -'.,*B,3.+! 4*)! *6/A! -6'! 5'6+4! 26))3+!
PE4'.5'6-P3I/*!*,!G3A*!4*)!.2\*B,3G)!6H23,3*/A!-./'!06!-'()*'J6,3.+!*,!06!'*),6/'6,3.+!4*!
01(,6,! 4*)! *6/A! )./,*''63+*)[! 9*,,*! 4*'+3W'*! 4.++*! 06! -'3.'3,(! Q! 06! -'.,*B,3.+! 4*!
01*+J3'.++*H*+,F!*+!3H-.)6+,!6/A!$,6,)!H*H2'*)!4*!01:$!4*!J*300*'!Q!06!+.+`4(5'646,3.+!
4*! 06! I/603,(! 4*)! *6/A! *,! 416,,*3+4'*! 413B3! Q! NOKZ! /+! 2.+! (,6,! 5(+('60! 4*)! *6/A! *,!
+.,6HH*+,!4*)!*6/A!)./,*''63+*)[!!
!
<s(,6,!4*)!03*/A!'*I/3)!-6'!06!79$!*,!'(603)()!6/!+3J*6/!4*)!43GG('*+,)!26))3+)F!6!-*'H3)!4*!
4'*))*'! /+! -'*H3*'! 2306+! 4*! 01(,6,! 4*)! *6/A! )./,*''63+*)! *+! NOOZ[! <*! '3)I/*! 4*! +.+!
6,,*3+,*!4/!2.+!(,6,!6!(,(!*),3H(!-./'!BP6B/+*!4*)!ZZX!H6))*)!41*6/!4*!01*+)*H20*!4*)!
5'6+4)! 26))3+)! PE4'.5'6-P3I/*)[! M! ,3,'*! 41*A*H-0*F! jYa! 4*)!H6))*)! 41*6/! 4/! c6))3+!



!KT!

%*3+*`=.'H6+43*!-'()*+,63*+,!/+!'3)I/*!6J('(!4*!+.+!6,,*3+,*!4/!2.+!(,6,F!)3!6/B/+*)!
H*)/'*)! 4*! -'.,*B,3.+! +1(,63*+,! H3)*)! *+! -06B*[! %/'! 0*! -06+! I/603,6,3GF! 0*)! -'3+B3-6/A!
-6'6HW,'*)!4(B06))6+,!06!I/603,(!4*)!H6))*)!41*6/!)./,*''63+*!Q!01(BP*00*!+6,3.+60*!).+,!
6/\./'41P/3!*))*+,3*00*H*+,!4/)!6/A!+3,'6,*)!*,!-*),3B34*)!41.'353+*!65'3B.0*[!
!
<*)! *GG.',)! )*! ).+,! 2*6/B./-! 6A()! )/'! 01(,/4*! 4*! 06! B.+,6H3+6,3.+! 4*! 01(B.)E),WH*!
6I/6,3I/*!-6'!4*)!*)-WB*)!BP3H3I/*)!,*00*)!I/*!0*)!+3,'6,*)!R*[5[!=*60!*,!60[F!NOOT!v!c6'6+!
*,! 60[F! NOOj!v! D/,3*''*]! *,! 60[F! NOOkS[! <*! 4*J*+3'! *,! 013H-6B,! 4*! B*)! )/2),6+B*)! 46+)! 0*!
H303*/!6I/6,3I/*!).+,!6/\./'41P/3!'*06,3J*H*+,!23*+!B.H-'3)!23*+!I/130!'*),*!4*)!].+*)!
41.H2'*!)/'!0*!),.B^65*!46+)!0*)!G.'H6,3.+)!)/-*'G3B3*00*)!H63)!0*)!*GG.',)!4*!03H3,6,3.+!
4*)!6--.',)!46+)!0*!H303*/!-6'!06!'(4/B,3.+!4*)!)./'B*)!).+,!23*+!6J6+B()[!!
!
$+! '*J6+BP*F! 06! B.+,6H3+6,3.+! 4*)! H303*/A! -6'! 0*)!-6*#7<7((8"4.,! '*),*! 23*+! H.3+)!
6--'(P*+4(*[! <*)!H3B'.-.00/6+,)! ).+,! 4*)!H.0(B/0*)! -'()*+,*+,! Q! 01(,6,! 4*! ,'6B*)! R4/!
+5o0!6/!w5o0S!H63)!I/3!).+,!)/)B*-,320*)!416J.3'!/+*!6B,3.+!,.A3I/*!-./'!0*)!.'56+3)H*)!
R*[5[! U6',3+*]! *,! 60[F! NOOYS[! 8+! 43),3+5/*! 4*/A! ,E-*)! 4*!H3B'.-.00/6+,)!C! 0*)! (0(H*+,)!
H(,6003I/*)!R*[5[!934/!*,!c3446/F!NOOjS!*,!0*)!H3B'.-.00/6+,)!.'56+3I/*)!R*[5[!$'3^)).+!*,!
60[F! NOOjS[! 9*)! 4*'+3*')! ).+,! -'.4/3,)! -./'! 016B,3J3,(! 3+4/),'3*00*! RQ:=#7*"#$8#),%
N#7-".6I8),% 17(:*:*(6I8),! R#M&SF! &.0E9P0.'.c3-P(+E0*)! R&9cSF! [[[SF! 65'3B.0*!
R<),.6*6=),S!*,!P/H63+*!RH(43B6H*+,)S[!:+*!5'6+4*!-6',3*!4*)!-.00/6+,)!.'56+3I/*)!*),!
-*')3),6+,*! 46+)! 01*+J3'.++*H*+,! *,! G.',*H*+,! 23.`6BB/H/0620*! 46+)! 0*)! B*00/0*)!
03-343I/*)!4*)!.'56+3)H*)!R*[5[!@.+*)!*,!4*!?..5,F!KkkkS[!
!
M3+)3! 06! 79$! G3A*! /+*! 03),*! 4*! XX! )/2),6+B*)! -'3.'3,63'*)! p!-'()*+,6+,! /+! '3)I/*!
)35+3G3B6,3G! -./'! 01*+J3'.++*H*+,! 6I/6,3I/*!q[! 9*,! *+)*H20*! B.+,3*+,! -0/)3*/')!
H3B'.-.00/6+,)! .'56+3I/*)! 4.+,! 0*)! #M&! *,! 0*)! -*),3B34*)[! $+! G(J'3*'! NOKNF! 06!
9.HH3))3.+!6!6++.+B(!I/*!KZ!+./J*00*)!H.0(B/0*)!-./''63*+,!23*+,_,!)s6\./,*'!Q!06!03),*!!
4.+,!4*)!H(43B6H*+,)F!4*)!'()34/)!4*!-*),3B34*)!RMB0.+3G*+S!*,!4*)!-'.4/3,)!BP3H3I/*)!
3+4/),'3*0)[!9*,,*!03),*!300/),'*!06!-'3)*!4*!B.+)B3*+B*!4/!46+5*'!-./'!01(B.)E),WH*F!4*!06!
4(5'646,3.+! 4*! 06! I/603,(! 4*! 06! '*))./'B*! *+! *6/! *,! 01*+\*/! *+J3'.++*H*+,60! I/*!
'*-'()*+,*+,! 0*)! H3B'.-.00/6+,)[! 76+)! 0*! B64'*! '(50*H*+,63'*! 4*! 06! I/603,(! 4*! 01*6/!
4*),3+(*!Q!06!B.+).HH6,3.+!P/H63+*F!0*)!-*),3B34*)!).+,!'*BP*'BP()!4*!H6+3W'*!50.260*!
)6+)! 43),3+B,3.+! 4*! H.0(B/0*)! ,6+43)! I/*! 0*)! #M&! ).+,! '*BP*'BP()! )*0.+! 0*)!
'*B.HH6+46,3.+)!4*!018'56+3)6,3.+!U.+4360*!4*!06!%6+,(!).3,!T!H.0(B/0*)[!$+!'*J6+BP*F!
46+)! 0*! B64'*! 4*! 06! 79$! B*',63+*)! H.0(B/0*)! ).+,! 3+)B'3,*)! B.HH*! )/2),6+B*)!
-'3.'3,63'*)[!&6'H3!B*00*)`B3!G35/'*+,!-./'!0*)!-*),3B34*)!C!013).-'.,/'.+F!0*!BP0.',.0/'.+!*,!
-'.BP63+*H*+,! 016B0.+3G*+!*,!-./'! 0*)!#M&! 0*)!KT!H.0(B/0*)!4*! 01M5*+B*!4*!&'.,*B,3.+!
$+J3'.++*H*+,60*!MH('3B63+*!R:%`$&MSR%
%
<1(J60/6,3.+! 4/! '3)I/*! -.,*+,3*0! 4*! B*)! H3B'.-.00/6+,)! *+! #6/,*`=.'H6+43*! '*-.)*!
-'3+B3-60*H*+,!)/'!01.BB/-6,3.+!4/!).0!*,!016B,3J3,(!(B.+.H3I/*!4*!06!'(53.+[!<*)!)/'G6B*)!
65'3B.0*)!/,30*)!R%M:SF!I/3!'*-'()*+,*+,!-'W)!4*!TTa!4/!,*''3,.3'*!P6/,!+.'H6+4F!).+,!0*!
)3W5*!4*! 01(-6+465*!4*)!-*),3B34*)[!7*!-0/)F! 06!#6/,*`=.'H6+43*!*),!/+*!'(53.+!Q! G.',*!
,'643,3.+!3+4/),'3*00*!I/3!*),F!-6'!6300*/')F!06!-'*H3W'*!'(53.+!4*!g'6+B*!-./'!0*!'6GG3+65*!
4/!-(,'.0*! '*-'()*+,6+,!XTa!4*! 06!-'.4/B,3.+!+6,3.+60*! RU3+3),W'*!4*! 01(B.+.H3*F!4*)!
G3+6+B*)!*,!4*!013+4/),'3*S[!<*)!-'.B*))/)!4*!'6GG3+65*!4*!-(,'.0*!).+,!/+*!4*)!B6/)*)!4*!
01(H3))3.+!4*!#M&!46+)!016,H.)-PW'*[!
!



!Kj!

&6'H3! 0*)! G.'65*)! 3+)B'3,)! )/'! 06! 03),*! -'3.'3,63'*! 4/!D'*+*00*! 4*! 01$+J3'.++*H*+,! 63+)3!
I/*!)/'!B*00*!4*!016',3B0*!NK!4/!<$UM!G35/'*+,!0*!B6-,65*!4*)!?6''6)!*,!0*!9Pm,*6/!41*6/!
4/!"'*H206E`8H.+J300*[!M3+)3F!B*,,*!(,/4*!)*!G.B603)*!)/'!0*)!26))3+)!J*')6+,)!R0*)!?6''6)!
*,!0*!c*BS!)/'!0*)I/*0)!B*)!4*/A!B6-,65*)!B.''*)-.+4*+,!Q!016J60!PE4'6/03I/*[!
!
76+)! 0*! )/3J3!4*)! B.+,6H3+6+,)!4*! B*,,*!(,/4*F! 0*)!#M&!4*! 06! 03),*!4*! 01:%`$&M!*,! 0*)!X!
-*),3B34*)!4*!06!79$!R9P0.',.0/'.+F!>).-'.,/'.+!*,!MB0.+3G*+S!).+,!'*BP*'BP()!6/AI/*0)!
)16\./,*+,!N!6/,'*)!-*),3B34*)!R$-.A3B.+6].0*!*,!73G0/G(+3B6+30S!-6',3B/03W'*H*+,!/,303)()!
)/'! B*)! 26))3+)! J*')6+,)[! >0! *),! 4.+B! +(B*))63'*! 416H(03.'*'! +.,'*! B.H-'(P*+)3.+! 4/!
G.+B,3.++*H*+,!PE4'.0.53I/*!4*)!)E),WH*)!^6'),3I/*)!4*!B*)!4*/A!26))3+)!J*')6+,)[!9*!
G.+B,3.++*H*+,!-*/,!r,'*!6--'(P*+4(!*+!)/3J6+,!01(J.0/,3.+!4*!06!I/603,(!BP3H3I/*!4*)!
*6/A! R(0(H*+,)! H6\*/')F! #M&! *,! -*),3B34*)S[! <*! 4*J*+3'! 4*)! B.+,6H3+6+,)! '*I/3W'*!
(560*H*+,! 4*! B6'6B,('3)*'! 0*)! G.'H6,3.+)! )/-*'G3B3*00*)! RH6,3W'*! .'56+3I/*F! 6'530*)F!
5'6+/0.H(,'3*S!46+)!0*!2/,!4*!4(,*'H3+*'!0*!-./J.3'!4*!'(,*+,3.+!4*!B*)!).0)[!9*)!(,6-*)!
3+43)-*+)620*)!.+,!-./'!.2\*B,3G!B.HH/+!4*!B.H-'*+4'*!0*!,'6+)G*',!4*)!B.+,6H3+6+,)!
.'56+3I/*)! R#M&! *,! -*),3B34*)S! 46+)! 0*! B.+,3+//H! ).0)! b! *6/A! 4*! )/'G6B*! b! 4*! )/2`
)/'G6B*!b!6J60!PE4'6/03I/*!4*!016I/3GW'*!^6'),3I/*[!
%
9*,,*!(,/4*!)13+)B'3,!4.+B!-6'G63,*H*+,!46+)!0*!B64'*!4*!06!-'.,*B,3.+!4*!06!'*))./'B*!*+!
*6/!)./,*''63+*[!
%
;)%-?-76#)%=)%.'S,)%,)%=606,)%)4%M%<"#.6),%A%
%
76+)! 0*! 2/,! 4*! 4(B'3'*! 6/!H3*/A! 0*! B64'*! 4*! B*,,*! (,/4*F! B*!H(H.3'*! 4(2/,*! -6'! /+*!
-'()*+,6,3.+! 4*)! B.+,*A,*)! 5(.5'6-P3I/*F! 5(.H.'-P.0.53I/*F! 5(.0.53I/*! *,!
PE4'.0.53I/*!I/3!B6'6B,('3)*+,!06!#6/,*!=.'H6+43*!R!"#$%&'(S[!
!
<*)! H(,P.4*)! H3)*)! *+! x/J'*! -./'! 06! B6'6B,('3)6,3.+! 4*)! G.'H6,3.+)! )/-*'G3B3*00*)!
R5'6+/0.H(,'3*F!,*+*/'!*+!H6,3W'*!.'56+3I/*!RU8SF!,*+*/'!*+!6'530*)F!B.',W5*!6'530*/AS!
*,!4*)!*6/A! R(0(H*+,)!H6\*/')!*,! B.+4/B,3J3,(!(0*B,'3I/*S!).+,!*+)/3,*! G./'+3*)[!M-'W)!
/+*! )E+,PW)*! 23203.5'6-P3I/*! -.',6+,! )/'! 0*)! B.+,6H3+6+,)! )(0*B,3.++()! 46+)! B*,,*!
(,/4*F!0*)!H(,P.4*)!416+60E)*)!BP.3)3*)!-./'!B6'6B,('3)*'!*,!I/6+,3G3*'!B*)!B.+,6H3+6+,)!
.'56+3I/*)!).+,!4(,6300(*)!R!"#$%&')S[!!
!
<*)!B6'6B,('3),3I/*)!4*)!G.'H6,3.+)!)/-*'G3B3*00*)!.+,!(,(!4(,*'H3+(*)!6G3+!4s6--'.BP*'!
06!B6-6B3,(!4*!G3A6,3.+!4*)!).0)!J3)!Q!J3)!4*)!B.+,6H3+6+,)!.'56+3I/*)[!M!0s*A6H*+!4*!B*)!
G.'H6,3.+)!)/-*'G3B3*00*)!)s6)).B3*! 0s(,/4*!4/! G.+B,3.++*H*+,!PE4'.0.53I/*!*GG*B,/(!*+!
/,303)6+,! 4*)! (0(H*+,)! H6\*/')! B.HH*! ,'6B*/'! -./'! B.H-'*+4'*! 06! 4E+6H3I/*! 4*)!
,'6+)G*',)!R!"#$%&'*S[!!
!
<1(,/4*! 4/! 4*J*+3'! 4*)! #M&! *,! 4*)! -*),3B34*)! *),! '(603)(*! 46+)! 0*)! 43GG('*+,)!
B.H-6',3H*+,)!)/)B*-,320*)!4*!0*)!P(2*'5*'F!I/*!B*!).3,!46+)!0*!).0F! 0*)!*6/A!032'*)!4*)!
G.'H6,3.+)! )/-*'G3B3*00*)F! 0*)! *6/A! '6J3+63'*)F! 0*)! *6/A! 4*! -0/3*! *,! 0*)! H6,3W'*)! *+!
)/)-*+)3.+F!6G3+!4*!-'.-.)*'!/+!)BP(H6!50.260!4*)!,'6+)G*',)!R!"#$%&'+S[!!
!
g3+60*H*+,F!6G3+!4*!B.H-0(,*'!06!4E+6H3I/*!4*!,'6+)G*',)!4*)!-*),3B34*)!*,!4*)!#M&!46+)!
0*!).0F!/+*!(,/4*!26,BP!*),!'(603)(*!)/'!4*)!).0)!B.+,*+6+,!/+*!G6320*!I/6+,3,(!4*!U8!R(,6,!
+6,/'*0S! *,! 4*)! ).0)! 4(-./'J/)! 4*! U8[! <6! ),'6,(53*! 4(J*0.--(*! 3B3! '*-.)*! )/'! 06!
B6'6B,('3)6,3.+!4*)!B.*GG3B3*+,)!4*!43),'32/,3.+!Q!06!G.3)!-./'!4*)!).0/,3.+)!B.+,*+6+,!).3,!
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4*)!#M&F!).3,!4*)!-*),3B34*)!./!).3,!/+!H(06+5*!I/3!).+,!,./,*)!X!3+\*B,(*)!)/'!/+!J.0/H*!
4*!).0!+.+!,'63,(!./!4(-./'J/*!4*!U8[!9*,,*!*A-('3H*+,6,3.+!6!-./'!2/,!4*!4(,*'H3+*'!
0*)!B.*GG3B3*+,!4*!43),'32/,3.+!*+,'*!06!-P6)*!-6',3B/063'*!*,!06!-P6)*!).034*!*+!-'(B3)6+,!
41/+*!-6',! 016GG3+3,(!4*)!H.0(B/0*)!-./'!06!H6,3W'*!.'56+3I/*!./!06!H6,3W'*!H3+('60*!*,!
416/,'*!-6',! 013H-6B,!-.,*+,3*0!4*! 06!B.H-(,3,3.+!-./'! 06!43)-.+32303,(!4*)!)3,*)!)/'!B*)!
B.*GG3B3*+,)!4*!43),'32/,3.+!R!"#$%&',S[!!
!
<1*+)*H20*! 4*)! 3+G.'H6,3.+)! '*B/*3003*)! 6/! B./')! 4*)! 43GG('*+,*)! (,6-*)! -*'H*,,'6!
01(,6203))*H*+,! 41/+! )BP(H6! B.+B*-,/*0! 4/! ,'6+)G*',! 4*)! H.0(B/0*)! 46+)!
01*+J3'.++*H*+,[!9*!)BP(H6!)*'J3'6!4*!)/--.',!-./'!-'.-.)*'!4*)!./,30)!4*!5*),3.+!*,!
41634*!Q!06!4(B3)3.+!Q!+.)!-6',*+63'*)!R-./0123%./S[!
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;'"<6.#)%T%A%P?7-7#<'7(7H6)%U?H674"()%
!

<6!-'()*+,*!(,/4*!-.',*!)/'!4*/A!26))3+)!J*')6+,)!b!0*)!?6''6)!*,!0*!c*B!b!I/3!)*!)3,/*+,!
*+! #6/,*`=.'H6+43*[! <*! 26))3+! J*')6+,! 4*)! ?6''6)! RXO^HNS! )*! )3,/*! 50.260*H*+,! 6/!
=.'4!4/!4(-6',*H*+,!4*!01$/'*!RNjS!)/'!0*!-06,*6/!4/!;./H.3)!H63)!).+!*A,'(H3,(!=.'4`
$),! )*! )3,/*! 46+)! 0*! 4(-6',*H*+,! 4*! 06! %*3+*`U6'3,3H*! RjTS! 6/! +3J*6/! 4/! B6-,65*! 4/!
HrH*!+.H[! <*! 26))3+! J*')6+,! 4/!c*B! RXNO! ^HNS! *),F! I/6+,! Q! 0/3F! *+,3W'*H*+,! 46+)! 0*!
4(-6',*H*+,!4*!01$/'*!6/!+3J*6/!4/!-06,*6/!4/!=*/2./'5[!<*)!B6'6B,('3),3I/*)!4/!B64'*!
4*!01(,/4*!)*'.+,!-'()*+,(*)!Q!01(BP*00*!'(53.+60*!-/3)!Q!01(BP*00*!4/!26))3+!J*')6+,[!!

!
@R N4"(:,)%H(7$"()%=8%#)(6)G%A%&VW%).%#?,)"8%':=#7H#"<'6I8)%

%
<16+60E)*!50.260*!4/!'*03*G!Q!01(BP*00*!4*!06!;(53.+!#6/,*!=.'H6+43*!*),!*GG*B,/(*!5'mB*!Q!
06!J3)/603)6,3.+!41/+!U.4W0*!=/H('3I/*!4*!"*''63+!RU="F!'().0/,3.+!ZO!HS!,'63,(!6J*B!
/+!%E),WH*!41>+G.'H6,3.+!D(.5'6-P3I/*!C!M'B?3*e!L[N!y!Rg35/'*!KS[!

! !

X6H8#)%@A%;"#.)%=8%&7=S()%V8-?#6I8)%=)%W)##"64%Y&VWZ%=)%("%Q"8.)5V7#-"4=6)%",,7*6?)%[%,74%
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=)%,6H(),%$?.76#),%).%G7#"H),R%

<*!)*B,*/'!(,/43(!6--6',3*+,!Q!018/*),!4/!c6))3+!4*!&6'3)!*,!*),!B6'6B,('3)(!-6'!4*!J6),*)!
-06,*6/A!4160,3,/4*)!H.4('(*)! Rz!XOO!HSF! /+!H.4*0(! 03(! 6/! )./)`).0! )(43H*+,63'*! *,! Q!
).+!(J.0/,3.+!'(B*+,*[!!
!
<160,3,/4*!4*)!-06,*6/A!J6'3*!'(53.+60*H*+,!*,!30!*),!-.))320*!4*!43),3+5/*'!Rg35/'*!KS!C!

MNT (m)

Bassins Versants 

0 - 25

25 - 50

50 - 75

75 - 100

100 - 125

125 - 150

150 - 175

175 - 200

200 - 225

225 - 250
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o <*)!-06,*6/A!(0*J()!R60,3,/4*)!)/-('3*/'*)!Q!KZO!HS!B.H-'*+6+,!0*!&6E)!4*!c'6EF!
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o <*)! ].+*)! 26))*)! R60,3,/4*)! 3+G('3*/'*)! Q! KNZ! HS! B.H-'*+6+,! 0*! 03,,.'60! 4*! 06!
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!
<*)! 26))3+)! J*')6+,)! 4*)! ?6''6)! *,! 4/! c*B! )*! )3,/*+,! ,./)! 4*/A! )/'! 4*)! -06,*6/A!
H.E*++*H*+,! (0*J()F! B.H-'3)! *+! H.E*++*! *+,'*! KNZ! *,! KZOHF! 6J*B! +(6+H.3+)! /+*!
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!
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!
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LFY!^HF!30!6--6'6V,!46+)!0*!-'.0.+5*H*+,!6J60F!6/!=.'4`8/*),!4/!26))3+!J*')6+,!(,/43([!
!
<*!'()*6/!PE4'.5'6-P3I/*!4*!)/'G6B*!4*!06!].+*!(,/43(*!*),!-*/!4(J*0.--(!4/!G63,!4*!06!
-'()*+B*F! *+! -06,*6/F! 4*! +.H2'*/)*)! 4.03+*)! ./! 2(,.3'*)! I/3! G6J.'3)*! 01*+5./GG'*H*+,!
4*)! *6/A! 6/! 4(,'3H*+,! 4/! '/3))*00*H*+,! 4*! )/'G6B*[! 9*,,*! G6320*! 4*+)3,(! 4/! '()*6/!
PE4'.5'6-P3I/*! 4*! )/'G6B*! 6HW+*! Q! -6'0*'! 4*! 06! 4*+)3,(! 4/! '()*6/! 4*! 4'63+65*!
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2. Karst de la craie 
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!
716-'W)!06!4(G3+3,3.+!4.++(*!46+)!0*!50.))63'*!3+,*'+6,3.+60!41PE4'.0.53*F!0*!^6'),!*),!/+*!
p!'(53.+!4*!B60B63'*)!*,!4.0.H3,*)!6E6+,!/+*!,.-.5'6-P3*!)./,*''63+*!-6',3B/03W'*!4/*!Q!
06! 43)).0/,3.+! 4*! B*',63+*)! -6',3*)! 4/! )./)`).0! *,! 6/! BP*H3+*H*+,! 4*)! *6/A! 46+)! 0*)!
560*'3*)!+6,/'*00*)!63+)3!G.'H(*)!q[!
!
<*!^6'),!)*!B.H-.)*!41/+*!-6',3*!)/-*'G3B3*00*F!01&4.5"#3$'I/3!4.++*!*+!)/'G6B*!/+!H.4*0(!
^6'),3I/*F!*,!41/+*!-6',3*!)./,*''63+*F!01&/6.5"#3$F!I/3!*),!0*!)3W5*!4*)!(B./0*H*+,)!41*6/[!
<6!-6',3*!)/-*'G3B3*00*!*),!*+!5(+('60!*A*H-,*!4*!B3'B/06,3.+)!41*6/A!RJ600(*)!)WBP*)S!C!0*)!
*6/A!4*!)/'G6B*!).+,!*+!*GG*,!B6-,/'(*)!-6'!016I/3GW'*[!
!
<6!)-(B3G3B3,(!4/!^6'),!*),!4.+B! 03(*!Q!).+!P(,('.5(+(3,([!<1PE4'.5(.0.53*!^6'),3I/*!*),!
26)(*! )/'! /+*! 6--'.BP*! 3+43'*B,*! 4*! B*,! 6I/3GW'*F! B.HH*! -./'! ,./,! 6/,'*! )E),WH*!
6I/3GW'*[! &./',6+,F! 01P(,('.5(+(3,(! 4*)! 6I/3GW'*)! ^6'),3I/*)! *),! ,'W)! -6',3B/03W'*! *,! +*!
-*/,!r,'*!'(4/3,*!Q!/+!*+)*H20*!P.H.5W+*!-6'!)3H-0*!BP6+5*H*+,!41(BP*00*F!B.HH*!.+!
-*/,! 0*! G63'*! -6'! *A*H-0*! -./'! 0*)! H303*/A! G3))/'()! C! 016I/3GW'*! ^6'),3I/*! *),! *+! *GG*,!
),'/B,/'(F! Q! 06! H6+3W'*! 41/+! '()*6/! PE4'.5'6-P3I/*! *+! )/'G6B*[! =(6+H.3+)F!
B.+,'63'*H*+,!6/!'()*6/!4*!)/'G6B*F!06!),'/B,/'*!4/!)E),WH*!^6'),3I/*!R.'56+3)6,3.+!4/!
'()*6/!4*!4'63+65*!)./,*''63+S!+*!-*/,!-6)!r,'*!4(,*'H3+(*!43'*B,*H*+,[!
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<6! +6--*! 4*! 06! B'63*! B.+),3,/*! 016I/3GW'*! 0*! -0/)! 3H-.',6+,! 4/! 26))3+! -6'3)3*+! *,! *),!
06'5*H*+,!*A-0.3,(*!-./'!01603H*+,6,3.+!*+!*6/!-.,620*[!<16I/3GW'*!*),!B.+),3,/(!4*!4*/A!
B.H-6',3H*+,)! C! /+*! ].+*! +.+`)6,/'(*! 46+)! 06I/*00*! 0*)! ,'6+)G*',)! 41*6/! )1*GG*B,/*+,!
)*0.+! /+*! B.H-.)6+,*! J*',3B60*! *,! /+*! ].+*! )6,/'(*! R06! +6--*S! .{! 0*)! ,'6+)G*',)!
)1*GG*B,/*+,!)*0.+!/+*!B.H-.)6+,*!)/2`P.'3].+,60*[!
!
<6!+6--*!4*!06!B'63*!)1(B./0*!*+!43'*B,3.+!4*)!J600(*)!.{!*00*!603H*+,*!0*)!B./')!41*6/!*,!
0*)! +6--*)! 600/J360*)! 46+)! 0*! B6)! 4*)! J600(*)! Q! G.+4! P/H34*[! <*)! J600(*)! )WBP*)!
B.+),3,/*+,! 416/,'*)! 6A*)! 41(B./0*H*+,! .{! 06! G'6B,/'6,3.+! 4*! 06! B'63*! 6! G6J.'3)(! 0*!
4'63+65*!^6'),3I/*!*,!01(J.0/,3.+!H.'-P.0.53I/*[!!
!
<6!)-(B3G3B3,(!4/!^6'),!4*!06!B'63*!'()34*!46+)!0*!G63,!I/*!B*!).3,!/+!^6'),!)./)!B./J*',/'*!
R96026! *,! 60[F! Kkjkv! ;.4*,F! KkkKS! 6J*B! 4*)! G.'H6,3.+)! )/-*'G3B3*00*)! I/3! -*/J*+,! 6J.3'!
/+*! G.+B,3.+! 4*! ),.B^65*! ,'6+)3,.3'*! 4*)! *6/A! 3+G30,'(*)! R<6/,'34./F! KkLZS! I/3! ).+,!
4'63+(*)! -6'! 4*)! 4.03+*)! 6--*0(*)! '(53.+60*H*+,! 2(,.3'*)!! R@6'46+3! *,! 60F! NOOTS[! 9*,,*!
B./J*',/'*! 4*! G.'H6,3.+)! )/-*'G3B3*00*)! 6/! +3J*6/! 4*)! -06,*6/A! -./''63,! 6/))3! *+,'*'!
46+)! 06! B6,(5.'3*! 4*)! )E),WH*)! ^6'),3I/*)! 23+63'*)! -/3)I/*! B*06! B.''*)-.+4! Q! /+!
)E),WH*! ^6'),3I/*! -./'! 0*I/*0! /+*! -6',3*! 4*! 013H-0/J3/H! *),! B.+),3,/(*! 4*!H6,('36/A!
+.+!^6'),3G3620*)!*,!-*/!-*'H(620*)!R7.*'G035*'!*,!60F!NOOkS[!
!
76+)! 0*! B.+,*A,*! '(53.+60F! 0*! )E),WH*! ^6'),3I/*! *),! B.+),3,/(! 41/+! (-3^6'),! B.+),3,/(!
41/+*!B'63*!-0/)!./!H.3+)!-'.G.+4(H*+,!*+,6300(*!-6'!4*)!*+,.++.3')!4*!43)).0/,3.+!*,!
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Figure 4: Occupation du sol des bassins versant étudiés (Corine Land Cover) (Bassin versant des Varras à 

gauche et bassin versant du Bec à droite) (système de projection: Lambert II étendu) 
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Tableau 1: Pourcentage des différentes composantes de l'occupation du sol sur les bassins versants des 

Varras et du Bec 
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Figure 12 : Localisation des bétoires et des captages ainsi que leur périmètre de protection sur chaque 

bassin versant étudié. 
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Figure 14: Structure des 16 HAP classés prioritaires par l'US-EPA 
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Tableau 4: Formule chimique et nombres de cycles des 16 HAP de l'US-EPA 
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Tableau 5: Liste des HAP classés prioritaires par l’OMS 

!
$+!$/'.-*F!0*)!)*/30)!4*!B.+B*+,'6,3.+)!*+!#M&!46+)!01*6/!-.,620*!).+,!4*!KOO!+5o<!-./'!
06!).HH*!4*!,./)!0*)!#M&F!*,!4*!KO!+5o<!-./'!0*!2*+].~6�-E'W+*!Rc6&S[!<18'56+3)6,3.+!
U.+4360*! -./'! 06! %6+,(! 4(G3+3,! 0*)! 03H3,*)! -./'! 01*6/! -.,620*! Q! Z! w5o0! -./'! 0*!
G0/.'6+,PW+*!*,!OFj!w5o<!-./'!0*!c6&[!
!

$R f78#*),%).%b#6H64),%
!
<*)!#M&!-*/J*+,!r,'*!3+,'.4/3,)!46+)!01*+J3'.++*H*+,!-6'!43GG('*+,)!-'.B*))/)!R".0.)6!
*,!60[F!NOOYS!Rg35/'*!KZSC!
!

• 9.H2/),3.+!3+B.H-0W,*!4*!H6,('3*0!.'56+3I/*!3+43I/6+,!/+*!.'353+*!-E'.0E,3I/*!!
• 7(J*')*H*+,!4*!-'.4/3,)!-(,'.03*')!3+43I/6+,!/+*!.'353+*!-(,'.5(+3I/*!
• "'6+)G.'H6,3.+!4*!-'(B/')*/')!3+43I/6+,!/+*!.'353+*!4365(+(,3I/*!!

!
7*! -0/)F! B*)! -'.B*))/)! -*/J*+,! -'.J*+3'! 4*! )./'B*)! +6,/'*00*)! ./! 6+,P'.-3I/*)! R=*GGF!
KkjkS[!
!

6R b#6H64)%<:#7(:.6I8)%
%
<*)! #M&! 41.'353+*! -E'.0E,3I/*! -'.J3*++*+,! 4*! 06! B.H2/),3.+! 3+B.H-0W,*! Q! P6/,*!
,*H-('6,/'*!4*!06!H6,3W'*!.'56+3I/*[!!
!
<*)!)./'B*)!-'3+B3-60*)!).+,!6+,P'.-3I/*)!*,!B.+B*'+*+,!C!
` <*)!)E),WH*)!4*!BP6/GG65*!4.H*),3I/*!I/3!).+,!4*!-*,3,*)!)./'B*)!3+43J34/*00*)F!H63)!

+.H2'*/)*)! *,! '(-6+4/*)F! *,! -*/J*+,F! )*0.+! 0*)! B.+43,3.+)F! B.+4/3'*! Q! 0s(H3))3.+!
0.B603)(*!4s/+*!I/6+,3,(!3H-.',6+,*!4*!#M&!R8003J.+!*,!60[F!NOONS[!

!
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Figure 15: Sources des HAP dans l'environnement 
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` <*! ,'6+)-.',!*),!/+*!)./'B*! 3H-.',6+,*!4s3+,'.4/B,3.+!4*)!#M&!46+)! 0s6,H.)-PW'*F!
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NOKKS[!

!
` <*)!)./'B*)!3+4/),'3*00*)!).+,!,'W)!+.H2'*/)*)[!&6'H3!0*)!-0/)!3H-.',6+,*)!G35/'*+,!
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4s60/H3+3/HF! 0*)! 6B,3J3,()! 3+4/),'3*00*)! -(,'.BP3H3I/*)F! 0*)! 6B,3J3,()! 3+4/),'3*00*)!
26)(*)!)/'!0s*H-0.3!4*!23,/H*!*,!4s6)-P60,*!*,!06!G62'3B6,3.+!4*!-+*/)!RM2./0`i6))3H!
*,!%3H.+*3,F!KkkZS[!!

!
` <s65'3B/0,/'*F!*,!-0/)!-6',3B/03W'*H*+,!0*)!6B,3J3,()!4*!2'�03)!*,!4*!4(G'3BP*H*+,!-6'!

0*! G*/! 3H-03I/*+,! 06! B.H2/),3.+! 4*! H6,3W'*! .'56+3I/*! 6E6+,! -./'! B.+)(I/*+B*!
0s(H3))3.+!4*!#M&!Q!4*)!+3J*6/A!4*!B.+B*+,'6,3.+)!0.B60*H*+,!(0*J()[!
!

<*)! )./'B*)!+6,/'*00*)! ).+,!I/6+,!Q!*00*)!41.'4'*! )*B.+463'*!*,! B.+B*'+*+,! 0*)! G*/A!4*!
G.'r,)!*,! 0*)!('/-,3.+)!J.0B6+3I/*)!R$4e6'4)F!KkLX!v!�./+5!*,!9*'+35036F!KkkZ!v!�6+5!*,!
9P*+F!NOOY!v!f30B^*F!NOOjS[!
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66R b#6H64)%<?.#7H?46I8)%
%
<*)!#M&!-*/J*+,!(560*H*+,!r,'*!41.'353+*!-(,'.5(+3I/*F!B1*),!Q!43'*!I/130)!-'.J3*++*+,!
4*! 4(J*')*H*+,)! 4*! -'.4/3,)! -(,'.03*')! R-(,'.0*! *,! -'.4/3,)! 4('3J()S! 46+)!
01*+J3'.++*H*+,! B.HH*! 0.')! 4*)! H6'(*)! +.3'*)! Rc.H2.3! *,! #*'+6+4*]F! KkkOF! KkkK!v!
"6^646!*,!60[F!KkkOS[!
%

666R b#6H64)%=6"H?4?.6I8)%
%
<6! 4*'+3W'*! .'353+*! 4*)! #M&! *),! 01.'353+*! 4365(+(,3I/*[! 9*00*`B3! B.''*)-.+4! 6/A!
-'.B*))/)! 4*! G.'H6,3.+! +6,/'*00*! 4/! -(,'.0*! *,! 4*! ,'6+)G.'H6,3.+! 4*! -'(B/')*/')!
+6,/'*0)! ,*0)! I/*! 0*)! -35H*+,)! *,! 0*)! ),('.|4*)! R%3H)! *,! 8J*'B6)PF! KkLX!v! c6*^! *,! 60[F!
KkkKS[! 9*! ).+,! (560*H*+,! 0*)! B.+),3,/6+,)! H6\.'3,63'*)! 4*)! G*/300*,)! 6'.H6,3I/*)! 4*)!
BP6'2.+)!R?6+!i'*J*0*+F!KkLKS[!M3+)3!01('.)3.+!4*)!,*''30)!-*/J*+,!032('*'!B*)!#M&!46+)!
01*+J3'.++*H*+,[!
!
<*)! )./'B*)! +6,/'*00*)! 41.'353+*! -E'.0E,3I/*! 63+)3! I/*! 0*)! .'353+*)! -(,'.5(+3I/*)! *,!
4365(+(,3I/*)!).+,!4*)!)./'B*)!4*!#M&!H3+3H60*)!-6'!'6--.',!6/A!)./'B*)!6+,P'.-3I/*)!
41.'353+*!-E'.0E,3I/*!+.,6HH*+,!Q!B6/)*!4*)!(H3))3.+)!4.H*),3I/*)!*,!3+4/),'3*00*)!*+!
#6/,*`=.'H6+43*[!
%

*R T=)4.6G6*".674%=),%,78#*),%<"#%8.6(6,".674%=)%#".67,%
%
<134*+,3G3B6,3.+! 4*)! )./'B*)! 4*)! #M&! -*/,! r,'*! 4(,*'H3+(*! *+! /,303)6+,! 43J*')*)!
H(,P.4*)! ,*00*)! I/*! 0*)! 6+60E)*)! H/0,3J6'3(*)! RD/-,6! *,! 60[F! NOKKS! ./! 0*)! *H-'*3+,*)!
BP3H3I/*)! ,*0)! I/*! 0*)! '6,3.)! H.0(B/063'*)! R<Ufo#Uf!v! <.e! 6+4! #35P! U.0*B/06'!
f*35P,S!R8'.)!*,!;.))F!NOOY!v!7*!</B6!*,!60[F!NOOZS[!!
=(6+H.3+)F!06!H(,P.4*!06!-0/)!B./'6HH*+,!/,303)(*!*),!B*00*!4/!4365+.),3B!4*)!'6,3.)!4*!
B*',63+)!#M&!Rc/4]3+)^3!*,!60[F!Kkkj!v!c6/H6'4!*,!60[F!KkkL!v!�/+^*'!*,!60[F!NOON!v!D/.!*,!
60[F!NOOT!v!g6+5!*,!60[F!NOOj!v!%-'.J3*'3!*,!60[F!NOOj!v!g/!*,!60[F!NOKKS[!
!
&0/)3*/')! )E+,PW)*)! 4*)! '6,3.)! B./'6HH*+,! '*+B.+,'()! 46+)! 0*)! -/203B6,3.+)! .+,! (,(!
'(603)(*)! Rg/! *,! 60[F! NOKK!v! &6'^! *,! 60[F! NOKKS[! 9*)! '6,3.)! -*'H*,,*+,! 4*! 43)B'3H3+*'! 0*)!
.'353+*)!-E'.0E,3I/*)!4*)!.'353+*)!-(,'.5(+3I/*)!R"620*6/!TS[!
!

!"#$%&"'()*+ !,$%-,#()*+

!./0123 $4#(%56578 $4#(%59578 :4*;4$<5+#54-=>57??@

A3.0!BC $4#(%5957 $4#(%5657 D%%'&5+#5E('>5F88G

A3.0HA3.I!BCJ $4#(%5958>G $4#(%5658>K B*'L+$5+#54-=>5F88F

MN<!0HMN<!I:&O(!J $4#(%5958>F

(J5$4#(%5+'#$+58>FP8>KQ5

N%;R*S#(%'5<+S5;%#+*$S5T5

+SS+'N+5%*5T5<(+S+-U555555555555

((J5$4#(%568>KQ5N%;R*S#(%'5

<*5R%(S5+#5<*5NO4$R%'

E*%5+#54-=>5F88K

C4#(%S5<+S5.1!
V$(&('+

C"W"$+'N+S

!
Tableau 6: Exemple de quelques ratios utilisés pour l'identification de l’origine des HAP 

!
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=R 1#7<#6?.?,%<':,6*75*'6-6I8),%
%
<*)!-'.-'3(,()!-PE)3B.`BP3H3I/*)!4*)!KT!-'3+B3-6/A!#M&!).+,!-'()*+,()!46+)!0*!,620*6/!
jF!63+)3!I/*!0*/'!H6))*!H.0(B/063'*!J6'36+,!4*!KNL!Q!-0/)!4*!XOO!5oH.0[!<*)!-6'6HW,'*)!
RM++*A*! NS! .+,! (,(! 4(,*'H3+()! -./'! BP6B/+! 4*)! #M&F! ).3,! Q! -6',3'! 4s(I/6,3.+)!
,P(.'3I/*)!).3,!Q!-6',3'!4*!H*)/'*)!*+!062.'6,.3'*[!9*)!J60*/')!).+,!4.+B!B.+),6HH*+,!
'*J/*)!*+!G.+B,3.+!4*!0s(J.0/,3.+!4*)!,*BP+3I/*)!4*!H*)/'*!*,!4*)!B.++63))6+B*)[!
!

Densité
Poids 

Moléculaire

Constante de 

Henry 25°C

Pression de 

vapeur 25°C

(g/ml) (g/mol) (Pa.m3/mol) (mPa)

Naphtalène 1,162 128,18 43,01 10,5 3,37 31,00

Acénaphtylène 1,194 152,21 8,40 4,14 4,00 16,10

Acénaphtène 1,225 154,21 14,70 35.6*10-2 3,92 3,70

Fluorène 1,181 166,2 9,20 9*10-2 4,18 1,98

Phénanthrène 1,179 178,23 3,98 5.7*10-2 4,57 1,20

Anthracène 1,252 178,24 4,94 5.2*10-2 4,54 0,04

Fluoranthène 1,252 202,26 1,50 1.3*10-3 5,21 0,27

Pyrène 1,271 202,26 0,92 4.1*10-3 5,23 0,13

Benzo(a)Anthracène 228,29 1.62*10-2 2.3*10-4 5,66 9.40*10-3

Chrysène 1,274 228,3 5,86 8.4*10-5 5,70 2.00*10-3

Benzo(b)Fluoranthène 252,31 6.7*10-5 6,31 1.20*10-2

Benzo(k)Fluoranthène 252,31 6.90*10-2 4.1*10-6 6,57 6.30*10-3

Benzo(a)Pyrène 1,351 252,31 0,14 7.3*10-7 6,07 3.80*10-3

Dibenzo(a,h)Anthracène 1,282 278,35 4.80*10-3 1.3*10-8 6,70 5.00*10-4

Benzo(g,h,i)Pérylène 1,329 276,34 7.50*10-2 1.4*10-8 7,23 2.60*10-4

Indéno(1,2,3,c-d)Pyrène 276,34 2.90*10-2 6,40 5.00*10-5

Composé Log Kow
Solubilité 

25°C

!
W"$()"8%JA%;"#"*.?#6,.6I8),%<':,6*75*'6-6I8),%=),%QN1%Y,78#*),%A%TVLUTf%e%&7.)(":5&",,)62%CDDEZ%

%
<*)!#M&!-*/J*+,!r,'*!B06))(*)!*+!X!5'./-*)!26)()!)/'!0*!+.H2'*!4*!BEB0*)!6'.H6,3I/*)!
I/s30)!B.+,3*++*+,!*,!0*/')!H6))*)!H.063'*)!H.0(B/063'*)C!

• #M&!4*!G6320*)!H6))*)!H.063'*)!H.0(B/063'*)!R4*!0s.'4'*!4*!KZN`KjL!5oH.0F!).3,!N!
Q! X! BEB0*)SC! +6-P,60W+*F! 6B(+6-P,E0W+*F! 6B(+6-P,PW+*F! G0/.'W+*F! 6+,P'6BW+*! *,!
-P(+6+,P'W+*v!
!

• #M&!4*!H6))*)!H.063'*)!H.0(B/063'*)! 3+,*'H(4363'*)! R4*! 0s.'4'*! 4*! NON! 5oH.0!
).3,!Y!BEB0*)SC!G0/.'6+,PW+*!*,!-E'W+*v!

!
• #M&!4*!H6))*)!H.063'*)!H.0(B/063'*)!(0*J(*)!R4*!0s.'4'*!4*!NNL`NjL!5oH.0F!).3,!

Y! Q! T! BEB0*)SC! 2*+].R6S6+,P'6BW+*F! 2*+].R6S-E'W+*F! 2*+].R2SG0/.'6+,PW+*F!
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432*+].R6PS6+,P'6BW+*F! BP'E)W+*F! 2*+].R^SG0/.'6+,PW+*F! 2*+].R5P3S-('E0W+*! *,!
3+4(+.RKFNFXFB4S-E'W+*[%

%
)R +)0)46#%="4,%(),%)406#744)-)4.,%%

!
<6! 4(B./J*',*! 4*)! #M&)! 46+)! 4*)! ).0)! -6'! c0/H*'! RKkTKS! G/,! 0*! -.3+,! 4*! 4(-6',! 4*!
013+,('r,!-.',(!Q!B*)!H.0(B/0*)[!7*-/3)!0.')F! 0*!4*J*+3'!4*)!#M&)!46+)!06!+6,/'*!*),!/+*!
-'(.BB/-6,3.+!*+J3'.++*H*+,60*!4*!-6'! 0*/'! ,.A3B3,(!*,! 0*/')!-'.-'3(,()!H/,65W+*)!*,!
B6+B('35W+*)[!!
!
<*)! #M&! 6--6',3*++*+,! Q! 06! B06))*! 4*)! B.+,6H3+6+,)! .'56+3I/*)! )*H3`J.06,30*)! *,! )*!
'*,'./J*+,! 46+)! 016,H.)-PW'*! )./)! G.'H*! 56]*/)*! *,! -6',3B/063'*! Rg35/'*! KTS[! >0)!
6,,*35+*+,!0*!).0!-6'!4*)!-'.B*))/)!4*!4(-_,)!)*B)!*,!P/H34*)!*,!-6'!B*!2363)!B.+),3,/*+,!
/+*! 3H-.',6+,*! )./'B*! 4*! -.00/,3.+! RUB! ?**,E! *,! #3,*)F! KkLL!v! c.H2.3! *,! #*'+6+4*]F!
KkkK!v! 8003J.+! *,! 60[F! Kkkk!v!f30B^*F! NOOOS[! <*)!#M&F! /+*! G.3)F! (H3)! 46+)! 016,H.)-PW'*!
-*/J*+,!r,'*!,'6+)-.',()!)/'!4*! 0.+5/*)!43),6+B*)[!M3+)3!-6'!*A*H-0*F!4*)!#M&!.+,!(,(!
'*,'./J()!46+)!4*)!(BP6+,300.+)!4*!506B*!6/!D'.*+06+4!H*,,6+,!*+!(J34*+B*!0*!,'6+)-.',!
4*!B*)!B.H-.)()!)/'!4*!0.+5/*)!43),6+B*)!RU6)B0*,!*,!60[F!KkkZS[!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!

!
X6H8#)%@cA%1#7*),,8,%).%076),%=)%=6,<)#,674%=),%QN1%="4,%(g)406#744)-)4.%

%

M! 5'6+4*! (BP*00*F! 06! -.00/,3.+! 43GG/)*! 4*)! ).0)! -6'! 0*)! 4(-_,)! 6,H.)-P('3I/*)! *),!
J3',/*00*H*+,! 3''(J*')320*! *,! -'()*+,*F! *+! 5(+('60F! /+! '3)I/*!4*! B.+,6H3+6,3.+! B'.3)(*!
4*)!B.H-6',3H*+,)!J.3)3+)!,*0)!I/*!0*)!*6/A!)./,*''63+*)!R%BPe6']!*,!60[F!NOKKS[!76+)!0*)!
].+*)!/'263+*)F!06!B.H-6'63).+!*+,'*!0*)!6--.',)!6,H.)-P('3I/*)!*,!0*!'/3))*00*H*+,!4*!
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)/'G6B*! H.+,'*! 013H-.',6+B*! 4*! )./'B*)! 3+,*'+*)! B.HH*! 0*)! 56]! 41(BP6--*H*+,!
RU.,*06E`U6))*3! *,! 60[F! NOOTS[! 9*! '/3))*00*H*+,! 4*! )/'G6B*! -*/,! r,'*! Q! 01.'353+*! 41/+*!
B.+,6H3+6,3.+!4*)!*6/A!)./,*''63+*)!+.,6HH*+,!*+!H303*/!^6'),3I/*!I/3!*),!/+!H303*/!
B.++/!B.HH*!(,6+,!J/0+('620*F!4/!G63,!4*!013+G30,'6,3.+!43'*B,*!4*)!*6/A!4*!)/'G6B*)!J*')!
0*)!*6/A!)./,*''63+*)!J36!0*)!2(,.3'*)[!!
!
716/,'*)!(,/4*)!.+,!H.+,'(!I/*F!46+)!0*)!26))3+)!J*')6+,)!)./H3)!Q!/+!G6320*!/'26+3)H*!
R].+*!'/'60*SF!0*)!#M&!3))/)!4*)!'*,.H2(*)!6,H.)-P('3I/*)!(,63*+,!-'*)I/*!*+,3W'*H*+,!
B.+)*'J()! 46+)! 0*)! ).0)! RD.BP,! *,! 60[F! NOOj6! *,! NOOj2!v! U.,*06E`U6))*3! *,! 60[F! NOOjS[!
8/,'*!0*!4(-_,!6,H.)-P('3I/*F!0*)!,E-*)!41.BB/-6,3.+!4/!).0!3+G0/*+B*+,!06!B.+B*+,'6,3.+!
*+!#M&!46+)!0*)!).0)[!7*!H6+3W'*!5(+('60*F!0*)!-'*H3*')!B*+,3HW,'*)!4*)!,*''*)!6'620*)!
B.+,3*++*+,! *+J3'.+! NOO! w5o^5! 4*! ).0)! -./'! 06! ,.,603,(! 4*)! KT! #M&! 4*! 01:%`$&M!
R#*00H6++F!KkLN!v!c'�+*F! KkLT!v!c*')*,! 6+4!#.0]*'F! KkkZS[! <*)! B.+B*+,'6,3.+)! *+!#M&!
46+)!0*)!).0)!65'3B.0*)!-*/J*+,!r,'*!6/5H*+,(*)!4*!H6+3W'*!)/2),6+,3*00*!I/6+4!30)!).+,!
(-6+4/)!4*)!2./*)!41(-/'6,3.+)!Rf304!*,!60[F!KkkK!v!i+.BP*!*,!60[F!KkkZSF!4/!G/H3*'!Rf304!
*,! 60[F! KkkO!v! %BP/0]F! KkkZS! ./! 4/! B.H-.),! Rc'�+*F! KkLTS[! $+! *GG*,F! 0*)! 6H*+4*H*+,)!
-*/J*+,!r,'*!B.+,6H3+()!-6'! 013+,*'H(4363'*!4*)!4(BP*,)!.'56+3I/*)!/,303)()!*+!6H.+,[!
7W)! 0.')F! B*)!6--.',)!*+,'63+*+,!/+*!6BB/H/06,3.+!4*!#M&F!*+,'*!6/,'*)!B.+,6H3+6+,)F!
46+)!0*!).0[!
!

!"#$%&' !()'

*(+,-,(./)/ 012 34535

67/)(+,-,8./)/ 903 34:0;

67/)(+,-,/)/ 03< 3411;

=.$#%/)/ 903 34:0;

>,/)()-,%/)/ <33 943;?

6)-,%(7/)/ ;03 04109

=.$#%()-,/)/ 223 04<99

>8%/)/ :233 934<99

@/)A#!('()-,%(7/)/ 9:?3 :450?

B,%8&/)/ ;;3 04590

@/)A#!C'D.$#%()-,/)/ 9003 :4:<0

@/)A#!E'D.$#%()-,/)/ <023 99450?

@/)A#!('+8%/)/ 93?3 04;3<

FGC/)A#!(4,'()-,%(7/)/ 9223 14919

@/)A#!H4,4G'+/%8./)/ 9<?3 <4333

I)J/)#!9404:47KJ'+8%/)/ 9:33 :41?0

FL13

!
Tableau 8: Temps de demi-vie (DT50) des HAP dans l'environnement exprimé en jours et en années 

(i6)=)-)6)#%).%"(R2%@dddZ%

!
<1.BB/''*+B*!4*)!#M&!46+)!0*)!43J*')!B.H-6',3H*+,)!4*!01*+J3'.++*H*+,!B./-0(*!Q!0*/'!
4/'(*! 4*! J3*! 46+)! B*! HrH*! *+J3'.++*H*+,! G.+,! 41*/A! 4*)! H.0(B/0*)! /23I/3),*)! *,!
-*')3),6+,*)[! $+! *GG*,F! 0*/'! ,*H-)! 4*! 4*H3`J3*! R"620*6/! LS! *),! -6',3B/03W'*H*+,! (0*J(!
6J*B! /+! 7"ZO! -./J6+,! 600*'! \/)I/1Q! KN! 6+)! -./'! 0*! c*+].R^SG0/.'6+,PW+*[! 9*,,*!
-'.-'3(,(! H*,! *+! *A*'5/*! 0*/'! G6320*! B6-6B3,(! 4*! 4(5'646,3.+! 46+)! 0*)! ).0)[! MP6+56'!
RNOKOS!*A-03I/*!I/*!06!G6320*!B6-6B3,(!4*!4(5'646,3.+!4*)!#M&!-'.J3*+,!4*!06!,*+*/'!*+!
H6,3W'*!.'56+3I/*!4*)!).0)!I/3!03H3,*!06!43)-.+32303,(!4*)!H.0(B/0*)!*,!63+)3!*H-rBP*!06!
4(5'646,3.+! 23.,3I/*! -6'! 013+,*'H(4363'*! 4*)! H3B'..'56+3)H*)[! <*4/B! *,! 60[F! RKkkNS!



!ZN!

*A-03I/*! I/*! 0*)! -*',*)! *+! H.0(B/0*)! 46+)! 0*)! ).0)! ).+,! -'3+B3-60*H*+,! 4�*)! Q! 06!
J.06,303)6,3.+! H63)! I/1/+*! G.3)! *+! B.+,6B,! 6J*B! 0*! ).0! 0*)! 6/,'*)! -'.B*))/)! 623.,3I/*)!
RPE4'.0E)*F! '(6B,3.+)! 43J*')*)S! G6J.'3)6+,! 06! 4(5'646,3.+! 4*! B*)! H.0(B/0*)! ).+,!
+(5035*620*)[!!
!
7W)! 0.')F! 0*/'! 6BB/H/06,3.+! 46+)! 0*)! 43GG('*+,)! B.H-6',3H*+,)! 4*! 01*+J3'.++*H*+,F! *,!
-0/)! -6',3B/03W'*H*+,! 0*)! ).0)F! 4*J3*+,! /+*! )./'B*! 4*! -'(.BB/-6,3.+! 4/! G63,! 4*! 0*/'!
,.A3B3,(!6/))3!23*+!Q!01!(BP*00*!P/H63+*!I/*!6+3H60*[!!
%

GR &?.'7=),%=B"4"(:,),%
!
73GG('*+,*)!H(,P.4*)!416+60E)*)!-*/J*+,!r,'*!*+J3)65(*)!-./'!016+60E)*!4*)!#M&!,*00*)!
I/*!06!BP'.H6,.5'6-P3*!*+!-P6)*!56]*/)*!B./-0(*!Q!/+!)-*B,'.HW,'*!4*!H6))*!RD9`U%S!
./!06!BP'.H6,.5'6-P3*!*+!-P6)*!03I/34*!P6/,*!-*'G.'H6+B*!R#&<9S[!!
!
%*0.+!>^6'3)P3!*,!60[!RNOOZSF! 0*!,6/A!4*!'*B./J'*H*+,!4*)!#M&)!*),!4*!kj`KXXa!6J*B! 06!
BP'.H6,.5'6-P3*! *+! -P6)*! 56]*/)*[! 7*-/3)! 016)).B36,3.+! 6J*B! 0*)! )-*B,'.HW,'*)! 4*!
H6))*F! 06!D9oU%!*),!B.+)34('(*!B.HH*! 06! ,*BP+3I/*! 06!-0/)!-/3))6+,*!43)-.+320*!-./'!
0*)! 6+60E)*)! *+J3'.++*H*+,60*)! I/3F! -6'! 01/,303)6,3.+! 4*! ),6+46'4)! 3+,*'+*)F! -*'H*,! 4*!
I/6+,3G3*'!-0/)!-'(B3)(H*+,!RU6'BW!*,!c.''/00F!NOOOS[!<134*+,3G3B6,3.+!'*-.)*!)/'! 0*! G63,!
I/*!BP6I/*!B.H-.)(!6!/+*!H6))*!)-(B3G3I/*! RHo]S!*,!I/*!B*00*`B3!-*/,!r,'*!B.H-6'(*!
6/A!H6))*)!'(G('*+B(*)!46+)!/+*!26)*!4*!4.++(*)[!<16+60E)*!4*)!#M&!*),!4.+B!'(603)(*!
-6'!D9`U%!4.+,!0*)!B6'6B,('3),3I/*)!).+,!-'()*+,(*)!46+)!0*!BP6-3,'*!?[!
%

CR 9),%1':.7,"46."6#),%
%%

"R P?4?#"(6.?,%
!
:+!-*),3B34*!*),!*+!5(+('60!B.H-.)(!41/+*!./!-0/)3*/')!)/2),6+B*)!6B,3J*)F!I/3!).+,! 06!
-'3+B3-60*! B6/)*!4*! ,.A3B3,(F! 41/+! ).0J6+,F! )*'J6+,! Q!430/*'! 06! )/2),6+B*!6B,3J*!-./'!*+!
43H3+/*'! 06! B.+B*+,'6,3.+! *,! 4164\/J6+,)! -*'H*,,6+,! 4*! G6B303,*'! 01/,303)6,3.+! *,!
016))3H306,3.+!4/!-*),3B34*!-6'!0*)!J(5(,6/A!R960J*,!*,!60[F!NOOZS[!!
!
<*)! -*),3B34*)! ).+,! -'3+B3-60*H*+,! /,303)()! *+! 65'3B/0,/'*! 6G3+! 416H(03.'*'! 0*)!
'*+4*H*+,)! 65'3B.0*)! RU*),'*)F! KkkjSF! *+! -'.,(5*6+,! 0*)! B/0,/'*)! B.+,'*! 0*)!H60643*)!
RG.+53B34*)SF! 0*)! 3+)*B,*)! R3+)*B,3B34*)S! ./! 0*! 4(J*0.--*H*+,! 4*! -06+,*)! 64J*+,3B*)!
RP*'23B34*)S[! >0)! ).+,! (560*H*+,! /,303)()! *+!H303*/! /'263+! -./'! 01*+,'*,3*+! 4*)! *)-6B*)!
J*',)!*,!4*)!J.3*'3*)[!!
!
<*)!-*),3B34*)!-*/J*+,!r,'*!(560*H*+,!B06))()!*+! G.+B,3.+!4*! 0*/')! G6H300*)!BP3H3I/*)[!
<*)! G6H300*)! 0*)! -0/)! 3H-.',6+,*)! ).+,! 0*)! .'56+.-P.)-P.'()F! 0*)! .'56+.BP0.'()F! 0*)!
B6'26H6,*)F!0*)!,'36]3+*)!*,!0*)!/'(*)!)/2),3,/(*)!C!!
!

• <*)!B.H-.)()!.'56+.-P.)-P.'()!).+,!'6-34*H*+,!4(5'64()!-6'!0*!'6E.++*H*+,!
).063'*F!46+)!0163'F!*,!46+)!0*)!).0)F!23*+!I/*!4*!-*,3,*)!I/6+,3,()!-/3))*+,!)/2)3),*'!
*,!)*!'*,'./J*'!46+)!06!+./''3,/'*!*,! 01*6/[!<*!G63,!I/130)!)*!4(5'64*+,!G6B30*H*+,!
G63,! 4*! B*,,*! G6H300*! /+*! 60,*'+6,3J*! 3+,('*))6+,*! 6/A! -*),3B34*)! .'56+.BP0.'()!
-*')3),6+,)[! 9*-*+46+,F! 23*+! I/*! 0*)! .'56+.-P.)-P.'()! )*! 4(5'64*+,! -0/)!



!ZX!

'6-34*H*+,F! 30)! ).+,! -0/)! ,.A3I/*)F! B*! I/3! '*-'()*+,*! /+! '3)I/*! -./'! 0*)!
/,303)6,*/')!4*!B*)!B.H-.)()[!!
!

• <*)! .'56+.BP0.'()! B.H-'*++*+,! /+! 5'6+4! +.H2'*! 4*! B.H-.)()! BP3H3I/*)!
B.+,*+6+,! 4/! BP0.'*! *,! I/*0I/*G.3)! 416/,'*)! (0(H*+,)[! <*)! 3+)*B,3B34*)! 0*)! -0/)!
-/3))6+,)! *,! 0*)! -0/)! *GG3B6B*)! ).+,! 4*)! .'56+.BP0.'()[! >0)! ).+,! ,'W)! -*')3),6+,)!
46+)! 0*)! ).0)F! *,! 30)! )*! B.+B*+,'*+,! (560*H*+,! 46+)! 0*)! ,3))/)! 23.0.53I/*)[!
c*6/B./-!4*! B.H-.)()! 4*! B*,,*! G6H300*! ).+,! 3+,*'43,)! *+! '63).+!4*! 0*/'! +*/'.`
,.A3B3,([!

!
• <*)! B6'26H6,*)! -'()*+,*+,! 0*)! HrH*)! B6'6B,('3),3I/*)! I/*! 0*)!

.'56+.-P.)-P.'()F!H63)!6J*B!/+*!,.A3B3,(!H.3+)!3H-.',6+,*[!!
!

• <*)!"'36]3+*)!.+,!/+*!).0/2303,(!'*06,3J*H*+,!3H-.',6+,*!*,!/+*!4(5'646,3.+!-0/)!
0*+,*!I/*!B*00*!4*)!6/,'*)!-*),3B34*)F!B*!I/3!)./0WJ*!43J*')!-'.20WH*)!4*!,.A3B3,(!
4*! 01*+J3'.++*H*+,[! @/)I/1*+! NOONF! 06! G6H300*! 4*)! "'36]3+*)! B.+),3,/63,! 0*)!
-'.4/3,)!-PE,.)6+3,63'*)!0*)!-0/)!*H-0.E()!*+!g'6+B*[!$+!'63).+!4*!0*/'!,.A3B3,(!
*,! 4*! 0*/'! -.00/,3.+! '(H6+*+,*! 46+)! 0*)! *6/AF! 01/,303)6,3.+! B.HH*'B360*! 4*! 06!
G6H300*!4*)!"'36]3+*)!6!(,(!26++3*!*+!g'6+B*!*+!NOOX[!

!
• <*)!/'(*)!)/2),3,/(*)!.+,!/+*! ,'W)! G6320*!).0/2303,(!46+)! 0s*6/!*,!-'()*+,*+,!/+*!

6))*]!0.+5/*!-*')3),6+B*!4s6B,3.+!46+)!0*!).0!RN!Q!X!H.3)S!H63)!J6'3620*!)*0.+!0*)!
B.+43,3.+)!(B.0.53I/*)!'*+B.+,'(*)!R).0F!-0/3*F!,*H-('6,/'*S[!

!
716/,'*)!G6H300*)!H.3+)!3H-.',6+,*)!*+!+.H2'*!).+,!'*B*+)(*)!,*00*)!I/*!0*)!43-P(+E0`
(,P*')F!0*)!-P(+.AE+3B.,306+3034*)F!0*)!,'36].0*)F!0*)!-E'(,P'3+.|4*)!4*!)E+,PW)*!./!*+B.'*!
0*)!3H346].0*)[!!
!
$+! g'6+B*F! 06! B.+,6H3+6,3.+! 4*)!H303*/A! +6,/'*0)! 6! (,(! B.+),6,(*! 46+)! 0*)! 6++(*)! jO!
R%+*56'.GG! *,! @6H*,F! KkjTS[!7*-/3)F! 0*)!+3J*6/A!4*! B.+,6H3+6,3.+F! 0*)!-./'B*+,65*)!4*!
4(,*B,3.+!*,!0*!+.H2'*!4*!H.0(B/0*)!34*+,3G3(*)!46+)!0*)!H303*/A!+6,/'*0)!R*6/F!63'F!).0S!
).+,!*+!6/5H*+,6,3.+[!$+!$/'.-*F!0*)!-PE,.)6+3,63'*)!G.+,!-6',3*!4*)!H.0(B/0*)!B320*)!4*!
06! 73'*B,3J*! 964'*! )/'! 01$6/! R43'*B,3J*! kLoLXo9$SF! 3H-.)6+,! I/*! 0*)! *6/A! 43),'32/(*)!
4*),3+(*)!Q!06!B.+).HH6,3.+!+*!4.3J*+,!-6)!4(-6))*'!06!J60*/'!4*!OFKw5o0!-6'!-*),3B34*!
3+43J34/603)(!*,!OFZw5o0!-./'!0*!,.,60!4*)!-*),3B34*)!4(,*B,()!*,!I/6+,3G3()[!
!

$R 1#?,)4.".674%=),%<':.7,"46."6#),%?.8=6?,%
%
<*! BP.3A! 4*)! -PE,.)6+3,63'*)! (,/43()! '*-.)*! )/'! /+! 3+J*+,63'*! '(603)(! )/'! 0*)! 43A!
4*'+3W'*)! 6++(*)! 6/-'W)! 4*)! *A-0.3,6+,)! 65'3B.0*)! 4*! 4*/A! -6'B*00*)! B320*)[! 9*,!
3+J*+,63'*! 6!H3)! *+! 6J6+,! /+*! J3+5,63+*! 4*!H.0(B/0*)! B.HH/+*)! *+,'*! 0*)! 4*/A! )3,*)!
(,/43()[! &6'H3! B*00*)`B3F! 0*)! H.0(B/0*)! 0*)! -0/)! '(H6+*+,*)! .+,! (,(! '*,*+/*)F!
01(-.A3B.+6].0*F! 0*! 43G0/G(+3B6+30! *,! 016B0.+3G*+F! 63+)3! I/*! 0*)! H.0(B/0*)! 0*)! -0/)!
G'(I/*HH*+,!/,303)(*)F!013).-'.,/'.+!*,!0*!BP0.',.0/'.+!Rg35/'*!KjS!C!
!
` <*!BP0.',.0/'.+!*,!013).-'.,/'.+!).+,!4*!06!G6H300*!4*)!/'(*)!)/2),3,/(*)[!!9*!).+,!4*)!

P*'23B34*)! I/3! 653))*+,! *+! 20.I/6+,! 06! -P.,.)E+,PW)*[! <13).-'.,/'.+! *,! 0*!
BP0.',.0/'.+!).+,!*H-0.E()!-./'!653'!)/'!0*)!5'6H3+(*)!6++/*00*)!46+)!0*)!B/0,/'*)!
4*!20(!41P3J*'[!!



!ZY!

!

 

X6H8#)%@JA%f.#8*.8#),%*'6-6I8),%=),%<':.7,"46."6#),%?.8=6?,%

!
` <16B0.+3G*+!*),!4*!06!G6H300*!4*)!43-P(+E0`*,P*')[!91*),!/+!P*'23B34*!)E),WH3I/*!4.+,!

06!B320*!23.BP3H3I/*!B.+B*'+*!06!J.3*!4*!23.)E+,PW)*!4*!06!BP0.'.-PE00*!*,!06!J.3*!4*!
)E+,PW)*!4*)!B6'.,(+.|4*)[!

` <*! 43G0/G(+3B6+30! *),! 4*! 06! G6H300*! 4*)! -P(+.AE+3B.,306+3034*)[! 91*),! /+! P*'23B34*!
6+,343B.,E0(4.+*! 6++/*0! 4*)! B('(60*)! 4.,(! 41/+*! 6B,3J3,(! B.H-0(H*+,63'*! )/'! 0*)!
5'6H3+(*)[! >0! *),! B6'6B,('3)(! -6'! /+*! -*')3),6+B*! 416B,3.+! 3H-.',6+,*! *,! /+*!
3+4(-*+46+B*!J3)`Q`J3)!4*)! B.+43,3.+)!H(,(.'.0.53I/*)[! >0! *),! '6'*H*+,!/,303)(! )*/0!
H63)!-0/,_,!H(06+5(!Q!416/,'*)!P*'23B34*)!B.HH*!013).-'.,/'.+[!

` <1(-.A3B.+6].0*! *),! 4*! 06! G6H300*! 4*)! ,'36].0*)[! 91*),! /+! G.+53B34*! )E),(H3I/*! 4.+,!
0s6B,3.+! *),! Q! 06! G.3)! B/'6,3J*! *,! -'(J*+,3J*[! >0! 653,! -6'! 3+P323,3.+! 4*! 06! )E+,PW)*! 4*!
0s*'5.),('.0F!0s/+!4*)!B.+),3,/6+,)!4*!06!-6'.3!B*00/063'*!-'.-'*!6/A!9P6H-35+.+)[!

 

*R 1#7<#6?.?,%<':,6*75*'6-6I8),%
%
%/3J6+,!0*!HrH*!-'3+B3-*!I/*!-./'!0*)!#M&F!0*)!B6'6B,('3),3I/*)!-PE)3B.`BP3H3I/*)!4*)!
-PE,.)6+3,63'*)! .+,! (,(! 4(,*'H3+(*)! -./'! BP6I/*! H.0(B/0*! R"620*6/! kS[! <*)!
-PE,.)6+3,63'*)!-*/J*+,!r,'*!B06))()!*+!4*/A!B6,(5.'3*)!*+!G.+B,3.+!4*!0*/'!).0/2303,(!C!
!

• <*)!-P(+E0/'(*)!R>).-'.,/'.+!*,!9P0.',.0/'.+S!I/3!.+,!/+*! G.',*!).0/2303,(!46+)!
01*6/! 4.++6+,! 4*! G6320*)! J60*/')! 4*! i.B! *,! 4*! i.e! *+! B.H-6'63).+! 4*)! 6/,'*)!
-PE,.)6+3,63'*)[!
!

73G0/G(+3B6+30 9P0.',.0/'.+ MB0.+3G*+ 

>).-'.,/'.+ $-.A3B.+6].0* 



!ZZ!

• <16B0.+3G*+F! 0*! 43G0/G(+3B6+30! *,! 01(-.A3B.+6].0*! I/3! .+,! /+*! ).0/2303,(! G6320*! Q!
H.4('(*!4.++6+,!4*)!J60*/')!4*!i.B!*,!4*!i.e!'*06,3J*H*+,!3H-.',6+,*[!

!

Densité
Poids 

Moléculaire

Constante de 

Henry 25°C

Pression de 

vapeur 25°C
Koc

(g/ml) (g/mol) (Pa.m3/mol) (mPa) (ml/g)

Epoxiconazole 1,38 329,76 4.71 10-4 1.00 10-2 3,3 1073 7,1

Chlortoluron 1,34 212,68 1.44 10-5 5.00 10-3 2,5 205 74

Isoproturon 1,17 206,28 1.46 10-5 5.50 10-3 2,5 139 70,2

Diflufénicanil 1,54 394,29 1.18 10-2 4.25 10-3 4,2 1990 0,05

Aclonifen 1,46 264,66 3.03 10-3 1.60 10-2 4,37 7126 1,4

Log Kow Solubilité 20°CComposé

W"$()"8%dA%;"#"*.?#6,.6I8),%<':,6*75*'6-6I8),%=),%<':.7,"46."6#),%Y,78#*)%A%jjjR)85

G77.<#64.R7#H2%CDDFZ%%%

!
<6!-*')3),6+B*!46+)! 0*! ).0!41/+*!H.0(B/0*!6--03I/(*!*),!4(,*'H3+(*!-6'! 06!43))3-6,3.+F!
I/3!*),!0*!'()/0,6,!4*!01*+)*H20*!4*)!-P(+.HW+*)!4(,*'H3+6+,!06!I/6+,3,(!4*!)/2),6+B*!
-'()*+,*F!Q!/+!H.H*+,!4.++(!46+)!/+!B.H-6',3H*+,!4.++([!$00*!*),! 3+G0/*+B(*!-6'!4*!
+.H2'*/A!G6B,*/')!)./035+()!-6'!M'36)`$),(J*]!*,!60[!RNOOLS[!M3+)3F!4(G3+3'!06!-*')3),6+B*!
4*)!-*),3B34*)!'*J3*+,!Q!(J60/*'!06!'()/0,6+,*!4*!016B,3.+!4*!B*)!-'.B*))/)!I/3!B.+,'32/*+,!
Q!06!43)-6'3,3.+!4*!06!H.0(B/0*!46+)!01*+J3'.++*H*+,[!$00*!*),!6--'(P*+4(*!-6'!0*!,*'H*!
4*!4*H3`J3*!R"620*6/!KOS[!!
!

!"#$%&'(&%)*'+,&-

"./01+2
345',46'0,2%

7$89
9:4;/

!"#$%#&'"()'"$ #<7 =<=>? @=# =A# "B

*+,-.,/%.,' =7 =7 7@ =<C <$ =#D$%"B

01$,./,$%.,' <# #C @< @#7 <7 "B

2($,'"#&' ==A D7>@ ?$>< =<>@ <>7 "B

3-,4"(,')5,$& @#< 77D =7$ ==C>? D#>? "B

E+5&64FG2&
!"#$%&HI0;2F6%

)*'+,&-

!"#$%/:4&2%

(01+0I2%)*'+,&-

!"#$%24+%7$89%%%%

/J%A%%%%%%%%%%%%%%%%%%

)*'+,&-

!
Tableau 10 : Propriétés de persistance des phytosanitaires selon différentes conditions (Source: www.eu-

footprint.org, 2008) 

!
8+!43),3+5/*! 0*)!B.+B*-,)!4*!7"ZO!I/3!'*-'()*+,*+,! 0*! ,*H-)!-'3)!-./'! 06!4(5'646,3.+!
RH*)/'(*! 6/! 062.'6,.3'*S! ./! 4*! 06! 43))3-6,3.+! R6/! BP6H-S! 4*! ZOa! 4*! 06! I/6+,3,(!
6--03I/(*!6/!4(-6',!R9'6J*+!*,!#.EF!NOOZS[!<*)!J60*/')!4*!7"ZO!R43))3-6,3.+S!).+,!,'W)!
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Figure 20: Exemple d'autocorrélogrammes et effets mémoires estimés 
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Figure 24: Profils lithologiques issus de l'implantation des piézomètres (A) sur le bassin versant des 

Varras (PA) et (B) sur le bassin versant du Bec (TO). 
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Figure 25: Diagramme ternaire déterminant la texture des sols selon Shepard (1954) 
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Figure 26: Diagrammes ternaires représentant les classes granulométriques des profils lithologiques de 

chaque piézomètre (la représentation ne prend pas en compte la part de cailloutis ex PAM2 en dépit de 

son importance en terme de conductivité hydraulique) 
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PAV1 PAM1 PAV2 PAM2 TO2 TO1

Chlorite 19 21 14 15 12 0

Illite 41 46 40 46 50 33

Kaolinite 29 33 36 29 28 32

Smectite 0 0 0 0 0 35

Interstratifiés Illite/Chlorite 10 10 10 10 10 0

Minéraux accessoires
Quartz - 

Goethite
Quartz - Feldspaths

Craie Rs Loess

Chlorite 0 0 0 - 10

Illite 5 - 20 0 - 15 15 - 30

Kaolinite 0 - 2 30 - 95 15 - 25

Smectite 80 - 95 5 - 60 45 - 60

A 

B 

!
Tableau 11 : Composition argileuse (%) de la fraction inférieure à 2 microns des profils de chaque 

piézomètre (A) et des formations superficielles dans la région d’après Laignel, 2003 
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'./5*[! 8'F! -./'! 06! H6\.'3,(! 4*)! -.3+,)F! 0*)! J60*/')! ).+,! *+! 4*))./)! 4/! )*/30! 4*!
)35+3G3B6,3J3,([! <*! )*/0! -'.G30! -'()*+,6+,! 4*)! J60*/')! 6/! 4*))/)! 4*! B*,,*! 03H3,*! *),! 0*!
-3(].HW,'*!&MUNF!6J*B!4*)!J60*/')!+(6+H.3+)!,'W)!G6320*)!-/3)I/13+G('3*/'*)!Q!OFYa[!!
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&MUK% &M?K% &MUN%

&M?N% !"OK% "8N%

Figure 28: Représentation de la teneur en COT (%) en fonction de la profondeur (cm) pour chacun des 

piézomètres. La ligne rouge indique la valeur seuil en deçà de laquelle les valeurs ne sont pas 

significatives. 
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Figure 29: Pseudo-diagramme de Van Krevelen des données du piézomètre PAM2. 
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Figure 30: Diagramme IH versus Tmax sur l'ensemble des échantillons de sols du profil PAM2. 
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Figure 31: Comparaison sur le bassin versant des Varras des cumuls mensuels de précipitations 

(histogramme en barres) entre 2009, 2010, 2011 par rapport aux normales (courbe) sur la station de Boos. 
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Figure 32: Comparaison sur le bassin versant du Bec des cumuls mensuels de précipitations 

(histogrammes en barres) entre 2009, 2010, 2011 par rapport aux normales (courbe) sur la station 

d’Evreux. 
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Figure 33: Evolution des hauteurs d’eau (m) dans les piézomètres selon le profil des carottes  
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Figure 35: Chronique de turbidité sur les eaux brutes du captage des Varras 
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Figure 36: Fonction d’autocorrélation (1 lag = 30 minutes) sur les données de turbidité du captage des 

Varras 

!
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<16+60E)*!416/,.B.''(06,3.+!4*!06!,/'2343,(!3+43I/*!I/*!0*!)E),WH*!6!/+!*GG*,!H(H.3'*!4*!
01.'4'*! 4*! T! \./')! Rg35/'*! XTS[! 9*,! *GG*,! H(H.3'*! B.''*)-.+4! Q! 06! J60*/'!
416/,.B.''(06,3.+!4*!OFN!4(B'3,*!-6'!U6+53+!RKkLYS[!9*,,*!J60*/'F!23*+!I/16'23,'63'*!*),!
B.HH/+(H*+,! /,303)(*! -./'! 016+60E)*! 4*! 06! G.+B,3.+! 416/,.B.''(06,3.+[! =(6+H.3+)F! )3!
01.+! )*! '(GW'*! 6/! '*))6/,! )/'! 06! B./'2*F! B*,! *GG*,! H(H.3'*! -./''63,! r,'*! 4*! KK! \./')!
R6/,.B.''(06,3.+! 4*! OFKOS[! 9*,! *GG*,! H(H.3'*! B.H-'3)! *+,'*! T! *,! KK! \./')! *),!
B6'6B,('3),3I/*!41/+*!G6320*!3+*',3*!4/!)E),WH*!*,!I/3!-*/,!B.''*)-.+4'*!Q!/+!4*5'(!(0*J(!
4*!^6'),3G3B6,3.+!RU6+53+F!KkLYS[!
!

*R 9"%#?<74,)%6-<8(,6744)(()%"8%G7#"H)%
!
<6! '(-.+)*! 3H-/0)3.++*00*! *),! 0*! ,*H-)! 4*! '(-.+)*! 4/! )E),WH*! Q! /+! )35+60! 41*+,'(*[!
<16+60E)*! 413+,*'B.''(06,3.+! -.',*! )/'! 06! -0/J3.H(,'3*! B.HH*! )35+60! 41*+,'(*! *,! )/'! 06!
,/'2343,(!B.HH*!)35+60!4*!).',3*[!!
!
<*!,*H-)!4*!'(-.+)*!6/!G.'65*!4*!06!,/'2343,(!Q!/+!(-3).4*!-0/J3*/A!*),!4*!X!\./')!6J*B!
/+!B.*GG3B3*+,!4*!B.''(06,3.+!4*!OFXZ!Rg35/'*!XjS[! !<6!'(-.+)*! 3H-/0)3.++*00*!2'WJ*!*),!
300/),'(*!-6'!/+!B.''(0.5'6HH*!B'.3)(!)./)!G.'H*!4*!p!-3B!q!,'W)!6BB/)(!4/!G63,!41/+!2.+!
4'63+65*!^6'),3I/*!RU6+53+F!KkLYS[!
!

!
Figure 37: Fonction d'intercorrélation sur les données de turbidité du captage des Varras 

!
<*)! 6+60E)*)! B.''(06,.3'*)! -*'H*,,*+,! 01.2,*+,3.+! 413+G.'H6,3.+)! B6'6B,('3),3I/*)! 4/!
G.+B,3.++*H*+,!PE4'.4E+6H3I/*!4/!)E),WH*!*,!3+,*'-'(,620*!*+!,*'H*!4*!),'/B,/'*!4*!
016I/3GW'*[!<*)!'()/0,6,)!4*)!6+60E)*)!-'()*+,*+,!/+!)E),WH*!-*/!3+*',3*0!6)).B3(!Q!/+!2.+!
4'63+65*!4/!)E),WH*!^6'),3I/*[!!
%
%
%
%



!kO!

ER P?7*'6-6)%=),%)"8O%
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<*)! (BP6+,300.+)! 41*6/! -'(0*J()! 46+)! 0*)! -3(].HW,'*)F! 63+)3! I/*! I/*0I/*)! (BP6+,300.+)!
4*)! B6-,65*)F! ).+,! 6+60E)()! *+! (0(H*+,)!H6\*/')[! <*)! (0(H*+,)!H6\*/')!-*'H*,,*+,! 06!
'(603)6,3.+!4*!4365'6HH*)!4*!&3-*'!Rg..)F!NOOXS!4(,*'H3+6+,!0*!G6B3W)!5(.BP3H3I/*!4*)!
*6/A[!!
%

"R X"*6S,%H?7*'6-6I8),%=),%)"8O%%
!
<*)! *6/A! 032'*)! 4*)! G.'H6,3.+)! )/-*'G3B3*00*)! 4/! 26))3+! J*')6+,! 4*)! ?6''6)! -'()*+,*+,!
4*)!G6B3W)!5(.BP3H3I/*)!43GG('*+,)!Rg35/'*!XLS[!!
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!
Figure 38: Diagrammes de Piper des eaux piézométriques du bassin versant des Varras  

!
$+!*GG*,F!0*)!*6/A!4*!06!'6J3+*!K!-'()*+,*+,!/+!G6B3W)!p!BP0.'/'(`).43I/*!q!I/3!,*+4!J*')!0*!
p!B6'2.+6,(`).43I/*!q!60.')!I/*!0*)!*6/A!4*!06!'6J3+*!N!-'()*+,*+,!/+!G6B3W)!p!B60B3I/*`
H65+()3*+!q!I/3!,*+4!J*')!/+!G6B3W)!p!23B6'2.+6,(!B60B3I/*!*,!H65+()3*+!q[!!
!
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,'6+)*B,! p!BP0.'/'*)`+3,'6,*)!q! )/'! 0*! 4365'6HH*! 4*)! 6+3.+)! *,! 0*! 0.+5! 4/! ,'6+)*B,!
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)/3J*+,!06!HrH*!,*+46+B*!*+!,*'H*!4*!G6B3W)!5(.BP3H3I/*)!I/*!B*00*!4*!06!'6J3+*!N!4/!
26))3+! J*')6+,! 4*)! ?6''6)F! Q! )6J.3'! /+! G6B3W)! p!B60B3I/*`H65+()3*+!q! I/3! ,*+4! J*')! /+!
G6B3W)!p!23B6'2.+6,(! B60B3I/*!*,!H65+()3*+!q[!U63)! 0*)!H*)/'*)!*GG*B,/(*)!+*! )/23))*+,!
-6)!0*)!HrH*)!J6'36,3.+)!6+3.+3I/*)!*,!B6,3.+3I/*)!I/*!B*00*)!-'(B(4*HH*+,!.2)*'J(*)[!
$+! *GG*,F! 01(J.0/,3.+! 6! 03*/! 46+)! 06! HrH*! )/243J3)3.+! 6+3.+3I/*! RB6'2.+6,(*`
23B6'2.+6,(*S!*,!B6,3.+3I/*!RB60B3/HS[!
!
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!

Figure 39: Diagrammes de Piper des eaux piézométriques du bassin versant du Bec 
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Figure 40: Diagrammes de Piper des eaux du captage des Varras (à gauche) et du château d’eau (à droite) 
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B.HH*!6,,*+4/)!46+)!0*!^6'),!4*!06!B'63*!Rg35/'*!YOS[!!
!
<*)!*6/A!4*!)/'G6B*!)/'!0*!26))3+!J*')6+,!4*)!?6''6)!.+,!4*)!G6B3W)!,.,60*H*+,!43GG('*+,)!
*,! B.HH*! 016+60E)*! 4*! B*)!HrH*)! G6B3W)! 016! 4(H.+,'(F! 0*)! ,*+*/')! *+! BP0.'/'*)! *,! *+!
+3,'6,*)! )*H20*+,! r,'*! Q! 01.'353+*! 4*! B*)! BP6+5*H*+,)[! 9*,,*! 3+G.'H6,3.+! -*/,! r,'*!
B.H-6'(*! 6J*B! 06! B.+4/B,3J3,(! (0*B,'3I/*! 46+)! B*)! HrH*)! -3(].HW,'*)[! $+! *GG*,F! 06!
B.+4/B,3J3,(!(0*B,'3I/*!,'64/3,!06!H3+('603)6,3.+!,.,60*!4*)!*6/A[!M3+)3F!30!*),!-.))320*!*+!
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(0(H*+,)!3.+3I/*)!*,!4*!06!B.+4/B,3J3,(!(0*B,'3I/*!46+)!BP6I/*!-3(].HW,'*!R"620*6/!KNS[!
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! "#$%&! '(&! )#*&! +'#*&! ',-! ./%-! ),-! 0-!

123%! 4546! 45*$! !"#$% 4577! 4548! 457%! 454*! 4579!

1237! 4549! !"&'% 4544! 45%*! 458%! 4588! !"#(% 45*7!

12.7! 454$! !"&'% 4544! 4578! 454%! 457:! !"((% 4547!

;#7! 45*$! 45*:! 4547! 454*! 45*4! 45$$! 4588! 4596!

;#%! 454%! 45%6! 4548! 457:! 4544! 45%7! 45%8! 45$7!

!
!

Tableau 12 : Coefficient de corrélation entre la teneur en ions et la conductivité électrique dans chaque 

piézomètre par l’utilisation de droite de régression 

!
<6!B.+4/B,3J3,(!(0*B,'3I/*!4*)!*6/A!-3(].H(,'3I/*)!4/!26))3+!J*')6+,!4*)!?6''6)!+1*),!
-6)!B.''(0(*!6J*B!0*)!HrH*)!(0(H*+,)!3.+3I/*)[!M3+)3F!0*)!*6/A!4*!&M?N!).+,!G.',*H*+,!
B.''(0(*)! ROFLXS! 6J*B! 06! B.+B*+,'6,3.+! *+! +3,'6,*)F! ,6+43)! I/*! 0*)! *6/A! 4*! &MUK! *,! 4*!
&M?K! ).+,! ,'W)! G.',*H*+,! B.''(0(*)! 6J*B! 06! B.+B*+,'6,3.+! *+! BP0.'/'*)! ROFkNS! *,!
G.',*H*+,!B.''(0(*)!6J*B!06!B.+B*+,'6,3.+!*+!).43/H!ROFjj!*,!OFLj!'*)-*B,3J*H*+,S[!!
!
<6!B.+4/B,3J3,(!(0*B,'3I/*!4*)!*6/A!-3(].H(,'3I/*)!4/!26))3+!J*')6+,!4/!c*B!+*!,'./J*!
-6)! ).+!.'353+*! Q! -6',3'! 4*)!HrH*)! (0(H*+,)! 3.+3I/*)[! $+! *GG*,F! 0*)! *6/A!4*!"8K! ).+,!
B.''(0(*)! 6J*B! 06! B.+B*+,'6,3.+! *+! -.,6))3/H! ROFLjS! ,6+43)! I/16/B/+! (0(H*+,! +*!
43)B3H3+*!06!B.+4/B,3J3,(!(0*B,'3I/*!4*)!*6/A!4*!"8N[!!
!
<*)! '()/0,6,)! 63+)3! .2,*+/)! -*'H*,,*+,! 41/+*! -6',! 4*! 4(,*'H3+*'! 01.'353+*! 4*! 06!
B.+4/B,3J3,(! (0*B,'3I/*! *,! 416/,'*! -6',! 41*A-03I/*'! 01(J.0/,3.+! 4*)! G6B3W)! 5(.BP3H3I/*)!
46+)! 0*)! *6/A! -3(].H(,'3I/*)[! MG3+! 416--'.G.+43'! 0*! '_0*! 4*! B*)! (0(H*+,)! 3.+3I/*)F! 06!
B.+B*+,'6,3.+!4*!BP6B/+!41*+,'*!*/A!46+)!0*)!*6/A!*),!(,/43(*!6/!B./')!4/!,*H-)[!
!

$R L07(8.674%=)%("%*74*)4.#".674%)4%46.#".),%
%
<6! 0.B603)6,3.+! *+! ].+*! 65'3B.0*! 4*)! -3(].HW,'*)! 6HW+*! Q! (,/43*'! 06! B.+B*+,'6,3.+! *+!
+3,'6,*)! 6/! B./')! 4*)! 43GG('*+,*)! B6H-65+*)[! 7*! -0/)F! 016+60E)*! -'(B(4*+,*! 4*)! G6B3W)!
5(.BP3H3I/*)! -'()*+,*! 0*)! +3,'6,*)! B.HH*! )./'B*! -.,*+,3*00*! 4*)! BP6+5*H*+,)!
.2)*'J()[!!
!
<1(J.0/,3.+!4*!06!B.+B*+,'6,3.+!*+!+3,'6,*)!*),!6--'(P*+4(*!-./'!BP6I/*!-3(].HW,'*!6/!
B./')! 4*! 01*+)*H20*! 4*)! -'(0WJ*H*+,)! 41*6/! Rg35/'*! YKS[! <1(BP*00*! 4*)! B.+B*+,'6,3.+)!
6,,*3+,!/+!H6A3H/H!4*!YO!H5o0!-./'!0*)!-3(].HW,'*)!Q!01*AB*-,3.+!4/!-3(].HW,'*!&M?N!
4.+,!0*!H6A3H/H!*),!4*!NZO!H5o0[!
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%/'!0*!)3,*!4*)!?6''6)F!0*)!B.+B*+,'6,3.+)!4*!+3,'6,*)!46+)!06!'6J3+*!K!)/3J*+,!0*)!HrH*)!
G0/B,/6,3.+)!6/!B./')!4/!,*H-)[!<6!B.H-6'63).+!+*!-*/,!r,'*!*GG*B,/(*!)/'!06!'6J3+*!N!4�!
6/!H6+I/*!4*!4.++(*)!4/!-3(].HW,'*!&MUN[!=(6+H.3+)F!06!B.H-6'63).+!*+,'*!0*)!4*/A!
'6J3+*)! 3+43I/*! /+*! 43GG('*+B*! +.,620*[! <*)! G0/B,/6,3.+)! 4*! B.+B*+,'6,3.+! *+! +3,'6,*)!
46+)! 0*! -3(].HW,'*! &M?N! ).+,! 3H-.',6+,*)[! <*)! 4.++(*)! '*B/*3003*)! )/'! 016++(*! NOOk!
H.+,'*+,!4*)!J60*/')! 3H-.',6+,*)!RNXOFZ!H5o0F!XOoOYoOkS[!<6!43H3+/,3.+!.2)*'J(*!6/!
4(2/,!4*! 01(,(!B.''*)-.+4!Q!/+!-P(+.HW+*!4*!430/,3.+!4/! G63,!41.'65*)! 0.B603)()!6E6+,!
B/H/0()! \/)I/1Q!YZHH!41*6/!4/'6+,! 06!+/3,!4/!NZoOT!6/!NToOToOk[!7/'6+,! 06!)/3,*!4*!
01(,(F! 06!-0/J3.H(,'3*!*),!,'W)!G6320*!6'5/6+,!/+*!'*`B.+B*+,'6,3.+!*+!+3,'6,*)[!7*-/3)! 0*!
4(2/,!4*! 016++(*!NOKOF! 0*)! B.+B*+,'6,3.+)! *+!+3,'6,*)! ).+,! 3+G('3*/'*)! Q!YOH5o0[! 9*,,*!
43)-6'3,(! ,'W)! H6'I/(*! *+,'*! 0*)! 6++(*)! B3J30*)! *),! *A-03I/620*! -6'! 0*)! 6H*+4*H*+,)!
6--.',()! ./! +.+! Q! 06! -6'B*00*[! 7/'6+,! 0*)! 6++(*)! NOOL`NOOkF! 4*)! 6H*+4*H*+,)! *+!
).0/,3.+! 6].,(*! .+,! (,(! '(603)()! '(5/03W'*H*+,! -./'! r,'*! ),.--()! )/'! 016++(*! NOKO! *+!
-6'600W0*!4/!BP6+5*H*+,!4*!B/0,/'*!.-('(!Rg35/'*!YNS[!
!

!"#$
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!
Figure 42: Apports en solution azotée sur la parcelle étudiée du bassin versant des Varras 

!
<6! 43GG('*+B*! 4*! '(-.+)*! 6/A! 6--.',)! 6].,()F! *GG*B,/()! )/'! 06! -6'B*00*F! *+,'*! 0*)! 4*/A!
'6J3+*)! G./'+3,! /+! (0(H*+,! 4*! '(-.+)*! )/--0(H*+,63'*! Q! 06! B.H-'(P*+)3.+! 4/!
G.+B,3.++*H*+,! PE4'6/03I/*! 4*! B*)! 4*/A! '6J3+*)[! <1(J.0/,3.+! 4*! 06! B.+B*+,'6,3.+! *+!
+3,'6,*)!46+)!0*)!*6/A!032'*)!4/!-3(].HW,'*!&M?N!*),!Q!01.'353+*!4/!BP6+5*H*+,!4*!G6B3W)!
5(.BP3H3I/*!4(,*'H3+(!-'(B(4*HH*+,[!!
!
<*)! B.+B*+,'6,3.+)! *+! +3,'6,*)! 46+)! 0*)! *6/A! -3*].H(,'3I/*)! 4*! 06! -6'B*00*! 4/! 26))3+!
J*')6+,!4/!c*B!).+,!3+G('3*/'*)!Q!YOH5o0[!<*)!*6/A!4*!"8K!RG.))(S!).+,!-*/!3H-6B,(*)!*,!
+*! -'()*+,*+,! I/*! -*/! 4*! G0/B,/6,3.+)[! <*)! 4*/A! 6/5H*+,6,3.+)! B.+),6,(*)!
B.''*)-.+4*+,! 6/A! -('3.4*)! 4*! G*',303)6,3.+! 4*)! ).0)[! <*)! *6/A! 4*! "8N! -'()*+,*+,! 4*)!
J60*/')!-0/)!3H-.',6+,*)!I/*!"8K[!9.HH*!-'(B(4*HH*+,F!0*)!G0/B,/6,3.+)!-'.J3*++*+,!
4*)! -('3.4*)! 4*! G*',303)6,3.+! -6'! 4*)! ).0/,3.+)! 6].,(*)[! =./)! +*! 43)-.).+)!
H60P*/'*/)*H*+,! -6)! 4*)! I/6+,3,()! (-6+4/*)!H63)! 0*)! G3BP*)! -6'B*0063'*)! 4*)! 6++(*)!
6+,('3*/'*)!6J*B!06!HrH*!B/0,/'*!B.+G3'H*!B*,,*!PE-.,PW)*[!%
!
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*R L07(8.674%=)%("%*74*)4.#".674%)4%*'(7#8#),%
!
<*)!BP0.'/'*)!).+,!-6',3*)!3+,(5'6+,*)!4*)!-6'6HW,'*)!4*!06!I/603,(!4*!01*6/!-.,620*[!>0)!
-*/J*+,! (560*H*+,! )*'J3'! 4*! H6'I/*/')! 4*! 013H-6B,! 4/! '/3))*00*H*+,! 6/,.'./,3*'!
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Figure 45: Récapitulatif des transferts géochimiques dans les eaux du bassin versant des Varras 
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#M&! B.+,*+/)! 46+)! 0*)! *6/A! 4*! -0/3*! )/'! 06! -('3.4*! (,/43(*! 4/! G63,! 4*! 013+),6006,3.+!
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Tableau 13: Concentrations en HAP (ng/l) dans les retombées atmosphériques à Rouen durant les années 

2001-2002 (Source: Motelay-Massei, 2003) 
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<6!-'.-.',3.+!'*06,3J*!4*!BP6I/*!#M&!46+)!06!B.+B*+,'6,3.+!,.,60*!6!(,(!4(,*'H3+(*!)/'!
01/+3I/*!H*)/'*!Q!+.,'*!43)-.)3,3.+[!9*00*`B3!'(JW0*!I/*!0*!-P(+6+,P'W+*!ROFONO!w5o0SF!0*!
-E'W+*! ROFOZX! w5o0S! *,! 0*! G0/.'6+,PW+*! ROFOZY! w5o0S! '*-'()*+,*! *+J3'.+! TKFka! 4*! 06!
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B.+B*+,'6,3.+!,.,60*[!9*)!J60*/')!).+,!,./,!Q!G63,!B.H-6'620*)!6/A!4.++(*)!.2,*+/*)!-6'!
U.,*06E`U6))*3!RNOOXS!-./'!0*)I/*00*)!B*)!X!#M&!'*-'()*+,63*+,!*+,'*!ZKFTa!RQ!;./*+F!
jTS!*,!ZkFLa!RQ!=.,'*`76H*`4*`D'6J*+BP.+F!jTS!4*!06!B.+B*+,'6,3.+!,.,60*[!!
!
M! 01(BP*00*! */'.-(*++*F! D*J6.! *,! 60[' RKkkLS! ,'./J*+,! /+*! -'.-.',3.+! 4*! B*)! ,'.3)!
B.H-.)()! )/-('3*/'*! Q!ZOa!6/!;.E6/H*`:+3[! &./'!<*/*+2*'5*'! *,! 60['RKkLLSF! B*/A`B3!
'*-'()*+,*+,! ZO! Q! jja! 4*)! B.+B*+,'6,3.+)! ,.,60*)! *+! #M&! 46+)! 0*)! -'(B3-3,6,3.+)! *+!
%/3))*[!9*)!HrH*)!B.H-.)()!B.H-,*+,!-./'!TN!Q!LKa!4*!06!B.+B*+,'6,3.+!,.,60*!6/,./'!
4/!<6B!c606,.+!*+!#.+5'3*!Ri3))!*,!60[F'NOOKS[!
!
<6! -'(4.H3+6+B*! 4*! B*)! ,'.3)! #M&! -*/,! r,'*! *A-03I/(*! -6'! 0*/'! -0/)! 3H-.',6+,*!
).0/2303,(! 46+)! 01*6/! R"620*6/! jF! N[>>[4SF! 0*/'! -0/)! G.',! ,6/A! 41(H3))3.+! *,o./! 0*/'! -0/)!
G6320*!'(6B,3J3,(!BP3H3I/*!46+)!016,H.)-PW'*[!
!
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J(P3B/0*)!Q!H.,*/'!*,!4*)!)3,*)!3+4/),'3*0)!*,!).+,!,'6+)-.',(*)!-6'!0*!J*+,[!M3+)3F!06!'.)*!
4*)! ?*+,)! 4*! 06! #6/,*`=.'H6+43*! Rg35/'*! YTS! '(603)(*! -6'! M3'`=.'H6+4! -'()*+,*! /+!
J*+,! 4.H3+6+,! -'.J*+6+,! 4*! 018/*),! )/'! 01*+)*H20*! 4*! 016++(*[! 9*)! 3+43B6,3.+)!
-'.J3*++*+,! 41/+*! H.E*++*! *GG*B,/(*! )/'! -0/)3*/')! 6++(*)[! <*)! )3,*)! 3+4/),'3*0)! *+!
#6/,*`=.'H6+43*! ).+,! *))*+,3*00*H*+,! '*5'./-()! 6/,./'! 4*)! J300*)! 4/! #6J'*! *,! 4*!
;./*+!Rg35/'*!YTS[!<6!43'*B,3.+!4*)!J*+,)!-./'!/+!-'(0WJ*H*+,!4.++(!-*'H*,!41*),3H*'!
0*)!)./'B*)!-.,*+,3*00*)!*+!#M&!4*)!)3,*)!3+4/),'3*0)!4*!06!'(53.+[!
!
U60P*/'*/)*H*+,F! +./)! +*! -./J.+)! -6)! I/6+,3G3*'! B*)! 6--.',)! 6,H.)-P('3I/*)! H63)!
01/,303)6,3.+! 4*! '6,3.)! *+,'*! 4*)! #M&! 4*! HrH*! H6))*! H.0(B/063'*! -*/,! -*'H*,,'*! 4*!
I/603G3*'!0*)!)./'B*)!-.,*+,3*00*)!4*)!#M&!)/'!43GG('*+,*)!H6,'3B*)!R"620*6/!KYS!!
!

!
Figure 46: Localisation des sites industriels et roses des vents des plus grandes villes de Haute Normandie 

!
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Tableau 14 : Identification des sources potentielles des HAP par l’utilisation de ratios de HAP de même 

masse moléculaire 

!
CR N4"(:,),%=),%QN1%="4,%(),%,7(,%

%
<16+60E)*!4*)!#M&!46+)! 0*! ).0! '*-.)*! )/'!4*/A!B6H-65+*)!4*! B6'.,,65*)!*GG*B,/(*)!*+!
)*-,*H2'*!*,!*+!+.J*H2'*!NOKO[!<*!BP.3A!4*!B*)!46,*)!'*-.)*!)/'! 06!-'()*+B*!./!+.+!
416H*+4*H*+,)! )/'! 0*! ).0[! M3+)3F! 0*! B6'.,,65*! 4*! %*-,*H2'*! B.''*)-.+4! Q! /+! ).0! )6+)!
6H*+4*H*+,! ,6+43)! I/*! 0*! B6'.,,65*! 4*! =.J*H2'*! B.''*)-.+4! Q! /+! ).0! 6J*B!
6H*+4*H*+,[! 9*)! B6'.,,*)! 41/+*! -'.G.+4*/'! 4*! XO! BH! ).+,! 6+60E)(*)! -6'! ,'6+BP*! 4*!
KOBH!).3,!4*!O!Q!KO!BHF!4*!KO!Q!NO!BH!*,!4*!NO!Q!XO!BH[!<*)!#M&!'*BP*'BP()!).+,!B*/A!4*!
06!03),*!4*!01:%`$&M!*,!).+,!4.+B!6/!+.H2'*!4*!KT!RBG!&6',3*!N!C!>>[!K[!6[S!
%

"R 9)%$",,64%0)#,"4.%=8%!)*%
%
U605'(! 06! 4(,*B,3.+! 4*! I/*0I/*)! '6'*)! #M&! R-E'W+*F! G0/.'6+,PW+*F! 6+,P'6BW+*! *,!
-P(+6+,P'W+*S!46+)!0*)!(BP6+,300.+)!4*!).0)!4/!26))3+!J*')6+,!4/!c*BF!B*/A`B3!+1.+,!-/!
r,'*! I/6+,3G3()[! $+! *GG*,F! I/*0I/*! ).3,! 06! -('3.4*! 41(BP6+,300.++65*F! 0*! )*/30! 4*!
I/6+,3G3B6,3.+!+16!\6H63)!(,(!6,,*3+,[!!
%
>0!)*H20*'63,!4.+B!I/130!+1E!63,!-6)!4*!),.B^65*!4*!#M&!46+)!0*)!G.'H6,3.+)!)/-*'G3B3*00*)!
./! -0/)! -'(B3)(H*+,! 46+)! 0*)! XO! -'*H3*')! B*+,3HW,'*)[! 9*! '()/0,6,!H*,! (560*H*+,! *+!
6J6+,! 0162)*+B*! 416--.',)! '(B*+,)! )/'! 0*! )3,*[! 9*! -P(+.HW+*! -*/,! )1*A-03I/*'! -6'! 06!
0.B603)6,3.+! 4/! )3,*! *+! ].+*! 4*! -06,*6/! (0.35+(! 4*)! G0/A! 4*)! )3,*)! 3+4/),'3*0)! 4*)! 4*/A!
5'6+4*)! 6550.H('6,3.+)! I/*! ).+,! ;./*+! *,! <*! #6J'*! Rg35/'*! YTS! *,! 4*)! 5'6+4)! 6A*)!
6/,.'./,3*')[!!
!
9*,,*! PE-.,PW)*! -*/,! r,'*! (,6E(*! -6'! 0*)! B.+43,3.+)! B03H6,3I/*)! I/3! .+,! -'(B(4(! 0*)!
-'(0WJ*H*+,)! 4*! ).0)[! <6! B6H-65+*! 4/! KjoOkoKO! G/,! -'(B(4(! 41/+! B/H/0! 4*!
-'(B3-3,6,3.+)!4*!YFXHH!0*)!Z!\./')!-'(B(4*+,)!,6+43)!I/*!)/'!0*!HrH*!06-)!4*!,*H-)!0*!
B/H/0!4*!-'(B3-3,6,3.+)!6!6,,*3+,!ZLFZHH!-./'! 06!B6H-65+*!4/!KKoKKoKO[!9*)!B/H/0)!
H*,,*+,!*+!6J6+,!0162)*+B*!4*!'/3))*00*H*+,!43'*B,!./!PE-.4*'H3I/*!0.')!4*!06!-'*H3W'*!
B6H-65+*!*,! 0162)*+B*!413H-6B,!4*!B*!'/3))*00*H*+,! 0.')!4*! 06!4*/A3WH*!B6H-65+*[!7*!
-0/)F! 06!43'*B,3.+!4*)!J*+,)!4.H3+6+,)!4/'6+,!B*,,*!)63).+!R%/4`8/*),!*+!%*-,*H2'*!*,!
%/4`%/4`$),!*+!8B,.2'*S!+*!-*'H*,,*+,!-6)!4*!,'6+)-.',*'!0*)!-6',3B/0*)!3))/*)!4*)!)3,*)!
3+4/),'3*0)!Rg35/'*!YTS[!
!



!KOT!

M3+)3F! 0162)*+B*! 4*! B.+,6H3+6,3.+! I/6+,3G3620*! 46+)! 0*! ).0! 4/! 26))3+! J*')6+,! 4/! c*B!
-*'H*,!41/,303)*'!B*!)3,*!B.HH*!'(G('*+B*!4/!2'/3,!4*!G.+4!I/6)3!+/0!4*!06!B.+,6H3+6,3.+!
*+!#M&!46+)!0*)!G.'H6,3.+)!)/-*'G3B3*00*)[!!
!
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4*/A!B6H-65+*)[!!
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<*)! ,*+*/')! ,.,60*)! *+! #M&! H*)/'(*)! 0.')! 4*! B*,,*! B6H-65+*! ).+,! B'.3))6+,*)! *+!
G.+B,3.+!4*!06!-'.G.+4*/'!)/'!0*!-'.G30!03,P.0.53I/*[!$+!*GG*,F!*+!)/2`)/'G6B*!RO`KOBHS!06!
,*+*/'!*+!#M&!*),!4*!NON!w5o^5!U%!RH6,3W'*!)WBP*S!-./'!6,,*3+4'*!YXK!*,!YXO!w5o^5!U%!
46+)! 0*)!P.'3].+)!)/3J6+,)!).3,!KO`NOBH!*,!NO`XOBH!'*)-*B,3J*H*+,!R"620*6/!KZS[!9*)!
,*+*/')!+13+B0/*+,!B*-*+46+,!I/*!KK!#M&!)/'!0*)!KT!'*BP*'BP()[!$+!*GG*,F!0*!+6-P,60W+*F!
016B(+6-P,E0W+*F! 016B(+6-P,W+*F! 0*! G0/.'W+*! *,! 0*! 432*+].R6FPS6+,P'6BW+*! +1.+,! -6)! (,(!
4(,*B,()! I/*0I/*! ).3,! 06! -'.G.+4*/'[! <13+4(+.RKFNFXFB`4S-('E0W+*! +16F! I/6+,! Q! 0/3F! (,(!
4(,*B,(!I/16/!+3J*6/!4*!06!-'.G.+4*/'!KO`NOBH!R"620*6/!KZS[!!
!

0-10 10-20 20-30

NAP 0,00 0,00 0,00

ACY 0,00 0,00 0,00

ACE 0,00 0,00 0,00

FLU 0,00 0,00 0,00

PHE 42,57 80,13 98,97

ANT 15,71 26,46 27,93

FTH 70,58 166,30 156,48

PYR 60,82 135,95 126,59

BaA 2,79 3,32 3,34

CHR 5,88 6,65 6,23

BbF 1,28 4,70 4,64

BkF 0,41 1,52 1,46

BaP 1,67 3,55 3,20

BghiP 0,41 1,67 0,88

DahA 0,00 0,00 0,00

IcdP 0,00 1,00 0,00

TOTAL 202,12 431,25 429,72
!

Tableau 15 : Concentrations (µg/kg MS) des 16 HAP de la liste de l’US-EPA dans chacun des horizons 

(cm) de la carotte prélevée le 17/09/10 sur le bassin versant des Varras.  

!
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M3+)3F!06!B.+B*+,'6,3.+!,.,60*!*+!#M&!46+)!0*)!).0)!4*)!?6''6)!4(-*+4!4*!06!B.+B*+,'6,3.+!
4*! BP6B/+!4*)!KK!#M&!I/6+,3G3()! Rg35/'*!YjS[!d/*0I/*! ).3,! 06!-'.G.+4*/'F! Y!#M&! ).+,!
-'(4.H3+6+,)!46+)!0*)!(BP6+,300.+)!4*!).0[!>0!)1653,!4/!-P(+6+,P'W+*F!4*!016+,P'6BW+*F!4/!
G0/.'6+,PW+*! *,! 4/! -E'W+*[! <6! B.+B*+,'6,3.+! 4/! -P(+6+,P'W+*! 6/5H*+,*! 6J*B! 06!
-'.G.+4*/'! RO`KOBH!C! YNFZj! w5o^5! U%!v! KO`NOBH!C! LOFKX! w5o^5! U%!v! NO`XOBH!C! kLFkj!
w5o^5!U%S[!$+!B*!I/3!B.+B*'+*!016+,P'6BW+*!RO`KOBH!C!KZFjK!w5o^5!U%!v!KO`NOBH!C!NTFYT!
w5o^5!U%!v!NO`XOBH!C!NjFkX!w5o^5!U%S!F!0*!G0/.'6+,PW+*!RO`KOBH!C!jOFZL!w5o^5!U%!v!KO`
NOBH!C! KTTFXO!w5o^5! U%!v! NO`XOBH!C! KZTFYL! w5o^5! U%S! *,! 0*! -E'W+*! RO`KOBH!C! TOFLN!
w5o^5!U%!v!KO`NOBH!C!KXZFkZ!w5o^5!U%!v!NO`XOBH!C!KNTFZk!w5o^5!U%SF!/+*!6/5H*+,6,3.+!
*),!B.+),6,(*!4*!O`KOBH!-/3)!/+*!),65+6,3.+!*+,'*!KO`NOBH!*,!NO`XOBH!R"620*6/!KZS[!
9*)!Y!#M&! '*-'()*+,*+,!4*!kYa! RO`KOBH!*,!NO`XOBHS!Q!kTa! RKO`NOBHS!4*! 06! ,*+*/'!
,.,60*!*+!#M&!Rg35/'*!YLS[!
!

 

Figure 47 : Concentration de chaque HAP dans la concentration totale selon la profondeur de la carotte 

du 17/09/10. 

!

!
Figure 48: Contribution de chaque HAP à la teneur totale selon la profondeur de la carotte du 17/09/10 

!
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)/'G6B*!\/)I/16/A!XO!-'*H3*')!B*+,3HW,'*)!4*!-'.G.+4*/'[!9*!5'643*+,!*),!*+!.--.)3,3.+!
6J*B!0*!5'643*+,!4*!,*+*/'!B'.3))6+,!4(,*'H3+(!0.')!4*!06!B6H-65+*!-'(B(4*+,*[!!
!
<*)!-'*H3*')!B*+,3HW,'*)!-'()*+,*+,!/+*!,*+*/'!4*!YXO!w5o^5!U%!4*!O!Q!KOBH!-/3)!4*!
NNT!w5o^5!U%!4*!KO!Q!NOBH!*,!*+G3+!4*!KZL!w5o^5!U%!4*!NO!Q!XOBH!R"620*6/!KTS[!!
!

0-10 10-20 20-30

NAP 0,00 0,00 0,00

ACY 0,00 0,00 0,00

ACE 16,31 51,55 0,00

FLU 61,95 13,50 16,48

PHE 106,30 31,84 33,19

ANT 15,10 8,96 8,29

FTH 119,26 59,84 51,30

PYR 92,97 47,30 39,97

BaA 2,92 2,49 1,86

CHR 6,51 5,74 3,87

BbF 3,54 1,47 1,21

BkF 1,13 0,48 0,42

BaP 2,90 2,01 1,55

BghiP 1,35 0,40 0,00

DahA 0,00 0,00 0,00

IcdP 0,09 0,00 0,00

TOTAL 430,33 225,58 158,14
!

Tableau 16 : Concentrations (µg/kg MS) des 16 HAP de la liste de l’US-EPA dans chacun des horizons 

(cm) de la carotte prélevée le 11/11/10 sur le bassin versant des Varras. 

!
9*)!,*+*/')!B.H-'*++*+,!KX!4*)!KT!#M&!4*!01:%`$&M[!$+!*GG*,F!B.HH*!-'(B(4*HH*+,F!0*!
+6-P,60W+*F! 016B(+6-P,E0W+*! *,! 0*! 432*+].R6FPS6+,P'6BW+*! +*! ).+,! -6)! 4(,*B,()[! $+!
'*J6+BP*F! 016B(+6-P,W+*! *,! 0*! G0/.'W+*! ).+,! 4(,*B,()! *,! I/6+,3G3()! 46+)! B*,,*! +./J*00*!
B6H-65+*[!
!
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&6'H3! 0*)! #M&! 4(,*B,()F! 016B(+6-P,W+*! *,! 0*! 2*+].R5FPF3S-('E0W+*! 6GG*B,*+,! 0*)!
(BP6+,300.+)!4*!O!Q!NOBH!,6+43)!I/*!013+4(+.RKFNFXFB`4S-E'W+*!+16GG*B,*!I/*!01(BP6+,300.+!
4*!O!Q!KOBH[!!
!
M3+)3F!06!B.+B*+,'6,3.+!,.,60*!*+!#M&!46+)!0*)!).0)!4*)!?6''6)!4(-*+4!4*!06!B.+B*+,'6,3.+!
4*!BP6B/+!4*)!KX!#M&!I/6+,3G3()!Rg35/'*!YkS[!9.HH*!0.')!4*!06!B6H-65+*!-'(B(4*+,*F!0*!
-P(+6+,P'W+*F! 016+,P'6BW+*F! 0*! G0/.'6+,PW+*!*,! 0*!-E'W+*! ).+,!-6'H3! 0*)!#M&!6E6+,! 0*)!
,*+*/')! 0*)! -0/)! (0*J(*)[! =(6+H.3+)F! 0*)! B.+B*+,'6,3.+)! ,*+4*+,! Q! 43H3+/*'!
B.+,'63'*H*+,! Q! 06! B6H-65+*! -'(B(4*+,*[! <*)! B.+B*+,'6,3.+)! 4/! G0/.'6+,PW+*! *,! 4/!
-E'W+*! .+,! 43H3+/(! 4*! ZOa! *+,'*! O`KOBH! *,! KO`NOBHF! -6))6+,! '*)-*B,3J*H*+,! 4*!
KKkFNT!Q!ZkFLY!w5o^5!U%!!*,!4*!kNFkj!Q!YjFXO!w5o^5!U%[!9*)!B.+B*+,'6,3.+)!43H3+/*+,!
*+B.'*! 4*! KZa! *+,'*! KO`NOBH! *,! NO`XOBH! -./'! 6,,*3+4'*! ZKFXO! w5o^5! U%!! Rg"#S! *,!
XkFXj! w5o^5! U%! R&�;S! R"620*6/! KTS[! <*)! B.+B*+,'6,3.+)! 4/! -P(+6+,P'W+*! *,! 4*!
016+,P'6BW+*!43H3+/*+,!4*!TTa!RKOTFXO!Q!XKFLY!w5o^5!U%S!*,!ZOa!RKZFKO!Q!LFkT!w5o^5!
U%S!'*)-*B,3J*H*+,!*+,'*!O`KOBH!*,!KO`NOBH!60.')!I/1*00*)!),65+*+,!*+,'*!KO`NOBH!*,!
NO`XOBH! RXXFKk! w5o^5!U%! R&#$S! *,! LFNk! w5o^5!U%! RM="SS[! <6! ).HH*! 4*! B*)! Y! #M&!
'*-'()*+,*!jka!4*!06!,*+*/'!,.,60*!-./'!06!G'6B,3.+!O`KOBHF!TTa!-./'!B*00*!KO`NOBH!*,!
LXa!-./'!06!G'6B,3.+!NO`XOBH!Rg35/'*!ZOS[!
!
9*)! -'.-.',3.+)F! 23*+! I/13H-.',6+,*)F! ).+,! 3+G('3*/'*)! Q! B*00*)! 4(,*'H3+(*)!
-'(B(4*HH*+,[!<6!I/6+,3G3B6,3.+!4/!G0/.'W+*!*,!016B(+6-P,W+*!6!H.43G3(!06!B.+,'32/,3.+!
'*06,3J*!4*!BP6I/*!#M&!Q!06!,*+*/'!,.,60*[!9*)!4*/A!4*'+3*')!#M&!'*-'()*+,*+,!KLa!4*!06!
,*+*/'! ,.,60*! -./'! 06! G'6B,3.+! O`KOBHF! Nka! -./'! 06! G'6B,3.+! KO`NOBH! *,! KOa! -./'! 06!
G'6B,3.+!NO`XOBH[!!
!
<*! B/H/0! 4*! B*)! T! #M&! '*-'()*+,*! 63+)3! kja! 4*! 06! ,*+*/'! ,.,60*! *+! #M&! -./'! 0*)!
G'6B,3.+)!O`KOBH!*,!NO`XOBH!*,!kZa!-./'!06!G'6B,3.+!KO`NOBH[!!
!

!
Figure 49 : Concentration de chaque HAP dans la concentration totale selon la profondeur de la carotte 

du 11/11/10. 

!
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!
Figure 50: Contribution de chaque HAP à la teneur totale selon la profondeur de la carotte du 11/11/10 

!
<6! -'.-.',3.+! 4*! -E'W+*F! G0/.'6+,PW+*! *,! 416+,P'6BW+*! ).+,! )*+)320*H*+,! 0*)! HrH*)!
*+,'*! 0*)!43GG('*+,*)!-'.G.+4*/')!*,! B.H-'3)*)! '*)-*B,3J*H*+,!*+,'*!NK!*,!NZaF!Nj!*,!
XNa!*,!*+G3+!Y!*,!Za[!$+!'*J6+BP*F! 06!-'.-.',3.+!4*!-P(+6+,P'W+*!G0/B,/*!*+,'*!KY!*,!
NZa[!<6!-'()*+B*!4/!G0/.'W+*!*,!4*!016B(+6-P,W+*!6GG*B,*!06!-'.-.',3.+!4*!-P(+6+,P'W+*!
46+)!0*!).0!H63)!,'W)!-*/!B*00*)!4*)!X!6/,'*)!#M&[!!
!

666R ;7-<"#"6,74%)4.#)%(),%=)8O%*"-<"H4),%
%
<6!B.H-6'63).+!4/!5'643*+,!4*!B.+B*+,'6,3.+!*+,'*!0*)!4*/A!B6H-65+*)!4*!-'(0WJ*H*+,!
3+43I/*!/+*! (J.0/,3.+! B.+,'63'*! *+,'*! 0*)!4*/A!-'(0WJ*H*+,)[! <.')!4*! 06! B6H-65+*!4*!
%*-,*H2'*F! 0*)! B.+B*+,'6,3.+)! )16BB'.3))*+,! 6J*B! 06! -'.G.+4*/'! ,6+43)! I/16/! H.3)! 4*!
=.J*H2'*F!0*)!B.+B*+,'6,3.+)!4(B'.3))*+,!6J*B!06!-'.G.+4*/'[!!
!
9*,,*! 3+J*')3.+! 4*)! '(-6',3,3.+)! 4*)! #M&! )*0.+! 0*! 5'643*+,! 4*! -'.G.+4*/'! -*/,! r,'*!
)/3J3*!6/!,'6J*')!4*!01*A*H-0*!4/!-E'W+*!R"620*6/!KjS[!9*,,*!(J.0/,3.+!*),!J60620*!-./'!
0*! -P(+6+,P'W+*F! 016+,P'6BW+*! *,! 0*! G0/.'6+,PW+*! ).3,! -./'! 01*+)*H20*! 4*)! Y! #M&!
-'(4.H3+6+,)! 46+)! 0*)! ).0)[! c3*+! I/*! B*,,*! ,*+46+B*! )*! -./')/3J*! -./'! 0*)! #M&! -0/)!
p!0./'4)!qF! 0*)! B.+B*+,'6,3.+)! 4*J*+6+,! 4*! -0/)! *+! -0/)! G6320*F! 013+,*'-'(,6,3.+! *),! -0/)!
43GG3B30*[!!
!

PYR 0-10 10-20 20-30

17/09/10 60,82 135,95 126,59

11/11/10 92,97 47,3 39,97
!

Tableau 17 : Evolution de la concentration (µg/kg MS) en pyrène entre les deux carottes du bassin versant 

des Varras selon le gradient de profondeur (cm) 

!
9*,,*!H.43G3B6,3.+! 4*! 06! '(-6',3,3.+! 6J*B! 06! -'.G.+4*/'! -*/,! 6J.3'! -0/)3*/')! .'353+*)[!
"./,! 4162.'4F! 01P(,('.5(+(3,(! 4*)! ).0)! *+,'*! 0*)! 4*/A! B6H-65+*)! -*/,! r,'*! /+*!
*A-03B6,3.+[!$+!*GG*,F!23*+!I/*!-'(0*J(*)!)/'!06!HrH*!].+*F! 0*)!B6'.,,*)!+*!-'.J3*++*+,!
-6)!*A6B,*H*+,!4/!HrH*!*+4'.3,[!7*!-0/)F! 0*)!6--.',)!416H*+4*H*+,)!*GG*B,/()!)/'! 06!
-6'B*00*!.+,!-/!H.43G3(!I/*0I/*!-*/!0*)!-'*H3*')!B*+,3HW,'*)!4*!).0)[!=(6+H.3+)F!B*,,*!
.'353+*!-.))320*!+*!-*/,!*A-03I/*'!Q!*00*!)*/0*!0*)!43GG('*+B*)!4*!B.+B*+,'6,3.+!*+,'*!0*)!
4*/A!B6H-65+*)[!!
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<*)!-'.-'3(,()!-PE)3B.`BP3H3I/*)!4*!B*)!Y!#M&!).+,!6--'.A3H6,3J*H*+,!0*)!HrH*)!*+!
,*'H*!4*!).0/2303,(!R"620*6/!jF!N[>>[4S!*,!*+!,*'H*!4*!)*+)32303,(!Q!06!4(5'646,3.+!R7.E0*!
*,!60[F!NOOLS[!M3+)3F!B*B3!+*!-*/,!r,'*!/+!(0(H*+,!43)B'3H3+6+,!*+!,*'H*!41*A-03B6,3.+!4*!06!
H.43G3B6,3.+!4*!06!'(-6',3,3.+!*+,'*!0*)!4*/A!B6H-65+*)[!
!
<*)!B.+43,3.+)!B03H6,3I/*)!I/3!.+,!-'(B(4(!BP6I/*!B6'.,,65*!-*/J*+,! \./*'!/+!'_0*[!<*!
B/H/0! 4*! -'(B3-3,6,3.+)! 4*)! Z! \./')! -'(B(46+,! 06! B6'.,,*! 4/! KjoOkoKO! *),! 4*! TFNHH!
-./'!6,,*3+4'*!XNFjHH!-./'!06!B6'.,,*!4/!KKoKKoKO[!7*!-0/)F!0*!B/H/0!4*!-'(B3-3,6,3.+)!
,.,60*)! *+,'*! 0*)! 4*/A! -'(0WJ*H*+,)! *),! 4*! KLNFTHH! )6BP6+,! I/*! 06! B.+B*+,'6,3.+!
H.E*++*!*+!#M&!*),!4*!01.'4'*!4*!NOZ!+5o0!46+)!B*)!*6/A[!M)).B3(*!Q!06!-0/J3.H(,'3*F!06!
43'*B,3.+!4/!J*+,!*),!/+!(0(H*+,! 3H-.',6+,[!9.HH*!H*+,3.++(!-./'! 0*!26))3+!J*')6+,!
4/!c*BF! 0*)! J*+,)! 4/! )/4`./*),! R%*-,*H2'*S! ,'6+)-.',*+,! -*/!4*!-6',3B/0*)! 3))/*)! 4*)!
3+4/),'3*)!H63)!-*/J*+,!,'6+)-.',()!B*00*)!3))/*)!4*)!56]!41(BP6--*H*+,)!4*!016/,.'./,*!
MKX!+.,6HH*+,F! )3,/(*! *+! 6H.+,! 4*! 06! -6'B*00*[! $+! '*J6+BP*F! 0*)! J*+,! 4/! )/4`)/4`*),!
R8B,.2'*S! -*/J*+,! ,'6+)-.',(! 0*)! -6',3B/0*)! 3))/*)! 4*)! 3+4/),'3*)! './*++63)*)[! <*)!
6H*+4*H*+,)!*GG*B,/()!)/'!06!-6'B*00*!+*!\/),3G3*+,!-6)!0*)!B.+B*+,'6,3.+)!46+)!0*)!).0)!
,6+,! 0*/')! ,*+*/')! *+!#M&! ).+,! G6320*)! Rz! KH5o^5!U%! 4*! G0/.'6+,PW+*!v! OFZH5o^5!U%!
-./'!0*!2*+].R2SG0/.'6+,PW+*!v!OFXH5o^5!U%!-./'!0*!2*+].R6S-E'W+*S[!
!
9*,,*! H.43G3B6,3.+! 4*! 06! '(-6',3,3.+! )*0.+! 0*! 5'643*+,! 4*! -'.G.+4*/'! -'.J3*+4'63,!
-'.2620*H*+,! 41/+! *+,'63+*H*+,! J*')! 06! ].+*! )6,/'(*! (J*+,/*00*H*+,! 6)).B3(! Q! /+!
-'.B*))/)! 4*! R23.S4(5'646,3.+! 4*)! #M&! 0*)! -0/)! 0(5*')! 46+)! /+! -'*H3*'! ,*H-)!
RKjoOkoKOS! -/3)! 41/+*! '*BP6'5*! -6'! 0*)! 6--.',)! -0/J3*/A! *,o./! -6'! 0*! '/3))*00*H*+,!
46+)!/+!)*B.+4!,*H-)!RKKoKKoKOS[!!
!

*R f78#*),%=),%QN1%="4,%(),%,7(,%
%
<6!)./'B*!-.,*+,3*00*!4*)!#M&!46+)!0*)!(BP6+,300.+)!4*!).0)!4/!26))3+!J*')6+,!4*)!?6''6)!
*),! 4(,*'H3+(*! -6'! 01/,303)6,3.+! 4*! '6,3.)! +.,6HH*+,! *+,'*! 0*! -P(+6+,P'W+*! *,!
016+,P'6BW+*F!*+,'*!0*!G0/.'6+,PW+*!*,!0*!-E'W+*F!*,!*+,'*!013+4(+.RKFNFXFB`4S-E'W+*!*,!0*!
2*+].R5FPF3S-('E0W+*!R"620*6/!KLS[!
%

0-10 10-20 20-30 0-10 10-20 20-30

PHE/ANT 2,71 3,03 3,54 7,04 3,55 4,00 < 10

FTH/PYR 1,16 1,22 1,24 1,28 1,27 1,28 > 1

FTH/(FTH+PYR) 0,54 0,55 0,55 0,56 0,56 0,56 > 0,5

IcdP/(IcdP+BghiP) 0,37 0,2-0,5

11/11/1017/09/10
Origine 

pyrolytique

!
Tableau 18: Détermination des sources potentielles des HAP dans les sols (cm) du bassin versant des 

Varras par l’utilisation de ratios entre HAP de même masse moléculaire 

%
<*)!B60B/0)!*GG*B,/()!-./'!0*)!4*/A!B6H-65+*)!H.+,'*+,!I/*F!I/*0I/*!).3,!0*!'6,3.!/,303)(F!
0*)! #M&! -'()*+,)! 46+)! 0*)! ).0)! ).+,! 41.'353+*! -E'.0E,3I/*[! :+*! -'(B3)3.+! -*/,! r,'*!
6--.',(*! )/'! B*,,*! .'353+*! -E'.0E,3I/*! 5'mB*! 6/! '6,3.! p!>B4&o! R>B4&! �! c5P3&S!q! I/3!
3+43I/*!I/*! 0*)!#M&!-'.J3*++*+,!4*! 06! B.H2/),3.+!4*)!H.,*/')! Q! *))*+B*!./!Q!43*)*0!
R"620*6/! NOS[! "./,*G.3)F! B*,,*! -'(B3)3.+! +1*),! J60620*! I/*! -./'! 0*! H.3)! 4*! )*-,*H2'*!
-/3)I/*!B*)!#M&!+1.+,!-/!r,'*!I/6+,3G3()!0.')!4*!06!B6H-65+*!4/!H.3)!4*!+.J*H2'*[!!
%
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ER N4"(:,),%=),%QN1%="4,%(),%)"8O%
%
MG3+! 4*! B.H-'*+4'*! 0*)! ,'6+)G*',)! 4*)! #M&! 46+)! 01*+J3'.++*H*+,F! 4*)! 6+60E)*)! ).+,!
'(603)(*)!46+)! 0*)!*6/A!-3(].H(,'3I/*)!4*)!4*/A!26))3+)!J*')6+,)!-./'! 01*+)*H20*!4*)!
B6H-65+*)!4*!-'(0WJ*H*+,[!$+!*GG*,F!-/3)I/*!0*)!-0/3*)!)*H206+,!6J.3'!/+*!3+G0/*+B*!)/'!
0*)!,*+*/')!*+!#M&F! 016+60E)*!46+)!0*)!*6/A!6!-./'!.2\*B,3G!4*!-'(B3)*'! 0*/')!)./'B*)!*,!
0*)!-'.B*))/)!B.HH*!0164).'-,3.+!*,!0*!,'6+)-.',!I/3!-*/J*+,!0*)!6GG*B,*'[!!
!
<*)!6+60E)*)!H*,,*+,!*+!6J6+,!I/*! 0*)!KT!#M&!4*! 06! 03),*!4*! 01:%`$&M!+*!)*!'*,'./J*+,!
-6)! 46+)! 0*/'! ,.,603,(! 46+)! 0*)! (BP6+,300.+)! 41*6/A[! $+! *GG*,F! 0*)! #M&! 43,)! p!0./'4)!q!
-.))(46+,!Z!*,!T!BEB0*)!6'.H6,3I/*)!+*!).+,!-6)!I/6+,3G3()!I/*0I/*!).3,!06!46,*!*,!0*!03*/!
4*!-'(0WJ*H*+,!Q!01*AB*-,3.+!4/!2*+].R6S-E'W+*!-./'!I/*0I/*)!(BP6+,300.+)[!7*!-0/)F!0*!
G0/.'W+*F! 0*! 2*+].R6S6+,P'6BW+*! *,! 0*! BP'E)W+*! +*! ).+,! I/6+,3G3()! I/*! 46+)! I/*0I/*)!
(BP6+,300.+)! (560*H*+,[! M3+)3! B*)! Y! 4*'+3*')! #M&! ).+,! '*5'./-()! )./)! 0*! ,*'H*!
5(+('3I/*!p!6/,'*)!q!46+)!0*)!'*-'()*+,6,3.+)!5'6-P3I/*)[!!
!
g3+60*H*+,F! )/'! 0*)! KT! #M&! '*BP*'BP()F! )*/0)! j! 41*+,'*! */A! .+,! /+*! .BB/''*+B*!
)35+3G3B6,3J*! 4/'6+,! 01*+)*H20*! 4*)! B6H-65+*)[! >0! )1653,! 4/! =6-P,60W+*! R=M&SF! 4*!
016B(+6-P,W+*!RM9$SF!4*!016B(+6-P,E0W+*!RM9�SF!4*!016+,P'6BW+*!RM="SF!4/!-P(+6+,P'W+*!
R&#$SF!4/!G0/.'6+,PW+*!Rg"#S!*,!4/!-E'W+*!R&�;S[!!
!

"R 9)%$",,64%0)#,"4.%=8%!)*%
%
<1*+)*H20*! 4*)! ,*+*/')! ,.,60*)! *+! #M&! I/6+,3G3(*)! 46+)! 0*)! 4*/A! -3(].HW,'*)! *),!
B.H-'3)! *+,'*! OFOX! *,! XFKN! w5o0! R"620*6/! KkS[! <*)! ),6,3),3I/*)! B60B/0(*)! )/'! 0*)!
B.+B*+,'6,3.+)! -*'H*,,*+,! 4*! B.H-6'*'! 0*)! J60*/')! *+,'*! 0*)! 4*/A! -3(].HW,'*)[! <*)!
H3+3H6!*,!H6A3H6!63+)3!B60B/0()!).+,!)3H3063'*)!*+,'*!"8K!*,!"8N!6J*B!4*)!H3+3H6!4*!
OFOX!*,!OFOZ!w5o0!*,!4*)!H6A3H6!4*!XFKO!*,!XFKN!w5o0!'*)-*B,3J*H*+,[!<6!H(436+*!63+)3!
I/*!06!H.E*++*!).+,!-0/)!(0*J(*)!-./'!"8K!RH*4!C!OFLL!w5o0!v!H.E!C!KFOj!w5o0S!I/*!-./'!
"8N!RH*4!C!OFTk!w5o0!v!H.E!C!OFjL!w5o0S!6J*B!/+!+.H2'*!4*!H*)/'*)!3+G('3*/'[!!
%
<1(J.0/,3.+! ,*H-.'*00*! 4*! 06! B.+B*+,'6,3.+! *+! #M&! 46+)! 0*)! *6/A! -3(].H(,'3I/*)! 4/!
26))3+!J*')6+,!4/!c*B!*),!50.260*H*+,!)3H3063'*!*+,'*!0*)!4*/A!-3(].HW,'*)!Rg35/'*!ZKS[!!
%
MG3+! 4*! B.H-6'*'! 0*)! ,*+*/')! *+! #M&! 4*)! *6/A! -3(].H(,'3I/*)! *+,'*! *00*)F! /+*!
B.+B*+,'6,3.+!)*/30!*),!4(,*'H3+(*[!9*,,*!J60*/'!G3A(*!Q!N!w5o0!*),!/+!BP.3A!6'23,'63'*[!
<*)!B6H-65+*)F!4.+,!06!B.+B*+,'6,3.+!,.,60*!*),!)/-('3*/'*!Q!N!w5o0F!).+,!6/!+.H2'*!4*!
4*/A! -./'! "8K! *,! 41/+*! )*/0*! -./'! "8N[! M3+)3! 06! B6H-65+*! 4/! KZoKNoOkF! 6J*B! /+*!
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Tableau 19: Comparaison des teneurs (µg/l) en HAP et des statistiques associées dans les eaux des 

piézomètres du bassin versant du Bec  
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Figure 51: Evolution de la concentration totale en HAP dans les eaux piézométriques de TO1 et de TO2 

entre Mai 2009 et Février 2011. 

!
<16/5H*+,6,3.+! 4/!H.3)! 4*! 4(B*H2'*! B.''*)-.+4! 6/! 4(2/,! 41/+! (-3).4*! +*35*/A! I/3!
,./BP6! 06! '(53.+! 4/'6+,! 01P3J*'! NOOk`NOKO[! $+! *GG*,F! B*! ).+,! 0*)! #M&!H6\.'3,63'*)! I/3!
B.H-.)*+,!0*)!'*,.H2(*)!6,H.)-P('3I/*)!RY[>[K[2[S[!7*!-0/)F!06!0.B603)6,3.+!4*!"8K!46+)!
06!G.))(!41(H3))63'*!4*!06!2(,.3'*!6!-'.2620*H*+,!G6J.'3)(!)6!B.+,6H3+6,3.+!J3)!Q!J3)!4*)!
#M&! -6'! '6--.',! 6/! -3(].HW,'*! "8N[! <6! -('3.4*! -'3+,6+3W'*! RMJ'30SF! *+! '*J6+BP*F! +*!

TO1 TO2

27/05/09 0,91

26/06/09 0,36 0,96

15/12/09 2,08

21/01/10 1,48 0,69

02/02/10 1,29 1,17

01/03/10 0,03 0,09

12/03/10 0,45 0,19

01/04/10 3,10 0,22

22/04/10 3,12

02/06/10 0,84

17/06/10 0,77

04/10/10 0,05

23/11/10 1,05 0,26

06/12/10 0,71 0,40

18/01/11 0,03 1,46

02/02/11 1,76 0,63

18/02/11 0,56

TO1 TO2

n 12 15

moyenne 1,07 0,78

médiane 0,88 0,69

minimum 0,03 0,05

maximum 3,10 3,12
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Figure 52: Concentrations de chacun des HAP dans les eaux des piézomètres de TO1 d’Avril 2009 à 

Février 2011. 
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Figure 53: Concentrations de chacun des HAP dans les eaux des piézomètres de TO2 d’Avril 2009 à 

Février 2011. 
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*,!KOFjN!w5o0[!<*)!),6,3),3I/*)!B60B/0(*)!)/'!0*)!B.+B*+,'6,3.+)!R"620*6/!NOS!-*'H*,,*+,!
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3+,*'H(4363'*)! 6J*B! /+*! B.+B*+,'6,3.+! H(436+*! 4*! OFTX! w5o0[! =(6+H.3+)F! 0*! +.H2'*!
41(BP6+,300.+)! +1*),! -6)! 0*! HrH*! 6J*B! NT! (BP6+,300.+)! -./'! &M?N! B.+,'*! Kj! *,! NO!
(BP6+,300.+)!-./'!&MUK!*,!&M?K!'*)-*B,3J*H*+,[!<6!H.E*++*F!I/6+,!Q!*00*F!*),!B.H-'3)*!
*+,'*!KFKZ!*,!NFYk!w5o0[!M3+)3! 06!H.E*++*! 06!-0/)!(0*J(*!B.''*)-.+4!6/A!*6/A!4*!&M?K!
RNFYk!w5o0S!)/3J3*!-6'!B*00*!4*!&MUK!RKFLZ!w5o0S!*,!*+G3+!-6'!B*00*!4*!&M?N!RKFKZ!w5o0S[!!
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 Tableau 20: Comparaison des teneurs (µg/l) en HAP et des statistiques associées dans les eaux des 

piézomètres du bassin versant des Varras  

!
d/*0I/*)! (BP6+,300.+)! )/--0(H*+,63'*)! -'.J3*++*+,! 4*)! *6/A! B.+,*+/*)! 46+)! 0*)!
'6J3+*)!*+!B6)!4*!)6,/'6,3.+!*+!*6/!4*)!).0)!4*!06!-6'B*00*[!9*)!(BP6+,300.+)!-'()*+,*+,!
4*)!B.+B*+,'6,3.+)!B.H-'3)*)!*+,'*!OFKT!*,!NFNO!w5o0!46+)!06!'6J3+*!K!*,!*+,'*!OF!KL!*,!
KFYj!w5o0!46+)!06!'6J3+*!N[!
!
<1(J.0/,3.+!4*)!,*+*/')!*+!#M&!)/'!0*!26))3+!J*')6+,!4*)!?6''6)!+1*),!-6)!)3H3063'*!*+,'*!
0*)!4*/A!'6J3+*)!Rg35/'*)!ZY!*,!ZZS[!9*,,*!B.+),6,6,3.+!*),!Q!H*,,'*!*+!-6'600W0*!6J*B!0*!
G.+B,3.++*H*+,! PE4'.5(.0.53I/*! 4*! 06! -6'B*00*! *,! 06! -'()*+B*! 41/+*! -)*/4.`2(,.3'*!
46+)!06!'6J3+*!N!H*+,3.++(*!46+)!06!-6',3*!-'(B(4*+,*!R&6',3*!XS[!

PAV2 PAV1 PAM1

30/04/09 1,41

05/05/09 1,78

27/05/09 3,31

10/06/09 0,52

26/06/09 2,32 7,61 2,01

26/08/09 0,94

08/09/09 2,55

12/11/09 0,69 6,53 10,72

03/12/09 7,63 8,60 8,99

15/12/09 0,67 3,34

21/01/10 0,53 2,43 1,97

02/02/10 0,78 1,60 0,23

01/03/10 0,01 0,04 0,05

12/03/10 0,41 0,47 0,24

01/04/10 0,88 0,55

22/04/10 1,04 5,70 2,33

02/06/10 0,59 0,99

17/06/10 0,54 0,46 0,31

17/09/10 0,53 0,18

27/09/10 0,27

04/10/10 0,26 0,11 0,24

11/11/10 0,32 0,39 0,63

23/11/10 0,35 0,26 0,37

06/12/10 0,97 1,11 0,59

18/01/11 0,93 0,74 1,45

02/02/11 0,54 0,17 0,08

18/02/11 0,09 8,23 0,61

PAV2 PAV1 PAM1

n 26 20 17

moyenne 1,15 2,49 1,85

médiane 0,63 0,93 0,59

minimum 0,01 0,04 0,05

maximum 7,63 8,60 10,72
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Figure 54: Evolution de la concentration totale en HAP dans les eaux piézométriques de PAV2 entre Avril 

2009 et Février 2011.  
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=(6+H.3+)F! /+! B*',63+! +.H2'*! 4*! B.H-6'63).+)! +*! -*/,! r,'*! *GG*B,/(! -6'! H6+I/*!
41(BP6+,300.+)[! $+! *GG*,F! Q! ,3,'*! 41*A*H-0*F! 0*)! 4.++(*)! B.00*B,(*)! )/'! 0*! 26))3+! J*')6+,!
B.HH*+B*+,!*+!6J'30!NOOk!-./'!0*!-3(].HW,'*!&M?N!*,!)*/0*H*+,!*+!\/3+!NOOk!-./'!0*)!
-3(].HW,'*)!4*! 06!'6J3+*!K! R&MUK!*,!&M?KS[!<*)! 06B/+*)!46+)! 0*)!4.++(*)!)*!'(-W,*+,!
63+)3!4/'6+,!0*)!4*/A!6++(*)!4*!H*)/'*)!-/3)I/*!)*/0!&M?N!6!,./\./')!(,(!*+!*6/!4/'6+,!
B*,,*!-('3.4*[!
!
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Figure 55: Evolution de la concentration totale en HAP dans les eaux piézométriques de PAM1 et de 

PAV1 entre Juin 2009 et Février 2011. 

!
%/'! 01*+)*H20*! 4*)! NT! H*)/'*)! '(603)(*)! )/'! 0*)! *6/A! 4*! &M?NF! )*/0*)! Y! )('3*)! 4*!
H*)/'*)!4(-6))*+,! 06!,*+*/'!4*!N!w5o0[!9*)!H*)/'*)!B.''*)-.+4*+,!6/A!B6H-65+*)!4/!
NjoOZoOkF! 4/! NToOToOkF! 4/! OLoOkoOk! *,! *+G3+! 4/! XoKNoOk! R"620*6/! NOS[! $+!
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)1653,! 4*)! H*)/'*)! 4/! NToOToOkF! 4/! XoKNoOkF! 4/! KNoKKoOkF! 4/! NKoOKoKO! *,! 4/!
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Figure 56: Concentrations de chacun des HAP dans les eaux des piézomètres de PAM1 d’Avril 2009 à 

Février 2011. 

M3+)3F!)/'!01*+)*H20*!4/!26))3+!J*')6+,F!)*/0*)!4*/A!B6H-65+*)!4*!H*)/'*)F!-'()*+,6+,!
/+*!6/5H*+,6,3.+!4*! 06!B.+B*+,'6,3.+!*+!#M&F!-*/J*+,!r,'*!B.H-6'(*)!*+,'*! 0*)!4*/A!
'6J3+*)[!9*!).+,!0*)!B6H-65+*)!4/!NToOToOk!*,!4/!XoKNoOk[!9*)!B6H-65+*)!-'()*+,*+,!
,./,*)!4*/A!/+*!B6'6B,('3),3I/*!B03H6,3I/*!-6',3B/03W'*[!$+!*GG*,F!46+)! 06!+/3,!4/!NZ!6/!



!KKk!

NToOToOkF! /+! J3.0*+,! .'65*! 6! -'.J.I/(! /+! '/3))*00*H*+,! 3H-.',6+,! )/'! 06! -6'B*00*!
*+,'63+6+,! /+*! 3+.+46,3.+! 4*)! '6J3+*)! 41/+*! P6/,*/'! 6--'.A3H6,3J*! 4*! ZOBH[! "6+43)!
I/*! 06!B6H-65+*!4/!XoKNoOk!B.''*)-.+4!6/!4(2/,!41/+!(-3).4*!+*35*/A!I/3! ,./BP6! 06!
'(53.+!4/'6+,!01P3J*'!NOOk`NOKO[!!
!

NAP 

NAP 

N 

N 

NAP 

ACY 

ACY 

ACY 

ACY 

AY 

ACY 

ACY 

ACE 

ACE 

ACE 

AE 

ACE 

PHE 

PHE 

PHE 

P 

PHE 

PHE 

ANT 

ANT 

ANT 

ANT 

ANT 

ANT 

ANT 

FTH 

FTH 

FTH 

FTH 

FTH 

FTH 

FTH 

PYR 

PYR 

PYR 

PYR 

PYR 

PYR 

PYR 

0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 9,00 

30/04/09 

05/05/09 

27/05/09 

10/06/09 

26/06/09 

26/08/09 

08/09/09 

12/11/09 

03/12/09 

15/12/09 

21/01/10 

02/02/10 

01/03/10 

12/03/10 

01/04/10 

22/04/10 

02/06/09 

17/06/10 

17/09/10 

27/09/10 

04/04/10 

11/11/10 

23/11/10 

06/12/10 

18/01/11 

02/02/11 

18/02/11 

Concentration (μg/l ) 

!"#$ "%&$ "%'$ #('$ "!)$ *)($ #&+$ ",)+'-$

 
 Figure 57: Concentrations de chacun des HAP dans les eaux des piézomètres de PAV1 d’Avril 

2009 à Février 2011. 
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Figure 58: Concentrations de chacun des HAP dans les eaux des piézomètres de PAV2 d’Avril 2009 à 

Février 2011. 
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<*)!)./'B*)!-.,*+,3*00*)!4*)!#M&!46+)!0*)!*6/A!).+,!0*)!HrH*)!I/*!B*00*)!46+)!0*)!).0)F!
0*)!'6,3.)!/,303)()!).+,!63+)3!34*+,3I/*)[!!
!
9.+,'63'*H*+,!6/A!6+60E)*)!46+)!0*)!).0)F!0*!'6,3.!p!&#$oM="!q!+*!-*/,!r,'*!B60B/0(!-./'!
01*+)*H20*!4*)!'()/0,6,)!R"620*6/!NKS[!=(6+H.3+)!)/'!0*)!'()/0,6,)!0*!-*'H*,,6+,F!0*!'6,3.!
*),! 3+G('3*/'! Q! KO! 3+4/3)6+,! /+*! .'353+*! -E'.0E,3I/*! B.HH*! B*! G/,! 0*! B6)! -./'! 0*)!
(BP6+,300.+)! 4*! ).0)[! :+*! *AB*-,3.+F! ,./,*G.3)F! 6--6'6V,! -./'! /+! (BP6+,300.+! 4*! "8N!
46,6+,! 4/! ToKNoKO! -./'! 0*I/*0! 0*! '6,3.! *),! (560! Q! KYFOj! )/--.)6+,! /+*! .'353+*!
-(,'.5(+3I/*[!!
!
9.+,'63'*H*+,! 6/! '6,3.! -'(B(4*+,F! 0*)! '6,3.)! *+,'*! 0*! G0/.'6+,PW+*! *,! 0*! -E'W+*! ).+,!
B60B/0()!-./'!01*+)*H20*!4*)!'()/0,6,)!46+)!0*)!*6/A!R"620*6/!NKS[!9*-*+46+,F!0*)!'6,3.)!
+*!-*'H*,,*+,!-6)!4*!4(G3+3'!B063'*H*+,!01.'353+*!4*)!#M&!4(,*B,()!*,!I/6+,3G3()[!$+!*GG*,F!
0*)!J60*/')!.2,*+/*)!-./'!BP6I/*!B6H-65+*!.)B300*+,!*+,'*!/+*!.'353+*!-E'.0E,3I/*!*,!
/+*!.'353+*!-(,'.5(+3I/*!)*0.+!0*)!46,*)!4*!-'(0WJ*H*+,[!!
%
9*)! '()/0,6,)! '*H*,,*+,! *+! B6/)*! 06! J60343,(! 4*! 01/,303)6,3.+! 4*! B*)! '6,3.)! -./'! 4*)!
B.+B*+,'6,3.+)! *+! #M&! 46+)! 0*)! *6/A[! $+! *GG*,F! 0*)! '()/0,6,)! .2,*+/)! 46+)! 0*)! ).0)!
3+43I/63*+,! /+*! .'353+*! -E'.0E,3I/*! *,! +.+! -(,'.5(+3I/*[! <1PE-.,PW)*! '*,*+/*! -./'!
*A-03I/*'!B*)!J60*/')!*),! 06! G6320*!).0/2303,(!4*)!#M&!46+)! 01*6/!63+)3! 0*)!J60*/')! 3))/*)!
4*)!'6,3.)!+*!-*/J*+,!r,'*!'*-'()*+,6,3J*)!4*!0*/'!.'353+*[!!
%



!KNN!

!"#$ !%&'"() *)%'!+, *)%'-*)%.!+,/ !"01 !%&'"() *)%'!+, *)%'-*)%.!+,/

12'32'34 3546 3564 73'36'34 358$ 3549 3564

37'$1'34 351: 3543 356: 38'38'34 351: $537 3583

1$'3$'$3 3514 $536 358$ 1:'38'34 :5$3 3549 3583

3$'36'$3 357$ 3516 $3'32'34 753$ $531 3583

11'36'$3 3573 $536 358$ 12'32'34 ; 3546 3569

$:'32'$3 $517 3588 12'39'34 ; 35:$ 3561

32'$1'$3 6569 357$ 3516 39'34'34 3587 $531 3583

$9'3$'$$ $5$8 3586 $1'$$'34 ; $5$6 3587

37'$1'34 351$ 354$ 3569

!"0$ !%&'"() *)%'!+, *)%'-*)%.!+,/ $8'$1'34 ; $534 3581

12'32'34 35$4 354$ 3569 1$'3$'$3 ; 3526 3574

37'$1'34 352$ 3594 356: 31'31'$3 ; $531 3583

$8'$1'34 3536 3546 3564 11'36'$3 ; 3549 3564

1$'3$'$3 3571 354: 3564 31'32'34 $571 $51: 3582

31'31'$3 3576 3549 3564 1:'34'$3 ; $514 3582

3$'36'$3 3594 356: 32'$1'$3 ; $531 3583

11'36'$3 356$ 3542 3564 31'31'$$ 3562 $532 3581

31'32'34 $5$6 3587 $9'31'$$ ; 3512 351$

$:'32'$3 3592 3562

$:'34'$3 3542 3564 )<1 !%&'"() *)%'!+, *)%'-*)%.!+,/

$9'3$'$$ $511 3588 1:'38'34 ; 359: 356:

$9'31'$$ 3522 $537 3583 12'32'34 8529 3598 3562

1$'3$'$3 153$ 352: 3563

)<$ !%&'"() *)%'!+, *)%'-*)%.!+,/ 31'31'$3 35$4 $537 3583

12'32'34 6578 3541 3569 11'36'$3 357$ 3542 3564

$8'$1'34 3538 3546 3569 31'32'34 ; 3541 3569

1$'3$'$3 $5$3 3594 356: $:'32'$3 3581 $531 3583

31'31'$3 $578 ; 356: 32'$1'$3 $653: ; ;

$1'37'$3 ; 3599 3583 $9'3$'$$ 3518 3548 3564

3$'36'$3 3538 $533 3583 31'31'$$ ; 359$ 3568

17'$$'$3 7593 3594 356: %

Tableau 21 : Détermination des sources potentielles des HAP dans les eaux des bassins versants des 

Varras et du Bec par l’utilisation de ratios entre HAP de même masse moléculaire 

!
=R T-<"*.%"8O%*"<."H),%

%
<6!I/603,(!4*!01*6/!-.,620*!*),!4(-*+46+,*!4*)!)./'B*)!41603H*+,6,3.+!4*)!B6-,65*)[!<*)!
B6-,65*)! 4/! BPm,*6/!41*6/! Rc*BS! *,! 4*)!?6''6)! ).+,! 4*/A! B6-,65*)! 4.+,! 01603H*+,6,3.+!
'*-.)*! *+! ,.,603,(! )/'! 0*)! *6/A! )./,*''63+*)[! 7*)! (,/4*)! 4*! ,'6t65*)! -'(B(4*HH*+,!
*GG*B,/(*)! )/'! 0*)! 4*/A! 26))3+)! J*')6+,)! .+,! H.+,'(! I/*! 0*)! 2(,.3'*)! )3,/(*)! )/'! 0*)!
-6'B*00*)! (,/43(*)! (,63*+,! *+! B.++*A3.+! 6J*B! 0*)! B6-,65*)[! M3+)3F! 0*)! (-3).4*)! 4*!
B.+,6H3+6,3.+! *+! #M&! *+'*53),'()! 46+)! 0*)! *6/A! -3(].H(,'3I/*)! 4*)! 4*/A! -6'B*00*)!
-.)*+,!06!I/*),3.+!41/+*!B.+,6H3+6,3.+!-.,*+,3*00*!4*)!*6/A!4*)!B6-,65*)[!!
<6!+.'H*!G'6+t63)*F!-/203(*!6/!\./'+60!.GG3B3*0!4*!06!'(-/203I/*!46,6+,!4/!T!g(J'3*'!NOOjF!
3H-.)*! /+*! 03H3,*! 4*! OFKO! w5o0! -./'! 0*)! *6/A! 4*),3+(*)! Q! 06! B.+).HH6,3.+! P/H63+*[!
&./'! 6/,6+,F! B*,,*! 03H3,*! +*! B.''*)-.+4! I/1Q! 06! ).HH*! 4*! Y! #M&! I/*! ).+,! 0*!
2*+].R2SG0/.'6+,PW+*F! 0*! 2*+].R^SG0/.'6+,PW+*F! 0*! 2*+].R5FPF3S-('E0W+*! *,!
013+4(+.RKFNFXFB`4S-E'W+*F!).3,!0*)!#M&!43,)!p!0./'4)!q[!!
!
7*! -0/)F! /+*! +.'H*! B.+B*'+6+,! 0*)! *6/A! 2'/,*)! 6''3J6+,! 6/A! G.'65*)! *A3),*! *,! G3A*! 06!
B.+B*+,'6,3.+!03H3,*!Q!K!w5o0[!9*,,*!B.+B*+,'6,3.+!3+B0/,!0*)!Y!#M&!-'(B(4*HH*+,!B3,()!
63+)3!I/*!0*!G0/.'6+,PW+*!*,!0*!2*+].R6S-E'W+*[!!
!
!
!
!
!



!KNX!

6R 9)%*'h.)"8%=B)"8%!
!
7/'6+,! 0*)! 6++(*)!4*!H*)/'*)F! 6/B/+*!6/5H*+,6,3.+! )35+3G3B6,3J*!4*! ,/'2343,(! *,! 63+)3!
6/B/+! (-3).4*! 4*! B'/*! +16! (,(! )35+60(! 6/! 9Pm,*6/! 41*6/[! =(6+H.3+)F! 0*)! I/*0I/*)!
H*)/'*)!-.+B,/*00*)!*GG*B,/(*)!+*!-'()*+,*+,!-6)!4*!B.+,6H3+6,3.+!6/A!#M&[!!
!
$+!*GG*,F! 0*)!#M&!I/6+,3G3()!+*! G.+,!-6)!-6',3!4*)!#M&!4.+,! 06!+.'H*! G'6+t63)*! 3H-.)*!
/+*! B.+B*+,'6,3.+! 03H3,*! Q! 01*AB*-,3.+! 4/! G0/.'6+,PW+*[! <6! ,*+*/'! H6A3H60*! *+!
G0/.'6+,PW+*! 63+)3! I/6+,3G3(*! *),! 4*! OFOTjw5o0! I/603G36+,! 4.+B! 0*)! *6/A! 2'/,*)! 4/!
9Pm,*6/!41*6/!41*6/A!4*!2.++*!I/603,(!J3)!Q!J3)!4*!B*,,*!G6H300*!4*!B.+,6H3+6+,)[!!
!

66R 9)%*"<."H)%=),%>"##",%
%
7/'6+,! 0*!H.3)!4*!+.J*H2'*!NOKOF!/+!(-3).4*!4*!B'/*!6!,./BP(! 0*!B6-,65*!4*)!?6''6)[!
&6'! 013+,*'H(4363'*! 41/+! -'(0*J*/'! 6/,.H6,3I/*! 3+),600(! )/'! 0*! )3,*F! 4*)! (BP6+,300.+)!
41*6/A! 2'/,*)! .+,! (,(! -'(0*J()! ,./,*)! 0*)! XP! 4/! KZ! 6/! NO! +.J*H2'*[! <*)! (BP6+,300.+)!
B.00*B,()!41/+*!B6-6B3,(!41K! 03,'*!.+,!(,(!H3)!*+!B.HH/+!-6'! \./'+(*!6G3+!41*A,'63'*! 0*!
H6A3H/H!4*!H.0(B/0*)!*,!-*'H*,,'*!63+)3!/+*!I/6+,3G3B6,3.+!0.')!4*)!6+60E)*)[!!
!
<*)!#M&F!4(,*B,()!*,!I/6+,3G3()!0.')!4*!B*,!(-3).4*!4*!B'/*F!).+,!6/!+.H2'*!4*!j[!>0!)1653,!
4*)!#M&!p!0(5*')!q!*,!p!3+,*'H(4363'*)!q!6006+,!4/!+6-P,60W+*!6/!-E'W+*!Rg35/'*!ZkS[!!
!
=(6+H.3+)F!)/'!0*)!j!#M&F!)*/0)!Z!41*+,'*!*/A!.+,!(,(!I/6+,3G3()!-0/)3*/')!G.3)!46+)!0*)!
(BP6+,300.+)[! <1(J.0/,3.+! 4*)! B.+B*+,'6,3.+)! *+! +6-P,60W+*F! *+! 6B(+6-P,E0W+*F! *+!
6+,P'6BW+*F! *+! G0/.'6+,PW+*! *,! *+! -E'W+*! *),! 63+)3! (,/43(*! -6'600W0*H*+,! Q! 06!
B.+B*+,'6,3.+!,.,60*!*+!#M&!6/!B./')!4*!01(-3).4*!4*!B'/*!Rg35/'*!TOS[!!
!

!

Figure 59: Concentration des HAP quantifiés dans les eaux du captage des Varras lors de l’épisode de 

crue du mois de Novembre 2010 

!
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!KNZ!

7*/A!B.H-.',*H*+,)!)*!43),3+5/*+,F!41/+*!-6',!/+*!(J.0/,3.+!B'.3))6+,*!*,!416/,'*!-6',!
/+*! (J.0/,3.+! 4(B'.3))6+,*! 6/! B./')! 4/! ,*H-)[! <*)! ,*+*/')! *+! 6B(+6-P,E0W+*! *,! *+!
+6-P,60W+*! 43H3+/*+,! ,6+43)! I/*! 0*)! ,*+*/')! *+! G0/.'6+,PW+*F! *+! -E'W+*! *,! *+!
6+,P'6BW+*! 6/5H*+,*+,! 6/! B./')! 4*! 06! B'/*[! 9*,,*! 43GG('*+B*! 4*! B.H-.',*H*+,!
-'.J3*+4'63,! 4*! 06! ).0/2303,(! 4*)! H.0(B/0*)[! $+! *GG*,F! 0*)! H.0(B/0*)! 0*)! -0/)! ).0/20*)!
R%=M&�XK!v! %M9��KTFKS! ).+,! ,'6+)-.',(*)! 6J6+,! 0*)! H.0(B/0*)! 0*)! H.3+)! ).0/20*)!
R%g"#�OFNj!v!%&�;�OFKX!v!%M="�OFOYS!R9G[!"620*6/!jF!&6',3*!N`>>`K`4S!
!
%3! .+! )*! '(GW'*! Q! 06! +.'H*! G'6+t63)*! B.+B*'+6+,! 0*)! *6/A! 2'/,*)! 4*),3+(*)! Q! 06!
B.+).HH6,3.+! P/H63+*F! )*/0*! 06! B.+B*+,'6,3.+! *+! G0/.'6+,PW+*! 4.3,! r,'*! -'3)*! *+!
B.H-,*!46+)!06!4(,*'H3+6,3.+!4*!06!I/603,(!4*!01*6/[!<1(J.0/,3.+!4*!06!B.+B*+,'6,3.+!*+!
G0/.'6+,PW+*!*),!B'.3))6+,*!4/'6+,! 01(-3).4*!4*!B'/*!6006+,!4*!OFOKY!w5o0!RKZoKKoKOS!Q!
OFOjK!w5o0!RNOoKKoKOS[!<*)!B.+B*+,'6,3.+)!).+,!4.+B!3+G('3*/'*)!Q!06!03H3,*!G3A(*!-6'!06!
+.'H*!RK!w5o0S[!!
!
M3+)3F! 0*)! *6/A! 2'/,*)! 6''3J(*)! 6/! G.'65*! 4*)! ?6''6)! 0.')! 4*! B*,! (-3).4*! 4*! B'/*!
'*)-*B,*+,! 0*! B64'*! '(50*H*+,63'*! *,! -*/J*+,! r,'*! B.+)34('(*)! B.HH*! 4*)! *6/A! 4*!
2.++*!I/603,(!J3)!Q!J3)!4*!B*,,*!G6H300*!4*!B.+,6H3+6+,)[!!
%

KR N4"(:,),%=),%QN1%="4,%(),%-".6S#),%)4%,8,<)4,674%%
%

<*)! (BP6+,300.+)! 4*! H6,3W'*)! *+! )/)-*+)3.+! .+,! (,(! 6+60E)()! -./'! BP6B/+! 4*)!
-'(0WJ*H*+,)! 41*6/! -3(].H(,'3I/*[! <6! I/6+,3,(! -'(0*J(*! 46+)! 0*)! -3(].HW,'*)! +16! -6)!
-*'H3)!4*!'(B.0,*'!)/GG3)6HH*+,!4*!H6,3W'*)!6G3+!41.2,*+3'!/+*!I/6+,3G3B6,3.+!4*)!#M&!
46+)!0*)!U$%[!9*-*+46+,F!0*)!6+60E)*)!.+,!'(J(0(!06!-'()*+B*!4*!I/*0I/*)!#M&!4*!06!03),*!
4*! 01:%`$&M! ,*0)! 0*! -P(+6+,P'W+*F! 016+,P'6BW+*F! 0*! G0/.'6+,PW+*! *,! 0*! -E'W+*[! 7*! -0/)F!
416/,'*)!#M&!.+,!(,(!4(,*B,()F! 30!)1653,!4/!Y#`BEB0.-*+,6R4*GS-P(+6+,P'W+*!R94*G&SF!4*!
01K`6H3+.+6-P,P60W+*! RM=SF! 4/! 2*+].R2S+6-P,.RNFX`4S,P3.-PW+*! Rc="S! *,! 4/!
732*+].,P3.-PW+*! R7c"S[! 7*)! 6+60E)*)! )/--0(H*+,63'*)! .+,! 60.')! (,(! H*+(*)! -./'!
,*+,*'!4*!I/6+,3G3*'!B*)!6/,'*)!#M&!H63)!B*00*)`B3!+1.+,!62./,3!Q!6/B/+*!I/6+,3G3B6,3.+[!!
!

MR +6,*8,,674%<"#.6)(()%
%
<6!)E+,PW)*!-6',3*00*!4*!01(,/4*!4/!4*J*+3'!4*)!#M&!46+)!01*+J3'.++*H*+,!*),!B.+),'/3,*!
4*! 06! H6+3W'*! )/3J6+,*!C! 06! 4(,*'H3+6,3.+! R3S! 4*)! B6/)*)! 4*! 06! J6'362303,(! 4*! 06!
B.+,6H3+6,3.+! *+,'*! 0*)! 4*/A! 26))3+)! J*')6+,)! *,! R33S! 4*)! B6/)*)! 4*! 016--6'3,3.+! 4*)!
43GG('*+,)!-3B)!4*!B.+B*+,'6,3.+!-./'!62./,3'!Q!06!-'()*+,6,3.+!R333S!4*)!H(B6+3)H*)!4*!
,'6+)G*',)!4*)!#M&[!!
!
9),%*"8,),%=)%("%0"#6"$6(6.?%=)%("%*74."-64".674%)4.#)%(),%=)8O%$",,64,%0)#,"4.,%
%
<*)! '()/0,6,)! 4*! 06! B.+B*+,'6,3.+! *+! #M&! 46+)! 0*)! ).0)! -*'H*,,*+,! 4*! G63'*! /+*!
43),3+B,3.+!)35+3G3B6,3J*!*+,'*! 0*)!4*/A!26))3+)!J*')6+,)[!M3+)3F! 0*!26))3+!J*')6+,!4/!c*B!
-*/,! r,'*! I/603G3(! 4*! 26))3+! J*')6+,! '/'60! -/3)I/*! +.+`3H-6B,(! -6'! 0*)! #M&! 46+)! 0*)!
G.'H6,3.+)!)/-*'G3B3*00*)[!M!B.+,'6'3.F!0*!26))3+!J*')6+,!4*)!?6''6)!)3,/(!46+)!/+*!].+*!
-0/)! /'26+3)(*! RKZa! J)! ja! 4*! ].+*)! /'263+*)F! "620*6/! KF! &6',3*! K`>`XS! -'()*+,*! 4*)!
,*+*/')! )35+3G3B6,3J*)! *+! #M&! 46+)! 0*! ).0! B.H-'3)*)! *+,'*! KZL! *,! YXK! w5o^5! U%[! 9*)!
,*+*/')!).+,!*+!5'6+4*!-6',3*!4/*)!Q! 016/,.'./,*!MKX! ,'6J*')6+,! 0*!26))3+!J*')6+,!*,!Q!
4*)!J*+,)!4.H3+6+,)!G6J.'3)6+,!0*!,'6+)-.',!4*!-6',3B/0*)[!9*)!4*/A!B6'6B,('3),3I/*)!+*!



!KNT!

-*/J*+,!r,'*!,'6+)-.)(*)!)/'!0*!26))3+!J*')6+,!4/!c*B!B*!I/3!*A-03I/*!B*,,*!43),3+B,3.+!
*+,'*!0*)!4*/A!)3,*)[!
!
9*)!,*+*/')!-*/J*+,!r,'*!B.H-6'(*)!6J*B!0*)!J60*/')!-'()*+,*)!46+)!06!03,,('6,/'*[!M3+)3F!
U603)]*e)^6`i.'4E26BP!*,!60[!RNOOLS!-'()*+,*+,!/+*!)E+,PW)*!4*)!,*+*/')!*+!#M&!46+)!
0*)!).0)!65'3B.0*)!*/'.-(*+)[!9*)!,*+*/')!J.+,!4*!TT!Q!KYZ!w5o^5!U%!*+!%/3))*!Rc/BP*03!
*,!60[F!NOOYSF!4*!jZ!Q!KKXk!w5o^5!U%!*+!KkkZ!RU603)]*e)^6`i.'4E26BPF!NOOOS!*,!4*!ZY!Q!
TTLO!w5o^5!U%!*+!NOOO!R"*'*06^!*,!60[F!NOONS!46+)!0*)!).0)!65'3B.0*)!-.0.+63)[!!
!
M/! 4*0Q! 4*! 01.BB/-6,3.+! 4/! ).0F! /+*! 6/,'*! PE-.,PW)*! -*/,! *A-03I/*'! 06! 43GG('*+B*! 4*!
B.+,6H3+6,3.+! *+,'*! 0*)! 4*/A! 26))3+)! J*')6+,)[! 9*,,*! PE-.,PW)*! )*! 26)*! )/'! /+*!
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!
Figure 61 : Transferts et processus impliqués dans le devenir des HAP (Exemple du fluoranthène) dans 

l’environnement 

!
!

!
Figure 62 : Transfert du fluoranthène dans le continuum sol - eaux gravitaires- eaux ravinaires 
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0*! B6'.,,65*F! ,./,! B.HH*! 013).-'.,/'.+! 4.+,! 06! 7"ZO! *),! 3+G('3*/'*! Q! K! H.3)[!
<1(-.A3B.+6].0*!*,!016B0.+3G*+!(-6+4/)!KT!*,!Kj!H.3)!6/-6'6J6+,!'*)-*B,3J*H*+,!.+,!4*)!
7"ZO! B.H-'3)*)! *+,'*! X! *,! KK! H.3)! -./'! 01(-.A3B.+6].0*! *,! \/)I/1Q! X! H.3)! -./'!
016B0.+3G*+[!
!
M3+)3F! 0162)*+B*! 4*! B.+,6H3+6,3.+! I/6+,3G3620*! 46+)! 0*! ).0! 4/! 26))3+! J*')6+,! 4/! c*B!
-*'H*,!41/,303)*'!B*!)3,*!B.HH*!'(G('*+B*!4/!2'/3,!4*!G.+4!I/6)3!+/0!4*!06!B.+,6H3+6,3.+!
*+!-*),3B34*)!46+)!0*)!G.'H6,3.+)!)/-*'G3B3*00*)[!!
%

$R 9)%$",,64%0)#,"4.%=),%>"##",%%
!
<*)! (BP6+,300.+)! -'.J3*++*+,! 41/+! B6'.,,65*! *GG*B,/(! )/'! 06! -6'B*00*! 4/!26))3+! J*')6+,!
4*)! ?6''6)! Q! -'.A3H3,(! 4*! 06! '6J3+*! K[! 9*,,*! B6'.,,*! 41/+*! -'.G.+4*/'! 4*! XOBH! *),!
6+60E)(*!-6'!,'6+BP*!4*!KOBH!).3,!4*!O!Q!KO!BHF!4*!KO!Q!NO!BH!*,!4*!NO!Q!XO!BH[!
!
<*)! ,*+*/')! ,.,60*)! *+! -*),3B34*)! 46+)! 0*! ).0! ).+,! B'.3))6+,*)! )*0.+! /+! 5'643*+,! 4*!
-'.G.+4*/'[!$+!*GG*,F!*+!)/2)/'G6B*!RO`KOBHSF!06!,*+*/'!,.,60*!*+!-*),3B34*)!*),!4*!KZFk!
w5o^5!U%!-/3)!6/5H*+,*!\/)I/1Q!XKFX!w5o^5!U%!46+)!01P.'3].+!)/3J6+,!RKO`NOBHS!-./'!
6,,*3+4'*! /+*! ,*+*/'! ,.,60*! 4*! XXFk! w5o^5!U%!46+)! 0*! 4*'+3*'! P.'3].+! RNO`XOBHS[! <*)!
,*+*/')!,.,60*)!3+B0/*+,!0*)!Y!-*),3B34*)!'*BP*'BP()[!!
!
<6! B.+B*+,'6,3.+! ,.,60*! *+! -*),3B34*)! 46+)! 0*)! ).0)! 4*)! ?6''6)! *),! '*-'()*+,(*! *+!
G.+B,3.+!4*! 06!B.+B*+,'6,3.+!4*!BP6B/+!4*)!Y!-*),3B34*)!I/6+,3G3()!Rg35/'*!TXS[!9*00*`B3!
6/5H*+,*!6J*B!06!-'.G.+4*/'!B*!I/3!)./)!*+,*+4!I/130!+1E!6!-6)!416--.',)!'(B*+,)!)/'!06!
-6'B*00*!4*)!H.0(B/0*)!'*BP*'BP(*)[!!
!
<6!B.+,'32/,3.+!4*!BP6I/*!-*),3B34*!46+)!06!,*+*/'!,.,60*!*),!(,/43(*!)*0.+!06!-'.G.+4*/'!
Rg35/'*!TYS[!d/*0I/*!).3,!06!-'.G.+4*/'F!016B0.+3G*+!*),!0*!-*),3B34*!-'(4.H3+6+,!46+)!0*)!
(BP6+,300.+)!4*!).0[!$+!*GG*,F!30!'*-'()*+,*!Q!0/3!)*/0!4*!TY!a!RNO`XOBHS!Q!Tka!RKO`NOBHS!
4*!06!,*+*/'!,.,60*!*+!-*),3B34*)!46+)!0*!).0[!&6'!6300*/')F!06!-'.-.',3.+!4*!BP6B/+!4*)!X!



!KXN!

6/,'*)! -*),3B34*)! 46+)! 0*)! 43GG('*+,)! P.'3].+)! *),! '*06,3J*H*+,! ),620*[! $+! *GG*,F! 06!
-'.-.',3.+!4*! BP0.',.0/'.+!J6'3*!4*!ka!RKO`NOBHS!Q!KNa!RNO`XOBHS! ,6+43)!I/*! B*00*!
41(-.A3B.+6].0*! J6'3*! 4*! ka! RO`KOBH!v! KO`NOBHS! Q! KKa! RNO`XOBHS[! <*! 43G0/G(+3B6+30F!
I/6+,!Q!0/3F!Q!/+*!-'.-.',3.+!),620*!46+)!0*!).0F!-/3)I/*!I/*0I/*!).3,!01P.'3].+!6+60E)(F!
*00*!'*-'()*+,*!KXa!4*!06!,*+*/'!,.,60*[!!

%

Figure 63: Concentration de chaque pesticide dans la concentration totale selon la profondeur de la 

carotte. 

%

Figure 64: Contribution de chaque pesticide à la teneur totale selon la profondeur de la carotte. 

%
c3*+! I/*! 06! B.+B*+,'6,3.+! ,.,60*! *+! -*),3B34*)! 6/5H*+,*! 6J*B! 06! -'.G.+4*/'F! 06!
B.+,'32/,3.+!'*06,3J*!4*!BP6B/+!41*+,'*!*/A!*),!'*06,3J*H*+,!),620*F!B*06!)35+3G3*!I/*!0*)!
-*),3B34*)!).+,!)./H3)!6/!-'.B*))/)!413+G30,'6,3.+!46+)!0*)!G.'H6,3.+)!)/-*'G3B3*00*)!*,!B*!
4*! H6+3W'*! 34*+,3I/*[! <1.'353+*! 4*! B*,,*! ),62303,(! -*/,! r,'*! 46+)! 0*)! -6'6HW,'*)!
*A,'3+)WI/*)! R46,*!*,!I/6+,3,(!4*)!(-6+465*)S!*,o./!46+)! 0*)!-6'6HW,'*)! 3+,'3+)WI/*)!
R-'.-'3(,()!-PE)3B.`BP3H3I/*)!4*)!H.0(B/0*)S!C!

` <16B0.+3G*+! 4.+,! 01(-6+465*! *+! I/6+,3,(! +.+! +(5035*620*! RKOYFZ! H5oHNS! *),! 0*!
-0/)!'(B*+,!RH6')!NOKOS!-.))W4*!0*!B.*GG3B3*+,!4164).'-,3.+!0*!-0/)!(0*J(!Ri.B!�!
jKNTS!23*+!I/1/+!,*H-)!4*!4*H3`J3*!3+G('3*/'!Q!X!H.3)[!

` <*)! I/6+,3,()! (-6+4/*)! 4*! 43G0/G(+3B6+30! RKY! H5oHNS! *,! 41(-.A3B.+6].0*! RjFN!
H5oHNS!).+,!G6320*)!*,!6+,('3*/'*)!41/+*!6++(*!Q!B*00*!4*!016B0.+3G*+[!9*-*+46+,F!



!KXX!

0*! i.B! '*06,3J*H*+,! (0*J(! 4*! B*)! H.0(B/0*)! Ri.B! �! KkkO! *,! i.B! �! KOjX!
'*)-*B,3J*H*+,S!*,!0*/'!,*H-)!4*!4*H3`J3*!R7"ZO!�!KK!Q!KL!H.3)!*,!7"ZO!�!X!Q!KK!
H.3)F!'*)-*B,3J*H*+,S!-./''63,!*A-03I/*'!06!G3A6,3.+!4*!B*)!H.0(B/0*)!46+)!0*!).0F!

` <*!G6320*!B.*GG3B3*+,!4164).'-,3.+!4/!BP0.',.0/'.+!Ri.B!�!NOZS!*,!)6! G6320*!4/'(*!
4*!4*H3`J3*!R7"ZO!z!K!H.3)!*,!4*H3S!+*!)*H20*+,!-6)!6GG*B,*'!)6!G3A6,3.+!46+)!0*!
).0!)/3,*!Q!/+*!I/6+,3,(!(-6+4/*!'*06,3J*H*+,!3H-.',6+,*!RKZjFN!H5oHNS[!!

!
<*)!-'.-.',3.+)!4*!-*),3B34*)!46+)! 0*!).0! )1*A-03I/*+,!-6'! 0*)!-('3.4*)!41(-6+465*F! 0*)!
I/6+,3,()! (-6+4/*)F! 0*! B.*GG3B3*+,!4164).'-,3.+!4*)!H.0(B/0*)! *,! 0*! ,*H-)!4*!4*H3`J3*[!
:+*!*),3H6,3.+!4*)!I/6+,3,()!B.+,*+/*)!46+)! 0*)!(BP6+,300.+)!-6'!'6--.',!6/A!6--.',)!
*GG*B,/()! )/'! 06! -6'B*00*! R"620*6/! NXS! *),! '(603)(*! *+! -'*+6+,! *+! B.H-,*! 0*! 7"ZO! 4*)!
H.0(B/0*)[! <6! 4(5'646,3.+! 4*)!H.0(B/0*)! *),! B.+)34('(*! B.HH*! (,6+,! 03+(63'*! 46+)! 0*!
,*H-)!-./'! B*! B60B/0[! 9*,,*! *),3H6,3.+! 3+43I/*! I/16/! ,.,60! 0*! ,6/A! 4*! '(B/-('6,3.+! *),!
B.H-'3)!*+,'*!TZFXKa!R73G0/G(+3B6+30S!*,!KNjFOka!R$-.A3B.+6].0*S[!!
!

!"#!$%& #!"'!$%& '!"(!$%& )*+,-

.%-*/012/ 3,45$'!#! #!678! ('97#: ;;7#' #;7#9 ('78' ('789 :#7(!

<01-=1>/0%,/0- ?%+*@42$'!!: #67!! 6(7;# #87AA #(7!; '87'6 'A7!# ;87(#

BC*D0%*/,E*-2 3,0$'!!9 A7'! ''76( ;76; '#79: 6;7#( 8:79: #'A7!9

FG-*4+*-=4*/ ?%+*@42$'!!: #8A7'! 6:97;: " " " " "

H=,/+0+>$

>C,/I=2$,=$J$

I2$-,$%,4*++2$

KLMN(#7#8%&'O

H=,/+0+>$

>C,/I=2$

K&MN&'O

<,+2$

IP>C,/I,M2
Q25+0%0I25

Q*=4%2/+,M2$4>%=C>4>$52-*/$-,$C4*1*/I2=4$KRO
H=,/+0+>$

425+,/+2$

%,-%=->2$S$C,4+04$

I=$<)8!$KLMO

!
Tableau 23 : Estimation de la quantité récupérée (%) dans les sols prélevés en septembre 2010 par 

rapport à la quantité épandue 

!
9*,,*!*),3H6,3.+!)/55W'*!I/*!0*!BP0.',.0/'.+!+*!4*J'63,!-0/)!r,'*!B.+,*+/!46+)!0*!).0!*,!
I/*! 01(-.A3B.+6].0*! 4*J'63,! r,'*! *+! I/6+,3,(! H.3+)! 3H-.',6+,*[! <*! -.),/06,! 4*! 06!
03+(6'3,(! 4*! 06! 4(5'646,3.+! 2363)*! B*,,*! *),3H6,3.+F! +(6+H.3+)! *00*! -*'H*,! 416J.3'! /+!
.'4'*!4*!5'6+4*/'!4*!06!I/6+,3,(!4*!-*),3B34*)!),.B^(*!46+)!0*!).0[!!
!

ER N4"(:,),%=),%<),.6*6=),%="4,%(),%)"8O%
!
MG3+! 4*! B.H-'*+4'*! 0*)! ,'6+)G*',)! 4*)! -*),3B34*)! 46+)! 01*+J3'.++*H*+,F! 4*)! 6+60E)*)!
).+,!'(603)(*)!46+)!0*)!*6/A!-3(].H(,'3I/*)!4*)!4*/A!26))3+)!J*')6+,)!-./'!01*+)*H20*!
4*)!B6H-65+*)!4*!-'(0WJ*H*+,[!!
!

"R 9)%$",,64%0)#,"4.%=8%!)*%%
!
&./'!0*)!4*/A!-3(].HW,'*)!4/!26))3+!R"8K!*,!"8NSF!0*!+.H2'*!41(BP6+,300.+)!B.00*B,(!*),!
H.3+4'*! I/*! -./'! B*/A! 4*)! 6+60E)*)! 4*)! #M&[! <*! -3(].HW,'*! "8K! )*! B.H-.)*! 4*! k!
(BP6+,300.+)! ,6+43)!I/*!"8N!*+!B.H-,*!KO! R"620*6/!NYS[!9*!+.H2'*F! '*06,3J*H*+,!-*/!
(0*J(! 41(BP6+,300.+)F! *),! 4�! 6/A! G6320*)! I/6+,3,()! 41*6/! -'(0*J(*)! 0.')! 4*! B*',63+*)!
B6H-65+*)!+16E6+,!-6)!-*'H3)!416+60E)*'!0*)!4*/A!G6H300*)!4*!B.+,6H3+6+,)[!!
!
<*)!'()/0,6,)!416+60E)*)!3+43I/*+,!I/*!)*/0!0*!43G0/G(+3B6+30!*),!I/6+,3G3(!46+)!01*+)*H20*!
4*)! (BP6+,300.+)! 41*6/! 4/! 26))3+! J*')6+,F! Q! 01*AB*-,3.+! 4/! KZoKNoOk! R"8KS! *,! 4/!
ONoONoKN! R"8NS! Q! B6/)*! 4*! 06! G6320*! I/6+,3,(! 41*6/! 6+60E)(*! R"620*6/! NYS[! $+! *GG*,F!
01(-.A3B.+6].0*!*,! 013).-'.,/'.+F!23*+!I/*!4(,*B,()F!+1.+,!-/!r,'*!I/6+,3G3()!46+)!6/B/+!
4*)!(BP6+,300.+)[!9.+B*'+6+,!016B0.+3G*+F!B.HH*!)/'!0*!26))3+!J*')6+,!4*)!?6''6)F!30!+1*),!



!KXY!

-6)! I/6+,3G3(! H63)! 4(,*B,(! 46+)! Z! 4*)! k! (BP6+,300.+)! 4*! "8K! *,! 46+)! X! 4*)! KO!
(BP6+,300.+)!4*!"8N[!&6'!6300*/')F!0*)!46,*)!4*!4(,*B,3.+!+*!B.''*)-.+4*+,!-6)!*+,'*!0*)!
4*/A!-3(].HW,'*)[!!
!

!"# $%& '(( )%* !"# $%& '(( )%*

+,-,.-,/ 0 0 0 0 0 0 0 0

,1-,1-,/ 0 0 0 0 0 0 0 0

2+-,1-,/ 0 0 0 0 0 0 0 0

34-,1-,/ 0 0 0 0 56 56 ,723 56

2,-,8-,/ 0 0 0 0 0 0 0 0

38-,8-,/ 56 56 ,723 56 59 56 ,723 56

38-,:-,/ 0 0 0 0 0 0 0 0

,:-,/-,/ 0 0 0 0 0 0 0 0

2+-2,-,/ 0 0 0 0 0 0 0 0

23-22-,/ 0 0 0 0 0 0 0 0

,+-23-,/ 0 0 0 0 0 0 0 0

21-23-,/ 56 56 59 56 0 0 0 0

32-,2-2, 59 56 ,723 56 56 56 ,722 56

,2-,+-2, 0 0 0 0 0 0 0 0

23-,+-2, 56 56 ,722 56 59 56 ,723 56

,2-,.-2, 59 56 ,723 56 59 56 ,723 56

24-,8-2, 0 0 0 0 56 56 ,723 56

24-,/-2, 0 0 0 0 0 0 0 0

34-,/-2, 0 0 0 0 0 0 0 0

,.-2,-2, 0 0 0 0 0 0 0 0

22-22-2, 0 0 0 0 0 0 0 0

3+-22-2, 56 56 ,721 56 59 56 ,721 56

,8-23-2, 59 56 ,72+ 56 59 56 ,724 56

2:-,2-22 59 56 ,723 56 59 56 ,723 56

,3-,3-22 56 56 ,722 56 59 59 59 56

0 !;<=5>=?9@A>BC5DEFFG5 59? HG5?9AD=>DA 56 HG5?6IC5DEJEA

K&2 K&3

%

Tableau 24: Récapitulatif des échantillons analysés en LC-MS/MS pour la détection et la quantification 

des pesticides (µg/l) dans les eaux piézométriques du bassin versant du Bec 

!
<6! ,*+*/'! ,.,60*!*+!-*),3B34*)!46+)! 0*)!*6/A!-3(].H(,'3I/*)!4*!"8K!*,!4*!"8N!4(-*+4!
4.+B! ,.,60*H*+,! 4*! 06! B.+B*+,'6,3.+! *+! 43G0/G(+3B6+30! Rg35/'*)! TZ! *,! TTS[! <6! J60*/'!
H(436+*!4*!B*,,*!B.+B*+,'6,3.+!*),!4*!OFKN!w5o0!I/*0I/*!).3,!0*!-3(].HW,'*[!!
!
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Figure 65: Teneur en diflufénicanil dans les eaux piézométriques de TO1 
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Figure 66: Teneur en diflufénicanil dans les eaux piézométriques de TO2 

!
<*)!'*06,3.+)!*+,'*!06!,*+*/'!*+!-*),3B34*)!46+)!0*)!*6/A!*,!4*)!,'63,*H*+,)!*GG*B,/()!)/'!
06!-6'B*00*!.+,!(,(!*A6H3+(*)!-./'!BP6I/*!-*),3B34*[!!
!

! $-.A3B.+6].0*F!>).-'.,/'.+!*,!MB0.+3G*+!
!
c3*+!I/1/+!6--.',!4*!jFZ!H5oHN!41(-.A3B.+6].0*!*/!03*/!)/'!06!-6'B*00*!*+!H63!NOOk!).3,!
4/'6+,! 06! -('3.4*!413+),6006,3.+!4*)!-3(].HW,'*)F! 6/B/+*!I/6+,3G3B6,3.+!+16! (,(! '*+4/*!
-.))320*! 46+)! 0*)! (BP6+,300.+)! 4*! "8K! *,! 4*! "8N[! <*! B6)! 4*! G35/'*F! -'()*+,(! 3B3! -./'!
01(-.A3B.+6].0*F! )*! '*,'./J*!-./'! 013).-'.,/'.+! *,! 016B0.+3G*+! *,! B*!H605'(!4*)! 6--.',)!
'*)-*B,3G)!4*!KOO!H5oHN!*+!+.J*H2'*!NOOL!*,!4*!Nj!H5oHN!*+!6J'30!NOOk[!
<6!G6320*!).0/2303,(!R%!�!KFYS!*,!06!G.',*!B6-6B3,(!4164).'-,3.+!)/'!0*!).0!Ri.B!�!jKNTS!4*!
016B0.+3G*+!*A-03I/*!I/*!B*0/3`B3!+*!).3,!-6)!I/6+,3G3(!46+)!0*)!(BP6+,300.+)!41*6/A[!$+!B*!
I/3!B.+B*'+*!013).-'.,/'.+F!)6!+.+`I/6+,3G3B6,3.+!'*-.)*!-'.2620*H*+,!)/'!)6!).0/2303,(!
(0*J(*!R%!�!jOFNS!*,!).+!,*H-)!4*!4*H3`J3*!'*06,3J*H*+,!B./',!R7"ZO!z!K!H.3)S[!<6!G6320*!
I/6+,3,(!41(-.A3B.+6].0*!(-6+4/*F!).+!G.',!i.B!Ri.B!�!KOjXS!*,!)6!).0/2303,(!-*/!(0*J(*!
R%! �! jFKS! *A-03I/*+,! I/*! B*0/3`B3! ).3,! 4(,*B,(!H63)! -6)! I/6+,3G3(! 46+)! 0*)! (BP6+,300.+)!
41*6/A!-3(].H(,'3I/*)[!
!

! 73G0/G(+3B6+30!
!
%*/0!016--.',!4*!X[X!H5oHN!4*!43G0/G(+3B6+30!6!-*'H3)!/+*!I/6+,3G3B6,3.+!46+)!0*)!*6/A!4*!
"8K!*,!4*!"8N!Rg35/'*!TjS[!=(6+H.3+)F!0*)!B.+B*+,'6,3.+)!H6A3H60*)!*+'*53),'(*)!).+,!
4*! OFKZ! w5o0! -./'! "8K! 0*! NXoKKoKO! *,! 4*! OFKj! w5o0! -./'! "8N! 0*! ToKNoKO[! c3*+! I/*!
01(-6+465*!63,!*/!03*/!*+!+.J*H2'*!NOOL!).3,!Z!H.3)!6J6+,!0*!-'*H3*'!-'(0WJ*H*+,!41*6/!
46+)! 0*)!-3(].HW,'*)F! 0*!43G0/G(+3B6+30!6!,./\./')!(,(!I/6+,3G3(!I/*!B*!).3,!46+)!"8K!./!
46+)!"8N[!!
<6!I/6+,3G3B6,3.+!)E),(H6,3I/*!4/!43G0/G(+3B6+30!46+)!0*)!(BP6+,300.+)!)6+)!+./J*0!6--.',!
6HW+*!Q!-*+)*'!Q!/+!2'/3,!4*!G.+4!5(.BP3H3I/*!46+)!0*)!*6/A[!9*!2'/3,!4*!G.+4!-./''63,!
,'./J*'! ).+!.'353+*!46+)! 06!-'()*+B*!41/+! ),.B^65*!46+)! 0*! ).0!4*!43G0/G(+3B6+30! J36! )6!
B6-6B3,(!4164).'-,3.+! Ri.B!�!KkkO!H0o5SF! )6! G6320*! ).0/2303,(! R%!�!OFOZ!H5o0S!63+)3!I/*!
).+!,*H-)!4*!4*H3`J3*!R7"ZO�!KK!Q!KL!H.3)S[!
!
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Figure 67 : Evolution de la teneur en diflufénicanil (µg/l) dans les eaux piézométriques du bassin versant 

du Bec en fonction des apports agricoles effectués sur la parcelle. 

!
$R 9)%$",,64%0)#,"4.%=),%>"##",!%

!
<6!'6J3+*!K!4/!26))3+!J*')6+,!4*)!?6''6)!*),!B.H-.)(*!4*!KY!(BP6+,300.+)!-./'!BP6B/+!
4*)!4*/A!-3(].HW,'*)!B.+,'*!NO!-./'!&M?K!*,!Kj!-./'!&MUK!-./'!0*)!6+60E)*)!4*)!#M&!
-6'!H6+I/*!41(BP6+,300.+)!41*6/!)/GG3)6+,)!-./'!0*)!4*/A!6+60E)*)!R"620*6/!NZS[!
!

!"# $%& '(( ")# *&*!# !"# $%& '(( ")# *&*!#

+,-,.-,/ 0 0 0 0 0 0 0 0 0 0

,1-,1-,/ 0 0 0 0 0 0 0 0 0 0

2+-,1-,/ 0 0 0 0 0 0 0 0 0 0

34-,1-,/ 0 0 0 0 0 0 0 0 0 0

2,-,5-,/ 0 0 0 0 0 0 0 0 0 0

35-,5-,/ 67 68 ,925 68 ,925 67 68 ,92+ 68 ,92+

35-,:-,/ 0 0 0 0 0 0 0 0 0 0

,:-,/-,/ 0 0 0 0 0 0 0 0 0 0

2+-2,-,/ 0 0 0 0 0 0 0 0 0 0

23-22-,/ 68 68 ,923 68 ,923 68 68 ,923 68 ,923

,+-23-,/ 67 68 ,922 68 ,922 68 68 ,932 68 ,932

21-23-,/ 67 68 ,915 68 ,915 68 68 ,923 68 ,923

32-,2-2, 67 68 ,92+ 68 ,92+ 68 68 ,923 68 ,923

,2-,+-2, 67 68 ,923 68 ,923 0 0 0 0 0

23-,+-2, 67 68 ,922 68 ,922 67 68 ,923 68 ,923

,2-,.-2, 67 68 ,922 68 ,922 68 68 ,92/ 68 ,92/

24-,5-2, 67 68 ,923 68 ,923 67 68 ,922 68 ,922

24-,/-2, 0 68 0 68 0 0 0 0 0 0

34-,/-2, 0 0 0 0 0 0 0 0 0 0

,.-2,-2, 0 0 0 0 0 67 68 ,92+ 68 ,92+

22-22-2, 67 68 ,923 68 ,923 67 68 ,923 68 ,923

3+-22-2, 67 68 3943 29// !"#$ 67 68 ,921 29,: $"%&

,5-23-2, 67 68 ,92. 68 ,92. 68 68 ,92+ 68 ,92+

2:-,2-22 68 68 ,923 68 ,923 67 68 ,92+ 68 ,92+

,3-,3-22 67 68 ,925 68 ,925 67 68 ,92+ 68 ,92+

0 !;<=6>=?7@A>BC6DEFFG6 67? HG6?7AD=>DA 68 HG6?8IC6DEJEA

%!K2 %!L2

!
Tableau 25: Récapitulatif des échantillons analysés en LC-MS/MS pour la détection et la quantification 

des pesticides (µg/l) dans les eaux piézométriques de PAV1 et de PAM1  

!
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%/'! 01*+)*H20*! 4*)! H*)/'*)! *GG*B,/(*)! )/'! 0*)! *6/A! 4*! &MUKF! 06! ,*+*/'! ,.,60*! *+!
-*),3B34*)! *),! B.H-'3)*! *+,'*! OFKK! w5o0! RKjoOToKOS! *,! KFNX! w5o0! RNXoKKoKOS[! 9*,,*!
J60*/'! H6A3H60*! *),! /+3I/*! 46+)! 0*)! (BP6+,300.+)[! $+! *GG*,F! 06! J60*/'! H(436+*! 4*! 06!
,*+*/'!,.,60*!*+!-*),3B34*)!*),!4*!OFKX!w5o0!R"620*6/!NZS[!!
!
<*)!6+60E)*)!46+)!0*)!(BP6+,300.+)!4*!&MUK!.+,!62./,3!Q!06!4(,*B,3.+!4*!016B0.+3G*+!RTS!*,!
4*! 01(-.A3B.+6].0*! R,./)S!H63)! -6)! Q! 0*/'! I/6+,3G3B6,3.+[! M3+)3! 06! ,*+*/'! *+! -*),3B34*)!
'*-.)*! *+! I/6)3! ,.,603,(! )/'! 06! B.+B*+,'6,3.+! *+! 43G0/G(+3B6+30! 46+)! 0*)! *6/A!
-3(].H(,'3I/*)! 4*! &MUK! -/3)I/*! 0*! BP0.',.0/'.+! +1*),! I/6+,3G3(! I/*! 46+)! /+! )*/0!
(BP6+,300.+!Rg35/'*!TLS[!!
!
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X6H8#)%cFA%W)4)8#%)4%<),.6*6=),%="4,%(),%)"8O%=8%<6?^7-S.#)%1N&@%

%

&./'!0*!-3(].HW,'*!*+!6J60!R&M?KSF!06!,*+*/'!,.,60*!*+!-*),3B34*)!*),!B.H-'3)*!*+,'*!OFKK!
w5o0! ROXoKNoOk!v! KNoOXoKO!v! OKoOYoKOS! *,! YFjNw5o0! RNXoKKoKOS[! 9.HH*!
-'(B(4*HH*+,F! 0*! H6A3H/H! *),! /+3I/*! 46+)! 0*)! (BP6+,300.+)! -/3)I/*! 06! H(436+*!
B60B/0(*! *),! 4*! OFKN! w5o0! R"620*6/! NZS[! 7*! HrH*! I/*! -./'! &MUKF! 01(-.A3B.+6].0*! *,!
016B0.+3G*+!+1.+,!-/! r,'*!I/6+,3G3()! ,6+43)!I/*! 0*! BP0.',.0/'.+!+1*),! I/6+,3G3(! I/*!46+)!
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01(BP6+,300.+!46,6+,!4/!NXoKKoKO[!M3+)3F!06!,*+*/'!,.,60*!*+!-*),3B34*)!46+)!&M?K!'*-.)*!
4.+B!6/))3!-'3+B3-60*H*+,!)/'!06!B.+B*+,'6,3.+!*+!43G0/G(+3B6+30!Rg35/'*!TkS[!
%
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Figure 69: Teneur en pesticides dans les eaux du piézomètre PAV1 

!
<6!'6J3+*!N!4/!26))3+!J*')6+,!*),!B.H-.)(!*AB0/)3J*H*+,!4*)!NZ!(BP6+,300.+)!41*6/A!4*!
&M?N[! <6! ,*+*/'! ,.,60*! *+! -*),3B34*)! E! *),! B.H-'3)*! *+,'*! OFKK! w5o0! R4/! NKoOKoKO! 6/!
KNoOXoKOS! *,! YOFYK! w5o0! RXOoOYoOkS[! c3*+! I/*! -0/)3*/')! (BP6+,300.+)! -'()*+,*+,! 4*)!
,*+*/')!,.,60*)!'*06,3J*H*+,!(0*J(*)F!06!J60*/'!H(436+*!*),!4*!OFXOw5o0!R"620*6/!NTS[!
!
9.HH*! -'(B(4*HH*+,! -./'! 06! '6J3+*! KF! 016B0.+3G*+! *,! 01(-.A3B.+6].0*! +*! ).+,! -6)!
I/6+,3G3()!R"620*6/!NTS[!$+!'*J6+BP*F! 0*!BP0.',.0/'.+!*),!I/6+,3G3(!46+)!Z!(BP6+,300.+)[!
d/6+,!6/!43G0/G(+3B6+30F!06!I/6+,3G3B6,3.+!*),!'(603)(*!-./'!BP6B/+!4*)!(BP6+,300.+)!41*6/!
Q!01*AB*-,3.+!4/!KjoOToKO!-./'!0*I/*0!0*!J.0/H*!41*6/!*A,'63,!(,63,!3+G('3*/'!6/A!6/,'*)!
(BP6+,300.+)[!!
!
<6! ,*+*/'! ,.,60*! *+! -*),3B34*)! 46+)! 0*)! *6/A! 4/! -3(].HW,'*! &M?N! '*-.)*! 4.+B! )/'! 06!
).HH*!4*)!B.+B*+,'6,3.+)!*+!(-.A3B.+6].0*F!*+!BP0.',.0/'.+!*,!*+!43G0/G(+3B6+30!Rg35/'*!
jOS[!!
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!"# $%& '(( ")# *&*!#

+,-,.-,/ 01 01 +234 +325, !"#!$

,6-,6-,/ 07 01 ,28, 4233 $#%&

4+-,6-,/ 07 01 ,28, 8263 '#(&

89-,6-,/ 07 /28, ,285 ,29/ $"#'(

4,-,3-,/ 07 6235 ,285 01 )#*&

83-,3-,/ 07 +2./ ,288 01 +#($

83-,5-,/ 01 ,29, ,245 01 "#%%

,5-,/-,/ 07 4244 ,28. 01 $#+)

4+-4,-,/ 07 ,24+ ,24. 01 ,289

48-44-,/ 07 01 ,248 01 ,248

,+-48-,/ 07 01 ,24+ 01 ,24+

46-48-,/ 07 01 ,248 01 ,248

84-,4-4, 07 01 ,244 01 ,244

,4-,+-4, 01 01 ,244 01 ,244

48-,+-4, 07 01 ,244 01 ,244

,4-,.-4, 01 01 ,248 01 ,248

49-,3-4, 01 01 07 01 01

49-,/-4, 07 01 ,285 42./ $#((

89-,/-4, 07 01 ,248 01 ,248

,.-4,-4, : : : : :

44-44-4, 01 01 ,2+6 01 ,2+6

8+-44-4, 07 01 ,28, 01 ,28,

,3-48-4, 07 01 ,283 01 ,283

45-,4-44 07 01 ,2+, 01 ,2+,

,8-,8-44 07 01 ,2.6 01 ,2.6

%!;8

 

Tableau 26: Récapitulatif des échantillons analysés en LC-MS/MS pour la détection et la quantification 

des pesticides (µg/l) dans les eaux piézométriques de PAV2 

!
c3*+! I/*! )*! )3,/6+,! Q! *+J3'.+! KNOH! 01/+*! 4*! 016/,'*! *,! )/23))6+,! 0*!HrH*! ,'63,*H*+,!
65'3B.0*F! *,! 0*)!HrH*)! B.+43,3.+)! B03H6,3I/*)F! 0*)! 4*/A! '6J3+*)! 4/! 26))3+! J*')6+,! 4*)!
?6''6)!+*!-'()*+,*+,!-6)!06!HrH*!(J.0/,3.+!4*!06!,*+*/'!,.,60*!*+!-*),3B34*)!4/'6+,!06!
-('3.4*!41(,/4*[!!
!

! $-.A3B.+6].0*!
!
MJ*B!/+!6--.',!4*!jFN!H5oHN!41(-.A3B.+6].0*!)/'!06!-6'B*00*!*+!H63!NOOk!Rg35/'*!jKSF!
)*/0*)! 0*)! *6/A! 4*! &M?N! )*! ,'./J*+,! r,'*! 3H-6B,(*)! -6'! B*,! 6--.',[! $+! *GG*,F! 06!
B.+B*+,'6,3.+! *+! (-.A3B.+6].0*! 6,,*3+,! kFNO! w5o0! 0*! NjoOZoOk! -/3)! 4(B'.3,! \/)I/1Q! 06!
+.+`I/6+,3G3B6,3.+!0*!KNoKKoOk[!M3+)3F!0*!H6A3H/H!*+'*53),'(!46,*!4*!06!,./,*!-'*H3W'*!
B6H-65+*!4*!-'(0WJ*H*+,!41*6/!I/3!6!)/3J3!01(-6+465*!)/'!06!-6'B*00*[!<1(-.A3B.+6].0*!6F!
4W)! 0.')F! (,(! 4(,*B,(! 4/'6+,! T!H.3)! *+! B.+B*+,'6,3.+! 4(B'.3))6+,*[! M! 01*AB*-,3.+! 41/+!
'*))6/,!4*!B.+B*+,'6,3.+!0*!LoOkoOk!Q!06!)/3,*!41/+!(-3).4*!-0/J3*/A!4*!NOFkHH!RZ!\./')!
-'(B(4*+,)S!I/3!6!-'.J.I/(!/+!-P(+.HW+*!4*!0*))3J65*!4*)!G.'H6,3.+)!)/-*'G3B3*00*)[!
%
<*)!-6'6HW,'*)!-PE)3B.`BP3H3I/*)!4*!01(-.A3B.+6].0*!3+43I/*!I/*!06!+.+`I/6+,3G3B6,3.+!
6/! 4*0Q! 4*! KkZ! \./')! 6-'W)! 01(-6+465*F! 23*+! I/*! )6! -*')3),6+B*! ).3,! -0/)! 3H-.',6+,*!
R7"ZO!�!XZY! \./')SF!-'.J3*+4'63,!4*!)6!B6-6B3,(!4164).'-,3.+!46+)! 0*!).0! Ri.B!�!KOjXS!
6)).B3(*!Q!/+*!).0/2303,(!H.E*++*!R%!�!jFKS[!!
!
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Figure 70: Teneur en pesticides dans les eaux du piézomètre PAV2 

!
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Figure 71 : Evolution de la teneur en époxiconazole (µg/l) dans les eaux piézométriques du bassin versant 

des Varras en fonction des apports agricoles effectués sur la parcelle. 

!
<6! '6J3+*!KF!I/6+,!Q!*00*F! 06! )*/0*!46,*! B.''*)-.+46+,!6/!5'643*+,!4*!B.+B*+,'6,3.+!4*!
&M?N!*),!0*!NToOToOk[!c3*+!I/*!4(,*B,(!01(-.A3B.+6].0*!+16!-/!r,'*!I/6+,3G3(!46+)!B*,,*!
'6J3+*!60.')!I/1Q!06!HrH*!46,*!06!B.+B*+,'6,3.+!(,63,!4*!XFYk!w5o0!46+)!0*)!*6/A!4*!&M?N[!
!

! 9P0.',.0/'.+!
!
:+!6--.',!4*!KZjFN!H5oHN!4*!BP0.',.0/'.+!6!(,(!*GG*B,/(!*+!.B,.2'*!NOOL!)/'!06!-6'B*00*!
).3,! 6J6+,! 013+),6006,3.+! 4*)! -3(].HW,'*)! Rg35/'*! jNS[! 7*! -6',! B*,! 6--.',F! 0*)! *6/A! 4*!
&M?N! ).+,! 3H-6B,(*)! \/)I/1Q! /+*! B.+B*+,'6,3.+!H6A3H60*! 4*! XTFLO! w5o0! I/6+,3G3(*! 0*!
XOoOYoOk! ).3,! -'W)! 4*! T! H.3)! 6-'W)! 06! -('3.4*! 41(-6+465*[! 9*,,*! B.+B*+,'6,3.+!
H6A3H60*!+1*),!-'.2620*H*+,!-6)!06!B.+B*+,'6,3.+!H6A3H60*!I/3!6/'63,!(,(!H*)/'(!)3!0*)!
-3(].HW,'*)! 6J63*+,! (,(! 3+),600()! *+! .B,.2'*! H63)! )*'63,! -0/,_,! 06! G'6B,3.+! 4*!
BP0.',.0/'.+!-3(5(*!46+)!0*)!G.'H6,3.+)!)/-*'G3B3*00*)[!9*,,*!B.+B*+,'6,3.+!43H3+/*!-6'!
06! )/3,*! \/)I/1Q! /+*! +.+`I/6+,3G3B6,3.+! *+! 46,*! 4/! KOoOToOk[! 716-'W)! 0*)! 4.++(*)! 4*!
7"ZO!RYZ\./')SF!30!+*!4*J'63,!-0/)!E!6J.3'!4*!BP0.',.0/'.+!46+)!0*)!*6/A!4*!&M?N!KLj!Q!
NNL! \./')!6-'W)! 01(-6+465*[!<*)!4.++(*)!4*!7"kO! Rg..,-'3+,S!H.+,'*!/+*!-*')3),6+B*!
46+)!0*)!).0)!4*!01.'4'*!4*!KkO!\./')!R7"kO!B.H-'3)*!*+,'*!KjX!*,!NKL!\./')S[!M3+)3!0*)!
B.+B*+,'6,3.+)!'*,'./J(*)!46+)! 0*)!*6/A!-'.J3*++*+,!4/!),.B^!4*!BP0.',.0/'.+!46+)! 0*!
).0!Ri.B!�!NOZS!I/3!)/23,!/+!0*))3J65*!G6B303,(!-6'!06!).0/2303,(!4*!06!H.0(B/0*!R%!�!jYS[!!
!
&./'! 0*)! HrH*)! '63).+)! I/*! )./035+(*)! -./'! 01(-.A3B.+6].0*F! B*,,*! (J.0/,3.+! 4*!
B.+B*+,'6,3.+!*+!BP0.',.0/'.+!46+)!06!'6J3+*!N!+*!-*/,!r,'*!B.H-6'(*!6J*B!0*)!*6/A!4*!06!
'6J3+*!K[!7/'6+,!016/,.H+*!NOKOF!/+*!6/5H*+,6,3.+!4*!06!B.+B*+,'6,3.+!*+!BP0.',.0/'.+!
*),!B.+),6,(*!0*!KjoOkoKO!46+)!0*)!*6/A!4*!&M?N!RKFYk!w5o0S!-/3)!0*!NXoKKoKOF!).3,!4*/A!
H.3)! -0/)! ,6'4F! 46+)! 0*)! *6/A! 4*! &MUK! RKFOL! w5o0S! *,! 4*! &M?K! RKFkk! w5o0S[! 9*)!
6/5H*+,6,3.+)!+*!B.''*)-.+4*+,!B*-*+46+,!-6)!Q!/+!+./J*0!6--.',!)/'!06!-6'B*00*[!!
!
<6! P6/))*! B.+),6,(*! 46+)! 06! '6J3+*! K! )/'J3*+,! 6-'W)! /+! (-3).4*! -0/J3*/A! 3+,*+)*!
B/H/06+,! ZXHH! *+! 4*/A! \./')[! 9*B3! 6! -'.2620*H*+,! -'.J.I/(! 06! '*H.2303)6,3.+! 41/+!
),.B^! -'.G.+4! J36! /+! 0*))3J65*! 4*)! G.'H6,3.+)! )/-*'G3B3*00*)! *+,'63+6+,! /+*!
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Figure 72 : Evolution de la teneur en chlortoluron (µg/l) dans les eaux piézométriques du bassin versant 

des Varras en fonction des apports agricoles effectués sur la parcelle. 

!
! MB0.+3G*+!

!
:+! -'*H3*'! 6--.',! 416B0.+3G*+! 6! (,(! *GG*B,/(! 6J6+,! 013+),6006,3.+! 4*)! -3(].HW,'*)!
+13+4/3)6+,! 6/B/+*! I/6+,3G3B6,3.+! *,! )*/0*H*+,! I/*0I/*)! 4(,*B,3.+)! 46+)! 0*)!
(BP6+,300.+)! 41*6/A! -3(].H(,'3I/*)[! :+! 4*/A3WH*! 6--.',! 4*! KOYFZ!H5oHN! 416B0.+3G*+!
)/'!06!-6'B*00*!6/!4(2/,!4*!016++(*!NOKO!RH6')S!+16!-6)!-*'H3)!4*!I/6+,3G3*'!06!H.0(B/0*!
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 Figure 73 : Evolution de la teneur en diflufénicanil (µg/l) dans les eaux piézométriques du bassin versant 

des Varras en fonction des apports agricoles effectués sur la parcelle. 
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Figure 74 : Comparaison des cumuls de précipitations par décades entre 2009 et 2010 sur la station de 

Routot (Bassin versant des Varras) 
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Figure 75 : Comparaison des cumuls de précipitations par décades entre 2009 et 2010 sur la station du 

Neubourg (Bassin versant du Bec) 
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Figure 76 : Transferts et processus impliqués dans le devenir des pesticides (exemple du diflufénicanil) 

dans l’environnement 
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Figure 77 : Transferts du diflufénicanil dans le continuum sol - eaux gravitaires – eaux ravinaires 
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Figure 78 : Evolution du niveau d’eau (m), de la concentration en HAP (µg/l) et de la concentration en 

pesticides (µg/l) en fonction des précipitations (mm) dans les piézomètres du bassin versant des Varras 
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Figure 1: Schéma de l’expérimentation 
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Table 1: Caractéristiques des matrices S1 et S2; Surface spécifique (SSA) et Capacité d’échange 

cationique des argiles, oxydes et matières organiques (
1
Bailey et White, 1964; 

2
Eslinger et Peaver, 1988; 

3
Darling 2005; 

4
Luthi, 2008) 
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Figure 2: Synthèse de l’évolution de l’adsorption des pesticides et des HAP selon les fractions ajoutées et 

la matrice étudiée. 
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4'.3,*!0*!H(06+5*!4*!B*)!H.0(B/0*)!+s6!6/B/+!3H-6B,!)/'!0*/'!64).'-,3.+!-'.-'*[!!
9.+B*'+6+,! 0*)! -*),3B34*)F! 06! B.H-(,3,3.+! -./'! 06! 43)-.+32303,(! 4*)! )3,*)! -'.J.I/*! X!
B.H-.',*H*+,)C!3S!/+*!G.',*!6/5H*+,6,3.+!4*)!J60*/')!4*!i4!-./'!0*!7gg!I/*0!I/*!).3,!
06!H6,'3B*F!33S!/+*!0(5W'*!43H3+/,3.+!4*!0164).'-,3.+!-./'!$&8!*,!M9<!)/',./,!J3)320*!)/'!
06!H6,'3B*!%N!*,!*+G3+!333S!/+*!43H3+/,3.+!)/'!%K!*,!6/5H*+,6,3.+!)/'!%N!R>&:F!9#<S[!$+!B*!
I/3!B.+B*'+*! 0*)!#M&F! 06!B.H-(,3,3.+!-./'! 06!43)-.+32303,(!4*)!)3,*)!'(4/3,! 0164).'-,3.+!
4*!06!,.,603,(!4*)!#M&!)/'!0*)!4*/A!H6,'3B*)!-6'G.3)!HrH*!4*!H6+3W'*!3H-.',6+,*!-./'!
c="!*,!c6&! R"620*!NF! g35/'*!N2F! BS[!M/! ,.,60F! 06! )*/0*!H.0(B/0*F! 0.')I/*! 0*!H(06+5*!*),!
6--03I/(F!I/3!H.+,'*!/+*!6H(03.'6,3.+!4*!)6!B6-6B3,(!Q!)s64).'2*'!*),! 0*!43G0/G(+3B6+30[!
&0/)3*/')! PE-.,PW)*)! +.+! *AB0/)3J*)! -*'H*,,'63*+,! 4s*A-03I/*'! 0*! B.H-.',*H*+,! 4*!
B*,,*! 4*'+3W'*!H.0(B/0*[! <6! -'*H3W'*! )*'63,! I/*! B*,,*!H.0(B/0*! 5W+*! 0s6BBW)! 6/A! )3,*)!
-./'! 0*)! 6/,'*)!H.0(B/0*)! 4*! -6',! )6! ,6300*! *,! )6! B.H-0*A3,(! ),'/B,/'60*! R"620*! NS[! <6!
)*B.+4*! )*'63,! )6! G.',*! B6-6B3,(! Q! 5(+('*'!4*)! 063).+)! 3.+3I/*)!5'mB*! 6/A!Z! 6,.H*)!4*!
G0/.'!I/3!G6B303,*+,!)6!-.06'3)6,3.+!*,!I/3!0/3!-*'H*,,*+,!4*!)s6GG'6+BP3'!4*!06!B.H-(,3,3.+!
R%,'3+5*'!*,! @.P+),.+F!NOOKS[!<13).-'.,/'.+!*,! 0*! BP0.',.0/'.+!H.+,'*+,!4*)!J60*/')!4*!
"&%M!RXNFX!�NS!0*)!-0/)!G6320*)!4*)!-*),3B34*)!*A6H3+()F!B*!I/3!*A-03I/*'63,!0*/'!6GG3+3,(!
J*')!06!G'6B,3.+!H3+('60*F!H.3+)!BP6'5(*!I/*!06!U8[!!
&./'!0*)!#M&F!0*/'!64).'-,3.+!*),!-'.2620*H*+,!5r+(*!-6'!06!-'()*+B*!4/!43G0/G(+3B6+30F!
H63)! 6/))3! *,! )/',./,! -6'! 0*! G63,! I/*! B*)! H.0(B/0*)! ).3*+,! B.+)34('(*)! -0/,_,! B.HH*!
6-.063'*)! ./! G6320*H*+,! -.063'*)! R0363).+)!!, i*0/e*3,! *,! 60[F! NOOkS[! M3+)3F! 0.')I/s*00*)!
).+,!*+!B.H-(,3,3.+!6J*B!4*)!-*),3B34*)F!0*/'!'(6B,3J3,(!*),!+6,/'*00*H*+,!-0/)!G6320*!I/*!
0*)!H.0(B/0*)! 0*)!-0/)! Q!HrH*!4*! )s6)).B3*'!-6'!4*)! G.',*)! 0363).+)! 3.+3I/*)! RgF!90S! ./!
-'()*+,6+,!(560*H*+,!4*)!)/'G6B*)!-.063'*)!3H-.',6+,*)!R"620*!NS[!
<6! B.H-6'63).+! 4*)! i4! .2,*+/)! )/'! 06! G'6B,3.+)! gX! -./'! 0*)! 4*/A!H6,'3B*)! R"620*! NF!
g35/'*! N4S! H.+,'*! I/*! 016B0.+3G*+F! 0s(-.A3B.+6].0*! *,! 46+)! /+*! H.3+4'*! H*)/'*! 0*!
43G0/G(+3B6+30!)*!G3A*+,!-'3.'3,63'*H*+,!)/'!06!H6,3W'*!.'56+3I/*[!>B3!*+B.'*F!30!)*H20*!I/*!
B*06!).3,!0*)!"&%M!I/3!).3*+,!3+B'3H3+(*)!46+)!B*!B.H-.',*H*+,[!&./'!0*!BP0.',.0/'.+!*,!
0s3).-'.,/'.+F! 0*/'! 6)).B36,3.+! 6J*B! 06! H6,3W'*! H3+('60*! -./''63,! )s*A-03I/*'! -6'! /+*!
B.H-0*A3,(!),'/B,/'60*!-0/)!G6320*!I/3!-./''63,!6/,.'3)*'!/+*!64).'-,3.+!)/'!0*)!G*/300*,)!
6'530*/A[!<*)!5'./-*)!-'(B(4*HH*+,!4(G3+3)!-./'!0*)!#M&!Rg35/'*!N6S!).+,!50.260*H*+,!
'*,'./J()!46+)!06!g35/'*!N4[!%*/0!0*!c6&!4.+,!0*!i4!*),!H/0,3-03(!-6'!N!*+,'*!06!H6,'3B*!%K!
*,!%N!)*H20*!r,'*!)35+3G3B6,3J*H*+,!H.3+)!64).'2(!)/'!06!G'6B,3.+!H3+('60*[!7*!B*!G63,F!0*)!
-6'6HW,'*)! -*'H*,,6+,! 4s*A-03I/*'! 0*! B.H-.',*H*+,! 4*! B*)!H.0(B/0*)! 4*H*/'*+,! 0*)!
HrH*)!I/*!B*/A!H3)!*+!6J6+,!46+)!06!g35/'*!N6[!
!



! KTj!

!

Formule 
Molecular Weight  1,5  Solubility 1,5 DT50  1,5 

Koc or Log Koc 1,4 

 
L/B ratio 3 

 

TPSA  2 

Complexity 2 
Kd S1 matrix Kd S2 matrix 

  g/mol mg/l days Å2 F1/F2 F3 F1/F2 F3 

EPO C17H13ClFN3O 329,76 7,1 354 1073 43,2 421 375 313 401 240 

ACL C12H9ClN2O3 264.66 1.4 117 7126   81,1 242 6011 6093 6780 4766 

CHL C10H13ClN2O 212,68 74 45 205 32,3 208 181 80 110 162 

IPU C12H18N2O 206,28 70,2 12 139   32,3 206 84 57 48 141 

DFF C19H11F5N2O2 394,29 0,05 542 3186   51,2 533 1126 1841 493 1508 

ANT C14H10 178,24 0,04 920 4,41 1,566 0 154 2284 1059 2743 1898 

CHR C18H12 228,3 2.00*10-3 990 5,37 1,734 0 264 2791 2295 6407 4511 

BbF C20H12 252,31 1.20*10-2 1220 5,89 1,387 0 372 1542 506 6943 4249 

BkF C20H12 252,31 6.30*10-3 4280 5,89 1,474 0 338 2085 743 8184 7798 

BaP C20H12 252,31 3.80*10-3 1060 5,71 1,498 0 372 875 595 5988 1007 

FTH C16H10 202,26 0,27 880 4,74 1,208 0 243 5958 4775 2622 1506 

PYR C16H10 202,26 0,13 3800 4,82 1,257 0 217 1932 1976 1144 1152 

ACY C12H8 152,21 16,1 120 3,83 1,072 0 184 2518 2209 2395 1228 

ACE C12H10 154,21 3,7 204 3,79 1,088 0 155 371 137 1580 136 

PHE C14H10 178,23 1,2 400 4,22 1,463 0 174 218 90 263 182 

AN C10H9N 143,19 0,1698 3,48 26 133 1142 785 1152 528 

DBT C12H8S 184,26 negligeable 4,05 28,2 170 5050 3274 4042 3263 

CdefP C15H10 190,24 negligeable 4,58 1,288 0 231 2625 2550 2325 1209 

BNT C16H10S 234,32 negligeable 5,1 28,2 287 17128 6495 13859 2401 !
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!KTL!

T-<"*.% ,8#% ()% .#"4,G)#.%=),% *74."-64"4.,%="4,% (B)406#744)-)4.R!<16--03B6,3.+!4*)!
B.*GG3B3*+,)!4*!43),'32/,3.+!Q!013+,*'G6B*!03I/34*`).034*!-*'H*,!41*),3H*'!06!'(,*+,3.+!4*)!
B.+,6H3+6+,)!46+)!0*!).0[!M3+)3F!30!*),!-.))320*!4*!4(,*'H3+*'!06!G'6B,3.+!+.+`4().'2620*!
41/+*!H.0(B/0*[!&6'!)./),'6B,3.+!4*!B*,,*! G'6B,3.+!+.+!4().'2620*!)/'! 06!B.+B*+,'6,3.+!
.2)*'J(*F!.+!.2,3*+,!06!G'6B,3.+!4().'2620*!I/3!*),!0*!-.3+,!4*!4(-6',!4/!'3)I/*!-.,*+,3*0!
4*!06!B.+,6H3+6,3.+!4*)!*6/A!)./,*''63+*)!R"620*!XS[!
<*)! 5'./-*)! -'(B(4*HH*+,! 4(G3+3)! -6'! 0*/'! B.H-.',*H*+,! 0.')! 4*! 01*A-('3H*+,6,3.+!
-'()*+,*+,! 4*)! )3H306'3,()! *+! ,*'H*! 4*! G'6B,3.+! +.+! 4().'2620*[! $+! *GG*,F! 0*! 5'./-*!
B.H-'*+6+,! 0*)!H.0(B/0*)! I/3! )164).'2*+,! -'(G('*+,3*00*H*+,! )/'! 06!H6,3W'*!H3+('60*!
.+,! 4*)! G'6B,3.+)! +.+! 4().'2620*)! B.H-'3)*)! *+,'*! NFKO! *,! YFYO! w5[^5`K!U%! ,6+43)! I/*!
B*00*)!I/3!)164).'2*+,!-'(G('*+,3*00*)!)/'!06!H6,3W'*!.'56+3I/*!).+,!B.H-'3)*)!*+,'*!YFTk!
*,!XXFZO!w5[^5`K!U%[!<*)!/'(*)!)/2),3,/(*)F!4.+,!0*!B.H-.',*H*+,!+*!-./J63,!B063'*H*+,!
r,'*!4(G3+3F!.+,!4*)!G'6B,3.+)!+.+!4().'2620*)!,'W)!G6320*)!4*!01.'4'*!4*!OFNT!w5[^5`K!!-./'!
0*!BP0.',.0/'.+!*,!4*!OFYY!w5[^5`K!U%!-./'!013).-'.,/'.+!).3,!4*)!J60*/')!3+)35+3G36+,*)!4/!
G63,!(560*H*+,!4/!G.',!B6'6B,W'*!).0/20*!4*!B*)!H.0(B/0*)[!<*!43G0/G(+3B6+30!6!/+*!G'6B,3.+!
+.+!4().'2620*!4*!TFOT!w5[^5`K!U%[!!
&./'!'*+4'*!B.H-,*!4*! 013H-6B,!I/*!B*)! G'6B,3.+)!+.+!4().'2620*)!.+,!)/'! 0*! ,'6+)G*',!
4*)!B.+,6H3+6+,)!46+)!01*+J3'.++*H*+,F!B*00*)`B3!).+,!6--03I/(*)!)/'!0*)!B.+B*+,'6,3.+)!
H6A3H60*)!*+'*53),'(*)!)/'!06!-6'B*00*!R"620*!XS[!M3+)3F!-6'H3!01*+)*H20*!4*)!H.0(B/0*)F!
B*00*)!4.+,!06!-6',!H.2303)620*!*),!06!-0/)!3H-.',6+,*!).+,!0*)!#M&F!+.,6HH*+,!Z!41*+,'*!
*/A[!M3+)3F!06!G'6B,3.+!+.+!4().'2620*!4*!01M9$F!4/!&#$!*,!4*!01M="!(,6+,!-*/!3H-.',6+,*!
-6'! '6--.',! Q! 06! ,*+*/'!H6A3H60*! *+,'*53),'(*! 46+)! 0*! ).0F! 06! G'6B,3.+!H.2303)620*! *),!
3H-.',6+,*!RNYFZk!Q!KOKFkO!w5[^5`K!U%S[!M--6',*+6+,!Q!/+!6/,'*!5'./-*F!0*!g"#!*,!0*!&�;!
.+,! 0*)! G'6B,3.+)! +.+! 4().'2620*)! 0*)! -0/)! (0*J(*)! H63)! 6/))3! 4*)! B.+B*+,'6,3.+)!
H6A3H60*)! *+'*53),'(*)! Z! Q! T! G.3)! )/-('3*/'*)[! M3+)3! 06! -6',!H.2303)620*! *),! B.H-'3)*!
*+,'*!KKXFXZ!*,!KXNFLO!w5[^5`K!U%[!!
<s6--03B6,3.+! 4*! ,./,*)! B*)! H.0(B/0*)! 6! (,(! '(603)(! *+! HrH*! ,*H-)! -./'!
0s*A-('3H*+,6,3.+! H63)! +*! )*! -'.4/3,! -6)! )/'! 0*! ,*''63+[! >0! E! 6! 4.+B! /+! 2363)! B6'F! 0*)!
H.0(B/0*)!0*)!-0/)!6+B3*++*H*+,!*+!B.+,6B,!6J*B!0*!).0!J.+,!+(B*))63'*H*+,!.BB/-*'!4*)!
)3,*)! I/3! )*'.+,! 3+6BB*))320*)! 6/A! 6/,'*)! H.0(B/0*)! I/3! J3*+4'.+,! -6'! 06! )/3,*[!
=(6+H.3+)F! B*,,*! *A-('3H*+,6,3.+! +./)! 4.++*! /+! .'4'*! 4134(*! *+! ,*'H*!413H-6B,! )/'!
01*+J3'.++*H*+,[!$+!*GG*,F!0.')I/*!06!B.+B*+,'6,3.+!.2)*'J(*!*),!)/-('3*/'*!Q!06!G'6B,3.+!
64).'2(*F! *00*! -*/,! r,'*! *+,'63+(*! \/)I/16/A! *6/A! )./,*''63+*)! )./)! 013+G0/*+B*! 4/!
5'643*+,!PE4'6/03I/*!*,!4*)!B3'B/06,3.+)!41*6/A[!!
!



!KTk!

!"#$%&"'&(')*+,"'%-./01/23%4!5%
67("*#&%+89"*:(8%;*+&,"'%

-./01/23%4!5%
<(9"*:(8%;*+&,"'%-./01/23%4!5% =>?(*#@(')%A(7+B#"C*%

%% @#'% @+>%

DE=% FGFF% H3GHH% IGJK% JLGFM%

D89"*?,"'%"'%@#'(*+$%@+N(*%

O7#&7%8(&*(+9(%O,7%

&"@?(,,"'%

PQ=% R3GMJ% 3FSGRF% JGJF% 3F3GLF%

DT6% MGIL% IKGLR% RGRJ% IJGHL%

EQU% RGMK% SGSH% IGLF% RGKH%

A:V% 3GI3% JGKF% JGFM% FGSI%

A1V% FGJ3% 3GHI% RGFS% FGFF%

A+P% 3GHH% RGHH% IG33% 3GJJ%

<VV% IGFS% JGIS% SGFS% FGFF%

D89"*?,"'%"'%"*/+'#&%@+N(*%

O7#&7%#'&*(+9(%O#)7%

&"@?(,,"'%

DEW% 3FGKK% I3GHH% 3RGHR% MGFI%

D89"*?,"'%"'%"*/+'#&%@+N(*%

O7#&7%8(&*(+9(%O#)7%

&"@?(,,"'%

=PX% 3GJI% RGM3% MGI3% FGFF%

DEY% FGFF% FGFF% 3MGIH% FGFF%

V6Q% H3GRF% 3SSGRF% RRGHF% 3RIGMF%

PYU% JKGRF% 3RHGLH% IIGSF% 33RGRH%

DT% 2% 2% HG3H% 2%

<A6% 2% 2% JGSL% 2%

E8(;P% 2% 2% 3SGLF% 2%

AT6% 2% 2% KGRI% 2%

EQW% 3GSK% JGIH% FGIS% RGLL%
T")%&$(+*$Z%8(['(8%

\P]% 2% 2% FGJJ% 2% !
W"$()%E%A%L,.6-".674%=)%(B6-<"*.%=8%*7)GG6*6)4.%=)%=6,.#6$8.674%Y`=Z%=)%("%-".#6*)%f@%,8#%(B?07(8.674%

=)%("%*74*)4.#".674%)4%*74."-64"4.,%="4,%()%,7(%

!
;74*(8,674[! <1/,303)6,3.+! 4/! B.*GG3B3*+,! 4164).'-,3.+! i.B! 46+)! B*! 4*J*+3'! 4*)!
B.+,6H3+6+,)!+*!)*H20*!-6)!r,'*!0*!-0/)!6--'.-'3(!46+)!B*!B6)!41(,/4*!4*!).0)!65'3B.0*)!
-6/J'*)! *+!H6,3W'*! .'56+3I/*[! =(6+H.3+)F! B*,,*! (,/4*! 6!H3)! *+! 6J6+,! I/*!H605'(! 06!
G6320*!,*+*/'!*+!H6,3W'*!.'56+3I/*!4/!).0!4*!B*,,*!(,/4*F!B*',63+*)!H.0(B/0*)!(,63*+,!Q!
HrH*!4sr,'*!-'(G('*+,3*00*H*+,!64).'2(*)!)/'!06!U8[!76+)!B*!B.+,*A,*!6--6/J'3!*+!U8F!
06!-P6)*!H3+('60*!4*)!).0)!-*/,!(560*H*+,!\./*'!/+!'_0*!-'3H.'43620*!46+)!0164).'-,3.+!
4*)!B.+,6H3+6+,)!46+)!0*!).0[!9.H-,*!,*+/!4*!06!G6320*!,*+*/'!*+!U8!*,!*+!)H*B,3,*F!I/3!
-'()*+,*+,! 4*)! J60*/')! 9$9! *,! 4*)! %%M! 3H-.',6+,*)F! 30! +s*),! -6)! )/'-'*+6+,! I/*! 0*)!
J60*/')!4*!i4!*,!4.+B!4*!i.B!B60B/0()!46+)!B*,,*!(,/4*!).3*+,!G6320*)!-6'!'6--.',!6/A!i.B!
*,!i4!4*!06!03,,('6,/'*[!
<1*A-('3H*+,6,3.+! 6! -*'H3)! 4*! 43),3+5/*'! 4*)! -'.B*))/)! 4164).'-,3.+! 43GG('*+,)! *+,'*!
0*)!H.0(B/0*)!)*0.+!R3S!0*/'!6GG3+3,(!-./'!06!H6,3W'*!.'56+3I/*!./!06!H6,3W'*!H3+('60*F!R33S!
)*0.+! 013H-6B,! 4*! 06! B.H-(,3,3.+!-./'! 06! 43)-.+32303,(! 4*)! )3,*)! 46+)! 0*! -P(+.HW+*!4*!
).'-,3.+F!*,!R333S!)*0.+!0*/'!B6-6B3,(!4*!G3A6,3.+!6/!,'6J*')!4*!06!G'6B,3.+!+.+`4().'2620*[!!
g3+60*H*+,F!0*)!#M&!.+,!/+*!64).'-,3.+!I/3!-./''63,!r,'*!I/603G3(*!4*!-PE)3I/*!R'6--.',!
4*! G.'H*S! B6'! -*/! BP6'5()! R0363).+)! �! G6320*)S[! <*)! H.0(B/0*)! 0.+5/*)! )*'63*+,!
-'(G('*+,3*00*H*+,! '*,*+/*)! -6'! 0*)! G*/300*,)! 4*)! -PE00.)303B6,*)! RH6,3W'*! H3+('60*S[!
<*/')! G'6B,3.+)! +.+`4().'2620*)! ).+,! -0/)! G6320*)! )/'! 06! H6,3W'*! H3+('60*! I/*! )/'! 06!
H6,3W'*! .'56+3I/*[! <*)! -*),3B34*)F! I/6+,! Q! */AF! .+,! /+*! 64).'-,3.+! I/3! -./''63,! r,'*!
I/603G3(*!4*!BP3H3I/*!6J*B!/+!G.',!3H-6B,!4*!06!"&%M!)/'!0*)!J60*/')!4*!i4[!<*/'!G'6B,3.+!
+.+`4().'2620*! ).+,! H.E*++*)! Q! ,'W)! G6320*)! -./'! 0*)! /'(*)! )/2),3,/(*)[! $+! B*! I/3!



!KjO!

B.+B*'+*!0*!H(06+5*F!B1*),!/+*!64).'-,3.+!BP3H3I/*!I/3!-'(4.H3+*!Q!06I/*00*!)16)).B3*!06!
G.'H*!RB.H-0*A3,(!),'/B,/'60*!(0*J(*!4/!7ggS!I/3!�20.I/*�!0s6BB*))32303,([!
9*,,*!(,/4*!H*,!*+!6J6+,!I/*!0*)!-'.-'3(,()!4/!).0!R,*+*/'!*+!H6,3W'*!.'56+3I/*!*,!*+!
6'530*)S! *,! 0*)! -6'6HW,'*)! -PE)3B.`BP3H3I/*)! 4*)! H.0(B/0*)! R).0/2303,(F! -.34)!
H.0(B/063'*!*,!'6,3.!<oc!+.,6HH*+,S!4.3J*+,!r,'*!3+,(5'()!4*!H6+3W'*!50.260*!-./'!+*!
-6)! +(5035*'! 4*! -6'6HW,'*)! G.+46H*+,6/A! -./J6+,! \./*'! /+*! '_0*! 46+)! 0164).'-,3.+[!
"E-3I/*H*+,F!01/,303)6,3.+!4*)!"&%M!-./'!0*)!-*),3B34*)!*,!4*)!-6'6HW,'*)!4*!G.'H*)!4*)!
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Figure 79: Récapitulatif du fonctionnement hydrologique de la parcelle du bassin versant des Varras au 

travers de l’évolution des concentrations en éléments majeurs (mg/l), en HAP et en pesticides (µg/l) 

compte tenu du niveau d’eau (m) et de la pluviométrie (mm).  
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Dates Molécules Doses /Ha
Nombre 

d'hectares
Quantités totales

Familles des 

phytosanitaires

Types de 

culture

24/10/00 Chlortoluron 500g/l 3,93 10,56 41,47 Herbicide

23/12/00 Prosulfocarbe 800g/l 1,31 10,56 13,82 Herbicide

Chlortoluron 500g/l 1,31 10,56 13,82 Herbicide Blé tendre

03/04/01 Chlorméquat chlorure 460g/l 1,96 10,56 20,73 Régulateur

28/04/01 Metsulfuron methyle 20% 13.09g 10,56 138.22g Herbicide

24/11/01 Glyphosate (sel d'isopropylamine) 360g/l 1,31 15,28 20 Herbicide

10/03/02 Aclonifen 540g/l 3,93 10,56 41,47 Herbicide

31/05/02 Chlorothalonil 500g/l 2,02 10,56 21,29 Fongicide

Lamba cyhalothrine 50g/l 0,15 10,56 1,55 Insecticide

07/06/02 Chlorothalonil 500g/l 2,02 10,56 21,29 Fongicide Pois protea

Lamba cyhalothrine 50g/l 0,15 10,56 1,55 Insecticide

15/06/02 Chlorothalonil 500g/l 2,02 10,56 21,29 Fongicide

Lamba cyhalothrine 50g/l 0,15 10,56 1,55 Insecticide

18/06/02 Chlorothalonil 500g/l 2,02 10,56 21,29 Fongicide

Lamba cyhalothrine 50g/l 0,15 10,56 1,55 Insecticide

20/09/02 Glyphosate (sel d'isopropylamine) 360g/l 1,31 10,56 13,82 Herbicide

19/10/02
Anthraquinone 250g/l;                     Fludixonil 

25g/l;                            Difénoconazole 25g/l
1 10,56 10,56 Traitement

20/10/02 Clortoluron 500g/l 3,93 10,56 41,47 Herbicide

30/11/02 Prosulfocarbe 800g/l 0,65 10,56 6,91 Herbicide

Clortoluron 500g/l 0,98 10,56 10,37 Herbicide Blé tendre

24/03/03
Iodosulfuron methyl sodium 8g/l; Fenoxaprop-

p-ethyl 64g/l;               Mefenpyr-diethyl 24g/l
0,98 10,56 10,37 Herbicide

15/04/03 Chlorméquat chlorure 460g/l 1,96 10,56 20,73 Régulateur

03/05/03 Metsulfuron methyle 20% 5g 10,56 52.8g Herbicide

Epoxiconazole 125g/l 0,5 10,56 5,28 Fongicide

23/05/03 Azoxystrobine 250g/l 0,46 10,56 4,84 Fongicide

Tébuconazole 250g/l 0,33 10,56 3,46 Fongicide

15/10/03 Chlortoluron 400g/l; Diflufénicanil 25g/l 3,93 10,56 41,47 Herbicide

14/04/04 Trinexapac-éthyl 250g/l 0,29 10,56 3,11 Régulateur

16/04/04

Epoxiconazole 50g/l;                          

Kresoxim-methyl 67g/l;                   

Pyraclostrobine 133g/l

0,43 10,56 4,49 Fongicide Orge 

11/05/04

Epoxiconazole 50g/l;                          

Kresoxim-methyl 67g/l;                   

Pyraclostrobine 133g/l

0,49 10,56 5,18 Fongicide

06/04/05 Lamba cyhalothrine 50g/l 0,1 9,8 1 Insecticide

19/04/05 Lamba cyhalothrine 50g/l 0,1 9,8 1 Insecticide

20/04/05 Bromoxynil (ester octanoïque) 20% 0.71kg 9,8 7 kg Herbicide Lin textile

28/04/05 Bentazone 87% 0.51kg 9,8 5kg Herbicide

18/05/05 Cléthodime 120g/l 1,02 9,8 10 Herbicide

08/06/05 Carbendazime 125g/l; Flusilazole 250g/l 0,51 9,8 5 Fongicide

12/10/05
Bitertranol 37.5g/l; Anthraquinone 125g/l; 

Imidaclopride 175g/l
1 1,87 1,87 Traitement 

19/10/05
Bitertranol 37.5g/l; Anthraquinone 125g/l; 

Imidaclopride 175g/l
1 5 5 Traitement 

20/10/05
Bitertranol 37.5g/l; Anthraquinone 125g/l; 

Imidaclopride 175g/l
1 2,56 2,56 Traitement Blé tendre

07/11/05 Clortoluron 400g/l; Diflufénicanil 25g/l 4,26 10,56 45 Herbicide

24/05/06 Epoxiconazole 125g/l 0,76 10,56 8 Fongicide

02/06/06 Epoxiconazole 125g/l 0,65 10,56 6,91 Fongicide

01/09/06
Diméthachlore 187.5g/l; Clomazone 30g/l; 

Napropamide 187.5g/l
3,35 15,28 51,23 Herbicide

11/09/06 Lamba cyhalothrine 100g/l 0,07 15,28 1 Insecticide

21/02/07 Cyperméthrine 100g/l 0,22 15,28 3,42 Insecticide Colza scop

22/02/07 Chlorméquat 400g/l; Paclobutrazol 50g/l 0,5 5 2,5 Régulateur

14/03/07 Bifenthrine 80g/l 0,13 15,28 2,05 Insecticide

22/04/07 Carbendazime 42.55% 0,98 15,28 15 Fongicide

15/10/07
Anthraquinone 250g/l;                     Fludixonil 

25g/l;                            Difénoconazole 25g/l
116,9 10,27 1200 Traitement

08/11/07 Prosulfocarbe 800g/l 0,65 10,27 6,72 Herbicide

Chlortoluron 400g/l; Diflufénicanil 25g/l 1,96 10,27 20,15 Herbicide

13/04/08
Iodosulfuron-méthyl sodium 30g/kg; 

Metsulfuron-méthyl 30g/kg
250.33g 10,27 2569.8g Herbicide Blé tendre

03/05/08 Epoxiconazole 125g/l 0,86 10,27 8,84 Fongicide

10/05/08 Epoxiconazole 125g/l 0,86 10,27 8,86 Fongicide

31/05/08 Prothioconazole 250g/l 0,52 10,27 5,29 Fongicide

22/10/08 Diflufénicanil 100g/l; Flurtamone 250g/l 0,491 15,28 7,5 Herbicide

25/10/08 Chlortoluron 400g/l; Diflufénicanil 25g/l 3,931 15,28 60 Herbicide

17/04/09 Trinexapac-éthyl 250g/l 0,331 15,28 5 Régulateur

Trifloxystrobine 500g/l 0,101 15,28 1,501 Fongicide Orge HIV

20/04/09 Prothioconazole 250g/l 0,341 15,28 5,171 Fongicide

Trifloxystrobine 500g/l 0,101 15,28 1,511 Fongicide

01/05/09 Prothioconazole 250g/l 0,201 15,28 3 Fongicide

Trifloxystrobine 500g/l 0,101 15,28 1,501 Fongicide  
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02/03/04 Aclonifen 350g/l + Flurtamone 94g/l 3 6,6 19,8 Herbicide

19/03/04 Lambda Cyhalothrine 50g/l 0,5 6,6 3,3 Insecticide

22/04/04 Aclonifen 540g/l 0,5 6,6 3,3 Herbicide

 Bentazone 87% 0,5 6,6 3,3 Herbicide Pois

17/05/04 Lambda Cyhalothrine 50g/l + Pyrimicarbe 100g/l 0,75 6,6 4,95 Insecticide

02/06/04 Chlorothalonil 2 6,6 13,2 Fongicide

 Bromure de méthyle 0,15 6,6 0,99 Fongicide

07/06/04 Lamba cyhalothrine 50g/l 0,15 6,6 0,99 Insecticide

03/11/04 Isoproturon 1000g 6,6 6600g Herbicide

Diflufénicanil 100g/l + Flurtamone 250g/l 0,3 6,6 1,98 Herbicide

12/04/05
Mesosulfuron-methyl sodium 30g/kg + Iodosulfuron 

methyl sodium 6g/kg
350g 6,6 2310g Herbicide

 Iodosulfuron methyl sodium 30g/kg + mesosulfuron 

methyl sodium 30g/kg
110g 6,6 726g Herbicide

22/04/05 Chlorothalonil 0,5 6,6 3,3 Fongicide

Epoxiconazole 125g/l 0,3 6,6 1,98

Trinexapac-éthyl 250g/l 0,3 6,6 1,98 Régulateur Blé

09/05/05 Epoxiconazole 125g/l  0,6 6,6 3,96 Fongicide

Epoxiconazole 50g/l + Pyraclostrobine 133g/l 0,3 6,6 1,98 Fongicide

Fluroxypyr 200g/l 0,3 6,6 1,98 Herbicide

2.4 MCPA 0,7 6,6 4,62 Herbicide

26/05/05 Epoxiconazole 125g/l 0,22 6,6 1,452 Fongicide

Epoxiconazole 50g/l + Pyraclostrobine 133g/l 0,33 6,6 2,178 Fongicide

Chlorothalonil 1,1 6,6 7,26 Fongicide

31/05/05 Metconazole 60g/l 0,5 6,6 3,3 Fongicide

08/11/05 Glyphosate (sel d'isopropylamine) 360g/l 2 6,6 13,2 Herbicide

12/04/06 Sulcotrione 300g/l 1 6,6 6,6 Herbicide

25/04/06 Bromoxynil (ester octanoique) 20% 0,7 6,6 4,62 Herbicide

Bentazone 87% 0,3 6,6 1,98 Herbicide Lin

Alphamétrine 100g/l 0,2 6,6 1,32 Insecticide

11/05/06 Cycloxydime 100g/l 1 6,6 6,6 Herbicide

18/05/06 Carbendazime 125g/l; Flusilazole 250g/l 1,25 6,6 8,25 Fongicide

07/06/06 Carbendazime 125g/l; Flusilazole 250g/l 0,3125 6,6 2,0625 Fongicide

16/06/06 Alphamétrine 100g/l 0,15 6,6 0,99 Insecticide

26/09/06 Trifluarine 480g/l 2 6,6 13,2 Insecticide

30/10/06 Isoproturon 2,4 6,6 15,84 Insecticide

08/03/07 Chlormequat chlorure 460g/l 1 6,6 6,6 Régulateur

Soufre micronisé 80% 2kg 6,6 13.2kg Régulateur

15/03/06
Mesosulfuron-methyl sodium 30g/kg + Iodosulfuron 

methyl sodium 6g/kg
100g 6,6 660g Herbicide

Metsulfuron methyl 20% 5g 6,6 33g Herbicide

02/04/07 Epoxiconazole 125g/l 0,3 6,6 1,98 Fongicide Blé

Chlorothalonil 500g/l 1 6,6 6,6 Fongicide

Trinexapac-éthyl 250g/l 0,2 6,6 1,32 Régulateur

30/04/07 Epoxiconazole 125g/l 0,3 6,6 1,98 Fongicide

Chlorothalonil 500g/l 1 6,6 6,6 Fongicide

24/05/07 Prothioconazole 250g/l 0,3 6,6 1,98 Fongicide

Trifloxystrobine 500g/l 0,075 6,6 0,495 Fongicide

Chlorothalonil 500g/l 1 6,6 6,6 Fongicide

Epoxiconazole 125g/l 0,25 6,6 1,65 Fongicide

05/03/08 Glyphosate (sel d'isopropylamine) 360g/l 1 6,6 6,6 Herbicide

04/04/08 Aclonifen 350g/l + Flurtamone 94g/l 3 6,6 19,8 Herbicide

15/05/08 Cycloxydime 100g/l 0,7 6,6 4,62 Herbicide

20/05/08 Aclonifen 540g/l 0,5 6,6 3,3 Herbicide

Bentazone 87% 0,5 6,6 3,3 Herbicide

21/05/08 Aclonifen 540g/l 0,5 6,6 3,3 Herbicide Pois

Bentazone 87% 0,3 6,6 1,98 Herbicide

29/05/08 Chlorothalonil 500g/l 2,5 6,6 16,5 Fongicide

05/06/08 Lambda Cyhalothrine 50g/l + Pyrimicarbe 100g/l 0,125 6,6 0,825 Insecticide

18/06/08 Lambda Cyhalothrine 50g/l + Pyrimicarbe 100g/l 0,125 6,6 0,825 Insecticide

19/06/08 Chlorothalonil 500g/l 2,5 6,6 16,5 Fongicide

18/10/08 Glyphosate (sel d'isopropylamine) 360g/l 2 6,96 13,92 Herbicide

27/11/08 Isoproturon 500g/l 2 6,96 13,92 Herbicide

Bromoxynil phenol 120g/l; Diflufenicanil 80g/l;            

Ioxynil 120g/l
0,25 6,96 1,74 Herbicide

02/03/09
Mesosulfuron-methyl sodium 30g/kg + Iodosulfuron 

methyl sodium 6g/kg
0,25 6,96 1,74 Herbicide

Metsulfuron methyl 20% 0,005 6,96 0,0348 Herbicide Blé

24/03/09 Chlormequat chlorure 460g/l 2,1 6,96 14,616 Herbicide

23/04/09 Prochloraze 450g/l 1 6,96 6,96 Herbicide

Epoxiconazole 125g/l 0,3 6,96 2,088 Fongicide

08/05/09 Epoxiconazole 125g/l 0,3 6,96 2,088 Fongicide

09/05/09 Chlorothalonil 500g/l 1 6,96 6,96 Fongicide

01/06/09 Prothioconazole 250g/l 0,3 6,96 2,088 Fongicide

Chlorothalonil 500g/l 1 6,96 6,96 Fongicide

Lambda cyhalothrine 100g/l 0,075 6,96 0,522 Insecticide  
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