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SEDIMENT SAMPLES FROM THE DOBCZYCE DAM RESERVOIR 
(SOUTHERN POLAND) 
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Abstract: %6 DCH FDGM? XH CK0H I1LGFHM 16 DCH MAFD@AEGDA16 1I FH0H@K2 JHDK2F ^#@N !FN /E` K6M K6A16F ^#@N +)3-, F1a:`
K6M DCHA@ 7K@DADA16 EHDXHH6 71@H ^A6DH@FDADAK2` XKDH@F K6M FHMAJH6DF FKJ72HM KD DC@HH FDKDA16F KD DCH Q1ELP?LH "HFH@01A@
XCALC FG772AHF DCH M@A6WA6B XKDH@ D1 A6CKEADK6DF I@1J DCH LAD? 1I [@KW\X K6M ADF KBB21JH@KDA163 -CH @HFG2DF FC1X
L16FAMH@KE2H A6L@HKFH A6 L16LH6D@KDA16F 1I /E K6M !F A6 71@H XKDH@ FKJ72HFN XCH6 L1J7K@HM D1 DCH E1DD1J XKDH@F3
,HK6A6BIG2 K2DH@6KDA16F A6 L16LH6D@KDA16 XH@H 1EFH@0HM A6 LKFH 1I 71@H XKDH@ FKJ72HF ^/EN !F` K6M FHMAJH6DF ^#@N /EN
!F`N L1JA6B I@1J DC@HH FDKDA16F K6M DCHA@ 2KDH@K2 FHLDA16F3 -CH 71FFAE2H @H2KDA16F EHDXHH6 DCAF 7CH61JH616 K6M DCH
FHMAJH6D LCK@KLDH@AFDAL KF XH22 KF DCH *H K6M #K L16DH6DN CKF EHH6 FDGMAHM3 (1JH L1JJH6DF 16 DCH FHKF16K2 0K@AKDA16F 1I
K6A16 L16DH6DF A6 XKDH@ K6M 71@H XKDH@ FKJ72HFN K@H K2F1 7@10AMHM3 %D XKF I1G6M DCKD 6AD@KDHF K6M FG27CKDHF FC1X
L16FAMH@KE2H 0K@AKDA16F3
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Q1ELP?LH "HFH@01A@ ^98b ,J3
) XKF L1J72HDHM A6 9Z<b3 %DF 9;=Y CK K@HKN FADGKDHM 4; WJ F1GDC 1I

[@KW\XN AF IHM XADC XKDH@ I@1J DCH "KEK "A0H@ K6M FH0H@K2 FJK22 FD@HKJF3 -CH "KEK "A0H@ FG772AHF
K2J1FD Z; c 1I DCH D1DK2 A6I21X ^,KPG@WAHXALP:d1@1eN 8;;8`3 Q1ELP?LH "HFH@01A@ L16FAFDF 1I DC@HH
JKA6 7K@DFS ,?f2H6ALH dKFA6N ]126ALK dK? K6M Q1ELP?LH dKFA63 %D FG772AHF KE1GD =; c 1I DCH
M@A6WA6B XKDH@ D1 DCH J1@H DCK6 % JA22A16 A6CKEADK6DF I@1J DCH LAD? K6M H60A@16F 1I [@KW\X3 -CH
,?f2H6ALH dKFA6 72K?F K @12H KF DCH A6ADAK2 FHDD2A6B D@K7 I1@ FGF7H6FA16 L1JA6B I@1J DCH "KEK "A0H@3
-CH ]126ALK ^OKW2ALP?eFWK` dK? AF FG772AHM E? DCH ]126ALK FD@HKJ3 %DF MH7DC AF JKgAJGJ 9; J3
]KDH@F I@1J DCAF EK? JAg XADC DCH 1DCH@F A6 K 2AJADHM XK?3 d1DC KI1@HJH6DA16HM EKFA6F K@H
712?JALDAL3 -CH Q1ELP?LH dKFA6 AF J1@H DCH6 8; J MHH7N MAJALDAL K6M AF LCK@KLDH@AFHM E? K MAFDA6LD
DCH@JK2 K6M 1g?BH6 FD@KDAIALKDA163 -CH JHK6 XKDH@ @HFAMH6LH DAJH A6 Q1ELP?LH "HFH@01A@ AF 5
J16DCF : ;345 ?HK@ ^,KPG@WAHXALPN 9Z<<`3

&K@A1GF 7@1LHFFHF A6 FHMAJH6DFN H3B3 KMF1@7DA16:MHF1@7DA16N 1gAMKDA16:@HMGLDA16N A16
HgLCK6BH 1@ EA121BALK2 KLDA0AD? LKGFH AJ71@DK6D LCHJALK2 K6M BH121BALK2 LCK6BHF KD DCH E1DD1J 1I
@HFH@01A@F ^$H2A1F:"?EALWKN 9ZZ9h [KEKDK:/H6MAKFN 9ZZ4h d1iKW1XFWKN 9ZZYh /!(N 8;;Y`3 -CH
KLLGJG2KDA16N J1EA2AD?N @H2HKFH K6M F7HLAKDA16 1I JHDK2F A6 Q1ELP?LH "HFH@01A@ CKF EHH6 G6MH@
A60HFDABKDA16 I1@ DCH 2KFD 9 O ?HK@F ^(PK@HW:UXAKPMKN 9ZZ<KNEN 8;;;N 8;;8 K6M 8;;=`3

-CH @HFG2DF 7@HFH6DHM A6 DCAF 7K7H@ K@H K 7K@D 1I K 216B:DH@J 7@1iHLD L16LH@6A6B DCH Q1ELP?LH
"HFH@01A@ ^U1jKfN 8;;Y`3 -CH 7@1iHLD 2HM E? DCH B@1G7F I@1J !U$ V6A0H@FAD? 1I (LAH6LH K6M
-HLC6121B?N %6FDADGDH 1I +GL2HK@ /C?FALF 1I DCH /12AFC !LKMHJ? 1I (LAH6LHF ^/!(`N kKBAH2216AK6
V6A0H@FAD? K6M [@KW1X ]KDH@ K6M (HXKBH #1J7K6? AF KAJHM KD DCH FHMAJH6DF A6 DCH @HFH@01A@
^"HLP?eFWAN 8;;5 K6M 8;;=h ,KLCH@P?eFWAN 8;;Yh kKWGE1XFWKN 8;;=` K6M GDA2AD? 1I FKDH22ADH @HJ1DH
FH6FA6B JHDC1MF ^,G2K@PN 8;;=h $HiJK61XFWK 8;;=`3 /K@DALG2K@2?N DCH B@1G7 X1@WF A6 DCH IAH2M 1I
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:@A:C GOCIBAJG K:<I:A ;?;MGA;:@A; BA9 ;G9:DGA<;0 IBHG >GGA D@A:<@=G9 :A M@=G KB<G= BA9 ;G9:DGA<
;BDMEG;0 :A @=9G= <@ F:A9 M@;;:>EG C@==GEB<:@A; >G<KGGA &=0 %; BA9 R> BA9 <IG;G GEGDGA<;$
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DOBCZYCE RESERVOIR 
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Fig. I Dobczyce Reservoir. stations and sample nomenclature. 
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+:;:<=> 8 <? ?<:@;:AB ;C=@: 9 DE B=F> :GA A?:@;HI =J :GA ';C; '<KAH. ;: :GA A>B =J :GA ?G;LL=FAH M;H:
=J :GA !INLA><OA P;?<>" +:;:<=> 7 <? ?<:@;:AB <> :GA >;HH=F<>Q. ;: :GA A>B =J :GA /=L><O; ?:HA;E C;I"
+:;:<=> 9 <? ?A: @M <> :GA E<BBLA =J :GA BAAM B;E R=COSIOA P;?<>" # C;:G=EA:AH TU<E>=?V F;? @?AB
:= O=LLAO: F;:AH ?;EMLA?" # ?AB<EA>: ?;EMLAH TU<E>=?V F;? @?AB := O=LLAO: ;>B M;H:<:<=> ?AB<EA>:
?;EMLA?"
+;EMLA? FAHA ML;OAB <> M=LIMH=MILA>A C=WA? T?AB<EA>:?V ;>B G<QGXBA>?<:I M=LIA:GILA>A C=::LA? ;>B
K<;L? TF;:AH?V" YGAI FAHA DAM: <> M=H:;CLA JHAASAH?. @>:<L :H;>?M=H:AB := =@H L;C=H;:=H<A? ;>B ?:=HAB
<> HAJH<QAH;:=H?. CAJ=HA CA<>Q @?AB <> :GA ;>;LI?A?" YGA M=HA F;:AH ?;EMLA? (PW) FAHA AW:H;O:AB
JH=E JHA?G ?AB<EA>:? T;C=@: Z[[ QV CI OA>:H<J@Q;:<=> TZ[[[ HME. 9[[ ?V" /;:AH ;>B M=HA F;:AH
?;EMLA? J=H EA:;L ;>;LI?A? FAHA <EEAB<;:ALI ;O<B<J<AB F<:G %*49\ := =C:;<> 7"] ^ TF_FV ?=L@:<=>?"
`<>;LLI. ;LL L<a@<B ?;EMLA? FAHA J<L:AHAB @?<>Q ><:H=OALL@L=?A EAECH;>A? TZ][ >EV" +AB<EA>:
?;EMLA? Tb+V FAHA O;HAJ@LLI E<WAB. BH<AB <> ;<H TZ[ c$V. O;HAJ@LLI OH@ECLAB. ?<AKAB ;: 7 EE ;>B
FA:XB<QA?:AB T:F= HAMA:<:<=>? J=H A;OG ?;EMLAV F<:G :GA @?A =J :GA E<OH=F;KA ?I?:AE d><OLAKAH -L"

#:=E<O ;C?=HM:<=> ?MAO:H=EA:HI T##+V X ; bAHD<>X&LEAH ?MAO:H=EA:AH E=BAL 988 O - F;?
@?AB J=H JL;EA ;>;LI?A? =J $; ;>B `A" # bAHD<>X&LEAH QH;MG<:A J@H>;OA X E=BAL %2#Xe[[ X F;?
@?AB J=H ALAO:H=:GAHE;L ;>;LI?A? =J bC ;>B #?" -> =HBAH := BA:AHE<>A O=>OA>:H;:<=> =J $H. ; (AAE;>
(U Z8[[ bAHD<>X&LEAH ?MAO:H=EA:AH F;? @?AB" +AB<EA>: X M=HA F;:AH Aa@<L<CH<@E O=AJJ<O<A>:? (K) 
FAHA O;LO@L;:AB ;? :GA H;:<= =J :GA O=>OA>:H;:<=> =J #?. bC ;>B $H in A;OG ?AB<EA>: ;>B <:? M=HA
F;:AH"

-=><O OGH=E;:=QH;MGI T-$VX ,>;@AH_#LL:AOG F;? MAHJ=HH>AB @?<>Q AW:AH>;L ;><=><O
?:;>B;HB? := BA:AHE<>A ;>B O=EM;HA :GA O=>OA>:H;:<=> =J ?ALAO:AB ;><=>?"

#>;LI?A? =J F;:AH TM%. &G. X, :AEMAH;:@HAV FAHA MAHJ=HEAB B<HAO:LI => :GA C=;:. B@H<>Q
O=LLAO:<=> =J ?;EMLA?" YAEMAH;:@HA F;? HA;B JH=E :GA :GAHE=EA:AH L=O;:AB <>?<BA :GA 9"] 8 K=L@EA
C;:G=H>A:AH. <EEAB<;:ALI ;J:AH ?;EML<>Q" /;:AH JH=E :GA C;:G=EA:AH F;? O;HAJ@LLI :H;>?M=H:AB := ;
8 8 M=LIMH=MILA>A CA;DAH Aa@<MMAB F<:G ; ?A: =J ?A>?=H?" Y= EA;?@HA M%. :GA O=EC<>AB &'%X88
ALAO:H=BA T%IBH=EA:V L<>DAB := ; E<LL<K=L:EA:AH Aa@<MMAB F<:G ; Pt - 8[[ :GAHH>=EA:AH. F;? @?AB"
&G F;? EA;?@HAB F<:G :GA @?A =J ; b:X#Q_#Q$- OALL. L<>DAB := ; E<LL<K=L:EA:AH" YGA O=>B@O:<K<:I
F;? EA;?@HAB @?<>Q ; b: O=>B@O:=EA:H<O OALL &b+X7 (! T&@H=?A>?=HV L<>DAB := :GA O=>B@O:=EA:AH
$$X98] T&LEA:H=>V Aa@<MMAB F<:G ; b: X8[[ :GAHE=EA:AH" /;:AH ?;EMLA? J=H [2 ;>;LI?A? FAHA
O;HAJ@LLI O=LLAO:AB <> GAHEA:<O QL;?? C=::LA?" YGA =WIQA> O=>OA>:H;:<=> O=S F;? ;>;LI?AB F<:G :GA
+:<HH 4WX2 ALAO:H=BA L<>DAB := :GA 4W< ]9f Q;@QA"

4HQ;><O E;::AH F;? BA:AHE<>AB CI :GA <Q><:<=> L=?? ;: ]][ c$ T7 GV" 2H;<> ?<SA ;>;LI?<? F;?
MAHJ=HEAB @?<>Q ; $=@L:AH U+ M;H:<OLA ?<SA ;>;LISAH"

YGA ?:;>B;HB BAK<;:<=> J=H A;OG EA:;L ;>;LI?<? <> F;:AH T>g Zh =>A ?;EMLAV ;>B ?AB<EA>:
T>g Zh :F= ?AM;H;:ALI B<QA?:AB ?;EMLA?. :F= HAMA:<:<=>?V F;? O;LO@L;:AB" -> <=><O OGH=E;:=QH;MGI.
A;OG HA?@L: <? :GA ;KAH;QA =J :F= EA;?@HAEA>:?" Y= <BA>:<JI M=??<CLA O=HHAL;:<=>? CA:FAA> :GA
O=>OA>:H;:<=>? =J $H. #? ;>B bC KAH?@? `A =H $; O=>:A>: ;: :GA :GHAA ?:;:<=>? ;>B F<:G<> :GA :GHAA
L;IAH?. :GA O=HHAL;:<=> E;:H<W ;: :GA ?<Q><J<O;>OA LAKAL =J ["[] F;? O;LO@L;:AB J=H >g i T+:;:<?:<O; jV"
&;OG ?<Q><J<O;>: O=HHAL;:<=> <? <>B<O;:AB <> :GA B<?O@??<=> CI :GA O=HHAL;:<=> O=AJJ<O<A>: kHk"

'&+dUY+ #*R R-+$d++-4*

Physical and chemical properties of water at the stations 
+;EMLA? FAHA :;DA> CI :GA A>B =J :GA F;HE 1@>A =J 7[[e T:AEM" =J ?@HJ;OA F;:AH 79"ZX7]"9 c$V.
B@H<>Q :GAHE;L ;>B E=BAH;:A =WIQA> ?:H;:<J<O;:<=>?" +=EA <EM=H:;>: MGI?<O;L ;>B OGAE<O;L

l MH=MAH:<A? =J C=::=E F;:AH? ;>B ?AB<EA>:? ;HA MHA?A>:AB <> Y;CLA -"
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;<=0> "% ?@ABCD<0 <EF D@>GCD<0 HIJH>EC>B JK =JLLJG M<L>I <EF LJH B>FCG>EL B<GH0>B% NJ=DOAD> *>B>IPJCI Q BRGG>I
!SST%

Bottom water co, 
I UV'5 pH 

%1%
Eh vs. SHE [mgO2*dm") parameters [pS•cm·11 (Saturation) 

Pl (9m) "W%X Y%YS !ZW [S%!!\ ] T%! ^T!_`<L "\%W V'

P2(9.5 m) "W%W Y%YS !WX [S%!Z! ] T%" ^TS_`<L "Y%"V'

P3(23m) X1S Y%Z# !"X [S%!#T ] Z%S ^#Z_`<L "W%Z V'

Top sediment Organic Medium& 
(A: 1-6cm) I UV'5 matter Clay<2pm fine silt Content of 

parameters U_a volume[%) b 15.6pm jpore waler [ _ `
volume[%) 

PSIA (9 m) "W%X T%!Y X%S WZ%# #\

PS2A (9.5 m) "W%W \%XX "W%# #\%" TS%Z

PS3A (23m) X%S \%X" "T%\ Z"%X T\

cJLLJG M<L>I B<GH0>B ^? "1 ?!1 ?W` <I> D@<I<DL>ICO>F =A 0JM>I DJED>ELI<LCJEB JK 0! MCL@ B<LRI<LCJE
P<0R>Bd T!1 TS <EF #Z_1 I>BH>DLCP>0A% I(1 F>KCE>F <B U)@ + S1ST e H(a f S%SW CB >gR<0 LJ !W Q
!W%\ ^M><h0A JiCFCBCEj DJEFCLCJEB`% H( JK L@> BRIK<D> M<L>I B<GH0>B CE L@>B> L@I>> HJCELB M<B 4% 4 Q
"%"Z @Cj@>I L@<E L@> H( JK =JLLJG M<L>I B<GH0>B ^CEL>EBCP> H@JLJBAEL@>BCB`% ;@> DJEFRDLCPCLA JK
=JLLJG M<L>IB <L ?0 LJ ?W F>DI><B>F KIJG !ZW L@IJRj@ !WX LJ ! 4 X k. e DGl1 I>BH>DLCP>0A% ;@CB
F>H>EF>ED> CB I>0<L>F LJ B>P>I<0 K<DLJIB P<IACEj <0JEj L@> NJ=DOAD> *>B>IPJCId ^a` 0JM>I
L>GH>I<LRI> JK L@> =JLLJG M<L>I1 ^!` @Cj@>I BJIHLCJE D<H<DCLA JK B>FCG>EL ^KCE>I jI<CECEj1 GJI>
JIj<ECDB`1 ^W` GJI> m> <EF Mn DJ00JCFB CE L@> =JLLJG M<L>I BRBH>EBCJE CE L@> F>>H NJ=DOAD> c<BCE
^.O<I>hQ6MC<OF<1 !SSZ`% ;@> DJEFRDLCPCLA JK BRIK<D> M<L>I <L L@> HJCELB ?4Q?W M<B <L < BL<=0> 0>P>0
JK !YSQ!ZZ k. * DGl1 @JM>P>I E><I L@> >BLR<IA CL IJB> LJ W#S k. e DGn1• 

Distribution of total Cr, As and Pb in bottom and pore water samples 
;@> DJED>ELI<LCJE JK 'I CE =JLLJG M<L>I M<B F>L>IGCE>F LJ => S%Z Q" HH= ^MfM` <EF DJED>ELI<LCJEB
JK &B <EF ?= CE L@> B<G> B<GH0>B FCF EJL >iD>>F L@> =0<Eh B<GH0> 0>P>0 ^<DCFCKC>F F>CJECB>F M<L>I`1
L@RB L@>A GRBL => 0JM>I L@>E 4 HH=% 4E ><I0C>I MJIh =A ^.O<I>hQ6MC<OF< !SST` CE 5RE> "XX\1 L@>
DJED>ELI<LCJE JK ?= CE =JLLJG M<L>I M<B <=JRL 8%Y HH= <EF CE JRI HI>PCJRB CEP>BLCj<LCJEB
^$<D@>IOAoBhC1 !SSZ` FCF EJL >iD>>F 4 HH=% ;@>I>KJI>1 L@> DJED>ELI<LCJE JK LJL<0 'I <EF &B =RL
>BH>DC<00A ?=1 CE HJI> M<L>I B<GH0>B CB DJEBCF>I<=0A @Cj@ Q mCj% ! <EF W%
'I JDDRIB CE <00 HJCELB <EF 0<A>IB <L L@> BL<=0> 0>P>0 JK Z%! p 4%8 HH= ^>iD>HL ?25'`% *>0<LCP>0A
@Cj@>I DJED>ELI<LCJEB JK &B ^"! Q W\ HH=` CE L@> B<G> B<GH0>B M>I> F>L>IGCE>F% ;@> DJED>ELI<LCJE
JK L@CB >0>G>EL CEDI><B>B MCL@ L@> F>HL@ JK ><D@ DJI> KIJG < 0<A>I & LJ ' <EF CB BCGC0<I CE ><D@ 0<A>I
^<P>I<j>d &Q "Z%S p W%T HH=1 cQ !S%Y p Y%# HH=1 'Q WW%S p #%T HH=` <L <00 W BL<LCJEB% ->P>IL@>0>BB1
L@> LJL<0 <GJRELB JK M><h0AQ=JREF &B CE ><D@ 0<A>I FJ EJL FCKK>I KIJG ><D@ JL@>I <B GRD@1 =>D<RB>
>P>IA F>>H>I 0<A>I DJEL<CEB < 0JM>I PJ0RG> JK HJI> M<L>I%
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Sampling points 
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400 

:ii' 
350 
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200 'E 
Cl) 
o 150 C 
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Sampling points 

ABC" 7 $;DEFDGHIGB;D ;J #K IDL $H BD M;HF NIGFHK"
+GIDLIHL LFOBIGB;D PIHK. DQR" S;PETUEF 'FKFHO;BH V
KWXXFH 7YYZ"

ABC" [ $;DEFDGHIGB;D ;J \P BD M;HF NIGFH" +GIDLIHL
LFOBIGB;D PIHK. DQR" S;PETUEF 'FKFHO;BH V KWXXFH
7YYZ"

#PD;HXI]]U ^BC^ E;DEFDGHIGB;DK ;J \P BD M;HF NIGFH KIXM]FK >7RYV[_Y MMP? BD \/] NFHF
J;WDL" `^F KGIDLIHL OI]WF ;J \P J;H E]IKKBJBFL NIGFH BK 9Y MMP >!46(*Ba. 8bb8c !(. 7YY7? IDL 8 4
MMP >&d SBHFEGBOF. 8bb_?" `^BK E;DGIXBDIGB;D XIU ^IOF HFKW]GFL JH;X G^F H;IL E;DKGHWEGB;D N;HeK
I];DC G^F 'IPI 'BOFH ;H LHFLCBDC KFLBXFDGK IDL FfEIOIGB;D ;J ICCHFCIGF. LWF G; G^F CH;WDL N;HeK
;D G^F OFHU PWKU IDL ^FIOB]U FfM];BGFL H;IL IDL KFLBXFDG HFX;OI]" `^F N;HeK PFCID BD 7YY9 IDL
E;DGBDWFL BDG; 7YYZ. BD G^F IHFI E];KF G; G^F HBOFH FKGWIHU G; G^F HFKFHO;BH" `^F KXI]]FH K;HMGB;D
EIMIEBGU ;J KFLBXFDGK >KXI]]FH IX;WDG ;J ;HCIDBE XIGGFH IDL KXI]]FH O;]WXF ;J E]IUK IDL JBDFH
KB]GK V `IP]F -? XBC^G EIWKF G^F F]FOIGFL IX;WDGK ;J NFIe]UVP;WDL \P MHFKFDG BD G^F M;HF NIGFH IG
\/]"

`IP]F 7" $;DEFDGHIGB;D ;J AF IDL $I IDL KGIDLIHL LFOBIGB;D >+S? BD P;GG;X NIGFH >\-V\[?. M;HF NIGFH >\/-V\/[? IDL
KFLBXFDG >\+ -V\+[? KIXM]FK" S;PETUEF 'FKFHO;BH V KWXXFH 7YYZ"

SAMPLE Pl PWIA PWIB PWIC P2 PW2A PW2B PW2C P3 PW3A PW3B PW3C 

C Fe Y"97 Y"[[ Y"R[
77"R 7Z"9 87"b 8Z"9 7Z"[ 77"8 9"R _"g 8b"7

[ppm] 

SD, n=4 0.03 0.14 O.Ol 0.16 0.03 0.02 0.06 0.35 0.03 0.18 0.08 0.23 

C Ca Rg"8 [Z"g [["_
[7"Y 7g"Y RY"R [["Z Rg"8 _8"b 7g"b [g"b _7"R

[ppm] 

SD, n=4 0.23 0.04 0.20 0.61 O.OS 0.04 O.OB 0.37 0.04 0.02 0.28 0.35 

SAMPLE PSIA PSIB PSIC PS2A PS2B PS2C PS3A PS3B PS3C 

C Fe 7R8_7 7[79[ 7R9R[ 7[gb7 7[R99 7Zb8[ [Y9g9 [7b9Y [7Y9_
[ppm] 

SD, n=4 799 1835 1106 1222 1651 41 636 2720 1618 

Cea b9bR 8Y9Y[ _YZ_ 8_gY 89Y[ 7Y[8 [Z_Y 9R[9 [Y9R
[ppm) 

SD, n=4 474 274 28 62 59 10 102 184 107 
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-9:9;<=9>9??1 <=9 @AB@9B<;C<DAB AE FG DB C>> HA;9 IC<9; ?CJH>9? E;AJ ?<C<DAB? F2! CBK F2L I9;9 C<
C ?<CG>9 CBK JM@= >AI9; >9:9> <=CB <=9 F2> >9:9> AE NO%L P ""%Q HHG% R=9 @AB@9B<;C<DAB AE FG DB
HA;9 IC<9; ?CJH>9? D? ?<;ABS>T @A;;9>C<9K ID<= <=9 @AB@9B<;C<DAB AE 'C DB ?9KDJ9B<? U; V W%X!Y1
BV XZ% R=9 <A<C> [9 CBK 'C @AB@9B<;C<DAB DB HA;9 IC<9; ?CJH>9? DB HHJ UI\IZ CBK DB ?9KDJ9B<
?CJH>9? DB JS\ ]S AE K;T JC??1 9^H;9??9K DB <=D? HCH9; C? HHJ1 D? H;9?9B<9K DB RCG>9 00% .AJ9
@AJJ9B<? AB <=9 KD?<;DGM<DAB AE [9 CBK 'C C;9 H;9?9B<9K DB <=9 ?9@<DAB 4 ). 

Distribution of total Cr, As and Pb in sediment samples and equilibrium ratio (K) between the 
concentrations of these metals in sediment and pore water samples 
R=9 @AB@9B<;C<DAB AE <A<C> &?1 FG CBK '; DB ?9KDJ9B< ?CJH>9? D? H;9?9B<9K DB [DS% N% R=9 C:9;CS9
@AB@9B<;C<DAB AE 9C@= J9<C> D? "O%Q1 !L%Q CBK NX%O HHJ UI\IZ1 ;9?H9@<D:9>T% R=9 @AB@9B<;C<DAB AE FG
D? :9;T I9>> B9SC<D:9>T @A;;9>C<9K ID<= <=9 @AB@9B<;C<DAB AE 'C DB ?9KDJ9B< ?CJH>9? U; V _W%X#N1
B V XZ1 I=D@= JDS=< ?MSS9?< @AJH9<D<DAB G9<I99B <=9?9 KD:C>9B< J9<C>? EA; C:CD>CG>9 ?A;H<DAB ?D<9?
ID<=DB <=9 ?9KDJ9B<% 0< D? DJHA;<CB< <A HADB< AM< <=C< DB <=9 ?MJJ9; AE !WWY1 JM@= >AI9; >9:9>? AE
FG UY -IO HHJZ I9;9 K9<9;JDB9K DB <=9 ?9KDJ9B< ?CJH>9?1 @A>>9@<9K C< <=9 "Q ?<C<DAB? E;AJ <=9
`AG@aT@9 *9?9;:AD; UMBHMG>D?=9K KC<CZ% (AI9:9;1 D< IC? BA<9K DB U.aC;9]_4IDCaKC1 !WWWZ <=C< FG
IC? EAMBK C< C >9:9> AE "#%"_YW%L HHJ DB "XXN CBK N%"_LW%O HHJ DB "XXO% R=9?9 KC<C ?=AI C
@AB?DK9;CG>9 CBBMC> CBK ?D<9_K9H9BK9B< :C;DCGD>D<T AE <=9 >9CK @AB@9B<;C<DAB? DB ?9KDJ9B<? E;AJ
`AG@aT@9 *9?9;:AD;%
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Sampling points 

[DS% N 'AB@9B<;C<DAB AE &?1 FG CBK '; DB ?9KDJ9B<?% .<CBKC;K K9:DC<DAB GC;?1 BVN% `AG@aT@9 *9?9;:AD; _ ?MJJ9; !WW#%

.9KDJ9B< _ HA;9 IC<9; 9bMD>DG;DMJ @A9EED@D9B<? (K), @C>@M>C<9K C? <=9 ;C<DA G9<I99B <=9
@AB@9B<;C<DAB AE 9C@= J9<C> DB C ?9KDJ9B< CBK D<? HA;9 IC<9; C;9 H;9?9B<9K DB RCG>9 000% / DBKD@C<9?
<=9 DJJAGD>D?C<DAB AE 9C@= J9<C> CBK D<? CEEDBD<T <A <=9 C@<D:9 @AJHAMBK? ID<=DB ?9KDJ9B<?%
'; CHH9C;? C? C @AB<CJDBCB< JCDB>T KM9 <A <=9 <CBBDBS DBKM?<;T EM;<=9; MH <=9 *CGC *D:9; @AM;?9% ';
D? DJJAGD>D?9K DB <=9 CBC>T?9K ?9KDJ9B<? :9;T 9EED@D9B<>T UJ9CB /@1ccccc XWWWZ% R=9 @AB@9B<;C<DAB AE
'; DB ?9KDJ9B<? <9BK? <A DB@;9C?9 E;AJ <=9 ?<C<DAB 0 <A L1 ;9C@=DBS QW%W P Q%X HHJ C< <=9 F.L'% 6B9
HA??DG>9 9^H>CBC<DAB AE <=D? H=9BAJ9BAB D? C KD?<DB@< @A;;9>C<DAB AE <=9?9 ;9?M><? ID<= <=9 <A<C> [9
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:;<:=<>?@>A;< A< B=CAD=<>B E? F G"HIJ. < F KL" MN= B>?;<O @PPA<A>Q ;P $? >;R@?CB B=CAD=<>B =STU@A<B
A>B U;R :;<:=<>?@>A;<B A< T;?= R@>=? B@DTU=B @> @UU >N= >N?== B>@>A;<B"

M@VU= J" &WXAUAV?AXD ?@>A;B (K) V=>R==< >N= :;<:=<>?@>A;< ;P D=>@U A< B=CAD=<> @<C A>B T;?= R@>=?"

SAMPLE PIA PIB PIC P2A P2B P2C P3A P3B P3C MEAN 

KA, 1081 794 445 1036 737 686 1321 1401 695 911 

K Pb 74 49 77 427 702 936 485 495 426 408 

Kc, 8670 8063 3150 6483 9476 9816 14063 9583 11662 8996 

MN= NAON :;<:=<>?@>A;<B ;P YV A< >N= T;?= R@>=? B@DTU=B EY/-#ZY/ -$L A<PUX=<:= >N= @V<;?D@U
U;R =WXAUAV?AXD :;=PPA:A=<>B ;P >NAB =U=D=<> A< >NAB B=CAD=<>B ED=@< KPb F [9L"
#B AB ADD;VAUAB=C A< >N= B=CAD=<> @> >N= D;C=?@>= U=\=U ED=@< ,#B]] KGGL @<C A>B :;<:=<>?@>A;< AB
R=UU <=O@>A\=UQ :;??=U@>=C RA>N >N= :;<:=<>?@>A;< ;P $@ A< B=CAD=<>B E? F ZG"9[I. <F KL. @B it AB A<
:@B= ;P YV"

Distribution of total Fe and Ca in water and sediment samples - Table Il 
MN= :;<:=<>?@>A;< ;P >;>@U ^= A< V;>>;D R@>=? @> YU >; YJ AB U=BB >N@< - TTD. @U>N;XON A< T;?= R@>=?
B@DTU=B. A> AB V=>R==< I @<C 79 TTD" MNAB =S:=BB :@< V= :@XB=C VQ >N= NAON=? D;VAUA>Q ;P A?;< A;<B
RA>NA< >N= B=CAD=<>. RNA:N DAON> V= =STU@A<=C VQ >N= T?=\@U=<:= ;P >N= D;?= B;UXVU= ^=7_ A;<""MN=
@:X>= C?;T ;P &N XBX@UUQ >@`= TU@:= A< B=CAD=<>B Ea@DT=?>. 8KKKL" +A<:= >N= &N ;P >N= V;>>;D R@>=?
B@DTU=B @> YU >; YJ R@B A< >N= ?@<O= ;P ^=2_b^=J_ =WXAUAV?AXD E_G"7 Z _G"J cL ZM@VU= -. ;<= :@<
T?=CA:> >N= =SAB>=<:= ;P B;D= ^=2_ A;<B A< >N= B=CAD=<>B" +d@?=`Z2RA@dC@ E7GGGL BN;R=C >N@> >N=
:;<:=<>?@>A;< ;P ^= A< V;>>;D R@>=? B@DTU=B >=<CB >; ?AB= EP?;D G"J >; J"I TTDL P?;D 1X<=
>; +=T>=DV=?. RNA:N :;<PA?DB >N= ?=U=@B= ;P >N= B;U XVU= ^= CX?A<O >N= BXDD=? B=@B;<"

$@ @UB; >@`=B T@?> A< >N= A;<A: =S:N@<O=. :?QB>@UUAB@>A;< @<C T?=:ATA>@>A;< RA>NA< >N= B=CAD=<>B
;? :;DT=>A>A;< RA>N ;>N=? :@>A;<B" MN= NAON=B> :;<:=<>?@>A;< ;P $@ A< T;?= R@>=? B@DTU=B AB
;VB=?\=C A< >N= C==T=B> U@Q=?B E$L ;P =@:N :;?=. RNA:N DAON> V= @O@A< ?=U@>=C >; >N= P@:> >N@> =\=?Q
C==T=? U@Q=? :;<>@A<B @ U;R=? \;UXD= ;P T;?= R@>=?. @B >N= >;>@U @D;X<> ;P @ B;UXVU= P;?D RA>NA< >N=
B=CAD=<> ?=D@A<B BADAU@? A< >N= RN;U= :;?=" MN= :;<:=<>?@>A;< ;P $@ A< B=CAD=<>B >=<CB >; V=
A<C=T=<C=<> ;P C=T>N ;P =@:N :;?=. VX> AB NAON=B> @> >N= Y+- E:;@?B= BAU> B=CAD=<>L"

Distribution of selected anions in water and sediment samples 
MN= :;<:=<>?@>A;<B ;P B=\=?@U @<A;<B A< R@>=? @<C T;?= R@>=? B@DTU=B. A< >N= :;X?B= ;P >N?==
B=@B;<B E8I"Ge. 79"G[ @<C 8K"8 4L A< 7GG[. R=?= C=>=?DA<=C" -< =@:N B=@B;< >N= B@DTU=B R=?= >@`=<
P?;D >N= B@D= >N?== B>@>A;<B. VX> RA>N;X> Y7 A< BT?A<O"

*4JZ A;<B @?= T?=B=<> A< V;>>;D R@>=? B@DTU=B @> >N= U=\=U ;P 7"I Z ["I TTD" /A>N @ P=R
=S:=T>A;<B A< YU. <A>?@>=B C; <;> =SAB> A< >N= T;?= R@>=? @> U=\=UB NAON=? >N@< 4" - Z G"GI TTD
EC=>=:>A;< UADA>L Z ^AO" I" *; <A>?A>=B @?= ;VB=?\=C A< >N= :N?;D@>;O?@DB" MN=B= ?=BXU>B A<CA:@>= @
C=<A>?APA:@>A;< RA>NA< >N= B=CAD=<>B" MNAB ?=BXU> AB :;<>?@?Q >; D=@BX?=D=<>B T=?P;?D=C A< >N=
BXDD=? ;P 7GGe E!@:N=?dQfB`A. 7GGIL. RN=< @ D;C=?@>= @::XDXU@>A;< ;P <A>?@>=B RA>NA< >N=
B=CAD=<>B R@B ;VB=?\=C"
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E 2 
Cl) 
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C: o o 
(.) 

I ~o N03 spring I 
I li N03 summer 

! N03autumn 
li %% 0>% !

0 ! I 
0 n. " ! I 
E <[ IXl =%? E <[ IXl =%? E <[ IXl =%?
CX) i i i %11 N N N %%1 %%1 %%1 %%1

c,; ;;:: ;;:: ;;:: N ;;:: ;;:: ;;:: 
0.. 0.. 0.. 0.. 0.. 0.. 0.. 0.. 0.. @:

N 
%%1

0.. 
0.. 

Sampling points 

ABC% D 'EFGHFIJ@IBEF EK -7L BF MEIIEN @FO PEJH Q@IHJ R@NP>HR1 FS!% TEMGUVGH *HRHJWEBJ X RPJBFC =HYGHPI Z!?1 R[NNHJ @FO @[I[NF
!\\<%

]^H GEFGHFIJ@IBEFR EK HJ @FO RE1_: @JH R^EQF BF ABC% < @FO `% ]^H RIH@OV GEFGHFIJ@IBEF EK
G^>EJBOHR BF MEIIEN Q@IHJ BR G@% < PPN BF RPJBFC @FO R[NNHJ1 M[I BFGJH@RHR IE 07 PPN BF @[I[NF
=PERRBM>H JH@REFR: >EQHJ Q@IHJ K>EQ1 JE@O M[B>OBFC @FO HYG@W@IBEF QEJaR [P I^H JHRHJWEBJ?%
'^>EJBOHR @GG[N[>@IH NEOHJ@IH>V BF PEJH Q@IHJ1 HYGHPI BF @[I[NF% .N@>> @NE[FIR EK A BEF BF
MEIIEN Q@IHJ =[P IE 7% 0 PPN?1 QBI^ @ PERRBM>H @GG[N[>@IBEF BF PEJH Q@IHJR =7% 0 X \%! PPN? @JH @>RE
EMRHJWHO%

) "# 'I XXXXXXXXXXX1XXX@@LX1

~ :: ~I --!"XXXXXXXXXXXXXXXXL

_§ "! 11 -71ntiJ:l~=::=.=.;:.=::==.;:.=:=======:'.'1 
~ 10 I 

c : I 
t 4 
': 2 
8 Q-t'-"'--,.W_-_..,_._-,~·---~--'-'-"~ 

u ) b_;i: u, ~ 
Il. %L Il. 

b_Il. 
Sampling points 

ABC% < 'EFGHFIJ@IBEF EK '>b BF MEIIEN @FO PEJH Q@IHJ
R@NP>HR1 FS!% TEMGUVGH *HRHJWEBJ X RPJBFC =HYGHPI Z!?1
R[NNHJ @FO @[I[NF !\\<%

'[ :: 11----------,=====;-i 

.9, 14 
C: 12 
.2 10 I 
~ 81 c :"
c: 2 T 
8 o~•"-,-U'Y--"'-r._...,~.,.....,'"-'._,_~-~=--~~ 

b_Il. 
Sampling points 

ABC% `% 'EFGHFIJ@IBEF EK &R1 ZM @FO 'J BF RHOBNHFIR%
.I@FO@JO OHWB@IBEF M@JR1 FSd% TEMGUVGH *HRHJWEBJ X
R[NNHJ !\\<%

]^H RIH@OV GEFGHFIJ@IBEF EK R[>P^@IHR BF MEIIEN Q@IHJ R@NP>HR BR MHIQHHF "D @FO !\ PPN%
]^H GEFGHFIJ@IBEF EK I^BR BEF BR [P IE e# = "e\ X BF EFH RPHGB@> G@RH? IBNHR ^BC^HJ BF MEIIEN Q@IHJR
I^@F BF PEJH Q@IHJ R@NP>HR1 @FO I^BR J@IBE BFGJH@RHR QBI^ I^H OHPI^ EK H@G^ GEJH% ]^H PJBNH JH@REF
KEJ I^BR P^HFENHFEF NBC^I MH I^@I QBI^ BFGJH@RBFC OHPI^ EK H@G^ GEJH1 I^H )^ PEIHFIB@> OHGJH@RHR
JHR[>IBFC BF RENH MBE>ECBG@> JHO[GIBEF EK R[>P^@IHR% 0F JHGHFI QEJa =$@G^HJUVFRaB1 BF PJHP@J@IBEF?1
.)$Xf.)X)T. =RG@FFBFC H>HGIJEF NBGJERGEPV QBI^ M@Ga RG@IIHJBFC @FO NBGJE@F@>VRBR?
EMRHJW@IBEFR EF RHOBNHFIR KJEN I^H TEMGUVGH *HRHJWEBJ1 ^@R R^EQF F[NHJE[R1 RN@>> @[I^BCHFBG
KJ@NMEBO@> @CCJHC@IHR EK BJEF R[>P^BOHR% ZJHGBPBI@IBEF EK M@JBIH G@F MH @F EI^HJ PJEGHRR JHRPEFRBM>H
KEJ I^H R[>P^@IH [PI@aH QBI^BF I^H RHOBNHFI GEJHR% ]@aBFC BFIE GEFRBOHJ@IBEF I^H JH>@IBWH>V ^BC^
GEFGHFIJ@IBEF EK IEI@> f@ BF MEIIEN @FO PEJH Q@IHJ R@NP>HR1 M@JB[N G@IBEFR RHHN IE GEFIJE> I^H
GEFGHFIJ@IBEF EK .7g BEFR BF I^H MEIIEN @FO PEJH Q@IHJ R@NP>HR MV I^H M@JBIH RE>[MB>BIV PJEO[GI
GEFRI@FI =$@G^HJUVFRaB1 !\\DL $@G^HJUVhRaB BF PJHP@J@IBEF?% 0' @F@>VRHR EK R[>P^@IHR BF @[I[NF
!\\< R^EQHO @MFEJN@> GEFGHFIJ@IBEFR EK I^BR @FBEF BF PEJH Q@IHJ R@NP>HR1 HRPHGB@>>V @I I^H OHHPHRI
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:/;" <=> ?@A>BCDEF?GA H>B> B>I>DE>J FG 7KKL. FG ?BJ>B E? MFGJ D B>DA?GD@N> >OINDGDEF?G M?B E=FA
I=>G?P>G?G" <=> B>AQNEA. DME>B DIIB?IBFDE> B>JQREF?G. HFNN @> B>I?BE>J >NA>H=>B>"

$4*$ST+-4*+

8U <=> R?GR>GEBDEF?G ?M E?EDN #A. $B DGJ :@ FG E=> @?EE?P HDE>B DGJ A>JFP>GE ADPIN>A MB?P E=>
ADPINFGV I?FGEA W:N X :;U ?M E=> Y?@RZ[R> '>A>BC?FB FA N?H DGJ J?>A G?E >OR>>J E=> DRR>IED@N>
NFPFE CDNQ>A W&T YFB>REFC>. 899\] !46(*FS. 7KK7] ^?_D`?HA`D. 7KK8U"
7U <=> R?GR>GEBDEF?G ?M E?EDN $B DGJ #A. @QE >AI>RFDNN[ :@. FG I?B> HDE>B ADPIN>A FA R?GAFJ>BD@N[
=FV=" +?P> JFAR=DBV> ?M :@ MB?P E=> 'D@D 'FC>B PQAE =DC> ED`>G INDR> @>M?B> E=> P>DAQB>P>GEA
B>AQNEFGV FG E=> D@G?BPDNN[ =FV= R?GR>GEBDEF?G ?M :@ FG I?B> HDE>B ADPIN>A MB?P E=> AEDEF?G AFEQDE>J
G>DB E=> >AEQDB[ ?M E=> BFC>B (PW -U"
# AFVGFMFRDGE CDBFDEF?G ?M #A DGJ :@ R?GR>GEBDEF?GA FG I?B> HDE>B ADPIN>A =DA @>>G M?QGJ. AFGR> E=>
R=?A>G E=B>> ADPINFGV I?FGEA B>IB>A>GE E=> E=B>> JFMM>B>GE E[I>A ?M =[JB?N?VFRDN R?GJFEF?GA DN?GV E=>
Y?@RZ[R> '>A>BC?FB"
;U <=> FPP?@FNFADEF?G ?M $B. #A DGJ :@ FG E=> A>JFP>GEA FA >OIB>AA>J @[ E=> K BDEF? @>EH>>G E=>
R?GR>GEBDEF?G ?M >DR= P>EDN FG A>JFP>GE DGJ I?B> HDE>B ADPIN>A" <=> P>DG , CDNQ>A H>B> D@?QE
9KKK. 9KK.aKK M?B $B. #A DGJ :@. B>AI>REFC>N["
aU # AFVGFMFRDGE CDBFDEF?G ?M *43• DGJ A?.bc R?GR>GEBDEF?GA FG @?EE?P DGJ I?B> HDE>B ADPIN>A HDA
?@A>BC>J" #G DJCDGR>J N>C>N ?M J>GFEBFMFRDEF?G HFE=FG E=> A>JFP>GEA ED`>A INDR> W>AI>RFDNN[ FG :7
DGJ :;U" <=> R?GR>GEBDEF?G ?M AQNI=DE>A FA QI E? ;\ W8;KX FG ?G> AI>RFDN RDA>U EFP>A =FV=>B FG
@?EE?P HDE>BA E=DG FG I?B> HDE>BA WAIBFGV. AQPP>BU. DGJ E=FA BDEF? FGRB>DA>A HFE= E=> J>IE= ?M >DR=
R?B>" +?P> I?AAF@N> >OINDGDEF?GA ?M E=FA I=>G?P>G?G DB> IB>A>GE>J"
%[JB?N?VFRDN R?GJFEF?GA. FGRNQJFGV E=> A>JFP>GEDEF?G IB?R>AA. DGJ E=> R?PI?AFEF?G ?M A>JFP>GE DE
>DR= AEDEF?G W:NX:;U FGMNQ>GR>J E=> JFAEBF@QEF?G ?M $B. #A DG :@ FG E=> I?B> HDE>B DGJ A>JFP>GE
ADPIN>A" %FV=>B DP?QGEA ?M =>DC[ P>EDNA FG E=> DIIB?IBFDE> A>JFP>GEA FG E=> Y?@RZ[R> '>A>BC?FB
DB> B>NDE>J E? E=>FB A?BIEF?G ?G RND[ PFG>BDNA. ?BVDGFR PDEE>B DGJ !G ?B d> ?OFJ>A DGJ =[JB?OFJ>A"
dB?P E=FA I?FGE ?M CF>H. E=> ADPIN> :+ - JFMM>BA MB?P E=> ?E=>BA" -E FA D R?DBA> AFNE A>JFP>GE HFE=
=FV=>B DP?QGEA ?M $D WK"8 eU. APDNN>B fQDGEFEF>A ?M RND[A W9 eU DGJ ?BVDGFR PDEE>B Wg"; eU" 4G E=>
?E=>B =DGJ. E=>B> FA D MFG> AFNE DGJ RND[ A>JFP>GE FG E=> JDP Y?@RZ[R> ^DAFG W:+;U. DGJ E=>
DM?B>P>GEF?G>J CDNQ>A DB> K"Ka e. 8g"9 e DGJ \"9 e. B>AI>REFC>N[" #JJFEF?GDNN[. E=> ##+ DGDN[A>A
FGJFRDE> D =FV=>B E?EDN d> R?GR>GEBDEF?G DE E=FA N?RDEF?G" <=> DM?B>P>GEF?G>J ?@A>BCDEF?GA DGJ
B>AQNEA IB?CFJ> D I?AAF@N> >OINDGDEF?G ?M H=[ E=> R?GR>GEBDEF?GA ?M $B. #A DGJ :@ FG A>JFP>GEA E>GJ
E? FGRB>DA> MB?P :N E? :; DGJ IB?CFJ> D I?AAF@N> ?BFVFG M?B E=> ?@A>BC>J R?BB>NDEF?GA @>EH>>G E=>
R?GR>GEBDEF?G ?M $B. #A DGJ :@ C>BAQA E=> R?GR>GEBDEF?GA ?M $D DGJ d>"
<=> ADP> DIIB?DR= DGJ P>DAQB>P>GEA DA IB>A>GE>J FG E=FA IDI>B. =?H>C>B R?PIBFAFGV P?B>
R?PI?G>GEA DGJ A?BIEF?G AEQJF>A. HFNN @> R?GEFGQ>J FG E=> MQEQB>"

! "#$%&'() *(+($,-
. / 0- &%1# &2- -344%1,() 0$ 421, 56 . / ( 7%-"03-8#%9%3$)2,0%$ :$"; < ! $ ! +(10"2$ =($,(1>%1
?%'0-/ =3',31( -0$"( @ABCD2$) 56 ,/ ( ?%'0-/ E0$0-,16%>F"0($"( 2$) G0*/ (1H) 3"2,0%$ 3$) (1*12$,
$%; I .J AK JAL BA;

REFERENCES 

h-i ^?_D`?HA`D. I., 899j. -GMNQ>GR> ?M A>HDV> JFAI?ADN ?G =>DC[ P>EDN DRRQPQNDEF?G FG R=?A>G :?NFA= BFC>BA
A>JFP>GEA" -GAEBQREF?GA DGJ P>E=?JA ?M V>?N?VFRDN AQBC>[A" *DEF?GDN 2>?N?VFRDN -GAEFEQE>. no.55. 

h7i ^?_D`?HA`D. I., 7KK -" $BFE>BFD M?B >CDNQDEF?G ?M HDE>B A>JFP>GEA I?NNQEF?G" ,B[E>BFD ?R>G[ ZDGF>RZ[AZRZ>GFD
?ADJkH H?JG[R=" ?18(* 'M) N(%'%*0"8$6 WFG :?NFA=U. 49, G?";"

h;i &R=>C>BBFD. 1"$"" !?B>BD !"<". !DZ`FDBDG. $". 2DBBFJ?. 1"1". 899\" $?PI>EFEFC> A?BIEF?G ?M =>DC[ P>EDN @[
A?FNA" -A?E=>BPA DGJ MBDREF?GDN MDRE?BFDN >OI>BFP>GEA" H$O01%$+ ($,2' ?%'' 3,0%$D8K8.7Lj X 7\a"



! ! " # $ # %&' ( ) * + , - . /01 $ ) ( &* +2 - . /03$ - %, ( &. /03$4 5 ) ( &.3 03$ 4 6 7%8

9: ; ( < = >?@AB>C@0 DEEFGEFHFI H(( & J?KL I $DD$DEEF$
9M; 4 KNOP0 3$0 . QR>AO0S$0 ) @ATUVWX>0 1 $0 . Y>OB@X0 1 $# $0 3OXQRKYWXO0 # $0 - X>RO0 # $0 - BKR>VWX>0 # $0

= QBX>@Y>AT0( $# $0ZKWL UX04 $03K[ @W0 K.W., 6 \XK0 M., 4 ] ?@AX>03$0! " " M$ Z?@\>L >[ O?U- BQ̂ >@WKJ- @̂>L @[BW
_?KL B̀@= KRATUA@=?>[ X>[ a 1 OB@?) @W@?CK>?$! " #$ J. %&'$ ( )*+,- . / 5, I b$

9c; ' @dL O[KYWXO0S$0 =?T@Y>@AX>0 W., 4 NKY>@[ XO$ ( $0 # Q\O?T0 - $0 *OaOd@YWX>$ S$0 - O[ @AX>0 3$0 ! " " c$
%WW@WWL @[B KJ /[B@a?OB>K[ KJ ' Ue@?We@AB?O\ - OB@\\>B@ /L Oa@Y>B̀ , K[ f/L Oa>[ a _>@\^ - e@AB?KL @B@?
# @OWQ?@L @[BWf = KRATUA@) @W@?CK>?( gOL e\@$ Z?] RO>[ B@a?OAd>WOB@\>BO?[ UÀ KR?OT] Y ` >e@?We@XB?O\[ UÀ T
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B@\@̂@B@XAd> WOB@\>BO?[ @d^K RÔO[>Oe?KA@WQOXQL Q\OAd> TO[>@ATUWTAT@V Y ?@dK[ >@* R>K?[>XO=KRATUAX>@aK$
0123,4*5 6" )" 7185 - )1,,$ 981)" 718:,, >; -#-+- )-<2=, h>[ ZK\>Ẁi0 16, - BO?@3ORNK[ X>$
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%XÔ@L >O, OQX f . KL >B@B/[ sU[ >@?>> 8?K K̂Y>WXO$

9DE; ) @ATUVWX>0 W., ZKWL UX0 4 $0 , KYOX0 K., ! "" : $ = U[OL >AWKJ%?W@[ >Af&K[BO>[ >[ a &KL eKQ[ ^Wn- K?eB>K[ K[
- @̂>L @[BW$S$( " ,#. T ( -+,5 -&). / 4, [ K$! 0EMf / " " $

9! " ; ) @ATUVWX>0 1 $0 . Y>OB@X0 W.M., . QR>AO0 S$0 4 KNOP0 3$0 3OXQRKYWXO # $0 , >@Y>O?O0 ( $0 = QBX>@Y>AT0 ( $0
- BKR>VWX>0M., - X>RO0 M., ! " "c $ = >WB?>RQB>K[ KJ` @OCUL @BO\W>[ W@̂>L @[BWKJ= KRATUA@) @W@?CK>?$) KTXNÔ
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