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$>? 7F576D? 6=:>;DS65T S8D_
L :6 H?=;<? 785:;G;78:;6< 8<H 8K;C;:;?D 6=G>6D?< 8EF8:;G7C8<:D ;< ` 8T? - 85H<6 :6

GFB FC8:? U;<G, G677?5, C?8H, G8HB ;FB 8<HB 8<98<?D? 8<H:6 8DD?DD:>? G655?C8:;6<
8B 6<9 B?:8CD;< :>;D756G?DDa

L :6 H?=;<? :6 S>8: H?95?? D?8 S8:?5=C6S;<9 ;<:6 :>? C8T? ;<=CF?<G? :>? G6<:?<: 6=
>?8@AB ?:8CD;< 7C8<:DI

* $43 0 '%. '

# <? 6=G68D:8CC8T?D;D` 8T? - 85H<6I ": ;DD;:F8:?H ;< :>? G?<:58C785: 6=:>? D6F:>?5<
G68D:8CU6<? 6=:>? b8C:;G* ?8 8<H;D8< ;<:?958C785: 6=:>? * c6S;dDT; ( 8:;6<8C! 85T Qe;9I O RI
$>? 85?8 6=̀ 8T? - 85H<6 ;DN\ Wf IO >8I ` ;T? B 6D: G68D:8CC8T?D;: ;D8 @?5A D>8CC6S C8T? S;:>
8< 8@?589? H?7:> 6=OIXB I $>? K6::6B 6=:>? C8T? ;D9?<?58CCA =C8:, S;:> :>?K;99?D: H?75?DD;6<
QNIWB R6GGF55;<9 ;< :>? D6F:>L?8D:?5<785:I ' CB6D: :>? S>6C? C8T? K8D;< ;DG6@?5?H S;:>
DC;B?D8<HK6::6B D6=@85;6FD:>;GT<?DD?DI $>? K;99?D: :>;GT<?DD6=:>? K6::6B 877?85D;<
:>? D6F:>L?8D:?5<785:6=:>? C8T? 8<HG6B ?DF7 :6 NI^ B I # <CA8 DB 8CCDF5=8G? 6=:>? K6::6B
>8D 8 >85H D8<HA =6F<H8:;6<I ": 877?85D ;< :>? <65:>L?8D:?5< 785: 6=:>? C8T? S;:>;< :>?
OI^ B ;D6K8:> 8<H KA + 8B ;?<<8 "DC8<HI + 8B ;?<<8 "DC8<H, 6=:>? 85?8 6=ZIW>8 ;D5;G> ;<
K6FCH?5D8<H ;D8 K5??H;<9 956F<H =65B8<A K;5H D7?G;?DI



! " ##$%& ' () ! & * + ) , + ) $- $& . $+ / + ) / ! + / * 01 * () #. + ) 2- , + %/ ) " . + 3 $ 45

6789 :; <=>: <0. 8?> , 8=@A< 8=> B<C>=>@DE9; 8 DE@> F>79<0=>>@: D; EB; G8?>: 8A
8BB>:: 9< D89>=@E00EBH798A@899; >:8G>9EG>E9B<A:9E9H9>: 8 :; >79>=0<=G8AI FE=@:J>BE>:K
2; > DE@9; <09; E: F>79EA:<G>J78B>: >LB>>@: MNNGK

2; >OHJ8D8%EC>=07<D: 9; =<HP; . 8?> , 8=@A<K(90877: EA9< 9; >78?> EAE9: >8:9>=AJ8=9
8A@07<D: <H9EA9; > A<=9; QD>:9>=AJ8=9K2; > :>B9E<A<09; E: =EC>=R<EAEAP9; > 78?>DE9; 9; >
:>8 ; 8: 9; > B; 8=8B9>=<08 B; 8AA>7<08F<H9MSNNG EA7>AP9; K(9E: B; 8=8B9>=ET>@FI 8 :G877
@=<J 08BE7E989EAPJ>=E<@EB:>8D89>=:E79: EA9< 9; > 78?>K (A9; >8=>8<0D89>=<H907<D 0=<G 9; >
78?> 9; >=> 8JJ>8=: :879I :>8D89>=8A@87:<&:8A@I G89>=E87: 0=<G B<8:987@HA>:K

2; >OHJ8D8F=EAP: EA9< 9; > 78?> :EPAE0EB8A98G<HA9: <0=<B? D8:9>8A@&8: 8 =>:H79&89
E9: G<H9; 8FEP@>798D8: 0<=G>@D; EB; E: :9>8@E7I EAB=>8:EAPE9: 8=>8K+ I <HAP>=J8=9<09; E:
@>79898?>: 8A8=>8<08F<H9U?GVW(A9; >B<H=:><0:E79EAPHJ 9; >:; <=>:&J8=9EBH78=T<A>: <0
C>P>989E<A 8=> G<CEAP9<D8=@: 9; > B>A9>=<09; > 78?> 8A@9; > :; <=>: 8=> F>EAP98?>A<C>=
FI ; >7<J; I 9>:K- ; <87J89B; EAP&8A@87:< >A=EB; EAPDE9; AH9=E>A9: FI 9; >=EC>=&; 8: B=>89>@
C>=I F>A>0EBE87B<A@E9E<A: 0<==>>@9<>LJ8A@D; EB; &FI @>J<:E9EAPE9: =>GA8A9:&D8: B8H:EAP
8A EAB=>8:> <0<=P8A<P>AE>@>J<:E9>C>=I I >8=8A@B<A9=EFH9EAP>00EBE>A97I 9< 0H=9; >=:; <87
J89B; EAP 8A@B; 8APEAP9; > >8:9>=AJ8=9<09; > 78?> EA9< 78A@K

X$, $2+2(" ) " 6 . +3$ , +%/ ) "

(A . 8?> , 8=@A< 9; >=> 8JJ>8=9;=>> F8:EBP=<HJ: <08YH89EBC>P>989E<AK 2; > 0E=:9<A>
P=<D: G8EA7I EA:; >79>=>@78?>F8I : 8A@:; 877<D D89>=: 8G<AP8DE@>F>79<0=H:; >: 8=<HA@
9; > 78?> 8A@EAB7H@>:&0E=:9<0877&@HB?D>>@: (Lemna): Lemna minor, Lemna trisulca 8A@
Lemna gibba. (A9; >=H:; >: =>>@: Phragmites australis, Typha latifolia 8A@+B<=H: calamus 
@<GEA89>K+A<9; >=P=<HJ <08YH89EBC>P>989E<A <BBH=: EA@>>J>=J8=9: <0B<8:987 T<A> <0
9; > 78?> 8A@B<A:E:9: G8EA7I <0D89>=Q7E7E>:ZNymphaea alba, Nuphar lutea, Hydrocharis 
morsus-ranae 8A@Stratiotes a/aides 8A@<9; >=J78A9:Z Veronica anagall is, Sparganium 
ramosum hudds. 2; > G<:9 AHG>=<H: P=<HJ E: B<A:9E9H9>@FI J78A9: D; EB; 8=> 9<9877I
:HFG>=P>@EA9; > @>J9; : <09; > 78?>&A8G>7I Z Potamogeton crispus, Potamogeton natans, 
Elodea canadensis, Myriophyllum spicatum 8A@Zannichelli a palustris [V\ ]K

* +2$%(+. +)/ * $2^ " / -

! <A:E@>=EAP B<A9>A9 @E00>=>A9E89E<A <0; >8CI G>987: @H> 9< 9; > :98P> <0J78A9:
@>C>7<JG>A9&9; >8H9; <=: 7EGE9>@9; >G:>7C>: <A7I 9< 98?EAP:8GJ7>: >C>=I I >8=EA:HGG>=&
EA 9; > J>=E<@<0G8LEGHG C>P>989EC> @>C>7<JG>A9<0J78A9: 89. 8?> , 8=@A< EA9; > I >8=:
VNNNQVNN(K2; >J78A9: HA@>=>L8GEA89E<AD>=>98?>A0=<G 9D< B; 8=8B9>=E:9EBJ78B>: EA9; >
78?>K- 989E<A ( D8: :E9H89>@A>8=9; >J78B>D; >=>9; >OHJ8D8%EC>=07<D: EA9< 9; > 78?>EAE9:
>8:9>=AJ8=9&:989E<A 2 - A>8=9; > <H907<D <09; E: =EC>=EA 9; > A<=9; Q>8:9>=AJ8=9<09; > 78?>
_6EPK M̀ K

) EA>J78A9:J>BE>: B; 8=8B9>=E:9EB0<=9; E: 78?>D>=> EAB7H@>@EA9; >=>:>8=B; K#=EG8=I
:8GJ7>: <0:9H@E>@J78A9: B<A:E:9>@<09; > 0<77<DEAPAHGF>=<0J; I 9<B>A<:>:ZSparganium 
ramosum hudds - SNEAI >8=VNNN8A@4V EAVNN(&Elodea canadensis - UN8A@5a& Typha 
latifolia- \ \ 8A@\ S&Phragmites australlis- \ U8A@\ U&Potamogeton natans - 5a 8A@5V&
Myriophyllum spicatum - 4\ 8A@SM&Veronica anagallis - 4\ 8A@45&Acorus calamus \ a
8A@\ V&Nuphar lu tea- 4U8A@SNK(A9; >B8:><0Typ ha lafiolia, A co rus cal am us, Phragmites 
australis, Veronica anagallis 8A@Sparganium ramosum hudds 9; > <C>=QP=<HA@J<=9E<A



48 PIOTR TROJANOWSKI, JAN TROJANOWSKI, AGNIESZKA PARZYCH 

BAL TI C SEA 

-t t 

Fig. I. Location of sampling stations in Lake Gardno 

and root part were examined separately; in the remaining plants no such distinction was 
made. Their appearance was defi ned as an average percentage of the total biomass of all 
plants in reference to the covered area. The range of appearance of particular macrophytes 
and their biomass were defi ned with the use of Traczyk 's method [27]. Coll ected plant 
samples were investigated separately every year. 

After being coll ected, plant samples were washed with disti ll ed water to remove 
bottoms and suspended soli ds, and then dried at the temperature of 100°C to get soli d 
matter. The dried plant material was ground, homogenized and mineralized with the use of 
HNO

3 
and HClO

4 
mixture in the MAXIDIGEST MX 350 minerali zer. The content of heavy 

metals in the plant matter was defi ned with the use of a spectrophotometer of atomic 
absorption AAS-3. The results were subject to statistic analysis according to test-t. 

Phytosorption was estimated as the content of a particular metal in the plant in the 
form ofbiomass expressed in mg m·2 [28]. 

On the basis of knowledge of trace elements concentration in the plants under analysis, 
enrichment factors with those metals were calculated for them in order to defi ne their origin 
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7XD< 347E FHD45: A* D4JD47:7 3: DE9< 34D534J < 75DH34 567< D4E 35: DT7BDJ7 8945745D5567
F9:5 ( 34 567 9T7BYJB9G4EFDB5BD4J7E CB9< ( Z[ A\ ] J JUW 34 Acorus ca lamus 59 ^>>AZ ] J JUW 34
Elodea canadensis. _ 9M7T7B& D5 567 F9:5 > 56D5 BD4J7 MD: :< DHH7BD4E D< 9G457E 59
S̀ Â ] J JUW 34 Phragmites australi s D4E >^[ AZ ] J JUW 34 Potamogeton natans. 163: H7T7H9C
< D4JD47:7 :69GHE BD567BO7 B78P947E D: H9M O78DG:7 D889BE34J 59 2 DOD5DY#74E3D: D4E
#74E3D: = Ẁ KJBD: :7: 34 #9HD4E8945D34 CB9< >Z GF 59 ??` ] J JU1 9C< D4JD47:7&M63H7 " a3< 7P
=>bK 94 567 OD:3: 9C8DBB37E 9G5B7:7DB86 :5D57E 56D5 567 8948745BD5394 9C67DT; < 75DH: 34
DQGD538 FHD45: 3: < G86 63J67B56D4 34 HD4E FHD45: A (5B7:GH5: CB9< O7557BF9: :3O3H3537: C9B
DQGD538 FHD45: M6386 EBDM < 75DH: 49594H; 56B9GJ6 567 B995:; :57< OG5DH:9 E3B785H; CB9<
MD57B56B9GJ6 567 9T7BYJB9G4EFDB5 =?KA(4 8944785394 M356 56D5&34 . DP7 , DBE49 567B7 MD:
9O:7BT7ED< G86 63J67B8948745BD5394 34 :GO< 7BJ7EFHD45: &:G86 D: L Potamogeton natans, 
Elodea canadensis D4E Myriophyll um spicatun 56D4 34 7< 7BJ7E FHD45: L Phragmites 
australi s, Acorus calamus D4E Typha latifoli a. + :3J43C38D45H; 63J67B8948745BD5394 9C
< D4JD47:7 MD: 9O:7BT7E 34 Potamogeton natans CB9< 567 7G5B9F638 . DP7 c DEdJ =W>K&
M67B7 567 8948745BD5394 9C< D4JD47:7 I^WS\ ] J JU1

) MD: DO9G5563B5774 53< 7: 63J67B56D4 34
567 HDP7 G4E7B7XD< 34D5394&D4E 34 Myriophy//um spicatun, Typha latifolia D4E Nuphar 
lu tea- 9T7B5M387 D: 63J6Ac 63H7 567 8948745BD5394 9C< D4JD47:7 34 567Elodea canadensis 
CB9< . DP7 , DBE49 3: 5M387 D: 63J6 D: 34 . DP7 c DEdJ&353: < G86 H9M7B56D4 34 567 Elodea 
canadensis CB9< . DP7 #3D:78a49 IW[ ZZ ] J JU1

) =W\ KA(4 5678D:7 9CAcorus calamus, Phragmites 
australi s D4E Sparganium ramosum hudds 567 8948745BD5394 9C< D4JD47:7 MD: :3< 3HDB59
56D59C. DP7 c DEdJ =W>@A_ 3J67B8948745BD5394: 9C56D5< 75DHM7B7 9O:7BT7E 34 D4DH9J38DH
FHD45: ICB9< [ ^A\ ] J JUW 34 Myriophyll um spicatun GF 59 [ WSÀ ] J JUW inAcorus calamus) 34
. DP7 / 9eJ37 c 37HP37 > P< DMD; CB9< . DP7 , DBE49 =̂ KA

+ < G86 63J67B8948745BD5394 9C< D4JD47:7 MD: 9O:7BT7E 34 567 B995 FDB5 9C567
FHD45: G4E7B7XD< 34D5394 56D4 34 567 9T7BYJB9G4EFDB5I1DOA H@A(5MD: 86DBD857B3a7E O; 567
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Table 1. Average content of zinc, in µg g·' of dry mass, in the chosen plants of Lake Gardno in years 
2000-2001 (x* - mean value, S, - standard deviation, V, - index of variation) 

Species Stations x* Xmin Xmax Sx Yx n 

µgg•I (%) 

Patamogeton natans I 34.67 6.27 50.52 10.24 29.5 74 
2 31.20 4.16 46.83 8.46 27.1 74 

Elodea canadensis I 40.67 5.25 66.17 6.68 16.4 78 
2 33.67 3.89 54.63 6.32 18.8 78 

Nuphar lutea I 22.35 2.61 41.81 2.26 10.1 49 
2 13.98 0.93 25.83 2.17 15.5 49 

Myriophyllum spicatun 1 18.54 2.54 31.46 3.58 19.3 47 
2 11.89 1.58 23.97 2.17 18.2 47 

Sparganium ramosum hudds I 21.32 2.63 40.01 6.58 30.9 46 
(over-ground part) 2 13.87 1.07 2348 2.17 15.6 46 

Sparganium ramosum hudds I 44.38 3.44 68.10 4.17 9.4 46 
(root part) 2 28.60 2.56 40.12 3.29 11.5 46 

Phragmites australis 1 17.07 0.94 31.41 2.26 13.2 38 
( over-ground part) 2 10.76 0.75 20.27 1.58 14.7 38 

Phragmites australis I 48.25 5.63 69.62 7.26 15.0 38 
(root part) 2 14.83 1.27 29.05 1.31 8.8 38 

Acorus calamus I 13.92 0.94 22.27 2.06 14.8 34 
( over-ground part) 2 9.52 0.64 18.07 2.18 22.9 34 

Acorus calamus I 35.69 4.45 61.18 6.18 17.3 34 
(root part) 2 15.40 2.52 24.89 2.14 13.9 34 

Veronica anagalli s I 20.12 3.27 37.10 2.11 10.5 45 
(over-ground part) 2 11.37 0.81 20.03 2.41 21.2 45 

Veronica anagall is I 37.87 4.05 59.16 11.4 30.1 45 
(root part) 2 17.89 1.78 28.25 1.16 6.5 45 

Typha latifolia I 21.97 3.14 38.14 4.16 18.9 34 
(over-ground part) 2 9.32 0.77 21.05 I.li 11.9 34 

Typha iatifolia I 27.31 1.92 51.16 4.86 17.8 34 
(root part) 2 16.74 1.58 30.70 2.16 12.9 34 
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56789 :5; < =>?@AB8 8C4 D7 Acorus calamus EF G; 3HA@3 B8 8C4 D7 Typha !atifoli a. + ID< DJ65
K9F97K97L9 M6I ; NI95O9KNP" QD< 9RS=AT@+ K9< 67K :; 5< 678679I9 D7 FJ67GI 59IEJGI :5; <
DGI F65GDLDF6GD; 7 D7 < 9G6N; JDLF5;L9I I9I NEGD7 GU9 L6I9 ; : DGI UD8UL; 7L97G56GD; 7I D7 F65GDLEJ65
9J9< 97GI ; : GU9 J6R9 9L; IPIG9< < 9G6N; JDL N655D95I :6DJ 67K< 678679I9 DI 6NI ; 5N9K D7 IFDG9
; : GU9 J6LR; : K9< 67K S43T@

* 678679I9 FUPG; I ; 5FGD; 7 D7 GU9 FJ67GI E7K959V6< D76GD; 7 56789K :5; < W@3> < 8 < C2 

(Sparganium ramosum hudds) EF G; 4XY@3X < 8 < Z= (Phragmites australi s) [16N@=\@+ < ELU
UD8U95 56789 ; :FUPG; I ; 5FGD; 7 M6I ; NI95O9K D7 . 6R9 ] 6K̂ 8 :5; < 4?@4A < 8 < C= (Elodea 
canadensisy EF G; 4Y34@=> < 8 < Z= (Potamogeton natans) [ 4=T@_ ; M9O95&FUPG; I ; 5FGD; 7 ; :
GU6G< 9G6J NP Phragmites australi s 67K Sparganium ramosum hudds D7 N; GU J6R9I DI
ID<DJ65@

16NJ9 =@+ O95689 FUPG; I ; 5FGD; 7& D7 < 8 < C̀ &; : ! E& ' 7& #N& ! K 67K * 7 D7 K; < D76GD78 FJ67GI ; : . 6R9
, 65K7; D7 P965I =YYYC=YY (

/ 5PFJ67GI

#J67GI ND; < 6II Cu ' 7 #N Cd * 7

[8 < C=\ [< 8 < C=\

Potamogeton natans ==3@A Y@HX3 >@A== Y@?A= Y@4X4 3A@W>3

Elodea canadensis 4WH@= Y@3AW >@XYH Y@3XX Y@&4=W 3X@?>X

Nuphar lutea 4=X@A Y@=YH =@=AY Y@==> Y@YAX =4@=YY

Myriophyllum spicatun XAA@= Y@AWW 3@=XW Y@?Y? Y@Y>W >W@>Y=

Sparganium ramosum hudds A4@3 Y@4AH 4@4=A Y@=W= Y@YA> W@3>A

Phragmites australis 3H4@H Y@WAH 4X@==A =@4?A Y@434 4XY@3XY

Acorus calamus 4AH@( Y@X43 =@>3W Y@XH? Y@YXH =A@?3H

Veronica anagall is >=@= Y@4HX 4@3>3 Y@XWH Y@YA? 4>@H?=

Typha latifolia 4>Y@4 Y@A43 X@=YX Y@??H Y@Y3A AH@YX?

1U9 < 9G6J GU6G6FF9659K D7 GU9 9V6< D79KFJ67GI D7 ID87D:DL67G6< ; E7GI M6I 6JI ; QD7L@
(GI 6O95689 L; 7G97GD7 GU9 ; O95C85; E7K F65G; : GU9 FJ67GI 6GGU9 IG6GD; 7 4 56789K :5; <
4X@W=B8 8C4 (Acorus calamus) EF G; AY@?> B8 8C4 (Elodea canadensis), MUDJ9 6GGU9 IG6GD; 7
= :5; < GU9 O6JE9 N9J; M ( O B8 8C1 (Typha latifoli a, Acorns calamus) EF G; GU9 O6JE9 6N; O9
XY B8 8C1 (Elodea canadensis, Potamogeton natans). " 7 GU9 ; GU95 U67K& 67 6O95689
L; 7L97G56GD; 7 ; : QD7L D7 5;; GF65GI ; : GU9 LU; I97 FJ67GI :5; < GU9 IG6GD; 7 ( 56789K :5; <
=>@X4 B8 8C4 (Typ/w latifoli a) EF G; AH@=3 B8 8C4 (Phragmites austra/is), MUDJ9 :5; < GU9
IG6GD; 7 = DGM6I J; M95 MDGU GU9 56789 :5; < 4A@HX B8 8Z1 (Phragmites australi s) EF G;
=H@?Y B8 8C1 (Sparganium ramosum hudds). 

1U9 L; 7G97G; : QD7L D7 EFF95FJ67GI ; : GU9 9EG5;FUDL . 6R9 / ; a8D9 ] D9JRD956789K :5; <
W@4WB8 8C4 D7 Myriophyll um spicatun EF G; ??@>? B8 8Z4 D7 Nuphar lutea SXT@1U9I9 O6JE9I
659 LJ; I9 G; GU9 O6JE9I 7; G9K D7 . 6R9 , 65K7; @- D< DJ65 L; 7L97G56GD; 7I M959 ; NI95O9K D7
676J; 8DL6J FJ67GI D7 . 6R9 ] 6K̂ 8 :5; < 43@=Y B8 8C1 D7 Sparganium ramosum hudds EF G;
XY@( 3 B8 8C1 D7 Potamogeton natans [ 4AT@1U9 L; 7G97G; : QD7L D7 GU9 FJ67GI ; : GU9 b65PLQ
%DO9556789K MDK9JP :5; < >@= B8 8C4 D7 Phragmites australi s EF G; 4H>@3 B8 g-4 D7 Elodea 
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canadensis 5" " 67$8 9: ; < =: >: ?@8 ?A< B:8C< @DEF8GG@8G<8?B:?F@8 F8 Phragmites australis 
H: I J" 7KLMJ" N7N" OCCPJ. : 8QF8 Typha latifolia L" 7RMLJS7! OCCPJT $8 G@UV: BFI@8 HF?A ?AFI
>: ; < ?A< Phragmites australis DB@U 9: ; < / :BQ8@FI G>@I< ?@?A< >@H<BW@BQ<B. HAF>< ?A<
Typha latifolia FI W<>@H ?A< >@H<BW@BQ<B@D?A< U: GB@VAX?<I DB@U 9: ; < =: >: ?@8 5JN67

&A< ><Y<> @DEF8GVAX?@I@BV?F@8 F8 ?A< V>: 8?I Z8Q<B<[ : UF8: ?F@8 H: I UZGA IU: >><B
?A: 8 @DU: 8C: 8<I<7 , FUF>: B>X. : I F8 ?A< G: I< @DU: 8C: 8<I<. ?A< >@H<I?EF8GVAX?@I@BV?F@8
H: I @WI<BY<QF8 Sparganium ramosum hudds \J7J" RUCUP"] : 8Q?A<AFCA<I?F8 Phragmites 
australis \JL 7" " RUCUP"]7 &A< @WI<BY<QVAX?@I@BV?F@8 @D?A: ?U<?: > F8 ?A< V>: 8?I @D9: ; <
+ : Q̂ CH: I GA: B:G?<BFE<QWX: IFC8FDFG: 8?>XHFQ<BB:8C< K7J_"MRR7LNL UCUP2 5J" 67

&A< G@8G<8?B:?F@8I @DEF8GF8 ?A< V>: 8?I Z8Q<B: 8: >XIFI H<B<I<Y<B:>?FU<I AFCA<B?A: 8
?A< G@8G<8?B:?F@8I @D><: Q. G@VV<B: 8QG: QUFZU7&A< U<?: >HAFGA: VV<: B<QF8 UZGAIU: >><B
: U@Z8?I H: I ><: Q7) 8 : Y<B:C<G@8?<8?@D?A: ?U<?: > F8 @Y<BMCB@Z8QV: B?I @D?A<V>: 8?I DB@U
?A< I?: ?F@8 J @D?A< >: ; < Z8Q<B<[ : UF8: ?F@8 B:8C<QDB@U J7JROCCP1 F8 Phragmites australis 
ZV ?@L7J_ OCCP1 F8 Potamogeton natans, : 8Q: 8: >@CFG: >>X. DB@U ?A< I?: ?F@8 " DB@U K7S" ZV
?@" 7! ROCCP1 \&: W7 J ]7 , FUF>: B>X. : I F8 ?A< G: I< @DU: 8C: 8<I< : 8QEF8G. ?A< G@8G<8?B:?F@8 @D
><: Q F8 ?A< B@@? V@B?F@8 @DGA@I<8 V>: 8?I H: I UZGA AFCA<B?A: 8 F8 ?A< @Y<BMCB@Z8Q V: B?.
<IV<GF: >>X F8 ?A< V>: 8?I DB@U ?A< I?: ?F@8 $ HA<B< : Y<B:C< Y: >Z<I B:8C<QDB@U ! 7RN OCCP1 F8
Acorus calamus ZV ?@J` 7RK OCCP1 F8 Sparganium ramosum hudds. $8 ?A< V>: 8?I DB@U ?A<
V@I?" ?AFI B:8C< H: I UZGA IU: >><B: 8QB:8C<QDB@U J7R̀ OCCP1 F8 Phragmites australis ZV
?@R7_` OCCP1 F8 Sparganium ramosum hudds. ) 8 : Y<B:C< ><Y<>@D><: QF8 ?A< ?FI IZ<I @D?A<
V>: 8?I Z8Q<B<[ : UF8: ?F@8 H: I : Q@E<8 @BI@?FU<I IU: >><B?A: 8 F8 ?A< : 8: >@CFG: >V>: 8?I F8 ?A<
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9: ; < a @bCF< + F<>;F< 5L6 ?A< >@H<I? ><Y<> @D><: Q H: I @WI<BY<Q F8 Potamogeton natans 
%7_" OCCPJ

. : 8Q?A< AFCA<I?F8 Nuphar lu tea - " 7SK OCCPJ
. HA<B<: I F8 ?A< : 8: >@CFG: > V>: 8?I

F8 9: ; < / : BQ8@B<IV<G?FY<>X L7J_ OCCPJ : 8Q J7_N OCCPJ
T &A< G@8G<8?B:?F@8 @D><: Q F8 ?A<

V>: 8?I Z8Q<B<[ : UF8: ?F@8 H: I G@8?: F8<QF8 ?A< B:8C< @DG@8G<8?B:?F@8I @D?A: ?U<?: > F8 ?A<
: 8: >@CFG: >V>: 8?I DB@U 9: ; < + : Q̂ CMK7_JML7! ! OC CP1 5JJ674 @H<Y<B. F8 ?A< >: ; <I @D?A<
&ZGA@>I ; F 9: 8QIG: V< #: B; 5̀ 6 ?A< : U@Z8? @D><: Q GZUZ>: ?<Q F8 Phragmites australis 
\R7SM" _7J OCCPJ

] : 8QF8 Nuphar lutea \L7KMLL7K OCCPJ
] H: I I<Y<B:>@B: Q@E<8 @BI@?FU<I

WFCC<B?A: 8 F8 9: ; < / : BQ8@7) I?F>>AFCA<BG@8G<8?B:?F@8 @D?A: ?U<?: >H: I @WI<BY<QF8 ?A<
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9<: QVAX?@I@BV?F@8 F8 ?A<Phragmites a us tra lis DB@U / : BQ8@9: ; < \&: W7 " ] H: I : >U@I?
?<8 ?FU<I AFCA<B?A: 8 F8 ?A< Phragmites australis <[ : UF8<QWX - ZD<>: 8Q- ZD<> 5" K67&A<
B:8C<@DVAX?@I@BV?F@8 @D?A: ?U<?: > F8 ?A<V>: 8?I @D9: ; < / : BQ8@\K7" `" M" 7JSRUCJJJP" ] H: I
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australis - K7J" OC CPJ \I?7 >] : 8Q F8 Acorus cal am us - K7KS OC CPJ

. : 8Q?A< AFCA<I? F8 ?A<
B@@?I @DVeronica anagallis - J7N_ OC CPJ \I?7J] : 8QK7L > OC CPJ \I ?7" ] \&: W7 $]7 4 @H<Y<B.
Elodea canadensis DB@U ?A< I?: ?F@8 $ H: I GA: B:G?<BFE<Q WX ?A< AFCA<I?G@8G<8?B:?F@8 @D
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5678 9 : ; <=79>? @? 7AABCB=7>D5 C7@9=; @9 6EE>?F (>? ?G76D @9 >GD 6EE>? @9A6D7?D? @9 >GD
AEB6?DEHI 6E8 >GEH@>? AE9AD9>67>@E9 @9 >GDD9J@6EC9D9>F1GDAE9AD9>67>@E9 EHA75C@BC @9
>GD8 7>D6? EH. 7KD, 7659E 8 7? ?DJD67= >@CD? =E8 D6>G79 @9 Potamogeton natans, Elodea 
canadensis, Nuphar lutea, Myriophy!lum spicatun 795 Sparganium ramosum hudds LMNOF

! 75C@BC <G; >E?E6<>@E9 @9 >GD<=79>? B95D6797=; ?@? 8 7? >GD?C7==D?>@9 AEC<76@?E9
8 @>G E>GD6CD>7=? 795 8 7? AG767A>D6@PD5 : ; >GD679I D H6EC QFQRS CI CTM @9 Sparganium 
ramosum hudds 795 Veronica anagalli s B< >E QFU3U CI CTM@9 Phragmites australis. + G@I G
<G; >E?E6<>@E9 EH>G@? CD>7= 8 7? ?GE8 9 : ; Potamogeton natans 795 Elodea canadensis 
V7: EB>QFU4QCI CTMWF - @C@=76 J7=BD? EH<G; >E?E6<>@E9 EHA75C@BC 8 D6D E: ?D6JD5 @9 >GD
797=EI @A7=<=79>? EH. 7KDX 75YI LZOF

! E<<D6&8 G@AG@? 79 @95@?<D9?7: =D@9I 6D5@D9>@9 <=79>? HE6>GD@69E6C7= 5DJD=E<CD9>
795 I 6E8 >G&@? 5678 9 : ; <=79>? @9 79 7A>@JD8 7; AE99DA>D5 8 @>GCD>7: E=@A<6EAD??D? 795
@9 7 <7??@JD 8 7; 7=E9I 8 @>G >679?<@67>@E9 H=E8 EH8 7>D6F1GD G@I GD?> AE9AD9>67>@E9 EH
AE<<D6 @9 >GD EJD6[I 6EB95 <76>? EH>GD <=79>? B95D6 D\ 7C@97>@E9 8 7? E: ?D6JD5 @9
Potamogeton na tans 4FNZ ] I I TU V?>FUW795 4FR4 ] I I TU V<E?>MW&795 >GD=E8 D?>@9 Phragmites 
austra/is - UFU4 ] I I TU V?>FUW795 QF̂ 3 ] I I TU V?>FMWV17: F U WF1GD=7>>D6&@9 >BC&AE9>7@9D5 >GD
=D7?>EHAE<<D6@9 6EE>?[ 4FMU ] I I TU V?>FUW795 UF3R ] I I TU V?>FMWF1GDCE?>EH>G7>CD>7=8 7?
AE9>7@9D5 @9 >GD 6EE>? EHSparganium ramosum hudds ZFS3 ] I I T1 V?>FUW795 Veronica 
a naga/lis 3F4Z ] I I T1 V?>FU WF 1GDAE9AD9>67>@E9 EHAE<<D6 @9 >GD<=79>? B95D6797=; ?@? @?
?C7==795 @? @9A=B5D5 @9 >GD =E8 D6 : E65D6? EH>GD679I D E: ?D6JD5 @9 >GD 6DAD<>@E9 : 7?@9
<E95? EH>GD%@JD6_76; AP[QF̂ [M3FQ] I g-1 LMMOF

1GDG@I GD?>J7=BD? EHAE<<D6<G; >E?E6<>@E9 8 D6D E: ?D6JD5 @9 Phragmites australis 
[ QFNRZ CI CTM 795 @9 Potamogeton natans - QFZ43 CI CTM&795 >GD=E8 D?>@9 Sparganium 
ramosum hudds-0.148 CI CTMF

(>G7? : DD9 HEB95 EB>>G7>@9 <76>@AB=76<76>? EH<=79>? >GD5DI 6DDEHCD>7=7AABCB=7>@E9
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station 2 [29]. An undoubted infl uence is also exerted by sea waters that periodicall y run 
into the lake close to that post and are characterized by much lower concentrations of those 
metals. 

The metal that appeared in the largest quantities proved to be manganese. Its 
concentration exceeded several times the concentration of the next metal - zinc. Ten times 
lower content in the plants under examination, in relation to zinc, was shown by copper and 
lead whose concentrations in the over-ground parts were very close. On the other hand, in 
roots the level of lead was much higher, often more than a dozen, than that of copper. It 
results from metabolic needs of plants whose demand for copper is much higher than for 
lead, therefore it penetrates much faster to the over-ground part. There was the least of 
cadmium in the plants under analysis. So the content of the analyzed metals in the over­ 
ground parts of the plants under examination came in the following sequence Mn> Zn> Pb 
= Cu > Cd, and in the roots - Mn > Zn > Pb > Cu > Cd. 

In order to determine a concentration coeffi cient for the plants under analysis, they 
were divided into three groups depending on the concentration of heavy metals in the 
over-ground part. The fir st group comprised Elodea canadensis and Potamogeton natans 
because they contained the most of the metals under examination. Group II was formed by 
Nuphar lu tea, Myriophyllum spicatun and Sparganium ramosum hudds - the plants with 
an intermediate concentration of metals, and plants li ke Phragmites australis, Acorus 
calamus, Veronica anagallis and Typha latifolia with the lowest concentration of metals 
constituted group III . 

On the basis of determined concentration coeffi cients (Tab. 3) it has been found that 
the biggest accumulation abili ties in the plants under analysis have manganese (on average 
K = 2.23), then zinc (K = 1.46) and cadmium (K = 1.26), while the smallest abili ties has- lead 
(K = 0.20). Generall y, the over-ground parts of plants are characterized by higher coeffi cients 
of concentration of the analyzed metals (K = 1.29), except lead, than the roots (K = O. 90), 
which shows their bigger abili ty to accumulate those metals. As values of the concentration 
of metals coeffi cients show, the division of the plants under analysis was not accidental. 
Potamogeton natans and Elodea canadensis, belonging to group I are characterized by 
the biggest abili ties to cumulate the analyzed metals ( on average K = 2.11 ), and group III 
(Phragmites australis, Acorus calamus, Veronica anagalli s and Typha latifolia) - the 
smallest (K = O. 76). An average coeffi cient of concentration for plants from group Il was 
1.08. 

The obtained enrichment factors are normali zed in relation to iron (Tab. 4) and indirectly 
indicate the origin of metals cumulated by organisms. Enrichment factors determined in 
such a way do not account for a specifi c enrichment of organisms with a particular metal 
caused by physiological factors or perhaps by the effectiveness of organism's detoxifi cation 
of different metals. It has been assumed that enrichment factors higher than 1 O indicate 
anthropogenic origin of metals, while the values of EF below 3 indicate natural origin of 
metals [26]. In connection with that in the plants under analysis only copper is of natural 
origin, whereas cadmium, zinc and manganese -of anthropogenic origin. In the case ofl ead 
the values of enrichment factors ranged from 2.7 up to 9.8 depending on the place of sample 
collection or plant species. This variation may be attributed to different concentrations of 
lead in the envirorunent, caused by local sources of this metal in Lake Gardno and individual 
species features of the analyzed plants. Generally, the values obtained for the plants from 
the station I were higher than those from the station 2. It shows that the region of Lake 
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