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, ,  2 2500



µg dm 3  2 8 %. , 

 20 50 µg dm 3,  2 5 %.

, 

) : 4 6 %  6 7 % 

.  150 200 µg dm 3  ±2 %.

,  8 %, 

5 µg dm 3  13 %.

, , 

, 

 ±2 %.

, 

: 10 13 % , 10 14 %  8 9 % 

, .

 ( ) 
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. : Armeri  maritim . 

, , 

, . 

Armeri  maritim  1,8  %  

 20 µg/kg. , , : 30,3 % , 53,4 %

 3,9 % .

, 

, , 

, 

.



ABSTRACT

Ecosystem (water, soil, air, plants) is increasingly polluted by numerous pollytants. Some parts

of the ecosystem are very much different from the natural form, many have become landfills

industrial waste, products of the burning, many flushing, synthetic and other elements and

compounds. Important procces which takes place in the ecosystem is pollytion which is most

likely results of degradation of waste  substances. The most common form of pollution of the

ecosystem are chemical substances (inorganic and organic) including heavy metals, which take a

special place.

Contamination implies the presence of chemical, physical and biological agents which exceed

limited values in the form of more or less stable systems.

Ecosystem contamination with heavy metals imposed the necessity to determine and monitor the

content of lead, cadmium and zinc in water, air and plants. From analytical point of view, the

method selection was reduced to potentiometric stripping analysis as very sensitive, simple to

perform and cost effective technique.

Basic objective of this paper was to research the direction of development and to define the

conditions of cadmium and zinc determination by simultaneous potentiometric stripping analysis

particularly the impact of separation potential for different values of solution pH, determination

of sampling methodology and preparation of the samples up to the form of uniquely suitable for

simultaneous potentiometric stripping analysis, regardless of the origin and aggregate state of the

tested material, achieving the application of potentiometric stripping analysis for determination

of lead, cadmium and zinc in different matrices up to the detection limit.

Preliminary researches determined the optimum conditions for simultaneous determination of

metal ions. It was concluded that ion determination in the sample, apart from sample processing,

is mostly affected by pH value of working solution, time for separation of elements from

solution, speed of solution mixing and thickness of mercury layer on working electrode. Metal

determination individually in standard solutions is achieved with precision in the range of error

2 8 % for concentrations of 2 2500 µg dm 3.  High  accuracy  is  achieved  also  for  the



simultaneous determinations of all three metal ions, for concentrations of 20 50 µg dm 3, the

error of determination was within range of 2 5 %. During simultaneous determinations of lead,

cadmium and zinc in different water samples (surface and underground), the results were within

range of error: 4 6 % in lead and 6 7 % in cadmium. Determined zinc content was within limits

of 150 200 µg dm 3, and determination error was +2 %.

Results of simultaneous metal ion determination in soil samples were reproducible.

Reproducibility of the results of simultaneous determination of lead, cadmium and zinc content

in the soil samples was around 8 %, except for cadmium results less than 5 µg dm 3, where

reproducibility was higher than 13 %.

Found lead, cadmium and zinc content in air sediments, determined by individual and

simultaneous potentiometric stripping analysis, was within accuracy limits of +2 %.

Reproducibility of results of simultaneous determination of lead, cadmium and zinc in plant

samples was 10 13 % for lead, 10 14 % for  cadmium and 8 9 % for zinc, depending on the

content of the tested elements, when it comes to the natural lawns.

The results of testing the ability of plants (accumulating plants) to accumulate heavy metals

during growth period are shown here, therefore it is possible to use them for the purpose of water

and soil pollution reduction. Two species of plants were selected and effectiveness of heavy

metals removal was determined by simultaneous measuring of lead, cadmium and zinc

concentration before and after the sorption process by Armeria maritima (soil) and white willow

(from water), by application of potentiometric stripping analysis. Results of this research

indicated that Armeria maritima may  absorb  up  to  1.8  % of  lead  for  contents  less  than  20  µg

dm 3 and white willow 30.3 % of lead, 53.4 % of cadmium and 3.9 % of zinc.

Results of this dissertation enable, in analytical and ecological practice, in conditions of

contamination particularly with heavy metals, to determine their presence and in simple, quickly

and in cost-effective manner, and unique way of heavy metal elimination is defined with using

accumulating plants.
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 (  2.1) [1].

 2.1 , [1]
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, 

 (  2.2) [2].

 2.2 , [2]

 ( ), , 
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 (  2.3). 
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, , ), 



. 

17

, . 

, , 

.

 2.3 , [1,2]

.
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.  ( ) 
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. :

,  [2]. :

, ,  (

) , , , 

 (  2.4) [1,2].
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. . 
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. 

18

 (  2.5). 

 10 % ) [2,4].

 2.4 , [2]

. , 

, 

 (

, ) [4,5].
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.  

.

 [3].
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 2.5 , [4]

 [4]. 

. :

 [5].

,  ,  
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.

:

 ( )  (

).  :  ,  

.

 2.6.
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 2.6 , [6]

: ,

, , . , 

. , 

, ,  [7]. 

, . 

:  [5], 

 ( ,  

) [3]. 

, 

 [7].  ( ) 

, 

. 

.

 [7]. 

: , , .
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. 

,  [7]. 

 ( ), , 

. 

 [6,7], ,

). .

, 

,  ( )  [7]. 

. 

. 

, 

, . , 

 [6].



. 

22

2.2	 	

”,  5 g cm 3 [8]. 

, . 

 (Pb, Cd, Hg, Ni, Mn), 

 (Co, Cu, Zn, Mo).

 [9]. 

. , 

, , , 

, ,

, 

. 

, , , ,

. ,

, , 

, , ), ,

.

, 

, .

 [10].  ( ) 

 1.000 ,  5.000  [11].

, 

 [12]. , 

, , , .

. , 

, , , 

. 

 2.1.



. 

23

 2.1 , [3 5]
1

As + + + + + + +
Cd + + + + + +
Cr + + + + +
Co + + + + + +
Cu + + + +
Fe + + + + + + +
Pb + + + + +
Mn + +
Hg + + + +
Ni + + +
Zn + + +

, , , , , , , ,
1 , 

2.2.1  (Pb)

. 

:  (PbS),  (PbSO4). 

 [13],  

,  (  Pb  As), , 

, 

.  

, 

, 

. , 

, 

, 

. ., 

Hipokrat  Nikandar [14]. 

, , 

 [15]. 

 0,04 mg dm 3, 

 0,005 mg dm 3 [16]. 

 ( ), 

.  Lajpcigu 1930. , ,

 2,500 .



. 

24

, 

 [17]. 

. , 

 [18],  (FeS2

FeS) , ,  [19].

, 

. ,

. 

, , 

. , 

,  

. , , 

, , , 

. , 

.

, 

 [20].

, ,

. , 

, 

.  

. : ,

, . 

, 

 [21],  10 mg/kg

,  [22].



. 

25

2.2.2  (Cd)

 ( ) 

. 

 (SH) . 

, , , 

, . 

 pH,

. 

: , 

, .

, , 

, . , 

 0,01 mg dm 3 [23].   19.  

, , 

, ; 

, , , .

, , ,

, . 

, , , 

,  .  ,  

, ,  [21]. 

. Itai Itai , 

,

 [24].

. 



. 

26

, . 

. , 

 [25], 

. 

 [26].   ( )  

 [27], , 

)  1 mg/kg . 

, , , 

 160 mg/kg [21].

, 

, 

, 

 [28].

2.2.3  (Zn)

:  (ZnS) 

(ZnCO3), . (II)

, . 

 5 1000 mg/kg,  (0,01 0,05 mg

dm 3) : , , .

, , 

,  [29].

,  [30], 

, , , , , 

. 

, 

, , , 



. 

27

, 

.

. 

 [28,31], 

. 

1 10.000 mg/kg ,  30 150 mg/kg,  20 50 mg/kg. 

 10 20 mg/kg , 

. , 

, , 

 [32]. : . 

, 

, 

. 

 300  mg/kg  ,  

, , .

 ( ) , 

. 

 [33],  P, Ca,

Mn, Fe, Cu.
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2.3 

. 

, ,  ( )  ( ) 

 [34]. :  ( , ,

, );  ( ) 

, , ). 

 2.7 [35].

 2.7 , [35]

, 

, 

 [36].

. 

, 

, 

. 



 M. 

29

, , 

 [37].

: ,

, , , ,

, . 

 [38]. 

 2.8.

 2.8 a, [35]

 [39,40], ,  70 %  30 % .

 10.000.000 t  230.000 t . 

 2.2 

 [35]. 

 ( ) , 

. 



 M. 

30

. , 

 ( ), 

.

 2.2 , [35]
, t/god

,  ( ) Cu 10.000.000
 ( ) Cu 8.000.000

 ( ) Pb Zn Cu 260.000
 ( ) Pb Zn 1.000.000

 ( ) Pb Zn 300.000
 ( ) Cu 10.000.000

 ( ) Cu 3.000.000
 ( ) Cu 12.500.000

 (  2.9).

 2.9 , [35]

, 

 ( ), 

. 

, , 

 ( , ,



 M. 

31

). 

 (

)  [38].

: ,

, , . 

, 

. 

, , 

. 

. 

. 

, , 

 [42,43].

, , : 

 [41] (  2.10).

 2.10 



 M. 

32

, 

 2.3.

 2.3  (mg dm 3)*

I II

275 272
O2 7,90 8,10

KMnO4 6,70 7,30
BPK5 53 20

21 9,50
11,76 10,82
18,30 182,31

30 45
1,20 0,35

0,003 0,15
0,98 0,027
0,75 0,72
0,35 0,58
0,00 0,62
0,10 0,10
0,10 0,10
1,30 0,90
0,00 0,00

I **, II ,
, 2006. ,

**
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2.3.1 

, , 

. , 

, ,

.

, , , 

 [44]. 

 (  2.11) [35], 

: , , 

 (  2.12).

 2.11 , [35]

, , 

. 



. 

34

, 

.

 2.12 , [35]

 (  2.13). 

, , ,

, , , 

 [39,40].

viš. akti. mulja

 2.13 a

. 



. 

35

, 

 [23]. 

, , 

. 

,

: , 

, , ,  [40]. 

, 

,  (  2.14).

 2.14 
, [23]

, , , 

 ,, ”  [23,25] (  2.15). 

: 

.
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 2.15 , , [25]

,

, 

, , , , 

, , ,  [35,37].

. 

, , 

, 

.

:  ( ), 

, ,  ( ),

, , , ;

 ( ) :  ( ) 

 ( ),  ( ), 

, 

. 

 [23,35].



. 

37

,

, , 

. :

.  (

, , ) , 

,  (

, ). 

. 

,

, , ,

 [36].

 Center for Study of Responsive Law 1988. 

, 

 97 , 82 

, 28  23 . ,  10 % 

,  90 % .

, 

 [43,45]. 

 1965. , , 

 (95  33 ). ,

, .

: 

 ( ) 

 ( ); 

, , 

; ,



. 

38

; 

 [45].

. 

 ( ) (  2.4) [46 52]. 

, 

.

 2.4 , , [53,55]
I N P

(mg dm 3)

Pb 2,0 0,5 0,1 0,01
Cd 0,5 0,1 0,01 0,003
Zn 5,0 2,0 1,0 3,0

I , O
, N , P ,



. 
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2.3.2 

, 

. , , 

. 

, , 

, . 

,

.

, , 

, , 

. , 

, , ), 

 ( , 

). 

.  (

 SiO2)  o  Co,  Cr,  Cu,  Ni,  V   Zn,  

.  (

SiO2)  .  

, . 

, 

 V, Mn, Ni, Cu, Zn, As, Se, Mo, P, S  Si,  Fe, Co, Ni,

Cu, Zn, Ba  Pb [56].

.

, : 



. 

40

, , 

, .

, , 

, ,

.

. 

, , , 

, , , ,

,  [26].

, 

. 

, 

, 

. 

: , , 

. 

 [31,33]. 

, ,

, 

. 

)  [57].

, .

. 

, , 

. , 

, , 

 [56].
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 ( ) 

. , , , 

. , 

 [56,57].

, 

 [54,58].

 2.5 , , [54,58]
mg/kg

Pb Cd Zn

in. 18,74 0,14 45,07
x. 47,35 0,55 121,80

29,22 0,31 77,47

in. 19,02 0,15 56,22
x. 98,78 0,60 152,40

30,35 0,36 83,32
 ( )

in. 17,77 0,11 42,12
ax. 31,54 0,54 111,86

26,16 0,29 76,70
100 3 300
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2.3.3 

, 

. , 

, 

, , .

, 

, 

. 

)   10  %  

 [59]. 

,  [60].

, , , , , ,

.  (C ),  (S 2),

 (N 2) . 

. , 

. ,

 [61].

 [62].

 2.6 , 

A, GVI , GVI

(g m2/dan) 1 
Pb 100 250
Cd 2 5
Zn 200 400

, GVI

(g m 3) 24 
Pb 0,01
Cd 1
Zn 1

A , , , 
, , GVI*
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2.3.4 

, 

, , . 

, 

 [63]. 

, 

.

, , . 

. 

,

. , 

, , 

, 

, 

 [64].

. 

, , 

. , 

 [65]. 

 (  2.16). 

: I. ; II.

; III. 

.  2.7.

, ,  (C,

O, H, N, P, S). O  [63].



. 
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 2.16 

 ( ,

, , )  99 % 

. , 

.

 2.7 

I C, O, H, N, P, S, Ca, K, Cl, Na,
Mg, Zn, Fe, Cu, Mn, Mo, Co, Se...

, , 

II
Sr, Br, F, B,Si, Cr, Be, Ni, Li, Cs,
Sn, Al, Ba, Rb, Ti, Ag, Ga, Ge, As,
Sb, U, Th, V...

III Tl, Nb, In, Te, La, Hg, Pb, Cd, Re... . 

.

: ;

; ;



. 

45

; ; 

 pH; .

. 

,  [64].

, 

, , , 

[63,64]. 

 70 80  %  )   pH  (

) .  (Fe, Mn, Cu, B,

Zn) , 

. ,  Pb, Cd, 

. 

, .

, 

 [65]. 

.

, , , , , , ,

, . : , ,

, , , , , , , .

: , , ,

. 

: , 

, , ;

;

; 

; ;



. 

46

. , 

: . 

.

[63 68].

 (

)  2.8 [67].

 2.8 K , [67]
(µg/g M)

Pb 10 20
Cd 5 10
Zn 150 200
M , ,



. 

47

2.4 

:

. 

 2.17.

 2.17 

, 

,  [69 73]:

S  (Atomic Apsorption Spectrometry, Atomska apsorpciona spektrometrija),

 10 (µg dm 3);

ICP AES  (Inductively Coupled Plasma, Indukovano spregnuta plazma i

AES Atomic Emission Spectrometry, ),

 10 ( g dm 3);

GF AAS  (Graphite Furnace Atomic Apsorption Spectrometry, 

), 

 1 ( g dm 3);

EM

FAAS

GF AAS

HG/CV AAS

ET AAS

FAES

ICP AES

DC AEC

O MA

ICP MS
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HG/CV AAS (Hydride Generation/Cold Vapor, 

),  1 ( g dm 3);

DC AES (Direct Current Atomic Emision Spectroscopy, 

),  1 ( g dm 3).

 [74 76]. 

 2.18).

 2.18 

E

, 

,

O



. 

49

 ( ). 

. 

 [74]. :

, , . 

, 

,  ( ), 

 (Pb, Zn, Cd, Cu,

Ga, In, Sn, Sb, Bi) [77].



. 

50

2.4.1 

 (AAS) 

. 

, 

 [78]. 

 (  2.19). ,

 [79]. 

.

 2.19 
, [79]

: 

. , 

. . 

. 



. 

51

. 

, 

. 

, 

. 

 [80].

 (  2.20). 

 (

) [78,80].

 2.20 , [78]

,

Lambert Beerovim

 [69].

0100
Nbk

p II
: I0 ,

Ip ,

N0 ,

b ,

k .



. 

52

, N0

, C . 

. 

, 

Ie Ip

Ie . 

, Lambert Berov a 

:

bre
Nbk

p IIIII 0100

: Ie ,

Ir ,

Ib .

Ie , e , 

. 

 [69 71].

. 

. 

, .

 2.21 : ) 

 213.9 (nm), b)  Zn , (c)

, [80]



. 

53

, 

 (  As, Se, Te).

, , :

, ,  (  2.22) [69].

 2.22 , [69]

, 

. :

 (  2.23).

 2.23 , [78]



. 

54

 0,1 % ,  10 % 

.  

. 

 100 %, 

 100 . 

, , , , 

. 

,  100 C

,  500 1400 C 

. 

 (Ar) 

.  (3000 C)[78].

 ( ) 

: , , 

.  

 0,1  0,2 nm. 

 (  2.23) [78,79].

 2.24 



. 

55

:

Ge, Sn, Pb, As, Bi, Se, Te. , 

 FAAS .  100

. , 

 [80]. 

:

NaBH4 + 3H2O + HCl  H3BO3 + NaCl + 8H+ + MHn + H2 (višak)

: , 

,  .  

 ( ). 

,  HCl 

.

 2.25 : ) ,
) , [80]



. 

56

. 

.  Hg(II)  Hg(I) , 

. 

. 

,

 Hg [80].

 (

, FAAS)  ( , S).

 FAAS : ; 

; ; 

.  10

%,  ICP S  1 % .

 FAAS : , 

, . 

 F S : , 

, .

 (  0,005 nm),  10 

) 

. 

 [80].  a

 1·10 6 1·10 3 g dm 3.
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2.4.2 

 ( ), 

Daniela Jagnera

. ,  „

”   1976.   [81].  

 [82-

84]. , 

:  [85,86].

,

, ,  ( , 

) [87-95]; 

 [97],  [97], ,

,   [98].

 [99 101]. 

 [102 104], 

. 

[81 83], 

 [105]. Guo Nan Chen  [106],  

, .

 6  %.

, , 

: ,

,  0,16 0,79; 0,010 0,045; 0,13 0,27  0,10 0,46 mg

dm 3 . , ,

 [107]. 

 [108], 

 7,2 %.

 [109]  [110] .



. 

58

,  (98 101

%),  6 %. 

 [110] 

. 

. 

. 

 0,020 0,035 mg/kg. 

 97 99 %,  7 %. 

 [111]. 

, , 

 7,7 % . ,

,  [112].

, 

 [113]. Lara  La  Pera

, , 

: , , 

 [114]. Jagnera

 [115,116],  [117 119].

, 

, 

, .

[74,81]. 

, I: ,  ( )

 ( ). 

, II:

 (



. 

59

) ,  ( )

.  2.26 , 

 [77]. 

:  (

)  ( ) (

). 

 ( ), 

), 

 [77].

 2.26 
, [77]



. 

60

2.4.2.1  ( )

, 

)  ( ) 

. 

.  300 400 mV

 [71],

. 

. 

 (ZKE).  pH

, , . 

, 

[120]. 

e 

 ( ).

 ( )  (

) , Linganeovom

[122].

= 1.1.

:  it  t; i0 ; k 

. :

= 1.2.



. 

61

: A  (cm2); V  (cm3); D 

 (cm2 s 1);  (cm).

. ,

 ( , V, D) , 

, 

. 

. 

, it/i0
. 

 [122].

= 1.3.

: n , F , dN/dt 

.  I Fickovom

:

= 1.4.

: dc/dx , D 

, .  1.4.  1.3. 

.

= 1.5.

,

,  it.

, 

, ( ):



. 

62

=	 1.6.

: C , C0

 (x=0), .

, :

	 1.7.

, C0 ,  C-

C0 . 

. 

, C0

, , 

. 

C0

, .  it
:

=	 1.8.

. , , 

. :

n=C·V 1.9.

: n , V , C

.  1.3. :

= 1.10.

 1.8. 



. 

63

1.11.

, 

 t,  1.11. :

1.12.

:

= 1.12a.

: C0 .

, :

=
1.13.

: = 1.14.

Linganeovo  1.1.

, 

. 

 [120,122]. 

 ( ), 

. 

, , pH . 

. 

, 

. 

 (2  %   ° ),  ,  

 22±2 °  [120,122].

, , 

.

 300 400 mV 
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, , 

. 

 (15 30 s). 

e 

. 

.  ( ) 

. 

. 

. 

 [77,120].  (Cu, µg dm 3),

:

=
( 	+ )

( + + ) ( + )

: Cu  (µg dm 3), Cs 

 (µg dm 3), 1  (s) 

, 2  (s), Vu

 (cm3),  Ve  (cm3),  Vs

 (cm3),  Sv  (cm3)  [123].  

, , ,  [124].

2.4.2.2  ( )

, 

. 

. , 

.  ( ) ,

, 
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 [125,126]. 

, 

 [127].

=

: , Cd .

. 

, , , 

. 

 (1 µg dm 3), 

, 

. 

 [120]  

). 

 (  2.27) [77] 

. 

. 

, 

. 

y=kx+n,  ( ) 

: tox=0,4597+0,0272·cPb

 3 20 µg dm 3, : tox=0,2168+0,0329·cCd,

 0,5 5 µg dm 3 [102].
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 2.27 
, [77]

, , 

. 

, . 

 ( ) . 

,

 pH  ,   ( +0,1  V,  ZKE),  

.

2.4.2.3 

, 

, .

 ( ). 

, 

. 



. 
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 (

 10 nm) [128]. M

, 

. 

,  (II) 

 (pH<2)  [77,120,123]:

I)  ( ,

) 0,2 V (ZKE).

II) , 

.

, 

 ( ) [123]. , 

,  .  

, 

. 

, 

. 

 [123]. 

,  [129], 

 [130,131].

. 

. 

, . 

.

 ( , , ). ,
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 (4 5  Mohs u)  [131]. 

, . 

, 

, . 

 [131]: 

,  300 330 ° ; ; 

 350 ; 

 105 ; 

5 °  min 1  800 °  5 10 °  min 1 .  

 1500  °  [130].  

.  

 4000 °  ( ), 

 (1,5 g cm 3)  [130].  ,  

. 

.  1500 °

 [130].

2.4.2.4 

 [77,120]:

, , .

,  ( ) 

 ( ). 

.

. 

, 
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. 

, 

,  1 

,  60 

 [84].

 [86].

, .

.

:

I.

II.

III.

I. 

. 

 1:1 [121]. II. 

. 

. III. 

. 

 [132,133].

, 

ritona X 100

 pH  (0 2) [116].
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3 E

3.1 

 (supprapur)  Merck,  D 6100 Darmstadt, Germany.

. , 

, , .

, , 

(1,000 g dm 3). 

:  Pb, R1=90000 g dm 3,  Zn, R1=75000 g dm 3,

 Cd, R1=65000 g dm 3.  ,  :  

 (KCl, RKCl=3,50 mol dm 3),  (HCl, 30 %), 

(HNO3, 65 %),  (CH3COCH3, 99,5 %).

, 

,  M1 (  3.1), 

 T , 

 „Symmetry“, .

 3.1  M1
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: , 

,  ( )  (  3.2). 

: , .

, i 0.

, 

.  

. O

 +2 V 

2 V, 

.

 3.2 :

 (d=8 mm).

 (d=3 mm) 

, 

. 

 ( , ), .

,  (d=0,7 mm),  99,99 %, 

 (d=7 mm).

 (3,5 mol dm 3 Ag/AgCl). 

 (d=0,5 mm),  99,99 %,  (d=7 mm). 
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 (3,5 mol dm 3 KCl) 

. :

,

,

.

 1000  6000 

min 1. , 

0,10 ( 0,05)  200 ( 1) l,  Buihit, Helsinki, Finska (  3.3).

 3.3 
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3.2 

, 

, 

 [134]. 

: , 

, pH, .

. , 

. 

. 

. 

, 

. , 

, 

. 

. 

(II) 49,9 A  240 s

[120,123]. (II)  Hg(NO3)2  2  mol

dm 3  HNO3, R0=1000 mg dm 3,  2 cm3

 20 cm3 .

, pH 1,60. 

 pH  (50 l).

,

 10 % [135]. 

, 

. 
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, , ,

 [136].

. 

, 

. 

4000 min 1. . 

,  

.

 [134]. 

,  50 cm3,   20  cm3

 0,5  200 µl. 

:  0,10 ± 0,05 µl  200

± 1 µl.

. 

0,994  V,  

 (pH=1,6). 

, , 

0,150 V [77,120]. 

:   300  s,   (

) 15 s, ,  5 s, 4000 min 1 [134]. 

 [77,120,131].
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 pH  1,6 [134]. 

1,106 V.  0,100 V 

 [120,134], .

 300 s.  15 s

) . ,

 4000 min 1,  [120,134]. 

.

, , 

1,035 V,  –

0,490 V,  300 s,  5 s,  15 s 

 4000 min 1 [134]. 

, 

 pH 2,3.
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3.3 

. 

: , , ; 

. : , , ,

, , , ,  (  3.4).

 3.4 

: 

; 

, ; 

;  (  3.1).

 3.1 



. 
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, -
.

, , 
, , 

 ( ),

 ( )  ( )  ( ).

 3.5.

 3.5. 

 ( )  ( ) 

. : , 

, , , , 

 3.6). 

: , 

.

. 

,

Ma

quantitas (ko )
.

qualitas (k )
, )
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 ( ) 

, 

. 

.

o , , 
, , , 

, 

 3.6. a 

, : , 

, , 

 ( )  (

3.7). 

:

 ( );

 ( , );

 ( );

 ( ).
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 3.7. 

 ( )

. 

, , .

 ( ) (

3.8). :  30 50 cm, 

 2 5 m,  15 cm . 

.

 3.8. 

3.3.1 



. 
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, 

.

, 

 100  cm3,   5  cm3 2  %

. , 

. Perkin Elmer

370 . 

2300 °C [137]. 

.

 (5 cm3).

. 

,  (5 cm3).

 100 cm3 [138].  (20 cm3), 

, , .

 pH. 

 (

),  105 °C .

.

.  Fe(II) 

 Fe(III) .

 Fe(III) 
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 ( , , 

)  (  3.8),  ( ). 

 15 , . , 

 pH. 

 (5 cm3). 

 100 cm3 . [140,141]. 

 (20 cm3) , 

, , .

, 

 10 . 

 ( ).

3.3.2 	

 [67]. 

 je , 

. 

 (  3.9).

, 

.   0 30 cm. ,

.  o  PVC

, . , 

 40  ° ,   2  mm  
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.   2  g.

 (105°C) , 

 125 µm. 

.  2 %

 100  cm3  [142-144].  pH

 4  g   10  cm3

 KCl (1mol dm 3). , 

, 

.

, 

:

W=(WV WS) 100 (%)

: Wv

Ws

 3.9 , 

3.3.3	 	 	

. 

, ,  2  5 dm3



. 
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 20 cm (  3.10).  150 190  cm  

 15 m . 

10 cm3  0,02 mol dm 3 [145].

, 

, , . 

) . 

. 

 ( ) 

.

:  100 cm3

, 

, .

 2 %

 100 cm3 .

 3.10 

3.3.4 	
	 	

 (Armerija maritima )

Armerija maritima , 

. , , 



. 
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10  cm. , , 

. , .

Armerij  maritim , , 

.  ,  

, . 

 2 kg .  "

". ,  10 mg, 

20 mg  30 mg . 

 1 % .

Armerije maritime. 

 pH.  (

) , ,

 1, 2, 3, 4  5 cm3 . 

 ( ,  100

cm3 ). ,

 [67].

, 

.  ( )

 105 °C ,  500

°C. ,  5

cm3 . 

 ( ) , 

. 

 (5 cm3, 2 % ),  100

cm3  [146,147].

 ( )
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Salix.  350 ,

. . 

. , 

.   ( ,  ).  

.

, 

, .  20 m, 

. 

,  [29].

 2 % (II) 

,  (  5 dm3)  10 . 

, 

. 

 5 mg , , 

 (  20 mg). , 

.  

. , 

, : 44,83 µg dm 3 ; 29,21

µg dm 3  434,00 µg dm 3 .

.

.  

 [67]. 

. 

, . 

 [148].

)
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, e e  512, 466  1040 1100 m, : 

, : , , .

, 

. 

) . 

 [67]. 

 2,5 kg. 

 1100 m. 

 466 m : 500, 750, 1000, 1500  3000 m 

.  (  512 m) 

) 

. , 

 1 2 m , . 

 [149].

, , 

. , 

, , , 

, , 

. 

. , 

 [150].

 ( )
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4 

4.1 
, 

, 

, , 

. ,

,  pH 

 [134].

 je 

 pH 

. 

, . 

.

,  20 cm3

.

q . 

: , x (µg dm 3);

, S (µg); , v (%); 

, r (%); K (s dm3 µg 1), (

).

4.1.1  pH 

 pH , 

 1,3  4,0.  pH 



. 
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. 

, :  224,30 µg dm 3,  162,01

µg dm 3  375,00 µg dm 3.  300 s 

 4000 o min 1. 

4.1 4.3.

 4.1  pH 

*)V (µl) pH XPb (µg dm 3) S (µg) Kv (%) Er (%) K 10 3

(s dm3 µg 1)Vs HCl Xs X

50

100
50
20
10
5
1

0,4
0,2

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

224,30

213,77
229,66
218,54
196,29
166,09
144,32
123,97
104,10

18,20
17,71
18,61
20,72
23,64
26,84
32,81
39,07

8,36
7,71
8,51

10,56
14,23
18,60
26,47
37,53

-2,91
2,39

-2,57
-12,49
-25,95
-40,92
-44,73
-53,59

26,90
28,90
27,50
24,70
20,90
18,16
15,60
13,10

*Vs , X , Xs , X

, S , Kv , Er , K

 4.2  pH 

*)V (µl) pH XCd (µg dm 3) S (µg) Kv (%) Er (%) K 10 3

(s dm3 µg 1)Vs HCl Xs X

50

100
50
20
10
5
1

0,4
0,2

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

162,01

159,81
163,64
165,95
157,96
147,49
13343
117,46
104,91

13,55
12,32
12,49
13,12
14,97
15,53
17,65
19,76

8,48
7,53
7,53
8,31

10,15
11,64
15,03
18,84

-1,36
1,01
2,43
2,50

-8,96
-17,64
-27,50
-35,24

23,93
28,30
26,68
27,30
25,49
23,06
20,30
18,13

*Vs , X , Xs , X
, S , Kv , Er , K



. 
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 4.3  pH 

*Vs , X , Xs , X
, S , Kv , Er , K

, 

: 0,994 V ; 1,106 V 1,035 V  [134].

: 

 ( ), , pH, ,

, : 

, pH  (

) .

 pH , 

: 1,3; 1,6; 2,0; 2,3; 2,7; 3,5; 3,8; 4,0; 4,5. :

224,30 µg dm 3 , 162,01 µg dm 3  375,00 µg dm 3

 ±2 %  pH :

1,3; 1,6  2,0. 

 pH :  1,6, 

 1,6  2,0  2,1; 2,3; 2,7; 3,5.

 (224,30 µg dm 3 , 162,01 µg dm 3  370,00

µg dm 3 ). , 

 300 mV 

*)V (µl) pH XZn (µg dm 3) S (µg) Kv (%) Er (%) K 10 3

(s dm3 µg 1)Vs HCl Xs X

100

100
50
20
10
5
1

0,4
0,2

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

375,00

219,02
324,99
383,54
381,85
368,55
366,96
353,23
328,28

50,11
33,77
28,74
27,89
27,54
26,56
25,03
23,26

22,88
10,39
7,49
7,30
7,09
7,09
7,09
7,09

-41,59
-13,34

2,28
1,83

-1,72
-2,14
-5,81

-12,46

16,68
24,75
29,08
29,97
29,59
28,54
26,90
25,00
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 376 mV  ( 1,400

V). 

 pH 2,1 (  4.1).

 4.1 4.3, 

 pH,  4.1, , 

. 

 ( 1,89 %),  ( 1,91 %). , 

,  ±2 %.  224,30 µg dm 3

2,58 %. ,

.

 4.1 ,
 pH, 

, 

 (

). 

. 

, 

. ,

. 
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. 

.

 10 mg dm-3

 30 % [121].  (  40 µgdm 3) 

, 

. 

 ( 0,975 V) 

. 

,  pH 

.  pH  5,  pH

 6,1  .  

, 

 [121].

4.1.2 

, 

: 2000, 4000, 6000 min 1. ,

,  2, 10  50 µl 

 20 cm3 . 

, 

 4.4 4.12.

 ( , V Vmax 1, %),

. : 

 300 s, pH 2,1;  15 s  5 s.

 4.4 4.6. 

 44,96 µg dm 3.  4.4.
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 8,95  224,30 µg dm 3.  4.5.

.

 4.6.

 4.4 

*)

(min 1)
XPb (µg dm 3) S (µg) Kv (%) Er (%)Xi X

2000

37,23

34,02 5,85 17,20 24,33
27,40
40,10
28,10
37,27

4000

48,50

43,84 5,17 11,79 2,49
47,26
37,57
38,65
47,22

6000

45,69

40,45 5,97 14,76 10,03
33,08
47,39
38,71
37,38

*)X , X , Xi , S ,
Kv , Er

 4.5 , 
, 

*)

(min 1) Vs (µl) XPb (µg dm 3) S (µg) Kv (%) Er (%)
Xs X

2000
2 8,95

8,35 1,43 22,81 29,94
4000 6,27 1,25 14,97 6,70
6000 7,45 1,47 19,73 16,76
2000

10 44,96
34,02 5,85 17,20 24,33

4000 43,84 5,17 11,79 2,49
6000 40,45 5,97 14,76 10,03
2000

50 224,30
168,62 32,16 19,05 24,82

4000 218,34 18,61 8,51 2,57
6000 199,71 34,25 17,15 10,96

*)X , X , Xi , Vs
, S , Kv , Er
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 4.6 , , 

*)

(min 1)
XPb (µgdm 3)

V Vmax
1 (%) K 10 3

(s dm3 µg 1)Xs X
2000

44,96
34,02 33,33 29,83

4000 43,84 66,60 38,62
6000 40,45 100,00 35,32
2000

224,30
168,62 33,33 21,24

4000 218,34 66,60 27,50
6000 199,71 100,00 25,15

*)X , X , Xs , V Vmax
1

, K

 4.7 4.9. 

 32,47 µg dm 3. 

 4.7.

 4.7 

*)

(min 1)
XCd (µg dm 3) S (µg) Kv (%) Er (%)Xi X

2000

28,66

25,89 2,89 11,16 20,26
26,05
21,33
28,04
25,41

4000

34,78

33,25 2,55 7,67 2,40
31,29
29,77
34,94
35,47

6000

34,14

30,68 2,94 9,58 5,51
32,49
27,44
27,84
31,49

*)X , X , Xi , S ,
Kv , Er

 6,49  162,01 µg dm 3.  4.8.
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 4.8 ,
, 

*)

(min 1) Vs (µl) XCd (µg dm 3) S (µg) Kv (%) Er (%)
Xs X

2000
2 6,49

5,10 1,67 32,75 21,42
4000 6,93 1,51 21,79 6,63
6000 6,02 1,72 28,57 7,24
2000

10 32,47
25,89 2,89 11,16 20,26

4000 33,25 2,55 7,67 2,40
6000 36,68 2,94 9,58 5,51
2000

50 162,01
128,14 14,57 11,37 20,91

4000 165,95 12,49 7,53 2,44
6000 151,65 15,53 10,24 6,39

*)X , X , Xi , Vs
, S , Kv , Er

 4.9 
.

 4.9 , , 

*)

(min 1)
XCd (µl)

V Vmax
1 (%) K 10 3

(s dm3 µg 1)Xs X
2000

162,00
128,14 33,33 20,61

4000 165,95 66,60 26,68
6000 151,65 100,00 24,40

*)X , X , Xs , V Vmax
1

, K

 4.10 4.12.

 37,50 µg dm 3.  4.10.

 7,50  187,50 µg dm 3.  4.11.
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 4.10 

*)

(min 1)
XZn (µg dm 3) S (µg) Kv (%) Er (%)Xi X

2000

31,09

29,78 3,56 11,95 20,59
32,72
25,42
26,56
33,11

4000

40,53

38,24 3,44 8,99 1,97
40,81
34,50
34,45
40,91

6000

38,24

36,14 3,67 10,15 3,63
39,74
38,26
33,12
31,35

*)X , X , Xi , S ,
Kv , Er

 4.11 , 
, 

*)

(min 1) Vs (µl) XZn (µg dm 3) S (µg) Kv (%) Er (%)
Xs X

2000
2 7,50

5,77 1,09 18,89 23,06
4000 7,98 0,98 12,28 6,40
6000 7,00 1,12 16,00 6,67
2000

10 37,50
29,78 3,56 11,95 20,59

4000 38,24 3,44 8,99 1,97
6000 36,14 3,67 10,15 3,63
2000

50 187,50
148,27 19,71 13,29 20,92

4000 191,19 16,27 8,51 1,97
6000 179,99 20,38 11,32 4,01

*)X , X , Xi , Vs
, S , Kv , Er

 4.12 

.
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 4.12 , , 

*)

(min 1)
XZn (µg dm 3)

V Vmax
1 (%) K 10 3

(s dm3 µg 1)Xs X
2000

37,00
29,78 33,33 20,05

4000 38,24 66,66 25,93
6000 36,14 100,00 23,71
2000

187,50
148,27 33,33 20,59

4000 191,19 66,66 26,08
6000 179,99 100,00 24,02
2000

375,00
295,00 33,33 22,45

4000 381,85 66,66 29,08
6000 349,27 100,00 26,59

*)X , X , Xs , V Vmax
1

, K

, 

. 

 4000  min 1

. 

 (4000  min 1),  

.

, 

, 

, .

 [134], : 180, 240,

300, 360, 420 s. 

 240 s  300 s.

: 1,05 % , 1,90 % 

 1,94 % . 

, . 

 ( ) : 120, 180, 240, 300  360 s.



. 

97

240 s. 

, .

 20 cm3

: 0,5; 1; 2; 3; 4; 5; 6; 7; 8; 9; 10; 20; 30; 40; 50; 100;

200; 300; 400; 500; 600 µl. 

,  1,12;

1,91  1,81 %, : 22,48 µg dm 3 , 16,23 µg dm 3  18,75 µg dm 3 .  

.

, , 

, .
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4.2 

 [134], 

, . 

, , 

. 

, 

 4.13.

.

 44,96 µg dm 3 , 

,  1,02 %, 

2,49 %. ,  22 2190 µg dm-3

 ±2 %. ,  44 440

µg dm 3, 3 %. 7 %,

4 %.

 ±2 % , 

,  16,23 960,12 µg dm 3.  

, , 

 ±3 %.

 ±2 % .
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 4.13 , 
, , 

Kv (%) S (µg) Er (%)
Xs p i p i p i p i

Pb

4,45 4,70 4,15 12,34 14,94 0,58 0,62 5,62 6,74
22,48 24,98 21,90 11,34 12,02 2,52 2,58 1,12 2,54
44,96 45,42 43,84 11,34 11,78 5,15 5,27 1,02 2,49

224,30 226,61 218,54 8,01 8,51 18,15 18,61 1,03 2,58
447,50 452,20 434,30 7,28 7,80 32,92 33,89 1,05 2,95
890,76 880,58 862,79 7,26 7,64 63,93 65,93 1,14 3,14

1319,16 1298,56 1271,67 7,55 7,98 98,04 101,57 1,60 3,60
1763,84 1731,29 1696,10 7,74 8,20 134,00 139,14 1,84 3,84
2194,05 215,56 2106,73 7,87 8,35 169,24 175,96 1,98 3,98

Cd

3,25 3,45 3,47 13,74 14,49 0,47 0,50 6,15 6,77
16,23 16,54 16,63 9,45 9,61 1,60 1,60 1,91 2,45
32,47 33,09 33,25 7,54 7,67 2,49 2,55 1,90 2,41

162,01 165,09 165,95 7,39 7,53 12,20 12,49 1,90 2,43
323,22 329,31 330,99 7,43 7,56 24,45 25,03 1,88 2,40
643,25 634,15 628,55 7,19 7,42 45,59 46,63 1,41 2,28
960,12 941,53 936,41 7,30 7,52 68,73 70,43 1,93 2,47

1273,89 1243,23 1234,78 8,51 8,83 105,79 109,04 2,40 3,07
1584,59 1536,45 1522,98 8,64 9,34 136,90 142,21 3,04 3,88

Zn

3,75 3,97 3,99 11,59 12,28 0,46 0,49 5,86 6,40
18,75 19,09 19,11 10,42 10,62 1,99 2,03 1,81 1,92
37,50 38,21 38,24 10,36 10,56 3,96 4,04 1,89 1,97

187,50 191,15 191,19 8,35 8,51 15,96 16,27 1,95 1,97
375,00 379,77 381,85 7,43 7,53 28,22 28,74 1,27 1,83
750,00 737,74 736,74 7,79 7,94 57,47 58,48 1,63 1,77

1125,00 1106,43 1104,32 7,30 7,45 80,77 82,25 1,65 1,84
1500,00 1458,66 1455,16 7,68 7,93 111,70 115,04 2,76 2,99

p , i , Vs , S ,
Kv , Er
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4.3 , 

. 

, 

, .

 [151,152]. 

, , 

,

, , 

 [153]. 

 1930 . 

,  1964. . , 

 ( ). , ,

, 

.   160  h

 42.500.000 t,  4.14.

. 

Pb, Zn, Cd, Cu, Mn, As, Sb, Fe, SiO2, Al2O3, FeS2, ZnO, MgO [154 156].

 4.14 
P (ha) m (t) Pb (%) Zn (%) a e

B1 22 11.970.000 0,2 0,4 0,3 0,4 1974
B2 50 15.000.000 1 1 1930 1963
B3 6 2.500.000 oko 1,6 oko 15 / /
B4 10-15 10.000 0,3 0,5 0,2 0,7 / /
B5 26 7.050.000 0,2 0,7 0,3 0,5 1964 1973
B6 7 2.600.000 0,36 0,33 1972 1979
B7 30 3.340.000 0,3 0,4 0,3 0,5 1982
B1 , B2 e, B3 , B4 , B5 , B6

,  B7 ,  P , m- ,  a , e
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, , 

. 

, , 

 [42,141].

. a a

a  [42]. 

. 

, . 

, ,

 [56]. 

, , ,

,  (

) .

. ,

, ,  [23].

 ( ) 

.

4.3.1 , 

. 

.
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. 

 4.15.

 4.15 

(mg dm 3)VI/07 VIII/07 X/07 XII/07 II/08 IV/08 VI/08

pH 6,6 7,3 7,5 7,4 7,4 7,9 7,5 6 9
mg dm 3

TM 177,74 162,51 305,42 247,66 227,70 194,00 232,19 1580
TM 167,30 159,70 282,10 244,40 195,50 175,10 271,00 1500
TM 10,44 2,81 23,32 3,26 32,20 18,90 15,19 80

Pb 0,42 0,46 0,42 0,33 0,10 0,40 0,40 0,10
Zn 0,14 0,12 0,16 0,60 0,90 0,74 0,73 1,00
Cu 0,23 0,90 0,20 0,08 0,15 0,02 0,03 0,10
Cd <0,01 <0,01 <0,01 0,02 <0,01 <0,01 <0,01 0,10
Fe 0,12 0,11 0,47 0,10 0,77 0,75 0,08 0,10
Ca 54,17 43,10 46,48 52,78 52,63 43,08 50,00 /

pH 6,4 7,4 7,6 7,4 7,3 7,7 7,6 6 9
mg dm 3

TM 216,10 126,44 331,66 277,78 245,66 218,64 273,49 1580
TM 210,50 123,60 298,10 264,80 213,30 193,30 255,60 1500
TM 5,60 2,84 33,56 12,98 32,36 25,34 17,87 80

Pb 0,45 0,37 0,14 0,27 0,05 0,25 0,35 0,10
Zn 0,31 0,09 0,24 0,92 1,20 0,50 0,56 1,00
Cu 0,23 0,39 0,19 0,06 0,12 0,30 0,03 0,10
Cd <0,01 <0,01 <0,01 <0,01 <0,01 <0,01 <0,01 0,10
Fe 0,44 0,44 0,77 0,98 0,80 0,68 0,90 0,10
Ca 47,92 45,69 49,44 54,17 54,74 41,58 51,80 /

pH 6,7 7,3 7,5 7,5 7,4 7,6 7,5 6 9
mg dm 3

TM 180,06 214,38 299,62 159,70 225,02 279,60 316.08 1580
TM 179,50 210,40 259,70 153,10 190,03 255,30 298.70 1500
TM 6,56 3,98 39,32 6,60 34,72 24,30 17.38 80

Pb 0,32 0,32 0,33 0,27 0,08 0,25 0.35 0,10
Zn 0,10 0,11 0,21 0,65 1,11 0,74 0.13 1,00
Cu 0,16 0,25 0,27 0,11 0,15 0,05 0.03 0,10
Cd <0,01 <0,01 <0,01 0,02 <0,01 <0,01 <0.01 0,10
Fe 0,18 0,19 0,83 0,13 0,80 1,03 0.43 0,10
Ca 49,58 44,40 47,52 48,61 53,68 45.54 43,64 /
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pH 6,5 7,4 7,6 7,4 7,3 7,7 7,6 6 9
mg dm 3

TM 102,34 160,24 260,48 190,82 218,72 220,94 240,30 1580
TM 157,80 152,30 222,60 179,30 185,90 195,60 222,30 1500
TM 4,54 7,94 37,88 11,54 32,82 25,34 18,00 80

Pb/ 0,43 0,46 0,19 0,17 0,08 0,25 0,65 0,10
Zn 0,09 0,07 0,21 0,68 0,98 0,26 0,36 1,00
Cu 0,30 0,27 0,27 0,07 0,15 0,03 0,03 0,10
Cd <0,01 <0,01 <0,01 0,01 <0,01 <0,01 <0,01 0,10
Fe 0,44 0,22 0,63 0,30 0,49 0,56 0,50 0,10
Ca 49,99 42,67 44,40 48,61 50,95 38,46 48,15 /

pH 6,5 7,4 7,6 7,4 7,3 7,7 7,6 6 9
mg dm 3

TM 177,56 147,70 314,62 212,96 233,24 241,26 277,79 1580
TM 171,90 144,00 250,60 203,30 203,40 225,51 258,50 1500
TM 5,66 3,40 64,02 9,66 29,84 22,76 19,29 80

Pb/ 0,37 0,55 0,17 0,20 0,08 0,30 0,25 0,10
Zn 0,07 0,06 0,16 0,72 1,00 0,31 0,37 1,00
Cu 0,15 0,27 0,21 0,07 0,07 0,03 0,04 0,10
Cd <0,01 <0,01 <0,01 0,02 <0,01 <0,01 <0,01 0,10
Fe 0,38 0,19 0,62 0,28 0,49 0,50 0,45 0,10
Ca 45,83 43,54 45,66 51,39 50,84 43,08 50,00 /

pH 6,5 7,4 7,7 7,5 7,4 7,8 7,6 6 9
mg dm 3

TM 168,30 329,73 359,42 181,76 190,00 99,60 312,79 1580
TM 164,80 327,00 322,90 179,60 156,30 78,20 285,90 1500
TM 3,50 2,73 36,52 2,16 33,70 21,40 26,89 80

Pb/ 0,84 1,12 0,89 0,43 0,16 0,03 0,55 0,10
Zn 0,30 0,22 0,50 0,80 0,76 0,33 0,48 1,00
Cu 0,10 0,25 0,17 0,05 0,06 0,02 0,04 0,10
Cd <0,01 <0,01 <0,01 <0,01 <0,01 <0,01 <0,01 0,10
Fe 0,12 0,06 0,47 0,03 0,14 0,06 0,30 0,10
Ca 42,93 47,41 22,61 31,94 31,89 11,11 44,55 /

, , ,

 (Pb, Zn, Cd) , 

, , 

4.16 ( )  4.17 ( ).
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 4.16 , , 
 ( )

*A1 , A2 , A3 , A4 , A5 , A6 -
,

 4.17 , 
 ( )

 (mg dm 3)
(mg dm 3)A1

* A2
* A3

* A4
* A5

* A6
*

Pb 0,40 0,35 0,35 0,65 0,25 0,55 0,100
Cd <0,01 <0,01 <0,01 <0,01 <0,01 <0,01 0,010
Zn 0,73 0,56 0,13 0,36 0,37 0,48 1,000

*A1 , A2 , A3 , A4 , A5 ,
A6 ,

,  ( ) 

. 

 4.18.

 4.18 , , 
 ( )

 (µg dm 3) MDK
(mg dm 3)A1

* A2
* A3

* A4
* A5

* A6
*

Pb 439,08 377,00 369,73 599,27 281,34 513,00 0,100
Cd 9,41 8,34 4,88 6,43 3,97 7,97 0,010
Zn 690,43 510,94 121,00 336,28 349,15 453,12 1,000

*A1 , A2 , A3 , A4 , A5 ,
A6 ,

, pH 

 (  4.15).  pH 

 6  9, . 

 pH  7  (  2007. ),

. ,

,  

 (mg dm 3)
(mg dm 3)A1

* A2
* A3

* A4
* A5

* A6
*

Pb 0,33 0,17 0,15 0,17 0,20 0,35 0,100
Cd <0,01 <0,01 <0,01 <0,01 <0,01 <0,01 0,010
Zn 0,45 0,13 0,12 0,24 0,24 0,13 1,000
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 ( ), 

. 

.

, , 

. . ,

, , , , , , ,

, , 

 [41], 

. , 

. , , 

, 

. 

: 

 (  2008. ), 

,  [157].

, 

,  4.2.

 4.2 

0 1 , 2- , 3 ,
4 , 5 , 6
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 100 µg dm 3

 2007  2008 . 

 2007.  2008. .

2007. , . 

 2007. , 

, .

, ,

 ( ),  4.16 

4.17 ( ). , 

.

 0,15 mg dm 3  0,55 mg dm 3.

1

 B1  B2,  B1

 B2.  B1  22 ha 

 12.000.000 t . 

6. , 

, 

. 

,  0,12 mg dm 3  0,45 mg dm 3

, 

.

,  (

)  4.17. 

 0,25  0,65 mg dm 3, 

. , 

 0,13-0,73 mg dm 3,  .  

,
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. 

, 

, . 

.

,  4.3.

 4.3 , 

1 , 2 , 3 , 4 , 5
, 6 ,

, 

 1,2  6 .  4  6

. 

 [158].

, 

.  10 µg dm 3

.



. 

108

4.3.2 , 

, 

, 

, , :

1 ,  ,   8  m,   3  m,  

 50 m , . , 

.

2 , ,  11 m,  9 m.

, . 

. . 

,  100 m.

3 ,  10 m,  5 6 m 

. , 

.  50 m  200

m .

4 ,   7  m  3 4 m. 

,  ,  

.  .  

 20 m .

5 ,   10  ,  

, . 

 100 m, ,

 4.4).

 4.4 

, 

.  4.19 4.21.



. 

109

Ta  4.19 
 (µg m 3) K

(µg dm 3)a ok
1 7,30 9,05 5,73 6,35

10
2 7,19 9,94 5,01 7,01
3 6,56 9,96 6,15 6,22
4 6,40 7,35 4,23 4,93
5 7,45 7,95 5,54 6,19

1 , 2 , 3 , 4 , 5 ,

Ta  4.20 
 (µg dm 3) K

(µg dm 3)a ok
1 1,93 2,30 1,40 1,88

3
2 2,09 2,80 1,18 1,69
3 1,93 1,97 1,24 1,90
4 1,92 1,54 0,92 1,40
5 2,08 1,62 1,03 1,11

1 , 2 , 3 , 4 , 5 ,

Ta  4.21 

 (µg dm 3) K
(µg dm 3)

a ok
1 127,32 150,91 50,93 120,16

3000
2 169,13 200,34 52,45 148,17
3 151,32 217,63 67,89 153,21
4 134,17 169,19 47,64 139,35
5 142,44 191,27 45,70 99,80

1 , 2 , 3 , 4 , 5 ,

 pH. 

 4.22.

Ta  4.22  pH 
pH K

a ok
1 6,80 6,40 7,30 6,76

6,50 8,50
2 6,30 6,20 7,18 7,21
3 6,40 6,30 7,40 6,90
4 6,90 6,59 7,50 6,60
5 6,50 6,30 7,20 6,80
1 , 2 , 3 , 4 , 5 ,
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, 

. 

 4.23.

Ta  4.23 , ,
, 

1 , 2 , 3 , 4 , 5 ,

:  4 6 %,  6 7 %  1 2 %. 

:  0,30 0,58 µg,  0,03 0,47 µg  0,23 0,46 µg.

, 

, . 

, , 

. 

. 

, ) 

. , ,  pH 

6,20 6,59 (  4.22).  pH  6,50 8,50,

,  [159].

 (µg dm-3) MDK
(µg dm 3)

Pb

B1 9,05 8,57

10
B2 9,94 9,41
B3 9,96 9,43
B4 7,35 6,96
B5 7,95 7,53

Cd

B1 2,30 2,47

3
B2 2,80 3,01
B3 1,97 2,12
B4 1,54 1,66
B5 1,62 1,74

Zn

B1 150,91 153,88

3000
B2 200,34 204,28
B3 217,63 221,91
B4 169,19 172,52
B5 191,27 195,03
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. 

, 

.  7 m,  0,5

°C [140].

, 

, 

.  40 % 

. 

, , 

. 

.

 „ ” , 

, , . 

.

 4.5.

 4.5 

, 

,  4.24.

. 
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. 

, , 

 (Pb, Cd, Zn) .

Ta  4.24 
Ko , X  (µg dm 3)

29,54 30,84 29,24
41,28 40,53 40,97
26,13 27,05 25,74
24,00 24,37 24,67
53,91 54,43 53,21
51,14 51,78 52,14
47,63 48,19 46,52

*MDK  (µg dm 3) 50
*[55]

 4.25. , 

, , .

Ta  4.25 , 

Ko , X  (µg dm 3)

0,00 0,00 0,00
3,41 2,87 4,11
4,62 2,94 4,89
9,13 3,54 11,95

20,17 4,11 18,49
19,05 4,31 17,28

,  (
),  4.26.

 4.24) , , 

. 

 ( ) . 
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. 

 [160].

Ta  4.26 , 

Ko , X  (µg dm 3)

19,23 4,74 17,77
18,17 4,53 18,18
19,33 4,07 18,93
17,71 4,89 16,64
20,69 4,25 19,83

 (  4.25), ,

, 

. , 

 [138].
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4.4 , 

, 

, .

:

.

 ( ) 

 4.6) 

 2000. . 

, . 

, 

: , 

 ( ), 

.

 4.6 
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, a 

4.27 4.30. , 

, . 

 4.31  4.32.

 4.27 

pH , W (%) , t (°C)

I
I 7,6 12,14 25,5
II 3,4 10,26 25,6
III 8,1 9,57 25,0

II
I 7,1 13,65 23,1
II 2,6 10,79 22,7
III 7,6 7,44 22,4

III
I 7,5 3,92 22,6
II 3,2 2,71 22,7
III 7,9 4,32 22,6

VI
I 7,0 6,73 24,3
II 3,2 6,84 24,4
III 7,9 2,48 24,6

I
X Pb (mg/kg)

19,10
II 3,40
III 134,08

I , II , III

Ta  4.28 

1 2 3
(%) 9,15 12,40 10,33

pH 10,4 11,3 11,4
Pb (mg/kg) 15,30 52,30 22,00

Ta  4.29 
pH Pb (mg/kg)

5,2 6,3 28,80
3,9 4,7 40,59

Ko o 6,9 7,3 20,63
O Ko M 5,8 6,4 15,23

K M 7,6 8,2 11,67
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, ,

, . , 

, .

 4.30 

29,04 I 191,12
Ko  M 21,39 II 41,24
Ko  M 16,94 III 1296,34

12,64 41,05
X Pb µg/g

X Pb ,  I ,  II
,  III

, , 

,  4.31

 2010. .). 

, , 

,  4.32.

 4.31 , 

X (µg/g) K
(µg/g)R G Ž S K Db Dž

Pb 179,45 225,40 117,05 134,90 390,70 2490,20 1030,94 100
Zn 310,08 598,00 264,00 870,20 301,00 1100,40 780,10 300
Cd 4,00 8,30 38,10 4,20 26,00 33,90 13,90 3
X , =5,R , G , Ž , S , K

, Db , Dž , M K

 4.32 , 

X , =5,R , G , Ž , S , K
, Db , Dž , M K

X
(µg/g)

K
(µg/g)R G Ž S K Db Dž

Pb 169,48 212,88 110,53 127,41 370,46 2363,47 999,72 100
Zn 300.40 579,34 254,05 867,89 291,60 1097,71 778,19 300
Cd 3,85 7,98 36,72 4,04 25,03 32.63 13,43 3
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, -

. 

.

. , 

 22,4 25,6 °C.

 4.27  pH, , 

. 

, : I.  ( ) , II.

, III. . 

, 

.  pH 

,  I  II,  10 13 %, 

 III  10 %. 

, 

.

,

. 

 pH 

, .
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" ( ) 

 4.28. 

 (pH  10,4 11,4),  3 10 

 (<5 mg/kg). 

.

, 

, 

 (pH )  4.29.

,  3,9

 8,2 pH , . 

, . 

 (pH 3,9 4,7) , 

 pH  4,3 5,2. 

 [162].

, , ,

 (  4.31   4.32).  

. 

.

,  12,64 41,05 µg/g, 

 1,02 1,12 %. 

. 

,  100 400 µg/g 
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2,57 % 2,95 %,  1000 µg/g 

3,60 %  4,00 %.

, 

 4 40  µg/g.  ,  ,  

 7  %,  

2,40 2,50 %.

 300 900 µg/g, 

 1000 µg/g. 

 ±2 %.
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4.5 , 

, ,

 [163].

, ,

, .

 4.33.

 4.33 , 

, µg dm 3/dan
M Ma

Pb
Cd
Zn

1,60
0,49

25,94

31,40
0,73

206,20

107,27
1,22

647,15
Pb
Cd
Zn

4,65
0,20

44,14

36,40
0,53

87,40

155,78
0,89

131,09
Pb
Cd
Zn

0,44
1,29
4,26

92,00
3,93

97,50

329,37
6,13

307,79
Pb
Cd
Zn

5,30
1,69

31,81

76,17
4,87

68,60

306,92
8,35

120,77
Pb
Cd
Zn

3,03
0,47
2,34

30,00
1,70

58,20

115,74
2,27

119,62
, , ,

, 

: 250 µg dm 3 , 5 µg dm 3  400

µg dm 3  [62]. , 

. 

 (6,13 8,35 µg dm 3 ). 

, 
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. 

 4.7.

0

50

100

150

200

250

300

350

 I
 II

 4.7 

, 

. 

. 

.

, 

, , , 

. 

4.34.

, 

.
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Ta  4.34 , 

, µg dm 3/dan
A B

Pb 324,62 320,91
Cd 8,14 8,30
Zn 622,38 634,39
A , B

:

, , , ,

, .

, .

. 

, , .
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4.6 , 

: ,

 [65]. , 

.

. 

.

, 

. 

. 

.

, : 

, , 

 [65].

 60 

. 

, , .

, 

, , 

,  10 . 

: , , 

. 

.
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, 

, , 

. 

, 

. 

 [64,65].

. 

,  

.

, ,  4.8.

+ , 

 4.8 

, , ,

: .

, Armerije maritime (

)  ( ).
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 ( ) 

, , 

.

4.6.1 , 

Armerija maritima

Armeriji maritimi

 4.35.

 4.35 Armeriji maritimi

 (g)  (%)  (g)  (%)
I 3,4 <0,10 3,1 <0,10
II 2,9 1,37 2,9 1,40
III 3,7 1,79 3,2 1,67
IV 3,3 1,51 3,4 1,80
V 3,1 0,99 1 3,0 1,79

*I , II  10 mg , III po  20 mg , IV  30 mg , V
,

.

, , 

. , , ,

 [164,165]. 

 (bela lobada, trputac,brassica junaca),  ( ).

, .

armerij  maritim

 [166 168].

Armeria maritima

. 

 500 2000 m. , 
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. , : 

10 15 cm  20 30 cm,  4.9.

 4.9 Armerija maritima

Armerija maritima

. ,  20 mg ,

 1,8  %,  1  %. 

.  (  4.9), 

.

 4.35, 

,  .  

.

Armeriji maritimi

 (  4.10).
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 4.10 
Armeriji maritimi

 156 ha 

 42.500.000 t,  1 %, 

 425.000 t . 

,  15 25 cm,  500.000 m3,

 4.11.

 4.11 
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 13.000 kg .  1 kg 

 18 mg 

 50.000 kg Armerija maritima.  

 [147].

. 

. Brassica juncea,

,  3 % ,

.

 (Salix)

[32,33]. 

.

, 

 (Zn, Mn, Co, Ni,

Cu,  Fe)   (Cd,  Pb,  Cr).  

,   [65].  

, , 

,  [147, 164,165].

. 

 [29]. 

, 

 4.36,  4.37.
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Ta  4.36 , , 
, 

ma (g) mb (g) ms (g) X  (µg/g) K (%)  (%)

I 4,13 5,47 4,21 <1,00 <1,0 32,4
II 4,46 5,60 3,43 18,74 1,6 25,6
III 4,98 6,34 3,83 20,09 1,9 27,3
IV 5,10 6,67 3,92 22,89 2,2 30,7

I , II  Pb, III  Cd, IV  Zn,  ma ,
mb , ms , X ,
K , 

Ta  4.37 , , 
, 

X1 (µg dm-3) ma (g) mb (g) ms (g) X  (µg/g) K (%)  (%)
Pb 44,83

4,64 5,92 3,57
19,01 30,3

27,5Cd 29,21 21,85 53,4
Zn 43,00 23,96 3,9

X 1 , =3, ma , mb

, ms , X , K
, 

 [169].

, 

, .

, 

, . 

. 

 [28,65]. 

. Armerija maritima  1

%  [170]. Thalpesi  1 %  3 % 

.  0,3 15 µg /g  [32].

 [170]. 

. e 1 

 36 93 %,  2 39 %,  2 21 %, 
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 1,5 23 %. e 81 

 100 µg/g  [170].

Salix, 

, 

.   (Salix alba)  2 62 µg/g 

 3,0 160 µg/g . 

 651 µg/g  [171].

, 

,  45 , : 18,74 µg/g 

, 20,09 µg/g  22,89 µg/g . 

 19,01 µg/g , 21,85 µg/g 

 23,96 µg/g . 

, . 

.

. 

 32,4 %, 

25,6 %,  27,3 %  30,7 %.

. 

.

. 

.  

,  44,83 µg dm 3 ,  27,5 %.
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,  .  

 (30,7 %). , 

. 

.

 (

), 

, : 1,6 % ,

1,9 %  2,2 % . 

. 

 (  ” „) 

. 

.

4.6.2 , 

.  o , 

, , , 

, 

, .

, 

. 

 o , , 

 4.38.
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 4.38 *

 (µg/g )
I II III IV

A1
A2
A3
A4
A5

14,87
11,77
15,02
18,69
16,89

14,34
12,54
15,43
18,88
17,79

14,56
12,19
15,26
19,06
18,33

15,38
12,46
15,72
19,46
17,64

 (µg/g M) 10
(µg/g M) 20

A1 , A2 , A3 , A4 , A5 , 

. 

, 

,  10 % 

 [65].

, 

. , P, Mn, Cu, , 

 Zn,  Pb. 

. 

, , , 

, , , , ,

.  

, , 

 [21].

 4,45 4,50 %, 

 12 %  1,73 2,30  µg,  

.
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,

. ,

.

 [25]. 

. 

.

,  [172].

, 

, , 

[65]. 

.

, , , 

 [29], , 

. 

.

, 

, , 

 [33]. 

. 

 [28]. 

.

 ( , ) 

 4.39 4.40.
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Ta  4.39 , 
 M

Ta  4.40 

, , 

,  ±2 % : 20 µg dm 3 , 13 µg dm 3

 18  µg  dm 3 .   5  µg  dm 3

 5,62 %, 

 6,74 %.  20 µg dm 3  4 5 %,  20 2200

µg dm 3  ±2 %. 

, 

2 4 %. ,  13 µg dm 3, 

 4,31 6,79 %.  4,5 µg dm 3, 

 5,62 %, 

6,74 %.  ±2 %  13 1000 µg dm 3. 

µg/g

 1000 m
2,35 / 55,40
4,56 / 78,32
8,95 0,22 93,71

10,32 1,62 130,24
11,15 3,25 141,01
12,39 6,49 135,49
17,48 5,09 206,71
32,94 10,12 158,55
27,32 8,45 116,17

µg/g M
(m)

500 750 1000 1500 3000
Pb 135,65 101,98 76,48 57,23 21,62
Cd 3,90 2,11 1,96 1,18 0,74
Zn 717,01 539,43 227,11 144,86 116,26
Pb 130,82 98,35 73,75 55,24 20,83
Cd 3,93 2,12 1,97 1,18 0,74
Zn 715,98 542,41 226,79 144,89 116,28
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 13 500 µg dm 3  2,40 %.

 3,88 %. 

 15 µg dm 3.  18 1200 µg dm 3, 

,  ±2 %.

, . 

, 

, , , 

, , 

,  [33]. 

, , 

,  [173]

 [174]. 

, , ,

.  [32]  

 0,3 15  µg/kg  

 10  µg/kg   30  µg/kg  .

 ( ) 

 10 µg/kg .

 [175],  0,19 9 µg/kg 

, 

63 232 µg/kg. 

 5 10 µg/kg . ,

 1000 m,  2 9 µg/kg  (  4.40).

, 

 10 12,4 µg/kg , 

 27 µg/kg . 

 ( ) . 
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 (  4.40) 

 3000 m .

, 

 500 m, 

.  [33]

.

, 

 [176] 

. 

 4.39  4.40) 

 1000 m. 

. 

,  .  

. 

.

 ( ) .

, , ,

 [32].

.  150 200 µg/kg 

. 

. 

.

.
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5 

:

, 

. : 1,400

V, pH  2,10,  4000 min 1, 

300 s,  15 s ( ) 

 5 s ( ).

, 

.

 45 µg dm-3, 

 1,02 %, 

2,49 %.  ±2 % 

 22 2190 µg dm-3. , 

, 

44 440 µg dm 3 ( 3 %). , , 

7 %,  ( 4 %).

 ±2  %   16 960 µg dm 3

. 

 ±3 %.
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 ±2 % 

.

,  ( ,

, ), 

.  (

) 

.

, .

. 

. 

).  10 µg dm 3

.

 ( ) , 

. 

,  :  

 4 6  %,   6 7  %   1 2 %. 

 ( ) : 

0,30 0,58 µg,  0,03 0,47 µg  0,23 0,46 µg.

 ( ) ,

. 

, 
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, 

, 

. , 

.

)  100 400 µg/g 2,57

% 2,95 %,  1000 µg/g 3,60 %

 4,00 %.

 5 µg/g, 

,  7 %. 

 40 µg/g, 

5 40 µg/g  97,5 97,6 %.

 300 900 µg/g, 

 1000 µg/g. 

, , 

 ±2 %.

, 

. 

,

, . 

, 

, . 

, , 

, 

 ±2 %.
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armeri  maritim  1,8 %, 

 20 mg . 

armeri  maritim , 

. rmeri  maritim ,

 1 % .

, ,  45

,  18,74 µg , 20,09 µg  22,89 µg /g .

 19,01 µg , 21,85 µg  23,96 µg

/g . 

.  32,4 %,

 25,6 %,  27,3 %  30,7 %.

 27,5 %. 

 (

), 

, : 1,6 % , 1,9

%  2,2 % .

 10 % .

o o je , 

 4,45 4,50 %,  12 % 

 1,73 2,30 µg.

, 

 ±2 % : 20 µg ,

13 µg  18 µg .  5 µg 

 5,62 %,  6,74 %. 

20 µg  (  4 5 %).  20 2200 µg

 ±2 %. 

,  2 4 %. 
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 13 µg  4,31 6,79 %. 

 4,5 µg  5,62 %, 

 6,74 %. 

13 1000  µg   ±2  %.  

,  13 500 µg  2,40 %, 

 3,88 %. 

 15 µg.  18 1200 µg, 

, 

 ±2 %.

, 

,   10  µg/kg  .  ,  

 1000 m,  2 9 µg/kg .

, , 

 10 12,4 µg/kg , 

 27 µg/kg . , 

500 m , 

. 

3000 m . 

1000 m. 

. ,  150 200 µg/kg,

.

,

 ( , , ),

a a 

:  22 2200 µg dm 3,  16 1000 µg

dm 3  18 1200 µg dm 3. 
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.  ±2

%  ±4 %,  ±2 %.

, , 

, , 

. 

, 

: 

, ,  (

), , ,  pH.

.

,

. 

: armerije

maritime ,  Salix.
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1. Ayropcroo - /{osno"*,anare yMHoxanar*'e, lNcrpu6yrln^ii, n jaano caoillttTaua]be AeJra,

14 npepaAe. aKC) ce r{aBeAe uMe ayropa Ea llaq}til ogpefeH oA crpalle ayropa }rnrl

AaBaoua Jrr.rrleuil,et qar u y ronaep4njanile cBpxe. Ono je Hajcno6ognuja oA cBI{x

NI{IIEHII]4.

2. AyropcrBo - HeKoMepur4jaJrHo. fio:nomaeare yuHo]r(aBarl,e, Aucrpu6yqltiy n iaeuo
caonfirraBarts /T,ena. fi npepa.qe, aKo ce ]raBeAe fiMe ayropa Ha Haqufr ogpe$eu og

crpaHe ayropa HnH .{aBaoqa nurleHrle. Oea irraqeHrla He Ao3BoJbaBa rcouepquja;try
ynorpedy xe:ra.

3. Ayropcrro - HeKoMepqajarHo 6e:J npepaAe. ,{o:norarare yM}Ic,xaBalfe,

alrcrpN6yrtujv u jaeno cac![rrrraBa]+,e .qena, 6es npoveHa, npeo6anroBa]L& r{Jr}l

,vnorpeGe Aena y cBoM Aery, aKo ce HaBeAs IrMs a)'Topa na Haqr{H ogpel)eu oA crpaue

a)iropa HJrr4 ,{anaorla fiHr1eHr1e. Ona ruqeHqa He Ao:3BoiHrBa rorrlepuajann.v ynolpedy

Iena. Y oAuocy Ha€Be oc'raJre Jrr4rleurls, oBoM ilnueHuoM ce orpaHr,tqaBa xajnehra o6nu
npaBa roplrmheu,a 1e;la.

4. AyropcrBo - HeKoMepqujaruo * Aeru'rfi noll r4c'r'ua4 ycnoBr{rua. ,{c;snomanare
yMHoxaBaFbe, gNc'rpr6yrlr4jy ll jarHo caomrlTaBaFbe ;eJrar H npepaAe, aKo ce HaBe,qe

{4Me ayropa Ha }raquH ollpebeH oA c'rpaHe ayropa unr4 AaBaoqa Jrnrreurle n aKo ce

npepa{a 4llcrpra6yrapa rro.{ r-{croM raJll4 crur{Ho}r nu{eHqor\{. Oea nuqeHr{a He

Ao3BoJbaBa rcouepuujalny ynorpe6y Aeira n EpepaAa.

5. Ayropcreo - 6es npepaAe. f{o:norlaeare yMr"roxaBa:}be, Ar{crplt6yqe{-y ra janno

caorrulrararbg Aerra, 6e: npouena, npeodauKoBaba r.rJru vnorpeOe Aera y cBo.r\{ Aeny,
aKo ce HaBeAe HMe ayropa Ha Harrlrs ogpeferr oA orpane a-vropa IUrI{ AaBaoqa nfluer.rqe,

Osa rnqeuqa .[o3BoibaBa xouepqrajanHy ynorpeOy ge"ua.

6. Ayropcrno - ;rl€irH:r'n rroil Hc'i'HM yoJrolrxMa. j]o:so"nanale yul:ro)(ararbe.
gr.tcrpudyrlrajy n jaruo caonruTaBaFbe nena" H npepa,ile, aKC) ce lraneAe i{Me a,v-lopa Ha

lraql4n o4pefeu o.{ crpane ayropa urx Aanaor{a ilnr.teHue r{ aKo ce fipepaAa
;glcrpu6ynpa rror r4ctoM uilr4 cJlr4ql{{}r!{ ilt{ueHllou. Ona nHrleHqa ilo3roil,aBa
xovrep4ujeurlry yrrorpedy ge,ra x fipepaAa. Cru.rHa je coi]rnepcKnr4 lr{rlenrlasra,
oAlIocHo JrHqeHqaMa oTBopeHor r(O.{a.


