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Abstract

H eavy m etal accum ulation  iıı tlıe com ponen ts o f te rre s tr ia l ecosystem s is 
conditioned  by tlıe deposition  in tensity , soil c lıa rac te ris tics , m ineral com position , 
and  vegeta tion  type. Tlıe exclıangeable ionic reac tions bet\veen tlıe adsorp tive  
com plex and  tlıe soil so lution  a re  im p o rta n t sources o f ııu tricn ts  and  also a 
sign ifican t m echanisn ı for heavy m etal re ta rd a tio n  in tlıe soil. T lıe aim  of tlıis study  
is to de te rm in e  tlıe effect o f cation  exclıange capac ity  on lıeavy m etal accum ulation  
in tlıe soils u n d e r d iffe ren t vegeta tion  (forest and  p as tu re ) . T he differeııces in tlıe 
belıav iou r o f ind iv idual elem ents dependiııg  on C E C  in forest and  p a s tu re  soils 
resu lt p r im a rily  l'ronı d iffe ren t ra tio s o f base and acid cations in tlıe soil adsorp tive  
com plex and  th e ir  reactions w itlı heavy m etals.

K eyıvords: Heavy metal, cation exchange capacity, forest soil, pasture soil

1. Introduction

H eavy metal accum ulation in the com ponents o f  terrestrial ecosystems is 
conditioned by tlıe deposition intensity, soil clıaracteristics, mineral composition, and 
vegetation type. Soil, as a ııatural resource, has tlıe maiıı ecological and productioıı 
function in tlıe terrestrial ecosystems. İt is signilîcant for the retention o f  heavy metals, 
primarily thanks to its buffer and fılter role. Iıı the soil adsoıptive compIex, base and 
acid cations in different ratios are in dynamic balance with the corresponding cations in 
the soil solution. The exchangeable ionic reactions between the adsorptive com plex and
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the soil solution are important sources o f nutrients and also a significant m echanism for 
heavy metal retardation in the soil.

The distribution o f  exchangeable cations in the soil profıles o f  the same soil type 
depends on the type o f  vegetation (pasture, forest), as %vell as on the properties o f the 
element and its cycling in the ecosystem (Jobbâgy and Jacksoıı, 2004). Tlıis research is 
especially significant in lıilly and m ountainous areas, whcre forest and agroecosystems 
are combined. The stııdy o f  soil properties in the conditions o f different vegetation 
covers points to the potentials o f  the sııstainable use o f  tlıis strategic resource in 
different silvopastoral systems.

The research o f the soil Chemical properties under different land uses is 
especially significant for the organisation o f  the territory in the aim o f  sııstainable 
management. Rııaık and Schoeneberger (2003) report that the cultivation o f  woody 
plaııts and other crops togetlıer (silvopastorally) improves the soil properties. The same 
aııthors report that the research during the past two decades em phasised tlıree main 
indirect processes o f soil property improvement: 1) increased N  inpııt throııgh biological 
nitrogen fixation by ııitrogen-fixing trees, 2) enhanced availability o f nutrients resulting 
from decom position o f  tree biomass, 3) greater uptake o f  nutrients from deeper layers 
by the roots o f  tree species.

The content o f  mineral nutrients in the soil solution is defined by soil type, 
climate and vegetation type, i.e., nutrient cycling in the ecosystem. Different processes 
and Chemical reactions in the soil, especially the transform ation o f organic matter, affect 
the cation release from the adsorptive complex. Tlıus, according to Jobbâgy and Jackson
(2004), in base satıırated soils (75 -  100%), surface layers contain higlıer concentrations 
o f Ca, M g and Na under forest, \vhile the content K  ions is higher under pasture. 
However, according to Krislınasıvanıy and Riclıter (2002), the content o f base cations is 
in direct relation vvith soil acidity. The above authors claim  that base cation content in 
the top 30 cm  o f soils is 73.9 % under pasture and 22.8 % ıınder forest, where the 
observed soil pH-value was lovver. A ccording to the sam e aııthors, carbon content is 
higher in forest soils, \vhereas the lower content in pasture soils is attributed to the lo\v 
qııantity o f  organic residue and frequent vvildfıres. Under such conditions, with small 
losses o f carbon quantity, pH-value and the content o f exchangeable cations increase, 
and Al ions are exchanged by Ca2+ ions.

Based on the previous research in tlıis area and based on the literatüre, higher 
contents -of base cations can be expected in pasture soils, and o f alum inium  in forest 
soils. The differences in base cation contents in the adsoıptive com plex will have a 
significant impact oıı the heavy metal accum ulation in the soils.

The aim o f  tlıis stııdy is to detennine the effect o f cation exclıange capacİty on 
heavy metal accum ulation in the soils under different vegetation (forest and pasture).

2. Material and Metlıod

The stııdy area is Stara Planina, the localities Babin Zııb - N = 43022’35.7”  
E= 022o37’38 .3”  altitııde 1547 ±  4m, Siroke Luke - N= 43014,24 .7 ,, E= 022° 51’36.8”



altitude 12SS ± 6m, and Prelesje - N = 43tT 0 ,42 .5”  E= 022°56’20.0”  altitııde 1287 ± 
7 m.

As for the climate, Stara Planına region is the transition zone bet\veen temperate- 
continental climate in the north and m ontane climate o f  the Balkan mountainous system 
in the southeast. Annual temperature amplitııde declines from  the north towards the 
soııth and southeast, so the difference in air temperature betvveen Zajecar and 
D im itrovgrad is more than 2°C . The distribution o f  annual precipitation sum  is different 
in the area o f  Stara Planina, in the Timok valley annual precipitation is 700 mm, vvhile 
in Pirotska Dolina (valley), it is often below  600 mm. Based on Popovic ’s (2007) study 
and the analyses o f meteorological data for the area o f  Stara Planina (Bordevic- 
Milosevic, 1996), it can be conclııded tlıat the clıange in the direetion o f  and  climate is 
undenvay.

Stara Planina vegetation, in general, is clıaracterised by a considerable diversity 
o f forest, shrub, meadow, pasture and peat bog com munities and, as such, it is one o f  the 
centres o f  flora diversity o f  the Balkan Peninsula, w itlı 147 identifıed tlıreatened and 
endenıic species (M isic et al., 1978; Randelovic, Randelovic, 2002).

Pasture areas o f the study sites are occupied by plant com m unity Agrostietum  
vıılgaris (capillaris) Z. Pavlovic 1955. M eadows o f  Agrostietum  vıılgaris are o f 
secondary antlıropogenic origin, as they are the result o f  two anthropogenic factors: 
reduced area under forest on the one hand, and m owing, on the other hand. The 
association Agrostietımı vıılgaris covers a huge area in the hilly region. On Stara 
Planina, this com munity is the dom inant meadovv type and it is ıvidely distributed. In 
this area, it develops on quite different sites.

During the plant conununity research in beech forest ecosystems, the community 
o f  subalpine beech forest (Fagetum moesiacae sııbalpinıtm  Greb. 1950) vvas identifıed 
at the site Babiıı Zııb: canopy 0.6, diameter o f  m ean stand tree ds -  36cm, height 25.4 m 
and age 110 years.

The com munity o f  m ontane beech forest (Fagetum m oesiacae montamım  B. Jov. 
1976, subassociation typicum  facies asperulosıım ) was identifıed in beech forest 
ecosystems at the site Javor: canopy 0.6 -  0.8, diam eter o f  mean stand tree ds -  34cm, 
height 24.0 m and age 130 years.

The com munity o f  montane beech forest (Fagetum m oesiacae montamım  B. Jov. 
1976, subassociation typicum  facies mulum) vvas identifıed in beech forest ecosystems at 
the site Prelesje: canopy 0.7, diameter o f  mean stand tree ds -  19cm, height 17.3 m and 
age 65 years.

Four soil profiles vvere opeııed in each o f  the pasture areas. Based on 
m orphological and basic physico-chcm ical soil characteristics after FAO (1985) 
classifıcation, tvvo types o f pasture soils vvere determined:

Babin Zııb:
Dystric leptosol on sandstone

Javor:
Dystric leptosol on chlorite sehist 
Dystric cambisol on chlorite sehist

Accumulation o f  Heavy Metals as Related to Cation Exchange in Sonic Forest... 3
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Prelesje:
'Eııtric cambisol on sandstone 
Dystric leptosol on sandstone.

Four soil profües were opened in each o f  the forest areas. Based on 
m orphological and basic plıysico-chemical soil characteristics after FAO (1988) 
classification, tvvo types ofpastııre soils were detem ıined:

Babin Zub:
Dystric cambisol on sandstone 
Javor:
Dystric cambisol on chlorite sclıist and phyllite 

Prelesje:
Dystric cambisol on sandstone 
Eııtric Cambisol on sandstone.

FOREST PASTURE

Figııre 1. Profile opening scheme in pasture and forest areas

The soils vvere sampled at the deptlı of: 0-5, 5-10, 10-20 and 20-40 cm. The rnain 
physical and Chemical soil characteristics vvere detem ıined by ICP M ethodology (IPC 
Forest M anual, Part III, Soil Sampliııg and Aııalysis, Ham burg, updated 2006). Total 
heavy metal content was detem ıined by atomic adsorption spectrophotom eter (AAS), 
and the conservation and preparation o f  sam ples by the extractioıı w ith HC1, H N 0 3 and 
I-I2O2 (3 :1 :2). Cation exclıange capacity was calculated as the sum  o f  acid (Al, PI, Fe and 
M n) and base (Ca, Mg, IC, and Na) cations. Exchangeable cations vvere extracted vvitlı



0.1M BaCI2, and measured (ISO 11260 & ISO 14254). The significance o f diffeıences 
betsveen total heavy metal contents, as well as other chaıacteristics o f forest soil and 
pasture soil, \vas tested by tlıe analysis o f  variance. Indicator values o f  heavy metal 
sorption were calculated according to equation:

Iso= W  RIı (range 0- 5)
IAd-  Indicator valııe o f  adsoıption

The retardation indicator (Helhveg , 2000) serves for the classification o f  o f heavy 
metal m obility in soils. The retardation indicator is determ ined in fıınction o f the pIT 
value and supplements (elay content, organic content, Fe-oxide), and calculated 
according to eqııation:

P - h —R I p | . |+ R I o r y a ı ı i c  c o ıı tc n t^ P -ic la y  cnnteııl

Indicator values o f heavy metal adsoıption (Belanovic, 2006), were calculated according 
to equation:

Accumulation o f  Heavy Metals as Related to Cation Exclıangc in Some Forest... 5

TM
X  (O: ; i -  iayer (0-5; 5-10 and 10-20)

Ccı + Mg + K ) c

IA(ı -  indicator o f adsoıption (raıık 0 - 10); (TM /(Ca+M g+K))c -  elass o f 
indicator o f  adsoıption (elass 1-5),
TM  -  content o f  heavy metals (Zn, Cıı, Pb and Cd); (Ca+M g+K) exchaııgeable 
ionic Ca+M g+K;

3. Results and Discussioıı

Cation exchange capacity is higher in forest soils than in pasture soils. Forest 
ecosystems are characterised by a higher degree o f  heavy metal retardation than grass 
ecosystems or aquatic ecosystems, thanks to their larger relative arca and greater 
roughness. The processes such as dry and w et deposition, washing down from the 
surface o f planl pholosynthetic organs, canopy drop and stem  flow and the deposition in 
forest litter on the soil surface, as a rule, result in the inerease in heavy metal content on 
the soil surface (Vanmechelen et al., 1997).

The results o f the analysis o f variance (F-test) (Table 1) shovv that there are no 
statistically signifîcant diffcrences betvveen total concentrations o f  Zn, Pb, Cd in forest 
soils and pasture soils at the significance level 95%.
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Table 1. Resıılts o f  the analysis o f  variance

LSD 95%

Cu2+ Zn2+ Pb2+ Cd2+ orgC Humus totalN CEC Al+++ Ca2+ Al/ Al/Ca AxE Fe Mn
(Ca+Mg)

F
caiculatc 7.90 0.01 0.67 1.46 5.78 5.55 7.30 10.0 6.64 0.08 7.29 6.86 7.03 2.69 16.89

F lablc 3.84 3.84 3.84 3.84 3.94 3.94 3.84 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96

Avcrage 24.21 66.22 26.07 0.81 3.55 6.19 0.39 30.19 22.52 5.78 8.67 10.66 23.14 0.016 0.41
value
Forest

Average 31.52 66.65 24.62 0.69 5.22 8.97 0.51 21.92 14.61 5.53 3.82 4.65 15.02 0.009 0.22
value
Pasture

Group a a a a a a a a a a a a a a a !
homogene b a a a b b b b b a b b b b b



The results o f the analysis o f variance (F-test) shovv that there are statistically 
signifıcant differences, at the significance level 95%, bet\veen (he contents o f  total Cu, 
organic C. hıınuıs, total N, exchangeable cations, contents o f  exchangeable Al, Fe and 
Mn, Al/Ca ratio, total acid cations (AxEc), in forest soils and pasture soils. A ccording to 
LSD test, at the significance threshold 5%, two groups o f  factors separate according to 
the significance o f  the contents o f  total Cu, organic C, humus, total N, exchangeable 
cations, contents o f  exchangeable Al, Fe and Mn, Al/Ca ratio, total acid cations (AxEc).

H eavy metals occur in the soil as exchangeable - adsorbed on soil colloids, 
specifically-adsorbed, boıuıd in various Chemical com pounds (oxides, carbonates, 
phosphates, sulphides) and structurally bound in the silicates (prim ary and secoııdary 
minerals) (Adriaııo, 1986). D ifferent factors affect the bonding o f heavy metals to the 
soil, and the main problem  is the estim ation o f  the heavy metal load in the soil. The load 
o f  heavy metals in the soil can be indicated to some extent by the monitoring o f  their 
content in the soil.

The assessm ent o f the soil sorptive capacity renders significant Information on 
the soil sıısceptibility to heavy metal loads (Sastre et al., 2006). According to Sastre et 
al. (2006) the coııcentration Ca+M g in the soil solution increases vvitlı the increase in 
heavy metal coııcentration, which points to the cation exchange process betvveen tlıese 
m acroelements and heavy metals. By the increase in heavy metal content, the cation 
exchange process increases and leads to the release o f  Ca, Mg and K from the soil 
adsorptive compIex. It is a fact that cation exchange is the leading force in metal 
sorption.

Sparling et al., (2001) coııclude that soil p l i  is related to land use. According to 
Krishnas\vamy and Riclıter (2002), the content o f  base cations is in direct correlation 
with soil acidity. They report that base cation content in the strıdy conditions, in the top 
30 cm under pasture \vas considerably higher than in forest soils \vhere the observed soil 
p li-value \vas lower.

Soil acidificatioıı has a significant impact on the soil clıemical and biological 
processes. H igher acidification o f  forests and pastures by atmospheric deposition causes 
an irreversible decliııe o f cation exchange capacity (CEC) and the mobilisation o f 
potentially toxic elements Al, Fe and Mn (Blake and Goulding, 2002). Soil acidification 
reduces tlıe ııumber o f  plant species in ııatural pastures.

Soil characteristics positively correlated with cadm ium  retention were pH, 
organic matter content and cation exchange capacity (CEC), specific surface area, while 
free iron oxides \vere negatively con'elated (De M atos, et al., 2001). Tlıe bufler 
characteristics o f  the soil solid phase are conditioned by the quaııtity o f  colloids and the 
type o f  adsorbed cations. A high significance is assigııed to the energy o f  lıydrogen ion 
adsoıption by the colloids and the degree o f  colloid dissociation. The soil organic matter 
m ainly consists o f \veak acids so, accordiııgly, lıydrogen ions are \veakly dissociated, 
and for this reason organic m atter increases the buffering capacity o f  the soil. 
Adsoıption, surface deposition and polym erisation are the examples o f  sorption, the 
basic term for the retention mechaııism on the soil surface. The sorption o f metal cations 
depends prim arily on pH value, and it is characterised by a narrow p li rank vvlıen 
adsoıption increases up to alnıost 100%. De M atos et al. (2000) shovved the strong. 
influence o f  the cation exchange phenom enon 011 the retardation and mobilily o f  Zn and 
Cd. Zinc retention was positively correlated witlı p li, CEC and specific surface area (de

Accıımulation o f  Hcavy Metals as Related to Cation Exchange in Some Forest... 7
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Matos, et al., 2001). Copper retention has positive correlatioıı with pH, sum  o fb ases  or 
exchangeable calcium, organic matter content and to CEC (De M atos et al., 2001). Lead 
retention \vas better correlated to elay content, pH and SB or exchangeable Ca (De 
M atos, et al., 2001).

Table 2 presenls the relatioıı behveen heavy metals and cation exchange o f the 
adsoıptive complex. Zn and Pb concentrations inerease with the CEC inerease in forest 
and pasture soils. İn forest and pasture soils, Cu contents decrease with the inerease o f 
CEC. Cd concentration inereases vvith the CEC inerease in forest soil, \vhile Cd contents 
decrease vvith CEC inerease in pasture soils. The differences in the behaviour o f 
individual elements depending on CEC in forest and pasture soils result prim arily from 
different ratios o f  base and acid cations in the soil adsorptive com plex and their 
reactions \vith heavy metals.

The heavy metal solubility is m ainly caused by relatively constant soil 
characteristics, suclı as the contents o f organic m atter and elay, pH value, but also the 
param eters suclı as the concentration o f available Ca and the concentration o f  soluble 
organic carbon (De Vries and Bakker, 1998). The assessm ent o f  pollutant sorption in the 
soil is based on the solid -  liquid distribution coeffıcient, \vhich is the relatioıı betvveen 
the quantity o f heavy metals sorbed on the solid plıase and the total concentration in the 
solution in contact vvith the soil (Sparks, 1995; Sastre et al., 2006).

Some aııthors suggest the ratios o f  elements as the criterion for the soil Chemical 
status from the aspect o f root deveiopment, i.e. Ca/Al, Mg/Al, base cations/Al 
(Rehefuess and Prietzel, 1998; Alveteg, 1998; Slıaodong and Min, 2004). Al/BCE ratio 
in pasture soils is on the average lovver than in forest soils in the area o f Stara Plaııina 
(Belanovic and Kosanin, 2004). Al/Ca ratio does not define the critical values from the 
aspect o f root grovvth (Kullıavy, 1998), bııt the vvide ratio o f Al/Ca results in the lovv 
seed deveiopm ent o f  some mountaiııous plants (Van der Berg et al., 2003). Also, the 
ratio A l/base cations indicates the changes in critical loads occurring due to the 
inereased or decreased deposition (Posch and Hettelingh, 2001). Several studies report 
the unfavourable ratio M g/Al in the soil solution as the main problem  o f inerement in 
European forests (Joki-Heiskala et al., 2003). Rehefuess and Prietzel (1998) claim  that 
tree vitality and inerement depend on the supply o f  nutrients Mg, K and Ca in the soil 
solution and their iııteraction vvith Al. Soil acidification has a direct or iııdirect effect on 
the inerease o f heavy metal concentration in the soil solution.

The sorption iııdicator (Table 3) represents the retardation capacity o f  the soil for 
heavy metals, and is obtained from the ratio o f  adsorptioıı indicators and retardation 
indicators. The adsorptioıı iııdicator points to the equilibrium  State betvveen maero 
elements Ca, Mg and K  and heavy metal contents. I f  the sorption indicator is higher, the 
soil capacity o f accum ulating and retaining heavy metals is lovver, and tlıis inereases the 
potential pollution o f surface and ground vvaters and the environm ental quality in 
general.
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Table 2. Results o f  regression analysis o f  total heavy m etal contents and CEC

Element Regression equation R
R2

(%)
P-value F F-tab

ta
p- value

tb
p- value

FOREST

Zn
I

Z" - (0,0086 + 0,183 • CEC )
0.55 30.20 0.0001 19.90 4.04 4.554

0.000
4.461
0.0001

Cu Cu = 33,565 • C£C°’109 -0.15 2. İS 0.3215 1.00 4.06 9.78
0.000

-1.002
0.3215

Pb
1

Pb -  -ı (0,0269 + 0,3 SSS-C£C )
0.43 İS.51 0.0023 10.45 4.04 4.855

0.000
3.232
0.0023

Cd
7,441

Cd = 1,1133
CEC.

-0.24 5.95 0.0947 2.91 4.04 5.549
0.0000

-1.706
0.0947

PASTURE

Zn
1

Z ıı-
(-0,00299 + 0,4487 • CEC )

0.69 48.14 0.0000 39.91 4.07 -0.786
0.4360

6.317
0.000

Cu Cu = 3,1169 + 586,779 • C£C_1
0.59 34.79 0.000 22.94 4.07 0.475

0.6370
4.789
0.000

Pb Pb = -27,58 + 16,96 • İn (CEC) 0.59 34.61 0.000 22.76 4.07 -2.54
0.0148

4.771
0.000

Cd Cd = 0 ,981-0 ,015  C.EC -0.19 3.62 0.2104 1.62 4.07 3.709
0.0006

-1.271
0.2104

ab -  function parameters; Sr -  Standard crror o f  regression; ta -  t -  test; tfa-1- test; p -  confideııcc levcl; F -  calculated; F valuc; F, -  F value fram tables o f  F distribution; R: -  detenniııatioıı 
coefficient F (0.05; k-1 and N-k); R -  correlation coefficient

o
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Table 3. The iııdicator value for heavy metal sorption in studied soils

Localitv Profile Is Zn İs Cu Is Pb İs Cd

FOREST

9 4.24 2.22 1.40 0.95

Javor 10 4.17 2.27 1.69 4.55

11 3.10 1.53 1.16 3.06

12 2.63 1.72 1.32 2.78

17 4.35 2.28 1.79 4.06

Babin IS 4.91 2.46 1.89 4.91

Zub 19 3.89 1.97 1.58 3.94

20 4.67 1.83 1.58 4.00

26 1.52 1.09 0.80 1.52

Prelesje 27 4.33 2.17 1.70 4.00

28 1.67 1.28 0.97 1.84

29 2.62 1.67 1.16 3.06

PASTURE

1 2.22 1.31 0.91 0.71

Javor 2 2.80 1.70 1.11 3.33

3 3.46 1.99 1.29 3.08

4 2.76 1.50 0.94 2.72

13 2.35 1.24 1.16 0.63

Babin 14 3.33 2.00 1.67 3.20

Zub 15 3.70 1.99 1.61 3.08

16 3.70 2.13 1.61 3.33

22 2.86 2.08 1.16 3.33

Pıelcsjc 23 2.62 1.67 1.27 3.33

24 2.56 2.03 1.20 2.90

25 3.33 2.17 1.42 1.74

The indicators o f heavy metal adsoıption are in relatioıı \vith their accum ulation 
in individual layers o f  the above soils and range \vitlıin the classes o f  very low to very 
lıigh for Cd and medium to very lıigh for Zıı, Cu and Pb. Tlıe sorption iııdicator raııges 
betvveen 0-5, depeııdiııg on IAb and RI, i.e. heavy metal load and retention capacity for 
heavy metals in the stııdy soils. The differeııces are conditioned by the State o f nutrient 
elements iıı the soil, edaphic conditions, and type o f  vegetation.



4. Conclusion

This research deals with forest soils and pasture soils on Mt. Stara Planina. 
Heavy metal accum ulation in the components o f  the terrestrial ecosystems is 
conditioned by the deposition intensity, soil clıaracteristics, mineral com position o f  the 
substrate, and vegetation type. In the soil adsorptive com plex, base and acid cations in 
different ratios are in dynamic balance vvith the correspondiııg cations in the soil 
solution. The exchangeable ionic reactions betvveen the adsorptive com plex and soil 
solution are important sources o f  nutrients and also a significant m echanism  for heavy 
metal retardation in the soil.

Zn and Pb concentrations inerease vvith the CEC inerease in forest and pasture 
soils. In forest and pasture soils. Cu contents decrease vvith the CEC inerease. Cd 
concentration inereases vvith the CEC inerease in forest soil, vvlıile Cd contents decrease 
vvith the CEC inerease in pasture soils. The differences in the behavioıır o f individual 
elements depending on CEC in forest and pasture soils result prim arily fronı different 
ratios o f  base and acid cations in the soil adsorptive com plex and their reactions vvith 
heavy metals.

The assessment o f  the soil soıptive capacity renders significaııt informatİon on 
the soil susceptibility to heavy metal loads. The sorption indicator represents the soil 
retardation capacity for heavy metals. The adsorption indicator points to the equilibrium 
State betvveen maeroelements Ca, M g and K and the content o f  heavy metals. I f  the 
sorption indicator is higher, the soil capacity o f  accum ulating and retaining heavy 
metals is lovvcr, and this inereases the potential pollution o f  surface and ground vvaters 
and environıııental quality in general.

The indicators o f heavy metal adsoıption are in relation vvith their accum ulation 
in individual layers o f  the above soils and range vvithin the elasses o f  very lovv to very 
high for Cd and medium  to very high for Zn, Cu and Pb. The differences are 
conditioned by the State o f nutrient elements in the soil, edaplıic conditions, and type o f 
vegetation.
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