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Long-term agrogenic impact on agricultural soil
geochemistry in East and West Lithuania

Saulius Marcinkonis, Marcinkonis S., Karmaza B., Bakdiené E., Tripolskaja L., Konéius D., Operaitiené D.,
Repdiené R. Long-term agrogenic impact on agricultural soil geochemistry in East
Bronislavas Karmaza, and West Lithuania. Geologija. Vilnius. 2005. No 51. P. 1-9. ISSN 1392-110X.
Direct and indirect impacts of different anthropogenic load on element distribu-
Eugenija Bakdiené, tion and redistribution were investigated in agricultural soils. The atomic absorption
spectrophotometry method and radiofluorescence analysis showed that the soils were
Liudmila Tripolskaja, affected by agrogenic agricultural activities.
Total soil concentrations of some elements were found to be enhanced by agro-
Donatas Koneius, genic activities, but for some elements these enhancements were not statistically sig-
nificant, and for other elements the concentrations are enhanced at some sites but
Danuté Obperaitieng, diminished at others. As compared to the background levels of the elements studied,
the anthropogenic agrogenic impact in Albeluvisols of Western Lithuania was revea-
Regina Repdiené led in statistically reliable deviations of 11 elements (Al, Ca, Fe, Mg, B, Ba, Co, Cu,

Ni, Sr, Zn), while in Eastern Lithuanian Luvisols only four elements (Ca, Co, Cu, Sr)
showed such deviations. Regarding the anthropogenic impact, significant changes (>2
versus the background levels) in the Western zone were shown only by Ca and Sr and
in the Eastern zone only by Ca. The mean soil concentrations reported were all
substantially lower than the maximum permitted concentrations.
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INTRODUCTION process, the chemical and physical characteristics of

soil, anthropogenic load, etc. (Pauliukevieius, 1986;
In soils, the content of chemical elements depends Kaddnas, 1998; Kaddnas et al. 1999; Mapvila & Ado-
on the type and genetic properties of pedogenic se- maitis, 2001, Mapvila et al., 2001). The antropogenic
diments, their texture, the trend of the pedogenic impact on soil evokes new elementary processes in
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natural pedogenesis, induces transformation of soil
morphological traits, modifies the dynamics of soil
composition and properties as well as its macro- and
microstructure (Seredina et al., 2003). There are nu-
merous studies to document the fact that agricultu-
ral activities change the total and mobile content of
elements in soil, resulting in formation of their new
associations, and exert effects on the basic chemical
characteristics of soil (Canpeikun, 1984; Baltakis,
1993; Kad(nas et al. 1996; Murray et al. 2004). In
this way the objects close in the geographic or agro-
nomic respects acquire different geochemical proper-
ties.

The anthropogenic impact of agriculture can be
differentiated into agrotechnical and agrogenic. The
agrotechnical impact is induced by mechanical soil
cultivation when Mn, Ni, Cr, Fe, Co, V and Pb get
into it. The agrogenic impact directly follows from
agricultural activities such as soil fertilization with
various mineral (nitrogen, potassium, phosphorus)
and organic fertilizers, liming (Vareikiené, 1998).
Commercial fertilizers in Lithuania have been inten-
sively used for decades since 60ties. Hence, even low
annual accumulations may finally build up undesired
concentrations in soil, especially where fertilizers with
high heavy metal or rare earth element concentra-
tions are used (Mortvedt, 1987). It has been noted
that phosphorous fertilizers produced from apatite
(or from concentrated phosphate) introduce a parti-
cularly abundant association of chemical compounds
(Ba, Mn, Ni, Cu, Zn, Sr, V, Y, Zr et al.) as soil
admixtures (Caer, 1990; Todorova, 1995; Rutherford
et al. 1996; Mortvedt & Beaton, 1996). The most
distinct soil geochemical anomalies are formed by
element impurities including rare-earth elements from
phosphate raw materials (Abdel-Haleem et al., 2001).
These elements are absorbed by plants and some
are contaminants, which might become hazardous to
the environment and health (Lavado et al., 1999).
In contrast, other authors concluded that there were
no discernible changes in the masses of trace ele-
ments that could be unambiguously associated with
the application of phosphate fertilizers for 50 years
(Agbenin & Felix-Henningsen, 2001). However, so-
me authors like to stress that the major contribution
of heavy metals arises from the use of organic fer-
tilizers (Dach & Starmans, 2005).

Studies of trace element dynamics in long-term
field experiments have shown to be a useful comple-
mentary tool to assess soil accumulation (Jones et
al., 1987). Because of their indefinite residence time
in soils, the input of heavy metals and other trace
elements to agricultural lands with soil amendments
may pose the greatest (albeit undetermined) long-
term threat (Hesterberg, 1998).

With regard to agrogenic load, the West Lithuanian
and East Lithuanian zones can be urgent on the ter-
ritory of Lithuania. In West Lithuania, originally con-

ditionally acid (pHKCI 5.5 and <) soils comprise 66.3%
and in East Lithuania 51.9% (Mapvila, 1998). These
soils in the period 1950-1970 till 1990 were intensively
limed, and in that period they underwent at least three
rounds of liming (Svedas, 1997). Element diversity in
these soils results not only from mineral and organic
fertilization, but also from the liming materials. A se-
ries of field trials were established to investigate the
combined effect of liming and fertilization on these
soils on a local scale and to assess the status of the
agroecosystems in 1947-1982. In these trials, seven of
this series, in separate treatments the chemical compo-
sition of soil was investigated. Eighteen elements im-
portant with respect to agronomical, nutritional or en-
vironmental pollution were studied. We determined the
total percentage of the elements abundant in soil, such
as Al, Fe, Ca, K or somewhat less abundant Mg, who-
se mobility in soil strongly depends on liming. With
regard to the national hygiene norms, the soil levels of
Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn
were assessed (Council Directive 86/278/EEC, 1986).
Soil Sr was also tested.

The arable soil layer was chosen as the study
object as the most significant part of soil most
strongly exposed to agrogenic impact. The purpose
of the current study was to determine the chemical
composition of agricultural soils, element distribu-
tion and redistribution under different type antropo-
genic load of various intensity in East and West L.it-
huania.

METHODS

Soil samples were taken from seven long-term field
trials in two Lithuanian soil zones (four in Western
and three in Eastern Lithuania, Fig. 1). The trials had
a randomized block design, with 3-5 replications of

FINLAND

SWEDEN

RUSSIA

POLAND BELARUS

Egp\ GERMANY

West Zemaiciai plateau,
Samaliske N 55941'36" N 54° 34'56" E 2590 7'43";
E 21°29'58"; 68,5 a.s.L. 153,5a.s.1.

Fig. 1. Location map of soil sampling
1 pav. Tirtg pavyzdpig lokalizacija

Dainava plain, Voké




Long-term agrogenic impact on agricultural soils geochemistry in East and West Lithuania

Table 1. Limits of detection of AAS analytic technique for chemical elements
1 lentelé. Analizuotg elementg AAS metodo jautrumo riba

Element Ag B Ba Co Cr Cu | Ga La Li | Mn | Mo
Limit of detection mg kg* |0.03 5 30 1 2 2 1 3 10 | 10 | 05
Element Nb Ni P Pb Sc Sn Ti Vv Y | Yb | Zn
Limit of detection mg kg* | 3 2 300 3 1 1 10 1 1] 03 | 10
Table 2. Experimental design and impact type tested in West Lithuanian Albeluvisols
2 lentelé. Tyrimg schema ir tirtas poveikis Vakarg Lietuvos balkdvapemiams
Soil type Soil texture | Plot size m? Impact type (+)
Mineral Organic Soil
fertilising fertilising liming
V1. Slacked lime (single application of 6.6 t ha® CaCO, in 1948)
Dystric Albeluvisol (ABd) Silty loam 75 - - +
V2. Liming & manuring (manure every 7 years 120 t ha? since 1959
applied twice in rotation 60 t ha?)
Dystric Albeluvisol (ABd) Silty loam 38 - + +
V3. Periodical liming (every 7 years since 1949)
Dystric Albeluvisol (ABd) Silty loam 60 - - +
V4. Liming (every 7 years from 1976 liming to target pH level)
with annual high rates of NPK fertilisation
Dystric Albeluvisol (ABd) Silty loam 112 + - +

each treatment. The western zone is the region of the
most intensive soil leaching and the weakest decompo-
sition of organic substances. The annual precipitation
here reaches 700-800 mm, versus 500-600 in East Li-
thuania. In each trial, samples were taken from the
control and anthropogenic (most intensively fertilized
or limed depending on a trial scheme) treatments of
each replication. The field trial location, soil group and
study treatments are shown in Tables 2—4. The size of
treatment plots in separate trials varied from 30 m? to
112 m? The field trials were established and carried
out in accordance with the standard field trial methods
(Tonkdnas, 1957; Little & Hills, 1978).

Soil samples were collected in triplicate using a
stainless steel sampling tube. Soil samples were com-
posited and brought to the laboratory. For laborato-
ry studies, all samples were air-dried. Soil samples
for geochemical composition analysis were sieved
through a 1-mm sieve. The analyte (<1 mm) part
was powdered. Applying the atomic absorption spec-
trophotometry (AAS) method, 17 elements were es-
tablished (Ag, Al, B, Ba, Ca, Co, Cr, Cu, Fe, Mg,
Mn, Mo, Ni, Pb, Sn, V, Zn). For their identification
a broad scope of spectral lines is used, and their
detection limits is low enough to state their natural
background level (Table 1). Another method of ana-
lysis, which allows to expand the list of the identifi-
cation elements studied, is radiofluorescence analysis

(RFA), which was used to determine Sr levels. The
Sr detection limit is 2 mg kg™

The sample, like in the AAS method, should not
be dissolved but is directly analysed with X-rays upon
fine grinding (Lis et al., 1999). The soil was analysed
at the Institute of Geology & Geography laboratory.
Soil texture type was classified according to Interna-
tional Soil Science Society (ISSS) classification.

Data of laboratory analysis were systematized and
statistically processed using the statistical method of
disperse analysis (ANOVA). The statistical reliability
of data was assessed by the absolute limit of least
essential difference (P < 0.05) (Little & Hills, 1978).

Soil pollution was assessed according to the na-
tional hygiene norms with regard to the maximum
permissible concentration (PC) (Lithuanian hygiene
norm HN 60:2004; Kadlnas et al. 1996).

As the background value of a chemical substan-
ce, its content in non-fertilized soil was analyzed.
Anthropogenic impact was assessed according to the
ratio of element concentrations: CB (control bac-
kground) / Al (under agrogenic impact).

RESULTS
West Lithuania — Samaliokés trials

The West Lithuanian zone of soils comprises the
Pajdris Lowland and the bemaigiai Highland. Here,
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Table 3. Changes of topsoil geochemical composition in
West Lithuanian Albeluvisols

3 lentelé. Armens geocheminés sudéties pokygiai Vakarg
Lietuvos balkdvapemiuose

Ele- PC| Vi V2 V3 V4

ments Percentage of

cB |pc [cB Pc|cB Pc|cB PC

Ag 2 98 5 113 5 100 5 119 6
B 50 96 68 108 68 100 66 104 67
Ba 600 83 67 106 81 98 56 99 77
Co 30 114 25 100 21 82 21 93 20
Cr 100 102 52 99 49 95 52 147 49
Cu 100 76 8 92 11 9 9 97 11

Mn 1500 92 72 130 72 90 55 85 58
Mo 5 93 15 116 15 84 13 113 18
Ni 75 103 26 114 26 92 23 100 23
Pb 100 99 17 99 14 85 15 103 18
Sn 10 102 27 97 26 95 27 108 27
Sr - 120 - 177 - 123 - 214 -
V 150 80 33 102 38 94 37 102 36

Zn 300 67 11 117 16 79 11 85 14

Note. Statistically significant (R,) differences are
bolded.

the pedogenic rocks comprise mostly light and me-
dium sandly loam. Climatic conditions in the zone
favour the processes of soil leaching and podzoliza-
tion (Juodis, 2001). In the current study, the zone is
represented by four field trials, all in Samalidkés lo-
cation of Klaipéda Region (West Pemaitiai plateau).
The trial soils are typical of the zone and are Albe-
luvisols (Table 2).

The investigation in the Samalidkés field trials al-
lowed to assess a combined agrogenic impact on the
arable layer of soil, exerted by liming of various in-
tensity combined with mineral and organic fertiliza-
tion (Table 3 and Fig. 2).

The geochemical composition of regulary fertili-
sed arable soil at site V1, which 55 years ago had
been limed with an aggressive compound (slack li-
me), reliably differed from that of non-limed soil. In
the anthropogenic treatment, statistically reliably lo-
wer was the total content of four elements: Mg -
78%, Ba — 83%, Cu — 76% and Zn — 67% of their
background level. The total stock of elements exce-
eding the background level in an increasing order
form the following sequence: Cr & Sn = Ni > Co
> Sr. Their content reached 102% to 120% of
background values. Assessing the content of elements
with regard to PC, it should be noted that none of
the elements studied exce-
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Fig. 2. Changes of topsoil macroelement composition in West Lithuanian Albeluvisols
2 pav. Makroelementg pokyeéiai Vakarg Lietuvos balkdvapemig armenyse

102% to 130%). None of
the elements studied by
their total values exceeded



Long-term agrogenic impact on agricultural soils geochemistry in East and West Lithuania 5
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Fe (80%) and Co (82%)
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background level was ex-
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pectively). None of the
elements studied excee-
ded the PC; the highest
levels were shown by Ba
and B, which reahed 56-

20

0

Elements Al Ca

Fe

Mg

Fig. 3. Changes of topsoil macroelement
composition in East Lithuanian Luvisols
3 pav. Makroelementg pokyeiai Rytg Lie-
tuvos idplautpemig armenyse

66% of PC.

East Lithuania — Voké
trials

the PC, the highest levels being shown by B, Mn
and Ba (68-81% of PC).

In the arable soil layer at site V4, which had
been intensively fertilized with mineral fertilizers and
limed, the Ca and Sr levels were statistically reliably
higher as compared to non-fertilized and non-limed
soil. Under these conditions of intensive agrogenic
impact, the content of Ca was 2.48 times and of Sr
2.14 times higher. The background level was excee-
ded, in the following increasing sequel, also by V >
Pb > B = Al > Sn > Mo > Ag > Mg > Cr (from

The East Lithuanian soil
zone is most remote from the sea, and the climate
is continental here. In the East Lithuanian sandy
soil region (one of the three zone regions) the pe-
dogenic rocks are fluvioglacial sands. In the region
common sandy soils prevail; the agronomic value of
soils is very low (Juodis, 2001). The zone is repre-
sented by three field trials in Dainava Plain, Voké
trial plots (sites V7-V9), in Vilnius District. The trial
soils were Luvisols (Table 4). Studies at the Voke
sites allowed to asses a combined agrogenic impact
on the arable soil layer of substances used for li-

Table 4. Experimental design and impact type tested in East Lithuanian Luvisols
4 lentelé. Tyrimg schema ir tirtas poveikis Rytg Lietuvos idplautpemiams

Soil type Soil texture | Plot size m? Impact type (+)
Mineral Organic Soil
fertilising fertilising liming
V7. Calcareous sapropel (200 t ha single application in 1984) with annual NPK fertilisation
Haplic Luvisol (LVh) Silty loam 40 + + +

V8. Dust limestone (single

application of 7.18 t ha?! CaCO

8]

in 1972) with annual NPK fertilisation

Haplic Luvisol (LVh)

Silty loam

30

+

+

V9. Liming (periodical, 24.64 t ha™ CaCO, applied since 1973) with annual NPK fertilisation

Haplic Luvisol (LVh)

Silty loam

30

+

+
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Table 5. Changes in topsoil geochemical composition in
East Lithuanian Luvisols

5 lentelé. Armens geocheminés sudéties pokyeiai Rytg Lie-
tuvos idplauthemiuose

Elements PC V7 V8 V9
Percentage of
cB| pc | cB| pc | cB |PC
Ag 2 100 4 103 4 85 4
B 50 99 57 101 54 58 31
Ba 600 95 52 99 64 88 73
Co 30 110 19 95 13 121 17
Cr 100 96 39 104 41 95 40
Cu 100 94 8 122 10 119 9
Mn 1500 114 46 112 45 106 41
Mo 5 110 13 8 8 109 13
Ni 75 102 17 102 17 87 16
Pb 100 113 15 97 14 102 14
Sn 10 89 25 99 22 120 24
Sr 179 115 179
V 150 106 26 101 28 98 26
Zn 300 94 3 97 8 100 6

Note. Statistically significant (R) differences are bolded.

ming of various intensity, as well as of mineral and
organic mineralization (Table 5 and Fig. 3)

The geochemical composition of a regularly fer-
tilized arable soil (site VV7), which 19 years ago had
been fertilized with large amounts of calcareous sap-
ropel, showed no reliable difference as compared to
non-fertilized soil. Only Sr content was increased,
though rather significantly (by 179%). The bac-
kground level was exceeded also by Al, Mg, Co, Mn,
Mo, Ni, Pb and V (from 102% to 115%). The sum
total of elements that exceeded the background level
made the following increasing sequel: Ni > V = Co
> Mo > Mg = Pb = Mn > Al None of the ele-
ments by their total content in the soil exceeded the
PC; Ba and B, which showed the highest content,
reached 52-57% of the PC.

A single liming of soil 21 years ago and ever
since applied fertilization (site V8) did not induce
significant changes in Luvisol. Only the content of
Cu was reliably higher (by 22% compared to non-
fertilized and non-limed soil). The background level
was exceeded, in increasing order, also by B & V >
Ni > Ag > Cr > Mg > Al > Mn > Sr > Cu >Ca
(from 101% to 124%). None of the elements stu-
died exceeded the PC; B and Ba showed the highest
content, but reached only 54-64% of the PC.

The third Voké trial (site VV9) revealed more sig-
nificant changes induced in the geochemical compo-
sition of Luvisol by liming and fertilization that had
lasted over 20 years. Due to the agrogenic impact,
the content of Ca (147%), Co (121%) and Sr (179%)
exceeded the level of the background treatment, as

did also Cu, Mn, Mo, Pb and Sn (from 102% to
120%). The elements that exceeded the background
levels comprised the following sequel (in increasing
order): Pb > Mn > Mo > Cu > Sn > Co > Ca
> Sr. None of the elements exceeded the PC requi-
rements; Ba, which showed the highest total level,
reached 73% of the PC.

DISCUSSION

Summarizing the results of the investigation, we
found that all soils had been affected by agrogenic
agricultural activities. Direct introduction of more or
less significant amounts of various elements influen-
ces also their distribution into groups. However, the
degree of the agrogenic impact differed depending
on both the peculiarities of a zone and the effect of
the means applied.

In Albeluvisols of the Western zone, under vario-
us fertilization and liming conditions, the total levels
of all elements except Cu were enhanced, whereas
in Luvisols of the Eastern zone in all fertilization
and liming conditions the levels of Fe, Ba and Zn
remained unchanged.

In the Western zone, among the 18 elements stu-
died, the anthropogenic agrogenic impact was reflec-
ted in reliable differences of 11 elements. Five of
them (Al, Mg, Ba, Co and Cu) showed decreased
total levels. Fe and Zn levels varied depending on
fertilization and liming peculiarities. The levels of Sr
were higher in periodically limed and fertilized arab-
le soil (site V2) and showed a direct dependence on
fertilization intensity (site VV4). This element in the
arable soil layer becomes immobilized at higher Ca
levels and lowered soil acidity (at pH increased).
When the soil regains its natural acidity, Sr levels
show no reliable changes (site V1).

In the Eastern zone, among the 18 elements stu-
died, four (Ca, Co, Cu, Sr) showed a reliable incre-
ase in their content under the agrogenic impact. The
intensively limed arable soil regularly fertilized with
mineral fertilizers was affected most significantly.
Worth noting here is an enhanced level of Sr in
conditions of agrogenic impact. This element gets
into soil as a constituent part of fertilizers (dolomi-
te, potassium, nitrogen of phosphate substances), or
its content undergoes changes caused by the altered
Sr uptake in polluted soils (Bohlke & Horan, 2000).
Increased stores of Cu resulted from impurities in
compound fertilizers (Brzkke, 1999). Earlier research
on similar soils (Rim3elis et al. 1997) showed that
liming and fertilization had a noticeable effect on
the content of mobile forms of heavy metals in such
soils, Cu and Zn in particular.

Analysis with regard to the PC showed that in
the Western zone the levels of the elements studied,
even those whose levels were highest, did not exce-
ed the PC (Mn 58-72%, B 66-68% and Ba 56—
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81%). Even Ag and Cu levels were as low as 5-
11%. Most often their total stores as compared to
the background treatment were lower in limed soils
fertilized with mineral fertilizers and higher in soils
fertilized with organic fertilizers. The reasons can be
both introduction of these elements with organic fer-
tilizers and the effect of fertilizers enhancing the ac-
cumulation of these elements in soil. Neither in the
Eastern zone the content of the study elements, even
of those that showed the highest levels (B 54-57%
and Ba 52-73%), ever exceeded the PC. Even Ag,
Zn and Cu levels were as low as 3-10%. The repor-
ted medium for Ba in agricultural soil on a Lithua-
nian scale is from 307 (sandy soils) to 422 mg/kg
(loamy soils), for B — 23.9 and 32.2, respectively (Ka-
dlnas et al., 1999). Boron is an essential micronut-
rient for plants, but the range between deficient and
toxic B concentration is smaller than for any other
nutrient element (Goldberg, 1997). There is little do-
cumentation addressing Ba in contaminated environ-
ments. Ba is known to be rather immobile in soils
(Mineral elements, 1978; Kabata-Pendias & Pendias,
1992; Pichtel et al. 2000).

Numeriuos investigations on the Middle Lithua-
nia soils concluded that the content of heavy metals
determined in the arable land with diferent soil tex-
ture even under long-term intensive fertilizing did
not exeed the standart background levels (Lubyté &
Adomaitis, 1996; Adomaitis et al., 2003).

Our studies showed that the anthropogenic im-
pact on soil with respect to geochemical composi-
tion is more pronounced in naturally acid field trial
soils of the Western zone, which undergo periodical
liming. These soils also by their granulometric struc-
ture were somewhat heavier compared to the Eastern
zone soils, therefore they are regarded as less resis-
tant to pollution.

CONCLUSIONS

1. As compared to the background levels of the ele-
ments studied, the anthropogenic agrogenic impact
in the Western zone of Lithuania was revealed in
the statistically reliable deviations of 11 elements (Al,
Ca, Fe, Mg, B, Ba, Co, Cu, Ni, Sr, Zn), while in the
Eastern zone only four elements (Ca, Co, Cu, Sr)
showed such deviations.

2. Regarding the anthropogenic impact, signifi-
cant changes (=2 versus the background levels) in
the Western zone were shown only by Ca (2.48-3.28
times) and Sr (2.14 times) and in the Eastern zone
only by Ca (2.83 times).

3. The total levels of the elements tested never ex-
ceeded the maximum permissible level, thus the soils
were assessed as non-polluted. Somewhat higher values
were revealed for Ba (up to 73% in the East and 81%
in the West Lithuanian soils). However, these levels
showed no dependence on the agrogenic impact.

4. 1t should be emphasized that a long-term ag-
rogenic impact does not yet result in the changes of
soil chemical composition (18 elements tested) able
to disturb the health of man by a long-term or even
life-long exposure to the mentioned elements via
plants, water or air and has no direct or indirect
effect on hereditability and future generations.
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ILGALAIKIS AGROGENINIS POVEIKIS DIRBAM@Z
RYTZ IR VAKAR® LIETUVOS DIRVOPEMIQ
GEOCHEMINEI SUDEEIAI

Santrauka

Tyrimg metu geochemidkai &vertintas antropogeninis povei-
kis dirbamg dirvopemig armeniui, pasireidkiantis tiesiogiai
patekusig elementg ar jg idprovokuotg kitg elementg per-
siskirstymu. llgalaikig lauko bandymg parinktuose variantuo-
se, panaudojant atominés absorbcijos analizés ir rentgeno
fluorescencinés analizés metodus, nustatyta, kad visi tirti
dirvopemiai buvo paveikti agrogeninés pemés Okio veiklos.
Suminés kai kurig elementg koncentracijos padidéjo dél ag-
rogeninio poveikio, taéiau vienos jg nebuvo statistidkai pa-
tikimos, kitos nustatytos tik vienuose bandymuose. Vakarg
Lietuvos balkdvapemiuose tarp 18 tirtg elementg antropoge-
ninis agrogeninis poveikis patikimais skirtumais pasireidké
11 elementg (Al, Ca, Fe, Mg, B, Ba, Co, Cu, Ni, Sr, Zn),
tuo tarpu Rytg Lietuvos idplauthemiuose — tik keturig ele-
mentg patikimais skirtumais (Ca, Co, Cu, Sr). Pagal antro-
pogeniné poveiké reikdmingi pokyeiai (>2) Vakarg zonoje
pasireidké tik Ca ir Sr atpvilgiu, 0 Rytg — tik Ca atpvilgiu.
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Nustatyti suminiai elementg kiekiai né vienu atveju nevir-
dijo DLK, todél dirvopemiai évertinti kaip neupterdti.
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