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To find the most suitable method for determining the concentration of
heavy metals and the correlation of their different forms in Lithuania’s
soils, special trials were carried out in 1998-2000. We investigated soils
differing in genesis, texture and reaction. The samples were collected in
Skémiai, Kritikai and Rumokai fertilization trials conducted by the Agro-
chemical Research Centre. Soil samples from the field crop rotation at the
Voké branch of the Lithuanian Institute of Agriculture were used as well.

General forms of heavy metals in soil samples were determined in HNO.-
HF-HCIO,, soluble 2 M HNO, and mobile forms in ammonium acetate
buffer solution (AAB) pH 4.8. The following heavy metals (microelements)
absorbed by plants were determined: Cu, Fe — 1 M HClI in solution, Mn —
0.05 M H,SO, and Zn in ammonium acetate buffer solution, pH 4.8.

To determine the correlation between different forms of heavy metals,
269 soil samples were selected. Summarizing the results of the trials ob-
tained in 2 M HNO, extraction it was determined that the concentrations
of heavy metals greatly depended on soil texture. All the above-mentioned
groups contained average concentrations of heavy metals and standard de-
viations. Separate methods had coefficients of correlation. It was noted
that a reliable correlation was usually found in the forms of mobile and
soluble Pb (0.39-0.50), Cu (0.31-0.55) and Zn (0.23-0.62). In sandy and
sandy loam soils the medium correlation of Cd and Ni was determined.

The analysis of (microelements of) mobile Cu, Mn, Zn and Fe in soil
of different texture and their soluble 2 M HNO, concentrations revealed
their close correlation: copper— 0.47-0.81, manganese — 0.67-0.83, zinc —
0.23-0.62, iron — 0.38-0.71.
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INTRODUCTION

method: 0.005 M DTPA (diethylenetriaminepentaa-
cetic acid) +0.01 M CaCl, +0.1 M TEA (triethano-

Different forms of heavy metals may be investigated
in soils: general, soluble in acid solutions, mobile
and soluble in water. Many international organi-
zations and scientists prepared, tested and presented
methods of their analysis (Baker, Amacher, 1982;
oM, 1983; HMUHAO, 1983; UN/ECE, 1993;
ISO/DIS 11047:1993). Moreover, new instrumental
methods and all-round systems of analysis are cons-
tantly prepared. The main problem concerns the ful-
filment of requirements and the choice of the ade-
quate method.

The most common and widely used solutions for
identification of mobile forms of heavy metals are:
acetate buffer solution pH 4.8, 1 M HCI, 1 M HNO,
(M5M, 1983); 2M HNO, (UN/ECE, 1993); 0.1 M
HCI, 0.05 M HCI in 0.0125 M H,SO,. The DTPA
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lamine) pH 7.3 (Baker, Amacher, 1982). The
amount of heavy metals strongly depends on the
solution used for extraction. The use of stronger
solutions helps to determine the forms soluble in
acid (1 M HCl, 1 M HNO,, 2 M HNO,). It inclu-
des not only the forms absorbed by plants but also
heavy metals from the nearest reserve, e.g. 1 M HCI
extracts much more of heavy metals than acetate
buffer solution. It is also influenced by the type of
soil and its pollution (3eipuH 1 ap., 1985).

METHODS
In order to find the most suitable method deter-

mining the concentration of heavy metals and the
correlation of their different forms in soils, special
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trials were carried out in 1998-2000. We investi-
gated soils differing in genesis, texture and reaction.
The samples were collected in Skémiai, Kritikai and
Rumokai fertilization trials conducted by the Agro-
chemical Research Centre. Soil samples from the
field crop rotation at the Voké branch of the Li-
thuanian Institute of Agriculture were used as well.

The crop rotation fertilization trial in Skémiai
(28 years) was carried out on a sandy light loam
Endocalcari-Endohypogleyic Cambisols (RDg 4-k2).
Different forms of heavy metals were determined in
the samples of two replications of 15 trials: 1. Un-
treated. 2. NP K,. 3. NP K . 4 N PK . 5.
N,,P, K, 6. NP K. 7. NP K. 8 N, P K, . 9.

90™ 90™ 180" 90~ 180" 90"
N, P.K, 10.N, P.K . 11.N P,K . 12.N P, K

1807 90 180~ 90™ 180"
13 NlSOPISOKU' 14 NISOPISOK‘)U' 15 NISOPISOKISO'

Soil pH, , varied from 6.6 to 7.8, mobile P,O, from
67 to 350 mg kg, K,O from 93 to 237 mg kg™, humus
from 2.0 to 2.2%.

The Kriiikai trial (Sakiai district) was established
in 1990 on medium loam Epicalcari-Endohypogleyic
Cambisols (RDg 5-k1). Samples were taken from
three replications of 10 treatments: 1. Untreated. 2.
NP, K- 3. NP K. 4. N, P K. 5 NP K. 6.
N90P180K90' 7 N90P90K180' 8' NISOPISOK‘)O' 9' NlSUP‘)OKlSO'
10 NISOPISOKISO'

Soil pH,, varied from 6.9 to 7.8, mobile P,0O,
from 123 to 183 mg kg', KO from 112 to
151 mg kg™, humus from 2.2 to 2.3%.

Different forms of heavy metals were also deter-
mined during the trials in VilkaviSkis district. The
trials were carried out at the Rumokai Station of
Lithuanian Institute of Agriculture on a limnogla-
cial silty Calc(ar)l-Epihypogleyic Luvisols (Idg8-k)
sandy light loam soil. Its pH , was 7.0-7.6, mobile
P,O, 110-118 mg kg, K,O 138-170 mg kg, hu-
mus 2.0-2.2%. On a Sandy loam Eutri-Haplic
Arenosols (SDp-b) at the Voké Branch of the Li-
thuanian Institute of Agriculture the pH, was 6.0-
6.4, mobile P,O, 220-250 mg kg, K,O 220-
250 mg kg!, humus 1.6-2.2%.

Samples of all fertilization trials were taken from
the layers of 0-20, 20—40, 40-60 ir 60-90 cm. General
forms of heavy metals in soil samples were determi-
ned in HNO,~HF-HCIO,, soluble 2 M HNO, and
mobile forms in ammonium acetate buffer solution
(AAB), pH 4.8. The following heavy metals (microe-
lements) absorbed by plants were determined: Cu, Fe —
1M HCl in solution, Mn - 0.05 M H,SO, and Zn in
ammonium acetate buffer solution pH 4.8.

In order to determine heavy metals in extracts
such devices as AAS-30 an atomic absorption spec-
trometer (since 1990) or Analyst-800 (since 1999)
with HCI lamps are usually used. To comprehend a
corresponding method in laboratory is not enough.

First of all the control of precision should be done
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and then the correctness of the results should be
proved. In laboratory the quality is ensured by ap-
plying certificed fundamental materials (CFM) —
CRM 141R and CRM PL-1 twice per year. Since
the price of CFM is rather high, routine tests are
carried out by using a well analyzed, homogeneous
and stable material (secondary fundamental mate-
rial) and empty sample analysis. Secondary funda-
mental materials (SFM 1, SFM-2) are made to the
requirements of fundamental material preparation
(FOCT-1989). Annually, since 1996 the Centre of
Agrochemical Investigation takes part in the inter-
laboratory comparable trials (ICT - organization,
conduct and estimation of trials of the same or si-
milar trial objects in two or more laboratories and
under already fixed conditions), the results are “satis-
factory”. ITC covered various projects: ECOSLIT —
Lithuania, 1996; AMOS 1997/1998, the executive or-
ganization - BAM, Germany, PHARE Service ILS-
1 1996/1997 and PHARE Service ILS-2 1997 Vrije
University (VU), Holland; PHARE Service-2 (1 and
2 stage) 1998/1999- RIZA, the Netherlands.

RESULTS AND DISCUSSION

To determine the correlation between different forms
of heavy metals, 269 soil samples were selected. By
generalizing the results of the trials obtained in 2
M HNO, extraction it was determined that the con-
centrations of heavy metals greatly depended on the
soil texture (Table 1). Thus, in order to evaluate
the concentration data determined by different
methods, soils were grouped according to their tex-
ture and reaction. Soil texture include the following
groups: sand, sandy loam, light loam, medium loam
and clay. And according to pH there are such groups
as 5.0; 5.1-6.0; 6.1-6.5 and >6.5. All these groups
contained an average concentration of heavy metals
and standard deviations. Separate methods were used
to determine the coefficients of correlation.
Concentrations of heavy metals in 2 M HNO, ex-
tract are not high and none of the investigated metals
exceeds the maximum limit of concentration (MLC).
However, in soils of different location their concentra-
tion was not the same: on average Cr constituted 5.0
15.1, Cd - 0.48-0.51, Pb - 8.7-13.2, Ni — 4.3-12.6, Cu -
2.9-7.2, Zn — 17.7-34.3, Mn - 180.8-263.7 and Fe -
4419-7632 mg kg™ of soil (Table 1). Lower contents
of heavy metals were found in the samples of sand and
sandy loam soils, while their levels was higher in loam
and clay soil samples. Mobile in comparison to solub-
le forms (2 M HNO,) of all the heavy metals studied
(in ammonium acetate buffer solution, pH 4.8) were
not great in number: Cr — 0.43-0.57, Cd - 0.15-0.18,
Pb — 1.38-1.48, Ni - 0.59-0.78, Cu - 0.23-0.51; Zn -
1.47-2.03, Mn - 12.6-21.0 and Fe 23.8-86.6 mg kg
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Table 1. Content of heavy metals of various forms in the soils of different texture, mg kg!
1997-1999
Sand Sandy loam Light loam Medium loam-clay
HM HM form —
X x5
Cr SF* 496 * 153 6.87 £ 2.1 953 = 2.72 15.14 = 3.01
MF 043 = 0.13 0.46 = 0 0.51 = 0.16 0.57 = 0.15
Cd SF 0.48 = 045 0.5 = 0.25 051 = 0.24 0.49 = 0.19
MF 0.17 *0.04 0.16 = 0.05 0.15 = 0.06 0.18 = 0.03
Pb SF 8.,7 £ 2.26 9.46 = 1.94 10.11 = 1.86 13.25 = 2.51
MF 1.48 = 0.48 1.38 = 043 1.46 = 0.32 141 = 0.25
Ni SF 425 * 1.48 637 £ 2.13 8.55 = 2.39 12.61 = 2.44
MF 0.59 = 0.28 0.72 = 0.49 0.78 = 0.43 0.7 = 0.18
SF 295 = 1.22 37 = 14 5 % 17 7.18 = 1.48
Cu MF 023 = 0.11 0.24 = 0.08 029 = 0.1 0.51 = 0.51
™ 1.75 = 1.16 1.7 £ 0.55 2.19 = 073 299 * 0.86
Zn SF 17.75 = 7.7 21.24 * 554 2493 = 7.5 3428 * 6.69
MF 2.03 = 093 1.94 = 2.17 1.76 = 0.74 1.47 = 0.34
SF 1808 + 99.2 1919 = 753 207.1 = 79.7 2673 += 81.7
Mn MF 26 = 6.5 13.7 = 7.7 17.5 = 10.2 21 = 89
™ 566 + 232 65.6 = 203 70 £ 24.6 752 £ 223
SF 419 = 2022 5777 = 1786 7632 = 2314 1799
Fe MF 38 += 79 247 = 8.6 26.2 = 135 86.6 £ 233
™ 1487 = 1844 1290 = 352 1799 = 575 2476 = 721
n 84 88 70 27
* SF — soluble forms (2M HNO,); MF - mobile forms (AAB pH 4.8); TM - trace elements (Cu, Fe — 1 M HCI,
Mn - 0.05 M H,SO,.

The levels of mobile Cr, Cd, Pb, Ni directly little
depended on soil texture, and the content of Cu in
loam and clay soils was 2.2, Mn - 1.7, Fe -3.6 ti-
mes higher than in sand soils. The concentrations
of mobile forms in comparison to those soluble in
acid were as follows: Cr -3.8-8.8; Cd - 29.4-35.4;
Pb - 10.7-17.0; Ni - 5.6-13.7; Cu - 5.8-7.8; Zn —
4.3-9.1; Mn - 7.0-8.5; Fe — 22.3-33.7%. The majo-
rity of heavy metals in light, medium loam and clay
are much more mobile than those in sandy and san-
dy loam soils. On the average plant-absorbed Cu
constituted 1.75-2.99 mg kg!, Mg — 56.6-75.2, Zn —
1.47-2.03 and Fe 1290-2476 mg kg

The concentration of mobile as well as soluble
forms is somewhat lower in soils of more acidic
reaction (pH up to 6.0) than in soils with neutral
reaction. Part of heavy metals is considered to mig-
rate from the upper horizons into the deeper ones.
Migration conditions are better in sand and sandy
loam soils than in loam and clay soils.

Mineral NPK fertilizers slightly changed the con-
centrations and correlation of heavy metals in the
Skémiai crop rotation fertilization trial on a lea-
ched RDg 5-k1 sandy light loam soil and in Kriiikai
trial on a sod-gleyic medium loam soil. The concen-

tration of different heavy metal forms among the
replications of treatments varied like in separate tre-
atments. The concentrations of heavy metals reflect
mostly variations of soil rather than its change cau-
sed by long-term application of mineral fertilizers.

A comparison of the amount of general and so-
luble 2 M HNO, forms of Cr, Cd, Pb, Ni, Cu, Zn,
Mn and Fe and their distribution in soil layers dif-
fering in genesis and texture showed that their con-
centrations were lower in a moraine sandy light lo-
am (RDg 4-k2) in the Skémiai trial and in a sandy
loam (SDp-b) of the Voké trial. Higher amounts of
heavy metals were found in a sod podzolic light
loam soil in the Rumokai trial and the highest in a
limnoglacial silty soil (VG,'p /p,/m) in the Kritkai
trial (Figure).

The upper 0-20 cm layers contained general Cr
18-73; Cd - 0.2-0.7; Pb — 15-26; Ni — 14-41; Cu -
12-25; Zn — 22-52 and Mn - 251-325 mg kg'. The
2 M HNO, solution gave the following extractions
of general forms: Cr from 27 to 54, Cd from 58 to
100, Pb from 42 to 77, Cu from 23 to 95 and Zn,
Mn from 80 to 100%. Significantly lower levels of
Cr and Ni in 2 M HNO, solution in comparison to
the level of general forms are found in a heavier
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Figure 1. Amount of different forms of heavy

metals in the soils mg kg' TF — total forms (HNO,-HF-HCIO,); SF -

soluble forms (2M HNO,); MF — mobile forms (AAB pH 4,8)

1. Radviligkis r., Skémiai, 1998 (Sandy light loam Endocalcari-Endohypogleyic Cambisols). 2. Sakiai r., Kriikai, 1998
(medium loam Epicalcari-Endohypogleyic Luvisols). 3. Vilkaviskis r., Rumokai, 1998 (sandy light loam Calc(ar)i-
Epihypogleyic Luvisols). 4. Trakai r., Voke, 2000 (sandy loam Eutri-Haplic Arenosols).
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soil texture. The levels of other metals (except Cu
in the Vokeé trial where it constituted 23%) was less
diverse. There are reasons to believe that intensive
farming may cause biological Cu accumulation.

Concentrations of mobile heavy metal (Cr, Cd,
Pb, Ni, Cu, Zn, Mn) forms in ammonium acetate
buffer solution, pH 4.8, were from 2.7 to 50.7 times
lower than in 2 M HNO, and from 4 to 107,8 ti-
mes lower than their general amount. The amount
of Fe was lower from 662 to 912 and from 526 to
847 times, respectively. Fe is less mobile, more mo-
bile are Cr, Ni, mobile are Pb, Cu, Zn, Mn and the
most mobile is Cd. Besides other metals, part of
not soluble Cd units dissolve in ammonium acetate
buffer solution and contribute to technogenic pollu-
tion.

In deeper (2040 cm and 40-60 cm) layers of
the majority of soils the number of general and
mobile Ni, Cu, Mn and mobile Cd, Pb ir Fe were
slightly higher, showing migration of these elements.

The levels of other heavy metals in all soil layers
were similar.

Analysis of mobile (absorbed by plants) and so-
luble 2 M HNO, levels of heavy metals in soil of
different texture and pH showed that the difference
of correlation depended on soil texture (Table 2).
The number of samples is presented in Table 1.
The largest numbers of reliable coefficients of cor-
relation among the forms of heavy metals deter-
mined by different methods were in soils with pH
5.1-6.0 and 6.1-6.5.

Unreliable coefficients of correlation were ob-
tained by generalizing a smaller number of soil
samples. The coefficients of correlation were more
reliable in sandy and sandy loam soils, less reliable
in loam, and little reliable in clay soils.

The correlation was usually reliable in the forms
of mobile and soluble Pb (0.39-0.50), Cu (0.31-0.55)
and Zn (0.23-0.62). In sandy and sandy loam soils
a medium correlation of Cd and Ni was determined.

Table 2. Correlation between various forms of heavy metals determined by solvents in soils with different texture
1997-1999
- SF (x) with MF(y) SF(x) with TM(y) | SF(x) with TM(y)
P Cr | Cd | Pb | Ni | Cu | Zn | Mn | Fe Cu | Mn | Fe Cu | Mn
Sand
43-5.0 0.19 B 004 019 -006 036 -0.17 - 041  0.75* 0.66 0.81* 0.04
5.1-6.0 0.18 0.00 035 046* 040* 018 0.33 - 0.67* 0.85* 031 0.94* 0.67*
6.1-6.5 018 -053 027 0.66* 058* 0.77* -0.03 0.06 027  0.74* 083* 035 0.62*
>6.5 044 042 067 0.32 026 0.74* 048 -0.60 0.71 0.84* 054 1.00* 0.85
43-75 021 -0.44* 0.39* 053* 052* 0.62* 0.17 -0.08 047 0.83* 0.38* 0.55* 0.59*
Sandy loam
42-50 035 0.00 0.10  0.54 029 -0.09 -0.12 038 056  0.86* 0.80* 1.00* 0.20
5.1-6.0 0.41* 0.09 042 019 061* 007 003 -057 0.77¢ 077 0.70* 0.89* 0.31
6.1-6.5 007 -044 -0.01 0.35 0.39 0.17 0.08 -030 0.82* 0.75* 0.82* 0.99* 0.28
>6.5 017 -039 050 018 006 032 -037 007 095* 096* 0.28 0.52 0.74
42-72 0.26* 053* 0.52* 040* 031* 0.23* 039 -0.16 0.73* 0.80* 0.71* 0.87* 0.23
Light loam
45-5.0 029 - 023 044 0.78 043  0.95* - - 075 091* - 0.77
5.1-6.0 0.33 - 0.72* 0.08 0.66* 027 0.46* - 0.86* 0.87* 041 1.00* 0.48*
6.1-6.5 031 0.00 0.03 008 084* 020 019 -0.56 - 0.56* 0.81* - 0.55%*
>6.5 -0.07 -048 019 -0.05 010 0.61* 0.11 -0.15 - 0.72*  0.83* - 0.34
45-74 015 -032 040 0.16 0.55* 045 028* -036 0.81* 0.71* 0.68* 1.00* 0.55%*
Medium loam-clay
4.0-5.0 0.21 - 075 -0.83 055 -0.13 0.63 - - - - - -
5.1-6.0  0.04 - 015 -050 -035 042 0.3 - 052 074* 031 -0.29 0.31
6.1-6.5  0.08 - 0.79*  0.03 0.58 032 043 - 0.67 0.69 026  0.97* 0.18
>6.5 0.74 - 022 0.03 098* -0.11 0.54 - 097 049 -0.69 099* -0.02
40-6.8 023 0.00 050 -026 -0.15 022 0.25 094 059 0.67* 029 -0.13 0.19
* Correlation significant at 95% probability.
SF — soluble forms (2 M HNO,), MF — mobile forms (AAB pH 4.8); TM - trace elements (Cu, Fe — 1 M HCI,
Mn - 0.05 M HSO,).
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Table 3. Correlation between various forms of heavy
metals determined by solvents in the soil

Regression equation Correlation
HM coefficient
x? X a R

Sakiai r., Kriukai, 1999 (medium loamy soil)
AAB(y) with HNO- HF-HCIO (x)

Cr 0.0004 -0.065 3.63 0.40*
Pb 0.006 -0.271 5.04 0.45*
Ni 0.0015 -0.129 3.75 0.40*
Cu —-0.02 1.163 -12.69 0.40*
Zn 0.011 -1.131 31.61 0.49*
Mn —0.0006 0.410 -30.44 0.47*
Fe -3 - 10®% 0.002 -8.74 0.45*
Pb 0.012 —-0.256 3.00 0.58*
Cu -0.011 0.666 -6.84 0.43*
Zn 0.006 —-0.733 25.58 0.62*
Fe 6 - 107 -0.017 138.0 0.42*

2MHNO (y) with HNO - HF-HCIO,(x)

Cr —0.006 1.001 -21.48 0.52*
Cd —0.148 0.816 -0.02 0.55*
Pb 0.012 -0.321 17.90 0.69*
Ni -0.003 0.413 5.03 0.57*
Cu -0.012 1.373 -3.14 0.84*
Zn 0.063 -5.69 178.2 0.86*
Mn 0.003 -1.600 441.5 0.78*
Fe 3-10° -0.480 20331 0.40*

Radyviliskis r., Skémiai, 1999

(sandy light loamy soil)

AAB(y) with 2M HNO, (x)
Cu 0.021 —0.360 1.86 0.40*
Zn 0.012 —0.854 16.83 0.41*
Mn -0.002 0.668 -36.59 0.43*

*Correlation significant at 95% probability.

The correlation between mobile and soluble
forms of chromium, manganese and iron was con-
troversial, since sometimes the correlation was only
very weak and not always reliable.

Analysis of (microelements of) mobile Cu, Mn,
Zn and Fe in soils of different texture and their solub-
le 2 M HNO, concentrations revealed their close cor-
relation: copper 0.47-0.81, manganese 0.67-0.83, zinc
0.23-0.62, iron 0.38-0.71. The equation expressing the
correlation of concentrations of general and soluble
heavy metals in heavy loam soil of the Kritkai trial
had the coefficient of determination R? 0.16-0.74,
which is usually reliable (Table 3).

A relation between general and soluble forms of
copper, zinc and manganese was strong. The rela-
tion of other metals was medium.

The reliability was considerably lower between
mobile and soluble concentrations and the least bet-
ween general and mobile ones. The greatest num-
ber of relations was determined by analyzing Cu,
Mn, and Pb. The correlation of concentration of
soluble and mobile heavy metals in the Skémiai trial
is presented in Table 3. This trial in comparison to
that conducted in Kritikai contained less reliable cor-
relations and had lower coefficients of determina-
tion.

A correlation of the content of different heavy me-
tal forms obtained by analysis of various methods in
soils of different texture is shown in Table 4. The con-
centrations of heavy metals in one solution together
with the presented equations helped to calculate their
content in the other ones rather precisely.

Received
10 March 2002

Table 4. Correlation between various forms of heavy metals determined by solvents in soils with different
texture, mg kg
Methods of analysis HM n Regression equation Correlation coefficient
x? X a R
1 2 3 4 5 6 7
Sand
Cr 78 0.013 -0.114 0.66 0.38*
AAB (y) with 2 M HNO, (x) Cd 24 -0.313 0.301 0.13 0.46*
Pb 78 0.020 0.063 0.78 0.46*
Ni 78 0.015 -0.028 0.40 0.58*
Cu 78 0.001 0.038 0.11 0.54*
Zn 78 0.002 -0.119 1.48 0.65*
Mn 78 —0.0001 0.069 5.93 0.29*
1 M HCI (y) with 2 M HNO, (x) Cu 60 0.188 -0.884 2.44 0.56*
AAB (y) with 2 M HNO, (x) Zn 60 0.002 -0.119 1.48 0.65*
0.05 M H,SO, (y) with 2 M HNO,(x)  Mn 60 —0.0002 0.283 19.31 0.83*
1 M HCI (y) with 2 M HNO, (x) Fe 58 3-10° -0.113 1077 0.84*
AAB (y) with 1 M HCI (x) Cu 54 -0.029 0.231 —0.05 0.84*
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Table 4 (continued)
1 | 2 | 3 | «4 5 6 7
AAB (y) with 0.05 M H, SO, (x) Mn 54 -0.0001 0.193 3.27 0.58*
Sandy loam
AAB (y) with 2 M HNO, (x) Cr 88 0.010 -0.096 0.62 0.27*
Cd 33 0.868 -1.490 -0.77 0.54*
Pb 88 0.022 -0.323 2.42 0.52*
Ni 88 0.007 -0.005 0.42 0.40*
Cu 88 -0.009 0.088 0.05 0.38*
Zn 88 0.005 -0.130 2.31 0.25%
Mn 88 -0.0001 0.051 9.04 0.39*
Fe 98 5 - 107 -0.008 49.40 0.25*
1 M HCI (y) with 2 M HNO, (x) Cu 55 -0.019 0.472 0.34 0.73*
AAB (y) with 2 M HNO, (x) Zn 55 0.005 -0.130 231 0.25*
0.05 M H,SO,(y)with 2 M HNO, (x) Mn 55 -0.001 0.4131 12.03 0.82*
1 M HCI (y) with 2 M HNO, (x) Fe 38 4 - 107 0.151 468 0.71*
AAB (y) with 1 M HCI (x) Cu 55 -10.097 11.634 -0.46 0.90*
Light loam
AAB (y) with 2 M HNO, (x) Pb 70 0.013 -0.216 2.22 0.45*
Cu 70 0.003 -0.0003 0.19 0.56*
Zn 70 0.002 -0.072 1.97 0.50*
Mn 70 -0.0002 0.116 253 0.32*
1 M HCI (y) with 2 M HNO, (x) Cu 15 -0.050 0.962 -1.26 0.85*
AAB (y) with 2 M HNO, (x) Zn 49 0.002 -0.072 1.97 0.50*
0.05 M H,SO, (y)with 2 M HNO, (x) Mn 49 -0.001 0.541 -0.68 0.77*
1 M HCI (y) with 2 M HNO, (x) Fe 49 100° -0.023 1284 0.71*
AAB (y) with 1 M HCI (x) Cu 50 3,6 - 107 0.142 0.001 1.0*
AAB (y) with 0.05 M H,SO, (x) Mn 50 -0.0039 0.795 -13.13 0.62*
Medium loam—clay
AAB (y) with 2 M HNO, (x) Cd 22 -0.625 1.000 -0.20 0.90*
Pb 27 -0.002 0.123 0.24 0.51*
Fe 27 -1.6 - 107 -0.262 1171 1.0*
1 M HCI (y) with 2 M HNO, (x) Cu 27 -0.125 2.207 -6.25 0.66*
0.05 M H,SO, (y)with 2 M HNO, (x) Mn 23 -0.0003 0.286 13.01 0.67*
1 M HCI (y) with 2 M HNO, (x) Fe 23 9 -10° 2.070 -3429 0.54*
* Correlation significant at 95% probability.
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Jadvyga Lubyté, Antanas Antanaitis

IVAIRIU FORMU SUNKIUJU METALU
KONCENTRACIJOS IR JU TARPUSAVIO RYSIAI
SKIRTINGUOSE LIETUVOS DIRVOZEMIUOSE

Santrauka

Siekiant rasti tinkamiausia metoda sunkiyjy metaly kon-
centracijoms bei jy jvairiy formy koreliacijos rySiams Lie-
tuvos dirvozemiuose nustatyti, 1998-2000 m. atlikti tyri-
mai. Tirti skirtingos genezes, granuliometrinés sudéties,
reakcijos Lietuvos dirvoZemiai. Méginiai rinkti ir i§ Lietu-
vos zemdirbystés instituto (LZI) Agrocheminiy tyrimy cent-
ro treSimo bandymy lauky Skemiuose, Kritikuose ir Rumo-
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kuose. Taip pat naudoti LZI Vokés filialo dirvozemio mé-
giniai, paimti i§ lauko séjomainos.

Dirvozemio méginiuose sunkiyjy metaly bendrosios for-
mos nustatytos HNO,-HF-HCIO,, tirpiosios — 2 M HNO,
ir judriosios — amonio acetato buferiniame tirpale (AAB),
kurio pH 4,8. Augaly pasisavinami sunkieji metalai (mik-
roelementai) nustatyti: Cu, Fe — 1 M HCI tirpale, Mn -
0,05 M H,SO, ir Zn — amonio acetatiniame buferiniame
tirpale, kurio pH 4,8.

Koreliaciniams jvairiy sunkiyjy metaly formy rySiams
nustatyti buvo atrinkti 269 dirvoZemio méginiai. Apibendri-
nus 2M HNO, iStraukoje gautus tyrimy rezultatus, nustaty-
ta, kad sunkiyjy metaly koncentracijos labai priklauso nuo
dirvoZemio granuliometrinés sudéties. Todél sunkiuyjy meta-
Iy koncentracijy, nustatyty jvairiais metodais, duomenims
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jvertinti dirvoZemiai sugrupuoti pagal granuliometring su-
detj ir reakcijg. Visy grupiy dirvozemiams nustatytos vidu-
tinés sunkiyjy metaly koncentracijos ir standartiniai nuo-
krypiai, o tarp atskiry metody — koreliacijos koeficientai.

Judriyjy ir tirpiyjy formy S$vino — 0,39-0,50, vario —
0,31-0,55 ir cinko — 0,23-0,62 koreliacijos rySys dazniau-
siai yra patikimas. Smelio ir priesmélio dirvozemiuose kad-
mio ir nikelio rySys nustatytas vidutinio stiprumo.

ISanalizavus skirtingos granuliometrinés sudéties dirvo-
Zemiuose augaly pasisavinamus (mikroelementus) Cu, Mn,
Zn ir Fe ir tirpigsias (2 M HNO,) koncentracijas, paaiskejo
dazniausiai glaudus jy koreliacijos rysys (r): vario — 0,47-0,81,
mangano - 0,67-0,83, cinko - 0,23-0,62, gelezies — 0,38-0,71.

Raktazodziai: dirvozemis, dirvozemio struktiira, sunkieji
metalai



