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Concentrations of heavy metals in soil, drainage water and plants were
determined in crop rotation fertilization trials at the Lithuanian Institute
of Agriculture on sod-gleyic light loam soil. According to leaching from
light loam soil as follows heavy metals ranked in a decreasing order: Cd,
Cr, Zn, Cu, Ni, Pb.

Concentrations of heavy metals were determined in the sewage slud-
ge from 19 water treatment plants. The concentration of heavy metals
(mg kg?) in the dry matter of sewage sludge ranged as follows: Zn 120-
1698, Cr 5.7-4315, Cu 14.5-426, Pb 4.8-475, Ni 7.6-69.8, Cd 0.34-31.98,
Hg 0.007-1.045. The main criteria for the use of sewage sludge were
determined. Cd and Cr had the greatest effect on sewage sludge conta-
mination due to which it was attributed to category 5, the content of Zn,
Cu, Cr, Cd and Pb ranked it to category 4, and of Zn, Cu and Cr to
category 3. According to nickel and mercury content the whole sludge
could be attributed to the lowest contamination categories (1 and 2).
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INTRODUCTION

Environmental contamination is one of the most im-
portant factors destroying the biosphere. Heavy me-
tals play the main part in this destruction. They get
into the environment by different ways. Pollution
with heavy metals depends on the properties of soil
and on economic activities. Therefore, knowledge
of the influence of heavy metals on soil and their
migration in soil is very important. The content of
heavy metals in plants depends on their concentra-
tion and migration in soil. Their migration in calca-
reous soil decreases as follows: Zn = Cd > Pb
(Boruvka et al., 1997), Zn = Cu (Zinati et al., 2001).
Cr and Pb accumulate in the deeper layer and Cd
in the arable layer (ITorynaesa u ap., 2001). Mig-
ration of heavy metals depends mostly on the phy-
sical and chemical properties of soil (Ora66our u
np., 2001). Interaction among heavy metals has an
influence on the amount of heavy metals getting
into plants (datees u mp., 2001). The amount of
heavy metals in the soil of neutral reaction and in
plants shows a weak correlation (Tlustos et al.,
1997).

At present, when the number of households and
industrial sewage is increasing, utilization of sewage
sludge is a serious problem. Sewage sludge is used
for recultivation of pits and peat-bogs, for fertiliza-

tion of cultured plants and green plantations. It is
necessary to be cautious, because large amounts of
heavy metals might be accumulated in sludge and
pollute not only soil but also groundwater. When
sewage sludge from Panevépys was spread in the
forests, the amount of heavy metals increased 2-3
times and of Ni even 30 times (Katinas, 1999). The
levels of heavy metals in sludge collected from dif-
ferent places and at different time vary, so determi-
nation of its chemical composition before the use is
indispensable.

Sludge was found to be more effective (by 30%)
than potassium (sodium) nitrate and its influence
lasted longer (Zinati et al., 2001). Compost sludge
and wheat straw has increased the variety of the
composition of microflora, the total amount of bac-
teria, the enzymatic activity, the content of humus
and the amount of total nitrogen (Bergstrom, Jar-
vis, 1988). Heavy metals in sludge have a negative
influence on plants. According to investigations car-
ried out in Sweden, the abundance of microorga-
nisms was suppressed by heavy metals; the reduc-
tion of acetylene was increased (15-80%), though
the soil acidity decreased and the amount of orga-
nic carbon increased. During a period of 25 years
the amount of Cd, Cr, Cu, Pb and Zn increased by
76%, but has not reached the criticial point defined
in the EU. The ratio between total C of microor-
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ganisms and C in soil increased (Auber, 1976). A
complex of fulvic acids and cations of heavy metals
was not easily available to microorganisms: the com-
plex with Mn was a source of N and C, and less
available was the complex with Fe and Al; the com-
plex with Ni, Cu, Zn stood out for its high resistan-
ce (Bloem et al., 1992).

Despite the fact that a lot of investigations in
the area of heavy metals have been done, it is im-
possible to adapt the data directly to a specific re-
gion, that is why it is necessary to investigate the
environment around us.

The aim of the current research was determina-
tion of a relation between levels of heavy metals
and their accumulation in plants and water, of the
amount of heavy metals in soil, as well as evalua-
tion of the quality of sewage sludge depending on
contamination with heavy metals concentrated in the
disposal installations of cities and settlements.

MATERIALS AND METHODS

Trials of crop rotation fertilization were carried out
during the period 1997-1999 in separate drainage sys-
tems of Lithuanian Institute of Agriculture. Sod-gley-
ic light loam soils prevailed, with pH 7.4 & 0.19, the
amount of P,O, was 128 + 19.5 — 212 + 45.6 mg kg™,
K,O0 102 + 13 - 125 * 14.3 mg kg™, N 0.155
=+ 0.0116 — 0.171 + 0.0189%, humus 2.62 + 0.232 —
2.76 % 0.338. In five separate drainage systems the con-
centration of heavy metals in soil drainage water and

plants was determined. Research data from separate
drainage systems were combined, because there was no
distinct difference among them.

Investigating the pollution of sewage sludge,
samples were taken from 19 places during the pe-
riod 1996-2000, 1-21 times from different piles
loaded at different time.

The content of heavy metals in soil was recalcu-
lated in mg kg?, drainage water — mg I, sludge -
mg kg? in dry matter. Heavy metals in soil were
determined by extraction 2 M HNO,, in sludge -
by burning, in water and sewage — directly using an
atomic spectrometer.

RESULTS

Concentrations of heavy metals in light soil and drai-
nage sewage are presented in Table 1.

The content of zinc and lead in soil was the
highest. The concentrations ranked as follows: Zn
> Pb > Cr > Ni > Cu > Cd, in drainage sewage:
Zn > Cr > Ni > Pb > Cu > Cd. According to
the intensity of leaching from light loam soil: Cd >
=>Cr = Zn = Cu = Ni = Pb. Cadmium leached
from the soil even 14.5 times easier than lead.

Larger amounts of heavy metals are accumulated
by plants than leached to drainage water (Table 2).
Zinc and copper were accumulated by plants most
intensively. Almost all plants accumulated the same
levels of copper: winter wheat 18.5 + 2.99 g ha™*, barley
19.2 + 2.55, potatoes 24.0 %+ 3.89. Zinc was accumu-

Table 1. Content of heavy metals in arable layer, mg kg

. . . Ratio between concentration
=, -1
Element | In soil mg kg Drainage sewage mg/l | Drainage sewage kg ha of drainage water and soil
Cr 9.66 = 2.005 0.035 = 0.012 0.083 = 0.028 0.0036
Cd 0.39 = 0.08 0.002 = 0.0003 0.004 = 0.001 0.0044
Pb 11.01 = 1.00 0.003 = 0.002 0.008 = 0.004 0.0003
Ni 8.09 = 1.49 0.011 = 0.002 0.026 = 0.006 0.0013
Cu 6.21 + 0.93 0.002 = 0.001 0.010 = 0.001 0.0003
Zn 2491 + 3.48 0.059 =+ 0.021 0.140 + 0.051 0.0024
Table 2. Content of heavy metals in the yield and in the soil
Winter wheat Summer barley Potatoes
Element rain is taken from rain is taken from Potatoe is taken from
mg Kot the soil mg Kot the soil tubers the soil
9 g (0-30 cm)% 9 g (0-30 cm)% mg kg~ (0-30 cm)%
Cr 0.141 = 0.026 0.0014 0.285 = 0.079 0.0024 0.239 = 0.027 0.0033
Cd 0.095 = 0.013 0.0239 0.089 = 0.022 0.0125 0.203 = 0.032 0.0376
Pb 0.417 = 0.022 0.0037 0.505 =+ 0.053 0.0033 0.911 =+ 0.082 0.0072
Ni 0.465 = 0.413 0.0056 0.480 = 0.312 0.0148 0.524 = 0.054 0.0235
Cu 4.220 + 0.643 0.0662 5.180 = 1.413 0.0688 5.860 = 0.514 0.0968
Zn 2352 = 2.33 0.0922 28.09 = 1.803 0.0889 15.28 + 2.025 0.0584
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lated as follows: potatoes only 63.3 & + 14.58 g ha?,
winter wheat 103.4 + 13.45, barley 97.5 & 12.03. Al-
most the same amounts of zinc, copper and lead were
accumulated by winter wheat and spring barley, alth-
ough winter wheat accumulated by 37% less chro-
mium and 25% more cadmium than barley. Potatoes
accumulated cadmium twice as much as wheat and
2.6 times more than barley. Winter and spring barley
accumulated heavy metals from the soil as follows:
Zn = Cu = Cd > Ni > = Pb > Cr. A different order
was observed for potatoes: Cu > Zn > Cd > Pb > Ni
> Cr. Potatoes were more sensitive to pollution with
Cd and Pb than crops, because potatoes accumulate
heavy metals relatively more actively than crops: po-
tatoes — Cd — 0.0376%, Pb — 0.02723%, crops — Cd —
0.001254-0.0239%, Pb — 0.00333-0.0371%.

Concentrations of heavy metals in the sludge in-
vestigated during the period 1996-2000 varied in a
very wide range not only among different places
but also in the same water treatment plant (Tab-
le 3).

The variations of average levels of heavy metals
in sludge (in dry matter): Cr 21-656, Cd 0.34-7.83,
Pb 4.8-475, Ni 7.6-69.8, Cu 14.5-426, Zn 71-1698,
Hg 0.110-1.475 mg kg™. No regular dependence bet-
ween the concentration of heavy metals in sludge
and the volume of industrial works was revealed.
Large enterprises have purification equipment, and
sewage is more or less cleaned from contamination
by heavy metals. Moreover, in big cities industrial
sewage is diluted with household sewage.

Sludge containing the highest levels of cadmium
and chromium is attributed to category V (Table 4),
of zinc, copper and chromium - to category IV.
The least influence on pollution have mercury and
nickel. 76.6-90.8% of sludge could be attributed to
category |.

According to the standard LAND 20-2001, se-
wage sludge depending on the content of heavy me-
tals is divided into three groups. The possibilities to
use sewage sludge are greater when larger amounts
of lead, chromium, zinc and cadmium are accumu-
lated in it.

According to the LAND 20-2001 standard, the
ratio between the maximum concentration limits is:

Table 4. Distribution of sewage sludge into pollution
categories according to content of heavy metals at wa-
ter treatment plants in Lithuania, %

1996-2000

Heavy Sludge pollution categories
metals | | | I | 1 | vV | v

Cr 45.1 8.6 19.4 22.6 4.3

Cd 20.4 44.1 7.5 194 8.6

Pb 62.3 12.9 5.4 19.4 0

Ni 76.6 20.4 0 0 0

Cu 27.9 15.1 323 24.7 0

Zn 18.3 8.6 39.8 33.3 0

Hg 90.8 9.2 0 0 0

Table 3. Heavy metals in the sewage sludge at water treatment plants in Lithuania, mg kg* dry matter

1996-2000

No | n | Cr Cd Pb Ni Cu Zn Hg

1 21 225 + 188 1.31 £+ 0.63 36.0 = 14.4 20.7 = 8.3 389 =+ 309 784 + 266 0.291 + 0.157
2 18 174 + 67 3.64 = 1.78 475 + 426 69.8 + 42.3 287 = 300 1698 + 1997 0.428 = 0.289
3 8 6.0 £ 3 0.56 = 0.27 48 2.4 11.3 +6.9 39 + 62 71 £59 0.035 =+ 0.000
4 8 103 = 16 7.83x 4.73 79.0 + 105 28.1 =48 205 x5 1487 + 85 0.489 =+ 0.000
5 5 49 + 5 145+ 0.25 191.1 *53.7 23.0 186 + 29 876 0.422

6 5 25 + 18 1.30 = 0.81 36.8 = 26.8 23.3 +10.1 228 + 118 820 =+ 182 1.045

7 4 656 234 0.34 =0.15 11.7 + 8.6 7.6 £4.0 14 £ 6 156 + 16 0.029

8 4 17 = 12 0.73 £ 041 20.4 + 13.0 79 438 29 + 27 495 + 295 0.430 £+ 0.317
9 3 34 +4 2.50 = 0.30 175+ 25 58.0 = 6.2 176 = 36 607 = 105 0.11 = 0.141
10 3 27+ 1 1.77 = 0.03 427 £ 0.4 179+ 04 115 + 18 796 = 73 0.051 £ 0.020
11 2 40 + 45 1.49 + 0.13 32.0 = 28.6 140 £ 1.3 426 + 493 866 + 118 -

12 2 27 + 18 1.78 =+ 1.10 442 + 8.2 171+ 13 52 + 53 935 =+ 822 -

13 2 61 0.70 = 0.14 420 = 2.8 89+138 28 4 120 = 6 0.035 + 0.007
14 2 21+ 8 2.60 = 0.28 69.0 = 9.9 217 x55 99 + 24 1145 + 219 1.475

15 2 28+ 2 150 +0.14 40.5 = 0.7 17.0 = 0.6 124 + 1 545 = 7 0.027 £ 0.005
16 1 34 3.50 77.5 29.5 155 1260 -

17 1 4315 1.98 61.0 46.1 138 659 0.920

18 1 21 2.25 43.5 17.0 203 798 0.219

19 1 21 0.80 23.0 27.4 52 260 -
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1Cd:56 Cr:56 Pb:56 Ni: 41 Cu: 186 Zn :
: 0.5 Hg. Meanwhile, in the soil where crop rotation
fertilization was carried out, the ratio among heavy
metals was as follows: 1 Cd : 28 Cr : 25 Pb: 16 Ni :
: 21 Cu : 64 Zn; contamination with cadmium, nickel
and lead might be relatively slight.

The ratio among heavy metals varied within the
following range: Cd 8-1929, Cr 2-132, Pb 1-34, Ni
4-286, Cu 21-598, Zn 0.01-1.26. Among the lowest
levels, especially dangerous is cadmium and from
those highest chromium. Using sewage sludge, the
least probability to contaminate the soil is by nickel
and in most cases by mercury, because even the
biggest ratio with cadmium is lower than that calcu-
lated according to MLC.

CONCLUSIONS

1. The level of contamination of the soils with hea-
vy metals was found to be not high.

2. The levels of heavy metals accumulated by
plants were higher than those leached from soil.

3. The concentration of heavy metals in draina-
ge water decreases as follows: Zn > Cr > Ni >
> Pb > Cu > Cd. According to the ability to leach
from light loam soil heavy metals are in this de-
creasing range: Cd, Cr, Zn, Cu, Ni, Pb.

4. Winter wheat and spring barley accumulated
heavy metals from soil as follows: Zn > Cu > Cd >
> Ni > Pb > Cr. A different order was observed
for potatoes: Cu > Zn > Cd > Pb > Ni > Cr.

5. Concentrations of heavy metals in the sludge
from water treatment plants varied within the fol-
lowing range: Zn 120-1698, Cr 5.7-4315, Cu 14.5-
426, Pb 4.8-475, Ni 7.6-69.8, Cd 0.34-31.98, Hg
0.007-1.045 mg.kg? (in dry matter).

6. Cd and Cr had the strongest influence on the
contamination of sludge. Sludge with the highest
content of Cd and Cr was attributed to category 5;
Zn, Cu, Cr, Cd, Pb - to category 4, Zn, Cu and Cr
— to category 3. According to the content of nickel
and mercury, the whole sludge could be attributed
to the lowest categories of contamination.
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SUNKIZJZ METALZ MIGRACIJA DIRVOPEMYJE
BEI J@ KONCENTRACIJA NUOTEKOSE IR
DUMBLE

Santrauka

Lietuvos pemdirbystés instituto séjomaininiuose tredimo
bandymuose drengtame veléniniame glé&jidkame lengvo prie-
molio dirvopemyje nustatytos sunkigjg metalg koncentra-
cijos dirvopemyje, drenapo vandenyje ir augaluose, idneda-
mg elementg kiekiai. Pagal savybz idsiplauti id lengvo prie-
molio dirvopemio sunkieji metalai idsidésté dia mapéjanéia
eile: Cd, Cr, Zn, Cu, Ni, Pb.

Nustatyta sunkigjg metalg koncentracija 19-oje valy-
mo drenginig nuotekg dumble. Jg koncentracija évairavo
tokiose ribose: Zn 120-1698, Cr 5,7-4315, Cu 14,5-426,
Pb 4,8-475, Ni 7,6-69,8, Cd 0,34-31,98, Hg 0,007-1,045
mg kg? sauso dumblo. Nustatyti pagrindiniai Kriterijai,
ribojantys dumblo panaudojima. Didpiausia étaka valymo
drenginig dumblo upterdtumui turéjo Cd ir Cr, dél kurig
dumblas priskirtas 5 kategorijai, 4 kategorijai — Zn, Cu,
Cr, Cd ir Pb, 3 kategorijai — Zn, Cu ir Cr kiekiai. Dél
nikelio ir gyvsidabrio visa dumbla galétume priskirti ma-
piausiai upterdto dumblo kategorijoms (1 ir 2).

Raktapodpiai: drenapo vanduo, nuotekg dumblas, sun-
kieji metalai, dirvopemis, augalai



