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Remediation of buried and destroyed soils is one of the most relevant ways
to preserve terrestrial ecosystems. Application of sewage sludge for landfill
remediation is a good solution of two problems: sewage sludge utilization
and landfill remediation. However, it should be borne in mind that the inten-
sity of soil formation directly depends on the amount of introduced organics
and pedobiont activity.

Investigations revealed that after nine years of remediation with sewage
sludge, landfill soils contain up to 6.0% of humus and are most highly pol-
luted with zinc (360.5 mg/kg) and chromium (106.0 mg/kg). In the mentioned
time span, the concentrations of most heavy metals reduce to 2.4 times. The
concentrations of heavy metals during landfill remediation with sewage sludge
do not inhibit microarthropod successions in the soil. A certain equilibrium
sets among the microarthropod groups, though euribiont species (7ectoce-
pheus velatus, Isotoma notabilis, Mesophorura gr. armata) are dominant.
Landfill soil and grass are most highly polluted with zinc. Zinc is also the
main pollutant accumulated by grasses in the peripheral part of a landfill.

Key words: landfill, peripheries, heavy metals, microarthropods, sewage sludge
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INTRODUCTION

The ever increasing amounts of accumulated sewage
sludge near urban settlements and expanding areas of
destroyed soils which may be remediated by organic
matter, could contribute to the solution of two interre-
lated ecological problems — utilization of waste orga-
nics and remediation of soils.

The possibilities of application of sewage sludge are
widely discussed. Many works are devoted to the ef-
fects of sewage sludge on the physico-chemical proper-
ties of soil and on biological processes taking place in
it (Smith, 1991; Franzluebbers et al., 1995; Berti, Ja-
cobs, 1996; Rice et al., 1996; Bagdanaviciené, Rama-
nauskiené, 1997; Eitminavicituté, 1997; McBridge et al.,
1997; Stamatiadis et al., 1999; Brazauskiené et al.,
2006). Attention is mainly focused on the impact of
heavy metals on soil biota and the ability of biota to
accumulate and detoxify heavy metals and their com-
pounds (Larsen et al., 1996; Bruce et al., 1999; Mari-
no, Morgan, 1999; Spurgeon, Hopkin, 1999; Eitminavi-
ciuté et al., 2002).

There are more than 800 landfills of different size
and many exhausted gravel, sand and clay quarries in
Lithuania. These destroyed or buried soils can be reme-

diated using organic matter. When a substratum poor in
organics substratum is used for remediation of landfills,
the soil formation process is very slow (Eitminaviciiite,
1998).

Based on abundant data, we made an attempt to
analyse the soil formation process in landfills remediat-
ed with sewage sludge, i.e. to elucidate zoocoenostic
successions and to evaluate the toxicity of these soils to
biota.

The present work is a sequel of previous investiga-
tions of sewage sludge used for soil remediation and its
capacity to intensify soil formation. It contains an eva-
luation of the impact of pollutants contained in sewage
sludge, on the soil self-cleaning capacity and on biota.
Reported data on the biological processes in forming
soils are very poor (Eitminaviciaté et al., 2005). Inves-
tigations of sewage sludge utilization are relevant from
both the practical and scientific points of view.

MATERIALS AND METHODS

The Nemenciné landfill is situated in the north-eastern
periphery of the Nemenciné borough on the left side of
the Vilnius—Nemenéiné—Svenéionys, highway. The land-
fill occupies an area of 2 ha. It borders on a pine
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forest, a drained meadow and the Nemenciné settlement.
The landfill was remediated in 1997 with 450 t/ha of
sewage sludge.

Investigations were started in 2002, i. e. in the fifth
year after the introduction of sewage sludge, and lasted
five years (2002-2006). The study material was taken
in spring (May) and autumn (September) at two station-
ary sites: in the landfill and in the forest outskirts right
behind the ditch surrounding the landfill, following the
standard zoological methods for soil (Engelmann, 1978;
I'mnspos, CrpuraHoBa, 1987).

The physico-chemical properties (pH, moisture, tem-
perature, concentration of heavy metals and biogenic
elements) of the landfill and its peripheries, the concen-
tration of heavy metals in the grass cover, and the suc-
cessions and communities of microarthropods were ana-

Analysis of heavy metals in the wastewater sludge,
soil, plants was made using PerkinElmer atomic absorp-
tion spectrometers in the wastewater laboratory of the
“Vilniaus vandenys” company.

Statistical data were processed using Microsoft Ex-
cel (Cekanaviéius, Murauskas, 2000).

RESULTS AND DISCUSSION

Remediation of soil with sewage sludge is always rela-
ted with some risk. Soil formation, the character of bio-
logical processes in it and its self-cleaning capacity di-
rectly depend on soil biota and its complicated trophic
links. It has been proved that the structure of pedobiont
complexes and species composition not only indicate
the type of soil and ecosystem, but also reflect the eco-

lysed. logical status of the soil, i. e. provide its ecotoxicological
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Table 2. Physical-agrochemical characteristics of the soil of Nemenciné landfill and its peripheries (450 t/ha of sewage

sludge were introduced in 1997)

Year after Temperature, °C Moisture Humus| Soil Plant
the beginning | Year |Month |Location % PHq % layer cover
of remediation Air | Topsoil | At a depth thickness %

of 5-10 cm cm
5 2002 05 Landfill 25.0 21.0 15.0 10-20 100
Peripheries  25.0 19.0 15.0
09 Landfill 14.0 15.0 10.5 10-20 100
Peripheries 14.0 14.0 10.5
6 2003 05 Landfill 22.0 19.0 20.0 144 7.82 10-20 100
Peripheries ~ 18.0 18.0 17.0 7.3 6.34
09 Landfill 17.0 16.0 16.0 146 7.79 10-20 100
Peripheries  17.0 16.0 15.0 10.8 595
7 2004 05 Landfill 10.0 9.0 8.0 10-20 100
Peripheries ~ 10.0 12.0 11.0
09 Landfill 14.0 14.0 12.0 232  7.67 2.5 10-20 100
Peripheries ~ 14.0 14.0 11.0 170 625 1.72
8 2005 05 Landfill 10.0 9.0 8.0 329 744 5.8 10-15 100
Peripheries ~ 10.0 10.5 11.0 12.8  6.09 1.4
09 Landfill 19.0 12.0 11.5 182 751 6.0 10-15 100
Peripheries  19.0 14.5 10.0 11.1 595 2.5
9 2006 05 Landfill 13.0 15.0 10.0 259 747 5.6 10-15 100
Peripheries  13.0 10.5 10.0 13.2 5.8 23
09 Landfill 16.0 16.0 16.0 228 749 45 10-15 100
Peripheries  16.0 16.0 15.0 125 515 2.9

prospects (Pankhurst, 1997; Straalen van, 1997; Parisi
et al., 2005). The soil is inhabited by abundance (in
terms of individuals and species) of pedobionts. Groups
or their populations most suitable for biotests must be
selected. It is impossible to work out universal biotests.
Microarthropods and earth-worms have been reported
as the best ecotoxicological bioindicators (Andres, 1999;
Barrera et al., 2001; Gardi et al., 2002; Gardi et al.,
2003). During soil remediation with sewage sludge, mic-
roarthropods reproduce in greatest abundance (Eitmina-
vi¢iate, 1997).

The obtained results showed that Acaridiae mites
were dominant in the soil in the first year of remedia-
tion with sewage sludge (Eitminaviciaté et al., 2005).
Later on, their abundance reduced. In the fifth year, the
abundance of Acaridiae equalled that of Oribatida. In
the sixth year, Acaridiae only accounted for one per-
cent and shortly disappeared. Oribatida were the only
dominant group of microarthropods in the sixth year of
remediation. They accounted for 61.5% of the total of
microarthropods (Fig. 1).

In the seventh-ninth years, an equilibrium set in among
the dominant microarthropod groups (Oribatida, Gamasi-
na, Collembola). Oribatida accounted for 39%, Gamasi-
na for 27% and Collembola for 27.5%. The abundance
of Oribatida ranged from 8.6 thou. ind./m? (the seventh
year) to 48.4 thou. ind./m? (the ninth year) (Fig. 2).

The abundance of acarids, which were dominant in
the first stages of sludge disintegration, reduced in the
course of soil formation from 8.6 thou. ind./m? (the

fifth year) to 0.2 thou. ind./m? (the eighth and ninth
years). The abundance of Gamasina ranged from 3.3
thou. ind./m? (the sixth year) to 20.2 thou. ind./m? (the
ninth year). Tarsonemina belong to the group of ephe-
meral microarthropods and, depending on the microcli-
matic soil conditions, especially on moisture, may either
disappear or reproduce in abundance. Their abundance
in this time span ranged from 0.3 thou. ind./m? (the
eighth year) to 14.6 and 4.2 thou ind./m? (the fifth and
ninth years). The lowest abundance of Collembola equall-
ed to 3.3 thou. ind./m? in the sixth year, whereas in the
seventh year it rose to 11.0 thou ind./m2. The same
abundance remained in the ninth year.

In the fifth-ninth years of investigation, 13 species
of Oribatida, 19 species of Gamasina and 22 species
of Collembola were detected in the forming landfill soil.
A total of 55 species of microarthropods was identified
(Table 1). Notwithstanding the large number of species,
this was a monodominant microarthropod community in
which Tectocepheus velatus accounted for 34.5%, Isoto-
ma notabilis 13.0% and Mesophorura gr. krausbaueri
for 11.3%. Gamasina were identified in small abundan-
ce. Only Pergamasus sp. accounted for 5.0%. In the
fifth-ninth years of investigation, many microarthropod
species occurred only as solitary individuals. Thus, we
may conclude that at the end of the initial intensive
degradation process, when microorganisms and Acari-
diae play the leading role (Eitminaviéitté, 1997; Navic-
kiené, 1997; Umbrasiené, 1997; Eitminaviéiiité et al.,
2005) and humus formation begins, a monodominant
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Table 3. Concentration of heavy metals (mg/kg) in Nemenciné landfill soil remediated with sewage sludge and in its

peripheries
Year after
the beginning | Year | Month | Location Cu Pb Zn Ni Cr Cd
of remediation
Landfill
1 1997 2224 21.1 619.6 91.8 94.8 5.8
1-2 2002—2003* 135.5 40.4 612.5 87.3 36.8 7.7
5 2002 05 63.0 29.6 190.0 42.0 72.0 2.9
09 136.0 30.8 400.0 64.4 104.0 4.7
6 2003 05 64.0 332 260.0 76.0 6.0 8.4
7 2004 05 1252 19.7 330.0 74.7 343.7
09 29.3 <2 235.7 11.7 62.0 <0,1
8 2005 05 120.0 111.0 448.0 51.6 116.0 2.8
09 108.0 30.0 1010.0 54.3 121.3 1.8
9 2006 05 150.0 25.0 273.3 46.0 78.7 1.3
09 103.0 38.0 97.3 343 50.1 0.2
Total average  99.8 39.7 360.5 50.6 106.0 3.2
+ 39.6 + 293 + 2654 + 20.3 + 96.0 + 2.7
Peripheries
1-2 2002-2003* 7.7 12.9 32.5 23.6 11.7 3.8
5 2002 05 4.0 9.0 50.0 9.0 10.0 1.4
09 33 14.0 23.0 25.0 6.6 2.5
6 2003 05 3.5 124 16.0 18.2 6.0 5.6
7 2004 05 36.5 5.7 36.2 29.5 90.0 <0,1
09 0.8 <2 35.7 1.3 6.5 <0,1
8 2005 05 4.2 8.8 234 4.4 7.8 0.2
09 6.3 9.4 26.0 5.6 19.0 <0,1
9 2006 05 65.7 7.3 433 30.4 28.8 <0,25
09 74.7 11.0 28.0 2.9 31.3 1.1
Total average  22.1 9.7 31.3 14.0 229 2.2
+ 294 + 2.7 + 10.8 + 11.8 + 27.0 + 2.1
p < 0,05 0.0003 0.0233 0.0059 0.0005 0.0333 0.4867
MPC sand sandy loam 50.0 50.0 160.0 50.0 50.0 1.0
(LAND 20-2005)
Background concentrations of HM Total forms 3.55 9.42 20.64 6.59 6.82 0.43
in sandy loam
(Lubyte ir kt., 2001) Mobile forms  0.23 1.4 1.7 0.71 0.49 0.13
Background concentrations Total forms 13.0 15.0 22.0 14.0 18.0 0.2
of HM in sod podsol sandy soil
(Voké) (Lubyte ir kt., 2001) Mobile forms 0.3 1.0 2.4 0.1 0.2 0.05

* Eitminavi¢itté et al., 2005.

microarthropod complex develops with the eudominant
oribatid Tectocepheus velatus (69.7%). The widespread
Oppiella nova accounted for 6.4% in the landfill soil.
It was more abundant only in the eighth and ninth years
(Table 1). The distribution of microarthropod communi-
ties was related not only with the amount of organics
but also with its pH. Tectocepheus velatus was tolerant
to substratum alkalinity, whereas Oppiela nova in these
soils was sparse (DiitmunaBuutore, 2006, 2006a).

The desiccated sewage sludge of the Vilnius city is
highly alkaline. When a landfill or a quarry is covered
with this sludge, the soil reaction gradually changes from
alkaline to neutral. In the sixth year the landfill soil
was weakly alkaline, and in the ninth year it was al-

most neutral (Table 2). This may be the cause of the
spread of Oppiella nova in the landfill soil.

Soil moisture plays an important role for microarth-
ropods, Collembola in particular. Soil moisture was low-
est in the sixth year of remediation (14.4%, 14.6%). In
the last few decades, there was a tendency of soil tem-
perature and soil moisture reduction (Bukantis et al.,
2001). In 2003, even the abundance of the dominant
Collembola species, Isotoma notabilis, and especially of
Mesophorura gr. krausbaueri considerably reduced.

Rather high concentrations of heavy metals (Antanai-
tis, 2001; LAND 20-2005; 86/278/EEB) are allowed when
landfills are remediated with sewage sludge. The Vilnius
sewage sludge that was used for remediation of the Ne-
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Table 4. Microarthropod abundance (thou ind./m?) and community structure in the soil of Nemen¢iné landfill peripheries

in the S5th-9th years of remediation with sewage sludge

Year after Microarthropod group 5
the beginning | Year |Month | Oribatida Acaridiae | Gamasina | Tarsonemina | Other mites | Collembola X
of remediation T.ind./m? | % | T.ind./m? % | T.ind./m? | % | T.ind./m* % | T.ind./m? | % | T.ind./m? | % |Month|Year
5 2002 05 6.7 134 276 553 3.0 6.1 87 174 0 0 39 78 499 135.1 67.5
09 103 12.1 85 100 22 26 556 652 0 0 86 10.1 852 ’ ’
6 2003 05 21.7 532 0.1 02 23 56 120 294 25 6.1 22 54 4038 673 336
09 77 291 24 91 19 72 89 336 14 53 42 158 265 ’
7 2004 05 9.0 274 18 54 79 238 50 151 0 0 94 283 33.1 589 294
09 58 225 0 0 93 360 59 227 O 0 48 186 258 ’
8 2005 05 81 81 1.0 03 47 47 527 531 62 62 274 27.6100.1 161.2 80.6
09 119 194 46 7.5 79 130 16.1 263 1.1 1.8 19.5 32.0 61.1 ’ ’
9 2006 05 144 318 03 06 35 7.7 156 344 44 97 7.1 157 453 132.4 66.2
09 199 228 0.8 09 88 10.1 46.6 535 29 33 81 93 871 ’ ’
2, 1155 208 47.1 85 51.5 93 227.1 409 185 33 952 1725549

menciné landfill had considerably lower concentrations
of these metals. In the first year of remediation, the con-
centration of these metals reduced negligibly: copper from
222.4 to 135.0, zinc from 619.0 to 612.0 and nickel
from 91.8 to 87.3 mg/kg (Eitminavicitute et al., 2005). In
the 5th-9th years, the concentrations of some metals we-
re considerably smaller: the concentration of copper re-
duced from 222.4 to 99.8 mg/kg, zinc from 619.6 to
360.5, nickel from 91.8 to 50.6 and cadmium from 5.8
to 3.2 mg/kg. The concentrations of lead and chromium
remained on the same level (Table 3). Yet the concentra-
tions of heavy metals varied considerably from year to
year. Presumably, the thin sludge layer (10-20 cm) only
partly covered the landfill. Moreover, different kinds of
wastes could increase the concentrations of some metals.

Analytical data showed that in the 5th-9th year of
landfill soil remediation with sewage sludge, the con-
centration of copper ranged from 29.3 to 136.0 mg/kg,
lead from <2 to 111.0, zinc from 97.3 to 1010.0, nickel
from 11.7 to 74.7, chromium from 6.0 to 343.7, and
cadmium from <0.1 to 8.4 mg/kg (Table 3). Only zinc
and chromium concentrations exceeded the permissible
values (LAND 20-2005). The mobile forms of heavy
metals accounted for 25% (cadmium), 10.9% (zinc),
6.6% (lead), 2.3% (copper), 1.1% (chromium), and 0.7%
(nickel) of the total of the determined concentrations
(Lubyté ir kt., 2001; HN60-2004).

The obtained results showed that in the 5th-9th years
of remediation with sewage sludge, the landfill soils
were mostly polluted with zinc (average value 360.5
mg/kg) and chromium (106.0 mg/kg). In the 1st-2nd
and 5th-9th years of remediation, the concentrations of
heavy metals reduced: copper 1.3, lead 1.0, zinc 1.7,
nickel 1.7 and cadmium 2.4 times. However, the con-
centrations of chromium and lead increased 2.8 and 1.0
times, respectively.

As a result of the activity of plant roots, microorga-
nisms and zoocoenoses — intensive mineralization and
humification of organics — some heavy metals are re-
leased and accumulate in plants. In autumn, when orga-
nic waste disintegrates, some heavy metals get back to
the soil. With the increasing amount of humus, increas-
ing portions of heavy metals get bound and thus less
are washed out and absorbed by plants. In the 5th-9th
years of remediation, the concentrations of zinc and chro-
mium were highest. Plants contained 55.7 mg/kg of zinc.
This is 1.7 times as much as in the grass of the city
and 4.7 times as much as in perennial herbs growing in
clean soil (Table 3). It should be noted that the concen-
tration of zinc in the soil is reflected in its plant cover.
Presumably this is related with the mobile forms of
zinc which account for 11% of the total. The landfill
plants also contain high concentrations of copper and
nickel.

Analysis of heavy metal concentrations in the soil
and their penetration into plants has showed that the
metals whose highest concentrations accumulate in the
soils have best possibilities to be absorbed by plants.
As was mentioned, the highest concentrations in the land-
fill soils were characteristic of zinc and chromium.

Investigation of a natural meadow between the landfill
and the pine forest showed that the total abundance of
microarthropods in its soil ranged in different years from
29.4 to 80.6 thou ind./m? (Table 4). Their community inc-
Iuded 20 Oribatida, 27 Gamasina and 22 Collembola spe-
cies (a total of 69 species). They are typical species of
low productivity sandy meadows. Tarsonemina (rather abun-
dant in this soil) make an exception. Usually Tarsonemina
abound in the drained meadows (Jla3ayckene, CeBacThsHOB,
1972). The control site borders on a drained field of pe-
rennial grasses, a pine forest and a landfill on the other
side of the ditch. The proximity of a drained meadow
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might have influenced the spread of Tarsonemina. In our
investigation site, tarsonemic mites accounted for 40.9%
of the total of microarthropods, Oribatida for 20.8%, Ga-
masina for 89.3%, Acaridae for 8.5% and Collembola for
17.1% of the total of microarthropods (Table 4).

The concentrations of heavy metals in the soil of
the meadow in the outskirts were low and comparable
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with the concentrations typical of sandy loam soils. They
did not exceed the highest permissible values for this
type of soil (Table 3).

The grass in the vicinities of the landfill contained
highest concentrations of zinc. In the 5th-9th years of
remediation, its average concentration was 45.2 mg/kg. This
is 1.4 times as much as in the city grass (Adomaitis,
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Fig. 3. Concentration of heavy metals (mg/kg) in the grass cover of Nemenciné landfill remediated

with sewage sludge and of its peripheries
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Mazvila, 2001) and 3.8 times as much as in perennial
grasses (Lubyté ir kt., 2001). The concentrations of copper
and nickel in the grass covering the peripheral part of the
landfill were also rather high (Fig. 3).

CONCLUSIONS

In the case of remediation of landfill soils with an orga-
nics-rich substratum such as sewage sludge, the process of
soil formation is more intensive than in the case of reme-
diation with organics-poor substratum. In the 5th-9th years
of remediation, the content of humus reached 6.0%.

In the 5th-9th years after insertion of sewage sludge
(450 t/ha), the concentrations of heavy metals reduced
1.0 to 2.4 times. Only the concentrations of lead and
chromium slightly increased. Zinc was the main pollu-
tant of landfill soil (360.5 mg/kg). This element was
accumulated in greatest concentrations by the herbal
plants of the landfill as well. The concentrations of heavy
metals in the landfill soil did not inhibit the natural
microarthropod successions reflecting the intensity of or-
ganics destruction. In the 5th-9th years of remediation,
a certain equilibrium set in among the microarthropod
groups. Three varieties were dominant: Tectocepheus ve-
latus, Isotoma notabilis and Mesophorura gr. armata. A
total of 55 microarthropod varieties were identified.

In the soil of the peripheral part of the landfill, the
concentrations of heavy metals were comparable with
the background values. The herbal plants (as in the land-
fill) accumulated greatest concentrations of zinc.
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SAVARTYNU DIRVOZEMIU REKULTIVACIJA
NUOTEKU DUMBLU

2. MIKROARTROPODU KOMPLEKSO STRUKTURA
DIRVOZEMIO FORMAVIMOSI PROCESE

Santrauka

Palaidoty ir sunaikinty Zemiy rekultivacija yra viena aktualiau-
siy problemy, i$saugant sausumos ekosistemas. Savartyny rekul-
tivacijai panaudojant miesty nuoteky dumbla sprendziama nuo-
teky dumblo utilizacijos ir savartyny rekultivacijos problema, o
dirvozemio formavimosi procesy intensyvumas tiesiogiai pri-
klauso nuo jterpiamy organiniy medziagy kiekio ir pedobion-
ty veiklos.

Atlikti tyrimai rodo, kad per 9 metus rekultivuojant savar-
tynus nuoteky dumblu besiformuojantis dirvozemis turi iki
6,0% humuso, daugiausia yra uzterStas cinku (360,5 mg/kg) ir
chromu (106,0 mg/kg). Daugelio sunkiyjy metaly koncentraci-
jos per 9 metus sumazéjo iki 2,4 karto. Rekultivuojant savar-
tynus nuoteky dumblu esamos sunkiyju metaly koncentracijos
nestabdo dirvozemyje vykstan¢iy mikroartropody sukcesiju.
Mikroartropody bendrijoje tarp grupiy nusistovi tam tikra pu-
siausvyra, nors dirvozemyje vyrauja euribiontinés rasys— Tec-
tocepheus velatus, Isotoma notabilis, Mesophorura gr. armata.
Savartyno dirvoZzemis ir Zolés daugiausia uzterStos cinku. Cinka
daugiausia akumuliuoja ir Zolés sgvartyno prieigose.

Raktazodziai: savartynas, savartyno prieigos, sunkieji me-
talai, mikroartropodai, nuoteky dumblas



