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Utilization of sewage sludge is one of the measures for remediation of destroyed soils.
Remediation of soils with sewage sludge requires preliminary investigations of soil formation
intensity, accumulation of heavy metals in organic material and the ecological status of the soil.
Based on observation of the structural changes of oribatid mite complexes, the present work
analyses the pattern of biological processes taking place in the soil forming in a gravel quarry
remediated with sewage sludge and the ecological status of the soil.

The obtained results have shown that sewage sludge stimulates faster succession of micro-
arthropod complexes and contribute to their abundance. In the first year of remediation of the
quarry with sewage sludge, the total microarthropod abundance is higher than that in the natu-
rally regenerating soils, but the species composition is poorer. After three years of remediation,
oribatid mites are dominant in the microarthropod community, but their complex is character-
ized by a small number of species and a low abundance of individuals. In the 16th-18th years
of remediation, these indices markedly increase. After 18 years, only in the soil not fertilized
with sewage sludge the composition of the species spectrum approached the spectrum of forest
oribatid mite communities characterized by a polydominant structure with the eudominant

euribiont species Oppiella nova.
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INTRODUCTION

The area of damaged soils in Lithuania (exhausted gravel, sand,
clay and peat quarries) accounts for more than 33 thou ha. The
soils of abandoned sand and gravel quarries are poor and exposed
to a permanent destructive impact of wind and water erosion
adding to pollution of neighbouring water bodies and farm lands
(Sleinys, 2001). In the course of time, soil organisms almost dis-
appear in the exploited soil layers, the content of humus reduces
to 0.5%, and the soil structure loses stability. Only in a few years,
when the first plants appear (Petrovas, 1994), poor zoocoenoses
start to develop. Therefore, it is important not only to speed up the
rates of regeneration, but also to prevent damage to new soil areas.
Remediation of damaged soil and soil formation require organic
matter. Fertilization of exhausted quarries with sewage sludge in-
creases the content of biogenic elements in their soils (Budavi¢ieng,
1997) and favours soil formation processes (barganaBudene u
1ip.» 1990). Sewage sludge accumulated in urban waste water treat-
ment equipments is a useful organic fertilizer. The use of sewage
sludge for fertilization would solve two major problems: return
to the soil the organic matter eliminated with yields of cultural
plants and would utilize the urban organic wastes. However, an
unconditional use of sewage for fertilization is limited by two fac-
tors: pollution with heavy metals and pathogenic microorganisms

(Eitminaviciate, 1997).1t is common knowledge that heavy metals
inhibit disintegration of organic matter, reduce the vital activity of
microorganisms and exert a toxic effect on invertebrate. However,
research works fully evaluating the environmental implications of
fertilization with sewage are deficient.

Soil zoocoenoses, microarthropods in particular, their com-
plex structure and species composition are widely reported
bioindicators of the regeneration degree of the productive soil
layer (Bielska, 1995; Hutson, 1980) and the levels of pH, C/N and
pollution with heavy metals (Doran, Safley, 1997; Straalen van,
1997). The ratios of microarthropod group abundance and spe-
cies composition show the type of soil, its granulometric compo-
sition, moisture regime, etc. (Eitminaviciaté, 2001). Remediation
of soils with sewage sludge facilitates best the development of
microarthropods (Eitminavi¢iate, 1997). Appearance and domi-
nance of oribatid mites (Acari: Oribatida) in the microarthro-
pod complex indicates the beginning of soil and humus forma-
tion. Analysis of Oribatida abundance dynamics and of the
structure of their community helps to reveal the degree of soil
stability and its formation trend.

The aim of the present research was to find the pattern of
biological processes in soil remediated with sewage sludge and
the ecological status of the forming soil based on observations of
the structural changes in the complex of oribatid mites.
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MATERIAL AND METHODS

The investigation material was collected in the exhausted
Verksionys gravel quarry of Trakai District. The quarry is situ-
ated on the third Neris River terrace at a distance of 300-400 m
from the river. The quarry area is 12 ha. Experiments were per-
formed in an area of 7 ha.

The remediation of the Verksnionys gravel quarry with
sewage sludge from the Vilnius city was assumed in 1989. In
1989-1995, thorough investigations of hydrochemical compo-
sition, soil fauna, sludge degradation, content of heavy metals
and other parameters were carried out (Eitminavi¢iate, 1997;
Navickiené, 1997; Bagdanavi¢iené, Budavi¢iené, 1997). Author
of this article resumed the investigations of microarthropods
in the sixteenth year of quarry remediation with sewage sludge,
investigations lasted three years (2004-2006). The sampling ma-
terial was taken in four stationary sites: 1) a quarry sector where
sewage sludge (250 t/ha) was spread on the surface (variant I);
2) a quarry sector where sewage sludge (250 t/ha) was inserted
into the soil (variant II); 3) quarry slope not fertilized (control
sector); 4) pine forest (about 35 years old) growing by the edge
of the quarry.

The following physical-chemical properties of soils in the
quarry remediated with sewage sludge and in the neighbour-
ing area were investigated: pH, moisture (%), temperature (t °C),
and the concentration of heavy metals (mg/kg). The concentra-
tion of heavy metals in the soils was determined by the method
of spectral analysis at SP UAB “Vilniaus vandenys” and calcu-
lated in mg/kg of dry mass. The species diversity of oribatid
mites and formation trends of their complex were evaluated.
Soil samples were taken five times in spring (May) and autumn
(September) in each sector from the top soil layer with the aid
of a cenometer (5% 5% 5 cm). A total of 120 soil samples were
examined. Microarthropods were extracted from the soil with
the modified Berlese-Tullgren light extractor using standard
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methods (Tustpos, CrpuranoBa, 1987). Mature individuals were
characterized to the species. Based on the analysis of collected
material, the species composition of oribatid mites, d (d = S-1/
logN) (Margalef, 1958) was determined and their abundance n
(ind./m?), and percentage ratio were calculated. Species abun-
dance was determined according to H. Engelmann (Engelmann,
1978).

The standard analysis was performed using Microsoft Excel
and STATISTICA 6.0 programs.

RESULTS AND DISCUSSION

The concentrations of heavy metals in the sewage sludge from
the Vilnius city, used for quarry remediation, was close to the
highest permissible values (HPV) for sludge: copper 489, nickel
218.5, zinc 439.75, and chromium 329.75 mg/kg of dry mass
(Bagdanavi¢iené, Budavicieng, 1997).

Investigations in 2004-2006 showed that the concentration
of heavy metals in the control soil (not fertilized with sewage
sludge) was considerably lower than in the soil fertilized with
sewage sludge. The highest concentration of heavy metals after
16-18 years of remediation was determined in variant I where
sewage sludge was spread over a sand surface. It contained an
especially high concentration of Zn: 505.33 mg/kg (Fig. 1).

Heavy metals in the soil are linked with organic and inorgan-
ic soil compounds and with humus (Kabala, Singh, 2001). The
granulometric composition of soils, soil type and the content of
organic matter are among the major factors predetermining the
mobility of heavy metals. In a weakly acid environment where
the biological activity of soils is higher, metal ions are mostly
absorbed by living soil organisms and by mineral and organic
particles (Teitr, 1991).

After 16-18 years of remediation with sewage sludge, the
quarry soil was alkaline. In variant I, the average pH value was
7.7 and in variant II 7.8. In the control variant, the pH value

Fig. 1. Concentrations of heavy metals
in the sewage sludge and in the of soil
gravel quarry (average of 1989-1990)
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Fig. 2. Dependence of the abundance (thou ind/m?) of oribatid mites on the moisture regime (%) and
pH of the soil of remediated quarry in 20042006 (the 16th—18th years of remediation)
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was slightly lower. Our results showed
that when the pH value was lower, the
abundance of oribatid mites increase
(Fig.2). Soil moisture regime varied
within different years. According to
Jucevica and Malecis (2005), structural
changes of the community might be
influenced by the changed moisture re-
gime in the substratum. Yet we did not
observe any interdependence of mois-
ture regime and abundance dynamics
of oribatid mites. Mites are likely to be
more dependent on food supply than
on water content.

Under conditions of natural re-
generation of soil in exhausted quar-
ries, humus and species diversity of
zoocoenoses develop very slowly be-
cause organic matter appears only at
the end of the vegetation period of a
poor plant community. During the
remediation of destroyed soils with
organic matter (sewage sludge), the ap-
pearance and dominance of oribatid
mites in the microarthropod complex
show the beginning of soil and humus
formation.

At the beginning of the experiment
in 1989, the control variant (sand)
of the Verksionys quarry contained
no oribatid mites. Oribatid mites in
this part of the quarry appeared only
five months after the beginning of re-
mediation. In the first four years, the
oribatid complex was poor in species
composition and abundance. The to-
tal abundance of oribatid mites in the
control variant reached 1.26 thou ind/
m?, whereas in the fifth—-seventh years
it ranged from 14.0 to 16.26 thou ind/
m’. In the first seven years of reme-
diation, nine species of oribatid mites
were found in this variant (Navickiené,
1997). In the 16th-18th years of reme-
diation, the average total abundance of
oribatid mites in the unfertilized part
of the quarry was 49.8 thou ind/m’
(Fig.2). A total of 33 species of oribatid
mites was found (Table). An especially
high abundance of oribatid mites (81.3
thou ind/m?) was recorded in the 18th
year of remediation.

Oribatid mites are indicators of
clean, naturally forming soil. Therefore
right after fertilization with sewage
sludge they occur in a very low abun-
dance. Their abundance increased in
the third year of remediation when the
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In the first year of experiment in the fertilized soils, the orib-
atid complex was of monodynamic character: the euribiont spe-
cies Tectocepheus velatus was eudominant (Fig. 4a).

The number of species increased in the 5th-6th years
of the experiment. Along with the absolutely eudominant
Tectocepheus velatus there appeared a complex of rarer species:

Brachychthonius sp., Oppia sp., Sheloribates laevigatus, etc.
(Navickiené, 1997). In the 16th-18th years of remediation, a sin-
gle species (Tectocepheus velatus) was eudominant in variants I
and I (50.3 and 42.0%, respectively) (Fig. 4b).

In the control variant and in the forest soil, the distribution
of oribatid species was slightly different. In the first year of ex-
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Control

Forest

60

Fig. 5. Similarity cluster of the communities of oribatid mites in
Verksionys gravel quarry sites (2004-2006)

70

periment, euribiont species proliferated in the control variant:
Oppiella nova, Scutovertex minutus (Navickiené, 1997). In the
16th-18th years of remediation, there appeared no eudominant
but a few dominant (Oppiella nova, Tectocepheus velatus)
and sub-dominant species. Oppiella nova was eudominant in
the forest soil, accounting for 44.5%. A comparison of species
spectrum showed that in the percentage of species the control
variant was closest to the community of oribatid mites typical
of forest soil (Fig. 4). This was also proved by cluster analysis ac-
cording to species abundance (Fig. 5).

CONCLUSIONS

Soil regeneration is a long and slow process which depends on
the environmental conditions. In the first year of soil remedia-
tion with sewage sludge, the total abundance of microarthropods
is higher than in the naturally forming soils, but the species di-
versity is poorer. The highest rate of oribatid complex formation
was characteristic of the part of the quarry where sewage sludge
was inserted into the soil (variant II). However, despite fertiliza-
tion with sewage sludge which increases microarthropod abun-
dance, after 18 years of remediation the species composition and
the index of dominance of the complexes of oribatid mites in
the unfertilized soil approached the complexes of oribatid mites
characteristic of natural forest ecosystems.
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Audroné Matuseviciaté

ORIBATIDINIU ERKIY KOMPLEKSO FORMAVIMASIS
REKULTIVUOTO ZVYRO KARJERO DIRVOZEMYJE

Santrauka
Viena priemoniy sunaikintiems dirvoZemiams rekultivuoti yra miesty
nuoteky dumblo panaudojimas. Rekultivuojant dirvozemius nuoteky
dumblu svarbu i$ai$kinti dirvozemio formavimosi proceso intensyvuma,
sunkiyjy metaly akumuliacija organinése medZiagose ir dirvoZemio eko-
loging bukle. Darbe tiriamas rekultivuoto nuoteky dumblu zvyro karjero
besiformuojancio dirvozemio biologiniy procesy kryptingumas ir jo eko-
loginé bakleé stebint oribatidiniy erkiy komplekso struktiiros poky¢ius.

Tyrimo rezultatai parodé, kad nuoteky dumblas skatina greitesng
mikroartropody kompleksy formavimosi sukeesija ir didina jy gausu-
mg. Rekultivuojant karjera nuoteky dumblu pirmaisiais metais bendras
mikroartropody gausumas yra didesnis nei natiraliai atsistatanciuose
dirvozemiuose, taciau rasiné jvairoveé skurdesné. Mikroartropody ben-
drijoje po trejy mety nuo dumblo uzvezimo vyrauja oribatidinés er-
kes. I§ pradziy oribatidy kompleksui budingas nedidelis rasiy skai¢ius
ir individy gausumas, 16-18 rekultivacijos metais $ie rodikliai ryskiai
padidéja. Rasinio spektro sudétis per 18 mety tik netre§tame dumblu
variante priartéjo prie misko oribatidiniy erkiy bendrijy, kurioms ba-
dinga polidominantiné struktara su eudominuojancia euribiontine ri-
$§imi Oppiella nova.

Raktazodziai: Zvyro karjeras, nuoteky dumblas, sunkieji meta-
lai, dirvozemis, oribatidinés erkés



