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Abstract
Purpose In this study, the ecotoxicological effects of the
soil contaminations at an uncovered landfill site are
assessed with two biological tests (earthworm avoidance
test and luminous bacteria test). Furthermore, the state of
rotting of the organic substance is estimated. Therefore,
total organic carbon (TOC) contents and basal respiration
rates are measured.
Materials and methods The study has been carried out with
polluted samples originating from the old deposit I 27 in
Bielefeld, North Rhine-Westphalia, Germany. To assess the
ecotoxicological effects, heavy metal contents were deter-
mined and earthworm avoidance tests were conducted.
Luminous bacteria tests with Vibrio fischeri were applied to
the soil eluates. Furthermore, the TOC contents and the
basal respiration rates were measured regarding to the
stability of the organic substance.
Results and discussion Although the determined heavy
metal contents showed high values, the results of the biotests
do neither indicate an emission of contaminants with the
seepage water nor a toxic disturbance of the soil function as a

biological habitat. Beyond that, the respiration rates turned
out to be in a range that is typical for natural soils.
Conclusions Due to the aerobic decomposition of the organic
matter and the associated development of humic substances,
the contaminants contained in the material seem to be mainly
immobile. The organic matter is stabilised to a large part.
Altogether the results accord to the long-term perspective for
the environmental behaviour of artificially aerated waste.

Keywords Aeration . Carbon dynamics . Earthworm
avoidance test . Ecotoxicology . Landfill . Respiration .

Waste

1 Introduction

In the context of the implementation of the first German
waste disposal law (“Abfallbeseitigungsgesetz”; 1972),
many landfills were closed and reclaimed. Part of the typical
reclamation programme was covering of the wastes with a
loam or clay layer to prevent access and to reduce seepage.
As is known nowadays, this treatment led to a conservation
of the organic substance in the wastes due to the slower and
less complete degradation under anaerobic conditions.
Recent assessments of former landfill sites which were
closed in the 1970s show the necessity of maintenance for
several generations (Stegmann et al. 2001; Kruse 1994).

In order to avoid future generations having to deal
with today's wastes and to shorten maintenance, experi-
ments aiming at the active aeration of those deposits are
being conducted (e.g. biological in situ stabilisation via
low-pressure aeration as well as the recirculation of
seepage water) (Ritzkowski et al. 2008). Both the results
of these experiments and experiments with waste samples
carried out in the laboratory indicate a faster decomposi-
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tion of the organic substance almost avoiding methane
emissions and reducing seepage water contamination.
(Ritzkowski et al. 2008; Prantl et al. 2006; Östmann
2008). This can be explained by the aerobic decomposi-
tion of the organic substance which is not only respired by
microbes to carbohydrate and water (mineralization) but
also transformed to humic acids or similar substances
(Heyer 2003).

The former landfill site I 27 studied in this paper has
been covered with loam only in some parts. The investi-
gated area of the former landfill site was not covered at all.
This has led to a predominantly aerobic decomposition of
the organic substance within the waste. Thus, the studied
landfill is in an advanced state of aerobic decomposition—
which took place without any active measures.

Waste that is deposited in a landfill becomes part of the
pedosphere interacting with the hydrosphere, the atmosphere
and the biosphere. Consequently, landfills may be classified
as soils (e.g. Lehmann and Stahr 2007). With time, landfills
may develop mollic properties (cf. Lehmann and Stahr
2007: soil profile #12) similar to natural terrestrial soils.
The aim of the present study is to compare samples taken
from the landfill to natural soils with respect to their
suitability as a living space for soil organisms (toxic
properties) and their intensity of carbon mineralization.
This is of practical relevance for the further treatment of the
landfill material: can it be excavated like soil or are waste
properties prevailing that require special treatment?

2 Material and methods

2.1 The former landfill site I 27

The landfilling took place in a former limestone quarry.
Commercial, domestic and industrial waste including
building rubble was deposited since the 1950s. The former
landfill site is located in North Rhine-Westphalia, Germany.

2.2 Pulse boring and sampling

In April 2009, six pulse borings with a steel tube of 50-mm
diameter were carried out to a maximum depth of 6.5 m.
Soil samples were taken from 0–20 cm depth, 20–50 cm
depth and then downwards in 50-cm steps. The boreholes
were equipped with PVC pipes and sealed against the
atmosphere. Afterwards, the methane concentration in the
soil air-drawn from the boreholes was measured with a
handheld measuring device (Dräger Multiwarn).

For the ecotoxicological tests, larger amounts of soil
were required. These were taken as additional soil samples
from the upper 50 cm of the profile with a spade around the
points of pulse boring.

2.3 Laboratory investigations

The pH values were measured according to DIN 19682-13
(2009) in 0.01 m CaCl2 solution. Total carbon (TC) content
was determined by elementary analysis according to DIN
ISO 10694 (1995) with the Carbon-Sulfur-Determinator
Eltra CS 500. The soil carbonate content (TIC) was
measured with the Scheibler-gadget after DIN ISO 10693
(1995). The total organic carbon content (TOC) was
calculated by subtracting the TIC from the TC.

Heavy metals were determined by microwave assisted
digestion with nitrohydrochloric acid according to DIN ISO
11466 (1997). Weighted samples of 0.7 g (sieved to 2 mm,
crushed and dried at 107°C) were used.

The basal respiration was determined with the
Isermeyer-method (DIN ISO 16072 (2005)). Deviant from
DIN ISO 16072 (2005), the soil samples had not been
sieved to 2 mm since our investigations aimed at
determining the “real-world” respiration rates of the landfill
volume; 40 g of moist soil were filled into 1 l vessels. The
mass of coarse material in the samples was weighed after
the respiration measurement. From this, respiration rates of
fine material could be calculated.

2.4 Ecotoxicological tests

The luminous bacteria test was carried out with the
LUMIStox 300 Luminometer following DIN ISO
11348-3 (2007). The test was applied to soil eluates made
according to Römbke et al. (2006). Weighted samples
equivalent to 100 g dry mass were shaken with 100 ml
Aqua bidest and filtrated with Whatman Polydisc GW
filters.

The Earthworm-Avoidance test was carried out accord-
ing to DIN ISO 17512-1 (2005). Adult earthworms (Eisenia
fetida) with fresh weights between 300 und 600 mg were
used. The animals were from the breed of the University of
Applied Sciences Osnabrück. As reference soil, loamy sand
taken from an orchard of the University of Applied
Sciences Osnabrück was used (pH 6.18, Corg 23.5 mg g–1).
Additionally, this reference soil was tested against the
standard soil RefeSol 01-A (pH 5.67 Corg 9.3 mg g–1) of the
German Umweltbundesamt.

3 Results

3.1 pH values

The pH values of the soil samples range between 7 and 8.
Only few samples show values between 6 and 7. The
generally alkaline reaction is in accordance with the high
amount of building rubble in the waste.
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3.2 Composition of the soil air

Only in two of the six measuring wells methane could be
detected in the soil air with a maximum concentration of
0.42% v/v.

3.3 TOC contents

The TOC contents of the soil samples varied from 3 to
200 mg g–1 with an arithmetic mean of 35 mg g–1. The

highest average TOC content (75 mg g–1) was found in the
uppermost 20 cm below surface. Generally, the TOC
contents decreased with increasing depth. However, there
was a second maximum with contents of up to 60 mg g−1

between 1 and 2 m below ground (Fig. 1).

3.4 Basal respiration

Respiration rates of the total samples including coarse
material range from 0.1 to 9 mg CO2 kg DM–1 h–1

(Table 1) with an arithmetic mean of 3.00 mg CO2 kg
DM–1 h–1. The highest respiration rates of about 4 mg CO2

kg DM–1 h–1 on average were found in the upper 20 cm
below ground. Between 20 and 550 cm, respiration was
lower with rates up to 4 mg CO2 kg DM–1 h–1; however,
the statistical spread is very high in these depths. There
were three extreme values measured in RKS-3 at 150–
200 cm depth, and RKS-4 at 200–250 cm depth and 300–
350 cm depth, respectively. A decrease of average
respiration rates is observable in depths of more than
450 cm below ground, where the natural soil begins.
Average respiration rates decrease to values of about
1.5 mg CO2 kg DM–1 h–1.

In order to compare the measured respiration rates
with literature data from 2-mm sieved natural soils the
values have been recalculated to a fine soil basis taking
267 g kg–1 as average content of coarse material in the
landfill samples (see Table 1). The resulting frequency
distribution of respiration rates per fine soil mass is shown
in Fig. 2. Data on basal respiration of natural soils cover a

Fig. 1 TOC contents versus depths (the black dots represent the
arithmetic mean; grey bars the median; boxes the 25th and the 75th
percentile; whiskers the 5th and the 95th percentile)

Table 1 Basal Respiration of samples taken from six pulse borings at the former landfill site

Depth (cm) Respiration rate (mg CO2 kg DM–1h–1) Content of coarse
material (gkg–1)

Mean respiration of fine material
(mg CO2 kg

–1h–1)
Pulse boring
point

RKS-
1

RKS-
2

RKS-
3

RKS-
4

RKS-
5

RKS-
6

Mean

0–20 4.48 6.88 1.60 5.76 5.02 2.19 4.32 253 5.78

20–50 4.97 3.08 1.70 1.80 4.70 2.53 3.13 155 3.70

50–100 2.10 0.63 0.68 2.40 2.31 0.18 1.38 193 1.71

100–150 3.05 4.55 2.99 2.76 2.00 2.27 2.94 307 4.24

150–200 2.85 2.19 8.73 2.74 1.12 1.89 3.25 276 4.49

200–250 1.91 0.89 3.83 8.84 2.26 5.71 3.91 214 4.97

250–300 0.55 1.60 2.78 3.41 4.70 4.75 2.97 285 4.15

300–350 ND 1.12 3.65 6.83 2.19 4.75 3.71 258 5.00

350–400 ND 0.10 4.63 2.39 3.53 1.49 2.43 183 2.97

400–450 ND ND 3.46 3.99 3.97 ND 3.81 333 5.71

450–500 ND ND 2.24 2.31 ND ND 2.28 410 3.86

500–550 ND ND 2.23 2.46 ND ND 2.35 345 3.59

550–600 ND ND 1.08 0.48 ND ND 0.78 327 1.16

600–650 ND ND ND 1.49 ND ND 1.49 202 1.87

ND not determined
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wide range. Beck et al. (1997) report a basal respiration of
arable soils in the range 0.15–0.70 mg CO2 kg DM–1 h–1.
Characteristic rates of basal respiration in Swiss soils are
given as 4.3 mg CO2 kg

−1 h−1 for arable fields, and 8.5 mg
CO2 kg

–1 h–1 for permanent grassland, respectively (Rossier
and Dessurault 2004). Sommer et al. (2002) measured the
basal respiration in forest soils in southern Germany and
found 0.62–3.72 mg CO2 kg DM–1 h–1 in A-horizons, and
10≥200 mg CO2 kg DM–1 h–1 in humus layers of the forest
floor. The samples from the investigated landfill are well
within this range. There is no indication of an increased
respiration in the landfill compared with natural soils.

3.5 Heavy metal contents

The spade samples and a selection of 13 samples from
the pulse boring were analysed for heavy metal contents
(Table 2). The range of metal concentrations found in the
pulse-boring samples from depths below 50 cm was
greater than that in the 0–50 cm spade samples. For an
approximate conversion to toxic units, the measured
concentrations of the different metals were divided by
the respective precautionary values of the German Soil
Protection Ordinance (Bundes-Bodenschutzverordnung
BBodSchV 1999). Background for the derivation of the
precautionary values are effects of contaminants on the
natural soil functions. Thereby ecotoxicological threshold
effect concentrations as well as long-term effects on the
filtering and storage functions are considered. Further-
more, natural background values and—in the case of
heavy metals—also increased background values due to
the geological situation or human settlement are taken
into account (König et al. 2003). Thus, heavy metal
contents that exceed these precautionary values cannot be
considered as a natural background contamination.

The sum of these relative concentrations was taken as
an index of the combined heavy metal contamination in
the samples. Table 3 shows, that copper is the main
contaminant in the pulse-boring samples exceeding the
precautionary values by a factor of 9.9 on average (range,
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Fig. 2 Frequency distribution of respiration rates of fine material in
the pulse-boring samples

Sampling point Depths (cm) Cd Cr Cu Ni Pb Zn

Spade sampling

RKS-1 0–50 2.1 93 230 38 698 581

RKS-2 0–50 3.0 143 169 43 393 803

RKS-3 0–50 0.3 32 20 19 49 63

RKS-4 0–50 2.1 54 122 33 208 550

RKS-5 0–50 1.3 76 221 49 274 760

RKS-6 0–50 0.4 28 39 22 74 118

Pulse boring

RKS-1 50–100 1.0 60 139 47 116 358

RKS-1 150–200 1.7 726 175 72 176 383

RKS-2 50–100 1.4 86 244 52 278 814

RKS-2 200–250 2.2 465 197 66 848 359

RKS-3 50–100 0.5 38 23 20 44 73

RKS-3 200–250 1.2 58 1,195 22 383 2,786

RKS-4 50–100 6.3 128 2,484 44 2,153 972

RKS-4 150–200 1.4 103 295 58 181 565

RKS-4 550–600 0.3 75 43 47 19 94

RKS-5 50–100 45.5 58 57 34 36 428

RKS-5 150–200 0.2 42 29 25 23 80

RKS-6 100–150 11.1 62 180 38 102 321

RKS-6 150–200 0.7 81 81 40 109 266

Table 2 Concentration of metals
in microwave-HNO3 extract in
samples from spade sampling
and pulse boring at the former
landfill site (mg kg–1)
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0.6–62). In the spade samples lead, copper, and zinc are
rather similar in their exceedance of the precautionary
values leading to a combined contamination that is about
half of that in the pulse-boring samples.

A significant positive correlation was found between
the heavy metal contamination and the TOC content of the
pulse-boring samples from the former landfill (Spearman's
rank correlation, Table 4). Rank correlation coefficients
for the microbial respiration per gram TOC (Rbas/TOC)
versus heavy metal contamination were not significantly
different from zero.

3.6 Luminous bacteria tests

According to Römbke et al. (2006) a risk of toxicity release
from soil contaminants into the seepage water is to be
expected at LID values of ≥8. Only sample RKS-4 has a
LID value in this range while the eluates from the other
samples have LID2 and LID3 clearly below this toxicity
threshold (Table 5). The order of heavy metal contamina-
tion in the samples RKS-1 to RKS-6 (see Table 3) is not
reflected by the results of the luminous bacteria test.

3.7 Earthworm avoidance tests

The results of the earthworm avoidance tests are shown in
Table 6. None of the tested soil substrates from the landfill
site was avoided by the earthworms. In three cases (RKS-2,
-3 and -4) even a preference for the landfill soil was
statistically significant (chi² test with null hypothesis
50%:50%). There was no correspondence between the
amount heavy metal contamination in the soils and the
distribution of Eisenia fetida between test soil and reference
soil. A control test of the reference soil against the standard

Sampling point Depths (cm) Cd Cr Cu Ni Pb Zn Sum (Cd…Zn)

Precautionary values of German soil protection ordnance for loamy soils (mg kg−1)

1 40 50 70 150

Concentrations relative to precautionary values for spade samples 60

RKS-1 0–50 2.1 1.5 5.8 0.8 10.0 3.9 24.0

RKS-2 0–50 3.0 2.4 4.2 0.9 5.6 5.4 21.4

RKS-3 0–50 0.3 0.5 0.5 0.4 0.7 0.4 2.8

RKS-4 0–50 2.1 0.9 3.0 0.7 3.0 3.7 13.3

RKS-5 0–50 1.3 1.3 5.5 1.0 3.9 5.1 18.0

RKS-6 0–50 0.4 0.5 1.0 0.4 1.1 0.8 4.1

Mean 1.5 1.2 3.3 0.7 4.0 3.2 13.9

Concentrations relative to precautionary values for pulse-boring samples

RKS-1 50–100 1.0 1.0 3.5 0.9 1.7 2.4 10.4

RKS-1 150–200 1.7 12.1 4.4 1.4 2.5 2.6 24.7

RKS-2 50–100 1.4 1.4 6.1 1.0 4.0 5.4 19.4

RKS-2 200–250 2.2 7.8 4.9 1.3 12.1 2.4 30.7

RKS-3 50–100 0.5 0.6 0.6 0.4 0.6 0.5 3.2

RKS-3 200–250 1.2 1.0 29.9 0.4 5.5 18.6 56.5

RKS-4 50–100 6.3 2.1 62.1 0.9 30.8 6.5 108.7

RKS-4 150–200 1.4 1.7 7.4 1.2 2.6 3.8 18.0

RKS-4 550–600 0.3 1.3 1.1 0.9 0.3 0.6 4.4

RKS-5 50–100 45.5 1.0 1.4 0.7 0.5 2.9 51.9

RKS-5 150–200 0.2 0.7 0.7 0.5 0.3 0.5 3.0

RKS-6 100–150 11.1 1.0 4.5 0.8 1.5 2.1 21.0

RKS-6 150–200 0.7 1.3 2.0 0.8 1.6 1.8 8.2

Mean 5.6 2.5 9.9 0.9 4.9 3.8 27.7

Table 3 Precautionary values
for metal concentrations accord-
ing to the German Soil Protec-
tion Ordnance (BBodSchV),
metal concentrations in relation
to precautionary values, and
sum of relative concentrations as
an index of combined metal
contamination

Table 4 Correlation (Spearman's rho) between heavy metal contam-
ination, TOC, respiration and respiration relative to TOC in 13 pulse-
bored samples from depths below 50 cm

Contaminant TOC Rbas Rbas/TOC

Cu 0.8077** 0.5384 –0.4835

Sum (Cd…Zn) 0.6923* 0.6209* –0.1978

*p<0.05; **p<0.01
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soil RefeSol 01-A resulted in 61% of the test worms being
in the reference soil. Hence there is no reason to assume
that the reference soil may be avoided by the earthworms.

4 Discussion

4.1 State of rotting and stability of the organic substance

The Deponieverordnung (2009)—the German landfill
ordinance—sets limit values for the TOC-content in
deposable material in order to minimise landfill gas
production, emissions with seepage water, and subsidence
of the landfill volume resulting from the decomposition of
organic matter. The limit values are ≤1% TOC for dump
category I, and ≤3% TOC for dump category II,
respectively (Deponieverordnung 2009).

The TOC contents in the soils of the investigated former
landfill site range between 0.3 and 20% with an arithmetic
mean of 3.53% TOC. This exceeds the limit value for dump
category II. About 50% of the determined TOC contents
exceed the limit for dump category II. Only about 20% of the
assayed samples could to be assigned to dump category I.

However, it may be misleading to characterise the
microbially available fraction of the organic matter by
means of the TOC content (Department for Environment
and comprehensive regional planning and Agriculture of
North Rhine-Westphalia 1998). The TOC content covers all
organic substances, including synthetic materials and/or so-
called “black carbon” that may not be available to microbial
consumption.

The Department for Environment and Comprehensive
Regional Planning and Agriculture of North Rhine-
Westphalia (1998) recommends the respiration activity

AT4 to characterise the microbially available fraction of
the organic substance. The respiration activity AT4 is the
amount of oxygen that is consumed by a sample in the
Sapromat within 4 days (relating to 1 g dry mass). AT4
values of fresh, untreated waste usually average 20–60 mg
O2 g–1 DM–1 which corresponds to marginal decomposed
litter originating from the L-horizons of forest soils (Soyez
et al. 2000). The limit value in the Deponieverordnung for
the parameter “AT4” is 5 mgO2 gDM–1. The measured
respiration rates (CO2 emission) were converted into AT4-
values assuming a respiratory quotient of 1. Taking the 95th
percentile of all measured respiration rates as a basis this
conversion resulted in an AT4-value of 0.48 mgO2 gTM

−1

which is much lower than the limit value of the Deponie-
verordnung although the TOC limit values are clearly
exceeded. Furthermore, the calculated AT-4 values of the
tested samples fall below the average respiratory activity of
mechanically and biologically treated residual waste, which
is about 3.5 mgO2 gDM

–1 (Environmental Agency of North
Rhine-Westphalia 2001). If the AT4 values are below the
limit value of 5 mgO2 gDM–1, only marginal methane
emission takes place and only tolerable contaminations of
the seepage water are to be expected (Soyez et al. 2000).
With respect to the state of degradation such material is
similar to the organic substance in the A horizons of soils.
The AT4 values for the samples in this study are only
rough approximations since they were derived from CO2-
measurements according to the Isermeyer Method instead
of a direct determination of O2 consumption with a
Sapromat (LAGA–Länderarbeitsgemeinschaft 1997). But
even if the RQ is changed to 0.5 (which may be the case if
hydrocarbons are mineralized and there is intense nitrifi-
cation) this would only double the AT4 values which are
by a factor of 10 below the limit value of 5 mg O2 g

–1 DM
(Deponieverordnung).

Although most measured TOC contents exceed the limit
values of the Deponieverordnung, the level of the current
mineralization is as low as in natural soils. The determined
respiration rates indicate, that a relevant part of the TOC is
of low microbial availability or even not available at all.
This may be the result of an accumulation of recalcitrant
organic compounds, such as synthetics, humic acids or
other persistent substances like lignin. Organic matter can

Table 5 Least ineffective dilutions (LID) in luminous bacteria tests in
soil eluates of spade samples (0–50 cm depth) from the former landfill
site

Sample RKS-
1

RKS-
2

RKS-
3

RKS-
4

RKS-
5

RKS-
6

LID-
value

LID3 LID3 LID2 LID16 LID2 LID2

Sample Earthworms in reference soil (%) Earthworms in tested soil (%) χ2(critical value: 11.07)

RKS-1 31 69 8.5

RKS-2 12 88 31.8

RKS-3 33 67 11.9

RKS-4 19 81 20.7

RKS-5 51 49 4.00

RKS-6 36 64 8.4

Table 6 Results of the Earth-
worm Avoidance Tests: distri-
bution of ten Eisenia fetida
between a reference soil (loamy
sand, pH 6.18) and soil substrate
taken from sampling points at
the former landfill site (spade
samples 0–50 cm depth)

Entries in bold signifies p<0.05
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be stabilised by copper and other heavy metals in the soil
(Sauvé 2006; Fründ et al. 2007). The significant correlation
between TOC and copper found in this study may also be
caused by the higher sorption capacity of organic matter
compared to mineral sorbents (Lair et al. 2006). In general,
the low rate of TOC mineralization can be explained by the
advanced age of the old deposit. On the other hand the
mainly aerobic conditions had an accelerating influence on
the decomposition of the organic waste components
(Environmental Agency of North rhine-Westphalia 2001).

4.2 Toxic potential

The results of the executed ecotoxicological tests do not
indicate a toxic potential of the assayed material, neither
regarding to a disturbance of the soil function as habitat for
organisms nor regarding to a leakage of contaminants with
the seepage water.

The earthworm avoidance test showed no avoidance of
the landfill substrate although it contained considerable
concentrations of heavy metals reaching 230 mg kg–1 of Cu
and 803 mg kg–1 of Zn. There also was no correlation
between the amount of heavy metal contamination and the
degree of preference/avoidance of the earthworms. Other
studies found an avoidance reaction of E. fetida with soils
containing 4…34 mg kg–1 Cu (Van Zwieten et al. 2004). It
is known that aged copper contaminations are less effective
(van Zwieten et al. 2004, Lukkari and Haimi 2005, Fründ et
al. 2005) but even than the contaminated soil is generally
avoided by earthworms at Cu concentrations above
200 mg kg–1.

Furthermore—according to the investigations by Kerth
and van Straaten (1990)—elevated concentrations of organic
contaminants, especially polychlorinated biphenyles, have
also to be taken into account in the material originating from
the former landfill site of this study.

5 Conclusions

The executed investigations relating to mineralization indi-
cate that the bigger part of the former contained microbially
available organic substance is already decomposed. Even so,
the TOC contents exceed the limit value for dump category
II of the Deponieverordnung, the respiration rates are in a
range that is typical for natural soils. Therefore, the
contained organic substance turns out to be stabilised or
inert. The TOC depth profile is suggestive of the develop-
ment to a natural ecosystem with high-average contents in
the upper layers—obviously caused by the input of foliage
biomass here.

While heavy metal contents are considerably high, the
executed ecotoxicological tests do not indicate a toxic

potential. In terms of an emission of contaminants with the
seepage water as well as in terms of a toxic disturbance of
the soil function as a biological habitat the assayed material
turns out to be ecotoxicologically harmless. According to
this, it is assumed that the contained contaminants have
formed mainly immobile species. This can both be due to
the alkaline milieu and the formation of humic acids under
aerobic conditions, which lead to an increase of the cation
exchange capacity and have an influence on the mobility of
pollutants. Yet in a long-term view a decrease of the pH
values in the course of the pedogenesis and the leaching of
carbonate leading to an increase of the heavy metal
mobility cannot be excluded. Altogether the results of this
paper indicate that due to rotting processes within the
former landfill site of this study it has developed towards a
natural ecosystem concerning the carbon dynamic as well
as the toxic potential. In tendency this reflects the
advantages of aerobically rotten waste concerning the
environmental behaviour detected by Ritzkowski et al.
(2008) and Östmann (2008) as well as the long-term
abatement of the mobility of heavy metals prognosticated
by Prantl et al. (2006) and Östmann (2008).

With regard to dump sites in developing countries
where high-tech treatment of landfill gas and seepage
water is not feasible, the results of this study should give
food for thought, if treatment should aim at aerobic
rotting processes rather than encapsulation. Probably, by
doing so ecotoxicolgically tolerable states would be
achieve much quicker and the shifting of burden to
following generations would be avoided.
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