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Introduction: Soil contamination may be evenly distributed over large areas or it may occur as small
hot spots of toxicity resulting from events like accidental spillage. How does the soil ecological system
react to a spot of toxicity? We investigated a hot spot of copper contamination combining field data
with laboratory testing.

Site description: The contaminated site is a layer of very humous, heavily Cu-
contaminated (> 20 000 mg/kg) substrate covering an area of approximately 15
m x 20 m with a depth around 0.3 m on a eutric cambisol over limestone (Fig.
1). The situation is most probably caused by the deposition of industrial sewage
sludge in the 1970ies. The area containing the contaminated spot was under
pasture use for 15 years. In 2000 it was fenced and planted with trees and
shrubs (Fig. 2). The spontaneous vegetation consists mainly of nettle (Urtica
dioica L.) (Fig. 3). At the reference site (Fig. 2, Fig. 4) the spontaneous
vegetation is composed of grasses and herbs (Arrhenaterum elatius, Holcus
lanatus, Taraxacum, Rumex). See tab. 1 for soil properties and heavy metal
contents.

Fig. 1: Soil profile showing 30 cm of Cu-conta-
minated substrate over cambisol on limestone
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Fig. 2: Sketch of study area

Plot X N
soil colour 10YR 2/2 10YR 4/2
loss on ignition 28...30 % 9...10 %
texture Sl2 Sl3
pH (CaCl2) 6.8 6.9
Zn total [mg kg-1] 2‘100 250
Cu total [mg kg-1]
in soil (0..10 cm) 20‘000...22‘000 65...130
in litter > 2 mm 5‘026
in litter < 2 mm 8‘777

Fig. 3: Contaminated site (X); May 2003

Fig. 4: Reference site (N); aspect and soil profile May 2003

Tab. 1: soil properties and concentrations of Zn und Cu in the
contaminated (X) and the reference (N) plot

Field data
Fig. 6: Feeding activity at bait lamina (nettle paste; March/23/05-April/01/05)

• Moder-like humus form in contaminated plot (vs. mull humus at site N) (fig. 5).

• Urtica dioica dominating spontaneous vegetation und forming dense root mat in humus
layer (fig. 5).

• Feeding activity at bait lamina significantly reduced compared to plot N, almost no feeding
activity in mineral soil (fig. 6).

• No significant differences between plot X and plot N in field respiration, basal
respiration, microbial biomass (CFE) and medium term (127 days) degradation of plant
residues in litter bags (tab. 2).

• Higher Cu-resistance of micro-organisms: Population of responsive microorganisms in
MPN assessments is one order of magnitude lower than in plot-N soil, but percentage
growing in nutrient broth containing 8 mM L-1 Cu is 45 % compared to 0.9 % in plot-N soil.
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Fig. 5: Humus form at contaminated site

Parameter X N remarks
CO2-release in situ 0.16 0.15 autumn, 7 d, 8.8 °C
[g m-2 h-1] 0.10 0.13 spring, 7 d, 5.4 °C
basal respiration
[µg CO2-C g-1 h-1]

2.67
± .41

2.11
± .44

microbial biomass (CFE) [µg
Cmic g-1]

500
± 79

550
± 48

decomposition DT50 [days] 378
± 91

432
± 75

mesh 250 µm; 127 d
beech/oak leaves

MPN CFU  [g-1 soil]
after 72 hours at 20°C

7.7E05 1.4E06 3% Trypticase soy
broth (TSB)

MPN CFU (Cu resistant)
[g-1 soil]; 72 h at 20°C

3.5E05 1.4E04 3% TSB + 8 mM L-1

CuSO4

Contaminated site (X)

Oh/Ai horizon is densely rooted and separates easily from yyAh below

Reference site (N)

Columns at the right indicate exposition of holes in humus/litter (H; white) or mineral soil (S; black) respectively
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X N
H: humus/litter 50% 100%
S: mineral soil 7% 52%
total 30% 65%

Dilution
(soil X:soil R)

X only 25% X
75% R

6% X
94% R

1.5% X
98.5% R R only

mg Cu kg-1

(aqua regia)
22000 5000 1400 381 47

mg Cu kg-1

(NH4NO3)
71.6 39.3 11.2 2.3 0.1

plant
growtha)

47 % 76 % 92 % 90 % control
100 %

earthworm
avoidanceb)

92 % 100 % 98 % 60 % n.d.c)

lag SIR (h)d) 23 21 20 14 18
a) DIN ISO 11269-2 (1997):  Lepidum sativum; biomass of 20
seedlings after 11 days
b) Eisenia fetida; 2 compartment system, reference = soil R
c) Soil R was tested against artificial OECD-soil. Resulting worm
numbers in R / OECD were 17 / 33 respectively, i.e. 32 %
avoidance of soil R in favour of OECD soil (not significant)
d) ISO/DIS 17155 (2001): lag time between addition of growth
substrate (Glucose-NPK) and start of exponential growth. Values
> 20 h are indicative for soil toxicity.

Laboratory tests of soil toxicity
Tests were performed on dilutions of soil X
with reference soil (R). See results in tab.3.
Plants, earthworms and microbial growth
were clearly affected by soil X. Earthworm
avoidance was already significant (Chi²) in
the highest dilution with 1.5 % soil X.

Tab. 3: Cu concentrations and effects measured

Tab. 2: Soil biology at plot X (contaminated) and plot N (reference)
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A decomposer refuge and shortcut nutrient cycle
developed in the litter layer on top of the
contamination.

Bioturbation is the most affected soil biological
process. This minimises the spread of contami-
nated substrate into the surrounding soil. Trees
are probably able to circumvent the contaminated
zone with their root system.

Conclusion: The contamination disrupts the soil ecological system
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Toxic zone
• no faunal activity
• root barier
• exchange litter decomposition-soil
blocked

Litter/humus layer
• decomposer refuge
• intensively rooted
• nutrient mineralisation
• faunal activity inhibited by Cu?


