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ficial outdoor pond to maintain constant temperature. Tech- 
nical grade nonylphenol (Sigma, Aldrich) was applied using a 
controlled release technique (Pfister et al. 1999) to maintain 
different levels of nonylphenol concentrations (9 to 112 gg/L) 
in the water column. The microcosms were set up in May. 
The application period started in June and lasted 45 days, 
followed by a period without application of nonylphenol (post- 
application period) of 90 days. Four microcosms with no ad- 
dition of nonylphenol served as controls. 

Introduction 

The pollution of aquatic ecosystems by non-ionic surfactants 
of the alkylphenol polyethoxylate type and their degrada- 
tion products have attracted increasing attention over the 
last decade due to their estrogenic effects on wildlife (e.g. 
Baldwin et al. 1997, Jobling et al. 1996). However, little is 
known about the impact of these chemicals on the micro- 
bial community structure of these ecosystems, although mi- 
crobes play an important role in nutrient cycling in the envi- 
ronment (Torsvik et al. 1996). 

The aim of this study was to investigate possible correla- 
tions between bacterial community structure and nonly- 
phenol concentration in artificially polluted sediments of 
microcosms using an molecular approach based on 16S 
rDNA fingerprinting for the differentiation of bacteria (Muy- 
zer and Smalla 1998, Teske et al. 1996). 

1 Materials and Methods 

1.1 Microcosms and nonylphenol application 

Containers (G 80 cm, height 60 cm) made of stainless steel 
were filled with 10 cm lake sediment and 230 L water from 
Lake Ammersee (Bavaria, Germany) each, and held in an arti- 

1.2 Measurement of physical and chemical sediment parameters 

The redox potential in the uppermost layer (0-1 cm) of the 
sediments of each microcosm was measured weekly using a 
microelectrode (WTW, Germany). Sediment cores for chemi- 
cal as well as for microbiological analysis were taken from 
each microcosm in three replicates weekly. Organic carbon 
in the sediment extracts was oxidized with potassium di- 
chromate. The unreacted potassium dichromate was deter- 
mined by titration with ferrous ammonium sulfate (Ohlinger 
and Gerzabek 1997). 

1.3 Determination of technical nonyiphenol (NP) in the 
sediment samples 

Sediment aliquots of 2-10 g were taken for HPLC analysis 
and 0.5-1 g for moisture determination. For HPLC-analy- 
sis, samples were suspended in 200 mL water (HPLC grade) 
and 50 IlL of a 10 ng/gL solution of n-nonylphenol in ac- 
etonitrile were added as internal standard. The suspension 
was acidified to pH 2 using 2.5 M hydrochloric acid. The 
extraction lasted 3 hours using a modified steam-distilla- 
tion/solvent-extraction apparatus and isohexane as solvent 
as described by Veith and Kiwus (1977). After removal of 
the solvent, the residue was filled up with acetonitrile to a 
total volume of 1 mL. The extract was analysed using a 
VARIAN HPLC system (250 x 3 mm column, Purospher 
RPlSe, 5 pm, Merck, Darmstadt, Germany) under fluores- 
cence-detection (230 nm excitation, 310 nm emission). The 
HPLC was performed at a flow rate of 0.7 mL/min, a col- 
umn temperature of 20~ and a gradient from acetonitrile/ 
water 70130 to 100% acetonitrile in 7 rain, which was held 
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at this composition for 5.5 rain. Under these conditions, the 
components (mainly isomers) of technical nonylphenol (tNP) 
were eluted almost in one peak and with good separation 
from the interna[ standard peak. Quantitative results were 
obtained on the basis of the grouped peak area of tNP with 
the internal standard method. 

1.4 Microbiologicalanalysis 

Direct DNA and rRNA extraction from the sediment sam- 
ples was performed according to More et al. (1994). 16S 
rRNA was reverse transcribed to DNA using the reverse 
transcriptase reaction. For the amplification of the 16S rDNA 
(bacteria), the primer pair U968-GC and L1401 (8), which 
amplifies a 450 bp region (V6-V8), was used (Muyzer and 
Smalla 1998). The PCR reaction consisted of 32 cycles. Each 
PeR reaction comprised 1 laL sediment DNA, 10 pmol of 
both primers, 50 laM of each desoxynucleotide triphosphate, 
5 taL 10 x Taq - DNA polymerase buffer, 1.5 mM MgCI> 
5raM Betaine, 2.5 laL DMSO and 2 U of Taq-DNA polymer- 
ase (PE Applied Biosystems). PeR products were purified 
after amplification using a PeR purification kit (Quiaquick, 
Quiagen, Germany) according to the manufacturers protocol. 
Single stranded DNA was removed by Mung Bean Nuclease 
digestion (Stratagene, USA). Denaturing gradient gel electro- 
phoresis (DGGE) of PCR products was performed with the 
use of the D-Gene System (Biorad, Germany) (Smalla and 
Heuer 1997). Polyacrylamide gradient gels (6% (w/v) poly- 
acrylamide, 37:1 ratio of acrylamide-bis-acrylamide) were 
prepared using a gradient mixer (Hoefer, Germany). For the 
separation of 16S rDNA fragments, gradients from 45% to 
60% denaturant were used (the denaturant consisted of 40% 
(w/v) formamide and 7M urea). Gels were run for 18 h at 
100 V and 60~ and stained with silver nitrate. Cluster analy- 
sis was performed as hierarchical clusters using the SPSS soft- 
ware package (SPSS, Germany). 

2 Results and Discussion 

2.1 Nonylphenol concentrations in the sediment 

Nonylphenol (NP) concentrations were measured in all mi- 
crocosms in the water column as well as in the sediment in 
weekly intervals. Table I shows the nonylphenol concentra- 
tions in the sediment samples of three microcosms (control 
with no addition of NP, LC with a maximum of 9 pal l  NP 
in the water column during the application phase; HC with 
a maximum of 112 tag/L NP in the water column during the 
application phase) in the pre-application (day 21), days 25 
and 44 of the application period and in the post-application 
phase (day 30). The results clearly show a close correlation 
between the amount of applied NP and the NP concentra- 
tion in the sediment in the application phase. In the post- 
application period, the NP load in HC microcosm differed 
only slightly from the LC microcosm and the control. Ap- 
parently, nonyl phenol was degraded in the sediment. 

2.2 Physico-chemical parameters in the sediment 

The redox potential of the sediment surface layer in the mi- 
crocosms showed a characteristic seasonal pattern with lower 
values in the autumn period (Table 2). An influence of 
nonylphenol could not be observed. Lower redox potentials 
ranging from 0.1 V to 0.3 V were observed in the deeper 
layers of the sediment (data not shown). These data clearly 
indicate that the experimental setup used is close to natural 
lake conditions as the measured values are nearly identical 
to those found in lake Ammersee over a one-year period 
(0.6V to 0.3V) (Sch6rbet 1993). 

The development of the total organic carbon content (TOC) 
in the sediment of the microcosms was similar to the redox 
potential and also mainly based on a seasonal development. 
The highest values obtained were found in autumn in all 

Table 1 : Nonylphenol concentration [mg nonylphenol/kg dry weight sediment] in the sediments of microcosms with different application levels of nonylphenot 
at different phases of the experiment (control: with no addition of NP; LC: with a maximum of 9 IJg/L NP in the water column during the application phase; 
HC: with a maximum of 112 pg/L NP in the water column during the application phase) 

Control 

HC 

LC 

Pre-application Application 
(day25) 

2,5 

0.1 

Application 
(day 44) 

3.4 

0.1 

Post-application 

0.7 

0.1 

Table 2: Redox potential [mY] in the uppermost layer of the sediments (0-1 cm) of microcosms with different nonylphenol application levels at different 
phases of the experiment (control: with no addition of NP, LC: with a maximum of 9 pg/L NP in the water column during the application phase; HC: with a 
maximum of 112 #g/L NP in the water column during the application phase) 

Pre-appiication Application 
(day25) 

Control 0.07 0.06 

HC 0.08 0.09 

LC 0.04 0.07 

Application 
(day 44) 

Post-application 

0.00 -0.05 

0.01 -0.03 

-0.02 -0.06 
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Table 3: Total organic carbon (TOC; %) in the sediment of microcosms with different NP pollution levels at different time points of the experiment (control: 
with no addition of NP, LC: with a maximum of 9 pg/L NP in the water column during the application phase; HC: with a maximum of t 12 pg/L NP in the water 
column during the application ~hase) 

Pre-application Application Post-application 

Day 25 Day 44 

Control 0.53 0.41 1.30 3.42 

HC 0.48 0.50 1.52 3.90 

LC 0.41 0.39 1.20 3.69 

microcosms (Table 3). The ascent in TOC in autumn might 
be due to dead phyto and zooplankton, which accumulated at 
the sediment surface. The TOC in the sediment of the micro- 
cosm with the highest dose of nonylphenot showed a tendency 
to demonstrate increased values at the end of the application 
and post-application phase. Similar data were observed for 
the total nitrogen content in the sediment (data not shown). 

2.3 Analysis of the sediment microflora 

To examine the impact of nonylphenol on the microbial com- 
munity structure of the sediments in aquatic microcosms, 

sediment samples were analysed before the application of 
nonylphenol, twice during the application period (at days 
25 and 44) and in the post-application period (day 30). Sam- 
ples were taken from a high and a low contaminated, and 
from a control microcosm. To be able to distinguish between 
the total dominant bacteria (rDNA) of the microbial com- 
munity and the metabolic active organisms (with high rRNA 
content), fingerprints of amplified rDNA and rRNA were 
compared (Fig. 1 and 2). Pre experiments have shown that 
the chosen DNA-extraction method gives reproducible re- 
suits {data not shown). Therefore, only one replicate of each 
sample is shown on the gels. During the whole experiment 

Fig 1" 16S-rDNA-DGGE-fingerprints of the sediment bacterial community 
from microcosms with different pollution levels at different time points of the 
experiment: lane 1 : sediment of the lake Ammersee (March, 1998); lane 2: 
LC pre-application phase; lane 3: HC pre-application phase; lane 4: control 
pre-application phase; lane 5: LC application phase day 25; lane 6: HC appli- 
cation phase day 25; lane 7: control application phase day 25; lane 8 LC 
application phase day 45; lane 9: HC application phase day 45; lane 10: 
control application phase day 45; lane 11 : LC post-application phase; lane 
12: HC post-application phase; lane 13: control post-application phase (con- 
trol: with no addition of NP, LC: with a maximum of 9 pg/L NP in the water 
column during the application phase; HC: with a maximum of 112 pg/L NP in 
the water column during the application phase); the arrow indicates a band 
that occurs only during the application period in the HC microcosm 

Fig. 2: 16S-rRNA-DGGE-fingerprints of the sediment bacterial commu- 
nity from microcosms with different pollution levels at different time points 
of the experiment: lane 1 : LC pre-application phase; lane 2: HC pre-ap- 
plication phase; lane 3: control pre-application phase; lane 4: LC applica- 
tion phase, day 25; lane 5: HC application phase, day 25; lane 6: control 
application phase, day 25; lane 7: LC application phase, day 45; lane 8: 
HC application phase, day 45; lane 9: control application phase, day 45; 
lane 10: LC post-application phase; lane 11 : HC post-application phase; 
lane 12: control post-application phase (control: with no addition of NP, 
LC: with a maximum of 9 lJg/L NP in the water column during the applica- 
tion phase; HC: with a maximum of 112 pg/L NP in the water column dur- 
ing the application phase) 
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the overall composition of the fingerprints of the bacterial 
community was rather stable (Fig. 1). Only slight differences 
were visible mostly following a seasonal change, especially 
in the post application period. One band in the sample taken 
from the microcosm with the high contamination level of 
nonylphenol (Fig. 1, lane 7) was unique. Earlier results (Jon- 
tofsohn et al. 2002) using the fluorescence in situ hybridisa- 
tion technique (FISH) have shown that during the applica- 
tion phase gram-positive bacteria, with a high G/C content 
became more abundant. As this band is running in the up- 
per part of the gel, indicating a high G/C content, this result 
confirmed the earlier findings by an independent method. 
For a final assignment however, the band has to be subcloned, 
sequenced and phylogenetically identified. 

The fingerprint patterns of the active bacterial populations 
(based on 16S rRNA analysis) were also very similar (Fig. 2). 
A comparison of the rDNA-fingerprint (Fig. 1) and the 
rRNA-fingerprint (Fig. 2) showed comparable banding pat- 
terns, which indicates that active and dominant microflora 
were analogous. The number of bands (indicating the rich- 

ness of the dominant bacterial species in one sample), both 
in rDNA and rRNA fingerprints, was between 25 and 30 
and was affected by neither the sampling date nor by the 
nonylphenol concentration in the microcosm. The intensity 
of the bands in the bacterial sediment fingerprints was not 
equal, indicating different relative abundances of the bacte- 
rial species. By using hierarchical cluster analysis with the 
Jaccard-Coefficient, it was possible to assign clusters for both 
the rDNA and rRNA fingerprints, which mainly followed 
the different sampling times (Fig. 3 and 4). 

Within the main clusters based on the sampling times, dif- 
ferences between the microcosms were visible. However, 
these differences cannot be correlated with the nonylphenol 
concentration, because the control, LC and HC microcosms 
in the pre-application phase also provided slightly different 
fingerprints for both rDNA and rRNA. This indicates a 
rather slightly different development of the microbial com- 
munities in each microcosm. Interestingly, the DNA-finger- 
print of the sediment sample taken directly from lake Ammer- 
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Fig. 3: Hierarchical cluster analysis of the 16S rDNA-DGGE-fingerprints (Fig. 1): lake: sediment of lake Ammersee (March, 1998); LC-pre: LC pre- 
application phase; HC-pre: HC pre-application phase; C-pre: control pre-application phase; LC-A1 : LC application phase, day 25; HC-A1 : HC application 
phase, day 25; C-A1: control application phase, day 25; LC-A2 LC: application phase, day 45; HC-A2: HC application phase, day 45; C-A2: control 
application phase, day 45; LC-Po: LC post-application phase; HC-Po: HC post-application phase; C-Po: control post-application phase (control: with no 
addition of NP, LC: with a maximum of 9 IJg/L NP in the water column during the application phase; HC: with a maximum of 112 #g/L NP in the water column 
during the application phase) 
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Fig. 4: Hierarchical cluster analysis of the 16S rRNA-DGGE-fingerprints (Fig. 2): LC-pre: LC pre-application phase; HC-pre: HC pre-application phase; C-pre: 
control pre-application phase; LC-AI: LC application phase day 25; HC-A1 : HC application phase day 25; C-A1 : control application phase, day 25; LC-A2 LC: 
application phase, day 45; HC-A2: HC application phase, day 45; C-A2: control application phase, day 45; LC-Po: LC post-application phase; HC-Po: HC post- 
application phase; C-Po: control post-application phase (control: with no addition of NP, LC: with a maximum of 9 #g/L NP in the water column during the 
application phase; HC: with a maximum of 112 #g/L NP in the water column during the application phase) 
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see fitted well in the cluster of the pre-application phase (Fig. 
3). It can be summarised, that the microbial community in 
the sediments is almost not influenced by the contaminant 
nonylphenol. In contrast, a seasonal effect on the microbial 
community structure is clearly visible. Taking into account 
that the redox potential and the carbon content in the sedi- 
ment samples had changed during the season, it can be con- 
cluded that the microbial community clearly responded to 
the overall changed environmental conditions. These results 
are in agreement with findings of other authors. Rossello- 
Mora et al. (1999) added cyanobacterial biomass to anaero- 
bic sediment to simulate the natural input of complex or- 
ganic substrate that occurs in nature after algal blooming. 
The addition of organic material resulted in significant 
changes in the composition of the microbial community. 
Boon et al. (2000) investigated the homogeneity of the mi- 
crobial community structure of a sediment landfill in corre- 
lation with physico-chemical parameters, i.e. organic mat- 
ter, CaCO 3 content, pH, and texture. They found similar 
rDNA fingerprints only in sediment samples with compara- 
ble physico-chemical parameters, i.e. organic matter. Simi- 
lar results were found by Sievert et al. (1999), who exam- 
ined the spatial heterogeneity of bacterial populations in a 
shallow-water hydrothermal vent in the Aegean Sea. Con- 
current with measurements of geochemical parameters, sam- 
ples were taken along a transect from the center of the vent 
to the surrounding area. 16S rDNA analysis revealed a trend 
from a diverse range of bacterial populations which were 
present in approximately equal abundance in the transition 
zone to a community dominated by few populations close 
to the center of the vent. In contrast, there are only very few 
publications, that indicate direct influence of contaminants 
on the microbial community structure. Effects were detected 
only when high concentrations of pollutants were found in 
the sediment samples (Langworthy et al. 1998) or when the 
contaminant had a direct toxic effect on microbial popula- 
tions (Macalady et al. 2000). In the case of nonylphenol, 
which is found in our experiments in concentrations of up 
to 3.4 mg/kg dry weight sediment, drastic effects of nonyl- 
phenol on the microbial community could not be expected, 
as the amount is too low that a nonylphenol degrading 
microflora can become dominant. As the system seems not 
to be limited by carbon in the investigated period, microbes 
may degrade nonylphenol in a cometabolic way. Further- 
more, since the energy that could be derived from the cleav- 
age of the nonylphenol is low, a selective advantage of 
nonylphenol degradation is unlikely. 

3 Conclusion 

This study indicates only minor, direct short-term effects of 
nonylphenol on the bacterial community structure of sedi- 
ments. Effects on fungal populations, which are also essential 
for many nutrient cycles in the sediment, cannot be excluded. 
Furthermore, long-term and indirect effects of nonylphenol 
also on the bacterial population have to be investigated in more 
detail, before a final assessment of the effects of nonylphenol on 
microbial commuuities of sediments can be drawn. 
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