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derived from a municipal WWTP in Zabrze (Poland). Bioreactor A (control) and B (con­ 
taining an increasing concentration of POCs) were fed with a synthetic medium (Tab. I). 

The concentration of petroleum organic compounds in the form of 
a P-30 distill ate of crude oil (Oil Refi nery, Poland) graduall y increased during the experi­ 
ment in bioreactor B at a rate of 50-1 OOO µI POCs/1 of wastewater. POCs were added 
to the feeding medium of bioreactor B at 4-week intervals as a mixture emulsifi ed with 
Tween-80 after the 60 day acclimation period. Nitrogen compound concentrations were 
determined colorimetricall y: ammonia with a Nessler reagent, nitrite with an alfanafty­ 
loamine reagent and nitrate with a dimethylphenol reagent; COD was measured as de­ 
scribed previously [ 15]. 

Activated sludge samples analysis 
Activated sludge samples (volume of 50 ml) were coll ected at 2-week intervals and stored 
at -20°C until the DNA extraction. Total bacterial DNA was isolated using a Fast DNA 
Spin Kit for Soil (MP Biomedicals) according to manufacturer's instructions. PCR reac­ 
tion was performed using standard primers: 338f-GC (5' CGC CCG CCG CGC GCG 
GCG GGC GGG GCG GGG GCA CGG GGG GCC TAC GGG AGG CAG CAG 3 ') and 
518r (5' ATT ACC GCG GCT GCT GG 3') amplify ing 180 bp of bacterial 16S rRNA 
gene [12] as described previously [18]. 

PCR products were separated using a Dcode Universal Mutation Detection System 
(BioRad) in polyacrylamide gel (8%, 37: I acrylamide-bisacrylamide, Fiuka) with a 30- 
60% gradient of denaturant (urea) prepared according to the manufacturer's instructions. 
The gel was run for 9 hat 60 V in a I xTAE buffer (Tris, acetic acid, EDTA, pH= 8.0) at 
a constant temperature of 60°C. The gel was stained with SYBR Gold (1: I O OOO, Invitro­ 
gen) in MiliQ water for 30 min and distained in Mili Q water for 40 min, and then visual­ 
ized under UV light and photographed using the Gel Doc System (BioRad). 

Densitometric analysis of DGGE fingerprints was performed using Quantity One 
1-D Software (BioRad) and the Shannon diversity index [H] was calculated for all of the 
samples [13]. 

RESULTS AND DISCUSSION 

COD removal in bioreactors A and B (Fig. I A, C) during the total length of experiment 
was at a level of93% and 99%, respectively. 

The organics removal effi ciency was not affected by the maximal tested dose of pe­ 
troleum contamination reaching I OOO µl POCs/1 of wastewater and both the control and 
experimental MBRs wastewater treatment performance was undisturbed. The ammonia 
removal in control bioreactor A revealed no disturbances during the experiment (Fig. 1 B), 
while bioreactor B was influenced by petroleum contaminants at the end of the experi­ 
ment (Fig. ID). An inhibition of nitrifi cation was observed when contamination was at a 
level reaching 1000 µI POCs/1 of wastewater. The results of COD and NH/ removal in 
the activated sludge sampling times are shown in Fig. I A, B for bioreactor A and in Fig. 
1 C, D for bioreactor B. 

The results of the Shannon biodiversity index measurements are shown in 
Fig. 2A for bioreactor A, and in Fig. 2B for bioreactor B. 
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experiment after adding the highest experimental concentration of POCs (1000 µI POCs/1 
of wastewater). DGGE fingerprint analysis showed that the addition of increasing doses 
of POCs to wastewater did not affect the total bacterial diversity of the activated sludge 
until the addition of the highest concentration of POCs. The biodiversity decreased within 
the first two weeks of the acclimation period in both MBRs - 0.5 for bioreactor A and 0.3 
for bi o reactor B (Fig. 2, sampling time O-15th days). Such a situation is natural in the case 
of adaptation to the new environment. A drastic change in the bioreactor's volume from 
a high volume of the WWTP bioreactor to a smaller one - 10.5 I resulted in lowering the 
level of biodiversity. A smaller bioreactor possesses fewer ecological niches for potential 
inhabitants than a bigger one. Moreover, the activated sludge in the MBR system was 
only operated under aerated conditions (dissolved oxygen level above 2.0 mg/I), while 
in the WWTP bioreactors underwent variable: anaerobic-anoxic and aerobic conditions. 
For MBR Ba slight decrease in biodiversity appeared after adding the first dose of POCs 
- 50 µ1/1 in the 60th day of the experiment. The POCs dosage was the stress factor in the 
system, so the decrease in biodiversity was also caused by the adaptation to the new con­ 
ditions. For the period when increasing doses of POCs were added to MBR B ( 60th

- 150th 

days of the experiment) no significant changes in the level of biodiversity were observed. 
This situation can be explained in two ways. Firstly, the level of PO Cs harmfulness for the 
activated sludge in this system was at the point of I OOO µ1/1 of wastewater so the micro­ 
organisms did not respond to lower doses of the chemicals until reaching the threshold of 
the negative influence of the POCs. Secondly, there is also possibili ty that the high con­ 
centrations of colloidal and soluble organic particles, such as extracellular polymeric sub­ 
stances (EPS) [3] and surfactants [5], in the activated sludge floes protect bacteria against 
the harmful influence of POCs by forming soluble complexes [ 17] or storing POCs unti I 
the level of recalcitrants reached the threshold that was damaging for activated sludge 
microorganisms. It cannot be excluded that the POC contaminants could have a stronger 
influence on the biocenosis' changeability, as well as wastewater treatment performance, 
that may appear after a longer time of exposition exceeding the length of this experiment. 

From the results obtained in this study, it can be concluded that concentrations of 
POCs at levels from 50 µ1/1 to 500 µ1/1 seem to stimulate biodiversity growth. It had been 
proven before that aromatic compounds can serve as a carbon source for several bacterial 
strains in soil [6] where the degradation of POCs is connected with solubility in water. 
In WWTP the fraction that it is possible for bacteria to use seems to be higher. So it can­ 
not be excluded that petroleum organic compounds could be an additional carbon source 
for activated sludge bacteria in this range of concentrations, while a dose of 1 OOO µ1/1 of 
wastewater seems to be the concentration that inhibits the most sensitive processes in 
wastewater treatment. The results mentioned above can suggest that nitrification may be 
the first process to be disturbed by a high level of POCs in wastewater treatment. It is pos­ 
sible that nitrifiers would be the first group of microorganisms removed from the system, 
which would cause a decrease in the biodiversity. This statement requires further research 
because it has been stated that nitrification is more sensitive to temperature fluctuation 
than to the influence ofrecalcitrants due to the presence of flocculating compounds [ 1 O]. 
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