
BioPAD, innovative biocatalyst 
 

Heterogeneous biocatalyst 
Increasing concern about the presence of 
persistent, bioaccumulative and toxic 
compounds in the environment stimulated 
the development of novel and innovative 
remediation technologies based on 
catalytic degradation of the contaminants. 
The use of catalysts speeds up the 
degradation reactions of these pollutants 
and allows them to occur at low 
temperatures. The catalysts are not 
consumed in these reactions and the 
smaller they are in size, the bigger their 
reactivity towards pollutants. Particularly, 
nanosized catalysts are known to have a 
high specific surface (surface/volume 
ratio) and thus a high reactivity. 
 

 
Fig. 1. Transmisson electron microscopy 
picture of bacteria with nanoparticle of 
palladium on their cell walls. 
 
The nanosized biocatalyst BioPAD is 
based on the biopalladium technology 
which was developed at the Laboratory 
for Microbial Technology and Ecology –
LabMET-,  Ghent University, Belgium 
(Prof. dr. W. Verstraete). During his PhD 
research, dr. Wim De Windt selected 
specific bacteria who can reduce and 
precipitate palladium nanoparticles on 
their cell walls (Figure 1)1, thus producing 
a heterogeneous biocatalyst, called 
BioPAD. 

Nanoparticles with mega activity 
In the production process of BioPAD, the 
bacterium represents both the reducing 
agent and the stabilizer for the palladium –
Pd(0)- nanoparticles, which makes the use 
of non-sustainable and expensive 
reagents unnecessary. The presence of a 
bacterial surface matrix increases the 
reactivity of the catalyst and causes the 
superior characteristics of BioPAD in 
dehalogenation reactions of many 
persistent environmental pollutants.  
In Europe, soil, groundwater and 
sediments of many sites are heavily 
contaminated with halogenated solvents 
(e.g. trichloroethylene –TCE-). In addition, 
soils in the neighbourhood of former 
production sites of pesticides (e.g. 
hexachlorocyclohexane –HCH- and 
chlorobenzenes) and waste streams 
containing polychlorinated biphenyls 
(PCBs) and dioxins form a threat for the 
environment and consequently the health 
of the European citizen. The catalytic 
properties of BioPAD seemed to be very 
effective for the dehalogenation of these 
compounds (Figure 2). 
 

 
Fig. 2. Schematic presentation of the 
production of BioPAD, the adsorption of a 
hydrogen donor and the dehalogenation of 
a chlorinated pollutant 
 
The Pd(0) particles trap hydrogen gas –
H2-. In this way, Pd(0) can adsorb up to 
900 times its own volume of H2. Reaction 



between these hydrogen radicals (referred 
to as reducing equivalents) and the 
halogenated compounds results in a fast 
dehalogenation reaction, allowing further 
bacterial breakdown of the reaction 
products. The presence of a bacterial cell 
matrix provides an efficient way to keep 
BioPAD in suspension, allowing a uniform 
distribution of the Pd(0) nanoparticles. 
This offers a good contact between the 
biocatalyst and water contaminants. 

Efficient removal of chlorinated 
contaminants 
The BioPAD technology was successfully 
tested for the removal of chlorinated 
solvents in groundwater. During his PhD, 
Tom Hennebel, has developed a 
membrane bioreactor for catalytic 
dechlorination of TCE by means of 
BioPAD2. The only reaction products, 
ethane and chloride, are harmless and the 
catalyst suspension was separated from 
the groundwater by microporous plate 
membranes. 
BioPAD is efficient for remediation of 
groundwater heavily contaminated with 
HCH and chlorobenzenes as well. These 
compounds were traditionally removed by 
adsorption on activated carbon. With 
BioPAD however, HCH was removed from 
contaminated groundwater by Pd(0)-
catalyzed dehalogenation in a dialysis 
membrane based configuration, used to 
separate the catalyst from the effluent3. 
 

 
Fig. 3. BioPAD beads for application in 
fluidized bed reactors. 

As a new, alternative method to retain 
BioPAD in a reactor, Tom Hennebel, 
immobilized the biocatalyst in a porous 
matrix to form BioPAD beads (Figure 3). 
Application of these beads for HCH 
remediation was successfully tested in a 
200 L fluidized bed reactor. The 
concentration of all HCH isomers could be 
decreased by 75 %4. The removal 
efficiencies remained stable in time, 
indicating that the catalyst was not 
poisoned. Also chlorinated benzenes were 
effectively removed. These pilot-scale 
feasibility tests were performed by Tom 
Hennebel and Bauer Umwelt GmbH , 
together with Avecom  (spin-off company 
of LabMET and distributor of BioPAD). 
Bauer Umwelt GmbH (formerly Bauer & 
Mourik) is a provider of environmental 
services to remediate water, soil and air. 
As a partner Bauer Umwelt takes on 
responsibility and assures success by 
providing tailor-made and integrated 
solutions. 

PCB removal by BioPAD 
Application of BioPAD into a contaminated 
sediment slurry reactor together with a 
source of reducing equivalents, resulted in 
dehydrochlorination of both highly and 
lightly chlorinated PCBs5. Interestingly, 
also dioxin-like PCBs and even the 
carcinogenic 2,3,7,8-TCDD were fully 
dechlorinated and thus detoxified at 
ambient temperature, within several weeks 
of incubation. Hence, the BioPAD 
technology represents a promising catalyst 
at concentrations below ppm range, for 
detoxification of contaminated sediments 
as well, without the need for burning, 
excessive heating or even extraction of 
PCBs. Further development of large-scale 
PCB removal by BioPAD is performed by 
Avecom and LabMET in cooperation with 
Biorem Engineering sarl . Biorem is a 
French company engaged in the in-situ 
treatment of soils and aquifers 
contaminated by a range of hydrocarbons. 



The future 
BioPAD offers a remediaton method that 
partly breaks down the pollutants rather 
than moving them to another phase, 
without the formation of harmful end-
products or chlorinated byproducts. 
Hence, no extra waste stream is produced 
and reactor effluents are environmentally 
safe. 
The results with the reactor technologies, 
described above, are very encouraging for 
our R&D team and our partners. Further 
development will focus on optimizing the 
reactor parameters to control the injection 
of the H2 donor and to choose the correct 
BioPAD carrier. At LabMET, novel reactor 
techniques are designed using catalytic 
membranes. By means of a catalytic 
contactor, hydrogen gas can be provided 
on one side of these membranes while 
contaminated groundwater is pumped at 
the other side. 
Based on the characteristics of the 
contamination, such as type of and 
concentration of the pollutant and the type 
of waste stream, the BioPAD reactor 
technology can meet the requirements for 
a safe and sustainable sanitation process, 
applicable at various sites of interest. 

EEP Award 2008 
The concept of BioPAD has been 
nominated –along with 9 other finalists- for 
the European Environmental Press (EEP) 
Award 2008. The purpose of the EEP 
Award is to recognise the efforts of those 
European companies that are improving 

the environment with their innovative 
environmental technologies. The EEP 
Award is organised every year by the EEP 
in collaboration with Pollutec, the leading 
French environmental trade show, with the 
support of the EFAEP, the European 
Federation of Associations of 
Environmental Professionals. 

The EEP Award Jury 
met in September at 
Cologne to choose 
ten nominees out of 
the total amount 
entries of the 
different European 
countries. They 
selected the BioPAD 
application written 
by Tom Hennebel, 

Bart De Gusseme, Prof. dr. Nico Boon and 
Prof. dr. Willy Verstraete. The final 
decision about the winners of the Golden, 
Silver and Bronze Award will be 
announced at the EEP Awards Ceremony, 
which will be held on the Pollutec show in 
Lyon on December 3. 
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