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The Need for Sustainable Water Purification 

Water covers our planet by roughly 70%, but most of it 

is saline. The amount of freshwater on our planet is only 2.5 – 

2.75 % including frozen, thus not immediately available water, 

as snow, ice and glaciers (1.75 – 2.0%), as well as 0.7 – 0.8 % 

as groundwater and soil moisture. Essentially, less than 0.01% 

available water as surface water is located in lakes swamps and 

rivers [1]. The protection and reasonable use of freshwater is 

one of the main goals for our future, as water is the most 

important resource for all organisms on earth including humans. 

Due to the ongoing pollution of our aquatic ecosystems, not 

only with xenobiotics, but also with nutrients, the status of our 

water bodies are changing drastically. 

 

Where we are at the moment 

Looking at xenobiotic metabolism in animals and plants, the 

enzymes working in phase I and phase II of the 

biotransformation pathway, like cytochrome P450 monooxy -

genases, glutathione S-transferase, glucuronosyltransferases are 

found in animal liver, as the main organ for biotransformation, 

are working in a very similar way [2]. Phase I is called the 

transformation phase and phase II the conjugation phase [2, 3]. 

The main difference between plant and animal xenobiotic 

metabolism is seen in phase III, where animals can 

excrete/eliminate, the formed metabolites via urine and faeces, 

whereas plants will emplace/store the formed metabolites 

(Figure.1). This phase, also called sequestration phase, can lead 

to several terminal fates of xenobiotics in plants such as storage 

in cell vacuole, storage in the apoplast or covalent binding to 

cell wall fractions such as celluloses and hemicelluloses. 

Therefore, an active transport for the formed metabolites to 

reach the vacuole or the apoplast is necessary, to move them 

through plasma membranes or the tonoplast [4]. For glutathione 

conjugates this will be done and controlled e.g. by glutathione 

pumps. Also in animals theseglutathione pumps are active to 

help in eliminating conjugated xenobiotics. 

 

 

http://dx.doi.org/10.14437/AJAME-1-102          Editorial Pflugmacher S, Aperito J Aquat and Mar Ecos 2015, 1:1 

 
Green Liver Concept and Green Liver Systems –A Sustainable 

Way for Future Water Purification 

 
 

Abbreviations: cDNA: c Deoxyribonucleic Acid; US-

EPA: United States Environmental Protection Agency; 

PAH: Polyaromatic Hydrocarbons; PCB: Polychlorinated 

Biphenyls; MC-LR: Microcystin-LR 

Keywords: Biotransformation; Green Liver Concept; 

Green Liver Systems®; Metabolites, Toxicity, Wetlands 

*Corresponding Author: Pflugmacher S, Department 

Ecological Impact Research and Ecotoxicology, 

Technische Universität Berlin, Institute of Ecology, Ernst-

Reuter-Platz 1, 10587 Berlin, Germany; Tel: 0049-30-

314-29023; Fax: 0049-30-314-29022; E-mail: 

stephan.pflugmacher@tu-berlin.de 

 
Copyright: © 2015 AJAME. This is an open-access article distributed under the terms of the Creative Commons Attribution License, Version 3.0, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 
Volume 1 • Issue 1 • 102                                                                                                           www.aperito.org 

mailto:stephan.pflugmacher@tu-berlin.de


 
 http://dx.doi.org/10.14437/AJAME-1-102            Page 2 of 15 

 
 

Citation: Pflugmacher S (2014), Green Liver Concept and Green Liver Systems –A Sustainable Way for Future Water Purification 
. Aperito J Aquat and Mar Ecos 1:102 

 
 

Figure 1: Biotransformation consisting of three phases: phase I 

(transformation) mainly catalysed by Cytochrome P-450 

monooxygenases, phase II (conjugation) catalysed by 

glutathione S-transferase, glucuronosyl- and 

glucosyltransferases and phase III excretion (animals) or 

emplacement/storage (plants). 

The idea of the Green Liver Concept was developed by 

Sandermann [5], pointing out the similarities of the 

biotransformation pathways in animals and plants. This concept 

was supported by the detection of similar enzyme systems, 

metabolite pattern and also on cDNA level, first in plant cell 

cultures [6, 7] and further on in several higher plants species 

and marine macroalgae [8]. 

In the early 90s, indoor air pollution was a major 

concern for human health perspectives [9, 10]. So the question 

was: how can we make use of uptake and biotransformation of 

potential toxic substances in a technical way? The first ideas 

were developed again by Sandermann et al. 1997 [11] testing 

the effectiveness of spider plants (Chlorophytum comosum) to 

remove formaldehyde from indoor air [11, 12]. Using plants for 

the removal of potentially toxic substances was already known 

and called phytoremediation [13]. For indoor air, several studies 

have been done to show the different potentials of terrestrial 

plant species in the removal e.g. of formaldehyde [14]. 

The pollution of aquatic ecosystems also occurs 

worldwide as a consequence of growing industry and 

agricultural practices. Contaminants include Polyaromatic 

Hydrocarbons (PAH), Polychlorinated Biphenyls (PCB), heavy 

metals, various pesticides and human as well as veterinary 

pharmaceuticals. Furthermore, due to excessive nutrient input 

into water bodies by wastewater and agricultural run-off, 

eutrophication plays a major role, leading more and more to the 

formation of potentially toxic cyanobacterial blooms. All these 

xenobiotics as well as the natural toxins from cyanobacteria, if 

taken up by organisms, must undergo biotransformation in order 

to keep the organisms healthy. 

In the area of aquatic ecosystems, phytoremediation is 

done using natural or constructed wetland systems. Wetland 

systems in general are site-specific combinations trying to use 

physical, biological and chemical processes to remove 

contaminants from water. The US-EPA described natural 

wetland as the “earth´s kidney”, because they filter 

contaminants out of the water [15]. The individual components 
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of a wetland typically include a sediment basin, a level lip 

spreader, a primary grass filter, a vegetated wetland, a deep 

pond and finally a polishing filter. The latter e.g. can be a 

riparian forest buffer. The most common feature of wetlands is 

the fact, that generally the groundwater level is very close to the 

soil surface, or even shallow water covers the surface of the 

wetland most times of the year [16]. In a constructed wetland, 

the water moves slowly through the wetland giving extensive 

contact time with aerobic and anaerobic microorganisms present 

in wetland systems. In most of the transformation processes, the 

contaminants will undergo a biochemical 

conversion/transformation, with microorganisms being the 

driving force [17]. The higher plants in wetlands provide “only” 

a surface area for the growing microbial biofilm [18].  

Natural and constructed wetlands have some advantages but 

also some disadvantages (Table. 1). One of the main advantages 

seems to be, that wetlands are providing a possible ecologically 

way of wastewater treatment. On the other hand it has been 

shown, that wetlands over time lose their ability to remove 

contaminants [19, 20]. 

 

Table 1: Advantages and disadvantages of constructed wetlands 

 

Advantages of wetland Disadvantages of wetlands 

Construction relatively inexpensive Large land area required 

Ecologically way of wastewater treatment Sometimes bad odour due to the wastewater 

Tolerate big and small water volumes Biological processes in the system not well understood 

Can deal with various levels of contaminants Die back in winter time and no purification effect 

Habitat for wildlife Restoration of wetlands difficult mainly due to water level problems 

Reuse of water possible Sometimes home of invasive species 

Aesthetically pleasing for humans  Dominated by generalistic plants 

 Takes 2-3 years growing season for full working action 

 Management of an ecosystem is not easy 

 Breeding place for mosquitos (depends on the climate zone) 

 Sometimes preliminary treatment of the wastewater necessary 

 
Due to the high microbial activity an high amount of known and unknown metabolites 

are formed with unknown toxicity  

 Plant harvesting and a final disposal method necessary 

 

In short, these systems are designed to work as a 

specific ecosystem type, which makes the management of 

natural or constructed wetland difficult [21].  

From a chemical and analytical point of view, what 

happens in a constructed wetland system? The contaminants are 

flushed into the system and the microbes in the biofilm are 

starting to work on them. In most cases, there will be a 

breakdown of the parent compound to different metabolites, in 

general this will occur extracellularly. So from the point, the 

“end product”, the water released, will be more or less clean of 

the parent compound, but an unpredictable amount of known 

and unknown metabolites will be possibly released. Knowing 

the toxicity of the parent compound, the toxicity of the 

metabolites might not be so clear or even not known.  

 As an example, the cyanobacterial toxin and 

heptapeptide microcystin-LR (MC-LR) can be used. In a 
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traditional wetland system, using mostly aquatic bacteria, this 

heptapeptide would be broken down to a whole bunch of 

metabolites (Figure. 2). Because of the extracellular 

metabolisms of the toxin by the aquatic bacteria, these 

metabolites are still in the water body [22-25]. 

 

 
Figure 2: Potential extracellular formation of metabolites from 

the cyanobacterial toxin MC-LR via aquatic bacteria in 

traditional constructed wetlands. 1) ring-opening at the ADDA-

arginine bound, 2) formation of a tetrapeptide, 3) ADDA moiety 

according to [25]. 

Taking the pros and the cons of constructed wetlands into 

account, a new development was necessary trying to overcome 

the negative points of constructed wetlands. Therefore, a 

complete artificial system was designed exhibiting the following 

main characteristics: 

• Using aquatic plants for phytoremediation  

• Minimise the microbial input 

• The system should be effective but not producing 

metabolites in the water phase 

• Easy to handle 

• Customisable to the contaminants and needs 

• Inexpensive 

 

Green Liver Systems® 

Based on the results from [5, 8] on the biotransformation 

capacity of plants, an artificial system, called the Green Liver 

System® was developed. As a basis, submerged aquatic 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/AJAME-1-102


 
 http://dx.doi.org/10.14437/AJAME-1-102            Page 5 of 15 

 
 

Citation: Pflugmacher S (2014), Green Liver Concept and Green Liver Systems –A Sustainable Way for Future Water Purification 
. Aperito J Aquat and Mar Ecos 1:102 

macrophytes were used, preferably those not rooting or having 

only small roots, to minimise bacterial influence. To cut off the 

microbial part in a Green Liver System, it should have no 

sediment therefore plants not rooting are preferred. 

Furthermore, the ability of aquatic macrophytes to take up 

contaminants from the water is used as an ecosystem services, 

as well as their ability to bio transform and metabolise these 

contaminants within the plant cells. Again here the MC-LR can 

be used as an example (Figure. 3). The MC-LR is metabolised 

within plant cell via the glutathione S-transferase pathway [26]. 

The first metabolite formed is a glutathione conjugate, which is 

further degraded in the plant cells to a -glutamyl cysteine 

conjugate and a cysteinyl conjugate (Figure. 3) [27]. All these 

conjugates are not further released from the plant cells as long 

as the plants are not decaying. This internal metabolism is the 

big advantage of this Green Liver System®, because no 

metabolites were formed externally and distributed in the water 

phase.
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Figure 3: Plant cell internally formed metabolites of MC-LR 

starting with 1) glutathione conjugate, 2) -glutamylcysteine 

conjugate and 3) cysteinylconjugate [27] 

The first Green Liver System® was designed in a 

laboratory style manner and a size of 60 x 20 x 20 cm made of 

acrylic glass [28]. The space in the system was divided with 

barriers into six compartments allowing water to flow from one 

compartment into the next, but giving a separation to the plants. 

The follow up system was made of glass having a size of 220 x 

80 x 60 cm (Figure. 4). The design of this bigger system 

followed the original ones, only the compartment barriers were 

re-designed having round edges to minimise water velocity or 

turbulences in the system and giving more space for the water to 

flow between the compartments. 

 

Figure 4: Example of the removal of benzo(a)pyrene in the 

laboratory system using the macrophytes C. demersum, E. densa 

and M. aquaticum. The black bars resemble the decline of 

benzo(a)pyren from the water phase during time, the dashed 

bars resemble the bacterial degradation in the laboratory system 

without plants and the crossed bars resemble the concentration 

of benzo(a)pyren detected in the plants itself (sum of all three 

plant species). 

     Within these laboratory systems a set of aquatic macrophytes 

were tested in their ability and effectiveness to reduce different 

contaminants from water. Concerning the aquatic macrophytes, 

plants from different taxonomic classes were tested: 

macroalgae, bryophytes, aquatic ferns and higher vascular 

macrophytes (Table. 2). The exposure time of these plants in 

different laboratory systems differ between 24h and 7 d.

Table  2:  Aquatic plants from different taxonomic groups tested so far, for the possible use in a Green Liver System® 

Scientific name Common name Reference 

Higher vascular plants   

Ceratophyllum demersum Coontail, Hornworth [26] 

[29] 

[30] 

[31] 

[32] 
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Myriophyllum aquaticum 

Myriophyllum spicatum 

Myriophyllum elatinoides 

Myriophyllum hippuroides 

Myriophyllum mattogrossense 

Myriophyllum quitense 

Myriophyllum verticillatum 

Parroth´s Feather 

[28] 

[33] 

[34] 

[35] 

 

Elodea canadensis Waterweed [36] 

Egeria densa Large Flowered Waterweed [37] 

Eichhornia crassipes Common Water Hyacinth [38] 

Limnoohila sessiliflora Ambulia [39] 

Potamogeton perfoliatus 

Potamogeton gayi 

Clasping-leaf Pondweed 
[39] 

Hydrilla verticillata Esthwaite Waterweed [28] 

[37] 

Lemna gibba Gibbous Duckweed [40] 

Lemna minor Common Duckweed [41] 

Spirodela intermedia 

Spirodela oligorhiza 

Greater Duckweed [42] 

[43] 

Wolffia arrhiza Spotless Watermeal [44] 

Aquatic ferns   

Azolla filiculoides 

Azolla caroliniana 

Mosquito Fern [38] 

[45] 

Salvinia auriculata African payal [46] 

Lomariopsis lineata  [47] 

Ceratopteris thalictroides Indian fern [28] 

Aquatic bryophytes   

Fontinalis antipyretica Common Water Moss [47] 

Riccia fluitans Crystalwort [47] 

Taxiphyllum barbieri Java Moss [47] 

Vesicularia dubyana Christmass moss [48] 

Macroalgae   

Cladophora aegagrophila 

(Aegagropila linnaei) 

Marimo 
[49] 

Cladophora glomerata  [50] 

Chladophora fracta  [44] 

Chara intermedia Stonewort [51] 

Nitellopsis obtusa Starry Stonewort [52] 
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The removal of contaminants from the water was 

tested using benzo (a) pyrene (Figure. 4) and fluoranthrene 

(PAH), 3-chlorobiphenyl and Arachlor 1224 (PCB), 

paracetamol (acetaminophen), diclofenac, ibuprofen (human 

pharmaceuticals), oxytetracycline and methyltestosterone 

(veterinary pharmaceuticals), different microcystins (MC-LR 

(Figure. 5), -RR, -YR, -LF), anatoxin-a, cylindrospermopsin, 

BMAA (cyanobacterial toxins) and isoproturon, atrazine and 

cypermethrin (Figure. 6). 

 

 
Figure 5: Example of the removal of MC-LR in the laboratory 

system using the macrophytes C. demersum, E. densa and M. 

aquaticum. The black bars resemble the decline of MC-LR from 

the water phase during time, the dashed bars resemble the 

bacterial degradation in the laboratory system without plants 

and the crossed bars resemble the concentration of MC-LR 

detected in the plants itself (sum of all three plant species).
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Figure 6: Example of the removal of cypermethrin in the 

laboratory system using the macrophytes C. demersum, E. densa 

and M. aquaticum. The black bars resemble the decline of 

cypermethrin from the water phase during time, the dashed bars 

resemble the bacterial degradation in the laboratory system 

without plants and the crossed bars resemble the concentration 

of cypermethrin detected in the plants itself (sum of all three 

plant species). 

The removal efficiency in this laboratory system for 

benzo (a) pyren showed that after 7 days this PAH was removed 

by 98.7 % from the water phase. This still exceeds the German 

drinking water regulation limit of 0.01 g L-1 but is 

significantly reduced. Of the total amount of benzo (a) pyren the 

plants were exposed to, merely 38% was detected 

intracellularly. Compared to a partly microbial degradation 

under full laboratory conditions, the removal after 7 days is only 

by 10.6 % (Figure. 4). 

For the cyano bacterial toxin MC-LR the results 

showed that this cyanobacterial toxin could already be removed 

within 3 day to concentrations below the WHO guideline level 

of 1 g L-1. After 7 days the toxin was completely removed. 

The toxin is detected in the plants itself and will be metabolised 

intra cellular to glutathione-conjugates and stored in the vacuole 

or cell wall fractions.  

The insecticide cypermethrin was significantly 

removed by 91.9 % within 7 day from the water phase, of which 

24.5 % were detected in the plant. The system was run for 7 

days without plants and only 3.2 % were degraded. So the 

overall removal efficiency was between 91.9 to 100 % of the 

contaminants within 7 days of exposure. 

 

 
 

Figure 7: Green Liver System® constructed at the water work 

facilities of Hefei City at Lake ChaoHu (PR China) consisting 

of six compartments: 1+2 covered with Lema minor; 3+4 

planted with Ceratophyllum demersum; 5+6 planted with 

Phragmites australis. (photo: S. Pflugmacher) 
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From laboratory to real live situation 

The first pilot plant of a Green Liver System® was built in 

Hefei at the local water treatment plant located at Lake Chao Hu 

(Anhui province, PR China). The system had a size of 25 m x 

10 x 1,5 m giving a final volume of 375 m 3 water (Fig. 7). It 

was divided into six compartments by wooden barriers. Water 

flow was achieved by two external pumps operating with solar 

panels. The problem was the massive eutrophicated Lake Chao, 

exhibiting a nearly year round massive cyanobacterial bloom. 

This water was used for drinking water production. Toxicity 

measurements of bloom samples from Lake ChaoHu showed 

the presence of different microcystin congeners such as MC-LR 

(58.99 µg l-1), MC-YR (1.72 µg l-1) and MC-RR (42.64 µg l-1). 

Using the Green Liver System® pilot plant, between 75-85 % of 

the toxins could be removed, to contribute successfully to a 

more safe the drinking water production of the City of Hefei 

[28]. 

The second pilot plant of a Green Liver System® was 

built in Itacuruba (Brasil) at a local Tilapia farm within the 

INNOVATE project (Figure. 8). The system has a size of 100 m 

x 25 m x 2 m giving a final volume of 5000 m3 water. It is 

divided into six compartments by curved brick stone barriers to 

control the water flow. The water flow in the system was 

realized by a natural slope. The wastewater from aquacultural 

ponds should be cleaned before the water is used for agricultural 

field irrigation or released in the nearby Itaparica reservoir. The 

main contaminants were oxytetracycline (a common fish 

antibiotic) methyl-testosterone (synchronising the juvenile fish 

to become male) and cyanobacterial toxins (because of the high 

amount of fish food and nutrients, cyanobacteria develop in the 

hatching ponds). Toxicity measurements form the pond water 

showed the presence of two cyanobacterial micocystin 

congeners in a concentration of 22.4 g L-1 (MC-LR) and 31.2 

g L-1 (MC-RR). Using the Green Liver System® 100% of 

these cyanotoxins could be removed using three different 

macrophytes: Eichhornia crassipes (two compartments), Egeria 

densa (three compartments) and Myriophyllum aquaticum (one 

compartment).
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Figure 8: Green Liver System® constructed at the facilities of a 

Tilapia farm in Itacuruba (Brasil) consisting of six 

compartments: 1+2 covered with Eichhornia crassipes; 3+5 

planted with Egeria densa and compartment 6 planted with 

Myriophyllum aquaticum. In the far back the Itaparica reservoir 

can be seen. (Photo: S. Pflugmacher) 

 

Risk assessment of Green Liver Systems® 

Taking the pros and cons of constructed wetlands into 

account, what is the general risk of using artificial Green Liver 

Systems®? In this case we have to separate the risks of the 

system itself and the risk which the system might provoke to the 

surrounding environment. 

a) Possible risks for the Green Liver System® 

Plant fitness 

First of all, the Green Liver System needs healthy and good 

growing macrophytes. So the fitness of the plants is correlated 

with the efficiency of the whole system. The risk would 

therefore be that the plants are not growing well.  

Allelopathic effects 

Plants will interact with each other and allelopathic effects 

might disturb the system, leading to a decline of one of the 

species. (To prevent this all plants sets are tested in our 

laboratory system.) 

Flooding and drought 

Within this, rapid changing water levels might flush through the 

system and remove the plants, as well as a strong drought might 

decrease the water level, leading to an increase of water 

temperature and the submerged macropyhtes might die.  

Animals invading the system 

In some regions, there is a high possibility that due to birds, the 

Green Liver System (R) might be invaded my fish. Some of 

these fish, e.g. Tilapia, are plant feeders and might significantly 

reduce the macrophytic biomass in the system leading to a 

decline in its overall efficiency. Also animals like goats or sheep 

can contribute to the reduction of the biomass. 

Plants invading the system 

Considering the same carriers (birds), plants can also be 

transferred into the system, such as Lemna or Azolla species. 

They can grow and cover the water surface, hindering the 

sunlight to penetrate the water column and leading to a decline 

of the submerged macrophytes. 

Rapid change of contaminants 

The removal of the contaminants is highly dependent on the 

abilities of the chosen macrophytes. The Green Liver Systems 

(R) are normally customized to the needs in the specific case. A 

rapid change in the contaminant composition of the water, 

might lead to a decline in the overall efficiency. 

b) Possible risks, which might be posed by the Green Liver 

System® for the surrounding environment 

Development of methane emission 

Dying plants, due to massive contamination, anoxic situations 

or turbid water might lead to an increase in methane production, 

which might have negative effects on the surrounding 

environment. 

Development of pests  

Depending on the design, the Green Liver System® is a pond 

based system. The water body might be a place where e.g. pests 

such as mosquitoes might develop, as the system has normally 

no fish (predators) present feeding on the insect larvae. 

Contaminated plants 

Due to the fact, that the plants within a Green Liver System(R), 

take up the contaminants into their cells (vacuole, apoplast and 

cell wall fractions), the plants are with time highly 

contaminated. Therefore, it is not recommended that these 

plants are used as animal food or fertilizer on agricultural fields. 
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Management of Green Liver Systems® 

The fact that Green Liver Systems® are totally artificial systems 

containing not more than three different aquatic macrophytes, 

the management of this system is more easy than with 

constructed wetland or natural wetland systems. The main task 

is to ensure constant water flow through the system and to 

prevent flooding and drought situations. In a long-term working 

Green Liver System®, the plants have to be replaced from time 

to time to keep the efficiency of the system high. This normally 

should be done partially to keep the system continuously 

working.  

Constant monitoring of the contaminants would be necessary to 

ensure the removal efficiency of the system. Depending on the 

concentrations of the contaminants in the inflow of the system, 

weekly monitoring on a long term basis seems sufficient. In the 

beginning, this monitoring should be more frequently. 

Conclusion 

Green Liver Systems®, as totally artificial systems, are 

not comparable to traditional wetlands, which are using 

submerged aquatic macrophytes. The ecological services 

provided by these macrophytes are uptake, biotransformation 

and metabolisation as well as the main feature, the storage of 

the metabolites in vacuole and cell wall fractions, so no 

metabolites will be formed outside of the plant cells. Green 

Liver Systems® make use of the beneficial parts of 

phytoremediation as a sustainable Green Technology. Of 

course, the used macrophytes are not able to deal endlessly with 

contaminants and also due to climate factors (winter time) 

plants will decay. In this case, the contaminants probably will 

be released into the water body again. Therefore, techniques 

have to be developed to make use of the contaminated plant 

material. For special heavy metals, e.g. copper, the solution 

might be micro-mining to regain the metal. For nutrients such as 

phosphorus and nitrogen the solution for sure will be to use the 

plant material as fertilizers. With other contaminants such as 

PAH, PCB, pesticides or cyanobacterial toxins a possible 

solution might to use the plant material as basis for the bio-

diesel production. But closing these cycles will be a future goal. 

Acknowledgement 

The author would like to thank the BMBF for sponsoring the 

steps from laboratory to real life (BMBF; ChaoHu 02WT0529 

and Innovate 01LL0904A). Furthermore, my Chinese colleague 

Dr. Li Kun (Anhui Environmental Protection Agency, PR 

China), and the Brazilian owner of the Tilapia farm Mr. Romero 

Magalhaes Ledo (Itacuruba, Brasil), as well as Prof. Dr. Maria 

do Carmo Sobral, UFPE (Recife, Brasil). Thanks also to my 

whole department Ecological Impact Research & Ecotoxicology 

at the Technische Universität Berlin, especially Drs. Maranda 

Esterhuizen-Londt, Valeska Contardo-Jara, Anja Peuthert and 

Ina Säumel, for their help and continuous support. 

 

References 
1. Gleick P (1993). Water in Crisis: A Guide to the 

World's Fresh Water Resources. ISBN-13: 978-

0195076288 

2. Sandermann H (1992). Plant metabolism of 

xenobiotics. Trends Biochem. Sci., 17:82-84. 

3. Knoop F (1905). Der Abbau aromatischer Fettsäuren 

im Tierkörper. Beitr. Chem. Physiol. Pathol., 6: 150-

156. 

4. Colemann JOD, Blake-Kalff MMA, Davies TGE 

(1997). Detoxification of xenobiotics by plants: 

chemical modification and vacuolar compartmentation. 

Trends Plant Sci., 2: 144-151.  

5. Sandermann H (1994). Higher plant metabolism of 

xenobiotics: the “Green Liver“ concept. 

Pharmacogenetics, 4: 225-241. 

6. Sandermann H, Diesperger H, Scheel D (1977). 

Metabolism of xenobiotics by plant cell cultures. In 

Plant Tissue Culture and ist Biotechnical Application. 

W. Barz, E. Reinhard and M.H. Zenk (Eds). Springer 

Verlag, Berlin, pp. 178-196. 

7. Komossa D, Langebartels C, Sandermann H (1995). 

Metabolic processes for organic chemicals in plants. 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/AJAME-1-102


 
 http://dx.doi.org/10.14437/AJAME-1-102            Page 13 of 15 

 
 

Citation: Pflugmacher S (2014), Green Liver Concept and Green Liver Systems –A Sustainable Way for Future Water Purification 
. Aperito J Aquat and Mar Ecos 1:102 

In: Plant Contamination: Modeling and Simulation of 

Organic Chemical Processes. S. Trapp and J.C. 

McFarlane (Eds). CRC Press, Boca Raton, Florida, pp. 

69-103. 

8. Pflugmacher S, Sandermann H (1998). Taxonomic 

distribution of plant glucosyltransferases acting on 

xenobiotics. Phytochem., 49: 507-511. 

9. Spengler JD, Sexton K (1983). Indoor Air pollution: A 

public health perspective. Science, 22: 9-16. 

10. Wolverton BC (1986). Houseplants, indoor air 

pollutants and allergic reactions. Rept. National 

Aeronautics Space Administration, Stennis Space 

Center, MS. 

11. Sandermann H, Nasse B, Langebartels C (1997). 

Luftreinigung durch Zimmerpflanzen. Eine 

Beurteilung aus wissenschaftlicher Sicht. In: FGU 

Berlin (Hrsg.) Reinhaltung der Innenraumluft. Seminar 

No. 33, Berlin, UTECH ´97, pp. 77-88. 

12. Giese M, Bauer-Doranth U, Langebartels C, 

Sandermann H (1994). Detoxification of formaldehyde 

by the spider plant (Chlorophytum comosum L.) and by 

soybean (Glycine max L.) cell-suspension cultures. 

Plant Physiol., 104: 1301-1309. 

13. Salt DE, Smith RD, Raskin I (1998). 

Phytoremediation. Annu. Rev. Plant Physiol. Plant 

Mol. Biol., 49: 643-668. 

14. Kim KJ, Jeong MI, Lee DW, Song JS, Kim HD, Yoo 

EH, Jeong JJ, Han SW, Kays SJ, Lim YW, Kim HH 

(2010). Variation in formaldehyde removal efficiency 

among indoor plant species. HortScience, 45: 1489-

1495. 

15. EPA (2004). Constructed Treatment Wetlands. EPA 

843-F-03-013. Office of Water. 

16. Sundaravadivel M, Vigneswaran S (2001). Constructed 

wetlands for wastewater treatment. Critical Reviews in 

Environ. Science Technol., 31: 351-409. 

17. Kickuth R (1981). Abwasserreinigung in 

Mosaikmatrizen aus aerober und anaerober 

Teilbezirken. In: Grundlagen der Abwasserreinigung. 

Schriftenreihe Wasser-Abwasser. F. Moser (Eds), Vol. 

19, pp. 639-665. 

18. Brix H (1994). Functions of macrophytes in 

constructed wetlands. Wat. Sci. Tech., 29: 71-78. 

19. Hammer DA (1989). Constructed Wetlands for 

Wastewater Treatment: Municipal, Industrial, and 

Agricultural. Chattanooga, TN: Lewis Publishers.  

20. Center for Public Environmental Oversight. (2002). 

“Constructed Wetlands.” Retrieved from 

http://www.cpeo.org/techtree/ttdescript/conwet.htm on 

May 14, 2010.  

21. Davis TJ (1994). The Ramsar Convention manual. A 

guide to the Convention on wetlands of international 

importance. Ramsar Convention Bureau, Gland, 

Switzerland. 207pp.  

22. Jones GJ, Bourne DG, Blakeley R L, Doelle H (1994). 

Degradation of the cyanobacterial hepatotoxin 

microcystin by aquatic bacteria. Nat. Toxins 2, 228-

235.   

23.  Harada KI, Imanishi S, Kato H, Mizuno M, Ito E, 

Tsuji K (2004). Isolation of Adda from microcystin-LR 

by microbial degradation. Toxicon, 44: 107-109. 

24. Ame VM, Ricardo EJ, Pflugmacher S, Wunderlin DA 

(2006). Degradation of microcystin-RR by 

Sphingomonas sp. CBA 4 isolated from San Roque 

reservoir (Cordoba-Argentina). Biodegradation, 17: 

447-455. 

25. Schmidt JR, Wilhelm SW, Boyer GL (2014). The fate 

of microcystins in the environment and challenges for 

monitoring. Toxins, 6: 3354-3387. 

26. Pflugmacher S, Wiegand C, Oberemm A, Beattie KA, 

Krause E, Codd GA, Steinberg CEW (1998). 

Identification of an enzymatically formed glutathione 

conjugate of the cyanobacterial hepatotoxin 

microcystin-LR: The first step of detoxication. 

Biochim. Biophys. Acta - General Subjects 1425: 527-

533. 

27.  Pflugmacher S, Wiegand C, Oberemm A, Beattie KA, 

Krause E, Codd GA, Steinberg CEW (2001). Uptake, 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/AJAME-1-102


 
 http://dx.doi.org/10.14437/AJAME-1-102            Page 14 of 15 

 
 

Citation: Pflugmacher S (2014), Green Liver Concept and Green Liver Systems –A Sustainable Way for Future Water Purification 
. Aperito J Aquat and Mar Ecos 1:102 

effects and metabolism of cyanobacterial toxins in the 

mergent reed plant Phragmites australis (CAV.) Trin. 

Ex Streud. ETC, 20: 846-852. 

28. Nimptsch J, Wiegand C, Pflugmacher S (2008). 

Cyanobacterial toxin elimination via bioaccumulation 

of MC-LR in aquatic macrophytes: An application of 

the Green Liver Concept. Environ. Science & 

Technol., 42: 8552- 8557. 

29. Menone ML, Pflugmacher S (2005). Effects of 3-

chlorobiphenyl on photosynthetic oxygen production, 

glutathione content and detoxication enzymes in the 

aquatic macrophyte Certophyllum demersum. 

Chemosphere 60: 79-84. 

30. Monferran MV, Wunderlin DA, Nimptsch J, 

Pflugmacher S. (2007). Biotransformation and 

antioxidant response in Ceratophyllum demersum 

experimentally exposed to 1,2- and 1,4-

dichlorobenzene. Chemosphere, 68: 2073-2079 

31. Ha M-H, Contardo-Jara V, Pflugmacher S (2014). 

Uptake of the cyanobacterial neurotoxin, anatoxin-a 

and alterations in oxidative stress in the submerged 

aquatic plant Ceratophyllum demersum. EES, 101: 

205-212. 

32. Esterhuizen-Londt M, Pflugmacher S, Downing TG 

(2011). The effect of -N-methylamino-L- alanine 

(BMAA) on oxidative stress response enzymes of the 

macrophyte Ceratophyllum demersum. Toxicon 57 (5): 

803-810. 

33. Pflugmacher S (2002). Possible allelopathic effects of 

cyanotoxins, with reference to microcystin-LR in 

aquatic ecosystems. Environ. Toxicol., 17: 407-413. 

34. Nimptsch J, Wunderlin DA, Dollan A, Pflugmacher S 

(2005). Antioxidant and biotransformation enzymes in 

Myriophyllum quitense as biomarkers of heavy metal 

exposure and eutrophication in Suquia River basin 

(Cordoba, Argentina). Chemosphere, 61: 147-157. 

35. Nimptsch J, Pflugmacher S (2005). Substrate 

specificities of cytosolic glutathione S-transferases in 

five different species of the aquatic macrophyte 

Myriophyllum. J. Appl. Botany and Food Quality, 79: 

94-99. 

36. Romero-Oliva C, Block T, Contardo-Jara V, 

Pflugmacher S (2014). Accumulation of microcystin 

congeners in different aquatic plants and crops – A 

case study from lake Amatitlán, Guatemala. Ecotox. 

Environ. Safe., 102,121-128. 

37. Romero-Oliva C, Contardo-Jara V, Pflugmacher S 

(2015). Antioxidative response of the three 

macrophytes Ceratophyllum demersum, Egeria densa 

and Hydrilla verticillata to a time dependent exposure 

of cell-free crude extracts containing three 

microcystins from cyanobacterial blooms of Lake 

Amatitlán, Guatemala. Aquatic Toxicology (accepted) 

38. Pflugmacher (in prep.). Suitability of Azolla 

filiculoides and Eichhornia crassipes in Green Liver 

Systems – Comparing uptakes and metabolisation of 

cyanotoxins and PAH. 

39. Ha MH, Anton J, Rummel N, Pflugmacher S (2015). 

Physiological effects in Potamogeton species exposed 

to cyanobacterial crude extract. (in preparation)  

40. Pindihama GK, Gumbo JR, Oberholster PJ (2011). 

Evaluation of a low cost technology to manage algal 

toxins in rural water supplies. African J. Biotech., 10: 

19883-19889. 

41. Mitrovik SA, Pflugmacher S, James K, Furey A 

(2004). Anatoxin-a elicits an increase in peroxidase 

and glutathione S-transferase activity in aquatic plants. 

Aquatic Tox., 68: 185-192. 

42. Cambraia Ribeiro Ferreira T, Carvalho de Freitas T, 

Chagas de Paula AC, Jardim FA, de Miranda Guarda 

VL (2009). Uptake and metabolism of the 

cyanobcaterial hepatootoxin microcystin-RR by 

Spirodela intermedia from Brasil. J. Appl. Botany and 

Food Quality, 83: 85-89. 

43. Romanowska-Duda Z, Tarczynska M 2002. Influence 

of microcystin-LR and hepatotoxic cyanobacterial 

extract on the water plant Spirodela oligorrhiza. 

Environ. Toxicol., 17,434–40. 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/AJAME-1-102


 
 http://dx.doi.org/10.14437/AJAME-1-102            Page 15 of 15 

 
 

Citation: Pflugmacher S (2014), Green Liver Concept and Green Liver Systems –A Sustainable Way for Future Water Purification 
. Aperito J Aquat and Mar Ecos 1:102 

44. Mitrovik SA, Allis O, Furey A, James KJ (2005). 

Bioaccumulation and harmful effects of microcystin-

LR in the aquatic plants Lemna minor and Wolffia 

arrhiza and the filamentous alga Chladophora fracta. 

EES, 2005, 61: 345 – 352. 

45. Vilvert E, Pflugmacher S (2015). Azolla caroliniana 

and its suitability for phytoremediation of 

cyanobacterial toxins and fish pharmaceuticals. (in 

preparation). 

46. Bethke V, Peuthert A, Contardo-Jara V, Pflugmacher S 

(2015). Physiological effects in Salvinia auriculata 

exposed to cyanobakterial toxins. (in preparation). 

47. Contardo Jara V, Funke MS, Peuthert A, Pflugmacher 

S (2013). -N-Methylamino-L-alanine alters defense 

against oxidative stress in the aquatic plants 

Lomariopsis lineata, Fontinalis antipyretica, Riccia 

fluitans and Taxiphyllum barbieri. EES, 2013, 88: 72-

78. 

48. Wu Q, Riise G, Pflugmacher S, Greulich K, Steinberg 

CEW (2005). Combined effects of the fungicide 

propiconazole and agricultural runoff sediments on the 

aquatic nryophyte Vesicularia dubyana. ETC, 24: 

2285-2290. 

49. Contardo Jara V, Kühn S, Pflugmacher S (2015). 

Single and combined exposure to MC-LR and BMAA 

approve suitability of Aegagropila linnaei to be used in 

Green Liver Systems® – a case study with 

cyanobacterial toxins. (submitted).  

50. Pflugmacher S, Schwarz S, Pachur HJ, Steinberg CEW 

(2000). Effects of Tributyltin Chloride (TBTCl) on 

detoxication enzymes in aquatic plants. Environ 

Toxicol 15: 225-233. 

51. Pflugmacher S (2015). Uptake and physiological 

effects of Chara intermedia exposed to 3-

chlorobipheny. (in preparation). 

52. Grigutyte R, Nimptsch J, Manusadzianas L, 

Pflugmacher S (2008). Effects of decomposing leaf 

litter from Fagus sylvatica and Quercus robur of 

different degradation levels on oxidative stress 

response in the Charophyte Nitellopsis obtuse. 

Botanica Lithuanica, 14: 233-240 

 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/AJAME-1-102

	Aperito Journal of Aquaticand Marine Ecosystems
	Green Liver Concept and Green Liver Systems –A Sustainable Way for Future Water Purification
	Abbreviations
	Keywords
	Corresponding Author
	The Need for Sustainable Water Purification
	Where we are at the moment
	Green Liver Systems
	From laboratory to real live situation
	Risk assessment of Green Liver Systems®
	a) Possible risks for the Green Liver System® Plant fitness
	Plant fitness
	Allelopathic effects
	Flooding and drought
	Animals invading the system
	Plants invading the system
	Rapid change of contaminants

	b) Possible risks, which might be posed by the Green Liver System® for the surrounding environment
	Development of methane emission
	Development of pests
	Contaminated plants
	Management of Green Liver Systems®

	Conclusion
	Acknowledgement
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8

