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Abstract 
The feasibility of using bench-scale biotrickling filter reactors inoculated with the fungus UBAF004, 
isolated from soil in Tahuapalca, for treatment of water contaminated with cypermethrin was 
investigated. Wood chips, gravel and ceramics were tested as packing materials for the reactors in 
batch experiments in small glass flasks. Wood proved to be the material on which the fungus grew 
best and was thus chosen as the packing material for the reactors. It was determined that UBAF004 
had quite low competitive strength compared to other microorganisms when growing on wood and 
gravel but not necessarily on ceramics. UBAF004 grew slowly in the reactors leading to poor 
degradation performance. The results obtained indicate that it will be challenging to use UBAF004 for 
treatment of water contaminated with cypermethrin in Tahuapalca. The single largest issue is to find a 
way to establish a stable population of the fungus in the reactor and to protect it from being out 
competed by other microorganisms. 
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1. Introduction and background  

1.1. Pesticides in Tahuapalca 
The Tahuapalca village is situated in a valley 50 km south of La Paz city, and belongs to the 
Municipality of Palca in the La Paz Department in Bolivia. The coordinates are 16 º 42 ' 50'' south and 
67 º 52 ' 60'' west (Figure 1). Average altitude is 2100 m above sea level.  

 
Figure 1. Map and image of the Tahuapalca villag and Bolivia (left) with the La Paz Department in yellow.  

In Tahuapalca, there is an intensive production of vegetables that are sold in markets in La Paz city. 
Vegetables are cultivated by manual techniques in small plots (500-1500 m2). Warm climate and 
unsound agricultural practices have led to proliferation of insect plagues and fungi. These are fought 
against with different pesticides and pesticide cocktails. Cypermethrin is one such pesticide, which is 
used for keeping vermin under control [1]. Around 57% of the farmers in temperate areas in Bolivia 
were using pyrethroid insecticides in 2004 [2]. Other pesticides have been detected in high 
concentrations in the river waters in Tahuapalca and it can be assumed that cypermethrin exists in 
these waters as well 1.  

The irrigation system in Tahuapalca is comprised of a series of water channels that lead incoming 
water from the river around a plot, then around the next plot and so on until it is lead back to the river 
again, carrying pesticides and other contaminants that may cause harm to people’s health and aquatic 
ecosystems downstream. The economical and technological possibilities for decontaminating the 
irrigation water before it goes back to the river are limited, therefore it is necessary to find an 
inexpensive and simple way to do this. Biofiltration with a trickling filter may provide one such 
solution.  

1.2. Trickling filter reactors 
Trickling filters (synonyms: biofilters, packed bed bioreactor) for water remediation consist of a solid 
matrix on which microorganisms with the ability to degrade contaminants can grow. The water 
trickles through the matrix and the microorganisms remove the contaminants. This type of filter 

                                                        
1 Personal communication from Isabel Morales 
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system is used widely at wastewater treatment plants for removing different kinds of contaminants and 
nutrients [3–5]. Common materials to use as solid matrices include rocks and gravel, plastic balls and 
polyurethane foam [6,7].  

Biofiltration of pesticides is a fairly new but promising area of research. Several persistent organic 
pollutants such as polychlorinated phenols, petroleum products and textile dyes can be degraded using 
biofilters [8–12]. There are numerous microorganisms that degrade pesticides [13], white-rot fungi, 
which secrete ligninolytic enzymes that degrade many persistent organic pollutants [14–16], are a 
family of fungi that are commonly used for degradation of pesticides and toxic hydrocarbons.  

 UBAF004, isolated from Tahuapalca by Oscar Rollano and Isabel Morales at Universidad Mayor de 
San Andrés [17], is one example of fungi that can degrade cypermethrin, therefore it is not unlikely 
that it can be used in a trickling filter system designed to remediate river water in Tahuapalca.  

The efficiency of trickling filters depend heavily on a few factors:  

• Packing material/solid matrix  
• Biofilm thickness and composition 
• Hydraulic and organic loading 

Depending on which microorganisms that are desirable to have in the filter, different packing 
materials can be chosen to favour them. Price and availability are also important factors for choosing a 
packing material. In wastewater treatment plants it is common to use rocks as packing materials since 
they are usually readily available and do not wear down easily. Wood can be used for certain 
microorganisms that can use it as a source of nutrients [18]. This is an advantage in cases where the 
contaminant or other nutrient sources are available in low concentrations, such as pesticides in river 
waters [19,20]. Plastic packing materials enable packing heights significantly greater than for example 
rocks since the weight of plastic is lower. The larger surface area in a taller tower allows for a much 
larger microbial community and thus higher hydraulic loadings than possible for rock based reactors 
[21].  

The thickness of the biofilm that forms will affect the performance of the trickling filter reactor by 
determining how efficient nutrient and oxygen transport to the cells in the biofilm will be. A too thick 
film will not allow nutrients and oxygen to diffuse to the lower layers, killing the cells there and 
causing the film to release from the packing material. This can lead to clogging of the reactor and thus, 
it will not work [22,23]. A way to increase the growth of fungi and thus the biofilm thickness and 
efficiency may be to grow the fungus under agitated conditions [24]. The biofilm formed could 
potentially be transferred to a trickling filter and after being incubated in a shaker.  

Hydraulic loading rate is defined as the amount of water applied over the surface of the filter per unit 
time. Usually it is expressed as volume/area/day, for example 𝑚! 𝑚! • 𝑑𝑎𝑦. The organic loading rate 
refers to the amount of BOD5 applied per volume of filter per day. Trickling filters are typically 
divided into categories based on the organic loading rate. High rate filters are designed for organic 
loadings between 64 and 160 𝑘𝑔  𝐵𝑂𝐷 𝑚3 𝑚2 ∙ 𝑑𝑎𝑦 , intermediate rate filters handle loadings 
between 40 and 64 𝑘𝑔  𝐵𝑂𝐷 𝑚3 𝑚2 ∙ 𝑑𝑎𝑦 and low rate filter are designed for loadings less than 40 
𝑘𝑔  𝐵𝑂𝐷 𝑚3 𝑚2 ∙ 𝑑𝑎𝑦 [25].  

Sometimes, in order to increase the efficiency of the microorganisms in the reactor, extra carbon 
sources are added. Glucose and sucrose are commonly used for this in small research reactors because 
of their high bioavailability [26]. Glucose and sucrose are, however, expensive and may therefore not 
be applicable in a large-scale reactor. Additional carbon sources are mostly necessary when the 
reactors are to be operated in relatively clean water such as river waters that do not contain as much 
carbon and other nutrients as for example sewage water. The river water in Tahuapalca origins from 
the Illimani glaciers and thus they have probably low carbon contents.  

1.3. Cypermethrin 
Cypermethrin (Figure 2) is a synthetic pyrethroid first synthesized in 1974 [1]. Today it is one of the 
most commonly used pesticides of its type (some other synthetic pyrethroids are permethrin and 
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fenvalerate). Some of its chemical and physical properties are summarized in table 1. Cypermethrin 
has a half-life of 60 days in soil under natural conditions, in aqueous conditions the half-life is 
between 13 and 179 days due to combinations of photolysis and hydrolysis [27].  Cypermethrin is 
used against a broad spectrum of insects but is particularly effective against Lepidoptera (many moths 
and butterflies). It has low solubility in water and is highly toxic to aquatic organisms under laboratory 
conditions. For zooplankton, cypermethrin in natural water is toxic at concentrations ranging from 
0,47 to 6,1 µl cypermethrin/l water indicating that different species in aquatic food webs respond 
differently to cypermethrin. Indirect effects from cypermethrin in freshwater are; declining 
populations of crustaceans and plankton and subsequently higher organisms in the food chain [28,29].  

Cypermethrin is not volatile and not very toxic to mammals [27], properties that make it suitable to 
use as a model compound and also for work in laboratories that have limited access to protective 
equipment.  
Table 1. Some properties of cypermethrin summarized. 

 

 

 

 

 

 

 
 

Degradation of cypermethrin in soil has been attributed mostly to bacterial and fungal communities 
[30]. The degradation pathway for pyrethroids is in general a breakage at the ester bond to form 3-
phenoxy-alpha-cyanobenzyl alcohol and dichlorovinyl acid. The following step transforms 3-
phenoxy-alpha-cyanobenzyl into 3-phenoxybenzaldehyde by removing a molecule of hydrogen 
cyanide. From this point the degradation follows the same path as the permethrin degradation, forming 
3-phenoxybenzoate followed by a breakage into 3,4-hydroxybenzoate and phenol (Figure 3). The by 
product in the first step is converted to CO2 via an unknown pathway [31].  

Cypermethrin is mostly used for protecting crops but in some instances it is used to protect livestock, 
mostly sheep, by spraying the pesticide on to the bodies of the animals. An alternative approach to the 
spraying is what is referred to as sheep dip [32] where the animals are led through a bath of 
cypermethrin (or other pesticide). Sites where this has taken place are often heavily contaminated with 
cypermethrin [33].  

Concentrations of cypermethrin in natural rivers, even relatively close to agricultural areas where it is 
used in high amounts are usually low, most commonly on the order of 6-60 ng/l [34,35] but in some 
cases on µg/l scale. Marino et al. reported finding cypermethrin concentrations of up to 194 µg/l in the 
del Medio stream, Argentina [20].  

Empirical formula C22H19Cl2NO3 

Molecular weight 416,3 g/mole 

Solubility in water 0,009 

Density 1,3 g/ml 

DT50 in soil 60 days 

Aqueous photolysis DT50 13 days 

 Aqueous hydrolysis 179 days 
Figure 2. The structure of cypermethrin. 
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Figure 3 Cypermethrin degradation map, redrawn using paths from http://umbbd.ethz.ch/. [36]. 
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2. Aim 
The work aimed to test the suitability of using the fungus UBAF004 in a trickling filter reactor for 
degradation of cypermethrin in Tahuapalca, using bench scale trickling filters. Specific objectives 
were:  

1. To determine how UBAF004 colonizes low-cost packing materials: wood, gravel and 
ceramics.  

2. To find a suitable complementary carbon source for increasing the growth of UBAF004 on a 
given packing material. 

3. To determine cypermethrin degradation kinetics for UBAF004 in bench scale reactors 
inoculated with UBAF004. 
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3. System and process 
The project was planned around one set of experiments using the laboratory scale bioreactors 
composed of three glass columns connected in parallel to a pump and a source of liquid. As there was 
reason to believe that those experiments were going to be delayed in one way or another, a set of batch 
experiments were planned that could be done regardless of what happened with the bioreactors. They 
were conceived both as backups and to give complementary data to the overall project.  

The gantt chart below represents when different assays were planned to be done. A gantt chart is a 
useful tool for determining whether or not a project is on track. That in turn makes it easier to evaluate 
the project in a systematic manner.  

 
Figure 4. Gantt chart showing the planned flow of experiments. 

Table 2 below summarizes a risk analysis done prior to starting the project in order to try to foresee 
and prepare for events that could affect the project negatively. An important point in the project is the 
midterm report where the project process is evaluated and there is an opportunity to change the plan if 
needed.  
Table 2. Summary of a risk analysis done prior to project start. 

Risk Probability*consequence Level Measures to be taken/consequences 

Illness 2*4 8 The work will be delayed until I am 
healthy enough to continue. To prevent it 
from happening I will be vaccinated.  

Lack of material 1*3 3 Delays in work or changing the 
experiments I can make. 

Lack of time 3*3 9 There is a great risk that I will not be able 
to do all the things that I want to do.  
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4. Materials and methods 

4.1. Fungus UBAF004 
The fungal strain used in the project was UBAF004. It was isolated from soil in Tahuapalca in the La 
Paz department in Bolivia by Oscar Rollano and Isabel Morales at the Environmental Biotechnology 
unit of Universidad Mayor de San Andrés. The strain showed an ability to degrade cypermethrin in 
liquid cultures [17]. UBAF004 produces a purple metabolite when growing on potato dextrose agar 
(PDA) plates, which helps in identification of the fungus. 

UBAF004 was kept on PDA plates at 4°C and reseeded every month on fresh PDA medium. The 
plates were first incubated in 25°C for two days before they were put in the refrigerator.  

To inoculate flasks and reactors with UBAF004, two pieces of agar, approximately 2x2x2 mm in size, 
containing mycelium were taken from a PDA plate and put in the flask. For the reactors, 12 
pieces/reactor were used.  

4.2. Mineral medium 
For all experiments the following composition of mineral medium was used. 1,4 g KH2PO4, 10 g 
NH4NO3, 0,1 g MgSO4•7H2O, 0,5 g KCl and 0,01 g FeSO4•7H2O dissolved in 1 l of distilled water.  

4.3. Potato dextrose agar (PDA) 
This agar was used for the petri dishes made throughout the project and was composed of 2 g of 
dextrose, 1,5 g of bacto agar and infusion from 20 g of boiled potato per 100 ml. It was prepared as 
described by Rinaldi [37]. The PDA was autoclaved and poured onto sterilised petri dishes awaiting 
inoculation with fungi or samples from reactors or batch experiments. 

4.4. Colonization of different support materials by UBAF004 
The ability of UBAF004 to colonize wood, brick and gravel was evaluated in a series of experiments. 
In the first experiment (Colonization I) a 0,1% solution of cypermethrin in mineral medium was used. 
The weight and/or volumes of different materials and solutions in all samples were chosen so that the 
bottom of the flasks was covered with packing material and liquid. Details on that are found in (Table 
3). 18 flasks were prepared, nine of these were sterile and nine were not sterile. The sterile group was 
sterilised by autoclaving for ~60 minutes at 120°C. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Materials and methods 

 

 
14 

Table 3. Overview of the colonization experiments setup.  

Experiment Material Mineral medium Cypermethrin concentration 

Colonization I Wood 2 g 14 ml 0,1% 

 Gravel 20 g 14 ml 0,1% 

 Ceramics 15 g 19 ml 0,1% 

Colonization II Wood 2 g 7 ml 0,1% 

 Gravel 20 g 6 ml 0,1% 

 Ceramics 15 g 10 ml 0,1% 

Colonization III Wood 2 g 8 ml 0,125% 

 Gravel 20 g 7 ml 0,125% 

Colonization IV Gravel 20 g 5 ml 0,125% 

 Gravel 20 g 7 ml 0,075% 

The flasks were prepared by first adding the packing material and then the mineral medium to the 
flasks at the volumes indicated. Half of them were then autoclaved and inoculated with two pieces of 
agar containing mycelium of UBAF004 from PDA plates. The non-sterile group was inoculated in the 
same way but without the autoclaving step. Following the inoculation, cypermethrin was added to all 
flasks to a concentration of 0,1% (volume) and the flasks were left for a week in a fume hood at 
ambient temperature, approximately 15°C. 

A second colonization experiment (Colonization II) was set up in a similar manner as the first one but 
with less liquid in order to avoid covering the packing material and fungus completely. Volumes and 
weights are given in Table 3. The concentration of cypermethrin was again 0,1% in all flasks.  

In Colonization II, a growth control consisting of wood and mineral medium inoculated with 
UBAF004 as the other samples was included to test whether or not UBAF004 can use wood as a 
source of energy. For the other materials no such control was made since they do not contain any 
carbon in themselves. The flasks were left for a week at ambient temperature (~15°C) in a fume hood.  

The evaluations of the first colonization experiment was done by randomly extracting samples from 
the flasks, rinsing them in sterile water three times and then inspecting them under a stereomicroscope. 
This method was exchanged for another, more efficient one for subsequent experiments. After a week 
three randomly selected pieces of packing material were put on a PDA petri dish each and incubated 
for two days at 25°C. The petri dishes were then photographed and from the pictures the area covered 
by UBAF004 mycelium was measured using ImageJ software. The purple colour of UBAF004 when 
grown on PDA was used to control that the right fungus was measured. Since fungi have a nearly 
exponential growth phase the relative areas covered by UBAF004 after 48 h of incubation between 
different petri dishes can be used to estimate the relative amount of spores/mycelia that had adsorbed 
to the packing materials in different flasks.  

4.5. Colonization under shaking and stationary conditions (Colonization III and 
IV) 

To test whether or not shaking the flasks had any impact on the colonization rate in flasks, an 
experiment, Colonization III, was set up with 6 flasks that were incubated in a shaker (100 rpm, 20°C) 
and 6 that were incubated under stationary conditions in ambient temperature (~15°C). Half of the 
flasks contained wood as the packing material and the other half contained gravel. The amount of 
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mineral medium in the flasks were 8,4 ml for the flasks packed with gravel and 7,35 ml for those 
containing wood. The cypermethrin concentration in all flasks was 0,125%.  

A follow-up test, Colonization IV, was made to confirm the results from Colonization III. This time 
two concentrations of cypermethrin were used, 0,125% and 0,075%. The total volume of liquid was 
increased to 10 ml in order to investigate if more liquid would help spreading mycelium and spores 
and thereby increase the growth rate of UBAF004. Only gravel was used as packing material in this 
experiment. 

4.6. Additional carbon sources 
In order to see if the growth rate of UBAF004 could be increased by adding a carbon source, three 
experiments were set up in a similar manner as the shaking-stationary tests (Colonization III and IV) 
but with a lower concentration of cypermethrin (0,05%) and with other sources of carbon that could 
potentially be used for scaling up purposes (Carbon I-III). The carbon sources were: potato extract, 
olive oil and wood flakes (Table 4). The packing material was gravel in all tests.  

Potato extract was prepared by boiling potatoes (20 g/100 ml), filtering the water used for boiling and 
adding that to the flasks. Olive oil was used “as is” from its original container and the wood flakes 
were about 0,5x4 cm in width and 1-2 mm in thickness. The wood used was left over wood of 
different kinds from local carpenters. 
Table 4. Contents in the carbon source assays. 

Experiment Carbon sources used Concentration of cypermethrin 

Carbon I  Potato extract 0,05% 

Carbon II Potato extract, wood flakes, olive oil 0,05% 

Carbon III Potato extract, wood flakes, olive oil 0,05% 

4.7. Cypermethrin detection 
The method used for detecting cypermethrin is based on the alkaline hydrolysis of cypermethrin to 
give a free cyanide ion that can react with ninhydrin. The ninhydrin-cyanide complex absorbs light at 
485 nm. Addition of potassium hydroxide changes the solution’s colour from red to blue and the 
wavelength of the absorbance maximum to 590 nm. In order to avoid interference from the brown 
discolorations from the wood in the reactors, the absorbance was measured at 590 nm. Furthermore, 
the KOH seemed to stabilize the complex so that the measurements became more reliable than at 485 
nm. The protocol can be found in Appendix A. The method is a variant of the one described by 
Mihescu and Drochioiu 2009 [38].  

4.8. Reactor system 
The lab scale reactor system comprised three glass columns, 45 cm in height with an inner diameter of 
6 cm. They were connected in parallel to a source of mineral medium with cypermethrin added. A 
peristaltic pump was used to drive the flow. The medium that passed through each reactor was 
collected in one 5 l plastic container per reactor, enabling comparison of the amount of liquid passing 
through the individual reactors and sampling for cypermethrin concentration determination (Figure 5). 
The flow of mineral medium through the reactors was in the form of doses five seconds apart with 0,2 
ml/dose. The reactors were run on average 10 h/day. The average daily dose was 1,5 l. The packing 
material in all reactors was wood chips. Reactors 1 and 3 were inoculated with UBAF004 and reactor 
2 served as a control reactor without any inoculation of UBAF004. The cypermethrin concentration in 
the medium passed through the reactors was 0,1% all days except for day 10 and 11, when the 
concentration was 0,05%. Samples are missing from days 4 and 5 and the reactors were run in two 
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different turns, designated run A and B with a 10 days interruption for a second inoculation with the 
fungus UBAF004.  

 
Figure 5. Photo of the lab scale reactor system (left). The reactors are numbered from right to left 1-3. Schematic 
drawing of the reactor system (right). 

Source
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5. Results 

5.1. Colonization experiments in batch mode 
In the first test (Colonization I) no colonization could be seen in any of the samples of the packing 
materials (Figure 6). Possibly because excess liquid caused anaerobic conditions that the fungus did 
not grow well under.  

 
Figure 6. Samples of packing material from the first colonization experiment after inoculation with fungus 
UBAF004 and one week of incubation at ambient temperature (~15°C). No indication of fungal growth was 
observed. A: wood, B:gravel, C: ceramics (Colonization I). The concentration of cypermethrin in all flasks was 
0,1%.  

In the second test (Colonization II) there was colonization in all flasks containing wood after four days. 
There was also some growth in the sterilised flasks containing gravel (Figure 7). Samples of the 
packing materials were put on petri dishes after a week of incubation in ambient temperature. The 
petri dishes were photographed after two days of incubation at 25°C. The fungus could grow in the 
control group (wood, no cypermethrin), indicating that it can use some components of wood as a 
source for carbon.  

 
Figure 7. Pictures of UBAF004 on different packing materials after four days of incubation at ambient temperature 
(~15°C). Growth of UBAF004 can be seen on wood and gravel (A and B) but not on bricks (C). The concentration 
of cypermethrin in all flasks was 0,1%. The total volume of liquid was reduced compared to Col-I to facilitate 
oxygen transport.  

Figure 8 shows a comparison of petri dishes from Colonization II. UBAF004 apparently grew better 
on the sterile wood and gravel than on non-sterile wood and gravel. On the other hand, the fungus 
grew better on the non-sterile ceramics than on sterile ceramics. On the petri dishes that were not 
sterile from start, the predominant microorganisms were bacteria and species of fungi other than 
UBAF004.  
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Figure 8. Potato dextrose agar plates with samples of the packing materials in colonization II. A: sterile wood, B: 
sterile gravel, C: sterile ceramics, D: control, E: non-sterile wood, F: non-sterile gravel, G: non-sterile ceramics. 
Samples were incubated at 25°C for two days.  

5.2. Effect of shaking 
Samples of packing material from flasks incubated under agitation and stationary conditions were put 
on petri dishes and the mean growth area of the fungus UBAF004 was measured (Figure 9). Again, the 
wood samples yielded a much larger growth area than gravel. For each packing material there was no 
statistically significant difference between samples that had been incubated in the shaker and those 
that were stationary (Table 6 in Appendix B, p=0,05).  

 

  
Figure 9. Mean growth area on petri dishes of the fungus UBAF004 after the initial shaken vs. stationary 
incubation growth test (colonization III). n=3 and cypermethrin concentration=0,125% in all groups. Error bars 
represent standard deviation. All samples were from flasks that were incubated for one week and the petri dishes 
were incubated for two days at 25°C. 

The results from Col-IV did not indicate any significant effect of different cypermethrin 
concentrations or shaking for the fungus’ ability to colonize gravel (Figure 10). The test for fungal 
growth was performed as described for Col-III. The results did not indicate any difference in growth 
between flasks with high concentration of cypermethrin (0,125%) that had been incubated under 
agitated or stationary conditions. Likewise, for flasks with a lower concentration (0,075%), there was 
no statistically significant difference in growth. There was also no significant difference between the 
different concentrations. (Figure 10, Table 7 in Appendix B).  
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Figure 10. Mean growth areas of UBAF004 on petri dishes with packing material samples from Colonization IV. 
Error bars show standard deviation. Petri dishes were incubated at 25°C for two days before measurements.  

5.3. Carbon sources 
Three experiments in batch mode were done to study the effect on growth by different carbon sources, 
Carbon I-III. The first was incorrectly set up as the control group also contained potato extract, which 
was the carbon source to be studied. This meant that in practice, the effect of shaking was studied 
rather than the effect of potato extract. The analysis of that experiment (done as previously described, 
with petri dishes and ImageJ) showed that many of the flasks contained very little mycelia that could 
grow (Table 5). In the second carbon source experiment, Carbon II, two of the flasks had dried out and 
there was no detectable growth of UBAF004 on any of the petri dishes from this experiment. The 
experiment was repeated in Carbon III with nearly the same result, there was only some growth from a 
piece of packing material from one of the control flasks, without any other carbon source. 
Table 5. Result table of growth on petri dishes from Carbon I. The values are mean growth areas on three petri 
dishes from every flask. 

Mode Mean growth, flask 1 Mean growth, flask 2 Mean growth, flask 3 

Shaken 0 mm2 125 mm2 397 mm2 

Stationary 0 mm2 116 mm2 0 mm2 

5.4. Reactor experiments 
The cypermethrin concentration measurements in the outflow from the reactors are represented by 
absorbance values in Figure 11 since they, if the concentration would have been calculated using the 
obtained standard curves would have been negative. The lack of data points some days was because 
the reactors were stopped for maintenance or cultivation of UBAF004. At least one trend was 
perceived, namely that the concentration of cypermethrin decreased soon after reactor start-up and 
then increased again. No significant difference in performance between the three reactors could be 
detected. The control reactor followed the same general trends as the two experimental reactors.  

There was no visible fungal growth in the reactors after the first 10 days (see section 5.5). Therefore 
they were washed and inoculated again with more UBAF004 and put to rest for 10 days to allow for 
the fungus to grow. After 10 days there was still no clear growth of the fungus but the reactors were 
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started for run B in spite of that with a similar result as in run A. The hydraulic loading on the three 
reactors became more and more even as the experiment continued. Linear and quadratic regression 
analyses did not indicate any correlation between the hydraulic loading on the reactors and the 
concentration of cypermethrin measured in the effluent. The loading differences between the reactors 
on different days cannot alone explain the erratic absorbance values. (Figure 14 in Appendix C) 

 
Figure 11. Absorbance values representing the concentration of cypermethrin in the reactor effluents. Reactors 1 
and 3 are the test reactors inoculated with the fungus UBAF004 and reactor 2 is the control reactor without 
UBAF004.  

Close to the end of the project, deposits on the reactors were discovered (Figure 12). It is not entirely 
clear if they consist of salt precipitation from the mineral medium or cypermethrin that has crystallised 
due to its low solubility. Deposits in differing amounts were found on all reactors, indicating that they 
were not perfectly sealed. 

 
Figure 12. Crystalline deposits on the outside of the reactors. The left picture shows deposits on the outlet part 
and the right picture shows deposits by the joint between the cap and column of the reactor. 

5.5. Reactor colonization 
Figure 13 shows samples of wood chips used as packing material were extracted from different depths 
of the columns and put on petri dishes and incubated at 25°C for two days. After the incubation there 
was not any visible growth of UBAF004 on the petri dishes. This was done once for every reactor run. 
The samples from experiment B were incubated for another two days after the first two days, revealing 
some growth on some of the petri dishes after four days of incubation. There was no colonization 
visible in the reactors but there were apparently some fungus that had adhered to some pieces of 
packing material. A visual inspection of all wood chips in all of the reactors did not reveal any 
colonization at all.  
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Figure 13. Petri dishes with packing material samples from reactor 3 after four days of incubation. A: bottom third, 
B: middle third, C: top third of the column. 

5.6. System and process evaluation 
It was not possible to keep the original time plan for different reasons, the most important ones being 
that the reactors were delivered much later and took longer to get fully operational than anticipated. 
Also, a new method for detecting cypermethrin in the effluent needed to be developed after it became 
apparent that the method we intended to use would not work. These events caused such delays that the 
flow rate analyses could not be conducted properly and samples from the reactors could not be 
analysed for cypermethrin until mid August. The batch experiments did, however, follow the time plan 
since the materials that were needed for them were already in place. The new method for detection of 
cypermethrin had some difficulties in that the complex that formed was not stable and did not seem to 
always be formed at the same rate. Because of this it was difficult to measure the cypermethrin 
concentration correctly in the samples from the reactors. It was also very difficult to make a reliable 
standard curve, meaning that concentrations in the samples from the reactor outflow could not be 
calculated from the measurements, which affected the time plan further.   

During the midterm report, the time plan was evaluated and it was decided that my focus should be to 
work on the reactors and batch experiments rather than finding a new cypermethrin detection method. 
Isabel and Daniel worked on finding a new detection method instead. It was a good prioritisation since 
it meant that more information could be gathered on UBAF004 colonization in batch mode and 
problems with the operation of the reactors could be solved a little faster. 
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6. Discussion  

6.1. Batch experiments 
The initial experiments with three different packing materials resulted in the decision to only continue 
with two of them, wood chips and gravel since there was no observable growth on the ceramic 
material at all. From the control samples in Colonization II it was concluded that UBAF004 could use 
wood as a source of carbon and possibly other nutrients as well. It is not uncommon for fungi to be 
able to use wood as a carbon source, white-rot fungi are examples of fungi that use ligninolytic 
enzymes for degradation of wood [18,39]. Gravel in itself does not contain any carbon source but it 
seems that some colonization can occur in the presence of cypermethrin, indicating that it was used as 
carbon source. However, for UBAF004 to effectively colonize gravel another nutrient source seems to 
be needed. The concentration of cypermethrin in the experiments was set a little lower than the 
maximal recommended concentration for application on plants, which was calculated to 0,125%. It is 
not likely that such high concentrations will be found in river water, making it necessary to find a 
complementary carbon source. However, UBAF004 hardly grew at all in the carbon source 
experiments. It seems improbable that it was due to the added carbon sources since there was virtually 
no growth in the controls either. During the last trials the UBAF004 grew particularly slow. It is not 
clear why this was the case and it was the opposite result from what would be expected. It is a 
commonly used approach to use co-metabolism for promoting expression of non-specific degrading 
enzymes in both bacteria and fungi for degradation of persistent organic pollutants such as chlorinated 
hydrocarbons, oil and pesticides by providing the microorganisms with a primary substrate that 
triggers production of enzymes that can also degrade the secondary substrate [40,41]. It was 
established earlier by Rollano and Morales [17] that UBAF004 can grow with cypermethrin as the sole 
carbon source, excluding the possibility that the degradation of cypermethrin is a co-metabolic process 
in itself since there is no need for other carbon containing compounds to induce the expression of 
cypermethrin degrading enzymes.  

Two plausible explanations for the slow growth may be: 1) that there was not enough oxygen in the 
flasks to support growth and 2) the line of UBAF004 was too old and had lost some of its potential to 
grow. The first explanation is contradicted by the fact that fungi grew in the first batch mode 
experiments, which were set up in identical flasks with similar volumes of mineral medium and 
similar concentrations of cypermethrin. The second explanation is not perfect either since newer 
inoculations of UBAF004 did not grow well either. Only one of the petri dishes from the control group 
had any visible fungus growth after four days, normally UBAF004 was visible on petri dishes after 
two days of incubation. If the amount of cypermethrin in the experiments was too low for sustaining 
UBAF004 growth it will be critical to find a complementary energy source since concentrations in 
river waters are on the order of 1000 times lower than the concentrations in this project, or hardly 
possible to measure at all [20,35,42]. Even though cypermethrin levels in rivers may be low they can 
still be toxic to some invertebrates and fish in very low concentrations,  

The rate of growth did not change when the fungus was grown under agitated conditions compared to 
the static controls (Figure 9, Figure 10). Some microorganisms do benefit from a light agitation for 
their ability to degrade a contaminant such as cypermethrin but not all [24]. Agitation can help the 
fungus to spread by “shaving off” hyphae which, in turn can form new mycelium at another location 
in a container and thereby speed up the colonization [43]. Mohammadi et al. [24] reported that 
anthracene degradation by P. chrysosporium increased when the fungus was immobilized and agitated 
at 80 rpm, a speed comparable with the 100 rpm in this project. They, however, inoculated at 37°C 
which is 17°C higher than the temperature used for UBAF004, which may also explain the lack of 
growth and may be a more important parameter than agitation speed.  

From the batch experiments where sterile and non-sterile growth conditions were compared it was 
concluded that UBAF004 is not very competitive compared to other microorganisms, especially when 
growing on wood and gravel (Figure 8). On the petri dishes there were clear differences in how well 
the UBAF004 grew between the samples that were taken from sterile and non-sterile packing 
materials. Furthermore it seems that the packing material has an effect on UBAF004’s ability to 
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compete with other species. The material that seems to be the best for UBAF004 is wood, followed by 
gravel. Further studies are needed in order to determine which material is most suitable for UBAF004 
growth in a trickling filter with greater certainty. It is interesting to note that UBAF004 grew better on 
the non-sterile ceramics than on the sterile. It is possible that a community of microorganisms was 
already in place in the brick before the experiment’s start [44], making it more difficult for UBAF004 
to compete for nutrients. The results may indicate that it will be challenging to use UBAF004 in a 
practical application scenario for water remediation in Tahuapalca because conditions suitable for 
UBAF004 growth may be difficult to maintain in a larger scale reactor under non-sterile conditions. 

6.2. Reactor performance 
A likely explanation to the initial disappearance of cypermethrin in the reactors despite the low level 
of UBAF004 growth is that the cypermethrin adsorbed to the wood in the reactors. Hydrophobic 
pesticides tend to adsorb to sediment or other solid matrices [45]. After some time the wood became 
saturated with cypermethrin and consequently could not adsorb any more of the compound so the 
cypermethrin followed the flow of the water and was detected in the outflow when we measured. This 
hypothesis is supported by the fact that all three reactors behaved similarly with an initial decrease in 
cypermethrin concentration in the effluent followed by an increase. α-cypermethrin has been reported 
to adsorb rapidly to cork by Domingues et al. 2007 [46]. It is probable that different types of wood can 
have different abilities to adsorb cypermethrin depending on their content of hydrophobic molecules.  

UBAF004 grew on both wood and gravel in the initial experiments. It seemed to grow faster on wood 
than on gravel, therefore wood was chosen as the packing material in the columns. However, the 
fungus did not grow well in the reactors, probably due to a too short growth period of two days and 
nine days after the second inoculation. 3-4 weeks may be needed for a biofilm to develop properly 
[47]. Hishamuddin [48] found that a community of soil microbes needed more time to develop in a 
continuous reactor system than in batch reactors, five and 12 days respectively. Ortega-Clemente et al. 
[49] reported an inoculation period of 14 days for the fungus T. versicolor. This seems to be true in 
this case too, although the real time needed for colonization of the reactors used in this project is still 
not determined. The colonization of the reactors is also probably affected by the flow of water through 
them. Fungi can grow on wood with low water content as demonstrated by the early experiments in 
batch mode and in line with prior knowledge [50]. Water flow was generally lower through reactor 3 
than the other two and UBAF004 grew slightly better there, perhaps indicating that this fungus does 
not tolerate environments with high moisture content.  

The crystals that formed on the outside of the reactors could be precipitated cypermethrin. 
Precipitation of pesticides with low solubility has been reported earlier [51]. It is also possible that the 
deposits are salts from the mineral medium that remained after the water evaporated. The deposits can 
serve as an indicator for small leakages in the reactor, which is helpful for troubleshooting.  

6.3. Detection of cypermethrin 
A new method was developed because the one, which could quantify the concentration of 
cypermethrin in a first batch of commercial cypermethrin formulation, could not detect it in a second 
batch. The first method was based on a reaction between sodium picrate and the cyanide ion formed 
during hydrolysis to form a yellow/red complex. In the second method the sodium picrate was 
exchanged for ninhydrin [38]. The second method that we ended up using after some optimization of 
the protocol to suit our needs requires the samples from the reactors to be analysed to have a pH 
between 9 and 10, otherwise the ninhydrin-cyanide complex will not be formed. After the alkaline 
hydrolysis, for which 5 M NaOH was used the pH was typically between 12 and 14. Unfortunately, 
lowering the pH to acceptable values is a bit tricky and also dangerous as a too low pH in the samples 
can lead to the formation of cyanide gas [38].  
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7. Conclusions  
• UBAF004 grew best on wood in batch mode compared to gravel and ceramics. However, the 

choice of packing material for reactors needs more investigation.   
• UBAF004 was almost completely out competed by other microorganisms when the packing 

material was not sterilised before inoculation, indicating that it can be difficult to use in a 
practical application if there is no good way to give UBAF004 an initial advantage compared 
to other microorganisms. 

• Shaking immobilized cultures of UBAF004 did not speed up the colonization process 
noticeably.  

• Assays on additional carbon sources were inconclusive since the fungus did not develop well 
in those tests. 

• The process of colonizing bioreactors with UBAF004 needs more work. It seems that the 
fungus needs much more time and perhaps other conditions to efficiently colonize the packing 
material.   

There are still large problems that need to be solved if UBAF004 is to be used for water remediation in 
a trickling filter in Tahuapalca. The single largest issue is to find a way to establish a stable population 
of the fungus in the reactor and to protect it from being out competed by other microorganisms. 
Depending on which material would be used in a large filter, the second largest issue to be solved may 
be to find a complementary carbon source because river water will most likely not contain enough 
carbon to sustain a large population of UBAF004.  
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10. Appendix A – Cypermethrin detection 
The detection of cypermethrin in samples from the reactors was done according to the following 
protocol, modified after [38]:  

1. Add 250 µl sample + 750 µl distilled water to a falcon tube. 
2. Add 1 ml 5M NaOH to the falcon tube, shake and let the reaction proceed for 60 minutes. 
3. Lower the pH in the falcon tube with HCl (~5M) to pH 9-10. 
4. Centrifuge the samples at 3500 rpm for 15-20 minutes to clear the samples from particles and 

turbidity 
5. Extract 1 ml of the sample from the falcon tube and put in a cuvette, add 1 ml of the ninhydrin 

solution and wait for 1 minute before adding 200 µl KOH. The sample in the cuvette should 
have a blue colour if there was any cypermethrin in it. Shake gently to distribute the colour 
evenly.  

6. Measure the sample at 590 nm. 

It is important when measuring that a standardised time interval is used between adding the ninhydrin 
and KOH and measuring absorbance since the complex that forms to give the blue colour is not very 
stable and decomposes quickly, after approximately one to two minutes. 
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11. Appendix B - Statistics 
Result tables from the statistical analyses. All statistical tests were done using SPSS Statistics from 
IBM. 

ANOVA tests were performed but showed no significant effect from any factors.  

 
Table 6. t-test on the samples in Colonization III experiment. There is no significant difference between samples 
incubated under shaking or stationary conditions. 

  95% confidence interval 

Pairs Std. 
deviation 

Lower Upper t df sign. (2-tailed) 

Gravel shaken – 
stationary 

56,43 -146,54 133,83 -0,195 2 0,863 

Wood shaken – 
stationary  

36,40 -61,70 119,13 1,367 2 0,305 

 

Table 7. t-test on the samples from Colonization IV. 

 Std. 
Deviation 

95% Confidence Interval of the Difference 

Pairs  Lower Upper t df Sign. (2-
tailed) 

0,125%, 
shaken - 
0,125%, 
stationary 

32,11170 -147,10999 12,42976 -3,632 2 ,068 

0,075%, 
shaken - 
0,075%, 
stationary 

91,20586 -272,97670 180,15915 -,881 2 ,471 

0,125%, 
shaken - 
0,075%, 
shaken 

52,28506 -121,02384 138,74273 ,293 2 ,797 

0,125%, 
stationary - 
0,075%, 
stationary 

85,44974 -182,47814 242,05969 ,604 2 ,607 
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12. Appendix C – Hydraulic loading and absorbance 
correlation analysis 

 

  

Figure 14. Absorbance values in the outflow and hydraulic loading on the reactors. Linear and quadratic 
regression analyses did not indicate any correlation between the factors. R1-R3 are reactors 1-3, R1 and R3 are 
the experiment reactors inoculated with UBAF004, R2 is the control reactor without inoculation with UBAF004.  

R2 for reactor 1 ≈ 0,1 

R2 for reactor 2 ≈ 0,04 

R2 for reactor 3 ≈ 0,02 

A quadratic regression analysis gave similar R2 values as the linear regression, so no direct effect of 
hydraulic loading on the absorbance values in the outflow was detected.  
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