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Summary 

With increasing world population, more wastewater is produced which all need 
purification treatment. Removal of pathogenic organisms is important because 
they can cause problems to human health. This experiment will focus on the 
removal of human bacterial pathogens. The problem of human bacterial 
pathogens is that infections can emerge when there is contact between 
wastewater and humans. A bacterium is defined pathogenic when it causes 
disease to a human; therefore not all bacteria are pathogenic. 
 

In the Netherlands the water boards start cooperating together in order to 
conduct energy from the wastewater treatments instead of consuming energy for 
the treatment of wastewater. The demand for new sanitation systems developed 
several new techniques including a decentralized sanitation system. The Black 
Water (BW) of the Netherlands Institute of Ecology (NIOO KNAW) is highly 
concentrated waste water. The BW is treated in a 55 ˚C thermophilic up flow 
Anaerobic Sludge Blanket reactor (UASB). The BW from The NIOO-KNAW only 
consist of urine, faeces and 1 litre of groundwater flush. The effluent of the UASB 
is referred to as Digested Black Water (DBW). The NIOO-KNAW wants to use a 
thermophilic UASB operating at 55 ˚C because it is supposed that the pathogen 
removal is higher compared to a mesophilic UASB 20-42 ˚C due to higher 
temperatures. In the UASB mostly biological activity takes place and the organic 
carbons are converted into biogases including methane (CH4) which are collected 
and reused for heating up the UASB. The NIOO-KNAW does not has a UASB 
system operational and therefore 25 ˚C mesophilic effluent samples are derived 
from Sneek. Because the NIOO KNAW does not have a 55 ˚C thermophilic UASB 
in operation 55 ˚C thermophilic effluent is mimicked by incubating the 25 ˚C 
mesophilic UASB at 55 ˚C for 4 days. 
 

The effluent of the UASB flows directly towards algea filled photo bioreactors 
(PBR). The algal filled PBR’s are used because of the bactericidal properties of 
algae. Therefore the NIOO-KNAW desires to implement an algal based photo 
bioreactor. The algal specie inoculated in the PBR’s of the NIOO-KNAW is 
Chlorella sorokiniana, this species is commonly used in the scientific world 
because of broad growth spectrum. Identification of all the human pathogen 
bacteria species is expensive, therefore indicator species are used. The Total 
Coliform (TC) and the Escherichia coli (E. coli) bacteria are most commonly used 
as indicator species. The E. coli bacteria is most preferred as indicator species 
because this species is exclusively found in faeces and E. coli can outlive high 
temperatures and circumstances compared to other bacterial species.  
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In the experiment there are three PBR’s filled with Chlorella sorokiniana. Each 
PBR present a different Hydraulic Retention Time (HRT), respectively 12 hours, 
21 hours and 30 hours. The HRT is the variable for the removal of coliforms and 
E. coli’s. These HRT’s are based on the growth rate of Chlorella sorokiniana. The 
HRT times are based on the growth of the algae because the algae wash out with 
the effluent of the PBR. 
 

To detect TC and E. coli a culture plating technique is used. Three different 
mediums are selected: The m-Endo LES medium, the 1604 medium, and the 3M 
coliform/E-coli Petri films. The incubation time and temperatures are the same 
for the 3 mediums, 35 °C± 0, 5 ˚C and the time is set at 24± 2 hours, for the 
3M Petri film the coli forming units other than E. coli are counted after 24 hours 
incubation time, and on the same Petri film the E. coli after 48 hours of 
incubation time. 
 

According to the data the mimic 55 ˚C thermophilic UASB effluent still contain TC 
bacteria and E. coli bacteria. The results from the effluent of the PBR’s filled with 
Chlorella sorokiniana do not contain any E. coli bacteria, However, they do 
contain TC other than E.coli. The PBR with a HRT of 12 hours has the lowest 
amount of TC other than E. coli compared to the two other HRT’s. However, the 
effluent of the PBR with a HRT of 12 hours contains more TC than the effluent of 
the mimic thermophilic UASB. In the blank experiment only the 3M Petri films are 
used due to lack of time. The results was almost no growth at all. However it 
could be that the uv-light eliminated the bacteria because there were no algae to 
block the light. The overall conclusion is that the 55 ˚C thermophilic UASB could 
be efficient in removing TC and E. coli bacteria but more data is required. The 
PBR removes E. coli bacteria; however the algae enriches the effluent with TC 
growth. The amount of data is not sufficient enough to calculate approved 
statistical analyses. Although sufficient data is not available for approved 
statistical analyses, further data collection would make it possible to make a 
steady conclusion. With this data not a steady conclusion can be drawn, further 
investigation at this subject is necessary. 
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Definitions 

Abbreviation Full words Definitions 
BW Black Water Faeces+ urea+ 1 Litre of 

groundwater flush 
COD Chemical Oxygen Demand The amount of oxygen which is 

acquired to  perform chemical 
transformations  

DBW Digested Black Water Black water which is digested, by 
the process where the water lost 
a lot of Carbon compounds 

DESAR Decentralized Sanitation and 
Reuse 

In this thesis a wastewater 
treatment system which consists 
out of a UASB and a PBR followed 
by a helophyte filter. 

DNA Deoxyribonucleic acid A nucleic acid that carries the 
genetic information in the cell 
and is capable of self-replication 
and synthesis of RNA 

E-coli Escherichia coli A member of the coliform 
bacteria, distinguished from 
coliforms by fermenting lactose at 
44 °C 

Effluent  A water stream that flows out of 
another body of water 

EPA Environmental Protection 
Agency 

An agency of the United States 
government that is created by an 
act of Congress and is 
independent of the executive 
departments 

GW Grey Water Wastewater from kitchen, 
bathroom (not the toilet), and 
laundry cycles. This water can be 
reused or recycled, also called 
sanitary water 

HRT Hydraulic Retention Time Is a measure of the average 
length of time that a soluble 
compound remains in a 
constructed bioreactor 

Influent  Water flowing in or into 
MDBW Mesophilic Digested Black 

Water 
In this thesis MDBW reveres 
specific to a 25 ˚C UASB 
positioned in Sneek 

NIOO-KNAW The Netherlands institute of 
Ecology 

Carries out fundamental and 
strategic ecological research. The 
researchers studying organisms, 
populations, communities and 
ecosystems or Ecology 
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PAR Photosynthetic Active 
Radiation 

Watt/m2 

PBR Photo bioreactor A bioreactor is an installation for 
the production of microorganisms 
outside their natural habitat, 
however, inside an artificial 
environment 

TDBW Thermophilic Digested Black 
Water 

In this thesis TDBW reveres to 
MDBW incubated MDBW for 4 
days at 55˚C, which means the 
TDBW is a mimic 

TNTC Too Numerous to Count CFU overgrowing each other, 
hence too numerous to count 

TC Total Coliform Coliform bacteria are microbes 
found in the digestive systems of 
warm-blooded animals, in soil, on 
plants, and in surface water. 

TCFU Total Colony forming Units coliform bacteria colony bigger 
than 1-3 mm. 

UASB Up flow Anaerobic Sludge 
Blanket reactor 

Operates at different 
temperatures, produces biogas in 
conditions without oxygen and 
specific useful bacteria 

UV-Light Ultra violet light UV-Light is electromagnetic 
radiation with a wavelength 
shorter than that of visible light. 
Ranging from 10 nm-380 nm 
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1 Introduction 

1.1 Problem description 

1.1.1 Pathogens 
With increasing world population, more wastewater is produced which all needs 
purification treatment. General pathogens are classified as protozoa’s, parasites, 
fungi, helminths, viral pathogens and bacterial pathogens (Leclerc & Moreau, 
2002). Removal of pathogenic organisms from waste water is important because 
they can become a potential hazard to human health. This experiment will focus 
on human bacterial pathogens. The common human bacterial pathogens found in 
wastewater are: Campylobacter jejuni, Leptospira sp., Clostridium perfringens, 
Escherichia coli, Legionella pneumophila, Mycobacterium tuberculosist, 
Pseudomonas aeruginosa, Salmonella enterica, Shigella flexneri, Staphylococcus 
aureus, Vibrio cholerae, and Yersinia enterocolitica (Awuah 2006; Lubberding, & 
Gijzen, 2001; Cai & Zhang, 2013). The potential hazard of human bacterial 
pathogens is that humans with a low resistance are vulnerable for infections 
when they come into contact with contaminated water. 
 

A bacterium is defined pathogenic when it can cause diseases to a human; 
therefore not all bacteria are pathogenic, there are strains in DNA of bacteria 
which define if a bacterium is pathogenic. For example the E.coli strain O157:H7 
causes severe diarrhoea, however, other strains of E.coli are essential in 
contribution of food digestion (Leclerc & Moreau, 2002). Most pathogenic bacteria 
are excreted by warm-blooded animals like humans, some bacteria could also 
have their origin in surface water or in sediments (Oshiro, 2002; W. Ahmed, 
2006). Contaminated water can infect people with dramatically consequences. 
Therefore it is essential that all the pathogenic organisms are removed from the 
final effluent in a wastewater treatment system. For example, in some country’s 
water is chlorinated or radiated by uv-light in order to remove pathogenic 
bacteria. The uv-light treatment is expensive and adding chlorine to water is not 
healthy for the environment. It is not precisely known how efficient water 
sanitation systems are in removing pathogenic bacteria, and the worldwide 
demand for less expensive and environmental friendlier wastewater treatment 
makes research for sustainable removal of pathogenic organisms necessary 
(Ansa, 2013;Awuah et al., 2001; Cai & Zhang, 2013). 
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1.1.2 Decentralized sanitation system 
A typical conventional centralized sanitation systems consists of a preliminary 
treatment followed by a primary and a secondary treatment, and sometimes a 
tertiary treatment. Preliminary treatment incorporates the removal of large 
floating objects, followed by the primary removal which involves removal of 
sediments by settling or chemical coagulation. The purpose of the secondary 
treatment is to remove nutrients from the wastewater, this is necessary because 
in the surface water the amount of nutrients is less abundant. If many nutrients 
leave the sanitation system in the surface water the aquatic environment will be 
influenced by for example overgrowth of algae. In most cases, biological 
techniques are used to eliminate nitrogen and phosphate by using aerobic and 
anaerobic bacteria. The tertiary treatment is used to upscale the water quality 
from the effluent of the secondary treatment by using sand filtration or reverse 
osmoses. These conventional systems do not always retrieve all the nutrients, 
water or other important resources efficiently. The demand for more natural 
effluent water implemented a major difference in the way of wastewater 
treatment. Within the upper description of wastewater treatment water 
harmonicas are used in the tertiary treatment. Which means daphnia are 
commonly used for disinfection and helophyte filters for polishing the wastewater 
from nutrients. This way of treatment makes the effluent more similar to the 
surface water because the effluent contains oxygen and biological activity such 
as daphnia. This is a short explanation of wastewater treatment, there are many 
different treatment manners. In the Netherlands the water boards start 
cooperating together in order to conduct energy from the wastewater treatments 
instead of consuming energy for the treatment of wastewater (waterschappen, 
2013). 
 

The demand for new sanitation systems developed several new techniques 
including a decentralized sanitation system. Depending on the scale, 
decentralized sanitation systems are less expensive, use less water and extracts 
biogases like methane (CH4.), compared to the conventional systems which just 
excrete the biogases into the atmosphere(Kujawa-Roeleveld, 2005). Therefore 
research at Decentralized Sanitation and Reuse (DESAR) can be fertile and useful 
for sustainability. An example of a DESAR is an Up flow Anaerobic Sludge Blanket 
Reactor (UASB). Containing a tank which includes a sludge bed in the bottom 
coated with anaerobic bacteria which convert organic compounds into methane 
(CH4) and carbon dioxide (CO2) (Verbyla, Oakley, 2013). These gases are 
collected as biogases and can be reused to heat up the UASB. The UASB can 
operate under three circumstances. The psychrophilic condition of 0-20 ˚C, 
mesophilic conditions of 20-42 ˚C and thermophilic conditions of 42-75 ˚C. A 
mesophilic condition is commonly implemented because it is effective in 
removing organic matter and the respectively low temperature enables a self-
sustainable heating system. 
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The main difference between a mesophilic and thermophilic condition is that with 
the thermophilic condition methanogenic bacteria utilize acetate (CH3COO−) more 
effectively and the Hydraulic Retention Time (HRT) is lower under thermophilic 
conditions. Because of the higher temperature it is assumed that the removal of 
pathogenic bacteria is more effectively (Cavinato, Bolzonella, 2013). The 
retrieval of resources is important because resources like phosphate are 
extracted from mines and they will be depleted within 50 years(Duley, 2010). 
The retrieval of resources is the drive force for research at decentralized 
systems. 
 

1.1.3 The NIOO-KNAW decentralized sanitation system 
The Netherlands Institute of Ecology (NIOO-KNAW) in Wageningen, the 
Netherlands, implemented a decentralized sanitation system for their new 
building. The toilets and sewer are adjoined through a vacuum system with the 
DESAR. Because the toilet water only consist out of faeces, urine, toilet paper 
and one litre of ground water per flushing, this water is referred to as Black 
Water (BW).Different BW can have different characteristics, depending on the 
source. BW is highly concentrated with organic compounds, nutrients, micro 
pollutants, and therefore human pathogens (Wilt, 2013). The BW is treated in a 
55 ˚C thermophilic UASB, The effluent of the UASB is referred to as Digested 
Black Water (DBW). The advantage of separating wastewater into BW and Grey 
Water (GW) is that the amount of pathogens is mainly concentrated in the BW. 
Other wastewater different from BW contains shower, laundry, -kitchen 
wastewater and rain water is referred to as grey water (GW) (Lienert et al. 
2007).  
 

The NIOO-KNAW wants to use a thermophilic UASB operating at 55 ˚C because it 
is supposed that the pathogen removal is higher compared to a mesophilic UASB 
20-42 ˚C (Cavinato et al., 2013;Wendland, Deegener, 2007;Skillman et al., 
2009). The second reason is because in Sneek they are going to start a similar 
experiment with a UASB operating at 55 ˚C thermophilic conditions, the UASB of 
the NIOO-KNAW is inoculated with sludge from the UASB at Sneek. Therefore the 
NIOO-KNAW has decided to keep the same circumstances for their UASB. The 
third reason for the 55 ˚C choice is that other relative studies use a temperature 
close to 55 ˚C (Skillman et al., 2009). It is useful to keep obtained data 
comparable with other studies, together with the fact that 55 ˚C is still a 
thermophilic condition, yet not the highest temperature to be named 
thermophilic which reduces the amount of energy necessary for heating up the 
UASB. The (HRT) of the UASB at NIOO-KNAW is 4 days; this is based on a 
previous study. In this case study the optimal HRT and dimensions are calculated 
on a toilet survey (Guijt Anja, 2012). The effluent of the UASB continues through 
a photo bioreactor (PBR) based on the algae specie Chlorella sorokiniana. In the 
PBR the remaining nitrogen and phosphates are absorbed by the algae (Zimmer, 
2003). The final sanitation process consists of a vertical constructed helophyte 
filter where the last remnant of nitrate and phosphate are removed. The GW of 
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the NIOO-KNAW is not treated in the UASB and goes directly towards the vertical 
helophyte filter. The problem of the effluent of the helophyte filter is that it still 
can contain human pathogens. At the moment the final effluent is not discharged 
on the local pond but in the sewer because the possibility of pathogenic 
contamination. The NIOO-KNAW desires their decentralized system to operate in 
conditions which allows them to discharge the effluent water on the local pond 
without any environmental or potential infection problems. If the final effluent is 
discharged on the surface water, the water can percolate in the ground water 
again and then the water cycle is closed. However, it is not known how a 55 ˚C 
thermophilic UASB and an algal based photo bioreactor combined system 
performs in removing pathogenic organisms. 

 
Figure: 1 proposed DESAR of NIOO-KNAW picture by Tania Fernandes, 2013 
 

1.1.4 Photo bioreactor 
An UASB conducts Chemical Oxygen Demand (COD) transformations through 
methanogenic bacteria, however the amount of phosphorus and nitrogen are still 
plentiful present in the effluent of the UASB, and therefore Photo bioreactors 
(PBR) are developed to extract these nutrients in form of algal growth. It is 
mentioned that a PBR filled with algae works bactericidal because the algae 
compete with bacteria for glucose(Awuah, 2006). If the thermophilic UASB is not 
efficient enough in removal of human bacterial pathogens, the performances of a 
PBR becomes more interesting for the removal of all human bacterial pathogens. 
According to Mara wastewater ponds and photo bioreactors are an inexpensive 
solution for the removal of bacterial pathogens and nutrients. Other scientist 
claim that algae ponds are better in removing bacterial pathogens compared to 
duckweed ponds, however García contradicts this statement(Mara, 2000; Ansa, 
2013; Awuah et al., 2001; Zimmer, 2003; García et al., 2008). It is assumed 
that the pathogen removal is superior in algae based PBR due to the fact that 
duckweed ponds do not let the sunlight penetrate through the surface of the 
water, Ansa and Davies-Colley already explain that: pH, Dissolved oxygen (DO), 
temperature, starvation, predatory, and sunlight play a major role in the removal 
or deactivation of bacterial pathogens (Ansa, 2013; Dababneh & Shquirat, 2012; 
Davies-Colley,et al., 1999). The algae species inoculated in the PBR’s of the 
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NIOO-KNAW is Chlorella sorokiniana because this species is commonly used in 
the scientific world, therefore much information is available for this species. 
Another advantage of this species is that Chlorella sp. grows rapidly and is viable 
in a wide spectrum of physical and chemical condition and therefore can 
reproduce under harsh conditions like in DBW. Because of the bactericidal effect 
of algae the NIOO-KNAW want to implement algae based photo bioreactor. 
 

1.1.5 Detection of human pathogen bacteria 
The utilization through the presence of bacteria as indicators for water quality 
has been used since the 1880. In that time it was theorised that only humans 
where responsible for the pollution of wastewater through bacteria (H. 
Heukelekian, 1964). Identification of all the human pathogen bacterial species is 
expensive, therefore indicator species are used. The Escherichia coli (E. coli) and 
Total Coliform (TC) bacteria are most commonly used. The E. coli bacteria is 
most preferred as indicator species because this species is exclusively found in 
faeces and E. coli can survive high temperatures compared to other bacterial 
species (Cai, 2013; Awuah, 2006). The allowed amount of E. coli and TC bacteria 
presence in surface water is qualified according Guidelines 2006/7/EG European 
Parliament and counsel (Unie, 2006; Skillman et al., 2009). 
 

Several techniques are feasible for detecting indicator bacterial species in 
wastewater. For this project the most convenient type of experimenting is the 
culture plate based technique. The advantages are that the technique is widely 
spread in the scientific world. Culture plating is relatively inexpensive compared 
to other techniques; however the expenses are influenced by the medium 
composition (Noble, et al., 2010). With different compositions of mediums, 
different types of bacterial species are selected in growing, which makes them 
easy to count and exclude contamination of unwanted bacteria. Another 
advantage of the culturing technique is that only the healthy viable bacteria will 
grow, in comparison to the Polymer Chain Reaction (PCR) technique, which will 
just count DNA particles. This makes it uncertain if the DNA particle is from a 
viable bacterium or from a dead bacterium (Cai & Zhang, 2013). On the other 
hand, there is pendency of which strains are cultured. The aim in this thesis is to 
count the viable bacteria and not the dead bacteria. The purpose of the DESAR 
and the PBR is to eliminate the viable bacteria. Due to the unknown removal 
efficiency of TC and E-coli bacteria in the thermophilic UASB and in the photo 
bioreactor the main goal is established. 
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1.1.6 Coliform bacteria 
Bacteria are defined as coliform bacteria when they are rod-shaped gram-
negative and non-spore forming and can ferment lactose. Coliform bacteria 
inhabit the intestines of warm-blooded animals; however, they can also occur in 
the aquatic environment. Within the class of coliform bacteria there are also 
distinctions between faecal coliforms through the ability of reproducing by 
maximum temperature of 49. 5 ˚C within 24 hours. The distinguished faecal 
coliforms are Escherichia, Klebsiella and the Citrobacter and 90 % of the faecal 
bacteria consist out of Escherichia. (A.W.W.A, 2005) 
 

1.1.7 Escherichia coli 
The E. coli bacteria have been studied for more than 60 years. Hence, much 
information is available for this group of bacteria, E. coli occurs mainly in the 
intestines of warm blooded mammals, however, is capable for surviving outside 
the body for some time .The bacteria has a duplication time of 20 minutes and is 
considered a rapid grower. 
 

Facultative means that the bacteria have the beneficial quality to be aerobic and 
anaerobic, within case of the E. coli the preference is to be anaerobic. The 
harmless strains of E. coli are important in the human intestines because they 
are responsible for production of vitamin K. because the harmless strains of E. 
coli inhibit the intestine the pathogenic E. coli has less chance to inhibit those 
places which are already occupied. Some strains of E. coli are pathogenic like the 
O157:H7 these can induce haemorrhagic diarrhoea through food which is 
contaminated with faeces and thereby possible pathogenic E.coli strains. E. coli 
bacteria outlive high temperatures and multiply successfully until a temperature 
of 49 ˚C (Fotadar, et al., 2005). Not many mesophilic bacteria can grow at these 
high temperatures. All these qualities makes E. coli the perfect indicator species 
for detecting possible contamination of faeces. If tested for E. coli bacteria and 
the test is negative, this determinates that other bacteria neither stand a chance 
of survival and there is no harmful faecal contamination. 
 

1.2 Main goal 

Implementing a 55 ˚C thermophilic UASB followed by an algae based 
photo bioreactor at the NIOO-KNAW 
 

1.2.1 Main question 
What is the TC and E.coli removal difference of a 25 ˚C mesophilic UASB 
compared to a 55 ˚C thermophilic UASB followed by a PBR filled with 
algae? 
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1.2.2 Sub questions 
How efficient is a 55 ˚C UASB in TC and E.coli removal compared to a 25 
˚C UASB? 

o How many TC and E.coli colonies does BW contain? 
o How many TC and E.coli colonies does a 25 ˚C UASB effluent contain? 
o How many TC and E.coli colonies does a 55 ˚C UASB effluent contain? 
o What is the removal efficiency of TC and E.coli of a 25 ˚C? 
o What is the removal efficiency of TC and E.coli of a 55 ˚C UASB compared 

to 25 ˚C UASB? 
 

How efficient is an algae based PBR in TC and E. coli removal? 

o What is the removal efficiency of TC and E.coli in a 12 hour HRT PBR filled 
with algae? 

o What is the removal efficiency of TC and E.coli in a 21 hour HRT PBR filled 
with algae? 

o What is the removal efficiency of TC and E.coli in a 30 hour HRT PBR filled 
with algae? 

o Which HRT effluent contains the least amount of TC and E.coli? 
 

How efficient is a non-algae based PBR in TC and E. coli removal? 

 
o What is the removal efficiency of TC and E.coli in a 12 hour HRT PBR 

without algae? 
o What is the removal efficiency of TC and E.coli in a 21 hour HRT PBR 

without algae? 
o What is the removal efficiency of TC and E.coli in a 30 hour HRT PBR 

without algae? 
o Which HRT effluent contains the least amount of TC and E.coli? 
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2 Material & Methods 

2.1 Sample locations 

The BW and the Mesophilic Digested Black Water (MDBW) used in this 
experiment are derived from Sneek; the MDBW originates from a 25 ˚C 
mesophilic UASB demonstration site in Sneek (32 houses neighbourhood), 
Friesland the Netherlands. The UASB of NIOO-KNAW is out of function and 
therefore the MDBW samples from Sneek will be used in these experiments. The 
samples originated from Sneek are collected in 4 tanks of 5 litres each; the tanks 
are kept in a climate room of 4 ˚C. 
 

At the time of sampling, the NIOO-KNAW thermophilic UASB was out of order, 
which means no Thermophilic Digested Black Water (TDBW) samples could be 
obtained. Therefore the thermophilic conditions are simulated by modifying the 
MDBW. The MDBW from Sneek is held in an incubator set at 55 ˚C for 4 days in 
order to obtain simulated TDBW. The samples are held in an incubator because 
mainly the high temperature of a thermophilic UASB is held responsible for the 
bacterial die-off. These mimic samples cannot completely reassemble TDBW 
because the biological processes in the sludge of the UASB’s are also different 
due to temperature differences. Also, the BW of Sneek has a different 
composition compared to the BW from NIOO-KNAW, this has to do due to the 
fact the NIOO-KNAW BW only consist of urine, faeces and 1 litre of groundwater 
flush, while the BW of Sneek is not only the toilet water but also the water from 
the sink and shower. Therefore the BW from Sneek has different 
characterizations for the pathogenic composition. As mentioned before TC and E. 
coli are mainly occurring in faeces, and therefore TC and E.coli are less abundant 
in the BW from Sneek because of dilution with GW. However, the addition of 
kitchen waste is desired because more biogas is produced in the Mesophilic UASB 
due to high nutrient concentrations (Kujawa-Roeleveld ;2005). See the Annex 
table 1 for the characterization of the MDBW from Sneek. 
 

2.2 Design of the UASB at NIOO-KNAW 
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The BW of NIOO-KNAW will be treated 
in a thermophilic UASB which operates 
at 55 ˚C. HRT of the UASB is 4 days 
and the volume of the reactor is 893 
Litres. The diameter of the UASB is 0.66 
m and the height is 2.75 m, with 5 taps 
installed each 0.46 m apart from each 
other (Yixing, 2012). The sludge enters 
from the bottom of the UASB and on a 
sludge blanket bacteria will grow 
including methanogenic bacteria. Here 
the biological activity takes place and 
the organic carbons are converted into 
biogases like carbon dioxide (CO2) and 
methane (CH4). However hydrogen 
sulphide (H2S) which is toxic for 
organisms is also produced, this gas is 
entrapped from the effluent through a 
GLS separator. The baffles keep the 
sludge in a downwards flow preventing 
inoculated bacteria washing out. 
Because the thermophilic UASB is not 
implemented, only the mesophilic UASB 
from Sneek is characterized. In the future the effluent of the thermophilic UASB 
continues into a yet to be designed PBR. 
 

2.3 Design PBR parameters 

The mimic TDBW is the influent for the PBR experiments. The experiments are 
conducted in algaemists. This device is designed for continues experiments 
where the parameters are artificially set. There are three algaemists available at 
NIOO-KNAW for running experiments. The air inflow, CO2 inflow, pH, 
temperature and light intensity are controlled by the algaemist. There are two 
experiments which are performed within the PBR’s. The first experiment is 
conducted with the algaemists filled with the algal species Chlorella sorokiniana. 
The second experiment is performed with the same conditions, except that in 
this experiment the reactors are running without the algae, because all the 
characteristics are the same except for the presence of the algae this experiment 
is considered as the control group. 

Table 1: The parameter setup for the 
algaemist, Tim de Nooij, 2011 

Parameters in 
the algaemist 

In continuous 

Temperature 35 ˚C 
Air/CO2 360/40 ml/min 

Picture 1: Algaemist PBR 
environment source: Algeamist 
manual, Tim de Nooij, 2011 
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pH 7±0.02  
Average light 
intensity 

150 µmoll/m2s 

Medium TDBW  
Algae sp. Chlorella 

sorokiniana  

2.3.1 Temperature 
The temperature for the algaemist is set at 35 ˚C; this is the optimum growth 
temperature for Chlorella sorokiniana. The influent within this experiment 
originates directly from the mimic TDBW stored in the 4 ˚C refrigerator. Through 
mixing the temperature of 35 ˚C remains homogeneous (Maria Cuaresma, 
2009). 
 

2.3.2 Air and CO2 inflow and pH 
A ratio of 20% air (which also contains 21 % oxygen) and 80 % CO2 inflow is 
used. Extra adding of air and CO2 is important because the algae use CO2 for 
photosynthetic reactions and the aeration prevent conglomerating or clogging of 
the algae. If there is no CO2 added Carbon limitation will occur and the algae will 
die-off because they cannot photosynthesize. Secondly, if the CO2 values become 
too low, the pH will rise to a basic environment which also causes the algae to 
die-off, the algae can grow up to a pH 9. If the CO2 inflow is too high the pH can 
drop. The algae can grow from a pH 4 value, below this value the algae die-off. 
The CO2 inflow is regulated by measuring the pH parameter and adjusted to 
demand controlled by the algaemist. The algae can reproduce between a range 
of pH 4-9, however the pH is maintained at 7±0.02(Maria Cuaresma, 2009). 

2.3.3 Light 
The steady state of Chlorella sorokiniana cells is set at 3.8*108cell/ml for in the 
algaemist. For determining the biomass, algae cells are counted in a Multisizer 3 
Coulter counter (Beckman Coulter). The coulter counter can only count sizes 
below 100 µm. Because the samples from the PBR’s can conglomerate and clog, 
the coulter counter samples are filtered with a 70 µm filter. The difference in 
solids is computed in the calculations. While the algae are still growing to achieve 
3.8*108cell/ml, the Photosynthetic Active Radiation (PAR) is set at 100 
µmoll/m2s. The density of the algae cells is at that moment underneath the 
threshold of 3.8*108cell/ml. When the cell density reaches 3.8*108 cell/ml the 
Photosynthetic Active Radiation (PAR) is set at 150 µmoll/m2s because then the 
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light needs to reach every algae cell. (Maria Cuaresma, 2009). 

 

Picture 2: Design of the Algaemist, source: Alba de Agustin Camacho, 2013 

2.3.4 Hydraulic retention time 
In the first experiment there are three reactors running filled with algae. Each 
reactor has a different HRT respectively 12 hours, 21 hours and 30 hours. These 
HRT are chosen for the algae in order to maintain the 3.8*108cell/ml amount 
together with the different influent of mimic TDBW. The PBR’s are also used for 
another parallel experiment running at the same time in the same PBR’s, this 
experiment is based on the removal of pharmaceuticals by algae. The HRT of the 
mimic TDBW is the variable for the removal of TC and E. coli. These HRT’s are 
based on the growth rate of Chlorella sorokiniana (Kliphuis et al., 2012). The 
following formula is used to calculate the inflow of TDBW in ml/h. The 0.8 is the 
fraction of TDBW, the remaining 0.2 volume fraction is addition of the 
pharmaceuticals. 

ݓܾ݀ܳ ൌ
݁݉ݑ݈݋ܸ
	ݏݎݑ݋݄

	ൈ 0,8 

 

2.4 Experimental setup 

The PBR experimental setup is displayed in figure 2 There are 5 different kind of 
samples measured. 
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Figure 2: Setup design for the experiments source: Wendy van Kooten, 2013 

2.4.1 Sample collecting 
The MDBW samples are derived from the tanks stored in a climate room at 4 ˚C 
which is arrow B, this tank is homogenised before sampling by shaking the tank 
gently. The samples are 40 ml each and taken in duplicate. The mimic TDBW 
samples are taken from a 5 litre tank positioned in a refrigerator at 4 ˚C. From 
this tank a tube runs towards the 3 PBR’s. The TDBW samples are taken directly 
by disconnecting the tube running towards the PBR’s and 30 ml TDBW duplicate 
samples are collected from arrow C. For each PBR duplicate samples of 4 ml each 
are collected at the beginning of the experiment, and at end of the experiment 
and these are represented by the arrows D and E. The experiment begins when 
the PBR is in steady state. The PBR has achieved steady state when the amount 
of algal cells is around 3, 8*108 cells/ml in a PBR. The start time samples for the 
pathogen bacteria testing are taken before the pharmaceuticals are inoculated. 
The samples are obtained directly from the reactor by use of a syringe and 
injected unfiltered into a sterile conical 15 ml tube and sealed off with the cap 
and marked. For end time samples the same procedure is used, which is the end 
of the HRT of a PBR. The running time for each experiment is 2 weeks, which is 
based on the reduction time of the pharmaceuticals. The samples are stored in a 
4 ˚C refrigerator until necessary. Sample collecting procedure is performed 
according to the following method(A.W.W.A, 2005). 
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2.5 The vacuum system 

This experiment is conducted in a Microbiologic Laboratory safety class 2 (ML-2) 
due to the biohazard potential of the pathogens. The air flow is a closed circuit 
with overpressure preventing outside air flowing inside the cabinet due to 
biohazard safety and keeping the cabinet sterile. Secondly, unlike the fume hood 
the Bio safety cabinet exhaust air is filtered through a HEPA filter and detains 
potential hazards like pathogens. In this case the vacuum tube is connected in 
another cabinet because the safety cabinet does not contain an entrance for a 
vacuum system. Before use of the complete vacuum system, be sure that the 
complete glass setup is sterilized by autoclaving all the exits covered with 
aluminium foil. Look for the complete description in the Annex, Method 1604 
manual  

 
Picture: 3 Setup of experiment in biosafety flow cabinet, source: Wendy van Kooten, 
2013 

2.5.1 Dilutions 
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The samples are diluted according to the decimal dilution technique. Dilutions are 
necessary for BW and MDBW, because a mesophilic UASB is not developed for 
pathogen removal(Wacka, 2012). The plate is declared uncountable if more than 
250 Coli forming Units (CFU) are growing. The units over-grow each other and 
become Too Numerous to Count (TNTC). Some samples are diluted up to 10-7 
times; each dilution is produced in triplicate for validity. The colonies are plated 
and counted according to the EPA Method 1604. For making the dilutions first fill 
the 9 conical tubes up to 9 ml with the working solution by use of the electrical 
pipette and close the caps. Then vortex the original sample until homogenized, 
Pipette 1 ml of the original sample into the first three conical tubes, for this step 
use the same 1 ml pipette tip, close the caps again. Vortex the first dilution until 
homogenized and pour 1 ml into the second dilution use a new 1 ml pipette tip 
for every dilution from now on. Continue this procedure for all the dilutions. 

 

  

Picture 4: An example of decimal dilution factor, 
source: Brock Biology of Microorganisms 
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2.5.2 Interpretation of results 
The results are implemented in tables which display the amount of Total Colony 
forming Units (TCFU) and E.coli bacteria of 1 millilitre sample. In the Annex on 
page XXIV the 1604 protocol explains that the samples are calculated for 100 ml 
sample. However because of the quantities of growth on the plates 1 ml 
calculation is used. According to the plating technique the best countable dilution 
rate is selected and compared with other results. The dilution rate itself does not 
have an influence on the amount of bacterial cells per millilitre and therefore can 
be compared with another dilution rate. For removal percentage the following 
formula is used. 

݄ݐݓ݋ݎ݃/݈ܽݒ݋݉݁ݎ	݁݃ܽݐ݊݁ܿݎ݁ܲ ൌ
ݐ݊݁ݑ݈݂݊݅ െ 	ݐ݊݁ݑ݈݂݂݁

ݐ݊݁ݑ݈݂݊݅
ൈ 100 

 

2.6 Culturing coliforms and E-coli 

The Method 1604 Total Coliforms and Escherichia coli in Water by Membrane 
filtration using a Simultaneous detection technique (MI Medium) from the 
Environmental Protection Agency (EPA) is used. However, two other mediums 
are used for detecting and comparison of the dilution rates. The other two 
mediums are the m-Endo LES medium and the 3M coliform/E-coli Petri films. The 
incubation temperatures and time are the same for the 3 mediums, 35 ˚C± 0. 5 
˚C, and 24± 2 hours. Only for the 3M Petri film the TC other than E. coli are 
counted after 24 hours incubation time and the E. coli after 48 hours incubation 
time. 
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2.6.1 Enumeration and interpretation of petri dishes 
For enumeration petri dishes countable up until 250 CFU are used. The ideal 
amount of CFU is between 20-80 units. Ideally this means the amount of CFU is 
divided by 200, 20 and 2 for the decimal dilutions. This means that only the 
dilution with 20 colonies is best to count. It is better to use only this dilution 
because the error of counting occurring is less big compared to a petri dish with 
200 CFU or just 2. If a petri dish with just 2 colonies is used there could be an 
error because between 2 and 3 colonies is 50 % difference in amount of CFU, 
while the error difference between 20 and 21 is 5 %, and between 200 and 201 
is 0, 5% however, the problem with a petri dish with 250 CFU is the counting 
error is bigger. Due to the fact that there are not many duplicates in this 
experiment and therefore not much data all 3 dilutions are taken in account. 

 
Picture 5: M-Endo LESS medium with bacterial growth with decimal differences. Sample: 
BW 10-4 t/m 10-7 dilution in triplicate. Source: Wendy van Kooten, 2013 
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2.6.2 M-Endo LES medium and enumeration 
First the experiments are conducted with the m-Endo LES medium as this 
medium is less expensive compared to the medium from method 1604. The m-
Endo LES medium reveals an evaluation for which dilutions are useful for plating 
on the 1604 medium. The main difference between the 1604 medium and the m-
Endo LES medium is that the m-Endo LES medium does not distinguish E. coli 
colonies from TC colonies. With the m-Endo LES medium all the TC colonies 
produce a metallic sheen due to the fermentation of lactose and the basic 
fuchsine red dye. All other bacterial colonies that are not red and without sheen 
not counted as TC. For further information see the Annex. 

 
Picture 6: m-Endo medium, metallic sheen and red colonies represent total coliform, pink 
colonies are not counted. MDBW 3th dilution, source: Wendy van Kooten, 2013 
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2.6.3 Medium 1604 and enumeration 
This medium is internationally used and known for water quality testing by 
plating the indicator species E. coli and TC. These are the typical faecal indicator 
species for detecting faecal contamination in water, and thereby a suitable 
method for this experiment(Oshiro, 2002). This is a sensitive medium for 
enumeration of TC and E. coli by use of a simultaneous detection medium. TC 
are visible with a UV-light (366 nm) the color of the TC colony illuminates bright 
white to a light blue. Count the blue colonies by ambient light for the total E. coli. 
Any other colonies which are not blue or not illuminated are not added to the 
count. For more information see interpretation guide for method 1604 in the 
Annex. 

 
Picture 7: 1604 medium, blue colonies are E.coli, black colonies possible total coliform. 
MDBW 10-3 dilution source: Wendy van Kooten, 2013 
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2.6.4 3M Petri film and enumeration 
This medium is used as a side line in the experiment. The medium is used in the 
food industry for testing TC and E. coli, however, the Petri films are also suitable 
on wastewater. The Petri films are directly ready for use and therefore there is 
no need to pour medium first. Secondly, there is just 1 ml sample necessary, and 
thirdly there is no need for the vacuum filter. Because the vacuum filter is not 
used this saves time and a contamination factor is eliminated. These tests are 
preformed according to the AOAC 991.14 test. For more information see the 
interpretation guide for 3M petrifilm total coliform/e-coli count plates in the 
Annex. 

 
Picture 8: 3M petrifilm. Blue colonies are E-.coli, red colonies are total coliform. BW 10-5 
dilution, source: Wendy van Kooten, 2013 
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3 Results 

3.1 How efficient is a 55 ˚C UASB in TC and E.coli removal compared to a 
25 ˚C UASB 

3.1.1 TC and E.coli in BW 
How many Total Colony forming Units (TCFU) and E.coli colonies does BW 
contain? 
 

Table 1: The TCFU and E.coli distribution in BW samples calculated for 1 ml. 

 

Table 1 shows that the first experiment with the 5th dilution rate was TNTC. The 
most reliable dilution rate in this table is the 6th dilution because the TCFU on 
the grown on the plates is between 20 and 80 colonies which is considered the 
ideal counting circumstances. The 3M Petri film results are higher compared to 
the 1604 method. For the plate growth results look in the annex-BW 
Characterization. 
 

  

Dilution rate 10^‐5 10^‐6 10^‐7

Black Water TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Medium 1604 Sample date: 17‐12'13 1th experiment TNTC TNTC 3,8E+06 3,0E+06 4,0E+06 3,0E+06

Plating date: 18‐12‐13 Duplicate TNTC TNTC 3,9E+06 3,4E+06 4,0E+06 3,0E+06

Triplicate  TNTC TNTC 4,3E+06 3,6E+06 4,0E+06 3,0E+06

Medium 1604 Sample date: 17‐12‐13 2th experiment 2,2E+06 2,0E+06 3,1E+06 2,8E+06 9,0E+06 7,0E+06

Plating date: 9‐1'14 Duplicate 2,5E+06 2,3E+06 4,2E+06 3,6E+06 1,0E+07 5,0E+06

Triplicate  2,3E+06 2,0E+06 4,0E+06 2,8E+06 5,0E+06 4,0E+06

3M petrifilm Sample date: 17‐12‐13 A 5,1E+06 3,8E+06

Plating date 18‐12‐13 B 5,3E+06 4,0E+06

C 5,6E+06 3,8E+06

Average 1th exp ‐ ‐ 4,0E+06 3,3E+06 4,0E+06 3,0E+06

Average 2th exp 2,3E+06 2,1E+06 3,8E+06 3,0E+06 8,0E+06 5,3E+06

Total average  ‐ ‐ 3,9E+06 3,2E+06 6,0E+06 4,2E+06

3M average 5,3E+06 3,9E+06
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3.1.2 TC and E.coli in 25 ˚C UASB 
How many TCFU and E.coli colonies does a 25 ˚C UASB effluent contain? 

Table 2: The TCFU and E.coli distribution in 25 ˚C UASB samples calculated for 1 ml. 

 

Table 2 indicates that in the MDBW samples only E.coli were found. The 2th 
dilution is presumed the best for plating because the amount of colonies 
countable. For the 3M petrifilm the first dilution rate was best countable. Notice 
that the 3M petrifilm does differentiate TCFU and E.coli. For plate growth results 
look in the Annex-MDBW Characterization. 
 

  

Dilution rate 10^‐1 10^‐2 10^‐3

Mesophilic DBW TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Medium 1604 Sample name: 18‐2 1th experiment 2,3E+02 2,3E+02 2,1E+02 2,1E+02 0,0E+00 0,0E+00

plating date : 26‐2  Duplicate 2,4E+02 2,4E+02 1,6E+02 1,6E+02 1,1E+02 1,1E+02

Triplicate 2,2E+02 2,2E+02 2,2E+02 2,2E+02 1,1E+02 1,1E+02

Medium 1604 Sample name: 18‐2 2th experiment 1,4E+02 1,4E+02 6,7E+01 6,7E+01 2,0E+02 2,0E+02

Plating date: 10‐3  Duplicate 1,3E+02 1,3E+02 1,6E+02 1,6E+02 0,0E+00 0,0E+00

Triplicate 1,4E+02 1,4E+02 6,7E+01 6,7E+01 1,0E+02 1,0E+02

3M Petrifilm Sample name 18‐2 A 2,5E+02 2,0E+01 1,0E+02 0,0E+00

Plating date: 7‐4 B 4,4E+02 2,0E+01 1,0E+02 0,0E+00

C 3,8E+02 1,0E+01 2,0E+02 1,0E+02

Average 1th exp 2,3E+02 2,3E+02 2,0E+02 2,0E+02 7,4E+01 7,4E+01

Average 2th exp 1,4E+02 1,4E+02 9,6E+01 9,6E+01 1,0E+02 1,0E+02

Total average 1,8E+02 1,8E+02 1,5E+02 1,5E+02 8,7E+01 8,7E+01

3M average 3,6E+02 1,7E+01 1,3E+02 3,3E+01
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3.1.3 TC and E.coli in 55 ˚C UASB 
How many TCFU and E.coli colonies does a 55 ˚C UASB effluent contain? 

Table 3: The TCFU and E.coli distribution in 55 ˚C UASB samples calculated for 1 ml. 

 

In table 3 it is noticeable that in the first experiment there is a major difference 
between the duplicate and triplicate, which can be explained due to the fact 
these samples were not properly homogenized. The 3M petrifilm however show a 
major growth of TCFU other than E.coli. The TCFU on the 3M petrifilm were 
smaller compared to the samples from BW for the 3M petrifilm growth. For the 
growth per plate data look in the Annex- TDBW characteristics. 
  

Dilution rate No Dilution 10^‐1 10^‐2

Thermophilic DBW TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Method 1604 sample date: 12‐3‐14 1th experiment 1,0E+00 1,0E+00

date Plated: 13‐3‐14 Duplicate 1,1E+01 1,1E+01

Triplicate 8,9E+01 8,9E+01

Method 1604 Sample 28‐3‐14  2th experiment 1,0E+00 0,0E+00 1,3E+00 0,0E+00 0,0E+00 0,0E+00

Date plated 7‐4‐14 Duplicate 2,0E+00 0,0E+00 1,3E+00 0,0E+00 0,0E+00 0,0E+00

Triplicate 1,0E+00 0,0E+00 0,0E+00 0,0E+00 0,0E+00 0,0E+00

3M Petrifilm Sample 28‐3‐14  A TNTC TNTC TNTC TNTC 0,0E+00 0,0E+00

Date plated 7‐4‐14 B TNTC TNTC TNTC TNTC 0,0E+00 0,0E+00

C TNTC TNTC TNTC TNTC 0,0E+00 0,0E+00

3M Petrifilm sample date: 12‐3‐14 A TNTC TNTC

date Plated: 13‐3‐14 B TNTC TNTC

C TNTC TNTC

Average 1th exp 3,4E+01 3,4E+01

Average 2th exp 1,3E+00 0,0E+00 8,3E‐01 0,0E+00 0,0E+00 0,0E+00

Total average 1,8E+01 1,7E+01 8,3E‐01 0,0E+00 0,0E+00 0,0E+00

3M average ‐ ‐ ‐ ‐
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3.1.4 TC and E.coli 25 ˚C UASB and BW comparison 
What is the removal efficiency of TC and E.coli of a 25 ˚C UASB effluent 
compared to BW effluent? 

Table 4: The TCFU and E.coli distribution in 25 ˚C UASB samples compared to BW 
samples for 1 milliliter. 

 

Table 4 displays the removal difference of the BW effluent and the MDBW 
effluent. The removal percentages is almost 100%. According to this data a 25 
˚C mesophilic UASB is sufficient in removal of TC and E.coli. 
 

  

Dilution rate 10^‐5 10^‐6 10^‐7

Black Water TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp TNTC TNTC 4,0E+06 3,3E+06 4,0E+06 3,0E+06

Average 2th exp 2,3E+06 2,1E+06 3,8E+06 3,0E+06 8,0E+06 5,3E+06

Total average  ‐ ‐ 3,9E+06 3,2E+06 6,0E+06 4,2E+06

3M average 5,3E+06 3,9E+06

Dilution rate 10^‐1 10^‐2 10^‐3

MDBW TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp 2,3E+02 2,3E+02 2,0E+02 2,0E+02 7,4E+01 7,4E+01

Average 2th exp 1,4E+02 1,4E+02 9,6E+01 9,6E+01 1,0E+02 1,0E+02

Total average 1,8E+02 1,8E+02 1,5E+02 1,5E+02 8,7E+01 8,7E+01

3M average 3,6E+02 1,7E+01 1,3E+02 3,3E+01

Removal MDBW compared BW

Average 1th exp ‐ ‐ 99,995% 99,994% 99,998% 99,998%

Average 2th exp 99,994% 99,993% 99,997% 99,997% 99,999% 99,998%

Total average ‐ ‐ 99,996% 99,995% 99,999% 99,998%

3M average 99,993% 100,000% ‐ ‐ ‐ ‐
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3.1.5 TC and E.coli 55 ˚C UASB and 25 ˚C UASB comparison 
What is the removal efficiency of TC and E.coli of a 55 ˚C UASB effluent 
compared to 25 ˚C UASB effluent? 

Table 5: The TCFU and E.coli distribution in 55 ˚C UASB samples compared to 25˚ C UASB 
samples for 1 milliliter. 

 

The results in table 5 show that the 55 ˚C UASB should remove more TCFU and 
E.coli than the 25 ˚C UASB. However the 3M petrifilm displays completely 
different results. According to the 3M petrifilm there is a major growth of TCFU 
other than E.coli, however they are considered TNTC. 
 

  

Dilution rate 10^‐1 10^‐2 10^‐3

MDBW TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp 229 229 196 196 74 74

Average 2th exp 136 136 96 96 100 100

Total average  182 182 146 146 87 87

3M average 357 17 133 33

Dilution rate no dilution 10^‐1 10^‐2

TDBW TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 mlE‐coli/1ml

Average 1th exp 34 34 0 0 0 0

Average 2th exp 1 0 1 0 0 0

Total average 18 17 1 0 0 0

3M average 4.967 0 37.333 0

Removal TDBW compared MDBW

Average 1th exp ‐ ‐ 82,849% 82,849% 100,000% 100,000% ‐ ‐

Average 2th exp ‐ ‐ 98,615% 100,000% 99,167% 100,000% ‐ ‐

Total average ‐ ‐ 88,038% 88,494% 99,043% 100,000% ‐ ‐

3M average ‐ ‐ ‐3625,000% 100,000% ‐ ‐ ‐ ‐



 

Page | 41  

  

The efficiency of the NIOO-KNAW proposed decentralized sanitation system in removal of 
Coliforms and Escherichia coli

3.2. How efficient is an algae based PBR in TC and E. coli removal? 

3.2.1 TC and E.coli removal in a 12 hour HRT PBR 
What is the removal efficiency of TC and E.coli in a 12 hour HRT PBR filled with 
algae? 

Table 6: The amount of TCFU and E.coli colonies in the 12 hour HRT PBR. 

 

Table 6 displays the removal efficiency of the start time samples and the end 
time samples. The amount of TCFU in the HRT 12 start time samples are 
considerably higher compared to the amount of TCFU in a 55 ˚C UASB (table 5). 
However the end time samples of HRT 12 demonstrates that the TCFU are 
effectively removed in the PBR, also the E.coli colonies are less dense in growth. 
For the HRT 12 start time samples the best dilution rate is the 1th dilution. For 
the end time samples no dilution at all should provide optimal counting results. 
For the plating numbers look in the Annex-PBR 12 hours HRT beginning and PBR 
12 hours HRT end. 
 

  

Dilution rate 10^‐1 10^‐2 10^‐3

HRT 12 Begin TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp 81 0 21 0 0 0

Average 2th exp 55 0 48 0 0 0

3M average 38 0 17 0 17 0

Total avarage 68 0 34 0 0 0

Dilution rate 10^‐1 10^‐2 10^‐3

HRT 12 End TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp 5 1 13 0 0 0

Average 2th exp 4 0 4 0 0 0

3M average 7 0 0 0 0 0

Total average  4 0 8 0 0 0

% removal difference

Average 1th exp 94% ‐ 40% ‐ 100% ‐

Average 2th exp 93% ‐ 92% ‐ ‐ ‐

3M average 83% ‐ 100% ‐ 100% ‐

Tot average Removal 94% ‐ 77% ‐ 100% ‐
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3.2.2 TC and E.coli removal in a 21 hour HRT PBR 
What is the removal efficiency of TC and E.coli in a 21 hour HRT PBR filled with 
algae? 

Table 7: The amount of TCFU and E.coli colonies in a milliliter in the 21 hour HRT PBR. 

 
 

Table 7 shows that the first dilution is declared TNTC. For both the start time 
samples and the end time samples. For the start time and end time the 2th 
dilution is presumed the optimum dilution rate. The experiments shows growth in 
the 21 hours HRT PBR end time samples. In the annex-PBR 21 hours HRT start 
time and end time the plate counts can be found. 
 

  

Dilution rate 10^‐1 10^‐2 10^‐3

HRT 21 Begin TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp TNTC 0 121 0 111 0

Average 2th exp TNTC 0 646 0 667 0

3M average 418 0 333 0 0 0

Total average  ‐ 0 383 0 389 0

Dilution rate 10^‐1 10^‐2 10^‐3

HRT 21 End TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp TNTC 0 742 0 704 0

Average 2th exp TNTC 0 422 0 500 0

3M average 515 0 417 0 500 0

Total average ‐ 0 582 0 602 0

% Removal difference HRT 21 hours TCFU/E.coli/1ml

Average 1th exp ‐ ‐ ‐514% ‐ ‐533% ‐

Average 2th exp ‐ ‐ 35% ‐ 25% ‐

3M average ‐23% ‐ ‐25% ‐ ‐ ‐

Total average removal ‐ ‐ ‐52% ‐ ‐55% ‐
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3.2.3 TC and E.coli removal in a 30 hour HRT PBR 
What is the removal efficiency of TC and E.coli in a 30 hour HRT PBR filled with 
algae? 

Table 8: The amount of TCFU and E.coli colonies in a milliliter in the 30 hour HRT PBR. 

 
 

In table 8 the 3th dilution rate was the considered optimal for counting TCFU and 
E. coli units in the experiments. This dilution rate shows a clear removal between 
the start time samples and end time samples. The 30 hours HRT PBR start time 
samples contain more TCFU and E.coli compared to the 55 ˚C UASB. For the 
exact data view the Annex-PBR 30 hours HRT Beginning and-PBR 30 hours HRT 
end. 
 

  

Dilution rate 10^‐1 10^‐2 10^‐3

HRT 30 Begin TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp TNTC 0 TNTC 0 5,5E+03 0

Average 2th exp TNTC 0 2,6E+03 0 2,4E+03 0

3M average 1,4E+02 0 7,7E+02 0 5,7E+03 0

Total avarage ‐ 0 ‐ 0 4,0E+03 0

Dilution rate 10^‐1 10^‐2 10^‐3

HRT 30 End TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1mlTCFU/1 ml E‐coli/1ml

Average 1th exp TNTC 0 9,6E+02 0 8,3E+02 0

Average 2th exp TNTC 0 4,3E+02 0 5,0E+02 0

3M average 4,5E+02 0 1,1E+03 0 1,0E+03 0

Total average  ‐ 0 6,9E+02 0 6,7E+02 0

% Removal difference HRT 30 hours TCFU/E.coli/1ml

Average 1th exp ‐ ‐ ‐ ‐ 82% ‐

Average 2th exp ‐ ‐ ‐ ‐ 82% ‐

3M average ‐ ‐ 41% ‐ 81% ‐

Total average removal ‐ ‐ ‐ ‐ 82% ‐
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3.2.4 Optimum HRT for removal of TC and E.coli 
Which HRT has the best removal efficiency of TC and E.coli? 

Table 9: Removal performances of the PBR’s compared. 

 

The PBR with a HRT of 12 hours has the best TCFU removal efficiency. The PBR 
with a HRT of 30 hours also removes TCFU considerably. Take in account that the 
removal efficiency is not the same as the real actual amount of TCFU present in 
the PBR. 
 

Dilution rate 10^‐1 10^‐2 10^‐3

% removal HRT 12 TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp 94% ‐ 40% ‐ 100% ‐

Average 2th exp 93% ‐ 92% ‐ ‐ ‐

3M average 83% ‐ 100% ‐ 100% ‐

Total average remov 94% ‐ 77% ‐ 100% ‐

Dilution rate 10^‐1 10^‐2 10^‐3

% removal HRT 21 TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp ‐ ‐ ‐514% ‐ ‐533% ‐

Average 2th exp ‐ ‐ 35% ‐ 25% ‐

3M average ‐23% ‐ ‐25% ‐ ‐ ‐

Total average remov ‐ ‐ ‐52% ‐ ‐55% ‐

Dilution rate 10^‐1 10^‐2 compared to 10^‐1 10^‐3 compared to 10^‐2

% removal HRT 30 TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml TCFU/1 ml E‐coli/1ml

Average 1th exp ‐ ‐ ‐ ‐ 82% ‐

Average 1th exp ‐ ‐ ‐ ‐ 82% ‐

3M average ‐ ‐ 41% ‐ 81% ‐

Total average remov ‐ ‐ ‐ ‐ 82% ‐
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Table 10: actual growth of TCFU and E.coli on the plates. 

 
 

Table 10 shows that the PBR with a HRT of 12 hours contains the least amount of 
TCFU and E.coli in the effluent. Table 9 displays that the PBR with a 30 hours 
HRT has a removal efficiency of 80 %, however table 10 displays that the 
amount of TCFU is denser compared to the PBR with a HRT of 12 hours. 
 

  

Dilution rate 10^‐1 10^‐2 10^‐3

TCFU/Plate E‐coli/Plate TCFU/Plate E‐coli/Plate TCFU/Plate E‐coli/Plat

HRT 12 End Average 1th ex 4 0 1 0 0 0

Method 1604 Average 2th ex 4 0 0 0 0 0

3M petrifilm 3M average 1 0 0 0

Total average 4 0 1 0 0 0

HRT 21 End Average 1th ex TNTC 0 59 0 6 0

Method 1604 Average 2th ex TNTC 0 38 0 5 0

3M petrifilm 3M average 52 0 4 0 1 0

Total average ‐ 0 49 0 6 0

HRT 30 End Average 1th ex TNTC 0 77 0 7 0

Method 1604 Average 2th ex TNTC 0 28 0 4 0

3M petrifilm 3M average 45 0 5 0 1 0

Total average ‐ 0 58 0 5 0
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3.3 How efficient is a non-algae based PBR in TC and E. coli removal? 

3.3.1 TC and E.coli removal in a 12 hour HRT PBR 
What is the removal efficiency of TC and E.coli in a 12 hour HRT PBR without 
algae? 

For the experiment with PBR’s without algae only the 3M petrifilm is used 
because of lack of time. 

Table 11: PBR with 12 hours HRT without algae. 

 

No TCFU or E. coli were observed on the 3M petrifilm. 
 

3.3.2 TC and E.coli removal in a 21 hour HRT PBR 
What is the removal efficiency of TC and E.coli in a 21 hour HRT PBR without 
algae? 

Table 12: The PBR with 21 hours HRT without algae. 

 

Table 12 shows growth of 1 TCFU on 1 3M petrifilm. 
 

  

Dilution rate 10^‐1

Bioreactors without algae TCFU/plate E. Coli/plate

HRT 12 begin A 0 0

3M Petrifilm B 0 0

Sample date: 28‐3‐14 C 0 0

plated: 10‐4‐14 Total average 0 0

HRT 12 end A 0 0

3M Petrifilm B 0 0

Sample date : 6‐4‐14 C 0 0

Plated 10‐4‐14 Total average 0 0

Dilution rate 10^‐1

Bioreactor without algae TCFU/plate E. Coli/plate

HRT 21 Begin A 0 0

3M Petrifilm B 0 0

Sample date: 28‐3‐14 C 0 0

Plated: 10‐4‐14 Total average 0 0

HRT 21 End A 0 0

3M Petrifilm B 1 0

Sample date: 6‐4‐14 C 0 0

Plated: 10‐4‐14 Total average 0 0
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3.3.3 TC and E.coli removal in a 30 hour HRT PBR 
What is the removal efficiency of TC and E.coli in a 30 hour HRT PBR without 
algae? 

Table 13: In the PBR with 30 hours HRT without algae. 

 

Table 13 shows that no TCFU or E.coli have grown. However another observation 
was made. Tiny red dots were barely visible, according to the 3M interpretation 
guide these bacteria should not counted as TCFU. In the Annex the 3M petrifilm 
interpretation guide is available. 
 

3.3.4 Optimum HRT for removal of TC and E.coli? 
Which PBR without algae has the best removal efficiency? 

According to the data the HRT of 12 hours and 30 hours have the optimum 
removal efficiency because the PBR with a HRT 21 hours contain 1 TCFU.  

  

Dilution rate 10^‐1

Bioreactor without algae TCFU/plate E. Coli/plate

HRT 30 Begin A 0 0

3M Petrifilm B 0 0

Sample date: 28‐3‐14 C 0 0

Plated: 10‐4‐14 Total average 0 0

HRT 30 End A 0 0

3M Petrifilm B 0 0

Sample date: 28‐3‐14 C 0 0

Plated: 10‐4‐14 Total average 0 0
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4 Conclusion 

4.1 How efficient is a 55 ˚C UASB in TC and E.coli removal? 
 

How efficient is a 55 ˚C Thermophilic UASB followed by an algae based photo 
bioreactor in removal of Coliforms and Escherichia coli 
 

What is the removal efficiency of TC and E.coli of a 25 ˚C UASB effluent 
compared to BW effluent? 

Table 4 in chapter 3.1.4 presents the amount of TCFU in 1 milliliter. The results 
show a removal efficiency of 99% plus. The overall conclusion is that a 25 ˚C 
UASB removes TCFU and E.coli efficiently from BW. 
 

What is the removal efficiency of TC and E.coli of a 55 ˚C UASB effluent 
compared to 25 ˚C UASB effluent? 

Table 5 in chapter 3.1.5 presents the amount of TCFU in 1 milliliter. These results 
display that the 55 ˚C UASB removes TCFU and E.coli more efficiently compared 
to the 25 ˚C UASB. However the 3M petrifilm gives completely different results. 
According to the 3M petrifilm used for the experiments with TDBW showed TNTC 
for TCFU other than E.coli which suggests that the E.coli is not present but the 
TCFU other than E.coli is. This information is contradicting with the results from 
the method 1604 plating technique. In the table the total average TCFU from the 
MDBW is less dense with each higher dilution rate. This could be explained if the 
mixing of the previous samples is not properly done and the samples are not 
completely homogenized. Because the TDBW is mimicked no steady conclusion 
can be made, however the information provides promising data for further 
experimenting with a 55 ˚C UASB. Additional information can be found in the 
annex, MDBW Characterizations. 
 

4.2 How efficient is an algae based PBR in TC and E. coli removal? 

 

What is the removal efficiency of TC and E.coli in a 12 hour HRT PBR 
filled with algae? 

According to table 6 in chapter 3.2.1 the amount of TCFU in the start time 
samples are higher in density compared to the TDBW effluent results displayed in 
table 3. However in the TDBW the TCFU mainly exist out of the E.coli bacteria, 
which are not present anymore in the PBR with a 12 hour HRT. However, the 3M 
petrifilm used for the experiments with TDBW showed TNTC for TCFU other than 
E.coli which suggests that the E.coli is not present but the TCFU other than E.coli 
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is. This information is contradicting with the TDBW results obtained through the 
1604 method. The overall conclusion is that the E.coli is not present any more in 
a 12 HRT PBR. But the amount of experiments made with TDBW is not enough to 
make a steady conclusion. However the results suggest that the 12 HRT PBR is 
capable in removal of E.coli bacteria. 
 

What is the removal efficiency of TC and E.coli in a 21 hour HRT PBR 
filled with algae? 

Table 7 displays the removal efficiency of TCFU and E.coli of a 21 HRT PBR. 
However the data acquired reveals that there is almost no TCFU or E.coli removal 
at all. Instead there is TCFU growth. The 1th dilution of the 21 hours HRT PBR 
start time samples and end time samples are TNTC. The 2th dilution is 
considered most reliable. The collected data for the start time samples 21 hours 
HRT PBR is not consistent, meaning between the first second and third dilution 
there are huge differences in the amount of TCFU growth, and this could be 
because the samples are not homogeneous enough. It can be suggested that the 
21 hours HRT PBR is not efficiently enough in removal of TCFU. However, 
according to the data, in the 21 hours HRT PBR the E.coli bacteria appear not 
viable anymore. This data can be found in the annex in PBR 21 hours HRT. 
 

What is the removal efficiency of TC and E.coli in a 30 hour HRT PBR 
filled with algae?  

According to table 8 the 1th dilution and the 2th dilution of HRT 30 start time 
samples are both TNTC. In the 3M petrifilm the amount of TCFU stays between 
the correct counting boundaries for the 1th dilution for the start time samples 
and end time samples except for the start time samples of the 1th dilution 
second experiment. In 30 hours HRT the end time samples of the first dilution 
are also TNTC. The 3th dilution rate for the start time samples was the first 
correct countable for all the experiments and therefore the most reliable. The 2th 
dilution rate is most presentable for the end time samples. Compared to each 
other a removal of 80% is achieved. However, the amount of TCFU in the 
effluent of the 30 hours HRT PBR is considerably more compared to the effluent 
of the mimic TDBW. No viable E.coli bacteria were detected in the start time 
samples or end time samples. For the exact data view the Annex-PBR 30 hours 
HRT Beginning and-PBR 30 hours HRT end. 

 

Which HRT of an algae based PBR has the best results in removing TC 
and E.coli? 
 

In Table 9 chapter 3.1.9 the PBR with a HRT of 12 hours presents the best 
results in removing TCFU and E.coli. The PBR with a HRT of 21 hours presents 
moreover growth instead of removal. The 30 hours HRT PBR does remove TCFU 
except that the start and end time samples still contain more TCFU compared to 
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the PBR with a HRT of 12 hours. In this experiment the data represents that the 
E.coli bacteria are successfully removed. The data represents however that the 
amount of TCFU could be enhanced by the PBR, but there is no sufficient amount 
of data available to statistically prove this statement. Further investigation at this 
subject is necessary. 
 

4.3 How efficient is a non-algae based PBR in TC and E. coli removal? 

In the tables 11 to 13 only the 3M Petri film is used because there was no time 
to conduct the time consuming 1604 method. Which makes the amount of data 
not sufficient for statistical analyses. However, no growth was detected at all 
except for one TCFU in the 21 hours HRT PBR end time sample. Further 
investigation is necessary if the 55 ˚C UASB is sufficient enough for removal of 
CFU and E.coli.  

4.4 How efficient is the NIOO-KNAW proposed decentralized sanitation 
system in removal of Coliforms and Escherichia coli? 

The main goal of the NIOO-KNAW is to implement a DESAR capable of producing 
an effluent which can flow in the local pond. The data of the 25 ˚C mesophilic 
UASB and the 55 ˚C thermophilic UASB show that TCFU and E.coli could 
effectively be removed by use of a 55 ˚C thermophilic UASB compared to a 25 
˚C mesophilic UASB. However, because the TDBW is a mimic more data is 
required to make statistical analyses. The E. coli bacteria is not present any more 
after the PRB with algae treatment, however, the experiments of the PBR’s 
without algae display complete removal of all the TCFU. But the data of the PBR’s 
without algae is only obtained through the 3M Petri film and therefore needs 
more investigation. The overall conclusion is that the 55 ˚C thermophilic UASB 
could be very promising in the removal of TC and E.coli. The 12 hours HRT PBR is 
according to data in this report the most sufficient PBR filled with algae because 
no E.coli bacteria were detected. Further investigation is necessary because of 
lack of samples and time. And most importantly the mimic TDBW effluent cannot 
represent actual TDBW effluent. 
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5 Discussion & Recommendations 

5.1 Samples 

Because the 55 ˚C thermophilic UASB of the NIOO-KNAW is out of order 
therefore MDBW effluent was derived from Sneek. In order to mimic the TDBW 
the MDBW was put in an incubator for 4 days at 55 ˚C. The main difference 
between a mesophilic UASB and a thermophilic UASB is the temperature. 
According to the literature the temperature plays the key role in removal of TCFU 
and E. coli bacteria(Cavinato et al., 2013) (Wendland, Deegener, Behrendt, 
Toshev, & Otterpohl, 2007) (Skillman et al., 2009). A mesophilic UASB has a HRT 
of 4 days, if you incubate these samples 4 days for 55 ˚C in order to mimic the 
thermophilic property’s this means there is an extra HRT of 4 days. Not only the 
temperature is different between the mesophilic and thermophilic UASB the 
sludge composition also is slightly different which can give different results, 
which are not implemented in this project with the thermophilic UASB. The HRT 
of a thermophilic UASB and a mesophilic UASB is different as well, the 
thermophilic UASB needs a shorter HRT. The HRT difference can influence the 
chemical composition of the DBW, which can also influence the growth 
environment of the TC and E. coli. 
 

Another major difference which is not taken in account is the difference between 
the influent BW into the UASB. As mentioned in the introduction the BW of Sneek 
also consist out of grey water while the NIOO-KNAW only wants their BW to 
consist out of toilet water with 1 litre of groundwater flush. The BW of the NIOO-
KNAW will therefore be more concentrated in TC and E.coli. The recommendation 
is that the TDBW samples are taken directly from the effluent from a 55 ˚C 
thermophilic UASB instead of mimicking the MDBW from Sneek. 
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5.2 Photo bioreactors 

The steady state of a PBR depended on the amount of algae cells which was set 
at 3, 8*108 cells/ml. A steady state was achieved if the PBR contained this 
amount of algal cells for a couple of days including outwash. This means the algal 
cells regenerated at a constant rate. After inoculation of the pharmaceuticals 
there was no actual steady state any more (Alba De Agustin Camacho). The 
amount of algae cells dropped, or the amount of algae cells was higher. The start 
time samples for the TC and E.coli testing were taken before inoculation of the 
pharmaceuticals. However the end time samples were after inoculation. If there 
is no steady state this could influence the supposed bactericidal capacity of the 
algae, and thereby influence the growth of pathogen bacteria. A solution to this 
problem can be solved by experimenting only on the pathogen bacteria and not 
adding pharmaceuticals which causes decrease of algae cells. Thereby take more 
samples between start time samples and end time samples in order to compare 
with each other. If the amount of algae cells drop and there can be a difference 
detected in the presence of TC or E. coli then there could be a connection 
between the amount of cells and the removal capacity. 
 

5.3 Acquiring samples 

The mesophilic DBW samples were maintained in 5 litre tanks in a 4 ˚C 
refrigerator. For acquiring 40 ml samples a syringe is used to collect the 
samples, however, the tank is homogenized only by shaking. Just shaking is not 
enough to homogenize the tank. If tank stood there for a month that means all 
the suspended solids settle on the bottom of the tank including the bacteria. 
Because the syringe takes the sample from the top it could be that most of the 
bacteria still reside on the bottom of the tank which influences the amount of 
bacteria in the samples. In a future experiment it would be recommendable to 
homogenize the tank better, or take samples directly from the effluent of the 
MDBW and of proportioned volume. The thermophilic samples were obtained 
directly from a tube which runs from a 5 litre tanks stored in a 4 ˚C refrigerator. 
Here is the same discussion point as for taking the MDBW samples. The tank is 
not homogenized and therefore it can be assumed there is a big difference 
between the bacterial condition at the bottom and the top of the tank. Both the 
MDBW and the mimic TDBW are stored in a 4 ˚C refrigerator, however the 
temperature shock can already kill most of the TC and E.coli bacteria instantly 
which can influence the obtained information from the results. 
 

The start time samples for the PBR’s with a HRT of 12 and 30 hours are taken 
from the effluent bottle instead of directly from the PBR. This can majorly 
influence the growth of bacteria in the samples acquired. Because once in the 
effluent bottle it has already completed the HRT. And in the bottle the HRT 
continues because of the room temperature which could enhance duplication for 
the bacteria. The bottles were emptied on a regular basis and therefore no major 
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growth has occurred. However, because of the amount of bacteria this could be a 
significant problem. The acquired samples are preserved in a 4 ˚C refrigerator 
before experimenting. Some samples are kept in the refrigerator up to 4 months 
before experimenting. The time in the refrigerator could affect the viability of the 
bacteria because of the temperature shock. For the PBR with a HRT 12 and HRT 
30 all the samples are saved for 4 months. However there is a major difference 
between the TC and E.coli growth between the 12 hours HRT and 30 hours HRT. 
On the other hand, for the TDBW a sample is tested just 1 day after sampling, 
and another non-duplicate sample was tested 8 days later. There was no 
significant difference in viability of the bacteria. For further investigation, take 
samples directly from the source and plate them directly for the best results, or 
keep refrigerator time as short as possible. 
 

5.4 Dilutions and abundance of data 

According to all the used interpretation guides the best abundance of bacteria on 
a petri dish/film is between 20-80 colonies. In this experiment a decimal dilution 
is used. Due to lack of time there are not enough duplicates and repeated 
experiments to perform significant statistical analyses on the data. For the next 
experiment the dilution rate could be altered in order to obtain better results. 
Make two times a dilution with 5 ml from the previous dilution, instead of 1 ml 
and in triplicate. The use of this technique produces more representative and 
useful data. The first and second experiment difference in TCFU amount an 
improvement would be to make triplicates instead of duplicates. 
 

The 3M Petri film method is difficult to read. The bacteria colonies are sometimes 
small but abundant; following the interpretation guide it was not evident if the 
growth was considered to be TC, E. coli or another species of bacteria. Therefore 
the 3M Petri film is not taken in account. There is too much doubt about which 
kind of bacteria are cultured. Especially with the samples for MDBW and the 
TDBW effluent. Enumeration for the BW was not a problem the difference 
between TC and E. coli was obvious. According to the interpretation guide from 
3M Petri film, the pathogenic E. coli strain O157:H7 does not grow beneath a 
temperature of 44. 5 ˚C and it does not produce glucuronidase. This temperature 
is not reached in the incubator and because no Beta-Glucuronidase enzyme is 
produced the E. coli will not turn blue but red, which means it will be counted as 
a TC bacteria colony instead of E. coli. This is the case in the 1604 medium and 
the 3M petrifilm, the temperature is not reached, and because the O157: H7 
strain does not use the enzyme Beta-glucuronidase this E.coli will not turn blue 
in ambient light. For the next plating experiment it is advisable use the PCR 
technique to detect if the O157: H7 pathogen E. coli strain is present and 
influences the recovery on the plates. 
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5.5 Interpretation of the results 

Due to lack of time no blank experiment has been fully executed. There are 3M 
petrifilm used on the blank experiments and they present promising data based 
on lack of growth of TC and E.coli bacteria. Because 3M petrifilm is not fully 
accounted in the experiment and the 1604 medium has not been utilized there is 
only speculation about the results. Experiment on more samples in the future 
which gives more data to compare. The blank experiment had resulted in almost 
no growth at all on the 3M petrifilm, an important cause for this result could be 
because the algae do not block the uv-radiation from the algaemist anymore. 
Therefore the uv-radiation could be the reason why the bacteria are not viable 
anymore. 
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II Annex 

II.I M-Endo less medium manual 

M Endo Agar LES 
Intended Use 
M Endo Agar LES is used for enumerating coliforms in water by membrane filtration. 

 

Summary and Explanation 
McCarthy, Delaney and Grasso1  formulated Endo Agar LES (Lawrence Experimental Station) for testing water for 
coliform bacteria by a two-step membrane filter procedure using Lauryl Tryptose Broth as a preliminary 
enrichment. They recovered higher numbers of coliforms by this method compared with the one step 
technique using m Endo Broth. 

 

The American Public Health Association specifies using m Endo Agar LES in the standard total coliform membrane 
filtration procedure for testing drinking water2 and bottled water.3 It is also specified for use in the completed 
phase of the standard total coliform fermentation technique.2 The coliform bacteria are bacteria that produce a red 
colony with a metallic (golden) sheen within 24 hours incubation at 35°C on an Endo-type medium. 

 

Principles of the Procedure 
m Endo Agar LES contains peptones as sources of carbon, nitrogen, vitamins and minerals. Yeast extract 
supplies B-complex vitamins, which stimulate bacterial growth. Lactose is the carbohydrate. Phosphates are 
buffering agents. Sodium chloride maintains the osmotic balance of the medium. Sodium desoxycholate and sodium 
lauryl sulfate are added as inhibi- tors. Basic fuchsin is a pH indicator. Sodium sulfite is added to decolorize the 
basic fuchsin solution. Agar is the solidifying agent. 

 

Lactose-fermenting bacteria produce acetaldehyde that reacts with the sodium sulfite and fuchsin to form red 
colonies. The development of a metallic sheen occurs when the organism produces aldehydes with the rapid 
fermentation of lactose. If the inoculum is too heavy, the sheen will be suppressed. Lactose-nonfermenting 
bacteria form clear, colorless colonies. 

 

Formula 
Difco™ m Endo Agar LES 

Approximate Formula* Per Liter 
Yeast Extract:    1.2g  
Casitone       3.7g  
Thiopeptone ..   3.7g  
Tryptose ................   7.5g  
Lactose    9.4g  
Dipotassium Phosphate ...  3.3g  
Monopotassium Phosphate  1.0g  
Sodium Chloride .   3.7g  
Sodium Desoxycholate   0.1g  
Sodium Lauryl Sulfate.  0.05g  
Sodium Sulfite   1.6g  
Basic Fuchsin.   0.8g  
Agar .    15.0g 
*Adjusted and/or supplemented as required to meet performance criteria. 
 

Directions for Preparation  from 
Dehydrated Product 
1.  Suspend 51 g of the powder in 1 L of purified water containing 20 mL of 95% ethanol. Mix thoroughly. 
2.  Heat with frequent agitation and boil for 1 minute to completely dissolve the powder. DO NOT 

AUTOCLAVE. 
3.  Test samples of the finished product for performance using stable, typical control cultures. 
 
Procedure 
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1.  Place a membrane filter absorbent pad inside the cover of a 
Petri dish. 

2.  Add 1.8-2.0 mL Lauryl Tryptose Broth or Lauryl Sulfate 
Broth to each pad. 

3.  Run the water sample through a membrane filter. 
 

4.  Place the filter, top side up, onto the pad containing Lauryl Tryptose Broth or Lauryl Sulfate Broth.  Use a 
rolling motion to avoid entrapping air bubbles. 

5.  Incubate at 35 ± 0.5°C for 1.5-2.5 hours. Transfer the membrane from the pad to the surface of the m Endo 
Agar LES medium in the Petri dish bottom, keeping the side on which the bacteria have been collected facing 
upward. 

6.  Leave the filter pad in the lid and incubate the plates in the inverted position at 35 ± 0.5°C for 22 ± 2 hours. 
7.  Observe and count all colonies that are red and have a metallic sheen. 
 
Expected Results 
All colonies that are red and have the characteristic metal- lic sheen are considered coliforms. The sheen may 
cover the entire colony, may only be in the center or may appear only around the edges. 
 
Limitations of the Procedure 
Occasionally, noncoliform organisms may produce typical sheen colonies. Coliform organisms may also 
occasionally produce atypical colonies (dark red or nucleated colonies without sheen). It is advisable to verify 
both colony types.2 

 
References 

1.   McCarthy, Delaney and Grasso. 1961. Water Sewage Works 108:238. 
2.   Eaton, Rice and Baird (ed.). 2005. Standard methods for the examination of water and 
wastewater, 21st ed., online. American Public Health Association, Washington, D.C. 
3.   Kim and Feng. 2001. In Downes and Ito (ed.), Compendium of methods for the microbiological 
examina- tion of foods, 4th ed. American Public Health Association, Washington, D.C. 
Availability 
Difco™ m Endo Agar LES 
COMPF  SMD   SMWW 
Cat. No.    273610    Dehydrated  – 100 g 
273620    Dehydrated  – 500 g 
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II.II 3M petrifilm manual 
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II.III 1604 method manual 
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III MDBW Sneek characterization including nutrient content 

Table 14: The influent and effluent data of a 25˚ C Mesophilic digester 

Parameter 
Influent Effluent 

average stdev. average stdev.
pH 8.51 - 7.72 - 
CODtotal (gCOD/l) 8.78 0.76 1.38 0.03 
CODsuspended (gCOD/l) 6.04 0.78 0.18 0.03 
CODcolloidal (gCOD/l) 0.99 0.06 0.57 0.006 
CODsoluble (gCOD/l) 1.75 0.01 0.64 0.006 
VFA (gCOD/l) 0.68a 0.007 0.03 b 0.004 
TS 7.5 0.2 2.7 0.03 
VS 5.4 0.1 0.9 0.04 
VS/TS 0.72 - 0.34 - 
TSS 4.4 0.2 0.2 0.03 
VSS 3.9 0.2 0.1 0.04 
VSS/TSS 0.88  0.51  
Alkalinity (g CaCO3/l) 4.46 0.78 4.59 0.008 
NH4

+-N (g/l) 0.91 0.01 1.18 0.01 
NH4

+-N (g/l) after autoclave   0.76 0.01 
PO4-P (g/l) 0.080 0.001 0.084 0.004 
PO4-P (g/l) after autoclave   0.061 0.002 
TN (g/l) 1.18 0.01 1.22 0.004 
TP (g/l) 0.15 0.02 0.09 0.003 
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IV Additional results 

IV.I BW Characterization 

 

Black water 10^‐5   dilution

TCFU E‐coli TCFU/1 ml E‐coli/1ml

Black water Sample date: 17‐12'13 1e experiment 353 268 3.922.222 2.977.778

Plating date: 18‐12‐13 308 238 3.422.222 2.644.444

Medium 1604 Medium:1604 288 226 3.200.000 2.511.111

Sample date: 17‐12‐13 2e experiment 197 176 2.188.889 1.955.556

Plating date: 9‐1'14 227 203 2.522.222 2.255.556

Medium 1604 204 182 2.266.667 2.022.222

3M petrifilm Sample date: 17‐12‐13 A 51 38 5.100.000 3.800.000

Plating date 18‐12‐13 B 53 40 5.300.000 4.000.000

C 56 38 5.600.000 3.800.000

Avarage 1e exp 316 244 3.514.815 2.711.111

Avarage 2e exp 209 187 2.325.926 2.077.778

3M average 53 39 5.333.333 3.866.667

Total avarage 263 216 2.920.370 2.394.444

10^‐6   dilution

TCFU E‐coli TCFU/1 ml E‐coli/1ml

Black water Sample date: 17‐12'13 1e experiment 34 27 3.777.778 3.000.000

Plating date: 18‐12‐13 35 31 3.888.889 3.444.444

Medium 1604 39 32 4.333.333 3.555.556

Sample date: 17‐12‐13 2e experiment 28 25 3.111.111 2.777.778

Plating date: 9‐1'14 38 32 4.222.222 3.555.556

Medium 1604 36 25 4.000.000 2.777.778

3M petrifilm Sample date: 17‐12‐13 A 0 0

Plating date 18‐12‐13 B 0 0

C 0 0

Avarage 1e exp 36 30 4.000.000 3.333.333

Avarage 2e exp 34 27 3.777.778 3.037.037

3M average

Total avarage  35 29 3.888.889 3.185.185

10^‐7  dilution

TCFU E‐coli TCFU/1 ml E‐coli/1ml

Black water Sample date: 17‐12'13 1e experiment 4 3 4.000.000 3.000.000

Plating date: 18‐12‐13 4 3 4.000.000 3.000.000

Medium:1604 4 3 4.000.000 3.000.000

Sample date: 17‐12‐13 2e experiment 9 7 9.000.000 7.000.000

Plating date: 9‐1'14 10 5 10.000.000 5.000.000

5 4 5.000.000 4.000.000

3M petrifilm Sample date: 17‐12‐13 A 0 0

Plating date 18‐12‐13 B 0 0

C 0 0

Avarage 1e exp 4 3 4.000.000 3.000.000

Avarage 2e exp 8 5 8.000.000 5.333.333

3M average

Total avarage 6 4 6.000.000 4.166.667
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IV.II MDBW Characterization 

 

Mesophilic Digested Black Water 10^‐1 dilution

TCFU E. coli Coliform/1 ml E‐coli/1ml

MDBW Sample name: 18‐2 1e experiment 204 204 227 227

217 217 241 241

method 1604 plating date : 26‐2  198 198 220 220

Digested BW Sample name: 18‐2 2e experiment 128 128 142 142

Mesophilic  Plating date: 10‐3  115 115 128 128

Method 1604 123 123 137 137

3M petrifilm Sample name: 18‐2 A 25 2 250 20

plating date 7‐4 B 44 2 440 20

C 38 1 380 10

Avarage A 1e exp 206 206 229 229

Avarage B 2e exp 122 122 136 136

36 2 357 17

Total avarage 164 164 182 182

10^‐2 dilution

TCFU E. coli Coliform/1 ml E‐coli/1ml

MDBW Sample name: 18‐2 1e experiment 19 19 211 211

Mesophilic 18‐2 14 14 156 156

method 1604 plating date : 26‐2  20 20 222 222

Sample name: 18‐2 2e experiment 6 6 67 67

Plating date: 10‐3  14 14 156 156

Method 1604 6 6 67 67

3M petrifilm A 1 0 100 0

B 1 0 100 0

C 2 1 200 100

Avarage A 1e exp 18 18 196 196

Avarage B 2e exp 9 9 96 96

petrifilm 1 0 133 33

Total avarage 13 13 146 146

10^‐3  dilution

TCFU E. Coli Coliform/1 ml E‐coli/1ml

MDBW Sample name: 18‐2 1e experiment 0 0 0 0

Mesophilic 18‐2 1 1 111 111

method 1604 plating date : 26‐2  1 1 111 111

Sample name: 18‐2 2e experiment 2 2 200 200

Plating date: 10‐3  0 0 0 0

Method 1604 1 1 100 100

3M petrifilm A

B

C

Avarage A 1e exp 1 1 74 74

Avarage B 2e exp 1 1 100 100

Total avarage 1 1 87 87
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IV.III TDBW Characterization 

 

Thermophilic Digested Black Water no dilution

TCFU E. coli Coliform/1 ml E‐coli/1ml

TDBW sample date: 12‐3‐14 1e experiment 1 1 1 1

date Plated: 13‐3‐14 11 11 11 11

Method 1604 89 89 89 89

Sample 28‐3‐14 2e 2e experiment 1 0 1 0

Date plated 7‐4‐14 2 0 2 0

Method 1604 1 0 1 0

3M Petrifilm A 400 0 4.000 0

B 320 0 3.200 0

C 480 0 4.800 0

3M Petrifilm a 500 0 5.000 0

b 700 0 7.000 0

c 580 0 5.800 0

Avarage A 34 34 34 34

Avarage B 1 0 1 0

3M average 497 0 4.967 0

Total avarage 18 17 18 17

10*‐1 dilution

TCFU E. coli Coliform/1 ml E‐coli/1ml

TDBW sample date: 12‐3‐14 1e experiment

Method 1604 date Plated: 13‐3‐14

Method 1604

Sample 28‐3‐14 2e 2e experiment 1 0 1 0

Date plated 7‐4‐14 1 0 1 0

Method 1604 0 0 0 0

3M Petrifilm a 400 0 40.000 0

b 360 0 36.000 0

c 360 0 36.000 0

Avarage A 0 0 0 0

Avarage B 1 0 1 0

3M average 373 0 37.333 0

Total avarage 1 0 1 0

10^‐2 dilution

TCFU E. coli Coliform/1 ml E‐coli/1ml

TDBW sample date: 12‐3‐14 1e experiment

Method 1604 date Plated: 13‐3‐14

Method 1604

Sample 28‐3‐14 2e 2e experiment 0 0 0 0

Date plated 7‐4‐14 0 0 0 0

Method 1604 0 0 0 0

3M Petrifilm A 0 0 0 0

B 0 0 0 0

C 0 0 0 0

3M Petrifilm a

b

c

Avarage A 0 0 0 0

Avarage B 0 0 0 0

3M average 0 0 0 0

Total avarage 0 0 0 0
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IV. IV PBR 12 hours HRT start time samples 

 

 

10^‐1 dilution

Algae HRT 12 begin TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Sample: Hrt 12 tT0 3‐12‐13 1e experiment 68 0 85 0

HRT 12 1054 Plated: 8‐4‐14 65 0 81 0

Method 1604 61 0 76 0

Sample: Hrt 12 T0 3‐12‐13 22e experiment 58 0 64 0

Plated: 10‐4  44 0 49 0

Method 1604 47 0 52 0

petrifilm Sample HRT 12T0 3‐13‐13 A 4 0 40 0

Plated:  26‐3 B 5 0 50 0

C 6 0 60 0

3M petrifilm Sample: Hrt 12 T0 3‐12‐13 2A 2 0 20 0

Plated: 8‐4‐14 B 6 0 60 0

C 0 0 0 0

Avarage A 65 0 81 0

Avarage B 50 0 55 0

Average 3M 4 0 38 0

Total avarage 57 0 68 0

10^‐2 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Sample: Hrt 12 tT0 3‐12‐13 1e experiment 0 0 0 0

HRT 121054 Plated: 8‐4‐14 2 0 25 0

Method 1604 3 0 38 0

Sample: Hrt 12 T0 3‐12‐13 22e experiment 3 0 33 0

Plated: 10‐4  6 0 67 0

Method 1604 4 0 44 0

petrifilm Sample HRT 12T0 3‐13‐13 A 0 0 0 0

Plated:  26‐3 B 0 0 0 0

C 1 0 100 0

3M petrifilm Sample: Hrt 12 T0 3‐12‐13 2A

Plated: 8‐4‐14 B

C

Avarage A 2 0 21 0

Avarage B 4 0 48 0

Average 3M 0 0 0 0

Total avarage 3 0 34 0

10^‐3 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Sample: Hrt 12 tT0 3‐12‐13 1e experiment 0 0 0 0

HRT 121054 Plated: 8‐4‐14 0 0 0 0

Method 1604 1 0 100 0

Sample: Hrt 12 T0 3‐12‐13 22e experiment 0 0 0 0

Plated: 10‐4  0 0 0 0

Method 1604 0 0 0 0

petrifilm Sample HRT 12T0 3‐13‐13 A 1 0 100 0

Plated:  26‐3 B 0 0 0 0

C 0 0 0 0

3M petrifilm Sample: Hrt 12 T0 3‐12‐13 2A

Plated: 8‐4‐14 B

C

Avarage A 0 0 33 0

Avarage B 0 0 0 0

Average 3M 0 0 0 0

Total avarage 0 0 17 0
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IV.V PBR 12 hours HRT end time samples 

 

10^‐1 dilution

Algae HRT 12 end TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae HRT 12 Sample:9‐12‐13  1e experiment 1 0 1 0

End Date Plated: 8‐4‐14 5 0 6 0

Medium 1604 5 0 6 0

Sample:9‐12‐13  2e experiment 3 0 3 0

Date Plated: 10‐4 3 0 3 0

Medium 1604 5 0 6 0

Sample: 2‐3‐14 A 0 0 0 0

Date Plated: 8‐4‐14 B 1 0 10 0

3M Petrifilm C 1 0 10 0

Avarage A 4 0 5 1

Avarage B 4 0 4 0

Average 3M 1 0 7 0

Total avarage 4 0 4 0

10^‐2 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae HRT 12 Sample name:HR 12T en1e experiment 1 0 13 0

End Date Plated: 8‐4‐14 1 0 13 0

Medium 1604 1 0 13 0

Sample name:HR 12T en2e experiment 0 0 0 0

Date Plated: 10‐4 1 0 11 0

Medium 1604 0 0 0 0

Sample:  HRT12 2‐3‐14 A 0 0 0 0

Date Plated: 8‐4‐14 B 0 0 0 0

3M Petrifilm C 0 0 0 0

Avarage A 1 0 13 0

Avarage B 0 0 4 0

Average 3M 0 0 0 0

Total avarage 1 0 8 0

10^‐3 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae HRT 12 Sample name:HR 12T en1e experiment 0 0 0 0

End Date Plated: 8‐4‐14 0 0 0 0

Medium 1604 0 0 0 0

Sample name:HR 12T en2e experiment 0 0 0 0

Date Plated: 10‐4 0 0 0 0

Medium 1604 0 0 0 0

Sample:  HRT12 2‐3‐14 A

Date Plated: 8‐4‐14 B

3M Petrifilm C

Avarage A 0 0 0 0

Avarage B 0 0 0 0

Average 3M

Total avarage 0 0 0 0
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IV.VI PBR 21 hours HRT start time samples 

 

 

  

10^‐3 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Sample: Hrt 12 tT0 3‐12‐13 1e experiment 0 0 0 0

HRT 121054 Plated: 8‐4‐14 0 0 0 0

Method 1604 1 0 100 0

Sample: Hrt 12 T0 3‐12‐13 22e experiment 0 0 0 0

Plated: 10‐4  0 0 0 0

Method 1604 0 0 0 0

petrifilm Sample HRT 12T0 3‐13‐13 A 1 0 100 0

Plated:  26‐3 B 0 0 0 0

C 0 0 0 0

3M petrifilm Sample: Hrt 12 T0 3‐12‐13 2A

Plated: 8‐4‐14 B

C

Avarage A 0 0 33 0

Avarage B 0 0 0 0

Average 3M 0 0 0 0

Total avarage 0 0 17 0

10^‐1 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae Sample name: 20‐2 hrt 21 11e experiment 300 0 375 0

HRT 21 1056 Date plated: 13‐3‐14 300 0 375 0

Method 1604 300 0 375 0

sample name: 20‐2 ‐14 2e experiment 28 0 35 0

plated: 8‐4'14 300 0 375 0

Method 1604 300 0 375 0

Petrifilm Sample name 20‐2 hrt 1211A 29 0 290 0

Date plated: 13‐3 B 30 0 300 0

C 23 0 230 0

petrifilm Sample name: HRT 21 T0 20A 54 0 540 0

Date sample: 8‐4 B 60 0 600 0

C 55 0 550 0

Avarage A 300 0 375 0

Avarage B 209 0 262 0

Average 3M 42 0 418 0

Total avarage 255 0 318 0

10^‐2 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae Sample name: 20‐2 hrt 21 11e experiment 2 0 25 0

HRT 21 1056 Date plated: 13‐3‐14 26 0 325 0

Method 1604 1 0 13 0

sample name: 20‐2 ‐14 2e experiment 55 0 688 0

plated: 8‐4'14 53 0 663 0

Method 1604 47 0 588 0

Petrifilm Sample name 20‐2 hrt 1211A 2 0 200 0

Date plated: 13‐3 B 3 0 300 0

C 2 0 200 0

petrifilm Sample name: HRT 21 T0 20A 6 0 600 0

Date sample: 8‐4 B 5 0 500 0

C 2 0 200 0

Avarage A 10 0 121 0

Avarage B 52 0 646 0

Average 3M 3 0 333 0

Total avarage 31 0 383 0
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IV.VII PBR 21 hours HRT end time sample 

 

10^‐1 dilution

Algae HRT 21 end TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Sample HRT 21 Tend 21e experiment 300 0 375 0

HRT 21 1056 Plated: 13‐3‐14 300 0 375 0

Method 1604 300 0 375 0

Sample: HRT 21 Tend 2e experiment 300 0 375 0

Dateplated: 9‐4 300 0 375 0

Method 1604 300 0 375 0

Algae 3‐2‐14 HRT 21 t A 83 0 830 0

Date plated: 13‐3‐14 B 77 0 770 0

3M petrifilm C 54 0 540 0

Algae HRT 21 T end 2‐A 31 0 310 0

Date Plated: 9‐4‐14 B 35 0 350 0

3M petrifilm C 29 0 290 0

Avarage A 300 0 375 0

Avarage B 300 0 375 0

3M average 52 0 515 0

Total avarage 300 0 375 0

10^‐2 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Sample HRT 21 Tend 21e experiment 63 0 788 0

HRT 21 1056 Plated: 13‐3‐14 50 0 625 0

Method 1604 65 0 813 0

Sample: HRT 21 Tend 2e experiment 33 0 367 0

Dateplated: 9‐4 42 0 467 0

Method 1604 39 0 433 0

Petrifilm Algae 3‐2‐14 HRT 21 t A 10 0 1.000 0

Date plated: 13‐3‐14 B 4 0 400 0

C 11 0 1.100 0

Algae HRT 21 T end 2‐A

Date Plated: 9‐4‐14 B

Petrifilm C

Avarage A 59 0 742 0

Avarage B 38 0 422 0

3M average 4 0 417 0

Total avarage 49 0 582 0

10^‐3 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Sample HRT 21 Tend 21e experiment 8 0 889 0

HRT 21 1056 Plated: 13‐3‐14 6 0 667 0

Method 1604 5 0 556 0

Sample: HRT 21 Tend 2e experiment 4 0 400 0

Dateplated: 9‐4 7 0 700 0

Method 1604 4 0 400 0

Petrifilm Algae 3‐2‐14 HRT 21 t A 2 0 2.000 0

Date plated: 13‐3‐14 B 0 0 0 0

C 1 0 1.000 0

Algae HRT 21 T end 2‐A

Date Plated: 9‐4‐14 B

Petrifilm C

Avarage A 6 0 704 0

Avarage B 5 0 500 0

3M average 1 0 500 0

Total avarage 6 0 602 0
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IV.VIII PBR 30 hours HRT start time samples 

 

10^‐1 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Date sample: 13‐12 1e experiment 300 0 375 0

HRT 30 1055 Plated: 3‐2  300 0 375 0

Method 1604 Plated18‐3‐14 300 0 375 0

Sampledate: 13‐12‐13 2e experiment 300 0 375 0

DatePlated: 9‐4‐13 300 0 375 0

Method 1604 300 0 375 0

Petrifilm Date sample 13‐12‐13  A 300 0 30 0

Date plated: 9‐4‐14 B 300 0 30 0

C 300 0 30 0

Petrifilm A 19 0 190 0

B 26 0 260 0

C 31 0 310 0

Avarage A 300 0 375 0

Avarage B 300 0 375 0

Average 3M 163 0 142 0

Total avarage 300 0 375 0

10^‐2dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Date sample: 13‐12 1e experiment 300 0 3.750 0

HRT 30 1055 Plated: 3‐2  300 0 3.750 0

Method 1604 Plated18‐3  300 0 3.750 0

Sampledate: 13‐12‐13 2e experiment 225 0 2.500 0

DatePlated: 9‐4‐13 235 0 2.611 0

Method 1604 236 0 2.622 0

Date sample 13‐12‐13 

Date plated: 9‐4‐14

Petrifilm

A 12 0 1.200 0

B 3 0 300 0

Petrifilm C 8 0 800 0

Avarage A 300 0 3.750 0

Avarage B 232 0 2.578 0

Average 3M 4 0 767 0

Total avarage 266 0 3.164 0

10^‐3dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae  Date sample: 13‐12 1e experiment 49 0 5.444 0

HRT 30 1055 Plated: 3‐2  41 0 4.556 0

Method 1604 Plated18‐3 ‐14 58 0 6.444 0

Sampledate: 13‐12‐13 2e experiment 32 0 3.200 0

DatePlated: 9‐4‐13 21 0 2.100 0

Method 1604 20 0 2.000 0

Petrifilm

Date sample 13‐12‐13 A 4 0 4.000 0

Date plated: 9‐4‐14 B 7 0 7.000 0

Petrifilm C 6 0 6.000 0

Avarage A 49 0 5.481 0

Avarage B 24 0 2.433 0

Average 3M 3 0 5.667 0

Total avarage 37 0 3.957 0
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IV.IX PBR 30 hours HRT end time samples 

 

10^‐1 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae Sample date: HRT 30 19‐12T1e experiment 300 0 375 0

HRT 30 1055 Date plated: 19‐3 300 0 375 0

Method 1604 300 0 375 0

Date sample: HRT 30 Tend 12e experiment 300 0 375 0

Date Plated: 9‐4‐14 300 0 375 0

Method 1604 300 0 375 0

Petrifilm Sample date : HRT 30 19‐12‐A 89 0 890 0

Date plated: 19‐3 B 63 0 630 0

C 56 0 560 0

Petrifilm A 17 0 170 0

B 20 0 200 0

C 27 0 270 0

Avarage A 300 0 375 0

Avarage B 300 0 375 0

Average 3M 45 0 453 0

Total avarage 300 0 375 0

10^‐2 dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae Sample date: HRT 30 19‐12T1e experiment 76 0 950 0

HRT 30 1055 Date plated: 19‐3 67 0 838 0

End 88 0 1.100 0

Date sample: HRT 30 Tend 12e experiment 53 0 589 0

Method 1604 Date Plated: 9‐4‐14 59 0 656 0

3 0 33 0

Petrifilm Sample date : HRT 30 19‐12‐A 11 1.100 0

Date plated: 19‐3 B 5 500 0

C 16 1.600 0

Petrifilm

Avarage A 77 0 963 0

Avarage B 38 0 426 0

Average 3M 5 0 1.067 0

Total avarage 58 0 694 0

10^‐3dilution

TCFU E‐coli Coliform/1 ml E‐coli/1ml

Algae Sample date: HRT 30 19‐12T1e experiment 4 0 500 0

HRT 30 1055 Date plated: 19‐3 9 0 1.125 0

Methotd 1604 7 0 875 0

Date sample: HRT 30 Tend 12e experiment 4 0 500 0

Date Plated: 9‐4‐14 4 0 500 0

Methotd 1604 4 0 500 0

Sample date : HRT 30 19‐12‐A 1 1.000 0

Date plated: 19‐3 B 2 2.000 0

Petrifilm C 0 0 0

Petrifilm

Avarage A 7 0 833 0

Avarage B 4 0 500 0

Average 3M 1 0 1.000 0

Total avarage 5 0 667 0


