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Summary

The project is about the waste water treatment agphal under SLIK/PILLS
(pharmaceutical input and elimination from localis®s). SLIK stands for “Sanitaire
Lozingen Isalaklinieken”. The PILLS is an EU-prdjethat focuses on finding
solutions for pharmaceutically burdened waste wdterctly from the source. The
goal of the SLIK project is to build and operatee tfirst full-scale wastewater
treatment plant to treat the sewage containing reSmedicines and hormones from
the Isala hospital in Zwolle. To obtain more insgylon the treatment steps,
operational aspects and costs through the progacttelp improve the water quality
in and near Zwolle.

There is a SLIK project started at Wageningen URpeoated with Vitens. It is
drafted by Dr. Jun Zhai and named as “Mineral Gaed bio-degradation of
Pharmaceuticals from Hospital wastewater under #RIKLS project”. The Project
will develop new process of waster water treatmeemd test in the plant of Isala
hospital in Zwolle. The objectives of this projece: phase 1, to find one or several
mineral(s) or a combination of some minerals toagwle the biological degradation
(Reductive or oxidative) of some (emerging) micribdgants in wastewater, phase 2,
to (further) investigate the mechanism on the dgped new mineral catalyzed
biological process for organic pharmaceuticals neshfrom wastewater, phase 3, to
develop a new process to treat (selected) pharrealsun wastewater with low cost,
low healthy risk and easy operation as the advastag

The research started with the understanding of ghgect, process with the
experiments at Wageningen University. The resebase on the experiments and the
results from the experiments will be test at tHetlant at Isala. The results proved
that the mineral(s) or a combination of some milsedo catalyze the biological
process for organic pharmaceuticals removal frorstew@ater but in different levels.
Some of the chemical reactions of the mineralstmawrirculated and that increased
the efficiency of the process. The experiments shwat the “Fe (II) +Fe (lll)” can
enhance the reaction dramatically. And it is in@pation that “MnO2 + sludge” has
the best performance in decomposition of MethyBlue.
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1. Introduction

1.1 Background

The presence of pharmaceuticals in the water i®@&igg concern. All experts agree
that actions are needed to be taken to reducectmsamination. As the current
sewage treatment plants do not remove pharmackutsidues from the water, the
PILLS-partners intended to find out which wastewateatment methods are best
suited to eliminate pharmaceutical residues froetlater. Therefore they construct
pilot plants at high concentrated point sources.gshospitals. Moreover, they would
like to highlight the problem of contamination dfet water with pharma-ceutical
re-sidues across Europe and raise the awarenesststainable approach to face this

Qpills

Pharmireoulica! imped and
Eliprination from Local Sources

Project Pills is embedded in project SLIK by thetevboard Groot Salland. The goal
of the SLIK project is to build and operate thestfifull-scale wastewater treatment
plant to treat the sewage containing rests of nmeekcand hormones from the Isala
hospital in Zwolle. To obtain more insights on theatment steps, operational aspects
and costs through the project can help improveat&er quality in and near Zwolle.
SLIK stands for "Sanitaire Lozingen Isalakliniekewhich means sanitary discharge
of the Isala hospital. Vitens take an active raléhie project SLIK.

Isala is the one of the biggest non-academic hais@itie %") in the Netherlands. It
employs 2700 people; there are 1076 beds, 470,@00lipic visits and 40,000
hospitalisations per year. Isala has received enréicent years more and more highly
specialized functions. The plant is next to thepitas (Dr.ir, Herman Evenblij 2010
Research plan SLIK/PILLS)



Figure 1 Isala hosital and the plant (Mirabellaldién 201)

The project “Mineral Catalyzed bio-degradation dfaFmaceuticals from Hospital
wastewater under SLIK/PILLS project” is drafted Dy Zhai Jun. Mr. Zhai Jun is a
visiting scholar in Wageningen UR from Chongging.URe project proceeds in the
laboratory of Wageningen UR.

1.2 Problem description

Isala clinics in Zwolle are situated at two locaso Weezenlanden and location
Sophia. In future Sophia will be extended in ortteconcentrate all departments at
one location and location Weezenlanden will bemadtely closed. The wastewater
from Isala clinics (both locations) is at this morhéreated at WWTP Zwolle. The
Wasterboard Groot Salland (WGS) took an initiatwelecouple hospital wastewater
from the sewer and to remove problematic compound®inly human
pharmaceuticals and their residues, on site. Bhimeing realized within two projects
PILLS/SLIK explained elsewhere. (Dr.ir, Herman Ebkn 2010 Research plan
SLIK/PILLS)

Advanced Oxidation Processes (AOPs) are generabognized as promising
measures for removing biologically toxic or non-cgetable materials from waste
water. These techniques are relatively complex peration and expensive. They
demand a very efficient pre-treatment to optimidarget oxidation. AOPs, being a
rapid reaction, are also suspected to generate sodesirable oxidation by-products



which may induce some health risks and environngntablems when the water
effuses? (Chang and Young 2000). So it is veryrasteng to develop a new
technology to treat the pharmaceuticals in wastemetticiently (mineralization) at a
lower cost, with lower health risk and easier opera

Some researches (Borch, Kretzschmar et al. 201Q)e haroven that the
biogeochemical behavior of some not redox-actieeneihts and compounds may be
indirectly coupled to redox transformations of onga matters, in particular
(hydr)oxides of iron (Fe) and manganese (Mn), Faribg clay minerals, and Fe
sulfides. Redox-active functional groups associatédd mineral surfaces can further
catalyze the oxidation or reduction of ions and enales, including many organic
contaminants (Kappler and Haderlein 2003; AlvaRerez-Cruz et al. 2010).

Several studies have demonstrated that, in contbaptire aqueous Fe2+, Fe (lll)
oxide phases such as goethite that have been deacte Fe (Il), in most case
cooperated with bacteria, can significantly enhaheetransformation rates of many
reducible contaminants such as nitro-aromatics d®Borinskeep et al. 2005),
chlorinated solvents (Amonette, Workman et al. 30p@sticides (Chun, Penn et al.
2006), and disinfectants. It is possible that tlee(lH) - Fe (1) combination system
can similarly enhance the reduction of pharmacalgidiormones and personal care
products as well. The enhanced reactivity of A& ¢ixide surfaces reacted with Fe (II)
is poorly understood.

Recent studies have shown that manganese oxides@oin soils, such as birnessite,
are also able to oxidize emerging contaminants sagtantibacterial agents (i.e.,
phenols, fluoroquinolones, aromatic N-oxides, agtdatyclines) (Zhang, Chen et al.
2008), bisphenol A (Lin, Liu et al. 2009) (an endoe disrupting chemical used in

plastic production), and &ifethynylestradiol (synthetic hormone used in
contraceptive pills) (de Rudder, Van de Wiele e@D4). (Dr. Jun Zhai, 2011)

1.3 Research objective

The final objective is: develop a new process #attr(select) pharmaceuticals in
wastewater with low cost, low healthy risk and eaggration as the advantages.

To achieve this objective, the following researclestions are formulated:

Which mineral(s) or a combination of some minecas catalyze biological process
for organic pharmaceuticals removal from wastevater

How to test the effect of waste water treatmemdifferent reagents?

What's the difference of the result of waste wateatment in different reagent?
What's the better mineral(s) or a combination fatatyze waste water treatment?



2. Methodology

2.1Project set up

Phase 1 initial phase
Find mineral(s) or a combination of some minerads enhance the biological
degradation (Reductive or oxidative) of some (enmgdg micropollutants in

wastewater.

From the research of Dr. Zhai Jun the mineralscgsliefrom the most common
catalyzer of which do enhance the biological degtiad. See table 1.

Phase 2 data analysis phase

Investigate the mechanism on the developed newralinatalyzed biological process
for organic pharmaceuticals removal from wastewater

During the experiments the mineral(s) or a comlmmatvill be founded which have
better effect to enhance the biological degradafitve results during the experiments
were compared and analysised.

Phase 3 conclusion and discussion

Develop a new process to treat (select) pharmaadsitin wastewater with low cost,
low healthy risk and easy operation as the advastag

After the experiments the results will be testedha plant in Isala in the future.
According to the test results the new processheltievelop.

SN | Reagents Reactor & Operation conditip@bjectives

(1) | Reactive Red 2 +Bottle (sealed) + Magnetits To roughly investigate the
Goethite (FeOOH] stirrer + Sludge mixed with performance of Goethite
+Anaerobic Sludge | Goethite fixed in an iron wir¢ (FeOOH) + F& °"Reactive Red 2
made box Reduction with anaerobic

(2) | Reactive Red 2  t+Bottle (sealed) + Magnetic bacteria.
Goethite (FeOOH) + stirrer + Sludge mixed withe To roughly investigate the effect

Fe&* +Anaerobic| Goethite fixed in an iron wire of pH or other factors that
Sludge made box influence the performance.

(3) | Reactive Red 4 Bottle (sealed) + Magnetice Other minerals or iron oxide will
+Anaerobic Sludge stirrer + Sludge be tested, if the first proposed
(Control) mineral (Goethite) does not have

O

(4) | Reactive Red 2 +tBottle (sealed) + Magnetic obvious function to catalyze
Goethite (FeOOH) + stirrer + Goethite fixed in an Reactive Red 2 biological
Fe* (Control) iron wire made box reduction.
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SN | Reagents Reactor & Operation conditip@bjectives
(5) | Methylene Blue + Beaker (open) + Magnetic To roughly investigate the
Pyrolusite ore (Mng) | stirrer + Sludge mixed with function of proposed minerals
+Aerobic Sludge +Air | Pyrolusite ore fixed in an iron catalyzing biological oxidation or
wire made box, aerate in 20 Methylene Blue.
Degree Celsius Room « Selection of minerals for the
(6) | Methylene Blue + Beaker (open) + Magnetic biological oxidation of
Mn?* +Aerobic Sludge stirrer + Sludge with + M, pharmaceuticals.
+Air aerate in 20 Degree Celsiis To roughly investigate the effect
Room of pH or other factors that
(7) | Methylene Blue + Beaker (open) + Magnetic influences the performance.
Goethite (FeOOH) + stirrer + Sludge mixed withe Other minerals will be tested, if
Fe*+Aerobic  Sludgel Goethite fixed in an iron wire the first proposed minerals
+Air made box, aerate in 20 Degree (Pyrolusite ore or Goethite) do n
Celsius Room have obvious function to catalyze
(8) | Methylene Blue| Beaker (open) + Magnetic Methylene Blue biological
+Aerobic Sludge +Air| stirrer + Sludge, aerate in 20 oxidation.
(Control) Degree Celsius Room
(9) | Methylene Blue + Beaker (open) + Magnetic
Pyrolusite ore (Mng) | stirrer + Pyrolusite ore fixed in
+Air (Control) an iron wire made box, aerate
in 20 Degree Celsius Room
(10) | Methylene Blue + Beaker (open) + Magnetic
Mn?* +Air (Control) | stirrer + Mrf*, aerate in 2(Q
Degree Celsius Room
(11) | Methylene Blue + Beaker (open) + Magnetic
Goethite (FeOOH) + stirrer + Goethite fixed in an
F&* +Air (Control) iron wire made box, aerate [n
20 Degree Celsius Room
(12) | Diphenylamine Beaker (open) + Magnetic To further investigate the
+selected minera] stirrer + Sludge mixed with possibility for minerals to catalyz
from (4-6) + Aerobic| selected mineral fixed in an biological oxidation on more
Sludge +Air iron wire made box, aerate |n persist organic dye.
20 Degree Celsius Room + To find the optimum reaction
(13) | Diphenylamine Beaker (open) + Magnetic environment.

+Aerobic Sludge +Air

stirrer + Sludge, aerate in 2

(Control)

Degree Celsius Room

12

Table 1 Potentials analysis for mineral catalyzietblgical degradation of organic
persistent compounds with parallel beaker experisnen selected organic dyes

2.2Thedata introduction

In order to reduce the risk and improve the efficieof the second phase experiment,
a pre-experiment is designed. Three kinds of omydyes are selected to represent
organic pharmaceuticals for analogous chemicatttras but they are much easier to

be detected with UV-Vis spectrophotometer.

Two lbaraseries of beaker

experiments will be performed: (1) one to study enath catalyzed biological
reduction on organic dye and (2) another one ishfermineral catalyzed oxidation.

An azo dye, Reactive Red 2, is first selected agd¢hgent and indicator for reductive
reaction accelerated by minerals. Azo dye, aronmabeties linked together by azo

10



(-N=N-) chromophores, can be reduced in anaerobic tondirhe decompose rate
of Reactive Red 2 will be studied and compared #ighcontrol experiment.

Methylene Blue and Diphenylamine are selected asrélagents and indicators for
oxidation reaction. Methylene Blue is relatively sgato be oxidized and
Diphenylamine is a more persistent dye than theéor

2.2.1 The Materials and methods of Decomposition of Methylene

Blue with minerals and aeration

- Materials and methods

Chemicals
- Methylene blue diluted in water, with concentratamound 1.5 mg/L

Minerals:

- Pyrolusite ore, MN@(®=1-3mm)

- Magnetite ore, F©, (®=1-3mm)
- Quartz sand,@=1-3mm)

- Ceramsite,®=10mm)

Equipments:
- Magnetic stirrer

- Centrifuge (SIGMA 3K15), 10,000r/min,;©,1min
- SHIMADZU UV2550 (665nm)

2.2.2 The Materials and methods of Decolorization of Reactivered 2

at the surface of M agnetite without aeration

- Materials and methods

Chemicals:
- Reactive red 2 (Azo dye) diluted in water, with centration around 8 mg/L
- FeCbL.4H,0O

Minerals:

- Magnetite ore, F®, (®=1-3mm)
- Sea sand@=0.5mm)

11



Equipments:

Magnetic stirrer
Centrifuge (4500 r/min, ambient temperature)
UV-Vis Spectrophotometer (539nm)

12



3. Results

In order to answer the research questions, weecamwut the research from the
following two parts:

- Decomposition of Methylene Blue with minerals aadration (in Chong Qing
University)

- Decolorization of Reactive red 2 at the surfatévlagnetite without aeration (in
Wageningen University)

The two experiments working at the same time in phazes. The results analysed in
WUR. After the experiments the results will be ¢glsat the pilot plant at Isala.

3.1 Decomposition of Methylene Blue with minerals and aeration

3.1.1 Beaker experiment design and note

S.N. [Name Description
1 Sludge 50ml Aerobic Sludge + 1900ml distilled water

2 Ceramsite 50ml Aerobic Sludge+280ml ceramsite + 1500m
sludge distilled water
3 Sand + Sludge [50ml Aerobic Sludge+280ml quartz + 1500m
distilled water
4 [Fe;04 + Sludge[50ml  Aerobic Sludget+280ml Magnetite ore
1500ml distilled water

5  |MnO, + sludge [50ml Aerobic Sludge + 280ml Pyrolusite ore +
1500ml distilled

6 MnO; 280ml| Pyrolusite ore + 1500ml distilled water

Table 2 Design of Decomposition of Methylene Bludhvminerals and aeration.

13
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Figure 2 Decomposition of Methylene Blue with miserand aeration

March 3rd, set up experiment facilities and addedige, began incubation with
feeding 1mg methylene Blue every day and contiaeeation.

March 11th, first experiment test, in room exposader lamp.

March 20th, second experiment test, in dark room.

March 23rd, third experiment test, in dark room.

March 25th, forth experiment test, in dark room.

March 28th, fifth experiment test, in dark room.

14



3.1.2 Result
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Concentration of Methylene Blue, mg/L
[y
o]
o]

(9] 7 13.5 19 27.5 36.5 49 &65.25
Time, minute

—o—Sludge -—m—Ceramsite + sludge —a—Sand + sludge ——Fe304 + sludge —+—MnO2 + sludge —&—-MnO?2

Figure 3 result of the Decomposition of MethylerieeBwith minerals and aeration



The data of Figure 3 based on the last experimenarch 28. More results will be
found in appendix.

From the Figure 3 we can see the performance order:

MnOytsludge > MnO, =~ FegO4+sludge >ceramsite + sludge> sand + sludge
> sludge

From the Figure all thematerials had catalyzed effect but had differefitiehcy. The

“MnO,+sludge” had quick catalyzed effect at the begigrand had strong durability
to the end. It is in anticipated that Mn® sludge has the best performance.

3.2Decolorization of Reactive red 2 at the surface of Magnetite
without aeration

32.1 Beaker experiment design and note

S.N. [Name Description

A [FesO4 100ml Magnetite + Reactive red2 solisn (100mg/I
80 ml + 900 ml milli-Q water

B |Seasand 100ml Sea sand + Reactive red2 solution (100m(

80 ml + 900 ml milli-Q water

C [FeO4+ Fe(ll) |J100mlI Magnetite + 2009 mg FeCl2.4H20+
[Reactive red2 solution (100mg/l) 80 ml + 900
milli-Q water

D [Fe(ll) 201.2 mg FeCl2.4H20+ Reactive red2 soluti
(100mg/1) 80 ml + 900 ml milli-Q water

Table 3 Decolorization of Reactive red 2 at thdas@ of Magnetite without aeration.

16



Figure 4 Decolorization of Reactive red 2 at thdasie of Magnetite without
aeration.

March 16th, calibrated the standard curve linehef Abs and the concentration of
Reactive red 2.

March 16th -18th, first try, only 2 reactors: Magtee Sea sand, no Fe (ll), no
aeration. Results showed Magnetite had slight pmdoce on Reactive red 2
decomposition, while sea sand had no improvemeiit on

March 18th -22nd, second try, 4 reactors, with 40rkRgCI2 in C, D, no aeration,
during the weekend, only 3 batches of data. Reshitsved the reacting speed was
limited by the insufficient Fe (ll).

March 22nd -24th, third try, 4 reactors, with ardurOOmg/l FeCI2 in C, D, no
aeration. Higher density of detection at the stgrtime, more data points achieved.
An obvious trend was showed as follows.

17



3.2.2 Result

Concentration of Reactive Red 2 (mg/1)

.000

.000

.000

. 000

.000

.000

. 000

.000

.000

.000

01234567 89101112131415161718192021222324252627282930313233343536373839404142434445464748495051
Time (hours)

| ——Fe) —#—Sea Sand ——Fe(I)+Fe@) —*D: Fe(I) |

Figure 5 result of the Decolorization of Reactied 2 at the surface of Magnetite without aeration
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The data from Figure 5 based on the last experimemflarch 22nd. More result will
be found in appendix.

From the Figure 5 it is obvious that neither puee(F) nor Magnetite can have few
performances on reductive decolorization of Reaated 2, while the combination of
these two contents: “Fe (ll) +Fe (I11)” can enhatice reaction dramatically.

From the Figure 5 the reaction of “Fe (Il) +Fe X1lhad quicker reaction at first 6
hours than after*7hour. The good velocity at the beginning of thect®n means the
“Fe (II) +Fe (Il1)” has great effect on reductiveablorization of Reactive red 2. As
time goes on “Fe (Il) +Fe (lll)” have the ability oontinuous reaction it is also an
advantageous ability on wastewater treatment. Tee (il) +Fe (lll)” combination
system can similarly enhance the reduction of phasuticals.

19



4. Discussion

4.1 Decomposition of Methylene Blue with minerals and aeration

From the result of Figure 3 it is easy to see th&mO, + sludge” has the best
performanceBut, are there any bacteria that can cooperate mitieral (to convert
Mn,+ back to MnQ)? That needs more detail investigation.

It is a little beyond expectation that “f&&+sludge” has better performance than
“ceramsite + sludge”. There are still something geay@d on the surface of Iron
mineral. In aerobic condition, Fenton like reaction is suggmb to happen at the
surface of Magnetitelhe reactions on Methylene blue are very fasts Mifficult to

do further mechanism investigation. More persisi@iphenylamine is proposed to

apply.

4.2 Decolorization of Reactive red 2 at the surface of Magnetite

without aeration

From the result of Figure 5, we can see that thé€lllrerFe (Ill) can enhance the
reaction with high efficiency. There seems to betreand existing that the
decolorization of Reactive red 2 is increasing wiithe in the reactor of “Fe (ll)". It is
supposed that newly generated Fe (lll) oxide cawdyre the similar surface as
natural iron mineral. With further question: Ipissible to cultivate the bacteria that
can convert Fe(lll) oxide back to Fe(ll), and make existing reductive reaction of
Fe(ll) on Reactive red 2 at the surface of magadtister? More detailed experiments
are needed.

The combination of anaerobic sludge and iron mirnenalanned to implement further

experimentsin further experimentglifferent minerals should be tested for optimizing
the selection of minerals.

20



5. Conclusion

The ultimate objective of this research is to gam understanding of wastewater
treatment and test in experiments. The main pathisfresearch is laboratory work
which will show the way to develop the process aktewater treatment. The result of
this project, including literature study findindaboratory work and data processing
show that the minerals can enhance the biologegtatiation (Reductive or oxidative)
of some (emerging) micropollutants in wastewater.

The beaker experiments are easy to test the effecaste water treatment in different
reagents. It is easy to control the beakers wifler@int reagents in same situation. The
beaker experiments show that the “Fe (ll) +Fe’(BYmbination system can similarly
enhance the reduction of pharmaceuticals. And ihignticipation that “MnO2 +
sludge” has the best performance in decompositidiethylene Blue. These results
have great value to do the further experimentsmRitee results the effective reagents
have great efficiency of waste water treatmentuality and velocity.

The results will be tested in Isala hospital in ZeoBased on all the findings, in
order to ensure the further experiments in laboyatmd test at the plant in Isala
hospital the minerals to enhance the biologicalra@ation (Reductive or oxidative)
are every effective.

21
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Appendix I.

Plant in I sala hospital

Chemicals

h 4

Units

1m3/h
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Buffers m_ Biologal 10 m#h | Membrane
Isala Reactor / Buffer
Sieve waste sludge
0,5-6 mm -
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truck
0-2% m3/h
v
sewer

1m3/h

Ozone/| 10m¥h

AC '

R.O./
AC

8-10 m3h
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carbon

\—v Desinfection

5 mh UN/HZ202
= AC

10 m3/h

-

5-10 m3/h

T effluent

The synopsis of thelant inlsala hospital

v
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Influent and Effluent in kg/d

Wastewater Composition and Removal Efficiency MBR SLIK

100,0%

100
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 1

0

[ll IT.=

Ntot Ptot

Wastewater composition and removal efficiency MBRKS

- 90,0%
- 80,0%
- 70,0%
- 60,0%
- 50,0%
- 40,0%
- 30,0%
- 20,0%
- 10,0%

lLe.

0,0%

Removal Efficiency

@ Influent
O Effuent
m Eficiency

25



Wastewater composition 1
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Wastewater compos ition
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Removal Eficiency MBR
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Energy Consumption MBR
Total 3,6 kWh/m3

Alir-
disinfection:;

. 0,12; 3%
Pumps/sieve/

ca; 0,75; 21%

Membranes:;

Aeration; 2,19: 61%

0,47; 13%

Propellor;
0,09; 2%

Power consumption of the plant
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Appendix I1. Results of the experiments

March 11t
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In 10minutes of the experiment Decomposition of &tne Blue with minerals and aeration
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March 11t
Exposed to lamp

In 60minutes of the experiment Decomposition of &Ene Blue with minerals and aeration
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Appendix Ill. Plan of approach of thesis (Peng
Dongl)

Plan of approach of final thesis
The New Way to Treat Wastewater under
SLIK/PILLSProject

Vitensin Zwolle

Wageningen UR

Supervisor: Hans van den Dool (VHL)
Jacques Paassen van (Vitens)
Student: Peng Dong

E-mail: desmond.peng@wur.nl

TEL :0684055261
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| ntroduction

| am doing my thesis research from February to aulyitens Zwolle.
The project is about the waste water treatment a$pital under
SLIK/PILLS (pharmaceutical input and eliminatiororin local sources).
SLIK stands for “Sanitaire Lozingen Isalakliniekehe PILLS is an
EU-project that focuses on finding solutions foraphaceutically
burdened waste water directly at the source. Préjdls is embedded in
project SLIK by the waterboard Groot Salland. Thaalgof the SLIK
project is to build and operate the first full-scalastewater treatment
plant for the treatment of sewage from the Isalapltal in Zwolle,
containing rests of medicines and hormones to gare insight in the
treatment steps, operational aspects and coste @ble to improve to

water quality in and near Zwolle.

During this time there is a SLIK project startedNdgeningen UR in the
cooperation with Vitens and drafted by Dr. Jun Zhamed “Mineral
Catalyzed bio-degradation of Pharmaceuticals framsgital wastewater
under SLIK/PILLS project”. The Progect will develogew process of

waster water treatment and test in the plant d llsaspital in Zwolle.
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The main research question is:
Which mineral(s) or a combination of some minerad® enhance the

treatment of waste water better?

Sub-questions:

How to test the effect of waste water treatmertifferent reagent?
What's the different of the result of waste watexatment in different
reagent?

What's the better combination for waste water tresatt?

The objective of thisresearch is:
Compare the different process (including the nee developed in WUR)
in plant of Isala hospital in Zwolle and find outiwh one is low cost,

low healthy risk and easy operation.

Plan of work

The beginning of the research starts at the officédtens Zwolle and the
plant in Isala hospital. And then the project of iffdral Catalyzed
bio-degradation of Pharmaceuticals from Hospitalsteawater under
SLIK/PILLS project” will start the in WUR from 28February to the end

of April. And after the research of WUR the reswill be test in the plant
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of Isala hospital in Zwolle.

During the research in WUR and the test in Isalaphal the sub
guestions will be answered gradually. After the-qukstions answered
the different of difference process can find oute Theapest cost, the less
pollutant and the easiest operation will be find. dine objective will be

achieved by the research questions.

Most of time in Wageningen will be laboratory wawkich could help to
answer the questions. It will take 2 to 3 month8\ageningen. After the
research finished in Wageningen the result whicthésnew process of
waste water treatment will be test in treatmenntipia Isala hospital for
more than 1 month. During this time | will staretheport in mean time.
If the test in plant will take longer than one niotite new result will be

show in the presentation at the end of June.

The deadline of draft report is on"™May. And the Final report will be

finished at § June. The final presentation will be at the lasekin June.
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Results

The finial result will be a thesis report under géges. The report will
include introduction of my thesis, the goals, reskeaquestions, and
experiment and treatment plant test. Also the itgmrpart: Result and

some important data during the experiment.

Organization schedule

February

Introduction

Plan

learning background

Experiment

Test

Result

Draft report

Final report
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