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Activated sludge 
processes

Oxidation 
processes

Adsorption
(Activated carbon)  

Sludge Treatment

CAS + Ultrafiltration Ozonation
Powdered activated 
carbon 

Liming

MBBR Ferrate
Granulated activated 
carbon filtration (GAC)

Anaerobic digestion

Biologically activated 
carbon filtration (BAC)

State-of-the-Art WWTPs

MBR
Advanced 
Treatment
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Hospital WWTPs

Sludge
Treatment
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Compounds CAS MBBR CAS+UF MBBR-UF
BBR-UF-

GAC
CAS-O3

Paracetamol 99,4 98 100 100 100 100 - 100

Atenolol 95,36 97 100 (75) 100 98

Sulfametoxazole 0 91 95 100 100 98 - 100

Naproxen 0 95 85 95 100

lopromide 0 100 75 100

Carbamazepine 46,92 83 80 - 100

Diclofenac 20,91 68 ++ 30 100 100 - 100

lomeprol 0 96
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Fresh sample 
(S-1) 

Column 
filtration 

Fe6+ 
dose 

Sedimentation 
for 1 hr 

pH check after 
30 min. 

Flocculation (2 min. 
fast mixing at 400 rpm; 
and 20 min slow 
mixing at 20 rpm 
mixing) 

Sample 
collection (S-2) 

Final effluent (S-3 
after 1 hr and S-4 
after 3 hr) 

Removal of micro pollutants from waste water by the  advanced ferrate 
technology - Prof Jia-Qian Jiang* (jiaqian.jiang@gcu.ac.uk) and  Mr S.M. Ashekuzzaman

Treatment steps by Fe6+ and 
sampling point.

We acknowledge the EU funded
noPILLs project which sponsored the
ferrate treatment trial at Emscher
Technical Plant. We thank Dr. Lyko,
Dr. Ruben, Frank, Christoph and other
staff for their cooperation and support
in conducting this work.

Aims and Objectives

- Treatment of different wastewater streams by variou s 
ferrate doses (operating conditions)

- Analysis of routine water quality parameters and mi cro 
pollutants 

- Assessment of water quality after sand filtration c oupled 
with ferrate dosing



Removal of micro pollutants from waste water by the  advanced ferrate technology 
- Prof Jia-Qian Jiang* and  Mr S.M. Ashekuzzaman
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Above Left: a ferrate dose of 4 mg/L is capable to effectively 
remove most detectable micro pollutants from  raw sewage

Above Right: a ferrate dose of 2 mg/L performed better than a 
13.5 mg/L of ferric (Fe3+) dose to remove most detectable micro 
pollutants from the secondary effluent
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8BEB� BE#B�>BFF� A8B D8F� Left: In the treatment of hospital waste 
water, dosing 3 mg/L Ferrate into the MBR 
effluent can remove most detectable 
pollutants and, in comparison with MBR or 
MBR+ozonation, ferrate can remove more 
Iomeprol or similar amount of 
Amidotrizoesaure.
* The trial demonstrated that a combined 
MBR and ferrate process could maximise 
the removal of micro pollutants from 
hospital waste warter.
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Treatment concept was adapted from (advanced) 
municipal wastewater treatment
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Process performance of the MBR
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From April 2011 to May 2015 more than 110,000 m³ ho spital effluent were treated. The 
average flow rate of 79 m³/d is below the maximum d esign value of 200 m³/d.

Process Parameter Unit
Median � Standard 

deviation
Design value

Flow rate hospital wastewater m³/d 79 � 60 200

MLSS concentration kg/m³ 9.5 � 0.9 8 - 12

T in bioreactor � C 26.8 � 1.0

pH in bioreactor - 6.8 � 0.2

O2 in bioreactor mg/L 0.8 � 0.5

Sludge production kg/m³ 0.095 0.9

Organic sludge load gCOD/gTSS/d 0.0396

Sludge age d 240 25

Permeability L/m²/h/bar 171 � 46



Effluent quality of the pilot plant

24

Biological transformation in the MBR is the major t reatment process to achieve the 
required effluent quality for direct discharge into  the open water body
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