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    1/3 of the world’s population             
lives in water-stressed  countries 
(UNEP) 

    By 2025, it  is expected to 
increase to 5 billion (UNEP)  

    Nearly 1/3 of the world’s land 
surface may be risk of extreme 
drought by 2100 (Burke et al. 2006) 





            Engineered Wetland substrate/media                                        
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Dewatered alum  
sludge cakes 



Holding Tank 

Water and sludge treatment process (Ballymore Eustace, Ireland) 

Alum Sulfate 

Thickening Tank 

Sludge Conditioning 

Press De-water Unit Alum Sludge Cake 

Alum sludge 



Alum Sludge 

Excellent P adsorption ability 
Capacity:0.975-6.050 mg-P/g-sludge at pH 7, depending on the     

   particle size and P species(Y. Zhao et al, 2007) 

Photo: Y. Zhao et al, 2006  



	
  	
  	
  Alum-­‐Sludge	
  



Unit Average ±SD, n=3 

pH ─  6.14 0.01 

Water content % (at 103±2 oC)  95.21 0.09 

Aluminium mg-Al/g-sludge  170 0.51 

Iron mg-Fe/g-sludge  5.2 0.13 

Calcium mg-Ca/g-sludge  5.18 0.18 

Magnesium mg-Mg/g-sludge  1.59 0.05 

Humic acid mg-C/g-sludge  118.4 3.47 

Silicon mg-Si/g-sludge  6.79 0.48 

Aluminum:       170   mg-Al/g-sludge  

 Characteristics of Alum Sludge: Chemical Composition	
  



Alum sludge & Phosphorus 

http://www.thebigzoo.com/animals/zoom/Ursus_maritimus_008.asp 



Engineered	
  wetland	
  system	
  

[Process-based  Model] 



Kathe Seidal 

Dr. Seidel was not only the pioneer of Reed Bed technology, 
but one of the principal pioneers of all other systems that use 
aquatic vegetation. 

R.Kadlec 

“………We	
  have	
  a	
  solid	
  founda1on	
  of	
  empirical	
  understanding,	
  
but	
  to	
  advance	
  our	
  knowledge,	
  we	
  need	
  to	
  understand	
  the	
  
internal	
  processes	
  that	
  lead	
  to	
  the	
  observed	
  performance”	
  

Sven Erick Jorgenson 

“	
  The application of models in ecology is almost compulsory, 
if you want to understand the function of such a complex 
system as an ecosystem……” 



Objectives & Experimental Set-up 

  Develop a dynamic simulation model for P and N removal  from a 
newly developed VFCW, which uses dewatered alum sludge as main 
substrate 

  To determine the major pathway for P and N removal 

Schematic view of the laboratory scale 4-stage DASC-based CWs system 



1.Growth of plant biomass 
2. Adsorption of P in DASC 
3. Microbial 4.Uptake/
consumption 
5. Mineralization 
6,7.Input P/Output P 
8 Solar Radiation 
9,10 Mortalities 
11 Settling of Detritus 

Methodology 

Conceptual model for the P removal in DASC-based CWs 



STELLA is a flexible computer modelling package 
with an easy, intuitive interface that allows users to 
construct dynamic models that realistically simulate 
biological systems 



A	
  STELLA	
  diagram	
  of	
  the	
  Phosphorus	
  model	
  	
  

Methodology	
  



Methodology 

Adsorption  (Ad) :  

Growth (Gr) : 

Uptake (Up): 

Microbes (Mi) 

Plant Mortality (Mp) 

Biomass Mortality (Mb) 

Detritus (De) 

Processes Mathematical Equations 



Methodology 



Results 

Observed and Simulated P concentration (mg/l) for the DASC based CWs    

CW stages	
   Mean and Standard 
Deviation (Observed)	
  

Mean and Standard 
Deviation (simulated)	
  

Stage 1 	
   5.754±1.07	
   6.528±2.28	
  

Stage 2	
   3.441±0.65	
   3.808±1.22	
  

Stage 3	
   2.130±0.56	
   2.320±0.78	
  

Stage 4	
   1.314±0.46	
   1.454±0.46	
  



Results	
  

Comparison of Observed P conc.(mg/l) and Simulated P conc. (mg/l) 



Results 

CW Stages P Adsorption (%) Plant uptake (%) Microbial uptake (%) 

1 62-71 6-11 3-7 

2 55-69 8-14 3-6 

3 57-63 14-19 9-12 

4 47-61 9-19 7-11 

Mass balance analysis of  P processes in all stages of  DASC-CWs 



Conclusions (1) 

    The simulated effluent P concentration in all the 4-stages 
had a considerably good agreement with the observed results 

     The major P transformation pathways are adsorption, 
plant uptake and microbial uptake. 

    The fate of  P in all the four stages clearly shows that adsorption 
played a pivotal role in each stage of  the system due to the use of  
the alum-sludge as a substrate.  



Field-Scale Experimental Set-up 



Methodology 

A: DASC waste material produced from potable water treatment plant,  
B: DASC as a resourceful material for CW substrate used in this study,  
C: Installation of well into the system to collect water sample for analysis and 
for spot the submersible pump,  
D: DASC in green bin for water treatment 



Methodology 

E: Installation phase of the DASC-based CW system,  
F: Schematic view of the each stage linked together for operation 





Engineered  Wetlands 
...mainly to remove the organics, nutrients such as 
Nitrogen and Phosphorus from the wastewater 

Engineered	
  Wetland	
  Site,	
  UCD’s	
  Lyons	
  Farm	
  



Wastewater treatment using Alum-sludge 

Engineered Wetland Site, UCD’s Lyons Farm 



Methodology 

H: Growth of Phragmites australis in DASC based CW after 2 
months of operation period 

I: Healthy growth of Phragmites australis has been observed 
after 4 months onwards 



Methodology 



Methodology 

Microscopic images of various kinds of bacteria presence in DASC based CW 



Methodology 

YSI probe module (a) and the computer system connected the probes to download the data  
(b) at the pilot field-scale DASC CW system 



Methodology 

Conceptual model for N removal in pilot field-scale DASC based CW system 



Methodology 
Summary of N-processes and its mathematical formulations/equations used in 
novel DASC based CW 



Results 

Comparison of observed DN (ODN) and simulated DN (SDN) values of  
effluent concentration in DASC based CWs 



Results 

Comparison of observed NH4-N (OAN) and simulated NH4-N (SAN)  
values of effluent concentration in DASC based CWs 



Results 

Comparison of observed NO3-N (ONN) and simulated NO3-N (SNN)  
values of effluent concentration in DASC based CWs 



Results 

Comparison of observed TN (OTN) and simulated TN (STN)  
values of effluent concentration in DASC based CWs 



Results 

Forms of  N	
   Observed (mgL-1)	
   Simulated (mgL-1)	
  

DN	
   1.89  - 21.90	
   2.34  - 17.35	
  

NH4-N	
   6.60 - 39.90	
   0.41  - 26.67	
  

NO3-N	
   1.70 - 96.20	
   1.20 - 97.96	
  

TN	
   25.80  - 119.3	
   41.00  - 138.36	
  

Effluent concentration of different forms of N in DASC based CW 



Conclusion (2) 

• The simulated effluent DN, NH4-N, NO3-N and TN  
had a considerably good agreement with the observed results. 

• NIT accounts for 65.60% followed by ad (11.90%) and then  
AMM accounts for (8.90%) followed by NH4-N(P) (5.90%)  
and NO3-N(P) (4.40%). DeN did not show up any significance in  
DASC based CW and the model result shows only 2.90%.   

• The TN removal was found 52% of the total influent TN in the  
DASC based CW. 



Overall Conclusion 

The beneficial reuse of dewatered alum 
sludge as a substrate in EWs system can be a 
promising solution to transfer alum sludge as a 
“waste” to a useful raw material, thus developing a 

cost-effective new generation of 
treatment wetland system. 

1. Engineered wetlands offer possibilities to meet EU-WFD goals 
2. Alum-sludge based EWs can be able to remove phosphorus up to 97% 
3. Alum-sludge is novel reuse alternative to treat the polluted water 
4. This technology  holds great promise as a low-cost wastewater treatment 

system. 
5. Process based modelling of N and P helps for design optimization 
6. Genetically modified bacteria may help to improve the rate of removal. 







Milestones.............. 
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