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How Bad I1s the Water Problem?

 1/3 of the world’s population

lives in water-stressed countries
(UNEP)

J

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

A/

% Nearly 1/3 of the world’s land
surface may be risk of extreme
drought by 2100 (Burke et al. 2006)
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Water and sludge treatment process (Ballymore Eustace, Ireland)




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)

Mechanism: Ligand Exchange(Y. Yang et al, 2006)
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Characteristics of Alum Sludge: Chemical Composition

e —

Unit Average +SD, n=3

pH — 6.14 0.01
Water content % (at 103+2 °C) 05.21 0.09
Aluminum: 170 mg-Al/g-sludge

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




Alum sludge & Phosphor




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



Methodology

l
1.Growth of plant biomass
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Conceptual model for the P removal in DASC-based CWs



Systems Thinking software like STELLA

\ ® is an increasingly valuable tool for
\ constructing understanding about all
kinds of dynamic systems from natural

environments to team dynamics to
Systems Thinking for Education and Research economic markets.”

Peter Senge, Author of The Fifth Discipline,
Founding Chairperson, Society for Organizational Learning
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STELLA is a flexible computer modelling package
with an easy, intuitive interface that allows users to
construct dynamic models that realistically simulate
biological systems
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A STELLA diagram of the Phosphorus model



Methodology

Processes

Adsorption (Ad):

Growth (Gr) :

Uptake (Up):

Microbes (Mi)

Plant Mortality (Mp)
Biomass Mortality (Mb)

Detritus (De)

Mathematical Equations

Ad = F, (DISP-P.xV);P. =

ADSP \
T xK
)x1.057 2%
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Ecological Modelling and Ecotoxicology
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Results

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

CW stages Mean and Standard Mean and Standard
Deviation (Observed) 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 1.31410.46 1.45410.46
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Mass balance analysis of P processes in all stages of DASC-CWs

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




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

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

0 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.
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Methodology

Bl T Y

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




2 months later
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...mainly to remove the organics, nutrients such as
Nitrogen and Phosphorus from the wastewater




Wastewater treatment using Alum-sludge
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after 4 months onwards



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




Methodology

Y SI probe module (a) and the computer system connected the probes to download the data
(b) at the pilot field-scale DASC CW system
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Summary of N-processes and its mathematical formulations/equations used in
novel DASC based CW

Processes Mathematical formulations / Equations References

q in DASCCW. This st
Hydrology (water l:t ) = W,, + Rainfall in DASCCW area — ET — Wy, is study
Nitrification NH3-N*NC*INOX*TN™T-20) Jérgensen, (2009)
Denitrification DCXTDT NO, -N Jaérgensen, (2009)

(NO;—N +MN)

Ammonification DN x AC x TA'T 29 Jaérgensen, (2009)
Growth

Plant NH4-N Uptake

Plant NO3-N Uptake

Mortality of plant
Mortality of biomass
Adsorption

Oxygen transfer

PLBI x PGR x Rx1.057" x (npc—n mln)
(n max— nmin)

(NHd—N)x (n max— npc)
(NH, +1) (nmax—nmin)

0.4x PLBI x1.05" " x

0.4x PLBIx1.057 5 N0 =N)  _(nmax—rnp ?)
(NO,+1) (nmax—nmin)

PN x1.0572 x mr
PLBI x1.057% % mr
IF NHs-N ad < 1698840 THEN 1.2* (1698840- NH4-N ad) ELSE 0

Oxygen

(Oxygen + KO)

This study

This study

This study

Zhang et al. (2003)
Jérgensen, (2009)
This study

Jérgensen, (2009)




Results
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Results
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Results
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Effluent concentration of different forms of N in DASC based CW

Forms of N Observed (mgL!)  Simulated (mgL)

DN 1.89 -21.90 2.34 -17.35
NH,-N 6.60 - 39.90 0.41 -26.67
NO;-N 1.70 - 96.20 1.20 - 97.96

TN 25.80 -119.3 41.00 - 138.36




*The simulated effluent DN, NH,-N, NO,-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 NH,-N(P) (5.90%)

and NO,;-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.



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.

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.




Fig. 1. Dawatered alum sludga cakes.

UCD RESEARCH
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OVERS POTENTIAL

NEW WATER TREATMENT RESOURCE

A. O. Babatunde and Y. Q. Zhao of the Centre for Water Resources Research, School of

Architecture, Landscape and Civil Engineering, UCD provide an overview of an innovative binary
approach to the issue of sustainable development whereby alum sludge, a residual produced by
water treatment plants and hitherto consigned to landfill in Ireland has been tested and is being

reused as a new alternative media in constructed wetlands for wastewater treatment.

+ hemical coag (co ly alumini and iron

l( salts) are used In potable water treatment processes
to remove impurities from row waters. These salts

hydrolyse to form amorphous cxides that adsorb organic
matter and other impurities present in the raw water and
aggregate into a flocculated mosa
They are sepoarated from the treated water and mechanically
dewatered , thus becoming a residual cake (referred to as
dewatered waterworks sludge) which requires final disposal
mostly in landfills.
The amount and disposal cost of such residues generated at
various waterworks have been increasing ropidly in recent
years but options available for their final disposal have
become increasingly limited amidst tighter environmental
regulations.
In Ireland, an estimated 15,000 to 18,000t-DS(Dry Solid) /pa
of alum sludge is currently being generated and this could
double by the end of the next decade.
In contrast to the current global repositioning of waterworks
sludge for sustainable reuse (Babatunde and Zhao, 2007),
waterworks sludge in Ireland (mainly alum sludge since
aluminium sulphate is used as the pnimary coagulant) is stll
mainly regarded as waste of no value and is consigned to
landfills at huge expense.
This has been the practice for three main reasons: (1) The

perceived aluminium toxicity of the sludge, (2) lack of well
developed and economical options for recycling the sludge
(RPS-MCOS web news) and (3) marginal agricultural
benefit of the sludge. Presently, it costs about 3million/pa

to landfill sludge produced from the biggest water treatment
plant in Irelond. Fig.2 (poge 232) indicates that Ireland has
the highest proportion of waterworks sludge being disposed
through landfill in relation to the quantity produced.

Concept
Ina bid to develop a sustainable alternative disposal method
for waterworks sludge in Ireland, a binary approach was
adopted aimed at transforming the residual sludge into a
resource. Undera 3-year research grant (gront No. 2005-ET-
MS-38-M3) by the Irish Environmental Protection Agency to
the University Caollege Dublin, a novel constructed wetland
system using the Irish dewatered alum sludge as the mamn
substrate to enhance wostewater treatment is being pioneered
and developed. Although the concept of constructed wetlands
system for wastewater treatment is not entirely new, its use
in the treatment of various wastewaters has gained increased
acceptance with several recent innovations developed to
address its perceved limitations.
These include hybrid systems, tidal vertical Aow wetlands
with recirculation and anti-sized reed beds. In addition,

Erwironment
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