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Introduction

Biodegradable substances:

» Biofilter treatment/ activated sludge treatment

Non-biodegradable substances can show
» Non-toxic / inert behaviour

» Acute toxicity

» Chronic toxicity

Alternative
treatment
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Introduction '
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— Phenols, nitrophenols and halophenols.

— Pharmaceutical compounds (antibiotics, disinfectants...).
— Water disinfection.

— Gasoline additives (MTBE, ETBE,..).

— Chlorinated hydrocarbons (solvents, VOCs, etc).

— Residues from textile industry (dyes).

— Agrochemical wastes (pesticides).
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Advanced Oxidation Processes are a source of hydroxyl radicals ("OH).
Compound Oxidation
Potential
Fluorine 2.23
Hydroxyl radical 2.06
Atomic Oxygen 1.78
Hydrogen Peroxide 131
Peroxyradical 1.25
Permanganate 1.24
Chlorine dioxide 1.15
Chlorine 1.00
Bromine 0.80
lodine 0.54

“near ambient temperature and pressure water treatment processes
which involve the generation of hydroxyl radicals in sufficient quantity to
effective water purification”
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Introduction

Co,
Inorganic acids
Water

p _
C,H,0,Cl, +[(T)+ njo2 —nCO, + M9 H,0 +gHCl
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» AOPs may be used for decontamination of water containing organic
pollutants, classified as bio-recalcitrant, and/or for disinfection removing
current and emerging pathogens.

> The overarching goal for the future of reclamation and re-use of water is to
capture water directly from non-traditional sources such as industrial or
municipal wastewaters and restore it.

> Futuristic direct re-use systems envisioned involve only two steps: a single-
stage MBR with an immersed nanofiltration membrane, followed by a
photocatalytic reactor to provide an absolute barrier to pathogens and to
destroy organic contaminants that may pass the nanofiltration barrier.

» Nevertheless, technical applications are still scarce. Process costs may be
considered the main obstacle to their commercial application
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Introduction

PROMISING COST-CUTTING APPROACHES
> Integration of AOPs as part of a treatment train.

> To minimize reaction time (i.e. energy) and reagent
consumption in the more expensive AOP stage by applying an

optimized treatment strateqy.

> The use of renewable energy sources, i.e., sunlight as the

irradiation source for running the AOP.

M.A. Shannon et al., Nature, 452 (2008) 301.
C. Comninellis et al., J. Chem. Technol. Biotechnol., 83 (2008) 769.
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Treatment train

~
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Feasible for accelerating the oxidation and destruction of a wide range
of organic contaminants in polluted water

V. Augugliano et al.,, J. Photochem. Photobiol. C: Photochem. Reviews 7 (2007) 123. 8
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Treatment train

=

Use as fertilizer

?

Photocatalytic
treatment +
Neutralization

Mud to

compostation

dcambientaies

Innova:
Olive production
Pressing
,,\> Olive oil
oMW

Pretreatment

W. Gernjak et al. Solar Energy, 77, 2004.
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Treatment train
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V. Augugliaro et al., Solar Energy, 79, 2005. 10
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Treatment train
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Optimising strateqy

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

S 8
11 ep

Check if WW is potentially treatable
by AOP and/ or biotreatment

¥

Selection of treatment strategy as a
function of wastewater characteristics

!

Develop and optimise
coupling strategy

‘ Pilot-plant studies on process kinetics ‘

‘ Theoretical up-scaling ‘

]

‘ Economic study ‘

l

‘ Choose best-performing AOP ‘

!

‘ Final plant design

Ciemal

i o Imessiigacanes
Erarphiicas. Meckamiventaes
¥ Tenokigges

Wastewater characterisation + check
for volatility, solubility, pre-liminary
kinetic study

Decision if only AOP, or any
treatment train

Various AOPs and treatment trains
can be tested.

Process optimisation. Strategy
depends on problem and AOP.

Necessary for correct posterior
economic assessment.

Takes into account investment + O&M
costs + their variation depending on
process scale.

= AOP that solves given problem
(defined by WW characteristic +
flowrate) at lowest price.
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Optimising strateqy

Optimising strateqy

Industrial
Wastewater

Viability of AOP treatment
| Biodegradable? | 10V
‘ TOC
LeIc
yes coD l
Discharge limits | :
fulfilled? Basic Parameters Toxicity
<100mg/L 1
>100mg/L Heteroatoms AOS Degradation of
Toxicity? [+ release i i
compoundis
high 1
| Discharge limits fulfilled? | Biodegradahility
should be evaluated
yes no 1
Z-W tast
Discharge AOP AOP-BIO Biotreatment Discharge Optlmlsed AOP-BIO
T coupling strategy C. Sirtori et al., Env. Sci. Technol., 43, 2009.
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Sunlight as the irradiation source

® H,0,/Fe* (Fenton): Fe +H,0, >Fe* +OH +OH"
» H,0,/Fe** (Fe* YAV (Photo-Fenton): o a———y 10"
* TiO./hv/0, (Photecatalysis): Tio, e, .
h* + H,0='0H + H"
* 0/ K.0;: 1,0, < sHO +0. 0.+ HO. HO 7
HO:
HO:

« 0,/ UV: 0, hv

* H,0,/UV: H,0, "7 >20H"
S. Malato et al., Catalysis Today 147, 1, 2009.
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Sunlight as the irradiation source

Photochemical AOPs

AOP key reactions wavelength

UV/ H,0, H,0, + hv — 2 OH’ A <300 nm
0O;+hv— 0,+0 (‘D)

UV/ O, A <310 nm

O (‘D) + H,0 —» 2 OH’
UV/H,05/ O3 Q5+ H,0; + hv — 0, + OH™ + OH,” A <310 nm

TiO, + hv — TiO, (e” + h")
TiOa(h") + OH g — TiO, + OHyg"
H,0, + Fe*" — Fe*" + OH" + OH"
photo-Fenton 72
Fe*" + H,0O + hv — Fe?" + H" + OH

UV/ TiO,
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Sunlight as the irradiation source
| I
1400
mm Photocatalysis

1200 mm Solar photocatalysi
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(source: www.scopus.com, 2009, search terms “photocatalysis” and “solar” within these results)
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Sunlight as the irradiation source

o

The SOLARDETOX
Consortium (Brite-
Euram Il Program,
Contract No. BRPR-
CT97-0424) has
installed during 1999

-_ the first

~ European Solar
Detoxification
Plant. Main plant
characteristics are:
3 «CPC surface: 100
m2

*Treatment volume:
800 L.

*Batch Operation
*Automatic
operation 18
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Sunlight as the irradiation source

o

Solar field figures:

a) Individual CPC modules
formed by 20 parallel
tubes (surface: 2.7
m2/module)

b) 4 parallel rows with 14
modules each mounted
on a 37°-tilted platform
(local latitude)

c) total collectors surface:
150 m2

d) Total photoreactor
volume: 1061 L

e) Total volume per batch:
1500 to 2000 L

19
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Sunlight as the irradiation source

Installed at DERETIL
Villaricos (ALMERTA)
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Sunlight as the irradiation source

Neutralisation
Tank
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Water Reuse by AOPs (photo-Fenton)
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Water Reuse by AOPs (photo-Fenton)

Photo-Fenton
experiments with real
waste water from the
MWTP EIl Ejido:

COD,: 77 mg L
DOC: 22 - 14 mg L
pH: 7.7-29

used 43 mg L' H,0,

Co= 5
co(Fe) =
pH~3
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Water Reuse by AOPs (photo-Fenton)

Treatment of real waste water (MWTP, El Ejido) with 5 mg L* Fe, pH ~3.5, 2 x 50 mg L
H,0,, and the analysis with HPLC-QTRAP-MS.
51 substances were detected and successfully degraded (until LOD), with the exception of Nicotine
(166—47 ng L"), Caffeine (3100—8 ng L"), Chlorfenvinphos (640—99 ng L), Cotinine (22511 ng
L.
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Water Reuse by AOPs (photo-Fenton)

Samples were inoculated on agar plates and incubated at 37°C for 24 h

Effects of pH, H,0,, Fenton, and photo-Fenton are observable.

—# loll bacterlapH 29 o onlediforms pH 2 0
* toslbecieriaphis e o o otal coliforms pH 65

2HO,  , ibaceiapHBl | | | & total colforits pHB.1

Agricultural irrigationy
Trees, cereal crops, ...
Industrial use for non
food processes

(100 CFU mL™")

Agricultural irrigation
pastures, fields...,
(10 CFU mL")

Urban irrigation:
Gardens,... \
(2 CFU mL")
. N
Agricultural irrigation? 150100 50 0 50 100 150 200 250 400 50 0 50 100 150 200 250 300
Fresh vegetables..., L [min] L (minl
(1 CFU mL™")
i INNOVA-MED Conference

Spanish Norm for
the reuse of wafer
16202007

Environmental

/ use:
A Aquifer recharge

(10 CFU mL)

Recreation use:
Golf courses, ...
(2 CFU mL")
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Concluding remarcks

To lead to industry application it will be critical that the AOPs can be
developed up to a stage, where the process:

« is cost-efficient compared to other processes.

¢ isrobust, i.e. small to moderate changes to the wastewater stream do not
affect the plant’s efficiency and operability strongly.

« is predictable, i.e. process design and up-scaling can be done reliably.
* is easy to implement, i.e. suppliers and engineering companies can start

marketing the process without huge initial investment costs, which could
only be recovered by high turnovers.

* is easy to operate and maintain, operation error must not lead to
“catastrophic events”.

« is safe regarding the environment (minimize risks of leakage, discharge of
not sufficiently treated effluent).

« gives additional benefit to the industry applying the process (e.g. giving the

company the image of being “green”). 2
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