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Carollo and Purifics to Test Novel TiO2 Photocatalysis 
Process for Organic and Microbial Destruction
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PROJECTUPDATES

recombine. 
When the 
electron/hole 
makes it to 
the surface of 
the TiO2, the 
catalyst is in an 

activated state and 
four organic matter 
destruction pathways 
exist (both oxidation 
and reduction):

Photogenerated 
electrons reduce 
contaminates 
(direct).
Photogenerated 
holes oxidize 
surface-absorbed 
pollutants 
(direct).
Oxidation of 
hydroxide ions 
(OH-) to hydroxyl radicals (OH.) 
(indirect).
Reduction of surface absorbed oxygen 
(O2) to superoxide radicals (O2

.-) 
(indirect).

The organic contaminates are destroyed 
on the surface of the TiO2 for all four 
degradation pathways.

The photocatalysis process 
recovers the TiO2 using 
a ceramic microfiltration 
membrane, which 
also acts to provide an 
additional barrier for 
pathogen removal. Due 
to the oxidation and 
reduction environment, 
both the UV lamp sleeves 
and membrane surface 
remain continuously 
“cleaned” and the 
system does not require 
sleeve wipers for the UV 
system or clean-in-place 
procedures for the ceramic 

1.

2.

3.

4.

membranes. The photocatalysis process 
will be piloted at the Sugar Creek WWTP 
downstream of the tertiary filters. 

The microbiological contituents and 
indigenous microcontituents that will be 
tested as part of this project are shown in 
Table 1 below.

Table 1. Microbiological Constituents and 
Indigenous Microconstituents That 

Will Be Tested as Part of This Project

Constituents/Microconstituents

Microbiological Indigenous
Total Coliform
Fecal Coliform
MS2 Coliphage
Cryptosporidium
Giardia
Adenovirus
Reovirus
Coxsackievirus

•
•
•
•
•
•
•
•

Estrone
17-b-Estadiol
Estriol
17-a-Ethylestradiol
4-nonylphenol
4-octylphenol
N-nitrosodimethylamine (NDMA)
Bisphenol-a
N,N-diethyl-3-methylbenamide 
(DEET)
Triclosan

•
•
•
•
•
•
•
•
•

•

The WateReuse 
Foundation (WRF) 
awarded WRF-
02-009, Study of 
Innovative Treatments 
for Reclaimed Water, 
to the team consisting 
of Duke University, Carollo Engineers, 
the University of South Florida (USF), 
and the U.S. Department of Agriculture. 
The overall objective of the study is “to 
investigate the effectiveness of innovative 
treatment methods to inactivate, remove or 
destroy biological and chemical constituents 
of concern that may be present in reclaimed 
water.” One of the main tasks associated 
with this project is bench- and pilot-testing, 
which have been completed at a number of 
different reclaimed facilities using ozone/
peroxide, UV/peroxide, and UV/peracetic 
acid. The final phase of the bench- and 
pilot-testing will focus on a photocatalytic 
oxidation and reduction process using a 
pilot unit provided by Purifics that uses 
illuminated, or light-activated, titanium 
dioxide (TiO2) slurry catalyst. This 
technology will be tested at the Charlotte-
Mecklenburg Utilities Sugar Creek 
Wastewater Treatment Plant in Charlotte, 
NC, in September 2007.

The UV/TiO2 process is different than 
the other technologies tested because it 
uses a photocatalysis process instead of 
photolytic process (UV/peroxide). UV/
TiO2 photocatalysis uses the full spectrum 
of ultraviolet light to activate the TiO2 
catalyst. The UV light photo-generates 
electrons into the conduction band of the 
surface of the catalyst semiconductor and 
positive “holes” form at the surface of the 
TiO2. The photostability of TiO2 makes 
it less likely that the electron/hole will 

The UV/TiO2 process is different 
than the other technologies tested 
because it uses a photocatalysis 
process instead of photolytic 
process (UV/peroxide).

The photocatalysis process indirectly creates both the superoxide 
radical and the hydroxyl radical, which oxidize organic material in 
addition to direct oxidation or reduction.
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The presence of objectionable 
taste and odor (T&O) 
compounds in surface 
water supplies is a growing 
problem facing drinking water 
utilities across the country 
and worldwide. Two of the most common 
surface water T&O-causing compounds are 
2-methylisoborneol (MIB) and trans-1,10-
dimethyl-trans-9-decalol (geosmin), which 
are metabolites of cyanobacteria (blue-
green algae) and actinomycetes bacteria. 
MIB and geosmin produce an earthy/musty 
T&O that can be detected by human 
senses at concentrations as low as 4 ng/L 
(ppt). In addition to T&O metabolites, 
cyanobacteria can also produce toxic 
compounds that damage the neuromuscular 
system, liver, kidneys, gastrointestinal 
system, or skin.

Conventional treatment methods, such as 
pre- and post-chlorination, coagulation, 
sedimentation, and filtration, are marginally 
effective at reducing algal metabolite 
concentrations. Powdered activated carbon 
(PAC) is often supplemented to these 
processes to achieve adequate removal, 
though its use can be cost prohibitive over 
lengthy or intense algal events. Ozone with 
biofiltration can also be considered for algal 
metabolite removal, but concerns with 
costs, by-product formation, and process 
robustness limits its applicability.

To address the limitations of existing 
treatment technologies, Carollo developed 
a biologically-based process to remove algal 

metabolites from drinking 
water, which recently 
received patent approval 
from the U.S. Patent and 
Trademark Office (Serial No. 
11/486,644). The Substrate-

Enhanced Microbial Oxidation of Trace 
Organics (SEMOTO) process relies on the 
addition of an easily degradable primary 
substrate (food source) prior to treatment 
in a biofilter (see Figure 1). The primary 
substrate increases the biological activity in 
the biofilter, which subsequently increases 
the rate of secondary substrate degradation 
in the biofilter (algal metabolites are 
degraded as secondary substrates since 
their environmental concentrations are 
very low). The algal metabolites are 
destroyed, thus eliminating the generation 
of a contaminated waste stream such 
as exhausted PAC. Dosing the primary 
substrate can also minimize bioacclimation 
time and enhance the robustness of the 
biofilter during transient system upsets.  
Bench-scale testing of this concept 
demonstrated sustained 90-percent 
removal of feed water MIB and geosmin 
concentrations of approximately  
50-100 ng/L, and performance was 
minimally impacted by fluctuations in 
feed water MIB/geosmin concentrations. 
Simultaneously, the system removed  
20-40 percent of background total organic 
carbon.

The next phase of testing will be designed 
to optimize primary substrate addition to 
the biofilter feed (i.e., substrate type and 
dose).

Carollo Develops and Patents an Innovative 
Process to Remove Algae-Derived Tastes, 
Odors, and Toxins
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Figure 1. Innovative algal metabolite treatment approach: Substrate-enhanced biofiltration. Continued on next page

Carollo Engineers is working in conjunction 
with TENERA Environmental and Ranney 
Collector Wells of Layne Christensen 
Company on the recently awarded AwwaRF 
Project 4080, Seawater Intake Systems for 
Desalination Plants. 

As coastal 
populations 
grow, 
traditional 
drinking 
water 
sources are 
struggling 
to keep up 
with new demands. Mining the ocean for 
drinkable water — seawater desalination 
— is gaining popularity as a potential water 
supply source, but it can only be used 
where the associated regulatory, ecological, 
and public relations challenges can be 
overcome. Of the three components of 
seawater desalination (intake, treatment, 
and concentrate discharge), intake location 
and design is often the most challenging 
aspect of the system in terms of technical 
strategy, regulatory challenges, and public 
perception.

These challenges are due, in part, to 
the relatively limited experience many 
managers and other decision-makers have 
with desalination technology; the fact that 
ocean intakes are uncommon facilities for 
traditional water agencies; and the lack of a 
methodology to share experiences, success 
stories, and lessons learned with other 
agencies.

Researchers Study the 
Design of Seawater 
Desalination Plant 
Intakes

This study will distill and 
conceptualize the seawater intake 
implementation process into an 
easy-to-navigate picture of how to 
approach and manage planning and 
decision-making.
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