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SYNOPSIS

The following publications are a chronological account of my research career spanning the
past three decades. The body of work is divided into three broad categories corresponding to:
(i) Solid State Physics, (ii) Point-of-Use Water Treatment and (iii) Other Fields of Research.

Each category has brought its own rewards.

Section 1. Solid State Physics: Section 1 presents my solid state physics research. This
began in the early years of my research career in the semiconductor spectroscopy research
group led by Prof. Martin Henry from 1985 to 1991 at the National Institute of Higher
Education in Dublin, which subsequently became Dublin City University in the last year of my
PhD. | joined this group in October 1985 having graduated from St Patrick’s College,
Maynooth with a first class honours BSc degree in Experimental Physics and Mathematics.
My early research focused on characterizing point defects in crystalline silicon using either
uniaxial stress or Zeeman perturbational photoluminescence (PL) spectroscopy to identify the

geometrical and electronic configuration of defects within the crystal lattice.

All of the interesting electronic properties of silicon originate, not from the silicon itself, but
chemical impurities which are deliberately introduced, or doped, into the crystal. These
defects occur at such low concentrations that their chemical properties are of only secondary
importance since it is their electronic and molecular properties that determine the nature of
the disturbance that they create within the electronic band structure of the material. The
majority of the defects that | studied were caused by transition metals that had been doped

into oriented ingots of crystalline silicon.

The central thrust of my PhD research focused on an examination of the 943meV Cu* PL
system in silicon. This work established that the Cu* PL spectrum consists of five zero-
phonon lines accompanied by a series of Stokes and anti-Stokes phonon replicas originating
within a 5 energy level manifold. The uniaxial and Zeeman studies strongly indicated that the

defect consisted of interstitial copper in a site with tetrahedral symmetry. | found these



uniaxial stress experiments which were conducted in the DCU School of Physics to be among
the most exciting of my Physics career. There can be fewer more satisfying experiences for
an experimental physicist than sitting in a darkened lab, surrounded by 3W 514nm argon ion
laser excitation beams and iced up helium transfer siphons, applying tons of pressure to an
ingot of crystalline silicon that has been cooled to 4.2K. The thrill of seeing an originally sharp
zero phonon line broaden and then eventually split into several polarized stress-induced sub-

components, as you have predicted, is never forgotten.

My solid state research between 1990 and 2000 remained predominantly centered on
developing tools (both physical and mathematical) for uniaxial stress analysis of defects in
crystal. The highlight of this research, in my opinion, was published in 2000, after | had moved
to RCSI, in Journal of Physics: C. (2000; 12:31, 7055-7068). Titled “Piezo-spectroscopic
induced perturbations for defects in cubic crystals under uniaxial stress applied along arbitrary
low symmetry crystal directions” it describes a completely novel technique for identifying
defect symmetry based on an original idea of my own. Usually a complete uniaxial stress
analysis of defect symmetry requires low temperature (in liquid helium ~4.2K) spectroscopic
data to be taken from 3 ingots, each oriented along a different crystal axis of high symmetry
((001), (110) and (111)). The difficulties associated with conducting uniaxial stress studies on
3 samples at liquid helium temperatures result in such analyses requiring much time and high
consumables costs. The Low Symmetry Axis Perturbation Spectroscopy (LSAPS) technique
that | developed used only one ingot which was oriented along the (136) crystal axis which
has extremely low symmetry. The paper predicted the number of components, shift rate
equations and polarization intensities expected for all point defects in crystalline solids and
provided experimental corroboration of this with analysis the 983meV CdA line in silicon
under uniaxial stress. Consequently the LSAPS technique reduced the work and cost of such

studies by 66% since only one instead of 3 samples needs to be studied.

Since the publication of my Duffy et al. paper in 2004 (“A novel TiO,-assisted solar
photocatalytic batch-process disinfection reactor for the treatment of biological and chemical
contaminants in domestic drinking water in developing countries”) my solid state physics and

point-of use disinfection research have merged through investigations of semiconductor
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based photocatalytic enhancements of optical disinfection processes. This research examines
the possibility of speeding up the optical inactivation of waterborne pathogens by creating a
highly oxidative environment for microbes in contact with the optically illuminated
photocatalyst. Titanium dioxide has been the primary photocatalyst studied but zinc oxide has
also received some attention. In fact further publications in this area were either submitted or

in preparation at the time of submission of this thesis.

Section 2. Point-of-Use Water Treatment: Section 2 deals with point-of-use household

water treatment and storage (HWTS) technologies, particularly solar water disinfection
(SODIS), for use in developing countries. In my opinion this is my most important (and
personally most rewarding) research output since it deals with technologies designed to
prevent waterborne disease in the most vulnerable communities throughout the developing
world, especially children under the age of 5 years. While the impact of my solid state physics
research output might be measured in milliseconds saved during electronic signal
transmission, SODIS impact is ultimately measured using reduction in morbidity and mortality.

Surely it is for such reasons that most scientists embark upon their careers.

| was originally approached in 1992 by Dr Joseph Barnes, an emeritus lecturer in Tropical
Medicine and Infectious Diseases at the RCSI. This was only a few months after | had started
lecturing there. He was interested in the possibility of using glass Coca-Cola® bottles to store
and disinfect contaminated water using sunlight and had constructed a rudimentary UV-B
lamp array to conduct some simulations. He asked if | could help him measure the optical
output of the system he had developed. His enthusiasm was infectious and within a few
months we had embarked on a research adventure which has continued to this day. The
earliest publications in this section deal with (i) identifying the enteric pathogens resident that
would be encountered in subsequent field trial cohort and (ii) demonstrating the bactericidal
effect of solar heating within solar-exposed plastic bottles. These are followed by the seminal
1996 Lancet paper reporting the successful results of the first ever randomized controlled field
trial of SODIS in a human population. Several different aspects were pursued in subsequent

work between 1996 and 2010, including:



1. Conducting randomized controlled field trials (RCTs) to determine the health benefits
of SODIS.
2. Laboratory-based investigations of which important waterborne pathogens are
susceptible to SODIS
3. Describing the bactericidal mechanism of SODIS inactivation.
4. Developing enhancement technologies to treat larger volumes or inactivate the
pathogens more quickly.
The EU-funded SODISWATER Project (contract no. EU-FP6-INCO-CT-2006-031650 ) ran
from October 2006 to February 2010. This project was born out of the December 2004 Indian
Ocean Tsunami disaster. Despite a large body of work showing that SODIS was an effective
and low-cost point-of-use water treatment, very few aid organisations were willing to consider
using it despite it being promoted as an effective emergency intervention by both the W.H.O.
and UNICEF. The reason most frequently cited was insufficient knowledge of the technique.
Consequently SODISWATER funded three large RCTs in South Africa, Zimbabwe and
Kenya. A fourth RCT in Cambodia, funded by the Health Research Board (GHRA-06-01) was

added 6 months later using the same methodology.

The Zimbabwe study was ultimately unsuccessful owing to: (i) a 3 month government
enforced suspension of all foreign funded projects prior to national elections and (ii) a
nationwide cholera epidemic during which chlorine disinfection tablets were distributed freely
to the entire population. While the distribution in Zimbabwe of freely available chlorine tablets
by the major aid agencies for those at risk was the correct course of action, it nevertheless
produced drastic reductions in SODIS compliance within the study test group who no longer
saw a need to practice the technique. By the time that the cholera epidemic had passed and
chlorine tablets were no longer freely available, most of the SODIS bottles that had been
distributed to the test groups were lost, discarded or used for other purposes (storing fuel,
cooking oil, beer, milk etc.). The successful results from the remaining three RCTs are
described in a series of papers published in Environmental Science and Technology from
2010 to 2012. The data from all of the SODIS field studies were analysed by Prof Ronan

Conroy from the RCSI Dept. of Public Health and Epidemiology. Ronan has been my most



trusted and dependable colleague throughout my twenty years of research in the developing
world. His study designs and subsequent statistical analyses of the RCT data sets have been

masterpieces of logistical realism and mathematical insight.

The non-RCT related aspects of the SODISWATER project with which | was involved
investigated technological enhancements to (i) treat larger volumes (~30 litres) in the normal
time (6-8 hours); (ii) treat standard volumes (~2 litres) in a quicker time; or (iii) operate under
less-than-full sunshine conditions. The first two enhancement objectives were investigated
using compound parabolic collectors (CPCs) and photocatalysts. The latter is dealt with in the
previous section. CPCs allowed us to operate under cloudy conditions since the larger
reflecting surface collected not only the direct UV which is present in strong sunshine but also
the diffuse UV that filters through cloud cover. Much of this work was carried out in
collaboration with Dr Pilar Fernandez-lbanez at the Spanish Government CIEMAT solar

research platform at Plataforma Solar d’Almeria (PSA) in Southern Spain.

The SODIS body of work was summarized in August 2012 with the publication of our review
paper in the Journal of Hazardous Materials titled "Solar water disinfection (SODIS): A review
from bench-top to roof-top." The paper is co-authored with two former RCSI PhD students (Dr
Eunice Ubomba-Jaswa and Dr Martella du Preez) as well as other colleagues from the
SODISWATER project. In addition to summarizing the SODIS projects over the past 20 years,
the review describes in full all the developments in laboratory studies, field trials and
psychological factors influencing up-take of the technology which is in everyday use

throughout the developing world.

While some researchers might consider my 1996 publication in The Lancet to be my most
prestigious | personally view the 2011 Environ. Sci. Technol. papers describing the results of
the Cambodian and Kenyan SODISWATER randomized controlled field trials to be of most
importance since they demonstrated clear and significant health benefits associated with
SODIS at a time when other researchers using less elegant study designs had reported no

significant effect but received widespread attention in the media.



Section 3. Other Fields of Research: This section contains those papers that do not fit

comfortably into the first two sections. They cover a range of topics from acoustics,

impedance spectroscopy, chemistry, chemical education and plastic surgery.

During my career | have changed my field of research on two occasions. On arrival from DCU
to RCSI | was encouraged to engage in medically related research. Since | am an optical
spectroscopist by training | decided to investigate frequency analysis of acoustic, rather than
optical signals and embarked on a short career in acoustic analysis of the human voice. This
work produced my first PhD student (Peter Murphy, thesis title “Acoustic analysis of vocal
pathologies”) and one MSc student (Orla Cooney, thesis title “Acoustic analysis of the effects of
alcohol on the human voice”). Ultimately | withdrew from this field on the grounds that the main
challenges in this area resided primarily in the field of computing which was not a subject that

interested me greatly.

Several publications deal with impedimetric sensing of microbial biofiims forming on surfaces
which are acting as substitutes for medical devices. This work was conducted in collaboration
with Dr John “Tony” Byrne in the Northern Ireland BioEngineering Centre (NIBEC) in the
University of Ulster (Jordanstown). At that time we were collaborating on a “North-South”
research project to coat surfaces with photocatalysts which could then be optically activated to

deter and/or remove bacterial colonisation by non-socomal bacterial fauna resident on skin.

My favourite paper among all my publications resides in this section. Curran et al. (A case of
deep burns while diving the Lusitania. J Plast Reconstr Aesth Surg. 2010, 63(7): e579-e581)
was instigated by Dr. John Curran, a plastic surgeon working in Cork University Hospital
whom | had taught 10 years previously while he was in his premedical year. He told me that
he was treating a patient in his intensive care unit who had suffered extensive burns during a
scuba dive on the wreck of the Lusitania which lies at a depth of 90m some 10 miles off the
West coast of Cork. He could not explain how or why the burns had occurred in the first place

and, recalling the lectures on barotrauma that he had endured from me in his premed years,
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he asked if | might help get to the bottom of it. What emerged is a paper which describes a
“perfect storm” of circumstances that combined to create an almost fatal accident. The victim
had placed several hand warming packs inside his dry-suit. These hand warming packs
worked on the principle of oxidation of iron filings in air, which is an exothermic reaction. The
packs are sold as hand-warmers for outdoor enthusiasts such as hill-walkers or golfers.
Unfortunately the victim was unaware that the rate of chemical reaction is proportional to the
ambient pressure, which on the wreck of the Lusitania at 90m seawater depth is
approximately 10 atmospheres. Consequently the packs produced much more heat than
anticipated, so much in fact that a spontaneous ignition occurred within the dry-suit setting fire
to the nylon clothing which he was wearing underneath. He was “lucky” however, in that the
fire eventually breached the integrity of his diving suit, and the inflowing seawater
extinguished the fire. Nevertheless he sustained approximately 35% full thickness burns to
arms, anterior chest, upper back, bilateral hips, bilateral buttocks, genitals and both lower
limbs. We were able to identify the source of the risk and make recommendations that have
made diving safer for thousands of practitioners. The appeal of this paper is that it all
stemmed from the impact | made upon a Premed student during a regularly scheduled “fun”
lecture that | give to the medical students each year. It confirms for me the concept that even

our smallest actions can have the most profound effects.

Summary Statement:

In my career | have been fortunate to work with expert researchers in many different
disciplines such as solid state physics, spectroscopy, chemistry, epidemiology, microbiology,
mathematics, computing, psychology, otolaryngology, medicine and surgery. The reason that
these collaborations have taken place is that | have a basic research philosophy of being
unafraid to admit that “I don’t know.” | see no merit in trying to become expert in everything
when there are colleagues available who have already spent a life-time accumulating expert
knowledge that they are happy to share. Consequently interdisciplinary and multidisciplinary
collaborations are at the heart of all of my research output, which explains why | have not

produced any single-author peer-reviewed publications.
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In many respects my most fruitful collaborations have been those that have formed within the
supervisor — graduate student relationship. | have had a full spectrum of post-graduate
students from the very challenging to the very gifted. Each one, in their own way, has taught
me as much as | ever taught them. Martin Henry was an exemplary PhD supervisor whose
style | have tried to emulate with my own graduate students. He led by example and taught
me the most important lessons for a life time in research:

e Enjoy your work

e Enjoy your colleagues.

e Never be afraid to say “l don’'t know the answer to that question”

e Always be willing to collaborate.

e (o into each collaboration with an open and honest attitude.

e Learn from your failures and move on.

e Celebrate your successes when they come.
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