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1. Introduction 
 
 
TRIUMF, Canada's National Laboratory for Particle and Nuclear Physics, is operated as a 
joint venture by a consortium of universities. Member universities include: the University of 
Alberta, the University of British Columbia, Carleton University, Simon Fraser University, the 
University of Toronto, and the University of Victoria.  Associate member universities include: 
the University of Guelph, the University of Manitoba, McMaster University, l’Université de 
Montréal, Queen’s University, the University of Regina, and St. Mary’s University.   
 
TRIUMF’s ongoing operations are supported by a renewable five-year federal government 
contribution administered by the National Research Council of Canada (NRC).  In March 2000, 
the Federal Government initiated a funding program of $200 million over five years for the 
continued operation of TRIUMF.  The period of this Report (April 1, 2004 to March 31, 2005) 
marks the final year of that particular funding program.   
 
The current Contribution Agreement between NRC and TRIUMF includes the requirement for 
TRIUMF to enhance its impact on the Canadian economy. This impact is measured through the 
benefits provided to Canadian industry, both through the transfer of TRIUMF’s technical 
knowledge and through its purchasing practices.  In terms of business development, this 
agreement changed the commercial focus of TRIUMF from a Small Business Development Plan 
that concentrated on Western Canada, to a Business Development Plan (BDP) that applied 
throughout the country. The BDP now focuses on measuring and enhancing the impact of 
TRIUMF on the entire Canadian economy.   
 
The BDP was designed to assist Canadian high technology firms and entrepreneurs to 
commercialize new and improved technology resulting from TRIUMF research, and to sell the 
resulting products and services in the international market.  The Plan employs indices, which 
concentrate on and measure output effects from TRIUMF, rather than the traditional approach of 
measuring inputs.  The targets themselves should be viewed as evolving challenges, which will 
be modified to reflect changes in TRIUMF’s overall operational plan.  This report is the fifth and 
final in a series of annual reports reviewing the performance of TRIUMF during the past year in 
relation to the objectives outlined in the BDP.  2004-2005 has been another successful year.  This 
ongoing success is a reflection of the commitment of TRIUMF’s entire management and staff to 
the spirit and objectives of the BDP. 
 
This Report summarizes the goals set out in the BDP as well as the actual figures attained by 
TRIUMF for the fiscal year April 1, 2004 to March 31, 2005.  In order to fulfill both the 
requirements and intent of the BDP, the Technology Transfer Division (TTD) is constantly 
undertaking new commercial initiatives, and has continued with the numerous successful 
activities over the past year.  Profiles on some of these new advancements are presented in the 
following pages, as well as ongoing enterprises that continue to disseminate TRIUMF technology 
within the Canadian economy. 
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2. Background - The Five-Year Business Development Plan  
 
 
The intention of the Business Development Plan (BDP) is to enhance and evaluate the economic 
impact of TRIUMF in Canada.  This requires focusing the indices and their measurement on 
output effects from TRIUMF, rather than the traditional approach of input measurement.  For 
example, the economic impact of TRIUMF can be measured, in part, by the value of purchase 
orders placed in Canada during the year.  This output may be unrelated to the effort invested by 
TRIUMF in trying to place such purchase orders in Canada.  While the effort employed may be 
laudable, it does not identify the key factor that is the economic value to Canada of the orders 
placed.  In this BDP, the measurement index is the output parameters, in the example, the actual 
value of orders placed.  No record will be reported on such input indices as the number of 
companies contacted, or the number of Canadian companies that remitted quotations. 
 

The intention of the Business Development Plan is to enhance and 
evaluate the economic impact of TRIUMF in Canada. 

 
Inherent in the current BDP is the retention of the systemic approaches that were identified in the 
previous Small Business Development Plan.  TRIUMF has a procurement policy that requires all 
purchases to be made on an open competitive basis, with a preference for Canadian companies, 
but only if price and quality are comparable. 
 
TRIUMF’s Technology Transfer Division (TTD) is responsible for the commercial interactions 
in which the laboratory participates.  It is composed of a small group dedicated to optimizing the 
commercialization of technologies emanating from TRIUMF research.  Additionally, the TTD is 
also responsible for the Applied Technology Group (ATG) comprised of highly technical 
individuals who operate and maintain the on-site commercial cyclotrons on a daily basis.  The 
Technology Transfer Division’s mandate includes the pursuit of all financially and technically 
viable opportunities for commercializing technologies emanating from the research at TRIUMF. 
 
The TTD’s mandate recognizes the preeminence of scientific research at the laboratory, and 
seeks to optimize the benefit to TRIUMF and the Canadian economy while minimizing the 
impact on scientific activities at the facility. In evaluating the BDP targets, it is of paramount 
importance to remember that TRIUMF is primarily a facility for fundamental research into sub-
atomic physics.  Unlike commercial enterprises, TRIUMF does not produce “research products” 
at a constant rate, or with a constant rate of growth.  If a target is either under or overachieved in 
one year, it should not be assumed that this has any implication regarding the possibility of under 
or overachieving the following year. 
 
The years between 2001 and 2005 have seen TRIUMF focus its technology transfer efforts in the 
areas of life sciences.  The work of technology transfer from TRIUMF involves a great deal of 
background effort in unearthing potential commercial technologies, from which the actual 
successful technologies eventually emerge.  It is not a haphazard or serendipitous approach, but 
one that nurtures the potential, and allows market demand to pull successful technologies 
forward.  A summary of the BDP targets for 2001-2005 is presented in Table 1 and further details 
of each target are presented in Section 3. 
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Business Development Targets for 2001-2005 
 

Item Description Target for 
2000/01 

Target for 
2001/02 

Target for 
2002/03 

Target for
2003/04 

Target for 
2004/05 

1 Dollar Value of Sponsored 
Research for the Year $10 million $10 million $10 million $11 million $11 million

2 Number of Disclosures 
During the Year 15 15 15 16 16 

3 Number of Disclosures 
Reviewed During the Year 4 4 4 5 5 

4 Number of Disclosures 
Funded During the Year 2 2 2 3 3 

5 Value of Funding for 
Disclosures During the Year $25,000 $25,000 $25,000 $30,000 $30,000 

6 Number of Patents Applied 
for During the Year 5 5 5 6 6 

7 Number of Patents Granted 
During the Year 2 2 2 3 3 

8 
Value of Purchase Orders 
Placed by TRIUMF in 
Canada During the Year 

$18 million $18 million $18 million $20 million $20 million

9 Number of Start-up 
Companies During the Year 1 1 2 2 3 

10 Number of Spin-out 
Companies During the Year 1 1 1 2 2 

11 Number of Licenses 
Granted During the Year 3 3 4 5 6 

12 Cumulative Number of 
Active Licenses 8 9 10 11 12 

13 Royalty Income for the Year $400,000 $500,000 $500,000 $600,000 $600,000 

14 Contract Income for the 
Year $100,000 $100,000 $150,000 $150,000 $200,000 

15 
Number of Students 
Employed by TRIUMF 
during the Year 

40 40 40 40 40 

16 

Value of the TRIUMF 
Sponsored Canadian 
Conferences During the 
Year 

$1 million $1 million $1.5 
million 

$1.5 
million 

$1.5 
million 

 
Table 1:  Business Development Plan Targets for 2001 to 2005 (Updated May 22, 2002).  As noted in the introduction, the above 
targets should be viewed as evolving challenges, which will be modified to reflect changes in TRIUMF’s operational plan.
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3. Target and Results for 2004/2005 
 
 
The following sixteen (16) indices have been set to measure the economic impact that TRIUMF’s 
new and existing activities are having on the Canadian economy.  
 
1. Dollar Value of Sponsored Research for the Year - The annual dollar amount received by 

TRIUMF for research from the Natural Sciences and Engineering Research Council (NSERC). 

2. Number of Disclosures During the Year - The number of novel inventions or ideas with 

commercial potential that are disclosed to the TRIUMF Technology Transfer Office during the 

year.  The 'target' for disclosures has been substantially reduced from the previous SBDP to 

reflect a more realistic approach, looking only at disclosures with some possibility of commercial 

application. 

3. Number of Disclosures Reviewed During the Year - The number of possible commercial 

ideas that are disclosed to the TRIUMF Technology Transfer Office, and that proceed to the next 

step of formal review during the year. 

4. Number of Disclosures Funded During the Year - The number of possible commercial 

ideas that are disclosed to the TRIUMF Technology Transfer Office, are reviewed and proceed to 

the next step of receiving TRIUMF funding for further development during the year. 

5. Value of Funding for Disclosures During the Year - The annual dollar amount invested 

by TRIUMF into the initial development of potentially commercial disclosures. 

6. Number of Patents Applied for During the Year – This figure reflects the number of 

inventions submitted for patent protection during the year.  Each application represents a potential 

family of patents. Each patent family relates to a single invention.  Within each patent family, 

multiple patents can be sought to provide protection in various countries or jurisdictions. 

7. Number of Patents Granted During the Year - The number of patents that are granted 

during the year for TRIUMF inventions.  This figure includes patents issued in all jurisdictions.  

Some patents will correspond to new patent families and others will pertain to existing patent 

families.  In the latter case, each new patent simply extends the number of countries where an 

invention is protected. 

8. Value of Purchase Orders Placed by TRIUMF in Canada During the Year - The 

amount of TRIUMF purchase orders that are placed in Canada during the year.  See Chart 1 for 

absolute dollars and percentage breakdown of total purchase orders. 

9. Number of Start-up Companies During the Year - The number of companies that have 

been created by TRIUMF staff or students during the year, but without requiring any access to 

TRIUMF patents or technology. 
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10. Number of Spin-out Companies During the Year - The number of companies that have 

been created during the year using TRIUMF patents or technology. 

11. Number of Licenses Granted During the Year - The number of licenses granted during the 

year by TRIUMF for commercial endeavours. 

12. Cumulative Number of Active Licenses - The cumulative number of commercial licenses 

granted by TRIUMF. 

13. Royalty Income for the Year - The royalty income from its licenses that TRIUMF received 

during the year. 

14. Contract Income for the Year - The revenue that TRIUMF received during the year for 

commercial contract work.  Examples include income from the Proton Irradiation Facility (PIF) 

and the Neutron Irradiation Facility (NIF). 

15. Number of Students Employed by TRIUMF - The total number of all students employed 

by TRIUMF during the year. 

16. Value of TRIUMF Sponsored Canadian Conferences During the Year - The estimated 

economic impact of conferences sponsored at TRIUMF.  For a list of TRIUMF sponsored 

conferences, with a breakdown of the number of attendees, number of days of each conference 

and an estimate of the dollar value of the conferences, see Table 3. 

 
The following table summarizes the goals set out for these indices in the BDP and the actual 
figures attained by TRIUMF for the fiscal year April 1st, 2004 to March 31st 2005.  The 
Technology Transfer Division is constantly undertaking new initiatives in commercial interaction 
and development and has continued with the numerous successful activities over the past year, in 
order to fulfill both the requirements and intent of the Plan. 
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Comparison of Targets and Actual results for 2004/2005 
 
Item Description Target Actual 

1 Dollar Value of Sponsored Research for the Year $11 million $5.3 million 

2 Number of Disclosures During the Year 16 7 

3 Number of Disclosures Reviewed During the Year 5 6 

4 Number of Disclosures Funded During the Year 3 3 

5 Value of Funding for Disclosures During the Year  $30,000 $60,000 

6 Number of Patents Applied for During the Year 6 11 

7 Number of Patents Granted During the Year 3 3 

8 Value of Purchase Orders Placed by TRIUMF in Canada  
During the Year $20 million $13.7 million 

9 Number of Start-Up Companies During the Year 3 0 

10 Number of Spin-Out Companies During the Year 2 0 

11 Number of Licenses Granted During the Year 6 0 

12 Cumulative Number of Active Licenses 12 9 

13 Royalty Income for the Year $600,000 $1,403,000 

14 Contract Income for the Year $200,000 $80,000 

15 
Number of Students Employed by TRIUMF  
(Number of Undergraduate Students: 65) 
(Number of Graduate Students: 36) 

40 101 

16 
Value of the TRIUMF Sponsored Canadian Conferences 
During the Year $1.5 million $1.1 million 

 
TABLE 2: EVALUATION OF TARGETS SET FOR 2004/2005.  In evaluating the BDP targets it is of paramount importance to remember 
that TRIUMF is primarily a facility for fundamental research into sub-atomic physics.  Unlike commercial enterprises, TRIUMF 
does not produce “research products” at a constant rate, or with a constant rate of growth.  If a target is either under or 
overachieved in one year, it should not be assumed that this would have any implication regarding the possibility of under or 
overachievement the following year.  As noted earlier, the targets themselves should be viewed as evolving challenges that will be 
modified to reflect changes in TRIUMF’s operational plan. 
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TRIUMF Conferences and Workshops in 2004/2005 
 
Conferences and Workshops contribute to TRIUMF’s scientific and economic impact.  These 
events facilitate the transfer of knowledge and stimulate the economy.  The following table 
summarizes the TRIUMF sponsored conferences and workshops held during the fiscal year.  A 
simple estimate of the economic impact is also presented. 
 
 

Conference 
Acronym 

Conference Title/Location Dates # of People in   
Attendance 

# of Person 
Days 

 FFAG 
Fixed Field Alternating 
Gradient Workshop 
Vancouver, BC 

April 15-21, 
2004 23 161 

TSI TRIUMF Summer Institute 
Vancouver, BC 

July 5-16, 
2004 35 420 

 NIC VIII 

Eighth International 
Symposium on Nuclei in the 
Cosmos 
Vancouver, BC 

July 19-23, 
2004 237 1185 

 VLCW 
Victoria Linear Collider 
Workshop 
Victoria, BC 

July 28-31, 
2004 150 600 

 5ISR 
Fifth International 
Symposium on Radiohalogens
Whistler, BC 

September 
11-15, 2004 74 370 

TUG AGM 
TRIUMF Users’ Group 
Annual General Meeting 
Vancouver, BC  

December 8, 
2004 58 58 

                                                                                        TOTALS 577 2,794 
  
                                                                                               Number of ‘person days’ 2,794 

Multiplied by the estimated amount spent $400 
                                                                                               Total amount spent $1,117,600 

 
Table 3: TRIUMF Conferences and Workshops in 2004-2005.   Conferences and Workshop details are presented with the number 
of attendees present at each event.  The final column in the table presents the number of ‘person days’ for each conference, which 
is calculated by multiplying the number of attendees by the duration of the conference.  The estimated daily amount spent per 
person is $400.  This is likely a conservative estimate of the economic impact, as some attendees stay on for extra days to 
collaborate with TRIUMF staff, to take advantage of inexpensive airfares, or to simply vacation in Western Canada.  Thanks 
mainly to the reputation of TRIUMF scientists and researchers, but also partly to our location in Vancouver, TRIUMF continues 
to be a popular conference destination.  As with other figures, the number of conferences and attendees in a given year will have 
little bearing on the number of conferences and attendees in subsequent years. 
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Purchase Order Analysis 2004/2005 
 
TRIUMF’s purchasing has a direct impact on the Canadian economy.  The following chart 
summarizes TRIUMF’s total purchases (excluding Power and Provincial Building Funds).  
TRIUMF’s procurement policy gives preference to Canadian vendors, but only if price and 
quality are comparable.  Given the highly specialized nature of certain purchases, foreign supply 
is sometimes the only viable option. 
 
 

Purchase Order Analysis (2004-2005)
(excluding Provincial Building Funds & Power)

Canada 
$13,789,767

63%

Foreign    
$8,201,214 

37%

 
Chart 1:  Purchase Order Analysis 2004/2005.  TRIUMF’s procurement policy requires all purchases to be made on an open 
competitive basis, with a preference for Canadian companies, but only if price and quality are comparable. Power/Utilities and 
all Provincial Building (construction-related) accounts are omitted from this data, since these large expenses can skew the rest of 
the data. 
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4. Highlights in Technology Transfer in 2004/2005 
 
 

 
 TRIUMF’s contract and royalty income for the 2004/2005 year totalled $1,483,000. This 

commercial revenue is utilized to support Technology Transfer initiatives and further 
fundamental physics research activities. 

 
 In 2004/2005 the Technology Transfer Division was granted three (3) new patents and 

applied for eleven (11) more. TRIUMF now holds patents representing thirty-two (32) 
distinct patent families, and has filed over one hundred thirty-four (134) patent applications 
in Canada and around the world. 
 

 TRIUMF will be assisting with the operation of the BC Cancer Agency’s (BCCA) new positron 
emission tomography/computed tomography (PET/CT) scanner, which was installed at their 
Vancouver facility in early 2005.  The PET/CT scanner will be used for clinical medical imaging in 
the diagnosis and treatment of cancer. 

 
 TRIUMF continues to assist current licensees and other small Canadian companies by 

providing consultation on technical, research and development issues.  See section five for 
details. 

 
 TRIUMF continues its policy of providing employment to students. There were one 

hundred and one (101) students employed during this fiscal year; sixty-five (65) were 
undergraduate students and thirty-six (36) were graduate students. 

 
 The Technology Transfer Division also continues to act as a liaison between the numerous 

visiting dignitaries and TRIUMF staff. In 2004/2005, foreign delegations to TRIUMF 
included groups from Australia, China, Estonia, France, Russia, and the United States. 

 
 The Technology Transfer Division continues to produce a regular Technology Transfer 

Bulletin that presents some of the major technical and scientific initiatives in which 
TRIUMF has a significant role. The Bulletins are mailed to more than four hundred 
government officials, industry representatives and university administrators, as well as 
interested members of the public.  Six issues were published in the 2004/2005 fiscal year.  
Copies of all bulletins are available in PDF format on TRIUMF’s public website. 

 
 TRIUMF continues to follow the required procurement policy, which gives preference to 

Canadian companies where quality and price are comparable. 
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5. Transferring Knowledge from TRIUMF into the Canadian Economy 

 
 
The goal of transferring knowledge from TRIUMF into the Canadian economy is achieved in a 
variety of ways.  Ongoing activities build upon previous successes and continue the flow of 
knowledge, skill, and technology to Canadian industry.  New initiatives, while fraught with 
challenges, initiate the transfer of new innovations.  Ultimately, it is the people who drive the 
research that becomes the fountainhead for new ideas.  The students that work at TRIUMF each 
year are among the best and brightest.  Their time at TRIUMF both enriches their studies and 
serves to disseminate knowledge to the broader academic and industrial community.  The 
following vignettes feature some of TRIUMF’s activities during the April 1, 2004 to March 31, 
2005 fiscal year. 
 
 
TRIUMF-MDS Nordion Partnership Wins 2004 Synergy Award for Innovation 
 
On October 28, 2004, the Natural Sciences 
and Engineering Research Council of 
Canada (NSERC) presented a 2004 
Synergy Award for Innovation to 
TRIUMF and MDS Nordion for their 
outstanding 26-year university-industry 
partnership.  The award was one of only 
seven awarded nationally this year, and 
one of two granted in the Large 
Companies category.  Each year, the 
awards recognize innovative 
collaborations in research and 
development that successfully combine the 
unique strengths and abilities of 
universities with those of the commercial 
sector.  Award winners are chosen based 
on innovation, entrepreneurship, 
creativity, utilization of resources, quality 
of research, quality of management, and 
effectiveness in training graduate students.     
 
“The Synergy Awards celebrate and recognize effective partnerships that connect our university-
based research leaders with those in the private sector who can deliver research results to the 
marketplace,” said NSERC President, Tom Brzustowski.  The awards were presented at a 
ceremony in Waterloo, Ontario, and were accepted on behalf of TRIUMF by Dr. Alan Shotter, 
Director of TRIUMF; Dr. Jean-Michel Poutissou, Associate Director and Head of the Science 
Division; Mr. Philip Gardner, Head of the Technology Transfer Division; and Dr. Brian Pate, 
now retired from TRIUMF, who originally conceived of and initiated the association between 
TRIUMF and MDS Nordion.  As part of the award, TRIUMF received a $25,000 research grant 
from NSERC, and MDS Nordion was given the prestigious Synergy sculpture. 
 

Several members of the TRIUMF-MDS Nordion team pose in front of 
Nordion’s isotope production facility at TRIUMF.  Left to right: Chris 
Burns, Phil Gardner, Karin Wills, Jerry Porter, Jean-Michel Poutissou, 
Jamie Isobe, Alan Shotter, Ann Fong.  Photo credit: Mindy Hapke. 
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“TRIUMF is a pivotal institution for nuclear medicine research in Canada,” said Iain Trevena, 
Senior Vice President of Nuclear Medicine at MDS Nordion.  “Our access to the level of 
knowledge and expertise at TRIUMF significantly enhances our ability to serve the global 
nuclear medicine market.” 
 
This unique relationship began in 1978, when TRIUMF and the Commercial Products Division 
of Atomic Energy of Canada Ltd. (now MDS Nordion) agreed to produce radioisotopes using 
TRIUMF’s facilities and expertise.  Since then, this partnership has evolved to give Canada a 
leading role in the multi-billion dollar nuclear medicine industry.  Cyclotron-based medical 
isotopes are used around the world for the diagnosis and treatment of a range of diseases.  The 
TRIUMF-MDS Nordion collaboration has produced pioneering developments, including the 
production of high-purity iodine-123, used for the management of thyroid cancer as well as the 
imaging of cardiac and neurological disorders, and a patented high-volume production method 
for palladium-103, used in leading-edge brachytherapy treatments for prostate, breast and other 
cancers.  The partnership has supported TRIUMF’s role as a premier international scientific 
institution, while MDS Nordion has emerged as the world’s leading supplier of diagnostic 
imaging and therapeutic isotopes.  Currently, doses for over 45,000 medical procedures are 
produced each week at MDS Nordion’s Vancouver operations, located on the TRIUMF site. 
 
 
 
New Collaboration with BC Cancer Agency 
 
Over the past nine years, TRIUMF has housed 
Canada’s only clinical proton therapy centre for the 
treatment of ocular melanoma, a type of eye cancer.  
The treatment facility is operated as a collaboration 
between TRIUMF, the BC Cancer Agency (BCCA), 
and the University of British Columbia (UBC) Eye 
Care Centre. In addition to this ongoing 
collaboration, TRIUMF will soon be assisting with 
the operation of BCCA’s new positron emission 
tomography/computed tomography (PET/CT) 
scanner, which will be installed at their Vancouver 
facility in the Spring of 2005.  The PET/CT scanner 
will be used for clinical medical imaging in the 
diagnosis and treatment of cancer.  A PET/CT 
machine contains both PET and CT cameras, producing images that show both chemical 
(functional) and anatomical (structural) information.  Thus, the machine has the ability not only 
to identify cells with high metabolism, which may be cancerous, but also to show the size and 
location of these cell groupings. 
 
For the next year or two, BCCA staff will temporarily use TRIUMF’s TR13 cyclotron and 
radiochemical laboratory to produce 18F and fluorodeoxyglucose (FDG).  FDG is a glucose-like 
compound containing 18F radioisotopes.  Because cancerous cells have higher metabolism than 
normal cells, and thus take up more glucose (and FDG), the FDG concentrates in cancerous 
tumours when administered to the patient.  The PET/CT scanner detects the radiation emitted 
from the FDG and constructs an image showing the areas of concentration, thus enabling 

Image credit: Don Wilson, BCCA Breast Cancer Symposium 
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identification of possible tumours.  The FDG will be couriered to the BCCA scanning facility on 
West 10th Avenue in Vancouver, until BCCA acquires its own cyclotron.  Initially there will be 
one shipment of FDG per day, but within six months, this may increase to two shipments.  The 
goal is to perform 3000 scans per year.  The project is funded by the Provincial Health Services 
Authority, and is part of the Centre for Functional Imaging established by the BCCA, UBC, BC 
Children’s Hospital, Vancouver Hospital and Health Services Centre, and TRIUMF. 
 
 
 
Life Science Projects 

 
Although the research focus at TRIUMF is on sub-atomic physics, the laboratory participates in a 
broad range of life science projects.  TRIUMF contributes its expertise and facilities to research 
having applications in the health care, environmental, and commercial industries.  The laboratory 
produces radioisotopes for research into imaging and therapies for cancer, Parkinson’s disease, 
diabetes, and lysosomal storage diseases like Gaucher disease, Tay Sachs disease, and Hurler 
syndrome (MPS1).  Other research focuses on new radiotracers and improved production of 
radioisotopes for use in medical imaging.  TRIUMF supports these research projects in 
collaboration with staff and researchers from many other institutions, including the University of 
British Columbia (UBC), the BC Cancer Agency and Research Centre, Simon Fraser University, 
The Prostate Centre at Vancouver General Hospital, the Pacific Parkinson’s Research Centre, the 
University of Victoria, McGill University, the University of Sherbrooke, and the University of 
Toronto.  Additionally, TRIUMF is also collaborating with researchers from the United States, 
China, Scotland, Iran, and Sweden at present.   
 
 
Aquatic Plants Important in Reducing Global Warming 
 
“Over the past century, industrial emissions of CO2 have 
resulted in an exponential increase in atmospheric CO2 to 
values not seen on earth in at least the last approximately 
400,000 years,” explains Dr. Maria Maldonado, Canada 
Research Chair and Assistant Professor in UBC’s Earth and 
Ocean Sciences department. In collaboration with 
TRIUMF’s Positron Emission Tomography (PET) Group, 
Dr. Maldonado is conducting research that may have a 
significant impact in the fight to control climate change. 
 
In surface waters of the world’s oceans, tiny plants are 
silently playing a crucial role in maintaining the air we 
breathe.  These microscopic ‘aquatic plants’, know as 
phytoplankton take in carbon dioxide (CO2) and through 
photosynthesis, convert it into sugars that they can 
consume as food.  CO2 is a greenhouse gas that is produced 
in the burning of fossil fuels and that contributes to global 
warming.  Thus, through photosynthesis, phytoplankton 
help to regulate the levels of CO2 in the atmosphere.  Some 
believe this process, which is part of the natural carbon 

Ocean samples being collected over the continental 
shelf in the Bering Sea.  Like other photosynthetic 
organisms, phytoplankton contain chlorophyll, 
which give them a green colour.  Thus, in iron-rich 
coastal waters where phytoplankton are abundant, 
the water has a green appearance; in low-iron 
open ocean water, where there are fewer 
phytoplankton, the water has a blue appearance.    
Photo courtesy of Maria Maldonado. 
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cycle of the Earth, has potential for mitigating climate change.  Without phytoplankton, the 
Earth’s atmospheric CO2 level would be significantly higher than the 360 parts per million we 
observe today.  Dr. Maldonado, along with UBC students Shannon Harris and Amber Annett, 
began studying the physiological role of copper (Cu) in these tiny aquatic organisms last year. 
 
Phytoplankton are abundant in waters containing high concentrations of dissolved iron (Fe).  
Scientific research has indicated that Fe supports phytoplankton growth and efficient CO2 uptake.  
However, some phytoplankton still manage to survive in waters with very low concentrations of 
Fe.  How can this be explained?  Dr. Maldonado’s preliminary research suggests that Cu may act 
as a substitute for Fe in Fe deficient waters, such as parts of the Sub-arctic Pacific and Southern 
Oceans.  Furthermore, Cu appears to facilitate Fe uptake and influence photosynthesis in these 
conditions.  “These results are the first to demonstrate Cu limitation of marine phytoplankton 
growth and a role of Cu in phytoplankton Fe uptake,” Dr. Maldonado notes.  From investigating 
the effects of varying Cu and Fe levels in the growth and physiology of phytoplankton, a method 
for promoting CO2 uptake in phytoplankton may be developed to help combat global warming. 
 
Up to this point in the research, Suzy Lapi, a SFU Ph.D. student working at TRIUMF, and Dr. 
Tom Ruth, Director of the TRIUMF-UBC PET Program, have produced the copper radioisotope, 
64Cu, for the project.  The 64Cu has been used to measure the intracellular levels of Cu in 
phytoplankton.  However, from this point onward, TRIUMF, with cooperation from MDS 
Nordion, will provide 67Cu, which has a much longer half-life.  As such, it will enable the 
completion of more tests and easier scheduling of experiments.  Over the course of the year, Dr. 
Maldonado’s team will investigate the distribution of Cu in the various cellular compartments of 
the phytoplankton to determine possible biochemical substitutions of Fe by Cu.  Following this, 
the actual mechanisms of Cu uptake in phytoplankton will be examined.  The group plans to 
publish their findings by the end of 2005. 
 
 
 
Proposed Spin-Out Company 
 
While the chosen indices above focus on the measurement of outputs from TRIUMF, it is 
however, worthwhile to reflect on the notable effort that has been expended on certain projects.  
One such project was the proposed spin-out company originally conceived in 2004 for the 
purpose of commercializing a group of TRIUMF technologies in the Life Science area.   
 
The proposed company was to commercialize technologies that are aimed at addressing niche 
markets in medical imaging and radiopharmaceutical development, with diagnostic and 
therapeutic applications in oncology, cardiology, and neurology. Scientists at TRIUMF have 
developed proprietary technology to allow efficient radiolabeling of biological molecules without 
compromising the native structural or functional integrity of the molecules. This direct labeling 
process could provide a general method for the development of labeled probes for clinical 
Positron Emission Tomography (PET) applications. The key advantages included greater 
stability, higher yield, and the ability to significantly reduce radiological damage to the biological 
entity. A significant component of the intellectual property package was a promising Oxygen-18 
targetry technology. 
 
This group of complementary technologies was targeted at the growing nuclear medicine 
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industry.  Currently, growth rates of 14% are generated annually from nuclear medicine in the 
overall healthcare industry.  Estimates by Frost & Sullivan indicate that by 2020, the 
radiopharmaceutical diagnostic market will grow to $17 billion US and the therapeutics market 
will grow to $6 billion US.  Demand for PET scans alone is anticipated to increase to $300 
million in the next three years, due in part to US medical insurance companies reimbursing 
patients for their PET scans.  This growth will spur the need for additional radiolabeled 
compounds and the precursors required to make them. 
 
Considerable time and resources were invested to formulate the business plan and lay the 
groundwork for a successful venture.  Unfortunately, this project stalled in the oversight approval 
process.  Fortunately, not all efforts were wasted—the intellectual property has been protected 
and licenses can still be granted to interested commercial partners.  The outcome of this project 
highlights the reality that outputs may be unrelated to the level of effort invested by TRIUMF.  It 
also reveals the challenges of navigating the realities that lie at the nexus of fundamental research 
and commercial activity. 
 
 
 
The CDS Research Inc. Scrubber 
 
Initially developed by TRIUMF research scientists, a novel 
cryogenic method of cleaning flue gas emissions was licensed 
to CDS Research Inc. (CDS), who further developed and 
patented the process, resulting in the scrubber unit.  CDS is a 
Vancouver-based specialty engineering company whose 
primary focus is to provide consulting services to worldwide 
clients engaged in Liquefied Natural Gas projects. Recently, 
CDS developed a simplified version of the technology for 
application in greenhouses in the Lower Mainland of BC. 
 
The CDS scrubber technology consists of multiple treatment 
modules designed to perform specific mitigation duties. The 
advantage of this process is its simplicity, flexibility and 
ability to adapt to a large variety of emissions. The scrubber 
unit is permanently connected to the vent stack of the boiler, 
and its controls are fully integrated with the boiler’s controls. 
Whenever the boiler is in operation, the flue gas is directed to 
the scrubber for clean up. The CDS scrubber is intended to 
filter particulate emissions and reduce NOx and SOx, but can 
also selectively trap other contaminants, such as mercury 
and/or arsenic. The process also eliminates the strong odours 
that are generally associated with burning sulphur-bearing 
coal. Every two weeks, collected particulate matter, including 
trace elements, is emptied and disposed of in accordance with 
British Columbia waste disposal guidelines. The units 
contribute significant fuel cost savings to the greenhouse 
operators. 
 

The CDS Scrubber undergoing testing in 
Manitoba. Filtered wastes are collected into a 
bin shown here and prepared for disposal.  
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McCall Environmental tests the output from a 
coal-burning boiler. With the use of the CDS 
Scrubber, the only emission from the 
smokestack is steam. 

Now the Greater Vancouver Regional District (GVRD) 
has shown great interest in the CDS scrubber.  The 
introduction of the scrubber unit is timely because 
greenhouse operators in the Lower Mainland are facing 
hardship due to increasing natural gas prices.  The 
GVRD has been reluctant to allow, without scrubbing, 
the burning of alternate fuels to natural gas. To 
demonstrate that the unit would meet all the 
requirements of Environment Canada and the B.C. 
Ministry of Water, Land and Air Pollution, in March 
2004, McCall Environmental, a company from Victoria, 
B.C. that specializes in testing output from smokestacks, 
was retained to conduct formal tests on a prototype unit.  
The rigorous testing of the unit compared the 
smokestack emissions with and without the scrubber for 
several different types of coal, plus wood chips and 
wood pellets.  These tests were critical in providing 
initial data for both the B.C. Ministry of Water, Land 

and Air Pollution and the GVRD. The results showed that there were significant reductions in 
particulate and SOx emissions, some reduction in NOx, and considerable reduction in all trace 
metals emitted.  
 
The scrubber introduces an innovative method of advanced clean-up technology that moves away 
from the conventional method of converting one form of waste from flue gas into another form of 
waste. Instead, potentially harmful effluents can be recovered as recyclable materials and 
introduced as feedstock into secondary industries.  This allows for the use of significant coal 
energy still available today without the associated environmental penalties, due to the 
effectiveness of the integrated recovery and clean-up systems.  The CDS technology involved 
may additionally be refined and applied to other combustion industries to further reduce emission 
levels. 
 
Airborne particulate matter (PM) is one of the major causes of smog and air pollution. These 
particles are categorized by their size: PM10 particles are 10 micrometers (μm) in diameter, and 
PM2.5, 2.5 μm in diameter. Both of these particles can be extremely harmful to human health. At 
1/20th the width of a human hair, PM2.5 particulate can be inhaled deep into the lungs, where it 
can block the blood’s oxygen uptake. This may lead to breathing and respiratory symptoms, 
irritation, inflammation, and damage to the lungs. PM can also cause soiling, discoloration, and 
physical and chemical degradation of buildings and materials such as metals, wood, stone, 
electronics, and fabrics. Scientists now believe that there is no safe level of exposure to PM. 
Exposure to PM is widespread in Canada and remains a problem in every region of Canada year-
round. Other emissions from smokestacks include nitrogen, carbon dioxide, carbon monoxide, 
sulphur dioxide, and nitrogen dioxide, all of which contribute to the formation of smog.  Much of 
the PM in the atmosphere comes from vehicle use and industrial boilers. According to 
Environment Canada, large industrial facilities contribute almost 10% of airborne emissions in 
British Columbia. However, the installation of a smokestack scrubber can drastically reduce the 
amount of PM and other emitted compounds and trace metals.  
 
The next step for the smokestack scrubber project will be to fine-tune the production model prior 
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to production. To date, several units have already been ordered by eager customers and are 
expected to be fully operational before the winter.  Funding for this project was provided by the 
National Research Council (NRC). 
 
 
International Conferences 
IEMC 2004 and ISMOT’04 Conferences 
 
In October, Phil Gardner and Ann Fong, from TRIUMF’s Technology Transfer Division, 
attended the 2004 International Engineering Management Conference (IEMC 2004) and the 
Fourth International Symposium on Management of Technology (ISMOT’04).  IEMC 2004, 
organized by the Institute of Electrical and Electronics Engineers (IEEE), was held October 18-
21 in Singapore.  ISMOT’04, held October 24-26, 2004, took place at Zhejiang University in 
Hangzhou, China.  Both conferences attracted participants from all over the world.   More than 
200 papers were presented at each conference on such topics as innovation management, business 
strategies, entrepreneurship, sustainable development, and technology management. 
 
At IEMC, Phil and Ann were invited to present the paper, From Innovation to Enterprise – the 
Role of Technology Commercialization in Sustaining Economic Growth, which was written with 
Lindsay S. Graham, a former co-op student at TRIUMF.  Ann and Phil were also invited to 
present two co-written papers at ISMOT: An Analysis of International Achievements in 
Technology Commercialization and The Role of Basic Research in Economic Development. The 
latter was awarded a third class prize by the ISMOT’04 committee.   
 
 
 
TRIUMF Welcomes Visiting Researchers 
 
TRIUMF is a world-class facility supporting international collaborative research in Canada.  
With research areas ranging from nuclear physics to life sciences and the environment, TRIUMF 
is host to a number of leading scientists each year.  There are usually over 40 visiting researchers 
at any given time, including researchers from across Canada, with visitors totaling over 350 each 
year.  These visitors include many undergraduate, graduate, doctoral, and postdoctoral students.  
Currently there are several foreign researchers at TRIUMF, including Dr. Yong-Seok Hwang and 
Dr. Qianmei Zhang, who are profiled below.  
 
Dr. Yong-Seok Hwang 
 

For the next year, Vancouver and TRIUMF will be home to Dr. Yong-
Seok Hwang, a visiting researcher from South Korea.  Dr. Hwang 
holds a PhD in plasma physics from Princeton University in the United 
States.  He is currently Associate Professor of Nuclear Engineering at 
Seoul National University in South Korea where he teaches plasma 
physics and fusion.  Dr. Hwang has previously held positions at 
Princeton University and the Korea Advanced Institute of Science and 
Technology.  He now works primarily in applied plasma technology, 
specifically on plasma and ion source development.  Dr. Hwang joined 
TRIUMF’s Ion Source and Injection System (ISIS) group in August 

Dr. Yong-Seok Hwang 
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2004 where, until August 2005, he will be working with Mr. Roger Poirier, Head of the 
Cyclotron Division.   
 
At TRIUMF, Dr. Hwang’s research focuses on characterizing ion sources.  An ion source 
produces plasmas, which contain electrically charged particles.  These particles are then 
electrostatically accelerated and transported to TRIUMF’s 500 MeV cyclotron for further 
acceleration up to speeds of 224,000 km per second (3/4 the speed of light).  The high-energy 
ions are stripped of their two electrons to produce an intense beam of protons, which enables 
scientists to conduct various experiments.  Dr. Hwang’s work involves carefully analyzing the 
relationship between plasma characteristics and corresponding H- ion-beam characteristics of 
TRIUMF’s cusp ion source.  Correlations between these properties may be utilized to improve 
the brightness, emittance, and extracted beam currents of the ion source.  Such improvements 
could enhance the performance of the TRIUMF cyclotron through better matching between the 
ion source, injection line, and cyclotron. 
 
The benefits of this research extend beyond improvements at TRIUMF.  Dr. Hwang’s results 
have the potential to enhance the operation of other particle accelerators that require high-
brightness H- sources in research facilities around the world.  These same benefits apply to the 
medical radioisotope and radiopharmaceutical industries.  Particle accelerators are a key 
component in the production of isotopes for medical diagnosis and treatment of diseases such as 
cancer and Parkinson’s disease.  The Society of Nuclear Medicine (SNM) reports that in the U.S. 
alone, nearly 18 million nuclear medicine procedures are carried out each year.  According to 
Canadian Business, the world market for diagnostic radiopharmaceuticals is expected to reach 
18.7 billion U.S. dollars by the year 2020.  The research done at TRIUMF could increase 
radioisotope output, yielding efficiency improvements and economic savings for radioisotope 
producers.  As world leaders in the multi-billion dollar medical isotope industry, Canadian 
companies stand to benefit from Dr. Hwang’s work.   
 
Dr. Qianmei Zhang 

 
In October, TRIUMF was pleased to welcome Dr. Qianmei Zhang as a 
Postdoctoral Research Associate from China.  Dr. Zhang earned his PhD 
in nuclear science and technology at Xi’an Jiaotong University in China.  
He previously held the position of Associate Researcher at the Northwest 
Institute of Nuclear Technology in China.  Dr. Zhang is joining the 
Laboratory for Advanced Detector Development (LADD) group at 
TRIUMF.  LADD is a joint venture between TRIUMF, the University of 
British Columbia (UBC), and l’Université de Montréal (UdeM), with 
facilities at both TRIUMF/UBC and UdeM.  Funding for LADD is 
provided by the Canada Foundation for Innovation, the BC Knowledge 
Development Fund, the Quebec Ministry of Education, UBC, TRIUMF, 
and l’Université de Montréal.  LADD researchers study a variety of 

detectors and detector applications.  Dr. Zhang will be working with Dr. Douglas Bryman, a 
UBC professor at TRIUMF, and other LADD experts on the development of innovative liquid 
xenon detectors for positron emission tomography (PET) imaging.  Conventional PET machines 
use gamma ray detectors containing bismuth germanate oxide (BGO), or sodium iodide 
scintillators. 
 

Dr. Qianmei Zhang 
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However, preliminary research conducted by UBC scientists indicates that liquid xenon may 
have significant advantages over these conventional detector materials.  Liquid xenon detectors 
could potentially be 10 times more sensitive than existing detectors.  According to Dr. Zhang, the 
new detectors have a faster time response, which results in less background interference from 
gamma ray scattering.  Liquid xenon’s high detection efficiency and greater spatial resolution are 
two key properties for improving the effectiveness of gamma ray detectors.  These advantages 
can be achieved because the liquid xenon detectors may be able to provide information about the 
angles of gamma ray emissions, which is beyond the ability of existing detectors.  Dr. Zhang 
expects to achieve a spatial resolution of 1-3 mm using liquid xenon compared to 7-9 mm using 
current technology.  The expected end result of these characteristics is clearer and more accurate 
PET imaging. 
 
Currently, Dr. Zhang is developing computer models to examine the feasibility of using liquid 
xenon detectors.  It is expected that the modeling will be completed within the next several 
months.  Assuming there are positive indications from the modeling, the group will begin 
experimental tests of liquid xenon detectors at LADD to determine the basic properties of the 
detectors, such as the energy resolution.  Although these new detectors are a few years away from 
clinical use, they have the potential to improve PET imaging.  There are relatively few PET 
scanners in Canada; however, in the U.S., over 700 scanners performed more than 200,000 
imaging procedures in 2003, according to the Society of Nuclear Medicine (SNM).  Given the 
increasing use of PET scans, Dr. Zhang’s work at LADD in improving PET imaging may 
eventually provide vital benefits to patients and medical professionals worldwide. 
 
 
 
TRIUMF Summer Students and Scholarship Winners 

 
Every year, many undergraduate and graduate students are given the opportunity to spend a few 
months at TRIUMF to gain some experience learning and working in a national research 
laboratory. In the year 2000, TRIUMF introduced an annual scholarship award, which consists of 
$2,000 and a paid four-month summer research internship. The scholarship is awarded to five 
Canadian students majoring in either physics or engineering physics, and who have obtained 
first-class standings in their program of studies. One scholarship is awarded in each of five 
regions: The Atlantic Provinces, Quebec, Ontario, the Prairie Provinces, and British Columbia. 
Each student is assigned to a research project with consideration of his/her stated interests, and 
the $2000 scholarship is paid out after the satisfactory completion of a work term report.  
TRIUMF’s scholarship program attracted over 35 applicants from some of Canada’s best and 
brightest students, and we are pleased to announce the winners of 2004. 
 
Camille Boucher-Veronneau 
 
Camille will be going into her third year at the University of Montreal. Her main interest lies in 
particle physics, and she hopes to do more research on the unification of the main forces and 
eventually becoming a university professor. Camille is working with the TRIUMF Weak 
Interaction Symmetry Test (TWIST), an experiment designed to measure the decay distributions 
of polarized muons to high precision. Specifically, Camille is working with Dr. Makoto Fujiwara 
on improving the map of the detector magnetic field. 
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Tim Mahilrajan 
 
Tim first learned about the TRIUMF scholarship through the Physics department at Carleton 
University in Ontario, and was encouraged by his professors to apply. Currently, Tim is working 
with the main Radio Frequency (RF) group in providing suitable voltage and current signals from 
the main cyclotron’s RF system to the Control system. This involves modifying existing 
electrical hardware in the RF room and constructing a new device to make existing signals 
appropriate for transmission to the Controls group. Tim will be going into his fourth year of 
Engineering Physics with an interest in the theories and concepts of physics, and his future goals 
include specializing in analog design electronics. 
 
Brynle Barrett 
 
Brynle has just completed his third year of studies at Saint Mary’s University in Halifax, Nova 
Scotia. Brynle is currently analyzing data for the TWIST group, to see the effect that localized 
space charges have on the final result of the TWIST experiment. Since TWIST depends on high-
precision measurements, Brynle’s study will be able to quantify an uncertainty related to these 
space charges in the TWIST spectrometer. Enrolled in a double honours program in math and 
physics, Brynle will be pursuing Masters and Ph.D. degrees in particle physics and quantum 
mechanics, and hopes to become a research physicist in one of Canada’s national laboratories 
such as TRIUMF. 
 
Blair Jasper 
 
Blair is spending his summer constructing particle detectors for the G-Zero project, which 
includes cutting and shaping plastic and metal, light-proofing plastic light guides, and assembling 
key parts in the second stage of the experiment. A third year student at the University of Regina, 
Blair intends to complete his undergraduate degree in honours physics. His first time in 
Vancouver, Blair describes the size of Vancouver as “a bit of an obstacle”. Blair finds TRIUMF 
to be a “superb working environment, especially for students who are keen to learn new areas of 
physics”. 
 
Tudor Costin 
 
Tudor is entering his final year at the University of British Columbia, with combined honours in 
math and physics. His main interest lies in particle physics, although he’s willing to give 
theoretical physics a try as well. Tudor is currently working under Dr. Mike Vetterli on the 
Canadian part of the CERN ATLAS project, creating software that will be used by ATLAS on a 
number of systems both at TRIUMF and at other research sites in Canada. He is enjoying his 
work experience and is “impressed by the level of the research being carried out here.” 
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Reka Moldovan 
 
Reka is the first recipient of TRIUMF’s newly established Fellowship. This annual award, 
administered by the Innovation and Science Council of British Columbia, is offered to a student 
graduating from a BC secondary school and entering the first year of undergraduate studies in the 
sciences at a recognized B.C. post-secondary institution. It attracted over 90 applicants. The 
award includes $3000 and an opportunity to work with a research team at the Laboratory. The 
intent of the Fellowship is to give B.C. high school graduates, who have a passionate interest in 
science, the opportunity to experience a real-life research environment and be motivated to 
pursue a career in the sciences, especially physics.  
 
Reka, the winner of this year’s TRIUMF High School Fellowship, is at TRIUMF to participate in 
a six-week summer research term. Reka is a grade twelve graduate from Kelowna, B.C., and will 
be proceeding to the Science One program at the University of British Columbia in the fall. She 
is currently working under Dr. Jess Brewer on MuSR, which studies how muons behave in 
different materials, specifically in superconductors. Reka has visited TRIUMF on several 
occasions, and is very excited to be working with scientists in such an enriching environment. 
For more information on the Fellowship, please visit http://www.iscbc.org. 
 
 
 
University of Toronto Becomes Member University 
 
On June 18, 2004, the TRIUMF Board of Management gathered at the University of Toronto to 
celebrate the university’s new status as a Full Member of TRIUMF. The university had joined 
TRIUMF as an Associate Member in 1988. 
 
The University of Toronto is the largest university in Canada. Its membership into TRIUMF’s 
Board, along with Carleton’s membership in June 2001, is part of TRIUMF’s growth from its 
origins as a Western Canadian laboratory to a truly national research facility. 
 
St. Mary’s University Joins TRIUMF 
 
On November 26, 2004, TRIUMF officially welcomed St. Mary’s University as an Associate 
Member of the laboratory.  St. Mary’s joins a consortium of six Member and six Associate 
Member universities from across Canada on TRIUMF’s Board of Management. 
 
St. Mary’s University was established in 1802, making it one of Canada’s oldest academic 
institutions.  Located in Halifax, Nova Scotia, St. Mary’s is the first university from Atlantic 
Canada to join TRIUMF.  Its inclusion marks a milestone in the laboratory’s 30-year evolution 
from a Western Canadian institution to a national laboratory serving Canada’s scientific 
community.  TRIUMF’s Board now includes representation from universities in seven different 
provinces stretching from coast to coast. 
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6. Conclusions 
 
 
The preceding results show that, for the year April 1st, 2004 to March 31st, 2005, TRIUMF has 
achieved impressive results with respect to the target indices set for this fiscal year. As evidenced 
by this report, although TRIUMF is first and foremost a publicly funded facility dedicated to 
fundamental sub-atomic physics research, the economic benefit that TRIUMF brings to Canada is 
substantial. 
 
Since the inception of the first Small Business Development Plan in 1996, TRIUMF has 
demonstrated the significant effect it has on the Canadian economy, through both its purchasing 
and the transfer of its technical knowledge into the Canadian economy. The new Contribution 
Agreement of 2000 between the National Research Council and TRIUMF has expanded the 
scope of consideration for the impact of TRIUMF, from the economy of Western Canada to that 
of all of Canada. At the same time, it has given TRIUMF an opportunity to review and evolve the 
indices that record the impact. 
 
TRIUMF has an enviable record within Canada and internationally, in scientific achievements, in 
technology transfer, and in the overall impact of the institution on the Canadian economy. With 
the caveat that expectations must be kept realistic, the next year promises continued 
improvements on the achievements to date. 


