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Research Interests

 Parity-violating electron scattering as a probe of
new physics
- “Q-weak” experiment (~70 collaborators)
 UWinnipeg: scanner detector and diamond detector

* Neutron experiments

— ultracold neutron source to produce world's highest
density, for determination of electric dipole moment.

« UWinnipeg: project leadership
* |sotope production



TRIUMF

International Spallation
Ultracold Neutron Source

Spokespeople: J.W. Martin (Winnipeg), Y. Masuda (KEK)

Collaborators: J. Birchall, J.D. Bowman, L. Buchmann, L. Clarke, C. Davis, B.W. Filippone,
M. Gericke, R. Golub, K. Hatanaka, M. Hayden, T.M. lto, S. Jeong, |. Kato, S. Komamiya,
E. Korobkina, E. Korkmaz, L. Lee, K. Matsuta, A. Micherdzinska, W.D. Ramsay, S.A. Page,
B. Plaster, |. Tanihata, W.T.H. van Oers, Y. Watanabe, S. Yamashita, T. Yoshioka

(KEK, Winnipeg, Manitoba, ORNL, TRIUMF, NCSU, Caltech,
RCNP, SFU, LANL, Tokyo, UNBC, Osaka, Kentucky)

We propose to construct the world's highest density source of ultracold neutrons
and use it to conduct fundamental and applied physics research using neutrons.

News: $10.9M proposal now funded in Canada and Japan.



Advertisement

* Please come see my talk in Chemistry on
January 22, 2010 on “Ultra-cool Neutrons”.



Group Members as of Today

Mr. Alex Coppens (PhD, 2010) (electron scatt.)
Ms. Jie Pan (G) (electron scatt.)

Mr. David Harrison (G) (neutron decay)

Mr. Mark McCrea (G) (neutron capture)

Mr. Troy Dawson (G) (ultracold neutrons)

Mr. Mark Abotossaway (UG) (neutron decay)
Dr. Vladas Tvaskis (PDF) (electron scatt.)

Major partnerships with UM, Acsion Industries, HSC, TRIUMF, UNBC, international
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The Nucleus

« Atoms contain nuclel, orbited by electrons

* Nuclei can have different numbers of neutrons
- e.g. Potassium (K) has 19 protons
+ K-39 has 20 neutrons, 93.26% i
» K-40 has 21 neutrons, 0.012% &
* K-41 has 22 neutrons, 6.73%
- All three isotopes exist in nature




Radioisotopes

e If a nucleus decays by emitting radiation, it's
called a radioisotope.

 e.9. Naturally occurring K-40 is a radioisotope.

- Decays by beta-emission. - =8
.« 31:0& J;!E
* Three types of decay: e

- alpha («) - nucleus emits a helium nucleus
- beta (B) - nucleus emits an electron or positron
- gamma (y) - nucleus emits a photon

« Gamma rays can pass through matter.



Tc-99m

* Technetium-99m is the most widely used
radioisotope for nuclear medicine procedures in
the world and accounts for 85% of all
procedures.

99mTc—»99Tc+y

« Procedure: inject patient with drug containing
c-99m. Image the patient with a gamma ray
camera and see where the uptake of the drug
occurred.




Some Images Made with Tc-99m

Used for studies in:

— Cardiac Function
- Blood Flow
- Bone Metastases

Rest

arrows = ischemia

The upper row shows wo shom-axis slices aner
pharmacological stress; the lower row shows the

same slices when the body is at rest in Figure 2.1: Short-axis views of the heart showing
conventional cardiac SPECT with Tc-99m SPECT nuclear imaging. Credit: Patrick J. Lynch, med-
telrofosmin as a radiotracer. Arrows indicalte a ical illustrator; C. Carl Jaffe, MD, cardiologist.

small perfusion defect on the back side orthe SOU rce: TR I U M F

hearn -- visible only on the stress images --
showing ischemia in this region of the heart wall.
Image courtesy of Drs. Qfiver Gaemperli and
Philipp Kaufmann, University Hospital Zurich,
Switzerland.

Source: Soc. of Nuc. Med. Tc-99m MDP image of wrist

indicating bone lesion
source: Harvard Med School




Fun Facts about Technetium (Tc)

e How come I've never heard of “Technetium”?

 All Tc is radioactive and therefore it decays. So
it is exceedingly rare in nature.

 Tc was the first element discovered in a
laboratory (as opposed to being found Iin
nature).

* |t's Interesting to search for Tc in nature
because it's only found where nuclear reactions
are taking place (e.g. in stars).



How to Make Tc-99m

e Tc-99m is produced from the
decay of Molybdenum-99,
another isotope.

 Mo-99 is currently produced at
nuclear reactors, via fission of
Uranium-235 (“highly enriched

uranium?).

e Mo0-99 lives for 66 hours.

O

Mo-99
66 h half life

Tc-99m

lf & h half life

Tc-99

211 K years
half life
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Relative Achwity

The Tc-99m “generator”

After about 24 hours, the
Mo-99 has made about as
much Tc-99m as it can (i.e. as
much Tc-99m is decaying as is
being produced).

Then, it is time to milk the
technetium cow.

Technetiem

I

Elgpsad Time {doys)




Who makes Moly?

Worldwide Supplies of Moly

Most molvbdenum-59, feedstock for the most-used radicisotope in medical imaging, comes
from just five aging reactors. A little is made by newer reactors, such as OPAL. Outages at
older reactors have created shortages, prompting calls 1o make moly in the United States,

City, Reactor Age % World Supply  Power Output
Country Province Faciity Name [Years) of Maly {Megawatts)
Balphton i
Canads Do NRU Chalk River 52 33% 135
The MNetharlands Patten HFR i 33% 45
r“'.ll'll LI I.I1|II EH:" 4? 1':'31 1':"'::'
Frarnics Elﬁlﬂ-ﬂ:r O5IRES 42 B 0
South Africa Palindaba SAFARI 43 3% 0
fumsiralia Sk OPAL 2 MN/A 0

Source: sciencenews.org

* News flash: Canada's reactor is currently shut
down due to concern over water leaks (until
next year). Status = learning to weld.



Consequences

Specialist 'very concerned’ about
cancelling isotope-needing scans

As the supply of medical isotopes dwindles across Canada,
specialists in nuclear medicine expressed concerns
Wednesday that patients’ appointments to undergo
diagnostic scans may be cancelled.

"As we go further into this week, we're very concerned that
we're going to have to turn patients away, look for alternate
sites for them to be imaged," said Kewvin Tracey, medical

director of nuclear medicine at Hatel-Dieu Grace Hospital in

Doctors are looking for alternatives to
maximize the supply of medical Windsor.
isctopes. (CBC)

The concern is for some patients with life-threatening
pulmonary embolisms — blockages in the arteries of the lung — who urgently need lung
scans with isotopes because they are allergic to the contrast dye used in CT scans, the
normal way of diagnosing the condition, Tracey said.

Without proper diagnosis, a patient without the disease may be improperly treated with a

blood thinner, which could put them at long-term risk of bleeding complications. Occasionally,

patients may have extensive clots in their lungs that were unexpected and could go
untreated, with risk of sudden death.

* Problem not unique

to Canada.
Major initiatives In
the US and
elsewhere to solve

the shortage as
fast as possible.



U.S. Situation

» 60,000 diagnostic procedures per day based on Tc-99m; ex.:
monitor blood perfusion into heart tissue following cardiac stress
tests.

» White House launched a federal interagency panel to look at
developing homemade moly — perhaps, on an emergency basis, as
early as spring 2010.

H.R.3276 - American Medical Isotopes Production Act of 2009: To
promote the production of molybdenum-99 in the United States for
medical isotope production, and to condition and phase out the
export of highly enriched uranium for the production of medical

isu@pes
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U.S. Situation

Short term Option: Irradiate targets in existing facilities in U.S. and send to
Canada to have their moly extracted (a few reactors already exist)

Long-term Options:

» The top two homegrown candidates for supplying moly are the 43-year-old
MURR, in Columbia, Mo., and a reactor still undergoing development by
Babcock & Wilcox Co. of Lynchburg, Va. Both rely on designs that are
conceptually old. Both are proposing to be ready by 2013.

* Rensselaer Polytechnic Institute: proposing Mo-99 from accelerators.

* Advanced Medical Isotope Corp: EB treatment of heavy water (deuterium

oxide) and uranium; neutron production to induce fission, producing some
Mo-99.

* Northstar — EB production of Mo-99 using Mo-100

&
//'
Fraifrie Isolope Froduclion Erlerprise

{




Tc-99m supply chain

Reactor Processing Plant

N

HEU arrives at Fabrication facility Targats placed info
Muckear Reaciar fabricales largets ressclor and reaction
Stared
a5 days

Chermical Mn-98 packaging/ Package picked up
digzohstion and delivery acheduled far delivery
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Ganerator recaived Ganerator elubad
at pharmacy 1-3 times par day
for 7-13 days

1A asy®

i
..:::E? “ d"" w

Geanerator held for Shield returmed to
dacay for 10 half-lives manufacturer {if applicabla)
afler expiration 351 days after receipl

Manufacturer Facility

38hrs fl 30 mina
-y

Manufacturer
receves Mo-99

pH adjustad &
preparation of
penerator column

ﬁ,ﬂ‘ﬂ"‘“’.

Grnerator packaged
lor delivery

Delivery to Nuclear Pharmacy

Muclear Phamaay
recaives ganarator
widh

Grownd to site:
1=6 hurs

A to city than
ground 1o Sibe:
2-T hours

1)
2-4 hrs

Ganarator
auboslaved

Package picked up

lor delivary

12=24 hours

Source:
TRIUMF



How does Moly come to Manitoba®?

« We buy it from US-based
radiopharmaceutical
manufacturers

» We currently buy mainly
from Covidien




How can Winnipeg help?

e TwO unigue aspects to our proposal.

- Alternate technology for Mo-99 production done
using a small electron accelerator.

- Conversion of the Mo-99 into a generator of Tc-99m
also done within the province.

&
"
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Ways to produce Mo-99

~
2 9 9 .
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An example of a small electron
accelerator

» Electron energy:
10,000 Volts.




An example of a bigger electron
accelerator

» Electron energy:
10,000,000 Volts.

Acsion’s Accelerator Facility
in Manitoba



An example of a big electron
accelerator

» Electron energy:
10,000,000,000 Volts.

Jefferson Lab, Newport News, VA

(I use all three of these electron accelerators.)



Desired Accelerator

e 35,000,000 Volt, 60 kW electron accelerator
* You can buy one. (From Mevex Corp, ON)

A MEVEX——

HE ACCELERATOR TECHNOLOGY COMPANY Accelerator Production of Mo-99

700
Estimated daily production of Mo-99 600
on enriched Mo-100. o 500 | _—
é 400 | //
: : 2 ; —
Canadian demand = 500 Ci/wk. ™ 7
=
(3) i _— \
G 200 | — ——22MeV ——35MeV  40MeV | ——
100 /
0 7 ‘ \
20 30 40 50 60 70 80

Accelerator Power (kW)




Electron accelerators

» Electron energy:
10,000,000 Volts.

* Note this is a very
green technology:
no long-lived
radioactive waste.

* Very safe — Acsion’s Accelerator Facility

in Manitoba
accelerators
already in use at
hospitals today.



Processing the Moly Metal

 We must now take Moly Metal and liberate
Mo-99 from it to make into a Tc-99m generator.

* This is different from taking U-235 and
liberating Mo-99 (the usual process)

» Commercial processing technologies are available to convert
Mo-100/Mo-99 targets with low activities into Tc-99m generators.
Three extraction methods are used for Tc-99m; gel-moly method
(zirconium molybdate) developed in several countries, a melt
technology developed in the U.S and a powder technology (MoO,

crystallization)

* You can buy one.
« UM Radiopharmacy is on board.




Schedule

“Expression of Interest” submitted to Natural Resources
Canada: July 2009 — answer in late Nov 2009.

Produce Mo-99: October 2009. (We did it in Pinawa.)
Generate Tc-99m: late 2009.

Confirm Pharmaceutical qualities of Tc-99m: early 2010.
Optimize process 2010 ~ 2011.

Construct new accelerator and radiopharmaceutical facility
2012.

Total project cost $35M over three years.

Compare to nuclear reactor > $500M and 10 yrs.



Success in making Mo-99/Tc-99m at
Acsion Industries, Pinawa
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Moving to the radiopharmacy

e Once sufficient Mo-99 in hand

- fabricate generator of Tc-99m

- radiopharmaceuticals, purity, clinical trials (WRHA)
- Health Canada, CNSC licensing

- Build facility

2.

ii.

jil.

iv.

vi.

Clinical Utility — Selected radpharms to be
labeled and tested.
NB: 1Ci Mo >> 14GBq Tc (~80% yield, Day 2 cal.)

MDP - upto 18.5GBq — Bone (metastases, fracture)
MIBI/Myoview — 5.5GBq/9GBq - Heart
Ceretec — 1.1GBq — Brain

Sulphur colloid - 2GBq - Liver/spleen/lymphatic system
DTPA - 6GBq - Renal

MAG3 - 3GBq - Renal K. Mang'era, UM/HSC




Possible Location for the New Facility

_ New U. Winnipeg
e Next to this: Science Complex and

Richardson College for
the Environment

Completion in 2011

@ THE UNIVERSITY OF WINNIPEG

Cutting-edge Science Complex for Winnipeg



Health Sciences Centre
Winnipeg
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Going Beyond

« Should this technology work out, it could
revolutionize the way radioisotopes are
produced worldwide.

* Instead of being centralized at a few nuclear
reactors, radioisotopes would be produced at
local facilities close to hospitals.

« “Maybe we can franchise it.” -- Randy Kobes.



Our Team

Randy

Jeff
David
Dr. David Walker
i
Jennifer § Lioyd Missing: Paul, Chris W., New Guy



Conclusions

» Current medical isotope shortage is preventing
nuclear medicine imaging from occurring in
hospitals worldwide.

« Science finds other ways of doing things in a
Crisis.

« Scientists from Winnipeg (and Pinawa) have a
plan to produce Tc-99m based on commercially
available technology that can be ready by 2012.
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« Our website: http://pipe.uwinnipeg.ca
» Thank you for the slides | borrowed:

- Chris Saunders, Acsion Industries
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