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Des erately 


for widely used luedical imaging isotope 
prompt efforts to develop u.s. sources 
By Janet Raloff 

See ing 


O
fall the radioactive isotopes used 
in medical diagnostics, none 
pl ays a more pivotal ro le than 

technct ium-99 m. Each weekday, hos
pitals and clinics around the wodd use 
it to perfor m abou t 60,000 diagnostic 
procedures. U;;ed in ab out 80 percent 
of nucl ea r im aging tests, the isotope is 
one of modern medicine's major tools 
for detec ting, evaluating and trea ting 
cancers, hea rt dis ease and other seri
ous illnesses. It helps doctors lengthen 
patients' lives. 

Trouble is, Tc-99m itse lf has a very 
shor t life. Radioactive decay depletes it 
by halfevelY six hours. The feedstock that 
suppli es it- molybdenum-99 - also has a 
rather short half-life (66 hours) , so neither 
iso tope can be stockpil ed. New Mo-99, or 
"moly," must be made continua lly and 
delivered to imaging centers weekly. 

But now th e system for supplying the 

feedstock for nuclear imaging's star iso
tope is in peril. Just five geriatric nuclear 
reactors in Canada, Europe and South 
Afri ca produce roughly 90 perce nt of the 
global Mo-99 feedstock. At an average age 
of 47, those plants frequently shut down 
for the kinds of repairs commonly needed 
in reactors ope ratin g well past their 
prime. This summer such shutdowns led 
to technetium shortages so seve re that 
U.S. officia ls now say efforts must begin, 
at long las t, to establish American sources 
of these critica l isotopes. 

On again, off again 
Problems began on May 15, when reactor 
operators found a small leak at the big
gest Mo-99 producer, Can ada's 52-year
old National Research Universal reactor 
nea r Chalk River, in On tario. Inspections 
would eventually turn up widesp read 
corros ion in the reactor 's ou ter wall. 
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This University of M Issouri reactor core 

could be harnessed to make moly for 

the short and eventually the long run. 

Atomic EnergyofCanada Limited, which 
runs the facility, recently announced 
that the reactor would not res tart until 
well after the first of the year. 

Routine maintenance brought down 
the second biggest Mo-99 producer - the 
Dutch High Flux Reactor in Petten - for 
rough ly a month this summer. With the 
Canadian reactor offline as well, world
wide suppli es of Mo-99 plummeted to 
about 30 percent of normal. Although 
the Petten reactor resumed opera tion in 
mid-August, its return to service will be 
shOli-lived. By March 2010, the 47-year
old reactor must shut down for an esti
mated six months to undergo delayed 
repairs of corrosi on damage . 

The precarious health of Mo-99-pro
duction reactors had al ready spurred the 
Society of Nuclear Medicine to petition 
Congress for help in 2008. Led by Robert 
Atcher of Los Alamos National Labora
tory in New Mexico, then president of the 
society, these scienti s ts and physicians 
camp aigned for development of new, 
more reliable - and preferably domestic 
- so urces of Mo-99. Even before this 
summer's technetium cr isis emerged, 
the White House launched a federal 
interagency panel to look at developing 
homemade moly - perhaps, on an emer
gency basi s, as early as spr ing 2010. 

Such developments are fueling op ti
mism, Atcher says, because the errati c 
availability ofTc-99m and its feedstock 
are "finally on the radar screen." Many 
U.S. companies, he adds, are now lining 
up to help bring moly produc tion home. 

Few good alternatives 
A Society of Nuclea r Medicine survey 
in August of 710 members found that 
80 percent felt the impact of the su m
mer's Tc-99m shor tage. Only 31 pe rcent 
of participants reported having enough 
iso tope to perform at least three-quar
ters of their normal imaging workload; 
5 percent were working at no more than 
25 percent capacity. Of the respondents, 
16 percent expected to "be down to zero 

percent capacity within a month." 
Since the Canadian reactor 's Mo-99 

production stopped in May, Tc-99m sup
plies to Vanderbilt University Medical 
Center in Nas hville have been only about 
two-thirds of what was requested, and 
sometimes have been as low as 25 percent 
of normal, says.]effClanton, who runs the 
radiopharmacy there. 

What worries him most: the Petten 
reactor's lon g outage beginning next 
sp ring - especially if the Canadian reac
tor isn't back in operation. "I expec t we' ll 
be down to 10 or 20 percent of our nor
mal supply," he says . That would be a 
serious shortfall for a hospital system 
that had been performing 1,000 Tc-99m 
tests weekly. 

Some hospitals report that by sched
uling procedures carefully - say early in 
the week when supplies have n't decayed 
as much - they have been managing fine 
with the limited technetium. 

"They may be fine," says Chaitanya 
Divgi, who heads nuclear medicine at 
the University of Pennsylvania Schoo l of 
Medicine in Philadelphia, "but in many 
cases the patient will not be fin e." 

For instance, imagLngcenters normally 
use roughly half of their Tc-99m in pro
cedures to monitor blood perfus ion into 
heart tissue following cardiac stress tests. 
When technetium - the gold standard for 
such heart st udies - is in c ritically tigh t 
supply, as it now is in Divgi's hospita l, 
physicians have been substituting a much 
older procedure that uses thallium-20l. 

Thalliumis notas energetic as Tc-99 m, 
"so the diagnostic quality of the image 
is not as good," exp lains Dean Broga, a 
medical physicist a t the Medical College 
of Virginia in Richmond. The test's false 
negative rate is potentially higher, he 
says, which means some heart problems 
might be missed. 

Divgi points out another potential 
problem: "An old dog like me has seen 
plenty of thallium images. But there 's a 
whol e slew of cardiologists and nuclear 
medicine physicians out there who've 

never seen a thallium inlage and could 
have some trouble reading it." 

Switching to thallium also substan
tially increases how long a patient must 
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lie still on <1 hard table as the heart scan 
proceeds following a stress tt·s t. Perhaps 
4.5 hours with thallium, in ste<1d of two 
with Tc-99 m. Th e pati ent's radi a tion 
dose will roughly doubl e as well. 

The trade-off. Divgi and others expl ain, 
is that by shifting cardiac-stress test 
scans to thallium, Tc-99m can be reserved 
for applicati ons with no good or afford
able alte rnatives. These include scans to 
mcasure irreversible da mage to heart 
fun ctio n by chemothe rapy drugs and 
probes in the emergency room of poten
tially se rious gallbladder inflammation. 

About 16 percent of technetium imag
ing tests scout for cancer in bone. Here, 
ano t he r pro cedure , sodium -Huorid e 
positron emi ssion tomography, is as 
good as Tc-99m - and is recommended 
by the Food and DrugAdministration as 
a suitable alternative durin g the curren t 
iso tope crisis. However, Medicare won't 
cover it. So few hospitals will co nsider 
us ing this PET scan us a substitute. 

At th e request offive medicul soc ie ties, 
Medicare offi cials are rc:cvaluating their 
age ncy 's exclusion of coverage for PET 
bone scans. But offi cials say they plan no 
announcement befor e March . 

In a pinch 
The White House , meunwhile, has rec
ogni zed the growin g vuln erability of 
moly imports to th e United States. "We 
decided it was time to move forward , 
as quickly as we could, on establishing 

domest ic produ ction ," says Jean Cottam 
in th e White House Office of Sc ience & 
Technology Policy. 

Even if expedited, new faciliti es would 
la ke some fO llr to 10 years Lo build, 
lice nse and put into operati on . Since the 
l :nited States might not bc able to wait 
th at long, th e White HOllse offi ce set up 
an interagency group and charged it with 
finding bridge tactics. 

To make m oly t oday, exi s ting reac
tors bombard targe ts - esse ntially metal 
plates containing 95 pe rcent-pure ura
nium-235-with neutrons. Thi s prompts 
some uranium to fi ss ion, or break apart, 
into fragments that include th e sought
;Ifter isotope. 

The easies t way to spur domestic iso
tope production , Cottam says, would be 
to take ex isting targets from Chalk River, 
irradia te them in a s imil ar facilit y and 
th en send those irrauiated targets back 
Lo Canada to have their moly extracted. 
LeI tio g th e Chalk River fac ility extract 
the isotope would avoid having to ge t 
FDA licen s ing of some n ew facility, 
which "can take years," Cottam says. 

At leas t a few reactors in th e United 
States, such as the University ofMissouri 
Research Reactor,known as M URR, and 
th e H igh Flux Isotope Reactor at Oak 
Hi dg(;;' Nationa l Labora tory in Tenn es
see, are good candidates for irradi ating 
Cani.ldi an targe ts, Cottam notes. 

But licensing those faciliti es to irradi
ate targets and to send them to and fr om 

Worldwide Supplies of Moly 
Most rnolyLJdenum 99, feedstock for the most-used radioisotope in medica l imaging. comes 
from Just five aging reactors. A little is made by newer reactors, such as OPAL. Outages al 
older reactors have created shortages, prompting calls to make moly in the United States. 

City, Reactor Age % World Supply Power Output Country Facility Name 
Province (Years) 01 Moly (Megawatts) 

Canada 
Rolphton. 
Ontario 

The Netilellands Pellcn 

Belgium Mol 

France Saclay 

Soulh Alrica Pellntlaba 

Australia Sydney 

NRU Chalk River 52 

HFR 47 

BR2 47 

OSIRIS 42 

SAFARI 43 

OPAL 2 

33% 

33% 

10% 

8% 

3% 

Nj A 

135 

45 

100 

70 

20 

20 

Canada mi ght take six months, she says. 
Chalk Hiver targets contain bomb-grade 
uranium , alheit in small quantiti es. So 
obtaining clearance to transport the tar
ge ts in large quantiti es requires permis
sion from the Na tional Nuclear Security 
Admini strati on, part of the Department 
of Energy. 

AI though some scienti sts worri ed that 
this mi ght be a nonsta rter, the agency 
recently jumped o n bo ard . "N NSA 
supports the White House de cis ion to 
impl eme nt any inte rim solution fo r 
the s uppl y of thi s important m edi cal 
isotope, including irradia tion of highly 
enrich ed uranium targets in appropri
ate and available facilities," says agency 
spokesman Damien LaVera. 

Long-term solutions 
As bad as this yea r's Mo-99 shortages 
beca me, Atcher points out th a t thin gs 
could get even worse.The Department of 
Homeland Security "could close our bor
ders at any given time because of som e 
real or perceived threat," he notes. Also, 
conside ring the age of th e Chalk River 
reactor, its frequent outages an d a sum
mer-long escalati on in the recognition of 
how seri ous its corrosi on problems are, 
"many a re spec ulating that this reactor 
will never restart," he obse rves. It had 
bee n providing about one-third of global 
Mo-99 supplies. 

Without any U.S. ca pacity to process 
irradiated targets, Atcher notes, either 
scenario could result in an almost imme
di ate suspens ion "of all but abou t 20 per
cent of the imaging that we do in nuclear 
medicine." This expla ins th e premium 
th at th e White House and the medi cal 
community are plac ingon domesti c moly 
processing as well as its product ion. 

An y n ex t- gen e ration m oly m ak ers 
in the United States, m eanwhil e, must 
adhere to a new federal policy: They can 
n o longer us e targe ts con taining more 
than 20 percent uranium-235 (compared 
with the cmrcnt 95 percent). While this 
alleviates the risk of targets being hUacked 
by terrorists to make bombs, it could also 
CJuintuple the number of targets needed 
to produce a given amount of Mo-99 and 
jack up moly extraction costs. 
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New Routes to U.S. Moly 
Currently, the convent ional approach to maki ng molybdenum-99 uses neutrons to bombard 
ura nium-235 atoms, wh ich fission , or split, to form Mo-99 and other products (top). An alterna
tive approach being investigated by a Wisconsin team would use an lectron beam accel rator 
to produce neutrons, which would strike targets containing molybdenum-98 to create Mo-99 
(middle)_ One New York researcher suggests shooting high-energy photons at a target of 
Mo-l00 atoms (bottom). Mo-l 00 atoms would then shed a neutron, forming Mo-99. 
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• ASSION 
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Neutron Mo-98 Mo-99 
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~ 

TC-99 
211 OOO-YEAR, HALF-LIFE 
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Moly Decays to TechnetiUm 
Mo-99 is the feedstock ta l technetiurn
99m, \I,e isotope used in 80 percent of 
diagnostic nuclear medici ne. Roughly 
every three days. hair of the Mo-99 wi ll 
decay inlo Tc-99m (the m stand s for 
metastable) . Every ix hours, half of 
that decays into ti le long-lived Tc-99 
(not useful in med icine), which glacially 
decays into ruthenium. 

Making the old new again 
Th e top two homegrown ca ndida tes 
for sup plying 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 des igns that are co nceptually old. 

M URR is a smal l, conventional reactor 
that houses h ighly enriched uranium
oxide fuel in [ods tha t are inserted into 
a pool of water. The reactor already cre
ates dozens of diffe rent isotopes for use 
in medicine and resea rch and can fairly 
eas ily be adapted to produce Mo-99. The 
firs tthingM HRneedsareuranium tar
gets. The fi ss ion - or splitting - of the 
reac tor's fuel releases neutrons. If those 
ne utrons strike a target conta ining ura
niu m-235, th e re sulting fi ssion ge ner
ates a mix of products, includin g Mo-99. 
(This is what happe ns at Canada's Ch alk 
Rive r facili ty, for instance.) 

MURR also lacks Chalk Rive r's abil 
ity to chemically dissolve uranium fro m 

those targets, extrnct the moly and enrich 
th at isotope into a clean, medi cal-grade 
product. The Un ivers ity of Misso uri is, 
however, planning to develop such ons ite 
processing capab iliti es for thi s isotope . 

On ce initi al fed eral approval co mes 
through, " it's probably go ing to ta ke 
us th ree years to desi gn and co nstruct 
th e processing facility, and another six 
m onths to do th e co mmiss ioning and 
t es ti ng," says M RR d irector Ralph 
Butle r. "We're very optimisti c th a t we 
co uld supply at least half of the United 
Stal es' lMo-99] needs." 

Prod uction co uld begin by 2013, he 
says - especially if DOE he lps fund the 
processing facility's construction. 

T he Bab coc k & Wil cox re ac to r 
em ploys a totall y diffe rent design - a 
poo l of water seeded with uranium, 
which se rves as both the fuel and molyb
denum-producin g target. More th an 30 
of these ho moge nous aque ous-phase 
re actors have bee n ope rated a round the 

world, notes Bob Cochran, pres ident of 
8&W's ';'echnical Serv ices G[ oup . [-[is 

company h<ls patented e lements of the 
des ign that wo uld ma ke it su itable for 
Mo-99 produ ct io n. 

Par t of this re ac tor's appeal- wh at 

could sa ti s fy cri tics wo rri ed abo ut 
nuclear safety - is th at "thi s is what we 
refe r to as an inheren tly safl' [ eactor." 
Cochran says. It's not p[essu r ilL: d. To 
shut it down, he says, "just pull the pl ug" 
and dra in the wate r into tubing or tubs 
tha t al te[ the geo me try of the fue l. 

That's also how any moly would be 
retri eved. The aqueous fu e l wo uld be 
dra ined fr om the reac tor's co re and 
passed through separation columns, now 
und er design. Following moly re trieval, 
th e u[anium-laeed water would re turn 
to the reactor, where unfis ..;joned atoms 
wo uld become the fuel again . 

Th is reactor should produce ve lY littl e 
waste compared wi th conve ntio nal [eac
to rs and can be quite small-probably 
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smaller than a 55-gallon drum. Its design, 
Atchersays, also mal<es it difficul t to extract 
weapons-grade material , "thus providinga 

reactor design tha t can be safely installed 
afoll nd the world." 

How soon? "In the best case," Cochran 
says, "probably th e end of 201.3. But no 
later than 2015." 

Slower, but accelerated 
Although it will take them appreciably 
longer to get isotopc~ to market, at least 
three te ams are looking to sidestep reac
tors and mal<e moly using accelerators. 

Researchers at Rensselae r Polytechnic 
Institute in Troy, N.Y. , use acce lerators 
that create a beam of hi gh -energy e lec
trons. As these particles slam into a metal 
target, they create high-energy photons, 
similar to gam ma rays, called bremsstrahl
un g, or braking r adi a ti o n, ex pl a in s 
nuclear engineer Varo n Danon. The trick 
is to put a batch of s table, or nonrad ioac

To boost the efficiency of this system, 
Schenter came up with th e idea ofblan
keting the vessel with a material that 
ac ts like a neutron mirror; it should 
reflect any unreacted neutrons back and 
fort h within th e vessel, thereby increas
in g th e ir ch ance of hitting a uranium 

a tom. A blanke t of polyethylene would 
wo rk we ll , hi s calcul a tions indicate , 
potenti all y increas ing the effective flux 

of neutrons more than a thousandfold. 

A healthy liver as viewed with nuclear 

imaging. Scans like this one, produced 

using a radioactive isotope of techne

t ium labeled with a sulfur compound , 

as sist doctors in assessments of organ 

function and In diagnoses. 

have th e highest production capability," 
Cottam says. "Then we will work with 
them to ass ist bringing them online," 
providing money for nonproprietary 

resea rch and technica l assistance on 
design issues. 

Leg islation supporting th e develop
men t of domestic mol y production has 
also emerged in Congress thi s summer, 
suggesting th e iso tope's preca rious sup
plies are on lawmakers' radar ~c ree n s. 

As encouraging as th e developments 
a re, Atcher says, wha t the med ica l com
munity needs is ac ti o n . After a ll, no 
bluep rint yet ex ists for ensuring stab le 
supp li es of iVIo-99, the fe deral govern 

tive, molybdenum- Mo-I00 - into the 
path of those bremsstrahlung photons. 
The energy they deposit when th ey hit 
the isotope can knock a neutron from its 
nucleus. The result: Mo-99. 

After extracting this new isotope, th e 
stable moly that is left over would ge t 
recycled back for another encounter 
with the beam. One batch of Mo-lOO 
should last a long time, he says. 

This process genera tes far fewerwaste 
produ cts than fission-bas ed Mo-99 pro
duction, Danon says, and yields almost no 
radioactive waste. The primary radioac
tive material is the commercial product. 

Advanced Medical Isotope Corp. of 
Ke nnew ick , Vllash ., hopes to co mm er
cialize a somewhat related concept, one 
deve loped by resea rchers at the Unive r
sityofMissouri and which was the subjec t 
of a patent filin g ea rlier this year. Hobert 
Sche nte r, th e company's chief science 
office r, envisions the sys tem as a sq ua t, 
meter-long vessel containing heavy water 
(deuterium oxide) and uranium.Shooting 
a beam of high-energy electrons at:.l tung
sten target produces bremsstral1lung. The 
bremsstrahlung photons then rip apart 
deuterium, rel c;Jsing neutrons. As these 
neutrons hit uranium, they'll cause it to 
fission, prod ucing some Mo-99. 

On August 18, Schenter filed for patent 
pro tec ti on on this blanket reflector. 

Tests in August confirmed that the 
acce lera tor co uld make neutrons in 
heavy water, as predicted, but this sys
tem did not include uranium. A full pro
totype is probably a couple ofyears away, 
Schen ter says. 

Meanwhil e, for the past six mon ths 
resea rchers in Madison, VI'is., have 
bee n invest igat in g th e idea of turning 
an elec tron beam loose in an ionized gas, 
thereby prod ucin g neutrons to direct 
in to a poo l of hea'.ry wa ter seeded w ith 
I11 0lybden um-98. Some of the neutrons 
would merge with Mo-98 nucle i, crea t
ing Mo-99, ex pl ains Paul DeLuca Jr. , the 
University ofWisconsin- Madison's pro
vost and a codeve lope r of the id ea . 

So far, the re's been no construction or 
design deve lopment. The idea "is purely 
on paper," DeLuca says, although based 
on neutron studies performed in his lab. 
Phoenix Nuclear Labs in Middleton, Wis., 
hopes to commerci alize the concept. 

What lies ahead 
fu gh t now, the Office of Science & Tech
nology Policy and DOE are trying to lig
ure out "exac tl y wh ich research groups 
are th e mo s t tech ni ca ll y mature and 

ment has yet to give any financial sup
port to domestic companies and a host 
of regula tory obst acles must s till be 

hurdled. 
Meanwhile, Broga no ted in August, 

"I was in a hosp it al thi s morning, and 
I could only sched ul e two patients [for 
Tc-99m imagin g]. Normally we'd do 
eight to 10." He suspects a lot of elec 
tive procedures - such as fo r ca rd iac 
stress tes b - are being postpo n ed . 

U ndoubtedly, he adds, some emerge nc 
room scans for pulmonary embolisms, 
inflamed ga llbladd ers or hear t blockages 
are being shifted to less sensitive scree n
ing technologies, "which represe nts a 
severe in-hospital risk." 

Divgi concurs. "In most ins tances," he 
says, "these compromises can mal<e a dif
ference in the quality of pati ent ca re.". 
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