
Radiation Accident Grips Goi&nia

The Brazilian government isgrappling with the second worst radiation accident in history
and is looking into the role ofbone marrow specialist Robert Gale in treating the victims

O N 13 September two young scav-
engers in Goiania, Brazil, removed
a stainless steel cylinder from a

cancer therapy machine in an abandoned
clinic, touching off a radiation accident sec-
ond only to Chernobyl in its severity. On 18
September they sold the cylinder, the size of
a 1-gallon paint can, to a scrap dealer for
$25.
At the junkyard an employee dismantled

the cylinder and pried open the platinum
capsule inside to reveal a glowing blue salt-
like substance-1400 curies of cesium-137.
Fascinated by the luminescent powder, sev-
eral people took it home with them. Some
children reportedly rubbed it on their bodies
like carnival glitter-an eerie image of how
wrong things can go when vigilance over
radioactive materials lapses.

In all, 244 people in Goiania, a city of 1
million in central Brazil, were contaminated.
Four people have died, including the 6-year-
old niece of the junkyard dealer. Two are in
guarded condition, and about 15 others
remain hospitalized in Goiania and Rio de
Janeiro. The eventual toll, in terms ofcancer
or genetic defects, cannot yet be estimated.
Parts ofthe city are cordoned off as radiation
teams continue washing down buildings and
scooping up radioactive soil.
The government is also grappling with

the political fallout from the accident. Fear-
ing that water supplies will be contaminat-
ed, angry citizens have tried to block the
burial of the four victims in the pauper's
section of the Goiania graveyard, even
though the bodies are encased in 1200-
pound, lead-lined caskets. Those people
known to be contaminated, and even their
neighbors, have been ostracized in the com-
munity. Other states are refusing to buy
grains, milk, vegetables, and meat from the
state of Goias. And the nation's ambitious
new nuclear program is being called into
question, just 2 months after the govern-
ment announced it had achieved the ability
to enrich uranium.

Meanwhile, a federal investigation is un-
der way to determine which agencies are to
blame for the accident. Indictments are ex-
pected soon, as is a shakeup at Brazil's
Nuclear Energy Commission.
During the past 2 weeks a controversy of
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another sort has erupted about the role of
American bone marrow specialist Robert
Gale, who gained international fame for his
efforts in treating the Chernobyl victims. It
has been reported in the American press that
Gale led an international medical team, in-
vited by the Brazilian government, that
saved the lives oftwo of the Goiania victims
with an experimental new drug. But the
government says it never invited Gale and is
investigating his use of the experimental
protocol.

It all began on 13 September when two
unemployed young men, Roberto Alves and
Wagner Pereira, entered the partly demol-
ished Goiania Radiotherapy Institute, ac-
cording to press accounts. The physicians
who owned the clinic had moved into new
quarters 2 years ago, leaving behind a 400-
kilogram teletherapy machine containing
1400 curies of cesium-137. After partially
dismantling the machine, Alves and Pereira
sold the stainless steel canister to Devair
Ferreira on 18 September. Although ac-
counts of the accident vary, Brazilian offi-
cials and the international medical team that
later arrived were able to reconstruct rough-
ly what happened over the next few days.

It was on the 21st that one ofthe workers
at the junkyard, Israel Batista dos Santos,
took apart the canister and pried open the
platinum capsule that contained the cesium-

aolinla. In aU, 244 people were exposed to
cesium-137 in the worst radiation accident in
the Western Hemisphere.

137. Ferreira took the seemingly magical
substance home, where he kept it in his
living room for several days. Then on the
22nd or 23rd the crumbly cake was broken
into pieces and distributed to family mem-
bers and friends. One man slept with it
under his bed, another carried a lump
around in his pocket. And Leide Ferreira,
the 6-year-old niece of the junkyard owner,
rubbed it on her body like carnival glitter.
She then ate an egg sandwich that was laced
with cesium from the powder on her hands.
She reportedly received five to six times the
lethal dose for an adult. Ferreira's wife,
Maria Gabriela, slept in clothes dusted with
the powder. Both she and the child have
died, as has the worker who pried open the
capsule.
Over the next few days those who han-

dled the substance became increasingly ill,
with vomiting and blistered hands and skin.
On 28 September Devair Ferreira went to
the Goiania public clinic where a health care
worker correctly diagnosed radiation illness
and alerted the authorities.
On the 29th the Brazilian Nuclear Energy

Commission dispatched a team to Goiania,
including two physicians trained to handle
radiation accidents. They found 244 persons
to be contaminated, 54 seriously enough to
require hospitalization for further tests or
treatment. Thirty-four were treated and re-
leased. The next day the 10 sickest patients,
including Leide and her aunt, were airlifted
to the Navy hospital, Marcflio Dias, in Rio.

Realizing the magnitude of the accident,
the Brazilian government asked the Interna-
tional Atomic Energy Agency (IAEA) in
Vienna for help on 1 October. The interna-
tional team IAEA assembled to advise the
Brazilians included two U.S. radiation ex-
perts that the Brazilians had requested by
name, Robert Ricks and physician Clarence
Lushbaugh of the Radiation Emergency
Center/Training Sites, better known as RE-
ACTS, a World Health Organization-affili-
ated outfit that is the designated radiation
response center for the Western Hemi-
sphere. REACTS is part of Oak Ridge
Associated Universities in Tennessee. The
team also included Juan Jimenez of Buenos
Aires, Gunter Trexler of Munich, and Mos-
cow hematologist George Seliodovkin, who
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had treated the victims of the Chemobyl
accident. They arrived in Rio on or near 7
October; Trecler, an environmental special-
ist, immediately left for Goiinia.
The medical team found the 20 most

seriously irradiated victms had received
doses ranging from 100 to 800 rads, reports
Ricks, who is director of REACTS. Nine-
teen of the 20 had radiation-induced skin
bums, from minor to major. And all 20
patients were internally contaminated,
which meant that they were being contin-
ually irradiated from the cesium that they
had inled or accidentally ingested. The
patients themselves were radioactive.

Radiation destroys the mostrapidly divid-
ing cells of the body-the cells of the skin,
hair, gastrointestinal tract, and bone mar-
row. Because the bone marrow gives rise to
the blood cells, induding those of the im-
mune system and the platelets that staunch
bleeding, radiation victims are susceptible to
infections and hemorrhaging. But unless the
dose is exceedingly high, the bone marrow
can recover; the challenge is to keep the
victims alive until that happens. At exceed-
ingly high doses, bone marrow damage is
irreversible, and bone marrow transplants
may be the only recourse. Transplants, how-
ever, are risky and are usefil only in rare
cases in which other organs are not severely
damaged and a matched donor is available.
The Brazilian physicians ruled out trans-

plants for the Goiania victims. Rather, the
first task was to attempt to rid their bodies
of cesium. For this, they administered Prus-
sian blue, an iron compound that binds with
cesium, aiding in its excretion. The problem
in this case was the substantial delay-at
least a week-from initial exposure to treat-
ment. By that time much of the cesium had
moved from the bloodstream into the tis-
sues, where it is far more difficult to remove.
As a result, the patients are still contaminat-
ed, but the levels of cesium have been
reduced, reports Ricks. The patients were
also treated with antibiotics as needed to
combat infections and with cell infusions to
prevent bleeding, Ricks says.
When Ricks and Lushbaugh left at the

end of a week, with the understanding that
they would return, six patients were serious-
ly ill, and four or five were expected to die.
Since then four have died. The Argentinian,
Jimenez, stayed an additional 4 or 5 days;
the Soviet hematologist is reportedly still in
Brazil.
At the same time, government workers

were scouring Goiania for traces of the
glowing powder, using helicopters
equipped with radiation detectors to identi-
fy the hot spots. They have turned up
contaminated furniture, cars, buses, mon-
ey-and five pigs. Much of the powder

Atomic cafe. Theglwing powderpassed
from friend to friend and building to
budng.

soaked into the soil, which is being scooped
up into concrete-lined dnums. Some houses
and buildings are still dangerously radioac-
tive and may have to be destroyed. What
cannot be decontaminated is being disman-
tled and put into concrete-lined drums for
disposal as nuclear waste.

Reports vary about how thorough the
decontamination efforts have been and
whether all the scattered cesium has been
found. According to the Nuclear Energy
Commission, the contamination is confined
to a 2000-square meter area, very dose to a
small stream. So far, no signs of contamina-
tion have been found in either the stream or
the river it flows into. Cleanup is expected to
take until at least March.
The ultimate fate of the tons of radioac-

tive waste from the accident remains to be
determined. Brazil does not have a perma-
nent nuclear waste disposal site; the drums
of waste from the accident are being stored
temporarily at a surface site some 30 kilome-
ters from the city until a permanent site can
be found.
Meanwhile, local health officials continue

to offer radiation monitoring. To date,
about 78,000 people have reportedly been
screened, along with many of their posses-
sions and their pets.
The circumstances surrounding Gale's ac-

tivities are somewhat more difficult to piece
together, as his account differs from those of
Brazilian officials. Gale spoke with Scienc on

6 November but is now traveling in Argen-
tina and could not be reached for fiuther
comment.

20 NOVEMBER 1987

Gale arrived in Brazil on 17 October,
where he spent about 10 days. On 2 No-
vember, in a front-page ardcle that sparked
the current furor in Brazil, the New York
Time reported that Gale saved the lives of
two of the most severely irradiated victims
through the use of an experimental drug,
granulocyte-macrophage colony-stimulating
factor, or GM-CSF. The artide descibes
how Gale received his invitation to go to
Brazil while he was attending a meeting in
West Germany. He collected a supply ofthe
recombinant drug, a hematologic growth
factor, from Behring, a West German phar-
maceutical company, alerted the medical
team that treated the victims of Chemobyl,
and flew on to Rio, supported again, as he
was at Chemobyl, by Armand Hammer of
Occidental Petrolkum.
Then in an acting procedure, Brazilian

doctors working under Gale's guidance ad-
ministed the drug to six patients who
otherwise would have died, the articl said.
(GM-CSF was given to two additional pa-
tients after he left.) A little more than a tenth
of a pint was injected directly into the vena
cava in a continuous infusion over 24 hours.
Four who were extremely ill died, two re-
covered. Gale attributed their survival to the
experimental therapy, which has never been
tried on radiation victims before. Gale told
Scienc that the story reported in the New
r* Times is accurate.
GM-CSF is one of a family of hormones

that stimulate the bone marrow to produce
white or red blood cells. GM-CSF specifical-
ly stimulates neutrophils and monocytes, the
white blood cells that kill microbes. GM-
SCF is not approved for medical use in the
United States or Brazil, but is undergoing
clinical trials here to determine its usefiulness
in boosting white cell production in patients
with suppressed bone marrow (Scienc, 1
May, p. 517).
A similar story appeared in the 16 No-

vember Time, with the same photograph
that appeared in the newspaper showing
Gale, in mask and gown, standing by the
bed of one of the accident victims. 'We are
living in a new age of medicine," Gale is
quoted as saying. "When it comes to these
disasters, all the handbooks on treatment
will have to be rewritten."

Brazilian officials were reportedly taken
aback to learn oftheNew York Times article,
which engendered a flurry of trans-Atlantic
calls among Brazilian authorities, the Ameri-
can Medical Association, and the IAEA. "It
has caused a lot ofgastritis," says Ricks, who
is in regular contact with Brazilian Navy
doctors and nudear commission. Ricks will
be returning to Brazil in December.

Brazilian officials say, contrary to Gale's
account, that they did not invite him. In
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Radiation victim. One ofthe victims peer from a window ofthe hospital in Goidnia. Four
othme have died.

fact, Gale's offer of assistance after the acci-
dent was respectfully declined because bone
marrow transplants, Gale's area of expertise,
were not indicated, says Luis Arrieta, execu-
tive director of the Nudear Energy Com-
mission.
According to Arrieta and Brazilian press

accounts, Gale was invited by a Brazilian
friend of his, Daniel Tabak of the National
Bone Marrow Transplantation Center in
Rio. "It was a personal invitation, not a
government invitation. He came on a tourist
visa," says Arrieta. Tabak then escorted Gale
to the hospital and introduced him to the
director, Admiral Amiha Burlah.
But Gale insists that the government in-

vited him. "I was invited by the Navy, which
I consider the government, by Admiral Bur-
lah," Gale told Science. "I was invited by the
person handling the treatment." In a second
conversation that day, Gale said, "someone
from the hospital called me, I'm not sure
who it was."

"I don't know who invited him. I did not
invite him," Burlah told Science. "He came
to the hospital and we were introduced."
There is some question about how the

decision to use GM-CSF was made and how
large a role Gale played. Gale, who brought
the drug with him and arranged for addi-
tional supplies to be sent, has described his
role as pivotal.

Burlah, who is in charge at the Navy
hospital, says that Gale was one of several
doctors offering their advice. "He gave his
opinion, as did other doctors." The decision

1030

to use the drug was a group one, Burlah
says, and Gale was in the hospital "only a
few days."
The Brazilian equivalent of the Food and

Drug Administration, is now imvestgatmg
Gale's role and whether proper experimental
protocols were followed. No one suggests
that the experimental treatment harmed the
patients, but there is some question about
whether it helped.
"We are in trouble with our agency, like

your FDA," Arrieta concedes. "The agency
is concemed that it is not exactly normal to
use a new drug without prior approval. But
of course it was an emergency and the
medical team was probably not thinking
about it," Arrieta says. Gale was reprimand-
ed by the National Institutes of Health in
1985 for using an experimental protocol on
cancer patients without receiving approval
of the UCLA Human Subjects Protection
Committee or informed consent of the pa-
tients (Saciec, 1 August 1986, p. 513).

Gale seems to be oblivious to the contro-
versy. "My presence was requested, so I
can't see why they would be unhappy about
GM-CSF. I wouldn't think they would be
unhappy because two people lived. We are
tying to save victims of a radiation acci-
dent-the specific technique is irrelevant."
He told Science that he followed appropriate
FDA procedures for using an investigational
drug, including obtaining approval from the
head of the hospital, Burlah, and from the
institutional review board, as well as the
informed consent of patients.

Gale told Sckinc he was retuniing to
Brazil for a couple ofweeks. Neither Burlah
nor Arrieta knew anything ofhis return. "As
far as I know he is not coming back on an
official invitation," says Arrieta.
At this stage it is difficult to tell whether

Brazilian officials are more concerned about
the experimental treatment or about Gale's
grandstanding before the press, which they
say does a disservice to the other doctors
involved and violates their own desire for
confidentiality. The Navy doctors had
agreed not to dicuss medical data with the
press until the results could be properly
evaluated.

Brazilian officials also clearly resent some
ofGale's remarks to the press. "Gale said the
first medical team did not have the right
profile and that we were late to call for his
assistance," Arrieta says. "We never called
for his assistance." Moreover, Gale's com-
ments "do not say much for the other
medical team," which Arrieta says per-
formed superbly. "Of course we welcome
Dr. Gale's help. But we do not welcome his
intervention in the decisions we made."
The American Medical Association

(AMA) is also looking into the matter. 'We
are concerned about some aspects of the
incident," says AMA's William Hendee.
'We are trying to find out as much informa-
tion as we can to see that nothing has been
misrepresented." Hendee emphasizes that
AMA is not investigating Gale but is gather-
ing information on the medical care of the
radiation victims, including Gale's activities.
"We are interested in new types of therapy
and results and in the accurate reporting of
those results. We want to see if what is
stated to be the effect [of the experimental
therapy] can be documented. I don't know
how you can say that the two Brazilians who
did not die were saved by the treatment."

Gale concedes that the two patients might
have survived without the drug. "Two ofthe
people are alive. Without a random trial you
can't say why. They had an abrupt reversal,
the white blood count went way up. The
major effect of the drug is to elevate the
white blood count. So it is very likely the
drug."
Whether the drug actually enhanced re-

covery or improved survival is difficult to
judge without more information, others
working with GM-CSF say. The drug has
been used on only about 150 patients in
clinical trials, though early results are en-
couraging and to date it seems to have few
toxic effects. Theoretically, several say, GM-
CSF could be useful in treating radiation
victims who have some responsive bone
marrow left. However, questions remain
about the long-term effects ofthis hormone.
Nor is it clear whether GM-CSF alone
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would be sufficient in radiation cases, as
it works on only certain types ofwhite blood
cells, or whether a "cocktail" of several
hematologic growth factors would be need-
ed.
"Questions do renain about these drugs,

but I would view it as a rational maneuver in
lethally irradiated patients, says Grover
Bagby of the University ofOregon. "Radia-
tion cases are serious, so with the reality of
impending doom, it seems reasonable."
"GM-CSF potentially has a role in radia-

tion cases. Maybe it could help if other
altemativcs were not available. It depends
on what he did and how he did it," says
Jerome Groopman of the New England
Deaconess Hospital, who recently conduct-
ed a dinical trial with 16 AIDS patients.
However, Groopman and others say that
the use ofthe hormone in this particular case
cannot be evaluated without information on
the radiation dose each patient received,
how much of the hormone was adminis-
tered, how it was administered, or the white
counts before and after treatment.
Meanwhile, in Rio and Goiania the feder-

al police are wrapping up their investigation
into who is to blame for leaving the cancer
therapy machine unattended for 2 years.
The owners ofthe clinic who abandoned the
machine have been charged with criminal
negligence, the Washington Post reports. But
which agency is to blame for the slipshod
monitoring;-and who is in charge ofmoni-
toring the 109 other radiotherapy machines
in use in Brazil-is the subject of sharp
debate.

Brazil's Nudear Energy Commission is
under attack, but it denies that is has respon-
sibility for routine monitoring. The agency
is responsible for licensing all radiation
sources in the country and for the disposal
of all radioactive waste, says Arrieta, but the
monitoring of these devices is a responsibil-
ity shared by the nuclear commission, the
Ministry of Health, and the Ministry of
Labor. "In the past that has not been clear.
Now, following this unfortunate accident, it
is clear," he says.
The nudear agency's monitoring consists

of reviewing periodic reports, filed by the
users, detailing the dosimetry of the opera-
tors and the calibration of the machine.
Energy officials have said that federal and
state health officials are in charge of routine
inspections. Health officials maintain that
they do not have inspection staff.

Last week the Brazilian press reported
that indictments for manslaughter were be-
ing prepared against officials in both the
federal Nuclear Energy Commission and the
state. Those reports could not be confirmed.
And the citizens of Goiania continue to
worry. a LEsLum ROBERTS

New Data Clinch Heart Drug Approval
By early December, hundreds of heart

attack victims in the United States will have
a better chance of survival because a power-
ful new dot-dissolving- drug recently ap-
proved by the Food and Drug Administra-
tion will be available in many hospitals
across the country. The drug, a tissue pla-
minogen activator (TPA), is also the first
major product of the biotechnology indus-
try and is expected to generate at least a half
billion dollars in sales for Genentech, Inc.,
its manufacturer, by the early 1990s.
'his will significantly modiy the way we

practice cardiology," says Eugene Braun-
wald, chief of medicine at Harvard's Beth
Israel and Brigham and Women's hospitals.
At least 80 percent of the heart attacks
suffered by 1.5 million Americans each year
are triggered by blood dots plugging coro-
nary artenes.
TPA is an enzyme naturally present in the

body in minute amounts. With the help of

Approving smiles. FDA chiefYoung,
cnter with Genentecs Swanson, left, and
Snydman.
genetic engineering, scientists can now pro-
duce the substance in quantity by modifying
mammalian cells. The version of the drug
approved last week is marketed by Genen-
tech under the brand name Activase.

In late May, an FDA advisory committee
rocked the cardiology community, Wall
Street, and patients by voting not to ap-
prove the drug and requested more clinical
information (Science, 3 July, p. 16). Al-
though the data showed Activase to be a
potent clot-dissolver, committee members
and some FDA officials questioned the ap-
propriate dosage because some patients,
who had been treated with high levels suf-
fered bleeding in the brain. Committee
members also were not persuaded that the
drug actually improved a patient's heart
function. Braunwald and other cardiologists
believed, however, that the drug should
have been approved.

This month, FDA approved Activase after
new clinical data were submitted, said agen-
cy commissioner Frank Young at a press
conference on 13 November. New data
came from dinical trials conducted at Johns
Hopkins, in Australia, and from a multi-
center study coordinated by the National
Heart, Lung, and Blood Institute. Robert
Temple, director of FDA's Office of Drug
Research and Review, who was among
those in May who wanted more clinical
information, says now that data "are impres-
sive." Researchers from the heart institute
sponsored study, which is headed by Braun-
wald, reported in a letter in the October
issue ofthe Jounal oftheAmerwcan CoUege of
Cardiology that Activase did not cause undue
intracranial bleeding at the doses recom-
mended by Genentech. Bleeding occurred in
less than one-half of 1% of the patients
tested at the recommended dosage.
The Hopkins and Australian data showed

that the drug did improve heart function,
according to Robert Bonow, chief of nucle-
ar cardiology at the heart institute. In the
studies, which included about 140 patients
each, researchers measured the volume of
blood ejected by a patient's heart after treat-
ment with the drug. The Hopkins data
showed that the patients' left ventricles were
able to pump more blood after the drug was
administered. "The preservation of left ven-
tricular function is the most important de-
terminant of survival after a heart attack,"
Bonow said in an interview.
The new data were reviewed and ap-

proved by an ad hoc advisory committee,
which included Bonow, Eugene Passamani,
another top investigator at the heart insti-
tute who coordinates the multicenter TPA
trials, and two members of the FDA adviso-
ry committee. As recently as 2 September,
the ad hoc committee voted not to approve
the drug until more data were examined.
The crucial factor in Activase therapy is

that a patient be treated with the drug as
soon as possible after the onset of an attack,
according to cardiologists. The drug will be
available primarily in hospitals and must be
administered intravenously. A single treat-
ment will be be priced roughly about
$2000, says Robert Swanson, Genentech's
chief executive officer.
When Genentech failed to win approval

in May for Activase, there was much specu-
lation that the company would lose a lot of
ground to other competitors. But little, if
any, damage has occurred in 5 months, say
David Manyak, a Merrill Lynch analyst, and
Peter Drake of Kidder Peabody. .
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