Mining bacteria's appetite for toxic waste / Researchers try to clean nuclear sites with microbes
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Mining bacteria's appetite for toxic
waste

Researchers try to clean nuclear sites
with microbes

David Perlman, Chronicle Science Editor

Monday, July 14, 2003

San Francisco Chronicle

CHEOMICLE SECTIOMS

Scientists are experimenting with some unusual
species of bacteria that can thrive by cleaning up
radioactive wastes left over from the Cold War when
nuclear weapons plants across the country were
running full blast.

The problem exists wherever uranium has been
mined, processed and made into nuclear bombs.
Almost 500 billion gallons of groundwater -- enough
to supply 1. 5 million homes for a year -- remain
contaminated with uranium and other toxic chemicals
in 36 states, the U.S. Department of Energy
estimates.

Another 800 million gallons of waste from uranium
mines and weapons plants lie buried in landfills,
trenches and unlined tanks. More than 2 billion cubic
feet of contaminated sediments remain to be cleaned
-- a mountain of radioactive and toxic dirt 2,000 times
larger than Egypt's Great Pyramid at Giza.

For many years, scientists have known about the
unusual appetites of some microbes, including the
ability of certain strains to consume uranium and
other deadly poisons. Now researchers are starting to
exploit that ability as a way to clean up nuclear sites,
a process called "bioremediation.”

STANFORD ENGINEER'S STUDIES

Among the experimenters is Craig Criddle, a Stanford
University environmental engineer. He is working with
several classes of microbes that he believes can turn

a soluble form of uranium into an insoluble form. The

uranium can precipitate out of the water like sand and
be gathered like a common mineral, he believes.

Next week, Criddle will pursue an experiment at the
Oak Ridge National Laboratory in Tennessee, which

http://www.sfgate.com/cgi-bin/article.cgi ile=/c/al2003/07/14/MN103893.DTL (1 of 4)11/17/2003 6:12:45 AM

- Printer-friendly version
- Email this article to a friend

Chronicle. ohs
TOP JOBS

» HEALTHCARE
SEVERAL OPENINGS
www.altabastes.org

¢ LOAN

Officer East Bay -
Loan officers nee

» EDUCATIONAL

Director NPS in
Bolinas serving 24 d

¥ SALES

EXECUTIVE East Bay
Telecom co. looki

» HEALTHCARE

Health Info. Mgr UCSF
Psych. Dept.

UCSF

» ENVIRONMENTAL

COMPLIANCE
AUDITOR AGE 55+
Senior Se

AUTOBODY
' ESTIMATOR

Exp'd Estimator Full
Benefits

Paramount Collision

» HEALTHCARE
THE BEST OF CARE
TENDER LOVING CARE

» COMPUTER

Tech Director for
SFGate.com

SFGate.com

get prints
from your
digital
camera
delivered
home



http://www.sfgate.com/
http://sfgate.com/
http://sfgate.com/
http://www.sfgate.com/chronicle/
http://www.sfgate.com/chronicle/
http://www.sfgate.com/chronicle/
http://www.sfgate.com/sports/
http://www.sfgate.com/sports/
http://www.sfgate.com/eguide/
http://www.sfgate.com/eguide/
http://www.sfgate.com/business/
http://www.sfgate.com/business/
http://www.sfgate.com/opinion/
http://www.sfgate.com/opinion/
http://www.sfgate.com/politics/
http://www.sfgate.com/politics/
http://www.sfgate.com/technology/
http://www.sfgate.com/technology/
http://www.sfgate.com/news/crime/
http://www.sfgate.com/news/crime/
http://www.sfgate.com/science/
http://www.sfgate.com/science/
http://www.sfgate.com/news/bondage/
http://www.sfgate.com/news/bondage/
http://www.sfgate.com/polls/
http://www.sfgate.com/polls/
http://www.sfgate.com/gallery/
http://www.sfgate.com/gallery/
http://www.sfgate.com/columnists/
http://www.sfgate.com/columnists/
http://www.sfgate.com/travel/
http://www.sfgate.com/travel/
http://www.sfgate.com/news/lottery/
http://www.sfgate.com/news/lottery/
http://www.sfgate.com/chronicle/obituaries/
http://www.sfgate.com/chronicle/obituaries/
http://personalshopper.sfgate.com/
http://personalshopper.sfgate.com/
http://personalshopper.sfgate.com/
http://www.sfgate.com/classifieds/
http://www.sfgate.com/classifieds/
http://www.sfgate.com/jobs/
http://www.sfgate.com/jobs/
http://personals.sfgate.com/
http://personals.sfgate.com/
http://www.sfgate.com/homes/
http://www.sfgate.com/homes/
http://www.sfgate.com/rentals/
http://www.sfgate.com/rentals/
http://www.sfgate.com/vehicles/
http://www.sfgate.com/vehicles/
http://www.sfgate.com/webads/
http://www.sfgate.com/webads/
http://www.sfgate.com/traffic/
http://www.sfgate.com/traffic/
http://www.sfgate.com/weather/
http://www.sfgate.com/weather/
http://www.sfgate.com/liveviews/
http://www.sfgate.com/liveviews/
http://www.sfgate.com/maps/
http://www.sfgate.com/maps/
http://www.sfgate.com/traveler/
http://www.sfgate.com/traveler/
http://www.sfgate.com/wine/
http://www.sfgate.com/wine/
http://www.sfgate.com/traveler/guide/renotahoe/
http://www.sfgate.com/traveler/guide/renotahoe/
http://www.sfgate.com/sports/skiing/
http://www.sfgate.com/sports/skiing/
http://www.sfgate.com/sports/outdoors/
http://www.sfgate.com/sports/outdoors/
http://www.sfgate.com/earthquakes/
http://www.sfgate.com/earthquakes/
http://sfgate.greatschools.net/modperl/go/CA?ref=real_estate
http://sfgate.greatschools.net/modperl/go/CA?ref=real_estate
http://www.sfgate.com/eguide/
http://www.sfgate.com/eguide/
http://www.sfgate.com/eguide/food/
http://www.sfgate.com/eguide/food/
http://www.sfgate.com/wine/
http://www.sfgate.com/wine/
http://www.sfgate.com/eguide/movies/
http://www.sfgate.com/eguide/movies/
http://ad.doubleclick.net/jump/sf.gate/news;abr=!ie;sect=news__art_topban;zip=;kw=SCI+BACTERIA+BIOTECHNOLOGY+HAZARDOUS+MATERIALS+NUCLEAR+WEAPONS+RADIATION+RESEARCH+SCIENCE+WASTE;width=468;height=60;sz=468x60;ord=84341?
mailto:dperlman@sfchronicle.com
http://www.sfgate.com/cgi-bin/object.cgi?object=/chronicle/pictures/2003/07/14/ba_science02.jpg&paper=chronicle&file=MN103893.DTL&directory=/c/a/2003/07/14&type=news
http://www.sfgate.com/cgi-bin/object.cgi?object=/chronicle/pictures/2003/07/14/ba_science01.jpg&paper=chronicle&file=MN103893.DTL&directory=/c/a/2003/07/14&type=news
http://www.sfgate.com/cgi-bin/article.cgi?file=/c/a/2003/07/14/MN103893.DTL&type=printable
http://www.sfgate.com/cgi-bin/article.cgi?file=/c/a/2003/07/14/MN103893.DTL&type=friend&emailcolor=%23A3C559&origin=http://www.sfgate.com/cgi-bin/article.cgi%3Ffile%3D%2Fc%2Fa%2F2003%2F07%2F14%2FMN103893.DTL
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adv3FhuVnP.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adv3FhuVnP.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/advHsfxLvB.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/advHsfxLvB.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adwEWjXybc.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adwEWjXybc.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adyqDSp1iw.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adyqDSp1iw.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adzeie13hg.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adzeie13hg.xml&type=adjacencyfullad
http://www.ucsfhr.ucsf.edu/careers
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adzpd22aC3.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adzpd22aC3.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/ad82k4suaF.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/ad82k4suaF.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/ad82k4suaF.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adr4L0dDoN.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/adr4L0dDoN.xml&type=adjacencyfullad
http://www.tlcathome.com/
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/ad1J6UsTip.xml&type=adjacencyfullad
http://www.sfgate.com/cgi-bin/article.cgi?f=/classifieds/adjacency/X/ad1J6UsTip.xml&type=adjacencyfullad
http://www.sfgate.com/
http://www.sfgate.com/buyphotos/
http://ad.doubleclick.net/click%3Bh=v2|3058|3|0|%2a|w%3B6532723%3B0-0%3B1%3B3553323%3B1344-125|400%3B3763789|3781685|1%3B%3B%3fhttp%3a%2f%2faltfarm.mediaplex.com/ad/ck/3620-17206-1803-1?mpt=3429988

Mining bacteria's appetite for toxic waste / Researchers try to clean nuclear sites with microbes

*Music & Nightlife
*Events
*Performance
FArt

*Books

*Comics

*TV & Radio
*Search Listings

Living
*Health
*rHome & Garden
*Gay & Lesbian
*Horoscope

Resources
*Search & Archives

*Feedback/Contacts
*Corrections
*Newsletters
*Promotions

*Site Index

Subscriber
Service

FMissed Delivery
*Vacation Hold
*Subscribe
*Contact

Advertising
* Advertise Online

*Place Print Ad
FMedia Kit

produced the uranium for the infamous atom bomb
dropped on Hiroshima, killing almost 80,000 people.

The lab has another legacy. "The nitric acid and
uranium oxide waste, a witch's brew, was dumped
into unlined pits there for 31 years and then covered
by a parking lot," Criddle said.

The waste ate its way down into layers of saprolite, a
claylike rock, so that more than 99 percent of it is
deep in the soil, he said. The remaining uranium has
contaminated groundwater, a long-term threat to
human health, because the uranium is soluble and
moving steadily toward nearby Bear Creek, which
flows through the area.

A complex community of microorganisms thrives by
"breathing" oxides of sulfur, iron, aluminum and even
more hazardous compounds like the uranium and
other radioactive elements. As the microbes obtain
their oxygen from soluble uranium oxide, for example,
they transform it into a highly insoluble form called
uraninite.

At Oak Ridge, Criddle will be working with several
bacteria, including members of a genus called
Desulfovibrio, which numbers more than 30 distinct
species.

Heavy metals such as chromium that were used
during the bomb-making era also pose a human
health problem. Similar techniques mobilizing
bacteria to remove chromium, a cancer-causing
metal, are also being tested in the Oak Ridge
experiments by a team from UC San Diego's Scripps
Institution of Oceanography, led by marine biologist
Bradley Tebo.

Criddle's uranium experiments involve lowering the
acidity of the microbes' environment and nourishing
them with ethanol to "get them all happy," as Criddle
says. Doing so encourages them to go to work on the
uranium by reducing oxides of the radioactive
uranium and thereby rendering them insoluble.

Like other researchers in bioremediation, Criddle has
support from the Department of Energy. The agency's
program manager, microbiologist Anna Palmisano, is
a former member of the astrobiology group at NASA's
Ames Research Center in Mountain View, seeking
microbial analogues on Earth for possible life on
other planets.

"There are wonderful microbes that could be able to
help us," Palmisano said. "But the radioactive
elements that are moving into the water are soluble,

and to get them out, they must be made insoluble."
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After more than a decade of laboratory work, Yiew All Top Jobs

microbiologist Derek Lovley of the University of
Massachusetts at Amherst has built a field site for
testing the ability of a class of microbes, called
Geobacters, to attack the uranium waste problem at
the old Rifle mines. Two weeks ago, he began new
and large- scale tests there.

In effect, Lovley and his colleagues have discovered
that the Geobacter bacteria can live or "breathe" in
environments where uranium oxides dominate. They
are focusing on the old Rifle mill site to see if they
can reduce the uranium-polluted water to radioactivity
levels well below the government's safety standards.

The genes of Lovley's Geobacter species already
have been sequenced by the Institute for Genomic
Research in Rockville, Md., founded by famed
scientist Craig Venter, who raced government
scientists to sequence the entire human genome, and
at the Energy Department's Joint Genome Institute,
operated in Walnut Creek by the University of
California.

Understanding those genes, according to Lovley,
could enable scientists to engineer new strains of
Geobacter even more capable of transforming the
water- soluble forms of uranium into insoluble forms
that could be filtered from streams and underground
aquifers.

OTHER MICROBES IN SPOTLIGHT

Still other strains of microbes are under investigation.

One unigue bacterium bears the intriguing name of
Deinococcus radiodurans, meaning "strange berry
that withstands radiation." It was discovered by
Oregon radiation researchers in 1956 in a can of
meat that had spoiled even after the meat was
sterilized experimentally by intense radiation beams,
and it is by far the most radiation-resistant organism
in the world.
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Gene-splicers are experimenting to see if the genes
of D. radiodurans can be engineered to produce a
new "superbug" that could decontaminate the most
intensely radioactive wastes on Earth -- wastes much
more deadly than the uranium that scientists such as
Criddle and Lovley are hoping to clean up.

E-mail David Perlman at dperlman@sfchronicle.com.
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