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Tough Microbe Settlers in the Concrete Jungle
Geological Society of America 2016 Annual Meeting Science

Boulder, CO, USA: It is easy to forget that much of our cities -- the sidewalks, buildings, bridges, and runways -
- are made from the world's most common building material: concrete.

And, at �rst glance, concrete is not a hospitable environment. Freshly poured, concrete has a pH of 12.5, the
same as bleach, and once it hardens, concrete is dry and salty. Despite the forbidding setting, many types of
microbes survive on and in concrete, and many concrete-dwelling microbes are similar to species found in
naturally alkaline, salty environments, according to a new study. The discovery could lead to a new method
for detecting structurally unsafe concrete.

"The microbes that live on concrete have to withstand not only the conditions that are there all the time, like
the pH and the salt, but also big temperature swings. It makes it a very challenging environment," says
University of Delaware microbiologist Julia Maresca, who will speak on the subject on Wednesday, 28
September, at the meeting of the Geological Society of America in Denver, Colorado. "I thought it might be a
really interesting place to look for microbes and see what their coping mechanisms are."

Maresca and her colleagues wanted to identify the groups of microbes living in and on concrete by extracting
their DNA from concrete. The scientists placed small concrete cylinders on the laboratory roof, exposing the
cylinders to the e�ects of natural weathering. After 12 months, they smashed the cylinders and attempted to
extract microbial DNA from the remnants. They quickly discovered that positively charged molecules such as
silicon, calcium, and potassium in the concrete glommed onto the DNA, making the DNA impossible to
extract.

"I told my student, 'Think about something that is similar to concrete in its physical characteristics,'" says
Maresca. "She thought about what might be dry and high in calcium, and we ended up adapting a method
used to extract DNA from ancient bones."

Overall, the types of bacteria found living in or on concrete were similar to microbial groups growing on rock
surfaces and stone monuments. The researchers found a large number of microbes in the Actinobacteria
family, which usually have tough outer membranes, in the concrete. This bacterial group often forms
dormant cells that lie quiescent until favorable growing conditions develop.

"It kind of makes sense that they would be in an environment that is not very friendly," says Maresca.

Some of the bacteria found in and on concrete are related to microbes that live in soda lakes, which have a
high pH, and saline lagoons or on rock surfaces; environments that share characteristics with concrete. The
researchers also found a number of microbes from the Geodermatophilaceae family, which commonly live
on rock surfaces and in deserts.

The lab cultivated a number of bacterial species, proving that at least some of the DNA originated from living
bacteria and not dead bacteria mixed into the concrete during construction.
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Furthermore, the researchers discovered that the same groups of bacteria grew on the outside of the
concrete cylinders as the inside. "These �ndings imply that weather and atmospheric deposition likely have
little in�uence on the composition of the microbial community growing on concrete," concludes Maresca.
Instead, the chemical makeup of the concrete likely drives community composition.

The team also found that concrete has a low microbial biomass. They estimate that 1 gram of concrete
contains an average of 1,000 to one million cells compared to the 10 billion cells found in one gram of soil.

Maresca is in the process of analyzing data from a second experiment that tests whether microbial
communities shift as concrete degrades due to a reaction between the components of concert referred to as
the alkali-silica reaction (ASR). Speci�cally, the alkaline cement paste reacts with silica-laden sand or gravel.
Preliminary results indicate that the microbial communities in concrete do change over time, and that the
community in ASR-prone concrete di�ers from that in "healthy" concrete.

If Maresca can identify shifts in microbial communities as concrete breaks down, she might be able to create
a bio-indicator for concrete degradation caused by ASR, a �eld test that would alert structural engineers to
the presence of microbes associated with damaged concrete.

"There are a lot of chemical changes that precede visible structural damage," says Maresca. "If the microbial
community in or on concrete changes in response to these chemical changes, we might be able to use them
as an early warning indicator."

WHAT:  
Session No. 300  
T45. Urban Geochemistry  
Session link: https://gsa.confex.com/gsa/2016AM/webprogram/Session40410.html  
Paper 217-8: Urban Geomicrobiology: Microbial Communities In and On Concrete 
Abstract link: https://gsa.confex.com/gsa/2016AM/webprogram/Paper280245.html

WHERE & WHEN: 
Wednesday, 28 September 2016: 1:30 PM to 5:30 PM 
Colorado Convention Center Room 404 
Presentation Time: 2:20 PM

Media representatives should pick up badges and program books at the main registration desk during
meeting registration hours.

The Geological Society of America, founded in 1888, is a scienti�c society with more than 25,000 members
from academia, government, and industry in more than 100 countries. Through its meetings, publications,
and programs, GSA enhances the professional growth of its members and promotes the geosciences in the
service of humankind. Headquartered in Boulder, Colorado, GSA encourages cooperative research among
earth, life, planetary, and social scientists, fosters public dialogue on geoscience issues, and supports all
levels of earth science education.

community.geosociety.org/gsa2016/home
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Test cylinders on laboratory roof. Credit: Julia Maresca.
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