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Gary A. Flory proposes
a rethink of the urban
response to anthrax
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ANTHRAX
A week after the September 11, 2001 attacks, letters
tainted with anthrax spores were mailed to two US
Senators and several news media offices. The attacks,
often referred to as Amerithrax, resulted in the
deaths of five people and the infection of 17 others.
In addition to causing widespread fear, the attacks
contaminated dozens of buildings with anthrax spores.

D

econtaminating buildings and returning them to
service is possible but time consuming and costly.
Cleaning anthrax spores from the Senate office
building cost $27 million. After 26 months, the
Brentwood postal facility in Washington, D.C. was
finally remediated at a cost of $130 million. The total cost of
the attack is estimated to exceed $1 billion.

Anthrax persistence

Anthrax is a zoonotic disease caused by the bacterium Bacillus
anthracis. It is endemic in several countries in Africa, central and
southern Asia, and southern Europe, where it can be found in
wildlife and domestic animals such as cattle, sheep and goats.
Outside of a living host, the bacterium forms spores which
persist in the environment, surviving years or even decades.

Responding to a subway attack

The previous examples highlight the difficulty of
decontaminating both urban and natural environments.
In addition to the typical difficulties, an anthrax attack on a
subway system poses unique challenges: the size of the system,
number of stations, concentration of people, interconnectedness
with the surface, and the mixing of air by the trains. The
Shanghai Metro is 365 miles (584 km) long. The New York City
Subway has 469 individual subway stations. More than 3.2
million people ride the Beijing Subway.

Top left: Foggers prepare to disinfect the contaminated subway system.
Left: Disinfecting porous material in an immersion tank.
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and the city
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To demonstrate the spores’ longevity, in 2016 unusually warm temperatures in western Russia’s Yamal
tundra melted the thick frozen soil layer, exposing
grazing reindeer herds to anthrax spores in a reindeer
carcass that had been protected under permafrost for
75 years. Anthrax infections sickened nearly a hundred
people and killed 2,300 reindeer. To help control the
outbreak, Russian authorities are evaluating killing
250,000 reindeer and disposing of the carcasses.
©2016 US Environmental Protection Agency

To address these challenges the United States undertook
an interagency effort between the Environmental Protection
Agency, Department of Homeland Security, Department of
Defense and several national laboratories. The Underground
Transportation Restoration (UTR) Operational Technology
Demonstration (OTD) was conducted at Fort A.P. Hill’s
Asymmetric Warfare Training Center (AWTC) to evaluate
field-level mass transportation decontamination technologies
directed at the intentional release of a biological agent such
as Bacillus anthracis. Access to the AWTC offered researchers
the unique opportunity to evaluate technologies in a subway
environment without a connection to an active subway system.

Assessing decon technologies

The project, which spanned more than a month, consisted
of two separate rounds of background sampling, agent
release, decontamination, sampling, waste removal and
decontamination, and post-decontamination sampling. For the
safety of the researchers, a non-pathogenic surrogate organism,
Bacillus atrophaeus subspecies globigii (Bg) was used.
The first round assessed off-the-shelf L-30 foggers from
Curtis Dyna-Fog Ltd producing a fog from a diluted bleach


©2016 US Environmental Protection Agency

Top right: Preparing disinfectant within the hot zone.
Middle right: Workers prepare to exit the release zone.
Right: Responders in Level A protection enter the release zone.

©2016 US Environmental Protection Agency
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Above: An orchard sprayer is tested for applying disinfectant.
Left: Surface sampling template.

©2016 US Environmental Protection Agency

solution. The machine consists of a motor/blower assembly,
nozzle system, nozzle housing, formulation tank, and metering
valve. Liquid is drawn from the formulation tank through
the control valve and into the nozzle system where it is
pneumatically sheared into aerosol or mist size droplets.
The droplets are then driven away from the machine by air
passing by the nozzle system.
The second round assessed an off-the-shelf Northstar
skid sprayer spraying an application of a pH-adjusted bleach
solution. Both rounds included a cost analysis and an efficacy
assessment. Secondary studies included an aerosol knock-down
barrier evaluation, a gel decontaminant application study,
full-scale demonstration of other alternative technologies,
and an aggressive air sampling study.
The project’s emphasis on off-the-shelf technology was
intentional. During any emergency, reliance on purpose built
equipment can increase cost and result in significant delays.
Much of the equipment used in the UTR OTD is commercially
available for use in agricultural or industrial applications.

Response in subways

As part of the project design staff evaluated a variety of
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equipment for ease of use, broad availability, cost and
effectiveness. These evaluations in themselves advanced
our understanding of a response to a biological or chemical
attack on a subway system.
One example was the evaluation of potential methods
for sealing off sections of a subway system. Any CBRN
response will require the isolation of portions of a subway
system to prevent the spread of contaminants and to conduct
decontamination activities. After the evaluation of a half-dozen
different systems, the team was able to down-select to a
frame system that allowed teams to erect sealed barriers
within 20 minutes which could be quickly deconstructed
and reinstalled at another location.

Sample collection

The sampling activities for each of the two test rounds
consisted of collecting samples within the tunnel and platform
areas pre-decontamination to determine the levels of Bg
throughout the test facility, and post-decontamination to
determine the efficacy of the decontamination technology, as
well as sampling from a newsstand, food cart, railway ballast,
and water from the station sumps. These will be sampled by
EPA Consequence Management and Advisory Division (CMAD)
personnel, EPA National Homeland Security Research Center
(NHSRC) personnel, Regional On-Scene Coordinators (OSCs),
EPA contractors, US Army Civil Support Teams (CSTs), the US
Coast Guard Atlantic Strike Team, and US Army personnel.

Waste management

Not all materials can be decontaminated in situ. In addition
to concrete, tile and similar non-porous building materials,
subway systems contain a variety of porous material that must
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be removed from the system for disposal. Examples include
maps, posters and kiosk items including newspapers,
magazines, T-shirts, cash, and food items. Disposables from
the response such as sampling and personal protective
equipment must also be managed as part of the waste stream.
One objective of the project was to evaluate methods for
treating these waste streams to destroy spores prior to their
removal from the site. If effective, this process will allow these
waste streams to be managed and disposed of at a lower risk
level, considerably reducing transportation risk and disposal
cost. The method evaluated was a simple process of dunking
contaminated material in a sporicidal agent contained within
a 10 ft3 (3 cubic metres) immersion tank. After complete
saturation, the waste was removed from the tank, drained
of free liquid, and sampled for the presence of spores.

Success?

Thousands of samples were collected during the month-long
UTR OTD. The analysis of the samples and the evaluation of the
data will take time. Although it is too early to draw conclusions
about individual decontamination and sampling technologies,
the project has clearly helped define the problem and offers
the possibility of bringing new technology to the next CBRN
response. Although many challenges remain, research and
field-scale projects like the UTR OTD will continue to improve
our preparedness for future bioterrorism attacks on critical
urban infrastructure. ❚❙

Top: Testing off-the-shelf disinfection equipment.
Middle: A sampling team prepares to enter the subway system.
Bottom: Disinfecting porous material in an immersion tank.

Gary A. Flory is Agricultural Program Manager for the
Virginia Department of Environmental Quality where he
provides leadership on agriculture, the environment and
public health. He also provides independent consulting,
training, emergency response, and public speaking
services in foreign animal diseases, counter-agroterrorism,
One-Health, and natural disasters.
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