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Arny medi cal researchers at Fort Detrick are devel oping an arny of fish,
frogs, bees, and shrinp to serve as sentinels for chem cal contanmi nation in
the environnent. This new “arny” is helping scientists obtain information
about chem cal contam nation nore efficiently and effectively and is providing
scientists with new information about chenicals and how they interact with the
envi ronnent and each ot her

The U.S. Arnmy Center for Environmental Health Research (USACEHR), part
of the U.S. Arny Medical Research and Materiel Conmmand, began devel oping the
various sentinels in 1981 to create screening tools for hazardous substances
that are unique to the mlitary. The basic idea behind the sentinels is that
non- mamal i an, | ower vertebrate ani mals show physical signs of stress when
exposed to chem cal contam nants. Such warning signals often indicate
negati ve impacts to the environment that could, in turn, affect human health.

The devel opment of an assay, or test, involves several steps. First,
USACEHR i dentifies existing sentinel technol ogies and works with the
researchers to refine themfor a specific mlitary concern. As the technol ogy
is refined, USACEHR devel ops protocols and procedures for conducting the assay

and then tests the assay to validate that it is sensitive, accurate, and



reproduci bl e. USACEHR establ i shes standard nmethods and guidelines for the
assay though such prograns as the American Society for Testing and Materials
(ASTM so that others can replicate the process and use the assay. Finally,
the assay is tested in the field to ensure that it can be applied to real -
world situations. All of these steps are necessary for the assay to gain
regul atory acceptance. According to Robert Finch, Associate Director for
Research at USACEHR, “Regul atory agencies require standardi zed, validated
assay systens before allowi ng data to be used for regulatory purposes. They
accept these data fromthe assays to make nore infornmed deci sions on chenica
i mpacts on the environnent.”
USACEHR has several assays that are in varying stages of devel oprment.
Each assay is designed to detect a specific toxicological inpact, such as
respiratory, reproductive, teratogenic (birth defects), carcinogenic, and
neurol ogi cal effects. The assays use a variety of non-mammlian vertebrates
that denonstrate sensitivity to a particular toxic environnent.
Aut omat ed Fish Ventilatory Bionmonitoring System This systemnonitors
the breathing patterns of fish to deternine water quality. The
system uses bluegill fish that characteristically prefer to “stand
still” in the water. Eight fish are placed in an individually
chanbered box. As water passes through the chanbers, el ectrodes
nmonitor the electrical inpulses given off by the fish’s nuscles as
they breathe. A sudden change in breathing rate signals a change in
wat er quality and pronpts an autonated water sanpler to collect a
sanpl e that hel ps scientists pin-point the source of contam nation.
Frog Enbryo Assay (FETAX): Devel opi ng enbryos from South African
clawed frogs are exposed to an environment or chemical of concern to

monitor for birth defects. As the enbryos transforminto tadpoles



over a 96-hour tinme period, scientists follow their devel opnment,
growth, and survival rate to see if any abnornalities or death result
from bei ng exposed to the environnent of concern.

Honey Bee Sentinel System According to Tonmy Shedd, research aquatic
bi ol ogi st at USACEHR, “Bees are flying dust nops.” They nake
excellent soil, air, and water sanplers because they are

el ectrostatically charged, so dust in the air and soils becones
attached to themas they forage for food in a characteristic half
mle radius of their hive. Scientists test the pollen and nonitor
the hive's reproduction, growh, and productivity to see if there are
any biol ogical or behavioral changes that reflect a potential problem
in the environnent.

Rapi d Toxicity Assessnent Test Battery: This assessment uses a

conbi nation of assays to test a variety of sites or areas of a site
and quickly screen the environnent for toxicants of concern. The
series of assays uses a w de spectrum of test organisns, such as
bacteria, algae, rotifers, crustaceans, killifish, tadpole shrinp,
and lettuce seed. |If toxicity is found in the environment, the assay
hel ps the scientist determ ne which sites should be cleaned up first.
Sone assays use African annual killifish and tadpole shrinp whose
eggs can be dried and stored in containers for up to 1 year and 14
years, respectively. Fifteen mnutes before scientists are ready to
conduct an assay, they sinply add water to the eggs and hatch instant
fish or shrinp.

Japanese Medaka Assay: USACEHR i s devel opi ng a carci nogen assay using
Japanese nedaka fish. The eggs of these fish can be nade to hatch at

the sanme tinme, providing fish with a uniformage. The newly hatched



fish are exposed to the environnent of concern and nonitored to see
if and when they devel op cancer in their 9-nmonth |ife span

The frog enbryo assay and the fish ventilatory systemare the two nost
devel oped assays that are ready to be applied to a variety of situations.
Aber deen Proving Ground, for exanple, has built a permanent fish ventilatory
systemin its groundwater treatnment plant. The plant treats contam nated
groundwater flowing froma disposal site that contains different types of
degrading rmunitions. The fish are used to nonitor the water quality at the
end of the treatnent process to ensure that the facility is operating cleanly
and efficiently at all times. The Maryland installation also used the frog
enbryo assay to ensure that contam nated groundwater flowi ng into a nearby
stream was not a threat to human or environmental health. The Nationa
Institute of Environmental Health Sciences is using the frog enbryo assay to
try and determ ne the cause of malforned frogs in Mnnesota | akes and ponds.

The sentinel systens are an added tool to a hazardous assessnent that
make the process nore efficient, nore effective, and less costly. Up unti
recently, scientists took quarterly air, water, and soil sanples in the field,
sent themto a lab to be analyzed, and waited for weeks, sonetinmes nonths, to
learn the results. Through the sentinel systens, scientists are able to set
up permanent facilities or a tenmporary network of specially designed nobile
trailer |abs that enable themto continuously nmonitor the environment of
concern and detect potential problens as they are devel opi ng.

The continuous data stream and nonitoring are hel ping scientists |learn
nore about chemicals and how they interact with the environnent. Scientist
can only project the potential threat of a |limted nunber of chem cals under
specific conditions. These assays allow scientists to respond to a conpl ex

m xture of chemicals in an integrated fashion. According to Col. David



Danl ey, Director for Program Devel opnent at USACEHR, “We know what the effects
of sone specific chem cals are, but we don't know what their affect is when
they are mixed with each other and the environnent. These sentinel assays
give us clues to what those integrated effects are.”

The assays are also providing a nore effective method for determ ning
the appropriate amount of cleanup efforts necessary for a contam nated site.
“Unlike traditional toxicity tests that involve a |ot of speculation and
remedi ati on goals that are often inpractical, these technol ogies give the next
| evel of assurance. They add known information to the hazardous assessnent
that help determ ne exactly how toxic an environnent is and what |evel of
treatment needs to be done to support a healthy ecosystem” said Shedd.

The assay’'s data can result in significant cost savings to the cleanup
of contaminated sites. Kenneth Stachiw, Director of the Environnmenta
Conservation and Restoration Division at Aberdeen Proving G ound, estinmated
that the use of USACEHR fish ventilatory systemat the post’'s groundwater-
contam nated site resulted in a cost savings/cost avoidance of $4 mllion to
$5 million. The use of the technol ogy al so speeded up the Record of Decision
process and elimnated the requirenent to conduct costly studies to assure the
safety of the treatnment facility's effluent. |In addition, the public could
understand the rel ationship between fish health and environnental health and
so nore readily accepted the treatnent facility’'s results.

USACEHR wants to expand the use of the assays to other nilitary
facilities and applications. |n FY98, Aberdeen Proving G ound plans to use
the honey bee assay to help deternine if its phytorenedi ati on project, which
uses hybrid poplar trees to naturally punp and treat contam nated groundwater
is transpiring contam nants into the air. |In the nmeantinme, USACEHR conti nues

to refine and upgrade the Army’'s latest troop of soldiers in the fight agai nst



chenmical contam nation. “The signals are out there in the environnent,” said
Shedd. “We just need to use these nethodol ogi es to understand what those

signals are and what they are telling us about hazards in the environnent.”
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