








of the low pH plume at a rate of about one-
seventh of the advective groundwater flow The
metal sorption reactions are reversible, caus-
ing remobilization of the metal contaminants
as the pH front migrates down gradient.
Although the acidic front of the plume has
not yet reached Pinal Creek, the leading edge
of the neutralized plume, containing elevated
concentrations of manganese, cobalt, nickel,
and zinc, discharges into the perennial reach
of the creek.Within the creek, the pH and dis-
solved oxygen of the contaminated water
increase due to gas exchange with the atmos-
phere. Precipitation of manganese oxides on
the stream sediments is enhanced by the pres-
ence of manganese-oxidizing bacteria, which
immobilizes about 20% of the dissolved man-
ganese flowing out of the drainage basin
[Harvey and Fuller, 1998].

Sorption onto the manganese oxides also
reduces the dissolved mass of nickel, zinc,and
cobalt in the stream by 12-68%,depending on
the type of metal [Fuller and Harvey,2000].
Dilution over a 7-km perenntial reach of the
stream results in an additional 20% decrease
in concentrations of the dissolved metals.
Although natural attenuation in the aquifer
and stream decreased metal transport, the size
of the plume and the longevity of the source of
contamination at Pinal Creek Basin have over-
whelmed the intrinsic remediation capacity of
the aquifer. However, similar processes govern
the fate of metals at other acid mine sites,sub-
stantially reducing the mobility of metals in
aquifers and streams that receive metal-
contaminated, ground-water discharge.

Emerging Research Issues

With the dramatic increase in the use of
natural attenuation, there are many issues
that require further study to ensure that this
strategy is protective of public health and the
environment. These fall into three broad cate-
gories: poorly understood chemical classes,
uncertainty posed by subsurface heterogene-
ity and long-term sustainability An important
conclusion of the NRC report is that natural
attenuation has been demonstrated to be
effective most of the time for only a few
compounds.There are many compounds for
which the natural attenuation potential has
not yet been established. For example, the
gasoline oxygenate MTBE is highly mobile in
the environment and the rates of physical,
chemical,and biological processes controlling
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its environmental fate are the subject of active
research by the USGS Toxics Program and oth-
ers.Another important area of research is the
natural attenuation potential for mixtures of
contaminants such as those found in the Nor-
man landfill plume (Table 1).

Because the migration paths and degrada-
tion potential of groundwater contaminants
are strongly affected by subsurface physical
and chemical heterogeneity,the NRC report
recommends that increased effort is needed
to document the effectiveness of natural
attenuation where the subsurface is highly
heterogeneous. Thus, strategies for characteriz-
ing the effects of subsurface heterogeneity on
natural attenuation and reducing uncertainty
in contaminant risk assessments are also
fertile areas of research.The application of
quantitative modeling at many USGS Toxics
Program sites is providing examples of how
uncertainty can be assessed and used to
guide new data needs. Because documenting
the fate of solutes in fractured rock aquifers
is particularly difficult, developing new methods
for characterizing flow and transport in frac-
tured rock is the goal of research at the Mirror
Lake study site (Table 1).

Finally,the NRC report stresses that many prac-
tical issues regarding the performance of natural
attenuation over long time frames are still un-
clear.These include the effects of active remedia-
tion efforts on the natural attenuation processes;
the design of long-term monitoring networks to
verify that natural attenuation is working as
expected; and the natural attenuation capacity
of the aquifer over the lifetime of the source. The
effect of source removal on natural attenuation
processes is the focus of USGS Toxics Program
research efforts at the Bemidji crude oil and the
Cape Cod-treated sewage plume sites.

As natural attenuation sites nationwide
are monitored over the coming decades,
the results of detailed process studies from
the USGS Toxics Program and other field-
based research efforts will provide a frame-
work for assessing the continued sustain-
ability of natural attenuation. Further infor-
mation on the USGS Toxics Program, site
summaries, and reference lists may be found
at http://toxics.usgs.gov/.The NRC report is
available at http://books.nap.edu/.
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AGU Panel to Write Statement on Earth and Space
Science Education in K-12
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AGU has convened a panel to write a policy
statement that can be used by AGU members
and others to argue for effective Earth and
space science education at the K-12 level.
The panel welcomes comments from AGU
members to help them craft a relevant and
effective statement.

AGU’s Committee on Education and Human
Resources (CEHR) first proposed the idea for
the position statement in 1999. The Commit-
tee’s reasoning was that the Earth and space
sciences should be included at all levels of
education, because increased public under-
standing of those sciences is needed to
ensure their appropriate application to societal
needs and challenges.

What the panel will consider is the role of
content guidelines, or standards, for science
education. Both the American Association for
the Advancement of Science (AAAS) and the
National Academy of Sciences’ National
Research Council (NRC) have issued such
standards. The AAAS Benchmarks for Science
Literacy, first released in 1993, are statements of
what all students should know by the end of
grades 2,5,8,and 12. The NRC's National Science
FEducation Standards (1996) emphasize a new
way of teaching and learning about science that
reflects how scientists actually do their work,
emphasizing inquiry as a way of learning about
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