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fter a large-scale discharge of radioactive material into the

environment, contamination of forests is often a rapid and
widespread outcome,' as witnessed following the accident at
the Fukushima Daiichi nuclear power plant (Figure 1).* Due to
the immediacy of this problem, it is imperative that Japanese
officials act to protect the region’s forests by mitigating the
consequences associated with radioactive contamination. To
accomplish this goal rapidly yet effectively it is important to
integrate scientific knowledge and technical judgment with
stakeholder values in selecting remediation strategies in a
transparent manner.

In comparison with nonforested areas (e.g., residential areas
and agricultural areas), the availability of countermeasure
options for forest areas is limited to restriction of access and
removal of contaminated materials.’ One extreme option is
complete restriction of human access to all contaminated areas.
The major advantage of this countermeasure is its low
operational cost, but it also entails many disadvantages. In
this passive countermeasure, the decrease of radiocesium
activity is achieved only by natural physical decay and,
considering the 30 year halflife of '*’Cs, recovery to
intervention levels would take decades. Over this time scale,
radiocesium may migrate from contaminated forest ecosystems
which would continue to provide a secondary source of
contamination to adjacent areas via stream waters, movement
of contaminated animals and resuspension into the atmosphere
due to forest fires. More importantly, living in areas adjacent to
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forests which are known to be contaminated, even if access is
denied, could be psychologically harmful to local people.

At the other extreme is the complete removal of all
contaminated materials from forests as far as is practicable.
The obvious disadvantage of this option is the huge cost
involved in removing materials from even relatively small areas.
Even considering only the most heavily contaminated forests,
the total volume of radioactively contaminated materials is
estimated to be 33 million cubic meters.* Selective removal of
materials (leaves, timber, forest floor litter, or thin layers of
mineral soil) is possible, but removing these from large areas is
a logistically challenging task requiring a huge operational cost.
Even if such an operation were physically, logistically and
economically possible, storage or disposal facilities for the
contaminated materials would be required. Incineration of
contaminated materials is a practical option to reduce the
volume of contaminated organic materials, but incineration
without further emission of volatile radionuclides such as '*’Cs
to the atmosphere would present another major technical and
financial challenge. Aside from radiological considerations, large
scale removal of trees may increase the hazards of soil erosion
and landslides which would need to be controlled, thus
incurring further costs. Removing trees and soils will also result
in reduction of biodiversity and degradation of soil nutrient and
water retention functions. Last but not least, the human cost of
any labor-intensive interventions such as forest clearance and
postcutting management in radioactively contaminated areas
comes in the form of higher radiation doses to forest workers.
Removing contaminated forest materials has the explicit
advantage that it can either immediately reduce contamination
below relevant intervention levels or it can reduce the time
needed for radioactive decay to achieve the same objective. In
addition, removal of radiocesium from forests will reduce the
risk of it migrating to other areas. It should be also emphasized
that incinerating contaminated organic wastes, if feasible, could
provide energy, though the resulting ash will still need to be
treated as a hazardous waste.

In practice, the combination of the above two options could
provide a realistic and balanced approach to managing
contaminated forests.> Strategic zones, within which either
option was applied, could be established within forests, but it is
not a straightforward task to decide on the exact delineation of
such zones and the specific remedial actions to be taken within
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Figure 1. Photograph of a forest decontamination test in Fukushima in 2011.

them. Coupled with the entangled situations discussed above,
unclear health risks of low-dose radiation make the task more
complicated.

Furthermore, forest contamination around Fukushima is
currently at an early stage and the aboveground forest
components still harbor a large portion of the total deposited
radiocesium where they are still amenable to remedial actions.
In future, when more radioactivity has migrated below the
forest floor litter, removal of mineral soil will be necessary if
effective decontamination is to take place, which will inevitably
demand a larger financial investment than removing only the
aboveground forest components. Thus, starting forest counter-
measures earlier may offer a wider range of more cost-effective
options than delaying decision making and implementing
remedial actions in the years to come.

The design and implementation of countermeasures against
radioactive contamination in Fukushima’s forests will require
integration of the physical and social sciences. Given the
uncertainties associated with models for radionuclide fate and
transport in forests, in addition to variability in contamination
of forest ecosystems, scientists must be prepared to
communicate their expert judgment on relevant processes, as
well as gaps in understanding of these processes, in a
transparent way to stakeholders and decision makers. Socio-
political and environmental values representative of the views of
the general public and policy decision makers must be
integrated in the decision making process and, to achieve
this, formalized tools using multicriteria decision analysis
integrated with risk assessment should be used.” The use of
decision analysis methods will facilitate balanced consideration
of remediation options in the face of time, money and
manpower constraints. Ultimately, the decisions Japan takes
must be reached through discussion between policy-makers,
scientists and Japanese society as a whole. Moreover, the results
of radiation monitoring and the process of strategy building
should be clearly documented and disclosed to the world
because Japan’s experience will help to guide remediation of
forests and other ecosystems in the event of any future

radioactive contamination, just as the experience of the
Chernobyl accident is now aiding Japan.

H AUTHOR INFORMATION

Corresponding Author

*E-mail: shojih@fipri.affrc.go.jp.

Author Contributions

The manuscript was written through contributions of all
authors. All authors have given approval to the final version of
the manuscript.

Notes
The authors declare no competing financial interest.

B REFERENCES

(1) Linkov, I, Schell, W. R, Eds. Contaminated Forests; Kluwer:
Dordrecht, 1999.

(2) Final Report of the IAEA Mission on remediation of large
contaminated areas off-site the Fukushima Dai-ichi NPP; International
Atomic Energy Agency: Vienna, 2011; www.iaea.org/newscenter/
focus/fukushima/final report151111.pdf.

(3) Environmental Consequences of the Chernobyl Accident and their
Remediation: Twenty Years of Experience; International Atomic Energy
Agency: Vienna, 2006; www-pub.iaea.org/mtcd/publications/pdf/
publ1239_web.pdf.

(4) Hashimoto, S.; Ugawa, S.; Nanko, K; Shichi, K. The total
amounts of radioactively contaminated materials in forests in
Fukushima, Japan. Sci. Rep. 2012, 2, 416 DOI: 10.1038/srep00416.

(5) Linkov, L, Moberg, E. Multi-Criteria Decision Analysis: Environ-
mental Applications and Case Studies; CRC Press: Boca Raton, FL,
2012.

dx.doi.org/10.1021/es304145n | Environ. Sci. Technol. 2012, 46, 12283—-12284


mailto:shojih@ffpri.affrc.go.jp
www.iaea.org/newscenter/focus/fukushima/final_report151111.pdf
www.iaea.org/newscenter/focus/fukushima/final_report151111.pdf
www-pub.iaea.org/mtcd/publications/pdf/pub1239_web.pdf
www-pub.iaea.org/mtcd/publications/pdf/pub1239_web.pdf

