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Radioactive releases due to the accident at the Fukushima-1 NPP have contaminated a total area of over 1,000 square 
kilometers of Japanese territories. The contamination caused by 137Cs isotopes is considered as the most dangerous 
for the local population. This isotope was released in large quantities (about 6 PBq) and has a fairly long half-life 
(30.17 years). The paper considers both the decontamination methods that can be applied at various territories (popu-
lated areas, agricultural lands, forests) and the problems associated with the management of the resulting radioactive 
waste, including tens of millions of cubic meters of radioactive soil and ash. 
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Introduction

Huge volumes of radioactive soil and their ma­
nagement accounts for a key challenge faced during 
the post-accident cleanup at the Fukushima-1 NPP 
(hereinafter referred to as F1). In this case, particu­
lar attention is paid to the contamination associ­
ated with 137Cs: this radioisotope is viewed as the 
most dangerous for the local population, since it 
was released in large quantities during the accident 
and has a fairly long half-life of 30.17 years1.

According to UNSCEAR2, a total 137Cs activity of 
6 PBq3 got released onto the soil during the acci­
dent (in other studies this figure fluctuates within a 
very wide range).

When released to the soil surface, 137Cs enters 
the composition of its particles, migrates vertically 

1 The second isotope of cesium, 134Cs, released during the accident 
in approximately the same quantity as 137Cs, has a half-life of 
2.06 years.

2	United Nations Scientific Committee on the Effects of Atomic 
Radiation

3	The activity of 137Cs that got released into the sea accounted for 
11 PBq (1 PBq = 1015 Bq).

very slowly and remains for decades in the soil 
layer being several centimeters thick4. Studied soil 
samples from the 2011 accident showed that 95% 
of 137Cs in them was associated with clay minerals 
and was concentrated in the top 2—3 cm layer [1]. 
Radiocaesium practically does not migrate vertical­
ly, but may relatively easily take part in horizontal 
surface migration, in particular, during rains. It is 
transported by suspended particles along with wa­
ter flows. 

Soil contamination with cesium has been de­
tected over large areas of Japan, but the most dan­
gerous concentrations were observed in the Fuku­
shima Prefecture, namely, within a strip extending 
60—80 km northwest of the nuclear power plant 
(F1) (Fig. 1). This area is mainly covered by forests 
growing on hillsides and rice fields in the valleys.

Immediately after the disaster, 12 % of the Fuku­
shima Territory, or about 1,200 square kilometers, 

4	Cesium transfer in the soil was studied particularly thoroughly 
after the accident at the Chernobyl Nuclear Power Plant (CNPP).
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were declared a hazardous contamination zone. 
This necessitated mass evacuation of its residents. 
In total, more than 160,000 people officially got the 
evacuee status1.

Problems of resettlement and return

This is not the first time that the world faces 
the problem of large contamination with 137Cs. 
25 years earlier (April 26, 1986), an accident oc­
curred at the Chernobyl NPP. The activity of 137Cs 
fallout on the soil was almost an order of magni­
tude greater than at F1. Already on May 2, 1986, 
by order of the Government Commission, the 
Chernobyl Exclusion Zone was established. Later, 
several hundred thousand people2 were evacuated 
from this zone.

Over the past four decades, some of the residents 
managed to return home since the contamination 
was extremely uneven and, in some places, it was 
considered possible given the radiation situation 
at hand. However, much of the territory remains 
unsuitable for permanent residence. The entire 
zone has not been decontaminated on a regular 
basis.

The Japanese government followed a differ­
ent path. This decision was made based on a few 
reasons, including the lack of land for resettle­
ment and public outrage over the accident. It was 
decided to initiate large-scale decontamination 

1	Voluntarily and forcibly evacuated
2	The most contaminated were the northern regions of the Kyiv 

and Zhitomir regions of the Ukrainian SSR, the Gomel region of 
the Byelorussian SSR and the Bryansk region of the RSFSR.

of contaminated areas and the return of resettled 
residents as soon as possible3.

A limit was set to be achieved in the long term, 
i. e., additional external human irradiation of no 
more than 1 mSv/year, which approximately cor­
responds to the background level inherent in the 
central Europe4. The average annual dose in Japan 
accounts for 2.2 mSv/year.

The areas where after the accident the external 
dose was ranging from 1 to 20 mSv/year were de­
contaminated by local authorities provided ne­
cessary financial and technical support from the 
Japanese Government. The Government was also 
responsible for operations performed in more con­
taminated areas. As soon as the annual dose there 
dropped below 20 mSv/year, gradual re-evacuation 
of residents was started.

In this zone, it was allowed to move around and 
work without protective equipment. The only re­
striction was that it was not recommended to stay 
overnight there, but this restriction was gradually 
lifted as the dose approached the designated limit.

Provided below are some examples of successful 
decontamination: in Tamura city, the restrictions 
for residents were lifted in June 2013, in Naraha — 
in March 2014, in Futaba (partially) — in March 
2020, etc.

In the limited access zones, highlighted on the 
map in orange, the dose rate ranges from 20 to 
50 mSv/year. It was possible to stay there for a li­
mited time without any protective equipment and 
a dosimeter. People were asked to avoid working 
outdoors and to travel by car.

In the “red” zones (with a dose rate exceeding 
50 mSv/year), access was allowed in special cases, 
and people entering such zones had to use protec­
tive equipment and dosimeters.

Due to long-term and large-scale decontamina­
tion performed after the accident, by the end of 
2024, about 84 % of the resettled residents were 
able to return to their homes (Table 15 and Fig. 2).

It is worth noting that Japan has paid a high price 
for its success. By 2019, almost 24 billion euros 
were spent with more than 16,000 people that 
took part in relevant operations and the RW vo­
lume reached 20 million cubic meters.

Therefore, in recent years, the Japanese Govern­
ment had to revise its requirements for the return 

3	In November 2011, a decision was made to decontaminate 11 mu-
nicipalities (1,117 km2) evacuated after the accident, and 40 non-
evacuated (7,836 km2) affected by lower radioactive contamina-
tion; a hard-to-reach zone for return was designated (335 km2).

4	The average annual effective dose of radiation to the population 
of Russia from natural sources accounts for 0.65 mSv/year.

5	According to medical estimates, in the years following the acci-
dent, physical and psychological stress and lack of medical care 
led to a premature death of 2,304 people, mostly elderly people.

Fig. 1. Map of 137Cs fallout on soils in northeastern Japan 
after the NPP accident [2]
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of residents to particularly contaminated areas due 
to the difficulties faced and high decontamination 
costs associated with such areas.

Decontamination of various areas

Of the total 137Cs amount released onto land out­
side the NPP, about 70—75 % fell out in the forests, 
12 % — in rice fields, 8 % — in other agricultural 
lands and pastures and 5 % — in urban areas1.

The choice of decontamination goals and me­
thods was mainly governed by the nature of the ob­
jects, i. e., residential buildings, agricultural lands, 
natural ecosystems. 

As for the houses, to decontaminate their ex­
ternal surfaces, they were treated with water un­
der pressure and subjected to mechanical decon­
tamination by sandblasting equipment. Roofs and 
drains were cleaned most thoroughly, as well as 
areas at a distance of 20 m from the buildings. The 
top layer of soil was removed from courtyards and 
gardens.

Particular attention was paid to childcare institu­
tions. Thus, a soil layer of about 5 cm was removed 
around schools using bulldozers. In this case, it was 
possible to remove from 75 % to 97 % of radioactive 
contamination. These operations were ultimately 
seeking to reduce the annual radiation exposure of 
children to a threshold of 1 mSv/year. By October 
2013, more than 400 schoolyards were decontami­
nated to this standard.

1	Rough estimates.

Contaminated soil was collected in so-called “big 
bags” and shipped to specially designated sites 
(“local storage facilities”) (Fig. 3). 

More than 25,000 hectares of agricultural land, 
mainly rice fields, got contaminated due to the F1 
accident (Fig. 4).

A few methods were recommended to decontami­
nate them by the Government and Prefectures, in­
cluding the following: topsoil removal, backfilling 
with clean soil, spreading zeolite, etc.

The first option viewed as the most common 
showed good results (Fig. 5).

Table 1. Number of people resettled due to the accident at F1 (see [3])

Location May 2012 May 2013 May 2014 May 2023 November 2024

Beyond the Fukushima Prefecture 62,000 55,000 46,000 21,000 20,000

Within the Fukushima Prefecture 102,000 97,000 83,000 6,000 6,000

Total number 162,000 152,000 129,000 – 27,000 26,000

Fig. 2. Residents return to their homes in the Katsurau Village 
(June 12, 2022). The barrier has been pulled back and a poster 

warning of a prohibited area has been toppled

Fig. 3. Plastic bags with contaminated soil  
at a local storage site in the Itate village

Fig. 4. A rice field (rice paddy) in Japan constituting  
to an arable land filled with water and surrounded  

by ramparts retaining the water
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However, in 12 months, cesium level started to 
restore, sometimes up to 50 % of the original one, 
which was caused by its transfer by water from the 
surrounding hills and forests.

Monitoring in the fields was continued. At the 
same time, in 2012, authorities of the Fukushima 
Prefecture decided to study the level of 137Cs in the 
rice itself using special conveyor belts. In 2012, rice 
containing over 100 Bq/kg (the food standard in­
troduced in Japan in April 2012) was found in only 
71 bags out of 10,338,000 in 2012 and in 28 bags out 
of 11,001,000 in 2013. The hazardous product was 
removed [4].

Forests. As already mentioned above, the area 
contaminated with cesium is mainly covered by fo­
rests growing on hillsides. This problem was stu­
died in detail after the Chernobyl disaster [5], [6]. 
The main findings are discussed below.

Immediately after the accident, the radioactive 
contamination accounting for the forests was con­
centrated in the tree crowns, but over time, due 
to winds, rains, falling needles and leaves, they 
ended up in the forest litter and soil. After some 
time, upon the degradation of fuel particles that 
fell into the soil and generation of soluble radio­
nuclide compounds, radioactive substance inflow 
to the upper parts of plants through their root 
systems started to grow. Fig. 6 gives an idea of 
how 137Cs was distributed in needles, wood, tree 
bark and in the upper soil layer 8 years after the 
accident.

The forest areas were not decontaminated due 
to certain technical difficulties, large amounts of 
waste and the high cost of relevant operations. The 
best thing that could be done was to decontami­
nate the soil along the edge of the forests and at a 
distance of 20 m from it, thus, the safety of people 
on the roads running along the forests could be 
provided.

Since it was not possible to decontaminate these 
areas, these are viewed as potential reservoirs for 
cesium, which can be redistributed by water flows 
due to rains, mudflows and floods. This necessi­
tates the ongoing monitoring of cesium transfer by 
the water flows.

Contaminated soil management

After the large-scale decontamination was started, 
the areas used to store soil contaminated with radio­
nuclides and ash from burned organic materials were 
marked on the map of the Fukushima Prefecture. The 
total number of such areas exceeded 1,000 (Fig. 7).

It was dangerous to keep the soil there for a long 
time for many reasons, mainly since it was impos­
sible to arrange constant monitoring at such a large 
number of sites, so it was decided to establish a sin­
gle purposely equipped site designated for the tem­
porary pre-disposal storage of soil and other waste.

A proper site was selected to the west of F1, in the 
area of Okuma and Futaba cities1. The facility was 

1	After the accident, they turned into “ghost towns”.

Fig. 5. Results of soil removal at a rice field. This measure 
reduced the 137Cs content by almost 80%

Fig. 6. 137Cs distribution in parts of a pine and in soil

Fig. 7. Local storage facility for contaminated soil.  
Green color indicates radioactivity
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commissioned in 2017 and by the end of 2024, huge 
waste volumes, i. e., about 14 million m3 of soil and 
300,000 m3 of ash from combustible waste inciner­
ation, were delivered to this site and stacked on an 
area of 16 square kilometers.

The soil processing flowchart can be briefly de­
scribed as follows [6].

Plastic bags were placed on conveyor belts and 
then unpacked. Their contents were segregated, 
fragmented, sifted and moved to another section 
of the facility. There the waste was emplaced in 
15-m-deep trenches lined with protective film and 
equipped with a drainage pipe at the bottom. These 
measures were implemented to prevent the spread 
of radioactive substances with rainwater. The sec­
tion was covered with uncontaminated soil from 
above and sown with grass (Fig. 8 and 9).

To properly meet the waste storage requirements, 
Japan requested the IAEA to evaluate the safety 
measures taken in October 2022. An international 
advisory panel of experts was established to per­
form a detailed review of the contaminated soil 
treatment and disposal methods in 2023 and 2024: 
it was found that they were fully compliant with the 
IAEA safety standards [7].

According to the national JESCO Act, the final dis­
posal site for the materials held in the temporary 
storage facility shall be selected outside the Fuku­
shima Prefecture by March 2045.

However, there are many unresolved issues that 
may be faced along the way.

First, no municipality has yet agreed to host a re­
pository for the contaminated soil on its territory.

Secondly, shipment of huge RW inventories and 
their disposal is a complex and expensive task, so 
the option providing for some preliminary soil 
treatment to reduce its activity and use it for vari­
ous economic needs is being discussed.

To address these issues, a special organization 
was established, i. e., Strategic Research Group 
under the Ministry of the Environment for the De­
velopment of Technologies Reducing the Volumes 
and the Processing of Temporarily Stored Soils and 
Waste Resulting from their Decontamination.

Current plans call for the processing of approxi­
mately 75 % of low-level soil from the temporary 
storage facility and its application in the construc­
tion of a wide variety of structures, including em­
bankments for roads and railways, breakwaters, 
waste processing facilities, dams designed to pro­
tect the coast and agricultural lands, etc. The re­
maining soil will be subject to final disposal.

The use of contaminated wood accounts for a par­
ticular issue [8].

In the Fukushima Prefecture, forestry and timber 
production were highly developed, so it seems im­
portant to at least partially preserve relevant oppor­
tunities. Fig. 6 clearly shows that after some time 
activity in the forests mainly gets concentrated in 
the soil. In addition, cesium tends to be equally dis­
tributed between the bark and wood, which facili­
tates the potential application of the latter one for 
various economic needs.

A roadmap, according to which relevant opera­
tions providing for the contaminated soil and wood 
application, should be adopted in 2025.
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