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Chapter 17
Radiocesium Contamination 
on a University Campus and in Forests 
in Kashiwa City, Chiba Prefecture, 
a Suburb of Metropolitan Tokyo

Kenji Fukuda

Abstract  Kashiwa, a city in Chiba Prefecture, became the most contaminated sub-
urb of Metropolitan Tokyo after the Fukushima Daiichi nuclear accident. The 
Kashiwa Campus of the University of Tokyo and nearby urban forests were sur-
veyed to examine the distribution of radiocesium in the aboveground parts of trees, 
turf grass, and soil. The air dose rate 1 m aboveground in the summer of 2011 was 
0.3–0.6 μSv/h and more than 90% of the radiocesium was in the surface soil. A 
nursery lawn was effectively decontaminated by removing the turf and surface soil 
using a sod cutter. In the forests, the radiocesium concentration was higher in the 
leaves of evergreen trees and outer bark of trees, while the total amount of radioce-
sium in the aboveground parts of trees was less than 10% of the amount in the sur-
face soil. Therefore, decontamination by cutting trees would not be effective. The 
decrease in the radiocesium concentration in the surface soil could be explained by 
natural decay, while the effects of cesium movement to deeper soil were not 
prominent.

Keywords  Contamination in a University Campus · Vegetation cover · Cesium 
distribution in trees · Soil contamination · Decontamination of lawn

17.1  �Introduction

Kashiwa is a city located in northwestern Chiba Prefecture. One of the satellite cit-
ies around Metropolitan Tokyo, it is located about 30 km northeast of the center of 
Tokyo. The landscape is a mosaic of urbanized areas around train stations, residen-
tial areas, farmland, factories, and secondary forests. Kashiwa and the surrounding 
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Tokatsu area suffered from the most serious radiocesium contamination in suburban 
Tokyo after the Fukushima Daiichi accident in March 2011. The estimated contami-
nation by 134Cs and 137Cs totaled 60–100 kBq/m2 in September 2011 according to a 
contamination map produced by airplane monitoring (MEXT 2016).

The Kashiwa Campus is one of the three main Campuses of the University of 
Tokyo (UTokyo Campus hereafter), and it has a children’s nursery (Kashiwa 
Donguri Day Nursery). To ensure safety, the radiocesium contamination on the 
Campus and in nearby forests was surveyed in the summer of 2011, and decontami-
nation of the nursery lawn was attempted in October 2011 (Fukuda et al. 2013a; 
Kitoh 2013). To estimate the radiocesium distribution in suburban Satoyama forests 
(i.e., located within 1 km from Campus), the radiocesium contamination was sur-
veyed in the aboveground parts of thinned trees and in litter and surface soil samples 
collected from the winter of 2011 to the winter of 2014. The details of Satoyama 
forests were previously reported in Fukuda et al. (2013b).

17.2  �Study Area and Methods

The study was conducted in three areas: the UTokyo Campus, Oaota Forest, and 
Konbukuro Park, which are 1–3 km distant from one another (Fig. 17.1). On the 
UTokyo Campus, the air dose rate was measured in a remnant secondary deciduous 
and evergreen oak forest, Campus green areas (planted deciduous and evergreen 
trees), lawns and grassland, tree pits planted with Zelkova serrata and Rhododendron 
indicum, and paved areas. The air dose rate was measured 1 m and 1 or 5 cm above 
the ground using a NaI(Tl) scintillation survey meter (Hitachi, Aloka TCS-171 or 
Clearpulse, Mr. Gamma A2700). Soil cores up to 20 cm in depth were taken from 
several points on the Campus using a liner hand auger (Daiki, DIK-100C). A line 
transect was set from a forest patch and bamboo stand to grassland in an unused area 
on the UTokyo Campus in the summer of 2013, and the air dose rate was measured, 
and soil cores collected (100 mL: 0–5 cm depths) at 10-m intervals.

In Konbukuro Park, the land cover is a mosaic of conifer plantations, deciduous 
and evergreen broadleaved forests, and wetland vegetation. There, the air dose rate 
was measured along a footpath, and leaf, litter, and soil samples were taken.

Oaota is also a mosaic of small patches of private conifer and deciduous broad-
leaf forests with a total area of about 50 ha. We set study plots in a conifer–decidu-
ous mixed stand, deciduous broadleaf stand, grassland, and bamboo bush. The air 
dose rate was measured in each plot, and leaf and litter samples were taken. Leaf 
samples, mushrooms, and insects were collected randomly from these forest plots.

The radiocesium concentration of each sample was measured using a NaI(Tl) 
scintillation counter (Hitachi, Aloka Auto-well gamma counter ARC-370 M) in the 
Radioisotope Laboratory of the Graduate School of Frontier Science, UTokyo.

In addition, some trees were felled in the conifer and deciduous stands to esti-
mate the aboveground contamination of forest stands, and 100-mL soil core samples 
were collected. After thinning in Oaota Forest in the winter of 2011, six trees (two 
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Chamaecyparis obtusa and two Carpinus tshonoskii from a mixed conifer–decidu-
ous stand and two Quercus serrata from a deciduous stand) were sampled to esti-
mate the distribution of radiocesium in standing trees. Immediately after the trees 
were felled, wood discs were sampled at 0.3 and 1.3 m aboveground and at 4-m 
intervals to the tree top, and one to three 2-m-long branches were sampled from the 
top and bottom of each crown. The disks were oven-dried and divided into outer 
bark, inner bark, current-year annual ring, sapwood, and heartwood. The branches 
were divided into branch, old leaves, new leaves, cones, and winter buds and oven-
dried. The dried samples were cut into small pieces and milled in a coffee mill, and 
the radiocesium concentration was measured.

Litter samples of the L- and FH-layers were taken from nine 0.2 × 0.2-m2 quad-
rats set in two forest stands (a mixed conifer–deciduous stand and a deciduous oak 
stand) in Oaota Forest in the winters of 2012, 2013, and 2014. At the same time, a 
100-mL soil core was taken from the center of each quadrat, divided into 1-cm 
depths, and weighed after oven drying. The radiocesium concentrations of the litter 
and soil samples were measured to estimate the soil contamination by radiocesium 
concentration per ground area.

Fig. 17.1  Study sites (plotted on a Google Earth image)
The yellow line in UTokyo Campus shows the line transect

17  Radiocesium Contamination on a University Campus and in Forests in Kashiwa…
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17.3  �Air Dose Rate and Soil Contamination in 2011 
in Relation to the Land Cover

Table 17.1 summarizes the air dose rates measured from August to November of 
2011. On the UTokyo Campus, the Campus greenery and lawns showed a roughly 
uniform contamination level of 0.3~0.4 μSv/h at 1 m aboveground regardless of the 
land use, such as forest floor, forest edge, lawn, and bare ground. The air dose rate 
was lowest on the granite benches, where rainwater washed the polished smooth 
surface (0.28 μSv/h), while asphalt and the concrete pavement had air dose rates 
similar to or higher than those of the forest floor and lawn. The rough surface asper-
ity of the pavement served as a reservoir for radiocesium-containing mud particles. 
A drainage pit and the pavement edge receiving rainwater from paved areas had the 
highest air dose rates, where clay particles and organic compounds in soil concen-
trated radiocesium.

Table 17.1  Air dose rate (μSv/h) and land cover at the study sites

Land cover Month
Number  
of points 1~5 cm 1 m

UTokyo Campus Aug.–Nov. 2011
 � Asphalt & concrete pavement 45 0.54 ± 0.19 0.38 ± 0.10
 � Natural stone bench 6 0.28 ± 0.09 0.28 ± 0.09
 � Drainage, Pavement edge 92 0.99 ± 0.58 0.42 ± 0.12
 � Water canal’s edge 4 0.29 ± 0.06 0.26 ± 0.04
 � Lawn 88 0.52 ± 0.19 0.38 ± 0.08
 � Bare soil 11 0.48 ± 0.12 0.31 ± 0.05
 � Tree planting pit 29 0.58 ± 0.34 0.36 ± 0.08
 � Forest edge 13 0.46 ± 0.09 0.36 ± 0.03
 � Forest center 37 0.63 ± 0.40 0.40 ± 0.09
Konbukuro Park Dec. 2011
 � Grassland 5 0.39 ± 0.04 0.35 ± 0.03
 � Pleioblastus chino bamboo 

bush
2 0.35 ± 0.00 0.33 ± 0.01

 � Evergreen forest stand 15 0.36 ± 0.05 0.32 ± 0.03
 � Decidous forest stand 15 0.36 ± 0.06 0.32 ± 0.03
 � Forest edge 27 0.36 ± 0.10 0.30 ± 0.05
 � Side of the drainage canal 8 1.16±1.05 0.78 ± 0.31
Oaota forest
 � Conifer-deciduous mixed: 

thinned
July 2013 56 0.28 ± 0.11 0.14 ± 0.01

 � Deciduous oak: thinned Nov. 2012 18 0.34 ± 0.13 0.19 ± 0.02
 � Deciduous oak: control June 2013 15 0.28 ± 0.03 0.23 ± 0.02

Modified from Fukuda et al. (2013b)
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In Konbukuro Park, the air dose rate was 0.30~0.35 μSv/h at 1 m aboveground 
regardless of forest type. A drainage canal at the northern edge of the park had the 
highest contamination, 0.78  μSv/h, after collecting rainwater from surrounding 
areas including a road gutter. Benten Pond, a spring which is supplied by shallow 
groundwater, had the lowest radiocesium concentration in the sediment (Fukuda 
et al. 2013b).

In Oaota Forest, a conifer stand and a deciduous stand thinned after the Fukushima 
accident had lower air dose rates (0.1~0.2 μSv/h) than did non-thinned stands and 
other forests in Konbukuro Park and UTokyo.

Figure 17.2 shows the radiocesium measured in soil cores sampled on the 
UTokyo Campus in the summer of 2011. Soil contamination was higher at the edges 
of the lawn and a planting pit, which receive rainwater from pavement and asphalt 
roads, than it was in the center of the lawn and pit, respectively. In an area of planted 
trees, deposition was higher at the forest edge. In the lawn center, radiocesium 
deposition was concentrated at 0~1-cm depth, while in the forest, where there was 
almost no herbaceous vegetation or litter layer, radiocesium was distributed to 5 cm 
or deeper. The turfgrass shoots, thatch, and root mat of the lawn seemed to have 
intercepted radiocesium-contaminated rain effectively, preventing penetration into 
the soil. This suggests that the decontamination of lawns would be relatively easy, 
by removing the turf grass and shallow surface soil.

17.4  �Radiocesium Concentrations in Biological Samples

Table 17.2 summarizes the radiocesium concentrations in living leaves, fungi, and 
litter samples. Old leaves of evergreen conifers and branches of some deciduous 
trees and shrubs that were contaminated directly after the Fukushima accident had 
higher concentrations, while the leaves of deciduous trees, which flushed after the 
accident, had lower values. New leaves of evergreen conifers and broadleaves had 
higher values than did leaves of deciduous trees, indicating the translocation of 
radiocesium from contaminated old shoots to newly developed shoots (IAEA 2006; 
Tagami et al. 2012; Yoshihara et al. 2013; Masumori et al. 2015a, b; Tagami et al. 
2012; Takata 2013, 2015). Mushrooms contained a range of radiocesium concentra-
tions, with some wood-rotting species and ectomycorrhizal species having extraor-
dinarily high levels, 36–60  kBq/kg (dry weight), indicating bioconcentration of 
radiocesium by these fungi (e.g., Yoshida and Muramatsu 1994; Yamada 2013). In 
Oaota Forest, citizen volunteers help with the management of the forest, as con-
tracted between a volunteer NPO (a non-profit organization) and the landowner. The 
volunteers used the thinned oak wood as fuel for BBQs and as bed logs for cultivat-
ing shiitake mushrooms on the forest floor. The shiitake mushrooms cultivated there 
had higher radiocesium concentrations than the government reference level 
(0.1 kBq/kg).

17  Radiocesium Contamination on a University Campus and in Forests in Kashiwa…
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17.5  �Radiocesium Contamination in Forest Trees and Soil 
in the Winter of 2011

Figure 17.3 shows the radiocesium distributions in the felled trees. The lower 
branches of Chamaecyparis obtusa (Hinoki) had the highest contamination load, 
and the outer bark of the upper stem had the highest load in the stem. For Carpinus 
tshonoskii (Inushide) trees, the outer bark at a height of 0.8 m and above had a high 
contamination load. The outer bark of Quercus serrata (Konara) at a height of 10 m 
had the highest level of contamination. In all tree species, the sapwood and some 
heartwood samples showed radiocesium contamination. The general trend of the 
radiocesium distribution in the aboveground parts of standing trees was similar to 
that in Fukushima Prefecture (Kaneko and Tsuboyama 2012; Kato et  al. 2012; 
Koarashi et al. 2012; Kuroda et al. 2013; Masumori et al. 2015a, b; Miura 2015; 
Ohashi et al. 2014; Ohte et al. 2015) (Figs. 17.4 and 17.5).

Tables 17.3 and 17.4 summarize the total deposition of radiocesium in the 
aboveground parts of forest trees in these stands. Each tree contained 40–113 kBq, 
and the total estimated deposition was 3.7–5.7 kBq/m2. The radiocesium deposition 
in soil was roughly estimated to be 50–90 kBq/m2 (Fukuda et al. 2013b). Therefore, 
more than 90% of the radiocesium contamination was deposited on the soil surface 
in the mixed and deciduous forests in this area, concurring with some low-level 
contaminated sites in Fukushima Prefecture (Kaneko and Tsuboyama 2012; Kuroda 
et al. 2013). Therefore, decontamination by cutting trees or collecting litter would 
not be effective in these forests.
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Fig. 17.3  Aboveground deposition of radiocesium  (kBq) in trees felled in Oaota Forest in the 
winter of 2011. (Modified from Fukuda et al. 2013b)
Hinoki: Chamaecyparis obtusa
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17.6  �Forest Type, Air Dose Rate, and Soil Contamination 
in the UTokyo Campus Forest in 2013

In the summer of 2013, the air dose rate and surface soil contamination were sur-
veyed along a line transect on the UTokyo Campus (Fig. 17.6). The air dose rate 
fluctuated around 0.2 μSv/h, which is about one-half the level recorded in the sum-
mer of 2011. In this unused area of the Campus, no decontamination effort was 
undertaken; therefore, the decrease in the air dose rate was solely attributed to the 
natural decay and movement of radiocesium into the soil. Soil contamination differed 
significantly among the land cover types. The total deposition of radiocesium in 0~5-
cm soil was highest at a canal into which rainwater could flow, and it was relatively 
high on bare land (unpaved road) and under a deciduous tree canopy. The contamina-
tion level was low under the dense tall bamboo stand and in the soil under the ever-
green tree canopy. Although the radiocesium deposition in the aboveground parts of 
bamboo and evergreen trees was not estimated in this forest, we postulate that the 
evergreen canopy intercepted the radiocesium deposition (Hashimoto et  al. 2012; 
Kaneko and Tsuboyama 2012), and decontamination by cutting trees and bamboo 
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Fig. 17.4  Aboveground deposition of radiocesium  (kBq) in trees felled in Oaota Forest in the 
winter of 2011. (Modified from Fukuda et al. 2013b)
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might be effective in bamboo stands and evergreen forests. In deciduous forests, 
radiocesium was thought to be concentrated in surface soil, so decontamination 
would be much more difficult.

17.7  �Decontamination Experiment in a Nursery Lawn

In the autumn of 2011, a decontamination experiment was conducted in the lawn of 
the nursery on the UTokyo Campus (Fukuda et al. 2013a). Based on the vertical 
distribution of radiocesium contamination in the lawn soil (Fig. 17.2, upper), remov-
ing the turfgrass and surface soil was thought to be effective. Therefore, the area 
within 10 m of the nursery building was treated with a sod cutter (Iwamoto TS-1F) 
which removed 2 cm of surface soil with the turf root mat (Fig. 17.7, left). A second 
decontamination method recommended in Fukushima Prefecture, which involved 
removing turfgrass shoots and thatch with a reel (Kyoei LM22) and rotary mowers 
(Kyoei GM530C) and preserving the turf roots to reduce the cost of returfing, was 
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Fig. 17.5  Aboveground deposition of radiocesium  (kBq) in trees felled in Oaota Forest in the 
winter of 2011. (Modified from Fukuda et al. 2013b)
Konara: Quercus serrata
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Table 17.3  Aboveground deposition of radiocesium in trees felled in Oaota Forest estimated in 
the winter of 2011

Plot Conifer-deciduous mixed forest
Deciduous oak 
forest

Tree
Hinoki 
1

Hinoki 
2

Inushide 
1

Inushide 
2

Konara 
1

Konara 
2

DBH (cm) 19.5 17.4 20.0 20.0 23.4 34.9
H (m) 15 16.9 19.0 16.5 20.1 21.1
BA (cm3) 299 238 314 314 430 957

Dry weight (kg) Stem 86.0 92.0 150.6 132.2 228.9 659.1
Branches & 
leaves

25.8 23.3 39.9 39.9 38.4 89.6

Radiocesium 
deposition (kBq)

Stem 10.0 25.5 30.9 39.3 41.9 90.7
Branches & 
leaves

57.7 72.5 9.4 9.5 9.6 22.3

Total radiocesium depositon (kBq/
tree)

67.7 97.9 40.3 48.8 51.5 113.0

Radiocesium deposition per BA 
(kBq/cm2)

0.227 0.412 0.128 0.155 0.120 0.118

Modified from Fukuda et al. (2013b)
Hinoki: Chamaecyparis obtusa
Inushide: Carpinus tschonoskii
Konara: Quercus serrata

Table 17.4  Stand-level deposition of radiocesium in Oaota Forest

Land cover
Conifer-deciduous mixed 
forest

Deciduous 
forest

Dominant species Chamaecyparis obtusa Querus serrata

Carpinus tschonoskii Q. accutissima

Number of species 9 5
Max DBH (cm) 35.0 36.6
Max H (m) 22.0 22.1
Stem density (/ha) 1175 725
Total BA (m2/ha) 25.3 30.9
BA (m2/ha) Conifers 11.5 0.37

Evergreen broadleaves 0.21 0.00
Deciduous broadleaves 13.5 30.5

Radiocesium deposition 
in trees(kBq/m2)

Conifers 3.69 0.12
Evergreen broadleaves 0.07 0.00
Deciduous broadleaves 1.91 3.63
Aboveground total 5.67 3.74

Radiocesium deposition in soil (kBq/m2) 60 85
Total deposition (kBq/m2) 70 90

Modified from Fukuda et al. (2013b)

K. Fukuda
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also tested in the outer area (Fig. 17.7, right). The results are shown in Table 17.5. 
Removing soil with the root mat effectively decreased the air dose rate at 5  cm 
aboveground to 0.13 μSv/h, while the low-cost method failed to reduce the air dose 
rate sufficiently. This clearly demonstrated that to reduce the air dose rate of the 
lawn, it is important to remove the contaminated surface soil.

17.8  �Change in Radiocesium Distribution in Deciduous 
Forest Soil in Oaota in 2013–2015

The vertical distribution of radiocesium in the surface soil samples collected in the 
deciduous forest of Oaota over a 3 year period is shown in Fig. 17.8. These observa-
tions showed that the movement of radiocesium into deeper soil was very slow, as 

Fig. 17.6  Air dose rate at 1 m above the ground (red line) and radiocesium deposition in 0–5 cm 
surface soil (blue bars) along a transect on the UTokyo Campus measured in the summer of 2013

Fig. 17.7  The decontamination experiment conducted on a nursery lawn on the UTokyo Campus 
(Fukuda et al. 2013a)
Left: A sod-cutter removing the root mat of turf with 2 cm of surface soil. Right: A rotary mower 
collecting thatch and the cover soil preparation (the bare area in front of the nursery building had 
been treated by sod-cutting method)
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has been suggested in many other studies (IAEA 2006; Shiozawa 2013; Yamaguchi 
et al. 2012). The decrease in radiocesium concentration could be explained by the 
natural decay of 134Cs, which accounted for about half the level in 2011. Therefore, 
the subsequent decrease in radiocesium concentration will slow down, because 
137Cs with its longer half-life remains in the soil. The absorption of radiocesium by 
tree roots and ectomycorrhizal fungi should be monitored carefully to predict the 
dynamics of radiocesium in Satoyama forest ecosystems.

Table 17.5  Effect of decontamination of a lawn by sod-cutting (removing the root mat with 2-cm 
of surface soil) and mowing (low-cost method) on air dose rate (μSv/h) at 5 cm above the ground 
in 2011

Date Control Sod-cutting Mowing

Before decontamination Sept. 13 0.54 ± 0.16 0.67 ± 0.24 0.53 ± 0.03
After mowing Oct. 29 – – 0.49 ± 0.10
After sod-cutting Oct. 29 – 0.16 ± 0.02 –
After covering soil Oct. 29 – 0.13 ± 0.02 0.42 ± 0.02
After 2 weeks Nov. 15 0.49 ± 0.11 0.12 ± 0.05 0.42 ± 0.03
After 2 months Jan. 17 0.52 ± 0.14 0.16 ± 0.04 0.43 ± 0.04

Modified from Fukuda et al. (2013a)

Fig. 17.8  Vertical distribution of radiocesium deposition in the deciduous oak stand in Oaota 
Forest

K. Fukuda
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17.9  �Conclusion

The total contamination level in the UTokyo Campus and nearby forests matched 
the deposition map (MEXT 2011). In the lawn on the UTokyo Campus, most of the 
radiocesium contamination was restricted to the very shallow soil surface (0–1 cm), 
and removing soil with the root mat was effective for reducing the air dose rate in 
the lawn. In evergreen forests and bamboo stands, the soil contamination was lower 
than that in bare land and deciduous forests. Deciduous forests are the most com-
mon vegetation of Satoyama forests, where many citizen volunteers work, and most 
of the radiocesium deposition in such forests was in the surface soil, making decon-
tamination of deciduous forests difficult. The movement of radiocesium into deeper 
soil was negligible until the winter of 2014, and only natural decay seemed to 
decrease the air dose rate in these forests. Both the sapwood and heartwood of the 
standing trees were slightly contaminated, suggesting translocation of radiocesium 
into the tree stem. The use of cut logs for fuelwood and for the cultivation of shiitake 
mushrooms was impossible in these forests in the winter of 2011. Continued moni-
toring of the radiocesium dynamics in trees is necessary for the safety of Satoyama 
citizen volunteers in the hot spot areas of suburban Tokyo.
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