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Real-time Dose Measurement System Airborne monitoring Sea area monitoring
Ambient dose rates measured at mobile Monitoring using airplanes is conducted Relevant ministries and agencies
monitoring posts nationwide and by the on a regular basis, centered on conduct monitoring of seawater, marine
Real-time Dose Measurement System are Fukushima Prefecture. The results are soil and marine organisms and release
shown in a map. compiled into ambient dose rate maps measurement results.

and released.

Nuclear Regulation Authority; Monitoring i ion of envi ioactivity level: b nsr.go.ip/ial (in Japanese)
C i itoring Plan: http: ivity.nsr.go.jp/ja/list/204/list-Lhtml (in Japanese)

The Monitoring Coordination Meeting established in the Nuclear Emergency Response
Headquarters formulated the Comprehensive Monitoring Plan to ensure detailed monitoring
of a large amount of radioactive materials released into the environment due to the accident
at Tokyo Electric Power Company (TEPCO)'s Fukushima Daiichi NPS. Based on this plan,
relevant organizations and nuclear operators are collaboratively conducting monitoring,
respectively focusing on the following.

1) General environment (soil, water, and atmosphere, etc.), water environment, sea areas,
etc.

* Released on the portal site of the Nuclear Regulation Authority

2) Schools, etc.

3) Ports, airports, and sewage, etc.

4) Wild fauna and flora, and waste

5) Cultivated soil, forests, and pasture grass, etc.

6) Tap water

7) Foodstuffs (agricultural products, forestry products, livestock products, and fishery
products)

Monitoring results are released on the websites of the respective organizations and are
updated as needed.

Included in this reference material on February 28, 2018
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Distribution of Ambient Dose Rates within the 80-km Zone of
Tokyo Electric Power Company (TEPCO)'s Fukushima Daiichi NPS

*This map contains ambient dose 2 7
- ST R e &

Legend
Ambient dose rate at 1m
from the ground surface.

i e B 4
Released by the Ministry of Education, Culture, Sports, Science " .
and Technology (MEXT) on Dec. 16, 2011 Released by the Nuclear Regulation Authority on Feb. 13, 2017

In order to ascertain the changes in the effect of radioactive materials, the airborne
monitoring survey has been conducted continuously within the 80-km zone of TEPCQO's
Fukushima Daiichi NPS, and the distribution of ambient dose rates and deposition of
radioactive cesium have been surveyed. Additionally, the effect of radioactive materials
outside the 80-km zone has also been ascertained through the airborne monitoring survey.

It was confirmed that ambient dose rates within the 80-km zone decreased over time
both in areas showing higher dose rates (areas extending to the northwest of the NPS) and
areas showing lower dose rates.

Included in this reference material on March 31, 2014
Updated on February 28, 2018



Spatiotemporal
Distribution of
Ambient Dose Rates

Distribution of Ambient Dose Rates in Fukushima Prefecture and
Neighboring Prefectures

* This map contains ambient dose
rates by natural radionuclides.
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Released by the Ministry of Education, Culture, Sports, Science

and Technology (MEXT) on Dec. 16, 2011 Released by the Nuclear Regulation Authority on Feb. 13, 2017

From September to November 2016, an airborne monitoring survey was conducted within
the 80-km zone of Tokyo Electric Power Company (TEPCO)'s Fukushima Daiichi NPS
and outside this zone, mainly in the western area of Fukushima Prefecture, and Ibaraki,
Gunma, Tochigi and Miyagi Prefectures. When creating the map on the right, values were
all converted into those as of November 18, 2016, which was the last day of the airborne
monitoring survey.

Readings of the Airborne Monitoring Survey in Fukushima Prefecture and Neighboring
Prefectures (February 13, 2017)

http://radioactivity.nsr.go.jp/ja/contents/13000/12701/24/170213_11th_air.pdf (in
Japanese)

Included in this reference material on March 31, 2013
Updated on February 28, 2018
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Di ition of
Cs-134 and Cs-137 (Wider Areas and within the 80-km Zone)

Readings of the Airborne Monitoring Survey Readings of the 6th Airborne Monitoring

outside the 80-km Zone
(Converted into values as of Dec. 28, 2012)

Survey within the 80-km Zone

Total amount of Cs-
134 and Cs-137
deposited on the
ground surface

Total amount of Cs- X
134 and Cs-137

deposited on the

ground surface

Bq/m : becquerels per square meter Released by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) on March 1, 2013

These maps show deposition of radioactive cesium on the soil surface in Fukushima and
neighboring prefectures based on the readings of the airborne monitoring survey.

The survey was conducted in October to December 2012 for the purpose of
ascertaining the changes in the situation regarding the effect of radioactive materials
including influence of rainfall or other natural environments. When creating these maps,
values were all converted into those as of the last day of the relevant airborne monitoring
survey, November 16, 2012, and December 28, 2012, respectively.

A comparison with the readings of the airborne monitoring survey on November 5, 2011,
revealed that the ambient dose rates had decreased by some 40%. Since the decrease in
ambient dose rates due to physical attenuation of radioactive cesium during this period was
approx. 21%, it was confirmed that the declining trend within the 100-km zone of Tokyo
Electric Power Company (TEPCO)'s Fukushima Daiichi NPS (p.16 of Vol. 2, "Distribution of
Ambient Dose Rates within the 80-km Zone of Tokyo Electric Power Company (TEPCO)'s
Fukushima Daiichi NPS") was larger than the general ambient dose rate decrease caused
by physical attenuation of radioactive cesium.

Included in this reference material on March 31, 2013
Updated on February 28, 2018



Deposition of
Radioactive Cesium and
Radioactive lodine

1-131 (Eastern Part of Fukushima Prefecture)

Map of Concentration of I-131 in Soil
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Bg/M : becquerels per square meter
Released by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) on Sep. 21, 2011 (partially corrected on July 1, 2013)
*Converted into values as of June 14, 2011

In the soil survey conducted by the national government in June 2011, three months after
the accident, analysis of I-131 was conducted for soil samples collected within the 100-
km zone of Tokyo Electric Power Company (TEPCO)'s Fukushima Daiichi NPS. While a
band of areas showing high deposition amounts of cesium extended to the northwest of
the NPS, areas showing high 1-131 deposition amounts extended to the south of the NPS
as well. I-131 and Cs-137 were thus deposited at different ratios in different areas because
the ratio between 1-131 and Cs-137 in radioactive plumes differed depending on the time
when they were discharged. There is also the possibility that the ratio of I-131 against Cs-
137 was relatively larger in plumes that flowed down to the south or that deposition was
not even and a larger amount of Cs-137 was deposited in the north due to rainfall, resulting
in increased concentrations of Cs-137 in soil in the north.

Included in this reference material on March 31, 2013
Updated on February 28, 2018
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eSS Environmental Samples Collected in Fukushima Prefecture
ve lodine (Immediately after Tokyo Electric Power C: (TEPCO)'s Fukushima Daiichi NPS Accident)

litate Village People's Forest Weed (leaves) (Ba/kg)
"Sonmin no Mori Ai-no-Sawa" Camping Ground * 1131 892,000
(Collected on March 17, 2011) * Cs-134 314,000
« Cs-137 318,000

Inland water (pond water)

Lnd soil (soil (Bq/kg) (a/ke)

- 11131 336,000
- Cs-134 32,000 e 2
* Cs-137 33,700 . Cs-137 476
Sampling location  Date
1131 Cs-134  Cs-137 1131 Cs-134  Cs-137
ot | March 17 152,0000  107,000| 110,000 35,800 5,440 6,230
o dolo: | March16 | 1,150,000 546,000 549,000 151,000 22,600 25100

Ruins of Onami castle,

omestes | March17 | 429,000 283,000 292,000 156000 16,700 18,000

Prepared based on " Readings for Envir Samples" on June 7, 2011,

Bq/kg : becquerels per k"Ogram by the Ministry of Education, Culture, Sports, Science and Technology (MEXT)

Radiation monitoring of environmental samples have been conducted since March 15, 2011
and high level concentrations of radioactive iodine and radioactive cesium were detected
from soil and plants.

Included in this reference material on March 31, 2013



Radioactive Cesium (Fukushima Prefecture)

Material Ci ion Distribution Map for Farmland Soil in Fukushima Prefecture
Legend

Farmland
Radioactive cesium concentration
in farmland soil at radiation
monitoring points (Ba/kg)(*]
® o-1000 .
®  1000-5000
O 5000-10000 —
©  10000-25000
@  25000-50000
@ 50,000 or more

(%) The distribution in farmland is based on the
Farmland Soil Distribution Map (reflecting the
distribution in 2001) that was prepared and
released in 2010 by the National Institute for
Agro-Environmental Sciences (at that time).

The concentration values converted into values
as of Nov 4, 2015 were used for mapping.

e Material C ion Distribution Map for Farmland Soil"
released by o Ministry qugncuuure Forestry and Fisheries (MAFF) on Jan. 19, 2017

In order to promote future agricultural activities after the accident at Tokyo Electric Power
Company (TEPCO)'s Fukushima Daiichi NPS, levels of contamination of farmland soil with
radioactive materials have been surveyed at 384 locations in Fukushima Prefecture.

In a general soil survey conducted by the Ministry of the Environment, soil samples
are collected within a depth of approx. 5 cm from the ground surface. In this farmland soil
survey, soil to a depth of approx. 15 cm from the ground surface was collected as samples
in consideration of the depth of soil to be turned over in cultivation and to which crops take
roots. The most recent survey results showed declines in radioactive cesium concentration
from the previous survey results released on November 30, 2015 by approx. 8% in paddies,
by approx. 18% in fields outside the Areas under Evacuation Orders, and by approx. 3% in
both pastures and orchards. The decline in radioactive cesium concentration in soil due to
physical attenuation during the same period was approx. 8%.

Included in this reference material on March 31, 2013
Updated on March 31, 2017
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Changes in Radioactive Cesium Distribution in
Forests

Kamikawauchi cedar forest Otama quercus serrata forest Otama cedar forest
in Kawauchi village, Fukushima in Otama village, FukushlmaD . 0.1 in Otama village, Fukushima
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"Readings of the FY2016 Survey results on the Distribution of Radioactive Materials in Forests," Forestry Agency

Radioactive cesium deposited on trees, leaves and branches, etc. in the surveyed forests
gradually transferred into soil from 2011 to 2012 and the percentage of radioactive cesium
found in soil increased significantly.

In the surveyed quercus serrata forest and cedar forest in Otama in Fukushima
Prefecture, most of the radioactive cesium had transferred into soil in 2016, with the
percentage of radioactive cesium in soil accounting for approx. 80% to 90% of the total.
Radioactive cesium in organic layer slightly increased in the cedar forest in Otama in 2016
compared with the previous year.

In the surveyed cedar forest in Kamikawauchi in Fukushima Prefecture, there is a larger
amount of leaves and branches of trees and a thicker organic layer, as observed in the
graph.

Included in this reference material on January 18, 2016
Updated on February 28, 2018



Readings of the Monitoring of Radioactive Cesium
n Forest in Mountain Streams (2012)

Categor Snowmelt season Rainy season Autumn season
SOt (March 1 - April 30) (May 1 - July 31) (Aug. 1 - Oct. 31)

Total number of samples (342) 184 (264) 175

Samples wherein Cs was not
Samples wherein Cs was

Concentration of Cs in samples
LT NERVERG STk Bl 1.1~5.9 (1.0~~5.9)
(minimum - maximum) (Bq/L)

G VB o449, (07.4%)  98.4%  (98.5%) 96.6%
Cs was not detected

1.0~

13.1 (1.0~~13.1) 1.1~6.8

Source: Prepared based on the Readings of the Monitoring of Radioactive Cesium
in Mountain Streams (press releases by the Forestry and Forest Products

Research Institute on June 12, Sep. 21 and Dec. 20, 2012)  [r=senyyysmey

Water samples collected from streams from forests in Fukushima Prefecture were
inspected but radioactive cesium was not detected in most of them. Radioactive cesium
was detected only in some of the samples, such as those collected on days with rainfall.
These samples contained suspended solids with insoluble particles. Measurement was
conducted again after filtering them and radioactive cesium was not detected in any of
those filtered samples.

This suggests that radioactive cesium was detected mainly due to temporary increases
in suspended solids, which are often observed when forest streams increase after rainfall.

*1 Detection lower limits for both Cs-134 and Cs-137 are 1 Ba/L.

*2 Samples wherein radioactive cesium was detected all contained suspended solids. As a
result of the second measurement of those samples after filtering, radioactive cesium was
not detected in any of them.

*3 Concentration of radioactive cesium is the total of Cs-134 and Cs-137 concentrations.
*4 Monitoring points were as follows:

Snowmelt season: Date City, litate Village, (Nihonmatsu City, Aizuwakamatsu City,
Koriyama City and Hirono Town)

Rainy season: Date City, litate Village, (Nihonmatsu City)

Autumn season: Date City, litate Village

*5 Values in the table are the readings for Date City and litate Village throughout these
seasons. Values in the parentheses for the snowmelt season and rainy season contain the
readings for the cities and the town in the parentheses indicated in *4 above.

Included in this reference material on January 18, 2016
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Radiation Monitoring
in Well Water

Results of Well Water Inspection
in Fukushima Prefecture

Aizu District (western part of Nakadori District (central part of Hamadori District (eastern part of
Fukushima Prefecture) Fukushima Prefecture) Fukushima Prefecture)
Aizuwakamatsu City, Kitakata City, Fukushima City, Nihonmatsu City, Date City, Soma City, Minamisoma City, Hirono
Nishiaizu Town, Bandai Town, Motomiya City, Koori Town, Kunimi Town, Town, Naraha Town, Kawauchi Village,
Inawashiro Town, Aizubange Town, Kawamata Town, Otama Village, Sukagawa Katsurao Village, litate Village, Iwaki
Yanaizu Town, Mishima Town, Kaneyama City, Tamura City, Ishikawa Town, Asakawa City
Town, Aizumisato Town, Kitashiobara Town, Furudono Town, Miharu Town, Ono
Village, Showa Village, Shimogo Town, Town, Tenei Village, Tamakawa Village,
Tadami Town, Hinoemata Village Hirata Village, Shirakawa City, Yabuki Town,
Tanagura Town, Yamatsuri Town, Hanawa
Town, Nishigo Village, Izumizaki Village,
Nakajima Village, Samegawa Village
201 AlIND AlIND AlIND
2012 AlIND AlIND AllND
2013 AlIND AIIND AllND
2014 AllND AlIND AllND
2015 AllND AlIND AlIND
2016 AllND AlIND AlIND
2017 AllND AlIND AllND

Measurement readings of radioactive materials in well water

ND (not detected; below the detection lower limit): The detection
lower limits for radioactive cesium and radioactive iodine were both 5
Bq/kg in 2011 and have been 1 Bq/kg since 2012.

* All municipalities indicated above participate in the Fukushima Prefecture Monitoring Program for Radioactive Materials in
Drinking Water. Some of the other municipalities conduct their own inspection.

Source: Prepared based on the "Results of Drinking Well Water Inspection (Jan. 16, 2018)," of the Fukushima Revitalization Station

Fukushima Prefecture's reconstruction information portal site, "Fukushima Revitalization
Station," publicizes the results of the drinking well water inspection, which has been
conducted since 2011, the year when the nuclear accident occurred. Based on the
inspection system established under the Fukushima Prefecture Monitoring Program
for Radioactive Materials in Drinking Water, the inspection has been conducted for
municipalities upon their requests.

Fukushima Revitalization Station: "Drinking water"

http://www.pref.fukushima.lg.jp/site/portal/list280-888.html (in Japanese)

The national standard for drinking water including well water is 10 Bg/kg, but radioactive
materials have never been detected from well water in the inspection conducted so
far. Inspection results have been all "ND" (not detected; below the detection limit). The
detection lower limits for radioactive cesium and radioactive iodine were both 5 Bg/kg in
2011 and are 1 Bg/kg at present.

Included in this reference material on February 28, 2018



of Clean Water .
(the Tokyo Metropolis and 12 Prefectures)
110 Bq/kg in Tochigi Prefecture on March 24
100
55 —#— Morioka City, Iwate
——  Akita City, Akita
80 —— vamagata City, Yamagata ||
==<Or== Hitachinaka City, Ibaraki
0 —— Utsunomiya City, Tochigi [ |
—®— Maebashi City, Gunma
60 1
— —&— saitama City, Saitama
o
< 50 —>¢— Ichihara City, Chiba (-
=3
a —=— Shinjuku Ward, Tokyo
40 ---#--- Chigasaki City, Kanagawa [~
565 —— Niigata City, Niigata
-~~~ Kofu City, Yamanashi
20 —o— shizuoka City, Shizuoka | _|
10
0
el
e
< <
Radioactive lodine (I-131) in Tap Water
Bq/kg: becquerels per kilogram * In the figure above, values below the detection lower limit are treated as O for convenience.
* Only prefectures where radioactive iodine was detected in the measurement are indicated in the figure.
Interim Report on Measures for Radioactive Materials in Tap Water
Prepared based on the reference material for the Ministry of Health, Labour and Welfare (MHLW)'s Study
Meeting on Measures for Radioactive Materials in Tap Water (June 2011

As a result of the inspection of radioactive materials in tap water conducted by the Ministry
of Education, Culture, Sports, Science and Technology (MEXT), radioactive iodine was
detected in the Tokyo Metropolis and 12 prefectures out of 47 prefectures nationwide.
Highest concentrations were detected at the respective locations from March 18 to 29,
2011, but 1-131 concentrations turned to decrease in many locations in the latter half of
March 2011. In and after April 2011, only small amounts of I-131 were detected at some of
these locations.

Included in this reference material on March 31, 2013
Updated on January 18, 2016



el Radioactive Cesium (Cs-134 + Cs-137)
of Clean Water (the Tokyo Metropolis and 7 Prefectures)

18 B/g n lbaraki refecture on March 21

10
9 ~— —e— Morioka City, Iwate
/ \ --0--- Yamagata City, Yamagata
8 —4— Hitachinaka City, lbaraki ||
7 l x ~—@— Utsunomiya City, Tochigi
/ \ A Maebashi City, Gunma

6 * —¢— Saitama City, Saitama ~ |—
’_\%f s ]\l \ A / \ —— Ichihara City, Chiba
a

A \ J o et Shinjuku Ward, Tokyo
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* In the figure above, values below the detection lower limit are treated as 0 for convenience. Bg/kg:becquerels per kilogram
* Only prefectures where radioactive cesium was detected in the measurement are indicated in the figure. a/kg:becq P €/
* @ is marked on dates when the readings were ND (not detected; below the detection lower limit).
Interim Report on Measures for Radioactive Materials in Tap Water
Prepared based on the reference material for the Ministry of Health, Labour and Welfare (MHLW)'s Study Meeting on
Measures for Radioactive Materials in Tap Water (June 2011)

As a result of the inspection of radioactive materials in tap water conducted by the Ministry
of Education, Culture, Sports, Science and Technology (MEXT), radioactive cesium was
detected in the Tokyo Metropolis and 7 prefectures out of 47 prefectures nationwide.
Highest concentrations were detected at the respective locations from March 20 to early
April 2011, but radioactive cesium concentrations were relatively smaller than radioactive
iodine concentrations. In and after April 2011, only small amounts of radioactive cesium
were detected at some of these locations.

Included in this reference material on March 31, 2013
Updated on January 18, 2016



o ] 0 0
poation Results of Long-term Radiation Monitoring of
Clean Water Tap Water
110
100 —+— Morioka City, Iwate o Akita City, Akita
gg —=— YamagataCity, Yamagata  --o- Hitachinaka City, Ibaraki
) —_ | iya City, Tochigi —e— Maebashi City, Gunma
3 60 4 —o— Saitama City, Saitama —— Ichihara City, Chiba
g 50 'i —&— Shinjuku Ward, Tokyo ---+--- Chigasaki City, Kanagawa
= 40 —=— Niigata City, Niigata -—-a-- Kofu City, Yamanashi
30 —o— Shizuoka City, Shizuoka
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Radioactive lodine (I-131) in Tap Water
20
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16 —+— Morioka City, Iwate o Yamagata City, Yamagata
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o 8 —=&— |chihara City, Chiba s Shinjuku Ward, Tokyo
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28T RS e8d
Radioactive Cesium (Cs-134 + Cs-137) in Tap Water
Committee on Living Environment and Water Supply in March 2012

The long-term tap water monitoring showed that radioactive cesium has seldom been
detected since May 2011, not to mention short-half-life radioactive iodine.

Included in this reference material on March 31, 2013



Radiation

el Inspections by Water Suppliers

Clean Water
Changes in Number of Speci for i ive Cesium i [ : y D ion of i ive Cesium (Purified Water)
s (Ba/kg) (Note) Number of cases where radioactive cesium
gPurified _ Raw 180 detecti rted
(specimens) water water letection was reporte:
165 Number of specimens with either showing a
L "
8000 160 value over 1 and the total being 10 or less
717 s Number of specimens with the total being
6812 over
7000 6680 6441 6670 6666 g573 6753 6418 140 140.5 —— Maximum concentration (Cs-134+Cs-137)
6101
6000 120
5000 100
4000 80
3000 60
2000 40
1000 20
0 0
> J QJ N N N N
~ FTEEFSEe OIS L E S S S
c S S S S S S S S S S S S S S S S S S S S S S
(=] L S L L S S A 2 L A S A S O L
Ba/kg: becquerels per kilogram 12th Health Sciences Council's Committee on Living Environment and Water Supply in March 2012

Water suppliers conduct inspections of radioactive cesium for approx. 6,000 to 7,000
specimens of purified water and over 100 specimens of raw water per month. The
maximum monthly value of radioactive cesium concentration was 140.5 Bg/kg detected
in March 2011, but the value declined gradually thereafter and there has been no report of
radioactive cesium detection at a level exceeding 10 Bg/kg since June 2011.
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Radiation

eyl Behavior of Radioactive Cesium

Clean Water

Conceptual Diagram of Behavior of Radioactive Cesium

Environmental Water
water purification
(mainly river water)

@ May cesium iodide,

gaseous cesium, etc.

% be contained?

1
1
¥ @&
——————> Removal
@ — (coagulating
\ sedimentation, filtering)

Particulate cesium —T—>Partial removal

Cesium ion (adsorption, coagulating
sedimentation, filtering)

Air Tap water

Cesium may exist in such forms as particulate

cesium or Cs+ (cation) in environmental water.

Generally, cations are easily adsorbed by

adsorptive suspensoids with exchange capacity. @ lodine @Cesium ion

Prepared based on the reference material for the 12th Health Sciences Council's Committee on Living Environment and Water Supply in March 2012

Radioactive cesium discharged due to the accident at Tokyo Electric Power Company
(TEPCO)'s Fukushima Daiichi NPS consists of Cs-134 and Cs-137 in equal proportion
(1:1) and has also been detected at the same rate in the environment. Radioactive cesium
was in the form of particles or gas immediately after discharge from the NPS, but it is
considered to have fallen down onto the ground surface and to have been adsorbed into
soil and particles, etc. In water, radioactive cesium is adsorbed into particles and tends to
behave in the same manner as soil or other suspensoids, and therefore, is highly likely to

be reduced by removing suspensoids in water.

Included in this reference material on March 31, 2013
Updated on January 18, 2016



Radiation

it Control of Radioactive Cesium

Most of the radioactive cesium that reaches sources of tap water is adsorbed into suspensoids
such as soil and flows out. Therefore, radioactive cesium can be controlled through strict turbidity

management.
15  Example of Behavior of Radioactive Cesium (Cs-134 and Cs-137) at Water Purification Plant
National Institute of Public Health (Kosaka, et al., Journal of Japan Water Works Association, 2014)
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Water after Biological activated .
Raw water sedimentation _lcarbon treated water | Rapid filtered water

Zeolite, ion exchangers, nanofiltration membranes and reverse osmosis membranes are professionally used for removing radioactive
materials, but these cannot be used for ordinary water purification due to high cost, required facilities and inefficiency (in particular, the use
of nanofiltration membranes and reverse osmosis membranes is power consuming).

Bq/L: becquerels per liter 12th Health Sciences Council's Committee on Living Environment and Water Supply in March 2012

As of April 2011, radioactive cesium concentrations in raw water, water after sedimentation,
biological activated carbon treated water, and rapid filtered water were measured at
water purification plants in Fukushima Prefecture. As a result, it was confirmed that low-
concentrated radioactive cesium detected in raw water had decreased through adsorption
into soil in the process of sedimentation.

A survey of water purification processes revealed that radioactive cesium had been
almost entirely removed together with suspensoids through coagulating sedimentation,
sand filtration and the use of powdered activated carbon. At present, radioactive cesium is
not detected in almost all purified water. These results showed that radioactive cesium can
be controlled through strict turbidity management.

Included in this reference material on March 31, 2013



Radiation

Monitoring of Waterworks System

Clean Water

Changes in Radioactive Cesium Concentrations at Water
Purification Plants in Fukushima Prefecture as of April 28, 2011 e Intake tower (raw water)

National Institute of Public Health . ) .
Sampling Sedimentation pond (water after

oints sedimentation)
p Distributing reservoir (rapid
filtered water)

@ ey
@ e

@ ey
Approx. 12 Bq/L
(Cs-134 + Cs-137)

General purification system (rapid filtration) IBEIOW quantitation
imit

Cs-137 <0.58
Cs-134 <0.57

Cs-134 <1.0

@ Intake tower @ Sand basin @ Intake pump @ Receiving well ® Flocculant injection facility ® Chemical mixing basin @ Floc
forming basin ® Sedimentation pond @.@ Chlorine injection facility @ Filter basin @ Distributing reservoir ® Water pump

Bq/L: becquerels per liter

Prepared based on the reference material for the 12th Health Sciences Council's Committee on Living Environment and Water Supply in March 2012

This figure shows the rapid filtration method, which is generally used in Japan. In this
method, chemicals are injected into raw water taken from a river or dam to cause
sedimentation of mud and small particles and make them into big chunks called "floc." Tap
water is created by filtering the clear upper portion of such water.

Cesium has the property to be easily adsorbed into soil and mud (p.29 of Vol. 2,
"Behavior of Radioactive Cesium"). Therefore, when water is separated from floc, cesium
tends to gather around the floc, which is a chunk of soil and mud. Additionally, tap water
is created using the clear upper portion of the water in plant basins. Therefore, this
mechanism leaves little chance for cesium to be mixed into tap water.

In the pattern diagram above, radioactive cesium concentrations (Bg/L) actually
measured at a water purification plant in Fukushima Prefecture as of April 28, 2011, are
indicated at points where measurement was conducted. Radioactive cesium concentration,
which was initially approx. 12 Bg/L at the intake tower, decreased to below the quantitation
limit in the end when being pumped out from the distribution reservoir. It can be found that
the concentration was far below 200 Bg/kg, which was the allowable limit for radioactive
cesium in tap water publicized by the Ministry of Health, Labour and Welfare (MHLW)
in March 2011, and also far below 10Bg/L, which is specified in the new standards for
radioactive materials in tap water publicized in March 2012 (p.43 of Vol. 2, "Standard Limits
Applied from April 2012").

Included in this reference material on March 31, 2015
Updated on February 28, 2018
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Radiation Radioactive Material Monitoring in and around

Monitoring of

sy ¥y Fukushima Prefecture (Public Water Areas)

[Coverage]

Whole Area of Fukushima,
Miyagi, Ibaraki, Tochigi and
Gunma Prefectures, and part of
Iwate and Chiba Prefectures, etc.

[Monitoring points]
602 locations

[Radionuclide analyses]
< Samples >

Water, sediments and
surrounding soil (rivers and lakes)

< Analyzed radionuclides >
Radioactive cesium
Radioactive strontium (only for
some water and sediment
samples)

[Frequencies]

Twice to 10 times a year
depending on the contamination
status, etc.

(Lake: sediments sampling)

Results of the FY2016 Radioactive Material Monitoring in the Water Environment (Public Water Areas) by the Ministry of the Environment

http://www.env.go.jp/jishin/monitoring/results_r-pw-h28.html (in Japanese)

Radioactive material monitoring was conducted at rivers, lakes and coastal areas in
locations centered on Fukushima Prefecture, such as Miyagi and Ibaraki Prefectures, where
contamination with radioactive materials was suspected.

In FY2016, monitoring covered 602 locations and analysis was conducted for
radioactive cesium and strontium in water, etc.

[Monitoring results of radioactive cesium concentrations in water]

River water samples (2,004 samples): Radioactive cesium was not detected in any
samples except for three collected at three locations in Fukushima Prefecture.

Lake water samples (1,352 samples): Radioactive cesium was not detected in any
samples except for 34 collected at 13 locations in the Hamadori District, Fukushima
Prefecture.

Water samples collected in coastal areas (5634 samples): Radioactive cesium was not
detected in any samples.

Included in this reference material on March 31, 2013
Updated on February 28, 2018



= 0 0 < < < -
Radiation Radioactive Material Monitoring in the Water
Monitoring of I q .
REyYey Environment (River Sediments)
Distribution of Radioactive Cesium Concentrations in River Sediments (FY2016)
Number of collected samples
Radioactive cesium i Fukfushlma Fuk;Jsh\ma Fukfushlma
i Iwate iyagi Prefecture, | Prefecture, | Prefecture, K . hib
Cbarkataryy|Prfecure | prfecture |Hamadori” | Nofadort | Al Dt prfeture | efedure | pefecure |pefecure | meiesure | iepapols |70 Percentage
Less than 1,000 80 195 257 320 155]  207] 218 212 186 8 8]  1906|| 9534
1,000 or more but 0 1 39 4 o 5 o 1 8 0 0 58 2.0
2,000 or more but 0 0 16 o o 0 o 0 5 0 0 21 114
3,000 or more but 0 0 [ o o 0 o 0 0 0 0 6| o
+00C o more put 0 0 3 o o 0 o 0 1 0 0 [ o
1,000 or more But 0 0 5 o 0 0 o 0 0 0 0 5 0.3%
10,000 or more 0 0 0 0 0 0 0 0 0 0 0 o 0.04
Total 80 196 326 324 155| 212 278 213 200 8 8| 2000
FY2016 Radioactive Material Monitoring in the Water Environment (Environmental N ent Bureau, Ministry of the Environment)

Radioactive cesium concentrations in river sediments were measured in FY2016 as in the
previous year.

A total of 2,000 samples, including 805 samples collected in Fukushima Prefecture and
others collected in Iwate, Miyagi, Ibaraki, Tochigi, Gunma, Chiba and Saitama Prefectures
and the Tokyo Metropolis, were surveyed.

The survey results showed that concentrations of radioactive cesium detected in
approx. 95% of these samples were less than 1,000 Bg/kg(dry).

Included in this reference material on March 31, 2013
Updated on February 28, 2018



Radiation Radioactive Material Monitoring in the Water

Monitoring of

Ry Environment (Lake and Reservoir Sediments)

Distribution of Radioactive Cesium Concentrations in Lake and Reservoir Sediments (FY2016)

Number of collected samples

Radioactive cesium . Fukushima | Fukushima -
concentrations e || s [ tecre, | Bftbre | T | SRCue | e | Tow |[mercomage
District District Aizu District
Less than 1,000 61 55 29 142 65 29 69 2 a76||  58.0%
o 10 32 18 12 8 3 23 2 108 13.2%
iessshan 3000 2 15 9 10 3 0 4 4 47 5.7%
B " 3 13 6 9 0 0 0 0 31 38y
Jems o000 0 15 2 5 0 0 0 0 22 2.7%
Tessthan 10,000 0 36 7 6 0 0 0 0 49 6.0%
10,000 or more 0 86 0 2 0 0 0 0 ssl[ 107%
Total 76 252 7 186 76 32 96 32 821

FY2016 Radioactive Material Monitoring in the Water Environment (Environmental Management Bureau, Ministry of the Environment)

Radioactive cesium concentrations in lake and reservoir sediments were measured in
FY2016 as in the previous year.
A total of 821 samples, including 509 samples collected in Fukushima Prefecture and
others collected in Miyagi, Ibaraki, Tochigi, Gunma and Chiba Prefectures, were surveyed.
The survey results showed that concentrations of radioactive cesium detected in
approx. 81% of these samples were less than 4,000 Bg/kg(dry).

Included in this reference material on March 31, 2013
Updated on February 28, 2018



Radiation Radioactive Material Monitoring in the Water

Monitoring of

TR EEyYey Environment (Coastal Area Sediments)

Distribution of Radioactive Cesium Concentrations in Coastal Area Sediments (FY2016)

Number of collected samples

Raggg?gﬂ‘{%&%ﬂgm Iwate Miyagi Fukushima | Ibaraki Chiba Tokyo | Total Percentage
[Ba/kg(dry)] Prefecture | Prefecture | Prefecture | Prefecture | Prefecture | Metropolis

Less than 1,000 4 52 150 20 23 18 267 100.0%
%,888 or more but less than 0 0 0 0 0 0 0 0.0%
%:883 or more but less than 0 0 0 0 0 0 0 0.0%
3:888 or more but less than 0 0 0 0 0 0 0 0.0%
151:888 or more but less than 0 0 0 0 0 0 0 0.0%
5,000 or more but less than 0 0 0 0 0 0 0 0.0%
10,000 or more 0 0 0 0 0 0 0 0.0%
Total 4 52 150 20 23 18 267

FY2016 Radioactive Material Monitoring in the Water Environment (Environmental Management Bureau, Ministry of the Environment)

Radioactive cesium concentrations in sediments in coastal areas were measured in FY2016
as in the previous year.

A total of 267 sediment samples collected in coastal areas, including 150 samples
collected in Fukushima Prefecture and others collected in lwate, Miyagi, Ibaraki, Chiba
Prefectures and the Tokyo Metropolis, were surveyed.

The survey results showed that concentrations of radioactive cesium detected in all of
these samples were less than 1,000 Bg/kg(dry).

Included in this reference material on March 31, 2013
Updated on February 28, 2018



Radiation Radioactivity Concentrations in Seawater and

Monitoring of

Ocean Sea-bottom Soil

Readings (Octoby ber 1, 2011) (Cs-137 n Seawater) Reaings of Radiaion Moniorin o Se Ares (Decembr 5, 2011 anuary 13, 2012) (G137
Readings of Sea Area Monitoring (Oct13-Dec01, 2011) Cs-137 Readings of Sea Area Monitoring (Dec 5-Jan13, 2011) Cs-137
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Prepared based on the refefpnce material delivered at the 3rd Monitoring Coordination Meeting (on Jan. 24, 2012)

Since October 2011, radiation monitoring of radioactive cesium (Cs-137) in seawater and
sea-bottom soil has been conducted jointly by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT) (at that time), Secretariat of the Nuclear Regulation
Authority (at present), Fisheries Agency, Japan Coast Guard, Japan Meteorological Agency,
Ministry of the Environment (MOE), Fukushima Prefecture and TEPCO. With regard to
samples collected near outlets, analysis has been conducted not only for radioactive
cesium, but also for radioactive iodine (only for seawater samples), radioactive strontium,
plutonium, and tritium (only for seawater samples).

Included in this reference material on March 31, 2013
Updated on March 31, 2017



LU Changes in Radioactivity Concentrations in

Monitoring of

Ocean Seawater
Changes in Radioactivity Concentrations in Seawater in Changes in Radioactivity Concentrations in Seawater
Coastal Areas in and around Fukushima Prefecture Offshore of Fukushima Prefecture

Surface layer: Water surface to a depth of approx. 2 m; Middle layer: Depth of 50
m to 100 m; Bottom layer: Sea bottom to up to approx. 40 m from the bottom

Measuring point: Surface layer at T-1
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Sampling date Sampling date

Changes in Radioactivity Concentrations in Seawater in the Open Sea

E- Measuring point: M-14 ©Ce134surtace ayer)
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0.00001 . L L
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Sampling date
From the day of earthquake ¥ . . - . . . o
disaster to September 25, 2017 For measuring points, see p.36 of Vol. 2, "Radioactivity Concentrations in Seawater and Sea-bottom Soil.

Results of the Sea Area Monitoring by the Nuclear R ion Authority: http://radioactivity.nsr.go.jp/ja/list/428/list-1.html (in

Soil with radioactive cesium is transported to coastal areas via rivers.

Radioactivity concentrations in seawater samples collected in the coastal areas near
Tokyo Electric Power Company (TEPCO)'s Fukushima Daiichi NPS rose to 100,000 Bg/L
immediately after the accident, but dropped to one-thousandth (100 Bg/L) in one and a half
months. The concentrations further decreased to 10 Bg/L in one and a half years and are 1
Ba/L or less at present.

In six months after the accident, soil containing radioactive cesium was transported
from the coastal areas to 30 km offshore, but the concentration detected at Measuring
Point M-C3 was 0.05 Bg/L or one-200th of the concentrations detected in the coastal
areas. In 2012, radioactivity concentrations were as low as 0.008 Bg/L in samples collected
from bottom layers, where radioactivity concentrations are relatively higher. Radioactivity
concentrations detected in samples collected from surface layers and middle layers also
decreased.

In the open sea, 180 km away from the land, radioactivity concentrations detected in
surface layers were 0.1 Bg/L, the same level of concentrations detected 30 km offshore, in
six months after the accident. The concentrations further showed a two-digit decrease to
0.001 Ba/L in two years after the accident.

(Related to p.1790of Vol. 1, "Distribution of Radioactive Cesium in the Ocean")

Included in this reference material on March 31, 2014
Updated on February 28, 2018



L Changes in Radioactivity Concentrations in Sea-

Monitoring of

Ocean bottom Soil

ivity C ions in Sea-bottom Soil in Coastal Areas in and around
Fukushima Prefecture

Changes in

Measuring point: T-1

10000
= Cs-134
4 Cs-137
1000 o 'y
N R
A .i-_._I_A‘A‘AAHAAA OV Y
3

Y e

o

Radioactivity concentration (Bq/kg-dry)
<)
o

1
2011/3/11  2012/4/8 2013/5/8 2014/6/7 2015/7/7 2016/8/5 2017/9/4
sampling date
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disaster to September 4, 2017 * For measuring points, see p.36 of Vol. 2, "Radioactivity Concentrations in Seawater and Sea-bottom Soil."

Results of the Sea Area Monitoring by the Nuclear Regulation Authority:  http://radioactivity.nsr.go.jp/ja/list/428/list-1.html (in Japanese)

As a result of measuring dried sea-bottom soil samples collected in the coastal areas near
Tokyo Electric Power Company (TEPCO)'s Fukushima Daiichi NPS, the concentrations of
Cs-134 and Cs-137 were initially 1,000 Bg/kg but decreased in two years after the accident
to 200 Bg/kg (down by 80%) and 500 Bg/kg (down by 50%), respectively.

Radioactivity concentrations detected from sea-bottom soil samples collected 40 km
offshore (Measuring Point M-C1) rose to 100 Bg/kg immediately after the accident but
decreased to 10 Bg/kg a year later.

(Related to p.179 of Vol. 1, "Distribution of Radioactive Cesium in the Ocean")

Included in this reference material on March 31, 2014
Updated on February 28, 2018



NS Plutonium and Strontium (Eastern Part of

Materials Fukushima Prefecture, Wider Areas)
Deposition Amount of Pu-238 and Pu-239+240 Deposition Amount of Sr-90
(as of June 14, 2011) (as of Jan. 13, 2012)
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Ba/m2: becquerels per square meter

Half-life:
Sr-90=28.8 years - *

Background image: Denshi Kokudo

Left: Released by MEXT on Aug. 21, 2012 (partially corrected on July 1, 2013)
Right: Released by MEXT on Sep. 12, 2012 (partially corrected on Sep. 19, 2012 and July 1, 2013)

In the soil surveys conducted by the national government in June 2011 and January 2012,
soil samples were collected within the 100-km zone of TEPCQO's Fukushima Daiichi NPS
and in the western part of Fukushima Prefecture outside this zone.

The amounts of deposited Pu-238 and Pu-239+240 detected in the surveys were
found to be within their ranges in past measurements conducted from FY1999 to FY2009,
before the accident, covering the whole nation. It means that the amounts were within the
fluctuations due to past nuclear bomb tests in the atmosphere, except for the amount of
Pu-238 detected in a sample collected at one location (p.176 of Vol. 1, "Effects of Nuclear
Test Fallout (Japan)").

The amount of Pu-238 detected in a sample collected at one location exceeded the
maximum deposition amount before the accident. It was around 1.4 times the maximum
level before the accident. Based on the distribution of ratios between deposited Pu-238
and Pu-239+240 measured nationwide for 11 years from FY1999 to FY2009, locations
where the ratios between Pu-238 and Pu-239+240 measured in the current surveys
exceeded 0.053 were marked with O on the map. They are considered to be locations
where the increased deposition amounts of Pu-238 and Pu-239+240 are highly likely to be
attributable to the accident at TEPCO's Fukushima Daiichi NPS.

Sr-90 was also detected in the current surveys, but measured values for all samples
were within the fluctuations due to past nuclear tests in the atmosphere in comparison with
the readings of the nationwide measurements conducted from FY1999 to FY2009 before
the accident at TEPCOQO's Fukushima Daiichi NPS. It was also confirmed that the deposition
amounts of detected Sr-90 were around one-thousandth of those of Cs-137 at many of the
monitoring points in the current surveys. Only occasionally, the deposition amounts of Sr-
90 showed some fluctuations, being around one-tenth of those of Cs-137.

Included in this reference material on March 31, 2013
Updated on February 28, 2018



Deposition of

Other Radioactive Plutonium (FUkUShima Prefecture)

Materials
Analysis Results for Pu-238 and Pu-239+240 (Soi
No. Location number

Upper: Results for Pu-238 (Bq/m2)
Lower: Results for Pu-239+240 (Bq/m2)

No.42
ND
18.2

Reference 7
ND
35.1
: Reference 5
ND
Reference 6- 7.28
o) Tokyo Electric Power

Gompany (TEPGO)'s
Fukushima Dafichi NPS

Reference 4
1.61
7.52

Ba/m2: becquerels per square meter

Prepared based on the reference material of the Local Nuclear Emergency Response Headquarters (Radioactivity
Team) and the Disaster Provision Main Office of Fukushima Prefecture (Nuclear Power Team) of April 6, 2012

Based on the Plan for the Radiation Monitoring of Soil in Fukushima Prefecture, nuclide
analysis for Pu-238 and Pu-239+240 was conducted for soil samples collected in
Fukushima Prefecture from August 10 to October 13, 2011. Radioactive materials detected
in all samples collected at monitoring points (48 locations) were within their ranges in past
measurements conducted nationwide before the accident and the ratio between Pu-238
and Pu-239+240 was almost the same as the national average (0.0261) before the accident.
Therefore, detected Pu-238 and Pu-239+240 in the current analysis are considered not
accident-derived.

At one location (Ottozawa, Okuma Town) out of seven reference monitoring points
around TEPCO's Fukushima Daiichi NPS, the ratio between detected Pu-238 and Pu-
239+240 was 0.214, one digit higher than the national average (0.0261). It suggests that
the location has the influence of the accident at TEPCO's Fukushima Daiichi NPS.

Included in this reference material on March 31, 2013
Updated on January 18, 2016



