Underestimation Issues
on Personal Dosimetry
- How can we estimate additional radiation doses
accurately due to the nuclear accident ?
Shigeru Taguchi (Note1)
Ichiro Yamaguchi (adviser. Note2)
Note1: A citizen of Nihonmatsu City
Note2: Please see the Acknowledgements.
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１．Background of the Issues(1)
１．Why individual dose estimation is important?
・It is perceived that the dose assessment of residents by the national
government has changed from one based on ambient doses using ambient
dose equivalents to individual doses using personal dose equivalents.
２．How should we assume the representative person for radiation protection?
・Questions about the Hayano-Miyazaki paper in Date City have been presented.
・It is stated that the mean of personal dose is about 15% of the air
・ Taguchi directly asked about concerns of underestimation of background doses .
(responses are below)
In Figure 4.2-13 of IAEA report , the 2011 result of Iwaki City is shown on the right side of the
graph, which is very nicely log-normally distributed (the graph is scaled to form a straight line in
the case of log-normal distribution). It is a straight line up to the point where the additional dose
is 0.1 mSv. If the background is over- (or under-) subtracted, the line will not go as low as this!
http://www-pub.iaea.org/MTCD/Publications/PDF/AdditionalVolumes/P1710/Pub1710-TV4Web.pdf
If you are seriously concerned, I suggest you publish a paper, not a blog.
Hayano, in Geneva
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This method is based on the fact that the dose distribution approximately follows a lognormal distribution.
When we examine in the low-dose region, we find that the distribution does not follow a log-normal distribution in the lowdose region if the percentage of radiation below the detection limit is unnaturally large.
In the example of Iwaki City, the distribution almost follows the lognormal distribution even in the low-dose region.
However, it is slightly lower than expected.
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In Kawauchi Village,
the amount of plume
arrival was relatively
small.
Evacuation was quick
in Futaba Town.
In Namie Town,
high radiation
doses have been
controlled by
countermeasure.

Visualizing the diversity of
scenarios

https://www.iaea.org/publications/10962/the-fukushima-daiichi-accident
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Nihonmatsu City
has higher
radiation levels
than evacuated
Futaba Town and
Kawauchi Village.
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https://www.iaea.org/publications/10962/the-fukushima-daiichi-accident
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１．Background of the issues（２）
3.BG values assessed before the nuclear accident
were not used. (without using a phantom )
There were two methods for assessing BG radiation level
1)Ambient dose equivalent measured by using control
dosimeters left in the city hall such as Koriyama City,
Nihonmatsu City.
These were not hanging in the air.
The effect of radioactive cesium due to the nuclear power plant
accident is also included.
Possibly exposed directly due to natural radiation from
constrictive materials .

2)Ambient dose equivalent measured at the center of
CTC in Oarai (0.54 mSv/y) such as Fukushima City,
Date City.
Note:Although BG varies by location
CTC: Chiyoda Technol Corporation, BG: Background doses
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１．Background of the issues(3)
4. Why I concern the application of ambient dose
equivalent (off-phantom) for BG radiation dose?
・Under the condition of radiation from all
directions such as ROT or ISO, the radiation
dose measured by the personal dosimeter
attached to the front is only about 0.7 times of
the ambient dose equivalent.
・Because the radiation from the rear of the human
body is absorbed by the body.
・This issue is related with all municipalities.
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1.Background of the issues(4)
5. Behavioral patterns of children are not taken into
account.
・Most of the time is spent at home or at school,
but the ambient dose equivalent (off-phantom)
is uniformly deducted without considering each
daily condition.
・This issue is related with all municipalities.
Note：BG radiation levels vary widely from
place to place.
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2.Issues should be solved(1)
1.The BG values to be subtracted from the measured values
of personal dosimeters should be the natural radiation
dose at the on-phantom as same geometry for each
personal dosimetry.
So that additional radiation dose should be “Measured
value by personal dosimeter (on-phantom) －BG value
(on-phantom)”
・To assess additional radiation dose to each resident, we have to estimate the
background radiation dose for subtraction.
・Currently, there are two methods to estimate the background radiation dose as
follows regarding the location;
Both methods use control personal dosimeters without a phantom.
1. at each local setting.
2. at the laboratory in Oarai city, Ibaraki prefecture

– Since without using a phatom, BG radiation would be
overestimated failing to assess the body absorption.
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2.Issues should be solved (2)
According to the QST※, the BG value to be subtracted
from the actual measured value of personal
dosimeters is 0.75, using the usual method as for
converting the ambient dose equivalent to the effective
dose.
– 0.75 [Sv/Gy]
This should be conversion from air kerma.
・That means…
– 0.04μSv/h×0.75[Sv/Sv]=0.03μSv/h
is adopted as the effective dose rate of the BG
radiation in Fukushima Prefecture.
※QST:

National Institutes for Quantum and Radiological
Science and Technology.
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2.Issues should be solved (3)
2．Children‘s behavior patterns should be taken into account
・Most of the time is spent at home or at school, but the
ambient dose equivalent (off-phantom) is uniformly
subtracted.
3．Different interpretations are presented by each ministry,
agency, organization, and academic society.
4．How should we measure radiation doses using personal
dosimeters under ROT irradiation conditions?
・While medical personnel are mainly exposed to APs
since they use point radiation sources.
・In Fukushima, is it adequate to use personal dosimeters
under ROT conditions after the nuclear power plant
accident?
・This issue is very difficult for citizens to understand. 11

Scoop: Personal Dosimeters Show Up to 40% Lower Levels,
Putting Children in Fukushima in Danger!
Journalist: Shun Kirishima, 28 of Jan, 2015 Weekly Asahi

Similar to Taguchi's,
concerns about the shielding
effect of the body have been
expressed.

March, 2015
The deep darkness of the nuclear ”village" that threatens the health of
Fukushima residents
found in Date City, personal dosimeters measured 40% lower than actual!
The hidden contact point between the decontamination advisor of Date City,
Mr. Shunichi Tanaka, Chairman of the Nuclear Regulation Authority, and
Chiyoda Technol Corporation

Glass badges are worn around the
necks to measure how much
radiation have been exposed.
The dosimeter is hung from a string
Monthly tactics, March, 2015
around the neck and fixed to the
http://www.mchest or abdomen, and is collected
tactics.com/2015/201503.html
after a certain period of use to
Report: Glass badge detects 30-40% lower in all-directional inform the radiation exposure.
It has been found that the measured
irradiation like Fukushima - Chiyoda Technol Co., Ltd.
officially explained at Date City Councilors' Workshop - via
dose is up to 40% lower than the air
Association to Think about Fukushima's Old Nuclear Power Plants
dose rate (ambient dose equivalent
On January 15, the Date City Council members held a policy discussion meeting
measured by survey meters).
(radiation countermeasure workshop) and Kazumasa Aoki of the Owl Society and
Norihito Sato, Executive Officer and Deputy General Manager of the Dosimetry
https://dot.asahi.com/wa/201501270
Division of Chiyoda Technol Corporation, gave speeches. The policy discussion
meeting is an official meeting based on the basic ordinance of the city council and all
0082.html
city council members are required to attend.
https://lucian.uchicago.edu/blogs/atomicage/2015/01/22/【報告】ガラスバッジは福島の
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Measurement dose for each dosimeter type
RPLD,
A co.

RPLD,
B co.

Semiconduc
dosimeter

RPLD
Hanging on a clothesline.
Without body absorption
Without backscatter

Right side of the
water tank

Left side of the
water tank
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Comparison of means between A co. and B co.
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A co.

RPLD,
B co.
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RPLD,
A co.
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R
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On the water tank
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Characteristics for ROT

Horizontal irradiation

AP

ROT: Horizontal irradiation

ROT: Vertical irradiation

Vertical irradiation
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The energy characteristics satisfy ±30% in
the range of 60 keV to 1.5 MeV.

Relative response

Relative response

Energy

Energy characteristics of D-shuttle dosimeters
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Relative response

Temperature characteristics of D-shuttle dosimeters

Inside of a house

Outside of a house

Temperature
Temperature characteristics of D-shuttle dosimeters
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３．Measurement method
1. Date of measurement: November 17 and 18, 2017
2. Measurement location: “Dacha Village” and four other
locations in Nihonmatsu City
3. Measuring equipment: KURAMA-II developed by Kyoto
University (with the cooperation of three experts)
Note: The count rates from 1,400 keV to 2,000 keV are assumed to be natural
radiation only, and the correlation between the air dose rate and the
count rates from 1,400 keV to 2,000 keV in an uncontaminated area was
confirmed.
After confirming the correlation between the air dose rates in
uncontaminated areas and the count rates between 1,400 keV and 2,000
keV, the air dose rates from natural radiation were estimated.
In this method, air dose rates (A) and BG dose rates (B), which exclude the effect
of radioactive cesium mainly from the nuclear power plant accident, are measured
almost in real time.
The difference between the measured (air) dose rate (A) and BG dose rate (B)
is the additional dose.
https://www.jstage.jst.go.jp/article/taesj/16/2/16_J16.023/_article
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ＫＵＲＡＭＡ-Ⅱ
“KeV” should be “keV”

The standard error of these measurement data is
0.003 to 0.009 μSv/h.

It's on a chair.
We were taken care of at
the prefectural facility.
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Measurements taken outdoor
(at the mountain cottage)

The story of how Tsuda's paper
was born also became clear from
Taguchi's question.
20

Measurements taken indoor
(at the mountain cattage)
Real-time estimation of
background dose rates without
the effect of radiocesium

Dose rate at the location
Estimated background dose rate

Energy distribution of radiation
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4. Measurement results(1)
[Government Building] (Almost center of Nihonmatsu City, urban area)
(unit: μSv/h)
Outdoor

Indoor

Ratio (indoor/outdoor)

Dose rate (A)

0.127

0.058

0.432

BG dose rate(B)

0.027

0.044

1.633

(A)-(B)

0.100

0.014

0.14

Additional dose due to radiation

[Wooden houses 1] (mountain and forest area located in the west of Nihonmatsu City)
Outdoor

Indoor

Ratio (indoor/outdoor)

Dose rate (A)

0.093

0.059

0.632

BG dose rate(B)

0.034

0.034

1.003

(A)-(B)

0.059

0.025

0.42

[Wooden house 2] (Shimo-nagaori, a field crop area located in the east of Nihonmatsu City)
Outdoor

Indoor

Ratio (indoor/outdoor)

Dose rate (A)

0.125

0.075

0.602

BG dose rate(B)

0.041

0.044

1.073

(A)-(B)

0.084

0.031

0.37

22

At Dacha Village in
Nihonmatsu city

Mr. K also joined us.
He asked Erik about the
fairness of post-disaster
research.

In the second half, however, the local
people were left behind...
(The photo above is the second half.)
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Deciphering American
Jokes?

Professor Erik Svendson, an American researcher and former member of the Ethical
Philosophy Committee of the International Society of Environmental Epidemiology
at the Medical University of South Carolina (currently Director of the Division of
Environmental Health Science and Practice, one of the divisions of the Institute of
Environmental Health at the CDC), joined us for a free exchange of ideas with the
24
participants.

Natural Radiation Estimation Method
Accident-related radiation
decreases with time.

Energy spectrum in the center of Fukushim
17 of May 2017
28 of Jan 2014

Counts per second

Areas to be counted as
naturally occurring

Naturally occurring
radiation is constant
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Measurement results

Natural
nuclides in
building
materials

No different than
outside, about the same
as government buildings.

It's going
down
outside.
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4. Measurement results(2)
• The dose rates show differences between
inside and outside.
• Outside is due to cesium, inside is due to
natural nuclides.
• Dose rate inside from natural nuclides can
be high.
• Dose rates in houses from natural nuclides
are about the same as outside.
28

5.Estimation for BG radiation dose
for children
Calculate BG dose based on the following assumptions about the children's life for a week
School

Outdoor

Home
(wooden structure)

Duration of stay

42H (25%)

12H (7%)

114H (68%)

BG dose rate

0.044 μSv/h

0.034 μSv/h*
0.039 μSv/h* (*average
(*average of 3 locations) of 2 locations)
1) Weighted average BG dose rate: 0.040 μSv/h ・・・ ①
2)
Annual BG dose value: 0.349 mSv/y （①×24×365） ・・・ ②
3) BG dose value detected by personal dosimeter: 0.244 mSv/y (2) x 0.7
Based on the above, the BG value detected by a personal dosimeter attached to the front
of the human body is estimated to be about 0.24 mSv/y.
Note: While children are at home, it is assumed that they may keep their personal
dosimeters away from the front of their bodies during bathing and sleeping.
However, since it is impossible to control each child, it is assumed that the
dosimeters were worn during these times for risk management purposes.
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6. Discussion of the paper by Ando et al (JAEA)
Average of BG values measured by Ando et al.
city

Dose rate

SD

Annual mean

Nihonmatsu

0.057μSv/h

0.008μSv/h

0.50mSv/y

Fukushima

0.038μSv/h

0.005μSv/h

0.33mSv/y

Date

0.037μSv/h

0.005μSv/h

0.32mSv/y

Koriyama

0.050μSv/h

0.007μSv/h

0.44mSv/y

Note 1：Measured by car in various places in Fukushima Prefecture using
KURAMA-II.
Note 2: The mean BG (ambient dose equivalent) outdoors in Fukushima City and
Date City is the same as 0.034 μSv/h in Nihonmatsu City, which was
measured at our study.
Note 3: According to NIRS (QST)
The mean ambient dose equivalent rate in Fukushima Prefecture is 0.04 μSv/h.

(Dose in Fukushima City and Date City are presented as means)
The BG regarding the personal dosimeter is 0.75 times to these.
Natural radiation levels are slightly higher in Nihonmatsu City
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7. BG dose and excess estimation
City

provider

BG dose
(Note 1)

Excess
(Note 2)

Excess (Note
3)

Fukushima

CTC

0.54

0.30

0.30

Date

CTC

0.54

0.30

0.30

Koriyama

Nagase

0.63～ 0.70

0.39～ 0.46

0.30～ 0.37

Nihonmatsu

Nagase

1.02～1.26

0.78～1.02

0.66～0.89

Unit: mSv/y, CTC: Chiyoda Technol Corp, Nagase: Nagase Landauer Corp.
Note 1: Fukushima City and Date City set the BG values before the accident at
Chiyoda Technol's measurement center in Oarai (two-stories reinforced concrete).
(off phantom).
Koriyama city and Nihonmatsu city were measured with control badges in the city
hall after the accident. (off phantom).
Note 2: Value obtained by subtracting 0.24 mSv/y estimated without
considering backscatter from the BG set value of each municipality
Note 3: Value obtained by subtracting estimated BG dose from the mean of the ambient
dose equivalent measured by Ando et al from the BG set value of each municipality
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８．Verification of the BG value for Nihonmatsu City
year

2 months

Annual

Adjustment
in 2017

Underestimate

2011

？

？

0.30

?

2012

0.18

1.08

0.07

0.77(0.84)Note

2013

0.21

1.26

0.26

0.76 (1.02)Note

2014

0.18

1.08

None

0.84

2015

0.17

1.02

None

0.78

2016

0.17

1.02

None

0.78

Unit: mSv/y

Note1:Underestimation dose is 0.76 to 0.89mSv/y
Note2: Values in parentheses are before correction
BG mean (on phantom) ：0.24mSv/y

.
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Mean annual personal dose (milli-sievert)

９．Review of additional exposure
dose values in Nihonmatsu City
2
1.6

Insufficient correction:
0.76 to 0.84 mSv/year

1.2

The measurement will tell
you if anything has
changed.

0.8

0.4
0
2011

The background measurements were
affected by natural radiation.

2013
Fiscal year
Reported in 2016 (before adjustment)
H28年度報告（見直し前）

2015

2017

Reported in 2017 (after adjustment)
H29年度報告（見直し後）

http://www.city.Nihonmatsu.lg.jp/data/doc/1520991336_doc_39_0.pdf
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10. Verification on building transmission
Additional dose ((A)-(B)) for outdoor/indoor dose comparison
(transmission)
1. Reinforced concrete government buildings: 0.14
2. Wooden houses: 0.42 and 0.37
–

The value is close to the ICRP's 0.1 for Reinforced concrete and 0.4
for Wooden houses.

Conclusion:
1. When additional dose is large (BG issue would be negligible)
–

Almost 0.1 for concrete and 0.4 for wood

2. When the dose rate is small
–
–

There is not much difference between concrete and wood.
If the additional dose of cesium is small due to decontamination or
natural decrease, the variation of BG masks the effect of the
additional dose of cesium.
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11.Conclusion
1. The mean BG (on-phantom) detected by a personal
dosimeter is about 0.24 mSv/y (for children).
2. Additional exposure doses measured by individual
dosimeters in each municipality were …
–
–

0.3 mSv/y in Fukushima City and Date City.
In Nihonmatsu City, doses up to 1.02 mSv/y lower were
informed, by subtracting BG doses excessively

3. Even from the measurement results of Ando et al. at
JAEA, BG dose for personnel dosimeter would be
estimated such as…
–
–

Fukushima City and Date City: 0.3 mSv/y
Nihonmatsu city: Underestimated dose would be up to 0.89
mSv/y, since the BG was subtracted excessively.
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12.Discussions (1)
1. QST conversion factor from air dose to effective
dose is 0.6 times
–

By considering that the conversion factor for BG is 0.75
times and the other conversion factor for adjusting body
absorption is 0.7 times, converted the measured dose of
personal doses will be close to the effective dose.

Note: If we defined that personal dosimetry values under
ROT conditions are effective doses, and personal
dosimetry values for medical personnel (AP irradiation) are
personal dose equivalent,it would make sense.
However, this is a double standard.

It comes down to a discussion of the quality of BG assessment.
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12.Discussions (2)
２．It would be necessary for the ICRP, other
ministries and agencies, academic societies,
etc. to present a unified view.
– There is no unified measure for individual
radiation dose.
– Even now, 10 years after the accident, there is no
unified view among ministries, agencies, experts,
and academic societies, which has caused
confusion among Fukushima Prefecture,
municipalities, prefectural residents, and citizens.
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12. Discussions (3)
3.Estimates of additional external exposure doses in Fukushima
Prefecture*are based on effective doses (Note 1). The BG
value to be subtracted is also the effective dose (Note 2).
•

Similar to the view in this report

Note 1: Conversion factor for calculating effective dose from ambient
dose equivalent: 0.6
Note 2: As the effective dose rate of BG in Fukushima Prefecture,
0.04 x 0.75 = 0.03 μSv/h is adopted. (Annual dose rate is 0.263 mSv/y)
– This value is almost the same as the average BG of 0.24 mSv/y in this
report.
– The average BG of 0.04 μSv/h in Fukushima Prefecture is
coincidentally the same as the average BG of about 0.04 μSv/h
measured in Nihonmatsu.
*Flow of outsourcing
– Fukushima Prefecture⇒Fukushima Medical University⇒QST
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11.Discussions (4)
4.Verification of the sensitivity of personal dosimeters to detect
high-energy bands (cosmic rays, etc.) derived from natural
radiation and the degree of penetration of concrete and wooden
Certain findings have been
houses.
obtained.
5.Increase the number of survey points for BG values
–

How to improve the accuracy of the mean is an issue for the future
considering the differences in living conditions (location of the house or
building, such as flat, elevated, or near a mountain, or the number of
floors of the sleeping room).

Measurements at monitoring posts also
depend on geometric conditions
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12.Discussions (5)
６．BG values vary even within the same city, and each
individual's BG value is different.
But for risk management purposes, a conservative
small BG dose should be adopted.
–

Consensus building is necessary.

Most conservative method
would be to assume BG is 0.
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13.Request with the authorities（1）
1.The government should establish guidelines for
external exposure measurement.
2.IAEA and ICRP should issue the standard protocol
for estimation of additional doses reflecting the
experiences in Japan
3.Each academic society should discuss methods of
measuring external exposure using personal
dosimeters under ROT conditions and present them
to the government, prefectures, and municipalities.
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13.Request with the authorities (2)
4.When additional exposure doses are shown, the subtracted
BG values should also be indicated.

5.Each municipality should re-evaluate the BG values for
external exposure dose assessment .
6.Fukushima Prefecture and Fukushima Medical University
should review the data on external exposure doses obtained
from each municipality by cooperating with each municipality.
7.IAEA,UNSCEAR and ICRP are required to revise the
estimated dose, if necessary.
Please send your frank opinions to Shigeru Taguchi at
staguchi@cb3.so-net.ne.jp
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