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In order to support restoration and revitalization of Fukushima 
Prefecture following the nuclear accident at the Fukushima 
Daiichi Nuclear Power Plant (NPP), the Fukushima Project 
Headquarters was established in May 2012. The headquarters 
manages three research projects, Project for Human Health, 
Radiation Effect Accumulation and Prevention Project, and 
Project for Environmental Dynamics and Radiation Effects; 
these were chosen after consideration of the major concerns of 
people living in the prefecture.

1)  Project for Human Health
This project started an epidemiological investigation with 

the cooperation of first responders who worked at Fukushima 
Daiichi NPP controlling the accident in the early stage. The 
project will monitor their health status by collecting relevant in-
formation. The database was developed with special attention 
to security of the collected information for long-term follow-up. 
More than 600 workers have been registered so far in the da-
tabase along with the data of a baseline questionnaire survey 
on lifestyle, disease history, etc., and the data of annual medi-
cal check-up results. Preliminary analyses show that there are 
no demonstrable effects of radiation exposure on the workers’ 
health status. The findings from the follow-up study are expect-
ed to be used for workers’ health care, as well as for evaluating 
health effects of low dose radiation exposure.

The project also developed the NIRS external dose estima-
tion system for Fukushima residents to estimate the external 
effective doses for the first four months after the Fukushima 
Daiichi NPP accident. This system has been adopted in the 
Fukushima Health Management Survey, which is a long-
term health management survey for all people of Fukushima 
Prefecture, conducted by Fukushima Medical University, and 
the estimated results were provided to the Fukushima residents, 
individually. This task can be very useful as the first approxima-
tion of the external effective doses to Fukushima residents by 
the accident.

The results of the external dose estimations have been re-
ported periodically in the Prefectural Oversight Committee 
Meeting for Fukushima Health Management Survey. According 
to the proceedings of the committee meeting held on 15 
February 2016, the dose estimations for 547,380 residents 
among the entire population of Fukushima (about 2 million) 
have been performed. Among them, the doses of 468,748 resi-
dents were summarized, excluding the residents whose avail-
able survey data were for the period of less than four months. 
The doses of 62% of the residents were less than 1 mSv during 

four months after the accident. The doses of 99.8% of the 
residents were less than 5 mSv. The maximum dose of the resi-
dents including radiation workers was 66 mSv. When excluding 
the workers, the maximum dose was 25 mSv.

2) Radiation Effect Accumulation and Prevention 
Project

This project aims at elucidating the effects of low-dose-rate 
radiation and its underlying mechanism, and then at providing 
possible measures to mitigate the risks based on findings us-
ing animal models. In order to answer the major questions de-
termined from the concerns of Fukushima residents, the project 
conducts the following three research programs. 

i)    Effects of the low-dose-rate radiation on life shortening 
and cancer induction are being examined for infant expo-
sure in comparison with adult exposure, to confirm if the 
dose-rate effect for children is the same as that for adults. 

    The carcinogenic effect of the low-dose-rate radiation for 
the infant period was lower than that of the high-dose-rate 
radiation, resulting in an extension of the life span. In order 
to confirm the cancer incidence for every organ, pathologi-
cal analyses are being continued.

ii)    Accumulation of radiation effects in the stem cells of the 
skin and mammary glands is being evaluated, to clarify 
if the dose-rate effect can be explained in part by the re-
duced accumulation of radiation-induced damage in stem 
cells or by the elimination of damaged stem cells. 

    It was shown that the accumulation of the radiation dam-
age was low in a mammary stem cell culture model. In 
addition, it was clarified that the radiation effects on hair 
follicle stem cells increased in a dose-dependent manner 
and they last after cell proliferation.
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iii)    Inhibitory effects of calorie restriction (CR) and anti-
oxidant food ingredients on radiation-induced cancer are 
being investigated, to provide possible approaches to 
reduce the cancer risk after childhood exposure by subse-
quent control of diet.

    The animal experiment to make 15% or 30%  CRs from 
six months of age after irradiation at 1 week of age is be-
ing continued. Preliminary result showed that the inhibitory 
effect of CR was lower than that of CR from 7 weeks of age 
and there was no apparent difference between 15% and 
30%.

3)  Project for Environmental Dynamics and 
Radiation Effects

This project started the following two research programs 
related to the environmental contamination in Fukushima 
Prefecture. 

i)    Estimation of radiation doses for Fukushima residents 
from surrounding ecosystems, and providing countermeas-
ures to minimize the received dose. After coming back to 
their homes, many of the evacuees have been afraid of 
encountering high radiation doses from the contaminated 
environment and from the ingestion of radioactive materi-
als from foods and water. In order to estimate long-term 
radiation doses of the residents from the surrounding en-
vironment during their daily life, the project started dose-
estimation-oriented collection of environmental samples 
considering the migration of radioactive materials in the 
environment. 

    A highly precise analysis of Sr-90 concentration of 0.7 
mBq has been achieved using TIMS. A survey of the ra-
dionuclide was carried out in migration studies on domes-
tic animals and wildlife as well as for forest and coastal 
waters, and the activities tended to decrease year by year. 
The external exposure dose measurements of Fukushima 
inhabitants have been carried out, and an internal dose 
management tool has been developed.

ii)    Assessment of radiation effects on non-human biota in 
contaminated ecosystems. High contamination levels of 
the environment suggest possible effects of radiation on 
non-human biota. Although dramatic effects such as the 
“red forests” in contaminated Chernobyl areas have not 

been observed, long-term studies are required to estimate 
the environmental effects. The project is collecting biologi-
cal samples such as pine needles and pine cones, wild 
mice, and salamanders in heavily contaminated areas, 
and is estimating radiation effects using different end-
points (e.g. growth rate, reproduction and chromosome 
aberration).

    Japanese fir populations near the Fukushima Daiichi 
NPP showed a significantly increased number of morpho-
logical defects, involving deletions of leader shoots of the 
main axis, compared to a control population far from the 
plant site. The frequency of the defects corresponded to 
the radioactive contamination levels of the observation 
sites.

    The induction of chromosomal aberrations in splenic 
lymphocytes of small Japanese field mice (Apodemus 
argenteus) and house mice (Mus musculus) inhabiting the 
moderately and heavily contaminated areas of Fukushima 
Prefecture was significantly increased.

    The highest dose rate to the Tohoku hynobiid salaman-
ders, Hynobius lichenatus, was estimated to be 50 µGy h–1 
in the most severely contaminated habitat in Fukushima 
Prefecture. The growth and survival of this amphibian were 
not affected at a dose rate of up to 490 µGy h–1 in the labo-
ratory chronic gamma-irradiation experiment, suggesting 
that radioactive contamination would not severely affect H. 
lichenatus in Fukushima.

4)  Other activities
In addition to the three projects, the headquarters manages 

telephone consultations in order to relieve the anxiety of people 
and to support research activities of the projects. 

These consultations were operated by NIRS’s staff members 
by turn for 24 hours a day, seven days a week for the first two 
weeks from March 17, 2011. The service continues to be run 
but with a reduced size, and a total of about 20,000 telephone 
calls have been received so far. 

In the following highlight, four research topics are introduced 
from two research projects, the Project for Environmental 
Dynamics and Radiation Effects and the Radiation Effect 
Accumulation and Prevention Project.



 82 National Institute of Radiological Sciences Annual Report 2015 

Highlight

Research on characteristics of individual doses 
in Fukushima Prefecture after the Fukushima nuclear 
accident

Kazuaki Yajima, Osamu Kurihara, Eunjoo Kim, 
Keiichi Akahane, Yasushi Ohmachi, 
Satoshi Yoshida
E-mail: yajima.kazuaki@qst.go.jp

Introduction
Huge amounts of radioactive materials were released into 

the environment as a result of the Fukushima nuclear acci-
dent. The radioactive contamination caused elevated ambient 
external dose rates in a wide area of Fukushima Prefecture. 
Evacuees in the whole of Fukushima Prefecture totaled 154,000 
as of March 2014. Elevated ambient external dose rates have 
been decreasing due to physical decay, the weathering effect, 
and decontamination. In August 2013, the Japanese govern-
ment finished reorganizing the three designated evacuation 
directive areas according to the projected radiation dose: the 
difficult-to-return area (>50 mSv), the restricted habitation area 
(20–50 mSv), and the evacuation-directive-lift-prepared area 
(<20 mSv). The lifting of the evacuation directive began first 
in Tamura City in April 2014. It is important that the level of the 
individual dose assumed after evacuees return home is sub-
stantially perceived. Aiming at investigating the relationship be-
tween individual doses based on a personal dosimeter meas-
urements and ambient external dose by field measurements 
and experiments in an irradiation facility, and to estimate annual 
individual doses for representative lifestyles and occupations 
based on the ambient external dose rates at the measure-
ment sites, a collaborative research study was carried out from 
August 2013 by the National Institute of Radiological Sciences 
(NIRS) and the Japan Atomic Energy Agency (JAEA) at the 
request of the Nuclear Emergency Response Headquarters, 
Cabinet Office [1][2]. In this report, an overview of the NIRS 
and JAEA research is given, with particular emphasis on esti-
mation of the annual individual dose that mainly the NIRS was 
in charge of.

Measurements
The field measurements were carried out during August and 

September 2013 in Kawauchi Village, Tamura City (Miyakoji 
District), and Iitate Village in Fukushima Prefecture. At the time 
the measurements were performed, the measurement sites 
were located mostly in either a restricted habitation area or an 
evacuation-directive-lift-prepared area. The 28 measurement 
sites were decided considering the likely lifestyles of residents 
in various occupations (e.g. private house, schools, farmlands, 
forests).

Ambient external dose rates at the sites were measured us-
ing NaI(Tl) scintillation survey meters (TCS-172B, Hitachi Aloka 
Medical) which were adjusted to give a response in the ambi-
ent external dose equivalent H*(10) based on ICRP publication 
74. The probes of the survey meters were set to an altitude of 
1 m from the ground or floor. Individual doses were measured 
with Electric Personal Dosimeters (EPDs) (DOSE-e, Fuji Electric 

Co.) worn by an NIRS staff member on the chest. The EPDs 
were modified by the manufacturer to display doses in per-
sonal dose equivalents Hp(10) based on ICRP publication 74. 
NIRS staff members carried portable global positioning system 
(GPS) data loggers and memo pads to record each action 
and event during the measurements. The measured individual 
doses integrated during a certain period were compared to the 
ambient external doses calculated from the ambient external 
dose rate measured at the same locations. A car-borne survey 
system “RADI-PROBE” was used to obtain the doses received 
while commuting a certain route. On the other hand, additional 
experiments for the response of several types of EPDs adhered 
to a 30 cm × 30 cm × 15 cm or 40 cm × 40 cm × 15 cm PMMA 
slab phantom set at several sites and at an irradiation facility 
were carried out by the JAEA.

Relationship between the ambient external dose 
and individual dose

The relationship between the ambient external dose esti-
mated from the ambient external dose rate measurement and 
individual doses measured with the EPDs worn by NIRS staff 
persons (A-E) is shown in Fig.1. The ratio of the measured indi-
vidual dose to the ambient external dose was found to be 0.7 
with 10% uncertainty for all the staff members excluding staff 
person B. This small difference is caused by the physical con-
stitution of staff person B (170 cm tall and 145 kg in weight). 
The experiments for the EPDs response using PMMA slab 
phantoms by the JAEA showed similar results.

Thus, it was found that the ratio of the individual dose to am-
bient external dose was approx. 0.7 from the measurements in 
this work, and it was sufficient to estimate an individual dose 
by multiplying 0.7 by the ambient external doses in the investi-
gated area.

Estimation of the individual dose
Annual individual doses to adult residents living in Kawauchi 

Village, Tamura City (Miyakoji District), and Iitate Village 

Project for Environmental Dynamics and Radiation Effects
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were calculated for some model cases under the following 
conditions.
(1) Representative lifestyles and occupations (farmer, forest 

worker, office worker, school staff, and home-based indi-
viduals) were assumed. Time allocations for each place of 
residence were created for each occupation by referring 
to statistical data on Japanese lifestyles, and they are pre-
sented in Table 1. 

(2) The relationship between the ambient external dose and 
individual dose was taken into account: (individual dose) = 
0.7 × (ambient external dose).

(3) Living and working places were selected from the measure-
ment sites assuming the lifestyle for each occupation and 
each investigated area. The calculation was based on the 
measured ambient external dose rates at the measurement 
site. The dose received during the commute between a pri-
vate house and a workplace was also considered.

(4) The dose rate of 0.04 µSv/h was used as a natural back-
ground dose rate.

(5) The annual individual dose excluding natural background 
radiation was calculated for the 1 year just after the field 
measurements of this study. The predictable decrease of 
the ambient external dose rates was not taken into account.

Figure 2 shows a conceptual diagram of the estimation meth-
od for a model case in which a school staff member commutes 
to a school located in a living area by car from a private house 
located in a restricted habitation area. The estimated annual 
individual doses according to various occupations in each area 
are summarized as follows.
•	Tamura	City:	0.6	mSv/y	(Office)	to	2.3	mSv/y	(Forest)		
•	Kawauchi	Village:	1.1	mSv/y	(School)	to	5.5	mSv/y	(Forest)	
•	Iitate	Village:	3.8	mSv/y	(School)	to	17.0	mSv/y	(Forest)	

The estimated doses of outdoor workers (forest workers) 
were higher than those of indoor workers (school staff member 
or office workers). This is caused by the fact that the ambient 
external dose rates in forests were higher than the surroundings 
regardless of decontamination, and the reinforced concrete 
construction of school buildings had a large shielding effect. It 
is thought that an easy and effective measure to reduce annual 
individual dose may be to reduce the time spent outdoors, for 
example, taking work breaks indoors.

Conclusion
It was found that the ratio of the individual dose to ambient 

external dose was approx. 0.7 from the measurements per-
formed in Tamura City, Kawauchi Village, and Iitate Village in 
Fukushima Prefecture. It was suggested that the estimation in 
the present work gives more realistic individual doses in re-
sponse to each individual’s radiation environment and lifestyle 
compared to the estimation based on the airborne survey and 
a certain lifestyle (e.g. 16 h for time spent indoors and 8 h for 
time spent outdoors). It is hoped that this research will con-
tribute to the reconstruction and revitalization of Fukushima 
Prefecture.

Table 1  Time spent for each occupational category [1].

Occupational 
category

Time spent (h)

House ＊ Outdoor
workplace

Indoor
workplace Commute ＊

Farmer
Forest worker 17.54 6.28 0 0.19

Office worker
School staff 15.37 0.49 7.29 0.85

Home-based
individual 22.93 1.07 0 0

＊ This calculation was performed using a actual commuting time based on the measurement.Fig.1 Relationship between the ambient external dose and individual 
dose for staff members A to E [1][2].

Fig.2 Conceptual diagram of the estimation method.
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In FY 2012 we performed reconstruction of early internal 
doses to Fukushima residents living in the radiologically affect-
ed areas using a combination of the following three sources: 
thyroid measurement data (131I) for 1,080 children examined in 
the screening campaign, whole-body counter measurement 
data (134Cs, 137Cs) for 3,000 adults, and atmospheric transport 
dispersion model simulations. This highlight describes the 
basics of the internal thyroid dose estimation and our subse-
quent attempts to improve the methodology for the most recent 
estimation. 

Internal dose estimation in FY 2012
Enormous amounts of radionuclides were released into the 

environment from the damaged reactor cores, exposing the 
public to radiation through several pathways. Dose estimation 
for people in the region is of great importance to assess the 
potential radiological risks to Fukushima residents in the future. 
Unfortunately, the number of human measurements available 
for directly estimating the thyroid equivalent dose (hereinafter, 
the “thyroid dose”) due to the intake of 131I has been limited. 
The NIRS performed internal dose estimations for residents us-
ing a combination of the following three sources. The first was 
thyroid measurement data (131I) obtained from 1,080 children 
(under 15-y) examined in screening campaigns conducted in 
Kawamata Town, Iitate Village and Iwaki City by the Nuclear 
Emergency Response Local Headquarters at the end of March 
2011 [1]; the second was the committed effective doses (CEDs) 
from radiocesium (134Cs, 137Cs) of about 3,000 adult subjects 
examined in the WBC measurements by the Japan Atomic 
Energy Agency (JAEA) in the period between 11 July 2011 and 
31 January 2012 [2] and the third was the time-series, ground-
level air concentration maps (131I) generated by the Worldwide 
version of System for Prediction of Environmental Emergency 
Dose Information 2nd Version (WSPEEDI-II) with the latest 
source term at that time [3].

The thyroid measurement data among three sources are the 
most reliable data. In this estimation, two items were revised 
from those originally decided to determine the screening level. 
One was the age-dependent children factor converting the net 
readings from NaI(Tl) scintillation survey meter to the 131I radio-
activity in the thyroid. This work used the modified factors that 
were calculated by the averages of the original factors used 
in the screening campaign and a previous study [4]. Another 
revised factor was the time of intake assumed in the intake sce-
nario from chronic intake with a constant inhalation rate from 
12 March to 23 March 2011 to acute intake on 15 March 2011. 
This change was considered reasonable in terms of conserva-
tive dose estimations because no significant elevation of the 

ambient dose rate was observed before 15 March in the mu-
nicipalities where the screening campaign was conducted.

CEDs obtained by the JAEA are human measurement data, 
but they were not directly linked to the intake of 131I. Moreover, 
only CEDs of adult subjects (≥18-y) of the WBC measure-
ments could be used because of ethical issues at that time. 
The CEDs were evaluated based on the measured whole-body 
contents along with a common intake scenario, namely acute 
intake by inhalation of Type F compounds on 12 March 2011 
[2]. Fortunately, no median CED value could be obtained from 
most of the municipalities because of non-detection for many 
subjects in the prolonged WBC measurements. 

The intake ratio of 131I to 137Cs was derived from human 
measurement data of Iitate Village and Kawamata Town [5]. In 
these two municipalities, both the thyroid doses to children from 
131I and the CEDs to adults from 134Cs and 137Cs were obtained. 
These two doses could be linked to each other on the assump-
tion that adults and children inhaled air with the same intake ra-
tio of the two radionuclides at different breathing volume rates 
(e.g., 5.16 m3 per day for 1-y children, 22.2 m3 per day for adult 
males [6]). This relationship is illustrated in Fig.1. The intake 
ratio of 131I to 137Cs was then derived by applying a thyroid dose 
and a CED at the same percentile to this relationship for the 
age group of 10-y children. The results are provided in Table 1. 

Project for Human Health
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The third source was used to compensate for the shortage of 
human data. In this study, internal doses due to the inhalation 
of nuclides were calculated from time-series ground-level air 
concentration maps generated by WSPEESI-II [7]. The results 
demonstrated a tendency for the simulation to overestimate 
the doses in comparison to those determined using human 
measurements. This discrepancy would be minimized by incor-
porating individual behavior data containing the whereabouts 
of each person shortly after the accident and the time spent 
indoors/outdoors. 

By combining the above three sources, the internal doses to 
Fukushima residents were estimated as shown in Table 2. The 
figures in the table are given as a 90th percentile value (rounded 
to the nearest 10%) of the internal thyroid doses to 1-y children 
and adults excluding the municipalities where the simulation 
was applied to the estimation. The internal thyroid dose was 
expected to be relatively higher in residents of Futaba Town, 
Iitate Village and Iwaki City than in the rest of the municipalities. 
Their thyroid doses were estimated to be mostly below 30 mSv, 
which was comparable to the estimations of other studies [8, 9]. 
Regarding Minami-soma City and Katsurao Village, the thyroid 
doses were assumed to be the same level as that for Namie 
Town neighboring these municipalities. Regarding Iwaki City, 
the simulation result was more heavily weighted in the estima-
tion than the screening campaign result because the number of 
subjects in the latter was small in comparison to the population 
of youth (under 15-y) of Iwaki City.

Fig.1 Relationship between the thyroid doses to children and the effec-
tive doses to adults.

Fig.2 Proposed method for the internal dose estimation.

New approach for the estimation
The internal thyroid dose estimation by the NIRS in FY 2012 

showed only the upper dose levels for Fukushima residents. 
Needless to say, more detailed dose estimation has been 
needed, in particular, in order to clarify whether anyone in the 
area received significant radiation exposure. Figure 2 shows 
the proposed new method. As shown in the figure, the main 
feature of the proposed method is to characterize subject 
groups depending on their behavior patterns and internal dose 
levels and determine representative doses for each subject 
group. These representative doses could be assigned to per-
sons who were not measured, but who acted in a similar way to 
those who were measured. The personal behavior data used in 
this method are basically the same as those used as input data 
for the NIRS external dose estimation system, which has been 
developed to perform the Basic Survey that is one of the main 
components of the Fukushima Health Management Survey 
[10]. These data include the whereabouts (the place-name and 
its latitude and longitude) and time spent indoors, outdoors 
or moving during the first four months after the accident. The 
behavior data for persons who were measured within one year 
after the accident became available through the approval of 
the research ethics committee of NIRS and Fukushima Medical 
University in 2013. To the present, NIRS has received 412 per-
sonal behavior data sets from FMU including 310 of the 1080 
subjects of the screening campaign and 112 of 174 subjects of 
the pilot survey that was conducted by NIRS during the period 
between 27 June and 28 July 2011. 

The internal dose estimations using the proposed method 
are ongoing for more detailed dose estimations based on the 
behavior data and these results will be reported in the future.
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Table 2  Internal thyroid doses to 1-y children and adults.

Municipality 1-y children Adults Method
Futaba Town 30 10 WBC
Okuma Town 20 < 10 WBC
Tomioka Town 10 < 10 WBC
Naraha Town 10 < 10 WBC
Hirono Town 20 < 10 WBC
Namie Town 20 < 10 WBC, Ref. [7]
Iitate village 30 20 Thyroid, WBC

Kawamata Town 10 < 10 Thyroid, WBC
Kawauchi Village < 10 < 10 WBC
Katsurao Village 20 < 10 Same as Namie

Iwaki City 30 10 Simulation, Thyroid
Minami-soma City 20 < 10 Same as Namie

Other areas in
Fukushima Pref. < 10 < 10 Simulation

Table 1  Derived intake ratios of 131I to 137Cs.

Municipality 95th percentile 90th percentile 80th percentile

Kawamata Town 3.3 2.4 2.7

Iitate Village 2.1 2.0 2.3
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Introduction 
In the accident at TEPCO’s Fukushima Daiichi Nuclear Power 

Plant, radioactive materials were released into the environment, 
and the radiation background level increased. Because some 
residents will be living in a high background area, attention is 
focused on health effects of a low-dose-rate radiation exposure 
for a long term. Especially, the protection of children to radia-
tion effects has been of particular concern and parents are 
extremely worried about this. 

From animal experiments and epidemiological studies of in-
habitants of high background areas, it is known that the risks of 
radiation exposure at the low-dose-rate for a long term become 
smaller than those of the single exposure to high-dose-rate ra-
diation. With the current radiation protection system, the reduc-
tion factor (dose and dose-rate effectiveness factor: DDREF) 
of 2 is chosen by ICRP and NCRP [1],[2]. After that, the ICRP 
formally began discussions reexamining the basis for estimat-
ing risks due to low-dose exposure and to low-dose-rate expo-
sure, and it established Task Group 91 to deal with the matter 
in 2013.

Generally, susceptibility of children to radiation is greater 
than that of adults, and it is known that the carcinogenic risk 
is high in children, but the effects caused by low-dose-rate 
radiation in children have not been examined to any extent. 
It remains unclear what the effects of low-dose-rate radiation 
exposure in children are and what the estimated risks are. (In 
other words, how large is the DDREF value in children?) It is an 
important matter for precise radiation protection to take meas-
ures to clarify the risks and the mechanism of the effects of low-
dose-rate radiation in children.

The purpose of the study described here is to elucidate the 
effects of low-dose-rate radiation and its underlying mechanism 
using animal models. The effects of the low dose- rate radiation 
on life shortening and cancer induction are being examined for 
infant-juvenile exposure in comparison with adult exposure. 

Material and Method
A total of 1400 (700 per sex) specific-pathogen-free (SPF) 

B6C3F1 mice are being used in this study. The animals were 
divided into four groups of 100, three irradiated and one non-ir-
radiated control (Table 1). The strain is a first generation hybrid 
(C57BL/6J and C3H/He) widely used in carcinogenicity stud-
ies. The mice in the infant (1 week old), young adult (7 weeks) 
and adult (15 weeks) stages were gamma (Cs 137) -irradiated 
at low-dose-rate for 4 consecutive weeks. The dose rates were 
0.026 mGy/min and 0.105 mGy/min (total exposure doses of 1 
Gy and 4 Gy, respectively) (Fig.1). The life shortening and in-
cidence of leukemia and solid cancers are being investigated. 

The dose-rate effectiveness factor (DREF) will be estimated 
in comparison with the data of single irradiation exposure in a 
previous study [3]. 

Results 
The survival of these animals is now being followed. In the 

preliminary results, the irradiated groups tend to have shorter 
life spans compared to the non-irradiated controls. The survival 
curve for groups (1-4, 7-10 and 15-18 weeks) irradiated to 4 Gy 
shifted toward the left compared to the groups irradiated to 1 
Gy, indicating dose dependency. Comparisons of the life spans 
between ages at exposure have appeared to show no differ-
ences in the results to the present time. 

The information obtained from the previous high-dose-rate 
study is being used in conjunction with the low-dose-rate infor-
mation obtained in the present study to assess the influence of 
dose rate on life span after irradiation. In the case of exposure 
when 1 week old, preliminary results from the pathological 
studies suggested that the major cause of the life shortening at 
4 Gy of high-dose-rate irradiation might be the appearance of 
thymic lymphoma in the early period, but 4 Gy of low-dose-rate 
irradiation might not have the same life shortening cause. The 
life shortening days per Gy of high-dose-rate and low-dose-
rate irradiation were about 90 and 30 days, respectively, so that 
the DREF appeared to be around 3. All the data are being ana-
lyzed in detail.

The major neoplasms of the control group at the time of 
death have been lymphoma, liver tumor, lung tumor and harde-
rian gland tumor in both sexes, and pituitary tumor and ovary 
tumor in female mice. The spectra of neoplasms observed in 
both the control and low-dose-rate irradiated mice appeared to 
be mostly similar to the present data.

It is necessary to continue the experiment to clarify the car-
cinogenic effect and age at exposure dependence caused by 
the low-dose-rate irradiation.

Radiation Effect Accumulation and Prevention Project
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Fig.1 Experiment design of low-dose-rate exposure.

Table 1  Animal numbers of experimental groups.
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