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ABSTRACT 37 

Many studies have been conducted on radiation doses to residents after the Fukushima 38 

Daiichi Nuclear Power Plant (FDNPP) accident. Time spent outdoors is an influential 39 

factor for external dose estimation. Since little information was available on actual time 40 

spent outdoors for residents, different values of average time spent outdoors per day 41 

have been used in dose estimation studies on the FDNPP accident. The most 42 

conservative value of 24 hours was sometimes used, while 2.4 h was adopted for indoor 43 

workers in the UNSCEAR 2013 report. Fukushima Medical University has been 44 

estimating individual external doses received by residents as a part of the Fukushima 45 

Health Management Survey by collecting information on the records of moves and 46 

activities (the Basic Survey) after the accident from each resident. In the present study, 47 

these records were analyzed to estimate an average time spent outdoors per day. As an 48 

example, in Iitate Village, its arithmetic mean was 2.08 h (95% CI: 1.64-2.51) for a total 49 

of 170 persons selected from respondents to the Basic Survey. This is a much smaller 50 

value than commonly assumed. When 2.08 h is used for the external dose estimation, 51 

the dose is about 25% (23-26% when using the above 95% CI) less compared with the 52 

dose estimated for the commonly used value of 8 h.  53 

 54 

 55 

1. Introduction 56 

Many studies have been conducted on radiation doses to residents after the Fukushima 57 

Daiichi Nuclear Power Plant (FDNPP) accident [1, 2]. Common approaches to estimate 58 

external dose are: (1) using personal dosimeters, (2) in-situ measurements (or model 59 

calculations) of gamma ray dose rate at selected places followed by estimation of 60 

personal dose assuming time spent indoors and outdoors at those places. For the latter 61 

approach, an assumption typically adopted for the daily time budget (time spent indoors 62 

and outdoors per day) was that people spend 8 hours outdoors and 16 hours indoors [3, 63 

4]. The Japanese government’s dose estimation method also employs the same 64 

assumption. However, another assumption that people stayed outdoors all day long is 65 

used to estimate “projected dose”, which is defined as the dose received if no protection 66 

measures are taken [5]. The assumption is clearly conservative and the resulting doses 67 

are overestimated. On the other hand, the UNSCEAR 2013 report [6] estimated an 68 

occupancy factor for outdoors as 0.1 for indoor workers (spending 2.4 hours outdoors).  69 

The average time spent outdoors per day is an influential factor for estimating external 70 

doses, because external dose indoors is considered to be reduced by more than 60% 71 

compared with the dose without shielding (outdoors) in a ground-shine geometry with 72 
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radionuclides deposited on the ground [7].  73 

Fukushima Medical University has been conducting a survey to estimate individual 74 

external doses for the first four months after the accident (Basic Survey) [7-9]. Since 75 

personal dosimeters were not generally available soon after the accident [10], the 76 

following approach was used to estimate the four-month external doses in the Basic 77 

Survey: (1) estimating daily ambient gamma ray dose rate for all of Fukushima 78 

Prefecture by dividing it into divisions with a 2 km×2 km mesh, (2) collecting 79 

information on personal behaviors including moves, daily time budget (indoors or 80 

outdoors) and dwelling types where each person stayed by using self-administered 81 

questionnaires and (3) superimposing digitized records of moves and activities on the 82 

daily gamma ray dose rate maps by a computer program [7]. The questionnaire used for 83 

the Basic Survey was designed to ask about the behavior for each day in 2011 from 84 

March 11 to July 11, targeting all residents of Fukushima Prefecture (around 2.05 85 

million persons).  86 

Iitate Village is located outside the 20-km radius zone around the FDNPP (the village 87 

is about 30-45 km northwest of the plant (figure 1) [11]. At some time after the 88 

evacuation instruction was issued to persons within the 20-km radius, it was found that 89 

Iitate Village was likely to be a hotspot area. On April 22, 2011, because there was a 90 

threat that the estimated dose could reach 20 mSv one year after the accident, it was 91 

requested that residents and other persons evacuate to other areas within roughly one 92 

month [12]. Around 30% of the residents still remained at the end of May, but the 93 

percentage decreased to around 10% at the end of June 2011 [13]. 94 

 95 

Figure 1. Location of Iitate Village and its gamma ray dose rate level. The gamma ray 96 

dose rate map was modified from maps obtained by airborne monitoring surveys made 97 

in April to June 2012. [11] Decay correction was made to June 28, 2012. 98 
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 99 

Gamma ray dose rate at Iitate Village office has been continuously measured since 100 

March 14, 2011. It jumped to the maximum value of 45 μSv/h at 18:20 on March 15, 101 

2011,but at the end of March this had decreased considerably to around 7 μSv/h due to 102 

decay of short-lived radionuclides. By the end of July, it had gradually decreased to 103 

around 2.5 μSv/h [9]. This gamma ray dose rate is lower compared with rates for 104 

municipalities within the 20-km radius (Namie Town, Futaba Town, etc.), as shown in 105 

figure 1. However, due to the delayed instruction to evacuate, the external doses to 106 

residents in Iitate Village were generally higher than those for residents in 107 

municipalities within the 20-km radius [14].  108 

Imanaka et al. [15] estimated initial external doses for residents in Iitate Village. The 109 

average dose by their estimation was reported to be 7.0 mSv as the external dose from 110 

March 11 to July 31 [16]. On the other hand, a distribution of the four-month individual 111 

doses for respondents from Iitate Village (n=2,331) to the Basic Survey is shown in 112 

figure 2 [14]. The average individual dose for these respondents was 4.0 mSv. One of 113 

the reasons for the difference could be the daily time budget used for dose calculation in 114 

[14] and [16]. Thus, the average time spent outdoors per day and the dwelling types 115 

were analyzed for randomly selected responses to the Basic Survey and their effects on 116 

external dose were discussed.  117 

 118 

 119 

Figure 2. Distribution of the four-month individual doses for respondents from Iitate 120 

Village to the Basic Survey. 121 

 122 

Page 4 of 18CONFIDENTIAL - AUTHOR SUBMITTED MANUSCRIPT  JRP-100542.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



5 
 

2. Materials and methods 123 

2.1 Questionnaire for the Basic Survey 124 

Details of the Basic Survey are described elsewhere [9]. The study protocol of the 125 

Basic Survey was reviewed and approved by the Ethics Review Committee of 126 

Fukushima Medical University. The study was conducted in accordance with the 127 

approved guidelines. 128 

The questionnaire was prepared to ask about behavior for each day in the four-month 129 

period from March 11 to July 11, 2011. The self-administered questionnaire was mailed 130 

to each resident to collect information on his/her dwelling place, places visited, time 131 

spent indoors and outdoors, and time of moves during the period. The questionnaire 132 

form for the period from March 11 to March 25 is shown in figure 3 (a). For the later 133 

period to July 11, a simpler form was used. The handwritten forms were converted to 134 

digitized forms for calculation by a computer program. Figure 3 (b) shows an example 135 

of the digitized questionnaire form.  136 

 137 

 138 
 139 

Figure 3. A sample of records of moves and activities on a response sheet of the Basic 140 

Survey (a) and their digitized form (b). 141 

 142 

For children of elementary school age or younger, their parents were asked to fill in the 143 

form instead. Also, for children under the age of 20, parents were asked to sign the 144 

questionnaire and verify the information. After filling out the form, respondents were 145 
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asked to mail it back. Sending questionnaires to the residents was started in June 2011 146 

and finished in October 2011. Efforts to collect the responses continue to be made and 147 

responses were still being mailed back even in 2015. 148 

There were some responses for which records of behavior data were less than four 149 

months for unknown reasons. For most such cases, the behavior records corresponding 150 

to March 11 through some point before July 11 were filled in.  151 

 152 

2.2 Random sampling of responses to the questionnaire 153 

 In total, about 3,400 responses to the questionnaire of the Basic Survey had been 154 

collected from residents in Iitate Village and the response rate as of September 30, 2015 155 

was around 52% [14]. In accordance with the distribution of the original population by 156 

age group, a total of 240 responses were randomly selected from the collected responses 157 

in the following way. In the selection process, it was not checked whether two or more 158 

respondents were selected from the same family. Nine age groups were considered. For 159 

age groups of 0-9y, 10-19y, 20-29y, 30-39y, 40-49y, and > 80y, 10 males and 10 females 160 

were selected from each age group. For age groups of 50-59y, 60-69y, and 70-79y, 20 161 

males and 20 females were selected from each one. This was almost in accordance with 162 

the original age distribution of residents of Iitate Village. Although the random sampling 163 

was made in February 2014, the number of total responses at that time was almost the 164 

same as the latest number. 165 

The behavior data were analyzed for the 240 selected respondents to estimate time 166 

spent outdoors and building type of their own houses (wooden, concrete, etc.). Building 167 

types for dwellings where residents stayed temporarily (e.g. place of employment, 168 

evacuation center, etc.) were not considered. Responses for which periods with records 169 

of behavior data were less than four months were analyzed until the last date of the 170 

records and there were 70 of these data sets among the 240 selected. 171 

 172 

2.3 Estimation of average time spent outdoors per day 173 

The average time spent outdoors during the stay in Iitate Village was estimated from 174 

each response. Some evacuees came back to Iitate Village again before July 11, 2011 175 

after temporarily evacuating to another municipality. In such cases, their second (or 176 

more) stay(s) in Iitate Village were included for the analysis.  177 

Average time spent outdoors per day during the stay in Iitate Village Ao (h) is 178 

calculated as follows: 179 

 180 

Ao = 24×To / Tt      (1) 181 
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 182 

where To (h) is the accumulated time spent outdoors during the stay in Iitate Village and 183 

Tt (h) is the accumulated time of stay (outdoors, indoors and moving) in Iitate Village. 184 

Although time for moving within Iitate Village was included in Tt, time for moving 185 

from Iitate Village to another municipality and vice versa were not included in Tt. As 186 

seen in the example digitized form of figure 3 (b), when the address of Place (2) was 187 

located outside of Iitate Village, the time for moving from Place (1) (in Iitate Village) to 188 

Place (2) (2 hours) was not included in Tt. 189 

Effects of Ao on external dose can be considered as the dose rate ratio of these subjects 190 

to those who stayed outdoors for 24 hours a day at a place (the most conservative 191 

assumption) as a standard. The dose (D) corresponding to a different time spent 192 

outdoors at the same place is calculated by:  193 

 194 

 D = to/24 + 0.4 × tin/24, (to + tin = 24)       (2) 195 

 196 

where to is the time spent outdoors per day (h), tin is the time spent indoors per day (h) 197 

and 0.4 is the dose reduction factor for wooden houses. In the case of staying outdoors 198 

for 24 hours a day, D is equal to 1.  199 

 200 

3. Results 201 

3.1 Analysis of average time spent outdoors per day 202 

The average time spent outdoors per day during the stay in Iitate Village (Ao) was 203 

estimated for each of the 240 persons on the basis of Eq. (1). Its frequency distribution 204 

is shown in figure 4. The arithmetic mean was 2.01 h (95% CI: 1.93-2.10 h) with a 205 

range of 0 to 15.5 h. The median was 0.94 h. The distribution for Ao by age group is 206 

shown as figure 5. It was higher in the middle aged groups than the others. The median 207 

for Ao for age groups of >80y was 0.085 h and that for age groups of 0-9y and 10-19y 208 

was zero. Almost half of the responses from these age groups indicated that their 209 

activities during the stay in Iitate Village were limited to being indoors and moves. 210 

Although it might not be true, the analysis was faithfully based on the behavior records 211 

of each individual’s responses. Furthermore, some of the responses indicated that a part 212 

of the residents moved from Iitate Village almost immediately after the earthquake 213 

without spending any time outdoors in Iitate Village.  214 
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 215 

Figure 4. The distribution of average time spent outdoors (Ao) for all respondents 216 

(n=240). 217 

 218 

 219 
Figure 5. The difference in average time spent outdoors (Ao) by age group (n=240). 220 

 221 

Although the questionnaire did not ask about occupations, the increased time in the 222 

middle age groups may be due to more outdoor workers among the groups. A difference 223 

in Ao by gender is demonstrated in figure 6 which categorized males and females into 224 

three age groups (<20y, 20-59y and >60y). For age groups of <20y and >60y, the 225 

difference of median values by gender were not significant (Wilcoxon test, p=0.68 and 226 

0.15). On the other hand, it was significant for the age group of 20-59y (Wilcoxon test, 227 
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p<0.001). This might be due to inclusion of most outdoor workers as males in the 228 

20-59y group. 229 

 230 

 231 

Figure 6. The difference in average time spent outdoors (Ao) by gender (n=240). 232 

 233 

As mentioned before, there were some responses for which records of behavior data 234 

were less than four months for unknown reasons. In such cases, the behavior data were 235 

analyzed until the last date of the records. The average time spent outdoors per day 236 

during the stay in Iitate Village (Ao) was also estimated only for persons who had 237 

four-month behavior records (n=170). The distribution of Ao for these 170 persons is 238 

shown in figure 7 (arithmetic mean, 2.08 h (95% CI: 1.64-2.51 h); median, 0.99 h; range, 239 

0 to 14.5 h). The same statistical parameters for 70 persons with records of less than 240 

four months were as follows: arithmetic mean, 1.86 h (95% CI: 1.16-2.56 h); median, 241 

0.79 h; range, 0 to 15.5 h. Although Ao for the 70 persons was slightly smaller than that 242 

for 170 persons with four-month records, there was no significant difference in median 243 

values between the two groups (Wilcoxon test, p=0.45). 244 

 245 
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 246 

Figure 7. The distribution of average time spent outdoors (Ao) for respondents with 247 

four-month records (n=170). 248 

 249 

3.2 Relationship between average time spent outdoors and accumulated time of stay in 250 

Iitate Village 251 

 The accumulated time of stay (outdoors, indoors and moving) in Iitate Village, Tt (h), 252 

was also analyzed in relation to average time spent outdoors per day. A distribution of Tt 253 

(h) for the 240 persons is given in figure 8 (left column in each accumulated time of 254 

stay grouping). As described in section 2.3, some evacuees came back to Iitate Village 255 

again before July 11, 2011 after temporarily evacuating to another municipality. In such 256 

cases, times for their second (or more) stay(s) in Iitate Village were also accumulated 257 

for Tt. If such persons are excluded from the 240 persons, the distribution of Tt that is 258 

shown in the right column in each time of stay grouping (n=152) is obtained. Among 259 

the 152 persons, 48 persons had behavior records of less than four months. Such 260 

persons might have spent more time within the first four months in Iitate Village than 261 

shown in figure 8, but that could not be confirmed from the obtained responses. 262 

 263 

 264 

 265 
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 266 
Figure 8. Distributions of the accumulated time of stay in Iitate Village (Tt) for the 240 267 

persons and respondents without temporary evacuation. 268 

 269 

However, the tendency for staying in the village among the evacuated residents 270 

indicated from figure 8 can be compared with another survey for evacuation patterns 271 

[13]. As described in the introduction section, on April 22, 2011, it was requested that 272 

residents and any other persons evacuate to other areas within roughly one month. The 273 

small peak for the 1,800-1,999 h accumulated time of stay grouping corresponded to the 274 

end of May, which was around the deadline to evacuate according to the government’s 275 

instruction. The appearance of this peak was in accordance with the finding of another 276 

survey [13] which showed an increase in the number of evacuated persons at the end of 277 

May. The survey showed that around 65% of the residents evacuated by the middle of 278 

May, the ratio increased to around 80% by the beginning of June. Eighteen persons still 279 

remained in Iitate Village on July 11, the last date for the four-month records, according 280 

to the present analysis. This date corresponded to the accumulated time of stay grouping 281 

of 2,800-3,000 h.  282 

The average time spent outdoors by age groups was also analyzed in relation to the 283 

accumulated time of stay in Iitate Village. The results are shown in figure 9. Generally, 284 

the age groups where average time spent outdoors was short (age groups of <10y, 285 

10-19y, >80y), had short Tt. This indicated that these age groups generally evacuated 286 

earlier than other age groups. On the contrary, for age groups of 40-49y, 50-59y and 287 

60-69y where the average time spent outdoors was long, Tt was longer compared with 288 

other age groups.   289 
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 290 

 291 

Figure 9. The average time spent outdoors per day by age groups, in relation to the 292 

accumulated time of stay in Iitate Village. Error bars show 95% confidence intervals. 293 

 294 

3.3 Relationship between average time spent outdoors and individual doses 295 

 In the Basic Survey, individual external doses were estimated based on personal 296 

behavior records [9]. For the 170 persons with four-month behavior records, a 297 

distribution of individual doses is shown in figure 10. An average dose for the 170 298 

persons was 4.1 mSv, which is similar to the average dose (4.0 mSv) for all respondents 299 

with four-month records (figure 2).  300 

 301 
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 302 

Figure 10. A distribution of individual doses for the 170 persons in relation to the 303 

average time spent outdoors per day. 304 

 305 

As shown in figure 10, persons who had short average time spent outdoors per day (Ao 306 

< 2 h) tended to have a distribution at a lower dose range. On the contrary, persons who 307 

had larger values for the average time spent outdoors per day (Ao > 2 h) tended to have a 308 

distribution at a higher dose range. Three persons with Ao > 6 h in the dose range of 0-1 309 

mSv seemed to be exceptions. This was because these persons voluntarily evacuated to 310 

another municipality before gamma ray dose rate in Iitate Village started to increase on 311 

March 15, although the time spent outdoors was longer during their short stay in Iitate 312 

Village. Among the 170 persons, 120 persons had Ao < 2 h. For the 120 persons, the 313 

average dose was 3.5 mSv (95% CI: 3.2-3.8). On the contrary, for 12 persons with Ao > 314 

8 h, the average dose was 7.7 mSv (95% CI: 5.5-9.9). The difference could not be 315 

explained only by the difference in the average time spent outdoors. As discussed in 316 

section 3.5, dose reduction effect will be around 25%, when using Ao=2.08 h instead of 317 

8 h. The difference between 3.5 and 7.7 mSv is beyond the level which can be explained 318 

by the difference in Ao. It may be because persons who had larger values for average 319 

time spent outdoors per day tended to have longer accumulated time of stay in Iitate 320 

Village, as shown in figure 9.  321 

 322 

3.4 Types of dwellings 323 

When estimating external dose from ambient dose rate outdoors and the daily time 324 
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budget, the dose reduction factor (R) is another influential factor (Eq. (2)). Among the 325 

240 houses of respondents in the present study, 229 houses were wooden detached 326 

houses. The rest were categorized into ten apartments made of wooden and only one 327 

apartment made of concrete. Thus, the dose reduction factor for the respondents’ own 328 

houses can be regarded as 0.4 and effects of Ao on external dose were estimated using 329 

Eq. (2) in the following sections. 330 

 331 

3.5 Effects of time spent outdoors on external dose 332 

Effects of time spent outdoors on dose estimation were considered by comparing the 333 

values of D corresponding to different values of to (Eq. 2). The results are shown in 334 

table 1. For example, if a person stayed indoors all day long (Case No. 3), D (the ratio 335 

of the external dose of Case No. 1 (staying outdoors all day long)) was calculated to be 336 

0.4, which was equal to the reduction factor for wooden houses. Similarly, the ratio to 337 

Case No. 2 (outdoors, 8 h; indoors, 16 h) was calculated for different values based on 338 

the present analysis. When using the value of 0.99 h (the median value for the 170 339 

persons) as to, the ratio was calculated to be 0.71. This indicates that the dose will be 340 

decreased by about 30% if 0.99 h is used instead of 8 h as to. In the same way, the dose 341 

will be decreased by about 25% if 2.08 h (arithmetic mean for the 170 persons) is used. 342 

Even considering the 95% CI of the arithmetic mean, the effects of dose reduction was 343 

almost the same (23-26% corresponding to the 95% CI of the arithmetic mean).  344 

 345 

Table 1 Effects of time spent outdoors per day on external dose estimation. 346 

 347 

Note: The values for to for the Case Nos. 3 to 6 were taken from values of Ao for the 170 348 

persons with four-month records of activities and moves. 349 

 350 

4. Discussion  351 

For the 170 residents in Iitate Village selected from respondents to the Basic Survey, 352 

the average time spent outdoors was 2.08 h (arithmetic mean). It was much smaller than 353 

Case
No.

Explanation to the value shown in the
right column

Time spent

outdoors (t o)
D (the dose ratio

to Case No. 1)
The dose ratio to

Case No. 2

1 Most conservative assumption 24 1 1.67

2 Common assumption 8 0.60 1

3 Minimum value in the present study 0 0.40 0.67

4 Median value in the present study 0.99 0.42 0.71

5 Arithmetic mean in the present study 2.08 0.45 0.75

6 Maximum value in the present study 14.5 0.76 1.27
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the commonly used assumption of 8 h and also the most conservative assumption of 24 354 

h. As described in the method section, the present analysis was faithfully based on the 355 

replies, but it was possible that some uncertainty in their replies existed due to faulty 356 

memories of their behaviors. However, the results based on their replies seem to be 357 

reasonable. For example, the difference in average time spent outdoors between age 358 

groups and gender (figures 5 and 6) can be reasonably explained. In addition, the 359 

maximum average time spent outdoors of 12.5 h (excluding commuters to Iitate Village 360 

as discussed below) is reasonable for an outdoor worker. 361 

In analyzing the responses, it was found that some evacuees from Iitate Village lived in 362 

another municipality and commuted to Iitate Village where they worked outdoors, such 363 

as in farming and caring for livestock. In such cases, time spent outdoors per day tended 364 

to be estimated as larger than that of ordinary residents in Iitate Village. For example, if 365 

a person daily commuted to Iitate Village to work for a few hours per day only outdoors, 366 

Ao during the week was estimated to be 24 h (To / Tt in Eq. (1) during the week is equal 367 

to 1), because the person was regarded as spending no time indoors in Iitate Village. 368 

These persons were not excluded from the analysis, therefore the A0 shown here was 369 

likely to be overestimated. There were 26 such “commuters to Iitate Village” among the 370 

170 persons who had the four-month records. If such persons were excluded from the 371 

analysis (n=144), the arithmetic mean became 1.80 h (95% CI: 1.36-2.23) with a range 372 

of 0 to 12.5 h (median, 0.92 h).  373 

Considering the present results, the common assumption that people spend 8 h 374 

outdoors per day does not reflect the actual situations after the accident and using the 375 

assumption leads to overestimation of the external dose. When 2.08 h is used for the 376 

external dose estimation, the dose is decreased by about 25% compared with the dose 377 

estimated with the common assumption (table 1). In other words, using the common 378 

assumption leads to about a 30% overestimation of dose. In addition, using the most 379 

conservative assumption of being outdoors for 24 h a day results in a doubled dose 380 

compared with the estimation based on actual situations.  381 

As an example, the average effective dose due to external radiation estimated by 382 

Imanaka et al. [16] was 7.0 mSv, using 8 h as the average time spent outdoors per day 383 

during the stay in Iitate Village. When 2.08 h is used instead as the average time spent 384 

outdoors per day, while keeping other parameters the same, their reported average dose 385 

(7.0 mSv) will be roughly decreased by around 25%, which results in a dose around 5.3 386 

mSv. This is closer to 4.1 mSv, which is the average effective dose due to external 387 

radiation for the 170 respondents with four-month behavior records from Iitate Village, 388 

according to the present results. The difference between the average doses in the two 389 
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studies can be partially explained by the difference in time spent outdoors used in each 390 

study. For these two studies, apart from the average time spent outdoors, different 391 

approaches and parameters were used also.  392 

One such difference was for the ambient dose rate. In the Basic Survey, this rate was 393 

estimated for each of the 2 km×2 km-mesh divisions covering all of Fukushima 394 

Prefecture based on environmental monitoring data, while Imanaka et al. [16] estimated 395 

it on the basis of a conversion from measured radionuclide concentrations in soil 396 

samples taken at dwelling places. A second difference was the period for dose 397 

estimation. It was from March 11 to July 11 in the Basic Survey, while it was from 398 

March 11 to July 31 in the study of Imanaka et al. A third difference was in dealing with 399 

the dose received outside of Iitate Village. The dose during stays in other municipalities 400 

within Fukushima Prefecture was considered and integrated for the four-month doses in 401 

the Basic Survey, while the dose received outside of Iitate Village was set to zero by 402 

Imanaka et al. Lastly, they interviewed 1,812 residents about each individual’s 403 

whereabouts for each day after the accident. Unlike the behavior data of the Basic 404 

Survey (figure 3), however, the information on whereabouts (Iitate Village or other 405 

municipalities) was obtained in the unit of day (not hours). Then, they applied the given 406 

daily time budget (8h, outdoors and 16 h, indoors) and ambient dose rate at each 407 

resident’s dwelling place with the given reduction factor of 0.4 for the people who 408 

stayed in Iitate Village on the day. 409 

The dose estimates for residents in Iitate Village seem to be similar between the two 410 

studies, although there are differences of measured doses and the calculation process 411 

based on the estimate behind the external doses. 412 

 413 

5. Conclusion 414 

Time spent outdoors per day is an influential factor for external dose estimation. 415 

Responses to the questionnaire in the Basic Survey on moves and activities for the first 416 

four months after the FDNPP accident have been collected from residents in Fukushima 417 

Prefecture to estimate individual external doses during the period. In the present study, 418 

the responses were analyzed to estimate the average time spent outdoors per day for 419 

which Iitate Village was used as an example. The external doses to residents during the 420 

first four months were the highest for Iitate Village among all municipalities in 421 

Fukushima Prefecture. In the case of Iitate Village, the average time spent outdoors per 422 

day was 2.08 h (arithmetic mean, 95% CI: 1.64-2.51) for a total of 170 persons selected 423 

from Basic Survey respondents. It was much smaller than the commonly used value of 8 424 

h. When 2.08 h was used for external dose estimation, the dose was decreased by about 425 
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25% compared with the dose estimated using a value of 8 h. The Japanese government’s 426 

dose estimation method also has employed the assumption that people spend 8 h 427 

outdoors and 16 h indoors, and it will generally lead to overestimation of external dose, 428 

when it is estimated from ambient dose rate and daily time budget. 429 

 430 

Acknowledgments 431 

The Basic Survey was supported by the national “Health Fund for Children and Adults 432 

Affected by the Nuclear Incident.” The findings and conclusions of this article are 433 

solely the responsibility of the authors and do not represent the official views of the 434 

Fukushima Prefecture government. The authors declare no conflict of interest. 435 

 436 

References 437 

[1] Ishikawa T 2014 A brief review of dose estimation studies conducted after the 438 

Fukushima Dai-ichi Nuclear Power Plant accident Radiat Emerg Med 3 21-27 439 

[2] Ishikawa T 2014 Progress in estimation of dose due to the Fukushima Daiichi 440 

Nuclear Power Plant accident Jpn J Health Phys 49 157-160 441 

[3] Ministry of Education, Culture, Sports, Science and Technology (MEXT) 2011 442 

Tentative Guideline on Use of School Buildings and Playgrounds in Fukushima 443 

Prefecture (in Japanese)  444 

http://www.mext.go.jp/a_menu/saigaijohou/syousai/1307458.htm, last accessed  445 

Feb 29, 2016 446 

[4] Nomura S, Tsubokura M, Hayano R, Furutani T, Yoneoka D, Kami M, Kanazawa Y, 447 

Oikawa T 2014 Comparison between direct measurements and modeled estimates of 448 

external radiation exposure among school children 18 to 30 months after the 449 

Fukushima nuclear accident in Japan Env Sci Technol 49 1009-1016 450 

[5] International Atomic Energy Agency 1996 International basic safety standards for 451 

protection against ionizing radiation and for the safety of radiation sources IAEA 452 

Safety Series No. 115 453 

[6] United Nations Scientific Committee on the Effects of Atomic Radiation 2014 454 

UNSCEAR 2013 report Annex A: Levels and effects of radiation exposure due to 455 

the nuclear accident after the 2011 great east-Japan earthquake and tsunami. New 456 

York: United Nations 457 

[7] Akahane K, Yonai S, Fukuda S, Miyahara N, Yasuda H, Iwaoka K, Matsumoto M, 458 

Fukumura A, Akashi M 2012 NIRS external dose estimation system for Fukushima 459 

residents after the Fukushima Dai-ichi NPP accident Sci Rep 3 1670 (DOI: 460 

10.1038/srep01670) 461 

Page 17 of 18 CONFIDENTIAL - AUTHOR SUBMITTED MANUSCRIPT  JRP-100542.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



18 
 

[8] Yasumura S, Hosoya M, Yamashita S, Kamiya K, Abe M, Akashi M, Kodama K, 462 

Ozasa K, for the Fukushima Health Management Survey Group 2012 Study 463 

protocol for the Fukushima health management survey J Epidemiol 22 375-383 464 

[9] Ishikawa T et al. 2015 The Fukushima Health Management Survey: estimation of 465 

external doses to residents in Fukushima Prefecture Sci Rep 5 12712 (DOI: 466 

10.1038/srep12712) 467 

[10] Nagataki S, Takamura N, Kamiya K, Akashi M. 2013 Measurements of 468 

individual radiation doses in residents living around the Fukushima Nuclear Power 469 

Plant Radiat Res 180 439-447 470 

[11] Ministry of Education, Culture, Sports and Science (MEXT) 2012 Fifth 471 

airborne monitoring survey, as of June 28, 2012, Extension Site of Distribution Map 472 

of Radiation Dose, etc.,/Digital Japan. http://ramap.jmc.or.jp/map/eng/, last accessed  473 

Feb 29, 2016 474 

[12] Nuclear Emergency Headquarters 2011 Report of Japanese Government to the 475 

IAEA Ministerial Conference on Nuclear Safety, the accident at TEPCO’s 476 

Fukushima Nuclear Power Stations, June 2011 477 

http://japan.kantei.go.jp/kan/topics/201106/iaea_houkokusho_e.html, last accessed 478 

Feb 29, 2016 479 

[13] The National Diet of Japan 2012 Fukushima Nuclear Accident Independent 480 

Investigation Commission. Reports: Appendices, Survey of the evacuees 481 

[14] Fukushima Radiation and Health, Fukushima Medical University 2015 The 482 

Basic Survey. 21th Prefectural Oversight Committee Meeting for Fukushima Health 483 

Management Survey, Fukushima. Fukushima: Fukushima Medical University. (Nov 484 

30, 2015) http://www.fmu.ac.jp/radiationhealth/, last accessed Feb 29, 2016 485 

[15] Imanaka T, Endo S, Sugai M, Ozawa S, Shizuma K, Yamamoto M 2012 Early 486 

radiation survey of Iitate Village, which was heavily contaminated by the 487 

Fukushima Daiichi accident conducted on 28 and 29 March 2011 Health Phys 102 488 

680-686 489 

[16] Imanaka, T Assessment of the initial radiation exposure to residents in Iitate 490 

Village up to evacuation after the Fukushima-1 NPP accident. Available at 491 

http://www.rri.kyoto-u.ac.jp/NSRG/etc/13-12-4NSRA_E.pdf, last accessed Feb 29, 492 

2016 493 

 494 

 495 

Page 18 of 18CONFIDENTIAL - AUTHOR SUBMITTED MANUSCRIPT  JRP-100542.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


