
For peer review
 only

 

 

 

Marginal internal radio-contamination in end-stage renal 
disease patients living in areas affected by the Fukushima 

Daiichi nuclear power plant disaster 
 

 

Journal: BMJ Open 

Manuscript ID: bmjopen-2015-009745 

Article Type: Research 

Date Submitted by the Author: 21-Aug-2015 

Complete List of Authors: Shimmura, Hiroaki; Jyoban Hospital, Department of Urology 
Tsubokura, Masaharu; Institute of Medical Science, University of Tokyo,, 
Division of Social Communication System for Advanced Clinical Research 

Kato, Shigeaki; Department of Urology, Jyoban Hospitals 
Akiyama, Junichi; Jyoban Hospital, 4. Department of Radiation Protection 
Mori, Jinichi; Jyoban Hospital, Internal Medicine 
Tanimoto, Tetsuya; Jyoban Hospital, Internal Medicine 
Abe, Koichiro; Tokyo Women's Medical University, Department of 
Diagnostic Imaging and Nuclear Medicine 
Sakai, Shuji; Tokyo Women's Medical University, Diagnostic Imaging and 
Nuclear Medicine 
Kawaguci, Hiroshi; Jyoban Hospital, Department of Urology 
Tokiwa, Michio; Jyoban Hospital, Department of Urology 

<b>Primary Subject 
Heading</b>: 

Health informatics 

Secondary Subject Heading: Renal medicine 

Keywords: 
Chronic renal failure < NEPHROLOGY, Kidney & urinary tract disorders < 
UROLOGY, Radiation biology < RADIOTHERAPY 

  

 

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
7 D

ecem
b

er 2015. 
10.1136/b

m
jo

p
en

-2015-009745 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

 1

Title: Marginal internal radio-contamination in end-stage 1 

renal disease patients living in areas affected by the 2 

Fukushima Daiichi nuclear power plant disaster 3 

 4 

Authors: Hiroaki Shimmura
1§

, Masaharu Tsubokura
2,3,4

, Shigeaki Kato
1,2§

, 5 

Junichi Akiyama
1
, Jinichi Mori

1
, Tetsuya Tanimoto

1
, Koichiro Abe

5
, Shuji 6 

Sakai
5
, Hiroshi Kawaguci

1
, Michio Tokiwa

1
  7 

 
8 

Affiliations: 9 

1.  Jyoban Hospital, Tokiwa Foundation, Iwaki, Fukushima, Japan 10 

2. Department of Radiation Protection, Soma Central Hospital, Soma, 11 

Fukushima, Japan 12 

3. Division of Social Communication System for Advanced Clinical 13 

Research, Institute of Medical Science, University of Tokyo, Minato-ku, 14 

Tokyo, Japan 15 

4. Department of Radiation Protection, Minamisoma Municipal General 16 

Hospital, Minamisoma, Fukushima, Japan 17 

5. Department of Diagnostic Imaging and Nuclear Medicine, Tokyo 18 

Women's Medical University, Shinjuku-ku, Tokyo, Japan 19 

 20 

Corresponding author
§
:  21 

Shigeaki Kato, PhD 22 

Department of Radiation Protection, Soma Central Hospital,  23 

3-5-8, Okinouchi, Soma, Fukushima, 976-0016, Japan 24 

TEL. +81-24-436-6611, FAX. +81-24-435-4234 25 

E-mail: uskato0525@gmail.com  26 

Hiroaki Shimmura, MD 27 

Department of Urology, Jyoban Hospital,  28 

57 Kaminodai, Jyoban Kamiyunagayamachi, Iwaki, Fukushima, 972-8322, 29 

Japan  30 

TEL: +81-245-43-4175, FAX: +81-246-42-3153 31 

E-mail: shimmura@tokiwa.or.jp 32 

Page 1 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

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

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
7 D

ecem
b

er 2015. 
10.1136/b

m
jo

p
en

-2015-009745 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

 2

ABSTRACT 33 

Objective 34 

To assess internal radio-contamination of end-stage renal disease (ESRD) 35 

patients who were regularly taking hemodialysis (HD) and living in areas 36 

affected by the crippled Fukushima Daiichi nuclear plant after the Great 37 

East Japan Earthquake on March 11, 2011. 38 

 39 

Methods 40 

 Internal radio-contamination in 111 ESRD patients regularly taking HD at 41 

Jyoban Hospital in Iwaki city, Fukushima from July 2012 to November 42 

2012 was assessed with a whole body counter (WBC). The maximum 43 

annual effective dose was calculated from the detected Cs-137 levels. 44 

Interviews concerning patient dietary preferences and outdoor activities 45 

were also conducted. 46 

 47 

Results 48 

 Among the 111 patients tested, internal radio-contamination with Cs-137 49 

was detected in 2 subjects, but the levels were marginal and just exceeded 50 

the detection limit (250 Bq/body). The tentatively calculated maximum 51 

annual effective dose ranged from 0.008 to 0.009 mSv/year, which is far 52 

below the 1 mSv/year limit set by the government of Japan. While the 53 

ESRD subjects had significantly more chance to consume locally grown 54 

produce which was not distributed to the market compared to non-ESRD 55 

subjects (p < 0.001), the percentage of ESRD subjects with detectable Cs 56 

(1.8%) was not statistically higher than that for non-ESRD subjects (0.6%) 57 

(p=0.16). 58 

 59 

Conclusions 60 

 These findings suggest that internal radio-contamination levels and the 61 

calculated annual additional effective doses were negligible for ESRD 62 

patients taking HD in areas affected by the crippled Fukushima nuclear 63 

plant. Although hemodialysis is suggested to promote Cs-137 excretion, 64 
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continuous inspection of locally grown produce together with WBC 65 

screening for radio-contamination should be continued for ESRD patients 66 

regularly taking HD.    67 

 68 

Strenghts and limitations of this study 69 

 The present study is an unprecedented report to assess the internal 70 

radio-contamination for the chronic kidney disease patients on 71 

hemodialysis living in areas affected by the Fukushima Daiichi nuclear 72 

power plant disaster, and illustrates that contamination of Cs-137 was 73 

detected for two subjects even after 18 months after the incidence, but 74 

its levels were negligible, though hemodialysis is considered to more 75 

efficiently promote excretion of internal Cs than normal renal 76 

function. 77 

 The subject number is too small to extend present findings for the 78 

similar hemodialysis patients in the affected areas surrounding the 79 

crippled nuclear plant. 80 

 81 

 82 

 83 

 84 
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 87 

 88 
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 90 

 91 

 92 

 93 
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 95 

 96 
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INTRODUCTION 97 

  The aftermath of the Great East Japan Earthquake that occurred on 98 

March 11, 2011 brought diverse health threats and impaired medical care 99 

services for residents living in the affected areas during different periods.1-3 100 

Residents of the radio-contaminated areas surrounding the Fukushima 101 

Daiichi nuclear power plant that was crippled by the earthquake and 102 

tsunami were forced to consider possible health threats, mainly from 103 

radiation exposure.4,5 To reduce health threats and avoid undesirable 104 

radiation exposure, accurate assessment of radiation exposure of residents 105 

living in the radio-contaminated areas was necessary. Monitoring of the 106 

ambient air doses provided a basis for establishing safe residential regions 107 

in the affected areas.6 Moreover, inspection of produce grown in affected 108 

areas and whole body counter (WBC) measurement of internal 109 

radio-contamination of residents living in affected areas were performed to 110 

ensure that their annual effective dose from internal radiation exposure was 111 

below governmental limits.7 112 

 Our series of studies revealed that internal radiation exposure was 113 

marginal in the aftermath of the nuclear incident and that for nearly all 114 

examinees the doses from internal radiation exposure were far below the 115 

government-allowed limit (1 mSv/year).8-11 However, a small percentage 116 

(1-2 %) of the examinees did show detectable internal Cs-137 117 

radio-contamination within one year of the incident, and even beyond one 118 

year Cs-137 could still be detected in a few individuals.12,13 This 119 

radio-contamination could presumably be attributed to the intake of 120 

contaminated, locally grown produce that did not undergo radiation 121 

inspection. The findings from these studies clearly suggest that internal 122 

radiation exposure is manageable for residents living in radio-contaminated 123 

areas, but continuous WBC screening and food inspection is mandatory at 124 

the present time. 125 

 Although systematic WBC screening has been performed for voluntary 126 

hospital visitors and schoolchildren younger than 16 years old, no specific 127 

screening has been done for hospital patients. In this regard, end-stage 128 
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renal disease (ESRD) patients undergoing dialysis could represent a patient 129 

population among affected residents, since hemodialysis (HD) requires 130 

large amounts of tap water that could be contaminated with radionuclides 131 

that were reported to have been released from the crippled nuclear plant 132 

immediately after the disaster.14,15 Measurement of internal 133 

radio-contamination in ESRD patients living in the affected areas is an 134 

unprecedented clinical opportunity to assess previous reports indicating 135 

that HD is more effective in eliminating radio-cesium in ESRD patients 136 

relative to non-ESRD patients.16-18 The present study was thus conducted to 137 

assess internal Cs contamination in ESRD patients from July 2012 to 138 

November 2012. Among the 111 examinees measured by WBC, very low 139 

levels of radio-cesium were detected in 2 patients, and after 18 months 140 

measureable radio-cesium persisted in these ESRD patients. These findings 141 

suggest that, while HD may promote radio-cesium excretion, ESRD 142 

patients face radio-contamination risks that are similar to those of healthy 143 

individuals living in areas affected by the nuclear accident.              144 

 145 

METHODS 146 

  Patients  147 

An internal radiation exposure-screening program was conducted between 148 

April 1, 2012 and December 31, 2014 to assess internal 149 

radio-contamination among all residents in affected areas that were south 150 

of the Fukushima nuclear plant. There were no costs to the residents to 151 

participate in the program. 152 

Subjects of this study were ESRD patients undergoing HD who were 153 

among voluntary visitors to Jyoban Hospital. The study subjects were 154 

examined after obtaining informed consent to collect data on age, sex, and 155 

results of the internal radiation exposure-screening program during the 156 

study period. 157 

 158 

Assessment of internal radiation exposure by WBC 159 

 Internal radio-contamination was assessed by WBC measurements at the 160 
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Jyoban Hospital between July, 2012 and November, 2012. The recorded 161 

major variables for the patients were age, sex, and the total body burden of 162 

radioactive Cs (Cs-134 and Cs-137). The patients changed into a hospital 163 

gown before WBC measurement to exclude any radio-contamination that 164 

may have been present on their clothing. 165 

 166 

Measurement procedure 167 

 The WBC device used was a stereoscopic apparatus with two 3 x 5 x 16 168 

inch NaI scintillation detectors (Fastscan Model 2251; Canberra, Inc., 169 

Meriden, CT, USA). The Cs detection limits in a two-minute scan were 220 170 

and 250 Bq/body for Cs-134 and Cs-137, respectively. 171 

 172 

Calculation of effective dose from detected Cs-137 internal 173 

contamination 174 

 Calculation of annual effective doses based on observed levels of internal 175 

Cs-137 contamination was performed using effective dose coefficients 176 

derived from the International Commission on Radiological Protection, 177 

Publication 67, wherein the amount of Cs activity detected by WBC 178 

examinations is assumed to be in an equilibrium state between consecutive 179 

ingestions and excretions over the course of one year.19 As there is no 180 

available information to calculate the annual effective doses that reflect the 181 

observed levels of internal Cs-137 contamination in patients with renal 182 

disease, we tentatively calculated the annual effective doses of the present 183 

subjects with respect to healthy subjects who had normal renal function. 184 

 185 

Dietary counseling 186 

 In addition to the WBC measurements, the tested participants were 187 

interviewed using unstructured forms. Study subjects were asked if they 188 

frequently consumed locally grown produce that had not undergone 189 

radiation inspection. Beginning on April 1, 2012, a maximum allowed limit 190 

of 100 Bq/kg of Cs was set for general foods, thus commercially available 191 

foods were considered to have been monitored regardless of their origins 192 
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(i.e. Fukushima or non-Fukushima).20 The patients were also asked about 193 

how much time they spent outdoors.  194 

 195 

Ethics 196 

 All study participants provided written documentation for informed 197 

consent, and the protocol for assessing internal radio-contamination was 198 

approved by the Jyoban Hospital institutional review board. 199 

 200 

RESULTS 201 

 A whole blood counter (WBC) radiation exposure screening of 111 202 

end-stage renal disease (ESRD) patients regularly taking hemodialysis 203 

(HD) was conducted in Jyoban Hospital between July 2012 and November 204 

2012. Among the 111 patients, 26 (23.4%) were women, and their ages 205 

ranged from 25-83 years, with a median age of 61 years. 206 

 Internal radio-contamination with Cs was detected for 2 of the 111 207 

subjects (Fig. 1). The number of voluntary hospital visitors who did not 208 

have kidney disease and underwent WBC screening during the same period 209 

is shown in Table. 1. The percentage of ESRD patients with detectable Cs 210 

(1.8%) was higher than that for non-ESRD subjects (0.6%), but this 211 

difference was not statistically significant (p = 0.16, determined by Fisher’s 212 

Exact test). Moreover, among the putative radionuclides released from the 213 

crippled Fukushima nuclear plant, only Cs-137 was detected while Cs-134 214 

levels were below the detection limit (220 Bq/body). The detected Cs-137 215 

levels for the 2 patients were 257 (for a 75-year-old male) and 279 Bq/body 216 

(for a 73-year-old male), which were just over the detection limit (250 217 

Bq/body). The annual effective radiation dose from Cs-137 could be 218 

virtually calculated for the two patients to be 0.008 and 0.009 mSv/year, 219 

respectively, which are both far below the dose limit for radiation exposure 220 

(1 mSv/year) that was set by the government.  221 

These findings suggest that the internal Cs contamination in ESRD patients 222 

living in areas affected by the nuclear incident was marginal and that 223 

programs to encourage avoiding intake of uninspected potentially 224 
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contaminated local foods were successful in preventing undesirable 225 

radio-contamination. 226 

The nutrition interview results showed that some participants consumed 227 

locally grown rice (42 patients; 37.8%), and vegetables (31 patients; 228 

27.9%) which was not distributed to the market, while meat, fish, 229 

mushrooms and milk were more likely to have been commercially obtained 230 

(Table 2). The ESRD examinees had significantly more chance to consume 231 

locally grown produce which was not distributed to the market compared to 232 

non-ESRD examinees. (p<0.001; determined by Pearson's Chi-squared 233 

test) Even though the tested patients spent less time outdoors, they were 234 

presumed to maintain, at least to a certain extent, a similar lifestyle after the 235 

incident in terms of harvesting and collection of food. While the nutrition 236 

interview result from 1 of the 2 detected participants was available, the 237 

participant regularly consumed undistributed locally grown rice and 238 

vegetables. 239 

 240 

DISCUSSION 241 

   Two of the 111 (1.8%) patients in the study exhibited detectable but 242 

marginal levels of internal Cs-137 contamination, but not Cs-134. The 243 

committed effective doses for the 2 patients were calculated to be 0.008 to 244 

0.009 mSv/year, which is far below the government-allowed limit of 1 245 

mSv/year. Detection of internal radio-contamination levels ended during 246 

September 2012, or 18 months after the incident. The detection of Cs-137 247 

radio-contamination so long after the incident supported results from other 248 

studies of areas affected by the nuclear plant accident that showed that even 249 

two years after the incident a very small number of study subjects had 250 

detectable levels of internal Cs-137 contamination. 251 

 252 

We assume that the detected Cs-137 was derived from contaminated locally 253 

grown produce that in particular was consumed at early date after the 254 

accident, when the supplies of commercially available and uncontaminated 255 

food were severely compromised owing to the several month-long 256 
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evacuation of many employees of commercial food distribution companies 257 

located within a 50 km radius of the crippled nuclear plant. During this 258 

period, some residents within this 30-50 km radius were forced to consume 259 

locally grown produce that had not undergone inspections for 260 

radio-contamination. Alternatively, the detected internal Cs-137 261 

contamination could have been derived from continuous intake of 262 

uninspected contaminated produce grown in the study subjects’ gardens 263 

and fields as were suggested in the previous study. 12 In fact, interviews that 264 

assessed the dietary preferences of study subjects (Table 2), and 265 

particularly one of two subjects who showed Cs-137 contamination, 266 

suggested that they did indeed consume locally grown produce, presumably 267 

from their own garden. In this regard, visitors to the hospital who were 268 

seeking medical care also require continuous assessment of internal Cs-137 269 

radio-contamination in addition to the voluntary visitors who underwent 270 

WBC screenings. 271 

 272 

 Earlier reports showing that tap water was radio-contaminated with 273 

radioactive substances (I-131, Cs-134, Cs-137) immediately after the 274 

nuclear plant incident suggest that ESRD patients could have been 275 

radio-contaminated during HD that used contaminated tap water for the 276 

dialysates.14 However, dialysates can be successfully purified and 277 

decontaminated using reverse osmosis equipment such that radionuclides 278 

are present at undetectable levels. In our HD facility, all tap water used for 279 

the dialysates is purified by reverse osmosis and activated charcoal 280 

treatment according to standard procedures, which would reduce the 281 

likelihood that the radionuclides detected in the patients accumulated after 282 

HD treatment. This assumption is further supported by the present study 283 

wherein only a few ESRD patients showed internal radio-contamination. 284 

These findings imply again that the detected Cs-137 was likely derived 285 

from contaminated food. 286 

  Previous reports of HD patients who experienced radio-contamination 287 

from the Chernobyl incident showed that HD was two times more effective 288 
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at eliminating whole body 137-Cs that remained in ESRD patients as 289 

compared to the healthy examinees, and even for those ESRD patients who 290 

had impaired renal-dependent radiocesium excretion.17,18 During HD, 291 

radiocesium, along with electrolytes and waste products, can be removed 292 

by diffusion through a membrane. Since ESRD patients generally need to 293 

undergo several hours of dialysis three times a week, presumably HD 294 

should function to excrete Cs-137 as well as or better than normal renal 295 

function. From the findings of this study, we assumed that most of the 296 

tested ESRD patients had undetectable levels of internal 297 

radio-contamination because they were regularly undergoing dialysis and 298 

the WBC screening was performed over 15 months after the incident. 299 

 300 

 More unexpectedly, the percentage of ESRD patients who had detectable 301 

levels of radio-contamination (2/111 = 1.8%) did not statistically differ 302 

from those seen for voluntary hospital visitors during the same period 303 

(15/2503 = 0.6%, Fig. 1). The reasons behind this similar detection rate 304 

between ESRD and healthy patients are unclear at this stage due to the 305 

small number of the subjects included in the study. However, from 306 

information gathered from interviewing study participants to determine 307 

their dietary preferences, the ESRD subjects had significantly more chance 308 

to consume locally grown produce which was not distributed to the market 309 

compared to non-ESRD subjects (p < 0.001). To reduce the long-term 310 

health risks of radiation in such patients, long-term measures, including 311 

continuous monitoring of internal contamination by WBCs, as well as of 312 

agricultural products, and public education are essential in the future. 313 

 314 
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Table.1  Results of WBC screenings           

non-ESRD examinees ESRD examinees 

n 

n of Cs-137 detected 

individuals 

  n n of Cs-137 

detected 

individuals 

  

Month, Year % % 

Jul. 2012 1223 12 1.0   47 1 2.1 

Aug. 2012 541 2 0.4 49 0 0.0 

Sep. 2012 286 1 0.3 13 1 7.7 

Oct. 2012 313 0 0.0 0 0 NA 

Nov. 2012 140 0 0.0   2 0 0.0 

Total 2503 15 0.6 111 2 1.8 

 425 
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Table.2 
Number of examinees who regularly eat locally grown produce 

which was not distributed to the market 

non-ESRD examinees (n=2503) ESRD examinees (n=111) 

  n of Examinees %  n of Examinees % 

Rice 783 31.3 42 37.8 

Vegetables 129 5.2 31 27.9 

Mushrooms 28 1.1 5 4.5 

Beans 39 1.6 5 4.5 

Fruits 30 1.2 2 1.8 

Milk 11 0.4 2 1.8 

Meat 8 0.3 1 0.9 

Fish 17 0.7  1 0.9 
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Figure 1 444 
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

Objectives 3 State specific objectives, including any prespecified hypotheses 

Methods 

Study design 4 Present key elements of study design early in the paper 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of cases 

and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

Case-control study—For matched studies, give matching criteria and the number of 

controls per case 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there 

is more than one group 

Bias 9 Describe any efforts to address potential sources of bias 

Study size 10 Explain how the study size was arrived at 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls was 

addressed 

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy 

(e) Describe any sensitivity analyses 

Continued on next page
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Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed 

(b) Give reasons for non-participation at each stage 

(c) Consider use of a flow diagram 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information 

on exposures and potential confounders 

(b) Indicate number of participants with missing data for each variable of interest 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

Case-control study—Report numbers in each exposure category, or summary measures of 

exposure 

Cross-sectional study—Report numbers of outcome events or summary measures 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 

why they were included 

(b) Report category boundaries when continuous variables were categorized 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 

time period 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 

analyses 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and other relevant evidence 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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ABSTRACT 47 

Objective 48 

 To assess internal radio-contamination of end-stage renal disease (ESRD) 49 

patients who were regularly taking hemodialysis (HD) and living in areas 50 

affected by the crippled Fukushima Daiichi nuclear plant after the Great 51 

East Japan Earthquake on March 11, 2011. 52 

 53 

Methods 54 

 Internal radio-contamination in 111 ESRD patients regularly taking HD at 55 

Jyoban Hospital in Iwaki city, Fukushima from July 2012 to November 56 

2012 was assessed with a whole body counter (WBC). The maximum 57 

annual effective dose was calculated from the detected Cs-137 levels. 58 

Interviews concerning patient dietary preferences and outdoor activities 59 

were also conducted. 60 

 61 

Results 62 

 Among the 111 patients tested, internal radio-contamination with Cs-137 63 

was detected in 2 subjects, but the levels were marginal and just exceeded 64 

the detection limit (250 Bq/body). The tentatively calculated maximum 65 

annual effective dose ranged from 0.008 to 0.009 mSv/year, which is far 66 

below the 1 mSv/year limit set by the government of Japan. Relative to 238 67 

non-ESRD subjects, ERSD patients had significantly more opportunities to 68 

consume locally grown produce that was not distributed to the market (p < 69 

0.01). However, the percentage of ESRD patients with detectable Cs 70 

(1.8%) was lower than that for non-ESRD subjects (3.8%), although this 71 

difference was not significant (p=0.51). 72 

 73 

Conclusions 74 

 These findings suggest that internal radio-contamination levels and the 75 

calculated annual additional effective doses were negligible for ESRD 76 

patients taking HD in areas affected by the crippled Fukushima nuclear 77 

plant. Although hemodialysis is suggested to promote Cs-137 excretion, 78 

Page 3 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

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

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
7 D

ecem
b

er 2015. 
10.1136/b

m
jo

p
en

-2015-009745 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

 4

continuous inspection of locally grown produce together with WBC 79 

screening for radio-contamination should be continued for ESRD patients 80 

regularly taking HD.    81 

 82 

Strengths and Limitations  83 

 Strengths of the present study include:  84 

• An unprecedented observation of whole body counter (WBC) 85 

assessments of internal radio-contamination for end-stage renal 86 

disease patients on hemodialysis living in areas affected by the 87 

Fukushima Daiichi nuclear power plant disaster.  88 

 Limitations of this study are: 89 

• A small number of subjects, limiting the generalizability of these 90 

findings to patients in other affected areas around the crippled 91 

nuclear plant.  92 

• A delayed period between the disaster and beginning of this 93 

study (one year), due to a lack of systematic measurements 94 

during this time. 95 

  96 

INTRODUCTION 97 

  The aftermath of the Great East Japan Earthquake that occurred on 98 

March 11, 2011 brought diverse health threats and impaired medical care 99 

services for residents living in the affected areas during different periods.1-4 100 

Residents of the radio-contaminated areas surrounding the Fukushima 101 

Daiichi nuclear power plant that was crippled by the earthquake and 102 

tsunami were forced to consider possible health threats, mainly from 103 

radiation exposure.5 6 To reduce health threats and avoid undesirable 104 

radiation exposure, accurate assessment of radiation exposure of residents 105 

living in the radio-contaminated areas was necessary. Monitoring of the 106 

ambient air doses provided a basis for establishing safe residential regions 107 

in the affected areas.7 Moreover, inspection of produce grown in affected 108 

areas and whole body counter (WBC) measurement of internal 109 

radio-contamination of residents living in affected areas was performed to 110 
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ensure that their annual effective dose from internal radiation exposure was 111 

below governmental limits.8 112 

 Our series of studies revealed that internal radiation exposure was 113 

marginal in the aftermath of the nuclear incident and that for nearly all 114 

examinees the doses from internal radiation exposure were far below the 115 

government-allowed limit (1 mSv/year).9-12 However, a small percentage 116 

(1-2 %) of the examinees did show detectable internal radiocesium (Cs; 117 

Cs-134 and Cs-137) contamination within one year of the incident, and 118 

even beyond one year Cs-137 could still be detected in a few individuals.13 119 
14 This radio-contamination could presumably be attributed to the intake of 120 

contaminated, locally grown produce that did not undergo radiation 121 

inspection. The findings from these studies clearly suggest that internal 122 

radiation exposure is manageable for residents living in radio-contaminated 123 

areas, but continuous WBC screening and food inspection is mandatory at 124 

the present time. 125 

 Although systematic WBC screening has been performed for voluntary 126 

hospital visitors and schoolchildren younger than 16 years old, no specific 127 

screening has been done for hospital patients. In this regard, end-stage 128 

renal disease (ESRD) patients undergoing hemodialysis (HD) could 129 

represent a patient population among affected residents, since Cs tends to 130 

be eliminated via urine, and urine production may be compromised in 131 

ESRD patients due to severely impaired kidney function. In addition, HD 132 

requires large amounts of tap water that could have been contaminated with 133 

radionuclides dispersed from the crippled nuclear plant, including 134 

radioiodine (I-131) as well as Cs. However, this possibility seems unlikely 135 

except for the period immediately after the disaster, since the I-131 half-life 136 

is short (8 days) and Cs is presumably trapped during common water 137 

purification processes (e.g., coagulation-flocculation-sedimentation) used 138 

for drinking water in Japan.17  139 

 Measurement of internal radio-contamination in ESRD patients living in 140 

the affected areas is an unprecedented clinical opportunity to assess 141 

previous reports indicating that HD is more effective in eliminating Cs in 142 
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ESRD patients relative to non-ESRD subjects.18-20 The present study was 143 

thus conducted to assess internal Cs contamination in 111 ESRD patients 144 

from July 2012 to November 2012.        145 
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METHODS 146 

  Patients  147 

 An internal radiation exposure-screening program was conducted 148 

between April 1, 2012 and December 31, 2014 to assess internal 149 

radio-contamination among all residents in affected areas that were south 150 

of the Fukushima nuclear plant. There were no costs to the residents to 151 

participate in the program. 152 

 Subjects of this study were ESRD patients undergoing HD who were 153 

among voluntary visitors to Jyoban Hospital. The study subjects were 154 

examined after obtaining informed consent to collect data on age, sex, and 155 

results of the internal radiation exposure-screening program during the 156 

study period. 157 

 158 

Assessment of internal radiation exposure by WBC 159 

 Internal radio-contamination was assessed by WBC measurements at the 160 

Jyoban Hospital between July, 2012 and November, 2012. The recorded 161 

major variables for the patients were age, sex, and the total body burden of 162 

radioactive Cs (Cs-134 and Cs-137). The patients changed into a hospital 163 

gown before WBC measurement to exclude any radio-contamination that 164 

may have been present on their clothing. 165 

 166 

Measurement procedure 167 

 The WBC device used was a stereoscopic apparatus with two 3 x 5 x 16 168 

inch NaI scintillation detectors (Fastscan Model 2251; Canberra, Inc., 169 

Meriden, CT, USA). The Cs detection limits in a two-minute scan were 220 170 

and 250 Bq/body for Cs-134 and Cs-137, respectively. 171 

 172 

Calculation of effective dose from detected Cs-137 internal 173 

contamination 174 

 Calculation of annual effective doses based on observed levels of internal 175 

Cs-137 contamination was performed using effective dose coefficients 176 

derived from the International Commission on Radiological Protection, 177 
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Publication 67, wherein the amount of Cs activity detected by WBC 178 

examinations is assumed to be in an equilibrium state between consecutive 179 

ingestions and excretions over the course of one year.21 As there is no 180 

available information to calculate the annual effective doses that reflect the 181 

observed levels of internal Cs-137 contamination in patients with renal 182 

disease, we tentatively calculated the annual effective doses of the present 183 

subjects with respect to healthy subjects who had normal renal function. 184 

 185 

Questionnaire regarding dietary preference 186 

 In addition to the WBC measurements, a self-report exposure risk 187 

assessment questionnaire that was used in previous studies was 188 

administered to and completed by the screening participants. 12 13 22 This 189 

questionnaire included items regarding food and water consumption. 190 

Questions concerning food asked whether the respondent selected certain 191 

produce based on the origin listed at the supermarket (Fukushima 192 

versus non-Fukushima), or was simply purchased from local farms. 193 

Beginning on April 1, 2012, a maximum allowed limit of 100 Bq/kg of Cs 194 

was set for general foods, thus commercially available foods were 195 

considered to have been monitored regardless of their origins (i.e. 196 

Fukushima or non-Fukushima).23 Questions concerning water asked 197 

whether the respondents avoided drinking tap water. The patients were also 198 

asked about how much time they spent outdoors.  199 

 200 

Ethics 201 

 All study participants provided written documentation for informed 202 

consent, and the protocol for assessing internal radio-contamination was 203 

approved by the Jyoban Hospital institutional review board. 204 

 205 

Statistical analysis 206 

 All statistical analyses were conducted using R version 3.2.0.  207 
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RESULTS 208 

 A whole blood counter (WBC) radiation exposure screening of 111 209 

end-stage renal disease (ESRD) patients regularly taking hemodialysis 210 

(HD) was conducted in Jyoban Hospital between July 2012 and November 211 

2012. Among the 111 patients, 26 (23.4%) were women, and their ages 212 

ranged from 25-83 years, with a median age of 61 years. 213 

 Internal radio-contamination with Cs was detected for 2 of the 111 214 

subjects (Fig. 1). Of a total of 2,503 voluntary hospital visitors who did not 215 

have kidney disease and underwent WBC screening during the same period, 216 

238 individuals in the same age range as the study subjects (ESRD 217 

patients) were selected as the control group, which is hereafter referred to 218 

as non-ESRD subjects with a median age 53.5 years and 45.0 % females 219 

(Table 1). The percentage of ESRD patients with detectable Cs (1.8%) was 220 

lower than that for non-ESRD subjects (3.8%), although this difference was 221 

not statistically significant (p = 0.51, determined by Fisher’s Exact test). 222 

Moreover, among the putative radiocesium released from the crippled 223 

Fukushima nuclear plant, only Cs-137 was detected while Cs-134 levels 224 

were below the detection limit (220 Bq/body). The detected Cs-137 levels 225 

for the 2 patients were 257 (for a 75-year-old male) and 279 Bq/body (for a 226 

73-year-old male), which were just over the detection limit (250 Bq/body). 227 

The annual effective radiation dose from Cs-137 could be virtually 228 

calculated for the two patients to be 0.008 and 0.009 mSv/year, 229 

respectively, which are both far below the dose limit for radiation exposure 230 

(1 mSv/year) that was set by the government.  231 

The nutrition interview results showed that some participants consumed 232 

locally grown rice (42 patients; 37.8%), and vegetables (31 patients; 233 

27.9%) that were not distributed to the market, while meat, fish, 234 

mushrooms and milk were more likely to have been commercially obtained 235 

(Table 2). Relative to non-ESRD subjects, the ESRD patients had 236 

significantly more opportunities to consume locally grown produce that 237 

was not distributed to the market (p<0.01; determined by Pearson's 238 

Chi-squared test). Even though the ESRD patients spent less time outdoors, 239 
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they were presumed to maintain, at least to a certain extent, a similar 240 

lifestyle after the incident in terms of harvesting and collection of food. 241 

While the nutrition interview results from 1 of the 2 detected participants 242 

were available, this participant regularly consumed undistributed locally 243 

grown rice and vegetables.  244 
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DISCUSSION 245 

   Two of the 111 (1.8%) patients in the study exhibited detectable but 246 

marginal levels of internal Cs-137 contamination, but not Cs-134. The 247 

committed effective doses for the 2 patients were calculated to be 0.008 to 248 

0.009 mSv/year, which is far below the government-allowed limit of 1 249 

mSv/year. These findings suggest that the internal Cs contamination in 250 

ESRD patients living in areas affected by the nuclear incident was marginal 251 

and that programs to encourage avoiding intake of uninspected potentially 252 

contaminated local foods were successful in preventing undesirable 253 

radio-contamination. However, detection of internal radio-contamination 254 

levels ended during September 2012, or 18 months after the incident. The 255 

detection of Cs-137 radio-contamination long after the incident supported 256 

results from other studies of areas affected by the nuclear plant accident 257 

that showed that a very small number of study subjects had detectable 258 

levels of internal Cs-137 contamination even two years after the incident.  259 

 260 

 We assume that the detected Cs-137 was derived from contaminated 261 

locally grown produce that in particular was consumed soon after the 262 

accident, when the supplies of commercially available and uncontaminated 263 

food were severely compromised owing to the several month-long 264 

evacuations of employees of commercial food distribution companies 265 

located within a 50 km radius of the crippled nuclear plant. During this 266 

period, some residents within this 30-50 km radius were forced to consume 267 

locally grown produce that had not undergone inspections for 268 

radio-contamination. Alternatively, the detected internal Cs-137 269 

contamination could have been derived from continuous intake of 270 

uninspected contaminated produce grown in the study subjects’ gardens 271 

and fields, as was suggested in a previous study. 13 In fact, interviews that 272 

assessed the dietary preferences of study subjects (Table 2), and 273 

particularly one of two subjects who showed Cs-137 contamination, 274 

suggested that they did indeed consume locally grown produce, presumably 275 

from their own garden. In this regard, visitors to the hospital who were 276 
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seeking medical care also require continuous assessment of internal Cs-137 277 

radio-contamination in addition to the voluntary visitors who underwent 278 

WBC screenings. 279 

 280 

 Earlier reports showing that tap water was radio-contaminated with 281 

radioactive substances (I-131, Cs-134, and Cs-137) immediately after the 282 

nuclear plant incident suggest that ESRD patients could have been 283 

radio-contaminated during HD that used contaminated tap water for the 284 

dialysates.15 However, dialysates can be successfully purified and 285 

decontaminated using reverse osmosis equipment such that radionuclides 286 

are present at undetectable levels. Even immediately after the disaster, Cs 287 

appeared to be effectively trapped within muds in riverbeds and areas 288 

affected by the tsunami, and was generally undetectable in drinking water 289 

in the affected areas. However, monitoring of potential I-131 290 

contamination of tap water immediately after the disaster was likely far 291 

more important than internal radiocontamination measurements in HD 292 

patients since I-131 cannot be removed by 293 

coagulation-flocculation-sedimentation purification processes, but instead 294 

must be removed by special purification measures, including activated 295 

charcoal treatment and separation with reverse osmosis membranes. In our 296 

HD facility, all tap water used for the dialysates is purified by reverse 297 

osmosis and activated charcoal treatment according to standard procedures, 298 

which would reduce the likelihood that the radionuclides detected in the 299 

patients accumulated after HD treatment. This assumption is further 300 

supported by the present study wherein only a few ESRD patients showed 301 

internal radio-contamination. These findings imply again that the detected 302 

Cs-137 was likely derived from contaminated food. 303 

  Previous reports of ESRD patients who experienced radio-contamination 304 

from the Chernobyl incident showed that HD was two times more effective 305 

at eliminating whole body 137-Cs that remained in ESRD patients as 306 

compared to the healthy examinees, and even for those ESRD patients who 307 

had impaired renal-dependent radiocesium excretion.19 20 During HD, 308 
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radiocesium, along with electrolytes and waste products, can be removed 309 

by diffusion through a membrane. Since ESRD patients generally need to 310 

undergo several hours of dialysis three times a week, presumably HD 311 

should function to excrete Cs-137 as well as or better than normal renal 312 

function. From the findings of this study, we assumed that most of the 313 

tested ESRD patients had undetectable levels of internal 314 

radio-contamination because they were regularly undergoing dialysis and 315 

the WBC screening was performed over 15 months after the incident. 316 

 317 

 More unexpectedly, the percentage of ESRD patients who had detectable 318 

levels of radio-contamination (2/111 = 1.8%) did not statistically differ 319 

from those seen for voluntary hospital visitors during the same period 320 

(9/238 = 3.8%, Table 1). The reasons behind this similar detection rate 321 

between ESRD and healthy patients are unclear at this stage due to the 322 

small number of the subjects included in the study. However, from 323 

information gathered from interviewing study participants to determine 324 

their dietary preferences, relative to non-ESRD subjects, the ESRD patients 325 

had significantly more opportunities to consume locally grown produce 326 

that was not distributed to the market (p < 0.01). To reduce the long-term 327 

health risks of radiation for ESRD patients, long-term measures, including 328 

continuous monitoring of internal contamination by WBCs, in addition to 329 

assessment of agricultural product contamination and public education 330 

efforts, are essential to prevent radiocontamination in the future.  331 
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Figure legends 369 

Figure 1: Levels of Cs-137 internal contamination among ESRD patients 370 
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Table.1  Results of WBC screenings           

non-ESRD examinees ESRD examinees 

N 

n of Cs-137 detected 

individuals 

  n n of Cs-137 

detected 

individuals 

  

Month, Year % % 

Jul. 2012 79 7 8.9   47 1 2.1 

Aug. 2012 41 2 4.9 49 0 0.0 

Sep. 2012 33 0 0.0 13 1 7.7 

Oct. 2012 40 0 0.0 0 0 NA 

Nov. 2012 45 0 0.0   2 0 0.0 

Total 238 9 3.8 111 2 1.8 
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Table.2 
Number of examinees who regularly eat locally grown produce 

which was not distributed to the market 

non-ESRD examinees (n=238) ESRD examinees (n=111) 

  n of Examinees %  n of Examinees % 

Rice 50 21.0 42 37.8 

Vegetables 37 15.6 31 27.9 

Mushrooms 4 1.7 5 4.5 

Beans 2 0.8 5 4.5 

Fruits 4 1.7 2 1.8 

Milk 0 0.0 2 1.8 

Meat 1 0.4 1 0.9 

Fish 3 1.7  1 0.9 

Total 66 27.7  47 42.3 
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