
2011 International Nuclear Atlantic Conference - INAC 2011 

Belo Horizonte,MG, Brazil, October 24-28, 2011 

ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 

ISBN: 978-85-99141-04-5 

 

 

FALLOUT AND DRINKING WATER CONTAMINATION  

BY I-131 AND CS-134,137 IN JAPAN, FROM THE 

FUKUSHIMA DAIICHI NPS ACCIDENT 

 
 

Alphonse Kelecom
1,2

, Erika Miyashita
1,3

 and Patrick Vicent Kelecom
1,3 

 

1
 Laboratório de Radiobiologia e Radiometria Pedro Lopes dos Santos,  

Universidade Federal Fluminense – UFF,  

C.P. 100436, CEP 24.001-970, Niterói, RJ, Brazil. 

 
2
 Programa de Pós-Graduação em Ciência Ambiental. 

Caixa Postal 107.092, CEP 24.360-970, Niterói, RJ, Brasil. 

Universidade Federal Fluminense – UFF. 

e-mail: kelecom@uol.com.br  

 
3 
Brastel Co., Shinjuku-ku, Nishi Shinjuku 6-16-8-802, ZIP Code 160-0023 

Tokyo, Japan ; e-mail: pvkelecom@gmail.com  
 

 

 

ABSTRACT 

 
The earthquake followed by a tsunami in Japan, on last March 11, seriously damaged four of the six reactors of 

the Fukushima Daiichi nuclear power station (NPS). Radioactive smokes and highly contaminated water were 

released for weeks to the environment. Since  March 12, when the plant operator TEPCO and Japan’s nuclear 

agency (NISA) confirmed the presence of radionuclides near the NPS, a giant environmental monitoring 

operation was set up, covering the entire Japanese territory. Daily thousands measurements are realized. We 

here analyze data released during 60 days on I-131 and Cs-134,137 radioactive concentrations in drinking water 

and fallout for 45 prefectures. Miyagi and Fukushima, that requires a separate study, are not considered here. 

Drinking water contamination by I-131 was observed in 13 prefectures, including Tokyo. The most impacted 

one was Tochigi (maximum of 110 Bq/l, March 24). This value turned water not drinkable for infants and 

babies. Cs-137 was detected in drinking water in 8 prefectures, with a maximum level of 18 Bq/l in Ibaraki. 

These levels do not affect potability of tap water. I-131 was observed in fallout in 27 prefectures, with level 

reaching 93 kBq/m
2
 in Ibaraki and 36 kBq/m

2
 in Tokyo on March 21 and 23 respectively. Fallout of Cs-137 was 

observed in 19 prefectures. The maximum deposition occurred again in Ibaraki (13kBq/m
2
, March 21) and in 

Tokyo (5.3 kBq/m
2
, March 22).  Since mid April, only trace contamination has been observed for both 

radionuclides in drinking water. Sporadically medium levels of Cs-137 are still observed in fallout.  

 

 

1. INTRODUCTION 

 

A brief historical of the accident(s) 

 

On March 11, 2011, at 08:30 Central Europe Time – CET (4:30 a.m. Brazilian Standard Time 

– BST), the International Atomic Energy Agency (IAEA) informed: “The IAEA's Incident 

and Emergency Centre received information from the International Seismic Safety Centre 

(ISSC) at around 0815 CET this morning about the earthquake of magnitude 8.9 near the 

east coast of Honshu, Japan. […] Japanese authorities reported that the four nuclear power 

plants closest to the quake have been safely shut down.” [1]. The same day, at 08:45 BST, the 

IAEA released a second message giving more detailed information: “The IAEA's Incident and 
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Emergency Centre has received information from Japan's Nuclear and Industrial Safety 

Agency (NISA) that a heightened state of alert has been declared at Fukushima Daiichi 

nuclear power plant. NISA says the plant has been shut down and no release of radiation 

has been detected. Japanese authorities have also reported a fire at the Onagawa nuclear 

power plant, which has been extinguished. They say Onagawa, Fukushima-Daini and Tokai 

nuclear power plants were also shut down automatically, and no radiation release has been 

detected. The IAEA received information from its International Seismic Safety Centre that a 

second earthquake of magnitude 6.5 has struck Japan near the coast of Honshu, near the 

Tokai plant. The IAEA is seeking further details on the situation at Fukushima Daiichi and 

other nuclear power plants and research reactors, including information on off-site and on-

site electrical power supplies, cooling systems and the condition of the reactor buildings. 

Nuclear fuel requires continued cooling even after a plant is shut down. […] ” [1]  

At 4:30 p.m. Japanese time (4:30 a.m. BST), the Fukushima plant operator – Tokyo Electric 

Power Company (TEPCO) – released the following note: “A big earthquake occurred in the 

Miyagi Prefecture at 2:46 [p.m. Japanese time] today. Due to the earthquake, about 4.05 

million households are in power outage in our service area. Due to the earthquake, our 

power facilities have huge damages, so we are afraid that power supply tonight would run 

short. We strongly ask our customers to conserve electricity. If you find any disconnected 

transmission lines, please do not touch them. The effect of the earthquake to our facilities is 

as follows; Fukushima Daiichi - Unit 1,2,3 were operated and automatically stopped; - 

Unit 4,5,6 are in regular inspection. / Fukushima Daini - Unit 1,2,3,4 were operated and 

automatically stopped. / Kashiwazaki-Kariwa - Unit 1,5,6,7 are in operation; - Unit 2,3,4 are 

in regular inspection. At all the nuclear power stations, monitoring posts, which monitor 

radiation through exhaust stacks, have shown normal values. In other words, at the present, 

no radiation leaks have been confirmed.” This note also informed that a number of Thermal 

Power Stations (Hirono Unit 2,4; Hitachinaka Unit 1; Kahshima Unit 2,3,5,6; Chiba Unit 2-

Group 1; Yokohama Unit 8-Group 4; Ohi Unit 2,3 and Goi Unit 4) were stopped. Similarly 

22 Hydro Power Stations (15 in Fukushima, 3 in Tochigi, 3 Yamanashi and 1 in Gumma) and 

the Naka and Shin-Mogi Transmission and Distribution Facilities were stopped. The note 

ended reporting that: “At the service facility (not nuclear facilities) of the Fukushima Daini 

Nuclear Power Station, a small fire temporarily occurred but was extinguished at 4:07 pm.”  

[2] 

At 13:55 BST, the IAEA produced a third communicate: “Japanese authorities have 

informed the IAEA's Incident and Emergency Centre (IEC) that they have ordered the 

evacuation of residents within a three-kilometer radius of the Fukushima Daiichi nuclear 

power plant, and told people within a 10-kilometre radius to remain indoors. The Japanese 

authorities say there has so far been no release of radiation from any of the nuclear power 

plants affected by today's earthquake and aftershocks.” [1] 

This was the beginning of Japan’s worst nuclear accident and also of the biggest nuclear 

accident since Chernobyl explosion on April 26, 1986. 

The earthquake of magnitude 8.9, then corrected to 9.0, was the biggest ever registered in 

Japan and struck the east coast of Honshu (Figure 1). The earthquake was followed some 50 

minutes later by an up to 15m high tsunami that destroyed most of the coastal cities and 

villages of Miyagi Prefecture, inclusive its capital Sendai leaving more than 35,000 people 

dead or disappeared. Both earthquake and tsunami cut the supply of off-site power to the 

Fukushima Daiichi nuclear power station (NPS) and disabled diesel generators intended to 

provide back-up electricity to the plant's cooling system. Despite huge efforts, pressure was 

increasing inside the Unit 1 reactor's containment, and the officials decided to vent the 
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containment to lower the pressure. At 18:10 BST, the IAEA informed: “The controlled 

release will be filtered to retain radiation within the containment.” [1]. 

The day after, on March 12, TEPCO further informed: “On March 11, 2011, turbines and 

reactors of Fukushima Daiichi Nuclear Power Station Unit 1(Boiling Water Reactor, Rated 

Output 460 MW) and Unit 2 and 3 (Boiling Water Reactor, Rated Output 784 MW) that had 

been operating at rated power automatically shut down due to the Tohoku-Chihou-

Taiheiyou-Oki Earthquake.(already announced) Today at approximately 3:36 pm, a big 

quake occurred and there was a big sound around the Unit 1 and white smoke. Our two 

employees and two subcontract workers working for the safety of the plant were injured and 

transported to the hospital. We are presently checking on the site situation of each plant and 

effect of discharged radioactive materials. We will endeavor to restore the units and continue 

monitoring the environment of the site periphery.” [2]. 

The explosion at Unit 1 reactor at the Fukushima Daiichi plant occurred outside the primary 

containment vessel (PCV). To limit damage to the reactor core, TEPCO proposed that sea 

water mixed with boron be injected into the primary containment vessel. This measure was 

approved by Japan’s Nuclear and Industrial Safety Agency (NISA). NISA also confirmed for 

the first time the presence of Cs-137 and I-131 in the vicinity of Fukushima Daiichi Unit 1. 

NISA reported “an initial increase in levels of radioactivity around the plant, but these 

levels have been observed to lessen in recent hours.” Containment was reported to remain 

intact at Fukushima Daiichi Units 1, 2 and 3, and evacuations around affected nuclear plant 

begun. In the 20-kilometre radius around Fukushima Daiichi an estimated 170000 people 

have been evacuated [1,2]. 

The Japanese authorities have classified the event at Fukushima Daiichi Unit 1 as a level 4 

'Accident with Local Consequences' on the International Nuclear and Radiological Event 

Scale (INES). Weeks after, this classification for the entire NPS would be raised to 7, the 

highest level in INES scale [1]. 

On March 13, it was observed that on pumping seawater inside the reactor vessel of Unit 3, 

levels increased steadily for a certain amount of time but readings indicated the water level 

inside the pressure vessel were no longer showing an increase. The reason behind this was 

unknown at this point in time. To relieve pressure, venting of the containment of reactor Unit 

3 of the Fukushima Daiichi nuclear power plant was started at 9:20 AM local Japan time, 

through a controlled release of vapor. The operation was intended to lower pressure inside the 

reactor containment. Japanese authorities also informed the IAEA that accumulation of 

hydrogen was possible [1]. 

Indeed, on March 14, TEPCO informed that: “At approximately 11:01am [March 13, 23:01 

BST], an explosive sound followed by white smoke occurred at the reactor building of the 

Unit 3. It was believed to be a hydrogen explosion. According to the parameter, it is 

estimated that the reactor containment vessel remains intact. However, the status of the plant 

and the impact of radioactive materials to the outside environment are presently under 

investigation.”  “As of 11:44 am, the measured value of radiation dose is 20μSv/h and the 

radiation level remains stable.” [2]. The same day, Japan started to distribute 230 000 units 

of stable iodine to evacuation centers from the area around Fukushima Daiichi and 

Fukushima Daini nuclear power plants, according to officials. At that time, the iodine had not 

yet been administered to residents; the distribution was a precautionary measure in the event 

that this should be determined to be necessary.  



INAC 2011, Belo Horizonte, MG, Brazil. 

 

On March 15, at around 06:20 a.m., local Japan time [18:20 of March 14, BST], an explosion 

occurred at the Unit 2 reactor. Japanese authorities also informed (at 00:50 BST) that the 

spent fuel storage pond at Unit 4 reactor was on fire and radioactivity was being released 

directly into the atmosphere. Dose rates of up to 400 mSv/h have been reported at the site, 

between Units 3 and 4. The fire that may have been caused by a hydrogen explosion was 

extinguished on 15 March at 11:00 local Japan time. That day (15 March), the following 

radiation dose rates were observed on site at the main gate of the Fukushima Daiichi Nuclear 

Power Plant: at 09:00 Japanese time [March 14, 21:00 BST) a dose rate of 11.9 mSv/h was 

observed. Six hours later, a dose rate of 0.6 mSv/h was observed. It was enthusiastically 

concluded that: “These observations indicate that the level of radioactivity has been 

decreasing at the site.” [1,2]. 

Still on March 15, a second fire occurred at Unit 4 and lasted 30 minutes to be extinguished. 

IAEA informed: “After explosions at both Units 1 and 3, the primary containment vessels of 

both Units are reported to be intact. However, the explosion that occurred on 14 March at the 

Fukushima Daiichi Unit 2 may have affected the integrity of its primary containment vessel. 

All three explosions were due to an accumulation of hydrogen gas.” Overall situation 

becoming worth, the Japanese government requested assistance from the IAEA in the areas of 

environmental monitoring and the effects of radiation on human health, asking for IAEA 

teams of experts to be sent to Japan to assist local experts[1,2]. 

 
 

2. RADIATION MONITORING 

Since March 17, a giant environmental monitoring operation was set up covering the entire 

Japanese territory and about 30 seawater sampling points along the east coast. Dose rate 

information from 47 Japanese cities started to be collected regularly. In Tokyo, there has been 

no significant change in radiation levels since March 16. They remain well below levels 

which are dangerous to human health. However, on-site radiation levels measurements at the 

Fukushima Daiichi power station still were insufficient. In some locations at around 30 km 

from the Fukushima plant, the dose rates rose significantly in the last 24 hours (in one 

location from 80 to 170 Sv/h and in another from 26 to 95 Sv/h). But this was not the case 

at all locations at this distance from the plants. Dose rates to the north-west of the nuclear 

power plants, were observed in the range 3 to 170 Sv/h, with the higher levels observed 

around 30 km from the plant. Dose rates in other directions are in the 1 to 5 Sv/h range 

[3,4]. 

Presently, thousands measurements are released every day by the Ministry of Health, Labor 

and Welfare, Ministry of Education, Culture Sports, Science and Technology, TEPCO and 

Universities. Readings are available of environmental radioactivity levels, radioactivity levels 

in drinking water, fallout, dust dose rate measurement at schools in Fukushima Prefecture, 

readings of air dose rates at 50 points inside of the 20km zone around Fukushima NPS, 

readings at 108 Monitoring Posts out of the 20km zone taken at 10h-13h-16h-19h, readings 

every hour of airborne monitoring at 102 Monitoring Posts out of 30km zone, along with data 

collected by helicopter, airplane and other institutions. Most data refer to I-131, Cs-134 and 

Cs-137, but there are also few data on Sr-89,90, Pu-238,239,240 and U-235,238 [3,4].  

We here analyze data released during 80 days on I-131 and 78 days Cs-134,137 radioactive 

concentrations in drinking water and fallout for 45 of the 47 prefectures of Japan. The 

prefectures of Miyagi, destroyed, and Fukushima, that requires a separate study, will be 

considered elsewhere. 
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Figure 1 - The 47 prefectures of Japan. 

Legend:1. Hokkaido; 2. Aomori; 3. Iwate;    4. Miyagi; 5. Akita; 6. Yamagata; 7. Fukushima; 8. Ibaraki; 9. 

Tochigi; 10.  Gunma; 11. Saitama; 12. Chiba 13. Tokyo; 14. Kanagawa; 15. Niigata; 16. Toyama; 17. Ishikawa; 

18. Fukui; 19. Yamanashi; 20. Nagano; 21. Gifu; 22. Shizuoka; 23. Aichi; 24. Mie; 25. Shiga; 26. Kyoto 27. 

Osaka;  28. Hyogo;  29. Nara; 30. Wakayama; 31. Tottori; 32. Shimane; 33. Okayama; 34. Hiroshima; 35. 

Yamagushi; 36. Tokushima;  37 . Kagawa;  38.  Ehime; 39. Kochi; 40. Fukuoka;  41.Saga; 42. Nagasaki; 43. 

Kumamoto; 44. Oita; 45. Miyazaki; 46. Kagoshima and 47. Okinawa. 

Concentric circles show the epicenter of the earthquake. Trifold shows the localization of the Fukushima-

Daiichi NPS. 

 

3. METHODS 

Data on fallout and drinking water contamination by I-131 and Cs-134,137 have been 

obtained daily from the following official sites from the Japanese Government and from the 

TEPCO Company: http://www.tepco.co.jp/en/nu/press/f1-np/index-e.html, http://eq.wide.ad. 

jp/index_en.html, http://www.mext.go.jp/english http://www.mext.go.jp/a_menu/ saigaijohou 

/syousai/1303956.htm, since the first analyses on March 18, and are still being collected. All 

the data were first released in Japanese, then in most cases in English. When data were only 
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available in Japanese, they were translated by two of us (E.M. or P.V.K.) who are residents in 

the very center of Tokyo (Shinjuku-ku) and experienced the earthquake on March 11 as well 

as the numerous following seismic quakes. These authors also assisted all the Governments 

and TEPCO’s TV Communications and translated all this material for the third author’s 

considerations. Data produced six Excel spreadsheets (three radionuclides and two situations) 

which automatically calculated: the maximum and minimum values of the concentrations of 

activity for the three nuclides in each prefecture, the sum of the concentrations of activity for 

the three nuclides in each prefecture, and the number of days of non null values. Data on I-

131 in drinking water were available uninterruptedly since March, 18. Data for Cs-134,137 in 

drinking water started on March, 20, and individual values for Cs-137 and Cs-134 started to 

be given from April, 25 only, that is 45 days after the beginning of the accident. Data on I-

131 and Cs-134,137 in fallout started on March, 20 with individual values for both cesium 

isotopes starting on April, 25.  

 

 

4. RESULTS AND DISCUSSION 

Condensed collected and calculated data for I-131 and Cs-134,137 in fallout and in drinking 

water of all the Japanese prefectures, except Miyagi and Fukushima (see above) are reported 

in Tables 1-6. In most of the prefectures, measurements were done only in the capitals 

(named “”cities” in the tables), which means that only one specific point should represent the 

radioactive contamination of the entire prefecture. Although this is an obvious over 

simplification that result in a very partial view of the map of the real radioactive 

contamination, considering the calamitous situation of Japan, knocked down by the 

earthquake and tsunami, suffering from electric power rationing with thousands of industries 

in standby, counting its dead people, having to rebuild hundreds of kilometers of highways 

and power lines, and facing the need to house more than 180,000 people evacuated from the 

proximity of the Daiichi and Daini nuclear power stations, one must admit that the more than 

2,000 analyses released every day represent the biggest environmental screening ever carried 

out. This turned out to be possible, thanks international cooperation, and this gives credibility 

to released data. Notwithstanding this enormous effort, it is clear that the Tokyo prefecture’s 

data for example, collected at Shinjuku-ku – the district of the City Hall – cannot represent 

not only the whole prefecture of Tokyo, but even not the city of Tokyo itself with its 

innumerous microclimates, making it raining in one district and not in other ones with 

obvious impact of fallout results, and thus falsifying or blurring a more accurate view of what 

really occurred in terms of land and water reservoirs contamination.  

Contamination by I-131 in drinking water (Table 1) was observed in 13 prefectures including 

Tokyo (~13 million inhabitants). The most impacted, with a maximum level of 110 Bq/l, was 

Tochigi on March 24. This value turned water not drinkable for infants and babies. Cs-137 

was detected in drinking water in 8 prefectures (Table 2), with a maximum level of 18 Bq/l in 

Ibaraki. These levels did not affect potability of tap water. Even so, mineral water was 

preferred by consumers, making water disappear from supermarkets. When analyzed alone, 

Cs-134 has been found in very low amounts in only two prefectures (Table 3) but must have 

contributed with higher impacts in more prefectures weeks before, when data on Cs-134 were 

released together with Cs-137. 

Fallout of I-131 was observed in 27 prefectures (Table 3), with level reaching 93 kBq/m
2
 in 

Ibaraki and 36 kBq/m
2
 in Tokyo on March 21 and 23 respectively. Fallout of Cs-137 was 

observed in 19 prefectures (Table 4). The maximum deposition occurred again in Ibaraki (13 

kBq/m
2
 on March 21) and in Tokyo (5.3 kBq/m

2
 on March 22).  Since mid April, only trace 
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contamination has been observed for both radionuclides in drinking water. Sporadically 

medium levels of Cs-137 are still observed in fallout. 

 
Table 1 – Data on I-131 in drinking water in Japanese Prefectures from the Fukushima Daiichi 

NPS accident (concentrations of activity in Bq/l; bold: maximum values). 

nº prefectures cities 

integrated 

activity  

maximum  

in 1 day 

%  

total 

nº days 

detected 

date of the 

maximum 

3 Iwate Morioka 12.49 5.30 42.4 10 Mar 23 

5 Akita Akita  8.02 2.00 24.9 11 Mar 23 

6 Yamagata Yamagata 8.70 3.90 44.8 4 Mar 22 

8 Ibaraki Mito 379.41 78.00 20.6 36 Mar 25 

9 Tochigi Utsunomiya 485.02 110.00 22.7 43 Mar 24 

10 Gunma Maebashi 99.68 9.30 9.3 40 Mar 22 

11 Saitama Saitama 220.3 37.00 16.8 41 Mar 26 

12 Chiba Ichihara 69.04 13.00 18.8 26 Mar 24,25 

13 Tokyo Shinjuku 221.04 37.00 16.7 45 Mar 26 

14 Kanagawa Chigasaki 79.55 9.90 12.4 24 Mar 29 

15 Niigata Niigata 64.92 7.80 12.0 32 Mar 23 

19 Yamanashi Kofu 2.17 1.60 73.7 4 Mar 26 

22 Shizuoka Shizuoka 0.14 0.14 100 1 Mar 22 

Integrated activity = sum of the values over studied period; maximum in 1 day = maximum value 

observed in one day; % total = contribution in % to the integrated activity of the maximum value in 

one day; nº days detected = number of days that the nuclide was detected; date of the maximum = 

day when the maximum value was observed. 

 

 

Table 2 – Data on Cs-137,134 in drinking water in Japanese Prefectures from the Fukushima 

Daiichi NPS accident (concentrations of activity in Bq/l; bold: maximum values). 

nº prefectures cities 

integrated 

activity 

maximum 

in 1 day 

%  

total 

nº days 

detected 

date of the 

maximum 

3 Iwate Morioka 0.25 0.13 52.0 2 Mar 23 

6 Yamagata Yamagata 0.43 0.43 100 1 Mar 24 

8 Ibaraki Mito 33.17 18.00 54.3 11 Mar 21 

9 Tochigi Utsunomiya 113.69 9.30 8.2 25 Mar 23,24 

10 Gunma Maebashi 10.33 1.20 11.6 24 Mar 20 

11 Saitama Saitama 15.57 1.10 7.1 34 Apr 03 

12 Chiba Ichihara 6.63 0.64 9.7 19 Mar 31 

13 Tokyo Shinjuku 18.77 2.40 12.8 25 Mar 24 

 Legend : see Table 1. 

 

 

Table 3 – Data on Cs-134 alone in drinking water in Japanese Prefectures from the Fukushima 

Daiichi NPS accident (concentrations of activity in Bq/l. bold: maximum values). 

nº prefectures cities 

integrated 

activity 

maximum 

in 1 day 

%  

total 

nº days 

detected 

date of the 

maximum 

11 Saitama Saitama 1.11 0.2 0.13 7 May 10 

13 Tokyo Shinjuku 0.32 0.32 0.32 1 Apr 25 

 Legend : see Table 1. 
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Table 4 – Data on fallout of I-131 in Japanese Prefectures from the Fukushima Daiichi NPS 

accident (concentrations of activity in Bq/ m
2
;

 
bold: maximum values). 

nº prefectures cities ativ. Int. 

maximum 

in 1 day 

%  

total 

nº days 

detected 

date of the 

maximum 

1 Hokkaido Sapporo 2.6 2.6 100 1 Apr 16 

2 Aomori Aomori 62.1 45 72.5 5 Apr 28 

3 Iwate Morioka 8,216.3 7,800 94.9 13 Mar 21 

5 Akita Akita  217.4 89 40.9 9 Apr 28 

6 Yamagata Yamagata 68,692.0 58,000 84.4 10 Mar 21 

8 Ibaraki Mito 211,358.9 93,000 44.0 31 Mar 21 

9 Tochigi Utsunomiya 58,696.9 25,000 42.6 19 Mar 22 

10 Gunma Maebashi 3,636.1 1,500 41.3 28 Mar 22 

11 Saitama Saitama 68,593.0 22,000 32.1 33 Mar 22,23 

12 Chiba Ichihara 31,556.8 22,000 69.7 21 Mar 23 

13 Tokyo Shinjuku 84941.15 36,000 42.4 26 Mar 23 

14 Kanagawa Chigasaki 5,733.8 3,100 54.1 17 Mar 24 

15 Niigata Niigata 154.9 80 51.6 5 Apr 20 

16 Toyama Imizu 5.50 3.1 56.4 2 Apr 20 

17 Ishikawa Kanazawa 8.00 6.0 75.0 2 Mar 27 

18 Fukui Fukui 21.60 17 78.7 3 Apr 20 

19 Yamanashi Kofu 8,006.2 4,400 55.0 6 Mar 22 

20 Nagano Nagano 190.0 190 100 1 Mar 23 

22 Shizuoka Shizuoka 360.4 200 55.5 4 Mar 22 

24 Mie Yokkaichi 36.38 30 82,5 4 Apr 19 

30 Wakayama Wakayama 24.8 24.8 100 1 Apr 19 

32 Shimane Matsue 17.66 5.5 31.1 7 Apr 07 

33 Okayama Okayama 15.8 15.8 100 1 Apr 19 

38 Ehime Matsuyama 2.3 2.3 100 1 Apr 18 

39 Kochi Kochi 4.4 4.4 100 1 Apr 19 

41 Saga Saga 1.8 1.8 100 1 Mar 28 

45 Miyazaki Miyazaki 7.5 2.5 33.3 3 Mar 30,31 

 Legend : see Table 1. 

 

 

From these data, it is clear that considered radionuclides have been released over a long 

period (at least two weeks) after what the radioactive cloud fragmented. Complete data (not 

reported here) showed that, at the beginning of the accident, there have been at least two 

massive liberations to the atmosphere that may have coincided with the explosions of Units 1 

and 3. 

 

The contamination maps representing the north-eastern part of Honshu island (Figures 1-4) 

indicate that after an initial movement of radioactive cloud to the North and West directions, 

winds changed and started blowing South and South-West bringing contamination to the 

great Tokyo prefectures (Saitama, Chiba, Tokyo and Kanagawa) where more than 37 million 

people live [5]. Undoubtedly, Ibaraki was the most affected prefecture (apart from Fukushima 

not considered here and Miyagi for which complete data is not available at this time). 
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Table 5 – Data on fallout of Cs-134,137 in Japanese Prefectures from the Fukushima Daiichi 

NPS accident (concentrations of activity in Bq/m
2
;

 
bold: maximum values). 

nº prefectures cities 

integrated 

activity 

maximum 

in 1 day 

%  

total 

nº days 

detected 

date of the 

maximum 

1 Hokkaido Sapporo 2.30 2.3 100 1 Apr 16 

2 Aomori Aomori 36.00 36 100 1 Apr 28 

3 Iwate Morioka 852.13 690 81.0 21 Mar 21 

5 Akita Akita  118.10 90 76.2 6 Apr 28 

6 Yamagata Yamagata 8,804.90 4,300 48.8 37 Mar 21 

8 Ibaraki Mito 28,639.00 13,000 45.4 29 Mar 21 

9 Tochigi Utsunomiya 2,318.80 505 21.8 30 Mar 31 

10 Gunma Maebashi 535.00 130 24.3 18 Mar 31 

11 Saitama Saitama 4,070.00 1,600 39.3 45 Mar 22 

12 Chiba Ichihara 2,247.60 470 20.9 40 Apr 12 

13 Tokyo Shinjuku 6,995.10 5,300 75.8 36 Mar 22 

14 Kanagawa Chigasaki 543.40 210 38.6 11 Mar 21 

15 Niigata Niigata 1.30 1.3 100 1 Apr 23 

18 Fukui Fukui 6.40 3.9 60.9 2 Apr 20 

19 Yamanashi Kofu 651.30 400 61.4 12 Mar 22 

21 Gifu Kakumuhara 4.70 4.7 100 1 Apr 18 

22 Shizuoka Shizuoka 127.50 72 56.5 8 Mar 22 

38 Ehime Matsuyama 3.70 3.7 100 1 May 02 

39 Kochi Kochi 2.40 2.4 100 1 Apr 19 

 Legend : see Table 1. 

 

 

 

Table 6 – Data on fallout of Cs-134 alone in Japanese Prefectures from the Fukushima Daiichi 

NPS accident (concentrations of activity in Bq/m
2
;

 
bold: maximum values). 

nº prefectures cities 

integrated 

activities 

maximum 

in 1 day 

% 

total 

nº days 

detected 

date of the 

maximum 

2 Aomori Aomori 42.7 38 4.7 2 Apr 28 

3 Iwate Morioka 118.2 43 2.1 6 Apr 28 

5 Akita Akita  76 76 76 1 Apr 28 

6 Yamagata Yamagata 108.5 24 3.4 10 Apr 27 

7 Fukushima [Fukushima] 971.7 260 5.1 20 May 9 

8 

 

Ibaraki 

 

Mito then 

Hitachinaka 
102.7 71 9.2 4 May 1 

9 Tochigi Utsunomiya 145 41 6.6 9 May 5 

10 Gunma Maebashi 9.9 5.5 4.4 2 May 7 

11 Saitama Saitama 323.9 71 1.8 21 May 4 

12 Chiba Ichihara 127.3 36 3.3 9 May 4 

13 Tokyo Shinjuku 24.3 7.3 5 4 May 15 

18 Fukui Fukui 2.3 2.3 2.3 1  Apr 30 

 Legend : see Table 1. 
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Figure 1 – Fallout of I-131 (Bq/m

2
). 

 
 

 Figure 2 – I-131 in drinking water (Bq/l). 

 

 

 

 
Figure 3 – Fallout of Cs-137 (Bq/m

2
).   Figure 4 – Cs-137 in drinking rater (Bq/l). 

   
 

It is also clear, as expectable, that drinking water maximum of contamination both by iodine 

or cesium always came about two days after a maximum of radioactivity concentrations of 

these radionuclides in fallout. Yamagata that showed high values of fallout had very low 

contamination in its drinking waters. The reasons therefore are unclear. Meteorological data 

on rain and snow falls (not reported here) indicated that higher concentrations of radioactivity 

in fallout corresponded to heavy rainy or snowy days. After some six weeks, contamination 

only appeared sporadically in one or another prefecture, for one or two days, and this reflects 

that the radioactive cloud fragmented, with these fragments carried around by the winds. 

 

 

5. CONCLUSIONS 

The accident(s) at Units 1-4 of the Nuclear Power Station at Fukushima Daiichi released huge 

amounts of radionuclides to the environment. The radionuclides activities of I-131, Cs-

137,134 have been measured in fallout (Bq/m
2
) and in drinking water (Bq/l) in the capitals of 
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all Japanese Prefectures. Maximum of drinking water contamination by these radionuclides 

occurred in general two days after a maximum of their presence in the fallout. Surprisingly, 

in the prefecture of Yamagata, the values for fallout of iodine and cesium were very high, the 

values in drinking water were insignificant. The routes of contaminations indicated an initial 

movement of the radioactive cloud to the North and West and then mainly to the South and 

South-West, reaching the great metropolitan region of Tokyo where about 37 million people 

live. Tokyo is the city where contamination of drinking water by I-131 occurred most times 

(45 days), but always beneath the limit of consumption. With this exception, the Prefecture of 

Saitama was the one where cesium was most time observed, both in drinking water as in the 

fallout. Similarly, I-131 in the fallout was also most times detected in Saitama. Among the 

prefectures considered in this study, five were particularly impacted: Ibaraki, Yamagata, 

Tochigi, Saitama and Tokyo. 
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