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ABSTRACT 
 

On March 11, 2011 the biggest earthquake ever registered in Japan severed off-site power supply to the 

Fukushima Daiichi Nuclear Power Station. Backup diesel generators began providing electricity to pumps 

circulating coolant to the reactors, but were knocked out by a large tsunami and the nuclear site lost the ability to 

maintain proper reactor cooling. This was the beginning of a huge nuclear accident that was assigned an INES 

maximum rating of 7. On March 21, Japanese authorities reported that the Tokyo Electric Power Company 

(TEPCO) had detected radioactive materials in seawater. Radioactivity started to be measured by the Japan 

Atomic Energy Agency every two days in sea water from eight locations, 30km from the coastline. I-131 and 

Cs-137 were analyzed among other radionuclides. It is the aim of this paper to gather all this information and to 

discuss the evolution of the radioactive marine contamination during the first month of the accident. Results 

indicate for surface seawater concentrations ranging from 24.9 to 161.0 Bq/L for I-131 and 11.2 to 186.0 Bq/L 

for Cs-137, and for deep waters of 1.59-15.0 Bq/L (I-131) and 0.0-11.4 Bq/L (Cs-137). The I-131 concentrations 

in superficial waters were at or above Japanese regulatory limits in the first days, then lowered during one week 

to increase again above limits when TEPCO released contaminated water into the ocean, to finally reach not 

detectable values the last week of April. With the exception of point 4, on April 15, the Cs-137 levels were 

always well below regulatory limits.  

 

 

1. INTRODUCTION 

 

On March 11, 2011 an earthquake of magnitude 8.9 (then corrected to 9.0), the biggest ever 

registered in Japan, struck the east coast of Honshu. The epicenter was situated under the 

bottom of the sea, some kilometers off the coast of the Miyagi Prefecture. This earthquake 

severed off-site power supply to the Fukushima Daiichi nuclear power station (NPS) 

composed of six reactors, and triggered the automatic shutdown of the three operating Units 

1, 2, and 3. The control rods in those units were claimed to have been inserted into the reactor 

cores, ending the fission chain reaction [1]. Unit 4, in turn, had previously been shut down for 

a routine, planned maintenance outage on 30 November 2010. After the outage, all fuel from 

the reactor was transferred to the spent fuel pool. Similarly, the remaining reactors (Units 5 

and 6) had previously been shut down for routine maintenance [2].  
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Immediately after the earthquake, backup diesel generators, designed to start up after losing 

off-site power, began providing electricity to pumps circulating coolant to the six reactors. 

However, some 55 minutes later, a large tsunami, that reached 15m high, flood on the nuclear 

site, knocking out the backup generators. Consequently, the entire site lost the ability to 

maintain proper reactor cooling and water circulation functions [1, 2]. 

This was the beginning of a huge nuclear accident at the Fukushima Daiichi Nuclear Power 

Station that was first assigned an INES rating of 4, then 5 and finally on April 12 a rating of 

7, the same as the Chernobyl accident, mainly because of the significant release of 

radioactivity to the environment.  

In two previous papers, some details of the accident were described, and the fallout and 

drinking water contamination by I-131 and Cs-134,137 reported for all the territory of Japan 

[3] as well as the near-shore contamination nearby two release channels at the NPS [4].  This 

study aims to assess the off-shore marine contamination by I-131 and Cs 134,137. 

 

 

2. RADIATION MONITORING AND OCEAN CONTAMINATION 

 

Although no nuclear explosion occurred, the reactors 1, 2 and 3 suffered hydrogen explosions 

on March 12 at Unit 1 (at 3:36 p.m., local time), March 14 at Unit 3 (at 11:01 a.m.), and 

March 15 at Unit 2 (at 6:20 a.m.) [1,2]. On the same day a fire started at the spent fuel pool of 

Unit 4 (at 4:50 CET) that lasted two hours to be extinguished [1]. 

Between March 14 and 16, announcements made by the IAEA and by The Tokyo Electric 

Power Company – TEPCO, the Daiichi Nuclear Power Station operator, stated that 

“According to the parameters, it was estimated that the reactor containment vessels [at both 

Units 1 and 3] remain intact.” [1,2] “However, the explosion that occurred at 21:14 UTC 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.” [1]. 

In fact, one knows now that the cores of reactors 1, 2 and 3 were partially damaged and, 

despite declarations made by Japanese authorities on March 11 informing that there had been 

no release of radiation, all these events indeed released huge amounts of radioactivity to the 

atmosphere. Therefore, on March 15 the evacuation of the population from the 20-km zone 

around Fukushima Daiichi had already been successfully completed by Japanese authorities 

who also advised people within a 30-km radius around the NPS to take cover indoors. Iodine 

tablets were distributed to evacuation centers but no decision on their administration had been 

taken at that time. 

Less than one week after the earthquake, TEPCO expressed environmental concern on saying 

that: “… the status of the plant and the impact of radioactive materials to the outside 

environment are presently under investigation.” [2] Consequently, since March 17, a giant 

environmental monitoring program had been set up covering the entire Japanese territory, 

looking for fallout of I-131 and Cs-134,137 in all the capitals of the 47 Japanese Prefectures.  

Marine contamination was considered only some days after, when TEPCO informed: “On 

March 21, 2011, we conducted sampling, as a part of monitoring of surrounding 

environments, and detected radioactive materials in the seawater around the water discharge 

canal (of the south side) of Fukushima Daiichi Nuclear Power Station, which was damaged by 

the Tohoku – Pacific Ocean Earthquake. Therefore, we informed Nuclear and Industrial 

Safety Agency (NISA) and the government of Fukushima Prefecture of the results.” The same 
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day, Japanese authorities reported that TEPCO had detected radioactive materials in seawater 

at one location near the Southern discharge canal at NPS and that they will measure 

radioactivity in the marine environment around the plant. On March 24, Japanese authorities 

provided the IAEA with data on seawater samples they collected on 22 and 23 March, after 

detecting iodine and cesium in the water near the Fukushima Daiichi nuclear power plant. 

Since then, two marine monitoring programs were carried out covering some 30 seawater 

sampling points along the east coast of Japan: one under TEPCO’s responsibility which 

analyses points nearby the NPS and along the coastline, the other set up by the Ministry of 

Education, Culture Sports, Science and Technology (MEXT) which screens off-shore 

seawater. The monitoring survey was implemented in the sea area in order to identify the 

status of release of radioactive substances from the Fukushima Daiichi Nuclear Power Station 

[5]. 

Thus, seawater from eight locations, 30 km from the coastline at 10 km intervals, started to be 

sampled and analyzed by the Japan Atomic Energy Agency (JAEA). The analysis included 

radionuclide concentrations in surface and bottom sea water. Dose rate measurements were 

also carried out. With time, new sampling locations were added, two in the North direction, 

and four in the South direction, since dispersion processes promoted by waves, winds and 

marine currents, and fallout on the ocean produced a plume of radioactivity that was 

tentatively modeled by Sirocco
1
 [7], and because the major fallout on earth was consistently 

observed in Prefectures South to Fukushima, such as the Prefectures of Tochigi, Ibaraki, 

Chiba, Saitama and Tokyo [3]. 

Measurements of seawater contamination have been released every day. We here report on 

MEXT’s analyses of I-131, Cs-134 and Cs-137 at eight locations lying on a north-south 

transect parallel to the coast and 30km off-shore, starting some 35km North of the Fukushima 

NPS and ending 45km South of it (Figure 1, points 1 to 8). 

 
 

3. METHODS 

 

Sampling of air and seawater were carried out by the Japanese Ministry of Education, 

Culture, Sport, Science and Technology (MEXT) and were available from the official site: 

http:// eq.wide.ad.jp/index_en.html since March 24 [5].  

Data on seawater contamination by I-131 and Cs-137 have been obtained daily. For this 

work, we considered the period of one month (March 23 to April 25, 2011) after the first 

detection of radioactivity in seawater on March 21, and the collecting points 1 to 8 (Figure 1). 

MEXT has collected samples of seawater at those 8 points on March 23, 24 and 25, and then 

every two days alternating at points 1,3,5 and 7 or at points 2,4,6 and 8. Coordinates of 

sampling locations were as follows: point 1 (former name A1-P1) 37° 39.3´ N, 141° 24.0´ E; 

point 2 (A1-P2) 37° 35.0´ N, 141° 23.9´ E; point 3 (A1-P3) 37° 30.2´ N, 141° 23.9´ E; point 

                                                 
1
 The Group SIROCCO of the Observatoire Midi-Pyrenées of the University of Toulouse, CNRS, carried out 

model calculations. The model was based on an ocean circulation and current weather conditions and the 

results showed an initial north-eastern transport of liquid releases from the damaged reactors and the 

contaminated water would reach the northern monitored stations between 1 and 2 weeks later. A model with 

tracer release directly in the sea show an along shore propagation in the southern direction and a northeast 

propagation moving away from the coast. With tracer release from atmospheric deposition, the propagation 

stretch offshore entering the Kuro-Shivo current in few days. The first results should just be taken as 

indication of the dilution capacity and transport route of sea water. 
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4 (A1-P4) 37° 24.1´ N, 141° 24.4´ E. point 5 (A2-P1) 37° 16.1´ N, 141° 23.8´ E; point 6 (A2-

P2) 37° 12.1´ N, 141° 23.9´ E; point 7 (A2-P3) 37° 05.7´ N, 141° 24.0´ E and point 8 (A2-

P4) 36° 59.9´ N, 141° 23.8´ E. A1 meant area 1, that is off-shore of the Fukushima Daiichi 

NPS and A2 meant area 2, the off-shore of the Fukushima Daini NPS that was not seriously 

affected by the earthquake/tsunami. At those locations surface and deep water samples were 

obtained. Deep water samples were taken at about 10m above the bottom of the sea. Depths 

were: point 1, 115m; point 2,121m; point 3, 112m; point 4, 127m; point , 137m; point 6, 

141m, point 7, 160m and point 8, 171m. Measurements were made with a CsI(Tl) 

scintillation detector (PDF-101、ALOKA). When necessary, documents released in Japanese 

were translated by two of the authors (E.M. and P.V.K.). 

 

 

 

 
Figure 1 – Map of MEXT’s sampling points, on March 24, 2011 [5]. 
 

 

 

4. RESULTS AND DISCUSSION 

 

Every two days, since March 23, concentrations of activities of I-131 and Cs-137 have been 

reported for seawater samples collected at eight locations, on a transect parallel to the coast 

30 km from it. Superficial and deep waters were collected. Cs-134 analyses were released 

only on end of April, and resulted consistently in non detectable concentrations at any of the 

eight points. Consolidated values for I-131 and Cs-137 per collecting point are reported in 

Table 1. 

Daiichi 

NPS 

Daini NPS 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

Iodine-131 concentrations of radioactivity varied from 24.90 (Point 1) to 161.00 Bq/L (Point 

4) in superficial waters and from 1.59 (Point 2) to 15.00 Bq/L (Point 5) in deep waters. 

Concentrations of radioactivity of Cs-137 varied from 11.20 (Point 2) to 186.00 Bq/L (Point 

4) in superficial waters and from 0 (Point 2) to 11.40 Bq/L (Point 7) in deep waters.  

On the whole, concentrations of iodine and cesium were respectively one and two order of 

magnitude higher in superficial waters than in deep waters. The contamination at these 

locations is influenced by aerial deposition of fallout as well as by the migration of 

contaminated seawater from the discharge points at the reactor [4], but aerial deposition must 

act more on superficial than on deep waters. 
 

 

 
Table 1 – Maximum and minimum values for concentrations of radioactivity of I-131 and Cs-

137 in seawater collected at eight locations, 30km off the coast, in front of the Fukushima 

Daiichi NPS, along one month from March, 23 until April, 25. 

nuclide local  1 2 3 4 5 6 7 8 

I-131 max 24.90 30.00 77.40 161.00 68.40 56.30 49.00 39.40 

superficial min 0 0 0 0 0 0 0 0 

waters n 11 11 11 11 11 11 11 11 

  day max Mar,23 Mar,23 Apr,9 Apr,15 Apr,17 Apr,7 Apr,17 Mar,23 

I-131 max 2.62 1.59 9.63 2.96 15.00 2.17 11.80 1.98 

deep min 0 0 0 0 0 0 0 0 

waters n 7 6 7 6 7 6 7 6 

  day max Apr,1 Apr,3 Apr,5 Apr,3 Apr,5 Mar,30 Apr,5 Apr,3 

Cs-137 max 16.40 11.20 44.20 186.00 83.30 39.50 53.30 33.30 

superficial min 0 0 0 0 0 0 0 0 

waters n 11 10 11 10 11 10 11 10 

  day max Mar,23 Mar,23 Apr,9 Apr,15 Apr,17 Apr,15 Apr,17 Apr,15 

Cs-137 max 0.08 0 9.96 1.16 8.64 1.68 11.40 8.40 

deep min 0 0 0 0 0 0 0 0 

waters n 7 6 7 6 7 6 7 6 

  day max Apr,1 - Apr,1 Apr,3 Mar,28 Apr,3 Apr,17 Mar,30 

(points 1-8, see Figure 1; n: number of analyses; day of observed maximum; values in Bq L
-1

) 

 

 

 

Comparing the maximum concentrations observed at each location for superficial waters, the 

highest values both for I-131 and Cs-137 were observed at points 3, 4 and 5, which are the 

locations in front of the Daiichi NPS (Figures 2 and 3). In addition, maximum values at 

points 1 and 2 were lower than the values observed at the equidistant points 7 and 8 (Figures 

2 and 3). This can the related to the sea current going south along the coast of Japan. 

Initially the values for iodine-131, in superficial waters at points 3 to 6, were near or well 

above Japanese regulatory limits (40Bq/L). On the contrary, cesium-137 levels recorded at the 

eight points well below those limits (90Bq/L). 

 Evolution along time indicated a non-uniform distribution and trend, characterized by an 

irregular but continuous decrease of both iodine and cesium concentrations (Figures 4 and 5) 
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until March 28. This was followed by constant low values until more or less April 7, when 

radioactive concentrations suddenly increased to values above the initial ones, and then 

oscillated with a profile identical for I-131 and Cs-137 at each point, but different from one 

point to the other. This sudden increase observed on April 7 can be correlated with trends in 

concentrations measured close to the discharge points, or more probably to the discharges of 

low level radioactive water into the sea that started on 4 April and that was said to have lasted 

no more than five days [4]. The amount of low level radioactive wastewater discharged to the 

sea was approx 9,070 tons from the Central Radioactive Waste Disposal Facility and approx 

1,323 tons from the sub-drain pits of Units 5 and 6 (Unit 5: approx 950 tons, Unit 6: approx 

373 tons). The total radiation discharged was approx 1.5 x 10
11

 Bq [2]. Another reason may 

be the impact of the contaminated water with a high radioactivity level that flowed out from 

Unit 2 between April 2 and April 5. The outflow rate has been estimated to have been 

approximately 4.3 m
3
/h. The concentrations of the relevant radionuclides, estimated from 

measurements, were 5400 MBq/L of I-131, 1800 MBq/L of Cs-134 and 1800 MBq/L of Cs-

137 on May, 2 [1]. 
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In terms of impacts on marine food, analyses by the National Research Institute of Fishery 

Research have been reported for fish and other sea-foods. This topic will be the subject of 

another paper. 

 

 

5.  CONCLUSIONS 

 

As expected the concentrations of I-131 and Cs-134,137 oscillated quite a lot. In the near 

future, depending on the discharge levels, dilutions by ocean currents and into deeper waters 

and the decay of short lived radionuclides (e.g. I-131) will soon lead to lower values. Indeed, 

the analysis for almost all sampling positions has shown a general decreasing trend in 

concentrations of the relevant radionuclides over time. Samples from coastal positions [2, 4] 

still show higher concentrations of such radionuclides than samples from off-shore positions. 

The radionuclides I-131, Cs-134 and Cs-137 are no longer detected in sea water samples of 

the off-shore positions. Cesium isotopes must although persist for longer times into the 

marine environment through i.a. bioaccumulation by marine biota.  
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