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Abstract
Concentrations of 129I in coastal surface sediment samples from the east coast of Aomori, Japan, 2–65 km away from the 
wastewater outlet of the nuclear fuel reprocessing plant at Rokkasho, Japan, were measured from 2006 to 2010. No clear 
effect on 129I/127I atom ratios in marine sediments was observed, although 129I was discharged from the plant, during its test 
operation using actual spent fuel, mainly between 2006 and 2008. The ratio in sediments collected at a fishing port at the 
mouth of a brackish lake increased in 2007, showing that the 129I migrated from the lake to the port.
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Introduction

Iodine-129 is one of the major radionuclides released to the 
atmosphere and aquatic environments from spent nuclear 
fuel reprocessing plants during their normal operation [1, 2]. 
Since 129I has a long half-life of 1.57 × 107 years, the envi-
ronmental behavior of 129I should be studied to ensure the 
safety of the local population around the reprocessing plant 
and also for public acceptance of such plants. Additionally, 
129I has become an indicator estimating behaviors of other 
anthropogenic radionuclides, such as 131I, in coastal areas 
[3–5]. Therefore, it is important to understand the dynamics 
of 129I in aquatic environments.

Japan Nuclear Fuel Limited (JNFL) constructed the first 
large commercial spent nuclear fuel reprocessing plant in 
Rokkasho, Aomori, northeast Japan. The plant is under final 

safety review of its operation by the Nuclear Regulation 
Authority. Before the start of the review, JNFL tested the 
plant performance by processing actual spent nuclear fuel 
from the end of March 2006. The spent fuel rods were cut 
and dissolved during the period from April 2006 to October 
2008 (hereafter referred to as the “cutting period”). Dur-
ing the cutting period, 0.74 and 0.50 GBq of 129I were dis-
charged from the main stack of the plant to the atmosphere 
and from a wastewater pipeline outlet to the Pacific Ocean 
(JFNL, http://www.jnfl.co.jp/safet y-agree ment, Fig. S1). 
Since October 2008, no significant discharge of 129I has been 
reported, except for occasional low-level discharges.

The reprocessing plant is located in a coastal area in 
northeast Japan, bordering the Pacific Ocean (Fig. 1). The 
plant is situated adjacent to a brackish lake, Lake Obuchi, 
which has a fishing port at its mouth to the Pacific Ocean. 
The wastewater from the plant has discharged from a pipe-
line outlet ca. 2.5 km offshore from the port. We have meas-
ured 129I concentrations in various aquatic environmental 
samples collected around the plant and have already reported 
part of these data. In brackish Lake Obuchi, the 129I con-
centrations in the lake water increased significantly during 
the cutting period and thereafter decreased almost to back-
ground levels within a few years [6]. The concentrations 
of 129I in aquatic organisms in the lake, such as seagrass, 
fish, shellfish, and shrimp, also increased during the cutting 
period, followed by a rapid decrease [7]. The 129I/127I atom 
ratios in the latter samples were found to depend on the ratio 
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in the lake water. On the other hand, the 129I inventory in the 
lake sediment increased during the cutting period and this 
level persisted after that period, suggesting an equilibrium 
between 129I deposition on the sediment and dissolution 
from it or strong fixing of 129I to the sediment [8].

We also measured 129I concentrations in seawater sam-
ples collected near the outlet of the wastewater pipeline 
and reported a slight increasing tendency during the cutting 
period [6]. The 129I discharged from the plant is also consid-
ered to affect its level in coastal marine sediments, such as 
in the case of lake sediment in the Obuchi Lake. To clarify 
the effect of the discharged 129I to the concentration levels 
in the marine sediments, we measured 129I concentrations 
in marine sediment samples collected from the coastal sea 
area, including the Rokkasho coast.

Experimental

Sampling

The surface (0–5 cm) sediment samples were collected from 
the five stations shown in Fig. 1 using the Smith-McIntyre 
grab sampler (Smith-Mcintyre Bottom Sampler 5144-B, 
Rigo Co. Ltd., Japan) once per year during 2006 to 2010 

(Table 1). The sediment samples at all stations were sandy 
except for St. 4 at Obuchi Fishing Port, where it was some-
what muddy. Since the southward ocean current is the most 
dominant in the Rokkasho coast [9], the sampling stations 
were located along the coastal area south from the wastewa-
ter pipeline outlet of the reprocessing plant. St. 4 is located 
inside the breakwater of the port facing the mouth of the 
channel from Lake Obuchi to the Pacific Ocean. The col-
lected samples were dried at 80 °C for 24 to 48 h and sieved 
by a 2 mm mesh to remove large particles, such as seashells 
and gravel.

Analysis

The detailed analytical procedure of 129I has been reported 
in the previous study [8]. Briefly, the dried sample was com-
busted under a flow of oxygen in a quartz tube placed in a 
muffle furnace after addition of an iodine carrier (Wood-
ward Iodine Co., USA), trapping the iodine volatilized by the 
combustion in tetramethyl-ammonium hydroxide (TMAH) 
solution. The iodine in the solution was purified by tolu-
ene extraction with oxidation–reduction of iodine, followed 
by precipitation as AgI. The 129I/127I atom ratio in the AgI 
sample was determined with an accelerator mass spectrom-
eter (AMS) at the PRIME Laboratory of Purdue University, 

Fig. 1  Sampling sites in Aomori, east coast of Japan. Black squares 
are sampling stations. Station numbers 1 to 3 have been sampled and 
reported in previous studies [8]. A double circle and triangle repre-

sent the nuclear fuel reprocessing plant and its emissions pipeline 
outlet, respectively. The dotted lines represent bathymetric contours 
with water depths
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USA. To determine the 129I concentration, the 127I concen-
tration in the sample was measured using an inductively 
coupled plasma mass spectrometer (Agilent-7700, Agilent 
Technologies, Inc., USA) after extraction of iodine with 
TMAH solution. A standard reference material (IAEA-375, 
soil sample) with the reference value of 1.7 mBq kg−1-dry 
weight (DW) of 129I concentration was also analyzed to 
maintain high accuracy of the measured results.

The organic carbon (OC) concentration in the sample 
was measured using an elemental analyzer (NCS-2500, CE 
Instruments, Italy) after removing the inorganic carbon by 
HCl.

The concentration of 137Cs in the samples, which were 
packed into plastic containers (60 mm diameter and 37 mm 
height) was analyzed using high-purity Ge semiconductor 
detectors (relative efficiencies of 25% and 59%, Seiko EG & 
G Ortec, USA) connected to multi-channel analyzers. The 

counting efficiency of each detector was determined using 
a set of standard radioactive volume sources in the same 
sized containers (MX033U8PP, Japan Radioisotope Asso-
ciation, Japan). Counting time was approximately 150,000 to 
340,000 s for a sample with 90 to 160 g-DW. The concentra-
tion of 137Cs was decay-corrected to that at each sampling 
time.

Results and discussion

The 129I concentrations and 129I/127I atom ratios in the 
sediment samples are shown in Fig.  2 and Table 1. A 
clear increase in the 129I concentrations during the cutting 
period (2006–2008) was observed only at St. 4 at Obuchi 
Fishing Port by the mouth of Lake Obuchi, while no sig-
nificant temporal trend was found for the offshore marine 

Table 1  Concentration of 129I, 137Cs, organic carbon, and 129I/127I atom ratio in coastal sediments collected from Rokkasho coast, Japan

The concentration of 137Cs was calculated decay-corrected to an initial value at each sampling time
a Counting statistics error (a standard deviation)
b Error propagated from counting statistics of 129I and a standard deviation of repeated scan results for 127I by the ICP-MS
c The number of significant digits for the data in this table is two

Station Sampling date 
(year/month/
day)

129I concentra-
tion (Bq g−1 
DW)

Errora 129I/127I atom ratio Errorb 137Cs concentra-
tion (Bq g−1 
DW)

Errora Organic carbon 
concentration  (mg−1 
DW)

St. 4 2006/6/28 1.4E−8c 5.6E−10 1.4E−10 5.7E−12 5.9E−4 9.0E−5 4.5
40°57.94′N 2007/6/27 9.1E−8 4.2E−9 5.2E−10 2.7E−11 7.6E−4 7.0E−5 8.9
141°23.43′E 2008/6/16 1.7E−7 1.6E−8 1.0E−09 9.6E−11 4.8E−4 1.1E−4 8.1
Depth: 4 m 2009/6/25 1.6E−7 3.7E−9 9.3E−10 2.1E−11 7.4E−4 1.3E − 4 7.2

2010/6/22 9.2E−8 4.1E−9 1.2E−09 5.2E−11 4.6E−4 7.8E−5 4.4
St. 5 2006/6/28 2.4E−8 1.1E−9 1.2E−10 5.7E−12 9.2E−4 7.0E−5 1.9
40°56.38′N 2007/6/27 1.8E−8 7.6E−10 1.6E−10 7.1E−12 9.1E−4 8.0E−5 0.7
141°27.43′E 2008/6/16 2.2E−8 1.5E−9 1.9E−10 1.3E−11 8.7E−4 5.0E−5 0.8
Depth: 120 m 2009/6/25 1.2E−8 3.5E−10 9.8E−11 3.2E−12 9.5E−4 1.2E−4 1.3

2010/6/22 1.7E−8 2.0E−9 1.5E−10 1.8E−11 8.6E−4 1.0E−4 1.4
St. 6 2006/6/27 1.7E−8 6.3E−10 9.2E−11 3.5E−12 9.5E−4 7.0E−5 1.1
40°48.58′N 2007/6/26 2.3E−8 7.7E−10 2.0E−10 7.2E−12 7.7E−4 1.0E−4 0.5
141°32.91′E 2008/6/17 2.6E−8 1.8E−9 1.9E−10 1.3E−11 8.2E−4 1.1E−4 1.1
Depth: 95 m 2009/6/24 1.8E−8 5.5E−10 1.6E−10 5.0E−12 8.7E−4 8.8E−5 1.4

2010/6/29 1.8E−8 7.5E−10 1.5E−10 6.5E−12 8.8E−4 9.1E−5 1.5
St. 7 2006/6/26 2.2E−8 9.6E−10 1.9E−10 8.6E−12 6.2E−4 5.0E−5 0.9
40°39.83′N 2007/6/26 1.4E−8 6.9E−10 1.6E−10 9.2E−12 4.7E−4 6.0E−5 0.2
141°48.03′E 2008/6/18 1.2E−8 1.7E−9 1.4E−10 1.9E−11 6.8E−4 8.0E−5 0.6
Depth: 95 m 2009/6/24 2.3E−8 7.2E−10 1.9E−10 7.9E−12 6.5E−4 4.8E−5 1.0

2010/6/29 2.9E−8 2.7E−9 1.7E−10 4.2E−12 5.6E−4 8.1E−5 1.9
St. 8 2006/6/26 3.6E−8 1.5E−9 1.8E−10 7.7E−12 5.4E−4 5.0E−5 1.9
40°32.95′N 2007/6/26 3.9E−8 1.8E−9 1.5E−10 7.0E−12 9.1E−4 1.0E−4 2.4
141°57.42′E 2008/6/19 3.8E−8 5.6E−9 1.4E−10 2.0E−11 9.1E−4 4.0E−5 2.6
Depth: 120 m 2009/6/24 4.4E−8 1.4E−9 9.7E−11 3.9E−12 6.3E−4 8.5E−5 3.3

2010/6/29 2.5E−8 9.7E−10 1.0E−10 4.2E−12 6.1E−4 6.4E−5 2.5
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sediment samples at St’s. 5–8. In particular, the 129I/127I 
atom ratios of the offshore samples had a rather small CV 
of less than 30% at each station with the overall mean and 
a standard deviation of [1.5 ± 0.3] × 10−10. Since we have 
no background data for coastal marine sediments in the 
target sea area before the cutting period, a direct com-
parison between the present data and background values 
is not possible.

The 129I/127I atom ratio of 1.2 × 10−10 was measured in 
the sediment sample from St. 5 on 28 June 2006, which 
was closest to the wastewater pipeline outlet. No liquid 
129I discharge from the plant was reported until August 
2006, although 129I had been discharged atmospherically 
from April 2006 (Fig. S1). The mean 129I/127I atom ratio 
during 2006 to 2010 was [1.4 ± 0.4] × 10−10 for sediment 
samples at St. 5, and the trend of the ratio appeared to be 
unaffected by 129I discharged from the plant during the 
cutting period (2006–2008). Similar values of the 129I/127I 
atom ratio recorded at other stations (St. 6 to St. 8) with 
those at St. 5 also support the lack of an effect from the 
discharged 129I on the sediments; no obvious dilution effect 
of 129I with distance from the wastewater pipeline outlet was 
found. Overall, it is difficult to conclude that the discharged 
129I affected the measured 129I/127I atom ratio in the costal 
marine sediments.

We measured the 129I/127I atom ratio in seawater sam-
ples collected near the wastewater pipeline outlet (St. 5) 
and these were reported elsewhere [6]. The 129I/127I atom 
ratios of [2.0 ± 1.5] × 10−10 and [0.49 ± 0.22] × 10−10 were 
found in the seawater samples collected during the cutting 
period and 2009 to 2010, respectively, with statistically 
significant differences between each other according to the 
U test (p < 0.01). Although the data after 2010 were avail-
able, those were possibly affected by 129I released from the 
Fukushima Dai-ichi Nuclear Power Plant accident [5] and 
were excluded here. In addition, it should be noted that small 
scale discharge of 129I (~ 1/10 of the maximum discharge rate 

during the cutting period) continued during 2009 to 2010 
(Fig. S1).

However, the 129I/127I atom ratios in offshore marine sed-
iment samples were higher than the possible background 
ratio of [0.49 ± 0.22] × 10−10 in seawater samples mentioned 
above. We have one background 129I/127I atom ratio in the 
seawater sample collected at St. 5 in 2005 (before cutting 
period) showing 0.50 × 10−10 which was comparable to the 
values during 2009 to 2010. Therefore, the 129I/127I atom 
ratio in offshore marine sediment samples may be approxi-
mately three times higher than that in the background sea-
water sample, although the ratio in the sediment samples 
is comparable to those in seawater at St. 5 during the cut-
ting period. As mentioned above, even though the 129I/127I 
atom ratio in seawater samples during the cutting period was 
comparable with those in the marine sediment samples, it is 
not plausible that the 129I in seawater affected the sediment, 
because there is no dilution effect of the 129I/127I atom ratios 
in the sediments with distance from the wastewater pipeline 
outlet of the reprocessing plant.

The 129I concentration in the offshore marine sediment 
samples showed some variation with sampling location 
and date. The concentration of stable iodine (127I) in the 
sediment samples is plotted against that of OC in Fig. 3. 
It is apparent from the figure, that the 127I concentration 
clearly depends on the OC concentration. The dependence 
with OC is slightly observed in the 129I concentration also 
(Fig. S2). The relationship of 127I concentration against OC 
concentration appeared to be quadratic rather than linear. 
Regardless of the specific function, it is strongly suggested 
that 127I in the sediment is bound to organic materials. Pre-
vious studies have also reported that the majority of iodine 
in the seabed sediments and terrestrial soils was combined 
with organic matter [10–15]. If terrestrial organic iodine 
compounds existed and accounted for a significant part of 
the sedimentary iodine, the higher 129I/127I atom ratio in the 
sediment compared to that in the seawater may be caused 
by sedimentation of terrestrial organic iodine compounds. 
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Usui et al. [16] reported the stable isotope ratios of C and N 
and C/N ratios in sediment samples in the continental shelf 
area around the river mouth of Tokachi River, Hokkaido, 
northeast Japan. They estimated the contribution of terres-
trial organic materials to the marine sediment accounted for 
up to 50%, depending on the direction and distance from 
the river mouth. The most affected sediment samples were 
collected in an area shallower than 100 m in depth, while 
the contributions to the area deeper than 100 m depth were 
small. Although there is no data for 129I/127I in organic 
materials in fresh water in the Rokkasho area, we reported 
the 129I/127I ratio of [22 ± 19] × 10−10 (2 samples) for total 
iodine in water samples collected during 2005 from the 
Futamata River, which flows into Lake Obuchi. If we assume 
22 × 10−10 and 0.50 × 10−10 as the 129I/127I atom ratios in ter-
restrial and marine organic materials, respectively, the iodine 
in terrestrial organic materials would contribute ~ 5% of that 
in the coastal sediments with 1.5 × 10−10 of the 129I/127I atom 
ratio. However, the Futamata River is a small river with an 
annual mean flow rate of ca. 0.5 m3 s−1 as measured by 
Aomori Prefecture, and we do not have data for the 129I/127I 
atom ratios of the major rivers flowing into the target sea 
area, such as the Mabechi River with an annual mean flow 
rate of ca. 60 m3 s−1 (website of Water Information System, 
Ministry of Land, Infrastructure, Transport and Tourism, 
http://www1.river .go.jp, in Japanese). Further studies are 
required to clarify the cause of the higher 129I/127I ratios in 
the marine sediment samples.

The 129I concentrations and 129I/127I atom ratios in the 
sediment samples at St. 4 were clearly affected by the 129I 
discharged from the reprocessing plant. Figure 4 shows the 
temporal trend of the 129I/127I atom ratios in the all sediment 
samples together with the ratio in the lake surface (0–5 cm) 
sediment samples from Lake Obuchi reported previously 
[8]. The sampling points for the lake sediments are shown 
in Fig. 1. As shown in Fig. 4, the 129I/127I atom ratio in the 
lake sediment samples significantly increased in 2008 and 

gradually decreased or remained fairly constant after the cut-
ting period. The 129I inventories in the sediment samples up 
to 25 cm depth were reported to be almost constant after 
2009 [8]. Unfortunately, the lake sediment samples were not 
collected in 2007. The 129I/127I atom ratio at St. 4 in 2006 
was similar to values in the offshore marine sediments at 
St’s. 5 to 8, showing that 129I supplied from the lake water 
to the sediments of St. 4 was diluted by iodine in seawater in 
that year. The salinity in the water at St. 4 varied from 30 to 
34 psu, while that in Obuchi Lake varied from 15 to 30 psu, 
supporting the dilution effect by seawater at St. 4. In 2007, 
the 129I/127I atom ratio at St. 4 started to increase and reached 
almost a half of that at the center of Lake Obuchi in 2010. 
Those results suggest that the 129I in sediments in Obuchi 
Lake and at St. 4 may have originated from river water and/
or direct deposition to the lake water surface.

The 137Cs concentrations in the sediment samples are 
shown in Table 1. Since no 137Cs release from the reprocess-
ing plant has been reported, the observed 137Cs is considered 
to have originated from nuclear weapons fallout. According 
to the database of monitoring results around nuclear facilities 
in Japan (https ://searc h.kanky o-hosha no.go.jp), maintained 
by Nuclear Regulation Agency, the 137Cs concentrations in 
coastal marine surface sediment samples (n = 198) collected 
during 2005 to 2010 around the nuclear facilities in Aomori 
Prefecture varied from below the detection limit (n = 82) to 
5.3 Bq kg−1 DW with a median value of 2.0 Bq kg−1-DW. 
The present 137Cs concentrations are comparable to those 
values, but lower than the median.

The 129I/137Cs activity ratios in the present sediment sam-
ples were plotted in Fig. 5, together with those in the surface 
(0–5 cm) sediments in Lake Obuchi in 1997 [8, 17]. As with 
the 129I/127I atom ratios, the 129I/137Cs activity ratios in the 
marine sediment samples (St’s 5 to 8) were fairly constant 
during the observation period and revealed no obvious effect 
on the 129I concentrations in those samples. Additionally, 
these values are comparable with those of the lake sediments 
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before the cutting period. The 129I/137Cs activity ratios at St. 
4 increased in 2007 and remained high after that year. This 
may suggest that 129I/137Cs activity ratio became an indicator 
of environmental radioactivity derived from the reprocessing 
plant in aquatic sediments.

Conclusions

The reprocessing plant at Rokkasho, Japan, carried out its 
test operation using actual spent fuel and discharged a con-
trolled amount of 129I into the atmosphere and the Pacific 
Ocean. The bulk of the 129I was released to the ocean during 
2006 to 2008. To assess the effect of this discharge of 129I 
to marine sediments, we collected surface sediment sam-
ples at four offshore stations off the east coast of Aomori, 
Japan, with an additional station at Obuchi Fishing Port by 
the mouth of Lake Obuchi, every year from 2006 to 2010. 
Similar 129I/127I atom ratios were found in the offshore sedi-
ment samples throughout the observation period with no 
significant variation among the sampling stations. Since no 
data had been obtained in the target sea area before the test 
operation, we cannot directly compare the present results to 
the background. Since no obvious variation in the 129I/127I 
atom ratios was shown to be dependent on the discharge 
rate from the plant or distance from the wastewater pipeline 
outlet, our results strongly suggest that the discharged 129I 
did not affect the 129I levels in the offshore sediments. On the 
other hand, the 129I/127I atom ratios in the sediment samples 
at Obuchi Fishing Port clearly increased from 2007, showing 
that the 129I migrated from Lake Obuchi.
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