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legacy of Fukushima

A. J. Timothy Jull****, Ching-Chih Chang™*, George S. Burr?,

Li Cheng?®, Joellen Russell’, Mang Lin®, Daniel R. Crocker®,
Mark Thiemens®, Dana Biddulph’, Marc W. Caffee®®,

Tom Woodruff®, Christopher Glynn*® and Guaciara M. Santos™

Department of Geosciences, University of Arizona, Tucson, AZ, United States, 2Isotope Climatology
and Environmental Research Centre, Institute for Nuclear Research, Debrecen, Hungary, *University of
Arizona Accelerator Mass Spectrometry (AMS) Laboratory, Tucson, AZ, United States, “Department of
Geosciences, National Taiwan University, Taipei, Taiwan, °State Key Laboratory of Isotope
Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences,

Guangzhou, China, ¢Department of Chemistry, University of California, San Diego, San Diego,

CA, United States, 7Pima Community College, Tucson, AZ, United States, 8Department of Physics and
Astronomy, Purdue University, West Lafayette, IN, United States, °Department of Earth, Atmospheric,
and Planetary Sciences, Purdue University, West Lafayette, IN, United States, °Department of Earth
System Science, University of California, Irvine, Irvine, CA, United States

The Fukushima Daiichi Nuclear Power Plant accident released radionuclides directly
into the ocean as a result of the Great East Japan Earthquake on March 11, 2011. This
material has been transported across the Pacific Ocean and detected in the
northeastern Pacific. We began a surface ocean ?°I monitoring program a few
months after this disaster in June 2011, with samples from Scripps Pier, La Jolla,
California, USA, with the expectation that surface currents originating off the east
coast of Japan could eventually carry radionuclides to the La Jolla site. We could not
identify a significant distinct signal that can be traced to Fukushima from the record
from 2011-2020. We have however recorded a systematic seasonal *2°| time series
record that appears to be due to surface circulation variations along the California
coast, or perhaps other unexplained effects. We have reported on some of these
effects previously, where we summarized results up to 2018. Since then, we have
analyzed additional samples obtained during our sampling program for 2018-2020
from Scripps and also report other results collected during 2015-2016 from
Newport Beach, CA, which had not been reported. These results support and
expand on the previously published dataset.

KEYWORDS
California coast, Fukushima, iodine-129, ocean water, tracers

1 Introduction

The Great East Japan Earthquake and related tsunami that occurred on March 11, 2011
triggered nuclear shutdowns, failures, and partial meltdowns at the Fukushima Daiichi
reactor complex. This resulted in a series of radioactive releases, including large quantities of
radioactive iodine, xenon and cesium. Bowyer et al. (2011) reported an atmospheric signal of

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmars.2026.1818503/full
https://www.frontiersin.org/articles/10.3389/fmars.2026.1818503/full
https://www.frontiersin.org/articles/10.3389/fmars.2026.1818503/full
https://www.frontiersin.org/articles/10.3389/fmars.2026.1818503/full
https://www.frontiersin.org/articles/10.3389/fmars.2026.1818503/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2026.1818503&domain=pdf&date_stamp=2026-04-23
mailto:jull@email.arizona.edu
https://doi.org/10.3389/fmars.2026.1818503
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2026.1818503
https://www.frontiersin.org/journals/marine-science

Jull et al.

133Xe (half-life: 5.2 days) in Washington state (USA) by March 16,
2011. At about the same time, Priyadarshi et al. (2011) noted an
increase in *S in sulfate aerosols collected on the coast at La Jolla,
California by March 22, 2011, which they attributed to neutron flux
leakage from the damaged reactor producing **S from thermal
neutron reactions on >°Cl. Increased levels of *'I (half-life: 8.06
days) were detected in Taiwan and on the Tibetan Plateau by 29
March (Huh et al., 2012; Hsu et al., 2012), with 137Cs (half-life: 30.1
yr) arriving at the same time in Taiwan but delayed a few days in
Tibet. Elevated radionuclide levels were also detected in Japan and
an anthropogenic pulse in atmospheric radioactivity was rapidly
observed around the world (Adachi et al,, 2013). As a result of
contaminated water from the reactor being directly discharged into
the ocean, high values of 1291 (half-life 15.7 million years) were
observed close to Japan by Hou et al. (2013) and Povinec et al.
(2013), with an estimated total 2.4-7 GBq of **I discharged into the
ocean (Povinec et al., 2013; Guilderson et al., 2014). There have
been many studies of radioactive plumes in the ocean due to the
Fukushima accident (e.g. Buesseler et al., 2011; Aoyama et al., 2013;
Cascuberta et al., 2017; Charette et al., 2013; Guilderson et al., 2014;
Povinec et al., 2013; Smith et al., 2015, Smith et al., 2017).

The high mobility of '*’I in nature makes it a useful tracer for
environmental research due in part to its significant anthropogenic
production (Edwards, 1962; Muramatsu and Ohmomo, 1986;
Santschi et al., 1996; Raisbeck et al., 1995; Schmidt et al., 1998;
Hou et al., 2009; Povinec et al., 2010). The two natural production
pathways for '*’I are: 1) spontaneous fission of **U, and 2) the
interaction of cosmic rays with xenon in the atmosphere. Over the
past 70 years, anthropogenic '*°I sources have overtaken natural
production in the environment, and are dominated by nuclear fuel
reprocessing activities, but also include above-ground nuclear
testing and accidents. Iodine-129 levels in surface ocean waters
are about 1-2 orders of magnitude higher than in estimated pre-
nuclear era '*’I/'*’I values of between 5 x 10-'? and 1.5 x 10°*
(Fabryka-Martin et al., 1984; Moran et al., 1998; Edmonds and
Morita, 1998; Biddulph et al., 2006). The two primary sources of the
anthropogenic signal are the industrial nuclear fuel reprocessing
plants in Sellafield (England) and La Hague (France), which
contribute anthropogenic '*°I in Atlantic Ocean surface waters
(Yiou et al., 1994, Yiou et al, 2002). This **°I signal has been
traced globally in the marine environment (Xing et al., 2015; Fehn
and Snyder, 2000). Zhang et al. (2024) noted that this signal
dominates the '*°T record in China and they did not detect a
significant effect from either the Fukushima or Chernobyl accidents.

Some examples of accidental anthropogenic '*°I releases to the
environment prior to the 2011 Fukushima incident included the
Chernobyl reactor accident (Paul et al., 1987; Kutschera et al., 1988)
and nuclear submarine accidents (Alfimov et al., 2004; Povinec
etal, 2010; Hu et al.,, 2010). The Chernobyl nuclear disaster released
between 40-48 GBq of 1291 (Aldahan et al., 2007; Kashparov et al.,
2003) directly to the atmosphere. The estimated total amount of '*°T
released because of the Fukushima accident overlap with those for
Chernobyl, from 6.6 GBq "*°I (Steinhauser et al., 2014) to 55 GBq
1291 (Hou et al., 2013). In the case of Fukushima, 80% of the total
radioactivity was released directly into the ocean. Nuclear subma-
rine accidents are considered a negligible source, <370 GBq (Hu
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etal, 2010) in comparison to the amount of radioactivity released in
the Fukushima accident. The estimated total radioactivity released
from Fukushima is in the range of 340-800 PBq (Steinhauser
et al., 2014).

A relatively large '*°I/'*’ signal in the ocean was observed
immediately following the Fukushima accident along the east coast
of Japan. Suzuki et al. (2013) reported that before the accident,
seawater '2°I near Fukushima was 0.94-1.83 x 10’ atoms/L, while
after the accident, I increased from 1.08 to 89.8x10” atoms/L,
with an average of 9.3x10” atoms/L, approximately 8 times higher
than before the accident. Further, Hou et al. (2013) measured an
291/"7T ratio of 2.2x10- in surface seawater collected 40 km
offshore the Fukushima site. Guilderson et al. (2014) estimated
that the amount of '*I directly released into the ocean was ~1 kg.
Herod et al. (2013) also measured "*°I/**"1 ratios in precipitation in
Vancouver and Saturna Island, Canada immediately following the
Fukushima accident and showed that ratios of up to 11 x 10-° were
observed about 6-10 days after the accident, demonstrating that
transport of '*’I occurs through the atmosphere, as well as through
the ocean. Herod et al. (2013) further noted variable '*°I increases in
precipitation during the following 9 months after Fukushima.

We have previously reported a detailed study of '*°I at Scripps
Pier (La Jolla, California) conducted from 2011-2018 (Chang et al.,
2019). In order to expand the time-series record, we update this
record with new data up to February 2020, when the sampling
program had to be abandoned due to the COVID pandemic. We
had previously collected seawater samples from the Scripps Pier, La
Jolla, California during the period 2011-2018, except for a period in
2015. We are also able to include previously unreported informa-
tion from samples collected at Newport Beach, California (101 km
NNW of Scripps Pier) during 2015-2016, which can add to our
understanding of the '*’I record. These samples were obtained
during fieldwork for a separate radiocarbon and stable-isotope
study conducted by the University of California, Irvine (see
Hauksson et al., 2024). The location of the sampling sites is
shown in Figure 1.

2 Materials and methods

Seawater samples were collected between June 2011 and
February 2020 at weekly to biweekly intervals at Scripps Pier (32°
52N, 117°15.4'W), University of California San Diego, from an
intake pipe 10 m below the surface. Results up to May 2018 have
been previously reported by Chang et al. (2019). We report new
results in this paper up to February 27, 2020, when sampling was
ceased due to the COVID pandemic. Separately, samples had also
been collected from the Newport Beach Pier (33°36.3'N, 117°55'W)
between January 9, 2015 and August 29, 2016. These samples were
stored in plastic water containers at the University of California
Irvine until June 2021, when they were retrieved for analysis. Total
iodine was measured for the Irvine samples by reduction of all
species to I" and measurement by inductively-coupled plasma mass
spectrometry (ICPMS, Agilent 8900) at the Arizona Center for
Emerging Contaminants (ALEC) at the University of Arizona. A
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FIGURE 1
Location of the sampling sites at Newport Beach Pier and Scripps Pier in southern California. A larger scale map shows the North Pacific and
California currents. Adpated from public-domain map from the US Geological Survey.

liquid-liquid extraction method for '*’I was used in this study,
following the approach of Biddulph et al. (2006) and Chang et al.
(2019): The seawater samples (500 mL) were filtered with a 0.22 um
membrane filter. Before starting the iodine extraction process,
H3;PO, and NaHSO; were added to convert all 105" into iodide
(I'). To this solution, 3 to 5 mL of CHCl; was added to a separatory
funnel, and 5 drops of 1 M NaNO;. The sample was then shaken
vigorously, and time was allowed for the immiscible settling of
denser CHCl;. The CHCI; was taken into a 20 mL glass scintillation
vial and 10-15 mg of Ag powder was added to the solution. This
process was repeated 5 times and the resulting solution was allowed
to react overnight. The CHCI; was then evaporated under a fume
hood. The dried Ag+Agl residue was rinsed with distilled water 3
times and dried.

Once dry, the samples were pressed into copper cathodes for
measurement by accelerator mass spectrometry (AMS).
Measurements were performed at the University of Arizona with
a3 MV NEC Pelletron accelerator. The 4+ charge state was selected
at a terminal voltage of 3 MV with a transmission of 10%. Errors
include statistical uncertainties and a random machine error of
4.3%. The chemical blank produced about 0.1 counts/second while
the seawater signal yielded about 2 counts/second. Samples were
normalized and calibrated with 2 standards with '*°1/">"T of
63.57x10-" and 8.38x10-"? from the Purdue laboratory. All the
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samples were measured for 200 seconds, repeated 6 times, for a total
counting time of 1200 seconds. The samples from the Newport
Beach site were processed in the same way at the University of
Arizona but were measured using the Purdue University PRIME
Laboratory’s FN-based AMS, as the University of Arizona AMS
machine was no longer available. Samples measured at PRIME Lab
were run at a terminal voltage of 2.6 MV, selecting charge state 5 +.
From the results shown, it is clear the data from the two machines
are in excellent agreement.

3 Results and discussion

Previous '*°I/'*’I data showed that from June 2011 to May
2018, '?°1/'%71 in seawater off La Jolla, California coast varied from
40 to 80 x10-'2 with a quasi-seasonal cycle with relatively high
values in the autumn and lower values in the summer (Chang et al.,
2019). Additional samples were collected after May 2018 until
February 2020. Results are shown in Table 1, and Figure 2;
Supplementary Table S1 includes the previous measurements
from Chang et al. (2019). The figure shows a continuation of the
previous trend but the degree of oscillation appears more damp-
ened. The period 2018-2020 shows a fluctuation of generally higher
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TABLE 1 New results from the 2015-2016 study of *?°1/*?’| and 2| concentrations from the Newport Beach (CA) pier compared to the *C results of
Hauksson et al. (2024).

Total lodine 129 127 129,
Sample Name Conc. [ug/L] RSD (107*?)  10° atoms/L
NBP 1-9-2015 19.76 26 58.564.0 5.38+0.05 9.242.6 132 2.26
NBP 2-6-15 15.37 0.9 61.7+4.2 4.41+0.02 10.3+2.7 1.14 2.24
NBP 3-23-15 2822 57 63343 8.3120.12 10.142.8
NBP 4-29-15 15.11 33 57.943.7 4,07+0.06 102428 138 222
NBP 5-27-15 1691 08 53.444.0 4200.01 52426 133 233
NBP 6-17-15 15.32 2 49.2+3.7 3.50+0.03 10+2.7 1.44 2.24
NBP 7-24-15 1256 21 56.744.5 3.3120.44 52415 138 226
NBP 8-28-15 23.24 22 51.243.7 5.5420.04 52415 163 229
NBP 9-23-15 15.90 29 57.3£3.1 423+0.04 8.6+1.6 141 222
NBP 10-30-15 5418 3 59.8+4.8 15.0740.07 67416 03 2.32
NBP 11-30-15 26.52 3.9 59.945.2 7.38+0.09 1L1+16 145 223
NBP 12-18-15 27.67 09 52.843.9 6.79+0.02 5.6+2.0 133 2.30
NBP 1-29-16 43.00 52 50.3:4.7 10.06+0.11 7.1£15
NBP 3-28-16 17.26 08 58.7433 471£0.01 2.3£16
NBP 4-29-16 18.81 17 549439 4.80+0.03 45419 121 2.38

Values for A™C, §'°C and millimoles (mM)/L of dissolved inorganic carbon (DIC) are reproduced from Hauksson et al. (2024). Iodine concentrations were measured by reduction of iodine
species to I' and measurement by ICP-MS at the Arizona Laboratory for Emerging Contaminants, University of Arizona.

values from 54.4 to 76 x10'*with even more damping (58 to 72
x107'?) in the period from summer 2019 to Feb 2020. By contrast,
the 2015-2016 data from Newport Beach show a range of 49.2 to
63.3 x107'2, like the La Jolla results. In Figure 2, the Newport Beach
data are shown as red squares and are consistent with the trends of
the Scripps Pier data. Complete data are given in the Supplementary
Table S1.

As previously discussed by Chang et al. (2019), all these values
are within the range for the California current system reported by
Guilderson et al. (2014). Results from Newport Beach were also
measured for total iodine concentration, which showed
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FIGURE 2

Summary of all *2°1/*?’| results from Scripps Pier, La Jolla, CA (black
circles, to May 2018) reported by Chang et al. (2019) and new data
(red circles) from May 2018 to January 2021)) and Newport Beach
Pier, Newport Beach, CA (green squares). Data are from Chang et al.
(2019) and our new results reported in this paper.
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considerable variability. Using these values, we obtained '*’I con-
centrations from 0.48 to 1.5 x 107 atoms/L. Remarkably, there is no
correlation between '*°I/'*I ratio and total I concentration, with a
Pearson correlation coefficient, R = 0.018. We can compare these
values to the expected input of '*’I from the Fukushima NPP
accident. Smith et al. (2015, Smith et al., 2017) measured 137¢s
along a sampling line (Line P) from the British Columbia coast
(approximately 1300 km). They observed an increase of approx. 6-8
mBq/L "*’Cs during the period up to 2014. We can assume that this
seawater would eventually travel down the California coast.
However, unpublished data available online (http://
www.ourradioactiveocean.org/results.html) show minimal '*’Cs
along the southern California coast (<2 Bq/m3 ) in recent measure-
ments. Using the activity ratio from the radioactive waters mea-
sured by Povinec et al. (2013) and others off the Japanese coast for
1291/137Cs of 0.5-5 x 10 ®we can estimate that the '*’I signal
equivalent to the measured '*’Cs on the west coast would be
equivalent to 0.3-1.2 X 10° '*°T atoms/L. However, from the data
shown in Figure 1, we observed higher values from ~30 to 70 x 10’
atoms/L, so this suggests that an excursion attributable to the
Fukushima event may not be observable in the southern
California samples. In order to assess this question further, we
also need to evaluate other possible sources of '*°L

3.1 Pacific Ocean *?°| background value

The main sources of anthropogenic '*’I found in Pacific Ocean
waters were derived from nuclear weapons testing that took place in
the 1950s-1960s, a Japanese nuclear fuel reprocessing plant, the
Hanford (Washington, USA) nuclear facility and most recently, the
Fukushima accident (Suzuki et al, 2008; Chang et al, 2019).
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Overall, the Pacific '*’I/'*"I background value is ~30x10-"? while
within the California Current System it is ~50x10™"* (Guilderson
etal,, 2014). By contrast, in the western Pacific, studies of "*’I/'*"I in
corals by Sakaguchi et al. (2018) from the Sea of Japan varied
between 71.3 and 51.6x10-"? since 1999. Corals from locations to
the south, such as along the Eastern Philippines range from 44 to
67.9 x10-'% since the year 2000 (Bautista VII et al., 2025) and
Chang et al. (2016) measured values of ~ 40 x10-'* in the South
China Sea. Qi et al. (2023) have noted that '*°I/*?’ in surface waters
in a transect across the Pacific Ocean show higher levels in the
northeastern Pacific (about 150-140°W, from 34 to 134x107'2,
which they attribute to atmospheric deposition from European
sources. Chang et al. (2019) proposed an alternative source, that
this higher amount of '*’I could be coming from the Hanford site in
Washington, USA. The Columbia River has an average flow rate of
7252 m>/s (Moran et al., 1998) and is the largest river in North
America by volume that discharges into the Pacific Ocean. Suzuki
et al. (2008) reported that the Hanford site had released consider-
able amounts of '*°I, about 266 kg, into the atmosphere from 1944
through 1972. Within the Hanford separation area water wells,
concentrations of 10'°710"” atoms/L of '*°I have been reported
(Brauer and Rieck, 1973). The Washington State Department of
Health reported that during 1944-1972, 1778 Tbq of "'I was
released into the Columbia River. This implies a contribution of
around 0.78 Mbq of '*°I released to the Columbia River, if we adopt
a ratio of the fast fission yields (**°1/"31) = 1.03/3.36 (https://www-
nds.iaea.org/sgnucdat/c3.htm).

Kilius et al. (1994) collected 13 different species of seaweed
samples at 15 sites near the Columbia River mouth in the Pacific
Ocean and in the Columbia River Estuary; 1291/127] levels reached
176.3x10"". To investigate the possible '*°I source from the
Hanford site, 15 river water and seawater samples in Oregon and
Washington, USA were also collected and analyzed by Chang et al.
(2019). High levels of 1291/127] were found in several river water
samples. The highest '*°I/'*’T water samples that were measured
came from the Columbia River, near the Hanford site. The °1/*%"1
reached 5.31x10°%, which is more than 1000 times higher than the
California Current System background value. At the mouth of the
Columbia River, '*’I/'*7 is 5.03x10°®. As river water mixes with
ocean water, '*I is diluted significantly by seawater and was shown
by Chang et al. (2019) to decrease with distance from the
Columbia River.

Chang et al. (2019) calculated an inflow rate of '*’I from the
Columbia River into the Pacific Ocean of 9 to 95 x 10*! atoms/yr, or
0.01 to 0.13 GBq '*I/yr. They also concluded that the contribution
of '*I to the California Current System from the Hanford site is
measurable and could explain the relatively elevated regional Pacific
background value of 50x10™"2,

3.2 Intra-annual *?°| variations

From June 2011 to February 2020, 1291/127 in seawater off the
La Jolla, California coast varied from 40 to 80x107*?, which is
similar to the Pacific background value, with a possible overprint
from '*’I coming down the Columbia River from the Hanford site
discussed earlier by (Chang et al., 2019). Similar results are seen at
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Newport Beach, with a tighter range of '>*1/'?’I, varying between 49
to 63 x10™'%, There is no confirmation of one unusual report by
Stan-Sion et al. (2015) that extremely high values (>10") could be
detected at La Jolla beach. We showed in our previous work that the
121/"%71 time series does not follow chlorophyll, salinity or temper-
ature time series trends. We therefore proposed that one explana-
tion of these differences is that '*°I and '*I represent different
reservoirs. This is supported by the Newport Beach data that show
no correlation between total *’T and '*°I/'*’I. Recently published
1C data from Hauksson et al. (2024), collected concurrently at the
same Newport Beach sampling location, allow us to compare our
2T results with their '*C and §"*C findings. Intriguingly, although
there is no direct correlation between I and A™*C, there is a weak
correlation of the ratio of '*’I/'?’I both A™C (R = 0.33) and total
DIC (R = 0.34). By contrast, there is no correlation of 1297 or total I
concentration with DIC (R = 0.03 and 0.024, respectively). We
expect that these differences involve biological processes, since
inorganic iodide-iodate isotopic exchange is very slow (Myers and
Kennedy, 1950). Volatile iodine species, especially methyl iodide
(CH3]) rapidly exchange iodine between the ocean and atmosphere
(Saiz-Lopez et al., 2012). Once the marine iodine is moved into the
atmosphere by sea spray, it can be oxidized to I, and travel as
aerosols until it is rained out (Miyake and Tsunogai, 1963; Tsunogai
and Henmi, 1971). Iodine has ample opportunity to be removed
from the surface waters of the California Current as volatile species
and is carried by prevailing winds over the continent. There is no
doubt that "*°T will be very sensitive to upwelling, since there is an
order of magnitude more '*I in the surface as compared with deep
waters, but the signal will also be affected by removal of volatile
species through air-sea interactions. This process is affected pri-
marily by wind speed (Fuge and Johnson, 1986). Qi et al. (2023)
proposed a 2-component mixing scheme between upwelled deeper
water and surface water to explain the changes in '*’I/'*I in their
detailed study across the Pacific Ocean.

3.3 Can we dismiss any local sources?

We also evaluated the possibility of a contribution of '*’I from
the decommissioning of the San Onofre Nuclear Generation Station
(SONGS) located on the coast between the two sampling locations
of Newport Beach Pier (63 km) and Scripps Institution Pier
(40.6 km). SONGS ceased operation in 2013 and is being
decommissioned. According to reports from the operator, liquid
discharges are below detection limit for *'I. To assess this possi-
bility, we took values from the operator’s 2017 report (Bates, 2018).
This report showed that 8.51x10° L of effluent, diluted to 6.13x10° L
of water, was discharged in 2017. The detection limit of B3 was
reported as <6.50x10"® pCi/L in the effluent before dilution.
According to our calculation of this result, this means that the
diluted water released <2.65x10* "*'I atoms/L. Taking the fission
yield of '*’I/**'T of ~0.33, this suggests the release is <8.8x10° *’I
atoms/L. If the '*’I accumulated for one year, this might be an
upper limit of <2.8x10° '*°I atoms/L, but this is speculative. Given
the concentration of surface water in this area is ~3.3-15.1x10° "*°I/
L, it is most unlikely that this should significantly contribute to the
signal observed at our study locations.
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3.4 Comparing *?°1 with model estimates

There have been several model results for the transport of
radionuclides from Fukushima. Han et al. (2013) estimated 3.2 to
3.9 years for Fukushima radiogenic material to reach the U. S. west
coast. Povinec et al. (2013) suggested that Fukushima signal will
arrive at the U. S. west coast in 4-5 years which implies 2015-2016.

Chang et al. (2019) had used an OSCURS model results to suggest
that water from Fukushima, Japan could reach the Northeast Pacific
coast by May 2014. This model result is supported by some reports of
debris arriving along the northwest coast of the United States that year.

Rossi et al. (2013) also predicted that contaminated (*¥Cs)
water should reach the northwestern American coast at 45°N in
2014, based on a regional eddy-resolving simulation. They also
suggested that these waters would reach the Californian coast
sometime later (2016-2025), due to offshore Ekman drift at the
coast, which is associated with coastal upwelling. In addition, it was
recognized that mixing with relatively depleted upwelled water
could obscure the signal through dilution, which would agree
with the study of Qi et al. (2023). It seems reasonable that the
seawater with elevated '*°I had already become thoroughly diluted
through mixing, evaporation or biological uptake as it traveled
across the ocean and is therefore not detectable above the back-
ground level in southern California. We expect that mixing is the
simplest explanation, although further work would be needed to
resolve which mechanism is more important.

4 Conclusion

Since the accidental release at the Fukushima Daiichi Nuclear
Power Plant, radionuclides have been transported and deposited all
over the world. However, after nine years of travel (2011-2020), the
levels of '*I in coastal waters off the southern California coast do not
show any excess that could be attributed to contaminated seawater
from the Fukushima nuclear accident. It appears that the currents
carrying the excess '*I either did not travel to the southern California
coast, or the excess '>’I was diluted in transit, possibly by mixing with
upwelled water lower in '*I or by biological uptake, consistent with
other studies. The weak connection observed in the Newport Beach
results with DIC suggests further work in understanding the complex
interactions of iodine species in ocean water is needed.
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