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Abstract. Surface seawateé**Cs and'®’Cs samples were 1 Introduction

collected in the central and western North Pacific Ocean dur-

ing the 2yr after the Fukushima Dai-ichi Nuclear Power

Plant accident to monitor dispersion patterns of these rathe Tohoku earthquake and subsequent tsunami on
dioisotopes towards the Hawaiian Islands. In the absencdl March 2011 led to damages at the Fukushima Dai-
of other recent sources and due to its short half-life, onlyichi Nuclear Power Plant (F1-NPP) on the east coast of
those parts of the Pacific Ocean would have detecfdf@s  Japan. Significant amounts of radionuclides were released to
values that were impacted by Fukushima releases. Betweet€ atmosphere and, by direct discharge or leakage, to the
March and May 201123Cs was not detected around the ocean. From thesé2*Cs (half-life 2.07 a) and®'Cs (half-
Hawaiian Islands and Guam. Here, mdsiCs activities life 30.08a) are important F1-NPP-derived radionuclides in
(1.2-1.5BqnT3) were in the range of expected preexisting the ocean because of their radioactive-conservative behav-
levels. Some samples north of the Hawaiian Islands (1.6-10F and large discharged quantities. It is estimated that up
1.8BqnT3) were elevated above the 23-month baseline esi0 several tens of PBq (PBg10'°Bq) of 13%Cs and'*'Cs
tablished in surface seawater in Hawaii indicating that thoseentered the environment (e.¢AEA, 2011 Bailly du Bois
might carry atmospheric fallout. The 23-month time-series®t al. 2012 Estournel et a 2012 Stohl et al, 2012 Charette
analysis of surface seawater from Hawaii did not revealet al, 2013 Rypina et al.2013.

any seasonal variability or trends, with an average activity Radioactive isotopes were released to the atmosphere from
of 1.46+ 0.06 Bqnm3 (Station Aloha, 18 values). In con- 12 March 2011 onward with a peak on 15 March (e.g.,
trast, samples collected between Japan and Hawaii containeatohl et al, 2012. Within days, accident-related radionu-
134Cs activities in the range of 1-4 Bqrh, and137Cs lev- clides were registered by atmospheric monitoring stations
els were about 2-3 times above the preexisting activitiesacross the Northern Hemisphere (eSjohl et al, 2012. On

We found that the southern boundary of the Kuroshio andthe Pacific Islands (e.g., Hawaii, Guam, Commonwealth of
Kuroshio extension currents represented a boundary for rathe Northern Mariana Islands), an increase in gross beta ac-
diation dispersion with higher activities detected within and tivity in aerosols and trace amounts of radioactive iodine, ce-
north of the major currents. The radiation plume has not beersium, and tellurium on air filters were identified between 19
detected over the past 2 yr at the main Hawaiian Islands du@nd 23 March 2011HPA, 2011).

to the transport patterns across the Kuroshio and Kuroshig_In mid-May 2011 activities in excess of 10 Bgth of
extension currents. 134Cs were found in the surface ocean in two isolated ar-

eas within the North Pacific (longitude 18@/ and 150 W)
indicating atmospheric fallout from the Fukushima accident
(Aoyama et al.20133. Uniformly distributed'3Cs within
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a50—100 m thick mixed layer with activity of 10 Bqrhrep- For cesium separation two composite inorganic ion ex-
resents fallout of 500—1000 BqTA. Although representative changers were prepared at the Czech Technical Univer-
of only a very small area from the Pacific, it would be orders sity in Prague by incorporating either ammonium molyb-
of magnitude higher than wet deposition of 0.47-180Bdm dophosphate (AMP) or potassium—nickel hexacyanofer-
of 134Cs measured on the North American continddéther-  rate(ll) (KNiFC) into a binding matrix of modified poly-
bee et al.2019. Based on available data, these are the high-acrylonitrile (PAN) Sebestal997). The materials contained
est observed inventories and deposition rates in the far-fiel@0 % (by weight) of active component. AMP-PAN (grain size
Pacific outside of the immediate vicinity of Fukushima. 0.1-0.7 mm) was used for cesium separation from acidified
Releases to the ocean peaked during the first two weekseawater samples; untreated samples (N3—-N8, N11, N12)
of April 2011 and continued for months after the accident were processed by KNiFC-PAN (grain size 0.1-0.6 mm).
(Buesseler et 312011, Kanda 2013. Numerous sampling The 100L samples were fed through 25mL of ion ex-
efforts near and off the coast of Fukushima were conductedhanger at flow rates of 250-300 mL minas described ear-
in order to quantify the released amounts and to study distier (Kamenik et al.2013. Small-volume samples (16—25L)
persion of radiation in the Pacific Ocean (e.§goyama  were passed through 5 or 10 mL of ion exchanger at maxi-
et al, 20133 b; Buesseler et gl2012 Honda et al.2012 mum flow rates of 30 and 100 mLmif, respectively. The
Kaeriyama et a)2013. Several simulations df’Cs deposi-  ion exchanger was then dried and transferred to polyethylene
tion and dispersion in the North Pacific were published (e.g.,containers for gamma counting. Gamma spectrometric mea-
Behrens et a].2012 Buesseler et gl2012 Dietze and Kri-  surements were performed using a coaxial HPGe detector at
est 2012 Nakano and Poving@012 Tsumune et al2012), the University of Hawaii (relative efficiency 43 %, resolution
but these were, among other parameters, limited by uncerd.76 keV for 1.33 MeV gamma line §fCo). The gamma-ray
tainties of the source term of radioactivity releases. spectra were evaluated using Hypermet-PC V5.01 software
In order to define the source term better and validate mode(Révay et al. 200]). Sample counting times were adjusted
predictions of dispersion and deposition patterns, direct obso the relative uncertainty of the area of the 662 keV gamma
servations need to be performed across the Pacific. Withitine of 13’Cs was typically 4-8%. Several wet AMP-PAN
this goal our efforts focused on the central Pacific Oceansamples were measured using a well-type HPGe detector (ac-
around the Hawaiian Islands and between Hawaii and Japarive crystal volume 182 mL) at the WHOI Radioanalytical
Our objectives were to detect any atmospheric fallout in theFacility (Pike et al, 2013. The two detectors were cross-
surface ocean by sampling immediately after the accidentalibrated using NIST traceable radiocesium solutions. Min-
(March—May, 2011) and to monitor dispersion patterns of ce-imum detectable activities (MDAs) were calculated using a
sium towards and around Hawaii. formula byCurrie (1968 for a limit of detectionLp with a
“well-known” blank (95 % confidence level), where the dif-
ference of the gross and net area of the peak was used as
the background signal. The combined uncertainties (cover-

Surface seawater samples (20 to 100L) were collected odge factoik = 1) include uncertainties from counting statis-

o . . . tics, detection efficiency, sample volume, recovery yield de-
several scientific cruises and ships of opportunity betWeer}ermina’[ion and an additional uncertainty estimated at 3 %
March 2011 and February 2013 (Fi). Coastal sampling ! y

- : for small variability in ion exchanger volume. The relative
was performed periodically in Honolulu on the south shore . d 7 2 )
. . combined uncertainty fol3’Cs activity was in the range of
of Oahu starting 27 March 2011. At Station Aloha, about
—10 % for surface seawater samples. For the deep seawa-

150 km north of Oahu, offshore samples have been collecte o o

L . er samples, lower activity but longer counting times resulted
monthly beginning 13 April 2011. Samples were also gath-. . ; S

;) in 10-12 % relative uncertainty. All reported activities were

ered from around the Hawaiian Islands between 29 I\/lar(:hdeca corrected to the date of the shutdown of the nuclear
and 19 April 2011. Several expeditions covered the area be- Y

o . reactors at F1-NPP on 11 March 2011.
tween Japan and Hawaii in June 2011 and in June—SeptemberThe chemical recovery of3Cs and3’Cs was deter-

2012. Near-shore samples were collected in Guam starting . . ) . ;
o ) i . ined by comparing stable cesium concentrations in seawa-
26 March 2011 until mid-May 2011; additional sampling was . .
ter aliquots taken before and after sample processing. The

performed in September 2012. . . : aliquots were 25-fold diluted by deionized water and ana-
All seawater samples were filtered using Micro-Wynd |l . . .
cartridge (pore size 1 pm). The retention'dfCs and'3’Cs lyzed on a high-performance double focusing magnetic sec-
’ tor field ICP-MS (Element 2, Thermo Finnigan). Cesium re-

on these cartridges was negligible Q.1 %) due to high ce- covery was determined for each sample. The typical recovery
sium solubility in geawateﬁgesseler et "?1'2013' Depend- was 85-92 % and 90-99 % for 100 L and 20 L volume sam-
ing on the following chemical separation procedures, the .

ples, respectively.

samples were either acidified to pH 1 with nitric acid or were
left untreated. Stable cesium tracer was added to all samples
(0.04 mgL1) for chemical recovery determination.

2 Experimental
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Fig. 1. Map of the western North Pacific between Japan and Hawaii illustrating sampling locations. The red and blue filled symbols represent
sampling in 2011 and 2012, respectively; empty symbols are used for stations where sampling was performed in both years (for details see
Tables1 and2). The contours of an average ocean surface velocllyd ms 1 were calculated by the SCUD model for June 2011 (red) and

June 2012 (blue) to visualize the major Kuroshio and Kuroshio extension currents (Maximenko and Hafner, 2010).

3 Results and discussion tion Aloha, Honolulu; Tablel) at these locations (Fidl)
were expected to carry only atmospheric fallout signature be-
3.1 Preexisting'®'Cs levels in the surface North Pacific  cause direct discharges to the sea could not have yet reached
_ these areas. In all our March—-May 2011 sampté&s was
Global and local fallout from atmospheric nuclear weaponspejow MDA (Table1). Depending on sample volumes and
tests conducted in the 20th century was the major SOUrc@ounting times, the MDAs for both3‘Cs and3’Cs were
of 3’Cs in the North Pacific Oceamgrkrog 2003. In- iy the range of 0.1-0.8 Bqn3. The lower value represented
2000, measured and estimated surface seawdf€s ac-  getection limits for the 100 L samples. At Station Aloha, the
tivities across the North Pacific were in the range of 1.7—fj st sampling was on 13 April 2011, about three weeks after
2.8BqnT® (Hirose and Aoyama20033. To the best of our  the F1-NPP-derived radionuclides were detected on air fil-
knowledge, no observations have been made for the Hawaiters in Hawaii. Assuming uniform radionuclide distribution
ian Islands region since the 1980s. The estimates for 201ithin the mixed layer, the product of the MDA and mixed
were made based on measurements from neighboring aredsyer depth gives a detection limit of surface deposition
(Povinec et a).2005 and an effective half-life of 11-24 yr. (Bqm~2). The mixed layer at Station Aloha was 50 m deep
This effective half-life integrates cesium removal from the HOT, 2012). Becausé34Cs was not detected and MDA was
surface ocean by radioactive decay and lateral and verticaé)lz Bgnt3, the atmospheric fallout at Station Aloha had to
removal processes (e.glirose and Aoyam#®003h Povinec e pelow 10 Bqm? at the time of sampling. This however
et al, 2005. Based on these removal rates, the estimatedjpes not rule out possible higher deposition rates earlier that

'3'Cs activity range in 2011 was 0.9-2.4 Bgirfor the en-  \yere diluted by mixing by the time sample collection took
tire North Pacific. No preexistin§?*Cs should be present in place.

the surface ocean due to its short half-life and the absence of cesjum-137 activities in the March-May 2011 samples

recent sources. were in the range of 1.2—1.8 Bqmh (Table 1 and Fig.2).
. . , Higher values (1.6-1.8 Bqn{) were exclusively observed

3.2 Footprint of the F1-NPP-derived atmospheric north of the main Hawaiian Islands (M4-M6)'Cs activ-
fallout near the Hawaiian Islands and Guam ity in sample M6 (latitude 32N) from 19 April 2011 was

Fukushima-derived radionuclides in the atmosphere were de%-8io'1 Bqm-%, which was about 20 % higher than the base-
. line determined at Station Aloha.@6+0.06 Bqnt3) at lat-

tected around the Hawaiian Islands and Guam beginnm%ude 22 78 N. Should this difference be due to F1-NPP at-
19 March 2011 EPA, 2011). Surface seawater samples col- . . PR o
lected between March and May 2011 (G1-G6, M1-M8, Sta_mosphenc fallout rather than variability in preexistifigCs

www.biogeosciences.net/10/6045/2013/ Biogeosciences, 10, @2-2013
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Table 1.Activities of 134Cs andl37Cs in seawater around Hawaiian
Islands (M1-M6, Ne1l-Ne3, Station Aloha, Honolulu) and Guam 20 - St Aloha ¢ ]
(G1-G7) after the Fukushima Dai-ichi Nuclear Power Plant acci- — Honolulu @
dent. Average and standard deviation is presented for samples from'e 1.8 M1-Me A 1
Station Aloha and Honolulu. All samples were collected from the § G1-G7 X
surface except Nel, Ne2, and Ne3. Activities are decay-corrected to g 1.6
11 March 2011. g
S 14
Code Sampling LatN Long? Bres 184¢cs °
Date dec deg dec deg Bqm Bgm3 ’\(‘)” i
M1  29Mar2011 19.690 —161.392 143012 <07 2
M2  3Apr2011 23987 -171.632 152014 <08 ol |
M3  9Apr2011  28.833 -176.813 14012 <06 | | | | | | | |
M4  15Apr2011 32.903 -163.815 1.66:0.15 <0.9
MG 17AM201l 33645 150428 158015 08 2051 20T s0h 2011 2002 012 o012 2012 209
M6  19Apr2011 31.952 -156.793 1.84-0.11 <0.7
Gl  26Mar2011 13.272 144638 139.13 <07 Fig. 2.137Cs activities in surface seawater around the Hawaiian Is-
G2 2Apr2011  13.390  144.625 1.3%0.13  <0.6 lands (M1-M6), Guam (G1-G7), and time series for Station Aloha

G3 17 Apr2011  13.360 144.622 1.240.10 <0.6
G4 23 Apr2011  13.456 144.600 1.4.12 <0.5
G5 1 May 2011 13.318 144551 1.29.13 <0.6
G6 16 May 2011  13.451 144612 1.220.10 <0.5
G7 26 Sep 2012 13.390 144.625 180.11 <0.7

and Honolulu. The solid line is an average for Station Aloha, and
dashed lines ar¢:2 standard deviations of the average.

Ne 14Aug2012 19.78 -156.06 1.53+£0.08  <O0.2 variability due to measurement uncertainties (Ry.Addi-

Ne 14Aug2012 1978 15607 0.19+£0.02  <0.2 tional sampling in the area 16 months later (G7) re-confirmed

Ne® 14Aug2012 1974 -156.08 <01 <02 lower activities than at Station Aloha. It is interesting to note

Station Aloha ¢ = 18), 13 Apr 2011 to 14 Feb 2013 that, in contrast to our results, preexistijCs activities es-
22750 —158.000 146+006 <02 timated using effective half-livedPpvinec et al.2005 are

Honolulu ¢z = 11)4, 27 Mar 2011 to 10 Jul 2012 the same for Guam and the main Hawaiian Islands in 2011.

21.264 —157.822 149+0.07 <0.6

i 137, i
a positive value fof E, negative value fof W. 3.3 Long-term observation of**/Cs in seawater around

b Sampling depth 2 (Ne1), 674m (Ne2), and 915n (Ne3). Hawaii
¢ Estimated from offshore pipe length.

d Wi 37, M ids i 1 . el . . ..
Individual results of $’Csactivities presented in Fig. Seawater sampling was initiated at two locations in Hawaii

soon after the F1-NPP accident. Surface coastal seawater

(20L) was collected in Honolulu on the south shore of
activities, the sample would also contain about 0.3Bdm Oahu (Tablél) approximately every month starting 27 March
of 134Cs based on the reported activities ratio of 1 in the F1-2011. Larger open-ocean samples (100 L) were collected at
NPP source (e.gBuesseler et 312012. Such a small level  Station Aloha by the monthly HOT cruisesiQT, 2012.
could however not be confirmed because the MDAEs  13%Cs was not detected in any of these samples collected be-
was two times higher than the expected activity. Neverthetween March 2011 and February 2013. The MDASYCs
less, activity of'3’Cs at stations M4—M6 is higher than at and13’Cs were about 0.2 and 0.6 Barhfor 100 and 20 L
Station Aloha and potentially includes up to 0.3 Bghrof samples, respectively. The average and standard deviation
F1-NPP-derived3’Cs fallout. These sites overlapped with of 13’Cs activities at Station Aloha (18 observations) was
locations sampled by\oyama et al.(20133, who did not  1.46+0.06 Bqni 3. In coastal seawater (11 observations)
detect!3‘Cs in the same part of the Pacific on 9—-10 April the average and standard deviation'®fCs activities was
2011 and found3’Cs activities of 1.4-1.9Bqn¥. In their  1.49+0.07 Bqnm 3. The two averages agree within uncer-
study detectablé34Cs activities were found in the range of tainties and represent a baseline of preexist#@s in the
1-14 Bqnt 2 only north of latitude 40N between longitudes  central North Pacific. These values are also well within the
170 W and 150 W in April and May 2011 Aoyama etal.  expected range estimated using cesium levels from pre-2000
20133. Our results confirm that the southernmost extent ofvalues and effective half-lives described earlier in S2dt.
detectable increase #i’Cs due to atmospheric fallout in the No seasonal fluctuation df’Cs activities was observed at
central north Pacific was at latitude°3. the two sampling locations (Fig). These data also con-

Cesium-137 activities in surface seawater samples fronfirm that the radioactive contamination released at F1-NPP

Guam (G1-G7) were up to 15% lower (1.2—1.4 Bofhin directly to the ocean did not reach the main Hawaiian Islands
comparison to Station Aloha in the central North Pacific. Al- by February 2013.
though a slight decreasing trend over 6 weeks between March Additional sampling (Ne1-Ne3) was performed from sea-
and May 2011 was observed, this was probably a statisticalvater intakes at the Natural Energy Laboratory of Hawaii

Biogeosciences, 10, 6046052 2013 www.biogeosciences.net/10/6045/2013/
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Authority (NELHA) facility on the Kona coast of Hawaii Is- 35.5
land. The surface water (depth 24 A3YCs activity (153+ 35.0 £
0.08 BqgnT3) was in excellent agreement with established 345 g—g
baseline for coastal Oahu and Station Aloha indicating "v’; 34.0
a uniform 13'Cs distribution around the Hawaiian Islands. g
Cesium-137 activities were.1940.02 Bgnt3 and below >
MDA (<0.1Bqnt3) for seawater collected at 674 and 2
915m depths, respectively. These values are in agreement®
with depth profiles reported for the central North Pacifia{
ran et al, 2004. Cesium-134 was not detected in any of these 222 >
samples. 345 =
% 34.0 @
3.4 134Cs and37Cs levels between Japan and the g 8|
Hawaiian Islands L 5l
g .0
Dispersion of radionuclides and the potential for the radioac- & , | |
tive plume to reach the main Hawaiian Islands was evaluated 0 | A E B
based on surface ocean samples collected on two cruises be- 150E  160E  170E 180 170W
tween Japan and Hawaii in June 2011 and June 2012. The Longitude

area of interest is dominated by east-flowing warmer waters
of Kuroshio and Kuroshio extension currents at a latitude ofFig. 3. Activities of 134Cs (red pattern) and3'Cs (blue solid)
about 35 N (for general circulation patterns, see, for exam- in transect surface seawater samples betwgen Japan ar_ld_ Hawaii
ple, Qiu, 2001, for dominant current directions in June 2011, f1r§7m June 201Ya) and June 201%b). The estimated preexisting
seeRypina et al, 2013. The contaminated water from F1- Cs activities are drawn by the e_m_pty boxes. Actlvme_s are decay-

. . . corrected to 11 March 2011. Salinity of the samples is shown by
NPP was discharged north of the Kuroshio current, Wh'Chtriangles.
acted as a southern boundary for transport of this oceanic
source Buesseler et §l2012 Rypina et al. 2013. The at-
mospheric transport models (e.gtohl et al, 2012 pre-
dicted that some radionuclides from the atmospheric sourcest to Hawaii (T1-09 to T1-11) had no measuraltCs ac-
were spread south of the Kuroshio current. This was latettivities. Generally, activities in transect samples were lower
confirmed by seawateApyama et al.2013a Honda et al.  than activities observed closer to Japan and north of the ma-
2012 and sinking particle analysisipnda et al.2013. jor currents (several hundreds and thousands of Bmea-

The samples T1-01 to T1-08 from 2011 were on the south-sured in June 201Buesseler et 312012 indicating that we
ern side of the Kuroshio and Kuroshio extension currentsdid not sample the core but rather the southeastern leading
with seawater salinity in the range of 34.0-34.5. The posi-edge of the radiation plume.
tion on the southern boundary of the main currents was indi- Most of the 2012 transect samples were collected sev-
cated also by contours of higher surface ocean velocity fromeral degrees south of the 2011 transect. The higher salinities
June 2011 (Figl, red contours). Because of the overlap be- (34.6—35.1) indicate that those samples were collected south
tween oceanic releases and atmospheric fallout in this regiomf the major currents (Fidl, Table2). Since these currents
the source of F1-NPP-accident-deriV€dCs on the transect are deflected north of Hawaii, this sampling pattern would
might be both direct oceanic discharge and fallout from at-reveal the potential for dispersion of radionuclides south of
mospheric releases. the currents towards the main islands.

In June 2011134Cs was not detected in the two western-  In June 2012 (T2-01 to T2-10¥3“Cs was detected over
most samples of the transect (T1-01, T1-02). The oceani@ wider geographic area than in 2011 (between longitudes
releases could not reach these areas due to Kuroshio trans5® E and 178 W), but the activities in surface seawater
port barrier, and the footprint of the atmospheric fallout de- were lower, 1-4 Bqm? (Fig. 3b). The highest34Cs activ-
tected in the area in April 2011Afpyama et al. 2013a ities were associated with lower salinities (34.5-34.7), but
Honda et al.2012 was rapidly advected from this area by measurable levels were observed in samples with salinities
the time of our sampling, as suggested by model simula-up to 35.1. This might indicate that during about 15 months
tions Rypina et al. 2013. In samples between longitudes after the accident the distribution 8*Cs became more uni-
155 E and 180 E (T1-03 to T1-08), activities of**Cs were  form in this area. Again the two sites closest to Hawaii (T2-
1-10 Bqnt2 (Fig. 3a). The highest value was observed in the 09, T2-10) had no detectablé‘Cs activities. The persis-
sample with the lowest salinity (T1-06) indicating substantial tence of similat3*Cs activities in the same area detected 12
influence by oceanic releases distributed mainly in the mixednonths apart may be an indication of two things: (1) in 2012
waters north of the Kuroshio extension. The three sites closwe detected the trailing edge of the radiation plume (which

www.biogeosciences.net/10/6045/2013/ Biogeosciences, 10, @2-2013
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Table 2. Activities of 134Cs and!37Cs in seawater between Japan and Hawaii after the Fukushima Dai-ichi Nuclear Power Plant accident.
All samples were collected from the surface except N3. Activities are decay-corrected to 11 March 2011.

Code  Sampling Lat N Long? 137cs 134cs  Temp  Salinity
Date dec deg dec deg Bqm Bqm—3 °C

T1-01 21 Jun 2011 34.483 144.550 1-68.10 <05 23.4 34.02

T1-02 23 Jun 2011 34.300 149.883 179.14 <0.6 21.1 34.23

T1-03 24 Jun 2011 34.100 154.983 5:80.25 4.00£0.24 20.6 34.28
T1-04 24 Jun 2011 33.917 159.600 246.13 1.00.11 21.2 34.30
T1-05 25Jun 2011 33.733 164.450 3#40.18 2.210.18 215 34.12
T1-06 27 Jun 2011 33.450 169.983 11#40.50 10.46:0.49 20.9 34.04
T1-07 28 Jun 2011 32.783 174.650 4:00.23 3.46+:0.21 223 34.32
T1-08 29Jun 2011 31.450 179.633 246.12 0.82£0.10 24.2 34.20

T1-09 30Jun 2011 29.367 —174.917 1.56:0.12 <0.6 25.8 34.90
T1-10 1Jul 2011 27.450 —-170.050 1.2%:0.12 <0.7 26.4 35.24
T1-11 2 Jul 2011 25.567 —165.267 1.431%0.12 <0.7 26.2 35.16

T2-01 14 Jun 2012 33.400 150.406 360.36 1.5G+0.56 20.2 34.6
T2-02 16 Jun 2012 31.042 155.996 3:89.27 0.96+0.42 21.6 34.8
T2-03 18 Jun 2012 30.191 160.428 2:20.27 0.93t0.44 25.2 351
T2-04 20 Jun 2012 30.491 166.024 5188.27 4.18+£0.43 23.0 34.7
T2-05 22 Jun 2012 29.192 170.464 340.32 1.75£0.57 24.6 35.1
T2-06 24 Jun 2012 28.481 175.695 240.29 1.48+0.55 24.7 34.6
T2-07 26 Jun 2012 29.954 —179.213 2.96:0.24 1.43+:0.44 24.8 35.0
T2-08 27 Jun 2012 31.150 —174.279 5.2%:0.25 4.06:0.42 243 34.5

T2-09 30Jun 2012 27.883 —169.589 1.63£0.25 <0.9 25.6 354
T2-10 3Jul 2012 24.380 —164.811 1.340.28 <1 255 35.3
N1 29 Jun 2012 39.276 —162.209 3.5@0.25 1.76£0.23 NA NA
N2 30 Jun 2012 41.011 —-161.763 2.780.23 1.14+:0.16 NA NA
N11 10 Aug 2012  33.396 —150.659 1.58:0.14 <1 NA NA
N8 13 Aug 2012  39.220 —149.861 1.410.14 <0.8 NA NA
N12 13 Aug 2012  39.830 —148.981 1.65%0.15 <1 NA NA
N6 11 Sep 2012 34.522 159.838 3:560.25 2.43+0.25 NA NA
N7 13 Sep 2012 34.042 169.925 268.19 1.1+0.17 NA NA
N4 18 Sep 2012 24.755 151.668 180.14 <0.8 NA NA
N3P 18 Sep 2012 24.755 151.668 184.13 <0.9 NA NA
N5 20 Sep 2012 27.197 139.998 100.14 <0.7 NA NA

@ positive value fof E, negative value fot W.
b sampling depth 639 m.

happened to have activities at the same level as the soutt2012.13Cs was not detected at any station around longitude
eastern leading edge identified in 2011); and (2) radioactivel50° W in August 2012 (N8, N11, N12).
releases from F1-NPP into the ocean continued over a longer Samples N4 and N5 from the southwest part of the North
period of time creating an extensive plume of radiation thatPacific (latitude 24 and 2N) from 2012 did not contain de-
continued moving through the study site for over 15 months.tectable amounts df*4Cs, and3’Cs activities were in the
We analyzed additional samples collected in 2012. Sam+ange of expected preexisting levels. This is in agreement
ples N6 and N7 originating from the location of the 2011 with previous findings that the dispersion of oceanic releases
transect had3Cs activities of 2.4 and 1.1 Bqm, respec-  in the south direction is limited by the Kuroshio current.
tively. These results support our conclusion that the radia- Generally, the samples between Japan and Hawaii con-
tion became more uniformly distributed between the 2011tained3’Cs activities lower than 6 Bqmn? (with the excep-
and 2012 samplings. Similar activities were found in samplegtion for T1-06). When cesium-134 activity was higher than
N1 and N2 north of the main Hawaiian Islands (longitude MDA, it was usually 1-2 Bqm? lower than13’Cs activity
160 W, latitude 40 N), and from all our samples these were (decay-corrected to 11 March 2011). The activity ratio in
the easternmost that had a Fukushima signature, perhaps refftese samples holds true for higher activities but breaks down
resenting the eastern boundary of the radiation plume in Junéor samples that hav&®'Cs levels comparable to preexist-
ing activities. Figured shows thet3*Cs and'3’Cs activities
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12 : : : : : would not reach the main Hawaiian Islands at least until two
' years after their release from F1-NPP.

ol Lineoar Regression 1 The major conclusions that we can draw from this study

ggp{; Conquggﬁg 'g}’e') S are as follows: (1) atmospheric fallout did not leave a sig-

Intercept ~1.7+0.3 nificant radiocesium footprint in the surface ocean at the in-

. vestigated regions of Hawaii and Guam. (2) The easternmost
extent of the radiation plume between Japan and Hawaii was
at 180 E and 174 W in June 2011 and 2012, respectively.
The Kuroshio and Kuroshio extension currents were effec-
tive boundaries against the southward spreading of radia-
7 tion, so the plume has not been detected over the past 2yr
at the main Hawaiian Islands. (3) The easternmost detection
i of 134Cs within the North Pacific in June 2012 was north of
the Hawaiian Islands at longitude 168/ and latitude 40N.

(o)}
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