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1. ALt el HHe

O 97 BE

ol Al = o|ZFdAol 515t Z 235} (chemical speciation) Fatoll w2 2% £4
= Olslist7| @lsto] (E20lE &, 7| &etZde x4 3) 1) & 0|29 st &
=3t mE EAHES 75, st i) 1o E sHYME 7S M (bioavailability) S i
2 | MX|stst AsS Hotst=dl XMEstnxt &

d= dotol deHel ojM JdAdFPez XESHH, 7[E2| D)
S| H

- o o
giatof ofet F7|atsr x40l 2 5Ho{A

o 27| ge| (o, X7 ol Fe*, Cu* 5)ol n|&Hies EE ME 0|8 7ts3t A
2 LM As vhH, =4y dXiel F20lE A 52 ®7IZ&(0rganic complexed)
defo| o|EFHFALe= ZH Aol TR w2t R7|EHEtE0| E7teETE M=0[8x7F STt
SEHLEOA, Fe) &44(0d, Cu)ste A2 Y U= S, otd B2 FZ20| dA7=H

o AA siollM D|HFAE CHEE e =2 O o|M0| FI(EsSIE FEle R7[2IZHE=E
(Ligand)ete| Zetst gEfZ 2Z5t0 A0f, o|ZLo| FI|stetde TE2HE oL
o sl =(Solubility)2t Zof w2 M= o|2M Y =4 (Toxicity)s 1 MX|stst HES
A™MSHE J1E 2% 29212 (Buck et al. 2017). Aol = £7, §7|5te adefol ol
UL BxME oF527tsch ciefst ME/HIME 0lof datoz ols =Y ZIZ o
Zo0| 2715t04, ZHY Al ehHol| ofst Mol o =5t U,

o olz{st ZMAE =27, i2foAM o|ZFeld A7s FUoME 2 AFe oAIRES
of =2t & Ol 2 AlRfchAlof UA2n{, o|Feiol B2 U J[EXQ HSS B9l
= A7 A Fol AN, ol2st sHEAM FZx=Mut O MX|EEH Fsko| st AF=
oM MFE

O O|AIR o] ZA=xel & sh=alSTEt7|=(KIOST)= heF o|2es MY ol ¢ % &
HIE IUolM Mg Zesto] #td odFtof| &L2stn A0, 20184 o|F #H AMXMg
ZUOAM MZ2=z2 X AN, IHMAIE 2@HE 5 & AFAIE IUjolM 2 =2 Ohet
oA A4 M3E GEOTRACES ZZ1#o| =i CHEAIZM 7|0 A|=kat

O o7 He
- sffeke| ME 1Rt Mio| Z ojMAdSsHE 2 FEZ2 o|x= 6t FL oA (Fe,

- ol XA 3T T (Soh 5) L ¥ (AEY S
- ot sjolA 37| BE IR 8F/YX of FuolMes Hgoz 2

=
Z0|= (10kDa<colloid<0.2~1 ym) A2 22|, 243510 et 2=AF (2 XA O] 2



Ao FELO[ H|IW &

Ip

1ol

of

ol
pal

K

K

K

10!

ol

Flow injection analysis) & 7|

ki
i

ol

Fl
o

H

i

=LHoll A

H| (CVS, Cyclic Voltammetry)&

F

KO

0f0

00
__|g=_

Ko

<
ofl
0

H
If

K|
<+

<
|
ni0

00

==
1jo

e
110

Ir
jifd

L

o0
P

o=

olo

]

= Lol A

o
ujo

0

.I

X

Kfo
T
@
0F

L
Ho

<
or
ni0

o

=
[\l

-
o

K
7ol
oF
o

Ly
m]

Top
<H
W—AWH
ol

%0
&0

Klo

-t
ol
—t—

—_—
110

R
>3

i

ey
m]

X0
ujr

G
il d

B

—
I[e}

Ir
IH

0l
T
0
R0

0
%0

ol
1o
7ol
fall
0F
ok

ul

TH
20
K4

70!

2020-2021&

terstz| s A,

= -
= U

=M

ojl
=

X0
0
o
X0
wr

H
jifd,

Klo

S)oll e sl

0l

B
110§

=
o

B

—r
110

KT

]
e

M
Kto
<

-
o

q

Haetol HE Xto| H[W 2

tod,

= =

I Me2=2 =A

ool s

K]

o

I HSoll of

o

or
o

-

<0

=
o

-
1o

7ol

o

b, 2] 7]

8

47}

H
| 23l = (solubility) T2

ol A 21X |

0

=
S

al
=

XL

— O
—

M8 "I}

7t

e

o

L.

i
<

o
ai0

ot

no

no

ol

(K]

0
H
!

<r

1o

o
o

Ir
jifd|

M

PaAE Az 23 E W olFas Al

o

o[z

4

7ol
Tl
Ofl
0F

10!

1o
o

IH
&

il

Klo

=,
10

Ip

ol

4

no

F

(Abiotic) 0|

7|3

O

=

(biotic)/H[ A

e



= =] 1= o =] H = =x = ATl =
O O[AIR S 7|8 J8l MAMZUEE Sol o|AIRE H™al A ZF 2| (Ultra Clean CTD)Z|
= A =] A= R =| ol A = A H
gt Y ¥o|FFE s F A0 28 o|FH: 6l Z4 AR &H
g, SEA A7 el datoz £ 25l (2021H 3Y€)2f SdlolMel AFEE] (20204 3€, 20214
28l) O|AIR S odFes| AT (Z712d O8) & s o|Zld AZAF ¥ (WZHHAE 202 O8)
RVAATM O|AIRE S #=Zd|Ql o|FHAL 28 wX| HYFAMF(UCC) & Y 25 (EXR O8)
CASS-6 (n=11) NASS-7 (n=11) GSC (n=5) GSP (n=5)
Element Procedual =\ 11 T Centified Certified Certified Certified
ertire ertirie ertine: ertine:
emen blank KIOST KIOST KIOST KIOST
values values values values
6.1420.46
Fe 0.17 0.08 27.342.1 283208 s 6.4+0.3 1.5340.12 1.4320.06 0.15:0.05  0.048£0.002
Mn 0.05 0.03 39.6:2.2 402410 135411 14.720.03 2.15:0.13 2384001 0.76£0.05 0.80£0.03
Co 0.003 0001 L11740.088  1.144£0.010  0.242+0.024  0.25240.007  0.08420.004  0.089:0.007  0.005£0.001  0.007-0.001
Cu 0.08 0.1 8.0£0.49 8.3£0.2 3.0£0.22 3.6£0.5 1.16£0.03 0.93+0.01 0.55£0.01 0.30£0.03
cd 0.002 0002 0.192£0016 02230011 014120014  0.1500.003  0369:0.024  0.405£0.006 <DL 0.0040.001
Ni 0.1 008  6.83:0.67 6.86£0.10 40503 3.80£0.12 4124029 3.87:0.08 2.46:0.13 2.05:0.02
0.16£0.05 or
Zn 18976275 18.830.86 62741.22 6.8320.12 1.4120.10 1.53£0.02 oL 0.041£0.003
Pb 0.0500.002  0.049+0.004  0.012:0.003  0.014£0.001  0.040£0.002 003620001  0.062£0.003  0.0550.001
v 9.6242.36 12274035 2493157 2656039
cr 188031 1.9340.05 2.02£0.31 2.2320.00
#1. GEOTRACES M& ol o[&els ==2°l GSCeF GSPE E4Aofto] Als H[wst A1l & dX[st=
ZutE Ao olE Sall A =M 3¢ dE5S MaXez st
2 o0|##2E HY s ME AREs ZHASHS (GEOTRACES) =23 of &odsto], 71X =H =2l
EZEX BN ZoE Sol, njEeae] HEER 24 53 252 &Y s




O 7] 7/¥¢ &Y Rl o|FdAo EF JIsHEE (dissolvable) % &k ME JIEM

(bioavailability) =7}

- 7|=0f x| A|BRE Ust Moz 2™ 236l (total-digestion)ste 2HAlD} &l =2 FALSH
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20| 22 HItstaA o

4000 20

I 2015-2018 (total digest) M 2015-2018 {total digest)
3 2019 (total digest) [0 2019 (iotal digest)
3000 4 B 2019-2020 (seajwater soluble | 4 B 2013-2020 (sea)water soluble
=2 = 15
E 2000 ? ”
2 e s L L
i A £
5 e
S $
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8 8 54
0 g o 0
Al Fe Mn In v Cr Co Ni Cu As Mo Cd Pb
) _, Bement Element
O33. #afl/Eel AFE sl dnts 7|X|ollA 2019-2021H MEE 7|2 (0|0 2E)A|Z0A total
digestive (BZ&3l) |, sis=-Z&F -

gt RelEl o|ZAT)F sl Foll water-soluble$t portion 2|/

B
= o p
HE-HM dlusden 2 A2 M teXl =2 F2 oo AS

10

- Al, Fe, Mn, Zn & FZ lithogenictt 7|2l o|& FHol &<, MA s=2 0.1~10% O[uf
portion2to] 21 Z 3550l leaching=l0l X 7|22 & olo{2E0|Lt Y| G2 8E 7(2l
ojZ 2 Al Fe, Mn, Zn 2 AHMZE 1% 0|2t portionTho| a5 FollA d=oll7t&st A
2 LIEtHCh (Fe® 1-2%., Al 1-5%, Zne 5-16%, 40%, HX| Pb,Cu, Ni, Mn, Cd
20-70%)
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- QUXIAL D| Ao Y EHAE UAMSYLE FXHA 234The &85 HistH oo,
- Oofo|& EQl U-2381} Th-2342| H|HHHE 0|28t Th-2342| XA & Z fluxE AHESH| 2|5t
0f, ofgf EEFX| AAA S M2 ¥yn B4The total 20Dt 2Th activity, AE 2*Thel 214
%= (0.0288 day™'), P= **'Thel & Xtof|l 2|5t export flux, V& =% 0|70l o/t #The| +H

33)
0%%Th/ot = (*BU-*Th)A-P +V
— M Abatel (steady state)E 7HA SR A AHEl 24Thel 214 Z2A = 60E SCTR X2 sectionol|
A 2F 417043010 dpm m™? d™ 68E sectionoA= & 1350+947 dpm m™2 d'22 LIEH

- sHeolAl olM FUYOZ HABS 5
O

Cu, Zn, Cde| 2ol Rtat

= Hez Z AHE 70 FL o222l Al Fe, Mn, Co,
I%',%_Jﬁt &5 (concentration of Particulate Trace Element, CPrg)
o} 2%4The| CPe/*'Th H| t : 871+£332~1740+664, Fe: 697+266~1260+481, Mn:
57.5+21.9~963+367, Co: 4.66%1.78~5.27+£2.01, Cu: 231x88.0~797x304, Zn:
17.4+6.64~43.6+16.6, Cd: 0.46+0.18~1.81+£0.69 (Et2l= 2% pmol dpm ) E H A=

|'|0
:J.
+cnr
3_>

_|_

ME5tH, MQlT 2 60ER} 67E St (9 3=~25%) 7123 UXIAH o|ZFeldo| X}
oLt= PPZX|doll A2 (Local sourceZt Z8HA LIEHE SCTR regione A 2|) 24 &%,
Al=0o29| export fluxe 2F Al: 1020~2030(+£1100) nmol m™ d™', Fe: 812~1470(+878) nmol
m=2 d', Mn: 67.0~1120(£72.4) nmol m™? d', Co: 5.4~6.1(£5.9) nmol m=2 d', Cu:
269~929(£291) nmol m™? d', Zn: 20.3~57.8(£21.9) nmol m™? d', Cd:
0.54~2.11(£0.58)nmol m™2 d' 2 AMHE

0?:

Ol AME AR DIHFEE AE(<100m)H YoM ALYSHAS J|Wo R YRLY 0|FIS
o A5 HMFAIZIS AEEH s ofef E2o Zoof, 2 A= A EHEX|(SCOPUS)O
20214 AR BIECE Ol YoMl HHHSAIR A 7Iu AR 0|FFS 5% I A7HD

H2, M= 602t 68 SEHdolM AXMet ojF 2ol SHA I 100m oS8l ol M 2] 7
AzHZ =) &d 23

Table 2. The export flux of particulate trace element (yumol m” d” for Al, Fe, and Zn, and nmol m™ d” for the other
trace elements) in the upper (< 100 m) Indian Ocean based on ™*Th/"*U disequilibrium. Values in the parenthesis
indicate the estimated residence time (< 100 m) of parficulate trace element (750, unit day) in Indian Ocean
(in 2018). Result from Kim et al. (2018)

Al Fe Mn Co Cu Zn Cd Ni \Y Ph
(T100) (t1m) (T 100) (T1m) (T100) (T1m) (T 100) (T 100) (T 100) (T 100)
60°E 63+75 27432 470£570 34441 400+480 22427 20£24  360+£430  160£190 3502420
(SCTR) (R.3+£3.4) (9.6:52) (7.646.1) (11x24) (8.243.1) (R.9+3.7) (7.9+52) (7.6£2.6) (9.8+4.7) (10+5)
63°F 20424 Q.0+£10  150£180 11£13 130£150 73486 64475 1164137 51459  [13+£133
(16511) (25:L1) (18£10) (1185  (16£3) (15834) (17211) (185)  (14£5) (1313)




O oI=oF tf7] 7T o[ZFZFE(EPb)e AA si3F = &3 7I=EF (actual dissolvable)
|

sl woler &y A 5H%h 4= 7184 9ot

0|24 Pbil SAIY S2eA Pb-2102] A -+HEZE ZAlSIYCE
Pbe £3|, 7|&= =7 O LdXA7|of w2t 20~90% =2 1 HE

P ChASHA HtEfL=E fAa2 T 7|/} (3 Sx=d)ol w2l sfi5=2f iz 2 1ol weE o
= 7t8429| xto|7t I LiEtd W2 of sl ao|ct

Total MPb [dpm/100L]
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m =Z(abstract)

Trace elements in the ocean have been known as essential micronutrients for the primary
production of phytoplankton and the growth of marine organisms. The GEOTRACES program
beginning in the mid—-2000 provided a new understanding of the distribution, origin and
behavior of trace elements in the ocean, together with the establishment of both clean
seawater sampling and trace element analysis techniques. The Indian Ocean, one of the major
oceans, is relatively the least explored area, despite playing an important role in global climate
variability. Although trace element observations have recently been conducted in the Indian
Ocean by Japanese—and Indian scientists, relatively not much study has been done compared
to the Atlantic, Pacific and Polar Regions. Recently, together with the launch of R/V Isabu, a
5,000-ton grade large— and comprehensive research vessel, the observations of trace elements
has been conducted in the Indian Ocean for the first time in Korea since 2018. In this paper,
we introduce the key results of currently conducted GEOTRACES expedition in the Indian Ocean
to present future trace element research directions in the Indian Ocean, and also reviewed the
preliminary results in the Indian Ocean studies from Korea. In the 2020s, new Indian Ocean
GEOTRACES projects are planned around European countries, and it is time for Korea to
prepare for the next phase of the trace element study in the Indian Ocean in line with these
international trends.
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Gadolinium (Gd), one of a rare earth element (REE), has been widely used worldwide since
the 1980s, as a resource material for contrast agents injected into examiners of magnetic
resonance imaging (MRI) test. The organic complexed form of Gd shows an extremely stable
behavior in natural environment (water), so is known that the artificial Gd from medical uses is
not removed from the waste water treatment plant (WWTP) and eventually introduced into the
ocean through the estuary. Since the 1990s, some previous studies have often been conducted
on Gd anomalies in natural water and their effects an artificial origin from land or metropolitan
areas, but little research has been potential impacts on the ocean water. In this paper, we
review and introduce recent studies related to Gd anomaly in natural water and related marine
effects, and also propose the future research directions.
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The distributions of artificial radionuclides, radiocesium (134Cs and 137Cs) and plutonium isotopes
(238Pu and 239+240Pu), in the surface water around the Korean seas (East/Japan Sea and Yellow Sea)
in 2011-2012 and in three sections in the North Pacific between 2011 and 2014 were examined. The
137Cs activities in the surface water in the Korean seas in 2011 (immediately after the Fukushima nuclear
power plant (NPP) accident on 17 March 2011) were comparable or not significantly different relative to
those in 2010 and 2012. However, 134Cs, which had been not detected in the study area before the
Fukushima accident (under the detection limit of 0.1 mBag kg—1 level), were detected rapidly in 2011 after
the accident (in about 60% of the 72 samples) and gradually disappeared due to their short half-life
(t1/2 = 2.06 years) in 2012 (detected in about 16% of the 24 samples). In addition, the highest activities
of radiocesium and Pu isotopes appeared locally in some stations of the Korean Strait region (located
between Korea and Japan) within 1-2 months immediately after the accident. This suggests that the
radioactive nuclides released immediately after the Fukushima accident were significantly introduced
through the atmosphere, based on recent studies conducted in neighboring areas. We also showed that
the spatial distribution of radiocesium in the North Pacific moved eastward from 2012 to 2014, and we
attempted to quantify the residence time of radiocesium (137Cs) in the Korean seas based on the
long—term (tens of years scale) temporal trends of 137Cs activity data, which have been collected since
the 1960s and 1970s. The estimated retention time of 137Cs in the East/Japan Sea and Yellow Sea were
25 + 0.6 and 8.0 £ 0.1 years, respectively. These results are expected to be used as a preliminary
study for a potential future event of a marine radioactive accident (which, of course, cannot be
predicted) and as basic data for predicting the influences of radionuclide releases in the ocean.
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We investigate the distribution of dimethyl sulfide (DMS) in the Southern Ocean’s (50 W to 170 W)
surface water, including the Antarctic Peninsula and the marginal sea ice zone (MIZ) in the Ross and
Amundsen Seas. This is the first high—frequency observation conducted in the australautumn (in April) in
the Southern Ocean. The mean DMS concentration was 2.7 £ 2.5 nM (1 ) for the entire study area.
Noticeably enhanced DMS (5 to 28 nM) concentrations were observed in the MIZ around the Ross and
Amundsen Seas and the coastal regions in the Antarctic Peninsula; this could be attributed to biological
production of local ice algae, which appears to be supplied with nutrients from glacial or sea ice melt
water. These observed DMS inventories were significantly higher (an order of magnitude) than current
climatological DMS inventories. The local DMS sources being transported outward from the polynyas,
where strong bloom occurs during summer, could result in larger discrepancies between observed DMS
and climatological DMS in the MIZ area (in the Amundsen Sea). Overall, this study is the first to highlight
the significance of the underestimation of current DMS fluxes in the austral autumn, which consequently
results in significant errors in the climate models.
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Trace Element in the Indian Ocean:
Current Research Trends and Future Needs

Intae Kim"

Marine Environmental Research Center, Korea Institute of Ocean Science & Technology,
Busan 49111, Korea

Abstract :

Trace elements in the ocean have been known as essential micronutrients for the primary production

of phytoplankton and the growth of marine organisms. The GEOTRACES program beginning in the mid-2000
provided a new understanding of the distribution, origin and behavior of trace elements in the ocean, together
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Anthropogenic Gadolinium (Gd) Inputs into the Ocean:
Review and Future Direction
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Absmract : Gadolinium {(d), one of 8 mre earth element { REE), has been widely used worldwide smee the
19805, as a resource material for contrast agents injected min examiners of magnetic resonance mmaging (MRI)
test, The organic oomp kexed form of (id shows an extremely stable behavior in natural environmeent (water ),
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Distributions of Radiocesium and Plutonium in the Korean
Seas and North Pacific after the Fukushima Accident, 2011-2014
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Highlights:

What are the main findings?

- The first radiocesium and Pu isotopes data in Korean seas were present in 2011-2012;

e Higher *Cs were observed in Korean seas immediately after the Fukushima accident;

. Fukushima-derived nuclides were introduced to Korean seas by the atmosphere for up to
2 months,

What is the implication of the main finding?

e The residence times of ¥ Cs in Korean seas water is estimated to be 8-25 years;

e The dataset could be used to predict the dispersion of anthropogenic pollutant;

e The dataset could also be used to validate the model for future NPP accident around the
Korean seas.

Abstract: The distributions of artificial radionuclides, radiocesium (***Cs and '¥Cs) and plutonium

isotopes (P*Pu and 2%*20Pu), in the surface water around the Korean seas (East/Japan Sea and
Wollieos Cinad 22 M1 NI Aind 1 b candlaan fa tha Waah Daails hoakman W1 aad 9014 e

on lTEih‘ptemE:er 2022)). Furthermore, the dataset could be used to study the dispersion of
anthropogenic pollutants in areas close to NPPs [61,62] in the future, and also for the vali-
dation of the models (e.g., dispersion and ecosystem). To predict and evaluate the potential
influences of radionuclide releases into the ocean more accurately, more extensive studies
are necessary, including: (i) the continuous moenitoring of radionuclides in the marginal
seas around the far eastern Asian region, especially where the major NPPs are concentrated;
(ii) the quantitative inventory of the current radionuclide level including the deeper water
column (based on activity data along with depth) in this region; (iii) the advancement
of marine transport moedels of radionuclides based on the radionuclide inventory; and
(iv) rapid detection technology for extremely low levels of radioactive nuclides in marine
samples that require large amounts of sample volume, such as ~100 L of seawater from
marine samples.
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Abstract: We investigate the distribution of dimethyl sulfide (DMS) in the Southern Ocean’s (50° W
to 170° W) surface water, including the Antarctic Peninsula and the marginal sea ice zone (MIZ) in
the Ross and Amundsen Seas. This is the first high-frequency observation conducted in the austral
autumn (in April) in the Southern Ocean. The mean DMS concentration was 2.7 4+ 2.5 nM (1 o) for
the entire study area. Noticeably enhanced DMS (5 to 28 nM) concentrations were observed in the
MIZ around the Ross and Amundsen Seas and the coastal regions in the Antarctic Peninsula; this
could be attributed to biological production of local ice algae, which appears to be supplied with
nutrients from glacial or sea ice melt water. These observed DMS inventories were significantly
higher (an order of magnitude) than current climatological DM5 inventories. The local DMS sources
being transported outward from the polynyas, where strong bloom occurs during summer, could
result in larger discrepancies between observed DMS and climatological DMS in the MIZ area (in the
Amundsen Sea). Overall, this study is the first to highlight the significance of the underestimation
check for of current TTMS fluxes in the austral antumn. which conseauenthv results in sienificant errors in the

in seasons other than summer are imperative in order to calibrate the current climatological
DMS inventories, which are significantly underestimated. Furthermore, more extensive
studies on the sources of atmospheric sulfur compounds are necessary in order to improve
the accuracy of future climate forecasts.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2073-443
3/12/1/122/s1, Figure 51: Massive sea ice algae colonies encountered in the Antarctic Peninsula sea
ice zone and the raw data file.
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