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Understanding the supply of trace metals by glacier meltwater discharge and its

effect on the plankton distribution

[l. Purpose and Necessity of R&D

1. To establish the clean seawater sampling system for trace metal determination
and understand the supply of trace metals by glacier meltwater discharge and

its effect on the plankton distribution

lll. Contents and Extent of R&D
1) Setup the clean seawater sampling system

- Setup the clean seawater sampling system for trace metal determination

2) Improvement for clean seawater sampling system

- Comparison dissolved trace metal concentrations in seawater samples between

clean seawater sampling system and normal sampling system

- Establishment of clean seawater sampling system for trace metal determination

3) Understanding the supply of trace metals by glacier meltwater discharge
- Preparing and conducting the Southern Ocean research cruises

- Tracing the sources of trace metals in the west Southern Ocean

IV. R&D Results
1) Setup the clean seawater sampling system

- Clean seawater sampling system for trace metal determination has been setup
by consisting of Tefon coated Niskin-X, Auto firing module, UHMWPE rope, etc.

_5_



2) Improvement for clean seawater sampling system

Seawater samples have been obtained from both clean seawater sampling system
and normal sampling system on the IBRV ARAON test cruise to compare trace

metal concentrations between two sampling methods

The necessity of clean seawater sampling system for trace metal determination

has been clarified

3) Understanding the supply of trace metals by glacier meltwater discharge

Preparing the Southern Ocean research cruises to understand the supply of trace

metals by glacier meltwater discharge and its effect on the plankton distribution

V. Application Plans of R&D Results

1) Academically

Contributing the research for trace metals in the Southern Ocean by setup the

clean seawater sampling system

Understanding the ecosystem in the Southern Ocean by investigating the

distributions of trace metals from glacier meltwater discharge

Improving scientific level of Korea by presenting scientific results at international

conferences and publishing papers

Educating the future researcher especially for clean seawater sampling and trace

metal determination

2) Socially

Improving the efficiency of IBRV ARAON operation by applying new sampling
method

Data would be available to predic future climate change in not only the
Southern Ocean, but also the entire Earth by understanding the supply of trace

metals by glacier meltwater discharge and its effect of the plankton distribution
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The “modern world” of trace metal sampling
being utilized in the GEOTRACES Program

The U.S. GEOTRACES The Japanese GEOTRACES Hein de Baar’s new NIOZ
12 Liter GO-Flo samplers 12 Liter Niskin-X samplers GEOTRACES system

12 2. GEOTRACES Program2 £5f &85
9] o] (Sohrin and Bruland, 2011)

® 1. BsrAlm ApAILROA ARREAL Qs AHg7], CTD-CMS frame, ¥A|AOlE AY (Kim e
al., 2015)

Table 1. Major components of trace-metal-clean sampling devices for determination of trace Zn in seawater.

Sampler Frame Wire, Cable Region
Go-Flo water sampler - Kevlar wire Eastern North Pacific (Bruland et al. 1979)
Eastern North Pacific (Lohan et al. 2002)

Go-Flo water sampler Epoxy painted Al frame Kevlar cable Eastern North Pacific (Measures et al. 2008)
Southern Indian Ocean (Gosnell et al. 2012)

Go-Flo water sampler Titanium Frame Kevlar cable Southern QOcean (Croot et al. 2011)

Go-Flo water sampler Polyurethane coating Al frame Vectran cable Western Atlantic (Cutter and Bruland 2012)

External spring type water Titanium frame Plasma rope South Atlantic (Wyatt et al. 2014)

sampler (OTE)
External spring type water Polyurethane coating Al frame Ti cable Subarctic North Pacific This study

sampler (Niskin-X)
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a3 9. 20239 ofates &3] A7 FA
(ANAISBJOIA  ARSAAE  AAAIAHS
gastol Az AFE AW AAE

(2) EF dA= 2 24

b da T nEFeR EAde 8 EF 94 £4S fldl wAd A7 F=(Solid phase
extraction S @83l NES 508 FEaon, A Z gl =l A gE A )

ol
(ICP-MS;Inductively Coupled Plasma-Mass Spectrometry)E o] &3dlo] FE A4S 33}

() &l AE Wl JEFYAE w557l 8 ZuEolE A ZHe(Nobias Chleate-PAl
resin, Hitachi High-Technologies, Japan)< A&, A2 2 M Z4F 60 mLZ Al F3 & %=
= 2005 M dEF ofAHOE €9 30 mLS Ad2E THAA dF1S A2 g

(th AHA 8 d 4 AlE 10 mLel 36 M 9EF oA HOE dF8AS M7 5§ 4 % 4=
Yol &HS o] &3sto] pH 6.00= =743

() dxg FA-ES 2 M @4 60 mLE S3HAZ F 005 M HEw
mLE $3AF. o F pH7F 244 sl AlRE A F, 006 M 4R+ ofAlH

20 mLE FIAA IE A= AAG

(mh) Aol F29 3 ERF d4he= 2 M ZA 5 mLE &&3te] AAHE 15 mL HEE FE

}

n°1'

() =8 AlgEe FZ28 =0 AHZEA 7] (ICP-MS, PerkinElmer)E o] £33} #4]
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132 (Solid phase

a4

A}

aL A

el

|

st

extraction)

o

o]

=
=

(ICP-MS;Inductively Coupled Plasma-Mass Spectrometry)

7k 54 %

=]
=1

o &
1=

' oHAH o E 458

15 mLol| 36 M &
tel pH 6.0-6.2%

o

=
i

i Al

9]

(W) A2 -

A

&

g2

o}

W

PR

005 M R &

ol
=

30 mL

2F 15 mL= AlH

HAIZL 5005 M SEF oRAHOlE &< 40 mL

T

o=
=z =

]

A

PN
T

af

g€

A

N

o

ang
Np

N

§3to]

A

=
=

wegow 15 M A4 5 mL

® 30 mL HE& FEO Ho} &4 A7HA BEadh

4qr

_Eﬂ

AlEE AR

=% &4

o

|=]
54

o

3

°ol-&

=
=

#2471 (ICP-MS, PerkinElmer)

o

(1) 2025 H=4

AMeE AT (2™ 10).
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23 11, 202349 ofgkes HF o7 FRHANAISB)A o]zl &&= S ER g+ & Nd, Gd. Ybo
SE ONLE Nd Gd Ybe 77 JJH2(Light). £7F RA(Middle). £r12(Heavy) SlER H2E
e

A 2bstE 3 A M Ho] e Ced A3 JEF ot duby oz oA o
%k & (nutrient-type) 2 XS Holx= zZlog 2dex o B A= A 9 BF
500m FA7HA = FE7F 7T thAl FHAshar, 500m ol sk > FAlel Al oAl STtekE

Pre 2.
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T 7hede A

vl 2k el o] S| ER Y4+ Oddo-Harkins ruledl] wel #4 QAR EE 742 danEo] 2
zuth FRE) EAGEE, oled avE BAFdw: /9 2 Asey
Hoh g&s| olssty] 98l Hx 420 PAAS(Post-Archean Australian Shale)E AF

—8— 4m
—0— 15m
~@— 45m
—O— 100m
©- 200m
~@— 300m
0.01 -0- 500m
~O~ 700m ~O— 500m
©- 1000m O~ 1000m O~ 700m
—O— 2000m —0— 2000m ~O— 1000m
~O— 3000m —O— 2770m —O— 1500m
Q- 3270m ©- 3270m O 2180m
0.001 -——————————— 0.001 -—————————————— 0001 L ——F————————
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er TmYb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1 1
Stn.85 Stn.100
Q Q 3
©
o
-
x
o 041 0.1 01
o
N
®
E
o —— 4m o)
< -o- 40m b -@- 28m -0- 15m
& 0.01 8 ~0- 60m 0.01 ~@- 60m 0.01 -0 30m
< ~O~ 100m ~O- 100m ~O- 60m
< 0 250m 0 160m ©- 100m
o ~0— 500m ~0— 300m -0 250m
~@- 700m ~@-— 450m ~@- 420m
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0.001 +— — T — — 0.001 T — 7 = 0.001 -—— ——— —
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1 1 1 1
Stn.101 Stn.103 Stn.107 Stn.A11
01 0.1
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REEs REEs REEs REEs

a2 12, 202349 ofgte s F25] A FRHANALI3B)oA] AA 90, 101, 1119 8& FEE A =%
2 PAAS (Post Archean Australian Shale)2 B Z3lsto] SAE 2 ERH Jfjo,

)
3
e

A} Ce anomaly:= Ce %99 Lad} Nd ¥EZ PAASE 5313 & o= nigo#
1

Ce®l WMi4ds% div] AA FAH5k9 H]%i ﬁlé}ﬂfﬂ, A2 AT} Ce/Cex FFo] 1HT} ZSi2
anomaly A%=7} 2 A= AT + AL

o}, . Ao A Ce anomaly: 0.05914 0.23 HY=E AMEFon, E3 500m Hr} 2&

, 9]%Z Stn. 88 - Stn. 90914 W% = anomaly .o Fol wz} 500m E.t} & 49
T oY 7Y Yo dFE PSS FoeE Add (29 13).

jubad
o —W
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a2 13, 202349 ofgftes E=d AL FTRHANAIL3ZB)oJA] AlAM=El Ce anomaly(Ce/Ce’)Q} PAAS
(Post Archean Australian Shale)2 Z&SISE 7F2 719 & slE= UA(LREE; La + Pr + Nd)Qt
DAL SlEF YA(HREE: Er + Yb + Lu)9 H|2 UEtH AH BEaxg,

4

2 7 e A ERF 94 o ¥AL IdEF 924 ¥(LREE/HREE) %3 Ce anomaly$} -fA}3H

o, SAPE A0 22 FAldA I Ao w2 gto]l YEsen, o

=YXE BHY
T EaUEs FHEE S JEF 949 FYET old, UEAIHAA HAEZES S JE
Foaze 49 15 AN

b v Eage] 4 BrxE gRdoR dFoA & sEWs glo] EAste] e wet 2
S Fr H3lE Hol: HEYE¥E(conservative-type), A=A A UHSEA TA G

4
EFAE D@, Fo] F/H weh AYEHHC] Bl I 54 29U

~ =
3 & XE(nutrient-type), &2 A FAIFY GAepe] dbgd oz s A wEt F=7F 54
3] ZHaste 2AMAE E E(scavenged-type) 2 TFEE ¢ gJon AR Adho A AET
2 AT ~AWA 4] o o ste] EHo] ofd oy EAHL Hol= ETotE H

¥ (hybrid)E Ho]7]|% 3}
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oF, Mn< %34 1nzdd FH=Z EAgdor, FJudo=z e £Xg Stn. 90, Stn.92&
Aok FE-Eo] AHoM= ATl =7 S7lste AEFS B, ol HAE 7|Y¥ Mn
fFele gEor Wy

2t Fe& FaiiS3 283 Stn. 1137 9F A<l Stn. 90, Stn. 925 A

o
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M 4
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=

SRR Uehdou, A% ke SAAM Fee b 2
449 St 90, Stn. 92 A WFFE AN Fugow
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d
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off
!
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kD

2. Co= Yuidom mEoA] e kna EAsy xZE o}
BIE Bgor} Stn. 90, Stn. 929] AZd A= tA] 7AastE AdFo] vERE. Stn. 90, Stn.

gpe] FAClA T ZAF Cofl BE 5AE 9% 9 Fie Purezm e ¥R

b Ni, Cde FiAoR EFoA e FER EAskAw FAlol Fohgel wet Fbshs
v
1

FEREE 2L dFUETY 249 St 111, St 1314 02 4953 mulde o
Aijdow e FARA gE SAo] ey
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