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Study on the cycles of particulate trace elements in the
Indian Ocean water column using radioactive tracer
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I. Title

Study on the cycles of particulate trace elements in the Indian Ocean ocean

water column using radioactive tracer
IT. Necessities and objectives of the study
II. 1 Objectives of the study

O To investigate the particulate sinking fluxes in the upper Indian Ocean
wate column using in-situ measurements of radioactive tracer

- Linkage with other Indian Ocean section cruise projects

— Onboard measurements of radioactive nuclide tracer, *Th
(O To accumulate the experience and up-to-date skills of trace element
analysis at the level of developed countries

- Construction of ultra clean particulate trace element analysis method

- To obtain the reliability and analytical technology through international
inter-comparison work at cross—-over station
O Study on vertical fluxes of particulate trace elements using **Th tracer

- Calculation of particle settling time and residence time through data
analysis of ?*Th

- Identification of vertical export fluxes particulate trace element behavior

coupled with ®*Th tracer
II. 2 Necessities of the study

1. Importance of this study

— Trace Elements (e.g., Fe, Zn, Cu, Mn, Al, Ni, Co, Pb) act as an
essential micro—nutrient of marine primary production and is closely related
to global marine carbon cycle, climate change, marine ecosystem change and

environmental pollution.



- A recent study by international joint research program of trace element
and isotope (TEI), called GEOTRACES, emphasizes the role of particulate
trace elements and their role in the oceans.

- Although the particulate trace element is a key factor controlling siking
particulate matter and organic carbon behavior (biological carbon pump) in
the water column, there has been no previous research on marine trace
element in the ocean due to absence of clean sea water sampling
infrastructure in South Korea.

- Previous trace element studies have focused on only dissolved trace
elements, and the only a few trace element trace data has been published in
large numbers worldwide

- Although it 1s necessary to combine with radioisotope tracers to identify
the behavior of particulate matter (and trace elements), such attempts are
rarely has been conducted in worldwide.

- The Indian Ocean is the region where the least trace of trace element
work has been performed internationally (only 0.5% of the trace element
data is reported worldwide).

- Together with the launch of new 5000 t grade large research ship
with a state-of-the—art clean seawater sampling system and the moving of
KIOST to the Busan campus equipped with a clean test environment and
facilities, Korea's maritime research on ultra-trace elements has begun and

the need to actively utilize the recent up-to—date infrastructure.

2. Linkage to higher goals (institutional- and national agenda)

- In this study, the research and development of marine science and
technology, the basic research, application and practical application of marine
science and technology, and the education and training of experts in marine
field, It meets the purpose of establishing the articles of association and
meets the specific mission of "research, application and practical research
necessary for development of marine science and industry”

- This study is expected to contribute to the achievement of the purpose
of marine era "systematic study of the ocean” and "development of national
marine science technology and securing of international competitiveness”.

- Linking to the KIOST management goal of 'forecasting and responding
to climate change through marine research’

- Among the 140 national governments 8 tasks are included in the



national maritime affairs. In addition, the “"Climate change adaptation such as
extreme weather,” ocean impacts of climate change and interlocked
ecosystem response. Thus, it is necessary to strengthen understanding and

forecasting ability of world wide climate change

M. Contents and scopes of the study

M. 1 Research period
O 2018.04.01. - 2018.12.31. (9 months)

M. 2 Contents and scopes of the study

O Study of particulate sinking rate in the ocean using radioactive tracer
~  Analysis of the sediment tracer of particulate matter, *Th,
radioisotope in Indian Ocean (shipboard) in 2018
O For the first time in Korea, to investigate the distribution of trace
elements in the oceans (Indian Ocean, etc.)
- Participate in the joint cruise of Indian Ocean and collect trace
element-clean sea water samples
- Acquired technology for analyzing the level of advanced countries by
constructing clean sampling and pretreatment method
- Gained confidence and reliability in clean traceability of trace elemental
samples by visiting the GEOTRACES mutual test peak (Good
inter-comparison test through preliminary results in 2017)
O Particulate sinking rate and cycling of particulate trace elements in upper
Indian Ocean using radioactivity tracer
- Estimation of particulate sinking rate and residence time in the upper
Indian Ocean using **Thtracer analysis
- Identification of the vertical export fluxes of particulate trace elements

in by combining with particulate trace element data

IV. Results

O R/V Isabu-based trace element clean sea water sampling



- Successful operation of Ultra Clean CTD in the Indian Ocean, the first
clean water sampler in Korea
O To obtain advanced level analysis technology by constructing clean
sample pre-treatment method of trace elements
- Establishment of clean experimental environment and pretreatment
equipment for the purpose of trace element / metal research at 1
research building 1 floor of this research building until July 2018
- In Korea, for the first time, the internationally recognized
GEOTRACES standard protocol has been introduced, and instead of
dissolving the existing filter paper itself, the solution is refluxed
continuously at a relatively low temperature, leaching only the
particulate matter.
O Visiting GEOTRACES inter-comparison crossover station to get a
reliability and credibility of clean trace element sampling
- The present trace element collection equipment and method cleanliness
verification were carried out through a inter-comparison test with
the previous data published in 2013 at the same peak (5 ° 16 'S,
KIOS 18_19) in the Japan GEOTRACES research team (2009)

O Estimation of particulate sinking rate and residence time of Indian Ocean
upper layer through **Th tracer

— The vertical flux of **Th calculated with assuming a steady state is
approximately 4170 + 3010 dpm m? d*! in the 60E SCTR section and
1350 + 947 dpm m™? d' in the 68E section.
- especially in the SCTR area, due to supply of land origin
— In comparison with last year’s 67E section (538 + 365 dpm m™? d!),
vertical export flux was more than twice this year, which is attributed

to the inter—seasonal variability.

O Identification of wvertical export fluxes of a particulate trace element in
the upper water column coupled with particulate trace element data
- The average concentrations of particulate trace elements, Al, Fe, Mn,
Co, Cu, Zn, Cd, Ni, V, and Pb, in the uppermost 500 m of the Indian
Ocean, were 4.02+2.81 nmol L} 1.7445.33 nmol L} 30.4+26.1 pmol L},
2.16+6.11 pmol L', 25.4+11.4 pmol L™, 1.44+2.43 nmol L', 1.26+1.03 pmol
Ll 229469.35 pmol L} 9.95+7.07 pmol L}, 22.0+21.0 pmol L.



- When using these concentrations of particulate trace element (Cprg)
were applied to the Cprg/?'Th ratio of ®Th are calculated, it can be
seen that PPZ (Except for the SCTR region where the local source is
strong). The settling velocity and the export flux to the deep layer are
about 20.4 (+ 24.0) umol m? d' and Fe: 88 (£ 10.4) umol m? d !, Mn:
154 (£ 181) nmol m™? d?, Co: 11.0 (£ 12.9) nmol m™? d!, Cu: 129 : 7.30
(£ 860) umol m? d!, Cd: 6.39 (£ 7.53) nmol m? d!, Ni: 116 (+ 137)
nmol m? d!, 50.5(+59.5) nmol m % d!, Pb: 113 (+ 133) nmol m % d'*

V. Application plans of the results of the study

O The results of this study is applied to the understanding of trace element
distribution/material cycling in the ocean water columns as a basic data
for strategic responses to global ecosystems and climate change

O This result also can be used a base data for biogeochemistry models
and climate diagnosis models

O This results can contributes to the understanding of ocean circulation
through global climate change and human activities

O Analysis of trace element elements International competitiveness and
improvement of international recognition as a leading agency of ocean
research in GEOTRACES program

O Report on the annual activity annual report published by the SCOR
meeting of the GEOTRACES program as a regional (domestic) activity

research of South Korea, for the first time.

’ ’
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ANNUAL REPORT ON GEOTRACES ACTIVITIES IN ...
May 1st, 2017 to March 30th, 2018

South Korea

Cruises

+ Korea Institute of Ocean Science and Technology (KIOST) have conducted 1% yr Indian
Ocean section cruise covering 5N to 168 (1 degree int.) in 67E (July 2 — 24). Scientists in
KIOST successfully collected the clean seawater samples for trace metal analyzes at 7
stations (3 degree interval, 112 for dissolved- and 56 for particulate samples) in this cruise,
including 1 GEOTRACES crossover station (5° 16', 67° 54° in GI02 cruise). Together
with the trace Elements, on-board measurements of radioactive Th-234 tracer also was
done in this cruise (at the same station with TE clean sampling)
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