Investigation of glacial meltwater distribution in the west
Antarctic using noble gases
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L.

Title

SUMMARY

(4 & 8 o8

Investigation of glacial meltwater distribution in the west Antarctic

using noble gas

II.

Purpose and Necessity of R&D
1. Purpose of R&D

A.

Collection of seawater samples for the study of glacial
meltwater distribution

Optimization of the noble mass spectrometer at KOPRI for
the analysis of noble gases

Establishment of an independent system for noble gas
analysis by combining a quadrupole mass spectrometer and
isotope dilution method

. Precise estimation of glacial meltwater distribution in the

west Antarctic using noble gases

2. Necessity of R&D

A.

While noble gas is receiving great attention because it is
used as a direct tracer of glacial meltwater, field
observations are very limited. [t is necessary to extend
the observation of noble gases in the Antarctica.

The KOPRI hosts the only noble gas mass spectrometer
for seawater analysis. It is necessary to optimize the
analytical procedure and instruments for the study of
glaical meltwater.

. Is is necessary to establish a separate noble gas analysis

system (at Pusan National University) for the preparation
of downtime of the mass spectrometer at KOPRI and
ensuring maximum throughput of noble gas samples.

. Noble gases allow us to accurately estimate the

distribution of glacial meltwater, which is difficult to
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evaluate by satellite or a typical hydrographic
observation.

[II. Contents and Extent of R&D

A.

Sample analysis using noble gas mass spectrometer at
KOPRI

- Air standard gas collection and precise calibration of
volume of standard gas

- Optimization of the ion source of mass spectrometer

- Sophistication of noble gas analysis by repeated
measurement of air standard gas

- Analysis of air equilibrated water sample
Establishment of noble gas analysis system at PNU
- Development of noble gas analysis device using QMS

- Installation of an automated cryogenic trap for gas
separation

- Production of isotope spike for isotope dilution method

- Analysis of noble gas sample using isotope dilution
method

. Precise estimation of glacial meltwater distribution using

noble gases

- Precise estimation of glacial meltwater distribution using
the optimum multiparamter analysis (OMPA)

- Comparison of meltwater distribution calculated by OMPA
and composite tracer method

- Comparative research on fresh water calculated by 6180
method and meltwater by OMPA

- Estimation of the upwelling rate and annual inflow
through meltwater distribution calculated by OMPA

IV. R&D Results

1. Noble gas analysis using noble gas mass spectrometer in KOPRI

The noble gase mass spectrometer owned by KOPRI is the only

system in Korea that can analyze the concentration of noble gases

_8_



in seawater. In order to utilize this analysis system, cryogenic gas
trap, which had been aged and unable to analyze noble gases, were
repaired. As the temperature control range of the cryogenic gas
trap (<13 — 295 K) was restored, the protocol for noble gas
analysis was modified to shorten the analysis time from 6 hours to
4 hours. In addition, air standard gas used as a standard material
for noble gas analysis was newly collected, the volume of air
standard gas injection was precisely corrected, and air standard gas
was repeatedly measured to secure analysis accuracy. After
replacing the ion source of the failed mass spectrometer, the ion
source variable suitable for the noble gas type was optimized to
obtain the best analysis strength for each noble gas (He, Ne, Ar,
Ke, Xe). Air-equlibrated water samples were analyzed to check the
precision and accuracy of the analysis after the above mentioned
optimization.

. Establishment of an independent gas analysis system at Pusan
National University

Using the quadrupole mass spectrometer (QMS) owned by
Pusan National University, a system that can analyze noble
gases in the laboratory was established. Subsequently, a
cryogenic gas trap capable of controlling temperature down to
5 K was introduced to capture all light noble gases (He, Ne).
The crogenic trap reduced Ne isotope analysis precision to
<0.2%. In order to measure the concentration of noble gas in a
dissolved state in a sample of noble gas, an isotope dilution
method using an isotope was applied. For the application of
the isotope dilution method, an isotope spike was prepared by
mixing 22Ne, 36Ar, and 84Kr. The precision and accuracy of
the noble gas analysis system was evaluated by repeatedly
analyzing the air equilibrated water; the precision was 0.7, 0.7,
and 0.4%, respectively for Ne, Ar, and Kr and the accuracy
was 0.5, 1.0, and 1.7%.

. Precise estimation of melting water distribution using inert gas

The distribution of melting water in the Amundsen Sea was
precisely estimated through the optimum multi-parameter
analysis (OMPA) using noble gases. Glacial meltwater in the
Amundsen Sea showed the highest fraction (about 0.6%) at the
400-600 m depth of the nearest observation station from the
ice shelf and flowed to the continental shelf along the
isopycnal depth. The OMPA method calculates the fraction of
relatively recent meltwater introduced since pWW was formed
last winter, because pWW was set as one of source waters.

_9_



Due to this assumption, the fraction of meltwater in OMPA was
lower than those of calculated by method using only Ne. In
addition, it showed a more realistic meltwater distribution than
the meltwater calculated by the composite tracer method (CT)
using seawater temperature, salinity, and dissolved oxygen as
tracers. The meltwater fraction calculated by CT showed 0.8%
at a depth of 400-600 m regardless of the distance from the
ice shelf. However, the concentration of noble gas, the direct
tracer of the meltwater, decreases as it flows away from the
ice shelf, suggesting that the distribution of the meltwater
calculated by OMPA better explains the distribution of the
meltwater calculated by CT. There was a significant difference
in the amount of freshwater, MET, calculated with oxygen
isotope composition ratio (§'®0) and submarine meltwater (SMW)
calculated with OMPA and ventilated glacial meltwater (VMW).
This difference was attributed to the difference that the §%0
method calculates all MET accumulated in mCDW, and OMPA
calculates the fraction of the meltwater introduced after pWW
formation. The annual inflow of meltwater, estimated from the
distribution of meltwater calculated by OMPA, was 53 - 94 Gt
yr!, and estimated that 29% of the created melted water would
be diverted to the surface layer to supply iron ions during the
following summer.

V. Application Plans of R&D Results

1. Analysis of noble gas sample using the mass spectrometer at
KOPRI optimized for seawater samples.

2. Sample analysis using the newly established noble gas analysis
system with a quadrupole mass spectrometer and isotope spikes.

3. Noble gases other than °He will be analyzed using the system at
Pusan National University, and the system at KOPRI will be used
mainly for the anaysis of *He. This method is expected to
drastically save time and budget spent on sample analysis.

4. The noble gas concentration in seawater, including Antarctica,
can be analyzed using the noble gas analysis system owned by
KOPRI and Pusan National University, and the obtained noble gas
data can be used for research such as the distribution of
seawater in the ocean and the distribution of hydrothermal
plumes.
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