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Abstract Tritium and other stable isotopes in precipita-
tion were analyzed on a monthly based on Jeju Island and
in Daejeon Korea and variations between the island and
continent were compared. The tritium concentration in
Daejeon ranged from 2.27 to 15.71 TU and on Jeju from
<0.5 to 5.4 TU. The maximum value of the tritium content
was in March and the minimum in July and August due to
the dilution effect of heavy rain. The tritium content in
precipitation on Jeju Island was lower than in Daejeon and
the results reflected the general tritium content value in the
Northern Hemisphere. The stable isotope analysis results
showed that the mean value of 6'%0 (%o) was —6.28 and
ranged from —11.70 to —1.67. Further the mean 6D (%o)
value was —36.33 and ranged from —85.56 to 4.27. The
mean deuterium excess value (d-value) was 13.89 %o and
ranged from 3.33 to 33.61 %eo.

Keywords Tritium - Stable isotope - Precipitation -
Seasonal and regional difference

Introduction

Various isotopes are used in the fields of geosciences and
environmental studies. Tritium is produced mainly by the
interaction of cosmic radiations with the upper atmosphere,
at a rate of about 0.25 atoms/cm?/s [1]. This tritium enters
the hydrological cycle in the form of tritiated water
molecules (HTO). Tritium content of water sample is
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expressed as tritium unit (TU), where one TU represents
one THO molecule in 10" H,O molecules and this means
0.11919 £ 0.00021 Bg/kg of water. Tritium activity mea-
surement in environment is very difficult due to its very
low concentration such as 10-20 TU at the Northern
Hemisphere and below 10 TU at the Southern Hemisphere.
To overcome this difficulty, the most of the water samples
were enriched using electrolytic enrichment method.

The stable isotopes 80 and deuterium (2H) are also rare
components present in water. The isotopic ratio of '*0/ %0
and “H/'H were different in the environment due to their
kinetic isotopic process, equilibrium fractionation process
and the physicochemical effect. These isotopes offer a
broad range of possibilities for studying processes within
the water cycle and have thus become an important tool in
isotope hydrology, and are routinely applied in studies of
the origin and dynamics of surface and groundwaters. To
this end, the Global Network of Isotopes in Precipitation
(GNIP) collect a database that containing data on 5°H,
5'%0 and *H activity across the world, as well as relevant
meteorological data on a monthly basis, providing an
extremely valuable tool for modelling climatic changes,
as well as for hydrological and hydrogeological investi-
gations [2].

Tritium in water vapor has its origin in the stratosphere,
flowing into the troposphere and reaching the ground in the
form of water vapor or precipitation. Thus, the tritium
concentration in precipitation varies with the season and
meteorological characteristics at the observation station
[3]. The isotopic composition of local precipitation is pri-
marily controlled by regional-scale processes, like the
trajectories of water vapor transport over the continents and
the average rainout history of the air masses giving rise to
precipitation in a particular place [4]. Stable isotopes can
therefore be used to investigate precipitation formation
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Table 1 Sampling site on Jeju Island

Sampling point Longitude (E) Latitude (N) Elevation (m)

JP-OD  North 126°26'14.9"  33°29'15.3" 6
JP-HA 126°27'02.0"  33°2443.9" 529
JP-YR  South 126°23'52.1"  33°15'01.0" 88
JP-HW 126°28'38.9"  33°17'56.3" 599
JP-IM 126°2950.9"  33°20'15.0” 1,229
JP-KS  West 126°1046.3"  33°17'51.6" 16
JP-11 126°17°00.5"  33°18'23.0" 150
JP-SY  East 126°55'09.7"  33°26'07.3" 3
JP-GS 126°44'08.2"  33°22/55.6" 274
DJ Continent  127°21'43.5 36°22/40.8" 59

conditions, and to monitor changes in these conditions, as
well as their impact on water resources, and to relate these
conditions to observed and expected climatic changes. For
this reason, much research has been published on the sea-
sonal and regional variations of stable isotopes and tritium
[5-10].

In this study, we determine the monthly variability of
the isotopic composition in precipitation between coastal
and continental regions, as well as regional variation on
Jeju Island, Korea.

Experimental
Sampling

Considering differences in direction and height, nine
sampling sites were selected on Jeju Island, as shown in
Table 1 and Fig. 1. Precipitation was also collected at
Daejeon, Korea to compare isotopic variations between

Fig. 1 Location of the
precipitation sampling points
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coastal and continental regions. Precipitation was collected
for a month using a 20 L plastic bottle fitted with a conical
stainless steel funnel. The bottle was wrapped in Al foil to
keep the sample out of direct light and paraffin oil was
poured into the bottle to avoid evaporation. The precipi-
tation sample was collected every month and stable
isotopes and tritium were analyzed from Dec. 2009 to
Nov. 2010.

Reagents and instruments

Precipitation was filtered with 0.45 um nuclearpore filter
and transferred to a polyethylene bottle. A 1 L sample was
distilled to remove impurities and 1 wt% GR grade
Na;0,(97 %, Sigma—Aldrich) was added as an electrolyte.
After electrolytic enrichment process which was discussed
our previous work[11], the distilled 10 mL water sample
was mixed with a 10 mL cocktail (Ultima Gold LLT,
Perkin Elmer Co, USA) which was a mixture of scintilla-
tor, solvent and surfactant. The tritium measurement was
performed with a Quantulus 1220 (Wallac, Perkin Elmer)
low level liquid scintillation counter. Tritium counting
efficiency was estimated using the NIST standard water
sample(SRM 4926E, tritiated water). With a 10 mL sample
and 300 min of counting time, the detection limit was
determined 2.17 Bq L', which corresponds to about
18 TU. Therefore, most of the water samples could not be
analyzed directly without enrichment.

The tritium free background water was acquired from a
500 m deep groundwater well located in the Korea Atomic
Energy Research Institute. The age of the background water
sample was determined to be about 2500 year by the C-14
counting method. The counting vial was a 20 mL polyethyl-
ene vial with its inner side coated with Teflon. The oxygen
isotope was pretreated using the CO,—H,O equilibrium
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method and deuterium was pretreated using the zinc reduction
method. Pretreated stable isotopic samples were analyzed by
mass spectrometry (VG Prism II). The measured value was
represented as a standardized permillage (%o) with the Vienna
standard mean ocean water (VSMOW). The analyzed 80 and
D values were represented as d-value (%o),

8(%) = (R—"‘ - )

1) x 1,000
Rstandard )

where Rgymple and Rgiangara denote the D/H or 80/1%0
ratios of the sample and standard, respectively.

Results and discussion

The monthly distribution of the tritium concentration at
Jeju Island and Daejeon are shown in Fig. 2. The tritium
concentration at Daejeon ranged from 2.27 to 15.71 TU
and on Jeju from <0.5 to 5.4 TU. Figure 3 shows the
spatial distribution of the tritium values. The maximum
value of the tritium content was in March and the minimum
value in the rainy season (Jul, Aug) due to the dilution
effect of heavy rain. The H-3 content in the eastern and
northern regions of Jeju Island was higher than those in the
west and south. This result reflects the differences in the air
mass and amount of rain across Jeju Island. Tritium con-
tents in the precipitation on Jeju Island were lower than at
Daejeon, and the results reflected the general tritium con-
tent value of the Northern Hemisphere [2].

Spatial and temporal variations in the isotopic compo-
sition of precipitation are due to isotopic fractionation that
occurs during the evaporation of seawater and condensa-
tion during the advection of water vapor [12]. Previous

Fig. 2 Tritium content 16

research [9-14] has pointed out that high tritium concen-
trations are related to the arrival of continental air masses
from the north, and that low tritium concentrations are
related to the presence of oceanic air masses. Therefore, the
H-3 content in precipitation on Jeju Island was represen-
tative of maritime characteristics.

The monthly distribution of stable isotopes is shown in
Table 2 and Fig. 4. The stable isotope analysis results show
that the mean & %0 (%o0) value was —6.28 and ranged from
—11.70 to —1.67. The mean oD (%o) value was —36.33 and
ranged from —85.56 to 4.27. The mean deuterium excess
value (d-value), defined by Dangaard [12], was 13.89 %o
and ranged from 3.33 to 33.61 %o.

d — value = 6D — 8 x §'%0 2).

The regional variation in isotopic content is shown in
Fig. 5. Compared to other regions, the eastern region had
the highest isotope value. The mean § '*0 (%o) value in the
eastern region was —5.75 and ranged from —11.51 to
—3.24. The mean 6 D (%o) value was —30.1 and ranged
from —82.20 to —11.11. The effect of elevation was also
monitored. The isotopic content was high at sampling sites
with elevation below 200 m and decreased above 600 m.
This elevation effect was evident for the 6 'O values, but
not for 6D and d-value. The d-value on Jeju Island showed
highs in winter and lows in summer. This result illustrated
that precipitation on Jeju Island was affected from the
North Pacific air mass at summer season and the Siberian
air mass at winter season. The North Pacific air mass was
produced from slow evaporation in high temperature and
humidity, therefore, the precipitation d-value showed
below 10 %o. On the other hand, the Siberian air mass,
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Fig. 3 Tritium content distribution in each region
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Table 2 Isotopic composition of precipitation on Jeju Island from December 2009 to November 2010

Sampling point H-3 (TU) 5'30 (%o) 5 D (%) d (%o)
JP-OD North <0.5t0 5.26 —9.99 to —3.99 —73.46 to —18.03 3.33 to 0.00
JP-HA 1.70 to 5.00 —11.70 to —4.02 —85.56 to —18.22 6.53 to 28.32
JP-YR South 1.36 to 3.99 —10.51 to —2.25 —75.81 to 3.97 6.98 to 27.32
JP-HW 1.09 to 2.98 —10.38 to —3.35 —75.03 to —2.07 8.00 to 24.75
JP-IM 1.04 to 3.04 —11.38 to —4.74 —81.89 to —22.84 8.41 to 33.61
JP-KS West 0.98 to 3.63 —10.41 to —1.67 —76.00 to 4.27 5.27 to 17.61
JP-1J 1.41 to 3.47 —11.06 to —3.27 —79.89 to —8.79 5.13 to 23.52
JP-SY East 0.63 to 4.12 —10.10 to —3.24 —72.85 to —11.56 5.37 to 30.42
JP-GS 1.58 to 5.38 —11.51 to —4.06 —82.20 to —11.11 6.44 to 33.19
DJ Continent 2.27 to 15.71 - - -

which is cold and dry, was produced from fast evaporation
by passing through the relatively warm Yellow Sea, it
showed above 15 %o d-value. This result was in good

agreement with previous others work [15, 16].
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Figure 6 illustrates the relationship 6D = £(5'%0) for all
sampling stations. The isotopic values for precipitation in the
rainy season (Jun, Jul, Aug) was similar to the global mete-
oric water line but the value in the dry season (Dec, Jan, Feb)
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Fig. 4 Variation in monthly
isotopic composition for
precipitation on Jeju Island

deviated from this. In spring and fall, the values fell between
the dry and rainy seasons. The spatial distribution of stable
isotope depends on a number of weather parameters that
characterize the origin, vapor supply, and removal history of
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differences in isotope values also arise from the air mass
effect. The North Pacific air mass, which is of high temper-
ature and humidity, affects precipitation in the summer
season and Siberian air mass, which is cold and dry, affects

the air moisture that generates the precipitation. The seasonal ~ precipitation in the winter season.
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Fig. 5 The isotopic composition distribution for each region
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Conclusion

This paper attempts to provide a comprehensive survey of
the isotopic composition of precipitation over Jeju Island
for stable isotopes (2H, 18O) and 3H, and the results are
compared with continental values. The continental station
(Daejeon) showed distinct differences in the isotopic
composition of precipitation when compared to the mari-
time stations. The slope of the local meteoric water lines
(LMWL) for Jeju Island, in the rainy season are not con-
sidered to be different from that of the GMWL (8 %o) at a
95 % confidence level, while the LMWLs in the dry season
have slopes lower than 8 %.. The spatial distribution of the

average d-value is not homogeneous, reflecting differences
in the origin and history of the water vapor masses that
generate precipitation.
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