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In order to investigate the characteristics (or the sources) of precipitations in Niigata Prefecture, oxygen

stable isotopic ratios (i.c., 8"Q) and the concentrations of rare earth elements (REEs), thorium (Th), and
uranium (U} in the precipitation samples were measured. The precipitation samples were collected using a
filirating bulk sampler every twe weeks at 3 points in Niigata Prefecture during the period from December
2003 to December 2004.

Conseguently, the following matiers have been mainly clarified. (1}In rainy season, &0 value of pre-
cipitations was the smallest. (2)in regard 10 §™0 value, " Continental effect” and “Amount effect” was gen-
erally observed in this work. On the other hand, “Temperature effect” was remarkably found only in winter.
(3) The concentrations of trace metallic elements (REEs, Th, U) increased in spring. (4) REEs in precipita-

tions might have been derived from a crustal source as well as oceanic source, while anthropogenic source

was not negligible.

Key Words : oxygen stable isotopic ratio, rare earth element, thorium, uranium, precipitation,
ICP-MS, stable isotope ratio mass spectrometer, Niigata Prefecture

L.

Introduction

Oxygen and hydrogen isotopes serve as use-
ful tool for characterizing the origin of local wa-
ters and local hydrological cycle. Hence, iso-
topic analyses of oxygen and hydrogen (e,
8%0, 6D) in environmental water samples
have been widely performed in the world in-

10-5

cluding Japan

In addition, rare earth elements (REEs) have
received great attention for the understanding
of the agueous chemistry in last decades® ¥,
The lanthanides (ie., La ~ Lu), particularly, are
largely noticed because of their similar chemi-
cal behavior, and the behavior allows them to
be used as a tracer of a wide variety of geo-
chemical processes. The REE pattern, where

the abundance of lanthanide in each sample
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Table 1 Sampling lists of precipitations at 3 points in Niigata Prefecture

Sampling Date Sado .f\(::t:nu)ru pll Niigata "\{::2:;"[ pH iShitada 'l\(:t:)m pH
24-Dee-03 — 5-Jun-04 5-1 61.4 4.54 N-1 753 4.29 K-t 165 4.25
S«Jan-04 — [9-Jan=-04 5.2 49.4 4.22 N-2 6t .8 4.38 K2 793 4.59
I 19-Jon-04 — 2-Feb-04 $-3 23.4 4.49 N-3 8.3 4.46 K-3 135 4,53
2-Feb-04 ~ 16-Feb-04 S 239 4.40 N-4 931 4.49 K-3 173 4.50
16-Feb-04 — |-Mar-04 S-3 296 4,33 NS 9.0 4.90 K-$ 88.5 4.78
1-Mar-04 — [5-Mar-04 S-6 2535 4.90 N-6 533 5.80 K-6 77.8 6.08
15-Mar-04 — 29-Mar-04 57 34.6 - N-7 21.7 5.55 K-7 20.0 4.80
o 29-Mar-04 — i2-Apr-04 5-8 8.7 5.37 N-8 354 5.49 K-8 49 8 4.89
12-Apr-04 — 26-Apr-04 5-9 219 5.08 N-9 43.0 4.94 K-9 63.9 4.96
26-Apr-04 — 10-Mav-04 | S-10 78.2 5.74 N-I0 98.0 5.09 K-i0 123 4.94
10-May-04 — 24-May-04 | S-11 102 6.09 N-t1 102 4.84 K-I1 178 4.717
24-May-04 — T-Jun-04 S-12 150 5.25 N-12 309 4.83 K-12 420 4.40
¢ Fdun-04 — 21-Jun-04 S-13 336 6.62 N-13 64.7 5.20 K-13 58.8 4.49
21-Jun-04 — 5-Jul-04 S-14 57.6 4.88 1 N-14 69.0 4.94 | K-14 412 4.32
I j-Jul-04 — 19-Jul-04 S-13 132 4.74 N-13 167 4.86 K-15 351 4.78
19-Jul-04 — 2-Aug-04 S-16 0 - N-16 34.6 4.56 K-16 40.9 4,17
2-Aug-04 — 16-Aup-04 § 5-17 3.60 - N-17 11.2 5.64 | K-17 422 4.73
16-Aug-04 — 30-Aug-04 S-18 264 598 N-I8 114 5.10 K-18 149 4.94
30-Aug-04 — 13-Sep-04 5-19 61.1 5.35 i N-19 28.5 6.3% | K-19 61.9 4.57
13-Sep-04 — 27-Sep-04 S-20 83.6 4.51 N-20 108 4.75 K-20 180 4.60
IV 27-5¢cp-04 — 1[-Oct-04 §-2 102 478 i N-2i 122 4.81 K-21 208 4.91
11-Cct-04 — 25-0c¢t-04 §.22 48.9 542 N-22 P12 4.88 K-22 166 4.75
25-0¢1-04 — 8-Nov-04 5-23 224 446 § N-23 432 4.66 | K-23 89.2 4,32
8-Nov-(d — 22-Nov-04 S-24 28.0 4.45 N-24 124 4.48 K-24 166 4.45
22-Nov-04 — 6-Dec-04 §-25 38.7 4.86 i N-25 50.9 4.69 | K-23 116 4.41
1 6-Dce-04 — 20-Dec-04 5-26 35.7 - N-26 102 - K-26 99.6 =
“—" represents the defect of data
(relative to that of chondrite or shale) is plotted Prefecture.

on a logarithmic scale against the atomic num-
ber. is therefore regarded as a “fingerprint” of
a geological sample” ~'".

Niigata Prefecture is located in the geo-
graphic position where the monsoon comes
from the Continent. Moreover, a large amount
of snow falls every year in winter season.
Therefore, it is expected that isotopic and
chemical investigation of the precipitation sam-
ples may bring new knowledge about hydro-
logic environment in this area.

However, hydrological and environmental in-
vestigations using 60 and §D (as well as the
concentrations of REEs, Th, and U) in the pre-
cipitation have been scarcely reported in
Niigata Prefecture.

In previous papers®'¥, we mainly observed
&"0 of precipitation, river water, and some
groundwater samples, and consequently ob-
tained some new knowledge about the charac-

teristics of environmental waters in Niigata

(4)

In order to investigate the sources of precipi-
tations in addition to the characteristics of pre-
cipitations, the concentrations of REEs, Th, and
U as well as ™0 values of the precipitations at
3 points in Niigata Prefecture have been deter-
mined in the present work.

2.

Experimental

2:1 Samples

Precipitation samples were collected with a
filtrating bulk sampler every two weeks at 3
points in Niigata Prefecture. The sampling pe-
riod was one year, from the end of December
2003 to the end of December 2004. These sam-
ples are listed in Table 1 along with the amount
of precipitation and pH. The pH of each sample
was measured with a pH meter (HORIBA F-24).

The sampling points, namely Sado(38° 14" N,
138°24" E; Altitude 136 m), Niigata(37°50" N,
138°56" E, Altitude 5m), and Shitada (37°38" N,
138°58" E, Altitude 190 m), are located respec-
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Fig.] Location of sampling points in Niigata Prefecture, (1) : Sado, (2) : Niigata, (3) : Shitada.

tively about 0.1 km, 3 km, and 40 km from the
nearest coast (Fig.1).

These samples are classified into the follow-
ing four classes based on seasons [ I :“win-
ter” (Dec., Jan. Feb), Il :“spring” {Mar., Apr.,
May), @I:*summer” (Jun, Jul, Aug), W:
*autumn” (Sep., Oct., Nov.)}. The wind direc-
tion in each season (3 points) is shown in Fig. 2.
1t indicates that the wind direction varied sig-
nificantly with both the places and the seasons.

2+2  Analytical method
2:2+1 Oxygen stable isotopic ratios (§*0)

For the measurement of oxygen isotope ratic,

CO.- H.0 isotope equilibration method was
used. The sample preparation procedure based
on the method of Watanabe et al.'" was applied

in this work. Isotopic measurements were per-

(5)

formed with a stable isotope ratio mass spec-
trometer (Micromass PRISM).

2+2-2 Determination of REEs, Th,and U

REEs, Th, and U standard solutions used for
making the calibration curve were prepared
by diluting the standard solution (XSTC-1 for
REEs and XSTC-13 for Th, U; both 10 mg-dm™*
5% HNOs solution) purchased from SPEX Certi-
Prep, Inc. (USA).

Rare earth elements, Th, and U were sepa-
rated from matrix by the chelate disk
(47 ¢ mm) (Empore™ Sumitomo 3M Col). In
the separation procedure, the disk was placed
in an ordinary disk holder. Each sample was
run through the disk after adjusting pH to 3 by
using ammonium acetate (CH:COONH,) and
nitric acid (HNQ;). Then, REEs, Th, and U on
the disk was eluted by 1.5 mol>dm™* nitric acid
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(b) Niigata
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X

Fig.2 The wind direction of each season in Niigata
Prefecture.(a) : Sado, (b) : Niigata, (c) : Shita-
da.

(20 cm?). The preconcentraion of REEs, Th,
and U was carried out according to the proce-

(6)

Vol. 55, No.6

Table 2 Operating conditions of ICP-MS

RF power 150 W

Plasma gas flow 15 L/min

Carricrgas flow 1.2 L/min

Sampling depth 6.5 mm

Sampic uptake rate 0.5 mL/min

Measurement poing 3 points/pesk

Integration time 1.0 sec/point

Measured Isotopes La, "ce, 'or, "YNd, TS,

mEu, "qu, ""Tb, ““Dy, '“Ho.
"“Er, "*Tm, "™vb, "™Lu, **Th,
ZJIU

dure described in Takaku et al.™®.

After the preconcentraion procedure. the
concentrations of REEs, Th, and U in samples
were measured with an ICP-MS (HP4500; Yoko-
gawa Analytical systems, Tokyo). The operat-
ing condition of ICP-MS (including the meas-
ured isotopes) is shown in Table 2.

3. Results and Discussion

3:1 "0 values in the precipitation in
Niigata Prefecture

The 8"0 values in the precipitation samples
obtained at 3 points from the end of December
2003 to the end of December 2004 are shown in
Tabie 3. From this table, it is found that the
mean value of §"0 in Niigata City is more than
1.0%o larger than that of two other points (Sado
City and Shitada Village).

Seasonal variation of §"0 values in the pre-
cipitation samples at 3 points in Niigata Prefec-
ture is shown in Fig. 3. From this figure, the fol-
lowing matters have been found. (1) As for 3
observation points, the seasonal behavior of
J 0 was almost similar to each other. In par-
ticular, 80 values of precipitation were rela-
tively small in rainy season in all points. (2)
60 values in Niigata are generally larger than
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and concentrations of rare earth elements(REEs), thorium (Th!, uranium{U}} in Niigata prefecture

Table 3 &0 values in precipitations at 3 points in Niigata Prefecture

Sado Niigata Shitada

5-1 -10.BO N-l -6.10 K-t -7 06
5-2 -12.47 N-2 -7 .63 k-2 1026
5-3 -9.838 N-3 -R 2% K-3 -{0.013
5-4 -9.90 N-4 -9.37 K4 10,70
5-5 -8.79 N -3 -5 3 K-5 -B.70
5-6 -9.37 N-6 -7 .82 K -6 -9.96
5.7 -6.13 N-7 L7169 K -7 L§.45
5-8 — N-8 - K-$ —

5-9 -4.23 N-9 -3re K-9 -7.34
5-30 -6.81 N-10 «6.38 K-10 -7.36
S-11 ~12.78 N-11 <11.98 K-11 -10 .86
8-12 -7.90 N-12 2567 K-12 «7.07
S5-i2 -7.54 N-i3 -7.64 K-13 -9.20
5-14 -§.13 N-14 -7.54 K-14 -7.57
S.15 6,92 N-l5 -7.08 K-13% -7.81
S-16 - N-1¢6 -7 63 K-16 -7.78
$-17 - N-17 -3.50 K-17 -4.306
S-18 -12.27 N-18 -9.90 K-8 -9.22
5-19 -10.29 N-19 -7.54 K-19 -9.58
5-20 -6.65 N-20 -6.39 K-20 -7.33
$-21 -9.43 N-21 -10.81 K-21 -11.30
§.22 — N.22 - K-22 -

§-23 -5.74 N-23 -6.49 K.23 <6.69
$5-24 =742 N-24 -7.65 K-.24 -7.517
§-25 -8.67 N-25 -8.39 K-25 -8.79
S-24 -7.08 N-26 6.1 K-26 -5.71
Mean -8.790 Mean <741 Mean -8 .48
5D 1.28 SD i.97 SD 1.64

22
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-8~ Shitada
-6
#
S 8
%
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-12
-4 s
gz
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Fig.3 Seasonal variations of 880 values in precipi-
tation at 3 points in Niigata Prefecture.

those in Shitada throughout the year.

For the explanation of the above-mentioned
(2), “Continental effect™'?" and/or "Altitude
effect”’?"'® may be presented. However, “Alti-
tude effect” of 8™0 in the precipitation is
known as at most — 0.14%/100 m* or —0.25%/
100 m' in central Japan. Therefore, “Continen-

represcnts the defect of deta due 10 the lack of sample

tal effect” (ie., "0 in “coastal area” is gener-
ally larger than that in “inland area”) is consid-
ered to be larger in this case.

3-2 Relationship between §*0 value and

weather condition

3-2+1 Relationship between "0 and tem-

perature

Relationship between temperature and §*0
values in precipitation at 3 points in Niigata
Prefecture is shown in Fig. 4. In any places, a
remarkable correlation between 8“0 values
and temperature is not found.

In order to examine the seasonal characteris-
tics of 80 in more detail, plot of temperature
vs. 60 is shown per each season (Fig.5). In
winter, the relationship between the tempera-
ture at the sampling points and 50 values is
relatively good (r =0.57). In other words, “Tem-
perature effect”'?"'® is remarkably found in

(7)
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Fig.5 Relationships between temperature and &0 values in precipitation in each season.
(a) : Spring, (b) : Summer, (c) : Autumn, {d) : Winter. '

(8)



N, hano et, al.; Environmental characterissics of precipitations based on both oxygen stable isofopic ratio

313

and concentrations of rare carth elements(REEs!. thorium (Th), uranium (1) in Niigata prefecture
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difficulty in estimating the amount of precipita-
tion because a large amount of snow falls in

Niigata Prefecture area in winter.

3-3 The concentrations of REEs, Th, U in
precipitation

The concentrations of REEs, Th, and U in
some representative precipitations at 3 points
in Niigata Prefecture are shown in Table 4.
The relative standard deviation (RSD)of the
three replicated analyses of each sample was
less than 10%.

The concentrations of REEs, Th, and U in
precipitations scarcely show significant differ-
ences among different locations. However, the
concentrations of REEs, Th, and U are largely
varied depending on season in any points. In
other words, the concentrations of REEs, Th,
and U in winter and/or spring are larger than

those of summer and/or autumn.

Summer
0
r=0.65
_sPa (b)
)
flae n8
.0 A A
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-15 . -
0 00 100 150 200 250 300
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Winier
0
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Fig.7 Relationships between the amount of precipitation and 80 values in precipitation
in each season. {2) : Spring. (b) : Summer, {(¢) : Autumn. {(d) : Winter.

(9)
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Table 4 The concentrations of REEs, Th, U (ng-dm ™) in some representative precipitations at 3 points in
Niigata Prefecture

& 3 =B

F ]
=

Concentration / ng*dm™

S
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Concentration / ng-dm”

Fig. 8
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Seasonal variations of the concentrations of
trace metallic elements at 3 points in Niigata

Prefecture. (a) : Sm, (b) : U.

(10 )

The seasonal variations of the concentrations
of Sm and U in precipitation at 3 points are
shown in Fig. 8. For other REEs and Th, simi-
lar seasonal behavior to those of Sm and U was
observed.

From this figure, it was found that the con-
centrations of trace metallic elements (such as
REEs, Th, and U) in precipitation in Niigata
Prefecture remarkably increase from winter to
spring especially in March. It is noteworthy
that pH values also remarkably increase in this
season as shown in Table 1. Moreover, the con-
centrations of nss(non-sea salt)-Ca® in this
season also extremely increase at all 3 points,
The concentrations of nss-Ca*" is 0.82 — 227
mg-dm % in the samples of Sado (i.e. S5 to S9),
0.88 — 1.64 mg-dm ™ in Niigata (ie. N5 to N9},
and 0.71 - 1.72 mg-dm™* in Shitada (ie. K5 to
K9). though the concentrations are almost 0.1 -
0.2 mg-dm™*in other seasons.

It is considered that this must have been due
to the yellow sand (so-called “Kosa") from Eur-
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asian Continent. We therefore suggest that the
trace metallic elements in the precipitation
may be carried with the vellow sand.

3-4 “REEs pattern” and sources of REEs in
the precipitation

It is generally considered that REEs in the
precipitation have three main types of
sources™ ~* : 1) crustal source, 2) oceanic source,
and 3) anthropogenic source,

For the crustal source, the REE composition
of shale may be taken as a reference?”*. Fur-
ther, we determined the REE compositions of
seawater taken on the coast in Niigata Prefec-
ture at 4 seasons (ie, 22nd Apr.. 13th Jul, 13th
Oct,, and 7th Dec.) in 2004 as a reference for the
oceanic source. On the other hand, the anthro-
pogenic source is probably characterized by
light-REE (LREE) enrichment and low heavy-
REE (HREE) concentration®.

Shale-normalized REEs patterns in repre-
senting precipitation at 3 points in Niigata Pre-
fecture from each season are shown in Fig.9.
The set of normalizing values (ie. the concen-
trations of REEs in shale) used in this study
was assinged from the values of “Post-Archean
Australian average shale” (PAAS)?".

From Fig. 9, it is found that these samples in
each place (or each season) generally have flat
patterns, indicating a shale-like composition. It
is suggested that these precipitations are
greatly affected by crustal source (ie., soil ori-
gins). However, the concentrations of La are
slightly high in most of these samples. There-
fore, it is considered that they would be influ-
enced by the component of the artificial origin.
As seen from the shale-normalized REEs pat-
terns, the concentrations of REEs in these pre-
cipitations are largely variable depending on
seasons in ail 3 points, although REE patterns

(11)
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Fig.9 Shale-normalized REE patterns of the pre-
cipitation at 3 points. (a) : Sado, (b} : Niigata,
{c) : Shitada.

are not so different among seasons.

In the precipitations of Shitada, which are lo-
cated less influenced by oceanic source than
those of Sado and Niigata, the concentration of
REEs or REE patterns are not so much differ-
ent from other 2 points.

To investigate the sources of the REEs in the
precipitation in more detail, plot of Nd/Yb vs.
1/Yb in precipitation at 3 points in Niigata Pre-
fecture is shown in Fig. 10 by applying the
method described in Zhang et al™, The data
of seawater analyzed by our laboratory is also
shown in the figure as a reference for the oce-
anic source. The data of Chinese loses (Liu et
al?) are also shown in this figure.

From Fig. 10, a proper portion of mixing be-
tween above-mentioned three components (ie.
crustal, oceanic, and anthropogenic source) can
account for the REE compositional variations
for most of the precipitations. It is considered
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Fig. 10 Plot of Nd/Yb vs. 1/Yh for the precipitation
at 3 points in Niigata Prefecture. Data for
the seawater analyzed by our laboratory
{SW] and for Chinese loses (data from Liu
et al, 1993) [CL] are also shown as refer-
ence.

that larger 1/Yb values of the precipitations
(than those of seawater and/or Chinese
loses) might be attributable to the influence of
anthropogenic source.

Moreover, it is worth noting that plots of the
precipitations in “Kosa” season (shown as the
open circle area in Fig. 10) are closely located
to the slanting-line area in Chinese loses (CL)
area. It is also suggested that these samples at
this season are strongly influenced by the yel-
low sand from the Continent.

From this work, the sources (and the charac-
teristics) of precipitations in Niigata Prefecture
could be quantitatively clarified to some extent.
The data obtained and the method used in this
work can be useful for environmental preser-

vation.
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