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Characteristics of hydrogen and oxygen isotopic compositions and
chemistry of precipitation on Ishigaki Island in Okinawa, Japan

Seizen AcaTA”, Masayoshi Kumaba”" and Hiroshi SATAKE""

Y Yaeyama Agricultural High School,
477-1 Okawa, Ishigaki-shi, Okinawa 907-0022, Japan

50 Department of Environmental Chemistry and Biology, Toyama University,
3190 Gohuku, Toyama-shi, Toyama 930-8555, Japan

One hundred and eight samples of daily precipitation on Ishigaki Island were collected from
Dec. 4, 1997 to Dec. 5, 1998 and were analysed for chemical and isotopic compositions.

3 D and 3 *O values of daily precipitation ranged from O 82 to 11%. and O 12.1 to O 0.5%o,
respectively. These values were higher in winter than in summer. The d value (dO & DO 8 **O)
ranged from 7 to 35 and showed seasonal variation in which it was high in winter and low in
summer. This indicated that precipitation of the winter season on Ishigaki Island is derived
from the continental cold airmass. Amount effects of precipitation on isotopic composition were
observed throughout the year. Furthermore two trends of amount effects were observed in sum-
mer.

High concentrations of chemical components were found in precipitation with high wind ve-
locity caused by typhoons and the seasonal winds in winter on Ishigaki Island. In particular, the
typhoons significantly increased the concentration of chemical components. Annual average of
CI" concentration was nearly equal to the CI” concentration in winter precipitation along the
Sea of Japan side on Honshu Island, and the annual deposition rate of NaCl was about 7 times
larger than the national average. The calcium ion of non sea salt origin in precipitation is prob-
ably supplied through the dust containing CaCO; from the limestone-rich soil of Ishigaki Island
and NH.” by chemical fertilizers used in the island.

The annual average value of the NO;"/nss SO./” ratio, 0.64, was twice as larger as the ratio
of Tokyo (0.35). It may be caused by photochemical reaction forming nitric acid in Ishigaki Is-
land under the strong insolation of the subtropical climate.

High concentrations and large deposition rates of nss SO.”” were observed in fall to winter,
when d values of precipitation were high. The ratio of NO;"/nss SO,*” was observed to be low in
winter on Ishigaki Island. This indicated that the sulfuric acid was transported from the Asian
Continent to Ishigaki Island by the continental cold airmass.

The pH ranges from 4.1 to 6.9 and its annual mean was 5.4. This mean value of pH was
higher than those of Honshu Island (e.g., Tokyo 4.7). Nss Ca’”/NH," ratio, 1.7, was much higher
than those of Honshu Island (e.g., Tokyo 0.33). This suggests that nss Ca* is main acid neutral-
izer rather than NH.”. This result reflects the environmental characteristics of Ishigaki Island
which is covered with limestone-rich soil.

Key words: daily precipitation, isotopic composition, d value, chemical composition, NO;”/nss
SO/ ratio, acid rain, sulfuric acid, nitric acid, calcium ions, Ishigaki Island.
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the daily rainfall on Ishigaki Island from
Dec. 4, 1997 to Dec. 5, 1998. The lines (1),
(2) and (3) show the best fit lines for data
classified by d values.
(1):3*00 06.7x 10°2P0 2.7

(2):6*00 05.7x 10°?PO 1.7

(3):6*00 0 2.5x 10°*PO 4.2

P is the rainfall (mm)
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Tabled Annual weighted mean of chemical components (mg/L) and deposition rates (g/m?)
from Ishigaki Island, Toyama City, Yakushima, Tokyo and whole Japan, and those
values of the Typhoon No. 10 in 1998 observed at Ishigaki Island.

Ishigaki Island Typhoon No0.10(Oct.17) Toyama City v Yakushima " Tokyo 2 Mean of Japan 2
(m—_l_g/L) [ e/ | (mg/L) | (g/m) | (mg/L) | (g/mf) | (mg/L) | (g/m) | (me/L) | (g/m) | (me/L) | (g/m)
pH 5.40 6.14 4.90 470 470 476
cl” 1040 2540 3540  11.10 556  10.89 5.67 20.91 0.81 1.11 2.25 3.87
S0,%~ 2.46 5.99 59.8 1.87 430 842 2.42 8.91 2.49 351 2.14 3.00
nssS0,%” 3) 1.04 253 977 0305 361 7.06 1.58 5.81 244 343 1.85 251
NO;~ 0.87 2.12 8.19 0.26 1.08 2.12 0.67 2.46 1.12 1.60 0.87 1.20
Na* 565 1370 1980 6.20 2.76 5.39 3.35 12.35 0.21 0.30 113 2.00
K* 0.25 0.61 7.77 0.24 0.23 045 0.16 0.60 0.04 0.05 0.12 0.19
ca®* 0.66 1.60 8.96 0.28 0.72 1.41 0.27 0.98 0.17 0.24 0.32 044
nssCa’t 3 0.44 1.07 137 0043 0.62 1.21 0.18 0.54 0.17 0.23 0.29 0.36
Mg** 0.72 174 26.0 0.81 0.37 0.73 0.41 1.51 0.04 0.05 0.16 0.28
NH,* 0.24 0.57 113 0035 0.87 1.70 0.16 0.58 043 0.62 0.33 0.47
Rainfall(mm) 2429 31 1958 3685 1378 1403
Total deposition
rate(g/n) 51.7 20.8 311 48.3 748 11.45
1) Hara(1992).
2) Hara(1997).
3) nss:non sea salt
150
| | (354mg/1) | 120
120 3 S S Typhoon Ne.10 @ ® 2 (354mg/)
- ‘ 3 °
® g9 Tyohoon No.11 @ —
£ ‘ =
= ® | i Typhoon No.7 o =]
o 60 Typhoon No.1 : é
[ ) 1
30 ; [3)
0
Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov.
1997 1998
FiglO  Variation of CI” concentration on Ishigaki
Island. The symbols o , ¢ and@ indecate
precipitation with O 30 mg/L CI”, winter to Rainfall (mm)
spring precipitation with 030 mg/L CI° ) ) ) B )
and summer to fall preincipitation with [ FigtlD Relationship between CI° concentration

30 mg/L CI, respectively.

and daily rainfall on Ishigaki Island from
Dec. 4, 1997 to Dec. 5, 1998. The symbols
are the same as those given in Fig. 4.
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