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Title Geochemical Effects of Acidic Red Soil and Atmospheric Deposition on Gesashi
Subtropical Mangrove Estuary in Okinawa Island, Japan

Laboratory study was conducted to investigate the chemical composition of red soils and
effects of salinity on pH, dissolved Al and silica when red soil interacts with seawater
solutions. The author also examined chemistry of precipitation from Gesashi and during
typhoon events to give insight on its impact on the acidic red soil and surface waters.
Furthermore the field study was done to evaluate the geochemical status of red soil-affected
estuary at Gesashi mangroves in Okinawa Island with emphasis on Al for one year (2005).

It was revealed that the red soils were acidic with average pHy, 0f4.78, dominated by oxides
of Si (~65-77%) and Al (~10-18%) while oxides of base metals composed of 1.4-4.2%. When

- red soil interacted with seawater solutions, pH significantly decreased with salinity and soil
-, weight to the lowest values of 3.96. The salinity was very sensitive to Al release which showed
> variation of 1 to 45 fold compare to 1 to ~3 fold of dissolved silica among the four investigated
seawater and diluted seawater solution extracts. The pH values were significantly correlated to
logarithmic concentrations of both Al (P<0.01) and silica (P<0.001), which suggest the
importance of H™ to release soluble Al by exchange process as well as suggests hydrogen-
promoted weathering of silicate. A very high linear correlation between Al and sum of
adsorbed base cations at high salinity (P<0.001) was also revealed which indicates the
excharigeable Al was a dominant one.

The pH of precipitation ranged from 4.52 to 7.05 indicating the occurrence of acidic rain
especially during non-typhoon events. The acidic precipitation is potentially to mobilize Al
from acidic red soil and ultimately-to surface waters such as rivers and streams. The sum of
acidic components minus sum of the alkaline species (i., [non-sea salt (nss)-SO4* + NO5] -
[nss-CaZ* + NH,']) revealed a very high correlation with pH (P<0.001), indicating that acidic
deposition was largely controlled by interaction of these four species. The averages of
‘anthropogenic acidic components (nss-SO4* and NO3") decreased by about 2 to 3 fold, contrary
to the major sea salts which increased by ~2 to 4 fold during typhoon, due to intense typhoon
wind that increase emission of sea salts to atmosphere. Dissolved Al and silica showed a

) significant correlation (P<0.001) that suggests similar origin, probably from wind-blown dust
" contained soil and rock debris.

The fresh water samples, which discharge to Gesashi -estuary, indicated that Na* and Ca®
were dominant cations with CI" and HCO5™ anion’s counterparts. The pH of fresh waters ranged
from neutral (6.96) to slight alkaline (7.85) and increased toward the sea up to 8.26 in
seawater. Dissolved Al in fresh waters ranged from 0.034 to 0.250 mgL! and it increased with
salinity to the highest value of 0.594 mgL" in seawater. Dissolved Al was highly correlated to
salinity and pH (P <0.001) suggesting that ion exchange and/or formation of OH™ complexes
such as AI(OH)4 were important Al controlling processes. River and streams waters were
major sources of dissolved silica (range of 11.1 to 52.0 mgL™) and decreased with salinity to
the lowest value of 0.145 mgL™! in seawater, largely due to diatom utilization and dilution of
seawater. Dissolved organic carbon in fresh waters ranged from 0.484 to 3.73 mgL’ and
slightly-enriched at the mangrove zone up to 3.75 mgL™ but then decreased toward the sea to
zero value in seawater (August) presumably due to microbial and photochemical reaction. The
NOs’ ranged from 7.57 to 16.5 mgL” in river water and decreased toward the sea to zero value
in seawater during the summer, probably due to increasing biological assimilation. Using Al as
a geochemical indicator of red soil, it suggests that the red soil has a considerable impact on
the Gesashi mangrove estuary in Okinawa Island.
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