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Study 1 - Mahaweli River and Trincomalee Bay system

The Mahaweli River is of a continental river and is the longest with a length of 335km and an
altitude of 2500m. The Kuma River is of Japanese Island arc and is the longest river in Kyushu, south west
of Japan with a length of 115km and an altitude of 1500m. Both rivers are dammed and thus were selected
to be studied and to find out the mass transfer processes and the geochemical impacts of Mahaweli River
and Trincomalee Bay System and the Kuma River and Yatsushiro Bay System.

Geochemical variations in stream sediments (n=54) from the Mahaweli River of Sri Lanka have
been evaluated from the viewpoints of lithological control, sorting, heavy mineral concentration, influence
of climatic zonation (wet, intermediate, and dry zones), weathering, and downstream transport.
Compositions of soils (n=22) and basement rocks (n=38) of the catchment and those of <180 pm and 180 —
2000 um fractions of the stream sediments were also examined. The sediments, fractions, soils and
basement rocks were analyzed by X-ray fluorescence. Abundances of HFS and ferromagnesian elements in
the sediments indicate concentration of durable heavy minerals including zircon, tourmaline, rutile,
monazite, garnet, pyriboles, and titanite, especially in <180 um fractions. The basement rocks range from
mafic through to felsic compositions, as do the soils. Al,Os/(K,O0+Na,0O) and K,O/Na,O ratios of the
sediments and LOI values of the soils correlate well with the climatic zones, suggesting intense weathering



in the wet zone, lesser weathering in the intermediate zone, and least weathering in the dry zone. Low Sr
and CaO contents and Cr/V ratios in stream sediments in the wet zone also suggest climatic influence.
Fe-normalized enrichment factors (EF) for As, Pb, Zn, Cu, Ni and Cr in stream sediments in the main
channel are nearly all <1.5, indicating there is no significant environmental contamination. The chemistry
of the sediments, rocks and the soils in the Mahaweli River are thus mainly controlled by source lithotype,
weathering, sorting, and heavy mineral accumulation. Enrichment Factor (EF) and composition of heavy
minerals were used to examine the effects of climatic and weathering conditions, variation of river gradient,
and hydraulic fractionation. The EFs of stream sediments in the Mahaweli River and its tributaries show
that fining, accumulation due to transport, influence of tributaries, climate and weathering are major
geochemical and physical factors contributing to downstream variation.

Compositions of sediments from three sectors in Trincomalee Bay (Koddiyar Bay, Thambalagam Bay and
the Inner Harbour) in Sri Lanka were examined to determine fluvial and marine contributions, and the
effects of sorting and heavy mineral concentration. Sediments in the three sectors differ significantly in
chemical composition, according to position relative to the Mahaweli River delta source, depositional
environment, heavy mineral concentration, and marine influence. Sediments in Koddiyar Bay, closest to
the Mahaweli River delta, have geochemical compositions similar those supplied by the river. Sediments in
the semi-enclosed and more distal Thambalagam Bay are also mainly derived from the Mahaweli River,
but are modified by additions of Ca, Mg, and Sr from marine biogenic carbonate sources. This marine
component is even greater in the Inner Harbour.

Compositions of four core sediments from the Trincomalee Bay were examined to determine possible
depositional environment and provenance of the sediments. Heavy mineral content and variation in C1
differed from the other cores. C3 contained clay and organic matter in the middle part of the core. The
results show that the bottom most C1 for the sediments were subjected to major wave and current activities.
Sand bar formation near the Mahaweli River mouth acted as a barrier, causing weaker currents entering the
area of C1. Finer sediments then accumulated. The study indicates that the sediment texture is the major
controlling factor in the distribution of elements here. The deposition of sediments within Trincomalee Bay
is dominantly controlled by wave and current activity. The CMI index and SiO, of >80% content suggest
that the sediments are highly matured.

In the Trincomalee Bay 89 ostracode taxa were identified from surface sediments in the study area. Many
of these taxa were typical tropical water species that have been reported from inner bay and shallow
marine areas around the coasts of the Indo-Pacific region. Comparison with the trace element distributions
showed that ostracod biofacies were not associated with heavy metal pollutions.

Study 2 - Kuma River and Yatsushiro Bay system

Surface and bottom sediments from 10 cm long cores (representing before and after dam removal), and
two grain size fractions (fine 0.075 — 0.25 mm and medium 0.25 — 0.85mm) of the Kuma River and
Yatsushiro Bay were compared. As the next step the chemical composition of sediments from the
Yatsushiro tidal flat, Kuma River, and Arase dam (southwest Kyushu, Japan) have been determined to
examine changes between 2002 and 2012. In 2002 sediment delivered to the bay by the Kuma River was
restricted by the Arase dam; however in 2010 two gates were opened, allowing resumption of natural
sediment transport.

Abundances of 24 elements in Yatsushiro tidal flat sediments, suspended solids in the bay, Kuma River
stream sediments and suspended solids were determined by XRF. Water physical-chemical parameters,
temperature, pH, EC, DO and ORP were determined in the field using a Horiba D-24 pH/Conductivity



meter. Grain size was measured for all sediments. Diatoms were classified using SEM.

Surface and bottom sediments do not show major chemical changes due to the removal of Arase dam.
However, the grain size analysis shows that there is a significant difference before and after dam removal.
Lower Br and Zn than 2000 indicate that biogenic processes and redox conditions have changed in the
Kuma River. The removal of the Arase dam caused a decrease in most elemental concentrations. The
elements for which changes are observed (As, Pb, Zn, Cu, Ni, Cr, V, Fe and total sulfur) can be very
environmentally important, affecting the chemical behavior in the river and bay sediments. Abundance of
these elements has decreased after dam removal. Ripple marks in the Yatsushiro tidal flat indicate inflow
of coarser material from the reinvigorated river. Bulk chemical composition of the tidal flat sediments
has changed since 2002, with marked decreases in As, Zn, and total sulfur, and lesser and more variable
decrease in Pb. Manganese values are higher (>0.16ppm) in the northern tidal flats, suggesting anoxic
conditions in the sediments at those sites. Suspended solids in both the Kuma River and Yatsushiro Bay
have very low values of heavy metals, indicating low absorption, flocculation and dilution by organic
matter due to strong water circulation. Kuma River sediments are characteristically coarser than those in
Yatsushiro Bay, except at three locations. Average values in both suites are similar to UCC.

Thus as the synthesizing conclusions, the Mahaweli River falls to the Trincomalee Bay a deep natural
canyon and sand is deposited, fine fraction is flushed to the open sea while the Kuma River forms a large
tidal flat at Yatsushiro Bay with mud at distal end and sand at the proximal end. In the Mahaweli River the
sediments are fractionated, influenced by tributaries, dams, heavy minerals, weathering. The wet and
intermediate zone sediments are mixing in the dry zone due to length and heavy minerals are deposited in
the Koddiyar Bay by winnowing and wave actions. No such mixing due to short distance of the Kuma
River. Flooding occurs in the Mahaweli River but is weakened since river is long, and the sediments are
transported to the bay. In the Kuma River flooding causes mud drapes and sand deposits in the Yatsushiro
Bay and flooding causes mud drapes and sand deposits in the Yatsushiro Bay.
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