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For a chemical understanding of the stationary and dynamic features of the hydrosphere,
such investigations are considered to be indispensable as those on the concentration of the
ultratrace of elements, the chemical forms of elements (speciation), and the temporal and spatial
variation of the conceniration of trace elements. In the present work, several novel analytical
methods and automated systems have been developed to realize the above mentioned investiga-
tions.

Preconcentration methods. It has been found that 14 trace elements important from the view
point of characterization of natural waters can be quantitatively extracted into 2.ethylhexyl
acetate containing both ammonium tetramethylenedithiocarbamate and dibenzylammonium
dibenzyldithiocarbamate as ligands. A column of the macroporous resin impregnated with 7-
dodecenyl-8-quinolinol (Kelex-100 column) has been demonstrated to be very powerful for the
automated simultaneous concentration of heavy metal ions. Other column extraction methods
have also been developed for selective concentrations of cobalt and chromium(IIl) in seawater.

Determination of ultratrace metals An improved continuous-flow method has been designed
and applied to the determination of ultratrace of cobalt based on the catalytic reaction between
cobalt-liron complex and hydrogen peroxide. The polarographic catalytic currents obtained in a
solution of chlorate, benzilic acid and 2-methyl-8-quinotinol have been found to be applicable to
the simultaneuos determination of ultratrace of tungsten and molybdenum,

Speciation methods A column extraction method selective to chromium(IIl) kas been devel-
oped employing the complexation with 8-quinolinol. The chemiluminescence {CL) catalyzed by
chromium(Ill) was also utilized for the speciation of chromium. The polarography at the
electrolyte dropping electrode was proposed as a new voltammetric method for the speciation of
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halogen, oxyacid, sulphonate and carboxylate ions.

Automated analytical systems Automated flow-systems suitable to the on-board analysis of
manganese, chromium and iodine in seawater were constructed. Manganese was preconcentrated
selectively by the oxidation at a column electrode of glassy carbon and determined by an
improved CL detection. Chrominum{lif) in seawater was determined by CL after the removal of
interfering irace elements with the aid of the Kelex-100 column. The analysis of total-chromium
(Cr{II[}+ Cr{VI} was attained by the same system with a pre-reduction step.

Investigation of the hydrosphere The developed methods have been successfully applied to the
investigation of sea or lake water. Several interesting results were discovered on the distribution
of manganese, iodine, chromium and tungsten in the ocean and the relation among various

elements in Lake Biwa.
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Table 1. Recovery of metal spikes from artifi-
cial seawater.
Metal Spiked Found® Recovery
ion (ng) (ng) (%5)
Ag (1) 20 146+1.1 73+5
Al () 400 426121 10748
Bi (I} 100 10042 100£2
Cd (1) 100 97%2 972
Co {I) 100 63+12 63+12
Cr (1) 100 <1 <1
Cu (Il) 100 977 97 +7
Fe (HB) 100 98+5 98+5
Ga (I} 60 572 95+4
Mn (1) 160 912 9142
Ni () 300 290+12 97+ 4
Pb (I) 100 9514 954
Ti (V) 2500 24201180 977

* Mean and standard deviation for five indi-
vidual deierminations.
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Table 2. Analysis of seawater samples®.

Depth Concentration (ng/L)

M  c4 cu Fe Mn N Pb

0 101 40 230 120 130 310
100 6.7 49 320 99 160 330
200 19 36 540 71 180 750
300 40 39 280 49 220 660
400 38 40 960 89 250 1600

* Single determination.
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Fig. 1. Flow chart of the analytical procedure
for the determination of chromium species
in seawater.
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Fig. 2. Schematic diagram of the flow electrode cell and the CL detector sysiem for automatic analysis
of manganese: E, preconcentration cell; P, pump; Pot, potentiostat; V, valve; C, Kelex-100 column; CL,
photomultiplier with Teflon vortex cell; HV, high voltage power supply; EM, electrometer; R,

recorder.
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Fig. 3. Schematic diagram of fiow CL detection system for automated analysis of chromium (fI) and
chromium (VI) in seawater: P, pump; KC, Kelex-100 column; MC, mixing column; RC, reaction coil; CL,

CL detection celi; FM, flow meter.
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Fig. 4. Vertical distribution of manganese in
the water column at the Okinawa Trough.
Solid line, determined by this method (un-
filtered sample; 1, CB6-12 (B, collected
with clean sampler); A, CB6-14, O, CB6-17
(®, collected with clean sampler); dashed
line, determined by 8-guinolinol extration-
ICP AES detection method (unfiltered
sample): CB6-3 (collected with clean sam-
pler).
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