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1. Introduction

Distributions of trace metals in seawater are controlled by many factors, such as aerosol deposition, the
circulation of seawater and biological activities (Sohrin, 2016). Among all these metals, iron, cadmium,
copper, zinc and cobalt, in particular, are called as bioactive trace metals because they serve as centers of
metabolic metal enzymes in living bodies. Cobalt plays a very important role in the central metal of vitamin
Bi2, and vitamin B, affects the growth and species composition of marine plankton (Baars and Croot, 2015).
As a result, cobalt is a very important trace metal in marine ecosystems. In this study, I focused on cobalt in
seawater.

Ariake Sea is the largest bay in the Kyushu Island, where the difference between high tide and low tide is
more than 5 meters (Yamaguchi et al, 2019). Also there are many rivers including Chikugo River inflowing
into Ariake Sea. In addition, in the area around the Bay of Bengal, the south wind blown from the equator
during the summer brings heavy rainfall in the Bay of Bengal. For this reason, large amounts of trace metals
and nutrients flow through rivers and rains (Murakami and Wang, 1992). On the other hands, the East China
Sea is located on the eastern side of China, where large amounts of terrestrial material are supplied from
rivers such as Yangtze River, the Yellow River, and the Han River in Korea (Tong et al, 2017). However,
there are scarce data of trace metals in seawater in these areas. Therefore, the purpose of this study is to

investigate the distribution and the speciation of cobalt in seawater.

2. Sampling and analysis methods

In this study, I analyzed seawater samples collected in the East China Sea, the Bay of Bengal and the Ariake
Sea. The East China Sea samples were taken from five stations during the R.V. Hakuho Maru KH-15-3
research cruise from October 14 to November 2, 2015. Samples in the Bay of Bengal were taken during R.V.
Hakuho Maru KH-18-6 research cruise from November 6 to December 3, 2018. The samples in Ariake Sea
were collected during R.V. Kakuyo Maru cruise on May 7-9, 2018 and 2017.

Cathodic stripping voltammetry (CSV) was used to determine picomolar of cobalt in seawater. For the
measurement, UV irradiation was performed for one hour, then 10ml sample was pipetted into CSV cell, and
0.25 M aqueous ammonia was added to neutralize the acidified samples. Next, 4 M ammonia buffer solution
was added to adjust the pH to 9.1. Furthermore, 0.1 M nioxime was added to form complexes with cobalt.
Finally, 5 M NaNO, was added, and the potential was swept from -0.9 V to -1.3 V to determine cobalt. A
peak current was observed around -1.2 V.

Cobalt speciation was measured by Reverse Titration (Nuester and van den Berg, 2005). 10 ml of samples
were poured into 8 Teflon containers without UV irradiation. Then 80 mM ammonia buffer solution and
solution of competing ligand, nioxime, was further added to be from 0 to 20 uM. It was left still overnight in

order to let the organic ligand adsorbed on the surface of the Teflon vial. Therefore, the first solution is



discarded and the second prepared sample was used for measurement. The next day, 5 M NaNO, was added

and the measurement was started. The peak current around -1.2 V was detected and used for calculation.

3. Results and Discussion

In this study, concentrations of dissolved cobalt in the marginal sea were low in the surface layer (15-36
pM) and increased with depth, reaching maximum (39-63 pM) at the middle layer (400-500 m). This
distribution was controlled by the uptake by microorganisms and particle scavenging. On the other hand,
concentrations of cobalt in the Bay of Bengal were high in the surface layer and decreased with depth. There
was no clear relationship between cobalt concentration and salinity in the surface water of stations in the Bay
of Bengal, where direct effects of river water discharge were not observed.

The surface cobalt concentrations in Ariake Sea increased toward the land, and for the vertical distribution,
the concentration was higher in the surface layer, and non-conservative distribution was observed in deeper
waters. This is probably because cobalt was supplied by desorption from sediments and/ or suspended
particles from rivers (Takata et al, 2010). Therefore, the cobalt concentrations tended to increase towards the
bottom.

On the other hand, I applied reverse titration method for cobalt in seawater at the first time. Organic ligand
concentrations ranged from 14.5 to 45.9 pM and logK values were between 16.4 to 17.5. The vertical
distribution of the organic ligand of cobalt showed the same tendency as that of the dissolved cobalt

concentration.
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