oW X o BB

Study on sequential extraction of inorganic elements in solid substances
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In recent years, with economic development, soil pollution has been getting worse
in many countries and regions. Especially soil contamination caused by heavy metals is
a serious problem in developing countries. The methods for evaluating the leachabilities
of heavy metals in the soil are independently carried out in each country. In the case of
Japan, the elution amount and content of heavy metals in soil are evaluated with the
elution- and the content-test method. Based on these results, the effect of heavy metals
in soil, sediment, and suspended particles on ecosystems is evaluated. In addition, it is
also important to assess the effects of valuable metals in soil, sediment, and airborne
particles on ecosystems and the possibility of recovery, because of their high values.
However, in order to evaluate the influence of heavy metals on the environment and
recoverability of valuable metals, not only understanding the total concentration of these
elements but also their chemical forms on their solubility are required.

In this study, the concentrations of harmful metals and valuable metals contained
in environmental solids such as soil or sediment, and the possibility of elution into
environmental water, like river water and groundwater, has been evaluated using
sequential extraction method (SEP) based on the gradual addition of extractants with
different elution power depending on the chemical form of the element, for example,
carbonate, oxide and state of bound to organic matter. In addition, in order to effectively
extract the target elements and rapidly elucidate their behaviors in the environment, I
developed a novel element extraction apparatus that circulates the extractant and
sample in the closed flow path.

1. Monitoring of annual environment changes and palladium concentration of river
water and sediment in Kusatsu hot-spring area

In recent years, many researchers have been conducting surveys on the Kusatsu hot

spring, but little has been reported on the annual change in the quality of acidic river

water. Therefore, in this study, annual monitoring of water quality of Kusatsu hot spring

water and river water was investigated. As a result, it was found that the seasonal



fluctuations of pH, EC, water temperature and flow rate of Yukawa and Yazawa rivers
in the Kusatsu hot spring area are great. The pH values in both rivers increased from 2-
4 to 4-7 after the addition of lime at the neutralization factory, while the EC values
decreased. Moreover, it was found that Y and Pd are contained in this area as valuable
metals.

Also, distribution and leachability of Pd in the river water and sediments of the
Yukawa and Yazawa rivers, and the sediment of Shinaki dam were studied. It was found
that the leachability of Pd from the sediment after neutralization was much lower than
that of other metals by SEP. Therefore, the recovery of Pd from sediments was found to
be very difficult, because of Pd extraction requires a large amount of reducing agent and

strong acidic condition.

2 Dynamic sequential extraction procedures of heavy metals and arsenic using a
circulating-flow platform

The leaching test and SEP have been established as methods for evaluating the
leachability of target elements from solid substances. However, the analysis of the
chemical form of the elements with SEP is carried out by a batch method requiring
complicated operations. Therefore, in this research, I developed an element extraction
system (AI system) from solid materials that does not require complicated operations.
Compared with conventional the batch method, the Al system can greatly reduce the
amount of waste liquid and operation time. This system was applicable to chemical
speciation of not only heavy metals, such as Cu, Zn, Cd and Pb, also of nonmetallic
elements, such as As. However, in this system, it was difficult to simultaneously process
a plurality of samples due to its structure.

Therefore, in this research, in order to overcome the above problem, the “4-AI”
system was developed to extend the performance of the Al-system, which can
simultaneously analyze the multiple specimens by simultaneously circulating the
extraction reagents in four different channels that insert solid-loaded columns. The
amount of waste liquid in one flow path in the 4-Al system was about 2/3 of that produced
by batch method. The multichannel closed circulation process is a simple and reliable
extraction method for determination of bioavailable element concentrations. In addition,
this system was applicable to chelate extraction to obtain highly efficient and selective

extraction of analytical elements.
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