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Chemical transformations of
hazardous pollutants and their
environmental effects in frozen

environment media
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[. Title

Chemical transformations of hazardous pollutants and their environmental effects in

frozen environment media

[l. Purpose and Necessity of R&D

The oxidative dissolution and redox conversion reaction mechanisms of harmful heavy
metal 1ons present in the frozen environment are studied, and based on this, the

impact on the environment is evaluated.

[lI. Contents and Extent of R&D

1. Identification of oxidative dissolution mechanism of harmful heavy metal ions
such as hexavalent chromium [Cr(VI)] from inorganic oxides present in frozen
environments
- Study of oxidation reactions of trivalent chromium compounds present in the
frozen environment
- Research on the effects of environmental oxidants and transition
metals on the chromium oxidation reaction
- Mutual complex reaction research between transition metal and chromium
hydroxide
2. Identification of the generation mechanism of harmful organohalogen substances in
a frozen environment and evaluation of environmental impact
- Research on chemical conversion of environmentally important halogen substances
through abiotic reactions
- Research on various environmental factors that affect chemical reactions inside
ice
- Study on the effect of natural frozen environment on halogen circulation
3. Photochemical reactions and environmental impact studies in frozen environments
- Activation of organic matter through light irradiation inside ice and a study
on the resulting chemical reaction
- Research on toxic substances produced through the reaction of various organic
and inorganic substances
- Research on the environmental impact of chemical reactions occurring in a

frozen environment



IV. R&D Results

1.

In the case of trivalent chromium, which mainly exists in the environment, its
chemical and physical properties are determined by its existence form. In the
case of chromium oxide (Cry0;) and chromium hydroxide (Cr(OH);), It is hardly
soluble in aqueous solutions and exists in a solid state. On the other hand, when
trivalent chromium is oxidized and converted to chromate (Cr0;), which is
hexavalent chromium, its solubility in aqueous solution increases significantly
and becomes soluble in aqueous solution. In this study, chromium oxide (Cr.03),
which 1is trivalent chromium, was oxidized and dissolved through a strong
oxidizing agent under acidic conditions to produce chromium salt (Cr0,), which
1s hexavalent chromium. As a result of the study, it was found that the oxidative
dissolution reaction in the frozen ice phase showed a different tendency from
that in the liquid phase. The oxidative dissolution reaction in the liquid phase
was different depending on the type of oxidizing agent, and the amount of
hexavalent chromate produced was in the order of 104~ > HOBr > HOCl > BrOs—. On
the other hand, on ice, a different trend appeared. The amount of hexavalent
chromate that appeared as a result of the reaction for one day was BrOs— > HOCl >
HOBr, 104~. The research team found that this completely different reaction
tendency 1s due to the concentration of chemicals in the quasi-liquid layer

inside the frozen aqueous solution.

. The production of organic halogens (0ICs) by the reaction of iodine ions with

humic acid, one of the environmental organic substances, in the presence of iron
materials was compared in the 1ice and liquid phases. The reaction was
insignificant in the liquid phase, but this reaction was actively observed in the
ice phase. This is because active iodine is actively produced by oxidizing iodine
ions (I-) on ice. Active iodine has high reactivity and reacts with organic
substances to form organic halogen substances. In addition, when the organic
material/iodine system went through a freezing/dissolving process, active iodine
generated in the freezing state was dissolved and then reacted with the organic
material to form organic iodine. When the freezing/dissolution cycle continued,

organic iodine was continuously produced.

. The reaction in which iodine ion (I-), one of the main environmental halogen

substances, reacts with various environmental organic substances to produce
organioodine compounds (OICs) was investigated. Previous studies have shown that
iodine oxidation and organioiodine formation can only be observed under acidic
conditions. This study investigated the abiotic conversion process of these
inorganic iodine substances into organic iodine under neutral conditions. It has
been confirmed that manganese dioxide oxidizes iodine ions to produce active
iodine (RI) or iodic acid under neutral freezing conditions. Since manganese
dioxide has different ability to oxidize iodine ions depending on its crystal
phase, there are differences in oxidation products of iodine ions. The production
of RI during iodine oxidation by MnO2 under neutral conditions can be influenced

by various environmental matrices. Active iodine has high reactivity and reacts

,6,



with organic materials to produce organic iodine materials. Conversion of
inorganic 1odine to organic iodine was observed in the presence of natural

organic matter.

V. Application Plans of R&D Results

1. Research on the effects of ice in the Earth's cryogenic environment on the
Earth's environment is in its infancy worldwide. Therefore, by preoccupying core
technologies and theories, it has positioned itself as a global leading group.

2. Publicize Korea's capabilities in polar research to the international academic
community by publishing this research in a renowned international journal.

3. Expansion of the research field of the Korea Polar Research Institute, which was
limited to natural science, to the field of engineering

4. Using research results on a special reaction environment called a frozen
environment as an interesting educational and publicity material

5. By understanding the unique environment of ice in chemical reactions at the
molecular level, basic knowledge and foundations are laid for future practical ice
chemistry applications.

6. Establishment of essential equipment for commercial ice chemistry
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