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I. Title

Characterization of aerosols over the Arctic Ocean and comparison of

permafrost data

II. Purpose and Necessity of R&D

The Arctic is a critical region of the earth that is highly sensitive to small

environmental changes in the Earth’s climate due to its complex feedback system.

The largest increase in an annual mean temperature was observed in the Arctic.

This warming trend may be explained by a global increase in the greenhouse gas

concentration or changes in the Arctic ozone budget and transport of anthropogenic

light-absorbing particles from the lower latitudes. Anthropogenic aerosols that cause

the reduction of visibility known as the Arctic Haze have been observed in the

Arctic atmosphere, snow, and ice. The extent of Arctic sea ice has decreased during

the last few decades, leading to the increasing importance of the marine influence

on the Arctic aerosols. Although measurements of number size distribution and

chemical/morphological analysis of the Arctic aerosols were previously conducted,

various physicochemical properties of aerosols such as number size distribution,

hygroscopicity, volatility, and mixing state, elemental composition, etc. should be

extensively investigated to better understand aerosols’ sources, formation mechanism,

transport pathway, and their effects on climate change. In this study, main

objectives are to determine various physicochemical properties of the Arctic aerosols

and to compare measurement data obtained from the Arctic ocean and permafrost.

III. Contents and Extent of R&D

Aerosols’ number size distribution, hygroscopicity, volatility, mixing state,

morphological property, elemental composition, etc. were extensively investigated on

board the ARAON ice breaker ship over the Arctic Ocean, the Pacific Ocean and

East sea (9/7/2013-10/13/2013). In addition, the measurements of number size

distribution, morphology and elemental composition of aerosols were made at the
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Gruvebadet station that is located near Dasan Korean Arctic station

(4/1/2015-8/31/2015). Aerosol measurement data obtained from the Arctic ocean

and Permafrost were compared. Research on climate change was conducted using

hygroscopicity data measured in this study. The sources, formation mechanism,

transport pathway of aerosols were examined. Based on the data, aerosol properties

emitted from natural and anthropogenic sources were classified and then

characterized. Basic data for construction of extensive aerosol monitoring network

were produced.

IV. R&D Results

Ship-borne measurements (ARAON ice breaker ship) of ambient aerosols were

conducted during an 11,937 km cruise over the Arctic Ocean (cruise 1) and the

Pacific Ocean (cruise 2). A frequent nucleation event was observed during cruise 1

under marine influence. The number size distribution varied according to air mass.

Concentrations of particle mass and black carbon increased with increasing

continental influence from polluted areas. Based on the measurement data of

hygroscopicity and volatility of aerosols with chlorophyll-a concentration data (a

possible indicator of biological activity over the ocean), we concluded that biological

organic compound can play an important role in the formation of new particles and

their growth to a detectable size. The fraction of submicrometer particles having an

external mixing state was small. Most of them were internally mixed. On the basis

of elemental composition and morphology, the submicrometer particles were

classified into C-rich mixture, S-rich mixture, C/S-rich mixture, Na-rich mixture,

C/P-rich mixture, and mineral-rich mixture. Number size distribution of aerosols was

measured at the Gruvebadet station and new particle formation event was observed.

Data suggest that Several factors such as increased emissions of particle formation

precursor due to temperature rise, air stagnation, solar radiation can affect new

particle formation event.

V. Application Plans of R&D Results

Data of aerosol characteristic obtained from the Arctic ocean and permafrost

can be provided. Aerosol sources, formation mechanism, physical/chemical changes,

transport pathway, etc can be determined. Information on the role of aerosols in

climate change and basic data for construction of the monitoring network of the air

pollutants in the Arctic can be provided. Real-time measurement of comprehensive

characteristics of fine particles can contribute to development of real-time

monitoring and early warning technology in order to minimize environmental and
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economical damages caused by particles. In addition, real-time monitoring of

chemical composition of nano materials can be useful to determine their

behavior/transport process between the media in nature and their environmental

impacts. The behavior of aerosols, which are formed in Korean peninsula or long

range transported, can be identified in real time. Thus, the data obtained through

this study can contribute to international countermeasure and environmental

agreement.
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