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1. Progress up to now

  Secular variation of annual fluxes of air-borne Fe to the northern North Pacific for 7 years was estimated by Fe concentration of ice-cores obtained from Mount Wrangell, Alaska. 

  Annual average and seasonal variation of fluxes of air-borne Fe in the Sea of Okhotsk were estimated by chemical analysis of aerosol collected at Kushiro, Toikanbetsu, and Kamchatka. 
2. Future issues

  One of the most important issues is solubility of air-borne Fe in ocean surface in order to evaluate the impact of the deposition of air-borne Fe on marine biological ecosystems. Several studies suggested the solubility of air-borne Fe ranged between 0.4% and 10%. We will not be able to determine the absolute solubility during our project, but we estimate the appropriate value of the solubility for the intended ocean by experiments and/or reference studies.

  When Asian Dust events occur, abundance of air-borne Fe can deposit on the northern North Pacific. We assume that air-borne Fe during Asian Dust event impact on the marine biological ecosystem rather than "steady-state" supply of air-borne Fe. If strong Asian Dust events will occurs in next spring, we are going to observe the flux and concentration of air-borne Fe at Kushiro, where we have established an aerosol sampler and a total deposition collector. 

3. Result of group 7

  During the 2003 summer, a 50m ice-core was drilled on Mount Wrangell, Alaska (62°N, 144°W, 4317 m). We used upper 30m of the ice-core for an analysis of Fe concentration. It is estimated that the upper 30m of the ice-core covers from 2003 to 1997 by the profiles of D and T content which show one peak one year. Fe concentrations of ice-core samples was determined by Zeeman atomic absorption spectrometer after decontamination, melting and acidification of 1% HNO3. According to the seasonal cycle of D showing a negative peak in winter, the concentration of air-borne Fe increases in spring. Figure 1 showed secular variation of annual flux and spring flux of air-borne Fe calculated by Fe concentration of the ice-core. Average of annual flux of air-borne Fe from 1997 to 2003 is 1.3 g·m-2·yr-1, and spring flux of Fe accounts for 65-95% of annual flux.

  During the 2006 summer, an 115m ice-core reaching to the bedrock was drilled on Mount Ichinsky, Kamchatka (56°N, 158°W, 3607 m). Concentrations of major ions were determined by ion chromatography from surface to 48-m depth. Flux of Fe was estimated by Ca2+ concentration and the ratio of Ca to Fe in Asian dust. 

  Aerosol sampling using a high volume aerosol sampler was carried out in Oktyabr'sky, Kamchatka from October in 2005 to May in 2006, Toikanbetsu, Hokkaido from October in 2007, and Kushiro from October in 2007. Total deposition sampling was also carried out in Kushiro using bucket samplers. The result of Kushiro observation showed the good correlation between concentration and total deposition of air-borne Fe. Total depositional velocity of air-borne Fe was calculated to be 0.022m·s-1. We estimate the annual flux of each observation site using the total depositional velocity in Kushiro.

  Consequently, we figured out the annual flux of air-borne Fe in the northern North Pacific as shown in Figure 2.

4. Problems and Possible solution

  Delay of custom clearance in Kamchatka for equipment of glaciological expedition and ice sample

  In 2006, we sent glacier drilling system and related equipment from Japan to Petropavlovsk-Kamchatky (PK), Russia by ship. At first, the cargo was transported to Vostochini for preliminary entry. It took 1 month to take clearance of preliminary entry. Then the cargo was transported to PK. It took another 1 month to take custom clearance. Then, we had to postpone the expedition because of shortage of our visa.
  I did not understand what happened in Vostochini. Custom broker forecasted that it took 1 week for preliminary entry. In PK, I attended custom procedure with responsible person of Institute of Volcanology and Seismology, Russia Academy of Science, which was a counter part of the glaciological expedition. I did not understand completely what happened, and what did we do. As far as I understood, there were remarkable differences of procedures and documents for custom between Japan and Russia, moreover the procedures in 2006 were also different from in 1998 when we had carried out a glaciological expedition.

  After the expedition, it took 1 year to sent ice-core sample to Japan because of custom clearance.

5. Past grants and funds related to the project

Core Research for Evolution Science and Technology (CREST) (PI: Mitsuo Uematsu) of Japan Science and Technology Corporation, H10-14

Grant-in-Aid for Creative Scientific Research (Project No. 14GS0202; PI: Takeo Hondo) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H14-18

Grant-in-Aid for Basic Research A (Project No. 16204044; PI: Mitsuo Uematsu) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H16-19

Grant-in-Aid for Basic Research B (Project No. 16403005; PI: Takayuki Shiraiwa) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H16-18

Inoue Scientific Field Study Foundation (PI: Syosaku Kanamori) from Japanese Snow and Ice Society, H17

Grant-in-Aid for Young Scientists B (Project No. 18740289; PI: Sumito Matoba) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H18-19
Grant-in-Aid for Scientific Research in Priority Areas "Western Pacific Air-Sea Interaction Study (W-PASS)" under Grant No.18067009 (PI: Mitsuo Uematsu) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H18-
Grant-in-Aid for Young Scientists A (Project No. 19681001; PI: Jun Nishioka) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H19-

Grant-in-Aid for Basic Research B (Project No. 19340137; PI: Takayuki Shirawa) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H19-

Grant-in-Aid for Scientific Research in Priority Areas "Western Pacific Air-Sea Interaction Study (W-PASS)" under Grant No.19030002 (PI: Jun Nishioka) from the Ministry of Education, Science, Sports, Culture, and Technology of Japan, H19-

6. Future Activity

  As we mentioned above, we assume that air-borne Fe during Asian Dust event impact on the marine biological ecosystem rather than "steady-state" supply of air-borne Fe. In 2009, we are going to observe the flux and concentration of air-borne Fe at Kushiro during Asian Dust events using an aerosol sampler and a total deposition collector. And we are planning a oceanographic observation in February 2009 off the coast of Kushiro, then we are also going to collect aerosol on board of a ship.

  Analyses of ice-core for Fe concentration were carried on, and the secular variation of Fe flux for 10 years will be obtained from 50-m length of Mount Wrangell ice core. 
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Figure 1. Secular variation of annual and spring flux of air-borne Fe estimated by ice-core obtained from Mount Wrangell, Alaska
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Figure 2. Annual flux of air-borne Fe in the northern North Pacific figured out by the project
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