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Abstract : The transmission of solar light according to the distribution of chromophoric dissolved organic
matter (CDOM) was measured in the Pacific Arctic Ocean. The Research Vessel Araon visited the ice-
covered East Siberian and Chukchi Seas in August 2016. In the Arctic, solar [ultraviolet-A (UV-A),
ultraviolet-B (UV-B), and photosynthetically active radiation (PAR)] radiation reaching the surface of the
ocean is primarily protected by the distribution of sea ice. The transmission of solar light in the ocean is
controlled by sea ice and dissolved organic matter, such as CDOM. The concentration of CDOM is the
major factor controlling the penetration depth of UV radiation into the ocean. The relative CDOM
concentration of surface sea water was higher in the East Siberian Sea than in the Chukchi Sea. Due to the
distribution of CDOM, the penetration depth of solar light in the East Siberian Sea (UV-B, 9 £ 2 m; UV-A,
13£2 m; PAR, 36 £4 m) was lower than in the Chukchi Sea (UV-B, 15%3 m; UV-A, 22 £3 m; PAR,
49 £ 3 m). Accelerated global warming and the rapid decrease of sea ice in the Arctic have resulted in
marine organisms being exposed to increased harmful UV radiation. With changes in sea ice covered areas
and concentrations of dissolved organic matter in the Arctic Ocean, marine ecosystems that consist of a
variety of species from primary producers to high-trophic-level organisms will be directly or indirectly
affected by solar UV radiation.
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it 22 1951-19801d 59t ¢F 2°C 7353 2L (New
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ejoFte dukx o 7 Ayl 2Fe) M (Ultraviolet-A radiation:
UV-A) (315-400 nm), =3 #+2]44(UV-B) (280-315 nm)
2] G} 2}9]A (Ultraviolet-C radiation: UV-C) (200—
280 nm)E oA W, AE] vX= 2o ] Gk
A9 s el whet thEA vebdth gapaiel
(UV-A)E 3334 34 5 oldA] el DNA &4 52
712l st iR Yoz AMEE F 7] wie) 14
29l g & (negative effect) L= G2 WH3(positive
effect) & €27 4 Ath(Hader et al. 2007). 3} 2}
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£ (Chromophoric Dissolved Organic Matter; CDOM)
Bl Fgo] T3t zolo] @3S mzIth(Nelson and Siegel
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FFeakt Hu)ska e GEsl4d & (refractory organic
matter)2 ©]Fo]% tH(Harvey and Boran 1985; Carder et
al. 1989; Opsahl and Benner 1998). 281} &2 719 &
A 8F {715 (CDOM) o] A f4 & f71=
(CDOM)?] 5% 19O 2 (Opsahl and Benner 1998), -4
&E 712 (CDOM) poots ©|FE HHo2E Hasdd
AEout Bhegofe] ofaiA HAl AREE] W FER
EA 5= obv) 2K amino acids), 3] EFe] = (peptides), Y
AHnucleic acids), 8.4x(urea) 2 AEAF SZE°]tH(Nelson
and Siegel 2002). =3t A EEFIE 23X THER
k)M §4= &4 (mycsoporine-like amino acids; MAAs)
o] APAHORE FFOoF FH|EHo {FH &E {UE
(CDOM) pool9] A FE-2 2A]671 = $Ho(Vernet and
Whitehead 1996; Whitehead and Vernet 2000).
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(A 18, 20, 21), FAH (A 14, 29, 30), ©] F A<
o] FHE(FS X AA 15, 16, 23, 24, 28)0. 2 F
Al 7] Ao ® EAthFig 1). AT B &, g7
A5e ofgh25o| A= & Sea-Bird 911 plus
system CTD(Sea-Bird, Inc., NY, USA)E ©]&3}o] &5
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Fig. 1. Stations of sea ice-covered East Siberian Sea,
Central Chukchi Sea and Chukchi Sea on August
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(Spencer et al. 2009; Stedmon et al. 2011; Walker et al.
2013; Gongalves-Araujo et al. 2015; Mann et al. 2016).

3" T (sea ice concentration)= U|=} National Snow
and Ice Data Center(NSIDC)N|A A|&-3l= &7Hld=
25 km®] d7H(daily) % L= dlo]Ef(Cavalieri et al.
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Table 1. Data of relative concentration of CDOM and penetration depth (Z:1%) of solar lights (UV-A, UV-B, and

PAR) on the Chukchi Sea and East Siberian

Sea ice Secchi Chla
Station Latitude Longitude dd/mm/year Depth - concentra- depth concentra- CD(.)lM UVBz UVA-z PAR-=

(m) tion (m) tion (m™) (m) (m) (m)

() (ng/L)
St. 18 75°46.014N 177°4.109E 11/08/2016 485 57 15 0.14 0.017 6.8 12.7  40.8
Si]l:?;?itan St.20 76°0.000N  173°36.000)E  12/08/2016 1223 65 9 0.40 0.022 6.8 112 325
St.21 78°0.399N  177°18.486'E  12/08/2016 1693 46 8 0.33 0.013 12 15 34
St. 15 75°14.664N  171°58.896'W 16/08/2016 512 24 27 0.13 0.011 13.9 334 55
Central St. 16 75°8.759N  176°1.843'W  10/08/2016 325 23 18 0.07 0.011 10.7 16.7 48.6
Chukchi St.23 77°51.986'N 175°54.522'W  15/08/2016 1564 38 15 0.06 0.014 7 15 34
Sea St.24  76°59.735N 174° 59.820'W  16/08/2016 2008 22 22 0.04 0.011 13 21 45
St.28 77°41.999N 169°30.015'W 18/08/2016 1750 20 28 0.06 0.006 12.9 21 55
) St. 14 74°47.912'N 167°48.589'W 09/08/2016 223 65 21 0.09 0.007 11.8 17.4 533
Chélé(:hl St.29 77°27.011'N 164°9.313'W  18/08/2016 275 32 34 0.05 0.009 18 24.8 50

St.30  76°34.683'N 165°22.158'W 19/08/2016 987

24 23 0.03 0.009 15 242 45
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Fig. 2. UV-B irradiation transmission on the sea ice (a) and compared the transmission of PAR irradiation between
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Fig. 3. Relative CDOM concentration at surface seawater (bar) and penetration depth of UV-B (dark gray line), UV-A
(gray line), and PAR (black line) in the (a) East Siberian, (b) Central Chukchi Sea and (c¢) Chukchi Sea
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