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7] A2~(DIN; dissolved inorganic nitrogen)2} <= 571 21(DIP; dissolved inorganic phosphorusy> WM-IVellA] 7}
=3korm WM-III, WM-II, WM-I =2 2 YeRgtt, RFdef 85 7] A4 (DON; dissolved organic nitrogen)®} &
< 171 *1(DOP; dissolved organic phosphorus)& 7] G2 s = FX5 BT AFe|<elA 3 Aol
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Abstract — Distribution characteristics of water masses, dissolved inorganic and organic nutrients were investi-
gated in the southern part of the East Sea of Korea in September, 2011. On the basis of the vertical profiles of tem-
perature, salinity and dissolved oxygen, water masses in the study area were divided into 4 major groups, such as
WM (water mass)-I, WM-II, WM-III, WM-IV. Their characteristics were similar to Tsushima Surface Water (TSW),
Tsushima Middle Water (TMW), North Korea Cold Water (NKCW) and East Sea Proper Water (ESPW), respec-
tively. In the vertical profiles of dissolved nutrients, dissolved inorganic nitrogen (DIN) and dissolved inorganic
phosphorus (DIP) concentrations were highest in the WM-IV, followed by WM-III, WM-II, WM-I. On the con-
trary, distribution of dissolved organic nitrogen (DON) and dissolved organic phosphorus (DOP) were highest in
the WM-I, followed by WM-II, WM-III, WM-IV. Although the DIN : DIP ratio in all of the water masses was sim-
ilar to Redfield ratio(16), the DIN : DIP ratio in mixed layer was about 5.3, indicating that inorganic nitrogen is the
limiting factor for the growth of phytoplankton. However, the DON proportion in dissolved total nitrogen (DTN)
was about 70% in the mixed layer where inorganic nitrogen is limiting factor. Thus, enriched DON may play an
important source of the nutrient for the growth of phytoplankon in the East Sea.

Keywords: East Sea(<5-3l|), Water mass(5=3] ), Dissolved inorganic nitrogen(-&< 7] 2 4~), Dissolved inorganic
phosphorus(£<= 7] 1), Dissolved organic nitrogen(2<= 7] 24~), Dissolved organic phosphorus(£< 7] 1)
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Fig. 1. Map of the study area showing locations of sampling station
in the southern part of the East Sea of Korea.
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Fig. 2. Vertical cross sections of temperature, salinity and dissolved oxygen (DO) along the A line.
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Table 1. Distinctive values of temperature, salinity and dissolved oxygen (DO) reported previously for water masses in the East Sea

Water Mass Temperature (°C) Salinity (psu) DO (mg/L) References
TSW 19.47~21.51 32.39~33.71 5.53~7.86 Cho et al.[1997]
(Tsushima Surface >20 <33.80 7.14~7.86 Park[1978]
Water) >20 <33.80 7.21~7.79 Yang et al.[1991]
18.42~24.74 32.74~33.87 6.10~8.18 This study
TMW 11.01~16.63 34.28~34.50 5.2~7.56 Cho et al.[1997]
(Tsushima 14~17 34.30~34.60 6.00~6.71 Park[1978]
Middle 13~17 34.20~34.40 7.14~7.86 Kim and Kim[1983]
Water) 12~17 34.30~34.50 6.14~7.14 Yang et al.[1991]
8.32~15.03 34.06~34.33 5.40~7.43 This study
1.00~7.42 33.98~34.18 8.54~12.06 Cho et al.[1997]
NKCW 0.2~4 34.00~34.05 9.29~10.71 Park[1978; 1979]
(North Korean 1~6 <34.00 >9.71 Kim and Kim[1983]
Cold Water) 1~7 34.06~34.20 8.57~9.21 Yang et al.[1991]
2.56~5.22 33.90~34.05 8.76~9.80 This study
0.37~0.93 34.05~34.07 7.14~8.71 Cho et al.[1997]
ESPW 0~1 33.96~34.10 7.43~8.57 Park[1978; 1979]
(East Sea 0~1 34.00~34.05 7.86~9.29 Kim and Kim[1983]
Proper Water) <1 34.02~34.16 7.71~8.43 Yang et al.[1991]
0.57~1.66 34.03~34.07 7.32~8.68 This study
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Fig. 4. Diagrams of temperature-salinity and temperature-dissolved oxygen (DO) for all the stations on two transects in the southern part
of East Sea of Korea. The box indicate range of temperature, salinity and DO reported previously for water masses. The closed symbol indi-

cate mixed water by mixing between different water masses.
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Table 2. Distinctive values of dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP), DIN : DIP ratio, dissolved organic
nitrogen (DON) and dissolved organic phosphorus (DOP) reported previously for water masses in the East Sea

Water Mass DIN (uM) DIP (uM) DIN : DIP ratio DON (uM) DOP (uM) References”
1.37(0.27~2.98)  0.12(0.03~0.29)  18.56(6.13~52.00) - - Moon et al.[1996]
TSW 0.02(0.79~4.01)  0.25(0.05~0.61)  14.56(2.00~52.40) - - Cho et al.[1997"]
(Tsushima 0.10(0.03~0.29)  0.52(0.13~1.60)  3.52(2.10~4.80) - - Kim ez al.[2007]
Surface Water)  (.86(0.23~1.55)  0.10(0.09~0.10)  8.81(2.30~15.53) - - Choi ez al.[2012%]
3.57(1.30~8.69)  0.44(0.21~0.90)  8.39(2.88~27.21)  7.56(4.53~9.96)  0.38(0.25~0.59)  This study
12.34(9.95~15.73)  0.63(0.08~1.37)  29.99(9.02~129.87) - - Moon et al.[1996]
TMW 5.33(2.48~7.65) 1.00(0.28~1.84)  6.02(2.19~14.25) - - Cho et al.[1997"]
(Tsushima 1.93(0.39~3.25)  0.55(0.14~1.76)  8.16(1.85~5.33) - - Kim ez al.[2007]
Middle Water)  (.98(0.95~1.00) 0.16(0.15~0.17) 6.11(5.88~6.33) - - Choi et al.[2012¢]
10.99(5.04~1527)  0.91(0.59~1.16)  12.50(4.48~18.82) 5.25(2.98~8.04)  0.26(0.15~0.35)  This study
17.73(10.18~29.42)  0.96(0.49~1.71)  19.87(8.26~40.47) - - Moon et al.[1996°]
NKCW 8.87(1.47~14.56)  1.62(0.38~3.88)  6.09(2.12~17.40) - - Cho et al.[1997"]
(North Korea  18.28(6.12~31.44)  1.24(1.09~1.41)  14.46(9.58~22.33) - - Kim et al.[2007°]
Cold Water)  2022(5.23~28.24)  1.42(0.60~1.77)  13.59(8.68~16.25) - - Choi er al.[2012%]
12.65(8.45~18.93)  0.89(0.70~1.16)  14.18(10.32~18.07) 4.69(2.86~6.96)  0.22(0.12~0.32)  This study
23.58(15.57~25.45)  1.29(1.03~1.76)  18.71(13.68~24.37) Moon et al.[19967]
ESPW 12.66(9.09~16.61)  2.63(1.47~4.16)  5.06(2.50~10.07) - - Cho et al.[1997"]
(East Sea  31.83(23.38~40.33)  1.70(1.26~2.09)  19.37(11.19~23.12) - - Kim et al.[2007¢]
Proper Water) 33.96(22.72~41.99)  2.34(1.70~3.06)  14.61(11.11~17.35) - - Choi et al.[2012%]
19.87(11.24~24.62)  1.44(0.78~1.85)  13.92(8.31~17.23) 3.98(2.08~5.57)  0.17(0.09~0.26)  This study

“Survey was conducted in (a) November 1994, (b) October 1995, (c) April 2004 and (d) September 2009.

Table 3. Concentration and composition of dissolved organic nitrogen (DON) and dissolved organic phosphorus (DOP) in the mixed layer of
East Sea in comparison with that in other areas

Location

DON

DOP

Concentration (uM) Composition (%) Concentration (uM) Composition (%)

References

Atlantic Ocean 5.0~6.0 90 0.2~0.3 70 Torres-Valdes et al.[2009]
East Pacific Ocean 5.5+0.7 70 - - Hansell and Waterhouse[1997]
North Pacific Ocean 4.6£0.3 - 0.18+0.03 - Kaiser and Benner[2012]
Coastal North Sea 16.4+2.2 58 0.30+0.04 25 Sintes et al.[2010]
Changjiang River Estuary 10220 60 0.05~0.5 - Zhang et al.[2007]
Apalachicola Bay 14.8+1.0 64 - - Mortazavi et al.[2000]

Western 4.1~5.5(4.7+0.4) - 0.02~0.09(0.06+0.02) - Pujo-Pay et al.[2011]
Mediterranean Eastern 3.5~6.3(4.7+0.6) - 0.01~0.10(0.04+0.02) - Pujo-Pay et al.[2011]

North Western 4.0~4.2 - 0.12~0.14 - Aminot and Kerouel[2004]

2~7 - 0.1~0.4 - Kim and Kim[2013]
East Sea .
5.2~9.9(7.8£1.2) 71 0.25~0.59(0.38+0.08) 49 This study

o] o]Fo] A o7 o=3}rt. X9 Chung ef al[1989]0] o] FR-3F Ak < A J3} E3lshF40] JaES W= X0
s BAeIA EFOE ARt O3 ¥/ Ak FHS A & TFEF(diatom), FFA0] TRY LFUA 2:850] Aol
SEYAE AL Q7] oF 7% AEnk Ayt = glom £ A= Hl oF o =2 IS Hol= B (cyanobacteria)
SRIRAE Aedol] 98 7] A TRE 0w oF 7L 99 BRrow 2des 207 Btk T8 Kim er
73%7F FREE 0% TG B vl SEEYAE al [2010}& 44 © = =& DIN : DIP H|(<11)E Holt= 20041

A TETF(40~80%)°) SJgh @] TR, Ride] vt
< DIN : DIP H|(<6)5 Kol 2005 SHAIQ FAl0= 257
(10~50%)°1] 23+ - HHA o] FEeR|= Ao F B st it
o2} Kim and Kim[2013]e]l 25 2007 F71of 20 m Wl &
o] T35 T TRl &gk A 20~50%, FERTrel &g 97
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1S & 5 Qltk. 53], Synechococcus
sp.2] AIE W) N : P 8l&0]= Redfield BI1E T} 32 21~338 Ho]
] AAAETT)F S7HESE N P 5] 7T WolA (Bertilsson et
al.[2003]; Fu et al.[2006]), el Tt @7gke whom Adjaow

[
o) 1-
= A

R 227 Ak Sl 33e) Tl phycobiliprotein)

e} 7 0] = H(thylakoid membrane)®] 3ll, %35 4~(chlorophyll)
81| 744, JFZE] 0] = (carotenoid) = FFEE| 0| = AE
H 70 (glycogen) o] S7Hel 22 ThFSH B
S-S do7|= Ao &## QJthH(Yamanaka and
Glazer[1980]; Stevens ef al[1981]). £3], o]2]3t ] et 7|54
nio R Aiel vhde whilze] 3y Ul FalE dstowmn 4
20 AlShS T A 0% ekt i AlSk $ollA 1 ok
Ak 7|1z o 7 waRe] 7] Ai el oldsHE =
S THMoore et al[2002]; Zubkov and Tarran[2005]). Synechococcus
spa= AL, obaliked, Qoo e 7] AN ofue} o}
1] -AkH(amino acids), % (purines) X 24> (urea)?} 2> 7] A
2 shghE A S 18 Sash Aa FadolthMoore er
al.[2002]). B=gF 23l ol X SynechococcusSt 2o E8] HEE =
Y[ Prochlororococcus sp. GA] 248} ofn|weAbS A4 3
Yo7 o]& 7153t A0 F K uEATHZubkov and Tarran[2005]).
53] 21899 315 vlellAl DON2 DTN % ¢F 70%2] A+
HIE KoL gl7]el(Table 3), o14H 7] A7} AR $gelx]
2PBAALS] RS A8 eiA= HlaE] =2 vlEs AT
Skl Q1= DON o]8-2 54 0 =2 goker), spA|T FUFol2t
TEE o] XA o s tpEd Ae|shd] EJo] Aol 1.
= 317101l (Gallagher[1982]), &5 “salloll el dt ¢l oh
8l DONE| 713l 8491 QA3 A (urease)2} oFv] Ak
2Fs8}§ 2~ (amino oxidase)2] &/d5 =& H|E5F] DINZ DON®|
gt 27 598 9 o]84d 52 BElQl ol g F3o] Ha
gk Zlo|t}. oo} Waleto] g3l ARATE th o2 DON 5 A
=82 07 o]87}s 3k Adi(labile fraction)} THE3Id (refractory)
of tist HEL I Qsk 7103 yhohe,
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Table 4. Half-saturation constant (Ks) for nitrate and phosphate uptake by cyanobacteria Synechococcus sp. and diatoms

. Ks (pM)
Species - References
Phosphate Nitrate
Diatom
Skeletonema costatum 0.68 0.40 Eppley et al.[1996], Lomas and Glibert[2000]
Chaetoceros sp. 0.36 0.98 Oh et al.[2010], Sunlu et al.[2010]
Ditylum brightwellii - 0.60 Eppley et al.[1969]
Pseudo-nitzschia sp. - 1.26 Auro and Cochlan[2013]
Coscinodiscus wailesii 0.39 1.40 Nishikawa and Hori[2004a]
Eucampia zodiacus 0.31 0.86 Nishikawa and Hori[2004b]
Cyanobacteria
Synechococcus sp. 0.014 2.64 Timmermans et al.[2005]
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