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Abstract — During the period between July 3 and 27 of 2009, water samples were collected from the Russian coast at
a depth of 30m from 26 stations (including Ulleung and Japan basins) onboard the Russian survey vessel R/V Lavrentyev
following 4 lines (D, R, E, and A). The samples were analyzed for nutrients and chlorophyll a contents. All parameters
exhibited higher values in warm waters than in cold waters (NH,:1.8-fold, PO,:1.8-fold, SiO,:1.2-fold, and chlorophyll-a:
1.9-fold), except nitrates, which was 1.4-fold higher in cold waters than in warm waters. The horizontal distribution of
ammonia, phosphate, and chlorophyll-a was very similar to each other and showed the highest values in the waters
near Russia, where a upwelling influence of cold current and bottom water prevails, while relatively low distribution
was observed at the Ulleung Basin. On the other hand, nitrates showed the highest concentration at the Ulleung Basin,
which is under the direct influence of the Tsushima warm water, and showed a gradual decrease northward. The N/P
ratio showed the highest value in the Tsushima middle water, rather than in the North Korean Cold Water, the Tsushima
Warm Water was the primary source of nitrate flow into the East Sea. However, the average concentration of phos-
phate in the warm waters was < 0.2 uM, thereby limiting phytoplankton growth, while a high concentration of phos-
phate in cold waters showed a direct correlation with chlorophyll-a. The results of principal component analysis for
the identification of primary factors that influence the marine environment showed that principal component I was water
temperature and principal component II was influenced chlorophyll-a and nutrients. Therefore, Study area has great-
est influenced by water temperature, and clearly distinct cold and warm water regions were observed in the East Sea.

Key words: nutrients(% %), chlorophyll-a($3 5 4x-a), the East Sea(-5-3l]), coastal upwelling($1 2F-8-<), warm

region(F=%}), cold region(*§+7)
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Tl SATEE S dellEA sk, dEAE AHgo) tiE

O % FeARl vk sliekelr, 4lo] k2 4o S (&xotsl

4, BEEsld, 2obreld, digteld )s S8l elaliel 1A= 9l
o}, wesh salle 3371 Z717F tiekel vlsl Zhovt ok} fAatkst
0]% ti<=2H(Double gyre) HEN2] AE=3to] EA5HH, tlekst &)
F AEo] Aoy F4% Y% (Miniature Ocean) O Z =5 11
S Th(Ichiye[1984]). St 2 W72 JF o2 534 (Polar
front))¥} 4~-8=0](Eddy)7t 37 =™ (Moon ef al.[1998]; Park et
al [1998]), 8 (Upwelling)°] HASHH(Rho ef al.[2012]). FE3H &
3]932] Viadivostock Q1| ol M= FA1Eel vigtol 93t B3
9] T witel] ol FIE] FAYR T Ao E FUE
|x A7 84 %E}(Yanagl[zooz])

allell 3=l "éﬂr & FHkE L e ddeds =
o] %‘%JEP tirhdaoln, &8l <] oH & tiehchRe} v, of
719ke] gk 7)1 Sl 5] S WR=THSeung[1992)).
o] Sz TEHNE SN YT FEFY YYFE I H
R glont A shrell ARRe] gl weh Y o
ol ZHasto] Fal9 °4°k°é el G £ 7 dEe Ak
H} Q1TH(Yanagi[2002]). B8t - Falle A2 dste] dgo R
=) 2] 52do] Watal Utk(Yoon et al.[2007]). A 471] 2] F=2-0]
At 451 Bt st 9lom, 590 H 0.29 psu ﬁi }
AL, TR A oA sk AR FAlahE
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SaflolA G Aol T A7 B3] - S elA
81 O L} (Chung et al.[1989]; Moon et al.[1996];
Cho et al.[1997]; Yang et al.[1997]; Rho et al.[2012]), &3 <]

/ﬂ\/l-sH EE‘—— ZHOHO:]/] :Lxﬂ}\ﬂoﬂoﬂ Jg}ﬂﬁ O]th EOH Xﬂ
v thet Qs AR Agelth ek ol ATE Eatol
A owa} FallA 7h 2 WA st gl 2
BRAZ T ol B Slodel FAT ARda0] 5
PES 2A LE) ST BUSA AR wAE T
wakaat shlt

2. M= 3l diH

2009 72 4 274714] Bjrlo} ZAMA R/V Lavrentyev
£ o]g3lo] #Alo} 2Ako 2HE] 4709 Line(D, R, E, AyS u}e}
267H3] xﬁx%oﬂ/q oﬂo}:oﬂ UJ qji/\_alﬂ;@ o _140]] 45( /\}/H_i
FE S HAassh] Ykl 4 30 m) AlEE Algske] 4
St oH (Fig. 1), A7 9] FA5AS Telsty] f1al A7gelA
CTD(SBEIII plus)E ©]43}e] -} i 12]11 §E4kro] &4

ARES A4 USSAC P WSha S AT Al
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011:‘ 1

Go-Flo A71E ulg] ARAE3E & dgdof|r] YAE 2 3Lof Al
o] AMg3EISloH, AR :]%Loﬂ ] 0.45 pm membrain filter? 13}
3t T Qs RISt G4 T A2ofA st & et

AN <1k
o]§:3le] DIN(AIE +k o], @

AE27](QuAAtro, Germany)=

11 AL BAlalgl o

AEA-a0] T4 35E o133 0.45 pm membrain filterS 90%
OME O FE31] Tumer B FEA(10-AUYE o]8-3t0] 4
33t
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3.1 ZAEe| 1| GlJ7 W SELMNS| 2 SY

SE FYEE e FEAL ST 7198 tieRR(TWC:
Tsushima Warm Current)’} T3t E = &3l Fall= 4=, o
upFo] AR= -2y} 53l AKEKWC: East Korean Warm
Currenty?} A Aalieks whel H4st Fallo] At d& e=3
o Fal FEa oM Aulgloh kS whet A9 erkst
F(LCC: Liman Cold Currenty’} E2}t] R E A7 Halahy, &
REHT 7]9e] s Rvs 12 SAS 7R %?j’?j"l‘r(NKCC
North Korean Cold Current)® ‘B8}3FC}. 40°N Q1Loll A= HAleh=
&P F(EKWC)$} sk 53kekR7<=(NKCW: North Korean
Cold Water)’} A= th& 53] 5/l whz} 3 3431 (Choi
et al.[1993]; Cho et al.[1997]; Jeon et al.[2012]), ©] X1 2o] 33k
O e BEYFOR ARYen 2015 A, 2ok, v
= s %611 EAHE Y L s =A% FEHTHKIm and
Lee[2004])(Fig. 1).

o] S=ylof st AT Aak= AR A7) we) tha
2te)7k glont 1999 shAlell YERt 573 (Kim and Lee[2004])°]l
A= 8709 719 al57 AT B E THTSW(Tsushima Surface
Water), TSCW(Tatar Surface Cold Water), NKCW(North Korean
Cold Water), TMW(Tsushima Middle Water), LCW(Liman Cold Water),
ESIW(East Sea Intermediate Water), ESPW(East Sea Proper Water)).

A0 ZAP|TE Zot A A ] oA A=H 23 o
O AARE FE TS diagrame 27Jsto] 2APYHE £ &
224 A8 4810 AAIgE v} Qltk(Yoon ef al.[2014]; Yoon and
Yoon[2015]). £E4k49) A5 2 H-E T-DO diagram= 21451
Fig. 20 A8l o, Falf sioolr Bae zt #3924 &
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Fig. 1. Location of sampling stations and schematic map of the surface currents of the East Sea: LC: Liman Current, NKCC: North Korean
Cold Current, EKWC: East Korean Warm Current, and TWC: Tsushima Warm Current (modified after Lee et al.[2009]).

733} vl aste] Table 20 YERARICE. Fig. 200 2t 7] 2] FaFgel] & ol ¥z Alug]o} dARtellM = WhFe] JaFdel = AR
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AFA-a TS FJ8te] EFAIEE AT AT EER BAIEE Q5RO Y]l JiEitA] 9] 84 T} =Tk
oich 5 Linedl] e §F4k4 0] A& F2E KW (Fig. 4), D Line
HATE S AIEE AT 30m 7] 4] W ol 4] 800 m oake] A thehdb a5t 3.5 ml L ofakE
IS HH(Fig 3), 1A, B SRS et {asre 9 FRE Bl Wb, ‘@—}F‘:H AEA 9 o}#FF7F 45 ml L
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Table 1. Definition of water masses in East Sea

Water mass Temperature (°C) Salinity DO (ml-L™") Reference
>20.00 <33.80 5.05-5.45 Yang et al.[1991]
17.60-20.30 33.39-33.86 5.04-5.57 Moon et al.[1996]
TSW 19.47-21.51 32.39-33.71 3.87-5.50 Cho et al.[1997]
(Tsushima Surface Water) >20.00 >34.0 - Kim and Lee[2004]
18.40-26.00 33.45-34.30 - Yoon et al.[2007]
20.32-22.48 33.31-33.77 3.60-3.81 This study
12.00-17.00 34.30-34.50 4.30-5.00 Yang et al.[1991]
10.40-17.40 34.01-34.40 4.50-5.00 Moon et al.[1996]
™W 11.01-16.63 34.28-34.50 3.64-5.31 Cho et al.[1997]
(Tsushima Middle Water) - <34.50 - Kim and Lee[2004]
12.20-17.60 34.25-34.62 - Yoon et al.[2007]
10.17-15.73 34.05-34.31 2.95-4.64 This study
TSCW <20.00 <33.50 - Kim and Lee[2004]
(Tatar Surface Cold Water) 8.99-15.53 32.85-33.49 3.94-4.59 This study
1.00-7.00 34.06-34.20 6.00-6.45 Yang et al.[1991]
NKCW 1.00-7.42 33.98-34.18 5.98-8.44 Cho et al.[1997]
(North Korean Cold Water) 2.00-7.00 33.90-34.10 - Kim and Lee[2004]
1.95-7.22 33.90-34.10 - Yoon et al.[2007]
2.00-6.81 33.90-34.09 3.94-5.79 This study
LCW <2.00 <34.00 >7.0 Kim and Lee[2004]
(Liman Cold Water) 1.40-1.53 33.97 4.33-4.77 This study
ESIW 1.20-5.00 34.00-34.07 <6.0 Moon et al.[1996]
(East Sea Intermediate Water) <2.00 >34.00 ) Kim and Lee[2004]
1.00-1.98 34.01-34.08 3.73-4.91 This study
<1.00 34.02-34.16 5.40-5.90 Yang et al.[1991]
0.20-1.00 34.06 5.16-5.60 Moon et al.[1996]
ESPW 0.37-0.93 34.05-34.07 5.00-6.10 Cho et al.[1997]
(East Sea Proper Water) <1.00 >34.00 <4.5 Kim and Lee[2004]
0.00-1.05 33.90-34.18 - Yoon et al.[2007]
0.08-0.99 34.05-34.07 3.06-4.70 This study
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Fig. 2. T-DO diagram for all the stations on four transects in the East
sea of Korea (TSW; Tsushima Surface Water, TSCW; Tatar Surface Cold
Water, NKCW; North Korean Cold Water, TMW; Tsushima Middle Water,
LCW; Liman Cold Water, ESIW; East Sea Intermediate Water, ESPW;
East Sea Proper Water).
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Fig. 3. Horizontal distribution of dissolved oxygen (ml-L™) at 30 m depth.
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Fig. 4. Vertical distribution of dissolved oxygen (ml-L") at each study line.
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Fadolut It kol FE TS SFA] Sahke whd,
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Ballol] AR FFAr-a ol Tk A= B3N A FellA
% v} 21 0 LH(Chung et al.[1989]; Moon et al.[1996]; Cho et
al.[1997]; Yang et al.[1997]), 53l2] Agalld] = Fh-allel2] =
Aol HgtEo] glom, Faf dute] gt A= o wu|gh
Aor JAEEA| SFHAE EEE FHLT A AS A
et web AR 2ARE A7) BE AR E FHsk] &
I JUAY} AE g T FEE Table 300 ERIL O, Fig. 7
of] EAEIITE. BEgt = JoFle] 7-9ulE Fig. 8l EAISISIT

128 132 134 136

248+ 5= Q1= 42F0] 1 (Brzezinski-Nelson[1990]; Ptacnik ef al.
[2010]), Justic et al.[1995]2} Wang et al.[2003]0] AIA|EF N/P, Si/P H]
712l Qe E 22 22 oS 2] Qakde] Agtelo®
288k 2= 12 Q)8 Zo|tH(Table 3). N/P H|:= SHF-AIRT} tinpt
FeoTol 71 =2 kg Hod, vl SR F=
= AR T o Agatal lrh. AR O R FekeA
Nell oJal] A EFFTE2] o] Astem, Fale] L N/l
gk Aol M= N7} AEZFaE Ao As eolow By
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B} QI THChung et al.[1989]; Kwon e al.[2014]). Lee and Rho[2015]%
Chlorophyll-a ARk kel vls) Fale] N/ H]7F wkom, 53 300 m ©]4] N/PH]
7} 12724 poll vlal No| Abtha] o2 B3-S A AkeiTh. Bsk
Kim and Kim[2013}:> -Z§Z-¢ll4] N/PH]= 10 ©]3}, 200 m o140l 4]
1302 A8 fFAEY, dFol = 14 o]etE FAE Aolztar
AEF} alA Fal FHAN TN T B Ao fARE vk Q)
A F5(0.09~0.17 uMy7F #S5EQ o) AAalkde] FR% 1 uM
ojatE ¥FE o] WA} ATIAFE 283 5= S-S AT
(Choi et al. [2012]) T AT ZAPIRE bl Ald R
o] =2 Waelel vlsl deroiolld =2 N/Pg) Si/PHIE L
Bl lAkd T AAJZA el Algkaelo g zHa3l 7hsAo] 9SS
AWK Table 3). 2006 3HA] E3l Al ZAR N/PH, 255 &
A2 Avte} fAkeb, ol Al Wislel] whE deke] 24 &
7 Aol = Argatal QICH(Choi e al.[2010]). ©]9} K A}eﬂi =
=3l FEH, warm B cold eddy”| MY 3191 2] T SlollA] &
EELAES] giel] ot 1] AARZ Qo] AlgkIAE 283

138 T S AXSATHKrom et al[1991]). FaloA w2 1Akl o]
Fig. 6. Horizontal distribution of chlorophyll-a at 30 m depth. Foe FAE 99 AE gk sl BRI ik F
7t 2 348] HolA 1 e AT AF4E 5= 9121 (Yoon et

Table 2. Nutrients and Chlorophyll-a in East Sea

Subareas Station NO; (uM) NH, (uM) PO, (LM) Si(OH), (UM) Chl.a (ug-L™")

Al 3.14 0.50 0.23 2.32 4.25

A2 3.64 0.57 0.29 1.89 6.46

A3 3.36 0.93 0.19 1.75 5.81

D1 4.21 0.43 0.19 3.67 3.92
D2 6.64 0.50 0.39 4.14 10.30

D3 6.57 0.64 0.45 8.84 9.81

D4 8.43 0.64 0.32 6.52 5.98

El 4.00 0.64 0.23 3.81 7.55

E2 3.43 0.79 0.19 3.02 4.68

Cold region E3 4.79 1.14 0.42 5.33 11.2
E4 5.29 0.93 0.32 4.27 6.62

R1 3.57 0.71 0.16 3.02 3.67

R2 4.07 1.07 0.19 3.08 8.97
R3 6.64 1.21 0.36 5.69 13.00

R4 5.43 0.93 0.19 4.16 8.43

RS 4.21 0.79 0.07 2.28 3.12

R6 6.36 0.71 0.19 4.32 6.94

R7 4.36 0.79 0.19 5.12 3.21

aver 4.90 0.77 0.25 4.07 6.88

A4 2.93 0.43 0.16 1.91 1.54

AS 2.93 0.43 0.16 2.45 1.30

D5 5.21 0.43 0.26 5.85 3.42

D6 10.43 0.43 0.13 7.04 3.49

Warm region D7 8.79 0.36 0.10 2.33 4.36
D8 9.36 0.43 0.07 2.33 4.48

D9 8.57 0.21 0.10 4.11 6.53

D10 - 0.71 0.13 2.37 3.63

aver 6.89 0.43 0.14 3.55 3.59
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Fig. 7. Mean values of nitrate, phosphate, silicate, Chlorophyll-a according to water masses and stations in East Sea. DIN value of TSW

was estimated by Moon et al. [1996].
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(Taiwan Current Warm Water)”} 5% &3l 3% ool
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Ao AAE Yehh= @Y T & Aol
2 Aol Wl i Bt 4lo] st AT
1= A7(D2, D3, D4, E3, A3) 1 JdH) oJokde] 557}
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Table 3. Nutrients, AOU(apparent oxygen utilization) and chlorophyll-a reported previously for water masses in East Sea. Values in parentheses are ranges

DIN (uM) Phosphate (uM) Silicate (UM) AOU (ml/L) N/P Si/P C(})l/l]:)a Reference
1.74(0.41~4.27) 0.12(0.03~0.29) 2.26(0.29~4.23)  0.00(-0.36~0.95)  18.56(6.13~52.00) 21.18(3.22~65.4) - Moon et al.[1996]
2.00(0.79~4.01) 0.25(0.05~0.61) 2.49(0.91~9.72)  0.20(-0.31~1.24)  14.56(2.00~52.40) 14.28(3.09~62.00) - Cho et al.[1997]

TSW 0.86(0.23~1.55) 0.10(0.09~0.10) 3.07(2.15~5.22) - 8.81(2.30~15.53) 31.38(22.52~52.20) - Choi et al.[2012]
3.57(1.30~8.69) 0.44(0.21~0.90) - - 8.39(2.88~27.21) - - Kwon et al.[2014]
- 0.13 2.37 1.29 - 18.36 3.63 This study
12.54(10.05~16.17) 0.63(0.008~1.37)  9.39(0.31~14.13)  1.25(0.12~1.90)  29.99(9.02~129.87) 15.85(3.88~24.13) - Moon et al.[1996]
5.33(2.48~7.65) 1.00(0.28~1.84)  11.92(2.78~27.04)  1.34(0.79~2.13) 6.02(2.19~14.25) 12.19(2.78~27.04) - Cho et al.[1997]
T™W 0.98(0.95~1.00) 0.16(0.15~0.17) 5.40(5.00~5.80) - 6.11(5.88~6.33) 33.73(33.33~34.12) - Choi et al.[2012]
10.99(5.04~15.27)  0.91(0.59~1.16) - - 12.50(4.48~18.82) - - Kwon et al.[2014]
8.60(5.64~10.94)  0.16(0.10~0.26) 5.07(2.33~7.04) 1.97(1.35~2.90)  53.30(21.87~95.05)  31.45(22.67~54.55) 3.76(3.42~4.36) This study
8.87(1.47~14.56)  1.62(0.38~3.88) 16.55(0.96~40.18) 1.11(-1.62~1.88)  6.09(2.12~17.40) 10.96(1.68~32.96) - Cho et al .[1997]
NKCW 20.22(5.23~28.24)  1.42(0.60~1.77) 27.94(10.79~34.48) - 13.59(8.68~16.25) 19.50(17.89~22.11) - Choi et al.[2012]
12.65(8.45~18.93)  0.89(0.70~1.16) - - 14.18(10.32~18.07) - - Kwon et al.[2014]
6.21(3.64~9.23) 0.27(0.07~0.45) 4.44(1.75~8.84) 1.92(1.45~2.44) 22.94(14.33~78.11) 16.41(9.02~35.08) 7.18(3.12~13.00) This study
TSCW 0.02 0.06 2.20 - 0.33 36.66 - Kim and Lee[2004]
4.64 0.19 3.67 1.24 23.93 18.92 3.92 This study
LCW 3.61 0.45 6.20 - 8.02 13.77 - Kim and Lee[2004]
ESIW 17.89(10.20~29.76) 0.96(0.49~1.71)  15.64(4.90~26.06) 1.41(0.88~1.85)  19.87(8.26~40.47) 17.17(3.71~26.63) - Moon et al.[1996]
11.44 0.91 16.80 - 12.57 18.46 - Kim and Lee[2004]
23.72(15.59~25.83) 1.29(1.03~1.76) 32.23(14.42~51.49) 2.56(2.15~2.96) 18.71(13.68~24.37)  25.16(12.32~36.30) - Moon et al.[1996]
12.66(9.09~16.61)  2.63(1.47~4.16) 33.93(14.64~68.77) 2.44(1.29~3.01) 5.06(2.50~10.07) 13.63(5.40~30.98) - Cho et al.[1997]
ESPW 25.86 2.12 89.40 - 12.20 42.17 - Kim and Lee[2004]
33.96(22.72~41.99) 2.34(1.70~3.06) - - - - - Choi et al.[2012]
19.87(11.24~24.62) 1.44(0.78~1.85) 54.47(33.47~96.78) - - - - Kwon et al.[2014]
TSW+TMW  6.34(3.36~9.86) 0.12(0.07~0.16) 2.70(1.91~4.11) 1.75(1.54~1.92) 52.40(20.86~151.74) 22.32(11.85~42.41) 3.46(1.30~6.53) This study
TSCWH+LCW  4.63(4.29~5.22) 0.22(0.16~0.29) 2.95(1.89~3.81) 2.10(1.86~2.23)  21.26(14.80~26.90) 13.55(6.52~18.78) 6.66(3.67~8.97) This study
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Fig. 8. Mean values of N/P(a), Si/P(b), N/P(c) ratios according to water masses and stations in East Sea. DIN value of TSW was estimated
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Fig. 9. SST (Surface sea temperature) of East Sea (2014.07.10. (a), 2014.07.15 (b)).

Table 4. Person’s Coefficient Correlation of all parameters measured in East Sea

Temp. Sal. DO NO, NH, PO, SiO, Chl. a
Temp. 1 - -0.88™ - -0.61°" -0.63" - -0.54"
Sal. 1 - 0.47" - - - -
DO 1 - 0.56" 0.56" - 0.52"
NO;, 1 - - 0.48" 0.72
NH, 1 0.40° - 0.58"
PO, 1 0.58" 0.70"
Sio, 1 0.42"
Chl.a 1

*P<0.05, **P<0.01.

Table 5. Eigenvalue and cumulative percentages corresponding to
the principal components

Principal component Eigenvalue Proportion (%) Cumulative (%)

1 37.58 72 72
2 8.71 17 89
3 4.09 7 96

PHL 2y %%i-a of] o3 AA 0360% wow B3] £
10 °CE 7|5 0% W57} Y4l 02 o] 4s1eld A

Table 6. Eigenvectors of parameters correspond-ing to the principal
components

Eigenvectors

PC1 PC2 PC3

Temperature 0.935 0.228 -0.236
Salinity -0.009 0.027 0.047
DO -0.106 -0.034 -0.011
NO;-N 0.005 0.696 0.554
NH,-N -0.027 -0.007 -0.051
PO,-P -0.012 0.009 -0.012
Si(OH),-Si -0.107 0.381 0.244
Chlorophyll a -0.319 0.563 -0.757
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