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Abstract @ To investigate the long-term variation characteristics of nutrients in the east coast of Korea, water temperature, salinity, dissolved oxygen,
and nutrients were measured at three stations of Sokcho, Jukbyeon and Gampo coasts for five years from 2013 to 2017. For five years, the water
temperature of the East Sea coast was in the range of 1.2~28.8 C, the salinity was in the range of 30.63~34.79 and the dissolved oxygen (DO) was
in the range of 3.53 ~7.64 mL/L. Distribution and variation of the water environment factors in the study area were determined by the vertical
stratification of water column and distribution of water temperature. The high DO concentration in Sokcho coast From 2015 to August 2016 is
presumed to be the result of the southward inflow of North Korean Cold Water (NKCW). Concentrations of dissolved inorganic nitrogen (DIN,
NHN+NO,-N+NO;s-N) ranged 0.11 ~24.19 uM, phosphate concentration ranged 0.01 ~1.75 uM, and silicate ranged 0.17 ~32.80 uM. The N:P ratio
was in the range of 0.7 ~54.3 (mean 15.2) and the N:P slope was in the range of 11.67 ~13.75. The N:P ratios in this study were lower than the
Redfield ratio (16), indicating that nitrate did act as a limiting factor in phytoplankton growth. The correlation (R®) of total N:P ratio was as high as
0.95, indicating that the effect of the surrounding land or non-point sources was not significant. In conclusion, the spatial and temporal variation of
nutrients in the east coast of Korea was determined by the vertical mixing of water mass with thermocline and mainly affected by physical factors

such as influx of external water masses and coastal upwelling, and the influences from inflows from the land were minimal.

Key Words : East Sea, Nutrients, Dissolved oxygen, Water temperature vertical distribution, N:P ratio

# First Author : oceanmc(@korea.kr, 051-720-2822
+ Corresponding Author : jshim@korea.kr, 033-660-8534

- 457 -



A7

1. M &

s

= et Fadol oF 1500m, H 4lo] oF 3,700 mE,

Aol &2 tigtel g, 27FFad, okl g El HAIH

BFI Ads o] = wbHA AL s ol tigelM BF
o]

g algetn Aabol wAGE v Faw

ik

&,
T4 300m o] Aol Fal AA| FI] o oF 84 %E AHA|
T2 0~1C2 53| aLF-5~(East Sea Proper Water,
ESPW)7} EA18taL L 5ol= dgelds 8l fYEs
gubdFel 3l FFA e3s e ety 9 53 3t
o JFgoz, 747 g F2, dE D S£EAL] EYAE
7}Al= Wb ¥ 55 (Tsushima Surface Water, TSW), thv}
W 555 (Tsushima Middle Water, TMW), 53
Sea Intermediate Water, ESIW) 2 5-318F735(North Korea Cold
Water, NKCW) 5 tFF3k =37} & Al ¥l th(Kim and Kim, 1983;
Kim et al., 1991; Moon et al., 1996).
vt Fa Agte] A, dinbdRelA EAE &

§+(East Korea Warm Current, EKWC)= $-2| e} 53l et
et HAstht B A dalehs 5 eHei(North Korea
Cold Current, NKCC)$} ¢F 37~38°N H-Zol| A whd & Bz
o7 WS E3 ZA A (subpolar front, SPF)S & Al s A

%% (Bast

ki

tlo &

il
il

271 sl o2 skt (Mooers et al., 2005; Lee et al., 2009).
Egk T3 FEE AMGESH~LE)IME T2 S &
Sl HASHA x| YrdE FAA7]=(Kim and
Kim, 1983) 5 &3l <1t 3dsta o= mlg Js4o=
Wslsl= #Aolgt & = U

g A FEAL S elAL 7z FHoldo] ¥ 24
EZZAEY A4S -3 T8 8%, o]l v
HEQG ATEE F39 845 olsisted Ta% Fro] #

Th(Spencer, 1975; Cha et al., 1998). ¢-2] e} 3f A<k A5
2 FdRFom o] Fo] glo] AR Y FYol
T A = 2 dyA ok A=
UM A ] =
| wet isd 7hsAd el
)

w oo £
oqmrﬁgh
o ° %
Fmﬂ—ﬁzﬁ
olﬂ—ﬁ_?:
o N
e K%
2 oyo & =
Ty
il
“
<l 4O !
[I:‘I.OU.\.\,_QI%
_Hmri_lﬁ
Koo g o
L
(8]
B
NS
)
L
flo
of
o2
o2

il

Ao
L

5

wHPark, 1979; Lee et al., 2009), 3}7] =

d ojokelo] EHBL Ay} EehtFEol Ealy
gAY HoR AL Ad 2 F

HEstn BxoRE A= wa

(Lee et al, 2009)9} < Felo] & =

FUYD FEI} i W E9)

o= 3

= 4
al,, 1991)7} ¢t &5of ol %S

ol
o

L

Ho
2 o
i
ot
v
i
ey

B
Lo

Jo iy
N [
St g
rflo ret
33k
> o
Jr
ot

4y Rl o2 oo @ X o off MU r|r ol ofg
N
2
(o

7
=4
a

'/1\:1120

8 - AN
A ss Agke]l GY Weel 9FE = AR AddH.
Bl FaAgtel A selie $-@ o] FHo] Ash
= w2 ARE e, of el dEEe] T8
Hol7h M AR EHAEN oF 2k dgdel WE
© A A AR Fa 2E Fol st
2 Zolt. meb F3) sl A JEAe) WES sots)
T AL Feldcte] s &L olslstar Ak o] At
e FAB Faw ol & 4 A
Fellol A dgdel i Avs TR ¥, Seads
2 5SS Haea e skt 54l @ AT

=]
(Kido and Nishimura, 1973; Park, 1978; Kim et al., 1991), 7] 4}
AP AEERAEY AAaA S Al sl dig
1--(Shim and Park, 1986; Chung et al., 1989; Shim et al., 1989;
Han et al, 1998) % Sl Edsh= 39 54, 7
Fae) sty B4 0 A J2PNS GE AT
(Yang et al., 1991; Moon et al., 1996; 1998; Cho et al., 1997) &
oA TEolA sout F2 fule] B4E sherstn TG
7] §1gh, 2ea 712 A% BES olslshy] Ak BxA <l
A2 thFolA] k7] wiel Buh AR ARE A7) =
AlgrHolt}, gk AP 8§, 1% T FaolA 9 o
24} ofos fA A9S Yo /408 S99
A7 mEE Aot} Lee(1999)7F 90 At Eof ol
Gl oa A7k vl FAsa AHg vheh go] F
ol A= 9o d o] Fuk Solx s Agdol tgk ARE 27
7} Wgol Ak

B ATe BAe Seutet A ol £
Bgar] g6 A ol 484w
A1 20131904 2017744 sA7E &
2E AL, Fa Al HoAE GFa o Al-g3HA
RET 58, QR 53 § ol

}

Wo WA sofahix

tlo

& A i A ol 5Ee AR AR gkl A
TE e AR R A QIjl o i 3
s Ak e seleadd T F
At A AP EUHY = sAsEA 58 A F 2013
GHE 2017370 AR 2ARE £ S, A Qg
ol 7t U AHel #2873 EARE o833l thFg D).
Sz, S, R A AL A7 wa Sl e
AT GFe WAL, 5% ek @HEe] Wit
wapshe, el A f1u s tivhdRe] 9 Wi 5
T, S, et Ao w shdE o] AAsl



22!
L

2013 ~2017%

KR

N
dr

o))
A

dr

75mel Ut @

ok
-

KSR
=

47

23]

N

= H I rhFig 2). 24 7]

CTD(Seabird

boich Fedt e

S

&

I

=
= ©

;Oﬁ

A=

AA T

bl Wk A4Hom

S

o)

19 plus, USA)Z

=
=

=

oA 5C o]

o

=

70m °]4 o] A

5)

Fed 0, 20, 50, 75 m(A <

g o] g3

2=
T

BRXI

A AN E=

9T T2Xo] 4¥e] 44 20m ©]

S7HA

Fod 12€ 50~60m

23

7] Al

=
=

Aol B3l o

Z

@7l Al GF/F o ] (Whatman)

okod ©
FAL

A7, 2013). 4

2 ot

,

f& Hojgelnh 12

[e)
2

bl W%
A @zEel A RAlel Al 7ol

weld. o
s @)

A 7HA] Bs B

=2 B
'é“ff_f/}jl

oztE AR

ke
T

3o

vk 20170 2o = o]

oo

}o AH5 541 7] (QuAAtro, Germany)E ©|

oj o
d %

AnalyticalA}£]

EZo A 4 40m7HA F220] 102~

AL

~
o

H

~
o

2

o] A17]ell

Atk ol

1E B

01 o
o o

120CE YdZ5 A

O m o o 0T RN A o T WG ooy
PO T RLW TATALTE T
B - = S S S SR 0 e
e B oMo oy o B L 2 BN o) TNT oy X
sk esPinisy adrbat iy
ER AT i A Bl
o i J T LT T i
M.ﬂ%%iﬂrtmmwfnmmmerMoMrw%%%
REPEAEr T IETET LT REAT
o BB T B R g g Ny O oMoy 2
%aw;;_ﬁﬂimwmuﬁmum.%%%ﬂﬁu_w
oo~ ®E AT T B g B E o g
PR T g R LT e T o
_EEHAF o,lel(d.‘_ o_}oo,i X
T = PR o] M2 e O o) T
ﬁﬁoﬂﬂoﬂmﬂ%m.mbﬂﬂm%ﬂw%mu%%
Dot B0 FOOR r R ooy oM N
%mwmoﬂ%%oﬂ@a«ﬂewvm_wf%%__%gW@
TEPAR QT EMT T AT B
SFWY L o EAN o W B M o by
T ol T 2o~ 70 W - ?
N To AT RRET LT T T w oy
TR TEIET ML T TR R e D
@?é%%aaﬁﬂé.Wd.W@ﬂW%&ﬁﬂW7
TR mgre Iy 2XTR T Y g LB
B EDFNFT T Te ™ g T E
HHEFETAE O FERHDPDETETILT TR H T
N.00 . 8€ N.00 - 2€ N.00 - 9¢
| 1 |
§ o
5 g
z 8
o °

® Sokcho

Gangwon-do

Gyeongsangbuk-do

129° 00'E

q
No
=2

N

130° 00'E

>4
B

o

1o

of we FaFol 1344 dlo] HAANE, Tl

Fig. 1. A map showing stations in the study area.
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Table 1. Monthly mean values of water temperature, salinity, dissolved oxygen, nutrients and N:P in Sokcho, Jukbyeon and Gampo

area of the east coast of Korea from 2013 to 2017. Values in parentheses indicate range respectively

Temp. DO NHNOsNO, PO,-P Si0,-Si

Month Site () Sal. (mL/L) (M) (M) (M) N:P
Sokcho 6.3 33.99 6.70 6.79 0.45 9.28 154
(34~120) (33.79~34.32) (557~741)  (332~1L11)  (020~0.82)  (5.66~15.61) (13.6~17.2)
Feb, Jukbyeon 92 34.17 6.10 9.18 0.62 11.85 154
(2.8~11.8) (33.66~34.40) (551~647)  (634~1544)  (036~1.17)  (7.79~22.60) (13.1~19.9)
Gampo 11.8 34.26 5.83 8.02 0.51 10.76 17.1
(5.0~133) (34.05~34.48) (522~6.14)  (5.18~11.62)  (0.19~0.78)  (473~1641) (12.1~28.0)
Sokeho 6.7 34.07 6.64 7.44 0.52 9.61 14.6
(12~12.0) (33.88~34.37) (5.97~757)  (0.16~19.57)  (0.01~143)  (1.42~2726) (1.8~39.0)
Apr. Jukbyeon 8.5 34.13 621 7.74 0.57 11.03 14.8
(13~13.7)  (33.88~34.43) (5.68~7.01)  (0.14~1925)  (0.02~1.64)  (0.20~28.15)  (2.6~40.1)
Garmpo 124 34.19 5.99 6.67 0.47 10.92 15.6
(33~149) (33.89~34.48) (531~694)  (138~17.62)  (0.01~141)  (2.05~2542)  (8.2~27.9)
Sokcho 92 33.97 6.44 4.96 0.40 7.84 113
(23~184) (3344~3431) (5.60~7.64)  (033~1322)  (0.01~091)  (1.00~1591)  (2.6~32.4)
jme  Jukbyeon 9.4 34.02 6.15 6.32 0.51 9.23 10.1
(19~184)  (33.80~34.79) (529~7.11)  (0.11~1748)  (0.01~142)  (0.60~24.73)  (0.7~2L.1)
Gampo 12.6 33.97 527 922 0.75 15.66 12.8
(2.8~20.6) (33.16~34.43) (4.17~681)  (031~19.07)  (0.03~173)  (4.35~27.79)  (4.2~20.0)
Sokeho 12.6 3345 6.04 452 0.30 6.40 132
(2.7~26.1)  (30.63~34.33)  (448~7.64)  (0.16~14.06)  (0.01~1.05)  (0.17~18.88)  (2.6~25.9)
Aug Jukbycon 12.1 33.81 5.79 5.80 0.40 9.10 13.4
(2.0~265) (3221~34.30) (428~732)  (0.13~15.61)  (0.01~1.15)  (027~19.59)  (1.4~24.8)
Garmpo 15.8 33.51 493 8.11 0.52 13.66 20.4
(49~288) (3121~34.58) (3.92~6.64)  (0.55~24.19)  (0.01~175)  (2.68~32.80)  (6.9~543)
Sokcho 13.3 33.40 5.70 5.44 0.39 8.68 19.6
(1.9~20.9) (32.34~34.00) (5.02~654)  (023~16.51)  (0.01~121)  (1.54~2126) (12.3~47.2)
Ot Jukbyeon 133 33.56 530 7.83 0.52 11.99 19.4
(1.6~24.0) (32.28~34.32) (3.73~640)  (047~1847)  (0.01~137)  (2.36~26.00) (13.4~523)
Gampo 18.4 33.50 461 8.41 0.53 13.74 183
(46~233) (32.09~34.36) (3.53~530)  (1.36~22.05)  (0.01~149)  (3.44~2898) (11.7~29.9)
Sokeho 114 33.82 5.71 8.72 0.58 12.24 153
(24~150) (3323~34.23) (493~692)  (1.72~21.00)  (0.10~153)  (4.61~28.07) (13.2~17.6)
Dec.  Jukbyeon 132 34.03 5.36 9.81 0.70 14.28 15.1
(2.9~17.0) (33.82~34.40) (3.85~658)  (347~1891)  (0.16~138)  (542~2395) (11.6~213)
Gampo 14.8 34.11 5.20 831 0.64 14.18 13.6
(44~166) (33.60~34.37) (397~571)  (425~1520) (0.26~146)  (7.17~28.36)  (10.0~16.9)
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Fig. 5. Temporal variations of vertical distribution of dissolved inorganic nitrogen (DIN; NHs-N+NO,-N+NO;-N), Phosphate (PO,-P),

Silicate (SiO,-Si) in Sokcho, Jukbyeon and Gampo area of the east coast of Korea from 2013 to 2017.

ZEol 93 YA 2RE YERE 20199 Ay A o Pearson correlation A5 A3 B H(Table 2), IS &

A A WEs Bk AT E B35 vE) 4 23 Fog 5o BA, dGFH R fFolgh Fo] #A

D FEIF A5 =4 FAEE Jhe, 42 ~100l vl & Helew, 9E, §&EaE fog AABAVE gl

29 ~2%0l AF AL TE7F vk FHA o= A th ol& FEAlAQbeA d4E WEo] £ B H ¥WE

o] A%t %-AT &3t & B dFHS B 2T o gd FE AAH, Tl s Fo] AL,

s|ME AvE gy AT EFAE B R £ 79 F =94 F W
53], 4~108 52t A ASte] AT d4H v £% Fo] At ¥ Wl FE Aot o dv

o ¥ At Jd sl vlE dAH R =& AF  E 5 dS 3ok

< B3l U(Fig 5), ol 3l s elA] 6~84 Al = ZA717 5 Sl ete] NP v &= SHA e wdEe]

F WAEkE 9ok 8<5(Kim and Kim 1983)0.2 13, t] & u$ whe Qb 9l X5 Al9lahd, 0.7~543F o 152)9

Aok 2 Faeta Y RAEA sl AZ5TF A WY, fGEEE 2 AStoA] 1.8~472F it 14.7), =W

SAMAS wEt fYgE 23R FS5Eu Aol M= 0.7~523(F 1 14.6), 7HFE Atoll A= 42~543
ShA, SHxAM AT oA 201593 2016139 EF A, B (B 162)9] HWHE W5 tH(Table. 1). N:P2] 7]&7]<}

o] U Fxet gy AF7HA vlaA W G AAIAR)E AAAR] A, 1265 H 09497, 2 A

FTEE B FUNFig 5). ©] A7 &84T BolstAl 2 13.75 2 0967, S AN 12.77 E 0.959 18] TFE

FA A AL (Fig 2) e FEF el Ads A A 1167 H 09312 YEFSTHFig. 6).

o8 FAHE A7IS A dAEta lo], HEEHFFe BIHE AEEFAE] A= Qo] EFaioly

FEFgFo R JYA FE7F WA FAEIYE Ay gy, AEEZFgE] o8 = g o233 M E(Redfield H]:

ol FH e EAoR EAAL HagFIroA diAe NP=16) o3 AFgFarrt Hr|E gk dukH o g df

2 E5S 9UdYd FEE HUT Cho et al(1997)F Choi et We] NP H[7} 16 o]3to]™ AAF A v}t A B2 59 A

al(2012) 52 Axtel Antel Az ojo thai s Bk FUYF SR, 16 ool Ak Qlo] A YRR FH

B3t pFo] Qs Aoz AzbE) FtH(Graham et al., 1998; Jeong et al., 2013). ZAF7]7HE<t
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Table 2. Pearson correlation coefficients (r) indicating the relationships between depth, temperature, salinity, dissolved oxygen (DO)

and nutrients in Sokcho, Jukbyeon and Gampo area of the east coast of Korea from 2013 to 2017

Area Depth Temp. Salinity DO DIN Phosphate
Sokcho Temp. -0.69°
Salinity 0.25° 0.60°
DO 0.15 0.55" 0.34°
DIN 0.70" 0.66° 041" 0.66°
Phosphate 0.72" 0.68 042" 0.03 098 °
Silicate 0.66° 0.63" 0.42° -0.09 0.96 * 0.96 *
Jukbyeon Temp. -0.78"
Salinity 0.17 -0.50"
DO 0.01 0.28° 033"
DIN 0.77" .80 0.28" 0.17
Phosphate 0.80° 081" 027 0.14 0.98"
Silicate 0.76° 0.75" 027 021 0.96" 0.97"
Gampo Temp. -0.65
Salinity 033" 0.67°
DO 029 0.08 0.16
DIN 0.76" 077" 0.39° 039
Phosphate 0.75" 0.78" 0.39" 0.35" 0.97°
Silicate 0.72" 0.69° 0.29" 044 0.94" 0.95"
"Significant correlations (p <0.01)
R NP H= A 5o o3k Fat vl ek NP 712719l 9 4. 4 E
3k NP W] W7t 11.7~1622 A2 NP H| 7} 16Kt} W
of At At A EdAEe] s Addshs dFAd E3 Acte] el 477 WE B4 S wotaly] et
o2 FAE A o] 2013d7-H 2017d7b4] 53 AL 2 Fafdehe] R
diHoR FaldMs At Aavt A=SFAE AT SR, J9RE gud £ dE S, 59, 2 A9 3
o] TR AFFFA R BaFa JTHChung et al, 1989;  AH-oA] & AR SE4L P JUAS AT
Shim et al., 1989). At === Cho et al(1997)°] &3l A] S Eok B Aol A e 12~288C, FE-E 30.63
Bt 5.06~14.56, Yang et al.(1997)°] Bt 8.76~9.77°] M5 <3479, £FE2Ar 353~764ml/Le] WGP on, Feo
Hskelal, a3 718 7] 2% Talley et al.(2004; CREAMS 7| dof| w& F=:29) Wztol| o4& Feok=o] It
I cruise)©] 13.1, Choi et al.(2012)¢] 849~14.75%2 HilE 3 HAHom wEs= & soke] AE Aol WMEoEA)
Hh glo], Bt Axjel & AolE Holx| UQUTh Lee et & Mo FQU} o] £ AXNEY WE ule} A0l
al(2009)> FafolA Ak AAavt A FEH TS Hol o Byel Wzo A Rom, s At £
= Fd olfre dddEe Fo w8 HHE fYHe @ g s99R, Baen o] dAekgs & 2
& NP H O] SAS WAk oo Gl shglh o= A gele] o]gh 9L o] JEFS AV o R whi= A
ATl A NP 71&717F & <Abel mlal] R AQtelA o modr) B3] 201595 E 20161 §Y7FA] Szl otol A
Ao viokd Auet AT B 4 Avh YR gE0% 6~smULE A YERY, o] Al7jd] Halandt
NP G AR)7F A 095, B ERE 0. e fdEdes 25T 5 Ak

B ECE

of ¥ &4 Ee o <] 39
AA A FE Aew gy

dEHor g AgtellM Fdhe) Al Wes
SopTel o o] AHFE W] e AT JFA
T AR, A% &5 R o 7 79 5o =94 89l
of olel 2 FFe i, FFLZFE ] FYhel o W
TGP AL Aow wdd

TE o] -5
9 el A WEakal o A
Eot A F9-¢ AN

0.7~543(H 7 152), NP 71 &7]+=

] 5 0.17~32.80 uML
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Fig. 6. Plot of dissolved inorganic nitrogen(DIN; NH,-N+NO,-N+NO;-N) vs phosphate in Sokcho, Jukbyeon and
Gampo area of the east coast of Korea from 2013 to 2017.
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