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Abstract — Rapid climate change and human activities cause significant environmental shifts, including eutrophi-
cation and low oxygen levels in coastal waters. However, there is a lack of long-term studies on nutrient changes in
coastal areas, particularly in Korea, where industrial and agricultural activities are heavily concentrated. This study
investigates the decade long (2011-2020) variations in nutrient concentrations specifically dissolved inorganic
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nitrogen (DIN) and phosphorus (DIP) in the surface and bottom waters of Korean coasts, along with the factors
influencing these changes. The findings reveal slight declines in DIN and DIP increased on the west coast, DIP
increased on the south coast, and both DIN and DIP increased in the east coast's bottom waters. These changes
contributed to a slight decrease trend in the surface water N/P ratio. Principal component analysis suggests that
nutrient distributions are primarily influenced by freshwater input and remineralization processes in sediments and/
or bottom waters, regulated by seawater density. As global coastal eutrophication and hypoxia expanded, similar
trends are expected in Korea, highlighting the need for long-term monitoring to address the impacts of climate

change and human activities on coastal ecosystems.
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Fig. 1. Locations of sample collection sites. The red circles, blue triangles, and green squares represent sample collection sites from the west,

south, and east coasts of Korea, respectively.
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ashe FAE 1H3190S W], @44 sK(denitrification)el] 2] 3l
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Table 1. Mean (+ standard deviation) concentrations of dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorous (DIP). Units in uM

Location DIN bIP
Surface Bottom Surface Bottom
West Coast (n=85-105) 15.66 £ 5.38 14.00 + 4.22 0.622 + 0.243 0.625 + 0.245
South Coast (n=135-184) 6.19+3.19 6.24 £2.24 0.352 + 0.155 0.435+0.151
East Coast (n=62) 3.96 +3.41 5.96 +£2.08 0.203 +0.159 0.409 + 0.147
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Fig. 2. Decadal changes (2011-2020) of monthly averages and moving averages (4) of water parameters (temperature, salinity, dissolved
oxygen (DO) depletion, DIN, DIP) for the west coast of Korea (n=36). The linear equations y, and y, represent regressions in surface and
bottom waters, respectively. Note that a positive value of DO depletion indicates oxygen consumption, while a negative value indicates oxy-

gen production.
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Fig. 3. Variations in average concentrations of (a) DIN in August (2011-2020) on the west coast (n=10), (b) DIN in February (2011-2020)
on the south coast (n=10), and (c) DIN and DIP in bottom waters in August (2011-2020) on the east coast (n=10). In (a) and (b), the blue
dashed line and equation y, represent regression for surface DIN, and the pink dashed line and equation y, represent regression for bottom
water DIN. In (c), the blue dashed line and equation y, represent regression for bottom water DIN, and the pink dashed line and equation
y, represent regression for bottom water DIP.
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tively.
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Fig. 7. Decadal changes (2011-2020) of monthly averages and moving averages (4) of water parameters (temperature, salinity, dissolved
oxygen (DO) depletion, DIN, DIP) for the south coast of Korea (n=36). The linear equations y, and y, represent regressions in surface and
bottom waters, respectively. Note that a positive value of DO depletion indicates oxygen consumption, while a negative value indicates oxy-

gen production.
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Kosis.kn). o218 ARk A MiESelA e e BT QlAse] LRt 218 B, B39 rRIHE AF e
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7120] #as] A7 o= e $74017] wlEoll(Lee e al.[2000]),

T2 AT A7l LalE AT 3EEs Sl D 3.3 Sofldet AUYAHRF HE SY I 221
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Temperature (°C)
O

5 y1=01x+158 p>0.05, R2=0.08
v = 0.2x + 10.7, p<0.05, R2=0.20 Y2

Salinity
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Fig. 8. Decadal changes (2011-2020) of monthly averages and moving averages (4) of water parameters (temperature, salinity, dissolved
oxygen (DO) depletion, DIN, DIP) for the east coast of Korea (n=36). The linear equations y, and y, represent regressions in surface and
bottom waters, respectively. Note that a positive value of DO depletion indicates oxygen consumption, while a negative value indicates oxy-
gen production.
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Table 2. DIN/DIP ratios (+ standard deviation) in surface and bottom waters during each sample collection period

DIN/DIP ratio West Coast (n=85-105) South Coast (n=135-184) East Coast (n=62)
Surface 30.7£6.6 174+23 16.5+2.4
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=3l 112 DIN/DIP H] H7k(15.0+3.8) A|£]8kal B Redfield
ratio® T} ¥0(Table 2), Al a1919] A|etoked-e DIPQ! o2 U
EFSTE Mg ATte]] wp2r, A&RIke] N/P H|i= Al8]| 5ol A
33.3(Lim et al.[2007]), A3l E4-ollA] 24.4(Lim et al.[2008])2] %k
o= p7h A ARE YR oR AgSithe Ay Barsigl o,
ol & oI te] Aol A} el edgtel A Lim er al[2003]3}
Jeong et al.[20131 N/P H|7} o534 ©<re] o] & AN FH &
A 2]5PA Redfield ratioX.t} Ho} AnkA 0 2 Hafddekof A= Noj
QA Aok oz Ag3tty R asi oLy, BE Ade] 3
7+ N/P H]:= g3l 3ol 18.2(Lim ef al.[2003]), ‘23l EollA
19.5(Jeong et al[2013]) 0.2 - 172] N/P H] ¢} gho] FASIITE
o]g} vl =, %—8H°d°P.<4 DIN/DIP H](24.1)= 0] Zal] ¢1to]] 1)
& wSsAUE Sl F: 24; Lee et al.[2016]) T =4THE )
@ 15.6; Won and Lee[2015]). WA o 7 Faflo &= Noj A
shojokd o Agsh= A ow A 9al(Kim and Kim[2013]),
Kwon et al.[2019] ©]2]3F 52 N/P H]2] Q1S F3l¢iqto]
A S, - eddel g3 o] JFo] A4 , TR

QF &5 o ] fSl T =R Qe JEE we As
Ao g AL 1eLt, 2 35-e] FalAF DIN/DIP:= 24.1
DIP7} Algh @491 Ao & UEstt}. o] Aol ot £ -9
2)Jo] X A x|oe]| ulal] §Ak o} 7Pk 31(<6 km)°ﬂ 3

&l

Mot 2 =

o] SO0 2HE DIN gwol Jtha o= usl7] vie o= 47}

O, W3, SR 24 ARl G AR 2 dE g *oh?ﬂr{]r
A I PE wl, S, 2 3ol ojgt o M At}
N/P H|€] Ajo|7} vpehd 2102 Azbet,

= A)7]oflE= o} =8 H]Eo] BEETHFig. 9).
<= DIN/DIP H|:= 1%} 1.5 T4she Al 8l 5 7}
4 S 2 FAE WTkFig 9a). SN 3 DIN 5=
A Z+2~8}aL, DIP 557} 97F 0.005 pM S7}8k=
ZFAIQ & 318)3PAE (Fig. 2), DIN/DIP B]2] 7H41= DIN 740
Jgfo] 7S 707 ATk} Ya)|elql ¥32= DIN/DIP H|:=
0.5 7} Az Al el F 7P WEdthFig. 9b). 1F
DIN "5 f2ln] et whgo] WeR#] of34aL, DIPZF 9171 0.007 uM
12 8PH (Fig. 7), DIN/DIP H] €] 7+

¥3 DIN/DIP H] 9] 1007 HE2 Al Y 25 oFsl 744 5=
=
=

N
B
ol
FIF
4T

} HSF JEol A& . S|
0111, 2014%1 ©I54(8¥)°ll DIN/DIP H]=
—‘5 orom, o]i= z¥z} DIN 5% Z7}9} DIP %
Lo SUtR °16H ebsttt, #lid Al7]el 25
Z—, S Hs .ﬂE%oP“ﬂ(Flg 7, T B9 &
BX 53], DINO| =] & ghs vERlE Zlew
ZHe}, Faldeke] 3555 DIN/DIP vl A3t 1.1 7k 5
£ HkFig. 9¢). FaldtelA= £S5 DIN, DIP 52| /2]
3t HFo] YERA] 94ok7] wliell, ol el o) nlgo
é@ﬂ%tﬂ gfetslr] flalAlE 57 V—*.OL ﬁ%ﬂ Q3. 54
, 2
o)

7]’%} =% ] A71= 7]—XL ‘;}9— ﬁf_/,:oi o] Tz ]ﬂi,
714 DINGI 410.2 358 vlgo] Uehde A0 47et

2018%1 593 2011, 2016 8¥2 717} 50.8, 103.2, 43.60.%
DIN/DIP B]7} 3=94=4l, 20184 593} 2011 8
T2, 20164 8 DIN F%= Qlal &2 H]&o] ettt
1= 01 A] 1% A= HIES v 31t o] vER A
oot ¢ k3] o,

HOdtH ?ﬂir IN/DIP B]9] F4-& %57
QH(25.3£9.7), F39H(15.0+3.8), HallQIek(14.8
Uk 2552 AlgtdoFsdo] DIPE YRt Az} g, 455 A
gloigtell Mgt DIP7} Algtd A o & velstor, Jaf o] 293} 5
J, 3] 1€ AlQ)shd walle} sadtel A DINe g+

02 UERLTHTable 2). o1+, Halle}h Falldke Alafqicle]
HI%H e T S71Y BA fjlo] iR Aa, A £3
| &Fsl7] whiell, o2 gk xfo| 7t whalst Z1o w2 AztEict, % T
o] B A FollA] 52 akh A Aid o R =2 Elg

T2 3HA(Figs. 7 and 8), E A& AE42 DIP7} %gaoa
DIN/DIP B]7} 5ol B]8] E3ke A o2 AZteth(Davidson et
al.[2012)).

#% DIN/DIP B]2] 10d7F W52 Alall9} FalldbolA] oFst
e FAE WAL, Halls Fast A7 e 20tk (p>0.05,
Fig. 9). Aall¢1et A=5= DIN/DIP H] WE-& Z33} o} FAls}
gom o] Ty} ulx7IA| 2 AZ=0|4 DIN 714, DIP Z7}°]
uE Z o7 AZE) 5391t A%< DIN/DIP Hl+= 917k 0.4 7+
Adhs 5ol vlsl oFsk 3hA FA17F UER T A% DIN 557k

o] O [e)
4> =2 D

e e Ll
8+3.4) O =9k

e




2011-2020% $H= A9+e] 8-

71999 AleiHd WE 201

N W A W
L= R == R

| L 1
<

DIN/DIP Ratio
S

= -1.5x + 34.7, p<0.05, R?=0.73
y, = -1.2x + 30.6, p<0.05, R2=0.71

—

o O
1

=

N
(=]

y1 = s0.5x + 20.8, p<0.05, R2=0.14

| —8— Surface

Bottom —— Surface MA (4) ~— Bowom MA (4) | ()

W
[ = -
L

f=]

DIN/DIP Ratio
S

—
=]

0

103.2 132.8

N W B
(=R e -t
1 1 1
~,

=
[}
)

DIN/DIP Ratio

S
é

y1 = -1.1x + 290, p=0.05, R%=0.11 ()

Y2 yz—-04x+ 16.8, p<005 R2= 026

0

2011 2012 2013 2014 2015

2016 2017 2018 2019 2020

Fig. 9. Decadal changes (2011-2020) of monthly averages and moving averages (4) of the DIN/DIP ratio in surface and bottom waters from
the (a) west, (b) south, and (c) east coasts of Korea (n=36). The linear equations y, and y, represent regressions in surface and bottom waters,

respectively.
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