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NH,"(65.7 mmol m?)9} Fe*(14.9 mmol m?)°] gto] A Yelsth. PO, = 3H(YE) F70 2] F=rollAl 4-84] ©]
A=A VeRdth 91 58 8 6193.(0.021 mmol m? d)ETF 8191(0.047 mmol m2dyel|A 28 A% A o}
Ebgth 31, A5 U A9 £ 72 856,665 mmol mA)ellA] 11 893 (1,000 mmol m2)ollA] F243)
sk BEE Bl HAE U 19 EA HelE 24 A, AT sl EF e AERI(YR: 66%,
YL: 40%)} A ARI(YR: 17%, YL: 30%)°] 9413k Wb slte o] Z9- A A1 (43%)2 M 2 AR (29%)
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Abstract — To understand the behavior of phosphorus in the sediment of the Yeongsan River (YR), Lake (YL) and
Estuary (YE), we investigated the characteristics of geochemical constituents and solid phase phosphorus. A
hypoxic condition was confirmed in the lake sediment near the dyke (YL, 10 uM), where, freshwater discharge had
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not occurred for the 15 days prior to sample collection, whereas the dissolved oxygen concentration at the estuarine
site (YE) was relatively high (165 pM). The high values of NH," (65.7 mmol m?) and Fe** (14.9 mmol m™) was integrated
in the pore water at the lake (YL). On the other hand, PO,* in pore water was relatively at least 4-8 times higher in
the estuary sediment (YE). Phosphorus release rates were twice as high in the estuary (0.047 mmol m2d"') as the
lake (0.021 mmol m?d™"), while the total phosphorus in the sediment was higher in the lake (6,665 mmol m?) and
decreased rapidly in the estuary (1,000 mmol m™). After analyzing the speciation of phosphorus in the sediment,
aluminum bound phosphorus (YR: 66%, YL: 40%) and iron bound phosphorus (YR: 17%, YL: 30%) were domi-
nant for the Yeongsan river and lake, whereas the estuary dominated iron (43%) and authigenic calcium bound
phosphorus (29%). Although the lake was a hypoxic environment, phosphorus in the sediment combined with alu-
minum to maintain a relatively stable form, limiting the process of phosphorus separated into the pore water and
released into the water layer. Whereas, the ratio of iron binding in the phosphorus form in the estuary was domi-
nant, but shows the adsorption of phosphorus to iron oxide might be relatively limited because release of phospho-
rus to the pore water might occur during the bonding process of iron and hydrogen sulfide. These results suggest
environmental changes (e.g., environment of hypoxic, supply of sulfate) due to the construction of estuary dikes
can act as a major factor in controlling phosphorus behavior.
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[] fS [} b

0}7%}, gk o] dofd A FFsE e "gEHEV“
ul AJslelE 0 2 S8k Y40t} (Schindler[1974]; Tyrrell[1999];
Slomp[2011]' Kamarainen ef al.[2009]; Michalak et al[2013]). 1] ~§
AgFetARl =8kl 53} EAEox o] WA s wAIE S8l
o]FojA|m, *01 Q B T 0% Qe FEsIv HAE vl
Aehe 23k Aghs slal §lth(Ruttenberg[2003]; Paytan and
McLaughlm[2007]' Slomp[2011]; Kraal et al.[2015]). 30| &=
Ackgl|ofo|L) Urg o] AS Bz gE Ao T Qs gokelo)
Jr A5 ’E}R_th-(benthlc -pelagic coupling)S &3]
=571 3F=1l(Bulleid[1984]; Hopkinson et al.[2001]; Kemp
and Boynton[1984]; Lawrence et al.[2004]), E|&EolA 53t
b} §EE PP ol (RAER) UEAE T
< S1th(Schindler[1974]; Meyer-Reil and Koster[2000]; Rozan et
al[2002]). 53] 18] =25 A7) flalM= EAE viell 219
At SAFEHE Fa Ao 2]l g1Eo] TSt
A} 18] Aok 84 #stollA Fogt AT o] Hof ghom
FQkske FerellA QU AlA el tigk i Hikko . HEE L
ATHRuttenberg[2003]). €14 U] Q1> Atshd Fele] Ha A
sto] At} Akt 53 §714d s ellA A ghelo] ogt
71 2lE Sl Akshdo] shld o A3t Qld <lo] sfEE
TH(Mortimer[1941]; Holdren and Armstrong[1980]; Thouvenot-
Korppoo et al.[2012]). B3+ 34k (€F 28 mM)°o] E5-3F s
Aol M= At g FgellA] REEo1x] HS7} Fe(IDsh A%
5oy FeS, FeS, & @A ol whet, Aeia] o A} AekebA] 5ot
A2 F= Hell MF-E7u 507 o]5¥7] %= §th(Hartzell

and Jordan[2012]; Slomp et al.[2013]; An et al.[2019]).
§_}rlz:_1’ 3]:,LQ§% Ag)‘\l‘/\(jo] =0 gAk ok o] A{ﬁgﬁﬁ]i;ﬁ _Q_oﬂ

o,

ok

AkZ= +73), Phosphorus speciation($!
A3} Ql), Yeongsan River estuary(BAH4 3F)

<13 H)), Aluminum bound phosphorus

=4 Gt o= Ak Bl MR 9, S BlE e
&

45 7V, 5 8 90 A8 5 A 71 B o
[e]

ol 2] zﬂ%?ﬂ =55 TAE st 5
27} Z718k ulel d AIAIZ SR 45,000
7l o de] & gt oF 8onvl el 22 Ho] 14 ¥ Tk (Manatunge
et al.[2008]; Rockstrom et al.[2009]). 121} A 3} 13Hof| = 3}
T W Wz AR s ekl ARAA R EAego] A
H o, st ollA oS f1gt 184 HRE Sl Al
77} sAENAS] =8lo] o]F ol 3L Qltt. M| Bt 3ol F
ol wet FA7Y A&EE e2AdFe] AslEo] ASoE Ak
o] A= ERE A RS oF7 |3 = QItK(Diaz and Rosenberg
[1995]- Park et al.[2001]; Youn et al.[2003]). T=3t 502 <l

st Al wEke] A {550 has) 209 FhA, 249
Je%%m ST o] 753 HAEoNA ] & glehd S W
A Sh= Y9102 A8k 4= Qlt}(Portnoy and Giblin[1997]; Kang
[1999]; Han and Park[1999] Byun et al.[2004]). AFH 0 7 5175 H-
Lol e 5] e i BE=Y e 7SS A7 I
oM AEEFAEL] T2 71417 (Moon[1990]; Kim et
al.[2006]; Min et al.[2012], Yoon et al.[2013]), & E&& U
71E FAE 7FEeAIAITE A El AAE e Aka, ZA,
Abshdgt, Abebd, Sk et 2 tekst AAREEAIE ol 8k
371 2 H71g weleolell 23] allE " (Canfield et al.[2005]),
BT A RN s 715 el U A 9 Tl
29| $55 7I53A1 4= 3lth(Boynton and Kemp[1985]; Giles
et al.[2006]; Kim et al.[2017]; An et al.[2019]).

o] A+~ A9 YA H% Odos Aad] a4 E(Kim
et al.[2009]), "+ l o3t A EZHgE AR U 8 W
(Yoon et al.[2013]), AEZFAE 12} it ol &St HSH(Lee et
al.[2011]), 912] &< (Jahidul er al.[2008]), X3}8F W H7]&



[2009]), &7 sk #4 “Oﬂfﬂ *Mﬁrf“ﬂ. 7€ =8H(Lee et
al.[2007]), 'F8ll - el B 4dls 58t A4 ok AlAd
73t AT (Heo ef al[2011]) 5] BHQch 30, S0 b
wof grs} slle] Ap14] =8to] Ak o A R QIS
AA7Y A= skl Q1o AR EFeHARQl 5233 ZA G el
A A7 EEA 8= THAN et al.[2019)).
upeA] o] A= ahe] HAE f Asel A 2
%‘EH% X EAE J}°Hﬂi*ﬁ *HL*_E e

clalskd Sk

2
=
o
Y
g

AT - E5RS

¥°1'

2012 6-8€9] T WHES oF 119ELE 2-592 T WFH
(©F 39 )Rt 3.50] 7FF =SCHMOLIT2012]). 3HARE o] <A
FAAIZ] A ok 1597 7397t Qi o oS fls Wi
doJuA] A3ITH(Fig. 2).

)

L

2 Z=27](YSI-6600V2)E o851
Jg-JJ\V\Ek(DO}: 150 mLe] -g=1kargol] Al

EH (Winkler’s iodometric method) 7|%51Q! ¥

Zejolx|shHMof] 2]3)] FA8}3ATH(Carpenter[1965]).

2.3 E[XME AIZ ZHE] H M2
HAES 35 wihe H23ls) Ysle] At ok 310

2. |2 & g (U7 30 em, Z1©] 45 em)E o|g-3lo] HXES AF e 5, 7F 74
B PASE AT, B350 A 1% 91 o)
2.1 YR T 7o) 5 em, Aol 25 cm)E o|83to] EAES AFH
QA B Aehee BEA] Gokeel NS, wAsk 5 om I nasle) dEA skl davkaw S8 §7)4
8 T 52§38l 1981 290l Ho] 43 km, =0] 19.5 me] ¥ QollA] ZloHE EAES Usr £, 50 mL conical tubedl] E3L
slEo] A o] A= 20129 8ol A BHES 7] AR (3500 rpm, 10 min)BlSITE B4 HEA QlollN FEFE
Aoz Jib) 9 sHE A (YR, YL)H 39 AR (YE)lIA  FH3Fe] syringe filter(MFS-25, CA, 0.2 ym)E -5 AAAIZ]
A=A (Fig. 1). ok, 7 B gEEE A gl
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®q Dike '
Mokpo City ) 7
O\~ YL
34°46” N CP Daebul Industrial
Complex v ¢
Yeongam Dike
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Fig. 1. A map showing the sampling stations in the Yeongsan River (YR) and Yeongsan Lake (YL) and Yeongsan Estuary (YE).
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Fig. 2. Freshwater discharge volume from the Yeongsan River in summer 2012.

2.4 B34 U RIgfE! M2 Y

442* = OiokOd(NH + PO4 ) HH /\] 5= GF/FZ o%qué‘]_o%
W B3 3 ok x5 H-4]7](QUAATRO SFA Analyzer, Seal
Analytical)E A&-310] 2} 91 (630, 880 nm)E 45130} &
= Fe*' 2] ferrozine buffer(0.02% in 50 mM HEPES, pH
7l AF A AlSE Il 10i B<F 200 ppm O S50 F U
UV-VIS recording spectrophotometer(UV-2401 PC, Shimadzu)=
73] A5k th(Stookey[1970]). SO,* 9] 5% w45 913l
FHEZoA Poldl 3= F 2 mLS FHsk] Z2kAY vialoll B
3020 W J3E S ¥ ¥ A A7 e Basiglon,
ol AZulE 73] (761 Compact IC, Metrohm)E ©]-8-3}4] &
L5 ST HS ) T ZnAc(20%)% 178% AEZE Cline
solution?} WFS-A]Z1 ¥ spectrophotometers ©]4-310] 435131t}
(Parsons et al.[1984]). NH,*, PO,*, Fe**, HS,, SO,*%] A&3H=
Z¥7} 0.021, 0.006, 1, 3 uM¥} 0.03 mM ©]3It}. G o] ¢ 4
2% A5E $18 NRC B2 MOO0S-3 o] g3kl o, gt
T 96~108%Z H-41E 3T}

250 B AlLt

HAERTH 55w 85I = ot HAE
zlel] SJa)] s 2AF ks %sﬂ 74] 52 “E}(Bemer[1980])
Ul GdhelH Ce AT Q1Y 5, O ke 7}XL
712719] W4~ (Best fitting parameters)° |t} B &E 52 <l
A= Fick’s first law of diffusions AF&3Fo] ]-OﬂD]-
(Schulz[2006)).

i

I PH

i

A o

#-N

>~rol‘

o

K]

C.=C,+C/(1-¢") (1)
Fyq=-0D,dCldz|, _, Q)

5, D, [m2 s'Te AR7| FAAIE, dC/dz|. =

= EEEE B
Aol 5

%= 7127]°]tKBoudreau[1997]; Li and Gregory[1974]).

X o

2.6 912| SENH B

HAE W Q1] =AY 212 Jensen et al.[1998]2] &
olg3te] T A9 A4 FEIY o= HE Gt Bl A= A
Y 32 A T Y A HAE f8 HAE —FH]TH
oFet FaIT H A3l FE2 N, 84 otglellA Fhstith
(Kraal and Slomp[2014]; Anschutz and Deborde[2016]). 15+A] <]l
2 ok3l &2kl (Loosely sorbed P; Lsor-Pye =317 9l H X &
1 g2 50 mL ﬂﬂ%ﬂmﬂ Ho} 1 M MgCl, 25 mLS ¥ 143k
59 BB FE3I9I). 25l= A AR (Fe bound P; Fe(BD)-
P)E FE3h= 9AZ 0.11 M NaS,0,8} 0.11 M NaHCO,= 412
AJ2KBD solution) 25 mL& Y1 147 FF S5 FE515
th 53], 27 FF v el 1S 59§95 rRE Bt
7] (aeration)*]# dithioniteol] &J$+ RF-& FHAIFT), 3THAl= &
Folg g1 (Al bound P; Al-P)S F5381= T2 0.1 M NaOH
25 mLE FaL 18ARF F3F E5014 =83l 4 Wls AR
ZH5 A3 (Authigenic P; CFA-P)E $53817] 13l acetate buffer
25 mLg 931 3A7F BRF E50A FESIITE 17 4dA7HA
7} 3% w7 v o] 0.5 M NaCl2 Al 55 AlFskdt). seAle
22473 Q1 (Detrital P; Detr-P)E FE3H= ©HAIZ 0.5 M HCI 25
I IAREERF EE0A %5}“‘:} nA2 oAl = E84
71?1 (Refractory organic P; Ref-OP)S &= THAIR ST ol A
=31 F2 EHAE AJ5E MQ water® Al|Z3}FaL 105 °CollA
FAR -, 520 °CollM] 28T 3T Bl El~ 1 M HCI 25 mLg |
3103 Rt BoA FESISinh. WAMEE =
blue methodE ©]43}] spectrophotometer® =g 521 th(Parson
et al.[1984]).

l~> filo

mLS ¥

R —&N' :io

FZ% Q12 molybdate
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A LRt °él"f_r% B (YE)] A&
B l ‘JrE‘r E1r gk

i,

ZA EV*“ &3l
k= 210 % o770k (Table 1,
Fig. 3). SHFA(YE)PIA AZ52) 854k 557} 165 M= 271
372 ERA vhE A (YR)F SHES(YL)S G AZelA]
717} 84 pM, 10 pMe] BHe 88214 S 52 Hol F7)14 84S
ERATE. A5 W 240128 = (pH)E 6.3-8.59] W WIS K
SITH(Table 1).

l‘
=

32 E[EE W 3352

NH,"?] Zlo|d s ﬂ? RS (YR, YL 22 177~549
1M, 496~966 puM, 3F1- AR (YE)el A 235~303 upME] WH9=
Uepfon Hute g 7101011 gt F7kshE AEE RItkFig.
4a). 3 E EZHE 10 em7FA F2 3 A} 85 A3 YL
(65.68 mmol m2)°lA] s 3 YE(19.98 mmol m?) K.t} 34
o] 3=3kTh(Table 2).

PO+ B A E(YR, YL)OIA 22} 0.06~7.60 1M, 0.31~2.94

3 AA(YE)PIA 8.1~25.9 M2 M91E vehlon &

TERY 87 Aol Hlnd] 2 55 BT AP
3HE el = 10 uM ol8F FEE H|w A At 72 HEE B
ol BHH | sl o= z)o] 3 emellA] Al 25.9 M 7HA] YRS
th(Fig. 4b). H& & BSHE 10 cm7HA] 743 A} st 3
7 YE(1.44 mmol m?)ellA4 3% 7 YL(0.17 mmol m?)}X.th
84l =7 LRSI (Table 2).

X=ft d=2 & 2 E&E=

HAE - RS AT A colax] - AHE =

A%

Sal. (psu) Sal. (psu)
0 10 20 30 0 10 20 30
Temp. (°C) Temp. (°C)
20 25 30 35 20 25 30 35
0 : : g 0 : 1 :
2 } 2 1
4 4 |
_
E 6, 6 1
-
B 81 8 1
&
A 10 10
12 12
141 YR 14 1 YL
Sal. (psu)
0 10 20 30
Temp. (°C)
20 25 30 35
0 4
2 4
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E 6 Temperature
g |
)
A 10
12 |
141 YE

Fig. 3. Vertical profiles of temperature and salinity at each sampling
station.

HLE vl er se] AR (YE)PIA 0-36 uMi’J TR XS
K ATHFig. 4¢c). F4%E F5HE] 10 emZHA] 723 43, 83
47 YL(14.88 mmol m>)°I 3+ A5 YE(0.37 mmol m?)&.
o} oF 408l =A VERATH(Table 2).

SO, @ FHE(YR, YLPIWME EF &3] 0.03 mM ©]
3lo] ke we s Bl o 319 AH(YEIME He 262 mM 2
el tHFig. 4d). HS®= B¢ AAE YR, YLK 2% HE3H)

Fe¥'= 95 AAE(YR, YL 242} 0~174 uM, 72~282 yM & 3 uM 01819 W& w2 yepdon, &< 3 YEoIA H+
Table 1. Environmental characteristics in the bottom water
Station Depth (m) Temp. (°C) Salinity (psu) pH DO (uM)
YR 3 30.4 0.1 8.5 84
YL 13 22.2 19.6 6.3 10
YE 9 254 31.7 7.7 165

Table 2. Depth integrated (0-10 cm) inventories of the porewater constituents (mmol m™) dissolved inorganic phosphate (DIP) flux (mmol m? d™)

calculated with Fick’s first law

. NH," PO Fe* SO,> HS DIP flux
Station - 5
mmol m™~ mmol m~ d
YR 20.07 0.34 3.15 BDL" BDL" 0.026
YL 65.68 0.17 14.88 BDL" BDL" 0.021
YE 19.98 1.44 0.37 1910 0.72 0.047

*BDL: Below detection limit
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Fig. 4. Vertical profiles of dissolved NH," (a), PO,* (b), Fe** (c), SO,” (d), HS (e) in pore water at the three sampling stations. Error bars

represent the mean +1 SD from triplicate cores.

9.8 uME W4 7 Ust FAFEE B TH(Fig. de).

ATt 357 Ul 19 w% el e 855 Aklst A,
WA 348 B9 8% A3 YL(0.021 mmol P m? d")3}
GaF A7 YR(0.026 mmol P m? d'ye] Atz og 5714 97
o] a4 7 YE(0.047 mmol P m? d")REt} ¢F 28 w2

e HERITH Table 2).

3.3 EIX"% LH (]| _ExH%iEH

HAE U Fed 9 F59 $ho g Aike F<91(Total P; TP)2
TS QAP AR (YR)OIAM 7 =3koH sk A (YE) o=
4= 7H- 319 tH(Table 3).

HA= W 1] SAGH 7R okshAl 21 Q1 (Lsor-Pye- At

)

s
lx:_
1=

AA €532 5 AhJung er al[2014]). B FHE(YR, YL)oIA

Z¥7} 7.02~19.37 pmol g, 5.64~10.10 pumol g' HE|= LERLSH, 5F
T A (YEPIME 0.62~1.06 pmol g'2 3R} W F5
5 BSItKFig. 5a). ¥4E F55E 10 em7HA A8 A3t
AP 7378 YR(1446 mmol m?)FE] 3-8 47 YL(873 mmol m?),
3 A% YE(115 mmol m2)ell 027174 M} Zhash= Zo s
ERskow, Al A3 B AR o ® ER19] 15% olskE AFAIst
SITH(Table 3, Fig. 5b).

A AR (Fey-P)e Akl FA= QAW Ad=]o] 9l
H|Z (Jensen and Thamdrup[1993]), B~ X =(YR, YL)ol
7} 9.03~16.96 umol g', 14.38~30.69 pmol g9 W= ERES
™ 3 AR (YE)I= 2.46~6.03 umol g'= S-S H T} S

A

%
7}

s}-ghel Adeol whet wizkebA whgsh moll & wa Ago] ofslo]  Fk XS HRITH(Fig. Sa). T, A AA1E 3 G (YE)

Table 3. Depth integrated (0-10 cm) concentrations of phosphorus forms (mmol m?)

. Lsor-P Fegpy-P Al-P CFA-P Detr-P Ref-OP Total-P
Station 5

mmol m

YR 1,446 1,515 6,956 252 1.8 3.1 10,173

YL 873 2,333 2,926 521 6.6 5.4 6,665

YE 115 459 96 313 13.2 4.0 1,000
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Fig. 5. Vertical distribution of P-pool (a) and relative abundance of
P fractions (b).

ol B & 9] Hit 42.6%% Q12 EAHE oM 7 w2
v A8k oH, 875 A4 YR(16.9%), YL(29.5%) K.t
ot B FE O s EAE U 1 nlEo] AR o® =
YebdTHFig. 5b).

Tl AIRN(AI-P)S F& AEFEo} AlslekRu|ra 4
stelo] 9l el Z (Jensen and Thamdrup[1993]), A& o= Ak
3l-gkelo] Faks A7) v 9= Ao ® A A Stk (Moore and
Reddy[1994]; Diaz et al.[2006]). FAPd 5 YROWN &FrlE 2
T2 65.6%% EXE Ul EAFE 7Rt 7H e vES B
10m 27.84~102.35 pmol g'¢] MR E&& zlolo| wa} 7}
sh= Age ®olrh 3E Y7 YL E vl dklo] H
A U FR1] Bt 40.0%E AAIste] YR FUHAl B A= W
Qe EAIEH 5 7HE =2 vlE&S ®Glom, 20.29~38.60 pmol
g9 FAREE IR 3~4 cm Zlol oA 7H =3kt whde| s
799 43 YEOIME &FulE AEle] Hat 16.7%= 2 23l
(BT 42.6%), Zgr AEQN (@ 29.0%)HrF & Hl& 2 Vet
CH(Fig. 5a, b).

AAYA 2 A (CFA-PYS Bkl &
© 2 ¥ fluoroapatite® 7= G H4
YL 212} 1.44~2.88 pmol g, 426~4.66 pumol g'2] H91S B30

EEROEER

2]~

43 - = Llj'T

o

(o
fol

B 2.8%, 6.7%= EABIATE 31 FH YEOIA 1.64~4.24
pmol g'¢] WM Z 59} fAleE v 5% T o ® YERARE &
Q18] it 29.0%= Aol s 0w Ars HAE Wl 24
AgRlo] EolR= AEe HATH(Fig. 5a, b).

A2 13]M (Detr-Py> §7371 90 E APEA 07 FAJHA
a1 B Ao 5]oll oJsfl A =™ (Jensen et al.[1998]), B 7
AE(YR, YL 31 A7 (YE)IA 0.01~0.16 pumol g'o] =
HAT F19] 2% vIRES: AFASkSItHFig. Sa, b). =873 7121
(Ref-OP)- E|Z& Zlolo)| wha} F5gk Mg} glo] YAaislon &
Ql F w2 B 1]8(0.2% ©15hHS K tH(Fig. 5a, b).

4. 11

]

4.1 51S L HIAA 21 HMA| 2lo] A

S Q1 s A YLelA FAIE 1%k 3
=7 Wl NH,"9} Fe?'o] 55591t} vhdel] Akt 721 YRS
3 m oo W& A oR ATo] FAEA] gkl A oR i
= HAER Alth Fgo] dgste] 35 Ul NH,'¢} Fe*7} Al
AbslE|o] Yo H 2 1ol Ao 7 AlgHn) I Ul PO B
XS (YR: 0.34 mmol m?, YL: 0.17 mmol m?)°IA S}5-(YE:
1.44 mmol m?) K.t} 4~8u)] o]/ GHA] LFEREAIRE, B4 & U] F1>
9 FHE(YR: 10,173 mmol m?, YL: 6,665 mmol m?2)°|~] 3}
T-93(YE: 1,000 mmol m?)X.t} 6~109)] =] LEFSETH(Table 2,
Table 3). ARHA 07 AlslEg oA B4 E f 91 A Alskeol &
2tE]o] 3= Y 19 557} SobA] 1 (Moore and Reddy[1994]),
HIARA Sl = Aakshzo] ShlE= g ollA] el Aghe] o]
& Qo] FHFE g Eo] FFoE SEEA HYE U &
Fulgd Agste] tA H4E U FAEE Z0R oA ok
(Norton er al.[2008]). = AtelA 345 H4=2] ¥ W Q1
FEo} FAEENTES 9 §EES sl nwslols w B
Ao 7 vEpth mEsh, EAE U] Q19 EAFH Ao, @4l +
FH(YR, YL) 25 dFulge] 23 19 Fej7t 78 -8k
et olgf gt ApE2- wiaka 34 Al B8 E Ul A AgielelA 3§
2% Qlo] 502 SFEX] du AtfH oz 4lelgfle] JTS
W] ok Gl A7) Wit o R 12lErh(Kopacek ef al.
[2000]; Kopacek et al.[2005]; Shim et al[2001]). AA| =, B4 E
T Ul Q1] Feeh Il ARl g w4 A, B
Ao foletA Wl she AT 2o (1=0.93, p<0.0001) &
v A 19 FETF 2555 3T Ul Qo] WelA|E Zlow®
YERSITH(Fig. 6). Wb staold Wiks 97 dolw B4 =
T Ul Q1 §E 5] Wk 202 Qo] iR 1At 2
FulEyt Ao} Hgst JeiE A7) wiitolt). g,
TR 7 ARelA st dFulEel A 19 nlgo] =
o HAE W FAE SFulE A1) dHe G AR
YR(6,956 mmol m?)°] 3% A YL(2,926 mmol m?)=T} 2.4
| Egtom A Aol with® YL(2,333 mmol m27} YR(1,515
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Fig. 6. Correlation of Al-bound P and PO,™ in the Yeongsan River
estuary.

o,

mmol m?)R.0} ] 7] YEFLTH(Table 3). G4 473 YRofA
AT A Rlo] ¥ A S A T A, o
FAOZRE] FYEE EFulEe] didow Q7] Al
gt Z43F 207 ALE P rH(Kopacek et al.[2000]; Oh et al.
[2005]; Diaz ef al.[2006]).
SN SOl I 2P o® Qg AU)A W

A7F AEEE A I 2T Alzre] dojzick, gk )] HaApde|
ogh % F T SO R AgTo] slElo] BT AT Aol AkA
WIS T o]2fgt Selx = B A E Y AFelx ] Ak
= E£ERTH wEY] o] A5 W

— o
Az B RS AFAN G718 4718 Bale B 52

oY

o

[

2 Al S48 ngith me
QA B U9 FEE Fue Tl ol g B
2ol el AARE 20 ek} 3175 B Re] HFoR o]

THE e sk Zlow Addn,

4.2 5=t YA Q12| MX|Sletd £ W]

HAHE 35 U f71E Bl AR o] Aot st
AH(YEPIM &7 780109 B ZHE(YR, YLyl 13l ot
| A= WhA, Q12 sl oA SRt =) UeRd A&

X

golg 4 oich. BAEY 9 EAREE Avnm sl
Lol A0 SASOLE, ST A ATl A
& Z2o% Uepslth shrais AAlA WAk $70] G vk,
sFrele 24 =80l o) Jris oz Aska B0] A8k,
Qi 0% A BT EAlsH o Pe Fw A

a3} AgEo] EAsk= Zlo® d#A] rtJensen ef al.[1995];
Filippelli and Delaney[1996]). 3} ollA] ?12] e HQl BH]&-2
A AzRlo] SASHIAIRE FHg= s R Th WA JEbTt. 4k}
A<l s TR el 11E A H 53] dFoE §7)

o] Z2xjo] Hallx] Akshdo] SAEA Pt AgtEle] Y 2lo]
R e8] el s Wk A Agkele] SRS vim

S5 Q12 371 ekt §%0] B 2102 o AXIKMortimer
[1941]; Holdren and Armstrong[1980]; Thouvenot-Korppoo et al.
[2012]). B3 SO 7} FH-5F Shefollx] Ate] ghele] Ankaql
HS7} Fe(ID)#} ZA&rsto] FeS, FeS,2 &4 3ho)| e} Athzlo=s
B4 ) Qlo] A3t AgsH s B35 o] A EASH: 2
©F T (Aller et al.[1986]; Lovely et al.[1987]; Coleman et
al.[1993]; Mortimer et al.[1997], Holmer and Storkholm[2001];
Nizzoli et al.[2005]; Middelburg and Levin[2009]; An et al.[2019]).
o] AT ST} T4 ) Fe7} Sk 91 §5o] 7
Rt mebd shred BAEe o) w5t s panct vo.
B8 o] ARSI BAJ 0 Q1El B A EeA 2l Qo]
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