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Abstract — Chlorosis phenomenon is occurring due to complex causes such as indiscriminate expansion of pyro-
pia aquaculture farms, and the inflow of terrestrial nutrients from changes in the coastline due to reclamation, dike
and weir construction. In this study, the characteristics of changes in the marine environment of the pyropia aqua-
culture farms in Biin Bay were identified, and the mass balance was calculated during the period with or without
chlorosis phenomenon. As a result of the investigation, lack of nutrients affected the occurrence of chlorosis phe-
nomenon. Mass balance calculation, in February 2018, when chlorosis phenomenon occurred, DIN and DIP loads
were — 9,100.3 kg/day, 99.2 kg/day. chlorosis phenomenon occurred especially when DIN was deficient. There-
fore, in order to manage the sustainable productivity of pyropia aquaculture farms, more systematic fishery man-
agement is needed, such as calculating the optimal fishery carring capacity and identifying the load of materials
flowing into the aquaculture farms.
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-3k z}o1 2] FO]THNIFS[2018]). 2] AAFES 1990 105 ton

‘l_
ollA Aol 405t ton7b4] S7F8IIAL, 2016E 7o -]
vt a2 A AL 29%AAI W, ALk L 68%E A5t
3L Q1o AHA o= Asljof & F ool ol AFTPIA| St
F21EF0ITH(Sohn[1988]).
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7 oFA A B1Eo] 2005390 52.9%°) B3 AL, W
ASAY FHAV vE-S et A} Aake Tleto] oH&

ntobue) oFake] st Sl Wl o] 807 719 FA Ag,
AEA] @ FE 5o 7 98 84909 FAS AEH 0w s
THMa[2000]; Yang and Park[2006]). $-2]L}e} =2 7 oF2]3o]
el Yl eAfEl Qdgtell wiiE, WAl 2 9 1M SO = )b
A st JEo] $71 JdEEe fidol A8shA et
SIQrA WMstE S}l o] 5 &3] 7]k T2 7|Fe] 2F

gul

ol

oM WMo Mstehs 5 HEEQ AJ o sl 2010
71¢] M3} F d(chlorosis phenomenon)®] A5} Th(Jang and

Kim[2006]; KMI[2022]). 7] |7} 40z Wah= ez A
1Rl o] sl doke- A etst ddlmtete] ofe ] thA 7 dal
3k A7go]th(Kim er al.[2018]).
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7 e A7 o8 AT ol FHEUATHINFRDI[2011];

Kim et al[2012]; Lee et al.[2019]). 1] i3} FARe $-ajuje}
Wk oy} el 20001t Fofl that R Hgste] sl A
o] 71 Aol Bde] 40% T E warehe Atel7t lok
(Kawaguchi er al.[2002]; Matsuoka et al.[2005]; Ishii et al[2008];
Kawamura[2012]). Y3 Aol 2AYsE s} &g oish ol
o7 A AT Uiy, 1 AQS 7 olF, 3T &
A ol whE U, 591 DING] o] & vxl= Aoz
R ¥ v} QI TH(Hori et al.[2008]; Ishii et al.[2008]; Kawamura
[2012]; Tanda and Harada[2012]; Hata and Abe[2013]; Tanda
and Harada[2013]).
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Fig. 1. Study of the system boundary area and survey sites in Biin
bay, Korea.
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Fig. 2. Simple diagram of salt budgets for a coastal water body.
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Fig. 3. Temporal changes of environmental factors in Biin Bay.
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el w=o)a, sl dio] WA= Algks =+ DINO| 0.07
mg/L, DIP7} 0.016 mg/L ©]3} 7 -9-0] th(CNI[2017]; NFRDI
[2014]). H]1¥H2] DIN, DIP 5%+ 0.00~0.36 mg/L(33 T 0.12
mg/L), 0.00~0.07 mg/LFAT 0.02 mg/L)E YERtT, shilsl &
o] A5 st 2010 ©]Zelli= DIN, DIP 25 s} d%
WA A gHs = o] ghe BAINE, 20100 11€0] xﬂl?&%&
olalg FAH 7Hadte] 129 F4ol s} o]
I, o)F FHE 202174 A o x Fulgl dAfo] RaiE
SITHKMI[2022]). DIN/DIP H]-&-& 0.49~13.39(H 1 6.10)0.%
Redfield ratio(N:P=16:1):.C} WA VR, WARFH 1] A7
Z 23k N:P=26:1 B]ERL} w9~ WA YeRTh(Ishii ef al.[2008]).
wpeba] BiQIFkA] DINo] 31 Aol Algta iz AHgeh= 210w

249y,

H)o1mk 7] kA Q1529] 20072021 B F55-S 24.4~36.7
em/s(B T 32.5 em/s)E YERGTH(Table 1). 729 Ao Aast
T 52 10~20 em/sZE, 35 150] We A4 JSATF =
T 9 2= AATE dgstA] Zste] A B 5 glar,
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Table 1. Current speed in the Biin Bay of Korea

Survay site Longitude Latitude Year Average current speed (cm/s) Reference
126° 33" 42.1" 36°01' 48.0” 2007 33.6
KHOA[2022]
Farm 126° 32' 09.2" 36°04'21.4" 2012 24.4
126°26'22.9" 36°02'07.4" 2021 33.4 LOEE[2021]
126°27' 58.0" 36°06' 56.2" 2007 34.0
KHOA[2022]
Oceon 126°28' 45.9" 36°06'25.9" 2012 36.7
126°24' 42.7" 36°07'01.5" 2021 32.9 LOEE[2021]
Eo Afole Aol FAAEdA 2ee ThsAo] okith sk YRR, Shsh igekA] gk 20161 299} Skt
(CNIR017)). HIQIRES] a5 58 4 AS 915 4% 544 7hge 20183 2900f tlste] B 549} G 542 el
STk A GEREA R, A Al EC] g A5 fdo]  THKMI2022])(Table 2; Fig. 5).
50~65% FHAdths A7 A3k qlo] FA tellk= 27 4% = A A A Fo H 7 E2RE 5N et &

[]
Wl 8= A o7 ke th(Inoue[1972]; Grant and Bacher
[2001]; Jung et al.[2020]).

200758 20216717 3] oFAlo] o]Folx)= 1€ ~th53 38
7HA Bt w7 B A S JERIthFig. 4). 5732
Bt RS 46.8~157.8 m¥/s(80.8 m¥/s)P)aL, Z-9-kS 25.38-61.20
mm/month(33 ¥ 40.07 mm/month)Z FAF= A TF 2009-2010%,
2015-20163-& A|2J3taL w732 WfFe= -] S 22
S B, 2012-2013, 2014-2015, 2019202033} Zo] B
7} 73e7go] 2 sllell= BlE T2 71 ofslel| wE Ae] g,
G2 Hslel] w2 A Wkl sl QAR SRR Q1eh wjsi=
AATHKMI[2022]).

HRIwke] 31 kAlo] &htks] o] FolA|i= 2¢el 57 sl vt W
F22016'3: 50.03 m/sec, 20183: 52.1 m¥/sec) W TAF 92
(2016¥7: 46.1 mm, 2018: 33.5 mm)°] 7P |53}l 7
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2RO 2 P FEES 201633 201849l ZHE 50.0 mi/s,
52.1 m¥s= YEREAL, B FEHE 27 46.5 m/s, 49.4 m/sE
e}

A A APl AHgE 2] R AT 9lBle] P 7
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AN Qa2 AGE ol S Bk AFAITR
o= 1.3 days, 2018F9= 2.9 days? ER} 81 7] &
A G557 3lrellA AFAIZE 2.0 dayse AR YERE O
(Hong et al.[1998]), 7F2H7H20.8 days), "F:HeH(21.6 days), H4aF
(25.5 days) 5 WHEIAAIWEY] 2 AFAEL S YERHTHEom
et al.[2011]; Hong et al.[2007]; Choi et al.[2017]). H]Q1THS S
sl QI fIXIEl Qlar, slafele] wRrt Agkst ] 5
A 7 AFAIREe] YEeld Zlo s ddE

AR ] EHFA] Aol Qo] Bl Ak =S 1Esllof
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Fig. 4. Avergae Geum River flow and precipitation in Gunsan from November to March.
Table 2. Water budget in Biin Bay
Influx Efflux
Vo Vo Vp Vig Vi Ve
m*/day m*/day
Bin B 2016.02 4,322,592 - 102,851 - 4,016,403 409,040
11N ba’
Y 2018.02. 4,501,354 - 104,483 - 4,259,503 346,334
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Fig. 5. Box diagram illustrating the salt budgets (x10°-m’-day') in Biin Bay.
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ER QS| 2 AgE olx]E A S Bt DIN, DIP -8l
Q| = 22} 26,496.9 kg/day, 3,551.6 kg/day= =511, DIN
Haleke F7olA £91(2,769.2 kg/day)o] ZxFR-oll 9] & F-9]
(337.5 kg/day)r} A UEREA|TE, DIP F-ahe= Zxlqol 2lgk
(383 kg/day)el w7dellA )=l F-515(6.6 kg/day) ot 35A|
Yebgth g =4 g A} systemol| A DIN F-&}F-2
24,065.2 kg/day, DIP -3l 3,583.3 kg/day”} %4 =|9]t}.

2018'd 2l DIN, DIP 55% 7 F27dolA] 212t 0.060 mg/L,
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Fig. 6. Box diagram illustrating the DIN, DIP budgets (kg/day) in Biin Bay.
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