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Abstract — Jinhae Bay is Korea’s representative oyster farming area and the quality of water is gradually improving
with continuous management measures such as Masan Bay Total Pollution Control System and the area of oyster farm is
increase every year. However, despite improvement of water quality, the annual production of oyster has been decreasing
since 2010. Therefore, to improve the productivity of oyster farming in Jinhae Bay, maintain and evaluation of proper
water quality indicators based on oyster productivity is required. In this paper, as a basic study for the improvement of
sustainable productivity of oyster farm in Jinhae Bay, the water quality standard is set by using the water quality factor
(DO, COD, DIN, DIP, chl-a) and the Oyster farm production per unit area, and Oyster farming water quality index
(OWQI) based on the productivity of oyster farms was estimated by setting weights through principal component
analysis of water quality factors. As a result, oyster production was average of 18.9+4.9 ton/ha if OWQI was less
than 2 points, and 25.7+2.4 ton/ha if OWQI was more than 3 points was calculated, so it was predicted that OWQI
would have to maintain at least 3 points for continuous productivity improvement at oyster farms in Jinhae Bay.

Keywords: Jinhae Bay(%! 3| 1), Oyster Farm Production(= %F2] g A4 AF&), Principal Component Analysis(5="3
F54), Oyster farming Water Quality Index(Z%32]5=2 4|5, OWQI)
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Fig. 1. Study area and Monitoring Stations in Jinhae bay.
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Fig. 2. Flowchart of OWQI calculation process.
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Table 2. Annual variation of DO, COD, DIN, DIP, chl-a of seawater in Jinhae bay during 2004~2017

Vear Item DO (mg/L) COD (mg/L) DIN (ug/L) DIP (pg/L) chl-a (pg/L)
2004 92 23 339.0 23.9 53
2005 10.2 2.0 119.6 25.5 5.0
2006 9.4 1.8 133.5 233 8.9
2007 9.6 1.5 109.6 28.0 4.6
2008 9.9 1.4 73.7 20.6 6.3
2009 9.5 2.0 81.0 11.9 12.2
2010 92 1.6 102.1 19.2 6.4
2011 9.7 1.4 44.1 6.4 7.1
2012 92 1.4 37.7 6.0 52
2013 8.7 1.5 50.8 5.1 6.4
2014 8.6 1.4 54.8 6.5 4.0
2015 8.7 1.5 56.2 8.0 4.4
2016 9.3 1.9 583 5.2 6.4
2017 8.5 1.7 332 6.1 2.8
H’k}\—r/}’ 30 [ Oyster farm area 1600
w3, 2004 ThH] 201799) 28 A1e] HE-L A, 28 |7 Oysterproduction per ugl area ] [ 1400
chl-a?} CODE= 2+ 47%8} 26% 8 & 74313 21| DIN¥} DIP= 26 1 o] Lo/ 1200

27} 90%S} 74% 5 Ak 10 = Yeht [dAl|d ow o] Tl
A3 8-S & UM, ol 2007AFE Al FQl ALk
ATHFHALS] adE 5T 5 AthKwon et al.[2014]; Park
et al.[2018]).
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ton/ha®. 744:(35%)5132.2H, g 717ke] DINY DIPE= HHs %
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Table 3. Scoring range of DO, COD, DIN, DIP, chl-a
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Fig. 3. Oyster farm area and production per unit area in Jinhae bay
during 2004~2017.
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Seore Item DO (mg/L) COD (mg/L) DIN (ug/L) DIP (pg/L) chl-a (ug/L)
1 6.45 1.73 68.46 8.17 5.02
2 6.45 1.73 68.46 8.17 5.02
3 7.74 1.52 60.24 7.19 4.42
4 8.17 1.45 57.50 6.87 422
5 8.60 1.40 54.80 6.54 4.0
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Table 4. Scoring of DO, COD, DIN, DIP, chl-a in Jinhae bay during
2004~2017

Veur ftem by cop DN DIP  chl-a
2004 5 1 1 1 1
2005 5 1 1 1 2
2006 5 1 1 1 1
2007 5 2 1 1 2
2008 5 5 1 1 1
2009 5 1 1 1 1
2010 5 2 1 1 1
2011 5 4 5 5 1
2012 5 4 5 5 1
2013 5 3 5 5 1
2014 5 5 5 5 5
2015 5 3 4 2 3
2016 5 1 3 5 1
2017 4 2 5 5 5

t}. 18] 32, DINF DIPE 2011 o]#lol= RE AolA 179]

glon}, o]F 2= 201593 201643 Asla BE Axoa 57

& 71531910, chl-a= T23IALE] 71901 2014103 2017

ol 2+ 53-8 YERAITE. Park er ol [20181 P sfjoksig el

2] WslellA] DIN, DIP7F 71 A ZAaskithal B skl

ik AL HrHslE Aund, ARk eE CODE A
12} A%k AFF A A18TE 2007 0] F H47E ok om,
CODS} BlEo] FR1(TP)2] Hx2-g 74 HAGN[2018]) 2012
d o] Feli= 201598 Alglska DIPS] A7) 58S A8k 2
o= Yehsitt
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Table 5. Factor loadings and Weighting of DO, COD, DIN, DIP, chl-a
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Fig. 4. Biplot of the PCA for Water Quality Factors in Jinhae Bay
during 2004~2017.

Zh S sk T8 FEIERIAES AFEH, PCl
COD, DIN 4! DIP QIA[Z2A] 85 32] Halek ko= 0,515, -0.542
9l .0.5180]%t}. o] wlakal Aok dxakA| o] Flol o3k =4
AR} TG A AR AR AFE Holsrh. B3, Kim
et al[2011]10] B8k 213} o] AL Rsnte] 13 sl &
2k, QIAlsle] Fatko] FA| Rt 17|31 PC2E= chl-ast DO
QIRLRAY Z¥2ko] HalEEe 07207 -0.5332. 2 LERT).

sk, AR 715 chl-aZf 03192 71 11, vk
© & DIN(0.179), DO(0.175), DIP(0.164) & COD(0.162)8] &2 .5
A= St

333 OWQI AFg A3t

Table 6 OWQIS} =k 2] oA Aatafe] A A=
vehd oz, Aauke] OWQR= 1.78(2004)~5.0% (2014)2)
o2 AL 2880190, AR Y AJAEES B
22.3+5.1 ton/ha= AFFHE AT 53], 20043~201037F4]2] OWQR=

in Jinhae bay during 2004~2017

Index Factor loadings Proportion Weighting

PC1 PC2 Wil w2 w

DO 0.351 -0.533 0.050 0.237 0.18

COD -0.515 -0.084 0.107 0.006 0.16

DIN -0.542 -0.404 0.119 0.136 0.18

DIP -0.518 -0.165 0.109 0.023 0.16

chl-a 0.223 -0.720 0.020 0.432 0.32
eigen value 2.47 1.2 - - -
Proportion of Variance (PV) 0.49 0.24 - - -
Cumulative Proportion 0.49 0.73 - - -
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Table 6. OWQI and Oyster production per unit area in Jinhae bay
during 2004~2017

Item Opyster production per

Year owal unit area (ton/ha)
2004 1.7 20.2
2005 2.0 17.3
2006 1.7 14.9
2007 2.2 13.0
2008 2.3 17.4
2009 1.7 22.1
2010 1.9 27.7
2011 3.6 26.7
2012 3.6 27.5
2013 34 21.0
2014 5.0 28.3
2015 34 26.2
2016 2.7 25.0
2017 43 25.1

Average 2.8 22.3+5.1

Hat 2.87 olstl o, F 7]3ke] @ H AT AYAFS Pt
18.9+4.9 ton/ha® AZ=3IACE, 1213 2011~201737k412] OWQI
20169 Algt BE AmolA FipiEt =3k, theid
Ao} AALERS oF 25 742 4 ton/ha® 37| AFAHIC) & Fig. 5
o Yrebdl algke] OWQISE woFa k] ThelH A Arkeke] 2
A= ok 0.6224], Ryu et al[2018]2] Ralqt AME A ek
W} FAA G (WQL S GFARTE TA)eke] AdaliA o nlsl o) et
g Btk

Table 7 ZalwE 72312k H4=9 OWQIe] A=

owal

10 15 20 25 30
Oyster production per unit area (ton/ha)

Fig. 5. OWQI and Oyster production per unit area in Jinhae bay
during 2004~2017.

Table 7. Correlation coefficient of OWQI and DO, COD, DIN, DIP, chl-a

Item

DO COD DIN DIP chl-a

Index

OWQI -0.393  0.650 0.840 0.803 0.692
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