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Abstract — To identify characteristics of the water quality at Goseong bay, we analyzed long term monitoring
data collected at surface and bottom water which was accumulated during the period of 1987~2009. The result
showed that the waters of Goseong bay represented mesotrophic level that is based on chlorophyll-a, DIP and
DIN and seasonal average of COD that indicates level by the COD criteria. This analysis can be translated that
the waters is comparatively clean even though the waters is in the closed bay that slowly diffuses influx mass.
We also did the time series analysis, correlation analysis and regression analysis on the moving average of the
water parameter at Goseong bay. According to the results, DIP showed a increasing trend as time passed while
DIN was on a decreasing trend under the same condition. In the waters of Goseong bay, the phyto-plankton
growth was shown to be limited by DIN concentration. The chlrophyll-a was at the peak in August, at 4.60 pg/L. As
the seasonal average and index were the highest in November, it was understood that the balance of nutrient
at Goseong bay was dependent more on inner factors, ie, mass farming of aquatic species and release of bottom
sediment rather than on inflow of fresh water. Accordingly, it is needed to consider the balance of nutrient like
DIP and DIN to manage the water quality or estuaries at Goseong bay.

Keywords: Goseong bay(a1l’d®}), DIP(£E5F7]%]1), DIN(EEF7]14 4), long term variation(*d7] ¥ %),
water quality(5+2)
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Fig. 1. The map of long term monitoring.
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739 AR digk 237 24T L] Faen T oAt
(Mean+SE)®} W5 A|9~(CV; coefficient of variations)?] 2°FS-
Table 1°]] L}E}LH%‘:]'

S0 FHEE EF 15.88+0.80 °C A= 15.00+0.70 °CO.2
Z°] 0.88°C =7 UERRL, MEAF(CV)E XS 48.5% A%
44.6%% 350] ORF =7 VERTE. ] B 3T 32.23+0.37
A% 32.93+0.112 AZF0] 0.7 =941, WEASF(CV)E E5 11.0%
A% 3.2%% ko] A UERTE pHEY B T 8.09+£0.02
AZ 8.08+0.028 FE-AZ xfol7} 712 §1glar, HEAF(CV)
/\] 71—7L 2.2%, 2. kAR 743] H]z:g]_ohjr

HE(D0)) H-2 5 17.18+0.18 mg/L 415 6.95£0.21 mg/
L& 3%3°] 0.24 mg/L A Yebsal, HEAlT(CV)e 35 23.7%
AT 29.6%% A52] WEo] ok & A o% UpEhsttt st
2 QTEHCOD)2] H-E EZE 1.46+0.07 mg/L 415 1.29+0.06 mg/L
O 3#Z0] 0.17 mg/L =A UERLAL, HEAIG(CV)E X3 45.9%
AT 46.3%E A< Hl5gt A 0% ViRt

Table 1. Long-term characteristics of water parameter at Goseong
bay during the period of 1987~2009

Parameter level range Mean+ SE  CV(%)
T ture(°C) surface 3.50 ~31.29 15.88+0.80 48.5
emperare bottom 3.70 ~27.80 15.00£0.70  44.6
L surface 3.65~34.76 32.23+0.37 11.0
Salinity
bottom 28.84 ~34.73 32.93 £0.11 3.2
0 surface 7.34 ~8.39 8.09+0.02 2.2
P bottom  7.42~844 8.08+0.02 23
surface 4.13~12.17 7.18+0.18 23.7
DO(mg/L)
bottom 1.06 ~11.95 6.95+0.21 29.6
surface 0.27~3.20 1.46+0.07 45.9
COD L
(mg/L) bottom 0.08~3.31 129+0.06 463
surface 0.04~5.35 0.62+0.07 107.8
DIP(uM)
bottom 0.00 ~4.77 0.74+0.07  94.9
surface 0.00 ~33.17 3.54+0.49 133.6
NH,-N(uM)
bottom 0.00 ~40.80 3.56+0.52  140.2
NON(uM) surface 0.00~1.74 0.40+0.04 103.6
SR bottom  0.00 ~ 1.87 0.46+0.05  100.0
surface 0.00 ~45.93 3.87+0.75 184.7
NO,-N(uM)
’ bottom 0.00 ~50.59 3.09+0.62 193.6
DIN(M) surface 0.08 ~54.26 7.74+0.97 120.0
H bottom 0.00~92.92 7.04+1.08 146.6
surface 0.10 ~ 157.0 12.48 -
N/P rati
rato bottom 0.00~2485  9.51 .
chlorophyll-a(ng/L) surface 0.10~20.23 2.37+0.33 135.2
SS(mg/L) surface 0.60 ~32.00 7.07 +0.54 73.9
n = 92, SE : standard error, CV(%) : changing variables
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Table 2. A scheme for trophic state classification proposed by
Wasmund (2001)

Chl a DIP DIN
(ng/l) (uM)
Oligotrophic <0.8 <0.2 <2
Mesotrophic 0.8~4 0.2~0.8 2~10
Eutrophic 4~10 0.8~3 10~60

HEF71A(DIP)S] 2 E5 0.62+0.07 uM A5+ 0.74+0.70 pM
07 AZFo] 0.12 uM =}, ASAFCVYE %5 107.8% A
T 94.9%% 3ETo] FA YT

PR Yo A(NH,-N)2| B2 X5 3.54+0.49 uM A5 3.56+
0.52 uME ®-A5 A9 v]5=dt 019laL, HEA(CV)E &
= 133.6% A% 140. 20/& EAZFo] B A JERsTh opdat
A (NO,N)Q B2 3 040£0.04 pM A% 0.46+0.05 pMZ 4]
Z 0.06 uM =941, HEASF(CVIE S 103.6% A% 100.0%%Z
A2 vlgzshA Ukt AP HANO,N)2] B iz 3.87+0.75
uM A% 3.09+0.62 uME EZ0] 0.68 uM =8k, AFAIF(CV)
= EE 184.7% AF 193.6%% AFo] A7l EA l UrE}”E‘r. &

FAFNA2(DINY FH-S EF 7.74+0.97 uM A= 7.04+1.08
UME 5] 0.7 uM =343, WEAF(CVYE 5 120.0% A%

146.6%% A15°] 7] YEbstth.

N/PH] H-S EF 1248 AF 9512 %Z0] 2,97 =4 Ye}
W}k %% chlorophyll a2) ﬁﬂﬁ& 2.37+0.33 pg/L, BIEAIS(CV)
E 135.2%% e, B-HE4(SS)9) H-S 7.07£0.54 mg/L,
HEAT(CVYE 73.9%F LFERt).

ode] At FEB8hH 1AIRE 427> Wasmund et al.[2001]
o] &9 JUAFE] E-F(Table 2)] we} chlorophyll-a®] o]
237 ug/L, SEF71Q1(DIP) %A% Hetol ZH} 0.62 uM, 0.74
uM, SEF71244(DINYS] A5 Hyto] Z12}F 7.74 uM. 7.04
pMZ F9 OCJE(Mesotrophlc) Az &g 4= Qo

TSk ZF A QAL MEATE Hllo}ﬂd A QQl
29 TAF HEASFE 48.5-44.6%% 11, GH-, pHE HAF0]
719 gz Ao VERstE 8221 (D0)Y %ﬁl*b 23.7~29.6%
B WA 12 rolaL, 38HA Ak TEHCOD)2]

WEAGE 45.9-46.3%2 22 WEAGe} veghe o4 5= 9l
otk 53], FEALL S=77191(DIP) B 857142 (DIN)Y)

A5 42 94.9~107.8%, 120.0~146.6%% TR 2 Q01
ot AT (CVYZE Il ob /gt #j9le- gl Wsol &

e AAFSRaL gl

SR AE SN

Table 3& AR A B 2 WEATE oowﬂu} %
0] A B2 250 B9 319 84 2656 °C 7HE
ARl 29 5.65 °CE 71 WAl vERE AL, A5 94| 8€o] 23.87°C
2 Fu), 2€0] 5.67°C HAE BT 5EYE B35 F20] A
Zoll vlal Ad=s3t7] AlFste] 8ol AT ) < 3°C
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Table 3. Seasonal characteristics of water parameter at Goseong bay during the period of 1987~2009

mean cv(%)
Parameter level
Feb. May Aug. Now. Feb. May Aug. Now.
T fe(°C) surface 5.65 15.23 26.56 16.09 16.9 18.4 8.1 10.5
crmperatire bottom 5.67 14.64 23.67 16.01 16.0 17.7 8.1 11.0
Salinit surface 3337 33.43 29.52 32.62 1.8 2.7 21.4 23
sty bottom 33.34 33.59 32.11 32.70 1.9 21 41 24
" surface 8.17 8.14 8.05 7.99 1.3 1.8 2.8 22
P bottom 8.19 8.14 8.01 7.97 1.3 1.8 22 2.5
surface 8.68 717 6.21 6.67 19.6 15.0 243 21.5
DO(mg/L)
bottom 8.76 7.14 5.06 6.84 21.4 14.9 36.3 21.9
surface 133 128 1.75 1.48 47.1 44.7 47.0 38.4
COD(mg/L)
bottom 1.37 1.18 1.40 1.20 50.5 39.9 472 45.4
surface 0.57 0.37 0.44 1.09 91.1 100.3 612 933
DIP(uM)
bottom 0.70 0.38 0.62 1.24 92.5 96.4 59.6 76.7
surface 325 2.45 3.12 533 208.1 70.8 110.3 973
NH,-N(uM)
bottom 3.16 2.72 3.82 4.54 262.3 82.6 95.2 83.0
surface 023 021 031 0.85 82.4 84.0 1212 542
NO,-N(kM)
2 bottom 0.32 0.23 0.39 0.90 1342 91.7 923 54.0
surface 124 3.02 537 5.84 114.7 115.8 243.1 59.4
NO,-N(uM)
bottom 3.14 2.00 1.81 541 330.6 137.2 178.7 68.0
surface 4.73 5.68 8.85 11.72 149.3 77.9 167.1 52.0
DIN(uM)
bottom 6.63 4.95 6.03 10.56 285.2 68.0 84.4 49.9
N/P surface 8.30 15.35 20.11 10.75 - - - -
bottom 9.47 13.03 9.73 8.52 - - - -
DIN surface 440 027 1.74 5.65 2527 2,487.1 853.5 3022
xS bottom -4.60 117 3.85 933 3923 -594.1 2025 -1712
chlorophyll-a(pg/L) surface 1.27 2.14 4.60 1.61 76.8 99.3 121.9 49.1
SS(mg/L) surface 5.59 6.71 8.17 7.81 66.8 96.2 74.0 523
2 okt AFS Ak, 11900 AFo) AdEE Zlow Yelt & a7 4971 899 ®F0] 175 mgLE AU, 5€ AFo)
o} &0 HEAGSCV)E 293 590] A4 e} o] Al7]e) AT (CV)E 38.4~47.2% HAR

29.52, 32.11% 7P Wk, £35
21.4%% U Aol nlal mj$-

T RY TS A T USS

T

ekl 88l WEA
A Rt o) g Ao
blol sgel 55
s8°] E5] WEAFCVYH
A VeRt s 239 <) o
HolFoIT}, pHO) A BFE

1 ;q% ] Z¥7)

Ao w2 FAZ0] 2Jol= giglon) 1192 ARHAEL B A
= B 8olstR Wty MEAF(CV)E 88 ¥T0] 2.8%% U
2 Aol viaf ok kot A A & xjol7) gl Ao )
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ABHS] Qelo] 2 el AR

L O B B

(DO)4] AA B2 28

of E-A%0] 8.68 mg/L, 8.76 mg/LE 7F4 =kal, 127191 8
o] FAZo 212} 6.21 mg/L, 5.06 mg/LE A el &
3] 597 11€2] A9 EAFI] EFAA 207 4] 2|
vall, 829 A9 EZFo] ATHL 115 mg/LE 24, ol &
2ok5 @A wE 7] T 3719 T Aste] ogk Jlow
Hof Zt}, FEsk WEAS(CV)S] B 88 ATFo] 36.3%= the
Aol nisl A Jebdtl. 3884 e = CoD)2] AEH T

1.18 mg/LE WA ek, He
A AR Z A7) lont, 293 o] ozt =3kt ATk
COD9| A Bt o= R A APde] Hat HA7F 1~2 mg/L A
o|Z FATH 25HS YERIILL

SEF71UDIP)] AAE e A A 2T Bk ATo] =
ka1, 53] A1) A Aol Bl vlsl 40% F&= = el
W A5 2PF 7P FEEaL, AdEEE 11€0] 1.09 uM,
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AT 9 1199 BTo] FuEHAA E9ka1, 899 ATo] 7H
2 59.6%% ROtk PRUOFAANH,-N)S| A2 59| &
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o] 533 uM, 4.54 pMell 8IS 12 502 YeRtarl, HEAE
(CVy= 299 FAZ 27 208.1%, 262.3%% HAE YER)]
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o] 2k 7107 Yepth. oA A NO,NE & A A5o]
EFTR =0, AFER 592] AT HARE 247} 0.21 uM,
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54.0%% HAE Hol #igo] 22 7102 Vet XMWi(NO - EE71ALDINYE ASRIARL FA 280l 1.27/LE #HAE UE

Alet A A BFo] ATHRG =3k,
9 EZo] 124 yME H2 1€ 5.84 pME HoiS VeRYo] 11
o] 290 vjal s = E=A Ve, HEAS(CV)E 28
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e A A mFo] Al vlal #9129 130] 473 pMO.
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298 AE 4 8Y HE=o] 747} 2852%, 167.1%= Hof, 119 *-
5ol Z¥Zt 52.0%, 49.9%F FHAE AJUFoZ wiFe] 2 7
R e =

N/P ratio= 2 A|9)3 A Ao ¥Zo] &K} =917 §
4 B35S ALst A A ATl 160lstE &L A
(DINY} A EEF=E2] AEJIALE Vet chlorophyll av= §
Q(DIP)] AFQIAIRI S 8ol 4.60 pg/LoZ Hul, %

N}—‘ 2°J o 74];(413:1

'?53 E'Xi%o] '_l —l

IL=0
EsAron

&%)

Wilar, REAF(CV)E 88 E50] 121.9% Hl, 11¥ %5]
49.1%%Z HAGtt FH-E2(SS)y Q! 8¥ell 8.17 mg/L FH o,
FARL 2900 559 mg/lLE HAE KT, HEATFCVE 8¥
F3°] 96.2% H, 118 #35°] 523%% s HERA3ITH

B2 A AR I 719l NP ratios:
57| 98t] Wang et al[1998] 3857124 (Execss
Dissolved Inorganic Nitrogen, DINxs)& #2131 1L, ©] 5[2004]
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st 3]_ /\1
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Fig. 2. Time series variation and trends of water parameters at Goseong bay(black circle represent observed value, red line smoothing trends
by 4-point moving average, blue dashed line mean value, and black line regression equation).
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Fig. 3. Seasonal characteristics of water parameter by ratio-moving-
average method at Goseong bay during the period of 1987~2009.

Table 4. Seasonal characteristic of water parameter by ratio-moving-
average method at Goseog bay during the period of 1987~2009

Parameter level Feb. May Aug Nov.
surface  -63.0 -4.5 63.7 2.5
Temperature(°C)
bottom  -59.8 0.5 54.5 7.6
. surface 2.1 2.1 -4.5 0.3
Salinity
bottom 1.3 1.5 -2.0 -0.8
surface 1.2 0.6 -0.2 -1.1
pH
bottom 1.9 0.7 -0.8 -1.0
surface 22.1 0.7 -12.6 -10.6
DO(mg/L
ML) om 276 24 277 5.9
surface -7.7 -16.0 7.9 0.0
COD(mg/L
ML) om 57 86 33 -125
DIP surface 0.0 -58.6 -35.5 68.9
bottom  -12.3 -53.8 -12.9 77.8
surface  -47.6 -28.7 -38.1 30.7
NH,-N(uM)
bottom  -61.5 -25.7 14.2 21.2
NON(uM) surface  -51.0 -45.7 -45.5 126.4
R bottom  -50.9  -546 -31.0  137.6
surface  -70.2 -35.0 -60.9 134.1
NO,-N(uM
PNEMYttom 656 -565 <524 15638
surface  -60.9 -29.6 -48.4 98.2
DINGM - ttom 616 =261 -164 698
N/P surface  -66.8 6.6 -38.7 -7.6
bottom  -66.7 55.9 -32.7 -17.6
Chlorophyll-a(ug/L) surface  -48.4 -18.8 19.0 -30.5
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Table 5. Correlation factor of surface water parameter by spearman's correlation analysis
salinity pH DO COD DIP NH,-N NO,-N NO,-N DIN chl-a SS
Temp. -0.56 -0.45 0.41
Salinity -0.27 -0.36 -0.26 -0.21 -0.25
pH -0.22 -0.24 -0.31
DO
COD 0.34
DIP 0.50 0.38 0.29
NH,-N 0.30 0.80
NO,-N 0.64 0.56
NO,-N 0.74 0.29
DIN 0.26
chl-a 0.27
n=92,p<0.05
F71HADING AS- 1189 AT 5 AEASG 50 oo YR T FAEA(NO,-N) RO chlorophyll-a®h WF(+)2] g
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Table 6. Correlation factor of bottom water parameter by spearman’s correlation analysis

salinity pH DO COD DIP NH,-N NO,-N NO,-N DIN
Temp. -0.45 -0.37 -0.56 0.21
Salinity 0.48 0.22 -0.33 -0.50 -0.34 -0.30
pH -0.28 -0.22 -0.45 -0.39 -0.33

DO -0.21

COD

DIP 0.57 0.46 0.36
NH,-N 0.76
NO,-N 0.67 0.54
NO,-N 0.62

n =92, p <0.05
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