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Spatiotemporal Variations of Water Quality in Yongil Bay
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In order to understand the spatiotemporal variation of water quality, an investigation on variation characteristics of water quality was
conducted at 13 stations in Yongil bay from 1990 to 1998. The salinity in summer was relatively lower than that in other seasons
and it have increased from inner bay to outside of the bay gradually. However, nitrate concentration in summer was relatively higher
than that in other seasons, and it was the highest, up to 65.40%, among dissolved inorganic nitrogens. Nitrate concentration indicates
the possibility of affecting by freshwater discharges to Yongil bay. Correlation analysis showed that salinity had a significantly good
correlation with nitrate. This result suggested that inflow of river had an influence on increase of nitrate. The result of Principal
Component Analysis (PCA) indicated that nitrate was major factor to influence the water quality in Yongil Bay.

Key words: Inflow, Correlation analysis, PCA, DIN, Nitrate

A =

ddure T3 ARG qPgur 2 P g
ARA 88 4L T oy AdER Y FE4F A o
2 W 2go] AZsA Aeleltt (Kim et al, 1988), AAE o]
3 Add #2L A A T 9% 5 9
& 128 H37t A4 29 2o o)X dEe e
7 Ee B4 98 won £3AL £39 537 2¥ F
¥ (Park and Song, 1972; Gong and Park, 1982; Gong and
Son, 1982), &8 #E&H 0 2 43y R FZU7) Fela
ZE5o] oM 39 todS BodFn b (Kim, 1983; Lee,
1999). it dU vkl Ao Z2Azieke] 2yt oA 43R &
ofx] A e 2HE LHUEY olFd T dEL A 235
I, g GYve A 7o FRA gy glenz thyd
A 7 vrge 99L& weth (Kwak, 1976, Park and Song,
1972).

FUTY] 24 B4 FYoz A V4 A 4, =
AMIEAE 71 Adgo gy AF 4Fd5e] 284 &
29 olF, i - 7 FFEY, THAZY YT WL
g, A L4 Fo]l FaF 2902 FLen o}
(Kim, 1983). T3 Fatze] ddwtoz FYse €58 B4
T 7leEtE 4 299, § FYol TYH L4, BEASF £
T AR EA g ER AR JH GA TFA Y e
2A uE fYHER o2 2L F2 fA2RH 4 P

e rlo
o

*Corresponding author: kangys@nfrdi.re.kr

431

A33Eo] Fotad FFHed 7sn, 43 A 9
F& wFge Ao FFd AFHE0 (Lee et al, 1998; Yang
et al, 1999). o] A3 Jdwtl N A4 o] A53te o] e
AEAL S 1ZANL BE, AFFAZ AZHIL glo] Hz9
FAREE v FE3o FEFH o 294 dFd A¢7 A&
Hol1 WA 492 27} i} (3, 1992; Kim et al,, 1988).
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QA gt} (Kim, 1983; Kim et al,, 1988; 3, 1988; &, 1999), =3
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#el7k £33 (Shim and Yeo, 1988; Rosenberg et al, 1990;
Boyer et al,, 1997; Kwon et al,, 2001).
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Fig. 1. Location of sampling stations in Yongil Bay.
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o2 FIHT FY $E4LE Water analyzer (Hydrolab,
Surveyor )& o] &3l PRGN ZATPT, GBS Y823
7} (Inductively Coupled Salinometer : 601MKII), pHE pH me-
ter (Fisher Model 50) & AH&-3to ZAetg{ch, 3188 dha 73
(COD)& ¢ZeA AU LEY, 949 (FRYotAA, o}
AL, AaA L, A1) Strickland and Parsons (1972) ¢ o
2} spectrometric method® 2437 o},
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Yute] TS T4, A& UBHE FHLZ st st9, st-13&
g3t T2 ol A FTH dE S dedls F8US
sotatr] 93 4 £ %4 (Principal Component Analysis) & 4
ABter 2 42 SASE o83t (Bartell et al, 1978).
FAEEAAdE 29 o7HA §HAAE A4 9.
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2ot % nE
1. FH2X EY
FYTY ALE FALESHE €71 A3 19903 5FH 1998
G7A 9d B¢ 134 AP #38 ARE o83, AAE &
A& 271 A8 BEAS Jehled diEHe 33E L 93
FAAQA WEHS ¢ HIEFE Table 19 YehGlon, £
AdE Hagty EFQ2AE Table 290 YeEA 4 #4994
9 Aztel Mg EXFEE ¢7) 93 BFEE UYr Fig. 2, 39
a2 d5E vehfsith
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#e Bym, s¥o HIF 2265+074C2 HuUigke Bgd A

Table 1. Range and Mean values of surface water quality at
each station for 1990~ 1998

. Station
Constituents

2 9 13

Temp. (€)  Range 840~2680  7.80~2624  8.50~2640
Mean 15.53 1544 15.52

Salinity Range 612~3434  2079~3438  23.06~34.40
Mean 3102 3242 329

DO (mgL) Range 455~740  484~728  513~750
Mean 578 5.96 6.29

pH Range  7.60~8.90 7.70~828 1971~832
Mean 8.05 8.13 8.17

COD (mg/L) Range 031~306  002~282  016~179
Mean 1.55 1.20 0.86

NH:-N (M) Range 079~2470  011~898  0.11~5.10
Mean 7.67 331 1.70

NO»N (uM) Range 005~442  007~155  007~155
Mean 143 0.58 047

NO;"N (uM) Range 235~4124  023~4002  020~26.83
Mean 13.89 8.05 434

DIN (M)  Range 335~5495 186~4755 061~29.14
Mean 22.99 11.94 652

PO, P (uM) Range 008~27t  003~074  0.04~061
Mean 0.59 033 0.26

Table 2. Mean values of surface water quality at each period
for 1990~1998

. Period
Constituents
Feb. May Aug Nov.

Temp. (€)  965+033 1341071 2265+074 15611066
Salinity 33734£030 33.79+025 2893+141 3336+0.14
DO (mg/L) 877£025 9011017 8351024 843+018
pH 814£002 8861069 8071005 8121002
COD (mg/L) 0902010 1.02+012 159+009 1.09%006
NHN (uM) 3561046 246+063 347+083 3.85%0.66
NO,-N (uM) 0601007 054+009 096021 0.64+0.09
NO;-N (uM) 816+143 4674036 1279+383  6.03+0.69
DIN (uM) 12324164 7472077 1699423 1053%117
PO~P (M) 0374005 0304005 065+015 043+004

H2e N4z de 9oz 297 1199% $40] gL thy2
A o] e B0z A4E gz £ FobA
o1} 597 g¥dle FRY AL HolA ggid 2AENER
F&& 29 94E 00001 ol3telA FTHQ wslade] uls
AR R M) AM 22 Adolgx A¥E FHI Ao
Bele & F UYL, AFEEE 589 29T P>0052 AL
aol7} glle} (Table 3).

HEe 594 WF 3379+ 0252 7H & S B, A5
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EEoaI & Ad vdd u¢ AM A5y 4TS ve
23 237 g 29 9FF o2 BHYS ¢ F A E&
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Fig. 2. Seasonal changes of water temperature and salinity at
St-2, St-9 and St-13 (@—@, surface; ---, Bottom).
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Fig. 3. Seasonal changes of DIN and phosphate at St-2, St-9
and St-13 (@—@, surface; ---, Bottom).
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Table 3. Seasonal ANOVA tables for environmental data
(A) Water temperature (B) Salinity
Source DF SS MS F Pr>F SS MS F Pr>F
Feb Station 12 2794 2.54 9.01 0.0001 27.30 248 334 0.0007
’ Year 8 102.60 12.82 45.52 0.0001 81.61 10.20 13.72 0.0001
Ma Station 12 522 0.78 1.55 0.1294 8.13 0.74 247 0.0095
Y Year 8 439.11 54.88 178.80 0.0001 53.50 6.68 22.38 0.0001
Au Station 12 30.26 275 2.55 0.0075 294.75 26.80 2.67 0.0053
& Year 8 471.03 58.88 54.64 0.0001 1,711.14 213.89 21.29 0.0001
Nov Station 12 19.13 1.74 3.00 0.0019 7.18 0.65 5.36 0.0001
’ Year 8 36947 46.18 79.74 0.0001 18.16 227 18.62 0.0001
(C) Dissolved oxygen (D) Chemical oxygen demand
Source DF SS MS F Pr>F SS MS F Pr>F
Feb Station 12 3.82 035 1.60 0.1130 5.39 0.49 335 0.0007
’ Year 8 - 5133 642 - 2950 0.0001 10.25 128 8.76 0.0601
Ma Station 12 19.60 1.78 6.32 0.0001 373 0.34 2.82 0.0033
Y Year 8 2643 3.30 11.72 0.0001 12.09 1.51 12.57 0.0001
Au Station 12 15.15 1.38 2.66 0.0055 11.86 1.08 7.40 0.0001
g Year 8 4705 5.88 11.36 0.0001 732 091 6.28 0.0001
Nov Station 12 18.43 1.68 741 0.0001 9.77 0.89 523 0.0001
: Year 8 27.36 342 15.13 0.0001 3.10 0.39 228 0.0286
(E) Ammonia (F) Nitrate
Source DF SS MS F Pr>F SS MS F Pr>F
Feb Station 12 536.95 4881 582 0.0001 948.75 86.25 472 0.0001
’ Year 8 225.68 2820 3.36 0.0021 1,179.18 222.40 12.16 0.0001
Ma Station 12 141.79 12.89 271 0.0047 45517 41.38 448 0.0001
¥ Year 8 33748 42.18 8.87 0.0001 11342 14.20 1.54 0.1562
Au Station 12 32495 29.54 3.85 0.0002 1,801.24 163.75 290 0.0027
& Year 8 597.09 74.64 9.74 0.0001 12,734.28 1,591.78 28.19 0.0001
Nov Station 12 948.75 86.25 472 0.0001 858.25 78.02 13.02 0.0001
: Year 8 1,179.18 22240 12.16 0.0001 38.84 4823 8.05 0.0001
(G) Dissolved inorganic nitrate (H) Phosphate
Source DF SS MS F Pr>F SS MS F Pr>F
Feb Station 12 3,029.03 27537 6.58 0.0001 091 0.08 5.85 0.0001
€o. Year 8 2,214.57 276.82 6.61 0.0001 1.95 024 17.19 0.0001
Ma Station 12 1,040.47 94.59 5.68 0.0001 0.89 0.08 6.26 0.0001
y Year 8 518.75 64.84 3.89 0.0006 1.94 024 18.91 0.0001
A Station 12 3,404.49 309.50 4.04 0.0001 370 0.34 491 0.0001
ug Year 8 16,612.69 2,076.59 27.09 0.0001 7.88 0.99 1438 0.0001
Nov Station 12 3,563.06 32391 16.13 0.0001 575 0.52 10.17 0.0001
Year 8 1,143.42 14293 7.12 0.0001 1.65 021 4.01 0.0004

*DF, degree of freedom; SS, sum of squares; MS, mean square; F, F value.

oA 2 uFo] 1, AMALE oty AgEs To] 3H
02 950} I Fo] BopAth (Meybeck, 1982). WA di 9
T IEeL R ¥R 5 fHozHE |37 dER
o] 5ol o FREl AT Roz AT (Lee, 1997).
24391e 599 030 +£005 ME 7HE Y& TS Y, g8
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So28H Y9 Aoz BAT (Lee, 1997). £3 ZE A5
Ade) P<005A F4E 7hA AP, A2 T Ao
29S¢ & Uk

Az o] Q¥R Fod WA 4UY vEY HE
SA7F w& AL A we FUHe ASY Yo w4
A, 9 Aol7t F Rez AAEY, =3 BEAEMZAIR COD
AYE ZE FEo] gdo] FHAHQA Wsto] HF ATFHY
3tgko) AXN AY £A FRE Ho)7} YT} S ¢
EEASAFANFE (AAKERFEFERE, 19729 vehd &
9 Az A F71E8AL 114 M, F719 048 ME
3 £42 vehfo], ZE AR F&Hog HzEI dAY
EHg9e ¢ A

B

A Peo1g pe rE, i

32

2. CIXIE 7o) AEIEA

FAFEZY ARAF W 4BIAAE TR Jstd o
W& 59, &9 4 dEAAEY St-2, St-9, St-138] BEE A
28 A A AA FREAS Pen, F5+FE 005904
o4& AAaA% (Table 4)

Table 4. Correlation matrix of environmental variables in the
sea water

Salini ty oD NHsN NOsN DIN PO,P
(mgl) (M) M) @) (@M
2 —053 044 NS NS NS NS

Constituents n Station

Temp.(C) 36 9 -063 NS NS 039 037 NS
3 -064 NS NS NS NS NS
2037

COD (mgl) 3% 9 NS - - - - =
B NS
2 NS NS

NHANGM) 3% 9 NS NS - - - -
B NS NS

2 067 NS 035
NO;'N (M) 36 9 08 NS

2 -053 NS 071 090
DIN (M) 3 9  -081 NS (058
13 065 NS 03 097

2 —078 039 NS 050 046
PO~P (M) 36 9 NS NS NS NS
13 NS NS NS NS NS

2 057 03 NS NS NS 040
36 9 076 NS NS 072 066 NS
13 =073 033 NS 067 062 NS

*n, number of samples.
*NS, not significant.

Rainfall
(mm/month)

RS 5129 AF FLe AEF 793 2 4Be B
R, 4¥e COD, UL, QU 2 53 §9442 g9
RUVAE BYW, FRUFALGE Fol YT ol B4
Aste] V57 FYB et G2 Fo) B2, HB5
o 3¥ COD, YA B AWAL7 F7HE Rez 4w,

ghEokel St991M dE L CODSE Aol g, Fidis
A &9 ABBAE HAE R B ol FUntd
T HEF fged 4710984 B d9gy 9%e o
Zo] wron CODE FAFANA vdeoe AFFY FAFAA ®
Steof st W FFoz EUe U AA S5 oz
Az},

Y FFE ol Be sti3clAe st9st AR vl
AHBAE BQEY, o) A7 @FLEAA MA3) 950
ghe) YRo} e GEALS 2HA AURELE e
ddute) 7 54¢ vehle 2ot (Kim, 1983). ‘
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o2 A9t} (Smith, 1974). E§ £ COD, 4 w
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71 dxd HEte JdFez 799 LUt wj$ e 2%
A&t (Choi and Park, 1986). 2& AHdA g¥Eo] Aid
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Table 5. Factor score coefficients and importance (%) of
each factor at season
(a) February

Environmental Principal component Importance
Factor 1883)% (5% WwQ)% (%)
Temperature 0.054 0.159 —0608 48
Salinity -0007 —014 0727 23
N-nutrient (NH,) 0.123 0.772 0.174 938
(No»  —0016 0.018 0052 10 ] 457
(NOy) 0643 -—0507 -—0099 349
PO+-P -0017 0015 —0046 . 10
(b) May
Environmental Principal component Importance
Factor 1(483)% 11(2935)% WM(127) % (%)
Temperature 0168  —0797 0364 165
Salinity —-0.059 0183 —0123 36
N-nutrient (NH,) 0.531 0.122 0450 233
(NO» 0.033 0030  —0035 107 ] 314
(NOy) 0.121 0182  —0331 64
PO,-P —-0.007 0.015 0053 04
(¢) August
Environmental Principal component Importance
Factor 1(950)% UGBD% W12 % (%)
Temperature 0025  —0623 0.155 45
Salinity —0213 0305 0876 129
N-nutrient (NH,) 0.083 059  —0084 71
(NOY) 0012 0031  —-0242 11 :l 411
(NO5) 0652  —0278 0348 339
PO,-P 0006  —0036 0063 08
(d) November
Environmental Principal component Importance
Factor 1(BH% U119% W7G6% (%)
Temperature 0.032 0.888 0420 59
Salinity -0007 —0183 0003 14
N-nutrient (NH,) 0.385 0295  —0641 214
(NO,) 0014  —10.021 0000 11 ] 455
(NO») 0418  —0294 0602 230
PO,-P 0002  —-0030 -0024 05
A8 13 ARAL0 48 f9 3 49 4B8A, €8] 93
29 4BBAE 7IAE A& 549 sdde AEE AT S
ZRE S FHFY fYo] LHUEA FTFLYLE PG o)
A AL }T\Jr /\]":{]Y“ﬂToﬂ 71908 $I154% J¥gel gt
A FFH FAdUsty 47 59 FHoAN g0 vidzE §
Ao} Yehte 48 A9tz gl
11gde F4% 13 4% 117} 2z} FUEF] 734%, 179%
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Fig. 4. Distributions of factor loading by PCA for the sea wa-
ter of Yongil Bay (1st and 2nd principal component,

1990~ 1998).
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