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Evaluation of Water Quality in the Keum River Estuary by
Multivariate Analysis
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This study was conducted to evaluate water quality in the Keum River estuary using principal com-
ponent analysis. The results was summarized as follow;

Water quality in the Keum River estuary could be explained up to 70.40% by three factors which were
included in the inffluent loading by the Keum River and Kyungpo cheon(38.99%), seasonal variation and
organic matter pollution(19.05%), sediment resuspension and internal metabolism(12.35%).

For spatial variation of factor score, artificial pollutant loading is highest at st.1, below Keum River bar-
rage, and decreases toward the outer sea.

For annual variation of factor score, factor 1 was highly related to artificial pollutant loading, and it
was greatly increased in 1994. Also, organic matter pollution, sediment resuspension and internal meta-
bolism were increased to every year.

It is necessary to control the nutrient loading by Keum river and Kyongpo cheon for Water quality
management of estuary.
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Fig. 1. Lacation of sampling stations in Keum riv-
er estuary.
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Table 1. Range and mean values of water quality in Kunsan estuary

Station 1 2 3 1 4 5 6 1 L 8
cop | Mean | 182 1.63 1.40 1.33 136 1.36 1.22 118
Range | 0.66-2.94 | 0.45~3.26 | 0.48~2.80 | 0.43~2.57 | 0.45~2.63 | 0.58~2.62 | 0.44~2.35 | 0.08~2.33
W/ ) 53 pev.| 0.64 071 0.58 0.59 0.65 0.58 0.51 0.59
0 Mean | 592 6.02 5.98 6.08 6.14 6.20 6.30 6.04
Range | 3.87-7.34 | 3.55~7.69 | 3.45~7.72 | 3.65~7.46 | 3.61~7.66 | 3.90~7.74 | 3.92~7.99 | 4.33~8.26
/) o4 Dev.| 1.13 127 135 112 112 122 175 114
NHy N | Mean [ 1217 9.94 957 7.84 5 87 501 3.70 2.85
Range |0.53-81.91[0.10~62.92]0.47~83.59/0.72~52.68|0 54~38.70/0.17~26.57]0.10~19.95/0.16~12.11
(eat/¢) 159 Doy | 16.67 13.12 16.76 10.72 753 6.20 438 3.02
NOyN | Mean | 2.46 2.93 1.65 157 1.48 1.20 1.05 0.87
Range | 0.33-5.81 |0.23~10.76) 0.16~4.85 | 0.10~4.02 | 0.17~5.35 | 0.04~4.44 | 0.02~6.93 | 0.01~6.51
(we-at/ 0) [§1 0 Dey. | 1.67 230 1.32 1.24 1.35 121 1.49 1.36
NOe-N | Mean | 3441 7.1 25.93 2378 21,60 15.75 12.06 9.99
Range |4.10-76.33] 7.29~8.17 |4.61~68.66]6.02~58.57|4.45~76.89)3.68~58.26|0.88~54.40|0.23~46.68
(ug-at/ 1) '51 4 Dev. | 18.04 0.24 15.54 13.75 15.14 13.74 11.30 11.52
Mean | 7.70 7.80 7.84 7.95 7.92 7.96 8.03 8.08
pH Range | 7.26-8.14 | 7.29~8.17 | 7.23~8.31 | 7.33~8.42 | 7.37~8.24 | 7.31~8.30 | 7.35~8.34 | 7.64~8.38
Std Dev.| 0.22 0.23 0.26 0.24 0.23 0.25 0.22 017
pof-p | Mean | 078 0.78 0.67 0.67 0.62 0.63 0.59 0.45
Range | 0.12-2.38 | 0.08~2.23 | 0.05~2.08 | 0.05~1.94 | 0.01~1.59 | 0.01~1.84 | 0.01~1.98 | 0.01~1.84
(e-at/ ) T T Dev. | 0.55 057 054 0.49 0.48 0.47 0.48 0.39
Salinity |_Mean | 1512 1211 1917 | 2088 22,30 24.02 26.76 2761
) Range |1.82-26.2810.38~27.7010.45~29.01|2.90~28 12|2.63~30 046.71~32.03|12.56~31.99|13.40~32.52
) ISidDev.| 7.82 7.94 8.15 6.92 752 6.87 5.15 479
7ss | Mean | 10759 | 105.66 96.44 98.95 67.32 64.90 60.40 53.00
Range |19.70-265.60 | 7.40~32.00 | 11.50~260.00| 10.40~387.80 |6.70~210.00|7.36~199.20|8.00~ 197.705.00~ 140.00
(ne/t) ISd Dev.] 70.10 7710 69.13 10350 | 53.08 55 55 47 88 42.83
Temp | Mean | 1360 13.65 13.60 13.64 1357 1352 13.30 13.34
" [ Range |1.52-29.8011.92~29.90|2.38~29.80|2.15~29.45]2.17~29.00|2.10~28.98|2.30~28.40|2.40~27 78
(©) IStdpev.| 915 8.95 8.90 887 8.89 9.08 875 8.60
Table 2. Correlation matrix
COD | DO |NH:'-N|NO;-N | NOs-N| pH [PO/-P[Salinity] TSS [ Temp.
CcOD 1.000 i
DO | -.473 | 1.000
NH;'-N| 0.016 | 0.138 | 1.000 L
NO;-N | 0.247 | -.399 | -.185 | 1.000
NO;-N | 0.268 | -215 | 0.350 | 0.252 | 1.000
pH - 525 | 0.476 | -.213 | -.447 | -.440 | 1.000
PO -P| 0.261 | -.410 | -.199 | 0.526 | 0.298 | -.297 | 1.000
Salinity| -.451 | 0.377 | -.216 | -.496 | -517 | 0.685 | -.477 | 1.000
TSS | -.170 | 0.219 | 0.211 | 0.223 [ 0.177 | -.055 | -.008 | -.166 | 1.000
Temp. | 0434 | -852 | -.246 | 0.330 | 0.207 | -.292 | 0.449 | -347 | -.308 | 1.000
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Table 3. Eigen value and cumulative percentage of

.:?.

Factor loading with varimax rotation
for factor 1 and factor 2

factors
Factor Eigen value % of variance Cumulative %
1 3.899 38.99 38.99
2 1.905 19.05 58.04
3 1.235 12.35 70.40
4 0.715 7.15 77.55
5 0.617 6.17 83.71
6 0.486 4.86 88.57
7 0.427 4.27 92.84
8 0.340 3.39 96.24
9 0.277 2.77 99.00
10 0.099 1.00 100.00

Table 4. Rotated factor matrix extracted from prin-
cipal component analysis

Variable Factor 1 Factor 2 Factor 3
COD 0.464 -.594 0.119
DO -.212 0.755 ~.389

NH.*-N 0.705 0.251 ~.454

NO:-N __ 0.214 -.031

NO3-N -.016 0.179
pH -.726 0.286 ~.294

PO*-P __ 0.138 -.232

Salinity[ -.719 0.154 ~.463
TSS 0.269 0.728 ] 0.327

Temp. 0.080 -.793 0.398

N4} A (eigen value) 7| £ 2 #dslsic). 2
Ae 89E AHste $4H9] 2715 vehd Ao 2A
IZHA7}E 18 acke AL o) gde] WS 1)
o)ALS} B4k Awibc}. ajeld mfH7) 1 o8l A
£ 108 89lo) W 109 A4S A9Y ¢ gl
2 840249 9ulr} glo] ALtz 1.0 o)4e] H
£ 370 298 FE8%.

89l 18 7§ E 38.99%, 89 2% 19.05%, 2.9
3& 12.35%2A4 89 18 Adstne HF 15%H9)
9] 7194 vehiglet. ol 29 1%¥ 37A 9 F
H7]od§& 70.4%2H A A £ADHE 70.4%E AT
¥ 4 9y AL eyt

ae2ly Hzxolapsleks MY A2 e 294
ko] o]d Qe FA A=A Y 4%F #
w3l7] $13led Varimaxi] e 2 HAAA 8d3} $34
ool FAE B AgshA A9Ed ¢ de 2HE
Table 43} Fig.2~4¢] Jelisich

84 12 NH,'-N, NO,-N3+= 9] QAA-3)5& 2
2 9on, pHY Q¥de 29 o] A4S 2
2 Yt o] 5 ¥4 43 FAUA % FFH4lel 9
3 Zelquistel #Ae] gigirh 84l 2& COD, &
EobE &9 QdAlRE S 7kA 8, DoY) TSSeh= A 9
AAR L el o] 5L AdA HES e
Waol 4718 2 g5 A A4R Jeigch 4z 32
NO,-N, PO*-P%} £& A9 QAR 7kxla 9l
o] 2AHPHYL st 4 FAEHAD

89l 12 ARH 8qd £ J|AHE dAEA F

Do s8
PH
- sAL i
g ol - Noz No3
§ - PO4
2 0
{ coD
FEme
-1.0
1.0 0.0 1.0
FACTOR 2

Fig. 2. Factor loading with Varimax rotation for
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1.‘.![ —ROZ
:’ "?‘“’
i
1 FEMP ss
g cop N
= 00
Q o
v s 0o N4
-1.0
-1.0 0.0 10
FACTOR 3
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factor 1 and factor 3.
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Fig. 5. Factor score of spatial variation for factor 1
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Fig. 6. Factor score of spatial variation for factor 1
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Fig. 7. Factor score of spatial variation for factor 2
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Factor score for annual variation
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Table 5. The principal component for each station, season and year

Component Factor 1 Factor 2 Factor 3 Factor 4
NH.'-N, NOs-N. | COD. DO, TSS. - a-_
Total pH. Sal. Temp. NOz-N, PO4s -P
DO.Temp., NH;'-N, NOs-N,
st. 1 PO.*-P NO;-N. TSS COD. pH
Each COD. pH. Sal. - 3-_ TSS, Temp..
station st. 5 NO3 ~-N NO:-N. POs"-P NH4'-N
pH, Sal., NO;-N 3 +
st. 8 (TSS. NOs-N) DO, Temp.(COD) POs"-P NH¢ -N
NHs'-N, NO;-N, ~ 5
Feb. pH, Sal. TSS COD. DO, Temp. | NOz-N, POy -P
. DO, NO2-N, pH, -
sg:;:n April PO, ~P. Temp. COD, Sal. TSS NO3 -N
COD. TSS, -
August NO»-N. PO -p pH, Sal., NO3s-N DO, Temp.
Nov. pH, Sal., NO,-N |COD, TSS, Temp. DO, PO -P NH;'-N, NO3s-N
DO, NOs-N, - COD, TSS,
1989 PO43'*P, Temp. pH, Sal., NOz N NH4+‘N
NOz-N, NOs-N,
1990 PO, -P. pH., Sal. DO, Temp. COD
DO, Temp. pH,
Each 1991 Sal. . NOy-N. COD, TSS NH;*-N
y:;r NOs-N, PO -P
NO2-N, NO3-N, COD. DO, pH. -
1992 PO.-P, Sal. Temp. TSS, NH. -N
COD, pH, Sal., DO, Temp.. -
1993 NOs-N. NH;* -N PO P TSS, NO2 -N
1994 NH4'-N, pH. TSS, DO. Temp., COD. NO3-N,
Sal. NO; -N PO, -P

g w3 9)S-& Jehiigidh

84 2+ Add 844 71U e AABA AAA
HES e 259 YA Agle] gl 2 1 L84
2] wiste}l AAE Jehl 2 9lon, S 8 7]
E 2gys 9 d59EA AFAy Aol 9F
o33 Fado] et o]y FA AL AAEH 2%
4715 E&i7) AwslA delvin gled, 2L 28
Fdrfel o2 SR AFXF) o) A
2 ade A& ¢ 5 ot =3 Lee & Kim(1987)0]
27381 gEE7te Gefdst A 259 s

& B3 AN ARFY AR Jehdols AL 2
A9sla QicHFg. 2, 4). ek FAste 7243 73
ZHL EF 57189 f-4de] oz HalEl= Ao
A E2A E¢9 2 el A Ed o3 BejdEoe] gt
A dovta 9SS ¢ 5 sl

L8 38 32 f4d" 29 A FANIHAAH L
A3 4= gle AUALEA Fig. 33} 404 vepfjEo] A
Azt oA et $AGE opAlAAl 4o §)
FA9 7ol Fate  F & e Aakgoe] LAY
 AtRAd o] 9le Aoz HrhE .

matx sHE Edld FFE Y L9 EAe] ¢
2 FAEHEA 2AQH A 5H e o5l A4
3 34, 33tA 43 9 A S Y Ea)r) St
A el FAz 9)&& g3 £ g}

3.2.1 Y FALEA A

A7 $RAEAYE A R] Hete FAREA 2
s Aol 8A54E 7 2AAHE AA HFeto 4t
E=E A A7rt Fig 5~7¢] Jebilgioh

AAL el T dFgeor YriEe 29 1&
7Z1Eee BH, AA 1o] ANA 2499 & N =2
A e Aoz vehgon e A4E g 9
ol Ftasled AH 8ol AR 299 o] 7}
A AL AR Y A=At ApdAd Qe ot JEF
o2 JrlEe 44 28 71Ee® ¥, AA 1~471A
€ AdH ggfo) AR o A o} x4 5~8L
A& Ao vepytclFig. 5,6).

Fig.7 dlA e #7125 A& A3t
= 838 vehlided A 1~4+ AR FHE e
e f7lEEs E=e AA3H4A, {§7189 F.23 e
AtiA g BisA dojvhes Fiteld, AWz 2
£ 34 E3hde ¢ + e

AAAR ez F73ITHL AdAd d¥Rde A
Al e A T gled, Wi EAAAFAA
g3 g2 P 4 gl

322 9=y FYEeH A
A= $ARREHE AN ns] ek FHpEA

596



chiek f M7l A% I sy $AHs)

At dojxl gAEHE dAxHE AT AL 4
X x & 243l Fig. 8~10¢] viehysict.

1989d% 1990 Eo = A H edyslrt A,
29849 AAFYHo U WY EANAL vlR
A | g Al g Jepytond, 19911 o] F 19934
742 {71849 AAFHed W ER Ayl Wdst
A dojvte Aoz HrhEgcHFIg.9,10). 28y
19943 5 oll= 2} 89 A4 535t 7 =24
vebd wibE, diRoAe] A diAlel 23 W) 4
7o 2 eyt

ol BTl AT FASFFAL] JAARARCIY
Q4,1989~1994)¢) & & ZAZ}ZELY 439
7}<eeko] 1989 1280mm, 1990 1264mm,
1991 1108mm, 19923 1081mm, 19934
1327mm, 19943 911mm=4] 1994:d0] 7} 718 o]
AT A712 #9] LdEde] Bl AdA g &)
F ubd, G499 74 9 FATE 59 ke
o2 A FEH2Y A4 Aste] U} EZJAL
ztolzl Ao 2 #AetElcHFig.8.9).

AN e A91A 2933 8o] Folste A
e, ole ALREFRNA LR 274(1996)5]4
274494 Axw F4nAere] 1989 151.64m°/d
o] 19941 ¢ 269HAm*/d2 wi'd 7% gicke W4
<+ & A9

3.3 24€A Y354 A Bt

74T FH4AA #4497 9 LHEA FIS
A& 7 er] sk A, AEE, A= FAEE
el 23 22& 2% A3 e Table 59 et

89l 18 ok AFAAF Aayes AT 2
dol ARZ, Gefridel A dete] ML
Jg ke AU pHY dEIAE FA] =&
Ao Hol 3749 4%e] FoY £ALANLZE et

on, o] & A ANAIFLE /Y + AU

89 29 38 {7184 X AHEAS xR o8
£ CODs¢} TSSet Aol sl 372 #8 /713
o 2837 R AFFel AR WArt T8 290
5o, AdA] Wl o+ Hld}e DO, &= E 4
A& 2ok gy o) 8308 A AdALAL
2 371asle.

upety] FAETe ARt %S viAe FAE
2 134z 37 2 AEAE FHA wdHe #r
Fodoll 710 FFLF FdolH, 2344 22 Yy
A9 §718 AT 4 AT FEYE 5 9
o} 3o 4B E e L B3 wYEe
oA fel A4 FAs dadid.

4.4 &

TAETE SAFA HIHE At FAEENE A
Ak A} o9 AEE 9

1) FARTE] AL 37 % AxAY %S
Wwe A 1o] £4e] /M4 Az JH=2 F+F F
A3 Raste %L e

597

2) st AL 27 4 AXHE 5 FH3
7} 38.99%, AAA W3l @ {718 9] 19.05%, 1
3 Aol Ay-Ho 27 Gl 12.35% 24,
o] 3 89lo] HALAFAS 70.40% 5 43 5 9l
et

3) A4 BAL A 1o] A edysls} 713
AA vehtodd, sz 242 Q9H Gl F4s)
+ Hxle] F£313] ey}

4) dxd2E A9 gyl 199434 Fois
A 2789z, #7189 € A AHfo REA
date Wl F71skzm i

5) F74sl7e] #£AdeE YA 1AL Eal
dHe JUYIFY Aesl g8 s

o

FaEd

BA, AA%, 1997, BAEHL 9 SPSSWIN
easy, #:3(jit, 238~255.

AAREY, 1996, Aaky 2YPAA F2E A
2AQT HER -t Aehzabsh Fri9
A X8 A-, 310~320.

IPFAR £, 1996, oA fG ezl 2
¥ 514, 93~102.

7143, 1989~1994, 7|AH B

KNZE. 1984, ERE FEBRE P AFniconT,
BOKERR, #1491, 31~38.

AME, 1982, EEBERICHIT I FKHERBHENE
BR, WRERREE /- b LE52048, 19R.33~42.

KANZE, BULESE, 1981, E@RS4ric & 2HREREICD
\»C, Bull. of the Japanese Soc. of Sci. Fish,,
47(10), 1275~1279.

vh B, EFIAT, ATLER=, 1979, FIINKED HisTH B
Z()-BEFBRAXBINIARE~D SREBRITNE
Hi-. J. of the faculty of Agri. Shinshs Univ.,
Vol.16, 79~92.

T EFB, 1987, KK HERRT -5 Oty & RERi
~OMEH, BEBNEHREHRRE, $268 B2RK,
213~252.

KH B B EileE, 1986, IRGHTEICL S
=R, Bk L Bk, 28(11), 16~18.
RAEH, E DRSS #HEE, 1988, RACEEAAME
AN SWEBITEICL 2BROTE. AKEE

K. 30(3), 239~245.

Bl — FHERT HEEGT, 1981, SRERITED
KEBRHAR~NBA-ZR-I IconT-, KEFH
B, $£445, 298, 91~95.

F&% zhodd obef A, 1986, Aaiwre) A3 Ae)A)
o gk Q¥ s, ZF st A otat
AF8, 4, 15~23

Lee,C.T. and T.I. Kim. 1987. Formation and evo-
lution of turbidity maximum in the keum Es-
tuary, West coast of Korea. J. Oceanogr. Soc.
Korea, 22(2), 105~ 118.(in Korean)

Lee, H.J., HJ. Lee, J.S. Han and S.P. Kwon, 1991,



7

Evaluation of Incheon coastal area water qual-
ity using Principal component analysis, J.
KWPRK, 7(1), 9~19.

Lee, M.K., J.H. hwang and Y.K. Choi, 1966, Water
Quality Evaluation on the Bottom Water of
Masan Bay by Multivariate Analysis, J. of
Korean Env. Sci. Soc., 5(1), 15~23.(in korean)

Mini. of Environment, 1992, Standard testing
method, Water part, Dongwha Tech.,Seoul,
193~194.

27

Strickland , J.D.H. and Parson, T.R., 1972, A prac-

tical handbook of seawater analysis, Bull. of
the Fisheries research board of Canada, 167,
1~310,

Shin, S.K., CK. Park and K.O. Song, 1998, Evalu-

598

ation of Water Quality using Principal Com-
ponent Analysis in the nakdong River Es-
tuary, J. of Korean Env. Sci. Soc., 7(2), 17~
176.(in korean)



