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Characteristics of Water Quality and Chlorophyll-a in the Seawater Zone
of the Yeongsan River Estuary: Long-term (2009-2018) Data Analysis
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Abstract : The Yeongsan River estuary was altered by a sea dike built in 1981 and the sluice gates in the dike
were extended recently in 2014. The construction has caused changes in water properties and hydrodynamics
and also produced disturbances including hypoxia and algal blooms. We analyzed the water quality and
chlorophyll-a data (2009-2018) collected seasonally at 3 stations (Sts. 1-3) along the channel of the estuary
by the Marine Environmental Monitoring System. Variations in water quality and chlorophyll-a (an index of
phytoplankton biomass) were examined and their stressors were also identified by statistics including
correlation and multivariate principal component analyses (PCA). The water quality was mainly affected by
freshwater discharge from the dike. Salinity, nutrients and chlorophyll-a were especially affected by the
discharge and the effect enhanced during summer and at the upper region near the sea dike decreasing
downstream. Three factors were extracted for each station in the PCA accounting for 66.07—-72.42% of the
variations. The first was an external factor associated with freshwater discharge and the second and third were
seasonal or biological factors. The results indicate that the water quality is more affected by short-termed and
episodic events such as freshwater discharge than seasonal events and the influence of freshwater discharge
on water quality is more extensive than that previously reported. This suggests that the boundary of the estuary
should be extended to take into account the findings of this study and a management strategy linked to the
freshwater zone is required to manage the integrity and water quality of the Yeongsan River estuary.

Key words : Yeongsan River estuary, chlorophyll-a, water quality, principal component analysis,
long-term data
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Fig. 1. Monitoring stations of Marine Environmental Moni-
toring System in the Yeongsan River estuary
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Fig. 2. Monthly and daily discharge and monthly precipitation from 2009 to 2018
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Fig. 3. Long-term variations in physical and chemical environmental parameters in the surface (left panels) and bottom
water (right panels) from 2009 to 2018. Discharge data includes monthly means between 2009 and 2010 and
sums for 7 days before the monitoring during the other years
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Table 1. Range, mean and standard deviation of water temperature, salinity, dissolved oxygen and suspended solid from

2009 to 2018 (IV = 40)

Variable Month  Layer St. 1 St. 2 St. 3
Feb. Surface 3.76-6.96 (5.37<1.17) 3.42-7.14 (5.30£1.28) 3.18-7.26 (5.30£1.35)
Bottom 3.48-6.75 (5.14£1.13) 3.42-7.16 (5.30£1.27) 3.15-7.35 (5.26+1.35)
May Surface  15.37-20.45 (17.511.83)  14.68-18.69 (16.50£1.37)  14.66-18.05 (16.15£1.21)
Temperature Bottom  13.14-16.76 (15.13£1.21)  14.62-18.28 (16.00+1.33)  14.27-17.99 (15.94+1.22)
0 Aug Surface  23.53-28.79 (26.68+1.92)  22.94-28.32 (25.89+1.71)  23.09-27.71 (25.061.49)
Bottom  20.62-27.39 (24.11£2.07)  22.42-27.80 (25.02+1.86)  22.90-31.93 (25.44+2.75)
Nov. Surface  12.39-18.14 (15.99£1.67)  11.64-17.31 (15.34£1.58)  11.72-17.02 (15.28+1.52)
Bottom  11.78-17.26 (15.74+1.57)  11.48-17.13 (15.28+1.57)  11.64-17.01 (15.21%1.56)
Feb. Surface  16.58-31.70 (28.80+4.50)  30.52-32.41 (31.89+0.65)  31.41-33.22 (32.37+0.61)
Bottom  30.82-32.65 (31.79+0.55)  31.17-32.64 (32.08+0.52)  31.42-33.42 (32.43%0.63)
May Surface  15.84-32.09 (27.51£5.26)  26.46-33.42 (31.53£1.94)  29.75-33.50 (32.33£1.00)
Salinity Bottom  30.45-32.97 (31.76£0.62)  31.62-33.48 (32.35£0.62)  30.22-33.54 (32.39+0.87)
(psu) Aug Surface  6.91-31.40 (23.22+8.35)  17.77-32.51 (27.54+4.33)  22.95-32.60 (29.96+2.80)
Bottom  29.89-32.23 (30.81+0.63)  27.99-32.23 (30.79+1.21)  30.13-32.65 (31.39+0.77)
Nov. Surface  27.98-31.41 (29.97+1.05)  29.82-32.03 (30.95+0.65)  30.79-32.36 (31.60+0.50)
Bottom  30.06-31.92 (31.01£0.64)  30.48-32.21 (31.24+0.58)  30.79-32.38 (31.62+0.51)
Feb. Surface  9.39-18.63 (12.65+£2.39)  10.15-13.69 (11.39£1.08)  9.75-14.09 (11.21£1.38)
Bottom  8.29-14.32 (11.15£1.59)  9.99-13.66 (11.3120.96)  9.69-14.38 (11.12+1.34)
Surface  7.54-10.38 (8.60+1.01) 8.20-9.79 (8.68+0.50) 8.03-10.21 (8.74+0.65)
Déis;’;id May Bottom 7.01-9.64 (7.82+0.76) 7.64-9.23 (8.47+0.46) 7.33-9.18 (8.36+0.56)
(m/L) Aug, Surface  4.34-13.99 (7.72+2.86) 6.49-12.94 (8.04+2.10) 6.69-9.01 (7.26+0.70)
Bottom 3.62-6.79 (5.08+1.04) 6.10-8.38 (6.87+0.64) 5.84-8.80 (6.99+0.75)
Now. Surface 7.20-9.34 (7.83+0.63) 6.20-8.74 (8.01+0.72) 6.25-8.52 (8.00+0.70)
Bottom 6.53-7.92 (7.40+0.45) 6.22-8.53 (7.90+0.65) 6.25-8.88 (8.01+0.71)
Feb. Surface  3.70-31.20 (16.21+8.81) 8.60-61.20 (26.28+19.78) 10.70-130.00 (36.69+36.69)
Bottom  3.40-37.10 (15.20£10.01)  7.10-53.20 (23.95+17.98)  14.60-72.10 (42.88+23.50)
Surface  5.40-27.60 (15.72+7.93)  5.20-123.20 (31.13+37.20) 8.50-107.60 (35.62+29.64)
Susspoelril;ed May Bottom  2.60-44.40 (17.00+12.49) 9.00-121.20 (31.13£37.20)  8.70-124.40 (41.15+32.26)
(mg/L) Aug Surface  5.00-43.30 (12.41£11.50)  5.20-17.60 (10.58+4.16) 3.60-27.80 (13.71+£9.24)
Bottom  5.00-19.40 (11.03£5.12)  6.20-53.10 (19.65£12.95) 5.30-25.10 (17.06+7.42)
Nov Surface  2.10-34.30 (10.96+11.73)  3.80-36.10 (13.50+11.89)  3.80-72.00 (26.63+22.45)
Bottom  3.50-31.10 (11.17+9.55)  4.10-46.40 (19.40+15.43)  4.10-80.30 (32.60+25.78)
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oS-l St. 104 =23} 52| & X{Z x}o]%
0.24-7.61(2.57+£2.40)°C, 0.83-23.63(7.59+8.20) psu=

epedet g 2
2013) :LE]_'
29
«16}(p < 001) “t]r d= %EW*EKTable 2) =

(BHFFAFILA] A2018-102) A e Gkt
od_/] H%HI— St. 30] __,5_61—1:,_]01 o]x] oL;(]u]—% q_
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Table 2. Correlation matrix of environmental parameters, nutrients and chlorophyll-a for surface and bottom water in
the Yeongsan River estuary (N = 40). Precipitation and discharge data includes monthly means between 2009
and 2010 and sums for 7 days before the monitoring during the other years

Station  Variable Temp. Sal. DO COD SS NHS NOx DIN PO> SiO, Chla Dis.
=327
Sal. (_.42**)
-58" 23
DO (_‘89**) (‘43**)
330 -36 12
coDb (-10)  (09) (.01
<8 -10 =327 .09 07
(-16)  (-07) (14  (-.09)
N -05  -38°  -20 A1 15
NH, (04)  (-23)  (01) (-20) (359
NOX 05 787 220 18 13 617
ot (12) (=627 (-13) (-13) (23) (447
' DIN 04 767 -21 18 14 707 997
(28) (-66™) (-337) (-13) (21) (417) (847
PO 25 41T AT -24 11 .15 20 20
4 (557 (=339 (-58") (-06) (-21) (.06) (37) (37)
Si0 397 66" -40 01 01 21 697 64" 587
2 (597 (-66™) (-58") (-19) (-02) (.04) (55) (677) (617
Chi-a 03 -19 427 477 21 =220 15 10 -30 .04
(-29) (39 (39 (05 (-03) (-07) (-25) (-26) (-.18) (-.49™)
Dis 29 747 -300 -30 24 .16 457 41" 417 537 08
: (329 (-42") (-22) (-14)  (13) (63 (497 (537)  (08) (32 (-25)
Pre 360 42" 231 .09 .04 11 24 24 347 457 12 667
: (38" (-29) (-29) (09) (07) (25 (25 (35) (15 (30) (-28) (.667)
48"
Sal. (_42**)
-637 31
Do (-877) (36)
/A T 01
cob (-05)  (-07) (07
ss =24 .04 21 -28
(-06) (-02) (.09) (.12)
N 10 =377 -21 .09 15
NH, (32 (-34) (-27) (05 (29)
NOX A3 697 220 .09 20 56"
ot (-01) (-437) (-08) (-13) (-04) (29
’ DIN A3 697 220 .10 21 637 997
(02) (-46™) (-10) (-11) (-01) (39) (999
PO.> 06 -2 -35 .29 .02 477 50" 52
N (-03)  (-23) (-16) (-06) (-01) (.13) (44 (43
Si0 28 -837 34" -07 -02 350 3T a3t 79"
2 (24) (=507 (=349 (36" (-17) (18) (74) (737 (617
Chia 05 =04 477 16 04 229 17 -19 40" -24
(-30) (.05 (46 (1) (=09 (-27) (-15) (-16) (-44") (-29)
Dis 30 -8 .29 .08 .04 447 817 807 477 717 -09
: (28)  (-23) (-29) (-21) (03) (47 (597 (61T) (15  (46T) (-21)
Pre 36" -637  -48" .06 -02 497 507 527 44T 517 -18 66
: (357 (-33) (-48) (03) (-03) (31) (457 (477 (35) (447) (-359) (667
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Table 2. Continued

Station  Variable Temp.  Sal. DO COD SS NHS NOx DIN PO> SiO, Chla Dis.
-41"
Sal. (-.36*)
-82" 47
DO (--837) (399
.05 -21 -.04
cob (20)  (-13) (-21)
<8 -30 17 32" 01
(-36" (200 (30) (-22)
NHL .04 =32 -02 -.05 07
¢ (-06) (=327 (08) (-09) (.13)
01 -34° 214 205 07 65"
NOX % sk
St 3 (-06) (-56™) (-.06) (10) (04) (.547)
DIN 01 350 -3 -.05 07 727 997
(-.06) (-56™) (-.04) (08) (06) (647) (997
POL> =32 .06 14 22 467 -01 23 21
4 (-31)  (-06) (12) (16) (23) (.06) (27) (26)
Sio 11 -27 =22 -08  -.09 23 687 657 39
2 (07) (=45 (-16) (03) (-05) (.05 (.627) (577) (497)
Chi- 02 -09 14 07 =27 03 -22  -19 -537  -31
a (09)  (-20)  (11)  (-19) (-31) (-08) (-21) (-20) (-577) (-31)
Dis 30 -477 =30 07 11 63" 82" 83" .09 587 -l
: (28) (-48™) (-30) (.09) (-15) (57T) (697) (707) (01) (447) (-13)
Pr 377 =33 44" 317 -.06 25 537 57 18 407 28 667
c (347 (-39 (=427 (20) (-10) (24) (47T) (46) (12) (36) (-22) (.667)
2 5 olvhs AL BoFa Qlok B3 APAE T = ADAA FERolof| gt AES Rtk dSel T
2013)0ll A AA1E EZof thgth FFEgtk oyt AFole AT A 7| 2RE deHe R {FUEE AT AT
FFE = = Ae=E ZRIEo| 11 JIFHo] 7|ER O = SR oFa1 apctE|o] oAl RlAkAZ(hypoxia)

o} o FHee AoR ddErh
LEZANDO)E TZ0]|A] 4.34-18.63(9.01+2.16) mg/L,

2ol A 3.62-14.38(8.37+2.03) mg/Le] Wgon, =
23} W2 ALH(ES 11.75£1.78 mg/L, A= 11.19+
1.28 mg/L) =11, o2 (HES 7.67+2.04 mg/L, A% 6.31+
1.19 mg/L) =2 S UetllthFig. 3). =& A4 52t
A5l Hlsl EFolA w03 AFH st 7k
St. 1(33 7.72+2.86 mg/L, A2 5.08+1.04 mg/L)o| A -
AF Zpel7b Bt 2 mg/l olom FSishA yEylth
(Table 1). o 54 AF9] W2 84k lplof TE
Abaxszshe 7Hao 45 FAo o3t Ak T H5
TOo& yrheEh dubd o g Aano] Gafes o]
FE Hon o] Fopdas Yok Zlow oA
UTHWeiss 1970). 53] oj5Holl= 7] A1 HEo
#3920 A FsohaA 2Atolof wE 5ol

MR 4 Glek E3, SN B RS B39 g

i

o] A4 & Stk HlikAE 39 §E4471 2 mg/L
o|gtE Aotz AEHE ok, Hlikago] FAHEW 4
=9 AE5°] A45t7] T o|2H} Dead Zone?] =71
o] =jo] AejAlof ofdeFe ulA 4= QlriDiaz and Rosen-
berg 1995). & AtollA A& o2 HltkadS e
T ey sl 77 St oA A5 AT
5 mg/L o8& Word 20101(4.20 mg/L), 2013(4.67
mg/L), 2016 (3.62 mg/L) oAFHol| FE- A5 T2/ P24}
o|7} Z+z+ 6.03°C/6.35 psu, 7.61°C/6.28 psu, 2.85°C/1.88
psuE UFERFAA 450 = Qi) 5351 20103} 2013
"o whd vh=akZkz) 566.36 x 10° m*/month, 209.24 x
10° m/month)o] ol <= §-2lof 2J3t JFw Q= Ao
2 ARE A o5 9 eR9 Har fo] 2

= ol ofgt YEoks-S FAdskL, sAlol waeet &
7 FYE B2 o A7 fr1EEe] AR 17
T Bol|EHA Ao Ask B T S

-~

e
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E H} QJtHLim et al. 2006; 3} Al 2019).
HoE2(SS)2 #- A= 717k 2.10-130.00(20.79+21.90)
mg/L, 2.60-124.00(24.30+21.93) mg/L 2] HH= A]7]& o
2= ALEQY), FAHHoEE St 3004 o2 AEat A
Aol H]gte] =& W 7130.79+26.21 mg/L)S BT}
(Fig. 3). T3} H|TA Y20 St. 19] A=7} St. 20] 74
oA ke B 3K-0.406-1.900 mg/L/yr)e LERR
o} olget Aik= Aol S7lske v A7l it
H2| 22l sjof ]R3t Sts. 1, 29} ] AR oz AHp
H sfjeoll YxIgE St. 304 2A2] FFo g EHFo] A
FR7F dowt7] Wit o &2 AbmEnh 2 dAtolA = <)
2 248 AFe] o] B3] Hd) B we
ehek Table 1). Q02 g1k shefoll ] o] oy
e A, B £ H 24 S3i(tidal mixing)of] ©fs)
&S Wh=TKBarcena et al. 2016). =4 &3lo] st
Ao Xz AF2] gErt =2 Bl F5 23]
of SEE 7RI et uze] 4L
W A%, el FHs H3EA0) 2718 e
A} A Blele] §4g slelet ), S8 HES} 2ol
Z22(17.95:13.73 cm/s) 2] St. 1(9.0626.22 cm/s)o]]
A St. 3(24.66£12.14 cm/s) 0.2 2+ Zho] 27l A
o2 UehgTh@AsioraAr 2021). weh wa R
o] ke A W= WS sfieSt. DollA= E4 Wl
o2 9] 24 wEo] WASHAIRE 25 si(St. 3)
oM 2RO Ggpo] o 2 oz ARtk
BF5FA AL Q TEHCOD)S E20]| 4] 0.29-5.98(1.34+
0.79) mg/L, AZ04] 0.38-2.05(1.01£0.40) mg/LE 3}5
5 ol A<l St. 19] FZof| A 5¢(2.12+0.78 mg/L)1}
89)(2.5021.45 mg/L)o| BHO] 2 mg/L oJAto R =o
EE EAckFig. 3). o2 AHolA 71 743H0.063-
0.088 mg/L/yr)S LFERH T B3] St 19] 204 20104
8ol 5.98 mg/LE 7} =2 k& Helow, tiid o
St. 1(1.86+1.03 mg/L)oJlA] St. 3(0.97+0.38 mg/L)©.& 7+
4% gro] gaslslek 447t e olg 849 CoD
517} 7] e 2 ek weel gl 97180
Ssol] o webct St 1 E50) 4Ty 2
ol A= COD= HE AHBAE Hof WS sl A
o] FFE WAL 5= HolFitk(Table 2). Fig. 3¢f
A= olegh E4 Wl dE A4 183l COD 71
FRIg 4= AL, @ 2ol 4 9] COD= AAlz B A
ITKSin and Lee 2020). FE35k,

ol F71e ACR B
CODS} AZEFTE AAHChl-a)] FoJat A

of

N e o

(I

4

A)
et HarE vk lom(H 2014), 7 F(2018)> F4Hd
sHold COD SE8 2gsh 0 +aAE gt
AREaE A AN

FEH W ATEY, FAFolA 22 Lol
21 2(NH, )= 0.0630.51(1.63£3.21) #M, 0.01-9.64(1.45+
1.85) uM, OFZ AR+ ZAE A A(NO,+NO5 )= 0.14-125.40
(16.80+19.35) 4M, 0.84-29.89(10.98+£5.29) xM, 9lAe]
(POS)-2- 0.02-2.07(0.51£0.36) xM, 0.03-2.44(0.55+0.34)
1M, TAFE(SI0,)L 0.49-95.96(14.83£12.45) 1M, 0.11-
29.05(13.616.00) xM®] ¥ o2 Lrebgth(Fig, 4). %7]2]
O Z= NH, 7o St. 39] - AHFol|l A 4 ZgK-0.0001
M E Rtk BE derde B ele] 4R 4
HHor vh= St 194 =2 g & B33 HaL
s @ Rl solve wAEGY)Y o154E
Aol =2 4= UEblch A2 g9 ks v &
SollA =A el St 19] #3504 NHy 9 NOy+
NO;+= 201543 5€o] Z+zF 30.51 M, 125.40 uM, PO
= 2011 8€of 2.06 uM, SiOr= 2012 8o 95.96
pME =& g 7|55t Hdt ket & AolE Hal
t}. o] Al7]ol= A A A& Ee g WFH2.18-57.93
x 10° m¥/day)7} AAIE|Qic T3, GUFA HEr} vz
EUE A7]of] SRR AL A T 25 5 oo @
FR7E Qe Ao R SRRIE QI kA AatoAE o
T i A B9 RS 1Y% < 0.01) 4

PAE YERtH(Table 2). ol= A4 s s 2
29| I F0l st Hi= Sl rdEE R
HE o]|Fo|X|= 7; AL A (river-estuarine continuum) 2]
EA(Howarth et al. 1996; Prahl et al. 1997)2 Ho]F=
Avtet Abg ) £33 o]t Ak JAF) set F
ARt 2732719 opphal, ottt Bl 7 shtoll A 24l
Sk 4= QITHYF & 2014; BF 5 2018; 73} Al 2020).

dukA o7 AlZET =9 A AlRbeke ddE
ol Qlojal dffoA= AR dA oy '
el me FUE sl B AAFH st YA
5 ek, obkh Sjoll i <lo] AEEYIE 4%
9] AR B 1E]31 QITkSin et al. 2015; Az} oF 2015;
A = 2016; HF S 2018). DIN/DIPH|Z 3ol A 7KFig.
4), A A71e} S ALlskal thFE Redfield ratio?]
16:1 o]Are] E3E(F= 59.83+108.22, A& 38.38+75.00)
£ Ho| G st sl olM e AlEEEEE A4
QI(P)o] AlgHIALE 283 71s/do] Qltt. 53] shisat
QIF(St. 104 3= 110.03+£172.84, #]= 53.58+122.65)3}

O oI
ol o

r
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A g 5] Z7eke BE(FE 100.90+181.23,
A% 50.58+71.22)1} AJEH(EZ 47.25ﬂ:43.80, A2 55.23+
129.81)0f| Xt} igeksiA Uebdth webal o] Al7]o] Q1
of BHe ABBYAE A Ul S0 FFL v
& Zoz AREHch ATEAHE QAP0 )L 4]
B2etaE YAHChla) G2l3kp < 0.01) JTTHAIS
2 TKTable 2).

AEEZHIE YA chlorophyll-a)2 #3504 0.34-
27.82(4.99+£5.57) ug/l, AZO|A] 0.2524.59(3.41+3.43)
pgLe] 25 Ueflon, tiAlz g Fxel Zo)
2 H(EZ 6.86+7.50 ug/L, A2 2914220 ug/l) 1)1
SHESo] QIAHSE St 1(F2 7.7247.19 ug/l, A% 398+
448 ug/L)ol A 7V & 3He WITkFig. 4). 47180
2 St. 19 =3} St. 39] AZ=of|A A A3H-0.293-
-0.100 pg/Liyr)y& Yeblleh. =W st sjel(=74 sk
Y7 S B S bk Ak dto R 49
& AL E SARTE AT BRI 5 UK
£ 2018; HF 5 2018, 2021). o] AlEZetgE Ao
BTt YRS SRS IS Bol RS Bl

R B UGS O Aok U 2 o o
How 74 BF JPdY T A
P E Aol = _9_‘6]- Y (source) 2 2 A2-3}2]7H(Billen
and Garnier 2007) Ao 33 E118, 98, &84 <3
0] gleF g}%‘tﬂﬁ-}_ o718 Lehrter 2008). obj\‘: o]
2 ajolgl st 19] EFIHE 515 GRoR YREs
U2 B ARZgE Aol Tadh oJokRe I
e Zlo s AR g ojudt JFdT= *o“
oA AQITH(Table 2). ol= T F9o] FFH sv¢
ojA|gk o]Zlo] HiZ AlEEFIAES F7FR oA =
G=Tthe A& Hojeth o] Tl JdHY 3v2 olF
o HATE St. 19] - 2AfAe) AL vt =& %*—’F e
of w& ¥, B=, thA|AZ K flushing time) 50 G437t
Wl A]E'#al-aioﬂ U x= BAZA ogko| ©] F &
U= Kol Akt T o lek HhHe Sts. 2, 30]14]
9 ﬂa‘gﬂﬂi AR QAN TFe] F-ofgt 20 AR
W= didlez Wi %‘494 =214 st oigt
FFo| AastiA TaH FYH= %—’F—’S} | wel A
O 2 AlmEry ot g B Foluk A5 gk el
A FE ESF5le =23} -,T(Anabaena sp., Pediastrum
sp., Scenedesmus sp.) 50| 3l5E%E Q< fFo = G
HA A F7toll A7 71°4°Pt ZAog Hig vf gl
TK(Sin and Jeong 2015; 411} -5 2018).

Oﬂ/k]—701— Blo] AlRZalgE AL Eojzoz AL

H(EZ 6.9946.05 ug/l, A2 5.23+3.70 pg/l)o= oj=4
Z22z20] =0 7100124, 20134, 2015, 20189)S LRy
cFig. 4). 41 79 A 7120z s Aol e Rt

o

o_>t, ﬂll
o
oo

roe

O

o)

YA WS He ko] gt sl o= fYEglnh B
7130] S W A S AL Ho] B whRe)
HIEo} ofo] ZH4sti(Fig. 2), ol 15| o EH vlws
A AREOE ge f9S B3 Qo Bl LAt
TEi ALH B4 WRI Aol wet sjelel e

o Z= 1’4%%1]/\]”4 7L o £l e ASoriY

oJoFal E3] 9] LB A] AR ST =

o) AR % S 2] B4 S glek mebd B

7 st sl AgEoe AEEEEE A (algal

blooms)8] 7lsAdo] Q= ASRE AlgEH, AYHKSin
o]

22
=
o[r[
E
i
-

et al. 2013)0l4] olefa ZAoE eIz % ok
AEEHIE A% I oy 712 Bt HEsH o]
S AN AR W 2 ol 8 W

AP 2 o MIEA BlE TY] HSRA 55 HAE
87F )AL Tl st %L A IS *Mﬁl A9
=493 ARl sAo] Bed Aow wrt
ok AAE oHLA 5 U2 dolA AEA E=
A7 s A2 A71A FE Y] Anle WekE xSt
A9 Bharathi et al. 20 8), 2194 wh4= 89lo] A=
Ay shrolA e AEEEEEY HE Sl FEl &
THAISE AR 0] @74 e = ek 4 Q7] dfszoltt
(Sm et al. 2013). E3}, 2194 T §-90o] 420 njA]=

FAFE ofsfistaL, #elsly] fleiAE Aol AAIE
7:11X4 of wef th=2A Uehuhe i B WREY A
W= a8d Fart & Aolrh

l

Z51A 0|11 EX

Ao 93t 3 HE 54
95 A e Sts 1-39] &
Ol(Factor)o] =53,

=72 WE9] 66.07- 7242%E g5}
(Table 3).

St. 1 329] @9l 1(Factor 1) HE(Sal)1} &2 ¢I=t
B3}k NH,', NO,+NO5, DIN, Si0,2} ko] olx}.%}ak
% 7].;(]13; o]‘: -GLE 7}_,] /\1—_1_]—/\4 ] *731@4\.2 ‘IH
‘|Qr ] Eq—f’: cdoko:l_,] _.7]_ ol OH_'_Q__,] gﬂ;d 326‘1—__&
Uehh=s di H3kE Aigstar okl AlsE o) whabA
00] 12 T4 99l TE 9lHA QoloF St 194
37.16%9] 3 HES st 4= 9J%it)k 22l 2(Factor
2)= 1951%9] 4 Bie-S AYE 4= glom, %, PO,
Si0,9} oFo] QIR DOLL 9] QIAMRSIFS 714
b2 420 w2 DOY| ¥gke}l #ado] =& ﬁléﬂﬁ !
olog My 4= 9tk 1L} PO 9 SiOE EHA| A
Elo] Qlo] HFH o == 3ehA QRlo] HFH o R g
3= Ao & A=t 22l 3(Factor 3)-2 COD, Chl-a7}
Fo] Ao R AAfE|o] AZERFTE o Y
FAAEE e AESHH aglo= FddE 4= glont
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Table 3. Rotated factor matrix extracted from factor analysis

Surface Bottom
Station Variable Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Temp. -.13 .85 .34 .89 .08 -.12
Sal. =75 -41 -.33 -.38 -.65 32

DO -.09 -.80 .30 -.90 -.12 .05
COD 12 .09 .82 .03 -11 .55

SS 31 -.16 18 -44 46 -.11
NH," 75 -.03 =22 43 S1 54

St 1 NOx .94 17 12 .05 .86 =22
DIN .96 15 .07 25 .94 .04
PO,> 25 .63 -36 72 26 .02
SiO, .57 .63 .05 .61 .56 -33
Chl-a .07 =22 .83 -.34 -.20 .61
Eigenvalue 4.09 2.15 1.58 4.53 1.79 1.11
% of Variance 37.16 19.51 14.34 41.22 16.26 10.05
Cumulative % 37.16 56.67 71.01 41.22 57.48 67.53
Temp. 22 -.86 .02 -.05 -.94 .02
Sal. -.84 .32 -.04 -.50 42 -25

DO -.20 .64 .58 -.06 .94 .07
COD .10 -.56 .60 -.20 .09 .58

SS 21 .64 .05 -.01 .05 73
NH4 .65 .05 -.16 33 -.38 .61

St 2 NOx .94 .05 .01 95 .02 .03
DIN .95 .05 .01 95 -.02 .10
PO,* .66 .02 -.57 .64 -.12 -.13
SiO, .84 -.16 -27 .84 -.29 -29
Chl-a -.11 .10 .80 -23 53 .03
Eigenvalue 4.54 1.91 1.52 3.85 2.01 1.41
% of Variance 41.27 17.33 13.82 34.99 18.28 12.79
Cumulative % 41.27 58.60 72.42 34.99 53.27 66.07
Temp. -.02 -90 -.04 .01 -.89 -.13
Sal. -.40 .58 .03 =71 46 .09

DO -.07 90 -.13 -.05 .88 -.08
COD -.14 -.18 .36 -.04 -43 .34

SS .06 52 43 .01 57 28
NH," .80 .03 =22 72 22 -.13

St 3 NOx .96 -.04 13 92 .01 24
DIN .98 -.03 .09 95 .03 .20
PO,* 18 .29 .83 17 .20 .81
SiO, .66 -.20 .37 .55 -.19 53
Chl-a -.12 .01 -81 .01 -.06 -.86
Eigenvalue 3.41 2.47 1.57 3.45 2.49 1.62
% of Variance 31.04 22.49 14.25 31.37 22.65 14.70
Cumulative % 31.04 53.54 67.78 31.37 54.02 68.72

Temp.=water temperature; Sal.=salinity; DO=dissolved oxygen; COD=chemical oxygen demand; SS=suspended solids;
NH,"=ammonium; NOx=nitrite+nitrate; DIN=dissolved inorganic nitrogen; PO, =phosphate; SiO,=silicon dioxide; Chl-a=
chlorophyll-a
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COD7} @A AA=]o] Q= A2 Hop st o]2lo]
= o7l e A2 oA adle] ke o %
SR AC R AT o= Qlrk 891 32 1434%9] =4 H
= AE ¢ AT AT AR 829 139 7|de
o] Z}z} 41.22%, 16.26%, 10.05%= 231 10] AH= a2l
I sfeba acle] =gk a9l 27k we -l e 9
74 aQloR 4T = l3lrk 89l 32 w53t FAs)
A AeEdae Yk w3E Aeehs ale

2 o|

A 4= Stk
St. 29] ¥=2 99l 19¢] NH,, NO,+NO5, DIN, PO,*,

SiO,7} oFQ] QIA}HalEEo & HJHo| 8o QARSI
2 AAEo] Sli= Ao = UEyith o]= St 1 39 &
¢ 13 FARHA 4 F-Ya HE 94 aQle g g
Aww, A4 41.27%2] 4 HesS AEE 4= S8l 2
¢l 2= 42, CODL} 9] QIAMRSIE, DO, SS¢t oF9l
QAFFSFFO R AAfE]of glof St. 19] 82l 29 22 A
A7 gRlog sjAd 4= glov, =84 81l B 7]
= W At Bebdog 283t Ao & ¢ Qlrk &
2l 3:& DO, COD, Chl-a7} F] QIAHESHY, POS7F 59
QIARSIF O 2 UERaL St 1 #3991 337} A9k
Q291 29} 32 ZH7H 17.33%, 13.82%2] 424 ¥HEo Awst
4 Atk AFY a9l 12 AR 59 QAR
NO,+NOy, DIN, PO, SiO,7} 99| QIAME513-S 714
B2 Sts. 1,2 39 8¢l 13 22w Fa v=is
faQlo=m & 4=tk 82l 2= 23t 59 QARSI
DO, Chl-a®} &Fo QIAMRESFFO = A-A Qdlof A&Est
2 qelo] Egtx o0& Uelyltt 22l 32 COD, SS, NH,'
7} o] ARSFES T RE EX T ARG E ASO
BHE Y] J¥A gl o 3ehd aQlo R Alg gk
AZ=oA 892l 139 7]oj8LS Z47F 34.99%, 18.28%,
12.79%= LyeRgT}.

St. 3 EZo|Al= Q21 19 NH,", NO,+NO5, DIN, SiO,
7} o) AR SIEES 7RI ER Sts. 1, 2 #39] 89l 13
22 9HA gRlow & 4= glov, JEe ¢IAMsIo]
UERA] oot B4 E A5 9 A FOoR2HE o YA
ol w2 ssha golog B 4= itk shA|uk A
Al ZiKTable 2)5 L& 749, 29 12 @4 F44+
HAH oA QRlo g HHEr] St. 3 AFoAE A
3} g9 oxtalEE NHy', NO,+NOs, DIN, SiO7} 9F9]
UARSIFS 7 BR e §-7 HE 954 a9l
o8 & 4 ok FATY 89l 12 ZHZF 31.04%,
31.37%9] =4 M-S A 4 Utk 88 2= 2
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