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The Long-Term Variations of Water Quality in Masan Bay,
South Sea of Korea

Jung-No Kwon', Jae-Hyun Lim, Jeonghee Shim, Jangho Lee and Tae-Jun Choi
Marine Environment Research Division, NFRDI, Busan 619-902, Korea
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3l vake] 1 A7) WE 5498 detslr] fsl 37 AH @A)l B71(2000~2012) FEE JUAF T
o] 78 =S ARE FASIITE #5713 Bt 250l A COD, DIN, DIPS] H1F 55+ 2Ht 2.70+0.09 mg/L,
19.66+1.84 uM, 1.39+0.13 pMo|H | Aol M= 7} 2.22+0.07 mg/L, 18.53+1.36 uM, 1.47£0.12 pMo|t}. FE+2]
3% A Aol H-4 % (eutrophic) T F2 Holw, DINS| S5 $Y7E] S71817] Algkato] 1€l ikl
EEL‘GW L 285 E FHash] AlRtete] sl Hagtell o) 2+= Al A WE-& BRItk DIPS} DSie 79, o] a1, Ak
7 ek 898 ATFollA] 7P 28k, 290 TR wotth A AR50 AATHEA Bl QRIEA Aol oahd,
4?’“01 3% Hrrilel whE 571 A Ut Ate] o aRle|lal, AT 85kl Mgt o] o uhE
DIP, DSi¢] ¥&©°] 78 o= VebHT). e, 7 |¥l%s F4a7 e b, <Al AA] 0]$(2007~2012d)
vlakeke] DINT DIP 4555 ©]4(2000~20061 )oll HIl ZHt 68.1~76.0%2)F 66.2~76.6% 73 21 © 2 LjEhY,
20079 Al A9} olof ke @ GAZE o] A (F3] WYR) Hadell F TS = A ow Bk

Abstract — For the better understanding of long-term and seasonal variations of water quality in Masan Bay, South
Sea of Korea, we analyzed the archive data monitored at three stations of the bay during the last 13 years (2000-
2012). The average concentrations of the chemical oxygen demand (COD), the dissolved inorganic nitrogen (DIN)
and the dissolved inorganic phosphorus (DIP) during the monitoring period are 2.70+0.09 p/L, 19.66£1.84 uM and
1.39+0.13 uM in surface water, respectively, and 2.22+0.07 p/L, 18.53£1.36 uM and 1.47+0.12 uM in bottom
water, respectively. The trophic state of the surface water was the eutrophic level in Masan Bay during the four sea-
sons. The DIN concentrations of both surface and bottom waters increased from August to November and showed
the highest average in November. However, The DIN decreased from February to May and showed the lowest
average in May. The concentrations of the DIP and the dissolved silicate (DSi) in bottom waters had the highest
averages in August because of the high water temperature and oxygen deficient condition. The results of correla-
tion analysis and factor analysis showed that the main factors of surface waters were inflow of nutrients from ter-
restrial areas and internal production, and the main factors of bottom waters were the variations of the dissolved
oxygen (DO), the DIP, and the DSi. The DIN and DIP average concentrations (2007~2012) had decreased in range
of 68.1%~76.0% and 66.2~76.6%, respectively from 2007 in which the “Regulation of Total Emission* was estab-
lished in Masan Bay. Therefore, it could have had positive effects on water quality improvement to take the “Regu-
lation of Total Emission* and other actions such as reducing water pollutions in Masan Bay from 2007.

Keywords: Masan Bay("[FTH), COD(3}8H4] AFA~ @ 7-5F), Nutrients(% %2 ), Long Term Variation(d7] ¥ %),
Regulation of Total Emission(F&-1A)
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Fig. 1. The location of long term monitoring sites in Masan Bay.
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Table 1. The long-term characteristics of water parameters in Masan
Bay from 2000 to 2012

38 -

parameter layer min max mean se
temperature surface 3.81 28.30 16.09 0.58
(°C) bottom  2.22 24.40 14.36 0.45
salinity surface 2.52 34.30 30.41 0.32
(psu) bottom  27.08 34.30 32.22 0.10
oH surface  6.12 8.86 8.12 0.02
bottom  6.12 8.30 7.99 0.02
DO surface  4.66 14.99 9.20 0.17
(mg/L) bottom  0.00 13.68 7.41 0.25
COD surface 0.83 6.64 2.70 0.09
(mg/L) bottom  0.62 6.74 2.22 0.07
ammonia surface 0.00 62.27 8.69 0.84
(uM) bottom 0.21 81.82 9.78 0.90
nitrite surface 0.00 17.99 1.10 0.17
(uM) bottom 0.00 19.36 1.03 0.15
nitrate surface 0.00 90.14 9.86 1.21
(uM) bottom 0.00 58.34 7.72 0.80
DIN surface 0.22 133.34 19.66 1.84
(uM) bottom 0.54 86.83 18.53 1.36
DIP surface 0.00 7.38 1.39 0.13
(uM) bottom 0.00 9.32 1.47 0.12
DSi surface 0.00 44.78 12.05 1.11
(uM) bottom 0.00 68.05 17.55 1.50
SS surface 0.60 34.40 7.07 0.42
(mg/L) bottom
chlor()phyll_a surface 0.17 71.00 11.37 0.79
(ng/L) bottom
, surface  0.11 296.14  26.70 3.16
NPratio  om 275 19093 1949  1.85
surface  -94.59  102.94  -2.54 1.81
DINXs = ottom 9490 5659 497 131

pHS] HI9)= = 6.12~8.86 (8.12+0.02), A% 6.12~8.30 (7.99+0.02)
2 3Z0] ATl vl 0.13 A VERRaL, 5 1 Aloli= IA] sk
t}. DO2| S EHH 5= AN %5 4.66~14.99 mg/L (9.20+0.17 mg/L),
A% 0.00~13.68 mg/L (741025 mg/L)Z E50] # 5ol H]s)] H
1.80 mg/L =941, 52 Uitol v[3]| ko R Ars =2 ks
HA o, AF2] 79 st. 2004 71 5| VERTE coDe] H9
(BH+EF 2= E3 0.83~6.64 mg/L (2.70+0.09 mg/L), A=
0.62~6.74 mg/L (2.22+0.07 mg/L)% ¥30] 0.48 mg/L A LEt
AL, iRkellA] gRte g Zrs slolx)= A3E Halrt

o ujold 40 MY (HH+EF A= 3 0.00~62.67 pM
(8.69+0.84 M), A= 0.21~81.82 pM (9.78+0.90 uM)E A Z0|
E=o el 1.09 pM H& Ao 7 Ve, Yvtola] guto 2
L2 volx| = AR B oith oA A9 mg(ﬁq-ﬁ:}_z:i
A= FZ 0.00~17.99 uM (1.10+0.17 puM), A= 0.00~19.36 uM
(1.03£0.15 pM)C] L st. 3& ALJBRE F50] AZol vlal =9k,
LHB}-oﬂ/q ﬂu}ﬁ Z_:}:‘r\i %o].;(]k_ 7ﬂ }"é Eoﬂ\;]. 2])4-21/&3] H
A EHTEET A= EF 0.00~90.14 uM (9.86=1.21 pM), A5

ofgE - Helle

0.00~58.23 uM (7.72£0.80 uM)Z EZFo] AZo) B]3) 2.14 pM
T A0 7 e, Udlell X SRte ® A gholx|= AES
Btk DING H(FHA+EF23hHE 3 0.22~133.34 pM
(19.66:1.84 uM), A= 0.54~86.83 uM (18.53+1.36 pM)E 5
Holda 557t 2 st 28} b A F57)F & st 39 A
zo] EZznr) b:ol-oq. AAR o 2 F=0] A=of ]} 1.12 uM
& o ® UL, Uintell A gpto g A o ke Jlow

%ﬂ”ﬂ

DIP?] W9 (A0 3)= B35 0.00~7.38 M (1.39+0.13 uM),
A% 0.00~9.32 uM (1.47+0.12 uM)E Zﬂwl =0 0.08 uM =
AL, Wiwel| A glwtow A5 vholx|= A B3tk DSiel
HRAEA+EF 22D E EF 0.00~44.78 uM (12.05+1.11 pM), A5
0.00~68.05 uM (17 55+1.50 pM)E A50] 3ol B]8l] 5.50 uM
T Z0F VEREAL, st. 29] ATl 21.67 uME 71 A e
woh 25 SS9t chlorophyu-aJ HAFHd+EF2 = 42
0.60~34.40 mg/L (7.07£0.42 mg/L), 0.17~71.00 pg/L (11.37+0.79 pg/
LP]aL, 7 733 B UiitellA] Qubo s 5 volx= 335 Bl
ol N/P H](N/P ratio)®] Hi+S F35 0.11~296.14 (26.70+3.16), 4]
S 2.75~190.93 (19.49+1.85)% 30| ATl Hlal] 7.21 #3kaL,
LH“POM Qo Zs vhop = AaS Blo, A Fle

E-ATE] Fato] 16 o ow wht a9 5T 1H A A
o] z}Jel Zii YT

AMA o7 =& pH, DO, CODE E50] A5l vlal] =11, &
2 230 AT °ﬂ Hal w2 2o % vepsith A Re 2ot
COD+= 9J¥re & 25 wolx| 1, 9+, pH, DO+ &JRke = 24
lrrio]-x]_. 7:]61——_ E.Oﬂ\i}. 5| onﬂ ] O O]-U],]O]—Z]/K DIP,
DSit= Aol Zool vlal] Eok=tl, 53] st. 29 A5 B &
Koz, DIP, DSi€] #57F 3250l vlal] o FusA A =8k
al, o}zl/\}xlz\ AAA A= E?io] xﬂﬂoﬂ ulgﬁ EOH:} w3} ooﬂoo‘t
A AN AR e R AE ST} solR)= ARE B

Chlorophyll-a, DIN %! DIP®] %54 Hv2 2+7F 11.37 pg/L,
19.66 uM, 1.39 pMO.Z vkt ¥54=2] =212 Wasmund ef al.
[200179] S FoFAel HFol wa) H- ﬂ%k(eutrophic) GAZ &
T g Adnk Blsest A7) Q12e] 373wk @lj%] €] %5 chlorophyll-a,
DIN ¥ DIP 521 2.37 pg/L, 7.74 uM, 0.62 pMe]l H] 3]l (Kwon[2010]),
2] 3 FAFAARESY 2.66 pg/L, 6.75 uM, 0.50 uM(Kwon et al.
[2013])°]l B3l chlorophyll-a= 58l ©]’, DIN 2! DIP= 28] o)
=2 710 2 eIt
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At 2] APEB S 250 7

[e)
HAx 6}7410 890 25.41 °CE iR, X1%% 2 ol 5.56 °CZ
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Fig. 2. The average variations of water parameters at each site Masan Bay from 2000 to 2012.
doll 345 A7} ok Aol mlal & Ao veptar, sAlel  alf Zfolrt vl A A vERs e g frido] W 89 ETollA
= Xﬂi 29 P e AR AYAU SO RS 5 piv) e AS AREYIES] A O S50 g
4 B3t F55 3L, AT pH7E % Eﬂx—iﬁi 2 A2 ARt Astel A Aol
pHE %359 491 0] 8.00% HA, 8€0] 8252 HY¥ L, A9 g4 L[H—r-ol\’/]-(Sorensen[l978]).
Ao 8Yo] 7.87% zﬂ Qo] 8.07 zﬂﬂl‘iizﬂ% E3o] Asol DO= ¥29] 4% 11€0] 775 mg/LE H4, 2€0] 11.03 mg/LE
HlE) 1, £3] 849 74 E-AZF 27F 0382 o2 Ao v] Hoia, AL 8 o] 4.15 mg/LZ 2, 290] 10.83 mg/LE |
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Fig. 3. The seasonal average variations of water parameters in Masan Bay during the period of 2000~2012.

ideh. A A g1t F50] Aol Blel kA, 53] 5EFH 2 WERR AL, 583 822 5ol Aol Bl 2+t 0.94 my/L,
A 52] Apol7} Al Y] Al#teted, 8€ell 3-AF AFe]  0.75 mg/L A VERTE $71Q1 8€el] Efel mE 2.9
7} 4.64 mg/LE 7FF Zlvh 88 A0 W2 DO o] W shel 9l B2 AU Y R 83 Stelld AEEREaE
A SHE FHAh RokE FA O] WE ARG B F=5 whie O] digi o= 1k 2 coDe] S7HF COD F7ke] ERlo
o7 PAF CoODE £59] 79 1199] 205 mg/LE H4, 8 Hox}

o] 339 mg/LE HI L, AT 3k 119 1.87 mg/LE HA, 8 S jobdAse 3150 79 2¢90] 6.28 uME #2-, 880] 10.87 uM
o] 2.64 mg/LE HUE UrEMRiB}. A A F30) AR A = HiSla, AS oA 280] 438 pME H4, 890 1479 yME H



o] 5ol vlal #A ekttt obdabd s 250 A 590]
0.50 uME F 2, 8€0] 1.65 pME T3, A3~ 5€0] 040 M=
24, 11€0] 1.88 pME FHuIQleh. Aabdas 250 Z-¢- 5€0]
580 pME H 4, 890] 13.93 M= HthQar, A5 59€0] 492 M
E #HA, 2€0] 10.62 pME HSITh DING 325-2] 749 5€0]

[e]
13.53 UM F 4, 890] 2644 pM=E H |1, A5 290] 1559 uM
% HA, 8€o] 2536 yME HthSlth thAE DINS SHAIR] 89
of HUgks Bl 5 1195 A} wobx BRI 2985 A &
ARl 5Ll & Kol nlzstk A7) sREAARKe] 1180
DIN =57} Hujl 212} vlw g off vk shbAAREE T SHA|
e el 9Es 9 At W A 0w B thKwon et
al[2013]).
B2 A9 290] 0.93 uME HA, 89S 1.65 pME
AZo 290] 0.85 pME H A&, 8¥0] 2.19 pME H=
YERISITE A= 29, 59, 1198 330] A5l vlal ozt
=9koLY, 8Yell= AT B HISlaL, Aol 33l visl 0.54 pM
AL =A JEFSTE DSiE 252 B9 290] 3.46 uME HA,
11€0] 2325 yMZ HUIF L, AL 290] 3.12 pM=E H 4, 8¢
©] 30.69 uM= FHdE HYERASITE DSiE DIPS} 3] 114-271<1
82| AZlA e B33, o] A7) AFo] xZe] Bls|
18.00 pMoIH} A YER, S 57F 7 Wokd 29 A S]] v)s)
109 71 3522 S5 W) o) 82 1=27] Wlaka SjellA H4
9] 3k $7ollM DIPS} DSie] Fwo] S wheel 210 Ko
ZIth(Danielsson[2014]; Lehtoranta and Heiskanen[2003]).

¥ chlorophyll-at A AldellA &2 S5 B33, 1€
7.78 ug/LZ HA, 8200 1527 pg/LZ HUAE B, I4A
O] FEF Ao R a1, IpR7Q1 8ol AEEFAES] T
2lo] 714 ghikel Zlo 2 Helt),

=
& EES

AL,

rc=
o 1=

N/P ratio & F329] 7% 5€0] 19.000.% 4, 8¥0] 36.86°0%
H)F 1, AL 890 18322 H4, 290] 24.94% HUIE Ve
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sk A A NP ratio”} 16 01402 DIP7} A &E23 5=
AlgEIAeILE, DINxs gro] ()1 28wk DIP7} Al S Q1Ajo
¥, 848, 11¥€2 ()9 #2= DIPF I 35
LFERSTH(Wong et al.[1998]). B=3F chlorophyll-a, D
7o % ok ikt &9 ] A JFdElE A A
(eutrophic) @AIZ YERITH Wasmund ez al.[2001]).
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o] spoJoy
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1] S etebr] Q18 AT 4 A
X1 A3E Table 2, Table 30 YERAICT
=2 G B DO} (-)9] A, coD 4
AE B3It ¢S 5, pH, COD, 77|
Z2, DSi ¥ chlorophyll-a®t 27 5(-)8] AHAE B3, pHE=
G R Yobd A Ahk A DIN 2 DIPSE 5(-)] A3,
<, DO, COD, SS ¥ chlorophyll-a2} ()] ATTAE BTt
DOE 5ol W ARRESIE 7hae] T F(-)] A
AE B313L, pH, chlorophyll-ash= YH(+H)2] AHAIE KT ol
EEFAE Skl s 54 0% dddr. coDeE dE
A G 9T L R, 2, SS
chlorophyll-a's-3} % (+)9] FHIAE Ho] AEEHAES] &
Hof w2 YRAPAE A4 COD7F AR AX|shs Zlo =
WETE DING 5 5(-)2] IS velfo] 79 <
= RO kgt R Yok A= pH 2 DOS} 52
FHIAE VERE 20 = YERITE DIPE DINZR= Ee] 977
} A= 2oz Yelta, pHY DOS ()2 At
AE Kol RIAkA SlellA] ok+)2] AaAlE el et obd A}
DSi¢} ¥ 557} oAl = Z o2 I t(Danielsson[2014]).
DSit= 23 ()] FHIHAE Ko o] Fow st
BEARS) S ()Y AdHEAE B R Yol A, DIPS) v E
A2 Aakastel A EolAlE 2 o2 k¥ th(Lehtoranta and
Heiskanen[2003]). chlorophyll-ax= %3} 2(-)2] JHAIAE KA
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Table 2. The correlation coefficients of surface water parameters by Spearman’s correlation analysis

temp. salinity  pH DO COD  ammonia nitrite  nitrate ~ DIN DIP DSi SS chl-a

temp. 1 -0.491™ 0357 -0.383" 0.462" ns ns ns ns ns 0331”7 ns ns
salinity 1 -0.224" ns -0.393™  -0.222"  -0237" -0.597" -0.494" ns -0.346™ ns -0.251™
pH 1 0.420™ 0.496" -0.273" ns -0.205" -0.265" -0.397" ns 0.206"  0.403™
DO 1 0.249™  -0.409" -0.285™ ns -0.3617" -0.474™ -0.534™ ns 0.269"™
COD 1 ns ns ns ns ns ns 0.409"  0.566"
ammonia 1 0.520” 0.400™ 0.828™ 0.619" 0.360" ns ns
nitrite 1 0.356" 0.596" 0.340™ ns ns
nitrate 1 0.838" 0.296™ 0.281" ns ns
DIN 1 0.520" 0.395™ ns ns
DIP 1 0.370™ ns ns
DSi 1 ns ns
SS 1 0.310™
chl.-a 1

*: p<0.05, **p<0.01 (two tails); ns: non-significant.
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Table 3. The correlation coefficients of bottom water parameters by Spearman's correlation analysis

temp. salinity pH DO COD ammonia  nitrite nitrate DIN DIP DSi

temp. 1 -0.450"  -0.400"  -0.759" ns 0.331" ns ns ns 0.420"  0.570™
salinity 1 ns 0.302"  -0.407" ns ns ns ns ns -0.388"
pH 1 0.516" ns -0.375" ns ns -0.299"  -0.484"  -0.375"
DO 1 ns -0.602" ns ns -0.411"  -0.682"  -0.768"
COD 1 ns ns ns ns -0.278" ns
ammonia 1 0.447" ns 0.765"  0.654™  0.488"
nitrite 1 0.221° 0.610™ ns ns
nitrate 1 0.677" ns ns
DIN 1 0.480™ 0.350™
DIP 1 0.630™
DSi 1

*: p<0.05, **p<0.01 (two tails); ns: non-significant.
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Table 4. The principal components of factor analysis and the eigenvalues
and cumulative proportions of the surface water at the study area

Factor
1 2 3 4

DIN 0.909 0.389 0.001 0.022
nitrate 0.841 0.140 0.067 -0.017
nitrite 0.681 0.039 -0.100 0.156
salinity -0.655 0.238 -0.276 -0.426
ammonia 0.638 0.562 -0.051 0.028
DIP 0.237 0.799 -0.006 0.069
pH -0.042 -0.653 0.431 0.214
DO -0.116 -0.606 0.308 -0.603
SS -0.098 0.221 0.801 -0.052
COD 0.083 -0.273 0.770 0.277
chlorophyll-a 0.072 -0.244 0.716 0.029
temperature 0.040 -0.141 0.195 0.904
DSi 0.279 0.450 0.076 0.579
Eigenvalue 3.01 2.38 2.17 1.85

Variance % 23.12 18.32 16.65 14.25
Cumulative % 23.12 41.43 58.09 72.34

*extraction method: Pricipal Compnent Analysis, Kaiser varimax 7
rotations

DIN, A4, ob Ak A, it 9 bR yjobal gl A 2221
(factor 2)= DIP, pH & DO}, Al 3220 (factor 3y SS, COD 2
chlorophyll-a 17, A 429 (factor 4y= -3} DS} 5520t} 241
H A A Gh(cumulative %) factor 10] 23.12%, factor 27} 18.32%,
factor 3°] 16.65%, L8] 3L factor 47} 14.25%% 2t2t VFEFSTH
(Table 4).

Aol thgh Q1A A 4719] Q1] (factore] FEESUAL, 74
A3k (cumulative %) 78.52%% WERSLTE. Al 1221 (factor 1)
DO, DIP, DSi, 5~2, pH % o431, #| 2291 (factor 2= &
AP A} DINO|Q AL, Al| 3221 (factor 3) oFHAFAASI A, A 4
8 Ql(factor 4)= CODS} Aol FEHUTh Q< H A A%k
(cumulative %)<= factor 1] 35.07%, factor 27} 14.94%, factor 3]
14.88%, 1& 3L factor 47} 14.64%% Z+Z+ LJERTH(Table 5).



Table 5. The principal components of factor analysis and eigenvalues
cumulative and proportions of the bottom water at the study area

Factor
1 2 3 4

DO -0.912 0.024 -0.147 -0.115
DIP 0.839 0.193 0.029 -0.246
DSi 0.817 -0.050 0.164 0.116
temperature 0.727 -0.229 0.104 0.412
pH -0.666 -0.358 0.319 -0.063
ammonia 0.651 0.235 0.512 -0.147
nitrate -0.065 0.910 0.125 0.077
DIN 0.382 0.710 0.576 -0.038
nitrite 0.045 0.151 0.910 0.048
COD -0.157 0.109 -0.133 0.832
salinity -0.283 0.023 -0.143 -0.790
Eigenvalue 3.86 1.64 1.64 1.61

Variance % 35.07 14.94 14.88 14.64
Cumulative % 35.07 50.00 64.86 78.52

*extraction method : Pricipal Compnent Analysis, Kaiser varimax 6
rotations

A 129 (factor 1) E352] 7% DIN, dAbd 2, opdabd s
Gt 9 EuoblA R SEdel whiE A F199AS] &
S UehilaL, 452 DO, DIP, DSi, &, pH % 915
obalAgl o] kA0 MET oo W pH, S0 E 97
htae] Wie] 8 24F el s 314-27] Rlika 31
E| A5 ghgl 27004 DIP, DSi ¥ ¢ UobdAe] 820 2 2
Ql(factor)?] Z1 0.2 HIZITE A 22.Q](factor 2)> X529 H$
DIP, pH ¥ DOE Webstar, A5 A4 A9} DINOE LERY,
ES0] Al 19910] iy} F71d 2] Ay} vlwshd #5e] ik
Ao WiFo] 35 vk 545 vEhditkar shdsTh 2] 3891
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gl Ak SHAE SR 53], CODZF it} 22 2Rlo]
7] ok Z1 07 Hot AEAEFIES] A o% Qs A4
9RETLF8 Q919 o7 Kol Atk 59| ¢ opHakd
28] MEo] 2 21U Ao R LeRT) Al 423 (factor 4)= %
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A2 AT 200595 EFo] AR O R vk, A5 A o

EAT A HEo] 20073 710 Adhs A4S Btk
olef] Riel DSi= A WERth F5E wso] o] & Zlo® 1
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SHEE ttest 47 pH % DO= ¥F, CODE A5
7144734 4 DIPE 3E-AFollA] BAA R fel gt & et
2fo]7} Q= o2 VRt 2] ¢ EF2 2.05 psu, Ao
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Fig. 4. Annual variation of surface water parameters at each site in Masan Bay from 2000 to 2012. Error bars represent one standard error.
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Fig. 5. Annual variation of bottom water parameters at each site in Masan Bay from 2000 to 2012. Error bars represent one standard error.
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Table 6. The pre-post difference of t-test result on the water quality after TMDL (Total Maximum Daily Load) in Masan bay in 2007

pre (a) post (b) difference (b-a)
parameter layer t-value p

mean se mean se mean se (%)

temperature s 0.31 0.754 16.25 0.78 15.89 0.85 -0.36 1.16 22

(°C) b -0.51 0.609 14.15 0.58 14.61 0.70 0.46 0.90 33

salinity s -3.28 0.001 29.47 0.54 31.51 0.23 2,05 0.62 6.9

(psu) b -2.03 0.044 32.04 0.13 32.43 0.13 0.38" 0.19 1.2

s -2.04 0.043 8.08 0.04 8.17 0.02 0.09° 0.04 1.1

pH b -0.87 0.387 7.97 0.03 8.00 0.02 0.03 0.04 0.4
DO s -4.89 0.000 8.47 0.21 10.06 0.25 1.60™ 0.33 18.9
(mg/L) b -1.91 0.058 6.97 0.34 7.92 0.37 0.95 0.50 13.7
COD s 0.23 0.817 272 0.11 2.68 0.16 -0.04 0.18 -1.6
(mg/L) b 2.33 0.021 2.37 0.07 2.04 0.13 -0.33" 0.14 -13.9
ammonia s 5.78 0.000 12.78 1.36 3.91 0.49 -8.87" 1.53 -69.4
(uM) b 4.94 0.000 13.61 1.47 5.32 0.57 -8.29” 1.68 -60.9
nitrite s 3.75 0.000 1.69 0.31 0.42 0.06 -1.26" 0.34 -74.9
(uM) b 3.41 0.001 1.49 0.27 0.49 0.05 -1.00™ 0.29 -67.2
nitrate s 5.86 0.000 15.80 2.00 2.94 0.42 -12.86™ 2.19 -81.4
(uM) b 6.35 0.000 11.94 1.30 2.80 0.34 -9.13" 1.44 -76.5
DIN s 7.16 0.000 30.27 2.90 7.27 0.76 -22.99™ 3.21 -76.0
(uM) b 8.03 0.000 27.04 2.04 8.61 0.70 -18.42" 2.30 -68.1
DIP s 7.15 0.000 2.15 0.21 0.50 0.06 -1.64™ 0.23 -76.6
(uM) b 6.54 0.000 2.11 0.19 0.72 0.08 -1.40™ 0.21 -66.2
DSi s 1.48 0.142 14.36 1.73 10.90 1.41 -3.46 2.34 241
(uM) b 0.51 0.612 18.63 238 17.01 1.91 -1.62 3.19 -8.7
SS s -1.41 0.162 6.52 0.51 771 0.70 1.19 0.85 18.3

(mg/L) b
chlorophyll-a s -1.13 0.259 10.54 1.14 12.34 1.09 1.80 1.59 17.1
(ng/L) b

*: p<0.05, **p<0.01 (two tails), layer s: surface water; layer b: bottom water.

.2 %

2000~2012\d F<F mHeRE S199C] COD it §%i= 3%
Z} 2.70 mg/L, 2.22 mg/L, DINS -4 5 242} 19.66 1M, 18.53 uM,
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