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Abstract

The purpose of this study was to understand of water quality characteristics of lake Paldang, especially at a certain
representative site, right in front of Paldang dam (P site) and to propose the directions of water quality management of lake
Paldang. Water characteristics at P, site was investigated by principle components analysis and the Pearson correlation
coefficient analysis. Also, seasonality was identified by the Kruskal-Wallis test and long term trend of nutrients and
chlorophyll-a was analyzed by seasonal decomposition method at lake Paldang statistically. The primary factor affecting on
water quality at P, site was identified as nutrients, while physical parameters, such as rainfall and inflow rate were also
important factors. At the result of linear regression analysis particulate organic phosphorus (POP) vs total phosphorus (TP)
showed very high correlation of 0.78. TP loading was increased annually from 1995 to 2006. Chlorophyll-a and nutrients
show seasonality at P, site. Long term trend of Chlorophyll-a wasincreased by increase of TP at |ake Paldang.
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Fig. 1. Study sites.

Fig. 1o d7dd AdS vehiah & d7xe & £ ol&sta, I 99 FFd distale A #;He ol&

ZESFATLA wiF D v A8 AHFHSH EA 319tk DON(dissolved organic nitrogen)< DTNelA DIN
FAEF G 19959 FE 20060 71X @8 FEAEE (dissolved inorganic nitrogen)S wiAl Al4Fsld =l DIN2
o] &5ttt Bgs EHQ £ 54& FAkS] St NOs-N, NOx-N(nitrite nitrogen), NHs-N¢ s=& 3 A
o 239 & AFY FEARE ol &AL, TFHA(P) ojtt. ojf NOrNZ AAF FollA 22 E4 skl NOs-N
ARG Fdo dFE FE 29U Loty st 53 o2 Heg 5=E 022 71gste] A4tstdth PON
ZozRE 9 FAAHEQ FEAA, GFFo2HE ] FY (particulate organic nitrogen)< TNellAl DTN& wi® PN
AHR Z3AE 2 FAAe2REY {FAAHL BAA (particulate nitrogen)©] Y=t AAF Foll 714 PON
de Agg a4 W AFLRE oMl A(P), EAAL & 2 ZAsE2 PN PONe2 At POP(particulate
(Ps), AT H(Py), TR EFAATE &P AR 2 organic phosphorus)= TPl DTPE W™ PP(particulate
ABE o] L3t} phosphorus)ldl A% PP dif-& POPY de=z &
Atz PPE POPZ Al4Fsl$ith. DOP(dissolved organic
22. 84 M phosphorus)= DTPellA DIP(dissolved inorganic phospho-
o999 & 29 545 8- Fs] dstd FHE rus)s WH ==t AAFY DIPE PO-PY BHE &4
B (principal component analyss) 2 H#FEAHS st B2 DTPIA PO,PE w4 DOPE T3tk Za &
FEERAS HEF A o8 7HA B FelAME 7 YrEEed 54 9 IFE A f3td F7teAd
22 o zA 4uttd 4#8E Ze o938 FF9 Y EFEEALH(2008)9] ZERHATEARE &=
548 #EY BEE & &4 jlo] AR FEETE 2509 t o] A&E 2008 ARFH AcltiFig. 2).
T SEREFER)LE 2% e FHolt = F SHAE, 231 o A TN, TP 2 chlorophyll-a A&
299 A w2 WFY FE FHasshe Fu A of et A™GES &ty st Kruskal-Wallis 278
B varimax S ARESHE 29l e deEtd S °]&3st9 3L, box graph® YERATE =g | <k AH
Atk 24 AEEZ= WT(water temperature), pH, DO S TPt FAo FFE WA AeE YGHAAE &
(dissolved oxygen), BODs, CODwn, SS(suspended solid), WY AAI Bz F57 AoA AR A tatd® A
T.coli.(total fecal coliforms), TN(total nitrogen), DTN(dis- AL Felgtd AAYE BEAES gt AAE A5 H
solved total nitrogen), TP(total phosphorous), DTP(dis- Bl dFE FE 99oz2Es FALQ, AHLQ, £
solved total phosphorous), chlorophyll-a, EC(electrica Ql So] Ut} AJAIEAFNA L A7FA] Q9o dY
conductivity), NOs-N(nitrate nitrogen), NHs-N(ammonia g 4 gt FES 29499 32 BFFRQQlolgiy B2
nitrogen), E.coli.(fecd coliforms), POsP(ortho phosphorous) H o|RAE &3] F&YeXxHrandom error)gtil [tk AlA

TAEN stmE&sts|x| w25 x25, 2009
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Fig. 2. Monthly average variations of hydraulic and hydrological characteristics at lake Paldang.
4 A5 ¥HE dEFS FE A K47 2 2% 1
:—:‘. ]’ -4 ‘o ];o [} nn ]’ l ]’ 01; ] 2 H STG, = *[(SAS)t.z + Z(SAS)H + 3(SAS)1
St B BPOEAL AUEFR FPRPe] At 9
d, 2 AP A sEEFS Agsdth $8RE 4 (1) + 2(SAS) + (SAS)] ®
e Ry AASES 7 WEedEe FoE AF
St (= %1, 2005). t=2 -, n2
SAS = (XJ/SAFy)100 (Multiplicative Model)
X¢=TCSl, t= 1, -, n (Multiplicative(5%®) Model) (1) m =t - [t/p]p, SAF : Seasonal Factors
TC; : trend cycle component ETE LR = ot 4 (4)¢ 2th
S : seasonal component
ly : irregular or random component It = (SAS)/(STC) @
A2 E(Seasonal factors)2 4] (29 2, FA <22 t=1, -, n
¢1(Smoothed trend-cycle series)oll Wt L& 4] (3)
I 2o FAE#Eae AZXE AE SAS(Seasondly 2 dFolAe 199504 20067419 TN, TP, chlo-

adjusted serieg)oll ek 3x39 olFH S HEoto Lol

o E oA ALEHE AAT F gE ADITHET
3, 2007).

F. = medial average(Slup, Sluzp ***y Slisap)s
1<t<L-[L/p]P
= media average(Slup, Sluzp, ) Slisg1p)s
L-[L/p]P<t<[p/2]
= medial average(Sli, Slip, ***, Slisg1p),

[p/2]<t<P

L=n-[p/2]+1, g=[L/p] if p is even and al points are
weighted equally
L=n-[p/2], og=[(n-p/2)/p], otherwise

A 100

P
E F, t=1, =, p

t=1

SAR )

rophyll-acl tiet @B+ ARE o] &3t AL Es
A A AEE AZLRI(SAY), EF LRI, FA
(STOL2 UFAaL, FAE2dA 429

Mo FY FPsde] «BaAG AL FAYEY
& FEun

3. 2t & IH

31, PAIENMS FHE 2 U MTEMAD

2gsE WY BhoWA foMAe] Wl %o
240 o3 ggol 2 sholth EF Y 5o Ti
3 s 99 AdEE 982 gl a1 gl 235
M9 +A5HL A7t gk 2HER BYH
o WE AL UEI JE W WP) AFANY 52
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Table 1. Rotated component pattern® a P, site 9 Qo= oz er TP 22 JIAY F¥Ew 2
ltem Component % 9 S5 9BI 2 EAe 99l AAAY gy
1 2 3 4 5 6 5, WT, DOst 2& AAA 29, pHet 2L A E5s
;: ggi ¢l 291, CODwn, BODs, chlorophyll-ast Z& F710H4E&E2
TOP 748 89l Fo=Z Yyt A A FHE 202 QA4E 4
POP 723 FEFE YESRIL, F HAZE Z9FH 9ES 22
PO,-P 714 FZFHHE 8Qlo] FRA JEEth 283 Al AAZEE
SC | 6% Azgro F23 2902 veh} JFAFE 24
E.Coli. 171 . _ N
o T a9l Bz Fad $4 SHo= vhepd
T.Coli. 732 QFH, 1995 3@ FH 20063714 2P 59 FUFY FF
Inflow 715 A5E XIste] @Y < AFP)AA A7 7HA +F
TON 969 FEY Pearson JABAE AW EITHTable 2). 1 2
o g 3 HURYE BT 0884(p<00) ES FAVAES
DO ' 902 UeP ATE Egt | Py A HAA A A FHES=E
wT 843 et TP fY7% % A8A 7+ 0537(p<0.01), TP}
DOP SSE 0.662(p<0.01) 2 F<& FHB/AE Hehi e TP}
NHs-N 826 POP: 0.881(p<0.01)Z ¢ &2 A##AE UYeiAL,
Eﬁ gég SS9 POPE 0.711(p<0.01)¢] ¥ A#ABAES Jerf ek
CpOD ' 888 S, ZeFH TPe A#AT7E 0439(p<0.0) 2 A= 4
Chl-a 673 HRAZE AeE dERAL, ZFF SSE= 0.366(p<0.01)
BOD 616 02 27 92 FEFAE JERAT
Extraction method : Principal component analysis T3 F7FAL B ST H R2A2H(2008) ZHHFEA
ROtﬁIiOn. method : Var?max .With. kaiser normalization _g_ 0]%3]411 %%%%q ‘loﬂﬂ- 7(]__(')_%]:‘]4_ ‘ITCQ %%]:% H]
a. Ratation converged in 8 iterations.
Table 2. Pearson correlation coefficient among water quality parameters at P, site
Inflow Rainfall TN TP Chl-a SS DON PON DOP POP
Inflow  Pearson Correlation
Sig. (2-Tailed)
N
Rainfall Pearson Correlation 884 *
Sig. (2-Tailed) .000
N 149
TN Pearson Correlation 146 154
Sig. (2-Tailed) 076 061
N 149 149
TP Pearson Correlation 537%* 439%* .228%*
Sig. (2-Tailed) .000 .000 .005
N 149 149 149
Chl-a  Pearson Correlation -.096 .018 .128 121
Sig. (2-Tailed) 246 829 121 143
N 149 149 149 149
SS Pearson Correlation 481+ .366%* 134 .662%* -.049
Sig. (2-Tailed) .000 .000 103 .000 549
N 149 149 149 149 149
DON Pearson Correlation 161 159 231 157 .026 .203
Sig. (2-Tailed) 235 241 .087 .248 .850 133
N 56 26 56 56 56 56
PON Pearson Correlation 032 -.049 .335* .291* -.164 .250 212
Sig. (2-Tailed) 813 716 011 028 222 .060 120
N 57 57 57 57 57 57 55
DOP Pearson Correlation A450%* 436** .326* .612** -.258 321* -.181 =117
Sig. (2-Tailed) .000 .001 .013 .000 .051 .014 181 .386
N 58 58 58 58 58 58 56 57
POP Pearson Correlation 595%* .381** .384** .881**  -.105 JT11** .336* A23** .255
Sig. (2-Tailed) .000 .003 .003 .000 435 .000 011 .001 .053
N 58 58 58 58 58 58 56 57 58
**_ p<0.01
*, p<0.05
AN =SS EASE| K| FM253 H[25, 2009



Tosel JAAT WIIHE FHEY 299
S A} A7IEE FARE AEFE e ATH(Fg. 2). & Table 3. Seasonality of water quality a lake Paldang
FoE A 99 dFE Bo] e Y i AR Seasonality test statistics
U oZEE 9 Q9T =z 7o o PFS wt} Site Item (p-value) Seasonality
£ AL ¢ F At 3, £2G7 Aol A ol & Kruskal- Wallis tet_satistics
BZ 719 BAE FEALOTA o] Aold AZL % chlorophyll-a 55.122(0.000) Yes
At Aol AF soltE, GRE Ao AFS 24 " ™ 258360007 ye
£ Yoz SRRaT gReddl ogsel g3, U3t = by ye
2gEa9 Rougkgone A% VARA T Ba8d cloreprylial 355080900 e
] © P ™ 20.361(0.041) Yes
o] RaFH ALAHQ BA Jom gxe FAAes & = 58.300(0.000) Ves
o] AFAA AV ol HHHAAE 5, 2001). chlorophyll-a 46.710(0.000) Yes
A B AFAANE PAFANA v FHBAVE EXQ P, N 26.673(0.005) Yes
POPS} TP 123 POPS} SS9 #AE A3 ALY SN TP 37.821(0.000) Yes
thFig. 3). 2 A3 TP} POP= ZAASF Rl 0782 = chlorophyll-a 16.803(0.114) NO
A Yehta, SSob POPE 24AS R7F 0512 YNt Py ™ 7.637(0.745) NO
oHE Ave TS TP U@ SHHS POPY A TP 88.692(0.000) ves
o] 78%0]31 E££&WS SSo| s E=YES poPe A chlorophyll-a 21.442(0.029) Yes
o] 51%90< JERIT ¢ Ps N 32.310(0.001) Yes
P 35.202(0.000) Yes
30 SlEW HEW 5} chlorophyll-a 27.999(0.003) Yes
Table 391 ¥ chlorophyll-agt TN, TP & o Sambong L 12.960(0.296) NO
ARe AT A3E Jednh PARIAE chioro = e =
chlorophyll-a 21.208(0.031) Yes
phyII-aS’Jr TNol A-NE YehiA &k, 4e, 248 A Gangsang TN 11.963(0.366) NO
AedA TNol AIZES HA Fded BIAHAL ol 3k P 38.497(0.000) Yes
S 70 AAsE EAFo] 23507(p<0.052 AZDHE JE chlorophyll-a 12.939(0.297) NO
Atk dFEL FAA 71 &L dFs 28 e 42 Kyeongan Y 26.903(0.005) Yes
FEol ALY 9} W% 2003 2HY 9T B TP 23.352(0.016) Yes
of B A RY F 5 Ul AAP, P)T P XA H]
ato] 2F 2Ao] ©A g2 RFFAYALL et & el A gt AS & & Aok @3, AU AHNA
4649 T 5 U PAANA AEE WEo] FHo| AFA chlorophyll-a7t A8 & YeplA ¥e A& At o
o] YJehA &gttt ozt AFHZFEH ZFLA] HL 2 EE AFANA Al 5o tiste] AAEES veRi 9l
54 #49 FAdA HE Fo] AL INFHo| AdEE Atk olEe AFEe 29 FHo] AFELE H Yok
e}

TP =0.01+ 1.23 * POP
015 0 0 o .

R?=0.78

0.10=

TP (mg/L)

0.054

0.00

T T T
0.050 0.075 0.100

POP (mg/L)

T
0.025

(a) Particulate organic phosphorous (POP)
vs total phosphorous (TP)

§S = -4.85 + 462.07 * POP

1=
| RI=051

0.050 0.075
POP (mg/L)

T
0.025

0.100

(b) Particulate organic phosphorous (POP)
vs suspended solid (SS)

Fig. 3. Relationship between particulate organic phosphorous vs total phosphorous and particulate organic phosphorous vs
suspended solid concentrations at P, site from 1995 to 2006.
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G AHCZ Py, P, P, Py, Ps XA 2F35 F
AHoz N8, A4, BAAAK-K)A chlorophyll-a2]
71AE FAE BNt 19957 H 2006371419 €4
A8 E ol&std AFEENE ot ADYETH BETALE,
aga FASHFE(STC) 0]l Ut FAeSg A
Al FA(Trend) 3 £& FE5H 4 AFE=R °J7<}E i
Zo} FA%8 AE(STC) 2 FAZA(Trend) IHZE Jet
HATHFg. 5).

FAcAFHC2RE FAFLES FE317] st FH
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et FATA0] FostA EAEHAKTable 4). tix
el PAIAY chlorophyll-asEx Z7lsls ¢S L]—E]—LH
Ao FUAARN ABAHNE SVHFAE, FHEHFUAA
]l A= 2006 F7tete AEFS

GG AR Py, Py AHE F7FoHE
18

% oX mo

-

Hhd PsA) A2 2003~2004'd 744 —7}3&}7} Rt gaete
FAS derigled 199598t 37Me BEES vehd

3.3.2. X|EH TNe| &7| =AM

Zt AZNA Y TNE=d st 4z = FA
<3 A8 2 FAFHA JYZE Fig. 69l YERAJTE TN
g ¥ FAFHE F57] A% FARA 2F 2 AH
of valuegtol st YEbtti(Table 4). 2EE= #
%1 22 9YER AN A AL WEE
< FTRALE Uk, olgd 23 U2
*445( 003) FoE dA R TNE &%
—’.‘—/ﬂ] o 9171+ 3kAITE chlorophyll-ad] Z7]15Al= TPY
F7 FA% & QAL AL, BFEANA Y TNTPH =
100]42. 2 chlorophyll-a®] ——7}7} Ao g3 ATE L
A goe AL UeidT(A™E S, 2007; Ruley and
Rusch, 2002).
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Fig. 5. Long term trend of chlorophyll-a at study Sites.
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Table 4. Fitted formula of water qudity trend at lake Paldang

Site Item Formula R’ 3
chlorophyll-a In(y)=2.905+(-1.406/x) 0.278 0.001
(PES ™ y=2.468+0.019%+0.000x*+(1.54x10°°)x> 0.137 0.000
TP y=0.068+(-0.001)x+1.02x10°°x*+(-2.4x10%)x* 0.304 0.000
chlorophyll-a y=6.047x"%%® 0.335 0.000
(';2) N y=1.968+0.015x+0.000x*+(9.88x10™)x* 0.091 0.004
TP y=0.037+0.000x+1.06x10°%*+(-4.8x10°%)x° 0.354 0.000
chlorophyll-a y=9.263x""" 0.104 0.000
('Z 3) ™ y=2.775+(-0.004)x+(1.10x 10 *)x*+(6.78x10°%)x’ 0.062 0.029
TP y=0.061+(-0.001)x+2.27x10x*+(-1.0x10")x* 0.344 0.000
chlorophyll-a y=14.174+0.077%+(-0.002)x*+(1.37x107)x> 0.046 0.083
(F(;‘; ™ y=1.896+0.008x+0.000x*+(1.04x10°°)x> 0.103 0.002
TP y=0.045+(-0.001)x+1.51x10°x*+(-6.1x10%)x* 0.147 0.000
chlorophyll-a y=17.703+0.008x+(0.007)x?+(-4.9x10°)x* 0.286 0.000
(Pet; N y=3.079+(-0.005)x+0.000x*+(-7.9x107)x? 0.055 0.048
TP y=0.027x"%"® 0.320 0.000
chlorophyll-a y=10.279+(-0.336)x+0.014x%+0.000x° 0516 0.000
Sanzf)o”g ™ y=1.866+0.002x+0.000x+7.57x10"x° 0.090 0.004
TP y=0.016+0.000x+(-4.2x 10 *)x*+2.11x10%° 0.291 0.000
chlorophyll-a y=27.023+1.063x+(-0.065)x%+0.001x° 0.363 0.000
Gangsang ™ In(y)=0.988+(-0.495/x) 0.140 0.000
© TP y=0.067+(-0.001)x+(1.82x10%)x*+(-7.9x10%)x* 0.026 0.302
chlorophyll-a y=50.759+(-0.065)x+(-0.025)x°+0.000x 0.076 0.152
kyefhr;ga” ™ y=5.586+(-0.033)x+0.001x+(-4.4x 109 0.067 0.022
TP y=0.048x"%" 0.191 0.000
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Fig. 8. Input loading of TP at lake Padang.
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