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Spatio-temporal Water Quality Variations at Various Streams of Han-River Watershed and
Empirical Models of Serial Impoundment Reservoirs. Jeon, Hye-Won, Ji-Woong Choi and
Kwang-Guk An* (Department of Biological Sciences, College of Bioscience and Biotechnology,
Chungnam National University, Daejeon 305-764, Korea)

The objective of this study was to determine temporal patterns and longitudinal gra-
dients of water chemistry at eight artificial reservoirs and ten streams within the Han-
River watershed along the main axis of the headwaters to the downstreams during
2009~ 2010. Also, we evaluated chemical relations and their variations among major
trophic variables such as total nitrogen (TN), total phosphorus (TP), and chlorophyll-
a (CHL-a) and determined intense summer monsoon and annual precipitation effects
on algal growth using empirical regression model. Stream water quality of TN, TP, and
other parameters degradated toward the downstreams, and especially was largely
impacted by point-sources of wastewater disposal plants near Jungrang Stream. In
contrast, summer river runoff and rainwater improved the stream water quality of
TP, TN, and ionic contents, measured as conductivity (EC) in the downstream reach.
Empirical linear regression models of log-transformed CHL-a against log-transformed
TN, TP, and TN : TP mass ratios in five reservoirs indicated that the variation of TP
accounted 33.8% (R?=0.338, p<0.001, slope=0.710) in the variation of CHL and the
variation of TN accounted only 21.4% (R?=0.214, p<0.001) in the CHL-a. Overall, our
study suggests that, primary productions, estimated as CHL-a, were more determined
by ambient phosphorus loading rather than nitrogen in the lentic systems of artificial
reservoirs, and the stream water quality as lotic ecosystems were more influenced
by a point-source locations of tributary streams and intense seasonal rainfall rather
than a presence of artificial dam reservoirs along the main axis of the watershed.

Key words : empirical model, Han-River watershed, lentic ecosystem, phosphorus,
point-source
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Fig. 1. Map showing the sampling sites of Han-River watershed (H,,; Hwacheon Dam, C;,: Chuncheon Dam, E,: Euiam

Dam, C,.: Cheongpyeong Dam, P4: Paldang Dam).
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Fig. 2. Seasonal fluctuations of water chemistry during three seasons of premonsoon (PRE), monsoon (MON), and postmon-
soon (POS) in Han-River watershed. The data were based on the averages of 2009 ~2010.

b sl - SRS Aol A AT

ola Al

y 2

ZAe ) Bg AL A d3r]T)E Ao e
ek old BA4E FFAeA ZHH o WEE ()
A 434.8uscm™?, =4-a5.16 ug L HellM = =

43}7]

(PRE), %7} (MON) 5! Avt57] (POS)<2)

4 lJL Aol w2 tt‘(Flg- 2), A1zt gk 3 s
I3l R8-R102|
A FoAl=

e et A7) D Au} F)0] )

oFAle wo] FHAMR AA (D)o =RE 3

- A1 Akel o] 44
) ebdeh %, 7 3
2 Arpr] el oste] 9=
&3} (Dilution effect)”} YJeht ZA(N) 2 <l (P)o]
5] F4sl= 7oz vepdo (An and Shin, 2005).
A7 Ax= OI?ﬂ./] A F= (Kim et al., 2006)9| 4] A
S LR EEEL TR

sk Qe R8°ﬂ H FAT AURF (TN, TPZF7H

) _\3: P o u

I

>ofk oy B oo N

sl
F—Vi



NEZE 2aws 54 o das JZWsel AYs oY 383

400 — 600 10 400
‘\ 1
- 500 gl \\

3001 7 v S 300 =
— 400 g ~— 6 \ .-" g
4 £ 2 \ m/ 5
g 200 F300 § £ ® F200 §
& 2z 4 k ’ 2

tooo 8 F ™ “ 8

1001 & , 4 L1100 &

- 100 lo o0 o gl 1© OW
0 0 0l= |- 0
JFMAMUJJASOND
8 400 500 400
7 x
6 300 400‘./\ 300
1 B _ \ B —
£ \ IS
a 5 é a \ /"‘\ é

2 s B . s v B

E 4 F200 § g Vg / F200 §

a 3 O | =3

Q3 g u 200 [ | ¥ g

o v o
2 100 Ry
10016 o o o1 250
1
0 =L 0o 0 EDI:IH - e DD:‘ 0
JFMAMUJJASONTD
400 140 400
50 ; 7 =
120 -
: 300 I\\ 300
40 - i _ | [ i —
\ = 100 i =
/ g 7 ;v €
= / — T 2 8 I\ = =
o 307 ! I8 s 2 / \ g
g v, = b \ =
£ / 2 4 601 vy =4
@ 201 T~ 7~ 5 I v 5
N - D [®) \ r 5]
/ . Mo & 40 \ &
K4 v 100 . - 100
10 > v 20 - LI
T N
ol of I 1o el o len 1 let o181 | T LIS o9 o] 2]
JFMAMUJJASOND JFMAMUJJASOND
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Fig. 5. Empirical models of Log;, (CHL-a) in relation to
Logqo (TN), Log,o (TP), and Logq, (TN : TP) at the
dams within Han-River watershed. Hw: Hwacheon,
Chu: Chuncheon, Eu: Euiam, Che: Cheongpyeong,
Pd: Paldang.
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Table 1. Regression analysis of Log,, (CHL-a) against Log,o (TN) and Log;, (TP) during 2009 ~2010. Seasons are categoriz-
ed as three periods of premonsoon (P,), monsoon (M,), and postmonsoon (P,) for empirical model analysis.

(@) TN vs. CHL-a.

Dams Seasons Equations R? p-values
Hwacheon Dam P, Log;o (CHL)=-0.855 - Log;,(TN)+0.358 0.069 0.292
M, Log,;o (CHL)=0.634 - Log,, (TN)+0.098 0.521 0.008
P, L0g;0 (CHL)=0.730 - Log,, (TN)+0.282 0.156 0.104
Chuncheon Dam P, Log;o (CHL)=-0.193 - Log,q (TN)+0.748 0.003 0.833
M, Log,o (CHL)=-0.127 - Log,o (TN)+0.644 0.004 0.839
P, Log,o (CHL)= 0.731 - Log;, (TN)+0.424 0.072 0.283
Euiam Dam P, Log,o (CHL)=0.976 - Log,, (TN)+0.789 0.147 0.116
M, Log,o (CHL)=-0.114 - Log,o (TN)+1.417 0.004 0.844
P, L0g;o (CHL)= 0.428 - Log;,(TN)+0.835 0.027 0.512
Cheongpyeong Dam P, Logio (CHL)= 2.801 - Log;,(TN)+0.370 0.176 0.083
M, L0og; (CHL)= 2.692 - Log,,(TN)+0.670 0.174 0.178
P, Log,o (CHL)= 0.364 - Log;, (TN)+0.541 0.007 0.75
Paldang Dam P, Log,o (CHL)= 1.553 - Log;, (TN)+0.697 0.217 0.009
M, Log,o (CHL)=1.019 - Log;,(TN)+1.169 0.105 0.164
P, L0g;0 (CHL)=-1.195 - Log,,(TN)+1.460 0.138 0.043
(b) TP vs. CHL-a.
Dams Seasons Equations R? p-values
Hwacheon Dam P, Log;o (CHL)= 0.269 - Log,,(TP)+0.018 0.145 0.119
M, Log,o (CHL)=-0.060 - Log,, (TP)+0.259 0.004 0.837
P, Log,o (CHL)=-0.075 - Log,, (TP)+0.382 0.004 0.81
Chuncheon Dam P, Log;o (CHL)= 0.087 - Log;, (TP)+0.611 0.005 0.771
M, Log;o (CHL)= 0.351 - Log,, (TP)+0.101 0.118 0.274
P, Log;o (CHL)= 0.259 - Log,, (TP)+0.238 0.047 0.387
Euiam Dam P, Log,, (CHL)= 0.606 - Log;, (TP)+0.232 0.579 <0.001
M, Log,o (CHL)= 0.577 - Logy, (TP)+0.439 0.286 0.073
P, L0g;o (CHL)=-0.223 - Log,, (TP)+1.221 0.051 0.382
Cheongpyeong Dam P, Log;o (CHL)=-0.182 - Log,o(TP)+1.156 0.017 0.605
M, Log,o (CHL)= 0.201 - Log,,(TP)+0.864 0.012 0.736
P, Log,o (CHL)=—-0.555 - Log,, (TP)+1.356 0.089 0.229
Paldang Dam P, Log,;, (CHL)= 0.856 - Log,, (TP)—0.109 0.261 0.004
M, Log,o (CHL)=-0.113 - Log,, (TP)+1.631 0.006 0.741
P, Log,o (CHL)=—-0.258 - Log,, (TP)+1.503 0.033 0.334
Aol A4 Dpell Al 443 9ol <1 Fhol =7 ebit HAd Axet 1 ogdfe] mn|g Ao g yelhget F, 3t
om, Aulrlol e el Frbz Q% FMaste gast  Ae) AL A TR % sAuMstuge 49
e nodoh Ad el 2l 32 D A sHH o] Hedd oz RE {45 Wi
oF Dyl mldh pe Balow, Adde] AW 7} o|3}ehy pd wistel] oS FA| kS wAl Ao=
olgkdel iste] skl 1A APlw BT 4 AlmEch TE B 2T} I3 S B T4
dHoz e Eel ghe Mok Aoz vtk ol 7] 32 33 A5t A 2419 slel HE £ o] of
el Z7ke QT HMazel o) ol 0 BE Felzrhd o AT 2e & AL AE Ae A
3} (Discontinuity effect) 2. 213t 7oz AlgEch(Ward o=z Jehygth o8] FE22 Fale] 23] o9d% FaA
and Stanford, 1983). o] JEke W dFHelA 7] B Aerh el
AEH o=, el A&l <lFHe] sk A g gL 71A= AL Flsr] el 7hssie
o3hebd 4 B wlAE QS B Ak s W, B Y SN Q4 Qo) A A YEe|
Ao Aol A sS4 o] = E A EElA JEE oA K

>3] i=]
= a
o) ZRelA IR ert, 200020104 7|7l A B, o F @ BAzfel 2o 4RI Amg ol
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(a) Hwacheon Dam
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Fig. 6. Monthly variations of total phosphorus (TP), and chlorophyll-a (CHL-a) at three sites of before the dam (D), at the
dam site (D), and after the dam (D,) of each reservoir.
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