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Eutrophication of a typical pumped storage reservoir, Dajingshan Reservoir, subtropical
China

ZHANG Huajun, LI Qiuhua & HAN Boping
(Institute of Hydrobiology, Jinan University, Guangzhou 510632 ,P. R. China)

Abstract; Pumped storage reservoirs are a type of water bodies which usually have small catchments and mostly store water that was
pumped from near rivers. The special reservoirs play an important role in drinking water supply in coastal regions. In order to un-
derstand eutrophication processes of these reservoirs, we investigated the Dajingshan Reservoir, a typical pumped storage reservoir,
located in Zhuhai, Guangdong, a subtropical area of China. The reservoir was monitored and sampled every two times a month in
2005. The monitored variables included nutrients ( nitrogen and phosphorus) , chlorophyll-a concentration, transparency, tempera-
ture, precipitation and pumped water amount. The trophic state index ( 7SIy ) of the reservoir ranged from 45 to 53, indicating
that the reservoir was in meso-eutrophic states, but eutrophic state was present in the reservoir in most time of the year. There was
a seasonal variation of eutrophication with two peaks of chlorophyll-a concentration and 7'S/y; in early spring and late autumn. This
seasonal pattern is markedly different from those eutrophic lakes with only a peak in summer in temperate water body. Pumping wa-
ter into reservoir not only increased nutrient loading, but also modified largely hydrodynamic processes. Combining with the heavy
precipitation in summer, pumping water became a major factor affecting eutrophication processes, changing the phytoplankton com-
munity into a direct response to nutrient loading. The chlorophyll-a concentration correlations with total phosphorus concentration or
with total nitrogen concentration were markedly weakened, and the timing configuration of pumping water and precipitation have de-
termined the ratio of chlorophyll-a concentration and nutrient concentration.
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Fig. 1 The sampling sites in Dajingshan Reservoir
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Fig. 2 Dynamics of water level, pumped water volume, water supply amount(a), precipitation,

reservoir capacity and hydraulic retention time(b) in Dajingshan Reservoir,2005
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Fig. 3 Dynamics of TN and TP concentrations in Dajingshan Reservoir, 2005
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Fig. 4 Linear regression between chlorophyll-a concentration and SD in Dajingshan Reservoir

2.2.3 BEFMRATEH 2005 AR R EFRURAS (TS,) $68E 45 — 53 Z 0] $8 73 K b T -5 &
WE, HEZ W A T 5 5 IR, BB TR IR B 1 AL e, e f kIR 2 -5 A 10 - 12 A&
B EC T 50, KR 2 I E IR ORES , EREFR 7 -9 1, W B RIS EUR T 50, KR 2 g Rk
A K ATK I H K E A TR RS RO 3l 252 (AR ]
2.3 BERH KEXMHEE a iRENZME

2005 AR PR ERER a WRBES AR R BEAE 4 AR I [A] JUEE b B TEAH G, (R4 3R a R 5 BRI E



RAAR S da AR S AR AR B —— " R KRB0 KR 09 F B AR AR T 295

SR M PR R a W S5 AKRIESEKE ENERI TR BEM A E(P <0.05) (B 5). KEMG%R
a VR 5 R RIR e R PAR B IEAHC , K I 3 A B LR K A B35 (P <0.01) (38 1) . K
MR a WE 5 BB EE AR TIEA G, MZERT K BRI T A G, B =F KB 0 A C PR
AIATE 2 (P <0.01) . AKFEMERER a WRE 5 KIRAERASH AN AN 2 2 A C A SRR A R B B 3K
SE(P>0.05).

y=10.134x + 22.151

- 60 y=184.73x+ 25.494
or sz R=0.1535 24 R=0.0521
=48, P<0.01 . =48, P>0.05
50| . R .
AR R
= ¢ $ $
ERt N .
= . *
%D‘( . .
s 30‘_ S
] . .
tﬁ? 2011 * ¢ ‘e “ .
2 LY AR
10}

0 . . . , , 0 . . . . . . .
0 05 10 15 20 25 0 001 002 003 004 005 006 0.07
BRI (L) SRR HE(me/L)

60 -
24 y=-0.6702x+ 47.673
. R*=0.092
or . . $ 4 n=48,P<005
—~ . N
*
D40} ¢ &L
= ¢ : * %
N *
) * .
& $
{"11;? 20 » : R ¢ .
Fy . ¢
10}
O 1 1 1 1 1]
10 15 20 25 30 35
FKIR(C)

5 KPERA AR KRS AR a WA GG R

Fig. 5 Correlations between chlorophyll-a concentration and TN, TP concentration, temperature
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Fig. 6 Relationship of chlorophyll-a concentration with precipitation,

pumped water amount, hydraulic retention time

2 KM MK IR ERER a WL SRR A PR KR K D B IR T AR SR

Tab. 2 Correlation between chlorophyll-a concentration and precipitation,

pumped water amount, hydraulic retention time

FKM

HiliZk 34

M2k a W5 R R (PP)

MR a WL IR KA (PW)

2R 3% a WL 57K Tl B i E] (RT)

Chl. a =0.0046PP +27.76
r=0.076,n=24 P >0.05

Chl. a = -0.0562PW +39.178
r=0.455,n=24 P <0.05

Chl. a = —0.2825RT +52. 803
r=0.534,n=24,P <0.01

Chl. a =0.0869PP +31.935
r=0.429,n =24 P <0.05

Chl. a = -0.0236PW +40.59
r=0.479,n =24 P <0.05

Chl. a =0.065RT +28.892
r=0.236,n=24,P >0.05

3 itig

2005 4, RBELLKEZE A g E AL /NEDR IR TR (1 -3 7)) MRk (10 — 12 A) , & E IR LA
XA KRR B B RIS MTEE 2 (T -9 H) KRB P E IR, XS TR =1 A8 L 526
ALY LA 7K P 26 1T 94 22 ). T Ml DX A SR AR MR R ol T R Z KGR 3 v T T, R



RAMREF @ RACH BRI E—— R RBOL R E G FRACHAESHT 297

S EY TR, TR Y E Y TR R A KO ELEAT E W R R A A0, KR 23R a MR, B R R
AHHOR " AR AT HBIX., 52 57 AU 0 14 55 6 T 10 7K 1 3 g 28 P I S B s PR 36, Ik 3 g 451
PR T 1 7 P SRR AT WA A P . X R K K P2 ) 52 2 9 K A A S (IR i) K ) 9
M. RBENLK AL T ME ARG Ml DX (PR AL ER ), AR U AR , 2 /K M55 TR 2 7K (AT 22 AR X it i 3t DX 22
N KA AN At 3 SR A, K PR AR AR A 2 I T B, 7 3 R B T AW R i 2. 7R )2
BT, KPR ELTR A AR B G2 BB SR A SRR, S EOX — B BOK IR i Jr SR BE B0 B /Kl i,
TEPK S JZREAE Z AT, 3l R R ZA A B R Z M8 SRR e o 1 SR i A KA I B R R & 3L
R (PIEHG ) KR 23K a WRBE T B 1 W (EL. B 2 XU B0 4R v SR TR, ORI R 17 /K MR v e SR 200 i
JEE | AT 3 BORE A B Z K A 2 38 e B2 1) TS0 I K PR BRI PR v 4 3R R JBE B3R I AE LB | 5 R 2
-2 3R W ELIE BCHIL A AR ARL, RIVEA 32 11 2K TS A7 15— A8 IR 3k i ARG AN S AR R A A R T 26 A K. 7
i 3 DX B0 IR AR PR R KA R A AT B AR R AN 2R 2K a YR RE B0 (LA R R 2 R R
F KRS , A58 5 Simov 7K FE (I 3% a e B HAE B Rt B — I (. AU b IX Pl T 4R K IR A2
TR R T AN A DA S 0T 17 AL ) A T 5 R B ) 2 3 8l A i A i R ol . R R Ll K R
AR B AR T 2R R a YR S KR Y O R R TURIC, TER KN S s A ARG (181 5,2 1), BT 17K
TRA ST 4 2R a YRR A ALY F2 2R 3R . RBELLK AL T2 X, B2 A B R 52 22 XU ), 27K DT
PR L AR v, o AR 2 B AR ACR UL S8 BT DXAR /N, (HL el T e R T EL AR v, R ZERE T RE S 1
RO AR P A B K S R R BT LK P 4 T B N AR MBS 3 e, L B0 A T, TS e b
FAJE AR TR A K 14985 F7 ER R BE AT, XK A 7 vk B B0 B4 1, S BOK 8 B 13 K B B
TEFAKI], 4R 38 a WRE (T 29{EA 29. 15 pg/L, AR T A K 97 K6 (34. 9T pg/L) 5 RAFHY LR R a WK JE
SR S ARG (1] 6) , EHA A4 4 R R AT 0] T 4 1 P2 AL 1) 2 0 o 0 AR ZKBBI IS , R R /0, i 7k 8
T Ve K A TR A 2R AR, KA S, S ESOK 3 BRI AR A I K P AR e B R
T, A MR PE A A W b R R AR B T AR AR ARERAR PRI A W (MR a VR SRR
B IR R L O Bl A A — B, B E IR ER KR RIK D i B I ) 3G RV T B AR AR /N EDK
K 3 B I AR, AR P 9 2 18] 22 S/ B KR M 20 BT 19 78 2, AR YRI5 v B9 A SR AR A2 bk
AT SRR T e A28 6 B B, SRR AR PR AL b 5 R WA it b B W R 0 22 5, IR IR IOk R 4E
Bt A BRI KR A S AR A T RE.

SRR 2R R a YR PSE REAS S I 0 AL ) A ) ek 1 R AR R TR O R BT 1 T AR AR R R R
P SRR AR E RO B B bR 7 KR S SR B T b, A a 3 11 S b A
O EHE T B E AR RS S E 2 WRBEROMISCE  AE AR PR BTTEAE B b 3 2R 3R a ik BEAURR IR WA 4 A
P AR KPR K PEAEE a VRS R R AR B R IR AOC (1B 5) L HAR OC R B
IR AR KIS, SRS AR ER a WRBES I IE ARG, 7K 0 0 25 A AR Sk R T b LA S 3%
(K1) IR R 7KL RO BE ARG, e PR AR A K A EE B O WL RO LU, KB LK 2K
PR — AW BRAAE AR, 2R 3R a W IS5 AR T A 2 /K 2 B 3 T M DG OG 2%, A K 0 2 5 ) 60 A
KRR EVEANR (R 1) , 5 2AF A W E A IE AR G O IR, 6K 28 8 56 A Wy BRURX Wf) EL B
SR R R R s B . 78 BRI T KRB R 28 3R a (9 B2 152 2 H B R 1520 oKk 09 i
W PE AR ARG, Wi 2 J2 TR BRI A 32, 7K 7, B 28 AR RO B A 55K, ELIE S BB 5 M 20 K a WK R IEAH
K FER KBS SRR a MRS GUROC, UEWITAL K I B B8 I AT S B0 4R a YRR, K K iR
TR VAR A B TR ST B BRI X SR T AR TE RS T AR A 20 K A v A B AR DL P LA —
B, BV B BRI B S I a VR MG B

BTN K 82— A el 7K A P, B W TR R/, TR T S A WA, TR K K IR ) TR R SR mr i, IR T
KB FRER T EARAAN IR A RK W R ks 1K R R K Bl 1o B B KK S BOKMAOK
BRI ) A= AR A TR 7K 8 B I TE) 2 2 U A ) A 0 A R P 7 22—, SR 2 R T 7 W L) %) 38 77 £ 64 )
37, DTS 0B 7K A ) B 5 R AL R 0 K e S 3 a R AR 5L A G (181 6) 8 /K IR 2K 0]
PRGN (R 2) UK A XK PRI R 3R a e 2 BRG BEAE . MAHSG R BT, IR X 4% 38 a Yk



298 J. Lake Sci. (#i8#+%),2010,22(2)

FIE B0 29 8 L 9 R 250 Y E 0 ARG K o Wl 6 2 WO K S 3l ) 25 1 8 A
b, 7K 7 B D2 1 P A A R ) S A . K i B AT S0 22 R E 5 R
IR 3 a VR 100G 3 A . 7RI e, F oA Tk S B ] 5 5 a VR UG (% 2)
53K Sy T LA R JRUEE K 3 B D90, WA IR K P45 2 VR B R R A
V3T 7K 93 50 ) 4 RIS A B0 S5 TR AEAR X 4 2) K 6 I i 0 045 )97 W
AR R WX 22 a v B U B T e 7R, R R RT3 a WREE ORI, i
5 A S K e 5 A I T K R T S A

IR KK 3256 4K B T A B0 5 AR5 B LA AR D 18 pt T B9 o W
KA A 1 - SRR TSR K P, S8 7 v i 2 A A A 0 0 85 e 1 8 55
B K BRI LKA K30, K P e vk i o A AT , I 5% 095 FE 5 B e 39 o
S a VRIS , T LA B2 R A BB A T 7R T K A K P2 20 B0 5 7 vk R0 1
I, B T B WA, B I3 2% o VR B, 22 90 1 WKL 2 0 A8 A A, K 01t
RS HE B4 P B 7 0 B — AN, 305 A BEALI K 4 VA BRI R AR T L A o T
KK B Fb VR RS , LA 2 A A vk B I 2 1 2 S K B T, (K e 3
SR 2 HE B K 30T ER TR L, K R AR By B ALK B 3 7 A 2 BE R P 7

4 &ig

KRBT K S — A H A 1 S B4 DX F) 00 K K 2 817K 32 AR BRI R b ) i koK i, DR
TR F B A AT G A R KB BE. A2 KK R 58 R A Y 2 SR B W 15 A8, B4R 2K a
A BER T E TR AR A TR RO LA Rk B I, 2K I 4% 3K a MR BE B0 N BE ph T R AU L 4
HA R T S, DRI T v = 8 R K IR BE LU /R P S A A B B T A e (L, JLRRAEAS () T3t T
FFR KRR B 2 1 AN W {5 85 L /K A TP A RK B R AN ) AE AL b 5 I 5 SR K IR R 2
H A S AL AN ] SRR A PR R MBI I 7K P 785 0 877y 1 [ I, 7 S 25 5 i /K 2 K 8 g 2 et
T, 45 R = 10 B PP iR — 2 A SR 27K T 6 IR A R B SR D 38, ik 6 DR R A 1 8 B AL 0 A 9 X
EE AR R 0 1 B

5 &k

[ 1] Carpenter SR. Eutrophication of aquatic ecosystems; Biostability and soil phosphorus. Proceeding of National Academy of
Sciences, 2005, 102(29) : 10002-10005.

[ 2] Schindler DW. Recent advances in the understanding and management of eutrophication. Limnology & Oceanography ,

2006, 51(1) : 356-363.

AR, A B MBI R UK R E SR BUR S IR X ST SE . Lt Bl h Rk, 2003 : 3-6.

BT I, X IESC. T AR KRB LK AR 282 Sk SO A IT. T <) AR R it 2006 1 i

kA KRBT K B A A5 TRRROR TP IR R R IE [ 228 3] . M - B 5, 2008.

ZERKAE ST 1 B R K K R 7R 2 R W R TR T A A A0 5 3 A I TRl A ) 2 4, 2007, 15 (4)

294-300.

[ 7] ZkE, FP. JET CCA (Y B K K ZE 7 A MR 7% S SRR AR 3 # . 2R 752741, 2007,27(6) » 2355-2364.

[ 81 BRBHS, #hilF. ARV KA 3255 40 K B B K S A T A A ARV 4. A B2 ,2007,19(2) » 204-211.

(9] B HEAREESC ARG, BT s/ NEDK ST h B IR 355 BERCRFIE . A= 253145 ,2008,17(3) : 903-908.

[10]  ARAHE B, B AR A BRI T T 23R a IR0 IR LA 5 . A= 35 R2#,2005,24 (1) + 9-11.

[11] Carlson RE. A trophic state index for lakes. Limnology and Oceanography, 1977, 22 (2): 361-369.

[12] Lin QQ, Han BP, Lin QX et al. Reservoir water supply and eutrophication in Guangdong Province ( South China). In; In-
ternational Lake Environment Committee ed. Proceedings of 9th International Conference on the Conservation and manage-
ment of Lakes. Shiga, 2001 269-272.

[13] Reynolds C, Dokulil M, Padisdk J. Understanding the assembly of phytoplankton in relation to the trophic spectrum:
where are we now? Hydrobiologia, 2000, 424(1-3) . 147-152.



RAMREF @ RACH BRI E—— R RBOL R E G FRACHAESHT 299

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

Komarkova J, Hejzlar J. Summer maxima of phytoplankton in the Rimov Reservoir in relation to hydrologic parameters and
phosphorus loading. Archiv fiir Hydrobiologie, 1996, 136(2) ; 217-236.

Sakamoto M. Primary production by phytoplankton community in some Japanese lakes and its dependence on lake depth.
Archiv fiir Hydrobiologie, 1966, 62 1-28.

Reynolds CS. The ecology of freshwater phytoplankton. London; Cambridge University Press, 1984.

B8, A Bk AR Pl TR K PEIE R SRR a SRS BYRRAE. A2 AR ,2002,21(4) : 310-315.
Dillon PJ, Rigler FH. The phosphorus-chlorophyll relationship in lakes. Limnology & Oceanography, 1974, 19(5) : 767-
773.

Carlson RE. More complications in the chlorophyll-secchi disk relationship. Limnology & Oceanography, 1980, 5(2) .
379-382.

An KG, Park SS. Indirect influence of the summer monsoon on chlorophyll-total phosphorus models in reservoirs; a case
study. Ecological Modelling, 2002, 152(2-3) : 191-203.

T Bl MK AR AR BMIKOK BERY BTSSR S R B IR . AR AR AR ,2004,23(3) - 63-67.

T B, EEIESE. )RR B KOK RS Y 5w IR0 AR AR ,2003,22(4) « 341-345.
Straskraba M, Dostdlkové I, Hejzlar J et al. The effect of reservoirs on phosphorus concentration. Internationale Revue der
gesamten. Hydrobiologie 1995, 80(3) : 403413.

Han BP, Armengol J, Garcia JC et al. The thermal structure of Sau Reservoir (NE: Spain) : a simulation approach. Eco-

logical Modelling, 2000, 125(2-3) . 109-122.



