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20-year variations of nutrients (N and P) and their impacts on algal growth in Lake
Dianshan, China
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Abstract: Data of 20 year monitoring of water quality, algal bioassay, and remote sensing information were analyzed to determine the
long-term effect of nutrients (N and P) on algal growth. Since the first algal bloom in 1985 and the accumulation of nutrient, Lake
Dianshan has become hyper-euthophicated. The concentrations of TN, TP and Chlorophyll have rapidly increased since 1999, and
their annual rates were 2.25, 6.67 and 3.40 times respectively higher than that of the past 15 years, among which phosphorus was the
highest. The transparency decreased 5cm annually. Algal community has been transited to green-bluegreen algae dominated since
1999, the frequency of algal bloom occurrence were 2-3 times of before. When concentration of TN in water column was higher than
3.5mg/L, AGP test did not have any positive response at any significant levels. In situ experiment in 2002 and regression analysis of
frequencies between algal bloom and higher concentration of TN found that during the period of summer-autumn, algal growth could
be increased when TN was around 3.5mg/L: the higher TN concentration, the more frequency algal bloom. The evidence showed that
Lake Dianshan was of high risk of harmful bluegreen algal bloom.
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Tab.1 Water height, surface and reservoir capacity of Lake Dianshan

JKIR (m) 0.12 0.5 1.0 15 2.0 25 3.0 35 4.0
W T T8 AR (m?) 0 25 56 61.6 63.8 63.8 63.8 63.8 63.8

WA (x10%m®) 0 0.04 0.4 0.52 0.84 1.15 1.48 1.79 2.11

T LT T BL445.9km?, B A ZR U, PUZRARI, HOGERE, 4F H IRES$2071.1h; S0,
AERRIRL5.5°C; FHRITTH, AEXIFKAE1037.7mm; 44 JGAR ]k 235d M.
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BULK O, WA ST S B R IX (2% . O R IX(3T) . USHAR(4Y) . AR 3 (5T) AN I
(6.

AR 3O E LU 204F (1986 -20044F ) 5 170 & 5 SR 10 S MK BURUAE Wy = 50 647 T 8. 2 H
H R E FRWITAL 21 (U.S. EPA, 1996)INH, TEARZE R MUKIARE EFRMREMSHh, TN, TP, M4k
Fa. & W FDOJE S AE R BLMNIA K ACE 2K 48 /R 2480, JF BB A R WU, TR 26 FE R85
R4 Jo 4 33 0 304 B VR R W13 1K P 78 35 0 S o IR o B S A R AR L AR SC R o b S A TR e
TN, TP, 4t Fa, EWEFDOX IR, AW~ 5 i HG TR UFR Y 0 A % B . A%, R

@ TSR, TR R 5 15 (1996-2000). 2001.
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Fig.1 Situation and sites distribution of Lake Dianshan
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Tab.2 Comparison of parameter changing rates and averages of Lake Dianshan between different trophic states

s s AR (FER) ¥IE
1986-1999 4F  1999-2003 4 M1 1986-1999 4F  1999-2003 4F SOp e
TN 0.004 0.009 2.25 2.47mg/L 4.29mg/L 1.82mg/L
TP 0.000009 0.00006 6.67 0.13mg/L 0.20mg/L 0.07mg/L
M4 a 0.0015Y 0.00512 3.40 9.06mg/m®  17.39mg/m®*  8.33mg/m®
A i 0.004 -0.0139 ik 52.03cm 54.10cm 2.07cm
DO -0.0002 -0.0002 1 8.59mg/L 7.97mg/L -0.62mg/L

* 1) 1991-1999 4F, ZAT4dE WA (H; 2) 1999-2004 4F, S A4t R4 (H.
KT, ARFRILIF WK I 2UK K e 22, ARZVE LI 322 Hh /K F A SE WK TAR XS, 3k BB UE L
W HAT —E (1 FLSHRE . WK S O f TR s A T RERASIR], 285080k, — ik, DUSfiks
KB, (HA5 3 LA S A 22 R K.

& 302 LIk 5 WUEFRRASFEFR VU o0 BB ], I A28 S0 TN AT TP A DU 3 45 (E (R0 H B A
rh S BRI 50% B ERS T 1N bR, TN A 90% LA ERIEHES TV ZbriE, TP NIA K2 75%LL i1
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Fig.3 Spatiotemporal variations of trophic status of Lake Dianshan
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Tab.3 Quartile scale of trophic status in different sites of Lake Dianshan (1986-2004)

413

TN(mg/L) TP(mg/L) Chl.a(mg/m® & H]J# (cm) DO(mg/L)
ZukHk 1.88-5.20 0.11-0.26 6.61-15.69 40-54 6.03-8.63
W dbx 1.66-3.15 0.07-0.13 7.21-20.00 50-80 8.28-10.93
WL X 2.18-5.28 0.13-0.23 5.38-16.5 40-60 8.32-10.07
DU 0.96-2.78 0.07-0.14 6.10-18.85 40-55 7.54-10.40
W46 fa.37 1.93-4.56 0.12-0.22 4.88-13.44 34-61 6.58-11.00
7 FE I8 F s 1.81-4.14 0.08-0.19 5.30-29.21 44-72 7.83-10.42
43 1.26-3.03 0.08-0.15 2.59-4.95 34-65 7.13-10.43

2.3 MRS K AN E RIS (19942004 £F)
1959-1992 4EHAN], FE LI A 1 4 YT A1), 1991-1992 4F A3 A 26, T LI AG T7 Al
WYIMIYE Ry, dR%E 811, 63 ), 98 Fh, ALK AIAESE T, (HARBE00 Ll B 2 i 2 B W b i),
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2.34%3 %] 2004 4F1Y) 40.9%; TRESET T L BIRFSEIEAL, M 1994 4FE1¥ 68.6% I %] 2004 4ERY 30.3%.
2000 4 Zc A7 4 1 VRIS e ) B YRR 1 50%, FEAERESE A JLAE P 2 b ThEa .

1991-2004 4Ffy -1 Z2AF 0], € Ll 2 WA Py O 4 5 o v i 53 AR098E 288 ({31 L % P38 Chiroomonas | /oA

# Cyclotella 25) 7% 45 [ & 8 77 B (1 04T Synedra, ##03% 3 Microcystis 28)id i, 13RI 1L )2

AESEIN, IFUAAEY RN RN R RS, A 2R, 1B 5 45 T UE LB 2UK S 1991-2002 AR IR AR
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Fig.4 Ratio change of phytoplankton species in Lake Dianshan (1994-2004)
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Fig.5 Long term change of phytoplankton community in Jishuigang, Lake Dianshan (1991-2002)
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WA BRI TR K (AGP Test)”. AGP IR R /K, e FIMEEVE AR s, RE -3k 4 iR,

RS FR A5 WK () 20 T4k a i Fe sl SR an1E] 6 B, Herb S0 K (s i) B ik a6 245 1
Wik 0% AGP 1R BT i W Y BE K3 KUKk 11 7E 2000 4F & 28 T 584k, 2000 4E 9 A LAY, BN
FRPIAT DL B AR R K P B2 AR, T 2001 4ELLE RS AGP 5% WoR, JLieY N &S/, Ay ny
HOA G, IR K P A 2 A B S s A L A W AR

% 4 JEILH AGP iER B
Tab.4 Design of AGP test in Lake Dianshan

b I (mg/L) I (mg/L) B

1 — - JE K (dE )
2 0.015 — PLOMHE)
3 0.050 — P2(/iNm§)
4 — 0.225 N1(mE)
5 - 0.750 N2(m&)
6 0.015 0.225 P1+N1
7 0.050 0.750 P2+N2

: o B0

= i .050mg (P) /L.

& S00r 8 a f‘(ﬁ)%ikio.zzsmigN))/L

W& R @ )7K+0.750mg (N) /L,

400 F 8 8 3#7K+0.015mg (P)/1.+0.225mg (N) /1.

5 N B 17K+0.050mg (P)/1.+0.750mg (N) /L.

£ 3001 E SR 1) LB RO 0%

z N
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2 T A
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Fig.6 Analysis of AGP Test in Lake Dianshan (1997-2004)

o T BRI IR KA 22 52, RIS LB R MO MR A ST X K Ky
e gy,
LS SN

Xt AGP iRE (4% a K P BT 2 R 207 250007129, 234 L1, 2000 4F 9 H i, HmaE L
AR A A EUTT LA D 3 MBS N GE LS B0 90 LE 77 7 (<< 0.00L), S8 1Tl T 95 A A ) Vi 2280 (40 A5 5 1 [ s34 o
BIRY) R B 0958 B AR FHFE AN (3% 5).

AGP RIS G T 4 R, v WA LICEBER I (A 1997 4ERY 0.17mg/L ¥ 2004 4FfY
0.23mg/L) I AR E IS A K. ZUNARSR, 1997-2000 AEFEILIMIKIA TN HEEH 2.97mg/L 34K 5
3.54mg/L(T-YMH), fEX — MR IET B, A S Be I B IR S . TN Ve — Hi T
3.5mg/L(2000 4ELAF), FEHE N AT A (0.225-0.750mg/L) NS4k 2 155 DR B AR K. A SO I
AGP 6 IR YA N B A HE Ui Se A AT Rt 2 b, SUBBIAT 9 AGP RG4S Rl 7, 7T LAY
AWIRE 2000 411 f5 38 LU B 078 SRS R 90 25 7= 1 S I KOASAR R, KR R B 3.5mg/L ZE A AR T g/
— BT,

R ES S ~1) x 100%

O B R, i A5 B R4 45(1991-2004). 2005.
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# 5 JELL AGP IRIZE R )y 2240 (M4 R 2)(1997-2000 4F)
Tab.5 Analysis of Variance for the AGP Test in Lake Dianshan: Chlorophyll-a Level(1997-2000)

U RyE| J7#SS H e df ¥ JiMs it RF P{ESIg.
N 12644.205 2 6322.103 33.048 0.000
P 1402.221 2 701.111 3.665 0.029
N*P 130.050 2 65.025 .340 0.713
Error 18747.465 98 191.301
Total 122435.710 105
Corrected Total 31907.085 104

2.5 E LR R ok &

1985 4E 9 A, JELLIMIE R AR KT KL | Fimfik 15d Z A, RSPy X H AR (27 47.5km?)90%
KT BRAR ORI . LUREHES A AR k4" . 2004 4E 7 A IR & KE, £
B B A ST DR IR ORI, W NS BIFST T KA R MK A4S 2 43 B FRC RO AE, A5 702nm
1 675nm P B S ET R HAE AN T SR S B I B, B 7 R BE NI/ I 1987-2004 4E B ISR
W L /K A Hh B K AR R AR OGS AR IE . TR BH, JE LIS K PR 1978 3= AL R B2 A 2000 48
TR 2RI, BASEIOKAERIA S 1999 4FHT1Y 2-3 £, A 53 LWIn SRR s K H—30

7 35
COHMBREL —— 14t &Ka
r /\— 7130

\.
-D

7 B LR AR B AR )G RE R AE L BB 3 #r (1987-2004 4F)
Fig.7 Frequency of spectral character of algae and other hydrophyte in Lake Diansham
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FIALHE UL 20 AEATE L5 1 1 1R v BE T e A 1) o B o B TR AL RS R JE L) 20 AERARM R E
FEW ARSI AT DA 2 R A B B s L 1999 4R L, 1999 AF 2 i JE T b R B R B,
1999 4F LA Ik A B 5 B SRALB B 2 6 4 i T IE AR B S IR AL B SR AR 2 (A e,
SRR = AR AR AR R a MU AREIE L 28 OECD Wi & E F- Ak o gbmafe™ ™, S iliiizk
PR 1999 4F 2 Je W WAk, PEA- e e i h b L5 JR R e 1) B L5 SR AT %, AGP S04t

O WIEZR, 3, PR, JELBIEY ISR, W DEREHRI RO B 20g SCE. i [ RTARCRI% 2y, 2002,
@ W W AT IR TG IS I 28 23T (CEAE ). TP, 2006,
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M 2000 452 Jif A U Rz 5 A8 1, 2000 4F- 22 f BTG, 784322 B KA R 0978 37 ) B 4 R BA 247K

Pl 8 Sk 19 B B U L I8 385 5 ) R S I o7 (SRR A0 AT . ANl 8 Jis, FE R[] i B R A B,
VE LI IR 0 DU A3 0 B B B/ N VR P R R R a HEEAE S, FHEZE N R E, NGitE
PEAT LRI A0 B AS R PR A EITE 75, 1999-2004 45 379 R 3 250 17 BB ERAE 2045 BAT B S8 10
B E IR, U2 a (IR, TR T 1L AR 2 B B2 A i 1220,

% 6 FE LA & TR B Bk B AR AR AR 4 20 g 53 B
Tab.6 Water quality and biological response at two different stages of eutrophication in Lake Dianshan

o R SR HEEERL OECD & g2
N
" 1986-1999 4F 1999-2004 4 i
BERYIKE TN(mg/L) 1.39-3.38 2.78-5.68 0.4-1.20/0.8-4.0
TP(mg/L) 0.08-0.16 0.14-0.25 0.01-0.049 / 0.02-0.5
W7 Chla(mg/m®) 5.56-11.25 12.72-21.06 2-15/7-100
7 (cm) 42-62 44-64 200-370/ <200
R WP . NAE EIFFRE. el BERRIE. NIRRRIREEE .
ETFF
N/P 17.4-21.1 19.9-22.7
AGP i3 LI Ja i
* B A 43 AR AT L
0.30 —1986-1999 0351 —1986-1999 0.12 —1991-1999
025 ~--1999-2003 0.30 ---1999-2003 0.10 - --1999-2004
020 ?8‘;5) ' ~0.08 I
< | S |
4§f+0.15 Folst \ 5 0.06 |
Eo.10 N }5_30.10' \\ Fo.04 AT _‘|\\\

0.05 S 0.05F \\ 0.02E I~ | | >~
N LD DS 0Kz NS I SN Y N O
01 2 3 4 6 7 8 9 0 0.050.10.150.20.250.30.350.4 0.45 4 8§ 12 16 20 24 28 32

TN(mg/L) TP(mg/L) -4 Z a(mg/m3)

P 8 VE LA [ & TR AL B B T 4 R e 2 W AR R AIE 43 A
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