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Statistical characteristics of eutrophication process in Dianshan Lake

CHENG Xi"?, LI Xiaoping" ", CHEN Xiaohua'~
1 State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China
2 Shanghai Academy of Environmental Sciences, Shanghai 200233, China

Abstract; The statistical characteristics of total nitrogen ( TN) and total phosphorus ( TP ) nutrient input and their
responses during the lake eutrophication process are of increasing concern. An increase in the mean (@) and/or variance
(o) of TN and TP input may increase the probability of exceeding the critical threshold at which algal blooms proliferate.

Dianshan Lake, a shallow temperate lake in the Taihu Plain, is an important source of drinking water for Shanghai and
is subject to a subtropical monsoon climate. Its trophic state transitioned from eutrophic to hypereutrophic in 1999, causing
the lake to suffer from bluegreen algal blooms ever since. Beginning in 2004, some restoration measures have been taken to
reduce nutrient inputs into the lake. However, the immediate reduction of nutrient inputs did not instantly reduce the
frequency of algal bloom events.

In order to understand nutrient input and their responses in a lake ecosystem from a statistical point of view, the
frequency distributions of TP, TN and chlorophyll a (Chl a), and the TP-Chl a relationships during two different trophic
stages (eutrophic stage: 1986—1999; hypereutrophic stage: 1999—2009) of the lake were analyzed based on long-term
data from 1985 to 2009. The means and variances of these parameters were compared with those after restoration measures
were undertaken on the lake in 2004.

The means and variances of TN and TP increased with the eutrophication process. The probabilities of TN and TP
values exceeding the Surface Water Standard for Class V Waters (TN = 2. 0mg/L; TP = 0.2mg/L) increased from
62.8% and 12.1% during the eutrophic stage to 91.4% and 51.9% during the hypereutrophic stage, respectively. The
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increase in Chl a concentration was even greater, with the probability of exceeding the limit of 15 wg/L increasing from
0.5% during the eutrophic stage to 67.5% during the hypertrophic stage.

The log-log relationship between TP and Chl a was calculated as per Organization for Economic Co-operation and
Development ( OECD) methods using three data sets: 1985—1986, 2000—2004 and 2004—2008. All of the observed
patterns fit the TP control paradigm well, which indicated that TP had been the primary limiting factor. Over the 24-year
eutrophication period examined, the slope of the TP-Chl a log-log relationship increased from 0. 54 during the 1980s to 0. 83
in the early 2000s and then further to 2. 46 by 2008, which might indicate an increasing of proportion of bluegreen algae
and the frequency of their blooms.

After restoration measures were undertaken in 2004, mean TP stayed constant and the discrete degree ( variance o)
decreased to 50% , whereas the probability of Chl a exceeding 15 pg/L continued to increase by an additional 20% . Under
the hypereutrophic condition, a reduction in peak nutrient values or variance only had a limited contribution to primary algal
production. Further study on the effects of TN and TP reductions in eutrophication control is necessary.

Here, we showed that statistical parameters such as mean, variance, slope and frequency distribution of nutrients and
their responses were able to describe the eutrophication process of Dianshan Lake. These characteristics also offer statistical
support for lake restoration assessments, risk assessments for Harmful Algal Bloom and nutrient criteria and standard

development.
Key Words: eutrophication process; nutrient input and response; statistical characteristics; slope; Dianshan Lake

20 4B /N HER B E RS S R JRAHZ(OECD) FIH G247 sk AL A A 7 FR R A b g
FeW A i A AR A 25 [ R IR RS (USEPA ) A 90 AF AR i 5 T DX 3 85 35 0 S v 1 B %
W, A B R B IR R I GE T # B ik e TR TR B X A WA 8 R 3R e ks e > 5
T SR FH A RS0 B A 2R PR A58 2 5 0 A3 M Yl 37 7 RIS A sh 0 9% A 45 56 R K A8 (b — e
T S5 Pt 55 e 1o A e SR PR3 3 A AR ST 2R R O IR A B B SRR R B B
il A WV B SR U B e AR 2 — o SRR S TR AR [ A5 8 Y e T A ke il 10 4 B 1)
EEFRY M FARE SO S B R RS YA — D E 2D (1) WHAE IR B S/ bR i 2
7 LATIA 2248 SNBSS () e v 2E AR AE S S, 785375 18 T NI AR 25 40 DX T 7 5 0 s A o G R 1 25 S
(2) JIr il 2 1) JE U/ B v TR BB I I AN [ 8 STE A At R 5 (3) PRIt 3 B 25 ) S BLIENI 8 3 F fh 42 ol 1 10 22
H#r,

A SCRIFHE L 20 2245 1 MDA , R TR) & B SR A0 B BOK VS =) 6l (TN VAL (TP ) Rl i 45 br
48 2% (Chl a) BUATR AT SAHE IR, LA TP-Chl a 56 R AAYARFR AT MR HL AR, 7 RS Mg L) & 78 97
At A B SR AR B A8 AR BT 2R NGE T 22 B AR R 2SN TRE LU 9 8 SR AL R R B SR,
Ry il 2 U 1L SR B S bR AR I B A S PRI BT A SRR
1 #R5H®
1.1 B8 XA

TE LU SOPREEVE ], AL VLT3 VL P — i A8 i ad , b3y 0 31°04'—31°12'N, 120°54'—120°
OL'E, 43 @ VLo E L T AN b o i DX e L2 I~ J s [X g — A7 e MR A, KSR T AR 62 km
SEEIKIRZ 2.1 m, e KKK 3.6 m, FERMRMBIARAK . AWK B PG A0 1) 4R B 28 20K # R FE ST s A
WA SR 2o 2 s D T ST T A BV, 45 B IR 249 29 d, (5 B VIR R0 17% 2247, & Rl
BRI Z —  VE LI 245 IR A RIS A e 3 43 A e BT, DA 1985 AFE LLETEE 1 RO IR e 2Kk A
AL, 25T 15 a EFWIE IS R kA TEKEYT, T 1999—2000 R )5 5 5 IR b i AR
BT B IR AL SR T ) DA SR B BRSSO BN LI £ BB R T RK

http ; //www. ecologica. cn



53 Pl A BELL S IR R R ST 2 AR 1357

U KRS AR 2
1.2 GeH R A

SR BV LL S Tt AR bR Rt (TN FLIAELCTP) | I REA8 b 2 Wk v 77 3 K TR
5% a(Chl a) . FESHHFOMITE T A MBI R N LA TSR o) BRI B 1L 15
WA R ST RIE R . RIS AT 7 0 BER A3 FA A PR SR B3 170 I , 0 43
F 5 PRI R 7 2 5T
1.2.1 GEASAM o Al o Y (RS AE e MR S

TS AT R PR B — AT, L2 A T3 WA — R4, 7T s

Np,o') = —expl = 2 (*—H) | ()
2mo o

P B PIE, o JEbRifEZE

FEZHUGBUT WK TP FITN e B A ME SR 437 m] FH X B0 25 43 A s 25 A SR il o7 Wi B 4 s
Chl a WL 2SRRI BOEZS AT EIE S M, BT N(w,0”) M SECPIE o FIBRIEZE o JUE, 15
WA K SBCREAR 4 i P 3(E w ARFIE— K BB P B L AR E 2 o TR X ITTAG s M 00 114 ) R
B BB LR IOK IR — B IR B IR P C (B 1), iS5 IR e K P i g e B3 T, B i
IR P2 (B 39, IR A 7K B A B K AR RO 2 400, TR, AR SR OKAA i SR ) i S 114 B 1
FEREREAN, RSB BOARIEZE o HEIN, K A2 R B SR AR O Rt 2 i, 2 2R s 00 38) 64 T8 T /K A e —
BRI B e s TR JEE [T, A K A B e B AR B s ORI (B 1) o BT LA FE 5P
AIMINA KR R TCTE 2 B SR B B2 -S4 8 500 2 B FRORE JEE o S, e od JE— 3 R (f91) 4 98 S /K A2 10
I S ) ROAE R R 2480

SEHEH IR RN VAR S YRR JEE ) I 1
’
g
i
3
B
N | I ] .
I A JiE I S S 2873}
Critical concentration Critical concentration Critical concentration

B1 ESSHHTHEMBSHEENTANE-SHHEHZm

Fig.1 Effects of changing mean and discrete degree of normal distribution on the probability of a event

1.2.2 WA E S SRR B AR 3R 5017

OECD AR ZEMI 1 & B IR ki R rp  F8hR AR | AR A A IR AR I AR eI X, 5 1 FE U,
FARHRAS B (A0 TP TN Fl Chl a) 7EAK U H i - 35 2 B 5 7 S A B8 By 08 o i 48 o (R g e A A, D
BBIIE M Il R BE Ty S Bl B IRARANAE (8] 2) 5 5 2 FIOE AU BeA8bn8 5 (40 TP )TN 1 Chl a) 7E/K f4
V14 DA (i 5 S AR T 385 e, JF 8 WP B R B 2 3 BV i £k 1l v Wk B 1 B Bl T AR AR
(& 2) .
1.3 HdikiE

St oy B R FHVE L] 20 245 (1985—2009 4F) B MK II%E , For . (1) 1985—1986 4 TN TP Al Chl a
BAESI AARK BB SRR 10K (2) 1987—2004 45 (4 8 th 1 ¥ 7 PREE I e 3243, 2000
AF DT WA R A4 6 ¥k, 2000 4FE LU WA R AE A 1 ¥k, Chl a H 1991 4ELUS A FF AT ; (3)2004—2007

http ; //www. ecologica. cn



1358 A E = 324

BREFR AEER

R TR
THEFR ER BN

WE# Frequency

BB TN -4k Chla

2 WHEEFRLSRPABNMEERMESHHEML(OECD)
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Fig.3 Frequency distributions of TP, TN and Chl a of Dianshan Lake on different trophic stages
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4 25T VE LN BT (1999—2004 4F) FfE E I (2004—2009 4F ) 54> B 3 78 35 Myt A 1 28 & TP TN il
Chl a BYBFRS3 4

®1 RUHBERREEFWLEET TN, TP 7 Chl a BGEIT24HFE
Table 1 Statistical characteristics of TP, TN and Chl a of Dianshan Lake on different trophic stages

F8F5 Index éﬁﬁ—%%ﬁ o B R E FR1E Mesotrophic ¥ E 5 321E Eutrophic
Statistical characteristics (1986—1999) (1999—2009)

BTN SEA4{H Mean (u) 2.47 4.34
B Variance (o) 1.45 1.71
S Frequency (> 2.0 mg/L)/% 62.8 91.4

B TP SFXMH Mean () 0.13 0.20
BIHUREE Variance (o) 0.06 0.08
S Frequency (> 0.2 mg/L)/% 12.1 51.9

H4%3% Chl a SF-HIEH Mean () 6.70 22.20
B Variance (o) 3.25 15.46
B Frequency (> 15 pg/L)/% 0.5 67.9

NES 4 2% LM K R A59840 TN A0 TP P9I CPI ) 31 IR (R )
AN s (E MR L FE BR Chl a (8 F- 349 B R B HORE B J b 282 Wl & 8 . G SRt AW v KRB i 19 TN
(2.0 mg/L) F TP (0.2 mg/L) , LK Chl a(15 pg/L) KB IRBIE, WL WIE SIS TN R TP it b5 i i o et
HH94.5% F55.5% SR 89.2% 1 50.3% KA MEET Chl a T 15 pe/L HOBERNILELE
NZE 72. 6% BT 1.33 (%K 2).

051 0.04 -
03| — — 1999—2004
5 041 0.03 | /’-\\ —— 2004—2009
o
2 03} i P / \
>3 0.2
& N\ 002/
M 02F
7 0.1} //
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' N
// > N
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4 SEWEIEERET(1999—2004 4) JF (2004—2009 4F) FAARE R TP, TN 1 Chla KI3iZE 5 1
Fig.4 Frequency distributions of TP, TN and Chl a of Dianshan Lake on different periods before (1999—2004 ) and after ( 2004—
2009) restoration

£2 RUWHMAEBEER(1999—2004 4F) JF(2004—2009 4F) TP, TN 1 Chl a FISEit#4514E
Table 2 Statistical characteristics of TP, TN and Chl a of Dianshan Lake before (1999—2004) and after (2004—2009) restoration

S5 TIndex BT RE H: BT Before restoration HBIBEE G After restoration
Statistical characteristics (1999—2004) (2004—2009)

BTN SEHIE Mean(p) 4.29 4.34
BHIFERE Variance (o) 1.85 1.46
B Frequency (> 2.0 mg/L)/% 89.2 94.5

g TP SEHIE Mean () 0.20 0.21
BEHURLE Variance (o) 0.08 0.04
B Frequency (> 0.2 mg/L)/% 50.3 55.5

4¢3 Chl a S Mean (1) 16.36 26.16
BHURE Variance (o) 12.09 18.55
S Frequency (> 15 pg/L)/% 54.5 72.6
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2.3 JEILAAE EEFFLBE TP A Chl a HI5CR © 1985—1986 In(Chl a) = 0.54 In(TP) - 1.02, R =0.76, N =12

R ORCD (7735 AT AT 6B 13 o b L b
fJ TP 1 Chl a B 5CFR AT BIH 0B (8 5), 452R%E
W1, JCieJe P RE B SR AR B B E R R IR AL B, b 2

6 F

W
T
L

B JUAE  FELLIDK R BB 5 S R 2 0 2
FUAT WFHA BN A G R, R TP IR 24
B Chl a 22 [ HOBCRN 235 015 G RIE LI, JE IR S 5|
SO SR £ BT, BT et & |
VELIMI S K R ) BB e, (0 2

PR R A E L) & 8 IR AR B R [l 0e
A R 2 W R, 0 HR 3l JL AR (2004—2008 o S s o s
4F) , TP-Chl a J&ZR XURPRIG I A HRE B DR 2 5 L i v 32 In (EB% TPugL™)
EEFCE R BRI 3—5 i B5 EUMEREREE LMK TP F Chl a X R
3 g Fig.5 The TP-Chl a relationships during the different trophic
3.1 ECEFERE 5E IR AN N AR R ARG stages of Dianshan Lake

MGETE 2 A BEDE, Ve L b s 8 3R 1R (1986—
1999 4F ) FIH 5 E 3746 (1999—2009 4F ) B B 5 5 Wi A Ml A8 S A00R 4370 A2 4k (181 3 R 4) | By By
Hu BT OECD 2 Hi A (L MU | BB 25 0901 & 8 TR AL AR B2 (0 I B, KA TN A TP A9 F- 23k B2 7 (€ 1l
W1 TN F1 TP () BRI FE AN A /IMEAZ AL ) 5 Chl a BY-F-327 4 B2 RN B HORE FE AR A SR B3 (&1 2) o XAMia s
BTG RR R B 7RI & B =L R B TN A1 TP B i 38 ot R & 5 5[ R sn w4 -
F1 (4N Chl a) 784, WIIA— BFEA RS B 371k, Chl a (AR LHE R G I 2 B B  #ah
RKFREER L TE, RARHE I T /KR LR, R 1 T IE S ek A &S 3Rk a5 KRkt 2k
FWRE T 15 pe/L MARRE AR50 T, 38 WL 08 S= 04 AF84R TN A1 TP BEIT & 8 =0 B 1 28k
SEEME TR AR AR Chl a BEIIIA & H 55 AR RE 1 A8 fb I P R R AR Lk
3.2 RS R R RN S S e AR N AR R A 5 &R

VE LA AE TR B TR AR S5 AR TN R TP P34 o e JFL e OB B RV AR A AN K, 23 51k Chl a 73
W R B EORR B (R AR A (1B 3) X R U, 7R B SR AR W v, RIVE S SR P A 2 T s (KA
HUE SR TR BN RGN ) KRR A K AN S 5 Bk ORI S — A B N gk &

B 6 25 T 3E LA B R (1999—2004 4E ) J& (2004—2009 4F ) 154~ Bt 391 %5 35 49 i A D) )97 748 B TP
TN I Chl a WAL, MGETT2E 0 Ff BE R, X6 U L7 3% 40 45 ) A0 00 1) AN AS IR W 7K AR 78 T e
8D (B RCRRBE SN ) 5 TASUIIROK AR TR W, AN REAE SRR AR B 2R T S R IR B . X FP SR i2#

0.5 10 - 100 ° "
. L o — L ° Q -
5 0.4 8 = 8 8 5 80
AN ~
o ol —?— = ° °
B 03} —T— E 6 < 60
< ~ =
S z = —T_ i
& 02 — —— Ié E o4t O 40 |-
2 T = £
T 01 —é— Rt —é— § 20
1 | | 0 1 1 | 0 + |
1999—2004 2004—2009 1999—2004 2004—2009 1999—2004 2004—2009
AZMES HMEG HZS B LN 3K A A E
Before restoration After restoration Before restoration After restoration Before restoration After restoration

B 6 ELW#EER(1999—2004 4F) & (2004—2009 4F ) AR EATHE TP, TN 1 Chl a RIFEL&E
Fig.6 Box plots of TP, TN and Chl a of Dianshan Lake in different periods before (1999—2004 ) and after(2004—2009 ) restoration
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