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Fig. 1 Diagrams of limiting factor (A) and abating factor (B) concepts, each using a water box with a multi-boards gate
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A. lengthening the shortest board is the only way to raise the water level. B. coins indicate costs to shorten each board to the same level, and

shortening the diagonal board (not necessarily the shortest, as shown in this figure) is the most cost-effective way to lower the water level'
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B)AN3.67 g/m’ [RIC(RERE), 1973—19754F i) 1 i i
KB BIEARAA, [T E Y R (Bppy) N2.7(0.7—
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4.9) mg/L, Chl.a’N7.0(6.5—8.1) pg/L, {H7E
1976—19804F, M T ka4, PHZARIL XA,
TPH10.009(0.008—0.011) mg/LF+%0.01(0.008—
0.015) mg/L, Bpp,, M4 N %3.4(1.2—7.6) mg/L, Chl.a
HN%8.0(5.4—10.5) pg/L. 7E&RILX, CRINGIN
UG 5 IX AR, FEAETRIN0.34 g/m’ IIP(BETR),
WKL RE SR A, Bppy796.1(1.2—15.8) mg/L,
Chl.a911.7(3.1—19.9) pg/L. fE{=IEINP)S, B2
IKAEARR(19814F )% 1, Bppy F222.0(1.8—2.3) mg/
L, ChLaf%%4.0(3.1—5.5) png/L' . (3) 30251
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B AR LB X, b X AR INZ14.2 g/m’ BIN(H
%), M X BERIMRER, M XA INP. &
R 7R X Chl.a M Bpp, SIARIG N, A2 1T pHY
FEA, BRSO AE T B 7RG X, MK R pHAK T
5.610F, FHEEACE & B SO H 5 HF, pH k2L R AIK
ZART5.30F, wEEEAIE B A, EACIX, ZK Ak
pHAK T-6.00F, 5825 M 4 8 (5 fIt 34 5 AR Dy 4 35 AN I
HiE R s . AL X R AR S, TNFINOS -
NG A 7,

PATTHE AL Hr Uit PR T I PR 22 U8 ST 56 3l F Jie 17
PR AN A B[] P S5, 3E — 25 B AN 2 Pl mT 42 |
BERM. ()T FE L, S IO H, TEAR
29800 LR LA N IF 2. sSiin L a ab 2,
BI+N+P. —N+P. +N-PHI-N-P (+H&IN; — ARG
oy, HA+N-PAFE TN H ARk N2 mg/L,
“N+PALFE TP H AR 90.2 mg/L. 455 BoR:
+N-PALFE{]Chl.a54.17(0.68—13.42) pg/L, Bpypy N
0.13(0.03—0.24) mg/L, 5-N-PAbH ) 5 B &5 2 5],

A.—-N-P: ChlL.a=27.3 (1.4—71.5) pg/L

C. +N+P: Chl.a=39.6 (4.7—127.2) pg/L

-
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B4 KT I e A 52 56:(2010.12—2012.6)
Fig. 4 The fertilization experiment in the ponds in the middle Yangtze Basin (2010.12—2012.6)
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By SEE A8, FE KR THAR£1500 m’ f it 3
O, R IR ST e B T A R R4 b B,
H+N-PALFE TN H AR EE N2 mg/L, -N+PAL B
TP H AR K 0.2 mg/L(E 2011457 A TP H A5
WEREE0.3 mg/L). 4RER: +N-PAHE
Chl.a’423.6(1.6—58.0) pg/L, Bpp,,H4.08(0.02—
24.25) mg/L, 5-N-PA-3 )0 . 3 2= 5, HAME 5y
B ANHPALFE159.5%F047.6%" (E] 4).
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1%). Chl.afE LT 55 91.9(0.1—3.4) pg/L, Jiti
HEFRI44E 18] N 6.4(4.3—8.9) pg/L; TNLE jifi AL /T N
2.4(1.5—2.9) mg/L, i J5 5 3—4F 8 Ft, 2
3.7—5.6 mg/L. HZEMEE FE BB (Anabaena
sp )M EINEE D, (2)227°5#1(5.0 ha), i HE
J91969—20144 . P JIE & R FF AR, BEAEAR N
0.48 g/m’fIP(19694F {3 FIBEIREA, I J5 i FH BE1R);
N it A B A PRI, 1969—19744EARF4E A IN6.29 g/
m’ N EREY), 1975—19894F ¥ IN2.4 g/m’ AN,
1990—20 144E AT N M AEN/P £ 128 22495, 8
JEBEZR0. =AM Bl R S B A, Chlady
H°N32.2(15.5—59.0). 26.8(10.5—54.5)F123.9
(12.0—35.0) pg/L. [FINWE# H 5 B Baq JLEIF
G, TE201H 20 804EAR T o L AL A A 3,
ES = B AR A E150%. BN B
JS2H N OSE Z£0.64 g/(m” y) (3B B, £1.21 g/

D. —N+P: ChLa=43.0 (9.8—100.7) pg/L
o it
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(m’ y) B =B . 201 AR 57 7K A3 [
N &7 _EJZSMENHT A 1169%—86% . JNH] J&
TNAEA K, =ANFr B 235 280.77(0.46—0.95)
1.09(0.79—1.47)1 0.81(0.55—1.10) mg/L!"** "7,
[ SR A A AU S5, — 42 95 [H 1) Seathwaite
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0.23 g/m’ [P, Chl.a 7+, — J& N4 K ffJFar Lake
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P(WEIR), [N B 3 A= ) A0 7 i 25 B, (R rT R
EH Tt JIES B ) B, VRl R S A A R A e B
Z:EH.‘JE_IZ[3,74]O

PATTF F () R A B K B[] (1) SE 56 3 — S5 IE B
TN RE 25 ) P i 28 B B . (1)l b 52 S 6k
Ui, ~N+PALFE{IChl.a¥9.72(0.10—33.49) pg/L,
Bppy90.49(0.01—2.26) mg/L, FI+N+PALFR ) AH 722
NZ, R E+N-PFI-N-PALF ] 2.3—2 415 F
2.7—3.8f% . ~N+PALH )TN EIR AR AL IS +N+P
FIN-PALEE, {H7E %/ S0 1) KR 43 i BE#A v T
~N-PAbHE . SEEG 5 R NI R OR,
~N+PA4b B[ H AN N & A +N+P I 1.445,
~N-PJE+N-PHI2FE (& 5), BN S 504 H
SANFI NI . (2)H 4 KRGS0 K i, —N+PAbEE
[f1Chl.a>542.95(9.79—100.70) pg/L, BpyyJ/910.83
(0.16—75.66) mg/L, 5+N+PALH AT, Hdb1E 7
BN A R INPALFR ) 1.6—1.84% F12.7—3.61%;
—N+P AL B (¥ Dppy i HoAth =N AL B 2.1—3.05% .
—N-+PAb B [ [E] N 7 T i 5 B2 R+ N+P 1 4.56%, =%
I Z I TN: TP Y10—25; ~N+PALFE A TNIZ A |
TF, 2S5 1 5544 H B S5 +N+PALBE I TNAH 24, B
R EH,

FEBRATH HhIE 5256, N+P AL HE TN A
MR e BT Wik B T BE AR iR

8 -

%+ H #X % ANatural input (g)
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Fig. 5 Net nitrogen inputs(fixed-denitrified N) in the fertilization
experiment in the mesocosms in the middle Yangtze Basin
(2010.12—2011.9)™

SEEGWALX, 26 15 WAZE A NP AR 1) S5 34E TN A 46 HH
LA B TH 78 22759, NJG 56 54 7 e 3
BA BB AR . I3 BT B 7K A B [ NG
HE LR AT Ry, T DR S U T 9 A DX 3 ] £ R 22
Fo ASLIGFTAE X IRB0ON) AR SR Z19°C,
TR T — AN G5 DK, 170 5 K SR 568 X (49°N) F) 4
EERIRA3C, FENS—10 A N UK. BERE
BH, S NS PE7ES—15C R fE LT 218t i,
15—30°C g b Tt, BaJE TR, 6 B i
A TN % LA v e e

FURRIBWIE 7RS4 R X (42—59°N),
A A D B bz PRI T 38 VA & B TR A R il 5
151°* f11Lake Washington™ * "', Lake Eric™*"'fl
Lake Ziirich™. FHEifaiR4MEEH:

(1) Lake Milaren(59°N, Sweden)™* ™, 1%
FEYF 2 WX, MEAIA1120 km’, B33/ X: Gal-
ten[X (61 km®). Bjérkfjarden[X (340 km®)FIEkoln[X
(30 km®). 201H£0604EARIT, 1% O 7™ 5 & & F2 4k,
FHE6C—9H W KBRS KA. £1966—1973
48], Galten[X fJTP40.067 mg/L, TN N1.3 mg/L,
Bppy /96.3 mg/L; BjorkfjardenX ) TP40.03 mg/L,
TN’40.7 mg/L, Bpyy 90.9 mg/L; Ekoln [X TPy
0.093 mg/L, TN41.4 mg/L, Bpy,J¥3.1 mg/L. H
19754 FF i 42 il P A Ath Tk BE /K I HEL, TPH 46
N FE, TNAUAE Galten X A I T B, (H 25351 X 828 2
BT T B, W /K A AE A 47 B A HE I [ L
. 1985—1995%F, GaltenX TP 40.05 mg/L, TN
(1980—1983)°40.9 mg/L, Bpp, /93.9 mg/L; Bjérkf-
jarden[X I TP90.022 mg/L, TN(1980—1983) A
0.7 mg/L, Bpy, 40.6 mg/L; Ekoln[X f/TP40.055 mg/L,
TN(1980—1983)°41.8 mg/L, Bpp,y /1.3 mg/L.

(2) Lake Constance(49°N, Germany)[gs' %
TAIA473 km’ . 7E201H40304E4, %M A7 E
RZS, TP/NF0.002 mg/L. 1951—19814F, K&
AN k5 /K HE NI, 19794E 1 TPi%0.087 mg/L,
Chl.a2)6 ng/L, VABREAIRE S N 1 KBS . I
19594F - 552 it 425 il S NI PAd N 11V BE T2, TP
RN FE, H20004FE 5 & 8 LA B . 2=
20074E R TPFE %20.076 mg/L, Chl.afFZE 212 pg/L, 7K
R RE .

(3) Lake Maggiore(46°N, Sweden)™", 12 T #1
15213 km®. 20 LL60EARTFLE, T 2R LA
Tk B 520, A T G & IR A I R, 2219764
TP>~0.013 mg/L, NO3 -N(Z#I TN £ Z 53 ) N
0.76 mg/L, 19814F(F XK I)Chl.a2y5.51 pg/L. M
19764F 46 DL Py E HIE BE T AE, 219904471
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WA BN 54K SRR, NOS NG B AT %A B
ARk, S40.78 mg/L, TPF%2%0.008 mg/L, Chl.af% %
4 ng/Lo

(4) Moses Lake(47°N, 25 [H #5501, 1%
[fIA229 km’, FH7KIRS.6 mo 20120 70AE AR AT i
BE IR, 1969—19704E /K TP240.15 mg/L, TNA
1.2 mg/L, Chl.a’N52 pg/L. 1977—20014E K& 5]/K
F IR, I Eiskia 2, N R TPAITN S 5
£10.15811.2 mg/L(1969—1970) T F#%20.03410.4 mg/L
(2001). EARFI /K TN/TPHS =, 18 [N 75 o 22 35
(Aphanizomenon) T3 K I 5 3 B 2 N VR PRE TR
1E. 20014, #I7KTP. TNAIChLaP4¥%0.01 mg/L.
0.13 mg/LAI17 pg/L.
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4 ha)ff F & S ALES A BIPFRIH K kST AP
FEdfifh, SENMIKFIITP TR 792%(0.169—
0.014 mg/L), Chl.a F % T 81%(19.5—3.7 pg/L)"".
TX G P P K ST B SR AR U 1R AT SR 5, i OCIE B
PR & & 771k .

TEE R HLIX, 1A — 2R R . (1) b
JHFEHI(30°N), H1986—201 14 LIk, LL5] K FTHI
WRANEN g G BB K TPIME F T
58%—76%(0.12—0.04 mg/L), TN X FF& 7 7%—9%
(2.5—2.3 mg/L), M Chl.aFF 1K T 69%—94%(160—
30 pg/L, B 6)7 ", 301 K 8 540 BT SR Al
Chl.a 7218 5 TP/ AL ME & 2 1A 9% (r=0.68,
P=0.004, n=14), 115 TN 2§ T % (r=—0.4,
P=0.13, n=14); 517K J5 W& #2525 LA BT T %, 2%
W5 b BTN, EL KA B st
(2)3£ [® \iLake Apopka(28°N), 1994—2004 4 [¥] 4k
JEHIEAE TP N % T 54%(0.23—0.11 mg/L), M TN H
TF% 726%(5.3—3.9 mg/L), 45 R Chl.aif & FFF 1737%
(94—60 mg/L); [ 4 5 7R Chl.a 5 TP R 3",
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RN R T 10 35 7 i 1 285 ) PR 1) L7, R T 2R
FAN. PEEH s e s ) g g 040 00 qE
XA S Z RS IEYE . 1 2, IREVE IR IEA—
JE RS R o IR, SeIe RFE R/, B K I 2AL
13.1 m’ =y, R o, & = I I

- TN (mg/L) -+ TP (0.1 mg/L) —e— Chla (100 pg/L)
4

[ AL Nl log,(TN)-log,,(Chl.a): =—0.28, P=0.30, n=14
’ log,,(TP)-log,,(Chl.a): r=0.52, P=0.004, n=14
3
2
1
o b v
log,(TN)-log,(Chl.@): =0.005, P=0.99, n=11
B AL g1o(TN)-log,o( ) g "
4 log,,(TP)-log,,(Chl.a): ¥=0.87, P=0.001, n=11
3
2

log,o(TN)-log,,(Chl.a): r=—0.40, P=0.13, n=14

C. &xib#1E
log,,(TP)-log,(Chl.a): ¥=0.68, P=0.004, n=14

() J T Y Y

K6 1986—20114FPUlIHISMEI(A) TG i (B) AN £=H1(C) i i
F(mg/L). HBE(<10" mg/L)FIM-5 K a(x10" pg/L) A5,

Fig. 6 Changes in total nitrogen (TN, mg/L), total phosphorus
(TP, x10”" mg/L) and phytoplankton chlorophyll a (Chl.a, x10°
png/L) in the two subareas, Waihu (A) and Xilihu (B), and the
whole lake (C) of Lake Xihu (1986—2011)
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SPAKEFNMRIRN A s A a2k
(170N RSS2 B8 25 B, G A0 RS R AR (NOS I TE — 5
(IEEE, TR R AR (NOS I EE IR ™. & In
AEHEERZWFEN 5 THRA(NH,), 18148
(NHD) T s ™. NHy AT B R K 2E 50 4 )
FhIE S Sh IR . ATPPZ2E . B R 4
P g PE AN NO, BRI i RS AR A
BT S RGETS AN, JE AT 51 Eh Pk P HE AR
SR R E AT AR (b, B S UL 4 0 T 3 R
AT R AR A T RINO S VR B — RRARAIE, SEFR
TR N NOy H G5, R AR NEA
NO; EAHH",

Y TR A S I T E w8, 95 R AR
BT R ERS R R K R AR B SR Y, A
T TS M R I M (TAN)BRAE 2> 5 917 mg-
TAN/LFI1.9 mg- TAN/L(AN IR HEAL A8 SR
pH=7, /Ki&=20°C). #R1M, 1ZIEHE AT (1 5255 35
TEENAK A T IR, Fre R s E . X sk
6 1E 5 1k DA R AL R 25 SR 1 T bk 25 5 T AR A
A, (e DLt 5 AR A R E O K A Sh P I LS A
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Nio DNt FATAE T IE A DLUGE S50 60 9 6 T
TAMNEER2ES RSB, 104 ey
TNIKEE N0.8—41.2 mg/L, TANIELE N
2.6—113.8 mg/L, NH;50.01—0.54 mg/L, N5
T A B A B L 2 T I LR A S B
(TAN: 22.3—120.3 mg/L; NH;: 0.33—0.73 mg/L)-
SR, 7E MmN R WA pE T, HAE KR RS
NV IE . X = Fh () A K RIAE VS R &, TN,
TANFINH; K JC LSRN BE 43 20 941, 11440
0.5 mg/L. 51 PETIAE I R B — MRz I T s Nt
(17, PR G EBT A1 25 T 0 AR TS A AR K — s
BUTHI S o

MKEFEYEME ST RUUKE Y R,
/N RO SEEB6 SR NH A B /R F, i KR S5 Fl
B AR A R KR % R 7 2 B s NS NHY 3%
AIRABR AR .. 208 ML RoR: MNH, -N>
1 mg/LI, 80P YUK M)A A 31 38 2808, 045 %
O AR, mC, NACEAIE A N Pt E R
o7 A0 e A ) BAT R EE LA, RO AR A K
W& Yk 4 4R 5 5 NH, #E 40 9 i B R L R )
R NO S R T S s sAS A G
FH T (1 mig, TP~0.024 mg/L)SZ%: % W, NH, -NAl
NOj3 -N73 512910 mg/L 1) A 355 B Az KR BE 1)
T, Fr i g R, #TP>0.1—
0.2 mg/L, TN N1—2 mg/LEIKAETTTKIED, (B47
TP<0.1 mg/L, H4) 5N 2R &, A '™ '™
FRENT] AR DK AEDI Y 2 BE %, LS B A R
mP. HIT3—181H M AAES RFE LK B IETP:
0.02[0.005—0.059 mg/L, HF{EGEH)], FAVLIL: =
JRE TR (1) 35 B AE TNRINH -N 23 535 B 12816 mg/
LIS A g B Aar AR, HoAPR g A K 28500 m N i 52 PE
H re; k2 B ) B e R LA R S I RN 52
1EFTA KB (TN: 1.5—23.7 mg/L, NH; -N: 0.7—
10.5 mg/L), & HEF IS 24 & A IR B BT
R B4 (TN: 16.7 mg/L, NH{ -N: 5.0 mg/L) &
PAR 88, (07 B sk BE A AR 1t ™0 DL R
FULHH, 76 RARKAH, F5TPEUR(TP<0.1 mg/L), 15
TN(12—17 mg/L)FINH; -N(5—6 mg/L)%H /KA
WA W SO N, AR ORI e 2, AT
LA TS A B K A S R R RNHT, I EEE
BB IR R 1 R 2 =P 5 S 25
%, AR A P A 55 e e ; BT WNS R A 1) S
M R IR S B T NS PRI AR S 1

P8, 7E 5[5 Je % 51 [ SRP (¥ iRt S b7 Pk
) 1£0.22(0.04—0.53 mg/L)], HIN(NO;-N>6—
12 mg/L) 7] BEAR ™ 35 (Phragmites australis)/R Z£ T,

SEGEERTT . B R R PRINGK E Sb, (848
IR REIE 52 W B A BOE 5. 15 ST T
1) 0 R /K AR HEAR X, 7R 1 LR (1 7 26 S5 4 /K A
MAEK R, BRI CESLZH. 245, ML
B EEE KRR BRI HRE

SRESERARME  NH AINO; X A
PR TS B 52 e A P AN (], i =8 8 ek B 5 A (e g A
R, J5 3 W Z R AR . 4124 H i 2
NHJ F N 52562 8: TN<<5.3 [0.3—12.8 mg/L, H{H
(ERED)]. NHf-N<3.2(1.6—7.2) mg/Lis}, P IEPRE
AN & 4 TN>10.9(4.9—29.3) mg/L. NHj -
N>7.4(4.3—15.6) mg/LIF, A JEPRE RO 257, —4¢
T IENH A INSELS 2 I TN<<7.1(0.3—26.6) mg/
L. NH;-N<0.7(0.1—8.2) mg/Li}, Py IEPEE A A
i, TN>12.8(1.0—59.3) mg/L. NH;-N>0.8(0.1—
8.4) mg/Li, WIEPRE I B (FF # K KRB
IN/P 1 55 T SO0 8 TR ISl v 2 398 2 Ry N P VR
PRI EEHLH . [E A F 5T R WINOS -NWK
I 1—5 mg/LA S Py I PRE S, AL T & 4
A3 J5 FE o M T B S B PRI BE 1T 3R
3IMNH B FEENOT -NIR IS R TN=5.8
(0.9—8.4) mg/L. NOj -N=3.4(0.1—7.8) mg/LH¥,
VR PR FEORE BHL 1k (B4 1B VRN S, BEE NOS 1Y
FEFA R, MINALFRZH (TN =10 mg/L) Y A VR P2 25 5%
TR(E#E AR KR 25 B rTn, {6 N IEPASRERUT)
TNER{H H5—10 mg/L.

MARSFPEHAIRMM S EEENA S
I ESEREEMDNE ). ZEFEEN. T3
it - 98 R (R A 4 %2 R R BRI S T
BIRETR T ERNIER S E S, 2R EEIESE 5
T EEEE —", P, 5 RS NAE f A
ME. XEARLEENIW S HAT . ATE
T BE o SN R K AT R K N &4, AR
15K R G R F AR R FEa k. ik
A ST RS, A=A —5. HH, &k
SN E 5 N CEINE 2221 Tely, 21
A REHR B T 4y 2 LY . BRI, K e 5

NANZ MR SRR A2 S R G
SAFREROREE L ENO; BT &

FOE LA AE S . H )2, NOY -NIF % 2R E R
/1, 1510—20 mg/L. HiZ/KIINO; -N—IZfK T
Ao fE, el [X R K g ] R
52 WMEERRRE

wn FRTR, AT AR RG LR, TN,
TANFINH 3% 1 1) 70 W %2 28508 W FE 43 3l 20 941
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114710.5 mg/L . YTAKTEYIRT TN B IS8R
912—17 mg/L, NH; -N[JH5—6 mg/L; JiARAIPRE
TBOR TN JE W8 22 3508 94 B2 25 mg /Lo Al TNAH
NH; -NH % 2K FEIE A5 mg/L, Hid FHEH
A RELE B 22 1 i DR B K ) 7K Sk AT 3R

T2z HE R 5] 1) Hh 3 7K P4 5 57 & A ifE(GB 3838-
2002), T —V /KB TNARERE 73712590.2. 0.5,
1.0~ 1.5M12.0 mg/L, NH; -N[J°40.15. 0.5, 1.0+
1.5812.0 mg/L. AR, XNFrEd T4, FECH
7R AARAN R N FR i 4 ) i AR . FRAT T3
53 WA RN bR AEBR AR, & 54 I 7K 5 A HE 1Y)
TNFINH, -NJ 5 252 mg/L, 5] k0 5 b 25 R
SRIGIZ TR TE 225 mg/LE Ao

6 EEARNHNRGIAIEXR

g5 FRTIR, & E IR S TR TP 5 5 BT
K A K, Hm R R AMEFEE R,
FEEL. AKSCRAEYISERZR. ERAKBH, &85
A4 i 3 2 B ALK R A o5 A 3 103 K AR A )R
WEBEIE AL A KRR S e . DK AR 4R B Ik
DUV RIF . WA E RN & BT sh iR
At S S £ S B A A 38 XE T (5 o DS IR A K
)& TNRE . 7E 2 K AT Fh 5 T AR R 3 K T o,
TP{%F0.04—0.06 mg/L A& KFaZS, 7 10.08—
0.12 pug/LEF AMHUKEEZS, 2Py FE i A7 78 B Aok
o KEEMTPEME, it TR (3—4 m)i 5 E B
8RB, AR T EBR(—2 m)i BRE Al g T,
TEIR KA, J&JZ B S BN TEPRE S 75 A {7k
PR AR e s L i, B SR
IR ARG N, MR, . KCHE

SERENE

6.1 SHRYIBTTER MY

HTER. GBI R, 188w Ae i
U TR DR, V22 9 1) TR R 2 B B, A Ve i
B R R AL . I RN AT R B R R
K VS QPIREE LT, FE0T KA & R 71 F RS 80K
A7 W 3 KT B PR K AR A . T A IR ML S 80
WrEEIR, AT RS e 2B A IR BE 1T
Uk, 4730 755 0 A L e S M (RN R 25 ) & T AR
B RGE M AT,
6.2 SHiIFRIEH

ATV K FE T &, 75 Yo 2r Rok B R
ANIES G UL R B TR YRS G

SNVERBEIEE]  AMEYS YR R R T
b b B 52N AN A KR S B R .
i, AR 1972418 BT s Kk, 55 B T 4 St

TMDLitXl. TMDLJE 5K H 4 17 & & (Total maxi-
mum daily load), Jy7KARFFSIL B /K BAR T 70 VF 1)
TS G B KRN &, JRFR 74T 45 & (Loading
capacity), B[R AT A H L H L FEFE. HEA
i ¥: TMDL = SWLA + SLA + MOS, .t WLA
(Wasteload allocation) 5 ILA7 B AR >R A Y75 4L B
faf it 41, LA(Load allocations) N EIAT 8L A SR HIFE &
P8 AT S BC A, MOS(Margin of safety) N %2 4=
b, B ATs G 8 far 5 7K 5T 90 2 (AN ff o 14 1 FR B2
B AT EC A . TMDLZI JE 2= 152484k, LIS K i 42
EIRFR .

TMDL ) SE it A2 B ALFE: (1)#f € T BUKARZ i1
1 B 5 Ge W) (I P); (2) 5 = A I 7K 548 A (i
Chl aFITP)FIZK BT H5; (3) 7 Hris st 8 AL ., Ar
B OEELFENE; @ E AR, Bk R
P G S pr S AR SN ZE T AR, T e R
M Fr) B[] RO RIS BRI 73 o 7K A2 #8025 0 1) 9 v 25
IR XS A7 A () 8 A A A AN UK, AT R F R B RS
(AR, TR Y2 S R ] 3t 55 T 82 R P 2 1Ay RUPBSE (T
H)y. S5, 805 Ge 8o 5 7K 5T i )57 1 8 A B
. AR 2SR R Sk F I R E A I & B A5 Y (i
Vollenweider PR " SR 7 s B0 £ 5r); 47
AR R TR, HH BRI ASE . &)E, ¥
AT B AR AR KA RN B A A . (5)9r
BCy5 e g g o MR 252895 YL Ml ek ) 32 B B AR, e
BNEARI LT 5. 15 ST SUE AR U5 2 UK 4K
BT SRR A . 2 Al om T I I R B R
AN, BB XK B AR 15 4 5 fur R HIO R 5 5
BRI RE, EENEES A EER
10%). (6)SEHETMDLJT %, [ IT J& Ml 5 vEA1r,
DA B 8 7 2

AR BT S P A7 A B 40 O B A &
R AR B GTRR IR . WS k8o wia™:
() EHE0 e v, BV 3 00 A 7] DX 7 il A S5 R RO
IPRETBCH 221155, B4 RN B YR S g (2)1R] %
W vk, RIS PSS S P B R 2 B0 A 5
JRP ST . A= P BT R 8, v TPI=Z=
AR (AN A B 2 22T JE AR A ) N
DURHBE AL 5o 7 11 SR H P AR 97 7 A BB, R
RE FH 15 PR A7 17 5 AN A A AR N, 5 gk BB
TUTHE, X — SERREE.

o NIATE 2 W17, JLF B MRS G35k
H AMIETS 3 o 328 ) P U PR R A 455 it A 1 R AR U
PG ih, TR, 5 MR 10—154 5 IR
PR IEM . R TIUE 48 S 0T A PP A i
7 P E AR, B H AR e LLSIZER, ) S SR B % il
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FH it o

DIRPIPIIRAF TS E IR 2, A 2 M BT7
V%o SendergaardZs!" "W TR IP S i AR ASP LK 5
RAREP. 4P, HP. Zi PGNP, Fu A
TRPRE R & BL R T2 PAL A W I R AN & 5 S fR
et PRI R SEAG B R A5 A 71, BB
AL pH. HRE; fEIE SR AF N, BRPREJ, T4 /45
PHa e ; pHId i B BUER /2R A PSRRI iR AR
#PEH ™, NOy -N. KURSHIHET .
A S 0 301 FR UL K R 4 6 DR 55 PR A7 U ok
(e RE W AT el BEIN/PAE A A AL BT B A AT
7SI KRR B VS LA WP EHLP, SR PR
BT VR P P A e A PR AS
S e AL A R AR 2 1

MRS G O3 B ks i), AT SR i
Hl N IRP ST o 277 DU R (1)4i4k (Inactiva-
tion). FH [ PFAYTIE [ 8 /K AL FITRA) R P . 4%
S IE PR AR . BRI Lt . 25 E AR
P BAE I BRER 55, H KT 15 & AL(OH) 5, W B
KELHP; BRA Z T AR I, pHoA
6— 8T R R B £, W AR RN S 1A T 45 R it FH 5
BAFEA =M, o BUKHE B . 15 N YR P A7 e
FEMEPY IS 2 4 i B =T R A E T IO
P(35 45 & A PEAL AR BO+8kP)x 100", BAR P
FHARFULE IR M 261 R & 7 8B E A8 [AL(OH) ™
FOAL, AE AT 38 5t 75 6K o3 224 6 FF 2 i J5 m A
P, RRSEBR CAESE Tk s e e,
Xt SRR 114438190 (T AR 3—725 ha, “FHI7KE1.2—
15.7 m)fI G it EoR, SEE PR RFEHR K, fE£
TR IR AN T N5 74E, 759 J2 KA 21
AEUPTON R (AR L TR IR kA ) [ P B £
pHN5—7, HF b FEMIRE . BLE DIk ER
A5 EEALES) E PR i pH >0 . SERIE L, k.
0 P V5 ) 2 R B 5 S R B (M S M, A AR TR RE AT
2170200 20t £ AR, WK A HE T 8P (Phos-
lock), == 4y 9 B AL AT 23 L, (H R A A& AR
BP0 28 () % (Capping). TRIMETEHITEYD . 1
B BT RNLE R B WA A, TR B AR P IR
P T S BRI AN, %A LUSEF T
M, 2 F T3 LR O PR A5 J . B) M. %
X R AT B VR PR I, OISR g8 AR B AR AL
FIFF T vED T, Riplox i BT AL 77 2 Al R 455
(WAL, HBE A A B A S AL [ E 4
NHAZ, M-S, @)iER. EEaHME
TATFHE BRI T TBI G 25 Piah 7 7,
EFRE, PIIRYS Gt il 32 BRI TE . IR R R

IR TR & ME B fe 22, WU U A 26 75 1
B DA RRP R N B I, MR A b atifh 55 5 ik m
U 2%, HHE T . 55 B AR AR 2 BRAS B A
Iz L, BNAZAE A N IRPYE S ) 1 1% 71
6.3 IKICIEIE

TEPITZ Uk L, B8 Sk A8 7 14 7K g v B
I 1) 6 2 T s g0 T i AR
AR E 38 R b, KR ph s, itk
PNV S5 o AT ARARE TR AT IR E A, e 52
T b AR 2t () TR AR AN 5 R R oK, T A AL L bR A
AR S o

EWIAZ R B, AKSCHER 2 B 1, — 2K
PIRFEFN PP 2, R IRE KA . FE=F
Tk (DWBES M. 31 5 NMKE 72K DGR
PR, Ja & 5l KGRI IS i o DRI R A
FERRER, BRI KRN ] 10%—15%. BH TR
HK AR K, W 8 5 phs e K 2 50Hya A vl g sk
e, fE 8% T TR AT T )k K .
TER K, 306 8446 24 1) i AL HE B AR S8R S PR S
JEIK, PAREAR IR AT o iZIEERRSE A — L8 N 5K
o, B s BAF S T Gy KA. R A K
Rr Bl & KA B KB LA D%t &
ZERCARIK AL, CARBERE Y 5 BN I K AL
bk, Dl sty . RAIC@gS T —8
D732, ATARAE K AR A 25 FE AR S H AR TE S KA 1
KA RS,
64 EAE

TUKEMIEE XN TUUKMERIKE, & EE
1) A2 Al e TR St P AT PR R AR A VA AR . i
SRSk, R B UK R B A AR — MR X, A
BT A A an o] — R S AE M R R . AR AT
WEFC, FEKIRZI1.5—3.5 miI264E R, 24K TP i
270.1 mg/LI, WITAEZS R G A nl R Tl e 2k
AL KRR RS H{TPIRT£90.05 mg/LE, 1A
b T DAPT/KAE B AR TS KRS UTPRE T
Z AV, WA AT ok R RS, T A iE ke s,
B, HARFPRAR G 77 vl St ) Fiie & AR S TR

RN Az W 5k A B0 38 568 50 ) % U
KRt e. @iAEyiRg Lt gy
1 28 DT 38 00 R 28 938 55 K R 3 e sl Pt 8 25 1) %
. ZEE T TP AS = i/ NEA, H.
AN (B, ANIE T3 2 ARG A,
iz KA. R s R
fige i £ P2 R K AR R RRE RS T TPK
AN 1R BIIIA, FAE R B T e e R A
BN, (EASRE IR D v 2R SR, N BEHE E KAARE B
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B TR KA, A e A, (H T
mﬁﬁiﬁu[zu,zn]o

REM&EKER DO i G A 5 £
R AVARY), FECNTRE FRRE, 8K &
T, WOH BR AT UK Y P R N 8 A —
SEAEAT. T s KA AR B, s
1 TAE AR K, iZ35EH TN RSB R I

AR N 201H L 704EARBD TR 4R B 7L
EAEVICRTEE . 40 ERE . BRI, HE
AATh A BE AE S5 = B B, TR DR AR A B AR AR
BT E A2 A, RORAE LR, B, AR
FOR A AE T A R KB, ML E 775
G SRS FRE, SHARIR TR

KEFRM 9 [ RIS I K 22 AT AT 4061
W R AR S, MLBE AN KTE 28, SR A IR A I B Tl
AEWDAMEE o TR T IERSE RN KR, (ERCR AR
5E, PLE Rt A g2,
65 HMBGZE

IR 2R T 7% (DHUGE B F U % &%
Big e KR e, BB @ik H
. ESEAL A DL R Dk B s R
QYA B Bt 225 F R R A S5 Ak &
W, 7N BR HL 4, W% 2 2 (Endothal ) FITEL &L
(Diquat). HTRHGEFREAEYR. HFHM
AT SRR E 2 BIE R, 2RI N 2
BRI BR A

NIRRT T v (V)30 TR KV 1 0 e
gekl, 2 FHFIRKK R, 8 55 KT, 2 HF 43851
KM, Qi ORI, R IR,
6.6 WEMIFNS5ERMER

WA E B FFIR R MEZ RN E R R S5 L
T, 75 B SLIWIA A IR AR 7S R G W AN
R, BFERZE . KT TE YIRS B KT R A Y R
W, DA IGIA T RHIRFEE G HME . BT
it (1) 7 SR 5 STt A R, AT B B Ry AN
Jith, SEAT IE N B
7 =45

ICNEA

FE Gel vn ' E IR A BR 5 e 7R B4R P 3R
NG — LT B S (R} 22 1), S SOORT Pl 43 AR 96 00
RS R AR AT T RS B e, XA
SE B TR 32 EAR Y —— PR R R A R
SHE D3 AT T A Bl S 20 A, WA it
S H PR EREEM KT HIR, N
TS —— A R, R R A A R B
T, He Bk Y 7 (B ). B BRE AT

PEANSE R N TAT O EC B A B (R B8 =, BT
PR T 8T, 48 A B SRz R 12 P; it
T 45 1IN KA [ ) A A s R e s e LK K
WG BESEER A RGUUES . X LS TR/ UE M A
Pl o] 42 il ' IR AL, T RN Bl 4% ) 3 T R
SR, R BN R RRA K. 0, XHE
N R RN SR AR 318 — b3, XL iR uliks
IR ] A1 V8 ) il A2 PR 7, Bk = K RUBE ) S 38 1
o DAL, DOBEESS B B 5, &8 SR ih
TN, AFHEP.

TN BE S I X K AR A A5 — 5 B A
SN, BT TR P RORE T, FRAT T 23 P AP TR
FENF AR AE BRAE, & S 38 B A 7K B AR 1 A9 TN AT
NH; NI 5 22 mg/L, SR 1Z P8 25 mg/L e A .

s B IRUIA B NCR ] R G 5. AE4ES
G B SE A A BRI L, BRSO T 4 ) A
PRP AT BV A URP AT O, U AT R A AL 4
Jitke IR, N REKALRE, DAE KRR, sk
Pld-TE e A

g BRI, WA R E R AR P R R BT
FEN. ERHIEP R HENS, LKA 5 B ARG B A .
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THE CONTROL OF LAKE EUTROPHICATION: FOCUSING ON PHOSPHORUS
ABATEMENT, OR REDUCING BOTH PHOSPHORUS AND NITROGEN?

WANG Hong—Zhul, WANG Hai-Jun', LI Yan', MA Shuo-Nan"” and YU Qingl’2

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In terms of eutrophication control, quite a lot of whole-lake experiments and lake rehabilitation practices
have shown that reducing phosphorus only can reverse lake eutrophication; however, many people still argue that both
phosphorus and nitrogen should be reduced. Since reducing both phosphorus and nitrogen costs 4—15 times as much as
reducing P only, it is of the utmost importance to conclude whether dual nutrient control is a must. Focusing on such an
essential question, we critically scrutinize all relevant viewpoints and their evidences. First, we systematically summa-
rize the research history about nutrients driving and controlling eutrophication. Second, we retrospect and examine the
concept evolution and the experiment criterion of limiting factors, which have been considered as the main basis to
judge controlling nutrients for a long time, and clearly point out that the purpose of identifying limiting factors is to de-
termine the factors to promote growth of organisms. Third, we introduce the new term of an abating factor, which has
been defined as the most cost-effective factor that can reduce overgrowth of individuals, populations or communities in
ecosystem managements, being either an essential environmental factor or a physical/chemical/biological means of des-
troying organisms; and explain the five steps to determine an abating factor, i.e. analyses of necessity, controllability,
practicability and costs, and tests, through an example, demonstrating convincingly that a non-limiting factor can be-
come an abating factor, and a limiting factor is not necessarily an abating factor. Fourth, based upon abating factor ana-
lysis, we show that the abating factor of lake eutrophication is phosphorus; further, summarize the systematic evi-
dences from whole-ecosystem experiments in Canada and China and lake management. These fully prove that only
phosphorus abatement can effectively mitigate eutrophication, whereas only nitrogen reduction cannot decrease phyto-
plankton biomass, even can induce massive growth of N-fixing cyanobacteria. Fifth, we refute logical and experiment-
al bases of the opinion of reducing nitrogen one by one; such arguments either confused abating factors with limiting
factors, or lacked support from large-scale experiments. Sixth, we critically analyze the ecological effects of high nitro-
gen concentrations, and preliminarily conclude that it is only when total nitrogen and ammonia are more than 5 mg/L
that nitrogen can have some stresses on organisms (submersed macrophytes, fishes, etc.) and promote sediment phos-
phorus release; then suggest to loosen total nitrogen and ammonia standards for Class I —V surface water first from
<0.2—=<2 mg/L (China: GB 3838-2002) to the same value of 2 mg/L, and gradually to ca. 5 mg/L. Last, we recom-
mend a systematic strategy in eutrophication control, with the purpose to rehabilitate physical, chemical, hydrological
and biological integrity. On the basis of maintenance of lake basin integrity, the most fundamental measure is intercept-
ing external phosphorus loading; if internal loading is heavy, in-lake phosphorus inactivation is the first choice. Next,
the key action in shallow lakes is regulating water level to recover aquatic vegetation and switch ecosystems from tur-
bid-to clear-water states. In conclusion, we advocate loosening N control and focusing on P abatement in eutrophica-
tion mitigation so as to reduce costs substantially.

Key words: Eutrophication; Limiting factor; Abating factor; Focusing on P abatement; Loosening N control;
Systematic management



