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Abstract: Nutrient cycling flux in lakes is an important indicator to measure the lake trophic state as well as an essential approach
to explore eutrophication mechanisms. Key processes of nutrient cycling can be identified by calculating nutrient cycling fluxes and
mass balance analysis. In this study, IWIND-LR, a 3D hydrodynamic and water quality model, was used to simulate nutrient cyc-
ling of lakes in this study. The nutrient cycling fluxes were calculated based on the model results to define the contributions and pat-
terns of nutrient source and sink processes. Lake Dianchi in the Yunnan Plateau is one of the most severely polluted lakes in China.
It is a semi-closed lake and provides a stable environment for research. The model results demonstrated that, IWIND-LR performed
well in Lake Dianchi. The input and output of total nitrogen in Lake Dianchi was 7620.92 t and 7637.31 t respectively in 2003 ;
while 450.23 t and 429.57 t for total phosphorus. The exogenous loading contributed most of the input of nitrogen and phosphorus,
while denitrification and sedimentation were the major outputs of Lake Dianchi.
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Fig.1 Grid division of ININD-LR of Lake Dianchi

HUR FHAR R B Bk 43 PR e PRI AR AR 2009, & 20 53 A 5 7% JEOK B2 43 1 B 23 43 Sk, & A DR A AR
A 30 5 o 4 W T A A 2 A 7 R R
M(i) = [Jeti)dudydz (3)

A, My i EA AR, ¢ IR @ VR EE. FUTR A 8 TR AT (algaeN ) JBURL
FHHLEFER (PON) A A YA R (DON) E A2 (NH,) FERELFFE (NOY) s BT R AU %
&R ARBETE IR (algaeP) (URIA MUBETE R (POP) (A A HLBEF R (DOP) | IEBERRELTZ R (PO,).

BRI A 2o R 3 o 4 W AT DO AT R S AR, U P A 5 R e R DL AR Dk
A CERREREREAM R PRANAAR D BRSAEIEAWLE RRAWE MR/ ViR
AR ) s QRS (FFETEIR AR AT ) ; @I (LA B AR AU W& A ML W& A Sa
BUR i AU W Rt AR SR/ AR AR i i ) s O IR (A48 A U P Ac i ik i R 6 UG e 5 i
i) s UL (CRLAR B IE R R DR S AR DL ACRR AL ) 5 © BORM A it P 0 2 260 Wl A0 R 45 ok Rl o %
LA A . ORI A (G SR B AW BORLA DL AW i S A DL A i IE B RR R A
i) s QR AV (AUIE IERERRER IR 43 ) ;DML I (A48 B IR Ul L1 W & UKL MLl L1 1 o S
HUBE R IEBERREE AR ) s @R (AL IERE IR R I Ve S #e i it ) ; OUTRE (45 2R IR B ke 12t
RA BRI BB IR VIR ) . Db B EEl i H o BT .



822 J. Lake Sci. (#ia#H3) ,2017,29(4)

T S A
Fysw = thlo(t,k) < C(t,k,1) (4)
SR B “
Furay = fff (D, + D,)dadyd: (5)
SR
Foiy = ﬁ,J’q(kJ)C(k,l)dt (6)
BRI Kb ’
Fuiy = [[Ficdudyde 7
LN SR
Fay = [JF.0dvdyde (8)
SRk
Foo =[] drdydzde (9)
R R
Fyoo = [ [Fyndvdydzas (10)

Ao, Q FAWIR AL (m'/d) ,C F SR AWITF i HoIHIE (¢/m’) D, N TV (g/ (m® - d)) D, KT
Ui (g/ (m® + ) ,q FI TG (m’/d) e TR H U (g/m’) , F, 2 @ 93 IR 8 R0
((g/(m* « d)) ,F Ry i AOMRTIREERRE (g/ (m® - d)) ,F, FIEIE R (g/ (m® - d)), Fy, 0 B AR (g
(m* - d)). T ZEE R AR LD RS S BRIR PR S 25 SO F AR DRl G2 R, R RAUE B4
R AT RWIAR BHIEERE B BUR DU R 2 O SEIA AT 5 AR LUK B R RS BUR 5 AR45
FHEEIAR BEIRPRE A

2 ARGER

2.1 AR

RARUAG 56 S /K TR AL H (A% 025 B, B RS & B A S 8501k T 58 DA S IS AL ot S o ek 8 14 1
P AR ARSI A 2 AT K Bl AR A B K AR IR A 5 5 L e K B AR LKA R A R
TEFIBRAE 7K BRI A 56 UEC AN 8 A B 3 H R o5 A4 3 W g5cdls , E BAS HE T AR AL (DO) B AL(TN) |
RV (TP) NH,-N P43 a( Chla) WSS, M TA SCR A2 A 20 A2 IE GG UE AR | B e, oA
IE AR UEAE I R , BARZE 55 S B A SO ™. AR IE AR IESE SR mT 0™ TN TP F1 Chl.a B4
45 B 55T E W) A B, RMSE 435120 0.619 ,0.064 F1 0.040 mg/ L, LRI AEAS 4 B2 WUl A B Ak 27
AP AR, MRS RS BUE A KRR RS AL SN 3Rk 0.05 d7', B IR 25°C TR
NEFRECH 0.045; B FH0.06 d™ A HLER L RN 0.05 471, A HLBED (LR Ty 0.04 7', HHLER N
0.06 d™', 7" L IR B IE REUCH 0.069 ; FURLE FRER UM R K 0.1 m/d; 5 8 Tk s A 4 i A 4 o R 43 33
H1.35.2.5 11,9 d7'. JRIRE R AR TRBCABIEGTR, FESHON .Gl 2B W E 2 0.015 d7', G2
254 0.001 d7',G3 2k 0, BB IE RECH 1.09; JE Vel b fm A4 5 4 0.09 d7'.
22 HthEFHBEEFETEZKE

FEASRUAG HE B ERE b XA A R B S SRR M7 B 3 BRI A AR A0 Rt AT (B 2).
LA, AR AR MR BIAAE W S A M B A 56 R AN 30 AT s B R SR B B U B S A 4140 A7
HERRRA S, S B AR RN &0 . R BRI Ve Bt 77 A BE s A Z i AR Ak, OB GE
WEEI N HE K ABBARMIA, AR E RRBERR SR 7E & o U, WU e M i /2. ROk i 22



8 BLAF A B a8 A 0G = Y RAAERL

TR S H A BANE 7 H 2Z a0 R0 R A s I BN T2
J 1) U A3
2.3 XEFEICERRIZA

F VICRT 2003 AFE AR BHEA A AR R
EE, TN F TP 31, E i TN A4 S5 AN 7620.92 t,
S A 763731 +5 TP AR ST A B 450.23 ¢, B
Oy 429.57 v F AN T, DUk U8 5 AR Bl B A
A, ERAR 67.76% , HR B IR e RS R, /R AR
AEIE 29.04% , RAVTRE A E A AEH L 53.2%. AL
B R ) = S A AL AR 3 5 B R BR &Y 95.5% , H
TR AL 48.99% , UTRE N 46.51% . X THE T , Bk A
A ERAR WY 79.77% , R &SR E R I BEH, N
18.3% . B 25 B W) 32 2 5 O I A T, JHG v B0 25 85 DT I |
62.77% , U (5 27.87%.

3 itit

31 HEEMSETUNMNEEZEERNER

T T R AR AR SR B SRR T A e R e
F =2 5 4K 8 - K A Y B AU 25 SR | S x4 T B A 0
M AT B R FEAS 20 A0, X ) T — 08 55 3
oy M, — B L BB SRR T T R A T A R
AR e R el 1S e o 1wl 7 S e i
PGSR — RS, XAt T8 2 AT B T A SR B A
W o — BRI R BARE SRR R A 4 M e K
AR R R —FP AR B, FF AN SR LI 44t 1) 25 B /K7 AN 3l B
G35 AE T T A R SR B B R A, S i SR
B A 22, T AN SR B T = 4k 52 2ok R TR | 7 3
WAL T % 4 A WS HEA T AR G BT R SRS TR T
M Rt SR AN B 22 . LATEC B R 51, AR X 8 il
P R A B TG TP A7k 231.4 t, TN 7
HR 3076 t; i@ 7K 3h F1 - K A AL T A, P Y TP
FITN F78 409 350.2 F12525.4 +, — % Z A BRI
SR TP iR TN B, b ) SR v W 7 vk ml 4,
PRI (R A B K TE T 0.5 m, 2 W I 83 3 B SR A 1
JERZARAKBORA. X T AR R s ou R, 1
FEORIF Z — IR Ve PR RRER MR, X & A TR ik
TE R A R T A o BB A T 227 sk ol i) A e i 94 BE B E 1Y)
PP 2 3O N 22 K 0O 6 35078 5 k5l & P R ™
HERGMER2E (K 3). BRILZ b, % B0 R 2= Kk 3h 5
St LA B 5 S A I R SE R W s M 2 5,
S TEA ST 3 L — MR 2. M, 2T = 4K
AN () 35 S 30 P A TS0 2390 2 B 4 i L R4 1

1
&
&

Tl / t
S
S

TR R R R R i =3/ (V/d)

B i A/ (vd)

SURTRREHGH #/(t/d)

1800

1600 -
1400 -
1200
1000 -
800+
600,
400 W
200 -

400
350

300F

250
200
150

wn
oS O

»‘—O'—I\)w-blllc\

N—=—O O WL
[=1V flV Tl T iV T lV TalV) )
T LI e e

[
EEES
T

|
—_
o
T

-12

|
N o
T

F— MR
M HLA

— TR
- — WA LR
BRSNS
L — B

e

NN NN

N

N

NN NN NN
'\,/ Wy A

N
%/ q/ i

NNN
NN NN NNNNNUAR
Ny Yy &Ny ISENY

— T T T T T T

1
(&

NN

823

A
DN

P

K2 FAr it (a) BEfFI (D) RURTERE

HOEAR (o) BERRER SRR HE A (d) FI

Fig

SR (o) 2B

.2 Variation trend of N amount(a) ,

P amount(b) sediment release flux of N(c)

S

ediment release flux of P(d) and
denitrification flux(e)

A% AR DR HE RGO T, FEARGE RN 3375 vk SE DR Rt , L BE S 13t 5 0 1 40 14 e F 2 2R



824 J. Lake Sci. (#7A#H4) ,2017,29(4)

KB ESR AR R 2R —%B
0.7 1 3.0 4
0.6 4
0.5 1
0.4 1
0.3 1
0.2 1
0.1+
0

MR EL/(mg/L)

T T T 1
NN N NN A ANR NSNS NN NN N NN AN
N Yy E Ny Q/\Q/\\/\%/Q\/ Ny X g AN Yyl N \q,%/

P 3 JEC B6 3t i AN [A] IR B2 1) R £ A 2 e JEE AR T 4

Fig.3 Variation trends of phosphate and ammonia concentrations with different depths at site B6 in Lake Dianchi
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