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Abstract: Inflow rivers is the main way for exogenous nitrogen and phosphorus input to lakes, which is also the key transition zone
to control the external sources of lakes. Comparative analysis of total nitrogen (TN) and total phosphorus (TP ) concentrations of
typical lakes and their main inflow rivers from different regions of China was carried out. Based on these analyses, the influence of
nitrogen and phosphorus input by the main inflow rivers on the eutrophication of lakes was discussed. Finally, the collaborative con-
trol of nutrients of water (TN and TP) between lakes and their inflow rivers was also discussed. Results showed that the exogenous
input of TN and TP still had a significant effect on the TN, TP and trophic status index ( TSI) of the lakes in China during the 13th
Five-Year Plan period. Water quality could not reach class Il and maintain mesotrophic status for some lakes in China only by col-
laborative control of nitrogen and phosphorus between lakes and their inflow rivers. Control of internal load and ecological restoration
should also be comprehensively applied to the eutrophication governance of lakes in China. Additionally, the water quality (TN and
TP concentrations) and water volume of inflow rivers have jointly affected on the TN and TP concentrations and 7SI of the lake in
China. Based on the measures, regulations and laws from other developed countries, also combined with the present situation of wa-

ter quality of lakes and their inflow rivers, policy and proposal about collaborative control on nitrogen and phosphorus of lakes and

« 2020-12-03 Yk ;2021-03-01 Yol f.
[E F AT e g ) 595 BB 15 K& 35 ( 2018ZX07208001 ) F[E 5 [ SR Bl 3k 4 11 H (41877380) B4 ¢ Bl
wx  IMAFEVEF ; E-mail ; zhuyuanrong07 @ mails.ucas.ac.cn.



B4R S AR B A0 R NGH T R R AR B B A2 R AR 1401

their inflow rivers was proposed. This research would support the control of exogenous nitrogen and phosphorus and ecological resto-
ration for eutrophic lakes in China.

Keywords : Inflow rivers; lakes; nitrogen; phosphorus; eutrophication; criteria and standards; collaborative control
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Tab.1 Selected typical lakes and their main inflow rivers of China in this study
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Fig.1 Comparative analysis of TN and TP of lakes and their inflow rivers during the 13th Five-Year Plan period
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Fig.2 Influence of TN, TP concentrations of main inflow rivers on TN, TP and TLI( Y, ) of
typical lakes during the 13th Five-Year Plan period
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Tab.2 Target values of TN and TP for collaborative control between typical lakes and

their inflow rivers in the eastern plain and the Yunnan-Guizhou plateau of China
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(1 8). #E—L iR, AR A Bk (e 5 TLI( Y ) JF T B E AR (TN :r=-0.246,P>0.05,n=16; TP
r=-0.398,P>0.05,n=16). AMIAH TN TP 4 A ik HA — Btk (r=0.872, P<0.01, n=16) ,ix £ M —
KR S PR 2R A5 P AE e B — B (A AR S XTI AR BRI B s i R 22 R (K 9) .
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water of Lake Taihu from 2003 to 2018
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Tab.3 Correlation of total volume of the main inflow water with
TN, TP concentrations, TLI( Y,) and input loads of Lake Taihu

T, K0, A R T 45 55 80 K AR e A AT 7 7K

AR JE IR AR V5 Y W W B BN i P r

?ﬁ%%tﬂﬁﬂﬁ@;ﬁﬁ% ﬂf*ﬂ%ﬂ‘ﬁ?\%%, {ﬁﬂﬁi TN Y;{UE <0.01 -0.65

5 s ol G K SRR TR, A B A B8 ot WK TP He e <0.05 -0.62

BIKARE TLI( Y ) B EA 3 s TN i A 0.61 0.14

EH (35 3) . R, A AR s i A4 TP iy AT <0.05 0.62
TLICS) <0.01 -0.80

AT BB AT S IR A R SR AR —

A R T A £ 2T B
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3 iTit
3.1 N BB\ X 3 E S B Rk BN E B R L p R

BT AT RIS B AR , SRal POK B2 HIPFA, B A3 M 20 0 10 3 9 AT TN TP 7K
BT WA KA, o TN JERRAERE . (EJ2: , AR | DI D s Bl i e 140 47 44 2 A 3 1 S 230 0
Sl S AW RV AR ST R A SR X WA KA TN TP 7K R T8 TR A AT 25 5. i R W45
B (KIS FHRARE) | E— P T TR R AW -5 W19 U0 D R] 42 1 - 0 s ZERN K50 . T3k [ — s
SOREEARY TLICE ) 5 AR TN TP o 32 A4 4005 S g 1oz 75 e (181 2) , R WA A [ 5 9% K P 42 i)
B, X BLA MR TN TP 3R BE G 2P 3] — 3 BKCE (R 4) . BRTIT , Q2RI [ — L AR 5 TR
PERITEARE BB FRALKF AR, AN TN ¥ B2 vl B S 4% 78 2.66 mg/L LAR, TP ¥ & #5175 0.109
mg/L LI 5300, BB e R 0TA R A 0] SRR WA A S M R 46, B (A AW A Rl 2 o T
RE LAl — 26 S RO IR B o B SRR LAT

A TR LRI AN R TR KA R 8 A IR S ] 7 PR

Tab.4 Limited values of TN and TP of inflow rivers for different trophic status of typical lakes in China

T SRR AT 5 AR TN/ (mg/L) TP/ (mg/L)
TLI(Y)) <30(#5E %) - -
30<TLI(Y) <50( H&F) 0<TN<2.66 0<TP <0.109
TLI(Y,)>50( &5 3%) TN>2.66 TP>0.109
50<TLI( Y) <60( 55 37) 2.66<TN<5.20 0.109<TP <0.182
60<TLI( X)) <70( hEEHF) 5.20<IN<7.74 0.182<TP <0.266
TLICE) >T0( HJEwEFR) TN>7.74 TP>0.266

5T TN LG, AHITRT I TP S A GBI /K A4 TP ik B (0 52 A8 , 3 K A B 78 2 AL R B 1 5%
WA 4 2 ([ 2) . X T RE S I S R G A BN [ AR W b BR AL 2 i R DA G AT R A B
FE A A 3 S AR, B & LR SR 2GR [ T . A2 R, A MR A, A AESE 2ot 8 7K
PREHG 1, W A B A W40 T R A K AV A AL . LA T A 01, R I A P e i 2 s Ak S5 A 22 B Y
TN 23 KW A TN B9 50% Z2A45 0. BRIt , K390 R 4 o 78 Ak 5 ok £ B2 R T A 257 1 B e
ST P K B0 S, R A TR0 370 5 E et 7 T v 1 ) s T R oy R

T 18 673 A0 o), A [ X3l A I3 T 780 3809 7K A R A S 1 5 5 0 5 ) L B T RE A AE e R 94
S RIAdAE [F]— RO [RI 2GR , A s R A Bk LB B R i AR K ER. Ua
S8 SN X UL o 1 (P 4) TR LA R TG T R T K A, A A
B AR IV AR08 7K A U 7K S 1 S 7 B 02 S o AT O e Bl AR R K I B S5 T
SPIRIK T S M B B A5 . 3 AT RS2 1 T/ IR S B0 1 P R A 4 M R AL 22 I B L 4 B 1 R A 0 ) 7
SEAFAEZE S RO 5 B B A AN R R g ek A

N R AT K K BRI S SR A S M A s P R AR TN TP k3, /K 8 A R s S
T 22— LA 1], 2003 45 LUK , BRI 35 55 AT I ZUBE K BRI K i 2 R A T R A Ak
LT BB T sk B AT R SRR R ) SRR b, AT TN TP Vi B () R I 51V R 458 A
KB B G I , $57 T LA [ ke 36 A K AR TN TP Wk 8 % 5 5 FR R SR, R 32 B2 AT /K B
KGN, B R AW 00T R AR R Ak, T SR S AT 7 R A R 1 K AT A R R Y R
B2 —. FETWIAKR TN TP FE & S0 FAR , AT K 38 hn A0 2wl vie 1 R R d [R) i, t ik —
A U 4 A K AR Ul A T S, ERE 4 PR K P 61 R, S5 TN TP e 3 /K T A
U, BT — e A K AS A BB BT, AT 35 TR T K AR SR O D45 ) 7 32% [ P 2% R A TR T 3R 1) SR
IR AN A B A K TR A3 AR K o 1 B 5 7 A it A 3 o A i R
3.2 ERLEETF NSRS #EKE R R M BE 5 =)

IR i HE R PR T Y e s o G (N AR 0 ) 72 A A L A T R ) ) i A e
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A BN K RS SR B 0 ) 5 S5 BB SR AN ], 5 LA 2 SR B X B K IR
B FEAESEDR |l 52 T7 ik LA LS PR A5 OGN 2K DAL 5 130 8 IR W R R 1 R B R B A
K E IR E BRI bR B S T RS R S I AR AR R R R AR AR R 3
YE(E AT REAF R RCR 28 St AR IAE SR BRI LUE SR SR AN, 1675 08 11 AR 2 1R L % T8 st DX Ay e 2 |
R TSR BER b, 2853 Z8 5 W Je 2 1, b T 53R A B 1T ML DA A, — M EL AT TR i )
PEC L IR TR N SR R SRR PRI A A 2 R AN 3 B EPA 0 Y AR T A 25 43 KT
RS AL — 8 22 5, — SEA) I R vl B 28 A T P K PR R (3R S)

Fe 5 S RBEIRY R 1O 03 TR 43 KT ) U B 1
Tab.5 Comparison of nitrogen and phosphorus criteria recommended by EPA between rivers and lakes in

several ecoregions of the continental United States

ERXV RV ARV AEZS XV HERXIX
T P2 TN/ (mg/L) 0.56 0.78 0.66 0.24 0.36
TR 0.88 2.18 0.54 0.38 0.69
W% TP/ ( pg/L) 33 37.5 14.75 8 20
b/ 67 76.25 33 10 36.56

R L BT XA A R S SR BRI A AE 22 53, T T —SE b SEHOR (BORA  m0 12 v A
85, FEOTE IR T AW A K R R B R R a0, EPA SAT R I 3 IR T G B BEERE T EA
AT A H AT S K A CRL AR W0TR ) 9 TR0 3L T E 75 1) A S AR B B IR M R, O TR AR o FRAE AR
B EPA BUATIIA KR SR SR R D A T 26 [ (O i K ) 303 (d) L AR B2 K AT
FLFF I A H R K S50 (TMDLs ) 2 E3F E K AR T B b P4 A S DR g I B ol BRAE. 3R 22 453380
TH A U5 R B4 85 SR AR e /K A R L, 2 SR 1] (i i K 1) 303 () 5K, O 1B B S2 45 91 TA 15 2l i
TMDLs 4] J-$2 B a4 Jo Xof a5 0A 050 67 47 AT R4 ) A sk /6 TMIDL 15305 i op 5 285 T AT
R , (H IR 2RI TWIAK RS SR 28 R o FERIARE , G2 A UEORT TR U5 3 e 1 s s 52, 465
& WIRYA B R 2R 2w B TR WO B 52 B Y. LSS B2 5 ik M % 75 79 LU il I Sk X sk Little Turtle 3] 1
Irving 178 =P HI198 TMDL 351 4] : Little Turtle 1A Irving i tH B0 & & 201018, g 99 A EPA Z 81K k3%
B IR SR E (K ) 303 () BR i — A0 i BT SEBRAIC 7 3R TMDL 314" 3% TMDL -4
TR R b, AR AT AT AN 8 TP A v 5 ) 1A 3 7 S AR ek ey o R (3R
6,7) , BN TP ARUERRIE N 30 we/L LAR  AER XS R X A3 i TP AR UERRE Ky 50 we/L LR, FtL, Jy T 1
AR E IR W TP AR R0 SE T bR e . i T X AR AR, AW AR AR
Tl 2 BAn , W 7ah N 15 Jedz il Jii@ i HSPE ARBLAN Bathtub BRI E T FEAN IRk BT YL IR H] TMDL

22 6 W1 35 15 M AL R AR 25 I KA FUK 5 -4/ 6 B R
Tab.6 Nutrient/eutrophication criteria for lakes, shallow lakes and reservoirs in

northern Minnesota and forest ecotope

TP/ ( pe/L) Chl.a/ (/L) B /m

<30 <9 =2.0

27 2L AU TR I IR S AR v A R R b

Tab.7 Nutrient standards and total suspended matter standards for rivers from northern USA

BEIF R/ (me/L)

TP/ (pg/L) Chl.a/ (pg/L) A/ (mg/L) BOD/(mg/L) R 10% HOR i)

<50 <7 <3 <1.5 15
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T, B T 5 TMDL -5, A 3k 8 X8R, BEE b TP B bR HEBRAE o 29 e/ L, 3 A4k H AR =
SR T X BB KA TP AR AEBR(E (TP < 30 pg/L) 7.
3.3 T [E B E A H R\ W S i S T TR 4 4 4 4R i

FEF AT I B 13k R0 3 K VR R AT 78 TN TP ik B 28 M 56 22 (T 2) i, 38 g L ( ot 36
JKFRBE B ARIE) (GB 3838— 2002 ) AL i FR {1 1 3 46 A0 IE AT TN TP 3 i3 TS50 (£ 8). I
A 0 WA PR R /R 0730 N o B o 8 11 L= O o b P8 S 5 R by B k= A
YDA R 25 ST I ) 42 o ) L, 34 25 T e o o ofe (b 8 /K R B8 e o ) B ST R B v B 1 - S T
TR, S HBUR G E R E R AR . FESEPRECR Z 0, 3 T A S LA E S IR, 5
ORI B RFRIE) (GB 3838—2002) Bl 1 (1% B & SR AL DA T RBUOR ) (34 [ 2004 ]) T 2004 4 %A ,
I 2017 4F L A5 HABTT IR, 76 3 FEMIIA B 85 AL Bl 07 10 4% 7 BB Y. 2017 4R A 1 G P 5 85 97
FEBETRH AR BOR ) (BITH) (BRI, A5 2017 4F 55 51 5, BT E NAMIIA & 8 F= LB 1R 400 M
Y454 P AN e BT R B , e 35 U0 B 36 20 A 0 8 1 < MR 00 () K 2B 28 T R Bk 28 0 4 1
FIEE AT R 0 O ) R AT () ST 80 e 2030 B e A v R ol EL AR BRIt =2 4, 3 [l — e At R
HOR R A S5 T AT A B L R 0, ORI A AR ER B AR A R AR AR
(2013— 2020) 2 11 T 43 DA SR W, SRS 25 35 0 X 2 5 25 ) DX AT 07 TN TP 5 24 67 4 0 AT 11 ik
. 2017 45 KR 5 AT (1) — 55 I bl 4w GaAT) ), R AT i — 3] — 36" J7 %8
B WA 7 A SCRRIE R R T [ X — S T It B TR T A IR AL Sl I [ ) M =
5 A RIS SRR B, S0 K BT 7 S A AL 1) 52 S R A 2% B 4 S 1) € R 3 sk 3
WREEATRILAARTT ) (ORI BUA BB TT 2 (2013 4R 4 ) B TR TN TP £=81 B A%, A E T
FEEAWI G TN TP Fihil E AR (8, 5 AT (1) TN TP 5 Je G faf A fa 1 1 XL b 7 785 % 1 A i
IR, 2= B B T (= B A KI5 YA BARTT A3 Horb B T B Ik 18 4% 3288 A W3] i £ B
Bt TN TP #2ih AR

4 8 JET L R 1 [ SUBNIE AT TN TP B Rl b

Tab.8 Target values of TN and TP for collaborative control between typical lakes and their inflow rivers in China

TN/ (mg/L) TP/ (mg/L)
GB 3838— 2002 bR HESFH] HAR(H GB 3838— 2002 R HARE GB 3838— 2002 ARiEFR{E

WIHAKARZEH (BRAE) AW PR (BRAED) AT T
12£(0.2) - 1 26(0.01) - 0.02
M2(0.5) - 12£(0.025) 0.017 0.1
M(1) 0.93 24(0.05) 0.075 0.2
V2(1.5) 2.95 V2(0.1) 0.190 0.3
V(2) 4.97 V(0.2) 0.420 0.4

NI 26 SR AR A 9 58— (9 AT 0 00 bl [ 42 0 B (38 8) AR, S AR A [ 180 X L 7 331
] I R DI ) 92 A A T A s T A A O (36 2) , BETC A T ) — W X P B AN AN R
(K 3,4) . DMIFSEM KR -1 Db DX R0 1055, S el ek A1) 3 i i [ o, 22 0im m] RE TGk ik
BT A bR (3R 2) 3 T RE-S I 5% L A DRI I0) SR BRRIRR I | A A 45 1) i A 45 4 DIAR G, T 26 i 71 )
WAL TR, ™+ =T W), K VL b T TP W SR © 20358 0.1 mg/L 2247 IR, o 2
ARHR ) DX MR AT TP 42 1 S AR 2 580325 R S | A R BURIVRE A, TR0 173 B AT 180 2
BRI A bR, R, 456 FE N AMIFTE AT FE O AT AOBORBOR S , LR ok 2 S RT3 -5 A T80 70 3 0
IR BT A i, A DT 25 B G L AR I DX SRR L, 455 (L ORI B AR AE) , TR — )
— 3 AT SR R . R A b, — S A R 8 T T ISR AT R BIR R] 4  7EA 5E
P VR BE R SE R I, BRI S NI KR T TN TP 22 Ak U [l s o, ok 28 e o7 /K B /K i Ll ok 55 2 9 ol
FIAR. F351 , % B 1] LAY W07 A TR A ) il A GBI A PR A K 1 1 8 IR AL B S 5 0 2, A R TR



B4R S AR B A0 R NGH T R R AR B B A2 R AR 1411

O BT R S8 S TE A RE A, EiSU0E e 2% i R AT 3 R0 3 Wi B 42 ).

ST WAL A Bl DI IR ) 5 M — 2B SRR 2 BT 9 0 A T A BB A e Ak
SHIA L BRI B A B R s B T SR AT LASS , — B i S R R A A B R
FETTHREE . AN, (b FAKIREE AR E) (GB 3838— 2002) HaR /K AR iR 4 30 min J&5 , 285 B 1 )2 4E
YURETR NI A H K SR , 045 TP. %RE i R S R — 5 R b A ) T A [ e 82 K AR 22 ) ) L %2
(R X ACAKE i r S B TN TP IS = A T8RS, PR PR 0k (SS) & R g & . U=
WA T RATBEKRE A B, 24 SS #e T 500 mg/L i, KA RE S 90% AL IBERRAE T SS vh. K1, #5218
(HbF KRB R BRI (GB 3838— 2002) /K RERAEELR , PAGAMKE S b TP AL T SEPRAt i eh TP e i
(¥ 50% LATR L PR, AT I ARTE AR R K 30 03 AR, 3 0k AS BV B 22 O, 3 %07 1 AR AR B
PRHEATXF HE AT , AT R TG A58 b IS I A BT S0 0o 0 2R N 1 7 AL SR AR . PRI, A I (M
FAKIREE FRFRIE) (GB 3838— 2002 ) 7K B SR A2 7 2% A W00 Y70 1 P 2K AR i R0 S i AT 140 5 ) I
B, IFm A A2 fa )y = e AT 3 L Bl o A b

4 gt

BT A = YL — S R KO A IR TN TP 0 8 %) He 24, IR 45 4% 2003 — 2018
AT 301 1) T B 2 B AT TN TP AWK S R S 0 LU 238, 454 [ B A W] 3 A8 9 28 e
[l ], LRl 2K PRI BT i) (GB 3838 — 2002 ) AR I L& BOK i 45 , B0 it £ i A0 )3 S Ho o
AT AR AE e FBCR LT

1) AT I U K1 ATS SR 3 ] — e SR ) Y /K A SR K i 7 R AR B B B I N R 2 —
Ferh TP i ASTBIIF KA TP (RS2 R AR, X 0 1A i 5 7 A ) e S S8 25, T 30 T 3 % o 7 380
PR A P [R] 2 ) T REJE S da Y.

2) F [ — 8 S AV VA UK VR T TR AR B Bl RE AT 8 B ) © 28 e B sk 3 36
IKB AR AR, g FRAK T AT a5 IR AR B S S ah T

3) GE— 9 A WY U A DI I 42 1) A (XA [ 389 DX i R0 A o) O 2R ) P A A T A
S TR AT OO, BTG TS RIWIA. PR, I 25 i G 4 R DX S B Al L, T
TS AT TR U P ] 47

4) AW K AR WA AR R BB P A B SRR B N R . — S8Rk A8 A R it SR 38 T
SR A T L R DI ) 2 L TR A 8 R R R B A A W ZOGTE AR R K R TN TP 22 S5 Ak P IRl 2 1
s ALK R T A 2 E .
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