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Review on the nutrients transport in Yangtze River with responses to
the damming in the drainage basin in the past 50 years

LIU Ningning ™"
(Henan Institute of Education, Zhengzhou, 450046, China)

Abstract; To better understand the nutrients transport patterns in the Yangtze River, this paper
collected the relevant data‘from published documents in the past decade, and stressed on the
ecological responses. in the Yangtze Estuary due to the large-scale damming and booming fertilizer
use in the past 50 years. The results revealed that high inputs of N, P and impoundment of Si derived
from the accelerating human activities led to increasing N :P and lowering Si :N, which might cause
the occurrence of P-limitation and Si-limitation in the Yangtze Estuary. The consequences included
the shifting from diatom”to toxic dinoflagellates in the biomass structure, and observation of large
areas of the hypoxia zone in the bottom water off the Yangize Estuary and the adjacent East China
Sea. Besides. Three-Gorges Dam would exert a short-term impact on the nutrients transport, but the
influence seemed quite limited in the long run. Given the Three-Gorges Dam impoundment and
ecological responses in the Yangtze Estuary, future attention should be focused on the nutrients
detention by the “reservoir effect” ,dispersal patterns in the changing hydrological scenarios,and the
variation of microbial population and biomass structure off the Yangtze Estuary and adjacent sea.
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KT P E S — . & E 20 oK KVL K U T8 50000 8, B2 ik 200%10° m*, 2 (5
AETEK Y 229% ) AEAS— 4R A S, 2003 A AT A = Ik A0, 5 Bk AR e K e v A5, B XA A
ARG K SCHIER AR S SN T R R L S Ak, [ B e ROk A VTN 3 SR A A
KGN FE N P 8 FR b B HE, i HiZ 2 AT ORISR T VG B — 2R 9 A A5 BREE I L5 | 2 T2 6
FEIE 10 455K MR T AL R T AR SCIRERE, N B B YT KR AT VT 0 R 2R g it 3 5 it
A SO TE IR B AP A VL SR ER I AT R | Bl R R 6 A L B 55 T S e A P i [ 5 3% (] Fsf o
A S KT FRER L] 101 A 25 A AT 58 48— BE A

1 RIBEMNEKIIKDEFEYFRH X (Damming in the drainage basin and water/sediment/
nutrients transport of the Yangtze River)

1.1 3 50 VIR Pk A2 1k

A B4 50 4E4R(1950) THaf R TLTIERA A28 15 Sz @ik, BOE LA A VE B sb X 2 b 120
80 AEACAR IR IBHE T 24 12000 JFEKIN( & 1). E 1986 4F 920 i1 TR K + 080 TR, siis gt 17—
BTN K IERBE, AP AN T ~23% ). 1950 4R, KT EIE K IR E AL ~0.06%10°m’ ;
1] 1990 4EHEfNE] ~23x10° m’ ;1995 4F , A& H 45628 A K, JFER K ~ 142x10°m” , FLH ) 119 JE KR
IKPE(> 0.1x10° m) PEZS b B MR A ~ 64% .

35°

es dam
houba dam Danjiangkou-dam

euj \4 Yellow Sga

30°

North latitude

Capacity(X 10°)/m?
° 0.1-1.0

e 1.0—10

@ >10

A Hydrographical station
North longshore drift
7 of sediment
4 South longshore drift
of sediment

East China S?

100° 110° 120°
East longtitude

B RVLIRIBCOR B K A (6 3CHR[ 6 11250

Fig.1 Yangtze River basin showing the distribution of large reservoirs ( modified from documentary [ 6])

KT B = R0, 42 K 6300 km, JISEI AR 1.80x 10° km? | AE AR ~924x10° m* |, AE Vb
~486x10°M " 1960—1985 4[] , K VT3 B 4 KBS FTK I, AJEJR D M 7 ~6.79 A2 (1964 4F)
BWTFEAR (& 2A) . 1986 475 SCjita (1) F sk 04 TR A5 B U R S (UL L ST
IRVT) TTER TR VDI ZE ~2.06 21 (2003 4F) (B 2A) . BARIE 50 4F Sk K 7T Tb e B i A, (B A M /K &
BeAq A /b SEAR R ~800x10° m* ' (& 2A).
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Fig.2 Variations of water and sediment discharges of the Yangtze River and its nutrients load between 1960—2005
(A) Long-term variations in water discharge and sediment load of the Yangtze River between:1960—2005 (modified from references[6,11]) ;
(B) Long-term changes in annual fluxes of NO;-N along with total chemical N fertilizer use in the drainage basin ( modified from
references[ 7] ) ; (C) Long-term changes in annual fluxes of DIP of the Yangtze River,along with total chemical P fertilizer use and
population in the drainage basin (modified from references[ 71)5°(D ) Longsterm changes in annual fluxes of Si of the Yanglze River
and the dissolved oxygen concentrations in the Yangtze Estuary (the annual fluxes of Si are modified from references[ 8] ;

the data of dissolved oxygen ¢oncentrations are summarized from references[ 12])

1.2 3 50 K VLE SRRk A ik

VT BRE IR ERHE A SRR IR (A A XL 5200 KA TIR IR ) R R IE (AR A 757K
Hem  ShWHEm S B ve s ) P LR & W sTikic i K TR KV O 4 12, 1w vt
AT, A 1960 AN R IRIEin (1& 2B .C) , FECN (P fy A 563 5002 b T il DX (R B2
T IR BE I ) 1 o el S Rl = X, B K VT L N P S SRR R X

5 N P ARJA], I S04ERATT. Si ARl 3 s B i R (18] 2D) , X EE S imsinsg % F
Ui NS 8l (AR TGS FNTG K HE RS ) 7T LIAR RERFE B oRAM L UE/K ZEXT N P & SRR A3 B, 1M Si KR
T A 398 B v R R R AR R R £ A0 1k 2 XAk | A T AT 28 0 HP A e R v 1 o R pl XAk B s o
YT Y BB = [ B P " Rt BRI AR Si B9 BRSO B A A T RS L P S
NGB B Si a8 AR B A D LB, 22 5w kT ORI Bl T 2 R DS (1
BE) 3 T3 809%™ 5 1964 4R HE AR 135 K2 BT HE A, 300 F i DSi & FRE T 200 pmol - L', %%
AMFDR D T 95% .
1.3 RKVLEFRER S R AT 3t 1) bl

HrpEA R RWE R A (R 1), KKK E) NO,-N(fisfRih ) & 2L T rh E A9
VAT FITSZRYT., S ERVT AT AR 2 5 5 W0 75 Yl dse /™ B AR]85 BL 2R T T S B vl ZE 4N ) A L, 1
VLA LA T WA , 3% 7] B 5 Tl A7k 0G5 28K K VA B e v 732 N80 3l 52 madse /N Al E i
FLOH IR0 FI A 56 A By gyl A TTOK AR B DIP 5 822 w5 1 [ A9 sl ARG SR VT, 5 B3R VT T 4640 2, (5
AR TF RN AT S0 -Si (RERRER ) &, i AR T v [ A0 B In) RIS 571, 5 g 38 19 37 S b ve] 41 2,
X IZ FE S S EA KB LA, KIS RS B A R b TSR (£ 1).
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Table 1 Comparison of nutrients in the Yangtze River with other rivers around the world ( pmol+dm™)

T River NO;3-N DIP Si03-Si SCHRR IR Reference
KL 70.3 0.83 102 [16]
B 122 0.36 296 [17]
CLES SR 129 0.16 156 [18]
KL 7.5 1.71 29.2 [17]
et} 74.6 0.51 87.2 [17]
RIT. 68 0.75 150 [19]
Jal WISt 184 2.55 163 [20]
Wi 150 4.6 120 [21]
SR 106 6.77 55.5 [22]
FEYRT] 429 32.3 183 [23]
iR EAT | — 3.91 — [24]
FLORI 6.5 0.8 165 [25]
W 3gh il 10 0.7 115 [26]

2 ZIEEM S KT KD E FFE Y B X ( Three-Gorges Dam _impoundment and water/sediment/
nutrients transport of the Yangtze River)

SRR U AR SRR VLU S 30U B v i) e v ), s O A0 Jo i 6 4 ) P e R ) 7K
TR AR NS U 30 ) S5 i a6 AR 5 i Pt 1 ARG 2 151
2.1 =g SRR YY) B %

2003 4E =W KRS T AL T — B 6 3058 A% (K ~ 600km , JFE %5 ~39.3x10° m®) . [H] i, th
TRITAWBIRD FZ7= [ LI (>60%) ", ZIKINERE TH 24—, 3 BOUK IR FLH (RS = it
i/ A ) 3, K AERFTE 60%—70%" ") . & 2014 47K P LI BLIR U0 15.76 AC M, 4F 35 i AL 2
131 AZME T B, R 3 BB B, A M VR TRHE TR T R S SR b 3 — 258 % 0.848 42
(2006 4F) " SEJUAE AT —E R MW AL TBVD f AR R R AE < 1.5 2672014 4F | = ek PRI
FRURTPAR 0.45 AZWE A S Il — 1 22 | 3222 I PR AT BE /K - A IR BRI ARORT - 3t T 4 g 2 55 A1
LR RV LI AR R Z OB 1) A5 A =K R T VD KR D (~2 420 7 5 4, Sz
i 7R AP H K AR 258 K (&1 2A) R E , I R SE o« 470 R$EK” A SR
2.2 SR I ST SR IR T %

Xt F =K FERRER B SR R O AT , R TR L ST E AR, iU, Zhang 250 T =0 K P HE K
Je BT I A T BNV i LB 43 B0 10% 1 50%—60% ; 5 A Ak 282 J3 B Ik R bk
JK R I e A 0 TS MR [ 5 18 A 2 TE AL 80 U A TE AL 23 ol o A R Y 2% —T7% 1 13%—42%.
2003 AFE R T , B 222 2 d 3k xof LU B 7K i 800 E 0 e 0 A R R Al 8 3k A K SN )
PAE TR AR PR 2R K 8 R R A T T A8 53 ~ 18% 11 TN (VAL L ~ 15% 1 TP (&)
1 ~209%DSi i B F 7K v S 5 BT & B KGRI N <P 40T ~40% , 100 Si N FFAE T
~26% , &K JE AL AV AR P BRI B ™ B L5 S i AR ST 25 B A T = oK KT A
B SR AR ] BB Sy Ak — SRR RE e, AN K R I AR ) AN e YD TR R 5 IR ER 00 B BN, S B I I
AFRE Ve /0 AEL BR3P A o VT AR AR AR 1) ~ 4% ) i b B /K ERE 480, A VR VD s /b | HeBE
Wi A8 A543 R 53 A KL I E FRERH A MW SOV 9 — e RR B gl B 1) S o 75 2 — o I
(] | PRI 22 PE Al =W RSN VL8 IR ER Sk Sl Al A SR I ] RUBE A958R 40 . A, -4
BRI = WK PR B N PSSR ER RIS RV AR N P ST E SRR R 1 ~ 6%
~4%  ~8% ; MR AXIMGEE B FE At 5 B = 0ok T AR 58 I ES /K IR (2—3 AR P) |, 384348 Fi h AU 3 1 2 A
T B AR ABA T T SR T B R R 0 3 A R 0 T W I AR A AR RS K R Y S e B
PR B S 2400 50 AR R A I (B 1), 8T BT B9 R/ K PE X VL8 37 56 AT B 4 ik 1 K



7 XU T T T 50 AR TS 0 5 78 FREh W o 12 i o o e 1583

WIS AN 2200 500, 25 88 A5 I Vollenweider #5551 4341 & B, 4 VT3 38K K 3 X DS (5 fi#
RE) 1 B B8 B = iA AT DSi a5 1Y 45.9% A H R, SRR OK R R R A S uE SR AU AL
R ATEAE.

3 KIIANBEFRHTH 5 O4LEZN R ( Nutrients ratios variation of the Yangtze River and the
ecological responses in the estuary)

3.1 EFRELEA LA

N P Si B FRER H AR Ry i A LA K G dul A 300 45 1% 5 14 422 4R 522 i H e 28 A 983 3 11 T K [
2,00 NP Si FER VLA B IRAAIE SAFTEAR K 22 57, PR it Sl 0% 578 73 0 (9 422 i s R A ] i
WFFE R, KITKR Y N FZALHE N0 (58%) DON (IR A HLA ,22%) PN (BR.AS %, 15%) NH;
(% ,4% ) F1 NO,(0.5% ) .15 T PN LS, HAtsdy LU i T8 AL o5 SR Y ~ 85% ; P (B IR#h) £ 2 A
15 PP (URIZS,87% ) DIP (%R LA ,6%) Fl DOP (WA HLA,7%) 7 Si 883k [ iR il 1Y
PUb , N i ARt [ i, I R 7= XA ok AP R NP A R SRS R A
UiE. 53 A0 RALIRBUK BER Z A 200 ARFOK” BRI st 0U0E PRI Sic A B ASCR BRI W X N
RS —L8 ([ 3A B) . Yu S BRST R B, 7858 251 40 4R HL R IT K4 NOS B4 1 3 %, 1iii DIP 1
DOP U T 30%. Pt , 3 S6 255 PR B0 T BRI 50 4R AR 37 21 S BB AR Y (B Si LIS |
HE IR A L0 R A 3 U 3R N =P BT i, Si N B iR IR CIAL 3B ) i3k Al AEXS VL H 9=
AN IR I S AR ) e 7 A e B I TR T
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(C)RIT A FE b R M 4 38 B ik 1 pH (7R AL (7 R R R R 4 3R B BTk A SOk [ 3415
pH EEUE I A SCHR12]) 5 (D) RIT B R B 5 M43 5 5 G 3R (8 SCR[ 35 118200
Fig.3 Variations of nutrients ratios in the Yangtze River and its ecological responses between 1960—2005
(A) Long-term variations in the concentrations of DIN,DIP and Si of the Yangtze River between 1960—2005 ( modified
from references [34]); (B) Long-term changes in the ratios of N/P and Si/N of the Yangtze River between 1960—2005
(modified from references [34]); (C) Variations of HAB incidents, chlorophyll-a concentrations and pH values in the
Yangtze Estuary (HAB incidents and chlorophyll-a concentrations are modified from references [ 34],pH data source
from references [ 12]); (D) The correlation between the suspended sediments and the chlorophyll-a concentrations

in the Yangtze Estuary ( modified from references [ 35])

32 EFAR MG ST T A
T AT 5 9 S M T X PR R 1 2 K R AL I B 25 R e 5 R A o T B RS
PR R 2 K B3 2 FE T R 2 1L N P 5Si= 162 1167 (R L DK 2 L V2 K0
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WG AL 77 T T BSOS P AR 4 1 2E R 25 R YT 2 2R T B R A TR TAT AL | 4 ) 45 T iy 06 KR 9 3k
SR, 3T 50 42k A8 FRERE A HL ) & A B35 00, 3R B NP RO B THE A1 Si o N 8 Kl B A% ( &
3A B), B4 W E N AN FRER IR AR E (5 2).

R 2 ENINETRER R bRE

Table 2 Nutrient limit standards in the published documents

75 N R P B Si Bl SCHRR
1 DIN<1 pmol-L™" P<0.1 wmol-L™! Si<2 pmol-L™! [40]
2 N/P<10,Si/N>1 Si/P>22,N/P>22 Si/P<10,Si/N<1 [41]

3 N/P<8 N/P>30 — [42]
4 DIN<1 pmol-L™" ,N/P<10 P<0.2 pmol-L™" ,N/P>30 Si<2 wmol-L7',Si/N<1,Si/P<3 [43]
5 DIN<1 wmol-L™" ,N/P<8,Si/N>1 P<0.1 wmol-L™" ,N/P>30 Si<2 pmol-L7! Si/N<1,Si/P<8 [44]

UTBEAE KTk T8 SR SR B S HE I, SR IS FR kT & HL B 2, VT | N/RRT N/Si R
Redfield {E A5 07 1RSI 40 X dak BB BR A7) 0 Si BRI s A% & Btk A f s
M & (HAB,K4) (E 3C) JKIEERIL (] 3C) A 4 5% (I 2D) b B g =4 B L, Yu
ARSI FOK AL, R T 3T AR S SRR A R R KT T B B SRS T i
FE 1900s HEFF 4 IR, 3 2 B DA A 1YL 2

DSi kAR AR Rk A ] R AR S R g TR A (R S ek
I A= IR 1741 JEIEPEA 25 R 58 v e BB A IR Tl e 2 2 — (BT Bk KT KM b Si pg B =
F N P Si 2 [6] Fe 5] 2 i S350 T K AR R 9 e 3 v kot 1 JE R PR Yu 25 I R L T 80 4F
AT BSi(LEWE ) S ERIEUR M A R B W R Y 0.765% , 8O 1 Y FL R . L 2 RS
PR IL I VR I SRS IE A 25 1 e 35 ) 45 35 MG B dinoflagellates ) #7458 | Ff I\ Ry X Fh I 42 1l g
50 LA AR s I B0 A DSi 8 B A TG Jiang B T & B VT I AT 1) R I R R AR 2
FEAR A Zhou S5 WFFE AR AR VT DURIAR IR AR AR W00 B . 3 41, Liu 55 B85 T 1972—
2009 AFH AR & BORHE B, H 2000 4F LR B R (AL > 1000 km®) $8& B 34 2 IFIA
ik 5 KA R E IR B St BR i R fE R S B A G AR A U AR RE B R IS
A BEHS 4> 59 FUK AR B IRk BE AR, SO A TERTINSR A 2 (181 3D) .k 4h , N(NOY ) Byt F834 Jin
TRILOEA MRS, [ 1985 45, KIT O KR pH (AR (K 3C) , X0 pH {F U Y 45 Ak
Wy, QA AN AT FL AR AR R S R R T, B 2 A

EAFE R MR O B IR MRS K, m s K R i s i S S /b L 200 F el TR
CR AR BRI G, HR IR IRg Wit 2 eI T 30 A R T 0 DL AR T B o A ek
4 PR AR [X 2 == PV Ui AT Daler™ BF 73 1F — 25 3¢ W B0 76 K VT 1R ZR T 4 DR 401X T R IE A8 B AR 9 K
(Hypoxic area, dissolved oxygen,or DO, <62.5 wmol-L™") | HATE £k 5] 12000—15400 km? > jiij K i1
1R A A 480X (low DO,62.5 wmol L™ < DO < 94 pumol-L™") | I AR B . 59 4h | ixX b 8 B4 16 KT
FH R 2K 83, H s h— 2 21 PE AE B B0, KRR ) R Y8, KRB o 24
B S, TS T 2 KR 3 ) R 2 PE T SRR ML, THFE KRS, IR J2 K
PRBRAE ™ B AT KT IR K B 55, 76 4 2 KU Wb T 1) B 4™ 1k, 7K A 3 1] YR A5 e, o S04
%%Lsﬂ )

4 KiIIEFET R E (Research prospects on nutrients transport of the Yangtze River)
KL ZEIE B H a5 k] R @30 T K HE S ) | X i Jali K BR5 DL K] 171 A 25 R e 1 P i
FE TN T 52 2% VRIS (49 5% M) A0 ] 5 B & V0T G R, B 4 Ml Sk i Rt 0 A 2 R R RN A AR A B AR A e AL
B R — AR TAEE S R, AT C & T R E A5 TAE, U TR Z R HIE, N
HE— 25 TR X T Bl 10 LR W] 1 B S e o7 AL B A TA R, ZE A 4 S R DL EE G5 e LR LA
J7 1 -
(1) =Wk g 37 48 3 FRUE IR ORI A RELIBT, 1 ¥n] 3t ) e 2R 1 B iU K IR ——IK e, 7K EAE
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KR KBy i B I TS5 D5 T B AR AT 2 a5 T 1 AR RTIAT IR T A 8 25 DU 7K A
KA evh Wk Ay AN AT R, — R TR WK R i IR AR AN, R NP Si
TEIK BE IR S B AR L K 55 K U AR W B 5 A I O 2R 53 A, K 2R S B b o — S SRR T A A 25 2R
S5, X BB SRR 2K A RS [ A, TRIK AR AR B I 1] 5 7K A AT AR S 2 i 2 0 8 SRR Y
MR, DRI, 5 1o HG v B A P R A 2 AL I Ay oL

(2) Brig s T ESR Y HORA T AR 49y Jo 188 e 0 21 U5 F) R A% ] E TR 2 52 WD T 11 S 7
AR, BN AR SCHE AR ANIELIEE MURE R pH {ELSE 2. AR TR Vb ik AR e A el AE Y
ST EFRER I3 LA 5 1) SR O AR i 7 JE HGR A oK AR B K AR KL H
AR BRI DUAS K LR T AR A7 G SR (AL i Fp i 2, DR S WA e it — AP s 8 SR Eh A Al
FUHEFNY - BOHLH WS, 4 HIEAl g3 2h 5 K VT H R A BR R L. 53 A1, B FR sk AE T s 24, O
ANTEARRE B A W) B AL, 4t 17 B -5 40 8 A 7 0 % DDA 56 1) A JCHILZS (B DIN DIP |
DSi) & IR ER I A1 5 ik (1 AR AL KL

(3) A0 AT I A 2SR AT T b 8 SR ER K I i 987, DA KR i S R, AT A 5 SR AR L
) A AT R Hh L SRR R ) R AR S AL (RRAL R IR 45 ) | 7™ T bbb Y 1 R 8 3 28
SR Y BEIH. A L U I T T A AR R AR R R A AR A A AR SO DR I T R Y i 7 (FH L
3555 ) B TR A Ji AT BB A BRI 5L
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