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Dams altered Yangtze River phosphorus and restoration countermeasures
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Abstract; Phosphorus(P), as a limiting and vital macronutrient in global freshwaters, circulates mainly with sediment through riv-
ers. In this paper, we analyzed and summarized the regime of P and its variations that induced by dams burgeoning in the upper
Yangtze River basins in recent decades. We revealed that more than 91% of the P flux is in particulate form, among which the po-
tential dissolvable bio-active P ( BAP) can exceed the total load that discharged from the riparian basins. The P is closely correla-
ted with sediment and we estimated that reservoirs have by more than 3 quarters of it sequestrated. Previously, the BAP was mostly
absorbed by sediment and flushed by floods to the estuary, where it supported a flourishing saline bio-ecosystem at the same time,
with minor residuals in the lowland freshwaters. However, this nature endowed regime was upset by the sequestration of reservoirs
that reallocated reversely the background P as inner pollution for the freshwater corridors and snatched the inherent nutrient for eco-
system of the estuary. Moreover, the resultant clear-stream lost its buffering effect that sediment regulates P and the lowland fresh-
water becomes more vulnerable with lowered environmental capacity. Accounting for the actual eutrophic status, the pool elevated
dissolvable P level may also add potential risks in stimulating harmful algal blooms and hypoxia to the Three Gorges Reservoir and
others. On another hand, in order to keep a basin wide consistent monitoring and criterions in P control from water to water and we
can evaluate the harmful effect of dams more objectively, we recommend urgently to correct the present P analysis regulation, which
requires P extraction from water samples after 30 min settling, that can lose a significant amount of P. Finally, we proposed to re-
store the downstream biogenic-substance and eliminate the in-pool accumulating P contamination through successive slurry dredging

from reaches in front of the dams.
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Fig.1 Sketch of the Yangize valley with large dams, gauging stations and important positions( A) and

the developing diagram of the numbers and capacity of dams in the upper basin(B)
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Tab.1 The fluvial fluxes of water, sediment and phosphorus in some largest world rivers

- (e v bt/ PO;-P/ DP/ PP %/ PP/TP/
JiL (kmS/a):Zﬂ (Mt/a)[ZS] (mg/L)[zgw (mg/L) (mg/g)[ZQ] %
Amazon 6500 1200 0.022 0.0233 1.65 92.3
Congo 1290 65 0.024 1.50~2.10 56.0~63.4
Orinoco 1135 150 0.00622¢ 0.55 82.4
Kyr 920 478 0.0045%) 0.501% 95.8
Ganges 690 1670 0.075 0.1003! 0.50 86.6
Brahmaputral3!/ 0.96 75.0
Ganges®!] 0.12 1.36 86.0
L 0.061%! 0.156(mg/L) 13 72.0
Mississippi 658 210 1103 70.0036)
Lena 530 15 0.004 0.443 56.0
Mekong 500 170 0.0763" 4.003" 98.613!)
RIT. 302 69 0.004[32] 0.30%! 88.1
Zambezi 220 100 0.01 0.99 94.7
Indus 200 100 0.152¢! 0.9 83.9
0.035 0.79 75.2(84.0%])
Danube 200 67 0.02057] 0.7761%! 62,003
Yukon! ! 200 88 0.39~0.93 94.0
Niger 190 67 0.013 1.6~3.0 64.0~76.5
Godavari 92 170 0.16 0.83 79.0031)
Po 46 0.075 1.40 82.3
Nile (1965 4F-§i) 43 2506 0.1987) 1.46!7 81.0
o) 33.103% 839[% 0.009332) 0.6132 99.8
Garonne-Dordogne 32 1.8614] 0.104 1.3 42.1
Neva 80 0.82 0.03 0.53~1.28M41 37.0~58.3
Colorado 23 0.4~1.34] >95.014
Salmon!*’ 0.085 1.06 81.4
Chena* 0.007 1.1~9.6 74.0
Apure!3! 60 0.06 0.128( mg/L) 68.1
Severn47) 2.6 1.7 0.24 0.28 43.0
Avon!¥] 0.5 0.5 0.84 0.28 26.0
Exel*] 0.5 0.2 0.06 0.27 68.0
Dart[47) 0.03 0.02 0.067 0.26 75.0
Marne! *8/ 0.96 13.4

BT 690 49 SR CRRBRIEBRAM) PP RHARLE PP #3575 TP = PP+DP; X6 DP SCHit) DP 4 2.5 it il
H.

32 2 VB —K 2006 4F 9— 10 7 52l PP H 7 BAP'S
Tab.2 Measured sediment, PP and BAP along the Yangtze River from Fuling to Datong, Sep.-Oct. 2006

sl b8 T8 R CWOMET HA LK Kl

Fidt/ (m*/s) 11700 11550 11400 9009 8320 8320 12100 16500
WY E/ (kg/m®)  1.012 0.276 0.152 0.020 0.019 0.016 0.063 0.058
PP/ (mg/g) 0.816 0.829 0.771 0.910 1.054 1.052 0.763 0.761

BAP/(mg/g) 0.271 0.231 0.212 0.418 0.463 0.531 0.522 0.502
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Tab.3 Budgets of phosphorus for the upper Yangize River at Yichang
before and after the impoundment of the Three Gorges Reservoir in 2003

TP/ (J7 t/a) PP/ (Ji t/a)
Gt B
1961— 1990 4F 1991 — 2002 4 2003— 2012 4F 1961 — 1990 4F: 1991 — 2002 4E 2003 — 2012 4F:

6—10 A 19.7 15.7 3.05 18.3 14.4 2.49 iR 1
11—5 A 3.1 1.5 0.18 2.5 1.2 0.11

LA 22.8 17.2 3.24 20.8 15.6 2.60
6—10 H 17.7 14.5 3.60 16.9 13.7 3.01 TR 2
11—5 A 2.6 1.6 0.88 2.3 1.2 0.17

A4 20.3 16.1 4.48 19.2 14.9 3.18
6—10 A 21.0 16.7 4.20 20.3 16.0 3.23 iRl 3
11—5H 2.7 1.8 1.10 2.3 1.4 0.27

S 23.7 18.5 5.31 22.6 17.4 3.49

i B v/ (2 va) 5.21 3.91 0.47

1993—2002 47 & =R E /K AT 751, 5 B S5 b e O SRR 5.21 /2 va /b3 3.91 {2 va. {Hik
T 8 pum LU AR AR R RETE 1.9 44 vV a J/D L BIR K (B 3) |, B B SV A PP s/ D RS 143 BH 8, AH 6
W T 25 S5 V0 AP i o P (B3R I3 1.25 J7 va.

IR PETRAR AR TV A AR i T G A R R 3 S5 5L (3% 3) ,2003— 2012 4E 5 1961 —
1990 4E H#5 , 2L TP il PP 43 kb 77.6% 1 84.6% , HrhF AR R /> 80% Al 84.1% , IETHAI I > 59.2%
1 83%. X L 1990 4F R HHH , PSR AR AR B 19 J7 (A0 FE =W LUK EVERT) , b 17 Tt
(89.3% ) VI &, A, VM TS S (A 2 v HL A B 3 B AR 2 R4S B W 4R 1 inE) 1.78 (1.32 ~
2.31) 77 1, P L 1990 4ETia 5 46.2% . qnS5 [E RN RS In A V7RIS ISR A N 3R, Y1 S briy
PR VO L L R (K.

ST Uit S e D, HL p T e v A K R T R R B 1 e T B R, RVLE £
B RDK . ARER 3 AR 3R 3 R T IRV R ECAE A, 15 DP 245515 & 38 ) 45 5L %0, 2003 — 2016
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