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Wi TDP 4EB{ETF 29 0.008 mg-L "5 S5 yTI0 AN =0 7K 2 Ji 3 7 (ARt o i vk 2 5 i /e S TR B B LR B L B8R
—2; BT T K o B SE K SO SRR T b 3 BB T R 1 P v B i 0 K HIE TR A5 2 YT K A rh il i
FER AR, iR . FREet =k R R A A T R U PR AR . ST S SR n] R =R A K AR S BRI
R =

KHER LT R AMSEEE WA =WOKE;

UK PR [ oK EE A SRR OK BRI, R E R A PR U IX Y R e TR IR A
i, IR ST B R R AR AR A AR, HoK OB R R F RO, X R X KRG
P & R BRI, it BERT=WOK AR SCIRUMRAE . KRGS . EFRER M L 15T
FERLAL . IR AR AR SR B 2 T A R e ™, B K A A K R T C R KR B B SR A
PEICE, HAEN = WoK e KA i 3 2 il e st g B SO I IS Bt M B, T — DR e i
JE 7K PEKIRGEARIE S bkt , (HANEEA TR AN =K PR /K PR o e 52 7 TR AR T

SRR FEA R ST AN KT FHRRAE LSRRI, A DR TSV TAE
R, HAMIRH N, VTR BRI 224 VIR i 29 iE B 13% B, S0 e wk
FEEREARIIG Y R T HA AR, DY R HARAR S 2 . o Ay, HO =gk
PERADK UK BT N RE 20 . A28 W VT PR fE AT 1 ASED, WA =B T R B L
AL s ik B szl 7 21 (HE D E R AT, SO0 T2 DA S VAT = 2 X A )
FEJE P FAEA R o AN Tl AR, B0 B ik BT K B AN K PR o e 2 A i Akt ., A
I, PSRRI BE AR B R G T S VTR A = I K P SR /K A K B g s i A 5 5o

WK PEAEE K G TRBEE T e EIX T S K SCIE R A s, MoK v s 2k
PIBRIERR L . BT SVIRERER . SILS IR ATKIAR i B vk B A ] 1 25 R DA N BV — ok e
ks BEA: 2023-04-25; FEABEH: 2023-1031
EE&WB: HRARPEEERKITKBIFEHF RS S W IIH (U2240213) 5 =K ZEK B 4387 & IR 350 H (0711596) .

F—1EE: 5E (1978—) , B, Wi+, EEH TR, zhuohaihua@cjjgmee.gov.cn; BRBIEIEE: 2 (1982—) , &, fill
+, BRI LRI, 22630948@qq.com


mailto:zhuohaihua@cjjg.mee.gov.cn
mailto:22630948@qq.com

3498 ok L B ¥ W EEAVE S

IR BRI N, AR AN ISR PR I G 1998—2019 4ERFNAGIIRER , RG0S
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Fig. 2 Trend of the change of phosphorus
concentrations in water
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WL R TP AR E#E, HIYRIES RS ARBOFESW TP A EA T wEwm, H
PiRh2E S R A E—BBolis s s TP ARX(E 510 TR AH2E AN K HIEsE X .

TDP 5 TP 4 HAR LA —E R A—S, £ 2006 4FHT, VLKW H TDP AFHEH 5
W, TEEZWIE TDP AFXEAT . 2007 4F/5 W TDP AF5EPuE 7, MAE] 0.04 mg L™ Huk 7+
% 2010 4F(1 0.473 mg-L™'; 2010—2012 4[] H i Sk BEAEAFAE /MBI 8, T7E 2013—2014 4 H UK E
ik, % 2014 4FELFEZE 0.175 mg-L™'; 2014 45 aRFEWT I TDP AE3{E N 8 FREHEMEIRESE . H 2007 4£7F
f, SVTEEEWTE TDP A ERZ S T HERE R, JLHIE 20002013 4[], 1998—2006 4F[H], ~F
MW 5 7R 7T TDP AF¥(EAE 0.45 mg- L' MHI/IMER5), Pid L E2:5 (0>0.05) 5 7E 2007 45,
SMERTTAT TDP AEXERE AT, MISE T 0.03 mg- L' FJFE 0.12 mg-L™', [FNEEZWE TDP 4EH4){E
b (HGIE e TR, A 0.034 mg L™ FFFE 2013 AEERE S, 0.157 mg L™, ATk
TDP 4EX(E 2 0.035 mg L' (R R THE T 0.07 mg-L™") , B & 2014 40194 Z 0 F-HER 0.124
mg-L™'. 20142019 4, ~FHEFNEIRZWI TDP AF5(EI 512 [0 7% 0% T 0.05 mg- L™, H.H 2008 )5
THEWI TDP AFRA A e, th Lol AL, A ROKIR B TR NSO A s RS Y il
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Fig. 3 Analysis of TP concentration change in water



3500 BN S DR = 81746
1.20
1998~20064F: 2007~20134F 2014~20194F
1,00 C,;=0.04420.025 mg-L ™" C,4=0.065£0.033 mg-L"  C,,=0.074+0.034 mg-L"!
: C1005~0.048+0.024 mg-L™ Cyy=0.105+0.065 mgL'  Cp.o =0.082+0.036 mg-L
C.1:=0.038+0.028 mg-L ! Cle=0.31940250 mg' L™  C,,=0.115+0.068 mg-L"
g ey i0.793%% 1:0.762%% Ty myi0.797%
~ 0.80 1':;;:;:;2330652** {’.‘ i rig ;giiz:o.636**
o AR ICHEAE0.01 /2 R
£ 060 ARICHEFE0.05)2 B 3% Wz
8 N
=
0.40
0.20
0.00 L \}‘\J\",'\M}M‘L/‘ﬂfm\wﬁ WAWANIMAL W AL SAVAL
19984 20014f 20044F: 20074F 20104 20134f 20164 20194
HUREAEA
(a) TDP
0.40 0.60
— %(1998~2019) ——— 5(1998~2006)
0.35 —— 5(1998~2019) — =~ §(2007~2013)
0.50¢ ——— 5(2014~2019)
0.30 —— 4(1998~2006)
040} —— 4(2007~2013)
~ 025 ~ —— 4(2014~2019)
a a
& 0.20 o 0.30f
£ £
£ 0.5 £ 0.20f
= [l
0.10
0.10
0.05 > -
0.00f s e 000 —=—= —= — = =

OO S 3 48 5H 64 771 8A 9A 10A1IA12A
HCREA 1
(c) TDP

0'051998$ 20014F 20044F 20074F: 20104F 20134F- 20164F 20194F
HUREAEDY
(b) TDP

B4 Jkix TDP AL

Fig. 4 Analysis of TDP concentration change in water

H&l 3 (a) A& 3 (b) PTUL, #50FBSTERTEE W] TP AHOCHERLY, s SR R A
KRR TC BB AN, 1998—2014 4F[R], ~THREFNIEERIAWTH TP FEAWIASMLRHFRON S, Bkt
(6—9 H) TP &k 1—3 A, 12 A) ArFAS @—S5 A, 10—11 A) & SyTAHE S, 1998—2008 4
1) TP (R 2 AR /K 2009—2013 4F TP H7E 3—5 HF 6—9 Aok g, Hirs
AR, SR REEWE TP AR b= A5, BRI TP ¥I{EAE 1998—2008 47 F LT EANE IR
Wi, EACEIEKERZE, I ASKEREKE TP LT3, AlHEEM TP A e R
%29 0.02 mg-L™'. 7E 2009—2013 4F VT, TP S 2 /& T FE N ARG, S 7TI0 AT B[] w] i 5 1 3 W vl
TP AF{EE KT 2 0.057 mg- L' 20142019 4, mkBE. ~HHERNERSS 3 B TP A2/ N EKIEE
TER RERRAG, XAV I A RS R IWiE TP A E AR AT 0.005 mg- L™, AJ3EAYHK 5IT
ICARI AR TG B 250

T, PIEAEN AR AR — S R EORE B B VI AT =K e SR /K (A S B o v 5 s,
AsEaAE, BARULE 3 (o) o 7F 1998—2008 4F-, mRBEWTH TP H ¥E B I B E KT RENER W, 3
TLAC A K PE SRk A i 2RI TR R ER , X AMERITE 8 HAmikBlERME, nIHE R Wi TP H
YIH FFEZ 0.026 mg L™ ¥ 2009—2013 47, FEREWTE TP H A 7—8 AT iEEWnm, HaH 0
s TR, U 3—4 H; 7EX—MBE, 7—8 HHXK AT TP 3Bl B VEH], (HXFMEM
SRR e 4y, SYTICASHZENAOKSEL TP ABIME LT, SRR gMim TP H1Y
A2 0.205 mg' L' (4 ) o 2014—2019 4E5H1—FrBoABRL, (HRFEWTH SR TP A SERE K%
B4 0.11 mg L™, ZHER VTR0 AR A = TR 1/10, SYLICASHERZWE TP A ¥MEY
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M ARy, AR AT 0.014 mg L',

VIR ASHE (TDP) SRk IABEIG PR LGy, WS TR K A AR L rT R T B, 1A
I, JEVE ST TDP X =Wk R B 2R . &l 4 (a) A1 (b) ATUL, 1998—2006 4F- 57T TDP #){H
WIS SR, JEIR AW TDP YER B EWimmmg s, (AR B E2ES (p>0.05) , X—FEt
A EYTIC AR = WK KRS TDP A y=A: & 520 ; 2007—2013 41, YT, TDP H{E W& 5 TR W
I, YR TDP S E & T-1M, AU RKERNZE, X—BISVTICA TR TDP 4:1
I KT 29 0.061 mg-L™'; 2014—2019 4F, VT TDP ¥{H B 85 TR, SVIIE A KIL Tk
TDP sZMs/NN, F AR AW T B Y =524 0.008 mg-L ™'

KBrBE TDP H BESAEASLULE 4 () o TE 1998—2006 4, PEEEWTE TDP H ¥E SR FIEE T =ik
JEEN TR W, BAR VI AT N R A AR AT e A H B PR L, (ELX Fh g i JL-F- 0] L 2200
2007—2013 AFRFEWTT TDP H B2 S TIFESGWH, SITIEASHE R WImKIA TDP A ¥EA5 .,
JCHSE 3—4 Ay, SR FHE 29 0.122 mg L™ (4 H) o 2014—2019 4%, BRA5A o FEMT TDP H 39(H
BT WIE, MR E/NT 0.10 mg L™, SEIMFREEAL, YLD AT EZE Wi TDP A3
R ARTHEZ 0.015mg L' (3 H) .

2.3 EMEE

L SS. TDP. TPP NG T/, HAKILIE 5 T 6, VT /K Ak AR AEbR ik,
FEAE—RE AL PR — 0K P22 Sy /K A N [ AT Xl R Ve Bt A T — 2 mgi, - i3
Ol T, TR T

K5 B, 7E 2006 4ERT, SYTaRFERTEZK AT TPP R340 b F A B S K, (A sl K
2007—2012 4145 2006 AFFT A —E IR TR, FURRIREAM AN, 2014 AR5 K1K TPP #E—2 F %,
HA ) 2007—2013 4E[8] ()—2F . TDP ¥IEFE 2006 4ER7AL FAIXT B K HAR IR /N 2007 45 Pk
Fr, Z 2010 AFAEIMER RN (BE 0.5 mg' L),

0.80 —— 600
IEAEJUAE P RFFE BRI KT 2014 RIS gy = )|
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FMRREAR,  AE PR AR s gt o v e B R 7 Fig. 5 The interannual variations of SS and phosphorus
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Fig. 6 Interannual variations of SS and TPP in water at Cuntan and Qingxichang sections
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JKPRH TDP ST ik S KIEREAIG, X — M BOKIR TPP KIERFIG. ST FRKIAS SS fikas,
SRR =K PR SR, Ak T SS W LA N RV RIAR AR AR, SRR K A B PR /i
W FEANGE S TR KRR REZS AR S = A, X — R B2 e, ASCKAHIRATTE

K6 =W, 1E 2008 4ERTEIT/KA TPP AR WA RAE, ok INm TAVKINFE KLY, x5=
WK ZEFE P T TR K AR AARAED Y FAR—3 TMi7E 2008 4F)5, VT RBEWTHKIAH TPP AYiX
RIS E AR A . %P T TDP i, 2009—2013 4E[H], 7K{K TDP BT 2008 4E 2 /i, HIE
3 ARk B KRR ; 2014 457K 1K TDP SEASHT—B A K TR, E553 5 T 2008 4501, STk
SS. TPP. TDP FkFPRfl, LML T A £t =K 2 Jay s K Al o ik J3E N [ i B 7 A S [
JER

LIRSk B ARk, R AK AR SS B it D S A AR A 2K A i) i AR
RS o T VT KA il o R Tk B A R AR AL, 45 A ARG A SR AT 40, SUATIA4E R 2 A E B 5 1 R
B, — RSV LW R R T5 Y, R VTR GOK I A= AR ST L e X 9E i =F
L, TR, A B 50 AERITEG, FEREETTIHBET . RRuEy S AT &, Ko
VBBt A SE R, RN R EE R A B X 2z — B SR KB IR SEULTT R K A
SRV B T, TN =K PR SR A AR R TR B P2 AR . AE 2006 AERT, B Tx =Wk Rk
IR IR M AN 3, (HAE 2007—2013 4EMINASFSHER B, RIAEZE 2014 455, HSZmdrE, biE 2T
TUREFIK S 2006 AR5 4 AR, AR LT F UK SO I E K8tk — 5 R RSKEE K
HASHANE KR AR LR, KR TPP MRV EIFHIIIE AT TR, KA TP TR H— ks
FLS T KT AR S GO, PRI E K T M AR S U TR i f SR Z R ), (A5 k
TDP Fhi. XL HRFEZMN, 5 2007 455 mBEWT KPR S SR AR AR 5 = oK K AR i
HVREEASMUAEAE KSR —3, B 2—3 0% I T s o vk B 1 5 B B

TS, R T EIR T AR BT TR I T (A7 AR A s L TRVR R KA v . TR
WL BRI 2 A AL 38 =k 175 m S AR E /KGR BTG VEFICY S8 RGN . X EEPR B0 TRk A il o
WERAE L, — RN, S— RS, TR AT . APRRX SRR LE A HIE, TTRESTsT s
BB —EMmE, HASSERARES R EE L.

3 #ig

1) 1998—2008 4, LyTaFEWTTH TP AFIAE B E T =Wk FEAR ORI, SO0 TR R R AR = 23
JreFERER, XERE LRI PEIR AW TP AEEE KRR 0.02 mg-L™'; 2009—2013 4F[A1 SV TR
Wil TP AFSE 2R R, W T WOk FEAHOKIR, Al BN TP 4R TR 0.057 mg L™
2014 45 SyTiRFERTE TP [019% 25 A WAL AT, IXRAR SN =K PEZK AR TP F=A: B B 5

2) 1998—2006 4F-, LyTiFEWT TDP 4FXAES = WK ZEASKISARIE, SITICAFEAXT/KE TDP TG
WER, 2007 4FJ5 SV RN TDP AR PE 2 W3 & T = WoK PEAHSOKIAR . 2014 455 Tk [R5
EATA S T =K A K, 2007—2013 AE YT AT IZ AR TDP 4F345 KT HE2Y 0.061 mg L™,
2014 4EJE X AL IREREAG, B4R 5 R TDP S{EfR AT 0.008 mg-L',

3) EVTIKRBE e B A AR A 5 =K FEAH AR TE 2 R, AR YT AR i i
FEAR—E, FEHARAT, 1998—2008 4F 5 VTIC ARKZERIFKIK TP FEEH B VERH, fRnl i
ZIZME TP H BIEFAEZ 0.026 mg- L™ (8 A15) 5 2009—2013 4E#43 H (3%t K FE R KA TP KB R
FIRERE, o3 Ay WIS (EAREE A W TP B T &, Fo R A BTS2 0.205 mg' L™ (4 H) 5
2014 J5 2T ASHEZIZWIHE & ] TP S2mE/N, 2006 4ERT ST AN =Wk RS Z Wi TDP A #4{E ek
AT AR, 2007 4K HE BRI TDP H ¥ T, JUHUE 20072013 48], HRBHEE & THR
£70.122mg' L' (4 A) .

4) BT R AR T A A A E A, SF8ukikd SS. TPP, TP, TDP 7E A&
PR VT U T A B SR K HERCE S80S KR TP A1 TDP &4y XA fE
BT R A AR A R BN, DAIMTEIE | SRRt = Wi 2 JRyis Ak AR i A Jo e 7= A R
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The impact of inflow of Wujiang River on phosphorus concentrations of local
reach of the mainstream of Three Gorges Reservoir

ZHUO Haihua', LAN Xiuwei’, LOU Baofeng', YANG Xia®’, WU Yunli', XU Jie', LAN Jing"’

1. Changjiang Basin Ecology and Environment Monitoring and Scientific Research Center, Changjiang Basin Ecology and
Environment Administration, Ministry of Ecology and Environment, Wuhan 430010, China; 2. Changjiang River Water
Resources Commission, Wuhan 430010, China; 3. China Three Gorges Corporation, Yichang 443000, China

Abstract  The total phosphorus concentration (TP) in the Wujiang River was different from that in the
mainstream of the Three Gorges Reservoir (TGR) on the Yangtze River. The analysis on the characteristics of
phosphorus concentration changes in related water areas indicates that: In 1998 — 2008, the average
concentration of TP in the Wujiang River was significantly lower than that in the reach of TGR mainstream near
the Wujiang mouth (here namely QXC reach), and the inflow of the Wujiang River had a dilution function on
TP in QXC reach, which reduced the average TP at Qingxichang section (QXC) (~10 km downstream from the
mouth) by 0.01 mg-L™". However, in 2009 — 2013, extremely high TP in Wujiang River resulted in significant
rise of TP at QXC with 0.057 mg/L as the highest among the annual average increments. In 2014 — 2019, the
difference between two rivers near the mouth was not significant, and the impact of Wujiang on TP in QXC
reach was negligible. In 1998 — 2006, The average concentration of TDP (the dissolved part of TP) in the
Wujiang River was close to that in QXC reach, and the inflow of Wujiang had little impact on TDP in QXC
reach. Subsequently, TDP in Wujiang River rose sharply, and the inflow resulted in marked increase of TDP at
QXC section with 0.061 mg-L™" as the highest. After 2013, the TDP in the Wujiang River dramatically declined,
and its impact on TDP in QXC reach weakened, and the increments of the annual average TDP at QXC section
resulting from Wujiang inflow were <0.008 mg-L™". The degree and trend of the influence of Wujiang River
inflow on the phosphorus concentration in the local water body of the Three Gorges Reservoir are inconsistent in
different periods. Construction of a series of hydropower stations and the discharge of P-containing wastewater
during the development of phosphate mines in Wujiang River results in fluctuation of P concentrations in
Wujiang River, and furthermore influences on P concentrations in QXC reach.

Keywords Wujiang River; total phosphorus; total dissolved phosphate; input; Three Gorges Reservoir;
influence
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