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Abstract; [ Objective ] Phosphorus retention has a significant impact on the environmental security of river and reservoir systems,
especially in phosphorus-rich reservoir watersheds. [ Methods | The Soil and Water Assessment Tool ( SWAT) model was
employed to analyze the spatiotemporal distribution patterns of river total phosphorus (TP) retention volumes and retention rates
in the Xuanmiaoguan reservoir watershed, located in the upper reaches of the Huangbai River, from 2014 to 2018. Redundancy
analysis (RDA) was conducted to perform qualitative analysis of the influencing factors. [ Results]The result showed that: (1)
the SWAT model effectively simulated TP loads in the phosphate mining area. It achieved Nash-Sutcliffe efficiency ( NSE) values
of 0.86 and 0. 82, Percent Bias ( PBIAS) of 12. 54% and 13. 42% , Coefficient of Determination ( R*) values of 0. 88 and 0. 82,
and Ratio of Root Mean Square Error to Standard Deviation (RSR) values of 0. 37 and 0. 42 during the calibration and validation
periods, respectively. (2) On multi-year scales, the retention rate of the reservoir (53.72%) was higher than that of the river
(maximum 38. 11% ) , while the retention rate of tributaries (18. 88% ) exceeded that of the main stream (8.46% ). However,
at smaller time scales (annual or monthly ), the retention process exhibited considerable variability and may even exhibit a
“source” effect under certain conditions. (3) Both river retention rates and volumes showed significant positive correlations with
slope length, while the monthly reservoir retention rates were positively correlated with inflow volumes and inflow-to-outflow
ratios. [ Conclusion ] The result indicate that a large amount of phosphorus loss from phosphate mining watersheds tends to be
retained within river and reservoir systems, which may serve as a new phosphorus source under specific conditions. Measures
should be implemented to mitigate internal phosphorus pollution. These research findings provide valuable references for
phosphorus pollution control in phosphorus-rich watersheds.
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Fig.2  Simulation results of monthly inflow and TP loads
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Table 2  Performance evaluation of model simulation for monthly inflow runoff and TP loads
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SR B RN 8. 46% , FITA T (AL HE AT
TP B RN 13. 61%, FWTHFF b TP Y
iy B AVE AR RN, A BT JE R 3 B2 i T TP (¥ R
A, T A & i 53 TP i RE VR A
B
2.3 TP it BRI E T 4FIE
2.3.1 REWH TP # @4

IKPEAE A . M PEIR T AE 2014—2018 4F72 4k
JIZL, Ot HJE 2018 4F, A R & A, R
3.02m’/s, EEJFEFEIEAKZELL E IR 2018 45 (1) %
AR/ (686. 89 mm) , A FT &l A 5L SR Dok
(2005 4E—24) Wy EcAl4E 0y . KA 2014—2018 4E (1)
S AER R 5.1 m/s, R E R 5. 14 m¥/s,
PR E R T AR (WK 3) . A TP fifa il
Rl 2.80~21.33 t, FEH AFET M N 12.03 t; HE
TP 17 faf B9 95 Bl J& 3.83 ~ 7.78 t, 4E ¥ FE 1 faf Ky
5.57 t, TP 45 B4 28 (1) 3 B J2& - 36. 83% ~ 72. 84%,
5 a IR ER N 53.72%, HEI WTLIAHE, 2014—
2017 SEAEMBRHE T 0, UEHIKZEXS TP S 1 B4
F; M0 2018 4F4EHE B /T 0, URBHZKPEXS TP 2
FAER, AR TP () “Y8”

HI T 3R K R A R S 07 g 23 i U i S TP
WEE BT BN, W RN RS RS2 B A
it H RN S R A SR, Ay R R I 1Y) 25 SR T R
FIWAKZE H TP Bl aliis B AEH, BIA T fitis &
B, HE R TR E SRR AT R, s R

BORE IR f b e S AU B U, ALK s
FENE SRS 780, YE R RS K nis
FEW AR T 1B, R R R REEE R (RI.
“PE) s HEFRER S RS K 2B A D
F U, REUERIER AR, <) mFE3 1)
DIE I, 2014—2017 4E 1951z REULA/N T 1, R
R ERVER, BI/KZER: TP B “I07, 1 2018 4%
BREKT 1, RIANBRER, RIKER TP 1Y
PR,
H K TP i B AR PR A AL 25 R (W36 3) nT L
i, 2014—2017 411 2018 /K FEXT TP HIAE FH A
[, SRR RS M TP ¥ B8 14 H B AR TR sk 43 5 B
AT BT (P BE 1 2 2014—2017 4E; BFEL 2 : 2018
).

FFBE 1 2 2014—2017 4F7K )& A ¥ A 2 R ) 3t
o, AR PR, W R R 4 R, AT LA
e, 3—12 AWM ARSI T A fumr, s 75K
FLER/NF 1, FRBHUKIEXS TP R MaF AIEH ., Hoh
3—6 A B Rk, it 70%, FEJEH T AR
BT HERR, ik AKER TP Fifim, e
B TP s, B TWHEI(7—9 A), ITK
EARG R4, WPER R T AR, TP i H
BWIN G 1—2 F A PR faf #5708 F 1 e By, g B
FKE/NT 0, Z510-85.05%F1-45.02%, KIFEFH
o<W YRR (HEE TS RELE S R 1—
2 HERR/NT 1, RO 1—2 ARy “U8” R 2
G R U ER. SARUL, EAF
GO, KRR B A B AR

BB 2+ 2018 47K EE B A RN R & . A
U FE T . TR R AnF 5 ), 2018 4F i T-F& R
T/, AR UE AR T Ui 04 A 25 AR K JZE K
ok, AR K 4y A Ak FOKCRES, iR 1 A
4—7 . 9—10 A ALE TP g /NT H TP 5 fif
WERE A, LHES A, 7T HR10 A, WEE
N =127.57% . —111.41% F1-93.40%, H#iiz

®3 KETPHEHEMEHRBER
Table 3 Annual TP loads and retention rates in reservoir
oy AR R/m® - s R E/m - s NESLavd PR AL T/t s B R/ % iz ZEL
2014 5.44 5.28 10. 27 4.39 57.22 0.44
2015 5.01 4.94 21.33 5.79 72. 84 0.28
2016 5.35 5.53 17. 69 7.78 56. 06 0.43
2017 6.70 6.50 8. 05 6.04 24. 96 0.77
2018 3.02 3.47 2.80 3.83 -36. 83 1.19
1 5.10 5.14 12.03 5.57 53.72 0. 46
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R4 2014—2017 E/KkETP SEAFHAFMHEEZ R

Table 4 Multi-year average monthly TP loads and retention rates in reservoir (2014—2017)

A AJER R/ m? - 57! R 2 AR/t LA /1 i B /% iz RH
1 1.27 3.06 0.10 0.19 -85.05 0.79
2 1.37 2.48 0.07 0.10 -45.02 0.79
3 2.67 2. 66 0.62 0.17 72.05 0.28
4 6.53 7.42 4.63 1.09 76.43 0.21
5 6.22 5.74 1.50 0.41 72.46 0.29
6 7.33 6. 85 2.06 0.61 70. 36 0.32
7 8.77 10. 52 1.63 0.99 39.12 0.51
8 8.85 10. 30 1.07 0.97 8.94 0.78
9 8. 11 9.07 1.29 0. 64 50.76 0.44
10 6. 16 7.52 0. 66 0.41 38. 14 0.51
11 3.46 3.92 0. 54 0.30 44.51 0.49
12 1.92 2.13 0.16 0.11 31.46 0.62
®5 2018 fF/kE TP AFHHREMH R R
Table 5 Monthly average TP loads and retention rates in reservoir (2018)
H AJER i/ m® - 57! i /m® - s A JEGU/ kg H PR LA kg i B R % s ZE
1 2.12 2.27 198. 06 313.80 -58. 44 1.48
2 1.78 1.89 134.71 81.52 39.49 0.57
3 3.54 3.74 359.93 226.26 37.14 0. 60
4 2.46 2.55 181. 61 193.50 -6.55 1.03
5 8.07 8.62 528.31 1 116. 89 -111. 41 1.98
6 4.27 4.56 424.38 684. 85 -61.38 1.51
7 3.44 3.75 170. 66 388.39 -127.57 2.09
8 3.74 4.15 386. 41 242.09 37.35 0.56
9 3.73 4.02 211. 12 295.08 =-39.77 1.30
10 1.85 1.98 97.11 187. 80 -93.40 1.81
11 0.63 0.67 55.03 47.68 13.36 0.81
12 0.61 0. 64 49.98 49. 69 0.58 0.95
RBLABRT 1, DK TP g < I, HAA N

KIFERI A BAEN, W ZEN 0.58% ~39.49%,
Hiiz 2BOCE/NT 1, Hd 8 A An iy 8 20
37.35%, i 7 HH 9 A¥ R fE, ko EF2Ea
FEP AR A . (1)8 Ay /KFEAFE TP ¥ B Wil
EA s, TR TP AR AR S ; (2) % TP i
P FAEEN, 1S 8 H i RN IE(E, TR
BEDR 22 R H S B TR 22 (=R H IR BE 30 H
IR, XNEERIATE R,
2.3.2 TR TP B

T Ay HTR TP A B AEBRAR L, 430 TR
AN 53751 AN 5 B = 12 AN 50 - 2
Ty B VR AR BRI BN 4 B, fE 4 0]
PIE H, 2014—2018 4F 32 3 A1 Uik 4B 2 B0 ok ity B
YEH,
TESCRPIR A, TR 4 MR Rk, AE
TLIE K 27. 43% ~ 48.85% , Hivh 2018 4E A B8 %
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Fig. 4

Inter-annual variations in TP retention rates

across different rivers
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K, 2014 AEAY B R i/ HROR TR 6 (i
T, AT 23.90% ~41. 42% , HiE AR R
/ARG 5 T8k 4 —2; TIBK 9 ATl
i/, 2SALTE B 10.99% ~ 24.79%, b 2017
AR R R, 2014 AEHE B R EU

T AL R A B P L SR AT R N,
B E R R TR Sk il 1 ROTIIR, i B R AR Ak
Bl R 15.11% ~ 26.30% , it 83 2R 5 K A9 4F 403 2 2018
A, FmNAEDT R 2015 4R T BAE B/ By o
B8 I, W RIE R 1.62% ~ 15. 1%, i
B R R BIAE Oy & 2016 4F, fe/NYAEGY 2 2015 4F
AR T, 2014—2018 43 BRI A4 2 2 241,
KAy HT TP s B8 AR PRAS AL A, AR I R B o
TR R R R, AT EITE 9. 36% ~ 16. 86%,
2016 4RI A A A R (16. 86% ) , 2015 4R B2 R it
/N(9.36%) .

B2 e R I N O R N S DR N R P =T
K5 i, VAW, BEE R0 As 4k, Wit TP
PERRIIARF, AR AGRI R ", A6
TR WL AEIRIB(1—3 AR 11—12 H) KWK
PR, PR AT BE SR A TR A TR K AL, DR
HAS R R Y TP 23 1) b 3 000 A A v ) 8l ik T
L WAL VR RN, Hoho1 A <UET VR
s, AT IR AT RE S (1)1 H a9t ide /)y, AN
AT K O B AR (2) AR/ INas il TP By fi /N, 39T
TR A 228N, SR BRI E R R,
W (4—10 A) £ K L7, £4A 0 TP Hi B 1E

H =R %
EWsAL 177 1A
—@Q‘EWDW B 2H
WA COsAEmOA Bk 0ls3 6 9 12
E2H e Hmm 10— i

B5 ‘&WRTPHERARENL
Fig. 5 Monthly variations in TP retention rates across

different rivers
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RN, Hod, 6—8 H 7 B B R K,
Al el DR K AR I B, BN RAE A K
B, R I A ) 2 W SO AR PR Al v JE2 DAL T ¥ B4 A ]
b

2.4 BYHBEMEZRLSHW

SR FH TUAR 43 M2 68 52 Wil 375 R 7K 2 26 A F0 ) RUEE
b TP W R AT, S5 6 ik, H A
6(a) (b) &3 TP A B2 E g R, B 6(c)
(d) J27KJE TP Wi B s R R A as . hEl 6(a) F
K 6(c) mLIE M, AU A5 — RDA HEFF il i i f¢
M 65. 19%F11 93. 22% , 45— RDA HEFF il i i
Btk 18. 84% F1 6. 78% , RNEy Wi 4> il fie e 1
SN KT 1Y 84.03% 1 100% , FMSE— . —HEF 4
RERSAR b stb S Wi B8 1 AL B R S R N PR G R
HREER S — . 55— RDA HEF 5l 00 fif B B 2 FL AR R
JE/ANWLE 6(b) A 6(d) |, wIRER T H REEA*
FAE R UL, B B5 BT g, s Rl A2 AL B
BHRZAE, AT DB UAHE P i 3 20 R 55
AR Sk

HE 6(a) Al UL, W3 TP ¥ B8 & (R,) 7E4F R
SR (SL) MK & (P) RIEMSE, 53 (SL)
R (Q) B HMAHIE, SL A Q W& E M p (H<0.05,
FEOHHHAE R TP W B B 3, AR (n)
HREKE | YK R EA S, SR A,
SL 1) R % p<0. 05, HARAHEKRT 0.1, F£H SL XF4F
JUEE TP i B R gl i 2, HiAy 3 MR ERYRE
3 i E K,

& 6(b) Al L, Al TP i B8 R B A A i
R ESie, B BoKEEIEMADE, SHER
FAASE, SLAT Q Ay p<0. 05, FHF =AY K
XF A RUEE TP i B R B3 R 052 S8 3, K A
b Sut R E €

HIE 6(c) AT UL, 7K TP i 4 -5 A B S8 E AR I
RO S5 ARG (Q,) . MAJETE I (0,/0,.,)
K (P) RIEMSE, 5K i Bl (HRT) 2
A, HDUAS S P 1) 3 p IR T 0.1, £
4 ANHEI AR BEKTF,

HE 6(d) T, KIETP MEEEARE S
Q, P EIEMRK, 5 0,/0, M HRT 2 AW 8K
F; WMEHES Q.. 0./0,.. HRT F1 P #§ 2 1F A X
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Fig. 6 Redundancy analysis biplots of influencing factors on TP retention volumes and rates in rivers

and reservoirs at annual and monthly scales
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