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(LR R R2E RS, WIRE K7D 410128; 2R R K2EIRE AR, Wi KV 410128; 3 KFERK
TKFZ 2Kk 3CR, 6 ®iIX 430010)

O ETHRMTROK TR K 2012—2020 R4 ik ok B IMDGETEAS , SRAHES 250500 Mk (TP)HE
BB T A S IE, TR T TP HEBUWE 2R E . 255050 . 2012—2020 4Rk T TP HEjil:
605.68~749.63 t, FLr, ki TP HEikH(396.71~535.25 ), R 2R iEIR TP HER(195.04~216.82 1); 4=
WA TP HE 5 B (30.4%~36.5%) FIS 4 AR 15 . TP HERK (5 1L (16.6%~21.2%) %5 5, Tl TP Hejik 5 e
(0.2%~0.4%) /s BB T HAEANNEUE L, A= IS E S FREMFHLE A, &0 TP Hiblcs 5 ks +
TROX o AR, B BT K T 5 S I Ak 252 i HE O A4 ) 2 A 106 YRR 8 38 Al 95 7K A W R
g2, B RO HEAE . A5 R | s KA T A S, 207 TS TP A TR TR

X OB FOKTU: BHERCRHE:; HEGREk: HOIE BE TR

FESES: X522 XHkFRERE: A NEHRS: 1007-1032(2024)05-0076-07

Characteristics of the total phosphorus discharge
in Zhuzhou Lushui River main stream

XU Xiaoyan', CHEN Zhuo?, XIE Xiande*", LEI Ming?, LUO Lin?, WANG Zhouyuan®

(1.College of Resources, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.College of Environment and
Ecology, Hunan Agricultural University, Changsha, Hunan 410128, China; 3.Hydrological Bureau, Changjiang Water
Resources Commission of the Ministry of Water Resources, Wuhan, Hubei 430010, China)

Abstract: Based on the regional social and economic statistics of the Lushui River main stream in Zhuzhou from 2012 to
2020, the TP discharge data were calculated and verified by the method of pollutant discharge coefficient, and the spatial
and temporal characteristics of TP discharge from each source were analyzed. The results showed that TP discharge in the
Lushui River main stream were 605.68-749.63 t from 2012 to 2020. TP discharge from agricultural source(396.71-535.25
t) was the highest, followed by domestic source(195.04-216.82 t). Swine breeding(30.4%-36.5%) and urban domestic
source(16.6%-21.2%) accounted for a relatively high proportion of TP discharge, while industrial source contributed the
least(0.2%-0.4%). Due to the large number of resident population and the fact that agricultural activities were dominated
by farming and breeding, TP discharge of all pollution sources in Liling were higher than those in Lukou. Comprehensive
discharge source data suggested that the Lushui River main stream should continue to strengthen the regulation and
monitoring of discharge sources, especially domestic sources and livestock farming, and realize the source reduction of
TP in an all-round way by promoting soil testing and formula fertilization, optimizing manure treatment technology and

5 HEA: 2023-08-14 i&EI HEA. 2024-08-10
ESWH: KITASMRERIMER NG T G )5 H (2022-LHYJ-02-0507-01); W4 A SARl: 54 K0 H (2021JC0001)
TEE I TREHI(1996—), %, INARFSA, WA, FENFREBEIFEMERNY, xull2@stu.hunau.edu.cn; *EEEH, §

Jefl, WA, mIEEE, EENELAEHRTG R AR R IR . LR K T A TS YR AR ESY . xd_xie@hunau.
edu.cn
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improving sewage treatment technology.

Keywords: Lushui River main stream; phosphorus discharge characteristics; pollution discharge coefficient; discharge

source; livestock breeding

WEH 2T i R R, AT &5 ™ b
AT SRS H AR, TR R Bl 22 T i
BRALPHECR KPR P9, i AR fie (o 2K 5
TR A W) TGHRIG A, 5 R KA ik A i AR DR
RFK A YR AL T4 — R AK A A R R,
I 4 DX I P 25 WA HE T A R T R 7 9
IKARBETS YRRl . — R P B i A I 22 5
F B0 B XS (TP) HE it i 47 7 it 5 W
Mo 2021 47, AEASIREEERAAT T CHEBORSET
B HEGZ R TNIE MR LTI ) PR AR (T
W) ), dEdis AR RBORZE TS R i HE
TR, %07 VR B i A D R iU S
ML RN T2 RER

%K (113°07'E~114°0E , 27°33'N~27°52'N) j&
T — RS0, HAL s P A 52 iy, 2
2T NS B T P S RAETE L Tk R ROk K Y
FHORYR, AL rE 4 68 19 LT 368 w8 X g
B VE/RYE DX 255 A BB Ry H bR 98 R AE R
T Rel oK T K S0 S R PR G 3RS, A2 AF
RFEE 15 B L FOK TR B T, 2023 4,
CRRYH T H SRR AR S PR PR AP LRI ) 5 8] 22
S B K LR 4 3K AR E B T I R TESOK A
Mo Behh, T CRRVLPRY I ) S0 A9 BT 2R A
AL VIR AR SRR 55, (RIS IE

B “—Ti—R" GRS IR TAE R )
HR KRR R R AR RE, TS Yk IEA
A=, PEERZMIRACRIEK BRI, JHJE TP HEK
ER RSN o e [ I E N (KA DO R 7 VU TRE 3 & 7k
(R . B X)) TP HEAW A GR 8D, Tovkhs i
P DX 388 25 VR HE s A AT TR, k= DX sk
IR A . BB DARRINTT 2012—2020 |5
R T Mt & & R I AHOCE M 3Rl 456 (F
W) w & IR R BEHETS Bl R RS REULE A
KT 2012—2020 4F[)I K T34 TRBEHERC Y
SR, LU AR K T3 K 5T 8 el Fr s sl 4
AR

1 SR TP HRENZE L
1.1 &FFENZERE

KA 2013—2021 4F (RRIMTIGEITHAESE ) (AT
RIFR CAESE ) YRR . TR e A L 1 gk
Y5 KA BT HEHK TP &, FRR A S
BT AR AR TR V5 K TP HERCE: .

MRAE A% ) WK T AR AT # N F 8
i AR TS KA ERA TIBORS A7 ELRT () R
B ARBOT AN A6 BB HE R . 2012—
2020 4R35 XRS5 T A 15 K 4 vh A PRt 1 7
BORHEA TR BB o5 H AR L

1 2012—2020 FiR7K FRETESKEANE F IR TS HEE

Table 1 The proportion of administrative villages in the Lushui River main stream where domestic sewage was included in

centralized treatment from 2012 to 2020

A BTG RPN AL IR A TN o EL /%

X

2012 4F 20134F 2014 4F 2015 4% 20164F  20174F 20184 2019 4F 2020 4F:
PRI X 2.44 0.81 2.02 2.06 3.91 391 3.91 3.91 3.91
P B i 0.00 0.00 0.58 0.58 1.06 1.06 1.06 1.06 1.06

1.2 RAFHEE LA

DL CARSE) R . AR Ui £ W
X XS AR R AR RO R, 2 (T 0
TSR G R TP HiiE. #&
I TP HE R L2180 2 .

WRAEARA D) SRR bl i AL WA AN

O 43 AT Sl (52 5 M PRI P i S 1591 J%
CFMEY vhgell P k15 2 B0 30 K T3 X 3k
Rt TP e &

W 2012—2020 AR T IR 11X K77
B CFME) ok 3750 s e M HE R BO B K
FEFRFEL A TP HE A
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*2 TRFEFRATEBELIN TP HIMAEK
Table 2 TP discharge coefficient of each livestock type under different breeding methods
BASLE BB TP HEL R £k
et ’ :
A Wk RES A E] *
Bk 0.2051 13716 0.8837 0.023 8 0.003 3 0.092 7
FRH 0.094 1 16179 0.588 3 0.004 4 0.001 6 0.092 7

SRR TP HEBCR S IESCHR[L8); FEAlAY TP HE R K5 IESCHR[12]

1.3 TAERIZETSE

IR R T A= 23R BT Jm it A 2017 AFEsEpril
W TR TP Hei 5 (%) i X ., Bk
T Tl Al K HECR:, 2 BESCHk[20189 ik, 3T
B s Tl I8 TP HECR: .

2 FER55H

RIKTRERIRE TP HiR=

PRI TR FRA TSR TP HERC AL RE I AR 1
TR AT A T PP iR, A ES R Nk 3
Jitn. M 3A[HI, 2012—2020 A4kt A= 1G5 TP

21

Hel i B4 TR, rh 106.94 tFE % 70.33 t; IfE/E
TR TP HEjs 4 100.91~138.46 t, H. 2012—2019
R ETH(2017 448, {H 2020 4 TP HERCEREL
2019 FHABRIEEM TR, IWFE 4 0T 51,
2012—2020 AFRRIER K T A TE IR TP HEl = 8l
BN, N 195.04~216.82 t, 4R TP MHEERY
28.3%~34.3%, b, IREEARA LG IR 530N
16.6%~21.2%7F1 11.4%~17.7%, W[ W, AWGE TP
HECEE o5 Fe i, O XK A il 5 R A R R
HAM; WEWGE TP Huilt i XAk E, B
BTl TP HERCER 23 1 X 1 2.6~3.0 5.

F 3 2012—2020 FRKFREZIR TP HilE

Table 3 TP discharge from domestic source in the Lushui River main stream from 2012 to 2020

AR TP HERCR At
20124 2013 4 2014 4 2015 4 2016 4 2017 4 2018 4 2019 4 2020 4
W 100.91 104.28 110.93 118.78 128.79 125.95 135.30 138.46 124.71
PAS 106.94 105.08 101.14 97.68 88.03 86.32 79.34 77.52 70.33
R4 2012—2020 FFKFRAFXBAEIRE TP HfE
Table 4 TP discharge from different sources and regions in the Lushui River main stream from 2012 to 2020 t
" AVE IR TP HECEE FAEl TP IRLR B FegE . TP HEjlc it Tl TP A &5 TP
h Mg WO ME O EEEET RO NME O BT ROX ME o BB ROX ME BHPEE
2012 15440 5345 207.85 3871 33.69 7240 238.77 8554 32431 094 021 115 605.71
2013 15519 54.17 209.36 38.74 3348 7222 25574 91.28 347.02 109 024 133 62993
2014 15586 56.21 212.07 3854 3345 7199 28138 102.00 383.38 097 096 193 669.37
2015 15786 58.60 216.46 38.68 3340 72.08 30094 106.64 407.58 114 108 222 69834
2016 156.79 60.03 216.82 3857 3206 70.63 316.36 11837 434.73 125 051 176 72394
2017 15838 53.89 21227 3857 30.72 6929 339.98 12598 465.96 124 088 212 749.64
2018 158,53 56.11 21464 3517 3133 6650 29120 122.16 413.36 111 112 223 696.73
2019 15856 57.42 21598 3446 2833 6279 26471 108.03 372.74 113 124 237 653.88
2020 146.06 48.98 195.04 3342 2811 6153 256.44 98.80 355.24 124 081 205 613.86

2.2 FRIKFRRAIE TP HiME

Flr 5 TP HERCE A FGFIAEL TP SR AIFE
Bl TP HECE R4, 2012—2020 4ET- K Tk
i TP HEic sl 396.71~535.25 t, 45 TP
SHERCR Y 65.5%~71.4%(F% 4), RIIZXEL TP
Heci EEZ AR AT IE S . AR 4 1]

M1, 2012—2020 47K T XA TP Jisk i
M 72.40 t AR ZE 61.53t, FFiRIA 15.0%.
20122020 4F5%FEY. TP (HEI AN 324.31~
465.96 t, AU TP EHERCER) 53.5%~62.2%(FF
4), FIAFFFBEHERON T X3k TP HEBCE 15
MR . % 5 Fn IR T & & IR & 57
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FEZEH) TP HEmcie . MR 5 Al: A fE5esE TP HE
R, i 183.98~272.29 t, fiFEgL TP HEjk
S 52.2%~61.5%, dKTRAIR TP EHEL
M 30.2%~36.5%; BN FIEM)FRIHIRZ ,

Hejik /oA 57.05~96.72 t, (FEOK TS IR TP EHE
R 9.4%~14.4%, AT, TERRBIDCEAEE

KFFFEAHFK T TP HERCRE I 5 /K= 37
TP HeifiE fedik, ARG TP HERUS A 1.5%~
2.0%; FFE TP HERUWIE(E HBIAE 2017 4, &
ik 465.96 to M 4 iB0TH, EERZTIRAEE TP HE
RS TIRO XA, 3 TP Heks: ik T X R,
FR5E. TP HER R R Y 70.4%~73.8%.

&5 2012—2020 FiRKFRFBEUFRE AR TP HME
Table 5 TP discharge from different breeding type in the Lushui River main stream from 2012 to 2020

. FRFEAY. TP AR/

i 2012 4F 2013 4F 2014 4 2015 4F 2016 4 2017 4 2018 4 2019 4 2020 4
LS 9.60 10.63 11.30 11.86 12.64 12.64 4.94 5.54 5.53
LGRS 33.83 34.37 35.14 36.64 36.15 37.90 24.38 24.78 23.77
e 183.98 197.45 22273 23263 244.44 272.29 254.08 200.68 185.57
* 33.83 35.54 37.11 38.56 38.90 39.48 44.20 46.60 44.56
PRI 15.00 15.00 14.72 16.43 23.11 18.01 12.67 17.14 17.58
) 42.05 47.80 55.95 64.84 72.78 78.71 66.15 70.80 71.08
KT FH 6.02 6.23 6.43 6.62 6.71 6.93 6.94 7.20 7.15
At 324.31 347.02 383.38 407.58 43473 465.96 413.36 372.74 355.24

FRFRIAE TP HiE

2012—2020 43K T X Tk I8 TP HejkiE:
g 1.15~2.37 t(3% 4). 2019 4EF X Tl s TP HE
Rk 1.24 t, {H 2012 4E3: TP HEiki{Y 0.21 t.
Ml T AN K AR E , DA TP HERCER R A
AHZE 031 to SHAMHEBOEAL, TolkIE TP HEjk
A, SR TP SHEC A 0.2%~0.4%, Wi
B Tl Y8 TP 78 X3k TP HE & b iy o e/

3 SHEXBWHIRBIERNLE T

R 56 IE A HIF 5% TP A% B 4 SR A o AR 2
PR, HZER 2020 FER9EdE S (2020 FEHE A A
BEGITE ) BA CEHRE I T H A (3R 6). 2020 4F
WA A TP HERCE 17 023.7 t, F bk i

2.3

FAMb A 7= A A TR, ATl A SRR
migl s TP HEa 20k 1 215.98 t, SRR AR
TP SHFR YY) 66.1%., EH AR 2020 4k
IR XAV 5408 TP B HERC R Y 67.9%,
5 RR N AR M 5 A HE A 7 LR BN Y . K TR
DA TR IR TP HEBCE: & 23k IEY 31.8%, Stk
WA ARG IR TP Heik i 19 o B (33.7%) K E0MH
A, BRI T, 2020 FERK TR AP AT Rl
PEAN TN TP B HER A STk i 25 5 5
(2020 AR ARG ) AR AR TP
HeE & FE R 2E(EI /N T 2.0%, XL 2EE A%
WO R HAA AR, AR A [R] SR IR
B XS R Kl BT ) FEAS G 1L

* 6 ZERRKT RN 2020 FEHRRE TP 2R HE Lt
Table 6 The TP discharge of each discharge source and their proportion in the calculated Lushui River main stream and Zhuzhou
City in 2020
TP HER =/t TP HERCE (5 /%
DXk
ARG IR Al Tk S8 A5 Al Tk
7T 620.06 1215.98 321 1839.25 33.7 66.1 0.2
ORI 195.04 416.77 2.05 613.86 318 67.9 0.3

BRI T BRI € 2020 ARTRE A FRBSETTHAEAR ) T AH GBS .

EARIBFFER2ANESE TR TP 2 H R
Sl AT e 1) BRI . B2 SR PIE ST R

B, A AR 7 R R B R TR B A 1) 2
KU BRITRIRT =50, FsA %, f
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Fell ks, 2011 AERRVT RSO I8 TP HEca: &
AU TP MHERCR Y 64.4%, JLrh, R A
v TP Hik 4351 5 35.6%F1 28.8%[21, K H il
WG ML AR, O IE TP HEiltE
A7 FEIA 3 68.99%24 Ik A T dul A b R B HE T o
JIT A SHe U5l HE IR 1) B A8 45 BR VL SR R H IR
B RBOH Y, FRARGTC T B BEHERCE Tolk
50 A 3 A ) B BE R o KUK ] SRy Y —
R, A REARAFIAEE —r= )k, £l TP
Hiif e 5 PRk E TP HEitiE i) 98.5%, Hir,
B & IR A 5 VKOK B R Ob E R B RS 50% LA
b, BE IR AR BEHER R S 23wl
o e DXl 8 75 G 1 7 4 o7 R ) 5 3 A Ll T 1l 1) HE
B, FERIEE & R A T

4 meSIE

A, EERAHEG REQE AR,
2012—2020 AFREMFRK TIRAIRE TP BB
605.71~749.64 t, Hrpr, I TP FIAE TG TP &
Bl %) B R

A TP HERCE & &R TP SHERCRE /Y
53.5%~62.2%, HH AT SRR T AR 2 T Y
Bk, I TP Helcht AR TP SRR
Y 30.2%~36.5%. 2018 4FE PIFE I T 8 Ak 74 IR
AR, (RIS RASEAL R 58 1Y LL B B3 721,
A REFER 2017 4R/ 180.7 k0 F) 2020 4ERY
106.7 J7 k28 Ak, sz b Rk nhid KA ML
A SO B RZ ), K I T SR 2R 0 3R A B
2017 4F11) 4.30 Ji3kBEZ 2020 4209 2.34 J7 k28,
AR AR FREE AR R REHECRAE 2017 AR 208
TR, XFEH 2018 g, HRPTERK T XIS
S TP HEflcE: 2 20 s 5 o oK T Xk &
BTG APy X A IR R B 5 TR TG
IEARECE H A7 5 IEKIE H e AR 230 (B AT 47
FEAL B RA S, AbE AR AR H, HEOR PR |
ARG, T BT P SRR TS 7K L HE K A ),
IR B DRHE 1V Y FE A & B AR Al A HE R R
45 . OHEDERAK TR LB 25 KA L& &
FRIESIR F5 s DX I N /NP FRBE I W
B, dE— R S B IR 0 He ;. Q@AY
R EIR IR R AR A A R A B8 AL gb AR

BTG, QR S IRES A 09 IR 1k 1 AL
BRI IHE) HAT 6 T DX SRR (T AR
bel SR AR 5 2, s 5 E & IR e
2T, ST B, S E &R A
FALALFEFIRD SR R AEIEIR

2012—2020 4EFhAE ML TP ¥ 4k B 4F F &
(2015 4FBRAM), {H 2020 AL TP Hik A
61.53 to Bl L A K LA B X2 it A
FeARM K ey, S DR a Ah AR Y 5 370 25 2 77 ik
A BRI o ARk Ny Ak S HE DI 4 A A,
TR B BRI ROE TR F RIS
B, E SRR ARE . RS MEREAE . (it e 55
FoAR, HESEHUMOMAE . AHE—1A . ZocE e,
S IR AR AP A T it AR B R B 5 RN 2
WEVEW AR S, 15 200 5 3
SO H AR . o5 — TR BEHE SR K R AR
Y5 AEE I A [ SO | EL18E 3 @8 i - R AT
TP AR MIZE AR,

PP R A B0 S TP HElt %5 VA
Ko BEEFROK T L R 2012 4E 1
45.2% %2 = #2020 4F 1 61.2%(HHE ok A (4
SN ), WEATE IR TP HECR M 2012 4F ) 100.91 t
HEhNZE 2020 4EA8 124.71 t, SWEEAE IR TSK TP HEK
51K T AR, R E 2020 AR K
T A 3 i KA B (BT 1 e, i
X2 J), Bl R IR XA TE V5 K Ab HEEsk,, 3
A AETE BB 43 2 3 X IR & 45 45 3048 ) i 4 A 3
B TG 43 AN S5 () BT oA Sk W B A= T U
W B T U AT SR B DL T A it . DY KI5 K AR ER T Y
R, MRS FIG T IR QO ikTE kAL
PRBRBE T, R AR LB A s

ZHBS A2 AO T L5830 Sk

B R BUHRFEE IR QK TIIX IR 3 RS
AKAR IR K B HAT OIS K A5 G
HEhRiE ) —2 A il BFEE AATH LR
KT, 45 HAH AR 46 B A bR, T
BT IX ER 5K K TP R <0.2 mg/L,
TR T30 DX IR 25 B 25 A S B A7 100 42 105 7K Ak 2
T AKBRAE ;s 4) XSRS A AL BT IR S5 A X S it
TR RGAbEER, S CTE AR A
SRS | HE) m e, wdERERkEE” 1o,
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CAESE ) BE BoR, BRI KR AT AT
U 2012 £ 68.4 J1 s/ 2 2020 411 44.8 J7,
P AETEIR TP HEACE: Bl A5 I R
BT, H 2020 AFEAATATETR TP HEBCRANA
70.33 t, FAAERCRIITHISAS ], R TR A IREE TS5
KA PR IBATAEAES K TP SRMWAL . T4 M
54 B IR TR ¥ 0 U o S A ) A i
Gb, AR AR ek TAEFEA SR, (H)5 26817
T RS B e . AR IR K T I X AR A A T
P8 TP HECR AT S . OLLIZ XU A B
M BB ST R 8, BRSO A 1 15K
TEB, HESh R4 TS K A B it AR 55 15 Sak BE T R
AT A1 K AR A S 500 IE R 2 AT 5 @R ek
Je %k LA o e fil P RVE I B A, S8 i 2RI EE N
IS PEALE A b o RO R IR A B
S R AR5 K HE A SRR [

AT P B E T 3 RN S Bk B R A A 1 —
HAeryasia), FEARE . OS50 AR
YK I 3 B S A i — 25 Ak, dnFpE
b LA TR R it P A . A SR A A 2
B TP V5 2505 s iz X R4 ol Bl X 35 /K Al
A G TG K — AR A TS TS KA BT, AR
IKARFRTHEH K TP Fr sz Tl e XA 36 15 7K 1)
LRI, A7 A R A T 5l kA O 22
QAT A £ rp U A e, (HAH S HE
T B B i A, R A B s a2 A v sy S A B
Tt HE A B
BE 3k -
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