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Fig.1 Land use types and sample point distribution within the
watershed
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Table 1  Output coefficients for different sources of contamination

L:Zn:E,.A,. (3)
i=1

Lt PN
§ . . h ) FH 2 7
; KA Rural Life/(kg- N 'a™) Livestock farming/ ARCUVLEN 2
i H (ke (F) ) Land use type/(kg'hm - a™)
Item ey ren — =
KA AN A vETE K A vE R ¥ e Bk it
Rural residents Domestic sewage  Domestic garbage Pig Poultry Slope farmland Forest
2% Total Nitrogen (TN) 0.98 0.07 0.16 578 0.04 11.60 2.70
ST Total Phosphorus (TP) 0.026 0.007 0.03 0.77 0.007 0.31 0.19
4.4 FEGEIREXS 829 mg/L, HHFHL TN PRI, 5 2.88 mg/L,

S (EEASRXR (w0 ) %275, HBRIZKEE TN PEIR R, 735109 1.57 A 1.43 mg/L.
MR VRS GG B A B, MR AR LR 2R NOy-N itk B AN BUIAK O FE . BBkt . ARt

RUK RIS AFE A S RG RS ThRe 2257, B A i K, NOy-N SRR R A EEES, 5 TN 1 55.24%~
3R 2R BRI 2 AN R B 45 X 81.60%NH, -N P39 FZ AR 1b i 5 TN I NO5™-N A A,
1.4.5 Z4BHH7 M RMRAR VO FE . KE. MR, SiBkit, RE 4

K H Excel 2020 #4744 403, KA Origin 2018 % FIFZEBL ) NH, N IR EESERUC, A KPE. #Rtth, B

K, SKH ArcGIS 10.2 2R E R SR SR FE s 7 #rth NH, N P99 E 5 51 9 0.51.0.22,0.15.0.11 mg/L.

. TP P340 L s BMICAR O FE - 35 . AR, 7K,

2 ERESE fﬁi&{:—%ﬁ%dﬁy 0.25. o‘.13|\ 0.09 Al o.ong/LAo é%:

KPP /N A & - R FH B v, O A B R
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2015—2020 FRIPNEAF LA HHAKE (K. FAEKEEN PRI, FBkET R, JH

FRIEGE T AT WA 2. TN PR3 BT M e B AR VO AT e IR AT e At A2 - Mo oF 2R A0 L PN . it AT AT i 2 AR A 2
Wbt b, KEZE, ME TN RERS, TIHRERN BA 2 (1 50
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Table 2  Statistical analysis of nitrogen and phosphorus concentrations in different land use types

(mg-L™")
o N NO;y-N NH,'-N TP
Type RKXME BME CTPHE RKE mOME PHIE RKME BOME CPE RKME BOME CPEIE
Max Min Mean Max Min Mean Max Min Mean Max Min Mean
A Village 19.14 2.92 8.29a 16.76 2.23 6.73a 1.96 0.10 0.51a 0.62 0.10 0.25a
Yt Slope farmland 6.28 1.15 2.88b 5.34 0.82 2.35b 0.27 0.03 0.11¢c 0.27 0.05 0.13b
HKH Forest 2.82 0.83 1.57¢ 2.03 0.65 1.14c 0.39 0.04 0.15¢ 0.18 0.04 0.09¢
7K FFE Reservior 2.87 0.55 1.43¢ 1.79 0.28 0.79¢ 0.58 0.06 0.22b 0.13 0.03 0.07¢
T AFFRRRZEREE (P<0.05) .
Note: Different letters represents significant difference at P<0.05.
2.2 JKFRAVATE) IR AL HHIE BMBHREM S, TP 5 TN MZ ML, A&

BN AN (] L b ) FH 25 7 U P 3R 30t A5 LTI TP RN 031 mg/L, & TR 0.19 mg/L,
ISR (- 2) o S FARESHERENS, BRI TP W JE A 0.15 mg/L, & T AEAUHT 0.11 mg/L.
= TN. NO;™-N Al NH,-N & FFIg(E 2 H I T3 m 11 ARHBFNZK B TP ¥ B B ARG /. DTP A PP (1)
RHEXRFE1H, MEIERIE TN. NOy-N Fl NH, -N ¥# BAMES TP A —F, N DTP Ml PP ik BLIEAE £ H
FE 5508 10.14.8.23 F1 0.75 mg/L, & T 6.44.5.23 WAE 11 HBRRE2 H, SZAF, B, MRk E
A1 0.26 mg/L. 54T A, S TNONOy-N A1 NH,-N  DTP £l PP ¥ EEUAR ) 22 I AE UG 6—7 H o MAEBR
TR P WAL U] HE AR R 5—8 H o MRHAIZK EAS [H] REE, NERBIKRE 2R BT &, Hah, i
EERRERARIHHEMENEZR. NTARE  FUKERAH 2.
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Note: DTP is dissolved total phosphorus; PP is particulate phosphorus. Same below.
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Fig.2 Monthly trends in nitrogen and phosphorus concentrations in different forms

S AN ) 245 S 5k FE A [ R 384T Pearson AH P43
Br (£3) K, FFEM NH,-N. TP. PP JKJZ A H &M
BEMREFE MR (P<0.01) , DTP WEMHBEWNES
B2 U IR (P<0.05) . ST FEAN ], A HL KT TNNO5-N.
TP. DTP KA MW & 20 EAZE (P<0.01) ,
MHL ) TP. PP R FEAIH P& W & 2 W E & Mk
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Table 3 Correlation analysis of different forms of nitrogen and
phosphorus concentrations with rainfall

| K
IR TN NO;-N NH,N TP DTP PP
Land use type
MH Village  -0.155 -0.064 -0.518" -0.512" -0.278"  -0.571"
Yoph 0.7707 0.729" 0.023  0.643"  0.407" 0.628"
Slope farmland
Mt Forest  -0.015 0.023 -0.403 0314™ 0232 0322"
JKFE Reservior 0.3337 0327 -0.053 0323  0.229 0330

s AT RIAIRAE P<0.05 KT AISEAN P<0.01 ZKFAHK .
Note: and  indicate correlation at the P<0.05 level and the P<0.01 level,
respectively.

2.3 AR HFIAAEBKRAEE TN

BT KAP /NI 2015 —2020 4E 7K 50 W B0
FH B IR 795 e 18 B A N Mg B0 e e Bdi Al ¢ AME
%, $4T GB 3838—2002 (MR /KIABEH EhrUE) V Ahs

HER LR S
R 4.
F4 ANELHF R RBEFRKBRITFNEER

Table 4 Annual water quality evaluation results for different land

PRANAS 7] L R F 2R B K AR K BT, 7K 5 PP AR 2

use types
BETRR gy RORMREE
F4y M Single factor index and grade _Comprehensive I
Year Type — index andriijeg?ee Ov@r—proof
N NHSN TP HE L fem
Grade Degree
ME 288 017 051 %V 220 V5 Yy TN
2015 WedtHh 142 007 040 BV 1.09  ERisy TN
i 093 005 014 V 0.71 b /
KEE 069 007 015 V053 i /
ME 363 024 054 HV 277 V5 Yy TN
2016 WedtHh 148 007 040 BV 114 iS5y TN
ML 090 008 026 V070 bEpr /
KEE 080 007 017 V062 TR /
A 452 026 059 %V 343 HiSY TN
017 YedtHh 157 007 038 BV 121 iy TN
M 085 010 017 V065 bEpr /
KE 079 015 018 V062 TR /
A 399 029 068 %V 3.05  HEIGY TN
5018 WedtHh 145 008 043 BV 112 sy TN
M 094 008 042 V075 bEpr /
KEE 067 014 030 V054 TR /
A 408 033 091 %V 314 HEIGY TN
5019 W 1.69  0.08 046 LV 130 Bisye TN
MHL 073 009 036 V058 bEpr /
KE 082 013 026 V 0.64 e
MHE 641 026 110 %V 488 T4 TN, TP
2020 Wi 1.87  0.05 048 LV 144 BRIy TN
i 067 006 030 V053 bERr /
KFE 050 008 026 V 0.41 b /

PERR VS Il 2R R

Note: / is Nemerow index.



122 Ll THE2AH (http:/www.tcsae.org)

2022 4

M TN JSHFE8E, 2015—2020 4EA], A Bk
i MRHURIZKZERT TN V5 Q48 50R 4 a4 il 2 2.88~
6.41. 1.42~1.87. 0.67~0.94. 0.50~0.82,
TN V53R B KT 1, MRHRIZKZE T TN 5 4446 450
F 1, BERBEHHE TN #hs. NH,-N 75 435 5034/
T 1, TP 544t/ N T 1, KIS T AR T H
FEH TN. BRHEF IS REH 2015—2020 FAF A
WK RNV K. WD 25615 Y48 BTN 45
RN, PRHUFI K FE (175 G FE BE 35 T i K7, Sodk
TR E RIS G, B 75 G R TG YK~ 5%
AR E G YKo KR SEE TP 45 SRR, KIS G
FERE M E BB M E . S, M. K.

MK 4 wTR1, A AR SRR R InEE, A
MEL V5 G F8 20N 2015 FE1 2.20 G E] 2020 £E11 4.88,
HATE R PR 15 Jeda BUE 2 m T Hofth R 28 8,
AN FE 7K TR PR S8 A A8 70 YA 355 R A 7K 5T 1190 75 G A AN 1T 3
e RN AR B TS P te B RS IS, X TTRES
A R P 15 F B4 I O . PRI AR FZE () P 2 15 e PR 2
BAFRE, KRB 5 g
2.4 AREISFEFEHRERE E oM

MF s ATLLE H, KIE/NRIER TN R TP % H fes
BArH0 4 278.59 F1364.93 kgla. & & IFTHE R KEEN
Wi FEAG YR, H TN B N 1 954.84 kg/a,
TP %t 5144 261.92 kg/a, 4351 5t sk TN Al TP % 471
Tf VBT 45.69%H11 71.77%, Horp A= 37 58 S i Hi 6 A
W im, R SR PR A T ) 95% LA B BRI,
AR B IR, 2w NIRRT AE
AT ATE IR ) TN F1TP i H A7 4359 o5 3380 TN F0 TP
AT SRR 15.30%A1 9.18%. KR/ T 4
I B AR ANS R b, 53 00) o5 S AR Y 64.11%A0
28.73%, (Rl ARHO AN B b P Sl i o R ter R, 3Bk
HFOAR ) TN B e S = 8 1 098.52 Al
570.51 kg/a, 735 TN % A B 25.67%
13.34%, AR TP % 7 S & 20 5N 29.35
F1 40.15 kg/a, 239G TP % s SE ) 8.04%A1
11.01%. 5 &3 7% FE 5 FIRAE IR 2 /MRS 25 25 LR,
ST S /N KT 1) DG HRE BT AE

=5 FRBFERABESEROERTEE
Table 5 Nitrogen and phosphorus pollution load and contribution
rate of different pollution sources

5 e ™ s
2N - 4
Pollutant source ikl 1 7] A1 faf 1 LA
Load/(kg-a”) Percent/% Load/(kg-a”) Percent/%
RAAD 53236 12.44 13.83 3.79
AT
ZUHEE?” HETE 7K 37.24 0.87 3.72 1.02
Rural Life
AR 85.12 1.99 15.96 4.37
I 1 191896 44385 255.64 70.05
Livestock
farming RXE 35.88 0.84 6.28 1.72
R BHHE 109852 25.67 29.35 8.04
Land use type R 570.51 13.34 40.15 11.01
St Total 4278.59 100 364.93 100

2.5 HRXthERE

A= e X R K B N RO B, SRR TR AS
(7 = ) FH SR ALK 35 YR S 7 T RS e A E S
ge; B2 (ZEASTRKE (B%R0O ) PESR
G S5 DIRERM, KA AR R R SR R AR S A
G5 DRe s K IR SR . NEORBENDK - 0R5F; 45a
FHAI AR SRR NS RGRSIhRE, &K
PRI 4% 70 X 3 AR R K IRIRA TR IX < A TS G il DX
BpHK LORFFIX (R 6) o

xo6 MESRIST

Table 6 Division of prevention and control zones

: g TSRRREE BRGNS Btz X B4z H bx
jff@fﬂﬂﬂ?lﬂ Degree of  Services of Prevention and  Partition
and use type pollution  eco-system  control partitions  target
B KR g KR HSOKIGEIRK KGR
MHE Village GG NEGRRE FPEFS Rl 53]
Slope g SR KHBREE SR BRI KR

SEE TN TS L RHE AU R o X (W B 42 H s, e
Ay X Hp IR B SR, 1% SRS AL HE 3 AT 1 N 25

1) @B X RIS IR EKIRRTR X . A
T Je ] XA A K T ORHFFIX o PREDKIFIRTEX : M
D S OV NS 5 g =<3 0w L7 N1 22 i P 7 = AT SARER e s
AR 64.11%, ARHHAOKEUE S (TN 1.57 mg/L, % 2)
HEEfE, HHREENEGRKE (R4, ZorXAES
ARG TR KRR SR, X612 X 48 A5 77 7K R SR B
PRI AEmE, i A AT JE 25 . A TS et il X
%A XA 17.04 hm?, SHEEEARMW 5.17%, TN Al
TP [¥395 e B far 2053 ) o I 3 475 e 507 (1) 60.99% Al
80.95%, K% (SRR NEGYS, £4) , FZ
SXAFEENEIRE L., &I R EBENRK
S BLS, 1%5 XAEB ARG Dhae NN JE (R,
N ARGERTG KRN 275 U . ARBEANRIF, AR Sk b J il
RBEG G o BBk K B ARFRIX % X U
AR 28.73%, TN A1 TP 135 G4 57 a7 4370 o IR ey 4
AT 25.67%F1 8.04% (K 5) , J#FHbE LKA TN F
TP R34 2.88 F10.13 mg/L (£ 2) , IR EET
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Spatio-temporal characteristics of water quality and pollution prevention
strategies in typical watersheds in the Three Gorges reservoir areas

Li Ganghao™?, Fan Xianpeng®, Xia Ying"*, Liu Hongbin®, Wu Maogian®, Zhang Fulin?,

Huang Min?, Zhai Limei®, Zhou Jiwen®, Kong Xianggiong*, Cheng Zizhen®
(1. Institute of Plant Protection and Soil Fertilizer, Hubei Academy of Agricultural Sciences/National Station for Qianjiang
Agro-Environment/Hubei Engineering Technology Research Center of Agricultural Non-Point Source Pollution Control, Wuhan 430064,
China; 2. School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China; 3. Institute of
Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 4. Xingshan County
Agriculture and Rural Bureau, Xingshan 443700, China)

Abstract: Water quality has been greatly confined to the nitrogen loss and phosphorus pollutants caused by agricultural
production in the Three Gorges Reservoir Area. This study aims to clarify the characteristics of water quality under different
land use types in typical small watersheds. The water quality monitoring was conducted in the Changping small watershed in
the Three Gorges Reservoir Area from 2015 to 2020. A systematic investigation was made on the change patterns of Total
Nitrogen (TN), nitrate nitrogen (NO5-N), ammonia nitrogen (NH4'-N), Total Phosphorus (TP), Dissolved Total Phosphorus
(DTP), and Total Particulate Phosphorus (PP) concentrations in the water bodies under land use types, together with their
influencing factors. The results showed that: 1) The overall nitrogen and phosphorus output concentrations of land use types
were ranked in the order of the village > sloping farmland > forest land > reservoir. The average TN concentrations were 8.29,
2.88, 1.57, and 1.43 mg/L in the villages, sloping farmland, forest land, and reservoirs, respectively. The average TP
concentrations were 0.25, 0.13, 0.09, and 0.07 mg/L, respectively. 2) There was a different water quality of land use types
during the flood and non-flood periods. The concentration of nitrogen and phosphorus output in the villages was higher in the
non-flood period than that in the flood period. The sloping farmland, forest land, and reservoirs showed a higher concentration
in the flood period than those in the non-flood period. 3) The Nemerow comprehensive pollution index demonstrated that the
pollution level of both forest land and reservoir was at the clean level, and the sloping farmland was at the light pollution level.
But, the pollution level of the village deteriorated from the pollution level to a heavy pollution level, due to the increase in pig
farming. 4) The annual output loads of TN and TP in the Changping sub-basin were 4 278.59 and 364.93 kg/a , respectively.
Livestock and poultry breeding was the most important source of nitrogen and phosphorus pollution in the sub-basin, with the
output loads of TN and TP accounting for 45.69% and 71.77%, respectively. The TN and TP pollution load per unit area of
sloping land in the sub-basin were 7.58% and 1.79% of those of village, respectively. The sloping farmland presented
significantly low pollution characteristics, compared with the village. Therefore, the sloping farmland can be used to absorb
the village sewage and livestock manure, in order to promote the local absorption of manure in the basin for the better effect of
multi-source co-management. The land use structure of the whole watershed can also be adjusted in an effective way to control
agricultural surface pollution. Therefore, the small watershed was divided into the forest and grass water connotation zone,
village pollution control zone, as well as sloping farmland soil and water conservation zone, according to the water quality and
ecosystem service function of land use types. Zoning collaborative prevention and control strategy should be an effective way
of promoting the water resource, nitrogen and phosphorus transfer from one pollution control zone to another pollution control
zone in order to preventing the pollutants export to the out of the small watershed. The finding can provide the theoretical basis
and technical support for the control of nitrogen and phosphorus pollution in the protection of water sources in the Three
Gorges Reservoir Area.

Keywords: water quality; land use; spatial distribution; Three Gorges Reservoir Area; typical watershed; agricultural
non-point source pollution; zoning collaborative prevention and control strategy



