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Removal efficiency of pollutants in the rural catchment branch by the combined engineering of ecological

restoration

ZHANG Yingying"?, WEN Xuezheng', LI Min’, XU Jiabing’, SONG Xuefei', JIANG Zhihui', LIU Haiqin', WANG Yan', ZHANG Zhiyong"*
(1. Institute of Agricultural Resources and Environmental Sciences, Jiangsu Academy of Agricultural Sciences; Key Laboratory of Agro—
Environment in Downstream of Yangtze Plain, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China; 2. School of the
Environment and Safety Engineering, Jiangsu University, Zhenjiang 212013, China; 3. Qianhuang Water Station, Wujin District,
Changzhou City, Changzhou 213172, China)

Abstract: To reduce the pollutants in a catchment branch in a rural residential area, a combined engineering project of ecological
restoration consisting of a pre-reservoir, wetland pond, and ecological ditch was constructed in the secondary branch on the northeast of
Xinyunxiaogiaobang Branch in Yuncun Village, Qianhuang Town, Changzhou City. Water samples were collected 7 times in the regular

and dry seasons and 7 times in the flood season. The physical and chemical indexes of water samples, including water temperature, pH,
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dissolved oxygen(DO), total nitrogen(TN), ammonia nitrogen(NH:=N), nitrate nitrogen(NO;=N), total phosphorous(TP), phosphate(PO: =P),

chemical oxygen demand (COD), and suspended solids (SS), were monitored to analyze the total removal rates of pollutants, assess
pollutant flux of the three process sections, and estimate the pollution load reduction by the engineering. The results showed that in the
regular and dry seasons, physical settlement and permeable dam interception primarily removed the particulate pollutants in water, while in
the flood season, plant absorption and microbial degradation removed the dissolved pollutants from the water. The pollution loads of TN and
TP were mainly due to rural domestic sewage and scattered vegetable fields. In contrast, the pollution loads of COD mainly came from rural
domestic sewage. In the secondary branch water, the proportion of NO;—N was higher than NH;=N in nitrogen, and the proportion of
particulate phosphorus(PP) was higher than PO =P in phosphorus. The combined engineering annually reduced the TN, TP, and COD
from land-based sources by approximately 166.23, 20.07 kg+a™ and 502.66 kg-a™, respectively. Even though the combined engineering of
ecological restoration reduced the pollutant load partially, the interception of terrigenous pollutants from production and life and in-situ
water purification in the Xinyunxiaoqgiaobang Branch should be enhanced.

Keywords: combined engineering of ecological restoration; rural catchment branch; rainfall runoff from the vegetable field; nitrogen;

phosphorus
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Figure 1 Schematic diagram of the sampling sites in the combined engineering of ecological restoration
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Table 1 Changes of water temperature ,pH and DO in the three process sections in the combined engineering of ecological restoration

SR 7K Regular and dry seasons /KM Flood season

fﬁ( 2019- 2020~ 2020 2020 2020- 2020- 2020- 2020~ 2020- 2020- 2020- 2020~ 2020- 2020-
12-04 01-13  03-25 04-22 10-26 11-18 12-22 05-28 06-12 06-23 07-27 08-14 08-28 09-23

KRR Zrn ZaEEY N ZRFEHON 5] Zx  EZx  PWOKW W Z2x MW W

Y H/mm = = 7.1 = = = = = 16.7 304 149 = 2.9 32
KE/C HTEE 9.4 7.8 18.3 183 173 178 72 250 298 252 271 307 273 231
R 9.0 7.0 18.2 17.8 180 179 7.6 268 314 243 274 321 275 238

R 9.4 7.7 18.7 182 175 17.8 7.1 252 300 249 272 309 274 230

pH AEE 694 729 7.7 684 681 68 687 714 767 679 691 684 694  6.65
WHyE  7.66 7.22 8.05 7.02 692 695 730 776 794 685 675 706 688  6.72

EBE 7.04 6.98 7.50 699 680 691 721 744 735 675 660 693 686 6.6l
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(mgL™) ympyr 985 9.05 1245 630 633 586 11.80 1042 1218 443 665 881  3.64  6.08
HAEE 6.96 5.47 9.56 598 381 3.8 1067 879 972 342 444 570 357 466

T < FE B R WIS 07 R1UR2 VR3 R4 I A 5 18 b 38 (0 2500 g I o552 W1 W2 W3 I B 5 AR 25 T i 25y W s5.42 D1.D2. D3 1Y
¥fE.

Note: Values of pre-reservoir are means of R1,R2, R3 and R4; values of wetland pond are means of W1, W2 and W3; values of ecological ditch are

means of D1,D2 and D3.
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Figure 2 The concentration changes and total removal rates of TN, NHi=N and NO3=N in the combined engineering of ecological restoration
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Continued of figure 2 The concentration changes and total removal rates of TN, NHi=N and NO;—=N in the combined

engineering of ecological restoration
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Figure 3 The concentration changes and total removal rates of TP and POi=P in the combined engineering of ecological restoration
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Figure 4 The concentration changes and total removal rates of COD and SS in the combined engineering of ecological restoration
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3245 m’s N'at 3 RS (3) THE L AL 3 it 1) 75
YA HER

L=PxnxCx107 (3)
o LA 15 K TS Y 5 Y i i ke
ats PTG K AL B it A 95 A 10, N s AR 6 95 7K
HE R B, m* - Nt as oI5 KA PRIt HE K i 75
YW  me- 17"

A3 b TR A2 0 R TN L TP A HE R, S 2T
JULRE, SOV 5 25 5L % S Ml oL 8 3 K AR T K T
Th S B AL W4 BN 28.91.,3.10 kg - hm™ (6—10
H) 4R I8 84S H (3—10 A ) A, B SE i A
BV 2 43 3 M 46.26 ,4.96 kg hm - a™", {56 57 % J&]
143 BE L E AR R 4.83 hm?, 3% BN 2 (4) T Z X
WA B M B A5 A2 I A ) TN TP 15 G4 171 o

L=Axy; (4)
Ao Lo AR I RS Y s e A i it kg a5 A
SR BRI TR AR, hm? sy, S AR 3 205 e (A HE

ZH0,kg-hm?+a™',

3SR b [ TR AR U A o E HE K COD 9 HE ik
i, 22 ORI 380 32 2] i K R B 25 5 4% R AL
R0 24 1 B A BLTE ), A& B COD i A HETS & 150
kg-hm™2-a™, AT R O0.1, 3% A (S HHHEZ X
B3 TR b B 45 A2 9L T 2K 1) COD 75 G 17 fif .

L=A%a:x3 (5)
AP LoV I th R0 Qe 15 Ge fi i L kg a5 A
M4y HEREH R T A, hm? s o AR T RIS e () HE L
R kg hm™? a7 B o0t — A §5 YL Y5 i AT R 2L
(LR .

TR S R X AN 3.99 hm?, B2 %13
FOLZH R I 5 B T G ok R AR A SR R I
WA F AR B N 138831 m-a, IR (6)
T X S ) 100 1 e A28 3k v g 7 G B £

L=CxQ%107 (6)
s 1, R ) A M e AR I e R A S G W )35 Y A
L kgeas CONWIIA AR U %5 PR B, mg -
L0 b XSy R A i B mP-a '

R 3 FoR, AG TS 2, 0 AR 5 S U 1 B
U575 Y of TN TP AL COD B 4545 Y B Ao ok 2 40 93l
661.20.46.20.1 414.74 kg-a™, & BB L HEG T
ARELJE TN TP 1 COD 5 Y G faf 14 45 10 & 43 51 4
166.23.20.07 .502.66 kg-a™'.

3 it
WG], A BB E H A TR FIRFS KR

R2 ESEEASGIEPHKOMEIZEMNTLES (kg-d")

Table 2 Pollutant flux of water inlet and three process sections in the combined project of ecological restoration (kg-d™)

15 44 Pollutant SRAERT ] Sampling period K Water inlet  Hi & % Pre—reservoir  {EH1LIE Wetland pond ~ ZEZH Ecological ditch
TN Atk 9 0.65 0.54 0.47 0.44
FARH 3.72 3.47 2.98 2.88
TP Ak K Y 0.07 0.04 0.03 0.03
F K 0.49 0.43 0.40 0.38
COD AR 5.86 5.13 5.19 4.94
F K1 28.64 2422 22.30 21.60
R3 ESBEAETIERWNSEATNEIRERE
Table 3 Estimation of pollution load reduction by the combined project of ecological restoration
EHY AT K Sy TR R HefCE H 9 ik EllbEES
Pollutant ~ Domestic sewage/(kg-a™) Vegetable field/(kg-a™) Surface runoff/(kg-a™) Total amount/(kg-a™) Reduction/(kg-a™) Reduction rate/%
TN 433.53 223.44 4.23 661.20 166.23 25.14
TP 21.68 23.96 0.57 46.20 20.07 43.43
COD 1300.60 72.45 41.69 1414.74 502.66 35.53

1% WHART]



SRIMF , 55  RANCAT A B 20 & TR RCR i 1573

TN TP 1 COD (7R T B D8R WA F 17 A (9 BF 5% 45
O RO A A TR 2 B HE R A 1 S
IR FZ M, LR G S 156 R 0] 52 e oA R 420 0 B T JBE HE 7K Xof
TR ™ e S o FEST-Rl K, i 2 AN b
JE KT TN TP 1 #9805 R A A0, i A 0 A 25 YA %
COD F 1) ol 385 SR 5 A, s i K S 3 S KR AR /N 1
B ] B AR, VAR b BT R P RS 22 bR i
LS5 Y 5 T b R R 0 3 RS T AE KK g 457 6
], A7 Bl 30k (0 TR 5 A= 259 1) 385 /K T e & 5
FARBUR ) A VR FAMS 7 T2 K0T, T RN b 3 X
TN . TP.COD A9 HIl I RCR AN, i i R AR ) A= K
SRR WPV f 2505 Yl 1 ) R ML B SR A s 9 L
Z P A A D TRAVE TR IR 72 45 e A Ak v 0 T ik
P, BRAIR AR H Y KT Y R B Y, TRIK RG]
HH S AR K AR A0 A R B B A B, SR — K 2 2 R
KB R LA PR AR R G ER , 5k B 15 T
AE, P PR P 2% AR R AR A AL R A
HLTE e 1 R s, o S A 34 T 5 1 2.
FIF, DT T 38 43 & 45 6002 0 %A BB 1Y) % A AR
FRET28, AR S TR A R R TR AR I
DR 1t 1) ‘B 1 R FH 53 A 125 T H i A5 it e A R 3
KT A5 e LA

G S B /K AR NOS-N ¥ B2 B B /& F NHE-N, X
Al BE S i Tk S it T 3 AU, 245 NHG-N
TESCAEYIE T a4 NOS-N, [R]5F - 32E%F NOS-N fY
W BFFRE 745055 , (2 Bl A2 AR L R G P DA
P N € S Rl BN AT TN N8 13 b 18 S A
WMAZLINO-N#EL N T, SAREMI, 52kt
TN FINO3-N F 3t 2% o B K, 3 22 R Ay i S b+ 38 1Y
U ECIRAS AL AN B F2 408 T 78 2 1) O, AR U
Y NHi-N 54k NO=N, 75 A0k 32 b i) il 2 the o0
FKAF P, R G S Bk AR B 25 v PO =P it i L 441)
1LH 37.50% , B 2 b o] RRAL 5 48 2 1 FURL A 85 (PP) .
AT BRI 5T A R - AR R K S R AR
W R B IEA G, PP R A 1 R EIEA,
o7 B R 1 78%. A IR 2k FEEE LI PP oA &, iX
SR H R G AR S 5 R & AR R
Bl 498 R % TR fR 5 B ol ) AR
TR A LT B S R T RE S R
FRwE 2, DM AE /K AR fld R v, 2+ o LR (R 4%
AR 43 5 5 1 1 R R, AR I P A
IR D ARG I KA PP e B A I T

TP A Ay i b 55 KA 22 TR A e Y SR K AR

ARG EEA NI AR TS YW )y i A
HEMEM . AURMAE TR T & RESY
Bl Hop FE I B R R TR ARG A R Y b S ]
B 2 R 8 R 45 I K X8 ety A 2590 B 2
HFTEAR-MEAR-F SR EEPE A . AN [R5
Xif H A S < R A R L T R LA B b N SR
L] T304 R 5 e 1) S SR A% R I 4iE K 5 R B 1) A
VERA 0 7 B 5 AR 0 rhis e 0 BRSO S A
YU TR, A Fh ok B R O, wl R ek
A B K BE I AP S RE 1 AR AR R, Wy
PR A B A A K ] XU 1 7K 35, 38
SR VA 22 W s A7 64 38, DA 68 - 48 A R R
FLAR A

ABFGE SRR FERTIE TS G bt AR 15 5 K 43 HE
SEH R T YR G S BE TN TP 15 Y2 4 ] 14 BT kA8 K s 4k
Fof A 36 35 KO COD V5 Y B A (1 BT ik e R . R e Bl
ST R A 16 A4~ DX B (R A4 b 1T VR T Y IR A 45 ARt
7« TN [ 35 R R PR L A & 65 R 50, TP (1) 2
TR R AR AR IS 15K, COD i E R IF R & 8 5
B, o 2 At S OSSP T Y e B A M T TR Y e )
55 25 31 S Al Bl & TN TP 4 Ay 12 ) 32 20k
T, AR IR B E D C & & SR AR 15 TS
KGRI B 5 YL, O S O . (RS /M
Wi e th TR & S IR AT A A 16 15 K%t
H TP A1 COD V5 Y B faf 19 BT kAR K 5 R X H: TN 75
Y i fof 1 sT Rk IR R CR 2 R8s ) . BRIL, R T 20HI
PHTAZ /IR B (1475 e B ff , ZE X IR G S e ith A 7 A 2
TE B RIS IR IR AR AR 7 B R VR TS e
RS, URAC A is /Wi 2 5 Bk gk

4 ZEig

(DTEFA A, A B G TR F EAREEY)
PRTTRE 375 7K I A A5 A FH I D8k G S e 7R A v 1 At
BTG Y A, A TR R BREER I
T 0 o i S A PR P R A P R S A A T3 e )

(2) M A= 15 15 7K 43 3R HhO6E T IR 9 3 B
RSB YL A Al 1 DT R 5 AR R AR T T K R A
R TG P AT Y DT R K . IR SR K IR AR
HNO--N & i iy, B 3 TP OR S i o A -

() AEBMEE A TR IR SRS e v
R RV RN A 2 T SRR T e B far AR I 4 S R
166.23.20.07.,502.66 kg-a™. 414 T HFERENS B IR IR
S AR AT Y i ng , PG AT s ke A A e AR T

WWW.QEs.0r9.CN




m@g 1574

VRETS Rt Y FAEE TH

AR IR TS e WA, LU B IC Az /M e 2 5 R K AR
J At

Bt - SRR M T 5 PR T 55 A7 BR 2> w3 SCIE (7 56 A2 el
ST AT B W R TG i i PR BB A R R A
W /N T3 R TLRTE A BB R A 5 TR B R v 4 T A
Bl o SRR M T X DX BN DR T R T e I
PME IR BERHC AR A AE AR 38 22 4590 £ AR BeF I 5
WL TS SR

SE k-

(1] 5K T, B ks, E 0, 55 . FR IR b DR AR 15 775 7K b B
K B AL Z BRID). BREE AR, 2022, 50(12) :48-53. ZHANG Y X,
LIU R Z, WANG L P, et al. Treatment, discharge and recycling applica-
tion of rural sewage in coastal areas of Chinal]]. Environmental Protec-
tion, 2022, 50(12) :48-53.

[2] ZEMRAE . AT ITIE TS Y i B SRAIFSE « ATE 548 08 i 2l Xy
F[D]. B &L« B B AR K2, 2014, WU L Y. Research on river—
ways pollution and its countermeasures in countryside : taking Huishan
District in Wuxi City as example[D]. Nanjing: Nanjing Agricultural
University, 2014.

[3] oKL, FR 2z, R, 25 JOKAEIRA & TR A DI R AR IR
(75 G 0 B RCR 43 BT )/ OL). AR 25 5 AR R SR B8 2% 3, 2022:1-17
[2022-07-20]. DOI:10.19741/i.issn.1673-4831.2022.0230. ZHANG
Y Y, JIANG Z H, XU ] B, et al. Removal efficiency of pollutants in ru-
ral initial runoff by the composite engineering of water—collection flow-
erbed[J/OL]. Journal of Ecology and Rural Environment, 2022:1-17
[2022-07-20]. DOI:10.19741/i.issn.1673-4831.2022.0230.

[4] T3 A5, AL, R0, 45 RN A SR I O S i Al
BRI A A )], AR LAl K 2% 2440, 2012, 43(11) :67-71.
WAN S M, XI B D, LI M X, et al. Effect of long—term domestic garbage
piling on nitrification rates and respiration rates in rural soil[J]. Journal
of Northeast Agricultural University, 2012, 43(11) :67-71.

[5]9K2x3C, %855, U, S5 TTIRARA I GE IR BEBUAR I8 2 K 2T ()], K
PR, 2015, 31(1):69-73. ZHANG H W, CATY, QIU R, et al.
Investigation and analysis of rural rivers regulation in Jiangsu Province
[J]. Water Resources Protection, 2015, 31(1) :69-73.

[6] JA 7, SRR, 34 75 . s B B T A I B A A SR VE T
FREPEA [J]. B A 45 2% . 2008, 19(2) :394-400. ZHOU X X,
ZHANG L Q, YUAN L Q. Evaluation on a demonstration project of eco-
logical restoration of ditches at Qianwei Village of Chongming County,
Shanghai[J]. Chinese Journal of Applied Ecology, 2008, 19 (2) : 394—
400.

[7] U4 %, AREH, AR [E e, 45 AR RIS iR BEAY 4R HIE 5 T
T S B — K PR BT A A5 B S HOR ). ARl BRI RL 242441, 2013, 32
(11):2105-2111. LIU F X, SONG X F, ZOU G Y, et al. Reduce-re-
tain—reuse—restore technology for the controlling the agricultural non—
point source pollution in countryside in China: eco-restoration technol-
ogyll]. Journal of Agro— Environment Science, 2013, 32 (11) : 2105 -
2111.

[8] Hh AL, FFEFE, AR, 55 . K R s A TR /R S A

1% WHART]

FRIET]. R EERE, 2014, 35(2):577-584. MAJY, WANG G X, LI
7 G, et al. Distribution of nitrogen in the sediment of Taige South River
estuary[J]. Environmental Science, 2014, 35(2):577-584.

[9] REK, 5K, B 2L, 45 . W TR PSS B B A= AP IR
H AL FOR BT[], B AR Ol R A A, 2020, 43 (3) - 477 -484.
SONG X F, ZHANG Y Y, YUN T H, et al. Study on purification effect
of ecological floating bed applied to in—situ restoration of rural rivers
[J]. Journal of Nanjing Agricultural University, 2020, 43(3) :477-484.

[1O] FAERHE . 5 B T3 38 20 0 1l A2 BEH AR T [D]. 7 L - AT K2,
2019.  YUN Y. Study on key technical issues for sponge city con-
struction in Changzhou[D]. Nanjing: Southeast University, 2019.

[11] WEBB B W, PHILIPSA J M, WALLINGA D E, et al. Load estimation
methodologies for British rivers and their relevance to LOIS RACS
(R) programmel[]]. Science of the Total Environment, 1997, 194/195:
379-389.

[12] ¥, B PLSE, JErPlE, 45 . AU I oK SRR AE K £ 205 e
Al T[] BR TR A 4, 2018, 38(10) : 4063 - 4072.
HUANG Z W, ZENG F T, FAN Z Y, et al. Study of pollution charac-
teristics and fluxes of the main contaminants in Beigang River[J]. Acta
Scientiae Circumstantiae, 2018, 38(10) :4063-4072.

[13] BEOT, XA, JEFa, 55 . & M TS I i X I i K TREHEAT
RCRPEAG ], AR ST, 2020(6) :108-112. HONG X, LIU
Y, FAN Z W, et al. Evaluation of the operation effect of keeping water
flowing project in the main urban area of Yunbei District, Changzhou
[J]. Water Planning and Design, 2020(6) : 108—112.

[14] K32, whAr i, BERN S, 55 . ATRIZ W oK PRI 75 G4 AT ().
Bl A KRR HE, 2012(9) :47-50.  ZHANG W Y, HAN Y F, LU L
Q, et al. An analysis of water environmental pollution in Taige Canal
watershed[]]. China Rural Water and Hydropower, 2012(9) :47-50.

(5] MR, T 2%, J8 9, 45 . 5k S U Ui it 2% ik B HOLHEBIE 5
[J]. 4k PR 55 Rl 27 27 42, 2022, 41(10) : 2262-2268. PAN X M,
DING M, ZHOU Y C, et al. The amounts of nitrogen and phosphorus
losses from a vegetable field via runoff[J]. Journal of Agro— Environ-
ment Science, 2022, 41(10) :2262-2268.

[16] TLIRA BREARLA AR BE . WU ek o S A ALK PR 25 5 1R
TR 2 ) B BEVE[R]. B AT T IR PRI AR UF R BE L 2008, Ji-
angsu Provincial Academy of Environmental Science. Technical speci-
fication of water environment comprehensive treatment plan about the
main rivers in Taihu basin[R]. Nanjing: Jiangsu Provincial Academy
of Environmental Science, 2008.

[17] SRR, 27, Wh—PF, 45 . A LK T 38 7K AR A ) D (oA T
T Ak AR ST D]. A BRETRFE 22 4), 2019, 38(7) : 1607-1615.
ZHANG Y Y, WEN X Z, YAO Y D, et al. Removal of contaminants in
a farmland catchment river by aquatic macrophyte on floating beds|J].
Journal of Agro—Environment Science, 2019, 38(7) : 1607-1615.

(18] MFER 3R, AP}, GEIFSE, 45 IR & 2 UH YR M EORTE AR AR R 5
Jedas il v 9 TARRLH AT ] FRBERLEE L, 2019, 32(3) 1 415-
422. YEBB,LID,HOU Z Y, et al. Application of storing economic
constructed wetland in the treatment of contaminated water from farm-
land runoff[J]. Research of Environmental Sciences, 2019, 32(3) : 415~
422.

[19] L3l 05, ZeHI ], Bk, 55 . AR IR K 15 1R 035 Y i v Ak AL
H R HUER AR HT[D). /K B IR 4, 2020, 36(5) : 1-10.  WANG P F,



SRIMF , 55  RANCAT A B 20 & TR RCR i 1575

LOU M Y, QIAN J, et al. Analysis of purification effect and mecha-
nism of pollutant by the farmland drainage wetland[J]. Water Resourc-
es Protection, 2020, 36(5) : 1-10.

[20] ZHANG S, XIAO R, LIU F. Effect of vegetation on nitrogen removal
and ammonia volatilization from wetland microcosms[J]. Ecological
Engineering, 2016, 97 :363-369.

[21] WANG C, SAMPLE D, BELL C. Vegetation effects on floating treat-
ment wetland nutrient removal and harvesting strategies in urban
stormwater ponds|J]. Science of the Total Environment, 2014, 499:
384-393.

[22] LUO P, LIU F, ZHANG S N. Nitrogen removal and recovery from la-
goon—pretreated saine wastewater by constructed wetlands under sus-
tainable plant harvesting management[J]. Bioresource Technology,
2018, 258:247-254.

[23] #hE, BEER, oh SO, 55 . 3 I R A= IR S22 B
AR E ST P E AL, 2011, 31(5) :774-780.  JIANG Y,
TONG Y, YOU W H, et al. Comparison of growth characteristics and
the optimize configuration modes of the nitrogen and phosphorus up-
take capacity of three kinds of plant cultivated on the floating—bed[J].
China Environmental Science, 2011, 31(5) : 774-780.

[24] YAN S H, SONG W, GUO J Y. Advances in management and utiliza-
tion of invasive water hyacinth ( Eichhornia crassipes) in aquatic eco-
systems: a review[J]. Critical Reviews in Biotechnology, 2017, 37(2) :
218-228.

[25] XU, 2. XUBSE, 55 . RN R W A A5 b Ak 335 e K AR R BIF 5
PRI Al BARALHEST, 2018, 39(6) : 1020-1029.  LIU F, LUO
P, LIU X L, et al. Research advances of Myriophyllum spp. —based
wetland for wastewater treatment and resource utilization[]J]. Research
of Agricultural Modernization, 2018, 39(2) : 1020-1029.

[26] 4%, BHBEAR, 4 =224l 55 . TR RAE ) R GE b IE K A R A= P ) 3
ZEL D). b = FR AR, 2008, 28(9) :791-795. WU W, HU G
D, JIN L X, et al. Dynamic influence on microorganisms in pond wa-
terbody by the planted float system[]]. China Environmental Science,
2008, 28(9):791-795.

[27] SAEED T, SUN G Z. A review on nitrogen and organics removal
mechanisms in subsurface flow constructed wetlands: dependency on
environmental parameters, operating conditions and supporting media
[J]. Journal of Environmental Management, 2012, 112:429-448.

[28] LUO P, LIU F, ZHANG 8, et al. Evaluating organics removal perfor-
mance from lagoon—pretreated swine wastewater in pilot—scale three—
stage surface flow constructed wetlands[J]. Chemosphere, 2018, 211 :
286-293.

[29] S8, XULLIT, 5K 5, 46 . A EARALA X S A R AR F AR 5
R MA[T]. K 2 PREF2E 4, 2018, 32(4) :37-50. GUO Z,
LIU H J, ZHANG Y F, et al. Effects of different fertilization modes on
nitrogen loss by surface runoff and the apparent nitrogen balance in

vegetable fields of Taihu Lake region, China[]]. Journal of Soil and

Water Conservation, 2018, 32(4) :37-50.

[30] XUER, 5KAT, S, &5 . A [l s AL AR 75 152 Ut el e T R 3
H BRI R LA WELAR M 2# 4, 2019, 31(2) :297-306.  LIU
C, ZHANG L, LIN Y C, et al. Characteristics of nitrogen and phospho-
rus loss by runoff from paddy and vegetable fields under different fer-
tilization modes in Tiaoxi catchment[]J]. Acta Agriculturae Zhejiangen-
sis, 2019, 31(2) :297-306.

[3L] T L, 02k, S, 55 . rg o b Xl 3R b AR I T R A
EBFFE (0. PRI A 23], 2016, 29(11) :2676-2681. HU W L,
LIU H B, LU Y, et al. Research on phosphorus runoff of farmland in
south hilly region[J]. Southeast China Journal of Agricultural Sciences,
2016,29(11):2676-2681.

[32] HAN J G, LI Z B, LI P, et al. Nitrogen and phosphorus concentrations
in runoff from a purple soil in an agricultural watershed[J]. Agricultur-
al Water Management, 2010, 97(5):757-762.

[33] JALALI M. Phosphorus concentration, solubility and species in the
groundwater in a semi-arid basin, southern Malayer, western Iran[J].
Environmental Geology, 2009, 57:1011-1020.

[34] T4, FBH, W, 55 . K R J5L AN [R] i 28 LA T R0 i 2k
FRAE[)]. N A 27 4], 2011, 22(12) :3211-3220.  ZHANG M K,
WANG Y, HUANG C, et al. Characteristics of nitrogen and phospho-
rus runoff from croplands with different planting patterns in a riverine
plain area of Zhejiang Province, east ChinalJ]. Chinese Journal of Ap-
plied Ecology, 2011, 22(12) :3211-3220.

[35] F A, SRIME, 5k 53, 45 . AR ZE R SO B R AR U T T e
Hl e S A3 AT (D). P AR R 5 5l 2022, 45(2) 0 315-322.
WANG Y, ZHANG Y Y, ZHANG Z Y, et al. Analysis on reduction ef-
fect of different types of slope protection on pollutants in rainfall run-
offl]]. Journal of Nanjing Agricultural University, 2022, 45(2) :315—
322.

[36] skE Kk, AU, e, S KV R WA S TR A o A
R[] KA 2%, 2021, 42(6) :315-322. ZHANG Z Y, LI M,
YANG Z H, et al. Vegetation distribution on the ecological protection
slopes of the middle and lower Yangtze River[J]. Journal of Hydroecol-
ogy, 2021, 42(6) :315-322.

[37) RLEM], MIEZR, 23, . 0 2 Al 1T 975 e S5 A A R BRI S
WA R 28 R 3] Al FRETRE A 22, 2022, 41(7) £ 1509~
1519. SONG X M, LIU W R, JIANG S, et al. Analysis on response
relationship between agricultural non—point source pollution and rural
water environment quality in Hunan Province, China[l]]. Journal of
Agro—Environment Science, 2022, 41(7) : 1509-1519.

[38] ZEHarS, S, P . VDB T R B A T 35 e ST R AL S AT
[J]. R F3m 4z, 2022, 28(11):143-149. LY G, WU Y, SUN
C. Characteristics and analysis of rural non—point pollution load in
Henan section of the Shaying River[J]. Anhut Agricultural Science Bul-
letin, 2022, 28(11) : 143-149.

(TR - 2P

WWW.Qes.019.CN




