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Removal effect of ecological ditches on agricultural non-point source
pollutants in Zhejiang Province
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Abstract: [Objective] This study is to comprehensively evaluate the role of ecological ditches in the blocking
process of agricultural non-point source pollution and scientifically assess the effect of ecological ditches on
pollutant removal. [Method] 6 ecological ditches in Tonglu, Lin’ an, Jiande, Dongyang, Yiwu, and Zhuji in
Zhejiang Province were selected for water quality monitoring. The removal rates of major agricultural non-point
source pollution by ecological ditches were calculated, including total nitrogen (TN), ammonium nitrogen
(NH}-N), total phosphorus (TP), and chemical oxygen demand (COD), and the impact of ditch construction
composition on the removal of agricultural non-point source pollution was analyzed. [Result] The average
removal rates of TN, NH}-N, TP, and COD in the 6 ditches were 18.31%, 38.74%, 13.49%, and 23.97%,
respectively, among which the removal effect of NH; -N was better. The slope roughness of Yiwu ditch and

Tonglu ditch was increased by ecological slope construction. The contact area between water flow and slope
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was increased by narrow ditch width and the retention time of water flow was prolonged. The removal effect of
TN and NH}-N was relatively high, and the relationship was linear with the inflow load. The plant density in
Zhuji ditch was high, showing good TP removal effect. The number of denitrification phosphorus removal
devices had a good positive correlation with TN, NH; -N, TP, and COD, which was a key factor for ecological
ditches to intercept agricultural non-point source pollution. [Conclusion] The water purification function of
ecological ditches in Zhejiang Province can be strengthened by constructing ecological slopes, installing
denitrification phosphorus removal devices, and increasing plant density. [Ch, 4 fig. 2 tab. 34 ref.]

Key words: ecological ditch; agricultural non-point source pollution; ecological slope; denitrification

phosphorus removal devices; plant density
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Figure 3 Correlation of influent loading and removal loading of agricultural non-point source pollutants in six ecological ditches

SVET AWM R 275 A HIR X 46.9%
ARBEFEH, SRR AR R R R S SCEE
AR, Al 78 SR B AP 2 L BR AR AU 10% 72
A, IS SCEGC R AR s AR
RS R IR A B S RO R R R R SCRIC 2
oAty 3 ZR B RS A EBRARME T SCHRIC 8. ST
PRSI IR R | ML SR AT R BR RN T
BRICH, SN 2 — Al BB SCHR A — L8 SR A i
56 LHIUIHEAT 1K B, i 1A B K Je ik
e, KA R BB B s R R 2T,
AR AR E el 1a i s WA
SCHRR A RE L BRR 2 AHIETOR 9 2
D22 L BRR 5 T34k, SR B — L8 A= 2594
T, RS ARSI A AR R IR, Gl R
o B K R R LB A TR i S B A 2
IR, A ) bR AR S WL . X S ] g

SR RERAR TS0 H EE RN

1.0
NH-N 4 5
KA
UL et
s TN 5 S
2 = SN [===1
3 SN
2 COD TP [ fifa
z Ex it
IR HpEE
-1.0
-1.0 1.0
Axisl (32.64%)
B4 FRAKAREEBTRERLTRT M-

FR 5 AT 89 % vl STAR AT

Figure 4 RDA of impact of different types of ecological ditch on

removal loading of agricultural non-point source pollutants

HETIS R LR, SRR B R AU A TSR B e B A2 1L, i3RI 1K 16
15 LR IR RG], S REROMA IR R AR LG RE S o Tl S 7SR K A K E 5 e
TR AT R BRSBTS IS R R R, R R S
RPEATRLE, ARILF—2 XA AERS R FH A= 2598 SRS B T AR A K AT e 1) 25 R i Rl Y 3R
ORI, ABFFE BB ENIE T4 S RTG R  Z R AT S K A RIEC R, JFEiaE



55 41 5 X ) WA : WA A 2SR B A T RS Qe M L BRACR 7

BRARHEATIIHT o

SCEETE | AFOERN EA . SRR R LR, I HERTA S BR . BRI
RAMERFR (P<0.05), ULWITA U] LMRGTAR I ™ A1 B9 95 Qe g e sh ™, it T0AY M, R0 T RE
P LRSS - MR IR o A 2 O ELSE R AeAs , DRI 1™ S 3B e 88 LA % A I 5 0 39 ) 42 fh T
L, SER 7K A AT ETE A R R . DG IR S ol DU AR BRE L AR A I
YERIEBRTS 3, HORETE A B 2 I R Aty IR . BeAh, —THDEI IR AR, 15 YW JeikAE
AV IR B, AT BRAGIK 45 B IR BR ) 1 AR AV WAL RE T o B DL USRS ORISR . ALk AR
BVRXR SR . NOy . SR BB A 0 R B R . BAR AR BEVA SR o A 2530
e, (HNEEETE, AIREHISS T — 2 &R A e AR A B AT

TR R I B A SR R BR R, JEH R BR U5 SRR S SRR SC R (P<<0.05). il )T
RO, AR RO T R A SRAR ) A 60%, Je HABTA IRAEY) LAY 1.5 A% LA . MOORE 45 ff
FERB: MEBCTICHYRAR, AV S IE SN REREE T AR . At n] DUA e 2t 75 e P iy
DURREY . WP B TE AR R, BB Sh 289% rIEIFIURY), MAEJCE YR K X
—HRFRIK 95% LA Lo 33 P AR AT LA S8 i HE 2K 8 T8 ) B SR RE ) SRR B, DT S K g 45 B Ik
[EIEA AHREANTE T, IR S S A R R B AEE, 5B R LR ASCTE AR, X
587> SCHK [4,33] 2R A—E, AT RERE DR AE B R AP Y R R A BR A, AR A B LAY
MR (R, 2 B SVEIR X AR EBRAWARN TR oh, MoK BRI R, IR REXS
R RAET G 5, oK S B RACR, I IR P AR R WS 2 S 2 il 2 A RIS
WO KRR R BT AR THA S AR R EBRAE ST, (HUR B R /K 145 B I 1] 2 S BUA R ERR R 1
%, A0 i B AR BT 5 i ) 9 R 1) 7K 0 45 B I )

ARBEFEH 6 AL SRR BEE AN Y BOE A SRR . AT R B R A S
SR AR BB R R e B A IEASC O AR o I BRI R VLA e AR 2
IR SCHEBORIRAT o I IR PP A BAE AL B B B T R I, B ZEK  AE oK g 45 B I TR] )
YR, (ASRL K H54T A RIORL) AN SR 0 A543 ADLIE , P X ey i iR, e BEA IR N ) S M
HAR R AT 08 Ul A g 4.

4 Hip

ARG S W T AE VLA e R A TR R MK . Mg SRR AR AR S
A B AR RN HBRERS NN 1831%., 38.74% . 13.49% . 23.97%. AN[EIVAERISIYIH
HEAK A LA SV BRI R PR A AR B R 22 5, b i Ytk S s 5 25 BR A A ARG PR, SRAAESR
e SOEARBR R E T AR B R LB, B AR U R A AR Bk R L b
e A R BRAE G . TESREREAA A SRR, NOMOK FREA W I g B, i — 23 A 2 IR
BARIR 515 e R BRBCR AR ST, A e S E AV IR R AR (A S

5 5F Xk

(1] Wt OB, BEAlLr, F i, % KA mESYSATR “4R” B H TS — R SPEE AR U], LR RlA 2247,
2013, 32(9): 1697 — 1704.
SHI Weiming, XUE Lihong, WANG Jianguo, ef al. A reduce-retain-reuse-restore technology for controlling rural non-point
pollution in China: eco-retain technology [J]. Journal of Agro-Environment Science, 2013, 32(9): 1697 — 1704.

(2] #pdkes, BEAlLr, i TOBH, 45, AT IR LA “4R” B S TRESEIR——Z 01007 (1], fl B Rl 4254, 2013,
32(6): 2309 — 2315.
YANG Linzhang, XUE Lihong, SHI Weiming, et al. Reduce-retain-reuse-restore technology for the controlling the
agricultural non-point source pollution in countryside in China: a case study[J]. Journal of Agro-Environmental Science,
2013, 32(6): 2309 —2315.

[3] HERZON I, HELENIUS J. Agricultural drainage ditches, their biological importance and functioning[J]. Biological
Conservation, 2008, 141(5): 1171 — 1183.


https://doi.org/10.11654/jaes.2013.09.001
https://doi.org/10.11654/jaes.2013.09.001
https://doi.org/10.11654/jaes.2013.09.001
https://doi.org/10.11654/jaes.2013.09.001
https://doi.org/10.1016/j.biocon.2008.03.005
https://doi.org/10.1016/j.biocon.2008.03.005

8 RN/ NI NI e 14 20244 X A 20 H

[4] MOORE M T, KROGER R, LOCKE M A, et al. Nutrient mitigation capacity in Mississippi Delta, USA drainage ditches[J].
Environmental Pollution, 2010, 158(1): 175 — 184.

[5] BENNETT E R, MOORE M T, COOPER C M, et al. Vegetated agricultural drainage ditches for the mitigation of
pyrethroid-associated runoff[J]. Environmental Toxicology and Chemistry, 2005, 24(9): 2121 — 2127.

[6] MOORE M T, DENTON D L, COOPER C M, et al. Mitigation assessment of vegetated drainage ditches for collecting
irrigation runoff in California[J]. Journal of Environmental Quality, 2008, 37(2): 486 — 493.

[7] KROGER R, HOLLAND M M, MOORE M T, et al. Agricultural drainage ditches mitigate phosphorus loads as a function
of hydrological cariability [J]. Journal of Environmental Quality, 2008, 37(1): 107 — 113.

[8] LI Songmin, WANG Xiaolinag, TU Jiamin, et al. Nitrogen removal in an ecological ditch based on an orthogonal test
[J/OL]. Water, Air, & Soil Pollution, 2016, 227(11): 396[2024-02-04]. doi: 10.1007/s11270-016-3085-7.

(9] BASEAM. ANTRIBEACAL T S R T IR TS5 YAl S AR A I W5 (D). BUM: #rvRes, 2015.

SHAN Li’nan. Research on the Characteristics of Ammonia Surface Source Pollution and Ecological Interception Control of
Vegetable Land under Different Dertilization Modes [D]. Hangzhou: Zhejiang University, 2015.

(101 Frxit. A FH AR 2596 U X ek FH R A2 i U ) 25 B S S ASEAUIIE 52 (D] R RHERE, 2016.

QIAO Bin. Experimental and Simulation Study on the Removal of Nitrogen and Phosphorus from Rainfall Runoff of Paddy
Fields by Farmland Ecological Ditches [D]. Tianjin: Tianjin University, 2016.

(117 BRI, 1508 DR HH AU 2% W I b HZ B S RELMT R AL (D] KA FHARROIR 2, 2014,

ZHANG Yi. Nitrogen and Phosphorus Loss Monitoring and Its Ecological Blocking System Construction in Paddy Fields in
Suburban Shanghai [D]. Changchun: Jilin Agricultural University, 2014.

[12] Aedett, ke, X%, 2. A 0A-10 i R GUX AR T HE K GG L BRALNE L] Al FRBER 72241, 2019, 38(2): 405 — 411.
ZHU lJin’ge, ZHANG Xiaojiao, LIU Xin, et al. Removal of nitrogen and phosphorus from farmland drainage by ecological
ditch-wetland system [J]. Journal of Agro-Environmental Science, 2019, 38(2): 405 — 411.

(131 K. AR MBS Al IR A5 YL BRSSP 2R [D]. 22 M DAL IR, 2020.

ZHENG Bin. Removal Efficiency and Influencing Factors of Nitrogen and Phosphorus Pollution from Agricultural Surface
Sources by Ecological Ditches [D]. Lanzhou: Northwest Normal University, 2020.

[14] XU2R, 2= b, 208, 2%, DOT/K IR A AT ORI A . WA AR AN (1] K AR5 41z, 2016, 36(2): 54 — 58.
LIU Quan, LI Zhanbin, LI Peng, et al. Effects of ecological ditch interception of nitrogen and phosphorus in water source
area of Hanjiang River [J]. Bulletin of Soil and Water Conservation, 2016, 36(2): 54 — 58.

(15] i, 22005, XUBE, 55 MR AR DX A= 2508 S AO AR T v R R IS4 BN 5T (1] BRI 222, 2016, 37(5): 1717 —
1723.

WANG Di, LI Hongfang, LIU Feng, et al. Interception effect of ecological ditch on nitrogen transport in agricultural runoff
in subtropical China[J]. Environmental Science, 2016, 37(5): 1717 — 1723.

(16] ABULDL, AR, 5 R, 4. Az 2504 SR X BR = A Rl AR TS S A BB D BRI 5 D). A2 28 BRBE 241, 2022, 31(9): 856 —
1864.

HAO Beibei, WANG Nan, WU Haoping, et al. Research on the reduction function of ecological ditches on runoff pollution
from rice in the Pearl River Delta[J]. Ecology and Environmental Sceinces, 2022, 31(9): 856 — 1864.

(171 BEGHHE. R A R FHHEZK VA SR b A B BR A2  S5R AL AR5 (D). KA R ERF AR 7, 2022.

TIAN Liping. Effect of Iron Input on Removal of Nitrogen and Phosphorus in Drainage Ditches and Intensive Techniques
[D]. Changchun: University of Chinese Academy of Sciences, 2022.

(18] &%, Vb A 25 VR SR B — 5 R i5 e s DR 3R R il R ATFE (D] B m k%7, 2015,

LU Lu. Retention-removal Effects and Control Technology of Pollutants in Ecological Ditches of Dianchi Watershed [D].
Kunming: Yunnan University, 2015.

(19 ST 4 H A= 25V S IR TS YL B 2 PR 2 055 ORI IY — DA L7 XA FH A 250 28 B g e 28 4] [D ] db st Hh
AR, 2016.

HU Bo. Study on Environmental and Economic Performance for Farmland Ecological Ditch to Prevent and Control non-
point Source Pollution: A Case Study Based on Farmland Ecological Ditch Reconstruction in Zhushan Bay Area [D].
Beijing: Chinese Academy of Agricultural Sciences, 2016.

[20] #BTE, BKAR, FAEIR, 5. VLA A AR E S0 IR R G RESE A AT R R T 5 IHIE (1] #rall

Bl2#, 2022, 63(4): 843 — 849, 867.


https://doi.org/10.1016/j.envpol.2009.07.024
https://doi.org/10.1897/04-357R.1
https://doi.org/10.2134/jeq2007.0172
https://doi.org/10.2134/jeq2006.0505
https://doi.org/10.1007/s11270-016-3085-7
https://doi.org/10.1007/s11270-016-3085-7
https://doi.org/10.1007/s11270-016-3085-7
https://doi.org/10.1007/s11270-016-3085-7
https://doi.org/10.1007/s11270-016-3085-7
https://doi.org/10.1007/s11270-016-3085-7
https://doi.org/10.1007/s11270-016-3085-7
https://doi.org/10.11654/jaes.2018-0511
https://doi.org/10.11654/jaes.2018-0511
https://doi.org/10.11654/jaes.2018-0511
https://doi.org/10.11654/jaes.2018-0511

55 41 5 X ) WA : WA A 2SR B A T RS Qe M L BRACR 9

DONG Yueyong, LU Changgen, WANG Zhirong, et al. Exploration and practice of structural performance evaluation
system for agricultural ecological ditch on its function realization in Zhejiang Province[J]. Journal of Zhejiang Agricultural
Sciences, 2022, 63(4): 843 — 849, 867.

[21] Z265, W B AL, A5, 2. AR TS e ] AL AR IR R GE RO : DS33/T 2329—2021 [S]. AU : #iVL
AR, 2021.

LIANG Xinggiang, CAO Yucheng, WANG Zhirong, et al. Construction Specification of Nitrogen and Phosphorus
Ecological Interception Ditch System for Controllong Non-point Source Pollution from Darmlands: DS33/T 2329-2021
[S]. Hangzhou: Zhejiang Provincial Administration for Market Regulation, 2021.

[22] EWEFe, Teak, R, 2. Az SV BEX KRR AN ) A R R AR I VA 42 AR 7E LD TR A2, 2015, 46(12): 1406
—1413.

WANG Xiaoling, QIAO Bin, LI Songmin, et al. Studies on the interception effects of ecological ditch on nitrogen and
phosphorus in the rainfall runoff of different rice growth period[J]. Journal of Hydraulic Engineering, 2015, 46(12): 1406 —
1413.

(23] Uefd. A= 250A SRAL FIAR TH A5 K 199250 S BHLLATE (D], Kt RHERSE, 2014,

TU Jiamin. Experiment and Simulation on Nitrogen and Phosphorus Removal of Ecological Ditch [D]. Tianjin: Tianjin
University, 2014.

[24] ARLLie. AR SRR AR RPN AR DX R T 5075 A A2 AN 9T (D] Kb g ARl R 2, 2012
YU Hongbing. Interception Effects of Aquatic Plants on Nitrogen and Phosphorus Non-point Source Pollution of
Agricultural Areas in Ecological Ditch [D]. Changsha: Hunan Agricultural University, 2012.

[25] ST, RIS B MR TS5 Qe DR A AT -5 i e Pl BRI S (D). BN VIR, 2011
NIE Zeyu. Study on Source Analysis of Non-point Pollution and Its Process Control Technology for Tiaoxi River in Taihu
Lake Basin [D]. Hangzhou: Zhejiang University, 2011.

[26] EARME, VARFE, ERIRAE, 2F. PUi AU AE 2530 A K AR TH R IR L] $R8E T RESR, 2014, 8(9): 4047 — 4052.
WANG Zhenqi, SHEN Genxiang, QIAN Xiaoyong, e al. Construction of anti-erosion ecological ditch and its application
effect in paddy field [J]. Chinese Journal of Environmental Engineering, 2014, 8(9): 4047 — 4052.

[27] £, B, 2546, 45 3 R RUR THHE KT IR A ERCR B 1], 13, 2000, 41(6): 902 — 906.

WANG Yan, WANG Jianguo, LI Wei, et al. Comparison on removal of nitrogen and phosphorus form hibernal farmland
drainage by three kinds of ditches [J]. Soils, 2009, 41(6): 902 — 906.

(28] X%, EAR 1, FHF3E A FE RS A ST R XTHEK 5 Qe A BREE ) A5 (] . 324412, 2019, 56(3): 561 — 570.

LIU Fuxing, WANG Junli, FU Zishi. Comparative research on effects of ecological ditches different in specification treating
pollutants in drainage[J]. Acta Pedologica Sinica, 2019, 56(3): 561 — 570.

[20] WRiHE, F0E 5, FBTIR, 258, W07 TN TRt X g ¥ Jeml K R (0 5B (] IR R 530K, 2017, 40(12): 32 —
37.

CHEN Jingya, WANG Xiaochang, ZHENG Yucong, et al. Characteristics of nutrients removal in tidal flow constructed
wetland for highly polluted river water treatment [J]. Environmental Science & Technology, 2017, 40(12): 32 — 37.

[30] AReris, Widmk, e, 5. 5 Mok A My Ay KOLRAE TR A ERICECR B LT, k44, 2012, 26(5):
798 — 802.

YU Hongbing, XIAO Runlin, YANG Zhijian, et al. Biomass and effects of five aquatic plants uptake of nitrogen and
phosphorus in ecological ditch[J]. Journal of Nuclear Agriculture Sciences, 2012, 26(5): 798 — 802.

[31] DIETER C D. The importance of emergent vegetation in reducing sediment resuspension in wetlands[J]. Jouwrnal of
Freshwater Ecology, 1990, 5(4): 467 — 473.

[32] ABT S R, CLARY W P, THORNTON C I. Sediment deposition and entrapment in vegetated streambeds[J]. Journal of
Irrigation & Drainage Engineering, 1994, 120(6): 1098 — 1111.

[33] ULLAH S, FAULKNER S P. Denitrification potential of different land-use types in an agricultural watershed, lower
Mississippi valley [J]. Ecological Engineering, 2006, 28(2): 131 — 140.

[34] BEEIA, T AR, AR, BRI ALG LR TS J i [T]. P85 TR 2%4R, 2014, 8(10): 4249 — 4253.

DONG Huiyu, WANG Weidong, QIANG Zhimin. In-situ remediation of polluted hilly river with permeable dams[J].
Chinese Journal of Environmental Engineering, 2014, 8(10): 4249 — 4253.


https://doi.org/10.3321/j.issn:0253-9829.2009.06.009
https://doi.org/10.3321/j.issn:0253-9829.2009.06.009
https://doi.org/10.11766/trxb201806190328
https://doi.org/10.11766/trxb201806190328
https://doi.org/10.1080/02705060.1990.9665263
https://doi.org/10.1080/02705060.1990.9665263
https://doi.org/10.1016/j.ecoleng.2006.05.007

	1 材料与方法
	1.1 研究区域概况
	1.2 采样方法
	1.3 测定方法
	1.4 数据处理

	2 结果与分析
	2.1 生态沟渠对农业面源污染物的去除效果
	2.2 污染物进水负荷与其去除负荷的相关关系
	2.3 生态沟渠农业面源污染物去除效果的冗余分析

	3 讨论
	4 结论
	参考文献

