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Abstract:  The purpose of this research was to study the purification effect of different enhanced ecological ditches
on the main pollutants in farmland drainage water under rainfall condition. Three ditches with the same specifications in the

experimental base of Jiangsu Academy of Agricultural Sciences were used to plant aquatic plants Acorus gramineus and Val-

lisneria natans along the way, and ecological filling boxes

Yr#m A #A:2024-05-17 and ecological filter dams were added to construct

EETWE LA W R H (D21YFD17008 ) ; [ 5 5 iF ecological ditches. According to the different strengthening
RAHIWUE (2021YFD1700805-02) 5 V1354 ARk BH- A & treatment measures, the ecological ditches were set as fol-
GUFHEEIH [ CX(22)3200] 5 [ K B APHE LUK TS lows: D1, one packing box and one filter dam; D2, two
Yefi il SR LT (20172X07202004-07)
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packing boxes and two filter dams; D3, three packing bo-
xes and three dams. Corresponding to different rainfall in-
tensities, three kinds of channel inflow rates namely mod-

erate rain, heavy rain and rainstorm were set up. Under
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the condition of dynamic continuous water inflow, the purification effects of different enhanced ecological ditches on total ni-

trogen, total phosphorus, chemical oxygen demand and NH,-N in farmland drainage water were analyzed. The results

showed that under the same experimental conditions, the purification effect of ecological ditch under low flow rate (0.7

m’/h) was the best. Comprehensive evaluation and analysis of relevant indicators showed that D3 had the best purification

effect. In this experiment, the interception and purification effect of the ecological ditch was relatively better when the rain-

fall intensity was moderate. When the rainfall intensity was heavy to stormy, the enhanced treatment D3 could be selected,

and high-efficiency adsorbent fillers could be added to the filter dam of the ecological ditch, or enhanced purification facili-

ties could be added to the pond which received the ditch outflow. In this study, the biomass of the experimental plant Acorus

gramineus and its absorption of nitrogen and phosphorus were both significantly higher than those of Vallisneria natans.
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Fig.1 The configuration of three ecological ditches and the distribution of sampling points
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Table 1 Sampling time, air temperature and water temperature in ditches

T vyE
T Y () M)
DI D2 D3
R (R 0.7 m/h) 10-08 13~20 15.70+1.21 15.18+0.56 16.58+0.83
10-09 8~18 16.37+0.81 15.670.75 16.73+0.44
10-12 11~21 16.27+0.93 15.830.70 17.03+0.35
10-13 13~22 16.37+0.81 15.67+0.75 16.730.44
10-14 13~23 18.12+0.92 17.53+0.50 17.75+0.63
10-15 13~23 18.50+1.29 17.70+0.55 17.85+0.74
10-16 15~24 18.92+1.15 18.18+0.52 18.28+0.81
KM (i 1.5 m*/h) 10-17 9~21 19.73+0.63 19.30£0.20 19.50+£0.37
10-18 9~18 17.30+1.26 16.65+0.69 17.23+0.98
10-19 10~20 17.45+1.64 16.47+0.87 17.57+0.88
10-02 14~22 17.17£1.12 16.42+0.67 17.35£0.79
10-21 13~21 18.75+0.65 18.32+0.18 18.93+0.26
10-22 15~25 18.87+0.95 18.28+0.33 19.28+0.66
10-23 9~23 19.05+0.39 18.85+0.36 19.75+0.38
W (FFE 2.9 m*/h) 10-24 12~23 18.10£0.59 17.55+0.45 18.08+0.35
10-25 15~21 18.18+0.52 17.85£0.31 18.10+0.34
10-26 14~17 18.20+0.33 17.92+0.26 18.22+0.12
10-27 14~19 18.18+0.13 18.05+0.10 18.3020.06
10-28 13~21 18.47£0.38 18.25+0.16 18.65+0.14
10-29 12~20 18.330.50 18.130.31 18.87+0.31
10-03 14~21 18.80+0.31 18.38+0.20 18.95+0.19

R HKIREEE R R 6 SRAE R BE, D1.D2.D3 24 3 ZEA0E 0, BB 100, D1 1 AN EURA RN 1 FEJEN; D22 NFURLAR I 2 FEIE

;D33 ANHURAE I 3 RS
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WKl 3a s, R AAFE AT VA SR K D
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UEIUS TN B vk B A M, FoRAE AT 3 4508 8
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A3.51~3.53 mg/L,3 A6 XINH, -N# R —
EMERAAR, P LR ZHZE R AR E (P=
0.566) ,F RAEA D1 FINH]-NEBRRm T HAL 2 4
W 3K 54.0%



A B AR SR A AL BRI A SV IR A AL BORAS LA 531

F2 FEIEMBET 3 FESIR pH FIBHEE (DO) REREHTWL

Table 2 Changes of pH and dissolved oxygen (DO) in three ecological ditches under different rainfall intensities

We¢ T R 132 izt B
A B C D E F

HR (3, 0.7 m®/h) pH D1 8.33+0.15  8.31x+0.08  8.41+0.09  8.34x0.12  8.22+0.11 8.10+0.23
D2 8.08£0.35  8.12+0.39  8.17¢0.39  8.19+0.42  8.13£0.37 8.09£0.35

D3 8.04£0.35  8.17+0.34  8.28+0.33  8.31x0.32  8.21x0.37 8.15x0.44

DO BiE B (mg/L) DI 8.57+0.48 11.48+1.77 11.22+1.73  7.35£1.25  6.97+1.10 8.640.71

D2 9.81+1.10  7.40£1.79  8.91x1.11 11.3322.42 10.24=1.14 11.10%1.55

D3 8.59+0.82 12.66+1.04 13.03x0.77 11.84x1.83  9.49+1.44 7.13x1.76

KW (i, 1.5 m’/h) pH D1 8.20+0.05  8.20+0.11  8.22+0.13  8.15£0.07  8.07+0.07 8.05+0.07
D2 8.10£0.15  8.12+¢0.12  8.14+0.11  8.13x0.11  8.15£0.10  8.12+0.06

D3 8.03£0.10  8.20+0.14  8.32+0.14  8.33x0.19  8.34x0.17 8.21x0.12

DO R (mg/L) DI 8.38+1.04 11.05£1.39 10.85%1.33  7.00£0.90  6.51x0.94 8.44:0.83

D2 9.00+1.22  825:1.59  8.1221.22  7.7520.69  6.84x1.04 9.46x1.21

D3 8.96+0.65 13.35x1.23 13.92+1.51 13.29+1.88 11.08+1.09 7.96x1.10

T (i ,2.9 m*/h) pH D1 8.32+0.13  8.2120.13  8.19x0.14  8.15x£0.12  8.10%0.09 8.120.13
D2 8.1120.09  8.14x0.12  8.14x0.09  8.14x£0.09  8.15x0.09  8.12+0.09

D3 8.07£0.10  8.09£0.13  8.11x0.16  8.14x0.20  8.10%0.23  8.070.25

DO BiH B (mg/L) DI 7.21£0.79  8.73x1.48  8.83x1.62  6.65x1.02  6.3820.99  6.91x0.95

D2 6.15£1.21  6.63x1.63  6.67x1.54  5.87x0.92  5.71x1.04 5.51x1.36

D3 7.52+¢0.91  9.17x0.64  9.59+0.83  9.81x0.85  9.30£0.92 8.49x0.92
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Fig.3 Changes of total nitrogen, total phosphorus, chemical oxygen demand, NH}-N mass concentrations and their removal rates at dif-

ferent sampling points under moderate rain conditions
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Fig.4 Changes of total nitrogen, total phosphorus, chemical oxygen demand, NH}-N mass concentrations and their removal rates at dif-

ferent sampling points under heavy rain conditions
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Fig.5 Changes of total nitrogen, total phosphorus, chemical oxygen demand, and NH}-N mass concentrations and their removal rates at

different sampling points under torrential rain conditions
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Table 3 Changes of biomass, total nitrogen and total phosphorus

contents of experimental plants in ecological ditches

R Eiztn WE RN RRYEE
SEEN B (k) DI 11.53 72.68
D2 11.53 71.76

D3 11.53 62.06

TRARE(g) D1 80.44 750.78

D2 80.44 532.97

D3 80.44 514.55

TR (g) D1 4.92 31.94

D2 4.92 22.52

D3 4.92 19.70

R R (ke) DI 13.24 44.09
D2 13.24 67.97

D3 13.24 45.14

SHRE(g) D1 41.42 87.45

D2 41.42 191.48

D3 41.42 134.95

Tk () D1 1.58 3.32

D2 1.58 7.36

D3 1.58 5.48

D1.D2.D3 Jy 3 SR IWE DR E 1 AHURE R 1 838, D2 %
B2 AR T 2 ENEIN ;D3 SR 3 N ERAE A 3 RRIEI,
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NH-NBTH ¥ B COD o ik B2 o “ IR #8453
SYIRTE 3 FORETR SR B AR BK B SCHR b ds &
THMEEFT( = Z) ¥ A, B 3 FhakK i & T
3 7, fH¥9D3>D2>D1, AT UL 3 S5 R K B L,
HBCR . T ORE BRI AR 3 AR IR
k4 TFREBEMEBERET 3 FMREIERN Z SGATNER

> Z, H{ES )M 0. 08 ,-0.18 . —0.40, i 156 I HP
FAFETF (0.7 m’/h) Az 2T Y X Ul A T e 1 i
WRCRE TR (1.5 m*/h) FIZEF (2.9 m’/h)
KT

Table 4 Comprehensive evaluation results of Z score of each index of three ditches under different rainfall intensities

ARSI (E

e

DO Ttk & pH TN JREWE TP JREWKE NH-NEEWRE COD RaukE 7,

R It D1 -1.02 1.06 -0.25 0.86 -0.92 0.77 -0.43
D2 0.05 -0.87 -0.86 0.16 -0.15 0.36 -0.32

D3 0.98 -0.08 1.10 -1.16 1.10 -1.13 0.98

o D1 -0.44 -0.38 0.37 0.55 1.06 0.85 -3.66
D2 -0.71 -0.72 -1.23 0.00 -0.13 0.25 -0.32

D3 1.14 1.14 0.87 0.00 -0.93 -1.10 3.44

R D1 -0.04 1.04 0.38 1.12 0.70 1.11 -2.30
D2 -0.98 -0.17 -1.19 0.00 0.37 -0.27 -0.05

D3 1.01 -1.08 0.76 0.00 -1.14 -0.84 1.15

D1.D2 D3 4 3 FRAEAA 0, D1 BCE | ADICRARAI 1 B3I ; D2 BEE .2 ANBURHAEFI 2 B0, D3 B8 .3 MR A 3 BEIRI, S 7,4 51
SR FANRARFREE BV ER S, DO RE TN B TP : R s NHE N B8 2 COD AL it

3 17 i
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I IRI S L o 7K g 5 B I T Y SE S, RE RIS 504y b K
PR W ORI R RE T, A B TR U2 4 A
KBTS PR B, B T 0 95 A W B I AR
FHHTS AR SV SR v AR 1A A7 AE T LA R AR A3 2
HERURLYI TR, A R TR DX B R i e b e
SN R Y IR N AR R, EEAREE AR
ASUEI AT W AR, 25 BRA i b ) R 2575
Jetp, MM R A R R FEAE TS
TUE R B L L A AT 3 TR KU
JEA TR 45 B N I, 48 0 8 SR PR AR08, S
S R F AR NI, S (8] A=A A i i i 2, R
A R AL IR SO Bl A 0 e S5 Ik A I I i
PRI, O, A9 75 2 1) 90 3R R 3 32 I8 6 1) 26 47 2
AE R 15 Qe My E s AR U1 A AR TR A7 ik, O
TR TS 5 DAY 18 A 2547 It 552 BRAR 3L 79 e ) 9 i A v
e,

A VA R Y K5 e 32 B SRR Wl

Tt i SEORLR R4 AT 5B AT
H 3 JR I I A I R R R AR T LA A 5T 45
BB RE ) 0 A IR R R T ) Vb sk
REBEREZ —, MHED R, wRlcE S H A
Prim B W IEA S R TR R A S s
AP IR0 A 10 0 F 46, 45 3k 7 A 4 1) I
AR, SR A KA RS A ) SR E AT
LA 7T 25 27 R B A IR A B R IR
AW R N, A 2k B 1 4 ) B R R R
W 3 R T R T I B AT 4 R
BH 3880 42 42 i 0 b 285, PTG RS v X K A
ROBER B, R OB ) WA AR
TEJE 2 TR S rp , d 00k FH A A= ) R K
MREY) , B an B B SR B Y A T 4
FERHT YA E LA W S AL B K IR )
JETE IR, B IR R RS, R4 B 3 ks e
L, 72 A IR A T AR K A A Y i A 7
SE DA DI 008 R 78 R v AL RICR
IRIGVA KA i) COD i e B AE 48 3 M Wy
DX B S R, AT D0 AR B AR R B A A
DINCE X7/ IS B N o 58 e O R R S - 4 S o
15.18~19. 75 C, AW id sh 241 7 K 4 10 R



A B AR SR A AL BRI A SV IR A AL BORAS LA 535

A BRI T HEIAR & LB 0 SR P X AR R i
AR IERERAE I AT 45 R, R
TR A VTR X TN TP A1 COD 1)1 34 e J3E i)
WS R 70.3% .66.6% 73.7%" | X 2 Wk
WAV IR T AR AR B 0 Tl Wil it
W B RSO RIAR  2 i A K ML e Ak R TEHLA s
FEMAEYT, X —SBAED TAYLE Y%t
IR G AT TR B Ay il Ak it R AR AL T 0 B2 Y ik
VY BRI S B SRS Al e R R A A 7 R
U CEEIATT | A A 40 TR 7E R A5 1 T R NOS AN
NOMER L 32 4, 8 A I R N, DI s 20 7K 44
RS A Bl A T AR SRR B K&
J& R A 18 A v e 0 AR Y BEAS IR A
TR IR VR B 454 | D RE DL SO TRV s AR W A
EZ BN EAECR, N R ENELESEHERS
FFER

IV, D3 78 R AR 1A 1 A A SRR A A
AR 2 KoK BT AR T HoAth 2 /I %
— 7T, AR S A AR FR A A, R A
fidt Stk A DU A3 A S e R A R AR 3
T TS g, o — I, AR A BRI R A R
A 25 W s 1) ELA A 1 U R B i o T IR AR
TP U T R X RN AR AR A5 2K
HAE SR 2 L850, A et T A
KA IR SR AE S AT e 45 1 Bow , Al
FHERSE W A Ak 4 8 (14 £ 25358 7K A0 3 7K A 75 e
Y BRSO 2, AT B RIS L Ui TS e X T Ui
IRURIRZ 534 WFoE 45 R 00, A A I 2544
AT LAY D 7K X V) 5 320 33 () 4% o, [] Bsf 3 3 SEUR)HY
TG A D DUR M B S (AR T R S, Uk
SUUSEURELE IR B U T G 0 1) ok A v ) Bs) 7 A e I
B4 n] R G K AR A 28t A AS g
Jo A B EERAE BT A

4 &

W SR 157K ) 5 B T 52 1A O, 225
VUL AR P LR, ARG e
AT, A R R (RO B R .
e TR T 18 A, T 2 3 2 0
(D3) 2 A Y R0 90 350 MR,
TR B S UK AR P R PR A
G TP Y G2 1 2 R KR

P TR R
SE Lk

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

XIS, BRI, AT, A5 N RIS A 2500 B X HE K 35 G
ALFRRESIRIBITE[ ], +IF41,2019,56(3) :561-570.

W IEA. Al R TS R AR K SR G B[ T]. £ AR
#,2019(10) : 116-118.

rhie N RSN E AR S IRHR  E R Gt A N RSLRIE &
KT S, 55 WA [ 15 Qe I A A 4l [ R/OL]. (2020-06-
08) [ 2024-03-21 ]. https://www. mee. gov. cn/home/ zthd/rdzl/
wrype/ zlxz/202006/120200616_784745 . html.

e N RSEAN R BB R0, [ R e it R, the A RSLRIE &
AR, A — U4 G Qe & A i [ R/OL . (2010-02-06)
[ 2024-03-21 ]. https://www. stats. gov. cn/sj/tjgb/ qttjgh/ qgqt-
tjgh/202302/120230218_1913282.html.

XA B A0, 48 TR R 3 A= 25 7 3R i ok P TAT R 75
YRR BERE Iy S SE BRI IRCR [T]. LSRN R4,
2019,35(6) :787-794.

B ORREEZE ) AR ARSI REHEK AR RS Y B
PP R T] . ARl TR = BE a4, 2019,32(4) :56-61.
BORIG BRI ZE 55 AR T AR R A AT
TGRIARERT S )] 8 SR 5 IR, 2021,27 (11)
1993-2000.

RENY B, REN N Q, LI X K, et al. Efficiency of urban wetlands
in removing agricultural non-point source pollution[ J]. Asian Jour-
nal of Chemistry,2013,25(9) :4726-4730.

FAERR, WK T AR IR AR LS S R JEBRSCR
[J]. TG 519A ,2021,43(9) :1083-1088.

FOA,EEE,E 5 SR EHEK B AR
HOR B[ )], £3€,2009,41(6) :902-906.

TANG W Z, ZHANG W Q, ZHAO Y, et al. Nitrogen removal
from polluted river water in a novel ditch-wetland-pond system[ ] ].
Ecological Engineering,2013,60(110) ;135-139.

KUMWIMBA M N, MENG F G, ISEYEMI O, et al. Removal of
non-point source pollutants from domestic sewage and agricultural
runoff by vegetated drainage ditches ( VDDs): design, mecha-
nism, management strategies, and future directions[ J]. Science of
the Total Environment,2018,639;742-759.

VYMAZAL J. Removal of nutrients, organics and suspended solids
in vegetated agricultural drainage ditch[]J]. Ecological Engineer-
ing,2018,118.97-103.

WELR. TR I 28RS B PPN I s (], iR By B2
ik, 1998(2) :63-66.

hOBE, A A IR AR 2 b AR S TR SR 4y
Bl ], P TR 24, 2017,31(2) : 197-203.

FEWG AR, 2 A0, BN A5, AR ST SR A T T U5 % Fr 3 Dl
BB RS A 507 [ 1] Al TRE4E4R ,2022,38(21 ) < 42-
52.

RELES, HAR A, 4. BEBERI R T A R AE VR AL



536

FAND N S| A=

2025 4F B 41 & B3 1

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

B AR AERIT L 0], R TLIIR B IR 3R 5T, 2014, 23 (5) :686-
692.

KROGER R, COOPER C M, MOORE M T. A preliminary study
of an alternative controlled drainage strategy in surface drainage-
ditches: low-grade weirs [ J ]. Agricultural Water Management,
2008,95(6) :678-684.

MOORE M T, KROGER R, LOCKE M A, et al. Nutrient mitiga-
tion capacity in Mississippi Delta, USA drainage ditches[ J]. En-
vironmental Pollution,2010,158( 1) :175-184.

ZTRE, W 8 AE A ST X AN R A
A R LT ] Al TR, 2022, 38 (BT 1) :122-130.
VeSS, A0 RE, T RN, R T R A B AR A AT K 3
R A S PISIEORBITE[ )] ZHEfET,2019,46(5) :52-53.
BAREE, JENE B 45 T AR AR s e il i 2R 2
PR B R G MOHACR ()], 220K, 2005,24 (11)
1371-1374.

WANG T, HU B, ZHOU M H. Ecological ditch system for nutrient
removal of rural domestic sewage in the hilly area of the central Si-
chuan Basin, China[J]. Journal of Hydrology, 2019, 570 839-
849.

WANT R, TR, AF . SR BEAE AV IR AR AR IR S
XTBERY R [T]. Al PRI 2223, 2021,40(4) :852-858.
JBIRAR , X4 AR, A5, WK 4 F A 2500 B L OR
WEFE[T]. TR R4 ,2020,48(13) :285-291.

SRR, H AR, AR LD AF. K AR R EI R A 25 S AL
B [T]. P EE SR =R, 2012,20(8) ; 1066-
1071.

R, 2B, W, A A KR B K A AR ) i L A
TREAL RSP HT [1]. Al IR B 22 4, 2019, 38 (7) -
1607-1615.

IHIAYE X R BT, AF . A B TS K i R
HRIR T T]. ZRRFE,2020,48(14) :39-41.

FERFY MRk, TS Ak SRS e A T B b 1 R
WA D). B AR &S24, 2005, 16(7) 1 1351-1354.
SAEED T, SUN G. 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.

LUO P, LIU F, ZHANG S N, et al. Evaluating organics removal
performance from lagoon-pretreated swine wastewater in pilot-scale
three-stage surface flow constructed wetlands [ J]. Chemosphere,

2018,211:286-293.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

/IR JBHTE SC RS RE A5 L AL R 3R A FH A 25 i U A 7
B ROR RS [ ], %8 B 52, 2008, 36 (22) : 9676-
9679,9689.

TR X BRLL. ARV A LA R f S R ST R (T ]. B
95 YL 5 FA 2021 ,43(2) :80-85.

JEKRR , ol MR, DC 1, 4. A BRAS LW R A A W A S
FEHERE[T]. WA ,2021,61(6) : 1743-1760.

ik BLERT . 8L SRR RE A ST
2E9ERE 2009,21 (38T 1) :566-571.

WaAshr, W, R PbR. TV G T AS R AR PR A
DRTEVE ZREPE S b2 M A G AT [ 0] R Rl 2
,2024,55(4) :954-963.

B, TR AR, 55, BB bR+ 3840 T V% 5 30t
FEARHTL)]. A 244i% ,2024,55(4) :964-972.
BT R AR T B TR X R 2% 44
TR IREVE S5 ZREE RS [ 1] HEREALIR T 72 24, 2024,
42(1) :71-78.

Misr g g UL R, IR T Rl AR SR B ORI
LU A AT AR LI RE T[], VLR RL #2023, 51
(17) :19-28.

XS5 5k BB AR, AR TR IT H R R 4
SUNE BRI [)]. /&l ,2023,54 (6)
1622-1632.

WIS, BHL R AT, A HURE S R LR R B S b+
NS Z AR T [ J]. VLR LR, 2023,51(7) : 197-

205.
2 OBLw W E 58 A AW RAL B I IS KBS

BARL C /7 ERIER 222 25, 2019 v [ I B 22 5 Bl 2
HRFW IR, T AR R BT S 1R TR, 2019.

LR R AL, 7 B AR AN R SFURNE 7 TN T3 Ak 3
SBR FE/KEGXT LU 1], PR T AR, 2017, 11(1) :379-385.

R R, BB AR AR A K IO R A R R e
WEFE[1]. BT A#,2020,2(4) . 72-77.

AN ARAR AR, R A, 5. —Fh ] defb 7K 5t 9 A8 245 38 7K 30
[J]. IR K R/ HL ,2020(3) :55-57.

SKRICHE, TEEE, BRI, SF. AR A uR I EEX KA TS g 2 R
HORMFEI[ ). EETRE,2018,36(8) :30-34.

FOT BARVE TG, GF. 3 N b SEORE X K R i U )
PR PERSE[ )], RIS RS BIIR ,2012,34(11) :9-13.

KIMJ S, OHS Y, OH K Y. Nutrient runoff from a Korean rice
paddy watershed during multiple storm events in the growing season

[J]. Journal of Hydrology,2006,327(1/2) ;128-139.

(TS REE)





