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Fig. 1 Ecological ditch experimental site
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Fig. 2 Mean daily air temperature and rainfall during the experimental period
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Fig. 3 Sectional of the ecological ditch relative to specification and set-up of sampling section
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Table 1 Parameters of basic design of the ditch relative to specifications

oy A . . X KR K I3 f5
WM KUK B Surface KB K A ST 1A 1T AR KW )
FWater [A]Hydraulic
Specification  hydraulic loading / Water  Length FEffective Effective Inflow flux )
. N . 5 ,  surface s retention
of ditches (m> m~-d") depth /m /m sectional area/m~  volume /m’ N /(m”-h™")
area /m time /h
Eq50 0.60 0.40 90 0.20 18.0 54.0 1.35 13.3
E\os 0.60 0.55 90 0.37 32.9 65.3 1.63 20.2
E 5 0.60 0.80 90 0.56 50.6 76.5 1.91 26.5

http: //pedologica. issas. ac. cn



564 + 21

¥l

56 &

1.4 HESHITSTH

RIS G K R R I A8 5 R MR R AL 15 3Ly &
BRACR (S E M«

AR S ZR= R Al 22 F- 2 x 100%

SR G Gy 2 1 6467 5 5 S T AR 25 B AR G
FHBOR LA vy S B 7, Hrp s gy 2 i 9o
P SR T AR A A A HE K S Qe R 1

SRR EGAT (gm™d") =C,x N
L, CohitRMR B, N IR SRR K T s

‘Z%g%%ﬁ*/q [;/%% ( g'm_z'd_l ) = ( Cin_cout)
x O x 24 h/S,

X, CoWibRH R, Co KM, OMikKk
Wi, SONTAIRKFMA

K HSPSS 13.08 M 47 geit o0 b, R H
Sigmaplot 12. 05 F3E1 7 &

2 4 A

2.1 ETARNEESLEYNERYGR

5 A A R UK NH - N E R
0.17~1.23 mg-L™", F10.67 mg-L™"; E; g
E| o5+ By FlyA 3 A9 B 4 K NH, - N B 43
$90.02 ~0.49 mg-L™", 0.05~1.00 mg-L™"#l
0.07 ~0.33 mg-L™", “FI R EBRFEDSHIN61.4% .

54.7% . 64.8%, " WE, ;o kb FRACRA XS e, 0
HHoKHe s i fase (E4, £2) o =FEES
RXF TN LR LIE | 1 Becly, K TN
JEF440.66 mg L™, KT Eys (F10.74 mg'L™")
FE, s (F1#0.85 mg L") , FHEKRF63.1%
(44.7~87.1%) , W5 TEgg (58.7% ) #
E o5 (62.5% ) , TE, sHIE, 5o/ TN BRI
Fhfa e, RBRRMA S R L0 R21.9%
23.1%,

= OFR RS AR A R X TP Y 2 bR AR
i = TNH-NATN, 3B EERF550Hh64.0%
(Epg) » 70.2% (E, o) F171.8% (E,5,) , LU
E o, HEBRBCRMHNERNRE, LBRE
A8 SRR /N, M11.9%, KM E Ak 1E
0.02~0.10 mg-L™'Z[f],

5 NH,-NFITNZ R, = Fhais 4 8
XFSSHY PR BARAL T, SSEKBRRITHINE, 5
F-158.5%, E, s F1150.3%, E, 3 F1160.8%;
Eosos EiosFIE, 5o 2 H 7K 1S S 24 ¥k i 4303l Ay
20.9 mg-L™"' (2.0~52.0 mg-L™") . 23.1 mg-L"'
(6.0~56.0 mg-L™") FI18.1 mg-L™" (2.0~40.0
mg-L™") , KT UHKSSHEM49.1 mg-L™'
(16.0~70.0 mg-L™") o &KL, By X SSHALHE
AR AR A e HLCARRE -

#2 FREMBESARMNERSKPESRYNERYLENESRZK

Table 2 Removal efficiency of pollutants form non-point source pollution and coefficient variation relative to specification of the ditch

NH,-N TN TP SS
IS
Specification FERER B S A PN & AR S B FBRACER AR S B TR A S R
of ditches Removal Coefficient Removal Coefficient Removal Coefficient Removal Coefficient
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E s 54.7+31.2 57.1 62.5+13.7 70.2 +13.8 19.7 50.3 +36.6 73.7
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Fig. 4 Dynamic change in concentration of NH,-N, TN, TP and SS in ecological ditch relative to specification
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Fig. 6 Relationships between surface loading and per unit area removalrate of NH,-N (a), TN (b), TP (c) and SS (d) in the ditch

relative to specification

http: //pedologica. issas. ac. cn



3 14 XURRDEAE AN [RIRILRS A2 208 B X HEZK 5 G b BRBE ) O IESE 567

3 U ®

TR . BEEEFRY BRI, Al w5 G
BN KR & S R EES QR AR IERR
JEMRTAT SR R R 2 — L AR, RS
TR 0t A T HE K v R B RS AR I A AL SR
B R R R L (ER R A S R Y
LBRAFCR AR A R, AEE RS
TR AE AR K Hpis e b A T2, AF g I L
YINH,-N. TNFITPHELRCR N31.81% ., 54.18%
F158.219% " 5 A 22 e W R A0 AR T 5 1 R % 7
DB E B AR SR T T RSY, HXTTN, TP
ERARIK64%FTO% ", A 2 R AR A
(14 S PE AT BB ph A A SR A R Rl B R, Y%
RN 0 Wi R Kkt . RsE
JUART R Y435 i 25 K i SRR A e AL A 22 1
m_ERBFE R A SRR N1.20 m, ETF5%
B4 AIA1.5 mA10.5 m, JEEIRA1.00 m, [T
Vi 4 mAI2.8 m. ULAh, BEFEFRMA, HEAKHE XA
R LR WA AR Wik,
ST R]— 25 1F T L AN IR RIS A 25 9 U Ak B 553 ) T
FERIPEAY, fE A AR SV B AR A R TS e s il L
N PR I AR SR . AP FE Db K M — B0, R
K A ARIE 2, HOERAIFSE T =R TR R A=
A58 PR A 1T R P S e B L BRACR, BT
GEREW, TESNRLMT, RS AR RS
P ZRBOR BN, EggXNH,-N, TN, TP
FISSHI X LB H61.4% . 58.7% . 64.0%
M58.5%; E, o3 H54.7% . 62.5% . 70.2%F1
51.1%; B 5ol -3 25 BRI S 10 4 A HUAS A H A
B ik F164.8% . 63.1% . 71.8%F160.8%.,

A SV RAE N — FP AR R AT M R S, MR
B EE R E A AR w5 Rk
s AN, TEYLSRT L K SR RIK I 45
[F1) S8 1, 23 S ) 2B TR SR A H KK B, 75 e B A AT K
F AN, K A5 B B AL, U] K K R
4T HEARBRSE T, B o X NH-NAITNA £ R 4K
RBPX AR, HH KR E W e, SHALW
FPRLAS A= 25V AR L, 7R AR R R K 1 g T
E, 5K HIEE AR (26.5 h, 1), XAfE
REHAZLBREROEEZ— " i RRKS
B I A, B o INH, -NZE R RCRIE, o555,

Al RESE A S A R R g, i A Eh
AW AR AE R, SO ORI . B BRI
G B R A AV T R BRI B R L A
WEFEHR, E\ 0 MIE, oo X TP 2 BRACR MR 4
AR RAXT T AR A A I, SR ALY B N I 3
Jo R U6 55 /K AR o T AR R, A R Rl 1
W 6 VD B A [ BB AT AR AT A T HE K b ) FSURE
I B, A g il A M T RS Y i SR 2 — o 7Bl
B, KIEREEE N R W R, #ER
TAE AR IR A I HE K Hh SR v A50T R 1 D A
B G REBURL Y A DU ] SO KRs Qe 5
(7R R A (U 73 1 i | AR (N 1 T
E, 5o X KRS S 1 Z: BR AR A X AL 5, TR R 1
IK I 15 BRI TR RAR T SSH B Sy, {2 T SSTLE .
MTE 4o SSZBRIAILE, o5, 7T BESZ LAY
HAE Y A FEEB AL T 5 BRI TR A s e AR
5 H A FP A A ST RA L, B, B K MK 5
BRI IE) 5 3 o A0 G 906 A R 1) e T 0 6 5 1 T
T RE S, PRE T IS Y e bR, AR IS
A= 25 VR BT A FHEZK A 75 e 4 b PR ) B
BT e U A A I K I Wk B AR AR T LA
i, BEIWRKERN, 154 YR 2w AL,
Ul IS Yo Wy 7E AR VR R T iR R B AR, X
A A DY RS A AR . A e X
R S5 R, AR MO 1600 mig R
o, AN QR PR TESE T K T AR Y300 miA) 3
DAY A i S B 5 P, T AR 32 15 7K T AR A9 F5 300 miy
U5 PN S Ak 75 Y ) A A R P AR X H AT % 0,
T8 U2 T BEXHTS Y ) A BRI Bl TS
Pr B2 28, AR I AN B . AH S I 2
By 210205 AR A A Rk B R RS LT, K
TN . TP LS K VR ARvER;, A [ERAS A 2
ARG P s B K, L85 TN, TP FE
BURKRE, MBETNIIHREREKE STPH LK,
HE, ;oI 75 K BE S5 Eg g FIE, o5 LLER KT, H27.4 m,
M EqsofE, o573 51°454.5 mF160.8 m; E,, kb3TP
VR K WA (4.9 m) o ERILH T
DX CHNARIRER ) KA, R &5 ER,
it PR, DRI, s — i X B R A A T R
SO TS Yo, IR KRS Yt g . AR
SCRIFFE ) = AR A IR v, BRARE, i B ik
MR L, (HANBRS e e K e, A%

http: //pedologica. issas. ac. cn



568 + 21

il 56 %

27.4 mifFAT s, (HHBI AU 28.8 m®; TME, g MR
AR B (5 M T AN, (HALBRYS G W B R K AR K
Fies4.s mib TR, ) A7 TR 43,6 mP,
WCE, s H ALY, AT DATE — @ FE B L 29+ b
TR, MEREERLEE DFE, MK REE667 m FEK
1500 m 355 2, BRE, A B TR R 2
TR TS e HE A 2.12 kg, #50.20 kg ( TN
Ik iE2.24 mg- L™, £BEF63.1%; TPVt
JKHPE0.19 mg- L™, EBREKT1.8% ) , ] H R />
XF JE S KR A EE B A5 3 o AR GY 322G 1 S AH [H]
FE K ) s AR A AT B X HE K s Y
A BRALCAL X T 00 0 B ol 1) D9 AE P 3 S A% &
BRIZAE AT Kb, HAE1.30 mIRMAE S IR
L, WATEASBE IMEBL  OL T, i i AR Y TR AL
Rz [ 450 (RIBE i B/ N ALK HE 5 ) | PR iE
B (Wb A RS ) L R (VA RE RN
YR ) S0, 3 — 25 v A S IR Ak FEAL
WA NG, BARETHE— PR

4 4 it

FEMIR F MK F1 AR T, =Rl R B RS 2L 2598
RStk oMb 1T VR T Y ) A A S BRAOR . 5B
FIE, M, B, o Xt TS5 YL ¥INH,-N . TN,
TPHAISS K Z2BRBCR M XA, HeH Kok B g
hRaE, L ey e e S A A . AR A R
BT, HIKTN . TPk BE 5 5 b 32 K V2 b5
HERE, Bl KERE. AT E KA, E 0k
oA HHEZK o 2225 Y W 25 bR AR it ol £ fer i
Trdsclf, A SN HR R DR o AR 0 T L R Bk
HE— B THZ RS AL I B BT, LIS Bl
AT VRS e s i A A KAk

A

[ 1] #hkE, JaDW], BERIL, 5. AR IS Qi Hn
“4R” RS TR —RRE S 4R AR
AR AN IR EEREAAR, 2013, 32 (1) @ 1—8

Yang L Z, Shi WM, Xue L H, et al. A reduce-retain-

reuse-restore technology for controlling rural non-

point pollution in China: eco-retain technology (In

Chinese ) . Journal of Agro-Environment Science,

2013, 32 (1) : 1—8

Liu F, Xiao R L, Wang Y, et al. Effect of a novel

constructed drainage ditch on the phosphorus sorption

[ 4]

[ 8]

[10]

capacity of ditch soils in an agricultural headwater
catchment in subtropical central China. Ecological
Engineering, 2013, 58: 69—76

W, BAEE, ARk, S AEWERAE AR R
WE R B RO BT S . K L0 R, 2014, 28
(4) : 3336

Zhao PY, Tuo D B, Ren Y F, et al. Effects of
different crop stubble combined with biological fences
on reducing soil wind erosion ( In Chinese ) . Journal
of Soil and Water Conservation, 2014, 28 (4) :
33—36

Shan N, Ruan X H, Xu J, et al. Estimating the
optimal width of buffer strip for nonpoint source
pollution control in the Three Gorges Reservoir Area,
China. Ecological Modelling, 2014, 276: 51—63
Wu X, Wu H, Ye J. Purification effects of two eco-
ditch systems on Chinese soft-shelled turtle greenhouse
culture wastewater pollution. Environmental Science &
Pollution Research, 2014, 21: 5610—5618

Kroger R, Cooper C M, Moore M T. A preliminary
study of an alternative controlled drainage strategy
in surface drainage ditches: Low-grade weirs.
Agricultural Water Management, 2008, 95: 678—
684

Bk, N, i, TR AR R
Pl gy A S AR IR R L HBCR . B AE,
2005, 24 (11) : 1371—1374

Yang L Z, Zhou X P, Wang J G, et al. Ecological
ditch system with interception function and its effects
on controlling farmland non-point pollution ( In
Chinese ) . Chinese Journal of Ecology, 2005, 24
(11) : 1371—1374

T, EEE, B, % ESWREXR MK A
PR EERILEI IR, RS SR A, 2010, 26
(6) : 586—590

Wang Y, Wang J G, Li W, et al. Initial exploration
of mechanism of ecological ditch intercepting
nitrogen and phosphorus in drainage from farmland
(In Chinese ) . Journal of Ecology and Rural
Environment, 2010, 26 (6) : 586—590

INBEZL, REFR, FHI, S UL DX R R
AT T P55 G BUAR M A S5 IR BEXT SR b e A aE A
2011, 27 (20) : 258—264

Sun HJ, Wul S, Jiang P K, et al. A survey about
rural non-point pollution in mountain region of
northern Zhejiang Province and the countermeasures
(In Chinese ) . Chinese Agricultural Science
Bulletin, 2011, 27 (20) : 258—264

F Z IR BT O AP SR . KR K W5 43 4 5 i 4. b

http: //pedologica. issas. ac. cn



34

XURRDEAE AN [RIRILRS A2 208 B X HEZK 5 G b BRBE ) O IESE 569

[11]

[14]

o PEFRERA AL, 2002 84—524
Satate Environmental Protection Administration.
Methods for the monitoring and analysis of water and
. 4th ed. Beijing: China
2002: 84—524
Meers E, Tack F M G, Tolpe I, et al. Application of

wastewater (In Chinese )

Environmental Science Press,

a full-scale constructed wetland for tertiary treatment
of piggery manure: Monitoring results. Water, Air,
& Soil Pollution, 2008, 193: 15—24

o, EAE, #4645 SRR ITHKERA
BRSO e, H4E, 2009, 41 (6) @ 902—906
Wang Y, Wang J G, Li W, et al. Comparison on
removal of nitrogen and phosphorus form hibernal
farmland drainage by three kinds of ditches (In
Chinese ) . Soils, 2009, 41 (6) : 902—906

b, Wz, TR, % AFEEGER TR
BRI R B EEARACR . TTIR AL B, 2016, 44 (4) -
361—365
Tian S, Sha Z M, Yue Y B, et al. Interception
effect of different types of ditches on agricultural

nitrogen and phosphorus runoff ( In Chinese ) . Jiangsu

Agricultural Sciences, 2016, 44 (4) : 361—365

RO, HIEA, W, % BN AT A
VWU R B R AR R AT . KT I e U U S R
2014, 23 (5) : 686—692

Yu H B, Xiao R L, Yang Z J, et al. Study on
the characteristics of nitrogen and phosphorus
transportation through ecological ditch during irrigation

and rainfall ( In Chinese ) . Resources and Environment

in the Yangtze Basin, 2014, 23 (5) : 686—692
iy, T, A AEARESRIEE R RS
BRI HERIT 2. KA 23, 2007, 38 (9) = 1135—

1139

Wang P F, Wang C, Hu Y. Nitrogen degradation
efficiency in channels with different ecological
. Journal of Hydraulic
1135—1139
WU KK R

characteristics ( In Chinese )
Engineering, 2007, 38 (9) :
B, R, W E, S

[17]

[18]

[19]

[20]

[21]

T3 Ml 75 K A BRBOR LR FE. ARl BB R 2 2 4
2013, 32 (8) : 1618—1624

Li T, Wu S B, Liu M H, et al. Comparison of
purification performance in tidal flow and horizontal
subsurface flow constructed wetlands ( In Chinese ) .
Journal of Agro-Environment Science, 2013, 32
(8) : 1618—1624

Sim CH, Yusoff MK, Shutes B, et al. Nutrient
removal in a pilot and full scale constructed wetland,

Putrajaya City, Malaysia. Journal of Environmental

Management, 2008, 88 (2) : 307—317

T, ZRL007, REE, S WA AR KR AT R A
AR T R E R RO M IE . MRS, 2016,
37 (5) : 1717—1723

Wang D, Li H F, Liu F, et al. Interception

effect of ecological ditch on nitrogen transport in
agricultural runoff in subtropical China ( In Chinese ) .
Environmental Science, 2016, 37 (5) : 1717—1723
Wang C H, Pei Y S. Effects of light, microbial
activity, and sediment resuspension on the phosphorus
immobilization capability of drinking water treatment
residuals in lake sediment. Environmental Science &
Pollution Research, 2013, 20 (12) : 8000—8009
BRiEA:, ROGAR, XU, S5 A R A R O
X FR A 7 B K 5 RORBIF 9. TG A 3, 2010,
22 (8) : 152—155

Chen HS, Song F G, LiulJ F, etal. Study on effects
of pasture strips in ecological ditch on degradation of
pollutants in piggery wastewater ( In Chinese ) . Acta
Agriculturae Jiangxi, 2010, 22 (8) : 152—155
R4, £/, BLF, & RImEGREAES
A A AL WAl . VLR A B, 2015, 43
(11) : 472—474

Chen C J, Wang J F, Ling S P, et al. Ecological
purification efficiency assess of ecological ditch for
agricultural non-point source pollution ( In Chinese ) .
Jiangsu Agricultural Sciences, 2015, 43 (11) :

472—474

Comparative Research on Effects of Ecological Ditches Different in Specification
Treating Pollutants in Drainage
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[ Objective ] With rapid development of the socioeconomy and agriculture of China, the
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use of chemical fertilizers and pesticides is growing excessive in total amount and rate. As a result, non-
point source (NPS) pollution emerges with pollutants flowing into water environments with surface runoff
and drainage and via other channels. According to the “Bulletin of the First National Survey of Pollution
Sources in China” published by Ministry of Environmental Protection of China in 2010, agricultural NPS
pollution contributed up to 57.2% and 67.4% to the total discharge of N and P in the country, respectively.
Ecological ditches, as a special kind of wetland systems, can be used to manage agricultural NPS pollution
with balanced ecological and environmental benefits.In order to understand howecological ditches, different
in depth (Eg s, E, s and E, 5,), can reduce main NPS pollutants under the same hydraulic surface loading (0.60
m’m>-d™"), it is essential to evaluate pollutant removal efficiency and anti-shock loading capacity of the
ditches. [ Method ] For this study, an experiment was conducted at the Zhuanghang Experimental Station
(121°23'E, 30°53'N) of the Shanghai Academy of Agricultural Science, China. The experiment had
three eco-ditches, the same in length (90 m) but different in depth (0.80 m, 1.05 m and 1.30 m). Aquatic
evergreen species, Vallisneria natans, was grown in all the three eco-ditches, the same in density. Simulated
agricultural NPS pollution water was diverted from a river and spiked with a certain amount of urea and
KH,PO, till it was the same in N and P content as that in the effluent of local farmlands. And then it was
introduced into the eco-ditch systems dynamically.Before the experiment, the eco-ditch systems were
stabilized for a period of time before the experiment began, and the experiment period lasted 20 d. The
inflow TN and TP concentrations were 0.86 ~ 6.13 mg-L™'and 0.11 ~0.28 mg-L™", respectively. [ Result ]
Results showed that under the dynamic conditions of the experiment, all the three ecological ditches were
all quite high in NPS pollutants removal efficiency, regardless of the difference in depth.The mean ammonia
nitrogen (NH,-N), total nitrogen (TN), total phosphorus (TP) and suspended substance (SS)removal rate
of Ditch E g, was 61.4%, 58.7%, 64.0% and 58.5%), respectively, of Ditch E, 5, 54.7%, 62.5%, 70.2% and
51.1%, respectively, and of Ditch E, 5, 64.8%, 63.1%, 71.8% and 60.8%, respectively, throughout the entire
experiment time. Obviously, Ditch E, 5, was the highest in pollutant removal efficiency. With the same
inflows the same in pollutant concentration, the average TN and TP concentration in the effluent measured
at the point of 22.5 m and 45 m down the ditch was the lowest in Ditch E,;, and the average TN and TP
concentration was reduced down to 2 mg-L™' and 0.2 mg-L™" at the point of 27.4 m and 4.9 m, respectively,
down the ditch, in Ditch E, ;.. The course was much shorter in Ditch E, 5, then in Ditch E;g, For the latter
it was 54.5 m and 9.8 m, respectively. Meanwhile, the concentrations of pollutants in the effluent from
Ditch E, ;, were relatively stable, indicating that Ditch E,;, was the highest in anti-shock loading capacity.
[ Conclusion ] Compared with Ditch E,, and Ditch E, ,, Ditch E, ;,is obviously higher in pollutant
removal efficiency and anti-shock loading capacity, when they are used to manage agricultural NPS
pollution. So it is recommended that in practice, ditches 1.30 m in depth should be built site-specifically.
This research is expected to be of greatpractical guiding significance to control of agricultural non-point
source NPS pollution. However, more researches should be done on further improvement of pollutant
handling efficiency of the ecological ditches and on land-saving as well by altering the linear spatial
structure, setting up drop dams at intervals, laying down beds of substrates (like zeolite, etc.) at intervals
and optimizing plant configuration (keeping plants growing at the bottom and on the walls of the ditches).
Key words Ecological ditch; Removal efficiency; Agricultural non-point source pollution; Hydraulic

surface loading; Nitrogen; Phosphorus
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