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Nitrogen removal effect of agricultural ecological drainage ditches in the Yangtze River Basin, China

QIN Yizhang"? BAI Jing"", ZHAO Jian', XIE Chongbao’, YANG Yanmei’, LUO Lin*

(1. Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2. Hehai College, Chongqging Jiaotong University,
Chongqing 400074, China; 3. Chinese Irrigation and Drainage Development Center, Beijing 100054, China; 4. Development Research
Center of the Ministry of Water Resource of China, Beijing 100038, China)

Abstract: To improve the total nitrogen (TN) removal efficiency of ecological drainage ditches (EDDs) in the Yangtze River Basin, this
study collected 639 field test data from EDDs in the basin and investigated the effects of different vegetation types, ditch materials,
reinforcement measures, temperature ranges, and TN influent concentration ranges on the TN removal efficiency (TNRE) of the EDDs
using Mann—Whitney U test and K—W test methods. The results showed that EDDs covered with various types of selected vegetation
performed better in TN mitigation than ditches with other types of vegetation, producing an average TNRE of 47.72%. Among different

ditch types, EDDs with semi-lined side slopes (ditch slope material was partially concrete, and ditch bottom material was full soil ) had the
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best effect on TNRE, with an average removal efficiency of 58.18%. Among the different reinforcement measure types, EDDs with artificial

substrates and interception—type reinforcement measures added had the best TNRE, with an average reduction efficiency of 54.24%. The
TN reduction effect of EDDs was greater when the temperature was >25-35 “C. In low—temperature environments, the TN reduction effect
could be improved by planting certain cold—tolerant plants. The TN inlet concentration of the ditch was mainly within >2—4 mg- L', and the
TN outlet concentration of the ditch was mainly within 0—2 mg + L. The reduction effect in the EDDS was best when the TN inlet
concentration was within >2—4 mg+ L. Under different concentration conditions, ditches were selected for the planting of various selected
vegetation, semi—lined side slopes, and reinforcement measures to improve the purification effect of TN. The TNRE was positively
correlated with hydraulic retention time, ditch length, and water depth. The TN surface removal load increased with inlet concentration. The
results showed that EDDs in the Yangtze River Basin could more effectively reduce TN under the following conditions : implementation of
various selected vegetation and ditches with semi-lined side slopes, addition of artificial substrates and interception—type reinforcement
measures, temperature and inlet concentration controlled at >25-35 °C and >2-4 mg- L™, respectively, and extended length of ditch and

controlled water depth and hydraulic retention time of water bodies.

Keywords: Yangtze River Basin; ecological drainage ditch; agricultural non—point source; nitrogen; Mann—Whitney U test; K-W test
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/344 Group M /[X ] Type/range FEA R Sample size 34 )5 ¥k Analysis method
BRI B ARHEYE R, ,nv—Natural vegetation 42 Mann-Whitney U K5

Vegetation type KT A R, sv-Selected vegetation 597

[T ES Hi— [ SR R..., sn-Single natural vegetation 7 K-W 5
Detailed vegetation type L F SRR R, vi—Various natural vegetation 35
H— N TAHIE R, ss—Single selected vegetation 233
LR TAEE R.., vs—Various selected vegetation 364

IR N T3 R, 1-Semi-lined ditches 340 Mann—Whitney U A5 56

Ditch type (LR R., s=Soil ditches 299

NEREEE ST P3G A WA U R.., ds—Ditches with semi-lined slope 162 K-W 656
Semi-lined ditch P52 2RI Rur, di-Ditches with fully—lined slope 101
TEA AN B R, , sb=Ditches with semi-lined slope and bottom 77

SHAL T Josm b5 R.., wr—Ditches without reinforcement 180 K-W £ 55
Reinforcement measure £ 25 R, i-Ditches with interception 335
FHLJFHE R.., as—Ditches with artificial substrate 108
AR+ LT R, 16

i&a—Ditches with interception and artificial substrate

i 0~15 C R 15 K-W 256
Temperature >15~25 C Rix 126
>25~35 °C Rns 223

TN Kk 0~2 mg-L™" Rai 149 K-W 56
TN influent >2~4mg-1"' R, 25
concentration St mg- 1 R 168

www.daes.org.an




m@g 392

VRETRR Rt Y FA3EFE 21

35 C, AR K VT A AR X E]) BB ZESR
T DX R R 2 S X A7

(S)RQJETN HEARHR BETE R 320 . TN HE /K ik 3 4t
I3 R 3AIKAL, 435 0~2 >2~4 >4 mg- L7,
1.2 7%

7K SCH) F Mann—Whitney U £ 56 Fl K-W £ 56 43
BrAS [R50 R 28 4514 AR FH A= 25 HE K VA 2R TN HI8AL
B AT VE B A AR RRAE , BRSO B ik A 2. il
1 Excel 2010 X 410 5% F#& 34 F1) ] SPSS Statistic
26 Fll Origin 2021 A TEHR S5 50 HT

2 HRE5HH

2.1 TNHIBR R SEIER

A A HEK I B TN B (R) I 8l K, 45 IX [
FEAS 4341 LB 1, R A3 A TE 209%0~30% FEAS R i 2
RS2 50%~60% , 1 R #1453 473 3 Bl R -31.31%~
90.25% , TN ~F- X5 Il 9 24 %4 A 40.02% , AT UL 3 415 0
AR A HEAK I8 YR BE A A O 9 TN, 842 i) Al 1T Y
G R EHE HEAERY, TS A SHE
IR VA BEXF TN TS DR, A b B 8 AN [R) S5 A % A=
AHEK IV JE I TN F52 00
2.2 HESHEACHREW BT TN BHR L E

¥ F Mann—-Whitney U A5 35 43t A= 4 H SR HE 94 1
N TAB B 4 A A HEZK 1 B2 1 TN IR % , P<0.001
Ul BT 35 TN H A8 2 1) oA oA A L i 25 Mg 12
B, mE2(a) AL R IIIETF 80% KL, L4
HHAE 40% K LA 5 R 5345 TE 40%0~60% HEAS i fie K
H 7R MR AR R0 27.14% , #8 1 80% By FEA L
A 320, R 3WAL R IE (40.52%) = F R 1Y

1201
& ool — —
g —
B
£ 60f
I8
N
= 301 (W
0
O RS P S ® N § S S
NN NN G NG
TP N

5
TN HIJEACHE TN removal efficiency/%

1 AEFHEKARY TN HIB RS
Figure 1 TN removal efficiency distribution of ecological

drainage ditches

P 1%) WHARTY

PIME (32.89%) o R W3 KAE . 75% {8 . H AL AE 25%
B HE R ARXT 1 BB 55 . Mann—Whitney U A5 5545
F WU, R, B MH (320.64) & T R, B’Jﬁﬂ]{*ﬁ
(314.98) . A TR 7 55 09 A= 5 HEZK V8 3= TN H st
R T AR A 5 AR S HE KR

L HARIEE R E AR R — N TR 2
Tl N T 7 ) A S HE K I8 SR X TN B BRI R 48
i K-W K 515 5] P<0.001 , 58 B U 2 22 8] TN B s %k
R 22 R . mE2(b) A%, R E 40%~60%
X ] R A AR T (I R A AR 1Y 30.22% , 5 At 3
FAEPEA L, R 1T 60% HIREA B 5 Fo e K s RO FEAS
B, FEEPIE20% LT, HEIAE, R
{EAE 4 MR s A0S vh B 5, 15 31 47.72% 5 R, I R
1843 5110 35.99% H129.26% , kb T i 5 R, 19 BB AL
F17.36% . R.HIFRHKAL 75% 18 P AOLE 25% (ETE 4
FRAE R A2 P i . K-W AR ER 21, R B B (1
B T IAL 3 PR A B IME . 2RO A B 5
49 £E 25 HEZK T8 U2 TN BIR8CR fe
2.3 AEHEAGH R RZERIRT TN BIELR =

2007 O B4 Natural vegetation (a)
O A TAEHE Selected Ve,g,relelllcl)ré2
160 - 145 148

120 110

FEASHE Sample size
oo
S

401 32
13 13 10
0 ] | — 6
<20 >20~40 >40~60 >60~80  >80~100
TNHNEZCE TN removal efficiency/%
O 24 H H‘*ﬁ%}fi Single natural vegetation (b)
D F H SRFE WL Various natural vegetation
i Ai*ﬁﬁb Single selected vegetation
I ZF N TAE#HE Various selected vegetation
1201 1 10
93
& 90f % N
o 7573
1
& 60
E@-
31
# 30r
0 17
N SN
<20 >20~40 >40~60 >60~80  >80~100

TNHEZEE TN removal efficiency/%

B2 REHEHEEE TNEHIRE RS T
Figure 2 Distribution of TN removal efficiencies for different

vegetation types



FEUTHE % - KLU 1A ASHEA 5 M BT

393

N TR A SR A A5 HEZK V8 ZE 6 TN F) 980 3% %6 3 1o
Mann-Whitney U 4555 53715 2] P<0.001, Ui B35 TN
HI ORI 22 S B % . m B 3(a) W1, RTE
40%~60% [X. [8] Hh (A5 A i 7 12 28 A AE AS R Y
27.35%, RAEA FE 253 A 7E 40% K LAF i
40% I R FEA R BB I RFEAR R Z . hg4m]
L RAIME K 46.57% , R II(E N 32.56% . Riff)H
KAA 75% 18 P AL 25% 18 fe/IME LA H RAH IV (H
o H Mann—Whitney U K 55 25 SR o] 15, R i B3 E
E T RGBS . AT AESHEK I X TN HIEeR
BAE,

N TR p S A ) 3 58 ) 58
A A A 25 HEK VA B X TN s R 0 K-W
K 56 23 7, 1531 P<0.001, 15 B = 2 22 18] TN Hil 0w
()5 A AN B Gt 2= . B 3(b) AT,
R TE 40% J AT B REA 50 i ik 60% L) 1
FEAREETE 3 A0 A LI A i K Ry FEAR R4
1 0~40% ., H13¢ 4 1153 R I B 5 , M 58.18% ; 1
I R I ¥I(E, 4 36.49% ; T Ik A & R B3 ME, M
35.64% . 5 HABISTRIN TG, R 1Y 75% {H . H
PE 25% 18 e/ MER K . AR TE K-W AL 5015 51 1 25
R IFRI(E IR (R 4) o YRk A S HEK

A O 1324 i Ditches with semi-lined slope (b)
1201 O AT38% Semi-lined ditch (a) 80 O 13 5¢ &4 WIDitches with fully=lined slope
O ASRIAE Soil ditch SEa A IDitches with semi-lined slope and bottom
) 96 9 0 . ) 65
5 07 79 5 601
° 68 ] =
£ ool s 39 39
@ 29 30 }@ 23 2,232 2
I 30f 20 15
_‘ 12 > 12 19
% 5
0 2 0 Z _% 7]
<20 520~40  >40~60  >60~80  >80~100 <20 >20~40  >40~60  >60~80  >80~100
TNHPEZCE TN removal efficiency/% TNHIEEE TN removal efficiency/%
3 ARIARER TN BRI RN ST
Figure 3 Distribution of TN removal efficiency of different ditch types
F3 NEMEH R ESHKDR TN HIREEN SR
Table 3 Analysis results of TN reduction efficiency of ecological drainage ditches with different vegetation types
Sl o ML s B s ML g
Group Type value/% 75%value/% Median value/% value/% 25%value/% value/% Mean rank
IR ONS FARAE DL R, 74.79 50.25 30.00 32.89 15.74 3.40 314.98
Vegetation type NTH R, 90.25 59.05 40.65 40.52 20.33 -31.31 320.64
B H—HR. 39.40 30.50 8.90 17.36 8.90 3.40 138.86
Detailed vegetation type gy on g, 7479 52.18 30.18 35.99 18.70 441 28937
HF— NTR. 73.47 43.54 26.01 29.26 15.06 -7.96 237.98
ZR AN TR, 90.25 69.00 50.19 47.72 28.47 -15.17 378.93
R4 AEIGREBESHACAR TNHIBREN S TER
Table 4 Analysis results of TN removal efficiency of ecological drainage ditches with different ditch types
St g BRI ey o sl psotie P gy
Group Type value/% 75%value/%  Median value/% Average value/% 25%value/% value/% Mean rank
PR A TR 90.25 69.54 49.05 46.57 24.97 -15.17 369.30
Diteh type FIRTIE R, 89.61 49.31 30.00 32.56 16.95 -31.31 263.93
N TR EZER YRS Ry, 89.79 75.80 65.00 58.18 43.75 3.11 216.63
Semi-lined ditch type )y 5y 24y R, 7500 52.99 4021 35.64 18.35 -15.17 127.54
e IR, 90.25 56.84 32.16 36.49 15.74 0.22 129.80
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Table 5 Analysis results of TN removal efficiency of ecological drainage ditches with different reinforcement measures

HH KA 75% 1§ EREIVAEE ¥ 25% fH i/ IME FREIE

Type Maximum value/%  75%value/% Median value/% Average value/%  25%value/%  Minimum value/% Mean rank
T it R 88.49 53.28 29.72 34.49 19.15 0.68 276.91
IR 89.97 61.59 43.61 4151 17.92 -31.31 331.81
FETHER., 90.25 59.52 44 .45 42.47 22.98 0.22 337.90
PR Risa 74.79 62.76 53.27 54.24 45.63 3231 436.59
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Table 6 Analysis results of TN removal efficiency in different seasons and different temperatures

et i ONII 75%{H Hh i f i 25%{H /M P
Type Maximum value/%  75%value/%  Median value/%  Average value/%  25%value/%  Minimum value/%  Mean rank
0~15 “CRn 62.90 56.27 52.24 45.39 33.70 12.81 194.17
>15~25 CRr 85.93 58.42 29.47 36.43 15.21 -31.31 152.88
>25~35 CRus 90.25 66.00 46.97 47.06 30.00 -11.00 198.45
g 02t 320 IR P R AS LY 28.89% , et 60% X [R] r B AR
20| B>4mgL R T 2R IR R 3 A1 7E 20% S DL HOFE
25 AREZ . W T AT, R FIL  J 48.17%;
| 168 HURE R N 36.03%; Fie il R IIME K 35.00%
Wl 128 Rea 975% fE . FHSAEL \25% {8 He At vl 138 X 1] 7 o i
£ %17 fEF . K-W KSR, R IO R (LG , DLW K>
B 2~4 mg- L I A AR TR B TN HIBECR 5
Z MR SC A HT A5 ST LTt 22 Pl A T 3
TNIEAK TN

TN influent concentration TN outlet concentration

6 BTN KR E S
Figure 6 Different TN influent concentration and effluent

concentration distributions
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Figure 7 Distribution of TN reduction efficiency with different TN

influent concentrations
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RUE 8 FT7N , R0 0.76, A RURAT 5 B2 /R b AH 56 R
BOR0.87, ISR IEAH G, TN #EKHRE M 0.86~6.14
mg - L7, TEZIG N, 27K e B A, Y8 R TN & TaT 2%
Briamiiiok ., CA U IEITE—E /Y TN BEK iR YT
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4} P<0.05 R*=0.76 Pearson’s r=0.87
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Figure 8 Effects of TN influent concentration on TN surface

removal loads
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Table 7 Analysis results of TN removal efficiency of ecological drainage ditches with different TN influent concentrations

e LiON ] 75%{H SR bATE Byfi 25%{H R/Mi BRI
Type Maximum value/%  75%value/% Median value/% Average value/% 25%value/% Minimum value/%  Mean rank

0~2 mg-L'R. 76.32 51.52 36.77 35.00 16.71 -31.31 236.52

>2~4 mg-L 'R 85.93 70.95 52.33 48.17 25.00 -15.17 318.61

>4 mg-L 'R 90.52 56.31 31.89 36.03 15.52 -7.96 239.43
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Figure 9 TN removal efficiency under different measures for low,

medium, and high TN influent concentrations
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Figure 10 Effects of TN influent concentration on TN surface

removal loads
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