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Reduction of agricultural non—point source pollution by simulated ecological ditches based on the synergistic
effect of plants and substrates

TU Xin', LI Juanying'?, CHEN Yiqin"

(1. College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China. 2. Shanghai Engineering
Research Center of River and Lake Biochain Construction and Resource Utilization, Shanghai 201702, China)

Abstract: To explore the synergistic effects of different plant combinations in constructed ecological ditches and quantitatively elucidate
the mechanisms by which plants, substrates, and microorganisms contribute to pollutant removal, this study identified Thalia dealbata and
Vallisneria natans as the optimal plant combination through experimental screening. Zeolite and oyster shell substrates were integrated into
the constructed ecological ditch system, and a mass balance analysis was employed to quantify the contributions of various removal
pathways. The results indicated that in the plant screening experiment, the combination of Thalia dealbata and Vallisneria natans achieved
optimal removal efficiencies for total nitrogen (TN), ammonia nitrogen (NH;—=N), and total phosphorus (TP), with removal rates reaching

68.8%, 97.4%, and 97.1%, respectively. This plant combination significantly enhanced denitrification, thus improving the removal
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efficiency of nitrate nitrogen. Furthermore, in the dynamic experiment (hydraulic retention time=6 d), the constructed ecological ditch

system exhibited removal rates of 88.1%, 73.7%, 99.9%, and 99.9% for TN, TP, triazophos, and chlorpyrifos, respectively. Among these,

NH:-N removal contributed most substantially to TN removal, accounting for 71.8% of total nitrogen reduction. Mechanistic analysis of

pollutant removal revealed that phosphorus removal within the ecological ditch system was primarily achieved through plant uptake

(55.4%), followed by substrate (33.4%) and soil adsorption (11.0%). Thalia dealbata exhibited a higher absolute phosphorus removal

capacity due to its larger biomass, whereas Vallisneria natans demonstrated higher phosphorus removal efficiency per unit biomass, owing

to its greater root surface area and relative growth rate. The removal of chlorpyrifos and triazophos primarily occurred through

biodegradation and hydrolysis. Due to its strong hydrophobic properties, chlorpyrifos was more readily adsorbed onto substrates and

degraded by microorganisms, while triazophos predominantly underwent hydrolysis.

Keywords : non—point source pollution of paddy field; plant combination; substrate combination; ecological ditch; nitrogen and phosphorus

removal; organophosphorus pesticides
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Table 1 Physicochemical properties of triazophos and chlorpyrifos

ALBEAZY 1 HHER K LK IR
Organic phosphorus pesticide Molecular formula Functional group Solubility (20 °C)/(mg-L™") & Vapor pressure/MPa
— CiHi6N;05PS P=S,P—0(3) 35.0 3.55 1.33
AEIEM CsHiiCLNO,PS P=S,P—0(3),—CI(3) 1.05 4.70 1.43

VE ORI IR T4 24 8 1 Bl PEAE R ( http : //sitem.herts.ac.uk/aeru/projects/ppdb/index.htm )s

Note : Data source from pesticide properties database online (http: //sitem.herts.ac.uk/aeru/projects/ppdb/index.htm ).

PRI K VA B i 1) 6 7K 1 R B R 1) = B — 7K o i R 8
(g Ko) , PRI 0 J 368 ok it 7 R B A FH R I 5 ot
FE AR R I, T REEAIR T ILAE KBRS rh 13 o ik
WM T S5AEWBR B RUEY ML S . CA PR
FEBH | B 7E 0T 2 10T 1) ¥ YR T ) B A
fiff o T R 6 — R S R S AL T A AR T R AT
A A iR 25 6, DTS 880 2 o o3 W 2 o8 T /KA M3
TR KR 5 A A

2R, =l o 2 (R R e KA v, S 8O
W B 5 o R A 2R R 10T (Y BE T B R 55 TR AR
PRI, = IR e o e Al ] A A 7 R 1) [T AR A o,
T REAG T S P LA R e . XTI — B A oK
Sk AT L2 REGE 2o B i 3 I A AL B R s | A AL
W2 RE A (A= 2 3 5 IS A e o 45 ), 448 3 L I
XoF 1 7KV AR 247 1A W o R 1361 2 B L DA T A R H 1 R
BN AR A e ) — IR R AR 2 1 L BRACR
23 ERARNTRYUNEREE

SR B A A TR IR TS Y i BRI, A
FiE— L R A LB AR 257 A IR R Y
TR, B TRERS NI Z A (i
NO. N0 No) I3 # 2 RA, BOME AT A o I 4, [
A G T OGTE T B A AL A 25 .

O AP 2 Bt

Total phosphorus removal by plant uptake

o0

£ \ o 105
_E 45 O 837 Z2 B i Unit removal /7;
2= L s
254 104 ¥
UEH% 351 =
B2 30t g
o = 103 2

2 g
&= 251 g
# £ [ =
S22 102 5
= 15t it
mg 10 0.1

& 57 =)

£ 0 — 0

HIite W HL
FHH) plant

2.3.1 BEEASIRENIERS 5T
SBETE R G0 R RGR AR B FE AR W A i o %

B - S B, AR SO B S AT, R AR
H A B 1 60.1% , Ho AR YW I oIk T 33.3%, 5
R I R L 398 R 4331 7 20.19% F16.60% (€1 6) ,
YISO AE ST IR R G h i S BR i 8RR . o,
T 148 BRI R 40.0 mg, 298 R (8.42 mg) Y
5H5(E 7a), b R BRI A0 45.6% . R
TEFRBZE (0 L7 A P W B W i (0,119 mg
g MU (0.233 mg- g ) Y —2f . X —ZE A HE
SRR BRI A O, — Bk, AR /N T 2 mm

I 41 Hi B Output quantity

B P4 Interception

M FH4) Plant

W 3L Substrate
W 3 Soil

Eo BTEARREPHITHITE
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Figure 8 Contribution of removal pathways for different pesticides in ecological ditch systems
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