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Factors Affecting Runoff Pollutants Trapping in Soil —Plant System
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Abstract: The effects of vegetation type, pollutant concentration, flow velocity and slope on runoff pollutant removal efficiency were studied
by comparing three kinds of soil-plant systems, namely “soil— alfalfa” system, “soil—tall fescue” system and control system with no vegeta—

tion. Results indicated that the influence of vegetation type, pollutant concentration, flow velocity and slope on pollutant removal efficiency
varies with the status and nature of pollutants. The trapping of particulate pollutant SS(suspended solid ), PP( particulate phosphorus) and

CODy, is affected by the above mentioned four parameters obviously. The particulate pollutant removal efficiencies in the “soil-alfalfa” sys—
tem and “soil—tall fescue” system were significantly superior to the control system, and decreased with the increasing of influent concentra—
tion, influent flow rate and slope. The removal efficiencies of dissolved pollutant NO; =N, NH; =N and TDP(total dissolved phosphorus) were

affected by vegetation type and influent concentration significantly. The dissolved contaminant removal efficiency in the “soil-tall fescue”

system was better than the “soil-alfalfa” system as well as the control system. Nitrate removal rate reached highest in moderate concentration.

The removal efficiencies of NH; =N and TDP increased with the increase of their concentrations. Nitrate removal rate decreased remarkably
with increasing influent flow rate. The removal rate of NHi—N decreased significantly with increasing slope of soil system. It was concluded
through the investigation that while constructing soil—plant system to control runoff pollutants, the upstream pollution status and the receiving
water quality requirement should be considered, a dense growth of surface vegetation should be selected, and the slope of the soil system
should be lowered to improve contaminant trapping function of soil—plant system.
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Table 1 Main physical and chemical properties of the tested soil

UG SRR e PRARY
it/gkg! gokg! gkgt P YR BYRL BhRL
5.64 0.191 0.243 760 7096 2600 3.04

B R AR ) LAl . TR SR AR B 1S R G L
LA E 16 (Medicago sativa 1.) R I, fE B 35 FE 2400
85% , LI I A2 FOOF- AR K 40 em, P35 32 em,
WEE 3.26 kg'm?, T 1.02 kg m™; TS F RS
TH B LU 225 (Festuca arundinacea) ) 3, R % 55 5
2978 85% , LI TN 2 HAF- PR 29 em, X 32
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Figure 1 Schematic diagram of soil bin(mm )
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Table 2 Orthogonal test with four parameters and three levels in soil—plant systems

TG Y BE KR /mg - L

ESE N E e PR M sT YERE%
ss pp NO;-N NH;-N TDP CoD,,
K1 Pl 374~495  0.687~0.856  3.16~6.32  041~049  0.32~0.52  17.09~18.97 3.89x107~4.45x10° 3
KF2 A 569~695  1.112~1.538  7.12~8.16 0.8~1.05 0.85~1.02  23.30~24.85 7.42x10°~9.70x10° 6
KF3 EEF 851~1068  1.743~2.187  8.46~1032  1.70~3.04  1.68~1.89  27.22~31.07 1.15x107~1.32x10™ 10
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Table 3 Results of orthogonal test

Fs  MRRCE HPKWIE K Wepz - ‘(59’%%2[@%%/%

SS PP CODy, NO;-N NH:-N TDP
1 CK L L 3% 61.57 71.96 69.48 -5.12 -19.05 7.78
2 CK M M 6% 21.63 75.49 38.51 -2.70 7.78 9.52
3 CK H H 10% -82.56 -89.41 3.11 -0.97 4.24 15.30
4 S-A L M 10% 90.56 91.50 52.30 -0.27 20.41 21.50
5 S-A M H 3% 58.45 73.34 46.98 7.65 25.79 16.96
6 S-A H L 6% 74.79 84.48 53.73 7.49 34.54 37.36
7 S-F L H 6% 79.62 94.37 71.50 13.25 47.50 42.63
8 S-F M L 10% 84.80 93.72 52.14 29.81 46.25 42.94
9 S-F H M 3% 65.13 54.80 58.21 13.83 43.15 47.93

TE AP CK X BR R SE, S-A Ry LIS BE R EE, S-F M- 220 3R BRI v LS IRVR I, M e H A i ViR I 5 k7K
it LR GE, M O P H O T ) R BRSO 2 RS e
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Table 4 Variance analysis of orthogonal test results

Vagi[Eton Vg3 SER i ¥y F{E T

SS iR it 45 441.496 2 22 720.748 366.323 o
e iE 20 640.082 2 10 320.041 166.389 o

i 19 642.845 2 9 821.423 158.349 o

s 6 906.789 2 3 453.395 55.679 L

PP JiBRER ko 31 465.022 2 15 732.511 19.794 o
e pi 35 827.097 2 17 913.548 22,539 s

biihcis 22 636.772 2 11 318.386 14.241 ok

I 17 309.694 2 8 654.847 10.889 e

CODy, L3 FE B 3 375.349 2 1 687.674 97.764 o
ez 4323.243 2 2 126.621 125.219 o

it 1 927.569 2 963.784 55.830 s

Wi fir 3 457.628 2 1728714 100.142 s

NO;-N LR Ji-E)3 2 950.288 2 1 475.144 51.031 o
ez 483.451 2 241.726 8.362 o

i 305.120 2 152.560 5.278 *

i fir 116.868 2 58.434 2.021 -

NH;-N EBRaR FE B 13 933.688 2 6 966.844 188.998 o
ez 1161.286 2 580.643 15.752 o

Tk 171.211 2 85.606 2322 -

WepE 1 070.583 2 535.291 14.521 ok

TDP EBR% FE B 6 826.466 2 3413233 46.977 o
e 798.549 2 399.275 5.495 *

biicis 122.894 2 61.447 0.846 -

Wi fir 189.457 2 94.728 1.304 -

TR N AT E e N E I N E
FLE 45 R ) ke, A5 A5 TR R ALK 4550 £ B2 B R R A5 /N, (E2% e B R B AT A T HoAt 75
- ARG P K T RS B 3% Y OB DK E S 3%

Yerg . T A B ERE, HoKEAR BT NOs-N D7 2253 WA A, . R EE RIS R NHE-N 5Bk
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Table 5 Range analysis of orthogonal test results

WaKEToN A B C D
SS LBrA k 021  77.25 73.72 61.72
ks 7460  54.96 59.11 58.68
ks 76.52  19.12 18.50 30.93
W2 R, 7630 58.13 55.22 30.78
HZER  A;B.C;D  fiKFE A2(A3) BI C1 DI
PP J:BRER ky 1935  85.94 83.39 66.70
ks 83.11  80.85 73.93 84.78
ks 80.96  16.62 26.10 31.94
W2 R, 6376 69.32 57.29 52.84
HZEKR  B.A;C.D  fiAKFE Bl A2(A3) C1 D2
CODy, ZSBRE ky 37.03  64.43 58.45 58.22
ks 51.00 45.88 49.67 54.58
ks 60.62 3835 40.53 35.85
W2 R, 2358 2608 17.92 22.37
HZEEWR  B.A.D;C  /KF Bl A2(A3) DI Cl
NO:-N L%k -293 262 10.73 5.45
ks 496 1159 3.62 6.01
ks 1896 678 6.64 9.52
W% R, 2189 897 7.11 4.07
FHZEER  A;B.C;D K- A3 B2 C1 DI
NH:-N Z£BRR -2.34 1629 20.58 16.63
ks 2691 2661 23.78 29.94
ks 45.63 2731 25.84 23.63
W2 R, 4798 11.02 5.26 13.31
FZ 3% A;D.B;C {7k A3 D2 B3 (3
TDP L% k 10.87 23.97 29.36 2422
ks 2527 23.14 26.32 29.84
ks 4450 3353 24.96 26.58
W2z R, 33.63 10.39 4.40 5.61
HEFK  A;B;D.C K F- A3 B3 DI Cl1

TE A BT B O BEKIRIE ,C i &, D WY sk (i=
1,2,3) R R B I I LR, Horh by SRR 1KF
X R BRI, I by A0 ks ZRZ N 2.3 K F it
WL BRARZ AU TIE b S H B R K5 522 R 1]
— IR by ko ks PIRORAE S IR/MEZ 22, BT, PIERAIE R
O, 12 R ZN 175 G 23 B3 AR 5 -t g o 2511

R B M R i AR E R E (P=0.120),
THERGACIE AR BE E 7K 3 2 N3 B A 25 R
435020 47.98 11.02.5.26 . 13.31, 4458 2 th A %
INHERS A 25 B RE IR R E R i L e dseAs IR
FEXIRIIY ki, A8 R ALK 208 1 25
RG0 6% Tt IR

D5 25y HrAs AR B S TDP B2 1M B & 5 1)
D2, W B A S 5 MR i R 2R A S R 3 B2 359 R R I

FIN R H AR AT KR B R0 i 22
R (B4 51k 33.63.10.39 . 4.40 F1 5.61, ¢ i 2 i fhy K
F/INHEP AR 25 F KR B I RN o o R4S
IR XS oy A3 A IR PEACE 4331 R 4 -5
FRG KU AR R 3%3% ), TDP YR
TR MACE ML IR R 5 NOs-N AH[H], St 4 F
F IR A B LAt 5 e i) H SR R

R Y 25 F 2 5 M V5 A 2505 ) NOs =N \NHi =N
A TDP B HACR M B TER R, 5Pk ALY A
[, HE-SFEF RGN NOs-N NHi-N Fi
TDP LR B EM T HE-SETE RS, Mg
R LI 2 Rl S HE T RIRESS IS, i S i A
S BRI MR BT SRR AR 2 T R RN
IR IR AR BHE S , A 4 AR, BRI Rl 4 119
WM, G &R A KRR & TR,
MG B 15 Y (e B 3k 8 R i, A A=
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HALRE IR Z BRI E RS AERIMAIR R LT
IR DR A5 TR 3R A2 I, T 2 P X R R Y
W T S AR T 55 A A T B — 2D W IR IE

ARWFFE P KA g 3 R A TS e L R
P S S M R 2R (ER 25 0 B A S i e 3 [R5
YW ARl TTAEAE 25 5 :NO; =N 2[R Ry vh 2 gk ok JiF
At , NHi =N il TDP e384 52 SRR F K e 15 fin
XGRS LR AR A b R 55
AEK3Z NHi-N A TDP [yi5 4e i fapdigfin g, 1 NOs-N
M TP AEHE KR EE 7.12~8.16 mg- L™ 2 i SRk /K ik
£ 8.46~10.32 mg- L J7 , AR FARCRIF iRz 252 . iF
KL R RT3 XS gt A5 G ) B3 3R 1) s it PR 5
W AN R T A AE 22 55, NOs =N VA A B 777 W
PEACSS , B A B AR Y RSR B 2R
REEVEK B BN D L 3%~10% B3 BE A8 Ak K
X NO; =N B8R = Az i 5200 ; NHi -N F1 TDP 5 F
FE R AW NAVERT, 528045t NHI-N ZfR%
5 PR B A T s D (R g T R B A
2, TDP J: iR a8 oK 57 B3 i R 1) S 25 R

3 itig

RS R EE L et A B X5 e 25 B
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