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Effect of ecological buffer patterns on abating soil erosion and heavy metal diffusion in riverbanks near
mining waste catchments

DENG Jiangdi, ZHANG Can, LI Yu, LI Bo, ZU Yanqun’, LI Yuan, CHEN Jianjun, ZHANG Zhou

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: To study the reduction of heavy metal diffusion through the creation of ecological buffer zones, field experiments were conducted
with different shrub/grass ecological buffer patterns on the riverbank at the section of the Rabbit Mountain Mine in Lanping County, Yunnan
Province, from June to November 2020. Vegetation growth conditions, heavy metal accumulation in plants, soil erosion, and heavy metal
diffusion were measured in eight different shrub /grass patterns. The results showed that Cd, Pb, and As losses were caused mainly by
sedimentation. The coverage of herbaceous plants accounted for more than 85% of the initial vegetation restored in the ecological buffer zones,
and this was effective at reducing heavy metal diffusion. The losses of sediment, Cd, Pb, and As from surface runoff in November were 58%,
46%,41%, and 40% lower, respectively, than those in July. The levels of soil erosion and heavy metal diffusion in the shrub/grass patterns were
lower than those in patterns with a single plant type. PCA analysis showed that of the eight patterns, the Lolium perenne | Rhododendron simsii
combination exhibited the lowest level of soil erosion and Cd, Pb, and As diffusion scores. The results indicated that shrub/grass ecological
buffer patterns effectively reduced heavy metal diffusion in the riverbank near the mine. The construction of an L. perenne/R. simsii ecological
buffer pattern is recommended as a pollutant control measure for riverbanks in catchments where Ph—Zn mine waste catchments.
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4 R 15 Y P B R 5 G el H 45, 7E 24
KA RGET YA b, N9 S\ Ry S i T5 G Y
FEFE M, ) 4 R T Y SR TR T
UAUKAR TS G, 35 Je 5 iR AT I I F) I 2
PR 2R Y AR B A R B ey, T e B LA
TR A7 I T 5 P35 LA G e P S Y, B2 R
Fi b B 4 J T Yl i G I Be 2T L 4 TR R
75 YL RBURR X, 5275 L XY Ph , Cd &5 5 AT A ik 51
BIKP 1 56 5 A1 18 £5°°, 43 J& V5 e 4 HUR AR (K]
TR FW AR A R 22 5, ELBEI [ 4R AR i
O S G T BORY B AR T BT DX FE X
YRR L7/ SS I NI SR SR EE O S N
TETE R R et B2 2l S e an , HadAr
TEAE S5 B AR A/ NG ) U PR ) B 42 )8 T
2 EE AR AR SR D )2 S B R R
TlVRERE IR, K XU RS R R IR SR < R T
YUy FEEGRAR , o BRI R AR ORI TS Je i &
SRR PR 0 DR 3075 G R AR 2 R 5
B A/ NS B A 2 ) RTE

T iy A2 A8 R G0 R it b 75 e W ik A K S B Je
Bij £k, FE A5 o 2 AR AR 9T el AR T S B R
i Y FEREPIR, BOBURR A5 R O, 22 vty X
B Tl /b ok A 47 XA 48 Ja i th A AR VR L TR
T 90 DX A B S R R il 4 R A Ak
ROCRSZAHAP N B R 25, [R5 B4 DR b AN ] e
SR BRRYHURRAE 22 20 ARG v iy
23 [A) 25 A6 | ) B8 FIAE QL 150 8 44 25 5 e b BRASCR. eV
Wy b Z2 AV FOAE ) g B2 22k BE AT ASCHR AR 3% i 1 Ok
B L SR, L PP R B A2 5 G el R PR TS S
R BFE R H A R U R A R AR R R
BELUBORLAS R, AN Rl Cd i Ph 3L R/ IV
YR B> THE B ST RE B, T R i AT e IR AR I
R AR R A A TR I H SRR A X Cu
Cd \Ph Al Mn S0 E 9 H N B — N T2 A 55 (Sar-
ureja obovata Lag.) FEV& 1Y 3%~T76%" . T 4 J@ W 1F
{7 B 14 3th 26 BT 5 B b TR AR 90% LA -, A T
WREB BB RCR" ., F 6w iR Y RE TS fE
Y b 335 % 25 AR AR AN R R ) AR K b S i 4
JR UL o Ay i A LR 3t R AR A AR Il S B S
TR RO, I E T LA AR R LROK ORAE |
IR 4 Jm A= W F) S5 e

T T X BB R AT R T /)N I 0 R e A
AR AR G ihrly T 4 i 5 e W I DRI T Y, 23 B A

1% WHART]

[ 988 — e 5 A 2 5 s o 35 e W IR SCR 1 22 57
WICE B il A A I R o A AR A
AIVER < A AL 1 AR P X5 e TR D8R, PR B D i
15 2 ORI R A - R P, D Xk 5
/N T 5 4 ety 1495 e 4 ORI R B A2 4 3t
{18

1 #MREFE

11 X5 st

T 22 A 2 B S 4 TR P SR BT 1L KA
LR AUV VT YL VLI b o i
B 22 PP R B TR Je A i S 1L B, 2= PP
PREAVY 5.5 km 4b , 1544 2 880 m, I 4 1113t Z XU 0%
T R LR AESF- E9IREE 10.7 °C, A2 P-4 B 6
1002 mmo A IEFEAHALNE R : pH 7.21 A LI 8.45
g kg R 1.58 g kg W38 g- kg 4 1.49 g-
ke ERUA 20.13 mg- kg ERUHE 9.52 mg ke AL
14538 mg-kg'.Cd 215.37 mg-kg™ .Pb 20 193.49 mg-
kg As 446.63 mg-kg '

1.2 RIIZIT AR E T &

WIGTE T AT, T 20204 6 J1 20 H 7E SR+ 11
SRS LV ST i AR A AR R vl (1) o 2 7
FARFHY) [ A FE ¥ (Lolium perenne) 2L H 18 (Medica-
go sativa) | F1 3 FhE A [#t 8% (Rhododendron simsii) Ak
MU(Zanthoxylum bungeanum) 414 ( Photinia serratifo-
lia) P IRER AL R[] — i A 24 e 1K AR AT YR
Ffi o 3 8 AR, 23 ) o PR A B (L) (BB Z B+ AL A
(LR) REZF+EM(LZ) BER+AOM(LP) L
i (M) AL H g +FEAS (MR) AL E G +EHL(MZ)
MEEAE A+ i (MP) o HEARFIAHE]FE 0.8 mx0.6 m,
FAKEY) A A, A R4 N AL L 3
32 LR/ X, /NX T AN 5 m? (2.5 mX2 m),
WE 10%~15% /NX A 1 m, 7% 447 8 5IHES] /N X
] FHA AR BL (LR 0.3 m H - 0.7 m) B& I DA DT KT AR <5
R Z RS K ST B/ IXOICE 50 Lk
AEE , JE 1 R I B N R R AR . R
Hiliti F A HLIE 15 000 kg - hm > CH AL & H:250% ) ,
#5300 kg hm™(P,05>16.0%) .

T—11 J B e s AR Y v B EAR
ARG 3 3B 5 R AR K SR N X IR I
K IR T LEFE S R AR oK . REAKEY) T
11T, [) i SR 4R HE A B I K BEASH WA B 1
HE(TRIZ 0~20 em) o REREAHIY) 53 Wh_E 5 FIAR,
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Figure 1 Research area location and plots arrangement

T i 2585 /KB U6 L 76 105 °CA4F 0.5 h, 80 °C
JET 2 e |, R AT BF S IR R )5 4 1 mm
i, A E E AR S a . R T E L 1 mm f
0.25 mm 92 JE i , LA S B 4 1

1.3 $EFRME F &

1.3.1 IR IeTDHFE S il £ S e b1 I 2

B2 0.45 um K RIEFLIE B A FR BIFLTE 105 °C
HET250.5 h BHIFFREL, H 2 PIRFRE TR 25<0.2
mg, EIFE MR A AT AR TR 100 mL Al U
FELABRUR 10 mL 2818 7K 3 S W 3 UK, ifA 0.1 mL#:
PR PRAT IR o IO AT 8 17 400 %) 0 S s o D o i A
FEMFRE S, 72 105 CHEF29 1 h B AR E, |
Z P URFREE (0 T i 25<0.4 mg. JeVPIk EEH AR

C=(w —w)X IOG/V
K CHRWPPRIIRE , mg- L 50 N ETEY)+UE
R+ BRI &, g5 00 M UEIR+FR BT &, g3 VA
mARF, mL.

1.3.2 MY E L8 &

FRIZ 0.4 ¢ AEYIRE ST I AR N ED A S mL
IR , s df N o IR A B WE AR T4, T
150 CFIREE4 ho BHG TR FMGE , B I R
i, e AT R i B EF 150 R ZE 1 mL A4 .
BRI R L 7 2 50 mL 245 B, FH /K vk
WENERIN 35 3 I, A VR AR T 2 B 9 K e
HEZIE WA REHAGR 2 il . SR AR
TR (ICE3300, 88K K2R, 8 =) I 22 Cd
FIPb A & it o WRH— o i AT R T 50 mL HE (84
W3 mL R R .5 mL B IR W .5 mL BT IR I R
W KGR B Z0 8 350 0E R R 2RI AL
(LC-AFS 9600, W5, Hr =) e As it . MY H 4
J& & 4 ZE(BCF) flg iz ZE(TC)IHREAR:

AR B =M R E 4R S i (g kg )/
el i (mg-kg™)

i R =AY L B E AR 5 & (mg - kg™ )/
Yidh T E 4R T (mg kg )

1.3.3 ki Zs Cd FPh & o &

FRIL0.500 g - S8 i mloRs 284 48007 0 i B Ak
A 150 mL B BEAR H, im AR K AT 10 mL 7K (Al
i bR =1:3) 5 B 8 h., 140~160 CHIA, H 3k
@I g . BHIEIIA 5~10 mL &R, IE] Ik (A
O, BHEZR)E,IEA 100 mL 25 5. A A5
Az A . R AR OO 5 (Y (ICE3300, 28 8K
TR B DI E Cd AP
1.3.4 PORiZS As &

FRIL0.500 g 1= SEHF i mloRs 284 48007 0 1 B Ak
A 50 mL He A iAok IR AE & A 10 mL
FK(RHAR - $h1R - 288K =1:3:4) , I ZERE 21 )5 T il
ARV AE 2 b, HRRIER S LR, BUR B H), FH K H B
B2 RS ETCE . I AT AT 50 mL
Fe i, fin 3 mLEL AR 5 mLBARIE I .5 mL TR M
BRIV, KW B R 20 B8, F 50 T, B T R
] B A2 a3 o R R 9 % R A (LC -
AFS9600, 5, Hh DI E As 18 .

1.3.5 WAL E RN %

PR AE I UE WA 250 mLA#ETE 7, A 5 mL
iR - EIRIR AW, THIHWR FmAZEE MW, %
Ao FIAS mLERFRIAWE , AR B B A E R %
HJFF A S0 mL 25 s b, MUKFR B 25 1850 . R
PR B WO 15X (ICE3300, € B8 % 2R, 48 =)
7€ CdFIPh MR W B— 2 T A TH AR T 50 mL [b
@ N3 mLERES .5 mLERNRA TR .5 mL BRI 52
VSR, KA R B 20 B 4 ST, R -2 I
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(LC-AFS 9600, #EE , [ SE As UL
1.4 BIESEITHHAE

K H1 Excel 2016 %545 #4740 3, >R ] Origin 8.0
2218, 2R SPSS 20 e it B kA7 8 K 2R U7 22 4 A
(One-way ANOVA ) 125 55 I 445 5 (Duncan) FHC
P4 73 #1 (Pearson) | [ 5 4347 (Logistic ) F 3 5 4343 B
(Principal component analysis, PCA) . i 2& V£ [ {1 %
N P<0.05(2 ) 1 P<0.01 (R 2 )

2 HER5HH

2.1 AEERX AT FKILE

2% phft 38 Cd . Ph Fl As S TR TS L & 22
5 (P<0.05) , it 8 i B A A5 2 iy g Vb L Cd
Pb fl As i) BRSO SRR IEE T (R D &k
PR, AS TR A T — o A 22 oty X e 0 A 9 Dl e SR
25, 8PP G vhaly (1 - 887 il R 0.56~0.85 t -
hm™, Cd.Pb F1 As B 3ii i & 43 %1 24 0.10~0.15 . 6.38~
9.61 kg-hm?#10.31~0.44 kg-hm™>, Jg 702 Cd .Pb il As
) AR, AR B 9 90.70%~94.35% |
99.79%~99.88% 1 96.96%~98.18% . [ii] {F #% =X 42 i
i RV R AR E AR, MZ 348 i MO,
T 219% , LR Fl MR ~F-34 e V0 £ 43 511 3¢ LA Mk 2D
T 27% F122% . [AIYERLC Cd Pb Fl As (- 2430
A YRR I, LR 79 Ph AT As 23 R L
O3 ) KA 28% 1 24% , MP | Cd . Pb 11 As V-2 3 H4
M 43 BIBEAK 33% .32% F129%
22 FEBEXNELEEBIEALLE

Xof e Vb v E 4w i (1 2) FAR O P B 4 A Tk
B (1 3) A A fa s i & 3, 32 AR /NX 11 H Cd
Ph Fl As F- 350 BE#E 7 43 I AR 46% . 41% F140% .

RS Cd  Pb T As % BB fbfa $— 3, WS A8 Ph A
AsVREEARfL A S —20, BERTEHERS , 11 1 3240 /DNX
SEHRIA Cd Ph AT As T 87 H BETHE T 27% .
48% H1 47% (P<0.05) , ki 45 Cd . Pb 1 As 7% 543 5
P AT AT g R N e R B, Hp ok
BAs TN AT RN L4145, B RN E LN
%o 11 AVEMEZS Cd Ph Al As ¥R FE R 7 A 2%
KT 64% .99% F188%(P<0.05) .
23 AEBEXEVEECEEERR

Xof 8 i — R A AR % iy A AR P b R ARy
TEF/IN X 55 DR T H e (1 4) KB, BRAEARLIL | TRl A
XTAEITE A5 TC S 25 5 ), AR Py i g 1 ) /N X 55
FER) DT . AEABGETR TE MZ AR P A L7 5
R 3 5 44%(P<0.05) , FiiE & 22 B 1) /N X P2 55 B
BOERTEE G /N 84% . MR BN B35 1Y 94%-~
96% , LA B 18 5 AL T5 E Y 87%~90% . PR B KA
FA X SR 1 75 M T 4 I V5 Y PR B 38 7 P -

Xif 5 Pk ) 4w RAURRAE AT LA, 45 2R L3k
213, FHYHL B R R e e AR AR
AR K, AR % [ Fpoc 28 BARFRIEAFAE 25 572, [+
— YIS AFICER BB R S BRER s R
HEHELE T R Cd . Ph As SR B E2E R,
[ri] — [ VAR 2 R 22 i |35 Cd S R A B 1
T 519%~65%(P<0.05) ,Pb Hl As & L % 22 55
MASE Bl R I Cd P R As 9 15 B A B R AR X
I T E T (P<0.05) . L E 5 13
Cd % 8 7E MR FI MZ #2085 MR 251K 34% #133%,
i BB As 75 5 7E MR A A A M 35 IG 48% (P<
0.05) . HBAF BLHIEE AL B 8 A6 HAE 5l R AR AR = b X
Cd.Pb Fll As () BCF JC i 5 22 5 . S840 5 16 £ MR 5

®1 RMKkEIRERECERLEZE

Table 1 Total soil erosion and heavy metals losses during the observation period

ZErhifi st (NN Y it Cd it i Pb Jii Hi 4 As Uit H
Buffer patterns Surface runoff/(m’+hm™) Sediment/(t-hm™) Cd loss/(kg+hm™) Pb loss/(kg+hm™) As loss/(kg+hm™)
L 421+20a 0.77+0.07ab 0.13£0.01a 8.89+0.59ab 0.4120.07ab
LR 365+41abc 0.560.07¢ 0.10+0.01b 6.38+0.76¢ 0.31+0.03¢
LZ 416+31a 0.66+0.11bc 0.11+0.02ab 7.60+0.85bc 0.32+0.04¢
LP 388+14ab 0.68+0.03bc 0.11+0.02ab 7.02+1.30bc 0.37+0.02abc
M 403+40a 0.85+0.06a 0.15+0.02a 9.61+1.38a 0.4420.05a
MR 331+26bc 0.66+0.08bc 0.11+0.02ab 7.65+1.15bc 0.34+0.03bc
MZ 317+34c 0.76+0.06ab 0.12+0.01ab 7.36+1.50bc 0.33+0.04bc
MP 373+32abe 0.68+0.11bc 0.10+0.03ab 6.52+0.40¢ 0.31+0.03¢

T AR INE PR R AN RIS CHE T 2 2 2 vl AT K b O % M ) O B 22 5 R, P<0.05

Note: Different lowercase letters indicate significant differences in soil erosion and heavy metal transport between different patterns during the

observation period at P<0.05.

1% WHART]
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Figure 2 The content of heavy metals in sediment
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Figure 3 The concentration of dissolved heavy metals in surface runoff

K Cd Y TCH MK 37% (P<0.05) . #EAM H Cd &
O AEASFE RS> A4, Pb & i A AL FE RS> A4, As
T A AT RS> AR . AER F Ph S BURRAE R
MR AN R A7 AE 22 5%, Pb &5 2 Al BCF 7£ LZ M 2 rp 4
MZ 43 5% 42% F150% .
24 AEBEXKLHRENELBEEBHXRESHT
AR (R B E SRR .
RS Ph As R BE A B 25 SAUAH DG OC &R (P<0.01) , 5
Jevh  Cd Pb Il As 30 H 2 52 W B 3 15 AH 56 6 &R (P<
0.01). Je¥P . Cd.Pb.As i H 58] B A i 25 1E A ¢

KFR(P<0.01), Jeibr & 5PAAPh As T EER
FRMAL KR (P<0.05), SIS P As B 2 2
FAH KK R (P<0.01) , 42 3 H U8 V0 vk i 5 0k 2%
Pb As & i 2 B E U SCE R (P<0.01) , Sl
Pb. As ¥ 52 B 35 1E A DG OE & (P<0.05,P<0.01) . it
WY H 4 Je =L LAV VD A B2 i s  (H Y
HURIEA 22 57 .

FSEAHT R B, /NIX 35 5 5 R VDR E RS
Pb . As R FE 24 3 1R OGO &R (P<0.01) , 5 Uk
Cd.Pb il As 7% & S 2 25 IEAHOCOC R (P<0.01) .
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Figure 4 Plant morphological characteristics and plot coverage
R2 ARE-EEXNEVESRERAE (mg-kg')
Table 2 Heavy metal contents of plants in different patterns(mg-kg™)
Gy JBFZ L, perenne BICETE M. sativa
Heavy metal L LR L7 LP M MR MZ MP
i Cd 14.65+2.12ab 16.42+1.47a 15.64+1.68ab 17.33+2.95a 15.02+4.57ab 9.97+2.06¢ 10.09+1.53¢ 11.4742.21be
Shoot Ph 694.76+405.19a  647.94+87.99a  690.83+74.40a  725.97+381.25a  829.91+300.05a  563.57+143.78a  501.97+13.37a  635.26+183.50a
As 15.68+8.61ab 17.3+2.32ah 17.72+1.05ab 21.03+10.88ah 22.21+7.10a 11.44+1.01b 13.47+0.37ab 16.43+1.56ab
T Cd 57.98+10.15a 65.15+9.03a 60.36+6.60a 53.96+8.15a 10.04+2.76h 11.34+2.51b 10.18+1.91b 7.88+2.83h
Root Ph 1572.86+551.70a 1545.07+512.24a 1515.52+212.35a 1755.32+281.52a  244.3+50.65h 310.61+68.96b  284.12+14.42h  230.86+88.68h
As 31.46+11.91a 31.46+1.98a 37.3+2.77a 39.78+21.24a 6.86+1.67h 7.09+2.16h 6.42+1.30b 6.90+3.76h
K TEMR ik A TEM £k
EiE2 R. simsit Z. bungeanum P. serratifolia R. simsii Z. bungeanum P. serratifolia
Heavy metal
L LR LZ LpP M MR MZ MP
iy Cd — 15.35+3.22h 21.09+4.27a 3.04+0.78¢ — 10.96+2.18h 25.02+4.76a 3.44+1.40¢
Leaf Ph — 805.32+243.41b  850.14+203.62b  154.86+49.67¢ — 740.82+147.83h  1463.69+449.42a  225.49+71.52¢
As — 4.76+1.44a 3.88+1.36ab 0.89+0.18¢ — 3.71£0.57ab 5.64+3.30a 1.32+0.46hc

TE A NG TR AN I -5 A A5 G ol R R . B3 TR A sty o e 5 4 22 S W3, P<0.05

Note : Different lowercase letters indicate significant differences in the heavy metal contents in shoots, roots, and leaves between different patterns at

P<0.05.

ARy 85 V% A4S Ph vk B 5L B & UM 66 &R (P<
0.01) . FAMYKE SIeIPW B A P As ik
5L B A R (P<0.05) , 50k A Cd  Ph Al As
TR R IEM LR AR (P<0.05), Ui BB A 55

1% WHART]

P E GRS EMER TR SESREKE.
H/NX HE R R
REESREaY A

Wi g b
FAHI YL R EB Cd P Al As 5 5
HIEAE K R (P<0.01) , HEARM F As 7
As YR EE 5 B 2 A G E 2R (P<0.05) o
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Table 3 Plants heavy metal accumulation characteristics in different patterns

FEB PSR perenne LW ETE M. sativa
Heavy metal L LR LZ LP M MR MZ MP
BCF Cd  0.08+0.01ab 0.10+0.02a 0.08+0.01a 0.09+0.02a  0.07+0.02abc 0.05+0.01¢ 0.05+0.01¢ 0.06+0.01bc
Pb 0.06+0.04a 0.04+0.01ab 0.04+<0.01ab  0.04+0.02ab ~ 0.04+0.01ab 0.03+0.01b 0.02+0.01b 0.03+0.01b
As 0.04+0.02a 0.04+0.01a 0.04+0.01a 0.04+0.02a 0.04+0.01a 0.03+0.01a 0.03+0.01a 0.03+0.01a
TC Cd 0.28+0.04¢ 0.32+0.06¢ 0.26+0.01c 0.31+0.06¢ 1.29+0.24a 0.81+0.04b 0.98+0.24ab 1.36+0.73a
Pb 0.62+0.20b 0.52+0.10b 0.46+0.06b 0.43+0.10b 2.33+0.53a 1.72+0.48a 1.79+0.14a 2.13+1.40a
As 0.61+0.15b 0.56+0.12b 0.53+0.12b 0.43+0.06b 2.24+0.44a 1.63+0.56a 2.23+0.69a 1.82+1.01a
TR FhHY TEM Aifi FHS TEM At
HeaV}‘f mftal R. simsii Z. bungeanum  P. serratifolia R. simsii Z. bungeanum  P. serratifolia
L LR LZ LP M MR MZ MP
BCF Cd — 0.07+0.01b 0.12+0.03a 0.02+0.01c — 0.07+0.01b 0.14+0.01a 0.02+0.01c
Pb — 0.04+0.01b 0.04+0.01b 0.01+<0.01c — 0.04+0.01b 0.08+0.03a 0.01+0.01c
As — 0.009+0.002a  0.010+0.003a  0.002+<0.001b — 0.010+0.001a  0.012+0.007a  0.004+0.002ab

T AN IR AN I~ A 25 G AR ) 9 T i oy R Bl e B RO S 3, P<0.05.

Note: Different lowercase letters indicate significant differences in heavy metal accumulation characteristics between different patterns at P<0.05.

R4 FABRE-EESENTHRERPELEITLEYH Pearson XX R DHT

Table 4 Pearson relationship analysis of heavy metal losses in surface runoff in different ecological buffer patterns

MRS MRS BNE ERE RmES BRS

- PR A Cd Ph A T = o = N ; ;
E(Eqan (e thns SE d’i n’n j gihE wmE W m‘; gi (ﬂfiﬁ: Cd&at  Phii  Asfrim CAWRE  PhWE AR
Indicators Runoff . LI it i LT . Cdcontent  Pbcontent  As content Dissolved Cd Dissolved Pb Dissolved As
yield TCd TPh TAs  concentration . . . . . . . . .
in Sediment in Sediment in Sediment  in runoff in runoff in runoff
it 1.000
Jeibr- it 0.550%  1.000
TCd 0.575%%  0.936%* 1.000
TPh 0.599%*%  0.947%%  (.952%* 1.000
TAs 0.572%%  0.919%%  0.926%*  (.945%x* 1.000
Neadr 3 —0.296%%  0.478%*  (.362%*  0.326%*  (.35]%* 1.000
BRI Cd e 0.009 0.021 0.302% 0.175 0.191* -0.106 1.000
WORIZS Ph i 0.144 -0.215%  -0.050 0.019 0.008 —(.535%: 0.563%x 1.000
RIS As i 0.002 -0.213*  -0.084  -0.031 0.118 —0.369%* 0.490% 0.785%x 1.000
B CAIRIE  0433%%  0.245%%  0.250%% 0.167 0.156 0.022 -0.169 —0.258*%  —-(0.292%* 1.000
WRAPHIREE  -0516%% —-0.285%% -0313% -0.315%F —0.323%* 0.223* -0.135 -0.203* -0.131 -0.131 1.000
RS AsTRIE  —0421%%  —0.236%* —0.304%% -0279%% -0.242%%  (.390%* —0.242%%  -0.307** -0.128 -0.098 0.615% 1.000

T : TCd 95 Cd Ui i, TPb 29 5 Ph it it , TAs 8 As ittt o #3/R7E 0.05 7K1 B 83 ARSE , ## F0RTE 0.0 7K1 EAR 380G
Note: TCd, total Cd loss; TPb, total Pb loss; TAs, total As loss. *Correlation is significant at the 0.05 level (bilateral ); **correlation is significant at the
0.01 level (bilateral ).

MR AR L St 0 e v 77 i, 38 S Ye Vb LR /INX 56
JEE TN SR S RNV A 25 Cd P AT As (3 . B
BUH - Hr 200 (36 5) , VD B E i AR M i
AR FIEA Cd Ph A As i AN R A 25, Wik
A Cd . Pb 1 As WL A2 B U0 7 1 /N X 5 B 1Y 5%
M, RS Ph Uit A A7 B AR R R . VS
A CdF As 13 Hh A2 AR T 52 00, Ph L As A3 H3 22 3]
AN FER S o AR RS e T L Cd P AT As It HY

(1) E RN ) A WA — e R B TR RS
Ph Al As B3 H BT Y VDH Cd Ph Al As IR .

TSR i Y E SRS N R
PGSR LR 50 B (K 5) R, RFHAIAF]
7% , 4155 10 49% , 4153 2 M 28% . LW &T5
YU HOCREAE F/ )N DSR4 1 3 B S PR A
15 P W TE I A Al o 4 1 A /N X B A
YWESEGRGER, A2 TR SR M ES R R
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Table 5 Correlation analysis and stepwise regression between sediment, heavy metal loss and vegetation patterns (n=160)

ek 41 BE 2

JjiH Item iR R F Sig.

Py Ys=16.393+1.427R 0.302 51.101 <0.01
RIS Cd Wit Sc=—1.787+0.158Ys+6.825Cy 0.878 419.744 <0.01
W 25 Ph i Y Sn=—104.374+10.028Y+2.941R0+247.756C» 0.909 387.173 <0.01
Wk A As i $,.=0.574+0.434Ys+16.270C; 0.857 349.806 <0.01
RS Cd ¥ H Dei=—0.495+0.036R 0.512 125.921 <0.01
VTS Ph i i Dp=2.876-7.631C; 0.234 36.092 <0.01
TIRAS As T i D,.=0.852+0.014R-2.809C; 0.324 29.499 <0.01

Y TP, R AR, Sca i ORLAS Cd It H 3t , S 2 BUREAS Ph Jit i 5, S RS As i it , Do MBS Cd It it , Do V825 Ph it
i, D RIS As T, Co /MR EE S
Note: Ys: sediment yield, R: runoff, Sci: Cd yield in sediment, Sp,: Pb yield in sediment, Si.: As yield in sediment, Dea: dissolved Cd in runoff, Dp,:

dissolved Pb in runoff, D.:dissolved As in runoff, Cy: cover of the plot.

2 WYY (Cd Ph AT As R B, TH U T IR VMR il Fn TS
YW TR, R R 3 R X 4 47% B
i Sediment| A« R T RIS, TR ST T KA B 1
. o /gM g, PV T 4 8 T 26 19 98 14 328 5 T U 4 T g 1
%omm i g%iﬁ%&gt Sl Gy F 218 AL 15% 1, 2.7 m 12 m
g B G2 O g G imshoo Vi JBE AR b TR W R vk —fﬁl P G2, Yl RE Ay
B [t As 10%~15% B, T 4 722 U it 352 s A 199 52
AR PRI, (R B A T 2 e A, R AR

R RS2 - 3 5 A — AL A 2 .
3 I o i 2 7—9 A 7K - i 5k I E A S B G AT

5 B-EESEREHNERS DTS
Figure 5 Scatter diagram of principal component analysis for

ecological buffer patterns
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1% WHART]

5, AT RE SR K Ry /N X5 AR T — 2 (30% ) B, A
Bl 55 XS Y W WO DOBOR AN 1 2 BRI
A CdAM B 5K Y8 s B AR, TR i ml 3y
W Z 1T Yy, £ AR BOR A Ph ) & i (R R R
BN 7%, 8 H ) 2505/ T1E 43 M FHAH 56 43 B 245 R
IR PRV A2 AR T ], Cd  Pb AT As R HY
ZAUeVP R, T AR I AR VD (R A A I
SMEXRR /NS EE S meidd Cd.Ph Al As
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S AE DG/ D 45 S S AR AR AL, LA X A SR
BEAIFFT A 45 50729 15 B U /D e v T U Y
) FBERAR . 10—11 T A K 0] 75 G Wy 1) v B R
W AFTEZE S M 2 A R ) B 4 J8 1 e b Ee i
A KT oy 25 S I N X5 R AR AR BOAS R AR X
15 YWk BRI AT AR 25 5 . R SEF AR N R T
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BEE LRSI TR SE SR
AR BHEAST R E S XIS A
KA r 0 < o TODRAR 0 AR i R PRV AL
P28/ Cd PhFI As 3 HURFAE AT E -5 98 V050K R /)N
A, T8 A I /N XA B i R, YR VDA I e A
Pk T Wtz Gty B G2 ol A R o
P& v, TEAE B G vh A S8 AR TR UKL BB 7 /N X
T AR AR T R AR S RE R (A R
AP EE T HIRRIER ARG, Y R E 1 135845
g, SRR 2R R G REA ASATRAE A A XU A )
SRl 18D 70% FJZ LSRRI

PCA 73 #r R W1, B 22 B/t S (LR) A% Cd  Pb
I As i A0 e AR, A A A DU . MR B
RECRP 338, S 22 nh A0 0 TCR 3 A DR £ 0
G2 I T A A vl /N DXORE S o JBE OB T mT B R 4
55 3 BER ARG, =265 00 J2 8] 25 R 3 ornox v ik
189 2 R 23 BB, Dt A2 3] (R I el A AR )
PR A R T DY A P B SRR RS o
A 4 e TR DSOS AR T AR R A5 A B S R A
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F R I PIFRE R 2 R SRR E 195 YD DR
32 AEBEXEMHSHE . E€RE RRHHES

YA RS2 B IR0 AU A R B S, 2
B SR R AR TR S AR AR UE TR A
ARV WA R RS, B RIS | SR A ik
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JER A S GUAT AR A N T T o SRR E AR U
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