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Soil Erosion on Heavy Metal Migration

Chen Jia, Fan Pingping, LLong Wentao, Tai Liang

(College of Agriculture, Guizhou University, Guiyang 550025, China)

Abstract ;[ Objective] The aims of this study are to reveal the migration rule of heavy metals under soil ero-
sion, clarify the migration mechanism of heavy metals under soil erosion, and provide scientific guidance for
the prevention and control of heavy metal pollution. [ Methods] Based on the domestic and foreign articles on
the migration of heavy metals under soil erosion, the role of soil erosion on the migration of heavy metals
was systematically summarized from three aspects: soil properties, heavy metal properties, and environmen-
tal factors. [Results] (1) Under erosion, the soil heavy metals mainly migrate horizontally and vertically in
the form of particles, and the dissolved heavy metals account for a small proportion but have strong activity.
The sediment characteristics of the sediment area caused by erosion are different from those of the soil in the
erosion area, which may affect the spatial distribution pattern of heavy metal enrichment characteristics.
(2) The higher the soil pH, organic matter, and clay content, the stronger the ability to adsorb heavy
metals, and the weaker the ability of heavy metals to be released and migrated. (3) The speciation of heavy
metals in soil plays an important role in their migration form. Generally, dissolved heavy metals mainly come

from the available form, while relatively stable residual forms usually migrate in the particulate form.
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(4) Environmental factors such as rainfall, terrain, and vegetation affect the migration process of sediment

particles, and prioritize the migration of fine particles, resulting in a certain variation pattern of sediment

particle size distribution along the migration path. [Conclusion] Heavy metal migration under erosion is af-

fected by soil/heavy metal properties and environmental factors. Future research can focus on: the impact of

soil erosion on the migration process of heavy metals under different geological backgrounds and pollution

causes; study on the heterogeneity of heavy metal speciation in soil particles with different particle sizes; the

mechanism of underground leakage in karst areas on the migration of heavy metals, and the distribution

mechanism of heavy metal surface loss and underground leakage under different erosion conditions.

Keywords: soil erosion; heavy metal migration; sediment particle; speciation of heavy metal
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The horizontal/vertical migration of heavy

metals under soil erosion

2 REMEATIEERNESRI®
HY = M
R R e MR SR R R L



5013

WRAESE R o T 5 J8 30 A% 19 45 FH AL A L5 pIL o) T 5 o 463

B K F /e % B R A 3T R e
RN IR, AP RV IERIRIK pH A
BLJSE | 4 198 o7 1 45 7E A= Bl AR T 32 42 ) i i A% o AR
PrHEE LA O,
2.1 TEARKMELZEIBHNEIE

SRR e+ e ) T B M AR R oE .,
S5 A= oty S K AT SRR 5 ) 1 O A T 4 4 AT SR A
PSR AR P VD 1 32 R R . A SR A B AN AN 5 i) -
B0 B Wz T R A U AL BRI 5 KON it
SR IR VD I T 4 R I B SRR . A R AR 2
P BB IR, — J7 T SO 43 25, {2 i+ IR BB
BB R S 7 e v Y 5 5 — T, A Ok
3 HICRT B4 TNk ik, AR 4 JE A B 1 W ) AE
71, B U vb R v I 4 R 0 R A R 4 A N B
It A HERH R AR B CRLAR L K B 5 4R ik it
HE G R AT M UIAR G,

AR ORI A2 KNS H 4 1 s SRR 0 S A G
W EI AR >0.25 mm [ B RARFR b KA R AR, AR
<<0.25 mm 1Y H B 1R FR AR 0 R AR, R S
SEUOIE 9 S B [ R AR 4 5 A R Ak b 4 JE e
KENHEFITFE 7 0.05~0.25 mm,<0.05 mm,0.25~
2.00 mm, H4JE & a0 E — R TE T 40 R
KE 5 R R AR H, A1 5 T 4 R A7 AR ) 40 A Ok
RS W B A i 1) o ELGOAT SR AR A S 4R & i LR
HRE SRS, PRI ERASAERS
FORLW YRS S AL R T R 4 R R
B, 0 HL A7 BB T B e - S URL N 4 s Y R N T
HALAT B 55 45 N [R) 2538, 38 60 36000 X $0 AT bk L+
SRR 4 S B A A AT F 5 KB Pb
AAE T B (<0.25 mm) . 7E 0.25~1 mm
FLBUR P A e E 4R X 5 Xiao 9 K E £ & 78
FELAIURL v B A 0 B 45 SRR ARL AT RE A R Dy 40 0k 2R
B KA R S BOZIN G K. R M AE R X
PAT SR i 7 R , K AT SR A B ) 1 R B 0 Il A A
RAK A F T 4 S W

- VA SRR 1) 5 K S e AT SRR A R LA AN [
e i 7 X5 e A S L B AR 0 R AR I R BB T 5 )
SIERITH R, B AT B R AR e A R
SR 7R B T VR AL SR 0 A - e
T8 5 AR B 5 I 5 R m s 2 S . oK B
T 0T AT SR R e e AL o) S bl s 0 i A A T R
YERT & 7K 5 v i) ABLAR S0 77 46 FE A+ 38w o 1
JE ARSI K 51 R A i 2 SRy 3200 v T OV H
NS TR S G il AN T B R N N R e |
BEHE, R A K Y R K THRIE A B HNE T

I Ry SR -7 ) AR P~ I s e = N Pl T4 2
W R, + 3T 5 R AR AR B 5 . AT SRR 11 245 44 9 i 3R
S0 R AR T /N - R ISURE , 20 R AN S AR
(Rl 7 5, I HL 240 JURL 55 0L J50RE AR LY B ) B AR O AT
. AR i =X 5 e b S AURL %) AN S FL R AR
T PR AR U iR B R G R A A i, A M I R X A
SR AR 0 B SR AE FH EE RN K 7 s VR B A5 2
22 TEPHMNELZEIBHNEIE

1458 pH 25 4= it B 4 m i R 1
To KRN R REEE 2520 38 pH, 25 N TR I, D) 2 34 in
R R AL pH. B E AR RE S+
8 pH SEIEARDG, pH sy L - 980 B 2 4 I Y 18 7 ki
A RAHH R E R R B R RGER RS, pH 5
AMEESRSEZE A, 1 pH A& H 52k
I i 3G . H 5 5 4 m 25 56 4 0 B A7 A5 1) e
FIREAR , b i B0 4 R B ALY,

pH FEAR AT £ 5 8 4 s v B L 3 R R M E TR
THESENTRAE S BHEESE XM pH
H 6.0 FE% 2.0 B, FRJZ O 10 cm) T Cd,
Pb,Cu,Zn BRI ¥, pHIM K. ELE S
TV R R 6 AV B . BRI Y R Y A
pH R 4.0 B, +3EE 4 )8 Cd B >50%; pH>
6.0 if HE WA E Y Ui H AL EESEE T
TEIEE v & DL BT B+ XAF7E (A As, Sb) . pH
Thm R T HITR,
23 TEENRMESETIBHEIE

AP i AR YRR Dl % UM
Ko AHLBTH S A &ML G B REW EA BEH OF 4L R
5o w5 4 s 5 R A 4 A U AR R Y
&R AR R R AR (T R RE T L E SR UL AT AL
JoT 7 e T B 4 e T e T R L AR R B AN,
Hef i A AR 1AL R R N
24 TEFRMNELEEEIBHZMNE

48 LA ZEL 18 19 AN [] CRB R (2~0.02 mm) B3 KL
(0.02~0.002 mm) , Z 47 (<0.002 mm)) , + 3 /] 43
bt AR . RO S T W A
- € 11 (< T e el o V02 O [ DO A
CER 1NN e AU T ol (Ui w3 IR o

- M T b A ORI B R 4 R R ) G R
I DR IE e R SR IN il o =T S T AN )
LR = ARG W E A m ne B . ib
LR PRAK P 25 AN T 77 A i R 45 e, e 7= i i
b AR BE 3 P T A R R I B R

R o T A e Y A 1 2 4 o) X i T 1% W R
EH . Ljung %07 & BUEDARL & L 13 Y034 %) 58 %



164 S o S

%31 &

P, 3 20 0 5 LR BT 8 R ) R < JR A A L AR
BEI 11 ~3.7 A%, ARG 2 e el /b - S UKL R IR
A7 2 50, 3 AR - 98 0% B B <6 Js 1) B 0 G I -
B B 4 J B BE ) T IO T S SEBURL A KA R/

3 RMEATEERMERNIEES
=pui2:-0k-A'0)

o G R R DT VRS BB 2R
AL R A 5T B A AR 50 4L sE 8
AN TR EE 4 @ B W 35 1) BRAR M T 45 S5, 1 110 5% 1 4= ot
ER T ESENEHITRE,

3.1 BEESHNIEESEIRMNEZMN

HE&RSEML, DEEMENTESERNIT
BESRAAEESNEREED , RAEKAAEESE
IR EWA AR R ZE R . Ebs s R
S E ) BCR LI Tessier 15X 8 4 J& 09 A7 A& i
ATHEEL, MR BCR i 248 UL 8 48 45 0 55 1R
PRIUAS L RT3 R A L A] ST A N aR s AR,
HESE R WORE B 4 R o> O n] S A ORIE S
B RRELED R A ESS AIGES
ApRAE A Hop sk A9 BCR 3% 22 #2 Bk o 19 55
MR EEWUS AR T Tessier LRI PB ML MmE Y
TR IR Eh 45 5 8 Z F0 AT IR SRS AR X TR A A 45 &
&, EASHY TAEIGS GRS,

— Mk ik ) BCR % 2L 48 Uk rh R 5k i 25 LA
M)Al 3 FOE B AA S ARESEE S 5 BT
B MRS E SRR E. BEAFESESRR
8 PR I R 5k s A > AT AR AR AR > AT AR > 55 R 4
W, Hovb s R $2 WUS B 4 R i RS RE ) Jeo .

BT o S50 MR Lt 0 24 SR A 0 A A R AR
YA ST B9 1) T 4 JE P 2 (55 TR A U L vl i 28
FEEETHIEHBR. REtRENESBES
CA SRS R ) F2 SR B T s A ks, =2 ik
T v SR AR R K - R ASORE AR LU 48 R T ) B A
T A E T =48 T I FE PR S g
FoE AT A AL S AR I A

R AR T T 4 8 AN [ R AE T8 285 7T AH B 4t
CAT 5T & BLRR P AT BT ik o 25 o 4 J e A AT 3K
A TR TR AR 39 pH RIS, AT B2 55 5 4 1 iE R v
32 ESEFENIEESEIBRMNEN

T E SR M, R A & 4R A S
SRR ME BT A ESENITRE L ERK
Ko ARGV BTl R 4 R 3 o A A MEIR P (Fe'
Mn'") FA JFEHE R M (Cd. Cr, Zn, Ph, Cu) , P Fl 2 Y
4 R 3 TR AL BOR IR AT AR BLTTE 8/ = Tk

Tessier

PEFR L1 4 8 i R ih v

AR EEBEBGR AR, smscERY 2
5 As,Cu,Zn 55 3 Ml (GO G @ AH L, Cd, Pb B 5 B
HGER . WS ERWTLPb A bR TS R
BRAR /4 AR A LSRR AR B 5Ok AR R
NS R B A AR R RS A E S
JBiEB R R, HIEERMAEH T S A RTERE .
AR Cu KT LA HEE BB (90, 5
HAhTT R A . Cu 3 5 I8 1 4% & 4 o+ S W j
IR, Cu 2SR B IC 3R 38 I 55 T 5 UL TE S e 1
A RV N R R R/, A a2

AR EEBOEDAIEFEAED EEZS, 5N
ARSI R B Cd EE R RIEA.Ph EEE
AR AS, ERSSI R RV Cu, Cr R 2 E5RHE
A,Pb WERES 5EME AW E A Cd ]
B RIRERE G S MBS A YL A8, Rkl i,
PRI X G 7 2 B 9 X 35 51 22 57 S 3O 5 45 3R
R (SRl 3 P N i - e AR /R P 8 N
T 5 W A= Dl R 4 R i iR B g

4 BRHERATHREEFNLIEESRE
i 7% B2

- AR ol 5 R R 5 B ORI R 4 R R B A O
EAZANFEABE F 52w, 584 ol AR v R R R
IE VHB IR PR (A Bl 7 55 45 3 0 5 ) 7 I 7 VD o AR

U E SR IERE .
41 EWMIESEEEIBHI N

I B AT I 2 I R TR B B R L AR T RS W T
BE B, R AR IR RS SRS E S e & &
WA G I, FERTOREE 5 o v B R
SRy {83 TE R DG R 9iROBR R, AR R 22, )+ S B )
SR ARGZ e VR £, A JE R RS B R e
SELVRIEE R B Cd, Zn S A AS 5 TURL A 5 A S T8 A
RAETRAE6 H /s re 1 A4 6 HJ25mbg
T R A 7 7 Vb e e R R IGE RS Y A R S
BEZ R, (AR B FEY R R Cd. & Pb Y
T £ 14 I I T 0 B G R SR /N, 0 55 mm/h,
100 mm/h,120 mm/h WS4 T &K EEBN Cd #k
FE43 5 R 0.65 pg/1,0.56 png/1,0.35 pg/L, 55 F&
FUFTRAHAERZE SR ER D (HEEE SRR
JEE RV R o R A A8 O 485 A AR Tl )8 Vb UL B /)N 241
RLEAE TR LR T AR A TR 2 SR

Wi A 5571 B0 A A [R) TR SR A% PR R Bl R W T B
FEAC 7 b 5 LSS R AR 3G 0 i B, A0 0 e Ak



5013

WRAESE R o T 5 J8 30 A% 19 45 FH AL A L5 pIL o) T 5 o 465

V7 A7 o TR 7 400 o R e A e v i AR DA A R Y VD
KL U AR/ ORL) |, - 3 0RL 25 4 J 5 o Hh B
8 SN[ i R S S o VA S T AT R b
TR FSC B T2 & U U a2 IR L TR 25 T 4 i 3 % 2
/b 5 6 A T I 4 5 A A, B0 2 T R | AR il e v
R 2 B TR E SR A SRR T R
42 MEXNTREESEIHHZME
15 oty e v SR S e TR A R AL S R L D
PRI E TR &R . — Bk h R Je b
Wi 33z JEE 2 00 7T 384 A 3 39 T ) O AT B
R v st H R Y B Y R B I8 B
217 o B 3 8 7= - B ik b TR Sl e B 3
JEE Il TR A 255 e I TR AR DN L 5 R el v B D G
Wt ST B 10 4 A AR O D AR BEAE D A5 A
A58 HA 56 25 2R 7R 7= Vb B W R B Oy 20°, Bk
T A= b it e v R < e O A ey T 9 R A [ e
ANFR SR ZESEAR AR TR+ 32 2 ol B8 52 o 4= o 7 0 i
S B Gy 1T A% 5 T 0 DR B Jm A O T
FRI 58, o TR 58 2% 16 A R 1777 B0 7 U 5 /0 T it B 3 ot B
I HE R AL I SR T 4 ST RS e e TR R
TR MR PRI E SRR A . K
HRIAES BT R BRI A A T AR/
DDA A= EL ISR 38 T i g K O A L A M T
PR R AR R A R R R A, A
AN /N SR I 4 e T 2 e B R
VH A BSE AR /NS SRR E Y X 20 m,40 m, 60 m
ARV 2 PE TR 177 Vb B BEAT WE 5T, e BRAF A i 57 30
1 7 Ui B IR B0 5 S T v i A A A R

Wi
H %
SkE
[meﬁ@mWﬁﬁ>}; % X
&
i
[ﬁmﬁﬁggﬁ\géwmﬁ;- %
5

[

ESRIBE

20~40 m PR B RE K,
43 HEEMNTEESEITBHHI

FELART o6 T A 8B 2 ob A L A — s AR R D)
1O 9 £ o e R A ) S e T TR T D
ZRAR T UL o DT o AT S A o R AR Y B A
AR R AR T HKAS DA . Y
B BA—E I ERE S RS E LR &R
U 2R A G A T A 0 P IR A A A RS T
J&

THER AR RS L E A R T A S AR O
SO BLOEAET R ST AR AR W S Y T g 4R
SRR AE 0y SRR AR A A A B
P 8 A ok 08 >k 8 R 2 A U S RN S
LR BE 58 B 0 60 D0 B Ul 30 A0 R o - A YT R 1Y
B 7 U B AR R R T A

FiT T AN [ A 28 B2 A ° B BB ) AN ) = 2 iR
b ok 7 v ) R 0 v BRI A B A A 25 S, R TR I
EeRITHE, E2ILE TR LY AR
FELWEE B v A AT A A 2%t AR T R A A
AT R WU 52 L DX AN [R) AR B v TR Y 9 A R
2 INID = S L S TN

BRATSCATIA LRI S i T L PR A 2 R G
J@ o EE A JE ) B A AR T CO R T RS PR D L
SERUAE YT 2 45 1 23 5 ) T 4 R 0 AR A RO
HE T2 00 - 8 4 ph i AR P B R B RS L AR SCHIL AT
ARFRANIGE . L5 b L SV o 4 Jm A o F BR
B 7 =05 454 75 8 DR O 1 4 JE IR A
FHALH] 2 B S HE L LA 2.

SHEH

- +/- +/- +
[Bmers) (vans) (TERs) | R

FhoRL

B2 tEEHENESEIBNERANG

Fig. 2 Mechanism of soil erosion on heavy metal migration



166 S o S

%31 &

AR SCMAR AE F R L 4 8 R ) /N ) 1B R
FARAF ARUN 58 PE T L H 4 8 1 T R4 4%
J7 TR AR b o R v 4w iR LR AT e,
T .

(D 20T £ 48 32 28 DL i 2485 A
A PIE R AR )/ i RS o R SR
R IE SV A B8 L ) B /N3 5 R kA
B AR S A R T — 0 43 B ) TR R AR )Z
HEaY T K 55— 40 Bl M 3 A% T IE A KR 5 i Sk
BELBARTRMSEN T TR HEH o0, 15
DR X VR VD ek S AR X - A A — 8 22 55, i ]
RE 52 ) 4 J& & A AR IR I 25 [A) 4 R .

(2) -5 B 5 43 J 19 e ) 52 1 S UKL 1) R A K
/INEEIA o - 538 240 R W R 4 R Y g ) AR s 4R i A
T A R AR 7 WA 53 25 01 LA UKL AN R T 4
J&w A B MR L e i 88 s — Mk 158 pH B/, H 4
e BTG PR AR R AR T fE A S 1 RT RE  BR K 5 3 AT
ML B b v, 3 ol 1 i O o 4 S 19 B )
S, TR R N A R GE RS

() HEBEMMATLSBEREE kg T HE
TP AREE LR S BT (b
55 R 4 UGS 3B RS 68 07 dae o), i AR T A AR e (— ML
ORI %) 5 42 ik 72 v Bl 422 3 V45 M 1 % 1 o
SR FLERETARS  AUESERSBEHSTIH =
BCE E PR AR S X A R M E BB X R A
WL ) A7 BRI

(4) BEWRAAE | M R O 7 55 25 B I 4
PRV R FE AR R iR RS B L ORI — R
P SR B /INVRLAR 1 BORE (5 45 U8 VD kL A2 43 A B iF
AR I — i A LR .

52 BRE

FE AN IR T oK 5 4 47 i S L 3R 5 8500
AR AH O T L AR ot 3 4 8 3T R 10 G IR
AN AR ISR AT A 5 LA T

(D HIEESETE L B RN R 28 G 1E
HMEER, ARIRET LIRS R 2R IE T R
T B ERE S Cd & PR Tl ROl A
KRG e 18 Cd AP A M) F 272 . 76 T XAl
HKEXRESBEAAEMRZEE, DASENE,
TGP s T UL, M BT e 55 Y s R S e B 4 R T
YR BE S LR AA T A ) B SR 3R L R T 5 e 42 ol o
b - B G R n A U7 X AR R A % LA 5T AN ]
FTH 5 515G R S F T A AR el an fe] 52 e EE 4 )R
TR B H A HER R E X

(2) dIEAZ AR S A% 4 UkE , — /b Ae 0%
UKL PR LG 3R 180 AR A BILJSAN 28 4 5 4 v T B
R ESE EN [FDR A 1 O HE A 4 R i A
T3 Ie B AFAE 22 5 AR R W] g G s 40, G TR Il
YERT -3 4 o 2 L) F 50 32 28R T 25 AR 4D
Roe TR A 6 L (RN 25 A 5 A AR IR IR AF TR B K 22
St A Ja AR R AR BT A5 1 1 JT e B T /) i 3R
) 5 A0 e 0 6 0 5T

(3) B LR AW WS LT LN
L/ B TE R G A% X A7 AE 3R/ 1R RUZ 7K S
SERY LR AR I 5 M R U R /M T T R 9 0T = 4
W Jmy AEME T 5T LM )R B e DI R R o £
i 2 DL P 2 O 3 AN T A L ROk AT EE AR ST I 2
o T P 2k 0k T 4 i O A O A AL AR L A AN [ 42 ol
FAF R A Jm M SR R 5 T e R Y A3 THLER , 58
WF5E 5 5 T B R WA B 3 #2 5 L Ol 1 B4R R
K R B 4 S T Y B IR SRR AR
SE WK
[1] Cadwalader G O, Renshaw C E, Jackson B P, et al. Erosion

and physical transport via overland flow of arsenic and lead

bound to silt-sized particles[ J]. Geomorphology, 2011,

128(1) :85-91.

(2] BRSCH . A9, £, 5 o EAR W L8 E 48 = [ 5 16
FRAE L5 Qe L) AR R4, 2020, 41(6) : 2822-2833.
Chen W X, Li Q. Wang Z, et al. Spatial distribution
characteristics and pollution evaluation of heavy metals
in Arable land soil of ChinalJ]. Environmental Science,
2020,41(6) :2822-2833.

(3] SRAR R B 0 Bk b B 1 e e 7 e A [T .
K ARREIFSE,2013,20(2) : 293-298.

Song W, Chen B M. Liu L. Soil heavy metal pollution

of cultivated land in China[]J]. Research of Soil and

Water Conservation, 2013,20(2):293-298.

[4] Ayad ] Y. Long-term irrigation with treated municipal
wastewater from the wadi-musa region: Soil heavy metal
accumulation, uptake and partitioning in Olive Trees
[J]. Horticulturae, 2021,7(152) :1-13.

[5] Xu J, Xiao P. Influence factor analysis of soil heavy
metal based on categorical regression[]J]. International
Acta Scientiae Circumstantiae and Technology, 2021,
19.7373-7386.

[6] ShiP, Schulin R. Erosion-induced losses of carbon, nitrogen,
phosphorus and heavy metals from agricultural soils of
contrasting organic matter management[ J |. Science of
the Total Environment, 2018,618:210-218.

[7] Huang B, Yuan Z J. Li D Q. et al. Loss characteristics of
Cd in soil aggregates under simulated rainfall conditions[ J].
Science of the Total Environment, 2019,650:313-320.

[8] Waeles M, Riso R D, Le Corre P. Distribution and seasonal



5013

WRAESE R o T 5 J8 30 A% 19 45 FH AL A L5 pIL o) T 5 o 467

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

changes of lead in an estuarine system affected by agricul-
tural practices: The Penzéestuary, NW France[ J]. Estuar-
ine, Coastal and Shelf Science, 2007,74(3) :570-578.
KRBT EIE KR E T ABER SR 15 Y 13
&R TR R AAELT ] K LR R IR 2012, 26
(4):49-53.
Zhu CY, Huang D Y, Zhu Q H, et al. Heavy metals
loss characteristics with surface runoff under simulated
rainfall conditions in contaminated soil[ J ]. Journal of
Soil and Water Conservation, 2012,26(4) :49-53.
SRR B AR T T 4 A A AR
IE e A 25 U PR [T ]R8 T . 2021,39(2) : 166-172.
DouW Q, An Y. Qin L, et al. Characteristics of verti-
cal distribution and migration of heavy metals in farm-
land soils and ecological risk assessment[ ]J]. Environ-
mental Engineering, 2021,39(2):166-172.
SREL XL, TR S5 HENE VS e o B 4 Jm B 28 4 i K
e LA BB B TS (] R R 58 L,
2022,47(9) :43-47.
Zou H, Liu K, Yu LL L, et al. Speciation distribution
of heavy metals in compost sludge and transformation
in mine reclamation the process of[J]. Environmental
Science and Management, 2022,47(9) :43-47.
ZEL OB DA D T T K
MG w5 P R AR 15 20 284 BT ] SRS Bk 2 22 4l
2020,40(2) :645-654.
Jiang Y L., Ruan X L., Ma J H. Heavy metal pollution and
classification management of sewage irrigation around a
battery factory in Xinxiang, Henan province[]J]. Acta
Scientiae Circumstantiae, 2020,40(2) :645-654.
. S R AR Y v O R AT O S
WEFELDLBUM BT . 2014,
Wang H. Release behavior and immobilization of heavy
metals in soil and road-deposited sediment[ D]. Hang-
zhou:Zhejiang University, 2014.
B E SRR EE RO R G LT] AR E
24K ,2005,25(2) :192-197.
Zhang M K. Preferential transfer of the heavy metals in
the polluted soils[J]. Acta Scientiae Circumstantiae,
2005,25(2) :192-197.
BT 08 0%, B RN BR. R 4 Jm AT T 4% b HE A MO R AE B 5T
[I] 4l 54 A, 2021,41(23) :64-66.
Shu X X, Wei Y L. Study on the leaching characteris-
tics of heavy metal lead contaminated soil[J]. Agricul-
ture and Technology, 2021,41(23) :64-66.
SR i X S B A SR e A R e X M T R
SBVRRIE B B g5 U PPN [T 0. 4Rl 3% 9 5 PR B8 2 4k
2021,38(5) :797-809.
Liu NT, Liu HY, WuP, et al. Accumulation charac-
teristics and environmental risk assessment of heavy

metals in typical karst soils[J]. Journal of Agricultural

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Resources and Environment, 2021,38(5):797-809.
ARG, E A BTk, 55 Bk R 2 A WAL 7e b i) L 0%
BRSO Y L T e R [T ) Bk 5 R 5R,
2007,35(3) :202-206.

Zhang X B, Wang S J. He X B, et al. Soil creeping in
weathering crusts of carbonate rocks and underground
soil losses on karst slopes[J]. Earth and Environment,
2007,35(3) :202-206.

PIOAR BA )R 25 B 22 b [V R T A b K
&/ e AR S MU S e L] K AR 3224 . 2017,
31(5):1-8.

Peng X D, Dai Q H. Li C L. Research progress on the
process and mechanism of soil water loss or leakage on
slope in southwestern karst of Chinal[J]. Journal of Soil
and Water Conservation, 2017,31(5) :1-8.

JE A, MR UEAR A B L 45 A R AL BRI 25 6 e B
DK 3 g AR A9 52 ma [ 1. 7K AR 45 2 4, 2020, 34
(6):70-76.

Zhou C H, Chen H S, Fu Z Y, et al. Effect of soil
macropore structures on soil and water loss progress in
karst areas[ J]. Journal of Soil and Water Conserva-
tion, 2020,34(6):70-76.

Kerr ] G, Cooke C A. Erosion of the Alberta badlands
produces highly variable and elevated heavy metal con-
centrations in the Red Deer River, Albertal]J]. Science
of the Total Environment, 2017,596:427-436.

B AL 0k 5% o AmT AR AR 55 S ) I TR B 3 R 95 e - T 2 U
TOR FEAR AT B B AL R AE LT ] K AR H5 24 41 2015, 29
(2):65-68.

Tao Q, Yao J, He S F, et al. Migration and transfor-
mation characteristics of heavy metals with surface
runoff under different rainfall intensities in contamina-
ted soil[ ] ]. Journal of Soil and Water Conservation,
2015,29(2) :65-68.

X 7S I 0T R b DX 3 B b 1 B R o X R 4 s s R AT
B (5 e LRI LD 5% B . 5 U 3 K 2% L 2021.

Zhao S J. The influence mechanism of soil erosion on
the migration of heavy metal elements on slope farm-
land in karst areas[ D]. Guiyang:Guizhou Normal Uni-
versity, 2021.

SN/ SR R I N i o e R
AU AT B ik T S e A X He [T ). B A 25 2441 . 20034 14
(10):1756-1760.

Liang T, Wang H, Zhang X M, et al. Comparison of
migration process and rate of heavy metals with rain-
storm runoff under different land types[J]. Chinese
Journal of Applied Ecology, 2003,14(10) :1756-1760.
EVLYE Bl , 225, S ] 5 22 ohold X SR T IR 5 K
TR B I 4 TR S Yy R T B AN L ). AR M SR BE R
Z224R,2022,41(2) :325-335.

Deng J D, Zhang C, Li Y, et al. Effect of ecological



468

/N 3 S O/ T

%31 &

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

buffer patterns on abating soil erosion and heavy metal
diffusion in riverbanks near mining waste catchments
[J]. Journal of Agro-Environment Science, 2022, 41
(2):325-335.

Geng J, Wang Y, Luo H. Distribution, sources, and
fluxes of heavy metals in the Pearl River Delta, South
Chinal J]. Marine Pollution Bulletin, 2015, 101 (2):
914-921.

Qiao P, Lei M, Yang S, et al. Development of a model
to simulate soil heavy metals lateral migration quantity
based on SWAT in Huanjiang watershed, Chinal[]].
Acta Scientiae Circumstantiaes, 2018,77:115-129.

W 8 M. % 21 S 35 b 135 Yl T Y 0y B b, 2% A% U I R 19
WFELD1AR M A AR AR 2, 2008.

Chen Y H. Study on contaminants transport along with
runoff from sloping plots amended with sewage sludge
on a lateritic red soil [DJ]. Fuzhou: Fujian A&F
University, 2008.

F Ak TG e 41 8 1 4 Bl 3R A% I A AR KR AR O i
7 WF S D] TR, 2014,

Wang ] Y. Characteristics and controlling factors of
heavy metals transport by surface runoff from a con-
taminated red soil [ D]. Jingzhou, Hubei: Changjiang
University, 2014.

B L B8 A AL 2 P R AT R R e AR O R L
4 J8 R B A BT 5 E J [T ], A S5 4, 2009, 40 (4)
972-976.

Dong C X, Xiong J J, Li Y. Study progress of basic
properties and heavy metal adsorption in micro-aggre-
gates of soils[J]. Chinese Journal of Soil Science,
2009,40(4) :972-976.

RGeS T SO A5 A A I vk X 4 P 3R iR
SEPE R 4 R AT S R m [ ] R K ¥R,
2021,44(4) :86-96.

Cheng J X, Xie G X, Ding W C, et al. Effect of chemi-
cal washing on the stability of soil aggregates and the
form of heavy metals[J]. Journal of Chongqing Univer-
sity, 2021,44(4) :86-96.

EHLEREAR HXREFEGERX IR REE S S
HEOMERFIEDT ST ] 3 4 . 2022,53(3) : 701-709.

Wang W Q. Xu D Y, Yang W H. et al. Distribution
characteristics of heavy metals contents in soil aggre-
gates of sewage irrigation areal J]. Chinese Journal of
Soil Science, 2022,53(3):701-709.

Huang B, Yuan Z J. Li D Q. et al. Effects of soil par-
ticle size on the adsorption, distribution, and migration
behaviors of heavy metal (loid) s in soil:a review[]].
Environmental Science: Processes and Impacts, 2020,
22(8):1596-1615.

SR RIS L RO . S TR R b A 4 PR R
AL E 42 Y 3 A R AR M IR ST I B R A

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

2013,34(3):1094-1100.

Gong C, Xu D D, Cheng H X, et al. Distribution charac-
teristics and environmental significance of heavy metals in
soil particle size fractions from tropical forests in China
[J]. Environmental Science, 2013,34(3):1094-1100.
Xiao R, Zhang M, Yao X, et al. Heavy metal distribu-
tion in different soil aggregate size classes from re-
stored brackish marsh, oil exploitation zone, and tidal
mud flat of the Yellow River Delta[ J]. Journal of Soils
and Sediments, 2016,16:821-830.

Yk de, EE RS R S 4 R 4 T R et e X
X 3 T 77 A R B S e L] B SRR AR B R, 2007, 17
(2):217-224.

Shi Z H, Yan F L, Li C X, et al. The impact of frag-
mentation methods of red soil surface soil aggregates
on slope runoff process[J]. Progress in Natural Sci-
ence, 2007,17(2):217-224.
B PEEPN (N N RO R L AR e L
AR AL SRl v 2 R LT 1K £ AR KRR . 2005, 19 (1)
1-4.

Li C X, Wang T W, Shi Z H, et al. Relationship between
top soil structure changes and erosion process of red soil
under simulated rainfall[ ] ]. Journal of Soil and Water
Conservation, 2005,19(1) :1-4.

A LB £ AT S e LA 20 4 1A 2R R i A R AR
3P TR 3 ok ) B A 5 [ DL 2RI < A Al R, 2015,

Ma R M. Research on aggregates breakdown character-
istics and responses of soil erosion in ultisols from
south of Hubei province[ DJ]. Wuhan: Huazhong Agri-
cultural University, 2015.

A5 e b 5 R 4 e R Y R R a5t (D]
Kb R A K7, 2011,

Bai M. The research about the main factors which
effect on the eluviation of heavy metals in soil [D].
Changsha: Hunan Agricultural University, 2011.

KA. R T 2K e A X R 4 e A A g b g B AR AR
TR 2543 A5 Y2 R 52 LD K U0 - R K%, 20109,
Zhang Q. Effect of land use pattern change on the ad-
sorption characteristics and form distribution of heavy
metals in soil[D]. Changsha: Hunan University, 2019.
5 FEEG R e SN TR T NS R e A v R 4 R SRS 15
W[ .o RR A BEAT 72 24 e 241 - 1995, 12(2) - 185-190.
Jiang ] Q, Wu Y Y. Study on the movement of heavy
metals in meadow burozem affected by model acid pre-
cipitation[ J ]. Journal of the Graduate School of the
Chinese Academy of Sciences, 1995,12(2):185-190.
e I S| =3 I N O w1 & 2R
TS RBIA BT [T 3R BE R . 1980(5) : 7-11.

Chen T, Wu Y Y, Zhang X X, et al. Research on cad-
mium soil improvement and rice cadmium pollution

control in Zhangshi Irrigation District[ J]. Environmen-



5013

PRAESE 3R o T 5 8 30 B8 19 15 AL A 5 AL o) O 5 sE

469

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

tal Science, 1980(5):7-11.

X S, BB, B B BH VS O XSt 4 AT R AR
A LB R ER 4 J 1 2 o R AR SRE OGP A A LT . b I e
BLAF Bk 2 ,2021,11(5) : 36-43.

Liu W Z, Jia Y Q, Yin Z. Content characteristics and
correlation of organic carbon and heavy metals in ag-
gregates of wastewater irrigation soil of Guiyangl[ ] ].
Chinese Journal of Inorganic Analytical Chemistry,

2021,11(5) :36-43.

RAYRBE AT A TG T I M DX R 3
B AT 25 JOCH U A U PR A ) ) 3R R 22 2 4l

2022,42(10) :420-429.

Wu M, Wu P, Li L., etal. The speciation and potential
risk assessment of arsenic and antimony in typical mine
tailings of karst areas, southwest China[J]. Acta Sci-
entiae Circumstantiae, 2022,42(10):420-429.

KA L BT, 5 T e R DG B LR G R E SR
iE SR PFAN [T ]3R5 , 2022, 43(6) - 3269-3277.

Zhang Q, Han G L. Speciation characteristics and risk
assessment of heavy metals from pudding karst critical
zone, Guizhou province [ ] ]. Environmental Science,
2022,43(6):3269-3277.

B ARG e S T 4 AR ok o 1O AL ) R
TR BN 7 A R AR AR kSR [T ] AR UK R K M R 2= 4k - B
SRBE R, 2020,41(4) :61-66.

An W T, Song X M, Jiang Q, et al. Research progress
on response mechanisms of slope soil erosion and hy-
drodynamic characteristics[J]. Journal of North China
University of Water Resources and Hydropower: Natu-
ral Science Edition, 2020,41(4):61-66.

B4 VFUOR . £ 450 4 SR SR - i A B 4
BN T b R e [ ] K R R R AR R
2022,36(1):45-49.

Ma J L, Xu H H, Wang B, et al. Effect of soil physi-
cal crust on runoff and sediment yield on sloping farm-
land of the Loess Plateau[ ] ]. Journal of Soil and Water
Conservation, 2022,36(1):45-49.

Ljung K, Selinus O, Otabbong E, et al. Metal and ar-
senic distribution in soil particle sizes relevant to soil
ingestion by children[]]. Applied Geochemistry, 2006,
21(9):1613-1624.

Adamo P, lavazzo P, Albanese S, et al. Bioavailability
and soil-to-plant transfer factors as indicators of potentially
toxic element contamination in agricultural soils[ J]. Sci-
ence of the Total Environment, 2014,500:11-22.

MRy, P, B, S5 KR+ E &R MBS

G A B Hsp R # L) ], 38,2007, 39(3) : 375-380.
Chen S L., Sun B, Wang P Z, et al. Chemical form dis-
tribution of heavy metals in polluted paddy soils and its
influencing factors[J]. Soil. 2007,39(3) :375-380.
fFRET, e R, G, 5.3 i S 4R Bk o X £ 3%

[52]

[54]

[56]

MR Ph £ A ML) ) &R 4L T, 2022, 49

(6):80-83.

FuZ P, Xian Z L. Lei C, et al. Speciation analysis of

Pb in soils and tailings surrounding mine area by three

sequential extraction procedures[J]. Guangdong Chem-

ical Industry, 2022,49(6) :80-83.

ZEdR L X AR R IR L & B A i 4y

Mrésa (7], b B FR S L 2005, 21(4) . 21-27.

LiF L, Liu C Q, Song Z L. A review of fractionation

of heavy metals in soils[J]. Environmental Monitoring

in China, 2005,21(4) :21-27.

BT Iofs A 7 P TR B L A% R X U R R
4 Jm R IR AR Y 5 K K AR S

,2020.

1] 717 K A H
L AARVIR S IS PN

Huang D D. Effects of low tide rainfall-runoff on heavy
metals and nutrients in intertidal water and their ecological
effects| D]. Shenzhen: Shenzhen University, 2020,

Filius A, Streck T, Richter J. Cadmium sorption and
desorption in limed topsoils as influenced by pH: iso-
therms and simulated leaching[ ]J]. Journal of Environ-
mental Quality, 1998,27(1):12-18.

SN SC, B B A T G R A A R R
R 2 M AL - b [ R e s IR 5 A A ﬁﬂ%?
b Z 51 228 LR A AR R 2 [CL 5t . 2021.

Zhang ] W, Tian B, Luo J J, et al.

bioavailability of heavy metals in soil and model predic-

Factors affecting the

tion: The 7th academic seminar of the environmental and
ecological toxicology professional committee of the
chinese society of toxicology[ C]. Guizhou, 2021.
WS, EREYE, T 5 5 LR E 4 )8 (P, Zn, Cd,
Cu) (488 w5 A6 4 b 26 B 358 iR A ) 1688 52 35 e 0T 5 30 e
(104 AR ,2016,35(2) : 174-182.

Nie Y P, Wang X W, Wan ] R, et al. Research progress
on heavy metals (Pb, Zn, Cd, Cu) hyperaccumulation
plants and strengthening measures of phytoremediation
[J]. Ecological Science, 2016,35(2):174-182.

Geering H R, Hodgson ] F. Micronutrient cation comple-
xes in soil solution: [[[. Characterization of soil solution
and Cu®*' [J].
Soil Science Society of America Journal, 1969,33(1):
54-59.

Weber F. Voegelin A, Kretzschmar R. Multi-metal

ligands and their complexes with Zn*"

contaminant dynamics in Temporarily flooded soil un-
der sulfate limitation[J]. Geochimica Et Cosmochimica
Acta, 2009,73(19):5513-5527.

AN BEV AR 4GB B L A e 37 ) A DA A =
ﬁ)ﬁﬁ;?&ﬁ?ﬁ SPAE K AR A KU 2 T LD ] 3R 45 95 B 5 By
A 52022,44(8) :1054-1067.

Chai X P, Mu Q L., She Y Y, et al. Speciation distribu-
tion and ecological risk of heavy metals in the intertidal

sediments of Zhoushan Fishing Ground [ ]J]. Environ-



470 KA DR #31 %
mental Pollution & Control, 2022,44(8):1054-1067. and sediment during erosion patterns evolution process
[59] T 8. =0k X 1 v% W I 4 8 O 8 5 b 4 F WF 9% [J]. Agricultural Research in Arid Areas, 2007, 25
[DJ.E K HK K. 2011 (6):126-131.
Wang T J. Movement and transformation of heavy metals in [68] Mohammad A G, Adam M A. The impact of vegeta-
water-level-fluctuating zone of Three Gorges Reservoir tive cover type on runoff and soil erosion under differ-
Area[DJ. Chongqing: Chongqing University, 2011. ent land uses[]J]. Catena, 2010,81(2):97-103.
[60] Yue L, Juying J, Bingzhe T, et al. Response of runoff [69] %o . I K 76 3k v 42 ik 7= v ad A b i VR R LT .08 Vb F
and soil erosion to erosive rainstorm events and vegeta- 7%,1989(4) :84-91.
tion restoration on abandoned slope farmland in the Lo- Cai Q Q. The role of slope length in the process of
ess Plateau region, Chinal]]. Journal of Hydrology, slope erosion and sediment production[]J]. Journal of
2020,584(5) :124694. Sediment Research, 1989(4):84-91.
(617 JAIwe e , o M 3 L 46 U T N BE o 4 JR AT S 48 T (700 ik B BE MR OR AR 2 [ 3% 1 07 2 WU 52 [T ] K AR 45 2
FOXS A TR PR 14 W o 5 A B 5 [0 ] A b 37 35 ) 2 #12,1990,4(3):7-14.
4% .,2019,38(5):1112-1120. Jie M S. A study on the soil mechanical role of tree
Zhou L F, Meng Y B, Lu C, et al. Modeling the fate roots in the stability of slopes[]]. Journal of Soil and
and transport of heavy metals, and their response to Water Conservation, 1990,4(3):7-14.
climate change at the watershed scale[J]. Journal of L71] v M0 TR MG, 45 P& TR A 9 8 5 3 H I 4 )R
Agro-Environment Science, 2019,38(5):1112-1120. WA B [J ] K £ R R, 2011,25(1) :39-42.
[62] k2 AN B IGE AR b 1A 35 B Xo &0 3 3% 1y 4 342 b it Yang Y., Tie B Q, Zhang P, et al. Effect of rainfall
R MATFEL) 1K AR RERFSY 5 2009,16(4) :52-54. and vegetation coverage on runoff loss of heavy metals
Zhang H R, Zheng F L., Geng X D. Effect of slope from soil[J]. Journal of Soil and Water Conservation,
gradients on soil erosion process in red earth hillslopes 2011,25(1) :39-42.
[J]. Research of Soil and Water Conservation, 2009,16 (727 #E, B, TAh. S ph R R PEL T ] 0 A &
(4):52-54. %48 ,2017,28(8) :2749-2759.
[63] Shen H, Ma R, Ye Q. et al. Impacts of corn straw Wei H, Zhao W W. Wang J. Research progress on soil
coverage and slope gradient on soil erosion and sedi- erodibility[ J]. Chinese Journal of Applied Ecology,
ment size distributions in the Mollisol Region, NE Chi- 2017,28(8) :2749-2759.
na[]]. Eurasian Soil Science, 2021,54(12):2000-2008. (73] SRR E2LIG RS . A5 B i D DR B S BE X 7 O
[64] . R, 2%, S LHEMMRERTADELRE PR B R LK AR FERESY . 2019.26(6) : 133-138.
R I J . 400 TR %3] ,2006,22(2) 1 185-187. Wu L, Mu X M, Gao P, et al. Effects of vegetation
Wang X, Li Z B, Li W, et al. Indoor simulation experiment coverage on runoff and sediment yield in the Loess
of the relationship between soil detachment rate and Plateau[ ] ]. Research of Soil and Water Conservation,
stream power| ] |. Transactions of the Chinese Society 2019,26(6):133-138.
of Agricultural Engineering, 2006,22(2) :185-187. [74] F&Ju,BIGH XN, %48 9 28 78 X5 5%+ 3 b ™= i
[65] R, B LA MR AR Brh LIRS TR PR B R AR B 2 R [T ] AR TR 24 4, 2016, 32
(9 TS AR [T K T AR 35 4 . 2022.,42(1) : 83-92. (14):195-201.
Xu D, Zhao S J, Cai X F, et al. Migration characteris- Wang Q J, Zhao G X, Liu Y L, et al. Effects of vege-
tics of heavy metals in soil during water loss process tation types on yield of surface runoff and sediment,
[J]. Bulletin of Soil and Water Conservation, 2022,42 loss of nitrogen and phosphorus along loess slope land
(1) :83-92. [J]. Transactions of the Chinese Society of Agricultur-
(661 HRIEAR o KM Fi X1 g T 58 J32 A0 3 J82 XU IR 7 X 4% (2 al Engineering, 2016,32(14) ;195-201.
ST ARk v RS R LT ] 9P ST, 2010(6) £ 48-53. (751 Pt s AR k22, 450 5% L XA ) A o S5t L2 A
Geng X D, Zheng F L. Liu L. Effect of rainfall intensi- 5 2 g1 K 2R FEIFST ,2008,15(6) 1 6-9.
ty and slope gradient on soil erosion process on purple Sun X H, Zhang D M, Yao X Y, et al. Research on
soil hill slopes[J]. Journal of Journal of Sediment Re- different vegetation landscape types and soil erosion in
search, 2010(6) :48-53. Yimeng Mountain Areas[J]. Research of Soil and Wa-
[67] 5K A, KSRy FT . 5K MG . 5. 3% 4 33 10 4= ok Oy =K 0 728 o 7R ter Conservation, 2008,15(6) :6-9.
FPIC K 3 B R U VR A3 A LD . T 5 b Xl F [76] Grafe M, Nachtegaal M, Sparks D L. Formation of

4%,2007,25(6) :126-131.
Zhang X H, Zheng F L., Zhang P, et al. Contribution

of upstream slope length to loessial hillslope erosion

metal-arsenate precipitates at the goethite-water inter-
face[JJ. Environmental Science & Technology, 2004,
38(24) :6561-6570.





