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Research Progress on Remediation Technology of Feavy Metal
Cd Pollution in Farmland Soil
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(1. College of Eco-Environment, Tibet University, Lhasa 850000, China;
2. Tibet Zebang Environmental Engineering Consulting Co. , Ltd. , Shigatse 857000, China)

[ Abstract] With the rapid development of industry and agriculture, the situation of Cd pollution in farmland soil is severe. Cd
pollution in farmland will directly or indirectly have adverse effects on soil ecological security, crop growth and human health
development. Cd has received extensive attention due to its strong biological toxicity and easy migration and accumulation, and effective
management and control of Cd pollution in farmland is urgently needed. At present, the remediation technology of Cd pollution in
farmland soil has been gradually developed and enriched, but the summary analysis of the remediation technology is relatively lacking.
The characteristics and hazards of farmland soil Cd contamination were analyzed, focusing on the current status and sources of farmland
Cd pollution. Based on this analysis, the principles, characteristics, and applicable scopes of remediation technologies for Cd-
contaminated farmland soil were summarized. Case studies were used to compare the practical application effects of these remediation
technologies. Additionally, the advantages, disadvantages, and limitations of various remediation approaches were examined, providing
theoretical references for the prevention and remediation of farmland soil Cd pollution and promoting high-quality development of
agriculture.
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Fig. 1  Graphical representation of Cd migration in

agricultural soils
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Table 1 Comparison of physical remediation techniques for Cd contamination of agricultural soils
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Table 2 Comparison of chemical remediation technologies for Cd contaminated soil in farmland
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QEE R I AR R A TS TR A, AN, 2 A AL
ZEE MR T L E SR W — T
HAe—E g EA B TREBERR,

IR IE AR ST (PERIRG AT R 45) |
ShYIREAE IR B W TG 8 AT [ P A W) A AR
TCAESRA T el AR o T ol ) PR (5 [ 25 A i, G
JEORR U B o AR ML SR B . A=W A TR
R H R B v FL B 5 A9 1 S0 AE T A
AT W R L B R B RE T, Al aE L S B T
S UUVE | W B RS R 2% 5 45 1 DO B 1L
J&OF Il R B 4 A AL A R
RERSHR T G R AL ROR . Li B R BB
AP A B R 5 DT R T 2%
SEAEFHBEAE I Cd, I X Cd iEReE R 66% .
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Fig. 4 Mechanisms of curing/stabilizing agent for remediation of Cd pollution in agricultural soil

x3 ARBEAK/BEAFEERELE CAIFTRHUR

Table 3 Effectiveness of different curing/stabilizing agents for remediation of Cd pollution in agricultural soil

WL B O BN % AT %% Xk
) R B R 4 8 6 s Cd A H b Cd 7
A3 j:u, ‘ N
TR gg’Mi BCL BRI R 75 o R RS O K RVE R [62]
B AE, o 4 500 kg/hm A7 K H145 000 kg/hm A5 49 75% Fe e b 33050 i I
3 ) L Eiy HEr ()1 ~0.7 DA 4‘75‘ A~ EL
wwr mewn | IUHBIRG L 0 107 RS G T
B L JKFE A+ HE Cd, /DK K9, 19% ~18.92% 5 /NS EFSFIARES Cd 7 BT RHS I 384 i i % (63]
Hi%ﬂﬁ/y{ : Hitk 1%, 43 BIREAIG 16. 03% ~42. 95% F120. 69% ~50. 34% , FHerhifgi o Al
; ] = A IR 14 AR AR 28R B 0
SO f;ii% CARIPD MR e 0T 4% A A R 0. 07 me/kes, P 25 REFE(IGZE 0. 66 m/ke 64]
PR T 5 S R B OB S TR 20 o/ I, B35
o 12 i, HHETh B BABRIA A BRI 15 ~ 18 A, £ BT AL
PERA 2SI ) . ; , )
BRI RETRLR SR TR AR, MBS AR T e R, Rl O
e,
o Bk 3L IR 98 A % A1 RAEARG 32 ) b - FRaE 5
LS A I B Cd BN 1% RIRIEAE DI, £ HEA R Cd IFRIRR N 52, 16% s $55% 3 1k 6]

HRGEHT 19 B A9 2956, 0 A2 Cd RAR IR AR Fi1E 45% L) B

Jia SV BIRST K AR AERE FE A 40 5 0 it TN i % 4
+ 3 pH i HIEAT RIS Cd SR 71.0% . B
IF) i i 5 6 o ik ] F8) JE | A= 0 3 ) B A T
SR, FECH IR AL I S, x4k
FH = 398 (%) 52 W) o AS 775 OB, 75 51 SR TR IR IR AIR AT,
[F) B A= ) ¢ () B AR R AR R R 8 DG 1 T 5T
UEAESR 40 K bR S — Rl AL 5], B
Fb e TR W B PE R iR 3 T 0 P v AR A IR
S5 5 Yy HAT i i W B i, PRI Rz N

TR SR G YA R R B R A+ e
J& A KA RHRE S AR - 3G pH, FEARE 48 Cd 1E
M A RS A A SO RIS S BRI
KWk AR I IO KT MR, & B
3 pH 43 B4R T 0.73.0.72.0. 16 AN FAf;, 435
DTPA F11 TCLP A $E B Cd & &4 5 AR 46. 4%
F132.0% 67.9% F41.2% 54. 8% F128.9% , I H
NSRRI Cd R BEERRG RS T /NASE
T EAE SR T, Fan %7 XAV ERE LR
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BRI e K IR, 7545 FS@ IDA 1852 41k}
AT MBS, R Cd W 10. 91 mg/kg
FEARE 1. 639 mg/kg, ZRFAF] 84.9%

2.2.3 ik

- HE R R R S A T HL 28 Uk T R ( MgCl, |
FeCly HCl %) 47 (EDTA \DTPA %) KI5 P
F(DDT SDS 45 ) ol K AR A HLER ( BRI A TR )
SRR KRR AR 15 e e v R A7 I Z vk, i it
WUER 5 8 Cd WEA e BT A R
VEFH L6 48 cd™)  5e il cd T5 e+ B E
Hp EDTA HA M AE G /8 1 MMk UERCR , 8
R TAR G EREBE™ ) Ru 5 RH
EDTAYE A bk e 71, A 58 & BLM IS M 0. 1 mol/L
EDTAFIEE FIK, Uk 3 WJaF 3 Cd i ZEFR=R
K% 88. 1% , HEHFIZES LI AR E 4
JE TG YA A A 5T X 4 K EDTA 1E A itk vk 57
AT 9256 WF9E 2 W] EDTA 7F 0. 13 mol/L B %f
T IEA R Cd I FBRFRIEE] 84% ; [F]HT & 124 EDTA
5MBEMIESEBE RN 1 1 Cd 1 EBRE R
85.91% ,[BE XA i &E .

Ve AR B A WAt B B RO B4 5 T
VRS 5, B2 5 s A 3875 5% A3 i A e
PRI R AT e S 8 ks Y, i L AR AR A X

BT ARSI R e ARG B AR | R K ER AR A TR
FIER R e H AR B2 A H 38 Cd V5 5 1) 5
RERBMSFE A B AU N B fis e LB R
PEESR , BB PR L L5 R RN T e 0 52 4 1
2.3 EWEERAK

Cd 75 4 I - e A= W18 52 2 R A= 3o 4
J& Cd B S AL AR T, B8 AR AR 5 R0
RAPEA N 2P HIEE SR Cd, RIES5BE
FARPAE, EYHER ] o B E  shieE
M AEYER , BA B A4 ma v A e R 45
T, B R kRt 2 B I Ak i BF 5
P, Cd 15 Gk 4 A s &2 H R X L an 5k 4
i
2.3.1 HMEHE

B EZFHXT Cd BA w32 M A 91
FEE AR K HA T Cd {553l
PR AW I e Ak | AR A ik R AR BT PR 1
e cd SR AR s R B R X 5, A 1
R AGH T W] 4y AR K R ) AR B A LA
R B A 4 5 it IR o o 308 26 RS P A 4 AR i
Fe ARy e HLI i35t HR A e 25 458 i 4
FE N 38 R W W B 4 T N LR RS i A7 B 2R 0t
GBI AR L ST AR A R, =

R4 CdTEREATEEWEEHAIILL

Table 4 Comparison of soil bioremediation technologies in Cd-contaminated farmland

BEHA & H A FER Jey PR IC-ERL] EZ PN
N E =TI R=E LA Cd T35 YA FH ORI 98 0 G2 1 % 5 1) FH (1] o A
S P o 1%?5(% Ekﬁﬂfi 1&5 A 1] 4| T %Bﬁ#@ﬁﬁﬁbp?@ﬁ?@ﬁfmﬁ%{%’Ei‘k%’ﬁ,BWE
W Cd 3 gk 4 PifE R ZAv 5, B0 7 E Bl ﬁ%ﬁﬂlbmﬁﬁﬂ?ﬂb‘l%%%E%*ﬂ”l‘ﬁ@ cd & '83]
Wil ﬁﬁf%lﬁlﬂﬁlifi‘ﬁ oM Bk, T B, BEMAEEA RO TEY Cd REE R
AL PR CBOR N B K5 TE T A TR il L M B R 1. 25 mmol/kg B A5 Bl
Mz FHRAZFRYBE 1 Cd R
. ERRERE BRI e e .
BRATHEEE AL AR ERR D WS Cd A A= 4 & 4 T ( bioconcentration fac-
p— Cd V5 9L M Jf B TR EE A 7@[@1@«5&&% tor, BCF) 77 5. 64 ~ 15. 52 ; W5 (7R fnfili Cd 47 8 841
- RIS R AR i;;wn% PECRER T T 29. 019% 5 B VR i 5] T A5 404
LIS T LORE K o R kY Cd 15 e M Sy
i Al
WFFE T TR PR R B B8 ( Rhodopseudanonas palus-
tris) FVRG B8 2EF T B ( Bacillus subtilis ) B4 1E
i g 95 Y o TR/ 1 5
(e o
ST B :;f’ff;ﬁjﬁg :i; ;;iii S 54 BER IR 5 F FF
MAEMEE  ARRE Cdi5 Mﬁ/ﬁ ﬁ%{’ﬁﬁéﬁ\fﬁ W u;qjc E;Téﬁx MR F DA B4 S B AE AR HH 4398 Cd [ E A [85]
Yo m + S Z«’ﬁr’#%‘ ) {R}P#ﬁﬁ}@ﬁj‘zﬂé‘:ﬁ Fr B, AR e Cd A A R O BBk
A BN Cd A S AR B, N

32.70% ;YT BEREAR T /NASEMR Y Cd &
i A TR AL/ SR 2R Cd 1 R B R4
L E] 58.06% ~71.37% F173. 66% ~76.70%

¥R ML www. stae.

com. cn



B R 5 TR

3978 Science Technology and Engineering

2025,25(10)

HEASE T DAV ol S ) 0 28 3l 5 9 T — 55 A0 4 il
68 MBI Cd 15 YL hh, & A S e 2 4
A, X5 4 Cd %5 M 0.76 ~ 1.36 mg/kg
FREF] 0. 15 ~0. 48 mg/kg, FitE 4 A G, 13 Cd
EHTFZE0.17 ~0.34 mg/kg, XN VP02 i it
TR ST R B = B B RE T SR A R A X U
TR FH Y5 e 3 Cd ATt PR 4R |3 R 4 i
RO E AR Cd BRI g = AT BT > ENEEST
K> RAE JFH =M R FX Cd B R R R
Li 557V MR SO B A, R I8 5 Wtk
Cd 755+ 3t 1 384> Cd &K 550 mg/kg, i
SR ZE R 2 4 Cd B B RRAL, M
AR AT AR AE A S R 5, 755
PR L IR LS A S B BORARSS & R B
MR, R YE B SR s de Ak
I SCHEAE T O e 0 L R AR R R SR
o H A KIGE A EBL RAE I H 2 AR (b sY
UTPAN
2.3.2 FHMER

SNWE ST DL I (i 4] | RS SE KA B W)
VENIEE FAXT HHE P Cd S TM FE1E | 43
SIS IR U S Lo B, T RIS Cd
Pk, Mostafaii 55 FH 0k 51& 52 Cd 75 Y L3,
WF5E & B 51 3 Cd /-2 K BR AR AT LLAF)
62% . SBEEAE—ERE [ REIE I T IR 5
i e gt BEESR M E R A L EAC ) H B R
SIRBEI AR, 4 R HEAWRR I WB L 51
WiEE WAEE S SFEOR AT IR A A8 B LASE T3
4w I ERBCR
2.3.3 WAWEE

WA 52 02 BRI 28 0 A R A8 A2 4
AR BN R AW S BOR e B R 1 MR
RSB EHOR , M+ rh iy E 48 Cd AREw
A WA TR T et TR P A e B AR AR
N BIHEIER A SR CE SRR EE Sk
A AR R s ) T R R
PEE, BUEYRT R cd B R R BB M
VA0 XS0 15 R W B DU AR T | T A
PARE A S A T BRI 38 Cd ARtk B8
PR MRS, ARIBEESE ) I Cd 75 e+
S v 1 T AR X R A A 1P ) 0 R TR AR o3
TSE RE R R ZR AR MU TR ( Pseudomonas aeruginosa ) Fl
BHYE A FT 5 ( Enterobacter cloacae) , WF5% & B W 5 TR
PRITHITE LB [ 485 37 3 11 32 400,300 mg/L 1Y
Cd** It HPRR BT Cd ¥ HA7 458 i i W B 508
Cheng 25" SR 4 Ry A= 1, 38 1 4 153056 A0 23 4%

RIS KB, 3R N AE RS, T3 pH ARG, 5918
P Cd AR %A Cd &30, FTA Ji Cd gk i
Cd FHFC, AR BHEEE L E 4
J& Cd WAL W BS54 FH 32 308  pH S5 45 14 11
SN, 38 B W A A BB R IR BT T RS R 4
X Cd A R BRVE T, PR i A 008 2 R B
TG AN TR BT 5 R A8 AL DL K+ 3 B )
FA) 35 M) 552 | [) st 2 3 2o A0 1 A w3 33 46 1) At A 9
R, ZH A RNE R AR M AE W E AR
KB Wang 41951 08 A B e 22 1 Enterobacter
sp. All Fil Comamonas sp. A23 WiFh B #E T 204k
SEOG SRR IIEAL P S A A R RR e
A Cd SEMEN116.7% ~213.4% |, [a] i A8 9 -
B> Cd R RF% 38. 6% ~71. 3% ; M4k, 3 Bk
X Cd /R LD = A H,S -5 45 40 i R
Cd** HUTTEERIE K CdS.,
2.4 BEBEHEA

BCA B R IE8 R Y B b= MAEw B R H R
PIRR il DL A8 52 4 R FH 285 G Xk 4 380 e
HATIERE  fE—E B E L REMS IR AR — M e = 1
R , BIES T AR B P, S AT 4, A
B E R aCR, AT MR TR, &S5 A
ZEXT L T AR A B Z BRI A H Cd 15 3L &
SRR WA B Cd Y5 gk I 43 SR Ak
SEEAL AR RBEY IS B2 A LM Cd s
A H R 2 R 5 T R Cd 154 4
KE Abs AW SR BORM B 4A TR
B HLA R R AT ATk

B WESE 22 B U I 4 - S A W RNl S N A
T B e M T S AR BB A b 340 1 AR K, ks
TSEXT Cd AW ISR R L T 16% ~T4% ' BRoe
R A B g 2 Wit A= 40 MLAE PT R ARG Cd 7
15 g /N FE SRR Cd A ELSE Y ARG 40
FHN29.9% /N FF A YA HUIR B &1 E R W
88 Cd K EAF ORI, BRABE R
BENS R IR — B Ik m B ZR0R IR THE R
Wak . RS A AR IR R BRI AT DL R T
HEYERABE R IEESIRBE N BRI
W RIEI M, ZEW NS R EDTA-2Na ik 57
FERFEFF AWy Bk A 18 52 4T e 38, 45 SR R
EDTA-2Na Xt Cd BYWRIERCR K 81.3% |, i A 204
Cd TR S51.0% 5 KB SE I 3% FEKRFEFFA: 4 5 n]
P AN Cd FiE M 8. 13 my/kg FRIKE
0.42 mg/kg, BB A ZUFFEAR Cd 15 Y4 K 1 £ B K
B, ERRZVRE A UK AME BT RSO R
(IS8 B HARSE AT A Cd 15 5Ly ) 4
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Table 5 Cases of joint remediation of Cd pollution in farmland soil

=

HARER ST hHR

IR AR 275 3CHK

AW, 1Y) A KR T (PG-
PR), & R % ( Chrysopogon zi-

zanioides 1. )

et e 52 Y &
2 WMEwEE

BABERGETHESEEY G(d 5B CKABEFRET
412.35% R ik 55 A T A B = T 227. 27% 1 178.33% 165 [96]
ARY R ERE T HERTIREGS Cd &5

5 CK AL FHAH LE, GM Ak B S JE 35 O AR | 25 | 0 A W) 25 9 m

MW A FEVURREE R (GM) | BF AL g 3%

35.67% \41.35% 1 65. 38% ,HE i T 2843010 Cd i, Ho g

(33 ( Solanum nigrum L. ) LI Cd B E IR 47.519% F1 89.58% ,GM & T i 3% [57]
e 3 Cd s 4ERE
KRR 0 B FL 19 1% T 5 5 5 s LA Gl 7 5
0, L S5 4  Cd 0 SRR AR £ 5 Cal i
e MY KSR ek 0, LS MESHRGRIAR I LI Cd B BIACRIGEE A LB

AR LR S AR R T 26. 74% B E R ERMEY Cd SRR

FIEAK

1 50 mg/kg Cd WHASMETR, /22 -0 5116 A 41 18 2 + 38 Cd BRER

WYEE SR 2,

iKE27.8% ,5 CK AL BERART Cd & I F M2 4B a5 [99]

R (24.2% ) FIMLIGIHBE R AR (13. 8% )

¥t 3 FPEE KR Enterobacter cloacae RCB980 ( A3) , Klebsiella pneumonia
kpa( A4) Fl Klebsiella sp XT-2 ( A7) Y5 Pennisetum giganteum F& )5k

MPEE WA YA RKAENE (PCPB), H R
(233 B ( Pennisetum giganteum )

HBEE Cd I 13 4R FR U] L4 Cd MR 25 .50 mg/kg I 41 T
TEBR AR 6 A B B BAF) {HE47E 1.0 LA, 11 5 v A F ( transloca-

[100]

tion factor, TF) {EAXFE 25 mg/kg Cd ¥E T KT 1. 0; 55 HAR E HEAH
L, SRR A Y I B 3 B THMIIE R Cd 1YRE I FIAUE

Wit FH 5% /INZ REFEAIRL A P ¢ /N2 REFFRLRL A W ¢ | FORFEFFANRL
A3 7R R R RFARUSEZE 7% 435l B. pilosa 119 Cd BB R R
F251.57% 217. 41% 321. 64% F1 349. 66% , =¥y 7ok K538 i

Bidens pilosa L. (B. pilosa) }5%
AR D), PIRIRLAR (1) KRS FF A=
Wy NZERERT A=W 3¢

YR s R

it L SR B BT SR 43 K (RSO B ST A L)
LAY P IR 370, A TR R AR RIS T Cd B9 7R

[101]

B, AUBURLAERIIN B. pilosa i 1A= 4y AT ALBTR 1 58 A 0 4
Jrmi e THUB0R 45 RR W A S Y A A B
I EE S R

+4 Cd W JE B0 20 mg/kg Fl 50 mg/kg I, 2R A A 25 %t Cd
)2 BRI 5K 25% F165% 5 fE L IERE R A 0. 04 mol/1. A EDTA

T HEMUE MEE EDTA ArERR EhER BERR , IhZE

F10.05 mol/L i) EDTA #EAT#kYE, XF 1 el 4% Cd 1Y 2B 431
53 83.33% F1 91. 67% ; i 2K F 0. 04 mol/L Y EDTA + FriHR 5

[102]

0.05 mol/L 1) EDTA + #h 125 A Wk Pk 7% £ 18 Cd s b ReR R,
SR04 95. 929% F192. 7%

3 GiR5REE

TEAES SO 3R, Cd 15 3R I 3 8
SN BAT AR A0 AR B R T EAT, DRI O e 2
AT S5 S0 S R =1 5 3 N i AR - S s
TAEHEZE T FIRE 2 w8 B R R AR ™ i 22 42 A
NEMERFEHA R EA B E L, CdisJK
M e p B S R — X S 2 i TR, — B 2 1
ARMELL S BT5 B A7 8% 2 BR AN i, 1A 7 2R B
EZL B TS S B HER R (o (BNIE (I F ] D93
IR S A T Bl 2 e R AT A B DA ) HAE Y
BOR R AR GOK PR SR B AR |

AEPE RIS B ZHARLE Cd 155k H 11
S b FLR IR BSORIE £, B ) R i R e s
() RSE IR 7 5 AELTR] A, AN [ 48 52 A 6 A1 it 3f 4
P B S5 AA) 1 B | ) R A5 19052 W) 300t 0 A T
AR, Aok, 4l A3 Cd 5 18 2 RTA BT
BTV 7

(1) ZES7 AR I Cd 5 Ge M A8 A 2R ™ H
PERIA I Cd A AT 3L, A I A 2503 LR
BT T, TR Sk HEAT AR Gt BURUA 097 1, AR
Fi i DX 22 5 PR Ml it 5 L 0 X 0 R AT Bl i, VDS 4R
A T 4 Cd o 25 M 0 XU 4 42 A 75 G 3 LA
R Cd 15 QA T2 R A ROR BEA ™ il
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