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Abstract

With the continuous advancement of industrialization and agricultural mechanization, soil pollution
has become an environmental problem that cannot be ignored, and an important part of it is soil heavy
metal pollution. The existing heavy metal contaminated soil treatment methods include physical,
chemical, bioremediation and emerging combined remediation processes. However, the current stand-
ards for remediation of heavy metal contaminated soil are still not perfect. Due to the persistence, con-
cealment and difficult degradation of heavy metals, their accumulation in soil not only threatens the
function of ecosystem, but also poses a long-term risk to agricultural production and human health. At
present, due to the rapid development of remediation technology, the technical standard framework
of soil remediation is still lagging behind, which restricts the standardized application and promotion
of related technologies. This paper systematically reviewed the sources and pollution status of heavy
metals in soil, compared and analyzed the advantages, limitations and applicable conditions of the
main remediation technologies, and further combed the research progress of remediation standards
and remediation technologies, in order to provide theoretical support for the research and practice of
heavy metal contaminated soil remediation.
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Figure 1. Sources and pathways of heavy metals in soil
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Figure 2. A flow chart shows the pollution of heavy metals in farmland, their absorption and transfer in crops, and the key
mechanisms of plant species in agricultural practice

E 2. —niEE, ERTRISSERPEESRBAERBTNOEE. ENEREYPHIRIEFER, UREYIHIEDRIX
L

2.3.1. LEBEREI R A

TN IR A A P2 AT A Y. BRI, KERIEHUIER, EIERN). BEP). H(K)
DAB S A RERE, H Ml A T A, DUREE SR IR KB IR0 R M, 2019 S4Bkt A 7t
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Table 1. Cadmium concentration in various phosphate fertilizers (adapted from [11])

1. SMBRERERECHB[11])

JEEL B R (/T )
BT i BT E

Stk 23~29 418~527
LNk v 16~26 186~302
I BERRAT 13~34 151~395
A 7.2~47 54~303
FER BE A3 AT ER <0.6~5.6 15~118
IR <0.6~12 <3.6~72

= H I BERES 0.8~7.0 24~35

WL - 4% 1.8~8.1 12~37

R — A% 4.3~6.6 22~28
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Table 2. Heavy metal concentrations in greenhouse soils due to repeated application of inorganic fertilizers (adapted from [8])

#2. BTRERAENENSHEELRINESRREERAB(8])

VIVEN SO B/ME (ERle=ezs
250/ T

cd 0.65 0.06 10.8
Cu 1715 21.0 8.2

Ni 36.9 28.7 1.3
Pb 38.0 20.5 1.9
Zn 433 71.9 6

2.3.2. R#4HEH

RAGZEDARN A= AT BRI B P filiit, WRAFILAE AR ZS, PR B AT e Sk Rl
40% [14]. HABFGr, WRAERRL, KIERHBUK 78%, AT BRHHIK 54%, B0 EH
PR 32% [15]. REAGMWFRDG FREEF . KA LAGFIRERER, AP EAER, X H
WAEVMRA R MRSV IR, S HEERuR, SEREERD (R 3), BifERN
BC 75 K 2% 5 o

Table 3. Pesticide active ingredients containing different heavy metal elements (adapted from [16] [17])

3. BRTREESRAENRABFERDEHRBE[16] [17])

R F A S s HM JT &
A dL7)
B ATP Al
TR ALSi07 Al
(il AT2AsOq4 AS
AR Cu20 Cu
AR Y AsHO4Pb As, Pb
A B 71
AL CuO Cu
g Cuz(CH3COO)4 Cu
TR A CH2Cuw20 Cu
AL CuCly Cu
bR HgO Hg
FbR Hg:Clo Hg
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B, BEEEIGRE M RIE AR TAAE TARZA ™. B, HARH T3 dufas il (1 3t £k ok 24 7=
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3 pH. EAEE AL A HUR & BB, BAS KA. RERE TN, ReA SN
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Bz FFE[31]s
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3.2. (B E R AR S i R
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Table 4. Physical remediation technology of heavy metal contaminated soil
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Table 5. Common chemical remediation technologies for heavy metal contaminated soil.
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Table 6. Commonly used biological and combined remediation technologies for heavy metal contaminated soil
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4.1. YBEE

HeEin R RO EEE, REI BT ROR Lk, BRI, B R ES R H Y,
Hp EBoR &t ek, BRI, KB, iz R,

4.1.1. FEmMRL
D RHUBER B 8, RE4C R/ TR 2N E & B A BOME B BIEIRIZ K, T SL3i5
MiRE[39]. LIRBEH i ik, HEMHUE AR LIRS N R B T5 Y% LR SR, MR E S
TREGERMEZ T BE L T ZE RS RRE, BRIV TERE RN e A . R,
NI BN R VRS, B 5 BRI Ay, BRAR b i A 722 BE S0 A 3E & KA.

4.1.2. #A0TE

i A BB R A B THR AL B -8, ik S SRR E R S I RO B k. T+
B IR TT IR SRR TS G L BRFETTIR 99% [40], RIS X —LeAEHE R M 5 R AU T e R A — E 1)
WEVER], BRARHIEE AR . SR81, mi A T Z aettlm, 1 HESIFEIBA IR BN %
LR, NI BOZ I AAE DL ] S iz A -

4.1.3. £E

BB EHAR, RIBEEE R LI e sk, A o Fage s e vk, sl 5
HPUEAEH, BCE S BITRaE /1 ST R YE[41]. RERIAMUEER K K. BR8], W
BHAFLLLE S R EERER], AT RSGE XS TR, B ErE g, e
JETEE R FEAR, ACIE R LR v S E A BRI FRME R . HE S S ERAFAESG, W 5B 11k
ZER . sh A AETREE, BRI 2, BARGEEES M. Kk, 205X &R F /NS e
Hekeyhy, AHEIURLIL N F IR 5 B — AR A

4.2. LZFEE

WA B R R T IRAA R TBL, e R IE A AN o5 R BB 245 77), e £ 2 < J i A A 2 SO M
BARIELIARRE ) BRI ST RN, RASEIS Y LS S IR 42]. B E AR YL, SR FIE
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il B RS SR TE 97%. 86%. WRIRTS . H 2502 B Jm Bl ORI YRt, 7275 Qe L3t
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s Ve s 2 LR E BRI S REVORMI T AR BRL B BB S M E SRR EE SR AR WK
ERE R IR RE R AR IR RERREYG . S RETSYE . HUK . RERRERRG LHTISE[44]. MDA Rl E SRR
ML CHTBRESEIGRIKH[45], CLBokBE il THEA D HIRE S EG L. et
Ji et g s 2 EAGE, W TEGRIGREENBE . AR LB i N AR S5 S M
I SR RIFIROR, $OAAR —METFma. I B R A sesh, FIH 3% 4 s 5
RIS PIRUN BEE A ROR RIS Je i E . filn, -7 L s RS 8, eSS EDRICE . & B,
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.
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HE— AR AR R TR E SR, B e R i R 7 5 F AT s[RI 2475 5%
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YR T E R SR ED A, G E R, F5. . B, [BES7r X
A B LIRS GEYI[46]. BRI E I YR, MEBRIEME . RN AR . R SR A R TR
FINLEE[47]. HVIIRBOR A BB AR RV S R E G RAORE ST, WCHIRARI LA AR 2, 388 4358 BL A
He BB, SPGB ERCR . BANZINE SRR T EE R J L7 & A LT
FEH[38]. MEYMEIGT AR 2 HAAMH L), EEAE RGO MR, DUk
Poxt Ea R IOPHRE . Wl m RS RERIERE .

4.3.2. HIEZES

PSR AERE T EIRAES, T SCERR RS SOEN E K Bl e+ 38 £R 30
LW, SEE - BOER)TOCE XS . 2B ETERAETAMEE, KIEARENTRE%
P, A Bh 3RS0 W) 5 B A RS R AT I A i ARG, DUHDR R e R . HER
LB 2 = 5. SIMINEE RS REEmE D HUARERZ Ik, KEESFERNMCESRR,
S E BN, FiaiAMRERFRIL B, RIPUATTTGRE/I[48]; T 52 N AR R, AHRHE 7T
B, DT BUT T 2 R AR WA A SR RSN, RIS I A RRAR AR R

43.3. WEDEESE
MAEMBEREAENTIHERE T, KT EERATREEM, —HmERTIEEIS Y, 5—
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