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Present Pollution Status and Safe Utilization Technologies of Heavy Metal-polluted Farmland

Soil: A Review
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Abstract: Heavy metal-polluted farmland directly affects food security and sustainable development of agriculture. Safe
utilization technology can decrease the uptake and accumulation of heavy metals into crops and thereby cut down the risk of
heavy metals into the food chain through primarily reducing the bioavailability of heavy metals in soils, which is of great
significance for the effective application of heavy metal-polluted farmland resources and the protection of crop safety at current
stage in China. Therefore, this paper firstly analyzed the pollution cause and current situation of heavy metals in farmland soil,
then reviewed the research progress of different safe utilization technologies including low accumulation crop variety screening,
water and fertilizer management, intercropping or crop rotation, in situ passivation and foliar resistance control, and finally
proposed the strategies of strengthening the research and practice of safe utilization in heavy metal-polluted farmland.

Key words: Heavy metal; Pollution status; Safe utilization; Farmland soil
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Table 1 Current situations of heavy metal pollution in farmland soils around typical industry and mining activity areas

TH &S IX Gl 5 YRR Sk
TLR Tt (mg/kg)
WAL PR T R L T As 203 £330 AL T A Tolk 5 gL I [25]
Pb 88 + 108
cd 1.84 £431 A5 e
Cu 75+ 56 BB 4 B IR A U8
Zn 222 + 241
Cr 100 + 29 +- L
Ni 4149
B M T IR H 5 3 R A Cd 0.68 +0.81 B IR TR [26]
Y Pb 57 +42
Cu 95+ 163
Zn 161 + 126
Cr 115+ 100 S
Co 144+5.4
Ni 43+ 17
As 8.97 £3.93 Ak IR
Hg 0.19+0.28 JORJEFN Toll 5
A3 T2 Tl e b Cd 0.25+0.20 Tolb Rk T5 [27]
Pb 77 £97
Zn 186 211
TP B Tl el X Cd 0.23 ~ 6.67 & BB HRAE Tl IR [28]
Pb 145 ~ 836
Cu 81 ~215
Zn 53 ~ 1820
Cr 60 ~173
Ni 35~76 SRzl
PR NI Cd 0.39 +0.80 JORJEFN Tl [29]
Pb 50.62 +9.43
Zn 109.20 + 62.25
As 34.40 +34.52
Hg 0.12+0.14
Cr 82.04 + 19.51 P
Cu 33.24 +5.21
Ni 44.85+6.63
TV I TR Sk A Cd 0.40 +0.55 A3 Y5 [30]
EUX Pb 84 +97
Zn 125 + 60
Cu 33£17
Cr 72+ 18 S
Ni 31+75
As 123+6.7 S FRFEHHH T LI
Hg 0.12+0.31 TRV R A R I M TR
ZIGIL R CEA A48 Cd 8.1~11.6 Ak 5 [31]
X Pb 172 ~ 980 A5 JE
PURE I AP X As 19~ 414 R S LB ACHE W Tl [32]
Hg 0.06 ~ 1.25
cd 0.03 ~ 0.42 [ K8
Zn 42 ~ 144
Cu 43 ~ 100
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Fig. 1 Safe utilization technology modes of heavy metal-polluted farmland
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Table 2  List of low-heavy metal-accumulating crop cultivars in China

YEHIZE 5 F I F HE)R A IX 2%
IKFE WEFIL 8386, I 8 M4 . ML 553, #EF 12, ) 84k 169 Cd ST AR B [33]
Y& 703 . T 666, 778 thdxh . BPAEMAIZ As
B 1479 KA 1177 Cd UM BHTTAFHE [34]
WA tha o170 BRI 189, € 1s/R039 Cd EE [35]
Mekd: KWL 772, KWtk 1419, K#k 051
Y WL 19, Smfde s Cd. As WE AW AT KM [36]
214 2155, T78 4 2155, H§fk 716, H#fiiL 1 %5 Cd bickeie) [37]
REWIDE 534, Y PIfE 145 =Mk 908, i 203 Cd. As, Pb, Cr TR HLIX [38]
Mk 538, Fifl 8 . ML 1540, FHK 14 Cd WriTg [39]
R 46, FIKE 3908 Cd piNsap: RS [40]
FIHE 46, FIAE 5055 Hg
INE fRE 295 HAR207. RESS . #Hm 6. Hik 288 Cd. Pb. As. Cr. Hg HOEA A X [41]
e 17, 8 9% Cr INARA [42]
W25, #HiE 125, k12 Cd PN S [40]
W 16, T# 13 Hg
Tk mh 8, a4 P TY Cd PR RS KR [43]
&8 E 3. L3861, & F 336 cd FN=Ee) [44]
BFEESS, 07, KK 15 Cd AR b X [45]
P85, B 25, MK 645, HEHA 5SS Pb. Cd Pk [46]
B 125, BE TS, B85S Pb. Cd. As ZMA A HHBIX [47]
BRER 15, K999, ik 1% Cd, Pb. As HROETH L [48]
T3, W22, HAHRSS BHRT 1Y Cd. As BB R KX [49]
i Wrih 51, #ahZk 6 5. aihE 15 Cd. Cu WA R [50]
Bamak 6 5. BB 45, BIhAL 9 5. Fam S8 Cd VLA SLE T [51]
ik 630 Cd K= X [52]
R JT87. fRE 18, HEE 16, HH 32, &1l 57 Cd bickeie) [53]
W32, HE 16, 41l 57 Cr iy ey [54]
J787. QS816. % 20, il 108 Cd WA KT [55]
JT87. EE 32, 41l 57, HE 16 Pb binyeie) [56]
e PUZ/NEFT . fif 2407 . HM ST T Cd SN S A [57]
+5 D47, D157, R 1 Cd. Pb B X [58]
h# 35 #2205 Cd. As PR BRI [59]
7N Kg—5 ., Kak, F4. g EREhg Cd. Pb. As AT VL [48]
ff 24 5. BEFLIAEKIE, 604 e . BHT Cd. Pb, As FROCTI L X [48]
A BB, T, &%, TE. £8B% Cd, Pb. As BROCTI L X [48]

2.1.2 JKAEAEEEORAL KM AE BRI AC AR R Al
Az e R R AR T /D 1) B ()5 B it RE RS 5 ) 1 45
T 4 M IR T S R AE A et . RS 3R, WK
fiE i 2 B g A pHIO P i FRAR RS
WRIREREE A4S CAd & i I BB I K AR 2 Fe™ i,
T 1k 438 Fe®™ Fll Cd*> o /K REAR S M B 37 A
FEA Cd A= 0 S50 3 P b g AR B AR R Cd 1Y
Wl SRR KA BN RERE i L4 pH, IS BERY
Wi - S5 AL JF R A2 Eh. W ACIRZS R 1340 T Eh

AR A3 JFR A, Cd* S S B CdS ¥t
VEM R RREML Cd MAEYA R, [Ft+-5Ed Fe
F Mn SEoC RGO, @RS KRR A& X Cd
W, WRERER K RERIMENS Cd BImgi®), Hu 4EC4pT
SR FEIA , WS AR TR U A T A0 R O O (2
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Table 3 Heavy metal hyperaccumulators and crop intercropping or rotation application effect

MEAE RIE FER EHEE AR +3 pH AFL ) S THELSE wLks 3%
Hi#) % E0 (mg/kg) 2T (%) WA R T Sk
T g FK o EME Cd: 0.64 4.81 72.4 ~150.5 19.07 BEY 7 [71]
ZiMrA EK EME Cd: 25; Pb: 600 5.5 Cd: 53 Cd: 2.8 LY 7 [72]
+HIF  EK [WFE Pb: 3427; Cd: 40; Zn: 825  7.69  Pb: 36; Cd: 21; Zn: -30 - kbR [73]
A5 [A4E  Pb: 3427; Cd: 40; Zn: 825  7.69  Pb: 85; Cd: 67; Zn: —47 - LY N
AR HAE O EME Pb: 259 6.22 26 - LY N [74]
AL AR Pb: 259 6.22 29 - ez 7
PRk Ek o aME Cd: 7.25 5.87 25 36 kbR [75]
PRk TEsE RME Cd: 1.34 5.7 50 13 BEY 7 [76]
PR kR RE Cd: 2.27 7.2 11 15 kbR [77]
HE KFE AE Cd: 0.88 5.7 6.3~7.0 - LY N [78]
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Table 4 Remediation mechanisms and characteristics for heavy metal-polluted soils by different types of passivation agents

AL IR HER B HLE =) e s SCHik
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SR M7 E
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x| W55
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R LAY L BLSOR AT E
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Table 5 Inhibition mechanisms and characteristics for accumulation of heavy metals in crops by different types of foliar resistance control
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