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Abstract:  Objective The sustainable and safe utilization of agricultural soil is of great significance to effectively improve the
quality of the agricultural soil environment, and to ensure the quality and safety of agricultural products and human health.
Method Taking Zhejiang Province, one of the most developed areas in the Yangtze River Delta, as an example, the main
problems and development trends of agricultural land soil environment were analyzed, and the theory and method of sustainable
and safe utilization of agricultural land soil were studied. During the 13th Five-year Plan period, based on the survey results of
agricultural land soil pollution in Zhejiang Province at a scale of 1 : 50 000 over the years, provincial pilot demonstrations
focusing on the control of heavy metal cadmium pollution in agricultural land were carried out in Wenling City and Tonglu
County. The methods of pollution source analysis and prevention, multi-dimensional agricultural safety utilization technology
screening and application, and safe disposal of over-standard crop straws were comprehensively adopted to form a batch of
agricultural land soil pollution comprehensive treatment technology models with significant regional characteristics,
high-efficiency control effects, and independent intellectual property rights, which are suitable for mild to moderate and moderate
to severe cadmium pollution. Result The main results were as follows: (1) Atmospheric deposition source is one of the main
external input sources of Cd in the agricultural land ecosystem, accounting for about 24%—59% of the total input. (2) 58 varieties
with low accumulation (mainly Yongyou 538) were screened out, 20 passivation materials with calcareous substances as the main,
and 10 leaf resistance control materials with silicon and selenium as the main were selected. (3) The safe utilization technology
mode of rice/wheat rotation, which is suitable for light and moderate Cd polluted agricultural land can effectively reduce the
available state of Cd in soil by more than 20%—-50%. The production and remediation technology mode which is suitable for
moderate and severe Cd polluted agricultural land, mainly with hyperaccumulators, can effectively reduce the total amount of Cd
in soil by more than 30% and the available state of Cd in soil by more than 50%. Conclusion This paper innovatively puts
forward the general idea and technical route of sustainable and safe utilization of heavy metal polluted agricultural land soil. It
also summarizes the experience and strategy of sustainable and safe utilization of heavy metal polluted agricultural land soil, to
provide a demonstration model and technical reference for the safe utilization of contaminated agricultural land soil in China.

Key words: Agricultural soil; Safe utilization; Cadmium pollution; Classification control; Zhejiang Province
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Fig. 1 Decade variation of Cd content in agricultural soils in Zhejiang Province
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Fig. 2 Regional distribution of soil heavy metal pollution control pilot in the agricultural soils of Zhejiang Province
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Fig. 3 Technical links of agricultural safety utilization aiming at agricultural product safety
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Fig. 4 Average annual input of Cd pollution sources ( a. atmospheric deposition, b. irrigation water, c. straw returning to field, d. fertilizers and

pesticides ) of trial county
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Table 1 Screening of rice varieties and drought-resistant species with a low accumulation of heavy metals

Hi[X Region JKFE i Fh Rice varieties /NAZ Wheat JH=E Rape E 2k Corn
B 5 Y Ptk 5867, itk 15 LB — —
Xinchang County £ 645
BN Mt 538, 75K 519 — it 51 —
Lanxi City
s B2 ML 538, HHHifL 8 % — Wik 630 —

Songyang County

IRIETH Mt 1540, Mk 5550, ML 538. — Wb 51, Bamdke T, UK 1S B 105,
Yuegqing City A5 9714, itk 8 & 4l T 1 Bt 981,
TR 3 5
T 58, FK 134, 4iKE 9714 Wimifk 274 — Wi 50, WiRl 72 —
Ninghai County
ML WA MR 1S, BERE 722, BRIE 22, — — —
Qujiang District FEMIAE 211, HHl 69
WRE . WML 5814, HILZZH .
Hf 518, HfE 138 . Fff 308
i )i e Mtk 538, FK 519, FHK 03, IR 188 444 20, Fr# 6615, Witz 108, IR 88
Tonglu County FK 14, FK 121, FK 134, 103 9% . #F 25 Writh 50, SH706., 4 H% 628, £E 16
Wik 86, 3k 845 . 3% 58, #1402, SH705.
Mk 4953 ik 630, 1165, #iK 619
RIS T WRR/MERG: WAL 538, WL 1540 | — #iim 50 wE1 5
Wenling City 7ok 519
HAg: i 39
K FAl 538, Wik 88 #2202 EHE 65, — —

Changxing County
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R 248 U3 it A2 47 K ( CaO ), 1B H B J ot
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AEEE T KA N 0.45~0.75 J6, ES7EFRE R TR
TEHLIX HET

2.2.4  GEILRGILAT IR A RN T EA R
TR — s S aE (Si). B (KD, fili (Se). fll
(P) HEZFEFRITREMARETENE Si, FEEY R
A A K BRI, R A VR R LR AT
WEPE, BEARA T S A8 S i S0%LL B, JRAT R
FE R WP PRI IEHL Si g W Uk g >

http://pedologica.issas.ac.cn



6 bas

A AT 3T R 22 R TR BIF 50 5 S e —— LAV 48 S s e I A 491

1669

2 LIE Cd #s Bt mEETa

Table 2 Soil heavy metal passivation materials and blade surface inhibitor material

I ThT B 92 R A AT

H1IX AR R
Blade surface inhibitor nutrient fortified
Region Passivation materials
fertilizer
#Hr & & Xinchang County Gk 45, k2% g5, 35
24T Lanxi City INFE AL ik A R - 1

IR = i 0 £ i A 59

#5FHE Songyang County

IRIETH Yueqing City
T £ Ninghai County
MYLIX Qujiang District
Hil )5 B Tonglu County

JRIATT Wenling City

£ 2% H Changxing County

Fe/l: A HL-TCHUREER . AR A R —
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Bik4S, giKk2S
AWK RIS . BRI —
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AE, SEIRFEEH, FEiE BRI AIBE 7~ 10 d MR 4E S
PR SR Wit 2~ 3 YCRE XS AE ) Cd W M7 A A7 R0 BELAE
EH -
23 ZEEAEASHRELZELE

ol A 340 FH 384 o - 396 WL ok A% R B4 it ),
25 Y REFE 2 3 0 - 4w A R, R
MR 32 15 YA JE AT o R b il W AR YIRS T
Xif B 4 R ) AR R KO AE W A5 K TR A s el
R, B R A AR e R AR R A
G GEYM BB, TR T RS-
A7 BT R i TG E AL B — R LB R MR T A
HEREER hAdmihBesE S5FFREL 1K
TR KRR, A ARSI RN, iz )5
BHEZE 34 Cd &M 0.489 +0.042 mg-kg ' MK
% 0.341+0.032 mgkg ', FH I 30.27%, fik
FIREAK Cd &M 0.23 £0.020 mgkg ' FEIEE 0.09
+0.008 mgkg ', FIIREAL 62.7%, & I KA
AMETF 0.75 o6, HFEFEIIZLFH, RE

WO, B TR e, A E .
FAPH Bl el & e, 7ei BTG g o b i
16 B 2R R PSR I IT R A LR B B I, A2 /Y
B Cd SRR T E S, & T A
DX Ik
24 REFRFERENXLIE

it 3t 2% 4 R B AR B T 58 T i 2 R 2
B RN BN 2 19 2 DLR AR AR R A
e i e P BEL9% 5 52 R Oy XS e ok A 28 AR
AT il R R ED A i R, DA S B AR R
ST R AR 2R o e A AR 5
KEEBEA RO A 15 9 L h G R, SCREREAR
INE R M T s R TS Qe KU, I RE AR UEAE Y
TR A3 R 5K A e AN 32 50 T A 1)
Ak B+ K5 A SO TR AR — Rl “H A
PEE” HARRBD, SR RA SRR A i A S £ it
FH - 38 30 50 1) 25 A R R B K A 22 4 A
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P, ARV 22 A M HTBEAR B OR3-S 3R 05
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24.1 EHT Cd B EETs Yk A 2R HEAR
(75" PVERIS . (1) 7K RSP AR HI it A K
(75~150 mg'm?) B A7 KA K (300~750 mgm > ).,
(2) WHHBRCEA HLAL (3& TR HPHE)Z AR 2
JEEFE 25 ecm DAL, HEMPHEZEE/NTFET
15 cm, BURZEEERTEET 10 ecm BRH ), (3)
ALK R A (G 538, ML 1540 %5 ) +Mim
BHAER (& Si. Se 5 ) +AEF WK IR,
BAERS. (1) (R R/ 12 2R H
B (2) RR-ME AR 2 A R, DL mAh
B R BB R | MRRG DL B/ NZE SR, 45
A Bl AR SR 5 SR AR B SRR A i R R, 3K
SN 8 Cd A RUHERRAR 23.6%~50.2%, 4 [E
11K 8%, REKRAELRUE ™ AR A R I 5 4% 23 DA i 5t
FIAJE 50%HE 0 = 95%L) . (3) & EMRARHE
IKFEFEAEZ AR R, 7RSI Cd A
TS SRS A /D Cd SRAL R BGR 22 2 F) F 47
AR, KRGS R LG . IR R p
e it A oA 55 b v BEL 4 ) A it P R R A A
Ko ZAER T X 2017 4EH 2018 4EFEA Cd °F
Yrue 4y o0 0.112 mg-kg ' 1 0.061 mg'kg ', +3
Cd 4B A BT B TR 1% 36%LL -, fi#
WET RS ENBA %S,
242 WEHT Cd TSR AR 2R AR
Bl (1) IRFLR B RARF Bl s e ERI . 78
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Fig. 5 Technical framework for sustainable and safe utilization of agricultural soil

F3 MIARAH B TIBSESLEEREKER
Table 3 Classification control system of agricultural land (cultivated land) soil pollution in Zhejiang Province
LEE e Bl F R
Pollution degree Classification Main control measures
FREE S (RS TaEN WK AFEARA I SR A PR AP, HEBE “ARffe” . Bk “IEMRAL”, ZRE R AL
No pollution RGP, RS SRR A e PR TR AR P IR X i Yl B i
HIRFLAG MR, o0 RN IR BN T
BT g 2R 2k TEPRIEAR ™ BT Z 2R T, LB E ok, IR st ROy Aacfle < —ih—
Light to moderate TR, R KA . EABLRRR R RBUR SRR Sy BRI R
pollution RPN, S AR WA SRS B, TR R RS, HRERRIR R TG
ey bR KR
HEG Y FEARAEPEAR AN M P B, MEATAME SSRGS A, oRh R B R AR

Heavy pollution

PIEE IR MOLR . S % L B AR ME R SR, B R s YR
R4 A T TR AR 38
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Demonstration construction of safe utilization
of polluted agricultural land (cultivated land)
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Fig. 6 Technical roadmap for demonstration construction of safe utilization of polluted agricultural ( cultivated ) land
*4 ZREMNATEEERABRITS*

Table 4 Scoring table for the technical effect of safe utilization demonstration construction

LREERL IHH RN PR e
Evaluation index Score Index content Scoring criteria
BOARF 15 OB ST A7 O LKIBIE (453)
Technical @ H 52t DX 34 L QLA EOR, RUHAIEAR (45)
pertinence 5 Y U A T B Bl A a1 1L O 15 YL IS B 5 e B 8 (7 43 )
POARA BN 60 O™ i il £ R o3 1% Atk OS2 £ XL HFRSYYIsAR (GB2762) (1543), 1 4EikHR
Technical @3 4 Ja 1 A= A R (543), M3 FEARLESR (043)
effectiveness (Y75 Y3 B F 1 5 b L™ 5 @FEML 50%1 LA E (15 43), i Lol 15353
et i @it i — e A A A S HRAT LA (15 2), AR iR rE . 25t
@75 Y3 H Y ST B AR B AR Mg e (590), REEENL (05)
BFFEIE B @BFFT 200 A PR TS Yo 16 PR TR R sl B AR 3 A DL B BRI 2

e RN (1543 ), BFgEd 1~2 8 (1043), KBRS (043)

PRt 25 O e A bR e 17 L O3 pH . A WL | BB 72t 45 R M RAT WL 3 (9 23 ),

Technical @ Bt Xof b 5 e il TR (440), BIEBTRE (047)
security @15 Y ARAEYIFEFT BAG™ Wity QIR BRI AR e L 05 e (943), @i wis g (R s
LRt BT A

OZIGYANEYRERT LT L 2AE (357, Bbrk™ & ebE (44))

By 100 PRI W 90 KL EMIET, 70 (5) ~89 AN RYE, 60 () ~69 7 NEaHE:, 60 73LAT A
Total score ( K38 3 /R Il )
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