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A comprehensive evaluation of remediation effects on cadmium contamination in paddy fields based on soil
quality

LI Yi—chun'**, WANG Yan-hong"*’, CHEN Yong"*’, TANG Ming—deng"*’, LI Qi"*’, LI Lin—feng"*’, LIN Xiao—yang', YIN Yi-long',
Al Shao—ying"**"

(1.Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China; 2.Key
Laboratory of Plant Nutrition and Fertilizer in South Region, Ministry of Agriculture, Guangzhou 510640, China; 3. Guangdong Key
Laboratory of Nutrient Cycling and Farmland Conservation, Guangzhou 510640, China)

Abstract: At present, it is overly important and urgent to carry out a comprehensive evaluation of the effects of some current remediation
technologies against cadmium (Cd) contamination in paddy fields in China, which play a key role in promoting the control and remediation
of soil pollution. In this study, a self-developed amendment was selected, and a field experiment was carried out in a rice—growing region in
South China to investigate the effects of the amendment application on the soil environment, fertility, and health. Additionally, DTPA

extractable Cd, organic matter, alkaline hydrolytic nitrogen, available phosphorus and potassium, cation exchange capacity (CEC), brown
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rice Cd, and rice yield were selected to construct a comprehensive evaluation index system, which was used to comprehensively evaluate

the remediation effect of the amendment application in Cd—contaminated paddy fields according to a dynamic weighted comprehensive
evaluation method. The results showed that the concentrations of DTPA extractable Cd in treatments of 6 000 kg+hm™ and 7 500 kg« hm™
were reduced by 10.5% and 8.8% from the control treatment, respectively. The soil organic matter content in the 6 000 kg+hm™ treatment
decreased by 6.3% compared with the control. Amendment application did not significantly affect alkaline hydrolytic nitrogen and available
phosphorus contents and CEC but significantly increased available potassium content. Application at a rate of 1 500 kg+hm™ significantly
increased brown rice Cd content by 23.9%. When the application rate was >4 500 kg hm™, brown rice Cd content was significantly lower
than the National Food Safety Standard. Moreover, the remediation efficiency (RE) was more than 40%. The 4 500 kg + hm™ treatment
significantly elevated the rice yield, representing an 18.7% increase from the control treatment. The dynamic weighted comprehensive
evaluation method’s results showed that the comprehensive remediation effect of amendment application at a rate of 6 000 kg+hm™on Cd-
contaminated paddy fields was optimal.

Keywords: amendment; Cd-contaminated paddy fields; remediation effect evaluation; soil quality; dynamic weighted comprehensive

evaluation method
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Br -3 Cd A=A R o A T B S35 25
FEHH ol R B R AR AN = Mk, A AL S PR AR B
RO E R WX Cd W R S od 2R,
FARBRAL Y CAHLTTTE , 17 H Ik 2358 W 7K R A [F) 41
ZUER BT Cd 1 R R FLZ 68 1™, s aT DA
D, 439 Cd 6 PE DL BOKFEAS R 28 5 % Cd BRI S
keig e ) AR Ak AR AT RE R A TP A A Cd B
Wi A R 1)t P 30 T 18 A B S il 1 B A
3.1.2 2 RRDRT -3 ) 5 a5

R A e R R T R A B — R 8
Y AL 2550 XS ZE VR B fa Rk 0 5 7 o, i L
M 23 42 B8 [R) 422 1 52 e 48 52 R0 I AR E P RN Hr 2k
PE2S - S22 4 [ 55 R - 8 A 19 5% 40 o Db ofE
(F DRIV, A7 MU 0 2R AT A5l L o A%
BT CEC P57 43 55 A o0 R R0t FH i s O 0 kA=
BB A2AE . (HJ2, 22 RGA A T2 6 000 kg - hm™
It A MU A 2A) 550 BR A F B 2000, 3 BT
A b PR fb 2 R v U B i (81 2D) o XS L
— AT B R R it R X - A T 5 B R
[Fi] -, 1 75 78 25 R R %) B 0 T o, R AR A 3
TR PR , S B R B Bt b7 1A AL i
K, LAYERE + 3 R AT AE 7 RE DT o
3.1.3 2 R SR - B A R o 2 114 5

Fiz FEORE K Cd 75 #0905 B AT LUK Cd i3 Y /g B R A 7
15 YL AR B A ) A3, B R OK Cd R AE 0.2~0.4 mg -
kg ' HREIGYY,0.4~0.8 mg-kg ' NP EG Y, KT
0.8 mg-kg NEEIG Y, EARDFFH, R A
DA Kz it B4 1500 kg - hm™F13 000 kg hm B}, ks K
Cd & HI7E 0.2~0.4 mg- kg™ JEFE P, Ui A RS HAT5 Ak F
B Cdi5Ye, AWM A LAE R FT R0 MR BR 1 3 rp
Cd {6k R R B Cd 5 i, DL EOKREAS [/ 4141
B OUHIEAR S )%t Cd i BRI E 50
B oK Cd % 5 A6 050 R R P ) & AR AR AR E R A

x1 TEFXSSRERAED

Table 1 Criteria for grading of soil nutrients'

33-34]

Y HHLGR R R AR HAH CEC/
Grade  Organic matter/(g-kg™) Alkaline hydrolytic nitrogen/(mg-kg™) Available phosphorus/(mg-kg™) Available potassium/(mg-kg™) (cmol-kg™)

1 >40 >150 >40 >200 >20.0
2 30~40 120~150 20~40 150~200 15.4~20.0
3 20~30 90~120 10~20 100~150 10.5~15.4
4 10~20 60~90 5~10 50~100 6.2~10.5
5 6~10 30~60 3~5 30~50 <6.2
6 <6 <30 <3 <30
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R AT, SRR 1500 kg-hm B, DTPA
BRIEER CA T EIFAR A AR A D) BrEL R
BRIERUKFEA M A 28 B LK RS Cdiz
RS2, AT g2 B0 R R A4 1500 kg hm B
BEOK Cd % 8 W E R S S . A TE R R
it FH & >4 4 500 .6 000 kg hm™F17 500 kg-hm2 i, f
K Cd it i E AT E Z AR (81 4) , H RE B
40% ([&1'5) 5 55 B[R A, 25 ek 1R 507 FH oA 4 500 kg -
hm 2], FEAF 7™ e A0O0) HE S B S A3 R (11 6) o
B LA MR TREA Cd 35 s FIRE A 1S 73X 7
T &, el R R A% e fB it FH A 4 500 kg -hm ™,
32 MRFMEE CASTEBHARMESITEM
TEREAAT AP PEAN A 2R 500 FHASE AU 0 R R A8 52
RORIEATZUPEH) 2 Y i3 Bk B 52 TR b i
Il BRE S . — T, HATH A 05 s ez
AH G AR 3 I TS i 42 1 H T4k o 4 i v
B ZRCR IR T AR, Tolki5 Y37 Hifg & v By ¢
T 0 H SR B 55 B3 2 75 AT DLk — 20 T & )
FH oy 38152 FH 8 UMb P B, SR 1T, A FH B 4 S 1 A%
HE R OCHEMRBEE RN IR DR B A
B AR 7™ it 2 7 3k B [ R 2 AR R 55— D T
T Ge iy A H 398 5T R PPAN O W AN e 4 T TR
H T 48 15 Y B ORI TR sy H +
B PR A SRR B — RAAHCHE R , B[R] Fl 25
[ RUBE XS 3 A ™ T R BT St RN Bl AT P g R A5 1
ST RE R R AT MR E BV M T A
& )8 15 PAE EACR P B R R B A e 1
rh R 4 0 PRI KU R AR B Ak H 38 A S T ek
SERRRE A A AL RS S R WhRIE, 2
PR BYE S P8 25 A FH - 48 o o el S R
IR SR S AR BRI ANT] 43, R
A AR IR U (g B A SR L SN 2, i 25

7% 1 IR ST IR 7 R0 B R AR Ak, DASEER
MBS I 3 R LS A W PE R FE S Hi Ak H A
RHAR ORIV th BAT I N2,

2 K5 4 R 4 500.6 000 kg - hm™ 17 500
kg -hm i}, K Cd & A B E Z ik (Bl 4) . fr
DL, AHIFSE HO%E 3 Bl B 1 A8 B RCR I 125 61T
o HER B A IS A PR TR ol |5 18 2
BRI T LR A VN W Bt b Fe R LUF 7 vk 2545
B 1) 53 BARE (3R 2) : S5 W5 i W b U 43 B i
BN AS [ FG 8 (ELRF AT RUAS Cd 5 R Ay S5 Y 2 %
2SS R A B R 5 S R N A BT
BRlfR L A O A A CEC & R g 5
7% [ AR E T ORE K Cd PR 2 (B 1 20% F1 50% 14 i K
Cd & HER 4 S50 KR s 4% B 5.3 t-hm > Ry SR
X7 RS R AE 10% LA PSR 43 S8 9002, KRk Cd &
it () AT 18 DTPA RS Cd 75 it () EA TR 22735
FERRHELL , R I ML (o) B L (20) T S0
(ws) E B () \CEC (ar) FIRE A 7 1 () HEA TR /N
R 22 A8 e ARl (% 3) o FeIRAK (2) 15T
5ot 0 o O s 0t o7 AT o FET L4351 24 0.100 0
0.166 7.0.250 0.,0.300 0.0.125 0,0.250 0.,0.262 5 #
0.346 1, 01,05, 03,04, 05, 0. 07 Fl o B BUE 53 5] K
0.262 3.0.329 5.0.274 6.0.296 6.0.247 1,0.274 6,
0.276 3#10.311 0, /o A A (3) A F L R
33 A AN [ it P 2t e % 1 Bl A AR (X) o 1817 3R
B, B R AR 6 000 kg - hm 2 A X (1.1) KT
FHHH 4 500 kg-hm™(3.9) 17 500 kg-hm2(4.2) .
I, 2B AE T 6 000 kg - hm 2 I A4 16 55 300
fEo EAR 3RS, Y HE N 6 000 kg« hm B, -1
A HILJET B 2 DR R A i PR TR R (R 2A) o
DL, TEXHE SR T B e PR A T VR A 77 i, 75 2
B SGHE HHEA MLT & SR A, LR ERVEY 3R 20 1

R2 BERRITHEIERERD LR

Table 2 Classification criteria of evaluation indexes of remediation effect

il H Ttems 1575 Excellent R4 Good — i Fair 2% Poor

itk Cd Brown rice Cd/(mg-kg™) (0,0.04] (0.04,0.1] (0.1,0.2] (0.2,%)

DTPA #2345 Cd DTPA extractable Cd/(mg-kg™) (0,0.1] (0.1,0.2] (0.2,0.3] (0.3,)
4 HLJ% Organic matter/(g-kg™) [40, ) [30,40) [20,30) [0,20)

THifit % Alkaline hydrolytic nitrogen/(mg-kg™") [150,) [120,150) [90,120) [0,90)
4 % Available phosphorus/(mg-kg™) [40, ) [20,40) [10,20) [0,10)
TBUSA Available potassium/(mg-kg™) [200, %) [150,200) [100,150) [0,100)

CEC/(emol -kg™) [20,%) [15.4,20) [10.5,15.4) [0,10.5)

T P2 Rice yield/(t-hm™) [6.82,%) [5.77.,6.82) [4.72,5.77) [0,4.72)
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Table 3 Classification interval values of evaluation indexes of remediation effect after non—dimensional treatment
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151 H Items f:75 Excellent R 4F- Good — % Fair #5795 Poor
B&>K Cd Brown rice Cd (0,0.200 0] (0.200 0,0.500 0] (0.5000,1] (1,)
DTPA {24275 Cd DTPA extractable Cd (0,0.333 3] (0.3333,0.666 7] (0.666 7,1] (1,0)
A HLJT Organic matter (0,0.500 0] (0.500 0,0.666 7] (0.6667,1] (1,)
Tfi% 2 Alkaline hydrolytic nitrogen (0,0.600 0] (0.600 0,0.750 0] (0.750 0,1] (1,00)
41 %W Available phosphorus (0,0.250 0] (0.250 0,0.500 0] (0.5000,1] (1,0)
L ET Available potassium (0,0.500 0] (0.500 0,0.666 7] (0.666 7,1] (1,0)
CEC (0,0.5250] (0.5250,0.681 8] (0.681 8,1] (1,%)
FEAY =4 Rice yield (0,0.692 1] (0.692 1,0.818 0] (0.8180,1] (1,)
51 T SE R :
a
4r I 1 [1] BB A, Aear s, RAPE, 4 AR 15 Yt Al 22 4R FF 5 i
N Jie 5 . Al BACABESE, 2018, 39(6) : 1030-1043. HUANG

A IMEF X

2 - [
1 - }
0

T4500 T6000 T7500

AbFE Treatments

B 7 NEALEEMIEFRAIS S MAF(X)

Figure 7 Sum of dynamic weights of evaluation indexes(X) in

different treatments

AL 25 R B AR FH R -l A 77 B D .
4 g

(1) B R 00t FH 25 ) = HE A RS AE g gkt B
Ji . H N ISR A CR A DTPA RS Cd &
RN BT R HLTT B8R A AT R0 | o Ak B
FCEC 7 HEPFM ) Fl{g B i i CR ATRE K Cd & 517
W) ¥ TS AR R R | R B2 FH 8 S AL 28 & PR AR
R 0] LS EG B R RME S Cd T5 Ye g I 25 A 850R
P

(2) 44 6 000 kg - hm ™/, B R A& Cdi5
LR H A 25 GO B o 85 A R 70 1 R Bl
FHRAHET 75 B R i) 56 v 38 ML & = 19 A8 1k
T, DLAERFAR A58 B A7 i AR S I 55 T

Bt AU SRR AR )TN AE AR TR A B PR

Bl 5 TR A Bt DR S H SR ST 2T HE R T S5 A B
Bl FE IR
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