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Evaluation on effect of strengthening agronomic measures in cadmium-contaminated paddy field

XUE Tao'?, LIAO Xiao—yong”, WANG Ling—qing’, ZHANG Yang—zhu"

(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.Institute of Geographic Sciences and
Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: In order to alleviate the heavy metal pollution in paddy field and explore appropriate measures for the treatment of heavy metal
pollution, the mixed soils and rice samples with representative regional blocks before and after treatment were collected in June and October
2017 for analysis, and were analyzed using methods such as the ecological hazard index method. And evaluate the status of heavy metal pol-
lution in farmland in Hunan, and use the method of zoning to evaluate the effect of restoration. The results showed that farmland soil con-
tains Cd, As and Hg combined pollution, especially Cd is the most serious. With an average content of 1.0 mg-kg™, the potential ecological
risk factors of level IV (very strong) and level V (extremely strong) accounted for 98.51%. There is a high potential ecological risk. There is
only Cd pollution in brown rice, and the average content is up to 0.81 mg-kg™', with exceeding standard rate of 85.07%. In view of the pollu-
tion status in the study area, this article adopted the methods of joint substitution, soil passivation and various agronomic measures to control
heavy metal pollution. After one season of late rice regulation and control, reduction rate of Cd in brown rice in light, medium, and heavy
pollution areas were 34.58%, 30.03%, and 24.16%, respectively. The effect of decreasing Cd was obvious. At the same time, the restoration
materials used in this study are safe, cheap and accessible, and the implementation process is in line with the local rice cultivation and farm-
land management habits. Therefore, this measure can be used for the prevention and control of large—scale light—to—moderate Cd—contami-
nated paddy fields.
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Table 1 The related concentration of the repaired materials used

T S el ML
Analysis index  Quicklime -0 heavy metal Foliar spray
conditioner inhibitor
pH 10.01 10.8
He/mg kg™ JR L 0.04 R
Cd/mg-kg™! 0.25 0.05 JR
As/mg-kg™! 1.1 IR 0.15
Ph/mg kg™ 3.81 1.46 0.66
Cr/mg-kg™! 1.39 8.30 0.83
MpE <10 <70
Ca0/% 80.0 4230
MgO/% 10.80
K4 % 0.39
IR Si/% 29.90 21.7
IKATEY% 0.15
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Table 2 The degree

of potential ecological risk

&l E fH ESE TR RIi RI&E R
Level E; value The degree of the potential hazards of an element Rl value  The degree of the potential hazards of comprehensive pollution
I E<40 LE T RS [ RI<150 LE T E RS [
I 40<E;<80 AT 150<RI<300 TELESEE
1 80<Ei<160 S AR 300<RI<600 S AR
I\ 160<E/<320 RS A A RI>600 kA A
N E>320 R A A G
R3 MRARTFEESESEHME
Table 3 The characteristics of soil heavy metal concentration in the study area
Eiec 5l Background/  f/ME Minimum/  F K{EH Maximum/ Y1 Average/ A % Median/ AR S 2K
Heavy metals mg-kg™! mg-kg™! mg-kg™! mg-kg! mg-kg™! Coefficient of variation/%
Cd 0.0811" 0.2 33 1.0 0.8 49.1
As 18.61" 10.1 166.1 23.5 17.2 101.5
Cr 57.320 40.3 112.7 76.5 78.6 20.5
Ph 26.011° 35.2 111.2 62.0 59.8 259
Hg 0.1111! 0.1 0.7 0.3 0.2 37.8
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Figure 1 The investigation of heavy metal concentration condition

of soil in the study area
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Table 4 The level of potential ecological risk and frequency distribution

e 25 ) Ui 52434 Frequency distribution/%
The level of potential ecological hazard cd Pb Cr As Hg RI
I 100 100 95.52 1.49
| 1.49 2.99 32.84 1.49
I 1.49 62.69 76.12
v 50.75 2.99 22.39
A 47.76 —
1655 240 FEl The range of the hazard coefficient 74.1~1212 6.76~21.4 1.41~3.93 5.43~89.3 20.0~242 185~1330
16 % ZHIY(E The average of the hazard coefficient 378 11.9 2.67 12.6 93.8 499
®5 MAREXESEREHRESIT
Table 5 The characteristics of heavy metal concentration in brown rice in the study area
T4 JF Heavy metals FoMA Minimum/ BRfE Meximum/ PifE Average/ AR Median/ o ERRE
mg-kg mg-kg mg-kg mg-kg Coefficient of variation/%
Cd 0.09 2.00 0.81 0.82 67.7
JCHL As 0.08 0.54 0.17 0.16 40.2
Cr 0 1.06 0.13 0.07 144.9
Pb 0 0.77 0.07 0.04 168.7
Hg 0 0.007 0.002 0.002 75.9
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Figure 2 The investigation of heavy metal concentration condition
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of brown rice in the study area
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Figure 3 Division of pollution degree of cadmium of brown rice in the study area
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Figure 4 Division of pollution degree of cadmium of brown rice after amendment in the study area

Cd PR AE 22 5%, WF 98 R Cd 3R EG Pk A
FrprH Cd 5 5 HU I Cd 3 EREE R 10.5 519, ARHF
FE X A48 Cd ¥ Y28 (8] 25 S 30K, fie i T e A o7 3k
3.3 mg - ke, AL A 0.2 mg - kg, AF 5 R R
49.1% 0 b - 3EM: i 24, 5 350 CAARF B K AR
R CdRAANTR] o 75 YU A9 3 B 2 DR 2 3 FEASCR
WO R 2R . W X R T FE R /K DR R A T
YLK, HATHTLIA B — 5 TR T 2E SR 470, 35 ek
5 B4 Tea) 70 A5 ) 200 IV ik e, BRI AT SR T 7Kk AR
M, S EOREESCR R, =S hECd & & BT
H T o

HIK KRGS KRR A Cd By EEEL A PR 2343,
IR FE R 2 W I AT R A Cd G 2R IF T AR RP6-401 R[]
IKAF S AT Cd A IR SRR SRAEAEAR K22 -2l
PEAE Tl Cd AR AR R P2 BEARE K Cd B R A 2T
Bt Z X KR E IR 299 A48 207 S5 FLK RS
mn L, Cd & AR AR D o , 7R E B TS e X, AR R Y Cd
Al 3k 8.64 mg - kg™ P71 Cd fICAR B /K AF i R e BH S 410
il C 1] Hly - 35 K p A (132 R P4, DY b A AR 1 b
XA CAARAR B KR o A A Fle

[FIERE, JA 3L 7 b B R 24t , ANk o487 B0 A
J7 2 0AE 2 T BOR PR I X 5 25 571232031 ffF 5%
DX S il 1) ¥AE 7K T TR e T A A K 2 B LR
2017 45 W 2400, WF9E X A FH B R B A 2, 5 40
X TJGTE IR B 44 B WK A0, B T REG
BRI o I L, K434 B A JK | 4 1 HE ) 45 3 B
it A, 25 7 A A TR R A1 S T s i) K R R A A SR AR

Cd 5 1 AL, AR5 DX A A IR A K et R A =X
ANTR] A AR AR A B DA AR T LA ] A o
JRRE LA AE 25 57, 2 Bl 2 /D SR BYE BACR s
IS DX BR O, e A A - S A PR A R A
K, s 1) g, AN RN Bt A e 28 7, des
FE—RE R EREMIA BIACR , N Ay oy 2 i 2k %
2 STt A G 36 ARG PO A R A R A

AHIFEFR I A 50 A X R HUAEA PR K .
A B R CARCR o A BT HEAT B 45 3 I it
Hh R AN S R AR A AR RS R T A T AT
W HEAT, CAMRR R MK R B B AR RS Z
T ) BT oA AR — 3, WS - 1 e S AR s 5 31
o LT AR 24 [R] R G HEAT , 7K O3 A8 DU 4 24 3t )
T~ ABUE 21 IR R BT o DRI 20 A 1 it S it A 24
M B AR ) A DR — B 08D T T A T
JEAS 5 73 A, i BER 4R U0 BRI 7R A FH bR 52 B b 2
Ty SEBL, BT FAAE REER Ry AR kA ekl # HTAERE
XIS N R T g, HR IR B 22 T AR
FEAR, FA AT BBV E P Rt 1 o

4 ZEig

A5 AL A T 4 T Ak R BERIR K Cd
EYBUIR R SRR BRI FELS AR E
s AL R T I A TS e . AR EOR B
BE 5 Y X B RS K B Cd %43 51 3k 5 T 34.58%
30.03% , WFIE AR B . LA ZR G AR 20
ARt AT RS B Cd ¥ e A FE A B IR o



BE V4 A SR IA TR RS R 1543

SE k-

[1] Lu K P, Yang X, Shen ] J, et al. Effect of bamboo and rice straw bio-
chars on the bioavailability of Cd, Cu, Pb and Zn to sedum plumbizinci-
cola[]]. Agriculture Ecosystems & Environment, 2014, 191(1) : 124-132.

(2] btttk . M s YA AL IR IEL]. $RETRE 5 AT B, 2009, 34
(6):130-135.

YANG Hai~lin. Remediation of heavy metal polluted soil[J]. Environ-
mental Science and Management, 2009, 34(6) : 130-135.

(314 22, 30, MRiGHE, 45 . AR I -390 4 S ¥ Yk S8 S H R
WFFEL)]. A BRI, 2013, 22(10) £ 1727-1736.

FAN Ting, YE Wen-ling, CHEN Hai-yan, et al. Review on contamina-
tion and remediation technology of heavy metal in agricultural soil[J].
Ecology and Environmental Sciences, 2013, 22(10) : 1727-1736.

[4] Hong C O, Dougyoung C, Lee D K, et al. Comparison of phosphate ma-
terials for immobilizing cadmium in soil[J]. Archives of Environmental
Contamination & Toxicology, 2010, 58(2):268-274.

[5] Toshimitsu H, Ayako K, Hirotomo O, et al. Effect of application of mo-
lasses to paddy soil on the concentration of cadmium and arsenic in rice
grain[J]. Soil Science & Plant Nutrition, 2012, 58(2) :255-260.

[6] Yeung A T, Gu Y Y. A review on techniques to enhance electrochemi-
cal remediation of contaminated soils|J]. Journal of Hazardous Materi-
als, 2011, 195(52) :11-28.

(7] 2 £ R0, BAGER, PVERHT, S5 . 5 g ek i A8 S R BIE T ot S ().
AZSH kK, 2011, 30(3) :596-602.

LI Yu-shuang, HU Xiao—jun, SUN Tie—heng, et al. Soil washing/flush-
ing of contaminated soil: A review[]]. Chinese Journal of Ecology, 2011,
30(3):596-602.

[8] Dermont G, Bergeron M, Mercier G, et al. Soil washing for metal remov-
al: A review of physical/chemical technologies and field applications[J].
Journal of Hazardous Materials, 2008, 152(1) : 1-31.

[9] Chaney R L, Baklanov I A. Phytoremediation and phytomining: Status
and promise[J]. Advances in Botanical Research, 2017, 83 (1) : 189-
221.

[10] Liao G J, Wu Q H, Feng R W, et al. Efficiency evaluation for remediat-
ing paddy soil contaminated with cadmium and arsenic using water
management, variety screening and foliage dressing technologies[J].
Journal of Environmental Management, 2016, 170:116-122.

[11] Hu P J, Ouyang Y N, Wu L H, et al. Effects of water management on
arsenic and cadmium speciation and accumulation in an upland rice
cultivar[]]. Journal of Environmental Sciences, 2015, 27(1):225-231.

[12] Cattani I, Romani M, Boccelli R. Effect of cultivation practices on cad-
mium concentration in rice grain[J|. Agronomy for Sustainable Devel-
opment, 2008, 28(2):265-271.

[13] Yu H, Wang J L, Fang W, et al. Cadmium accumulation in different
rice cultivars and screening for pollution—safe cultivars of rice[J]. Sci-
ence of the Total Environment, 2006, 370(2/3) :302-309.

[14] 5 FF. WIwE T 4 ) 15 4 BUR 07 BB S0 5K, I A (a4
J&, 2012, 28(1) : 57-60.
LEI Dan. Analysis on heavy metals pollution status in Hunan Province
and its remediation strategy[J]. Hunan Nonferrous Metals, 2012, 28
(1):57-60.

[15] % 9, Z53 5=, Ot . 0w I VR e o 5 e 35 e i IR 5 23 A

U] AR 5 R i, 2010, 27(2) :62-65.

LEI Ming, QIN Pu—feng, TIE Bo—qing. The current status and analysis
of heavy metal pollution in Xiangjiang River Basin in Hunan Province
[J]. Agro—Environment Development, 2010, 27(2) : 62-65.

[16] o] 2 B2 . i) B A A 7 Ml & Ji T LA 92 (D). 4 00 - W g el K2,
2016.

HE Jun-li. Research on Hunan rice industry[D]. Changsha: Hunan
Agricultural University, 2016.

[17] Chen T B, Huang Z C, Huang Y Y, et al. Distributions of arsenic and
essential elements in pinna of arsenic hyperaccumulator Pteris vittata
L.[J]. Science in China, 2005, 48(1):18-24.

[18] Hakanson L. An ecological risk index for aquatic pollution control. A
sedimentological approach[J]. Water Research, 1980, 14 (8) : 975-
1001.

[19] Wang Y, Wei I S. Chemistry of soil environmental elements[M]. Bei-
jing: Environmental Science Press of China, 1995.

[20] B %, BRh: . b [ E PR S S EAPSL]. FRERL, 1991, 12
(4):12-19.

WEI Fu-sheng, CHEN Jing—sheng. Study on the background contents
on 61 elements of soils in China[J]. Environmental Science, 1991, 12
(4):12-19.

[21] R, M2, JFE e, 46 VA S fE F AR BULIF M b R

WHERBOTII). FRER A S HR, 2008, 31(2) : 112-115.
XU Zheng—qi, NI Shi—jun, TUO Xian—guo, et al. Calculation of heavy
metals’ toxicity coefficient in the evaluation of potential ecological
risk index[]]. Environmental Science & Technology, 2008, 31 (2) :
112-115.

[22] Sriprachote A, Kanyawongha P, Pantuwan G, et al. Evaluation of Thai
rice cultivars with low—grain cadmium[]]. Soil Science & Plant Nuitri-
tion, 2012, 58(5) : 568-572.

[23] Honma T, Ohba H, Kaneko A, et al. Effects of soil amendments on ar-
senic and cadmium uptake by rice plants (Oryza sativa L. cv. Koshi-
hikari) under different water management practices[J]. Soil Science &
Plant Nutrition, 2016, 62(4) : 1-8.

[24] A, WO A, X B P, 45 . B0 BRSBTS R M K R i &
RS AL TE L. A A 2SO 7R, 2010, 18(4) :847-851.
ZHU Qi-hong, HUANG Dao~-you, LIU Guo-sheng, et al. Effects and
mechanisms of amendments on remediation of cadmium contaminated
acid paddy soils[J]. Chinese Journal of Eco—Agriculture, 2010, 18(4) :
847-851.

[25] Rehaman M, Khalid H, Akmal F, et al. Effect of limestone, lignite and
biochar applied alone and combined on cadmium uptake in wheat and
rice under rotation in an effluent irrigated field[J]. Environmental Pol-
lution, 2017, 227 :560-568.

[26] Okazaki M, Kimura S D, Kikuchi T, et al. Suppressive effects of mag-
nesium oxide materials on cadmium uptake and accumulation into
rice grains: Il : Suppression of cadmium uptake and accumulation into
rice grains due to application of magnesium oxide materials[J]. Jour-
nal of hazardous materials, 2008, 154(1) :294- 299.

718k & A0, | 08, A5 tf O R K S BEL R Y T I,
EER, 2014, 35(7) :2762-2770.

CHEN Zhe, TIE Bo-qing, LEI Ming, et al. Phytoexclusion potential

studies of Si fertilization modes on rice cadmium[J]. Environmental



1544

YRIEIRCX iy F37E5TH

Science, 2014, 35(7) :2762-2770.

[28] EE 2, TV, SR, 55 . SR A AR (VIP) AR X FEARRE K4 &
EERRRITTELT). IR REK, 2016, 22(1) :43-47.

WANG Mi-an, YIN Li-hui, PENG Jian-xiang, et al. Effects of VIP
technology on reducing cadmium content in rice[J]. China Rice, 2016,
22(1):43-47.

[29] #/NKs, XK =, S IR LL, 55 . 23 MR B AR AE AN R] 15 e e JE Ak
AN RN FHARCRBEE]. T EREK, 2018, 24(2) :37-41.

YANG Xiao—-fen, LIU Qin—yun, YUAN Xiang—-hong, et al. Effects of
VIP technology on reducing cadmium under different cadmium pollu-
tion degree paddy soil[J]. China Rice, 2018, 24(2) :37-41.

[30] Hu P J, Huang J X, Ouyang Y N, et al. Water management affects ar-
senic and cadmium accumulation in different rice cultivars[J]. Envi-
ronmental Geochemistry & Health, 2013, 35(6) :767-778.

[31]1Li J R, Xu Y M. Evaluation of palygorskite for remediation of Cd—pol-
luted soil with different water conditions|J]. Journal of Soils & Sedi-
ments, 2017, 18(2) : 1-8.

[32] Huang S H, Yang Y, Li Q, et al. Evaluation of the effects of lime-bas-
sanite—charcoal amendment on the immobilization of cadmium in con-
taminated soil[J]. Bulletin of Environmental Contamination & Toxicol-
ogy, 2017, 98(3):433-438.

[33] ELEI VLTS RIT R AR ZA)  BERF), 2012(9) :17-
17.

TONG Qian—ming. Cadmium of Xiang jiang "polluting element table"
[J]. Land & Resources Herald, 2012(9) :17-17.

[34] 75 . & 9k, EB4, 5. CAMMa FORTRIKAS S Fh 2 240 g v
Cd (WHE2 4N BEBFFELT]. AR BEAH], 2016, 25(12) :2014-2020.
TANG Jie, XU Qiang, WANG Chang — quan, et al. Research of Cd
stress on transfer and distribution of Cd in histocyte of different rice
varieties[J]. Ecology and Environmental Sciences, 2016, 25(12) :2014-
2020.

(351 VL. §i5 Y 3 A R AR AT KR B ek RSO 5E D). K70
IR AR R, 2011
TANG Zhen. Study on the genotype of rice with low accumulation in
Cd pollution paddy soil and its amelioration[D]. Changsha: Hunan Ag-

ricultural University, 2011.

[36] Burke F, Hamza S, Naseem S, et al. Impact of cadmium polluted
groundwater on human health: Winder, Balochistan[J]. Sage Open,
2016,6(1):1-8.

[37] Murakami M, Nakagawa F, Ae N, et al. Phytoextraction by rice capa-
ble of accumulating Cd at high levels: Reduction of Cd content of rice
grain[]]. Environmental Science & Technology, 2009, 43 (15) : 5878-
5883.

[38] Gill S S, Khan N A, Tuteja N. Differential cadmium stress tolerance in
five Indian mustard (L.) cultivars[J]. Plant Signaling & Behavior,
2011, 6(2) :293-300.

[39] Lux A, Martinka M, Vaculik M, et al. Root responses to cadmium in
the rhizosphere : A review[J]. Journal of Experimental Botany, 2011,
62(1):21-37.

[40] Ibaraki T, Fujitomi S I, Ishitsuka A, et al. Phytoextraction by high—
Cd-accumulating rice to reduce Cd in wheat grains grown in Cd-pol-
luted fields[J]. Soil Science & Plant Nutrition, 2014, 60(2) :266-275.

(41155 fif, 20 5F, sRBIUN, 55 . /K o4 s B B b i) O 2 B LA R

SEHEWFSE)]. A S IREE2:4R, 2015, 24(11):1910-1916.
TANG Hao, LI Ting—xuan, ZHANG Xi-zhou, et al. Screening of rice
cultivars with high cadmium accumulation and its cadmium accumula-
tion characteristics[J]. Ecology and Environmental Sciences, 2015, 24
(11):1910-1916.

[42] Chen J R, Shafi M, Wang Y, et al. Organic acid compounds in root ex-
udation of Moso Bamboo ( Phyllostachys pubescens) and its bioactivity
as affected by heavy metals[]]. Environmental Science & Pollution Re-
search, 2016, 23(20) : 1-8.

[43] Li J R, Xu Y M. Erratum to "Immobilization of Cd in a paddy soil us-
ing moisture management and amendment"[Chemosphere, 122 March
2015, 131-136][J]. Chemosphere, 2017, 185:1228.

[44] TR, WRRES, 1R MG, 55 . AR A BT it o 89 75 10 07 0T

A ). Al REERH A4, 2000, 28(7) : 1346-1352.
XU Yan-ling, CHEN Neng—chang, XU Sheng—guang, et al. Breeding
rice cultivars with low accumulation of cadmium: Cultivars versus
types[J]. Journal of Agro— Environment Science, 2009, 28 (7) : 1346~
1352.



