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Abstract: In this paper, on account of the current situation that some
rice have high cadmium content or even exceeds the national
standard, the severity and regional distribution currently at home and
abroad are analyzed. The necessity of controlling cadmium pollution
of rice was revealed, and the methods of biotechnology and farming
at home and abroad were systematically integrated,such as screening
low cadmium enriched rice varieties using biological technology, hy-
brid technology and genetic engineering technology that includes
transgene technology, gene knockout and gene silencing to improve
rice traits. The microbial adsorption method and fermentation tech-

nology to reduce the cadmium content in rice, and employing farming
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technology that adding different fertilizer to reduce soil cadmium con-
tent were also disscussed. All theses methods provide effective ways
to control rice cadmium pollution.

Keywords: rice; cadmium pollution; biological technology; farming

technology

e L R RS R S WA R I TR Z —.
B SR XA A A R A ) R G T N T (HU A B
T CELIG A3 ) B9 AR 2R W OO A% i 3 3t 2 1y HE A A 41
R B AR R e T R R DL S M G AR R
KR L AR E AR 2 LB 5 R SR A AL ) L it
v ubup e STA LN NSRS SN S PN R B N 3 7
R A AVHE B L BT LU A R AE 88 P R S i A AR IS 2
IERES: VAUNC S LR NS R e N S LIPS PN N
REFIEE 11 5 S i 45 i A 9 2 A AR B A T A e ] 2k 50 4k
TR A5 A B Q0| A S R R B R A 2 X i Y M
JULIA - o ML 3 S TS A A

AT T T A O R 2 4 P RO ) 0 R 2 S A i
0.20 mg/kg. 1 20 k4l 90 454X o = A 4 75 G2 i AL A
$ 13X 10" hm* 1L LA A 4R TE D U0 o T ek
AT T 3R B 2.8X10° hm” , 5515 Y 4R H 114 45 H 48 5 34 i
T 20 A FEPEMTR G YN R LT LR K
TR VLA % L 0 6 s 1 R0 o g O 4 KK 1 ML ASE
I EE AR R L5 T A R T L R 4 R B A AR e ke
DI RIEBRE A H B E R 2 e fRE . ASCNE
BUAR A B AR AR AE LR PIA T 38 [ N S0 By 36 K 4
TR 5 IR TS HE R . LAIH S ok s o T 0 Y DR OK R 9
[ Lk — BB AT AT Y 5 i e SR



MRBHR

2018 4 % 12 9

1 BRAROR R B &5 i A B R
L1 MRS58 E 5 KK i B9 I i

BUIRTT SR B AN [ X R Y AR R ) R — R
T 7 3 R Al A R 1 S e A 4R R T 4 A I A
RO A 22 25 8 50 15 G B b BRI 7 9 R R O 5 5 R
o+ 33t 2 r g 5 R R DX R A B ROK: LR b O 58 R 5
BRBRI— D EE R R, BRI 110 A (70 Fokl A% A1
40 FiOREAED B4R & B R 3 FIORIAR B0 4% & T E KA
HER) 0.20 mg/kgs Grant F RS UL A [7) K e it i 8] 1 g
R PR Y BRI 25 S T LAS [ P9 7 R ot ol I 40 T 4 o 2
FHKR TEHE 5 A5 R X 500 AP0 RE . R IR TS Ut
1 22 KR E) T 60 A5 LA RN L AE T BH i X BEHR 39 A LAY
R L A 4 75 U 1 8075 mg/keg) I HEAT R AR IR B
W a s BU 39 AN K R &b b P OREOK BB T & 0,06 ~
0.42 mg/ke AFAEH & 19 2 4. B A B IEWI 18
Hh [ LA B 12 K AR R b Q0 P A 4418 RIAE T
Pl % of, - LA HE 9 9108 R ACAE 11 152 2, 855 T
0.222 mg/ke KI5 & & . X SEHFFTHEUESE 17 [a] B9 & il 48
O AR AN [ BT DATE 2 B0 75 24 A0 3t DX X 7K A i o ) T
P A B T UTE RO T AT DR S Rl B 5 0 7 R
15 Qe 7 H I b X 5 6P ARG 67 BT 4R B9 OROK il Bl — b BE
R TARAR ) B L 5 47 9 05 1
L2 BEEEBERKHEK

FERE N BN BUAE © 248 B R 3% 312 1 AE 3 A W 1 IR 2k
M rP . B KRS BB A MO A R . R R AR T
TE T A5 A KRR TR L R R A AR 2R A (R (R B A TR
RN Banakar 45 GHE F R DRI K R e 635 4
Je A 27 - R BRI BB T 4 R BRR 2 5 4, F B
o PRI TR R . 5 AR RS BRAR EE , snat] Rk
£ {1 7K 6 AR X 490 0 8 T 38 A W A O L R R IR
7R BE 5 12 25 b A0 8 RSO 4R B ER B0 L o o B Y 0 R AT AR
PR ST i DR AR R R R TR T A 8 B AR T LUK
0 R B PP i 2 ) TR A T B A s i AR R Ik
L e DR JROOR i) A7 A B il 22 A A S 8L
L3 RZEMERRAHER

Hh [l 7 e R B R A K AR B AR T s B T B 4G
(1 7P o 8 S B VA A T v 4 A R K R 2 B B R U
T R B R ARSROK AT S 4% 1.5 meg/ke A& 148 B
AR AT PR S D 0.06 mg/ke, HOGE I ZH B RS A5
TR T RE T 9000 L b BORS T EE OK I 8 AL S AR T IR AR 1Y
0.20 mg/kg. i A% 5T/ J5 15 BUR FEAS R E AR BOKSF L 2 —
i R 28 1 X2 2 U7 ik
L4 wIBEEMBR SR

HE DA B T 5 1 AR ) o B T BURE AR SE 1Y T RE TR
PRI e S 02 2R 3% 1 o L R 20 O i1 o Sasaki S i
1 5 2 A R 22 PR B BR SR BB SR Nram p5 CH AR PUIEA 1Y

B0 40 i 2R D 5 B LA JS 7 /K R AR R 28 P e i) A S 4
WA B A AR KRR A K e, A R
%, B i BF 53 45 R0 B B CRISPR/Cas9 3k B L A i
Bk OsNramp5 B 3% A4 JB 5% 58 B DR R R ) » 8 00 v 4w vk
BERI U BE— BEAR T 0.05 mg/kg, M 7E Huazhan B A BURIF
i, Cd ¥ BN 0.33~2.90 mg/kg, 7E OsNramp5 ZE45
s B ERAL AN ERAZ BB MEm, i
W5 A K BT AR T5 Ul 18RI i A S8 A T — b 52 10 7 % L D8
AT YRR T e 0 KUK o 3 DR RGO FH 9 RNA T3 A
T 3 [7) 5 T 4 AR FH XU Y RINA 43 7 B 3% 26 1 ol S 4 ik
P mRNA B A A 032 BH L 302 IF B & A A8 R 3%
DNA %5 4 117 2 B 1l 50 9 IR & 19 5% K 72
SOV R RNA FHE AT OsLCT1 5%,
RIS P ) R 5 4 VR IE R IR A i IR B 1 6 R AL CBI G R
GO Z— 2 . R B 1 58 B 7T SR 5 2 S 0 1 ik
PR R T B % vk R HE 1ol 5 o7 B4R AR A DG I R L B2
HE 4 5 T AT RE AT E il
L5 WEYBRMBEEBEREAKPNE

W R AL AN B L R R B e G
JE A W B E . X B T R T SRR TR A
B0 101 i i PR R T R R LA B T LUK SR AR AR 2 A LA
RO BEBR 70 %6 LA LA . BRER S B g8 0 & B ROk
A0 TURFRE 1 2 O R FLAF B R B FLAT 1 AL S AT
W R W 2 AR A5 876 RORRIE 40 H, B ik 390, B
15 (g/ml) B 37 °C L R EERTI] 21 h i 25 14 F - L4
2n[ k] 89.98% . T AF M MBEIT F WX T AE KR R
2.7 B JE R A SR % 43 Sk 93.5 00 Fl 5300, ) Y R
5 AT AR R BB A B R IR . 2R DY R
T 2 BT B P X KOK v (AR A B S A I B R O FE R Y
BROR BT A B LW ERER. P EILIFAE
TR B 1T 5 I8 o ) 0 O A I 0 0 9 LU ST AS TR AR
T 7.01%~15.03% @kl g .
2 i IR RMEEA
2.1 WIERTERFMEDR

A ) 5 S ) JB A PR AU B B o A 2 e b T A5 174 [ AR )
JRET . TR IE AR AT LU R AT S W Sk Al AR 2R R
JE ST A0 R 2 A5 EL LA AR R 2 T AR R —
Filt B 7K IR B TR R 05 W 6 430 1 W R 5 o G M — e SR R
LA P % S — P AR A 2% 1 Ab B Tl 9 K R TR 4 R TS e
MR AR BT O IR S gk R R BT A S 1 AR AR 1Y
S5 K LA B HE 0 e 1 I 2% T RE S RE B SE A 50 T B T 4
B R U AR I T AR R Y 4Ok B A MRS
BT R B AT AT LA 2R R R AR S A
POKRAEYRE YR E T AR ERER LY ERE . KT
T MO S A W A 14 BB 0 L LGS SE 2R R B Ay s

173

Uraguchi



F3MEFEI2H

TEIR IR 45 B IR ROR R 15 UL 1) A W) S R AR BOR Bt 5 8t

2.2 RiTHETEDEEERE
5 ) 2 WL 7 4 T U 1 8 e 8 it T T LA R
1&&%1&&@4\%‘*&1%@@#*E@%%%%ﬂiﬁ%ﬂ@ pH. ik
REHE KRG I = i Hoh ORI B & RN T 25.3% . E1R
B 2 007 e B ke S T R 0 K R MR R A S 0 B 24 it R
K F] 800 mg/kg B, AR 148 7 bbb BR AL CR it /e T 3 /2
T 32.76% . 0 3 b /> TR AR AE AR R 00 0T AE K 1Y 4
.
2.3 REHEITEPMANTELRA
ek Rl a fh T B A A K CBERR ER L A LB
O HERE A ERBEESRE R NS R, X
A2 R R AT DRl ol P i) DL EAT A A R G 0 R i
FHA DT O R R T R AT A i R R A R 41 A AR
T YA B R U R L, JRRES RIS A 2 0 1
B KA CaCOs FNE ¥ A1 Mgs (H, O), [Sis Oy 1, (OHD,
8H, O, BB AT Cayo (PO, OH, Flih £7 75 S 25 it o B )
T T 4 i Y i1 L T S AR R K R B R B R T
23.2% ~43.8% R BE .
2.4 WITHRTEPEEFIIER
TESR TS Y 1 S bt i K& K& 2 A g AL RL X sk
DOKFEX RS RA B E SR, MEE AV LG
T A B 4 2 i L X R o 37.5 % 8 J6 40 g A HILAE Ak B 1L S
T K Y 45 & i He ok R B 22,5 % RS 358 S A HILAE b 31 S
FE KA H & o LU X B T RE 7.5 WA & e T 4% 25
X PEARFE KGR 8 R AR VKRR AR X LR s
AR T R 0 32 SR AR T KA P R m ROk R i .
2.5 $RITHRTERMANTHEIER
BB B BEgT ) S WA e FH A A AT LA BT Sk A R A X K R
B A A A T [0 B A AR AT K e X 4 1 & AR L X T AR S
U, TR 48 & i 5 QAR KRG A 05 T AR T BE A< K F5
BT E O e W b BN ) B A b vk 7 RP A A S
+E A ER KRB AR N R AW S
RIA B AR S5 R BoR . DIOKRE SRR b 3 4 il 4f AR
BRSBTS AR R AT 4 T G B I 4
Xof KR A A B2 5 T K R4 GSH F1 PCs 19
fE SRR A YR A PC Y 255 1 T DT U8 2 4% % 7K A 4 i
MEEE. ERR%SN KB 78 Cd A BIH EE 2 5.0 pmol/L 4%
PR AN IRATG CIV ) 25 0 25 W3 AR K 0 4 1 W e Fn % 38 . 220
FIAEE R BN A v e e K — S B A
Kb L TR R
5 g
KK B4R A LLTR Sk B AR A B R4 35 42 58 VB T
TR 7 4R 1K 5 4 1 G i, U T LRI R 2 A R Bk TR S
J5 X KK e 7 i EAT B R o G A 3 ] DL 5 4R 4R it
N7 R FRAR L e g & at . B B AE AR W R B AT HY
J5 i —— L B R e HEON AT 0 o R KRR i PR A R
174

B AR A ROK AR bl bR AR 4 Y A R (E R A
SrULB LR 7 i o AR N 1% 5T A0 Bl 2R W % B R R R F) A )
FOARAL AT LR C A 19 0 ROK 25 A7 42 43 R4 A AU R AS 19 i
VP

TEAAE AR Jr 17 SO S 35 EL AR AR B 2 1 A O A4
15 % 0 e S BP9 R A A DL L R RGP S O ik 4R
Tl ik AL T DA A AR B S v ) I i e T LR R 7 A s it
T AL BR 1 A AR ROK 4 48 WAL A A 38 E 38 m ok oK L A9 G T 6
Fa AR R . 25 BB IR AT B W) BOR AR AR £
AR X TG Qe HEAT 2R G B AT AT O, W] LU i 22 R R O
T SR St DR KRR R 5 A R R 9 ] A

5% i

[1] GODT J, SCHEIDIG F, GROSSE-SIESTRUP C, et al. The
toxicity of cadmium and resulting hazards for human health[ J].
Journal of Occupational Medicine and Toxicology, 2006, 1.
22-217.

[2] SATARUG S, BAKER J R, URBENJAPOL S, et al. A global
perspective on cadmium pollution and toxicity in non-occupation-
ally exposed population[ J]. Toxicology Letters, 2003, 137 (1/
2): 65-83.

[3] FAROON O, ASHIZAWA A, WRIGHT S, et al. Toxicological
Profile for Cadmium[ M]. Atlanta: Agency for Toxic Substances
and Disease Registry, 2012: 15.

(4] ERAREERIBJR. A M X A SR R A & i 5 LT, 38
AR, 2003, 26(8): 3-8.

(5] skerd, Bk W], WDk, %, HERE R 46 FEH 505

s RE L AE W R G b i s L SR R A [T .
AR, 2010, 47(4) : 628-638.

[6] XIE Li-hong, Tang Shao-qing, WEI Xiang-jin, et al. The cadmi-
um and lead content of the grain produced by leading Chinese
rice cultivars[J]. Food Chemistry, 2017, 217, 217-224.

[7] GRANT C A, CLARKE ] M, DUGUID S, et al. Selection and
breeding of plant cultivars to minimize cadmium accumulation[ J ], Sci
Total Environ, 2008, 390(2/3): 301-310.

[8] URAGUCHI S, FUJIWARA T. Cadmium transport and toler-
ance in rice: perspectives for reducing grain cadmium accumula-
tion[ J]. Rice, 2012, 5(1): 1-8.

[9] YANG Qian-wen, LAN Chong-yu, WANG Hong-bin, et al.
Cadmium in soil-rice system and health risk associated with the
use of untreated mining wastewater for irrigation in Lechang,
Chinal[ J]. Agricutral Water Management, 2006, 84 (1/2):
147-152.

[10] GRANT C A, CLARKE J M, DUGUID S, et al. Selection and
breeding of plant cultivars to minimize cadmium accumulation[ ] ].
Sci Total Environ, 2008, 390: 301-310.

[11] KE Shen, CHENG Xi-yu, ZHANG Ni, et al. Cadmium con-
tamination of rice from various polluted areas of china and its
potential risks to human health [ J]. Environ Monit Asses,

2015, 187 1-11.



MRBHR

2018 4 % 12 9

[12] ZHAN Jie, WEI Shu-he, NIU Rong-cheng, et al. Identification
of rice cultivar with exclusive characteristic to Cd using a field
polluted soil and its foreground application[ ] ]. Environ Sci
Pollut Res, 2013, 20: 2 645-2 650.

[13] HUANG Gao-xiang, DING Chang-feng, GUO Fu-yu, et al.
The Role of node restriction on cadmium accumulation in the
brown rice of 12 Chinese rice (Oryza sativa L.) cultivars[]J].
Journal of Agricultural and Food Chemistry, 2017, 65(47) .
10 157-10 164.

[14] BANAKAR R, ALVAREZ Fernandez A, DIAZ-BENITO P,
et al. Phytosiderophores determine thresholds for iron and zinc
accumulation in biofortified rice endosperm while inhibiting the
accumulation of cadmium[]J]. Journal of Experimental Botany,
2017, 68(17): 4 983-4 995.

[15] LEE K, BACK K. Overexpression of rice serotonin N-acetyl-
transferasel in transgenic rice plants confers resistance to cad-
mium and senescence and increases grain yield[J]. Journal of
Pineal Research, 2017, 62(3): e12392.

[16] S ik, ARG 2 20K 78 38 & B3 S s th o R LT 1. 0 v Ak B
22017(9); 27.

L17] JA4E, A5 %, wER, & EHESREARGIERLIT] hEE
£, 2015, 51(3): 67-69.

[18] SASAKI A, YAMAJI N. YOKOSHO K. et al. Nramp5 is a
major transporter responsible for manganese and cadmium up-
take in rice[ J]. Plant Cell, 2012, 24(5); 2 155-2 167.

[19] TANG Li, MAO Bi-gang., LI Yao-kui, et al. Knockout of Os-
Nramp5 using the CRISPR/Cas9 system produces low Cd-accu-
mulating indica rice without compromising yield[]J]. Scientific
Reports, 2017, 7(1): 14 438.

[20] xU3Ehs . AL Bl A% IM]L Jeat: %5 8F
AL, 1983: 169.

[21] URAGUCHI S, KAMIYA T, SAKAMOTO T. et al. Low-af-
finity cation transporter ( OsLCT1 ) regulates cadmium
transport into rice grains[ ] |. Proceedings of the National Acad-
emy of Sciences of the United States of America, 2011, 108
(52): 20 959-20 964.

(22 e, T8 5 I A 0 i 0 2k B HO 3 e L3R AR AL 2 TR S 1Y 32
WD, BB Al k. 2009: 1-3.

(23] Jtuzs, Aok, W &M, 55 KOKFLRR W & BERE @R L2100
FRL)]. Aol TR 24, 2016, 34(7): 276-282.

[24] PR3%, B4, 2 DIEL IR B R BN OOk b i L2l ],
B S HLM 2017, 33(8): 44-49.

[25] E4 8. Fa AR KOKR RS & BEROR MR E ], B TR, 2014,
30(6) . 27-28.

[26] 245k, thas, 2248, 5. X6 e bt B B 19 5 QR B 58 A8
Bk EL ] @5 &R, 2011, 37(12): 49-53.

[27] DENYES M J. PARISIEN M A, RUTTER A. et al. Physical,
chemical and biological characterization of six biochars produced
for the remediation of contaminated sites[ J]. Journal of Visual-
ized experimental, 2014, 93. €52183-e52194.

[28] AHMAD M, RAJAPAKSHA A U, LIM ] E, et al. Biochar as

a sorbent forcontaminant management in soil and water: a re-
view[]]. Chemosphere, 2014, 99(3): 19-23.

[29] UCHIMIYA M, LIMA I M, KLASSON K T, et al. Immobi-
lization of heavy metal ions (Cull, CdII, Nill, and PbII) by
broiler litter derived biochars in water and soil[J]. Journal of
Agricultural and Food Chemistry, 2010, 58(9): 5 538-5 544.

[30] LIU Pei, LIU Wu-jun, JIANG Hong, et al. Modification of
bio-char derived from fast pyrolysis of biomass and its applica-
tion in removal of tetracycline from aqueous solution[]]. Biore-
soure Technology, 2012, 121 235-240.

[31] BASHIR S. ZHU Jun, FU Qing-ling, et al. Comparing the ad-
sorption mechanism of Cd by rice straw pristine and KOH-
modified biochar[ J]. Environmental Science and Pollution Re-
search, 2018, doi: 10. 1007/s11356-018-1292-z.

[32] RAJAPAKSHA A U, CHEN Season-sheng, TSANG D C W,
et al. Engineered/designer biochar for contaminant removal/im-
mobilization from soil and water: potential and implication of
biochar modification[ J]. Chemosphere, 2016, 148. 276-291.

[33] TAN Xiao-fei, LIU Yun-guo, GU Yan-lin, et al. Biochar-based
nano-composites for the decontamination of wastewater: a re-
view[ ] |. Bioresource Technology, 2016, 212, 318-333.

[34] ARABYARMOHAMMADI H, DARBAN A K. ZEE Seatm
van der, et al. Fractionation and leaching of heavy metals in
soils amended with a new biochar nanocomposite[ J]. Environ-
mental Science and Pollution Research International, 2018, 25
(7): 6 826-6 837.

[35] sk, HRKE, BhYE, 5. IR A W10 Tk I X ok g R W R 2R
FARERIES )], ol #5558 AL 2% 24 4, 2017, 36(6): 1 027-
1 033.

[36] TAaHe, XA, M= &, 5. B XK R 40 5% i (0 3 6% 0 oF
FE[10. HEASFFBE R, 2016, 25(11) ., 1 822-1 827.

[37] MENG Jun, ZHONG Li-bin, WANG Lu, et al. Contrasting
effects of alkaline amendments on the bioavailability and uptake
of Cd in rice plants in a Cd-contaminated acid paddy soil[J]. En-
vironmental Science and Pollution Research International,
2018, 25(9). 8 827-8 835.

[38] HUANG Gao-xiang, DING Chang-feng, GUO Fu-yu, et al.
Underlying mechanisms and effects of hydrated lime and seleni-
um application on cadmium uptake by rice (Oryza sativa L.)
seedlings[ J ]. Environmental Science and Pollution Research,
2017, 24(23). 18 926-18 935.

[39] HE Yan-bing, HUANG Dao-you, ZHU Qi-hong, et al. A
three-season field study on the in-situ remediation of Cd-con-
taminated paddy soil using lime, two industrial by-products,
and a low-Cd-accumulation rice cultivar[ J]. Ecotoxicology and
Environment Safety, 2017, 136 135-141.

(400 s %, SPaIgE, J235, 2. JRK 704 SR T A0 0 Xk 7K e B R 0 5
BRAEWL]. 4Ol TR R, 2017, 33(24): 111-117.

C41] hRRAR . AT, /NG, 55, R3Ok RXT KRS 2 R 1L
FAE PR AR B I [T, WE VLR 2R R 5 2 A B
i, 2016, 42(1): 89-98.

(T 4% 210 7O

175



&R

2018 4 % 12 9

B B TR LA W R T T R TR A AR R R R
U oy 2 — 2 R 5 A A il Y L MR ORI A5 L B R A
it

5% Lk

(1] EAG W, JOF, VR4 08, BF BORE 0T 95 P 2y 5 3% BT 1 36 T
SRLT]. B EEEZ . 2007, 18(12): 2 923-2 924.

(2] Efmu, dJy B, KA. BB P s & i L s )],
P EE, 2007, 39(5); 105-106.

[3] JUN Tian, BO Huang, XIU Li-luo, et al. The control of Asper-
gillus flavus  with Cinnamomum jensenianum Hand-Mazz
essential oil and its potential use as a food preservative[ J]. Food
Chemistry, 2012, 130(3): 520-527.

[4] LALLY J Y. VILHOEN A M, VAN S V. Potential interaction
between the volatile and non-volatile fractions on the in vitro an-
timicrobial activity of three South African Pelargonium (Gerani-
aceae) species[ J]. Natural Product Communications, 2010, 5
(9): 1 395-1 400.

[5] 2= RN . A 4R Tl iy 300 o 3 B O T LD 1 5d e g B0 K
2, 2014 1-10.

[6] ORLANDA J F F, NASCIMENTO A R. Chemical composition

[}

and antibacterial activity of Ruta graveolens L. (Rutaceae) vola-
tile oils, from Sao Luis, Maranhao, Brazil[ J]. South African
Journal of Botany, 2015, 99: 103-106.

[7] YANG Yuan, ZHI Yan-kong, YING En-sun, et al. Complex co-
acervation of soy protein with chitosan: Constructing antioxidant

microcapsule for algal oil delivery[ J]. LWT-Food Science and

Technology, 2017, 75 171-179.

(8] AHEE I, SR, 24, % AR EMERM AR LE
TR BRI EMITNLT]. R/ 59 %, 2017, 29
(1): 46-51.

Lo WhFR oK, o, 2508, 75 Pkl & T 7 K h-p- 20 W0RS UK
#[J]. A, 2013, 34(22): 97-100.

[10] SR AN I A SR IR He M e AR W 5E [ D, Kt K HERY
WK, 2012: 1-10.

(117 BRukig . sy, 25w P, 5. SRR EHERE TR EIRE T2
BroE[)]. i 5P, 2016, 32(3) . 198-202.

C12] RISE%E, JHmde, BLK 2%, 5. U ORI 08 28 ) il 25 2 M il
BT, i 5P, 2017, 33(8): 194-197.

(137 SRAZHE. BEM LLUIXT 52 4 BE R KR Vi U 2860 HLRUR 10532
ma T, B 5L, 2017, 33(2): 175-178.

(4] 5, $AE0E, W, % "ERERd &2 pUR &) g
BLA, 2016, 32(7). 181-185.

[15] JANG S H, JANG S R, LEE G M, et al. Halloysite nanocap-
sules containing thyme essential oil: preparation, characteriza-
tion, and application in packaging materials[J]. ] Food Sci,
2017, 82(9): 2 113-2 120.

[16] Bk, Zotl, BRAEME. KRB S MR p-FRWR BUR % Hil 45
TZEMBFELT]. P E R 5S4, 2006(1) : 110-115,

[17] REGIANE V B F, DIEGO A B, ERIC K S, et al. Cashew gum
andinulin: New alternative for ginger essential oil microencap-
sulation[J]. Carbohydrate Polymers, 2016, 153; 133-142.

(18] i, HRHE. HBise. 5. FRFVRE /RN E-p- IR 65 W
il 5 R ARAELT ], o M2 i, 2017, 32(10) ¢ 85-89.

(E#F 175 7D

[427] LIN Jia-jiang, SU Bin-lin, SUN Meng-qiang, et al. Biosynthe-
sized iron oxide nanoparticles used for optimized removal of cad-
mium with response surface methodology[J]. The Science of
Total Environment, 2018, 627(1) . 314-321.

[43] JA#k . JEIAL . B8, 2. A KA RN I A 2 C 0 K Rl b oK T 4 )R
MEnsZmI]. 3%, 2014(3): 555-563.

[44] WHA W @ MEME , REME, 5. R HLUIE XS 84 4 1A 240
MmN A A2, 2015, 26(3): 826-832.

[45] HUANG Bai-fei, XIN Jun-liang, DAI Hong-wen, et al. Effects
of interaction between cadmium (Cd) and selenium (Se) on

grain yield and Cd and Se accumulation in a hybrid rice (Oryza

sativa) system[]]. Journal of Agricultural and Food Chemistry,
2017, 65(43): 9 537-9 546.

(467 I, AN, R, 5. Bt 5 i 4 58 X 32 2R 1E Yl 40
FHIE VL R MR R 40 56 ROP5E ) ). WIRAEE 5 TR, 2017,
31(6): 706-712.

[47] BB, ARE K, 503, & R[4 3 6 5% 28 1 38 %7K
P&y o 0 A BURRPE 2 IR LT ). Rl SRS A 5 4l . 2012, 31(5) .
857-866.

[48] Jeli = . FHE. SBEM . 5. A0 K e a7 M 0 w2 w2 AL i
WFFEL) ], R\ EFREERL2F 24, 2014, 33(9): 1 679-1 685.

(497 Z=ur 2, FAZ, Tt . 5. Wt KR A o 2 H7e 40 i b i
IARE LT, AR SRR AE, 2016, 25(2): 320-326.

(E#F 204 7))

(9] XIVLLE, WifER, 35, 2, KLD2-3 7 4t 22 Bl 13 B 5 % A
[i) 4 il A = 0 Ak 25 R A B SE e [T, L BR b 2 4R, 2013, 41
(2): 824-826, 829.

[10] WH#E%, FBEMr, pEME, 5. 22 T2 S 500G M 22 5 55 i

MIRFSELT]. R KR AR . 2007, 13(6) : 24-29.

[117 BeRS. 4 22 70 0 T R P O 5 (D1, M - 545 1 0 50 B 5% Be
2014 ; 28-45.

[12] F#. w2 R 5 BB IR TR ERE 5 LD, 5« 545 JH Il 7o

210

Fike. 2015.

[13] ML 32)R. YC/T 311996 4 & K 4 ] 5k AL 1l 4
FHIK 3 10 0 52 A 1 LS. KRN+ [ 500 50 Joi o W B A 6 v
1996, 1-3.

[14] EZME LR, YC/T 1381998 Ko # K A 55 il 5 8% 3
TPk ST AN+ [ 5N B e W B A B 0 1998 355,

[15] FE B, MRk 2EIMD. 0 . o E ol Ak, 2003 67-69.

[16] BT 7%, SRR AL, XUk, 5. K& A Y e 00 32 J5URN 4347 J7 0% B
FEik L] P E A, 2007, 13(3): 64-70.



