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1.1 REHH SR F

K, {HERAEMAHEERAR. Hhig. Z%5b
BN RACEE. BERR. BEERN. UL N oral, W
HE 2L B AR A R A Tl . B iR e R B A 24 2 K
4 E Novozyme A ] .
1.2 UE5EE

BT R (3£E OHAUS A#]) ; HYL-A BEHES
BIEIR LR GRS ® AT ) 5 Sigmal-14 fi&E =
HEOHL (FEE Sigma AR ; LXJ-IB EOHL (L%
ERIZEAUZST ) s Thermo B 14 FE2% (3 [E Thermo Fisher
Scientific X2 AR AF) ; IKA-RW20 FEARESTIE
AN (FEE IK AR AFD 5 AA-240 i1
a6 (5 Varian A7)
1.3 REAE
13,1 REG AR E

- AOACP 5 3l s K s K 43 R JERS
A 4E . MR A oy SR AR o 1 B i
1.3.2 REEG 698, s

KSR A IE OB TS G T8 . W K Ao 25
Bk, W 1:10, FJ 1.0 mol/L Y NaOH ¥4 ¥ i 17 §2
HUH pHAE R 6.0, I 1.0% =5 FE A B, 90 °C R )W 1 h,
AEEUE pH HZ 4.5, WIN12%A4ERT 55 CFR
N 2h, T 3500 r/min &0 30 min, WEEDTHE, 5
Tk 3 W =T 3500 r/min B0 30 min, HUTIEYD,
TR KEED, RIFEH.
1.3.3 REZaRLABRLSEMNE

KANLE KR MR S HARE K E Sl = =
5 RS- €5 P v RAGHRAE 20 R FR 7K 5 ) S B PR i
1.3.4 RO B T8) S 4@ R P 49 %57

MHEAERECE 100 mg/L PIERET, B 1000 mL Fi&
BRAE 1500 mL BRI+, KB & 5.0 g THES
Pireds ERFRRS S, SR IEREIRNIEY (180 r/min,
25°C) M. 40T 104 204 30, 60+ 90. 120, 180 F
240 min 282 0.5 mL 20> (8 000 r/min, 10 min) , H{ E
TEW, WMRERNE EIREE, HE TR e BT E i
TR E .
1.3.5 TR a4 E 64 B Ao iR R X 3

W BREe . WO B4 i R S A 204 404 60
80+ 100+ 120+ 140 1 160 mg/L HI5R¥ET, 7 HIEL 100 mL
PR E T 150 mL #EEHHAN 0.5 g KBEH,
THE e ERHER S G, R E IR IR IR R B
240 min( 180 r/min, 25 ‘C), #HX 0.5 mL %5.0>(8 000 r/min,
10 min) , U RIEW, MREEIE R MIRE S, FR TR
I3 EETHIN e VTR R S

RIS : e AmIREE ARG TRE, 1§
RIS FORE S, TR ERRR VS VAL, BRRLE 1:2, £
B 2N 0.04 mol/L, FEWLIELRE 25 “Co fEWES[A] 120 min
JEHURE 0.5 mL, B0» (10 000 r/min, 2 min) , B &,
PR B B VR FE I 8 VST PRI S . BRI AR R (%)

Azl (1) R
B R =M_TC’V1><100% (D

A M ovEARS PR E, mg: C AR T
B, mg/Ls Vy RNARRIER, L.
1.3.6 SRR s

H Langmuir F1 Freundlich %535 W [t 75 FE R R AE H R
T W5 B 52 0 A R B T A BE 2 TR g Sk R
Langmuir 1 Freundlich &5 W 77 #2 1T PLR R N 4 (2D
3 .

() 1 1

£ = C + 2>
qe qmax K L qmax
]nqezanF+llnCe (3)

n
A G NP R v R P AR B L 0 L mg/Ls g,
D R ~T 287 R B %8 B PR B B B, g/ s Gamax PR IR B
KM &, mg/gs Koo Kev n AWPHRZERE L
1.3.7 % RWhhFH42

K B 1 0T VR P A 1R I B I R SR FH Lagergren #E—
Hsh 712 7 RV RIAE B Jy s ROk R . 2
MHE 8 7Rt (4) F=l (5

t
le(q. —q)=lgq —k —— @)
g(g,—q,)=1gq, 15303
LA N (s
qt k 2 qe qe

o g, 9 ¢ I 2R BRI B PR &, mg/gs ky RHE— 23N T
HH R, min'; k, N RS HE R,
g/(mg-min); g A B 18E7 R R R 7510 %o 688 0 IR B 8, mg/ge
1.3.8 K& LIE P 4uAARE A

B AR 06 2 BT 4 i ) 038, 300 S D4R 4R 5 o B
(0.15 mg/kg) , [a] L3 o NS AL BRI 78 o B EEIR T,
Pl 2 L, IR T E O 10 mg/kg, JREZ L
By BT R R (RS 2 k) o DAAIKIER
IR HRA, FEIRE, 230 E 0.5%M 1%H K E A&
(DLt imEt) 3 APAT I . BORE . DsE & 1N
4 d, SR S5 L AT A S AR AR £h 45 A SR R
I8, MIE T 1ES % Tessier™ . AW 78308 384875 YR
BAECN 10 mgkg, J&F v H FTH B TS G ™
HEHXERE R TP WIE 3 . X3 AEK
W E S YR R, IR R BN 10 mg/kg.
AR IS R R A ROR, I8 B FE T
KoL ek H B E .
1.4 RIGEIRIE

TR0 FH Origing.5 3 EITEALAL B . AR AHIAGS H
F 3R, ERAPEARAERZER R

2 HR5SH

2.1 RKEEAHS
AT T ARE AR 5 K EBEWER 1 s, K
R AR RS BA S 61.58%, VEM T E BN
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15.57%, FHECT Seibel SN 45 R FOKIIE M5
Ji RS HLI R 8%, VENMI LI 80%. K& T R
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Ty RIBLRR 15 8 A AR K A 2 4R
% | WREERAS
Table 1 Proximate composition of rice dreg

D%y E4E| Koy MW Koy 2F 4 VERD
Composition Protein ~ Moisture Fat Ash Fiber Starch

JRENEL 6158+ 6.12+ 4.13+ 3.68+ 8.92+ 15.57+
Content/% 0.92 0.14 0.38 0.19 0.22 0.08

T RAPIEARI TR BRI
Note: Component mass fraction in the table is calculated on a dry basis of rice
dreg.

2.2 KEEHSERISE

2B ER, KERAESHEAR (Glw . K
KR8 R (Asp) , HJESE AN 10.61%F1 5.50%, B
ESHDEPEWER (Cys) , MARRMELARMRIE,
FMBRRIINIEREVRGT S5 &8 B TR R
R R, HRE (-COOH) HHIERE T
KIS [ BT M BUR 7 LRGSR S (-SHD T & IR 11
BHTRENI, S5 &RRARM MNP, KEEAS
KAKEAMMERE %57, BRSSPI RRE, KKE
F2 iRt . KEm/KEEIERMEERE, KEEA
P ERECKE AR 15, BEBRAEEA L
AAS (S-S) HEEA (SH) KIERIEE, Hik,

SERE, KEEAMETICKREANHENS S EN
nReAEsE; KIEEASAEZMNERE FEAMS, 1
DI 2 M R 2 GRS, 54888 TR &
YIRS e T ] RSG5 .

UeAh, MK 2 BERTTE I, KEE A PRI RE
TN 57.42%, (KT KRB SEERESH (61.58%) ,
A g AR B TR KV R R R R AT, SR FHBRK iR
FRECGT A AR HOR, WEER. AR, K&
[ S T == (i

F2 KEEASEREAK

Table2 Amino acid content of rice dreg protein

AR s IR N SRR s
AR sy | RS mg | AR mg
. Content/% . Content/% . Content/%
acids acids acids
Asp 5.50 Arg 5.24 Phe 337
Glu 10.61 Ala 3.71 Ile 245
Ser 2.55 Tyr 2.33 Leu 4.87
His 1.53 Cys 0.75 Lys 1.94
Gly 291 Val 4.19 Pro 1.88
Thr 1.87 Met 1.71 BE 57.42

2.3 DR R 18] 4R U T AY S0

M1 TR LR AT A EAR IR R EIK N
100 mg/L, SRIIREN 25 CHAM4 T . Kl & AxHEw
R IR B BRI A B TR, iR R
FORRPIEER . HT 60 min WRPHERER, WEKBEEA
GEAN AL, WA, B R AT, TR

RURCRER D, W R RS, RSB AL A B A,
7E 180 min J5 15 21U B T4

I~}

\

15 - Adsorption/(mg-g™)

30 60 90 120 150 180 210 240
I 1) Time/min
W BEAIEAR IR EE Y 100 mg L, RSIEFE 25 °C.
Note: The initial mass concentration of cadmium is 100 mg-L", and the reaction
temperature is 25 C.

B 1 R M RUR A T 49 AL
Fig.1 Effect of time on adsorption capacity

2.4 WIRAERIRE X IR B FR R IR AY 820

iR 23 WK, REBEREE RN 25 CERHET,
180 min Ja K& & FIH R R A 2. B4, XFFA
[0 6 B AR B PR R PR, SR v B 1 PR VR B A7 i
LGB R, B NI EA 240 min. K36,
W52 25 20 AN [EIRTT U 4 R P58 1 Y10 R B o, 43 380~ A e o
B SV IR R WE 2 Fias. M 2 W 2 nr 50 .
Bl R GG R SE TR N, RS B 1 11~ i O B K
YTHEAR R IR EE LS 140 mg/L I, P4 B A 3
KAH 13.28 mg/g. 1EF I A PR &G, KEE A 1
W B e SR S A A BN, IRCF BE 1A FERE AT 4G BRIk
JEE 3 0TI 3K

S N &
L

T O B A
Equilibrium adsorption/(mg-g™)

(= S A
LI B E—

20 40 60 80 100 120 140 160
WIS
Initial concentration/(mg-L™")

TE: RBLRE 25 C, SRR 180 min.
Note: Reaction temperature is 25 C, and the reaction time is 180 min.
B2 AR R A4 4R R B 6 T AL
Fig.2 Effect of cadmium initial concentration on equilibrium
adsorption capacity

BRI AR R AR AT AR R FE AR L 3 B, 1E
FHIHIRE R, R AR BIREIE R 90%LL I,
VLB ER I 45 60 5 52 pH (HEZIA o 7E 20 mg/L FRATLG
FETR, TR O AR R P R A, 7 AR I R
RILH) 99.3%, JLT-RETEAME .

BE & VA6 R IR RGN, KIEE AR A&
AT 0, AR P 18, DR [R) A P R R B A
AR RN %
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Fig.3 Effect of cadmium initial concentration on cadmium
desorption rate

Cadmium desorption rate/%

2.5 KEEBMEZERWHIEDR

K B A KV O 6 RS AW B B Langmuir (L
A (& 4a) A Freundlich (F 4%y (& 4b) J5FEHU
A SRR 2R & 4 B . LA, 7ERE AR
AFAE A G R Bt B A7 T8 1 R % W PR 9 - B 1 O B
R, B DAY A4 43 A 7E [E A B AN R T, AHAE R4 #4 R
RIME LRI LI A0, IXIS B B0 R A 2 43
A TE WP 77 AN FE T, T 3 A B R 7 PR 771 8 T D A5 o
Prs e ZERBIN Y, TERTAER B B, W B T ek 1 45
A TEW AL s b, B IR AT A R v A, W B S
BHETRARC . F B 2 R BRI T AR 20, & Tk
5 R B B ) 2 P A 0 o F BB LG HE ) m R R
W R X B R T B B R RO . — A Y
2<n<10 PSR K, 2 1<<n<2 I, WEPRELF; n<l i
W B PERE SR AWFARAE LA F BN R 4 N
0.992 2 11 0.992 3, KB L fl F AL & 2K 1 55 1 64
(R B SR S5 1R G o F LR A Ke{E8 116, n fH
N O1.72, RUKIEE AXHE R AR L. B LA
RUA] AR H B 0 5 R W B, P DA T 00 R B ) )~ i
W B &, FTCA L 5 RE— B2 B E KR Z . AT L
5 R B H R B R B K, A 0.031, TS H I EL S I
P8 18.79 mg/g A IIG ¥ S bRk i & 13.28 mg/g 5
P AE BT, 0B PR RS T A

6 32
S 28

4 24T y=05823x+0.146 7

E) F 20 R=0.992 3

:Q:J 3 =0.053 2x+1.695 0 1.6

o 12—

<, R*=0.9922 13

1 T T S R T 0.8

15 20 25 30 35 40 45
C/(mg-g") InC,
a. Langmuir f/f b. Freundlich /!
a. Langmuir isotherm b. Freundlich isotherm

0 10 20 30 40 50 60 70 80

TE: CONBMEPAT B R BRI RS, me L'y g JWR T R bt
FF RN R, mgg™, TR

Note: C, represents the remaining cadmium mass fraction in the solution after
adsorption equilibrium, mg-L; ¢. represents adsorption capacity of cadmium at
adsorption equilibrium, mg-g ™', the same below.

B4 LAERFENSFRAM L

Fig.4 Isotherm adsorption curve Langmuir and Freundlich model

2.6 XKBEAMERMEIAZEE

KIS B [ E 7KV YR X T WO B e v — R RD v — 2%
SRR ER LW 5 s, HlE—53) 2R
HE B AR LA I E R R BN 0.938 3
F10.992 6, I FETHH BRI HHRER K N
0.014 3, HEZZk3) /1l AR HHCN 0.003 2, TR
YO0 R BT AT I R PR R g N 12015 mg/g. MBS EL R
K&, W Rsh 1% R AL A AR . Yo A
R, WY BOZ ZH8h 1 =W HHE H = E 5 m
R 2R o i BH K B 1 R o v e P R T e = DA
Wb, FRIE ST REE IS T BRIk A R e A . R
FORCOIRF TR HEl R AR IR, (R L,
T 7L B 0 R R B e 0 R B 18%.  F LA 3 2 5 48
IG5 B T AR FE I 2 S N I R o FR SEAE 4R W
IR AT eSS K DR R REPT

R-COOH+Cd(OH)"(R-COO)-CdOH+H"

2R-COOH+Cd* (R-CO0),-Cd+2H"

1.0 24

08 20
~ 0.6 -~ 19
¥, T 12
% 04 N 8 =0.082 3x+2.125 5
- y=0.006 2x+0.861 3 R=0.992 6

0 R2=0938 3 4 ‘

0 20 40 60 80 100 120 0 60 120 180 240 300
I} 1) Time [} [11) Time

a B )1 Ik
a. Pseudo-first-order reaction equation

b. ka1 Ui R
b. Pseudo-second-order reaction equation

TE: g 2RI R R, meg.
Note: g, is represents adsorption capacity of cadmium, mg-g”.
B 5 b E ok B D F A
Fig.5 Pseudo-first-order and pseudo-second-order reaction
equation

2.7 RiEWTRPBRYFEIER

T I KR AR R BHRES,  R IK I R 0 R TR
MEAER. KBESHEENED, B KEENHE
S, HAoRBEASNEAAER-. B
KA IR IE 45 T R

I 6 151, IIAKE 16 d N, T3 AAs A
BN, MR Eh 45 & A ZETE N, R RIRA
KR, HREAE 28 d2 )G, MR HASNEEH Tt
e, ATRE S TR R 1 B B TR R R U Y oy
fil, FEAEMIETEIR, PRAR T L pH R, AR 0TS 4R
P EE 40 d R EIALIE BT T . 0.5% KB I E
BRIG 20, B TS ROIRAS (0] A8 e A5 4R B e P 1 10 mg/kg
FEC 2 3.75 mg/kg, BN 62.5%. [FIRF, 1%KE 7
MEMREH P TSR E 10 mgkeg BFEILE
3.59 mg/kg, HiLEN 64.1%. ZELGE R TRERHT
DK B A SRR R A SR 2H 43 B, TR 2 b ik
% & -COOH, FrUAXHRARIFMEAIER, HEadm
ARYE S B B B W R 2 1-SH, A R & R AL
BE 77, MRS AP B SR gE FRTIR, KB
B g o 3 R A B E A



5% 2 3] FHEICEE: ORIV R 408 (KB P R0 SR 2 o] 338 p R g AL 1 F 7 225

WHFRIL, KRS ES IR AR S RER
FIERSRMY, oy T A 2T A ) BRI e R
B, BES RGN R, KEEE T4 R R W
BEAR 139 3R & R R PR KRR R A Y. R,
AHIEFELE BT CAHEN KR HEAE A HUIE X AR AR AT
FESIVERAE, W] RE 2 FEARAR AT SR

210
o0
\é 8 —v 1] 22 e & Exchangeable form
= 8 - kIR £h 45 454 Carbonate binding form
PAR=I
SE
I g
g 4T
£3
g 21
2
'§ 4 8 121620 24 28 32 36 40 44 48 52 56 60
© I 1) Time/d

a. 0.5% K iNIn &
a. 0.5% rice dreg

0 4 8 12162024 28 32 36 40 44 48 52 56 60
I 1) Time/d

b. 1%AKIE A N &
b. 1% rice dreg
B 6 0.5%F 1%KiERn Tt L 4T & T AL %
Fig.6 Effects of 0.5% and 1% rice dreg on cadmium status in soil

K 7 R RO B A AR s, Hh i
B R LRSS HBR IR S A5 2 M. 28 d
JEHTERAN S, SRR R%, 340 d 4%
IE R . 0.5%F 1% KB R INE KRG A, AR
SN 27.9%H1 29.0%. [Rlt, £ PUKENE NREYAK
A HUIE, AT DIONE R AVE 7%, A dlitk 3
RRR . M as SRR, TESERRM A A, N P

-
Cadmium concentration/(mg-kg™)
=

CBEA 100 BIACKE, 20 -3 h 4R Bar s
R, XA R AR 2 G k. (B2,
0.5%F1 1% K& & H I & X 33 vh a4k i 2 1k &
P, KB E ARS8 R B T TE A e . R
W BB A=A, TESEBRNHF, R 0.5%M K
IR N EE.

10
&n - 3 ..
% AN Additive/%
g 9r —0.5
¥ E
B TF
C 5]
sSE£ 6|
23
ERR
z
g 4r
E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
& 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

I 1) Time/d

B 7 ki IEPatiaehsibi R

Fig.7 Passivation effect of rice dreg on cadmium in soil
3 ¥ g

I FH R B A RS ok 4 R R 8 KA G SR T e
WHFB. BHHT, A&ZHI0E R ARAE RS FEAE R B
Hho AT R 45 1R W B 255 SR -5 A 5 K O B 255 S0 B
3P, MR 3 HHEATRBL, I E A T R i
PRI FEFT 065 (IR B B8 7 B s AT AL B 22.3 mg/g. MHELT
SRS FT, KE AT BB, AT EAESE, W5
B RE 1 AT ik B 13.28 mg/g, FEIE & KW I B AT ik F
18.79 mg/g. KVEAE a7, T H oA Rk ik F ) stk
WA AP, AR A e .
SCPE S B RE 0 I B 8 7 AT BIE , FE ST (R AT )
A . Ding SOV AR SOt KRR REFEVE IR A7, 52K
EE AR LG, R R BN B T AH AT, R R SO 1 K
FEFFRIE SR, BB SR 2 £, N ZERE
NN PR, SRV 75 048 1 W B 82 B B B RS T 5 4
IR 35 o

R3 TRRAEMTEFT S KIEX HRIRMIERARS EE

Table 3 Comparison of removal cadmium by variety of agricultural straw and rice residue

, B2 WR B 5% 4 Adsorption condition N
ik W R 2 Modification B R 511l il WG B0 Adsorption
Literature Adsorbent types condition Initial concel}tration/ Time/min leZI value Additilve/ capa.mjtly/
(mg'L") (gLh (mgg™)
N PN .
it (2011 @ ci*%ﬁ Acrylonitile 100 350 7.0 10 8.84 (12.73")
orn stalks RS B Graft 100 360 7.0 4 10.72 (22.27)
- I I= 7
A A [44] INEFRERE At . .
KRR (2013) Wheat straw Zinc chloride 100 120 6.0 4 223
g [45] INFERERT SE
Muhamad % (2010) Wheat straw Sodium hydroxide 100 300 7.0 5 12.2
S [46] IKTEFEFE Aok .
Ding & (2012) Rice straw Unmodified 25~300 60 6.0 10 13.9
K E A Atk .
g
BT Rice dreg protein Unmodified 140 240 6.0 5 1328 (1879°)

H: O AAREUE, FoR Langmuir BEAY R HVAE, AR AE SHIME.

Note: * represents the maximum value fitting to the Langmuir model, does not represent the measured value.

TR IR T A R BRI EAE.
AR HUILSE 6 Fhiies] 5400 &2 Be Ak #y a)

ATFRE AR A R S &, K A A HUIE Rt
R B hF, SRBIALERN 14.2% . T LS50 E Yk
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e S R AR G, 8 80 TR K R
21.85%. @ &R HUIE i AR YT e g )
&R AT BRI A A S (BRI e HLAE A58
P FAR TR, 0.5% 7 N & 19K 8 1 Bl Ak % n) ks 2|
27.9%. HKEIHAHPUIEMEELFINEEH. Bariisg
&, BEREIREFEHIERIMNFE S 480 Ju/t (MR
EVRHEHRAFD , VR HLIEN L9 700 T6/t G
Jerh R R S ERAED , KEMHEZIA 1200 s/t (il
REHIEREMRHEERAR)  AET RiFrEeith
MR, Aolk FiEE 2 i B S EERREAEIIE, K
PRI, R ) T e P T L5 R £ 1 2 P it A P 34
—3, Fk, ASRINESMITE JIRA . Ak, K
BIFRRRETHCN 9.8%, BHEEERAVMENRER
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Adsorption of cadmium in aqueous solution and passivation of cadmium
in soil by rice dreg protein

Yin Renwen, Chen Zhengxing™, Li Juan, Wang Ren
(1. State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China;
2. School of Food Science and Technology, Jiangnan University, Wuxi 214122, China,
3. National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, China)

Abstract: Heavy metal cadmium waste is easily discharged into the environment along with waste water and waste residue.
Cadmium will eventually enter the human body along with the food chain. It is difficult to be degraded in the human body,
which will cause various diseases to human. However, research has shown that reducing effective cadmium content in soil can
reduce cadmium content in crops. So the sufficient source and cheap material is needed to bind cadmium and reduce plants
absorption cadmium. In order to explore the adsorption effect of rice dreg protein on cadmium in aqueous solution and the
passivation effect on cadmium activity in soil through rice dreg. Firstly, the cadmium in aqueous solution was adsorbed by
using the dreg protein, then, desorbed with the hydrochloric acid. The Langmuir and Freundlich isotherm adsorption equations
were used to fit the adsorption process of cadmium in aqueous solution by using rice dreg protein, and the kinetic equations
were used to fit the power of rice dreg protein combined with the cadmium. The fitting of the adsorption process was selected
from the quasi-first-order and quasi-secondary adsorption kinetic equations according to the linear relationship closer to the
adsorption process. Secondly, through the periodic sampling, Tessier step-by-step continuous extraction method was used to
determine and investigate the ability of rice dreg to passivate cadmium in soil. The results showed that in the cadmium solution
with different initial mass fraction, the maximum adsorption capacity of rice dreg to cadmium was 13.28 mg/g, and the
combined cadmium desorption rate was desorbed with hydrochloric acid reached more than 90%. Simultaneously, both
Langmuir and Freundlich isothermal equations can fit the adsorption process of rice dreg protein in cadmium aqueous solution,
and the R* was above 0.99 for both equations. Moreover, contrast with quasi-first-order kinetics equations, the adsorption of
cadmium by rice dreg protein in solution was fitted by the pseudo-second-order kinetic equation in line. In addition, the
cadmium passivation test showed better effect in soil after adding rice dreg within 28 days, which may be due to fact that the
form of cadmium were changed in the soil and the cadmium activity was decreased by rice dreg protein. It was simpler to
operate for rice dreg than straw in cadmium adsorption in aqueous solution, and the amount of addition was small. The
addition of 0.5% and 1% rice dreg changed the state of cadmium in the soil and changed the cadmium from an active
exchangeable state to an inactive state. In the passivation of cadmium in soil, the rice dreg had higher passivation rate than that
of the commercial organic fertilizer, and its cost was low. Rice dreg was an environmentally friendly material. The rice dreg in
the passivated cadmium in soil had the advantages of comprehensive action mechanism, simple operation, good passivation
effect than that of plant straw and no pollution to the environment. Therefore, this study provided some new ideas for the
application of rice dreg, such as removing cadmium from wastewater and decreasing cadmium activity in soil. Thereby it
reduced cadmium in crops that planting on contaminated land or irrigation with cadmium wastewater.

Keywords: soils; heavy metals; adsorption; cadmium passivation; rice dreg; rice dreg protein; soil remediation



