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Effect of shell powder on immobilization remediation of cadmium contaminated farmland soil

JI Yi-ning'?, XU Ying—ming', WANG Nong', SUN Yue—bing"

(1.Key Laboratory of Original Agro—Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs/Tianjin Key
Laboratory of Agro—Environment and Agro—product Safety, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural
Affairs, Tianjin 300191, China; 2. College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)
Abstract: The effects of shell powder on the remediation effect and soil quality of Cd contaminated farmland soil were studied using a static
culture test and pot experiment. In the static culture experiment, with the increase of the shell powder applied, the soil pH increased, while
the contents of soil organic matter, available nitrogen, available phosphorus and available potassium were decreased. The immobilization
rate of TCLP—Cd in soil was up to 64.13%, and each treatment was significantly higher than the control (P<0.05). The maximal increase of
the activities of catalase, peroxidase, and urease in soil were up to 64.31%, 30.26% and 17.08%, respectively. In the pot experiment, the
application of the shell powder could convert the heavy metal Cd in the soil from the water—soluble state and the reduced state to the oxida-
tion state and the residual state. Shell powder treatment increased the chlorophyll content of rape leaves and had no significant effect on the
fresh weight (P>0.05) of plants. The Cd content in the upper part of the rape decreased by 3.13%~26.71% compared with the control. The
Cd content in the roots decreased by 12.22%~31.49% compared with the control. When the shell powder dosage reached 1%, Cd content in
edible part of rape met with the national food contaminant limit standard (GB 2762—2017). It is more feasible to immobilize remediation of
Cd contaminated soil using shell powder, and the further field experiment should be carried out to verify the effect.

Keywords : cadmium; shell powder; immobilization and remediation; rape; ecological effect
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VAR, Fe A 1 A3 Cd {5 gL H 35 ™ &, (&
TS YR B0 R A A ) R 4 [ - 4 Cd T Y A
FEPRR IR 7% . R R AR5 KA L, =
AR H Cd 5 BB R IA R 43.48% , 528 Cd B AR
Ik 4597, BB S WL L W E 48 Cd,
EE S C PN N T aF AR 3 A
I B2 IE P Cd {5 Y e AR bk nT FF2 & 8 |
PRBEA 7 W 7= o S 028 A NP A iR fid B LA
BEN, BERHEEESEGRNFET LAY
PR Ab2ETE A BRI ESE . b R
BALH AR 24 L e 4 g 5 Yo B B U, il ad m)
+ bt A L TCALE D REM RL ASE ] LR AR £
B R T, 3 AT DA B 4 7E 3R AR T
A R AE IR,

T DU E A A — RS A
1000 J7 LI 3801 5¢, DI SE a5 3045 SR R R B F
PR At BRE 8 A 1 77 L P, R Vg b IX AR i A
(R FREE )R, D13 & — P s 53 1 ] FEAE T P e U
2 CaCOs 24 1 95% , oAk 5% G L, 2%
—FPRAR A D Pk R AR, A DL
Wit T L E SRR B IS T —E Mg
SR B R B, AE - 458 e FH A W5 R X 4
Cd Ph (A EHAT — 2 IR R, EL o] LA s i 4
Py, RS M R 3 v DA R
8 pH AR 3840 BH B 0 2, 148 AT AR i 398 o AL
R T, DA - BRI, 1 T s AR A A e
B2 DL TSR i A 751 i A 398 i %o - S e R i3
Jo e (R A DB R

A58 R 25 PN R AS B R 6 A 2 Ak i A 45
AT WESE N SE R M 4 R Cd 5 Y 3B 2
AN R X A HERE 3 A A R A A S R 52 i, LA
WA DLe R T RETBUE & Cd 5 YA H -3 (it
WS R4 AR S HE

1 #B5E7E

1.1 RIEH
TIEFENCR B R AR HEX Cdi5 YR H,
3 pHAE A AL CEC(FHES F38 e im ) A1 Cd 5

75 R 8.10,26 g+ kg, 24.92 cmol - kg™ Fl 2.47 mg -
ke ISR T REHH A | L R JT RE# LR
W5 3k 100 H i 45 1, DL 7e ks pH AR A LS H CEC 43
24 9.02.4.09 g-kg ', 14.26 cmol - kg™, Cd 7 & K6
o R VFIR N VLGER TEHLEL o o A 32 7 1l
T HCRK BRI AF 78 T

1.2 KA &

B S IR B 2.0 kg B AR R 35, i A9
L2 (10 emXx20 em) , $ A [) 1) 42 DL 58 #3 (0.5%
19%.3% F15%) , B FER ST, ASH IR X BEZH (CK)
FRAAAC PR A 3K, T KA B K FRKE R
60% , % Bf J5 {25 R 365 d U, 43 5 3 HL
JoT HRASCRL R EACH ARGS Cd i, D
FAL AN A APl DR BEE 1

FEARIRE 2.0 kg F IR 58, i A% (20
emx12 em) , BN [F] 551 45 D152 85 (0.5% 1% 3% F
5%) BEFEIR ST, ASHE IR R R X B, B2 A HE E A
3o T LK & R R KR 60% , R 14
A G SR T F 7 & 25 i R4 5 7R, 70
d JE ORI SERE i, 5 Cd &, SRAE b 34T
- SR AR R CATE AS I E
1.3 H@RSH

T A LTRSS IR P25 874 (NY/T 1121.6—
2006) % 5 1438 pH >R A (/K HE 1:2.5) pH 3 H2E 7300
€ AR Cd & & K A Toxicity characteristic
leaching procedure(TCLP)%J‘ﬂ:'f‘TiﬂUfE LI TCLP-Cd 3
7 BACAR 1 0.01 mol - L™ CaCLIZ 4%, ¥ 22 843
BEASVEIN 22 5 32 R FH 0.5 mol - L7 NaHCO- 12 42 , 42
AN BTN A 5 USSR A 1 mol - L7 NHLOAC
B, S E R E

- A SRS R A OB BRI E | L
H 45 5%+ FEAEAL 1 wmol HLOL B E X —/ i /1
AL, BN wmol - g7 - d7 . 1 E ALY R F A 6
FEEI A, AR H A AR Al mg R AR E T
FOE SR — TGS, By mg gt A IR
PESR A6 BRI, LA H e AR = A 1
g NHa=N 2E S — N6 T 3007, B0 pgeg - d ™'

- HE R SR AE i Cd 7% 2R ) HNOs—HC10, 75 7,

&1 NEMENES

Table 1 The inorganic components of shell powder

Iﬁ ﬁ Item CaO Si0, Na,O ALO; Fe,0s MgO

KzO SrO ZrOz Ti02 SO; P,0s Cl

J A U % 96.780  0.860  0.814 0298 0267  0.105

0.056 0.328 0.028 0.043 0.312 0.092 0.016
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P e . HHEE 4R A R A it fY BCR %
FEM, T AR R RO SRR S R D Cd
R FH R A A B TR R4 (TICP-MS) il 5
Cd IC & M8 95%~105% ., I SPAD-502 Il 52 3
St Rt aR R,
1.4 Gt Hn

% FHl Excel 2016, Origin 2018, SPSS 20.0, DPS it
ATEHEAE PR AHOCHE ST 22 53 P AR R A R
Duncan {1722 5 B & R

2 HR5IHR

2.1 NFEHAERT TR AR R B E R
2.1.1 Gt DUSE R R A A BRALRRAE 5 1

322 J D178 Ky it A XT - 58 pH R s AL 7 43 1 52
M, pH7EHIERESRE BRI A 2 0ER
AR FHRO 30 B R FH 9 DL A SR mai ki Ak 5], 5
ARG pHAR . BEAE DL5eky it fin & i35 i , 1-3% pH
A6 AR 3 T 0.01~0.22 AN BRA7 |, 3% Fi1 5% Ak BR
438 pH i 5 X% BHAT B 2 22 57 (P<0.05) . BFR &
W, L3Ry pH B 0 1A 27, B3 CA A RS
TR R R JEOR A — 2B, pHAE T, W] LA R
- SRR NI T 4 e 5 P R O el LA Bl 4
J& UTTE , WAl 1 438 8 43 Jm ST R AR AR Y
TR, BEAL T AT IR M, SR KOS R B, DL
FEH H CaCOs X 4= 38 pH 52 i B8 K, L HGA A K
Na Mg St 540 -

TERRAS R Rt D152k e, 3 b s sl
FEH e N, AP B T 4.58%~
25.61% - 3R S50 | S ASOR R RO B i 00 A
XTI T 1.60%~14.69%.0.92%~10.39% ., 11.02%~
26.91%. A HLBAE K a] 0 B2 Cd 1 W B AL s, AT LA
B Cd B A A RER s R 58 A 3, T it fin e
BlARTR S 2 i 0 AN R AR R R A Y

W, g Ak B AN AL pH A B A G (P<
0.05)P, AW FE B fit FH G4k R0 R DL 5k, J&—Fh
AR G5 (R W SR R, ELAR s A W B,
it A 55 (o pHAE b T A LT SRR AU
ROER S N, XAE— R bonT DA il L35 0
(RIS ¥ e T Ak, o 3 ) AR A RE T 4
2.1.2 it fin DL SRy ok - S TS 5

- E R VMY R Y — N E R A, I
TR T LR e A WS M | R R A R
1P R A SR — P R A SR, R T
B R B AT AL R R AL R A
it N0, 3 Ak A AR T HL0. 40 R O,
HLO S ff 40 i 92 37 HL0, 19 853, IRt , 380 Sk &
fif A, A iz Bt - M AR A B AR AR 3 SR AL P R R
- B W T B AR A L A R A SR Ak S
oAt A WL E A 0 S R 2 A R A -
ALY RS, DR T HIEN MR, 25 1
BREAL, BRSO B SYEES,
5 ITE IR R AR SO0 B AR 1 B A DT 8 it
TEPEREAR™, 455K, 173 E 48 Cd . Phi5 4
Jei , ORTEG WETR I B0 S0 M B B R, -
J e S A HEAE Syt 2 2 B R /1 IR At n
DUSE R %) - STt % M (s ) o B8 A T 2 it o
NPk a AR . L3 rp AL & o Ak
Y IR B S M B 2 4 B3 N 64.31% . 30.26%
17.08%, 5% 0.5% 1% D1 5¢ 53 Ak SRR AN , HoAth - 40 3
fifg G PE Y 5 CK AbBE 22 57 2 35 (P<0.05) o X2 Tifi
nlFess s, 1 Cau B, 5 L3 cd> k4
Se4r Al A RS Cd iDL RS PR R
MR 2] T —E MEMAVER, TN A8 T —E W
st
2.2 HEMRFEHRT 11 Cd S = MHERF0Y
2.2.1 s DL 5K Xt 443 TCLP-Cd 75t 1 52 1)

T2 NEMLENTEpHRAEDSENH N

Table 2 Soil pH and nutrient content in different shell powder treatments

Kb Treatments pH HHUTOM/g kg A Available N/mg-kg'  # LW Available P/mg-kg" 3 4¢H} Available K/mg-kg™
CK 8.43+0.03¢ 36.98+1.69a 29.06+0.09ah 54.16+0.57a 243.85+1.85a
0.5% 8.44+0.04¢ 35.29+0.54ab 29.54+0.34a 53.66+0.72a 216.98+8.96b
1% 8.45+0.02¢ 34.19+0.65b 28.59+0.47bc 52.57+0.40b 208.7+5.94bc
3% 8.55+0.01b 31.34+1.42¢ 28.21+0.75¢ 49.89+0.42¢ 203.55+2.69¢
5% 8.65+0.02a 27.51+1.35d 24.79+0.08d 48.53+0.60d 178.23+6.23d

TE « [ SN [R] B R AL 2] 22 57 8835 (P<0.05) o R[]

Note: Different letters in a column indicate significant difference among treatments (P<0.05). The same below.
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300 1 [ i 4k Catalase a
. 280 O 4L Peroxidase N
] P T Trne e
% 260 IR Urease b n &
g 240 [ b | ¢k
g ﬂa Al
= 27 NN
Ho42F b p &4 A ; ;
iz ¢ Z
& 28
14pp a2 al
e
M S S S S M S S S S !‘ (&} (s} S <
grEsssggssggesy
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D154 4 7 Shell powder treatments
AR BRI AR PR ] 22 5 i 3 (P<0.05) . R[]

Different letters indicate the significant differences
among treatments(<0.05). The same below

Bl 1 DUFEH AR L 1A E A RN
Figure 1 Effect of shell powder treatments on soil

enzyme activities

BB IR I b+ TCLP-Cd & A& 2 F s .
T4 BTG YR TCLP 2B R A I 12 i A S XL
B PEA ik, e S Cd B Bl B A0 59 170 1
T R B, f e AL R K 64.13% , 45 Ab FHAE R BE 22 S
B3 (P<0.05) . 3275 Y 1 e 4bFodi ok SR pef, (2 (i
+3E CA(OH ), A= B A CACO-TTTE , 1 3 Hh A 8505
Cd 7 &, DT fiff - 38 5 4 J8 16 M TR, 5
A RIER Ca, i A 15, L3P Cadt R 5 Cd
AT A, AT LR Cd i & TR TE A& 1) 1 M TP
BEAL  BARAE YA R, NS RE 2 3 4
JE 5 Y ) B R, BFSE 2 B, 4 pH B TR, S
e Cd MR IR FE AL IS IR TE A, Il Cd 1
TEAS IG5, E I 9 Cd 1 AR Py aE e
2.2.2 Jitain Dl Fe ks X 45 Cd S B 5

ARSI, LR RS B RS R R

201
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B2 NEsbEsd T TCLP-Cd & ERIF M
Figure 2 Effect of shell powder treatments on soil

TCLP-Cd content
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RS AL . FRIESIFIEARES 5 R X AT
B E S BT RARR RS Y AR A R0
YA RS OE A b, R0 P AR, AR M ol
W, FE— e FRE Lkt T AR AR R RS, £
AL T AT AT CAOH T AL, e 3E T
&R Cd L2 SRR BRAR T 4R 1036
P AT 2 1) AR e AR SR AR IR R
CRCE aw: JI0NSHIORNN
2.3 HEMMNEMITMECISEFIHEEZLENHN
2.3.1 Jitifin DL ARy XM s Cd 5 R R

-4 Cd T5 X R TR A Cd & R AR K
T 0 R SR AR A AR AR, a0 £k KA 2z
3 EAMETN, B 4 RN UL SR AL B R ISR M
TR R Cd F it o DAL 4 ] LU HY IS b
(AT Cd & HHAE 1% 3% 5% DN ey b 3N 754
[ A P 5 Y R R UE (GB 2762—2017) 325
Al Cd e R &5 0.2 mg-kg ' (FW) , H 5% 8
HA %225 (P<0.05) . g b8 Cd % 5 B0 IE
TR T 3.13%~26.71%. 1R Cd 7 2 45 %F B T B
T 12.229%~31.49% ., WFFERM s B Cd & &
iR T HL R R, X T BRI S B i bR b
T E SR T EA R B DK AR A e

/K2 Water—soluble state [i4 J52 75 Reduced state
VA k2 Oxidation state NIFki# 25 Residual state

5% | N N
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K AL B Shell powder treatments

o |
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Figure 3 Distribution of Cd forms in soil treated by shell powder
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pH Fl Eh, i Az 9 75 1 55 e 9 TR 285 1) 5% s 2 5 Ak, Uk
AT Cd R RS, GRS, £ pH
Eixt AR A ETF T 0.08 AN BN, X ER 4 Cd Y
BliAl N 1.22% 385 24.36% (F3) . W 5ehy T 5
BL53h CaCOs, FFFEAR IS A FRAL Cd & =t 1Y J A, AT
Al AR T W7 1 - OF DLk it ik + 2 )5, 1
e Ca YU RN, 5 R Y Cd> B A TE 4 kb
T CdEA Y P AR @ DLk Hh CaCO, 23 A2l
CACOs T 1, 980/ 0 I AR R v R RS,
2.3.2 SRy E g Cd Bl AL R K mEE R Cd 1Y
TP Cd 1w AR R BUR AR Y M b 3B sl i T 5
Cd Frt 5 - 5p Cd S R 0 A, 75— 2 FE R b
THEY A %t CAd BT R RE 1, Ao rhfifb R
FRDISER AL HLT 5845 S5 Cd 57 s A 50 B A
PRFEAR A 4028 . FR R 3 0] 1, Bl DL SE it in 4 9
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Figure 4 Cd content in aboveground and underground

of rape in shell powder treatments

K, Cd M EAL R AE S S R R A M AR A T
LB R R, hFR I WAL, s E
FIHL T Cd 15 FERE 1, Bl A DLSC R it o 4t ) 384
I REAR , e FER Y E A R A 0.09 [ 2 0.06, H1 T
BB & AR R AN 0.06 FF 22 0.04
2.3.3 it i DL X i S SR R R AR R Y )
- Erh Cd g SRR, 2 S8 R
LR ARRE A SSLOCH DA AR SZ 2] A oG
P A B2 B, 7 L s A AN AN AT A,
B RRIRFET, 2k KRR AT 61 B9 5
S, I R i S R P 5T ) A A SO A VR
S 55, IS W LUE H, DL5e Ry (it Jin {8 i 28
i ETE, B B 9.38%~12.73% , Hirp Y U178 By it
It R 0.5% B, it 32 5 it e , 90 REAH L 22 7
F(P<0.05) . DUFe A BER 33 A= 5 5 0 B A He
TR EER . TR EWFIE LI, 2 a4
Ha MgxEb Mg R bR S 5P Cd 2 &7

70 - == 4% Chlorophyll 510
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E5 NEMENmETERESEMNERENHI
Figure 5 Effect of shell powder treatments on chlorophyll content

and fresh weight of rape

R3 MEMLEX HIEpH CAEELERNEE RN

Table 3 Effect of shell powder treatment on soil pH and reduction rate and enrichment factor of Cd in rape

s ftifk % Reduction rate/% ‘B % 2% Enrichment factor
Treatments ot HAS K555 Static culture Z54% Pot experiment 13 Aboveground i1 Underground
CK 8.07+0.03a 0.09 0.06
0.5% 8.08+0.03a 44.20 1.22 0.08 0.05
1% 8.13+0.06a 44.66 8.36 0.07 0.05
3% 8.14+0.05a 47.45 18.55 0.07 0.05
5% 8.1540.02a 64.13 24.36 0.06 0.04

B = AN DLy A 19 A0 Cd 5t — U DL5e B LA 0 Cd 58 AN DL vl 18 A0 Cd 3 X 100% 5 5 46 R 8 =

AL Rk N Cd 5 /1 4 Cd B X 100% .

Note : Reduction rate = (available Cd content in soil before applying shell powder — available Cd content in soil after applying shell powder)/available
Cd content in soil before applying shell powderx100% ; Enrichment factor = Cd content in above or underground part of the plant/soil Cd contentx100%.
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