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Research progress on passivation technologies and their mechanism of
reducing soil cadmium uptake by tobacco
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Abstract Tobacco is an important economic crop which is readily to uptake cadmium (Cd) from soils, rendering it
to be one of the main source of Cd to human bodies. Therefore, reducing Cd content in tobacco leaves through
regulation and control measures is important to ensure tobacco quality, safety and human health. The soil Cd
passivation technologies to reduce Cd content in tobacco were summarized, and the passivation mechanism of
passivators, including adsorption, ion exchange, precipitation, complexation and ion antagonism, was expounded.
The factors affecting Cd content in tobacco were also analyzed, including soil Cd concentration and chemical forms,
soil pH, redox potential, organic matter concentration, cation exchange capacity, and competitive metal ions. The
passivation efficiencies of normal passivators and the parameter conditions in the applications were illustrated,
including lime, hydroxyapatite, metal oxides, biochar, organic fertilizer, sepiolite, zeolite and bentonite. Some
suggestions were proposed to provide basic data and technical reference for the reduction of Cd content in tobacco,
including clarifying the standard system of tobacco Cd content, developing new passivation materials and using
molecular biology technologies, etc.
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Fig.1 Diagram of mechanism of passivators in reducing the
mobility and bioavailability of Cd*" in soil
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Table 1 Types and application amount of inorganic Cd passivators and their effects on
Cd passivation and the reduction of Cd absorption in tobacco
il FICA T/ (mg/kg) TR HELETRpH A RCSCAREERER /% MARET R CAMe BERRARR /% Kk IR
5.88 16 g/kg 6.02 — 7.82 37.0 87.0 SCHR[29]
0.90 2250 kg/hm®  5.06 — 5.63 17 SCHR28]
AR
0.07 3000 kg/hm®> 452 — 5.98 20.8 23.6 SCHR[21]
1.65 1125kg/hm* 598 — 7.48 34.4 SCHR40]
AR 2.00 2250 kg/hm? 5.40" 60.2 CHR[41]
LR 5.88 12.5 g/kg 6.02 — 5.97 14.1 74.7 SCHk[42]
5.88 32 g/kg 6.02 — 6.57 524 822 SCHik[42]
BRI A 0.20 5 g/kg 8.10 — 8.55 5 SCHK[33]
70.5 50 g/kg 7.30 — 7.51 90.2 CHR[34]
WA (& 52%) 82.0 1000 mgkg  7.50 — 7.91 17.2 SCHK[31]
3.96 5 g/kg 8.20" 54.5 CHR[35]
BERRER 1000 3.2 g/kg 5.78 — 6.49 475 CHR[36]
1000 3.2 g/kg 5.75 — 5.70 37.8 SCHR[36]
e 0.575 7500 kg/hm* 510 — 6.23 35.4 37.7 CHR[21]
(A R 80" 1.25 g/L 8.00" 98.2 SCHR[43]
3 0.36 0.8 g/kg 591" 7.4(W] SZHR) SCHR39]
A RS 4597 25.0 g/L 4.00" W ¥} :0.89” SCHk44]
APl 207 1.00 g/L 4.00" W e 1479 SCHRI45]

e 1)y e RTH; 2) A7 mg/L; 3)H N me/g.
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Table2 Types and application amount of organic Cd passivators and their effects on Cd fixation and the

reduction of Cd absorption in tobacco

+IECdyR S/

THeEifE REERBCSCARE R Cd

PRALRIFZR (mgrke) Tt fiipH PR R TR
IKFEREFEA:= 7% 1.27 50 g/kg 5.59 — 6.19 37.7 SCHR[48]
AR FEE 0038 20 ghe rgr ORI w4 k)
INEFEFFEY) -+ZnSO, 0.038 20 g/kg+0.5% ZnSO, K 7.6" 19.5 63.8 SCHR[49]
FEATE S 200% 10 g/L 5" W B 63.3%) SCHK[50]
WA+ 5 20 10 gkg+10 gkg 7.05" 50 69.6 SCHR[57]
1 20 g/kg 7.45" 56.3 526 SCHRS8)
iR .
2 0.2 g/kg 5.93 — 6.37 67 SCHRES9]
FFAHLE 0.15 10 g/kg 6.89" 19.8(DTPA-Cd) 32.5 SCHR[60]
AN 10 0.3 gkg 8.1" 23.1(AI 327 SCHR[53]
FIAPLE 10 0.6 g/kg 8.1" 20.6(AT 35 A) SCHR[53]
MZEATHLAL 10 0.6 g/kg 8.1" 17.7(A] 38 SCIHR[S3]
A HLIE 0.23 60 g/kg 4.98 —5.35 21726&;?5;%;;& ) SCHR[54]
a%?; ;&?)[EAE %%g@é (1)((;/:,’/’0) 1.65 1 500 kg/hm? 5.98 — 6.66 43.6 CHik[40]
0.5 mmol/LAFE R+ L4 Yy sl g4 A ABTk: 5 10 mmol/L 6.5" 5.95 SCHR[S5]
0.5 mmol/LA -+ + 5y sl K ik 5 10 mmol/L 6.5" 13.1 SCHR[SS)
0.5 mmol/LAH ZMR-+7 L4 Wy s gy K Jpikr 5 10 mmol/L 6.5" 21.0 SCHR55]

1 1)y RHEEARHTpH; 2) 567 ymg/L; 3) 57 Hmg/g.
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J71 0 A it v A R A RGE
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A 0] 30 D B s A e Ak, B A VA S R 1 B

H P A RS Cd vk R N R T 150
g/kg I, TIE A A Cd M IRAR T 64%Y, Kok
A — R Cd A B R B e I B -,
H A BAR, & H gk i A —Fl Cd 4l 4k
FOT, BRI = S 1) Cd 5y It KR A, &
IR -58 pH Bl RISE S FERLA TR, T AR
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Table 3 Types and application amount of clay mineral passivators and their effects on

Cd fixation and the reduction of Cd absorption in tobacco

Bl T HECARE/(mg/kg) il (gkg) TIERMLATSpH 1A RGERCAMREE T /%  MHEIH Fr CAWe BRI /% i

1.86 25 6.23 — 6.88 37.6 SCHR[63]

. 10 15 7.91 — 8.05 64 3CHR[64]

2 500 5.51—7.01 64 SCHR[67]

19.9 800" 7.85 — 8.03 35.2 24.8 SCHR[68]

KR A 0.17 60 447 — 491 28.3 SCiik[66]

AU A 0.17 60 447 — 4.44 29.6(ZH A ) SCHk[66]

AL 0.17 60 4.47 — 4.67 30.1(3844%) SCiik[66]

WA 0.69 10 429 —7.36 W B 5 18.47 SCHR[69]

WAk 0.49 20 6.29 — 7.57 323 SCHR[70]

i + 1.65 20 6.29 — 7.69 29.4 SCHR[70]

S 0.69 10 429 > 4.15 W B+ 140,87 SCHR69]
DR Ry g/m?; 2) 84 mg/g.

3 #EYIRE Ccd EERIMEE I Cd W R IEAE

31 HEdR CdRESEDERHE

T Cd 1 EZAELFPE, AR5 Y -4 Cd ¥
FER 0.07~ 1.1 mg/kg, MUTAL A 78 + A6 &
Cd WAL + 480 Cd W FEE# s, AT ik 0.3~ 15 mg/kg.
KA A R b R Cd 1 EE HARORTR, A5k
A A 1) KA HE L ZS 150~ 2 600 t Cd7'7, 4
1983 4E24) 140~1 500 t Cd M IHEA RSN, A
TG 8 (AR A . 0 YRR . 4 T 26 7 RN LA T
b Ak 3 ) W) A Cd ik BE G n ) 2R
U1 TR S0 | 357K 5 U R I S5
A A3 Cd VBT, BEAE & A K R AR 2
W, MR ER h & A K it Cd, Horp ot B e5 vh i
Cd ¥ 8 1~ 150 mg/kg™, Proshad %" Xif 24 4%
BT o0, WIS 4 AR RERE XTI, K
g Cd YR EE B 5398 0.2, 0.3, 0.99 Fil 2.94
mg/kg, AR B AR B R Cd ok B B E 4 R
1.78. 2.33. 2.77. 5.51 mg/kg, MMM Cd W5

+4erp Cd By R B TR AR I Cd, (H 7=
A HESE WA R ARG Cd k. Ik, s
B L PPAl Cd i 3 0 AL P W A1 5, 5 0 BT - 4
o Cd AR, H3Erh Cd =L cd . Tl
B G, HEE A, Cd 5 H R0k
Yy Cana ML . R AR SR ) LT 0 45 5 0 =URA
FE )t 7 W ML - S FL B K R i ™, ol 38 wT
TR e, MHEL Cd WS A RS CAd R E
I 3 IE A 2E (P<0.05) M, Xiao %507 X -2 5% 5%
W Cd WS 3 Cd YR JE AR TS, 45
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