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Abstract; Tobacco is a cash crop which is readily to uptake and accumulate cadmium (Cd). Methods on decrea-
sing Cd uptake and accumulation in tobacco have attracted increased attention. Effect of lime (Ca (OH),),

hydroxyapatite (HAP) and straw biochar (2 g-kg™" or 16 g-kg™') on soil Cd passivation and uptake and accumula-
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tion in tobacco was determined in slight and moderate Cd (0.83 mg-kg™' and 12 mg-kg ') contaminated soils in
pot experiments. The results showed that: (1) 16 g-kg™' lime or HAP significantly (P<0.05) increased soil pH val-
ues after 60 d, which were increased by 1.98 ~2.84 and 1.99 ~3.06 units in slight and moderate Cd soils, respec-
tively; (2) the three passivators can reduce soil available Cd concentrations, and specifically, 16 g-kg™' lime reached
a reduction efficiency to 69.7% ~71.5%; (3)2 g-kg™' or 16 g-kg™' biochar significantly (P<0.05) increased tobac-
co biomass and decreased Cd content, with the biomass being increased by 5.07 ~18.5 and 5.00 ~29.7 times and
the Cd concentration in roots, stems and leaves being decreased by 68.7% ~74.6%, 32.1% ~50.7%, 70.2% ~
82.5% (0.83 mg-kg™') and 68.7% ~74.6%,514% ~593%,332% ~46.5% (12 mg-kg™') in slight and moder-
ate Cd soils. The Cd bioconcentration factors were also decreased in root (Cd,g,: 122 to 31 ~38.1, Cd,,: 24.7 to
122 ~16.8), stem (Cd,g;: 203 to 35.6 ~60.6, Cd,,: 41.7 to 17.6 ~23.1), and leaf (Cd,;: 247 to 100 ~ 120, Cd,,:
48.6 t0 26.0 ~32.5); (4) Cd*" was shown to adsorb onto HAP and biochar surface following the pseudo-second-or-
der kinetics, indicating these two passivators chemically bind Cd** with bond energy during the passivation process.
The results showed that biochar was the best in improving plant biomass and reducing Cd accumulation in tobacco

among the three passivators at the same application level, which can be a potential candidate in soil Cd passivation

to reduce Cd accumulation in plants.

Keywords: cadmium; tobacco; lime; hydroxyapatite; biochar; biomass
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1 ##57 % (Materials and methods)
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LR R = R R EE AL A R AT, Bk 10
~11 em, ® R 14 ~17 g, 2 Ao S HIE N
ZE BRI A I 1 REERIZ 0 ~20 om -4
RS, TG et 2 mm Je i, HRPE( 4 44
HYCRBC I A ), R E R Cd V5 4L 5 i T
52% M EE Cd V54 48 5 1L 0.5% R PE( B IE
Jo i A b A 1 T g KU 45 95 bR oE) (GB5618—
2018), 4 FHh 3¢ Cd 5 Y2 KURS i £ {6 M 0.7 ~ 0.8
mg-kg (pH>6.5), Cd 15 4 XU HIE N 3 ~4 mg-
kg ' (pH>6.5), Cd % 1t = - AU 7 46 {EL B HL A7 v A
435 Y KU, 25 3 KU T R (LAY 3 5 ~ 5 fi5Ad A
RS AR SRR S Je R B g A
TR B E B CACL, WM S Z8 K il - & K i
KB KRR KRB 50% , e FER 20, B H BiFE
JHE PR E LA TR KR, TEREML S ~HU
fRuEZA 75y, B R E AR KT WHES i 2
mm Je B, MRS R4S . 14 Cd WSt
ML 0.83 mg-kg Fl 12 mg-kg™', M N S K
0.19 g-kg™' B P &R N 177 g-kg™', HIEE KK
RH70% ,

VR H ATz N B A K2 IR Eh A AL
23 FKEEH, A K (A K2, Ca(OH), 3 )~ AR AR F}
ey A7 BR N W), Ki42 <150 wm, pH K 12.5,Cd
it 0.09 mg-keg ™) FRIELBE KA (BERR L2 HAP; 7Y
SUREHRA T RiAE <80 wm,pH N 741,Cd & &
0.04 mg-kg )FIFKFEFF AW 5 (LIS KM ST %
IWRBHE A R A A ,450 °C 246, Fife 1 ~2 mm, pH
fH% 835,Cd 1 021 mg-kg™),
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WEPRBLE 3 ADNEE, BAMA T3 kg(T i),
HERARBO T B R AR 5 TR IR A G 2 AJEZL
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Ca(NO,),, pH 5.7)FIZE M8 /K18 Uk 2 B AR 3¢ 458 St
BICE, WK 4RI TR 2R 7K 43, 10 S i, o A
Gy AR ZEFIN, —20 CYR R JG il F B A5 R R T L
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1.2.2 WEfah Ji2Esc s

KAy HE 3 B X Cd Y I B2 A ROR
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L™, #1kh pH ¥4 6.40, 43 A FRHL 20 mg L7 5
10 mL Cd ¥ T 8.0 8 IR A, JoBifk 7
WM 2 AN IE 3 7 AN Ab B RS AL R 3 A
2, F 140 r-min™' 25 CHEIRHRG (LA,
ZQLY-180E), 435 F 10 min 20 min 30 min.1 h 2
h.6 h 12 h f124 h BUFE,8 000 r-min™ .0 10 min
(ERIR T P 2 56N %, TDS Z)Je B 35 5 mL il
FE CA™ R EE , BRI CA™ Yk B S T B A1 3k 1) 0 B
A
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Biochar Biochar
ARG RN S R it FT 2

Type and application amount of passivator

1 RESEAFREEMEIEEH Cd(0.83 mg-kg™) (a) FHE Cd(12 mg-kg™') (b) iS5+ pH EK M
1 : Ca(OH), /R A K, HAP /R FREBE KA 3 AR FHEFRR 183 25 5(P<0.05),

Fig. 1

Effect of different passivators applied at two doses on pH changes in soils with

slight (0.83 mg-kg™") (a) and moderate (12 mg-kg™") (b) concentration of Cd

Note: Ca(OH), represents lime, and HAP represents hydroxyapatite; different letters indicate significant differences among treatments at P<0.05.
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Type and application amount of passivator

E2 AEHELFEEEMEXTEZH Cd(0.83 mg-kg™) (a) M E Cd(12 mg-kg™) (b) TR TFEEHHS Cd EEHN N
11:: Ca(OH), F/RA1 K ,HAP FoR B2 EEWE IR AT 5 A [F) R38R 1 35 25 5+#(P<0.05),
Fig. 2 Effect of different passivators applied at two doses on available Cd content in soils with
slight (0.83 mg-kg™") (a) and moderate (12 mg-kg™") (b) concentration of Cd

Note: Ca(OH), represents lime, and HAP represents hydroxyapatite; different letters indicate significant differences among treatments at P<0.05.
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A2 mg-kg™)Cd {54+ 3R 3 Rl fL 5
XA Cd F RS2 Cd 154 + 15
A AR Q g-kg™)3 itk %t 3 A 5L
A Cd EHE T EP005)FEH, B ing 6 g
kg IR EPOOSFFMHIEARES Cd Fit, 5
XFHRZHAR EE 16 g- kg™ A K FI HAP i + 384 304
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S T Ca® KAz 28, 38 4o 2% 18 W B 5 BH S
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‘d{;{ § Type and application amount of passivator
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I H B A B T UK 53 e 14 pH, 2 Cd*
T IEP IR fEHE S 4 G DOVE SR Bk
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B3 AESELFIXTEZH Cd(0.83 mg-kg™) (a) I E Cd(12 mg-kg™ ) (b) TR EHREHFRELKENZIN
#: Ca(OH), F/nA1 K, HAP F/R FRBEw KA 5 AN [R) T B3R i 35 22 57(P<0.05).,
Fig. 3  Effects of different passivators on increase of fresh weight of tobacco growing in soils with

slight (0.83 mg-kg™") (a) and moderate (12 mg-kg™') (b) concentration of Cd

Note: Ca(OH), represents lime, and HAP represents hydroxyapatite; different letters indicate significant differences among treatments at P<0.05.
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JE I KA, X AT RE S A K A HAP Jiti FH v
fiff + 4% pH 4& F+ 2 g1, Bl 3 b oA HLET R
K, R A K R, 107 2 s o BT
MU S SMmRmE SR LM, AR & 25 pH 2
AR, Bl pH F i A HLBT & =R 12.2% ~
229% , [FIEF, HAP 78 - HEFRIE v H [ B iR AR
BT 5 cd® | Ca® S5 BH B T 45 A 8 mOHE I 1
BERRER , S0l - AR 2, R R AR R 6 T, S BUN
FGRIER AR,

Cd Moy 38 7 8 A A K S B T e A
M) BRI A K BN (Eite o 25 4 o T % figt B 1
VEFR (AR 5 A A 8 RAAG 9, 42 8 358 Cd
WRPE (AR B A i 1 2 PRI, 1 Cd B 3 mg
kg N 20 g kg™ AR R MR IR LR A A
e 13 5 AW A Z LA, 7E L
R AR LB S B A K TR B R
JEEW BEA, A g T I N A A A M HILAKk
(SOC), + 138 FH 12 + 22 4 45 1 (CEC) Fll L Wy 2 %
(EC)™7 N4 T+ HHEAE Jy, AW i KAyt &
AL L5 H i 2 T AC e ey ml it 5 - HE R
S PR ELAE R, T B ) 2 BRI 4 R Ak e B
HE— 25 HEAR B A B TR IR B Cd Bk (4 T A2
HE T .
2.4 OR[RVEE AR XA AR, Cd B i S
Al
2.4.1 XMHEAR ZE M Cd RS

#1%(0.83 mg-kg')Cd V5 Y - HEH 3 Fhglifk
F¥ 0 (P<0.05)BEARM AR (25 it Cd % &, B&
K45 51K 38% ~98% .39.3% ~99.5% .13.2%
~99.9% , HPEEWRIE(12 mg-kg)Cd V5 Y L
L2 0 Cd & 8l FEAK 17.2% ~ 97.4%
1.64% ~942% 12% ~88.5% ., IAb, 4l fb 7] &5 it
A Cd & R FER R & TAE M, 16 g-
kg™ 1 K HAP ffifi2 25 0t Cd & &t 4 5 B AR
87.7% ~98% .82.3% ~99.5% .77% ~99.9% ,{H
1 2 A A5 45 A0 T 9k I AR K (B 3), B
(0.83 mg-kg™')Cd V5 Y&+ rp | i & (16 g
kg ") W R IR AT B AR AR B Cd 5, MR 2K i Cd
BT AR 74.6% .82.5% .59.3% (&l 4(a) . (c) I
(e)), HLAT AU AR B E A KRR b A i,
JEIEE(16 g-kg™ VA AT 25 M Cd F it
WA 50.7% 57.9% Fi1 46.5% (] 4(b) (d)FI()), it
(2 g-kg™ )HAP 13 pH FIA GS Cd & et g

T EAAL, R S FR M (I F AR Cd B it
i, AT REJR I, HAP &4 41.2% ~46.7% P¥1,
HME P AR AT AR R A 8 RO 5 A 1 il
A, PR FEAR R Cd Byl B, S BURH Cd %
RN

R R, A K AT AR B3 A 20 Cd F i,
IRl Ca®™ 5 Cd” WS B/ AR AH FEXT Cd /Y
WSS L it I A [ 390 2 ) A (R AR 2
M Cd & 2 DI AR 18% ~46.3% 0% ~38.1% .
48.7% ~56.3% ", WEERER AT 4 = 1 pH, BEALA
RS Cd B i, SE T REAR AR X Cd s ™ 4]
e in 32 g-kg™ HAP fliHFAR 25 1 Cd &5
SRR 76.7% .79.1% ,82.2% *, A= ¥y vl 3o £
iR 38 pH, $ = 2 1hT BH B8 - 2 4 a5 07, 2 R X
CA> W AE R, A - 18 8508 Cd & &, i
fRIEEXT Cd WM e SRR il dn it in 20 g -
kgAY BATIHEAR 2K Cd & =R 56.8% |
70.4% 67% 7, W, 38 1 fl Ak R BEARAE B Cd
S ATARYE 118 Cd 15 Yy R R A Ak 5
PP Rt SR, ABFIT R, 16 g- kg™ AR,
HAP B ] FEAIRIR AL Cd & i, (ES2 M 0 R 1E 5 AR
T A= 0 9 AE FEAR IR 5 Cd 35 8 14 T) st ] 41 s 08 o A
K, BOMIE T A0 KA HAP , A 49 3¢ T 3 T 3 AP 0 o
Cd &4, [Al BB S A 7 i
2.4.2  AFEEEFIXTIEE Cd & 4 R B

W) E 4 Z& B (bioconcentration factor, BCF) [
B Cd FENR A RO I 5532 5 B, A
[FFRBE Cd V5% 1+ 58 AR Bl Ak 770 Ak 39 i S A0 45
WAL Cd WY& R REIN R 1 iR, Bk &, B
T e R HERR X Cd ) E B R B R RS et
e ey Ho s B X Cd #Y R R R T R, R
LN . (Cdyys: 247, Cd,,: 48.6)>25 (Cd,, : 203,
Cd,,:41.7)>#(Cd, :122,Cd,, :24.7), A, 3 Fh
BEALT I AT i 2 R AR 0 Cd W AR, KA.
He 9% (Cdygs 1 59.5% , Cd,, : 46.5% ) > 11 JK (Cdy s :
32.4% ,Cd,,: 18.5%)>HAP (Cdyy: 16.6% , Cd,, :
132%),

121%(0.83 mg-kg " )Cd 15 1 3 FhilifL 7]
AR 25 i A R AU B AR 50.6% ~ 74.7% |
443% ~82.5% 16.6% ~59.5% , Hjtifin 5 & % &
BRI, 3 FEifbil v, 2B Y mext & 4
FE AR, AR 25 A R AR
68.7% ~747% 70.1% ~825% 514% ~59.5% ,
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Type and application amount of passivator

B4 FRSEEFIXTER Cd(0.83 mg-kg™ ) FAE Cd(12 mg-kg™ ) 5 +IEFIHER (a) | (b),
ZE(c). (d),M(e).(f)Cd EEMZNT
1 : Ca(OH), F/nA K, HAP F/R BB KA, AR FH: 3R 18 35 22 57.(P<0.05),,

Effects of different passivators on Cd concentration in tobacco roots (a), (b), stem (c), (d), and leaf (e), (f) growing in soils

with slight (0.83 mg-kg™") (a) and moderate (12 mg-kg™') concentration of Cd

Note: Ca(OH), represents lime, and HAP represents hydroxyapatite; different letters indicate significant differences among treatments at P<0.05.

A2 mg-kg™)Cd {54 3R 3 FhEEfL 5
AR 2K AR R AR AR AT Cd HHEAIE,

AR 25.1% ~50.6% . 10.6% ~ 57.8% . 13.2% ~
46.5% . [ Cd 138, 4= W) ok A0 REARAE FH Bl %
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AR 2K AR R BEAIR 32% ~ 50.6% |
44.6% ~57.8% 33.1% ~465% .

ZE b AR B Cd V5 Y ) A4
FiXF Cd 1Y R REO R A >2E>41 ) H bl + 4%
Cd WRE TR REAR, LLAh, LRt s 5 R B0 B
A 5 AW il ik 32 1 1 FEL fof B B AU B
A5 3 cd® 258 A R4 &, N mRE% 1
AR Cd i, E R X Cd A IR SRR
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Table 1

U0 A, A ki i 48 v 3 SOC, CEC M
EC, (I 5 A 4 R 350 A8 e 0 4 7 0 A
PR E]“ R BN, AR AT e E AR Cd e BE AR
2.5 WEBBh 12

SXoF W FRF S 56 %) 445 SRR FH ol — 2 s 7 2 AR (5
V)FIE =G sl J12amim (X 2) it A7 8004, AS Rl Atk 771
XF Cd (W R 3l 127 28 A S5O S (B 6 Al
%22,

AE SO Cd EERH

Bioconcentration factor of Cd in different tissues of tobacco

+4 Cd HkE/(mg-kg™")

Soil Cd concentration

BALRIA N (g kg ™)

Passivator addition amount

BEALTRI R

Passivator type

&4 ZE(BCF)

Bioconcentration factor (BCF)

Kmg-kg™") Kg-kg™) 2 Root 2% Stem it Leaf

%51 Blank 0 122+122 a 203+8.96 a 2474202 a
2 46.1£823 b 835+119b 167 £139 b

Ca(OH),
16 274+022 b 237+148 b 1.54+£1.10 b
083 HAP 2 603+139 b 113+926 b 206+7.78 b
16 425+021Db 601172 b 154205 b
W 2 38.1£178 b 60.6+940 b 120+148 b
Biochar 16 31.0£597 b 356+185b 100+£9.13 b
25 4 Blank 0 247+048 a 41.7+6.16 a 48.6+403 a
2 185185 b 30.8+0.54 b 396+082 b

Ca(OH)2
16 148£1350b 345101 b 682+124 b
12 2 313+£2.09 b 373£155b 422+0.70 b

HAP
16 1.81£0.69 b 578«1.11 b 704048 b
H W) % 2 16.8+2.80 b 231102 b 325157 b
Biochar 16 122+261b 17.6+2.03b 260+1.71b
11 : Ca(OH), F/RA1 K ; HAP FR R IR IR
Note: Ca(OH), represents lime; HAP represents hydroxyapatite.
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Fig. 5 Adsorption kinetics of Cd on HAP at initial Cd concentration of 0.5 mg-L"'(a) and 5 mg-L™'(b)
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Fig. 6 Adsorption kinetics of Cd on biochar at initial Cd concentration of 0.5 mg+L™'(a) and 5 mg-L™'(b)

F2 HAP FEWRIT Cd B3 1 FE B ESH
Table 2 Kinetic parameters of Cd adsorption on HAP and biochar

Cd** WA /(mg - L") I WE— 3l )% WEZ R )%
Cd?" initial concentration s Pseudo-first-order kinetic Pseudo-second-order kinetic
Passivator type . 1 1 .
Amg-L™") q./(mg-g~") k /(h™") R q./(mg-g™") k/g-(mg-h)") R
0 HAP 0206+0.013 2.08+0.504 0.760 0222+0.009 129+2.71 0926
5
H: ¥ Biochar 0219+0.008 1.96+0.258 0933 0.234+0.005 119+122 0983
HAP 2.13+0.119 0.898+0.171 0931 231+0.104 0.501+0.105 0.966
5
H: ¥ Biochar 1.88+0.064 1.23£0.146 0.965 2.03+0.073 0.802+0.139 0970

T HAP FR RIEBE KA
Note: HAP represents hydroxyapatite.
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(16 g kg™ F X HIEARES Cd B & BRI
FHZEI A 41K (5.6% ~77.5%)>HAP(0% ~60.7%)
>SHEWIR(5.06% ~233%),

Q)N (16 g-kg™ ) {1 K HAP X JHHL Cd
i AR A v, (E B i A 5 T 2 4 i A o
TE FRARMH R 45307 Cd IR AT Ay [ B, T 45 o AR
Yri, 3 FElAL MR B A B AL Cd 5 BRI R
A (Cdygy: 215 mg-kg™';Cdy,: 671 mg-kg')>2%
(Cdyg;:177 mg-kg™' ;Cd,,:542 mg-kg " )>HR(Cd,g, :
106 mg-kg™' ;Cd,, :341 mg-kg "), R Cd Fi[ELHR
FHEW 7% (Cdygs : 51.9% ~ 80.2% ; Cd,,:20.0% ~
62.8%)>11 K (Cdygs :54.8% ~68.0% ;Cdj,:172% ~
32.1%)>HAP(Cd, 4, :38.0% ~60.2% ;Cd,,:0); 2% Cd
B AR AR W) 5 (Cd gy :65.5% ~83.5% 5Cd,y
38.7% ~60.0%)>11 JK(Cd, g, :53.3% ~65.0% ;Cd,, :
20.5% ~23.1%)>HAP(Cd,; :39.3% ~48.4% ;Cd,, :
1.64% ~9.31%); M Cd & FRALFE N AP R (Cdygs »
456% ~633% ;Cd,,:39.2% ~49.1%)>47 JK(Cdygs :
262% ~372% ;Cd,, :16.8% ~20.1%)>HAP(Cd,; :
132% ~19.5% ;Cd,,:12.0% ~ 14.8%), 254 % 1&
Cd W YA i ARG S 0 A ) o 1 K 3R A ) e A A0 R R
HAP 558 TR 4 58 Cd FliAk 0 = Cd Wzl
5, AR 14 Cd V5 YL AR B R BRI Y A ) it
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(3)HAP FAE e 4 REM fA W €™ 3R 5l
BT 7T Cd™ R BR R I>90% , HAF A
Gl Jy2E RN R HAP R W xt cd* HA b
W B 5 AR 22 (0.5 mg - kg™ )Cd ¥ I, Cd 1 Al
W R A A= ) 7% (0.234 mg - kg™ )>HAP(0.222 mg-
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TR FTEE R RELE,
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