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Effects of nanoscale amendments on uptake and transfer
of Cd by carrot ( Daucus carota) in polluted soils

Wang Meng Liu Jifang Chen Shibao Ma Yibing
( Ministry of Agriculture Key Laboratory of Crop Nutrition and Fertilization; Institute of Agricultural Resources and

Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract
(hydroxyapatite, red mud, Fe,0,, humic acid (HA)-Fe,0,) on the uptake and transfer of Cd by carrot in two

A pot experiment was conducted to study the effects of different nanoscale amendments

kinds of Cd-polluted soils. The results showed that nanoparticles ( NPs) mentioned above could increase plant
biomass and tolerance index (TI) of carrot significantly. The application of NPs could decrease the concentration
of Cd of different carrot parts, the Cd concentrations in both shoots and roots of carrot decreased with increasing
quantities of added NPs. The Cd concentrations in shoots of carrot decreased 78. 8% , and in roots 67. 8% with
the most scope respectively, as compared with the control treatment. The application of nanoscale amendments in
polluted soils could decrease transfer factors (TF) and biological concentration factors ( BCF) of Cd by carrot
with different extent, the transformation of soil Cd from nonresidual fractions to residual fraction substantially af-
ter addition of the nano-amendments may contribute to the decrease of TF and BCF. In general, the efficiency of
different amendments on the Cd bioavailability reduction followed this order at the equivalent additions: RM ~
HAP > HA-Fe,0, > Fe,0,.

Key words

nanoscale amendments; polluted soils; cadmium; fractions; transfer factors
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Table 1 Basic properties of the soil used in this study

1.1

M s TEIN (DZ) ARFT (QY)

B EA30] W+ ANE: S
pH 8.9 5.3

AL (%) 0. 69 0.87
WRERES (% ) 6.17 0. 09
CEC cmol ( +/ - /kg) 8.33 7.47

Fe,0, &4 (mg/kg) 644.2 1 146.4
Kk (% ) 18 46
WRL (% ) 18 35
kL (% ) 64 19

Cd &4 (mg/kg) 0.149 0.121
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Table 2 Characteristics of NPs used for the experiments

GUokBE FRRAR(m)  WEER(m®/g)  HUE(%)
RM 112.0 £10. 8 77.4 £5.6 90.3
HAP 89.3£4.9 127.4 2.3 96.5

Fe, 0, 20.1 1.4 252.4 £11.2 99.2

HA-Fe; 0, 30.5+3.1 202.8 +12.6 99.6

1.3 BHIW

BEXAVEYI N2 N (Daucus carota) . FRIGE 2
mm J¢ Jg 5 1) 300 g (19 K4, 2 a2 > Cd v
B :1.0.5.0 mg/kg (3CdSO, - 8H,0, 4r#r4l) , R )5
PR IR LT (W/W) I 1% 2% U INAS Rl 40 K A48 &2
F, AT IE 2550 S X B (CK) o FRInA K B 7K
53 5 K ] 77K & 70% , 35 347 T4 B bk, B4
AEFRE 3 RIS, R T Bk E SR, B A 0 A
A BB BOR L, o N (R R ) 4 429.2
mg/kg P(HERR — A 8) &4 263.2 mg/kg K (5
18 iy 428 me/kg, B J5 2 AR 10 em 48 7
em PR . HIEE 2 S R BUR ZEREEE b
Fh TR RO AEBR A HL, B A A 10 kL, — JA S5 e Al
58K BCE TEE IR 25°C N LA AT/ 97, 5 o
191 1R] B B8R B R s Ot B/ R 22°C/20°C, A X I
80% ,JGHE/ FRIE I (]2 14 h/10 h, A K fi v ] &
B K BB, PR FE T HE E K = Oy B R RROK & Y
0% . FEPRAA S JAJG R o WO Ja F R AR 0 o A
BRANZE M 2 B K Pk AR bR S T T S URL S L 7R
HEFE  105°C R AR5 60°C LT 24 h, Frig H 1)
JE WHEE 2 100 H 4 5 [A) IRy 2008 - 3 XU iR
A1, B S 3 0. 25 mm JB BT, £ .
L4 S
L4 1 H#ClEEHNL

AR BRAE i (AR 250 ) By oK 5% 7% 20 A o
PR (LR 4i)4 mL,H,0, 2 mL, il 5547 %, #%
5 HE K. H, BV, 160C R 2R T,
5% IR 5% 7% 5 25 3 25 mL 5 s, )] L A
S8 TR T AX (Agilent 7500a) E47 2
1.4.2 X3 CdAERE

FRILO0. 50 g ik 1 mm J& Je i 1) XU )5 B 2%+
BT, kiR (L L) S mL, A H IR 4
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0%

mL, g7 5,85 i E, d %, WH, ELIHAF,
160°CHHEIR 2= )2 T ,5% G TR 5% 7 /€ £ 2] 50 mL A4
L, R A EORE A S R T MR B A (Agilent
7500a) #EATIE S
1.4.3 L3 CdH &<

K SRR B #E Tessier [TE 2550 B 1)
Semb b AT A ek L FRE 1.0 g 4% 0.25 mm
JETETR Y AT JG i 454 T S0 mL B0 A
MR 3 FRA 20 BRI AT I SRR L

£3 TEARESRENESREUE
Table 3 Procedure for sequential extraction

of Cd from soils and corresponding phases

H o 4 5 $RIBOL IR
16 mL 1 mol/L MgCl, ,pH 7.0,7%3% 1 h,
LIRS EX
8 000 r/min &[> 20 min
40 mL 0.1 mol/L Na,P,0,, % 24 h,
H4iH%S OB

8 000 r/min &[> 20 min

16 mL 1 mol/L NaOAc,pH 5.0 (HOAc),
WA AC \

E% 5 h,8 000 r/min 5.0 20 min

40 mL 0.175 mol/L ( NH, ),C,0,/0.1
A E B -48

GG A S 0X  mol/L H,C,0, Fi4b7Z3% 4 h,8 000 r/min

B0 20 min
5B YA 15 mL HCL/HNO,/HCIO,
(3:1:3,V/V)
RES
TE 150°C hn#4, Z 9% W35 i, 8 000 r/min

B0 20 min

=
BE
et

1.5 HiEAESHH
0% Fl Microsoft Excel, Origin8. 0 £ SPSS13.0

AT BcdE ek, LSD kR I 25 5 i MR (p <
0.05) .

2 HRS5WIR

2.1 RAEHKREEFFEK Cd BB ZHEEH
7 m

T 52 8 KIS 1 HE AR A8 30 55 B 5 v o A A BR 1]
PR~ Jp 38 BB P FRBE o Ry 1 BIFSEAS ) A oK BB 5 )
XPiG g R N X Cd W SN AR A AR
FER AN F AL B B % N Cd B8 AT 52 95 Btk AT
T E T 32 38 BT i , SO AR ) 52 15 G Jilh 30 A% 32 1Y)
FEK o ARPOKRE R T BT 5% R AR it 52 45 54
(TD) #%F 3t

TI = 40 K AZ 52 A Ak BEAE W) 9 L6 1t/
XF BEAE 9 A= 1 R x 100%

AFEAEFEREAE by Cd 38 Y 32 45 B 2
4 i 4 Al A R Cd Bk i &0 T,
AN ] -SSR AE S50 IS, 55 0 BROAR L, R AR 14 T
AR B H IR (p <0.05) s fEAH R R T,
BE & SN Cd R 2R 3G, AR AR 1 I 52 45 B W
B S5 R 90K S 2 B
B N R ZE 2R i, A () AR b A T
DR R AR, B SR T AR AR X Cd I 2. A
F 4T LLAE Y HE PR A T 52 45 B0 B A0 K18 S
VA O T H AT L 2 N, T AS [ 94 K A8 AR X R
BRI 52 48 BOW AL A BRI 22 5o BT &, Hovh
RM J HAP fhPRAE AR 25 M b AR 52 4 B0 4
K, HIWK N Fe, 0, K HA- Fe, 0, AbFR,

F4 TERMREEFR (NPs) METHE MEKTZHEENTN

Table 4 Changes of TI indexes of carrot under different nano-amendments treatments

RSB 20K b4 1% RM 2% RM 1% HAP  2%HAP  1%Fe;0, 2%Fe,;0, 1%HA-Fe,0, 2% HA-Fe,0,
DZ-1 150 301 114 182 134 276 183 197
20} it % DZ-5 239 581 118 425 137 205 134 253
(%) QY-1 326 418 321 933 396 670 274 297
QY-5 106 133 255 912 102 262 159 236
DZ-1 116 187 188 208 256 277 183 197
T T 2 DZ-5 432 542 105 111 135 593 284 452
THE(%) QY-1 106 209 262 642 156 267 139 125
QY-5 314 310 395 946 308 295 163 355

T AL B DZ-1 . DZ-5 QY -1 Al QY-5 43 Bl F /R G TR e B 43 504 1.5 mg/ L i) 78 ] R4 BH A= 48 2. 2 R ] 4 K 18 &2 5 5 Al Bk Cd & 1 19
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AN TE R ARAE S IR ER 25 DA R 250 R AR Cd
SR AE 1 PR HIE T R A E G OK B
W=l N N i = 6 Sl D =2 N L i < Ot
e BE AN Cd WS R B 1G0T Sk 2 s A 8
b ERAL Cd Y43 Aok T #F Cd & 5 28 T2
MR Cd & it 5 X RO E, WS IO [R] 94 ok LA 2
FITEA TR RE BE b B & BRAR 7 A AR 25 AR vp Cd 1Y
B, HBE A 18 52 500 BE A 15 T AR Bk 25 it FIAR H Cd
& i PR (p <0.05) , 55500 BEAR LL , A pk 25 0
Cd & s FEARE mih 3 78. 8% AR th Cd 19 & =R fIK
I ik F) 67.8% o Horpr, ZE % (pH 8. 90) 11 + 4%
o R TR 52 500 6] A 1= 3 v Cd A R 4 : RM
>HAP > Fe,0, > HA- Fe,0, 2k B ; 1fij 76 B8 PE + 45
A5 o 105 1 I S ) A 4 207 N i OGN 17
MIROR R A — B, R 5 T R B :RM
> HAP ~ Fe,0, ~ HA-Fe, O, 4B, 1fij 76 & e B 4514
T RM ~ HAP > Fe,0, ~ HA-Fe,0, . iX A g /&
FERG I 25 RM CHAP UKL 3% 1 32 22 Be F1 5% 5
FR B 5 S AU 8 - S iy e feff O B fr, Cd B 1
A5 AR B 45 6 A U AR R DO TE , DA R IR
T Cd AR, B HAP HAT A K 2 020
ZAZWRRIE AT R AR R AR BRI ORE R Y
ok AL, A, RM Xt s Cd B A
AR5 4 2 B 25 6, T 3 BRI -3 rh Cd A IR 1

8 r=ck
&2 | RM
=2RM
ez HAP
E=2HAP
mn]Fe,0,
_sze304 5] P
== HAFe,0,| &
==2HAFe,0, |

(=)}

IH+Cd & H(mg/kg)
-

e
=
[

50 r—=cKk a
45 Fem1RM
= 40 [SS2RM
S 35 [zzIHAP
£ E2HAP
% 30 TamiFe,0,
&2 25 femdFe,0
3 20
Fx
]_’._ 15
2 10F,
3 e
0 BRINVH [
DZ-1 DZ-5 QY-1 QY-5
BT RTR GRS 50 X 2 b 250t A0 T 50
Cd 5 2 HY #2 i
Fig. 1 Influence of different nano-amendments on

Cd contents in shoots and roots of carrot in soils

R TR R LR, AR R RM
HAP WL 7E— 8 B2 B4 1 300 pH (B & 41
) X - Cd R RIS T — &
ER . ANEHME S I 3 Cd A 201 AR 4 AL )
AR LR I R B 1E 1 45

2.2 AEAHKBEEFN CAEENEERZHW
A

TEAS [R)AE %) B 455 T WO s BRI R, i A A
%38 R BNGE Bl SR Al s AN () AE P 6] 4 e A R i
RGeS ABFTE P, N T RIS AR R KB
FIXTHEAR Cd IR 55328 5% 0, 7538 REC(TF) [
TE SR

TF = MFEZEM Cd & & (mg/kg)/
R Cd & 5 (mg/kg)

538 ZBOBK, W R W] 4 8 AR & 1] 4t | 3
WE B e SR TR 4 AR (BCF) W KR
FE AR R 3 b A R I RE T, W R BUR A
Yyebon b g 4 8 O R LU AR, W] RS e 4
4 i R W A% B AR Y RE T RN A R B
LN A 73 N B i /N
X

BCF = ZXit Cd & & (mg/kg) /
+- 3 Cd & & (mg/kg)

WA RME R %5 g e Cd & RE% iz
REWEWZES Proc. mERS AJHL, 53R,
AFEMEE AL PRS2 MR Cd 5% 2 R AR AE
AR bR EFEAK (p <0.05) , FEARIEH N 6. 9%
~84. 1% , Ho v BEAIC fic K &0 1 25 RM, H ko
HAP Fe 0, HA-Fe, 0, , 3& B s i A 7] 44 K 1& 52 71
J&,Cd F 2 2B, AR T Cd 2l
0 1] A J5T F AN M b 43 B e B8, AT IR AN T A A 25
Me Cd W& iR D34, IR A R [F] Cd s vk
JETEE b Cd s RZBT LR 1 Mtk Cd 552
FREUBESMIE Cd B 7R 0T AE — 2 R B PR .
& L FEAE A Cd AL Bk BE R AR FHSA S M B A& Cd
5% 38 Z B0 TFEM 35X AT g 5 48 PH 203 S iR vk, )
Cd Y M FF Fe /NI 5 30 Cd A A 50 3 & %
B RBNI R, AN, T S B AT LA 5 IR A
Eb , ASTRI 40 K 18 42 551 4ch B4 4 35 R I T - Cd
B AR R X A5 SRR AN TR 90 R AE & ) Ak 2 i
R 7 L3 Cd MY A S RE Ty o ATRME &
XFREAR 3 Cd & 4R R BCH AT RECH : RM >
HAP ~ Fe,0, ~HA-Fe,0,,
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Table 5 Influence of different nano-amendments on TF and BCF of Cd by carrot in soils

RS GORBRHE B CK 1%RM  2%RM  1%HAP 2%HAP 1%Fe;0, 2%Fe,0, 1%HA-Fe;0, 2% HA-Fe,0,
DZ-1 0.0743 0. 0415 0.0316 0. 0661 0. 0401 0. 0697 0. 0507 0. 0249 0. 0228
3% L DZ-5 0. 1884 0. 1754 0.1038 0. 1624 0.1752 0. 1484 0.1139 0. 1565 0. 1054
(1F) QY-1 0.2441 0.1144 0. 0387 0.1079 0.1160 0. 1020 0. 1606 0. 1278 0. 1838
QY-5 0.2606 0. 1309 0. 1240 0. 1805 0. 1620 0.1523 0. 1337 0. 1646 0.1197
DZ-1 0. 493 0.232 0.162 0.417 0.200 0.337 0.177 0.130 0.124
HHERK DZ-5 1. 165 0. 821 0.256 0.761 0.337 0.731 0.474 0.952 0.554
(BCF) QY-1 2.385 0.729 0. 122 0.776 0. 632 1.047 0.588 0.876 0.528
QY-5 1. 674 0.998 0. 564 1. 061 0. 628 1.452 0.561 1. 663 0.354

£ AL B DZ-1 DZ-5 QY-1.,QY-5 73 Bl LR @A MA By 5 2 1.5 mg/L LI AN FH 138 2. 4 AR 94K 8 B0 %) L e Cd JE 5281k

YR

4 @ XA 1 B MR R R A E R T
TR Uk BE, T LR O T Z T R I R AR A
b3 A A R R A A B AR A A R U, IR
HHPRE LT ARNERRE, RSN,
A A R AT R A R T O S T
KN PesE T 8 & @I E A . IR 6 ]
LA H 500 BEAH EE it T AS ) 490 KA 520 50) J 2 i e
T Cd MIRAFE S, b, AR SR B A [ 2e i
A (EX) AHLEE A4 (OB) BRIRER A (AC) KA E
TEEk-FR AL W 45 15 25 (OX) BB ARG 7 4 I 35 B
fI%, Wi 5% B 25 (RES) 35 48 g & o

e G vk + b, DZ-1 2% RM 4b B v 5% B8 25 5%
RO IRANEE I T 96. 5% s fEM Mk 1, QY-S5

2% HAP BB A& & IN{E R N 66.8% ~140% ,
W InE O W MR 2% RM A H . FEiS G L,
PR A Cd EEAFTE LI A% I, o B fe e
M2, T AR AR, 8 W A BE SR P Wi, TR I A
BRI W] Cd 7 £ 38 i 1T B8 L MR AR A
RO A RRAR, DT B3 AR Cd X A8 9 1 35 1 o 7E AR [
AP AN TR AR AE SRR T Cd B R 25 i
e — E 22 5%, B Kk B Y . HAP ~ RM >
HA-Fe,0, > Fe, 0, , 3% — 45 5 A [ & & X 9
Cd W s 5 72 i 45 2R — 20y, W) i Ui W AE Cd
19 4 2R TR AS [ 40 oKk BUE 2R s, Cd A 2308
SRR R R Y Cd Faz W i £ 2L
Z—o

K6 AEMKEEFLETLED CAHES(%)ZTL,FXBLEX.OBACH
OX(A+B+C+D)f%BA(E)
Table 6 Relative percentages ( % ) of Cd in total fraction (non-residual) of EX, OB, AC and

OX (A +B +C +D) and fraction of residual (E) after treatment with different nano-amendments

DZ-1 DZ-5 QY-1 QY-5
it 3
A+B+C+D E A+B+C+D E A+B+C+D E A+B+C+D E

CK 0.629 0.315 a 4.164 0.265 a 0.783 0.153 a 4.320 0.202 a
1% RM 0.324 0.553 b 4.134 0.417 b 0.734 0.204 b 4.033 0.304 b
2% RM 0.182 0.619 ¢ 3.581 0.683 ¢ 0.471 0.458 ¢ 4.164 0.513 ¢
1% HAP 0.463 0.340 d 4.118 0.398 d 0.767 0.217 d 3.655 0.292 b
2% HAP 0.403 0.615 e 3.972 0.624 e 0.329 0.472 ¢ 4.043 0.485 ¢
1% Fe, 0, 0.506 0.374 f 4.211 0.302 f 0.596 0.203 b 3.702 0.235d
2% Fe; 0, 0.264 0.659 g 3.351 0.509 g 0.588 0.303 d 3.947 0.359 e
1% HA-Fe; 0, 0. 498 0.472 h 3.512 0.381 h 0.788 0.187 b 3.115 0.224 ad
2% HA-Fe; 0, 0.235 0.702 ¢ 3.535 0.575 i 0.561 0.383 e 4.147 0.337 f

TE < A [ 91 B4 9 4 ) 57 B8 3R m AN BB 25 (p <0.05)
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2.3 tiEd CdBETAX Cd EMHHEH M

M2 T LUE AR g b ikt 25 Cd 35 B A
[ZE Y WO g S R T UE PSR
M- Cd & A A Ab B+ P AR AR B S Cd R &2 E
IR AR (B s RN ) o 72 A [F AL 2, RM Al
HAP fifi L3P s B 25 Cd &5 B, X d 5
PR=E Cd & R A0 — B, X oal B2 i T HAP 1Y
T EUE RE MR AR 5 R AR S 1 RO e fe LY
for fif, Cd B 5 n] 5 A W MR B 745 5 E L Cd
(OH), YLIE, T A2 i Cd i A 5k B 25 i 5k B 25 5
b 350, RM R FEAR b Cd iyl S8 e 5
M H RM B & 09 8k 8RS AL P X I e AR R e
LV B I RE RS A2 [ € B A AL A AR R ] L Ah,
TEAS Y 2 RT3 E Cd R S e — &
Zest, X FEE T R R 28 S, O 4
YA PLB S B R pH B RZ I A G

o (a) HIECARNIRET mg/kg
0.8 t
0.7
0.6
0.5
04
03
0.2
0.1

o —

y=-1.3503x+0.9633
R*=0.7611

Hb_EICA S #(mg/ke)

];
025 035 045 055 0.65
A 3 A AR Cd & & (mg/kg)

O gt () LHCATMIEES marke

0 ;
0.15 0.75

y=-8.5751x+6.7879
R>=0.7513

Ho b FRCA S B(mg/ke)
[3%]
W

0.2 I 0?3 . 0.I4 I 0?5 . 0..6 . 0..7
AR HIEPFREARCAS F(mg/kg)

2 RHEPERAE Cd S ESWE P2 Cd FELR
Fig. 2 Relationship between residual soil Cd and

shoot Cd concentrations of carrot

3.8 i

(1) fEE 4@ Cd ¥5 Y 1 13 iR [6) 40 K &
55 (HAP RM ,Fe,0, fl HA-Fe,0,) ] L i 2 42 &5
BN KRR Cd a8 i i A2 45 5, ELRE R A9 T A2 5
H B 5 200 KB B2 70 ol 8 ) 386 o i B

(2) FEA[A) 3 vb, AR A TR] 4 K A8 52500 1 2
HREAC T MRERR Cd & MR ZE N Cd & R R
Rt 15 5 78. 8% , M rp Cd 19 &5 & B AR B v 35 2
67.8% ; A& 52 5 v] LA & 3 B AIK £ 8 b B bk Cd
(e iz 2 BORT R B 2R 80, A TR] 9 K48 2508 2 JOR
AR 2, KARUT 9 : RM ~ HAP > HA-
Fe,0, > Fe,0,,

(3) e P iR AIAS 7] 44 K A 52501 I 3 A1 o
ARG B S Cd &, TR I b R S Cd
i, AT 35 AR R Cd AR WA S
5

2 % X W
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