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F it 2Rk M SPSS 1HE T ATP-SH SNt HIEARCE Cd A [FFRAL Cd MYAR DG ; 7153 T IHSRXT Cd 1Y & 5 R4
KB Z8 B9 T ATP-SH X H3 Cd A El A 3R Kol =8 5 4R M52 Cd Isgm, SEegs SR B 7R , i ATP-SH
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Effects of sulfhydryl-modified attapulgite on available cadmium in soil
and cadmium absorption by rape

FU Cheng', LEI Ning-fei', PEI Xiang-jun', LI Jun-ya®, XU Huan’, SU Xin’ and ZHU Xia-ping’
(1. College of Environment and Civil Engineering, Chengdu University of Technology, Chengdu 610059, China; 2. 405 Geological
Brigade of Sichuan Bureau of Geology & Mineral Resources, Chengdu 611830, China; 3. College of Materials and Chemistry &
Chemical Engineering, Chengdu University of Technology, Chengdu 610059, China)

Abstract: Heavy metals are non-degradable, they exist in the soil environment for a long time, seriously affecting
the safety of crops. The sulfhydryl-modified attapulgite (ATP-SH) was added to the soils with different Cd pollution
levels to conduct potted rape experiments, and the available Cd in soil and Cd in different parts of rape were deter-
mined by graphite furnace atomic spectrometry. The correlation among the addition amount of ATP-SH, the availa-
ble Cd in soil, and Cd in different parts of rape were discussed by SPSS. The bioconcentration factors and translo-

cation factors of Cd in rape were calculated, the passivation effect of ATP-SH on soil Cd and its effect on the
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bioconcentration and translocation of Cd in rape were studied. After adding ATP-SH, the available Cd in soil and
Cd in different parts of rape significantly reduce, variation range of available Cd reduction rate in soil are 40. 65%
~T74.27%, and variation range of available Cd reduction rate in rape root, stem, limb and rapeseed were 29. 36%
~79.46%, 41.44% ~88.45%, 43.19% ~95.89% and 38. 02% ~95. 81%, respectively. The addition of ATP-SH
has significant or extremely significant negative correlation with available Cd in soil and the content of Cd in all
parts of rape. There are significant or extremely significant positive correlation between soil available Cd and the
content of Cd in all parts of rape. There are significant positive correlation among the content of Cd in all parts of
rape. In the control group, the bioconcentration factors of Cd in rape roots, stems, limbs and rapeseed respectively
are 1.42~4.87 times, 1.71~8.66 times, 1.92~24.43 times and 1. 61 ~23.76 times higher than that of the ex-
perimental group. The order of translocation factors of Cd in rape is stem>limb>rapeseed, the translocation factors

of Cd in stem are 3.5~25 times higher than that in limb and rapeseed. ATP-SH can reduce the activity of soil Cd

and effectively prevent the migration of Cd from soil to rape.
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Bt 1 WU 2030 0 W e A A (e 7 A
HIEHE (Wang et al. , 2018) , I, FFEABEREEIR
Y HERP A SR S8 fEE e, 54 w1
TRV 25 R AT A 480 25 ELA T e 7 Jse 7 P N A ] R
P (Kim et al. , 2015; Gujre et al. , 2021) , JRfi5ifk
D g I ABEAR, R RE | DO0E Fn 2% & 558 N,
i H R E SR IL A KAk, BRARFAE 3 FL K
TR R VAR, BHIR I A SR oK
# (Tajudin et al. , 2016) , HATERAERME LA AR
PTG AR i, M R BAT B 4 4
J 8 77 0 TR R A ek 2 e T R ) Erh 2

[Ty A (ATP ) AT W B 14 0 PH B - 28 48 7
(Zhang et al. , 2015) , {H KSR ATP # % & A L2 4
T, X A JE W N R, R R BN, I
JER GRS HE R Y RE T, A A S AT
PR HADE O ATP I TIEE FE 4RI+
HOEM I et ATP X5 U8 Cd A1 Zn
B 2R3 IR F 99. 6% F1 92. 7% (BR#ZE , 2017) ; Xu
S5(2019) FIFHAUK Mk el i ATP I 25 R AIG T 1438
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FHPE ATP BEAR T 488 7584038 Zn R Cd 15 1L,

A WF5T T 2 IR ME MR X 8 4 T 1)l A AR
W, EXHEY B I AR XA Cao 45 (2019)
WF5E R IIMSERT Cd F Ph (5 4 B AR rR7EAR FI 2
#h, 5EEAYE Cd FAEES Ph BVIFX, XL

ZEAE(2021) FIHBEE A B R HIER SR, M
FAFHY Pb Cd RN T 67.6%.75. 9%, A&
IRAZH BT B & T %0 56 o I B A (ATP-
SH) (Fu et al. , 2021), 7% &R R 52 B I HI AL
W, AW T ATP-SH 1852 Cd 1542 + 31 74k
THSESEES, ME T 3 80S Cd & RN SR A4
£ Cd &4 KT T ATP-SH #iniE |+ A 2% Cd
FNMSEA AL Cd B 5 =22 8] 1 P9 78 G 2R S X 58
M2 Cd W52, RS T ATP-SH B K Cd 154
HERAE R, SRR SR N AR S
IE 7 N E

1 SE 5k
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SLYGANERA AA1700 A7 8840 JE 7 W A4 o6
T CHITTARSL AT A RS e A FR A ) | ZD-85 £k
R IR K T 4R 35 a4 (R N B AR A 25 Tl i A PR A &) ) |
TDL-80-2B I 250 L ( | i &8 = Bh 22 AL AR ) ) F
DX-2007 X S AT AL (I T 1+ AR 05 BAL 2 A BR
NI

SEN L AT (2R 98%, TN TH R
IR A HLEE R FR/AR] ), DTPA( =2 =& H
2T TEA( = /%) .CaCl, .Cd(NO,), - 4 H,0,
HNO, (4 4t) HCI(Hgesl) SmbrifEr i H,0, %
AR B REREN e A F ) O, D), BR
FERIERA AN, A Ab AR 34y 4B i,
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ASEEG A Y ATP SR H O H A& FRT, SR X
SR DN 7 I R Yoy R BE AR R RE TR
Y, EEALE R WA RN, Si0, 40. 44% . CaO
15.96% . Al,0, 8. 50% MgO 7. 68% . Fe,0, 5. 02% .
S0, 2.25% K,0 1. 47% TiO, 1. 38% Na,0 0. 70% .
P,0; 0.53% (Jii i 53 40) . ATP-SH 1yl £ 777k W3¢
Bk (Fu et al. , 2021)

ATP HI ATP-SH /Y XRD F 340 1, o] LI F
20=8. 76°4b /) ATP (110) /11 FFAEAT B 06, HAT &
FIEIE (d) WA B AR 1k, RAXTIRJE 4, ATP-SH
() F A2 1 TN 45 B BE AR FE AN AR . FELRUE ATP-
SH WE R RE T A RTHE T, RBERAT R IA, AL gk
SF R ATP BEF 7440 20=20.76 °F126=30. 84 °
b R AT ST ATP AR 19 A SEFIRR R £6 2%
(Liu et al. , 2013),
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Fig. 1 XRD patterns of ATP and ATP-SH

SEI R D)1 48 T 1T R T 4 S YA
398, KBS AN IR AT, D i 4 A B Ak 1
KEAEGREME 1, SRS 0 R,
I RAE R A RCSEE A RESH pH H . Cd , Cu,
Pb . As Hg.Zn Al Ni M GELE R 1, FeM(hE L
HEIR BT R T M S g KU A RS )
(GB15618-2018) 4 F b -+ 358 5 Yo XU 0 & {8, Zn
FEIORR 3 T M (B, Cd B AR N ™ H, 2k 0 2 L Y
3.3 1%, HARESE TR BMCTItEM,

1.3 BRZWIEIT

SRAEN HHES R 3 FB 4y, IR gy
TR Cd EHA 85518 3. 72 mg/kg 5. 47 mg/kg
(DM, n=6), WKEFE11H,

F1 TEBYERRESERENNELER mgkg
Table 1 Determination results of physical, chemical
properties and heavy metal content in soil

HH T i (A
R 20 131.07+8.9
EER &Y 15.32+4.63
EEpyensil 66.79+13. 51
pH {& 6.39+0.01
cd 1.32+0.02 0.4
Cu 33.69+0. 16 50
Hg 0. 11+0.01 0.5
Zn 229.01+2.78 200
Pb 54.18+0. 89 100
As 13.02+0. 19 30
Ni 30. 40+0. 34 70

BB RL AL A (151 35 em, FAR 20 cm) , 36 A
6 kg S A EEAr 9K 1,32 3. 72 F 5. 47 mg/kg 1Y+
e AyWIFRR N S, .S, FI S, &4, S, &4 ATP-SH
AN £ 53 00 S 7 O R R Y 0. 25% ,0. 5%, S,
'S, 251 ATP-SH B9 430 A5 e 3 B iy
0.25% .0.5% 1%H 1. 5%, [a]IHECO6 IR 4 4 Ab 2
FPATRES 3 4y, 439 ANEEA USHN ATP-SH FE4r1R
Al KIEFE 1A

TE I TR0 ] 14 Je Sk (110 42) B,
F—RE, Bad K, B ISR S INAGE R
BF, AR A REGEK, TSR R SR AR T SRR A
TR ISR 2R RCRSRAT A R AE
1.4 HFPBNES S

+ A SR S RIS GB/T 23739-2009 (J7F
WSOV 5 - A RS O i) HEAT N A TSR A
PR A AR TE GB 5009. 15-2014 (£ 4R B9 I
FE) EATINAE o BT A SR 38 AT S4 0 1 v 22 1 TP
FFR, IBM SPSS (version 24. 0) 7 )% T 4 it
30T .

2 RS

2.1 MEESHBUFESEMNESER

Bl 2 EARFEEE R 5 ol SE R [FFR A Cd 5 i
FIMNESE R 76 S, .8,.8, 3 1 Cd {5 R4, IR
A SEMR 25 RCRISERA Y Cd A Bk 1. 03,
1.50.1. 85 mg/kg, 0.86.1.98.3.73 mg/kg, 0.30,
0.56.1.09 mg/kg 1 0.20.0.27.0.32 mg/kg, MMiH
J10.25%1) ATP-SH J&, TSR 25 BOFISEATF Y Cd
SN 0.61.1.06,1. 31 mg/kg, 0.50.0. 81,
1.23 mg/kg, 0.17.0.28.0.42 mg/kg 10.11.0.15,
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Fig. 2 Cadmium in the root, stem, limb and rapeseed of rape

0.20 mg/kg, MIE 2l LIt (D V55 L3 Cd
Sl I S VA ORGSRl R N = I B ]
Cd Wi 5 3 Cd S aliE b, @ R4
) Cd Bt HZES MRS ST, BEFSEATEY Cd & &
WAL TARFNZE , WRFFAY Cd & B AR AIZE T Cd
TN 1710~ 175, W] ULIHSEFF AT Cd /9 e IR
55, WSRO FEEPEME T M (RMZE) ,
5 Cao 45 (2019) BT I 45 - — 2, ¢l & 2510 Cd
Srad, JFAAY MR, XES R R
NAEE B, FEmsecE )G, g, @ 55X
TRAHAHLL, BEZF ATP-SH FR M I, 33453407
Cd &HUIE T, il ATP-SH fESZPFH 11 Cd M+
SRS A FRAL RS, WSS Cd B,

& 3 ZHIBRAT IR, & 1EE R bR 2k
ORISR Cd B i BRI, O Aig 3 cd &%
BRI, B ATP-SH JR I B30, 384535
B Cd B 2 [ I B2 AR 3G K, X Cd A Mg )k
ik, UEBH ATP-SH Bt FH B SRR T Cd ZE TSt N
AR, AR 2R RORISERF ) R KRR
A3 79. 46% 88.45% 95. 89% F195. 81% ., 2 K
# ATP-SH I HE ARSI, Cd & A8 fh e B B AR
MOk, ULPIBER ATP-SH ¥ I B34 fn, B4R

X5 Y 3 Cd 1) R AR EEfL RE S35 T, (H R
W ATP-SH Xf Cd WEEILRE J1 855, PR A S B
Jof AT LIRS 1458 Cd % 26 ATP-SH 9 i,
PR RCRIAR,, @ X5 Y Cd & i
R ZRF, G5 ATP-SH J& Cd 75 i AR el 13 st ek
K, RIGY L Cd &A%, ATP-SH Witifk
R AT

2.2 SRIBERFFEYUSESENNEER

B4 2A i — 2Rk e, ki R Rk Cd
SRMESS R, £ S,.8,.8, 34 Cd 154 &5,
XRE AL TG e 3 b A A Cd & &4 5 0. 78,
1.85 3. 82 mg/kg, MAEUN 0. 25% 1) ATP-SH )7,
1H YR E RS Cd F R FEALE 0.50.0. 80,
1.95 mg/kg, @ +3E Cd Frigim, HARE cd &
WS, @5S,.5,.8, 3 MR HEAYE Cd F
R ATP-SH U N3 fin i iz 8 1%, ATP-SH
REfg B R A S Cd, Uil ATP-SH REWS A
s AT g TP Cd, I 3 Cd BTETE .

K5 2R R R HEARE Cd FRi2it
&, O ATP-SH FE &L, AR Cd &
SRR AR BT, BRIV HER Jon o 6 22 i 1A A5 SR
I, XFS, .S, f1S,34~Cdi5 4 & 51, U il ATP - SH
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Wiz, MNLEMEHNA RS Cd BRI B 27
Ui BRI I 2 | B R AR O
VS, SEBR N I S B TS Yt ok s, 1 R
Zillhy, @ S, RINNARE Cd BIRFEAKTR RSN T

remediation series

S, R4, H'S, A RLEAAL G i 1B AL R T
WA, B ATP-SH iRk 245 3038 Cd 1 F%
IR R, SRR IE B Re ) hAE B s, (R
fiHE ) ATP-SH BB AR SRR,
2.3 HEEBUPREEURLIEFERSEN
XD
MBI Z 5 ATP-SH A& 5l 25
K SepFrh Cd 8 A A A0S Cd B AH G PR 4By
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gERMEL 2, £ S, ARSI, ATP-SH BNz 5 3E
B Cd & R A0S Cd M AH E R0
-0.905.-0. 988 F1-0. 852, HWEHLBEHERME, 5§
THSREZEFISEF Cd & B OC R 50 518 -0. 686 FI
-0.755, R EMMIE, 76 S, M S, R, ATP-
SH AR 5 SAR 25 BRI Cd & Dl R 3

AR Cd WAH I R 55372 -0. 837 ,-0. 681 ,—0. 865
-0. 895, -0. 736 F1-0. 855, 0. 617, -0. 679, 0. 869,
-0.830, 4 A% W2 ARG, 43 A 45 R 3R W
ATP-SH fig i & FEAK + 1845 203 Cd & &, PHIE cd
SR

FES, ZAIH, HHEAE B CA SRR A

x2 S,.S, f1S, &I ATP-SH FNE MK SRS EMLEARUSREXELIHE

Table 2 Correlation analysis table of ATP-SH addition amount, Cd content in all parts of rape and soil available

Cd content in S,, S, and S, series

Sl MR N &= i E (53 SEHF HHE Cd
FERHAR 1 -0.905" " -0.686" -0.988" " =0.755 = -0.852""
i 1 0. 482 0.894"* 0.564 0. 628
s, e 1 0.743" 0. 883 *» * 0.818"
5 1 0.788" 0.856" "
SEHF 1 0.776"
HHE Cd 1
MERE A 1 -0.837"" -0.681"" -0.865" " -0.895" " -0.736" "
i 1 0.709 " * 0.881"* 0.878** 0.883%"
s, E 1 0.860"* 0.748** 0.795" "
5 1 0.914** 0.837""
SR 1 0.882%"
AR Cd 1
FEHR I & 1 -0.855%" -0.617" -0.679" " -0.869" * -0.830" "
Ui 1 0.921%* 0.858"* 0.889%* 0.922%*
s, e 1 0.926" " 0.811° " 0.901" "
5 1 0.779** 0.882""
K 1 0.958"*
HHE Cd 1

.o 7E P<0.05 KU 1A, + « #E P<0.01 AR b A,

Cd 5 S 3 B A OG , AHOC RS0 0. 818 Fi
0.856; 53¢k Cd FE B IEME, MR
#0.776; 5 Cd FEEIEMC, HXREN
0.628, £ S, f1S, R, HHEARE Cd Hihg
M ZE BiFISERE TR Cd & B B IE A G,
KB K 0. 883 .0. 795 .0. 837 .0. 882 1 0. 922,
0.901.0.882.0.958, ZiREM HHARS Cd F
Sl E £ Cd S EAH B IEMEER,
5 Cao %5 (2019) MUBFZE 45 R —2,

+HEh od WAEERE S KES BT
BRI AS BHAIRS S BESEAS R
AU AEMRES, MARSESIES Cd L
ABRBEL, REWEY EE Cd — P EEREZ(RE
2%, 2016; Rehman et al. , 2017) . W2 FE L

TIEF A A Cd, B ATP-SH J&, ATP-SH i@
IS ) BT A R IE S LA S E E
Cd, il HIEF A RS Cd S8 B, wob 7
X Cd Fm I,

TE S, RFH, AR S MR R Cd R R
WEIEASE, MR RECH 0. 894 SIS 2 MISERIY
Cd FE i IEAHSG, FHOCERESTR 0. 482 F10. 564
MERE SRR Cd T R2E R EEMX, HER
BN 0,743, ST 2R EFHIEMSE, HERECH
0.883; JHEAL S5 IMEEHFI Cd & & B IEAHK,
HFRECH0.788, TES, FIS, RHIF, HEA&TAL
ZIHY Cd & e 20035 EA G, MR REIIR
T 0.7, FLIIMEA AL Z B Cd 2 A7 7 B i 1
IR, I HMETE Y Cd SR, H
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FHE Z (8] /) AH G REGER, IEAHSCI S R %
WU Cd FEIMSE Y A2\ T3 AR -2 - -
KR — AR R
2.4 HEEDUIPRERHNEERBREZSREY

B RE(BF) 10 R F A Py e FL AR vk 4 H
PRT5 9 19 M (Zhao et al. , 2019) o 24558
B Cd H B RECE MR Y Cd ¥R B BRI+
PRy Cd WREE (PR AR, 2021), Bl 6 R T 34
Cd V59 R4 Cd B ERE, O 734
Cd 15§« RPN BRI =R 28 B SRAF XS Cd i
FEZB M 0.34~0.67.0.40~0.68.0. 15~0. 20,
0.06~0. 13, %I ATP-SH J&, MM 28 KL Skt
X Cd 1Y) & 4 RE /N, 4351 0. 08 ~0. 40,
0.08~0.33.0.01~0.10.0.01~0.07, HFZEM & 4E
FRB AT HAg KT AL, ISR ZE %) Cd
BT EEAEEEN, XWEHET 2.1 W a3
PIZETE . R IR AR 25 B SRR Cd e 4R &

08 r

.
06 | 22 v
' (72T
w
;o
04 b
=
0.2
0
0 0.25 0.50
ATP-SHIf# N it/ %
08 r

0.6

=
=

WHLE T(BF)

0.2 |

3 Je ATP-SH 4Ly 1. 42 ~4. 87 fi5 . 1. 71 ~
8.66 1. 1.92 ~24.43 % 1. 61 ~23. 76 %, W
ATP-SH X4 5800 & 5 Cd A W iy 3 fil4E .
@ *FHhSER AT Cd Y& 4 R 5L, BfiE ATP-
SH @A hn, &= 4 ZEW B/, ATP-SH i
i e RGR, @ MEE LI Cd WY
by N B e A R S Y S s A AR U] R =
48 Cd V5 YRR, WX Cd 1 HE e 1B W
55, BH NN LT 5 Cd RE I IGEm T
MR EREARK, SBHEERINESE, 5FET
25 (2012) WEFT 25 AR

iz FRECTE) T 3PAL 15 G W) DA P AR R 1)
o A EBEE ST (Cao et al. , 2019) , JHISEASHD
fii Cd W% iz RECHHL A FRA R Cd W 5 HER Y
Cd WREZ I (Mg 4s, 2021) ., K7 23 4 Cd i5
ZA s &30 Cd g iz B8k, O XL
e [F—FFAL Cd 451z 540, W ATP-SH Uit )

05

WLE T(BF)

0 0.25 0.50 1.00 1.50
ATP-SHIFI#E b it /%

4 Va7 W bt
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Fig. 6 Bioconcentration factors of Cd in different parts of rape in S, S,, S, series
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Translocation factors of Cd in different parts of rape in S, S,, S, series
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