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Effects of Bentonite on Chemlcal Forms and Bloavallablllty of Heavy Metals in

Different Types of Farmland Soils- V' oa L

LIN Hai'* HN Xiao-na', DONG Ying- b'ol’%f" LUO Ming-ke' ZHAO Yi-min

( 1. School bf Energy and Env1ronmentdl E?lglne&(g, 'Umvermty of Science and Fec hnology Bel]lng, Beijing 100083, ‘China}; 2. Be.l-j‘lng
Key Laboratory of Resource-Oriented Treatment of Ind'ustnal Pollutants, Beijing 190083 Chln{i) .

Abstract:| A pot experiment was conducted tolevaluale the effects of bentonite on'thel physicochemical properties of soil ; chemical forms
" of Cd; /As]
ty’ es 0f farmland | soils#=The results showed that })entomte de_prea%ed the exchangeable Cd in the” sequence of Yellow earths ( Gy,
19. 44%) ¥ ellow-cinnamon soils (Sy,13.85% ) > Fluvr‘)' aquic soils (Bf, 5.03% ), and the content of Cd in shoots of pakchoi
declinéd in the sequence of Gy (34.81% ) > Bf (23 91% ) > Sy (11.11% ), compared with the controls. Compared with the
controls, the exchangeable As in Bf and Sy decreased by 4.53% and 25.16% , respectively, while the exchangeable As in Gy
increased by 0.57% . The exchangeable Cr was increased in the sequence of Sy (31.30% ) > Gy (2.91% ) > Bf (0.58% ). The

residual As, V, and Cr increased ( except for Cr in Sy), and their uptake was also reduced in different degrees. The addition of

V/, and Cr; pakchoi ( Bmsswd chinensis 1i') growth; metal uptake; and rhizosphere microbial community in three different

bentonite significantly promoted the growth of pakchoi in the three soil types, especially in Bf. pakchoi biomass, root surface area, and
number of root tips increased by 147.55% , 80.71% , and 124.31% , respectively, in Bf, compared with the control. In addition,
bentonite reduced the content of available nitrogen, phosphorus, and organic matter; increased the content of available potassium; and
increased the diversity of rhizosphere microbial community in all three soils. Therefore, bentonite could be highly recommended as a
safe stabilizer in these three types of soil.

Key words:soil type; heavy metals; stabilization; bentonite; bioavailability

UTAESK, BEH TAOW R A, JEHOR TR NEFFAR & TRMmBE MRS sh /N8

AR HE IR K PR A0 S | A 2 RERL A5 A A4 H P A
KA, R HERERSEGYR A E . 26
Y4 16. 1% 1) LMoz 20755, B 38 S A B ER %
H19.4% , FEGYY N, B mER . K
FH 4 18 4 i V5 Y N T BURED -, 48
PREGAAED A Sk T — R A& M, & H+
B 4 B T YA PR 7E JE

A 3 T 4 S Y B T B AR B
R OEBHE . B 1555 | s8R (R B bR
) AR (R E HR | A bR A )
FA 248 it (PR 5 M PR 2 ) B R Al Al B R

RSO AR5 RGOS BRTE A SRR 3
TR RIS WAL RL . B LW S A Wk
S I - LR AR | BT A e B
Jri | WORARE B R R S
H AT T 8 5 & a8 is g DI R R 2,
XL JHE R T (e’ P Cu?t
i B 2018-07-17; {&iTHHA: 2018-08-03

E€WB: WX KKIG R EH 5% 8B EEKXL W

(2015ZX07205003 )
TEERIT . ME(1966 ~ ), 5, Wit ¥, EEHFRT N
LRGP ZH AR R A B I &, E-mail; linhai @ ces.

usthb. edu. cn

# JA{ETE# , E-mail : ybdong@ usth. edu. cn



946 EZ

B 40 &

) O T 4 JE B B A S Y g AR D
HkZ AR X AN RT3 2 35OR B4
ZaE. ik, ARE IR [E 3 Bl R 2 8 Y
EATSRAR M B HEMEE X5, LI/ S Bk
YEW, i Lok R, SR A s oh e 1T
AN R 2 2 A S ) G S IR A B IR /N E
KA BRI SR PR A Y B, L
WA X 4 52 B T m Qe T RSB S 4R it
P FLA].

1 #¥ERZE

1.1 e
VEIR [ 3 A8 X AR R MR R 1 3, 43

AL E )t (fluvo-aquic soils, Bf) . 1 PH 8548 +
(yellow-cinnamon soils, Sy ). 5t ¥ 1 ( yellow
earths, Gy). REFLIZ(0~20 cm) 11, EBra:

RE WG E T U XAk A SRR, 5 Ead 2
mm G, AR 47 bk 8 52 R R,
200 H e a5 . A A 8 K i 4 i BEAR BRAL
B 1. MG FE K R AniE GB 15618-1995 KL
R, 3 Ff B Cd Bl dS 1.09, 1.57 H15.20 1%
(pH KF 7.5 832 1.0 mg-kg™", pH /NT 7.5 B )&
0.6 mg-kg ). K& Gy T As Bk bRl (42 30
mg-kg ™) Ab, HoAth 18 As AMbR. VAT Cr BET
FrrfEfi. it/ B S Fh - 1 3 b 50 R TR0l A R

YNGR

®1 KT EREETOEREBLER

Table 1 Physical and chemical properties of tested soils and bentonite

o

B XA Bf Sy f Gy

pH — 782 7.72 6.87 /8.63
I — | JEEt vt | Rt S ==
B mg kg ™! 23.08 2168 4 | 23.91 4 ?;’;, |
A mg-kg™! [ 139.61 21.33 _ 26,67 o :TM’?JX
AL F mg-kg™' |1 (41 5t~ 85.28 L/ 362. 53 ad
FHLT . % | ) gY = L1y o ) 2.4 —
S RIS ng” ) MG —/ ¢ < 25.10
2810, -4rF i % o T —/ { ¢ T 41.07 &=
ALO, ; s = /8 < i L ) 4.14
_€a0 . % IS By ] A 1 & 1 2907
MgQ '/ i » | T ¢ ¥ 3 4 22.19
Tt | | J, o 4 - F — — 111
K0 ot % F = — — 1.24
Mool mg-kg ! 1.09 1.57 3.12 0.19
SAs mg-kg ™! 10. 45 13.48 51.61 2.56
BV mg-kg ! 70.25 67. 15 162 0. 48
M Cr mg-kg ™! 66.75 60. 33 282. 16 1.05
A2 Cd mg-kg ! 0.24 0.14 1.03 —
AR As mg-kg ! 1.94 1.84 1.21 —
RSV mg-kg ™! 0.12 0.11 0.36 —
AR Cr mg-kg ™! 0.08 0.07 0. 05 —

1.2 A S
¥R+ 1.0 kg, B2 HHE TR L 4% 3
SN 3 R g b X RRAUA iz 43l
RAC X HRAL(BN) | LU 4 (BY) | Ll vg X}
ZH(SN) , IHPEIE 20 (SY) . SRMXFHRZH (GN) | 57
M4 (GY), e 4ab3, MAER 3 K. I
TRAT 5 Wit 25 B8 /K 28 B R K 30 70% . F20E 1
MHJE, BA/NEZEF . AR 2 A0 LA IE (Y
A, FIEN: N+P,0, +K,0=0.2 +0.3 +
0.2(g-kg "), LIRFEMBERR — S8 (fh224l) B
KN, SABEELE T AN T, il ES
FRIESE, MTPRERRIEMERE3I K 2 MR
WA /N SRR SR PR+, SRR B

PEAT A PR A JTOR T 4 TS (I
1.3 e H &5k

ANEISERE SR AR KIE VRS, A B Kl
Ve, BUE 3 Rk RBRrK, H 95% S EERREL, £5h
AL A o o B R e s R R ORI
STD1600Epson %4 1k 49 $ X i 47 & & 1 i,
WinRHIZO BEXF F3 48 R BEAT 40 B, ARATAR HR4L
P5. 76 105°C F 443 30 min, 65°CHETZEHE , i k-
Filh N5 I IR B Al R AR IR, R 4 )
.

W AR SR A ) - AR O T U B SRR
+, 2520 HA 100 BT 2k 4 e H ik vk
JEAE SRR, 3 pH, AP, A . HAL
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e, A I 5 2 BEOSCHR

BN SR At R PR T A 250 “”ﬁ/\ﬁ
Ei, S A A . RS RIE

K FHMCIEAY BCR 351, 3 v IR A Eﬂ/{lﬂ
BN SERE RO Cd, As, VR Cr iR
FH HL AR A 55 B T R B X (ICP-MS,  Agilent
Technologies, U.S. A) M. 43 B 72 Hom A B &
FrifZ: Ho W) i+ 3R B (GBW (E) 070009 ) FlHE 4
FEdl (GBWO8513) #H 47 it i /3 Hr#Eifil, Cd, As, V
F1 Cr B TBCRAY 3R 95. 3% ~102.6% , 95.3% ~
99.4% , 98.6% ~101.7% F199. 4% ~104. 1% .
AP E SR SR T E

1.4 Hdlaabr

& 5 2% (biological concentration factor) ;

_ MY E AR S (mg - kg )

S ¥ B AE b R (average well color
development, AWCD) ik 1 38 3 A= Wy B 9% F| FH 5
—WRIRAAE ). Shannon 8 B K IFAE WA G F &
J¥, McIntosh F88UH TIFALRES WA 51 . T8
AXSE 9.

Bdak ST SPSS 18. 0
(Duncan i£).

2 HRE5H

2.1 [ X - S TR A

H12€ 2 AT, ORIV £ 0% 3 Fhoxt B8 + 158
FHEL, B2 B A8 o T R0 pH (H, B IR
I 0.27 (Gy) | 0.23(Sy) H10.09 (Bf) A7,
Hort Sy f1 Gy fEF 3, XF B AEFI AR B3,
+ RN T 3 Fh L HEHOOR B WL

PEAT VR B

BCF = — x 100% ; 2 I
FIP R (mg - kg™ Bk, B KBRS BN 59.40% (G¥). (40.70%
¥z Z2 B0 (translocation factor) (Sy) Fil 33.33% (Bf), AREMZ, 3 ﬂ“j:% R AL
_ s T P (mg - kg™ ) S i 4 PR i A o AT R4 ;ﬁ Sﬂ”ﬁﬁﬁTE
TF = . x 100%
GEE7L S hﬁﬁilﬁ & i(mg kg ) S ﬁwﬁ—ﬁiﬁ ‘ Y .
. " 2 x\mauﬂiiae pH &Es‘&%ﬁﬂ’]@i” ¢
i Table 2 ' Soil! pH ané.rthe Qf{nl?le of available nutried® u‘nder dlfferen} wreliffnents -
e £ y oo =
= I B A 1‘%»& A A .y gl =
ﬂ\}% S ] ol Y mg ke /mg Ke~ [ /mgikg ™! o U %
BN e 7. 84a I ;6 32¢ 112, 17a 122.98d 1.29d"
f BY) @ 7.93a | ¥ 258d 68. 59b 159.97¢ 0. 86e
AL =t 7.36c 42665 5 67.77h 9356¢ 1. 70¢
- SY“" 7.59b § 24 295 40. 19¢ 98. 17e 1.33d
"GN - 6.57e 92 78a 28.59d 178. 18b 2.42a
GY 6. 84d 37.67b 23.35e 215.99a 1.91b

1) [ —5 s [ TR R R A AL BOE M2 57, N Rl PR R Bl A R P22 5% (P <0.05) , TIF

2.2 JE X D A R T AR A
GISRRESR 5%55{3‘,&@1‘@%, RE2 1 it fin )
I B R o/ ST = R e N O I 7 Y S 5
WS> M : 19.45% (Gy) > 13.86% (Sy) >5.00%
(Bf) F113.69% (Bf) >8.09% (Sy) >6.55% ( Gy) ;
PRSI T, BRI R . 19.47% (Gy) >
3.32% (Bf) >2.85% (Sy). BY 5 BN A, 3wl
A WA TR AR As LLBIE R R, B
WE> 5 4. 53% | 8. 62% F119. 71% ; Sy 5 Bf HLHE
— 5, XN B OBE S 0 A 25.16% ., 7.59% A
23.59% ; i Gy 1, Wi A sg e | wl
AALAE As L BB R4 & T 0.57% M
37.82% , WIIRJRAS As HLBIREAR T 9.56% 5 3 Fi+
skl A As BT E, BRI IE Y 8.54%.
FE3 RV RGBS AEE (D4 90% ) ,
R TP X AT AS A | BRI VLA R
1M SRR T Sy HrT S84 V (IR 42. 67% ) | Tt

BT Gy RIS JEAS V(IIE 301.29% ). Cr TEAW
RLRESHEET LD (5 S50 85% LU L),
SY 5 SN [, nIsc#ds | alidJE A F ] AL Cr
o B TE L 0 4 R 31.3% . 21.16% F
54.00% , FRIEZS LIPS T 4. 99% 5 Bf Al Gy ]
LA, FRIES G BT E, AT R AR H
FEAIR.
2.3 X NSRS

ME 2 aTLE S, iE 8w E RS T 3 Mt
BeUNASER AR R, 3 R R 2E R B, W
Bf &R AE, BY 7 BN (9 2. 48 fi%5. 13 Fh 4,
BARIGLL /NSRS a b S 38, (22
55 BEAH FL A 35

HER 3 g, 3 b s I o Y g
EHORM T H, AR K R 266.67% (Sy) >
66.67% (Gy) >21.43% (Bf). /N LR L
FHR, BRI N 80.71% (Bf) >37.95% (Sy)
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>34.22% (c,ﬂ DT Bf A Gy ﬁ'ﬁ;, nﬁgﬁfﬁru

,mmmﬁﬁﬁwﬁwwwm ﬁ%ﬁﬂ‘f 180%
1 28. 619+ ﬁ,SY MR K SN ﬁﬁi}p €/ Wil 2
11 55% [ AN, % T BE Al Gy”ﬁ'ﬁ.:,,, BAM/EIW
f@%maéwﬁﬁwﬁﬁxﬁﬁﬁm$¢ﬁzﬂ
J. Beligi WS B A Gy SR g
FERE MR K, T Sy 2 A L.
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2.4 I X5/ SR 4 1 R

HIE 3 AT LA Y, B £ A AR T/ A
St ER Cd F As I i, B KRR Z30R 34. 81%
(Gy) . 32.38% (Sy) ; B& Sy "H/INFISEHE B35 V Al Cr
R FHE AN, BE A Gy F/NESEHL EEE VORI Cr

e

BN

BY SN SY

Ak
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i%?ﬂﬁf%5m¢lM@Vairmw§@As
FAREGET, Gy 41 Cd Al CGr ik e

e 4 AT, AN Cd L As. V I Cr
()10 &8 5 4R R AL BCF AR T X RRZ (Sy " vV #il Cr
BR ALY, fe KB I 4 500 X5 B A 14.10% (Sy) .
14.29% (Sy) . 40% ( Gy) 1 8. 6% ( Bf). #t¥siz &
BOTF s, B H/NESEXT 4 Rl 4 8§58 RE 11y
AFTFRE; Sy H/NASRXT Cr B9 %1z e Ty 1G5, Xt
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