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Effects of attapulgite application on soil nutrients in Cd—contaminated farmland

ZHAO Ting—wei, LI Hong—da, ZHOU Wei, DAI Yun—chao, LU Jia—long"

(College of Natural Resources and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and the Agri—-Environment
in Northwest China, Ministry of Agriculture, Yangling 712100, China)

Abstract: To investigate the effects of attapulgite clay minerals on cadmium—contaminated farmland soils and the impedance control of Cd
uptake by plants, this study treated attapulgite as a chemical repair agent and applied it to Cd—contaminated soils. The effects of attapulgite
application rates on the remediation of Cd—contaminated soil and amount of Cd uptake by plants were evaluated. The results showed that
only attapulgite application rates greater than 1.25 kg+m™ reduce nitrogen and phosphorus available in the soil by 6.76 mg+kg™" and 7.34
mg - kg™, respectively. In addition, the application of attapulgite significantly increases soil pH and CEC content. For instance, attapulgite
of 1.25 kg+m™ reduces the effective Cd content in soil by 27.66%, while increasing soil pH by 0.51 and CEC by 6.29 c¢mol - kg™ respective-
ly.The results also showed that Cd content could be reduced by 35.19% in rapeseed and 37.29% wheat grains at the same attapulgite appli-
cation rate. However, excessive application of attapulgite can lead to a decline in soil fertility; as such, appropriate application rates of at-
tapulgite and intervals between two applications should be used to repair the Cd—contaminated farmland to control pollution while maintain-
ing soil fertility.
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Table 1 Basic physical and chemical properties of the tested soil

1545 Indicators JAL T Point [ #fL I Point 1T
4% /g kg 1.56 2.12
T A /mg - kg™ 105 131
A3 mg - kg 36.9 29.9
B /mg - kg™ 178 138
pH 6.73 7.18
CEC/cmol -kg™' 22.6 16.7
4 Cd/img-kg! 1.32 227
B Cd/mg kg 0.47 0.76
4= As/mg-kg™! 10.5 20.5
4 Cr/mg- kg™ 64.6 78.9
4= Pb/mg-kg™! 48.9 33.7

1.1.2 Bt i 50 5 R

AER G M1 A S T I AR R A BRA A 77 b
ST TG B R T AR A e R ki
3200 H. H pH 8.56, & %A & 1 140.3 mg-kg' A
SR 28.9 mg - kg EEALAT 1 079.7 mg- kg \CEC 32.8
cmol - kg \Cd & 0.04 mg-kg™'o /NE 5L D A4 FH 31
SNSRI ZIN 105,
1.2 iR IB R AR E

1R 5 M A it K P (0,.0.50.,0.75
1.00.1.25 kg-m™) , I LIASHE M B A7 kg X B AR 2, 55
AR P S 3 U, He M R A it A TSR A A B
WA CK T (A1,A2 A3 A4, /NERAFFRIC R CK
B1.B2.B3.B4, 10~ 4b 8, /NX K 4 m, T8 3 m, bl
MLX A HES . /N E) B A 0.5 m () a] b (b3 ) , /N X
JE A 1 m RS AT B AT Se e, RN X K
INDR R A B TR, 503 b M e A, e B
0~20 cm #)2 LR RS G, R b ISR (5
B D)F/INE (R 1) 4350 7F 2018 42 10 J A 11 ] #%
Tl , I HE Y 1 > 15t P A, it A 2 2 UIE 11.3
g m (AN, BEAE 7.50 g-m2 (LA PIT) , A AEH IR
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B R A K — e R I A 0 o - 4 i
Cd; DTPA 12 4 - J5 W ISR S B ) 7 A 45038 Cd
i, P Cd R BRI - i WA R
M7E .
1.4 BUBESIT O

K ] Microsoft Excel 2007 %44 347 8048 5 A F
#IE ) SPSS 17.0 Fl Origin 2015 3 F #4745 1143
FrAVER . AbBTE] J5 22 534K FH Duncan 5 7E 0.05 7K
R AT

2 HFHR5E

2.1 MR EEA RN

LINY e Ry | R (A= vl W e
FURVA 240 3 1, T OAKCBR 5 L pH DL % CEC 55 i bl
MO A I A AR R (F2) ., 5
CK I ZbFRAHEL , A1 A2 A3 b3 g fire 48 5 A TR
R TC R 225, MY A I E N 1.25 kg-m™
(A4) ], Bl 8 & T8 CK T S 5 A1 6.76 mg - kg s
8 T AT RO T TR B A T A 1 A T e B

Jol 25 Y MY R A TS Ik 1.00 kg e m T,
A3 A4 GBI B4 CK T i 25 FEAK 4.75 mg - kg™ I
7.34 mg-kg o SRT, -4 HACE S SR UL AR
(RN A1 FF A0, A1 b BRSO i CK T AR B
AHEG TG 525 22 5, S NN B A U I 3% 0.75 mg - kg™
fF, 5 CK T Ab AR Lk 2 35 22 R KF, A2 (A3 A4 Ab
P S R 0T 770 .11.31,16.65 mg-kg ™.

SUOE T SR i 2805 12 B T A A B TS 22
PR EA Y, B1 B2 \B3 Ab BRAAR A & i 5 CK T AL B
M TE 225, S MY AW E N 1.25 kg-m™
B, 5 CK I AbFHAH L ik B 3 25 57K, B4 Ab B+ 45
A R o AR 4.60 mg ke o S T B84 S0 &
St R RE Bl T B S I S BRI #, B B2,
B3 AL R R S S CK I AR 3UC i 25 25 5, 24 1M
YA AN R 1.25 kg-m 2 (B4) B}, 45 CK 1T &2 5 %
%731 mg-kg'c SaAL I 45500, mifr I 43583
SRR B B T AR A At S BT R B AL B
B2 Ab PR SR S S CK AL BRAR e B 5 22 5%, Y
4] (AR A I GA 1.00 kg m2 i, 5 CK T AR FEAH He
i8I 2 22 5 KF- B3 B4 AL B3 I TR 10.51 mg - kg
F116.34 mg-kg ™'

[T g1 A D AN T {FE - 5 el ot SRR AT R B
ARG R Sk T Ay LA AR i P R B , e it P 25
B AL R W B, DA T {87 - 4 e S A Ak
G MR S AR - S AR 3 in e]
RS R R NI B A B OO i v, AR R 5 B
IR, DT 5 B0 - 48 RSO 5 1S

38 pH G HEEALME B R TR MR A K

A AT A2 A FE A R0 & 5 CK T AR PRAH Y

VAR SR 3 B AT AR RO A R Y

R2 AEAGETM &R TR R0

Table 2 Effects of attapulgite on soil physical and chemical properties under different treatments

=4
w

M , [ i

7 Points  ALFE Treatments  2%/g kg B A/ me kg AW mg-kg AU /mg kg pH CEC/emol -kg™!
I CK 1 1.5620.18a 105.10£2.01a 36.87=1.82a 178.30+0.63¢ 6.73+0.02¢ 22.58+0.68¢
Al 1.54£0.05a 104.70+2.33a 35.36+1.68ab 180.530.95¢ 6.82+0.07bc 23.21£1.02¢
A2 1.55+0.08a 102.42+1.54ab 33.37+1.88ab 186.0020.36b 6.92+0.04b 26.64+0.23b
A3 1.53+0.20a 100.08+3.48ab 32.1240.04bc 189.61+4.68ab 7.10+0.09a 30.35+1.10a
A4 1.61+0.07a 98.34+1.50b 29.53+1.91c 194.95+2.51a 7.24+0.09a 28.87+0.64a
Il CKII 2.1120.18a 131.40+2.08a 29.85+2.45a 137.78+0.92¢ 7.16+0.05d 15.66+1.35¢
B1 2.14+0.09a 130.50+1.70ab 28.04+0.6a 139.27+0.70c 7.2120.02d 18.47+0.91bc
B2 2.15+0.25a 132.60+2.02a 27.00+0.41ab 142.59+4 21be 7.3120.01¢ 20.11%1.36b
B3 2.130.03a 129.30+0.85ab 25.78+3.59ab 148.29+3.67h 7.38+0.01b 23.74+1.10a
B4 2.1620.30a 126.80+1.07h 22.54+1.89h 154.12+1.11a 7.47+0.02a 25.48+1.87a

T« RIS [R] s AN [ B 3R A [ Ak B ) 22 57 S8 25 (P<0.05) ¢

Note: Different letters in the same column and at the same position indicate significant differences between different treatments (P<0.05).
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Different lowercase letters indicate significant differences between
treatments (<0.05). The same below

B 1 REGETMOEAX LiES Cd S R
Figure 1 impacts of attapulgite on soil Cd content under

different treatments
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Figure 2 Effects of attapulgite on soil effective Cd content under
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different treatments
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Figure 3 Effects of attapulgite on Cd contents in crop grains

under different treatments

YW PRE) (GB 2762—2017) , i T A S A7 1 4% Ak 3
TSR N AR Cd 5 i 2 AR TR 4 (0.1 mg-
ke ™), PHHBAEY) A7 AE Cd 5 Y KUK .

S T M ZERERL R Cd & AT g R BoR  BEE
[T R A S I, T SRR Cd 7 A BRI 35
2 U] A A ZEAR 0.5 kg - m I, T SRFERLH Cd &
5 CK T AH L B AT FRAR R 3 (R0 2 22 55 4 MY
e IR E) 0.75 kg - m 2B, AR b Cd S 5
CK I bR bk i 25 22 57K Ab B A2 A3 A4 FfHE
i Cd Fr ik CK T A3 (0.22 mg-kg ™) AH HL A3 B FE AR
13.43% .30.56% .35.19%, A3 . A4 Ab FRIA] G i & 2 5
25 RTINS T AN [ B b AT Sk
WP E SR CdH .

JE T /N2 FERE R Cd 35 0 A 45 SR &1 3
N Bl TN A U IIN, N R R Cd R R
RS Y™ FH &R 0.50 kg m 2B, /NEEFF
Bip Cd i 5 CK AR (0.47 mg- kg™ ) A ELTC 8 2%
255 MY A FHE K 0.75 kg m 2, 5 CK T A L
kB2 5 B2 B3 B4 AL H/NE KR Cd 15 A
e CK 1 AbFE4351) R R 12.29% . 28.81% .37.29% , 5%
GB 2762—2017 ,/NAZ ¥Fhi i B 43 )& Cd % b Hh b
TSR T R A B S N 0 22 1T FRAIG 37.29% , {H T RE
AR B AR UELLT .

25 TR 2 g R U A ) it FH RE AR RIRAAIR
VEIEE NFE R 4R Cd 3 i, e KR IR 40 31 A
35.19%.37.29%. =% 5 R R AR AEYI )T Cd i I i 3=
BT P A RS Cd i, U R A e T 4
XA RS Cd IR RE 0, 228 T 38 Cd & shae
BB T LA RS Cd & hE BTl 2% 33 Cd
AR RS . Sl & SRS S L A M A
AT T Cd B i, B KRR IR N 46% . BRR AR
SEMF 5 5 A 2t T A AT AR OK Cd A
0.5 mg-kg™ PLERFIKZE 0.2 mg-kg ' LI s 1 61 PR
FERHIM A REA RS O3 Cd &, W T
&I IE Y B A AN FH AT 2R S5 T
5 Bt P T R A AT A AN 1 ST Cd i
FENRIE 12.10%~47.69% 0O 3. BRIIE, ML A A %)
I SR Cd Vs e B — @ B

3 Hig

(1) MY A i 2 1R i 1338 pH L CEC ATk 24
B AT A i R A (>1.25 kgem ), ]
5 RRAR L R A SRR AT SO



2318

VRIEIN ity 3855 108

(2) M1 Ay R AR - AT S Cd TG T, ELEA:
PrkFRLR Y Cd 5 i 0 RRAIR

Sk

(15K ik, S0 S, B e T4 R KA ML TS e 3R iR B 2 0L
LI TR AL BLE, 2006, 35(7) 1 10-14.

ZHANG Sheng, HU Bing—yi, CHEN Long. The mechanism of phytore-
mediation of soil contaminated by heavy metals and organic pollutants
[J]. Henan Agricultural Science, 2006, 35(7):10-14.

(2] B, Ph %, TRAEAE, 55 Y PR F R TS YRR T ARk s 03
FER R BRI RHE, 2017(7) :75-76.

YANG Jian—chao, SUN Xiao, XU Wei-hua, et al. Effects of attapulgite
on growth of potted ipomoea aquatica in Cd—Cr contaminated soil[J].
Modern Agricultural Science and Technology, 2017(7) :75-76.

(3] PESRIN, FHude, WS, &5 . Rl 3 b i 15 QL BUR K i Gz o3
BrlIL Kl A7, 2016, 22(12) :87-91.

PANG Rong-li, WANG Rui-ping, XIE Han-zhong, et al. Analysis of
cadmium pollution in agricultural soils and analysis of its Aay of pollu-
tion[J]. Tianjin Agricultural Science, 2016, 22( 12):87-91.

[4] Wahsha M, Bini C, Argese E. Heavy metals accumulation in willows
growing on Spolic Technosols from the abandoned Imperina Valley
mine in Ttaly[]]. Journal of Geochemical Exploration, 2012, 123(12) :
19-24.

(5115 25, OV, W, 5. YAl 5 MUt H I RENE IR G xd 7k

e W e 2R ARG B0 52 IR IS ], Ak FREE L2274k, 2016, 35(9) -
1633-1641.
XU Yi, LI Jian-rui, HUANG Qing—qing, et al. Effect of palygorskite
immobilization combined with foliar silicon fertilizer application on Cd
accumulation in rice[J]. Journal of Agricultural Environmental Sciences,
2016,35(9):1633-1641.

[6] Yang R, Li H B, Zhou Y L, et al. Stabilization of cadmium contaminat-
ed soils by ferric ion modified attapulgite (Fe/ATP) : Characterizations
and stabilization mechanism[J]. Environmental Science, 2015, 36(8) :
3032-3037.

(7] BA AR, R0 B SRAA T, 55 Y R A R Cd T g 3 4
HCR). P T, 2014, 41(5) : 1693-1704.

LIAO Qi-lin, LIU Cong, ZHU Bo—wan, et al. The role and effect of ap-

plying attapulgite to controlling Cd - contaminated soil[J]. Geology of

China, 2014, 41(5) : 1693-1704.

(8] % ZE, Fr@as, FEAL, . Zo/Cd 5 IR uis 2 1)) -
5, 2008, 40( 1) : 78-82.
LIU Qin, QIAO Xian-liang, WANG Yi-cheng, et al. Remediation of

chemical passivation of soils contaminated with Zinc/CadmiumlJ]. Soil,

2008, 40(1):78-82.

(9] RRHHE, X ess, XA R, 55 . MM B A F 18 5 ) e o 4 s 75
LIRS A, 2011, 30(4) :451-456.
TAN Ke-yan, LIU Xiao—duan, LIU Jiu—chen, et al. Remediation exper-
iments of attapulgite clay to heavy metal contaminated soil[J]. Rock and
Mineral Testing, 2011, 30(4) :451-456.

[10] 4% 45, Bk AR, JEHESC, 45 . M0 A e FF 0 4 2 - e AL M

J5E KN A SR AR A R A (), % BefOl B2, 2017, 45(29) < 101~
103, 173.
LI Jing, CHEN Sen, ZHOU Yan-wen, et al. Effects of attapulgite ap-
plication on Cd contaminated soil” s physical and chemical properties
and Chinese cabbage’ s Growth[]J|. Anhui Agricultural Science, 2017,
45(29):101-103, 173.

[11] 8 B el b rM]. JEaT H [l H Ak, 2000
BAO Shi—dan. Soil agricultural analysis[M]. Beijing: China Agricul-
ture Press, 2000

(2] . AR EEAE X KRS L Cd | Cu  Ph I Zn B EEAL RN ST
[D]. 2291 : 2291 K2, 2016.

LIU Chong. Effect of biochar based fertilizer on remediation of Cd,
Cu, Pb and Zn in paddy soils[D]. Lanzhou : Lanzhou University, 2016.

[13] X HE B . AT HLTT R MM B X Cd 35 % - e #AL P BT 9 52 0 [D]. 2%
I 22 M AR, 2016.

ZHAO Ya—qiong. Effects of organic matter and attapulgite application
on the physicochemical properties of Cd~contaminated soil[D]. Lan-
zhou: Lanzhou Jiaotong University, 2016.

[14] Brooks, Scott C. Geochemical and hydrological reactivity of heavy
metals in soils[J]. Vadose Zone Journal, 2003, 3(2):733.

[IS]AT#AE, BURMK, 10 fd, 25 M0 ER - X475 e /G 507 B
PAE S ORI TE )], AEASFRE, 2017, 26(12) :2161-2168.
REN Jing—hua, LTIAO Qi-lin, FAN Jian, et al. Effect of in—situ stabi-
lizing remediation of Cd-polluted soil by attapulgite[]]. Journal of
Ecology and Environment, 2017, 26(12):2161-2168.

[16] 8 1E 35 . 335 378 M1 4 A7 W B K V8 i b A CID ) PERE R WF5E (D). ==
I 2 22N G KA, 2013,

FU Zheng—qiang. Studies on adsor ption of Cd( Il ) from aqueous so-
lution by Jingyuan attapulgite[D]. Lanzhou: Lanzhou Jiaotong Univer-
sity, 2013.

[17] it &, FEMAE, BEE AR, 45 AS ) ) L ARG b 6 e 7 e S
HURIE AL S2 0. Moo, 2007, 31(4) :323-328.

FAN Di-fu, HUANG Shun-sheng, LIAO Qi-lin, et al. Restoring ex-
periment on cadmium polluted vegetable lands with attapulgite of var-

ied dose[]]. Journal of Geology, 2007, 31(4):323-328.



