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ORI R B, MY A ZE A AL RE s, LA R PR AR A AR s A5 1 R ORI TR T R
A7, ARED FE M A A X B T Cry Zn. Cd. Pb. Cu AYEEALRCR 2 . ZHANG 2509 &3, ]
AR A N AT AR Cu B AR AT RS B it o0 B, G B 6 JE Cu X Vil SR ma ik 1 26 3L 38 000

R T B RO T VA O Lt L AL L AR O R A e T, LIANG SEU i
I B F AL O M AR A B AR Cd V5 Y 1R, RIS 5 - ORI X Cd R IR, 0 A VR ) R
&8 Cd M. XU 25 US98 oK A Bk 6 28 U0 4 it P 3 h, T e 4R Cd.
Cr Fl Pb RAETEAAR , IR HEE TR, HltA BAFE0 M N HEa 08, (HF & K a6 588
KREAS BN R IATF &R FH . Mgt a8, 64 5 RO RHAR TR0 B0 H,S0, . AN [a] w1 st il 14 7R ek
MU AR A, BRUEAS [R G AR AR 3R I X - 3B HE 4| Cu Al Zn Y BEALRICR . JF45 6 2R 58 XURS 48 2
FIVEE 42 J@ A8 2 8800 PPl R e 10 ™ ) S A ARt DA R o T B 4 Jm ¥ e - B 04 3R BRI H R
B M A RS
1 MR5ER*%

1.1 IEER

BEREGTEY R A HIN A FETT AR K (36° 597 96" N, 104°22' 76" E), HIERFA
FRAL A BN pH 7.28, 3R § 3K (EC)1457 pS-em™' . H 4@ Cu FiE /080N 1029.11 mg'kg'. H 4
J& Ni Fii /340 87.18 mg-kg ' E 4@ Zn B /3400 707.51 mgkg ' HHr, CuFl Zn 3w # E %K
PR RRAE , 4300 € 3R 5 T i A I M 1 3805 2 XU A5 A5 1 ) (GB 15618-2018)1" 1 5.15 % Al
2.83 1%

M AR A B RS A0 (TR <M ) I B HOR 2, TSR A H A e B AR AT B
AN NEEAR, FAREEW, BE N 2mmAS, EEMT YRS M NG 29.7%. 1P
21.8%. KA1 14.6%. =4 63%. HAWL S 27.6%, F—Fri M B4 R 3, AIEMK AL KRR
RET W HEEAENFERE LRV Y. HEZ¥M R Si0,48.38%. ALO, 11.24%. Fe,0,
4.78% ., MgO 7% . CaO 7.41%"",

1.2 XBWHE

FREUE & MM A, SRR . R, 3 200 H i (E A2 0.075 mm). & T 49 g o 5l Ak A4 kLY
FFEEY, il & S PP UL e RR lotE M A, AR SR F LR Lo B M R A R R S5O AR R 3 B
H,SO, IR A, WM 1:10(m:v), 500 rmin ' #553 FHEFE— @RS, M. BFES . o 0l 45
BEAEA R, $% 2. 4. 8. 16, 24 grkg ' WUUSINEL , ORE IR eloPE M1 B A Sl A AT BB 1.5 kg SE PR
SIREAFELE Y, WEWS, EEERIMEETFK, REF70% M HBEERKE, BikiEE 30d

T VS S B SR T RIS L A AR R VS I A A A - M A ) B
i M CK.
1.3 DHHEE

F X S 2 45 5 A% (MiniFlex600, H 4% *1 B MOEAEIE A
Rigaku I\ ] ) AW BT S B M R A R A Table 1 The preparation method of acid modified attapulgite
AL ORG, A O 10%minT!, Al 50~ Py H,SO, R M40/% 2 Rz il
80°, HH T XK Cu-Ka B, XHAHH Al 10.0 7
F B 5% (GeminiSEMS00, {8 [ ZEISS /A ) W A2 12.5 48
2 B U T4 A 09 T S, 06 R A3 123 7
200 F 6 B, £ 15 kV HL T LU R 5 F i At 125 %

RILEE 53T AS 15.0 72
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KM pH T (pHS-3C, R B2 A3 B A A7 BR A B]) I 2 £ 458 pH, B LLR 1:2.5(m:v), K
FHH 584 (DDS-307A, i B B2 AU BRIy A PR 2 ) I 2 38 EC, B LR 1:5(m:v). R H
BaCl,-H,SO, 5% 18 2 4 35 1 2 + 3 fH 2 F 22 e it (CEC). R BCR % 22 $ Bk I 5 1 4 o 4 @ Ak 2%
A& . H3EE 48 B &2 HCI-HNO,-HF-HCIO, Wt J5 , K AG IR W 43 6 6 B 1 (TAS-990, Jbat
A P AN 28 A BR T A2 ) ) 0 vk

ARSI ] H,O Fil DTPA AE i 42 BRI K P + 58 5 4 Ja 9 A W A skt . 48 4 Ja /K s 2
FERT, FRECS ¢ £3ERE S S0 mL ZRRK SR A, 25 °C FRAIRY 24 h, KGR TR O
FE FWERPESBIRE., LR 4E DTPARBUEM En, FRE2 g MM 40 mL
DTPA BRI AR A, 25 °C NIk 12h, JIEETF /66 RE L2 il 4 8 W i .

14 BB UHESHIELESE

75 e 38 14 A= 25 IXURS 45 8% (Ecological risk index, ERI) 45 38 v i 1 45 5 14 A= W08 4508 i i 40 8
HEgBAEZL, HTRALEPESBENESIHEXE, & HTIREIEY . 55k
LB EA, W R S AEH, BITRRE (<1%). KRS (19%~10%) . H XS (109%~30%)
e KU (309%0~50%) . B s AU (>50%). #4220 (1) TR,

ERI, = Cos
C

x 100% (D

A G NEEPAEHUEESBENRESE, mgkg', C,ATIEPESENEESE, mgke's
AN, W AE XURS 38 88 (potential ecological risk index) ] F T4 £ Fh & 4 J8 & 515 4L 10 4= X
e, Q). Q) IHF.

e

E =T 2
G

RI= Z]E ©)

K ECRHARESEICRMIEAERKEIEEG oo P RS E TR, mgke!; CHEKE
R 4 JE bR R T B PR (CS=100 mg-kg™', CP =250 mg-kg!); T WHRMEL IR ITRNAEYEMHEN
T, HATO=5, T2=1; RI NESJE LA KU HR] R 03 2 ik 3 iR,

2 TEPE-SEEE)MBEESXKRIER R3 IBRPEAESE R)WBEETSKKEIESR
Table 2 The potential ecological risk index of single heavy Table 3  The potential ecological risk index of total heavy

metal (E,) in Soil metals (RI) in Soil
UK T RI KU
E, < 40 XU RI =< 150 AR XU
40 <E, <80 XU 150 < RI<300 r XU
80 < E, <160 5 i KU 300 < RI <600 =AU
160 < E, < 320 B RI = 600 e AL
E, > 320 a5

V5 Y + 3 v B 4 @ 115 0K (Remediation ratio, RR) #8 BCR £ 42 BUE ik fa i 1Y & 4 Jm 4k
BASHS5HEESREAMIESEMB L, of T8 E 48 n e s RS, #2:8 4) TFE R,
S4

RR= ————
S1+S2+S3+54

x 100% 4
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KXrp: SIHNESBIUCRMREST G0, mgkg'; S2 WERIFICRE AT 0%8, mgkg;
S3 HHE G RITR AN TR, mgke; S4 NHBBITRKME ST, mgkg .
2 #FR5iTE
2.1 HIEIBAOMR

T pH, MR AHE TR EEWE SR WAEES, BN ELSE B AAED £
K& B HO0RY EZHR AR il FH N [ R et ™ R S 4 pH LA 1(a), SXTRRA L, 1+
BRI SRR M M R A e, B pH R E KA, RSB AKE T, A3 4
PR pH AR T HAB AN . ORI, RARM M A A B R, &4 KEMNELSERR
PHEO i e v VR Y H,SO, ELA SRR M, AEAS RN - I8 K [ M A TR A BRCE B R R A RN, DA T R
K48 pH, 7 B R FR IR o ASHIFST R B 0 SEBR TS Y 38 g A6 5 L DXR UL AR A -, R
T it P 5 T S R R IR BT o AN R TR o TV ™ A o A B S 1) -3 EC WLIET 1(b), £ ]
— MR PE M Y A A ER A v, K BC R NI A 3G R S, HLAS Ab PR EC (H B E
FHABAC L] . -3 CEC i NI B A i 0 A B i B, ARCR (RIS o [A] 22 S AN 822 (] 1())o
B A4 BRI R 8 mg-kg ! B+ CEC & 4h, HAMF &K, ASAbFHZ CEC i 2w T
HAbABEA . — 7w, MM A R R A A Nat, KR Ca S5 FHES 7, AN B HLAT 30 Y PH 3 7 5 e
o, BEEBOMEMRN, LA R E TR, M & R SR v, Y
O ISR N Y H,SO, R R BB R, M1 B A R T S A KR H, 3k S8 Uk Y PH B 7 T RS
FAHE R Cu™ . Zn* kA PHE 284 i, #25 H 3R EC Fil CEC P,

2000 = CK D2g-ke’ m4gcket 24 ok O2g-kg! m4g-kg!

[Cck  oc2g-kg' mdg-ke! I e P i}
8 ke ' 16g ke 'MW g-kg! ~ o0 8xe grxe e 20| E=8e kg MM I6g kg mm24 g kg
p I i)
e e s g - ¢ bgfilibd 1, phpa
o 1600} g
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= 400 ] e
Q Q
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Fig. 1 The physicochemical properties of soil stabilized with acid-modified attapulgite
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BehnaE Ry R, KA E R BB T R E R BT R E S, H2ERIFRB R EK
Vo SEEREERERW], BN 16 gkg ! B, FRUCPEM R A XS Cu. Zn BYBRIACROCR R br . o,
AS AE B KA Cu (4 5T 40 BRIk, o0 BRAARRAR T 47.38%; A3 AbBRZH oK 25 Zn 1 BT
OrBURAR, BN BRL AR T 64.44% . 13 rh DTPA $2 B o 45 J B 40 H0H 8 HIR VAl A ) %) 5
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Fig. 2 The bioavailable heavy metals in soil stabilized with acid-modified attapulgite

HREAR . MBER 16 gkg ' BF, ASALFEZL P DTPA $2HUS Cu A9 40 SR MK, B0 BR4L T 1%
T 2425%, A3 GEPRALH DTPA $2 U Zn (9 IR 20 B0 (%, B2 CK T RE T 46.77%. DTPA f2HUSH
& m IR SRS E SR EARE -2, X 52 TS TR REA B, &R B
GERAY IR TR : 1) R R M el A5 1001 A oy 3R T AN AL B N A R TR R 2% B 15 LA £ B, i R T R 45 4
AR NER, NRMB AR, Wi T X E AR Cu. Zn MRFRE P, 2) BRSCpE MY B
AR IR T A s s i, BRI R AY Cu®, 2ot BH R AT, A A T
HL AT 8 1T A - SRR 2, R AR T R Jm AR WA AR 3) M AR A R T A R
MR I SE ERER], BB EE R A A KGN, TR HCE B U, AR TS R U], R A B
BALAA R FR AR LT G R R A OCHE , T S B R T R BE R B
23 TREEEMSHH

BCR Z %2 Uk, 54 @ 45 e 25 A I PR/ MR O BRI 25> 1 i IR 25> R] A AL s>k it 2451,
Hrp, RESEEAEY AT A &S, alE SR ] A S 6 8 5 5 HE pH A4 ALk U,
(LRI SR A A AL AL, HORT R BRI A B, RS EREREE, A LEPTE
WA, AERTEERARD . R M A A AL S b S R IR A A ULIE 3 RTE 40 NS [
R OCHE M B A1 5, PRIA S Cu il Zn B Bt i 3 B8O IRAH 18 35 AR, T3k A 2 Cu F1 Zn /Y 53 & )
T3, B4, SNy 16 gkg B, A3 AMHIAL PR S Cu Fl Zn 1Y A HL AR, RIS
Cu B LB FRA ETF T 3.96%; BRi#E 25 Zn 1Y LB BREH BTV T 15.26%, % 5 B 25 0% F1 Ry
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Fig. 3 The chemical speciation distribution of Cu in soil stabilized with acid-modified attapulgite
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Fig. 4 The chemical speciation distribution of Zn in soil stabilized with acid-modified attapulgite
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PP BB AE R — B BSINAS R R RO 1M1 B A AT S e R R A R AR RS, (R SR
HPER R RIS . AR S G PR ER Bl A2 L RIS, BEIR T Cu. Zn WA STEME,
SCBL T RSER BB o LRI AT RIS - 1) MR A R O AR A TS 0 R e i — R A R
T DLIE M-SR HIBEIRRRIE A Cu. Zn BB 2) MR A 2 IRAR RS , & SCHEEARE AT
F89/\THT PR DO T A A, S M R B FLAE RS O, PSRRI, M A A R E AR
3) RIS H SR Cuy Zn —BAAAE TRERREL . A FIUCES W) 55 LI AR As b, 2135 e b
FHBRECE M R e, BE SEACI A SE G, (R AY Cu*' . Zn® AT RE27E M1 B A/ \ Tl (A 5 1 T 1
LRSI AR A B, BRI IARE AR R
24 BRpUMMOEARRIESR

S UE b RAVE LI, AR S50 X U1 A O RS A GOULTE SR AR AR S5 M EA T RAE , SR
T 0 R AN R 5 s o RN R A R (ATP) 2 2R ARG b, SRR, B
5, fLIEZME A . A FUE H,SO, FIA [R5 AL [a] A BRUS ,  IU10™ W 7 B 4% o A AR Al R, ol
ARG, HEFIAHXIANBL, T B S AR 2, BRI B e AR M RE . XSRS
I7 U SRR T AE R — B WRCTE RE S A AR I R A b TR B B A R, A\ RS
MR ET LM, MG fLE R, FLARK, R, W ERER . (A, Y
Rk BE R g, 208 J2 1] A BH 2 R B0 BV tR AR, WOR AR ARG R, I AR 1M A 4 R

PERE.

(a) ATP (b) Al (c) A2

(d) A3 (e) A4 (f) A5

B 5 BRtMOEArAEERE

Fig. 5 Scanning electron microscope image of acid modified attapulgite

R A T 0T B o ) X R AT B P SR LI 6. T AR A B RAE U T 8.4004L , SAR EAT B
1% (JCPDFNo0.020018) — % . A7 &R AR AT 569 0 0 A7 FE TR S5 1 U1 o Ay v £ 2R A A ) AR Y 2% o
MEHR AT LAE Y, ol fRectEs , MO RE 2 AT W AHA R NG . A AP
7 SF U W SRR B VA B AR A B 2 T I U R B A R IR o X e, R M R AR T AR AR
AR, ARJE IR AR MR A B AR A RS RS T A AR SRR PR A B T A R —
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BT AE SRR, 3 LAY R VA B R TS I TR] jﬁ%ﬂ g:g‘%;ﬁﬁ Z;ﬂ:ﬁ
%A A5 TR AR TH T A A A 1Y) 3R T A A AL 21 sl 14} O N
1 ] 1

BRZhtly, (AL r RLER S M 2, LR

1

s . 32 1 3le |4 1 1 1 A4
K, WEFRWEBE AR, (ST HX &4 8 mEifk h :
321 de L“ﬁ 11 1 s

B
25 TRESENFERRIFNMEHES

1
320 3l |4 S DR ..

e 32 e Eﬁs 111 Al
1
CET LI 29 TR0 SN S JESRE N CR IR I
Cu Fll Zn 4 5 B 43 80 il R 31 0.01%. [H it 0 1020 3020/(0)40 50 60 70
5% T P A =AY S
ASDRIEA S DTPA SERCS T4 i 19/ it 53 20k 6 BRECMEM T Y X 51T 5 E

P R S 11T A 5 X P R T 1 1 Fig. 6 X-ray diffraction pattern of acid modified attapulgite
SRR AN SRR o % B T e 3 vh Cu AN
Zn [ 58 KUK F8 B053 00 00 K 24.4% F11.51%, 2 AR S bR B , 38 45 T 1Y BR 458 XL
I8 4% 5 %ok MR 2 W 3 AR (B 4). 24T AS BEALATRE B 16 g-kg ' B, TR SCPE M1 A £ b B
J5 Cu BRI KUBS: 48 KR 2= fe A o 38 Zn A BRI KURS: ply oy KURSE I R AIRXUIR: (36 5), 47t A3 A1
FLA I 16 g-kg ' BF, Zn (1 R EE XU 8 B0R AR

R4 TEAMEBEECEMOEAELTIRD Cu WIFRRIEIEH

Table 4 The environmental risk index of Cu in soil stabilized with different amount of acid-modified attapulgite

AT I PY bE ERI/%

B/ (g-kg ) Al A2 A3 A4 AS
2 21.8140.13Aa 20.80+0.02Ab 20.40+0.11Ac 20.35+0.07Ac 20.49+0.23Ac
4 21.72+0.06Aa 20.32+0.14Bb 19.88+0.26BCc 19.77+0.15BCc 20.28+0.13Ab
8 20.26:0.07Ba 19.97+0.14Cb 20.10+0.13ABab 19.4240.18Dab 19.36+0.06Bc
16 19.80+0.15Ca 19.35+0.21Db 19.67+0.11Ca 19.87+0.07Ba 18.48+0.17Dc
24 19.43%0.18Dab 19.24+0.15Db 19.35+0.17Dab 19.56+0.10CDab 18.78+0.09Cc

T KEFHFR ARSI Z B 225, NG R20R AR R [ 22 544

x5 TRAMEBHRAMMOEAHEHIRSD Zn HIFEREIEY

Table 5 The environmental risk index of Zn in soil stabilized with different amount of acid-modified attapulgite

RRBCHE 1 e ERI/%

B/ (g-kg ) Al A2 A3 A4 A5
2 9.47+0.03Aa 8.85£0.09Ab 8.55+0.11Ac 8.24+0.11Ad 8.31£0.04Ad
4 8.52+0.11BCab 8.59+0.11Ba 8.36:£0.06Abc 8.00£0.08Bd 8.31£0.15Ac
8 8.83+0.10BCa 8.39+0.10Cb 8.48+0.19Ab 7.29+0.15Cc 8.2120.20Ab
16 8.27+0.06Ca 8.13+0.09Da 6.13+0.10Bc 7.09+0.10Db 8.11+0.16Aa
24 8.88+0.66Ba 8.14+0.15Db 6.23+0.22Bd 7.00+0.09Dc 8.26+0.14Ab

E: RETFHFRARBINEZ 250, N TFRFRARRE R Z B 822 21

EEGEGBIGYE LD, BT HER -G RMOFRENRIN, 200 RIS 2
W, AHFFEET T 2R E G R A B IR E X SR A RL BRESINE N 16 g-kg ' B9 AL ABESN, HAl 4k 2
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Fig. 7 The total environmental risk factor of heavy metals in
soil stabilized with acid-modified attapulgite

*6 ARAMEBRAMMOEAHELIRD CuWiZENE

Table 6 The remediation ratio of Cu in soil stabilized with different amount of acid-modified attapulgite

B e RR/%

Bt/ (g-kg ) Al A2 A3 A4 AS
2 7.90+0.22Dc 7.48+0.26Cc 9.52+0.12Ca 8.55+0.58Cb 7.64+0.17Dc
4 8.56+0.12Cb 7.8240.31BCc 9.74+0.25Ca 9.62+0.23BCa 8.55+0.26Cb
8 9.1140.12Bcd 8.53+0.24Bd 10.20+0.45BCb 11.0140.62ABa 9.76:0.20Bbc
16 11.51+0.30Aa 9.87+0.28Ab 11.96+0.93Aa 11.24+0.15Aab 11.1540.32Aab
24 11.30+0.31Aab 9.47+0.88Ac 11.00+0.38Bab 11.58+0.60Aa 10.35+0.74Bbe
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Table 7 The remediation ratio of Zn in soil stabilized with different amount of acid-modified attapulgite

R 1y RR/%

W/ (gke ) Al A2 A3 A4 A5
2 19.2140.40Cc 20.83+0.38Cb 22.62+0.47Da 20.51+0.98Db 23.5240.99Ca
4 21.20+0.48Bb 20.86+0.46Cb 24.86+1.00Ca 21.18+0.30CDb 25.63+0.30ABa
8 22.39+0.72ABb 22.50+0.60BCb 24.74+0.34Ca 21.97+0.52BCb 25.14+0.72BCa
16 23.55+0.12A¢ 25.16:£0.15Abc 27.70+0.11Aa 24.82+0.11A¢ 27.40+0.14Aab
24 23.06:0.70Ab 22.91%0.15Bb 26.23+0.36Ba 23.06+0.39Bb 26.77+0.12ABa
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Stabilization of Cu-Zn in soil by acid-modified attapulgite
LI Zhongxing'?, REN Jun'***, ZHOU Yilei'?, WANG Yirong'?, TONG Yunlong'?, TAO Ling'*?
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Hanxing Environmental Protection Co. Ltd., Lanzhou 730070, China
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Abstract Excessive accumulation of heavy metals in farmland soil will do harm to food security and human
health. In this study, five kinds of acid modified attapulgite were prepared by adjusting acid concentration and
modification time and then applied to the soil at the dosage of 2, 4, 8, 16 and 24 g-kg ', respectively. The
stabilization effect of acid modified attapulgite was evaluated by stabilization experiment, combined with
bioavailable extraction and BCR extraction. The environmental risk factor and remediation ratio of contaminated
soil by heavy metals before and after stabilization were analyzed. The results showed that the addition of
16 g'kg' acid modified attapulgite could effectively improve the physical and chemical properties of soil.
Compared with the control group, the H,O- extracted Cu and Zn were reduced by 25.91%~47.87% and
49.69%~65%, respectively. The diethylenetriamine pentaacetic acid extracted-Cu and Zn (DTPA-extracted Cu
and Zn) were decreased by 18.63%~24.30% and 28.26%~46.84% respectively. The application of acid modified
attapulgite also promoted the transformation of heavy metals Cu and Zn from acid soluble and reducible
speciation to more stable oxidizable and residual speciation. When the dosage was 16 g-kg™', the acid modified
attapulgite treatment group prepared by 12.5% volume fraction H,SO, modification for 72 hours had the highest
remediation ratio for Cu and Zn, which was 11.96% and 27.70%, respectively. The results of this study can
provide a reference for the stabilization and remediation of heavy metal pollution in alkaline farmland in north
China.

Keywords attapulgite; acid modification; heavy metal; stabilization and remediation; environmental risk
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