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Effect of several amendments on the speciation and bio-accessibility
of arsenic polluted soils in adjacent areas of mine

Ll Ji'? HUANG Yizong'"" BAO Qiongli' XIANG Meng®
(1. Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin, 300191, China;

2. Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China)

Abstract; Effect of red mud, zeolite, rape straw, phosphate rock and biochar on the speceiation and
bio-accessibility of As were studied by batch soil column incubation experiment. The results showed
that As was mainly in the residual fraction form. The effect of amendments on the fractionation of As
in soil differed with incubation time. Compared with the control, concentration of HOAc-soluble As
decreased by 12.0% and 5.1% for the treatments with 5% red mud and 5% zeolite after 30 days
incubation. The treatment with 5% rape straw, 5% phosphate rock and 5% biochar significantly ( P<
0.05) increased mobility of As and concentration of HOAc-soluble As after 30 days and 60 days
incubation. All the five amendments affected the bio-accessibility of As in soil. The bio-accessibility
of As decreased in red mud treatment, and increased in rape straw, phosphate rock and biochar
treatment after 30 days and 60 days incubation. After 30 days incubation, the content of bio-
accessible As in zeolite treatment decreased by 7.5%, but zeolite showed less effects on the bio-

accessibility of As after 60 days incubation. These results suggest that red mud and zeolite can be
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used to reduce As bioavailability in contaminated soil.

Keywords:soil, arsenic, amendments, fractionation, bio-accessibility.
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I A ST E RN R A A S IR I A g e ARG A RS 9 AN BRI R B
X B IE KRS LAY Cd As Cu Pb Fl Zn SEATRAEAI AT, Horh 6 A B i (7K f 132 31 Cd 1™ E 5 4
oAb X KRS 1535132 5 € As ,Cu Pb FI Zn AR B2 (75 Yy, £ 2 NI g 7 X -3 b &4
R R XK R S, LR TR X TG G R I HOR Al B ORERT [ A BRI &
A1 Y 4 R TSGR A A i, 3R PR IR G0 SRS 2 SRR, F o0 Ml IX A 3 G A o
4 R S ATBAR RN 16.1% 15 YA E LU ALy 1, o As BB AR N 2.7%. As &
AL 1B A B EBURN TR Z —, & As LY — B8 Ak B S RBEBUA RS As Rk
TEHE AR X A F A A B 5 R, 515 Y i As BB R SZ B AT 2 6.

IR A B HOA S —Fh RO A 00 7k F8 8 ] S bt fin ek R R SR AT ks 4 4
HYFRAEPE BT, TVE BN B ac e S O B 6 TR A I B AE TR IR A BRI & e i iE Bk |
PR RO AN R A BRI SO R A R R L R A R R R AT s R 4 Pb Zin
Cu.Cd MERIERZ Xt -3 As B ARXTED.

BCR ( Community Bureau of Reference ) 7344 $i& HUy%: AT DA%l Sz ke 4 438 v 5 4 i 19 38 B8 e A AR Pk
HAY A M, O 28R Z 22 W IE " A Y1 %t 7 4k 3 B 3 ( Simple Bioavailability
Extraction Test, SBET) J&—FMARSNSZIG 54k | vl LLFRAE NS %) 8 4 T8 B WIS, 58 B R Jay Ao [
SR E S B a5 WA e e o TR R A ) 5 2

ASGHE T E N IS >R BCR 2342 U7 A A SBET $2BU A 5SS AR e A SRS #T
WA B R A W R 0T 1238 As A2 TR SR AE YT S PR RZ e, DU a8k R, 0w IX As 5 i R
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1.1 ket

B IR I R AR T A 0 DX K I 1 R DX B 30 %) B 4 R 7 e A (R JZ £ 0—20 em) , FHAAXL
FIE#rEE, i+ 100 H e i & .35 48 pH 7.70, AHL & 8N 6.90 mg- kg™, As & &l
357.98 mg-kg " ARVRIE F L ZR AL S AT FRAN T, pH 8.64 3 k41 1 1 Bl 24 B Az S IR 58 ol /K 5
AR T = AL, pH 9.69 ; IMSEREATR AT PRV B AR TS YL B Im S AR 2 i, pH 8.20; B0 K3 4 F
T80 P 24 W0 PH AT M R B8R R AL, pH. 8.87 s A= Wi i v I RL 2 Bt A S SR BB AE v H 3= 4243 pH 9.96.
A=W ¢ W TR AT A 0 I ) /K RS R AT IR0 1% AT v 2 T 3 300 °C T PRAAUIN AR 1. T el
R AR As, I B AT B, i 100 H e Jeii.
1.2 Segmhbsg

BB 6 ML, NI CK (ATIRAT ek 57 ,5% (W/W) J7I8,5% (W/W) 43, 5% (W/ W) e Fs
F,5% (W/W) BT K3 ,5% (W/ W) A=Wk (F%T LB | 20 e isn) B b BRARBGS 4 £ 100 g, #4448
SR AN INEG g b RS E AR 7R 2542 CEIR T Hi %, B0 1 d FIFRE 4k 78K
43 A KRR B RIRE K 21 70% . A b R B 6 AN HEA. 1555 30 d A1 60 d J5 43 i B4~ Ah B
B 3 ANES ME pH A, HXF 4801 T BCR 2024 B SBET 4347
1.3 B D RS Ak 2

SRR S AR s s i AR AL T O R I As BRI SR K - SRR T e, He Rk
RN 98.1%. +3E As (AL2EIE S AL BCR FH Rauret 251 Bt 19 BCR 43 SR BUEERAE , R 1CP-
OES(Inductively Coupled Plasma-Optical Emission Spectrometry; Optima 8300 DV ; PerkinElmer, USA) Jill
JE As B L AR A RALELE) BCR B2 BISCRTE 93.5%—111.3% Z [A].SBET 732 42 Ui
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R B Kim 2217 A0 7 e SR ICP-OES Il %E As 198 2 K08 R SPSS 19.0 #E4540 4047, 40
B LSS AR R 22 3208  E B R 7 22 (ANOVA ) 23 M7 Fll Duncan 23 LL# ( P<0.05).

2 R 58

2.1 [ E R A H 3 pH 5

FIRAIRE S AL, A S A 5 R T R pH, S R AR U < LW 5> AR e >
THSCRAT SBED A > WA, WA LAY BN AR PR ER i BE R, 23§25 0.89 A1 0.57 A7 (30 d) ,0.77
F10.61 NFALL(60 d) AEMIBRIEA HLYIB (FEAT & B X055 ) 7E B A 25 1F T i AR )1, G ) Bt
J3E DA R ol i 3o AR v 2 B R P AR v 40 pHL (B RV S AR Tl BRI AR R e
O NaOH SR IEY) I, U5 0 2% P8 T BAIR L SR BE ) U8 5% W A1 SRS AT B By e — e 72
JE AR T I pH (X SR ZH0E 3 5 Pb Zn Cu S5 E & B AR R, FERE AT Bl
& pH B THR , LHErR As BOVEIRIE IR, As IR SR RIA W0 S8 P 2 A i | SR R b A
(1 25 RS L 2R A o 2 AT ST ) FE MBS A PR (pH>9) V5 e 3P As SRR
K, Bl 253k 5 As BRI 10% 2 H L)

R AFEECRFIR 5 pH B2

Table 1 Effect of different amendments on the soil pH

R 1A 24H
CK 7.70+0.02a 7.65+0.01a
e 8.27+0.01d 8.26+0.01e
A 7.78+0.01b 7.73+0.00b
THSREAHFT 7.84+0.01c¢ 7.93+0.03d
Bk 7.82+0.01bc 7.82+0.02¢
YR 8.59+0.01e 8.42+0.00f

1) [l 5 7R ) 5 1) 2 s b B ] 22 52 .35 (P<0.05) , T I#l.

2.2 AFEBEFAFXT As fb2F I A B 500

TR TR, As BIIE SR B H ] UL 3 2 76 X6 B AT R A AL BT Y + 98 v, 3P Y As RIS
WSAEAE  BR T JEBUS & B /b (AL T 0.96%—2.55% 2 18] ) 15 5% 30 d J5 , SR i 25 10 L 7E 81.5%—
85.7% , i %% 60 d J5 , FRIE S L BIFE 89.2%—94.0% 2 1) 3X F WA BE 5 15 321 A] A9 4E 4, 389 Y As
AEXT R 1% Uk B A8 Il e AN T TR i i v S e Ak,

9% 30 d J5 , 5% AR e A A7 AL R R 5 FRAIR T 14 rh R AT R BGE As B9 B A Fe/Mn AL As 1Y
S, FHEP R TS As RS E YT IRAY 4.51 mg-kg T3] 3.97 mg-kg ' Fll1 4.28 mg-kg™', ST
BT 12.0%1 5.1% AL S B GRIES As S EBA B E, (HRRES As FT b As BRI L]
P X LWL FE 30 d JE AR IR A AL ERAEUE T As R T HEHUS I Fe/Mn AL ZS 10 5 R ASTE Uk BB
BIALEEFE 60 d 5, SXHHRMIEL, 5% AR e 5k A AL B2 0 R p R nT 4R S As & A B3
Al 5% AR PR AL AR HE T+ 3% TR i As M\ Fe/Mn EAL S FIA HLLE A A5 10 5818 25 101k, 5% )3 41 40
HAEHE T As A DLES A A RGBS AL

T HEREFE 30 d A1 60 d S5, WS 5% WM SR AT BEAT Ry A1 AR W) e 14 W R v T R b R AT 4R OGS
As B8, /WX IR(30 d) 19 4.51 mg-kg™' EFF5] 6.25.7.04 F1 15.36 mg-kg™", 430l #2555 T 38.6% |
56.1%F1 240.6% ; \XTHE (60 d) i 4.25 mg-ke™' FFHF] 5.61.5.93 F19.14 mg-kg™' , 7 AR E T 32% .
39.5% 1 115.1% JMEFREHT B8 A A= 9 oAb BHLES) i 25050 T 38 rh As IS sht A A ke $E
TR As XTAEY R AR SRS A ISR R S BT LATE AL R As B As 7E BIET TR R
FIPY R A S R, BN RS 5 A e As OSSR SRR E — 2L Beesley W 5T 45 R %
B A= e v] DAS g R IEALBROK i As At 3808 T As IOV IR PR sk 5 A SR 45 - — 3

59830 d M1 60 d 5, SRR AL BRI A E T H 3P Y As A HLES &2 ) HAD 3 FIE SRk, As
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BRSSP R v et TN 3 Rl R4 7 3560 pH, OH™ R oA U 3 Y As, IR FE As
FREIR 2 1 RS, B3R 30 d FT60 d, IR PR ECS As RS RS HIEAY pH B E IEAEOC (R
T AR LIANITA Bl B AL BRECHE RO HLA )

R2 BIBCRFXS LI As A FIE SR (n=3)

Table 2 Effect of amendments on the fractionation of As in contaminated soil(n=3)

T o _ Hﬂa‘?ﬁ%ﬂ%\: _ ze/Mn A _ Hﬁ*ﬂgﬁé,ﬁ\; § Pt
fil/d A ( m:-i/“ , e m:fg/l , e m:~i/_l , it m/jfg/l ) d
CK 4.5120.07¢ 1.05 38.87+0.05d 10.40 25.13+0.43bc 6.73 304.70+5.79%c  81.64
e 3.970.07a 0.97 22.47+0.20a 6.47 23.09+1.13ab 6.65 297.52+2.81bc  85.73
30 WA 4.28+0.02b 1.02 35.64+0.32¢ 9.74 22.55+1.44ab 6.16 303.39+391bc 8293
TSRS 6.25+0.04d 1.05 35.67+0.36¢ 9.54 21.19+0.17a 5.67 310.83x5.76d  83.12
ek 7.04+0.02¢ 0.96 26.91+0.29b 7.87 29.19+1.26d 8.54 27861433 81.52
i 15.3620.06f 1.05 40.77+1.55d 119 27.16+0.44cd 7.95 291.46+3.17ah  85.28
CK 4.25+0.04a 1.27 13.19+0.56b 3.94 12.60+0.06¢ 376 304.69+0.73a  91.03
il 4.35+0.07a 118 10.05+0.10a 274 8.65+0.87h 236 344.17+046d  93.72
60 WA 4.23+0.06a 118 12.34+0.22b 345 5.01£0.22a 140 33647+16lc 9397
THSEAHFT 5.61+0.21b 1.60 14.73+0.29¢ 420 9.14+0.40b 2.61 32097+3.22h 9159
WKy 5.93+0.09b 1.49 12.41+0.01b 3.12 14.05+0.03d 3.53 365.99+1.43¢  91.87
A 9.1420.14c 2.55 13.25+0.13b 3.69 16.320.3% 4.55 32029+1.12b  89.22

SRR As B & B /(mgkg ™)

B IR RS As 95 RS 1 pH ER
Fig.1 The relationship between HOAc-soluble As content and soil pH

2.3 KIS AL BENT + 35 As A= 8T 45 )

TIEAKE R, T AW AT AYE As IS E A —E R AR AL, ULER 34557 30 d 160 d )5 ,5%
PR AL B 2 AR T R A AT 451 As 95 i (P<0.05) Bl AE 35 95 B o] A RE K | 1 B8 A= 1y ] 25 1
As & R Z AR 3557 30 d F1 60 d J5, REEA AT 25 P As 193 & 20 il LU X BEREAR T 11.0% F11
25.4% IR IR VR REAE T 118 As Xb AR B RR JXURS: , AT i JA R 2 s U Hh A Ak R SR A W X As 4 W o 35
BT RE SR 30 d R, 5% 8 A1 Ab B - HE TR A AT 25 As Y B iR AT BB A 71.73 mg - kg R F
66.37 mg kg™ FEAR T 7.5% A0 1 LU R ETRR R, X B 1R B RE D7, FLBR 3 =, R DR SR 4 el v vl
AR As AIRIEAZ L 252 1555 60 d Ji , S XFIEAH EL , 5% A A1 AL BEAY 39 v AR T 250 As O R
EERTE R

H IR IR G IMSERE AT B R A e A B i SR T s AR T A As SR IR
T As X AR EERR XS 5555 30 d J& , B Ry AL BRER SRR R A R, U X IR B R 1.46 %3557 60 d J5 , 2E
Py b AR R R B B R, LN ISR 5 1.85 A5 S I A 4 v g rh A= Wyl 257 As 19 3 0 JE R i) BB
Ry WEFNRR O [RIZH TR, G5 AR SRR ARL, BRI # J5 , 3 A ol o s 4R e B T DA g R I
AR BFFR R 07 25 K As BRI SR P 200 AR o b PR v e AR M T A As O R JE IR AT gAY
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Table 3 Effect of different amendments addition on the bio-accessible As content in soil

i FE SR [H]
30 d 60 d

CK 93.24+0.84b 71.73£0.42¢
P 80.35+1.09a 53.51+0.64a
wha 91.71+1.11b 66.37£0.75b
IMSERSFF 111.85+1.09d 81.10+0.75d
W B 136.10+2.23¢ 100.50+0.81e
W 103.53+1.33¢ 133.00+0.92f

(1) RN 5% A5 Ve A AT AR T L3R As IR BIVE. 1535 30 d S5, 5% o U8 Al 47 kb B 38 h i

AR As IS B A IRAY 4.51 mg-kg™' FFEF] 3.97 mg-kg ' 1 4.28 mg-kg™ ', 200 F T 12.0% Fil
5.1%. G5 5% (P SERSFE B R R AE D ik 3 248 s T L P R T PRI As IO L R T LI
As RS 1.

(2) BnARJEFN A AR T b AT M As 195 B B SR 30 d M 60 d JE, AR JEAL B - AR

Pral 451 As (95 553 0 LU BEBRAIR T 11.0%F1 25.4% 80 5% (T SEREFF B0 43 R AE W) o Bl 35 48 55
T RIER AT As ISR
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