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Influence of amendments on inactivation and
bio-accessibility of arsenic in soils
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Abstract: A batch soil column incubation experiment was conducted to investigate the inactivation
and bio-accessibility of arsenic ( As) affected by five amendments (ferrous sulfate, bone char,
modifying agent, monocalcium phosphate and compost). The amendments increased soil pH except
monocalcium phosphate and compost. BCR sequential extraction showed that As was mainly in the
residual fraction form. The treatment with monocalcium phosphate significantly (P<0.05) increased
mobility of As. However, addition of ferrous sulfate, modifying agent, bone char and compost
decreased mobility of As significantly. After one month incubation, addition of ferrous sulfate, bone
char and modifying agent decreased the content of HOAC-soluble As by 86.65%, 76.88% and 34.

19% respectively comparing with the control. Different amendments had different effects on the bio-
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accessibility of As. All amendments reduced the bio-accessibility of As except monocalcium
phosphate. Compared with the control treatment, addition of ferrous sulfatethe decreased bio-
accessible As content by 90.76% after 2 months incubation, while bio-accessible As content
increased by 1.81-fold with monocalcium phosphate addition. The results suggest that ferrous sulfate ,
bone char and modifying agent are the potential materials to remediate As contaminated soils.

Keywords :soil, amendments, arsenic, fractionation, bio-accessibility.
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— RO S R W 52 B DA AR A AE. 2 Bk (R Bk ) Bk Re ) BRI ALY & BT
b B P2 R AT L 1 W B A R A R ) As BRI As BT RS RIAE A Rk RS EANE &
RS XS R AN As A B0 8 SOR  (BRAETR 1Y 138 550 Anuf 7 38 3 X5 As =3B Ak B2 5
A e R AR AT T O A (Rl R, R JRAAB B As V5 3% - S50 OGS ) .

AT IR RS R BCR /2 HU ¥ ( Sequential Extraction Procedure, SEP) FlZE 45
A 7 AL 2 B ( Simple Bioavailability Extraction Test, SBET) AT FE BRI 2% B 5 A= W8 BRI B R
AU ANHENE XSS g As MBS RSOR T H S A el BRI Sy DA SE e e R R K B
I8 5 Yy T R R AR .

1 L5 7 ( Materials and methods)

1.1 Akt

PR R F RN R As 15 4R [ 0—20 em F£ .2 [RKT it 2 mm i g5 . LR A B L
MRS % o [ e SRR AR AL A S AT I s Y A B LR A N AL T R I Ak
iR — S50 A E 250 5] AR A b E AL RF2EBE, AP TR BRI 3 R E B AR AR & AT BR A AL
JURR I R AV TR S 4, 3k 200 H .

A3 IR R Y A R R KRN SR TR PR VA TH A& I I AFRHED B i A 7 i i 4 o, A
J&i J ICP-OES( Optima 2000 DV, Perkin Elmer, USA) 1 ICP-MS ( Agilent 7500, USA ) Il ‘@ ¥ HF L R
i, As I DSCRAE 80%—110% Z 18] A HLJTT & et R AR I A P4 3% iR B 480k - LU 6832500 2 . pHL (R
BR300 . 3R R ) A B AR IR A ST L3R 1.
1.2 SCgmAbag

SEHGE 6 NARFE X AR CKCRES e R , 30 5% (W/W) BRER R (FS) , B0 5% (W/ W) B i<
(BC) , A0 5% (W/W) iR &85 (CP) , T8I 5% (W/ W) HEAE (PMC) , B0 5% (W/W) A= 98 3557
(SA) B FRFREL As V55 £ 100 ¢, Bt R AFEATG R+, RAMRAG B — IR RS TR 4R, K
STV 2 - S 4K R 70% , 76 (25+2) CHER N 557, R — R PR AN FE28 At 2k iy oK 43, fiff
HARFFTE H AR 1Y 70% , B AL 6 RE A 35557 30 d #1160 d J5 R AR5 3 AN E A I E
pH A, H:-%F + 54T BCR AR BUR SBET 49148 3UPE 43 #r .



2 4 [ S 56 - 50 R RIS 1 As BAR AT T S A W] 25 4 R 52 319

R AR R A SEAS B A B

Table 1 Physi-chemical properties of soil and amendments used in the tests

ERS

pH* OM"/ (g-kg™") As/ (mg-kg™') Major ingredient
+-4 7.12 6.90 309.57 —
HICRIR S 3.73 — — T Bk
B 7.48 — 4.44 TRIRWE IR AT BRIRES B PR S 55
AR 8.28 2.33 0.80 TCHLERRE IR ER IR R TS 45
IR — &5 4.67 — — A5
HeE 5.88 4352 7.27 W EEAE RN, B A LTS
Hea:W/V1:250E b AHIREE;c.“—" AR H. Note: a: determine with W/V 1:2.5; b: organic content; ¢: “—”, not

detected.

1.3 ERERT R
KM Rauret 551 Bt BCR S-SR BUA SR ITS e £ P As AOALFIR S AL BRI 2.

%+ 2 BCR 79t

Table 2 Sequential extraction procedure of BCR

IR B BRI
Procedure Forms Reagent and condition

1 g A 100 mL 2504, i1 40 mL 0.11 mol - L™ CH, COOH, 7£ (22+2) CHE R R 16 h,

1 LgIE e X - . o g e A
BRI T 4000 remin™" B0 20 min, B FIEBARIN ki FHARIROK UL , A& T A .

5 Fo/Mn SfLAS 25RO 40 mL 0.5 mol - L' NH,OH - HCI( 37 pH {2 1.5) ,7E(22+2) CHEIR TR 16 h,
SRJ5 T 4000 r+min™ B0 20 min, BUH IR, 580 FHZR 8K TR , DA Tl
B FIARERE TN 10 mL 8.8 mol - L™ H, 0, (1477 pH Ry 2—3) , FEIR FHUE | h, AR H4E

; e 3, AR5 T (8522) CHEEZKIB AR 1 h. 43T 3 mL B 10 mL 8.8 mol- L™ H, O, 47 fi#
1 h 430 F 1 mL i, 050 mL 1 mol- L™ NH,OAC (I pH {E4 2) , #£(22+2) CHRIK IR Y
16 h,#XJ5F 4000 r-min' B0 20 min, BOL_FVER AR, 585 FHZRIB/K VRS , DIAS T A0 .

4 FRIED 5 T 105 °C TFHET 0. 1 g 5 % E K s SRR I .

1.4 SBET {£HUfEF

Z% Kim % A 410 SBET BEHCE 8. 55 337 )5 A9 3R 8 OXCT 5 0.25 mm i, FREC 1T ¢ B A
250 mLER UG 2K, BN HEEIA 0.4 mol - L™ &3 Z FRIA T (Fh MR 1H pH {H % 1.5) 100 mL, 7E/KI
TEHIRYR 2% 37 C FHR 1 h, —WRPETES 28 10 mL 32 BOR T 0.45 um JEAE 0 E &R0 pH {8, I
pH EATE 1.5£0.5 {EFEIN , JR A ) 5 ZE 5 Bl ok A ICP-OES Fl ICP-MS I I8 tH Y As &4t
1.5 BdEsitoatr

K SPSS 18 XA [w] ab B HE 17 B R K 22708 (ANOVA ) Al Ducan K556 22 8 H 3 (P<0.05) , %k
P LA s hn (R 25 1R 2 EIR ] Sigmaplot 12.5 58X

2 R 51718 (Results and discussion)

2.1 A[EIM R FIXF 3% pH (EARYF 0

55 BEAH B, BRZE PR BER A1, e el R 3 pH (53448 B 3 2 (P<0.05) , I3 3. H
B B¢ BRI A% AN A B 4 0 R e T A pH (L, AN AL BE 3 pH {E R CK 1Y 7.25 T
HE] 74453 1A s B ING R A HE A + 3 pH (EH CK 19 7.25 FHE 8] 7.37(1538 1 N H) B %
KA CaCO, M pH (ELIAF 7.48 , USIN2] - 485 b 35 i bt = 7 4810 pH EL.

S I Ak B RIB PR SR AL B Gk S R RS T - S0 pH A, WS N B IR — A5 AL B 43 pH {1 CK
(49 7.25 FEARE 5.99 (8538 1 A H) s B I AC b BE + 4 pH (B R CK /9 7.25 FEIKS 7.05 (153 1 4~ H) B
iR — S 458 TR TCALER L pH (B8 4.67  MENE IR & A KA LR (1 3 pH (E1Ch 5.88, B n 3 + 15
S MR T A pH (E. B 55 SR R A EA | %o AR At 2l 57 A B G 3 pH (3 B ARtk 5
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ML A 2 A H ] pH (E 25 %A 2%

pH X+ 38 48 R Sh M A AR KA | s il 2 - S8 R A R BT | 4 e S T I i P R
RGN B T2 e 48 5 B PRSI FE IR 1 7 i v AN & TR 45 A g 11461 IR ik - 4% pH T
JE TR ARG 30 T 4 S B sh ik R0 AR A Rt A — AN S ML

R3 ARREIYRFIX 5 pH (HRIE (n=3)

Table 3 Effect of different amendments on the pH in soil

AbFE Treatment 1 4~H One mon th 2 4~ H Two months
CK 7.25¢ 7.09*
FS 7.37" 7.26"
BC 7.44¢ 7.30°
cp 5.99¢ 6.01°
PMC 7.054 6.80"

SA 7.32% 7.30¢
1« RIS ) 2R 7R A B ] 22 57 1 35 ( P<0.05) . In the same column different lowercase letters indicate significant different amendments
treatment ( P<0.05).

2.2 AIEIM R FIRT As TEAS 500

BCR 434 BRI 25 S 0, %o BB 5 7 ol R AP A B v A A 2 B LASR I ST 2UAF A, AV 4%
A 69%—89.8% , BRuIR — AL I AN BRI BEHUS As Jir oy LUl 5/, IR T 3%, WLIET 1.3%5 5% 1 F
2 A UG, BiR S A H D bR R T R TSRS A ML A As B LR, 1T 3 MR AR T AR
A As (LRGP R TSR IO As BT 7 L A5 43 0l LU KT BR 3G N 75.81% i1 90.72% , As 75 12 43 5l 34 i
30.68 mg-kg ' Al 13.42 mg-kg ' 3XIE T POT 0 5 WL R A5 10752 M - EXT As AW RR'O ) I HLFEAR £
B pH (B, B0 As IOVt FAS sh ok, DT B = FL A= W s ik Fn gk

120 - 120
Bt — L AR w Fe/Mn £4b 7% PR PR

Residual fraction form Organic-bpimd form Fe-Mn oxide form HOAC-solution form

—
=
(=]
—
=3
=3

80

As fraction percentage/%
(=)
(=}

One month Two month

1 8557 12 A JE AR R A5 e 0 As TE 250 A1 1 2

Fig.1 Effect of different amendments on the fractionation of As in contaminated soil after 1 month and 2 months incubation

TN R IV 2K Ak Bt 25 M AR ARG 1 - SR T FR RS A Fe/Min SR ALZS As A LUAP), 11 8 25 b 03 T
LA A A MERIE S As B9 L. 55 %0 BE 4D BEAR HL, + SR T 4R B RN Fe/Mn L7 As 2 I REE T
86.65% F1 45.37% (1535 1 ™)) ,90.96%F1 65.03% ($535 2 M H ) s AU S FERES As 40 B35
134.66% 1 14.65% (3535 1 N H ) ,364.10%H15.29% (3535 2 D), LB 2R E T3 340 20 1A 4 As
AL T METAZS As ARIEE 3 As BOMLHR A AR 3 A, (1) WAL INA 385 | A= sk Ak sk
AEEALY W R Y As, B HCFR I OH™  OHL 2538 A1 9 As BUR, AR IR o 25 0 e R ik 1T 0 e
VIR GAACST ) > 75 (2) 13 As H I SRR F O A M A AL S 05 (3) Wk R
BIINASENE T 38 pH {4, TSI As BT SR LI AR i R B A2 A T As B EfL.

VNN 2 R A Ay ] JEL) Ak B S RIS T R AR RIS As 1Y 7 i (P<0.05) 5 X IR AR B
AH G, WS B S RAE ) B Ak 33 1) 3 S T R RS As BRAIG 76.88% FI1 34.19% (¥55% 1 1A,
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82.45%F11 90.36% (1537 2 N ) . A Atk BRAE AT S50 B AR - 38 b As OB B, X 5 1R 2P 5T 4Rl —
P Ay R B AL B B EE F, EHE As IR T HR B A1 A HLGE A S R EE L, X T RE
pH (E T, I BAE PR B & 5 WA P, X 2eG ML P AL 58 K 45 5 2L A, 2% 5 2 A1 AR
o5 PN A RS E S B A , W RS 38 b 5 4 8 094 U0 250 S I A AL BEXT - 58 80 As
B2 AN TR, AT il D PRI S 56 i FHE IR A T8 3805 A ST, LT & A ML © 001 R T AR TR, 3 B0 3
pH TR,
2.3 AN RSB+ As A= 8] 45 5 R

K HH SBET J5 36 5E T X B 5 AN R ol KA AL B RR 3% 1 F0 2 A H G B3 Ay M mT 450 As & &
(F4) 034 Fim 1532 VA AT, BRBEIR — S A5 AL FEAN , Fo A A B S5 PR AR T As 2B R mT 45
PES i (P<0.05) , MR — S AALH 28 AR /= T As BB APk . 1597 2 D AR, N IR R
Bk B A HMENCFNA: Py B AL B AT B As A AT 250 5 £ 43 ) L R R 90.76% 3.51% .3.13%
F13.51% ; 10 S I e — &0 85 A0 3 5 30 As W9 ZE 0] 45 1 % i X IR 21,10 mg - kg™ T %
38.28 mg kg™, HLXTHRAR 5 1.81 A5 ULEAAS IR A e R 706 358 As (2Bl 45 Pk SE AR — 4, o R
BRANERST As B @ SR XN Fe Ml As fFAEL BRI GES As A iUMEIRULTE , T FRAIK As
(A AT g T

R4 BIURTE SR AR AT As F i (mg-kg ™) BRI

Table 4 Effect of different amendments addition on the bio-accessible As content in soil

AbFH Treatment 1 4~ H One month/(mg-kg™") 2 4~H Two month/ (mg-kg™")
CK 25.33+0.37° 21.10+0.25°
FS 4.68+0.02° 1.95+0.01¢
BC 24.17+0.21" 20.36+0.24°
cp 28.45+0.32¢ 38.28+0.18"
PMC 24.82+0.22" 20.44+0.24°
SA 23.12+0.31° 20.36+0.23"

R ) B R Ab PR A] 22 53 B 2 (P<0.05) .In the same column different lowercase letters indicate significant different amendments
treatment ( P<0.05).

3 %51 ( Conclusion)

(1) B3fERE RN AR — SUES AL HRAN | eI A R V. 2% 1 o A0 A 4 300 ) 347 S 28 M 4 v 3810 pH
B B RN A P B A B v pH MR B R K BRI AR R .

(2) BCR /AR B & B, s Il iR — 0405 0 38 32 3 1 398 As AR s, T R Jon A 18 IV 4k B
e A R R A A A MR T 4 As RS S P R R AR AL FEXT As IS Sl 2 B K

(3) BRIV 2k g & A 1 38 As FRZE W mT 251 S5 % BB AL AR FL | 398 As (A= 0] 25 15 1
&7 90.76%.
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