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St e AT R AR AN BB 2 (B LR S N X 5 2 ) R RGNS A S S R B BERE . M ORI
950,100 mg-kg™ B, X As( V) 7E T i i b B S VE s B iA 3 200 mg- kg™ B, % As( V) R AL BA R EHER .. ik
FRFNFTRERR VR NN 50 mg-kg™ B, X As( V)AL BA (R BEVER s BN 100,200 mg-kg™ BFEMG] As( V)R E1L . AR
XFANERRAE 13 i A B IR AR, B 2 A i s e i T AR HLER o 2 e 50~200 mg-kg™ B, LR FIRLER
X A g R B A AT SR TN 50,100 mg- kg™ B, ARG R AR AT R X 55 45 oK G SRR AL S A AR B
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Influence of organic acids on As( V) aging in soils

GAO Xue'?, ZENG Xi-bai*, BAI Ling—yu?, Nyima Tashi', SU Shi-ming?, WANG Ya-nan®, WU Cui—xia®

(1.Institute of Agricultural Resources and Environment, Tibet Academy of Agricultural and Animal Husbandry Science, Lhasa 850000, Chi—
na; 2.Ministry of Agriculture Key Laboratory of Agro—Environment, Institute of Environment and Sustainable Development in Agriculture,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract ; Incubation experiments were conducted to study the influence of different organic acids (acetic acid, oxalic acid, citric acid, and
humic acid) on the aging process of arsenic(As aging) in quaternary red clay. The results indicated that the influence was not significant at
25 °C and at the maximum field moisture capacity of 70%, while the organic acid amounts significantly affected available As and combined
As in soils. Acetic acid added at 50 and 100 mg-kg™ inhibited As aging in soils, while acetic acid added at 200 mg-kg™ promoted As aging.
However, oxalic acid and citric acid added at 50 mg-kg™ promoted As aging and the inhibition was observed at 100 and 200 mg-kg™. Ar—
senic aging in soils was significantly inhibited after adding humic acid and comparatively, less significant effects were detected with other
organic acids. Acetic acid and oxalic acid addition at 50~200 mg - kg™ significantly decreased the specifically sorbed As. Citric acid and hu—
mic acid added at 50~100 mg -kg™ significantly increased the amorphous and poorly—crystalline hydrous Fe/Al oxides associated with As.
Acetic acid, citric acid, and humic acid addition at 200 mg-kg™' significantly increased the well-crystalline hydrous Fe/Al oxides associated
with As. These observations will not only provide an understanding of the effects of different types of organic acids on the release, migration,
and transformation of As in soil, but also will be the reference for the regulation and safe use of As—contaminated soils.
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HRZR W A ) 5 A T I RE R S 15 R
B ) E AR BT, I WA AR - A LR (e
R IR S )5 - 9 2 [R] (% AH B AR S i o
H AL TR, BERAE 3K R R G AT
7% AR & AR EE AR, AT 52 1) 2 i £ -3 v
FITEZS S A A R, ok, SRR A - rp
TR A LR, FLAE - e AR BR BT sh Ad 7
X P OC R ITE A Ab2EAT A R
ZIRENR o IAFR , A AL HAB S Y 1) 5 4 )8
WO 2 YT PR SRS T S I LR AT 1 4%
RILAFAL R, 45 BRI ISR R AT iR b
PG S RIS L e B S R  , BB BN T 3
P RIS A NMAA NS S S mE 2.
75 S TS INR SR /Ny A ML XS - 3855 FEIE
SEALIRZ M, 255 B RS IE SRR SRR PE , 45
HOR PR IO L BE aE H x BE A 0 8 i 0.13% ~
1.30% .4.25%~13.4% , A HLER X LI R AN BEA —
PTG o ERERTE A T AR R 3 M 1 3 o3
(=R FRA VR , BB IR R WA R ) 7E
ANFNES 25 T CA LR R FE 3557 B[] ) % — 0 e IX.

L HGRTE AR AR 275 A DLRR REAS e v — bk e
DX SR AR A I o Lt FF A AL IR X L S 14 2 A AH 5
AR AR . ZET I, AW T LR FIR T
BRI AR, R5E 1R 3 Fia AL AN SR TN As
( VOTESS U2t 2r e vh 2 AR RS2, IFTE 4l Rl A B T
AP Wb L 338 P e ) B OB A AR AR A T, T D i {5
e LHERIAYE B E MRS

I HRERE

1.1k i

P R B iR AT PH (26°15'~26°37'N(111°
35'~111°45'E) SEPUZRLT 4 BF R & T L4031 0~20 cm
BEE 2, REMNIIEZLARRNTREYERSE, BRE
BERAE DR AN L b (b A7 G 52, i 2
mm JE B0 5 4 o AR S8 0 AR AR o An R
1,
1.2 iR H*E

A LIRS 48 2 0] B A0 AR F R LR 2 1
F/NGEER R RS S50 DR 30 25 &
FRFESEAT ¢, I P BOR RIS ALG LR ST 7E -3

x| it tmm B R

Table 1 Physicochemical properties of experimental soils

JjiH Ttem B2 413 Quaternary red clay soil

L}t Soil parent material eI R
pH 4.94
AHLFE Soil organic matter/g-kg™ 20.2
4 Total Plg-kg 0.64
B3 Olsen—P/mg kg™ 32.9
FHES 732 fitt CEC/emol(+) kg™ 10.7
T B4 LY Free oxides/g kg™ i B R A (Fey) 38.4
TR A L (AL) 2.58
e essh ALY (Mn,) 0.82
JERAALY) Amorphous oxides/g kg™ T IBgAAY) (Fe,) 2.16
TEB A (AL) 1.60
JeE WA A (Mn,) 0.58
MUY Particle composition/% Kk (<0.002 mm) 10.13
#342(0.002~0.05 mm) 70.82
Wz (0.05~2 mm) 19.05
JAF Native As/mg-kg™ 27.98
BHHASH Available As/mg kg™ 0.05
4548 Combined As/mg-kg™ B P (F1) 0.01
LIRS (F2) 1.32
S4B BRI EE G (F3) 4.06
LK BB A A B2 (F4) 5.77

Rt (FS) 16.85
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LA R AN . P, ARSI BRI T —JT A
LR (2R ) . —JuA HLER (FER ) . — oo ML (Frig
MR ) K JES A TR DU FP 28 700 () A5 HLRR , TS b PRI 4 4
IR 7K (0.50.,100.200 mg-kg™) , F:AN K =9k
A, 43R g I AR IR (A LR TR A 1Y
5], S — A B WS, A NasAsO, - 12H,0 , fifi + 3 v
SMIRAIN As( V)R N 100 mg-kg™ (A% [ A
JERIHREE ), TRA 50 5 IS /K B R AE H [
JKEE ) 70% 7245, 73 200 g 3% T 100 mL Bk
R B, REALBA R A s R
(25£1) C . Fk: 70% , F W K FAFR R AN K 4 Al
I E K E R R E . B E 1.15.30.60.90,
120 d B 43 R 45 4, 2 KT i s, AL HG-
AFS 5 49845 25 A A RN AT G B i
1.3 MEFE

A RS I E < 2R A NaHCOs $2 AT,
TN 48 pH ARSI B H 5 - SR Y
FHOCME R4 . FREGE 2 mm 65 1 KT £4F 5 ¢ F 100
mL B0 T, A 50 mL 0.5 mol - L™ ) NaHCO; 7
WL PR 2 h, B0 E, FHSA-10 BVE ALY & A -5 1
PEFEASM 5 FEIA

- HESE G A I R < 45 A A A Y $EIBCR
Wenzel ZEP) 3%, SR 5 SA-10 BUE AL & A -
FHEASIN 7 R R A

- IEASCH L PE BT . ] 0.5 mol - L NaOH
HEATAEUR  ITBOCRLEE 3BT {00 5 1Sk AR 20 s
KB -f A (K L HE 2.5:1) 9 5 4= 38 pH!™; $2
Sparks S5 5 I R A 39 PH B A i o, AR TR A
ST A A HILAR!, R PR AN A TR I i 3
AR, H,S0,~HC10, TH AL 70 5 £ 38 B, R
BEFEIOGEN E - e T AR D VR A e =,
1 B TR N — A A TR ) — B ke T A B (DCB ) il
A I Rk B VR T Y, FOKIH AR PHG-AFS
5 - B A
1.4 iR

RIGEAE R ] Microsoft Excel 2013 4b3H | 3+FR
HFH{E (Mean ) +FRiER (SD ), I SPSS 13.0 # {4k 17
J7 25508 Duncan &M 22160 7 28 s (P<0.05)

2 FHRE5SW

2.1 AERBVEHERRT As( V) ELEHZULHF N
2.1.1 R HHEA RGPS AR
AN TRIZETY A LB X A RS 1 o5

(I FEIR A% 2 IR o XoF 48 JInAH ] 2 (100 mg kg™ ) Y
LR R YRR MR T 5, A A LR A
I, - A SR B R B A, B & Ak s ) 4
HE | - B RES IS IR T M ZERESR 1 d R,
A DPUFNA HLER Ab T - A SN ) v B BT [ 2]
VNI BE Y 12.09%~13.08% , i 2% T - 2 P A fith
I RS 3R 21 120 d B, 438 oA RS A Y
TSI BE 1Y 2.05%~3.08% ., F30%45 514 )5 R Al fig
s As( V)it A 885 RS 3 IR & A 2R
B 28 S DT UE S5 At A, e 51 e IR A B AR 1)
J2 SR 5 U e A B AR Y, HLES A I
PRI E e L B rp , B B R HERS , 88 300
B S TR, L e A RS A 45 G A

R 2 RMARKBEGHNERE LT D ERSH & S50 L5
BEZ LR B A EE 4L
Table 2 The variance of the percentage of available As in total
arsenic with aging time in soils added with different types of

organic acids

RS 435 B Percentage of available As/%

ik P wE WEm B
Acetic acid  Oxalic acid  Citric acid ~ Humic acid
1 12.09+0.17a  10.00£0.48a 13.54+0.38a 13.08+0.90a
30 6.08£0.22b  6.41+£0.06b  6.76x0.13b  6.73+0.19b
60 5.26£0.15¢  5.07£0.15¢  5.78+0.19¢  5.66+0.23¢
90 4.84+0.03d  4.9320.12¢  5.3120.19¢  5.49+0.10c
120 2.05£0.13¢  2.40+0.12d  3.08+0.77d  2.88+0.27d

T AR 100 mg-keg™; T-HEA BRI E /30 (% )=
TGS /L AN IR B i 1005 AR R)/ING FREFOR
[l — b FRAT RSB S REAE S 37 1.30.60.90.120 d Z A 22 R B % (P<
0.05). T,

Note: The addition of different types of organic acids is 100 mg -kg™;
Precentage of available As(% )=available As/total Asx100; Values followed
by the same lowercase letter indicate no significant difference(P<0.05) in
available As contents after aging for 1,30,60,90 and 120 days. The same

below.

XF RS, RiFREE 1.30.60,90,120 d
R} - 39 RIS A e A B R B B 1 25 K
fEeAb BB ARG E e 10.04%, T LR
N 83.04%., Xt FHR FPEERR AR AL REIN F , -
ARSI A A ZE R — B, IR L BR T
%5 60,90 d HHEARCSA &R AR AR B E 2 R LS,
HoAZA LB T , 3G SR A ) B M 22
SR

HE—2 oM R 2 MR, fE R HEE T R
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o R TR R AEIR AR B LR TR
RS R — 2, RIVBEE 2 AL (A A 4 5 0
/b A5 60 d 555 90 d 2558 B % T 2R
=, B S AL () A 4 35 oA RS AR, HL
A5 AL PRI B {2V 22 5O o i 4 2R 1) TR i
Wt L& T—IumR, R FRR B IRE T2
TR , LTRGBS T RO T HA = bR . T H— ok
Ui, 7> TR IR IR M . A LR B RRTESE N
ARIERIAFEAE, QR IR Y 1B BOR , SR AR E Y
i -5 98 R TP AR Bl SRR A LSS, R L A U B
5i, Bt LSO A Sy e g ok . ZIRAEHE 20 R 7
B 2R S T LR AR EAE A
2.1.2 X L HERARAE G SRS AR

AT IE T IR — & AN R 2B A A B
MR (LTR HEPR AT JEAEIR ) I AN TR] 8 AR 18] B9 1
SREE 5 AT S R AR AL, EER NS 3 PR XT FL
(AR RIS RSO T, NI SR AT AR IR AL B R A
LW RSB ASfE—E ESS 1~30 d N F1 &6

B2 REAR(P<0.05) , B4 Rl 2 64.54%F1 68.87%
INIME PR AL PR 25 1~60 d N i & PR (P<
0.05), AR 55.10% 5 T VS IS A 2 1 Kb 37 565
1~120 d WHSEBAZEF BE . XT P28 MR
AT, SN 2R 05 A I Ak 2 rh & P R B 25 i
TR ES L, BR T 60.90d L E S TE
55 1~120 d N F2 & EAfas ) g 22 Rk, 3
TR AR SRR AL R, F2 5 e 1~60d N2 & T
B AL BRI IR B 0 2 1 25 S5, B S 28 TR R . F3 (5545
i /KA R B ALY A G ) 2 —Fh R IR,
Ho A2 WT FACLS Sk S8 b st
A AR , A AR AT ALER (%) DU b B 5
1~60 d N E BN, AR B 22 RKFE. KT F5
(BRSO, UAG PR 5 e 1~
30 d NIk B 2 22 5K, EEE30~90d NERA R
LN 90~120 d NERIES TR ZE R E

SR ASFZRBRI A HLER Y H IS5 681
i o AR — 8, A RHEEARES 1~120d 1Y,

R 3 RMARRBAVERE LIRS G S50 bL G FE 2 4L i E 224

Table 3 The variance of the percentage of each As fraction in total arsenic with aging time in soils added with different types of organic acids

JbFL T ZAL ] 2L S 755 1 The content of combined As/%
reatment . .
Aging period/d Fl F3 F4 F5
LR Acetic acid 1 1.88+0.04a 47.47+0.28a 22.20+1.09¢ 21.62+1.50b 6.83+1.02¢
30 0.90+0.02b 38.56+1.91b 28.12+0.70b 18.74+0.82¢ 13.68+1.24a
60 0.67+0.04bc 32.92+0.50c 29.28+1.55ab 24.74£0.71a 12.39+0.67ab
90 0.64+0.01bc 32.48+0.83c 31.43+1.54a 24.57+0.84a 10.89+0.35b
120 0.57+0.03¢ 29.47+0.43d 30.19+0.75ab 25.56+0.71a 14.22+0.31a
W Oxalic acid 1 1.51+0.23a 47.41+4.75a 22.47+2.35h 23.87+2.53¢ 4.75+0.34d
30 0.88+0.04h 37.18+1.49h 27.68+2.99a 17.69+0.39d 16.57£1.79a
60 0.68+0.01c 32.64+1.14¢ 29.79+1.04a 25.26x1.21bc 11.64+0.69h
90 0.66+0.02¢ 31.81£1.53¢ 30.88+1.96a 27.41+0.30b 9.25+1.56¢
120 0.61+0.03¢ 29.91+0.17¢ 29.64+0.13a 28.05+1.03¢ 11.78+1.31b
iR Citric aci 1 .28+0.39a 5.12+2.53a .63+0.87 .72+3.19a 9.25+1.
FHERR C d 2.28+0.3 45.12+2.53 22.63£0.87d 20.72+3.19ab 2 80b
30 0.81+0.07b 35.68+0.36b 28.68+0.98¢ 19.60+2.05b 15.23+1.89a
60 071+0.04b 32.51£1.05¢ 29.61+£0.91bc 23.83+1.07a 13.34+1.05a
90 0.68+0.02b 32.18+0.72¢ 33.06+1.00a 23.99+0.98a 10.09+0.48b
120 0.61£0.01b 30.27+0.92¢ 30.35+0.54b 23.55+0.72a 15.22+2.10a
JEREEZ Humic acid 1 2.25+0.12a 48.37+0.60a 20.48+0.69d 19.07£0.23bc 9.82+0.43¢
30 0.85+0.04b 35.94+1.14b 26.78+1.98¢ 17.69+1.91c¢ 18.74+1.61a
60 0.72+0.05¢ 32.55+0.82¢ 29.07+0.64h 23.30+2.01a 14.35+1.81b
90 0.66+0.02cd 33.45+0.71c 31.28+0.25a 23.69+0.71a 10.92+0.34c¢
120 0.57£0.02d 30.46+0.55d 29.19£0.47h 21.62+1.76ab 18.17+1.45a

TEF 1 ARL PR B ST 5 F2 Sy e B 250 5 F3 Ay 5528 K G R 8 AR 25 13 25 s P SR8 ik 45 Bk 4R

T

T2 250 FS sk s

¥

Note: F1,non—specifically sorbed As;F2,specifically sorbed As:F3, As associated with amorphous and poorly—crystalline hydrous oxides of Fe and Al;

F4, As associated with well—crystalline hydrous oxides of Fe and Al; F5,residual As. The same below.
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F1 A F2 & B Wi/ F4 F1FS & g s ok, i
F3 Ve —Fhp A AR LR A —2 B, A
[F) 2SR AILRR T 49 25 S5 A A I S AN B 32
22 BHERAMEXT As(V )Z b TiEMmESSTL
s A

2.2.1 % A RSP 5

PRSI TE R0, A HLERG RIS Mk 4w &
B KSR A VLUERLS SRR H R A
T4 A TG B AT A5, 1) 3 DU 28 2T R BT L
fizfo , T ARG A G A AR ISR 4 PR

DL E 120 d B 498 308 Ah S s A58 1 d
(A S S R R (R A fb i, L SR AR R T
Ak AR Bl A B o R e W RO, R Bk
- S O [ R R A 2 - Ko e g R o o R
B XTI BRI S, 5 CK ML, BRI
i 200 mg kg™ ZERAE I 1A As( V) ALAN, H
AT 1) S RIS -3 As( V) RY#AL L 7E 50,
100 mg- kg™ BYASIEERT , Z RN As( V)Y [ 2 &
IR I N, S 0N & 200 mg - kg™ B, As
(V)R [ 5 S i i, B 200 mg-kg™ B As( V)Y
iRk, 6.14%., I, 5 CK A, ZERE
2 50,100 mg-kg™ B As( V) #y4k,200 mg-
ke BRHMEIE As( VORI XTI I B B AR AR Y
AT, BRESINE N 50 mg kg™ fEHE L HEH As
(VO Ak AR i) SRR A PSR IR Y 1 i) 48
i As(VOREAL . ERAFFEIRIA INE N 50 mg kg
B, As( V)REE AT CK;7E 50~200 mg-kg™ 3
DA, ot R AR AT A5 R AN Jn 2 P T v, As (V) g [
AW/, A ULE 50 mg- kg™ I, BLER AR BEFR Y
As( V) EE R, 2510 6.76%F1 6.40%. [Hilt, &

* 4 AEANEBRFMEI TEENAE LIEFRSH
TUERFN
Table 4 Effects of variation of organic acids on the available As

contents during the aging period

Wi A HLERFPZ Kinds of organic acids
Addition/ 2B i FrEmR JEAHRR
mg-keg™"  Acetic acid/% Oxalic acid/% Citric acid/% Humic acid/%
0 -6.08 -6.46 -6.39 -5.56
50 -5.03 -6.76 -6.40 -5.99
100 -5.84 -6.31 -5.28 -6.01
200 -6.14 -5.47 -5.95 -6.91

TE AR =55 120 d ARG E 50 1 d AR E i,
Note: Variation quantity= The content of available As at the 120th day —

The content of available As at the frist day.

TR ANFF R IR TE 50 mg kg™ B, A2 HE As( V )ZESE D
ZI3E AL ISINEETE 100 mg-kg™ A1 200 mg kg™
BE, 0 AsCVOREfE . SHT=Fa LR A R R 2,
VAN 0 R 1 A B e T A R iR TR A
A, T A2 I 2 LT S T Py 348 o v S i T, 6 A
JERERAEHE As( V) &AL o T8 HE IR U8 & 2y 200
mg kg™ I, it (9 [ GE B e K, BN 6.91%, [ CK
i 1.35%. SRR 56 DU 20 213 A - 3 b 2 Ak Y
ML Lb AR (A LR K

2.2.2 X I A LA AP

SMERTE R LR — A AR EBE R
P, R IE A 1385 5 - AR E AT 5 20 9
it A . TR R R, AN S R 2 (AR
RAEFA, FOLEE 0 AR bz & A R,
HETS2 0 e ) B o ASBFS 1) S DU 2 21 4 43
BN R R AR R R , BT A HLER X
As(V )z bid i B R AE A S AR L, 45 R LR 5
EH 8,

M 5 ERE, 7655 1~120 d N F1 5485
WA, R TESS 1~60 d N IO INEL KT FL
R (P<0.05) ; il J5 7255 60~120 d P F1 &5 %%
18 TR, WA B2 R F2 2 28
A ACEM A I 4 A F SRS IR X F2 15%
MG (H F2 & bl 2 A R AR b 5 FL 2R,
YIBHAR. YT CK AFE, 55 1~30d N F2 &
FRBE, FREE N 83.81%, M 7E 55 30~120 d NZE18
TR, ZEFARETE 90 d N RN 16.19%, Xf
F 50,100,200 mg kg™ AUAL BT, AHE 1~30d
() F2 Fr 22 5 5835 i HLA 30~120 d ik 31 2%
PE2E 5, U SR TR IR B S A 2 5 F3 AR
FARAEY A B, ZEPURN I EAKE T, 55 1~120d
W F3 gt e, b 1d 555 120 d 353 B 3%
2e5, HAIEIER 7.99%; F4 (LR IBNTEE S
BB, 5 F3 AL 7655 1~120 d & &5
Wi (HXET 0,50 mg-kg™ (UALFRT L4551 d 555
120 d A K #) 8 2 22 5, 1 100,200 mg- kg™ [ 4b B
KB 2K, EAE M QIR AL S T 100 mg-
kg, X F4 Frispm i 2, FS R - R fh A
SRR AL T oA 4 e XES EhUTVE A HAL Sl
2% AR S F ARG 6 T DU R BRI 5 L F5 %
S N R R 7.39%~13.62%

M 6 L RE S 1~120d N F1 f1 F2 &&=
GHTEAR, F3 FA F1 FS &g it . XF FL S,
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Table 5 The variance of the percentage of each As fraction in total arsenic with aging time in soils added with acetic acid
T Ak ] LSS5 i The content of combined As/%
Addition/mg kg™ Aging period/d F1 F2 F3 F4 F5

0 1 2.16+0.20a 46.94+0.39a 23.05+0.54¢ 23.71+0.66ab 4.41x0.11c
30 0.94+0.07b 35.31+1.80b 27.81+1.44b 21.15+1.51b 14.79+1.86ab

60 0.73+0.33¢ 31.77+1.93b 27.87+1.21b 22.55+1.31ab 17.08+1.63a

90 0.72+0.12¢ 32.44+0.37b 31.46+0.58a 25.77+1.36ab 9.60+1.58be

120 0.63+0.07¢ 33.07+2.05b 26.17+2.13b 23.21+0.77a 16.92+1.55a

50 1 2.01£0.06a 46.40+1.40a 22.66+0.14¢ 23.34+1.28a 5.59+0.81d
30 0.86+0.11b 35.41+1.01b 28.51+1.01b 17.86+1.07b 17.37+1.94ab

60 0.67+0.03¢ 31.82+0.34¢ 28.72+0.88b 24.78+1.81a 14.02+1.36b

90 0.64+0.03¢ 32.08+0.82¢ 31.35+0.45a 25.97+1.28a 9.96+0.45¢

120 0.58+0.01c 28.76+0.06d 28.65+1.04b 22.79+2.09a 19.21+2.43a

100 1 1.88+0.04a 47.47+0.28a 22.20+1.09¢ 21.62+1.50b 6.83+1.02¢
30 0.90+0.02b 38.56+1.91b 28.12+0.70b 18.74+0.82¢ 13.68+1.24a
60 0.67+0.04bc 32.92+0.50c¢ 29.28+1.55ab 24.74+0.71a 12.39+0.67ab

90 0.64+0.01bc 32.48+0.83c 31.43x1.54a 24.57+0.84a 10.89+0.35b

120 0.57+0.03¢ 29.47+0.43d 30.19+0.75ab 25.56+0.71a 14.22+0.31a

200 1 1.99+0.03a 46.74+0.79a 22.51+1.13d 21.68+1.19b 7.08+0.82b
30 0.84+0.02b 36.90+0.38b 27.39+1.00c 17.87+0.94¢ 17.00+0.72a

60 0.68+0.04¢ 30.33+1.56¢ 30.13+1.37ab 24.94+1.09a 13.93+1.17a

90 0.63+0.02¢ 32.65+0.49d 32.49+0.60a 25.10+0.38a 9.12+1.05b

120 0.52+0.14¢ 30.23+1.01d 28.79+1.11be 25.62+0.55a 14.84+1.54a

6 RMERE TIER LS G S0 b5 FE 24 et iE W
Table 6 The variance of the percentage of each As fraction in total arsenic with aging time in soils added with oxalic acid
R Ak} 3Lk A 7SN i The content of combined As/%
Addition/mg kg™ Aging period/d F1 F2 F3 F4 F5

0 1 1.56+0.01a 44.08+1.00a 24.29+0.53¢ 24.57+0.55ab 5.51+1.25b
30 0.86+0.02b 36.72+0.18b 28.12+0.04b 20.90+2.67b 13.40+2.53a

60 0.68+0.03¢ 31.58+0.61cd 31.01x1.14a 23.60+3.10b 13.12+3.66a

90 0.66+0.04¢ 32.70+0.68c 31.31+0.74a 23.74+1.59b 11.60+2.45a

120 0.69+0.18¢ 30.56+1.08d 28.41+0.57b 28.21%1.32a 12.13+2.16a

50 1 1.44+0.11a 43.101.21a 24.40+0.44d 24.99+1.88a 6.07+2.16¢
30 0.84+0.03b 37.12+0.63b 27.82+0.14¢ 19.01+1.39b 15.20+1.12a
60 0.69+0.06¢ 31.94+1.18cd 29.61+1.04b 24.97+0.85a 12.78+2.95ab

90 0.65+0.04¢ 32.80+0.69¢ 31.14+0.42a 27.17+1.24a 8.24+1.49bc

120 0.59+0.03¢ 30.37+0.97d 28.50+1.28be 25.36+3.95a 15.18+4.83a

100 1 1.51£0.23a 47.41+4.75a 22.47+2.35b 23.87+2.53¢ 4.75+0.34d
30 0.88+0.04b 37.18+1.49b 27.68+2.99a 17.69+0.39d 16.57+1.79a

60 0.68+0.01¢ 32.64x1.14c 29.79+1.04a 25.26x1.21bc 11.64+0.69b

90 0.66+0.02¢ 31.81x1.53¢ 30.88+1.96a 27.41+0.30b 9.25+1.56¢

120 0.61+0.03¢ 29.91£0.17¢ 29.64+0.13a 28.05+1.03¢ 11.78+1.31b

200 1 2.11£0.05a 47.11+0.88a 22.69+0.61c 23.76x1.73b 4.33+0.98c
30 0.84+0.02b 35.67+0.92b 27.65+0.48b 19.31+0.98¢ 16.53+1.57a

60 0.70+0.01¢ 33.37x1.54c 26.27+2.72b 27.30+2.13a 12.35+1.06b

90 0.63+0.03d 31.92+0.32¢ 31.56+1.33a 25.69+1.10ab 10.20+0.95b

120 0.60+0.01d 29.35+0.76d 28.79+1.35b 24.69+1.16ab 16.56+2.22a
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1~60 d N 2 FEAR, FEARIR B 0.75%~1.40% , 1 /b
IR 90% L) |y FEE 60~120 d PN/ R ik 3] i
FPEES . X T F2 W E L 78 1.30.60.90,120 d 424k,
IR B 2 KO, BT R HGE AR K
XIF R3S, B AhBRAESS 1~90 d P& 21 in i
& BENE N 6.74%~8.87% ; THAESS 90~120 d P, &
W PR E T4 1 d i F3 R T 5 Fhih o A
H ) — R TR A BN ERE 25 5 ) HAB TR A
AL T F4 IS AR AL R I b B 5 15
T HRRE R EME S MNT FSMiE S 1~
120 d ZAbad R, S s, Yk 8 B E 2 R
K B 6.61%~12.23%.

MR TR E, FEH 1~30 d P 50,100,200
mg-kg” AL F1 Ea BERREIG, bl 1.18%~
1.46%( T [5%F 82.81%~88.50% ), 7E45 30~120 d N
Oyl AR GR B i K X F2 1 5, 50,100 mg-
kg™ BYALFA RS 1~120 d N F2 & i/ ik 2
BEZER FE 200 mg kg™ BUALPRAF ZEEE 1~30d 1N,
F2 W8/ 500 1.36% , 155 i 3 25 5K F- I 7E S 30~

R AMTERELERESRS

90 d N, F2 /b H 0.18% , R A ERE X T F3 1
oAb 2 1E 50,100 mg kg™ (UL FE T, F3
K0k B P 2 22 5K T 200 mg kg™ AR FER A
PP EEE TR, 5 CK M, MBI s i
£ 50~100 mg-kg™ N, AR F3 5 L5200 2, Xf
T F4 1 E  bE SR, SRR TR . 5 CK A
Fb,7F 50,100 mg-kg™ (UALBET , 458 F4 S22 %A
2, {H 200 mg kg™ AbBE, F4 BN A B i 2 25
Ko KR, MR A I E ik 200 mg- kg™
I ATEIR N FA Rt A B, X TFFSmE, S
ININER | L RR 25 R —80 7858 1~120 d 2 b 72
AN, YR ) B 2 HOKF

M 8 BLE A X T F1 1 &, 50,100,200 mg-
kg™ YALFRAE 160 d N, it F A, W ER
1.33%~1.79%( F 544 90.709%~94.08% ) , 1£ 60~120
d N F1 SRk 2 B E K, R S50
INFRREE R —3 . 5 CK M, IR F1 52
X F20E WA IR AL FEAE 1~120 d Py
PR R R EE R WO RN 14.74%~18.16%, XF
FF3MMis, 7£ 50,100,200 mg kg™ ZbFH R, F3 ()44
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Table 7 The variance of the percentage of each As fraction in total arsenic with aging time in soils added with citric acid

s Ak ] T HELE AT & The content of combined As/%
Addition/mg-kg™ Aging period/d F1 F2 F3 F4 F5

0 1 2.07+0.05a 47.34+1.03a 22.90+0.44a 23.19+0.49ab 4.50+1.37d
30 0.89+0.03b 36.02+0.41b 28.15+0.80b 21.47+1.99b 13.46+1.35b
60 078+0.08¢ 34.03+0.50¢ 28.08+0.83b 21.51+0.64b 15.61+0.61ab

90 0.69+0.02d 33.61+0.66¢ 31.02+0.74a 25.32+2.59a 9.36+2.04¢

120 0.65+0.01d 30.09+0.34d 29.84+1.17a 22.79+1.57ab 16.63+1.78a

50 1 2.14+0.25a 47.22+0.36a 22.53+0.45¢ 20.73+0.54b 7.38+0.54b
30 0.86+0.02b 35.19+0.72b 28.60+0.63b 21.36+0.65ab 13.99+0.54a

60 0.76+0.04bc 33.27+0.52¢ 28.73+1.01b 21.29+2.22ab 15.96+3.16a

90 0.65+0.02bc 33.25+1.39¢ 31.70£0.42a 24.97+1.10a 9.43+1.17b

120 0.62+0.02¢ 30.34+0.87d 28.33+0.25b 24.82+3.95ab 15.89+3.28a

100 1 2.28+0.39a 45.12+2.53a 22.63+0.87d 20.72+3.19ab 9.25+1.80b
30 0.81+0.07b 35.68+0.36b 28.68+0.98¢ 19.60+2.05b 15.23+1.89a

60 071+0.04b 32.51+1.05¢ 29.61+0.91bc 23.83+1.07a 13.34+1.05a

90 0.68+0.02b 32.18+0.72¢ 33.06+1.00a 23.99+0.98a 10.09+0.48b

120 0.61+0.01b 30.27+0.92¢ 30.35+0.54b 23.55+0.72a 15.22+2.10a

200 1 2.16+0.34a 43.81+6.46a 30.65+5.21a 15.13+£3.73b 8.25+1.57b
30 0.80+0.05b 35.45+1.33b 28.34+0.46a 19.11+0.63ab 16.30+1.57a

60 0.69+0.03b 32.82+0.74b 29.72+1.38a 21.84+1.52a 14.93+0.84a

90 0.73+0.13b 31.91+1.31b 31.09+1.59a 21.89+1.08a 14.37+3.62a

120 0.62+0.07b 30.09+1.14b 29.56+2.15a 22.11£3.74a 17.61+449a
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Table 8 The variance of the percentage of each As fraction in total arsenic with aging time in soils added with humic acid
T F Akl F LA ARG 8 The content of combined As/%
Addition/mg kg™ Aging period/d F1 F2 F3 F4 F5
0 1 2.48+0.06a 46.20+3.26a 23.51+1.37a 20.73+2.72b 7.08+0.55b
30 0.96+0.05b 36.32+0.27b 2790+0.27b 21.30+2.19ab 13.51+2.21ab
60 0.69+0.04¢ 32.15+1.53¢ 28.34+0.76b 23.62+1.50ab 15.20+2.74a
90 0.69+0.03¢ 32.23+0.59¢ 31.36+0.87a 24.05+0.96ab 11.67+1.10ab
120 0.55+0.07d 28.19+1.66d 28.57+1.77b 26.23+4.40a 16.47+7.52a
50 1 2.41+0.02a 48.33+0.91a 21.31+1.23b 19.94+1.15ab 8.01+2.24b
30 0.86+0.02b 35.50+2.16b 28.78+4.04a 18.44+2.12b 16.41+0.83a
60 0.72+0.02¢ 32.45+1.13¢ 30.28+1.09a 21.74+2.33ab 14.81+0.83a
90 0.69+0.04¢ 31.26+0.46¢ 31.4+50.91a 23.68+1.36a 12.92+1.41a
120 0.61+0.02d 30.171.11¢ 28.87+1.47a 23.33+2.65a 17.01+£3.97a
100 1 2.25+0.12a 48.37+0.60a 20.48+0.69d 19.07+0.23bc 9.82+0.43¢
30 0.85+0.04b 35.94+1.14b 26.78+1.98¢ 17.69+1.91c 18.74+1.61a
60 0.72+0.05¢ 32.55+0.82¢ 29.07+0.64b 23.30+2.01a 14.35+1.81b
90 0.66+0.02¢d 33.45+0.71c 31.28+0.25a 23.69+0.71a 10.92+0.34¢
120 0.57+0.02d 30.46+0.55d 29.19+0.47b 21.62+1.76ab 18.17+1.45a
200 1 2.05+0.14a 47.74+0.87a 20.84+0.44a 21.26£0.47¢ 8.12+0.82¢
30 0.84+0.04b 35.10+0.35b 28.11+0.61a 19.67+0.96¢ 16.27+0.76a
60 0.72+0.02be 31.39+1.13b 29.89+0.51a 26.23+0.49ab 11.78+1.40b
90 0.67+0.03¢ 32.32+0.68b 31.11+0.69a 22.31+1.18bc 13.59+2.24ab
120 0.63+0.09¢ 33.00+5.41b 22.48+2.91a 26.91+4.61a 16.97+2.86a

AR R E 2 R, 5 CK ARG, S3SIN7E
50,100 mg-kg™ B, EEAEERXT F3 S % . X T
F4 155 , 76 50,100 mg- kg™ XbHR 76 At i rp 13
TRARIBR B E 227K 1 200 mg-kg™ ZbFA
2T REMKF. FHIE, MFMEEE] 200 mg-ke!
F, AR XS FA SR A B, M FSmE,
ININFFEIR  HR | LRSS SR —5, 78 1~120 d %1k
AR FS SR, 438 2 B KO HE
4 8.35%~9.39%.,

UL PR A 25 R AT LU R IR, TR R R X
As( V) BAL 4SSl & B 25 A AR A i
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T 550 BERR T F2 25 S5, T HoAth
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LA TR
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DA A3 4 SRR S5 ¢, R AT MUY 139
L AR A R FPERT A 3 REE, BEIR
i 2 ANREE, SRRAUE A 1A EREE TR IR S
B R TR R E B IOCH BN U G, &
MRS58k R TR IR B 255 ), T ELFTRRTR 5 L o
BRI 2R S YRR E TR R TR
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I3, Aol - S i e RO R E BOE S AL — BT
JEHETR L R R TR e R 0T - S et i1 W R e 1B
AR R (HE 2 e A LIRS i 4R
AT ARIR AT ST, P () A7 A AE LA A 1, 2



1534

RAIMERF 2R EIRIET R

PERTE IR B, Luo A Warwick 25156 i
FELTIE AR ()W BT 5 3 B R R AR | A AR o] LA S ) 5%
A0 B AL, B R S A ) 21 5 X T ) R
Jiang ZEP) N T3 A HLERIA RERS S I IR E5 &
ol 5 B O A A A e S B TC A 4, DT 2D i
BT A, 0 75 e 0K o sl 2>

AT B, AN A HLERZE TN As( V) ZEZE I
LT3 B A AR NI, X AT B T A
—, LR HR PR RS R SR, S
L3t — B A Bk 1 3 A3 i, AN REAR L 5 - 4 v )
AN, DRI B 2 2 AR B 8] B S 4, A AT IR ot it 71
LACATA BT 5 ARIR 1 K N A
PUZELTHE, pH o 4.94, )& TR ME L HE, 24 2 R SR
FREGEIR . JEHERR TP R IRAR B 75 L3R & Gt A=
RIS PIATRGE  TEBLIREE R A5 o0 it o 5 —  HEAR
RIS IR ZE R T AW, HoKis 2,
ANFIF R0 S A A R0 E B, X -3 R
UMM F9 5 . I, A7 HLER 2SR 1 4 2L
A0 B RS A AR B AN Xt i —
HARH T IS AR FH A A IR ST (4 HLER , HExe)
HIEMEAZERARE
32 BHBHEMEI As(V ) ELERELITENR
Nia) 2 AT RE MLl

AWFFE KB, A HLER TR X As( V) 7E55 Y
02T HE A R AR AR K . A MLER B A3 1845 £
By pHAE 5 H 3R MY B A DUVE e SR
TR - e R (R B AL 41 1o,

VI WF5E 2 B, B i LLRh 42 BH B T e =k
B IF . 24A-4E pH T REA, A I I L far B T
- SR B ) RE T AR5 5 B =, D) 48 e AR 2 T 67
arsin , - e FEa A BE AR 55, AhnA HLER AT LA
AR Y pH, SEBE i T HI N T 5 H
WA T pH (R, D0 LS9 PR f A 4588 . A I Se 26
B, YA LR N &) — R i, (R0 AT DR X 2 4
U A RS S R A N T S L
PR TN INEEAE 50,100 mg kg™ B As( V)RIZ AL,
200 mg-kg™ BHEHE As( V) BYZAL 5 M % T2 R AT
BRI &, 7 50 mg-kg™ BN As(V )FESS Y2021
24k, 7E 100,200 mg-kg™ B2 As( V)R
1k,

FHE R B R SRR AR T A TR UM
Vs PERER R 5T R W, A LR 2 Br DA R (2 1 4
Hr AR i 3R R T ML & A K e 3 A RE

55 b BN SR A A LR A RV, AT LA i 5 A
TERRGR A AL 1T (W B, DT ) R4 S AR
XHRHAIR R, BEt AsC VO BB, ARBEFE R, DU Al
AT BILIR T2 R X P B S A AN 4 K & R A A
WYy AR R, 5 B R A I ST A R —
B BEE TSI AN, A HLER e 2 AL R
BT R  X UL, 3 A LR IS T 2 PR
AP BAL AT BN R

AHUBRAE LRSS, XA i 2 Ak 52 e B )
DR, e FH A ATLIE R, — 2 2 A, # i A AILAE
HA LR 3 P (1 TS BE T B R2 I, M A

4 it

(DFEARIGFMT ,As( VOIS PUZL 213 |- %
A Z A HURRIS R RZ R, 1 3243 HLIR S i 1) 5%
M

(2) A AR A I %o - AT RS A 25 R 22
S 78 50,100 mg-kg™ B, LA As( V)
b3 78 200 mg-kg™ B, fEiE As( V)& 7E 50 mg-
kg™ I, FERR FIF R IE HE As( V )TESE D20 2T F 1Y
ZAk; 7E 50~200 mg kg™ B, 07 As( V)RGEA . B
O R R 1 Ak B i A R TR S P 3, As (V)
() AHE FBRSR | J Al R ) 55 DU 20 21 398 4 - b 2 1k
(A MR G HE HA R AR A HILER K

(3)AHLER A I X - e 2k A 25 o5 B i 22
S o TE 50~200 mg-kg I, LR AN E RN 13
TR ARG B0 ; 7€ 50~100 mg-kg™ B, 47
BER . S RE R T 55 45 MoK A R A AL 45 A SR
Wi i 2 5 7 100~200 mg kg™ B}, Z W& X 45 fh K & 8k
FRAL YIS 2 U IN & &k 200 mg-kg™!
b, AR AN B AR WX 4G il K SRR Ak S A
s i 2

S

(1] 855 5. LI (M. bt ol ik, 2002.

HUANG Chang—yong. Soil science[M]. Beijing: China Agriculture Press,
2002.

(2135 . e EH. VR S ERBEE ). AR, 2005(5) 3-8,
GUO Ping, ZHU Chang—xiong. Active humic acid and environmental re—
mediation[J]. Humic Acid, 2005(5):3-8.

[3] Rauser W E. Structure and function of metal chelators produced by
plants: The case for organic acids, amino acids, phytin, and metalloth—

ioneins[J]. Cell Biochemistry and Biophysics, 1999, 31(1):19-48.



BT S AU As(VO)TE TP Bk

IS4
ALl

] 1535

(417683, £ 0, T BIE HLERA eI A R Ak KSR R
SSEIRT). AP E 375 IERAR, 2008, 14(1):132-138.
FAN Hong-li, WANG Xu, ZHOU Wei. Effect of malic acid and citric
acid addition on Cd transformations in soil and Cd uptake in amaranth
[J]. Plant Nutrition and Fertilizer Science, 2008, 14(1):132-138.

(5] R T5, WA, SRR, 55, 3SR ERFI B R X PRI AL W Wi - 13
Cd . Zn FSEM[T). A Z5FF2%, 2016, 35(4) :31-37.
LAI Cai—xiu, PAN Wei-bin, ZHANG Tai-ping, et al. Effects of malic
acid and oxalic acid application on the uptake of Cd and Zn by two
plants[J]. Ecological Science, 2016,35(4):31-37.

[6] TG . AR A3 5 A HLRR X =00k 28 DX 9 i - 38R 1k S H Ak

M IAD]. TR : PR R, 2016.

QIN Cai—qing. Effect of low—molecular—weight organic acids on the ac—
tivation and methylation of mercury in the soils of the water—level —fluc—
tuating zone of the Three Gorges reservoir[D]. Chongqing: Southwest U-
niversity, 2016.

(7] FIRKEL. AN[RDIE 25 e L 38 v B e £k B A= 0w 58 (D). b st o
El Ol B2 B, 2009.
HE Qiu-hong. Study on the As forms transformation in soils and biolog—
ical effect[D]. Beijing: Chinese Academy of Agricultural Science, 2009.

[8] Wang Y N, Zeng X B, Lu Y H, et al. Effect of aging on the bioavailability
and fractionation of arsenic in soils derived from five parent materials in
a red soil region of Southern Chinal]]. Environment Pollution, 2015,
207:79-87

[9] Wenzel W W, Kirchbaumer N, Prohaska T, et al. Arsenic fractionation in
soils using an improved sequential extraction procedure[J]. Analytica
Chimica Acta, 2001, 436(2):309-323.

[10] & dndp. LI AL 243 17 B (M)
2000.

CAbmt H E RO R AL,

LU Ru-kun. Soil agricultural chemical analysis method[M]. Beijing:
China Agricultural Science and Technology Press, 2000.

[11] Sparks D L, Page A L, Helmke P A, et al. Methods of soil analysis Part
3 : Chemical methods[M]. Madison: Soil Science Society of America,
1996

[12] Olsen S R, Cole C V, Watanabe F S, et al. Estimation of available phos—
phorus in soils by extraction with sodium bicarbonate[R]. Washington
DC: US Department of Agriculture, 1954.

[13] AP H#B. NY/T 1121, 11—2006 148 S0 il 2 [S]. Abse : o =hrofe
skt 2006.

Ministry of Agriculture of People’s Republic of China. NY/T 1121.11—
2006 Determination of total arsenic in soil[S]. Beijing: China Standards
Press, 2006.

[14] Kalbitz K, Wennrich R. Mobilization of heavy metals and arsenic in
polluted wetland soils and its dependence on dissolved organic matter
[J]. Science of the Total Environment, 1998,209(1).:27-39.

[15] Li C. Humic acid and its significant in protection of soil environment
[J]. Journal of Guangxi A cademy of Sciences,2001.

[16] /NI, M5, B 40 5. Bk 7% 158 Cd P 1 Zn 2 B4
PERSZ ST, £l EERHF244R, 2010, 29(7) : 1315-1319.

LU Xiao—jun, LI Bo—wen, YANG Zhuo, et al. Effects of microorganisms

on the bioavailability of cadmium, lead, and zinc in soil[]]. Journal of

Agro—Environment Science, 2010, 29(7):1315-1319.

7180, % %, FILE. R LW MRS 5 HLRR W) AP B 5T
[J]. -3¢, 2004, 36(4 ) : 446-448.

XU Ren -kou, QIAN Wei, LI Jiu —yu. Adsorption of low molecular
weight organic acids by latosols[J]. Soils, 2004, 36(4 ) : 446-443.

[18] Luo L, Zhang S Z, Shan X Q, et al. Effects of oxalate and humic acid on
arsenate sorption by and desorption from a Chinese red soil[J]. Water,
Air, and Soil Pollution, 2006, 176(1/2/3/4) :269-283.

[19] Warwick P, Inam E, Evans N. Arsenic's interaction with humic acid[J].
Environmental Chemistry, 2005, 2(2):119-124.

[20] Jiang W, Zhang S Z, Shan X Q, et al. Adsorption of arsenate on soils.
Part 2:Modeling the relationship between adsorption capacity and soil
physiochemical properties using 16 Chinese soils[J]. Environmental
Pollution, 2005, 138(2):285-289.

[21] Wit sk, BEAAITE. (4> T A PR £ Bk LI b 4 s SR AR RIT 52 (0]
LA FREE Rl 2224, 2010, 29(12) : 2330-2337.

YANG Hai-lin, LIAO Bo-han. Extraction condition for heavy metals
from contaminated soil by using low molecular organic acids|J]. Journal
of Agro—Environment Science, 2010, 29(12) :2330-2337.

[22] S EE R, EFS . B (Kandelia candel(L) )R R AWM F AT HL

i B JF v T A ARV R SE R, 2252, 2007, 27(10)
4173-4181.
LU Hao-liang, YAN Chong-ling. Extraction of low—molecular-weight—
organic acids by Kandelia candel(1.) druce roots and implication on
heavy metal bioavailability in mangrove sediments[J]. Acta Ecologica
Sinica, 2007, 27(10) :4173-4181.

(231 % A, BRIEDR, JEHE%E, 55 BT T b Rl i s e 7]
24, 2003, 14(11):1989-1992.

LEI Mei, CHEN Tong-bin, FAN Zhi-lian, et al. Effect of phosphorus

I AR

on arsenic adorption by three different soils[J]. Chinese Journal of Ap—
plied Ecology, 2003, 14(11):1989-1992.

[24] AT AR, £ 30U, AN =, . AR TA VLR X A5 Y L3
Cd \Pb ARNERISEIRT]. AAbARl 272441, 2010, 38(6) . 72-75.
ZHAO Yu-sen, WANG Wen-bo, QI Hai—yun, et al. Effects of low
molecular —weight organic acids/salts on availability of cadmium and
lead in mixed metal—polluted soils[]]. Journal of Northeast Foresty Uni—
versity, 2010, 38(6) ;. 72-75.

[25] PhEGE. JLRPEEALIR XS 1 b A= My Rk RS2 e S ALERD]. bt
FRERL R, 2015.

SUN Yuan—yuan. The mechanisms of soil chemical amendments on ar—
senic bioavailability[D]. Beijing: China Agricultural University, 2015.

[26] RFEIRE, f B, HEFRHE b KA AN -4, 1996, 28
(2):64-68.

ZHANG Guo-xiang, HUO Luo. Arsenic and its ecological effects in the
soil environment[J]. Soils, 1996, 28(2) ;. 64-68.

271 & &, EW, A 55 SR As(IDTEARFBEFUL & L3

AL R A 25254, 2016, 27(5) : 1453-1460.
GAO Xue, WANG Ya-nan, ZENG Xi-bai, et al. A Study on aging pro—
cess of exogenous arsenite[As( Il )] added to red soils with different soil
parent materials[J]. Chinese Journal of Applied Ecology, 2016, 27(5):
1453-1460.



1536

VeQlE7N—FRE-t= Sl 55 36 &5 8 HA

[28] F 355 . SMIETHTE 1338 o (45 1 B Lo L ST A s O L EEIF
FED] bt s E &K, 2016.
WANG Ya-nan. Study on the mechanism of exogenous arsenic aging in
soils and its effects on soil microbial community[D]. Beijing: China A—
gricultural University, 2016.

RO1HI A AsCV ) TELLIE W B~ AT W A58 [D]. Kb BT R
2,2011.
LIU Lin. As( V') on the adsorption—desorption behavior in red soil[J].
Changsha University of Science and Technology, 2011.

[30] XU ZE, PR, EDBUHE, 55, AR pH 454 T A AR T 138 e

LIU Li-jun, HONG Jian—ping, YAN Shuang—dui, et al. Effects of hu-
mic acid on transformation of soil As in different pH conditions[J].
Plant Nutrition and Fertilizer Science, 2013, 19(1):134-141.

[31] Liu F, De Cristofaro A, Violante A. Effect of pH, phosphate and oxalate
on the adsorption/desorption of arsenate on/from goethite[J]. Soil Sci-
ence, 2001, 166(3):197-208.

[32] PR3, 22, 0HN, 55, FERRERE IR T5 Y T3 i R A 58
1. BRI 2417, 2005, 25(9) : 1232-1235.

TAO Yu-qiang, JIANG Wei, YUAN Chun-gang, et al. Acta Scientiae

BEALRISEIA). R E SR S IERER, 2013, 19(1): 134-141.

B S e E  a m B me a e et SR Y

|

SRS S

ETTiRE
StagsA

BEE FiE BEE SRE

2 RO HET T SRR A PAY

et A

Ecological Engineering Motlel

@orsanc

\
HES U R

MXBHEDRIT . TiESER
—_ e

nd of E

ESNMERTHERE
PRI

RS L RAE B ARMRRR

Circumstantiae, 2005, 25(9):1232-1235.
m ; \
o . O

EATREX SHEEA ‘ "

O s BEE S HE

A DA A 7S TR S A @ AR Sy 24k, AN s T AR S T AR SH EE H AR s AR AR
PR, B\ AANG T H A ARTIR 42425 54 SMENDR A BIES T REER SRR, NE
AFEFREBE S RE IS S T 1B AR S TR E R AR 5 MRS GBI A 2515
2 TAEBS SRR R ARk R M ST A B IR A2 A 28 TR R S8 7 X - b i B A 2 TR AR
Skya AR Aol A A TR SR R A i A 28 TRRAY B2 R 545,

¥ 4545-.97871222573451
IR 16

ME H:85.0
R ] :2017 42 7 H

AN EEERMZSHELT KES5HR

ISR TR R

ARSI 43 P SN IS P TR 2B B, FRGE I VS RS S I 1 % PR
55 B R B SR TR AT | WHE T U0 B 43 VS RS 5 01K A P HE T AL I S 1l
SRR SIS T 3 B A A 45 14 e R A S A, AT R )
T 0 P AL~ B 2 VA 0T 0 05 e A B 0P B A PR 1 S e
i

XE.9787122292162 XE Hr:98.0
MIFA: 16 M H #:2017 4E 6 A

EBNRART R THREMRZ UL BHHIFH R

KPR S g

ARAS TG TP FRBEL 2RI 2 PF B T, ARSI R & JR K T g S
R R R SRHURZ 3 ) R TEHLIE A4 R JRMLRAZ M7 3 4 LI (A AE
AN JEHUE (X BB R RN T T YRS, AT R B0 4 LA 7 1 10 5
o FDASE, 44 ey e e TR Rl e L e 8

¥ H4345: 9787122288899
MIFA:16

ME #:85.0
MR H 2017 54 H

B e i e S i e R e B me mtt S

UnFE I 2R B IEE SR www.cip.com.cn

JIR %5 H1 i : 010-64518888 , 64518800 (A4 EE H.L» )

PR I AT S A2 Tl B R AR TR < http://hxgycbs.tmall.com

M Ho gtk - (10001 1) 5 TH AR X 4F i pa A 13 5 fb2= Tolk it

WG 15 SRR B AR LG . 010-64519525,



