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B2 AYHEREST . S REH, TR As68% ~86% HEREL, IME As IIA 10d /5 50.2% ~
61.1% AL AN, ZWERI60 AU 1% ~2%. MBS+ PEEDS As RN AKRERE)-As>
ALAs>Fe-As> Ca-As; PHE 4 4. A-As > Al-As> Ca-As > Fe-As; fi KIE B 1. A-As> Ca-As > Al-As >
Fe-As. B3] HCl.NaHCO; . NH,Cl 51 5 As (948 B EE 1 R, G PRI As 948 XL £ 7 NH,CI
FEERZTES As, T ASHWREESEWE/D, SHERKRERBEEFRX, THEAITFALHEY
As BB FIBER . ZoEHEY, MEEG LR EMER As AR ALAs i Fe-As, PHE. A KEEE T
3 A-As Hl Ca-As iR KT, Al-As H R F T, 1 mol- L™! H;BO, o] B FERL.
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Forms and bio-availabilities of exogenous arsenic in purple soils. MIAO Jinyan!, HE Feng?, WEI Shigiang’,
LIU Gang’ (! Chongging Jiaotong University, Chongqing 400074, China ;2 Chayuan Postdoctoral Center of Sci-
entific and Research, Chongging Nan'an 401336, China; > College of Resources and Environment Science,
Southwest Agriculture University, Chongging 400716, China ).-Chin. J. Appl. Ecol ., 2005, 16(5): 899 ~

902.

This study showed that after As was added into purple soils for 10 days, 50.2% ~61.1% of it transformed into
residual As, occupying 68 % ~86% in original soils. For acid purple soil, the As forms were Al-As > Fe-As> Ca-
As; for neutral purple soil, they were Ca-As> Al-As> Ca-As > Fe-As> A-As, and for calcic purple soil, they were
Ca-As> Al-As>Fe-As> A-As. It is suggested that NH;Cl could be used as commen extractant for different soils,
because it slightly affected original As forms in soils, and showed a highly significant correlation (P =0.01) to
plant absorption. From pluralistic regressive analysis of plant As content and each As form, Al-As and Fe-As were
the main available forms in acid purple soil, but A-As and Ca-As were the most important fractions in neutral and
calcic purple soils. The study also showed that H;BOs could restrain the F interference in the operation of As spe-

ciation separations.
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Table 1 Some basic physicochemical properties of experimental soil
+i% pH HUH CEC 1y i CaCOy 1 Fe & Mo £ As
Soil O.M. (cmol-kg™ 1) Clay (g°kg™ ") Active Fe Active Mn Total As

(g-kg™") (g-ke™ ") (pgrg™) (ugg™")  (eae™

A 1 Sour purple soil 4.75 7.50 10.12 150.60 nd 824.01 220.00 9.21
ik 8 L Neuter purple soil 7.52 11.10 12.86 151.80 28.20 520.10 364.60 6.81
FREEA T Cdoun purplesoil ~ 8.18 10.60 31.82 190.40 70.20 384.02 229.60 14.70
2.2 AEHH

2.2.1 ARIRAE KNFEEL3 om BE, HEES kg BA
20 em X 20 cm B3 BH5E . SMIE As B4 47 SE Nay,HAsO, - 7H,0,
LU . CK.5.10.50.100 F1 200 mgAs- kg~ '+ KRG
M N1.0 g, P.K % 0.5 g FEVLHER, B 3 K. S4B
0dE, EFRERF U —HEIH, 8AE 3 HK,60d
e 2 A ST 7E L HEFR L 10 d A 60 d 5B HUEE.
2.2.2 B FEEAERRARAESFY. s
As L E As B HNO;-H,S0, 4k, AgDDC Ho o 3l 5 .
FHAs BREE TR F 1 #48 0.5 mol- L™ NaH-
CO;+1 mol* L™ HCl Ml 1 mol+L™'NH,Cl AB#EM, + KK
SR 1:5.1:5 8 1:50, A5 1.5.1.5 1 0.5 h, AgDDC
K kileE.

AsTERGR . R AIBHH Jackson BEE B R, #
T4 As 53 H A(BE %5 )-As. Al-As.Fe-As.Ca-As . Res( 5% &
F)-AsS HIER(FE 2). Hb, AL As BRI, FTINA R .

%2 tHAHEESSE

Table 2 As conformation separations in soil

Eiibyg BRI BE R
Fraction Extraction agent QOperation condition
A .L7!

TEE A-As 1 mol-L 1_\11HZC1 25 CR%2 b Wit

Al-As 0.5 mol-L™'NH,F + =10:1, AgDDC K &
1 mol-L " 'H,;BO;, B 25 T, shaken

. -1 for 2 h, Liuid : soil = 10:

Fe-As 0.1 mol L_lNaOH 1, method of AgDDC

Ca-As 0.5 mol-L.” "H,S0,

2.3 PWLEHFE

HEBELREEHBRS, A DPS BFH#ITH IR
LM RTH.
%3 3HESL AsHESLTH

Table 3 As conformation distribution in three purple soils{ % )

3 &R5WIR

3.1 AsTEESRT AlLAs THE TR #

As AL YRR TF P, BT Jacksonl" &% P
MRS RIE As 8 A8 )-As. Al-As, Fe-
As.Ca-As 1 Res(BRH &)-As 5 MIEE . F Al-As
NEE A, HHEEM 0.5 mol- L™ NH,F £}
(Jackson BYIE S F ), 3 R H AL G
BT R XERE). A 0.5 mol - L™ NH,CL,
NH,OH ! NH,F 7 Z B8, e NH," ¥
m, F~RFHEF. A Ca(NO,),.CaCl, H R FEiE
FIHRBR, XA H,BO;, WA LABEF el F~ 1)
FH, H 0.5 mol: L™ !'NH,F & 1 mol- L™ 'H;BO, &
P 201 A ROSCUR S, R 3R 100%

3.2 EKERINE As 78 3 MR G L PME ST

MEITL, FEPAsHEFERFESIRE
A, S As A 68% ~86% . IEHES As R H
Bl B EE LN Al-As>Fe-As>Ca-As> A-As; T
HEE - H Ca-As> Al-As > Fe-As > A-As; £ K
HE 14 Ca-As> Al-As>Fe-As> A-As. X F 4B
EXETBEREFR(E NEVHX.

FRIE As BN 3RBRIL 10 d 5, 3 PG L Rty
A 50% L ESMIE As #1E Y Res-As, 1B Res-As 5 4
As ELBIHIBE K 50% ~61% . W& K2 A-As,
FICCRERE)EMENI19% ~27% . B AsH

15% Soil As ¥ As source A-As Al-As Fe-As Ca-As Res-As
meket & JE Original exists - 10.00 8.47 2.10 79.43
Acid purple sil SE A 10d
Add Added for 10 d 27.10 13.80 6.70 1.40 51.00
BEKEHI(60 d)
Resuls paiod(60 d) 24.90 14.30 7.16 0.92 52.72
Lalc g 2 J& Original exists - 11.30 8.50 11.60 68.60
Neutral purple soil SE WA 10d
Add Added for 10 d 23.00 10.80 7.10 8.90 50.20
WK BA(60 d)
Resulte period(60 ) 21.40 11.20 8.11 12.70 51.22
ABRtEERL 2 J& Original exists - 3.50 1.08 9.04 86.38
Calcareous purple soil ~ #ME A 10 d
Add Added for 10 d 19.01 3.40 2,70 13.80 61.10
Wk #(60 d)
Resdts peniod(60 d) 20.03 3.35 2.09 13.35 61.18

- R4 th No detected.
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SRR BRIEE A A-As> Al-As>Fe-As>Ca-
As, FHEZE T A-As> Al-As> Ca-As> Fe-As, A K
2@ 1 A-As>Ca-As> Al-As>Fe-As. B G T
HALE F KB A-As.Al-As.Fe-As fll Ca-As HJ R FF
REBRT ELEEAARFEVIAARX, B As K 5
WEEX, BIKER A-As G RRN. % 3 &
T, YR E 60 (MR BT, W ETE S 5B
10 d IR RME, e RE 1% ~2%EH. 5
REPA MR AsTELBPRERTHER 9~17
d[2.4.13]_
3.3 3 FLEREFBRER LK
BEFEFEREN L As BREMH LR N
HELEE S1E (E 1), NaHCO,  HCI.NH,Cl 7 3 f1 %
&+ F£ W —, ¥4 HCl> NaHCO; >NH,Cl; Ak
¥0WMAER, BINEX, BHForeg R, |
WATREN R T ASTET P REEES, FRFR

ARE/£E
Availability/total (%)
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Fig.1 Comparision of As available value determined by different reagent
in three soils.

A)NaHCOj5 ;:B)HC1™ ;C)NH,CL. T . ¥R 5.1 Acid purple soil; 1T .
B E % .t Neutral purple soil; I . A K% .1 Acid purple soil.
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Table 4 Correlation coefficient of the different chemical withdraw valoe
and the plant nsefulness

+ ¥ Soil HCI NaHCO, NH,CI
E&ﬁéi . 0.9958" " 0.9947°° 0.9893""
Acid purple soil

et . 0.9112" 0.9985"° 0.9793*"
Neutral purple soil

ARERET 0.8099" 0.9996" " 0.9993""

Calcareous purple soil
* » P<0.01; *» P<0.05.

BEER XS (R HOHEFEA3IFIELE
NaHCO,; NH,Cl £ B i b = B % As SHEKE R W&
B BEFIEMF HC ATRESEE T P4 SR T HY
JFA YRR, BIIGAE 26 R BT B R AR 2713 [ 14
HRE D, B As SHEYR As BRIEHHER
RS .
3.4 AsEERShE EPVEHERXA

T ASHEYNEREAE R ERMDE
Pig gl 24 mip b MY RA SR A-
As, LK, Rtk + 3 As VR IR F R, BRYE SR 1
T Fe-As(Paso, = 29.7 = 3pH) > Al-As(Ppy, - 30.6
~ 3pH) > Ca-As(Payo, = 32.7 - 3pH)- 3, T 7E & 45
ST, BRI ARSI S YiE, Bk
FRIBSHARE(6.8X10" P K FHME(S.7
x 1072y, HIE Bk B (As107° mol- L™ 1) A F i
ROk T B 2K BE (As10 1 mol - L™ 1)) > 345
METREALR, GR TRSEMRE As MHA. Mk
R As A A2 18T S8 0 R OK R I, T R RS B b 7 L 4B
P TR K S BT EY, BREEe T
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Table 5 Multiple regression analysis of plant As content and every As conformation

ot | EFAl=pF As X
Soil Multiple regression equation As related conformation
MEE AL Acid purple soil ¥=-0.039-0.20x,+0.85x,+0.083x3~0.122x, r=0.9919 AlAs Fe-As

# k% 8 1 Neutral purple soil
T IRYER B 3 Calcareous purple soil

y=12.9+3.61x,-2.632;-77.7x3+0.66x,
y=-2.74+0.30x;-0.84x;-1.122,+2.10x,

r=0.9999 A-As CaAs
r=0.9735 Ca-As A-As

* x1:A-As;x;:Al-As; x3:Fe-As; x4: Ca-As. T [d] The same below.
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Table 6 Multiple regression analysis of soil As content and every As speciation value

BRH 1H ZTEHA B As XS

Reagent  Soil Pluralistic regressive equation As related conformation

HCI MHERE T Acid purple soil y= 2. 11+1.392,-0.752,+3.9725~1.74z, r=0.9949 FeAs A-As
% 5+ Neutral purple soil y=—10.66-1.362,+2.27x,+4.38x3~5.02x4 r=0.9773 FeAs AlAs
AEEEL L Calcareous purple soil  y= —7.14+0.442,+17.72,-2.6225—2.3614 r=0.9926 AlAs A-As

NaHCO: MIERf + Acid purple soil y=0.84+2.392,+0.752,-0.3923—-1.35z, r=0.9781 A-As AlAs
% 5 1 Neutral purple soil y=—6.01+3.362,-4.652,+0.392,+2.68x, r=0.9885 A-As Ca-As FeAs
ARtEEE L Calcareous purple soil  y= —5.31+0.952;-1.3122,-13.823+ 9.4z, r=0.9985 Ca-As A-As

NH,Cl R#EET Acid pumple sail
% 1 Neutral purple soil

AKEEE T Caleareous purple soil

y=1.2%1073-1.02;-1.3X10 222+ 3.1X 10 *z;-1.2X 10 "%z,
y=2.2X107 4 +1.22,-7.9%X10 " %2,-3.8X 10" 82, +2.17% 10 "5z,
y==7.3X107340.9%x;-0.02x,—0.03x3+0.04x,

r=0.9991 As-As FeAs
r=0.9995 A-As Ca-As
r=0.9986 A-As Ca-As
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Y%+ TR R R A-As F1 Ca-As. B3R 6 AJ XA
E 4, HCI.NaHCO, NH,Cl 3 B ELE EHR
REEHYREZE£YS HCl EREL E5HEYR
B SHGE, MEET . A KL EMEEIT. NaH-
CO, MEEGHMH L EEMBRIUESSHYE Ik
I, B B EBIE K. NH,CL 2 —Fii k), 12
M EER A-As, SFEHPBRWERBEMR(E
4). WETF, X 118 As MEFIES B R T /D,
AEAARRE LR E AR RN AR TR
J 12 R B HE R VE PT RE RIS

4 & i

4.1 H;BO; FJ LR 4T M HEHE Al-As 5+ B R B /Y
F F#.2%40.5 mol*L "' NH,F 5 1 mol-L™! H;BO,4
B E 201 0, BEUSCR B, EIWEE K 100% .
4.2 T3 As TEL Res-As R RTEFE, SME As
AN EIERRAE 10 d, 3 MR P HE S0% U Ei
L RhRELS WSS AsH RN - MELR L
A-As> Al-As > Fe-As>Ca-As, FH:E 8+ A-As>
Al-As>Ca-As>Fe-As, fi K&+ A-As>Ca-As
> Al-As>Fe-As. T HEFRIL ZE 60 (UK 3R #) A5 4
RERRAE.

4.3 BEEEEXTHEE As BT EKHRE Al-As
M Fe-As, P ARKEZEG T KW E A-As F
Ca-As.HCl, NaHCO; . NH,Cl 3 HEREE 5H Y
R As ESHARZEYE . HC EREL E5HYR
WOE S AHE, £ A KL EAH LRI, NaH-
CO,MAHK . NH,Cl 2B FZE R Al-As, ¥ 1 As
FAESEZHE /D BERMUER As SHHERK
REREEMC, AR R E LI 88 R IR R .

&% 30

1 Chrenedva E. 1978. Dynamics of arsenic compounds in soils. Soil
Fertil, 42(7) :36—42

2 Collaborative Group on Soil-Environmental Capacity ( & 5 Fr 5§ 2%
B E4). 1991. Principal ecological indices and critical contents
of Cd, Pb, Cu and As in main types of soil in China. Environ Sci
(FFHi# %), 12(4):29~34(in Chinese)

3 Hess RE, Angle JS. 1976. Arsenic stability in contaminated soil.
Soil Sci Soc Am Proc,40(6):847~852

4 Hua L(# %), Zhang G-X(3KE#).1996. Buffering dynamics
of soil to applied inorganic a rsenic. Acta Pedol Sin (1 HE2£4R), 33
(4):337~343(in Chinese)

5 Jiang QQ. 1997, Effect of different forms and sources of arsenic on

crop yield and arsenic concentration. Water Air Soil Poll, 743~
4).321~343

6 Jin Z-F(£HF), Chen Y-X(BRIE/B). 2001. Study on sorption
condition and species of arsenic in the sediments of the grand canal
and the west lake. J Zhejiang Univ(Nat Sci) (WL K EZ# - B
BRPLEM), 27(6):652 ~ 656 (in Chinese)

7 Jackson SE, Dick WA. 1979. Comparative effectiveness of fourteen
solutions for extracting arsenic from four western New York soils.
Soil Sci Soc Amer Proc, 43(2):304~308

8 Kong Q-X(FLFKH). 1993. The distribution of a few heavy metals’
chemical forms in soil body. Environ Protec Agric (R L ¥ 3E
#1),13(4) ;152 ~157(in Chinese)

9 LiD-L(ZE##),He F(f7 77).2000. Effects of arsenic on bio-
logical activity of soil and its toxicity to selected evegetables. Enwvi-
ron Protec Agric (TALFFHI{RT), 19(3) : 148 ~ 151 (in Chinese)

10 Li Y-K{ZETBFF).1984. Routine Analysis Method of Agricultural
Chemistry in Soils. Beijing: Science Press. (in Chinese)

11 O’ Neill P.1990. Arsenic in Heavy Metals in Soils. In: Alloway BJ
ed. Glasgow and London:Blackies. 83~99

12 Qing C-L(EFK5), Mu S-S(£# ). 1992. Discussion on critical
index of heavy metal toxicity in soil. Environ Protec Agric (2 ILFF
R, 11(2) :51 ~56(in Chinese)

13 Sheppard SC. 1992. Summary of phytotoxic levels of soil arsenic.
Water Air Svil Poll,64(3~4):539~550

14 Marin AR. 1993. Soil redox-pH stability of arsenic species and its
influence on arsenic uptake by rice. Plam Sail,152(2):245~253

15 Sadiq M. 1983. Environmental behavior of arsenic in soils. Water
Air Soil Poll,20:125~127

16 Wang J-L(EE#), Liu Z-Y(XIIEF). 1992. Iron transformation
in rice rhizosphere. Acta Pedol Sin (hIRE ), 29(4) 358 ~ 364
(in Chinese)

17 Wang Y-B(EAR), Liu D-Y(X1% X).2001. Effect of Cu and As
and their combination pollution on Glycine max. Chin J Appl Ecol
(R FIAEZS ¥ M), 12(1) :117~120(in Chinese)

18 Woolson EA. 1971. Correlation between available soil arsenic, esti-
mated by sis methods, and response of Comn. Soil Sci Soc Amer
Proc,35(1):101~105

19 Woolson EA. 1983. Emissions cycling and effects of arsenic in soit
ecosystems. In: Fowler BA ed. Biological and Environmental Effects
of Arsenic. Amsterdam: Elsevier. 51 ~120

20 WuY-Y(B#E), Tian J-L(HII R ). 1991. An approach to the
enactment of soil-envionmental standards(Hg Cd Pb and As ) in
China. Chin ] Appl Ecol (W HEH ¥ M), 2(4):344 ~ 349(in
Chinese)

21 Xie Z-M(#IE® ), Huang C-Y (& B 5). 1994. Relationships be-
tween lead, zinc, arsenic contents and rice tiller in soil-rice system. J
Zhejiang Agric Univ (WL R I KF %MWY, 20(1): 67~ 71(in
Chinese)

22 Xiong L-M(AE3LBH), Lu R-K( & 1M34). 1992, Extracting mecha-
nism of chemical extractants for available cadmium in soils. Environ
Chem (R84 ),11(5) : 41 ~47(in Chinese)

23 Zhang K-Y (3kX %), Chen S-Y (B 3T). 1995. Buffer action to
rice-soil ecosystem to Cu and As pollution. Chin J Appl Ecol (¥
%), 12(1): 117~ 120(in Chinese)

24 Zheng CR(¥#HF F), Chen H-M (BRI ¥). 1990. Transfer of
heavy metals through soil-plant system and its influence on the
growth of rice, Acta Sci Cire (FRIEHF %), 10: 145~ 152(in
Chinese)

ERNT BHE® L, 1967FE AINRER. EEAFES
BEREAFERBIFNFHAR, KXR X 11 K. E-mail:
hjf1835@vip. sina. com




