ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




W % B 3 $36% 2

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 20154 2 A 15 H

H &
a5 ARG ] AR AE A FPRAR R LAY AR oo eeeeeeeeennes AT BeF HWHE, EAS, WEE, T, EXHE(373)
KA AR L) T AR TR BOLAREVERTEIR -oeeeeeeeeeneees R, BT AR REE, KR RRIE(379)
VT3 AE BT B[R AL SR AERIFGE - oereeeeeeeereememmmi e Husor, B, EAF, AKE, EHUI( 388 )
KT PM, § AT HUBRE R B IGTS AL - eveeeevoeneneeeeenone X, 8T, GRS KA, ¥ 8 T (396 )
TFIERT 3T AR ELC SR A DA 2 R WG B AT 5 33 e
........................................................................ é;ﬁk}@’ {q%’ ;E,g;fg, Eﬁﬂ%, %Lﬁﬁﬂﬁ, E_;g,*%, ﬁ:?( 402 )
LB 10 A A TG W FRFRE FTHIFGE -+ vevvvvnreremmmmneeeemiii et TR k4 FE, Fueik( 408 )
AT I ZS S M TR B IS AR IR oo evvermmeeee st REX,TH, p 2 244 FH(415)
B2 R T AN 5 L) SR A B 2 R s 8] A AT 5 e XA, HEH, KR, B, 5FF &, F20E(421)
TERERS ST ML BUK B FALRRHE SORTIIT  oeereeeee M5, FF, 2k, WK, K, Tk, FEA(430)
T AR IK K T K P 2T A R 5 B S FE AR AT -+ vvvvvvvrvrrereranaanaseesssnn sttt a e e e e e
........................................................................ o A HEME S, B, Rl HBL HEH(438)
I UK PESTRIBIEAS | W RUREBCEE oovoeeveeeeeee GuaAt, R REY,RAE MU M8)
BT TR AAICHLBRIN 2 SRR AE U L - vvvvesoernesssnnensennenos BAF, BME DEG, EhE,HEF(457)
WP RIT Y RTUB HIBIEAS ISP - eveveeesneesnns s Wi, I F, E W, EE W, (464 )
T R I R LT AT T PRI B J7 +eveeereeeeeeeeerenne e sttt
......................................................... FWE, T X8, E L, X OR, ‘éjﬁjﬁ’}ﬂé’gﬁ,f{%f\@,j’m,}%ﬁ( 471 )
W HEAC I SR TS A RS A BT B B B o vvvvveeeeseenen Fhn i B, E R B, Ak ( 481)
L IR PRI 2 R ORI, 5 YRR A AR TEIE oveveeesseeneeenenens KA, F A A - R, E 5 (490 )
T R A HE TS B TR T4 B BT 25 A A A T KU T oo eeeeeemmmmmmmmme e
..................................................................... B, TR R, Bk e w, T R F (497 )
LI TR0 Tl 317 T KR, 2 W13 BB e Lk A SRR AR - UM, B A, B i, AL B, X3, B o (507 )
UV BIF] Cl0, KR =S BT IOTITE ooeeeemeeeeeee FEH XA, FHR, SHE KB, FEH(516)
SRR RIS T AT KR AS( V) BYFEBRBUBITIIE -oovoeeessoeemsssensssnnsss i B BT B F(523)
PRI T PRSI0 4 BIL SR BRAKPCr (V) BOBFSE - o R, A4, (%, B %50 THAT, % (530 )
WA BT Cr( VIDTIFZE - ooverveeeee e A A R, B2 E(537)
TiO@ % 152 25 TR 861 5 PRI IS8 A [0 -VBL FBIFSE - vvvvveeeermmemmmneeesnninnns R KU, Ak, TR, RERE( 545)
MnOz/CFP ’E%%*&Eﬁfﬁ“%&@u&gﬁ Ph? ﬁ%‘@ﬂ/‘]ﬁ:% .......................................... ;‘(;J 77 , éﬂﬁ‘f , ﬂ(ﬂé , %@ﬁi%( 552 )
BT A 46 B YRR B9 AP TIO, LT o evesoeensnenssecens I AR, A, ALK 559)
1Bk THO, AR BB B AL IR DU A BT - oveeeeos TE R, B, B, R, AR, K 4 £ ( 568 )
FIRG WIS Fe/ Co AL O, FULMEMBIBITLL 3R wververseersessess st g, | 46 % H £ IR (576 )
SUABU ISR PE KT 3R BKEFHERITE «oeveeeerenesninneinnss W bR XU, A E X KK R, KB 584)
BRURKA | L B T2 O IBRBR IR - ocvvveeseeeocmncecnae HE A, E IR, T, ¥R 590 )
(G IG5 EBPR FREEMJ 8 BB A7 B T LS IEIL oovvvoveesseeesooe G, E, NE BE S, BT (597 )
O MR EKTALLALIEK A/O T L35 4y S RA RS TR IRRE R RGN  +vvrevesensssemssensnis
................................................................................................... T’gﬂgﬁ’%‘]]gyk,gﬁ)@,_{g ,E}%j&( 604 )
e T DR K P RE A 22 PR LRI 19 73 1 S AR E V5 VR K B BLAIAI R - oo BTE MAER EAEE, TR, AEF(612)
PG AL RS 5 KA TR T V5 YRR B BATAIFIE vvvveeeermmneeeemmmmneeenetiinn et TR EE X, Y R 619)
7[:[ﬁ]:@/ﬂ:*%E$$$ﬁ%q&ix¢*ﬁ*ﬂﬁ{ﬁ|§%/}rﬂt[§gu[’,ﬂnj ..............................................................................
...................................................... FEE SR ESH YBAE RER, IME EEh, EME, TWE(625)
M4 SLEHRJE TR X FARAC T NO HERCAGRAN o vevevessenessnnnssnnenns LR RS, ERT %, U, 2 #( 636)
TV B VR A MRS [R] A I ZH A0 B S AEWUIIFTT. +oevvererermreemmmreemnnneninnn, A, BRF#E, HIER, A, KAe( 644 )
BN S R e DI L o E1838 2 [ SRS Bt FRR, T84, FK, KH,BIH, B, LR(652)
B FE B AR SRR TSRS +vervveenessenssnssssneninn Wl Vo, KT, E A4 IR 3 ( 661 )
U HORER DAY A TR R R - evevee W ARE U, B B AR, R AN, (669 )
A S5 EE ST A LA 25 (A F T AL RIFGE v eeeeeeeeeeeemm e x| A Bk, % ( 678 )
ANLEAR ISR AT IS R DS R A AR - KB &, BmA, %, 2R4, REF, X, 25 (686)
IKFEAN AR T IR S AR PR LI SR A oo M, BEX, B, I, Y8, Bk, BEME (694)
TP R FOMATE R ERIBOTIENITE : AT ] ooveeeeens R#HE MILE KR, ZFERHFEF, TR, FH (700 )
T 7 R B A MBS S ARALRIRITTE - oveveererememmemnennnneeens TR X BRI BT R RN HREEH( 706 )
1R 1 58975 G 1 B0 B 2 A B B 0T 2R AR RAR R PRI T «oveveemeeeemeeenes X XA, R, oAk, OB, X KR (712)
CdSe/ZnS titF X BE L IR K B AIEELERON, -+veee BRRTEAK, EEAAHK, R, 2R KB, £W( 719 )
Bt HOKERXS Cu®* FIFEGEMEEE LI A BRIFI L +oeeeemeeesmsnesnnennisesesees FHE KHF IWH, KmF, T 727)
[ 2540 A 7 L AR B (3 5 PR R R R B R ZRAL ) e SR, R A, EEAR, A% ( 736 )
POKIREErR Na * 15 ALREA Bl AT RS B BREEALFRAIFTE o ovveeemeermmeemmeneeeees KA, TR, RIT A, 5K X 0, TRt (744 )
[X IR 285 -5 e FREE = HEVEAN AR R TR G N vvvvvevmerereeeeeeeee e HHA, kX F, DR TF(T51)

(IREREEVEITIRF(401)  (HREERLE) TERRIIN (437 ) % H(489,522,726,735)



536 55 2 B2 55 Bt 2% vo%. 16,1218.@
2015 42 J1 ENVIRONMENTAL SCIENCE eb.,

IKFEAE A T EIR PR R AEIR bR T M A 7T F 4L A1

Wscnk, EREAS, AL, SO, B 2k, BISE T

(PEEMOLRHE R A2 BE K VD 410004 )

TE . SRR R XIS YR L, DL s i 75 3K, SR 22 B TCLP (toxicity characteristic leaching procedure) FfHIJE 2541
WA a2 1 BF5E T KFE (Oryza sativa L. ) 24 F W (ArBEW] | ST | 2208000 | ERO0 | Baut)) aRBRAARAR PR L3 i
IRTFIEAS B AL . 25K, OMEE KA FIMER , MRERZAERPR 49 pH {EAR TCLP $2BGS & |5 F 7, H
JEAR PR 38 pH EAIR) TCLP 42 IGS & 35 T F WIR bR+ 18, QKRS &AL T WIAR PR AIAEAR bR+ S8 S # 5 ( AE-As ) 7
BT /RS RT, IS KR 2R B B i . 5K AR A 1L, SR AR (AL-As) | BRBSAR (Fe-As) FlIE5 AU
(Ca-As) T RAKAEFMIG BH BT AHIFAR R, RIS (0-As) FLEE (T-As) & B AEKFFIE S B8 T M, ZEAR PR 1243
FNFET 37.30% 1 14. 69% , FEAEM PR+ 2030 FFE T 31.38% . 8. 67% . QFE/KFAAF AT, P & IE AR &R %
IR BRI AS > R > SRR > FERIA > A ASE. 78 pH {E0 5.0 ~5. 8 MEE N, &R S Ff TCLP $2IS & it 5 pH
B2 MR R AR i 3 B i 3 TR AR 56 (AR R -3 P B 0T 5 pH (B R R RIR 2.

KRR ARPR 3 ARARPR 45 JKFE; TCLP; fif

FESEE, X53 XEIRIZEG: A XEHS . 0250-3301(2015)02-0694-06 DOI; 10. 13227/j. hjkx. 2015. 02. 042

Transformation and Mobility of Arsenic in the Rhizosphere and Non-

Rhizosphere Soils at Different Growth Stages of Rice

YANG Wen-tao, WANG Ying-jie, ZHOU Hang, YI Kai-xin, ZENG Min, PENG Pei-qin, LIAO Bo-han "
(College of Environment, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: Speciation and bioavailability of arsenic in the rhizosphere and non-rhizosphere soils at different growth stages ( tillering
stage, jointing stage, booting stage, filling stage and maturing stage ) of rice ( Oryza sativa L.) were studied using toxicity
characteristic leaching procedure (TCLP) and arsenic speciation analysis. Pot experiments were conducted and the soil samples were
taken from a certain paddy soil in Hunan Province contaminated by mining industry. The results showed that; (DWith the extension of
rice growth period, pH values and TCLP extractable arsenic levels in the rhizosphere and non-rhizosphere soils increased gradually.
Soil pH and TCLP extractable arsenic levels in non-rhizosphere soils were higher than those in the rhizosphere soils at the same growth
stage. @ At the different growth stages of rice, contents of exchangeable arsenic ( AE-As) in rhizosphere and non-rhizosphere soils
were lower than those before the rice planting, and increased gradually with the extension of the rice growing period. Contents of Al-
bound arsenic ( Al-As), Fe-bound arsenic (Fe-As) and Ca-bound arsenic ( Ca-As) increased gradually after rice planting, but not
significantly. Residual arsenic ( O-As) and total arsenic (T-As) decreased gradually after rice planting, by 37.30% and 14.69% in
the rhizosphere soils and by 31.38% and 8. 67 % in the non-rhizosphere soils, respectively. (At the different growth stages of rice,
contents of various forms of arsenic in the soils were in the following order: residual arsenic (0-As) >Fe-bound arsenic (Fe-As) > Al-
bound arsenic ( Al-As) > Ca-bound arsenic ( Ca-As) > exchangeable arsenic ( AE-As). In the pH range of 5.0-5.8, significant
positive linear correlations were found between most forms of arsenic or TCLP extractable arsenic levels and pH values, while the Ca-
bound arsenic was poorly correlated with pH values in the rhizosphere soils.

Key words : thizosphere soil ; non-rhizosphere soil; rice; TCLP; arsenic
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Table 1 Physical and chemical properties of the tested soil
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Fig. 1 Change of pH values in rhizosphere and non-rhizosphere

soils at different growth stages of rice
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Table 2 Contents of various forms of arsenic in rhizosphere and non-rhizsophere soils at different growth stages of rice

b ] AE-As Al-As Fe-As Ca-As 0-As T-As
/mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg !

ST EEI 0.054 £0.012¢ 5.19 +1.06a 12.92 £2.09b 2.97 +0.03¢ 69.36 +7.51a 90.50 +6.43a
LR ] 0.107 £0.008¢ 5.19+1.73a 13.31 +2.00b 3.72+£0.11be¢  57.88 +4.18b 84.18 £5.76a

HRPR ZEFE 0.082 +0.002¢ 6.09 £0.69a 20.86 +1.33a 5.66 £3.45ab  55.93 £2.33b 88.62 0. 82a
i 4] 0.211 £0.103b  5.62 +0.68a 20.04 +0.09a 6.45 £0.98a 53.33 £5.67b 85.13 £6.48a
A 0.295£0.035a  6.77 1.27a 21.73 +7.29a 4.92 £0.63abc  43.49 £9.31¢ 77.21 1.99b
ST BER 0.026 £0.025c  4.53 £0.34ab  16.71 +7.75ab  2.41 +0.70c 60.73 £14.02a  84.41 +5.93a
P 0.075+0.001c  2.59 £1.59b 13.27 +0.68b 3.24£0.49bc  65.32+14.77a  88.57 £13.45a

AEARPR 1 2R 0.050 £0.028¢c  5.44 +0.24a 21.28 +5.31ab  4.46 £2.53ab  49.82 +4.30ab  84.04 +1.79a
IR 0.179 £0.066b  6.82 +0.91a 18.81 +2.11ab  5.73 +0.24a 51.12+10.85ab  82.19 +10.50a
el 0.246 +0.036a  4.74 +2.72ab  25.42+10.55a  5.01 +0.64a 41.67 £9.06b 77.09 +3.45a
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Fig. 3 Correlations between pH values and various forms of arsenic contents in the rhizosphere and non-rhizosphere soils
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