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800 mg/kg) (192 WAL I, BF5E T As(V) (As(ID) 76 A7 P + 5 i Ak 24 T8 S R A R H 5 5 Fh H 38 (G B AL =
i 2 Wy AL B R G DM DR IR B ) VS PRI YOG R o 5 SRR W A A IR AT N 0 0 B 0, 3 b SR A
T AE — As Fr O, W45 R Ca— As 2RI Fe — As 48700 Al — As ST A /D3, B E% L Ca— As 775,
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Sy ARARAR HE D o T8 XA Y A Al TR A R T S M AR R S TR B AE As(V) AL FR S, AE -
As X REE GG 22 1 HE D AR S L I 9R (EDg Ry 17. 97 mg/kg) o WUEIL 7 A KPR T5 e 3 op  fE 58 43S
As 55 ERE IS MR IL R VR PP R4 As 5 R R B AR AR R TTAT Y. B R AT R, M As(V) Y
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Form and Soil Enzyme Activities of Exogenous Arsenic in Calcareous Soil

Wang Jin'?  Yang Mingfeng'>  Chu Guixin®
(1. Wulanwusu Agrometeorological Experiment Station of Xinjiang, Shihezi 832003, China
2. Key Laboratory of Oasis Eco-agriculture of the Xinjiang Production and Construction Corps, Shihezi 832003, China)

Abstract; In this paper, a different valence states ( As (V) and As (Il)) and different concentrations
(0 mg/kg,10 mg/kg,20 mg/kg,50 mg/kg,100 mg/kg,180 mg/kg,280 mg/kg,450 mg/kg and 800 mg/ke)
of arsenic simulated experiment was set up to study the relationship between characteristics of chemical
forms of arsenic and five soil enzyme activities ( calatase, polyphenol oxidize, protease, alkaline
phosphatase and invertase). Results indicated that AE — As concentration was increased and Ca — As,
Fe — As and Al — As concentrations were decreased with the increase of the added amounts of both As(V)
and As(Ill). Meanwhile, calcium bound As(Ca — As) occupied the biggest proportion in the total. Soil
enzyme activity was characterized by: two valence states of arsenic on the activity of catalase were
characterized by inhibition, and inhibition rate was as high as 57.4% . As (V) showed the obvious
activity of polyphenol oxidase activation, but the As (Il) had inhibitory effect on polyphenol oxidase.
As(V) and As () had effect on the activity of alkaline phosphatase of “low arsenic promotes, high
arsenic suppression”. The chemical speciation of arsenic and nonlinear analysis indicated that AE — As
had a significant stimulus for sucrase in As(V) processing, and its ecological toxicity was the strongest

(EDy, was 17.97 mg/kg). So for calcareous soil pollution in the north, taking the exchange state As and
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invertase activity as the main indexes of evaluation was feasible. Through principal component analysis,

when the concentration of As(V) was up to 50 mg/kg, and the concentration of As(Illl[) was 10 mg/kg,

the function of soil microbial structure was changed. The two concentrations can be used as the critical

values for affecting soil microbiology properties.

Key words: arsenic; calcareous soil; form; enzyme activity
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i AE £ ORIE ORI AR — P
HEURMARERITER . B B9 IF R NG KR Tl
12 7400 A HE TR B R 58 S N N T SR AR T 2 L
il i Tk R R TG G A AR R R 2y AT
AT LIS & Al & S i 35 e i) 32 22D, e JES 119
iy 20 ~ 50 mg/kg, 33X 28 5 YRR
B 5 B0 AEAC THER T i R U R 48 R
K B AR K 3 ™ 75 G o [ IR B Sy S 10 i i A
T E B LA A7 A, AR 2 T 2
S ERN MMM Sy I E B AL
HA SR RA L, HREE R T e
IZ N PN oY PN e L et e
GANINER- ALK (R 710Ny N OO ¢ {7/ DN
PR R R AR Y R N SRR . AT AT 2K
F8 75 R I - e g5 g, E 5 R AR R K .

TR R bR A AL BE T 0 R IR A L
K7 RS 5 TR 0 IR 3R 1) J5R B A Ak A 5
R, AT 50 AUt S e S R A AR ) A ) A 2 AR AR R
JEANTT 18], 0 L o ST ) A E A AR T 1
Oy b SR G T U Y e D AR L OF BB A ) - R
JEiG R e . HATC A A Bl AR o A =
MY 0 PEAE b 5 Cd L Y Pb 5 g B EE Y A AL 4R
BRI | A I N s Rk S TR B As
Ph ik + 3675 Y (R EE " (IR AR IR L 2
F% T <5 i N e I O P A R W e R L R R B )
A SR [a] 43 T 2% Ak 27 B 25 45 R S 1 1) O
AW ARE, KA AEX Cu,Zn, Pb, Cd 25 1 ff
GO T As (BRI A R L AR SO R
WAL, BF T As(V) As (D) 78 A1 A £ 5 b i
TSR AE B JE A5 8 T I35 1 1) £ O R, AT A
SE As 15 LI i I 77 3% B AL o 1 B K 3 o

1 HRSH®

L1 #ltig

P TR BB 45 08 123 141 22 3% (84°34'53"E,
44°58'52"N) , B Ry b HE £, FEHO ~20 em
RJE T B LB W2, i 2 mm 065 5
HPAEE 5T 2 A IRAE N 37. 94 mg/ kg, -3 pH {H

il

g 8.76, 4 HEH §:3 EC 2y 0.269 wS/cem, A #L R i
N 5. 14 g/ke,
1.2 ik

TR R T 43 BT 4 Na, AsO, - 12H, 0, = ff fifi fifi
B4l As, O, , 4% BEH rp i 35 2 1) L 1], C ) 80 BT
o VI B 1) e VA T
1.3 REFH*

Frfe: 2 kg 2 0 19 1 398 B 1P AR L K G B A
2 Fofr A 285 1 A I Y S o) Rk S N TS A, 0 S 31 4k
P IR G, R ERTE E O EHR 20 em,
IRMERZ 1l ecm 5 15 em MR E ST, R E
As(V) fil As (D) 2 A~ ik 2, RS PRI B 9 ASKF:
iy & A 10,20 .50 ,100 180,280,450 800 mg/kg,
I LAAS I S 3of B (CK) L &AL PRS2 3 Wk, T A Ak
TP ANLTARME (25 £2)C BIE AT &2 R
30 d, B AN 5 W (R], G FR a Rk b 7R K A, DR
60% M (Al HF/K &, T 2015 4 4 J] 30 H #:47 B,
ST E As(V) A1 As (D #F A+ 35 & B85 5 F
AH G - RIS E
1.4 ARFAFERYEIFELE
141 +3Ed IR E

i ONKEN 25 URIpR [k 45 0 7 ok 04T, 3
FAZ WA (AE — As) FH 1 mol/L NH,Cl &4, 55 5l
fiff (Al = As) i 0.5 mol/L NH,F 4%, 4 % fift (Fe —
As) FH 0.1 mol/L NaOH & 42, 45 #l fifl (Ca — As) H
0.25 mol/L H,S0, ¥ 4& , & ¥ & W rfr iy i 75 & H4y fff
FH BG4 B IR R SO 1% i ICP — AES
JE o
1.4.2 3D 2R e

i 48 Al ST I R P R AR E
TG PELL 20 min J5 1 g 3 3EIHFE 0. 02 mol /L i % R
(9 I (mL) R 5 20 I A AL R b (k3 1k
PL2h)5lg HIEPEEAREFRME (ng) IR,
TR I I PR 3,5 - R K R B G ik
TEPELA 24 h J5 1 g 4 38K R I 9 A B %4 W 1) o
(mg) FoR ; & 18R A Folin ) o3k "™ | 15 1k
PL2 h 5 1 g 3K AR IS A s s TR 1 i (g ) 3R
7T B IR SR ) 2, 6- IR AR e b ik
WL 3 h J5 1 g 38K A IS W0 A= A1) K I ) o
(pg) 7R o
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1.4.3 Hdsiba
K Excel 2003 #1543t F] GraphPad Prism 5.0,

+ HEES A9 T BE 22 A 43 BT R A Primer 6 $E47 4347 5
2 HEREHSWH

2.1 TEHRMEPEES T

b A RS LA R AR iR S A
TP RASEMESWIESA X, WK1 PR,
Horfifashh Z 5| /0 K Ca— As Fe — As (Al — As |
AE — As,Ca— As {3 5 (JT i 70 500 AR B , %
B b7 ot 3 R E DL Ca IR . HiE MR
fifl As(V) (As (I IACE B 35 0, 4 38 vb it g 2 25 8
IRFEIH  AE — As 23 n#ash, Ca— As Fe — As,
Al = As B /b, SMEIMA As(V) , 2t 30 d /Y
B985 ,Ca— As . Fe — As Al — As AE — As i & 77 %X
A5k 31.9% ~ 38.3% . 21.5% ~ 30.7% .
17.3% ~22.3% ,15.9% ~24.1% ; 1 As (1) 4t ¥
F,Ca—As Fe— As Al— As AE — As i & 23 500 51
N 22.9% ~ 40.2% ,17.2% ~ 30.7% ,17.2% ~
28.0% 7.4% ~27.3% ,

I AN B 53 H %

0 0 i lOiZOiSOilOOilS(iZSOi‘tS(iSO({
As(V)
MR (mg - kg™
B b eeh b g 25 4 A

Fig. 1 Distribution of different forms of As in soil
2.2 AEMESAREIRE As 3t L1 EFERZ MW

2 Wy S8 A il At 4R AL AU R T AR AL E R R
1E TSR Y BRI RE B e A b A AR R ML AL, 2
53 B A S I S R, k1 R,
it o 3 AR A T 1) S M R B IR T . 7E As(V)
A FR I, As (V) MR BE SN 0 ~ 100 mg/kg B, £5 40 3
[i) 3o S A Sl 0 7R 25 N B 2 7E 180 ~ 800 mg/kg
TE BB P, 2o A A I 1) 35 1 2 ) R Ak B I S RIS,
il e Ik 57. 4% s 2 As (1) & (0938 B i, o Ak
S Y T R B v RE A B hn RE REA,  R h
21.4% ~51.4% ; As (I0) /30 61 /F 38 F As (V)
M As(V) gk BE R %) 1.80 x 10 * mg/kg B, £
A8 b Tl T M 6 B Dl B R 9O 1R 5 As (TID) X 2
ST B0 1R BE A Bk BE G 1 B e A
U559 o

IOI 20] 50i1 OOII 8(428(1.4548001

As(Tlly

WL AR R RERE R R TR R, B2
S WL S F A 8 o 1A WK R O A A
AP AT AR HLE TR B G, BIF 58X 26 fily
PR A2 e xh T T % b S A W R A R
As(V) X & B BB 5 PR WA K, 1 R
6.2% ~25. 1% As (I X 3 H B P 35 00 40 4
YRR, 45 As(ID) 9 %< 2 0 450 mg/ ke I, B 1 iR
il 1) PERE AR T 26%

As(V) As () X Bl i T2 ol 15 11 1) 52 0 2 B Ay
AR OEHE AT o FE As (V) AR BT R 7E
10 ~50 mg/ ke ¥ J5E 7 1B P, P e R TG 5 17 I e 2
(9 T 535 T, fRAE 280 ~ 800 mg/kg I A1 FE A,
L B AR 2 B, e AR B . 7R As (D Ak
AT T, 0P Wl R S P AE 10 mg/kg B35 P B
L8 F 104.2 pg/ge 24 As (M) #5004 7E 20 ~
800 mg/ kg, B Wl 1A Wl F) 175 24 Bl ok 2 1) T s T A
B Gl

As(V) (As () X b Al 5 1 1) 52 00 ¢ By W)
A EVE T o 72 As (V) A0 PRS0 b, 85 W8 i 05 1
Xof B AL PRI SR T 13. 8% ~ 124. 3% , A 1 14 1
P i 9 R A A g o As () Xof R A9 95
Mk T 71, 4% ~234.6% , As () A3 3 F W) 2 o6
T As(V) o

F 1 SMEBRR R I O R MG
Tab.1 Effect of outer source arsenic on soil

enzyme activities

Jonif UK Zh Wk

T;g;ﬁ W, ALER AALRE  BERREE/ (iﬁiﬁi ffﬁf)
(mgkg™") (mL-g™") (mgeg™") (pgeg™)

0 1.00°  1.42°"  79.9°"  3.64% 201.3"
10 0.92% 1.50% 70.2% 4.14°' 188.9*
20 0.93% 1.31"  72.5% 4.69"' 174.8"
50 0.98" 1.35"  128.5* 6.40"™ 205.5"

As(V) 100 1.03*  1.35" 103.8" 6.47" 168.0"
180 0.82" 1.64° 82,0 816" 138.8"
280 0.77¢  1.58 99.0* 7.25* 177.0"
450 0.89" 2.03* 91.4°"  7.94* 152.5%
800 0.43"™ 1.85" 850" 7.77* 150.9*
0 1.00*  79.9™ 79.9* 3,64 201.3"
10 0.76" 104.2* 104.2"™ 9.41" 177.8"°
20 0.72%¢  89.9" 89.9* 10.36" 172.6"°
50 0.71"%  69.7"  69.7° 8.88"™ 170.9**

As(I) 100 0.62%  82.7" 82.7" 10.65" 194.0"
180 0.69"! 88.7" 88.7" 6.230 157.8"
280 0.78"  88.9"™ 88.9" 12.17* 173.5"°
450 0.65°  116.4* 116.4* 10.43* 149.1°
800 0.48°  87.1™ 87.1" 8.43' 160.8"

WA 3 KER WP HE BEEARAR/NE FHRRET D
(P <0.05),
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2.3 TEMESSIEREEMNEXE

X A GraphPad Prism 5 [f y = bottom + (top —
bottom ) /(1 +10"*° = s« hillslope ) J7 #44 4& Fi B 45
fif 9 4 % K5 S T ) AR X T 1 R X i T 1 A
TAL BRSPS CK B PR HAED) 2R A7 AR 1T
3BT e TESMIRES I As (V) 50 b, HEME G 2 M 1
BG5S AE — As . Ca— As . Fe — As Al- As BEf R
R ARG R R, Hor Lk 2, K2 AT
AE — As Ca— As Fe — As Al — As [/ FEWE R (19 ED,,
(ED fH , BRI 15 Pk B AR 50% ) fir 75 19 3 4 8 1 Ik

J& TR PR 4 Jm AR SN i) B4 ) 1797 .30. 88
18.18 .30. 70 mg/kg, B} AE — As {9 pEHEER 10 4= B 5
PRI OR , 2 Al— As Fe — As, Ca — As Xof JRE B i 11
AR BEMEI /N o A5 IO 25 ) g 5 IR T ) A 7S
P N B R AR W R EDggien v EDsoiaras)
EDy) v JEDg e i AE — As Al - As fiy ED,,
/NF 100 me/kg, T Fe — As 1 Ca — As 1y ED,, KX F
120 mg/ kg, 4 TR 25 il XF 70 W i 04 28 25 95 Pk LU A
O F18 T A 9 TR T 2

F2 AE-As.Ca-AsAl-As.Fe- A RESTERHBEIENBEAE(AS(V))
Tab.2 Fitting equations between enzyme activity and AE — As,Ca — As,Al — As and Fe — As concentrations (As(V))

Ml & 1 HI A 407 1 WERBR EDs/(mg-kg™') B FH K
AE - As ¥, =0. 977“% 0.7553 17.97 p <0.01

P Ca— As ¥, =0.6363 +1+1012.'°5“$~‘”‘“2 0.744 4 30. 88 p>0.05
Al- As }‘]=0.7234+1+1(§)2'_579% 0.7454 18. 18 p <0.01

Fe - As ¥, =0.9455 +1+1(§;‘i6$”“4 0.7425 30. 70 p>0.05

AE - As v, =0.9818 +% 0.759 4 88. 53 p>0.05

P Ca-— As ¥, =0.980 4 +1+1(§)‘;_l3,$ﬁm2 0.7922 157. 90 p>0.05
Al- As ¥, =0.980 1 +1+181‘f]+w 0.817 1 99. 90 p>0.05

Fe - As y2=0.9812+m(§)7'_732+‘5]m 0.7572 120. 80 p>0.05

T cyy A BEA I OO0 Ty, S 2 B AL A Py ~ 2y 2303 AE — As Ca— As Fe— As Al - As IR JE R XTEL, T Al

1E As(ID 4k B H H , AE — As 55 2 iy WAL
Ca — As 55 87 1l 01 60k 9 T2 I Fe — As 55 Bl P
PR A 38 AR R DG &R, A3k 3 B, il ad X
GJREDGNE ED 1 Hr 2 W], AE — As (2R 57

FERE K Dy % 22. 9 me/ke, 1T Ca— As %12 F1 6 )
JIl 7 3 e BE (EDg, ) fH o8 99.2 mg/kg, Fe — As
(EDy, = 115.5) X il 1 i B2 W 19 25 25 B¢ 1E % R T
Ca—As(ED,, =116.4),

&3 AE-As.Ca-AsAl-As.Fe- A RESTERBIENBEAE(As())
Tab.3 Fitting equations between enzyme activty and AE — As,Ca — As,Al — As and Fe — As concentrations (As(1IIl) )

ity 2 7 25T 25 i 56 7 2 YeiE RHR 105/ (mgrkg™") i 3% K
) 0.089 4
Z W A AL AE — As y; =0.8153 T 0B e ey 0. 0902 22.9 p>0.05
0.1363
E M Ca—As }’220-7762+W 0.2618 99.2 p>0.05
. o 0.26
Ca— As y;, =1.067 A ETER T T 0.3347 116. 4 p>0.05
0 W 1R
0.254
Fe— As ¥y =1.073 + 0.3307 115.5 p>0.05

1+ 102(&427 —12.81xy4

2.4 TEAMINGELE IS X ERIR B A 0T A

e A - ) TG AR R A [ 5 AL B B
PR B IRE , PRI S A Tl 5 1 RT3 AL S ol A
YIDNREZHENE . 7E As (V) AL BT S Fof il 15 1k
T AR R 1 o B T 25 TTEk R

47.1% N 565 2 T80 19 75 22 STk R 15 88.4%
HTBE AT L, AR 1.2 F2a o0 B R AQR R G0 9 1Y A2 572
ARDL o Hr TR (4 21 B PR 28 AT, 56 1 3 g ot
MR AR B e R SR T, 5 2 oy B TR
PR A 55 5, IR G 2 bl i 345 1 1) 9 355 T L S
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e As(V) B975 QR 00 miqe As (D AbBE b 255 1 32
JRr B D5 22 ST AR 50. 5% , 5% 2 R I U5 2 5
Bk Ny 27.3% , 55 3 F M o B9 U7 22 STk R N
19.0% , RitJ5 22 STHK A 3k 96. 8% . HENH AL 1
R A B BT S T A o A A Y
2,5 As(V) iR B A fr 2291

SRR WA v D RE 22 BRI R o A A 2
7 A As (V) 1058, 7E AR BLE 2 97. 5% 11 DL

A0 mgkg
5050 v 10 mg/kg
03 r e 120 mgkg
100 50 mglkg
) 450 0 100 mg/kg
% + 180 mg/kg
il 28{;:;,‘8{) % 280 mg/kg
: 100 180 % 450 mg/kg
3 800 + gop A 800 mglkg
= & 40| & —HIBIEITS%
% 180
-0} 00 +
A 20 1o 20
]
10 v n
.‘_0.3 1 1 '} i}
-04  -02 0 0.2 0.4
PCl
(a) As( V) 4bHE

A AR TR 9 As (V) AL B2 53 2/ T 20 mg/kg
50 ~ 100 mg/kg 180 ~ 800 mg/kg 3 41, I 24 As (V)
AU N R T 50 mg/kg I, HIEAE RIS DI RE S
FEME & A T Ak, AMIEE I As (1D KX 58, 76
97. 5% FEALEE (45 BLF AT LAAEAS TR As (T 4k 22 53
2 X IR (0 mg/kg) A1 10 ~ 800 mg/kg, + 3
fitg % As (1) B & 22 6 12 e 7 3 o B0UR%, i As (1D 25
i - SR A W BV D RE 25 4 K A B A8 Ak

A0 mglkg
v 10 mg/kg
0.3F 100 020 mg/kg
504 4 50 mg/kg
50 20 4+ 180 mg/kg
4 800 = % 280 mg/kg
0.1F A %450 mg/kg
800 mg/kg
e 180 goo 280 &
£ 0+ \ 100j020 X HLIEE97.5%
4 0 450
0.1 + 1 s |
N ;; 0 *
W 0.2 0 0.2 0.4
PC1
(b) As(Ill)ab ¥

B2 AN [l i g JBE 2 11T e e A ) D BE 2 023 20 #

Fig.2 PCA of soil biological functional structure at different As levels

3 itig

CA R, As G 48 T 1E hy + R 0 5l
B, DT 384 55 1) 9% 2, BP0 1 5 AT R S
O F W0 B e S 25 G, S BOH 05 PERR AR, B A S
Hil1EH ; As 5 LR A L — XN ¢ &R, B G T
WA ZA R, B 2 B AT TE As
[k B /N T 180 mg/kg B, I MHIEM X 54
JE A NS 2 SR 2L, As (V) T R i L il
A3k A0 S T T o R R T AR T A A
R, ELBE A SMIE As (V) W8 0L 0% 38 i, e 4 Bt 174 08 1
W, T4 ™ A NICOLA LORENZ 2 i
S8R A R B A (R VR, R W R A G
FLIEBBAO &' §1 KANDELER 2&'"7/ A hy b il
S KA I 53 ff , 7E = B R BT R R W
Z WK G YR iR AR AT IE E L R . A
BRI FE 22 B As Xof 25 11l 1) 5% I 5 /1N, B TG I 5 0K
PTG AR R AR g 2 R 1 A 3
PERE N HE A PG 6.2% ~21.09% H 1A B % %
St iR EEAE T ] MRk G T 80 ~ 160 mg/kg
B X A R G Y S R A B /E T . NICOLA
LORENZ S5/ 5% 3R B 4 it (1) ¥k B2 3k 300 mg/kg ik
PEBE R Bl (19 75 PE 4 0 B AL B S BRI As (V)
Ass (T eF B Tl 12 T %) 395 12 5% W € 390y = TG 12

FERRM 47 . SPEIR 4177 F1 JUMA % 8 i 0 R
TRl T e Y 4 A g i R e e R R W 1R EL AT A ) Y &
F, H As (D) Fam T2 Bl 3 o 5, 25 (0 B0 A AL o iR 1,
HET 40 2 1R AT A

4 it

(1) bt & A1 U5 B2 7R 38 m, AE — As & i 3
Jm, i Ca— As Fe — As (Al — As & & W A w8 b &
#OH FHDL Ca— As TERAEAE

(2) As A AR A AL S L 2 W A AL g L 3R
it 1) 355 1 T KT T 2 B R VR e 8 R T
D)2 B Sy AT R 3B, o A R, A S X As (D
TG As (V) U

(3) 38 3k x5 At 9 25 b 27 8 285 0 4 3 il 0 1k 1 IR
LM B R AR As(V) AL 3CE Hr, AE — As X 8
W A 25 RO E T A S B s (EDg
17.97 mg/kg) o WAELT7 A K PETS e L 5 rp w40
SEHRAS As 5 RERE BTG M 3L W AE N PEAY I As T5
FE P 2 2 A A TR R

(4) 3 E WA el KB, 2 As (V) Ik
iKF] 50 mg/kg  As (I (Y& 25 10 mg/kg B, 434
AP RESS T &R T 484K, 50 mg/kg F1 10 mg/kg H]
YES As(V) (As (D) X 4 38 G5l A= 2 Pk o 5% il 149 i
FHE
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