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Effects of arsenic valences on soil alkaline phosphatase activity
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Abstract: [Objective) Arsenic is one of the main soil pollution elements. We studied the effects of
As" ,As’ alone and As’" + As®" on soil alkaline phosphatase activity,to reveal the reaction mechanism of
arsenic on soil alkaline phosphatase activity. [Method]) Soil samples were red soil (sampled from Yingtan
Jiangxi) ,sand soil (sampled from Yulin,Shaanxi),and lou soil (sampled from Yangling, Shaanxi). Indoor
simulation method was adopted to study the variation of soil alkaline phosphatase activity affected by dif-
ferent contents of As’", As’" and As’" +As*" . [Result] As’" and As’" +As*" combined pollution signifi-
cantly inhibited soil alkaline phosphatase activity. The relative alkaline phosphatase activity decreased as
the increase of contents of As”" and As’™ +As*". The model E=A/(1+BXC) regressed the relationship
of soil relative alkaline phosphatase activity (E) and arsenic content (C) (A and B are two parameters) ,re-
vealed that soil alkaline phosphatase activity could be as an index to monitor soil As’" and As”" +As*" pol-

lution. The reaction mechanism of As’" and As’" + As®" on soil alkaline phosphatase activity was com-
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pletely inhibition,including competitive and noncompetitive inhibition. As*t had less effect on soil relative

alkaline phosphatase activity. As’" and As’' had interactions on soil alkaline phosphatase activity. It was

synergy effect in red soil and lou soil when As’™ and As®*" contents were less than 50 mg/kg and antago-

nism effect in other soil samples. Ecological dose ED;, and ED;, of As’" differed a lot among soil samples.

The critical content of arsenic slight pollution to soil was 25 mg/kg. [Conclusion]) Soil alkaline phosphatase

activity was an index to monitor soil pollution by As’" and As®t 4+ As*" .

Key words: arsenic;valence;alkaline phosphatase;ecological dose;soil
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Table 1 Physical and chemical properties of tested soils
o , , / Al LA/ A/ N

e BB OWR/% BE/Y% KRy OOWR O RR/CBIRE/ BB g,
Soil samples No Sand Silt Clay (g kg ) (g keg™?) (mg-kg™D) (g« ke™!) (emol « L™1) pH

: 0.M T.N A.N T.P ‘
Pt 1 22. 26 43.62 34,12 23. 66 1.78 141. 28 1.59 16.91 7.99
Lou soil 2 34. 37 30.06 35.57 22.07 1.56 75.55 1.56 16. 99 7.90
Kb 4 1 62.09 23.31 14. 60 19. 46 0.51 101. 39 1.04 7.28 8.13
Sand soil 2 82.33 9. 24 8.43 0.92 0.02 5.87 0.22 1.63 8. 94
o1 e 1 46.76 17.16 36. 08 20. 02 1.43 126. 70 0. 66 14. 48 6.22
Red soil 2 36. 69 17.49 45. 82 9. 60 0.83 57.38 0.34 13.22 5.65

T PSE pH BK BB LV )y 2.5 1,

Note: The ratio of water to soil (V : m) is 2.5 ¢ 1.
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Fig. 1 Alkaline phosphatase activities of soil tested

Different capital letters on bars indicate significant differences at P<C0. 01
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Table 2 Effect of As’" on relative activity of soil alkaline phosphatase

As’t / 1+ Lou soil 7P+ Sand soil 213 Red soil
(mg + kg™") 1 2 1 2 1 2
0 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a 1.00 a
25 1.01 a 0.92 ab 0.91 b 0.84 b 0.79 be 0.94 a
50 0.97 a 0.91 ab 0.90 b 0.73 b 0.87 ab 0.94 a
100 0.93 ab 0. 85 be 0.88 b 0.73 b 0. 89 ab 0.77 ab
200 0. 85 be 0.76 cd 0.80 ¢ 0.59 ¢ 0.77 be 0.73 ab
300 0.80 cd 0.74 d 0.79 ¢ 0.50 ¢ 0.77 be 0. 50 be
400 0.73 de 0.69 d — — 0.74 be 0.38 ¢
500 0.71 e 0.73d 0.71d 0.50 ¢ 0.65 ¢ 0.35 ¢

T [PV B G AR AR R/NE TR R OR 22 57 B35 (P<T0. 05) % — 7 RGN, % 4.5 [,

Note: Values followed by different lowercase letters in the same column indicate significantly different at P<C0. 05;“—". Not determined.

The same table 4 and 5.
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Table 3 Regression equations between relative activities of soil alkaline phosphatase(E) and As’" content(C)

E=A/(1+BX0)

dHE =3
Soil sample ﬁ‘j\‘aﬁﬁ » Cffrpréeliizn EDyo /71 EDso /71
Regression equation coefficient (mg » kg™ 1) (mg+ kg™ 1)
B 1 E=1.01/(14+9.11X10* O —0.995" * 122 1098
Lou soil 2 E=0.93/(1+7.45X10"* O —0.920" " 149 1342
R+ 1 E=0.94/(1+6.61X10"* O —0.969" * 168 1513
Sand soil 2 E=0.85/(14+16.91X10"* O —0.923"* 66 591
o1 48 1 E=0.91/(1+7.26X10"* O —0.876%* 153 1377
Red soil 2 E=1.12/(1+43.74X107* C) —0.981" " 25 229
E=a+bXC
+ Y
Soil sample ‘ ‘M%ﬁﬁ ) (frilﬁ?t%fn EPI(? /71 EPSU/,l
Regression equation coefficient (mg * kg™ 1) (mg * kg™ D)
B+ 1 E=1.00—6.35X10"" C —0.988" * 167 833
Lou soil 2 E=0.93—5.38X10 ' C —0.904" * 186 930
Kb+ 1 E=0.94—4.99X10"* C —0.942" * 188 940
Sand soil 2 E=0.85—8.80X10""' C —0.863" " 94 472
o1 3% 1 E=0.91—4.83X10"* C —0.842" * 182 910
Red soil 2 E=0.97—13.74X1071 C —0.982" " 69 346

(T H FHB%“ f:n72:6-7‘u_0::()- 707 ro.01 =0. 834, 32 6 [ﬁ]o
Note:Freedom f=n—2=6,r¢0;=0.707,70.01=0. 834, The same table 6.
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FEARRT B P W 2 Bl S MRS N, X AT REJRE T
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it 2 LA WG B A5 5 - 3G AL B AR R 2 5 7 — i, B
PLAS 3 A 5 5 4 0 B R il 45 A i A
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Table 4 Effect of As*" on relative activities of soil alkaline phosphatase
As3t/ #%+ Lou soil K+ Sand soil 213 Red soil
(mg+kg V) 1 2 1 2 1 2

0 1.00 a 1.00 a 1.00 a 1.00 a 1. 00 be 1.00 a

25 0.99 ab 1.07 a 0.97 ab 1.03 a 1. 02 be 1.11 a

50 0.98 ab 1.03 a 0.97 ab 1.02 a 1.07 ab 1.27 a

100 0.98 ab 0.97 a 0.95 ab 1.00 a 1.12 a 1.29 a

200 0.97 ab 0.97 a 0.93 ab 0.94 a 0.96 ¢ 1.38 a

300 0.96 ab 0.98 a 0.91 b 0.97 a 1. 02 be 1.39 a

400 0. 95 ab 0.98 a 0.93 ab 1.01 a 1.07 ab 0.93 a

500 0.91 be 0.94 a 0.90 b 0.91 a 0.95 ¢ 1.35 a
2.4 A5 AS EETFENTEBXEIEBERE RO SRS - ERE LS TR
i MR R A5 Ye i As™ X P R i S M R AR R .

As™T 5 AT G AT YT UK A SR X B M
FREEGPE LR 5. 5 BN, A 5 A BAIG YR
Jei o o A X B B R B R N, R AT
As™ L TRAE A A T A e R TS . Y
RN 200 mg/kg BF, KPP 4 1 45 4 HE 1 AH X Bk
PERE R B0 M B 2K As® (0. 93) > As" +
As’" (0. 84)>As"" (0.80), Hifth + FEprar 1 2 S 4k
R AL A fE R L 3 T BB i T A’ X

Wt 2 SR 15T AST 5 AT AT %
Sab 3 A HERE T M R A R MR T — AT Ab
AR 2 5 H R0 AS 5 AT B AT
S B A HERE X M R B TR M S AT AR BRI
BAET . & KT 400 mg/kgf5 . 204 2 5 H A
g P Tl R O MR R ML R AT 5 ASTT &
BTG RN ERES HIEMTOCRECR,

x5 A 5 AS EETH4R T BEEG R IEREREE NI
Table 5 Effect of As’™ + As®" on relative activity of soil alkaline phosphatase
At/ Asit/ 4+ Lou soil Kb+ Sand soil 413 Red soil
(mg » kg™ 1) (mg+ kg 1) 1 2 1 2 1 2
0 0 1.00 a 1.00 a 1.00 a 1.00 ab 1. 00 ab 1.00 a
25 25 0.94 ab 0.97 ab 0.98 a 0.95 ab 0.97 ab 0.76 a
50 50 0.90 b 0.92 ab 0.92 ab 1.01 a 1.08 a 0. 23 be
100 100 0. 86 bc 0.89 b 0.93 a 1. 00 ab 1. 05 ab 0.39 b
200 200 0.86 b 0.80 ¢ 0. 84 be 0.97 ab 0.84 ab 0.03 ¢
300 300 0.78 cd 0.75 cd 0.79 ¢ 0. 89 be 0.95 ab 0.06 ¢
400 400 0.75d 0.75 cd 0.79 ¢ 0. 80 cd 0.90 ab 0.00 ¢
500 500 0.75d 0.69d 0.77 ¢ 0.73d 0.80 b 0.00 ¢
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Table 6 Regression equations between relative activities of soil alkaline phosphatase (E) and As’™ + As*" content(C)

E=A/(1+BX0C)

T

LB

Soil sample chriiﬁlifiation (‘,()rre.la‘ti()n (m:;:l?lk();ﬂ ) (mgfjl:);kog/’l )
coefficient
B+ 1 E=0.95/(1+3.02X10"* C) —0.956" " 368 3313
Lou soil 2 E=0.97/(1+4.15X107* O —0.979" "~ 268 2 410
Kb+ 1 E=0.97/(142.99X10"* O —0.954% " 372 3 348
Sand soil 2 E=1.04/(1+3.59X107* C) —0.928" " 310 2789
o1 1 E=1.03/(1+2.41X10"' C) —0.774" 461 4151
Red soil 2 E=1.55/(14+6.35X10"2 O) —0.737" 2 16
E=a+bXC
+ K % Z
Soil sample . @?ﬁ% » gfrﬁfffn EDy ,/71 EDBO/ﬂ
gression equation coefficient (mg * kg™ 1) (mg « kg™ 1)
B+ 1 E=0.95—2.29X10"* C —0.936" " 413 2063
Lou soil 2 E=0.96—2.95X10"*C —0.964" 326 1631
Kb 4 1 E=0.97—2.32X10"* C —0.945% 418 2 088
Sand soil 2 E=1.02—2.61X10"'C —0.935"%* 391 1957
o1 e 1 E=1.03—2.02X10"' C —0.769" 509 2 545
Red soil 2 E=0.63—8.08X107*C —0.787" 78 388

TE—E AT AST HLAs® fE i rp &gt g,
KT A5 A" Z A& A7 78 58 HAE . % £
e W R TG R AR AR AT TR SR (R D)
B+ 1.2 5% AT 5 As & & <50
mg/kg I, A Xt - B B 1 ol 1 O A 114 S B A 1 3R
(ADRKFHMMERPD , 350 As” 5 As*' Z 8]
AWFEEH: Y A 5 As"™ &5 ¥ >100 mg/kg

I, SEBR A R BN T RS R, AST 5 AST Z
A B4 S, ERV £ 1.2 SRILE 15 R R,
SERR A A BN T U A0 R L R W] AsT H AsT
ZERAEHICR . TRLIE 2 5 EHh AT 5 As™
X S P 5 R R 9 P 114 552 s 40 a4 3 oK T
MHRL B AT 5 A Z A b RAE T OF HoAE
FAWI

RT AT HAST BRI EEHEBBRBEENIEER

Table 7 Interaction effect of As’" and As’" on soil alkaline phosphatase
As'T/ ASTT/ Bt %t 2 A+ 1 R Z13E 1 LI 2
(mg * (mg * Lou soil 1 Lou soil 2 Sand soil 1 Sand soil 2 Red soil 1 Red soil 2
kg™ kg™ PI Al PI Al PI Al PI Al PI Al PI Al
0 0 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
25 25 0. 00 0. 06 0.02 0.03 0.12 0.02 0.13 0. 05 0.19 0.03 —0.04 0. 24
50 50 0.05 0.10 0.06 0.08 0.13 0.08 0.26 —0.01 0.07 —0.08 —0.19 0.77
100 100 0.09 0.14 0.18 0.11 0.16 0.07 0. 27 0. 00 0. 00 —0.05 0.01 0.61
200 200 0.18 0.14 0. 26 0. 20 0. 26 0.16 0.45 0.03 0. 26 0.16 —0.01 0.97
300 300 0.23 0.22 0.27 0. 25 0. 28 0.21 0.52 0.11 0.21 0.05 0. 31 0. 94
400 400 0. 31 0. 25 0.32 0.25 - 0.21 — 0. 20 0.21 0.10 0. 65 1. 00
500 500 0.35 0.25 0.31 0.31 0. 36 0.23 0.55 0.27 0. 38 0. 20 0.53 1. 00

TR AS 5 AS ZHLIEEHEM R E,
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e ST B R O 14 R R AL 4G S P AR L 3 A 2
AL 2O TR R L A X As™ B I B 5 )
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BEOC As™ AT HE R Y S A U B RE D70 L ATV VR
oA W BE ARG B AR 5 3) R VA WO UL L Bl S
S A A R 0 VA R v BE R e X
As™ IR B BE D BN AR I WO AST S R
KSR BB R . As™ 5 As™ X+ Hen ik
0 TR il 4% 1 4 52 T ] BE 5 A LR A R RAR A
WEFE R, TV A DU RE B8 /N B L ) As™
(0 R B 335 o 0 T b R R Ay
it T LBl AT AL 5T $ A 4 57 e 8 TRl Y b i ) A
SECHE: R ARG+ BT X 8P A A 9% P ) 52 o IR . A
RTEWUED EAIRSESMEL 1S &
L 25 KL 15 LSRR AT 5 A
A4 15 G A T A0 A S5 5 S B 0 A SR 22 8 KL 4
PUrE &S s T A PG & BRI Kb £ 2 5 L ke,
As™ 5 AS® G TS G i TR 40 ) 2 5 52 B ] R
FHZE B $E DTN T« 80P W6 TR Tl 4% 1 32 3 1) 52
Wi Lo As™ BTG e/ R LB RE B AR As™
5 AsT ZET5 R Z ARSI AT AR A S 1
T2 7 A ) 5 A BB i B R AT B S
VEFH I RS IS/ As™ XoF 014 Wl 192 8 5% 2 174 410 )
&I LG R AN

3 45

AN TR) e 285 % - S8 A 1 R 0 P 2 e A AR
5 MHERERE R AT >As +AST >AsT L H
As™ R AT HAST G TS Y i E I T e w2
it % ki T B2 O LASO, I 5 LPO T 45k 41
0L, g 3 A 1 0 o 500 400 T B R R O P
As®T XS b TV B R M PR AN, X
As™T BFEFERIR S A K B8 E=A/(1+BXO) W]
TR RALGEPEBERR B IEME S As”" K As’ +As™
fR 5 2% o 46 st S R0k W PR I A — E R B bRl SR
fiE+3E As K A +AS BT e, AT &
As® HAST IR RIHLEE g 58 2 M HIAE . 3T RER
130 As” XA A A+ 3 ) 5 A2 2SR & EDy, fi
ED;, 22 S AR K, o A R I A Bk RIRR TS
L& o 25 mg/kg; As” 1Y ED {5 1A LR
FREREFEMIELRAS 5 A HETRFE
RIAFEVAER IJFEANR S RSN 1IE A 5
As" IR HAE RS . SAORE A P B
e o JIE B o X R Al 2 R T 19 B )N
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