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Effect of Different Phosphate on Bio—availability of Cadmium in Contaminated Soils
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Abstract : Pot experiment was implied to study the effects of the three kinds of phosphate (NH,H,PO,, KH,PO,, Ca(H,PO,),) on the Cd
bioavailability in polluted red and cinnamon soil with the second and third pollution standard level of Cd. After rapeseed grew for 40 d in the
pots, we analyzed the above—ground biomass and Cd uptake by rapeseed, soil available Cd, and soil pH. Results showed that the rapeseed
biomass in polluted red soil and cinnamon soil increased by 18.7%~291.1% and 31.5%~991.2% respectively. The order of the increment in
biomass by phosphates in the red soil was: Ca(H,PO,),>KH,PO,>NH,H,PO,, while the order was: Ca(H,PO,),~KH,PO,>NH,H,PO, for the
cinnamon soil. The uptake amount of Cd in rapeseed increased by 8.3%~60.6% significantly in the red soil with the second pollution standard
level of Cd. However, the uptake amount of Cd in rapeseed decreased by 4.6%~58.4% significantly in the red soil with the third pollution
standard level of Cd. The adding of phosphates increased soil available Cd content by 17.0%~122.7% in polluted red soil. The order of incre—
ment in soil available Cd by phosphates was : Ca(H,PO,),>KH,PO,>NH,H,PO,. However, the available Cd content was decreased by 2.4%~
13.4% after adding NH,H,PO, in polluted cinnamon soil. Additionally, the pH value in the polluted red soil was increased by 0.24~0.99 after
adding three kinds of phosphate. In conclusion, the different effects of accompanied cations of various phosphates on Cd availability con—
tributed greatly to bio—availability of Cd in polluted soils and further study are supposed to illustrate the mechanism.
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Table 1 Basical properties of soils used in the experiment

. oH £ AHLE CEC/ RKiRr(<2 pm)  ¥¥E Fe,05  #FES ALO, TRR S ﬁg/_
Ig-kg cmol kg™ 1% mg-kg™
AR 4.95 0.4 17.8 59 38.27 10.10 24.50 0.06 0.119
Wt 8.08 1.6 19.6 142 26.00 430 12.46 330 0.630
T 3 pH RA/K £ ek 2.5:1, pH THIUIRE
F2 SR
Table 2 The treatments of pot experiment
AR ¥+
AbBL cd P NK Qb3 Cd P NK sz ¢d P NK Qb3 Cd P NK
C-CK C-NK % C-CK C-NK Vv
€d0.3-CK Vv Cd03-NK  V % €d0.6-CK % Cd06-NK  V Vv
€d0.6-CK v Cd0.6-NK  V v Cd1.0-CK v Cd1.0-NK  V Vv
Cd03-CK-P1 VvV  V Cd03-NK-P1 vV VvV V'  Cdo6-CK-P1  V V cdo6-NK-P1 V.V V
Cd03-CK-P2 VvV  V Cd03-NK-P2 V V. V  Cdo6-CK-P2 V V cdo6-NK-P2 V. V.V
Cd03-CK-P3 V=V Cd03-NK-P3 vV VvV V  Cd06-CK-P3 V V Cd06-NK-P3 VvV V V
Cd0.6-CK-P1 VvV  V Cd06-NK-P1 vV VvV VvV  Cdlo-CK-P1 V V Cd10-NK-P1 VvV V V
Cd0.6-CK-P2 VvV  V Cdo6-NK-P2 vV V.  V  Cdlo-Cck-P2 V.V Cd1.0-NK-P2 V V V
Cd0.6-CK-P3 VvV  V Cd06-NK-P3 vV V.V Cdlo-CK-P3 V. V Cd1.0-NK-P3 V V V

¥¥:P1 5 NHH,PO,, P2 3y KH,PO,,P3 3 Ca(HPO,),, “V " FRIMA
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Table 3 The plant biomass, Cd content in plan, available Cd and pH in red soil under different phosphate application

Qb TEMRAE YR /g FEMK Cd/mg-kg™ B Cd/img-kg™ pH
C-CK 0.646 7+0.094 5bC 0.543 9+0.007 0aA 0.026 1+0.001 0aA 5.33+0.18dC
Cd0.3-CK 0.356 7+0.070 2a 0.641 6+0.013 9b 0.141 1£0.005 2b 4.64+0.08a
Cd0.3-CK-P1 0.423 3+0.025 2a 0.919 1+0.011 3¢ 0.226 3+0.004 Oc 4.88+0.04b
Cd0.3-CK-P2 0.670 0+0.036 1b 0.852 5+0.007 6¢ 0.253 0+0.005 2d 5.07+0.02¢
Cd0.3-CK-P3 0.862 7+0.035 4c 0.846 4+0.008 5c 0.299 5+0.002 2e 5.16+0.04¢c
Cd0.6-CK 0.210 0+£0A 1.497 9+£0.081 0D 0.351 7+£0.011 5B 4.54+0.14A
Cd0.6-CK-P1 0.383 0+0.016 1B 0.657 6+0.005 5B 0.411 4+0.004 9C 5.03+0.10B
Cd0.6-CK-P2 0.637 0+0.033 8C 0.623 0+0.008 9B 0.432 6+0.002 0D 5.11+0.05B
Cd0.6-CK-P3 0.688 3+0.034 3C 0.754 1+0.035 3C 0.464 0+0.003 OE 5.15+0.03BC
C-NK 0.820 0+0.060 8bC 0.540 4+0.021 1aA 0.047 3+0.004 4aA 4.34+0.21aB
Cd0.3-NK 0.523 3+0.066 6a 0.585 4+0.008 2b 0.137 0£0.001 7b 4.24+0.18a
Cd0.3-NK-P1 0.681 3+0.026 1b 0.634 2+0.014 5c 0.250 9+0.004 9¢ 4.76+0.04b
Cd0.3-NK-P2 0.813 3+0.020 2b 0.940 3+0.011 8e 0.278 4+0.003 1d 5.07+0.03¢
Cd0.3-NK-P3 1.050 0+0.046 6¢ 0.904 9+0.009 5d 0.305 1+0.006 9¢ 5.12+0.05¢
Cd0.6-NK 0.213 3+0.015 3A 0.829 3+0.009 5C 0.346 4+0.005 5B 3.96+0.03A
Cd0.6-NK-P1 0.580 3+0.053 5B 0.790 9+0.006 3C 0.417 0+0.001 OC 4.86+0.02C
Cd0.6-NK-P2 0.672 3+0.038 6 BC 0.819 8+0.037 5C 0.502 1+0.005 3D 4.90+0.01C
Cd0.6-NK-P3 0.834 3+0.048 9C 0.637 9+0.037 1B 0.528 0+0.004 OE 4.95+0.01C

& : FF AR AR F B ELE 5%KF L3 BE, NEFEN "G5 PAB LR, KEFEN =905 3K . TR,
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Table 4 The plant biomass, Cd content in plan, available Cd and pH in cinnamon soil under different phosphate application
LbE MR R g Hitk Cd/mg kg A Cdimg-kg™ pH
C-CK 0.476 0+£0.012 8bB 0.657 0+0.001 8aA 0.022 5+0.002 0aA 7.12+0.15aA
Cd0.6-CK 0.233 0+£0.026 3a 0.798 7+0.006 9¢ 0.472 0+0.007 7c 7.68+0.09b
Cd0.6-CK-P1 0.306 3+0.006 7b 0.690 7+0.005 9¢ 0.438 2+0.002 7b 7.69+0.04b
Cd0.6-CK-P2 0.580 7+0.022 2¢ 0.735 9+0.004 2d 0.492 3+0.005 5d 7.97+0.03¢
Cd0.6-CK-P3 0.978 3+0.025 9¢ 0.667 0+£0.003 6b 0.497 5+0.002 6d 7.93+0.03¢
Cd1.0-CK 0.083 0+£0.011 3A 0.796 8+0.008 1B 0.628 3+£0.004 1B 7.97+0.07C
Cd1.0-CK-P1 0.454 0+£0.077 9B 0.786 0+0.002 3B 0.613 4+0.004 1B 7.64+0.03B
Cd1.0-CK-P2 0.870 0+£0.043 7C 0.972 3+0.010 6D 0.667 6+£0.003 7C 7.89+0.04C
Cd1.0-CK-P3 0.905 7+0.060 6C 0.841 2+0.005 2C 0.722 8+0.027 3D 7.91+0.03C
C-NK 0.454 3+0.022 5bB 0.650 9+0.013 5 aA 0.032 5+£0.001 7 aA 7.23+0.05 aA
Cd0.6—- NK 0.233 7+0.032 0Oa 0.835 8+0.003 6d 0.503 5+0.008 Oc 7.61+0.01 cd
Cd0.6- NK -P1 0.580 7+0.022 2¢ 0.670 1+0.019 3b 0.477 4+£0.004 1b 7.48+0.01b
Cd0.6- NK -P2 0.978 3+0.025 9d 0.677 1+£0.004 5b 0.547 4+0.003 6d 7.63+0.01d
Cd0.6- NK -P3 0.999 0+0.028 2d 0.746 1+0.003 1c 0.561 9+0.002 2¢ 7.58+0.02¢
Cd1.0- NK 0.106 3+0.006 7C 0.853 7+0.004 0B 0.731 0+£0.004 7C 7.76+0.01D
Cd1.0- NK -P1 0.440 7+0.076 5A 0.892 9+0.003 9D 0.632 8+0.006 4B 7.44+0.02B
Cd1.0- NK -P2 0.843 7+£0.012 0B 1.459 2+0.005 0C 0.752 7+£0.006 6D 7.54+0.01C
Cd1.0- NK -P3 0.908 3+0.029 7C 0.845 6+0.006 5B 0.774 2+£0.007 5E 7.56+0.02C
x5 FEBBIRETRTE TEKEMEBMEES (%)
Table 5 The increasing percentage of plant biomass in contaminated soils by different phosphate(% )
AT ARI N.K AR TR E 0% A NK AL B Rk Ay B T+ R Y50 %
P1 P2 P3 P1 P2 P3
413 Cd-0.3 18.7*a 87.9%b 141.9*c 30.2*a 55.4*b 100.6*c
#13% Cd-0.6 82.4%a 203.3*b 227.8*%¢ 172.0*a 215.2*b 291.1%c
¥+ Cd-0.6 31.5*%a 149.2*b 319.9%b 148.5*%a 318.7*b 327.5*%b
#t Cd-1.0 447.0*a 948.2*b 991.2*b 314.4*a 693.4*b 754.2%b

'ZI :P1 jﬂ NH4H2PO4, Pz jﬂ KH2P04, P3 jﬂ Ca( H2P04)29 * %ﬁ?ﬂﬂA%@%ﬁEﬁ$tﬂ%@ﬁﬁﬁ*ﬂt& ,5%*¥T¢§Ji§,$ﬁ$ﬁii\q‘£ 5%7"(
L 3 MRz EERBE, TR,
6 FEIBERILES LTI FEKRBREEMSE 28(%)

Table 6 The increasing percentage of Cd content in plant in contaminated soils by different phosphate(% )
AR NK A BB &R TR A 0B % A NK A BRI R B 80 %

TR PR
P1 P2 P3 P1 P2 P3
413 Cd-0.3 43.3*%a 32.8%c 31.9*b 8.3%a 60.6%c 54.6*b
#13E Cd-0.6 —-56.1*a -58.4%a —49.7*a —4.6a -11.1a —23.1%a
#+ Cd-0.6 -13.5*%b -7.9%c -16.5%a —-19.8*a -19.0*a -10.7#b
#+ Cd-1.0 -14 22.0* 5.6* 4.6* 70.9% -0.9
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Table 7 The increasing percentage of available Cd in contaminated soils by different phosphate(% )

TR ITHKE

AN N K Ab3H + R PSS B TS B 8%

TIA N.K 23+ 8 8w 2 A = 5 5 80%

P1 P2 P3 P1 P2 P3
#T3% Cd-0.3 60.4*a 79.3*b 112.2%¢ 17.0*a 23.0*b 31.9%¢
#T3% Cd-0.6 83.2%a 103.2*b 122.7*c 20.4*a 44.9*%b 52.4%¢
#+ Cd-0.6 -7.2*a 4.3%b 54%¢ —2.4%a 6.2%b 15.0%¢
#+ Cd-1.0 -5.2a 8.7*b 11.6%¢ -13.4*a 3.0*b 5.9%¢

* 8 FEIBSEREL(EIS R IR pH B ARMABBREL A SHIE
Table 8 The increasing value of pH in contaminated soils by different phosphate
e Sfm N K 4b3y5 4 +3 pH HFHR RY(E T N.K ZbBY5 3 +3 pH {EFH 5 AY(E

P1 P2 P3 P1 P2 P3
#T3% Cd-0.3 0.24*a 0.43*b 0.52*b 0.52*a 0.83*b 0.88*b
£T3% Cd-0.6 0.49*a 0.57*a 0.61*a 0.90*a 0.94*a 0.99*a
# 1+ Cd-0.6 0.01 0.29 0.25 -0.13* 0.02 -0.03
#+ Cd-1.0 -0.33*a -0.08b -0.06b -0.32%a -0.22%b -0.20*b
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