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Abstract: As one of the important aspects in regional environment management in Shanxi Shaanxi and Inner Mongolia region heavy metal-contaminated
soil caused by coal oil and natural gas exploitations need to be remediated by proper materials. With high adsorption Pisha sandstone is a good candidate
for remediation. This study carried out laboratory simulation experiments to determine the effects of the Pisha sandstone on the distributions of Pb forms
and Pb TCLP ( Toxicity Characteristic Leaching Procedure) and to determine its effects on soil bulk density soil pH field capacity and soil enzyme
activity. The results showed that the Pisha sandstone reduced the contents of acid extractable lead in soil and increased the contents of reducible lead and
residual lead. The reduction rate of high activity Pb and the increase rate of low activity Pb increased with the dosage of the Pisha sandstone in soil. The
Pisha sandstone significantly reduced the contents of Pb TCLP and the reduction degree was proportional to the dosage of the Pisha sandstone. The
solidification of Pb could be attributed to high absorption and the enhancement of soil pH by the Pisha sandstone. The Pisha sandstone improved soil
physical and chemical properties which to some extent remediated Pb contaminated soil.
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1 ( Introduction)
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10 x 10° t( 2000)
( 2007; .
2007) . TCLP
(
2007; 2011; 2010;
2010) . .
2 ( Materials and methods)
2.1
(40°2.738°N 111°22. 225" E) (0 ~20
cm) 2 mm
( )
(39°44°23.6"N 110°
34°34.3"E) . 1.
( ) .pH.CEC. Pb.Cd.
As ( 2000)
BET
X ( D/MAX-2600pc)
1
Table 1 Basic chemical and physical properties of Aeolian sandy soil and Pisha sandstone
CEC/ / /
() P ek (ke (i)
( <0.002 mm) (0.002~0.02 mm) (0.02~2 mm)
7.18% 2.01% 90. 81% 8.36 3.86 2.93 2.04
— 30.22% 12.15% 57.62% 9.22 45.79 1.74 1.97
Pb/ Cd/ As/
(mgekg™') (mgekg™') (mgekg™')
82% — 10% 2% — 4% 2% 14.36 — 5.23
57% 30% 10% 0 3% — — 9.44 — 0.49
2.2 10 c¢m) 3
60% 10,
. 20.30.40 d (
Pb( NO,) , 40 d ) . .TCLP
1.5
700 mgekg . 2.3
60% 20 d
(
) 0( CK) \10% .30% 50% 2.65 gecm . pH 1:2.5 (
4 . 2006)  pH ;

( 10 em x
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BCR ( Mossop et al. 2003) (1 N
2. ( 1986) (
( 2005) 24 h NH,N ( mg)
pH >5 5.7 mLeL™" ( pH =2 mgeg '+d ")
88 £0.05) 1:20 / (
TCLP (30 £2) remin”"' 24 h 0.02mol*L "' KMnO, ( mL)
(18 £2) h mLeg+d™").
( Z-2000) TCLP Pb
2 BCR
Table 2 Modified BCR sequential extraction schemes
1 40 mL 0. 11 mol*L~! HOAc (22 £5) C 16 h; 3000 remin ! 20 min
5 40 mL 0.5 mol*L~! NH,OH*HCI (22 +5) °C 16 h; 3000 remin !
20 min
10 mL 8.8 mol*L =" H,0,( pH =2 ~3) (85%2)C
3 1 h 10 mL 8.8 mol*L " H,0,( pH=2) (85%2)<C 1h ;
10mL 1 mol+L.~! NH,O0Ac (pH=2) (22 %5)C 16 h; 3000 remin~! 20 min
4
3
3 ( Results and discussion)
3.1 (F) 50% .
3
3
Table 3  Effects of Pisha sandstone on the contents of Pb forms
1 (Fy) (F,) (F3) (Fy)
/(mgekg™") /(mgkg™") /(mgekg™") /(mgekg™')
10 CK 400.89 £12.15* 56.49% 262.63 +18.40" 37.01%  15.90 £+6.56° 2.24%  30.29 +8.96*'  4.27%
10% 309.42 +15.98" 48.44% 278.06 +5.90° 43.53%  36.35+4.64° 5.69% 14.91 =£17.26° 2.33%
30% 197.95 +17.68° 39.85% 249.78 +4.73°! 50.28%  17.13 +19.87% 3.45%  31.94+5.55°  6.43%
50% 103.30 £6.06° 29.11% 206.69 +10.93" 58.25%  7.28 +1.23"  2.05%  37.59 £4.49°' 10.60%
20 CK 396.23 +8.08% 55.83% 259.41 +13.04" 36.55%  21.23 +5.12°0  2.99%  32.84+7.96°"  4.63%
10% 302.57 £8.10°  47.37% 257.40 £4.99" 40.30%  7.40 £1.50" 1.16%  71.37 £10.40" 11.17%
30% 180.50 +4.37°!  36.33% 233.50 +4.55° 47.00%  9.21+1.83" 1.85% 73.59 £3.72" 14.81%
50% 113.08 £3.02° 31.87% 196.55+7.30% 55.39%  6.41 £1.40" 1.81% 38.82+7.64" 10.94%
30 CK 392.74 +4.62°  55.34% 256.17 +12.60" 36.10% 24.0+£6.84™  3.38%  36.80 +5.88°!  5.19%
10% 299.29 +16.44" 46.86% 282.77 +6.02° 44.27%  25.76 £11.69* 4.03%  30.92 +7.21%  4.84%
30% 174.41 £10.81% 35.11% 255.56 +9.27" 51.44%  24.37 £10.38" 4.91%  42.46 +16.74° 8.55%
50% 101.67 £11.04° 28.65% 192.42 +7.44% 54.22%  8.62+2.52"  2.43%  52.15+16.02" 14.70%
40 CK 389.19 £8.59* 54.84% 254.06+9.97" 35.80% 27.23+7.53"> 3.84% 39.23+3.71°'  5.53%
10% 304.89 £21.15" 47.73% 241.01 £10.76% 37.73%  9.68 £0.62"  1.52%  83.16 +4.05* 13.02%
30% 200.52 £24.37° 40.36% 235.17 +18.05° 47.34%  9.24+0.90" 1.86%  51.87 £7.35" 10.44%
50% 104.34 +6.78°  29.40% 201.76 +7.36% 56.86%  5.67+0.34" 1.60% 43.09+3.67° 12.14%
(p<0.05)

10% 30% ~50%
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pH
10 d
(F)) pH
pH
(F)) . 50% ~30% ~ ( 3.3.3 ).
10% (F) pH
27.38% +16. 64% . 8. 4. 4
05% ; pH (p<
(F,) 0.01) pH
(F,) (p<0.01)
10% 30% ~50% pH
(F,)
6.52% \13.27% 21.24%;, 4 o
(Fs) (F.) Table 4 Relationship between Pb forms and pH of soil and Pb( II)
adsorption
(F3)
(F,) . 20.30 (F)) (F,) (F3)  (F,)
40 d 10 d pH ~0.975%% 0.941%%  -0.366 0.722%*
Pb -0.982" 0.971*F -0.327 0.670**
Dk ok 0.01 ( )
53.
05 mg*g ™ '( 2014)
(1) (7.)
(x) "=
—50.433x +54.071( R* =0.965) y, =39. 06x +36. ( 4)
966 ( R* =0.942) (y3)
(x) Ty, =13.538x +5.6784 (p<0.01)
(R> =0.449) ;
(p<0.01)
N 3.2
TCLP ( Toxicity  Characteristic = Leaching
. Procedure) ( USEPA)

( Kumpiene et al. 2008; Bolan et al. 2003) .

pH\
pH- N

(Sun et al. 2006) .

( Hettiarachchi et al.
2000; 2009) .

TCLP
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10 d 50%

428.11 mgkg™
118.35 mgekg ™'

CK. 10%  30%

59% 8.70% .

26. 97% ~ 17.

(R*=0.936) .

10% 30% 50%
10 d

13%.

()

ty = —52.043x +56. 456

40 d

88.99% - 90. 92% . 91.

5
Table 5  Effects of Pisha sandstone on the contents of Pb TCLP
10 d 20 d 30 d 40 d
/(mgekg™") /(mgekg™") /(mgekg™") /(mgekg™!)

CK 428.11 +1.12°  60.32% 419.321.67°  59.08% 420.11£2.07"  59.19% 415.90 £2.11° 58.60%
10% 325.39 +£3.12°¢ 50.94% 309.09 £7.75¢ 48.39% 305.15 £3.77¢ 47.77% 289.57 +8.18° 45.33%
30% 208.91 +7.63" 42.05% 195.36 +2. 61 39.32% 201.24 +7.32¢ 40.51% 189.95 +5.76" 38.23%
50% 118.35 +2.15¢ 33.35% 110.51 +1.63 31.14% 111.19 +5. 46" 31.33% 107. 85 +3.60 30.39%

(p<0.05)

38% \43.40%  46.04%
pH
39. 62%
(45.79 cmol*kg™") N
CaZ+ \Mg2+
Pb’"; @ Pb* Co;~
PhCO,  ( 2014) .
pH
pH\

(TCLPpH r = -0.
981 p <0.01; TCLP- r = —0.967 p<O0.
01) . pH.
3.3
3.3.1 1

Fig. 1 Effects of Pisha sandstone with different doses on
soil porosity
3.3.2
1 \ 2
(39.62%) 10% +30% 50% 10% 30% 50%
40. 5.00%7.97% 9.72%.
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35

30%

2
Fig.2 Effects of Pisha sandstone with different doses on

field capacity

3.3.3 pH
pH 3
pH
pH :30%
10% 0.22 ~0.28 50%
30% 0.20 ~0. 33.
pH
10% ~30% 50%
pH 8.47 ~8.57.8.74 ~8.83.8.94 ~9. 16
pH
pH
pH pH
3 pH

Fig.3 Effects of Pisha sandstone with different doses at different

times on pH

3.3.4 4a

10% 30%  50%

4b

4 (a) (b)
Fig.4 Effects of Pisha sandstone on the activities of hydrogen

peroxidase (a) and urease ( b)

(
2005; 2008; Belyaeva et al. 2005; Chen
et al. 2005) .
pH pH

( Frankenberger et al. 1982; 2008) .
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