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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 Ph 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 Ph 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.

Keywords: Pisha sandstone ;lead contaminated soil ;lead forms; TCLP
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SHEOR W™ 10x10° t( 5K MEE,2000) , 25 A A fe
AR T MK f6 3 (AR, 2007 ; 1444k, 2007 ) . 7E
YRR R MR RS R E SR
WD A TR AR T BRI R R H R SRS
JURB M U RN EERRZ —(RE Y,
2007 ; B2 N WA, 2011 @5 42 8 5%, 2010 X1 R 1= 45
2010) AHAD 7 2 B 5 D B 5 42 438 IX A KRR AR
Y, LERIRN L, AR S8 K i Ok, (H oA Ao
114 B R T AN AT 1) B 4 T A IS AL AR FH sk — e
F LR % X 58 & R V5 Y &2, T LR
RE 4R 15 Y B R A,
TEM—Fh b4 R 4 8 75 Y B R SUR &
BURVEM B Z A R X L3 4 TR B S A 3
AL R A X — PP R bR B — 2 i R BR
o HHERE AR S, R TBEEME SES
JE 18] R Bk 2 A F A, 4 39 H Al 48 s th 2 AR %2
IR 2, FLRT DAZRAE -+ 38 (14 flt IR L O S w16 &2 44
PR A5 XF A 398 55 22 DR 00 1 R ) R D AR B L
BYER—F 551K WK A BT, Ao
ARSI LD S, BT LD S B R E

<5 15 e S e X e M IR B A R =T A
T, A = R, B 5T AN [R] B R
X IR SR AL X TCLP BEPEV A2 1L i 52
Wi, 2 A B AR B3 9 I 2, R E At D
XS Y R B RCR , LI O R 4 R i
HUNEBEE/IEISE bite )

2 ## 57 % (Materials and methods)

2.1 R M A

Bk 1 3 R A N S HE A% R B R I 4
(40°2.738'N,111°22.225'E) BRIP4 (0~20 em) ,
RS 22 A AR IR 2 mm JE SO, i Pk
55 R0 ) B AR N A (206 R AW
SRR IR IR K £ (39°44723.6"N, 110°34/34.3"
E). 3 SR b A A AR M ot DL 3R 1 L ik
ML (WAE ) . pH CEC A HLEIH Pb Cd As AJiE
B HR LA 07 B (B an s 2000) TN AE , R
AR BET b2 AR e G 5 , 9 9 2H Bk
By X B AT MY (D/MAX-2600pc ) 1l 5E .

F£1 RibTAMwsERELER

Table 1  Basic chemical and physical properties of Aeolian sandy soil and Pisha sandstone

AR ZH 1K,

) i fH
Bk ik Wik B Wk pH (rflhf;> i.* ffﬁ/) t(t fﬁiﬁ;
(<0.002 mm)  (0.002~0.02 mm) (0.02~2 mm)
Wb+ i+ 7.18% 2.01% 90.81% 8.36 3.86 2.93 2.04
FARuR iRt es — 30.22% 12.15% 57.62% 9.22 45.79 1.74 1.97
- LR/ Pb/ Cd/ As/
FYE £/ ¥l KA it HAsf mikAa WA (mgekg™) (mg-kg™) (mg-kg™)
Wb+ 82% — 10% 2% — 4% 2% 14.36 — 5.23
FARCR IRt 57% 30% 10% 0 3% — — 9.44 — 0.49
e =" FRoRARKE .
22 REHIF 10 em) B AL PRV 3 AN EE IREF HOK

B I0 76 VG b R MRBH K 24K + R R 5T
R RITIRE it 7. R 568 T 75 A5 Y -
AMNEASIN P (NO, ), 4 @ hiE I =X, 4 I K
BT T = AR AT L 1.5 A A AT AR,
BT 3 R 700 mg- kg™ ARHLTS Y + B2 £5 1 HE K
S3 A HEIFEK 21 60% , FiREHE53% 20 d J5, i
frlasis Y+ B E 5.

RIS b B MR A s & (i A
ArH) AR 0( 28 X IR CK) L 10% ,30% i1 50%
G 4 A b PR AR S Y + e 5 DL E S TR] )
LA A R & 250 J5 2 T8 OB (55 10 em x EL1R

HH (157K 1 60% I 76 il 2 85 5%, 43 #E 56 10,
20,30 .40 d A SERE I 4 A BRI (FE
5540 d I - [ FEK E)  H 4 BIEE  TCLP
i S A SRR AN o AR Ak S ) T
23 RBEFFE

SR A B AR R R R0 B Tk
i, TIESLBEER ] A B R R A T
FBRT AR, Hoh, R R LR R E
2.65 g-em ™. 4 pH R 1:2.5 B EK (A
45,2006 , F pH 3 FARHEA T 00 2 5 FH [A]Hp/K iR
FHER T . + 585 4 @ 09T 28 70 R FH et it 19
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TRIX 5 75 Ye + BT 5T 875

BCR &£ 42 Bt ( Mossop et al.,2003) 434t , B A&
TR 2. 75 42 )@ # RIS a3 e S IR % b i Wkt
Froe (3545, 2005) , % 18 3 {3 19 pH>
5,0 K 5.7 mL - L7 UK EE 2 (fRIFE pH = 2.88 +
0.05) Z& 4% 8 1:20 1Y /28 il tb 47 TCLP
PEHC, LA(30+2) remin” BB EALE R R N IR (18+
2) h, B0, g R R T RO e i (Z-
2000) P EH SR BOK A TCLP 2 BUK A Ph(I1) &

x2
Table 2

R 2 S Ak SR N I S B OGN 1
(1986) H 7k, o IR B 2 R FH € 5 1% ( 1k
BTG B LA 24 h 5 B ve 4% NH,-N Ui (mg) %
B mg e g™ d™h) | ab AT U R R P i e R
T 2% (e A SR T B DA s T A 24
h P95 #E 0.02mol - L™ KMnO, B9 4KFH (mL) Fo5, AP
mL-g”-d™").

Bt H BCR #EEHREUE

Modified BCR sequential extraction schemes

LR RBUES TR

1 SR PE S

TERFSERES TINA 40 mL 0.11 mol-L™" HOAc, (22+5) °C F#E% 16 h;7E 3000 r-min~' F E.L> 20 min
1E_ A TR BRI A 40 mlL 0.5 mol - L™! NH,OH - HCI, (22+5) °C F#&# 16 h;7E 3000 r-min~' T .0

16 b b4 TR R A 10 mL 8.8 mol- L™ H,0,(pH=2~3) | % iR T35 1 h, S5 I#AE (85£2) “C {145

1 h; FKNA 10 mL 8.8 mol-L™" H,0,( JT5 pH=2) ,7£(852) CHA¥E | h, flEHZE R ZILZT; BFMA

10mL 1 mol-L™" NH,OAc (pH=2) ,7E(22+5)°C F¥&¥ 16 h;7E 3000 r-min~' FE.L> 20 min

2 AL RS
20 min
3 CIE=RIE
4 Bt s U R T fige

3 R 51318 (Results and discussion)

SRS X S i AN 3 PR
W PR ARG S R R, B DA IR PR OGS

3.1 AEE A HIE PSR (F) FAE  H b B8 i 40 i 50%.
3 BTG e RS I b A 18 A2 A e
F3 MUENTRTERUERESEERS TN
Table 3  Effects of Pisha sandstone on the contents of Pb forms
AL/ d e SIRPEIS (F)) AR (F,) AR (Fy) BREA(F,)
R/ (mgekg™) B HE/(mgekg™') B SR/ (mgekg™) Bl FE/(mgekg') L
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%  14.91x17.26"  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°  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+1.83f 1.85%  73.59x3.72  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%  256.17x12.60™ 36.10%  24.0+6.84" 3.38%  36.80%5.88 5.19%
10% 209.29+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" 243%  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%  241.01x10.76% 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%

0 RPNA RING TR 22 5 .35 (p<0.05) |, eI iZ e 58 i b M 40 L.

WIN 10% .30% .50% = F i A G, 418

A R P B

| E IO

RGNE, AR A
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XPg b R AH IR A RS L2 A & iy
FEnT %0, SxFHRAR L, AEARBE 10 d 5 RED A AR N
WD T RIE TR SRS BGS (F) BV E T i,
H KGR AL 20 5 15 550 St i 38 o, 4 498 55 1R 2 LS
(F)) B g W A e RIE 2 50% .30% . 10%
SEFRAE 5 R 42 UGS (F)) # & e S s iy Ty
X IR B 2 FRAR T 27.38% ,16.64% .8.05% , 1% 11t
Z R IR 2 e 22 5 IR RS (F,) Y A
S U] PR T RIE A A %) Ak L T A 3 4 v, L 2 Ak 5
G INRTA A (F,) 8y @ 20 & 2 g m, 3L
W REED A 10% .30% ,50% Kb HE 5 A AT B R ZS (F,)
By e o & & 5 0 BOAR He 39 08 4 B0 oh 6. 52%
13.27% ,21.24% ; 55 AL PR 5 19 ol S840 35 (F,) BY S5
BRI (F,) By B & 3R AL RS 5 00 8 i =2
RIBTNE L ORI A I EWI Y <5 S <] = R S
(F3) BV E 535 i LX) BEAT T BRI, SR A (F, ) BV E
G307 i LG A TR i A6 AL B 20 .30 F140 d )5,
HILEAE 10 d BIS5RARL, Ab B R E =z (1] 22 57
AN

g5 LR RRD A S R S AR T RS R
PEECSHy o, TR 0 1 AT 38 B A 4 1 2 Ak i
B, FFRE R AL AD 75 70) 12 1) 34 A 2R i sl 1 ik
K, BEFRREEIGES (y, ) FIAT IR A4 (y,) B & =
SR A (o) R TRIFMEEXR Ry, =
-50.433x+54.071 (R* = 0.965) , y, = 39.06x +36.966
(R*=0.942) FRIBESHE S E (y,) S A &
(x) LM RNy, =13.538x+5.6784 (R =
0.449) ; ZERB) RUBE I, 6 45 AL B[R] ) 22 4k, 4% T8
FOSE IR IAL (¥ N IO e = g R L = S VAL O
BEAR, FEIEE SR 5 E 4R & A WL
UE A G S AL A I, o 4y JE T g
Ak 2R T S RN AR S DT 3 AIG o 4 T 19 3%
P ML BT R, DLk B 2 5 Y 30 H 19
( Kumpiene et al. ,2008 ; Bolan et al. ,2003) . fEARMFE
R A BN IS8 ¥ e - 9 v A T P e e Y 55 TR
PRI 5 100 R A T 07 355 P A O A 1 W s Jie
A HRES TR E T, X RV 5 ] e i 45
P 1 0 T 25 I T P T A 5 Ak, DT I8 35 AT
B A 1A S R Bt s B BB R B Y.
ZIEFRLRD A B A B R pH ., [ B A5 Y WP
AE, & AT BEiE A 4 o 0% pH W BTSN | B - Ag H
A 2FUTTE R Bl AL R 38 P 3 = T 1 I A AL A
LA [ I P 4 4

38 pH A =, — 7 TR o AR A
FETE 2S5 RIRAF IR A | 53— T 1T 55 M - S i ofh ol R At
WA A Al + 58 pH T3, IF G- 5 7E — S H 55
TR RS A, FLBERILAD 5 S N 350 it (4 36, pHL AH
W (RS P 3.3.3 ) AR I ok — A K it b
FACFRRTE A I pH 5 R RS EH T =
HEATAR 00T , 45 5 36 4. 36 4 W0, I R it
BT E SRS 1% pH 28 EF MM (p<
0.01) , AJ iR B2 55 5 S A5 4 B 0 e U 45 - 1 pH
BB E M (p<0.01) X W+ e g
TSGR, S Ak A T+ pH A

F4 ITEFESHESESTE pH MW ERMPEHEXXR
Table 4 Relationship between Pb forms and pH of soil and Pb( Il )

adsorption
SRR AR AR FRES
ARYF) BE(F,) BHH(F)  (Fy)
+-3E pH -0.975"*  0.941**  -0.366  0.722**
AL AWK Ph & -0.982**  0.971**  -0.327  0.670**

TE: # = FIRTE 0.01 K- (B b G,

BHCAD 2 EL A A A A B 12, 2 o K 24K 53.05
mg- ¢ (RIES,2014) | BEE ACED A 8 0 A 14 K,
LI B (R 25 0 F ARG, T RE XY I A R0

SRR 5 X A 1% W Bt 5 A B S - R
BB A T M T AT R (R 4) , HIE
HR R T R Y 5 R R S A 4 O i S AR A
T 5 I A OC (p<0.01) RIS HER AT IR S S
BRI AT E 4> i S A S W e 2 IR A G
(p<0.01) , 3K E— 25 R B RILAD A 1 W B 1k BB E R
& T TE IR
3.2 @B EEEAEHEEY

TCLP  ( Toxicity
Procedure ) #4 FH 56 [E PR o) ( USEPA ) 4 1 1 —
IS5 YT I 1 [ et 2 5 ) g 1 FH AP A
A A A A B XU i 3k 4 S T YL PPN O Tk
(Sun et al.,2006). H i, B NS A B 207
FHF M Bl Ak 500 %o o 4 V5 U + B sl A 18 & 195K
SRRz i ZEnn s L E 4R
TCRMR &, DR IEM b R e = 4R LY H
R FER e I LB Z RCR (Hettiarachchi et al. ,
2000 ; BRANESE,2009) .

LD A AN ) S i e e Y + 3R Y TCLP
PRV et S LB S ] A5 £k 9 5 i DL 3% 5. 45 R R

Characteristic Leaching
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FEHTS Y IR AL A e B BRI R
EREAL S B E] 10 d B, BILRDA 50% 3 iR &
1 -3 A Jm AT RE RS A R 428,11 mg- kg FEAR
F]118.35 mg - kg™, I H I 5 4 8 19 o fH 200
CK.10% 30%7K~F-F & Wk /> 1 26.97% ,17.59% .
8.70%. UL AT LAFE ), B AL AD 4 00 s i 14 8
FRE R ) B BRI, O ELRRAIR 25 (] A 4

BRI LU (y) SHCED S AR N i (v ) AR R
TR LR R,y = -52.043x +56.456 (R* =
0.936) .24 4b B E 47 2 55 40 d B, AL AP A 10% .
30% 50% 351 T {1 R BE PR 2 4 ) R AR 10
d IFERPE A 88.99% 90.92% 91.13% . i it Al
UL, Bt AR 25 Ak BT[] ) B K 498 v B R
R R (H R AN

F5 MUWEMNTHEIEASHERHERMSESILEENTMN
Table 5  Effects of Pisha sandstone on the contents of Pb TCLP

- 10 d 20 d 30 d 40d
W/ (mg-kg™") L) 7/ (mg-kg™) L) R/ (mg-kg™") e R/ (mg-kg™") L)
CK 428.11£1.12° 60.32% 419.32+1.67" 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+1.631 31.14% 111.19+5.46' 31.33% 107.85+3.60! 30.39%

1 RS R NG 8RR 22 57 i 35 (p<0.05) |, LW B IZOR A& i B 1Y 43 1L,

- AT R MR A R 2 T DA RE A RS 5 S i i
FEAR AT BB Hh R A B A N T -4 pH, {45
DR E LA AFAE. JAh , R 3t ab 25 A 2 in
S I B 1 i R B S AN, LR R Oy DL RD
HHABRMNHE F 385 (45.79 cmol kg™ ) , H
SEE T S A T Ca™ Mg ST PR
e 107 2 A AL A 25 2% 1T 3 QALY 5 ] 3 ik e A
Wk P> ; @Pb™ SN A TH Y COT JE A PhCO, UL
VE (RS SE 2014 ) i — 20 - e g P it S Al
WA AL R I 38 pH AT T A IR B 2 2R 47 R G
ST, IR RN 2 5 1 pH
LA A W ST 1 B i A B VI C R, B2
SR A e M (TCLP-pH, r = —0.981, p<
0.01; TCLP-WEi+ ,r = -0.967,p<0.01) X i Bt
D AR A AR - 35 pH 3 R - R B s e ] 4
SR 5 T A B A .

3.3 AEEAE g LB E AN E

33.1 @A EMEELBREHEE LI
JFE AR FRAE A 1 T i A IR ) — A G S B A
BeALp S TR A OC, — ot HIEAE S +
e AR B N, R LB S R R
oL, AT DA 15 B - 1 ) 25 S0 B R 4 18 Ayl R
i K 43Iz B 4.

K1 4558 8o, 76 b s e ab 5 n] LU R
U5 - AR FL B RE (o A AL Bt B 3 R 5 0 i 1 fL
BRE (39.62% ) HH LG, LD A 10% \30% \50% U N H
4k 3 f5 1 A 55 LB RE 43 il 4 KB T 40.38%

43. 40%F1 46.04% , 3 H B AL 4 75 0 EE ] 1) 38 K
- AL R A 7 38 K 5 1 BRI D A — E AR
U0 T ISR R AL 39.62% I K5+
HEAFLABR A, 3K T I SO, IR AR £ K
SyF RS, VRIS & TR R A K R
W

48%
46%
4%

2 42%

40% -

36% '
THERSER KT

E 1 FEF SRS TEFLIRERR0

Fig.1 Effects of Pisha sandstone with different doses on soil porosity
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2LHAUNG R 250 5 R R A G 8 2 45 R
FEH U TINAHRD Ak A Xt B R G 1 - 48 ()
k& Hd  10% 30% ,50% Ak #4351 H Xk B 38 i
8] $57K B 5.00% .7.97% F1 9.72%. 3% 7] fig 5 it ab
FOH 30% M5 A SR AL A SR SR K L A 6 X
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Fig.2 Effects of Pisha sandstone with different doses on

field capacity

333 B EFLLE pH WP ARFEFIEM
W X5 G 58 pH 52 ULIEL 3. 5% BRAH 1L, 4%
BE S N RIS 5 s IR B i 1 -4 pH, HBEWS I
T G pH 228 1 I, 24 I B2 53 50k - 309% Ab
BRI 109 40 FEEE T 0.22 ~0.28,50% &b L 30%
ALERBETN T 0.20 ~ 0.33. B & 15 IR (R (O 4 7%, 454>
AE PRI pH WA R R AR 4L, TR B AR
WM 10% 30% . 50% 4b BE 43 5l 4 3% pH 4
FF1E 8.47~8.57.8.74 ~8.83.8.94 ~9.16 M # = /K
% - pH R —E B RE A AT UL S A
FERR R U5 4 pH X AT AR R THED A A
B pH, WSS 3 pH {34 .

1o B CK B10% 030% B 50%

1'

=

20 30
HiFRIfH /d
B3 FEFEREE R EE S5 pH K220

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

times on pH
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P, ELREAE SO R i 84, 3o S S R R
R FEEAR. 5 B[R, 72 A [F) Ab B (8] R 93 A A |
e PRSP ) R B O - BE A I (0] B 372, + 3 R
PR P SR R BT B S e ib A i s +
SEE IR AR 1R (0 S T R 4b BT R AR A IR B0 1 Y
P, 55X BERH EE, AN (] 50 B R A0 S B T8 v 1 SR
BTG PESZ I AN K.

61 a B10d B20d 030d m40d
B sl
I
3 :%
a3 o
¥ 8
s 2 N
& ﬁ
B - P
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Fig.4 Effects of Pisha sandstone on the activities of hydrogen

peroxidase (a) and urease (b)
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