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Metal Transportation and Accumulation in Sandy Soil Amended
by Fly Ash and PAM
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Abstract; Polyacrylamide ( PAM) was added to fly ash to amend sandy soil. The migration of heavy
metals, such as Cr, As and Ni in soil-plant system and the influence of PAM on it were investigated,
respectively. The experimental design included three PAM application rates (0, 60 mg/kg and 120 mg/kg)
and four fly ash application rates (0, 5% , 10% and 15% ). The treatment without fly ash and PAM was
prepared as a control. The results showed that the addition of fly ash increased the concentrations of Cr
and Ni in the surface sandy soil, while there was a decline in As concentration at high fly ash application
rates (15% ).

control their leaching risk as well as reduce the amounts of Cr, As and Ni absorbed by corn.

The addition of PAM could stabilize a large quantity of heavy metals within topsoil to
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R A S A A v R T A G A R R
P B Y o RS LR LA B R A A o e IR
AN AR EE . MR R4 S, pH A
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R DR IR 24 oh T 4 R 1) 7 18 T KRR A A
P o
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(Polyacrylamide, PAM ) {ii Fil J5 f# . 45 3% . 2 %,
PAM 75 5 4] - 48 42 Dok L % B0 3% - 49 4% b T 35 90
T EZME " PAM A L5 % K i B R
A TR LEERVUE, LB ESE. o
PAM [k iz 3 38 7T 5 4 22 ) 5 % AL % IR B
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1 FkSH

PAMAL T 2011 45 5 H 2 9 H A ikdT, #b s
TWE & BIE XS8R 2 M i U7 A Hol B+
(N40°17. 853" | E110°26. 696") , X 1 ] [i1] °F- 1 <, I
7 20°C g R E K 2.5 km/h, BEAKE R 172 mm,
W+ B oy R+ BEE R A E N
1.56 g/cm’, 22 1 4 [ ) F5 K % 4 10.3% H 1E B
AR S] U A K R R TE AR 1, iR
Ry KRB B iR P RE i | i IR IR AT 2 248 3 2R X
o B PAM JyE e ¥ 8, 43 F 8 KT 300 77,

x1 MEREDTELERI
Tab.1 Physical and chemical properties of fly ash and soil

B8 A e L
I I W+t K v+
HE 2.91 2.73 B EEH/mg kg 162.78 42.76
3L T 1 43 %/ %e 69.9 9.8 As [Fif H/mg-kg ™! 10. 91 7.28
i 5 4 B/ % 2.7 1.5 Cd JFitt He/mg kg ™! - 0.39
W 5 4 8/ %% 27.7 88.6 Cr i b/ mg-kg ™! 110. 68 32.85
pH {i 10.8 8.9 Cu Jfitit b /mg kg ™! 50. 24 12.96
A 5%/ pS em ™! 489.1 166.0 Hg ffi &t /mg-kg ™! 5.30 6. 14
HHF R /g kg ™! - 2.37 Mn fi 4 [/ mg- kg ™! 732. 94 249. 65
P RSB % 0. 052 0. 042 Ni i ff [/ mg- kg ™! 41.57 9. 85
K R4 50 % 1.28 1.98 Ph F &t/ mg-kg ' 27.26 8.96
Ca i 580/ % 5.73 2.16 Zn JFi i H/mg-kg ! 67.38 14. 02
1.1 RIi&it ®2 HABEEERERD
BYEDCTN PAML 2 9 LB 2453 F 6 45 /D X Tab.2 Experiment design
M, Z AL HE AN T8 S, 35T 2 PAM il F ik i AR it ik / %
0 ~30 emPEHE £ J2 . KUk IF 28 K 0, B BE K 9 it /mgkg”t O > 10 L
FH AR U 0 ) 5% \10% 15% 5 PAM 1 R Ho e
A A ’ 60 P1 F5P1 F10P1 F15P1
FEARYCH 60 mg/kg il 120 mg/kg, I LLBEA B Tl 120 P2 F5P2 FLOP2 F15P2

BRI AL AN I PAM (14 42 B4 Sy Xof B, 4% 4 B35
LA I35 2 Fr7s o >R T H (]S 5, /) DX B AL
9, A PR E 3 IR AL, B/ X A
3.2m x4. 2 m, /NXIHZ RS 15 em ., 5 20 cm f) +
WP o B kN XA 9 AH B, /N K Z A
Im SERRES A . T EORTE S Al AE 1z, i 5 A
Yk $Eh £k
1.2 EUEFMSHR

A BORE IR ] 2 2011 4F 9 A Ay, R IER
JG , ORI AE B A /N R 2 B3 AT IR 3 A
g U BOM ] B R AR A RE S KT TR

5,3t 100 H 08 AR A7 T 00RH B EH A8 0 R 0. A4
P SR 1 R BT 7, 75 R A/ X P ZE B 3 4k
ok, w2 VR 5 KT SR R R IO 2
n RS BB 1 100 H O (17 T I8 R A B
ST

FHI pH T 523 0 43 51000 k- M 1 1 o e A
S, £ KR I 1S, A e
ZUIR R ICP — OFS %, K% R il HNO,— H, 0,
VAR, MR HF — HCL0, 28 . i 30 54 3
JHAE SPSS 16,0 #E15 77 22 40 B7 , 1 (1110 2% 5 R F
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Tukey ¥: 56, i & 1E 22 F AR B0 KA P <0.05,
2 HEHER

2.1 MEKRMPAM N TESSERENTM

A ok B KI5, 0 £ 2 Cr /Y & i (5
Ll ) Bl oy JE DG ) e 1S KT B B, FS (F10 (F1S 4b 3
iy Cr 5 5 b X BRAR YOI I 7 2..01,3.31
4.67 mg/kg FERY LK AL B oM A PAM 5, ¥ 124
T Cr & it E FUAS ok K Y b 3R (BR FSPL
AEBEAL) o 10% Hy BE BN 5 PAM RS 5 T4 5%
JZ Cr & B 36 hn %5  , 15% Jiti i & 60 8 1 K 0
PAM i & i L3 Cr &5 & Hug A 3 (i 1 pr
R) o

B by BB I, - $E v Ni oo R Ry AR B
Cy) 5B B B it T it (oo ) RBLH T HE BB O 2R
FF.y=1.9045x +7.554 5(R* =0.959 7)., HE
60 me/ke (19 PAM ff -1 HE th 5% 84 £ Ni 7 1 B0 i
T 5.26 mg/ke, PAM Fiim % & i (120 mg/kg) + 4
HOND B B R D 13.78 mg/kg, X IR
3.90 mg/kg(1 1) o A M PAM FUky BRI, A
) 4k PR IE] Ni JCR &S Cr STR AL, 5%
A1 10% Jiti JH 5 BB BE K 5 PAM R & I, 7 FH 2 b el
R AR B2 v Ni T 3% 75 i ] 7 0 R R B £l
PR BEIK R A0 BE B, A5 B it P ik 31 15%
5 PAM RS MM, ¥ £ R)Z NI t RS /A2
ETR:-pil8

oy TR B A T I it e 22 b DR AR Y
As 8D o BT IR BN 1 As & B Z LS
Cr il Ni AJF], XA RER M T As B TRER, £+
PR AR MBI S BB AEESR . FIS
A IR As 1Y F i HOA A BRAL FRY 63% T A it
PAM £t i + 4 v As & 1, 120 mg/kg B PAM Jife
AR R L5, e it LR FFEEZ Y As
(1 1) o 10% 7 FH & 9 83 K 5 120 mg/kg PAM i
B, PR T Ry BE R i - As E RN T
7 mg/kg, 15% Jiti /12 By K 5 120 mg/kg PAM R
B, FO OB T Ry BE R B s As AR T
11 mg/kg,

L5 BT AR K B R £ R S i PAM )G,
PAM BEE 30 i 53 HE K b Cr o As Ni Y%, (i £ 43¢
RZBMTEZWE IR, TR 7 H 5 Jw R
J2 R T ORI TS G . BB TR A A —E B
HAEJE AV 15 25 3 b S R i e
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Fig. 1 Accumulation of Cr, As, Ni in surface soil layer at

different fly ash use levels
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Cr.As Ni 3 FocR7E £ oK B4 B0
3R O HTH R 23 85 m EOK e B AR Ay
Cr B & 5L ,5% 1 15% Ho3 18 ¢ ok 331 K Ml b 38 43
Cr 1Y 50 5 F B0 B AL B3 551 38 i 1 0. 81 mg/kg Al
1. 10 mg/kg, TER K TPE AN 60 mg/kg PAM J5, &
K Cr (1 SRR A b B0 78 0 4 5 R BE A T 98/, i EL
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Xof I it P 2 S0 B A BRI R AR Cr 1 5
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A0 3R X B K Ni & 2l T 67% , B R it
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AU TR SR AT L R As B9l
Hrr F10 4hFE I FO LbFEWE /D T 6. 6% ,F15 b B L
FO fb RIS/ T 81.3% o X2 T LA P As {95
R, U T EOKRXS As By, B ES i PAM
W23 80 EOKR X As B R, B0 60 mg/kg PAM Ji5,
FoK As T RO B > T 0.02 mg/kg, TSN
120 mg/kg PAM J53/> T 0.38 mg/kg, 5% .10% Jjifi
FHR K S PAM 565 i 2 — 25 08/ T KK
W As 15, H2 15% KK 5 PAM IR & it
JG, ERMR P As TTR B PAM F 09 364 I i 1 K

R3 EAMEMIBEELERSE

Tab.3 Heavy metal content of corn

PAM jiti 4t By Cr il As Bihilt  NiJfiiglh
/mg-kg™'  MifAE/% /mg-kg”'  /mg-kg™'  /mg-kg™!
0 2.81° 0.91° 0.58*
0 5 3.62" 0.97* 0.19°
10 2.49¢ 0.85" -
15 3.91° 0.17" -
0 2.37° 0. 89* -
60 5 1.42¢ 0.32° 0.06"
10 1.89°¢ 0. 64" 0.20"
15 2.07" 0.43" 0.23°
0 2.88" 0.53" -
120 5 2.83" - -
10 2.20" 0.18" -
15 2.97° 0.75* 0. 46"

T [ — S A ] — PAM KSR A A 58 2 [ R 22 57 ik 35

2.3 ESEBAEFKREANIBME

K2 BRf)E CroAs Ni JGETE E KA E
W) R R, W R R BUR AR KO R & b A A
TLEMEGRS LIEPRIAM TR S ENILE. DS
FBOK A 1 A T R AE FORIE N BRI A 5
FRRE . w4 FBUBR /N U6 WA ) AN T W ORI e %
FROCE s B A ) & i Fh oo &R o Ni oo
RN E L RO, U N ARG N HIETHE 2
), BAER RN B BAR A 2. Cr e RAE
FEAREAGE T EERENRIMRR By 2K
M B, As TR R RS D E B L REBONKINN
WA AR B 2

BA it A BE KB, Cr AE FOR AR i BB AR
FBCA AR BE (38, 25 0 B A RN TR
BB BEIK 5, B R BRI P As TC 2 19 & 5 2R B0 R
Rt P 2 1 38 T80/ 5 FORAR Hh As 1) & 4 R EUTE
F10 b # vp A5 W] B 3 K, F5 F15 Ab 3 As YEMR A9 &
SERBA/NTF X . Ni JuZE Ha) B R AT S,
F5 F10 4 PEARFR (Y Ni JC 3 & 4R REO8 Wl &, i
FI5 Qb FEAR R Ni JC K & 4R R B A Wb, 3

SRR BE S ] Ni ] FORFERA RS o
K F 60 mg/kg PAM 1B A5 it FH T L B5F, XF

Cr 7EAR BB & 4R REGE WA K HZW /N T Cr
FER B E A4, 2 PAM JiTHE K 5] 120 mg/ke B,
55 Fiis T 7 R 0 K f: 9 Ak BE AR L, Cr 7E AR L R
BB AR R A /N o 56 BRIt FHAH [ B ARy
PR AL FRAH EE , In A PAM J5 f# As 78 E R {K N &
LR BN, BEE PAM JHE I As 75 E
KA B E EREGE /N, PAM A MR K)E, £
KL ER Ni 9 5 4 R A /) Tk BRDL K H it FH fy
SR A3, A A B EE NI ) FOR BRI ER
FEFR I ICA Ni 83 R 8H B & R BUNT A
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Fig.2 Accumulation coefficient of Cr, As, Ni in corn tissues

2.4 MHERI PAM X0 T ERERUIE R BB SR AT

& 4 h FOKA T WIE S AT + 58 pH (e + 5
B o il PR B R0 (2011 =5 =7) 235 ik 1 43¢
pH EH A SR T+ & . 3 pH E Rl by 55K it FH
BRI hn TE L FS JF10 A1 F1S 55 % B8 A 43 B T
BT 0.41.,0.47 fi10.59, + MR W BEE B
JHE I it FF S 1) T 4G L FS F10 i FLS 40 345 43 5
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Hi S M AR B 166pS/em TE R B] T 220,301 AN
315uS/cm, i Bt B PAM S+ S % B v Fn nT i
PEERIY & 5 R AN K, PAM IR & 8 K 5 1 1
(14 FEL - 3R L Bt P A9 A I P 3 SR gy, 3 AT i
& PAM 3t i A 22 A A0 1 — 5820 nl i vk A9
Moo Bt THE TG LG T LA S R AE S5 A 1 R AT 7E
BRI (2011 =9 —4) &40 B+ 3 pH E A
AR TR, R oAb B A S 1 e 5 xR
Rl 8 K B (2011 =9 —4) % AR B+ 3 A
SR B, B F15 R F15P2 4b # 4L, 4 4~ i
6 4k B Y R T AR A

x4 £EHNIEERSER pHEMNEZW

Tab.4 Soil electrical conductivity and pH value

PAM 2011 -5 -7 2011 -9 —4
S MR/ MM R R % 3 I8 it R B/ %
mgkg”! O 5 10 15 0 5 10 15
0 8.90 9.31 9.37 9.49 8.83 8.69 8.88 8.85
pH fi 60  8.76 9.30 9.43 9.49 9.25 8.96 8.98 9.02
120 8.74 9.42 9.49 9.57 9.30 9.02 8.96 8.77
0 166 220 301 315 79 85 78 146

Y

u@-rm'l 60 184 260 410 437 59 62 62 62
120 150 409 387 439 52 62 63 191

3 it

3.1 BMERBRIEILREMH

MRS h & a2 MELE, I B & 8K
T AR, XE WG SRR, R
AR JRE I 2 v SR R 4 TR A B A 2500, X R R
3 B 5 TE B R U8 R e oK - 45 1 22 7 T 1Y 52
i (HRZ BB R P AEEI RS &S T L, A
IS T B K S 8 Zn (P Y B B IR P E
R BT R AR E (GB15618—1995) Hh HLE (19 A 448
o M E AR (R S)
JKH Cr As Ni Cu & EM B & FLENARY
SHL, {E 359 A 8 B0 6 - 8RN RS ) 3 TS Yl BN AE S Y
T, RSP YN XA RAES, AR
R T R B SRR s O ORBE AR A
A4 AR R Y - g PR = 90 ok DR B A bR 2R
R IE B AR R I R . R AE L3 i A
MRS MEMES RN S &, A8 —ES
IR BRI YA G e EE G K. 2 A
KWFFEALR 1, 2 ok K 00 {8 FH BB 08 3% IR Y)
B K o3P A SRR B0, 3 R K A 4 g 1k
HEERTE Y L pr IR g S R R K it R
15% W+ JEFR A A T2 T . B A + 4
—BZHFRLE , Cr A1 NI A 5 o B R K R 4k A 15 i

1t g, X AT RE R T R X A R — i

BMRETT . IR R WAEN], 20t 5 A H MR LA &

TE R SF A R R, B BSR4 1Y) Cr As (Ni 77

AT A AP b PR R AR o R ) A
£S5 TEFRERERE

Tab.5 Environmental quality standard for soils

mg/kg
—y =y

o - N N a

5 H (B ) (L pHE  (LEpHHE

KF71.5) KT 6.5)

Cd 0.2 0.6 1
He 0.15 1 1.5
As( 5L i) 15 25 40
Cu(RH) 35 100 400
Pb 35 350 400
Cr( 54) 90 250 300
Zn 100 300 500
Ni 40 60 200

3.2 MERMTERESEHZWEEST
ARSI G 515 T 4424 o Cr Ni 984 i,
M As 76 1 3E 2 10 5 ik BB R T 4 5 K T sk
JIN S TE S IR I 05 8 6 B G ) ke BL - 9 e A 2 )
(CELE S &Y<t o N N TR - R NG ORI =57
A0 HA B K252 138 pH (L S04k 3E 5L fir
AR A WU & b4 2 07 s L R
Cr KERAr MR 250 A3 BF 58 85 0 8 IR A5 8 1 2
RIRA , RE R B AR AT 14 [ 1 I Cr I8 K i 45
Flo ZMHTBFTE 200, SR BRPE BE A5 K5 S 0 Cr B4k =
W, 30/ Cr G & I T34k, W Cr T R .
Ni TCE MR K25 R 5 Cr AL, 7T REA7 76 2 LK 2
B o TET5 U8 R B R 106 A ok B 98 A0 AR 56 P 2k B
Ni 5 50% LABR i A AEAE, IF H ok & Ni (1) & = ff
T P PR B R TIT R2  PR t, H JER E  1%
SRR Cr Ni 3 W MR e T 5
As JLE M &M W Bk, X EERE I T As oo
ZE LY E IS GBI PIL Ce 27 1
1093 S5 I B B T RE RS T As TC R AE Y
(9T 25, 0 T3S P AT Aso BRI 1 B TR
PERTBEAEHE T As BOTTHPE, As BB VE R R Z
PRI F15 4322 3 As & i 0 B4 0 1A
3.3 PAMX#HERERTEFELEZMAHF
TERS D o KL G 4 39625 s i PAM 5, PAM
RE A% 1 B T AR 15 O 22 1 T 42 0, AT 4 ) T 4 )
IR ZWTR, I — SRR T ESE W
R B o R 4 WG PR ML K A PAM b B (1 1 33
Cr.As Ni JCZ 76 + 3 % 2 00 & 2 0] 8 F XA
FURE A R f b B 3 BT PAM. RE 5 10 ) A5
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KEM &R R N LIERZER, X E— RN E
2 W 455 . PAM & — PR BER, gt kA
BER N o R RE SN S TR AR rh B TR ) 3 FORURLAE 43
T BYAEAE TR A2 s ZOR T TE 1 3 #2 . PAM i
i EEAE R T M RIESESBNER . 7
15% ¥y MK 5 PAM IR G AL B i Ni oo & &
/N X T S EEE A2 B K pH (H 5 £
Fi R A AR RS0 A R BT
WA LA PAM & A48 G N 7= 45 &%), PAM 1y
TR AL I R A P R A g A 5 - 4 UKL R 1Y 42
JE B TR AL A R A TRk R B R
S Fm A PAM 5, v 38 3 2% F R 2R e S N K
L@ B e AE LR )Z M AR R )2 LT
%,
3.4 PAMBEMERMNENESESENZ I
BEEEIEALEE, @S BR &S E
N PRI A A L LB 7SS = < 7 N i B R g
ORI K S A S E SR TR, A
[F] AL A %) B 4 S R R W SEVE AN ] . Singh 4%
WEFE &I, A P 1A P9 BB 4 J 1Y) SR R o R Ry A K 149 it
FHA 2 YIAH G, Ni B 45 5) BRRAEAR A, 1 Cr R
R4y % F B KRB CroAs Ni #8 5) BB
FHREB. RA WM PAM HUB K T8 )5 , 0 ik
N 4 1 b R S I R B K EEAI, H e AT UL AE
BHIR i B Vb b rpoim A PAM, fE B 2 &I Cr As Ni
HIAE YA R PE v /D R W R X S T 4 R I TR U, e
2 Rk R e b B EORIR N & 4 8 & =ik
LT XTIE s A R AR 45 R R, PAM f
A48 [ e 7E R 2 1 Rl B o 3 1 5 4 1) A

YyiZ ¥ O MERE o H < Je LR AR A 1R PN Y SR AR R T 4
JEAE G ARG AT IE S RS Y
RN ARG o g 220 AR I S 1 B 4 U T i
AR & T 5 S T 4% i 25 <6 s P BB AR R , AR M
AR DI T 255 0 B PR 515 s D A S A7 A
FZMNRMC, Ham g Rl a5 A Yk B
Ak 2 07 T 09 SN, 38 i A e g e e

4 HWRIE

TEVD I AR B K 5, 45— 2 72 BE M 3 m 4
e Cr Ni [ i, 1 As 7E RIERIZM & & 58
JRE DTt P R O v it P R K 23 /b + B Y
1 As Fr i, SUbIR B AR Cr As (5 2
Jit A B BT 265 0 T NG JT 3R 7E R N £ Bl R S
JR it ) 2 4 284 T g o Be AN it LR R S 1 £
FR B B 5 S5 1 BT I G (H S 2 e K
I 7 5 3%

PAM Jin A B B K ek K 1) vb = 3 AR AR K e,
REE T —E WA s /EM . 5%, PAM A {f By B K
WR R ERE SRR 2 E AR W T R i
YR B K o A B E R 2 M E 2 )8 . HK,
PAM 7583 15 K 00 R 438 1) 55 — A 3 A A, 78 [
S T4 JE Y R B AR TR A TR R A R AT
WD T A JE A AR N B A RS i . PAM G i —
FHE A E A T Cr As Ni FE TR Y Y & 4k
R WL > T Cr As NifE EORIR N9 B
i PAM X - HETE 4 8 0RO ok B 1 it
A, 2o e il P 0 A9 5 1 8 B 1 P BB U5 PAML 1y
xX—1EH.
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