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Remediation effects of a new type of low—temperature—modified fly ash on Cd—contaminated soil

ZHAO Hang-hang'?, YANG Yang’, HUANG Xun-rong', ZHANG Gui-bin', LI Jing—tian', JI Pu=hui"*’

(1.College of Natural and Environment, Northwest Agriculture and Forestry University, Yangling 712100, China; 2.Key Laboratory of Origi-
nal Agro—Environmental Pollution Prevention and Control, Ministry of Agriculture/Tianjin Key Laboratory of Agro—environment and Safe—
product, Tianjin 300191, China; 3.Key Laboratory of Functional Material in Power Generation System, Guodian New Energy Technology Re-
search Institute, Beijing 102209, China; 4.Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology,
Chinese Academy of Sciences, Shenyang 110012, China)

Abstract: A new intermediate and zeolite were made from fly ash under low—temperature and alkali conditions. FA \IP and ZE three materi-
als were characterized by canning electron microscope—energy dispersive spectromet (SEM-EDS), X-ray fluorescence (XRF), Brunauer—
Emmett-Teller(BET), zero point of charge (pHzpc), elc. analyses. The effects of FA, IP and ZE three immobilizing agents on soil pH, avail-
able Cd in soil, mustard biomass, and heavy metal concentration of mustard were investigated using pot experiments. The possible immobili-
zation mechanism of Cd was elucidated. The results showed that application of the three immobilizing agents resulted in reduction of the
content of bioavailable Cd in soils and a decrease in the amount of Cd in mustard. Moreover, the available Cd decreased by 48.35% and
46.19%, respectively, after 1.5% IP and ZE passivators were added in the soils, and the content of Cd in the upper part of India mustard re-
duced by 37.51% and 41.06%, respectively. The soils pH increased about 0.59 and 0.62 units, respectively, after 1.5% IP and ZE passiv-
ators were added in the soils, and the biomass of mustard increased 20%. Thus, the IP and ZE passivating agents effectively reduced the
available Cd and promoted growth of the crops. In economic terms, the IP had certain economic value for the long—term utilization of fly ash.
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Table 1 The basic physicochemical properties of soil and passivator agent

R pH B A /g kg A /me-kg! HABmg kg AHL/g-kg! HFHE/mS em™ Cd/mg-kg™!
|- 7.36 32.49 298.4 352 22.56 0.37 1.72
FA 9.81 16.4 90.1 137.8 44.96 1.80 —

P 8.27 6.56 647.0 143.6 28.44 3.19 —
ZE 8.55 6.13 398.8 522 3.41 2.25 —
TR

Note : “—"indicates not detected.
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Figure 1 SEM image of low— temperature modified fly ash
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Figure 2 EDS image of low—temperature modified

fly ash
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Figure 3 Particle size distribution of low—temperature

modified fly ash
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Figure 4 Zeta potential of fly ash as a function of pH

R R FERRIRIE A S mg - ke B, AN R BETn H
SR 3R RIS R A K AR 2 IR . 3 RhElifE
FREE AT HE NI S P AR (e R BT A AR R R T A P A
B AR TR i S R 3G G 1.59% WS A A Y 1P A
ZE XIS A RAE I B 2 . S X BELLAR L, d8
1.5% FH 5 9 1P 7 35 14 fief ot 2t FRR 153 40 00 38 i T
20% F142.44% ,1.5% JFH 2 1 ZE {5 0 55 R0 S5 384
T 20% F140.61% . IRAT W58 & B, ik XA 40 14 A6
Y 5 bt Cd BRUEA KA AR 2F 7 A, a0 ok al v
LGOI IS AL S A A iR PR ER Bl AL R, 3 Cd B
T3 mg- kg Bt T 0.5% fE R R /N 1125 A B R 0

R2 BUEMHRRXTED BT A KT
Table 2 Effects of modified fly ash on Indian mustard growth

EERe) CK FAos FA, FAys [Py P, P ZEos ZE, ZEus
P /em 78.0+1.4f 106.5£2.9e 110.5+1.8de 114.7+2.2d 121.0+2.0c 125.8+5.1bc 135.5+5.9a 128.5+3.3b 129.3+3.6b 131.3+2.0ab
fiif Jfi f/g-plot™  0.48+0.01b  0.44+0.01b  0.45+0.03b  0.55+0.02a 0.54+0.04a  0.55+0.03a  0.60+0.01a 0.56+0.01a 0.59+0.09a 0.60+0.02a

B R 3 T AT, AN R/ ING SRR A PR A4 7E B 3 22 53 (P<0.05) .

Note : Data are means of three replicates. Different lowercase letters mean significant difference among different treatments (P<0.05).



1646

VREINCR Sy 375585

25% , X1 H A0 PRt Ak mT AR o8 v SR A BT Cd it
Ha58 CAT F POD By 3& P , by 5K ek S5 45 21 1 TP A1
ZE, A RERE N T A 3 oo Rk i i, MR 0 3
AR FAN, RN B ERE i AR I8 R T SR A
0 MR Cd 45 R T B o 35 B . T R
AR Cd* 5 R IEIE AR b8 ST RIE e
IR, ARSI SR A1, S B PR I (EAR
B, MR i A ) A R TN 0, A G 2 B 2
55 B, AHFH 0~12% K3 B IR XA R AS 2377 A 8 35
(i
2.3 RIEBUEM R IR XS EN EIT 3K E & Cd #20

T AT LA 2% fiff 7 4 PR A 1) 1 AR L 3 b4k
R & KA, EAR RSB T I8 45
T4 Cd SRR S50 B He 3 R R, b BB Cd &
TR T HL T EB, SRR — B A TP X AR
i Cd BB W e K, A RS2 B4k R T i T R
Wil S 32 () i B ML, o ] BB AR [ T BT 2R 455
A7 Cd 7 52 B 22 5200 3 o £ 79 ok 235k B O 3%
W Cd B iR 2 R (&1 5) , X BE 4 + e e 85 57
56 dJ5,Cd & 5 mg-kg ' PRI 2.92 mg-kg ™', BB
FFEH B Cd 1 1.04 mg-kg ' B4 114 6.95 mg-keg™, Ui
B 3 Cd 55 R T S B3 od BRI fk G
FE N 3 A AR, A PR Cd 35 52 1 b X B4 i 3
REAL , Bt 5 i A0 00 480 i 2 A 386 0 , O 28 b 138
Cd 75 it 52 T Rk 3, Ud Bl Ak 700 9 e A 2 BB A% 5 )
ENREIT X Cd & 45 o Y4l fb 78 n A &8 0.5% B
55X BRI EL Bt A TP Al ZE fi 57 36 3 Cd HAUR 4

3
O F i O # B3

|—|—|m

a

ah b ab
-rrCCdd i d o |

S Ry RS SHR\ SR\ SR SE) T AR o
S
FER: ] — A AN 7] /NS A5 R AH [ A B [7] it 2 1)
#5183 (P<0.05)

Different lowercase letters indicate significant difference (P<0.05) among

Cd & #/mg- kg™

[}

(=]

different applied amount in the same part of plant
5 RIBRBUEMRIRITEN BEFT 3¢ Cd EEM# M
Figure 5 Effects of low—temperature modified fly ash on

accumulation of Cd in Indian mustard
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Figure 6 Effects of low—temperature modified fly ash

agent on soil pH
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Figure 7 Effects of low—temperature modified fly ash on soil

available Cd
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