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Leaching Characteristics of Heavy Metals in Fly Ash and Slag of Thermal Power

Plant Under Simulated Landfill Leachate,Neutral and Acid Rain
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Abstract : Three levels of class F fly ash and slag of thermal power plant were digested with EPA Method 3051 and microwave, and
extracted with three solutions of different pH to simulate the landfill leachate, the neutral and acid rain. The contents of heavy metals
(Cr,Mn,Ni,Cu,Zn,Cd and Pb) were determined by the inductively coupled plasma mass spectrometry (ICP-MS) to analyze their
distribution characteristics and leaching toxicity. The results showed that the mean contents of Cr,Mn,Ni,Cu,Zn and Pb in three levels
of fly ash were 35.75, 148.06, 19.64, 17.95, 32.95 and 14.95 p,g-g_] , respectively, which were lower than Tianjin soil
environmental background value. However, Cd content (0. 182 pg-g™') exceeded the background value. There were no significant
difference in the distribution of three levels of fly ash, but the concentrations were higher than those of heavy metals in slag. On the
contrary, the content of Mn showed the obvious distribution characteristics (fly ash 1 < fly ash I < fly ash Il < slag),and it
increased as the particle size increased. Simulation results of neutral and acid rain on the fly ash and slag extraction showed that
extractability of Mn,Ni,Cu, Zn and Pb were quite low( <0.11% ), but Cr and Cd showed higher extractability. In the simulation
experiment of landfill leachate extraction, the extractability of Cd increased significantly, the leaching rate of Cd in fly ash [ , II , Il and
slag were 26. 6% , 17.7% , 14.4% and 8. 3% ,respectively. The wet ash and slag removal can induce the leaching of Cd,which had
some environmental risks.
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1
1.1
¢ (GB/T
1596-2005)) F 3 (r .m 1m H,I
(45 m )<12%; 1l (45 m
) <25% ; 1l (45 pm ) <45%.
, 20 ¢ ,
(100°C,1 h), ,
100
1.2
0.25 ¢ , 10
mL HNO,, EPA Method 3051
(Ethos Series , Milestone Inc. ) 10 min,
5.5 min 175°C, 175C 10 min,
,  Whatman 4 100 mL
,  Mill-Q 100 mL,

ICP-MS( Perkin-Elmer/Sciex Elan 9000, USA)

: | NI I
10 g 500 mL , 100 mL N
HNO, H,SO, (pH 3.20+0.05,
) (HAc) (pH 4.93+0.05,
)3 ,
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3000 r/min 30 min, ,
L16~13J‘
(
(GB/T 1596-2005) ) ,pH
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1239-1999) ¢ ).
HNO, s
SPSS 10.0
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Table 1 ~ Concentration and recovery of elements in

Certified Reference material (CRM)

/ug-g! /ngrg”' RSD(n=3)/% /%
Cr 65 +2 57 3.1 87.7
Mn 580 12 449 25.4 7.4
Cd 0.13 +0.01 0.11 0.02 81.6
Pb 20.6+1.2 18.7 0.7 86. 4
Cu 21.6 £0.8 16.9 0.6 78.3
Zn 65 +3 55 6 84. 6

2.1
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, , pH >9,
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100°C 24 h,
pH. , 2 N N [N | 150 wm
pH 4.5~12.0, 42.9% 48.5% .55.1%  59.1% ,
S ,
2 /%
Table 2 Basic characteristics of fly ash and slag from thermal power plants/%
pH 2) SO, K,0 Na, 0 R,0V
I 10. 52 42.9 3.02 0.15 0.30 1.30 0.22 1.08
I 11.05 48.5 3.68 0.15 0.31 1.32 0.26 1. 13
m 11.31 55.1 12.3 0.17 0.33 10. 1 1.09 7.74
9.07 59.1 - — — — — —
1) ;$2)150 um :3) ,  Na,0+0.658K,0 ;4)
2.2 Cd
EPA Method 3051 , , .
3,F 3 Cd 1.12, 0.37, 0.17
Cr.Mn.Ni.Cu.Zn.Cd Pb 0. 34 mg/kg'*! | cd
35.75. 148.06. 19.64 . 17.95. 32.95. 0. 182 0. 89 mg/kg'*!,
14.95 pg-g™ "', 26. 62, ,
279.96, 15.81, 12.83, 12.13, 0.031 1.58 , 2007
peeg !, 11.86 t/(km*- ),
[8]' 3
, [.I II 2.3
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Mn s Mn , Mn Ni. Cu. Zn Pb ,
(1244°C) (2097°C), 0.11% , Pb 0, Ph**
, .Baba ' s ]
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, Pb.Cd.Zn, 0.02% 0.05% ,
21 Snigdha ,Cd
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s Cr Zn , (7],
Mn A N | ] (28] ,
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3 Cd [29~32]
’ , I.1I L , ,
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Cu  Mn. , Cr Cd HCl Cd 80.17% .
.3 , pH 3.99~8.13 |
Cr , Cd
: o Cr , Cd
: [37]
. Seferinoglu ,
[38]
,Cd , Cd ,
’
3
Table 3 Contents of heavy metal of fly ash and slag from power plants
Cr Mn Ni Cu Zn Cd Pb
/ngrg”! 33.98 104. 61 14.51 17.57 37.76 0.232 16. 99
I RSD/% 1.6 3.1 7.1 6.0 4.3 0.5 .2
SD/pg-g~! 0.5 3.2 1.0 1.1 1.6 0. 001 .4
/ugrg ! 36.98 128. 74 24.05 17.02 28.99 0.135 10. 30
I RSD/% 4.7 5.7 6.0 6.4 0.2 1.3 6.0
SD/pg-g™! 1.7 7.3 1.4 1.1 6.1 0. 002 .6
/ngrg ! 36. 28 210. 83 20. 35 19.25 32.09 0.178 17. 56
I RSD/ % 1. 2.3 6.1 4.7 5.2 3.1 2.3
SD/pg-g™! 0. 4.9 1.2 0.9 1.7 0. 005 0.4
/ngrg! 26. 62 279. 96 15.81 12.83 12. 13 0.031 1.58
RSD/ % 5. 3.3 3.0 1.9 5.1 13.7 14.2
SD/pg-g™! 1. 9.1 0.5 0.2 0.6 0. 004 0.2
81/ ngeg ! 318. 43 2034. 66 185. 67 976. 74 6 089.93 72.02 4769. 96
24/ pgg™! 82.65 665. 0 32.39 28. 35 76.27 0. 09 20. 32
4 /%
Table 4 Leaching rate of heavy metals diffused from fly ash and slag/%
Cr Mn Ni Cu Zn Cd Pb
I 2.45 0.00 0. 09 0.03 0.02 2.39 0. 00
I 2.38 0.00 0.04 0.03 0.01 2.20 0.00
,pH =7.06
I 2.94 0.00 0.07 0.02 0.00 1.94 0. 00
0.13 0.02 0. 06 0.03 0.01 1.14 0. 00
I 3.95 0.00 0.11 0.02 0.01 3.56 0. 00
I 3.85 0.00 0. 06 0.01 0.00 3.20 0. 00
,pH =3.20
i1 3.98 0.00 0.07 0.01 0.01 2.34 0. 00
0.14 0.05 0.10 0.01 0.01 0.71 0. 00
I 1.91 9.01 5.32 2.30 4.14 26.63 0.01
I 2.07 6.36 4.59 1.76 3.33 17. 67 0.03
,pH=4.93
3.92 5.54 3.15 2.15 3.45 14. 42 0.11
1.13 2.72 1.56 1. 46 3.02 8.31 0.12
3 b
b Mn b ( I
(1) F 3 Cr . Mn Ni. <1 < ), , Mn
Cu.Zn.Cd Pb 35.75. 148. 06
19.64, 17.95.32.95,0.182  14.95 pg-g ', (2) 3
26.62, 279.96, 15.81., 12.83, ,Mn Ni,Cu.Zn Pb
12.13,0.031  1.58 pg-g .3 ( 0.11% ),
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