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Characterization and Heavy Metals Leaching Toxicity of Fly Ash from Municipal

Solid Waste Incinerators in China
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Abstract: The characteristics and leaching behavior of heavy metals in fly ash, sampled from 12 MSWI plants in China, were investigated. The
results indicated that the main elements of fly ash were Si> Ca> Al; Fe» K> Na, Cl» and the total fraction of heavy metals was in the range of
0.5% ~3.0% with the exception of one sample. Therefore MSWI fly ash must be controlled as hazardous materials because of its potential
environmental risk. The leaching ratios of heavy metals in fly ash were low to some extent according to the results of batch tests such as Toxicity
Characteristic Leaching Procedure (TCLP) of U.S.EPA and GB 5086.1-1997. The notable variance of TCLP and GB 5086 evaluating the
same sample was due to the obvious difference of pH values in leachate. The result of general acidity neutralization capacity (GANC) showed
that the leaching behavior of heavy metals in fly ash were controlled by the final pH of leachate, which was determined by the inter-reaction of
alkaline in fly ash and acidity of leachant. The end points of equilibrium in batch test and flow-through test had great difference based on the
analysis of these procedures. It is of significant meaning to build a batch procedure basing on the disposal scenarios and characteristics of fly
ash for the purpose of adequate risk assessment and management.
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Table 1 Main composition of MSWI fly ash by XRF/%
[ AE RS FAl FA2 FA3 FA4 FAS FA6 FA7 FAS FA9 FA10 FAll FAI12
il e rHEE HEE HEEE bR RS R HEER WK WK PR R
AL ! 450 1000 1050 800 450 450 800 385 800 200 1000 1200
B a2 D FB FB FB FB FB ESP FB FB FB FB FB FB
Sio, 19.81 10.77  23.64 4.98 6.70 12.41 18.96  26.11  43.06  21.68 12.10 17.21
Al 05 6.97 3.23 8.18 1.99 2.57 4.89 6.26 11.83  20.39 6.94 5.94 7.23
CaO 23.63 32.77  22.78 42.72  39.90 27.42  21.17  23.69 1592 58.60 36.20 26.43
Fe, 0; 4.00 3.28 4.83 1.69 2.49 2.34 3.25 4.43 5.23 2.47 3.07 2.97
K, 0 6.23 8.58 5.60 4.63 6.45 7.51 4.27 3.99 2.31 1.37 5.8 5.66
Na, O 6.68 3.8l 5.28 6.72 2.45 10.99 6.34 4.76 1.88 1.23  6.93 6.68
MgO 3.78 0.72 2.64 2.25 0.67 3.31 2.07 6.01 2.37 2.17 3.14 1.94
S0, 8.74 10.74 13.99 6.31 10.55 9.75 11.21 8.69 2.48 1.89 8.37 9.03
P,0s 2.54 1.53 2.49 0.64 1.07 3.74 1.75 2.11 2.08 1.19 1.05 2.12
cl 10.16 20.59 6.40 20.50  22.68 13.81 18.84 5.91 1.59 0.98 13.56 17.26
BaO — 0.15 0.13 — 0.02 — 0.06 0.19 0.16 0.18 0.09 —
Br 0.08 0.20 0.03 1.04 0.87 0.18 0.08 0.05 0.03 — 0.16 0.07
MnO 0.17 0.13 0.27 0.06 0.12 0.20 0.11 0.18 0.10 0.13 0.13 0.16
Sn0, 1.02 0.22 0.44 1.35 0.22 0.21 0.43 — — — 0.05 0.43
S0 0.08 0.07 0.10 0.05 0.05 0.03 0.04 0.08 0.05 0.05 0.06 0.04
TiO, 1.21 0.94 1.36 0.59 0.81 1.80 1.45 1.12 1.49 0.61 1.28 1.41
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(¥4 54 5 By (Al 38 OMREST ) AR 5 R
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P WK T BERLI> R RAE 55°C T 24 b e,
XRF-1700 % X 3 269606 1% AT IE

i AR S R H G2 ) ASTM D6457-00a
TR T I R CRKE AR, SR IRIS Intrepid 11 % 42
W A B R 96 1% A CICP-AES, Inductively
Coupled Plasma-Atomic Emission Spectrometry; Thermo
Electron Co.) Wl %€ Cd- Cr~ Cu~ Ni~ Pb~ Zn %5 JG 3 [
.
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(1) B P& tH#E P TCLP Ctoxicity characteristic
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(2) [ 4 2 4y 2 PR3 7145 (GB 5086.1-1997)

TR A TR & B 102 0 46 ) BT 1] K s o L iR L
WON 285K W EE (/SO A 10, JE AR50 4% 11 )
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(3) 5 FLMR h A 2% & SE %0 GANC (general acid
neutralization capacity) X ' J7 1% J& M Isenburg Fl
Moore & BT R AR 56 >R A 12 AN B b e o it
PR IAREG AT HEAT , DL SRRV HA v IR, ¥ A5
PEP R IO SR & HH 0~ 11 molokg™" (44D, LA
1.0 mol*kg ™" IR MY 53 38 | A6y [ LE R 20 M) 454
Znd 48 h B IR , L DEVEAT W 73 5, W E DE W
() pH B4 . AR5 2411 [F) TCLP.
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Table 2 Main heavy metals of MSWI fly ash/mg*kg™!

BE)R FAI FA2 FA3 FA4 FAS FA6 FA7 FAS FA9 FAIO  FAIl FA12 T3
Cd 346 109 85 53 85 65 27 658 10 5 163 22 0.01~0.7
Cr 281 384 191 79 106 194 869 5116 137 91 382 232 1~1000
Cu 386 2568 1254 515 985 670 639 8822 614 1127 113 290 2~ 100
Ni 89 63 101 93 104 48 181 412 61 51 174 66 5~500
Pb 5671 2338 5126 1535 2431 1886 826 12113 1601 1613 1804 906 2~ 200
Zn 19300 5024 23504 6618 2417 4873 14500 65850 2331 3346 5157 2646 10 ~ 300
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K1 P WL 1 AT L, 78 TCLP &2 th 45 R, FAL.
FA4.FAS FI1 FAS H o 43 Ja vt Ik o A A PR
FEEARICE AN CdPb Ml Zn; 7€ GB & 45 F
FA2.FA4.FA5.FA7.FA8.FAll fl FAI2 F HE & 8%
A P AR HE PR A, 2R JT N Pb. TCLP
GB X QK S& K e PP AF AR 22 5, A T A b
FRRE Xl 22 7 1 B IR, O FA2L FA3 T FATL % H
v 138 3 65T FA2, GB &2 Hi 1) Ph ¥R JE =114 108
mge L™, X B T FA2 A B ME ) i
i1 v VR R AR R, GB VR R I e 2 pH R
12.33, SEPIPESE Ph R ER H  TAE TCLP &
SE R RS pH E N 9.67, K/ T4 m LA
AT A DTTE O BT A s FALL 5 0BG B
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KIIAH I , AT 3 015 3 AR o B 22 S ARK

2.3 KKPESEICFEE M EE R K = 5T
WL GANC SEEACEME RACHE i FA2 Bk
PR CCARR TP I 285 ANC RO BT 700, 1l 2
JIi7R FA2 AE SRR R I ANC, oM 4.25 mol*kg ™'
(L H* 7)), ANCs5 4 5.70 mol*kg™', TCLP 1 GB
5086 4 ) X . T ANC 74 #E 2.0 molkg™' 1 0
mol*kg ™", R TCLP Jir 21 (1) e AN ) 4 i Hh A
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Be YK, FLHAA — s K e k5T AE A A TeLP
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FE T W AT NS pH AR AT 23 A F T pH >
11.5 234 P R Zn 16 =0 B3 352 it 1
R e A T ST I TR pH AR n 215 i K
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Table 3 Heavy metals concentration and pH values of leachate in sample FA2, FA3 and FA11/mg*L""
Feiy o Yh e Ff- b G Cd Cr Cu Ni Ph Zn pH
FA2 0.115 0.755 0.190 ND 1.765 3.275 9.67
TCLP FA3 ND 0.042 ND ND 0.674 1.115 6.84
FA11 0.082 0.100 0.058 0.142 0.844 8.114 9.35
TCLP % 5| FRAH (USEPA) 1.0 5.0 — — 5.0 — —
FA2 0.071 1.73 0.01 0.02 108.0 8.400 12.33
GB 5086.1-1997 FA3 ND ND ND ND 0.953 0.268 11.12
FA11 0.002 1.531 0.003 0.012 27.54 1.8076 11.85
S b Ak FRAE (GB 5085.3-1996) 0.3 10 50 10 3.0 50 —
13 T 150 20 -
12 - = Zn =
g —e—g.ln
11—\ S 120 - o 16 &
= 107 g s =
:’a:. 9 g 90 - Py 112 %
8| o . a—t S
i?; 7 A 60 /A/A Cu-{8
w6 o AT e——e——e Q
O Cd +
5 —— . £ 30 f—o—o——o——o— o0 4 &
s 425 1570 T b e
301 1 i ] 1 1 = 0 bo——f— T ‘F/? I B R N () s
0 2 4 6 8 10 12 e 01 2 3 45 6 7 8 91011
FRBINRE /mol kg! HRBINER & /mol kg

E 2 FA2 B GANC %% pH {EZ L hzk
Fig.2 Change of pH value in GANC of FA2
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Fig.3 Heavy metals concentration of leachate in GANC of FA2
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