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Evaluation of collaborative disposal of heavy metals in MSWI fly ash
along with its environmental risk assessment
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Abstract: Aiming at the municipal solid waste incineration fly ash rich in Pb and Cd in a certain area of South China, cement
and chelating agent are used for solidification/stabilization. The effects of cement content and curing time on the toxicity of Cu,
Zn, Pb and Cd are analyzed. Based on the micro morphology, chemical components and chemical speciation of heavy metals
(HMs), the mechanism of cement solidification is explored. The effects of co-disposal with cement-chelating agent and cement
alone are compared, and an optimization scheme is proposed. In addition, the environmental risk of fly ash before and after
disposal is evaluated by three environmental risk assessment methods. The test results show when the cement of 10% is added,
the disposal efficiency of most HMs exceeds 80%. With the increase of the cement content and curing time, the leaching
toxicity is gradually reduced due to the formation of hydrocalumite. The co-disposal with cement-chelating agent reduces
cement consumption by 10% compared with that with cement alone, thus increasing the disposal volume of fly ash per unit
volume. After the cement solidification, the environmental risk of HMs is reduced. When the cement content is 10%, 20%, 30%
and 40%, the synthesis toxicity index (STI) of HMs in fly ash decreases by 10.2%, 21.4%, 41.8% and 53.2%, respectively.
Based on the proposed experimental data and the literature researches, the threshold value of STI greater than 0.06 is defined as

the high-risk zone, which can be widely used in the effect evaluation of disposal methods for HMs in fly ash.

Key words: fly ash; cement soil dication; leaching toxicity; hazardous waste landfill; risk assessment
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Table 1 Test results of physical and chemical properties of fly ash
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- Wi N e o |
ok ARIE SRl LORERY AUy 4 AT aE — SeRRR/(mgke )
1% g (gem?®)  (mg)) <0.005 0.005~ 0.075~2 1% Cu 7n Pb cd
e mm 0.075 mm mm
6.57 2.10 2.35 4.862 3.56% 2.50% 93.94% 31.53 730 7400 2200 340
*® 2 TRIEH ¥ AEF KNSR
Table 2 Tests results of toxicity of fly ash in different cities
oy TRER AE IR VIR IR B /(mg- L) BERIEEE TCLP ¥:32 K% (mg L)
N Rl ORI IR B e gl ERRA Rk R R R A
Cu 0.15 0.58 0.13 0.24 2.29 120 12.35 0.31 10.26 5.92 9.21 40
Zn 1.52 4.29 0.36 40.76 7.44 120 99.68 2.14 33.55 58.18 1.06 100
Pb 23.79 8.55 Kl KEH 034 1.2 7.25 6.31 4.18 5.01 3.98 0.25
Cd 0.01 0.17 0.01 0.20 0.01 0.6 11.09 0.08 4.25 3.27 5.33 0.15

5% (EREYIHEE bR E: GB18598—2019), % (AEiGhvik PA RIS YL HbriE: GB16889—2008); * ABEFRY:
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Fig. 1 Test results of toxicity by sulphuric acid & nitric acid
method
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Table 3 Disposal efficiencies of sulphuric acid & nitric acid

method
FRYE KEBE
Le HH/d 10% 20% 30% 40%
7 85.2%  89.2%  90.5%  88.9%
Cu 14 90.4%  89.2%  90.5%  93.3%
28 100.0% 100.0% 100.0% 100.0%
7 87.8%  92.4%  93.4%  93.8%
Zn 14 89.8%  92.6%  94.4%  95.6%
28 89.0%  94.7%  93.4%  95.1%
7 81.1%  92.7%  94.4%  95.7%
Pb 14 87.9%  93.0%  95.5%  96.8%
28 87.4%  92.7%  95.7%  97.1%
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Fig. 2 Test results of toxicity by acetic acid buffer solution method
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Fig. 4 Crystal structure of cement-solidified fly ash
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Fig. 5 Chemical speciations of HMs of cement-solidified fly ash
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Table 5 Disposal efficiencies of inorganic chelating agent

[ TR EE DR
| 4% 6% 8% 10%
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Table 6 Test results of toxicity and disposal efficiencies of fly ash
stabilized by organic chelating agent
AT o 4 A A (mg L)
ElEWZRES Cu Zn Pb Cd
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e PHUEETOR 005 L1 848 0
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Fig. 8 Test results of toxicity by sulphuric acid & nitric acid
method
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Fig. 9 Test results of toxicity by acetic acid buffer solution method
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Table 9 Bioavailability coefficients of HMs with different
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