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Correlation of Persistent Free Radicals, PCDD/Fs and Metals in Waste

Incineration Fly Ash
WANG Tian-jiao, CHEN Tong * ,ZHAN Ming-xiu, GUO Ying, LI Xiao-dong
(State Key Laboratory of Clean Energy Utilization, College of Energy Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Environmentally persistent free radicals (EPFRs) are relatively highly stable and found in the formation of polychlorinated
dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). Recent studies have concentrated on model dioxin formation reactions and there are
few studies on actual waste incineration fly ash. In order to study EPFRs and the correlation with dioxins and heavy metals in waste
incineration fly ash, the spins of EPFRs, concentration of PCDD/Fs and metals in samples from 6 different waste incinerators were
detected. The medical waste incineration fly ash from Tianjin, municipal solid waste incineration fly ash from Jiangxi Province, black
carbon and slag from municipal solid waste incinerator in Lanxi, Zhejiang Province, all contained EPFRs. Above all the signal in
Tianjin sample was the strongest. Hydroxyl radicals, carbon-center radicals and semiquinone radicals were detected. Compared with

-1 ..
. However, the dioxin

other samples, Jiangxi fly ash had the highest toxic equivalent quantity (TEQ) of dioxins, up to 7.229 4 ng-g
concentration in the Tianjin sample containing the strongest EPFR signals was only 0.092 8 ng+g~'. There was perhaps little direct
numeric link between EPFRs and PCDD/Fs. But the spins of EPFRs in samples presented an increasing trend as the metal contents
increased, especially with Al, Fe, Zn. The signal strength of radicals was purposed to be related to the metal contents. The
concentration of Zn (0. 813 7% ) in the Tianjin sample was the highest and this sample contained much more spins of oxygen-center
radicals. We could presume the metal Zn had a greater effect on the formation of EPFRs, and was easier to induce the formation of
radicals with a longer half-life period.

Key words :radicals; EPR; PCDD/Fs; waste incineration fly ash; metal; numerical analysis; waste treatment
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Table 1  Information of fly ash samples
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Table 2 The g values, AH,_ and spins of samples detected immediately and after 80 days in exposure environment
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LX-C 2.003 7 2.0036 6.34 6.08 6.74 x10'° 1.13 x 10"

LX-D 2.0036 2.0030 6.81 5.27 6.69 x10'° 1.70 x 10"
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LR A U, B i T — 6 1 gl TR 2 A 045 | W Joro B
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Fig. 4 Total concentrations and toxic equivalent

of PCDD/Fs in the samples
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Fig. 5 Concentrations of 17 toxic dioxins in the samples
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Fig. 6 Distributions of I-TEQ contribution rate
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Fig. 7 Contents of heavy metals in the samples
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