Application of Microwave-Assisted Extraction to the Analysis of Chlorinated Aromatic Compounds
in Solid Samples from Municipal Solid Waste Incinerators
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Abstract: Two classes of dioxin precursors: polychlorinated biphenyls (PCBs) and chlorobenzens (CBzs), which
can produce dioxin-like health risk effects, are formed from Municipal Solid Waste Incinerators (MSWIs).
Shortening the analytical time is important to determine the concentration of these compounds and to evaluate
the risk effects quickly. In this study, Microwave-Assisted Extraction (MAE) 1s compared with the traditional
extraction method, Soxhlet Extraction (SE) to determine the extraction efficiency for PCBs and CBzs analysis.
Under different experimental conditions, MAE efficiency using the samples with spiked standards and actual
samples were compared with those of SE, respectively. Water is a safe and environmentally friendly solvent, was
used as an MAE solvent for PCBs and CBzs analysis. Evaluating the extraction efficiency of MAE and SE,
MAE proved to have high extraction efficiency on spiked samples and fly ash containing water. Furthermore,
MAGE decreased the extraction time and reduced organic solvent consumption.
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1. Introduction
Some kinds of chlorinated organic compounds, such as two classes of dioxins precursors: PCBs and CBzs are

generated from MSWIs. The emitted concentration of them has a strong correlation with dioxins levels, which
have high toxicity. Therefore, it is necessary to measure the concentrations of PCBs and CBzs in various medias
of MSWIs. There are many procedures to analyze PCBs and CBzs. Among them, the procedure of extraction is
the most important. Accompanied with the quantity of waste generation, it is necessary to seek a rapid extraction
method to evaluate the amount of dioxins from MSWIs accurately.

Comparing with the traditional extraction method SE, MAE is becoming attractive these days. MAE is less
time-consuming and uses much smaller amount of organic solvents. In this study, first, we try to determine the
best experimental conditions of MAE to analyze PCBs and CBzs in fly ash and sludge from MSWIs. Secondly,
water as a solvent was used as the polar solvent in MAE. And then, the extraction efficiency of MAE was

compared with that of SE in spiked samples and actual samples containing water.



II. MAE efficiency on spiked samples
Extraction efficiency of MAE is influenced by
many factors. The most common parameters are
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extraction time, solvent combination, solvent

volume, extraction temperature and matrix
characteristics including water content. The
extraction time of 15min, the extraction temperature
of 120°C, and 30mL organic solvent mixture of o0 o ,D> ”: s we  w  os
toluene/acetone (1/1), proved to be the best
experimental conditions for samples without water.
MAE had a high extraction efficiency when the
water content was under 40%, using 15mL toluene,
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Fig.1 Recoveries of PCBs in fly ash-E by SE
and MAE with different polar solvent

with an irradiation time of 15min and extraction tem :zz T
perature of 120 °C . Under the experimental & molo _J: E
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efficiency than SE. And the relative standard S 0 %
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MAE had similar extraction efficiency in analyzing
PCBs, while gave higher extraction efficiency than Fig.2 Recoveries of CBzs in fly ash-E by SE
SE did for CBzs analysis. and MAE with different polar solvent

II1. MAE efficiency on actual samples
In the case of using samples of fly ash, under the experimental conditions of an extraction temperature of

120°C, irradiation time of 15min, using 30mL solvent mixture of toluene/acetone (5/3), water content of 20%,
MAE had higher extraction efficiency than that of SE. In the case of shudge, for it is difficult for sludge to be air-
dried, high MAE efficiency was not obtainable. However, when the water content decreased, the MAE efficiency
increased significantly. Therefore, it is necessary to try to find a good method to reduce the water content of

sludge.

IV. Conclusion
PCBs and CBzs in spiked samples and in fly ash, MAE showed higher extraction efficiency than that of SE.

The RSD values were stable for both of them. The RSD values of PCBs were lower than those of CBzs. Smce
the boiling points of CBzs are lower than PCBs, 1t was a possibility that CBzs were volatile during the

concentration process.

V. Future Trends
In this study, when sludge samples were used SE had a higher extraction efficiency than MAE. It is hoped that

MAE efficiency will increase by reducing the water content of the sludge in the future. As MAE is a method that

can be utilized to analyze chlorinated aromatic compounds in solid samples, therefore other chlorinated organic

compounds in solid samples with water, such as soil, sediment and sewage sludge could also be expected to be

analyzed using MAE.



