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The main aim of this work was to study the removal efficiency of Pb from synthetic and industrial waste-
waters by using biomass fly ashes. The biomass fly ashes were produced in a biomass boiler of a pulp and
paper industry. Three concentrations of Pb2+ were tested in the synthetic wastewater (1, 10 and 1000 mg
Pb/L). Moreover, two different wastewaters were collected in an industrial wastewater treatment plant
(IWWTP) of an industry of lead-acid batteries: (i) wastewater of the equalization tank, and (ii) IWWTP
effluent. All the wastewaters were submitted to coagulation–flocculation tests with a wide range of bio-
mass fly ashes dosage (expressed as Solid/Liquid – S/L – ratios). All supernatants were characterized for
chemical and ecotoxicological parameters. The use of biomass fly ashes has reduced significantly the Pb
concentration in the synthetic wastewater and in the wastewaters collected in the IWWTP. For example,
the definitive coagulation–flocculation assays performed over the IWWTP effluent presented a very low
concentration of Pb (0.35 mg/L) for the S/L ratio of 1.23 g/L. Globally, the ecotoxicological characterization
of the supernatants resulting from the coagulation–flocculation assays of all wastewaters has indicated
an overall reduction on the ecotoxicity of the crude wastewaters, due to the removal of Pb.
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Introduction that can be submitted to metal recovery [13,14]. The classical
The most common sources of lead in the environment are Pb-
based pigments in paints, Pb-containing pesticides, discarded bat-
teries, shooting ranges or waterfowl hunting sites and plumbing
installations or repair sites [1]. Despite some efforts on the reduc-
tion of the use of lead in some industrial activities and in some
manufactured products, there are still some industries that use
lead as raw material. Since lead is a heavy metal which is toxic
to humans and to other living beings it is extremely important to
remove this pollutant from wastewater [2–5].

The precipitation of metals from wastewaters involves the con-
version of the soluble metal salt to insoluble salts [6,7]. The precip-
itate formed can then be removed from the treated wastewater by
sedimentation and/or filtration. This process usually needs a pH
adjustment, followed by the addition of a chemical coagulant [8–
12]. Typically, metals precipitate from the solution as hydroxides,
sulfides or carbonates. Depending on the type of the process used,
it may be produced a sludge with so high concentrations of metals
wastewater treatment systems use ferric-chloride, ferric-sulfate
and aluminum sulfate as coagulation reagents, but due to their
high cost, the industrial sector has begun to search for efficient
and low cost chemical agents.

In this framework, several studies have been performed related
to wastewater treatment using fly ashes produced from the com-
bustion of several fuels [6,10,12,15–19]. However, these studies
were not focused neither on the treatment of wastewaters pro-
duced by industries of lead-acid batteries nor on the use of biomass
fly ashes from forestry residues as chemical agents for metal
removal.

Coal fly ashes have a high potential in the treatment of waste-
water because of their chemical composition. This type of fly ashes
has high contents of alumina, silica, ferric oxide, calcium oxide,
magnesium oxide and carbon, which can participate on the re-
moval of several elements [6,7]. Moreover, the physical properties
of coal fly ashes, such as porosity, particle size distribution and sur-
face area, make them also attractive for the treatment of wastewa-
ters. The alkaline nature of fly ashes is also a useful property which
make them a good neutralizing agent of acid wastewaters [8,9].

Al Zboon et al. [12] have produced a geopolymer from coal fly
ashes and used it for the removal of Pb2+ from an aqueous

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcis.2014.03.013&domain=pdf
http://dx.doi.org/10.1016/j.jcis.2014.03.013
mailto:rfb@fct.unl.pt
mailto:r_p_f_b@hotmail.com
http://dx.doi.org/10.1016/j.jcis.2014.03.013
http://www.sciencedirect.com/science/journal/00219797
http://www.elsevier.com/locate/jcis

	JournalColloidInterfaceScience_Vol.424_27-36.pdf
	Biomass fly ashes as low-cost chemical agents for Pb removal  from synthetic and industrial wastewaters
	Introduction
	Materials and methods
	Origin and characterization of biomass fly ashes
	Origin and characterization of wastewaters
	Synthetic wastewater
	Industrial wastewaters

	Coagulation–flocculation assays
	Characterization of supernatants
	Supernatants of the synthetic wastewater
	Supernatants of the industrial wastewaters

	Isotherms of Langmuir and Freundlich and statistical analysis

	Results and discussion
	Bulk content and leaching behavior of biomass fly ashes
	Synthetic wastewater
	Chemical characterization of the supernatants
	Isotherms of Langmuir and Freundlich and statistical analysis
	Ecotoxicological characterization of the supernatants

	Industrial wastewaters
	Chemical characterization of raw wastewaters
	Preliminary coagulation–flocculation assays
	Definitive coagulation–flocculation assays


	Conclusions
	Acknowledgments
	References



