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" EDCs-BPF removal and recovery using MWCNT was studied for the first time.
" A rapid and simple method for separation and recovery of BPF was developed.
" The method exhibits higher removal ratio and anti-interference species ability.
" The method was satisfactorily employed to extract BPF in different water samples.
" The adsorption rate-controlling mechanism was revealed and elucidated in detail.
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a b s t r a c t

In this study, the removal and recovery of bisphenol F (BPF) by multi walled carbon nanotubes (MWCNTs)
were investigated. MWCNT has shown the great potential as a kind of effective adsorbents for endocrine
disrupting compounds (EDCs)-BPF in wastewater treatment. The results indicated that the removal per-
centages of BPF could reach up to 96.2% within 4 min under pH 4–10. BPF adsorption kinetics was found
to be very fast and the equilibrium was attained within 4.0 min following the pseudo-second-order
model with observed rate constants (k) 0.707–3.175 g mg�1 min�1 (at varied temperatures). The adsorp-
tion mechanisms were the non-electrostatic dispersion interaction, hydrogen bonds and hydrophobic
interaction between BPF and MWCNT and the overall rate process mainly governed by the external mass
transfer. Most of the co-existing ions which were studied have negligible effect on the sorption BPF by
MWCNT. Furthermore, MWCNT was of high stability in eight times removal–regeneration recycles. In
summary, MWCNT is an excellent adsorbent which can be used for BPF removal in contaminated water
treatment process.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Bisphenol F [4,40-dihydroxydiphenyl-methane] (BPF) has a
broad range of applications in industry (liners lacquers, adhesives,
plastics, drink packages and food cans), agricultural purposes
[1,2]. Especially within the plastic compounds, the using of bisphe-
nol F in diverse domestic materials and products led to its presence
in greater or lesser concentrations in food and drinking water. BPF
can be accumulated in animal and human bodies through the food
chain [3–5] and produce a number of disorders in them [6,7]. BPF
has been confirmed to be one of the EDCs by the Environmental Pro-
tection Agency (EPA) of United States. The adverse health effects of
exposure to EDCs have been reported, such as decreased sperm
count, reduced fertility, increased incidences of breast, ovarian

and testicular cancers [8–13]. Wastewater from chemical factories
and the leachate from waste landfill are pointed as the main con-
tamination sources of artificial endocrine disruptors in aquatic
environment. EDCs are subsequently discharged into water and
wastewater streams. Recently, bisphenol derivatives have been re-
ported to be found in municipal wastewater [14]. Considering the
serious adverse impacts of bisphenol derivatives on the human
health and environment, therefore, effective removal of bisphenol
derivatives contaminants is vital to maintain public human health.

Many investigators have presented some separation processes
for the removal of EDCs from wastewater, such as biological and
chemical conversion techniques. Conventional separation tech-
niques, such as coagulation [15], flocculation [16] and precipitation
processes [17], are not effective in removing low molecular weight
compounds EDCs. Conventional biological processes, such as acti-
vated sludge [18], biofiltration [19] and soil aquifer treatment
[17], have shown limited EDCs removals, which were mostly
derived from biodegradable and/or other compounds readily
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