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Designed experiment optimizes method
for removing endocrine disrupters

A
n endocrine disrupting
chemical (EDC) is a syn-
thetic chemical that, when
absorbed into the body, ei-

ther mimics or blocks hormones and
disrupts the body’s normal functions.
EDCs can pass through wastewater
treatment systems that are not currently
designed to remove them.

A team of researchers recently per-
formed a designed experiment to evalu-
ate potential methods for removing
three common endocrine disrupters. The
researchers treated solutions containing
the EDCs nonlyphenol (NP), bisphenol
A (BPA) and triclosan (TCS) with an
enzyme preparation from the white rot
fungus Coriolopsis polyzona.

“We used a designed experiment to
optimize the temperature and pH at
which the removal levels were the high-
est,” said J. Peter Jones, Professor of the
Department of Chemical Engineering,
University of Sherbrooke, Québec.
“The optimized conditions that we de-
veloped with the designed experiment
removed 100% of the NP and BPA and
65% of the TCS in four hours.”

Potential risk posed by EDCs
The endocrine system is a complex

network of glands and hormones in-
cluding the pituitary, thyroid, adrenal,
thymus, pancreas, ovaries and testes.
The endocrine glands release precise
amounts of hormones into the blood-
stream that serve as chemical messen-
gers by controlling many bodily
functions, including growth, develop-
ment and maturation, as well as the way
various organs operate. Examples of
hormones include insulin which con-
trols blood glucose, and estrogen and
testosterone which affect female and
male reproductive functions respec-
tively.

Endocrine disrupters can reduce the
production of hormones in, or affect the
release of hormones from, endocrine
glands. They also mimic or counteract
the action of hormones in target tissues
and speed up the metabolism of hor-
mones, reducing their action. Previous

research has established that exposure
to endocrine disrupters during early de-
velopment may cause permanent harm-
ful effects. Whether EDCs can have
negative effects at the low levels at
which such compounds are currently
found in the environment has not been
conclusively proven or disproven.

NP, BPA and TCS are EDCs that are
frequently detected in waters down-
stream of wastewater treatment plants.
NP comes from biodegradation in STP

of nonlyphenol ethoxylates which are
mainly used as non-ionic surfactants in
domestic and industrial applications.
BPA is used as a raw material for the
production of polycarbonates and epoxy
resins. TCS is an antimicrobial agent
that has been incorporated into personal
care products such as toothpaste, de-
odorant sticks and soaps. Research has
demonstrated that NP and BPA can bind
to estrogen receptors, interfering with
the action of estrogen while TCS can in-
teract with thyroid hormones.

Recently, there has been a consider-
able amount of interest in white rot
fungi (WRF) as a means of removing
EDCs from the wastewater stream.

White rot fungus produces oxidative en-
zymes such as laccase, lignin, and man-
ganese peroxidase that are relatively
nonspecific biocatalysts. However, no
studies prior to the current one have ad-
dressed the potential mechanism of
elimination nor has there been a precise
determination of the byproducts formed
during enzymatic treatment.

Study designed to advance
EDC removal methods

The two goals of this study were to
evaluate the effectiveness of the re-
moval of NP, BPA and TCS with WRF
enzymes and to assess the transforma-
tion mechanisms by identifying the
metabolites that were produced. The
researchers also wanted to be sure that
the elimination of the EDCs did not
produce metabolites with estrogenic
activity.

The researchers were well aware that
the effectiveness of the removal of the
EDCs could be affected by factors such
as temperature and pH. This meant that
accurate assessment of the effectiveness
of the enzymes in removing EDCs re-
quired determining the effect of these
factors and evaluating EDC removal
with the factors optimized. The conven-
tional approach to optimizing the fac-
tors would be to run a series of
experiments while varying a single fac-
tor. The problem with this approach is
that it does not detect interactions be-
tween factors or second order effects.

As a result, the researchers decided
to use the design of experiments (DOE)
method that varies the values of all vari-
ables in parallel so it uncovers not just
the main effects of each variable but
also the interactions between the vari-
ables. This approach makes it possible
to identify the optimal values for all
variables in combination. It also re-
quires far fewer experimental runs than
the one-factor-at-a-time (OFAT) ap-
proach.

“Designing experiments and analyz-
ing the results using DOE can be time-
consuming and error-prone when
manual methods are used,” Jones said.
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because it is very easy to use, yet pro-
vides very powerful capabilities includ-
ing a wide range of experimental
designs and powerful statistical meth-
ods to analyze the results.”
The researchers decided to look at

the following factors:
A) Temperature (20˚C vs. 40˚C vs.
50˚C)
B) pH (3 vs. 4 vs. 5)
Design-Expert software generated a

Fig 1. Effect of temperature and (■) pH 3, (■) pH 4 and (■)
pH 5 on the degradation of BPA after a 4-hour treatment
with 10 U/l of laccase of C. polyzona.

Fig 2. 3D graph view of the effect of temperature and pH
on the degradation of BPA.

“General purpose statistical tools can
do the job but tend to be unintuitive and
limited in their choice of experimental
designs and results analysis techniques.
We used Design-Expert® DOE soft-
ware from Stat-Ease, Inc., Minneapolis, continued overleaf...
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full-factorial experiment with nine runs
for each substance to be removed. Each
combination was replicated three times
in a randomized run plan. The re-
searchers mixed 5 mg/1 of each NP,
BPA or TCS, 5 U/1 catalase from As-
pergillus niger, crude enzyme prepara-
tion from Coriolopsis polyzona, citric

acid/di-sodium hydrogen phosphate
buffer, and 1% v/v methanol. NP, BPA
and TCS were extracted from the mix-
ture and analyzed on a high perform-
ance liquid chromatography system.
The estrogenic activity of the treated
system was compared to the system be-
fore treatment. Mass spectroscopy was
used to identify high molecular weight
metabolites. The results of the experi-
ment were entered into Design-Expert
and the software analyzed the statistical
results.

DOE results identify optimal EDC
removal conditions

A statistical analysis of variance
(ANOVA) of the model highlights the
significant impact of temperature and
pH on the enzymatic transformation of
NP, BPA and TCS. This analysis was
used to determine the best conditions
for enzymatic transformation of the
three EDCs. The results showed that
50˚C was the best temperature for the
removal of NP and TCS, while the re-
sults for 40˚C and 50˚C were not sig-
nificantly different in the case of BPA.
A pH of 5 gave the best results for all
three compounds studied. These results
can be explained by the higher stability
produced by a higher pH and the higher
catalytic activity resulting from a higher
temperature.

The coefficient of determination
(R2) value provides a measure of how
much variability in the observed re-
sponse values can be attributed to the
experimental factors and their interac-
tions. The R2 values of 0.995 for NP,
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0.996 for BPA, and 0.994 for TCS sug-
gest that the fitted linear-plus interac-
tions models can explain 99.5%, 99.6%
and 99.4% respectively of the total vari-
ation. The F-values were 426.0 for NP,
622.5 for BPA and 361.3 for TCS.
Those values, together with a p value of
<0.001 for all eliminations, indicated
that the present models are statistically
significant and can predict the experi-
mental results well.

The half-life of laccase activity was
estimated to be 4 hours, 6 hours and 16
hours at a pH of 3, 4 and 5 respectively
and a temperature of 40˚C. The elimi-
nation of NP and BPA was directly as-
sociated with the disappearance of
estrogen activity. Mass spectrometry
analysis showed that the enzymatic
treatment produced high molecular
weight metabolites through a radical
polymerization mechanism of NP, BPA
and TCS.

“The design of experiments method
played a critical role in this study by ex-
ploring the entire design space and
helping researchers identify the optimal
conditions for removal of the endocrine
disrupting chemicals,” Jones concluded.
“This work may in the future lead to in-
dustrial-scale methods for the removal
of EDCs as part of the wastewater treat-
ment process.”
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