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Potential for bifenthrin removal using microalgae from
a natural source
Leticia Weis, Rosana de Cassia de Souza Schneider, Michele Hoeltz,
Alexandre Rieger, Schirley Tostes and Eduardo A. Lobo

ABSTRACT
The accumulation of environmental pesticides can cause problems in aquatic ecosystems and
adverse effects in humans. These compounds can be found in water due to runoff from agricultural,
industrial and domestic applications. In Southern Brazil, tobacco cultivation is one of the most
important economic agricultural activities. The bifenthrin pesticide, classiﬁed as having moderate
toxicity (class II), is commonly used as an insecticide in this culture. In this context, the present
research aimed to study the performance of microalgae-induced bioremediation processes.
Microalgae were isolated from a natural water source in the city of Santa Cruz do Sul, RS, Brazil,
which is an artiﬁcial reservoir used for public water supply. For this purpose, biodegradation,
biosorption, inﬂuence of pH, percentage of inoculum and photoperiod were evaluated in batch
experiments for 20 cultivation days. After the phycoremediation process, the bifenthrin pesticide
(m/z ¼ 181) was quantiﬁed by gas chromatography with mass spectrometry (GC-MS). The results
indicated that microalgae isolated from the water of the lake were able to contribute to the removal
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of approximately 99% of bifenthrin through biodegradation and biosorption processes.
Photodegradation was identiﬁed (>77%) and the best condition for the phycoremediation was 20%
inoculum with a photoperiod of 18:6 h.
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INTRODUCTION
Toxic chemicals from industrial, agricultural and domestic
activities continuously contaminate the aquatic environments. In recent decades, the necessity to increase
agricultural production and food quality for the general
population has been propelling new agro-technologies that
still heavily depend on the use of pesticides. The continuous
uncontrolled usage of these substances is a constant concern, regarding not only impacts to human health but also
environmental impact through the contamination of water
sources and soil.
According to the World Health Organization (WHO),
pesticides are chemical compounds that are used to kill
pests, such as insects that can vector diseases of public
health concern and cause damage to agricultural crops. In
recent decades, pesticide production has increased, and
there is little knowledge about the toxicity and effects on
doi: 10.2166/wst.2020.160
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human health and the environment (Rousis et al. ).
The pollution of water surfaces by pesticides results mainly
from agricultural storm-water discharge and water runoff.
Propagation occurs through the leaching of soil caused by
heavy rains and winds that pick up and distribute pesticides,
depositing them into lakes, rivers, coastal waters and wetlands (Weston et al. ).
Tobacco production is one of the most important agricultural products in southern Brazil and is practiced in 574 cities
(>731,390 tons of tobacco leaves), including the city of Santa
Cruz do Sul, which is the ﬁfth largest producer in Rio Grande
do Sul state (Carvalho et al. ). Due to the cultivation,
which can occur near rivers, there is a great concern about
these compounds in the water. The presence of pesticide molecules in the water bodies near tobacco crops is an indicator
of the improper and incorrect usage of pesticides.
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Among the pesticides used in southern Brazil, we highlighted bifenthrin (2-methylbiphenyl-3-ylmethyl-(Z)-(1RS)3-(2-chloro-3, 3, 3-triﬂuoroprop-1-enyl)-2, 2-dimethylcyclopropane carboxylate) in this study. Bifenthrin is a pyrethroid
insecticide with a strong environmental persistence (Li et al.
) and is classiﬁed as a toxicity class II, moderately hazardous compound, according to the WHO. Residues are often
detected in different zones, including water and sediment.
Bifenthrin is generally more toxic than other pyrethroids
for terrestrial and aquatic insects; according Pamanji et al.
() it induces hatching rate in zebraﬁsh embryos, until
in lower concentrations due to membrane weakening or
enzymatic activity induction; and, in general, pyrethroids
and their metabolites also interact as endocrine disruptors
(Ligocki et al. ).
Therefore, pesticide contamination is a problem that
requires new alternatives for prevention and remediation.
As an alternative, biological agents present appropriate
characteristics to decrease environmental contaminants.
Bacteria, fungi and microalgae are the most commonly
employed biological agents. Microalgae are microscopic
photosynthetic organisms that are found in aquatic environments (fresh and marine). There are many factors that
inﬂuence the growth, such as light (quality and quantity),
temperature, nutrient concentration, O2, CO2, pH and salinity, and other organisms (biotic factors), such as fungi,
bacteria and viruses. Competition with other species in natural environments is also a relevant factor (Grobbelaar &
Bornman ).
Microalgae are generally more efﬁcient than plants in
converting solar energy to biomass due to an abundant
access to water, CO2 and nutrients. Moreover, microalgae
can have autotrophic, heterotrophic and mixotrophic metabolic proﬁles (Hamouda et al. ). Microalgae can be
inﬂuenced by operational factors, such as shear from
mixing, depth, harvest frequency and dilution rate, and the
inﬂuence of these factors can be positive or negative,
depending on the quantity and quality as it occurs. Another
beneﬁcial characteristic is that algae commonly uptake
organic compounds, increasing the removal efﬁciency
from water (Ding et al. ).
Therefore, bioremediation is an attractive option to
reduce the environmental impact caused by pesticides. In
general, the process consists of reducing pollutants from
the environment using living organisms, such as microalgae,
which have the ability to degrade organic pollutants directly
(Gao & Chi ). Several studies have focused on the
capacity of microalgae to remove compounds from water,
such as pharmaceutical compounds (Xiong et al. ),
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metals (Li et al. ), polycyclic aromatic hydrocarbons
(García de Llasera et al. ), nutrients (Ansari et al. )
and pesticides (González-Barreiro et al. ; DosnonOlette et al. ; Zhang et al. ; Ardal ; Matamoros
& Rodriguez ).
Table 1 summarizes some studies performed using the
phycoremediation process on pesticide-contaminated
waters. Different species of microalgae are being studied
due to their ability to remove organic pollutants present in
contaminated waters with different types of pesticides.
Removal rates range from 0 to 95% due to the variables
used in each study being different, such as pesticide type,
pesticide concentration, microalgae species, photoperiod,
temperature and light intensity. The studies were performed
in the laboratory scale.
Likewise, in the Pardinho River hydrographic basin,
where there is intense agricultural production of tobacco by
family farms, there is the possibility for river water contamination with pesticides. The Pardinho River passes through
the city of Santa Cruz do Sul, and along its extension, agriculture is practiced near its banks, such as tobacco cultivation
and other plant cultures. Its waters are dammed in Dourado
Lake (29.4349 S, 52.2739 W), which is the water reservoir
for the city of Santa Cruz do Sul and supplies more than
129,000 citizens. As this artiﬁcial lake receives contaminants,
it produces microalgal blooms during several periods of the
year. The microalgae technology can improve bioremediation
processes in regions such as rivers, lakes and agricultural
efﬂuent treatment. It is relevant to study the same microalgae
for bifenthrin removal.
Therefore, considering the importance of maintaining the
quality of the reservoirs for public supply and the potential of
native microorganisms in organic pollutant remediation, the
aim of this study was to evaluate the performance of microalgae induced bioremediation processes from a natural source
on the removal of bifenthrin insecticide.

MATERIALS AND METHODS
Microalgae cultivation conditions
The microalgae were obtained from the freshwater reservoir
in the city of Santa Cruz do Sul during a microalgal bloom.
The experiments were performed under ex situ conditions.
The cultivation was conducted in a closed-system photobio-reactor using an aquatic pump for stirring, with a total
volume of 70 L. A 3 g L1 commercial fertilizer solution
containing 17% nitrogen (NO
3 ), 11% phosphorus (P2O5)
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Pesticide

Pesticide and approximately removal

Concentration

Incubation time

Temperature

Photoperiod

Light intensity

group

percentage (%)

tested

(days)

( C)

(light:dark h)

(μmol m

8 (hydraulic
retention times)
continuous feed
reactors

23 ± 5

12:12

1–4

23 ± 2

10 μg L

1

2

s

1

)

Microalgae

Reference

150

Chlorella sp. and
Scenedesmus sp.

Matamoros &
Rodriguez
()

24:0

65

Scenedesmus obliquus
and Scenedesmus
quadricauda

Dosnon-Olette
et al. ()

Atrazine (6), simazine (10) and
alachlor (51)

Insecticide

Diazinon (39), chlorfenvinphos
(49) lindane (41), malathion
(95), chlorpyrifos (84) and
endosulfan (89)

Fungicide

Pentachlorobenzene (84)

Fungicide

Dimethomorph (24) and
pyrimethanil (10)

600 μg L1

Herbicide

Isoproturon (54)

10 μg L1

Fungicide

Metalaxyl (0), cyprodinil (0),
propamocarb (50) and
mandipropamid (0)

2 μg L1

4

20

16:8

100

Chlorella vulgaris

Ardal ()

Herbicide

Fluroxypyr (56)

0.5 mg L1

5

20–25

14:10

80

Chlamydomonas
reinhardtii

Zhang et al.
()

Herbicide

Atrazine (80) and terbutryn (90)

0.75 mol L1

1

18 ± 1

12:12

70 ± 2

Synechococcus
elongatus and
Chlorella vulgaris

GonzálezBarreiro
et al. ()
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and 18% potassium (K2O) (NPK) was added to intensify
microalgal growth. The solid fertilizer was purchased from
Yara (Brazil), and the minerals nitrogen, phosphorus, potassium and other micronutrients, composes each granule.
This cultivation system was developed under these conditions to ensure the growth process similar to that in a
natural lake environment with solar temperatures and radiations. The microalgae multiplied and the inoculum
formation process took 7 days.
An aliquot of the inoculum was taken to the laboratory,
and the acclimatization conditions were conducted using a
1 L glass container with an aquatic pump for stirring that
was intended to avoid sedimentation and ﬂotation of the
microalgae, in addition to bubbling. An NPK solution
(3 g L1) was used to maintain the inoculum every 14
days, with a ratio of 30% inoculum to 70% NPK solution.
The photoperiod was 24 h (light) supplied with cool-white
ﬂuorescent lamps, with a light intensity of 25 μmol m2 s1,
using a digital light meter, and the temperature was maintained at 25 ± 2  C.
Selective pressure was performed on the culture over
time, which was established under the new ex situ conditions, for the predominant species identiﬁed by
molecular techniques. Microalgae were isolated following
serial dilutions, and samples were taken from cultures containing isolated species. The DNA was extracted using the
cetyl trimethylammonium bromide (CTAB) protocol. For
species identiﬁcation, three regions of rDNA were ampliﬁed
and sequenced: 18S rDNA; internal transcribed spacer
(ITS1-ITS2); and D1-D2. Polymerase chain reaction (PCR)
conditions were the same for all primers, starting with an
initial denaturation at 96  C for 5 min, followed by 35
cycles with denaturation at 94  C for 30 seconds, annealing
temperature at 52  C for 30 seconds and extension at 72  C
for 1 min, including a ﬁnal extension at 72  C for 7 min. The
puriﬁed products obtained were subjected to sequencing
using the Sanger sequencing method, which was conducted
on the ABI 3500 Genetic Analyzer automated DNA sequencer from Life Technologies – Applied Biosystems using the
Sequencing Analysis Software v. 6.
The Regional Scientiﬁc and Technological Center
located at University of Santa Cruz do Sul carried out the
sequencing. It was performed using the same primers
described for PCR reactions using 5 pmol for each primer.
The amplicons were labeled using 1 μL of BigDye Terminator Reagent v. 3.1 Cycle Sequencing Kit (Applied
Biosystems) for 4.5 μL of puriﬁed PCR product in a ﬁnal
volume of 10 μL. The labeling reactions were conducted in
a Veriti 96-Well Termal Cycler (Applied Biosystems) with
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the following conditions: denaturation at 96  C for 1 min,
followed by 35 cycles with 96  C for 15 seconds, 50  C for
15 seconds and 60  C for 4 min. After labeling steps, the
samples were puriﬁed using Ethanol/EDTA precipitation
method and the samples were electro injected in the automated sequencer. The sequences were submitted to the
Basic Local Alignment Search Tool-BLASTN (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) for comparisons against
deposited sequences at the GenBank. The samples were
analyzed and compared using the E-value, the identity
and the maximal score obtained from GenBank. To
conﬁrm the species, the deposited sequence with the
minimum E-value and the maximum identity and score
values was chosen.
Considering that the inoculum was produced from an
environmental source and that the experiments were not
performed aseptically, the microbial population of fungi
and bacteria were quantiﬁed in the samples in the beginning
of the experiments (t0) and after 20 days of incubation (t20),
without pH adjustment and with a photoperiod of 12:12 h.
To evaluate the colony forming units (CFU mL1), the standard plate count technique was applied from the serial
dilutions.
Chemicals and reagents
Bifenthrin analytical standards (purity >97%) were purchased from Dr. Ehrenstorfer (Augsburg, Germany);
acetonitrile (HPLC grade) and methanol (HPLC grade)
were from J. T. Baker (USA), and ethyl acetate (HPLC
grade) was from Vetec (Brazil). Stock solutions of bifenthrin
containing 1,000 mg L1 were prepared in acetonitrile and
stored at approximately 4  C. A commercially-available
product, Talstar 100 EC, from FMC (Brazil) contains
100 g L1 (10% m/v) of the active ingredient bifenthrin and
810 g L1 (81% m/v) of other ingredients, such as emulsiﬁers
and solvents. Talstar was used in all phycoremediation experiments. Deionized water was prepared using a Milli-Q system
(Gradient A10, Millipore, USA). Sodium hydroxide was
obtained from Synth (Brazil), and the Strata C18-E
(500 mg/6 mL) solid phase extraction (SPE) cartridges were
obtained from Phenomenex (Torrance, CA, USA).
Phycoremediation experiment
The pH, photoperiod and percentage of inoculum were controlled to study the effects of microalgae on the removal of
bifenthrin in water. Three different groups of samples were
established, microalgae and bifenthrin (sample), microalgae
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only (blank) and bifenthrin only (control), using a closed
system with a photoheterotrophic mode of nutrition.
Experiment setups included a Marconi (Brazil) light
incubator shaker at 190 rpm with temperature controlled
at 29 ± 3  C. During the light photoperiod, the light intensity
was approximately 20 μmol m2 s1 using cool-white ﬂuorescent lamps. The experiments were run simultaneously
for a 20-day cultivation period and were repeated three
times in a volume of 160 mL. The controls and blanks
were carried out in parallel. A commercial formulation containing bifenthrin was used to prepare the reactors with a
starting concentration of 5 mg L1 and containing 1 g L1
of NPK in each reactor.
A pH adjustment in the neutral pH range and pH monitoring was performed, as pH is an important factor that
inﬂuences microalgal growth. The pH was adjusted using
buffered solutions in each reactor, in triplicate, with the
pH set at 6.5, 7.0 and 7.5, and results were compared to
experiments without pH adjustment. Experiments were carried out in glass shake ﬂask containers using a 12:12 h
(light/dark) photoperiod and were inoculated with approximately 10% of inoculum (González-Barreiro et al. ;
Zhang et al. ; Matamoros & Rodriguez ). Sodium
hydroxide at 1 mol L1 and 0.01 mol L1 were used to
adjust the pH value every 2 days.
The adjusted pH values did not present a signiﬁcant
difference in the percentage of bifenthrin removal in the
ﬁrst experiment. Therefore, the second set of experiments,
which included a factorial experimental, was designed without pH adjustment. A two-factorial experimental design was
carried out to evaluate the inﬂuence of two variables: percentage of inoculum (10 and 20) and photoperiod (12:12
and 18:6 h), without pH adjustment.
Analytical methodology
Biomass concentration
Total biomass was removed from the aqueous phase by centrifugation process, at 2,500 rpm for 15 min and rinsed with
deionized water. The biomass concentration was estimated
from dry weight measurements, up to constant weight,
using an analytical scale. The biomass was dried, using an
oven at 60  C, to not cause compounds degradation.
Total carbon and nitrogen in biomass
Carbon and nitrogen content in biomass were determined
using a CHNS Elemental Analyzer from Perkin Elmer
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(2400 Series II CHNS/O System). CHN mode was used,
with the combustion temperature set at 925  C and the
reduction temperature set at 640  C. The calibration was
performed before, respecting the k-factor stipulated by the
manufacturer. The dry biomass was weighed in a range
from 2 to 3 mg before starting the analysis.
Bifenthrin extraction
Bifenthrin concentrations were determined in dry biomass by
adding 5 mL ethyl acetate to approximately 10 mg of dry biomass with sonication for 15 min. This extraction process was
repeated three times. The extracts were evaporated using temperature under reduced pressure. Bifenthrin was determined
through gas chromatography with mass spectrometry (GCMS). The recovery of the extraction process was 96 ± 4%.
An additional analysis was performed to remove bifenthrin residue that was deposited on the reactor (retained
on glass). Ethyl acetate was added to the empty reactor to
remove the bifenthrin. The extraction was performed in a
shaker for 15 min (250 rpm). The procedure was repeated
two times. The extract was evaporated at 60  C. Bifenthrin
concentration was determined through GC-MS. The extraction process was optimized by injecting each extract
individually until concentrations below the limit of detection to determine the number of extractions and minutes
needed to remove the compound.
All water samples (aqueous phase) were percolated
through previously preconditioned SPE cartridges with
3 mL of methanol immediately after the experiment. The
ﬂow rate used was approximately one drop per second.
Interferers were removed with deionized water and then
air-dried. Bifenthrin was eluted with 3 mL of ethyl acetate
and determined through GC-MS. The SPE extraction with
ethyl acetate used for the stability studies yielded extraction
recoveries of 98 ± 2% (n ¼ 3) for bifenthrin at a concentration of 10 mg L1.
Bifenthrin concentration was determined using a Shimadzu GC-2010 gas chromatograph coupled with a
QP2010 Plus mass spectrometer. Analyses were performed
with a DB-5MS (30 m × 0.25 mm × 0.25 μm) capillary
column. Helium was used as the carrier gas at a ﬂow rate
of 1 mL min1. The injection volume was 1 μL in split
mode at 250  C. The oven temperature was programmed
as follows: conditioned at 100  C; ﬁrst ramp 25  C min1
to 250  C; second ramp 3  C min1 to 260  C, then 3 min
at 260  C. The electron impact (EI) source (70 eV) was
maintained at 300  C. The solvent delay was set to 5 min.
The selected ion-monitoring mode (SIM) was set to the
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bifenthrin most abundant fragment (181 m/z) to improve
the sensitivity.
The linearity of the calibration curve was evaluated
using Cochran’s test (α ¼ 0.05), and the outlier presence
was evaluated by Grubbs’ test (α ¼ 0.05). For quantiﬁcation
purposes, a calibration curve for the concentration range
from 0.1 to 25 mg L1 was prepared in acetonitrile. The
r-square value for the regression line was r2 ¼ 0.999. The
determination was performed with six calibration points.
The limit of detection (LOD) was determined as three
times the signal-to-noise ratio (10 μg L1). The limit of
quantiﬁcation (LOQ) was determined as ten times the
signal-to-noise ratio (33 μg L1).
Acute toxicity tests using the micro crustacean Daphnia
magna were performed after the phycoremediation process
in aqueous medium, without pH adjustment, following the
Brazilian guideline. The EC50 of 48 h was estimated using
the nonparametric statistical method of Trimmed Spearman-Karber, which corresponds to the concentration of a
substance that causes adverse effects (immobility or mortality) on 50% of the test population after 48 h of exposure.

Statistical analysis
Statistical analysis was carried out using GraphPad InStat
software (version 3, 1997). Cochran’s and Grubbs’ tests
were evaluated for calibration curves (α ¼ 0.05). The results
for each parameter were expressed as the mean ± standard
deviation. Signiﬁcant differences were determined by Kruskal-Wallis test with Dunn’s posttest, and p < 0.05 was
considered signiﬁcant. The experiments were conducted in
triplicate. For duplicate results, signiﬁcant differences were
determined by Mann-Whitney test.
Chemoface software (version 1.61, 2016) was used to
evaluate the effect of the variables in the two-factorial experimental design, using a Pareto diagram. A 95% conﬁdence
interval was used (p < 0.05).
Table 2

|

|

82.6

|

2020

RESULTS AND DISCUSSION
Microalgae identiﬁcation
Molecular identiﬁcation of the main species was performed
from the inoculum with the presence of microalgae reproduced from water reservoir. The species isolated and
identiﬁed were Lobochlamys segnis (class Chlorophyceae)
and Parachlorella kessleri (class Trebouxiophyceae). The
medium was composed of a diversity of microalgae, of
which P. kessleri was observed as the most predominant
organism.

Biomass yield and percentage of remaining nutrients
Table 2 shows the results of dry biomass and elemental
analysis. There was no signiﬁcant difference (p > 0.05)
between the samples with different pH values adjusted for
these analyses, by buffered solutions.
In this experiment (Table 2), no biomass was observed
in the controls. The blank (microalgae only) dry biomass
content was 418.75 ± 119.73 mg L1, with no signiﬁcant
difference (p > 0.05) when compared to the samples.
There was no signiﬁcant difference (p > 0.05) between
the four samples comparing the percentage of C, H and
N. These results show similarities between the compositions of the biomass obtained with the different pH
values.
Patidar et al. () observed, in a lagoon rich in nutrients from industries, urban sewage and agricultural
runoff, the biomass composition of microalgae during
different seasons. During the rainy and winter seasons,
the carbon percentages were 16.47 ± 0.02 and 12.31 ±
0.06, respectively. Nitrogen percentages were between
1.33 and 3.08 during the seasons, without fertilizer.
These carbon results, when compared with the present
study, were similar. Otherwise, the nitrogen percentages

Total biomass and percentage of nutrients remaining in biomass with pH monitoring and adjustment

Elemental analysis (CHN)
1

)

Condition

Biomass (mg L

Without pH adjustment

470.67 ± 203.87

C (%)

H (%)

N (%)

17.63 ± 3.35

4.01 ± 0.48

10.00 ± 1.79

pH 6.5

500.00 ± 122.06

13.93 ± 5.28

3.33 ± 0.53

9.07 ± 1.25

pH 7.0

390.48 ± 115.00

10.53 ± 3.71

2.93 ± 0.29

9.32 ± 0.49

pH 7.5

295.24 ± 41.00

16.44 ± 2.38

3.14 ± 0.48

7.11 ± 1.21

n ¼ 3; p > 0.05.

Downloaded from http://iwaponline.com/wst/article-pdf/82/6/1131/771079/wst082061131.pdf
by guest

L. Weis et al.

1137

|

Bifenthrin removal using microalgae

were higher. The difference could be explained due to the
NPK concentration, approximately 1 g L1, added to the
experiments.
Bifenthrin removal
Microalgal biomass has the ability to biosorb organic compounds. The amount of bifenthrin encountered in biomass
ranged from 14 to 26% (Figure 1(a)), in samples with different pH values, and no signiﬁcant difference was observed
(p > 0.05).
The sorption of organic compounds is a passive process
involving the partition of a chemical compound into the
hydrophobic biomass. Based on the partition coefﬁcient of
bifenthrin (log Kow 6) (National Center for Biotechnology
Information ), it has hydrophobic characteristics,
which explains the signiﬁcant percentage of pesticide
found in the biomass of the samples. González-Barreiro
et al. () showed that for terbutryn with an intermediate
partition coefﬁcient (log Kow 3.49), this characteristic was
favorable for removing the compound from the medium by
the algal cells.
Samples with the presence of microalgae were compared to controls (absence of microalgae), to study the
advantages of microalgae for the removal of pesticides
from water, conﬁrming the bifenthrin removal in the
medium by the microalgae action. Bifenthrin degradation
undergoes the action of other sources as shown in
Figure 1(b) (controls), since there is no microalgae in
this experiment and the pesticide degradation may
involve other processes such as photolysis and still

Figure 1

|

Degradation levels of bifenthrin in samples (a) and controls (b) (n ¼ 3 and p > 0.05).
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be inﬂuenced by abiotic factors. The photodegradation
was a process observed under simulated photoperiod
conditions, stimulated bifenthrin degradation. It is
understood that, factors such as concentration, solvent
systems, time of irradiation, light source and light
intensity can interfere with acceleration of photodegradation. Besides that, the photodegradation in aquatic
systems is an excellent dissipation route of pesticides
(Vryzas ).
On the other hand, there was a difference in degradation
between the controls (Figure 1(b)) and the samples
(Figure 1(a)) in the removal of bifenthrin. The percentage
of degradation in the controls was 15–37% lower than the
removal rates from samples in the same pH set.
Chen et al. () conducted a study with bifenthrin in
which no signiﬁcant degradation was observed in the
noninoculated control. The biodegradation of bifenthrin
was in liquid medium, without light presence, using mineral salt medium as the nutrient solution. However, the
experiments from our study used cool-white ﬂuorescent
lamps with approximately 20 μmol m2 s1. This lamp
emits some radiation, which likely contributes to bifenthrin degradation in control reactors. As the focus was
the study of photosynthetic microorganism effect in the
degradation, the light was essential. Table 3 shows that
control 8 presents 27.33% more degradation than control
3, due to 6 h more exposure to the light during cultivation. In addition, photo-acclimation is a very important
process to microalgae cultivation (Nie et al. ) and
as indicated in this study. Therefore, we did not need to
test the culture in the total absence of light, since there
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Bifenthrin factorial experimental design results

GC-MS bifenthrin (%)
1

Samples

Photoperiod

Inoculum (%)

Biomass (mg L

Sample 1

12:12

10

212.50 ± 16.54

)

Biomass

Aqueous phase

Glass deposits

Degradation

3.76 ± 0.71

0.87 ± 0.35

1.09 ± 0.10

94.28 ± 0.70

Sample 2

12:12

20

418.75 ± 43.75

4.79 ± 1.06

0.95 ± 0.28

1.54 ± 0.60

92.72 ± 0.56

Control 3

12:12

0

<LOD

<LOD

39.73 ± 1.51

9.96 ± 0.18

50.32 ± 1.49

Blank 4

12:12

10

210.00 ± 20.34

<LOD

<LOD

<LOD

<LOD

Blank 5

12:12

20

387.67 ± 34.87

<LOD

<LOD

<LOD

<LOD

Sample 6

18:6

10

341.67 ± 3.61

3.42 ± 1.05

0.90 ± 0.19

0.71 ± 0.03

94.96 ± 1.20

Sample 7

18:6

20

435.42 ± 23.66

2.90 ± 0.78

0.58 ± 0.30

0.33 ± 0.05

96.19 ± 0.76

Control 8

18:6

0

<LOD

<LOD

15.07 ± 2.69

7.28 ± 2.25

77.65 ± 1.24

Blank 9

18:6

10

339.00 ± 5.60

<LOD

<LOD

<LOD

<LOD

Blank 10

18:6

20

440.65 ± 17.56

<LOD

<LOD

<LOD

<LOD

n ¼ 3; p > 0.05; LOD ¼ limit of detection.

would be a high probability of a change in the metabolism of microalgae.
Pyrethroids are strongly adsorbed into the containers’
walls, made from organic matter and used as collection
and storage containers. Some factors, such as sample concentration, container material (glass) and exposure time
can decrease the analyte loss (Albaseer et al. ). The quantity of bifenthrin deposited on the wall of the reactor differed
between the controls and the samples. The percentage of
microalgae and wall interaction found in the controls was
2–8 times greater than the samples in all media with different pH values. In the presence of microalgae, this
interaction was smaller and concentration of pesticide was
determined in the biomass.
The samples were compared to the controls in order to
verify an advantage in the use of these microorganisms in
the removal of bifenthrin from water. The results between
the different pH conditions tested did not show signiﬁcant
differences (p > 0.05) for the comparison between controls
(Figure 1(b)), and comparison between the samples
(Figure 1(a)).
Based on the positive differences observed in the percentage of degradation (>60%), microalgae reproduced
from a natural source increased the percentage of bifenthrin degradation. Bifenthrin was removed with a
percentage above 85% in both the processes of biodegradation (liquid medium) and biosorption (biomass). A
signiﬁcant percentage present in the biomass is characteristic of log Kow 6, showing great afﬁnity for the organic
phase.
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Experimental design
Table 3 shows the results of dry biomass and percentage of
bifenthrin determined after the phycoremediation process
using a factorial experimental design, considering the percentage of inoculum (10 and 20%) and photoperiod (12:12
and 18:6 h) variables. In the controls, no biomass was
observed, as expected. There was no signiﬁcant difference
(p > 0.05) in the biomass obtained between the blanks
when compared to the samples in both photoperiods
tested. As the inoculum increases, with a higher cell density
and turbidity there is a limitation in the light passage (Nie
et al. ), and consequently in the pesticide degradation.
The variables were tested and the effects were evaluated
based on the bifenthrin degradation percentage, the Pareto
diagram (Figure 2) shows that there was a signiﬁcant difference (p < 0.05) in the photoperiod variable and in the
combination of the two variables. However, with the inoculum variable, there was no signiﬁcant difference (p > 0.05)
between 10% and 20% added at the beginning of the
phycoremediation.
In relation to the total biomass obtained (Figure 3), there
was a signiﬁcant difference (p < 0.05) in the inoculum and
photoperiod variables and the combination of both. The
highest effect observed was the inoculum percentage used.
The effect was positive and showed that 20% of inoculum
added at the beginning of the phycoremediation process
increased the amount of biomass obtained at the end by
27% in the photoperiod 18:6 h and 100% in the photoperiod
12:12 h when compared with 10% of inoculum added.
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Figure 2

|

Pareto diagram of the effects of the photoperiod and inoculum variables on total biomass (mg L

Figure 3

|

Pareto diagram of the effects of the photoperiod and inoculum variables on bifenthrin degradation (%).

In the presence of microalgae, bifenthrin had a high percentage of biodegradation, above 90%. The percentage
present in the biomass ranged from 2.90 to 4.79% with all
variables. Due to the high afﬁnity for the organic phase (log
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).

Kow 6), the low biosorption percentage may have occurred
during the 20 days of incubation. Long days of incubation
may increase the detachment of the compound in biomass.
More bifenthrin quantiﬁed in biomass was expected.
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Toxicity results

ACKNOWLEDGEMENTS

The acute toxicity was evaluated for blanks nonremediated
(NRS) and remediated samples (RES), and the results indicated an EC50 of 1.06 μg L1 for NRS, which corresponds
to a toxic condition. The RES showed a decrease in the toxicity by approximately 50%, with an EC50 of 2.04 μg L1
after 48 h. However, this value is within the range variation
for toxic conditions, suggesting that the remaining bifenthrin
was responsible for maintaining the toxicity in the treated
sample. This probably is due to the presence of metabolites
that may have been generated during the biodegradation
process but were not identiﬁed in this study by GC-MS.
Chen et al. () identiﬁed the presence of ﬁve total metabolites of bifenthrin degradation; however, two of these
metabolites were from the initial degradation: cyclopropanecarboxylic acid and 2-methyl-3-biphenyl methanol.
The literature shows different EC50 results from
D. magna for bifenthrin pesticides with a high purity
(>90%) if compared with the present study. Concentrations
such as 0.86 μg L1 (Brausch et al. ) and 12.40 μg L1
(Ye et al. ) were evidenced. These studies evaluated
bifenthrin at different concentrations and exposure times
to verify the growth, reproduction and survival capacity of
D. magna.

This study was ﬁnanced in part by the Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior – Brasil
(CAPES) – Finance Code 001; by Conselho Nacional de Pesquisa (CNPq) – Protocol Number 309652/2016-2 and by
Ministério de Ciência, Tecnologia e Inovação (MCTI) –
Agreement Number 01.0144.00/2010.

CONCLUSIONS
We identiﬁed, evaluated and controlled parameters that
allowed the removal of the bifenthrin pesticide achieving
acceptable removal percentages and higher percentages
than those obtained for other pesticides under similar conditions. The set at pH values was not important for
optimizing the efﬁciency of the remediation system.
Phycoremediation using native microalgae from natural
source proved to be a promising process for bifenthrin
removal, with the predominant microalgae species being
P. kessleri, mediating the biosorption and biodegradation
process. Bifenthrin showed a maximum percentage of
removal up to 99% using 20% of inoculum at the beginning
of the experiment with a photoperiod of 18:6 h and without
pH adjustment. The photodegradation process also contributes to the bifenthrin removal rate. The controls (absence of
microalgae) in the same condition showed a percentage of
removal around 77%. The remediated samples showed a
decrease in toxicity by approximately 50% compared to
the nonremediated blanks; however, this value is within
the range variation for toxic conditions.
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