NBU Journal of Plant Sciences
Copyright © 2020, University of North Bengal. All Rights Reserved

Vol. 12, March 2020 p. 70-88
ISSN No. 0974-6927

Review on

Bisphenol A toxicity in aquatic flora: Impacts and possible remediation
Ashis Sarkar and Swarnendu Roy*
Plant Biochemistry Laboratory, Department of Botany, University of North Bengal,
Siliguri, West Bengal, India
Abstract
Bisphenol A (BPA), is one of the high volume produced chemical which is extensively used
as raw material for polycarbonate and epoxy resin manufacturing. Being one of major used
and disposed material from a wide source, traces of BPA have been diagnosed from
everywhere. BPA has been identified as an endocrine disruptor compound (EDC) for most of
animals, due to structural similarity with hormones, and hinders many physiological
functions. This review work focuses on the status of BPA in water bodies of different parts of
the world. The review also focuses on the impact of BPA on aquatic plants and its possible
remediation. Sub-standardly imposed policies by several countries and failure of water
resource governance are rapidly leading towards incautious release of plastics and other BPA
associated waste products in environments. BPA pollution affects humans, animals and even
plants. Among the aquatic flora, most affected plant groups are the algal groups and
macrophytes. At lower BPA concentration, many beneficial bacterial strains also show
sensitivity whereas some other strains are known to metabolize or remove BPA from the
water bodies. In this connection, several aquatic macrophytes have also been reported to
contribute in the removal of BPA from the aquatic ecosystem.
Keywords: Bisphenol A, Endocrine disruptor compound (EDC), Macrophyte, Polycarbonate
plastics, Phytoremediation.
Introduction

habitat for aquatic flora and fauna (Oertel
and Salánki, 2003). Irresponsible human
actions in industrial, agricultural and urban
wastes management have led toward
serious damages to the water bodies and
aquatic ecosystems in last few decades
(Meijide et al., 2018). Huge number of
contaminants are introduced every year as
agricultural and industrial wastes in water
bodies (lake, rivers, oceans, groundwater
etc.). These contaminants are released in
the form of heavy metals (As, Cd, Cr, Cu,
Hg, Ni and Pb), nutrients (N, K, P etc.),
polycarbonates and organic pollutants
(e.g.,
petrochemicals).
Meanwhile,
substandard imposition of environmental

Enormous rise in human population in
current and previous centuries immensely
impacted the climate and most of the
environmental factors (Amoatey and
Baawain, 2019). Among these factors,
water pollution (both freshwater and
marine waterbodies) directly leads to
severe human health problems and
deterioration in healthy aquatic ecosystems
around the globe. Both the fresh water and
marine ecosystems play an important role
in climate preservation, purification of
water, nutrient recycling, and also provides
*Corresponding author
Email Id- swarnendubotany@nbu.ac.in

70

Bisphenol A toxicity in aquatic flora – Sarkar and Roy, 2020

regulations resultsin the disruption of water
quality in the environment (Hu and Cheng,
2013). These contaminants exceedingly
influence the aquatic ecosystem and also
show toxic effects on the aquatic flora and
fauna (Sangai et al., 2016).
Polycarbonate contaminants are
identified as one of the major water
pollutant in the past few decades, which
causesseveredamage to the aquatic
ecosystem. Most used polycarbonates and
epoxy resins are manufactured from an
organic compound -Bisphenol A (BPA).
Release of plastics into the environment
during the manufacture of chemicals,
processing,
product
packaging,
transportation and improper disposal
without proper regulation, results in to the
release of BPA in the environment (Staples
et al., 1998). A wide range of products are
manufactured from BPA e.g., food
containers, electronic parts, protective
envelops for electrical, adhesives, dyes,
paints, housing materials, thermal paper,
paper coating, compact disks, automobile
parts etc., which also contributes to the
release of BPA in the environment (Staples
et al., 1998).
Due to such wide-ranging source and
sub-standard enforcement of discharge
regulations, BPA has been ubiquitously
detected in
environment including
waterbodies, soil and landfill leachate
(Staples et al., 1998). They are also found
as floating and non-floating polycarbonate
plastics dumped worldwide in fresh
waterbodies as well as oceans (Duxbury,
1992). Rivers, lakes and seafloor majorly
dumped with plastics debris which are
non-floating in nature slowly and gradually
releases BPA (Galgani et al., 1996;
Gregory et al., 1997). Water surface
covered with dumped plastics all over the

world constitutes about 45% of the
buoyant plastics (Duxbury, 1992).
Bisphenol-A is chemically 2,2-bis(4-hydroxyphenyl) propane. It has been
estimated that approximately 8.4 million
tons of BPA have been used in 2018
globally for the production of epoxy resin
and polycarbonate plastic (Staples et al.,
1998; PRWeb report, 2013). This huge
amount of plastic production and the rapid
degradation of plastics releases BPA (3-7
day’s half-life) into the waste water, which
exhibits moderate toxicity and lower
accumulation in aquatic organisms (Staples
et al., 1998).
BPA has been identified as an
endocrine disruptor compound (EDC) for
most of animals, due to structural
similarity with hormones, and a result it
hampers many physiological functions
(Fang et al., 2020). Accumulation of BPA
in phytoplankton causes acute toxicity and
trophic transfer to zooplanktons (Radix et
al, 2002). Toxic effect of BPA includes
reduction in cell number, size and
chlorophyll, observed in both freshwater
and marine microalgae e.g., Chlorella
sorokiniana, Monoraphidium braunii,
Chlorella pyrenoidosa, Nannochloropsis
sp. etc. (Gattullo et al, 2012; Eio et al.,
2015; Guo et al., 2017; Ishihara and
Nakajima, 2003). Effect of BPA exposure
can also be observed in few other aquatic
plants e.g., Ipomoea aquatica, water
hyacinth,
Azolla
filiculoides,
etc.
(Noureddin et al., 2004; Kang and Kondo,
2006; Zazouli et al., 2014).
Traditional
methods
used
in
wastewater treatments employs physical
and chemical methods, which are costly
and hostile for environment health (Zhou
et al., 2004). Phytoremediation is one of
emerging biological methods for BPA
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removal from waste waterbodies. In the
treatment of wastewater, appointment of
algal-bacterial system to tree species have
shown very promising results e.g.,
Chlorella sorokiniana (Microalga), Azolla
filiculoides
(Aquatic
macrophyte),
Portulaca oleracea (Herb), Bruguiera
gymnorhiza
(Mangrove),
Eucalyptus
perriniana (Tree) help in BPA elimination
from waste water (Hamada et al., 2002;
Imai et al., 2007; Saiyood et al., 2013;
Zazouli et al., 2014; Eio et al., 2015).
Plenty of studies have been already
reported for aquatic invertebrates, fishes,
amphibians, birds and mammals subjected
to BPA exposure, but there is lack of
information for aquatic flora. The objective
of this review work is primarily
understanding BPA toxicity and its impact
on the aquatic plant groups, and to also

provide information about possible
remediation by these aquatic plant groups.
Bisphenol A and its analogues
BPA has been recognized as one of
world’s highest produced chemicals and
quite well known as endocrine disrupting
chemical (EDC). It is mainly used in
manufacturing of polycarbonates, epoxy
resins, medical equipment, electronic
components, pipes, thermal paper, most of
water and food containers along with many
other household and electronic products
(Staples et al., 1998). At ambient condition
BPA shows solid crystals or flake like
physical properties along with low
volatility, higher melting point (150-155⁰
C) and moderate solubility in aqueous
solution (Staples et al., 1998).

Figure 1 Chemical structures of Bisphenol A and its few common analogues.
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A large number of chemicals are
known to have structural similarity with
BPA. In this connection, the chemical
structures of few commonly studied BPA
analogues have been presented in Figure 1.
Among the analogues, Bisphenol F and
Bisphenol S have also been widely used in
polycarbonate
manufacture.
Several
studies suggested most of these analogues
also imparts EDC like functions
(estrogenic, anti-estrogenic, androgenic,
and
anti-androgenic)
with
similar
physiological effects like BPA (Rochester
and Bolden, 2015). Few studies have
claimed that some of the analogues has
potential to replace BPA in the industrial
sector.

(Sangai et al., 2016; Loffredo and Senesi,
2006). Land applied biosoilds or sewage
sludge, mismanaged disposal of plastic
wastes from industry, urban cites are
among the primary source for BPA in soil
(Lemos et al., 2010). With each passing
year, record increase in the concentrations
of BPA in the soil is occurring which
poses serious concerns for many
organisms. In a study, BPA has also been
found to be interfere with the symbiotic
association
between
Sinorhizobium
meliloti and leguminous plant roots,
indicating its prowess as a soil
contaminant (Sangai et al., 2016).
BPA in water
Disposal of waste water, solid wastes from
industry and households contains many
water pollutants along with BPA and its
analogues (Lee et al., 2015; Yu et al.,
2015). Detection of BPA in different
waterbodies has been reported which
includes lakes, rivers, ground water,
seawater and even present in drinking
water (Sakai et al., 2007; Wan et al., 2018;
Yang et al., 2014). Several studies have
already determined BPA concentrations in
various water bodies, including fresh and
marine water, a list of which is presented
in Table 1.
The concentrations of BPA vary
according location, type of waterbodies or
amount
disposed
waste
materials.
Observed BPA concentrations in Indian
River waters ranges 0.006 µg/L to 14.8
µg/L (Lalwani et al., 2020; Yamazaki et
al., 2015). Yamuna river reported most
polluted and contains highest BPA
concentrations (0.079 – 14.8 µg/L) among
studied rivers in India (Lalwani et al.,
2020). BPA levels in Indian municipal
sewage industrial wastewater and drinking
waters are 0.019 to 1.95 µg/L, 0.036 to

Environmental distribution of BPA
Being one of the major disposed waste
materials from a wide range of source,
traces of BPA is present all over the
environment. Environmental distribution
of BPA is as follows BPA in air
Air is a geochemical reservoir for most of
organic and inorganic particles (Sangai et
al., 2016). BPA has lower volatility,
although it can easily mix up with the
atmosphere through industrial wastes (in
particle form), which has been estimated to
be approximately 100 tons per year
(Sangai et al., 2016). BPA is also released
via combustions of polycarbonate and
epoxy resin products, domestic plastic
wastes, paint spraying, electronic wastes
etc. (Owens et al., 2007).
BPA in soil
Although BPA shows moderate affinity,
slower biodegradation and lower half-life
(1-10 days), the availability in soil and
sediments, makes it notable pollutant
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Table 1 Worldwide Bisphenol A concentrations in water surfaces (µg/L) and sediments (µg/g
d.w.)
Study
Locations
Asia
India

Source of Samples

BPA concentrations
Values
Units

Reference

River water
Yamuna River (Near Delhi)
Mula Mutha River (Maharastra)
Indus River (Jammu &

0.079 -14.8

µg/L

Lalwani et al., 2020

0.1-0.15

µg/L

Lalwani et al., 2020

ND

Lalwani et al., 2020

Kashmir)
Hooghly River (Kolkata)

0.016-0.089

µg/L

Lalwani et al., 2020

Cooum River (Chennai)

0.2-14.2

µg/L

Lalwani et al., 2020

Kaveri River (Chennai)

0.006-0.13

µg/L

Yamazaki et al., 2015

Adyar River (Chennai

0.05-0.51

µg/L

Yamazaki et al., 2015

Lake water
Puzhal Lake

ND

Yamazaki et al., 2015

Industrial and Municipal
wastewater
Nationwide waste water

0.036-8.99

µg/L

Lalwani et al., 2020

Sewage water (Patna)

0.019-0.022

µg/L

Karthikraj and Kannan, 2017

Raw sewage water (Chennai)

0.054-0.077

µg/L

Karthikraj and Kannan, 2017

Buckingham canal (Chennai)

0.835-1.95

µg/L

Yamazaki et al., 2015

0.005-0.26

µg/L

Arnold et al., 2013

Pearl River (Guangdong)

ND-0.097

µg/L

Yamazaki et al., 2015

West River (Guangdong)

ND-0.043

µg/L

Yamazaki et al., 2015

Liaohe River (Liaoning)

0.006-0.14

µg/L

Jin and Zhu, 2016

Liuxi River (Guangzhou)

0.075-7.48

µg/L

Huang et al.,2018

Taihu Lake

0.028-0.56

µg/L

Jin and Zhu, 2016

Lake Basin (Eastern China)

0.001-5.35

µg/L

Zhang et al., 2014

Nationwide sources

0.073-0.678

µg/L

Si et al.,2019

Coastal area of Shenzhen

0.0011-0.776

µg/L

Liu et al., 2010

0.006-0.021

µg/L

Yamazaki et al., 2015

Drinking water
Nationwide sources

China

River water

Lake water

Drinking waters

Japan

River waters
Edogawa River
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Tamagawa River

0.011-0.110

µg/L

Yamazaki et al., 2015

Arakawa River

0.003-0.057

µg/L

Yamazaki et al., 2015

Tokyo Bay

ND-0.431

µg/L

Yamazaki et al., 2015

North

Fresh water surface

ND- 0.30

µg/L

Staples et al.,2018

America

Marine water surface

0.0011-0.024

µg/L

Staples et al.,2018

Freshwater sediments

0.007-0.039

µg/g d.w.

Staples et al.,2018

0.001-0.1

µg/g d.w.

Staples et al.,2018

Marine sediments
River waters
USA

Chateauguay River

ND-0.005

µg/L

Goeury et al., 2019

Canada

Richelieu River

ND-0.004

µg/L

Goeury et al., 2019

Des Prairies River

0.005-0.017

µg/L

Goeury et al., 2019

Mille Iles River

ND- 0.007

µg/L

Goeury et al., 2019

ND-0.30

µg/L

Staples et al.,2018

Marine waters

0.007-0.15

µg/L

Staples et al.,2018

Freshwater sediments

0.007-0.177

µg/g d.w.

Staples et al.,2018

Marine sediments

0.0003-0.063

µg/g d.w.

Staples et al.,2018

Ave River

0.029-0.098

µg/L

Rocha et al., 2013

Cavado River

0.030-0.041

µg/L

Rocha et al., 2013

Douro River

ND-0.050

µg/L

Rocha et al., 2013

Greece

Loudias River

ND- 0.138

µg/L

Arditsoglou and Voutsa, 2008

Spain

Garonne River

ND-0.060

µg/L

Gallart-Ayala et al., 2010

0.115-0.183

µg/L

Gallart-Ayala et al., 2010

Europe

Fresh waters

River waters
Portugal

Waste water

Africa

River waters

South

Bloukrans River

0.0173-0.477

µg/L

Farounbi and Ngqwala, 2020

Africa

Swartkops River

0.0067-0.341

µg/L

Farounbi and Ngqwala, 2020

Tyhume River

0.017-0.117

µg/L

Farounbi and Ngqwala, 2020

Waste waters

0.017-1.468

µg/L

Farounbi and Ngqwala, 2020

Polar
region

Remote sites

11-17.3

pg/L

Fu and Kawamura, 2010

* ND- No detection, * d.w. - dry weight
8.99 µg/L and 0.005 to 0.026 µg/L
respectively (Lalwani et al., 2020;
Yamazaki et al., 2015; Arnold et al., 2013;
Karthikraj and Kannan, 2017). Detection
of BPA in major Chinese river and lakes
also reported, ranges no detection to 7.48
µg/L (Yamazaki et al., 2015; Huang et al.,

2018; Jin and Zhu, 2016; Zhang et al.,
2014a). BPA in nationwide drinking water
sources and coastal waters in China are
0.073 to 0.678 µg/L and 0.0011 to 0.776
µg/L (Liu et al., 2010; Si et al., 2019).
Yamazaki et al. (2015) reported BPA
levels in surface waters of Japanese rivers
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detection to 0.431 µg/L in Tokyo Bay.
Rivers in USA and Canada contains
very low concentrations of BPA (no
detection to 0.017 µg/L) (Goeury et al.,
2019). Major fresh water surface and
sediments contains up to 0.30 µg/L and
0.007 to 0.039 µg/g dry weight (d.w.) BPA
respectively (Staples et al., 2018).
Similarly in European fresh water surface
and sediments hold BPA up to 0.30 µg/L
and 0.007 to 0.177 µg/g d.w. respectively
(Staples et al., 2018). Recent reports have
shown that the American and European
marine surface water contains 0.011 to
0.024 µg/L and 0.007 to 0.015 µg/L BPA
respectively (Staples et al., 2018).
Detection of BPA was also reported in few
European rivers e.g., Ave river (Portugal),
Douro river (Greece), Loudias river
(Spain) etc. (Arditsoglou and Voutsa,
2008; Gallart-Ayala et al., 2010; Rocha et
al., 2013). Few rivers of South Africa also
contain significantly higher levels of BPA
e.g., Bloukrans River (0.0173 to 0.477
µg/L), Swartkops river (0.006 to 0.341
µg/L), Tyhume river (0.017 to 0.117 µg/L)
etc. (Farounbi and Ngqwala, 2020). Trace
of BPA was also reported in few remote
sites (11 to 17.3 pg/L) of both poles (Ji et
al., 2014).
Concentrations of BPA has been
measured in multiple studies from water
bodies and sediments, and great variations
have been reported. From Table 1, we can
conclude that the highest concentrations of
BPA (i) in river water can go up to 14.8
µg/L, (ii) in marine water 0.431 µg/L, (iii)
in sediments 177 ng/L, and (iv) highest
environmental concentration of BPA (17.2
mg/L) found in landfill leachate.

impacts all life forms. Recent studies have
reported several effects of BPA including
cytotoxicity,
reproductive
toxicity,
genotoxicity, dioxin like effects, endocrine
disrupting effect etc. on both plants and
animals. The aquatic flora greatly diverse,
from single cell phytoplankton to complex
multicellular macrophytes, are variably
affected by BPA. Effect of BPA on aquatic
plant groups are discussed below:
Algae
In the aquatic food chain, algae play a key
role as primary producers and found
relatively sensitive to many chemicals
(Abdel-Hamid, 1996). BPA toxicity to the
algae was reported in several studies e.g.,
Chlorella sorokiniana, Monoraphidium
braunii,
Chlorella
pyrenoidosa,
Nannochloropsis sp., Stephanodiscus
hantzschii, Scenedesmus obliquus etc.
(Ishihara and Nakajima, 2003; Li et al.,
2009; Gattullo et al., 2012; Zhang et al.,
2014b; Eio et al., 2015; Guo et al., 2017).
The laboratory-based reports describing
the toxic effects on these algae are
presented in Table 2. BPA incurs
significant decrease in growth, inhibition
in
synthesis
of chlorophyll
and
carotenoids, reduction in the efficacy of
photosystems, cytotoxicity by generation
of ROS, reduction in activity of
antioxidative enzymes etc.
Macrophytes and Mangroves
Among free floating macrophytes Lemna
sp. is found to be much sensitive to BPA.
At 20 mg/L concentration of BPA,
significant decrease in growth was
observed due to reduction in leaf density
and biomass (Mihaich et al., 2009). In a
study, another free floating macrophyte
Azolla filiculoides has been found to have
reduced growth on exposure to BPA,

BPA Toxicity on aquatic flora
Frequent studies suggested existence of
BPA in almost every ecosystem and
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possible explanations could be reduction
of photosynthetic pigments and inhibitory
effects on nitrogen fixation (Zazouli et al.,
2014). Raj et al. (2015) reported at 20
mg/L of BPA concentration, Pistia
stratiotes show chlorosis, shriveling and
shrinkage. On exposure to BPA for longer
duration, significant change was observed
in physiological responses in submerged
macrophyte Ceratophyllum demersum
(Zhang et al., 2017). Two other
Macrophytes e.g., Hydrilla verticillata and

Potamogeton
illinoensis
exhibits
significant reduction in biomass, slower
growth rate and increase in root density
under BPA exposure (Zhang et al., 2017;
Trueman and Erber, 2013). Zhang et al.
(2007) found multiple effects of BPA
toxicity e.g. decrease in plant growth,
reduced rate of antioxidative enzymes
(POX and GSH) and also shown
disturbance in the cell membrane. Under
exposure to BPA (40 mg/L), Bruguiera
gymnorhiza (Mangrove) responded mainly

Table 2 Bisphenol A toxicity on aquatic flora
Aquatic Flora
Algae
Chlamydomonas maxicana
Chlorella vulgaris
Pseudokirchneriella subcapitata
Ditylum brightwellii (Diatom)
Prorocentrum minimum
Tetraselmis suecica (Marine)
Floating macrophytes
Azolla filiculoides
Lemna gibba
Pistia stratiotes
Submerged macrophytes
Ceratophyllum demersum

Elodea nuttallii

Hydrilla verticillata
Potamogeton illinoensis

Mangroves
Bruguiera gymnorhiza

Toxic Effects

BPA
conentrations

References

Significant reduction in growth, dry
weight and photosynthesis rate
Inhibited growth and reduced
chlorophyll content.
Reduced cell count and inhibited
growth.
Highly sensitive, reduction in
chlorophyll and cell count.
Highly sensitive, reduction in
chlorophyll and cell count.
Sharp decrease in cell number and
chlorophyll content.

10 µg/L

Ji et al., 2014

10 µg/L

Ji et al., 2014

10 mg/L

Nakajima et al., 2007

0.1 mg/L

Ebenezer and Ki, 2016

0.1 mg/L

Ebenezer and Ki, 2016

2.5 mg/L

Ebenezer and Ki, 2016

Growth inhibition, reduction of N2
fixation, photosynthesis.
Significant sensitivity, reduction in
biomass and frond density.
Shrivelling, chlorosis and shrinkage of
leaves

25 mg/L

Zazouli et al., 2014

20 mg/L

Mihaich et al., 2009

20 mg/L

Raj et al., 2015

Reduction in physiological responses
and increase in POX activity

10 mg/L

Zhang et al., 2017

Growth inhibition, reduced POD and
GSH activity, cellular phospholipids
disturbance
Reduction in growth due to
accumulation in roots and leaves
Decrease in dry biomass and higher
root density on exposure

20 mg/L

Zhang et al., 2007

20 mg/L

Zhang et al., 2017

15 µg/L

Trueman and Erber,
2013

Leaf damaging effects like necrosis
and wilting

40mg/L

Saiyood et al., 2013

77

Bisphenol A toxicity in aquatic flora – Sarkar and Roy, 2020

method is to use bacterial strains. There
are few bacterial strains that show potential
efficiency in biodegradation of BPA by
both gram-positive and gram-negative
strains (Table 3). Among aquatic
microbial strains Pseudomonas sp. (TA3,
KA$ and KA5) has shown degradation
capability of 66%, 90% and 91%
respectively in 10 days duration from the
initials BPA concentrations of 1000 µg/L
(Kang and Kondo, 2002).

through
exhibiting
leaf
damaging
symptoms like chlorosis, necrosis and
wilting, along with reduced growth rate
(Saiyood et al., 2013).
Possible Remediation
Environmental reduction or elimination of
a compound up to non-toxic level from the
air, water and soil has been one of the
primary concerns shown by numerous
researchers in last few decades. In water
quality management, phytoremediation has
been welcomed as one of best technique
available due to its cost effectivity and
ecological sustainability. In last few years,
phytoremediation technique is universally
accepted by several scientists, government
authorities and also by common public,
because of its great potential. Using green
plants to degrade, remove, transform and
stabilize organic or inorganic pollutants
from air, water and soil has been of great
interest for researchers due to being
environment
friendly
approach,
sustainable, low cost and energy requiring
process for treatment (Loffredo et al.,
2010; Okuhata et al., 2010). There are
plenty of studies reported to employment
of microorganism to higher plants for BPA
removal from waste water. Also,
assessment of few reports, claiming
bioaccumulation, bio-transfer, absorption
and metabolizing BPA by plants has been
reported (Saiyood et al., 2010).

There are also few reports that show
the potential of BPA degrading bacterial
strains from sludge e.g., Achromobacter
xylosoxidans and Cupriavidus brasilensis
have shown efficacy up to 90% in 5 days
of exposure (Fischer et al., 2010; Li et al.,
2012). Soil and sediment residing
microbial strains also exhibits potential
ability to remove or metabolize 1000 µg/L
BPA within 2- 3 days e.g., Bacillus sp. (up
to 59%), Klebsiella sp. (up to 57%),
Enterobacter sp. (up to 68%), Bordetella
sp. (up to 41%), Sphingomonas sp. (up to
38%) etc. (Matsumura et al., 2009).
Algae
Algal groups also play a very important
role in the remediation of many toxic
chemicals due their versatility in habitat.
Few fresh water and marine algal species
has been studied for their role in BPA
degradation efficacy (Table 4). Hirooka et
al. (2003) reported a blue-green alga
Anabaena variabilis and a green alga
Chlorella fusca have shown capability to
remove 23% and 85%, respectively from
initial concentration of 10 mg/L BPA in a
time duration of 5 days. Recently, multiple
reports suggested different groups of algae
from both fresh water and marine has BPA
removal capability e.g., Selanastrum

Bacteria
In the aquatic environment, BPA
contamination is increasing at an alarming
rate and immediate remediation is
recommended for the sake of ecosystem
revival. Several studies have reported that,
in BPA removal one of the efficient

78

Bisphenol A toxicity in aquatic flora – Sarkar and Roy, 2020

Table 3 BPA biodegrading bacteria and their efficiency
BPA
degraded
or
removed
(%)

BPA
concentrations
(mg/L)

Duration
(Days)

Pseudomonas sp. strain KA4

90%

1

10

Kang and Kondo, 2002

Pseudomonas putida strain KA5

91%

1

10

Kang and Kondo, 2002

Pseudomonas sp. strain TA3

66%

1

10

Kang and Kondo, 2002

Streptomyces sp.

90%

1

10

Kang et al., 2004

Sphingomonas sp. strain BP-7

100%

1

40

Sakai et al., 2007

Achromobacter xylosoxidans strain B-16

90%

3

5

Zhang et al., 2007

Cupriavidus basilensis strain JF1

90%

1

5

Fischer et al., 2010

Bacillus sp. strain GZB

51%

5

8

Li et al., 2012

Pseudomonas sp. strain SU1

51 %

1

2.5

Matsumura et al., 2009

Bacillus sp. strains NO13

56%

1

2.5

Matsumura et al., 2009

Bacillus sp. strains NO15

59%

1

2.5

Matsumura et al., 2009

Bacillus sp. strains YA27

32%

1

2.5

Matsumura et al., 2009

Klebsiella sp. strains NE2

51%

1

2.5

Matsumura et al., 2009

Klebsiella sp. strains SU3

26%

1

2.5

Matsumura et al., 2009

Klebsiella sp. strains SU5

57%

1

2.5

Matsumura et al., 2009

Enterobacter sp. strains HI9

60%

1

2.5

Matsumura et al., 2009

Enterobacter sp. strains HA18

68%

1

2.5

Matsumura et al., 2009

Bordetella sp. strain OS17

41 %

1

2.5

Matsumura et al., 2009

Sphingomonas sp. strains SO11

38%

1

2.5

Matsumura et al., 2009

Sphingomonas sp. strains SO1a

34%

1

2.5

Matsumura et al., 2009

Sphingomonas sp. strains SO4a

35%

1

2.5

Matsumura et al., 2009

Bacterial strains

References

Water

Leachate and sludge

Sediments and soil

Macrophytes

capricornutum
(90%),
Chlorella
sorokiniana (50%), Spirogyra sp. (upto
96%),Monoraphidium braunii (48%),
Scenedesmus acutus (64%),Stephanodiscus
hantzschii (48%), Skeletonoma costatum
(90%)etc.(Dorn et al., 1987; Nakajima et
al., 2007; Li et al., 2009; Gattullo et al.,
2012; Eio et al., 2015; Gracia-Rodriguez et
al., 2015).

The aquatic ecosystems are dominated by
macrophytes and presents great potential to
remove most of water pollutants. The
macrophytes are major biological tools for
phytoremediation, and also provides
substrates and surface to the microbes and
algae, which also play a role in
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Table 4 Phytoremediation by algae and their efficiency
BPA
degradation
0r removed
(%)

Duration
(Days)

BPA
Concentrations
(mg/L)

Spirogyra sp.

96%

8

2

Selanastrum capricornutum

90%

4

2.7

Dorn et al., 1987

Chlorella sorokiniana

50%

7

10

Eio et al., 2015

Monoraphidium braunii

48%

4

4

Gattullo et al., 2012

Scenedesmus acutus

64%

8

2

Nakajima et al., 2007

Chlorella fusca

85%

5

10

Hirooka et al., 2003

Anabaena variabilis

23%

5

10

Hirooka et al., 2003

Stephanodiscus hantzschii

48%

16

1

Li et al., 2009

Skeletonoma costatum

90 %

4

1

Dorn et al., 1987

Algae

Reference

Fresh water
Garcia-Rodriguez et al.,2015

Marine

accumulation, removal and metabolism of
pollutants. Macrophytes can be classified
into emergent, floating and submerged, on
the basis of their residence on aquatic
ecosystem.
Among the floating macrophytes
Lemna sp. has been reported to have the
efficiency to remove 1 mg/L BPA and
requires more than 100 days (Reis and
Sakakibara, 2012). However, free floating
macrophytes like Eichhornia crassipes and
Pistia stratiotes has been reported to have
much faster rates of metabolizing BPA into
β-glycoside through roots and then
transported in to shoot with 100% efficacy
in 3 days (Kang and Kondo, 2006; Raj et
al., 2015).
Another
emergent
aquatic
macrophyte Ipomoea aquatica has shown
promising results and metabolize 100% of

BPA (5mg/L) in a period of 21 days
(Noureddin et al., 2004). Among the
submerged macrophytes Ceratophyllum
demersum (95%), Elodea nuttallii (50%),
Hydrilla verticillata (62%), Potamogeton
crispus (70%), Myriophyllum spicatum
(83%), Egeria densa (27%) etc. have also
shown good potential to remove BPA from
the aqueous medium in a short time span
of time (Zhang et al., 2007; Reis and
Sakakibara, 2012; Zhang et al., 2017).
Conclusion
Urbanization and industrialization
lead to increase in pollution by disposing
off several pollutants in the environment,
which causes severe damages to the
ecosystem. Available studies have revealed
that BPA induces cellular toxicity
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Table.5 Phytoremediation by Macrophytes and their efficiency

Aquatic Flora

BPA
degraded
or
removed
(%)

BPA
concentration Duration
(Days)
(mg/L)

Reference

Floating
Riccia ﬂuitans
Azolla filiculoides
Lemna sp.
Lemna aoukikusa
Spirodella polyrhiza
Pistia stratiotes
Eichhornia crassipes
Ipomoea aquatica

96%

1

110

Reis and Sakakibara, 2012

90%

10

20

Zazouli et al., 2014

96%

2

8

Garcia-Rodriguez et al., 2015

73%

1

110

Reis and Sakakibara, 2012

60%

5

20

Li et al., 2014

88%

10

3

Raj et al., 2015

100%

10

1

Kang and Kondo, 2006

100%

5

21

Noureddin et al., 2004

95%

5

10

Zhang et al., 2017

50%

10

15

Zhang et al., 2007

62%

5

12

Zhang et al., 2017

70%

5

10

Zhang et al., 2017

83%

5

10

Zhang et al., 2017

27%

1

110

Reis and Sakakibara, 2012

100%

20

51

Saiyood at al., 2013

Submerged
Ceratophyllum demersum
Elodea nuttallii
Hydrilla verticillata
Potamogeton crispus
Myriophyllum spicatum
Egeria densa
Mangrove
Bruguiera gymnorhiza

degradation of BPA. This review work
focuses on the presence of BPA in
environment and its effect mainly on the
aquatic ecosystem. Increasing level of
BPA release in environment demands
strict regulation, policies and development
of technologies to lower or eliminate this

disturbance in cellular constructs, growth
inhibition, photosynthetic hindrance and
many more consequences in most of the
aquatic flora. Although, toxicity of BPA
on aquatic flora requires more studies for
understanding the mechanism and
pathways involving the accumulation and
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toxic pollutant. In this connection, many
bacterial strains and macrophytic species
can be used having capability to remove
BPA from aquatic systems in a sustainable
manner.
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